HaykoBi npaui fliciBHuyoi akagemii Hayk Ykpainu, 2019, Bun. 18

5.3AXUCT JICIB | MUCJINBCbKE TOCINMOAAPCTBO

sEnin
L *-y”_

B

Forestry Academy of Sciences
of Ukraine

Hayxogi npami JliciBHruoi akageMii Hayk Ykpaiau
Proceedings of the Forestry Academy of Sciences of Ukraine
ISSN 1991-606X print

ISSN 2616-5015 online
@ DX Correspondence author

http://fasu.nltu.edu.ua
https://doi.org/10.15421/411912
Article received 2018.10.05

Article accepted 2019.03.28 Kateryna Davydenko

kateryna.davydenko74@gmail.com
Pushkinska str., 86, Kharkiv, 61024, Ukraine

UDK 630.4

A comparative characteristic of fungal communities associated
with Ips acuminatus in different regions of Ukraine

K. Davydenko'

Pine bark beetles are typically associated with complexes of fungi that could reveal different functional interaction.
Thus, previously nonaggressive bark beetle Ips acuminatus is considering now to be among the most serious pests of
pine forest in Ukraine and other European countries and vectored fungal community is very important to assess total
harm of this bark beetle. The aim of this study was to reveal the vectored fungal community associated with the pine
engraver beetle, 1. acuminatus with special emphasis on pathogenic fungi for further evaluation of harm bark-beetle -
fungi association for Ukrainian forest.

In total, 288 adult beetles were collected from Scots pine trees at six different sites through Ukraine. DNA sequencing
as fungal culturing from all beetles resulted in 1681 isolates and amplicons representing 42 fungal taxa. NCBI BLAST
search revealed that the overall fungal community was composed of 94 species, of which 80.85 % were Ascomycota,
followed by Basidiomycota and unidentified fungal group, which accounted for 10.6 % and 8.5 % of the total sequences,
respectively. Among these, the most commonly detected fungi for pooling dataset were Sphaeropsis sapinea (23.6 %),
Cladosporium pini-ponderosae (19.44 %), Ophiostoma ips (19.1%), Ophiostoma canum (19.1 %) and Cladobotryum
mycophilum (18.06 %). In the pooled dataset of isolates and amplicons for each site, Shannon diversity indices ranged
between 1.9 and 2.9 while Simpson diversity index varied between 0.69 and 0.89 indicating rich species diversity.

In total twelve ophiostomatoid species were detected. All ophiostomatoid fungi were showing varying degrees of
virulence and O. minus was the most aggressive fungus in previous studies. It is concluded that I. acuminatus vectors a
species-rich fungal community including pathogens such as ophiostomatoid fungi, Sphaeropsis sapinea, different needle
pathogens and wood decay fungi that seems to be very important for the assessment of threat of 1. acuminatus to the
pine forest in Ukraine.

Key words: Scots pine; bark beetles, Ips acuminatus, Ophiostoma; Sphaeropsis sapinea; pathogens; forest health.

Introduction. Bark beetle species (Coleoptera:
Scolytinae) that colonize trees from the Pinaceae
family are economically and ecologically important
forest insects, and high-density outbreaks can devastate

both managed and natural forests. Bark beetles are
often divided into notional clusters: aggressive and
nonaggressive beetles (Krokene & Solheim, 1998),
however both climate changes and humans have been
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bringing about unprecedented changes to environments
worldwide result in the shift in classical aggressive
interactions among certain pests and tree species
to less or nonaggressive and vice versa. Generally,
nonaggressive beetles occupy weakened, dying-up, or
dead trees, but under certain conditions, populations
of these nonaggressive beetles can cause massive
outbreaks, killing healthy trees (Alamouti et al., 2007).
Aggressive beetles are well-known to attack, and even
kill healthy trees, however, the majority of bark beetles
occupy only dying or very weakened trees (Krokene &
Solheim, 1998).

Such climate change as increasing temperature and
drought in Ukraine are common now and can play an
important role as a selective pressure shaping species
traits and assemblages in the forest ecosystem. Thus,
previously nonaggressive bark beetle Ips acuminatus
(Gyllenhal, 1827) is considering recently to be among
the most serious pests of pine forest in Ukraine and
other European countries (Colombari et al., 2013,
Siitonen, 2014, Davydenko et al., 2017; Meshkova et
al., 2017, 2018).

Majority of bark beetles are well-known for
their symbiosis with various microorganismes,
for instance, fungi, resulting in various types of
symbiotic interactions between fungi and bark beetles
from obligate mutualism to commensalism or even
parasitism and antagonism (Six, 2012). Bark beetle-
fungus symbiosis is established in long-term ecological
and evolutionary processes (Six. 2012).

Most studies demonstrated that fungi can provide the
nutrient source (Six, 2012; Villari, 2012; Davydenko et
al., 2017). Last decades, classic hypothesis postulate
that both fungi and aggressive bark beetles exist in a
relationship in which each individual benefits from the
activity of the other. Regarding this classic paradigm
(Six, 2012), some fungi, mostly aggressive, may assist
beetles in overcoming tree defences. The actual role of
fungi in helping bark beetles to overcome the defenses
of the host trees is under debate but at least some
species (e.g., Ophiostoma novo-ulmi or Endonophora
polonica) can weaken or even kill healthy trees.

The relationship between fungi and bark beetles has
been studied for more than one century, but there are
many fundamental and practical aspects poorly known
around the topic (Linnakoski et al., 2012; Villari 2012).
The pathogenic fungi can play a key role in overcoming
the host defense increasing the aggressiveness and
success of bark beetle attacks (Krokene & Solheim,
1998), but at the same time this interaction can also play
an important part for fungal life cycle to use beetles as
transports for the fungi (long-distance movement) to
facilitate inoculation the fungi into suitable host-trees
(Six, 2003, 2012). Moreover, fungi are also reported to
be an important nutrition for some bark-beetle species
(Linnakoski et al., 2012, Villari et al., 2012). The bark
beetles-fungus interaction appears to vary between
different species, regions and countries (Six, 2012),
however, a very little is known about ophiostomatoid
fungi associated bark beetle species colonizing Scots
pine in Ukraine (Davydenko et al., 2017).

The aim of this study was to reveal the vectored
fungal community associated with the pine engraver
beetle, Ips acuminatus (Gyllenhal) in different regions
of Ukraine with special emphasis on pathogenic fungi
for further evaluation of harm bark-beetle — fungi
association for Ukrainian forest.

Objects and methods. Study sites were pine forest
stands located in the different regions of Ukraine
(Fig. 1). Stands at all sites were ca. 50-60-year-
old plantations of Scots pine (Pinus sylvestris).
1. acuminatus adults were collected from infested logs
of P, sylvestris sampled in Kharkiv (Kh), Luhansk (Lh),
Poltava (P), Sumy (S), Kyiv (K) and Zhytomir (Zh),
and stored singly until analyses.
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Fig. 1. Locality of sampling sites Kharkiv (Kh), Luhansk
(Lh), Poltava (P), Sumy (S), Kyiv (K) and Zhytomir (Zh)

Sampling and study of bark beetles /. acuminatus
was carried out in 2014-2016. Forty-eight individuals
per site were collected randomly and analysed. Half
of the beetles from each site were stored at 4°C for
fungal culturing and the other half at -20°C for DNA
analysis.

Fungal culturing and molecular identification.
Samples for fungal isolation were plated on 2 %
malt extract agar (MEA, Difco, BD, Franklin Lakes,
NJ, USA) containing 200 ppm of cycloheximide and
300 ppm of streptomycin (Sigma-Aldrich), in order
to be selective for Ophiostoma species and avoid
growth of bacterial isolates and fast growing fungi
as Trichoderma spp, Penicillium spp. etc. Obtained
cultures were used to get pure isolates by transferring
mycelium from the edges of single colonies to fresh
2% MEA. Cultures were incubated at 22°C and
grouped according to morphological characteristics of
colonies and conidiophores, and single spore cultures
were prepared from germinating conidia of isolates
representing morphological groups of different sites
(Villari et al., 2012).

Morphological identification was based on
macro- and microscopic characteristics of the
isolates. Specimens were observed both under a
stereomicroscope and a light microscope, after
anamorph fruiting structures were mounted on glass
slides in cotton blue.
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DNA was extracted from the single spore cultures
of the isolates representing morphological groups
of different sites. Approximate DNA concentrations
were determined at 260 nm using the Nano-drop
2000 spectrophotometer (Nano-drop Technologies,
Wilmington, DE, USA), and extracts were diluted to
10 ng pl—1 in double-distilled water (Sigma-Aldrich,
St. Louis, MO, USA). Internal transcribed spacer (ITS)
regions 1 and 2, including the ribosomal 5.8S gene, were
amplified using the ITS primers pairs (Davydenko et al.,
2017). The reaction mixture contained, in a total volume
of 15 ul, 200 uM deoxyribonucleotide triphosphates,
0.2 uM of each primer, 0.03 U/ul Thermo Green Taq
polymerase with reaction buffer Green, and 2.75 mM
final concentration of MgCl2. The thermal cycling was
carried out using an Applied Biosystems GeneAmp PCR
System 2700 thermal cycler (Foster City, CA, USA). An
initial denaturation step at 95°C for 5 min was followed
by 35 amplification cycles of denaturation at 95°C
for 30 s, annealing at 55°C for 30 s, and extension at
72°C for 30 s. The thermal cycling was ended by a final
extension step at 72°C for 7 min. The protein coding
gene B-tubulin (partial gene) was also amplified using
the primers Bt2a and Bt2b (Glass and Donaldson 1995).
Amplification was performed in 15 pl of reaction mix
(1x PCR Go Taq Flexi buffer, 2 mM MgCl2, 0.09 mM
dNTPS, 0.66 uM each primer, 4% DMSO, 0.5 U of Taq
polymerase and 1l of template DNA). Thermal cycling
condition were 2 min at 94°C followed by 15 cycles of
94°C for 30 s, 58°C for 45 s, and 72°C for 45 s, and
further 20 cycles of 94°C for 30 s, 55°C for 45 s, and
72°C for 45 s, with a final extension of 72°C for 5 min.

PCR products were size separated on 1% agarose
gels and visualized under UV light. The PCR products
were purified with Qiagen DNA extraction PCR M kit
(Qiagen, Hilden, Germany). Sequencing was carried
out by Macrogen Inc., Korea. Raw sequence data were
analyzed using the SeqMan Pro version 10.0 software
from DNASTAR package (DNASTAR, Madison, WI,
USA). Databases at GenBank and at the Department
of Forest Mycology and Plant Pathology, Swedish
University of Agricultural Sciences, were used to
determine the identity of ITS rRNA sequences. The
criteria used for identification were: sequence coverage
> 80 %; similarity to taxon level 98-100 %, similarity to
genus level 92-97 %.

Sequencing of fungi from the beetles. Isolation of
DNA, amplification and sequencing of fungal ITS
rRNA obtained directly from the beetles was carried
out as described by Davydenko et al. (2014, 2017).
PCR products were size separated on 1% agarose gels
and visualized under UV light. Resulting single-band
products were sequenced in both directions using the
same primers as for PCR amplification. Sequencing
and analyse of sequencing data were performed as
described in section above.

Statistical analyses. A NCBI BLAST (National
Centre for Biotechnology Information, www.ncbi.nlm.
nih.gov) search was run with the edited sequences for
preliminary species identification. Sequences were then
aligned and visually inspected for the identification of

polymorphic loci. A preliminary neighbor-joining tree
was obtained with a Kimura 2-parameters substitution
model, using only the f—tubulin partial gene sequences
since they are known to better distinguish among
Ophiostoma species than ITS region. Assessment of
average evolutionary divergences over sequence pairs
within and between groups defined by the tree were
assessed for both ITS region and B-tubulin partial gene.
All analyses were performed with MEGA 5.05 software.

Maximum likelihood (ML) analysis was conducted
using the RAXML, and the 198 RAXML-HPC BlackBox
was selected with default parameters, especially, in
order to distinguish further O. canum, O. canum-like
and O. ¢f- canum, and O. piceae complex with MEGA
5.05 software.

Richness of fungal taxa detected in beetles from sites
was compared using chi-squared tests (Mead 2017). The
relative abundance of fungal taxa was calculated from
actual numbers of observations (presence/absence data)
as the percentage of observations (isolates/ sequences)
for the total fungal community. Shannon diversity
indices and Chao indices were used to characterise
the diversity and composition of fungal communities
(Mead 2017). The Simpson diversity index was used
to indicate dominance in fungal diversity to take
into accounts both richness and evenness. Fungal
dominance and most common species were determined
by Camargo’s index (Mead 2017). Statistical analyses
were carried out using the software JMP®, Version
11.0.0. SAS Institute Inc., Cary, NC, 1989-2007.

Results and discussion. In total, 1681 isolates and
amplicons representing 42 fungal taxa were detected
when pooling the results from culturing and direct
sequencing. The distribution of the fungal species
according to site is given in Table 1. Of the all beetles of
1. acuminatus used for fungal culturing, 272 individuals
(94.4%) yielded fungal isolates and amplicons. So,
most of all of the investigated beetles were associated
with one, or more, species of fungi and 5.8 on average
different fungal cultures and amplicons were obtained
from each beetle.

The spectrum of fungi mainly consisted of
ascomycetes (Tab. 1), but a few fungi from phylum
Mucoromycotina and Basidiomycota were also
identified.

The most abundant fungal phylum was Ascomycota
for all sites accounting for an average of 80.85% of
the total sequences, followed by Basidiomycota and
unidentified fungal group, which accounted for 10.6 %
and 8.5 % of the total sequences, respectively (Fig. 2).

Pooling all data from isolation and sequencing, all
high-quality sequences representing 94 distinct fungal
taxa among which 56 (59.7 %) were identified to taxon
level, 28 (29.8%) to genus level and 10 (10.6%)
remained unidentified (Table 1).

The most commonly detected fungi for pooling
dataset were Sphaeropsis  sapinea  (23.6%),
Cladosporium pini-ponderosae (19.44 %), Ophiostoma
ips  (19.1%), Ophiostoma canum (19.1%) and
Cladobotryum mycophilum (18.06%). The less
abundant were Ophiostoma bicolor (15.97%),
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Ophiostoma  piceae (15.63 %), Graphilbum
rectangulosporium (13.89%), Sydowia polyspora
(13.54%) and Cyclaneusma niveum (12.15%). The
frequency of other species detected was lower than
11% (Tab. 1).
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Fig. 2. Fungal phyla relative abundance associated with
bark beetles. Sampling sites: Kharkiv (Kh), Luhansk (Lh),
Poltava (P), Sumy (S), Kyiv (K) and Zhytomyr (Zh)

Chi-square test showed significant difference (p
> 0.001) in richness of fungal taxa detected by the
different sites (Fig. 3). Differences were observed in
the abundance within some of the dominant groups,
classified as the phylum and order. For the fungal
communities (Fig. 3, Tab. 1), the relative abundances
of the taxa Ascomycota and Basidiomycota were
significantly lower (p < 0.001) in Luhansk and Poltava
sites, and significantly increased (p < 0.05) in Kharkiv,
Zhytomir, Kyiv and Sumy sites respectively reaching
maximum value in Sumy region. At the phylum level,
for the fungal communities the relative abundances of
the dominant taxa Cladosporium sp., Cyclaneusma
sp., Grosmannia sp., Mucor sp., Ophiostoma sp.,
Penicillium sp., Sphaeropsis sp., Sydowia sp. and
Basidiomycota were significantly different (p < 0.001)
between all sites, while the relative abundances of the
taxa Cladosporium sp., Graphilbum sp., Graphium sp.,
Lophodermium sp., were significantly similar for all
sites (data not shown).

Table 1
Pooled relative abundance of fungal taxa obtained from adults of Ips acuminatus collected
on Pinus sylvestris grown in six regions in Ukraine
Fungal taxa Kh P Lh S K Zh All samples
1 2 3 4 5 6 7 8
Ascomycota and other species
Alternaria alternata (Fries) Keissler 0 2.08 14.58 4.17 6.25 5.21
Alternaria sp. 4.17 0 0 2292  14.58 0 6.94
Anthostomella pinea Crous 2.08 0 0 12.50 10.42 4.17 4.86
Apiospora montagnei Sacc. 0 8.33 4.17 0 16.67 10.42 6.60
Aspergillus pseudoglaucus Blochwitz 0 10.42 16.67 1250  12.50 8.68
Aspergillus versicolor (Vuill.) Tirab. 6.25 14.58 0 0 4.17 4.17 4.86
Beauveria bassiana (Balsamo-Crivelli) Vuillemin  10.42  16.67  2.08 25.00 12.50 0 11.11
ggﬁjecltg’ia ochroleuca (Schwein.) Schroers & 6.25 6.25 0 16.67 417 6.25 6.60
Bionectriaceae sp. Samuels & Rossman 0 0 0 10.42 6.25 4.17 3.47
Botryotinia fuckeliana (de Bary) Whetzel 6.25 6.25 0 4.17 2.08 8.33 4.51
Cadophora sp 0 0.00 4.17 12.50 1042 10.42 6.25
Candida sp. 4.17 4.17 0 0 0 0 1.39
Chaetomium globosum Kunze ex Fries 0 0 2.08 25.00 0 0 4.51
Chaetomium sp. Kunze 8.33 0 4.17 0 6.25 0 3.13
Chalara sp. 4.17 4.17 0 12.50 4.17 6.25 5.21
Cladosporium sp. Link 14.58  10.42 0 4.17 1042 1042 8.33
ﬁf{i‘)bm’y um dendroides (Bull.) W. Gams & 208 25.00 0 1042 417  25.00 11.11
Cladosporium herbarum (Pers.) Link 0 0 39.58 0 0 0 6.60
gﬁ;’fg”wm mycophilum (Oudem) W. Gams ¢ s 0 2500 3750 3958  18.06
gicizéz;ospormm cladosporioides (Fresen.) G.A. de 10.42 0 0 0 0 0 | 74
Cladosporium pini-ponderosae K. Schub 4.17 18.75 0 29.17  41.67 2292 19.44
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Table 1 continuation

1 2 3 4 5 6 7 8
Cordyceps sp. 4.17 0 0 1250 1250  10.42 6.60
f/ﬂ;{[cgzeusma niveum (Pers.) DiCosmo, Peredo & 833 0 0 2500 2292 16.67 12.15
Cylindrocarpon sp 0 0 0 18.75 2292 8.33 8.33
Dactylonectria macrodidyma (Halleen, Schroers
& Crous) L. Lombard, van der Merwe & J.Z. 0 4.17 0 10.42 6.25 0 3.47
Groenew. & Crous
Gibberella avenacea R.J. Cook 18.75 0 0 14.58 0 10.42 7.29
grgﬁfﬁﬂ) ré%_”f:gg{;fg”ﬁg?&?ﬁ;Masuya 833 1042 417 1875 2292 1875 13.89
gﬁ%f"gg’g’égrogvf/ﬁf’\%ﬁ"Kéénk) Zipfel, 1875 0 0 1042 1875 625 9.03
Grosmannia sp.1 12.50  2.08 0 14.58 4.17 6.25 6.60
Eupenicillium sp. 0 10.42 4.17 4.17 10.42 16.67 7.64
Epicoccum nigrum Link 4.17 0 0 2.08 16.67 8.33 5.21
Fusarium oxysporum Schitdl 2.08 0 0 6.25 10.42 0 3.13
Fusarium sp 0 4.17 6.25 0 4.17 0 243
Geosmithia sp.1 0 1042  2.08 16.67 6.25 6.25 6.94
Geosmithia sp.2 2.08 6.25 0 6.25 4.17 0 3.13
Graphium sp. 10.42 0 0 8.33 6.25 10.42 5.90
Ilyonectria radicicola 14.58 2.08 6.25 12.50 8.33 6.25 8.33
Isaria farinosa 4.17 2.08 0 10.42 4.17 0 3.47
Z‘%‘;"er’"mm seditiosum Minter, Staley & 1875 417 0 1250 1250 625 9.03
Mariannaea elegans (Corda) Samson 12.50  12.50 14.58  12.50 8.33 0 10.07
gggj’fﬁ;”%’ﬁfﬂﬁ:mﬂosa (W. Gams & Malla) 833 0 417 1875 417 0 5.90
Mortierella sp. 0 16.67 6.25 0 6.25 0 4.86
Mucor sp. P. Micheli ex L. 0 4.17 0 12.50  10.42 0 4.51
Mucor fragilis Bainier 18.75  2.08 0 4.17 8.33 4.17 6.25
ﬁ‘;’;ﬁ?g"fgﬁf’ﬁ (Wick.) Y. Yamada, K. 417 625 625 208 1042 0 486
gfgjg)’%’zgégz‘fmg germanicum (Crous & U 1458 g 0 833 1250 0 5.90
ggl\cjlticf(zciahenricii (Wick.) Y. Yamada, K. Maeda 0 0 417 0 417 208 174
Ogataea neopini Nagatsuka, S. Saito & Sugiyama  4.17 2.08 0 0 10.42 0 2.78
Ophiostoma bicolor R W. Davidson & D.E. Wells  25.00 10.42 0 12.50 2292  25.00 15.97
Ophiostoma canum (Miinch) Syd. & P. Syd 22.92 4.17 1042 2292 2500 29.17 19.10
Ophiostoma ips (Rumbold) Nannfeldt 29.17 12,50  16.67 1250 20.83  22.92 19.10
Ophiostoma minus (Hedgc.) Syd. & P. Syd ¢ 18.75 4.17 0 4583 4583  25.00 23.26
I\O/ijzz%s}izgfa pallidulum Linnak., Z.W. de Beer & 0 18.75 0 0 417 2917 3.68
Ophiostoma piceae (Miinch) Sydow & P. Sydow  14.58 2.08 6.25 2292  25.00 2292 15.63
Ophiostoma sp. 1 0 0 0 18.75 0 29.17 7.99
Ophiostoma sp.2 18.75 4.17 0 0 0 8.33 6.94
Penicillium citreonigrum Dierckx 0 4.17 0 0 25.00 0 4.86
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Table I continuation

1 2 3 4 5 6 7 8
Penicillium roqueforti Thom 0 0 0 10.42 0 0 1.74
Penicillium sp. HK36 7 6.25 0 0 6.25 0 0 2.08
Penicillium sp. HK80 14 18.75 0 0 4.17 0 4.17 4.51
Penicillium sp. HK83 22 6.25 0 0 4.17 0 0 1.74
Pezicula eucrita (P. Karst.) P. Karst 0 0 4.17 8.33 6.25 12.50 5.21
Phoma macrostoma 0 0 0 22.92 4.17 4.17 5.21
Phomopsis sp. Sacc. & Roum 18.75 0 0 12.50 2.08 6.25 6.60
Pleosporales sp. 2.08 0 0 25.00 4.17 2.08 5.56
Rhizoctonia sp. 0 0 0 14.58 6.25 4.17 4.17
Saccharomycetaceae sp. 6.25 0 0 6.25 4.17 0 2.78
Sordariomycetes sp. 18.75 0 0 10.42 0 4.17 5.56
Sphaeropsis sapinea (Fr.) Dyko & B. Sutton ¢ 1250 2292 1875 4792 0 39.58 23.61
Sydowia polyspora (Brefeld & Tavel) E. Miiller 25.00 0 4.17 25.00 4.17 22.92 13.54
%{fgggjy;rfgv’:é”glg‘éf;‘esrt(D‘eerx) Samson, N- oo 417 0 417 208 2.08 2.08
Talaromyces purpureogenus Samson, Yilmaz,
Houbraken, Spierenb., Seifert, Peterson, Varga & 0 2.08 0 8.33 0 2.08 2.08
Frisvad
ﬁﬁhn%ﬁ;ma asperellum Samuels, Lieckfeldt & 16.67 0 208 625 417 417 556
Truncatella sp. Steyaert 4.17 0 4.17 0 2.08 2.08 2.08
Umbelopsis isabellina (Oudemans) W. Gams 0 0 2.08 0 4.17 4.17 1.74
Umbelopsis ramanniana (Mdéller) W. Gams 2003 6.25 0 6.25 0 6.25 2.08 3.47
Basidiomycota
Bjerkandera adusta (Willdenow) P. Karsten 2.08 6.25 0 8.33 4.17 4.17 4.17
Cryptococcus sp. Kiitz. 0 0 4.17 6.25 6.25 2.08 3.13
Entomocorticium sp- 1S Whimey, Bandomi & =g 33 625 417 625 208 1250 660
Fomitopsis pinicola (Swartz) P. Karsten 6.25 0 0 4.17 4.17 4.17 3.13
Hebeloma sp. (Fr.) P. Kumm. 2.08 8.33 0 2.08 4.17 4.17 3.47
Hyphoderma setigerum (Fr.) Donk 4.17 10.42 0 4.17 4.17 2.08 4.17
Heterobasidion annosum (Fr.) Bref. 0 6.25 0 6.25 2.08 4.17 3.13
Phlebiopsis gigantea (Fr.) Jilich, 8.33 0 0 4.17 0 4.17 2.78
Unidentified fungi
Uncultured Helotiales clone HH79 4.17 4.17 2.08 4.17 2.08 4.17 3.47
Uncultured Pezizales clone HG88 2.08 2.08 2.08 0 2.08 2.08 1.74
Unidentified Basidiomycota FG139 0 0 0 2.08 0 4.17 1.04
Unidentified Basidiomycota FG155 0 2.08 0 2.08 0 4.17 1.39
Fungal sp HH74 18 4.17 0 2.08 2.08 0 2.08 1.74
Fungal sp HH78 19 8.33 0 2.08 2.08 0 0 2.08
Fungal sp HK2 22 2.08 2.08 2.08 0 0 0 1.04
Fungal sp HD6 31 0 2.08 0 0 0 0 0.35
Unidentified culture Mucor-like M19 0 2.08 0 0 0 0 0.35
Unidentified culture Mucor-like M74 4.17 0 2.08 0 0 0 1.04

Sampling sites: Kharkiv (Kh), Luhansk (Lh), Poltava (P), Sumy (S), Kyiv (K) and Zhytomyr (Zh)
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Fig. 3. Richness of observed fungi species
for different sampling sites

The PCoA (principal coordinates analysis) based on
Bray-Curtis distances revealed that the first principal
component explained 99.10% of the variability in the
data of the fungal communities (data not shown). Six
different clusters were formed for all sites in the respect
to the fungal community compositions, indicating the
significant difference between fungal community
associated with bark beetles.

In the pooled dataset of isolates and amplicons for
each site, Shannon diversity indices ranged between 1.9
and 2.9 while Simpson diversity index varied between
0.69 and 0.89 (Fig. 4); Chao index is an estimator based
on the abundance of species for each site referring to
the abundance of individuals belonging to a certain
class in a sample.

Chao Shannon Simpson
359 1.25 -
3.0
1.00 -
100
2.51
0.75 4
2.0+
i 0.50 4
20 1.54
1.0 0.25
Kh KLh PZhs KhKLh PZhs Kh KLh PZhs

Fig. 4. Richness (Chaol indices) and Diversity (Shannon
and Simpson indices) for different sampling sites — Kharkiv
(Kh), Luhansk (Lh), Poltava (P), Sumy (S), Kyiv (K) and
Zhytomyr (Zh)

Thus, variation in proportional representation of
Shannon and Simpson diversity indices significant
taxa changes assigned to species and genus level was
observed in this study indicating functional drivers
for the difference among sites. It is speculated that
the lower bark beetles associated fungal diversity at
Luhansk and Poltava sites and the highest diversity at
Sumy and Zhytomir ones are probably due to the fact
that some microclimate factors as humidity or forest
health condition play a more focussed role in fungal
diversity between sites.

Opiostomatoid fungi. A total of 438 isolates
of morphologically resembling fungi in the
Ophiostomatales and Microascales were obtained
from bark beetles from six localities (Table 2).
The opiostomatoid group includes genera such as
Ophiostoma Syd., Ceratocystiopsis H.P. Upadhyay
& W.B. Kendr., Graphilbum H.P. Upadhyay & W.B.
Kendr., Raffaelea Arx & Hennebert, and Leptographium
Lagerb. & Melin in the Ophiostomatales, and
Ceratocystis Ellis & Halst., Knoxdaviesia M.J. Wingf.,
P.S. van Wyk & Marasas and Graphium Corda in the
Microascales (De Beer et al., 2013). The majority
of obtained isolated were Ophiostomatales (96.1%)
and a small number of isolates (3.9%) were from
Microascales (Tab. 2).

Intotal twelve ophiostomatoid species were detected
(Tab. 2). Within Ophiostoma s. 1., the obtained isolates
resided in eleven species complexes: Graphilbum
rectangulosporium, Grosmanniaolivacea, Grosmannia
sp., Ophiostoma bicolor, O. canum, O. ips, O. minus,
O. pallidulum, Ophiostoma sp. and one Graphium
sp. belong to Microascales (Tab. 2). Analyses of the
combined data set that included ITS-LSU, bS, EF-1a,
revealed that the majority of isolates obtained in the
present study, grouped in a strongly supported clade.
Among all obtained isolates, 27 ones were identified
as O. canum within the O. piceae complex, while
twenty-four were identified as O. ips. The results of
the BT and EF 1-a sequences analysis confirmed that
all the obtained isolates in these complexes belonged
to O. canum and O. piceae. Additionally, based on the
phylogenetic analysis of SSU ITS2-LSU BT, one isolate
was identified as Ophiostoma sp. The comparisons of
the SSU ITS2-LSU BT sequences obtained for the
Graphium isolates showed identification on genus
level.

Beetles collected in Luhansk were associated with
four ophiostomatoid species and the frequency was low
(rated from 4-16%). Bark beetles from Sumy, Zhytomir
and Kyiv regions were associated with the highest
number of fungal species from Ophiostomatales and
Microascales group. For all sites, O. minus was the most
common blue-stain species (23.3 % of all bark beetles).
0. ips and O. canum were also isolated at relatively high
frequencies as well as O.bicolor and O. picea (19.1%
and 15.97% respectively) from I acuminatus from
all sites, whereas rest of Ophiostoma and Graphium
species occurred rarely among all beetles. Interestingly,
that O. ips was relatively common species for Kharkiv
and Luhansk sites (29.2% and 16.7% respectively),
frequency of O. minus was the highest at Sumy and
Kyiv regions (45.8%), while the three Ophiostoma
species were the most common (frequency 29.2 %) at
Zhytomir region (Tab. 2).

Graphium sp. was isolated from specimen of
1. acuminatus collected in five localities (except
Luhansk). Graphium pseudormiticum was the closest
match (94 %) and G. fimbriasporum (Morelet) Jacobs,
Kirisits & Wingfield (92 %) according to the ITS-data.
However, the both two different Graphium species
seem to have different ecological niches associated with
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spruce and larch in this study the fungus is presented
as Graphium sp. because of a low identity score, with
other sequenced species, in the GenBank.

Graphilbum rectangulosporium was isolated from
13.9% all individuals collected in all sampling sited
as well as Ophiostoma canum, O. ips and O. picea
were also found (Table 2). Most of the collected
I acuminatus were associated Grosmannia sp.1 and
O. pallidulum. All detected opiostomatoid species were
found only at Zhytomir sampling site while bark beetle
collected from Kiev and Sumy region vectored 91.7 %
(11 out 12) opiostomatoid species. Less diversity
in this group were found to be associated with I
acuminatus at Kharkiv and Poltava sites whereas only
four Ophiostoma species were detected for bark beetles
at Luhansk site.

Grosmannia olivacea was isolated from 10.3 % of all
collected bark beetles. ITS-data and B-tubulin-data gave
99 % identity match on O. olivaceum. Following the new
nomenclature, the species is renamed to G. olivacea.
Reports of G. olivacea are very limited (Linnakoski,
2011). However, the fungus is known to be common
associate of pine- and spruce infesting bark beetles,

such as Dryocoetes autographus, Hylastes cunicularius,
I sexdentatus and I typographus (Linnakoski,
2011). Moreover, Grosmannia olivacea along with
ophiostomatoid species - Ophiostoma ips, O. minus,
O. pallidulum, O. piceae and G. cf. rectangulosporium
has already been reported to be associated with
Lacuminatus in Ukraine (Davydenko et al., 2017)
whereas Graphium sp., Ophiostoma bicolor, O. canum,
O. ips, O. piceae, and G. cf. rectangulosporium were
found to be in close interaction with Hylurgus ligniperda
(Davydenko et al., 2014).

All ophiostomatoid fungi were tested to be more
or less pathogenic to conifers and all detected species
showed the ability infect seedlings of P. sylvestris
with varying degree of virulence in precious studies.
Moreover, O. minus caused dieback to P. sylvestris
seedlings in previous studies (Jankowiak, 2013,
Davydenko et al., 2017) whereas other ophiostomatoid
species were capable to colonise sapwood and caused
substantial blue-stain in the inoculation area resulting
in decline of P. sylvestris seedlings, which was also
reported previously (Jankowiak, 2013, Davydenko et
al., 2017).

Frequency of ophiostomatoid fungi isolated from Ips acuminatus collected in different sites fable 2
Ophiosomatoid species Number of beetles (% frequency)
Kh P Lh S K Zh
g;‘;‘jglil; 3‘”21@6’(‘1’;’%‘61;’:{’; M g&iﬁ;ﬁa’ Masuya & 833 1042 417 1458 2292 1875
grg;[v?a\r;;ziirizgglivacea (Math.-Kaérik) Zipfel, Z.W. de Beer 18.75 i ) 18.75 18.75 6.25
Grosmannia sp.1 12.50 2.08 - 10.42 4.17 6.25
Graphium sp. 10.42 16.67 - 8.33 6.25 10.42
Ophiostoma bicolor R.W. Davidson & D.E. Wells 25.00 10.42 - 12.50 22.92 25.00
Ophiostoma canum (Miinch) Syd. & P. Syd 22.92 4.17 10.42 22.92 25.00 29.17
Ophiostoma ips (Rumbold) Nannfeldt 29.17 12.50 16.67 12.50  20.83 22.92
Ophiostoma minus (Hedge.) Syd. & P. Syd ¢ 18.75 4.17 - 45.83 45.83 25.00
?\f{)ﬁljo\gﬁgﬁ'pallidulum Linnak., Z.W. de Beer & i 1075 ) ) 417 2917
Ophiostoma piceae (Miinch) Sydow & P. Sydow 14.58 2.08 6.25 22.92 25.00 22.92
Ophiostoma sp. 1 - - - 18.75 - 29.17
Ophiostoma sp.2 18.75 4.17 - - 10.42 8.33

Sampling sites: Kharkiv (Kh), Luhansk (Lh), Poltava (P), Sumy (S), Kyiv (K) and Zhytomyr (Zh)

Pathogenic fungi. In the present study, different
fungal pathogens were detected among which one
non-ophiostomatoid species, Sphaeropsis sapinea (Fr.)
Dyko & B. Sutton, was also frequently isolated in this
study from all sites except Kyiv (Tab. 1). S. sapinea is
pathogen of conifers causing Diplodia tip blight and
stem canker disease across Europe (Oliva et al., 2013).

In total, S. sapinea was isolated from 23.6% of the
adults of I. acuminatus collected from five sampling
sites. The presence of S. sapinea was not significantly
affected by sampling site in which they were collected
(df=3, y*= 46.389, p=0.059), although most
specimens were found at Sumy site (23 out of 47.9 %)
followed by Zhytomir site (19 out of 48, 39.6%). In
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the six different areas of the 200 trees were analyzed
randomly to identify Sphaeropsis tip blight (data
not shown), and the presence of S. sapinea was not
significantly influenced by the forest health condition
of sampling trees (df=1, F=3.579, p==0.059) and
infection rate. The rate of infection was significantly
different among trees with/without bark beetle damage
and most of the trees showing symptoms of Sphaeropsis
tip blight does not damage by 1. acuminatus (df=1,
X,=15.361,p =0.021), but nevertheless, the possibility
should not be excluded that in addition to the negative
effect of I. acuminatus and ophiostomatoid fungi,
S. sapinea has also contributed to the pine decline as
disease symptoms were often observed on Scots pine
at the time of sampling on study sites (Davydenko et
al., 2017).

Among other pathogens, some fungi cause needle
disease were found in different extent (Anthostomella
pinea, Cyclaneusma niveum, Lophodermium
seditiosum) as well as fungi from genera Alternaria,
Chametomium, Fusarium, Phoma, and Rhizoctonia
are mainly known as generalist saprotrophs and/or
facultative parasites (Davydenko et al., 2014, 2017).

A few Basidiomycota were also occasionally
detected: wood-decay fungi (Bjerkandera adusta,
Fomitopsis pinicola and Heterobasidion annosum),
yeast Cryptococcus sp., mycorrhizal fungus Hebeloma
sp., common saprophytic fungus that causes white rot
of conifer logs and stumps and used as a biological
control of annosum root rot (Phlebiopsis gigantea)
and previously reported mycangial nutritional fungus
Entomocorticium sp. (Davydenko et al., 2014, 2017)
which of already mentioned in numerous studies as
occasional occurrence of basidiomycetous fungi in
bark beetles (Jankowiak, 2006, Persson et al., 2011,
Davydenko et al., 2014, 2017).

Conclusion. General conclusions that can be
taken from our study range different topics which go
from the widely discussed role of associated fungi in
bark beetles host establishment (Six, 2012, Villari,
2012), to the attempts in understanding ecology and
population dynamics of a forest-damaging species as
Ips acuminatus.

The investigated bark beetles, I acuminatus,
were associated with numerous of fungi species.
Therefore, I. acuminatus is vector for species-rich
fungal community, which was generally dominated
by tree pathogens. Present study also demonstrated
rich community of ophiostomatoid fungi associated
with I acuminatus in Ukraine. Such combination
of drought, bark beetles and both blue-stain fungi
and other pathogens is gaining importance regarding
dieback of pines in Ukraine.

It appears that ophiostomatoid fungi are an
important factor determining the aggressiveness of
bark beetles (Krokene & Solheim 1998), demonstrating
a significantly varying degree of virulence. Among
ophiostomatoid fungi reported to be associated with
bark beetles in Ukraine, O. minus has been the most
virulent and causes dieback in seedlings of Scots pine.
It is speculated that the associated ophiostomatoid

fungi may play key roles in overcoming tree defense to
facilitate the establishment of bark beetles. Nonetheless,
the most important benefits that weal or non-pathogenic
fungi may get from the association with bark beetle are
transport, spread, and facilitation in entering the host
tissues. In this case, bark beetle associated fungi are
completely dependent on their vector for dissemination
and thus adapted to insect dispersal which has been
confirmed by many scientists

The association between non-ophiostomatoid
pathogenic fungias Sphaeropsis sapinea, Cyclaneusma
minus, Lophodermium seditiosum and I. acuminatus,
is of considerable importance to forest health and
required further attention. Results of this study have
shown though that associated fungal community
(even weak or non-pathogenic fungi) are able to be
as trigger decreasing tree defences comparable to
the ones induced by a blue-stain fungus, and may
thus participate in exhausting host plant defences.
The combined performance of the tree pathogenic
fungi and their insect vectors could also be behind
the dieback of drought-stressed Scots pines in the
study sites.
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MopiBHANbHaA XxapaKTepucTnKa
yrpynoBaHb rpu6iB, noB’a3aHux i3
BepxiBKOBUM Kopoigom (Ips acuminatus)
y pi3HMX ob6nacTax YKpaiHu

K.B. laBnaeHko'

B ocranHe necstupiyus Bce Oinblie yBard mnpu-
IUIIEThCS TpUOaM, SIKi TOUIMPIOIOTHCS KOMaxaMu Ta
CIIPUYMHSIOTh CHHSIBY JIEPEBUHHM I iHIII 3aXBOPIOBaH-
HS iepeB (Tak 3BaHa rpyna 0piocTOMOBUX rpubiB, Kyau
BXOIATh Buau poxiB Ceratocystis, Ceratocustiopsis,
Ophiostoma, Grosmania). 11i rpu0u yTBOPIOIOTH IIEHO-
TUYHI acorliamii 3 6ararbMa BUJaMU KOPOiJliB, BUKOHY-
I0Th pi3HOMaHITHI QyHKIIi Ta 3aiiMarOTh Pi3Hi EKOJIO-
riuni Himn. Ha TepuTopii Ykpainu s rpyna rpubiB Ha

' Nasuoenxo Kamepuna Banepiiena — dIe€H-KOPECTIOHIECHT

JliciBunuoi akanemii Hayk YkpaiHHM, KaHIMAAT CUILCBKOTOCIIO-
JAPChKUX HayK, CTApUINil HAyKOBHH CIIBPOOITHHK, YKpaiHCHKHI
HAyKOBO-ZIOCHIZHUI ~ IHCTHUTYT JICOBOrO  TOCIOHApCTBa  Ta
arposicomeniopanii im. I. M. Bucoupkoro, Byn. [Tymkinceka, 86,
XapkiB, 61024, VYkpaina; 3anpoiieHuil HayKOBHH CHiBPOOITHHK
JHenapramenty JlicoBoi mikosorii i ¢irtomaronorii IlIBenckkoro
Arpapnoro YuiBepcurery, P.O. Box 7026, SE-75007, Ynmcana,
IBenis. Tem.: +38-098 66 755 26. E-mail: kateryna.davyden-
ko74@gmail.com ORCID http://orcid.org/0000-0001-6077-8533

XBOWHHX TIOpOJiaX MPaKTHYHO HE BUBUCHA, OCOOIMBO
ixHi (piTOMAaTOreHHI BIIACTHUBOCTI, SKi MOXYTh IOCH-
JIFOBATH HETaTMBHWU BIUIMB KOPOiAiB Ha JiepeBa, BU-
KJIMKAIOYX CYIWHHI 3aXBOPIOBAHHS, HEKPO3W Ta IHIII
XBOpOOU.

Tomy meToro nocmimkeHHs: OyJlo BUSBICHHS yIpy-
MOBaHb T'PHOIB, SIKi MEPEHOCUTH BEPXIBKOBHUH KOPOiI,
a TaKoK BU3HAYEHHS CKiaxy (iTonaroreHHUX rpuois,
acouifoBaHuX i3 Ips acuminatus, 3 METOIO TIOJAIIBIIIOTO
CKJIaJIaHHS JOCTOBIPHOTO MTPOTHO3Y ¥ OIIHIOBaHHS 3a-
IpO3H MOLIKOPKEHHS JIICOBUX HACcaPKEHb KOMIIEKCOM
«BepxieroGuULl KOPOIO — (Pimonamo2eHti 2pudu».

Jis mpoBeeHHS JOCTiKeHb Ha JISHKAaX COCHO-
BUX JIiCIB, JI¢ BUSBJICHO OCEPEAKH BEPXIBKOBOTO KOPO-
ina y mectu obnactsax Ykpainu (XapkiBcbka, [lonTas-
cpKa, Jlyranceka, KuiBcbka, XKuromupcrka, CymMchKa),
Oyno 3i0pano 288 wT. ocodun 1. acuminatus s Bu-
3HaYEHHS BCIX BUIIB TpHOIB, SKi MEPECHOCUTHh BEPXiB-
KOBHI KOPOI/, IMapalelbHO BUKOPHUCTOBYBAIH METO]]
KyJbTUBYBaHHS TpuOiB (Ha arapoBOMY >XHUBUJIbHOMY
cepenosuti) i JIHK anainiz mocmimoBHOCTEH rpubiB 3a
JOTIOMOTOI0 IEKUTBKOX Map npaiimMepis 1is rpuoiB.

VY pesyinbTari 3iCHEHOTO aHai3y BUSBICHO BEJIH-
Ky KUTBKICTb 1307151TiB 1 amrutikoHiB (1681 mramiB i cik-
BEHCIB), SIKi Mmiciisi 00POOKH CIIEIialbHOIO MPOTPaMOF0
o0’eqHanu y 42 ponuau rpubiB. 3a IOMOMOTOI0 MPO-
rpamuoro 3abesmedenHs NCBI BLAST BusiBieno 94
BHIU TpuOiB, 3 skux 80,85 % cranoBuim Ascomycota.
Pemta BuniB mpencraenena Basidiomycota Ta HEBH-
3HAYEHUMU BUJAMH, siKi craHoBuwid 10,6 1 8,5 % Bigmno-
BigHo. Cepell HUX HaldacTime BUSBISLIA Sphaeropsis
sapinea (23,6%), Cladosporium pini-ponderosae
(19,44%), Ophiostoma Ips (19,1%), Ophiostoma
canum (19,1 %) i Cladobotryum mycophilum (18,06 %).
Ilix gac aHamizy yrpymnoBaHb rpudiB BU3SHAYCHO, IO 32
oOmacTsiMu iHJeKC pisHOMaHiTHOCTI llleHHOHA cTaHO-
BuB Bix 1,9 10 2,9, a iHgekc pisHOMaHiTHOCTI CiMIico-
Ha — Big 0,69 no 0,89, mo Bka3ye Ha BUCOKY pi3HOMA-
HITHICTh BU/IIB 1 JOCTOBIPHY Pi3HHUIIIO BUAOBOTO CKJIa-
Iy MiKOOi0TH OKpeMuX o0acTen.

Cepen 30ymHUKIB CHHSIBH BHUSBJICHO IBaHAIISATH
BUAIB 0diocTOMOBUX rpubiB. 3a JaHWMHU HAIUX IIO-
NepeHIX JOCII/PKEHb 1 €BPONEHCHKUX JTOCIITHUKIB,
BCi BU3HA4€Hi 0i0CTOMOBI TPHOH IEMOHCTPYIOTH Pi3-
HY CTYIiHb BIpYJIEHTHOCTi CTOCOBHO COCHH 3BHYAHOI
Ta IHIIUX XBOWHWX. 32 HANTUMHU MOTEPETHIMU JOCITi-
JOKeHHSIMU, BUJ O. minus BUSBUB HAHOUTBITY arpecuB-
HICTb, BUKJIMKAIOYM BCUXaHHS 1 BiAmaj capKaHIliB CO-
CHH 3BHYalHOI. TakoX BCTaHOBIICHO, IO I. acuminatus
MIEPEeHOCUTh 0araro iHIIWX TAaTOTeHIB, OKpiM odioc-
TOMOBUX TpuOiB, a came — Sphaeropsis sapinea, pi3-
Hi TIATOT€HU XBOi 1 JEPEeBOPYHHIBHI TPHOH, IO TyKe
BaYXJIUBO IS MTOJANIBIIIOTO OI[iHFOBaHHSI (hi3i0JI0Ti9HOT
M TexHIYHOI IIKI[UIMBOCTI I. acuminatus y cOCHOBUX
micax Ykpainmu.

KurouoBi cioBa: cocHa 3BW4YaiiHa; Kopoinu; Ips
acuminatus, Ophiostoma; Sphaeropsis sapinea; dito-
MaTOTeHHU.
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CpaBHUTeNIbHAA XapaKTepucTuka rpubHbIx
Ccoo6LecTB, CBA3aHHbIX C BEPLUMHHDbIM
Kopoepom (Ips acuminatus) B pa3nnuHbIX
ob6nactax YKpaunHbl

E.B. laBuaeHko'

B nocnennee necstmiieTHe Bce OoJbIe BHUMA-
HUS yaensercs rpudaM, KOTOpPbIe PacHpOCTPaHSIOTCS
HACEKOMBIMH U BBI3BIBAIOT CHHEBY IPEBECHHBI M JPYTHE
3a0omneBaHMs (Tak Ha3pIBaeMasi rpymia 0(hHOCTOMOBBIX
rpubOB, Kyma BXomaT Buasl pomoB Ceratocystis,
Ceratocustiopsis, Ophiostoma, Grosmania). 39Tt
rpuOBI 00pa3yIOT MEHOTHIECKHE aCCOITUAIIN CO MHO-
TMMH BHJAaMH KOPOEJIOB, BEITIONHSAIOT Pa3HOOOpa3HbIe
(GYHKIMH ¥ 3aHUMAIOT pa3HbIe SKOJOTMYCCKUE HUIIIH.
Ha tepputopuu Ykpannsl ganHas rpymmna rpru0OoB Ha
XBOMHBIX IMOpPOJax MPAaKTUYECKH HE H3y4eHa, OCO-
O0eHHO uX (UTOMaTOreHHBIE CBOWCTBA, KOTOPBIE MOTYT
YCHIINBaTh HETaTHBHOE BO3JIEHCTBHE KOPOEIOB Ha Jie-
PEBbsI, BBI3BIBAs COCYIUCTHIEC 3a00I€BaHMs, HEKPO3bl U
Jpyrue OOJIe3HM.

Lenpto paGoTel OBLTO BBIABICHHE BHIIOB TPHOOB,
KOTOpBIE IEPEHOCUT BEPIIMHHBIN KOPOE/, OTIpeieieHIe
cocraBa (UTONATOTEHHBIX TPHOOB, aCCOIMUPOBAHHBIX
¢ Ips acuminatus, 11 COCTaBIICHHS B TaJIbHEHUIIIEM J10-
CTOBEPHOTO MIPOTHO3a U OLICHKU YTPO3bI MOBPEXKICHHUS
JIECHBIX HACAKICHUN KOMIUIEKCOM «BEPULUHHBIL KOPO-
€0 — pumonamozeHmubvie 2pubdvL.

Jlyis poBeeHUsT UCCIIEOBAHUEN Ha TPOOHBIX ILJIO-
IIa/IX B COCHOBBIX JIECaxX B MIECTH 00NaCcTAX YKpauHbI
(XapwproBckas, IlonraBckas, Jlyranckas, Kueckas,
XKuromupckas, Cymckast), Tie oOHapyKHBaJIKCh Oda-
TH BEPITUHHOTO Kopoerda, Oputo coOpaHbl 288 ocobeit
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1. acuminatus. JIyia onpenelieHus BCEX BUIOB TPHUOOB,
KOTOpBIE TIEPEHOCUT BEPIIMHHBIA KOPOE, Tapalieiib-
HO UCTIOJB30BaJIM METO/ KYIETUBUPOBaHMs TpHOOB (Ha
arapoBoil urarenpHON cpere) u JJHK-anamu3 nmocie-
JTOBATEIBHOCTEH IprOOB C TIOMOIIBI0 HECKOIBKHUX Tap
MpaiiMepoB 1 TpruoOOoB.

B pesymerare mpoBEACHHOTO aHalM3a IONy4Ye-
HO 1681 mITaMMOB M CHKBEHCOB, KOTOPBIC IOCIIE 00-
paboOTKM cHenuanbHOW MPOrpaMMoOi OOBETUHUIH B
42 cemeiictBa rpuboB. HampasneHHsIi mouck B 0aze
nansbeix (NCBI BLAST) BeisiBun 94 Buzaa rpu6oB (Ha
YpOBHE BHIIa U poja), u3 kKotopbix 80,85% cocrasis-
m Ascomycota; npyrae TpuObl OBLIH MPECTaBICHBI
rpubamu u3 rpynnsl Basidiomycota (10,6 %), a Tak-
K€ HEOIpENeICHHBIMA BHIAMH, KOTOPBIE COCTaB-
s 8,5%. Cpeau yCTaHOBJIEHHBIX BHUIOB HaM-
Ooree uwacTo BCTpedyauch Sphaeropsis sapinea
(23,6%), Cladosporium pini-ponderosae (19,44 %),
Ophiostoma ips (19,1 %), Ophiostoma canum (19,1 %)
u Cladobotryum mycophilum (18,06%). Ilpu aHna-
nu3e ObUTO OOHApYXEHO, YTO IO OONACTIM HHIEKC
pasnooOpasus lllennona cocraBmsn ot 1,9 mo 2.9,
uHAeKC pasHoobpasust Cummcona — ot 0,69 g0 0,89,
YTO YKa3bIBaeT Ha BBICOKOE pa3HOOOpaszue BHUIIOB H
JTOCTOBEPHBIC PA3IHYHUs BUJIOBOTO COCTaBa MUKOOUOTHI
OTJENbHBIX 00JaCTeM.

Cpenu Bo30OymuTenei CHHEBBI OOHAPYKEHO TBEHAI-
1arb BUIOB ouocTtoMoBbiX rpuboB. 1o gaHHBIM Ha-
WX OPEJbIAYIIUX UCCIEI0BAHUN U €BPOMEHCKUX aB-
TOPOB BCE BBISIBJICHHBIE O()HIOCTOMOBBIE TPHOBI JIEMOH-
CTPUPYIOT Pa3HYIO CTETICHb BUPYJIESHTHOCTH JJI COCHBI
OOBIKHOBEHHON W NPYTHUX XBOWHBIX. 1o pe3ympraTtam
HAIIUX TIPEABIAYINNX HCccienoBaHuil, Bux O. minus
MPOSIBIJI  HAMOOINBIIYI0 arpeCCHBHOCTH, BBI3BIBAS
YChIXaHHE U THOEIh CAKEHIIEB COCHBI OOBIKHOBEHHOM.
Takxe ycTraHoBieHO, yTo I. acuminatus TEPEHOCUT
MHOTHE JIPYTM€ IaTOr€Hbl, KpOME O(GHOCTOMOBBIX
rpuboB, a UMEHHO — Sphaeropsis sapinea, pa3IndHbIC
MaTOTEHbl XBOU W JCPEBOPA3PYIIAONIUE TPUOBI, YTO
OUYCHb BAXXHO IS JalbHEUIEeH OmeHKH (pu3moaoru-
YECKOM U TEXHUYECKON BpeAOHOCHOCTH . acuminatus
B COCHOBBIX JieCcaX YKpPauHBI.

KaloueBble ciioBa: CcocHa  OOBIKHOBEHHas;
Kopoensr; Ips acuminatus, Ophiostoma, Sphaeropsis
sapinea; GUTONIATOTCHBI.

128 K. B. laBnaeHko. MopiBHANbHA XapaKkTepucTuKka yrpynosaHb rpubis, NoB'A3aHux i3 BepxiBKOBUM Kopoigom (Ips acuminatus)...



