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Text S1 Soil water-stable aggregates determination
Undisturbed soil cores were collected from the 0-20 cm and 20-40 cm layers using a spade during maize harvest in October 2023. The cores were air-dried and then manually broken along natural fracture lines into 1-2 cm aggregates. Water-stable aggregate fractionation was performed using the wet-sieving method described by Zhou et al. (2019). Briefly, 60 g of air-dried soil samples were placed on a 2 mm sieve, immersed in water for 5 min, and then shaken for 15 min using an oscillation-type mechanical sieving apparatus (amplitude: 3 cm, frequency: 25 cycles min⁻¹). Aggregates were separated into four size fractions: > 2 mm (large macroaggregates, LMa), 0.25-2 mm (small macroaggregates, SMa), 0.053-0.25 mm (microaggregates, Mi), and < 0.053 mm (silt and clay, SC). Each fraction was oven-dried at 50°C to constant weight and weighed. 
Mean weight diameter (MWD, mm), geometric mean diameter (GMD, mm), and proportion of aggregates > 0.25 mm (R0.25, %) were calculated according to the method described by Wei et al. (2024).
                                                       (1)
                                                   (2)
                                                                (3)
where wi​ is the weight percentage of aggregates in the i-th size fraction (%), xi is the mean diameter of aggregates in the i-th size fraction (mm), n is the number of size fractions, MT>0.25​ is the weight of aggregates > 0.25 mm (g), and MT​ is the total weight of aggregates (g).
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Fig. S1. Daily maximum temperature (Tmax), minimum temperature (Tmin), average temperature (Tave) and precipitation during maize growing season of 2022-2024. 
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Fig. S2. Radar chart of the relative response of soil salt content, pH, water content, nutrients, and bulk density to deep incorporation of straw and biochar. (a), (b), and (c) represent 0-20 cm in 2022, 2023 and 2024, respectively. (d), (e), and (f) represent 20-40 cm in 2022, 2023 and 2024, respectively. SSC, soil salt content. WC, soil water content. AN, alkaline hydrolysis nitrogen. AP, available phosphorus. AK, available potassium. BD, bulk density.
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Fig. S3. Effects of straw and biochar deep incorporation on soil aggregates organic carbon content and contribution in coastal saline soil. CK, no organic amendment; ST, 13125 kg ha-1 straw; BC, 7000 kg ha-1 biochar; ST+BC, 6563 kg ha-1 straw + 3500 kg ha-1 biochar. Different letters denote significant differences among treatments at 0.05 level. Values are means ± standard error (n = 3). LMa, large macroaggregates (> 2 mm); SMa, small macroaggregates (0.25-2 mm); Mi, microaggregates (0.053-0.25 mm); SC, silt and clay (< 0.053 mm).
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Fig. S4. Random forest model identifying key factors affecting SQI at 0-20 cm and 20-40 cm. SSC, soil salt content. WC, soil water content. AN, alkaline hydrolysis nitrogen. AP, available phosphorus. AK, available potassium. BD, bulk density. * and ** indicate significant differences at p< 0.05 and < 0.01 probability levels, respectively. 


Table S1 Nutrient contents of straw and straw biochar.
	
	Total N
	Total P
	Total K
	TOC

	
	(g kg-1)
	(g kg-1)
	(g kg-1)
	(g kg-1)

	Straw
	6.56
	2.19
	20.58
	389.10

	Straw biochar
	7.26
	3.8
	48.03
	729.56





Table S2 Effects of straw and biochar deep incorporation on soil quality indicators.
	Year
	Soil depth
	Treatment
	Salt
	pH
	WC
	AN
	AP
	AK
	TN
	BD

	
	(cm)
	
	(g kg-1)
	
	(%)
	(mg kg-1)
	(mg kg-1)
	(mg kg-1)
	(g kg-1)
	(g cm-3)

	2022
	0-20
	CK
	1.56±0.00a
	8.61±0.01a
	24.82±0.08a
	77.67±5.33b
	12.2±0.06b
	251.75±16.31b
	1.09±0.01c
	1.39±0.88a

	
	
	ST
	0.76±0.00d
	8.63±0.00a
	24.72±0.85a
	92.4±0.81a
	14.55±0.72b
	318.5±9.06a
	1.26±0.00a
	1.35±0.53ab

	
	
	BC
	0.79±0.00c
	8.73±0.01a
	26.65±0.18a
	82.6±0.81ab
	18.25±0.95a
	259.45±4.07b
	1.13±0.00c
	1.31±0.72b

	
	
	ST+BC
	0.82±0.00b
	8.63±0.07a
	26.65±0.03a
	85.4±1.62ab
	13.55±0.09b
	308.95±6.09a
	1.19±0.02b
	1.23±0.80c

	
	20-40
	CK
	1.26±0.00a
	8.50±0.10b
	24.37±0.10b
	61.17±2.13b
	13.2±0.06c
	220.05±10.94b
	0.99±0.03c
	1.47±0.19a

	
	
	ST
	0.75±0.00d
	8.73±0.00a
	25.25±0.24b
	98±0.81a
	16±0.12b
	291.2±2.54a
	1.23±0.01a
	1.46±0.56a

	
	
	BC
	0.83±0.01c
	8.57±0.01ab
	27.43±0.01a
	69.3±3.64b
	21±0.40a
	288.15±4.82a
	1.11±0.01b
	1.42±0.37ab

	
	
	ST+BC
	0.95±0.00b
	8.72±0.00ab
	28.27±0.34a
	88.2±1.62a
	14.55±0.66bc
	323±11.14a
	1.21±0.00a
	1.36±0.29b

	2023
	0-20
	CK
	2.19±0.20a
	8.20±0.02a
	9.61±0.03c
	51.12±0.70d
	8.28±0.16a
	285.9±3.09c
	1.03±0.01c
	1.45±0.41a

	
	
	ST
	1.53±0.04b
	8.35±0.02b
	9.79±0.12c
	84.12±1.63a
	8.9±1.41a
	344.88±2.32b
	1.56±0.03a
	1.42±0.65ab

	
	
	BC
	1.37±0.02b
	8.38±0.02b
	11.45±0.04b
	70.04±0.93c
	10.63±0.71a
	353.78±5.44b
	1.15±0.01b
	1.39±0.47b

	
	
	ST+BC
	1.53±0.13b
	8.35±0.00b
	12.74±0.10a
	75.67±1.39b
	11.38±0.71a
	411.5±6.44a
	1.5±0.00a
	1.31±0.31c

	
	20-40
	CK
	1.88±0.04a
	8.23±0.00c
	16.70±0.21b
	48.7±1.16c
	6.74±0.01b
	209.05±0.66c
	0.87±0.00c
	1.52±0.40a

	
	
	ST
	1.54±0.04b
	8.39±0.02ab
	17.70±0.08a
	61.58±0.70b
	9.05±0.61a
	284.23±0.94a
	1.43±0.04a
	1.46±0.63ab

	
	
	BC
	1.51±0.00b
	8.36±0.03b
	15.47±0.02c
	60.78±0.70b
	9.63±0.62a
	247.8±2.54b
	1.17±0.02b
	1.44±0.59b

	
	
	ST+BC
	1.54±0.03b
	8.48±0.01a
	15.29±0.28c
	68.43±0.00a
	10.4±0.09a
	255.41±3.36b
	1.34±0.03a
	1.45±0.86b

	2024
	0-20
	CK
	2.05±0.08a
	8.28±0.12a
	23.38±0.09b
	56.99±1.78c
	7.93±0.69b
	236.1±5.84c
	1.1±0.04d
	1.42±0.33a

	
	
	ST
	1.29±0.08c
	8.06±0.04a
	24.37±0.12ab
	74.95±1.36ab
	14.3±0.79a
	305.57±14.89a
	1.37±0.02b
	1.38±0.44b

	
	
	BC
	1.68±0.05b
	8.02±0.06a
	25.23±0.51a
	67.07±3.63bc
	12.87±1.60a
	264.1±3.48bc
	1.23±0.01c
	1.35±0.41c

	
	
	ST+BC
	1.19±0.08c
	8.12±0.06a
	25.48±0.18a
	80.59±1.85a
	13.9±0.86a
	285.97±4.84ab
	1.56±0.03a
	1.27±0.69d

	
	20-40
	CK
	2.51±0.10a
	8.28±0.05a
	24.55±0.14c
	49.04±2.60b
	5.7±0.36b
	192.03±17.72b
	0.91±0.01c
	1.50±0.38a

	
	
	ST
	1.68±0.10bc
	8.02±0.1ab
	25.23±0.27b
	67.07±2.72a
	12.87±0.24a
	229.43±3.35ab
	1.23±0.02b
	1.35±0.74ab

	
	
	BC
	2.21±0.09ab
	7.93±0.08b
	27.42±0.22a
	55.88±2.66ab
	8.03±0.35a
	206.63±5.89ab
	1.4±0.01ab
	1.43±0.52b

	
	
	ST+BC
	1.44±0.16c
	8.16±0.04ab
	27.95±0.29a
	60.57±2.24ab
	9.13±0.20a
	240.23±4.11a
	1.46±0.02a
	1.41±0.54b

	Two-way ANOVA
	T
	< 0.001
	> 0.05
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	
	D
	< 0.001
	> 0.05
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	
	Y
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	
	T×D
	< 0.05
	< 0.05
	< 0.01
	> 0.05
	> 0.05
	> 0.05
	< 0.001
	< 0.01

	
	T×Y
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.05
	< 0.001
	> 0.05

	
	D×Y
	< 0.001
	> 0.05
	< 0.001
	< 0.01
	< 0.001
	< 0.001
	< 0.001
	> 0.05

	
	T×D×Y
	> 0.05
	> 0.05
	< 0.001
	< 0.001
	> 0.05
	< 0.001
	< 0.001
	> 0.05


SSC, soil salt content. WC, soil water content. AN, alkaline hydrolysis nitrogen. AP, available phosphorus. AK, available potassium. BD, bulk density. Different letters denote significant differences among treatments at 0.05 level. Values are means ± standard error (n = 3).



	Soil depth
	Treatment
	ALP
	BG
(nmol g-1 soil h-1)
	BX
	CE
	NAG
	LAP

	(cm)
	
	(nmol g-1 soil h-1)
	
	(nmol g-1 soil h-1)
	(nmol g-1 soil h-1)
	(nmol g-1 soil h-1)
	(nmol g-1 soil h-1)

	0-20
	CK
	203.99±15.45ab
	38.81±6.37a
	22.45±2.47a
	9.22±0.39a
	7.75±0.76a
	504.61±9.99b

	
	ST
	258.14±18.25a
	48.87±3.56a
	32.25±3.82a
	15.19±2.03a
	10.53±1.79a
	584.1±23.43b

	
	BC
	183.92±15.68b
	51.43±7.01a
	31.05±3.68a
	12.44±0.41a
	8.11±1.40a
	527.14±26.16b

	
	ST+BC
	270.92±8.98a
	61.07±3.94a
	35.5±3.01a
	15.4±2.13a
	9.45±1.16a
	726.43±30.74a

	20-40
	CK
	249±3.02ab
	37.07±0.84b
	21.13±0.98ab
	7.85±0.41b
	6.16±0.03b
	616.49±34.08ab

	
	ST
	190.87±20.4bc
	41.64±0.21ab
	22.6±0.06ab
	9.46±0.47ab
	6.86±0.34b
	551.46±25.55b

	
	BC
	164.18±3.70c
	19.32±1.94c
	15.82±2.87b
	7.49±0.74b
	4.58±0.15c
	575.45±34.66ab

	
	ST+BC
	276.65±18.67a
	49.81±3.49a
	25.68±2.93a
	11.27±0.30a
	8.07±0.07a
	707.82±30.56a

	Two-way ANOVA
	T
	< 0.001
	< 0.001
	< 0.05
	< 0.01
	< 0.05
	< 0.001

	
	D
	> 0.05
	< 0.001
	< 0.001
	< 0.001
	< 0.01
	> 0.05

	
	T×D
	< 0.05
	< 0.05
	> 0.05
	> 0.05
	> 0.05
	> 0.05


Table S3 Effects of straw and biochar deep incorporation on soil enzyme activities.
[bookmark: _Hlk220356928]ALP, BG, BX, CE, NAG, and LAP stand for alkaline phosphatase, β-Glucosidase, β-Xylosidase, β-Cellobiohydrolase, β-1, 4-N-Acetyl-glucosaminidase, and leucine aminopeptidase, respectively. Different letters denote significant differences among treatments at 0.05 level. Values are means ± standard error (n = 3).



Table S4 Two-way ANOVA of the effect of treatment (T), year (Y), and their interaction (T×Y) on soil aggregates organic carbon content and contribution.
	Treatment
	LMa-C
	SMa-C
(g kg-1)
	Mi-C
	SC-C
	CLMa-C
	CSMa-C
	CMi-C
	CSC-C

	
	(g kg-1)
	
	(g kg-1)
	(g kg-1)
	(%)
	(%)
	(%)
	(%)

	T
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	> 0.05
	< 0.001

	D
	< 0.001
	> 0.05
	< 0.05
	> 0.05
	< 0.001
	> 0.01
	< 0.05
	> 0.05

	T×D
	< 0.01
	> 0.05
	< 0.01
	> 0.05
	< 0.01
	> 0.05
	> 0.05
	> 0.05


[bookmark: _Hlk220014078]LMa-C, large macroaggregates organic carbon; SMa-C, small macroaggregates organic carbon; Mi-C, microaggregates organic carbon; SC-C, silt and clay organic carbon; CLMa-C, contribution rate of large macroaggregates organic carbon; CSMa-C, contribution rate of small macroaggregates organic carbon; CMi-C, contribution rate of microaggregates organic carbon; CSC-C, contribution rate of silt and clay organic carbon
Reference
Zhou H, Fang H, Zhang Q, Wang Q, Chen C, Mooney S J, Peng X, Du Z. (2019). Biochar enhances soil hydraulic function but not soil aggregation in a sandy loam. Eur. J. Soil Sci. 70, 291–300.
Wei J, Li Y Q, Li J, Yan W, Yin Q, Jiang H, Li Z, Jiang J, Li Yu, Yao Y, Zhang L. (2024). A 2-year pure biochar addition enhances soil carbon sequestration and reduces aggregate stability in understory conditions. Sci. Rep. 14, 30122. 
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