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2.3 Sampling and measurements 
2.3.1 Soil physical properties 
[bookmark: OLE_LINK205][bookmark: OLE_LINK123][bookmark: OLE_LINK126][bookmark: OLE_LINK81][bookmark: OLE_LINK127][bookmark: OLE_LINK206][bookmark: OLE_LINK210][bookmark: OLE_LINK208][bookmark: OLE_LINK216][bookmark: OLE_LINK20][bookmark: OLE_LINK128]At the end of October each year, a total of six undisturbed soil cores measuring 0.05 m in inner diameter and 0.2 m in height were collected from each plot to measure bulk density (BD), total porosity (Tp), and saturated hydraulic conductivity (Ks). The cutting ring method, as described by Bao (2000), was employed to measure the BD and Tp. The BD was determined by calculating the ratio of oven-dry weight to the volume of the core sample. The Tp = (1－BD / soil specific gravity) × 100%, with the soil specific gravity being 2.65 g cm−3. The undisturbed soil samples were used to determine Ks, which were collected using a soil-saturated hydraulic instrument (TST-55A, Nanjing Soil Instrument Co., Ltd., Nanjing, China). The method for determining Ks was based on the description provided by Wang et al. (2008) and calculated in accordance with Darcy's law. The Ks = (Q × L) / (S × t × H), Where Q (unit) represents the volumes of infiltration at specific time intervals (t), S (cm2) represents the cross-section of the penetration soil column, L (cm) denotes the thickness of the soil sample, and H (cm) represents the constant water head's thickness.
[bookmark: OLE_LINK129][bookmark: OLE_LINK218][bookmark: OLE_LINK57][bookmark: OLE_LINK219][bookmark: OLE_LINK83][bookmark: OLE_LINK220][bookmark: OLE_LINK84]Soil water-stable aggregates were divided into four size classes using the wet sieving method (Elliott 1986). The four size categories included large macro-aggregates (> 2.0 mm), small macro-aggregates (0.25–2.0 mm), micro-aggregates (0.053–0.25 mm), and silt plus clay (< 0.053 mm), respectively. Following wet sieving, the soil materials retained in each sieve, including the unsteady aggregates (< 0.25 mm), were transferred to containers, dried at 55 °C, and subsequently weighed. The mean weight diameter (MWD) and percentage of water-stable aggregate (PWSA) were used to represent the stability of soil aggregate based on Chen et al. (2021). The MWD was determined by applying the following formula (1).
MWD =           (1)
The PWSA was determined using formula (2).
[bookmark: OLE_LINK1]PWSA =        (2)
[bookmark: OLE_LINK131][bookmark: OLE_LINK221]In these two formulas, Where Xi denotes the average diameter of the four aggregate size categories, Wi represents the mass proportion of remaining aggregate size categories on each sieve. The values of i ranging from 1 to 4, correspond to the aggregate size categories as follows: i = 1 for aggregate size > 2.0 mm, i = 2 for aggregate size between 0.25 and 2.0 mm, i = 3 for aggregate size between 0.053 and 0.25 mm, and i = 4 for aggregate size < 0.053 mm.
2.3.2 Measurement of Na+, K+, Ca2+, Mg2+ and chemical properties
[bookmark: OLE_LINK222][bookmark: OLE_LINK88][bookmark: OLE_LINK223][bookmark: OLE_LINK224]At the end of October each year, five soil samples from the surface layer (0–20 cm depth) were randomly obtained from each plot using an auger. Subsequently, the soil samples were air-dried and passed through a 2-mm sieve. The levels of Na+ and K+ were determined using a Flame photometer (M410, Sherwood Scientific Ltd., Cambridge, England). The concentrations of Ca2+ and Mg2+ were measured by an Atomic Absorption Spectrophotometer (AA-6300, Shimadzu, Shanghai, China). The exchangeable sodium Na+ was determined following the standard methods by Bao (2000). Soil chemical properties mainly include pH, electrical conductivity (EC), exchange sodium percentage (ESP), sodium absorption ratio (SAR), and cation exchange capacity (CEC). Soil pH (soil:water ratio of 1:5) using a pH meter (Mettler Toledo International Trade Co., Ltd., Shanghai, China). Soil EC (1:5) was measured using a DDS 307 conductivity meter (Shanghai Precision Scientific Instrument Co., Ltd., Shanghai, China). According to Chi et al. (2012), the electrical conductivity of a saturated paste extract (ECe) was estimated using the following formula (3).
ECe = 10.88 × EC1:5        (3)
[bookmark: OLE_LINK225]The SAR was determined using the following equation (4). And then following the approach outlined by Chi et al. (2012), the SAR of saturated paste extract (SARe) was estimated as the formula (5).
SAR1:5 =      (4) 
SARe = 13.19 × SAR1:5      (5) 
[bookmark: OLE_LINK133][bookmark: OLE_LINK226][bookmark: OLE_LINK89]The soil CEC was evaluated using the Bower saturation method, as described by Richards (1954). 
[bookmark: OLE_LINK134]The ESP was determined using the following formula (6).
ESP (%) =    (6)
[bookmark: OLE_LINK7]2.3.3 Measurement of soil nutrients and enzyme activity
[bookmark: OLE_LINK227][bookmark: _Hlk157417540][bookmark: OLE_LINK228][bookmark: OLE_LINK347][bookmark: OLE_LINK2]To measure the total nitrogen content (TN), alkali-hydrolysable nitrogen content (AN), available phosphorus content (AP), available potassium content (AK), and organic matter content (SOM) in the soil, the air-dried soil samples that had been sieved through a 2 mm mesh were employed. According to the soil analytical methods by Bao (2000), soil AN, AP, AK, and SOM were measured. The measurement of SOM was carried out by the potassium dichromate volumetric method where 0.1 g (accurate to 0.0001 g) of air-dried soil sample was weighed into a 25 mL beaker, and 10 mL of potassium dichromate and a concentrated sulfuric acid mixture were added. After sufficient digestion reaction, titration was performed using ferrous sulfate. The total nitrogen content (TN) was determined using an Elenmentar vario Macro cube CNS Analyser (Elementar Company, Germany).
[bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK137][bookmark: OLE_LINK92][bookmark: OLE_LINK138]At the end of October each year, three random samples of topsoil (0-20 cm) were collected from each plot. These samples were subsequently filtered through a 2-mm sieve and stored in a refrigerator at 4 °C for preservation. Catalase activity was evaluated by back titration of the residual H2O2 using 0.1 M KMnO4 added to the soil, following the method outlined by Jin et al. (2009). The alkaline phosphatase was assayed using the p-nitrophenyl phosphate method (Tabatabai and Bremner 1969). Sucrase activity was determined through spectrophotometric measurements at 508 nm by quantifying the glucose released from soil sample. The soil sample was incubated at 37 °C for 24-hour with 15 mL of 8% sucrose solution, 5 mL of phosphate buffer at pH 5.5, and 0.1 mL of toluene (Guan 1986). Urease activity was assessed using spectrophotometry at 578 nm by measuring the release of NH4-N from 1.0 g of soil after incubation with 10% (w/v) urea solution for 24 h at 37 °C (Lu 1999).
2.3.4 Rice biomass yield (BY), grain yield (GY), and harvest index (HI)
[bookmark: OLE_LINK232][bookmark: OLE_LINK139][bookmark: OLE_LINK233]During the rice’s mature stage, 15 rice plants were collected from each experimental plot. After removing the roots, these plants were dried in an oven at 75 °C until a consistent weight was achieved. Subsequently, the biomass weight of the plants was then recorded. From each trial plot, all rice plants within a 6 m2 area were collected, and the rice yield was determined after threshing. The harvest index (HI) was computed by dividing the grain yield by the biomass yield.
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