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Supplementary 1. An example of solution ³¹P-NMR spectra of NaOH-EDTA. Each signal shows A, orthophosphate (6.2 ppm); B, monoester P (6.0–4.0 ppm); C, phospholipid (2–0.5 ppm weak signals); D, DNA (0 ppm); and E, pyrophosphate (−4.0ppm). Diester P concentration in Table 4 is the sum of phospholipid(C) and DNA(D).

	Site
	PME
 (µmol pNP g⁻¹hr⁻¹)
	PDE
(µmol pNP g⁻¹hr⁻¹)
	PyP
(µmol PO₄ g⁻¹hr⁻¹)
	PhT
(µmol PO₄ g⁻¹hr⁻¹)

	Ogawa
	302.2
	27.2
	42.3
	3.2

	Tsukuba
	253.6
	12.4
	53.5
	2.3

	Mt. Karasawa
	337.3
	28.2
	55.3
	2.9

	Tama
	327.0
	42.0
	36.3
	5.4

	Kannami
	282.4
	26.4
	43.8
	2.6

	Mt. Atago
	460.9
	37.2
	22.3
	3.7

	Akazu
	453.0
	52.9
	46.0
	6.5

	Mt. Ryouzen
	313.4
	23.4
	44.5
	4.3

	Ryukoku Forest
	320.2
	24.2
	21.8
	1.8

	Yamashiro
	239.7
	21.3
	32.2
	3.9

	Mt. Daimonji
	577.7
	38.1
	33.6
	4.3

	Mt. Yoshida
	275.1
	21.9
	21.9
	3.0

	Daisen
	315.5
	18.5
	22.3
	3.2

	Sanbe
	329.4
	45.3
	36.5
	3.9



Supplementary 2
The mean values of activities of four classes of fine root phosphatases in 14 sites. (Phosphomonoesterase, PME; phosphodiesterase, PDE; pyrophosphatase, PyP; phytase, PhT)
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Supplementary 3. The correlations among all variables used in the SEM models. The Pearson’s correlation efficient are shown. (Phosphomonoesterase, PME; phosphodiesterase, PDE; pyrophosphatase, PyP; phytase, PhT)

Supplementary 4. The correlations between phosphatase activities and soil P fractions.
Significant correlations were briefly described in the figures. The level of significance: ns
, not significant; *, P < 0.05; **, P < 0.01; ***, P <0.001. CO₃-P, NaHCO₃ extractable P; OH-P, NaOH extractable P; Labile Pi, the sum of NaHCO₃ extractable inorganic P and NaOH extractable inorganic P; Po, organic P.
(Phosphomonoesterase, PME; phosphodiesterase, PDE; pyrophosphatase, PyP; phytase, PhT)

	Soil layer
	Soil P (µg g⁻¹)
	PME
	PDE
	PyP
	PhT

	0~5cm
	CO₃-Pi
	−0.23 .
	−0.18
	−0.12
	−0.21

	
	CO₃-Pt
	0.17
	−0.16
	0.004
	−0.23 .

	
	OH-Pi
	−0.16
	−0.13
	0.4 *
	−0.17

	
	OH-Pt
	−0.21
	−0.16
	−0.04
	−0.17

	
	Labile Pi
	−0.21
	−0.16
	0.35 *
	−0.21

	
	Po
	−0.2
	−0.15
	−0.003
	−0.17

	　
	Total P
	−0.23 .
	−0.21
	0.18
	−0.12

	5~15cm
	CO₃-Pi
	0.22
	−0.01
	−0.15
	−0.24 .

	
	CO₃-Pt
	−0.2
	−0.13
	−0.04
	−0.23 .

	
	OH-Pi
	−0.26 .
	−0.16
	0.47 *
	−0.18

	
	OH-Pt
	−0.22 .
	−0.18
	0.09
	−0.18

	
	Labile Pi
	−0.24 .
	−0.16
	0.45 *
	−0.19

	
	Po
	−0.2
	−0.17
	0.07
	−0.17

	　
	Total P
	−0.22 .
	−0.18
	0.21
	−0.1
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Supplementary 5. The basic conceptual model 
Soil N means Soil N availability (the sum of NH₄-N and NO₃-N in 0~5 cm depth). Blue boxes represent the products of each phosphatase. Yellow boxes represent the substrates of each phosphatase.



Supplementary 6. The correlations among the four types of phosphatases.
The level of significance: ns, not significant; *, P < 0.05; **, P < 0.01; ***, P <0.001. (phosphomonoesterase, PME; phosphodiesterase, PDE; pyrophosphatase, PyP; phytase, PhT)

	Correlation
	Slope
	Elevation
	R²

	PME ~ PDE
	0.48
	4.25
	0.19 ***

	PME ~ PhT
	0.73
	4.9
	0.08 *

	PhT ~ PDE
	0.65
	−0.9
	0.14 **

	PyP ~ PME
	1.11
	−2.95
	0.0002

	PyP ~ PDE
	0.53
	1.81
	0.01

	PyP ~ PhT
	0.86
	2.47
	0.03



2

image3.tiff




image1.tif




image2.tif




