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Abstract We investigated the inhibition effect of proliferation of pine wood nematode (PWN) by residual
amount of emamectin benzoate (EB) according to the different diameter of drill hole size (10 mm and 6 mm)
performing trunk injection in pine tree (Pinus densiflora) for 3 years. No difference was observed in the
inhibition effect of PWN and residual effect of EB for 3 years by the diameter of drill hole. The residual
amount was significantly different from each tree or branch, but it tended to decrease over time. The residual
amount in shoots at the end of the third year was 0.037 ppm in EB 2.15% treatment. The residual amount
did not differ depending on the direction of the branches, and it was relatively small at the top of the canopy.
Therefore, it is recommendable to choose the small size of drilled hole performing trunk injection. In
addition, when sampling the branches for the residual analysis, it is preferred to collect evenly mixed 1- to 3-
year-old branches from multiple branches at the same height of the crown.

Key words Drilling hole size, Persistence, Pine wood nematode, Residue, Trunk injection

M B2 densifolra)?t =& (P thunbergiiye VA Sl Ojsk 7+
FAdo] g =& $FE=(Sinclair and Lyon, 2005) &}

2T AN A% (Bursaphelenchus xylophilusye Abies, Cedrus, FAF A o] Fidol AT
Larix, Picea, Pinus, Pseudotsuga®2] 300152 A& 7] AU AZ 93k FalE 19059 YEL] ffarid oA

st 53] Pinussol &t AUbT-Rdle AlEs 54 HZx W8I O (Yano, 1913), o]FollE 1982 &,
S FEAA UEE IARRITKSinclair and Lyon, 2005). 1988 el =r 2], 1999 3o F2F 7oA g
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A &o] A &AL (Shin, 2008), 20153 1,373,098 15
7t AAEAEH 2019900 403,362 LF 24 WA B}
sk FA| o] th(Korea Forest Service, 2020a)

AUPTAPASHE S HEehe o Ee IR, A
FORAIRE 2L, AL 59 A SARSS HA)
T 2, $545, Artske WAHol lth(Korea Forest
Research Institute, 2004). °1& ¥ UYFFAE &UFAAZ
< BEAS viSel og Al 2 Al kel
BE 2 5 AU AHFAE FYse AR A
= $28ke S AU CR o, AdEAs &
A S4 oA B A E HH R i (Kamata,
2008; Korea Forest Service, 2020b). AUF-A AR o=
S 9% WWrAke =5 Ee] Jopd FYoR Qlate] v
o] Q750 HF wWAlddl= AgeA] gt} shA N
A5l et P Haske 7 g Wak ofue}, np
73-et 2 71dadle] gk 9 s
Holu} A FHAME 2go] golgt o 2 WA
o|t}(Kamata, 2008; Cha et al., 2020).

AUTANAS AR ARSE DL Qe AEAlE 4B
9] 7% morantel tartrate®} levamisole hydrochloride,
mesulfenfos, nemadectin 5°] 13 (Kamata, 2008), =1}l
X+ avamectin?} emamectin benzoate, milbemectins-©] T
A 2 EAE 55 ¥ AAo|thRural Development
Administration, 2021).

AUFAAS Rl wid EASAL AL, AN
o] &gk A7} wid Al E 3 ot Syl AubE
ANAS AL b Ate AlHE oz FaEo] §t
t}. Lee et al. (20092)°] abamectin®} emamectin benzoate,
morantel tartrate, fosthiazateS ©|-8-3}o] F&EAA UF-FA}
% od 7F g E AE3 v 93, YA 8 abamectin®]
&3 AANF(P. koraiensis)oIA A W B9} A &AL
ZAFsE vl QltH(Lee et al., 2009b).

S WRFFARE B8l oS FYshe A, i E
o] Ayt iz, FY=Ze] 354 S0 AlY,
PAZIG A 9 Bk, Y ey Zle Sl
whe} ofg o] zto]7h wA¥E 4 Ith(Cha et al., 2020). 314
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AA) Sl AT ANE BAE 98 A
HFURL ol g3k Pz == A
2 R IS 7 vl Y Fsks 0
$93 ek, 3L 018 A5 =Y 97 0

(o]

7l A FY 8K (Korea Forest Service, 2020b). =
WA 271de FUEE ol8e b
g3t o, FHZole FFAIZE T4l
7Hast © RAFY|E o] &gk AL F/E o FA AT
(Lee DW, Personal communication). Z&1} d#) -2z}
ANX ARSI Qe HAIFU7IE ol8ste dETdel 7
G SN BA g 1% s fuste] o]t &4
o] Brte ATAFHEE Qlal] AYEHIL e Aotk Cha

and Yun, 1995; Cha et al., 2019).

et B AFe 78] AR W] S sl
SHAFRA7E o83t AUFAIAZE WAl HAIE TS
o Ag 7o AR A Sl miAE 9,
oko] AFA, 2B Fael A& nHe JFS =
AFSHATE. Bk, oFA|e] 7k uff o]l o] el wE
zpoe} 27 YA He] W ZFe] Zol7t AR E ZALS)

AdR = A A JAAHEY] SUF(Pinus densiflora)
AA o2 AL tidEe] F472 Table 13 25k
T AAE AR s SRR R YA oA
+ emamectin benzoate 9.7% Z|FHAEMA9} emamectin
benzoate 2.15% FAIE ERIAEIZEE A|gtto} A8
ok uEtelA AR UHESAL 55 oHle
abamectin, emamectin benzoate, milbemectin®] T3+ THA|
o} ZAE°] A& (Rural Development Administration,
2021) & AFelME UFFAE A A BAGE PR

Table 1. Trunk injection treatment details and average tree diameter at breast height (DBH)

Treatment Injection volume (ml/DBH)  Drilled hole diameter (mm) DBH (cm) + SD
Emamectin benzoate 9.7% AL” 0.3 6 12.1£3.2
Emamectin benzoate 9.7% AL 0.3 10 10.7£1.2
Emamectin benzoate 2.15% EC 1.0 10 10.8+3.1
Untreated control - - 6.7+1.1

9 Any other liquid. “Emusifiable concentrate.
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France)S ©]-83}%] emamectin benzoate 2.15% A= &
FAZA 1em@ 1 mL S FU38193L, emamectin benzoate
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Emamectin benzoate THF 2 24

Emamectin benzoate LIZFAL ALIROAM FHREAME AR
|

WA Bd s 1d ) 2d S0l Z2he] WAL i
EoA] emamectin benzoate T+ 418 AlE AHE 9
sto] IR FHA, F, sHeh A eEE
ot A EI JHVRIE olgdte] THE HFH st
el met shte] 77 fIAY 578 wele] 7RI
1 F X} R EAlske 7HEARES A3 S
atk. A 7HRe AATEIE oldste] A Azt
2z o]9lo] &Slo] EofdlE 2dA o) 7] FEe=E
Tt 100 g W9le] Fo= et A F ol Yo A3
2 7F%} 3045 S8k Axe AEE AR
1 em o]t A7|2 Ze} T4]7]3el 2HFAS o=8kint.
AEAHE 72 20179 1€ 104, 20189 122184,
2019 109 1640l 3l%ith.

T 2N

A 2 emamectin benzoate IEE(93.84%)
0.0109 g& 50 mLe] acetonitrile®] = 204.6 mg/Le] stock
solutiong THEIT}. ©] stock solution acetonitrile®. 3|4
sled 0.01, 0.05, 0.1, 0.5, 2.5mg/Le] working standard
solution ¥H=2L, 1 uLE LC/MS/MS (Agilent 6460 Triple
Quad LC/MS/MS, Agilent, Santa Clara, USA)Y F3t
Uehd chromatogram’de] peak® 2] g8 7502 A
A& Al

AEEAE AR 10 gl /T 20mLE ¥ol Fa3lst
23, homogeniger(HG-15A, Daehan Scientific Co., Wonju,
Korea)E ©]83}¢] acetonitrile 100 mLZ 3500 rpmo-Z |
2 rREEsiith 298 7Sk A8, rotary vacuum
evaporator (R-215, Buchi Co., Flawil, Switzerland)& ©]-&
3te] acetonitrile 7Y FASFATE 89S 500 mL &
Hof o] A Es} NaCHEe 50 mL, TFF 100 mLE
7}k, dichloromethane 100 mL, 50 mLZ 28] i3l &
T sodium sulfatedS FHAA FES AAU. ©]
NS rotary vacuum evaporators ©]-&, 7} =3 ok
ZAES dichloromethane 10 mLol| £3]3F1t}. Dichloro-
methane 6 mLZ &4J38IA171 SPE (NH,, 1 g)9l dichloro-
methaned] &3] Y= AE 10mL = 1 mLE £33
loadingA|7] ¥ dichloromethane 6 mLZ A% 3}aL, dichloro-
methane:methanol (80:20, viv) 6 mLZ &ZA|Ft}. 854

S AAFEFEVE o83t FE¢ T 7A3E acetonitrile
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o] A7 2 Ao e AFALF
2FANE SRS THHSS et d
A HA7E Fo)E Tukey testz HAHEA SIS TH
(SAS/STAT®9.3 user’s guide, 2011). HF=2 A4 27
e 7)o AL tiRoHA| Ao R ARE I 9l
£ emamectin benzoate 2.15% 10 mm A3 W} H2E 9
3 Al Aol tisk A2EF7E 2elE Tukey test® EAHE
Asidnh Wed 2R 7 ol AR vue 7
ZH ] ek e Al 7 o)) AlEVE B gRE i

2 ARE ol gaje] WAlFel B3t 217ke] v gL Axtalo]

fe I Jx

F1 ol

testZ EAREA SRl 1 AAE ARFE 194 7
ok 234t 3d40] EA & 7K AES
ST 1A 7B ) ARt 2-394 &9

o] AAAAS Folry] Yato] drEE LR}
2% ogste] FAMA FAAIFE AT

2

3|8, AEEHA ¥ HEEHA

34ES HA7FEE 0.1 mgkeollA Ht 9.17, AN EEH
ZHRelative Standard Deviation, RSD)= 2.0%(C.V.=2.1%)
AL, H7FsE 0.5 mgkgol A Het 112.5, AoiEFHA=
3.9%(C.V=3.5%)%t}. Emamectin benzoate®] LC/MS/MS
oM Ha HEI= 0.005 mgkgel L, FHFEAE 0.01
mg/kg ©|At}.

x|
WAL 3 A Fda 1d B o2d S Tk g0l

Fr AFANETE HE o F AFAMT BEE
ZARH A3 Table 29} 7] 29AP7HA] = AEske vy
AZo] glem Al 3datele U5 HEEHAA AEs)
= AFo] Aoy Hr= 0.671] ol3tE wl- Hof FA
gollA] gl F AdErel] HsiM e FAHCE sl
o e S BATh1dR}; df=3, 36, F=24.36, P<0.0001, 2
Wz} df=3, 36, F=23.22, P<0.0001, 3dz}; df=3, 36,
F=8.52, P<0.0002). 7FA % Alo% Table 29} ZFo] A2
3ARIA] UF-FAE A2 FellME AEo] FAEA] kgt
(192} df=3, 36, F=3.48, P<0.0256, 232}, df=3, 36, F=
12.27, P<0.0001, 332}; df=3, 36, F=11.32, P<0.0001).

Emamectin benzoate ZXH5F 2

HMZ =2 A mE ved R

AZ =39 FAd WE emamectin benzoate®]
2 Zo|7F §IoH 10mm FY A7)H-FNA emamectin
benzoate 9.7%%}F 2.15% A g|7tell= 1A} A 24 %+
FFol ARt xpo) 7L YAIL(dF=2, 12, F=4.59, P=0.0331), L}
WA= o] 7+ 1ATH Table 3).

AzRFAAM = Al Fde] ol 7P Bk, Az
o] ARETE Folie A BHASUHEM 9.7% 6 mm;
df=2, 12, F=6.48, P=0.0123, EM 9.7% 10 mm; df=2, 12,
F=3.49, P=0.064, EM 2.15% 10mm; df=2, 12, F=14.45,
P=0.0006) A 7FA|FollA= 1At H|ste] 3id*}o|
ol S7kEe A4S EATHEM 9.7% 6 mm; df=2,
12, F=4.27, P=0.0398, EM 9.7% 10mm; df=2, 12, F=
4.46, P=0.0357, EM 2.15% 10 mm; df=2, 12, F=1.17, P=
0.3433)(Table 3).

T2 /IRE0| WE TF HIE

7 YA W2 emamectin benzoate®] A&
g Asde wet AEFe] Aol Ajolg B
LA ol A 77 A1 AlRe] AdiA 2
H &2 FHlste] AL Alxolx e A& H&e

>
=

o S
lo o ol kN

Table 2. Yearly mean number of pine wood nematodes (PWNs) recovered from pine trees inoculated with PWNss after trunk-injection

of emamectin benzoate (EB)”

Months after trunk-injection

Treatment D rilled hole Trunk-inoculation Branch-inoculation
diameter (mm)
17 29 4 17 29
EB 9.7% 6 0+ 0% 0+0b 04+0.7b 0+0b 0+0b 0+0b
EB 9.7% 10 0=+0b 0=+0b 0=+0b 0+0b 0=+0b 0=+0b
EB 2.15% 10 0=+0b 0=+0b 0.6 £2.0b 0+0b 0=+0b 0=+0b

Untreated control? -

306.8+196.6a 431.6+283.2 88.1+95.1a 68.9+116.8b 146.7+132.4a 51.0+47.9a

Injection date was Jan. 23, 2017 and PWNs were recovered about 4 months after in each inoculation.

YNumber of PWNs = SD.

“Means followed by same lowercase letters within the column are not significantly different (Tukey’s test (p<0.05)).

YPWNs-inoculation without EB injection.
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Table 3. Yearly amount of emamectin benzoate (EB) detected after trunk injection, depending on the size of the drilled hole

Drilled Detection amount by years after trunk-injection (mg/kg) + SD
Treatment "¢ Old branch” New branch
diameter

EB 9.7% 6 0.045+0.02YB 0.118+0.045aA  0.097+0.052aAB 0.128 +0.041abA 0.076+0.026aAB 0.06 + 0.024aB
EB 9.7% 10 0.046+0.022aB  0.123+0.041aAB 0.18 +0.154aA  0.103+0.042bA  0.046+0.031aA  0.054 £ 0.0482A
EB2.15% 10  0.083+£0.049aA 0.091+0.029aA  0.176+£0.176aA 0218 £0.086aA  0.077+0.027aB  0.037 +0.036aB

New branch; branch formed in the same year of trunk-injection, old branch; branch formed before the year of trunk-injection.

»Amount of EB (mg/kg) + SD.

“Means followed by same lowercase letters within the column in each treatment and same uppercase letters between the column in each year
of old or new branch not significantly different (Tukey’s test (»<0.05)).

Table 4. Yearly detection rate of trunk-injected emamectin benzoate in branch formed in the same year of trunk-injection

Detection rate (%) by year + SD

Location of branch on canopy

1 2 3
Low 36.4 + 9.4ab® 442 +13.8a 52.4+26.1a
Middle 432+ 12.6a 31.0+5.8ab 32.2+17.9ab
Upper 204+ 14.5b 248+ 12.6b 154+9.5b

“Means followed by same lowercase letters within the column are not significantly different (Tukey’s test (p<0.05)).

Table 5. Yearly detected amount of trunk-injected emamectin benzoate in branch formed in the same year of trunk-injection

. Detection amount by year (mg/kg) + SD
Location of branch on canopy

1 2 3
Low 0.11 +£0.039a" 0.09+0.073a 0.109 + 0.086a
Middle 0.13 +0.048a 0.058 +0.038a 0.057 = 0.036ab
Upper 0.06 +0.037a 0.037+£0.023a 0.027 £ 0.02b

“Means followed by same lowercase letters within the column are not significantly different (Tukey’s test (p<0.05)).

Table 6. Yearly detection rate of trunk-injected emamectin benzoate in branch formed before the year of trunk-injection

Detection rate (%) by year + SD

Location of branch on canopy

1 2 3
Low 413+ 14.02" 48.1+12.7a 51.6+ 15.8a
Middle 293+42a 327+3.7b 322+ 13.0ab

Upper 294+ 16.5a 192+9.8b 162 +6.9b

“Means followed by same lowercase letters within the column are not significantly different (Tukey’s test (p<0.05)).

Table 7. Yearly detected amount of trunk-injected emamectin benzoate in branch formed before the year of trunk-injection

Detection amount by year (mg/kg) + SD

Location of branch on canopy

1 2 3
Low 0.053 + 0.03a” 0.177 £0.095a 0.154£0.1a
Middle 0.037+£0.015a 0.115 +0.04b 0.079 £+ 0.035ab
Upper 0.032+0.011a 0.06 £ 0.028b 0.044 +0.039b

“Means followed by same lowercase letters within the column are not significantly different (Tukey’s test (p<0.05)).

Table 49} ZFo] A Fde] 7% FHRE 70X 9] A HE vleo] E=RT(1EAL df=2, 12, F=4.47, P=0.0355, 2
Z v]go] 7P kot 2dAte) 3date e 427k Sl dzl; df=2, 15, F=4.63, P=0.0271, 33xz}; df=2, 18, F=
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Table 8. Detection rate of trunk-injected emamectin benzoate
according to branch orientation

Detection” rate (%) by year = SD

Direction on tree

branch 1 2
East 26.7 £ 14.02" 27.7+8.6a
West 18.8+9.3a 269+ 14.1a
South 24.8+10.7a 23.5+4.8a
North 29.7+13.7a 22.0+72a

“0ne year tree branches were used as samples for residual analysis.
®Means followed by same lowercase letters within the column are
not significantly different (Tukey’s test (p<0.05)).
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Fig. 1. Comparison of emamectin benzoate residues in new
branch (branch formed in the same year of trunk-injection)
with old branch (branch formed in before the year of trunk-
injection) of emamectin benzoate in Pinus densiflora. (A);
Injection year, (B); one year after injection, (C); two years after
injection.

6.61, P=0.0071). 24| Z-F3F2 Table 59} 7o) 3Wdx}ollA]
ok 7 ARl ARl 0.027ppmeE 77 -9} FA
# 9] xpo]2 HATHAE=2, 18, F=3.9, P=0.0391).
7+ Ao et A& emamectin benzoate®] A%
A QJgk 7EAelA 9] HE H]E-2 Table 634 7Fo] 3d &
F7F sHtelM ] HE Hlgo] EUTH1dRE df=2, 12,
=146, P=0.2709, 23x}; df=2, 15, F=13.87, P=0.0004, 3
2}; df=2, 18, F=14.08, P=0.0002). 2125 #|9] 3} 7}A| &
ol ZHFERe 22PA R (dE=2, 15, F=5.35, P=0.0177)¢} 3
PAE(df=2, 18, F=5.24, P=0.0161)°] 7+ A% 7147}
AH SR FololA W RS HITH(Table 7).
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Emamectin benzoate UF-AF Al 2AAIA & AESH=
2UFAAZF] 19leL 3dAJol= emamectin benzoate
9.7% 2174 6 mm A-g FAF Aol 325} emamectin
benzoate 2.15% 27 10 mm A FAF A2lo|A 12579
A AESFe AdSo] BHHIAIR e 147184} 6371
o] Aol ERl=o] FAe] 88.1nkg]ol] Hls|A = TAIE]
SR, A 7] FEFAM e HAH O AEste ATl
NS TH(Table 2). =3+ 3152k emamectin benzoate®] ZH5
F AL Al Az e ZHREFo] sinfth adhe A
Hou A 7R Fe] e 2dxtel 3dxatel] xfo]7t
A THTable 3). Wb AAH o2 UFFAL 3+ emamectin
benzoate®] = 37 T oAl AUFAAS] F4]
S oA A F Qe R fXEny ddE sy A
H Aol whet Rk HAPF Ald o] it
Emamectin benzoate®] F& 2 7o} HHE ATE Y&
e m'F 10 g WrAE Al FE3 SvrollA 397k &
WrAlds diasit das YEotiil(Takai et al,
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2003), AA| 2~394 7R A AL 27709 Fell 95%
A2UFAAE FHA FE(ICs)S 0.031 ppm  ©]49]
emamectin benzoate”} 71Z %I THTakai et al., 2004). WHH
SUgol = Lee et al. (2009b)0] UF-FAF 5 Fidz)
O d=dl 2RSS FEste] S294 2471 8l
ok 7 2, abamectin®l] & FE&olA YA 180
T & 7EAlollA 0.18 ppm, F2F sHellA 0.05 ppm©]
ZH Atk Bk §lo] UFFARSE emamectin benzoate
24717k vigk BEst 2A7E glth 28y B A
o] Ao} o] YFFAL 3zl A A2THAE
3l RE 7B EEA emamectin benzoate®] Z-Fo]
Takai et al. (2004)0] A|AISE 95% AUFAAZ 2194
S5 0.031 ppmEtt =4 AEEH AUFAIESE A =
5 Hole o] 3d7F ALE S IS g U
FAE 918 AF A Al digdel AHEE 10mm J
F 2FFY AFEE Smm HF Z7)0] 243 6 mm
g A719k BAle] AR A AE SA9A =&
7} GRlElo] g5 FAFUY7E Ak WAlCE A
ofgfo] A2 oHAIE HFH AAL st UrFAleE
Aol nlgA g Zlo 2 FdEr), Cha et al. (2019 ZEL}
(Zelkova serrata)lX #7H=9) 8¢l 2717t F9
BEI= o] gt SISy, Y Y T W
AR= ZF e 2717 F45 1 Atk 81od(Cha and
Yun, 1995) "g-1e] A7]7t SkAe] olafel= F&Fo] §l
A9 o] Aol FAAR] S vAE AoE UE
U 7bsshe AE 2718 9 GAE Tk Aol v

AL s9iTt.

o Y 1o dlo

o
5

b

VHEFARSE emamectin benzoate2] 7 W EE& A
HO 2 WAL SIXERY 7Pk Fio] ARHlEe] &
Al YEREET Takai et al. (2004)2] Aol %= =32 20 m
o] F&oA JEFHAA 4met 2 m o] ZHFFol 6m
o} 8 m F7kol| H]ste] Wol & Ao Ao}l et FEF

e B

< R, abamectin®] A= FEAA LS
Ath(Lee et al., 2009a). & 5Tl $JxIk 7ER] A U
A 3dke] RS e 0.027 ppmSE Takai et al.
(2004)°] AAEE 95% AVHFAIAZ S AAEESR]D 0.031
ppmol] HIEHAEH AZRE A9 TR R AFH B
Ao e Bt 0.044 ppmOE 1Cys TS A3]810T), 3k
7 2R datel AAIglo] ICys s o]t R
S Holk: JHHEL EAIEKATHFIg 1). WA ZHRFo)
2RI Zl tigh SA9A & ol FAI7E RSt
= 7K AuFAAEe] #EE A FES S AL
o] FAXA] ¢4S 4 UARE F7FoL
S QAT F e 55 Il
A2 AFAASe] s 4 ALl
A 2GFAAE JE Al 2] AUFAAS] glE A

4
rE
1o
N
%
=2

I
olN

>,

AFEANME IARE dojuhA] ekt

7EA 9] W9lo] mE ZRHIES 2polE HolX] ket
Takai et al. (2004)°] WAL td5e] 3-8 FolHE
AAE A ] RO AFHS v A= A
o] 9JXel| we} AR HAES Ho] B4 Fid Iy
A 2771 o] HE A Holx| Fgron] dB e 9
29] 7N E AF7E HA] e AT o] ol 4]

lo,
4
of M S ¢
r
i
e @
ko
o,
o
2
~
p‘L
39
&
2
)2
et
=
IS

HAE Hole e el dupre 2 Axds 24
BI} 7R QB W2 B4 71908 Ao g AztE
o vkt 22 ARAE SR AUEeE a7t

e PEHOR o] Fo|F FFAR Bo] AEH e ¥

5 Tl d AEE olFeiH AR R Feet] Wi

ol (Claney, 1986) Th74%2] 7 F4A o]%2] AFZHAY)
]

T FEA YFSFARE emamectin benzoate?] 3 W &
#48E W] Sl FHFe FE S8l S Ajlst
A},

LREEAL oFA1 ] A ] ZHRERE WHETAL OB 7E A
WollA B=x2$ me} o]Fshs 540 oal zol7t E
Jo] IR ZALE 21 AR AF A wet FFS
S 7 Atk AR wiiEe] Erdsleay 5
FHsteLE £33 gE F ARFEY FYE FE oy
| 2948AY 3dAAE o7 sttt mEkA] wiE
S RFH At A5 oA = 7He P ARG
o] 7} 57] wfjZo] o] Fio] i oFgo] B A
710 2B ASe] S48 EHHOE AT
olth, UHt-FALF Fideoll& 2lx9] o] thE 2~-34d
Aol wlste] Erou 2dAeE Aol = ARET 2~3d
A 7119 ] Bgket AlxolA FAE dFo] 2|
Az e} 3FAA 2 gtElo] FIAAR ks ojok AL
dojube S 7K wf UHFFAR 2Rk} 3R} 2~31
A T EY Az 2HREe] B2 FEo] A S Al
gy TA FLE Aoges ATEHA gt ok v
BAE HdOR sk WHrAF ofAl9] 739 olejgh 7
o] T8 AoE AzZtETt A Azt 2~-3d4 714
S sl oA FHRERS 2AR] V1A e A
£ AR A3 1Apdrele ARAGTE Wekow 24)
o} 3APAE= 0.60170¢] HlwA e AHRAE B
IR URERAL $ R RS 918 AR AF A
A, F, s 7 E s AF sl w99
K& AHF k= Aol o8& Aoz dAvt=r vt
QA3 shte] 7R RS Addlste] A EE
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Y dAe AVHE HUg Bl AFHs= Aol 2T
Ao A7Her.

WAL 8 emamectin benzoate® 2.15%4 9.7% =5
3A7 AUFAAE F2 A G35 BAom REFAL
Aege] Z7)eh dagle]l Aesa Azl 0.034
ppm ©’3e] RIS Btk ujetA oA FU71E AR
WAl e g =g9] Aol 2k A ol 88 A&
AQtat ZHFEALE A EAFHE o A9 27EA 9] dA
S st T g 2719 7K E AU 21 Fgit

B A7 2019 AAIERS] AH] Aol ofste] 3y
Ak ok AR} AT =55 & AWVl A,
u3]Hl, k8 A 3} Mwamula Abraham Okki BFA}ol] ZHARS:
E L
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A LI (Pinus densiflora)ll M emamectin benzoate L}FFAL A| M3 E A0
& ALER XM B (Bursaphelenchus xylophilus) MM &1 #
R Hlw

Z B oA - USSR 058

RS AR, el 2wl 901, YA ek ertol @ AA AL, F RS A Bl g

2 & A2UFANAZ(Bursaphelenchus xylophilus) 1% UWFFARIZ AME-El= emamectin benzoate®] WFFEFA}
|, AF78e] 271(10 mm®} 6 mm)7F 2UBFAAZE SA A0 mxle @ 2Rl nAle 9Es 34 =
AFsliTh. A9l =719l uhE emamectin benzoate®] kR 9} FFFE 2ol & HolA] Brom 3d7F A
A% F24 9A 23t Utk AFFE ZARRE AR Aol YA oY WAL 717t o E4E Fols
E AFSE B 3d30)] A2 U 2FHFS emamectin benzoate 2.15% 22|94 0.037 ppmo] AEE et AFEe
7FA 9] W] mEkA = Apol7E IR, 3 AHRelA A o2 ZHREo] A1t Emamectin benzoate UHT- A
| AFge] A710] whet ofae} gl zhol7t §lo] B AR Al HEe] 2715 A & A S dAE
o}, g AREAS e AR AF A Y 8 solFRA B 7K E U R 1394 7K E AF 4]
A

J

>
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