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Pine tree death caused by pine wood nematode (PWN) involves phoretic relationships between PWN and its vector Japanese
pine sawyer beetle (JPS). In an effort to understand the diversity of fungi involved in PWN life cycle, a total of 176 fungal
isolates were collected from PWNs, adults and larvae of JPS, PWN-diseased Japanese black pine that was cut down in 2005
at Jinju, Korea. Based on microscopic observation and colony morphology, and sequence analysis of the ITS rDNA, the fungal
isolates were identified at the level of genus. Three genera including Mucor, Ophiostoma, and Penicillium were identified from
PWN. Two genera of Ophiostoma and Penicillium were discovered from JPS larvae. From JPS adult beetles, nine genera of
Aspergillus, Gibberella, Hypocrea, Irpex, Leptosphaeria, Ophiostoma, Penicillium, and Plectosphaerella and unknown basidio-
mycetes were found. Ten genera from PWN-infected wood were confirmed as Bionectria, Botrytis, Camarops, Fusarium, Hypo-
crea, Nectrtia, Mucor, Ophiostoma, Penicillium, and Trichoderma. Penicillium and Ophiostoma were commonly distributed on
PWN and its vector and host. This is first report of the fungi associated with PWN and its vector and host in Korea.
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Pine wilt disease caused by the pine wood nematode wood nematode it is prerequisite to investigate the mycof-
(PWN, Bursaphelenchus xylophilus) was first reported lora associated with PWN and its vector JPS and host. In

from Japan in the beginning of 20 century. Since its occur- the present paper we first report in Korea the isolation and
rence in Japan, the nematode disease has been reported identification of fungi present in PWN, JPS (adults and
from other Asian countries such as China and Taiwan, larvae) and PWN-infected Japanese black pine wood.

and North America such as USA and Mexico. Recently, it For the isolation of fungi, four PWN-diseased Japa-

has been detected in Portugal of Europe (Han ef al., 2003; nese black pines were cut down and felled into logs
Mota and Vieria, 2004). The pine wood nematode disease (150 cm in length, 15cm in diameter) and small discs
also has been brought killing a lot of pine trees in Korea. (5 cm in length, 15 cm in diameter) in October of 2005 at
Since its first finding at Busan area in 1988, PWN has been Jinju, Kyungsangnamdo, Korea. To sample fungi from the
spread to Southern and middle regions of Korean peninsula. PWNe-infected pine wood, ten discs were made into tiny
It has been known that pine tree death by the nema- wood chips. One hundred chip pieces were surface-steril-
tode disease involves other biological agents that have ized with 0.5% chlorine lax solution for 2 min, washed
symbiotic relationships with the nematodes. Japanese pine twice with sterile water, and air dried. The dried wood
sawyer beetle (JPS, Monochamus alternatus) is known as chip pieces were placed onto culture media below described.
the vector of the pine wood nematode transmission, and PWN was isolated using Baermann funnel method from
fungi associated with JPS are known as food resources of  the infected pine wood. The purified nematodes were
JPS (Donald et al., 2003). The main agents of pine wilt washed several times with sterile distilled water before
disease, pine wood nematode infects inside of pine wood they were used for fungal isolation. To sample JPS larvae
after feeding pine shoot by its vector JPS and propagates and adults, the felled logs were placed in a storage cage
in vascular tissues. The propagation of pine wood nema- for PWN research in Southern Forest Research Center of
todes in vascular area hinders nutrients and water trans- Korean Forest Research Institute in Jinju. In the storage
portation in the infected tree and results in the symptom cage the eggs of JPS laid inside the PWN-diseased logs
of pine tree wilt (Mamiya, 1980, 1985; Ishida et al., 1993; were allowed to hatch, and larvae to develop to pupas and
Ichihara et al., 2000). adults, and adult beetles to emerge from the logs. In early
In Korea, it has not been known that which fungal spe- May of 2006, ten living JPS larvae were captured from
cies are associated with PWN’s ecosystem. To better inside of 4 PWN-infected pine logs by breaking and carv-
understand the role of fungi in the disease biology of pine ing out the tree stems. In late June of 2006, ten JPS adult
beetles emerged from the stored logs were captured. For

*Corresponding author <E-mail: piceae@naver.com> the isolation of fungi, the captured JPS (adults and lar-
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vae) and the purified PWN (about two thousands) were
ground in sterile mortar and pestle with sterile water
under aseptic conditions, and the resulting ground extracts
were diluted and spread onto different culture media. Malt
Extracts Agar (BD Science, USA), Potato Dextrose Agar
(BD Science, USA) and Oxoid Malt Extracts Agar
(Oxoid, England) were used as culture media with and
without supplement of anti-bacterial agents and cyclohex-
imide (100 pg/ml). To induce mycelia growth the inocu-
lated culture media were incubated for 3~7 days at 20°C
at aerobic conditions. Mycelial tips grown on the culture
media were transferred to new media plates. Fungal iden-
tification was performed based on the microscopic obser-
vation of colony properties and characteristics of micro-
structures referring books and online tools for fungal tax-
onomy and identification (De Hoog et al., 2000; Dugan,
2006; Jacobs and Wingfield, 2001; www.botany.utoronto.ca/
ResearchLabs/MallochLab/Malloch/Moulds/Moulds.html)
using a phase contrast light microscope (Karl Zeiss,
Axioskop 40, Germany) and a dissect microscope (Olym-
pus, SZ2-ILST, Japan). When the morphological charac-
teristics were not confirmed, we carried out DNA se-
quencing analysis of the ITS rDNA region. For the ampli-
fication of ITS rDNA region, genomic DNA was prepared
from purely isolated fungi using the method described
Kim et al. (1999). To amplify the ITS rDNA region in
fungal genome, PCR were performed in a Gene Amp-950
thermal cycler (ABI, USA) using universal primer pairs,
ITS1-ITS4 (White ef al., 1990). All the PCR reaction con-
ditions were set according to the method described by
Kim et al. (1999). The amplified DNA products were
sequenced on Applied Biosystems ABI 373 DNA
sequencer. Both strands of the PCR-amplified DNA frag-
ments were sequenced using the PRISM Ready Reaction
DyeDeoxy termination cycle sequencing kit and DNA
sequences were determined in an Applied Biosystems
ABI 373 DNA sequencer. The determined nucleotide
sequences were searched for homologous ITS rDNA
sequences of fungi in Blast-N on GenBank database
(http://www.ncbi.nlm.nih.gov/BLAST/).

A total of 176 fungal isolates were obtained from the
sampling results (Table 1). Among these fungal isolates,

Table 1. Fungi isolated from pine wood nematode (PNW),
Japanese pine sawyer (JPS) larvae and adults, and
PWNe-infected Japanese black pine wood

No. of isolates (% frequency)

Genus PWN JPS JPS  PWN-infect
larvae  adults wood
Aspergillus 4(9)
Bionectria 4(4.4)
Botrytis 3(3.4)
Camarops 2(2.2)
Fusarium 8(8.8)
Gibberella 3(6.8)
Hypocrea 3(6.8) 15(16.6)
Irpex 2(4.6)
Leptosphaeria 2(4.6)
Mucor 7(35) 3(3.3)
Nectria 3(3.4)
Ophiostoma 4(20)  18(81.8) 14(32)  42(46.6)
Penicillium 9(45)  4(18.2) 12(27) 4(4.4)
Plectosphaerella 2(4.6)
Trichoderma 6(6.7)
Unknown 2(4.6)
Basidiomycete

Total isolates 20(100) 22(100) 44(100)  90(100)

20 isolates were isolated and purely cultured from PWN,
22 and 44 isolates from JPS larvae and adults, respec-
tively, and 90 isolates from PWN-infested wood chips.
From these isolates obtained we could identify 15 genera
of fungi. From PWN, Mucor, Ophiostoma, and Penicil-
lium were identified. The frequencies of isolation of these
fungi were 35, 20, and 45%, respectively. From JPS lar-
vae, Ophiostoma and Penicillium were discovered with
frequency of 81.8 and 18.2%, respectively. It is notice-
able that Ophiostoma has been isolated with very high
frequency from JSP larvae. From JPS adults, more num-
bers of fungal genera were identified. These identified
fungi were nine genera of Aspergillus, Gibberella, Hypo-
crea, Irpex, Leptosphaeria, Ophiostoma, Penicillium, and
Plectosphaerella and unknown basidiomycetes. In the
fungi from JPS adult beetles, Ophiostoma and Penicil-
lium were the major groups of fungi. Except for these two
genera all other genera showed less than 7% of isolation

Fig. 1. Examples of samples of pine wood infested by pine wood nematode (PNW), Japanese pine sawyer larva (B) and adult

beetle (C), and Japanese black pine wood chips (D).
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frequency. Ophiostoma showed the highest isolation fre-
quency (32%). Regarding on the fungi from PWN-infected
wood, ten genera were confirmed as Bionectria, Botrytis,
Camarops, Fusarium, Hypocrea, Nectrtia, Mucor, Ophios-
toma, Penicillium, and Trichoderma. Among these genera,
Ophiostoma also was isolated with the highest frequency
(46.6%). The remained genera showed less than 10% of
isolation frequency except for Hypocrea (16.6%).

Consequently, we could find from the results in Table 1
that 15 different genera were identified from the 176 fun-
gal isolates. Among the 15 genera identified, Penicillium
and Ophiostoma were isolated with high frequency and
commonly distributed on PWN and its vector and host.
Thus, we consider these fungal groups may do important
roles in the PWN life cycle. Ophiostomatoid fungi includ-
ing Ophiostma and Ceratocystis have been reported from
PWNe-infected wood in Japan and USA (Donald et al.,
2005). These fungi have been considered as nutrient
sources of PWN-vectoring beetles. Thus, our results of the
isolation of Ophiostoma fungi are agreed with those of
Japan and USA. Ye et al. (1995) isolated Pestalotiopsis,
Fusarium, Ceratocystis, Colletotrichum, Alternaria, Sord-
aria, Chaetomium, Nigrospora, Phomopsis, Curvularia,
Monochaetia, Trichoderma, Rhizopus, Penicillium, Aspergil-
lus and more than ten other genera of unidentified fungi from
Pinus in China. They also found that PWN could multiply
on PDA grown with Ceraocystis but not with Penicillium.

In general, less number of fungal genus names was
found from PWN and JPS larvae than from JPS adults
and PWNe-infected wood. There were differences in the
fungal diversity between the fungi isolated from JPS lar-
vae and the fungi from JPS adults. It seems that at the
stage of JPS larva the fungal diversity is limited com-
pared to JPS adult stage. Further investigation is needed
to answer the question that why more fungal diversity are
present at the stage of adults in JPS. Some of the fungal
genera from PWN-infected wood were not found in the list
of fungal genus from the JPS beetles. They are considered
as the group of fungi that are not associated with PWN.

In conclusion, in this study, we first reported in Korea
that diversity of fungi isolated from PWN, its vector JPS
larvae and adults, and its infested host trees. Various fungi
were found to be associated with pine tree disease caused
by PWN. We could detect that the wood-staining group
Ophiostoma and green mold group fungus Penicillium
were commonly present as major groups in PWN itself
and its associated environments. At present, PWN-related
research is not in easy situation in Korea. Because of
clear cut and burning of the PWN-infected trees on sites
by a control strategy and of prohibition of the movement
of the PWN-infected trees by a law, the obtaining of
PWNe-infected tree samples is extremely limited. Thus, we
could not able to obtain PWN-infected tree samples largely
enough. Although sample sizes are limited, the results of

present study provide quite valuable basic information for
the fungi associated with PWN disease research in Korea.
We are currently analyzing the obtained fungi in this
study at the level of species including their physiological
and biochemical properties. These efforts will lead to fur-
ther understand the roles of fungi in PWN biology and
pine death-related ecology.

Acknowledgement

This study was supported by a Korea Forest Research Insti-
tute Grant for the General and Integrated Research Project
for Pine Wilt Disease Control in the Republic of Korea.

References

Donald, P. A., Stamps, W. T. and Linit, M. J. 2003. Pine wilt dis-
ease in APSwet plant disease lessons. The American Phyto-
pathological Society, St. Paul, MN, USA.

Dugan, F. M. 2006. The identification of fungi. APS, Minnesota,
USA.

Han, Z. M., Hong, Y. D. and Zhao, B. G. 2003. A study on
pathogenicity of bacteria carried by pine wood nematodes. J.
Phytopathol. 151: 683-689.

Ichihara, Y., Fukuda, K. and Suzuki, K. 2000. Early symptom
development and histological changes associated with migra-
tion of Bursaphelenchus xylophilus in seedling tissues of Pinus
thunbergii. Plant Disease 84: 675-680.

Ishida, K., Hogetsu, T., Fukuda, K. and Suzuki, K. 1993. Corti-
cal responses in Japanese black pine to attack by the pine
wood nematode. Can. J. Bot. 71: 1399-1405.

Jacobs, K. and Wingfield, M. J. 2001. Leptographium species.
Tree pathogens, insect associates and agents of blue stain. St.
Paul, Minnesota: American Phytopathological Society. 207 p.

Kim, S. H., Uzunovic, A. and Brueil, C. 1999. Rapid detection of
Ophiostoma piceae and O. quercus in stained wood by PCR.
Appl. Environ. Microbiol. 65: 287-290.

Mamiya, Y. 1980. Inoculation of the first year pine (Pinus densi-
flora) seedlings with Bursaphelenchus lignicolus and the histo-
pathology of diseased seedlings. Jap. J. For. Soc. 62: 176-183.

Mamiya, Y. 1985. Initial pathological changes and disease devel-
opment in pine trees induced by the pine wood nematode,
Bursaphelenchus xylophilus. Ann. Phytopathol. Soc. Japan 51:
546-555.

Mota, M. and Vieira P. 2004. The pinewood nematode, Bursaph-
elenchus xylophilus. Proceedings of an international workshop,
University of Evora, Portugal, August 20-22, 2001. Nematol-
ogy Monographs & Perspectives, Volume 1. Leiden, The Neth-
erlands, Brill Academic Publishers, 291 pp.

White, T. J,, Bruns, T, Lee, S. and Taylor, J. 1990. Amplification
and direct sequencing of fungal ribosomal RNA genes for phylo-
genetics. Pp 315-322 [n: Innis, M. A., Gelfand, D. H., Snindky,
J. J. and White, T. J. Eds. PCR protocols: a guide to methods
and applications. Academic Press Inc. San Diego, California.

Ye, W., Zhang, Q., Hong, S. and Zhu, D. 1995. Studies on fungi
associated with Bursaphelenchus xylophilus on Pinus massoni-
ana in Shenzhen, China. International Symposium on Pine Wilt
Disease Caused by the Pine Wood Nematode, 31 October - 5
November 1995, Beijing, China.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


