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Supplementary Material: 
Table S1: Initial soil properties for experiment one samples. Means ± one SE. (n = 4) (OM = organic matter content, HWOC = hot water extractable carbon, HWN = hot water extractable nitrogen, HWTC = hot water total carbon) properties displayed in mg kg-1 are per dry weight (DW) soil (O'Neill et al., 2020). 
	P-addition 
(kg P ha-1 yr-1)
	P0
	P45

	OM content (%)
	6.42±0.17
	6.12±8.9

	pH
	6.3±0.07
	6.49±0.1

	Total carbon (%)
	2.86±0.29
	2.65±0.36

	Total nitrogen (%)
	0.29±0.01
	0.26±0.01

	HWOC mg kg-1
	1333.97±66.55
	1244.07±79.79

	HWN mg kg -1
	153.54±9.84
	139.13±10.86

	HWTC mg kg-1
	1636.34±91.33
	1552.93±84.62

	Morgan’s P mg kg-1
	1.26±0.14
	3.8±0.51

	Total P mg kg-1
	21.11±1.28
	39.25±1.3

	Cu mg kg-1
	2.23±0.26
	2.14±0.08

	Fe mg kg-1
	226.49±14.84
	266.71±9.45

	Mg mg kg-1
	62.2±5.09
	62.95±4.88

	Mn mg kg-1
	35.36±10.17
	37.74±8.9



Table S2: Primers used for qPCR 
	Gene name
	Primer Name
	Sequence (5' - 3')
	 Reference
	Efficiency
Inc. 1 
	Efficiency
Inc. 2

	16SrRNA (crenarchaea)

	771F 
957R
	ACGGTGAGGGATGAAAGCT
CGGCGTTGACTCCAATTG
	(Ochsenreiter et al., 2003)
	95.6%
	94%

	16SrRNA (bacteria)

	341f 
785r
	CCTACGGGNGGCWGCAG
GACTACHVGGGTATCTAATCC
	(Klindworth et al., 2013)
	86%
	95%

	amoA Archaea

	crenamoA23f
crenamoA616r
	ATGGTCTGGCTWAGACG
GCCATCCATCTGTATGTCCA
	(Tourna et al., 2008)
	89%
	118.5%

	amoA Bacteria

	Bac amoA1F 
Bac amoA2R
	GGGGTTTCTACTGGTGGT
CCCCTCBGSAAAVCCTTCTTC
	(Rotthauwe et al., 1997)
	102%
	114.7%

	amoA comammox

	Ntsp_amoA_162F
Ntsp_amoA_359R
	GGA-TTT-CTG-GNT-SGA-TTG-GA
WAG-TTN-GAC-CAC-CAS-TAC-CA
	(Fowler et al., 2018)
	96.9%
	92.2%

	ITS

	ITS86F
ITS4R
	TCCTCCGCTTATTGATATGC
GTGAATCATCGAATCTTTGAA
	(De Beeck et al., 2014)
	89.9%
	111.7%

	nirK

	Nirk876F
nirk1040R
	GCC TCG ATC AGR TTR TGG TT
ATY GGC GGV CAY GGC GA
	(Hallin et al., 2009)
	94.9%
	90.7%

	nirS

	cd3AF
R3cd
	GTSAACGTSAAGGARACSGG
GAS TTC GGR TGS GTC TTG A
	(Throback et al., 2004)
	96.6%
	91%

	nosZ clade I

	nosZ2F
nosZ2R
	WCS YTG TTC MTC GAC AGC CAG
ATG TCG ATC ARC TGU KCR TTY TC
	(Henry et al., 2006)
	86%
	95%

	nosZ clade II

	nosZ II F
nosZ II R
	CTI GGI CCI YTK CAY AC 
GCI GAR CAR AAI TCB GTR C
	(Jones et al., 2013)
	94.5%
	82%




Table S3: Slope, intercept and R2 values for each qPCR run. 
	Gene
	Slope Inc. 1 
	Y-intercept Inc. 1 
	R2 Inc. 1
	Slope Inc. 2
	Y-intercept Inc.2
	R2 Inc. 2
	Primer conc.(um)
Inc. 1

	16SrRNA(archaea)
	3.433
	42.763
	0.999
	3.47
	38.742
	0.997
	0.2

	16SrRNA (bacteria)
	3.714
	39.665
	0.996
	3.717
	40.237
	0.998
	1.5

	amoA Archaea
	3.533
	36.185
	0.941
	2.947
	32.485
	0.999
	0.2

	amoA Bacteria
	3.268
	36.003
	0.976
	3.014
	34.15
	0.996
	1

	amoA Comammox
	3.399
	37.142
	0.998
	3.526
	39.215
	0.998
	1

	ITS
	3.592
	39.334
	0.999
	3.173
	36.248
	0.993
	0.2

	nirK
	3.45
	36.011
	0.998
	3.566
	40.214
	0.999
	0.2

	nirS
	3.407
	35.119
	0.995
	3.559
	36.837
	0.999
	1

	nosZ clade I
	3.711
	30.127
	0.997
	3.444
	26.296
	0.99
	0.2

	nosZ clade II
	3.461
	34.849
	0.998
	3.838
	42.071
	0.999
	0.5



Table S4: qPCR settings.
	Gene:
	Run info: 
	Enzyme Encoded:

	16SrRNA (archaea)
	95C for 5min, 39 × (95C for 30s, 54C for 1 min, 72C for 1min, 82C for 3s), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	Total archaea abundance 

	16SrRNA (bacteria)
	95C for 5, 39 × (95C for 40s, 55.6C for 1, 72C for 30s, 80C for 3s), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	Total bacterial abundance

	amoA Archaea
	95C for 5min, 39 × (95C for 30s, 55.6C for 40s, 72C for 1min, 78C for 2s), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	Archaea ammonia monoxegenase

	amoA Bacteria
	noBSA 94C for 5 min, 39 × (94C for 30s, 55C for 45s, 72C for 45s, 82C for 2s), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	Bacteria ammonia monoxegenase

	amoA comammox
	95C for 5 min, 39 × (95C for 30s, 56C for 30s, 72C for 45s, 82C for 2s), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	Complete ammonia monoxegenase

	ITS
	95C for 2min, 39 × (95C for 30s, 54C for 30s, 72C for 30s),Melt curve 65 - 95C increment 0.5C for 5s. 
	Fungal Internal transcribed spacer

	nirK
	95C for 10 min, 39 × (95C for 10s, 60C for 30s, 72C for 10s, 85C for 2 s) Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	Nitrate reductase

	nirS
	95C for 10min, 40 × (95C for 10s, 66C for 20s, 72C for 20s, 82C for 2s (80C for 2 for inc.2)), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	Nitrate reductase

	nosZ clade I
	95C for 15min, 6 × (95C for 15s, decrement temperature by -1C per cycle, 72C for 1 min), 29 x(95C for 15s, 60C for 30s, 72C for 1 min), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	N2O reductase 

	nosZ clade II
	95C for 15 min, 40× (95C for 15s, 60C for 30s, 72C for 30s, 80C for 30s), Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read
	N2O reductase 

	Vector primers (m13F, T7R)
	95C for 5 min, 39 X (95C for 30s, 57C for 30s, 72C for 30s and 85C for 1s) Melt curve 65°C to 95°C, increment 0.5°C, 0:05 + plate read 

	



Table S5: mineral N mg N/kg comparisons between pre (before treatment added) and post (end of incubations) from incubations 1 and 2.

	Experiment
	Low P
	High P

	Incubation 1 NH4 (mg Kg-1) pre  fertiliser application
	8.3 ± 4.2
	1.4 ± 0.0

	Incubation 1 NH4 (mg Kg-1) post fertiliser application
	8.1 ± 5.1
	11.7 ± 2.0

	Incubation 1  NO3 (mg Kg-1) pre fertiliser application
	78.0 ± 11.1
	29.0 ± 3.1

	Incubation 1 NO3 (mg Kg-1) post fertiliser application
	729.2 ± 377.8
	604.7 ± 129.1

	
	
	

	Incubation 2 NH4 (mg Kg-1) pre fertiliser application
	13.3 ± 0.2
	12.4 ± 0.3

	Incubation 2 NH4 (mg Kg-1) post fertiliser application
	2.2 ± 0.0
	2.4 ± 0.0

	Incubation 2  NO3 (mg Kg-1) pre fertiliser application
	56.9 ± 0.8
	55.7 ± 1.2

	Incubation 2 NO3 (mg Kg-1) post fertiliser application
	77.8 ± 0.9
	76.4 ± 1.5






Effects of P on cumulative N2O emissions
Cumulative N2O emissions were different between incubation 1 and incubation 2. In incubation 2, N2O was approximately 13 times lower in low P and nearly 12 times higher in high P soils compared to N2O emissions from incubation 1. In addition, the effect of P-levels differed between the two incubations. In incubation 1, N2O emissions were significantly higher, approximately 70 times greater in low P than in high P (ANOVA; F-value ddf = 1, 79 = 36.97, p <0.001). This trend was not observed in incubation 2, where N2O was not significantly different between P-levels (ANOVA; F-value ddf = 1, 183 = 0.47, p = 0.49). 

Table S6: Cumulative N2O (N2O µg N2O-N g-1) and standard error according to the P-levels for incubation 1 (fertiliser KNO3+C) (means +/- SEM (n=3)) and incubation 2 (fertiliser NH4NO3+C) (means +/- SEM (n=4)). 
	Treatment:
KNO3 +C
(40Kg N ha-1)
(reps of 3) 
	Incubation 1: 
N2O µg N2O-N g-1
	Incubation 1: 
CO2 mg CO2-C g-1
	Treatment:
NH4NO3 +C
(40Kg N ha-1)
(reps of 8)
	Incubation 2: 
N2O µg N2O-N g-1 
	 Incubation 2: 
CO2 mg CO2-C g-1

	Low P
	3260.08 ± 842.23
	255.54 ± 23.82

	Low P
	240.65 ± 32.73 
	99.07 ± 1.88

	High P 
	47.09 ± 29.67
	198.64 ± 2.56
	High P
	548.85 ± 102.14
	119.17 ± 4.48
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Table S7: Comparison of total average gene abundances between incubations.  
	Gene copy no. per g dry soil
	Incubation 1
	Incubation 2

	
	Low P
	High P
	Low P
	High P

	16S bac
	3.39E+07
	4.67E+07
	2.70E+07
	2.21E+07

	16Scren
	2.90E+05
	5.46E+05
	1.07E+04
	9.65E+03

	ITS
	6.34E+05
	8.70E+05
	2.56E+04
	1.58E+04

	nosZ2
	5.37E+02
	9.41E+02
	4.02E+04
	4.09E+04

	nosZ1
	1.61E+04
	2.09E+04
	3.58E+03
	3.25E+03

	nirS
	4.88E+03
	9.80E+03
	2.53E+03
	2.80E+03

	nirK
	3.42E+03
	5.29E+03
	7.17E+05
	7.17E+05

	(nirK + S)/NosZ1 + 2
	5.31E-01
	7.04E-01
	1.59E+01
	1.76E+01

	Comammox
	4.27E+05
	6.40E+05
	2.17E+04
	2.18E+04

	AOB
	1.12E+04
	7.78E+03
	5.25E+02
	4.46E+02

	AOA

	9.32E+02
	1.26E+03
	8.21E+02
	4.47E+02




Table S8: ANOVA results testing the effect of P-level, time of sampling and their interaction in incubation 1. 
	Gene copy no. per g dry soil
	P
	P*Time
	Time

	16S rRNA bacteria
	.(0.06)
	
	*

	16S rRNA crenarchaea
	*
	
	***

	ITS 
	
	**
	

	nosZ2
	
	*
	

	nosZ1
	
	
	**

	nirS
	***
	
	

	nirK
	
	**
	

	(nirK + nirS)/NosZ I+ II
	**
	
	

	Comammox 
	.(0.054)
	
	***

	AOB
	*
	
	

	AOA
	
	
	



Table S9: ANOVA results testing the effect of P-level, time of sampling and their interaction in incubation 2.
	Gene copy no. per g dry soil
	P
	P*Time
	Time

	16S rRNA bacteria
	
	
	**

	16S rRNA crenarchaea
	
	
	*

	ITS
	*
	
	**

	nosZ2
	
	***
	

	nosZ1
	
	
	**

	nirS
	**
	
	*

	nirK
	
	
	

	(nirK + nirS)/NosZ I+ II
	
	***
	

	Comammox
	
	
	**

	AOB
	***
	
	***

	AOA
	**
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Figure S1. Nir:nosZ ratio according to the P-level and the time of sampling from Incubation 1 (left (means +/- SEM (n=6))) and incubation 2 (right (means +/- SEM (n=8))). Letters denote significant difference in total gene abundance between time points for both P levels and * denote significant interactions between P level and time). Fertiliser was applied on Day 0 after soil sampling, and N2O peaks were observed on Day 1 for both incubations. Overall significance between total gene abundance and P level shown as P = S, not significant with P level shown as P =NS
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