Research Paper MRS

WY 23R Acta Microbiologica Sinica
50(10) :1358 - 1365; 4 October 2010
ISSN 0001 -6209; CN 11 -1995/Q

http://journals. im. ac. en/actamicrocn

MR HRIEERRNEESTEEREREREN

R, R, T
(" e E MO BB by A AROL B ST, )7 510520)
CrM L EEZARAFR, M 510600 )

[ H A ] OBk R R 00 b 7, 1 R R T B M R AE KR D [k ) is w5
168 rRNA K& [ 17 51 X3 B bR 2R 47 384 0 A , SR TR 86 T LU (805 R 2 R 3 Dk 3 531) 000 7 T ok ) 98 W [T 2
RE T o E i e ol a0 0 IE R R LR R A A KA RE 0 o (4521 Lol ad X T Ak nif 5 16S TRNA f [A] YR |
ARG KA, HNOLL 5 75 4 9T ( Vibrio natriegens ) {9 M1 BLYE 5 5, SZ7-1,S27-2 57 I i % {A KR
(Klebsiella oxytoca) ) F1 & 1 Bc 5 . T SZ002 7£ 16S rRNA M) RSk & 0 M h A @ N 2 2 L 4T 1 B
(Paenibacillus sp. ) ,57E nifH H N 53 A o 5 50 8 A7 BB ( Klebsiella sp. ) AR IR 55 iR o (I35 o R A0 2 AT 82
SIR PV W R 0 RN e [ RO P o SRR S AR AT B B A KRB, S MR R T R e R AR
T 5 0] FEAT S 35 B3 (P < 0..05) o [ Z538 ] v vk e R 3 L 7 0 - 9 20 0 ol 8 0 %0 A R AL 00 2 A TR, 4 b ik

6t R IR AR B AT R 0 AR RE 0, Sy 0 RO T 3 i A T A4 B £ 8t T AT AR B BRI AR

KRR : ZLRIAR S [ 50 3 0k s M) 0 2R R
HESES: Q938 MERFRIRED : A

ST AR RS I B e JEL s o P A 2 PR A
(O FR PR AE A R B TR B A KU U AL TS
KU B 4 T LM R 2 R T AR
o LR, 21 bR L 44 U 2 S G 45 T £ o B AR
RS A B R A R T T TR . B A
WEEHIW L, T SR B 2510 8 42 Bk 20 W b
PR o 2004 4y B[S P 1 A2 8 26 TT B T 0
LTREAR AR SR, 1E 2T AR 400 e ARG 5 % SR A
T 28— T AT DA B AR AP R A2 A MR

LIPS R G B A HL, A
B AT RIS R G, T Z R KT
DFEA SRS m T MUEY () R
PR 245 22 G 00 FR AL L IR 3R 45 Oy T % R

X E %S :0001-6209 (2010) 10-1358-08

AR, AWM R R EERESREZ Y
JIT LA, % 210 MO 9 412 £E B ( Plant growth-promoting
bacteria, PGPB) 15 £1 B Ak 3¢ & (19 5% .15 00y &
B, A WFSE & B 08 A T A A VR R ON
SO AR AL T 7 A IR MU % . Bashan A
S HE AR AR A TE AT B N TR B LT AR — oA
whmTE

e eI B I NP Sl AN N QA /U8
TG T LR bR AR AR T A AIE A= R T BIF ST AR X
B ARSCHRSE H R (1) X 525 % 43 B 10 20 B
AR A TR EA T 380 4% 23 T, TR 08 BR AR %) ol T b 37 5 (2)
T TR R AE VA U TR YRR 5 (3) A 5 i 3 B
RS B SO R LT B AR A

EEWHE FHERK A RP#EDE 2 Ak PCGPR 51 A ELAFJHHLALIT 5L " (30671668 )
HAEVEE . Tel/Fax: +86-20-87029270; E-mail; sbliao@ pub. guangzhou. gd. cn
TEE R RERE (1983 - ), 5, ) &ML A F Ll . E-mail: lujunk@ 163. com

I 75 B #7:2010-03-22; f& 5 A #§ :2010-04-28



Fili 152 BRE A%« UL R 2T AR b 002 2 T ) i A5 0 AT 22 S LA AR BE . /(AR W 44412 (2010) 50 (10) 1359

1 MopAn 7 %

L1 ##
L1 GERRRUR AL o bk o AR 5235 % 2D A 4
K #e ( Bruguiera gymnorrhiza ( L.) Lamk ) . Fk 75
(Kandelia candel (L. ) Druce ) ¥ PR 73 B 19 4 Bk %
TR .
11,2 b g ik i - A 1 R 4 1 g R 7R 2806
LI ARPR S X, K JE — (29K 10 em) AR IR
113 R Bk dHG 1L R 2t R SRSM [ {3 5%
HEOT G I S SR FH G R 2 A B 5
Heg/LEHE 20.0, BEIR &0 — 40 10. 4, BE IR — A4
3.4, 50058 5.0 mg/L: PR 2k 3. 6, L /K B IR B
30.0, Z/KAALES 6. 0, AR AR 3. 0, = /KEHIREM 7. 6,
1.1.4  FZHF AL : DNA B 4§ (BBI) , ANTP
REY (Sangon),1 kb DNA /3 FHip5ifE (MBI) , 4t
3 DNA BE i [l il & (Sangon) , 2720 A4 R X
(ABI), Centrifuge 5417R & .0» #l ( Eppendof) , UV-
2100 24N (L MR A BR A 7)) |, T 7%
THEAL AST (BT R A R |l ) ,6890M < 4H
AL (Agilent) .
1.2 DNA #£E

2 WP 4 B R OB T R 9 DNA
1.3 nifH EEH I 1

X4 B B VS B A D E AT nifH R Y8 S nifH
HHY BB YR Zehr 21

K 25 pL RN AR R, ¥ 45 95°C A8
2 min;95°C AE P 50 s.55°C B k 50 s,72°C ZE A 30s,
32 NMEFR;72°C HEAH 5 min,
1.4 16S rRNA EF ¥ 12

XF 4 BV A R HE AT 16S rRNA A8 3
SR AE A 1Y) 27F 5 1492R, K R 5971
SRR TR R R
1.5 ERANF

PCR 4" 3% 7= Wy 25 1. 0% By fig 0 458 e vi ik A DU
PCR =W il fl & aifh, Gk 24 TAY T#
( b ) A BRA Fl 4T DNA T
1.6 RHEXERWHE

W nifH FE P 16S rRNA L PR (14300 )7 25 S i A
GenBank (www. ncbi. nlm. nih. gov) #1317 F 91 4 b7
SR JEPE 8 . A Clustal X FT MAGA3. 1 {42k
FHAR S AH 3% 7% ( Neighbor-joining ) 3153 44 4> T #k 2 1]

M IR B I R R B W . T2 LR bR ok
H GenBank,
1.7 EHKRBBHENNEENE

FMRIE IR 400 I D ek ik B R S, T
BRFRE 1.2 4.5 K Ky 3% Wb nl v v ok i R
b i R SRSM A 85 37 2 (1% Ca, (PO, ),) XS
W (CK) ¥ Wt 5 ply 10 o 0 BRI 530, 3 A1 Ak 3 4
3IEH
1.8 HikEREEENE

K H 2, B i JE 3 (acetylene reduction assay,
ARA) DU 7E T Bk 1 [ &g TS 1 . 7E Bt B SRSM
A% 35 e T AL TR PR L B R 0 B KO I R
PREC KHE M 50 mL 4 i, W28 K Uk % LIRS
R Z R A A, W E L OD A, OR 5 W W TR
10" —10°cfu/mL JE BN . 7EXA 5 mL JG & B
P R B 35 FE 1920 mL /N L i A 100 WL (Y
B, A B %E , A Parafilm 3 [ 4%, T 28 -
30C P24 h 5, mEA 1/10 AL 10% &
A TE A TR B9 25 00 RS R 24 b, SR AU
3 A VA, R TR RS A B SRR TG P T
BALWT .

N = (hx x C xV)/(hs x24.9 x 1)

Horb hov B (R s hs s AR fE CLH, WEAE; C: BRifE
C,H, W (nmol/mL) ; V. B FR 45 d KB (mL) 51 #F
s FEEIE (h) 3 N: 4 C,H, ¥ B (nmol - mL ™' -
h™h),
1.9 BE#kEMIKE

FHTC B 78 VB 7K e A Rl 5 Al . IR
WY, 280t Z2 WK Uk, KA 5 %€ A 150 mm x
140 mm {1 %5 £ 90k 42, JF B A A 500 mL (1Y
Jensen 5 F% WK ( CaHPO, 1 T AR ¥ W A B R ) o A
R 28 WA B % A A, 55 7 2 X B0, TR R A
10 mL, % R BRAE RN 6 A bR, DLASF2 70 g % B, 422 A
I 22 HE AR AR A BT, R TR 25 -
30°C ., TEXEFR ], 58 K 1A 25 1R 7K PR -5 1 4 4 Ak 1Y
KA e 3 YT 2 T

Bigt 3 A A Ja, W fl bk T DL ROR R Y 4
AW R, Rk 70C FHMETFEEE, D% T
HAR AR, TR MR R 5 >R T L TG E AU 4
R BB AR E 2
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2 &R

2.1 nifH 516S rRNA R ZXE NI
4 BRANTR B RE YT HY 29 360 bp KK niffl
W, 4l Ak 5 2517 77 51000 5E 5 [8) i o % B bk 59 16S

rRNA JEAT 2 51 0 %E , B Ak ) 3 BEDR PR 5 GenBank
FPo S 3 1. H 4 BRIE PRI niftl 3823 )7 51,168
RNA 2P 5 MM S IRk ELRE R BN,
LT A 2,

F£1 HEHREERFAMIEFRIFER GenBank 2R 5

Table 1  Geographical origin and GenBank accession number of PGPBs
GenBank accession No.
Strain Geographical origin Isolated from mangroves species Isolated from the rhizosphere part
niffl 16S rRNA

HNO11 Dongzhai Harbor K. candel root surface GQ381288 EU077544
S7002 Shenzhen Futian B. gymnorrhiza root surface GQ381289 EU256397
S77-1 Shenzhen Futian K. candel soil GQ381290 EU256400
S77-2 Shenzhen Futian K. candel soil GQ381287 EU256398

WL nifH F PP 5 EO AR G2 % B B b (D
1), Hi Bk HNOLL 5 Vibrio J& 9 14 ¥ U3 78 7] — 5% B
HNOLl nifH Jt 7 % 5 & 8 90 6§ ( Vibrio
natriegens) \ W & 3% IR & ( Vibrio diazotrophicus) [ |F]
VBB B, 4k 97. 2% F1 86. 7% . 1iif SZ002 [ SZ7-
1 fil SZ7-2 Y5 Klebsiella J& () T ¥ I3 78 — 4~ FE BE
SZ002 5 [F] 7E i FH £L A K 3 25 19 SZ7-1 .SZ7-2 [A] 5
P, 9 99. 0% 1 97. 8% , 5 2 [ 14 kil 48

7 A KB ( Klebsiella pneumoniae) | 7= 8 73 35 1A K
W (Klebsiella oxytoca clone CC1103A1) DA K 25 2 71
FF B ( Paenibacillus sp. g2 ) F [R1 PR 4351 Ry 93. 4%
92.8% ,92.3% . SZ7-1 5 SZ7-2 nifH 5[5 W5 1 ik
97.9% ,SZ7-1 827-2 5 Z W bR ™ IR i A TG
(Klebsiella oxytoca clone CC1103A1) | fifi ¢ 52 5 1A &
W (Klebsiella pneumoniae ) ¥ 7E 93% -94% 2 |f] ,

— 77 |
0.02 |

Vibrio diazotrophicus (VDU23650)

99

Vibrio porteresiae strain MSSRF31 (EU072030)
— Vibrio natriegens (AF082989)

99

100

HNO11 (GQ381288)

99

99

Klebsiella variicola strain 801 (AY367395)

ﬂ'j Klebsiella pneumoniae (AF545638)

Klebsiella oxytoca clone CC1103A1 (AY221827)

SZ7-2 (GQ381287)

SZ7-1 (GQ381290)
80
S7002 (GQ381289)

=

Paenibacillus macerans (AJ223993)
Paenibacillus sabinae strain T27 (DQ349124)

Paenibacillus polymyxa (AJ223997)

100 f Paenibacillus forsythia strain T98 (DQ349124)
84

Paenibacillus zanthoxyli strain JH29 (DQ364788)

1 EFniff BEFIINABUEAEENREAHMENREZRER

Fig.1 Neighbour-joining phylogenetic tree based on niffl gene sequence of PGPBs. Bootstrap analyses were made based on

1000 cycles; only values > 50% are shown at branch points. Numbers in parentheses represent the sequences’ accession

number in GenBank. Seqboot values were showed on the branches. Bar, 0. 02 substitutions per nucleotide position.

i 16S TRNA RGE L H BT T A2 1
FRRR e 970 v 30 BB R 3 R R () D50 P e Y R B
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Paenibacillus J& H 2 4 18 AT A A 68 1 AP )T 5
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MIE 2 7] LLE H, HNOLL 5 Vibrio J& Y 4 T8 bk H 76
[Fl— ARt B, A 574090 E (V. natriegens strain
ATCC14048) 7 % [m] 514 5 &1, 35 3 99.4% , X 5
nifH B 53 Br &4t e — 3, SZ7-1.S27-2 5 Klebsiella J&
S AR RIATE — DR, 57 R v & A0 RE
(K. oxytoca) [ J¥ 5[] Y5 ¥4 fi =, 43 )i %) 95. 9%
F198.3% ,5 nifH By 53 My 45 R EAFF 5, SZ002 4

NCBI tt % J5, 5 28 ZF 0 #T7 & ( Paenibacillus sp.
GPTSA21) iy [m] P57 F &, 35 3] 99.8% , 5 H A 1
Paenibacillus Fh 2% [5] YR M &R AE 98% LL T 3 & & Mt
W] SZ002 5 Paenibacillus sp. GPTSA21 [ 1% IE
B 5 R AHE , AT DL % SZ002 Sk Paenibacillus J& , {2
5 nifH (953 45 FAH 25 53

og— Vibrio campbellii (AY035896)

98

99 | Librio natriegens strain ATCC 14048 (NR026124)
HNO11 (EU077544)

Vibrio anguillarum (X16895)

Vibrio diazotrophicus strain NS (NR026123)

Vibrio cincinnatiensis strain ATCC 35912 (NR026122)
Vibrio porteresiae strain MSSRF30 (EF488079)

99

100

0.02

& 2

63

SZ7-1 (EU256400)

SZ7-2 (EU256398)

Klebsiella oxytoca (AB004754)
Klebsiella rhinoscleromatis (AF130983)
Klebsiella variicola (AJ783916)

Klebsiella pneumoniae strain EH25 (GU339255)

Klebsiella pneumoniae ozaenae (AF228919)

o8 | SZ002 (EU256397)

100 | ' Paenibacillus sp. GPTSA21 (DQ854978)

Paenibacillus barcinonensis (DQ363432)

Paenibacillus pabuli (AM087615)

95 Paenibacillus amylolyticus (AB073190)

69 - Paenibacillus xylanexedens strain B22a (EU558281)
Paenibacillus illinoisensis (FN422001)

Paenibacillus polymyxa (AJ320493)

Paenibacillus macerans (AB073196)
Paenibacillus odorifer (AJ223990)
Paenibacillus azotofixans (AJ251192)
Paenibacillus forsythia strain T98 (DQ338443)
Paenibacillus sabinae strain T27 (DQ338444)

57 Paenibacillus zanthoxyli strain JH29 (DQ471303)

E T 16S rRNA FHI AL EEN 4 MEYREFUENREXEN

Fig.2 Neighbour-joining phylogenetic tree based on 16S rRNA gene sequence of PGPBs. The annotation was the same as in Fig. 1.

2.2 HEHREABRES

PR A TR B 326 % 5 S v AR 7 A B T R VR R R (K
3) o FEHWEE Y b, 25 TR AR 02 1 5 97 WP o
W Cay (PO, ), WM, 1 1% 3% W0 AP 16 77 5 1 i o
S0 W AN (7] R ) B e D A7 AE — E 1 22 5

(FE4). Horp HNOLL (3% W BE /1 feoik , 12585 1 R
SE ) B 7 WRT A P W AL 2k B e L, LR TR AR A
2 TR 5 I s B v L, X T AE 5 A0 A )RR K
JA S o 4 R TR BR O T UL R S 2 A T R 0K e
{Em B2 1 B SR A it — 2 BT
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SZ002 —e—

3 EMECAMBESHNEFREDTENERE

Fig.3 PGPBs growing on medium rendered opaque by tricalcium phosphate. Halos indicate phosphate solubilization.

. loor 90 90 r 90 -~
S oot A gof B 80 | C g0 | D
£ 80t 70 b 70 70 f
o
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= i
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Fig.4 Phosphate solubilization of PGPBs in culture medium containing tricalcium phosphate. Bars represent standard errors.

2.3 EHERBE

M2 ATLLE 4 BRAE A T8 48 B A e 1
WPk, H A 6] T Bk 2 ) A AR R 25 5. SZ002
HNO11,SZ7-2 1y [# % W 1% 7 %8 7£ 1005. 99-1159. 52
nmol C,H,» mL™"- h™ YL Z M), 1fif SZ7-1 W ik 5
132555.22 nmol C,H,- mL™'- h™',

x2 EHRERBEN
Table 2 Nitrogenase activities of PGPBs

Nitrogenase activity

Strain (nmol C,H, -mL""+h™")

HNOI11 1159.52 +214. 41 A”
S7002 1039. 16 +13. 82 A

S77 -1 132555.22 +8015. 41 B

S77-2 1005. 991 +50. 59 A

" Numbers in the same row denoted by a different letter differ significantly

at P <0.01 in single factor ANOVA.
2.4 HHETEWARER

AL AR AT 3 A G R BT &,
o EF SRR A A R LR 3, SRR,
T2 AR AR A B A S0 e X B Ak B (CK) A B i A K
T, BR SZ7-2 4b BH KA BR A1, 42 Fh Ak HNOTL
SZ002 L) F SZ7-1 4b ¥ A Ak o T F 4 2 & T X
HRALFR (P <0.05) ; Hovfr,S7002  SZ7-1 4b B (1) 48 #k
ST AT A B 430 R T 42.70% i 32.23%
Bk HNOTT &b BHRE A (1 b b0 4 & i b, v e
25 B A ARG v 7 M B S AR A A R e
A TR (P <0.05),

R3I ABYBHEMNEREEKRNTEREZR . 2BSE

Table 3 Dry weight, total N and P of seedlings of

B. gymnorrhiza after inoculation with PGPBs

Total dry Shoot Root
Strain weight/g (n=3-5) (n=3-5)

(n=4) Total N/% Total P/% Total N/% Total P/ %
HNOI1  11.56 bc® 1.13 ab 0.088 bc¢ 0.68 b 0.069 b
S7002 12.80 ¢ 1.18 a 0.099 a 0.75 a 0.071 ab
SZ7-1 12.04 be 1.02 ¢ 0.090 b 0.71 b 0.072 a
SZ7-2 8.57 ab 1.08 b 0.098 a 0.69 b 0.065 ¢
CK 8.97 a 0.96 d 0.086 ¢ 0.62 ¢ 0. 060 d

" Numbers in the same row denoted by a different letter differ significantly
at P <0.05 in single factor ANOVA.

3 9t

LLREARAE AR R AT 5 i 2 AR, MR A
00 b B AR AR (EAT B R RS AR AR AR T e S
SRR R 2 B R AL — 4D Sengupta
AN (6] L REAF 4 1) L S5 0T TE ) AR PR AR R4 8
RIZHE B (Azospirillum) , [F & & J& (Azotobacter) , #R
3 14 J& ( Rhizobium ) , 12 W J& ( Clostridium ) Fl 7¢ 75 1A
[CT# B ( Klebsiella) % [H U o 78 B VERF() 3 FhLr
g W ( Rhizophora mangle , Avicennia germinans,
Laguncularia racemosa) /3 B i 04 Bl & W A IR KT #H
( Vibrio campbelli ), #8 F| #f 4 & B ( Listonella
anguillarum) , ] I 9K & ( Vibrio aestuarianus) K101
[# ( Phyllobacterium sp. )", M\ 5 V4 5F £1 1 4 ) 19
W 7 B T T B O M B ( Bacillus
amyloliquefaciens) , 25 45 2 il ¥T % ( B. atrophaeus) ,
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Mo ACZF KT (B. licheniformis ) , 15 Bk 28 2 AT 16
, B ( Xanthobacter
agilis) , f# 85 HINE ( Vibrio proteolyticus) , ;=S g T
( Enterobacter aerogenes ), Z% &) i ¥ W ( E.
taylorae) , PUIRA AT # (E. asburiae) , ¥ 52 B ik
IR B ( Kluyvera cryocrescens ), V& T 4 {0 B M
luteola ) F1 jifi [& i H ML A
( Pseudomonas stutzeri) 2 12 Fpfgwsanig ' . AW
B 4 bR AR TR B0 R AT R LR S0 AR A R 5T
S AE AR AP . & nifH A1 16S TRNA 5 i {4
SFH O g3 By, HNOLL 5 55 4 9K & ( Vibrio
natriegens ) I [ IR Efe &, SZ7-1 Fll SZ7-2 577 1R 78
A LS (Klebsiella oxytoca ) B [a) Y54 5 &, AT A E
HNO11 3} Vibrio J& ,SZ7-1 .SZ7-2 Jy Klebsiella J& , 1M
TS 9 25 0 75 BEAT DNA Ze S8 AT IR AR IE . SZ002
() nifH JE R [ IR R G R B 3 M #85 Klebsiella
J& O OB B $E R, 5 16S fRNA 4 fr b
Paenibacillus J& W25 RAFEW] W09 22 5, W10 A i
I G 1 it PR PR 5% B2 ((Gene transfer ) 5] i
1), A2k i 7 AR WS N LLIE
CLRARDTIE D) b, BETR £ 8 5 ] Bl K vh R i
B 1% e 0 X L) P A T2 A A e
SGIRORR 7 (N P FAR R R/ E Yo NI e R
Vazquez 55 Jz B £1 B bR V5 85 T % &5 B3 9K 1A ( Vibrio
proteclyticus) 1 24 h J5 , W] {35 F5 W b on] 9 PR B
iKF) 480 mg/ L, ZHUHIETT K I L1 A bR EC T 1 U B
B R T AN AT 4 BRI AR
BERE I 71.95—86. 32 mg/L, 5 H Al fF 5% 1 25
AH L& T S5 K, (B A e v 1 98 D50 1) ML B o 5
AW . T RS TR pH (AR (iR
AR ) I DLE S G WA A AL IR v W T TR P A

o

( Paenibacillus macerans)

(' Chryseomonas

g

IEi] A A A AE T 20 AR rh o AL AR B 7%
T AR RRBR T A e g RE A T 3
U TR, X W R S A A Y T SRR A G
UCHINO M\ H 7 B 2L AR B K 73 85 1 4 Bk 1 %0
BAIT 48 hoiy [ & BE IS M AE 33—141 nmol C,H, -
bottle """ ¥E SR A 2 e v T I T S TR bR [ AL A
i, 24 20 i A #) 500 nmol C,H,+ mL™"+ h™',
T B TN O L A A U S L AR BT g
B 4 TR R AR L AT AR R I A S R, T L SZ7-1
5,35 132555.22 nmol C,H,- mL ™'+ h™',

aob 2 R b 2D AR AR A T R T ST R R BT ZL R A
e o I 280 I AT RE 1 AR R A 4 RS L TR T I

SRR S PR R R R 4 R Y
Iei] 220 T e M A 2L AW AL ) AR TR O, I TR) 9 BB K
BB LE AR B T, (R BB G O A TR IR Y L AT
L R SZ7 -1 CHNOTL 43 5 B A7 & [ 20 % 4
SR BERE ), TR 150 v A T RE R I A vk it
25T 2 1 R A BE U X AT AR O A T e e A R
sz B2 B AR PR 3R VR BE R R R ) 2 O A
Yy i £ A BE T 3 R T T AR Y T R U B
T3 g A B R IR SRR AR AR
EAT Y, B0 U152 0 R A5 1 4 5 2EAT IR A MR Y o
Holguin 1 % 9\ £1 A% AR AR BR 43 25 H o ) [ 20 7 6%
FIEr 15 B B ( Listonella anguillarum) |, 75 5 4 B & &
W2 BR & ( Staphylococcus sp. ) I [6] 55 3% )5 , B 8k
B FR I UBE SN T 17 % |, 3¢ B 2T A ARAR B i [
RAE I o A B T B T e AR T R AR
Wi W e TS A A B g 1Y . A RESEIEM T
TR 1 Bl 1) 0 i T A 5 e ok 1 A
AK I UE W] T BT 73 15 B bR 1 02 A Be 0 (H R o5 S i
PR AL LA B AR AR D B M A R, 7R S IS T R
JR SRS T A G IR A A AT U, DA 3R AR T
AT LA AR A K 4 R AR 2, IR 55 T 20 AR
AR SR o
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Genotypic analysis and plant growth-promoting ability of
four plant growth-promoting bacteria from mangrove

1 2 . 1
Junkun Lu , Jun Chen”, Lihua Kang "
(! Research Institute of Tropical Forestry, CAF, Guangzhou 510520, China)
(* Guangzhou Zhongshanyi pharmaceutical co. ltd. , Guangzhou 510600, China)

Abstract: [ Objective ] We identified four strains of plant growth-promoting bacteria ( PGPB) and their plant growth-
promoting ability. [ Methods | Four PGPB strains were genetically analyzed by PCR detection of nifH and 16S rRNA
gene. Phosphate-solubilizing and nitrogen-fixation capacity were examined by spectrophotometric quantification and
acetylene reduction assay, respectively. Effect of strain inoculation on plant growth was also evaluated. [ Results ]
Phylogenetic analysis based on nifH and 16S rRNA gene sequences indicated that strain HNO11 was mostly related to
Vibrio natriegens, and SZ7-1 and SZ7-2 resembled Klebsiella oxytoca. Although similarity of 16S rRNA sequence showed
that SZ002 belongs to Paenibacillus sp., nifH gene of SZ002 had high sequence similarity with Klebsiella genus.
Phosphate solubilization showed that insoluble phosphate was well solubilized in the liquid medium by all four strains of
PGPB, which also had high nitrogen-fixation capacity. Plant dry weight, total N and total P were higher in some
inoculated than in the non-inoculated plants (P <0.05). [ Conclusion] Our results showed that all four strains of PGPB
isolated from mangrove had both phosphate solubilization and nitrogen fixation ability, resulting in beneficial effects on
growth.

Keywords: mangrove; nitrogen fixation; phosphate solubilization; plant grow-promoting bacteria
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