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(P) P DNA

(Thies, 2007) (Tate, 2000) (N)

(K) P N

( 1994; Bottomley and Myrold, 2007)

K (Tate, 2000) P

(Cordell et al., 2009) P

(Walker and Syers, 1976; Izquierdo et al., 2012;

-1) (Vaccari et al., 2009; 

Cordell et al., 2009; Gilbert, 2009) (Cordell 

et al., 2009; Gilbert, 2009)

(Vaccari et al., 2009; -2)

( 2009) P (Al) (Fe)

P (Hashimoto et al., 2012; Kunito et al., 2012a) P

20% ( 2010)

P OECD

(OECD, 2008; -1) 100

P

(Lougheed, 2011; Tiessen et al., 2011)

P (Simard et al., 1995)

( 2011)

( 2009; , 2012) Cd (Arao et al., 2010)

100mg kg-1 (Jiao et al., 2012)
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Cd Jiao et al. (2012)

Lougheed (2011) Cd

1 P

P

2 P

P ( 2010; Elser and 

Benett, 2011; 2011) P

P

( 2010) P

P

P

P

(Beegle, 2005; Hedley, 2008) P

4

(Kamprath and Watson 1980; Fixen and Grove 1990) Olsen

Bray Truog (Olsen et al. 1954; Kuo, 1996; Truog, 1930)

P (

) P

P (Kumar et al., 1992; 

Sharpley et al., 1994)

(Chang and Juo, 1963) Truog

( , 2009)

P ( 2011) P
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P

P P 5- -1

P 2-5 20

(Plante, 2007) P

C N P

( , 2010) (2011) P P

P

P (Pi) (

2006)

(Kp ) 0.40 (Brookes et al., 1982)

P

P P

Kunito et al. (2012b)

(Skujins, 1967; Tate, 2000) P

P Ino and Monsi (1964)

P K P

P P

P

P

P

P (Kunito et al., 2012b)

P

P P
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P

( , 1994) P

P

(e.g. Halsted, 1964; Kunito et al., 2012a,b;

Marllein and Houlton, 2012; Colvan et al., 2001) P

P

(Sinsabaugh, 1994) Colvan et al. (2001)

P

Marklein and 

Houlton (2012) N P

NP P NP

N Kunito et al. (2012b)

8 C N P

P

P

P

Sinsabaugh

(Sinsabaugh and Moorhead, 1994; Sinsabaugh and Follstad Shah, 2012)

(C N P)

( -3) Sinsabaugh and 

Moorhead (1994)

P
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P

P (Pi) P (Po) Ca Fe Al

(Tiessen and Moir 2008)

P (Hedley et al., 1982; Tiessen and Moir, 2008)

P

P

P P

Al Fe Pi

P (Bertland et al., 1999; Chen et al., 

2002; George et al., 2002)

Al Fe

(Otani et al., 1996; 1999) Al

Fe Po (Li et al., 2008, Condron et al., 2008)

Po (Helal and Sauerbeck, 1984; Tarafdar 

and Jungk, 1987; George et al., 2006) P

(Tadano et al., 1993) P

P

( , 2012) P

( 1993; Otani et al., 1996)

P

P ( 1986; Osorio and Habte, 2013)

P ( , 1998; 2009)

( 1994; Nannipieri et al., 2011) Po

Po P 30-50

(Plante et al., 2007) P

Zubillaga and Giuffré (1998) Po P

P
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(Turner et al., 2002; Plante et al., 

2007; -4) P

( 1994; Nannipieri et al., 2011)

Po

P

Po

( )

P

16S 18S rDNA

Sakurai et al. (2008) 

(PCR )

(DGGE )

(phoD phoA

phoX ) phoD (Tan et al., 2013)

(Wang et al., 2012; Chhabra et al., 2013; Tan et al., 2013; Jorquera et al., 2014)
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P

P
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-1 P

Walker and Syers (1976) PCa P P P non-occluded

P P occluded P Po P PT P
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-2

Vaccari (2009)
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-1 OECD P

OECD (2008) P P P ( ) P

OECD P
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-3

Sinsabaugh and Moorhead (1994) Ec C En N Ep P

Nav N Pav P
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-4

Martin and Evans (1986) pH 5-12 Structure (axial form) pH < 5 pH > 12

Structure (equatorial form) Po
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-1

(P)

(Yang and Post, 2011) (Al) (Fe)

P (Hashimoto et al., 2012; Kunito et al., 2012a) P

(Shoji et al., 1993; Dahlgren et al., 2004)

P

(Mishima et al., 2003) P 9

12 ( , 2003)

P (OECD, 2008)

P P (Cordell 

et al., 2009; Gilbert, 2009; Vaccari, 2009) P

(Carpenter, 2005)

P P

P (Beegle, 2005; 

Hedley, 2008) P 4

(Kamprath and Watson, 1980; Fixen and Grove, 1990)

P
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Truog Bray (Shoji et al., 1993) Truog Ca P (Otani and Ae, 1999)

Ca Al P (Susuki et al., 1963) Bray Al

(F) Al Al P

(Kuo, 1996) Olsen (Olsen et al., 1954) Colwell (Colwell, 1963)

(Kamprath and Watson, 1980; Beegle, 2005) Olsen NaHCO3 pH8.5

Al Fe P

CO3
2-- Ca CaCO3 Ca

Ca P (Kuo, 1996; Beegle, 2005) Hedley

P

(Cross and Schlesinger, 1995)

P

(e.g., Sharpley et al., 1994; Kato et al., 1995; Otani and Ae, 1996; Vimpany et al., 1997)

Olsen P Bray

1 Bray 2 Truog (Kumar et al., 1992; 

Sharpley et al., 1994) Susuki et al. (1963) Truog Bray 1

Chang and 

Juo (1963) Olsen P(Olsen-P) Bray 2

P Fe P Fe Ca P Ca

P Olsen-P Truog

P (Truog-P) Fe P

Fe Ca P Ca P Bray 2

P Truog-P Fe P Ca P

Fe Ca P P
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(e.g., Holford, 1980; Bolland et al., 1994)

Sinsabaugh

(Sinsabaugh and Moorhead, 1994; Sinsabaugh and Follstad Shah, 2012)

C P C P

Hill et al. (2012) C C

N N P P

P

70

P

P

P
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P

-2

-2-1

2009 6 (36 1938

14 1 3 42 Ap

29.7m2

10.8 1276mm USDA Typic 

Hapludand WRB Silandic Andosol 21 36 43

1938 1966 1967 2008

2mm

2mm

4 1

1

1 2008 7

8 2008

-1 N (NH4)2SO4 P Ca(H2PO4)2

H2O K KCl

0.36 N 0.048 P 0.55 K 1967
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2008 (

) 10a 2t (1m2 2 ) 4t 10a

4t (1m2 4 ) NPK( ) 2kg

NPK NPK( ) 2kg

NPK( ) 4kg 2008

P P 2009

(Brassica oleracea L. var. capitata) P -1

-2-2

pH =1 2.5 C

N (Thermo Finnigan Flash EA1112; Thermo Fisher 

Scientific, Waltham, MA, USA)

P Truog Bray ( ) Truog-P

Truog (1930) (NH4)2SO4 pH 3.0 0.001 M H2SO4 =

1 200 Bray 2 ( ) P(Bray-2P) (0.03M

NH4F, 0.1M HCl) = 1 20 ( , 1997)

Bray =1 7 P

=1 20 P (Pi) 

(Murphy and Riley, 1962) Bray 2 ( )

( , 1997)

P Hedley (Sui et al., 1999; 

Tiessen and Moir, 2008) 0.5M NaHCO3 0.1M NaOH 1M HCl
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P P H2O NaHCO3 NaOH conc. 

HCl P P

(Tiessen and Moir, 2008) P (Po) P Pi

3 P H2O Pi Po 

P (Sui et al., 1999) NaHCO3

(Tiessen and Moir, 2008) NaOH Fe Al Pi Al Fe

Po 1M HCl Pi

P (Schlesinger et al., 1998) Conc.HCl

P P P

Pi P Po

(Crews, 1996) P P

H2O NaHCO3 Pi Hedley P

P Olsen-P (Olsen et al., 1954) Colwell P (Colwell-P)

(Colwell 1963) (

20 Olsen-P 0.5 Colwell-P 16

=1 60 Olsen-P

1 20 Colwell-P 1 100 ) -

-2-3

P (pH 6.5) (pH 

11) 2

P

(Tabatabai, 1994) p -

pH 6.5 pH 11
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(Modified universal buffer MUB) (Tabatabai, 1994) C

(Tabatabai, 1994; Alef and Nannipieri, -D-

p - -D- pH 6.0 MUB (Tabatabai,

1994) N L- L-

N (Tabatabai, 1994) L-

pH 7.0 0.1M P L- (Kanazawa 

and Kiyota, 1995) 3

-2-4 P

(Skujins, 1967; Tate,

2000) P P

P

1 6 22

3 C P 3 C

C 12mgC g-1 P Na2HPO4

0.24mgP g-1 C P

(Kunito et al., 2012b) 22 3 von Mersi and 

Schinner (1991) iodonitrotetrazolium chloride

P P

P

C C

P
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-2-5

1 3

P P

P

C C + P

t Hedley

P P P

1 P

SSRISTAT 2010 (Social Survey Research Information, Tokyo, Japan)

-3

-3-1 P P

P Bray 2 ( ) Truog

Hedley H2O-Pi NaHCO3-Pi ( -2) Truog-P 1

2 9 (1.30-5.00 mg P kg-1)

43.6-436mg P kg-1

8 11 12 14 (115-138 mg P kg-1) 1994 1997

(2004)

Truog-P (n = 3,192; 262mg P kg-1) Truog-P

H2O-Pi + NaHCO3-Pi (r = 0.877, P <0.001) Bray-2P (r = 0.904, P <0.001)

Bray-2P H2O-Pi + NaHCO3-Pi (r = 0.845, P
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<0.001) Hedley H2O-Pi Truog-P (r = 0.648, P

<0.05) H2O-Pi + NaHCO3-Pi (r = 0.613, P <0.05)

Truog-P P Bray-2P P

Bray-2P (P >0.05)

3 P P

(Truog-P: r2 = 0.94, P <0.001; Bray-2P: r2 = 0.92, P <0.001; H2O-Pi 

+ NaHCO3-Pi: r2 = 0.97, P <0.001) P P

P (Truog-P: r2 = 0.93, P <0.001; Bray-P: 

r2 = 0.95, P <0.001; H2O-Pi + NaHCO3-Pi: r2 = 0.93, P <0.001) P Hedley

H2O-Pi (P >0.05)

Hedley P P

( -1) P

1 (PC1)

P ( -1b) P P

PC1 P PC1

( -1a) PC1 P ( ;

-P 0.941; -Po 0.893; -Pi 0,886) P NaHCO3-Pi

NaOH-Pi (NaHCO3-Pi; -0.947 NaOH-Pi; 

-0.953) 2 (PC2) PC2

( -1a) PC2 H2O-Pi (

0.926)

N P N P (

-1) P N

P P
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P P (Truog-P: r2 = 0.92 P <0.001; Bray-2P: 

r2 = 0.84 P <0.001; H2O-Pi + NaHCO3-Pi: r2 = 0.90 P <0.001) H2O-Pi

(P >0.05)

-3-2

( -3) C (r2 = 0.37, P <0.05) N (r2 = 0.45, P

<0.01) pH H2O-Po

(pH : r2 = 0.60 P = 0.001; H2O-Po: r2 = 0.36 P <0.05)

NaHCO3-Po

(P >0.05) C N

pH 3 P

(P >0.05)

(P >0.05) -D- ( 1-3) (r2 = 0.69, P

<0.001) C (r2 = 0.71, P <0.001) -D-

(r = 0.692, P <0.01)

L- pH C N (P >0.05)

C -D- ) P

( ) C -D- )

N (L- ) ( -3) -D-

1

-D-

Truog-P (r2 = 0.47, P <0.01; 1-2b)

P (Bray-2P: r2 = 0.40, P <0.05; H2O-Pi + 
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NaHCO3-Pi: r2 = 0.30, P <0.05) Hedley H2O-Pi

(P >0.05)

P -D-

[( P ) = 

1.53 × ( )-1.24, r2 = 0.43, P = 0.011] -D-

Hedley H2O-Pi

(r2 = 0.59, P = 0.001; -2a) P

(P >0.05)

P -D-

[( P ) = 0.88 × 

0.80^( ), r2 = 0.24, P =0.073] -D-

-D-

(P >0.05) -D-

L- ( -3) N (P <0.01; 

-2c) L-

N P

-3-3 P

P C C + P

( ) C

C + P

10 (P <0.05; -3) 10 C P

Hedley H2O-Pi NaHCO3-Pi

(r2 = 0.36, P <0.05; -3a) Bray-2P Truog-P
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Hedley H2O-Pi (P >0.05)

Hedley H2O-Pi NaHCO3-Pi / N

( -3b) P

(P >0.05)

-4

P

-1a P P

Rubaek and Sibbesen (1995) Motavalli and Miles (2002)

P P

(Rubaek and Sibbesen (1995) Askov 100

; Motavalli and Miles (2002)

111 ) P

(H2O NaHCO3 P ) P

H2O-Pi 11.7 H2O-Po

29.7 NaHCO3-Pi 18.1 ( -2) P

1.5 conc. HCl-P P

conc. HCl-Po 20

P

(Magid et al., 1996; Tiessen and Moir, 2008) Hedley P

Truog-P Bray-2P

(Truog-P / 106 Bray-2P 52.6 )( -2)

Negassa and Leinweber (2009) Hedley P
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P

Truog-P H2O-Pi NaHCO3-Pi H2O-Pi

P

P

P

-D- H2O-Pi -D-

P ( -2) P

C P

P

P

(Olander and Vitousek, 2000; Marklein and Houlton,

2012; Kunito et al., 2012a, 2012b)

-D-

P

P

( -2)
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-D-

-D-

P (

H2O-Pi Truog-P Bray-2P H2O-Pi NaHCO3-Pi

-2) H2O-Pi P

Bray Truog Olsen P

(Ballard 

and Pritchett, 1975) Fixen and Grove (1990) Bray Truog Olsen

P

-D-

P -D-

(Killham and Staddon, 2002)

P

(Nannipieri, 2011)

(P >0.05)

P Ino and Monsi (1964)

Yoshida and Sakai (1963) P

N (1990)
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Kunito et al. (2012b) P

C C

C P

P 10 C

P

H2O-Pi NaHCO3-Pi ( -3a)

P

( -3a) -D-

(P >0.05) P (P

>0.05) C N

P ( )

1 2 P N (

-2) N -D- L-

( -3 -2c) 1 2

H2O-Pi NaHCO3-Pi / N

P N

P

( -3)

P Pi P

P NaOH-P P

( -2)

( )

P
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P C

P

( -3)

-5

-D-

H2O-Pi P -D-

L- N

P N

P

P

P

P P

Truog-P Bray-P

( 2011)

P

P

P
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-1 Hedley P P (a)

1 P (b)

PC1 1 PC2 2 = P

P

P P

P

P PC1 55.7 PC2 14.6
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-2 H2O-Pi -D- (a) Truog-P

-D- (b) N -D-

L- (c)

H2O-Pi -D- (a)
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-3 C C + P (

) H2O-Pi NaHCO3-Pi (a) N H2O-Pi NaHCO3-Pi

(b)
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K

-1.

(N) (P) (K) (Brady and

Weil, 2002; Havlin et al., 2014) K

(Marschner, 2002)

(Brady and Weil, 2002; Römheld & Kirkby, 2010) K

( N )

K K (Brady 

and Weil, 2002) K K K

K K 4 (Brady and Weil, 2002; Havlin et al.,

2014) K K K

K K (Anderson & 

Domsch, 1980; Perrott et al., 1990; Lolenz et al., 2010). Roberts (1968) Díaz-Raviña et al. 

(1995) K K

K K

K 2

Ino and Monsi (1964) K

Kaspari et al. (2008)

K
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( K

K ) K

K K

K

-2

-2-1

( -1) NP 70 K

NP NP K

2008 -1

N (NH4)2SO4 P Ca(H2PO4)2 H2O K KCl

NP + 1m2 2kg

(Brassica oleracea L. var. capitata) 2009 10

K (ContrAA 300; Analytik 

Jena, Jena, Germany)

-2-2

pH K pH 7.0 1M

CH3COONH4 = 1 20 K

(ContrAA 300; Analytik Jena Jena Germany)
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-2-3 K

K K

(Tate, 2000)

3 2 22 C + N

C + N + K C N K

C (12.0 mg C g 1 ) N NH4Cl (1.20 mg N g 1

) K KCl (0.82 mg K g 1 ) 3 22

von Mersi and Schinner (1991) iodonitrotetrazolium chloride

K

C + N C + N + K

(Kunito et al., 2012b)

C N C N K

-3

K K

C N NP+ ( -2) K

0.32-0.51cmolc kg-1 1994-1997 1.21

cmolc kg 1 ( 2003) K K

NPK NP ( -2)

K K

K NPK NP

( -1)
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K

NP NP NP 0.5% K

(1.2 ; 2005) (1.4 ; 2001)

NP K ( )

K NPK NP

K ( -2) -2 K

K

K

NP C+N C+N+K

(Student’s paired t-test, P = 0.06; -1 -2) K

K

K NP+ K C N

3 K NP C

N K

K

K

K K C N

K 2 Stotzky and Norman (1961a, b)

C N P

S K Powers and Salute (2011)

P (Zn) CO2 K

P N K
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P

(Turner & Wright, 2014)

K K

K/N 0.5( 2005) 0.6

0.6 0.9 1.2 0.8 (Brady and Weil, 2002)

0.18 (n=10) (Anderson and Domsch, 1980)

0.86 (n=14) 60%

(Anderson and Domsch, 1980) K

K

K

K K

(Meena et al., 2014)

-4

K K C

N K

K C N
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-1 K
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-1

(P) (N) (C) P

P N

(Brady 

and Weil, 2002) N

N N

1860 15Tg 33Tg

(Galloway et al., 2003)

N 1960 100Tg N

(Galloway et al., 2003) N

85 N

(Galloway et al., 2003)

(Brady and Weil, 

2002) C

(Horwath, 2007)

3 C C (Brady and Weil, 

2002) (CO2) 400ppm (Monastersky, 

2013) 2 2

(Randalls, 2010) C

C CO2
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C 2.5 (Brady and Weil, 2002)

C

(Brady and Weil, 2002)

( 1994)

(Dilly, 2010)

(Sakurai et al., 2008)

3

3

-2

-2-1

2012 10

2mm
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2mm

DNA -20

1 2012 7

8 2011

-1 N (NH4)2SO4 P Ca(H2PO4)2

H2O K KCl

0.36 N 0.048 P 0.55 K 1967

2011

( ) 10a 2t (1m2 2 )

4t 10a 4t (1m2 4 ) NPK( )

2kg NPK

NPK( ) 2kg NPK( ) 4kg

2011 P P

-2-2

C N (Thermo Finnigan Flash EA1112; 

Thermo Fisher Scientific, Waltham, MA, USA) Truog-P Truog (1930) (NH4)2SO4

pH 3.0 0.001 M H2SO4 = 1 200

Pi (Murphy and Riley, 1962)

-2-3

P N

C -D- 4

-D-
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pH

(Vranova et al., 2013) Kandeler (1995) 0.05 M

-2-4 DNA PCR-DGGE

DNA Fast DNA SPIN kit for soil(Qbiogene, Carlsbad, California, USA)

Qbiogene DNA

DNA 20

( 2008) DNA -20

DNA KOD-Plus- ( ) 16S

rDNA 18S rDNA phoD

npr - Family 1 

-glucosidase genes DNA PCR

16S rDNA 18S rDNA (2008) V6-V8 V1-V3

phoD Sakurai et al. (2008)

DNA 10×PCR buffer for KOD-Plus- 2mM dNTP 25mM MgSO4

20mg ml-1 Bovine Serum Albumin (BSA ) 1U KOD-Plus-

DNA

94 2 94 15 68 45 35

(2 PCR) npr Bach et al. (2001)

DNA 10×PCR buffer for KOD-Plus- 2mM dNTP 25mM MgSO4

20mg ml-1 BSA 1U KOD-Plus-
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DNA 94 2

94 15 50 30 68 30 40

- -glucosidase genes 

PCR Li et al. (2013) DNA

10×PCR buffer for KOD-Plus- 2mM dNTP 25mM MgSO4 20mg ml-1 BSA

1U KOD-Plus-

DNA 94 2 94 15

50 30 68 1 30 PCR

QIAGEN QIAquick PCR Purification Kit (QIAGEN, Venlo, Netherlands)

-20

(Denaturing gradient gel electrophoresis DGGE ) Dcode

(BioRad Laboratories, Hercules, California, USA) 16S rDNA 18SrDNA

DGGE (2008)

(PhoD ) DGGE Wang et al. (2013)

(40 / 37.5 1 10 45-75

60 80V 16 ) (Npr

) 40 / 37.5 1 10

25-50 60 80V 16 -

-glucosidase genes) 40 /

37.5 1 8% 30-60% 60 80V 11

DGGE SYBR Green I

(0-5

)

-2-5
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SSRISTAT 2010 (Social Survey Research Information, Tokyo, Japan)

Shannon

(H’) R (R Core Team, 2013) R

R (Fox, 2005) Vegan (Oksanen et al., 2013)

-3

-3-1

-1 C N

(C: r =0.813, P < 0.001; N: r =0.781, P < 0.001) Truog-P 11 13

1 2 9 10 1994 1997

(2004) Truog-P

(n = 3,192; 262mg P kg-1) Truog-P P

(r = 0.887, P < 0.001)

-3-2

4 -2

C ( : r 2 =

0.66, P < 0.001; : r 2 = 0.32, P < 0.05) P

( : r = 0.748, P < 0.01; 

: r = 0.716, P < 0.01)
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(P > 0.05)

Truog-P (P > 0.05)

C N ( C : 

r 2 = 0.52, P < 0.01; N : r 2 = 0.64, P < 0.001; : r = 0.878, P < 0.001) -D-

-D- :r 2 = 0.81, P < 0.001; :r 2 = 0.44, P <

0.01; : r 2 = 0.55, P < 0.001)

-D- C ( C : 

r 2 = 0.52, P < 0.01; ; r = 0.716, P < 0.001)

( : r 2 = 0.50, P <

0.01; : r 2 = 0.33, P < 0.05)

-D-

-D-

( -2) -D- Truog-P

( -1) -D-

Truog-P

(r 2 = 0.24, P = 0.07) -D- N

( N : r 2= 0.35, P < 0.05; : r = 0.843, P <

0.01) phoD DGGE

(r 2 = 0.66, P < 0.001)

-3-3
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16S rDNA 18S rDNA PCR-DGGE

( 2)

( 2a) 1( )

( 2b) P

phoD npr -glucosidase genes

-3 phoD P

( -3a) npr

N P

( -3b) -

N

N

( -3c)

-3-4 Shannon (H ’)

16S rDNA 18S rDNA phoD npr -glucosidase genes DGGE

Shannon -3 16S rDNA

(P > 0.05) P

Truog-P (r 2 = 0.44, P <

0.05; -4a) 18S rDNA Truog-P (r 2 = 0.31 P

< 0.05; -4b)

phoD P

( -5) npr

C N (P > 0.05) P
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P (n = 10; -4c) Family 

-glucosidase genes C -D-

( -6 a, b; : r = -0.750; P < 0.001) Family 1 

-glucosidase genes phoD

(P = 0.06)

-4

16S rDNA 18S rDNA

2a 16S rDNA

Wallis et al. (2010) Oxisol 16S rDNA

(CCA)

P pH

P Truog-P

(r 2 = 0.44, P < 0.05; -4a)

18S rDNA PCR-DGGE P

( -2b) 18S rDNA

Truog-P (r 2 = 0.31 P < 0.05; -4b) Bao et al. (2013) 

9 (n = 138)

18S rRNA PCR-DGGE

Truog-P 18S 14 Truog-P

Bao et al. (2013)

P

PhoD
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PhoD P ( 1 2 9)

( -3a) -D-

( -2)

Tan et al.(2013) 42

Gleysol P ( ) PhoD

Sakurai et al. (2008)

PhoD

PhoD

Sakurai et al. (2008) Tan et al. (2013)

[Sakurai et al. (2008) 2 Tan et al. (2013) 3 ]

PhoD

( -5) Tan et al. (2013)

PhoD

Tan et al. (2013)

PhoD H’

Tan et al. (2013) Tan et al. (2013)

Pi

Pi (P

> 0.05)[ (P > 0.05)]
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P (r = 0.716, P < 0.001)

(Nannipieri et al., 2011)

(Nannipieri et al., 2011) Tan et al. (2013)

Npr

Sakurai et al. (2007)

Npr Npr

( -3b)

P

Sakurai et al. (2007) Truog-P

87-88mg P kg-1 5.55 - 98.2mg P kg-1

P

1 2 9 10

2 2

(P < 0.05) Sakurai et al. (2007)

P Npr

Npr P

Truog-P ( -4c) Truog-P
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P 16S rDNA

Npr npr

C N

C N (P > 0.05)

P Npr

-

- N

( -3c)

1 3 9 11 pH

N (NH4)2SO4

N pH -

-

C -D- ( -6)

C -

-D- -

Li et al (2013)

Moreno et al. (2012) Li et al. (2013)

- Family 1 

-glucosidase genes 

Li et al. (2013) -D-
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-1

P

P P

P P

P P (Borie and Zunino, 1983)

P (Zubillaga and Giuffré, 1999) P (Po)

Po

(Turner et al., 2002)

(Nannipieri et al., 2011) Po P

(Chen et al., 2002; Li et al., 1997; Seedling, 1996)

(Nannipieri et al., 2011) Po

(Pi) (George et al., 2002; 

George et al., 2006)

P

He et al. (2004) 3

Po Po

Po

Po
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2

P P

-2

-2-1

NPK( ) NPK + 2t 2010 10

2mm

0.5mm

1 2010 7

8 2010

-1 N (NH4)2SO4 P Ca(H2PO4)2 H2O K KCl

NPK + 2t 0.36 N

0.048 P 0.55 K 1967 2010

( )

2010 P P

-2-2

0.5mm Yossef et al. (1988)

1mm 7

1 22.5g

P
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0.27g (NH4)2SO4 (N 0.057g ) 0.089g KCl (K

0.047g ) 60

( 1 0.18g N 0.15g K )

(Hordeum vulgare L. cv. Minorimugi)

7

12 /12 17.5 3.5-5.0 klux

60 5 4

pH P

2

70 7

-2-3

pH P

100 1

-2-4 Po

He et al. (2004) 0.5M NaHCO3 (pH8.5) 0.1M NaOH

P He et al. (2004) 8.8M

pH 5.0 3 acid phsophatase Type -S from 

potato(SIGMA-ALDRICH, P1146 PP) acid phsophatase(EC 3.1.2.1) Type from wheat 

germ(SIGMA-ALDRICH, P3627 GP) nuclease P1 (EC 3.1.3.26) from Penicillium 
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citrinum(SIGMA-ALDRICH, N8630 NP) pH 5.0

PP GP NP 3

Po (He et al., 2004)

NaHCO3 NaOH (Pt) Pi Pt

P P (Pi) 

(Murphy and Riley, 1962) Po Pt Pi

Po P

P PP - Pi

P P (PP + GP) - Pi

P P DNA P (PP + GP + NP) - Pi

P = Pt - (PP + GP + NP)

*PP = PP Po Pi

**PP GP = PP GP Po Pi

***PP GP NP = PP GP NP Po

Pi

-2-5

P (pH 6.5)

DNA P

(Nannipieri, 2011) sodium bis

p-(4-nitrophenyl) phosphate (pH 8.0)
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-2-6 Biolog

(community-level physiological profile = CLPP)

BIOLOG Eco plateTM (Eco ) SFN2 plateTM (SFN2 )

Eco C 96

31 3 C

SFN2 C

96 95 C

CLPP

1 10 30 1000

(

) 3

7 28

( )

Eco plate

(average well color development AWCD)

-3

P

NPK + 2t NPK( )
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( -1) P NPK + 2t

NPK ( ) 1.9 1.5 P

1.7 1.5

pH Biolog

NPK( ) NPK 2t pH

Biolog AWCD -1

NPK( ) pH

5-6mm [ -1(a)]

NPK + 2t pH 0-1mm

[ -2(a)] NPK( )

[ -1(b)] NPK + 2t 0-1mm

[ -2(b)] 0-1mm

NPK

[ -1(c) 2(c)]

NPK( ) AWCD [

-1(d) (e)] NPK + 2t AWCD

[ -2(d)]

0-1mm [ -2(e)]

P

P -3 4 5 6

P P Po

[ -3 4 5 6 (b)] NaHCO3 PP PP+GP
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P

P [ -3(b) 5(b)]

NPK( ) NaHCO3 NaOH P

P P P DNA P

[ -3 4] NPK(

) P [ -1(b) (c)]

Helal and Sauerbeck (1984) 32P

P P

P P

P P

Po Pi

NPK + 2t NaHCO3 Pi Pt

( -5(e) (g)) P

P NPK NPK + 2t ( -1)

P Po ( -5)

Po

NPK + 2t AWCD

NPK( ) ( -2(d) (e))

AWCD

( 1988)

NPK + 2t
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NPK( )

NPK( ) L1

( -7) Eco plate P

2 ( -8) NPK + 2t

NPK( )

P

NPK + P

-4

NPK( )

NaHCO3 P P

Po

P

P

P
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-1 NPK ( ) pH AWCD pH (a) (b)

(c) AWCD( ) (d) AWCD( ) (e) C AWCD 6-7mm

1 2 2
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-2 NPK + 2t pH AWCD pH (a) (b)

(c) AWCD( ) (d) AWCD( ) (e) C 2

2
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-3 NPK ( ) NaHCO3 P PP (a) PP + GP (b) PP+GP+NP(c)

P(d) Pi (e) Po (f) Pt (g) C PP PP Po PP+GP

PP GP Po PP+GP NP PP GP NP

Po P PP GP NP Po

2
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-4 NPK ( ) NaOH P PP (a) PP + GP (b) PP+GP+NP(c)

P(d) Pi (e) Po (f) Pt (g) C PP PP Po

PP+GP PP GP Po PP+GP NP PP GP NP

Po P PP GP NP Po

2
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-5 NPK+ 2t NaHCO3 P PP (a) PP + GP (b) PP+GP+NP(c)

P(d) Pi (e) Po (f) Pt (g) C PP PP Po

PP+GP PP GP Po PP+GP NP PP GP NP

Po P PP GP NP Po

2
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-6 NPK+ 2t NaOH P PP (a) PP + GP (b) PP+GP+NP(c)

P(d) Pi (e) Po (f) Pt (g) C PP PP Po

PP+GP PP GP Po PP+GP NP PP GP NP

Po P PP GP NP Po

2
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-7 NPK( ) L R Center

L1 PC1 1 PC2 2

PC1 36.0 PC2 16.9
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-8 NPK( ) Ecoplate P -1- (a) D-L-

- (b) ( )

2
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P

P P

2

P

Po P

P Sinsabaugh

(Sinsabaugh and Moorhead, 1994; Sinsabaugh and Follstad Shah, 2012)

P 14

-D-

) P [Truog Bray

( ) Hedley ] P

P

P P

P P

P

(Kunito et al., 2012; )

P
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P

P

P

P

P

K

K K

K

K C + N C + N + K

K

P

P

P
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(PhoD )

P

P -D-

Sakurai et al. (2008) PhoD

Wang et al. (2012) Chhabra et al. (2013) Tan et al. (2013)

Jorquera et al. (2014)

(Jorquera et al., 2014) (Wang et 

al., 2012; Chhabra et al., 2013) (Sakurai et al., 2008; Tan et al., 2013)

DNA

RNA

P Po

P P
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P

Fe Al

P P

P

P

P

P

P P

P

P

P (2011)

395.2 kt P 32.9kt

P P

P

P

PhoD

P

P
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(Mishima, 

2003) OECD 33 (OECD, 2008) Po

Po

Fe Al P Po

P (Zubillaga and Giuffré, 1999) P

P P

Al Fe

P

P

Pi Po

(Turner et al., 2011)
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P (Turner et al., 2011)

P P

P

P 2050 20-30

(Foley, 2011)

75

(Seufert et al., 2012) Po

1

P

Po

Po

P

P Po P

P
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