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Abstract Trunk injection delivers various substances directly to the crown through drilling wound on
xylem and could be used for trees with poor roots. Injected substance is stable in the tree and trunk injection
has long-lasting effect. Application of trunk injection is increasing in living space because it has little effect
on the surrounding environment. However, without understanding anatomy and physiology of tree species and
environmental conditions, trunk injection may injure through injection wound. This study suggests improving
methods to inject substances without damaging trees. The best trunk injection is to inject the right substance
at the right time, to the right tissue, in the right way. Since the injected substance relies its translocation on
the transpiration flow of tree, the injection wound drilling should be different according to the components
and distribution of the xylem system. Trees must be injected under the environmental conditions good for
transpiration. Injection wound should be drilled on the stem tissue of good vitality in a way that minimizes
the damage to the tree. The injecting substance should be weakly acidic, water-soluble and translocatable
through vessels. Substance formulation and characteristics of additives are also very important. Injection
wounds should be drilled as small and shallow as possible. Recently, various injectable formulations and non-
drilling injectors are in the market. If the proper product is selected in consideration of the characteristics of
tree species and the trunk is injected in a suitable way, better results with minimal injury on trees could be
expected.
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AU Fel, A8 AlFolv 4% dujE Bl%
o 28 9 OJoFE Ae] T 9T sk BAA 7T
ghopet Ak Fua 71 o9 B A, Y Apda
A 9IS oA E B3 23 g8lE 538 75 =3l
7138l 25 L5 FEES] Holrt Ha, AAEH WA
Ao HEA 9 75g ek A 22 tket 394
71%5S AT AtHKim, 2006; Simpon and Ogorzaly,
olF ZAISR} QIFF7HR <late] Abgle]
, EA WAL AA FUrehe Wik B

& EAAE 7125
3 AAY 24 4 FY FLd9 e =
A" beksiAl 2453 AtkKang et al, 1997;
Simpon and Ogorzaly, 2011).
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o Aelshs W 5 oy 7Ix7} Qe 245 I 5

FEFe UFE71d 19S B3 S A3 FYske
ST Wol o] &5 7 Uth(Kim et al., 2014).
FFAR L dubzo] A& W WA o] &HE
Aol nisle] Bl E AEoY 34 =& $gAe] 4
o] IE HIESH BRI G0 FoF H]Ako 2 Q1% 9 ¢o]

T EE Ao 23R &8 F U= Al BA
o7 AMgEI JdEd(Ugine et al, 2013; Wise et al,
2014) =l M 1920978 7H2u A s A
£ 93l o] &=L 1tk(Hollister and Jacobs, 1928; Harries,
1965; Thompson, 1967; Wene, 1970; Saunders, 1971). %
UM = TS 404 o] de] JAE 7R 3
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U AK(tree injection) 5 FREYEHEA, trunk
or stem injection)& FE-S X 8311 WalES WAlsE 3t
gHA WA ] SR FEC] HFAR ol AFstaat
she e el AY gol F= Woltk(Sanchez-
Zamora and Fernandez-Escobar, 2004). 5, U5 E&(ZF
ey #2719 e Fi =3 (xylem)E A
gol e 2R 9f 92 B 7R A=A dds)
= WO 2 (VanWoerkom et al., 2014), H2]7} A &
o] A X woe ARE ¢ e et ke
A4S W WRE A Fde] wiiel] e we] o
Elt= Holm =2 A Al (Percival and Boyle, 2005), A5A]
(McCullough et al., 2011), 334 (Cha and Tattar, 1993),
G SA| (Nair et al.,, 2014; Shaaban, 2009), &4 IH 5=
&2 (Berger and Laurent, 2019), 21 273-f-(Mckenzie et al.,
2010) 5 thFet B4 el AREstaL vt € o]
Z22 YFolA olFstag el o5k a7t gle
7173 2919 FIFE A ol &t e A&Hrhe &
5% 44 o] th(VanWoerkom, 2012).
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Aol tjote] 7%=  $HTk(Sinchez-Zamora and
Fernandez-Escobar, 2004; Doccola and Wild, 2012; Lee et
al,, 2017). =3, A¥ Y =X 33 5 duibHol Ayos
= PAEHE 7T F fle BAEY, o4 5 Ui
A mE e AAZ WA OR AAF R de] AR
%3 212 ™(Cha and Tattar, 1993; Flower et al., 2015) &
AR Yol 78shs A ES e A8 W
Aol = 283 5= tk(Lee et al., 2009). T3+ FEUA| 7}
Zagh vFA FpApol e A Y-S 2 Q
kA A HOZ QAT Q)th(VanWoerkom et al., 2014).
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Sl M= gl S B oA} giS
U BIAE o] gk ‘1§%2i o] AREE ATt
(La et al., 1976; Park et al., 1994). 2ol AZd ALY
Holu =4 7t2FEA é— 153t 2UEAIAE, HE
Uy 5 Hale WAE flste] Bol ARkl Utk
(KFS, 2014). 7542 obAA s} WAl g3 WA o
WAHE Hls) F A FEHEE A 3%
A ARERIETE 3 S
HFAHFY) 5oBE
%Ol‘ji AHE-31A] o}
of gttt}

A d HO2, Granada®] Hadjerl 115830 2 714 A&
=719k el S (pith)oll ThFeE 225 ool 3k &
woll Fwl, 71, B84, A8 55 FHL AET o
CH(Perry et al. 1991). o] o2 Abghol] ofaf 71F0] Al
==, 1i‘r FHAA o5& H1l HoUEE oA}
=o] ' HEols 7] flat] Sgohbid Hjag F
?QS}EiEh: SHEE 7]15% UTK(Stipes and Campana,
1981).
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=, ol”E], v ol gl #3g wt /‘]535}‘2?\‘3}
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Hr7] flste] wrell 54 E4S T8 ARkt o]
# et S Ee] NEEe] $ith(Sanchez-Zamora
and Ferndndez-Escobar, 2004). @A ®o] A5 = 7k
Yo e AT ATl et AFFole nAY
22 (pressurized microinjection method), &4, &4,
54, A Bol dth(Lee et al, 2017; Berger and
Laurent, 2019).
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FUE =Ho] YF=7]E wet oFslal, £ AAR
HAtE = AL SARE Ol el FrejollM FE Eo]
< et Yo o)Fshe dEét Lk &, =dexE =l
=R ol FapA|Rt £ Ao FPE EHS ¢-ofef
FFo 2 o]gsit= HollAl &k &) 7t UTH Tattar and
Tattar, 1999; VanWoerkom, 2012). 9 &2 o]52 o
FHL ARl E o] AEsh] fEside =

o] B o AA WA o] tids] Fasit). S,
o WEHE 3709 ol 7P F23tH(Aajoud, 2006;
VanWoerkom, 2012).
gL Bz wet g2
154 olsx %@#‘%Ql Oé%g =0 Chaney, 1986).
A3 Fejo} 7= 55l wet 2 7 54¢] e,
ZHEH, vessel), AEFH (7=, tracheid), Ad-fr(fiber), -+
Z|(parenchyma) & Ul 7FA AEZ o]FojH Utk
(Chaney, 1986). 23 74 AL F5Fo] wje} & o]FHo]
2, 234 =771 AXNRFE 100-300 pm) B 9
Bo| AUjdoz me £ o5 AU}, dERS &
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ol vl v Z2 (A E 25-50 pm) ¥ 2ol = oA
Eo] 92 o]F3lHH MEH = HItS

EHORE o]Fslofoldt slER o]F HE7F AUHoR =
2] t(Sinclair, 1981). 97 EdFe T2 =47 A=
o2 Ho gle v, JHg ERRE 2 dEACE 5
o] St}

ETAE FRH0 wt U Al(wood)’t ZHHTE U
Aol e A3 (diffusive porous wood), -5 (ring porous
wood), &l (non-porous wood) & Al FF7F Utk FF
Ae 2V AU, 7REHIVE 5 A E BERE 7
g3, iAoz A7)7F 22 dEARO R o] FofA] gl
th(Sinclair, 1989; VanWoerkom, 2012). 4|21 & Z2 R =
AREAl e SgAleld, B Ao 2 o]FoA Qi
AEAle ERE slEgo] yole EAlek FAo vlwE
UsA EEHo] AUtk AEAl FEE SFUE, DAV,
HSUE AR Solth(Sinclair, 1989; VanWoerkom,
2012). 3k A= Atet Edo] F2 ol FAlo Ex2
of glom =3 A7) ARG A A FEoR

= Wb, EFdUUE, =5 55 & 4 AUTKSinclair,
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OlFEEE YA BE, FRIe o] Aedhe S
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2 W2 JAFTolM Y SE7F =2 E UE ol
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Etl(Lee, 2012) T4 AE ZHo) W& FR o]FEL 3}o)
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F 2 yoldHl PERF & )2 )5 ¢TH(Chaney, 1986;
Tattar et al., 1998).
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218 HEsl AAEE 9 EdE0] 9, of RE W
Fo 7 o|FdTh Aol o] AFAIYS Folo] EH
A CH(Tattar and Tattar, 1999; Harrell, 2006; Lee et al.,
2014; Cha et al, 2019). 7kl F9€ =4 AxY
(symplast) ©]52} M E7H(apoplast) ©l5S EF sh=H],
U7 &S 2= apoplastz EEslA o]Fsl= WhH ol
Z0 2= symplast2 F2 A o]Fo] =& Ho|tlZillmer
et al., 1991; Cha et al., 2003).
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A2 H EA(Perry et al., 1991)3F @4 2 ESF 37 (Tattar,
1989), FHEH] 3184 EA3 AP (Sur and Stork,
2003) Soltt. FA=Z9] Fot Bk AR 19
e B2 F A& 84 (Reil, 1979; Percival
and Boyle, 2005; Doccola et al., 2007), U Al7](Reil,
1979; Aéimovié et al., 2016), 9% (Sanchez-Zamora and
Fernandez-Escobar, 2000), U+ 2719} 525 ) (Perry
et al., 1991), =2 el (VanWoerkom, 2012) 53} 2% 3k
ol A
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% %%4$1%%ﬂﬂﬂﬂﬁﬂﬂﬂl s,
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Eo|doz ‘?—a"\“/]rx% o fﬂE]—(Perry et al., 1991) A& B
ot SEIHAA o] FoAX =, FEI S 8l
w2t &4 2707} = "P‘Zﬂg} A7 =N, 13
Fob AAR7E v2a, E s ejH o] tEr(Clifford
et al., 1987; Ferry and Gomez, 2014) SN B Qe 2
EgogE B olFo] MEn, £ EAoEE Fo A
7l B Eol o]a}r] olHth. :rLJJr*T%%% T A%
o]  7HedE THAAL SlojA dWHE o R SN A ERT ¢
759)o] o oyt LA 9lom(Sachs et al, 1977;
Reil, 1979; Sinclair and Larsen, 1981), A &H]| = F=7k¢
) Aol a.¢lo|th(Zillmer et al., 1991). oJ# £ ZHo| 1}
AP o2 Holglo] FAEZ] 771 et o] B
O 2 AjolE(Takai et al., 2004) == WhH, ojH F& Ao
2o} FQI K9 Xﬂﬂﬂ‘ﬂ 453+ (Chaney, 1986).

5 Bl 7HA| 9 Qo= olFs Al#
Er“ﬂﬁ] T olgit). el EdFe 7k vl
4 Bon, o B2 Edo] Hato 74

o] F7kstal #ddt o]aA3S EATK(Sinclair and
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Larson, 1981). whebx ¥t ﬂ%oﬂ U3l oYL=}
FHolES TTMA, +E3E Foli FYEES =Y F
ok ZHEZ By Zg F7F YRR F9l5%S )

Falo] 714 ETH(Tattar et al., 1998).
TS sty 5S40 NE

FA=Ho] W] S & i)
o] golof ahH, 54 oA setEo] '] 3 se
AEE Yeplle BAFHAT 71845 20 A15: organic
carbon/water partition coefficient, K,.J& =4| golo} st}
SAaFAAT7E 2O Fodlou Ee] fr]gkao) Sty
o] FHO RO o]Fo] AfHBR FAk kg A
7} ek ARt EulEs WAIE 918 prohexadione-calcium
(POE T3t = 237t IE Aol tial] Acimovié
et al. (2015)> PCY] &40l 174 mg/LE Wi, {784
2 RajASE 155-1428 mlg @Eﬁ 27) W] kA7)
B ol FskA Eatal it 2348 A7) wolar

s,

CEREEEE

2210 th(Percival and
Boyle 2005) AAES Aol sto] 74l =
Aol AFEE F AUe A oW, FEAo] FEFE ﬁ
FEHoE Ak Al wt B3 olF Al
gt 84 2o AT o B8 oR olFHd
(VanWoerkom et al., 2014). 84S SEHS-5 EujA|S

@
o

(octanol/water partition coefficient, K2t 2Fsll2]/d<(acid
dissociation constant, pKa)oll ¢J3] 2= =0, 8]
STE S 2 FFete] AEA W olsAo] ETh(Sur and
Stork, 2003). pKa7t EoH 45 e eiA =], &3
pHE 5 AEo]X AL 8§ Axoleg F9532 pKa7} %
2 Holojol EHOF 0]F-2 ZTTH(Coslor, 2017). F
A7} Ao AL A EAJo] Fom o]y = -’T*%*éol?i
A BEHOZ olgx|o] o7 Z]i7]7 He Zdojxit
ARE FYEES dHsle 88lot). FY=22 R
’\] EJJFO]E’HO] 4‘0}01: 0}”4, % ]63"3 oFAlEbH O

& %ﬁ# xﬂﬁ E%i 01 o} lﬂ* 11115}%&3315% =
HO 2 o] FIERE 9] A E thETH(Huang et al.,
2016). =5 vFEY i AFelA MBC-HCES 50%
W= AT e 0] =9h7] Wit o W] FYH
Rom, WAl g2 = MBC-HCIo] B ZTHVan Alfen and
Walton, 1974). 5845 Qo A|EFe] SHPA L =o|3 &
H= FA] 2% EXIEO] A7kelo] e, olgY &
. o u]i]q- _/,:9_014 th =Xo

Mg BHEA7E §laL, 4l o
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FU AL EM ¥ EY B
2918 wo] BAE sz} Bl wl$ Fa5}th Byme
et al. (2014) o}R 7ol T3l Aol o] 34 Aleh=
A1l 79 Serh 7 Rl sl ARk A
A (Clifford et al., 1987)0l14 gl & Fo] #7159

3hH FUEZo] il o) B|EEA B2
3

X Cha et al.(2003), Sanchez-Zamora and
Fernéndez-Escobar(2000), Tattar and Tattar(2007) 5 B
A7AEe] S 2717F 5718 el ¥ A gheitt
3L 31t} Sinclair and Larsen (19812 2 7H4] 5 of
gk AolM SolsiAl® edrthe 98l TSNS
“41 ] W=7 z°‘51°*ﬁh Bysloy I o5 AWt
Ae Faldleh FUA7I et 2 Aol7) gtk Bk
U= Ugine et al. 2013y =29 1S5 (Acer platanoides)
o ojntER =5 JHY 27191 44 dkeollM 5Y x5
FHES) S w7t Yol $hds] Mg 59 skeellA] 7
o Z5 Aol vlste] o W] F5E Ao 7HAIZE #lel 7t
Bol TAH zpol= gl & o Tk 3Tt B3 Cowles
et al. (2006y> &EFUFH(Tuga spp.)dolA Adelges tsugae
S WAlEb] Slste] olnuE Rz =g Thed AT
A3} woll AT Aol &t 2pol7F flHkaL sidivt.
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AE 2015 B $75Y SEolE o

2 5 9tk AYFE TR vol Pyl 713o] B
& 7971 BOBE o) ols} ol Aol £0FY A
7olet. B 7 1A vFol S U o b5

EQRS Az A5sA got 71we] deEle As W
slakA] &S w7t Yol et mEka Bkl A
3 vg Bl #FE sl 57 AEESE §
Fol| FFYPE she Bl =

HA WaljFo] A 54 gk Aol flofA] wi-¢-
Q3 gololu®g I Al7le WhEA] Ui e A
24 E47 i Hallse] Aed 548 HgHer ¥
Aalodof gitt. sEluetollr Ty HAES A8skar
UE T8 A5 sl S4A AR HE (Matsucoccus
thunbergianae)®] 73-%- 11958 °o'd 299] $7|&
) AIZIZ AR S E3L AETI(KFS, 2019) ©] 3159
717 A el wE g & J= Zpolvt Q= S et
5} (Lee, Unpublished data) 579 A171%= Aol we}
geprof & Zlo|t}.
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Y SA Tt e T 5&0] A gl
UH(Ferry and Gomez, 2014; VanWoerkom, 2014; Lee et
al, 2017). A&HFS 1&3Fol Hlgte] FYFo] Fiid

54 R2e)7|7) dol fAEAE At
St} &S B3 nho] A7]aL = RlE &

& o) Z H
b 72 & Stk Bol WEG AFLL BARE 7)ol
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Bl A, 79 2=

%tom(Cha et al,, 2019), 7] 55 FY F ¥4 5
FARgo] Btthe Bk th(Cha and Yun, 1995; 1996).

+UFY BRG W

o GBI hE FUFYL A A=E ol
38 wrste} gk Rst shgEel a4l wol
ABA URRE ARFEES 7Y AL 2ol hre] F

= 3= £el7] 915t Bdglol MRS 71eS Estar
on, tpget T E] g 5o BA AR
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TS FU3 3719 Wt v35=Y (macroinjection)
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s 27ne 3 =5 v B o R FESle]
s JA 2047] 2FWAlE 7R
o] T Z¥vhe wWgo® taFdel Atk Costonis,
1981). 28y} 204171 FWHEE] Shigo BARE HIESH o1
ATAEC] FAFYFLE Qg B w2 2% )3
£ oldo}l #4332 (Shigo and Marx, 1977; Anderson et
al, 1985) 7% Z77F U&= vAe I vv|sitt
£ ARo] FARA $0Fe) FR7E 23FYoR v
HARTHCha et al., 2003; Sanchez-Zamora and Fernandez-
Escobar, 2000; Doccola and Wild, 2012).
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