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# E 35 2 LR M A A AR R L 4 49 1 (Plant Growth-Promoting Rhizobacteria, PGPR)
NEMBA TR, A TRy LERE, FNGEEAH. [B 8] S HIRARIT @8 A, fHikT
Mefg & R EMaE) PGPR. [ 7] RALR AL AAFREAL LS BRBGHEmE . @i
BOXAIR-PCR 5473 K. 16S rRNA A E R F A A %K FRME, sTHRG RS SHRFSEFH
f AT M. E—F IR T B89 3% T8 (Indole-3-Acetic Acid, IAA)E M. &AL /. RRE 4
FLEE /15 PGPR 4547, vAlhitd 5 PGPR, ®R/GEid ##REKIEL WA MR, [£R] 9 B1F3)
58 MOBARIE AR 40, HR4E BOXAIR-PCR 4840 H 354 B 11 #cE 24T 16S tRNA A B 57| 2, 4R
Z A, 58 ARE A BT o 04T F B (Bacillus). 1B IH & (Pseudomonas). 5% R E /& (Raoultella)
Fo42 K £ L H & (Brevundimonas) 4 &, VAR AT H & (Bacillus) AR A H B . 58 #hénl F 48.28%
AT = TAA, 27.59% &5k 4 ), 37.93% &4 e ZEfRee /), G2-13. G2-3 A HT2-8 B4L
A SRR MR A B AR E . 2RI LREY, G2-13 BT Y8 A K eI ut4E A
B, TS5 L3S E 5 A38m 33.05%5 53.32%. (4] BIERFEAER A F S S 408
BIEfRaE, CAVEFA L B A 0 B R NE.
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Analysis on the diversity and plant growth-promoting
characteristics of bacteria in rhizosphere of flue-cured tobacco

LI Yongyun' ZENG Zongliang® YANG Junwei > LI Guangyu' GU Yunfu™

1 College of Resource, Sichuan Agricultural University, Chengdu, Sichuan 611130, China
2 Panzhihua Branch, Sichuan Tobacco Company, Panzhihua, Sichuan 617099, China

Abstract: [Background] The mining of bacterial resources with the capabilities of both nicotine
degradation and plant growth-promoting would contribute to soil quality protection and green cultivation.
[Objective] To analyze the bacterial diversity in the rhizosphere of flue-cured tobacco and screen the plant
growth-promoting bacteria that can degrade high concentration of nicotine. [Methods] Pure culture is
applied to isolate nicotine-degradation strains with selective medium. The diversity and phylogeny of
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rhizobacteria were analyzed by transcription factor amplification (BOXAIR-PCR), 16S rRNA gene
sequencing and phylogeny analysis. The PGPR characteristics of the nicotine-degradation strains were
screened via determination of indole-3-acetic acid (IAA) production, phosphorus solubility, antimicrobial
activity and other indexes. The growth-promoting effect of the isolates were further confirmed by pot
experiment. [Results] Totally, 58 strains of nicotine-degradation bacteria were isolated, and 11 typical
strains with different BOXA1R-PCR fingerprints were selected for 16S rRNA gene sequencing. Based on
the phylogeny analysis, the 58 strains were belonged to four genera including Bacillus, Pseudomonas,
Raoultella and Brevundimonas, with Bacillus as the predominant genus. Of the 58 isolates, 48.28%
produced IAA, 27.59% were able to dissolve phosphorus, 37.93% could degrade cellulose. Based on the
PGPR abilities, three isolates including G2-13, G2-3 and HT2-8 were used to perform pot experiment to
further confirm their potential growth-promoting ability. The results showed that when compared to the
control, G2-13 could increased the plant height and aboveground fresh weight by 33.05% and 53.32%,
respectively. [Conclusion] The tobacco rhizosphere harbors plenty of nicotine-degradation bacterial

strains with PGPR capability and have potential application prospects in plant cultivation strains.

Keywords: nicotine-degradation, biodiversity, PGPR, pot experiment

9 AR Br 2 4= T8 (Plant Growth Promoting
Rhizobacteria, PGPR)&—JSAE7E T 18I 78 T4
YRR PR ESEGAE Y, Rl B R A I i
WK, B AE AR g Wm0 &R
(Indole-3-Acetic Acid, TAA)EFHEHYIE KR . Bk
FEER . IR AARSE (AR PN 32238 2 ik
BUR P 5T LA sl A i AR s 2 1) R AR U2 E iR
B PGPR PLANGN F, 2005 R M R
(Pseudomonas) . *F #IAF 8 J& (Bacillus) . A 14 J&
(Agrobacterium) . TiF & )& (Arthrobacter) 3541,

FEMAVE A m I Y, o B R e
TGk R AR, TSR O TR T R
W— R, SECIER AR 2E |
TR F AT, P B S BRI R
ME AT XM A B R 3 b BT SR R R B
g, P TP NERURIUH SR AL S AR
WA, DI SE B b AT 2 A ™Y it AL I P it
PGPR #5IREMS 24 i SR E WIS PE A A )
HEVR A ZAEE, TSR NS | Bl I
458, MRDEEVERRTHS T, BRI, S IHARPR
S ISR AN PRI o SRS AR RRAR R 1
ey A SR GZYCT-4 Ml GZYCT-9 %M
BT A AT BRIV, 2 ¥ DR
SEHUAT I (Bacillus velezensis)o 25/NREEIF]F

PCR-DGGE HA X RS NH i -+ i e WP 2544
R AR TS, S5 SR R BIARER SRS TR 1)
BER R BCARRR bR 38 5, AR KR AR
PrIfsez Ak, HEA XEN PGPR MK HE
B BRI E TAR VR . ok, AR A3 bt
FEMERR Y SRR (Nicotine) i 518 A 13 H K1
FEAE, SR IR I AV WU 44, Tix)
FHEHARBIFAE RN PGPR BE 1 A RE RAR Bl B i 5%
W A TLAH DG HE ),

BEREAG TR S B8 DU 4% S 06 AR R A X ELAT
ARG AE KA S, AR PR 3L
ot B2 MREY) . AR L) LR AR X
FENRAR R N FEAS, 3 B XT KRAsAT A BE T (AR
PRANTE, XTHEMRIEST PGPR fE /1404, 183 2k
I AU AR RO, IR T A 2 T Bt
PRIARIFA T 508 S ZHEVE ST, DU = s ARPR A T
PRIFI TR |« 4240 s 255 KR B e 1l A= A s O g P
TR RE | Ry R | 4R S R AL
TR AR LB IR
1 RS
1.1 ##l
.11 #&

AR URAR B 3R i 2R FBERAE T OK 5 B L
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Wit £ (105°36'57.48"E « 28°02'2.80"N) 5 1L 43
IR BV (102°46/48.85"E « 26°42'49.95"'N), KAt
SUB SRR 00 87, SRAE RS H{EE R HE I .
7 H ) FLAUORE 38 BHRE SRAAR bR - R
PATCTA A Bt [al S0 %

88 W R T A 2R Bk J) T (Fusarium
oxysporum) . ¥ J\ & & W i (Pseudoperonospora
cubensis) . INZ IREENR %T(F usarium graminearum)
K W ¥ % (Escherichia coli) . 4 ¥ {0 i %5 BR
(Staphylococcus aureus), )AL R0 HME
Ve 2Rt IR =40 87
1.1.2 EFE. EEKFIF0MNE

R 5325 55 R 2 A B T 0 1 ] LB B 3%
FREEM | PERERARRE SIIE T CAS Rl P4l 5
CAS Ly U213 W mihe 77 fif F JCHLBE [ (A B o=
FEOA LR YRR AFRE I (NI SR £ R 5L 05T
7 TAA RE 1IN E ] Salkowski 1771015 41 pa JE A
20 DNA $eiufilg, KRR A ARA
H]; 2xTag PCR Master Mix, 16S rRNA &[54,
A TAY) TR B ARA R, PCR AL, HEK
BURAL, Bio-Rad Aw]; AN UL/,
R NHARA IR AW,

1.2 IRPRIBPE R E A5 5

PRI 5 ¢ IIAFIRA 45 mL TCHEZKM) =
A, EERRIR FIR 1.5 h LIRSS, MHIE
1.0 mL BT 10 RERREERRE, 40 lAs3] 1072,
107, 107 WM. B 107107 BRI S
50 pL YRATAE LB-HA0 S AL 4R 1 77 (IR 2
4 g/Lyh, 28 °C fHIEFR 2-3 d, PRiLRETRIE—
HAlifl o KRR LB-NRBR IR AR 77 3 (R ik 152
4 g/Lyth, 30 °C. 140 r/min $53% 3 d, W5EMRHRRE
i 3 LA 5 PR RO e A
1.3 RS FE R EE HilE

DIREZDE LB-HB80R AA 15 3% 56 25 L0 R
10 000 r/min Z5.0» 5 min, 3B 0.05 mol/L £
PR RS G I8 WOCEEETE R . 76 5 /L MRk T
VW (ZEXRBRIN A 0.05 mol/L RFRIA L ) FH A

XNt 0.05 mol/L #h RIS W e il — e Wk BERR B, LA
259 nm Kb BT SRR A AAR R | KRB 25 A A Al
Praz il JEm 2L S s bR e 2, FnrE 2 ml ) )7 7
h Y=33.686X+0.004 3, R>} 0.999 7. lERESLK
SCEEME, MRAEAR SRR B, AR AR
=(73 F% RE S 77 HE e B S — 42 T 4 AR B A )/ S
P 0] B S B A AR < 100%!
1.4 BOXAIR-PCR ##f

PREC LB “FHR G, AN DNA
PGS IRI DNA, 1%30IEWHEE I B ikAG
—20 °C {47 . LA BOXAIR 5[4 (5-CTACGGCAAGG
CGACGCTGACG-3) %} i ¥k i#47 PCR #7317,
BOXAIR-PCR JZJWif& % : 2xTag PCR Master Mix
12.5 pL, 51#%1(10 umol/mL) 1.0 pL, FEA DNA
(10 pg/mL) 3.0 pL, ddH,O #ME % 25 pL. PCR Jx
A& 95 °C 3 min; 94 °C 1 min, 56 °C 1 min,
68 °C 8 min, 30 MME¥F; 68 °C 10 min, 80V T 2%
TR AR FE VK 90 min, HEM BUIGAHA RE RIS
1.5 16S rRNA EFNFERRFELE 2

LT BOXAIR-PCR 58, 0L 11 HRft £
PIARIEST 16S IRNA FERWT . LLE DNA S,
51 F1 (5-AGAGTTTGATCCTGGCTCAG-3")
Ml F2 (5-AAGGAGGTGATCCAGCCGCA-3")4" 14
16S rRNA FLHUS PCR [ZJWfAZ: 2xTug PCR
Master Mix 25 pL,F; Fl F, 5#)(10 pmol/mL)£% 0.5 pL,
it DNA (10 pg/mL) 4.0 pL,ddH,0 #ME % 50 pL.
PCR JZ W 4&f4: 94 °C 3 min; 94 °C 1 min, 58 °C
1 min, 72 °C 2 min, 30 ¥XfE¥; 72 °C 8 min, HX
PCR 724 5 uL #H47 1%E R HEEEI HL Ik - PCR 7=
afi AL FI A T AR TR ) By A BR S Wl 5
B, BFIFLESRAE EzBioCloud ¥ Huxt, #|
F MEGA 5.0 W R G K B .
1.6 {BEHFENE
1.6.1 7= IAA 4$FMENE

K Salkowski F tEt Sl G B RE 7 TAA RE T .
BUESR% ODgoo M 0.6 BIUNE AT 50 L 2%
0.5 g/L 2[RI LB WK SR I, B0k 3 IR A,
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30°C. 140 r/min 555 2 d, B3R 50 pL FHK
FHBHF, A 100 pL Salkowski A7), #HE
30 min, HEURLZIENERBUSREYE, ROZEEA
7 IAA Y, B AR I TE R

TRMNEEMK IAA 77&, 10 000 r/min B>
5 min 3R BRI B 2 mL 5 4 mL Salkowski (%,
FRA, WIRTEEEE 30 min J5, 530 nm R
SEWCEEE . DIRIEREZ AR I, A 3
o MK 100 pg/mL B TAA FRiERESL (10 mg TAA
FH UP /KFEZSZE 100 mL)JIAT 0 i €655 0 #5141l
MR L, T TAA B & (mg/L)=
(ODs3— [ 5EE By 2% K",
1.6.2 BEEEENINE

R R 1 S VAN TR AT R
B S IET e A b, 28 °C 1535 3-4 d, Wik
Fofr A e S L 75 T s BH e P 000 V% e B L
#, H5 HD/CD {E(HD Jyi&WE B2, CD NHT%
HRRKRIEFE# RS . TR 3K,
1.6.3 AHREREEEDNE

T e R 0 R TR RR P 2T 4 R e e 1
VAR TR SR E |, 28 °C K59k 4-5 d,
WL TR 7% T Bl D 508 R vt i PR I . 1T
HD/CD {E(HD “hiEWE H1%, CD N5 EE) IR
LT LR ffRE . R 3K,
1.6.4 FEEREKEEANEMENE

R CAS ~PARAG I k= ks i g 1),
PR A LB WA F= 56, 30 °C. 140 r/min 5
F22d, TPHh g i 5 ul B, B 3 IREE,
28 °C K557 3—4 do SrUMER IR AN T DA 7 TR PRl H 3R
AR EV R, 18 HD/CD {H(HD NP
B AR, CD WHvEEA)™ B EE 3 K.
1.7 fmiEMENE

SR FHPAB X IR 2O S e S L T A R
£ PDA KigRILrp M 4S5 mm (03 I L B T
He, FEPHLDUR 2 om Ab-F RSy BT bR, 3
o DL BRI, 28 °C BigRAf s
F% 3 d, THEMER, MEE(%)=C R BAR-

SRR P& EAR)/ 6 BB 7 A% ) <100, SR FHXUZ PR
PR RN I ROR A T , LB BAR PR
(& 2%3508) FCE A HEA S, AR G T A T T
LB KR ( 1%3508), FF FEEERE S, msaamr
B 150 uL AR, B 3K, 28 °C Hifrffids
7% 3d, MEPEEER.
1.8 IR

S P LE DU E FE AR et HAR I RER o 1%
B R TR TR AR & &
PR ) Bkt HRZHL . Bk e A 5 3 1) e MR FH U5
BH, B 2-3 Kb, BFEEERENKS
T, PR S — BN R TR . 1) 5
RS RS A RE o 7 e i AT S9N
Xif N K TR S0 mL, X RRZNA LB AR R 773
50 mL. RAb3 3 kEKE, R bR BARE 5d
RIS AR &% LB iR, Beak)E 30 d
WOREERRAE R, Dbk . AR i HUATRA
=g

2 AR50
2.1 (EEBMEBAREMN S BEZHESHR

FIF LB-MBR ARG TR, M 3 MR = 4
87 HRBR L3RR i 20 25 31 346 ARANTA , BT 53 B 1A 2
R LA — 22 (W T 32 RARAE T, (HH RS REAE X
NRBRES TR . DU MRBRIR B 4 /L T B REFR L ES
7% 72 h JE MBI . 346 PREAREH, 3t 58
MR ELgRffe f1, Hih G2-13. G2-3, HT2-8 %5 13
PRIARETE 40%LL |, HT14 FEMFRRE, ik 62.41%.
AN Hi DX 53 B A5 2] ) MR B R i TR AR R AP A 22 5%, o
AN E BN R, b 23 % A%
Botbmighih B Ak 19 kk; 088 A il Aa4R
BB RER LY, N 16 th, RERE 1),
BOXAIR-PCR F8EIiEHs 58 HRIEHA 400 11 F
PSR, MRy 1 wl%n, 2870 11 B, N
204K RAI3. 40 R HA 1 hk; KAVL, 7. 81
WA BN —30, EAHRL: B s PR o B AR 2
Bacillus paranthracis (MACE01000012), 34k %
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FERIEEUAY 11 BRAC R RIS T 16S rRNA JE R F Bt
M, 255 ERE 2), 58 FREHRE TH 2K
FH P B B 28 AT B 8 (Bacillus) 5 3 2 FG BAME 1)
B A M I JE (Pseudomonas) . 1% /K1 & (Raoultella)
FIRE U S 0 & (Brevundimonas), Heh 2R I &
(Bacillus)A5 49 ¥k(84.48%), NILHHEE; 5k
I J& (Brevundimonas){¥ 1 ~Fh 2 #kK . G2-13 5
Bacillus paranthracis (MACE01000012) #H {2} ¥ ik
99.93%, HT2-8 5 Bacillus atrophaeus (AB021181)
AR R 98.69%, G2-3 5 Raoultella ornithinolytica
(AJ25146T)FHI{BITE R 99.02%
22 IRFRHERESFE

ME 58 MRIGHIIEERE S R BE, 28 1k (48.28%)
AT/ TAA BB T, 16 ¥R(27.59%) HAT i fie
22 ¥k (37.93%) HAA LR FEMFRE T, 13 #R(22.41%)
BA S WEREIRRE ) . ATEMTAMRIE AR, A
14 BRAEAEFEEDL R ELFI LA 3 Fh D) AR A D RE
(#2), HA 10 ¥k IAA 2 7E 20 pg/mL Ll E,
HT14 /38 fci, M 53.67 ng/mL; 3 #RIAHERE
B (HD/CD>2.50), H:H YBG10 ) HD/CD {EiR = ,
h 3265 7 MREFYERFEARBE 1% H(HD/CD>2.50),
H HT2-8 5 HTI13 B9 HD/CD {84350 4.22 F

#1 BEFEEEAREREESR

42 Q
¢ AP IICN N
N %0%154%6 Q’»{» «2’3\ «2'3&4%6 «2'3\4‘2’&

N
DL

5000
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1 000
750

500

250
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1 AW MRE R RE# BOXAIR-PCR 54 EiL
Figure 1 BOXAIR-PCR fingerprints of representative
strains of nicotinic-degradation bacteria

Note: M: DL5000 DNA Marker

4.78; G2-13. G2-3. HT2-8., HT13. G1-14. YBTI
WAL 4 R AEThRE, G2-13. G2-3 5 G1-14 4%
BEYNT A E, HT2-8, HT13 4388 | il £
AREHYVEH, YBT1 28 AERAETIKR S B,

Table 1 Identification of representative strains of nicotinic-degradation bacteria

& TS R (A TG RR(TH1S) AR
Genus Strains Type Similar strains (accession No.) Similarity
(number of strains) (%)
Bacillus YBT2 1(2) Bacillus paranthracis (MACE01000012) 99.04
YBGI12 7(5) Bacillus paramycoides (MAOI01000012) 98.70
G2-13 8 (1) Bacillus paranthracis (MACE01000012) 99.93
HT2-8 2 (8) Bacillus atrophaeus (AB021181) 98.69
G6-2 11 (20) Bacillus mobilis (MACF01000036) 98.97
YBG1 3(1) Bacillus wiedmannii (LOBC01000053) 98.76
YBG10 6 (12) Bacillus toyonensis (CP006863) 99.17
Pseudomonas HT14 503) Pseudomonas geniculata (AB021404) 99.37
Brevundimonas HT4 10 (2) Brevundimonas olei (GQ250440) 99.11
Raoultella G2-3 9(3) Raoultella ornithinolytica (AJ251467) 99.02
HT13 4(1) Raoultella ornithinolytica (AJ251467) 99.03

TE: ARG B A I B R R
Note: The types were divided according to the amplified fragments
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Bacillus mobilis 0711P9-1" (MACF01000036)
YBG10 (MW405816)

64ql Bacillus toyonensis BCT-7112" (CP006863)

73 G6-2 (MW405814)
Bacillus proteolyticus TD42" (MACH01000033)

YBGI1 (MW405817)
Bacillus wiedmannii FSL W8-0169" (LOBC01000053)

G2-13 (MW405813)
YBT2 (MW405818)
751 YBG12 (MW405815)
99| | Bacillus paramycoides NH24A2" (MAOI01000012)
Bacillus paranthracis Mn5" (MACE01000012)
91, Bacillus velezensis CR-502" (AY603658)

5ot HT2-8 (MW405819) _
Bacillus atrophaeus JCM 9070" (AB021181)

94| HT4 (MW405822)
—ﬁ Brevundimonas olei MJ15" (GQ250440)

9L Brevundimonas naejangsanensis DSM 23858" (ATXN01000003)
L 62 [{ Pseudomonas hibiscicola ATCC 19867" (AB021405)

HT14 (MW405812)
98! Pseudomonas geniculata ATCC 19374" (AB021404)

99 Lelliottia jeotgali PFLO1" (KX709881)

HTI13 (MW405820)

96‘ G2-3 (MW405821)
Raoultella ornithinolytica JCM 6096" (AJ251467)

Halorubrum sodomense ATCC 33755™ (D13379)

[ —

0.050

2 ETF 16S rRNA ERAFIHBRERER

Figure 2 Phylogenetic tree based on 16S rRNA gene sequences

TE: 55 P R SURERTE GenBank H 55 7330l EAVECTE Bootstrap {8 ; AR AR B SRR &R
W & (Halorubrum)

Note: Numbers in parentheses mean accession numbers in GenBank; Numbers at the nodes mean the Bootstrap value; The scale means
substitution frequency; The outer group strain is Halorubrum

F2 IRPRLIBHEFT IAA. BB R TH RPERZEE
Table 2 The ability of rhizosphere soil bacteria to produce IAA, dissolve phosphorus and degrade cellulose
7S IAA F7iE HDI/CD

Strains TAA production BRI YR IEMRRE ) DaRLS s AN W
(ng/mL) Phosphate solubilizing (cm) Cellulose degradation (cm) Siderophore production (cm)

G2-13 44.90+3.36 2.05+0.06 2.43+0.08 1.84+0.06

G2-3 24.34+1.92 2.88+0.09 3.3840.27 2.38+0.08
HT2-8 32.22+42.48 1.75+0.03 4.22+40.11 2.05+0.11

HT13 29.24+3.49 2.34+0.12 4.78+0.12 1.76+0.05

Gl-14 31.74+5.27 1.77+0.03 1.56+0.03 1.47+0.18

YBT1 34.04+2.09 2.54+0.17 1.82+0.09 1.89+0.14

HT3-1 22.85+1.81 1.35+0.15 nd 1.25+0.03

HT14 53.67+3.13 1.75+0.23 nd 2.17+0.22

YBT2 16.04+0.51 1.32+0.05 3.68+0.08 nd

G2-11 38.62+0.86 2.28+0.09 1.82+0.06 nd

HT6-2 28.58+4.88 nd 1.88+0.08 1.95+0.16

G2-1 nd 2.3240.12 3.13+0.13 1.66+0.07

HT4 nd 1.55+0.06 2.02+0.19 1.70+0.11
YBG10 nd 3.26+0.27 2.58+0.15 2.26+0.12

TE: RPN FIEEbRER2E s nd: RKGH; HD: B EAR; CD: Wik HAR

Note: The data in the table represents mean+standard deviation; nd: Not detected; HD: Transparent circle diameter; CD: Colony diameter
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2.3 IRPRAEINEE M

X RRARIEA TR B TR, S5 (R 3):
7 RRBEXS 3 A K DL H R B A RS PUVE T, Fod HT2-8
XTETA TR R R AR DUV E T, T E 4 i 6
A ER AN A B B ARIS 2.10 cm; AN, G2-13.,
YBT6. G1-14 Bk 3 Fifi 5 B i 358 Ml 1E
FHorpr, G2-13 X8 NFREIG I . /N IREEIR I . 2R
FUSR T I HRIAE 40%LA E, 50 42.47%.,
52.38%. 62.25%. X TEJNFREWNER, L G2-1 K
FIMMGRE 2, R Rd S MR JE HT4, ik
72.13%; XFF/NEIREEIETA, Tt m i T R
G2-13, 4 52.38%; X TIHBRIITA, L HT4 KK
PRI, G2-13. G2-3 Jt G1-14 BHHRIIA B
FEHUEA, 03 i s I RS G1-14, 35 74.15%.
2.4 FRBREE X E 4 A KR 2

AR A SPURN E RS, KRR R0
%3 WETIEAENELE

Table 3 The antimicrobial activity of rhizobacteria

G2-13, G2-3. HT2-8 Rtk TIE ML i) 24
PRI AR E . W 4 FioR, G2-13 5iRmAH
(G2-13+G2-3+HT2-8) i AR 1 & i 1 3 o F oAt &b
BE, Ot REZH 73 4T 33.05%H1 21.08%; G2-13,
G2-3 FNE P AL PR AT 5 25 58 = 1l b o, Ao iRl
3BT 53.32% . 19.67%H 44.59%, T1fif G2-13 Al
TR P Y 2 G2-3 AP, fEMEE ST
11, G2-13 5 G2-3 AbHEEEFHRCR A &, B0 el
FIHEIN 8.28%F1 9.55%; HLAHRff T ARIAF 5,
BARITAT AL BRI T B 22 . BMA BFE, G2-13
A PRAIR AR ORI FHAR AR AR B, $2Fh G2-13
IR FERR . e i R 2 R 5w 3 4
BhR b, ORI BaE R TR TR A ER A v A
Hiy b R RN, (R AR TR BRSO K
G2-3 5 HT2-8 AR IAfE AR, (HEYRE
IR T MR H b EE AR AR A 5 R 5K

EE7S X S T P4 T AR Yo JE T T 41 26
Strains  Disease resistance (cm) Antifungal activity of the strains (%)
PN 7ERR A (A AT BRI B FH BRI 12 INETREEIR R AL T
Escherichia coli ~ Staphylococcus aureus  Pseudoperonospora cubensis — Fusarium graminearum  Fusarium oxysporum

G2-13 1.44+0.04 nd 42.47+0.62 52.38+3.65 62.25+1.13
G2-3 1.224+0.03 nd 31.68+1.51 nd 64.68+2.82
HT2-8  1.20+0.11 2.05+0.09 34.82+0.48 40.62+2.26 28.95+0.45
HT4 nd 1.88+0.03 72.13+£2.26 28.53+1.03 nd
YBT6  nd nd 38.94+0.79 32.16+1.42 22.70+0.18
G1-14 nd nd 35.34+0.21 48.72+1.31 74.15+2.64
G2-1 1.15+0.06 1.62+0.03 nd nd 36.14+0.23

TE: RAPEIRFOR FIIEbRENR 25 nd: R

Note: The data in the table represents mean+standard deviation; nd: Not detected

x4 FELETEELEERMER

Table 4 Growth parameters of flue cured tobacco seedlings under different treatments
sl M i b FR i I8 5 R Af AT
Treatment Plant height (cm) Aboveground fresh weight (g) Chlorophyl content (mg/g) Root fresh weight (cm) Root volume (cm?)
Control 11.62+0.58b 8.59+0.52¢ 1.57+0.05b 1.97+0.08a 6.48+0.24a
G2-13 15.46+1.02a 13.17+0.62a 1.70+0.06a 2.25+0.15a 6.80+0.30a
G2-3 12.22+0.20b 10.28+0.23b 1.7240.06a 2.06+0.18a 6.78+0.13a
HT2-8 11.94+0.27b 8.81+0.34c 1.60+0.02ab 1.88+0.17a 6.32+0.21a
Combination 14.07+0.62a 12.42+0.32a 1.62+0.03ab 2.08+0.21a 6.67+0.41a

TE: RAPBRFIR I EEbRER 22 5 AR TR AN R 10 235 122 5(P<0.05)

Note: The data in the table represents mean+standard deviation; Different lowercase letters mean significant differences (P<0.05)
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3 i

Ho W2 T L 2R R AR, 20 R T i = B2
NE S HEERTIE , A& T B e E R, A
WF5E 2B, F PGPR F# 751 0 FH 40 R T BAS: R 444
SREEEEAEPIUE A AR HUIE N RHE, it
Jin PGPR & & R AIA RS TR & 5T, i b4
R F R0 43 B 25 34.5% 1 26.4% ., 5L 5 4512)
MK 923 FRAHEARPR +- 34N, ikt 5 BRiEAEfE
T BAR, TEDEIERE A A AR A B R 13457
A PR R R RN TR 2F 3. PGPR A AR 942
AATLBRBR T M ER . VA ARER . FEPUR RS
FIREIR{UFE PGPR 88 FHEMRAR 25 /-
PIARBREEIX R, SEEMAESIEE, e
HRRAE L,

A SO Y B TR bR G2-13 . G2-3 5 HT2-8 BA
IR AR AR, X 2B R D B R A A 0 R
1o Hi4E 16S rRNA JEHFEHIHEXTE5 R (K 1), BFitk
G2-13 5 HT2-8 ¥ T 2EHUAT & (Bacillus) 5332
b, BABSRIEAd . PUmiE . FHRAAEE
(Bacillus)EHRAEEIN N ) IZ , AR AR R0
e PGPR FRRAGHIED" . Wi 252 i 2k
BRIy, IS 2R At 2 TR A S A T A i e A 2
HUFFEE B1619, HoA e i nT i ek F Ak .
2 7. 55 4 POV 43 7 0k 0 25 6 2F AT T (Bacillus
atrophaeus) YNO1, X} A 1A 22 4= A il Sl 1
90%.. JiE URESEPO B MR PR Ay B 15 2 2 RRANTA
A03 F1 BO4, BT IXRIHHE A BENG . Al AR A
(09 L DA SR AR P e TR ) AT A I T
FIRENETFE G, BE RS RIEEH 100%. £
AR AR P, Fitk G2-13 ZbFE 5 1R B HN T
K AL T R AR K38 Ho B AR RV E T, (AR
THAL B A A A8ORS8 T G2-13 403, i 2R kb
PRS TR B AR =05 | RAEBUER, SECRRE
TR R AR A TR R, NI 55 T R IR AR 3%
o RFEP VTG A R YA RS R T AR R A A
AIFEPIING , XTERIECEE . IO fe ks 97 4k ht

Frvmss, MMIRRARA R h SR . tesh, SRR
TREMH RIS MR sk T g, DGRy
it LREPEROR, XTI ARG R 5 Qe A Al
. T AT 3 S U e MR A A FOR
HRBKIAE R AR AE ,  TAS SR 0772 H ) AR R 25 B A
(R AR BB A AR BE ) AT BRI , TEREMRIAAT | Dol
HB S Y 5 TR AEAE R AE R R A (.

LR LRI, REHAARPR A AE - & 2 ARk HAlk
HHTRIE A PGPR THRERY MR B, BATHUFHY
BRI, AT B A PR R AR S U
A AR B A A ST AR (LR A e
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