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Abstract

The effects of inorganic salts, inoculum concentration, acration rate and shaking speed on insoluble phos-
phate solubilization by Pseudomonas fluorescens RAF15 were investigated. Soluble phosphate production was
dependent on the presence of MgCl, - 6H,O and MgSOy4 - 7H,O in the medium. Supplementation of medium
with 0.01% CaCl, - 2H,0 and 0.01% NaCl slightly increased soluble phosphate production. The optimal me-
dium compositions for the solubilization of insoluble phosphate by P. fluorescens RAF15 were 1.5% glucose,
0.005% urea, 0.3% MgCl, - 6H,0, 0.01% MgS0; - 7H,0, 0.01% CaCl, - 2H,0 and 0.01% NaCl, respectively.
Optimal inoculum concentration was 2.0%(v/v). Maximum soluble phosphate production was obtained with
20-50 mi/250-ml flask and 200 rpm of shaking speed, respectively. The addition of EDTA decreased cell
growth and soluble phosphate production.

Key Wonds : Biofertilizer, Phosphate-solubilizing bacteria, Pseudomonas fluorescens

1.4 = NEe FHE AME EY] TRAIE AT
Aie EF & Fol &3 WE ST AFsta]

Egel A= Qe HEAY T8 I¥LL o4 Az Ad, T3 g o] 95 A

A dde $23 715E SASL e B gg02 qste) 24597 ) HBANA F2

AL T=E 005 mgl BERM, HBATF L 4 o) qug FIEIIS s YY),
2 she Jole FEE FUeIL. kA AL guuog gy

?JA
o

1
T
o == oy a1 N
Corresponding Author : Hong-Joo Son, School of Applied Life ABAE Aoz Astd gistn Yot 2

HEE 284 #7149 Fee

Science, Pusan National University, Miryang 627-706, Korea {1} o] ¥} & B Eol} 7iA 58 2ot o)

Phone: +82-55-350-5544

E-mail: shjoo@pusan.ac.kr 712 EAReg g BHE A= A2 &



1034

A4 A, max Edd nFH e FEA
AE HAA HIEHE LR o] &3] A% ATt
gurstAd Y= n Jop. BEF & FEA Qe
7H&EA17] 7] A% AAAJN HE W F9 s
B #7148 Adee vAES ol &de RAolgt.
F, &84 e JHEFAE ¢ e HAE
(phosphate-solubilizing microorganism, PSM)& 14k
o AstE Fol2 & chelating®d F Ue F71HS
AAgo A 7HEAQ Qg WEIA H L, o
et e AN e ¥d 5 Yo

B Ad73e 34334 nY2H 8 E sty
Asto] AN EAHE UIBE F EF & U
4 Qg BEHOT 183 £ oW 5
Aol sAge] A¥e FAse A7 A% o
Ag 4 Q= Pseudomonas fluorescens RAF158 &
A% F, 384 AL 7H8E IS VX g4
d, d44, Wides, 8jX) pH 2 & AYY 5&
ZALet] AENE 2 WEFH2Z A 754
ate] RnV% v Aot 4F v]F xS0 Bg
4 At 7HE-ELE £ Ao qadHn oy
ol A 7A Fr|go] &4 A4t JHEEe) ojujl
FEFE R Aol Y Bue A g dFol
w7 golrt 27 AEF £ £71% $9 Mgz
o] ¢844 A4 7H&gel HAE JF d7E A
& gt kA B d7dAe olE 20 ¢4
A4 7HE-gel A ARE AEIA7IN 2 2
#E& R3saA ok

B AT Al E FFE FIEY 2d EYL
2RE 229 P. fluorescens RAF150] Q). A12-€
718w A o) A4 2 YR AL glucose 1.5%, urea
0.005%, MgCl; - 6H,0 0.5%, MgS04 - TH20 0.025%,
Hgex 30C 2 7] pH 7.0013leH, & AF
o] gl &, ¢844 AXALZ Cas(POu): 0.5%F H
7¥ste 74843 A A S AESAT. old, W
e w, wjx)e] 2] pH, glucose & uread] T &
ol Mol A& AolATY. MujFL 50 mle] nu-
trient broth7} &8 250 ml £} conical flaskol]
nutrient agar plateo] A BREZQ #F 3 WFo|&

% 0l3g -

woE - a2 - 1A

b

F

HE 3t 30T, 200 rpmel| X 24X 2tE<F 3 A Ww
vl Fetaitt. el gdE E2xiA] 50 miz Fi-E 250

ml §3¢2] conical flaskol] 2%(v/v) HZ3 %, 200
pmoll A 5YU T 3 AW A w st

22. 7184 oM YME S =AU FE

AYFEFY] d8A A 7HES FEE WA
Z27& doti 7] 98t 4F 771499 FF 3
=TT AFY T71% 2 EDTA 37t 54 o
oA ASE, 7HEAE A F= 2 A HF p
g S8

2.3, 2Auy

g Alg59} IN HCIE 1: I1(vv)e] Bl &8 &
oA W Sof FE VLA QNS 183
AlZ1 &, spectrophotometerE ©]-83Fd 660 nmol A
o FREE 3AA TA AKEE 2ARAD
g o] 7184 Q1Y FE+ 12,000 rpm, 20
B2 AR FAE AAS S F5dS
)/ 2 2 vanadomolybdophosphoric acid colorimetric
method' OZ ZAMBIGon, d53S HEHA e Z
HiXE E2TE AHEStd HE das RFSHA
th RE AL triplicatesZ A A3}y o, el
Zt AHEL olE9] HFgoIAh

i off rir

T

3. 43 R DY

31, 27|Ho| L84 ol 835t o|xl= HEF

B Ao T8 MgClh-6H,0 ¥ MgSO; -
TH09] B=7F d-874 A4 7188t nix= 98
& ZAE A Table 104 HE ukel o)
MgCl, - 6H,09] 732, 0.1-0.7% HY A HZTH
o 7HEA AAE A 5(793-844 mg/)o] -3 H L
o, 2% 03%A Hd 7184 A A 5844
mg/l)& eERR AT} MgSO. - TH09] 3%, 0.01%
(823 mg/HE AE g HAY LA E27R
o 7184 A4 A Fo] wskth ojd Bu® o ¢
3} P. fluorescens RAF159]] ©]3%F 71841 Q14 AA
< ui A ¢] pH Aot LI #Hbo] e o=
deizicd, ¥ d7dAE o8 AAE oA 3
A 3T = AU AntF oz B84 Q14ke] 7t
24 Qitez AEEHE olf= v Eo AAF
ZHE 714kl g migd o] pH 7H47F A1A A



87438 vAERs A Pseudomonas fluorescens RAF156] &J3h 7h8-44 4t A4tell 43S iRl 24

1035

Table 1. Effect of inorganic salt concentrations in basic medium on Cas(POy), solubilization by Pseudomonas fluorescens

RAF15
MgCl, - 6H,0 MgSO, - TH,O
Concentration Soluble P Growth Final pH Concentration Soluble P Growth Final pH

(%) (mg/1) (Asso) (%) (mg/1) (Aseo)

None 766 0.732 4.2 None 775 0.759 4.1
0.1 819 0.869 4.1 0.01 823 0.996 4.0
0.2 808 0.759 4.2 0.02 775 0.974 3.7
0.3 844 0.930 4.1 0.03 772 0.990 38
0.4 824 0.820 4.1 0.04 764 0.927 3.8
0.5 821 0.792 4.1 0.05 757 0.869 3.6
0.6 811 0.567 4.2 0.06 750 0.880 3.6
0.7 793 0.792 4.2 0.07 746 0.886 3.7
0.8 763 0.682 4.2 0.08 738 0.836 3.6
0.9 740 0.825 42 0.09 702 0.847 3.6
1.0 722 0.754 43 0.1 667 0.847 3.6
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A7be 7H8A8 A BA (766 me/l, 805 mg/)E
Z7HA A 28, KCl 2 MnSO, - H;0¢] H7be 7H&
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Table 2. Effect of the other inorganic salt concentrations
on Caz(POs), solubilization by Pseudomonas flu-
orescens RAF15

Inorganic salt Soluble P Growth Final

#} FeSO, - TH,0 & ZnSO4 - TH09] Hle £
sle] 7H&A QA AAEHE HAAH

ojdell A ZAE G&A A 71ES AT HF
) x] ZAdL glucose 1.5%, urea 0.005%, MgCl, -
6H,O 0.3%, MgSO, - TH;O 0.01%, CaCl; - 2H,0
0.01%, NaCl 0.01%9] 1t}
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(mg/l) (Asso) pH mg/M)e] F=A Jelon, 1 o] g HEFNME
None 746 0864 3.8
CaCl, - 2H,0 0.01% 766 0.776 39 Table 3. Effect of inoculum concentrations on Cas(POy),
0.05% 733 0.798 39 solubilization by Pseudomonas fluorescens RAF15
NaCl 0.01% 805 0.715 39 Inoculum size Soluble P Growth
B 0.05% 758 071 39 (%, VIv) (mg/1) (Asso)
Kcl 0.01% 750 0.745 3.9 1 794 0.861
0.05% 751 0.758 38 2 841 0.819
3 838 0.864
0.01% 746 0721 40
MnS0s - H20 ) 50 638 0.836 4.0 4 829 0.893
0.01% 571 0358 4.1 > o 0.893
. 01% . . 6 808 0.921
FeSOTHO 5059 199 0589 44 7 202 0,945
. 0.01% 644 0.693 4.1 8 802 0.966
20804 - THO 050, 249 0748 43 10 71 1.092
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Table 4. Effect of medium volume and shaking speed on Ca3(PQs). solubilization by Pseudomonas fluorescens RAF15

Medium volume Soluble P Growth Shaking speed Soluble P Growth

(m)/250-ml_flask) (mg/) (Aseo) (rpm) (mg/]) (Ass0)
25 853 0.858 50 183 0.489
50 853 0.737 100 569 0.656
75 842 0.688 150 832 0.825
100 820 0.682 175 847 0.754
150 824 0.715 200 852 0.847
175 787 0.721
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Table 5. Effect of EDTA addition on Cas(POa). solubiliza-
tion by Pseudomonas fluorescens RAF 15

Final Soluble P Growth

Experiment pH (mg/l) (Ass0)
Optimum medium
. 4 .81
+ inoculum(2%, v/v) 40 5 o8
Optimum medium
+ 0.05% EDTA 47 669 0656
+ inoculum(2%, v/v)
Optimum medium 59 85 0.006

+ 0.05% EDTA

HHez Bgd 9 HERE ARSFAG. ol
3t A3l= Aspergillus aculeatusol] 23+ Q1534 2] 7}
£ A B 4 Qe @47 FIAT

4.3 &

A= oW EXCERE &el¥ Pseudomonas
Sluorescens RAF159] 9] & &4 14t 718-8le] v
A= 4F 7719, 9 ATE 571 R g5
o] th3le] ZAVE A T). P. fluorescens RAF159] 2]31
7HEAA QA AAE2 MgClh - 6H,09F MgSO, -
TH09] &4 3dlA Frlstden, 7| 2uf A &
FE o A g™ CaCly - 2H,09) NaCle] F71%
F2 784 A% A FE I FUHAT 7S
A 24 A 43 HFHA 24 L 1.5% glucose,
0.005% urea, 0.3% MgCl, - 6H20, 0.01% MgSO;, -
7H:0, 0.01% CaCl; - 2H,0 ¥ 0.01% NaClo] ]t}
A 2F HAZ2FHL 20%((viv)olP e, WA
20-50 ml/250-ml flask 2 200 rpmolA] el 71-&
4 QA4 BT E VeR AT HFul Ao EDTA9]
Arte oA ST JHEA A S S BT A
kL=

a2

1) Vassilev N., Baca M. T., Vassileva M., Franco I,
Azcon R., 1995, Rock phosphate solubilization by
Aspergillus niger grown on sugar-beet waste medium,
Appl. Microbiol. Biotechnol., 44, 546-549.



2)

3

4)

5)

6)

7

FAEA v B E Y Pseudomonas fluorescens RAF159)] €] 71-&A 14t AAkell 93ks wixl= 224 1037

Narsian V., Patel H. H., 2000, Aspergillus aculeatus
as a rock phosphate solubilizer, Soil Biol. Biochem.,
32, 559-565.

Reyes 1., Bernier L., Simard R. R., Antoun H., 1999,
Effect of nitrogen source on the solubilization of dif-
ferent inorganic phosphates by an isolate of Penicillium
rugulosum and two  UV-induced mutants, FEMS
Microbiol. Ecology 28, 182-190.

Vassilev N., Vassileva M., 2003, Biotechnological
solubilization of rock phosphate on media containing
agro-industrial wastes, Appl. Microbiol. Biotechnol.,
61, 435-440.

Rodriguez H., Reynaldo F., 1999, Phosphate solubiliz-
ing bacteria and their role in plant growth promotion,
Biotechnol. Adv., 17, 319-339.

Mmer P., Schinner F., 1992, Solubilisation of in-
organic phosphates by microorganisms isolated from
forest soils, Soil Biol. Biochem., 24, 389-395.
Illmer P., Schinner F., 1995, Solubilisation of in-
organic calcium phosphates: solubilisation mecha-

8)

9)

10

~

11

~—

12)

nisms, Soil Biol. Biochem., 27, 257-263.

Park K. H., Son H. J., 2006, Isolation and character-
ization of insoluble phosphate-solubilizing bacteria
with antifungal activity, Kor. J. Microbiol., 42, 223-
229.

Rodriguez H., Gonzalez T., Selman G., 2000,
Expression of a mineral phosphate solubilizing gene
from Erwinia herbicola in two rhizobacterial strains,
J. Biotechnol., 84, 155-161.

Clesscerl L. S., Greenberg A. E., Eaton A. D., 1998,
Standard methods for the examination of water and
wastewater, 20th ed., APHA-AWWA-WEF, Washington,
D.C.

Nautiyal C. S., Bhadauria S., Kumar P., Lal H,
Mondal R., Verma D., 2000, Stress induced phosphate
solubilization in bacteria isolated from alkaline soils,
FEMS Microbiol. Lett., 182, 291-296.

Pirt S. J., 1975, Principles of microbe and cell culti-
vation, John Wiley & Sons, New York.



