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[F 14 B 358 2% A oF 200 B8 A R i A5 IR, DA TG ) 24 Al
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(LGRS

DRI, A e R BT S B 1o B 32 3 10 T () 2% A
bk . b — A Al B A9 & 72 8 L ML 4R PGPR
e A= ML (9 22 R 1, b st 2 R AS ] 36 85 225K 1 22 2))
At PGPR BRI fif o ASSCIE Tk — B, MOAS [A] - e
it i 8 B AT 22 Ff 42 A= AL B9 PGPR T B, LI 4
R A T AR R

1 AR %

1.1 ##
L1.1 REWHE AR PR b A ok U5 R iy 30 Ak 34 . 4
WD T AE T 2009 45 3 3 &= 5 A #kAT, A R4
Py MR 2 A2 Bt i 30 FH 3 52 /N 22 AR DL B 30 I K
JERE AR PR AP DX AR S B 13 (<2 mm X
B 8T K& (R 4°C) , Sr Bl Se e % . M
FYIAREE, I JC B dH,0 B8 2 ob vk, LA 25 B APl
DI 20 3 em /NBE, A ARIZ 1o RECITA
200 mLIH dH,0,150 v/min &4 30 min, B 3 7 B
Je o I 20 L TR R I A T 3 R O 18 B IR ik
Jensen’ s i%?%%[m .King’ s B i%??%m] 1 NA
(nutrient agar) 3535 % ,28°C £2C 15 3% 72 h, P dt
T 98 MRIE S & S AN R, 20 g 5 BT — 22 T AR,
L1220 A4S : mlWe-3-2 1% (TAA) Tl A
Sigma /N 7] ; Whatman 1 5 € 4C W) H %% [E Whatman
ZyE R T S W A U PE AR 2 w5 H w L
R CorHral) W | Ffg e T A W) TR B R I 55 4 BR
A®], PCR it [ Buffer dNTP | Taq i 55 W A K % 5
AW w) S OLE O UVTSTCRT 850 Al W 5t
JCHETHIN T 5 B0 8 1k B M L B T 6400 A (1 5L
SCFREE A F)) W E 5 PCR X MJ Mini ( Bio-Rad 24
Al
1.2 PGPR FE# 4] 0F

LR T 1B 6 Fhei DL AS 9 9 J5t 18 BE ), 5%
HA e SR RE 1, IR BEAEAR PR %€ JE AT 8 PGPR %)
i 46 b5
L.2.1 BT BE T B AR 0 - 23506 6 B 48 7s
B Rk . T JK B B ( Botrytis cinerea HY2-1,5| & & ih
KB ), % W E B % 7 ( Bipolaris sorokiniana
YN3-5, 51 & /NEMIE W), /N E KRS A A
( Fusarium graminearum YN3-4 5| &% /NFEREWR) ,
INFE R 22 %% B ( Rhizoctonia cerealis YN3-9 , 5| %& /N
AL ), K A 5L A 2 % B ( Rhizoctonia solani

YN8-2, 5| A 7K B Ul ) Lh KoK R 85 2R Bk T
( Fusarium moniliforme YN8-5, 5| & /K 5 M H %5 ) 71
TH:F T PDA R34 ) 28°C £ 2°C 45 5% 48 h
Je, TP i) — 0 R 2 e b B A TR PR A
kR T d, WS D R A 40 i D TR BE T B A0 R
1.2.2 i Ak B0 G ARR W0 O < o o i B B U, O B
FLagfmh' ™ fmn e RO MR

1.2.3 20 5 1k 4b 5 58 AR B Be g il 5. B3
Esukurentamu ) F1 ¥L & ( Vigna
sesquipedalis W. F. Wight) B 72T, F 70 % 745 Fl
1% YR E TR W4 5 AL 3 5 min AT 1 min, JC 14
dH, 0 Ty 3 i -

P02 R R T NB R A 5 55 5, 28°C +2°C, 180
r/min $ERKEF% 24 h J5, % £ J0H 50 mL B .04,
4400 x g B> 10 min, 35 X FWE W, MM EE T
0.9% JG i A BELER K (NSS) iR 21, W HC 1 mL =
90 mm FL A% Y 55 77 ML ( N A7 o dH, 0 {18 1% 1 U8
q0) ,BFILRCE 15 B A 7, EIRACE | h 5=
Bi4b ,28C +2CH:K 4 -5 d,FREK 1 cm B}, £ 4b
PRI 1 BR &), ) HBCAR R, &2 JE R 0.1 mol/L
MgSO, , B BEHi B, IR 1 I T° King’ s B Fl NA B 5%
H,28C £2CHEFE 72 h, iH5, P4 BB BEAE AR PR 4 >
10° CFU/cem Y4B .

H 0 0% T A3 2L 14 Bk PGPR 75 & H 15 95 HE 1 37

24 h -48 h J5, VL 20% H b /B AR 47 ], - 80°C £}
o
1.3 PGPR RAEg HME
L.3.1 {RAMITEBE S0 < FH ok i P OB 3% vk
e PGPR {RSMINE R "2 7 PDA 4l 4 1y
AJEEFR 3 % 10° CFU/mL ¥ ,28°C +2C 155524 h,
AT SR ) PDA -4 B AT AL AR 424 mm
T2 D TR B, B T A A TR T AR e AR S 3R
Td, MEHR(%) = (CFAE AR - 55 5w A w5
) /B i A x 100%
1.3.2 ERE(TAA) M ZE : 7 TAA BE I & 2 I
Glickmann ¢ A\ (007 B0 AT o 40 8 1 4 52 VPR 1
FHh (RN 0.5 /L LR, £ 2.5 mmol/L) /&
K72 b 0 ) 2548 h (B A TR A 2 AR ) B
B3R W 2 mL,12000 x g B.0> 15 min, & 1 mL V5K
Jin 2 mL Salkowski {7 (4 F+ 10. 8 mol/L H,S0, #
4.5 g FeCl,) , E R K AL B 4 30 min J5,F 530 nm 4k
O A, LAAS 8 98 AR XEIR, JF BL2E TAA
(Sigma 723 H ) X W YOG 5 B2 AR b o il 2k, 115 TAA
7 i (mg/L) .
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1.3.3 7% NH, %5 A E R 2 & 10 mL HH
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AR R NH, 78
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2% FRTREN 0. 5% v WK TRV W (2,4 ,6- =T BL A 1y )
whatman 1 S 840E T8 4L B % E,28C £2°C K
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e
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Rl 7 A, RIS W20 TR ik L7 B 2k R e
1.3.6 0k M RE 1 I 5E < A B IR FE TP Ca,
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WA R MO B E B WA e
I 2 A1 pH (.
1.4 PGPRAFEERABENNE
1.4.1 PGPR 7; 7% 5% AW 1E NB WK B 77 Bk vh
153 2 O, e R 0 B O B PR 4L DNATT
PLEL DNA A, F R 52 519 27F/1492R (1
5149 5'-AGAGTTTGATCMTGGCTCAG-3"; T 5| ¥
5'"-TACGGYTACCTTGTTACGACTT-3") "™ ¥~ 16 16S
rRNA BERE P 2K B, 50 w19 52 AR & o &
A 1 x PCR Buffer (7 MgCl, ), 200 pmol/L H
dNTPs,0.2 pmol/L 54,1 x Taq DNA & i (K
HEFEAY) M1 pL A, PCR SN FE ¥ K :94C
A M 5 min;94°C 28 45 s,64°C 1B k1 min,72°C
WEfH 90 s, 20 A P, B U8 BB R BE R AR
0.5°C ;72°C #Eff 20 min, PCR j* ¥y 3% [ ¥ 4= T30
., Rk 16S rDNA ¥ 3 #F GenBank ' Blast
WRFEFEFY), I UL ClusterX B4t 17 2 HIF L
XFo i@ ik MEGA 4.0 % {4, DL 4B 4% % ( Neighbour-
Joining) 37 R GEHEAL M, 2R ] 1000 Y E & HORE it
7 Bootstrap #3%'* ,
1.4.2 ERAE AR FRIGE - 2 BOCHR [ 30 ] 617 .
1.5 nifH, PCA 1 Phl E & 1

SRR ST I 200 T 7 AT [ L W 1R TR
(phenazine-1-carboxylic acid, PCA) Fll 2 ,4-— Z ik 3t
[f] 248 = [ (2 ,4-diacetylphloroglucinol, DAPG) [ #H 3¢
FEL P37 A O OGBS b AnRE Y Y
Ml ) B 5y R B, 0 d B 32 T A T 280 8™ A 4 2R

ESEPINIIES e SN

nifH JLH T 1 2 B Widmer 28 AP 7 3 647,
21 ¥ % nifH: GCIWTITAYGGNAARGGNGG ; nifH
(rev) : GCRTAIABNGCCATCATYTC, 25 pL i) PCR
W AR R A A .1 (PCR Buffer,200 nmol/L dNTPs, 1
mmol/L 5| #,5 mg/mL BSA, 2 L Mg, 1 x Taq
DNA G (KiE%EY) . PCR ST :95°C il
A5 PE 5 min;94°C F1 92°CAS M4 11 s 115 s,48°C Hl
50°C iR K4 8 s Fl 30 s,74°C 1 72°C IE{F 4% 10 5,40
AEFR ;72°C HEf 10 min,

PCA F1 Phl % [X § 1#% 2 IR Raaijmakers - N
FE#HAT, 51X (PCA) : PCA2a: TTGCCAAGCC
TCGCTCCAAC; PCA3b: CCGCGTTGTTCCTCGTTCA
T, 3|4 %t (Phl) : Phl2a: GAGGACGTCGAAGACCA
CCA; PhI2b; ACCGCAGCATCGTGTATGAG, 25 plL
M PCR KW AR & & 4 : 1 (PCR Buffer, 200 nmol/L
dNTPs,1 mmol/L 5|#),1 uL ML, 1 x Taqg DNA &
G (KEFEEY) . PCR N FEJT : 94°C T 48 #
2 min; 94°C Z5 1 min, 67°C B k& 45 s,72°C ZE fif
1 min,30 MG,

PCR ¥ H] 2% Byt fg i e e (EB 4 4) W Ik &
i

2 #X
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o Ji L AT e Xk A R SR i T e AR ) ) AR R A,
T2 TR E AR M A= 77 B 4 e R O E A L X A D
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[N RA G PO R S N DA RUR PO E S
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WG 5E T 14 Bk A0 0 22 T A A 48 AR .
BRS -, T 0 40 B 7E )3 56 mT B 2 4 1 0 A2
SRR S 6 T PGP Ry 1 T sk [7] iy B4 £
W, %2 WoR, M bR R 3 Bk (RBP7, WPT,
WP8) H B4 1 T PGP Retk, Ho Ay 11k 4H v 47 7] B
A& 2 WL EfY PGP Kbk, o RA4 [RIEF B 45 T 5
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Table 1 ~ Antifungal activity of the 7 PGPR strains
PGPR Botrytis cinerea Bipolaris sorokiniana Fusarium graminearum Rhizoctonia cerealis  Rhizoctonia solani Fusarium
HY2-1 YN3-5 YN3-4 YN3-9 YN8-2 moniliforme YN8-5

RA2 30.02 £0.52 0 32.06 £1.33 0 0 54.91 £ 1. 64
RA4 54.76 £0.29 58.23 £2.14 58.98 £0.33 64.75 £0.79 14.61 £0. 85 32.88 £0.41
RAS8 53.06 £0.95 55.07 £1.50 54.46 £0.59 64.04 £1.19 10.52 0. 33 30. 12 0. 67
RBAI 61.29 £1.85 60.99 +1.59 60. 65 £0.79 80.96 x1.12 25.28 £0.97 48.93 £0.98
RBP7 52.53 £0.93 39.91 +£1.29 61.50 £0.72 40.54 £0. 46 27.84 £0. 19 41.93 £0. 89
WP7 30.15 £1.31 28.83 0. 46 63.94 0. 63 38.35 +0.65 29.22 £1.06 40.66 0. 81
WP8 53.99 £1.33 64.67 £0.79 14.52 £0. 50 30.91 £0.55 13.27 £0.74 64.94 £1.23

Table values represents mean rate of fungistasis (% ) + standard error (SE).

B E B TR TAA RE I R W B i
Five. BEBUER , WA ™ TAA T 0 RE PR 45008 22
SRR, a7 TAA, WP6 Il 22 {H 35 /&5 35 20. 92 mg/L,
1M WP9 L 3. 11 mg/ Ly AH X1 5, B Ak 7] A9 figg 411
FRPE 22 5 AN KA RA6 5 H B e (E TR A 1 3% 22 ¢
(P<0.05),

MG K A T T O T PR e A B A
2,4- 2 e A] 2K = Wy (2, 4-diacetylphloroglucinol ,
DAPG) F1WyE-1-#3R % ( phenazine-1-carboxylic acid,
PCA) W) AERE 71, WA 1, RA2 . RA8 . RBA1,RA6
1 RPT 25 5 R TE RE A I 2 5 B R/ oy 464 bp 1y
H bR 4547 ; RA4 (RBP7 \WP7 Jz WP6 5§ 4k 4fl 18 ]
AR 21 J5 B/ 745 bp 1Y H b5 457 s RA8 L RA6
A RPT GEAG I 2] 5 B K/ 1150 bp 59 H A5 5578
PCA FENP 45 1 (1 1-C) , WP6 1 g Il 2] 4H
XF s Y E AR A5
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Fig.1 PCR amplification of nifH gene (A), phlD gene (B) and
PCA gene (C).

2.3 EHSTFEERBEULIER
XoF T G T AR R AT A 2 PR i SR AL SR A TR
T A R AVRAPE AL I (3% 3) & 16S rRNA L[N 7

G153 A, a5 R BN 14 BRI PR, RA4 (WPT7 #l RBP7
J& TR IFAFFE 8 ( Paenibacillus) (& 2-A) ; WP8 FlI
RBB1 ¥ #F 7l #T & J&8 ( Bacillus) ( & 2-A); WP6,
WP9 RP10.RBP1 . RP7 RP8 Fll RA6 J& T i "L iy 1
J& ( Pseudomonas) (& 2-B) ; RBA1 J& T ff % 7% /K £
QT J& ( Burkholderia) (& 2-B) ; RA2 J& F B LR B
J& ( Erwinia) (& 2-B) . it RA2.RA4 RA6 . RAS8.
RBA1,RBBI.RBP1, RBP7,RP7 RP10, WP6, WP7 .
WP8 L J WP9 (1) 16S rRNA K&K ¥ 51 7 45 R 78
GenBank H1% 3543 B2k . GU979220-GU979233
3 it

Y IE I i N7 NI i e = /1 7 A i
PGPR, DT Ay 44 8 15 280 ) 35 2 2E 17 A 2 4L 77 ik R
o SIS = 0 e i W) 20 S5 S, T i 14 #k 40 i 3
A AR A B 1B 7, [ AT A AR ) AR PR B, At B
2 BF AN 1 85 S5 o AR R T AR AN A AE R B
P, WF M B o 1 70 A L7 B A 1 o e 5 AR D
PRI L 1 5 2 AR IS 0 — 25 R ST o HAR SR8 X T
PER R TAEA & — 1 2P 0R

KT SMI 2 1 TH3 A W 98 R B S U
FEVMRTE AR 221k o Z BT B HRIE B I — SN [R]
J7 ¥, AN Tdris 25 A0 H BB 1 P AR B AR K K
JEE 253 BB 25 Recep 25 A1 PGPR J] £k 12 il
TV &, D P B 0 BT B 22 B T 0 XA
M RT3, %00 i TR 44 F PGPR, N fig
SE R AP S S R 2% 5 Wang 28 70 4
B JE %) A TR B SRR RO A, LB LR TR P AR
B AR ORI B30 TR R 1 W) RE 2 2 WS R TR AL
G Rt I TR W RIAE D o B P O AN [R] 23 1 R
X AN [ TR A 410 B8 2R /N B W, LA B e WPT
il WP8 RGP Z MG (S WK 1) 6], A Idris
EN D7 Bt B, R 2 WPS (19.76% ) <
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Paenibacillus polymyxa JSa-9gi (EU882855)
0.1 Paenibacillus polymyxa DSM 36T (AJ320493)
Paenibacillus polymyxa 1208-3 (EU982515)
70 | Paenibacillus polymyxa M-1 (EF656457)
RA4 (GU979221)
WP7 (GU979231)
L RBP7 (GU979227)
Bacillus pumilus c10 (AY373359)
WP8 (GU979232)
Bacillus pumilus15.1 (EU978469)
100 | RBBI (GU979225)

100 | Bacillus megateriumM1PCa (GQ504713)

771 Bacillus megaterium VITSNO2 (GQ406847)

Paenibacillus polymyxa WY 110 (AY302439)

98

100

59| Pseudomonas putida W30 (GQ303714)
Pseudomonas plecoglossicida 2-3 (EU594553)
Pseudomonas monteilii PCWCW13 (GQ284481)

B 591 RP10 (GU979229)

- WP9 (GU979233)

WP6 (GU979230)

54 | Pseudomonas monteilii PNP-A (FJ377542)

94) Pseudomonas putida ATCC 17453 (AF094746)

99} Pseudomonas taiwanensis BCRC 17751 (EU103629)
RBP1 (GU979226)

—
0.1

93| | Pseudomonas putida J312 (EF203210)

92 Pseudomonas cf. monteilii (AF181576)

kg | RP7 (GU979228)

RAS8 (GU979223)

RAG6 (GU979222)

64 |98 Pseudomonas sp. PILH1 (AY456708)

_30 Pseudomonas chlororaphis ATCC 13985 (FJ652608)

79\ Pseudomonas chlororaphissub sp. aurantiaca 1ISSDS-591 (EF620457)
90 | Enterobacteriaceae bacterium BFo-1 (EU029105)

Enterobacteriaceae bacterium Acj 208 (AB480772)
100 | Erwiniapersicina GS04 (DQ365580)
51 [RA2 (GU979220)
64 | Erwinia persicinus LMG 11254 (Z96086)
841 Erwinia persicinus LMG 2691 (AJ001190)

RBA1 (GU979224)
100 | Burkholderia gladioli S10 (EF088208)

Burkholderia gladioli 1993027208 (AY268167)

2 14 #% PGPR 16S rRNA EFFJI R 54 & #
Fig.2 Phylogenetic trees of 5 PGPRs within the Enterobateriaceae family (A) and another 9 PGPRs

(B) by using 16S rRNA gene sequences.

WP7 (34.81% ) , 1 LAABEFE R J5 350, W40 A i) — 26 Q= i s ey Hid R R KRR

% WP8 (64.67% ) > WPT7 (28.83% ), i SRi% ik
Bt Tdris 25 A B9 7k 5 O T 58 HERA

DAFE I E 2 B, 40 T 4 B Dt B A 45 7 AL AL
P ER R RS AP RR,T BRA
AT TE IR A A 40 R PR AL B A 2 A T
W RA4 HNA ER BT A B IR B SR, AR

A 300 D TR B A 02 R ) A K B [ I 2
o — e 5 T AR Lz XA A e A S e ]
fn, PGPR = 42 3 ik ) IAA AT DUGEHEA 4 26 K77
T AT S 200 B 7 A B Y TAA By 25 0l A AR G,
%o AE W AR Br A % B ( Deleterious rhizobacteria,
DRB) " 5 — B0 4 £\ 75 &t 32 ( Beta vulgaris) ™ %
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PO et SRy b S B GE 2, T ML — s
PGPR it 7= HCN 5 55 S5 B M 1M 1] 2 412 2, (5L 3F
% DRB i 2 7= A4 HCN 41 i 40 i (2 2 8400 1 2
G5, 5 WA P AR BR AR L P PGPR 5 DRB
R 43 91 6+ 4305 W i SRR PGPR 4 iy —SE
Ji& G0 B B4} 1 ) ( Pseudomonas) (Afi 55 78 JK 8 G 1 )&

( Burkholderia) FF T J& ( Bacillus ) 25, [a] Bsh 3, 2 485 )
HOOLRE IR R R P LR R R . X SR M X
WM&, H 68 3 I e (2 A= s I, ke 3 74
B B8 LA R A () 4 b sl s R A O 252 . IR it
AL LL LA BIF 5 B 9 40 B, 7 B A a5 b ] BB AT
G323 X R ) A A A T RO

x2 HEMEIMEERND
Table 2 In vitro plant growth promoting ( PGP) activities of bacterial isolates
NH, HCN Siderophore  TAA production
S . s 3 ~ S . N bede ~ N . bef
trains production” production’ production (mg/L) bde Soluble phosphate (mg P/L) Soluble potassium (mg/L)

RA2 + + - 19.88 +1.16 a ND ND
RA4 + + + + + ND 7.17 £2.02 (6.99 £0.10) d 1.21 £0.13 (2.25£0.06) b
RAS - + + ND 22.33 £8.33(6.44 £0.14) d 1.14 £0.18 (2.29+0.05) b
RBA1 + - + ND ND ND
RBP7 - + + - ND ND ND
WP7 - + - ND ND ND
WP8 - - + ND ND ND
RBBI1 + + - - 10.51 £0.50 b ND ND
RBP1 + + + + - 4.85+1.95 ¢ 106.75 £9.39 (5.38 £0.29) a ND
WP6 + + + - - 20.92 +1.54 a 68.33 £16.07(5.10 £0.49) ¢ ND
WP9 + - - 3.11 £0.62 ¢ 97.67 £10.60 (5.70 £0.56) ab ND
RP10 + + + + - 14.19 +£5.71 b 84.67 +12.42(5.00 £0.33) be ND
RP7 + + + + + ND ND 0.92+0.16 (3.01 £0.17) b
RA6 - + + + + ND ND 1.37 £0.38 (3.55+0.25) ab
ot o7

represent the different amount of production according to the color differences; " Values are means + standard error (SE) ; © Values

in parenthesis represent pH + SE of culture solution, pH of control is 8.27 =0.03; * Not detected (ND); ° Different letters represent significant

differences ( Duncan-test, P <0.05) ; ' Values in parenthesis represent pH + SE of culture solution, pH of control is 5. 04 +0. 08, soluble potassium of

control is 0. 67 0. 04.

%3 PGPRs REE
Table 3 Phenotypic characterization of PGPRs

Item RA2 RA6 RA8 RBA1  RP7 RP10 WP6 WP8 Wp7 RBP1  RA4 RBP7  RBB1 WP9
Shape rod rod rod rod rod rod rod rod rod rod rod rod rod rod
Gram reaction - + - - - - - - + - + - _
Catalase activity + + - - + + + + + + - + + +
M - R reaction + - + - - - - + + - + + - _
V - P reaction - - - + - + + - - - — _ _ _
Nitrate reductase + - - + - - - + - + _ _
Fermentation — Oxidationtest * F F F F F 0 F ND F (0] F F ND F
Starch hydrolysis - - - - - - - - + - + + + -
Urease - + - + + + + - - + - - + +
Hydrolysis of arginine + + + + + + + - - + - - - +
Proteolysis of gelatin - + + + + - - + + + + + + -
H, S formation + - + + - + + + - + + - + +
“ + ”means positive reaction; “ — " means negative reaction.* ND = Not determined.

14 #k PGPR rp, Z ¥ A A7 7 NH, HCN gE JJ,
i 60% ZFFAT W B AT 7 TAA BBy, A 20% 2F 4T
FIERS 7 IAA, 35 Ahmad 4 A" BF 5% 25 5 A
L) o T B v M T R AR T, L DL R B
i ( Pseudomonas putida) £, FIHLZLMH
Bebg = m R R A VA B A T, AP 3-A ]

BEHMEWHESER pH £ BEFMMC(P < 0.05),
Ud VA B 5 A0 T TR % U0 AH OG5 ik TR R 40 T LA S
1% B} B ( Pseudomonas chlororaphis) Jhy 3=, H i 47 AL,
M4 M E ., WA 3-B il L, & 5 pH L i
FAROCHE, DLW AL 5 77 BRI 5C , A Al RE J2 i i 5l
A ZWERY B
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Fig. 3
MR S S5 0 F 14 bRA A T A 8 tRE TR
HEEE S IR TAT R, Ul B B ROk UE M (VTR
P AR ) + 5 Rl 55 55 1 PGPR 28U AE I
R TRE o 3250 I oA 0 1 B A DG I R UL Y [
AR A O R FR 3 BRI T 5 FRal LA
RAYAE [ %08 J® 40 i, Jf B RA2 . RA8 \RBA1 RA6
I RPT By al 9734t nifH JEH, {0 RA4 KK RBP4
Wiz, HE R g RS b Rl R 25
RIEFEPMAMERAE. NEESRE, RAL R
T 2 M2 AU (Paenibacillus polymyxa) , 1R 2 1%
A A B ARE T B AR L nt
Hy T AR 5% JT i 40 o 2 AT 22 F i AR AL TR o
LA B A0 Ry 0 BT o, i L 3 2 41 B 0 A A
iff e i B L TAA SERE Rk S gn B E AT AL A
Jo R TE RN FUR 1) 5 1 2 3 I O R4S )
N . MR, Z R0 B AT R AL A RO = A K
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Screening and identification of plant growth-promoting
rhizobacteria

Yijun Kang'*”®, Jie Cheng’, Lijuan Mei’, Shixue Yin® "

(! College of Agronomy,Yangzhou University, Yangzhou 225009, China)

(? College of Environmental Science and Engineering, Yangzhou University, Yangzhou 225127, China)
(* School of Life Science and Technology, Yancheng Teachers University, Yancheng 224002, China)

Abstract ; [ Objective ] The interaction between plant growth promoting rhizobacteria (PGPR) and plants can be unstable,
PGPR with PGP activities may be well adapted to particular soil environment. Based on this, we isolated and identified
PGPRs from different rhizosphere soils according to their multiple mechanisms. [ Methods ] Preliminary screening of
PGPRs under the premises of PGPR may having the abilities of N,-fixing, phosphate and potassium solubilization, and
resistance against six common pathogenic fungi as well as rhizosphere colonization. After that, multiple PGP activities were
detected in vitro. Finally, PGPRs were classified and identified by combining physiological and biochemical tests and 16S
rRNA gene sequence analysis. [ Results] Fourteen strains having various mechanisms of PGP activities such as NH,,
TAA, HCN, siderophore, antibiotics production, phosphate and potassium solubilization, and N,-fixing were isolated from
different rhizosphere soils in Yangzhou and Yancheng, Jiangsu province. These 14 isolates could be identified as
Pseudomonas (7 isolates) , Paenibacillus (3 isolates) , Bacillus (2 isolates) , Burkholderia (1 isolate) and Erwinia (1
isolate). [ Conclusion] Isolates with multiple PGP activities can also be rhizospheric competent, able to survive and
colonize in the rhizosphere, providing promising isolates for PGPRs combination to resolve the challenges in field
application of PGPR.

Keywords: plant growth promoting rhizobacteria (PGPR) ; screening; identification
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