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971554 544 VA E AAE AL $5te AT S M 244 QA S A E S A EY 2H ES
Sz RE Baslgd EedFe 734 A E A ES A3, Pseudomonas fluorescens RAF15Z. 574 = 9l o}
P, fluorescens RAF15% 5222 A Wl F5 o) W F Botrytis cinerea®} =712 &8 Rhizoctonia solani®] A 55 <
A % G155 244 AV Cay(PO,), 2B 744 A A5 A% 2 1A @ 9 FEAS glucose
1.5%, urea 0.005%, MgCl,-6H,0 0.3%, MgSO,-7H,0 0.01%, CaCL-2H,0 0.01%, NaCl 0.05%, ] SF &= 30°C
2 %7] pH7.00] G2, F - 27 A A vl F 5Y ¥, 863 mg/LY] 7184 ¢lAto] A =i} B84 <lA 714-3}
= F7)1A A A o] 93t uloFol o] pH 749} DA 3 A 7} sl Tk P fluorescens RAF15% 10-35°C, 1-4% 4 5
= 9 pH 2.0-11.09] AN E 784 A4S AP 4 ldleh £ FFE CaHPO,, Cay (PO, 2 hydroxy-
apatites] 4| 217+ 971-1121 mg/L, 791-908 mg/L 2 844 mg/Le] 7}-4-4 1AHS A4 3491 o). 121} FePO, E AIPO,
2] A4, AAE /A A = 47 18mg/L, 5 mg/Lel 3l
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5 YL sEhHEY slekser
Ee] 97 A4 ¢ 28], 39
e F4 AR QI3 w7t &5 Ao} BHLA F
FAES HAA7)AL o). wjebA] slsl sy 5ekEe
Zo)AY AT 4 A= AESHH A7) diFsEa =,
3] B AejAle] WSl A ZE Y] etolu AE
2] A7 kg AR ot rhssithe Aol Fule
2] A7AEC o8t JFE AL ATk(1-3).

21E-9] Q1 Q7R FAo] oF 10% dEsh, 1 o2
FE7] W) FrE AR, S o] ks A EAd FHE @
] AFT} &, EY TFEE FaQlike] A8l H& W
v o} FHFE QXIS E soil solution ] ol F&
3] Agsle] g3l=rt v EAE IAFHAY F2H o 2F0]
FE&H0= o]&E 4 gl7] WiEolth@). F, L 2 &
e EGolA E, EFvE 183 dgole 53 23Sk
A 2 F2 59 BFS AA B84 Aol =Hoks). wet
A Bkl APAsL &, BEY FollA AE0] F531 o] & b5
g frEjQlake] RSt AAEIL, AEo] o] 88 F fle B
|4 ke A4t FtEE AYE 2Rtk Al fAEE
s S7HIA 13 T AT Fddsiel Ak
zHke 29E 7. Ho] o8 4234 52
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Aggolgt SN EF o o FA50] e B84
ARG MBI S Qe EY RAES] gl 1 B4
AT HAYEHIE ] A83LE flalA] WiEA] A E|ojol &
L3 HAlgkar & 4= ok

AF7HA 2] Hals s o shekseke] AT
of oJ&Eatom, At o= ssksofd s wide] sl e
A rES 28 5 B EARl Al7)E L Ut wEbA B
A7AEo] sekseks tAE 4 e AESH WA 7= K
S flste] SRS ArAES etk 1 548 sk
2} = =8-S dhar duks, 7). 53], AEH9A Aol )
FA9 GAS 7= WA ES] EE7 Bol o]FolAaL =,
Bacillus spp.8} Pseudomonas spp. 5°| 738+ X0 48 7}
Atk AapEo] Harso] ks, 9).

2 ATellMe o Al Aol tig T 28-S
7HAAL Qlom, FAloll AEA] Bk AEo Gl
B840 FEE o A5 e 4% < Al
A AtS EEste] AEFF 9 AEHIEEAS] 7]
7L Qe 158 PAE AlA s 918 71xAls
sharzt skqict. YatAo® A7) Aol Bgsle v dE
g &, 584 Vs A0S ARSI
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T E8Y QM 7128 Mo 22 ¥ 33
7HEE it AEFeE B84 Qi 7183t
HAES Bolsh=d AR AL Q1 Pikovskaya BIR|(PVK HIA])

AT
£ 0] 83} plate assay methodZ -2|3}HTH10). Ad DLe] 7z}
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A EF 2 HE 49 ESS AIEE AFEeH, &
HE BN E dgds dAF s N3 F, RS PVK
agar platedl] =3I 30°Co|A] 747 visidTh E2Y 9
ol AE Tkl 2Ao] & FRYES B84 Akt 7183
Ao s 12k AR APTFES 44 1%2] NaCle] 3
$¥ PVK brothdll AE3td 30°C, 200 rpm, 587+ 3]H M)
etk dalEg el st TS AAS v s 71
4 1k EEE SAs i AEe] 959 dFE AE
T 4 EA sllME B84 RS 7RSI Sle EE
22k AR AT 7H B84 Q1A 78St weE A
Asl7] fste] dEZHQ AEHAAL AT Bonytis cinerea,
Rhizoctonia  solani, Fusarium oxysporum, Phythium ultimum,
Alternaria porris 1’422 PDA plateol| 4] th|]FS 2|51
Vg 2 ASAANE AR BRE AARTR AT 245
At
B84 QA 7HE3) mAE Eelol ARS-E PVK BRI 24
glucose 1%, (NH,),SO, 0.05%, NaCl 0.02%, KCI 0.02%, MgSO, -
7H,0 0.01%, MnSO, - 7TH,0 0.05%, FeSO, - 7H,0 0.05 % %
yeast extract 0.05% (pH 7.0)°]¥oH, E8&84 Aio=z
Cay(PO)), 0.5%Z H7FSFATH10). 71& vl=] 47go) A& )
A= NBRIY BlA[glucose 1%, (NH,),SO, 0.05%, NaCl 0.02
%, MgSO, + 7TH,0 0.01%, KCl 0.02%, MnSO, - 7H,0 0.05%, FeSO, -
7H,0 0.05%, pH 7.0](11), NBRIP #] A][glucose 1%, (NH,),SO,
0.01%, MgS0, * 7H,0 0.025%, MgCl, - 6H,0 0.5%, pH 7](11) 2
Son i A|[glucose 1%, NHNO, 0.1%, MgSO, - 7H,0 0.02%,
CaCl, - 2H,0 0.06%, pH 7.0(12)°]21 2", 587 Q1o =
Cay(PO,), 0.5%= 27+ A7t

AYFFE A S1ste] Wepsha, ke 54 2 Aeet
7 &S Biochemical tests for identification of medical bacteria
(13)°ll £33k AESIH oM, =&%F AFE Cowan and Steel's

Manual for the identification of medical bacteria (14) 2

Bergey's manual of determinative bacteriology (15)5 =3}
57319tk sAlel API 20NE kit (bioMerieux, France)s %3}
o 54 29E H@ASA-

7+8M olit MALE I8 R X =71 HE

AYFF) B84 ik 750 FFS vxE 248 go}
H7) 95t 4% gad, dad 2 B0l R TR,
vjokes, %7) pH S Al
9 Hix]e] HF pHE SAston, 5183 dFo] gl= g 200
pmel| A 547t 31 e g3k

ESM M ESRE JISMAM MM HE

7R QRS AT = e BEA Qake] WMYE 2A)E
7] 9J8te] k% 284 $14KCaHPO,, Ca,(PO,),, FePO,, AIPO,,
hydoxyapatite)©] 2+t A4 F=2 H7hE HHuA] ol dga=+
£ A3k 30°C, 200 rpmollA] 5L wjFSE &, JREA QA
o] % 9w o] HF pHE S793IATh
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MY

Hjokel A5} IN HCH: 1 : 19] Hlg&= Eggho=2x uieg
A &o] ZE B84 A4S 7HESIAIZ] F, spectrophotometerS:
o]-8-3t 660 nmol| o] FBEE At wA YFEE AL
aFATH16). MlFH &) THEA QIAbe] TR 17418 x g, 20
AR #AE AAZ wF FTdS ude=
vanadomolybdophosphoric acid colorimetric method (17)2 ZA}
Jgom, 72 EIA B 2 WAS OETE ALE
A% 292 RAST. BE AL 38 vEow Ao
o, Uehd 2+ AR5 0|59 Hgtolot.

T FSE 7K E8Y AN IISE MFel 22| U 5
A BYAGY = W R wAEY 2U EgoRNE

nEg
Cay(PO,),7t ¥ PVK plate %JolX 27 1 cm o]’de] £
35 A= 42 T EES F, PVK brothollA] 200 mg/L
ool 7H8A Qike AAEh=E 24 T FE A EYSA. o]
FES o= 30°ColA 79 FRF A GEEA 24 AE
Wdg Xl tigh PR &9 HES A9, F4E A
FFo|HE xSk Bomytis cinerea®t =71MSHE ZHishs
Rhizoctonia solani®] A} A4S AT 4= = RAFISE F
T APFFE JASIATE RAF159] B84 14 7185 2 &
it Fig. 1914 Be A% 2o & 5= 584 27
|57 TS Al 7o EA uAE s 3 eAE
T FA FEACEA AAH 8 TrsAol E HoE dd
ot AAFFo E78H YXE W A= Table 13 AT}
B e RS A0l e S o =2A, Hl
4A 92 sl ANt £4S Cowan and Steel's Manual
for the identification of medical bacteria (14) 2 Bergey's
manual of determinative bacteriology (15)] &3} HESF 23}
Pseudomonas <o EZ3HE 7he/dol 7 =Skt T3, API
20NE kit (bioMerieux, France)S ©]-&3lo] 4A|7F wkg-A)71 3
533 A}, Pseudomonas fluorescens$t 99.7% oA FAH
3 Ao 2 et wEtA A8S RAFISE Pseudomonas
Sluorescens RAF152 83} ).

7+ olit MAtE 2|8 | X =71

E-879 St 7HEE v ES FRel bt HF miAe g
Aoz deiA Sty b B 5o s $Ig 7|BujAE
274317 flete] E3ol Rag B 71x] wjRE o83l Bg
A At 7SS WA AV O, 11 AFE Table 204 B
© 217} 2tk NBRIP HiR|ol| A 717 95451 E-84 it 718
o] Yehont A AS-2 7 Sekth NBRIY HIX], Son
Hjz] 2 73 o] ALgE PVK v A A E Ee TA 4SS
HAF oy Auldoz 884 it 7H-52 vl A
AREE W] F79] HiX] B 7R8A QIAF ARl T B
AZE A vl e] pH7E 7S Wit PVK 2 NBRIY 8]
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Fig. 1. Biochemical parameters showing biological activities of isolate RAF15. Clear zone indicates solubilization of insoluble phosphate around
colony of isolate RAF15 on agar plate containing 0.5% Ca,(PO,), (left). Antifungal activity of isolate RAF 15 against phytopathogenic Botrytis

cinerea (middle) and Rhizoctonia solani (right).

Table 1. Taxonomical characteristics of isolated strain RAF15

Contents Characteristics
Morphological characteristics
Cell shape Rod
Gram stain -
Spore formation -
Motility +
Cultural characteristics
Colony shape Circular, undulate, convex
Colony surface Smooth
Colony color White
Biochemical characteristics
Growth in air +
Growth anaerobically -
Acid from glucose -
Oxidase +
Catalase +
O/F test Oxidation
Yellow pigmentation -
Arginine dihydrolase -
Nitrate reduction
Indole production -
Urease -
B-Glucosidase +
B-Galactosidase +
Gelatin hydrolysis -
Assimilation : +

glucose, arabinose, mannose, mannitol,
gluconate, N-acetyl-glucosamine, malate

Assimilation : -
maltose, caprate, adipate, citrate

o] A, A7 vk 29 ¥ 7H8A 1Ake] AN o] AE]
AlEFeR o, ool Hlglet #A] BEee STFeFAT o3t
AgE 718 Rgte]l ATl Ao o8 A, ofol wek
A BEE7}F S7HE Ao Z FAFEY A%l F o] AAS A
Fol ok Aoz FoHt E A e A8 dAT 7}
|4 A Aso] 7P 978 NBRIP HIAIE 71| = A
A3t o] o] AFS YIS

g glo] 7H8A QA AAdEl WA= JEs Ak fls)
o Z}E B9 1%4 FA7Fsk 30°C, 200 mpmolA 5971 By
&3t A= Table 3914 He= vkl 2t} Glucose, galactose,
mannitol27E] 22} 632, 416, 99 mg/Le] 74 Qlite] A4
FAQ2H, lactose, sucrose, maltose, sorbitol 5L ZHE= 714
Qlate] AE AYkE|A] QhodTE TS 718 QA Aol A
< AFAQ ZoE Yepgon, 71843 Qi AL uiA|9] pH
Aok WA FRo] e AoZ FAHHYY. gy o s B8
A 1Akl 7H8A IAte g HBE= o= WAlEo] ALkt
Vg o)Akl 23k viekele] pH AU FUJe R HAlE| o]
ATh17). wetA goz B w7t AAdshe frkke R
Fxe g Ago] FnElel & oz vdE) 7184 Q1A
Aol HAQ] glucose] FEE AR A}, glucose] T& &
7holl W} 7184 Qlake) AAEE Fsked 1.5%014 785 mg/
Lo} 71873 Q1zto] AElom, 11 o)te] FroAe dAs)
Aot pH= 4.1-42 HAE FX89 N (Fig. 2). FHts0] e
Pantoea agglomerans R-42= 3% glucoseZHE 750 mg/Le] 7}
|4 ke AT 5 e FoE RarEo] Qltk(12). WERA
2 AT 714 ol8HelX P agglomerans R-42HT} §+

L

Table 2. Soluble phosphate production and cell growth in different media for the selection of a basic medium

Soluble P (mg/L) Growth (Ag) Final pH
Medium Culture time (day)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
PVK 151 349 343 202 99 0.854 1454 1541 1943 1.953 4.5 43 4.7 5.4 5.6
NBRIP 169 309 424 491 598 0319 0.375 0467 0.643 0.657 4.6 43 42 4.1 4.1
NBRIY 123 258 224 16 8 0426 1.045 1.555 2243 2.658 49 43 53 6.9 6.3
Son 1 277 316 333 324 0916 1.165 152 1.038 0.835 4.7 4.4 43 43 4.4
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Table 3. Effect of different carbon sources on Ca,(PO,), solubilization
by Pseudomonas fluorescens RAF15

Carbz)lr}%s);) uree SE)IE;/E)P Growth (A) Final pH
None 0 0.023 7.0
Glucose 632 0.631 4.1
Fructose 5 0.674 6.0
Galactose 416 0.327 44
Lactose 0 0.027 6.9
Sucrose 0 0.06 6.8
Maltose 0 0.029 6.8
Sorbitol 0 0.035 6.9
Mannitol 99 0.518 5.4
Glycerol 8 0917 59

Table 4. Effect of different nitrogen sources on Ca,(PO,), solubiliza-

tion by Pseudomonas fluorescens RAF15

Nitrogen source Soluble P Growth Final pH
(0.01%) (mg/L) (Agg)
None 381 0.165 4.5
(NH,),SO, 802 0.627 42
NH4CI 808 0.771 42
NH,NO, 802 0.935 4.1
KNO, 794 0.479 42
NaNO, 770 0.572 42
Urea 804 1.016 4.1
Beef extract 469 0.259 4.5
Casamino acid 730 0.413 42
Corn steep liquor 438 0.229 45
Polypeptone 534 0.319 4.5
Tryptone 516 0.308 4.5
Yeast extract 602 0.363 44

# Aow woE,

Aa9e] 7H8A A Al mAlE 9T
o] zHg AAAE 0.01%Y H7ske] 30°C, 200 pmelA 5UzE
Hj 3 A= Table 4914 B ube} 2ok 7]

2o
ArAEn e 7R A AT T4 ASEE UERI
o, Az9e] ArPE 7H Qak Al BrF Zle oh
k. B7] AaARTh PO 2 953 F7] AaelN #4)

BEET} ke R

Eolst A3 a7 =2
e 1A ASEE YERH ureas H4
HHFTEE AR 27 0.005% 7= 7HEAE QA Ao &

Axg

24317 915}

Aglo] §7]

4 Q1 A
o= AYF 7,

7Vt o 1 o)t FRolAE utelAl 1HAdt] AlRbeted
0.04% ©)de] FxolA 784 Aiko] Al AqkE]A] kot
(10-14 mg/L). Z&} 4] ASEE uread] 5 7o) we} B
Aoz F7rete 05%MAM Hdl A5S HAFATHA, =
5.7). TESF 0.04% o)]e] F=olA wjdde] pHE 8.1-8.8 HY
E WERRAAL, o]Flo] B84 Q1kke] 7183kE AAAIR] A1l
2 F4"H(Fig. 3). 3HH, P agelomerans R-42= ammonium 93
¥} nitrate AoIA 7HEA QWAE AASO] 93k, nitrite Gl
= 7H8A kS A AAdSHA] o= Bl E EE A Slth12).
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Fig. 2. Effect of glucose concentrations on Ca,(PO,), solubilization

by Pseudomonas fluorescens RAF15. O, cell growth; @, soluble phos-
phate; A | final pH.
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Fig. 3. Effect of urea concentrations on Ca,(PO,), solubilization by

Pseudomonas fluorescens RAF15. O, cell growth; @, soluble phosphate;
A\, final pH.

71l A] AE-21 MgCl, - 6H,0 2 MgSO0, - TH,02] 73, 22}
0.3% % 0.01%14 71873 QA AA=Fo] 71 =9kom, KCl
< 718 1% Aol FES WIRA] LSkthAEE HIAA). 7
£ Aol 23] A] eke o §7]9 MUt £ 2AKRE 29,
0.01% CaCl, - 2H,0 % 0.05% NaClo] 7184 13t S &
ZHAATHALE BIAIA)).

P. fluorescens RAF152] HZ vk 2 x7] pHE ZA}SH
A= Table 5914 B A 2ok vjed 59 3, 30°ColA 7
= 7HEA i TS eI Y 10-25°Ce] A,
HFAIZES 12-1497FA] A7A] vl =& 74 1N AT
(705933 mg/LyS UYERITE webA 2 dFe AF 7120
10°C o)3t2 FAEE A FH3| okelo] Ferts & A
o= ) 40°colAE 7HEA IF A E oA Aol
UehA] gttt 3H, B 75 Z7] pH 2.0-11.09] F oA
7HEA Q12RS A4 (701-863 mg/L)E 5= AJSH, pH 12614
7R QIGHS AE AASEA] &Sttt 10-35°C 2 pH 3.0-11.0
T W 3 WA 7H8d QIS AT 5 e Ao ®
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Table 5. Effect of temperature and initial pH on Ca,(PO,), solubilization by Pseudomonas fluorescens RAF15

Temperature (°C) Time (day)® Soluble P (mg/L) Growth (Ag,) Initial pH Time (day)* Soluble P (mg/L) Growth (Ay,)
10 14 705 0.972 2 5 701 0.731
15 14 896 0.977 3 5 813 0.759
20 12 905 0.998 4 5 830 0.825
25 12 933 1.091 5 5 832 0.787
30 5 858 0.982 5.5 5 834 0.787
35 5 321 0.638 6 5 846 0.748
40 5 0 0.011 6.5 5 849 0.776
7 5 863 0.975
7.5 5 849 0.743
8 5 846 0.737
5 843 0.754
10 5 833 0.737
11 5 821 0.708
12 5 0 0.313
“indicates maximal soluble P production and cell growth.
P agglomerans R427} & A Ak12). 28U P agglomerans R- 700
= )\]-7]_4 3:].7:1 H-quoﬂ}\-] 69- 215mg/L-4 7}_9_/\4 )\k_ /kg/\—] 600
g Fgloms B AGTF 3-8 /bsel B Be Aow
HOE. olge] Ad B APFTIF V1R Leixl B84 3w
Qak 7Hg3} PIAERT A4 HE37 W97l wa, S8 P
A2 FFS AAKI z
olgoln SR BEA QA FHESE A% 27 WA 2L ) 2
FZ72 glucose 1.5%, urea 0.005%, MgCl, * 6H,0 0.3%, MgSO, * 1009
H,0 0.01%, CaCl, + 2H,0 0.01%, NaCl 0.05%, B %-&% 30°C 01
‘§‘<§<— | pH 7.00]}t}. : . . : :
0 1 2 3 4 5 6

A &
FR7E A=A JAE EGS A2 dEE Sk ASS
Welldke 2 Zts AW 7 A9 =olH, EY mAdEY A
|5 JAlhs Aoz AR Jk19). wetd B Sl i
o7 FAHo] A& AR FHE xdske 24F
AeE HHMAE ol 83t AR A= Fig. 404 B
uie} At} B dFE Bl 2 59 KCI (1-4%) 2 NaCl
(1-3%)N M= 217} 489-610 mg/L 2 224-588 mg/Le] 7184 <1
2 AT 4 o™, 1% CaCl, - 2H,09] FEAAE oF

AR AA

Salt concentration (%)

Fig. 4. Soluble phosphate production by Pseudomonas fluorescens

RAF135 in the medium containing high concentration of salts. O, KCI;
@ ,NaCl; A, CaCl, - 2H,0.

100mgLe] 7184 e AT 5+ Ak TR
% S40] wEskE T mokel F28) A 7 Aolet
G,

hy3
il

Table 6. Changes in soluble phosphate and final pH mediated by Pseudomonas fluorescens RAF15 in optimal culture media containing various

insoluble phosphates

Phosphate source Concentration (%) Soluble P (mg/L) Final pH Phosphate source ~ Concentration (%)  Soluble P (mg/L) Final pH

Ca,(PO,), 0.5 861 42 CaHPO, 0.5 971 4.0

1.0 908 42 1.0 1038 4.0

1.5 888 42 1.5 1121 4.0

2.0 880 43 2.0 1091 4.1

3.0 791 43 3.0 996 4.1

AIPO, 0.5 5 3.1 Hydroxyapatite 1.0 844 4.1

FePO, 0.5 18 3.0
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EEY QM ESFRE IISM M MM s
T B84 ik TR oE 7R L TS AL
3}7] $13t4 CaHPO,, Ca,(PO,),, FePO,, AIPO, ¥ hydroxyapatite
S A7} 05-3.0%% H7FRE HHuiA A WSt A= Table
6914 B vle} o) CaHPO,, Ca(PO,), ¥ hydroxyapatite]
7% A7} =0 wat 971-1121 mg/L, 791-908 mg/L 2 844
mg/L 7873 14ko] AAE o H, viFde] HF pHE 4.0-43
Heloll ATE 18y FePO, B AIPO,S] 75, wgele] %
pHZF 22 3.0, 3.10100 4 BAE A QIkbe] s 2
18 mg/L, 5 mg/L AT}, Penicillium radicum-S- CaHPO,, FePO,,
AIPO,ZHE] ZH2} 176, 10, 0 mg/L 7HEA] 12RS A3AI31HH (20),
Rahnella aquatilis= hydroxyapatiteZ5-E] 230 mg/Le] 7184 <1
LS AgRRaL Barsle] Qlok2l). webd £ dFE ol R
AN 953 B84 A 7HESS VA e ¢ 4 AT
3HA, calcium phosphated] activestAl 2= PAYEEL iron
W+ aluminum phosphate®] 7}F8-5°] wll-¢- =3k Aoz I
A 9lom(22), & FFE AR 23S UERRIT

INEIRED

o] =S Fakghal AfaA] shedr )l st
|

EIgem, oo ZAk=gUh,
EnE2s
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ABSTRACT: Isolation and Characterization of Insoluble Phosphate-Solubilizing Bacteria with
Antifungal Activity
Ki-Hyun Park' and Hong-Joo Son'** ('Department of Biotechnology, Miryang National
University, Miryang 627-706, Korea, *School of Applied Life Science and Joint Research Cen-
ter of Pusan National University-Fraunhofer Institute, Pusan National University, Miryang 627-
706, Korea)

To develop multifunctional microbial inoculant, an insoluble phosphate-solubilizing bacterium with antifungal
activity was isolated from plant rhizospheric soil. On the basis of its morphological, cultural and physiological
characteristics and Biolog analysis, this bacterium was identified as Pseudomonas fluorescens RAF15. P, flu-
orescens RAF15 showed antifungal activities against phytopathogenic fungi Botrytis cinerea and Rhizoctonia
solani. The optimal medium composition and cultural conditions for the solubilization of insoluble phosphate by
P, fluorescens RAF15 were 1.5% of glucose, 0.005% of urea, 0.3% MgCl,-6H,0, 0.01% of MgSO,-7H,0,
0.01% of CaCl,-2H,0, and 0.05% of NaCl along with initial pH 7.0 at 30°C. The soluble phosphate production
under optimum condition was 863 mg/L after 5 days of cultivation. The solubilization of insoluble phosphates
was associated with a drop in the pH of the culture medium. P. fluorescens RAF15 showed resistance against
different environmental stresses like 10-35°C temperature, 1-4% salt concentration and pH 2-11 range. The
strain produced soluble phosphate to the culture broth with the concentrations of 971-1121 mg/L against
CaHPO,, 791-908 mg/L against Ca,(PO,),, and 844 mg/L against hydroxyapatite, respectively. However, the
strain produced soluble phosphate to the culture broth with the concentrations of 15 mg/L against FePO,, and 5
mg/L against AIPO,, respectively.



