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Supporting Methods
[bookmark: OLE_LINK4]DNA extraction and qPCR methods
Microbial DNA was isolated from tea plantations soil samples with a DNeasy PowerSoil kit (QIAGEN, Germany), in accordance with the manufacturer’s protocol (Wang et al., 2023). The concentration and purity of the DNA were evaluated with a NanoDrop ONE spectrophotometer, and the DNA was preserved at −80 °C until further analysis. Fluorescence quantitative PCR was used to quantify the functional genes associated with N2O emissions in the samples. The primer settings and reaction conditions are shown in Table S3.

Laboratory incubation experiment
A laboratory constant-temperature incubation experiment was conducted to verify the regulatory effects of urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT) and nitrification inhibitor 3,4-dimethylpyrazole phosphate (DMPP) on urea hydrolysis, soil pH dynamics, and short-term ammonium production in the tested tea plantation soil. This experiment aimed to elucidate the microcosmic mechanism of NH3 mitigation by dual inhibitors in the field trial.
[bookmark: OLE_LINK6]The tested soil was collected from the 0–20 cm topsoil layer of the tea plantation in the field trial, with consistent basic physicochemical properties as shown in Table S1. After removing stones and plant residues, the soil was air-dried, sieved through a 2 mm sieve, and stored at 4 °C before incubation. The experiment adopted a completely randomized design with 4 treatments and 3 replicates for each treatment, consistent with the inhibitor application ratio in the field trial: Urea (Control): Soil amended with urea only, no inhibitors added; UUI: Soil amended with urea + NBPT (urease inhibitor, applied at 1% of total N input); UNI: Soil amended with urea + DMPP (nitrification inhibitor, applied at 1% of total N input); UUNI: Soil amended with urea + NBPT + DMPP (dual inhibitors, each applied at 1% of total N input). 
The urea application rate was set at 200 mg N kg⁻1 dry soil, consistent with the conventional N application rate in local tea plantations. For each replicate, 200 g of air-dried soil was placed in a 500 mL incubation bottle, and the soil moisture was adjusted to 60% water holding capacity (WHC). All samples were incubated in the dark at a constant temperature of 25 °C for 7 days (168 h), and deionized water was added daily to maintain a constant soil moisture content. Destructive sampling was performed at 24 h (1 d), 96 h (4 d), and 168 h (7 d) after the start of incubation. The following indicators were determined for each soil sample: Soil pH, Soil NH4+-N and NO3⁻-N.
[image: ]
[bookmark: OLE_LINK1]Figure S1. Dynamic changes of soil NH4+-N (a) and corresponding soil pH value (b) in the tested tea plantation acidic soil during 7-day dark incubation at 25 °C. Treatments: Urea, urea only without inhibitors; UUI, urea + N-(n-butyl) thiophosphoric triamide (NBPT); UNI, urea + 3,4-dimethylpyrazole phosphate (DMPP); UUNI, urea + NBPT + DMPP dual inhibitors. Error bars indicate standard errors, with a sample size of n=3.





















Table S1 The basic physicochemical properties of the soil are outlined in the following table.
	Name
	pH
	SOC（g kg−1）
	TN（g kg−1）
	TP（g kg−1）
	TK（g kg−1）

	Soil
	4.29
	24.1
	1.98
	0.53
	33.1

	Biochar
	9.48
	484
	7.25
	1.99
	24.2

	Rapeseed cake fertilizer
	5.59
	459
	65.8
	
	


Soil Organic C (SOC)、Total N (TN)、Total Phosphorus (TP)、Total Potassium (TK)






































Table S2 Fertilizer application rates for each treatment during the experimental period.
	
	
	Base fertilizer
	Top-dressing fertilizer

	Treatment
	year
	Rapeseed cake fertilizer
	First Fertilizer
	Second Fertilizer

	
	
	N (kg ha−1)
	N (kg ha−1)
	P (kg ha−1)
	[bookmark: OLE_LINK31]N (kg ha−1)

	CK
	2022-2024
	0
	0
	0
	0

	CON
	
	150
	300
	68
	150

	NI
	
	105
	210
	68
	105

	BNI
	
	150
	300
	68
	150


The fertilizer application rates in the 2022-2023 and 2023-2024 periods were kept consistent.















































Table S3 Amplification primers and conditions for N2O emission related functional genes
	Target Gene
	Primer Name
	Primer Sequence
	Annealing Temperature
	Fragment Length
	Reference

	AOAamoA
	amoAF
	STAATGGTCTGGCTTAGACG
	56
	635
	Zheng et al., 2022

	
	amoAR
	GCGGCCATCCATCTGTATGT
	
	
	

	AOBamoA
	amoA-1F
	GGGGTTTCTACTGGTGGT
	57
	490
	Zhou et al., 2020

	
	AmoA-2R
	CCCCTCKGSAAAGCCTTCTTC
	
	
	

	nirK
	F1aCu
	ATCATGGTSCTGCCGCG
	63
	474
	Palmer et al., 2012 

	
	R3Cu
	GCCTCGATCAGRTTGTGGTT
	
	
	

	nirS
	Cd3aF
	GTSAACGTSAAGG ARACSGG
	55
	410
	Xu et al., 2023

	
	R3cd
	GASTTCGGRTGSGTCTTGA
	
	
	

	nosZ
	nosZ_2F
	CAKRTGCAKSGCRTGGCAGAA
	60
	270
	Henry et al.,2006

	
	nosZ_2R
	CGCRACGGCAASAAGGTSMSSGT
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Table S4. Mean values of soil impact factors for different treatments in different years during the experiment
	Year
	[bookmark: OLE_LINK111]Treatment
	Soil NH4+-N
[bookmark: OLE_LINK5] (mg kg−1)
	[bookmark: OLE_LINK3]Soil NO3⁻-N
(mg kg−1)
	Soil DOC
(mg kg−1)
	Soil NH4+-SH
 (mg kg−1)

	2022-2023
	CK
	[bookmark: OLE_LINK112]13.6±1.2d 
	15.1±0.06c
	150.8±5.6b
	13.1±3.6c

	C
	CON
	499.1±14.5c
	120.7±1.1a
	159.4±0.6a
	938.7±23.2a

	
	NI
	592.3±17.3a
	21.6±4.3c
	134.3±4.6c
	509.7±40.7b

	
	BNI
	531.5±6.6b
	70.6±2.5b
	121.8±0.3d
	525.0±30.3b

	2023-2024
	CK
	21.1±2.9c
	22.6±1.5c
	166.4±3.1b
	—

	
	CON
	375.3±16.7b
	84.9±2.8a
	183.4±1.4a
	—

	
	NI
	424.7±15.8a
	64.2±2.1b
	133.4±6.9d
	—

	
	BNI
	419.7±14.3a
	69.2±1.9b
	144.2±4.2c
	—

	2022-2024
	CK
	16.9±0.8d
	17.9±0.1d
	158.4±1.5b
	—

	
	CON
	439.8±1.9c
	103.2±1.0a
	171.1±0.9a
	—

	
	NI
	511.8±1.4a
	42.3±2.2c
	133.9±5.2c
	—

	
	BNI
	467.6±10.2b
	70.8±1.5b
	132.7±2.0c
	—


[bookmark: OLE_LINK2]Mean concentrations of soil ammonium nitrogen (NH4+-N), soil nitrate nitrogen (NO3−-N), and soil dissolved organic carbon (DOC) under each experimental treatment during 2022–2023, 2023–2024, and the entire two-year observation period (2022–2024). Soil NH4⁺-SH refers to the soil NH4+-N content measured in the early stage before the start of the field experiment, and this data is the average value from May to July 2022.
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