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Screening of Biocontrol Bacteria on Rice Bacteria Leaf Streak and
Determination of Field Control Efficacy

WANG Xing"", YANG Jun'", CAO Weihua', WEI Lanfang’, JI Guanghai'""
(1. Key Laboratory of Agriculture Biodiversity for Plant Disease Management, the Ministry of Education/Yunnan Agricultural
University, Kunming 650201, China; 2. Agricultural Foundation Experiment Teaching Center, Yunnan Agricultural University,
Kunming 650201, China)

Abstract: In order to screen better biocontrol bacteria against rice bacteria leaf streak (BLS) caused by Xanthomonas
oryzae pv.oryzicola, the biocontrol efficacy of four biocontrol bacteria strains on rice bacteria leaf streak were
evaluated by plate confrontation test, greenhouse and field experiments. In the plate confrontation test, the
antibacterial activities of the four biocontrol bacteria strains were determined. Greenhouse experiment showed
that except for biocontrol strain LH, the plant height, root length and fresh weight of the rice seedlings treated
with the other three biocontrol bacteria fermentation broths were significantly higher than those of the control.
Inoculation test indicated that application of biocontrol bacteria before inoculation of pathogenic X. oryzae had the
best control effect. Field trials demonstrated that the biocontrol strain L1 achieved more than 55% control efficacy
in three different fields, and the yield increase rate was more than 10%, which was significantly higher than other
treatments. This study shows that the biocontrol strain L1 can not only be used for the biological control of the
BLS disease, but also promote rice growth, thus it has a good potential application.

Key words: rice bacteria leaf streak; biocontrol bacteria; plant growth promotion; biological control
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AP HEUKREM A RN, ST AR AR TR E AN R (KRS A P X R & A, AT S EUKRR” 15%~25%, ™
FAFOL R 40%~60%, LK REMI A Er= Aok T SR> e HRT, KR40 Bk 4 B0 B i vh =
PRI TG 2B, WFF0IE S 2 R KRG 4 1 M 4% BRI TR ) A JT) 4 R BUAS [RDRR S (e 2 Y, T ke
TKARBESC B AT A B8 R AT, PRI AE D7 Ve 2 1) 1 [ N AME Y IR TAE# B FH .t T2EB
HAN PR A2 4, M YR RIER, R B HE L A Bu 2t o AR TR Re g (e b fE
PP e A, I3 RSP UM YRR S AT AT 2 A R E B G . HRT, I NI R A
SEE AN B A UGB AT # Pseudomonas fluorescens « M # Bacillus sp. FBUS PR A A #
Agrobacter radiobacter. YK )& Lysobacter sp.P 8145, Wi —MERe g 7 A 2R 2 IR . RIR A IR A
NG GG E TIRIEVE =), 6 R0 I B A B AR, H AT O AR 2 SCHROGHX 7 TR A kAT
THRIEP M,

T HHAMHA MM AT, RS A WA H 8, ABEN A SR % 3 I
RS I J2F KRR A KR AR 40 B 1 25 B IR B A — e R AR I T PR, Bk e 4 BRAS [R) 1 R 7K A
PEAE . BE P AR ROKRE AR A B IR s . R BT 8, Rt B s N L I LB s A
FOE TR B AE BT PR, O L R S SR IR 2 A, Dyl — 28 IR e et AR B AR 25 FH T /K R 0 55
25 141 5558 JE Al

1 #MR57%

11 e

IKFE AT s RS E RO E R QPR T RARD 5 AERAER W ik A
Lysobacter antibioticus L1 L6, fEVENR 2F AT Bacillus amyloliquefaciens C3, W 3578 IR ZEMUAF I Bacillus
methylotrophicus LH, 955 J50 B 4 7K R 41 1 Mk 45 B9 J5U B Xanthomonas oryzae pv. oryzicola YM15, ¥Jh
PP N2 e /RO Ak U 7o e
1.2 HikEFE

NA Bi7Ede: HAM 10g, FAK 3g, &8 5g B 15g, ZM/K 1000 mL, pH 7.0, 121 C
KB 15 min.

KB A 7755 A 20 g, KoHPO, 1.5 g, MgSO4H,0 1.5 g, Hilh 10 mL, pH 7.0, 78487k 1000 mL,
121 "CKP# 15 min.
1.3 RIS

i AR AE = B A R A NI S AT . FTRAEG V& 3 MR, 2000l = R 44 £0 T DR i
B, 2 B A N B N T A 2 F0 2 B A8 PSR AN M Se ik i R B fe 8, Pt FH HRBE AR 3 A /KRS 4 1T 1 2%
B A
1.4 HBEGEH &

FHUERIEATE L1 L6, fRUER 2FMUAT B C3 FIHIRE FR AL 2F AT I LH 23 il A T KB WA R 770k
Hi, 28 ‘C. 160 r/min 1537 48 h, VAR ABI B N 10° CFU/mL.
1.5 SRR KBEAEERREREERNE

Kt KRR AN TR 4 DO TP T KB WA 9735 7P, 28 °C 160 r/min 5775 48 h, P #KJ% hy 10° CFU/mL,
4 20% 1 EEAIKE 7R 20 T 11 25 B0 RSB  NA SRS Ja s s S BT AR~ 1AR - RO 8T 5
AL, BRI 100 pL XA ERT R IRR, T 28 CEERM PRI IR 48 h JE R H AT,
MR 3 R
1.6 HEFFEMKERE IR

PRkt KRR 5, T 70%8) SFFALPE 3 min, JGHEUKATUE S K, 128 C ATARAEMED, frdkK
21 em BHEFTEEEE (K30 em X % 25 em X /5 15 cm) BL. B NKFEREAEFD 10 Rifh 1, LEEE
10 cm, W3ANEE, M 14 JEwS AR, B0 S d 70 KRS R h R HERRE 10 A% i ZE BT 1R R 1
W10 mL, JESEREHE S W, UIEHEAKN A AN, 30 d S /KRB, SR, 840 hkk
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w RKFIEEE, R R AR ARREER (%) = CERiR A KIS b — R KL B A KI5 bR /
JC R K AL HAE K Fr bR X 100,
1.7 RESBAE RSN E

W BORGE T 2 B AR R & P AT, IR EIAE 28~35 °C, ARG, &I 1.6 JIiEER,
30d J5, KK SR (K30emX % 25 cm X & 15 em) B, FFEB 3 AB, &M 3 8%,
FRRCHTRE AR 45 d )5, MO 77 L ISCSE KRB 4N B PR 4 BUR R 44, FE B 7K 38 ODgoo=0.5, T Wit A= i
BEAT 22 0 UG 2 d, AT RR R . A2 B BRI % 10° CFU/mL, ARALFRIEZ & 40 mL &,
DAt TG B K A . Bt 7 d SRR SR BRI R R/, THRBIARUR, BIa R (%) = O RRBEK
JE — A= AL B BT LD /0 TR BEK B X 100,
1.8 HERFAM RN

FH ()1 B 3 ARG o, ARG T 6 ANAEEE, 730000 4 /N A B v A 3 R A 27 R B AR B AR, 3 K O
I, AEANCHETE R 3 W, CABHLIX AR, /X TR 50 m*. 7 A) [ 8R A0 00 30THEA T s 25 it 24,
() R s SEAT 565 2 YR BT 1 7, I 3 VK o AR R ARt T B 60 L/h®, W G740 i T 24 2 kg/hm?,
PR e — IR E 25705 — TR TR 2, SR M4k 5 SHlORE, SRl 5 N, 3L 25 M, 0t esg,
VSIS T SO 0, KRS AN B L AR BRI 2 SR HE S % Zhang S50 7 k. KRGIGAE , BE/NBCE
T AHORE, A1 m? KRG A
1.9 BEFKITEHH

TR YEK T SPSS 19 Al Excel 2003 #4720 H7

2 HBRESH

2.1 AERFEMKFEME 1T FIRE SR ER

A TR RN ZACRE 2 T 1 2% K0 P00 G 35 1 P P 0 45 R0 40 o | AR /R, TR L1 A RO S
EEARY 3.03 em, HAWRRE PEU] AL T JAR ARSI RE 0 s HPR C3 IRZ, FEEARA 2.97 em; TH K
L6 5 LH WRBL AR RS G im v, S0 B e 2.93 A 2.67 cm (B 1)

32

28

B AR
Antibacterial diameter (cm)

24

2.0 1 1 1
L1 C3 L6 LH

"B Biocontrol bacteria

I RANGERFRREREE (P<005) .
Note: Different lowercase letters indicated significant difference at 0.05 level.
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Fig. 1 Sterile fermentation broth inhibited X. oryzae pv. oryzicola on the plate
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R1 EREXKFEREER

Table 1 Effects of biocontrol bacteria on promoting the growth of rice

AbFR B Plant height R4 Root length fif 5 Fresh weight
Treatment SR IS SR R REL(El LA
Average value (cm) Promoting rate (%) Average value (cm) Promoting rate (%) Average value (cm) Promoting rate (%)

PUE R AT 353+£23a 15.61 74+12a 16.84 273%+1.7a 25.61
L. antibioticus L1
SRR 2 AT 1T 344+1.8b 12.77 74407 a 16.32 272+14a 25.46
B. samyloliquefaciens C3
PUEZ BT I 34.1+2.1b 11.79 73403 ab 15.26 2734092 25.76
L. antibioticus 16
PR 7 2 2 AT 1 309+1.6¢c 1.09 6.7£0.6 ¢ 6.32 255+2.1b 17.17
B. methylotrophicus LH
CK 30.5+1.7¢ - 6.3+0.8¢ - 21.7£1.8b -

Ee FAEERARANE P RERORZER BE (P<0.05). R

Note: Different lowercase letters in the same column indicated significant difference at 0.05 level. The same below.

2.3 ARERERNE
4 i AL )5 B P4 A2 A0 T R R HIT 2 d It PR A BRI RO de s A e T A A I T it 2 BT R
Bk BRR L1 B, 4 64.94%; BT C3 Bk, J38h 2 BRAZRT BN KRS 26 B B 88K T
60% (£ 2) .
2 EBFEAEMBHERT 8 33 K FE S BEHR B A

Table 2 Control efficacies of different spraying time against rice bacterial leaf streak

Lb 3 FERIHT 2 d WA B FFl 0 d Wt A By MR 2 d WAL B B
Treatment Spraying bacteria 2 d before inoculation Spraying bacteria 0 d before inoculation ~ Spraying bacteria 2 d after inoculation
I Wik IR Bk I P Bk
Lesions (cm) Control efficacy (%) Lesions (cm) Control efficacy (%) Lesions (cm) Control efficacy (%)

PUERRAT 1.154+0.04 a 64.94 1.33£0.17b 59.08 1.6940.12 ¢ 48.32

L. antibioticus L1

FFUE R 2 AT R 1244+0.13a 62.20 1.3440.09b 58.77 1.6240.15¢ 50.46

B. samyloliquefaciens C3

PUERRAT 1.3940.08 a 57.62 1.6410.13 b 49.54 1.62£0.14 b 50.46

L. antibioticus L6

FRE T IR A 2 T o 1.4610.11 a 55.49 1.2740.18b 51.92 1.61+0.19b 50.76

B. methylotrophicus LH
CK 3.28%£0.09 a - 3.25+0.15a - 3.27£0.17 a -

2.4 AREIEFFE XK FEL E 5 B H B B A MR

(Eaedt i K e Bt, AR L1 PR, SR mERIPiRoE s, Bizok 57.56%;: A:piw C3 4b
R AL E] 50%LL I, MEERE L6 5 LH B, HAKT 50%; e igitl 2, Apis L1, C3 Fifk
A Y WE TR — 3 DO 3 25 5, AR L6 Al LH Pk, 1A 54.91%5 47.35%; 7E5RET 4,
4 FhA BT RBRERE L1 S50 R E RIS AT, HAy 3 B BB w b sk, S5k 25 B %5, wikk
LH BigANAT 7.24%. 4B L1 26 3 AN B RO, 1 HAth A2 85 B (R0 B 8500E AN [ Bl S 22 0 ok, IRk,
B L1 AR 2 EaE v (R 3)
2.5 AREEFFEMKEEEYR

PRIPE L1 Ab3 KRG B3 7= R0, 3 AN HB AR ™ 10% 0L b, LA 2% 5 B 7 = o 5 0 TR
LE BR8N 5%LL b, BFE C3. LH M=k, HARMEK, Wk LH MR- 20R 8 2=, 53 M
R EIKCRIGE 5% LU (R 4) .
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£33 FREEREMKFEME TP E B R AR

Table 3 Control efficacies of different biocontrol bacteria against rice bacterial leaf streak in field trials

Ak 3 ST KB e S T AHAR & SR U A
Treatment
RIEE R Bk CHIFEE g L IER R DIEY
Disease index  Control efficacy (%) Disease index Control efficacy (%) Disease index  Control efficacy (%)
PR 22.09 57.56a 16.63 63.67 a 13.96 56.32a
L. antibioticus L1
fRVER 27 AT & 25.94 50.16 b 18.30 60.02 ab 19.62 38.58b
B. samyloliquefaciens C3
PR 28.00 46.20 ¢ 20.63 54910 21.98 31.20 ¢
L. antibioticus L6
PP R T 2 M AT 28.23 45.76 ¢ 24.10 4735¢ 29.63 724 ¢
B. methylotrophicus LH
I B# 4 Thiodiazole copper 22.90 56.01 a 17.53 61.69d 13.74 57.00 a
CK 52.05 - 45.78 - 31.95 -

F4  FREERTEXKFEFEZME

Table 4  Effects of different biocontrol bacteria on rice yield

Posi! 5tUkTT Jinghong Fii B 17 Ruili R Mile
freatment i ok i st e s
Yield (kg/hm®)  Promoting rate (%)  Yield (kg/hm?)  Promoting rate (%)  Yield (kg/hm®)  Promoting rate (%)
A SR 7695+38 a 11.76 7055+98 a 11.54 7335+78a 10.63
L. antibioticus L1
ARG = AT BT 753027 ab 9.37 6800+97 b 7.51 7155+131b 7.92
B. samyloliquefaciens C3
BUEFRE T 733556 b 6.54 648589 ¢ 2.53 716062 b 7.99
L. antibioticus L6
R L SR B 2 AT B 7140+£79 d 371 6475+102 ¢ 237 6915+73 ¢ 430
B. methylotrophicus LH
I 4] 40 7245+82 ¢ 5.23 6795+93 b 7.41 7100+75b 7.09
Thiodiazole copper
CK 6885+44 ¢ - 632573 ¢ - 663045 d -
3 it

M P BEREK A, 4 AR L-1. L6y C3 Rl LH X /KR4 B s 3847 — e e, A=Al
F RSO SR B B o KRR S A A AR T, R /KR 40 T 1 4 DR 7 L 2 TRIROR (B BTk
ZESFRIN, AR L1 BB EAN 7] M f 3838 3 55% AL, [R5 02 A2 LS ™ 55 0 JRAH LU X A7 25 22
R UARE 25 I R KRR A T P 2 BE (R 2 (B AR 2 T Tk C3 5 L6 /KRR e A 38 R, (RBIT R 2
A ELER XS AR B AR C3 5 L6 T A /KRR A= 1 5 771

753 YU R R FE RRRAE 52 RIS SR BRI A A R, LR A I R AR 5 48 R e T 3 i
FRA s v AR T (AR PTHLR 2B B SRR A PO T SR R GUOR R BT ML A,
RIAEF FATR TG B V5T B A 5 D7 s 0 21200 IR 00 45 AW, 700 JR B 3 Fh iy
M it A 917 T 17 2 s KT TR P A I TR AR 2% BRI [ 17 4 18 LA ST AL BT 5 O e Bt
M 0 2 75 T I 301 N2 £E FH ] ZRS A 26 40 W1 4% U 2 T, S IRt — 2 R K2R B B, R R 4k R
TR AR AR5 2 B RN KRR S S VR AT O, BRIt A BT TR AT RE S 3 KR Hh R L A A il A T
B DU B DN (V) 308, A8 Bl Tt B8 2 5 Wt vl RE 2 R W A B T 6 KR 5 A, ar DU I S I
9¢ 6 5E B PCR AL I AN [ Ak 2 (¥ AR Hh (K0 A1 5 5 D a8 K-, 3 — 20 iff o W a0 28 7 40 1 110 e 2 I )
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BT R e AR R R AR, kR L IR SRR A oy R A, I kR
VFEAT R R =, 0 BB AT — S IR R PO AR T g R, LA IR L
(ARS8 I AR ROR 2RI R A IR A E KRR A2 KRR v AE A, ARk
MR AR PR R B B, 0 ELR AT RCR, RN, PUERWAT R L1 BAT PG /KR 4w 4
P K A B3 77 A5 2 B A A R s R 8O OR AR AR, BT iz U saE Bt . AT HRIE R
WA 0T 1 OHL1 3 HS124 7 AR Wy W S AL Rtk F0 2k 2 Wi A 8 gt g 5 , LA 900 s DL £ 2 22,
EPUAZWEFT R L1 7 AR A A ™ 40 LA ROxs 7K e 40 Tl 1 2 R0 o 10 4 28R RS 7R i 2B B 9 L
HEAT fp 2t — DI

FUAT S B a] - /AORE 4 w0 55 Bl ) ZE 0 700 (K DR B D, VTR R R AL 2 AR Y <
PET* 60 A4/mL fFRGERS A HUFF R Lx—11 K507, SAFARNLER IR S, © TR w4 B0 1 A= B
AR I 30 IR B AT R 2R B, AR TR SER S AT R Lx- 11, e s M e 4 i 4 i ok, O HLAE
AN ATRGE B SRR, WA A SRR A B A R 2 e 2 B X ¥ SR TRk, (HIE
i B RE DU R T4, SRR S B, A IR G B TR A T, R
R R AR B S R R A B DL OB A I AL v, IR B R sl AR KN K
FEAE R F o JT R I s A 24, A F ) AL Bl B4 s i rh 30 AT AR R R AT VA, 32713
X AR A0 T A1 2 B (1 A B4R 7K
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