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Abstract Tree injection is widely used as an effective method for preventing pine wilt disease. However,
the method leaves behind scars on the trees, inflicted by the hole drilling activity done to create a pathway
for nematicide injection. Therefore, this study was conducted to evaluate the effect of treatment, according to
the number of drilled holes, and to find a suitable method of effectively administering the nematicide to
prevent pine wilt disease while minimizing injuries to trees. In addition, in order to determine the suitable
time of tree injection, the effect of treatment according to the number of days after tree injection of
emamectin benzoate (EM) was investigated. In both medium- and large-sized pine trees, the number of
drilled holes did not show any difference in inhibiting the population density multiplication of pine wood
nematode after tree injection, and there was no difference in the residual amount of EM. In the case of EM
injected into pine trees in February, the inhibitory effect was shown in the lower part of the trunk from 7
days after injection, and eventually, in the entire trunk after 21 days after injection. In the case of pressurized
tree injection in May, the effect of inhibiting the multiplication of pine wood nematode was shown in the
entire trunk from 14 days after injection. There was no difference in efficacy or residual amount depending
on the number of injection holes. It is therefore recommendable to use an injection bottle to drill a minimum
number of holes in trees for injection. In the case of EB tree injection for the prevention of pine wood
nematodes, treatment within at least 3 weeks before the occurrence of vectors is recommended.

Key words Number of injection hole, Pine wood nematode, Tree diameter, Trunk injection
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Table 1. Mean number of pine wood nematodes according to the number of injection holes during emamectin benzoate trunk

injection in medium-sized pine trees

Amount of injection/hole x

a) ()
Treatment no. of injection hole Mean no. of PWNs"/g wood Control efficacy (%)
. 20mL x 1 15.7+5.2b7 94.1
Emamectin benzoate
5mL x4 15.7+10.8b 94.1
Control - 266.3 + 8.6a -

JFour months after the trunk injection, tree branches were cut and inoculated with pine wood nematodes (PWN), and the number of PWN

was investigated one month later.

»Means followed by same lowercase letters within the column are not significantly different (Duncan’s multiple range test, p<0.05).

Table 2. Detection amount of trunk-injected emamectin benzoate by branch orientation and number of injection holes in medium-

sized pine tree
(Amount of mjzrci?(trril/iréae x number of Direction on tree Detection amount (meke)
injection hole) branch Max. Min. Mean £ SD
East 0.0211 1.7356 0.5074 + 0.6983a”
20 L x 1 West 0.0052 1.5179 0.6869 + 0.6434a
South 0.0172 0.8310 0.5249 + 0.3648a
North 0.2422 1.2082 0.5928 +0.3821a
East 0.1805 0.8815 0.4165 +0.2972a
1 West 0.1136 0.8864 0.2980 + 0.3296a
South 0.0004 0.5906 0.2881 + 0.2626a
North 0.1915 1.0674 0.4485 +0.3867a

IMeans 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. Analysis of variance for main effects and interaction of the propagation number of pine wood nematodes (PWN) and residual
amount of trunk-injected emamectin benzoate by number of trunk injection holes (1, 2 and 8) and direction of twig in large size pine

tree
Source df Mean square F Pr>F
Residual amount
Number of trunk Injection hole (N) 2 0.00481 0.18 0.8378
Direction of twig (D) 3 0.02896 1.07 0.3703
NxD 6 0.008678 0.32 0.9229
Propagation number of PWN
Number of trunk Injection hole (N) 162906.6 4.5 0.0162
Direction of twig (D) 3 29568.75 0.82 0.4908
NxD 38333.27 1.06 0.4

Table 4. Mean number of pine wood nematodes according to the number of injection holes during emamectin benzoate trunk

injection in large-sized pine trees

Treatment hol?rxnflgnt)(f)frglél:tigﬁn}fole Mean no. of PWNs"/g wood Diﬁgﬁg 1ms%mt
40mL x 1 181.9 + 85.8a” 0.1136 £ 0.155a
Emamectin benzoate 20 mL x 2 181.6 + 85.8a 0.084 +0.038a
5mL x 8 337.7+ 144.9a 0.1062 + 0.085a
Control - 277.0+112.1a -

JFour months after the stem injection, a tree branches were cut and inoculated with pine wood nematodes (PWN), and the number of PWN

was investigated one month later.

®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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AR HEHIL e Aol 13 TR RFAPE
dgjElofof shar, #aY o] thlE A3 ¢ W b
FEAkE AAE A4S 770 W B2 Ay o] HAE o
AA 7Y EAZA L A E A E B ot §3EA|
23 AFHE FAo] FAYste] W] FRde JFE
m & 4= JtH(Cha et al,, 2000). °]Z 213le] UF-FAL A]
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Table 5. Analysis of variance for main effects and interaction of the propagation number of pine wood nematodes by trunk injection
time (February vs May), days after injection (7, 14, 21 and 90 days after injection), and location (upper, middle, lower part) in the
canopy of pine tree

Source df Mean square F Pr>F
Injection time (T) 2 1101045 3.08 0.0555
Days after injection (D) 3 83296.01 23.27 <.0001
Location in canopy (L) 2 61619.08 17.21 <.0001
TxD 3 15239.11 4.26 0.0097
TxL 2 87432 2.44 0.0979
DxL 6 12998.97 3.63 0.0048
TxDxL 6 2361.63 0.66 0.6822

Table 6. Mean number of pine wood nematodes by location of the tree according to the time of tree injection of emamectin benzoate
and the days after injection in pine tree

Mean no. of pine wood nematode/g wood

Days after injection Location of crown

Injected at Feb. Injected at May
Upper 2263+ 111.9a” 296.3 + 82.0a
7 Middle 71.1+7.0bc 195.8 + 36.8b
Lower 50.7+ 7.1bc 1323+ 92.7¢
Upper 193.9 + 240.0ab 923+ 13.1¢c
14 Middle 339+ 11.4c 25.7+ 10.7d
Lower 0.0+ 0.0c 0.1+ 0.2d
Upper 123.6 £ 96.0abc 2.1+ 1.6d
21 Middle 19.5+ 22.5¢ 0.4+ 0.8d
Lower 0.1+ 0.1c 82+ 1.4d
Upper 1.1+ 0.9¢c 1.5+ 2.4d
90 Middle 24+ 13¢ 0.0+ 0.0d
Lower 0.0+ 0.0c 0.0+ 0.0d

Means followed by same lowercase letters within the column are not significantly different (Duncan’s multiple range test, p<0.05).

2a of Ael7} ol ROl O K Takai et al, 2003; 2004) S AFE G PIHCKTable 5, 6). LHFANES] 2
SeUIAE FRAAE IOR S URFAPE AR A 280l 58 UEREAL A, 14ARE 7 sl
ol 9.3 Ytk Webd FIAAL /O oFF Y A FAeA Bk A LekETk(Table 6). FEFA 21903
WAROIA FEASE D 5 o7 WRe] AFe wek Al ol 28 FAb Aol 7 SPelAu FAA] A}
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LB A Al FD 3 73S B tHKwon et al, 2021). 2UFAAZ S2A 345 JERI ATH(Table 6).
ol AUNFRO Ag Folse] AP R o]Foix]7] SEjubtell A wi7fEel] ogk ArAidE Hak A7l
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FFAL M X W oj# £E ZAL HEAAN 59 T Ssfete] AN ES AT

LRESEA} 8 ofjnpe el w0 o] Eo] AR S 2419 ZItHKim et al., 2003; Han et al., 2009). w&}r 2u-EA)
Al Gd= A A mEA = zkel7t SIley AL Aol tist o 2345 7EH wizlSel og AuFA)
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