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W OE: MEYHE T30 S e 2B PR JJ IR R GIT-1, 456G BAEfbfebrAl16S tDNA J741 53 i % H o R
HME (Pseudomonas sp.). Bk GIT-1 XfBEMR =45, BERRES. BEMREKHE —ERIWMRAE 11, 28°C HFRFM 3 KX BEMR = £S5k
BrFRIEIOW P RATIE 224.51 mg/Lo LB IFBHBES AN EL EBED 0% P BN 314 194.25 mg/L Al 120.59 mg/L. il 474
B U5 B P A AL BRI Bk R T N A R RS, SRR GIT-1 ol I

KEBIA: WA Pseudomonas sp.; WAL T A5
HESES: S154.39

W (P) RARIEWERKKE I LHN = KEFRICR
U, REEh 4 P SN 04~ 1.0gkg, (HiXst
P 211 95% MRS P, ARMEFRCR P
THREEY T E, BESEHCE P L. (2,
ANt PSS L Fe'tL Ca®t Rl ALY
G, WA B R DR, FEP B FAT
FE A 5% ~10%) . [, K P AR A A i
THEP ZIMER, FEP AR, VR TAS
7N

KEHFRY, LD 2 A P IE
H, e FE A DU SCOR] I P2= ) ot Ak ok i gy mf
WA A, RO, HAT X R GE
Tl A W 1 BR Ok s A2 4 ( phosphate-solubilizing
microorganism). 73 &5 i Gk = RO R, I I i
YRR BT R P, TR PR R,
AR B . 75 P BRI Z 10 3 Ll
NIEBE Y BT R 7 P IET N 3%, (e HEA
YA, e i B3 P O E SRR U8,
Hur oioE s A IR 2, A, W,
TSR o AN A M 1) Y Tl A R R AT IR P
FIEERP RO 22 K, P BA, M 38 e v 0 32 v 3K
WY, I PO AT RIEIT R H O A
ML=

AL MAEDI AR B - b 23 B L 4 R o
B, DU i B A A= D IR ) T A b AR 1R TR P 5
A -

1 #MR57F%E

1.1 #H

Pl e WE R ARRBR /N L R,
Fen IKFGEAED MR 145, SRFFUREE 10 ~ 20 cm,
B 4C KRR, &

it O BRI (MREM PVKPD: 4
¥ 10 g/L, NaCl 0.2 g/L, MgSO,47H,0 0.1 g/L, KC10.2
g/L, (NH,),S0,4 0.5 g/L, Cay(POy), 5.0 g/L, MHRHEE
0.5 g/L, MnSO,-H,0 0.002 g/L, FeSO,7H,0 0.002 g/L,
0.4% Ry (pH 6.7) 6 mI/L, MNZE1E/K % 1000 ml,
pH HA%R. @ffiikksgE3E (NBRIP'D: %58 10 g/L,
MgCl,'6H,0 5.0 g/L, MgSO4H,0 0.25 g/L, KCI 0.2
g/L, (NH,),S0,4 0.1 g/L, Cas(POy), 5.0 g/L, HNZ&miK
%1000 ml, pH7.0. ®LB Higeks: HEAM 10 gL,
FERERS 5 g/L, NaCl 5 g/L, INz&1#7K % 1000 ml, pH 7.0
~7.2,

ek P YR MR BRI =4 (Cas
(PO4)2)~ BEMRES (AIPO,), JHT R FRFE WA 7 A
H ;O BEERELE (FePO,) T SIGMA W F|AF . #
Wk B BBV K (Yichang RP). JFFHBEH K
(Kaiyang RP), Frf BN A ek 55« 2% 14T
B, PUEHTOEN e Mm% P S Es A
W LA M B A P SRR
(1D, YUHTCRNE Y kB4 P &, e
gERWER 1 PR,
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Table 1 Phosphorus contents in phosphorite powders

Rk 4P HRUP KEE P
EA=102 ) 21.33 2.964 0.124
FFERBE B 21.53 3.952 0.076

1.2 BHESBEIFE

1.2.1 W B R FREC 1 g BAEW T 99 ml
TwAKH, 10 f5FRE SIS 107, 10°, 10°
g/ml [FHEER, iR 25y s s 7R dk b, 28°C K
% 4 K, MEHIE P EINEE, WEk P BAER
(D). W% HEA (D), MyEaed/~ L% P 5 D/ H
KNSR 52 EREIEE P AES . F D/d=1.5 [ kE
FIHFAR RN 262 g5 it f5, 4°C R4 T LB &}l
Bigedk, -70°C ORAFBFP T H .

1.2.2 A 250 ml =1 28 N A4 TR i
RigE3k 100 ml, & EKE 121°CL 25 min % . H1E
LB iR FAEK 12 h (40 B w2 (R
2125 1% 10" CFU/MD, K430 0 1A 8 1 ml 36R0 T |
KR AT IR S IR AR, DR R, A
AbFE 3 RERE, FRIRK;FE (28°C, 160 r/min) 3 K,
WEAR P &8 pH {H.

1.3 BEHBEBYRNE

1.3.1 RIS RN T LB MR IR IL T
FEREEAG, BRSO, TJCHRIZKYE 2 IR, il i e
W, WL 1% 10" CFU/ml.

1.3.2 PR 3 Pl R IR AL MR e e =
SN 100 ml COK B IIE P 857, MERBER
RSNy 5 /L, 4y BEER 1 ml #ER 28°C, 160 1/min
WEIREEIRE 7 Ko B3R 12000 t/min, 4°C 2.0 5 min,
IS0 e A %% P& R pH {H . BERBEE A0 T,
RAMEEER 3 K.

1.3.3  BEERXT 2 FOBED RS M W1
ml B F] 100 ml GiE R FRIEF, P YRk i
¥, IMNEN 5 g/L, #F 28°C. 160 r/min FEKEIET
Hi R 14 R, MERFFRP AP F8. T Ak
FRHEE. KIGEW TEE 3 b, MANEEEES 3
/8

1.3.4 H#BENE RS AR KIEH
W ISR AREIRES TR 14 KGR A 5 IR — At
T, FHEUTEHIRE, HAH B Hitachi S-3000N 1
T, .,

1.3.5 @ik FH pHS-29A 7RI & Tl e A 1%
WK pH {E. KR ERAE 4 000 t/min 20> 10 min, HY

IEREREE A5 AL FIR UV3010 AT WLkt
FETHAE 700 nm A0 38 ok BHBA BT EL € 72N s ol 1 OF
WHAR P SE, WP s BRAER . 5L
WK DPS Gevt B AEAT M7
1.4 HEMEE

BRIAR TG B A B AE AR D 2 B SCR[ 13 152E4T
BEBE 16S tDNA B 5elE KPAIIE, RV HT, idk
AR L) 2 2 HE SCR[14] o

2 EHRMSH

2.1 BHEEBRNRFRKIEFE LHEHMR

MRAEI) 39k SR 2581 57 MRAERMARE IR
HUEE P 1B (DA=1.5) WEkk, Hh DA=3.5 194 9
Pk, DA=2.5 47 27 Bk, (A P RIS ELT) 63.2%.

K 57 BRAT R PRI B R 3 i e A e A
IR SE 3 KA, ML EIEWnTe Tk P o,
SELRE, WREERZ N P R JIANIR], FLARL P 1Y
HAE 5329 ~224.51 mg/L Z[i]. SEEGEE RN, Wbk
GIT-1 7E4y B R I, AR EE 4 RISV P R
HAR/EEEAE (DA Ky 371, EmRRAR IR L
AR 3 ORI P &S 22451 mg/L, ¥ P REJ)
Bk, ATREG G REHAR N TR R . 7S5 R I,
KB PRS0 5 1) 25 S 5 7 0t 18 VA 15 77 A
IR G B2 450 NI R P e KNS 84—
B, XnTRe S EMRAE RN G TR AT AR AR Ty
AT K. (TR B PRRT 7R AL LI P RES, &
PR WA E S A NE VIR, SdBiEy ier L
Je [ s —A B Sk P 375 B LA i o 12 DT o A2 75 A W
P e " 2SR W, B TR R P R
JIWIBERE, Al 5 BT ARE %, RIAA D AT R 2%
TH PRk, B P IETEKIEEE R M AR AR
ROLHE P RESI M ERE, AR R7:, RO
DR RILE PR ENC % P R R LR
PR/ BT A OGN, BT AR FH AR B 5% 075 0 1) 77 1%
CySEEgtin
2.2 Bk GIT-1 3EERE B TARE AE

IR GIT-1 SRS IR AR () S A R RE AN, (H
W P AR RGN N TR . i 1 B
TN, IR —ASAES SR GIT-1, 0~ 72 h %P &
B, 2 72h BB, A 22451 mg/L, pH &
WNBE, 72 h N 4.54. BERRESIRAART SRR GIT-1,
#) 96 h ¥ P fikFIEK, h 62.71mg/L, pH 1 NN
4.36. WEIREAEEFRIEERD GIT-1, ] 96 h ¥ P &k
Bk, M 1741 mg/L, pH {H FB&A 4.45. (EBAATRER
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Fig. 1 Changes in phosphate released and pH over time during phosphobacterium GJT-1 solubilisation of Ca3(PO4),, AIPO4 and FePO,

TR GIT-1 ¥ 3 R MERERR Eh e 77 e K/ IMKIK
N IR AN > RS > Bk, 7RI R B
P BN, pH I N 2 ~3 AN U2 EoTEs R
R, R AR O LR BRIV P ML — 1A 1A
AR A FLIR . HATREIR . ATRRIR. NIR. T
FRAEZ R HLIR, AR pH EIAS, TR P
PRI R 2 ARG i 45 BB IESE 4l 1E - GIT-1
P BB pH (HEAIME.
2.3 E#k GIT-1 A MABERE

5 C IR AL B KR BRAT L, FERh s e v
GIT-1 Ji, VORI FHALE & SRRk h
ME— P YRR IR T AR P St a s, w2 By
N, WigE 14 RJGH P =508 120.59 mg/L. 194.25
mg/L. W ILERE GIT-1 RER0AT RUHbA A S ALBED k)
HRHE T Po S0 R I Tl K3 B R 1) R B T A
P R L BBy, U] TS TR T R REAE A AR
RYEAHIRR. W, B 515, R P R, ik

R R P & N

R 2 GIT-1 EHR S EE P AE
Table 2 P-solubilizing capacities of GIT-1 on phosphorite powders

W B FACELIETAT U P S (mg/L)
kg sk F K PR
A B 39.40 82.65 120.59
T BARED 91.74 147.31 194.25

J& T UURUE BB Hea P I BB I8 TR
GIT-1 LK R AT A i, T 5 52 4%
o Kol ik GIT-1 AR 14 RITER A HEAT 1
Fpgase, wiE 2 Pron. HEAEA, s s
TR~ IR VRV VT VR AL B Y TR A4 % T 45
WA ZER . AR, A1 14 REER I B
If, MTHAEARERME 7, TSR R
T (R85 1 HEATAZ e, LA WAy 2 1T F 23 S5 A AR AL
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(a) J5ikt

THTAT TR R B AT A S T IV AN AT B R
A, R GIT-1 BURIFAEREN B LA Ar . &
BEL, R T 00 e Po

(c) LM GIT-1 K%
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Fig.2 SEM images of the surfaces of Kaiyang phosphorite powders after treatment

2.4 BEMEE

BEAE GIT-1 HEEAFR, 07 ~ 1.2 um x 1.2 ~ 2.5
pm, SEECREE, A, iz, AE0RNK
AR, 7F LB FHE 30°C R¥59% 120, BT A0, H
T W ANIEW L HERE GIT-1 AR AP BT VP R
AN =0 ANRE LB~ B e AN £ T C A=) W 8 5]
SO, A RO . A DRI RO SR RHE, AR
RIEEHIERE . TR

DL FE GIT-1 (15 DNA hAH, FIHAME 16S
rDNA 5#4T PCR 471, 2L 1.5 kb 14
B8, EK GIT-1 ) 16S rDNA J#41 Genebank &
S5 FJ426594. MR Genebank 7251 [ Y51k LL 4%,
W #E GJT-1 5 Pseudomonas azotoformans ( GenBank
G5 D84009) AT 99.5%, 5 Pseudomonas
cedrina (GenBank #3524 AF064461) [A]U5 1

99.4%, L Pseudomonas libanensis (GenBank &3k
A AF057645) [RIYEYE N 99.4%, 45 & A B ALk
S5 R, PR E 4 E N B 1 (Pseudomonas sp.),
WIER GIT-1 2R ERPIRE LI 3,

3 &Hit

AR P AR B - B8R i g3 8 B s A
GIT-1. BFE GIT-1 7650 SRR IE b, KA 4
RIFE P EAR/ BT EAE (D) O 3.71, {EFFEW
WA EAEKES 3 REE P Rk 22451
mg/L, % P REJI0R.

TRV ARSI R GIT-1 VSR 3 o v M i 1R
ERAETT R BN MK A IR =45 > R IR BE > W IRk,
FER B FE R B % P RN, pH (EI F&F2~3
AN, RIRFE GIT-1 % P A )15 pH {5 E AN .
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58
44 Pseudomonas brenneri AF268968

Pseudomonas proteolytica AJ537603

62 Pseudomonas gessardii AF074384
47 — Pseudomonas libanensis AF057645
Pseudomonas cedrina AF064461
68 s Pseudomonas azotoformans D84009
62 GIT-1 FI426594
Pseudomonas panacis AY787208
Pseudomonas migulae AF074383
Pseudomonas umsongensis AF468450
08 Pseudomonas koreensis AF468452
74 Pseudomonas jessenii AF068259
P

0.001

3 HTF 16SDNA F

S ELR A B R ERHKE

Fig.3 Phylogenetic tree based on 16S rDNA sequences homology (Evolutionary distances showed in figure were calculated by MEGA 3.0;

Bootstrap =1000.Bar, 0.001 substitution per nucleotide)

BERE GIT-1 X I BBk FEL 2 B0 K3 (93 P &=y
W1k 194.25 mg/L F1 120.59 mg/L. 303 14 /55 0 5%
FIE TP P A FE PRI AR R 2 1 U HLA B ARG 4
JRb A, RWIRR GIT-1 n R0 k. 45 & EHg
HLFEFRF 16S tDNA JF 5153 1T 4858 Wik GIT-1 AR
Mt (Pseudomonas sp.) .

BIPE GIT-1 VE 0 R Wbk, A Rrided /N XA
K FHAR S0 DA 2 BRI AR GIT-1 11 | ) 3 FH AR
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Studies on Phosphorus Solubilizing Activity of a Strain Isolated from Corp Rhizosphere

SUN Shan, HUANG Xing, FAN Ning-jie, FENG Zhao-zhong, LI Hui-hui, LI Shun-peng

( Key Lab of Microbiological Engineering of Agricultural Environment, Ministry of Agriculture, Microbiology Department;
College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract:  Phosphobacterium GJT-1 was isolated from the rhizosphere of crop and was identified as Pseudomonas sp., based on its
physiological characteristics and 16S rDNA sequence analysis. Phosphate-dissolving activity was measured in solid media as well as in liquid media
using different phosphate sources including tricalium phosphate, aluminium phosphate, ferric phosphate. When phosphobacterium GJT-1 was
inoculated into NBRIP liquid culture, the release of maximal available soluble phosphorus reached to 224.51 mg/L after 3 days incubation at 28°C.
The strain showed high phosphate-dissolving activity for rock phosphates from Kaiyang in Guizhou Province and Yichang in Hubei Province with the
capacity of 194.25 mg and 120.59 mg soluble phosphate respectively per liter medium. SEM study of the phosphorite powders retrieved from the
phosphobacterium GJT-1 cultured medium revealed the actual dissolution of phosphate from the mineral surface.

Key words: Phosphate-solubilizing bacteria, Pseudomonas sp., Phosphate solubilizing activity, Availale phosphorus
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