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TEE ik — DS A B AE A S i i B VT, 00 Y 2 R B A4 B 3R 2 R R R R A R i T B v s
AR HUR IR, MAA 2R 5 (Bursaphelenchus xylophilus ) #5757 10 40 B P 016 H 6 2 35 0 1A b4 28 A AP0 L B0
FRITIEE 5 3 R AR B R PR B 25 B0 L 7E 30 AR Az 3 rh i sk Hh R T A DG 4 PR SR AT R M Y e b AR
LS R Ak (PP 0 BT 2 1 3 28 PR IR ) o s vk £ e 85 2 5500 A A1 A 9Tl 4, D0 e o A= 250 TR i RV
B R IR T I TR VRO WA B 48 P B 25 M LA R R PRIV AR 0 2 YR A5 WX 6 ) 26 B R B (Pinus massoni-
ana) FAMAER HUR BT G R5OCR o 455 8% MU MR AMA3-2 Rl AMAS3-3, T Mk AMA3-1 0 Fs 4 2k B 4775 L 255
G K ARy A T AR IEVE R o PR DS VD B HOK U R T AMAS-1 A B 1 70 B 0 1, T R 4 R X
AMA3-1EAMEIER . 246 W ek H 4R ER B i v B2 500 mg/L B, A 4 I SAE T35 80 %6 LA 1o AN[A]
R I R AR A AR R A R AR IE BT R AR AR BN KT (0.74 %6~2.43%6) o 25 55 T i vk J3 2 500
mg/L B, AR A R 2 HURTBR R AMAS3-1TT 2 d S S RAR it 155 Y HR A 3 R s X AR 28 XA b 288 5 1Y)
BB AR 4 2 5096 .25%6533%6 172 R 17% 0% . 25 R 3B, B 2 3h sl R A IR A A e s LA B i 19 2
AEA L PUAERX T BN RFERMER . —E&0T, WS AT RIR A, AT HE SR 4 U 19 B 1A SR .

KR AL WA BT AE R B MR s SRR R A U AR
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FA A £ HUR (pine wilt disease, PWD) 7F A #23 Bf
AR X BRRZ T L SR S TE B T R e, —
ELLE , AR TR b e doiig B 36 1 5 s #0728 R &
F b B AR A i i, (E AT S T ™ R 114
EFH . 1980 4F Oku 25 AR H 21 1 5 a4 48 Ao
FHOCG , BOR B 22 B W 5% 5 e L 400 TR TE P b 4 S
Hh B EEARE Y R A N IR A 4R R
AEUE A RS REE SRR E, &
LA TR R E EFER T m sk —An], Bk iz
P A= 7 A TR Y vk AT DL R b 4 e 1 R
AT AR IR b — e IR ORI AR R
L5771 b B N2 11 M=ol A I R S IS VN o
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A R AR A 2 U B o R, — 5 e JEE b BRI
T AR LR B B B OC T R g R AnbE R
A B IAANAF L SRR EEAT HE o AT XL A4 26
R AR S 2 B A B R T PR R A R S R TR
B 28 IR B RO A B 2 TR A T LA R RS B4
2 R il ZE B IRRCR | B AR TR HAF AR A 2R
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JeFE MR AR A BRA R4 980 Kk A (- H ik
DPUIR 2 ER R ER ) FN 98 %6 R R IA N VD SR I 1 1 i 22 e
MBI A BRA T . BrA R 25808 ¥l A s i
AR FA A F, AN 7 mm, A KR IEAR R
WY E AR E FlER CLEIRE 7w
E/ S (0111 R NNLE DALY NN & S A 1B 73 S S (11
7NN~ ST NN P S N N LR NN =R |
(SMZ/TMP) 58 & L8R R E R TII.
K AER CRARE Sk ABkE Sk flnE R
B ONER WUAR TR wMER SRR
IRKRFEZ . 720 WYL 250 b g 2B ik T
JBeAR A BRA T

NA BRI E AR 10 g/L, R REF 5 g/L,
FAEEN 5 g/L, Bilig 20 g/L,pH Ry 7.2~7.4 . NB K
PR F5: 30 B AR 10 g/L, 4 W 5 /L, A AL4h
5g/L,pH R 7.2~7.4., MH [EK 55 35 5 4 N 5
2 g/L, AlIEVETER) 1.5 g/, BR/K ff s 2 11 17.5 g/,
g 20 g/ L, pH R 7.2~7 4,
12 HELEBETHRHEREFR . EEENUE
MURREREERGIT

1) #8 #F £k B 485 4 4 7R AMA3-1, AMAS3-2 #il
AMAS3-3 I3RS . K5 Pabt 2k i AMAS B 7E Kl Ik
% 18 (Botrytis cinerea) 1 PDA P-4 |, 25 “CH5 3¢
5~6 d Ji , R DUR el k1 4 B URCAR 4 . sk
F| A £k K 3 500 r/min B0 3 min, F LV, G
FE/KEBE 3 # A b WH0.5 mL AR £k dik Bk T
1.5 mL JCBR ) 3504 BL, FH K B (A IR o 7 o0 F s
i BEVR AT NA R KRG S5, 25 CRIE R 2~3 d, ¥k
BUATR VR UEA Ttk B5 TR MORAT | B A AS A £ s 417
(20 TR

2) AL R TRIAL B R U B A £ UK B S
3% Myt AL 1 IR, #HE 10 min, 3 500 r/min 2§
O 3 min, 7 I, JC R KE Uk 3 5 A R
0.1% B FR s 5 RIR A A0 BE 1 h, B J5 F G K Uk 3
i DA E .

3) 4 TR K BT A5 o PRHCNA [ AR 77 3
) 1A PR V& T NB WA R 32 3 b, 28 °C, 200 r/min
MRS SR = 5597 10 h, 46 8 000 r/min KBS0 10
min, 7 13, TO3E G B K38 Uk 3 U BRI 1l
BL1X 108 1} 107 . 1X10° cfu/mL 41 F /K20, 457 .

A)RSIA LR A TR R D A o B 2k Ok R 38R
5000 4%/mL, 4355 3Fh ik B i 40 R K B 12 LIRS
T 1.5 mL B K B B0 A8 T, I 4 B 1Y R R 5<

107.5X10°,5X10° cfu/mL. ¥ HEH RS W iE T
25 CHEFRMI , BERR 3 d 706 W AAss ™ LR 2k Ly
FEIENE O, GEiT A EL A A TR B AN [) 440 8 A B s
MR R . PR S SR, DIFAFEEE BRI
TG K SR BUR A i B 4l e R 0O,
IR RO sh# , IR FET

2 A7 e =1 R/ 4 BUEE< 100 %

5) WA 4R i B B I o R RO S R
3000 45/mL, 43 5l 5 3 Flve B 4 20 TR /K A8 10 1R
G WL 200 pl. BB TR G (29 300 58 A1 4k L) il
BT KA AL PDA B AR FE 5 g F 25 °C
IREFE R 1A IR R 4 76 B 22 T8 R L 43
B O, DUIFA b 2 B RN JE K SRR BRTR 6 1Y
AEBRARE IR BB S AN E A

6) FAMF £k U T R ARG DL Ge it . 2k vk
JE I 10 000 45/ mL, 5B R 1< 10° cfu/mL 9
AR KRR BUR A 2 hm , R B ik R T
AR T AN 2 T PR e L B 7E 25 CRYE R T
PEATEE IR . Bt S AN AL T, AN b B R 6 bk D R
(1) AMA3-1 + AMA3; (2) AMA3-2 + AMA3;
(3) AMA3-3 + AMA3; (4) AMA3-1 + JC 1 K ;
(5) AMA3-2 + JER K ; (6) AMA3-3 + Jo K ;
(7)CK1: AMA3 + JCH /K 5 (8) CK2: TLHI /K . BEfk
RN R 500 pL ASFH R HUKBR , B 5 d SR T 2
PA T B AR, Ge T B A e B . B
95 15 0 e MU 1 8 B B B IR R 4 55 i )5
2 W IMME N O G, it gt RRME R 05 190K
/2 DN Bl Ek 1/4 LUF &3 RERIER ;29
W 1/20L B 1/4~3/4 M K E AR R 253
G0 3/4 L0 EM R 1/2 IR AR LT ACERAE N 354
G Ry 1/2 LA AR LT AR SR T AR 4.
HHEAKXWT

TR = (B R B GAR T M) ¥
100/ CRBRER X SRR R AR FRAED
TR R = R/ AR B < 100 %

1.3 MERHHIKEK

W 100 L (4 41 P 7K BB E T MH 8455 77
e, FHUR AR SR 4 518 A, RS BT S, B30 At
RO BT A VAR L, F 25 CRE R B
AR 24 h il SEM BRI, B3 ERE . i
e EATAE R &
1.4 FREIRIMEEAINEEENE

BB 7 mm (9 R IR AR R KM T F R T
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5t L o) G 1 N TR) 5 A R (5 10%.10%,10%, 107,
10.1.0.1 F10.01 mg/L) iy 1 4 835 W h , 10 min 5
WU e TAE S BT i a s AP 4R R 1Y 24 4t
o MH EARRE 35 3E T, A6 2% 5850 45 100
L P A B KRR, IO S A AR 2 AR
25 °C 24 hJFid M B XN, A 3N EE .
15 RYESESEUNMEZTRERNIMMERNS

1) AN [ Jo e B35 oo 5bi A= 28 M Bl o o AR S
“1.37 Fh i AR 1 = T AR R IR N VD B AR TR R
S BIFRECL g, A 1 L JC B K fil HL 78 4 Vs i, 15 2
2 000 mg/L WPt =B . PRI A: R ERRHUH —
€ i, IS TR 7K 43 51 i B B 1 000, 500, 250, 125 Fil
31.25 mg/L (AN [R) BT i v B A B 2B RV

2) AN [R) o o e B PP AR T o K 7200 F R
Ji 245 T s 35 — F B T e (DMIF ) FELAE 77 OP-10
VS il 8 5 260 i B e b 2L (EC) |, 15 TSR K3 B
A% 1 000,500,250, 125 F1 31.25 mg/L A [a) J5 2k v
() F AR RV R

3) AN [F) Jo bk B FH Ak R e b AR R TR A
Bl o KRR M B 1 F e SR AR i B R 1 LIRS
T RO BCRmT & 1 000,500,250, 125 F1
31.25 mg/L BYTR G W o 4 b 3R AS [w) Joi o v B 119 v R
PUAE R S MM A HUKER 1: LIRS T 1.5 mL &
O AR 3 2 5 kR Oy 500,250,125.62.5
F115.625 mg/L W& AP RN R ZGR Y, R FRAG
B L R 500,250,125, 62.5 F115.625 mg/L
A YRR ) IR A S B A B R A s b R
FWMHRRAY . K RGIRAYHUE 25 CR R4
B g% 24 hm 7622 BAUBE T AR I e s 4k L i)
BORPETH, A B S AN E G, DL O JC 7K 45
TRFRIR G oA X B2

R HIET = H A/ B H0< 10056 5
2% G IF AT R = (Ub LR AL TR X IR 2k b TR )/
(1% HRZE AL T=%) X 100% .

1.6 RESEMSUMERBRERI LML RKH
im = PR E

DB, S S RMF T IS K i
e, TR KR 24 hs , H 30% H,O, 4b B 30
min, K EUEAU /K 73, #1121 °C 120 min K
WK ER D EN R EE L R 20
Jo B A% 2 — Uk SRR R, BT T K e R OK .
MO AN E 180 d J5 |, K 3% T TH BE B A BF R

AMA3 5 ¥ Bk 1X10° cfu/mL ) AMA3-1 HH #k 7K
R (R £ K (10 T3 A R0 200 21 /K T ) 45 2 R A
SCUL2) AR A 2 W, KB 5Y ) 5 5 H A
TOUERHR A5, ZE45 1 B A/ TR BB AR 3K 1] J5E
e L3 n 40 pL BETR G (29 & 4 11500 4%) , 2
Fl 24 b PYAS 22 B 1) JBE B A sk b 2 JE B K, A K T
FRER IR ZARAFAKAE | AR ORI 4 4R A S AN 1

2) AT it FH s [R] T F 2k R s 25T A 28 6
MR B IABCR I o FE3EART 5 d FERNET 2 d A0
B2 R 2 O DA AR 10 i T R A 2, B4t
]~ #4500 mg/L H 4k £ = ehi 28 2 AR A5y
S AN ET, TR A2 10 mL. DAEAR
TC R K AL B A %R CK1,CK2,CK3 Fil CK4 ¥4 K
fHRZH . AbFRZH K CK1,CK2 CK3 %3 ff i iR &
W CKLHERNHTS d it JC 1R 7K , CK2 R 2 d it o
PR, CK3H2 R0 24 it JC 1R 7K , CK4 2R s fin A JC B
Ko BEAKEIE 6 BRAA T, A 3K

3) AN [R) il FH R 3T FR 24 6 R i R b A R A
2R U B IR AR I 2 o AEEERRTT 5 d B 500,250,
62.5 mg/L i F 4k £, 500,250, 62.5 mg/L 1) & 540 HL
"%, 500,250 BL % 62.5 mg/L B TR A W 40 9 LA HE AR
A B AN, Bk D R AN 25 10 mL. LLJCH
JK AL B g %o B, CK1 L CK2 ¥t TR K . #EMR 5 dJE
Ab 3 ZH F CK1 28 R BRR A W, CK2 35 R0 B in A TG
PAK, BEALEE 6 BR S AN T, T 3K

Pefh iR IR A WG A 2 d g st S A & IR B
FEH R BOR TR B, R AR 7 R R AN R L
T3 DL 2GR A 2k HU B BT IR SR . E AN
15 5 SR I8 B 12 I Xue 251 1 ik o R
BB TR B0 T A A XS AR 127 JE TR A
BIARCRIT R AT

FET-Z=TET - MRB/HEAh B E0< 10096 5
B vARIC R = O BB 6 55 b BSR4 550 /
Xt R HE £ < 100 %% 6

1.7 HEHW

fdi 1] IBM SPSS Statistics 24.0 X %k #2 i 47 24
% 7 2% (One-way ANOVA) 73 #r ( i & /K F N
«a=0.05),

2 HER5HH
21 MMERETHAENRMERETE EHE
ENREELZENZN

WmE 1 A—C Fras, A R e B B Ak AMA3-1,
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AMA3-2 Fl AMA3-3 43l 5 48 b1 28 B AMA3 IR &
Jei o 5% B AL — B, B 25 Ak PR [a] ) ZE K, P AT 2R R
HIAE I R BRI . BRRHR Sl 5107 cfu/mL B,
AMA3+AMA3-1, AMA3+AMA3-2 Fil AMA3+
AMA3-3 b B2 2 A7 0% R or i B 5 2 R
97.03% .95.02% H190.59 % [ 22 18 K AY 55.08% .
52.44% F41.98% . WFEH B 5X10° cfu/mL B,
AMA3+AMA3-1. AMA3+AMA3-2 1 AMA3+
AMA3-3 b B2 2 A7 3% R o3 i B 5 2 R
93.15% .91.44 % 1 88.78 % [ 255 18 d 19 48.19% .
40.56 % F137.76 % o AR EE Ry 5X10° cfu/mL B,
AMA3+AMA3-1. AMA3+AMA3-2 1 AMA3+
AMA3-3 b B 20 2 A7 0% R 53 i B 5 2 R
88.96%.83.17% M183.10% & Z 55 18 KA 37.82% .
35.17% F129.01% . 10ij XiF B £ W b4 £ HUA7 3% 2% P 56
2 KK 85.68% R 18 K1 30.97% . L5 KM, 18
3P EALEE T, 5% B AH L, AMA3 + AMAS3-1,
AMA3 + AMA3-2 f1 AMA3 + AMA3-3 4b F 24 3
oA 28 A5 23 e B /N T X IR, H AMA3-1
Ab HER Y 2 HUAE TG BT B U /N T AMAS-2 il
AMAS3-3. BRRHEE N 5107 cfu/mL i, 3 HR41THE
AT — R 4 TR A P 5 P9 4 P AT 32 T B B /N T
PR BE R 52X 10° cfu/mL 15X 10° cfu/mL. F i,
Ft AMA3-2 Fil AMA3-3, AMA3-1 5 REZE K AN B 25 1t
FRAFI IF ), 32 o HAA TG 3

L 1 D AT, Y 4 TR R B 43 51 Ry 5107 5 X
10° cfu/mL i, AMA3-1, AMA3-2 Fl AMA3-3 4b 3
AN A e HUBEE B 1 W 3 v T 2 (P<<0.05) , B
AMA3-1 b B FA B £k B B0 1 1 2 5 T AMA3-2
Al AMA3-3 4b B 4 (P<<0.05) , 1l AMA3-2 5
AMAS3-3 &b % Fs bF £k b B0 1 00 W 3 25 R (P>
0.05) . Y4HEHE K 5 10° cfu/mL i}, AMA3-14b

FR AN IA e U BOE 5 B 2 R TR R ZE (P<<0.05) , T
AMA3-2 Fll AMA3-3 4B [P b4 £k it B8 i 5 % R
HM L TCBEEF (P>0.05), 4558%0, 5% 4
ARG, 3 Bk 4 A1 35 fi 44 s P b 2k e i) 00 o,
AMA3-1 b 3R Y 2 258 &t s T AMAS3-2 il
AMA3-3 kb3,

2AEAE RN T MBS R RN
AMA3 LI Je AMA3-1,AMA3-2 Fl AMA3-3 4b B it
(AR A 2 e X R AT 2 41 A 15 R s 4Rk i s BB i
R BRI E T Se A KRR SR AL, HE ARG 25 A
T-. R 10 d B, AMA3 + AMA3-1, AMA3 +
AMA3-2 Fl AMA3 + AMA3-3 & & &b B8 20 FA B %6
IR S R IR, B 43 I G AR B Tk A e
AMA3-1,AMA3-2 . AMA3-3 FI % 18 JC i K ok %
R JERGREIR , Eh RRAS PRARERE  BT IR A R Sk a
KA F AR RRE 0L 1o 24546 T BRAN B $2 R
AMFER LS 25 d A ACRAER AN 2 s o 45 2R3 H
BEFh AMA3-1,AMA3-2 8 AMA3-3 AR BF £k L L
AR T T 1 P b 0 H 1) T R A i R L SR R
F ek, H5 4R AMAS-2 80 AMA3-3 R B 28 1
FHLG, H2 80 AMA3-1 BFA B 2k d R Al 15 R AL I
PN L
22 MAEZNIEHR

FH e AMA3-2 F1 AMAS3-3, AMA3-1 %J ¥ b 26
A B B RO R AR B TR R AR AR
o e, A BF 5% L AMAS3-1 4 BF 58 % 42, %
AMAS3-1 BEA7T 25 806 . 45 51 o, A 2R A Bt
AR AT AMA3-1 By E ISR o A4 v Bl )
TR HE KR E IR DN U 206 200 B 10 o 4 FH e
S ERIUD B E MR L AURER T R R ki
HIAS WRB VG AR A R ML AR S Ml R
PR AMAS3-1 W HA AR sIfE R (R 2) .

R 1 EMARER AR R DR BR R RRIE

Table 1 Disease incidence and disease index (DI) of P. massoniana inoculated with different bacteria and B. xylophilus

Qb TR /% Disease incidence JBIRHEEL Disease index

Treatment 5d 10d 15d 20d 25d 5d 10d 15d 20d 25d
AMA3 0 0 16.7 66.7 66.7 0 0.0 16.7 58.3 62.5
AMA3+AMA3-1 0 33.3 50 83.3 100 0 50.0 50.0 58.3 91.7
AMA3+AMA3-2 0 16.7 33.3 66.7 83.3 0 16.7 45.8 50.0 79.2
AMA3+AMA3-3 0 33.3 50 66.7 83.3 0 33.3 50.0 44.4 75.0
AMA3-1 0 0 0 0 0 0 0 0 0 0
AMA3-2 0 0 0 0 0 0 0 0 0 0
AMA3-3 0 0 0 0 0 0 0 0 0 0
CK 0 0 0 0 0 0 0 0 0 0
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Bacteria concentration

A-C:5x 107 cfu/mL(A) .5 x 10° cfu/mL(B) F15 x 10° cfu/mL(C) 41 B Ak B T FA b4 28 A 194735 2 Survival rate of B. xylophilus
treated with bacteria(5 x 107,5 x 10° and 5 x 10° cfu/mL) ; D : A~ [5] 3¢ )5 40 74 Ab 3R T FAF 2% 1 1) S0 Reproduction of B. xy -
lophilus treated with different concentrations of bacteria; A~ [F] 7B e on 22 5 1 3 (P<0.05) Different letters indicate significant

differences (P<0.05).

Bl HELETHMHMEHENEEENEES
Fig.1 Survival rate and reproduction of B. xylophilus treated with bacteria

{
N S g b
_ CK AMA3 & AMA3-1 AMA3
. ; W AMAZS
B2 2E4XSEMEEMMAMERE 25 dHERER
Fig.2 Symptoms of the pine wilt disease at 25 days after being inoculated by B. xylophilus
on two-year-old P. massoniana

2.3 FHESXMA & RIS AFENESE

R AMA3-1 3R A MU, I A [A] e B H
AR 28R K555 24 h, A LY R P A PR T DA

F 4E£E % AMA3-1 A MHIVER

Q’V L2
b )

. AMA3-25

gl

2 4

T N

3+ AMK
e

AMA

AMA

24 REBESTHERRABMNMRMEHBE

FRBR

H13 3 IR, P 2R B & ROV AR A 2 U B 2%

VTR e 2 B4 T8 AN BT 3 58 (P<<0.05) , 7 24 7 it
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R2 30MBMERMEKRAMAS-1HIMHIER
Table 2 Inhibition of 30 kinds of antibiotics on strain AMA3-1
Bk % T B fpag I
Antibiotics Dosage BAacler.loslallc Antibiotics Dosage Bacler.loslallc e
ring diameter diameter
K Z Minocycline 30 19.3+0.8 %5 % Benzylpenicillin 10U <7.0
AU A Ciprofloxacin 5 18.040.7 21 % & Erythromycin 15 pg <7.0
ARV R Ofloxacin 5 16.1+1.4 PP A Norfloxacin 10 pg <7.0
#2315 # Midecamycin 30 15.140.3 F2 R AR Carbenicillin 100 pg <7.0
3L VR Efoperazone 75 14.140.6 L Cefalexin 30 ug <7.0
J7 i %2 Vancomycin 30 13.3+0.5 ki 5E Cefradine 30 pg <7.0
376 i #4 Ceftriaxone sodium 30 12.2+1.3 LA Cefuroxime 30 pg <7.0
WRHL P K Piperacillin 100 10.8+0.2 L AlIE Celtazidime 30 pg <7.0
%5 % Hloroamphenicol 30 10.0+0.9 R IR 8 2 Kanamycin 30 pg <7.0
£ P43 % Doxycycline 30 9.4+14 B8 K Neomycin 30 pg <7.0
Sk AR Cefazolin 30 <7.0 TU¥F % Tetracycline 30 pg <7.0
HETEA Ampicillin 10 <7.0 TR AR Amikacin 30 pg <7.0
BTk < A Amikacin 30 <7.0 VM % Clindamycin 2 ug <7.0
ZRPE PG HK Oxacillin 1 <7.0 Z KW % B Polymyxin B 300 TU <7.0
?ﬁiiﬁﬁﬁi&ﬁgde 23.75/1.25 <7.0 PEKFE % Gentamicin 10 pg <7.0

YR B O 500 mg /1L I, FRAE R BRIR TBOM F A £
AL AR IR E] 8006 LA L, 1d WY Y 4 6 IR & MO0t
PAAA L HUHA B TR . R A XA BE
2 R BE AR T BOA A W BE T R A 3 AR Ak

Table 3 Toxicity of emamectin benzoate and high-efficiency antibiotics to B. xylophilus

(P=0.05) , HAN [ W B 9 o 2 A B AL B Fa b4
2 IR B A IE AE T AR 4 AR B IR OK P (0.74 00~
2.43%0) , R W] R AP A RN HAB 2k U TE ] 1 2 A
VEFHO

x3 RERMSUNERRANNMERANERER

%

R Ydh PR REWR (WYl +- 520
FERI—— Emamectin benzoate Antibiotic Mixture (emamectin benzoate+antibiotic)
Frit e /(mg/1.)

Concentration A BIEFET- 5 FET- % KEFET- % BET % KIEFET- 3

Mortality Corrected mortality Mortality Corrected mortality Mortality Corrected mortality
0 2.19+1.8% 2.1941.89a 2.1941.8%

15.625 25.28+3.21b 23.68+3.28a 2.8340.77a 0.7440.78a 30.67+4.04b 29.18+4.13a

62.5 53.2241.93¢ 52.2241.98b 3.15+1.16a 1.07£1.19a 51.59+4.10c 50.55+4.19b

125 58.71£5.85d 57.82+5.97¢ 4.48+1.85a 2.4341.89a 62.49+6.10d 61.68+6.23¢

250 73.23+2.61e 72.65+2.66d 3.1840.92a 1.10£0.94a 66.29+3.20d 65.57+£3.27¢

500 82.76+3.24f 82.39+3.31e 4.1845.28a 2.13+5.40a 83.47+1.24e 83.1241.27d

11 Note: [A]31) 5 AN 6] 1 70 22 57 .35 (P<<0.05) Different letters in the same column indicate significant differences (P<<0.05).

25 HERNSHMESHRMLRARYEE
i

1) ATl FF st ) T P 4 A0 g e 2B R XA A
2RI BTARCR o HEFAM R US55 7 R %R
CK1.CK2 #1 CK3 i 5y B At R FE T2 (K 4) , &5

K, PR S A AR LR TS O BRZH CK4 I 2 f
FRIERE, Et g (. Bom, HR0T 5 d HRh T 2 d A
F Ao R PP 2 R AR AL RO A BT 2k H 4 B 3 AR
RO 5020 .33 0 FI 17 U6 , WY BEA it 245 P 1) P 2
BT, P A8 R P b 24 SR B B B Bl IR AR . A
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FERPRT 5 d FEAR TR B WA B LR B B 1A SR
50% , 5 AR ER B 2O 2, (A S F At AR R (174)
(P<<0.05) . FEAEFNET 2 d FEAR | TR & WO P A1 2k
I B BT VA RICR R 50 %6, e T HI 43R (33 Y0 B saiiA:

*4

F(17%)(P<0.05) o LEHFN SRR TR AT HA
2R R I BT IARR R 25 %, 1 T H 4EER (17 %) sl ik
P £ (0%) (P<<0.05) , #MALE—E&F T, B4 fn
AT FIR G, TR AR U (R B 1A RO

[ P B 1) TS FR 4 R N S R A R RN £k RR IR A R

Table 4 Control effects of emamectin benzoate and high-efficiency antibiotics on the pine wilt

disease under different application time

2w 2 i RIS gprsv o
Application time Chemicals Disease index Disease Mortality ~ Control effect
incidence
1d 3d 5d 7d
Bl 5 d i # Antibiotics 16 50 83 83 83 83 17d
5 days before H 4 Emamectin benzoate 0 0 17 50 50 50 50a
vaccination  yg 2y Mixture 0 17 33 50 50 50 50a
BRI 2 d 42 Antibiotics 50 67 83 83 83 83 17d
2 days before A 4t 3R Emamectin benzoate 0 17 33 67 67 67 33b
vaceination g Ay Mixture 17 17 21 50 50 50 50a
LR R B/l Z Antibiotics 33 83 88 100 100 100 Oe
On the day of i 4 £ Emamectin benzoate 33 67 75 83 83 83 17d
vaceination yg Ay Mixture 33 67 71 75 67 67 25¢
CK1 17 33 88 100 100 100 -
CK2 17 67 83 100 100 100 -
CK3 50 67 75 100 100 100 -
CK4 0 0 0 0 0 0 -

TE Note : JB 5 ST AR BHABOR N H A #E A  AMAS-1 RYAMAZE B 7 d 4G s [R5 J5 AN TR) 50 378 28 57 i 3% (P<<0.05) o R Il

The susceptibility, mortality and control effect were measured 7 days after inoculation with B. xylophilus carrying AMA3-1. Different letters in

the same column indicate significant differences (P<0.05). CK1:4%#1j 5 d ii L 7K Sterile water applied 5 days before vaccination; CK2: %
AT 2 dEJC /K Sterile water applied 2 days before vaccination; CK3: #2811 24 Kt TG F 7K apply sterile water on the day of vaccination; CK4:
it JC B 7K 420 TG 1 7K Application of sterile water after inoculation with sterile water.

2) AN [l it FH e B2 P AR 0 s A A b
LHR R BIRROR . R LIRS 55 7 K % R
CK1 ) BAA A EBAET, 25 (0 BB 41 CK2 38R 14
FREERE (£ 5) . i, BTk B 2 500,250 F162.5
mg/L 1 HY 4EEh b BIEXT A AF 2k dU 1 By 6 80CR 43 51
JE50% .29% F117% , FH 500,250 F1 62.5 mg/L iR
A Ak T B AF £ H 9 1 B 3R AR 4 R 50%%
3390 RN 17 %6, FRUIRH A 2550 BE A 1S in , F A3 BB
B VBN R B 2 e B B R B IR OR o 3 Rk
JEAR T IR G RO A B £k O 1 B YA AR 5
YR A HC B 2 5 (P>0.05) 0 8 3% & T Rk
ik RALBE(P<<0.05) , # A5 mskbiE ZAMH,
FH 4 5 ThOUR A VO S B R e B B Y B R

3 i it

AN TR Ml X AN R 25 AR b A A 2 3 Y
AT RPN B AT BT AR B h i 2 s 547 A
R B A B L BB gE 2 B IEA & PR 4R
55 U0 22 [ A7 A8 R S AL — 1 WA 40 T A R A
L &b R R EEERRA . A5
INZE R B SBA P R R R (AMAS) di A B 438
3| 3R : AMA3-1.AMA3-2 il AMA3-3, &K iX
3R DA X RE AR RN B 2 A7 I8 SRR o, O H 48
PR S K IR A AR b £ B R 3 MR 40 A P AR
] 1k 35 R A S R A T 2R i B DR T SRk R A B
2R U IARA B 2R HUHE T (1Y) 3 B 20 A 24 R in S A B4 4%
W & s S AN RISE T . A3 L AMA3-2 1
AMA3-3, AMA3-1 % FA R 2k Ha B A7 6 08 1 Al
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Table 5 Control effects of emamectin benzoate and high-efficiency antibiotics on the pine wilt disease
at different application concentrations
Fr ik B /(mg/1.) 25 @ﬁ%%{ }Ekﬁi/% BT/ Y BIARCR/ %
Concentration Chemicals Disease index ‘Dliscasc Mortality Control effect
1d 3d 5d 7d peidence
P4 % Antibiotics 17 50 83 83 83 83 17¢
500 4k Emamectin benzoate 0 0 17 50 50 50 50a
A Mixture 0 17 33 50 50 50 50a
P4 2 Antibiotics 0 33 67 100 100 100 0d
250 H 4 £E Emamectin benzoate 17 50 67 71 83 67 29b
R4 Mixture 17 38 50 67 67 67 33b
P42 Antibiotics 50 50 83 100 100 100 0d
62.5 H 4k £E Emamectin benzoate 33 58 67 83 83 83 17¢
A Mixture 17 25 67 83 83 83 17¢
CK1 17 33 88 100 100 100 -
CK2 0 0 0 0 0 0 -

¥ Note: CK1: i T 7K Sterile water; CK2: i JC B 7K 3 # TG 1R 7K Application of sterile water after inoculation with sterile water.

I A D T LA AR R VR . A ESE R,
FEAF AN, SO A0 R A PR A SR,
ek i 2R FH T IR 1 2 o, 5 B 4 R R b A ) B
A B PR IO, it v 2k U EE R M DA T (A A 2k
U B 3 R PA B A P A 2% B BR 2 S b b 4 LR
DS ) /N R NI R VAR S d VA =s: - ST v 7§
2R PR A 20 T AT DL R P b 2R T HLO, ik E 1Y fig
T3, W5 35 0 e AR 20 A 2 s PR AT B R
FEAESEER R R IR AT B ek T
PR KR R AR A e AR R R, X
SE T G2 0 A P B A M R R T R L (A
A2 RO B LI A %, A TR CE A B 2 i
AR e TR B AR A R TR . A BESE
AMAS3-1 7 45 5 A b 4 HUFE TG 26 BEH 1t A0 H
5 T A AR X AT AR T AMAS-1
SRR i 2 o] B A D RIVE A

YT AMA3-1 7E I FA R 2 Huii Jy TH A 35 3
YEH, ARF5E LA AMA3-1 58 % 42, b Heib 47 2454
TG, 25 SR 0 5 10 TR AU A 1 PR T VD R RO i
WR2MEabiEFE . NNV AR T2
LM H 40 DNA 9 HR R KR . K
B T IUMRRISHA 2, 40 ) 4 7R 2 1 T Al
REIEE E . SR 2 M AP RIR A,
A IR T G A AT RO o 3 e PP R 0 e T

R R AEER X AMAS-1 BAT IR . AREkg
FH 24 5 % P b 4 B A R R AR, S ki R
= ol R A E N (A E P RO A L =1 € e
FIRA W T FA R 2 U B 36 12X 96 W] 4, > 2450 oL
ik B2 500 mg/L B, 7R TR A 45 Fh AL B 2k HURI
AMAS3-1 R 2 d 52K ) MRt R4 3 P 4 s 2kt
Az 28X RS A 2 U 1 B IR SR 4 S 5026 (25%0)
3300 (1726 M 1726 (0%%) o Ul BATERA A 2 U BT i3
DT, AL (R e dh) B FBAEH, st R R
TCE B4 XA A 2 i 25 /AR A, (28 5 4 )
WA B 2 U HE 7 Al B AMAS-1 R REEGE: , T LR
AL (FYEER ) X PR 2k HUR B BT IR A8CR | sk
SR K WSS T RIS, I, R
AL R TR 5 X FA B 2k B 47 97 3 AT REAS
RR— AU FBL o

P A 42 55 G AT X A DG 20 TR AT REAE AR A
FIA TR IRF S D PAM LR Rk oy B 5
PABE £ Ho A 2 4 9 58 2F JR AT TR (Bacillus firmus)
GD1, H GD1 AJ SEARAA 2k HUA A7 375 IR [A] , g 2 5
8, It H A LR AN A 2 B GD 1A &
M #5747 GD1 9 #A b 2 dRT 05 55 & A4 . BTG
ZEEL0) S B A e SR AR A AN BT 2E O 1 PR T
(Pseudomonas fluorescens) Fl % 5L AR B B4 ( Pseudo-
monas putida) RE W% e FE FABF L HU7 B S5 A HUIA
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941 %

KRBT o e 555555 % BURA A 2k R H AT 20 o g A2
SRR B 1A (Stenotrophomonas maltophilia) ¢ A
AP SR KR b 2 B i HA — S 1 R A
FH B AT 3G S AN b 2 BB 7, I 2 A 0 5K
T2 AMFFEUGIER] T 40 B 7ERA A 2 Hpg rh ) H 22
YER, JR BT 10 e A= 22 R0 H 2 R 45 % 1) R 4f
A5t AHAHIEGY i TR FHREAR T HEA T A 2k U 1)
By v B, 24 509 27 3 i WSO 0 RT RE S ) 21 B IR
ROR . B BRNFT LI B M = 2t 5P R
PR FEA 5 A i, AT DR T AL 25 ) AR ) K
L REWANG LN E I A S ) s 2y ) S = G N [ETR VA
2R I B TR CR
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Control effect of emamectin benzoate and antibiotic
mixture on pine wilt disease

ZHAO Xiaojia, YUAN Yuchao,SUN Yufeng, YE Jianren, TAN Jiajin

College of Forestry, Nanjing Forestry University, Nanjing 210037, China

Abstract In order to further clarify the role of bacteria in pine wilt disease and control effect of ema-
mectin benzoate and antibiotic mixture on the disease, strains, which can significantly promote survival and
reproduction of nematode and aggravating the disease, were screened from bacteria carried by Bursaphelen-
chus xylophilus. High-efficiency antibiotics were screened from 30 kinds of antibiotics by testing their antibi-
otic activity to the screened disease-related bacteria, and the inhibitory effect of emamectin benzoate on the
disease-related bacteria was studied. The toxicity of high-efficiency antibiotics and emamectin benzoate mix-
ture to B. xylophilus and the control effect of the mixture on pine wilt disease of 6-month-old Pinus masso-
niana seedlings was determined by the immersion method and the root filling method , respectively. The re-
sults showed that compared with strains AMA3-2 and AMAS3-3, strain AMA3-1 had a better promoting
effect on the survival, reproduction of the nematode and the disease. Ciprofloxacin and minocycline had bet-
ter antibacterial activity against AMA3-1, but emamectin benzoate had no inhibitory effect on AMA3-1.
When the mixture or emamectin benzoate was 500 mg/L, the mortality rate of B. xylophilus could reach
more than 80%. While the corrected mortality of B. xylophilus maintained at a low level (0.74%-2.43% )
under the treatment of different concentration of high-efficiency antibiotics. When the concentration was 500
mg/1., and application time was 2 days before inoculation (on the day of inoculation) with the mixture of
B. xylophilus and AMA3-1, the control effect of the mixture of emamectin benzoate and high-efficiency an-
tibiotics on the disease was 50% (25% ), while that of emamectin benzoate was 33% (17% ) and high-ef-
ficiency antibiotics was 17% (0% ). The results showed that emamectin benzoate or its mixture had high
toxicity to B. xylophilus, but antibiotics had no killing effect. Under certain conditions, the mixture of ema-
mectin benzoate and antibiotic can improve the control effect on pine wilt disease.

Keywords  Bursaphelenchus xylophilus; emamectin benzoate; high-efficiency antibiotics; pine wilt

disease ; bacteria
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