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Abstract Pine wood nematode, Bursaphlenchus xylophilus is a fatal damaging pest, infecting pinewood
trees and is one of the serious forest pest in Korea. Trunk injection is one of the most effective method to
protect the live pine trees from nematode infection. The aim of this research was to reveal the efficacy of the
nematicidal materials from 46 Kyrgyzstan, 88 Vietnam plant materials and 21 active materials (a-terpinene,
o-pinene, B-thujaplicin, cinnamaldehyde, eugenol, emodin, geraniol, limonone, methyl palmitate, matrine, myrcene,
methyl gallate, nicotine, quassin, resveratrol, rotenone, thymol, thujaplicin, terthiophene, tuberstemonine, y-
terpinene) isolated from plants for using as trunk injection agents. Eclipta prostrata extract was highly
effective against pine wood nematode in plant extracts and terthiophene has the best nematicidal activity from
active materials isolated from plants. Foliar spray of terthiophene on Japanese black pine (Pinus thunbergii)
tree reduced proliferation of inoculated pine wood nematode at 22 days after treatment, however no efficacy
was found over 22 days. Eclipta prostrata extract and terthiophene can be used as nematicide for further
nematicidal efficacy test against any other plant parasitic nematodes and trunk injection efficacy against pine
wood nematode.

Key words Kyrgyzstan, pine tree, plant extract, trunk injection, Vietnam

<< ORCD T2 SFEAFE TSR Hupdr. abrAdEEe
Dong-Woon Lee 190040t 23t AuolN H22 wasiglont 19710] o
http://orcid.org/0000-0001-9751-5390 oo} AU Ao gol WA 7} AFEAAZe]o] 3

259 tH(Kiyohara and Tokushige, 1971; Mamiya, 1988;
Futai et al., 2008). ¥2A 2UpFA| M Z o] LAY o] 5
198213} 19880l Q13 =3 fEjuetlld v
HEHol WAL, v AThE B4 AL 2
WA dSe]l AEEHY olF fH AFd AERIIT
(European and Mediterranean Plant Protection Organization;

MOE

2UFAN DS (Bursaphelenchus xylophilus}o— i‘/}!f—e o
A I s frdse aubrAATE e dd AFeR

*Corresponding author . - -
E-mail: whitegrub@knu.ac kr EPPOYIM AAtY sgo= AAsislaols &sial

56



Nematicidal Activity of FEcljpta prostrata and Terthiophene against Pine Wood Nematode 57

199951 EEREZA AFAAZ HAYo] Bl H ol 2
524 Addn 2HQlez Sk 9l (Mamiya, 1988;
Mota et al., 1999; Zhao et al., 2008; Téth, 2011).
APTAPASE HAlE R OR AR ZS] wig
S5 ARt HE IAEEY] AAE $AlskE 4B
A 19359 ©]% ufid 500,000 m® o]4Fe] AUEE0]
AR Qlom FollME 1982 o] F TAHE =9} s
HAo] F7Fstal JaL, FARTE 19955 ©]F 1,000,000
T oo Ao WAL §lom o5 WA Qlrt
(Mamiya, 1998; Zhao, 2008). -+t A= 1988 -4t
FGAIA HZ BAo] ol H o]F ujg)] Fito] A&y
o] 2005 35-E 20143714 8,060,989 1F-2] 2 IARZ0]
A ERAL Q)AL (Kim, 2015), ©o]&-2 Hajso] F5sAY 3t
#, 27+skar 2Ach(Shin, 2008).
APTALASHES BAE] s He AUFAASS
o= st o %Ur Ll s U=
o AHFANES e st Hbﬂ% 4
Askz AR Al W AUTAIA e el
2G4 o HAE HEFAsE Wl o
S e R st WA wilEe] AHHES Al s
AR A R w7 3 2 AF 2 Aol A
Av nA=, A4 & A2A 13161% Wigol itk
(Shin, 2008).

2PRAAE FERON IS AN IAES Aol she
e 2URAAEES S WAT 4 g PEel]
€ At SHRANSE B9 Aol Wil ARs
e ohuth mekd AbRAaEe 29 2 SAsiA
£ QAIE BEEAS HRFAE VS 45

o]th(Shin et al., 2015).

SRS S oWsl] 9% UFAL CRIZ = ema-
mectin benzoatel} abamectin, morantel tartrate 72 A3

A Eo] o] &5 = (Takai et al., 2003; Lee et al., 2009)

g7l g flsigdolt -Gl S wjizo] AH)&
33 Qo] EAY gle oAl BAlA] st 5_{%#7}
Z71e 3 = Aol th(Park et al., 2007; Lee et al., 2015).
olglgh thA] WAEARA AF7F &Ed] £ EgilJ— A= A
2 AEA FeEdolv mAEE 5 &40l =
Aslel wofolut slekwof /g g8d 4 7] wieltt
(Tomlin, 2006).

U T AE Fau AEA FEEE5E AU
AdSol gt s 248 B4 FAo) gk sl ¢
3%l Jth(Kong et al., 2006; Park et al., 2007; Elbadri
et al., 2008; Lee et al., 2010).

SHA Halgolu Aol gt S-S 71Kl A EAE
A& UrE}LHlC— F 528 E0| 9| (Prakash and Rao, 1997)
olgigt EAES X33 WAIAS AREAR SEEAY

g Ly
L 2HEL

[‘U

HEOZ 3 AR 45T o
A £ Od?“f’ﬂ/ﬂ“ 37127\5}31]— W EGo)A] T3]

sokA|o} F|HA} 222 2 218 &7 412 A J——i%é]

2 o|&HI Y FEHEEY APEAAZFe] tigk Ak
= A8 AAsl & SESRTIo: KRS RS kaﬂ-/]

A
Z|ZAEE At sttt

7]

nﬂmx

| 9|

AN FYS olry] sl F|E27)=AE HHF)
(Bishkek)2] HEAGA Tulst 46F9] FRAE 2 67}

9] 3] E2}9KTable 1) HIEY slizo]e] HEAIA 4]
& 88%<] kS AM-SIATK(Table 3). T A FEL
100 g& #303F 3 500 ml2] MeOHS 71e] 80°CollA] 44]
7 33] FEE0H, o]F FZE9 oJ3A](Sanyo No.2,
Japan)Z AE F 3|HA7EE7I(N-11, Japan)E ©]-&-5}
o] 40°CoM &5 § XA A MeOH 252 AUt

ALSTHMEO| CHs AME 2N 7Y

7|27 228t A8A) FE2E SUFAAZ tie A
MZF &4 714L Conical tube (50 ml, SPL)ell AuA)Al
= zfd%%“(zoou}am mlE Sml A ¥ ¥ 1,000 ppm &
= =& Sml A& Aslsith. FAgE v
FAAS 254_5‘0“ Smiet B FHS SmiE Ak
A F A2olA 4847 WA F tubeE vortex (SLV-6,
Seoulin bioscience)E ©|-8-3lod & & the 1 mlE F st
3 581 ) 73 (SMZ800, Nikon)o}oﬂ/ﬂ NZ] AA} B2 %
ARt 8] AAF o= Ho R AS6E o vk
ol gle AL F2 o= Zl"l‘ SFoH 5 WHE ARSI

HER 2 EA FE2E0 digh s 24 A8 oF
o] Algol tigk &3 AR AEe 24 multi well plate
(SPL, Korea)s ©]&sle=dl ZHzte] A8 FE2EES
DMSO9] 10,000 ppm == 343 & o|g3l9t}. 24
multi well plate2] ZFz} wellel DMSOo!| HEF AJ71 2123
FZ2E 10 poll 2UFAAF 990 ul 457)E HEse
o dhte] welle 3 wHEo 2 4ukE X239, DMSO
10 plell WA 990 pltt A3 DMSOA 9 &
FTE Al & FAYFE FAL AN JEA
o7 AEA FEEC] HOEFE IFA ] FUh HE



58 ATIE] - HeY -

O[x{2! -

Table 1. List of Kyrgyzstan plants used for experiment
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Code Scientific name Code Scientific name

KZ1 Crataegi fructus K720 Paeonia lactiflora

K72 Salvia officinalis K721 Aerva lanata

KZ3 Valeriana officinalis K722 Orthilia secunda

KZ4 Eucalyptus viminalis K723 Juniperus communis

KZ5 Mentha piperita K724 Ledum palustre

KZ6 Origanum vulgare K725 Helichrysum bracteatum

KZ7 Stachys baicalensis K726 Chelidonium majus
Helichrysum bracteatum Tussilago farfara
Rosa rugosa Glycyrrhiza echinata
Bidens bipinnata K727 Inula helenium
Hypericum perforatum Salvia officinalis

KZ8 Anthemis nobilis Thymus serpyllum
Inula helenium K729 Helleborus niger
Equisetum arvense KZ30 Leuzea carthamoides
Mentha piperita KZ33 Hypericum perforatum
Vaccinium uliginosum KZ34 Capsella bursapastoris

KZ9 Calendula officinalis KZ35 Equisetum arvense

KZ10 Archangelica officinalis KZ36 Chamaecrista nomame

KZ11 Rhamnus davurica KZ37 Gnaphalium uliginosum

KZ13 Polygonum hydropiper KZ39 Plantago major
Hypericum perforatum K740 Vaccinium vitis-idaea
Polygonum aviculare K741 Bidens tripartita

K714 Equisetum arvense K742 Tanacetum vulgare
Thymus quinquecostatus Melilotus suaveolens
Leonurus sibiricus Plantago asiatica

KZ15 Viola tricolor K43 Anthemis nobilis
Plantago asiatica Artemisia absinthium

K716 Calendula officinalis K744 Acorus calamus
Achillea millefolium Kz45 Tussilago farfara
Origanum vulgare KZz46 Linum usitatissimum

KZ17 Betula platyphylla var. japonica K747 Quercus dentata
Rhamnus davurica K749 Acer palmatum
Taraxacum platycarpum KZ51 Chamaemelum nobile

KZ18 Petroselinum crispum Rhamnus davurica
Foeniculum vulgare KZ52 Achillea millefolium
Mentha piperita Urtica thunbergiana

KZ19 Zea mays KZ53 Glycyrrhiza uralensis
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Table 2. Effect of 500 ppm MeOH Kyrgyzstan plant extracts on
the mortality of Bursaphelenchus xylophilus after 48h exposure
in water suspension

Treatment” Corrected mortality Treatment Corrected mortality

(meaniSD) (mean+SD)
K71 0.0£0.0c’ K725 0.0£0.0c
K72 0.0+0.0c K726 0.0£0.0¢
KZ3 0.0£0.0c K727 0.0£0.0c
Kz4 0.0£0.0c K729 0.0£0.0c
KZ5 4.6+10.3bc KZ30 0.0£0.0¢c
KZ6 17.0£38.0b KZ33 0.0£0.0c
Kz7 0.0+0.0c K734 0.0£0.0c
KZ8 0.0+0.0c K735 0.0£0.0¢
K79 0.0£0.0c K736 0.0£0.0c
K710 37.1£14.7a K737 0.0£0.0c
K711 0.0+0.0c KZ39 0.0£0.0¢c
KZ13 0.0£0.0c KZ40 0.0£0.0c
K714 0.0£0.0c K741 0.0£0.0c
KZ15 0.0+0.0c K742 0.0£0.0c
KZ16 0.0£0.0c K743 0.0£0.0c
K717 0.0£0.0c K744 0.0£0.0c
KZ18 0.0+0.0c KZz45 0.0£0.0¢c
K719 0.0£0.0c KZ46 0.0£0.0c
K720 0.0£0.0c Kz47 0.0£0.0c
K721 0.0+0.0c Kz49 0.0£0.0c
K722 0.0£0.0c KZ51 0.0£0.0c
K723 0.0£0.0c K752 0.0£0.0c
K724 0.0+0.0c KZ53 0.0£0.0¢c

“Treatment was refer to Table 1.
“Means followed by same letters within the column are
significantly different (Tukey’s Studentized Range Test, P<0.05).
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Table 3. Effect of 100 ppm MeOH Vietnam plant extracts on the mortality of Bursaphelenchus xylophilus after 24 h exposure in

water suspension

= o
XIS - 208N - 0|2

Code Scientific name Correl(e(l);z:)dirsnlgrtahty Code Scientific name Correl(%z:)cjcrgsrtahty
V1 Smilacis glabrae 26.0+22.1b-f V52 Stephania tetrandra 19.4+18.4b-f
V2 Drynaria fortunei 21.0£11.9b-f V53 Siegesbeckia orientalis 16.7£7.9b-f
V3 Dioscorea tokoro 48.1£10.6b V54 Cuscuta sinensis 13.9+19.0b-f
V5 Polygonum cuspidatum 34.8+12.7b-d V56 Symplocos racemosa 16.7+18.7b-f
Vo6 Polyscias fruticosa 20.4+4.8b-f V57  Ixora coccinea 2.8+30.3b-f
V7 Celastrus hindsii 9.4+15.4b-f V58 Magnolia officinalis -8.3+26.6e-f
V8 Taraxacum officinale 9.4+15.4b-f V59  Leearubra 16.7£21.3b-f
V9 Millettia reticulata 33.7412.1b-d V60 Imperata cylindrica -18.1£31.9ef

V10  Boehmeria nivea 30.9+16.6b-e V62 Wedelia calendulacea 18.1+10.5b-f
V11 Phellodendron amurense 24.9+20.8b-f Vo4 Catharanthus roseus -8.3t14.7e-f
V13 Morus alba 21.0+10.4b-f V65 Achyranthes bidentata 26.4425.8b-f
V14  Acanthopanax spinosus 30.9+11.2b-¢ V66 Pogostemon cablin 16.7+12.0b-f
V15  Fructus ponciri 32.0+14.0b-d V67  Perilla ocymoides 1.4+30.9b-f
V16  Gleditsia triacanthos 21.5+22.7b-f V69 Crinum asiaticum 30.6+5.6b-e
V17  Radix saussurea 22.7+17.2b-f V70 Prunella vulgaris 11.1+19.8b-f
V18  Ophiopogon japonicus 16.0£13.6b-f V71 Ardisia silvestris 12.5£7.0b-f
V19 Zingiber officinale 44.2+10.3bc V72 Desmodium styracifolium 0.0+16.4b-f
V20  Dioscorea persimilis 28.2+11.0b-f V73 Passiflora foetida -9.7421.5e-f
V22 Curcuma zedoaria 23.2421.1b-f V74 Abutilon indicum 34.0+38.5b-d
V23 Cinnamomum cassia 19.3£13.2b-f V75 Nelumbo nucifera 1.8£14.4b-f
V25  Loranthus parasiticus 29.3+11.6b-f V76  Mimosa pudica 5.6£17.6b-f
V26  Angelica dahurica 30.4+12.0b-e V77 Stigmata maydis 10.0£5.8b-f
V27  Sophora flavescens 24.9+19.4b-f V78  Plantago asiatica 11.1£12.5b-f
V28  Citrus aurantium 16.0+4.8b-f V79 Zanthoxylum nitidum 19.1£5.4b-f
V29  Adenosma glutinosum 28.7+11.3b-f V80  Dendrobium nobile 0.0+14.2 b-f
V30  Citrus deliciosa 18.8+22.8b-f V81 Herba perillae 3.6+£9.3b-f
V31 Curcuma longa 45.9+10.0b V&3 Pana pseudoginseng 9.3+4.6b-f
V32  Stemona tuberosa 6.1+5.3b-f Va4 Alocasia odora 2.7+14.0b-f
V33 Sophora japonica 28.2+4.2b-f V85  Musa balbisiana 1.6+16.5b-f
V34  Chrysanthemum sinense 30.4+5.3b-¢ V87 Pandanus tectorius 3.145.7b-f
V35  Cleistocalyx operculatus 28.2+15.8b-f V88 Sepia esculenta 12.4+7.1b-f
V36  Cibotium barometz -4.4+11.3c-f V89 Alisma plantago-aquatica 7.8£11.5b-f
V38  Rhizoma pinelliae -4.2425 4cf V90 Phyllanthus urinaria 2.4+5.0b-f
V39  Embryo nelumbinis -19.4+30.3f Vol Ampelopsis cantoniensis 4.7£11.4b-f
V40  Semen cassiae 37.5+16.0b-d Vo2 Areca catechu 14.2£20.1b-f
V4l  Amomum tsao-ko 18.1£34.4b-f Vo3 Jasminum subtriplinerve 2.0£9.6b-f
V42 Cinnamomum cassia 22.2423.6b-f Vo4 Asparagus cochinchinensis 25.34£2.5b-f
V43 Momordica charantia 0.0£16.4b-f Vo5 Embryo nelumbinis 10.0£3.7b-f
Va4 Stevia rebaudiana -8.3+7.2e-f Vo6 Leonurus heterophyllus 16.9£7.5b-f
V46  Perilla frutescens 18.1£20.0b-f V97 Pseuderanthemum 31.3+4.3b-d
V47  Eclipta prostrata 100.0+0.0a Vo8 Caesalpinia sappan 13.1£8.9b-f
V48  Mentha arvensis 5.6+23.1b-f V99 Eucalyptus globulus 18.2+2.8b-f
V49 Panax viethamensis 8.3+21.5b-f V100  Ilicium verum 16.2+10.6b-f
V51 Elsholtzia cristata 13.9+16.0b-f MeOH control 1.6+6.5b-f

*Means followed by same letters within the column are significantly different (Tukey’s Studentized Range Test, P<0.05).
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o] HAXNSES B3, Origanum vulgare (KZ6)2+ Mentha
piperita (KZ5)7F ZY2F 17.0%S} 4.6%2] W& HAYAEES
UERH A TH(Table 2. df=45, 184, F=4.66, P<0.0001).

HﬂEI/l-A]- Al B zﬂ 88501] ‘:H"'SL /\1—/\17- gl/ﬂ S _7,\_/\].5& 7%;4,
FAZNMT 2 ANF GHE BATHA-ST, 264, F=
4.03, P<.0001)(Table 3).

Table 4. Efficacy of Eclipta prostrate MEOH extract on the mortality of Bursaphelenchus xylophilus after 24 h exposure in different

concentration of water suspension in multi well plates

Treatment Concentration Survival rate (%)+=SD Correlated mortality (%)

100 ppm 0Oc’ 100

50 ppm Oc 100

Eclipta prostrate 25 ppm Oc 100

12.5 ppm 22.5+15.5b 71.3

6.25 ppm 66.7+11.4a 14.7

DMSO control - 77.8£3.7a 0.6
Untreated control - 78.3£9.4a -

*Means followed by same letters within the column are significantly different (Tukey’s Studentized Range Test, P<0.05).
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Table 5. Efficacy of 100 ppm of some active materials derived
from plants on the mortality of Bursaphelenchus xylophilus
after 24 h exposure in multi well plates

Treatment Survivillsgite (%) Correlat?(go gnortality
a-Terpinene 87.8+8.3a" -10.4
a-Pinene 85.8+8.8a -7.9
B-Thujaplicin 80.3+8.8a -0.9
Cinnamaldehyde 89.5+14.5a -12.6
Eugenol 83.34£9.5a -4.7
Emodin 72.5+11.6ab 8.8
Geraniol 79.8£6.2a -0.3
Limonone 72.0+8.8ab 9.4
Methyl palmitate 71.3+13.7ab 10.4
Matrine 75.3£10.2a 53
Myrcene 74.8+13.9a 6.0
Methylgallate 74.0+8.2ab 6.9
Nicotine 73.3£11.0ab 7.9
Quassin 70.5+11.4ab 11.3
Resveratrol 71.8£10.7ab 9.7
Rotenone 74.0+£10.8ab 6.9
Thymol 70.8+12.4ab 11.0
Thujaplicin 87.5+9.9a -10.1
Terthiophene 5.8+6.5¢ 92.8
Tuberstemonine 81.5£12.9a -2.5
y-Terpinene 51.343.3b 355
MeOH control 83.5+9.3a -5.0
Untreated control 79.5£3.1a -

*Means followed by same letters within the column are significantly
different (Tukey’s Studentized Range Test, P<0.05).

AN e W AT E4E Hole o= 1/‘rEP;,\”jr(Table
4). % FZE0) tigh 2WFA1AE] LCyw 15.4 ppm
(95% confidence limit: 13.03-20.03)°]3]t}.

terthlopheneoﬂf\i 7}?P Eo A% T JERThdE22,
69, F=11.09, P<.0001)(Table 5).

Terthiophene ¥ X2t M X2 sk
2o 43
Terthiophene ¥AI+= 0.5 ppm3 0.25 ppmol| A AU--A1 4
S BF AARAL, 0.125 ppmil A= 2 AARES B
Ak AAL A 0.5 ppmollHE BF XASIAL, 0.125

Table 7. Efficacy of 10 ppm terthiophene suspension of pine
wood nematode infected pine tree disk by water soak technigue

Mean no. of alive nematode/g

Treatment W0od+SD
Terthiophene 1.33+0.34a"
DMSO control 1.07+0.62a
Control 1.73+0.90a

*Means followed by same letters within the column are significantly
different (Tukey’s Studentized Range Test, P<0.05).

Infested pine wood nematode disk was socked for 7 days. Soak
technique was indicated in figure 1.

Table 6. Nematicidal efficacy of original and formulated terthiophene against Bursaphelenchus xylophilus in water suspension

Treatment Concentration Survival rate (%) +£SD Correlated mortality (%)
Terthiophene original 0.5 ppm 0b" 0
0.25 ppm 0b 0
0.125 ppm 4.5£1.5b 54
0.0625 ppm 72.0+£7.9a 85.7
0.03125 ppm 72.8+7.3a 86.6
Terthiophene formulate 0.5 ppm 0b 0
0.25 ppm 2.8+0.8b 33
0.125 ppm 0.5+0.5b 0.6
0.0625 ppm 17.0+4.7b 20.2
0.03125 ppm 79.5+8.6a 94.6
DMSO control 83.3+12.9a 99.1
Control 84.0+12.4a

*Means followed by same letters within the column are significantly different (Tukey*s Studentized Range Test, P<0.05).
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Table 8. Mean number of Bursaphelenchus xylophilus treated with foliar spray of thethiophene and trunk injection of abamectin in
Pinus thunbergii

30 days after B. xylophilus inoculation in each 180 days after B. xylophilus inoculation in a

Treatment trimmed treated trunk” twig of each treated tree”
Terthiophene spray 11.4+6.16™ 294.8+433.8a
Abamectin 1.8% EC trunk injection 1.4+1.3c 9.5£13.4a
Control 31.2+6.9a 391.1+£333.6a

*Bursaphelenchus xylophilus was inoculated in trimmed twig of each treated trunk on 20th May.
**Bursaphelenchus xylophilus was inoculated in twig of each treated tree on 16th June.
*Means followed by same letters within the column are significantly different (Tukey’s Studentized Range Test, P<0.05).

pp7HA] =& XS Hof YA|eF AlA] BT 0.125 ppm 7} wjg- mEjEle] 7]Ee] AFE] Hlste] tids] w
7 e AAFE AL Hole Zoz YERTtHdAl, AAE GAE B ol Aol AMES AEAEC] 7
36, F=101.96, P<.0001)(Table 6). Z2I)=22EA A EEY AL ARoA 22 SLEE=E Ao

2 7] A% g HAC ol 8EH A kRS H]
ALURYME Z4HF9| terthiophen EX| X 2|7} =3 LY ato] AF o v 245 AU W] WEeE A
2URHME0 OX= L& Ztet}

Terthiophene 100 ppm FEH ff A S XA 2] Ao o] &3t A EA FEEE T Tz ST EA4
7b A W 2RSS AAbe WA dEFE AR A o #A vt dHxE UEE HlFEs] QE,
37 A B 7R} Zfel7t glo] &3t Qle AoR WA, 1A% A Alte FEREA e
VR THd2, 6, F=0.51, P<0.622)(Table 7). AMEE e 22 (AR o) gels AEA ot

(Lee, 1980; Prakash and Rao, 1997; Begum et al., 2003;
Terthiophene?| H& TIAZ 531 A Rahman and Rashid, 2008).

TerthiopheneS 2uUF-ol| FAAEs Y 3 & & U&r} dHx FEES AT, U EIALE Fo] &
A& AF st AFAASS HE e A3 Table 83 2] A =d(Begum et al, 2003; Rahman and Rashid,
terthiophene 22X F-A g0l vlsle] W MZE F28 2008) ¥ FEEF kol wisl ®7|Q Anopheles

HATHEE2, 9, F=31.96, P<0001). &} 1802 & Ha]  subpictus S0l et A28Hio

| e ZeE dEA 1o
Bof| A4 AUFAMASTE HE 3 A FA S AUFA ™ (Rajakumar et al., 2011) ¥ F=E&

I

23e] Z2) 20| 2po] 7} JJTHAE2, 9, F=1.58, P=0.2583). B FEER AT 0] e AeE dHA Qb
IARAEE 604 F9 1809 F R terthiophene # (Prakash and Rao, 1997). $H Begum et al. (2003 gHd
g Tob FA T B F&o] Ak Z 8 Axs Wa5Ed §7 A7ERESAE

(Meloidogyne javanica) 23} fr5ol that F-3}A] 9 4

LA % 298 AAslet FEeAlES 11.6%3om HF
AL 2477 Fol| 28. 7%= SHdze] AHF SAS B

AEAY AEA FEEES T AgEEs 7R EUCI =
A=t ooFE AEEA BN ofe} sPdEol v, 4k B Agos LCy#tol 154 ppmSZ Begum et al.
Fo} 7he AT o] A, T AR RS ALE Toll & (2003)°] FE|ZAES o E g A Al Blst
457 th(Buchbauer, 2010; Franz and Novak, 2010; o] 9 =& MM FAE HIEY O]li o A=) 2}
Noma and Asakawa, 2010). Wb B A= Y22 o|o} A EA FEHPHY zpoloA 7]QlTh i’i‘ A=y
SFAAS AAF SYEE S oty 7271248 dHx Afolle 68T I sl ERIEA=T

Ak HER ABAHES o] 83 AEAAS AEsisith (Chang and Kim, 2009) 2HA% 248 7}x 1{— 4o tish
S ikt A Ak 'é‘oﬂ ek A=A FEESY] A Me 59 A7 283 Zlo = wokEr

T L F=E FHES o83t o]FoH =t (Kong et 2 A& ) A SHEEEC] FEEe EEHL
al., 2006; Elbadri et al., 2008; Lee et al., 2010) ©]& & ¥ At Ao ARed aél—‘é— terthiophene®] &4Jo] 7}
He v 2o S 248 7T itk ey 2 4 ¢ =94th. Thiophene S3HE-S Tagetesd: 21 & o]
ol AMESH 7127)7| 28 4t A EA FE2EI ORE b @%ﬂﬂ Je BELZ o] MFHRt ofyg} npolz 2}
EGA AEH FHEES AUFEAAS gE AXE & A, FFoldll= HAo] e ZAoE 4#x AUrh(Hudson

o
ri rlo O{N
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et al., 1993; Perich et al., 1995; Prakash and Rao, 1997,
Mukundan and Hjortso, 2001; Maras et al., 2004; Szarka
et al.,, 2007). ¥ A3} terthiopheneS TE “Jel ol A]
ST e 22 AE 2EE G99 & 5 AN
AR 2R A Ee] AR e UrE HA }21%
%Oﬂ~ A 79 & 7 FA W AFe] AApa
QST o] AFe v AF FHE THRE %
AUFAAS TEES HAAAA 100% A EHE &
5 AaE EZHEH o] &go] 7Fsst7] Wzl
Awsiglod a7t gle Ao Ushd Zds JA8L
E= AR Fle slew J%%EJE‘r
S terthiophenei= eugenols} o] ZFolagdo] 3l&
7107 7|t)=o|(Bala and Sukul, 1987) Aol & A
& H 2SS HEekL, A e 2
3= AAsisiet 30°‘5<}77}X1—E SHYA a3t &
E3lout o] Foll=
Z-g3sl7]oll= d-8730] gl :LE%/} F714 2.
Al A Al a7 ASE T 28 S Al
Ao AztEY 5 PR 5
S8 NS g9E F7H A
Ao Azt 3 o]E 22E2 2 AAE
SE Ul &2 Al =3 e P SAAFolY e AE
AT AE B A € e o

_= =Z3!

ofr

N,
=2 4 =2 F_ ol

ok O, ofw

K&

= A7,
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St X (Eclipta prostrata) FE 22} terthiophene2]
2 L} M & (Bursaphelenchus xylophilus)® st #44%& &3}
MZE - A2 - o[ - o| - HBEY - WS- YHY' - 0|52
AR st el et 2alAerae ok, A AE Y, SMuto] (), VAR S Al B A 28 57
2 o APTNFe 2Rl Jl4sk] 4B FaE Yale AFoE Seete o A shol

ot AolSle WA AFAINSS R dhe MRS UFFAE W] 7P AE AR W] shuot), &

A 2PPANFY UPFAL SR B8 5 9l
B9 484 9 2159 42§ 3

A4S FE] 95l 4652] 712712283 8859 H
-4 E 4 (a-terpinene, a-pinene, P-thujaplicin, cinnamaldehyde, eugenol, emodin,

geraniol, limonone, methyl palmitate, matrine, myrcene, methyl gallate, nicotine, quassin, resveratrol, rotenone,

thymol, thujaplicin, terthiophene, tuberstemonine, y-terpinene)
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