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Characteristics of Bacillus sphaericus PSB-13 as Phosphate
Solublizing Bacterium Isolated from Citrus Orchard Soil

Jae-Ho Joa, Han-Cheol Lim, Seung-Gap Han, Seung-Joung Chun, and Jang-Sun Suh'

National Institute of Subtropical Agriculture, RDA, JeJu 695-150, Korea
'National Institute of Agricultural Science and Technology, RDA, Suwon 441-707, Korea

This study was carried out to measure insoluble phosphorus fractions content fixed in different soil type
and isolate a superior phosphate solublizing bacteria(PSB) producing free phosphate in citrus orchard soil.
Distribution of insoluble phosphate fraction ordered Al-P>Ca-P>Fe-P in the investigated citrus orchards.
Insoluble phosphate fraction such as Al-P, Ca-P, Fe-P were higher in volcanic ash than in non-volcanic ash
soil. A PSB with high holo zone in PDA-P medium isolated from citrus orchard soil. This strain
identificated by MIDI system as Bacillus sphaericus. The optimum growth of pH and temperature were at
4~5,30°C, respectively. When Bacillus sphaericus cultured at 25°C, 150 rpm condition in LB broth medium
included different phosphate. Bacillus sphaericus produced free phosphate in the culture broth medium
from tricalcium-phosphate(207.0 ppm), aluminium phosphate(324.5 ppm) and hydroxyapatite(334.8 ppm)
and Phosphatase activity of Bacillus sphaericus was higher at 35°C culture condition than that of 25C.
Two type preparation inoculated Bacillus sphaericus made with carrier materials such as Bentonite,
CaCOs, Sodium alginate. Density of PSB in this preparation conserved at 10° c.f.u. g level during storage
in different temperature condition for 7 month. It also showed that free phosphate produced at PDA-P

medium.

Key words : Insoluble phosphate, Phosphate solublizing bacteria, Volcanic ash soil, Phosphorus fractions
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T w8 2 AASt] tig AT wol
o] Skth(Z 5, 1984: A, 1994: Z &, 1997:
1998: 7 %, 2002). 7+ 5(1996) > ?l/b_ﬁ}ﬁfi}
AR Penicillium sp.g& A3l 3, A (199
Pseudomonas putida®} Aspergillus niger
3t SdS Adete] G 7SS
235 A71= 83
of S E G 2
He] A5 gL °
AES v Egz
PR B4
ThA E] 8] A
(2005)2 Enterobacter mtermedwm&i X‘l]i
AR E7F JAAFFE =9 AF AAF
AT stATh QlAEe] THEstelE AVt
Q&S 3= Penicillium
A7Es ol tistke
1988: A, 1994). 53] AF

=

|

sp., Aspergillus sp.&
oo H 7} 11:]—(Kucey,
= SAsE Y ¢

Aul kel 2w o

)
g
N
o T

oX o %
frour
[e]
-

~
>,
2
1o

rr

Fo b op bt
o

o, il ofo > o
e
o
=

[o mx of

> do
30 o 2 o
(e e 4 r
off oz o

o o Wa do

et
oX,
N

~
>
ox
OOIDV:(JNQL'm
1o

oft fob ly
)

]

Y

o

I
|

l{e3
L

[0
22
|o
fu 2

=@ A
agglomerans 2]
0ﬂ1;]. 7} 5(2007)%
o A EA Q9

gelatin=

=

:Ld:o] _‘2. E’rUl =

2% FAE HAL FTE SAE A Twem
803 10% WAo] F/REA AEE S5 4
o HsksiTh

2 oare gEd B9 432 9a4 Qage
QA FEL BAST AW 4R o
8 54e 2N YAOR £89 WQES A
waa SAas,

ro

Q‘L
2
.51@40&'

O_E.o?.:oﬂ‘.'

X
1goll th3ted Saloid-P<
5 M NHiF(pH 85)&% &
,000 rpmel A 1027F 44
AUoE EAs3

A& Eoko 25 mLe E3} NaCl

I

ol
el

g0z 23 AF F 50 mLe 01 M NaOH &S
7V8ta 17417y W& & Ca-PE Fe-PS IE3 EY

‘6‘

o] 25 mL2] X3} NaClgH oz 23] A3 50 mL
9] 025 M H:SO£S 71s8tal 1A17F A8 Fo Al-

Py 7+& wbHo g BAFUTH YA iy B
Aol 53 F& APt $38te] PDA-calcium

phosphate(PDA-P) &2]€ #HjA] (Potato dextrose agar
20 g, CaClz 5 g, K:HPOs 5 g, D.W. 1000 mL)E 9]
ot EdS "o A4Sty =Este] 30 oA
~447F e $ol 12 s § erdd
oAl PDA- puﬂx]~ o]-gste] 2z w
Y EgolA A F919
53 Er”é“ﬂﬂ =R "é*tr 1 =
T &4
MIDI system (Sherlock system)-<
] LB wjA] oA 27k
o ANEAeHH wet S ZASte] FARA
17 (JEOL, JSM 5410LV)S. 2 70008] ] wij&=

Zat ATt

2

&
==
02
ol
-

AN oy
ol

—1m

iy
A

ol e oy e o
rlo

oo {4 2
o N mu

oy

o
=

o
2

01@
[0
—_
3R

[¢)

and

o

éﬂmémlmoﬂﬂ
PN 8o ook o M

T ZZ e

A a1

jas)
==

0

opet ot pE ok o2 AN

R P B = e TEATE
LB broth(Peptone 10 g, Yeast extract 5.0 g, NaCl 10
g, pH 6.8, D.W. 1,000 mL)8]A] 50 mLel| #33}o
pHe 4~7, %E—t— 20C ~70C WA 150 rpm O 2
79 7F RE Y & UV-Visible spectrophotometer (HP
8453A) & 1%‘5‘}‘11 600 nmolA FHEE FH3HA
ASHAEE ZABIAS FEIt Ad5S Z=Abs7)
&8l A LB brothul A (pH 6.8)
phosphate (A1PO4), Hydroxyapatite(Cal0(PO4)s(OH)z2)
Tricalcium phosphate(Cas(PO4):2) & 2+ 7+
05% (w/v)® Z7Fstdth. ol A& 100 mL 4F2HE&et
2306l Zk7b 30 mL¥ Y3 o37]el LB broth#j ]

gt U SR

Aluminium

wul
=



o1+ 7188t Bacillus sphaericus 54 407

Al 59 Eot 1‘% vl &F3} Bacillus sphaericus A Bl %
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g, CaClz - 7TH20 0.02 g pH 6.8, D.W. 1,000 mL)®jA]
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30CollA 27 Ax & EUAAE AL 3G 9
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st EAIFE S HATHY 1S AXSIAL
o :P?:JE% 03 x 10" cfu g Aok FFul ol
Bentonite®} 0.1% Sodium alginate &S &3+(895
10:05 =v :w: v 13 x 10" cfu g9 ¢
A FATY TE VEJT AxzH AAFS 4
‘C, 30C, 50CellA Hystax 30, 60, 120, 150
o, 180¢, 2109 PDA-PHiAIE o]&3te] AHFE
ZAteE o 33 whEFdste] Htgs Fekdh

Z2e EY I HEM ol Hefd s =
NP2 72y B T EEA AAde] g I
S ZAE A= Table 13 2ok ESE 4 F 8
QIaet e M E 1527 mg kg 02 SMAFIEQ]
= ZAME 711 mg kg, SME 645 mg kg HU}
Ttk EYT W84 datde geEdEe 3tk

Table 1. Inorganic phosphorus fractions concentration in volcanic ash soils of different colors in citrus orchard.

Soil color Available-P Ca-P Fe-P Al-P
mg kg’

Maximum 134 29.6 340.7 982.7
Black soil Minimum 3114 9312 1,903.2 1,500.9
Mean 64.5 391.8 1,002.6 1,244.1
SD 88.9 2704 420.1 168.8
Maximum 10.3 8.7 89.7 304.2
Thick dark Minimum 294.7 134.7 7232 2,356.0
brown soil Mean 71.1 1135 262.1 1,120.9
SD 80.8 36.5 178.7 546.2
Maximum 55 6219 59.6 2219
Dark brown Minimum 210.0 1,420.8 800.3 1,225.7
soil Mean 1527 884.4 251.9 630.6
SD 69.2 294.7 2188 300.8

" Ca-P: calcium bound phosphorus Ca
Fe-P : phosphorus bound to Fe oxides
Al-P : phosphorus bound to Al oxides
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Photo 1. Characteristics of phosphate solublizing and colony
morphology of Bacillus sphaericus in PDA-P medium.
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Enterobacter agglomeranski.th=
A THEE AWM GFA 2x9F pH, wiA A
wrEt JAATFEshEFS ol 7t 9\12 o g A7ZbeT)
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7 A 2-ketogluconate 9] Ao EEZE, {7
, phosphatase AJAel] <93ttty <A A THDuff
and Sundara Rao, 1963: Bajpai et al, 1971: 7 %
2001, Hwangbo et al,, 2003). Bacillus sphaericus®] -
golik AL L3 #FE LB brothHl #] o A
Wi & wgFA A E AFHEte] wigd e AFE
HPLCE ol-&3ate] Attt 1 A3 v g Fol=
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fr714kel oste] 14k o] 7HEst HE AoE A7
Hr} AF 7143} Ml Enterobacter agglomerans=
Oxalic acid(4, 1997), A4+74-8-3F A Penicillium
sp.= citric acid®} phospatase &4 (7 5, 2001)° <
ste] Qlatdol 7hgslEE ZoE B H oup Qlth
Bojelato g AT g oA E A7)
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2715 g93te Ay FEE H% F LB
broth ¥j A A wjFstdS o wigHe] Aaig
A& 25CHT 35ColA 583 - 645 wg PNP ml' h’
AL =tom oAAHZ = AIPO4, Cas(POu)200 A
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Photo 2. A scanning electron micrograph of Bacillus
sphaericus cultivated on PDA-P(7,000 X ).
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Fig. 1. Phosphorus released by Bacillus sphaericus in different
insoluble phosphate.
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Fig. 2. Phosphatase activities of Bacillus sphaericus in LB
broth medium with different phosphates and temperature.
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Fig. 3. Effect of pH and temperature on the growth of phosphate solubilizing bacterium Bacillus sphaericus.
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Fig. 4. Effect of pH and temperature on the growth of phosphate solubilizing bacterium Bacillus sphaericus.
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