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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 (o-terpinene,
a-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.
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Mota et al., 1999; Zhao et al., 2008; Téth, 2011).
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Table 1. List of Kyrgyzstan plants used for experiment

Code Scientific name Code Scientific name
K71 Crataegi fructus KZ20 Paeonia lactiflora
K72 Salvia officinalis K721 Aerva lanata
K73 Valeriana officinalis K722 Orthilia secunda
K74 Eucalyptus viminalis K723 Juniperus communis
KZ5 Mentha piperita K724 Ledum palustre
KZ6 Origanum vulgare K725 Helichrysum bracteatum
KZ7 Stachys baicalensis KZ26 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 KZ29 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
KZI11 Rhamnus davurica K737 Gnaphalium uliginosum
KZ13 Polygonum hydropiper KZ39 Plantago major
Hypericum perforatum K740 Vaccinium vitis-idaea
Polygonum aviculare K741 Bidens tripartita
KZ14 Equisetum arvense Kz42 Tanacetum vulgare
Thymus quinquecostatus Melilotus suaveolens
Leonurus sibiricus K743 Plantago asiatica
KZ15 Viola tricolor Anthemis nobilis
Plantago asiatica Artemisia absinthium
K716 Calendula officinalis K744 Acorus calamus
Achillea millefolium K745 Tussilago farfara
Origanum vulgare KZ46 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£0.0c
KZ3 0.0£0.0c K727 0.0£0.0c
KZ4 0.0£0.0c KZ29 0.0£0.0c
KZ5 4.6+£10.3bc KZ30 0.0£0.0c
KZ6 17.0+38.0b KZ33 0.0+£0.0c
K77 0.0£0.0c KZ34 0.0£0.0c
KZ8 0.0+0.0c K735 0.0£0.0c
KZ9 0.0£0.0c KZ36 0.0£0.0c
KZ10 37.1+14.7a KZ37 0.0+£0.0c
KZ11 0.0+0.0c K739 0.0£0.0c
KZ13 0.0£0.0c KZ40 0.0+0.0c
KZ14 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 K745 0.0£0.0c
KZ19 0.0£0.0c KZ46 0.0+0.0c
K720 0.0£0.0c K747 0.0+£0.0c
K721 0.0+0.0c K749 0.0£0.0c
K722 0.0£0.0c KZ51 0.0£0.0c
K723 0.0£0.0c KZ52 0.0+£0.0c
K724 0.0+0.0c K753 0.0£0.0c

“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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Fig. 1. Infected pine wood nematode disk treated with 10 ppm
terthiophene.
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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

lolr

ols2

Code Scientific name Conel(%z:)iglgrtahty Code Scientific name Correl(a(l);z:)ilsngrtahty
Vi 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
V6 Polyscias fruticosa 20.4+4.8b-f V57 Ixora coccinea 2.84+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 Leea rubra 16.7+21.3b-f
Vo9 Millettia reticulata 33.7412.1b-d V60 Imperata cylindrica -18.1431.9ef
V10  Boehmeria nivea 30.9+16.6b-¢ V62 Wedelia calendulacea 18.1£10.5b-f
Vi1 Phellodendron amurense 24.9420.8b-f Vo4 Catharanthus roseus -8.3+14.7e-f
V13 Morus alba 21.0+10.4b-f V65 Achyranthes bidentata 26.4425.8b-f
V14  Acanthopanax spinosus 30.9+11.2b-e 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 44.24+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 5.6x17.6b-f
V26  Angelica dahurica 30.4+12.0b-e \ 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 V&0 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 V84 Alocasia odora 2.7£14.0b-f
V33  Sophora japonica 28.244.2b-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 V&8 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 4c-f 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 14.2420.1b-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 25.342.5b-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 vietnamensis 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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2
ASH FE=0 st 443 24 4F

7l§7lii%*& AeA FE=e AprAAEel *é
S 24 A A3t FEE A 2

7} 9l MP_L} Archangelzca officinalis (KZ10)lA 37.1%
o] HAXNSES B 3L, Origanum vulgare (KZ6)3+ Mentha
piperita (KZ5)7t Z¥Z 17.0%9} 4.6%2] & HAAS &S
YERN Q1tH(Table 2. df=45, 184, F=4. 66 P<0.0001).

WEGHE A8 s53] te 0% B4 24 23t
FAxAMY w2 EAT S BIATHAF8T, 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 0c" 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 Survival rate (%)  Correlated mortality

+SD (%)
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 83.3+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).

NME e AHAF FAS Hole ZoE YEPTtH(Table
4). Az FZ2E0 o 2P ES LCy 15.4 ppm
(95% confidence limit: 13.03-20.03)°| 2T}

S RIIsMN REME 22 HME Y HY
= 7

170

A9 F fFEAEEd dg NS 24E 2A A5
terthiophenedl| X 7F &2 45 &

69, F=11.09, P<.0001)(Table 5).

Terthiophene ¥ X2t MH 2| s=E ALRHME 4ME
2 43

Terthiophene ¥AI+= 0.5 ppm3} 0.25 ppmol| A AU--A 4
FE& BF AR, 0.125 ppmel A E =S IS B
Aok AAL AL 0.5 ppmollE BF XA, 0.125

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

Treatment Mean no. of alive nematode/g

wood+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 ob’ 0
0.25 ppm Ob 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 Ob 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).

ppm7HA] T2 AARES Hof YA} AA| BT 0.125 ppm 7t wf - mujste] 71Ee] AFEl Hlste dids] w2
7] Ee AAFE A4S Hole ZAo® YePgTtHdAll, HF S AT ol A3 F%P 2 EA 50| 7
36, F=101.96, P<.0001)(Table 6). 27|22k A RS A FxoA = SLHE Ao

2 71 % B A o8 ek v
Sfe] AiHOR We S4S AU I dEos A
zgi,

Age] olg *‘gxﬂ 32E

o = Uehgtet dxe fevets BRs] 2k,

AU ME 244 S9| terthiophen & X| X 2|7} +=X| LH
A2LUERME0 O/X= HE

Terthiophene 100 ppm FEFH o A pFA|dZ HA]A

2]
7b A W A AAbl vRle GRS 2ARE A
37 A BF FA e zpol7t glo] A fle Alew
VPR THd2, 6, F=0.51, P<0.622)(Table 7).

Terthiophene2| £& TZAE 1 HH
Terthiophene S 4_‘4“?01] THEs ¢ @ & Ut
A& AFsto] avrAA éi
terthiophene 2|9l A& —,—21?4 o Hlle] e A2 %’—‘} <
BATHAE2, 9, F=31.96, P<.0001). 221} 180Y 5 g
ol A AUEANZL HE 3 A T2 9 AUEA)
Aol 27kl Zpo)7F YIATHER2, 9, F=1.58, P=0.2583).
IARIAEE 602 £9F 1809 & R terthiophene ]

gle TR P B el ARk

rﬁ:
(i
i)
.ﬁ
&
o
o0
L
\I
N
o

M3k

Ll

A EA A EA] —%%D%% tFe AEgds 7L
A=t QoFE AEEA W ofe} sPgEoly v, 4F
Fof 7he ‘3%}%‘%9] 27, ok AR AR ol &
453 dth(Buchbauer, 2010; Franz and Novak, 2010;
Noma and Asakawa, 2010). Wb B A= Y2
AR AZE A2 SPEZ gL Yl 7|27 R 2Er
A HERE AEAES o]&e AEHAHS A=
-2t A i‘%’*ﬂﬁ’ﬂvoﬂ ek A=A FEEEY A
T L F=E FHES o]&sted o] FoH =t (Kong et
al., 2006; Elbadri et al 2008; Lee et al., 2010) °|& 5 ¢
e g w2 AS 24S 7 itk 2y 2 A
Hof ARESE 712717128 AF 254 FE2E tiFEe] ¥
EGL AEA FEESS 2R g 4F B

w2, 547]’\‘5} SAA A FEEA eHE
AR RIboX e F2 AFAR o] &shs AEA It
(Lee, 1980; Prakash and Rao, 1997; Begum et al., 2003;
Rahman and Rashid, 2008).

dHx FEES FISHE, FAEIALE ol &
A =d(Begum et al, 2003; Rahman and Rashid,
2008) o FEE2 EkElol wizl E7IQ1 Anopheles
subpictus 750l Ut 24584 0] Jde= Aoz A e
™ (Rajakumar et al., 2011) ¥ FE2%5 ofyz}, FoJut
By FEEL A% 2] e ZeE dEA Ut
(Prakash and Rao, 1997). 33 Begum et al. (2003) 3+
Z Z71E 7Axstd YFFE3 §H A7 SAF
(Meloidogyne javanica) 23} 5ol tigt F3}fA] 9 2bd
T A S AAsed FEAlES 11L.6%ReH AF
AAHEE 247)7F Fol] 28.7%F FFAZ] ANF B H
A IS S

2 A Me= LCyi©] 154 ppmSZE Begum et al.
(2003)°] HEZMFS thFo R gk A Aol Hlst
of vl =2 AHF G BHle ole EH}\O]— Aee] A}

oo} A EA| FZHH ] AfolollA 7|Q1g Aog AZE,
3lE = 24 ]_4 68—‘--/] HHW g}fﬂ- ] o oﬂ:;ﬂ
(Chang and Kim, 2009) 2413 €48 7= £ dj4]

Me F5 A7 288 Ao g A,

2 AEA e A SHEEEC] FEEe EEEL
AeH A A12E EZFE 5 terthiophene?] E4do] 7}
7 E34th. Thiophene 33ME-S Tagetesss AEAol| Eol
SHrE] e ERE o]&2 ASWRE olg} blojE )
)

A, Fgoldle =40 A= Aoz A 3lrk(Hudson
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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). ¥ A4} terthiophene> S EFY AFe) ol
SRS 3 =& AR EAS el & 5 S

Ag 2uRANF] AYEe] U U AAAAE 7

T°ﬂ~ Al 79 F 7R A W AdFe] ArtasE g9l

& T o] AL K AT BE THE =2
SRS AAES AAANA 100% AAtEdE & 5
om 35 AHEe] BAl2A o] &8 7hsslr] mEol

AEstdont Bat Qe ZloR veht 9% dA g
2E AT F gl 2oE

SHH terthiophene= eugenols} o] FFolaiAdo] <l
ZAo2 7|dj5o](Bala and Sukul, 1987) Aol 4H
E & 5 AURANES FFe, SA9A Edel 44

T2 AREREY 0L E =494 G} o
A o o]Felle JAMEo] Al dE WAl SR
:j_%-ély]oﬂL- NQ‘HO] u}\»}\‘:} v Fr71F o Z bkl Ak

=2
S 88 AL 5 A

%, m,é tlo

q

ASE AT, 58 oIF BASE 2UTAE ol
SRl 24 A B2 gl ReSAFel BE 4%
RFIE 445 B4 AHL B 8ol 9 A0

= 47k}
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