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Abstract Pine wood nematode (PWN), Bursaphelenchus xylophilus is one of the most serious pests of pine
tree. Trunk injection of some nematicides in tree is well known as an effective control method. However
there are some limitating factors which hindering the efficacy of trunk injection in field or potted tree. In this
study we suggested easy and useful alternative screening methods of nematicides against PWN. Reproduction
of PWN was influenced by tree twig moisture (high reproduction in high moisture trig) and paraffin coating
was 78.6% reduced moisture loss in tested twig. There were no reproduction different in up and down site
from infection site of twig at 1 month after inoculation of PWN and also distance (5 and 10 cm) from
inoculation site of PWN did not influence the reproduction of PWN. Numbers of reproduced PWN were
higher with decreasing diameter of twig. Numbers of reproduced PWN were similar to P. thunbergii and P.
densiflora. However reproduction was increased depending on high inoculation density and longer
propagation period. When inoculation of PWN on cut twig injected with emamectin benzoate 2.15% EC and
morantel tartrate 8% SL in trunk of Pinus thunbergii in the field, PWN number were significantly reduced
than untreated control. We suggest this screening method for PWN control agents.
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AUSAN A S (Bursaphelenchus xylophilusye U5 H]
5319y Abies, Picea, Pseudotsuga, Lalix, Cedrus, & Tsuga
spp&el 71FeA FAEt] URE Sole WAt
(Kishi, 1995; Takeuchi, 2008). ZU-FAXZE& v)=3} 7u
o} g AR FA]9] Ju| A o] 4RO Z (Dwinell, 1997)
AR Jr] A oM vb-R7F A3 dolo] v
e AEEole A2 TalE WAL gl
= %‘QL}(DWthH and Nickle, 1989) $-2|L}2}E H|E3a}o],
A&, tinh, S5 B X2RZ A M= ARl A
A F&e %ngu UTHCheng et al., 1983; Tzean and
Jan, 1985; Mamiya, 1988; Yi et al., 1989; Mota et al.,
1999). E3] $-ejvietel QBN S-HE T (Pinus thun-
bergii)?} 2P, densifloraye 75730 o AUAlA
Zof ZFE=™ 100% AR THKishi, 1995; Takeuchi, 2008).

DFAPAZ o3t gjgll= Dol A HA =T
19053 Nakasaki #|&jolA] Aup-ajAd gl 23k Hs)7} A
S 93 o] (Yano, 1913) AA)= Aomori®} HokkaidoZ
Aoet i dojoz FAkEo] i, FIFE 1932
11,700 m*oll A vid Z7}sted 1979300+ 2,432,700 m’]] ©]
254 1980 ] o]F-l& wid 1,000,000 m® ©]d<] ]3]
7} @S It Mamiya, 1988; Kishi, 1995; Futai, 2008).

Syl M= 19884 Hﬁ :‘7‘“}01]*1 HxE o
AR A J%aﬂ*ﬂzcﬂ gtol E(Yi et al, 1989) ©]%
s gt A E }04 1%% ia% 7]&0]3 Yol =
ETeta, Tk A 9 AEA AN iR FEiA| 7}
A E S lom 14‘4-4 E3oF AjE AlIFE B Falehe]
A5 w3, WS A7 FFAA7kA] a7t gate
2ATH(Shin, 2008). 20004 ©]3 wid FsjH o] F53}
2005390+= 7,811 had] F3f el 862,542 152 AL}
ANZ ] AAEANLH HAHE-2 9507 $of] o]
31 Atk(Shin, 2008). £3] $Eluehs HEQ] 63.9%2]
6,375% ha7t Ao & FAE o] 91, Avprgo] AR A
o] 23.1%3% 1,473 ha® A= 3)of(Korea Forest
Service, 2009) 2UFANFE WAISHA] & A AA 4
go] AR xH7A &agolo] & 4 ¢

HEA A oF UbERe] A “‘7] 91 iy
B2E 2WBPAAE AAE Sole WHS S5dskedst 2
< WHFS SFole WHoE tiEd = et A=k A
morantel tartratel} abamectin, emamectin benzoate®} 7> 4
AZAE APFAIZE S Aol ol FAR ] &
YA K=o 5218 2= W] 3 (Takai et al., 2000;
Lee et al., 2009), 2] 735~ wl7H5-¢] 9-3A 7)ol Wz
Ao} 2o AFAE 3 AXAY vgiH R HAE o]

=
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Research Institute, 2006).
S HFAAE gl = TlslE % H’S}Cﬁ T
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Fao] A, A AFT AR 7

2199 Xﬂdol‘/} 73 vk 5 1R 9 ‘%‘:L
<t Hgte] WA QS A gtk 2y IR
WollA B2 o] U7 FALE she A2 B =FEo
s, Hgo] Bol 57| wie] o] A&sp|=
oj&] ¢ ©Ho] Arh(Kamata, 2008). 3FA|RF o]2] gt o]
T Bk, WrpAke abrAldSE e delE o
2= gj\t 7].7<P EJ,}XJO H]—BJ oz /\L]»—,—ZHH%EH o:]]H]—Tg__ .?4
Sk AR BAIA S A7t o 8 | vk QATH(Takai
et al., 2000; 2001; 2003a).

ol gt AHFAIAZ tigk WA e aE AA =
ol = WAAIE 2ol 343} platelt petri-dish, A1 &
ol ¥ &, APFAEASS FYstd XA fFE A
sl W FH(Kong et al., 2006; Elbadri et al., 2008) ¥+
sFol¥ it (Botrytis cineriaye WA oA wjst & WAAE
s|Aslo] Fofl &35 Fgo] #APE ARRIE wiA Y] TS
o ¥, 2FANFE HE & F, A T Foe
A OoE* ZARIAY 2] E AR NS FE AL

3= WHo] Qth(Mackeen et al., 1997; Takai et al., 2000).
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FAog 9Z3} olZ 3-5ecmi-EF 8-10cm HES F
o7 A3, A e FAE A AL Fo

AHE WrETE =7]9F AA7H91E o8-8kl 5 mm ofste
o 27 5 Zv 7Yooz AYFAMES st

Aol 1E 7 2] Sl 2 RS WA, FRS
g U7 AREe] A/=% ARt S} A § vl @

u1 3 Sl ATISIc 4]
ey,

LS Tzl wE ALPTMEe| E4

T A7) 25 em W2l &S #1740l 20 (20.5+ 1.6)
cm W9IQ1 F3t 15 (156 1.0), 10 (10.0+0.5), 5(5.1£0.4)
cm W99l FEO R o] 20em Hol= Asigint. A
o SRS 7S HE ol8sl] ddHe & F, &
WA ASssled 474 7Tmm =d2 A3 F,
274 21,0000k o] AeE HEStAn BE Ao A

HE A AA HEFL 1mrt @A Aelsidon Az
AE HFo= ot AyFdle AeHEEeR
e H FAE ARG, A7 &
5°Ce] AP el Basii=d A2 E=o wo] A
2pE7E A e e R A9 TR, 309 ol A

A=RE 21k off 3-5cm FE}

= RS ] = T
Ak
AUSHNE HE Yol HE 3 R0 ALSKE

AAge] FE3 2T A 2 em W9 mh7t 91
= =2 7HE 30 cm W9] Aol Ak §t 7, A7 el |
of Az enketh. dele HAud Yl mxs
=, 7K @ﬂ?ﬁ J%EM TX7F AFAIAZ vX=
4 o2 AYRANAFS FE8l, 25°C &
2710 Qe 71A] 9 SiFto] Y& FshEF Al9A] Bas)
At 2EAAZe] FE UdxE A7 om 9 10, 100,
1,000v}] & HE sk, A= A= i 10, 20, 30 %
o sied ekl =X Ady s Fg et A%
s AR she] 7HAE § w0 giks g
SIStk &) 7] HtAE 23+0.1 emAL, AU
=2340.2 cmth

of2l0iM +=ZtFAL 230t HE
AlBlo| AbRSH ok

SRS WA S ke g eyt &
morantel tartrate 8%
AE A 0|83} tHKorea Crop Protection Association
2011). Morantel tartrate A4l ©lo}RA] Fo 2 ARS-H
7l 11458 ths 3l 327K°]H emamectin benzoate=
Streptomyces avermitilis EFNFLZRE EI3t HAE
F58 Foz 129 9dS $7FAF S (Tomlin,

5] =

A9} emamectin benzoate 2.15% -+
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2006; Korea Crop Protection Association, 2011).

LA}

2011 2¢ 109 A AFA] 7Has 73 gl 9
& AN FHFAE it FFARE 817] ol
TAAAE S8, A FHE =EE o8-Sty
6.5mm #7¢] EERE AGHERE 1 m T2 30° 2=
2 AF3E 5 emamectin benzoate 2.15% FAI= F& ©]
£3to] A7 em3 1 miE Y353, morantel tartrate 8%
dA= 220miE FYEE o]&dtd FYHAUT. Ema-

mectin benzoate *|2]&E-L Fa &7 et HFste T4
9 = 25192 morantel tartrate= 1719] 7S A
T T FUHS AYsIATHLee et al, 2008). FAE=
20t AL, & 2R e o ‘ﬂ%—o—i 105}
B APk, A Mg P galz
2.3(6.0-15.0) cm$It}.

4L 107 £

TAFAL & I 2 F 2 AR o A
AN 7FE 7Pk 7HE ' 7 Aedt | A 2em
vele] vzt fle 22 %‘i——g— AR79NE ol8sle] et
soint. Awst 7] &
gk 5 20 cm W7t HEE ”%‘D}. e 7K %ol
G gon vepor =¥ & F, AR
g FATYR HTH9 =HUS A
ST F, 25°C F271 xﬂ % 309 &<t

ﬂJl

m[o R o l—J

2 2UYFAAZ] UEE éA}o} D} zt HTOW A5
o] 7IXE &k ukE o= 1oukE H2)Ek).

® fo % 4o
b e 32 2 o

SAEA

1 Age] el 2E 7o) Be AUTANE 5
21529 HHE test T HEZF 20| 2 ¥ (PROC TTEST)
S0, HENORRE A3t Azl Eel] e Fe] Fol
£ 7 A2 ) 24} R A FA5E 7 H, 7
o 54 8 H&S AN BE IS Tukey
test® H4HEA(PROC ANOVA) 3F9TH(Cho, 2006). 2
o H7e) WE AUTANE) FHFe 2t AFE(HA
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5,10, 15, 20 cm)E Tate] Ht7b 2o]E Tukey test=
EARLA (PROC ANOVA) oPi U%( ho, 2006) A A7
2 gato 2 A =230 AAAAE ’\P‘_E/}i(PROC
CORR) 3FATHCho, 2006). £3 _/aqm,—zﬂ*%z ZeEarito s
dithukake] Z218F xpole ttestz2 I 7+ XpolE W]
(PROC TTEST)3itH(Cho, 2006). 1A &3 A2

2 2UFEAAZE] SA5E Tukey test2 FAHEA (PROC
ANOVA) 331 THCho, 2006).

lmﬂ

Z o

ALER JHXOIM 242 ME B4 TA
TR HehHo| TRl =3 ALIEXIME SA0| O)X|
= g

7] Ao sl X 3E U9 SR E4S
78.6% 77T (Pr>]t}=<0.0001)(Table 1).

Tk MZo] ZAZdx g8 nA dade =¥
o fpedo] e Al FHo] Bol HUThProi=
<0.0048) (Table 1).

AAHOE ARANFE WG F $REM0] Bo)
H5E AR Z224)L A7 =AthFig. 1).

aRANE BERARE 8
-9} AAIRLe] 2ke] 7} gl TH(Fig. 2).

P

2} sealing -

AT | M2 AUPIHMES| B4

=59 7 A7 wE A Fe] FAFE 24}
St A3= Fig. 33 2okt

Aol AEFE AFANZ F24Fe BoF A4 5em
ollA] 453.9112]/go] F21=o] 20 cm®] 41.87})/gol] M}
oul] o]A4ke] xpo]= B ATHALS, 16, F=11.01, P<0.0004).

SFAE 3RS WE ] FAE e A
AHor NFs JEe v 5 Fi9 AT S20l &
Fedl(FLFS F24 AF5=301£70.0/g wood, HF Ht
Y F2] HEF=190+44.3 g wood, Prlt}=<0.0218) 2]
ZAEEE 20emQl A SAA Aozt AAUTHFig. 4,
Pr|t}=<0.0286).

Aol o8-8 A FE9) A4 g7 AEFFE v
A3he Fig 59 A9k H70] 4255 FA5E 24y

AAFel FE F7Hn,

Table 1. Effect of paraffin sealing on twig moisture and reproduction of pine wood nematode, Bursaphelenchus xylophilus in twig of
Japanese black pine, Pinus thunbergii at 30 days after nematode inoculation

Treatment

Reduction rate of moisture in twig (%) = SD

No. of nematodes in wood/g + SD

224429
48x1.7

Paraffin sealing

No sealing

1217.3 £335.5
472.7+£270.7

1000 infective juvenile of nematodes were inoculated on 2.3 + 0.2 cm diameter twig.
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Fig. 1. Effect of reduction of moisture in twig on pine wood
nematode reproduction in twig of Japanese black pine, Pinus
thunbergii at 30 days after nematode inoculation in 25°C
incubator. Open diamond were paraffin sealing treatment in
edge of cutting side of Japanese black pine twig and dark
diamond were no paraffin sealing treatment.

T ——
WMo sealing
el ———
]

o 10 20 30 40 50 60

O paraffin sealing

Distance from nematode inoculation

Ratio of nematode isolation(%)

Fig. 2. Distribution of pine wood nematode depending on
distance from inoculation site in twig of Japanese black pine,
Pinus thunbergii at 30 days after nematode inoculation in 25°C
incubator. Bar was standard deviation.
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Fig. 3. Effect of diameter log on reproduction of pine wood
nematode in Japanese black pine at 30 days after inoculation of
1000 Ijs/diameter of log cm in 25°C incubator. The same lower
case letters above the bars in each diameter indicate no
significant difference among the means (Duncan’s multiple
range test at P<0.0004). Bar was standard deviation.
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Fig. 4. Mean reproduced number of pine wood nematodes
depending on sampling sites (same vs opposite site of inocu-
lation) in Japanese black pine log. Nematodes were isolated
from log. *was indicated significant difference among the
means (T-test, P<0.0286). Bar was standard deviation.
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o
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Fig. 5. Diameter correlation of nematode inoculated log and
reproduction number of pine wood nematodes in Japanese
black pine at 30 days after inoculation in laboratory.

Fo Mo s ARl F a7
ol I 2jo] S HolA| egktH(Table 2, Fig. 6). 21HF
A2 10k2] ek 1007ke] HE Alells v 7oA
ol Wt} SA57F B2 g Balow 1007k HE
F 203 A Asle BAA Aol $iNlS
100072} HEe] A5 wEAA SA57F B2 Al
U 1,0007H] HE F 2003F ZARIA T FAH Aol 1B
Stk

>

APTAAS BAEo R 55 | 7 T s &
FFARLAL, & @ Foll 7S AFH St ApFAASE
A3t 47} emamectin benzoate 2.15% FAS FHEAF
gk 7EA M= 1951019 Al Sate] A&t
229 3075.4n12]9} 2 ApolE B 21} morantel tartrate
8% MA| Hzlol|X = 2329.3m2]7} el o] FA 2| e} zle]
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Table 2. Analysis of variance for main effects and interaction of pine tree species, inoculation concentration of pine wood nematode;

and days after inoculation on number of pine wood nematode in twig

Source of variance df Mean square F value Pr>F
Pine tree species (S) 1 41174.7 0.14 0.7101
Inoculation concentration of pine wood nematode (1) 2 6371722.7 2148 <0.0001
Days after inoculation (D) 2 5155742.2 17.38 <0.0001
SxI1 2 1278701.1 4.31 0.0156
SxD 2 91122.4 0.31 0.7361
IxD 4 1612938.8 5.44 0.0005
SxIxD 4 750712.0 2.53 0.0440
Error 119 296595.8 - -
Corrected total 143 - - -
%h fsoo o 3 . 7000
§ ;:;z O p thunbergii E 6000 ¥ 30 DAT 3
Z 2000 b2 g s { FleonaT 2
.?! 1500 '§ 4000
g b d E 3000 4
E W @ : ee i.[‘ ee ";
£ P = g 000
10 20 30 E 1000 - b
= B B A
10 100 1000 0 —_
Days after inoculation/Inoculated pine wood nematode Emamectin benzoate Morantel tartrate 8% SL Control
concentration(ljs) per diameter(tm) 2% EC Treatment

Fig. 6. Effect of days after inoculation and inoculation
concentration of pine wood nematode on number of alive pine
wood nematodes in twig (mean diameter was 2.3 cm) of Pinus
densiflora and P. thunbergii in 25°C incubator. The same lower
case letters above the bars indicate no significant difference
among the means (Duncan’s multiple range test at £<0.0001).
Bar was standard deviation.

7} GATHdr11, 18, F=2.41, P<0.0472)(Fig. 7). 28} &
AL 60 Foll AFE 7o b E S HE &
A3} emamectin benzoate 2.15% 4|2} morantel tartrate
8% A A BT FAEF vls) 22 MF4E Btk
(df=11, 18, F=3.57, P<0.0082). ~7+FAF 308 Sofl a3 gt
TS AHFAAS HE 309 F o SAEE BEE A
goA ZolE HolA] sk=wl(dFll, 18, F=1.27, P<
0.3176) emamectin benzoate 2.15% 54 AZ|oA= 4.1+
1.3%, morantel tartrate 8% A ZE|NM= 4.5 +1.8%, F
A FolME 3.4 £ 1.4%At AL 604 - AFT 7
Ao A ASE HESL, 309§ 7B W gt
2gL 304 Tl A gk A vlste @A =Ry
] 7+ 2pol= ¢l BHemamectin benzoate 2.15% 54 A
2]; 21.1+6.0%, morantel tartrate 8% YA A&]; 22.8
4.9%, FA2; 25.0 £ 7.2%).

Fig. 7. Efficacy of trunk injection of emamectin benzoate 2%
EC and morantel tartrate 8% SL against pine wood nematode
in Japanese black pine at 30 and 60 days after treatment. Pine
wood nematodes were inoculated on the twig of injected trunk
of Japanese black pine. The same lower case and upper case
letters above the bars in each days after treatment (DAT)
indicate no significant difference among the means (Duncan’s
multiple range test at P<0.05). Bar was standard deviation.
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DA S BAE 1% opAle] Akl ThE 3 F A
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U 71 e R sdsy]7t Solsha, 13}
Aoz dagh ils 24 A%l ol A¢A A &
uroll 24 A8-8he dr=e] Z1F o] AArk(Kong et al,
2006, 2007; Elbadri et al., 2008, Lee et al., 2010). ©]& 4
Lol ik AEol vl A7k, 2o] Bo] Ex whd

& 7P 22, 49 F 2UTAE dene dush
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o) i Bask 474 OlEP e el 07
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