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25 Table S1: Summary of calibration data sets. Values in the brackets show the standard deviation of each time series measurements.

No Treatment Mean values of discrete measurements Cumulative gas fluxes and mean mineral N derived
from integration over sampling period
N20 CO2 NHq4* NOs NO N20 CO2 NHst  NOs NO
Units g N m2day? g C m?day? gNm? gNm? g N m?2day? gNm? gCm? gNm? gNm? gNm?
Mix RC

1 40 % WFPS, -NOs- 0.002 (0.003) 3.46 (4.01) 0.37 (0.55) - - 0.059 88.6 0.34 - -

2 40 % WFPS, +NO3 0.003 (0.003) 3.12(3.51) 0.40 (0.45) - - 0.067 80.7 0.34 - -

3 60 % WFPS, -NOs" 0.021 (0.044) 4.08 (3.43) 0.53 (0.32) - - 0.340 126 0.60 - -

4 60 % WFPS, +NO3" 0.161 (0.442) 4.10 (3.78) 0.58 (0.33) - 9x10*(0.003)  3.968 129 053 - 0.012
Control RC

5 40 % WFPS, -NOs” 1x10“ (4x10%)  0.32(0.30) 0.018 (0.016) 114 (0.17) - 0.005 14.3 0.011 119 -

6 40 % WFPS, +NOz 4x104(0.001)  0.21(0.17) 0.013 (0.006) 6.21 (0.39) - 0.014 7.41 0011 611 -

7 60 % WFPS, -NOs 0.005 (0.012) 0.99 (0.87) 0.018 (0.010) 1.11 (0.11) - 0.118 36.1 0.015 1.13 -

8 60 % WFPS, +NO3" 0.004 (0.009) 0.73 (0.80) 0.012 (0.006) 578 (0.21)  2x10%(6x10%)  0.100 235 0.011 584  0.007
Mix WW

9 40 % WFPS, -NOs’ 4x10° (3x10°)  1.53 (0.66) 0.012 (0.010) - - 0.002 55.5 0.008 - -

10 40 % WFPS, +NO3 8x10 (4x10%) 1.87 (0.88) 0.029 (0.030) - - 0.031 71.2 0.018 - -

11 60 % WFPS, -NOs 7x10 (0.001) 1.89 (0.63) 0.019 (0.027) - - 0.015 711 0.008 - -

12 60 % WFPS, +NOs 0.001 (0.001) 2.10 (0.87) 0.020 (0.016) - 1x10* (3x10%) 0.029 79.8 0.014 - 0.002

Control WW



30

13 40 % WFPS, -NOs
14 40 % WFPS, +NOs
15 60 % WFPS, -NOs
16 60 % WFPS, +NOs

Measurement occasions (n)

3x10°% (1x10°5)
2x10* (8x10°5)
9x10® (5%1075)
1x10 (7x10®)

102

0.19 (0.06) 0.005(0.004)  1.09(0.20) -

0.12 (0.08) 0.014(0.012)  6.48(0.46) -

0.19 (0.06) 0.006 (0.006)  1.09 (0.12) -

0.13 (0.08) 0.006 (0.006)  5.83(0.22)  2x10* (6x10%)
10 4p 4 10

0.001 7.26
0.007 4.25
0.004 7.42
0.005 5.10

0.004 116
0.011 6.27
0.004 111
0.004 584

0.007

aSamples were taken at day 1, 3, 6, 9, 13, 16, 22, 29, 36 and 43 of incubation.

bSamples were taken at day 1, 6, 22, and 43 of incubation.

Table S2: Parameters and equations related to the study. Equation indices refer to the manual (Jansson and Karlberg, 2010) and the bracketed "updated™ equations are

described based on the update log in the manual and model interface.

No | Parameter Process Unit Equation Description Related
name process in
Fig. 1
1 kn SOM day! (6.3) CpecompL = ki f(T) f(6) Ciitter Rate coefficient for the | c1-c3, nl-
decompositon where CpecompL is the decomposition rate of litter pool. f(T) and decay of C in litter 1 n3
f(0) is the common response function for soil temperature and (the active SOC pool
soil moisture. Ciiter is the size of litter pool (litter 1 or litter 2). and the plant metabolic
Changing ki to kn and Ciitter to Chumus gives the decomposition rate C pool).
of humus pool.
2 | ke SOM day! (6.3) Rate coefficient for the | c6-c8, n4-
decompositon decay of C in litter 2 né
(the slow SOC pool and
the plant structural C
pool).
3 | kn SOM day*! (6.3) Rate coefficient for the | c10, n7
decompositon decay of C in humus
(the passive SOC pool).
4 | cnm SOM - (6.7) Nijster—tumus = CritteroHumus/ M A fixed C-N ratio of nl-n7,nll
decompositon _ — 1 fe microbes used in the
(68) IV'thte)'—>IIVH4. ?Decomp{, ) CI\.IL,-,,E, cnm) ) calculations of
Soil mineralization/immobilization of N, where C Ny i, is the C/N mineralization and
ratio in litter pool. Changing CoecompL t0 CpecompH, fe,l t0 fen and immobilization.
CNLitter to CNHumus gives the flow from the humus pool. A negative
value means net immobilization.




fe,ll

SOM
decompositon

(6.4) CLitter—>COz = (1 - fe,l) . CDecompL
6.8)

Efficiency parameter of
the decay of the active
SOM pool and the plant
metabolic material
pool. (1- feun) is the
fraction of decomposed
C mineralized to CO..

cl-c3, nl-
n3

fer2

SOM
decompositon

(6.4) (6.8)

Efficiency of the decay
of the slow SOM pool
and the plant structural
material pool. (1- fe,2)
is the fraction of
decomposed C
mineralized to COa.

c6-c8, n4-
né

fe,h

SOM
decompositon

(6.4) (6.8)

Efficiency of the decay
of the passive SOM
pool. (1- fen) is the
fraction of decomposed
C mineralized to CO..

c10, n7

fhi1

SOM
decompositon

(6-5) CLitter—»Humus - fe,lfh,lCDecompL

(6-6) Critter—Litter = fe,l(l - fhl) : CDecompL

The C fluxes from litter pool decomposition to humus pool and to
litter pool respectively.

Fraction of the C and N
contained in the active
SOM pool and the plant
metabolic material pool
that will enter the
passive pool.

c2-c3, nl-
n2

fn 12

SOM
decompositon

(6.5) (6.6)

Fraction of the C and N
contained in the slow
SOM pool and the plant
structural material pool
that will enter the
passive pool.

c6-c7, n5-
né

10

Ovit

Soil
hydrology

vol %

(5.86)
f(0)
(pesatact
| 0 =0

(6 =6\ 6 — B\ PP
{ min << - ) (1 — posatact) + Posatact: (p—Wlt) >

Poupp OLow
L Opire <0 <6
0

0 < gwilt

Wilting point in soil
moisture response
function.

c1-c10,
nl-nll,
n22-24




11 | initrmicr Nitrification gN m? (6.26) N,icon = Lnitmicr * Naist The initial biomass of Initial
where Ny i the initial biomass of nitrifiers in each layer and nitrifiers for the whole nitrifier
Ny 1S a distribution function for the profile in the form of a linear soil profile. biomass in
function or an exponential function or a constant. each layer
12 | NhratenH4 Nitrification mg N L _ Nnn,/(6-42) The parameter n8
’ (657) f(NNH‘* Cons ) T (NNpa/(0-42) Faseniia descf)ibing the
The response function for soil ammonium concentration for ammonium
nitrification. concentration for half
rate in the response
function for ammonium
concentration.
13 | Nmicrate Nitrification mg ha/(day | (6.56) Nys,-n0, = Mmicrate f(T)f 0)f (Nnt, ons )i Nomiern The nitrification rate ng
kg) where Nyy, -no, is the nitrification flux, Ny is the biomass of coefficientin
nitrifiers, )_f(N,\,H4 Cons ) is the response fur?ction for _soil ammonium C\:;g;'ﬁﬂgggg:?rfn
concentration, n,y is a parameter accounting for soil pH. accounted for.
14 | ddenitrdie Denitrification | day! (6.50) The death rate n21
coefficient of
denitrifiers.
15 | dgrowthnzo Denitrification | day* (6.41) Ny, 0-micron = dgrowtnn,o * f(Nno,concinniv) - The growth parameter | n19
f(CDO,dnCons) : f(NNxOyConc) : Mactivity : NmichN n the. denltrlfl_Ca_tIOI’]
The losses of N2O from the anaerobic nitrogen pool due to microbial | function describing the
growth, where Mg.;yit, is the microbial activity of denitrifiers, loss of l\_IzO_from the
- L . . anaerobic nitrogen pool
f(NNO3Concinhib) is an inhibition response function for the nitrate due to microbial
content, and f(Cpo,ancons) ad f(Nyxoyconc) are response growth.
functions for dissolved organics and nitrogen concentration
respectively.
16 | dgrowthno Denitrification | day* (6.41) Nyoomicron = dgrowtnno ° f(CDo, dnams) . f(NNx oyConc) . The growt_h pgran_’]eter ni7
Mactivity * Nmicron in the_ denltrlflf:a_tlon
The losses of NO from the anaerobic nitrogen pool due to microbial | function describing the
growth. Changing dyrowehno 10 dgrowennoz OF dgrowtnnos gives the loss of ’\-IO from the
losses of NO2 or NOs™ respectively. anaerobl_c nitrogen pool
due to microbial
growth.
17 | dgrowthnoz Denitrification | day* (6.41) The growth parameter ni5
in the denitrification
function describing the
loss of NO2™ from the
anaerobic nitrogen pool
due to microbial
growth.
18 | dgrowthnos Denitrification | day* (6.41) The growth parameter ni3

in the denitrification




function describing the
loss of NO3™ from the
anaerobic nitrogen pool
due to microbial
growth.

19 | dactratecoet Denitrification | day! (6.51) Myctiviey = f(T) - f(0H) - f (Nantot) * fanvor (2) - The denitrification Denitrifier
dactratecoes gictivit_y rate coe_ff_icient activity
The activity of denitrifiers, where £(T), f (pH) and f (Nanror) are in denitrifer activity
response functions for soil temperature, pH and total nitrogen content | function.
in the anaerobic nitrogen pools respectively and fy,,0:(2) is the
anaerobic fraction.
20 | dpHnrate Denitrification | - (6.51) The pH half rate in Denitrifier
=1— 1 denitrifier activit activit
(652) f(pH) =1 1+e(PH_dehrate)/dehhape function y y
The response function for soil pH in the denitrification process,
where d,rnape iS @ shape parameter.
28 | idenitmicr Denitrification | gN m (6.26) N,icrDN = Ldenitmicr * Qdist The initial biomass of Initial
where N,,...py IS the initial biomass of denitrifiers in each layer and denitrifiers for the denitrifier
d s 15 a distribution coefficient that varies with depth. whole soil profile. biomass in
each layer
21 | dinhihrate Denitrification | mg N L ) = inkibae The denitrification n19
g (6.42-) f(NNO3 Concinhib ) dmt‘ihme +N1vo_3 Cone - ) inhibition half rate of
The inhibition response _fu'n(_:tlon f01_' nitrate content_ in the soil that NOs that effect the
effect the growth of denitrifiers during N2O formation.
growth of
denitrification microbes
during N2O formation.
22 | dhratenxoy Denitrification | mg N L™ (6.44) f (Nysoycone ) = - Nuj:N ‘ The parameter n13, nl5,
: hrateNsOy +Nnx0yCone . o describing the nitrogen | n17, n19,
The response function for nitrogen concentratiaon for denitrification. concentration for half n20
rate in the NxOy
denitrification process
23 | deffinzo Denitrification | - (6.47) Nygn,0 = Nann,o-micron/%efrn,0 — Nannyo-micron The efficiency nls
The growth respiration of denitrifers for N2O, where Ny, o—micrpy | Parameter in the growth
is the losses of N2O from the anaerobic nitrogen pool due to respiration function for
microbial growth (eq. 1.30). Changing Nann,0-micron 10 N20.
NAnNO—»michN: NAnNOZ—»michN or NAnN03—>michNv and Changing
defrn,o 10 deprnoy deppnoz OF deppnos Gives the respiration based
on NO, NOz or NOs™ respectively.
24 | defino Denitrification | - (6.47) The efficiency n16

parameter in the growth




respiration function for
NO.

25

deftnoz

Denitrification

(6.47)

The efficiency
parameter in the growth
respiration function for
NO2.

ni4

26

defino3

Denitrification

(6.47)

The efficiency
parameter in the growth
respiration function for
NOs'.

nl2

27

drcN20

Denitrification

day?

drcNZO'NNZO
(648) NrmNZO =" n
AnTot

The maintenance respiration of denitrifiers for N2O, where Nypzo¢ 1S
the total nitrogen content in the N2O, NO, NO2 and NOs" pools, and
Ny, 0 is the nitrogen content in the N2O pool. Changing d,cy, 0 t0
drenos Arenoz OF drenos, and changing Ny, o t0 Nyg, Nyoz O Nyos
gives the respiration based on NO, NO2  or NOs" respectively.

The respiration
coefficient in the
denitrification function
describing the
maintenance respiration
for N20.

nl8

28

drcNO

Denitrification

day?!

(6.48)

The respiration
coefficient in the
denitrification function
describing the
maintenance respiration
for NO.

nl6

29

dreno2

Denitrification

day!

(6.48)

The respiration
coefficient in the
denitrification function
describing the
maintenance respiration
for NO>.

nl4

30

dreno3

Denitrification

day!

(6.48)

The respiration
coefficient in the
denitrification function
describing the
maintenance respiration
for NO3.

nl2

31

ddenitrdiedormancy

Denitrification

day?

(6.50) (updated)

Maeathon = daenitraie * MAX(Nmicrpn — daenitrdiedormthress 0)
+ ddenitrdiedormancy . NmichN
The death rate of denitrifiers, where Np,;c,py is the biomass of
denitrifiers.

The death rate
coefficient of
denitrifiers during the
entire range of
microbial biomass

n21

32

denitrdiedormthres

Denitrification

gN1m?

(6.50)

The threshold of the
amount of denitrifiers
from which the death
rate of denitrifiers will

n21




be determined by the
previous rate
coefficient ddenitrdie.

33 | Qaporshape Gas processes — p—Yaporshape Onolcons The shape parameter as | g3
(699) fAnvol e .
where fy,01 1S the volumetric anaerobic fraction of soil, ? fUTf;‘tIOE of olxygen_
is a shape parameter and O is the volumetric evel In the volumetric
g;pa:r:uégencen tratign P volcons anaerobic fraction of
Y9 ) the soil.

34 | do2 Gas processes (6.72) Ogigiaie = do, * fa * 00, difiae * Do The tortuosity 02
where 0 4 is the oxygen diffusion rate, 0o, g is the oxygen parameter in the diffusion
diffusion rate at 20 °C, D, is the diffusion coefficient in free air and | C@lculation of oxygen rate
£, is the air porosity. diffusion rate.

35 | dactpower Gas processes (6.51) (updated) d(fAmml) — Adactzzawer Power coefficient of g4

nvo trifi
The response function for denitrifers to anaerobic fraction. demtrlflgrs response to
anaerobic fraction

36 | Odiffred Gas processes (6.71) £(02) = 04iged * famvor * (1 = fumvor) * Odigprare + Op The oxygen diffusion g5
The oxygen diffusion exchange function used to calculate the reduction par_ameFer In
diffusion of N trace gases from anaerobic fraction to aerobic fraction. | the oxygen diffusion

exchange function.

37 | o Gas processes (6.71) Base level of oxygen g5

diffusion function

38 | OgmfracNo Gas processes (6.64) Nno,~no = Gmfracno - £(8) - f(T) - f(pH) - Nyy,-no, The maximum NO n25
The NO flux from the nitrification process, where Ny, no, IS the fraction parameter
nitrification rate, £(8), f(T) and f (pH) are the response functions when NO is formed
for soil moisture, temperature and pH respectively. Changing during the nitrification
Imrracno 10 Gmpracnzo dives the N20 flux from the nitrification process
process.

39 | Qosatcri Gas processes —-1-— 1 The relative saturation n25

QosateritNO p (6.65) f(O)yo =1 140 C@/0s@DFasarriino)/Iosatormno level in the response
The response function for soil moisture for NO formation during the function for soil
nitrification process, where_ 6(z) is the soil moisture content, 65(z) is moisture when NO is
the water content at saturation, and ggsa¢rieno @Nd Gosatormno are formed during the
parameters. Changing gosatrieno 0 Josatritnzo: @Nd Gasatormno 0 | pitrification process.
Josatormnzo 9ives the response function for soil moisture for N2O
formation during the nitrification process.

40 | Qgosaformno Gas processes (6.65) The parameter n25

describing the shape of
the moisture response
function for NO during
the nitrification
process.
41 | gmiracN20 Gas processes (6.64) The maximum N20 n26

fraction parameter
when N20 is formed




during the nitrification
process

42

gﬁsatcritN 20

Gas processes

(6.65)

The relative saturation
level in the response
function for soil
moisture when N20 is
formed during the
nitrification process.

n26

43

gﬁva[/'ornzNZO

Gas processes

(6.65)

The parameter
describing the shape of
the moisture response
function for N2O during
the nitrification
process.

n26

44

PoLow

Common
abiotic
responses

vol %

(5.86)

Water content interval
in the soil moisture
response function for
microbial activity,
mineralisation-
immobilisation,
nitrification and
denitrification.

c1-c10,
nl-nlil,

n22

-24

45

too

Common
abiotic
responses

(5.82) f(T) = ¢ (T—ta100as)/10

Q10

Response to a 10 °C
soil temperature change
on the microbial
activity, mineralisation-
immobilisation,
nitrification and
denitrification.

cl-c10,
nl-n24

Table S3: Model performances of 20,000 simulations (prior) and around 50 accepted simulations (posteriors). Units: COz flux (g C m2day?), N20 flux (g N m2day), NO flux (g

N m2day?), NHa* (g N m?2), NOs* (g N m2), valid for the statistics of ME.

Treatment  Number  Calibrated Prior Posterior Selection criteria
of variables ME R? ME R? ME R?
accepted
runs Mean Min Max Mean Min Max Mean Min Max Mean Min Max Min Max Min
1 42 CO2 1.56 -3.42 16.0 0.85 0.61 0.99 -1.59 -3.31 2.29 0.70 0.62 0.98 -3.42 3.42



N20 -2.4E-03 -2.4E-03 0.03 059 35E-07 093 -1.6E-03 -2.3E-03 0.01 0.35 1.2E-03 0.80 -2.4E-03 0.01
NO
NH4* 531 -0.36 20.1 0.15 16E-09 1.00 0.05 -0.36 0.79 0.28 2.3E-03 1.00 -0.36 0.80
NOs’

63 CO2 1.90 -3.08 16.3 0.84 0.59 1.00 -0.15 -1.18 1.92 0.74 0.61 098 -1.20 2.00
N20 -1.8E-03 -2.6E-03 0.15 041 8.7E-08 095 -1.4E-04 -24E-03 49E-03 045 0.20 0.82 -2.4E-03 0.01 0.20
NO
NH4* 5.09 -0.40 20.0 034 18E-06 1.00 -0.01 -0.38 0.48 0.66 0.01 1.00 -0.39 0.50
NOz

58 CO2 1.54 -4.02 15.4 081 057 0.87 -1.95 -3.85 2.48 0.77 0.70 0.86 -4.00 4.00
N20 -0.01 -0.01 0.02 0.57 14E-06 100 -0.01 -0.01 -4.7E-03 0.23 0.01 0.75 -0.01 0.01
NO
NH4* 571 -0.53 20.0 0.08 1.2E-07 099 0.01 -0.33 0.28 0.32 6.5E-04 0.75 -0.33 0.28
NOs"

37 CO2 1.53 -4.04 16.2 061 031 067 221 0.19 4.92 0.56 0.33 0.67 -4.04 5.00
N20 -0.15 -0.16 -0.01 0.10 2.7E-07 100 -0.14 -0.16 -0.02 0.52 0.40 0.97 -0.16 0.16 0.40
NO 0.01 -9.3E-04 0.21 0.13 49E-07 100 3.0E-03 -8.8E-04 0.01 0.28 2.5E-06 1.00 -8.8E-04 0.01
NH4* 3.08 -0.58 19.6 047 0.0E+00 1.00 0.10 -0.42 1.43 0.51 0.12 1.00 -042 1.50
NOs"

40 CO2 0.88 -0.32 11.8 0.02 20E-10 0.05 -0.01 -0.18 0.43 0.03 6.0E-04 0.05 -0.18 0.48
N20 -3.6E-05 -6.7E-05 0.03 0.06 76E-09 036 18E-04 -6.5E-05 1.6E-03 0.12 0.05 0.27 -6.5E-05 1.9E-03
NO
NH4* 1.44 -0.01 14.0 036 4.8E-07 1.00 0.02 -0.01 0.06 0.31 2.1E-04 091 -0.01 0.06
NOs -0.18 -0.94 0.20 096 1.0E-05 1.00 -0.29 -0.91 -0.18 0.90 0.17 1.00 -0.92 0.20

67 CO2 0.99 -0.21 11.9 0.02 2.0E-10 0.05 -0.05 -0.19 0.20 0.03 6.0E-04 0.05 -0.20 0.20
N20 -4.4E-05 -3.5E-04 0.12 0.06 76E-09 036 -5.7E-05 -3.0E-04 5.0E-04 0.12 0.05 0.27 -3.0E-04 6.0E-04
NO
NH4* 1.36 -0.01 14.0 0.36 4.8E-07 100 4.7E-03 -0.01 0.02 0.31 2.1E-04 091 -0.01 0.02
NOs 0.46 -4.02 0.88 096 1.0E-05 1.00 0.33 -0.57 0.50 0.90 0.17 1.00 -0.60 0.60

52 CO2 0.59 -0.98 11.4 0.28 0.03 038 -041 -0.72 0.84 0.32 0.09 038 -0.72 0.84
N20 -4.5E-03 -4.5E-03 0.03 0.16 19E-08 099 -4.0E-03 -45E-03 4.0E-03 0.17 0.01 0.41 -4.5E-03 4.5E-03

10



NO

NH4* 1.85 -0.02 14.3 0.03 0.0E+00 1.00 0.02 -0.02 0.05 0.20 3.4E-04 0.98 -0.02 0.05
NOs- -0.08 -0.88 0.36 093 0.0E+00 1.00 -0.13 -0.39 0.14 0.88 0.04 0.99 -0.40 0.36
8 47 CO2 0.85 -0.72 11.7 0.36  0.08 0.42 0.08 -0.22 0.89 0.37 0.13 042 -0.22 0.90
N20 -3.4E-03 -3.6E-03 0.14 0.13 8.2E-10 0.88 -2.0E-03 -3.6E-03 0.01 0.23 0.10 0.42 -3.6E-03 0.01 0.10
NO 1.2E-04 -1.8E-04 0.12 061 8.4E-09 098 -46E-05 -1.8E-04 55E-04 0.68 0.01 0.97 -2.0E-04 6.0E-04
NH4* 1.79 -0.01 14.3 0.40 29E-07 1.00 0.03 -0.01 0.08 0.31 0.02 099 -0.01 0.08
NOs -0.31 -4.41 0.15 0.79 53E-04 100 -0.48 -2.25 -0.22 0.81 0.29 098 -2.50 0.15
9 59 CO2 1.84 -1.53 17.2 071 031 0.81 -0.07 -0.76 0.98 0.80 0.73 0.81 -0.79 1.00
N20 -1.1E-05 -3.6E-05 0.02 047 6.1E-09 0.78 -2.6E-05 -3.5E-05 4.8E-05 0.43 2.9E-04 0.63 -3.5E-05 5.0E-05
NO
NH4* 1.39 -0.01 14.4 085 45E-05 1.00 -2.0E-03 -0.01 0.01 0.76 2.6E-03 1.00 -0.01 0.01
NOz
10 46 CO2 1.50 -1.87 16.8 0.46  0.07 0.69 0.03 -0.87 1.48 0.54 0.25 0.68 -0.87 1.50
N20 -4.4E-04 -7.8E-04 0.13 022 1.4E-08 069 25E-05 -43E-04 8.0E-04 0.16 2.7E-04 046 -4.3E-04 8.0E-04
NO
NH4* 1.33 -0.03 14.4 049 3.1E-07 1.00 -7.4E-04 -0.01 0.03 0.29 43E-04 097 -0.01 0.03
NOs
11 41 CO2 2.56 -1.84 16.9 062 0.25 079 0.34 -1.15 1.58 0.72 0.49 079 -1.15 1.60
N20 -5.0E-04 -5.3E-04 0.03 056 2.1E-08 099 -48E-05 -5.1E-04 0.01 0.35 0.11 0.85 -5.1E-04 0.01 0.10
NO
NH4* 1.92 -0.02 14.7 0.61 3.6E-07 100 -4.3E-03 -0.01 0.02 0.55 3.6E-07 1.00 -0.02 0.02
NOs"
12 54 CO2 2.35 -2.05 16.7 0.32 0.06 0.61 0.04 -1.82 1.92 0.44 0.17 0.60 -2.00 2.00
N20 -7.0E-04 -9.8E-04 0.15 040 3.1E-08 099 -3.3E-04 -8.9E-04 1.2E-03 0.27 0.10 0.76  -9.0E-04 1.5E-03 0.10
NO 2.9E-04 -8.9E-05 0.13 029 22E-09 099 1.3E-03 -88E-05 0.02 0.33 0.03 0.94 -8.9E-05 0.02
NH4* 1.86 -0.02 14.7 0.85 2.2E-07 100 1.0E-03 -0.01 0.01 0.34 95E-06 0.99 -0.01 0.01
NOs
13 39 CO2 1.01 -0.19 11.9 043 0.14 052 -0.02 -0.12 0.22 0.51 0.39 052 -0.12 0.25
N20 4.6E-06 -2.0E-05 0.03 033 1.2E-08 080 21E-05 -19E-05 23E-04 0.37 1.3E-03 0.67 -1.9E-05 2.5E-04
NO
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NH4* 1.42 -2.7E-03 14.0 0.79 59E-05 100 0.01 -2.3E-03  0.02 0.59 0.02 1.00 -2.3E-03 0.02
NOs -0.24 -0.90 0.14 0.73 0.0E+00 1.00 -0.27 -0.84 -0.24 0.75 19E-03 0.94 -0.90 0.14

14 49 CO2 1.09 -0.11 12.0 026 8.2E-04 045 -0.02 -0.11 0.11 0.42 0.33 045 -0.11 0.12
N20 1.5E-04 -1.8E-04 0.13 0.44 6.3E-08 084 4.6E-05 -6.6E-05 20E-04 0.23 1.4E-04 0.65 -7.0E-05 2.0E-04
NO
NH4* 1.37 -0.01 14.0 063 23E-07 099 1.2E-03 -0.01 0.02 0.46 0.01 0.85 -0.01 0.02
NOs- 0.57 -4.23 0.99 037 13E-07 100 0.46 -0.54 0.61 0.48 0.13 0.82 -0.99 0.99

15 39 CO2 1.40 -0.17 12.2 0.18 35E-03 034 0.08 -0.16 0.48 0.28 0.02 034 -0.17 0.50
N20 -3.6E-05 -6.3E-05 0.03 061 42E-09 091 -3.9E-06 -6.0E-05 25E-04 041 1.3E-03 0.84 -6.0E-05 3.0E-04
NO
NH4* 1.85 -2.1E-03 143 056 83E-05 100 0.02 -2.1E-03  0.05 0.36 8.3E-05 1.00 -2.1E-03 0.05
NOs -0.08 -0.86 0.35 097 0.0E+00 1.00 -0.14 -0.43 -0.08 0.92 0.03 099 -0.50 0.35

16 49 CO2 1.45 -0.12 12.3 022 013 0.24 0.03 -0.10 0.20 0.24 0.22 024 -0.12 0.20
N20 1.2E-04 -1.3E-04 0.15 0.12 0.0E+00 045 12E-05 -1.2E-04 56E-04 0.14 1.86-07 040 -1.2E-04 6.0E-04
NO 1.4E-04 -1.8E-04 0.12 0.60 6.6E-07 098 22E-04 -18E-04 19E-03 0.65 0.02 091 -1.8E-04 2.0E-03
NH4* 1.80 -3.2E-03 143 055 15E-09 100 16E-03 -3.2E-03 0.01 0.68 2.8E-03 1.00 -3.2E-03 0.01
NOs- -0.21 -4.44 0.25 087 42E-06 100 -0.27 -0.83 -0.17 0.82 0.27 098 -1.00 1.00

35
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Table S4: Model inputs and parameters used in the sensitivity analysis. Parameters intervals were defined as the default range in

the model unless otherwise specified.

Parameter Unit Description Range

min max

Input parameters

Nsoil % Bulk soil porosity (measured: 52.8 %) 40 60
Nresidue % Crop residue porosity (estimated: 86 %) 50 90
SOCy - Fraction of labile carbon pool in soil (estimated: 0.02) 0.001 0.1
SOCy, - Fraction of recalcitrant carbon pool in soil (estimated: 0.44) 0.3 0.64
ROCy - Fraction of labile organic carbon pool in residue (estimated: 0.82 for red 0.3 0.85

clover and 0.55 for winter wheat)
pH - Soil pH value (measured: 6.18) 55 6.5
Process parameters
Common abiotic responses
toio® - Response to a 10 °C soil temperature change on the microbial activity. 15 3
PoLow vol % Lower value coefficient in the soil moisture response function 3 20
Soil hydrology
Ouine” vol % Wilting point in soil moisture response function 5 20

Gas processes

Qaporshape - Shape parameter in the volumetric anaerobic fraction of the soil 1 500
doz” - Tortuosity parameter in the calculation of oxygen diffusion rate 0.3 1
Dactpower - Power coefficient of denitrifiers response to anaerobic fraction 1 5
Odiffred” - Reduction parameter in the oxygen diffusion exchange function 1E-04 1
op” - Base level of oxygen diffusion function 1E-05 1
Omfrach20 - Maximum N,O fraction during the nitrification process 1E-04 0.1
OmfracNO - Maximum NO fraction parameter during the nitrification process 1E-04 05
Qosatcrien20 - Relative saturation level in soil moisture response function for N,O 0.1 1

formation by nitrification

Qosatformn20 - Shape parameter in moisture response function for N,O formation by 0.001 1
nitrification
Qbsaterino - Relative saturation level in soil moisture response function for NO 0.1 1

formation by nitrification
Qosaformno - Shape parameter in soil moisture response function for NO by 0.001 1

nitrification

13



Denitrification
dinhihrate*
dehratea*
dhrateNxOy*
damratecoef

ddenitrdiedormancy

ddenitrdie
ddenitrdiedormthres
deffNZO*

deffNO*

deffNOZ*
deffNOS*

dgruwthZO

*
dgrowthNO

dgruwthOZ

.
dgromnnos

drcNZO

drcNO

drcNOZ

drCNO3
idennmlcrc*
Nitrification
initrmil:rcik

Nmicrate

*
NhrateNHa

mg N L?

mg N L?
day*
day*

day*

g N—l m—2

day*

day*

day*

day*

day*
day*
day*
day*

gNm?

gNm?
mg ha day*kg?

mg N L*?

Soil organic processes

cny®”

Denitrification inhibition half rate of NO3 during N,O formation

pH half rate in denitrifier activity function

Nitrogen concentration half rate in the NOy denitrification process

Rate coefficient of denitrifier activity

Death rate coefficient of denitrifiers during the entire range of microbial
biomass

Death rate coefficient of denitrifiers.

Threshold parameter in the denitrfier death function.

Efficiency parameter in the growth respiration function for N,O
Efficiency parameter in the growth respiration function for NO
Efficiency parameter in the growth respiration function for NO,
Efficiency parameter in the growth respiration function for NO3

Growth parameter describing the loss of N,O from the anaerobic nitrogen
pool

Growth parameter describing the loss of NO from the anaerobic nitrogen
pool

Growth parameter describing the loss of NO, from the anaerobic nitrogen
pool

Growth parameter describing the loss of NOs™ from the anaerobic nitrogen
pool

Maintenance respiration coefficient for N,O

Maintenance respiration coefficient for NO

Maintenance respiration coefficient for NO,

Maintenance respiration coefficient for NO3”

Initial biomass of denitrifiers for the whole soil profile

Initial biomass of nitrifiers for the whole soil profile
Nitrification rate coefficient in nitrification function
Ammonium half rate in the response function for ammonium

concentration.

Microbial C/N ratio used in the calculation of mineralization and
immobilization

Efficiency of the decay of humus

0.1

0.1

1E-06

1E-05

1E-05

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.01

0.01

1E-06

0.1

0.1

100

500

0.01

0.1

100

100

100

100

100

100

100

100

50

35

0.8
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40

45

50

[N - Efficiency of the decay of the litter 1 pool 0.1 0.8

fern” - Efficiency of the decay of the litter 2 pool 0.1 0.8
fi - Fraction of the C converting from litter 1 to humus 0.1 0.9
fii2 - Fraction of the C converting from litter 2 to humus 0.1 0.9
kn® day* Rate coefficient for the decay of C in humus 1E-07 1E-04
ki day* Rate coefficient for the decay of C in litter 1 0.001 0.5
k=" day* Rate coefficient for the decay of C in litter 2 1E-05 0.1

Superscript a: Intervals estimated from (Saleh-Lakha et al., 2009).

Superscript b: Intervals estimated from (Rai et al., 2017).

Superscript ¢: A safety factor of 0.1-20 was used to define the interval based on the default values in the model (scaled by the soil thickness).
Superscript d: Intervals estimated from (Nylinder et al., 2011).

Superscript e: Intervals estimated from (Gijsman et al., 2002).

*Parameters used in calibration.

Table S5: Initial sizes of organic C and N pools for the bulk soil, red clover and winter wheat. The bulk density of soil is 1250 kg

m3, and the height of soil matrix is 0.04 m. The application rate of residues is 0.4 kg m-2.

C(gm? N (g m?) C/N

Total Litterl  Litter2 Humus Total Litter1  Litter2 Humus Total Litterl  Litter2 Humus

Soil  752%  15.0° 406° 331° 745 11 26.1 47.3 1012 14° 15.6 7°
RC 1798 147° 32.2° ov 102 9.84 0.16 0 17.9¢ 149 200° 7°
WwW 1822  100° 81.8° ov 22 1.59 0.41 0 90.9% 628 200° 7°

aMeasured values; PAssumed values. Other values were calculated from measured values and assumed values. The initial
partitioning ratio of organic carbon were assumed: for bulk soil, L1:L.2:H = 0.02:0.54:0.44; for red clover (RC), L1:L2 =

0.82:0.18; for winter wheat (WW), L1:L2 = 0.55:0.45. The predefined C/N ratios refers to (Gijsman et al., 2002).

Table S6: Comparison of modeled cumulative N2O fluxes between single-layer model and multiple-layer model (STD: standard

deviation). Unit: g N m2,

Measured Simulated: Simulated:
Treatment single-layer model*  multiple-layer model
Mean Mean STD Mean STD
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mix RC

40 % WFPS, -NO3 0.059
40 % WFPS, +NO3 0.067
60 % WFPS, -NO3 0.340
60 % WFPS, +NO3 3.968
control RC

40 % WFPS, -NO3 0.005
40 % WFPS, +NO3 0.014
60 % WFPS, -NO3 0.118
60 % WFPS, +NO3 0.100
mix WW

40 % WFPS, -NO3 0.002
40 % WFPS, +NO3 0.031
60 % WFPS, -NO3 0.015
60 % WFPS, +NO3 0.029
control WwW

40 % WFPS, -NO3 0.001
40 % WFPS, +NO3 0.007
60 % WFPS, -NO3 0.004
60 % WFPS, +NO3 0.005

0.041 0.080
0.132 0.128
0.012 0.043
0.716 0.863
0.010 0.018
0.015 0.012
0.024 0.066
0.072 0.123
4x10* 0.001
0.041 0.017
0.026 0.074
0.034 0.031
0.002 0.003
0.011 0.005
0.003 0.004
0.007 0.008

0.021
0.109
0.002

0.747

0.005
0.015
3x10°

0.014

3x10*
0.040
0.005

0.021

0.001
0.010
9x10

0.010

0.074
0.108
0.020

0.720

0.013
0.010
2x10*

0.047

0.001
0.019
0.009

0.025

0.002
0.004
2x10*

0.009

aSingle-layer model calibrated by individual treatment

55 bSingle-layer model calibrated by multiple treatments

Table S7: The mean of simulated oxygen, anaerobic fraction, N2O sources and biomass for 16 treatments in the posterior models.

No Volumetric oxygen

content? (%)

Volumetric anaerobic

fraction? (%)

Percentrage of
cumulative N2O

(denitrificaiton) (%)

Percentrage of
cumulative N2O

(nitrificaiton) (%)

1 19.92
2 19.86
3 19.85

1.89

1.93

1.94

99.98

99.99

76.34

0.02

0.01

23.66
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60

4 19.52 2.28
9 19.99 1.84
10 19.99 1.83
11 19.96 1.86
12 19.94 1.87
13 19.94 1.87
14 19.92 1.89
15 19.88 1.92
16 19.87 193
21 19.99 1.84
22 20.00 1.83
23 19.98 1.84
24 19.99 1.84
Average 19.91 1.90

100

99.88

100

85.49

96.61

98.99

100

99.99

99.99

99.76

100

99.95

99.99

97.31

0.002

0.12

0.002

1451

3.39

1.01

0.004

0.01

0.01

0.24

0.001

0.05

0.01

2.69

2The average volumetric oxygen content and the average volumetric anaerobic fraction over the ten sampling days.
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Figure S1: Scatter plots with linear regressions and 95 % uncertainty bands for the residuals of cumulative N2O flux
against (a) the observed cumulative N2O fluxes, (b) the cumulative CO2 residuals, (c) the average soil NH4* residuals, and

(d) the average soil NOs residuals, respectively.
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Figure S2: Scatter plots with linear regressions and 95 % uncertainty bands for the residuals of simulated cumulative
N20 fluxes against (a) the observed cumulative N2O fluxes, (b) the cumulative CO2 residuals, (c) the average soil NH4*

residuals, and (d) the average soil NOs™ residuals, respectively. Only data from the control treatments were used here.
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Figure S3: Simulated and measured daily (a) N20O fluxes, (b) CO2 fluxes, (c) soil NH4* content, and (d) soil NOs™ content

during the 43-day incubation. Scatter points represent measured data; and triangles with dashed lines represent
simulated data (error bar: 95 % confidence interval). Simulated results were obtained from multi-treatment calibration.

Daily measurements presented were re-calculated from the data provided by Taghizadeh-Toosi et al. (2021).
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Figure S5: Simulated N2O/(N2O+Nz) under two moisture levels across treatments (error bar: standard deviation; * p <

0.1,** p <0.05 and *** p < 0.01).
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Figure S6: Simulated and measured daily (a) N20O fluxes, (b) CO: fluxes, (c) soil NH4* content, and (d) soil NOs™ content
during the 43-day incubation at 40 % WFPS. Scatter points represent measured data; and triangles with dashed lines
represent simulated data (error bar: 95 % confidence interval). Daily measurements presented were re-calculated from

the data provided by Taghizadeh-Toosi et al. (2021).
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(b).

Calculating the porosity of soil-residue mixture

The bulk density of soil-residue mixture, pbm:
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The dry density of soil-residue mixture, pdm:
_Ma1+Map
Pam Va1 +Vap

where mg,iis the dry density (g cm®), Viot,i is the total volume (cm?®), Vg is the dry volume (cm?®), and index i in the subscript

indicates soil (i = 1) and residue (i = 2).

The mass ratio of soil to residue is a, and a = mg,1/md.2. A bulk soil core with the height of 4 cm contained 5 g of soil per cm?, and

0.04 g of crop residue was applied into the soil per cm?. Thus, the calculated a is 125 in the study.

The bulk density of soil-residue mixture, pom , is rewritten as:

P = amgs +myy  (a+ 1)pp1pp2
bm = amg,, + Maz app2 + Pp1
Ppa Pb,2

The dry density of soil-residue mixture, pam, is rewritten as:

P = amg, +my,  (a+ 1)pgipas
am = ama, | Maz apaz t Paa
Pa,1 Pa,2

The porosity of the soil-residue mixture, 6m, was determined by:

8, = 100 % x (1 — 22
Pdm
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