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Mechanisms of Phosphate Solubilization by
PSB (Phosphate-solubilizing Bacteria) in Soil

Kang-Kook Lee, In-Kyu Mok, Min-Ho Yoon, Hye-Jin Kim, and Doug-Young Chung*

Dept. of Bio-environmental Chemistry, College of Agriculture and Life Sciences,

Chungnam National University, Daejeon, 305-764, Korea

Among the major nutrients, phosphorus is by far the least mobile and available to plants in most soil
conditions. A large portion of soluble inorganic phosphate applied to soil in the form of phosphate fertilizers
is immobilized rapidly and becomes unavailable to plants. To improve the plant growth and yield and to
minimize P loss from soils, the ability of a few soil microorganisms converting insoluble forms into soluble
forms for phosphorus is an important trait in several plant growth-promoting microorganisms belonging to the
genera Bacillus and Pseudomonas and the fungi belonging to the genera Penicillium and Aspergillus in
managing soil phosphorus. The principal mechanism of solubilization of mineral phosphate by phosphate
solubilizing bacteria (PSB) is the release of low molecular weight organic acids such as formic, acetic,
propionic, lactic, glycolic, fumaric, and succinic acids and acidic phosphatases like phytase synthesized by
soil microorganisms in soil. Hydroxyl and carboxyl groups from the organic acids can chelate the cations
bound to phosphate, thereby converting it into soluble forms.
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TAE L} (Paul and Clark, 1989), o|&]st THH& EQF H
T oM E ofgks al SfeHH| R 9 7S Eole
= 7FALr} (Vassilev, 2003), SHA|qF nj &S
QA HESh= o] B3t TS Kkl & ik ofef, EX
of )ik FFdts 9T dItt (Rodriquez and Fraga,
1999),

A HES} mgE2 QAEEE 7HESke] QlAkS FSt
HE=A (Wu et al,, 2005), HJAEY}; 2HE0] 2
B4 UHEE 018 = A s Vs Sk P
o]t} (lllmer and Schinner, 1992), o]= £ W A u]
o] Qso] Bushu, AR 2HeA o AT
(Vassilev et al,, 1997), o|&gt XIS} n|PYES &
sjol w84 QLS 18EIA7)E A7 1950 2ol
oF FHolAFE AZESIT iSRS B Foll
de] fazshe I FHE ohgsieh olof] &dhe Al e s
+ Arthrobacters:, Bacilluss;, Pseudomonass;, Hscherichia
& So| 93, WAHFOZE Streptomycesdio] o, A}
At O 2= Penicilliunds, Aspergillussy 50 A0 =2
BIETh (RDA, 2000).
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59 Q4 H-S 0]83

WL (Suh, 1994), Enterobacter intermediunre: 0]%-6
= ¥ (Park et al., 2005), ZL2|3L Penicillium sp., Aspergillus
sp,. 59 QAIEs L8 o838k W (Kucey, 1988;

[l =1
Seo, 1994) 50| I}, BRFAO R §71ARE ol G514

monas putida®} Aspergillus niger =

W AALFAL Aulsks yilo] AElo] ik, A7
A) el WhgA QAe] g ale] wofslt upEe] A

© 3w grmjo} AkSjo ofat Fh4kat Ak A1 (Jansson,
1987), 2—ketogluconate2} 7+ ZIg|o|E EX1o] AA], HyS
0] O3t Feszo] A o 29] 4 o al., o9 HRoFstct
(Varsha and Patel, 2000), T3t EoF QA 8-3lF W9}

UISABE 15D 50 £2R4 foldo) el 24
ME]' O]L‘ ]'7]"&%—‘] U]E‘é_ E o5 EOO]:_‘] ‘ITE?_].
U 7 - 18 S I, web E g

ARG 01837 SAsHE ol
= "ol Zaslt} (Suh and Kwon, 2005),
0]-838} biofertilizer?] 7 olx Z9] v}
B3tElo] ARE AL Q= AdEfolRRE, el A
A e, AR 9 HjOFEA AL, EAAE S
A7} obF] HESIT} (Kim et al., 1984;
, 1995; Uo 1985). 2000@ o= $HAS
918 AN Z3hE 7] ool WA Ak EE
Eaflo} o] WaR FH= QA HjRARS
5= biofertilizers®] 7Eo] Q&= 4
and Choi, 1999),
 AolAl: ¢
715} njgEe] &
7185} nlgEo] ofst
HEstgic

HjAYE-2] AL =9

et al,,

=49
e

d%oltt (Kang

3] &

ick, Z1elt ool AelEl QR AR Ao o
B3He QAte] e of How] chipe sfaty,
W8S 71 fATAIL vRARe) B8P} Lol
A Eiek, 8] v BaE Qb 10~T5%E AR
A EE ARl ol 2en Ggely meld 2
o]} A Agste] 83t uR, EoF ol A=A
7} o] 88 4= 9= F2] 04t (free phosphate) o] Fo] # 2]
%ioiz];ﬂ E] /K]‘:';(ﬂ7]— 0].9.‘6‘1— 2= 04‘— g‘Q./\-] 0]/\]—4 Ok
Z71=c) (Paul and Clark, 1989), o827 EoFo g9
ﬁEﬂi TR oJAke AHA Lx45]01 75}%_4 Aﬂo o) ;ﬂoﬂo}
21olo] Fr}, HE EoFo] ¢8R rl 0,16% (1,600ppm
FEL 95dSm-1) AE7} BEEEo|n, 0.4% (4,000ppm
T 6.25dS'm-1) o)to] HWH H|EAolE doA R
S5t HEA "ok G A Q) (Oh and Lee, 1997), 71
02 ) 0] A Gl S BEH AE 7}
83102 5 Gl SAPIE S n)AE ] BAlE A8 S v
2 4ol ol g ERAS % S = WHoITh (Kang and
Choi, 1999).
= e BAEoRE JRAUAL B 4 otk Byl o
57h SR 2] wobrh a3, 1Ak, vA%, 4
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A w g A, FARA, ARk, We) 9, weua
A, 49 oz et Ao 4AH i FAA A}
2 2ot hEe] EFARE s Relrt 17
QAL WA gher) S AEe] Qut 270 AAH
AR 2o

Al A Eols AF thatoll W prpAlH|A et =k

gt So] glojog Eali olsl u|gEAre] o)Al ECARS
Aekse] 04 B9 715w ol et glow, d

2o A AR oA T W §,} H| 7o J}umslq
Aol gt 7 g-alet, a1-8of 46

Sojol waE9l 97 lmw

’\WXHHHXI T =E|eteh gl gt 2AtA EY

SN EUO| QAERIH 2H| 2l (phosphorus)S H]FE Tt AR ol BRG] #E BlEo] S8,
o] HE = a3} 3t Yio] &3lch AEH | SHIL oF BARAL7E A4S ARV AR Q= AoR YeRlt
o Qg FF] SA Qg el wiEst Fgen (Kimand Kim, 2006),

Table 1. Annual change of chemical properties in plastic film house soil.
Year N;?:;lresf OM Avail. P EXCth:tlon Mg Nitrate-N EC
(1:5) % mg~kg‘1 —————————— cmol, - kg -----—--- mg - kg'1 dS'm’
1~5 32 5.5 3.0 1,087 1.35 7.3 2.5 136 34

4~6 119 5.8 33 1,504 143 8.0 2.8 220 4.3

7~9 117 5.8 33 1,599 1.58 8.0 2.8 208 4.3

10~12 126 5.8 35 1,712 1.58 8.2 3.1 234 4.3

(Kim and Kim, 2006)
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4 At Alatell 9fsf gk ® HgkeE. o]
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Micrococcus, Bacillus, Flavobacterium, Rhizobium, Mer—
)t} (Asea et al., 1988;
Salih et al,, 1989; Rodriguez and Fraga, 1999). 181l
Perez et al, (2007)0] 27853 ¥ WHo||A] Burkholderia, Serratia,
ERalstonia, Pantoea 52| QIAV/1-8-3}F M-S E2|gictal St
uhe} o] ko] F1s et olg] el AMEsl Aol
Tl AAstar Rt

Suh and Kwon (2008)-2 Rk} A|AAu)| 2] EoFofA] Qlik
7HEhtS EEekl e, 11 FF Table 29+ Atk T &

OFol|\ K== Bacillus pumilus, Cedecea davisae, Brevibacillus

sorhizobium, Sinorhizobium 0]

laterosporus, Faenibacillus peoriae, Pseudomonas chlororaphis

Table 2. Phosphate-solubilizing bacteria isolated from
upland and plastic film house soils.

Soil Species

Bacillus pumilus 3-1
Bacillus pumilus 5-1
Bacillus pumilus 7-2, 3
Bacillus pumilus 8-1, 2
Upland Cedecea davisae T-1
Brevibacillus laterosporus 6-1, 2
Paenibacillus peoriae 5-3
Pseudomonas chlororaphis 6-3

Serratia plymuthica 2-2

Bacillus lentimorbus 12-1

Bacillus lentimorbus 15-1, 2

Bacillus lentimorbus 16-2
Plastic film house  Bacillus megaterium 13-1
Bacillus megaterium 16-1
Cellulomonas biazotea 13-3
Cellulomonas turbata 14-1

(Suh and Kwon, 2004)

9 Serratia plymuthica, AR R| EFo| A= Bacillus
lentimorbus, Bacillus megaterium, Cellulomonas biazotea,
Cellulomonas turbata?} E2]=Qch QA 1-83) Al+te] 4=
= AAAEIA] o] W BT EQtouy, At T
= W E9o] B wot a9zl 2ol HE 7l Al
AujA] BQFe] thddol Al or WES Holas Aut
2} Az}

= EY9| QMIIEs DIME Eduol= f7IE <
A7FESE B ofuet F71E QU7 RESEo] QlHt Suh
and Kwon (2004)0] W AEAul], Z12]al =Fqkof 49
QM FEERFO] theldel thet 2APATE A w2
= QA5 Table 33} 70| Bacillus, Pseudomonas,
Micromonospora, Cellulomonas, Faenibacillus, Arthrobacter,
Brevibacillus, Streptoverticillium, Aquasipirillum, Flavo—
bacterium, Micrococcus, Fhodococcus, Spingobacterium,
Staphylococcus, Xanthomonas <5 5-°| Q2™ Bacillus®}
Pseudomonas’} Z¥Z} 33.5%, 21.9%= 717 @Wokch kA
Tao et al, (2008)7} W3t Ao W= {718 147}
L3+ O R Bacillus cereus®}t B megateriums, F-7€) <l
At 718381t O & B megaterium, Burkholderia caryophylli,
Pseudomonas cichorii, P syringaeS S2]5}9it}, o= &
Foll EASh= F718 QUAFHol TRt mgEo] 285t
&, iR oA QA RESeS HolA] QAN B ol
A ke 7H8stshe o F72 vl g nldEol 9
3 FFe e A= F5HITE (Nautiyal, 1999).

=T | - T - a&)
do] EopE mule] 2 4 gtk AR S 7

8 HEZE goethitel} ferrihydrite?} S ALANSHE,

H]A219] aluminosilicate <&, imogolite & allophane %5

Table 3. Distribution ratio of phosphobacterial genus in rice paddy soils. (Suh and Kwon, 2004)

Genus Ratio Genus Ratio

% %

Bacillus 335 Flavobacterium 0.2
Pseudomonas 21.9 Micrococcus 0.2
Micromonospora 2.1 Rhodococcus 0.2
Cellulomonas 1.8 Spingobacterium 0.2
Paenibacillus 1.8 Staphylococcus 0.2
Arthrobacter 0.7 Xanthomonas 0.2
Brevibacillus 0.5 No match 11.5
Streptoverticillium 0.5 No growth on TSBA medium 14.5
Aquasipirillum 0.2 No growth on isolation medium 9.5




S & 4 9tk ol FB Fe-OHS} A-OH/| HHo
7pe) =epe] pHef mhet oFsht SAekk B EIct

Hi IR} nLgtol| ok F2folct,

FekEe] Blste] I G mie AR 540 G4k
e HFY W l=EEo]3ls AI-OH7|o| = ¢14F
o] ZAE) 2:1% FEH U= kaolinite@} 7S 1118 F&
oA Ho] dojdt} (Kim et al,, 2006),

OIAL 7123} (Solubilization)2| MFHLIEZ A vl
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$71913 771212 913 71stek 7hg st
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of oJa} AAE=d|, 6714k hydroxyl group} carboxyl
groupe &9l ol Mt o R Ao|Edfstar, 14k
2 7HE3E= PR AT (Sagoe et al,, 1998). €1
ARSI 714 A B A RE S ZTRE v =S
teFet ZREAAY HAUSS B8l doldtt (Surange,
1995). EQF Wl 14T 7H8-3ke] 71521 7 84= Figure 29+
2t yw #9119 nAE9] Q7S WAL Eo| Ao
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Fig. 1. Schematic overview of different phosphorus pools
in soils.
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Fig. 2. Schematic diagram of soil phosphorus mineralization
/ solubilization and immobilization by bacteria. (Ahmad et
al., 2009)

4t ] &2k vt 2jofel ol ot Aolzt & 4= itk
(Banik and Dey, 1982). 219] 7[-83}= 4~mke ofko]
3t Fol QB olE=d], IAES FE 1K
o|E3} 7]2to| ofsf 73t BSF qlAtel 1Hbe] FRE &
o} (Whitelaw, 2000), -8/ Q1 ¢IA7FE-3} n|AdEo] <
off H]E 74kt f7)4ke] 2o g Qls) 7=,
71 ZRg-8 AL9] hydroxyl group W carboxyl group®] Al,
Fe, Ca®} £ ol o] ESstal 7| 9| pHE
g A2 W}l (Kpomblekou and Tabatabai, 1994).
UPIES HES ARA S7ME R gluconicd}
keto gluconic acids)®] AL E3l B9 ¢S &3)A)71
T} (Goldstein, 1995), 18 ofujg} £ pHE FaAl7|E=
o], o] T pHE FdAFe] e Ak, SN vl
T 7k wghE Foke] FaEnh QURES ndEe
1 7H83t 522 v pHell AgAQ1 Aol Sl

71 HRteer 2o iy SR Wi B3 BEY &
AU ¢l = WA == QUo) (Hinsinger, 2001). Q1
A7HE3S} mjgEol o AatEle 74 B W &3
AE flsto] £84 S 7HE3fel=tl, 24 pH
o] Zae, ol Ado|Es), Tejal QAMHRe] Aol
O3 o]Fo{%t} (Nahas, 1996). @4t -2 F7|4k E3F
S 7HEER 4= qlont, 22 pHollA f-714ke] H]s]
g avpAoltt (Kim et al,, 1997), o|H ol QiF 7}
B3Pt it ol sl f8%7]% 3t} (Gyaneshwar
al,, 1999).

olo| 27|3} (Mineralization) E9F G7]gfele] 7]

Sh= 219 T Al2E U ol Qloja] ofF 11adt 9%
S gtk fIHE B W F 9 F 4-90%E skl
om, Ao ub Yo Eof 9l 29 v]ES pho-

sphatase®| 21-g stol| ¢l 77138k 7Fa/de AYaL vk
(Cosgrove, 1967), &Ze]d1} AFA phosphatasew 212 F+
71skg el = AekA717] fl8ll, R71AIE 712 = ARt
(Beech et al., 2001). EF F7]Eid F713k9] F8 wHIAY
&2 AMJ phosphatase®] A/doltt (Rodriguez®} Fraga,
1999), Al E¥E| Y u| A& (Yadaf and Tarafdar, 2001) =
AZ+2] A phosphatase &4~ (Tarafdar and Claasen, 1988)
of 2J3t siderophore?} AHJ phosphatase AJA] L 9-7]H)
5028 W= 482 B frlHRloIY 714 thsfiEol
A U 0l yleRasitt HlE 8F E9F phosphatase?)
7P & BELO npELLO R HE] G-} (Donor and Tabatabai,
2003), Enterobacter agglomerans= hydroxyapatiteS 7}
Bobetar, f71Eele 7HEalitth (Kim et al,, 1988), ¢l
AVES\t (Bacillus, Streptomyces, Pseudomonas “5)2)
E3plere fIjle] Ro)sjel 7bg EREoltt (Molla
et al,, 1984),
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m

i
4 flo 02
=]

|M=0] 2|5t 219] Mobilization HFL|S v
EGORRE Z ¢7] flote] A2 T8 T
Atk I S o A2 HAUSER 29F

. (1) indole—3—acetic acid, GAs2} A= ofgldl A+
W3S 7j5te BRE ojg Welx|swe] Sy}
JiAlsh wele el 2718 o) el ol ojut
(Richardson et al,, 2009; Hayat et al., 2010) (2) 4 ¥
3 9] 3} orthophosphate ion2] EOFEOH O F2 9] o]=L
S7HAIZIAY mE Hgke 8l f71E1%19 o5 At
AAo 7 71531 sttt (Seeling and Zasoski, 1993). (3)
gakbge] S sk AL Q1o A F1asiel 7]8h
of vhe Fbaeld], oluf ole Eake] Frlelet 18]
o7 uulstA &8 7Fset Fefoltt (Richardson et al.,
2009), of2fgt ML FIALt 715020 -5, side—
rophore®] A/, Z12]3l phosphatase®} 7|14 9] 7k
23l &2 71559 7718t 220]= cellulolytic A 4~9]
WE7HA] sZRkgteh, 7180l A= 59 < JdE
O] el vt om EokRIRlaEH| S2E FE o 217
TAR E A o]E F&0] (FeE 718-S= siderophores),
E2MEI Q] orthophosphate?] W&, T 27t w3 §H-&-
of o3t §-71¢1 7hg3toll AxtAo|t} (Ryan et al., 2001).
e ofdl AU B0l BhelE ek AF so] de]

Mooz 3

Ml @ > ox
A )

2 O

-

A

=52 7 e W, AlEl AR Fdke 1Y A
T 2 oFAIZMA] REER 17 o e AdEolt, AlE
2 qle] Ao et wele] Yesigola Bejsty
o] H3ls Ax~g T lt) (Vance et al,, 2003), 183l
?19] mobilizationg 3+ v|AETL 2B TIPS A
2] S Brksket ofgfgol v Idol= &6t

T2 MHT|E Kang et al, (2001) Hi+, A5
A9 s AFfsto] Hds] A 73k F Qg
o Penicillium sp, GL—101 7-3=2] iAbajjokol H7|gko 2
H FE ol EAst= n|R9] Aol ot o] #9] fg
ik A ZxlaT 9 7|2k ges] qFEstalat skle
H, o|& {8l #FE 1447 viFsHA TERC

EofollA welE QUIZMEE; AMISt  Penicillium sp.

Table 4. Characteristics of phosphate-solubilizing bacteria.

23}, pHO| A AAE FRIstA=T ol viA9] 4
b = QUIREE 713 S Sngit), o] wt= wli%)
19lo] Auste pEZE 4.0 ofske Wolxm, E5] 10%
(w/v)°| BES 71 4% pH7} 3.2704] WojHict. ol
pH 4ol J3Fe & HJIE4S HPLC 248 23} citric
acid &2 SFeIsIic) 18jal o] 5= 2—ketogluconic acid
oF A2 Aeo|E =48a A AASHA] Asl7lel olet &
= 713l o5k fEIQIAE Aol A9 gle Aor Hol
t} Penicillium sp, GL—101 #5229 §-2|2AF A 7|2
citric acid 2§Ado]] st AFAJ3} W phosphatase 49 &+
7EA| 714l ¢l Aoe AE WRlth

A7 wAEL o= 7HE3) Fol Apolrt qle AL
2 B E 9t Kang and Choi (1999)0] ZAFSH vfof w2
W Penicillium sp, PS—1132 A Z|of|A] vfoF 20473 7}
A =2 TIPS HY O Pantoea agglomerans
R—38& Penicillium radicum, Rahnella aquathJSEE]— xipo)
et B84 U4t 7HESRsE Al (Son et al., 2003).
dil EQke oA 7HEISksEe] wow =7b
0.4~05 X 1,7~2 (m AEQl Klebsiella sp, DA T1-1&
glucose 3%°l|A QlAZES=0] 714 £901 tri—calcium
phosphates 7H&2HA|Z # oflzf, B ol Hs|
hydroxyapatiteS 7F4 2 7R8I 7= 7183402 H
I5FAT} (Lee et al,, 2004; Joa et al,, 2007). ZF QA&
3} mAES] At QSRS A pHEF i ER] &
A8 Table 49} 7t}

oIAI23} nMEe| SHE S5

PSB Capacity of P availability

Penicillium sp. PS-113
Pantoea agglomerans R-38
Klebsiella sp. DA 71-1
Bacillus sphaericus PSB-13

Initial pH 7.5, Temp 30C (Kang and Choi, 1999)
Initial pH 7.5, Temp 30C (Son et al., 2003)
Initial pH 6.0, Temp 30C (Lee et al., 2004)
Initial pH 7.5, Temp 30C (Joa et al., 2007)
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A}l E coli HB101&= gluconic acid®] AT} 7] Q1A
7H&3F M2 SXIAIFATE 3T Liu et al, (1992)= A
X holoenzyme glucose dehydrogenase (GDH)-PQQ2] &
Adofl D44 co—factor] PQQ &= ©]71+= pyrologuinoline
quinone (PQR) &4 FAIFol FFE vA|H glucose=
2] guconicd BT U AL UG Zuj2e
2 S Aoz sk

T18]3l Pseudomonas cepacial 2R €| F7]|Q1AFA 7F9-
st SAA)7F 28]t} (Babu—Khan et al,, 1995), o] &%
AFe] W&-& Esherichia coli JMlO9°ﬂ/\1 gluconic acid AJAF
2 E3) By F1gote] EAYS fEslE wi
o] A} (gabY )= ool BEAIE PQQEY AL (Liu
et al,, 1992; Goosen et al., 1989)2l= AFsAS Ho|x| o
A9t permease system membrane proteinit= AFEAlS
Holt}, o] §HA= Pseudomonas cepacia Yol A Arslzk
go) WAz AR, B B AEE 3 Shr A ol A
7] QNSNS P SN ZHgat

5271 Q1K) 718 3le] B4 A R Aol
WA= A9 LR Ao o1} Glucose, gluconate,
manitol, 183l glycerold AT ATAO] SEEZY 4

At} (Goldstein, 1994; Schie et al., 1987),

Goldstein and Liu (1987)%= §7] QA 7183} #4fo]
HAE=d 83 ks P7F FaFs v 7HsAol stk
A& LS| A £ herbicola WA PO AP 77|14
7S AS FIAIZIAL QoA Pel 27} S
ATk FAskATh 18U Halder et al. (1990)-
Rhizobium leguminosarume: H|Fe W= 013-4] 8-3]Sto|
91014 7184 Pe] Jgreio] Itk 243 I Mikanova
et al, (1997)2 P2 U183} HAEES Belalize),
IRE T Y= 7R Pt Sl 84 8}°M a1s9 =5

QArLge} mgEe Eook ol EAfaks B84 Ak
7HESIAA A=A 9
2 3t} AYESHE v|g= =
A FEluebE 2Rt IARAEARN tig A A4l
shEch A ARGE QA RE 25 2] YoAste)
EZo| S fJal 2ol HESTH EAIE oplgitt. o
© 9] BT 2A7F ohdzh AAE itdse] ¥l

ol FeiEo0] ot Bpe] ok 3
A0) BAL @ S gk
Biofertilizer?] A} u|AEE=90] 2+ Eofo] tjj3t

2710] 7ferE7] ghie] o} nEEe] BAHSE o
S cHsP A7} st Aolc) Hkok o] 9L E0] 8
FAom ek, BA) el moge) Tt Aol
e e
A

P dbolels T x| IS jdE 4 e A
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