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Screening, identification of biocontrol bacteria and evaluation of its
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Abstract: In order to obtain strains with biocontrol potential against rice sheath blight, strains were iso-
lated from the rhizosphere soil of plants in Enshi Tujia and Miao Autonomous Prefecture, Hubei Prov-
ince, a strains with antagonistic effects against Rhizoctonia solani were screened, and the antibacterial
activity, antibacterial spectrum and biological characteristics of the fermentation broth of the selected
strain E12 were determined. Based on the morphological, physiological and biochemical characteristics
and molecular biological characteristics, the biocontrol potential was further evaluated by in vitro
leaves, indoor pot and field experiments. A total of 162 strains were isolated from rhizosphere soil,
among which strain E12 had the highest inhibitory rate against R. solani (94.93%), and its inhibition
rates against 12 common plant pathogens ranged from 59.84% to 93.14%. E12 could secrete protease,
ferrophilin and amylase, and had nitrogen fixation and biofilm formation ability. Based on the morpho-
logical, physiological and biochemical characteristics and molecular biological characteristics, strain
E12 was identified as Burkholderia vietnamiensis; after treatment of detached rice leaves with the fer-
mentation broth of E12, the relative spot length was significantly reduced compared with the control,

and the control efficacy against rice sheath blight in pot and field experiments was 62.51% and 67.78%,
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respectively. These results indicated that Bu. vietnamiensis E12 had a good potential for the control of

rice sheath blight.

Key words: Burkholderia vietnamiensis; rice sheath blight disease; plant growth promoting rhizobacteria;

control efficiency; identification

TR SR 9 A — e S 78 8 AKOR A% 5, Fh ST
M 22 ¥ TH Rhizoctonia solani 5| % , 2 I IE WL T 4%
Privithm , 78 P e KA, — AR R BUKH
I = 109%~30% , 7™ 5 5] e 7= 7] 35 45% (Margani et
al.,2018; AT EIASE,2019) . Bl = SR I
RIS K RSSO A LR TH AR B A 2
AR (ZEmB5F,2010; BRI 245 ,2013) . Hij 3%
SR FH = s ] RS ik - TR A A R e e S A 2 A 24 B
I, A 25 AR RE AT IO 3 DL S R R
Y ARSI A f AR Y 5 R HOREL, it A %
AW AT R N FR T EE RN R4, 2018) , 73R4k
LA WBTA TBes 52 KT

MR, R FHGUAE P B LA™ W ke B 1 SR
TR 2 (kR 55,2019 ) , AnZERAMG % (2018)
K W& Ik R B Trichoderma harzianum 1# ¥k 3S1-13
H14S2-46 K EEH BTG KRS , FLBHIRRCR 431
4 79.11% F1180.60% ; Chaiharn et al. (2018 ) K AEHR
PR+ HErh o3 B ARAS 150 BREE % 18 Streptomyces spp. ,
b 21 BR X SE AR 22 4% T I BARBTABORTE 65% L)
b5 BRARAFSE (2021) DOKFESURTR AL T 2 2 145
B/ INZEMUFT A Bacillus pumilus TR ND11, 2R
ST 22K oA B PR G 74.12% , I BeA RS2 K AR
SURR Y AR TE] o T BRIA RO B P S A 5
, DRI B ARSI E I B 3 V) AR 2
Z WA B RAR TR o AR e IR QIR Burk-
holderia j&— S T B A AE Y AR B AR 11, 5 il A7 7%
TRV F b, R A SRRz (R3] 64
2021). % B HA F A (Martinez et al., 2008) i i
(Caballero-Mellado et al., 2007) | {i£ 4= (Compant et
al., 2008 ) B FiF# (Santos et al.,2004) % I, Hp=
(GRS TRk ah G, 1 T A AT DL TR 0 A
Y129 iE 71 (Lopes et al.,2018) , HA3 ARG H5[HE 2,
iR AT (R A A A 1 (Peix et al.,2001) , A FF & M
BB 7. BT, 6 TR g R AR L T B
FEPRMUBIELIR T8 T M B /N2 2R R s () 4 458
%, Sandani et al.(2019) AR HIE P SRAS 3 bk
A v B R LG TR, 24X BRI TR Colletotrichum
acutatum A7 B BIFEHUAE R, W61 & 4 i R
21T 100%; Ren et al. (2011) MG 25T i 1k He 45

TFEZI A w0 8 /R85 B TR Bu. cepacia , 12 148 X HARUE 75
3 & Phytophthora capsici . /)N 2% 757 %599 T Fusarium
graminearum R FEFEIG H P, sojae 5344 BRI
FEPUE s TIEESE (2009) ANE M FA R bR 118 43 55
ARAGVE 2R v g IR PR QTR , 12 RV AR A 48
YFBITIATE T s VT AT 45 (2021) AN [FIVE AR [+
e rP i 1 AR AT B T ZE v A SR A LA TX-1 60 2 b
O Y 2 A B IR ROR 15 F 80.89%; Van et al.
(2000) 1 Khan et al.(2017) 3 71| At e e 0 1
PR ER 3R I A MY AT T S S A o+ g rh
AT ARATER P 11 o0 7B R P2 [C T Bu. vietnamiensis , ¥
AR B KAS L, AT 4 S KRR i I A, 2 /KA
A HR WA K R SO B 1A 38R 1 41GE

WA BBt 5 i B IR B T = AU
LUV b IR0 e, AR 26K, IV AR ] 8, S
225G HEDZ b X A A P AR PRt A= 9 7T e A
R HUIURRAE o ASBIFIT LK R SUR S R FOAR A
NI A Rt T S T R IR M R A AR s+ 4
Hh B A R T I TR AR S S TR IR A
FFAE Az A ARARAE L 16S rDNA K recA 3 731 %
A TS sl I BRI & N FRk S IR R A%
SRR 5 000 O 0 DR R 1 2B I 0, LA SR KRR S
I A 7 B R PO A PR A S
1 Rl 5F%
1.1

A7 A A A A 48 - K AR SO e TR L B
FLERR R Alternaria solani V8 N ZZH5 TR F. oxyspo-
rum f. sp. niveum JFEIEIR I Magnaporthe oryzae . 5
WG SENG B P, infestans ./NAE IRFENR I TG 25
SR E oxysporum f. sp. lycopersici MiAE A 250K 14 F
oxysporum f. sp. vasinfectum K AL 8 =95 & Verticil-
lium dahliae . 5K ZEEESFIR R F. moniliform . K/
W 8 Bipolaris maydis . 55§ JKFE 95 1 Botrytis cine-
rea FHE BIZFR T P, nicotiana Y AT R F 4R
BEAEY) S ARV SR B KRS ARl Rk
HOERS BT R AR 9 5, BT AR AR B 5T
s &R T 25 em K 16 cm | B 16 cm ¥Rk}
A B TR 30°C AR 90% DL/ 16 L: 8 D
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(TR E S 37 PR K 2 A BRI A B e A 7
i N Ak . KRS A T E 25, RO
BANRLEBEEE T R BR800 R0 . 2k
JeH e+ E At 121°C 5 ¥ K B 60 min DL 25
Bk - b s 4

Re g3k . 2 NB 25 I (nutrient broth, NB) 1A
BRI M FRNE 3 g AN S g AR 10 g,
FE TR 1 LB 2845 ,2009) , I ANEIE#S 18 g Bl
h NB [E {4 85 55 i 5 15 4% 254 4 % (potato dextrose
agar, PDA) K5 FR L0000 8425 200 g AT BE 20 g
TGRS 18 g 5B T /K 1 L 25 A B ARG 0 45 35 35 il 23
R YR 70 g JRALER IR S g A | g ERER
Bk 2.5 ¢ IR MY 15 g 5B T/K 1 L (RS,
2020) 5 Mg Bk 2 AR I 3% 7R B 4 R R 0.07 g
1 mmol/L 7S7KA ALk 10 mL .75 J5e 3k = H L
b2 0.06 g FEHE 20 g L- KT TAWERE 2 ¢ BER A —
B g EIKARIIREE 0.5 g BiiEk 18 g KB F/KIL
(Shin et al., 2001 ) ; & ¥ B Ao i 15 77 B i 43 A W] %%
PEVERY 2 g LR AIRE 10 g HZIHE 10 g FEH T g.
Bl 18 g . 5B T /K 1 L(Abo-Aba et al.,2006); JLT
Jo PR 0 455 5 e 0 R IR — B 1.0 g LK B IR
B02 g BALH 0.2 g 1% AR LT 5 (5 1A R
) BilE20 g, KB FERE 1 LUFEMS,2018);
TRIGFHEN T A H R 10 g BER — &8 0.2 g,k
KERIREE0.2 g AN 0.2 g —/KEMERE50.2 g\
RIRES 5 g Il 18 g A= 7K 1 L(Smith & Haya-
saka,1982),

23] ARSI : 20% H- X1 8 Z (validamycin)
ATESAR A, A AR A FRA R . 417 DNA
FER A FEBOAT &, RARAARHEE (b)) A BR A F
2xTag PCR StarMix with Loading Dye, 1t 5t 5 i i3k
AP A W AR A BR A 7] s DNA Marker DL2000, b 5%
BN BB AT BR 2 7] 5 AR 2 o [ = o pr ali
VEGA 3 SBU Bl 7 B, REHE RS (I
1) A1 FRAF] 5 SC7620 BT IR ST BEARAL , Fg it B R}
FoA BN 7] 5 SPX-150-GB 2 RE UL R R 5548 , L 1AF
IRFF SR A A B 7] s DY Y-4C BUHL VAN, JL 5o
—E R AT BN 7] UV-5100B 4540 0] W36
I, LT s A R 7l s T100 PCR X, i {6
() AEYRH A R A
1.2 Ak
1.2.1  RASHAE IR A b5 T AR89 2 B B it

KB 1 I b4 RO = 806 B 1 1A N R
EARFEYIAR PR A A ML I % 2 . FRBURBR

+HE5 g, BT &A 95 mL EHE /KK =Mk, 28°C
TER IR 75 9% 2 h, IR AR I 1 mL YR 1A 28 55 0
B, LAEA JRIBCR FH 10 A58 A R ks i A VA 40
SR 1107 1107 110 A1 1x 107 1 Ff Bk, B4
W EE 23 50 wL 3359 U Al T NB A4 -, BT
28°C1H I TR IS 1% 9% 48 h, PREI (0 JEEE I R/NVRD
FAUR R LR Vg , 126 T NB B AR L3557, 4R
RAi AL RE , X ARAS I Sl AL PR R EA T 405, 4 CUKAR
PRAFEE

DAZKFE SO B A AR B, R FH P AR IR 325 068
AT TRARIEA T 075356 (2= 4 ESE,2018) . 7E PDA K
FebE BRGFR 2 d KRS R A A TR A S mm
OB D , B HAE D 2 PDASEAR T e B B IR SRS
bR R B 8 7K R SO 99 TR R DF 25 mm Ak F PR
A L 42 b, LA Rl D 17 R X RE, 3D S BT
28°CIH IR BRI T 557 , 48 h i WLES R & 310 B 45 1)
KN ISR, BRERER 3R, IR ES
3. il ER= O RE B Y5 ELAR - Kb 3R v B )/ Oxf
WS B - DFEAR) x100% ., BEFEIN R R 1Y
PRARIEA TS5 221
1.2.2  RAGHAE A £ By A AR K BE IR 9 30 A 7 ] 2

W 1.2, 1 07 18 9 A= 77 R P 381 NB YR AR 77 0
1 K5 5R3 AR AR R AR, T 20°C (12 000 r/min 55
NS0 20 min, WOE VE R, UK 2558 B B A ARASTC
PR BT o K TC IR R B 512 H1 22 45°C 1 PDA 1
FRIELIRA, il LR B 3 501 5% . 10% F120% 1 F
24 PDA -4l , DU G AR R NB W 1A 35 52 4 1) PDA
SR Ry Xt R AP A ke 43 B R AR A S mm
(7K FE SORTIR B TR OF , BT 28 °CfH IR B IS 55 9%, 1F
XoF e i TR AT 22 BIVR A Tt 15 % LA, 00 S [] A
PITRTE 1A%, THRA 5, A b 5T 34,
1.2.3  AKAGBE I £ By 1 k0 39 3] 5T

ZMR1.2.1 RO IR VR DN 2 1.2.1 i 4 A= B BT AR
X} T L ZE TR VU TA 20 TR R T SR
WRSERG TR/ NAZ IR BN T B AR 20 T AR LB 22
Joa T AR B 2R TR L FORZE IR T L oK/ INERE
AT R AR TR AT PRI TR 12 bR A I
A IAE
1.2.4  RASHAE I A B7 A AR 0 £ 22 A A4 42

W 1.2.1 G5 5 i A B TR AR L AN I NB W A 8: 77 5
LRGSR 2 dJE AR R TR, B S WL A3l R 2 TE A
fiff 2R 1 PR R Z UL T A S b ] 4 e 4
R TEER R I BT 28 CH I B R FE 3 d
Je MRS HERN TR 121V S8 BBl T2 BB sl W 5 T . 2
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18 Sun et al. (2017) J5 35 1.2.1 9 25 19 A& 7 18 b
IEYIRERIE R T . S5 AR F5 IRMIER 1095 (2001)
T 1.2.1 e Az By w AR i A2 BRAE AR AR

1.2.5 KAGEAE IR A B B ka9 5T

TS B 4 1.2.1 ik 19 A= B TR VR & T NB
FASE A b RIZR 1597 48 h , LEEIFi0 S BA R 75 1Y
B, R R/ N AR SERHE

Oy FHEEF S i BN TR DNA LR 41 $2 0
I G Ud B A B B 1.2.1 0 3 AR B TR R 0 5
DNA. F|H 16S rDNA 98 FH5 ¥ 27F (5-AGAGT-
TTGATCCTGGCTCAG-3")/1492R (5-GGTTACCT-
TGTTACGACTT-3") Fl recA £ H 1 51 ¥ recA-F (5'-
AGGACGATTCATGGAAGAWAGC-3') Hil recA-R
(5-GACGCACYGAYGMETAGAACTT-3") Xf 1.2.1
i e A B TR AR () SE L 867 T PCR Y3, 51 35 25 4T
AR R B A FRA R A . 40 uL PCR K
1K % : 2xTag Master Mix 20 uL . 1E 5251 #1451 pL .
DNA #i#7 2 uL . ddH,O 16 pL. 16S rDNA £ 14
TR+ 94°C TiZE 1 5 min; 94°C7E 14 40 s, 58°C IR k
40 s, 72°C #Efifi 1 min, 3 30 NG IR 5 72°C & AE fif
10 min, recA FE[H P53 HEFE ¥ - 95 °C FlZAZ M 2 min;
94°CAEPE305,55°CIR A 30 5,72 °CHEH 1 min, $: 304
DGR 72 CAAEAH 5 min, PCR P2H2% B AL U R
Mv A=y ARAT BR A BN 00 7 45 R 1 T BLAST
FeXt 434, R F Bio-Edit 214 Al MEGA 6.0 X 1F 1i;
FHAR B A HE ) e 87 AILELAT [R) JEAR B B iR 5 51
RS R B, AR HEST 1 000 I &2 A5
1.2.6 RAGHAE IR A 7 Rk By 06 2R M)

BB IARCR I 2 < B 1.2.1 07 e A B R AR b
#1100 mL NB & A5 F2 5, 120 r/min 53 T 35557
3 dJE AT RN, >R PR R TR AR e e Tk B
el 1x10° CFU/mL; FREX 31.25 mg 1Y 20% H- X 85
A A E] 100 mL 2% &5 K A, B ik BN
0.312 5 mg/mL [ ; S H 100 mL NB IR AR 77 3
YER2S MR . SO BEIH AR H AR — S Bk
FEm A, 1 2.5% AR ENTHFE 30 s, TCRIZKIEPE3 X,
B HA M 340,43 51T 100 mL ¥ JE K 1x10° CFU/mL
(9 R E12 & B2 . 100 mL ¥ & 24 0.312 5 mg/mL
FE X8 ZE M 100 mL NB & A3 77 35 413299 20 min,
Rt A R A I AR R 0.029% i 80, HX
B L W g, 430 BT A ORI R AR
R RIS 3 7 UG R 2 d AR
5 mm A 7K RS SORG I R B 1, F2 D B K A i
FIE TR 28°C OGEH 16 L: 8 D OLIRER =46

HidE 3% 7 d, WEK ARG I B 1 & 9 1 B, 2 IR Hari-
krishnan et al. (2014) J7 320 1 45 A B BE K 2, AR
Pt > 2R X0 B B, AT B0 5 = B
K/ K JE X 100% , 5 b FRE A 31K,

% N ZEAR B IR BRI E - FREX 50 mg 19 20%
K] 25 ZZ 170 I AE) 100 mL 26 555K, B sk
}0.5 mg/mL WV, 75 FH o 1B A S 1 W 1 £ A
95K REFN T 28 B 2F—BUW KRR T D &
WHTHERR T E25 em K 16 cm. 5t 16 cm B9 ¥k}
Frp B3R, 3L 90 L, B TR E 30°C AR
90% DA 16 L:8 D il == % %, R K 27
BEMI I, 76 PDA AR K557 2 d (17K R SOR s 1R 30
SATHCH AR 6 mm W TR D, F FLH] R VB [ 1
1) 7K RS L , B 4 0 Wit 1.2..1 i A= 7 BT Ak v
J# 4 1x10° CFU/mL A9 % I . 0.5 mg/mL H: X 55 %
JONB AR R 3, B 1 R K b k. B
AEHR S 7, HA 6 UK, R AL S I 0.029% i 80,
W5t 20 dJ , PR A /K REATLAAR I R 19 100, B~ b B it
BLIH A 15 7, B 4 A 3 Bk o MR 4 Jangir et al.
(2018) J5 A 2 R G, I3 1 H5 BORAR X B 36
R (Yang et al.,2009) , i B 5= (45 Gm k5 <
IR/ R ERREO R B PUE ) < 100; BVARUER=
(K] HE 155 i 25— Ak PHLI 155 i 250 /o R 17 48 25
100%.

FH ] 57 SE 20 SR 5 2020 4F 5—8 3 ZE KT A2
A KR A T AR A RO . KRG LRl T
FHE2%5,20204E 5 H 2 HAM, BLA& o K5 i &)
AR 124 NK L BAS/NX K 15 m, 552 m, FHAR/NX
Z [AI[E] Bk 45 em, AR PR A A /NX BRI 4N TS
AN AT ERENL . KR S BEAR R I ZE M 855 57k
M5 it 7 B2 R 110 CFU/mL B 1.2.1 7 06 4= B T AR A
KW, A/ NX B 1.8 L, 49551 LAIE it 255 NB
A F5 BL AR B 4 0.5 mg/mL 1Y XI5 2 R BAPEXT
HECRI 245750 % B, 4303 F Bt 20 d J R FH 8 BORE T
PR TS/ INX KRR AR R T8 DL, B e R, 15
a1 T8 BORBIIARCR , ik Rl E N AR, 5/
IX BEHLIEHR 20 HE/KAEIES TR
1.3 HIESR

{85 il Excel 2019 1 SPSS 13.0 # {4 #6471 883143
BT, K H Duncan [CB £l 22 L1725 55 B ERK

2 HER55H

2.1 JKFEGURSTR E B ERREY 53 B A 0 ik
NI REUNE - ZR M ¥ 1 FLIR N AS [RIAE AR B
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TP BT 162 bR RR . RO 2
BRI 12 BR T R KRS SOR o A R DT/, T
Hh A 75 R PR B2 X AR SR g T P A A A

P55 94.93% (K] 1-A~B) ; A= 5 1 Bk E12 {# 7K F5
UK B R 22 BT R R (& 1-C~D) , R
PE R T R 2R

A, C: XIH; B, D: #EMEKEL2, A, C: CK; B, D: injected with strain E12.
BE1 &EFEAKE1R K BYRBRENERER(A-B) R ERE LW BER(C-D)
Fig. 1 Antagonistic effect on Rhizoctonia solani (A-B) and teratogenic effect on its hyphae (C-D) of biocontrol strain E12

2.2 KFELUER £ EARE 1203 B E

A B B RE B12 & BRI N 5% . 10% F120%
B, Y5 AT S K AR SOR R R A 22 A4 R 53 5k
74.61% .84.55% I 94.43% , . Fli %5 K B0 vk JE5 1) 43
T, X 7K R SO 9 AT P 22 1 00 ) -, B 3 4 i (<
0.05,K2),

1004 a

o b
1SS
3 80 c
=
g 601
=}
=
= 40
B
& 20

0 T T

5 10 20
W Concentration/%
E2 &FE E12 2B R KBS R E
B2 KBHH =R

Fig. 2 Inhibition rate of fermentation broth of biocontrol
strain E12 against growth of Rhizoctonia solani
P v B b - S B bR 22 . AN TRVNE PR R R 28
Duncan [C# & #h 22 1 K 56 22 7 B 3 (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference used by Duncan’s new multiple range test (P<0.05).

2.3 KTBLHRER R REI2RINEE

Az B TR R E12 X6 12 Fh S [ 4 403 i v 2 4 4
HIVER (BB AR — 2 22 5, oot 9 Fit
JE B AR 3T 1 2R 4T 7E 80.00% L L, Xof 4 e B 05 T )
TR FH et , 305 2R R 93.14% , ot R S5 T (440
TR FH e 55 , M1 2 R 59.84% , 3¢ W A= B B Ak E12
HA T EMMEER (£ 1D,

F® 1 ERE E12 3 12 FiE R R E R %
Table 1 Inhibition rates of biocontrol strain E12 against

12 different phytopathogenic fungi

9o i o i 22
Pathogen Inhibition rate/%
TR 2B RN TR Phytophthora nicotiana 93.14+3.95a
TEIEIRE Magnaporthe oryzae 59.8444.11 e

88.25+4.21 ab
81.76+3.99 be

INFEIRBEIRTE Fusarium graminearum

AR 2

FE oxysporum f. sp. lycopersici

Fehn s T Alternaria solani 85.01+£3.08 b
DA ZEIGRENRTA P, infestans 78.59+3.17 ¢
HAEA 250 b 83.61+3.71 be

E oxysporum f. sp. vasinfectum

WAL B ZSR A Verticillium dahliae 91.69+2.03 ab

VG JTAGZEIRTE E oxysporum f. sp. niveum — 85.59+3.37 b
TKZESLIERH E moniliform 87.09+3.51 b
LK/ NBEIRE Bipolaris maydis 86.90£1.50 b
TR BN Botrytis cinerea 68.70+2.71 d

RPBAE R . FISIAR/NG FRERIRZE
Duncan [K#7 5 # 22 1 56 56 25 5%+ |8 % (P<0.05) . Data are
mean+SD. Different lowercase letters in the same column indi-
cate significant difference used by Duncan’ s new multiple

range test (P<0.05).

2.4 IKTBLURR A RMRE1200 4 12 A L 4H1E

W A 7 TR R E12 220 2 5E K Wl AR e L e R
£ JLT BRI S JC A AR 3 dJE Rl P A
3 ) 0 SRR A T i R B, 1 Tl o A P R R 2 OB
B B e A B I R O AR B REIE R AR K B
A —E W EFIE T R LT Bl Rs i . R
PR E12 R 75 S A TR 5 AT 7™ A 4 o il 5 o =2 IR e £a |
FH L2100 V-P [ 0w 18 52 B ; BETE % 5%~10% NaCl
PIEFR I I A A IR R R EL b o
I VER IRE ST (B TR AK AR 2T 2 25 5 DR TS 14 52 PH
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P 5 ME— B DRAT IR AR 5 78 pH 4~8 PR P REIE % /1
K, M7E pH 10 2600 P AR AR 218, JL-P R K
it 5 X AR R BE R AT — € MR 32 1 (R 2) . Bl

B AR E12 & BB FE G 0, A= W i T 1 A
SR | 2R (P<0.05,1%13)

R2 EFFEMER BEIBE AT

Table 2 Physiological and biochemical characteristics of biocontrol strain E12

AR AR 24 HE IR AR 2k
Physiological and biochemical test Result Physiological and biochemical test Result
L YA ) Y. Gram stain BH M Negative 5% NaCl BHM: Positive
FEfh i 5N Catalase test FHYE Positive 7% NaCl BAYE Positive
V-P JZ Wi Voges-Proskauer tests B Negative 10% NaCl BH: Positive
JREM: Anaerobic B Negative 15% NaCl 11 Negative
TERIKAF Starch hydrolysis FH+E Positive pH 4 FHYE Positive
FHLZT {50 Methyl red test BH 1 Negative pH6 BAYE Positive
L YEZE K Cellulose hydrolysis BH4: Negative pH 8 BHM: Positive
NE A P15 Esterase activity test FHYE Positive pH 10 BH: Negative
W43 UV Glycolysis reaction FAY: Positive R Temperature 10°C BH: Negative
FAGTRER A Gitrate utilization FAYY: Positive IR Temperature 20°C [AP4: Positive
fiffR k14 i Nitrate reduction FH+E Positive &% Temperature 30°C BAYE Positive
ng e (#E 5L 50) S Indole reaction FH+E Positive 3 ¥ Temperature 40°C FHYE Positive

0.4-
2 a

RE 03

Jqm <

B2 b b

2 E 02

£

§§01 ;

#HE

m
0.0+

W& Concentration/(x 108 CFU/mL)
B3 REIMREEFEMEL2 & B R E AR A AE

Fig. 3 Biofilm forming ability of different concentration
fermentation broth of biocontrol strain E12
P ot o S S B b e 22 . ARG FRERIR £
Duncan [C#7 & # 22 1 % 9 22 = 1 3 (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference used by Duncan’s new multiple range test (P<0.05).

2.5 KBYUHREHERERBNETE
251 BEFER

A=B PR E12 76 NB [EATfl AR K R, 675
RFLA NG T AR (K 4-A) s HoR R =
ICBAPE T 5 LR AR S A AR K EEFE 1.0~1.5 pm 2
8], FEBEAE 0.4~0.6 um Z [A] (K] 4-B) o AR¥E L ikABf
AR SIE A2 FREAE B TRIAR B12 025 50 A ve
IR Burkholderia sp. .
252 SoTAEMFER

A B AR E12 5 DNA 22 16S rDNA J751) fil recA
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Fig. 4 Colony morphology (A) and scanning electronic

micromorphology (B) of biocontrol strain E12
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100 | J AR SLR R8I BE Burkholderia diffusa (JF806424.1)

55 L P AifH TR IR Burkholderia diffusa (AM748103.1)

99 | Burkholderia latens (AM748099.1)
76 4‘— Burkholderia ubonensis (AY619682.1)
100 | B RAH . R 1B K Burkholderia cenocepacia (AY951893.1)
| AL T B R IR B Burkholderia cenocepacia (AY951892.1)

100 —— E12 (MW839450)

L BRI RIS Burkholderia vietnamiensis (AF456027.1)
100 | £ Z AT KB Burkholderia dolosa (AF456033.1)
| £ B ¥4 52 B Burkholderia dolosa (AF456029.1)
BEl5 ET16S rDNAF5I(A)F recA BEEF 5] (B) R AMEEMBENHAKRER REBEXERNRELEN

Fig. 5 Phylogenetic trees of biocontrol strain E12 and related strains constructed by using neighbor-joining method

based on 16S rDNA sequences (A) and recA gene sequences (B)
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Fig. 6 Efficacy of fermentation broth of biocontrol strain E12
on detached leaves
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Duncan [G T 52 #) 22 15 46 9 22 53 i 3% (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference used by Duncan’s new multiple range test (P<0.05).
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Table 3 Efficacy of biocontrol strain E12 against rice sheath blight disease in indoor and field experiments

% N 44 Indoor pot 5] In the field
H3 Treatment T AR iR AR
Disease index Control effect/% Disease index Control effect/%
NB A 553, NB liquid medium 32.41£1.12a - 11.58+0.80 a -
0.5 mg/mL X% %K 0.5 mg/mL validamycin 11.45+£0.96 b 64.67+1.74 a 1.98+0.17 ¢ 82.90+0.31 a
12.15+0.29 b 62.51+£2.16 a 3.73+0.14 b 67.78+1.75 b

1x10° CFU/mL Bi#k E12 & e
1x10* CFU/mL fermentation broth of strain E12

F P BIE E B bR e . WP R /NG Tk R 7R 22 Duncan [GHT 2 B 25 4G50 25 53 .35 (P<0.05) . Data are mean+

SD. Different lowercase letters in the same column indicate significant difference used by Duncan’s new multiple range test (P<

0.05).
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FRRPE AR (R 2k ] SR PR R e A
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