%‘-Qﬁ!l-ﬂ'jlxl (Korean ]_ Pestic- Sci.) Online ISSN 2287-2051
Print  ISSN 12266183

Vol. 27, No. 3, pp. 221-231 (2023)

https://doi.org/10.7585/kjps.2023.27.3.221 M) Check for updates

ORIGINAL ARTICLES

ALROM ALSTMS oY 221528 oo
ALRTIME0 3t B2Het X

Efficacy and Persistence of Trunk Injection Nematicides Against
Pine Wood Nematode, Bursaphelenchus xylophilus
in Pine Tree, Pinus densiflora

Sang-myeong Lee', Young-hak Jeong', Dong Soo Kim?, Dong-Woon Lee***

'SM Biovision Co., Jinju, Korea
Forest Entomology and Pathology Division, National Institute of Forest Science, Seoul, Korea
*Department of Entomology, and
*Research Institute of Invertebrate Vector, Kyungpook National University, Sangju, Korea

(Received on August 31, 2023. Revised on September 14, 2023. Accepted on September 15, 2023)

Abstract Trunk injection is the most commonly used method to prevent infection with the pine wood nematode
(PWN), Bursaphelenchus xylophilus. Various nematicides are registered and used as trunk injection, and the
nematicides are registered after evaluating the inhibitory effect on the PWN in the same year of trunk
injection. Even pesticides with the same ingredients may show differences in effectiveness depending on the
formulation or composition of adjuvants. Therefore, in this study, the nematicidal activity and residual amount
of the nematicides injected into trees for the control of PWNs were investigated for 2 years. In the first year
of injection of the trunk, the control effect against PWN was over 90% in both abamectin or emamectin
benzoate single and mixed agent treatment, but in the second year, the control value was less than 90%
depending on the formulation and product. Partial abortion of needles occurred mainly in the second year in
the abamectin-treated group. The residual amount of the injected nematicide also differed depending on the
formulation or product, but samples below the limit of quantification occurred only in the abamectin-treated
group. Most of the nematicides previously registered as PWN preventive trunk injections were confirmed to
have inhibitory effects on PWNs for 2 years. Therefore, it is suggested that the standard time point for
investigating the effects of trunk injections for the prevention of PWNs be carried out in the second year of
nematicide treatment in the future.

Key words Abamectin, emamectin benzoate, persistence, registration criteria, trunk injection
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202197k4] SAERt W@ Het 47t SHaFo) e A
M g Eo] TSI QITHKEFS, 2022).

Ao Fo Walgl ATAASS #HEs] A% o
St W Eo] ArEe] Agdoz ALE e A
QT A7) Aol AR o2 AET 5 e B
2 AASAE JFEFAL sk W o|th(Takai et al., 2000).
WA A W2 oS A5 Fds7] wiel vis
el HelE HA7F =EE Aol A, Al g o]
92 ofA|7} o] FE ALY A A7} EF HlAkehs 3]
7F BAYEHA] ot AtelA A8 F e Hlad kg
2w 9] sluko|th(Berger and Laurent, 2019; Cha et al.,
2020). 2UFAAE WAE 98 U AXASAl o
& ATEL 20009t ZHHTE o] Fo X =H| Takai et al.
(2000)& 58%2] AJ83lE EHE S04 o elul zo o]
EE 2URAAZ BAE £ £ $RE Adsia,
&3 AUl 337 gt 4FES A
(Takai et al., 2003; 2004). F-2lUetlA = 2009 <o
A WA o Y oAl tigk At o] Fo
AL (Lee et al., 2009b), FAI7EA] 100915-2] oFA|E0] vt
FAVAZ dTFTAR SRR 5550 AUTHKCPA, 2023).

TS eHAlERE ol BE AR SAlE Y A
ol HalFHE HEst AEAUS T3 =F ¥ ofas}
okl Alg AE 7Hke R SEE Y ARSEEE AR
AZ o AL oFA|e] S T84S 12~290] oAl
& WAL atar, wivise] Aol $5F Al7]el AR
=g HAE H 3~ T o 5 2RI GEE
H7Fslal QITHRDA, 2017).

TS oHAle] e R Ay vt e
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FA7F s EaL, o] 3w aEel whet Aol A
KU 9, 2% Folzolt Bade] YA}
tH(Cha and Yun, 1995). Wb F759< 918l
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FOFYe A% ) BH AN D) o] 9
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g3k Zlo] ticke] @ & it}
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Ide)d a3t A&dre A+ AHEE ol(Takai et
al., 2003; Lee et al., 2009; Kwon, 2021; Sousa et al., 2013)
oI5 WHEA kR A&7 e 4FAT} Bt
o, §9 57 79 oS MRS Soke] Eale AFol
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WA E 8 AASAEY] ArA Sl tig
$4% 3 FHA B AN} AF) we) thyab
UePHTHLee et al., 2023a; 2023b). Wt B AxE dA)
SElvetel| ] 2BEA S o £ IR SR o
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FA AFoR =] Qlom HHAENA 55, #AH o
45, MEA 1% 5 29%°] SEF 3, 9
O|EL tiit fA AP OE HofUaL, HA 3F, vEA] 1
=, WA 15§ 2950] TEHY Urh =g S
Ao} AZA| A AEFSZ BAMINA, vekA], A A
o2 10 AlFo] 555 o] AUTHKCPA, 2023). thFet ot
FAASE o UFFAF SAE 5 FaAES AFo] A
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02 k= Mze BAKIA 15, 54 55, vEA 15
o|glon, ofulHle]l Mizoo]EE RFEHREOE s oF
AZe vgA 2%, dA 2%, AFAEAA 15, A4 2
=, A 1%, 2HEES RO R she oHlE
A 15elAh T 250 fFER R TAHE IHZRE
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Table 1. List of used nematicides

Active ingredient Injection amount

Common name Formulation %) (ml/diameter at Code?
breast height cm)
Abamectin Dispersible concentrate (DC) 1.8 1 A
Abamectin Emulsifiable concentrate (EC) 1.8 1 B
Abamectin EC 1.8 1 C
Abamectin EC 1.8 1 D
Abamectin EC 1.8 1 E
Abamectin EC 1.8 1 F
Abamectin Microemulsion concentrate (MC) 1.8 1 G
Emamectin benzoate MC 2.15 1 H
Emamectin benzoate MC 2.15 1 1
Emamectin benzoate Soluble concentrate (SC) 2.0 1 J
Emamectin benzoate SC 2.0 1 K
Emamectin benzoate Any other liquid (AL) 9.7 0.3 L
Emamectin benzoate EC 2.15 1 M
Emamectin benzoate EC 2.15 1 N
Emamectin benzoate Emulsion (EW) 22 1 (0]
Milbemectin EC 2 10 P
Abamectin + Sulfoxaflor Dispersible concentrate (DC) 1.8+4.2 1 Q
Abamecin + Acetamiprid MC 1.6+7 1 R
Acetamiprid + Emamectin benzoate SC 10+6 1 S
Acetamiprid + Emamectin benzoate DC 8+2 1 T
“Randomly assigned alphabet.
NER HE L +25Y A e FAYPRAYOR SR, 1077 L7
FFY S EAE B AR APAE At 2 @ o 38 Asar,
DA wAle] sl Sl A ARIA ARE 7
Fel o] AT 2R A el sk A= AURYME HE
AARE A9 gl Ho® EAL AIFEAT AlE s A Sl gk 2aE A7) H% A AE
o] FIAHL 411 emSisd] HF FIAAEL 54404 1594e ATFA A2oM 2UFANS A el <s)

em$l3, F7E §m ek, 201 Sajele vl o
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2o 2RE AUEANE Bels Shin et al. (2015)
ol met AURA RS AR WA AE T, 2

oHAS) S0 e 20194 29 282ef AZlelpion o el 129 43 s el
A FPPUL Lee et al. Q009b)S] HLPPHA Ede] &= 3 ) Ygn 2447 oljel] HEAOR
W3gee A2 oFFe Table 13 o] 7} b AF A AMESATh AFHEE 72 152m ¥olo] 4% Tmm
D%S FUSAT SIS AT 9H FUSe M SUE 2om QoIE AFF F WS ¥, AR
47 10mm, 2°] 10om SYEE AgSte] AF F M (30009105 mLyE TAOE FAsAT LR o)

E
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o8 7k ofAIE kel FHUSINL, FUWE ARGt 9 Falldmele R 1429 91 201949 69 40
FUshe AT A% Tmm Ao 10em =L AR ARAAES HFEeH 2datdle AT 53495
of FHA =g A F, FUHS b FAsE Q2020 6 18U Ao FE FHE Fato] HF
A7 LA B3t A del 0.5 mme] A7 skt

ARt Aol i H= ofAl X2 Bl @7t B

skom, ofdele 747t YA, 21?4 Y Herlee AURMME SREn A

8.5°C, HaL7] & 154°C, A 712 2.3°CH. 2+ A 2d AUFARNSTY el aelel ek Bef de &
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Fig. 1. A pine tree with partially dead branches (A and B) and a pine tree with all branches dead (C and D).

I ZARs OHA AP U2 RE 2389, AUFAINS FEY
2ZHY 142Y Fol| AL, 777y 2dAte] tigk &
I AR A A LEHE 603U $<1 20204 10€ 23
Aol ARSI AUFAIAE FalE AR AAH o=
o] st JALE = JARE £ E AL EE 2APd s
o 7HAo] FEAH o7 Qo] sl IAlEE WAL B
ol Y50 Ao (Fig. 1) olgst F-&E JAKA] RAEES
Zhd 9 Tjej o2 Mg iale] 2ALE T

Age] §& 5 i SR ARSIt oAT
1275 o suks Faalsiet.
2 9 2

AUF AR 5 ¢S AEste] 50 mL Falcon tubedl] €27,
32 SRS 10mLE AH7bete] A7 &b AR sk
Acetonitrile 10 mLE 3713F & shakeroll A 187+ 2”61,
QuEChERS (EN15562_ 4.0 g Magnesium sulfate, 1.0 g Sodium
chloride, 1.0 g Sodium citrate tribasic dehydrate, 0.5 g Sodium
citrate dibasic sesquihydrate) & 7}t & ThA] 127F 733}
Al &8t o]& A4 71E o83t 3,000 pmSE
5w QAR S, 23S 0.2 um syringe filter2 o3}

sty AjHoZ ARESITE AlHLS Shimadzu LCMS 8040
(Shimadzu Inc., Kyoto, Japan)oll Y 3le] Uehd ZZ2vlE
agjuPde] gamAe] 3 Sgstar, Al s g+

FEE AE,

BAD7| =3 sle

£2497171% Shimadzu LCMS 8040 (Shimadzu Inc., Kyoto,
Japan)g ARE-SFATE, 44 Z#H2 Shim-pack XR-ODS
II, C18 (75 mm x 2.0 mm, 2.2 um)2 ©]&3to] A&},
4 2EE 40°CE FASKLH o2 0.1% formic
acid7} 23He MeOH# =35 AME-ste] HAstd 7127] &
2] Ao g e, tid el ol =3y
S 2= electrospray ionization (ESI)H<2]| positive-ion mode
£ Agste] Aol (precursor ion) 2 AJAd o] (product
iony& Megh & A 7Fo]2(quantification ion) B Aol
(qualification ion)e &}t MRM(multiple reaction
monitoring) %71 3Gt LC-MS/MS &4 7171271
£ Supplementary table 13} 7T},

A (selectivity), 214179 (linearity), 71&$HAl(Limit
of detection, LOD), & & (Limit of quantitation, LOQ)
3]9& (recovery), WH3d (repeatability)ell thall a4 &<l
= AAlslth

EFEFANS 0.005~0.02 pg/mLe] FE7t HEs 74
2] NP8 og sAste] AFEA7IE ¥4 F 4 F
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Helo tgl 93 W o7 7] (matrix-matched calibra-
tionye 2M3ataL, AP AA AT (correlation coeffi-
cient; R)=Z 224/3& gRIsISitt. =8k HAE3H|(LOD) 2
A (LOQ)E 0.005 mgkg ExollA vid vy 58
Hg 73] WHE A g § EFEHAE o E7:"Zq rigaieh

2 33u5E AXksle] LODE M3t 10MS ALkt
ol LOQE AH=siditt. 348 432 74T ALLOH =%
FFENE A (0.005 pg/mL), AHZIA 291(0.01 py/

mL), F&FA 45(0.02 pg/mL)l SFeHe FEE H7ket
I 3uHE 23 sto] A v el
Abamectin 5 A} 65 FA9] F5E2 S

tary table 29} ZHkt},

O A3
= T
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ofm

A=
+ 145 FA VARSI WA Fs)

g oput ofufel el o] E A9} E3HA1E9]
7% Z3= Dunkan’s multiple range test® *2|#H 7}
ARSI THSAS/STAT® 9.3 user’s guide, 2011).
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ZPA = 71A] L]—E]—kkﬂ-(Table 2).
2059 BalEe] 739 oplelele BakolA] A o)

2 AFol| vls| A7 Egkon ofute Rl zoo] Ex
FEA Aol T2 AP oAl Hlste] we WAVE B
Fou AAA 2= BE AH|ol|A b g IS
£9] 10% ©°l3t2 Ueht 90% o] WA7E Bt
(Table 2).

F7H9) 2dAolE A S bl FHIAEE 3}
ol& HATKTable 2). AA|H o 2= opuldE A A&
o Hjg) cnpA ez o|E TAEe] a7} A e
o AF ot LS AF W AlF Tl = a3k 2o
7F et opnlelel GAE FolMe mEA AP Aol

Table 2. Cumulative percentage of dead trees due to pine wood nematode infection and rate of needle discoloration tree by year after

trunk injection in Pinus densiflora field

Cumulative dead tree rate (%) + SD Rate of tree with needle
Treatment Code 1* year 2 year discoloration (%) £+ SD
Abamectin 1.8% DC? A 10.0 + 10.0b" 16.7 £ 11.5bc 43.5+16.3b
Abamectin 1.8% EC B 0.0+0.0c 10.0 + 10.0cde 35.2 +30.6bc
Abamectin 1.8% EC C 3.3+£5.8bc 10.0 £ 0.0cde 14.8 £ 12.8de
Abamectin 1.8% EC D 3.3+5.8bc 6.7+ 11.5cde 25.0+5.0cd
Abamectin 1.8% EC E 3.3+£5.8bc 6.7+ 5.8cde 28.9 £ 13.5bed
Abamectin 1.8% EC F 0.0£0.0c 13.3 £ 11.5bed 34.2 + 8.0bc
Abamectin 1.8% EC G 3.3+£5.8bc 3.3+£5.8de 6.7+5.8¢
Emamectin benzoate 2.15% MC H 0.0+ 0.0c 0.0 £ 0.0e 0.0 £0.0e
Emamectin benzoate 2.15% MC 1 0.0+0.0c 0.0 +0.0e 0.0+ 0.0e
Emamectin benzoate 2% SC J 0.0+ 0.0e 33+5.8de 0.0+ 0.0e
Emamectin benzoate 2% SC K 0.0£0.0e 0.0£0.0e 0.0£0.0e
Emamectin benzoate 9.7% AL L 0.0 £0.0e 3.3+5.8de 0.0+ 0.0e
Emamectin benzoate 2.15% EC M 0.0£0.0e 0.0£0.0e 33+58¢e
Emamectin benzoate 2.15% EC N 0.0 £ 0.0e 0.0 £ 0.0e 0.0£0.0e
Emamectin benzoate 2.2% EW o 10.0 £ 10.0b 233+ 15.3b 12.0 £ 12.5de
Milbemectin 2% EC P 0.0£0.0c 0.0 £0.0e 0.0+=0.0e
Abamectin + Sulfoxaflor (1.8+4.2%) DC Q 0.0+0.0c 6.7 +5.8cde 33+5.8e
Abamecin + Acetamiprid (1.6+7%) MC R 0.0+0.0c 3.3+ 5.8de 0.0+ 0.0e
Acetamiprid + Emamectin benzoate (10+6%) SC S 0.0£0.0c 0.0 £0.0e 0.0+ 0.0e
Acetamiprid + Emamectin benzoate (8+2%) DC T 0.0+0.0c 3.3+0.0de 13.7+5.5de
Untreated control - 100.0 £ 0.0a 100.0 £ 0.0a 100.0 + 0.0a

dSee formulation in Table 1.

"Means followed by same lowercase letters within the column are not significantly different (Duncan’s multiple range test, p < 0.05).
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Table 3. Residual amount of abamectin in Pinus densiflora branches 585 days after trunk injection

Residual amount® (ppm)=  Number of samples below the limit
SD of quantification

Abamectin 1.8% DC A 0.031 + 0.036b” 3
Abamectin 1.8% EC B 0.035+0.018b
Abamectin 1.8% EC C 0.151 +£0.175ab
Abamectin 1.8% EC D 0.191£0.155a
Abamectin 1.8% EC E 0.107 + 0.095ab

F

G

Q

Treatment Code

Abamectin 1.8% EC 0.041 £ 0.024b
Abamectin 1.8% EC 0.088 + 0.067ab
Abamectin + Sulfoxaflor (1.8+4.2%) DC 0.039+0.041b
Abamecin + Acetamiprid (1.6+7%) MC R 0.039 =+ 0.042b

“The value below the limit of quantification is calculated by applying 1/2 of the limit of quantification.
PMeans followed by same lowercase letters within the column are not significantly different (Duncan’s multiple range test, p < 0.05).

N DO = O == O

Table 4. Residual amount of emamectin benzoate in Pinus densiflora branches 585 days after trunk injection

Residual amount® (ppm) Number of samples below the limit

Treatment Code +SD of quantification
Emamectin benzoate 2.15% MC H 0.136 + 0.064abc” 0
Emamectin benzoate 2.15% MC | 0.138 £ 0.116abc 0
Emamectin benzoate 2% SC J 0.087 £ 0.094abc 0
Emamectin benzoate 2% SC K 0.154 £0.131ab 0
Emamectin benzoate 9.7% AL L 0.043 + 0.034bc 0
Emamectin benzoate 2.15% EC M 0.222 +0.194a 0
Emamectin benzoate 2.15% EC N 0.088 £ 0.067abc 0
Emamectin benzoate 2.2% EW (0] 0.035 + 0.023bc 0
Acetamiprid + Emamectin benzoate (10+6%) SC S 0.012+0.010¢ 0
Acetamiprid + Emamectin benzoate (8+2%) DC T 0.011+0.010c 0

“The value below the limit of quantification is calculated by applying 1/2 of the limit of quantification.
"Means followed by same lowercase letters within the column are not significantly different (Duncan’s multiple range test, p<0.05).



Efficacy of Trunk Injection Nematicides on Pine Wood Nematode 227

LI
NGl A B RE HIES 0 7Y 9del A%
90% o)) AUFAAE WAl a9E HYoy 23 i

e U5 FAA 90% vgke] WAZIE YeR|Ah &
A 2FAATE oA AR oAl 5571 A
FaAEel 90% o]/de] A7 YERH S5ETHRDA,
2017). wEhA] 2 Aol AR | BE RIS AR &
ERSA 55 7|F Attt 28y SelME AFe
upe} Zro] 7k 908 Slal mid el =EE HIs @
A A A &g FEOR la] Fou Ago] A7)
A AF A A, AL BARe) 249l a5
theFet F21g-o] YeRd 4 QItH(Cha and Yun, 1995; Cha
et al, 2020). webA] o]gh F-28-S FAislelA A&A
A

=]
B
o =2 o9 Aoy Ay ellE st ¢ de W

WS 28510k 3=t (Cha et al., 2020) A AFEEH T U
= T FY AT AFAAS A 237 o 2
W7k §A449 & g e Suete] AUFAAE
WAL 7F 7Y oAlY] B3 W 7S 7159 oA A
g B3d AN 19 § AR FHske Aol 288 A
© 2 g 53] onpEulzoo]Ee] A9 FEA] A
F 152 A3 ZE AFEC] 2dAA] 97% o)de] W

A7Fe YR LA, oMb |l A EeA 2date] Yeht=
U 7EA 9] A AL FE YERR] ol P A o= 2
AR AUFAAS 9 AV 7FsE Zo® vt
T}, A Takai et al. (2003)= YE2] 57 A Golx Farg
74 11~31 cm®] Zxvproll onpa Rl 2o o] EE S=719) 5}
o] Aol AEEo] 37k 91% o2k 31311, Sousa
et al. 2013y E2FZA oF 2084 P pinesterti- -
o oA Rz o] ES 7 Hste] 207197 AU
AT &) WASEA] eFokthar aFlom -yl A
T 2ol tisted o el zoo|E 427k 9 A] oFkd
7t 337 A &E YA 3t Kwon et al., 2021). wWERA A
AqHoz dupeellzdo]Ex 29%0)4e] FaAREHS
SHred Y T oo AR auEA A Ee] 94
g 5 S Aoz dAvtdn. ubd opuld el AA S0 A
AGolut AlFol et FEY 232kl 90% o1de] WA
7PF YA ek 7497t ol Ags FA el fo
slof & o= e}

FFY o AF HAES] AU A W] RS o
apE e oju} ofjuiel Rl 2o o] E RF Aot A|F e w
2} Zpol7t Aot FY A WolM e vhE 7 HAph i
of oputHle] AEE2] 739 FAA ool veRA 943
= o]t HAR= Aupie} e BAIRNAS &9 oF
o] Apdog o]FeiA]7] ujel(Chaney, 1986) A& A
ol wet R Hxpr AL ] EeR HE

olv} ZWH(P. koraiensis) A= o]t AFATEC] K
5 AtH(Takai et al., 2004; Lee et al., 2009a). ol == €l
Zoo|E HoAe oputHel Ao Hlate] AjHoz
e W 7 2EREke] Axprt Ao] FAA oAl Aol
£ Bt A AT 0.01 ppm ] B AFES
BT} Takai et al. 2004y FEoM 2URAAFS 95%
AT F e FE(1Ck)E 0.031 ppmeE AL Q=
d 3 F S AT RE A A7} o] NEHS
318t s SAE FAlXE 2.15% A Al MA|
Fol ZHRwke] 7HE =A vEPRAL, 2.2% A AES] 2t
Fgo| 71 Wof Aol HYEH F AFL AUFALS
of tigk AxE avh} v g AU AT 4ulo]
A ApolE HATHLee et al., 2023a). ofulEElo|L oful=
el zoo]E BF YU AY WollM= AlF 7+l 3~6u<]
ZHRE 2ol BYdet AlE AF XE mE #AE
sl ete o]2fgh Apol7t Yehe A1 AlzdA el A
S8 FA) <] Aold] o]et Aoz HzFEATH(Lee et al., 2023a;
2023b).

St AUFAIAS o WA SRR SR

HE AMZAEY 2UFAIAZ digh wAEs 2d
7+ A&E 5, oA AFA L BelEo] 71Ee) 1dxte] &
2 A AUFAAS o UFFAL AR 5EA]
71E 4L WSk 23zl 23S AAsl] HE 5
2x7)& Ao] ad Aog Addn), T3 o elwlx
oo]Ee] g 7|2l 3dAIA] oA 9] 3t A& H T
X8 AFAIE(Takai et al., 2004; Sousa et al., 2013; Kwon
et al.,, 2021)0]ut & AFAz oA 2dxtel] A W) oFA] 7t
Fio] 7|20 AUFAHNFE 95% AT F= JE TS
d3]ehe Al S| Wol MAH SR Jdo) g oAl 9] A&
o] FAIHEAZ A7 Faw & Aow AEy,

ZHAtel 2

B Ays A9 201993 20208 $IE
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Supplementary data

Supplementary table 1. Analysis instrument conditions

Parameter Condition
Instrument LC: Nexera X2 UPLC (Shimadzu, Kyoto, Japan)
MS/MS: LCMS-8040 (Shimadzu, Kyoto, Japan)

Column Shim-pack XR-ODS II, C18 (75 mm x 2.0 mm, 2.2 um)

Flow rate 0.2 mL/min

Injection volume 10 uL

Oven temp. 40°C

. A: (0.1% formic acid in Water)
Mobile phase o
B: (0.1% formic acid in MeOH)
Time (min) A (%) B (%)

1.00 95 5
1.50 45 55
5.00 40 60

Gradient 10.00 10 90
12.00 2 98
15.00 2 98
15.10 95
17.00 95

MS/MS condition

Interface temp. 150°C

Heating block temp. 400°C

Desolvation line temp. 250°C

Heating gas flow 15.00 L/min

Nebulizer gas flow 3.00 L/min
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Supplementary table 2. Recovery rate for test pesticide

Treated

Detected

Test Item Sample ID Matrix Concentration Concentration Rec(f) very Mean + SD
(%0)
(ng/g) (ng/®)
Low -1 4.8 96.0
Low -2 5 52 104.0 97.33+6.28
. Low -3 4.6 92.0
Abamectin . Bough
High -1 54.8 109.6
High -2 50 53.6 107.2 108.46 +1.11
High -3 54.3 108.6
Low -1 49 98.0
Low -2 5 5.0 100.0 95.33+6.74
L. Low -3 44 88.0
Acetamiprid . Bough
High -1 46.2 924
High -2 50 49.0 98.0 95.86 +3.16
High -3 48.6 97.2
Low -1 44 88.0
Low -2 5 4.0 80.0 84.66 +4.92
Milbemectin Low -3 4.3 86.0
. Bough
(A3) High -1 50.5 101.0
High -2 50 53.6 107.2 103.33+3.26
High -3 50.9 101.8
Low -1 5.0 100.0
Low -2 5 5.0 100.0 95.33 +8.48
Milbemectin Low -3 B 4.3 86.0
. ough
(A4) High -1 49.4 98.8
High -2 10 46.1 922 95.6 +3.46
High -3 479 95.8
Low -1 52 104.0
Low -2 5 5.2 104.0 103.33+1.12
Low -3 5.1 102.0
Sulfoxaflor . Bough
High -1 49.0 98.0
High -2 50 49.8 99.6 98 + 1.63
High -3 48.2 96.4
Low -1 49 98.0
Low -2 5 4.8 96.0 96.66 + 1.19
Emamectin Low -3 4.8 96.0
. Bough
benzoate High -1 51.1 102.2
High -2 50 50.8 101.6 101.06 + 1.46
High -3 49.7 99.4




	소나무에서 소나무재선충 예방 수간주입용 약제의 소나무재선충에 대한 효과와 지속성
	Abstract
	서론
	재료 및 방법
	결과
	고찰
	Literature cited
	요약


