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Abstract Susceptibility and persistence of Japanese pine sawyer, Monochamus alternatus adults, and acute
contact toxicity, foliage contact toxicity, and residual toxicity to honeybee, Apis mellifera were evaluated by
using 5 kinds of neonicotinoid pesticides. All neonicotinoids pesticides showed over 80% mortality 48 hour
after body spray treatment. However, only 2 kinds of acetamiprid ME and acetamiprid+buprofezin showed
over 80% mortality in the twig dipping treatment. All of the five neonicotinoides pesticides used in M.
alternatus adults showed residual effect of 60-80% mortality, but the efficacy decreased rapidly after 1 day of
treatment. Acetamiprid ME showed the lowest toxicity in the acute and foliage contact toxicity test of A.
mellifera. The residual toxicity of leaves on A. mellifera was very low in acetamiprid ME and acetamiprid+
buprofezin. However, the residual toxicity of all pesticides treatments decreased to 10-30% after 1 day of
treatment and further decreased with time. These results indicate that acetamiprid ME among five neonicotinoid
agents showed a high insecticidal activity in the M. alternatus adults, while it exhibited relatively low contact
and residual toxicity in the A. mellifera. It is thought that acetamiprid ME can be effectively used for the
control of the M. alternatus adults as vector of pine wilt disease.
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A7= 4AE Tkl 79 ¥k (Mamiya and Enda, 1972;
Edwards and Linit, 1992; Ostry and Anderson, 1995; Evans
et al,, 1996). 2UFANZHEE Zefol] FotrotE 57
3] AEe i Ag 93] fYE Edsked
(M. alternatusys &3t HAUZEeH FHAINE &7
3547t 8 mjEe® B AtkEvans et al., 1996;
Chung, 2002). £5AsH52(M. alternatusys =W ‘GHAH
o] sl shbrdel de] Rxshal 9lom o5 B
FA =M. saltuarius)?t T 2PFANZE w7 st
SPFAASHEE AT ACRE dEA Tk(Sato et
al., 1987; Kobayashi et al., 2003). Monochamus2:2] £E-2
o YR, e, B, o), 47 5o A
o 2UTANEEE Fuste] B H7E I Fa
gom FoIAE 10884 PAklN ARG o]
2 o] Felgle] BT HAUtKLinit, 1988; Makihara,
1988; Yi et al., 1989; Chung et al., 2002; Makihara. 2004).
AWl Ao R = A F o] i AslH Ay
A9 s U § F5AY B a7t 58 294
WAleh FFAE, WEFARE o83 shoH AR S0l
A= dovt g3ARl Al adE YERlA Kahe 4
g ]tHKEFRI, 2007). @717kl W& HAS WAs7] flsA
Ao o=t H2 Eo] VI AMEE ol
g A Aol tigk WA ghe} S0l miX|= gl
5t AZo] 53] Q75 E AH o] tHKEFRI, 2007).
2 AFM e E5dstsdl gt vl ey aE]mo]=A
AFA 555 ol&sto] et IAE o] &S AFEAH

e sslon &3¢0 viAle e Bkl sl
=] i3t 74 3 FHHEFAA ARS8 Bk

dY=E

EFHEL(M. alternatusye () /S E (4, &)
oA HEZIE Fdste] skt ¢85S by
AExE Hol2 FHeA HEHYF (D 10 x 4 cm)ll &
AR ARt AWiARERAE 25 25+2°C, 35

16L:8D, At&EE 45~75%=. 3ttt
EHL MUF A mellifera)® 2 FENSID oFJARA
oA 7A7e Y-S A ste] ARSI

i

SR
2 499 A oA oL ZE o 2A) 559 oy
(thiacloprid SE, acetamiprid SL, acetamiprid ME, aceta-
miprid+buprofezin EC, thiacloprid+buprofezin SC)E AR
stk Agepsel A, A, AEALTY D FA

%% Table 13} ZTHKCPA, 2016).

Table 1. List of 5 insecticides tested

A’ (%)and  Recommended
Formulation”  concentration (X)

Insecticides

Neonicotinoids

Acetamiprid 5SL 1,000
Acetamiprid 10 ME 2,000
Thiacloprid 10 SC 1,000
Mixtures

Acetamiprid+Buprofezin 4+15EC 1,000
Thiacloprid+Buprofezin 20+5 SC 2,000

JActive ingredient.
®SL=soluble concentrate, ME=microemulsion, SC=suspension con-
centrate, WG=water dispersible granule, EC=emulsifiable concentrate.

ETHolEL 5N AFY GO
EH|EFH (body spray method)

559 oAl E FHEFE Lokr] flste] SA|
TS AT SAIETEE Eedileas vk
A A AREE S ETS(O 10 x 4 cm)ol] AFEF7](13]
EZF 0.12c0)2 RTEEF] W, 71E%, /20, 1/4
Wi, 18 EFe] 5714 s 34 oS 53] B A
3L AEE 7ol MER EHS YL A Az
T2 7S S~6em® Zeh Hol2 Tk 25+2°C
ZANM A7 F 2447E, 48N7F, 72N T AESE
AR UETE Y WHeE 5
Atk BE AL vl E ¢ wio s 3uks Sl

7 IXIEIX (twig dipping  method)

TR S AUF(Pinus densiflora) 2% -2 7HA]
5~6 cmE e} el 3027 HAAE ¢ F SA4A 30
2 A2 3 HEYA v A 3 2
FAT. FELET] W, 71, V20", V4, 1/8u)
Fo] 7 FEE FAE oS AL 25+2°C &
Ao A F 24A17Y, 48AI17, T2AZE F9] AETE X

TISMA|E (residual test)

5% °HAlE oFlEolA vk TRl %7113
EZF 0.12c0)F o]&3ate] oAl A & HAA 04,
d, 3, 5 Fol TR A} A YA A 17
SHA| WL, 25 £2°C 20N 241178, 481 7F F-2] Al
£ AT oA Helse 7 wobd RRAEEe
Fg Wi, A FER ST SAUETE $Yd
Mo g ZRFE A3t RE AL sulglE 3wt
02 3uke Fsqit.
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2Ho| X 54 BIIAY wgel Y BER sAs] Agadn. eAuETE
SEEESSAE (acute contact toxicity test) 23t Wl o g %.rerz,tg A3tk BE AL 10n}g
£ g RO 2 3uHE AAISIGIT

o ohe FYAESANEG B FEAER 2
o U9l SE1E U 1, HAE 58 A2
E3 ol BY FAEANG ) aiet FAsac. 4
3

=
Hol| AL © zﬂ” E79stss 2ol tiste] AREE 5 E5dstsd Aol tiste] AR-gE 552 okl tish
< oHAlol diate] AES At B5de] = I AEE Kt SHE 1] oV (Robinia
I=AAA ALyE AR st COE HES AR & pseudoacacia) Qo 2FEF7](18] EE%H: 0.12 co)= <F
ol 2FEF71(13] EST: 0.12 co)Z 53] B5- st Ho] 5 AL fAE FF XS F 2AolA 30
ool el FAo] FE3] 2=E 3Tk AFH AolA A2 AR F 453 AA@ 15 x5 em)dll FA
(@ 15 x5 cm)el] EHEE 10nky Yol 25+2°C, YA FHAESEIAPY T oz L, Ay
A ANZE, 24817, 48A17F 9] AT E AL A E h EHE g =S T 4N, 24817F, 484]7F
717F & HAE 50% AFFEAE Fs] AAsES S, o] AT E AT oAl MEleEe 7t wopd
oM Aelsre 7t wobd RFAEF o, 71EF, 12 FFAEF] M, 7IEE, 12900% A SRR 3|

Table 2. Comparative toxicity of 5 insecticides against M. alternatus adults by body spray treatment

.. Dilution Mortality (%, mean + SD)
Insecticide
X) 24h 48h 72h
Neonicotinoids
500 100 £ 0.0 a” 100+£0.0a 100£0.0a
1000 100+ 0.0a 100+ 0.0a 100£0.0a
Acetamiprid SL 2000 73.3 +£ 6.7 abcde 86.7+£6.7 ab 100£0.0a
4000 66.7 = 6.7 abcde 86.7+ 6.7 ab 100£0.0a
8000 13.3+£6.7 ghi 13.3+6.7d 20.0+ 11.5de
1000 933+6.7 ab 100+£0.0a 100+ 0.0a
2000 80.0 + 11.5 abed 80.0+11.5ab 100£0.0a
Acetamiprid ME 4000 66.7 + 6.7 abcde 80.0+ 0.0 ab 100+ 0.0 a
8000 53.3+£6.7 cdef 66.7+6.7 abc 100+ 0.0a
16000 13.3+13.3 ghi 33.3+£13.3cd 333+133cd
500 86.7+ 6.7 abc 100+ 0.0a 100+ 0.0 a
1000 73.3 6.7 abcde 80.0+11.5ab 100£0.0a
Thiacloprid 2000 60.0 + 0.0 bedef 66.7 + 6.7 abc 100+£0.0a
4000 40.0 = 0.0 efgh 53.3+6.7bc 933+6.7a
8000 26.7 + 6.7 fghi 33.3+6.7cd 60.0 + 0.0 be
Mixtures
500 73.3+£6.7 abede 86.7+ 6.7 ab 933+6.7a
1000 66.7 £ 6.7 abcde 80.0+11.5ab 86.7+6.7 ab
Acetamiprid+Buprofezin 2000 46.7 £ 6.7 defg 66.7 £ 6.7 abc 80.0+0.0 ab
4000 46.7+ 6.7 defg 60.0=0.0 be 60.0=0.0 be
8000 0.0£0.0i 0.0+£0.0d 0+0.0¢
1000 66.7 = 6.7 abcde 86.7+6.7 ab 100£0.0a
2000 60.0 = 0.0 bedef 86.7+6.7 ab 100+0.0a
Thiacloprid+Buprofezin 4000 53.3+6.7 cdef 86.7+6.7 ab 86.7+6.7 ab
8000 26.7 £ 6.7 fghi 53.3+6.7bc 73.3+6.7 ab
16000 6.7+6.7 hi 6.7+6.7d 20.0 £20.0 de
Control - 0.0+£0.0i 0.0+0.0d 0.0+00e

» Means followed by the same letter within a column are not significantly different at p=0.05 by Tukey's Studentized Range Test (SAS
Institute, 2004).
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Aste] ARESIITE St ETE U W
T A ZE A2 10vEE ¢ o=
HHE AT HOlE &M
Erdsteiet Sl et 2FE AT 2Rl g
2 polo] g ARA
range test® H|w3Ith &5
A7 ZHRE30 A A5 HALE ttestE Bt &
35} ATHSAS Institute, 2009).

HAMESE=MA|E (foiage residual toxicity test)

589 oHAIE oFe]9] oA <ol AFERT1(13] B
Z%: 0.12 co)E ol&3te] 7t FobH AR TVEE,
HiEe] 271 B o] 58 A= AES & oA

2 02, 19, 3%, 59 ol 247} 9

of W3, FARNEEANYS B wiom AN BY HI Y pE

& CO2 N7 F 7 Aol 100k HEsieict

ARV F R 0% AFEAS F8 HAES o ardstes AEH LY

T, A wEAZCH AL 407 Fo) AFSE 5Ee] AFAE T SRR £5dsss 4% g
AT SATETE YT PHOR SRS A2 FARTHL o g3le] 2YSATHTable 2). FH BHHO

Table 3. Comparative toxicity of 5 insecticides against M. alternatus adults by twig dipping treatment

. Dilution Mortality (%, mean + SD)
Insecticide
X) 24h 48 h 72h
Neonicotinoids
500 66.7 £ 6.7 abc? 73.3+£6.7 abc 80.0+11.5ab
1000 40.0+ 11.5 abed 60.0 £ 11.5 abc 66.7 + 13.3 abed
Acetamiprid SL 2000 33.3+6.7 abed 533+ 17.6 abc 66.7 + 13.3 abed
4000 33.3+6.7 abed 53.3£6.7 abc 66.7 £ 13.3 abcd
8000 6.7+£6.7cd 6.7£6.7bc 6.7+6.7cd
1000 80.0+t11.5a 86.7+6.7a 86.7+6.7a
2000 73.3+6.7 ab 80.0+11.5ab 86.7+6.7a
Acetamiprid ME 4000 53.3+6.7 abed 66.7+ 13.3 abe 80.0+ 11.5ab
8000 46.7+6.7 abed 66.7 £ 17.6 abc 66.7 = 17.6 abed
16000 6.7+6.7cd 6.7+6.7bc 6.7+£6.7cd
500 733+ 17.6 ab 73.3+17.6 abc 80.0+11.5ab
1000 733+ 133 ab 733+ 13.3 abe 733+ 13.3 abc
Thiacloprid 2000 40.0 +23.1 abed 40.0 £23.1 abc 66.7 £ 6.7 abcd
4000 33.3+6.7 abed 33.3+6.7 abe 53.3+6.7 abed
8000 6.7+£6.7cd 6.7+6.7 bc 6.7+£6.7cd
Mixtures
250 73.3+£6.7 ab 80.0+£11.5ab 86.7+133a
500 60.0 £ 11.5 abed 73.3£17.6 abc 80.0 +20.0 ab
Acetamiprid+Buprofezin 1000 60.0 +20.0 abed 73.3+13.3 abc 73.3 £ 17.6 abc
2000 46.7+26.7 abed 46.7 +26.7 abc 53.3 +£24.0 abed
4000 13.3£6.7 bed 333+ 17.6 abc 53.3+£24.0 abed
1000 60.0 = 0.0 abed 66.7 £ 6.7 abc 73.3+6.7 abc
2000 53.3+17.6 abed 53.3+17.6 abc 60.0 +20.0 abed
Thiacloprid+Buprofezin 4000 40.0 = 11.5 abed 53.3£6.7 abc 53.3+17.6 abed
8000 20.0 + 0.0 abed 26.7+6.7 abc 33.3+6.7 abed
16000 6.7+£6.7cd 6.7+6.7 bc 13.3£13.3 bed
Control 0.0+0.0d 00+0.0c 0.0+0.0d

» Means followed by the same letter within a column are not significantly different at p=0.05 by Tukey's Studentized Range Test (SAS

Institute, 2004).



Insecticidal activity of Monochamus alternatus and Apis mellifera 37

2 Agst] &£5Ystssd st :wz]j&iﬂ 5}o) 3]
A3} 5% ‘*Xﬂ 2 71EY Ag] 4847 F 80% o173

AZEHRE BT 2 F 90% o/ ”‘LZEJ%— Hel oF
A= thiacloprid®} acetamiprid SL, acetamiprid ME 3%-©]
Atk o5 Aol gk & AF AP fel7F AN
Oy 28 shea®l S rAstEad tEiiE 90% ol
4 E2 AFEYS YERItH(Han et al, 2008). 1/88]F2
2 A E] 72417k At Foll= thiaclopridihe A28k
IR ke AFES Wl ou dAA M= 14 3]
A5k oA APl ME 90% ode] B AEES EIUTh
589 Al et Erdsted Aol g 7ERIZA
e o] &3 2538 ARSI tH(Table 3). 7HAIRAE &
2 AT A 48217 T 80% o] AFaAE HQl oA
= acetamiprid ME®} &34 acetamiprid+buprofezin 2%
o|em, 90% ol/Fe] AFadE Hl A= . 1
u ErAsteidM e 8 FEQl acetamiprid WP
7} 100%°] 5245 et (Han et al, 2008). ©l= &
o] T wWE zol= Ao kA APl wet ze]
£ Yehtes 202 Helnh
SATFHA 7THRARA A %ﬁ:ogé‘]'i
o A A TRIRAH S 088
ZAol O WA et ol & °§3]‘§5\— g%l kaﬂ
of digte] HAEARTE JE5EE 2te 208 Bt
gy Bdctsal] ek A3elA  acetamipridot
thiacloprid= 2714 AgW oA A58 tigk 2 x}o]

<

0 day after treatment

% 1 T

s B8

Mortality (%)

3 days after treatment

=1
=1

222885

Alartality (%)

10 I I 1 ;
7 1 7 T - -
0 - I - -
b | 46h | 240 | 468 | 24 | 45h | 24n | 46 | 248 | 460 | 40 | 46h | 3 | 450 | 20 | 46n | 2 | as | 24n | 43

A d| A d 4 Thisclopeid | Thincloprid A T d | Thisclopeid +
SLE00< | SLI000= | ME 1000~ | ME 2000« | SC$00+ | SC1000- n..,..s sia |+ Buprodein| Bugeodesia | Buprefesin
| ECx EC1000« | SC 1000« | SC 00«

£ Holx] grtor} 7l o] EA| (Bensultap)2} & ~Z0]
Z 7 (Etofenprox, fenpropathrin), &% (indoxacard+spinosad)
o] A5 FAETAME A a3t gldov 7AHAY
AM = 100%] AEa37F et 319 thHan et al,
2008). °l= & A= MR HSEHHOE 4454
o] Z-ggt ASR Uehted ol A= of4 549
Aol 2 Azteh, &, AFA 39 AbelE Yeplle 2
A0 28Rt ZAHgelel wel xfol7h AL A
Holl W= @3o] 2po]E Hlth= Aotk Aida, 1983).
B ;émuq Az= om]—x_q'_i 1/],1:/]4/}# okx.ﬂz.zu%y} 7Lo] Z]
A Al 7P = SA4S Hol 2 tg o' AHAsAY
ol ZHE oAl thet S Hrbshe JAHREE <
° 2 Yehte A fARE 235 BITHKim et al., 2008).

ey
Erdsted A4Sl tete 2243 AR o83 5%
o AZAlol tiste] ztad-S HASAY. (Fig. 1). 484
3 A2 AFolE 60~80%2] AFasrt UeloL) oA
Al F Algke] AGeF AEdide] Fhadte] AeEA |
A FHEE 20% olate] W AFgAo] YehEth o
AFNME AHalEAo] H|wE A U Aoz S u
HAE AMelstd ErAsteas] HAe Adlstd 424
S A AlE AoE HolesH ol SAXER I8ty
Hol 7]9de] Hehte ZoE HTHPoland et al.,
2006). B=5F oA A2 7 E ofHel| IR =FA]

1 day after treatment

=
1

w4
504
- 0 1
3
|
1°]
5 401
L
3019
0 4
0 . - - ’ - . . . Fry Iy l
b2y l\L L l&b Jh §'|| lh Shl l& 4| 8 A K lh 45h | 4h | 45 "| 45
— 4| Acet |1“up..1|1a.¢1mn »\ruupu_.kru:;rdl’_u]q‘n! Thischoprid 4
TS Toone | M mode \Eﬂ\|5('\0 |+ Beprefezin - Buproferin, Bugrofrzm | Buproferin
| EC500~ | EC1000« | 5C 1000« | SC 2000~
5 days after treatment
100
%
L]
70
e
£
g 0
E 40
H

o _i_ .. - B m i
mjm[mnnolalalalala]oalalalalalwlalm]a

. ala a Thisdepuid | Thisclopeid 4 d hiaclopeid ~Thiaclopeid

SL 500 | SL 1000+ | ME 1000 | ME 3000« | SC %00« | SC1000s | Bupsodesia - Bupeoferia] Buproferia | Bupeodesia
| EC300« | EC1000= | SC1000= | SC 2000«

Fig. 1. Residual effects of 5 insecticides against M. alternatus adults by pine tree spray treatment under the field condition. The values

are presented as the mean + SE.
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Table 4. Comparative toxicity of 8 insecticides against A. mellifera adults by body spray treatment

. Dilution Mortality (%, mean + SD)
Insecticide
X) 4h 24h 48h
Neonicotinoids
500 40.0+ 153 be 40.0+ 153 be 433+ 18.6 bc
Acetamiprid SL 1000 6.7+6.7cd 6.7+6.7cd 33.3+20.3 be
2000 6.7£6.7cd 6.7+£6.7cd 6.7+£6.7bc
1000 333+ 14.5bc 36.7 = 14.5 bed 36.7+14.5bc
Acetamiprid ME 2000 20.0 £ 10.0 bed 23.3+12.0 bed 30.0+5.8 be
4000 10.0£58¢cd 10.0+5.8cd 16.7+8.8 cd
500 36.7+3.3 be 433+33bc 46.7+6.7 bc
Thiacloprid 1000 16.7 £ 6.7 bed 20.0 + 5.8 bed 23.3+£6.7 bed
2000 0.0+£0.0d 0.0+0.0d 20.0 & 20.0 bed
Mixtures
500 70.0+£153a 70.0+153a 70.0+ 153 a
Acetamiprid+Buprofezin 1000 433+24.0bc 46.7+219b 50.0 +20.0 abc
2000 26.7+3.3 bc 26.7+3.3 bed 26.7+3.3 bed
1000 56.7+18.6b 56.7+18.6 ab 60.0+ 153 ab
Thiacloprid+Buprofezin 2000 16.7 + 8.8 bed 20.0 + 11.5 bed 233+ 14.5 bed
4000 33+£33cd 33+£33¢cd 33+£33¢cd
Control - 0.0+0.0d 10.0+0.0 cd 10.0+0.0 cd

» Means followed by the same letter within a column are not significantly different at p=0.05 by Tukey's Studentized Range Test (SAS

Institute, 2004).

AozH o] EAo] &R 3ol ofsto] S wol 7+
23t 2102 AYZhE] o] - TH(Choi et al., 1989).

EY 2MHEESY
YO UFE o) 2A] A2Ae A=Az IR A2
de] ARE L Qo EEEAe] Ere AAIE ¢

Z EUNXM = 22 Yl QY E] 0] =4 2FA|(imidacloprid,
clothianidin, thiamethoxam %)°ll tialAl F#A3k= HeS
F3AF Y (Iwasa et al., 2004; Ahn et al., 2008; Cho et al.,
2010). 2EJ8te] £ A= o] S ALt Ast 5
] AFAE ol&3Tt.

559 A e =] HESAS AR flstod
FAETHE AYs A3 IEEUTE 540 =ohxlen,
559 A F E3A| 2% (thiacloprid+buprofezin, acetamiprid+
buprofezin)oll A= TAE A2 PS5 W e} Blaste] FAksHA
U o =2 2 S48 Btk 28y E3AQ] acetamiprid
+ethofenprox®} acetamiprid+indoxacarbS 2|31 Aldll&=
100%0] =& Ed5go] #AE o] T AHEE Aol
et wlo] k= g3kl 2ol Hiltke A o F AN
ThHAhn et al., 2008). =g+ FUg SFAIAd = ThaFst A F
o] acetamiprid(WP, SL, WG)2} thiacloprid SColM = =4
S HolA oy ol5% EFehs BE EAlIAME
100%2] =50l AZEATHA et al, 2013). °]=

acetamipridel] 9]¢t HAJo] opd ToAI9} AHE o=
AZFET, B ATAFINE EFARTE WAL v
BUSAo] Uty TEE A5E 2 Ao} ARL % &
e}, Ze olele sl e] Aske d4sks il
o) gk oFA| o] R @A HT} A e] B WA YeR s A
£ % % 9tk ol Fol uhe opAlel YA 4, ¥
3 % ool Aol 1oly] WEQl Aog Azken
(Jung et al., 2000).

91 ﬂoﬂ FEe ‘ﬂﬂ] lEh:HCho et al
2010). ¥ AFAAANME TgE AFE E4Jo] ooyt
FRAEFA vt Ao wE Ate] zolE K
t}. Acetamiprid MES} acetamiprid+buprofezino| A= 27444
EEART e B 5A4E B0y T 9] oAM= T
EE 542 BT ol e A= weke] Al w
2} 249 AolE B F vke Zlo|a wde] Holgh]
FHOE 7t Eofe US ool AAEAHCERE

FS P13l A0 2 BRITH(Choi et al.,, 1989; Ahn et al., 2013).
5*—-4 kA % thiacloprid®} acetamiprid SL, thiacloprid+
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Table 5. Comparative toxicity of 8 insecticides against A. mellifera adults by false acacia foliage spray treatment

. Dilution Mortality (%, mean + SD)
Insecticide
X) 4h 24h 48h
Neonicotinoids
500 233+33ab” 36.7+6.7 be 86.7+ 8.8 ab
Acetamiprid SL 1000 6.7+6.7bc 26.7+12.0¢ 73.3+17.6 abc
2000 3.3+£3.3bc 10.0+£0.0d 36.7+17.6 bed
1000 0.0+0.0c 10.0+£10.0d 20.0+10.0 cd
Acetamiprid ME 2000 0.0+£0.0¢c 33+£33e 13.3+33 de
4000 0.0+0.0c¢ 00+£0.0e 00+£0.0¢e
500 433+88a 80.0t11.5a 96.7+33a
Thiacloprid 1000 20.0+ 5.8 ab 66.7 + 8.8 ab 933+33a
2000 16.7+12.0b 53.3+£219b 56.7+23.3 be
Mixtures
500 0.0+£0.0¢c 10.0£5.8d 16.7+12.0 cde
Acetamiprid+Buprofezin 1000 0.0+0.0c 00+0.0e 13.3+3.3de
2000 0.0+0.0c 00£0.0e 00+£0.0¢e
1000 6.7£3.3bc 66.7 £ 14.5 ab 90.0+£58a
Thiacloprid+Buprofezin 2000 33+£33bc 26.7+145¢ 76.7+ 14.5 abc
4000 0.0+00c 20.0+10.0 cd 46.7+29.1 be
Control - 0.0+0.0c 10.0+0.0d 16.7+3.3 cde

? Means followed by the same letter within a column are not significantly different at p=0.05 by Tukey's Studentized Range Test (SAS

Institute, 2004).

buprofezinol| 4] SFAIA2] 482]17F T 80%0|de] w2 EHE
S X9l WPA acetamiprid ME, acetamiprid+buprofezin
/o] yrol Eol| QF g A S 2 YERITH(Table 5).

=

Erdsted A4S Ak%l 5] ASAl el x4
el 7|, wiF A EE FHe JHREAS
ZAFsI3ATHFig. 2).

AFAF gt e Azl AATFE HA0] o
ofxlom, oA z%ﬂ 19 5 ZAo] FA3M Asih
ol dubH o7 U U QYFE| ;0| EA 9] A EC] =
< AFEAS B2l Ads vEE 231 71E A7)
A

= &2 A AR acetamiprid®} thiaclopride HE5S
Wok7)o] 2= gk Ae S EA] R
£ A AHE o= Xﬂﬁi’% EFA ] Aol & Hol7]d
A4 7 Z2THAhn et al., 2008). %
FAdol A é}%—e" AIZHO, 1, 3, 5Y)l wE
zpolE BA A A3 acetamiprid ME (24X7F, P=
0.5458; 48X17F, P=0.1414)%} acetamiprid+buprofezin (244]
7k, P=0.6657; 48A1%F, P=0.9559)& Azl Az olre=
el mE A Freldol vEhAl sttt 2y &
FHshELdA Y] AFEAAR AN ZE Al st
25 A7l W BAA 02 (P<0.0001) Xfo]7} wjS- &
Aoz Vet 72 2HAQ] acetamipride= A (SL)2] &

AJo] u]EA|(ME, microemulsion)2th =4 YEPE=H o]
= 2 acetamipridele A& wjg} E442] xolE Hol=
A 2k v EA(ME)E thE AlFel Blal F2H (viscosity)
o] WojA HFaIrt 7Ask A0 Z Ho|n | acetamiprid+
buprofezine A58 0] IGRAI%EY] 2FA|Q! buprofezink .t}
£ acetamipridoll 93] UYEhE Zlo2 Ko, o= A9
acetamiprid o] Yo} AFgAJo] sk Zog A7t
Fth(Pratap and Bhowmilk, 2010). 5‘55} o tigh 757
EA8 A kAR E] T oke]o| A w=ZA|F] Ao 19
w2} okgrb 7ask Aoz AzbE oA AREAS
opAle] 22 543 AW, =, Aol wet A
ol& Hol7| wTol| & A} st A xfolE B
% 9ITH(Choi et al,, 1989). &+ k4] & g7} Lhe}
U= AHIA T Zpol& HAAEt] oA A2 24417 Foll=
ka7 #A] GO} 48A17ko] HH AFEol AfolE Hol
= 47t UAh(Fig. 2). A9 S0l wet 2] JeRd
T Qo] A7kl mE oF7 B4 ARl Fosit & &
Atk duk oz o] gk A ] ] S22 WA
2IE B AAo] UL T AT 2 SHd
o] #2828 nd % SJtk(Han et al., 2008) :LEJEE of

AAE Alells AQH MHe st wde] S
7] B3k argjstedof & Zlo|t},

o|¢} 2 AE EUE &rdstesdd td 4%
o} Bl et FAHREEA, 4
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Fig. 2. Residual toxicity of 5 insecticides against 4. mellifera adults by false acacia foliage spray treatment under the field condition.
The values are presented as the mean + SE. The significance of the difference compared with the 24h and 48h value is indicated

by * P<0.1, ** P<0.01.

S P2 IHYS W, acetamiprid ME A& Ak
o AR A9 EFdstsde] e A% ade 52

wo| tigk o] Fo] E5deksd WA o]87 }* g
LR Azten. a2 ASAE o8 8}04 EFdsksa
WAl A-gat7] flsiMe okl At
g 9 AF8 3t 5] Hojof & ﬁ—i w3l

ZHAtel 2

2 = 2016d%

AHErAT A A (FE0702-2016-
01-2016)2] A o2 3= <5

U

Literature Cited

Ahn K. S., M. G Oh, H. G. Ahn, C. M. Yoon and G. H. Kim
(2008) Evaluation of toxicity of pesticides against honeybee
(Apis mellifera) and bumblebee (Bombus terrestris). Korean
J. Pestic. Sci. 12:382-390.

Ahn, K. S., C. M. Yoon, K. H. Kim, S. Y. Nam, M. G. Ohand G
H. Kim (2013) Evaluation of acute and residual toxicity of
insecticides registered on strawberry against honeybee (4pis
mellifera). Korea. J. Pestic. Sci. 17:185-192.

Aida, S. (1983) In vitro test method. The latest agricultural
chemical biological assay method. National Rural Education
Association, Tokyo, Japan. pp. 232-271.

Cho, K. W,, H. J. Park, C. H. Bae, Y. S. Kim, D. C. Shin, S. Y.
Lee, S. H. Lee, C. K. Jung, Y. K. Park, B. S. Kim and K. S.
Lee (2010) Residual toxicity of bifenthrin and imidacloprid

to honeybee by foliage treatment. Korean J. Pestic. Sci. 14:
226-234.

Choi, S. Y., Y. S. Kim, M. R. Lee, H. W. Oh and B. K. Jeong
(1989) Studies on the acute and chronic toxicities of
pesticides to the honeybees, Apis mellifera. Korean J.
Apicul. 4:85-89.

Chung, Y. J. (2002) Occurrence and spread of pine wilt disease
in Korea. Tree Protec. 7:1-7.

Edwards, O. R. and M. J. Linit (1992) Transmission of
B.xylophilus through oviposition wounds of M. carolinensis.
J. Nematol. 24:133-139.

Evans, H. F., D. G McNamara, H. Braash, J. Chadoeuf and C.
Magnusson (1996) Pest risk analysis (PRA) for the
territories of the European Union (as PRA area) on
Bursaphelenchus xylophilus and its vectors in the genus
Monochamus. Bulletin OEPP/EPPO Bulletin 26:199-249.

Han, J. H., J. H. You, E. H. Kim, J. O. Yang, D. J. Noh, C. M.
Yoon and G. H. Kim. (2008). Susceptibility of pine sawyer,
Monochamus saltuarius adults (Coleoptera: Cerambycidae)
to commercially registered insecticides. Korea. J. Pestic.
Sci. 12:262-269.

Hanks, L. M. (1999) Influence of the larval host plant on
reproductive strategies of cerambycid beetles. Annu. Rev.
Entomol. 44:483-505.

Hiratsuka, Y., D. W. Langor and P. E. Crane (1995) A field
guide to forest insects and diseases of the prairie provinces.
Northern Forestry Centre Special report 3.Canadian Forest
Service, p. 297. Edmonton, Canada.

Iwasa, T., N. Motoyama, J. T. Ambrose and R. M. Roe (2004)



Insecticidal activity of Monochamus alternatus and Apis mellifera

Mechanism for the differential toxicity of neonicotinoid
insecticides in the honey bee, Apis mellifera. Crop Prot. 23:
371-378.

Jung, Y. H., J. U. Kim, J. H. Kim, Y. D. Lee, C. H. Lim and J.
H. Huh (2000) The latest pesticide science. pp. 570.
Sigmapress, Seoul, Korea.

Kim, B. S., Y. K. Park, Y. H. Lee, M. H. Joeng, A. S. You, Y. J.
Yang, J. B. Kim, O. K. kwon and Y. J. Ahn (2008)
Honeybee acute and residual toxicity of pesticides registered
for strawberry. Korea. J. Pestic. Sci. 12:229-235.

Kobayashi, H., A. Yamane and R. Iwata (2003) Mating behavior
of the pine sawyer, Monochamus saltuarius (Coleoptera:
Cerambycidae) Appl. Entomol. Zool. 38:141-148.

Korea Crop Protection Association (KCPA) (2016) Agrochemicals
user’s guide book.

Korea Forest Research Institute (2007) Annual report of
monitoring for forest insect pests and diseases in Korea.
Korea Forest Research Institute, Seoul. pp. 23-26.

Lawrence, J. F. (1982) Coleoptera, In Parker, S. (Ed.), Synopsis
and classification of living organisms. McGraw Hill, New
York. pp. 482-553.

Linit, M. J. (1988) Nematode-vector relationships in the pine
wilt disease system. J. Nematol. 20:227-235.

Makihara, H. (1988) Kinds and life history of vector insects:
History of and current research on pinewood nematode.
National Association for Forest Pests Control. Tokyo,
Japan. pp. 44-64.

Makihara, H. (2004) Two new species and a new subspecies of
Japanese Cerambycidae (Coleoptera). Bull. FFPRI 390:15-24.

Mamiya, Y. and N. Enda (1972) Transmission of Bursaphe-

®

41

lenchus lignicolus (Nematoda: Aphelenchiodae) by Mono-
chamus alternatus (Coleoptera: Cerambycidae). Nematologica
25:252-261.

Ostry, M. E. and N. A. Anderson (1995) Infection of Populus
tremuloides by Hypoxylon mammatum ascospores through
Saperda inornata galls. Can. J. For. Res. 25:813-816.

Poland, T. M., R. A. Haack, T. R, R. A., Petrice, D. L., Miller,
and L. S. Bauer (2006). Laboratory evaluation of the
toxicity of systemic insecticides for control of Anoplophora
glabripennis and Plectrodera scalator (Coleoptera: Ceram-
bycidae). J. Econ. Entomol. 99:85-93.

Pratap, A. P. and D. N. Bhowmick (2010). Pesticides as
microemulsion formulations. J. Disper. Sci. Technol. 29:
1325-1330.

SAS Institute (2009) SAS user’s guide; statistics, version 9.1ed.
SAS Institute, Cary, NC.

Sato, H., T. Sakuyama and M. Kobayashi (1987) Transmission
of Bursaphelenchus xylophilus (Steiner et Buhrer) Nickle
(Nematode, Aphelenchoididae) by Monochamus saltuarius
(Gebler) (Coleoptera, Cerambycidae). J. Jpn. For. Soc. 69:
492-496 (in Japanses with English Summary).

Yi, C. K., B. H. Byun, J. D. Park, S. I. Yang and K. H. Chang
(1989) First finding of the pine wood nematode, Bur-
saphelenchus xylophilus (Stemer et Buhrer) Nickle and its
insect vector in Korea. Res. Rep. Inst. 38: 141-149.

Zhang, X. and M. J. Linit (1998) Comparison of oviposition
and longevity of Monochamus alternatus and M. carolinensis
(Coleoptera: Cerambycidae) under laboratory conditions.
Environ. Entomol. 27:885-891.

®

&9 H24ZE

o Oof EsEate:]
e =

=T

59| W3AE AHE3fel

7=II x| off Ch

1}

B2~ (Monochamus alternatus) 3%l that <k 7+

5

E.I:HEgI

DA
= 1

|_o

THsl=L

4 AEAS =

AL B8 (dpis mellifera HE T3 2 GHREZAT BIAFENS Whshant. °Wl Ae) 5 484171 7]

F 3 U 0%
AN 80% o)3e] FEL
G
2 19

0] Ol:zﬂ

HE=AAYAME acetamiprid MEZ} 714 W EAS
acetamiprid MES} acetamiprid+buprofezin 252] 2FA|olA] ufj$-
&L,
H3 A2 Eafx] B AFL 5350 Y QUFE| 0| =4 kA 5 acetamiprid ME7}
e B whde] o] tisiMe vlawd W HE B IREAS Bl vk

He BE AT FEAo] 10-30% o]k 7k

AVL3E 532 0] kAol T3l AEA st%oﬂ e RE

SRS A 559 Lﬂ.ﬁ%iﬂ—‘to]‘:ﬁﬂ el

L

A== O
2 e=

= 80% o)gS| HFEE naln e /K

acetamiprid ME, acetamiprid+buprofezin 2|3} U]- EFYsiea
= oFAlol thate] 60-80%°] AFEA]ol Ve O, SFAIA
Foll= Fart #43] sk Erdstea 45l ARSE 559 ofAlol theh o] S5 94
Bk =] gk

PHRFERS A Ao
Bk ey AR 19 F
o]
}_/\oﬂb h—_o /\L%il-
i M e B

e BRERS

AlZke] Aol whe} AFEE2 TS A2s u},

A~
E_l‘?::!]

acetamlprld ME’} 8840 o8 2 4 & Zi_i *@ZJ'EJE}.

A, A,

g—bﬂ’ ], pud

AREA




	5종의 네오니코티노이드계 약제에 대한 솔수염하늘소의 살충활성과 꿀벌독성
	Abstract
	서론 
	재료 및 방법
	결과 및 고찰
	Literature Cited
	요약


