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g2 I A P (VA e I 220 N W (7 S [N T =)
A LVHBEE K TR R, F YR 177 ~
18.5°C . MJE M MAMKL -, BEFTRAYE T4 D 4 21
Bt RBRNNE g b S, R A
HALYE B N pH 5.76 A HLT 7. 48 g kg ™', 4% 0. 87
gkg ', 2BEO0. 1 g kg AREE 11.76 mg kg™,

TR B AR R B R UL LB O AR 85 % 5 ey
ZM k[ 13 ], PVK 5% 3% 3 ( Pikovskaya’ s Medi-
um) BERRER S ¢ HEME 10 g B EZ 0.5 ¢ AL
0.1 g, L/KEBMEEO0. 1 ¢ FWALH 0.2 g W MR 4
0.03 g, L/KAGHMARIW2 0. 03 g BERER T 0.5 g 3
g 15 g.7Kk 1 000 ml . pH 7.0 ~7.2,
1.2 BEREYNERESS

e R AR B O 1071 010 77 (10 7° Y 4 98 T B
YIS iRAn T PVK Pl b, T 28 CREFRAEE R 4 d,
R 2B 15 10 0 B TR Y R/ 1 — 20 T A A T
o PP PR L A 0 BE 00 B RO OF AR 2Rk
PN F T PVK i3 5 b, R E 2 0 4157
3WEIHETE PVK i B A K R bR A 9 A
RO W v, o Ho T v 22— 2P 4l
1.3 E#HABEINEELER

W 40 ml AR ES I B ORI B R 45 B hE, o
[f] PVK $% 3% JL [ J7 ) 43 %€ T 100 ml = A b, A
0.4 g BERES 1 x10° Pa 121 °C 454 F K & 30 min,
3 4B T L VS W E D BCAF Y 4 R R AR (G5
2y B1 B2 B3 B4) il i 1 ml G2 (40 4 K &
0D, ¥/ 0.5) , & THE K (180 r min ™' ,28 C)
Hidk 6 d, 1524 h B RFE . B85 TR U8 B 5T
5 108 VA T ) A RO i ) B AN 2 A 4 AT R
TRt RR IR 4 IRE A
1.4 AEBFHNBEEH® Bl BB NLLE

R A 22 17 W A 85 3% 1250 A9 Bl 45 10, T R B
TEV W TR rh 2577 AR K A LR , Herp DL g
IR RO R L, B AE] S mmol L1, 4351
) R R FE A 1 ml BER (5 mmol L") |
SRR (5 mmol L™1) I Al FR IR & W (F R 0.5
mmol L™" + 3EFHR 4.5 mmol L") (BIIE kk Bl £
FEU TP Y R RN P R IR 0 Vi FE L), 5 D TR AR
B1 (3% 9% 5 — e R 4% PR (180 v min ™', 28 °C) K
Fr 4 d, e 5 TR A RO i, B A s 4
EH
1.5 FAEEKERXIEHK Bl £KHNZN

pH XF R AE R A2 . DL 0.5 6 B, RS o
LB WA R FE A pH £ 3.5.4.0.4.5.5.0.5.5,

6.0.6.5.7.0.7.5.8.0.8.5.9.0.9.5,10.0,10.5;
1 x10° Pa 121 C 44 F K, #M 1 ml K T 16
JRAEPR (180 rmin~',28 C) KGR 1 d, W5 4 A K
1 (0D, ), B 5 TR PR 1Y B 16 A2 K pH ] .

T TR R ZE K e . #E 100 ml =
$ A 40 ml LB AR5 95 5L .1 x 10° Pa 121 C &4 F
KA 5 WCE AN [ i 2 (20 °C .25 C .30 C .35 C,
40 CHFEIK EFEFR 1 d, M E 0Dy o

W B (IR ) X TR BR AR K RS2 . 7E100 ml
= A ) A 10,15 .20 .25 .30 .35 .40 .45 .50
160 ml LB Ak 3 1 x10° Pa 121 C &4 F K
P, AR 1 ml B T 4% PR (180 r min~',28 C)
Bt 1 d, Mg ODgy 0
1.6 FHHREE

PR A SR AE AL R PRI 2 2 ISR [ 13 ] 1T Ak
3T PR Ai AR IR R TR bR Bl AT S H
ot 307 i 2B W) BB S W) 16S hDNA - #E 17
FI FH Blast {4 7F GenBank 5 H Ath 1 16S rDNA
78 #EAT R IR A SR B TR AR B DL &S B AHIE
%)l MEGA version 24 # % Bl 19 16S rDNA
ARG AL
L7 MEFZE

B MR R EE v (600 nm) 52 B IR
B R B2 R T pH I o 08 W P A 50w R T 4H
BT et pk M E S A WL W E . B R W o
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ZhH R 0.01 mol L™ B MR — S % (pH 2.5), ¥
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2 iR 5ihe

2.1 AEARGEFEREFEAHSETM
VFZF 50 it 18 WA $5 5 5 v 12 b 7 Wl 18 TT LA
O S 4 o A Sl S T E X e T g R
FHAS B Ay o — R, FR R TR E R ) R AL M
X 32 0 - LA, AR S DL AR N o —
BRI AR (1) W, 35 P sl 11 170 Ak B A
IR 1 dJa  HRE 3R WOCA B0k Rt W T Ak
PP AR o B — R 2 R OKOP
(p<0.05, F[Al) ;¥ 72 4 d J5 , 4% Ab BRIA] 14 1 B 22 5
KB EIR 22 (p <0.01) Pk B1 094 20K
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B2 B3 Ab H ) A7 RCRAE £ e 8 A8 B E R S N D
BRI BT A AR A B TR R 5
4 dJF BB R ARME,

400 OCK @Bl mB2 @B3 mB4
=
300 F 5

£ %% Available P (mg L)

4 6
B 3£} R] Incubation time (d)
1% Note: CK: 2 [H*}HR Control; B1: ¥R B11% £ With B1 added;
B2: R INB2H & With B2 added; B3: i B3 & With B3 added;
B4: R NB4AH B With B4 added. {RZE% P briiRER (n=4) Error
bars represent standard deviations (n = 4)

PIL AR 552 25 B R A Wl 6 ) 19 L 8%
Fig. 1 Comparison between strains in phosphorus solubilizing capacity

under the same incubation conditions

2.2 AREKREEZEFERS pH TR

MRS S5 R BT TR TR AR ) (0 AN T 7 B 5
SOYIE], 5 TR A A R R — e B o AR s AN AT U
REST B B, G SR A A pH AN SO B AR, S T
Thim AR Hi 3R L pH 5 ¥ 0 i 2 6] OF A A7 AE
BHERM M, X5 A N A48 — 2
AR IR IT R B 3% R A RO B R
pH 5 Z B U, Ul W 9% 97 A Jo 9 1R R X 34 A X
PEWE LB B, R A LU b, 4 Bl A B A B SR
WopH fEF SR b X A L B B E R
RE, &Rk Lo HE9R L d e BREARR BL A FAM A
HE TR AL PR B R W pH 48 1 AT 0 T A B 4% 3
PR A R B IR pH AERE SR 3 ~ 4 d R s B e (R,
e P A2, 3 45 55 97 9 A 28w o R 9 A2 AR
HLCE WG o U BRI W A AR L WA AT
AE23 70 WA 1 E SE R 1k iy o 5 B SR W pH Y T R
1L P LAt Wi 8 P B 2 55 97 9 pHL 19 B
R IR pH T [ i 75 B2 A0 5 1 w4 1) 2 A0 B A B
LAINEV ST S

x1 FREZBFRT pHHEW

Table 1  Variation of pH in the different culture medium
b 3 1% F52 B[] Incubation time
Treatments 1d 2d 4d 5d 6d

CK 5.13 +0.01d 5.33 +0.02f 4.79 £0.00e 4.62 +0. 00f 4.78 +0.01f 4.73 £0. 04e
B1 5.18 £0.07d 4.14 +0. 14d 3.30 £0.01b 3.38 £0.01d 4.00 +0.00e 3.48 £0.0lc
B2 4.84 £0.01c 4.52 +0.01e 3.94 £0.02d 3.71 £0.03e 3.64 £0.08d 3.66 +£0.03d
B3 4.77 £0. 04c¢ 3.85+0.05¢ 3.50 £0. 04c 3.06 £0.02a 3.09 £0.01a 3.22£0.01a
B4 4.28 +0. 04b 3.94 +£0.02¢ 3.29 +£0.01b 3.33+£0.01c¢ 3.37 £0.0lc¢ 3.34 +£0.01b

¥ Note: CK: 25 (% Control ; B1: %500 B1 B & With Bl added; B2 : 7 i B2 B & ¥ With B2 added;B3: %0 B3 & & ¥ With B3 added;
B4 7350 B4 H & With B4 added. a b c.d $275 [f]— 1% 35 0 18] P 40 28 6] 22 5 3k B % 7K F (p <0. 05 ; Duncan 5 45 ) Different letter denoted statisti-

cal difference between treatments the same in duration of incubation according to Duncan’s test (p <0.05)

2.3 AEAGRGEFRERTEVBNARSAE

=

VA T VR P 2 /b M B £ 43 U
AT HLIR , A (R VA 41 40 WA A L TRR 0 R 28 T B e 22 7
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T, fE R F AR b K B R R I B, AR £ B Y K
B (R R ) i R 2 i B R Y R T Y
HHLIR, A 36 4D & — S SE SRR R AT B TR
A7) ek (R BR B2 R B3 1% F2 T A RE
TE PR R R R . Bk e E S bk
K3 B0 ¥ B WL AN 2% B30 b 20 000 1 5 LI A 1 L

RIRFIFLIR , b S R MR e L AR 15 97 1 d J5 s 2
RR{E. FER bR B2 ISR IP, LIRAE S — KJF
oy, ELoy 8B B 22 5 M 7E R PR B3 15 3R 0 7 A
P2 B 3 e SR T 3 SRR, L [ A 9 A A TR A1 2 DA
BigR o “RA IR Oy i o WPk B4 Bi SR BCP A HLIR
14 2 15 SR SR 0 A O, S bR BT AR, 23
A PLIR o SRR > WIR . S A LR i R
BRAR AT RO IR A R R R, I ZNR R 2
I JE M1 M, 3X 15 Scervino 45" (1) F 5% 45 R M
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Table 2 Types and quantities of organic acids in the different culture medium(mg L™")
Bk 7 i 2 A B F2 1 [E] Incubation time
Strain Organic acid type 1d 2d 3 d 4 d 5d 6 d
BI W Oxalic acid 50. 28 21. 88 20. 06 20. 46 1.13 3.21
W HH Malic acid 465. 89 250. 43 266. 96 30. 70 50. 08 36. 82
B Total 516.17 272.31 287.02 51.16 51.21 40.03
B2 R Oxalic acid 14.98 21.57 14.15 7.43 7.20 11.53
P2 Citric acid 0.19 0.15 0.17 0.18 0.17 0.18
2. Acelic acid — 90. 03 59. 58 80. 11 82. 41 74.91
4 Total 15. 17 111.86 73.90 87.98 90. 00 86. 88
B3 E; Oxalic acid 51.11 59. 40 42.91 51.90 60. 59 62.25
B Malic acid 38. 84 513. 00 407. 82 328. 12 353. 68 338.23
FEERS Citric acid — 198. 37 34.22 5.58 18. 83 —
/% Formic acid - - - 0.18 0.21 0.19
Bt Total 89. 95 770.77 484. 95 385.78 433. 31 400. 67
B4 HR Oxalic acid 6.07 7.71 12.20 15. 15 36. 62 13.13
SRR Malic acid 8.76 6.67 18. 15 45.27 55.91 75. 41
S4B Total 14. 83 14.38 30. 56 60. 42 92.53 88. 54

T —" AR A H] Note:*

2.4 HE#% Bl EREHEHERBBE IR
M2 3 A LU 76 BT s i iy wa A oA AL S
IR X W R AR R AL e ) e 59, I e A 150. 8
mg L™ bk Bl X BRI MIAMEE W E R EH T
TR RIS L R X TR AR I VS AL RE T o R RE VR B Y
A LR TR A5 VR ol ekt 22 B IR T Ak BL (9%
Wi o PR ot AT LU BH 43 WA ML TR VS B 2 A AR B1 U
WA EE ML, Goldstein™ #F 5% IA Jg 43 10k 4 4 4
Mg 2 AR 2 o 22 QB Ik o Wl Y 32 O e LR
Chen %" 5% B2 30 A5 LI J2 JI 075 30 195 Wl 1 1) = 32
VEWEPLIL A DL BE 9% 5 7 TR 1 4 J P B8 1 AH
A D2 Al IR AR B3 1) B, o A /NS G Y R TR 4
WA LR (BT AR RE G VA B 5 Yi 25 W 9T VA
ALY LA Z2 8 BB 08 52 el A AL TR X B 1R 45 1Y 3 1 B
AT, AT LU i Bl R S 1 U . AT R AR B AF
TE 1 Al 75 Wi B 1 3 W i — RS
2.5 AEEKEERME% Bl £ KHZMN
PRI W e % i o B B AR R A X U
T P W it , % L T Ak S A A AR Wl A T A )
FEARIE RS AS B 2 A S A A S E Y ='W H
Y AR MR R R RE ) R [ B
AL R 5 ), AR K BR824 52 B 1
PREGIEBRBE S L FEIRE AR IS B, R A ik g
FEIE R A A KM, S AR A ARG T, &
J S e B R M AR B, S B A KL R

‘— " representes that no organic acid was detected

#x3 EHXBLEREANBABENHILR
Table 3 Comparison between strain Bl and

organic acids in phosphorus solubilizing effect

B I
pis:i!
Solubilized P pH
Treatments
(mg L")
Kz Oxalic acid 170.8 +7.2a 3.40 £0.02a
SRR Malic acid 150.8 +6.4a 3.54 £0.26a
i+ RS
158.5 £6.7a 3.47 £0.28a
Oxalic acid + Malic acid
B1 292.8 £11.6b 3.36 0. 20a

TE 3R a b IR A — B IR0 ] Py ab B E) 22 535 W3 OK T (p <
0. 05 ;Duncan £5 % ) Note: Different letters denote statistical difference
between treatments, the same in incubation time according to Duncan’s

test (p <0.05)

FETs Y, NIEL 2 BT LU H bk BL X R A R A
pH A BB (3 9 . b Bl A T bR B R
Ky pH 4 5.0, 76 pH 5.5 ~9.0 5 Bl 4 15 3= 4 R
pH X F bk B 2B K2 m A B 2 . B Fk Bl 7£ 30 C
Ze A I AR A A B B, 2 B IR R B A 35 °C B
o 2 B b A R B PR BT AR K, E 100 ml = £
L RIS A T AR B A K 38 i S L 30 ~ 40
ml, AT 20 ml B, A K S 28—
b, SR TR R A F R R EAEM, 220
AAMNA S SRR RBEEIEF AR, )W
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Lt i SRR R B B 7 A AR AR R B ey DNARGIR AR, R B bk BL 5 2R AT B R A
KA E A Y R T AU R ROR AR K s DIRY R AR DR R FR R Ak BL LA XS B MHIE B9 ¥

F Fkg 7 B Y 16S rDNA R GEFEAL R, M4 5L 5 7
2.6 BMERE SIMARF LT o 48564 A LR AE 45 R & B

WL PVK BigR g R Btk Bl M EARER 58 TRk Bl 595 = & 2F AT 1 (Bacillus thuringiensis )
e B A& BRI JOOERE R R (W A 99. 9% AR
3) o WEHK Bl Ay —S6 4k AL RRETE LR 4
3, 3

w

}

8]
S

—
—

0B %R Bacterial quantity ODy,,

41 %5 Bacterial quantity ODg,
41 %5 Bacterial quantity ODg,

(=]

0= . . . . 0
W2 60 92 QP A% a? 92 @ 20 25 30 35 40 10 15 20 25 30 35 40 45 50 60
pH 35V B Temperature (°C) Hay & Volume (ml)

K2 AREARKE RN E R B A KA 00

Fig. 2 Effects of different factors on growth of strain Bl in liquid medium

R4 FHBLHAEE LS

Table 4 Physiological and biochemical properties of strain Bl

1 e
. G Y TE B i R I A [0k
T R VP J LB 24 K fife . T H#E b
Gram IK fiit Arginine & ity
Strain VP test M. R test Gelatin Sucrose Manose
staining Amylolysis decarboxylase  Lecithase
hydrolysis
B1 + + + + + + + + —
e+ RAREHMERN,C—" Fon YW Note: “ + "represented test positive; “— " represented test negative

B3 Btk Bl MBS HEAE

Fig. 3 Morphological features of strain Bl
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8 S000628306 Bacillus cereus (T) ATCC1...
S000628312 Bacillus cereus (T) ATCC1...

S000628302 Bacillus cereus (T) ATCC1...
S000628310 Bacillus cereus (T) ATCC1...
S000628316 Bacillus cereus (T) ATCC1...
S000628308 Bacillus cereus (T) ATCC1...
S000628319 Bacillus cereus (T) ATCC1...
S000628294 Bacillus cereus (T) ATCC1...
S000628296 Bacillus cereus (T) ATCCI1...

S000376345 Bacillus anthracis (T) ATC...

S000628300 Bacillus cereus (T) ATCC1...

S000628304 Bacillus cereus (T) ATCC1...

S000628314 Bacillus cereus (T) ATCC1...
— S000628298 Bacillus cereus (T) ATCCI...

Bl
-

S000979524 Bacillus thuringiensis (T) ...
— S000001855 Bacillus mycoides (T) ATCC...

99 L— S000016288 Bacillus weihensstephanensi...
— 5000102217 Bacillus acidicola (T) 105...

100 L— 8000429573 Bacillus mariaflavi (T) TE...

S000373337 Bacillus koreensis (T) BRO...

4 FET 16S 1DNA FHI Rtk Bl R Gk 1L R

Fig. 4 Phylogenetic tree based on the 16S rDNA gene sequences of strain Bl

3 4 i

AL 25 el = v 2 A 4 R Wl T L R A
Fr 5 AF T X IR AR 4 A AR B 1 3 A D EG o
Pk BL B R B Ry 292. 8 mg L' FERE IR AL o
REAS 7 A= FERR AN 2R R , OF H. B 45 o 114 e 2 11 3
SRR LA N 38 W IR A WO B R AR 13 AL RE ) I ik
TRk BI A BERE 7, b 0 HE W7 7R B T B1 SR AE AT
FAbAE BEPLE . AR B1 B03EH pH {9 S ~9,
BCIE  FR IR T R 30 °C 100 ml = Y 55 35 e 0 ek
30 ~40 ml, ZUEGE WK Bl 508 = 4 2 LA
( Bacillus thuringiensis) # 99. 9% BYAHLE .
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SCREEING OF PHOSPHATE-SOLUBILIZING BACTERIA IN RED
SOIL AND THEIR ACTING MECHANISMS

Wang Tong'®  Kong Lingya' Jiao Jiaguo' Liu Mangiang' Hu Feng' Sun Bo® Li Huixin'’
(1 College of Resources and Environmental Sciences,Nanjing Agricultural University , Nanjing 210095 , China )
(2 National Engineering Research and Technology Center for Red Soil Improvement ,Red Soil Ecological

Experiment Station , Chinese Academy of Sciences,Yingtan , Jiangxi 335211, China)

Abstract Phosphorus solubilizing effects of four strains of phosphorus solubilizing bacteria ( PSB) screened out of
the red soil in Jiangxi Province were studied and compared through incubation in PVK solution containing AIPO, as phos-
phorus source. Results show that all the four strains displayed significant phosphorus solubilizing effects in the solu-
tion. Among the four,Strain Bl was the most effective in dissolving phosphorus. After four days of incubation it dissolved
292. 8 mg L™ phosphorus. Solution pH in all the treatments decreased to a varying extent from pH 7.0 to pH 3.2 ~4. 7,
during the incubation period. HPLC analysis shows that the presence of organic acids,varying in type and amount with the
time of incubation,in the culture medium of all the strains. Oxalic acid and malic acid were found to the dominant organic
acids in the culture medium of strain B1 and reached 5 mmol L' in total concentration after 1 day of incubation. The ex-
periment of adding organic acids to activate AIPO, indicates that B1 secreting organic acids to dissolve phosphorus is only
one of the mechanisms of its phosphorus solubilizing capability. It was found that B1 favored a solution with pH varying be-
tween 5 and 9 and incubation under 30°C and for a triangular flask (100 ml) ,the most suitable content of medium was
30 ~40 ml Identification of strain Bl shows that the strain is 99. 9% in similarity to Bacillus thuringiensis in 16S rDNA
genes.

Key words Phosphate-solubilizing bacteria ; Liquid culture ; Organic acids ; Phosphate-solubilizing mechanism ; Strain

identification
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