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The activity of four nicotinic receptor agonists
against Bursaphelenchus xylophilus
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Abstract: [ Aim] To investigate the insecticidal effect of four nicotine receptor agonists against pine wood nematode, Bursapheren-
chus xylophilus. [ Method ] The nematicidal activity was measured on pine branches of Pinus massoniana grown in hydroponics. The
effects of nicotinic receptor agonists in aqueous solution were examined on the activities of adenosine triphosphate (ATP), catalase
(CAT) , acetylcholinesterase ( AChE), and superoxide dismutase (SOD) in B. xylophilus. [ Result] Levamisole hydrochloride
(LH), tetraimidazole hydrochloride (TH) , nicotine (N) , and thiophene pyrimidine tartrate (TPT) had significant toxic activity a-
gainst B. xylophilus. The L.Cy, values of the four drugs were 0.09, 0.31, 0.08, and 0.14 mg - mL™", respectively, when immersed in
water for 48 h. The results of the hydroponic experiments after 12 d showed that the pine branches in the LH, TH, N, and CK treat-
ment groups did not suffer from the disease (index-0). Some branches and leaves in the TPT treatment group turned yellow, with a
disease index of 31%. The branches and leaves of " CK+nematode" pine completely turned yellow and wilted, with a disease index
of 100%. ATP, CAT, AChE, and SOD activities in B. xylophilus treated with nicotinic receptor agonists (LH, TH, N, and TPT)
for 48 h were lower than those in the control group ( P<0.05). [ Conclusion] In conclusion, nicotinic receptor agonists (LH, TH,
N, and TPT) have potential as good biological controls against B. xylophilus, and have the prospect of further in-depth research,
development, and utilization.
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WARFZE 2599 (pine wilt disease, PWD) J& A FF
28 . Bursaphelenchus xylophilus ( Steiner et Buhrer)
Nickle 5|2 0 e HABEIAE B PA BRI 3, © 3 1l R
2 TF AA 2k (Y 45,2017 ), FABF A Ui
R TAESE, 1982 A3k B 15 e g 5t b LB 119 7R
B Pinus thunbergii Parl. I 5y 8522, M5,
A HO T R [ TR 6 S %o PR A 25 R G i T
SRR IR (B BESE, 2017) i v T AR it
(2F) B AR 245 1A Ry 2 B A 0 L A b 4k
HAY SR 2 — IR0 [ AR 3 1 iz 0 (R
H#17,2019) . HHET, CHGE ] B A b 2 dUi 2455
FEABTAER R P A4EER A 0By LR AR FLA
T A A A 5 I T, 3 4 2430 7 ol 3 R o i L fe
FHBIEE R R EG T 245500 i 4 I RAS . e Ak, K
WL AAUE B AR AW 5 7 A g 25 4, i B Ak
HARAE DA F, BE 5| P14 R0 N 28 i B 45 [ 7
(28045 ,2013) o (Rt 38 D075 288 20 B RN 19 Bl
TR HUR I AR 2 1571

AR e WK & —Fh I Y B SR,
MREEARL AR X2 s ) 18 18 2 BAT R Ak
A& HUASCRAB G R FL 3l 0 1 TS ((Vielela et al.,
2018) 5 HR 1R DU DK ER 1R A e K s 14 e ) 4 6 1
EBIR SR BT H2Y 5 AR — il DA I ) 7K B R
Pyeh R R AR A BOR) BLAE 17 T Al e At
CAE R EH T A R A& At A4 3 2 o0,
B A FE A R T R0 AR B A T (R B,
2017) 5 1P A R WE Wy W BE i FH 3R 97 sl i 25 A s
( Betancourt et al.,2015) . 4 F b5 Y /EH Ti%
Hual B R sz A 7 AR AU 5 R AR L
PIRIZA 4, B BORZE MR, H e A W T
TP AT A e B iR . AR R 2 IR 0t 12 DA
FASBOK LI GE 4 ML G YIRS HF 2 R R B A
VER SR TT 43 AR 245 150 Bl I A b 2 g 2 4t 2
Wk
1 ##FTTE
11w
L1 K2 & EhmRZe ek | £R 2 DY ki
B P A R ME My W NE (IR A R BRA
98%) . 5L 20 mg 254 AZE IR /K IR R IF M BE N 5
mg - mL™ R, BT 4 CIRAEEH
11.2 Bk ok R T W T AE mi K i S AR IX R
53k R M7 92 ol 4 A 09 5 B A Pinus massoniana

Lamb. ZEAR 143 B 15 2] | 207 VLA RO B} 27 B %
RN L & T A KA 218 Botrytis cinerea Pers
ARG IR, 28 CHBLIRFE
.13 EEZM#HE ARG (Leica EZ4W , {# 1[5
PR AEE) BLOHL(ELEE TGL6G , TR B RHFAYL
A RRAE HE) BRI (HAR R
B UV-1780, B HA A, HAS) | T i i i 25 & AX
(BUCHI-R210, Jii - AL B A7 FR & 7], i 1) B il 4R
% 559558 (KS 40001 control, IKA , 8 [E) #8& TAFE
£ (R SW-CJ-1CU, i By A AL e £
ARAT], ) A E BEA (SG250H, i e
R A AR A BR A W) hED) BE IR A #F (GL-
88B, 1| | HAR DU /R AR il i A PR A R th ) (A
PR FRAH (SHP-150 , 1783 AR A S B0 A AR AT BR 2> 7]
HrE) (HL TR (SQP, 28 2 AR A AR (EaT)
ARAA,HE)
114 HAustr WA ELEE (superoxide dis-
mutase, SOD) i & b & ( catalase, CAT) =k
PR R 11 B ( adenosine triphosphate, ATP) | Z, & [IH ik
TG ( acetylcholinesterase, AChE )7 & ( Fg 5L AL
Y TRV ; LR BE W 3 750 45 3 57
(E A E R FFN AR AR .
1.2 FHi&
121 ZRFAME SHEIEARS(2013) Ik,
FH MO ZZ nhi AR AR T J4 WIRGLR L, sk 3 WU
NSRBI - M9 Bl =7 + 3) ,IRJE S
min, 5000 r + min~' B0 5 min J5 3 I, LA M9 22
VR, A 3 R B A B LR R R, IR T A R 4 A
R dk b e 3R 2~3 d RIAS B[ — A K A A P b1 22
B VR &SRRl E L R B .08, T
4000 r - min~' B0 5 min, A 0.9% 4 HER K whvk 3
W, LA 100 45 - mL™' (4R BRI, 75 24 FLAR
AL 0.5 mL BY4 HUBIFE W, RN A S5 1 2)
W, VIS Sl e 2 O IR 3 3 AT,
ST BEG 12.24 36 F1 48 h, 7EARYL B fEE T
WERZ A TR AL . RIE 3 H o S TEHIE R
W, TR R B S, X dR ARz 5 H &
PR L A 2 R B 0 0 i 2 R, A S AR
Bl HE RIEH , THRESET R IE ST % (TH e
JHESFE 2013)
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R /(1 HRFET- %) %100,
1.2.2 BRMAMEAFERE W4 MEELED
S BIECHSF 3 E00 1 mg - mL™ IO, 2R HU
200 mL 25754 A 300 mL (9 =T, 5 Ab BT
AR fE P B A28 O IR A 2 & IRk
B CK(ZEMBEAK) MbBE “ CK+AAPE 2R Ha ™ Ab 3 Xof R
27 T RS (1985) Ik, e BB B4 T B P 42
HU BEFEIAR A — IR, B A2 5 em AR
R, R L e A e VR IR A B 2 K
FEZ) 10 em YFLIAS , F 48 1K 7L 1 45 110 35 35 46
A, WA TR BT 26 H B I TRL(24 1000 2%) SR
T 4 B Tk ZE AT A T, DR R LR A N 1Y 1
B, BERE B3 d B — AR B AN AE , WL
12 d, %8 3 AT, SHIRFE &ML EH
(2001) FREIFAE (2005) J7 %, X 25 FARO 1% 73 9
IR TSR T 43 0 G BF gk, AR IE
B P 174 LUTF R R B2 S Ik 174 ~
3/4 5FE R 3 R 174 VL EAF R B 172 D
TEAREZE 4 G R 172 DL AR S AR
EEAET

R % =§<(XX;>)X
L, X, FETRBIIAALEL, a, WK, a,, T
FRH
1.2.3 MMM & REE N EE B4 mL AL
B 10 54, A 1 mL Be 4 59 25 9 i
T, TR 25 48 h (R BB | 785
TRAT, LATY SEV e o5 IR AR AL HRRE 3 IR &R,
PAEE T 28 CHEFRM P ROLRE IR, 400 T 12,
24 36 148 h s/ #E5) LU 1 mL,4000 v+ min™'
B0 S min, & B, CHE/KIELE 3 IR, IMAGE =4
FHER K VKI5, 2500 v+ min™ B0 10 min Ji7 B F
W EHEKERZE 1 mL, % D0 G250
Y R 5 2 SR 2R 1 e, AR A Al 5
S UL E BT P, BEE 3 AT (R AEE
45 2022) .
1.3 HEESH

FIH Graphpad Prism 8.0 ( GraphPad Software;
L) b FREHE | KIFR, KM Graphpad Prism 8.0 4K
PSRRI E (LCy, ) (AT 7 223 HT (analy-
sis of variance, ANOVA), ffi F§ Tukey K% (P =

0.05) HLAE R 2 0] iY 22 55 S 35 vk
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2.1 XMMEHRRFEGE

F P 4 U TN TR R A (0.50,0.25,
0.10F1 0.05 mg - mL™") (25 His il R BT LS
12.24 36 148 h, 53 WS HA 4 2k HU R A7 16 IR B -
IHRROEAE TR (B 1) . B 1R 250 Fadt £k
PR S T B o At A R ) e T, b R
L5 P FR BV AR UK Ay kR A T K e | R 1R D
W BRI AT FRIE Y BEE . 7E 0.50 mg - mL ™K EE
T4 PR WOR B BEAA A 2 HL 48 h 5, 3
FILH RO 0 % HOE M D ER 1R 0 e K e | £ R
PUBKIE ARG 3 Fh 2P KRR AL FERA P LR L 48
h J&5 , AP AL IEAE T3 R 100%
2.2 FEEFIIRE LC,,

iz ] Graphpad Prism 8.0 XJAabf &k M 7% 55 T-24
VG T RS TEFE T R A TG 15 3] LG, 15
PIERENIIAD R (FR 1) o SR W, 250 iont
AN TR Ab B () X 206 R 34 R 0 i ) R
TGPE 7E 48 h IS BA 2 HUBE T F80k B b = {H, R 1R
DUIDK IR PG 7 R I Moy 1 N | T2 T I s R i 11
LC,, fE43 %4 0.09,0.31.,0.08 ,0.14 mg - mL™',
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RGO, CK+Z " IR it AR BE 2 85 1% 4
B0H 65% ; A3 9 d J, Hh R 22 e Wk e | R R Y B
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T 7 P W Wy g A SRR 2 38 o R 78 i 1 8 0
19% ,“ CK+4% U WARC B MR 2248 W 25 8 i 1 48
Bl 75% ; /b PR 12 d J5 , $R 1R 25 HE BRI | Eh i DY B
W A  CK A B ZH AN AN R0, I I P8 80k 0,
T R W Wy g Ak SRR 2 8 R 8 i 1 4 B0
31% ,“ CK+Z& " A BB M o8 8 ¥ 28 35 I 1 48
R 100% , BEARZE AT 4 Fi A e sz 14 8 3h
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Fig.1 Corrected mortality of pine branches exposed to the four drugs against B. xylophilus
A ERTRR DUBRIK ; B39 £1 FRVE W BEE ; C . ERRR ZC HEDKME s D 4B, WAL [R)/NFEREFRIR 0.05 7KF 2R 3,

A: Tetraimidazole hydrochloride; B: Thiophene pyrimidine tartrate; C: Levamisole hydrochloride; D: Nicotine.

KEIERET %
Corrected mortality/%

Data with different lowercase letters indicated significant difference at 0.05 level.

F1 4 MEWERRHLERIER 48 h i LC, &

Table 1 LCjs, values of the four drugs against B. xylophilus

2557 R bR EDR EHOUHIE (95% BRI ) e P d
Drugs Slope+SE LC5y(95% CL)/(mg + mL™")
ERFR VUK Tetraimidazole hydrochlorid 2.856+0.431 0.09 (0.07~0.11) 0.8678 2.640 0.267 2
WA TRYEM BEIE Pyrantel tartrate salt 1.061+0.188 0.31 (0.25~0.38) 0.9670  0.368 0.832 2
ERBER /WK IE Levamisole hydrochloride 0.044+173.000 0.08 (0.05~0.11) 0.9142 0.049 0.976 2
HHB8 Nicotine 3.127+0.397 0.14 (0.11~0.17) 0.8921 2.343 0.310 2

R2 4FHYKRRRBIREHRIFREBE M

Table 2 Effect of the four drug aqueous solutions on disease index of pine branch test

AbFH i 1EFE 4L Disease index/%

Treatment 3d 6d 9d 12.d
R PUBKME Tetraimidazole hydrochlorid 0.00 0.00 0.00 0.00
A FREW BEIE Pyrantel tartrate salt 0.00 0.00 19.00 31.00
LR ZETEWKIE Levamisole hydrochloride 0.00 0.00 0.00 0.00
B Nicotine 0.00 0.00 0.00 0.00
CK+#AM 2 1 CK+nematode 0.00 65.00 75.00 100.00
CK 0.00 0.00 0.00 0.00

2.4 TR L REEE RN

24.1 MMM ARCBERBREEENEH M
A4 M T ML 1 ) 245 4 A i R Ak B s AR v
XTREZH AChE il 15 712246V 22, 4 A 45 25 Ab 3 4
AChE BE B2 T RS 6 h B4R 2541 jiG 1%
TRHREL (P<0.05) (HL5 2520 508 BRAT TG ) AH 22

BN, 6~48 h ], 25 25 QLT 3 SRR R A~ i
P PR ) AR T 0 IRZH (P<0.05) (1 24)

242 MMMERZSHBRRIBELEN YT H
Pl 2B T, 25 2 4k B2H 5 0F B 2H AR A e AR X —
BB T R RERES, 4 25 AL BRAL A ATP B ) 1E
TR [R] AR T % BREEL Y ATP i 7, O HAFAE
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BEER(P<0.05)

243 XMMME&EABANHE BN YE E2C
SR TEMAMT R BB ER 12 h 22 FT, 25 24 b PR 2 WA A
£k th R A AL B AL B (SOD ) % 7 i 3 T X IR
ZH(P<0.05) ,7E 12 h i}, X BRZH WA RHER s i SOD i
TG JIAHT 25 25 A BRA R 2 B Hh 7 5 ) ) JE
YR A B2 SOD il 1% 7 328 W Bk B xR A
SOD BT 17 /N B £ TF, X R4l SOD i i 77 =5
TAHZGAE P (P<0.05) , W] 4 TPy 3y mr LU

—&— LR /7 JiE kM Levamisole hydrochloride

—8— JIH{A Nicotine

—— LR PUBKME Tetraimidazole hydrochloride

FARE 2R U SOD 3G 1

244 MWME&EHAMEABHEEGYH K 2D
IR TERS M 4R R 2 R T 0, 265 245 Ak S 2E P b 4 ol
i) CAT BT 1 B 255 T X4 (P<0.05) , 7F 12~
24 h [ FEASB ]9 050, 3 AR A 4R LAY CAT 3% )
FHIE ,AE 2 Bl TP 22 i) E] A LB K, 3 24 Ab B4 CAT
FEE IS S WA, Xt IR 4 CAT BETE 11 T4 24
AEFEZH (P<0.05)
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Fig.2 Effect of the four drugs on AchE (A), ATP (B), SOD (C) and CAT (D) activities in B. xylophilus
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guet et al. ,2016; Turani et al.,2018) , HHEHA R 5k
R A IR 3 1 | R A A R B, 0 B A R £ T
PGB SZ A A AR R R SR R, 5 A A HUY £ e IR B 52
RSE Gtk 25 4, (8 £ T AT AS B 1 & % 5+ | BEL BT ol
20 EESET, WA R WE WY I E 15k TR D DK nak (14 A
KGR AE AT SCHR S B AT S50 1 4% B A 1R



514

TAEYEEF 4 NGRS ARSI R BT 2 A RE AR T 1 - 53 -

BOR (2 EV,2015)
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