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Isolation and Characterization of Three Bacterial Strains Capable of

Phosphate-solubilizing from Soil

LIBai LIJun SHEN Ya-qiang
( Jiaxing Academy of Agricultural Sciences, Jiaxing 314016 )

Abstract:  This work is to isolate and identify the phosphate-solubilizing microorganisms and develop microbial complex agents targeting
for solving the problems of agricultural non-point source pollution. The organic phosphorus pesticide “chlorpyrifos”, “trichlorfon” and insoluble
inorganic phosphorus Ca; ( PO, ) , were used as phosphorus source to screen and identify the phosphate-solubilizing microbe from soil, as well
as analyze their phosphate-solubilizing capacity. The result showed that three phosphate-solubilizing bacterial strains (W, Y and B ) were
isolated from the soil. All three strains were gram-negative sirains. The degradation resulis of organophosphorus pesticides showed that strain W
had the strongest degradation rate of trichlorfon with 17.39%, and strain B had the strongest degradation rate of chlorpyrifos with 23.06%. All
three strains solubilized significantly solid insoluble phosphate, and the B strain had the highest phosphorus-solubilizing capacity of 96.31 mg/L..
The solubilizing phosphate results of single strain and compound strains showed that the effect of compound strains was significantly better than
single strain. When W, Y, and B strains mixed with EM, the phosphorus-solubilizing capacity rose to 119.46 mg/L., and the phosphorus-
solubilizing capacity in paddy fields and greenhouse soil was improved to 18.38 mg/L and 14.08 mg/L, respectively. In conclusion, three
strains isolated from soil have the abilities of degrading organic phosphorus pesticide and solubilizing inorganic phosphorus Ca; (PO, ) ,. The
compound strains significantly improved the phosphorus-solubilizing capacity of soil significantly.
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PeHEE R (MC-LR ) 5 8 04 b DXy e A it &
FFF AR BT B8 N 5 2 SR B AR 2 1 AKAAS
S iibun=7/boi v L e S V95 8 - e oy Ll
2006 AFEHTVLA 524 T T IR 3 G, R
AR, IEY TN, BIAREKIBIR RS,

ERXPAOI RIS, bk R T “4R”
Biiasie, BP . Pk, o RRENT, Kimigk,
TEIA . M EAEE A PIEOARLE AR B B
W R TPIARCR L BRI, R
TSRy 4 KR EA RIFRIE AR L0 b,
— LB AR T, SEMI A KA RS ER
B s U B R B, PRI, BRI
FCIA ( Serratia marcescens ) Fly= S JHT i ( Enterobacter
aerogenes ) ALFRE K, ZEHRME . WTHE . MK T
FAP AR AL FRZH 5 29.9% . 16.7% . 24.2%, Z{U
F B W NE R B o T AR T LA T B
XA P B I AT ARG I - B v R 03 i 2R 5 R,
W AE R R AR S, RSk M Bl s e

ARIFFEE G T A E I 5 G 5 VR 4 Az m]
DIRCRE A 23 B VE VI L, INIREE 345 A
Ve A LA 2, JFREV AR JCHLBE I TR, JFgEr
PIUZR RN O S AR N, IR IZE )
I T o A DA 2 | R TR R I 255 T
AR, Sy HAELOM T 55 G R AR A v i g
FHAR LA
1 MR5FZ*
1.1 A
LL1 aGR A IR 2 Bm fUpR v A (100 pg/mL
u=3%) W A BTHL T A w, FESEMARE M (99.0% )
4 [ ¥R R A RRA ], AN A L%
AERGR &, HA Ry o pr Al

MR S A ARG SR - 8% 10 g (NH,) SO,
0.5 g. MgSO, - 7H,0 0.3 g, NaCl 0.3 g. KCI1 0.3 g.
FeSO, + 7TH,0 0.03 g, MnSO, - H,0 0.03 g. CaCO, 5 .
PEREEIY) 1 g, Zl7KEZ R 1000 mL, pH 7.0,

MR SE A TCHLBE R SR 2 ¢ 1 000 mL 524 0RK
TREEFRFLFINA 5 g Cay (PO,) 5o

R SR A RIS MARE R 2L+ 1 000 mlL 52 4 R 1A
REFRIEIMA 20 g Bl .
1.1.2 WA ARUEY (Effective microorganisms,
EM) WA, W H vg K EAwa RA
12 Fik
121 BFPAGSTES BURE . L REECE WA F 2T
BB iR RS T, HeRh . AEICEK 12 100
(W/V) FReI, LA 2% PRFR L HERD 158 4 W0 A s
FEIH A5 0.02% A WL 2 .0.01% LI .0.01%
BOE ), B3R 2 30°C. 150 v/min FEEIR IR
5 d JE B SR IR R L 2% (RFR LR, A RSR 2
W WA BOSFRIG B, 4% 107°-107 BAERRE,
B 200 mL VAR T2 S MICHUBE AR SR 3L, 30°CH;
775 do XL - e HA B I Al L ) TRV R0 2k 2
aifb 3k, RHARGFRIL 4CIRAE, RIRREFREL -80C
TR A7
122 ARG BosmEk W, Y, B
FiE 2 ODgy=1.0, LA 2% AT LA 5IEEFI 25 0.01%
BEFEIR 52 4 MRV AA R FRIE TN 5 0.01% BUE M5
S IBRAAE IR, 30°C . 150 ¢ /min FHRIK FHRTAHE
F2 72 b, JAA R P I R R R
T, SLIEE 3K, ARITEEE R FE
R, RAGMEMMR (%) = (FEFRARIE - iR I5 Wk
FE) 1 EEFRRTRE x 100% .
123 [EAMEEBEEINE 2EEEW,. Y. B
I3 HILA 2 % AR TR LA 21 58 4 i WL R A B 7 5
30°C . 150 v/min FFEIR FARGHEEFE 72 h, FHAEHL
LU TR AT A O i, IR R 3Kk, 1A
B, B = BRI WRE - BEIRRIMOE, B
o S AR B 2
124 EEEARIE 2B R W, Y. B
T AR AN B A A2 e iR A 21 4
AR FERR
125 AT %E HSSEWEEW. Y. B FREA
16S rDNA ¥ 41| PCR 15 . 3% 5% 09 14 W Jo 18 /K Bk
V. i, BWA KBTS min, FKBRH
1 min, £ 10 000 v/min 5.0 5 B LS5 A,
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PCR 514 : 27F : 5-AGAGTTTGATCMTGGCTCAG-3’
11 492R : 5-GHTACCTTGTTACGACTT-3', PCR JZ
MiAZ (50 mL) H : 2 x PCR mix 25 mL, JCHE/K 22
mL, 5% 27F (10 mmol/L) F1 1492R ( 10 mmol/L )
% 1mL, Bk 1 mL, PCR P HE5MH  94°CTAENE
4 min ; 94°CAEME 30 s, 50°CIEk 30 s, 72°CHEMf 1.5
min, 30 NMEI 5 72°CHSGLEM 5 min, ) H
1% By BEMEEERS HL VIR, I g SRR /R A}
BAT PR A 52
1.2.6 I FE. W) IR pH (E X 43 B TR BE B B 0 52
M ORf -80CIRAEMI MBS MR WL Y. B 23 jlEfh T
LB WA R F2 56, 30°C . 150 r/min & 758555 24 h,
T ODg=1.5, FFLA 1% IR L4 FhF B i LB W 1k
ReFeh, 4y BIHE 20, 25, 30, 35, 40 M 45CF
150 r/min 1577 48 h, 56 H A 3 UK, 5E B ODjgoq TH .
ST LA 1% RF LR T3 ef LB ik
Rigedkrp, REFRILAIVIEA pH E R 3.4.5.6. 7.
8. 9. 10, 11 F130°C. 150 r/min }53% 48 h, SCIGT
53, ME R ODgy fH -
127 HEWMBEHERR ¥ W, Y. B35
B MEFEBE E ODy=1.0, EM B (1K) BRE
ODgo=1.0. # W. Y. B H—EkE. EM HNE 55
F (1) AL 2% RFR L FERR 2152 4 R TCHLBE R
FR¥E, 30°C. 150 v/min WIFEIR FARGHFE 24 h,
HBE BT G2 JCHL P &, SEIRER 3K, 4
Mr i

®1 EGETESBEEKLE

HER%S w Y B EM
Al 1 1

A2 1 1

A3 1 1 1 -
A4 1 1 1 1
B1 2 1 1

B2 1 1 2

B3 1 2 1

HI1 1 1 1 0.1
H2 1 1 1 0.5
H3 1 1 1 1

128 AR HIEMUERMeE SRAWIT A 5%
TIARBIBENFTH . B K3 KIMBHZ LA, S

Mot D BRI SRR A R A
HACE . AP pH A, FESIERAEMRIRILER 2. +
FEFJCH K% 1 : 100 (W/V) Fiks, 3R 2%
R AR T 52 S OB IR 2. R4 E &
B H2 DL 1% AR s m 2] E R, 30°C. 150
r/min B 38R F AR B35 72 h, AR HE @ )
FETHLP FiE. MRS HHEER PR INE A
H2, KigE. M@ 4S9 . SE iR 3K,
fif W3 B =H2 2 5 55 5 Wk B - AH 0 R B SR S
Wz

®2 TEHEEBEAER

N WA 07 % WS WA Y ¢ WA 6 I
j:# -1 -1 -1 -1 -1 pH {E
(g'keg) (mg-ke) (mg-ke') (mg-ke') (gkg)
FEH 158 149 192 89.2 33.3 7.41
S 1.7 150 94.8 106 35.7 7.26
KM 2.8 230 156.8 140.3 443 431
2 #HR

2.1 MEFAMRE S B

b+ R MUBRAR 24 . JCHLBAE RS 77 3L 0L 0
VA, BB e, OO 3 Ak,
Sl WL Y. B B3R5 d U5, 107 FRE 3
AT RRII BETE 52 & IS AL B 55 2 1 I8 BT WA e
B CET),

8]
E1 W. Y. BSEEROESHERRRE

2.2 o BRI AR S o g

E—LME T 3 A 53 B8 TR HLIEA 2 1 [
filtfe )1 B BB SE IR MR e 25 R (2) &
W, 3B X A LB A 25 80 — 2 B R e T -
Forh WA EC A R R i, 25 72 h B
F5, WO R 102.05 me/L 53] 84.30 me/L, &
BN 17.39%, B X EEIEMRE MR I, &
it 72 h 555, BEAEMEVK L B 103.42 mg/L FE 3 79.58
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2.4 EARAER A IS AT
R FH vl 1 2 TR A A 4 IR X WL YL B
AN ES TR 21 A MR AR AR EA TN A, 2
(£3) £W, 3MHREIEGEMAEY , 235 .
AR
25 S BHARGSTER
ZWWPCRY M5, MEWHW, Y. B
PRI E] 1500 bp 2455 (B 4). ¥ e,
2 NCBI 5 7t XF R B, W ol Bz IR % IR i B
(Ralstonia pickettii ), AL 99%, Y Sy A {5 E0 i

( Pseudomonas oryzihabitans ), FHE 100%, B K
MR BN ( Pseudomonas brassicacearum ), FH{L
& 100%.
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1000
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B4 HEEHRW. Y. BBH16S rRNA PCR 1%

K3 HEEKW. Y. BHEEELEH

b s

W Y B
ONPG %
K2 (ADH) n + +
22 (LDH) + + +
5% (0DC) + + .
FrEERR (CIT) + + +
ffb s (H2S)
JR% (URE) + + +
FUBE (LAC) - -
H5lE (IND )
VP 5
WK (GEL)
Wi (GLU) - +-
HERRE (MAN) - +/- +-
Mg (INO ) - A
IZ¢EE (SOR) - - +-
2 (RHA )
HERE (SAC) - - +/-
% _HE (MEL)
WA (AMY) ) B
FrFifFBE (ARA) - - -
Ak (0X) . B +

TE 7 ONBEEE, 7 REAE, 4T ONBIEA R

2.6 BE . dpHAT A ARG I Ha

ANFERREE T WL Y| B A AR SN 5.
W K Y W OGRS FRIRE R 35°C, K53t 24 h ),
ODgoo 3 BIIEE] 1.49 K 2.24 5 B WK HOE B 7RI E
K 30C, B3R 24h 5, ODgy 6% 2,18,
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Wtk pH RN AR AE K B2 T, RIS
pH FHtk W, Y. BAKAMINE 6. 4558 £MH, 3
ANEE IR RO W LG pH (XN 7-8, 1555 24 h ),
W.Y.B 3 DR ODgyo 73915 F) 1.83.2.33 2 2.50.
whh pH AT 5 805 T 10, 3 DR K B85 .
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g 2
S
B 1.5
el
w1
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0
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pH

B 6 #%h pH EXEMIEENFN

27 AAWO AR

Tk (B 3) SEGHEK (R 1) Mt
i (B 7) XKW, 24 h fEBRRURE A R T 0
— Wbk, HEFE 24 h)E, Bk Y FPRAREE L
F, N 6.75 mg/L s WEHE AL W, Y FHRIEG
BERICR AU, A A 5.67 me/L 5 PR -5 0 ff i
WERE/N B WY B 3 HRE A fE T
WERE, 5% 17.40 mg/L ; W, Y. B3 HkkS EM R
G5, MRHERIRE] 119.46 mg/L. 54 1R H AR
WhRE 5, PTRE S S5 T N R ) BRI A G

LA G (1) fpscs (&8) £,
WMWY, BEAE S BRI LG, Rk
1 3.54 mg/L FTFF) 169.13 mg/L. VL& 24 Ho
A EM, fit i 123.18 mg/L F T} 322.64 mg/L.
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RS> BIREIS S 46.91 me/L. 169.13 mg/L. 322.64
mg/L, WMERFE . AR
2.8 A AN LI AR ST

FETH - | BE RS . KM i 48 H2 B
AT OB B LR BN I & R X B A —
eIt (K 9), FEFRMWIR Wk EE hy 3.61 mg/L, b
T2 v 8 TR S Ml 2 i ol ok LT BEAR T T 1.96 me/L,
RORESS, PRz B C AT R R &R KRS
HH . ML X B A i e 32 743501 4 18.38 mgy/LL,
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FRRRRE T 55
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