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Table S1 Detailed description of variables related to SOM, DOM quantity, and quality.
	Variable
	Definition and calculation method
	Relevant to the DOM quantity/quality
	Reference

	SOM
	The total organic matter content in soil.
	An indicator of SOM quantity. It represents the primary reservoir and source of DOM.
	(Niu et al., 2024) 

	DOC
	Dissolve organic carbon. Water-soluble organic carbon capable of passing through a 0.45 μm filter membrane.
	An indicator of DOM quantity. It represents the active pool of microbial available carbon.
	(Gao et al., 2017) 

	DOC/DTN
	The mass ratio of DOC to total dissolved organic nitrogen.
	An indicator of DOM quality. A low C/N ratio (10-20:1) indicates rapid decomposition of organic matter and high nitrogen availability, beneficial for plant growth. A high C/N ratio (>25:1) indicates slow organic matter decomposition, which is prone to nitrogen immobilization, thereby reducing soil fertility.
	(Chen et al., 2025)

	HIX
	Humification index. Ratio of the integral values between the excitation wavelength at 254 nm and the emission wavelength at 435-480 and 300-345 nm.
	An indicator of DOM quality. HIX measures the degree of humification of DOM. The higher the index value, the higher the degree of humification. HIX >6 indicates high humification with large terrestrial contribution; HIX = 4–6 indicates that high humification has weak autobiographical characteristics; HIX < 4 indicates that the humification magnitude is weak and autogenous.
	(Ohno, 2002) 

	BIX
	Biological index. Ratio of fluorescence intensities at 310 nm excitation wavelength and 380 and 430 nm emission wavelength at 435-480 and 300-345 nm.
	An indicator of DOM quality. BIX reflects the degree of autogenic contribution to DOM. BIX > 1: DOM is dominated by recent autochthonous components (e.g., algal secretions); BIX < 1: DOM is dominated by humified or terrestrial components.
	(Wilson et al., 2009)

	FI
	Fluorescence index. Ratio of fluorescence intensities at 370 nm excitation wavelength and 450 and 500 nm emission wavelengths.
	An indicator of DOM quality. FI >1.9 indicates that microbial metabolism and degradation products are the main sources of DOM, and autogenesis is predominant; FI <1.4 indicates that the SOM of plant roots, stems, leaves, and soil mainly contributes to DOM, and exogenous sources are predominant.
	(Maie et al., 2006) 

	SUVA254
	Specific UV absorbance at 254 nm. Ratio of UV254 to DOC concentration.
	An indicator of DOM quality. It represents the aromaticity of DOM. The higher the value, the higher the aromaticity of DOM
	(Zhang, 2022)

	E4/E5
	Ratio of UV absorbance values at 300 and 400 nm wavelength.
	An indicator of DOM quality. It characterizes the degree of humification of the DOM molecule. If E4/E5 is less than 3.5, the DOM is mainly composed of humic acid. If E4/E5 is greater than 3.5, the main component of the DOM is fulvic acid.
	(Artinger et al., 2000) 

	SR
	Spectral slope ratio. The spectral slope (SR) is the ratio of S275-295 and S350-400, and the calculation formula of SR is as follows: 

	An indicator of DOM quality. SR is unrelated to DOM concentration, which is commonly used to characterize DOM composition and structure. The SR value is also inversely proportional to molecular weight; namely, the SR value is higher, and the DOM has a lower molecular weight
	(Zhang, 2022) 




Table S2 Linear mixed-effects models summarizing the effects of nutrient addition, and their interaction on SOM, DOM quantity, and quality.

	
	
	
	N
	P
	N×P

	SOM
	SOM
	2$
	0.03
	10.05
	5.00

	
	
	P
	0.868
	0.002
	0.025

	DOM quantity&
	DOC
	2
	2.16
	0.35
	2.05

	
	
	P
	0.141
	0.555
	0.153

	DOM quality*
	DOC/DTN
	2
	6.91
	2.48
	2.93

	
	
	P
	0.009
	0.115
	0.087

	
	HIX
	2
	0.03
	4.18
	0.33

	
	
	P
	0.860
	0.041
	0.568

	
	BIX
	2
	6.86
	2.94
	1.55

	
	
	P
	0.009
	0.086
	0.213

	
	FI
	2
	4.15
	3.10
	1.05

	
	
	P
	0.042
	0.078
	0.306

	
	SR
	2
	2.60
	1.52
	3.84

	
	
	P
	0.107
	0.218
	0.050

	
	SUVA254
	2
	1.89
	0.51
	1.18

	
	
	P
	0.170
	0.473
	0.277

	
	E4/E5
	2
	1.66
	0.69
	2.25

	
	
	P
	0.198
	0.407
	0.134


& Indicators of DOM quantity used are dissolved organic carbon (DOC).
* Indicators of DOM quality used are DOC/DTN ratio, Humification index (HIX), Biological index (BIX), Fluorescence index (FI), Spectral Slope Ratio (SR), Specific UV absorbance at 254 nm (SUVA254), and absorbance ratio at 300 nm vs 400 nm (E4/E5).
$ The Chi-square test is used to determine significance.
# Bold indicates P values are less than 0.05.

Table S3 Effects of nutrient addition on SOM, DOM quantity, and quality.

	Variable
	Treatment
	
	
	

	
	CK
	N
	P
	NP

	SOM
	119.845.33
	118.774.60
	99.722.35
	118.736.97

	DOC
	152.7626.32
	210.5240.95
	175.9321.35
	154.2316.06

	DOC/DTN
	2.160.31
	1.570.22
	2.370.31
	1.380.22

	HIX
	13.842.20
	14.431.71
	20.781.98
	18.643.42

	BIX
	0.540.01
	0.580.01
	0.570.01
	0.580.01

	FI
	1.930.03
	1.990.02
	1.990.02
	2.000.02

	SR
	0.780.03
	1.150.26
	1.060.18
	0.800.04

	SUVA254
	1.710.19
	2.790.95
	1.930.15
	1.880.11

	E4/E5
	4.740.09
	3.780.73
	4.120.68
	4.740.34


Values are means and standard errors (n = 6). Different letters within the same row indicate significant differences among treatments at p < 0.05. Indicators of SOM quantity used are dissolved organic carbon (DOC). The indicators of SOM quality used are the SOC/STN ratio, Humification index (HIX), Biological index (BIX), Fluorescence index (FI), Spectral Slope Ratio (SR), Specific UV absorbance at 254 nm (SUVA254), and absorbance ratio at 300 nm vs 400 nm (E4/E5).

Table S4. Estimated coefficients and 95% confidence intervals of the effects of nitrogen, phosphorus, and their interactions on SOM, DOM quantity, and quality.

	
	
	N
	P
	N×P

	SOM
	effect
	-0.073
	-1.392
	1.389

	
	95%Cl
	[-0.93, 0.79]
	[-2.25, -0.53]
	[0.17, 2.61]

	DOC
	effect
	0.853
	0.342
	-1.173

	
	95%Cl
	[-0.28, 1.99]
	[-0.79, 1.48]
	[-2.78, 0.43]

	DOC/DTN
	effect
	-0.779
	0.467
	-0.717

	
	95%Cl
	[-1.36, -0.20]
	[-0.11, 1.05]
	[-1.54, 0.10]

	HIX
	effect
	0.095
	1.11
	-0.438

	
	95%Cl
	[-0.97, 1.16]
	[0.05, 2.17]
	[-1.94, 1.07]

	BIX
	effect
	1.347
	0.882
	-0.905

	
	95%Cl
	[0.34, 2.36]
	[-0.13, 1.89]
	[-2.33, 0.52]

	FI
	effect
	1.093
	0.945
	-0.777

	
	95%Cl
	[0.04, 2.14]
	[-0.11, 2.00]
	[-2.26, 0.71]

	SR
	effect
	0.912
	0.696
	-1.567

	
	95%Cl
	[-0.20, 2.02]
	[-0.41, 1.80]
	[-3.13, 0.00]

	SUVA254
	effect
	0.807
	0.421
	-0.904

	
	95%Cl
	[-0.35, 1.96]
	[-0.73, 1.57]
	[-2.53, 0.73]

	E4/E5
	effect
	-0.752
	-0.484
	1.239

	
	95%Cl
	[-1.90, 0.39]
	[-1.63, 0.66]
	[-0.38, 2.86]




Table S5. Relative contribution (%) of different driver groups to changes in SOM, DOM quantity, and quality.

	
	Plant
biomass
	Hydrolase
	Oxidase
	Soil 
physicochemical properties

	SOM
	25.78
	11.10
	0.37
	62.75

	DOC
	65.36
	7.48
	4.55
	22.61

	DOC/DTN
	53.20
	14.72
	2.69
	29.39

	HIX
	48.23
	40.70
	11.06
	0

	BIX
	6.48
	22.37
	0
	71.15

	FI
	2.83
	15.97
	4.42
	76.78

	SR
	21.71
	38.23
	11.67
	28.39

	SUVA254
	11.01
	13.42
	51.65
	23.92

	E4/E5
	22.66
	43.34
	10.11
	23.89


Note: Relative importance is calculated using hierarchical partitioning to determine the independent contribution of each predictor group to the model's explained variance.
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Table S6. Linear mixed-effects models summarizing the effects of nutrient addition on above- and below-ground biomass, soil enzyme activity, and soil physicochemical properties.

	
	
	N
	P
	N×P

	Above-ground live biomass
	effect
	-0.160
	-0.239
	1.619

	
	95%Cl
	[-1.06, -0.74]
	[-1.14, 0.66]
	[0.35, 2.89]

	Above-ground dead biomass
	effect
	-0.480
	-0.485
	-0.873

	
	95%Cl
	[-1.27, 0.30]
	[-1.64, -0.19]
	[-2.44, 0.69]

	Below-ground total biomass
	effect
	0.299
	-0.915
	-0.082

	
	95%Cl
	[-0.43, 1.03]
	[-1.93, 0.18]
	[-1.58, 1.41]

	Below-ground live biomass
	Effect
	0.03
	-0.920
	-0.191

	
	95%Cl
	[-0.71, 0.77]
	[-1.65, -0.18]
	[-1.70, 1.32]

	β-glucosidase
	effect
	-0.213
	0.735
	-0.533

	
	95%Cl
	[-1.34, 0.92]
	[-0.39, 1.86]
	[-2.13, 1.06]

	Cellobiohydrolase
	effect
	-1.325
	-0.508
	0.602

	
	95%Cl
	[-2.33, -0.32]
	[-1.52, 0.50]
	[-0.83, 2.03]

	Phenol oxidase
	effect
	-0.263
	0.632
	-0.477

	
	95%Cl
	[-1.09, 0.56]
	[-0.20, 1.46]
	[-1.65, 0.69]

	Peroxidase
	effect
	0.384
	0.103
	-0.787

	
	95%Cl
	[-0.63, 1.40]
	[-0.91, 1.12]
	[-2.22, 0.65]

	Soil pH
	effect
	-0.773
	0.821
	0.255

	
	95%Cl
	[-1.46, -0.09]
	[0.14, 1.51]
	[-1.14, 1.65]

	Soil electrical conductivity
	effect
	0.931
	0.593
	-1.032

	
	95%Cl
	[0.24, 1.62]
	[-0.10, 1.28]
	[-2.38, 0.31]

	Soil water content
	effect
	-0.199
	-1.473
	1.669

	
	95%Cl
	[-1.05, 0.65]
	[-2.33, -0.62]
	[0.46, 2.88]



# Bold values indicate P values less than 0.05.

Table S7. Parallel factor analysis of three-dimensional fluorescence spectra of DOM. 

	Component (Ex/Em)
	Basic description
	Reference peak (Ex/Em)

	Comp1
260 / 420 nm
	humic-like component
	260 nm / 480 nm

	Comp2
280 (380) / 380 nm
	humic-like substances
	250-320 nm / 410 nm

	Comp3
200/300(420) nm
	humic-like substances
	260 nm / 480nm


Component1–Component3 indicates three fluorescent components.
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Fig. S1. Parallel factor analysis of three-dimensional fluorescence spectra of DOM under different treatments. Component1–Component3 indicates three fluorescent components. Without nutrient addition (CK), N addition (N), P addition (P), and NP addition (N+P).
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Fig. S2. Linear mixed-effects models summarizing the effects of nutrient addition and their interaction on different drivers, such as above-ground biomass (a–c), below-ground biomass (d-f), soil hydrolase activity (g-h), soil oxidase activity (i–j), and soil physicochemical properties (k-m). The thick grey lines represent 80% confidence intervals, thin lines indicate 95% confidence intervals, and dashed lines mark the null effect reference. (*** p<0.001; ** p<0.01; * p<0.05)


[image: ]
Fig. S3. Stacked bar chart showing the relative contributions (%) of different variable groups to the variation in SOM, DOM quantity, and quality based on hierarchical partitioning. The groups are plant and root biomass, soil physicochemical properties, hydrolase, and oxidase activity. Note: The specific relative contributions (%) of the different driver groups to changes in DOM quantity and quality are shown in Table S5. The relative importance is calculated using hierarchical partitioning to determine the independent contribution of each predictor group to the model's explained variance.
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Fig. S4. Stacked bar chart showing the absolute contributions of different variable groups to the variation in SOM, DOM quantity, and quality based on hierarchical partitioning. The groups are plant and root biomass, soil physicochemical properties, hydrolase activity, and oxidase activity.

Supplementary references

Artinger, R., Buckau, G., Geyer, S., Fritz, P., Wolf, M., Kim, J.I., 2000. Characterization of groundwater humic substances: influence of sedimentary organic carbon. Applied Geochemistry 15, 97–116.
Chen, S., Huang, J., Guo, R., Ma, H., Guo, J., Ling, N., Xu, Q., Wang, M., Shen, Q., Guo, S., 2025. Soil net carbon balance depends on soil C: N: P stoichiometry. Soil and Tillage Research 245, 106298.
Gao, J., Liang, C., Shen, G., Lv, J., Wu, H., 2017. Spectral characteristics of dissolved organic matter in various agricultural soils throughout China. Chemosphere 176, 108–116.
Maie, N., Parish, K.J., Watanabe, A., Knicker, H., Benner, R., Abe, T., Kaiser, K., Jaffé, R., 2006. Chemical characteristics of dissolved organic nitrogen in an oligotrophic subtropical coastal ecosystem. Geochimica et Cosmochimica Acta 70, 4491–4506.
Niu, X., Zhang, S., Zhang, C., Yan, P., Wang, H., Xu, W., Song, M., Aurangzeib, M., 2024. Key factors influencing the spatial distribution of soil organic carbon and its fractions in Mollisols. CATENA 247, 108522.
Ohno, T., 2002. Fluorescence inner-filtering correction for determining the humification index of dissolved organic matter. Environmental Science & Technology 36, 742–746.
Wilson, H.F., Xenopoulos, M.A., 2009. Effects of agricultural land use on the composition of fluvial dissolved organic matter. Nature Geoscience 2, 37–41.
Zhang, F., 2022. Analysis of UV–Vis spectral characteristics and content estimation of soil DOM under mulching practices. Ecological Indicators 138.
image2.tiff




image3.tiff
NXP.

NXP:

NXP-

Above-ground live biomass

Above-ground dead biomass

Below-ground total biomass

Below-ground dead biomass

T

1

-o o o= -+~
i i i i
| 1 ' '

- =0 -+ -9=- %
i i i i
1 1 ' '
e ol —_—— —— —_——
. : : :

B-glucosidase Cellobiohydrolase Phenol oxidase Peroxidase

i i i |

-4 - - -
i i i i
' ' ' '
o= - o o
i i i i
1 1 ' '
: : . \

32101 2 3

Soil pH Soil electrical conductivity Soil water content
i i i

- | @k  antd
i i i
1 1 '
|+ 1=C= - ¥ |
i : i
1 1 '

—o— ——! | g
; ; :
3 -2 10 1 2 3 3 -2 10 1 2 3 3 -2-10 1 2 3

Standardized coefficient





image4.tiff




image5.tiff
. asr?zijl gﬂgfgﬁgl properties .Oxidase activity . Hydrolase activity . Plant and root biomass

08

06

0.4

Absolute contributions

0.2





image1.tiff
. .





