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Wk ZBR (TAA) 43t , R SX Vi AT R /K R AR A 1, DA RO 3 U0l MK RE 4 2l S e s . [ 4551 )
Bk NDW1 FIEE bk NDW3 73 5|85 %52 hy Enterobacter sp. Fl Serratia sp. ,2 MR MRIE D) e AR R AL 3 0 A0 3R
FUR BT R pH 6. 2 BRTAIE 24 h Py SR A B 5 4301 294. 95 F1312.93 ng - mL ™", FLABAI 4300 TAA . HBERIVD BE
SN VTR NDW3 XK FEMR & AR (R I b T B0 A B A (= 4R T, O B NDW3 7 2 Ffifihdi 5%
P B RN T ARPR 1A SR RE R AR i i . [ 4518 ) MOKFEAR B 138 53 B9 3R15 2 BRISTERE J1 8007 10
MEE EBR Enterobacter sp. NDW1 F1 Serratia sp. NDW3 , £k NDW3 X 7K O e A= /F F 58 T3 Ak NDWI,
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Isolation and identification of phosphate solubilizing bacteria from rice
rhizosphere soil, and promoting effect on rice plant growth

WU Zhihai'", SUN Hemei’", YANG Meiying’, LU Dongxue’, YUE Shengtian®, FU Li’
(1 Faculty of Agronomy, Jilin Agricultural University, Changchun 130118, China;
2 College of Life Science, Jilin Agricultural University, Changchun 130118, China)

Abstract ; [ Objective] To determine the ability of phosphate dissolving of phosphate solubilizing bacteria
(PSB) in rice rhizosphere, and study the effect of PSB on soluble phosphorus contents in rice plants and
thizosphere soil. [ Method] Two bacteria strains NDW1 and NDW3 with strong ability of dissolving
Ca,; (PO, ), were isolated from rice rhizosphere soil based on the halo zone formation on media due to
phosphate solubilization, and identified by 16S rDNA method. Phosphorus dissolving conditions of two
strains were optimized by orthogonal test with NBRIP as the basic medium. The production of indole-3-
acetic acid(IAA) were determined. The effects of NDW1 and NDW3 on promotion of rice growth, the
soil available phosphorus contents and plant total phosphorus contents were studied. [ Result] NDW1 and
NDW3 were identified as Enterobacter sp. and Serratia sp.. The best combination of carbon, nitrogen

source and pH for phosphate solubilition by NDW1 and NDW3 were both the combination of glucose,
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peptone and pH 6. The highest phosphorus contents dissolved by NDW1 and NDW3 were 294. 95 and

312.93 pg + mL™'

after 24 h incubation, respectively. Both PSB could produce TAA. NDW3

significantly increased the shoot height, root length, maximum leaf length and above-ground dry mass of

rice plant in both soil culture and sand culture. NDW3 also significantly increased the contents of soil

available phosphorus and rice total phosphorus under both culture conditions. [ Conclusion ] Enterobacter

sp. NDW1 and Serratia sp. NDW3 isolated from rice rhizosphere soil have strong ability of phosphate

dissolving. The growth promoting effect of NDW3 for rice plant is better than that of NDW1.

Key words: soil phosphate solubilizing bacteria; TAA; growth promoting effect; phosphorus content;

rice; rhizosphere
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BRI f5 TH T LR TY B AR & LK
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BABIF R BESCR  (HR B AT A L ) 0 v
PE T SE 5 DR, 0 e LA e 2 R T
BERE ) )T BA HE R E L
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TIEIRBE AT WA A BT A TR, RV S5 18R
SN /INE MR R T T S T 2P T
Pseudomonas cepacia f13% 7 K H & Escherichia"" P
KAMRBRIE B 4 3 B BRSC R TR @ Erwinia'™
REMRPR EEZ RPN R JE Pseudomonas ASFT I
Mo & AR &
Klebsiella" > ™", KRG TR FRIREE T, A Pr
VBT S AR Y AR PR R A, A 098 R B 32 2
A A W 8 Bacillus F1 - HE )R
Agromonas'™> . AR T AR K R AR X RAE, 4
B ARAT 2 MR EA W] WP BERRER RE ) A TR AR , X 2
PR PRI B RE ) S N 7K R AR R FAR B -+ 3w 35
RIS T T AF ST, & 1 B &5 AR AR AR
KRB AR PR O 4 v 0t 121 1 20 A 2 BEECH e S, AR )

Acinetobacter  pittiistrain

B NE B S B0 B A
1 #RtEFE
1.1 L1 EREREFK
LT Ak 23R T MO K27 K Fef i 35
(43°53'N, 125°10"E) R ALK FEAR PR - 58, k42
REUF B ], JRCE 4 CUKFR IR . ARk e
TR B E MR R KRS R AR AL
PERT R : A LT B & 53 B0k 2.21 %, A AR 147
mg - kg™, AL BE 19 mg - kg™, HEALH 75
mg + kg™, ANV 2 mm T, FVEACKANTD B
T uk, Z e TR B8O 1 % W ERRR IR 24 h, #
FHE K VAV B3 2 vk, B T 48 Tht T, 9 AE
AR 160 C KT 4 h %51,
11,2 Bk EERiEFREE(LB) . AN 10 g, %
BRI 5 g,NaCl 10 g, =% T7K 1 000 mL,pH 7.2 ~
7.4,121 ‘CKEH 20 min, JoHLBEIEAEEF 3L R
[ PRAE 0 5 Bl 3 2 6 A K 35 7 56 (. NBRIP) |, HoA
g3 0 H%HE 10 g,Ca, (PO, ), S g,MgCl, 5 g, MgSO,
0.25 g,KC1 0.2 g, (NH,), SO, 0.1 g, 7/ 7Kk 1 000
mL,pH 7.0,115 °C X 30 min,
113 &k B IR S M E PRoK RE 5 T
(IRRI) 7K i 8 3% W e 5 Fie 17 . K, S0, CaCl, |
NaH,PO, - 2H,0. NH,NO, . MgSO, - 7H,0. Fe -
EDTA F1 NaSiO; 4354 0.32. 0.5, 0.16, 0.715,
0.83. 0.036 1 0.1 mmol - L™', MnCl, ., ZnSO, -
7H,0. CuSO, . H,BO, F1 H,MoO, 4% % K 4.55,
0.077. 0.078 . 25 F10. 263 pmol - L',
1.2 BHBEERNSBEMEE
1.2.1 EREEG 5B HKE/N IV S e
IKABAR R A /T 1 g 1% T3A 50 mL
TCREZK = ffh Ry | h, ZJ5HE 10 min, R)5
BT mL Ef W0 BE R B U A T [E 4 NBRIP £
A BB T 30 CHAMTFRE 3 d JeIH4 SR 5 BRI
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AFIEAR A B ) R 7, T NBRIP 17 5k
RZkalife; alifk 3 Wk, HEICARFE K . gifk)ary
PR AREE AR NBRIP JE 5556 F 30 C R iRV i+,
Z0PBON 5 AT B RO UG 2R
1.2.2 ZEERAGEGBEZ Xm0 2 b
TR 53 0l AP AP B 7 1 2 7 1) NBRIP & 14
FEFRHEAR ), 7R 30 CREEFR T d, WA TR PR
) W P 1 O, DO L
1.2.3 %=#H ¥ DNA I A& 16S tDNA 53] 5 47
I LB A5 7 5 R A v, 25000 J5 WA TR AR
Y DNA (3RS MSCHR [ 17 1 647, R 16S
rDNA f) PCR S )38 F 519 (L5 9) h 27F
5'-AGAGTTTGATCATGGCTCAG-3'; T it 8| ¥ N
1492R: 5'-TACGGTTACCTTGTTACGACTT-3") # 7
PCR §"1%. PCR "3 S i f& & (50 pl) : EasyTaq
buffer 5 plL, 2.5 mmol + L™" dNTPs 4 plL, 20
pmol + L™'5[#)4 2 L, DNA itk 1L, EasyTaq fifi
0.3 pL, HIGE K#ME 2 50 pL {&F, PCR K4
4547 :98 CHASPE 4 min;94 CASPE 45 5,55 CIE k
45 s,72 CHEAH 120 s, ¥EFT 30 NEFR; 72 °C ZE{ 8
min, PCR /*¥ji% 2 g4 TAEY AT, FH
Blast #f4:7F GenBank Hr 5 H A1 16S rDNA J¥ %1 3
A7 [FIEAME LA, 5 18 AR LR 3¢ i 1) 7 4 ) T MEGA
5.0 FAFA B RER) 16S rDNA R G

1.3 BABERAEBRAMNL
1.3.1 $FREFK% DL NBRIP 5y 360, XA

()AL L H B W 22 2P0 LR ) LA
IR (BRIR B AH IR B2 A N VR BIR VR R ) Kl ik
pH(5.6.7.8.9) 47 BL A ik 5. WA HE 553 100
mL 734 7E 250 mL =& . PRI I B A
AR T 5 mL LB 855856, Doy, =0.5 BFLL @
0. 5% F:Fh 2 ARG TR T, DR O K 1 35 97 2
YEXTRE ;30 °C,150 r - min 'EIRIGFE 4 d, Bl 12 h
BURE 1Ok, I By 97 28 L3S b T s e % &, 3 IR
A i BAIRIE AR S vk pH.
1.3.2 EZGRE  SEPERbRA R S w1 i
25 IR (24 h) ST RRIE  EUR M PTG pH Y IE2E
g, w3 W,
1.3.3 EaHzaeg W 2 mL ¥, 10 000
r - min " 4 °CE.0 10 min, B B fa e I o A
i, A AR AR T
1.4 E#H~ IAA WETEREYRERE
L4 1 B IAA e SIS 19 1/ k.
1.4.2 RAGHFRAEIEHE R ROHE K
Tl 35 A K 809 |y i Al K 27 K R F 5 T 4 1L
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WERERPRIG X SR TR 2 d SR )E @ h 75%
(1 RV AL FE 2 min, FEFT 30 g - L7 (I SR A
FIH KA 10 min, FICHE K R Wk, B Fp 5T
B VI DR AR TO - b 37 CEI'EAMHEZF 12 h, Fff
#2115 30 CHEZF 12 h &1

VA T TR IR P T - PRIBOA R R B R TS AP T S
mL R LB 3 FR B 15 5%, LA @ 2 0. 5% Hefil
T 100 mL AR LB B3R rp, & THE K ,30 C, 150
v min T R N BEFTRRSR TR Dagg N 0.6 ~0. 8
I, B4 BB R 107 ofu - mL ™' BRRVAS FH o
1.4.3  @&#%  GR8 v EF LB, 2 IR0
BRL20 ] Okt ey . UhHRECE 2 X IR CKLL AN
Cay (PO, ), s =il s SR ], CK2[ i Cas (PO, ), Al
TWEEFRW ] o 2 DAL B i Ca, (PO,), FITCH#E B S
W AEF R AR NDWL; I Cay (PO, ), FITGHEE IR
R TE MR NDW3, L REBEE 2 S0 IR CKLL A
Ca;(PO,), ], CK2 [ Ji Ca; (PO, ), o 2 4402 T
Ca; (PO, ), FEF Bk NDWL; i Cay (PO, ), M ER
Fk NDW3,, Ca, (PO,), 5 R BV (s Ag H 1-58) DA
@ N 0. 12% WGl FE /MR & R e o DR
FHR (12 em x 12 cm) B K E VP 1 000 g A H 4 4%
600 g, B G MAEKAT I 10 Bk, BRLK ZF KRR 5~
A0 ofu FRER, T 5 K. BRI LR
16 h, 28 C, K58 h, 25 C, ¥ /KMEEHAA ST
TEVERE R KRS SR T GRE , B KRS i ] A ok
IKBEHE . TEARFAAEA 20 d J5 il KR A i Mo &4
agEg
14,4 aArml & B R ISR A B 4
Peo AMRAEMI RN E 7k 0 B EEAEAE 105 C R R
T 30 min,75 CHET B E TG FRH T .
1.5 TIREHEHFEY £ BNE

PREURT 5 8 LRERITPEE S g, A 50 mL = £f)
JER ) Olsen 52" 52 3wl SiOW . AFL MR 4 A
€)7o H,80,-H,0, 2 - U k™,
1.6 HFEFMELE

BHE % ] DPS 7.5 J Microsoft Office Excel
2003, F| ] Duncan’ s 7 52 % 22 1 64T 2 H HO 4L, HR
Bl PR EFbR HEZE T T4 Rt
2 GBRE5HMH
AHMENIBES5EE
MOKFEMRPR 3, 2 2 0ok & alifb i1 BA
B fif Cay (PO, ), REJIEY 2 BREH W, i 24 1
NDW1 NDW3, 2 ¥RiA# 5 76 NBRIP 5537 3E FreAd:
B0 AT BRI, I 1 R 1 HE— 2D W A
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EPRIRRTE, 20 IS HL T 2 RREEPR Y SR 20 DNA | i
1 16S DNA ¥ %€, 1k Bl Acinetobacter sp. .
Burkholderia sp. . Enterobacter sp. . Klebsiella sp. .
Pseudomonas sp. Fll Serratia sp. 25 J& 1) 16S rDNA J¥
H, K Bioedit B HEAT LR P 51 LL XS, #1F MEGA
5.0 [%) Neighbour-joining ( NJ) DA Maxium Composite
Likelihood #5447 HE 4L A%, Bootstrap {H & 1 000, 2%
KWK 2, WNE 2 o] DLA B E K NDWL 5 BNDW3

Enterobacter sp. E20 ( F£ [ % %5 24 CP012999. 1) JE 1 Bk NDWI1 #1 NDW3 ARz R

B— 4% H Y H Rl 96% 01 % S kR NDW Fig.1 Phosphate solubilizing effects of bacteria NDW1 and

N Enterobacter sp. . % NDW3 Y5 Serratia NDW3

marcescens strain B3R3 ( £ [K & 5% 5 4 . CP013046. 1) 99, Acinetobacter sp. TK006
BAE— 0 H R TI% , 1 S demantacter s 1506
NDW3 >}y Serratia sp. 9?’s§z€ilisr;eolfﬁzssgb%véjl

2.2 ABENRBE R \:’?,f‘,i?,’;’&’;i’fjé’%‘(n
2.2.1 WkEAGERERE T AR e
BT L M s pHL o T e O 1 B W 1 A mo'sgz’tzi’;,‘zz%;ﬁi';?wl
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Fig.3 Effect of different carbon sources and nitrogen sources on phosphorus contents dissolved by bacteria strains and

bacterial growth
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SRR N A 2 ) A8 v T A TR R i PR B, 8 1 RO
TAAE, H 36 h S ARREAERFH i I it (151 3C,
3D) o GBS R A KA BRI I DR R TR R
FANT P ERARE T HAB R 7ERIG pH 5 ~9

(5 97 B, T bR NDWL 30 H A — 5 19 I 0 4
NDW3 FE9) 4k pH 9 BHE B HZT 0,2 FRIARIEYI IR
pH 6 IR R, H 36 h Bf ik Bl R MH, 5 A4
Pite pH Xt 2 BRIERA KA
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11.6
= 400 F §
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Fig.4 Effect of different pH values on phosporus contents dissolved by bacteria strains and bacterial growth

2.2.2 WAHEREWERE  ARIERARE R KRR
BRah A, o3 B 3 A BiR (R AT 22 2005 ERE) |
RIE (A RE R GERE) KXvihs pH(5.6.7) i
FTIERCIRS . 450 (£ 1) R FE5 RN ZE Z ], #
X BE K- R B IR > PG pH > AR,
TEAC RS J5 22 4 M4l SR R WY, i e NDW 1 B bk 7%

AR I B 5 2 K - (F =39.56, P =0.025) , ik
XS NDW3 B PR 5 W4 140 52 W) 38 A S 25 7K (F =
105. 88, P =0.01) , RIEARI4H pH M AW H
Bk NDW1 H1 NDW3 75 Wi () e (20 & 1 00 Hi A h  2
FU Kbith pH 6, PIRIRR 24 h PN e i Wik 209
294.95 1312.93 pg - mL ™',

®1 HEHREAHOESRRER"
Tab.1 Results of the orthogonal test of phosphate solubilizing by bacteria strains
Feg NDW1 Fe NDW3
TR UA RIF pH W/ (pg - mL™") Tl RIF pH B/ (pg - mL™")
1 1 1 1 281.60 1 1 1 1 278.12
2 1 2 2 294.95 2 1 2 2 312.93
3 1 3 3 207.35 3 1 3 3 245.02
4 2 1 2 2.07 4 2 1 2 5.40
5 2 2 3 4.55 5 2 2 3 4.55
6 2 3 1 39.34 6 2 3 1 37.60
7 3 1 3 7.76 7 3 1 3 6.94
8 3 2 1 5.34 8 3 2 1 19.05
9 3 3 2 32.50 9 3 3 2 30.50
k1 261.30 97.14 108.76 k1 278.69  96.82 111.59
k2 15.32 101.61 109.84 k2 15.85 112.18 116.28
k3 15.20 93.06 73.22 k3 18.83 104.37 85.50
R 246.10 8.55 36.62 R 262.84  15.36  30.77
mEHE 1 2 2 mkdE 1 2 2
F WY I > pH > FEWF TR > pH > R

1) 3R 1.2.3 5 A&7 H) B 48 L FH M RR 1.2.3 25k F4 A F ek A4 pH 1.2.3 251k F pH 4 5.6.7,
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2.3.1 B ZIAA 485 Bk NDWI1 fil NDW3
77 TAA BB I 45 R a0 3R 2 JirR : TR fk NDWI Al
NDW3 #5474 (6 52 1, AN 1 (0 2 iR King 35 5% 50
A 100 mg - L™ a2 fR 1) King B 32 A L L, J5 &
LU BT & 6 B B, B PH & A (L B2 11 King 1
FRURBEI] I N 2 ARIEBE R TAA B9 G B ; 7R RS 57
10 XJ5,NDW1 il NDW3 7 A& A 6% 12 1) King
B TAA YR BE 53 5 AN 5 6% B8 King 1
FE R TAA RPEAY 2. 21 Fi12. 80 5, B Kk NDW3 )
TAA 3 Wh i 3 = TR AR NDWI

2.3.2 BEBRHINGHAKGRAEER KN T
0 B VS NDW 1 Fi NDW3 78 4 438 rh v s g
JH AR A A AR T, R U 335 0 0 55 10 5 v f
I8 T R KA AR AEAE . N 3 AT LLE
IS INTAE R NDW3 5,2 FPRAE 25 148 T X K Fi bk

o R AR R i CKL R B 5 22 57
Pk NDW1 LEPD IG5 LR 26 R R KA R —
SE M LERE ST, HY CK i) 22 5 A 3, HLAe 2R AR
55T NDW3,

R2 BEEETT IAA HE
Tab.2 Measurements of IAA production of two phosphorus

solubilizing strains

King 70 ABK pry (JAA)/(pg - mL ) itk
s NDWI 11.37 + 0.36 N
NDW3 15.62 + 0.83 )
Rl NDWI 5.41+ 0.71 W@
NDW3 5.60 + 0.24 W
2.4 BAHEANRIELEERNBSERKBEEKSE

BEENRm
AN 2 Tl e BT o 7 R AR B e Al 5

BRI KA PR e, R S T AR K . S R R A g e 0 00 S 2 2R A RIS BT R b s

£3 FRLEXKELHEER M

Tab.3 Effects of different treatments on traits of rice seedlings

BRI B BRf/em MK/em BN K/em ML THih/mg O F TR /mg w( HEEZE)/ (pz-g )

Vs CKl1 31.67 £4.58b 9.50 +0.10b 21.57 +0.72b 29.00 +7.21ab 8.33 +0.58b 81.64 +7.43b
CK2 32.03+0.80b 9.46 +£0.23ab 19.27 £0.83c 27.67 +4.04b 8.67 +1.53ab 79.27 £0.17ab
NDW1 34.20+1.91ab 9.73 £0.11ab 20.93 +1.00b 30.67 +3.79ab 9.67 £1.15ab 88.90 +9.53ab

NDW3 37.53 +1.00a 9.83 +£0.25a 23.47 £0.58a 39.00 +5.57a 11.00 £2.00a 103.57 £9.37a

+ 3% CK1 31.20«1.11b 9.73 +0.31b 19.73 +£0.23c 44.67 +4.04b 17.67 £5.86b 37.82 £2.36b
CK2 31.80 £0.87b 9.83 +0.25b 21.40 +1.60bc 47.67 +2.08b 18.33 £3.51ab 54.82 +£0.39a

NDWI1 32.93 +£0.42ab10.03 +0.21ab 22.47 +0.31ab 49.33 +2.08b 26.67 £5.50ab 56.67 £0. 18a

NDW3 34.87 £1.70a 10.37 £0.20a 23.93 +1.92a 58.00 £5.29a 18.00 £3.00a 59.72 £2.81a

1) AT, CKLNE®iE IR, CK2: 00 Cay (PO, ), FITGHEE IR 135414, CKL ANl Cay (PO, ), ,CK2:ill Cas (PO, ), 5 2 AP
0T ,NDW1 1 NDW3 ZbF 43 51|42 CK2 AbFHR (W SEmb 1 BehAH I PR o AH [RIFIAE 2% 17 17151 B0 J AH ) /NG 7 B R S ] AL 3 IR 25 5 AS B2

(P>0.05, Duncan’s %),

1 CKI [m ck2 Y NDWI E= NDW3
6 10
5H 0.8 -
o =
4 F o0
% % 06
g 3t =
=3 ‘ﬁ 04
"L 02
0 0

T4 A

ES5 AELEXMKERFLEFAHRSERYHEHRSE

FlAE A% 1

WA, CKLMeBEE TR, CK2 0 Cay (PO, ), FIJGHEE FR £IEAAF T, CKL AN Cay (PO, ), ,CK2: 4l Cay (PO, ), 5 2 FhANAH &%
fFF ,NDW1 7l NDW3 Kb BE53 5 4E CK2 4b BRI FEA b HE R0 AR B T Ak o AR ) B0 R 2% 1 AS T AT AR [/ 5 B 3R AN [ Ak 3L ) 2 e AN o 3
(P>0.05,Duncan’s %)

IR

Fig.5 Effects of different treatments on soil available phosphorus contents and total phosphorus contents of rice seedlings
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SO S PRGN AbBRS CK )22 S B . WREAR A
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