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(TLPGA M =M= B, B B 330045)

HE : A ih ik B3R 69 5 B & Sk Bursaphelenchus xylophilus Br & 25 7], R 2otk £ AN E T &
AACKBER TR & T 4 dh (R % R A5 T B T IS AE el SRtk 7 A 25 ) At £k ok 0 A A
JA Faxd g4 A 6, R R B RORAR B BUN F RS R BRI R D BANMK N 5 A, AR AR
8] R T RAA R BRb M & SRR I, 2R E, TAR 2R P R R B ML & 8
N FA&, LCs 4 0.019 mg/L, FT 4 1 Fc Ao 4 25082, LCow% A 4 0.0213 mg/L #20.0214 mg/L., A
R BT ES 3/ A AR A D BAN KB F Z AT, M T AM A Hadhiss R
F5 T8 edm, BT ARR & EN AR EBIEAS T3S T2 LCs; FAR & Bk H 7 2R 18 2
F g, A T A RANA & AN R B 8 BOR A 73.33%, B R B AN & R gmA A R LT R
£2.00%, m 3¢ BIX I A TAEFPAME & KA Fe B SRR A R R R A Y S8 T R 55 A 93.33%
F219.67%. F AR A K BLIH) T AL A ZTRGAM MR GG & R K A S A E TS LA
KEIE AR B MR & WTEH; FAhNE;

Screening and prevention effect of new and effective pesticides against pine wilt
nematode Bursaphelenchus xylophilus

Zhang Yang Yang Dingchao Li Zhengyun Hao Feifei Zhang Linping’ Li Dong

(Department of forestry, Jiangxi Agricultural University, Nanchang 330045, Jiangxi Province, China)

Abstract: In order to screen out efficient new pesticides against pine wilt nematode Bursaphelenchus
xylophilus, the toxicity and reproductive effect of seven pesticides, cyhalodiamide, abamectin, emamec-
tin benzoate, methomyl, terbufos, isofenphosmethyl and imidacloprid, on B. xylophilus were measured
with impregnation method. After the injection of cyhalodiamide, high performance liquid chromatogra-
phy was used to examine its distribution with tree heights. The results showed that the LCs, of cyhalodi-
amide was 0.019 mg/L, which could poison and inhibit the B. xylophilus population, while the LCs, val-
ues of abamectin and emamectin benzoate were 0.0213 mg/L and 0.0214 mg/L, respectively. The medi-
cament could be quickly transported from the base to top of the pine after cyhalodiamide injection in
three months. The content of cyhalodiamide in east and south sides of the trunk was significantly higher
than that in the west and north sides. The content of cyhalodiamide in different heights of tree trunks
was higher than LCs. The prevention effect of cyhalodiamide reached 73.33% in the tested pine trees in-
oculated with B. xylophilus, and the pine mortality rate decreased to 2.0% in the tested pines while it
was 19.67% in the control pines naturally infected with pathogens, and 93.33% in the control pines inoc-
ulated with B. xylophilus. It indicated that cyhalodiamide could prevent pine wilt disease effectively.

Key words: cyhalodiamide; Bursaphelenchus xylophilus; trunk-injection; toxicity determination; pre-

vention
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P A 2 B 2 MRl b — o B8 R 1) A 28 M s
g HOG IR WA M 26 H Bursaphelenchus xylophilus
(Bolla et al., 1986) , Al Al K2 AN JE AR
Y, B G Rt MERT A SR A I AEL
FEUN B AN 53 A, B ™ E A H AR
i[5 %5 [£] % (Shin et al., 2004) . F&[H H 1982 4E7E 1
s EAEDOR, BEY R 158 (EfETH 1702
BT (R84 ,2003) , HAZ: B Hes it a3, 1
FRRRFABH 1 AR ET R 1 AT SR HE DR AP I 259
Bie T AR R ™0, W ) [ R Ze B X 44 i IX.
FFMAERRGE N TE KL (EREE,2014)

H AT, F PR U 1) 7 ¥ R g 32 B T4k
[5G FEAA RS 110 K A& 27 B LA K A48 K4 Mono-
chamus alternatus W) REREI (AL, 2012) Fifkss
SR OBINFE,2013) ,[H 2% S 9wk, HAEFARA
2 g e BE AR X Y B BCR oA R . PRI
TTRET G SR A e B T 77 43 it (2 A% Sk 3
Pl B (1996) 1 5 7 &2 6 5 A T, &I
X B b 26 MU A — 22 1Y B IR AR 5 Sousa et al.
(2013) FIFH B A3k 10 5 S5 AR T )5, XTRA B4R
I HAT BAF B B iR RO, ELS R K A B Y
FHCE A R 5200 5 e~y 4 (2016 ) B 53 3R B Jgk
YRt L U AL AR BT I R e b A2 O 24
F 2R 3k e R T 245500 AR A S B AR 1)
R I HE T, (RIS, R 2 55 24 7 I Rl fef ] 25
S BN B LR B 24 P T S B, 7 AR R R
(Zhao et al.,2006; i FI4H 45, 2011) o KL, B iR #L
AR s 10 V)R e 55 A B 2 ) R 32 55 1

737 b — S R v 4 U SRR g A
(Lahm et al., 2001) . 9 5 XX /@t f% (Tohnishi et al.,
2005) A L BERE (Foster et al., 2012) % £ A HAMA
FIF A7 o TSR R I e = W VLA A TSR
e A B2 7] A E A A i — 2 m R AR LS A R
LB RS LA BRI CRVKRSE, 2010) , S51%
S BGRTCE HhLrE AEH TR A0 JE T 324k ARl
. Hh A4 AR 5 R TC, SE e JUL PRI AL i, 1 T3
L 3L T (Tohnishi et al.,2005) . CATMFFEEM, &
LT HL e W K R AR Chilo suppressalis FE
WS Cnaphalocrocis medinalis . #8018 Spodop-
tera litura /N Plutella xylostella 55 % LR B 1
RIAFH AR, T ZH TRiR s SR KR
FURR A6 S /R b Y %30 B 5 i (Tohnishi et al.,
2005 ; THZA4R4E,2015) , FBLHL 55 OO [R] 25 1)
5 A BT I 8] B OK - (259645 ,2006) . H

HI, A0 6 T U U B R e MOl i B 35 Bl i
AT A FH i A DRI o PRI, AR e 108 FH S8 R
Pz bk ek oK 22 i, H RS S Al R T B | R 4
ERFNBTAE TR 2R 7 AN 2, I LR R A 2 He ) BE R
Ve F B AE JK 4 245 f 1 Botrytis cinerea I 1Y 2 58 HE
77, 0 E 1 2 N B R TR AR Z U 245 5 R H
PRI A £ 3 1 T SRR R AE 5 AR 1Y
ST 5 S AT RITERH A N B s AL, JEXTAR
() £ AN HEATHE RN RN B SRR G A A e s bk
DR, B S0 R0 I P o 300 XoF A b 4 H i ) 7 32
RO, LU A A S Ui i 97 3 T 208 39 2 3 2455910

1 B 5T X

1.1 ##

HEIRFA B 2 R AR - A R A3 B8 B VTVE 4
BT BRI FEAAR , 75 AT T %8 ARl
FEFR I I R A TR 1 DA A A IR Ry 7R I
IR ORAE T 4°CUKFa A o BRIl 10~354F
(1At R AR HE AR i i T 2 AR A 1 R R 1)
AN B 6~12 m,

P RE 5 2 - H % 55 40 45 5 B iR (potato dex-
trose agar, PDA ) B F2 5k . Th44 2200 g HHj &0 20 g
Bifig 15~20 g Z&€1%7K 1 000 mL, FH 4k pH.,

24575 AL 4% - 98% Mtk H bk (imidacloprid ) Ji 2 |
98% ‘K % J& (methomyl) JiL 2 . 67% ' 5t 55 )
(isofenphos-methyl) it 2 . 89% % T i # (terbufos)
JEL 24 | 72% 0] 4 14 % (abamectin) 5L 24 . 75% P 4k £k
(emamectin benzoate ) 5124 .98 % F T H L EZ (cyh-
alodiamide) Ji 2, VLG RARAL TAH PR . ACQUI-
TY UPLC =30 AR (35, ¢ EHIR R A 7] ; BX35
BRI i e, SRR bk =X 234t s LRH-250
PRI A, B — Rl RS A BR AT
1.2 Fik
1.2.1  RE A 69 Beh) BAM & k£ R g

W5 98% Mt HLMR L 25 98% K £ i )R 25 . 67% FH Kk
S MNBE SR 2 | 89% R T B M JAE 24 . 72% Bl 4 T
2 . 75% H 2 5 )52 RN 98 % S R L IR A IR 25 43 )
T B i e 5 B R, 3 ) TR oD R B R
1% .10% . 10% .10% .4.5% .4.5%F1 4.8% K FLH .
Foffe 5 L 71 P93 501 5 B A% 500 .1 000, 1 500,2 000
2 500 f5 Wt 5 AR B, 943 3% A5 A 100 5%
A 1.5 mL B0, T25°CHEIRIG S, 24 h e
FE AT T A A A5 A BN B 4 M A7 05 BORIBE T
BITEBUER (GGG A Y, 2013) , JF k177
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TR , A4S 2550 1 2 BB LCso, AR
AN EFNEE SRR . LAV /Kb BRVERT IR, B b3 5 Yk
HE . R HEICR= IR S 1 B —Ab B
2R OIS B ) 6 IR P BT R < 100% .
1.2.2  RE) 257 sttt & k5 Fi Ak ) #5vm o ) 2

FEHRFEY A 10 mg/L (1) 7 FhAS [R] 25570 oh 250
A 100 S AA K2R B L (50 @ +50 & ), 3215 h )5
JC PR 7K T UE 3 UK, B B 36 < 7 46 761 7 1) PDA
B b, T 25°CHERSR , HEA L MEFRILT Y
JRAE TR 5 , W) 43R5 14 35 ULERAS [ b 2
A 4 H B 7] 2 TR PR A5G 100 T ) R FH DR &=
T B R SR LA A A4 2k B2 (Chawla & Prasad,
1975) , BT I 10 sEAS [ b BEAS- S F 28 A BB
AR PETT A 25 60 A e 45 R RO T BB /)N (4
Bl | F IR 23 G AA R 2 i B 10 ) R
R, RENAEHE S IRE R, DL KA HEEXT IR,

123 RAF KB AR N 695X 0

TAC 1] 4.8 S5 F 50 ML I e VR A o 3 020 A ¢
YRR D, B ZG55h 50 mL, T 201543 A Xf
10~15 47 A 1 B AR T3 T, B HiuIfT 0.5 m = Ak
FTALIE A, FLIR K 6~8 cm, ZEFL AR E Ky bial R 7
45°, 5 J1 8 L 2PAMETR 41, IR 25 Sk 04 A
TEASL, PRSI 2GRS . 7 H TR 0.5
2.4.6 mAk[E % (JEH 10 cm) FITRAS K 45 (E8 m) ,
B SR P A T 4 14 B4y TR B
TG4 BIR R BRI, KR i iy 158 455 v S 3
TR MR AT A, B2 R4 | SR PR (8 1 e A
WA D 2AERHA S AT R 7 A & i, W
FHAATE 554 « (8354 A Kro-masil C18 4 (250 mmx
4.6 mm, 5 pm) , K% R 254 nm AR IR TR
SR R K=92:8(V/V) , I/ B 5] 5 ik
4 1.0 mL/min; #EFF 54 20 pl.

HEFAPRIL0.01 g F A FURBEIARFE T 100 mL 75
slffrh, PP B e 2 R 20,15 100 mg/L A i
TR . FH Y BER A v f B A AR R L A 0.5
1.0.5.0.10.0.15 mg/L i TAEW , R iR g 458,
B 20 pL ERE BN EE 3IREE R . DU VR
AR, DA TE BN AR AR , 2 bR ERR 2R . S AR
J& S N — 7 f ) SRR B R AR S, A 7K
23949 0.01.,0.1.1.0.5.0 mg/kg, &M EE 3R E A,
Fie LR TR S A TR Ak, D DR
1.2.4  FAEL K BEie 69 AR 18] 7 B X 3

VN [EIRF L g AN = e R =% /N ES U5 e o N 1
AT, FF R T 1 SR I i, NPT T A T

PR RAATREL . 4.8% S AL B 157 T 2015
3 A 5 HEEH T E &)1 & N 15/ e
I BANMHEA TR SRS o IR T ARSI, AR
W2 15 4F  FAME 26 U L AR R AR 30h 5%~25% . 1
SIS KRR RS , ARRRE A AR B S ) 50 mL,
T BEH 15 R T AN ST 50 mL i KVEXTIR . 2015 4F
6 J1, 76 iR 30 MR E AR T 1.5 m AL R J5 1) A&} a)
T 7 45°FTFL 2~3 4, FLIR 5~6 cm, FEFL N SHAAAF
MBI, T B R AL 1 AR A 4R 1
2J7~3T7 %% 20154F 11 1 MR 4 M b 3 Mg A7 I K o
FERARER I 275 R B4 (0 B L0AE (0, B TR B
2 ARG I L
1.2.5 R KRBEI AT B K BT o) Sk X 3

H AR BT o3 51 R T B4 )1 B Ak 4
JUM 25 /NEE (PRI 15 45, B SR AR 5%~25%,
B 4~11 m, J4% 5~20 cm) 75 HL X YT P 2500 A FR
N ) 85 /NBE (BRI 20 4F, [ 2R &R 5%~30% , I}
{1 4~15 m, Ji 4% 5~30 cm ) FldE B B 2R P 16 R
15 /NIE MRS 304F, B AR K3 5%~20% , ¥ 55 5~
13 m, 45 6~25 cm) . 20154F 3 J1E FiR 3 MR I
Hb 53530 FH 4.8% (1) 38U R e T 56 5 2 A 100 Bk
TR SO mL. A SRS T YA A 45 L, Rk
AT N TR, 11 ke K o, IF 2 SIHE 451
PRI HAHSBAAMR P ARTE 100 #E 2 EBAMEXTHE
1.3 #HESH

K SPSS 13.0 4%} fir A5 il g Bl itk A T e 1
5341, K H Originpro 8.5 43 #7 AN [F] 2557 4b 3 5 PDA
FEFRIE LA 2 dUBCER IR VE D s XA R 24751 8] 71 2
ST R T 225007, R e 9875 AT AN R 25
I A P ] 14 2 57 B B R 5

2 FBRESR

2.1 REHFIIRMERNE S

T RN FINT b Lk B R TR [R R B A
77,4038 24 h Z J5 , LCso N KB/ INI MU Ay ik o o>
HRE S > K 22 )8 T B> H 4 Eh> B 4E i 25>
AR , JHG e Ut TR i o] T 4 2R A 24
R LCs 4 0.0190,0.0213,0.0214 pg/g, Bt 3 Fh
2 FITE 2 N RSP 2 JUA B AR R s K2 iR T
T 19 LCso 4 0.0801 pg/g A110.0709 pg/g, it B ix
2 T 2400 3 AR AA A S UG 5 T 05 T b S b
55 F L S X PR £ e i AR 55 (3R 1) o
2.2 REAFIITAM L HETHEE SRR

7P R A L e BEAR RE T B RN A R
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5o SRIRT LB X FABA 2 H SR AE T A5
PSS WSE VA B2 R KB N R G ]
Blne/In , P Al LR R4 BT 3R XA b 2 SR B BE T 1Y
SN Z , SR SRR, IRF T BB K 22 BT
FLSEAIE 3 b 250 AL B AR BT LR SR AR R L
SER IR KA L, S0 BREC I (B 1) o #F
B SR ML B T I 7] PDA K5 FR B R A7 4318, 480
T I A B A B SR I 23 B AR A B 2R B2

4 296 S5/, HY 46 L 3y 634 £5/1L, B 4k 1 %
Ab A 846 S5/, — 4 34 B 25 A LA Ab B T
R i HOBR A BE R 4 738 ZR/10L, T R K £ RN
FH SR AL B3 1) A 8 484 .16 398 F119 517 4%/IIIL,
TR RE A 22 215 25/1IL (1] 2) o 2 B G U U BRI
FF 2k £ RS0 24 T 25 XA R 2 L A e S0 ELA A
AR T, T b RE TR R K 2 R R S
MBI R A 2 s I ZEH 2 /N

F1 TRGFIX M & RPFNMNESER

Table 1 The toxicity assay results of Bursaphelenchus xylophilus with different chemicals

, HRERER LCs (png/g) S
25 EIEpEE . PN s (1 (ugle)
. . . Correlation Semi-lethal .
Chemicals Regression equation ) . 95% confidence interval
coefficient concentration
i AL Bk Imidacloprid 1=3.6918+1.0064x 0.9984 0.1686 0.1209-0.2351
L M Methyl isofenil y=7.9577+0.7689x 0.9658 0.1438 0.0835-0.2506
K Z 5 Methomyl y=17.5897+3.0733x 0.9020 0.0801 0.0544-0.1234
¥ T Hib Terbufos y=14.4717+2.2828x 0.9124 0.0709 0.0585-0.0843
PRIk T8 2 Abamectin y=11.6559+1.4246x 0.9716 0.0213 0.0114-0.0284
FH 4 £ Emamectin benzoate y=25.3126+4.3494x 0.9760 0.0214 0.0073-0.0296
SR LR Cyhalodiamide 1=20.4344+3.2692x 0.9530 0.0190 0.0122-0.0236

BEl1 itk HARAF SR EEEF NN REEAENERRERL
Fig. 1 The acquisition feeding results of Bursaphelenchus xylophilus after different chemical treatments
A FOSURBENG; B: HYEEL; C: PU4EREE; D: LI E: $5 T HR0E; F: KZRHG G: PERMIBE; CK: X, A: Cyha-

lodiamide; B: emamectin benzoate; C: abamectin; D: imidacloprid; E: terbufos; F: methomyl; G: methyl isofenil; CK: control.

2.3 SESHEBREREANS

K FH 0BR8N 5 T SRR AR T AN [ e
I [5R] 25 N TRURS v S RU SRR R 7 f, 25 SRR W T
TR ST A AP C R I R R
y=8.4780x+8.8107,, FHIC R AL H 0.9994, i /& 1 7t 43
BT B LR o S 980T S Tt e 45 [ e 38 AE 84.35%~
94.58%Z 8] , KX FR A 22 1 7.82%~9.3 7% Z [H], 3%
A2 7 VR B 5 0 8 1 R, T AR 2 370 8% B 4
BT SARAG IR BE 4 0.01 pg/g, 754 4% 25 5% B A6l
) RAUE K

AT R EZ AT EN TEA LD LR
2.4.6 m = A, A TR S A 1.26
4.35.0.31 pg/g; M 7R (A T i 2 e TIPS
AT, F A R T A U R R B A e 34
J7 1) 2 55, 4 m Kb R DAY B B Ik 8.67 pg/g s T
(8 m) AR IR 25 B9 5 1 1T 35 0.30 ng/g, W TG THIAS 5%
(B ik 0.15 pg/g(F2) o FRBI T 54 S aUR
e 2 R Rl N S 8 L s S S R NTRS R RN
AN [ o 1) S R R P e 7 1 3 8 T LG, B
BRI A BA 28 HUTE T AR AR P A A R P55
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B2 REZFSEEEFRI MM & HOFESE
Fig. 2 The population numbers of Bursaphelenchus xylophilus after different chemical treatments
PR Bt S B AR R o R R/ING FRERIR 28 G EE A IR TE P<0.05 K22 5 B30 A LR B HUIESRAI0E;
C: KZWJ; D: ¥y T HilE; E: PIZERE R ; F: WYL G: SUREURMENG; CK: X, Data are mean+SE. Different letters on the
bars indicate significant difference at P<0.05 level by 7 test. A: Imidacloprid; B: methyl isofenil; C: methomyl; D: terbufos; E:

abamectin; F: emamectin benzoate; G: cyhalodiamide; CK: control.

2.4 SRS ABET A TEMEHAENER

ST A BERE HI ) T )5 5 h INRE 2 HBIR AR
RS, BN TR AL UG, T 5 S A Ik e 2
1) 15 BRE AN 4 RR R IRAET - JET R 4 26.67%,
BA 73.33% W Bl 16 AR ; TR RZH 15 BRAA R th
14 ARG HE , JET R 4 93.33%, 2 4 [H) 22 53 i 2 , W
ST P e XA 2k U g BE RRURRZS W, KA A
2 e ) A A B B SR VR
2.5 SEEABREMEXT B AR ERENRE

PR L BT RS LXK 3 A XA e A A
300 4%, SET 6 b, oo TR 2 fk EBEEL 3 bR T
DX 14k s X BRALFA R 300 Bk, BT 59 #k , Hodpogr + 5
198k R B 24 Bk JE B X 168k, 34X subHigH
X HEZH A RA RSP 34 FE T2 53300 Ry 2.00% 1 19.67%
2 4 [R) 25 S 0 (df=1,4; F=48.29;P=0.002) , %
HFTRA ] E EEAA B T 5 S0 R R J , X P A 2
AU P PTPE B R, HL B SRR R £ U AR
TR TN TR p 2R R
3 iFig

ARG R AR A AR 2 HLURE 78535 25 77
Fe b, 35 07 1813 3 A 485 R 3R I S U S UR B 7R ==
XA AE £ dL B AR SR N B N, AL FE 24 h s
LCs 4 0.019 mg/L. EAFEA, B N 225 O 0 ik
— SO LR U ELA B ) 259, W iR Ab B 24 h
LCs 4 0.23 mg/L (B #E4H , 2013 ) | £ JE [ P4 il Ach 34
24 h LCs "~ 2.80 mg/L (H )5 5, 2005) 5 LA Ak
F 120 h LCs A 26.30 mg/L G, 1996) % a- = g

WML FE S d LCs K 1.89 mg/LTKASEB AR DG, 2013),
IXLE 24 5] (1) LCs Y38 i F S R FUR b . PRIk, &
SR R BT AA R = N T LR W
R o AR EE AL W, U R e 85 77
ML HF AR 2R H AR 1) 25 EAT B i IV E A L b
PR 5 h G A HUBGE U 296 2%/, 1 X HE A HEK
N 22 215 4/, BEAD, SR LB (1) 75 1
gl LI o, G R A B Bk IR DG 3 Ames 3
56 /N ERCSEAURS BF 200 i Y o Ak e A 50 /) B
L YL o 21 A0 M IS I R BN B, R &
Y@ AR O R 4E55,2013) . IR, ABFF0K SR
e R b FH T A A 2 AU i B i, X T e s 3R =
HA BT FMROL R RUF PG TAE A EEE X,
T S AR TR R A 2R B B I AR 0
BAEEL YT = |, R S A0 2 P BREE R A A 4k
U BT ER AR Y B AR e RS s ik
BB A 2 B = 325, 1 AR S A — 22 g
X B A S HU 7 A BT TR VR, 32 B S B AR 1R
TR , TR AN LN A YA RE S
ROBRAA BT 2 RO B2 e, NPT REA BB AE T o AR
P T XA NG AV AR EAT T, 45 SRR IR
S TR Mg ) 0 X A B R K B 0.5 g/mL, T
T 5 3~5 h N REBR AR 5E eI, 34 H TS 7E TR
Ivi) i B AN ) 7 [ 9 SRR e 5 e 22 5 0 3 )
FramEH e 34y g, T A R R R
JHe LCs0(0.019 pg/g) , & W S 30 L Bt Jrie 78 5 R M vt
T N AT B4 () W A S o ARG 45 2R Takai
et al.(2003) W 75 45 5 —Z, W1+ 4 m AL ma TR A9 25 71
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Tt A 8.67 pg/g, (HR TREHR 2500 1) fe A
Al A5 T 2550 N R A BRI A 5. HETE N
A1 8 A D, S T L PR A e RO T 8 B A i
FERG HK | =498 KooK RERe i v 1 5 A2t 10 0 31
4.8~7.7.5.2~8.3 F1 1.5~15.4 d(E W4 2015), A&
RGP SR E R BE T 34 A IR PR AT A
KRR &, G T — 200 5 S0 78 Hofe 5 AR {4
P BN AR AL FIRERSN , B0 25 700 7 5 AR {4

PN RIAE P SR AR 2% 24790 1 Qs g
R2 SRS ABRREDRRMEPHSH

Table 2 Distribution of cyhalodiamide in the pine tree

WS (m) WA T SRR & i (ng/g)
Tree height ~ Tree direction ~ Cyhalodiamide content
0.5 ZR1H] East 4.76+0.62 a
YT West 0.41£0.07 b
R T South 5.93£0.62 ¢
L North 2.09+0.36 d
1 Average 3.30+1.25 AB
2.0 Z<1fij East 1.97+0.63 a
P West ND
4 14 South 2.48+0.41b
L North 0.57+0.046 b
-1 Average 1.26+0.58 AB
4.0 ZR 1 East 5.47+0.28 a
VU TH] West 0.77£0.20 b
¥ T South 8.67+0.52 ¢
4L North 2.48+0.46 d
-4 Average 4.35+1.74 B
6.0 7R 1A East 0.72£0.10 a
P West ND
T T South 0.53+0.06 b
1t I North ND
1 Average 0.31£0.19 A
8.0 Z<1fi East 0.30+0.02 a
PH T West ND
P 1] South 0.15+0.04 b
AL North ND
-1 Average 0.11£0.07 A

TP RE PR bR R . RISIANR NG RS 7 hf
IR N ZE I B A 36 ] — i AN )7 i () RIAN ] g JEE
BB A RRITE P<0.05 KF- 22 5 B3 . ND: ARAGIE] (L
PRFMFR 4 0.01 mg/L) ., Data are mean+SE. Different lower-
case or capital letters in the same column indicate significant
difference among different directions at the same height or av-
erage contents at different heights at P<0.05 level by ¢ test.
ND: not detected (below 0.01 mg/L, the limit of detection).

LR, B EARAA 2 SR B #1790 BT A 5 5T

UG RGEME , ANk e~ 55 (2000 ) TEANBA LR U &
A DX BB FH AR S HURI AR R, AT e E FE A
SRR AIK 83.3% , S8 SR W 223K 75.0% , 3=
WL AN 2 HUIR O MIFERA I SBT3 R BERE 25
SR . AR IS TE 25 1) R R AR S-S 0 SE A
e 3 PR R BRI R AR AR ) A T T ST
FARFER BN T AR SR ik, 25 SR R I
TEN THEFNFD A SRS ST, SR L B B 57
REXI AR = B TP RUCR | 5 R HE2= 45 (2016) I
TR B 2% 2= FLh (A EO0) #g I A
] A 7= OB R 245500 56IE B BE B TR A 4 26 Ul (H
%2 50 mL HUKS S0 48 TT, BEST 7 KA BHA TR RS
25 8~12 g(Mamiya, 1988 ; Takai et al.,2000) , ¥ L)
EFET EE S H o ABFRET & SR R
T Jee i 975 4 A 2 UG T 59 741) L 50 mL FA% 40
12 50/3, B30 I RSB 25 1 3 Bk 2 i b
PAMFER USRS KB AIR T B A AT . IR, 7
PR B A AR MR B AR AR KA PG R P b 2
T, BT AL S 5 8 U I P R T A 2893 o
MR A R A FiAT . M SR MU T 7 1 S 7 B F
VA RIS N S R B o NI DN I R o 3
] X 24 A DX AT T A D b A 43 E 2

& % 3L Bk (References)

Bolla RI, Winter REK, Fitzsimmons K, Linit MJ. 1986. Pathotypes of
the pinewood nematode Bursaphelenchus xylophilus. The Journal
of Nematology, 18(2): 230-238

Cao MC, Wang QS, Wang YH, Zhao Y, Xing JH, Wang MC, Zhu GN.
2015. Residue and dissipation of cyhalodiamide in rice paddy.
Chinese Journal of Pesticide Science, 17(4): 447-454 (in Chinese)
(AR, LAk, 1308, B, IR, 584, REE. 2015,
SRR I TR M R P B3 v A 3 P BT AR L A 224 T,
17(4): 447-454]

Chawla ML, Prasad SK. 1975. Techniques in nematology. II. Compara-
tive efficiency of sampling tools and nematode extraction meth-
ods. Indian Journal of Nematology, 4(2): 115-123

Foster SP, Denholm I, Rison JL, Portillo HE, Margaritopoulis J, Slater
R. 2012. Susceptibility of standard clones and European field pop-
ulations of the green peach aphid, Myzus persicae, and the cotton
aphid, Aphis gossypii (Hemiptera: Aphididae), to the novel anthra-
nilic diamide insecticide cyantraniliprole. Pest Management Sci-
ence, 68(4): 629-633

Huang J, Zhang J, Li MJ, Xia TF. 2014. Evaluation on the effects of
trunk-injection technique against the pine wood nematode disease.
Forestry Science and Technology, 28(4): 118—120 (in Chinese) [#%
1, TkAE, 22V, BRI 2014, B34 20 AR 1 B A b 48 Ui
RYRCR IR . MOl BHE T %, 28(4): 118-120]

Jia JW. 2013. Primary research on prevention mechanism of emamec-

tin benzoate trunk injection against pine wilt disease. Master The-



862 B Y R % 44

sis. Lin’ an: Zhejiang A&F University (in Chinese) [ %% i/F ff.
2013, H 2R 13 1 FH X A B 26 HOs B A LB A . A5 -2 o
WS IR WA )

Lahm GP, Myers BJ, Selby TP, Stevenson TM. 2001. Preparation of in-
secticidal anthranilamides: WO 2001070671. 2001-09-27

Lai YX, He YQ, Chi SY, Wang YH, Zhang YF, Liu JD, Shen YL, Li
GP, Lin MS. 2016. Concoction of two high effect anti-nematode
drugs injected into pine tree for prevention of pine wilt disease
and their effect in forest. Acta Agriculturae Universitatis Jiangx-
iensis, 38(5): 871-878 (in Chinese) K%, i Bk, il A,
WL, SRBF, MIAEE, T, 22T, MOS%AR . 2016, B s
2 B TR TS 24 70 BC A 5 AR TR 25 80T 5 VP ARl 7
1, 38(5): 871-878]

Lai YX, Yu LX, Zhou YP, Wang LY, Shen YL. 2000. First aid tech-
niques and mechanism for dying pine trees damaged by pine wilt
disease. Journal of Zhejiang Forestry College, 17(4): 404-409 (in
Chinese) [, AIARKE, BT, F RAT, LAV 2000. fAHF
2 U WE R 2 BRSO HLERL. WA B A 4R, 17(4):
404-409]

LiY, Li M, Chai BS, Liu CL. 2006. A new insecticide flubendiamide.
Agrochemical, 45(10): 698—699 (in Chinese) [ 257, 25 7%, 445
L, KA. 2006. B8 ORISR BRI . R 2y, 45(10): 698-699]

Mamiya Y. 1988. History of pine wilt disease in Japan. Journal of Nem-
atology, 20(2): 219-226

Shin SC, Choi KS, Park IK, Chung YJ, Kwon TS, Kim CS. 2004. Oc-
currence of pine wood nematode in Korea and development of di-
agnosis method.//Plant Protection toward the 21st Century: Pro-
ceedings of the 15th International Plant Protection Congress, Bei-
jing, China, May 11-16, 2004. Beijing: Foreign Languages Press,
pp. 11-16

Sousa E, Naves P, Vieira M. 2013. Prevention of pine wilt disease in-
duced by Bursaphelenchus xylophilus and Monochamus gallopro-
vincialis by trunk injection of emamectin benzoate. Phytoparasiti-
ca, 41(2): 143-148

Takai K, Soejima T, Suzuki T, Kawazu K. 2000. Emamectin benzoate
as a candidate for a trunk-injection agent against the pine wood
nematode, Bursaphelenchus xylophilus. Pest Management Scien-
ce, 56: 937-941

Takai K, Suzuki T, Kawazu K. 2003. Distribution and persistence of
emamectin benzoate at efficacious concentrations in pine tissues
after injection of a liquid formulation. Pest Management Science,
60(1): 42-48

Tohnishi M, Nakao H, Furuya T, Seo A, Kodama H, Tsubata K, Fujio-
ka S, Kodama H, Hirooka T, Nishimatsu T. 2005. Flubendiamide,
a novel insecticide highly active against lepidopterous insect
pests. Journal of Pesticide Science, 30(4): 354-360

Weng QF, Zhong GH, Qiu Q, Shui KJ, Hu MY. 2005. Biological activi-
ties of extracts of 28 species of plants against Bursaphelenchus xy-
lophilus. Journal of Huazhong Agricultural University, 24(5): 459~
464 (in Chinese) [FT#E 77, B0 [E 4, B, /K 5O4f, §1383€. 2005.
28 FiHEL AR U R AR 26 B 35 A8 T L AR Al R 22240,
24(5): 459-464]

Wu R, Pang H, Liu GL, Zhou CQ. 2003. Occurrence, harm and coun-
termeasure of Bursaphelenchus xylophilus.//Xu RM, Ye WH. Bio-

invasion: theory and practice. Beijing: Chinese Science Press, pp.
159-185 (in Chinese) [5¢ 4%, VEAT, XIHEAK, Ji F ¥ . 2003. K241
LR R E S SRR AR, WOTRE . CE AR e
Sif. ALt Bl A, pp. 159-185]

Xing JH, Yuan J, Yu JP, Dong DZ, Hu DS, Chen J. 2015. Bioactivity
and field efficacy of cyhalodiamide against Helicoverpa armig-
era. Agrochemicals, 54(11): 842—843 (in Chinese) [JIF 4 1E, 3= e,
A2, BEAEER, BAAHN, RS . 2015, B R O S R e A
NP AR HLI 2 SR IR . 4625, 54(11): 842-843]

Xing JH, Zhu BC, Yuan J, Yu JP, Dong DZ, Zhou DY, Hu DS, Chen J.
2013. Bioactivity and field efficacy of novel insecticide ZJ4042
against different lepidopterous pests. Chinese Journal of Pesticide
Science, 15(2): 159-164 (in Chinese) [JEZ 48, RIKH, &, 6
TV, EIMER, J AU, TR, R . 2013 BT AL B SRR
Lok AN [ 5 3 BB T S AP A2 2241, 15
(2): 159-164]

Yang YL. 2012. Studies on biological control of Monochanmus alter-
nates Hope by using insect natural enemies. Ph. D Thesis. Bei-
jing: Chinese Academy of Forestry (in Chinese) [{# L4 . 2012. F
FHR B BB R KA BORIFTY A 00e 3. et
Mol BFA AT B

Zhang ZC, Zhao BG. 2013. Nematicidal toxicity test of o- terthienyl
against pine wood nematodes (Bursaphelenchus xylophilus) in lab-
oratory. Journal of Northeast Forestry University, 41(11): 127-
129 (in Chinese) [5Ki5#, BIHE. 2013. o - = BEWY XFFA B2k
B2 NHEITINE . ARAEARL A2, 41(11): 127-129]

Zhao BG. 1996. Nematicidal activity of aloperine against pine wood
nematodes. Scientia Silvae Sinicae, 32(3): 243—247 (in Chinese)
DR . 1996. o BLEHO FA A £k HURZTR T . Mol BE2, 32(3):
243-247]

Zhao JZ, Collins HL, Li YX, Mau RFL, Thpmpson GD, Hertlein M,
Andaloro JT, Boykin R, Shelton AM. 2006. Monitoring of dia-
mondback moth (Lepidoptera: Plutellidae) resistance to spinosad,
indoxacarb, and emamectin benzoate. Journal of Economic Ento-
mology, 99(1): 176-181

Zheng LP. 2013. The evaluation and application of APF-I chemical at-
tractant in monitoring and management of Monochamus alter-
nates Hope. Master Thesis. Fuzhou: Fujian Agriculture and Forest-
ry University (in Chinese) [FSHHF-. 2013. APF-T #FA SR K AL 2%
LR R e AR IR T R A0S G CTM B V2 ¥4 Y W)

Zhou LJ, Huang JG, Xu HH. 2011. Insecticide resistance of Plutella xy-
lostella from fields of Pearl River Delta. Journal of South China
Agricultural University, 32(1): 45—-48 (in Chinese) [ J&F]4H, 1% 2k
oG, TRDUAT . 2011 Bi = fy 3l DX/ N3 8k 1 B) R (B 25 P00 5
el KF 23], 32(1): 45-48)

Zhu BC, Xing JH, Xu TM, Zheng ZW, Chen J, Peng WL, Xu YH,
Kong XL, Wei YC, Dong DZ, et al. 2010. Cyano group-contain-
ing phthalic acid amide compound, a preparation method and use
of pesticides as agrochemicals: CN2010102797903. 2010-09-13
(in Chinese) [RUKFR, FBZHE, VFR I, KRS, BRA, s246ar, ¥F
T, fL/K, BUE S, EAEEE, 45, 2010, —Fh & FUEM AR R
FRBE I A0 B W i o T e RIVVE S A T2 i 2% S0 1 T a
CN2010102797903. 2010-09-13]

(TTAER . £



