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Isolation of Phosphate Solubilizing Bacteria and Its Utilization to Low Grade
Phosphorous Rocks from Bulongtu Area, Inner Mongolia
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Abstract Strains of phosphate solubilizing bacteria were isolated from soil samples of various soil classes collected in the
Bulongtu phosphorus ore district of Inner Mongolia. Phosphate solubilization of each strain was estimated. The phosphate
solubilization rates of strains A20, AC2013 and AC2015 ( Bacillus sp.) for Ca,(PO,), and phosphorus rock are 21% ~
25%. They have the synergistic effect on phosphate solubilization. The application of the compound bio-fertilizer composed
of phosphate made from strains A20, AC2013 and powder of low grade phosphorus rocks to potato can increase the potato
output by 23.08% on average. It is thus shown that this technique is one of the effective methods in which low grade phos-

phorus rocks are utilized through the treatment of phosphate by microorganisms.
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(Aspergillus sp. (#1%)) , BP9 T ENMMBERES
Fo e 89 2F HUFT 8 ( Bacillus sp. ) FIBEH By AR T 4
WESBIE, T L IR EIARHE, kG T~
23.08% B BER,
U RN

F AR Y AR PR A K B 8% 2 40 (R
ghu,1966) ,FL o iF ZHAA 2 BT M0 BE
71(Goldstein, 1986 ) , i 4 W BEHL ) 2 FI A HAER
Bha RPN RF ARS8 KRN
Ro

BRI RE T — A =R E T i — R
PR R BRTE 5 7 MV PR AR SR A [ R SR b o
Fr, R BE A B = A 1B K/ Z R AT
WiESET, WEEFRBP TR S & =B
LR, MERAUBRNTE(RADESE,
2001),
1.1 8

TRERRE ARG R ERT XRE LK

BEETHE 9982, B B SR AT R R BE D,
T :P,0520.0% ,Ca=10% ,Fe 5% ~10% ,Si 5% ,Al

1.0% ,Mn 0. 1% ~0.5% ,Mg0.05% ~0.10% ,
1.2 #EFE

1.0g Ca; (PO,), ZHEEEFENR T
10.0 g FE##, 0.5 g NH,NO,,0.3 g KCl, 0.3 g Mg-
S0, - 7H,0,0.03 g MnSO, - 6H,0, 0.3 g FeSO, -
H,0, 1000 ml %7K ,20 g B, pH:7.2~7.5,

5.0 g Ca; (PO,), M/ B IR 2 (RATTE,
1996) 2 7 :10. 0 g 4% ,0. 2 g NH,NO,,0.2 g KC,
0.1 g MgSO, - 7H,0,1. 0 mg MnSO, - 6H,0,1.0 mg
FeSO, + H,0,0.1 g B &% ,1000 ml #Z7K,20 g B
fe( ZMMmERAR) ,pH:7.2~7.5,

VA ERIRER 2 B3R 5 i 2 80 B ARk
TRAELLL Cay (PO,),, T E M BRI XS BED A Y
1.3 FEANSE

BB 5.0 g FRAFEHRIFKE M 250
ml &S, MEEK 50 ml, 7E 90 1/min EhHIFE K
£ 20 min HIREBR, BO.2 ml MEERK TR
F20 ml BB KEH 250 ml =T,
0CEK4 d HITTERER . AEMNFBUERRE
FiR SR E ERILSE, 30CHEHK2~3d, FFRE

R & X EEET, AR PR R B R B T iR E A
L 30C 5%,
1.4 EFEMHE

Feid i 7 W R B AR R R O I T O I 1O
FES = AR R R, TR XS Cay (PO, ), H1
B MR, TRk E B A B R
o

(1) %8 ¥ ( Viveganandan ,2000) ;

R RHE B A A R K B R B, A R R
TEFAR L ARAERO. 5 ~ 1.0 em HIEBE,30°C 1535 4
dJ5, A HINEEENER d MEVBNER D,

(2)Ca,(PO,), FABEW #3537 BT E «

WM — R TFER SO ml fiks 57 2 K
ER=AEP,30CHE5%7 d )5, B 1 ml 7£ 3000 r/
min B33 E B0 % 30 min, B2 0.2 ml FIBESE4H A
SR E RN EBEN R,

1.5 £HEEBE

AYESHIERN T AR (EEL): #
PR (2.4 x10°/ml): RALHEM(KE): BT #H
: NK4LAE =25: 30: 35: 15, X{HB(CK) WA
FIkREmBEBsh, e AmAmE.

2 FR5TR

2.1 BRIEMSBER
ME—HEP BRI T 70 24 Eitk, EidEH
Bk, ML L RRMBEANEIITE L,

1 BUENEAE(E—H#)
Table 1 Transparent turn of phosphate solubilizing
bacteria( first group)

B A5 A9 B5 B15 B17 B6A
d/mm 4 3 4 4 S 4
D/mm 5 17 17 18 20 18
D/d 1.3 5.7 4.3 4.5 4 4.5

RPN IMD HANERNFPE, —HK
B, D7d (HECK, MBHE AR, 3R | PR
w2 RBEEMFERE, KL AS A NFRT
W, e = RAETE, A THFANFERE
R FEBHHERIS, ARE LT TR, ik 2 A
BEATENMABETRESE. Mk, AR M)
HRESE B, EANFBFRTFE. 2B
W4y B TETS ~ 80C KK 1 n#410min, 2R /5
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®2 BREAMERAE(ETH)
Table 2 The bacterias transparent turn of solution
apatite ( second group)

*4 WEHENRTANIRE
Table 4 Phosphorous ore decomposition rates

of phosphate solubilizing bacteria

g3 A20 AC2012  AC2013  AC2015  AC2024

W A20 A9 B15 AC2013  AC2015

d/mm 8 8 10 7 8
D/mm 22 20 21 19 21
D/d 2.75 2.5 2.1 2.7 2.63

%3 AEE%IT Cay(PO,), HINMRE
Table 3 Ca,( PO, ), decomposition rates of different
bacteria stubs

2 AS A9 B5 B15 B6A A20

pH 5.5 6.0 6.2 5.8 5.8 5.7
2EE/% 9.5 6.7 2.1 4.9 5.8 9.1
Bifh  AC203 AC2013 AC2015 AC2021 AC2022 CK
pH 4.0~4535-40 3.5 35-454.0~45 7.5
AMEZ/% 8.86 21.27 21.54 23.83 10.37 0.125
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" AC2021
AC2013, *
X 20 AC2015
iﬁls
AS A20
R 10 ST A9 BEAS aAC203  alaon
a Bl N
5 BS A
oLCK -
0 2 3 6 8 10 1z 14

MY

B 1 REEK Ca (PO,), BYHE
Fig. 1 Ca,( PO,), decomposition rates of different bacteria stubs

BT VAR B AN B B L 11, 18 B JL bR 8 2F
farrE(E2),

WHME R RHE,D/dHN 5.8, BTHR1
ik 2 PEEL D/d i
2.2 WBE Ca,(PO,), FMEMNE

D/d E{UEHIET BB A e, B R
ZEIEATX Cay (PO, ), MBH 4 5B T €
HAESE AL, AR5 B 32 b B 4 18 B TR B
ZAMABEESRT d RRIEKRY Cay (PO,), KI5
EF|FH 3,

ME 1B, ZFRIFF RS Cay (PO, ), BIAMRE,
#5w T4 = [KBATE S B5,B17,B6A %t Ca; (PO,),
Hy43#% %, AC2021 , AC2013, AC2015 F AC2022 %
e A pH B, 09 pH 3.5 ~4. 5, Ef 1% Ca, (PO,),
MAMERR,H51%23.83% .21.27%

pH  3.0~4.4 3.0~4.0 4.0~4.5 3.5~4.0 3.5~4.5
NREN  5.87 7.84 5.82 8.47 8.03

Rk AC2021 A20 +B15  A20 + AC2013 A20 + AC2021

pH 3.5~4.5 3.5~4.5 3.5~4.0 3.5~4.0

DIRE/ % 8.94 17.59 25.34 22.09
g A20 + A9  BIS +AC2013 BI15 + AC2021 CK
pH 3.5~4.5 4.0~4.5 4.0~4.5 7.2
SR/ % 17.43 11.76 11.59 0.103
301
A20+AC2013
25t A
A
220} A20+A9 A20+AC2021
s A20+B15
Rl A9 AC2013 BIS+AC2013A A
A A20 A A AaC021 BI5+AC2021
51 A A ac2015
CK B15
0 2 4 6 8 10 12 14
B2 BBEXMHTANMEER
Fig. 2 Phosphorous ore decomposition rates
of phosphate solubilizing bacteria
21.54% ,

2.3 BHENBTBRIBENNE

REBABED A FHBERLL Ca, (PO,), LEYW
MRS HEE BRI EEEFEZHENTE, hif
— 5 TR ER R EXBRT AN SmES,
MAF G E BT RED 9982, BiEE - 80
H TR E R R AE , SR AE 4,

ME 2 B HFANENH XY A EEL
BAENIMEZERBEZ, BTFHNAEE A2 +
AC2013 Fl A20 + AC2021, Ef TSR MATHE, Xt
BT AR AESF R 25.34% F122.09% , LB AE
HAENB—EUL, RAASEMBRT AN RE
RN, KEERRIBRE pH 3.5 ~4.5, KW, BTif
HHRAERAITERER. XEAVRNMEREERE
KW R pH, T B[R L B 5 HEETF
B8 ERTEBERRE, FRRTREREE
ARNEZ—,

Hig bE—EMBLTEEN, B BHAERK,
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RBERS BB RS E, et RR R, B
R R AR, B3R R IR, BRI L SE R
FrE B 15 d ERMBERTIEHEAR, M
TR AR T R, 3 4 R — M F AR
K. IR EEMNARHEEEERIAAEMN 154
SEFRHE , 722 LA B3 3R B1E) , BT RE e TRKIE ) AR
B, IR A K S (M k 2%,2005)

THAEFRISEHILGEE BT T RN
ME AREEMHDT AR EERIL 0% ~
91% , K EERHIERE pH 2.5 ~ 3.0, B R L 1
FE®W 3 ~4 15,

B/NEEE(2001) SRt R B, LABED A R
ME—MBRIE R AR, KA EE N BRE S
H5Ro 1 Kucey(1989) R iE EH M MHERE 1 — 2
AR 10 1%, F B A S — S Eb R Rk LR aE
01, B W 25 AR R F A% 8% BE 7 (Nahas, 1990),
XRFX—H E KBS SR,

2.4 HERELAR

HTREBHEAOLRN AR, hETR4
R BIFAA A20 + AC2013, 1 5 L B & BEHE 43 51
X A20 #1 AC2013 #47 T KRB IRAE, AR
BRI A BB RA RIS ERIE 2.0 x10°/ml WL L,
FHEREEPRAFREDESHE, dAFE
WA R E L EBREY DL ET 2001
#£5 AZ9 AEARIEE R EHXi#T T HE/MR
BERGAE , REERIITES,

FS P, A EYE AP AL B AR
MEBSN, K ERBH A LR ; CK MBI
RACHHS , B/ NXER =10 mx2.2 m =22 w’, jiAE
5 kg,

BT E AL B H Y F =38.31>F,,, =18.0,
H7=23.08% , ikt B EHHR

3 NG

AR BT R I R 3R & L 554 H
R UELRNGURBE LRIE S0 EE
REER . G EERTUBE TSR AASEY
iR BB X RE L P B, 2 156 2 0 A B
ZEHIAF W ( Bacillus sp. ) A20,AC2013 #1 AC2015, %f
Ca, (PO,), FIBED A 10 KB A RIR MY MRRE ST
ENTxBE 2 R A U E RN, AT A20 1 AC2013
MEBRH RN ERSBEETIRE, #>

23.08% , AR BEWEBOR, AAEWRA FTRER A F
R R BB B BB RZ —. S RRMILINE
BB S AR (5 A 0% ,2003)
(1) B AE Y AR SR
Q) BB EY SEYRREREE RRD
REZ AR ER
®5 BLEIREFOFRRAILE kg
Table 5 Comparison of the yields of various processed
potatoes /kg
¥ MRFE fimre GxEE HE
W 1 I I (3™ /%
A 359 37.9 36.7 36.8 1394.6 26l.5 23.08

B 30.9 34.8 32.6 32.8 1243.0 I51.4 12.1
CK 29.8 30.8 29.2 29.9 1133.1

BG)EHMEY S M MAe Y ELE
A
(4) EDBHR 5 FEYFILE,

S ik

HAR, iR, HEK. 2000 FRABEE T Y%t BB
RUAREMERENEN. SfTAFERORESEGRY),
26(4) :461 ~464.

WRE, H R, B, % 2005, BEMEHESRICRPT . S8
IB%M,5(6): 636 ~639.

BAL, Hhif, RME. 2003. LREBHREFRLR ERSHF,

25(1):3~7.
T, 1994, AFEARBEALRT WARREHE. 754
A, (4):1~4.

R, KWWK 19%. AHBHRERACOMERE. BRER. Wt
WREH B R A AR R, PERLFH R ,61 ~65.
AR, BPEEE, HKM. 1995. BRAABRLNER D
MMEMAL . RIVETER¥R, 17(3):36 ~40.

B, ZBH, Bask. 1994, [I7 I B 40 SR BY 5 bk 0 0 20 10
B LR L HAAIR, 15(6) :368 ~371.

BUNE WER,%. 2001a. MEMBHENIE HENTR. MEY
#iER, 28(1) .1 ~4.

BME MR, 2001b. BAEVMBOBRER. L HARK,2001
(3):7~11.
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