+ 1% (Soils), 2012, 44 (1): 126-132

PGPR XM/KFE B A R B EZ RN

aBEE,
(1 BN R 2E IR R 5 TR e, VT oM 225127;

H E:

BRIRE 2,

B OFE

2 R A B AR A AL SRR B, TLIRERE 224002)

, Bt

KA KT8 (434 FL) E BT, WF9T 3 Bk PGPR  (Bacillus sp. RBBI . Bacillus sp. WP8 1 Pseudomonas

sp. RBPL) XIKFESEME R TMMEN, HAL PGPR AFERTT 2 A HPE ARG R AR 25+, LUK PGPR XT3 13 1
TR . SRR Y] ORBP1 H WP Al AN FE L e b Bk A AC, 2 SR DA (AR R BT Ui 5 @PGPR
AT ERAN T @PGPR AL 2 5 SRR T A0, ORI 3 @4 EIE T WX PGPR AN [FRIALHS
AEBOVEUE, RIPOMEAEBCR K BAREER ;. ©PGPR X HIRAM A STAH —E R, EAT2UE. Mo, Wi wps

1 RBP1 HATTT 2 /K R & e UL AE AL 9 )
EEEE:  HAREME R KRS, B
FESES: Q939.96

TRE AT, PR bR AR V2 ]
ISR A KA B, X SE G0 B PR A A AR B i
A (plant growth promoting rhizobacteria, PGPR) ',
PGPR WA Z N HET 5, v R FRIERER ) A
WA POSE . SR R AR, IR 2R
W], PGPR 7ESCH E AR S 4 FRIR L, H
SELE R AT PR IMATAT S Z AR A BB, Xt
PRI PGPR B R R TR T -

SIS B R A A S P A A, AT g T
RS KHAET LI S e ik, AyrE
VR FEAAAAR Z AT T AR A s XS 22 e
53 PGPR 7F 556 % /il % 5 10 K R IUA ] 1 J5L A
BT, o PGPR Tl # If /K FE 28
FEM, NIRRT, 57X PGPR {E/KFE
RN AR D HRE, —SeiE R EAE R R PGPR
P R SO O VR RE R 9 T L B A v K R R 2 R
2 N3 71914, Muthukumarasamy 25 A3 045 1
IRE, UEI LT B A AR R R Z AR, e
ARG AR, KRR R4 R 2 PGPR
FHF /KRR i AN 40

AER 70% UL KRGS 7 SR AR AR . Xt
TR T, B 2O 5 I A KR I 2 0 2,
P “Beld—oK, dir-taw”. BEr 2 R

AR R AT AT S R Vo 3 (K SR B v, (R R O
DU B AT, KRR I A 5, (RSP /E
PR R R S IS AR, X AR R
20T KRG i LA HURE R PR R R BRI HE)
R ABFFCLARTIIN 3R A3 14 3 Mk PGPR 15 444k
WFFCER KRR i 24T, DL PGPR R0 8
LA AR AR R R

1 #MR57F%E

1.1 HA#MF. BRERERAE

S T KRG R A “ iRBERE 157 (VL4 1t
LA BRA D). AR PGPR 1 AR Jy A S 56 =5 0% 1)
Bacillus sp. RBB1.Bacillus sp. WP8 #! Pseudomonas sp.
RBP1. fii 7 2R Bk 4 o2 45 R 5 A 10,

BUKRER P, FH 70% WIS R 1% IR
WA BIALEE 5 min 1 1 min, LHEKMYE 3 i, KT
e

PGPR T PR H] NB W A5 J5 0%, 11 28°C +2°C T &
JRIEFE 48 h (180 r/min), 5000 t/min 20> 10 min, ¥
2 RIEW, VO E R TR REOK T, RS, R
10" cfw/ml RS, EMBFRMRL
1.2 #htIR. BEERHEMAERAZE

b R b kR put S b L, RS R R,

OFEITH: FEFEARFHEAIEEIE (41071177, 41101235), ARNEE 948 T H (2006-G62) FIVL IR i FARFFAFE S H (10KIB210005) %),

* WIREH (sxyin@yzu.edu.cn)

EHRIN: WA (1986—), &, WARMENIN, WEiFRd, FEMNFEFARERAEY 05T, E-mail: gaojunjun77@163.com
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AL PGPR W /KR AL 2 6 w5 127

WL VBRI R, 120 HIF, BOEESH/RM. +
IR MR pH {H 6.83 (1:1 KiR), HAK%K
14.20%, AP 40.0 gkg, W% 0.38 g/kg, Bl
352.67 mg/kg, A 2524 mg/kg, A 113.79
mg/kg.

BN 434 FLIBEL R B, 31 2.0 kg. i
FOHBR A A B CRPEAE AL EE ), AR A T SE 3 2 N
8.0 g/ALIPHARF] (PR L, “IEBIAA”, R E
H17.0 g/A), HER3 RIGHEM. 3BFET 1 R B
IKBEBENE Ao T WAMEAR A Ak B DA K LS eH: A7) 1)
PR AR B Ay 7 R R i X L
1.3 PGPR EMF A

PGPR H:Fh B FRIRE LRl 510, Bl ¥ iy
FEnk KRR 7AE 108 cfu/ml PGPR 4113 A0, 20
min, TREEES ERTE, &EMH. Bt fxd
SR I AN B B SN 0, B IR 10° cfu/g
+, MM CEEMACED RS ELEKICE.
1.4 BEWHREKERSESE

IKFET 2010 4F 5 H 22 HEERN, RIS 45
g Fhr, ISR L7 1 2 em, WH FRK
BRI, AN, S, RS Al 1.0 cm
Ao AT IR S o LI I WS KRN . 20 K, B,
MR ZEEH A BRK R Puestda, 2Rt
FIR A3 25, TR 75°C ~80°C Mt 8 h 24 B A &,
OYRIFREE o oy B A5 AR B A R GE E T -80°CUKFR
RIS DRETE 5K AT o
1.5 Ti1EEFE4E DNA B942EL. PCR ##& & DGGE 4

Hr

+- 33 R 4] DNA [0 $% FastDNA® SPIN Kit for
Soil XA G EAE L T . PCR 8451 4%F: P2: ATT
ACC GCG GCT GCT GG; P3-GC: CGC CCG CCG
CGC GCG GCG GGC GGG GCG GGG GCA CGG
GGG G CCT ACG GGA GGC AGC AG ( FXIZ#
“GC ) M, 50 ul ) PCR MMNAKREAT: 1xPCR
Buffer, 200 nmol/L dNTPs, 5 ul BSA (10 mg/mD), 1 ul
5140, 1pl i, 1xTaq DNA 241 (Takara, Ki&EF
HM1). PCR RNFRF: 94°CHASYE 2 min; 94°CASYE
30s, 55°CiEk 30s, 72°CHEMH 1 min, 34 PMEH; &
J& 72°CHEM 5 mine §HEYIL 2% LTSRS (EB
et KA /S, -20° C IR A7 B 4°C R R A7 % DGGE
s

AR PERR B YK (DGGE): i 8% Mt
WS, LUK IXTAE, ZPEERFE 30% ~ 70% (7

mol/L JREAM 40% 2 &1 H Bt h 100% 421 ), PCR
=) EAER A 30 pl + 5pul1 10x1loading buffer. Hi [ 80 V,
60°C, HiJk 13 h, EB %4ff 30 min, T SensiCapture #t
BG5BT RS8R it - il Quantity one 845 DGGE
BB EAT 2 AT

2 HR5HH

2.1 PGPR M/KEME S EMEEMAZNT

IKFERT I B I PGPR bR ANl Ry 0N
SRR (& 1A . AN,
% RBB1 1 RBP1 2Rl AbHAh, oA ab s L) i
F G MR DRI, 2B AL B LT #8FT HE
F AL, T 3 B PGPR #F: b Ab HI 2K )LL) i 2
FF% (Dancan’s test, p<<0.05). WP8 $1-4:#f, RBPI
BRILA S RBP4 Ab 3 (1) 2R HA G 18 2 A5 8 Itk
F, HJELxS I G k], RBB1 ALFE 550 G 2 2
(B 10). MKFERET 20 KIS 3 gkt A KA
(K 1B, IRHIHRAAI #0823 5k e
SEAMHIE 7.0 om Zi AT, AR DRHERRS AR E I R ¢
S, EHAT L, AR T R A AR KR
Kl 1 254 it B RBP1 AT WPS W] /K Rk 15 48 % L KL
UE IR G AR T AR BRI U A s, S BRI S A T
PGPR RAE(EANEH CHHABL A A KARBLILIE 2).

TN IR NI T ZE TR (R 1), X
A RBBI1 #l WP8 < K45 7 XA W] sg bk sy, H
GBI W PR NI D i 251 Pl L] VL I A
PGPR #1482 B 7 3CRH A2 A5 it FH > A 751 #1845 o 25 A
FEA R, AT CHRRR S I A L R
73 31 5% e B B S, AP 2 TR PR A EAE ) — AN i
Fo 3 MK RS2 B L TR DICH R ) 52
M o
2.2 PGPR MKEREHEMNFIRTEZIT

WK 3A, RIS, PGPR #0045 A 1)
RF R B3R S LE 2 2588 0 (Dancan’s test,
p<<0.05), I WP8 $E-1-F1 RBP1 i FP Ak 43 Jillik 3]
1.04 g F1 1.09 g, LEXTIE R 28.39% i1 34.57%. W8N
AR, ANAT WPS #2Fh. RBP1 2l RBP1 #+1
AEFR L IR T YR T E M, AR IR
A, BR RBP1 AN, HAR £ Ab RS HG) i 25 18,
MRS, HA RBP1 2R AIRE 1 Ab BRI
AT B 25 . XU PGPR & 3R It
N, b SRR 0 R B4 )5 e B Ay B Y

T I N FNAL TN R T ZE S B L, R WPS
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(FH CK: KPR R IEEAS (I RBB1 (WP8 5¢ RBP1) -S: #&Ff (10° cfwml) 4FE; RBB1 (WP8 5 RBP1) -M: #+ib#, &k
FEA 108 cfu/g to AN KNG FRER R PR 5 75 10 4 0F R &% AP R) 2 57 12 2% (Dancan’s test, P<<0.05). F[d.)

1 KFEBEME 20 XFZES (A). F3MHK (B) UREEE (O
Fig. 1 Shoot height (A) , length of the third leaf (B) and shoot base thickness (C) of 20-day-old rice seedlings

RBP1-M

A HENE

e

B2 %20 RESLEBREEKEFR

Fig.2 Growth condition of each treatment after 20 days

P I7 A, R AR B IT B SR 2.3 PGPR M IR+ EME B & MBI IT
2 R ZE i HUR 1 T3, 10 Ho s It LI T/KREE B 20 RN L3R Lk
F IR KT PGPR 4R 772, $68 PGPR il ARG AL HI D I R SO It B i) -+

TRAEE, W B AED BB A IS A, it FE). RBBI /. RBB1 #:1.. WP8 25, WP8 1.
HEIRB H3E T H AT IS 5 4 RBP1 iZFl. RBP1 #:13E R 3 #RAEEIL 10 4ANFE 5,
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%1 7A[E PGPR ERIEHMMZ BN FEH &R
Table 1 Main and interaction effects analysis of variance for different PGPR treatments
B L] 2EHE o b R 3K
RBBI #£F 75 1 8.831** 5.286* 35.826%* 17.687** 2.200
RBBI it 517 2.282 56.819%* 909.766%** 101.695%* 431.200%*
RBB1 #7177 :\xRBB1 JEIL 5 15 0.774 5.835% 23.154%* 7.119% 5.255%
WP8 #:F 775 22.728** 21.787** 66.586%* 0.948 9.294%**
WPS jifi il 575 1.525 119.681%** 1026.081%* 196.550%* 338.273%*
WP8 $F 77 < WP8 JEL 5 15 1.765 1.723 6.782* 6.910* 5.038*
RBP1 #7750 2.615 0.076 7.330%* 128.450%* 0.004
RBP1 i It 515 0.101 109.240%* 1350.868%** 865.206** 121.327%*
RBP1 #4177 X\ xRBP1 JilL 5% 0.733 0.076 39.286** 1.636 1.034
W RPEEAN FAE, * R e SRR T U E Kb AR B2 (P<0.05) R (P<<0.01) 5.
2.2 B
- oY 14 | N KRN 8)
20 [ A [ A
B
1.8 C 1.2
s b cD 5
= 16 E _
E- F @10 . -
E14r & g c
= Z os D
i€ 12 - = = b z
[t . = [jus] e b b b
1.0 - . b b b . N c
o=l 0.4
0.6
¥ ow x> 4 = % = 02— = % = % =
S Bz EE 3oz g z £ 2 3z 2
= 2 % 5 2 g g 8 = 5 2 g
Qb # Kb B
3 KIEBEME 20 REEEMME EE(A) FIIRETHE (B)
Fig.3 Above-ground dry weight biomass per 100 plants (A) and root dry biomass per 100 plants (B) of 20-day-old rice seedlings
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RBB1 4l ik 2 J5i a1k )

4 F[ELIE PCR-DGGE 54 Ei& (A) & DGGE £HRESHT (B)
Fig. 4 PCR-DGGE fingerprint of different soils (A) and cluster analysis of DGGE banding patterns (B)

3 RBP1 #: 1. RBP1 iZfh. RBP1 4li#fk. WPS #: 1. WPS i Fl. WPS #li#fk. RBBI #:+. RBBI1 #ZFli.
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HE4T PCR-DGGE 73 #7 .

& 4, RBBI #:+1 (Lane 7) FIXf# (Lane 10)
) P AR ARLEE 1K 76%, RBP1 4 - R Folt Ak B FRIAFABL S
WAL E] 75%. BR 3 BRALBERESL, JLRPTA AL H 40 R
T 5 RO B AL EE 3 7E 50% LA b A dgerh— a2k
FEMANTE M P ARTEI a by ¢ ZRAERAbFE b 4y
L, IXLERE IR ANK A D) A A DR B R,
SUBACSR RS2 BEAN], R AR 1) a, £5JLANE T
Aab PR F) - A9 5 FE A LR Bl AR R iy, 3K 10 X L
RSN PGPR BRI, AL A& ]
RBBI 7E P3P AAE IR IN AR, 7E 20 RIS, M
ORI H4r 2 ¥k PGPR, JUHE RBP1 A LATE
A A I (A AE TS R SE A, X AT R LA KRS
B LR B R A

3 Wi

AWFFCEIT 3 ¥k PGPR, ¥ T 48 1 FA i ARk
5, I 8 F AR R A KA — T A HEAE T (45
RRTRD, AT S WA A BT T . NEE AR
RBB1 AXAELEANGS ILH BRI 0T e 2 (e kB v+
YIRHIRLR, AT, RBBI EAERURA .
AHEEZ R, RBP1 A /KRR P (R A A R R e e, Lot
WP8, FERILA LR ST i SR 45
J51fi . Muthukumarasamy 25 A\ VRRFSE 8 &% B, PGPR
FEMOKRE, ks IR m TR, R 2K R L
NI, (HRIRR T EED Lo U . AR
FIAE H AN TT 2253, i B2 4 E%F PGPR
ANFI AL EE 7 BN U, A2 PP R A ORI BEAR SR R o
PRI, 0T AN S DRI R ORI B0 T
PREANAE D PGPR R AESR R, B UL, Fei bk
i E AT bR, H AR I AT T4 o 1) o 5 At A
AR A FRHR o

SRR I, PGPR SRR IR, R Lo e A4
e B LUAS AR AR B, (H “BE-+IE” TR AR
KIS S A B FIE(E (BRSiBRAM) . 76 Kumar 55
N —TiiafF s, Befl PGPR 34 LARUIE H JLiti
BN PE, S ERRk g, HAKIERE2IE
BIAE PR TG o 3X 0] e T AR A — LB IR it
F124 PGPR AAIG A SE 4+ 1 1 B 503 1Y) 4 5L

HEAE S5 IA K, PGPR 7 1 58 BA8E vhote 4 FH 1 i
P fERIEP RS IS, I RRRR e AR AR
e AR, — s PRI PGPR % 34N

BEVR S5 R R /N, A —Seh 5 2 4518 M
U191, iR PGPR &/, e + 241
RIRETE RT3 5 R o (EMAHTFSE DGGE 45 5
F, RBBI1 X 38 25 41 B i V4 S50 R i s /s, 1
HZwfe L3 20 RI, ©ANEAE DGGE AN £,
X A] eSS S AR AR AR e = 1 I . RBBL & T2
HUAF R, BARATREAE 20 KIGEMCEEM, HIXFh
AREVEAR DN, KRR s ORISR E - MA I,
W BIRRZ 5, Mskhs LHE, R IH B
FI IR IEAIE & Y e @ T o bR
BB A WPS, FEAR1E RBB1 —FEAE 20 KEATI
Ailte NIEFRATAH RBBI 68K 1 3R 8 1 A 77
IE) /T 20 K. RBP1 A1 WPS Xif 1358 41 J 1 v 45 1)
B k28, (HERAEBLE 50%, Ui XL
BN TR AR X R R S M AR e, T AR A
AR

BAHERTI TAE S 14 Bk PGPR WRAK 444
fRAERLEINY, WPS [IRAME AR AR - BT P g ik 3% s
RBP1 ({43242 457 HCN. NH;. TAA FI%RESE
RBBI 2@ 24577 NH; Al TAA . Hirb WPS 112
ABARACE — R G=iEEE), 1M Hy gk 2L
ORISR 7/ EINh d oP  [11 2 e =X (S I PR N P
RE, WP /KRR AL AELIHE AR ] o A4l
PR, PGPR & BEIE IR — LG HLHE KD (volatile
organic compounds, VOCs) it BEAEA /L (K12, Bl F WPS
I X — I ARSI K AR e 2B, Bk
MU Rt e 4R e o
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PGPRs Effects on Rice Seedlings by Method of Raising Rice Seedling with Plastic Plate

GAO Jun-jun' , KANG Yi-jun®, CHENG Jie!, YIN Shi-xue'
(1 College of Environmental Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225127, China;

2 School of Life Science and Technology, Yancheng Teachers University, Yancheng, Jiangsu 224002, China)

Abstract:  The purpose of this study is to determine (D if 3 PGPRs, (Bacillus sp. RBB1. Bacillus sp. WP8 and Pseudomonas sp. RBP1) are
effective in promoting the growth of rice seedlings,@the differences between distinct applications of PGPR and the effects caused by appending
fertilizer (Zhuangyangji, “ZYJ”), and ®the influences of 3 PGPRs on the structure of the indigenous bacterial community. The results were as
follows: (D3 PGPRs especially for RBP1 and WP8 could promote the growth of rice seedlings, which were expressed in stocky shape and increased
biomass; @PGPR with soil drench was more efficient than seed soaking;@The effectiveness of PGPR was firstly dominated by the addition of
“ZYJ”, and then by different inoculation methods; @The above-ground dry biomass, rather than plant height, was more sensitive than other indexes,
which could be used as a proper index to assess PGPR; &3 PGPRs caused modest changes in the structure of the indigenous bacterial community,
implied that PGPR was an eco-friendly approach to rice production. 2 PGPRs (Bacillus sp. WP8 and Pseudomonas sp. RBP1) could significantly
promote the growth of rice seedlings, which implied that they have potency for microorganisms-fertilizer development.

Key words: Plant growth promoting rhizobacteria (PGPR), Rice, Raising rice seedling with plastic plat



