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Effect of Trunk Hole Spacing on Trunk Injection Efficacy of
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Platanus occidentalis, and Zelkova serrata
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Abstract Trunk injection involves injecting substances into the trunk to control pests and diseases. It is a
method that controls the sprayed substance to act only on the target pests and diseases, while minimizing the
exposure risk for non-target organisms or the environment. Depending on the composition and types of phloem
cells, the movement of the trunk-injected substance within the tree varies. We investigated the distribution,
residue, and effects of pesticides (emamectin benzoate 2.15% emulsifiable concentration, acetamiprid + emamectin
benzoate 10 + 6% soluble concentration) on target pests by injecting the pesticides into the trunks of conifers
and broadleaf trees with different types of phloem cells (Prunus * yedoensis and Platanus occidentalis:
diffuse-porous wood, Zelkova serrata: ring-porous wood). The residual amount of pesticide did not significantly
differ based on the spacing (number) of the boreholes. However, the number of detection points for each
orientation increased as the spacing between the boreholes narrowed, reaching its highest level at 8 boreholes
(perforation spacing of 15 cm). As the spacing of the trunk injection widened, we noted a decrease in the
insecticidal effect against Hyphantria cunea and the same trend observed against Corythucha ciliata. Since
dispersion within the tree differed on the basis of the pesticide, the number of detection points for acetamiprid
was higher than that for emamectin benzoate. We recommend minimizing the spacing between holes when
injecting pesticides into the trunks of broadleaf trees, as this influences dispersion, distribution, and efficacy
against target pests.

Key words: Acetamiprid, Diffuse porous wood, Emamectin benzoate, Hyphantria cunea, Ring porous wood
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AR LELUT, SHEUTOM #2105y e+

W, A FRAE 488 F Uth(Benigno et al,
2025; Cha et al., 2020).

A A A& s |u- e (4grilus planipennis)
U el &eel=2(dnoplophora glabripennis)®t 732 3%
(Flowera et al., 2015; Ugine et al., 201337+ o}u2} Alte]
A3 (Erwinia amylovora)e|Vt 7422 354 (Huan-
glongbing)} 72 ¥ Aol = E-8-5]57 Tt Aéimovid et al.,
2014; Hu and Wang, 2016).

SO 57059 el B3 A5 T
ol Fo A 717 Al71ol e kR 2bEA g
that WA E3K(Lee et al, 2021), 5759 & 7
PR ARAAS S21994 3 (Kwon et al., 2021),
Y A wE AR AR Ee A=
FH(Kang et al., 2022) 52 A7} o] FAHA. 22t
gupgtell Al AFA G FEAE0] TEE] AREE L
A|RHRDA, 2026) A TS #4d | A4EL
197l FllE F= 2FAAE BAE AT d7El
TR AFA Y] FFTEAIT o oFal Lok AlFAIZ
NME A AEHE ol AR o] A Eof
ATHRDA, 2017).

FFAE FAT =2o] H 8ol Dok 7] Fwg

=~ i

5 o oy o
[t

u!

oo] olFoldo} shdl Y B B A olFL
5% ARG 549 SRH B4} Jeisd 540 9P

98 A 8
T =29 olgker Bl s Al W 5ol
kst 99lE59] 93-S W=t} (Bager and Laurent, 2019;
Cha et al., 2020; Archer et al., 2022).

FUFH 49 o)Fl WAlske vt 220 T A=
A, sietA 543 AhE U AR BP0 &
ol Et AAE ArhEA 9] s F-s FRAf|7} Y
E29] ool JUdS rXE 71 2910|tHChaney, 1986).
b R Al 23] Aot velHe] FReh 22
aetd S4e st FAARIU ol Al Fojof
gtk WHrollA £9] o] F e BN dejet Fxo] ddF=

Ul 7HA MER o] F
ZHl wet 24 olF &xo
&S HR=TH(Chaney, 1986). A+ E35E 8
FE AE X, 29 BT =3 dEReR
TAHol 3le] EF9| olF
(Chaney, 1986; Cha et al., 2020). E=3F o]2{3l x}o| & <l3]
T o5l Fofske HAYF-S] HolH = Aol
Holzd FgAle] 79 H2 Rl 1~5719] yelHE
T3 FE Eo] o]FHIL, AEAle HE el 1-37)
Lold], gl A2 ol Ui UelHE F3l F=
0] o] FEtH(Chaney, 1986; Umeyabashi et al., 2007).
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Zol7} 5 emE AA % Zlo] FHAL =TI (Cha et al.,
2020) AVRFAIAES] 7 7190 Ahret 3, e
735 Aol WAl Holrt 718 Fol 7 £ Al AtE
02 HA¥F HolE HA T FoAo] AANEHIoY Ay F

ZFFY A o AUFAAS] S ol
"zl ES] 7S 2po]7}h IUth(Kang et al., 2020).
o

AU I

o] F&EoA Y g onpe el R0 Eo] W9
AEU%L 2jo|E HolA] eFdth(Kwon et al.,, 2021).

g 2FAAZE o AR 3247 9 1 mLE
FAUsh= A A FaHA 32 embrole 1] AE
THE FIL FAE FYUSHUI(KFS, 2026) A Tl=
EFY U (Fraxinus americana)IA+ 16719 A3+HS
WL oFAlE FY5ted(Sadof et al, 2022) Y o] Fut
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T e 5E HARe AAFe 24, $7059
AAG Agte] A7)0 wE ey ARE dEE A4
Eo] 53 = 21K (Kang et al., 2020; Kwon et al., 2021), Zt}
WA o] s 29 lo7t e EiFelM e Y
o ol A HAaskE 9lg A3 A S EIT
(Cha et al,, 2019). 2% B3l Seulgtols 75
WS 7180 A S WAl A8etd WS 8
ato] ARG-SRaL Slof, AkgAleh S Earel tigk 1t
TS W g9o] Zasith mE 2 dAFe EgrellA
TEAQ A A8 & F e FFY s &

ohi] 913 Aol Ao 712 BIA AY

F4 Wt b 2 Aolgel shiel 34 Pl A
2 £ Esdsh A7 3 BT vIAE G To}

17) Slske] St

2 79 9] FE AN
4 Ak3A) (diffuse porous wood)
Qe S FUNE, $Al (diffuse porous wood)?l
ZEUHRE o] el HuHTel mE U= Ao
HE7F 2 wEo 2 gy a=d gk ofs) A|d
¥ FH FFolH(Lee et al,, 2026) YHSUIF-S £t
ol Al 7 FEolle YL Foe] TFEHY e F
FEoIU). 72t FEELS 2SR AAEH e FARE
R WS ARSI U= A J5A] tisEH
&R Y 146-3A] 00 AL FRsidled Ha FaLd

& 26.7~33.3 emAL, FIEEAE A% AFTY] FE 1,

4, YN g et 7 "ol wE ATl 7
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Table 1. Breast height diameter and spacing between boreholes by tree species

Tree species No. of drilling holes Dlahm;;e;taztcz;:ast ?ﬁ?ﬁ?;ibﬁ(gz:izége
1 28.7+1.2bc? 90.0+3.6a
) 2 26.7+1.2¢ 41.9+1.8b
Prunus X yedoensis 4 30.0+0.0b 23.6+0.0¢
8 33.3+2.0a 13.1£0.5d
1 31.343.1a 98.4+9.6a
2 29.3+2.3a 46.1£3.6b
Zelkova serrata 4 30.741.2 24.140.9¢
8 29.3+1.2a 11.5+0.5¢
1 43.0+2.6a 135.048.3a
) ) 2 47.7+1.5a 74.9£2.4b
Platanus occidentalis 4 41.745.52 32744 3¢
8 41.7+£5.5a 16.3+2.2d

“Means followed by same lowercase letters within the column in each tree species are not significantly different (Tukey’s studentized range

test, p <0.05).

Pesticides were injected at chest height, and samples for residue analysis and efficacy investigation were collected from the middle of the tree

trunk.

Table 14’ 7&9}%3]'.
YHEE= AY YA vk Add 59E

=
118-1HA] o] A Tﬁﬂ sl FAIESY Ha FuFAEe
41.7~47.7 emOI AL, 7+ AFF Froll M2 A7 ARle
Table 13} 7Hk

%‘i%cﬂlﬂif 20259 59 229 Wl=RE Y WAL
R F5F0] e cltElzololE 2.15% A
F3L A7 em3 0.5 mLH $75Y3] }oiE}(RDA, 2026).

ZERelM e 59 229 RERREERIGE] LURAL
M2 SEH] e oA Ze] Evd v Rl o] E

10+6% AAE F287 emP 0.5 mL¥ FFYeH0
(RDA, 2026).
FHFHME 62 199 wiEbrgsEe el v5l

Eiptol] VHEFAE OfA R %EM A OPHE] ZE =+
o }““Fdﬂiéoﬂ 1E 10+6% AAE Hslde g
= EECIRES %37—1173 cm% 1.0 mLo|aL, ¥]=t

Lgb}ugo 73% F2A7 em3 0.19 mLE x}o]7} glo]
= FFS V0B FUFUSIAUTHRDA,

2026). 7 FY3 oA 9] T FAAAL Vo R A

o

?J% —’F HE —Zr7L 50 cm Eolol] A=

Pelo| Aok A

sto] 27 8 mm, do ] 5~7 cm? E/\}ﬁii%%l,@
HAIE THA R FRIsIT

AT 17H% % ¥, AT Ve 95 55 U,
AT Ve &, A, F, 5 B, A3 gle &, A,
e, HWUr a /‘}Ol Aelell & E-

17H Aol oAl FHL ofAl Fol Hol FUWS
o] &SI, VN, W, &/ HFT Aol Al FY2
10 mL 93l 2548 2 mmE AY7H92 A2 o Ay
TRl 719 WAL, e ARS-ste] GHAlE FASITHFig. 1).
7t Agr FEE @ 279 L}—‘?% g wkgoz 3k
Agssion Aele ddeuAgoR skt

UFEM ANE MF L AR 2N

UREMZ A2 T

FYT Al e FFY v AEFS Yot
B7] 9ate] RS “EUTE 69 199 (oA A
T 289, gHFUHTFE HEWHFEEEY Ol ok a3

FAE 7190 B0 99 13 (AR E] F 83 i})fﬂl E
AFsI ZARAT 75 A AFHE AE 5 49
urol AH st 7k glelA 47k 5ol 37}11§ A
Fste] 2084 F 60985 whM Ao Fo} ofo]Lufro]
go] ded= °HP6‘}°1E} e pie SAEA
Fth 12 MO R 3k Fsigint
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Fig. 1. Photo of the process of drilling one injection hole (A) and eight holes (B) in a Prunus x yedoensis tree.

al
7k AR 5 ¢S s Yol 50 mL &7 daltE]del
9, 33 FRST 10 mLE FA7ske] 308 59 WA &
Acetonitrile 10 mLE ¥ ¥ 187 AA &5 413,
QuEChERS (EN15562 4.0 g Magnesium sulfate, 1.0 g Sodium
chloride, 1.0 g Trisodium citrate dihydrate, 0.5 g Disodium
hydrogencitrate sesquihydrate)s 71t & ofA] 187+ 7
A 0] 41L& TR 4°C, 4000 GOlA 1027+ Q4%
3t 459 1 mLE F3Fth. dSPE BAIE f13] T8t

e
HAA e 2 mL G H 4S5 1 mLE H7betal
3027F ZFeHA J"skdnt. o] % diieste S5 weld
3 2}ZzolS PTFE WEH ¢l DE](0.2 pm)E o Fste] A&
FHo 2 st
A FLNS  Shimadzu WA TZrHE Tz A gEA 7]
LC-MS-8050 (Shimadzu Inc., Kyoto, Japan)oll 5% 3}e]
A=A BT3HA S ol gate] 2 A C =T E

AR Lol BAOELS) $EE 42AT.

o

=M717| =43 3|l+8

£247]71% Shimadzu LCMS-8050(Shimadzu Inc., Kyoto,
Japan)& A3t oH, £418 AH-2 Shim-pack XR-ODS
I CI8(75 mm x 2.0 mm, 2.2 um)& AHE-SIt) 29 L=
40°CE FABI oM, o542 0.1% EFA4 5 mM oAl
EXRIy SHrek vivhe T E5 ARSat] HAskE 7127
&8 U0 FAYFELS FEETh

©]28}= Electrospray ionization(ESI) Positive-ion modeZS
Agston, 7k FAGPEEZ sl Aol (precursor
ion) ¥ Aol (product ionyS AA3] A 7Fo](quantifier
ion)Z A4 o] (qualifier ionyS 7430 ZH multiple reaction
monitoringMRM) 2718 S3i3ith. A7 LC-MS/MS 4
271 Supplementary Table 19 AJASF3ATE.

AEH AT AFFEIAA A FFEtdd i
oA E T AFEY v ZTEA| #ek sto] =gkl
2735k Al A (selectivity), 2414 (linearity), 732 3HA] (Limit
of detection, LOD), & &S| (Limit of quantitation, LOQ)
3|4 (recovery), W2 (repeatability)ol] T3l §-84 ERlS
AA AT

EFREFYAE 0.005-0.02 pg/mLe] FE7t HEE FAg
AlPEAOR sjMsle] AR A & 7F 5= Helol

gk 913 WHo 2 774 (matrix-matched calibration)S-
gL, el 2% A (correlation coefficient; R?)=
A4S et ek AESHA(LOD) 2 e
(LOQ)= 0.005 mg/kg F=olA wid BA FFEHS 73]
e B4 g § FFUAE tele SR W2oR 33w
FE ALtslel LODE AFEsal 10852 Altete] LO
ATt 3 AP A AR EFEEEY
A=A (0.005 pg/mL), A=Al 241(0.01 pg/mL), 7 HSHA
44(0.02 pg/mL)dl| sFehe =2 H7iskal 3 AES
Fejato] LA W3S ekt B> emmamectin
benzoate?} acetamipridE ARSI T}

Y or
tlo it

227 FYT S0l GE S0l e %5 Yt

T

Al g 7Y ¢ v Ve 9
oA ml=3E o] gk WAl g e AT
FUe ol 7 S 7HAE 7 Bl
T AFH T T AES o]&dte] AR AEAR
3t A7 90 mm FE2] T (10090, SPL, Pocheon,
Korea)oll 34#](00021090, ADVANTEC, Tokyo, Japan)
S AS 23, TR 1 mLe AEe v AR 98 13y
Y, opelo A AP viFdE T 283 10vA S
JEHAT 7 LS W] 2 AYS HEHYHA=

922 5(PM-996, Amcor plc/Bemic company, Neenah,

¥

4
[-'\l
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o o



260 S - M -

USA)S. 2 718 TR 2543°C Aol 7d 7+ Bt § w|=3]
Bl 550 AAF HFE E)1 Esin) i) sEUSE
gk ukHgo 2 3ukE £esilt). FAE T S TS

St FHUFoME 287] B - Y AEE 8
3Y FPetden 33p7] B %
FYIAE PHSUOIME 2817 F52 8Y 24, 33V
52 99 109 AT

B

|
2. MEHER e A 8
AAE A S AEF ZALE A8 7 )

d

St HHE O 2 3MkE.0 2 AL

FYT] A4S 173 13386014 H7F AEE A3, 8,
F=6.56, P=0.0151)(Table 2). ¥Fd ojlnjeleldlzoolE &
e AFT F 7ol AolE HolA] ekShrh(df=3, 8, F=0.8,
P=0.5301)(Table 2).

LEHRAN T S A ol mE el oA
AE T2 e driEEE sz o] E(df=3, 8, F=6.56,
P=0.0151} oMAlElm Ze]=(df=3, 8, F=11.56, P=0.0028)
BT A7 47 BeTE SR O HEHS
A ol weh BAIA Zpol= gl Th(Table 2).

G EUTe] A9 B oA AE BE 5t 9
mhe el 2ol o] E(df=3, 8, F=3.24, P=0.0815)= H3T<]

ol wig} SAH Zole HolA| ggtort ezl =l]

SHXE| 745 N Azl vlsl oy ) A fela w2

7k 7o) FUwe] ol whE WS AR St HE RS HERARITHAES, 8, F=11, P=0.0033). °f|v}d]

FHELOA 28719t 33P] visde e iy = whlERlo|Egf opEl| e Ee] HE S e ol wet
off we WAl a el FHFUHRAN mEEsdY By AjolE HolA] $3tTH(Table 2).

A& AT B FL A0S Tukey test HAHEA BT GO $7E R0 2 e oA AE

Table 2. Number of pesticide detection points within the four cardinal directions and average pesticide detection amount according to
the number of injection holes by tree species

Emamectin benzoate Acetamiprid

No. of drilling

Tree species holes No. of detection  Detected concentration”  No. of detection ~ Detected concentration
sites?+SD (mg/kg)£SD sites£SD (mg/kg)£SD
1 1.7£0.6b° 0.291+0.145a - -
_ 2 1.340.6b 0.438+0.062a ; -
Prunus X yedoensis 4 2.3+0.6ab 0.80620.003a ; ;
8 3.0+0.0a 1.652+0.068a ; -
1 1.7£0.6b 1.849+2.244a 1.740.6a 2.959+2.608a
2 1.340.6b 1.02+1.708a 2.0+0.0a 5.69+9.431a
Zelkova serrata 4 2.3+0.6ab 1.299+1.207a 3.30.6a 5.066+5.072a
8 3.0+0.0a 1.1771.125a 3.7+0.6a 6.342+5.73a
1 0.00.0a 0.0+0.0a 1.7£0.6b 5.747+4.638a
o 2 1.740.6a 0.282+0432a 3.041.0ab 30.338+22.537a
Platanus occidentalis 4 1.0+1.0a 0.013+0.019 4.0+0.0a 13.725+9.358a
8 23+1.52 0.115+0.168a 4.0+0.0a 35.843+25.596a

“Number of detection sites where each pesticide was detected in samples from the four cardinal directions (east, west, south, and north).
"The detected concentration is the average concentration excluding non-detection.

“Means followed by same lowercase letters within the column in each tree species are not significantly different (Tukey’s studentized range
test, p <0.05).
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Fig. 2. Detected concentration of emamectin benzoate in Prunus
x yedoensis trees (number, mg/kg) and mortality against
Hyphantria cunea larvae (number in parentheses, %). A: Trunk
injection site.
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Fig. 4. Detected concentration of emamectin benzoate in Platanus
occidentalis trees (number, mg/kg) and mortality against
Hyphantria cunea larvae (number in parentheses, %). A : Trunk
injection site.
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Fig. 3. Detected concentration (mg/kg) of emamectin benzoate and acetamiprid injected into the trunk of Zelkova serrata trees. A :
Trunk injection site.
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Fig. 5. Detected concentration of acetamiprid in Platanus Halok A Wt A=Tko] 30ul o]Ake] xlo]7k 9l
occidentalis trees (number, mg/kg) and mortality against o AR AN e A=l 300 olge] Holrk A

Corythucha ciliata (number in parentheses, %). A: Trunk | =il A4 Aol7t fle B AATH(Kang et
injection site. al., 2022). Takai et al.2004)= 7Y ¢ olwjeleiul =

olo]Ee] £} Ao mE ARl U el
DAl =AY B APEE HolA] L, v TlE

2 N

(df=3, 8, F=6.56, P=0.0151)7} ThA %A Ueh b= 23S

of

HYEY 53] Ul A Ao 24dl G512} 34 ol & Ho] ARFe] E4AAS A feide FY
F5olxe] AAREo] =7 VeI T Table 3). T+

o £=5 =52 QU Ak T} T3 Kwon et al.
FHE U tist ml=r3lE el WAl 7t U (20212 UFFA} g geke] A 7F U] B
H|sto] UHA Yeld=dl 53] FY% ) A2l A$- 28}

k3
o
Ju

N
»
tlo
=
Au)
o
off

of
ol
)
2
Sl
=

i

©
Ll
ot

©

o]

ayd
o
i
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N} 38P] §F BE AR dgtthTable 2). FATE ASelE BANE BARe) S qEB g HFL
o) Z71o) mE WAZES] Wk SpELbRe] W) WAk Bl AMIROE olFdle] BB A% AT A9
714 28171(df=3, 8, F=2.21, P=0.1646)-F 3371(df=3, 8,  °l&F-lo AFAAIT7E A bFgel] 2fol7} & 4 uaL
F=324, P=0.0815) 25 A4 fol4e QIoleh kel vj% ST Hd GREAL 93 AuRe | g rw 4L
vHEgsE g ol i3k A7k mlsEEvle] Histe] EA Fol7] Wzol HFHF A8t FE FAU Dol 7
Uehsten M3 7F a4 o3l A 9%l el Al T 2Fo] B HE Aol o] wizel A& 7+ BAprt
7+ YRR IEH(df=3, 8, F=11.48, P=0.0029). o] dhek 4= it} 3HH FU3 FAE 4719 3 =]
Table 3. Control effects of Hyphantria cunea and Corythucha ciliata according to the number of injection holes by tree species
100% lethal parts for the H. cuneain Corrected mortality of H. cunea in Corrected
Tree species No. of each generation” each generation (%) mortality of
drilling holes Y,
248D 348D 248D 3usp G ciliata (%)E8D
1 0.3+0.6b" 1.7+0.6b 8.3+14.4b 41.7£14.4b -
i 2 1.0+1.0ab 1.3+0.6b 25.0+25.0ab 33.3+14.4b -
Prunus x yedoensis
4 1.7+0.6ab 2.3+0.6ab 41.7+14.4ab 58.3+14.4ab -
8 3.0+1.0a 3.0+£0.0a 75.0£25.0a 75.0+0.0a -
1 0.0+0.0a 0.0+0.0a 0.0+0.0a 0.0+0.0a 47.2+7.3b
. ) 2 0.7+0.6a 1.7+0.6a 16.7+14.4a 41.7+14.4a 74.74+24.3ab
Platanus occidentalis
4 1.741.5a 1.0+1.0a 47.5441.3a 25.0+25.0a 99.2+1.3a
8 0.7£1.2a 2.3+1.5a 32.5+18.9a 58.3+38.2a 99.4+0.5a

9The number of each direction parts in which Hyphantria cunea larvae are 100% lethal when fed leaves from branches in the four cardinal
directions (east, west, south, and north).

YMeans followed by same lowercase letters within the column in each tree species are not significantly different (Tukey’s studentized range
test, p<0.05).
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Supplementary table 1. Analysis instrument conditions
Parameter Condition
Instrument LC: Nexera HPLC 40D X3 UPLC (Shimadzu, Kyoto, Japan)
MS/MS: LCMS-8050 (Shimadzu, Kyoto, Japan)
Column Shim-pack XR-ODS II, C18 (75 mm % 2.0 mm, 2.2 pm)
Flow rate 0.2 mL/min
Injection volume 10 uL
Oven temp. 40°C
Mobile phase A: 0.1%(v/v) formic acid, 5 mM ammonium acetate in Water
P B: 0.1%(v/v) formic acid, 5 mM ammonium acetate in MeOH
Gradient Time (min) A (%)
1.00 95 5
1.50 45 55
5.00 40 60
10.00 10 90
12.00 2 98
15.00 2 98
15.10 95 5
17.00 95 5
MS/MS condition
Interface temp. 150°C
Heating block temp. 400°C
Desolvation line temp. 261°C
DL Temperature 250°C
Heating Gas Flow 10.00 L/min
Drying Gas Flow 10.00 L/min
Nebulizer Gas Flow 3.00 L/min
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