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Methods S1
Static Chamber Design and Deployment Protocol
The static chamber method was employed for gas sampling throughout the rice growing season. Prior to rice transplanting, a stainless-steel base frame (30 cm × 30 cm × 25 cm) was permanently installed in each plot at a distance of 0.5 m from the field ridge (inside the border row). The base was inserted 10 cm into the soil to serve as the fixed sampling location.
The chamber was constructed of 5-mm thick transparent acrylic panels. To accommodate varying plant heights during different growth stages, two chamber heights (60 cm and 110 cm) were utilized. The exterior of the chamber was covered with aluminum foil-coated foam insulation to create a static dark environment, thereby minimizing temperature fluctuations caused by solar radiation. The chamber was equipped with: (1) a small electric fan mounted at the top for immediate gas mixing upon closure; (2) a thermometer to monitor temperature variations during sampling for concentration calculation corrections; and (3) a rubber sampling tube connected to the chamber side, with one end extending 10 cm into the chamber interior and the other end connected via a three-way valve to both a gas sampling bag and a 50-mL syringe.
Gas sampling was conducted at 7-day intervals after transplanting, with intensified frequency (3-day intervals) during the 7-day period following each fertilization event. During each sampling, the standing water depth was recorded. Gas samples were collected at 0, 10, 20, and 30 minutes after chamber closure. At each time point, 15 mL of gas was continuously extracted three times and injected into the gas sampling bag for homogenization before analysis.


Table S1. The basic soil properties of the paddy fields.
	Soil properties
	

	Total porosity (%)
	54.2

	Cation exchange capacity (cmol⋅kg–1)
	33.6

	Bulk density (g cm–3)
	1.17

	pH (H2O)
	6.46

	Alkaline N (mg kg–1)
	197.2

	Available P (mg kg–1)
	36.9

	Available K (mg kg–1)
	111.4

	Organic matter (g kg–1)
	34.2


Table S2. Dates of major field management practices during 2018–2022.
	Practices
	2018
	2019
	2020
	2021
	2022

	Soil tillage
	10/06
	10/12
	10/11
	10/10
	10/12

	Seedling
	4/14
	4/16
	4/20
	4/26
	4/26

	Transplanting
	5/14
	5/15
	5/20
	5/25
	5/25

	Harvest
	9/15
	9/20
	9/25
	9/24
	9/23

	Basal fertilizer
	5/05
	5/07
	5/10
	5/24
	5/24

	Tillering fertilizer
	6/08
	6/06
	6/06
	6/08
	6/07

	[bookmark: _Hlk213523758]Panicle fertilizer
	7/09
	7/15
	7/15
	7/13
	7/13

	Field flooding
	4/25
	4/30
	4/28
	4/29
	4/30

	[bookmark: _Hlk213523790]Mid-season drainage
	6/30–7/09
	7/09–7/15
	7/07–7/15
	7/07–7/13
	7/01–7/13

	Water management
	6/11–9/03
	6/12–9/02
	6/10–9/02
	6/09–9/03
	6/09–8/29


Table S3. Water management regimes across rice growth stages.
	Irrigation regime
	Re-greening stage
	Early tillering stage
	Middle tillering stage
	Late tillering stage
	Jointing-booting stage
	Heading-flowering stage
	Milk stage
	Yellow- ripening stage

	F
	0–30 mm
	10–50 mm
	10–50 mm
	Drainage
	10–50 mm
	10–50 mm
	0–50 mm
	Naturally drying

	C
	0–30 mm
	0.7 θs–30 mm
	0.7 θs–30 mm
	Drainage
	0.8 θs–30 mm
	0.8 θs–30 mm
	0.7 θs–0 mm
	Naturally drying


Note: The data before “–” is the lower threshold of moisture control, and the data after “–” is the upper irrigation threshold. θs is the saturated soil moisture content. The soil moisture content or surface water level was maintained between the upper and the lower irrigation threshold of the corresponding growth stage.
Table S4. Significance of treatment effects (W, B, Y) and their interactions on GHG emissions, rice yield, and soil properties.
	Response variables
	Treatment effects

	
	W
	B
	Y
	W*B
	W*Y
	B*Y
	W*B*Y

	CH4 fluxes
	***
	***
	***
	**
	***
	***
	*

	Cumulative CH4 emissions
	***
	***
	***
	**
	***
	***
	ns

	CH4-GWP
	***
	***
	***
	***
	***
	***
	***

	Rice yield
	***
	***
	***
	ns
	**
	***
	ns

	GHGI
	***
	***
	***
	***
	***
	***
	***

	NGHGE
	***
	***
	–
	*
	–
	–
	–

	CH4 production potential
	***
	***
	***
	***
	***
	***
	***

	CH4 oxidation potential
	***
	***
	***
	***
	**
	***
	ns

	Eh
	***
	***
	***
	*
	**
	**
	ns

	pH
	***
	ns
	ns
	ns
	ns
	ns
	ns

	SOC
	ns
	***
	ns
	ns
	ns
	ns
	ns

	BD
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	NH+ 4-N
	***
	***
	***
	ns
	ns
	***
	ns

	NO- 3-N
	***
	***
	***
	ns
	ns
	***
	ns

	TN
	ns
	*
	ns
	ns
	ns
	ns
	ns

	DOC
	***
	***
	***
	ns
	*
	***
	ns

	C / N
	ns
	***
	ns
	ns
	ns
	ns
	ns


Note: W: water management; B: biochar amendment; Y: year. Statistical significance levels are indicated as follows: ns (P > 0.05), * (P < 0.05), ** (P < 0.01), and *** (P < 0.001).
