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Supplementary material and methods

Data Collection
The literature was systematically reviewed through a Web of Science search conducted in November 2023, using the following keywords: "carbon" or "soil carbon" or "soil organic carbon" or "SOC" or "soil organic matter" or "SOM" or "soil total carbon" or "soil carbon storage" or "soil carbon fixation") AND\(TI = ("phosphorus fertilizer" OR "phosphorus (phosphate) application" OR "phosphorus (phosphate) applications" OR "phosphorus fertilization" OR "phosphorus (phosphate) inputs" OR "(phosphate) phosphorus input" OR "phosphorus level" OR "phosphorus level" OR "(phosphate) phosphorus addition" OR "phosphorus availability" in the topic field. 

Assessment of Soil P and C Components
Soil total phosphorus (TP), available phosphorus (AP), SOC, and DOC contents were measured following the method of Bao (2000), whereas the soil MBC and MBP were determined using the chloroform fumigation-extraction technique (Vance et al., 1987). Detailed descriptions of these methodologies are provided in our previous studies (Su et al., 2023; Li et al., 2025). Based on the procedure described by Cotrufo et al. (2019), SOC was fractionated into POC and MAOC by soaking 10 g of air-dried soil (<2 mm) in 0.5% (NaPO3)6 and shaking the mixture for 18 h on a reciprocating shaker. The resulting suspension was passed through a 53 μm sieve, with the >53 μm fraction classified as POC and the <53 μm fraction as MAOC. Both fractions were dried at 60°C, and their C contents were measured.


Supplementary Figures
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Fig. S1 Global map showing the geographical locations of studies on maize intercropping.
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Fig. S2 Effects of P input versus no P input on soil microbial biomass P (MBP), microbial biomass C (MBC), and alkaline phosphatase (ALP). The horizontal bars represent the 95% confidence intervals. Error bars that do not overlap with zero indicate a statistically significant increase (P ≤ 0.05).
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[bookmark: OLE_LINK4]Fig. S3 Bar chart showing the characteristics of changes in soil total P (A), available P (B), alkaline phosphatase (C), acid phosphatase (D), and microbial biomass P (E) under different P input treatments during the mature stages of the early and late rice seasons. Different lowercase letters indicate significant differences between treatments within the same soil layer (P ≤ 0.05). Values are presented as mean ± standard error (n = 3). P0, no P fertilizer in early or late rice; P63, 63 kg ha-1 P input for early rice; P72, 72 kg ha-1 P input for early rice; P81, 81 kg ha-1 P input for early rice; P90, 90 kg ha-1 P input for early rice; P42, 42 kg ha-1 P input for late rice; P48, 48 kg ha-1 P input for late rice; P54, 54 kg ha-1 P input for late rice; P60, 60 kg ha-1 P input for late rice. 
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Fig. S4 Relationships of soil organic C (SOC) with soil available P (A), microbial biomass P (B), alkaline phosphate (C), and microbial biomass C (D).
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