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PDA-calcium phosphate % Huj A& o] &3t AA71E31BAE 717 850F 9] AFg e
g F ABA HE A7HE ) JHE A HS-2 TFE Awsigo. 44 T3 deg
A, v g AYAsisty 54 58 2AVE B Azorobacter sp. HS-2E A QI
o] #F& AFAE 0.1%%F /3 Potato dextrose Brothv] x| (pH 6.0)o] HZE3}e] 30T A 59
HFAE o AFHo] 71F gol EMHFJT 0.5M2) F48 HrB-e w Es)Lol <k 50%
F7HE A

ABSTRACT

850 strains of phosphate-solubilizing bacteria were isolated from soil of Chung-nam and Daejeon
region using 0.5% calcium phosphate containing medium. The HS-2 strain with the highest rock
phosphate-solubilizing activity was selected and identified as Azotobacter sp. HS-2 based on the

microbiological characteristics. The optimum culture temperature and initial pH of medium for
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solubilization of rock phosphate were 30C and pH 6.0~7.0, respectively. Addition of oxalic acid
(0.5M) into the PDB-rock phosphate medium increased 50% solubilization of rock phosphate.
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JAEHAL EG A& AdHlge] ZHE o] &80 10~20%F F3 weta dF-&o] E
Gl 24 JAH7] ol

EG FAM & 23 &  Ue 24L EY JE 94A, 2E B9, D, B E &5
w9 o], A EH Fa4EE ¢ HZAA SRME Fol TTFAKAFL, 1985 ; 2HH,
1991).

E%o] Q18 uAste 5 Hiv EYFEY FTH, FEARY U4, AE, TE, 2, ¢
Frlge 84 ¢ @ EG 5%, 4712 8% T3 LHT AV den A A=
Aol oW EJ AL ottt EYFY AAFFHo| sAHE FRULY FEARE
o2 EQYE APy HY & FEstd AE9 +FH FAE AAIY, EYRA T
93 3, vitte] RFYst 22 FHLE dUo] EH(N--FEFTAHE Y, 1996).

EF9 Q4 o] &= EF31 Q4HE HEE A& olfT UwIH EEFo
Z71 5 93 FAF oA gALE ez e 82V EYY FE Qe ERYH E
Fgdoz wEFH Yo 7184 it 7] A TRF 9 FFE WA R}
Folth. o]FA MEx7|e] YA FE FFE A8 A& AILRNEN(FIF, 1987)
Atd vlgrt 4A 9E Bl 5 o] 8&0] Rol EdY QAFHE HA o ¥4 vte &
g2 A&sAHEE E A4 F3o] 443 EAZ dgFdT

w2ty ol FA Y SAWYPLE EY Fo tFeR EAste &Y ALEE 7HEFE
o Z7] A& Hag FES FEFH EFAUE AANEY F71 ALl e A
AL FABE, EY 3o 23 ANEFE ¥F #HELQ FAE AR F2 A
o] & Aot}

AZ7A F&A QAEE M AD F e vAEBEE Penicillium bilagji Fo] FHES
A F5E ZUe FFE 10% o FUAFSO] B HATHHES 2 3, 1984 ; ti¢-sheF

A EAE ANF3sy] Adtd ZAS, A&, Jgs} v B W
F7MAA Kk ey ol AL EEe At YL F
Ate]l AL AdHA x| HtHKorea Society of Soil Science and

ro NIO f Iﬂl
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A, 1996). E=3F HIZo|= Bacillus megaterium(Dubey £ 2, 1992) B. polymyxa(Tiwari £ 3,
1993), Pseudomonas striata(Agasimani &} 2, 1994 ; Varsha ] 2, 1993), Penicillium
simplicissimum(Sayer €] 2, 1995), P. bilgji(FA 2] 2] 4, 2000), Aspergillus awamori(Agasimani 2]
2, 1994 ; Varsha &} 2, 1993), 4. aculeatus(Varsha 9] 2, 1995), 4. niger(Sayer & 2, 1995)% 9]
7E VAEES ANETLR HEY Aol FHHAS Ol R JTHDubey 9 2, 1992). 2

A 71 VAM(vesicular-arbuscular mycorrhizae)} Rhizobium& o] £%§+ AEv 2 9] 7)) dH(kang
9 1, 1999)0] LB, A%, HFAA AFHo] AHA AFgA AAHTYT FUME
Penicillium sp. GL-1013%} Cyanobacteria 52 o] &3 39 dalde] 7183 £ FS5AAN o
3t A 7HDubey &) 1, 1992 ; Kang 9] 1, 1999) =11 ¢}

B d7e 873388 AEHENTY d¥oz vX EYF FEA4 JAEE e @
T e tAES EY FoA £, ALstd AR, M3 HHx2AL PREIHL

o. A= 2 3§

1. A=

Potato-dextrose 3+ 8 2] 9} Nutrient 3+ 8] &= DIFCOAN®] ) AZ-& AL&sHY 3 KHPO,,
SnCl; - 2H,0, CaCl;-2H,0 52 F438#FE, Kanamycin, Penicillin-G, Erythromycin,
Chloramphenicol 5-& NALGENEA} | E(dvl=)8 AL&3t4 v} E3 Streptomycin, Tetracycline,
Sulfuric acid, Ammonium molybdate 52 SIGMAAH T Z) A ES ALL3FT}.

B e B7183te M AT FH2F ARG 60 meshe] M Z sievingdte] AL-3to).

—t

RAIm BF, FF SN EFS Astd AeolA 14 AT F YRS H A
0.5% calcium phosphateE -3+ Potato Dextrose Agar®} Nutrient Agard]=|o] z}z} HE3)d
0CAN 1-393 WAT F FRBS YASHE #2134 ARAATLAAAZ LY ¢ PDA
NABIAE 121Coll A 1587 st 55CE 43 ¥ CaCly,, K;HPOS 7H7 oi 2 H 731y
HFEx7t 05% HEE wiRlo] H7}sled PDA, NA-0.5% calcium phosphate ¥2]-8 3 ghul x|
g 9EG)

12} AEFFEE 0.5%wv) AJL 3183+ Potato Dextrose Brothﬁﬂzloﬂ HEF F 30T
Al 5UZE wi S ‘:}% ofzfjot Fo] JAFMoZRE AAdHE JAgFS AL FY &
LKang 9 1, 199902 ZHste] AW BaBAol 7 2Y FFE ATAURF2 4
SRS et F=E5AL #A slgY 0.5 mL-& 3 3t] Eppendorf tubeo] @& 3 15,000
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pmol A SEZ AAEesdTh 9482 F 45 10 nle At FFF 4 mLe A7}l
o % 5 mLol A stAch odrlel BEAL FLEEY 02 mL FHAY FHES 0.025
mLg Flatel @ He F 30TAA 1082 HAF F 690 nmel N FFEE FF3ATh ol
@?M AeY goe e e Wyoz AzsdQc EYRUs ¢EE §9 : 22Eg
2 YEFE@FEE) 25 g8 FHF 175 mLol 5 o H4b 280 mLe FHS oF 400 mL
J B8 22 AREA ETD OE HEA0L 100 mol FER Bel. FHAYFHS
o : ARAYFHEEEE) 25 g2 A 100 mLo] Yo} FEAPNA FATHE How
N w2 =AThHBE 9 4, 1997)

3. &3 §4

ARaFe Hests, AjAsisrd 2 v gEs 54E Manuval of Method for General
Bacteriology(Gerhardt ¢} 6, 1981)9} W] A& HPAM(FZv|AESS, 1995 ; @4 EFTS #
1993, 1999)5 & ol &3t ZAIATH

3} Potato Dextrose AgartlZ|olA] 347+ wigg Mg 0s0.2 13 ofHELR &5
3 & Az g Foz sl AV ZA(SEMES HITACHIALS] S-2460N, TEME Carl
ZeissAle] LEO 912 AD 29 )o 2 N¥e A 27|18 SH3Y0-

o} e AAHFTY FeAdrF, YAt g I 54 & Tt Bergey's
Manual of Systematic Bacteriology(Sneath 2] 4, 1986) 522 FA3}IATH

p)

R

4

b

4. Q2 HHz2A
AT HS2 @59 Q%A 7188 ANZPOZ WY &%, W AL R WAL ]
pH, AFAY FE, 4% 4714 2 BdolEe] F7h AT 5 ZABANIAY 9 4,

2002).

m. 2= ¢ 2%

N
z
Hd 22 R FF9 FF 59 EYoZRE ANE sHEHEHE 7HA 850 FE 1A
2§ & olg 7ted AFHL 71F Bol EHAIE HS2 FFE AY FFE HF AY
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2. HS-2 @59 54 ¢ &34

HS2 @& Gram €49 BHFo2 WAZAE 4484 QAT oy g B3
+5E AT =T 3% NaCl sjxolA AS3Hn 44 HF L= pHE z+z 30T, pH
6.0 o] en T4 ol THTable 1).

EF Voges Proskauer test®} ¥ EUole] A, ERALT Y5, catalase FAJ3} gelatin oY
3 5& FAANSS B YT Methyl red test, oxidase BAL 2AWS L wWPT) Soluble
starch, inulin, raffinose, glucose, galactose, xylose, maltose, fructose, inositol, ethanol 5-& x}3}A]
H31, 53] kanamycinol] tia| A wWAdo] UATHTable 1).

A FAY Av|FCEMF FAY AAAUZ(TEM)SE HS-279] Felg #3d 2
0.8 x 1.2/me] A b o]AchkFig. 1, 2).

ojdel a4ty 4L T B W HS2789 1¥SAY HFolT cystE B, ¢=m
Yolg st SPRALNAHTE 21 Je H 502 Bol dzorbacter sp. HS-22 T A E
RNew FHEE olE WAERTG A Fio

AF7HA AGA g Haldte vBEEE QoA o) Penicilliumz}t Aspergillusd: 2] A}A+F
@ B megaterium, B. polymyxa, pseudomonas striata 59 HTdF Fo] HIEoS Ui

Azototobacter 0T B AFA HEE QAR50 A Foz BYHYDH

ox

B

3 HH=

e

3. 034

)Y &xo 9%

25, 30, 37CoA A8 FFQ Azotobacter sp. HS-2E YA A7 vl & Q13 7143 =
$ 2AHE 4% Fig 3% 2o) 30CAM U WIS W UBH kgD o 14 nge) F2 A
ol 4=l HUENTS BN, 25TAMNE UAFAL 7188812 Zatdrt

ol Penicillium sp. GL-1010] 25Col N AFH-g 713 2 718/ AGE 3 SHHEE 9
4, 1997)9] Huste o dsax 79 FH A 2 eFzdo] wat A3y Easol
471 B8 e g FHEY.

2) WA x7] pHY] Y

Bi2) o] Z7]pH7}F 134 7143l mXe FFL ZAMS A} pH 4.0~9.04}0]o] A QB4
< BA3AL pH 6.0, 7094 Hh 35S X Q. Fig. 45 Penicillium sp. GL-1019] 2
e H & 4, 1997) AT
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3) AFH A7t w9 9%

pH 6002 =AF WA AFHE 002 ~ 2.0% 742 IFF=E 42 /M Fo 5
Hjdste] AFA HE8EEE A Z 0.1%04 Hieg Hiow 1 0¥ wEdME
gl v EojATH(Fig. ).

4 713 A7t 9%

Oxalic acid, maleic acid, citric acid®] & 7|4t} EDTA Z-& ZEo|EE 0.IMI A 0.5M7}X]
A4 WAl BAHFA 9 4, 2000)5ke] ARY Faol MAE o) I =AY 2
¥} Fig. 63 o] oxalic acidE 0.5M H713tA-E o oF 25mg/kge] FelAate]l BAE I3Y
wal-go] FH7F Az vl o 50% F7HH ATHFig. 6).

Table 1. Morphological, cultural and physiological characteristics of the HS-2 strain

Classification Characteristics
Cell form Rods
Size 08 x 1.2 um
Gram stanining Negative
Cysts are formed + (central)
Motility +
Flagella -
Temperature for growth 25~35C (Opt. temp; 30TC)
pH for growth pH 5.0~9.0 (Opt. pH; 6.0)
Oxidation requirement aerobic
Growth of 3% NaCl +
Methyl red test -
Voges proskauer test +
Formation of ammonia +
H2S, indole —
N2 fixed under atmospheric pO2 + (non-symbiotic)
Catalase activity +
Oxidase activity —
Assimilation of citrate -
Liquefaction of gelatin +
Antibiotic resistance
Kanamycin +
Streptomycin, Penicillin, Tetracycline -
Chloramphenicol, Erythromycin —
Utilization of soluble starch +
inulin, raffinose, glucose, +
galactose, xylose, maltose, + "
fractions, ethanol, inositol + B

+ : Positive, — : Negative
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Fig. 1. Scanning electron microscope(SEM) of the selected strain HS-2

Fig. 2. Transmission electron microscope(TEM) of the selected strain HS-2
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Fig. 3. Effect of culture temperature on the solubilization of insoluble rock phosphate
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Fig. 4. Effect of initial pH of medium on the solubilization of insoluble rock phosphate
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Fig. 5. Effect of concentration on the solubilization of insoluble rock phosphate
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Fig. 6. Effect of organic acids on the solubilization of insoluble rock phosphate
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