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The pathogen species composition and distribution in a variety of bark beetle species from different conif-
erous stands was investigated. Seven pathogen species were recovered: /. typographus Entomopoxvirus
(/fEPV), Malamoeba scolyti, Gregarina typographi, Menzbieria chalcographi, Chytridiopsis typographi,
Nosema-like microsporidium and Beauveria bassiana. Nosema-like microsporidium, M. chalcographi
and M. scolyti are new reports for the Bulgarian fauna. /. sexdentatus, Pityophthorus pityographus, Cry-
phalus saltuarius, Orthotomicus proximus and Polygraphus subopacus are newly reported hosts for B.
bassiana, M. scolyti, Chytridiopsis cf. typographi and Gregarina cf. typographi respectively. G. typogra-
phi appears to have the broadest host range the beetles we examined, followed by C. typographi, M.
chalcographi. M. scolyti and Nosema-like microsporidium appear to have narrower host ranges.

Bulgaria, bark beetles, pathogens, infections, Ips typographus, I. sexdentatus 1. acuminatus, Pytiogenes
chalcographus, Orthotomicus proximus, Polygraphus subopacus, Pityophthorus pityographus, Crypha-

lus saltuarius, Hylurgus ligniperda

Introduction

Bark beetles are some of the most serious insect pests
of coniferous trees in Bulgaria and throughout the
European subcontinent. These pests cause enormous
economic loss and during intensive outbreaks can
attack healthy standing trees (TzaNkov, MIRCHEV
1985, GEORGIEV 2006, ROSSNEV et al. ).

Control of bark beetles is very difficult because
of their cryptic habits: the majority of the life cycle
stages occur beneath the bark of host trees. The
most commonly used controls against these pests
are sanitation measures, but these are expensive and
very often lead to large clear-cut areas. Biological

control with the use of natural enemies such as

*Corresponding authors

pathogens could be very helpful, if the pathogens
could be manipulated in augmentative releases to
initiate epizootics.

Pathogens of [ t#ypographus have been
intensively studied (WEeiser 1954, 1955, 1977,
WEGENSTEINER 1994, WEGENSTEINER, WEISER 1995,
1996, WEGENSTEINER et al. 1996, WEISER et al.
199%."2003;

2003, WEGENSTEINER, WEISER 2004), but there are

Z1zkA et al. 1997, HANDEL et al.

few publications concerning pathogens of other
bark beetles species, which attack coniferous trees
(PurriNT 1980, PUrRRINI, WEISER 1985, KOHLMAYER
et al. 2003, HANDEL ef al. 2003). In Bulgaria there
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is only one published report on pathogens of I
typographus collected from the Vitosha and the
Rhodope mountains (Takov et al. 2006).

The aim of this study is to investigate the
pathogen species composition and distribution
in a variety of bark beetle species from different

coniferous stands.

Material and Methods

Bark beetles belonging to 20 species from 12 genera
(Table 1) were collected from August 2003 to
October 2006 at 12 sites, elevation between 220 and
1600 m from Vitosha, Maleshevska, Rhodope, Pirin
and Osogovo mountains. The nomenclature of bark
beetles taxa is given according to ALONSO-ZARAZAGA
(2004). Beetles were collected from wind-thrown
trees by peeling off the bark and removing the insects
from the exposed breeding galleries. Each sample
contained beetles from different breeding systems.
Between 5 and 241 individuals were collected from
each site, for a total of 2.433 beetles.
Collectedbeetlesandpiecesofbarkweretransported
to the laboratory. The beetles were refrigerated at 5°C to
reduce movement and prevent horizontal transmission
of any pathogens. The surviving beetles were dissected
as described in Takov et al. 2006. Beetles, which
died under refrigeration from fungal infections, were
checked for conidiospores to determine whether it was
a pathogen or a saprophyte. Fresh preparations of the
gonads, Malpighian tubules, fat body, and the entire
gut were examined for the presence of pathogens under
light microscopy (200-1000x). When pathogens were
observed, Giemsa stained smears were made of the
infected tissues (WEISER 1977). Sizes of cysts, spores
and gregarine trophozoites were measured with an
ocular micrometer at magnifications of 200 and 400 x.
The %2 test was used for statistical calculation
of differences in infection prevalences among
the different sites (Essi 1987). The biometric
characterization of G. typographi from I. typographus

and /. sexdentatus was made using Statistica v. 6. The
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following parameters were calculated: arithmetic
mean (Mean); median (M); standard deviation
(SD); standard error of the mean (SE); coefficient of
variation in % (CV); extreme values (Min and Max);

number of examined individuals (N).

Results

Seven pathogen species were recovered from 9
of 20 bark beetle species studied: 1. typographus
Entomopoxvirus (/fEPV) WEGENSTEINER, WEISER
(Entomopoxviridae), Malamoeba scolyti PURRINI
(Protozoa, Rhizopoda), Gregarina typographi FucHS
(Protozoa, Eugregarinida), Menzbieria chalcographi
WEIsErR (Protozoa, Neogregarinida), Chytridiopsis
typographi WEiser (Fungi, Microsporidia), Nosema—
like microsporidium (Fungi, Microsporidia) and
Beauveriabassiana BaLsamo (Fungi, Hyphomycetes)
(Table 2, 3, 6 and 7). Nosema—like microsporidium,
M. chalcographi and M. scolyti are new reports for the
Bulgarian fauna. IfEPV, G. typographi, C. typographi
and Beauveria bassiana have been reported from
Ips typographus in a previous study (Takov et al.
2006), B. bassiana from 1. sexdentatus, M. scolyti
from Pytiophtorus pytiographus, Chytridiopsis
cf. typographi from Orthotomicus proximus and
Cryphalus saltuarius, and Gregarina cf. typographi
from Polygraphus subopacus are newly reported
pathogens for fhesevspecies hosts.

Ips typographus
Three pathogen species were recorded in Ips
typographus (Table 1). G. typographi was found in
the midgut lumen of the host in all three samples and
ItEPV was detected in cells of midgut epithelium
of I typographus in both study sites. B. bassiana
infections were observed in some dead beetles
in the sample from 12.10.2006 from Artista. The
prevalences of these pathogens in 2006 are presented
in Table 1. The total prevalence among pathogens
did not differ significantly ( p>0.05).

The of G.
typographi is presented in Table 2. It is seen that the

morphometric characteristic
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Table 1. Studied beetles and localities.

Bark beetle Host plant Date Locality Altitude(m)
12.05.2006 Artista 1450
Ips typographus Picea abies 12.10.2006 Artista 1450
12.10.2006 Yavorova polyana 1510
7.08.2003 Zheleznitsa 1000
Pinus nigra 2.09.2003 Zheleznitsa 1000
18.09.2003 Tsalim 999
Ips sexdentatus 1.07.2005 Tsaparevo 940
17.07.2005 Tsaparevo 940
Pinus sylvestris
3.11.2005 Tsaparevo 820
22.06.2006 Tsaparevo 820
18.09.2003 Tsalim 999
20.09.2004 Garmen 600
21.10.2004 Sandanski 220
14.07.2005 Tsaparevo 999
Ips acuminatus P. sylvestris 5
25.08.2005 Borino 1150
15.10.2005 Borino 1150
12.05.2006 Tsaparevo 820
12.10.2006 Tremostnica 1300
Pytiogenes chalcographus P. abies 27.06.2004 Garmen 600
P, bistridentatus P. sylvestris 15.07.2005 Tsaparevo 530
5.07.2005 Garmen 600
Orthotomicus proximus P. sylvestris a
20.08.2005 Sandanski 220
O. erosus P. sylvestris 15.07.2004 Gorni Lom 500
O. laricis P, sylvestris 1.07.2005 Tsaparevo 940
22.04.2004 Yuchbunar 800
Pityophthorus pytiographus P. abies 4.07.2004 Borino 1150
21.08.2004 Vetrovala 1510
' B. Branishte
Polygraphus subopacus P. abies 30.06.2004 —— 1660
P. poligraphus P. abies 21.08.2004 Artista 1450
Cryphalus saltuarius P. abies 13.10.2005 B 1660
Reserve
Hylurgus ligniperda P. sylvestris 24.06.2006 Tsaparevo 820
Trypodendron lineatum P. sylvestris 9.09.2006 Tsaparevo 940
Carphoborus rossicus P. abies 4.07.2004 Borino 1150
: B. Branishte
Dryocoetes autographus P. abies 13.10.2005 R 1660
’ 3 B. Branishte
Hylurgops palliatus P. abies 4.10.2004 o e 1660
Hpylastes attennuatus P. sylvestris 12.07.2005 Tsaparevo 940
H. ater P. sylvestris 20.06.2005 Tsaparevo 940
H. cunicularius P. abies 27.06.2004 Garmen 600
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coefficients of variation of all characters are more
than 10% which shows that they are variable.

The length frequency distributions (Fig. 1)
yielded a bell-shaped curve (normal distribution) and
indicated that G. fypographi was a size-polymorphic
species with a length varying in large limits (from
32.5 to 193.8 um). It has one well-expressed main
size class (between 80-140 pum.

Mixed infections caused by G. fypographi
and /fEPV were observed in some [ typographus
beetles.

1. sexdentatus

Two pathogens were detected in /. sexdentatus (Table
3). The prevalences of pathogens recovered from /.
sexdentatus are presented in Table 5. The prevalence
of G. typographi was high and varied between 0%
in beetles from Tsaparevo, Maleshevska mountain,
in 2005 and 59.3% in beetles collected in 2003
from Zheleznitsa, Vitosha mountain. B. bassiana
was found only in one sample from Tsaparevo and
its total prevalence was significantly lower than the
prevalence of the eugregarine (p<0.001).

The of G.

morphometric  characteristic

typographi from I sexdentatus is presented in
Table 4. In this case the coefficients of variation of
all characteristics are also more than 10%, which
confirms the variability of the eugregarine.

The analysis of length frequency distributions
(Fig. 2) also confirms the fact that G. typographi is a
size-polymorphic species. Similarly to the length of
the eugregarine from /. typographus, the main size
class of the length (100-140 pm) is well expressed
and indicates normal distribution.

1. acuminatus

Two pathogen species were observed in /. acuminatus
(Table 5). We observed gamonts of G. cf. typographi
in the midgut lumen and spores of C. cf. typographi
enclosed in sporophorous vesicles in the midgut cells
of the host. The size of gamonts of G. cf. typographi
varied from 50.0 to 106.25 um in length and 12.5 to
37.5 um of width.

The prevalences of both pathogens are presented
in Table 6. Infection rates of G. cf. typographi varied
from 0% in a sample from Garmen, the Rhodope
mountains in 2004 to 40% in a sample from
Tsaparevo, Maleshevska mountain, in 2005. The
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Fig. 1. Length frequency of Gregarina typographi from Ips typographus (measurements in pim).
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Table 2. Pathogens recovered from Ips typographus collected in two sites from the Vitosha mountain in Bulgaria.

Site Date Number G WNP ‘;‘};: ;p . B.Iza:.;)t;na gliol;,‘;
Artista 12.05.2006 15 2(13.3) - -

Artista 12.10.2006 42 3(7.1) 3(7.1) 4(9.5)
Yavorova polyana 12.10.2006 32 4 (12.5) - 3(9.4)
Total 89 9 (10.1) 334 7@@9)

Abbrevations: N = number of infected individuals; % = percent of infected individuals, G. typographi = Gregarina typographi, B.
bassiana = Beauveria bassiana, TEPV= Ips typographus entomopoxvirus.

Table 3. Morphometric characteristic of Gregarina typographi from Ips typographus (measurements in pm).

Mean M SD SE CvV Min Max N
TL, 102.9 107.5 31.7 1.6 30.8 32.5 193.8 371
TP 353 37.5 11.0 0.6 31.1 8.8 58.8 371
LD 67.6 67.5 243 13 35.9 22.5 B7.5 371
WP 44.8 41.2 10.7 L3 23.8 25.0 75.0 371
WD 48.7 46.2 10.6 1.3 217 25.0 87.5 371
LP/TL 0.35 0.36 0.07 0.01 20.0 0.14 0.49 371
WP/WD 0.92 0.94 0.1 0.02 10.8 0.63 113 371
LP/WP 0.86 0.82 0.2 0.02 232 0.42 1.53 371

Abbrevations: arithmetic mean (Mean); median (M); standard deviation (SD); standard error of the mean (SE); coefficient of vari-
ation in % (CV); extreme values (Min and Max); number of examined individuals (N), total length (TL), length protomerit (LP),
width protomerit (WP), width deutomerit (WD), ratio of LP and TL (LP/TL) WD, ratio of WP and WD (WP/WD), ratio of LP and

WP (LP/WP).
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Fig. 2. Histogram showing the length frequency of G. typographi from I. sexdentatus (measurements in pm).
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Table 4. Pathogens recovered from Ips sexdentatus collected from the Vitosha, Pirin and Maleshevska mountains.

Site Collection Date Number 2 %"()f}: ;zp e & ;a::/ia)na
Zheleznitsa 7.08.2003 47 15 (31.9) -
Zheleznitsa 2.09.2003 32 19 (59.3) -
Tsalim 18.09.2003 157 24 (15.2) -
Tsaparevo 1.07.2005 5 - -
Tsaparevo 17.07.2005 20 5(25.0) -
Tsaparevo 3.11.2005 37 9(24.3) -
Tsaparevo 22.06.06 37 20 (54) 4(10.8)
Total 335 92 (27.4) 4(1.2)

Table 5. Morphometric characteristic of Gregarina typographi from Ips sexdentatus (measurements in ptm).

Mean M SD SE Cv Min Max N
s 122.05 120.0 36.0 2.77 29.4 55.0 2375 166
LP 28.3 25.0 V57 0.6 324 10.0 40.0 166
LD 98.8 100.0 31.5 244 31.8 40.0 213, 166
WP 39.8 40.0 13.4 1.04 33.6 15.0 90.0 166
WD 73.7 75.0 22.0 k7 29.8 30.0 110.0 166
LP/TL 0.19 0.19 0.05 0.003 24.7 0.09 0.38 166
WP/WD 0.55 0.52 0.16 0.01 29.0 0.22 1.8 166
LP/WP 0.61 0.6 0.2 0.015 32.7 0.22 125 166

Abbrevations: arithmetic mean (Mean); median (M); standard deviation (SD); standard error of the mean (SE); coefficient of vari-
ation in % (CV); extreme values (Min and Max); number of examined individuals (N), total length (TL), length protomerit (LP),
width protomerit (WP), width deutomerit (WD), ratio of LP and TL (LP/TL) WD, ratio of WP and WD (WP/WD), ratio of LP and

WP (LP/WP).

total prevalence of the eugregarine was significantly
lower than the prevalence of G. typographi in I
sexdentatus (p<0.001) and did not differ from the
prevalence of the eugregarine in 1. #ypographus.

Other Bark Beetles

The occurrence of pathogens in all other bark beetle
species is presented in Table 6. Two pathogen
species were observed in P. chalcographus. Spores
of the neogregarine M. chalcographi were found in
the fat body of the host. They measured 12.5 x 6.25
um. The size of the gamonts of G. typographi varied
from 62.5 to 75.0 um in length and from 25.0 to 40.0
um in width. The prevalence of both pathogens was
law and did not differ significantly (p<0,005).

Two pathogen species were also detected in
Orthotomicus proximus. Gamonts of Gregarina cf.
typographi and spores of Chytridiopsis cf. typographi
were observed in beetles collected in Sandanski. The
prevalence of the pathogens was low.
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Cysts of the Malamoeba scolyti amoeba were
found in the Malpighian tubules of Pityophthorus
The

prevalence of this pathogen was very low. G. cf.

pytiographus collected from Yuchbunar.
typographi was observed in beetles of P. subopacus
collected from Bistrishko Branishte Reserve. The
size of gamonts varied from 62.5 to 75.0 um in
length and 43.75 to 56.25 pm in width.

C. cf. typographi was the only pathogen found
in larvae and adult beetles of C. saltuarius. Its
prevalence was higher than the average prevalence in
O. proximus and 1. acuminatus (p<0.001). This was
the only case in which this microsporidium was found
not only in adult bark beetles but also in larvae.

Infection with new pathogen — a Nosema-like
microsporidium, was detected in the midgut of H.
ligniperda. Because the infection was at late stage,
only sporogonial stages, binucleate sporoblasts and

single binucleate spores of the microsporidium were
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Table 6. Pathogens recovered from Ips acuminatus collected from the Pirin, Rhodope and Maleshevska mountains.

Fig. 3. a. Spores of Nosema-like microsporidium from
Hylurgus ligniperda stained with Giemsa, 2 500 x, b.
Sporogonial stage with 2 nuclei, 1900 x., c. Sporoblast
with 2 nuclei, 2 500 x., d. Alive spore 2 000 x.

observed (Fig. 3a, 3b, 3¢ and 3d). The size of fresh
spores varied from 4.8 to 7.2 um in length and 1.8
to 3.30 um in width. Some midgut cells were filled
with spores and were swollen. Four of 20 collected
beetles were infected with this microsporidium.

Two pathogens apparently have broad host
ranges. G. typographi infected six different hosts
and C. typographi was detected in three hosts.

N (%)
Tsalim 18.09.2003 30 1(3.3) "
Garmen 20.09.2004 38 i :
Sandanski 21.10.2004 265 35(13.2) 2
Tsaparevo 14.07.2005 15 6 (40) 1(6.6)
Borino 25.08.2005 39 4 (10.2) 4
Borino 15.10.2005 48 5(10.4) &
Tsaparevo 12.05.2006 5 1(20.0) -
Tremosthnitsa 12.10.2006 44 1(2:3) 5(11.4)
Total 440 52 (11.8) 6(1.4)
Discussion

From the seven pathogen species recovered from nine
bark beetles collected from 2003-2006, three are first
reports for the Bulgarian fauna and five bark beetle
species are new hosts for two of the pathogens.

The pathogens recovered from Ips typographus
are the same species as those reported by Takov
et al. (2006) for 2003, 2004 and 2005. Gregarina
typographi, It EPV, Beauveria bassiana were
present again in the beetles collected in 2006. The
prevalence of the eugregarine from both sites in

~ the Vitosha mountain was lower than that reported

in our previous study (Takov et al. 2006) and by
WEGENSTEINER and WEISER (1966).

ItEPV prevalence in 1. typographus from both
study sites were similar to those reported by Takov
et al. (2006) for Yavorova Polyana (2003), by
WEGENSTEINER (1996) for beetles collected in Flatz,
Gainfarn, Forstheide, Zbiroh in 2004 and by HANDEL
et al. (2003) for Tamsweg (1999).

G. typographi was observed in I. sexdentatus
fromallstudiedsites. THEODORIDES (1960)firstreported
this pathogen-host association. The prevalence of
the pathogen was similar to that reported by HANDEL
et al. (2003) for I. typographus in Austrian sites. The
total prevalence of B. bassiana in I. sexdentatus was
low, but similar to that in our previous study (Takov
et al. 2006) for L. typographus.
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Table 7. Infections of Pityogenes chalcographus, Pytiophthorus pytiographus, Polygraphus subopacus, C. saltuarius,
Orthotomicus proximus and Hylurgus ligniperda from different sites in the Pirin, Osogovo, Rhodope and Vitosha moun-

tains.
Site Date Sl G. cf. o2}1201‘};;mphi C. . cf: i\z‘Iyz;;g;raphi M. ch;l(c:;g)raphi Ml;Is(c;;ol.;fti No;eztz/ao)sp.
P. chalcographus

Garmen 27.06.04 I 121 | 3(2.5) - 5(4.1) I - I -

O. proximus
Garmen 05.07.05 S - - - - -
Sandanski 20.08.05 19 1(5.2) 1(5.2) - - -
Subtotal 24 1(4.1) 1(4.1) - - -

P. pytiographus

Yuthbunar 22.04.04 241 - - - 3.(1.2) -
Borino 04.07.04 69 - - - - -
Vetrovala 21.08.04 70 - - - - -
Subtotal 380 - - - 3(0.78) -

P. subopacus
£ oemstte | 300604 | 176 20 (11.3) ; - : -
Reserve

C. saltuarius
ﬁéirr‘:/‘:sme 13.10.05 | 38 3 4 (10.5) : ] ;

H. ligniperda
Tsaparevo i 24.06.06 I 22 l - | - - I - ] 4(18.2)

G. cf. typographi was the most frequently
recovered pathogen in /. acuminatus, ZITTERER (2002)
reported a larger Gregarina sp. in 1. acuminatus
collected from Austria and Norway. Chytridiopsis
sp. (probably C. typographi) was reported from this
host collected in Austria, the Czech Republic and
from Norway by ZITTERER (2002).

HANDEL et al. 2003 studied the pathogen complex
of Pityogenes chalcographus from Austrian spruce
stands and reported G. cf. typographi and Menzbieria
chalcographi from this host. The prevalence of G. cf.
typographi we recorded was similar to that recorded
by HANDEL et al. (2003). The size of the spores of M.
chalcographi we measured is similar to that reported
by Purrint (1980) for this neogregarine found in P,
chalcographus.

Our
Pityophthorus. pityographus is new. This amoeba

finding of Malamoeba scolyti in
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was originally described by Purrmi (1980) in
Dryocetes autographus and was later recorded from
field populations of Hylurgops palliatus (KIRCHOFF,
Funrer 1985, HANDEL 2001), Hylurgops glabatrus
(HAamLer 1998), I typographus (WEGENSTEINER
1994, WEGENSTEINER et al. 1996, HANDEL et al. 2003),
Hylastes cunicularis (2001) and I acuminatus
(Zrrterer 2002). Our finding confirmed that this
pathogen has a broad host range.

The Nosema-like microsporidium that we
recovered from Hylurgus ligniperda is possibly a new
species. Several microsporidia belonging to the genus
Nosema were described from bark beetle species:
N. typographi, which infects the fat body and the
Malpighian tubules of 1. fypographus (WEISER 1955),
N. curvidens from the fat body, the hypodermis and the
connective tissues of Pityokteines curvidens (WEISER
1961), N. scolyti in the midgut, Malpighian tubules
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and haemocytes of Scolytus scolytus, S. multistriatus,
S. pvgmeus and S. ensifer and N. dendroctoni from
the fat body of Dendroctonus pseudotsugae (WEISER
1970). Furthermore HANDEL et al. (2003) observed
a Nosema sp. in the fat body and midgut epithelium
cells of Hylurgops palliatus. Our study showed that the
Nosema-like microsporidium from H. ligniperda was
located only in the midgut epithelium of its host. For
precise identification of this species, however, detailed
studies of the pathology, host specificity, ultrastructural
characters and rDNA sequence are needed.

Mixed infections, caused by G. #ypographi and
ItEPV, were found in I. typographus and in one I.
acuminatus individual. More species of pathogens
were observed in /. fypographus than in the other bark
beetles species we studied, corroborating the findings of
HANDEL et al. (2003). G. cf. typographi appears to have
the broadest host range of the beetles we examined,
followed by C. typographi, again corroborated by
other previous studies: HamLer (1998), HANDEL
(2002), HANDEL et al. (2003). M. chalcographi. M.
scolyti and Nosema-like microsporidium appeared to
have narrower host ranges; each was found in three
host species. None of the pathogens we recovered
were restricted to one host species.

The . study the
pathogenic complex of different bark beetles

reported here considers

in Bulgaria and suggests that the pathogens we
recovered have a relatively broad host range among
these sympatric bark beetles. Further investigations
to characterize these pathogens using molecular
techniques would allow us to better evaluate host-
pathogen interactions and better determine pathogen
identity and host range. For these cryptic pests the
manipulation of naturally occurring parasites may be

the most promising method for control.
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N3iienBaHus BbPXYy NATOTeHH HA KOPOSAH
(Coleoptera:Scolytidae) oT HIVI0JIUCTHH

HacaxkaeHus B boarapus

/. Taxoes, /. /lontues, P. Bazenwieiinep, /l. Ilunapcka

(Pe3iome)

W3cnenBanu ca ChCTaBbT HAa KOMIUIEKCA HA MAaTON€HM M TAXHOTO Pa3sNpPOCTPAaHEHHE B Pa3IM4YHH BHOBE
KOPOSITH, Hala Jaliy MIJIOJIUCTHA HacaX1eH!s. YcTaHOBeHH ca 7 maroreHa Ips typographus Entomopoxvirus(It
EPV), Malamoeba scolyti, Gregarina typographi, Menzbieria chalcographi, Chytridiopsis typographi,
Nosema-like mikrosporidium n Baeuveria bassiana. Nosema-like mikrosporidium, M. chalcographi n M.
scolyti ce cpOOIIABaT 3a MBPBH BT 3a ObiTapckata dayHa. Ips sexdentatus, Pityophthorus pityographus,
Cryphalus saltuarius, Orthotomicus proximus u Polygraphus subopacus ca HOBH TOCTOIIPMEMHHLH 3a B
bassiana, M. scolyti, Chytridiopsis cf. typographi w Gregarina cf. typographi cvotBeTHO. G. typographi
MOKa3Ba HAM-IIMPOK KPBI' OT TocTonpueMHuIm ciensana ot C. typographi, M. chalcographi, M. scolyti n

Nosema-like mikrosporidium umaimu no-TeCHA KPbroBe Ha rOCTONPHEMHHUIIH.
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