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Supplementary Information
2.1 Materials
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	Figure.1 Rice straw powder (a) and Soil sample (b)


Table S1 Physical and chemical properties of test soil sample
Table S1 Physical and chemical properties of test soil sample
Table S9 Physical and chemical properties of test soil sample
	BD
(g/cm³)
	pH
	EC
(μS/cm)
	[bookmark: _Hlk227236109]OM (g/kg)
	phosphorus (mg/kg)
	potassium (mg/kg)
	nitrogen
(mg/kg)
	salt
(g/kg)

	1.53
	8.35
	1197.03
	4.58
	32.34
	140.35
	178.25
	5.428


Note: OM stands for Organic matter.
2.2 Chlorophyll measurement method
Soluble sugars were determined using the anthrone colorimetric method. Fresh leaf tissue (0.5 g) was weighed, chopped, and homogenized with ethanol using a mortar and pestle. The homogenate was extracted in a boiling water bath for 30 minutes. After centrifugation, the supernatant was diluted to a final volume of 25 ml. An aliquot of the extract was mixed with anthrone-sulfuric acid reagent, heated in a boiling water bath for 10 minutes to develop color, and then cooled. Absorbance was measured at 620 nm, and the soluble sugar content was calculated using a glucose standard curve.
Vitamin C (ascorbic acid) content was determined by the 2,6-dichlorophenolindophenol (DCPIP) titration method. Fresh leaf tissue (2.0 g) was homogenized with a 2% oxalic acid solution. After dilution and filtration, the extract was titrated with a standardized DCPIP solution until a persistent pink endpoint was reached. The vitamin C content was calculated based on the titration volume.
Chlorophyll content was determined using the acetone extraction method. Fresh leaf tissue (0.2 g) was weighed and ground in the dark with a small amount of quartz sand, calcium carbonate, and 80% acetone. The extraction was conducted in the dark at 4°C for 12 hours. Subsequently, the mixture was centrifuged at 4000 r/min for 10 minutes. The absorbance of the supernatant was measured at 645 nm and 663 nm. The contents of chlorophyll a, chlorophyll b, and total chlorophyll were calculated according to Equations (4), (5), and (6), respectively.



2.3 Characterization of biochar
Biochar characterization was performed as follows. The rice straw biochars produced at different pyrolysis temperatures were characterized using Fourier transform infrared spectroscopy (FTIR) to analyze the composition and evolution of their surface functional groups. The micro-morphological features of the biochars were observed by scanning electron microscopy (SEM) to visualize their pore structure and surface morphology. Key pore structure parameters, including specific surface area, pore size distribution, and pore volume, were determined with a surface area and porosity analyzer (BET method). The elemental composition (C, H, O) of the biochars was measured using an elemental analyzer. The atomic ratios O/C and H/C were calculated to assess the degree of aromatization and stability of the biochars.
For soil improvement analysis, the following parameters were measured to evaluate the changes in soil salinity and alkalinity before and after biochar amendment: pH, electrical conductivity (EC), total salt content, and the contents of water-soluble salt ions (e.g., Na⁺, K⁺, Ca²⁺, Mg²⁺). Concurrently, soil fertility was comprehensively assessed by determining the cation exchange capacity (CEC), organic matter content, available phosphorus, available potassium, alkali-hydrolyzable nitrogen, and exchangeable sodium percentage (ESP).
2.4 Structural
Table S1. The structural characteristics of rice Straw biochar produced at different pyrolysis temperatures.
	Pyrolysis temperature (℃)
	SSA
(m2/g)
	Total pore volume (cm3/g)
	Average pore diameter (nm)

	400
	30.36
	0.0084
	10.10

	500
	80.24
	0.0142
	6.94

	600
	204.99
	0.0814
	1.59

	700
	124.02
	0.0549
	1.77


Note：SSA stands for Specific Surface Area
2.5 Ca²⁺
Unlike the previous two ions, the Ca²⁺ concentration in the leachate from the CB-700 treatment remained higher than that of the other groups throughout the experiment. For the other treatment groups, Ca²⁺ concentrations showed a notable decrease compared to the blank control in the middle and late stages of the leaching experiment. The CB-600 group exhibited the most significant decrease, demonstrating a strong capacity to fix Ca²⁺.
2.6 ESP
Furthermore, high soil pH is directly linked to the hydrolysis of NaHCO3 or Na2CO3 and ESP. Therefore, ameliorating saline-alkali soil involves not only reducing the total salt content through leaching but also lowering the exchangeable Na⁺ content in soil colloids to decrease the ESP.
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