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Text S1 
The method for extracting DOM derived from soil samples was as follows: 1 g of the source material was mixed with deionized water at a soil/water ratio of 1:10 (w/v). and shaken for 24 h at a constant temperature of 25 ℃. After that, the supernatants were separated by centrifugation (4000 rpm for 20 min) and passed through a 0.45 μm cellulose acetate membrane.


Text S2
[bookmark: _Hlk211971921]After 40 days of incubation, the integrated fluorescence intensities of DOM characteristics showed marked divergence between the MP and HC treatments (Fig. 1e–h). In the MPs-amended soil, the increasing integrated areas across all DOM regions—most notably in the protein-like region—suggest that MPs acted as a continuous source of labile carbon. This pattern can be attributed to the combined effects of the gradual leaching of MP-derived components and enhanced microbial activity during incubation. In the early stage, the release of DOM from the relatively stable MPs was slow (Hofmann et al. 2023), resulting in significantly lower fluorescence intensities in MPs-treated soil compared to HC. As incubation progressed, specific microorganisms utilized the leached DOM as substrates. However, studies indicate that the consumption rate of these compounds is substantially lower than the rate of DOC accumulation (Guo et al. 2023). Concurrently, increased microbial activity likely led to the secretion of substantial amounts of extracellular proteins, which may explain the pronounced rise of DOM components in MPs-treated soil, particularly those associated with protein-like substances, in the soil extracts (Shiu et al. 2020).
﻿In contrast, the declining DOM fluorescence intensity in the HC treatment highlights its capacity for rapid release of bioavailable carbon. Shortly after incorporation, a substantial fraction of DOM in HC was quickly released into the soil, where it was readily utilized by microorganisms (Azeem et al. 2023). The resulting enrichment of bioavailable carbon stimulated microbial proliferation, which in turn accelerated the uptake and consumption of DOM, ultimately leading to a rapid decrease in extractable DOM from the soil.
﻿


Text S3
[bookmark: OLE_LINK3]The four fluorescent components (C1–C4) identified in 36 samples across all treatments were listed. These components were analyzed by referencing existing literature in the OpenFluor database and compared with fluorescent components reported in previous studies (Table S2). The tucker convergence coefficients of the matched components exceeded 0.95. The EEMs spectral characteristics of C1 were characterized by peaks at 340 nm excitation with 430 nm emission wavelengths, which is described as a terrestrial-derived humic matter (Hong et al. 2021), commonly found in wastewater and characterized by low aromaticity and molecular weight (Wang et al. 2022). In EEMs spectra of C2, there were two excitation maxima (285 nm and 365 nm) at a 495 nm emission wavelength, similar to a soil fulvic-like component (Meilleur et al. 2023), which originates from terrestrial higher plants and is directly associated with microbial reduction reactions (Zhou et al. 2019). C3 was characterized by peaks at 320 nm excitation with 390 nm emission, additionally represents a humic-like component (Chen et al. 2018). The C4 component had excitation maxima at 265/315 nm and emission maximum at 420 nm, similar to a humic-like substance linked to UV photodegradation (Søndergaard et al. 2003), previously identified as a photochemical product of terrestrial organic matter (DeFrancesco and Guéguen 2021).


Table S1 The basic properties of two carbon-rich materials
	Samples
	C (%)
	H (%)
	O (%)
	N (%)
	P (g/kg)

	
	
	
	
	
	TP
	H2O-P
	NaHCO3-P
	NaOH-P
	HCl-P
	Residual-P

	HC
	47.95
	4.99
	10.02
	4.15
	15.13
	0.14
	0.04
	0.04
	14.48
	0.43

	MPs
	58.96
	7.88
	28.97
	3.18
	ND
	ND
	ND
	ND
	ND
	ND


[bookmark: OLE_LINK4]Note: ND, not detected. 


Table S2 Fluorescence characteristics of the four components identified by PARAFAC model and literature comparisons based on the OpenFluor database.
	[bookmark: OLE_LINK1]Component
	Ex/Em (nm/nm)
	Determination

	C1
	340/430
	terrestrial-derived humic (Hong et al. 2021; Wang et al. 2022)

	C2
	[bookmark: _Hlk167204164]285(365)/495
	soil fulvic-like component, associated with microbial reduction reactions (Meilleur et al. 2023; Zhou et al. 2019)

	C3
	320/390
	microbially- derived humic-like (Chen et al. 2018)

	C4
	265(315)/420
	photochemical product of terrestrial organic matter (Søndergaard et al. 2003; DeFrancesco and Guéguen 2021)




Table S3 Detrended correspondence analysis (DCA) analysis of bacterial community.
	
	DCA1
	DCA2
	DCA3
	DCA4

	Gradient length
	2.928169
	2.76551
	2.787608
	2.607476


Note: Based on the results of detrended correspondence analysis (DCA), the maximum gradient length of bacterial species data was less than 3, indicating a linear response. Therefore, redundancy analysis (RDA) was selected over canonical correspondence analysis (CCA).


Table S4 Variance inflation factor (VIF) screening.
	Environmental factors
	VIF

	pH
	2.34

	SOC
	1.72

	TK
	2.31

	AN
	2.05

	AK
	2.90

	LP
	4.77

	MLP
	2.13

	DOC
	5.35

	SUVA254
	4.42

	HIX
	5.12

	C1
	7.99

	C2
	7.70

	C3
	9.14


Note: The analysis is used to detect multicollinearity in the model, remove environmental variables with VIF values greater than 10, and improve the stability and interpretability of the model.


Table S5 Checking the importance of sorting models and obtaining the contribution of each variable to the RDA model
	Parameters
	RDA1
	RDA2
	r2
	Pr (>r)

	pH
	0.55103
	-0.83448
	0.1184
	0.12

	SOC
	-0.00459
	0.99999
	0.1694
	0.04*

	TK
	0.57262
	0.81982
	0.2595
	0.02*

	AN
	0.43166
	0.90204
	0.3343
	0.004**

	AK
	-0.21355
	0.97693
	0.4518
	0.001***

	LP
	0.9355
	0.35332
	0.5748
	0.001***

	MLP
	-0.03019
	-0.99954
	0.0083
	0.878

	DOC
	0.71748
	0.69658
	0.6232
	0.001***

	SUVA254
	-0.27109
	0.96255
	0.3584
	0.001***

	HIX
	0.41846
	0.90823
	0.558
	0.001***

	C1
	-0.41288
	0.91079
	0.5836
	0.001***

	C2
	0.16411
	0.98644
	0.5043
	0.002**

	C3
	-0.47719
	0.8788
	0.8363
	0.001***





[image: ]
Fig. S1 Fourier transform infrared spectroscopy of (a) MPs and (b) HC. 


[image: ] 
Fig. S2 Physicochemical properties of paddy soil from three treatments during incubation. (a) pH, (b) TC, (c) SOC, (d) TN, (e) TK, (f) TP, (g) AN and (h) AK. TC was total carbon. SOC and DOC meant soil organic carbon and dissolved organic carbon. TK and TP were total potassium and phosphorus. AK and AP were available potassium and phosphorus. Colored letters indicate statistically significant differences between treatments of the same day at the p = 0.05 level.
[image: ]
Fig. S3 3D-EEM of paddy soil from three treatments during incubation. (a) CK, (b) HC, (c) MPs. Em means the emission wavelength, and Ex means the excitation wavelength. (d): Relative positions of five components based on fluorescence spectroscopy. 
[image: ]
[bookmark: OLE_LINK2]Fig. S4 Fluorescence characteristics of the four components identified by PARAFAC model.


[image: ]
Fig. S5 Changes in ratios of relatively labile fractions (LPo) relative to more slowly cycling fractions (MLPo).
S2

[bookmark: _GoBack][image: ]
Fig. S6 Validation of network topology by power-law distribution analysis. The degree distributions of the microbial co-occurrence networks in the (a) CK, (b) HC, and (c) MPs treatments all significantly fit a power-law model (p < 0.05), confirming their scale-free and non-random properties.
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