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Supplementary Figure S1. Normalized intensity of different components of low–molecular–weight organic acids (LMWOAs) and amino acids or derivatives in Sphagnum leachate and root exudates of Betula fruticosa var. ruprechtiana (shrub) and Carex lasiocarpa (sedge). The a.u. represents arbitrary units. The normalized intensity of each component is quantified by integrating the peak area from mass spectrometry. Normalization by the dry weight of roots or the shoots of Sphagnum mosses is conducted to enable the comparison of the relative abundance among different species.
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Supplementary Figure S2. Orthophosphate recovery in peat soil suspension with varying EDTA concentrations. The horizontal axis denotes the concentration of added orthophosphate-P, while Δ orthophosphate-P in the vertical axis represents the increase in orthophosphate-P concentration. k represents the slope, and b represents the intercept of the regression lines with different EDTA concentrations. Method details are available in Supplementary text 1.
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Supplementary text 1
Forty μL of 0, 25, 50, and 100 mM EDTA was added to 200 μL of soil suspension, followed by the addition of 30 μL of P solutions at concentrations of 0, 1, 2, 3, 4, and 5 mg/L, respectively, as well as an additional 30 μL of deionized water. After 24 h of incubation at 37°C with shaking, soil suspension was centrifuged, and the supernatant was sampled to measure P concentration. The criterion for selecting the optimal EDTA concentration was to minimize the adsorption of added P by soil suspension (i.e., largest slope in the orthophosphate recovery curve; Supplementary Fig. S3) while preventing the desorption of originally adsorbed P in the soil (i.e., smallest intercept in the orthophosphate recovery curve). Generally, the recovery increased with increasing EDTA concentrations. That is, the slopes with 50 and 100 mM EDTA were larger compared to 25 mM EDTA. However, the intercept was smaller with 50 mM EDTA compared to 100 mM EDTA. Therefore, a concentration of 50 mM EDTA was chosen for the subsequent experiments.



Supplementary Table S1. Range and mean (± standard deviation, SD; n=12) of soil edaphic and microbial properties. The concentration of soil total iron concentration is derived from Wu et al. (2016). Method details are available in Supplementary text 2.
	
	pH
	Total soil phosphorus
concentration
(mg/kg)
	Microbial biomass phosphorus
concentration
(mg/kg)
	Total soil iron
concentration
(mg/kg)
	Total soil carbon
concentration
(mg/g)

	Range
	5.1–5.4
	903.8–1276.9
	3.2–293.2
	1639.9–2588.1
	359–423

	Mean ± SD
	5.25 ± 0.12
	1165.6 ± 136.4
	148.75 ± 94.87
	1976.7 ± 143.7
	401 ± 19




Supplementary text 2
The concentration of total soil phosphorus was determined after digestion with 0.1g of dry peat soil and 5 mL of 14 M HNO3 + 2 mL of 33 M HF. Total carbon and total nitrogen concentrations was measured with an elemental analyzer (FlashSmart, Thermo Fisher Scientific, United States). The microbial biomass phosphorus concentration was determined using the chloroform fumigation method with the conversion coefficient if 0.5 (Wu et al. 1990).
Wu Y, Xiang W, Fu XF, Yan S, Su J, Liu JL, Bao ZY (2016) Geochemical interactions between iron and phenolics originated from peatland in Hani, China: implications for effective transport of iron from terrestrial systems to marine. Environ Earth Sci 75(4):336. https://doi.org/10.1007/s12665-015-5189-6
Wu J, Joergensen RG, Pommerening B, Chaussod R, Brookes PC (1990) Measurement of soil microbial biomass c by fumigation extraction - an automated procedure. Soil Biol Biochem 22(8):167-1169. https://doi.org/10.1016/0038-0717(90)90046-3


Supplementary Table S2. Range and mean (± standard deviation, SD; n=12)) of total phosphorus (TP), orthophosphate-P (ortho-P), and organic phosphorus (Po) concentrations in deionized water, 50 mM azelaic and malonic acid extracts. Percentage of soil TP, ortho-P, and fraction TP are calculated based on the means. 
	
	Deionized water
	50 mM azelaic acid extract
	50 mM malonic acid extract

	
	TP
	ortho-P
	Po
	TP
	ortho-P
	Po
	TP
	ortho-P
	Po

	Range (mg/kg)
	58.9–32.56
	30.2–9.9
	42.7–16.1
	772.3–323.9
	56.4–28.3
	734.7–267.6
	797.9–359.9
	84.4–32.4
	765.5–290.8

	Mean ± SD
	46.2 ± 7.9a
	19.6 ± 5.9a
	26.6 ± 8.2a
	581.2 ± 130.7b
	41.2 ± 8.1b
	539.9 ± 133.6b
	552.6 ± 131.2b
	56.7 ± 14.8b
	495.9 ± 138.1b

	% soil total P
	4.5 ± 0.9a
	
	
	56.8 ± 14.1b
	
	
	54.3 ± 15.1b
	
	

	% fraction TP
	
	42.8 ± 12.1
	57.2 ± 12.1
	
	7.7 ± 3.5
	92.3 ± 3.5
	
	11 ± 4.3
	89 ± 4.3


Different letters indicate significant differences in TP, ortho-P or Po concentrations between deionized water-, azelaic acid-, and malonic acid extracts.
[bookmark: _Hlk167728575]Supplementary Table S3. Range and mean (± standard deviation, SD; n=12) of different components of enzymatically hydrolyzed phosphorus (phosphomonoesterase, phytase, and phosphodiesterase labile P) concentrations in deionized water, azelaic, and malonic acid extracts. Percentage fraction TP and enzymatically hydrolyzed P are calculated based on the means.
	
	Phosphomonoester labile P
	Phytase labile P
	Phosphodiester labile P
	Enzymatically hydrolyzed P
	Enzyme–stable Po

	Deionized water

	Range (mg/kg)
	0.13–3.2
	2.9–9.1
	0.3–4.1
	3.8–16.4
	3.9–38.9

	Mean ± SD
	1.2 ± 0.9
	5.2 ± 1.7
	1.8 ± 1.4
	8.1 ± 3.4
	18.5 ± 10.5

	% fraction TP
	2.6 ± 2.1
	11.7 ± 4.6
	3.8 ± 2.9
	18.1 ± 7.8
	39.2 ± 17.8

	[bookmark: _Hlk148728879]% Enzymatically hydrolyzed P
	13.2 ± 7.4
	67.4 ± 13.8
	19.3 ± 11.1
	
	

	50 mM azelaic acid extract

	Range (mg/kg)
	8.8–32.7
	61.1–115.8
	5.4–41.7
	87.4–141.8
	125.7–609.1

	Mean ± SD
	18.8 ± 6.9
	82.8 ± 15.1
	14.9 ± 9.7
	115.6 ± 16.4
	424.4 ± 137.2

	% fraction TP
	3.3 ± 1.2
	15.4 ± 7.1
	2.8 ± 2.3
	21.2 ± 7.9
	71.1 ± 11.2

	% Enzymatically hydrolyzed P
	16.1 ± 4.9
	72.1 ± 11.5
	12.9 ± 8.8
	
	125.7–609.1

	50 mM malonic acid extract

	Range (mg/kg)
	16.7–39.7
	29.5–113.8
	9.1–39.3
	84.1–169.9
	154.9–681.3

	Mean ± SD
	26.5 ± 7.7
	81.1 ± 26.3
	24.3 ± 10.5
	131.9 ± 27.5
	364.1 ± 146.2

	% fraction TP
	4.8 ± 1.3
	15.8 ± 7.1
	4.6 ± 2.2
	25.2 ± 7.9
	63.2 ± 11.3

	% Enzymatically hydrolyzed P
	21.5 ± 9.6
	60.1 ± 10.6
	18.4 ± 6.7
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