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AHHOTAIUA
duToraToreHHbIe rPUbbI poga Ophiostoma, BbI3bIBAIO-
Iiye CHMHEBY [PEeBECHHBI XBOWHBIX II0POJ, ABJIAIOTCA
OTpPaHUYEHUEM JJIS KCIIOPTA JECOTIPOAYKIIUY B PSZE
cTpaH. Bce BuABI JAaHHOTO POZa 06Pa3yIOT CXOXKUE
CTPYKTYPbl CIIOPOHOIIEHUS, UTO CYIIECTBEHHO 3a-
TPYIOHSET UX BU3YaJIbHYI0 UIeHTU(UKALNIO. B cTaThe
MIPEeJNICTaBJIeH KPaTKUU 0030p MH(GOPMAIIMU O IBYX
Bumax pofia Ophiostoma, BbIIEJIEHHBIX W3 JIpPeBecu-
HBI XBOWHBIX TOPOJ. [IpUBOAUTCS TOAPOOHOE MOp-
(osormyeckoe omucaHWE CIOPOHOCSIIUX CTPYKTYD
(mepuTenueB u KopeMueB), CGHOPMUPOBABIINXCS
Ha 06pasIax JpeBeCcUHbI XBOUHBIX MOPoJ. CTaTUCTU-
YeCKUH aHaJIM3 C UCIIOJIb30BaHMEM KPUTEPUsI MaHHa —
YUTHU II03BOJINII YCTaHOBUTDL, YTO pas3MepPbl 9TUX
CTPYKTYP IOCTOBEPHO PAa3JIMYAOTCS B 3aBUCUMOCTU
OT TIOPOJIbI JIPEBECUHBI, YTO YKAa3bIBAET HA BBICOKYIO
(I)eHOTI/IHI/I"IeCKy}O IIJIaCTUYHOCTDb MCCJIeJOBAaHHBIX
BUJIOB U TIOJTBEPXKIAET OTPAHUYEHHYI HAZEXHOCTH
Mopdosornueckon uaeHTuduKanuy. Takxke B pabo-
Te IIPECTaBJIEHO KYJIbTYypaJIbHO-MOP(HOIOrHUECKOe
OTIMCaHWE W30JIATOB Ha YETHIPEX IMUTATENbHBIX Cpe-
JlaX, TIPY 3TOM OTMeYeHa 3aBUCHMMOCTb TEMIIA POCTa
KOJIOHMHM, YPOBHA IIMI'MEHTalVW WM HMHTEHCHUBHOCTU
CIIOPOHOIIIEHYS OT COCTaBa Cpexbl. MccieloBaHe 10-
Ka3bIBAET, UTO HAJEXKHAS OlleHKa (hUTOCAHUTAPHOTO
COCTOSIHUSI JPEBECUHBI TPeByeT BCECTOPOHHEIO W3-
y4eHUusT MOP(MOKYJIbTyPaJbHBIX XapaKTEPUCTUK BO3-
OynuTeneii. Takoi ITOAXOM, OCHOBAHHBIM Ha aHAJIM3€
(heHOTUTITNYECKON U3MEHUYUBOCTH, ITI03BOJIIET PeIlaTh
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ABSTRACT
Phytopathogenic fungi of the genus Ophiostoma, which
cause sapstain in coniferous wood, represent a major
constraint on timber exports to several countries. All
species of this genus form similar sporulation struc-
tures, significantly complicating their visual identi-
fication. This article presents a brief overview of two
species of the genus Ophiostoma isolated from conifer-
ous wood. A detailed morphological description of the
spore-bearing structures (perithecia and synnemata)
formed on coniferous wood samples is provided. Sta-
tistical analysis using the Mann-Whitney test revealed
that the sizes of these structures vary significantly de-
pending on the wood species, indicating high pheno-
typic plasticity of the studied species and confirming
the limited reliability of morphological identification.
The paper also presents a cultural and morphological
description of the isolates on four nutrient media, not-
ing the dependence of colony growth rate, pigmenta-
tion level, and sporulation intensity on the medium
composition. The study indicates that a reliable assess-
ment of the phytosanitary condition of wood requires a
comprehensive study of the cultural and morphologi-
cal characteristics of pathogens. This approach, based
on the analysis of phenotypic variability, allows for not
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He TOJIbKO IMaTHOCTUYECKUE 3a7aUl, HO ¥ PACKPBIBATh
0COOEHHOCTH afianTaluy TPUBOB K 3aCEJIEHUI0 Jipe-
BECHBIX TKaHeH.

Knwoueevte cnosa: rtpubbl poma Ophiostoma,
CUHEBa [IPEBECHHBI, ApPEeBECHHA XBOWHBIX TIOPOI,
Ophiostoma floccosum, Ophiostoma piceae, COCHa OOBIK-
HOBEHHas, eJib OObIKHOBEHHASI.

BBEJEHUE

HAUYUTEeJIbHBIA SKOHOMUYECKUN 1 KO-
JIOTUUeCKUi yuiepb JiecorrepepabaTsl-
BaloIell IPOMBIIIJIEHHOCTY HAaHOCSIT
(butomarorennnie rpubnl ceMencTBa
Ophiostomataceae, BbI3bIBAIONNE CU-
HEBY JIPEBECUHBI — IMMATOJIOTUYECKOE
OKpallvBaHMue IIPOBOIAININX TKaHEH,
COTIPOBOXAalolleecsa merpamanuen
LeJII0JI03bI K CHIKEHNEM OCHOBHBIX (DM3UKO-MeXa-
HUYECKUX CBOWICTB APEeBECHUHbI, BKJII0Uasi IPOYHOCTb,
JIOJITOBEYHOCTDb ¥ TEXHOJIOTUYECKYI0 MeHHOCTh ([1a-
meHoBa u Ap., 2009). ®UTOaTOreHHbIN ITOTEHIIA
STUX 'PUOOB PE3KO BO3PACTAET IIPU CUMOMOTUUECKUX
B3aUMOJIEMCTBUAX C arPECCUBHBIMU Kcuiodaramu,
B uacTHocTu Kopoegamu (Coleoptera: Scolytinae), crio-
COOHBIMU ITOPaXkaThb )KUBbIE AepeBbsa (POMUH U IP.,
2026). B Takux caydasx Tpubbl, TPAHCIIOPTUPYEMbIe
HaceKoMbIMU B (D109MY U 3a60JI0Hb XBOMHBIX TOPO/I,
aKTVBHO KOJIOHUBUPYIOT COCYAVCThIE TKAHU, PACIIN-
P 30HY MOBPEXIEHYs, Hapylllas TPAHCIIOPT BOJbI
¥ PAaCTBOPEHHBIX IIUTATEIbHBIX BEIECTB, YTO IPUBO-
JIUT K yCKOPEHHOMY YCBhIXaHUI0, HAPyIIeHUI0 (hU3U0-
JIOTUYeCKUX QYHKIIMHM U rMbesiv pacTeHUI-X03sInHA
(MTamenosa u gp., 2009).

B cBg3U ¢ BBICOKOM SIIMIEMUOJOTUYECKON 3HA-
YMMOCTbBIO ¥ PUCKOM TPAHCTPAHUYHOT'O PaCIpoCcTpa-
HeHus B lMpaHe IIPUHSATHI CTPOTHE KapaHTUHHBIE
TpeboBaHMs, 3allpellalnye SKCIOPT HEeOKOPEHHBIX
OpeBeH M MUJIOMaTEPUAJIOB XBOMHBIX ITOPO, IPU 06-
HapyxeHuu Ophiostoma spp.

Mopdosiornyeckass CXOXKECThb CIOPOHOCSIIINX
CTPYKTYP — TIEPUTEINEB U KOPEMUEB Y PaA3IUUHBIX
BUZIOB pona Ophiostoma — fenaeT BU3yaJIbHYIO UJIEH-
tuduKaInio HeogHo3HauHOH ([TameHoBa u ap., 2009;
Pomanenko u gp., 2023; Linnakoski et al., 2010;
Kirisits, 2007; Malloch, Blackwell, 1993; Wingfield,
Seifert, 1993). JONOJIHUTENBHYIO CJIOXXHOCTb WUIEH-
TU(UKAIIUY BHOCUT BBICOKAS W3MEHUYMBOCTb KYJIb-
TypPaJibHO-MOP(MOJIOTUYECKUX [IPU3HAKOB Yy BUIOB
JIIAaHHOTO POJia MPU UX KYJbTUBUPOBAHUY HA PA3HBIX
nuTaTenbHbIX cpemax (CMHKeBUY U Ap., 2026), UTO
TpebyeT BCECTOPOHHETO M3yUYeHUsd UX (QeHOTUIINYE-
CKOI MJIACTUYHOCTHU [IJIST BHIPAOOTKYM HAIEXKHBIX IU-
arHOCTUYECKUX KPUTEPUEB.

B cBsI3u C BhIIIECKA3aHHBIM JaHHas paboTa II0-
CBSINIIEHA CPAaBHUTEJBHOMY WU3YUYEHUI MOPGhOJIOTH-
YeCcKUX U KyJIbTYPaJbHBIX CBOMCTB JIBYX BUIIOB poza
Ophiostoma: Ophiostoma floccosum Math.-Kaéarik, Beifie-
JIEHHOT'0 13 ITIOPaKEHHOM PEeBECUHBI COCHBI 0OBIKHO-
BeHHOU (Pinus sylvestris L..) 1 ey 06bIKHOBEHHOMU (Picea
abies (L.) H. Karst.), u Ophiostoma piceae (Miinch) Syd.
& P. Syd., BBIIEIEHHOTO U3 MMOPaKEHHOU JIPEBECUHBI

only diagnostic purposes but also providing insight into
fungal adaptation to colonizing wood tissue.

Key words: Fungi of the genus Ophiostoma, sap-
stain, coniferous wood, Ophiostoma floccosum, Ophiosto-
ma piceae, Pinus sylvestris, Picea abies.

INTRODUCTION

ignificant economic and environmental

damage to the timber industry is caused by

phytopathogenic fungi of the Ophiostomatace-

ae family, which cause sapstain of coniferous

wood — a pathological discoloration of vascu-
lar tissues accompanied by cellulose degradation and
a decrease in the wood’s key physical and mechanical
properties, including strength, durability, and com-
mercial value (Pashenova et al., 2009). The phyto-
pathogenic potential of these fungi increases dramat-
ically during symbiotic interactions with aggressive
wood-boring insects, particularly bark beetles (Cole-
optera: Scolytinae), which can attack living trees (Fo-
min D.S. et al., 2026). In such cases, fungi transmitted
by insects into the phloem and sapwood of coniferous
trees actively colonize vascular tissues, expanding
the damage zone, impairing water transport and dis-
solved nutrients, which leads to accelerated dieback,
disruption of physiological functions, and death of the
host plant (Pashenova et al., 2009).

Due to the high epidemiological significance and
risk of cross-border spread, Iran has adopted strict
quarantine requirements prohibiting the export of
unbarked softwood logs and lumber if Ophiostoma spp.
is detected.

The morphological similarity of spore-bearing
structures - perithecia and synnemata - in various
species of the genus Ophiostoma makes visual identifi-
cation ambiguous (Pashenova et al., 2009, Romanenko
etal., 2023, Linnakoski et al., 2010, Kirisits, 2007, Mal-
loch, Blackwell, 1993, Wingfield, Seifert, 1993). Addi-
tional complexity is introduced by the high variability
of cultural and morphological characters in species of
this genus when they are cultivated on different nutri-
ent media (Sinkevich O. V. et al., 2026), which requires
a comprehensive study of their phenotypic plasticity
to develop reliable diagnostic criteria.

Therefore, this work is devoted to a comparative
study of the morphological and cultural properties of
two species of the genus Ophiostoma — Ophiostoma floc-
cosum Math.-Kéarik, isolated from affected Scots pine
(Pinus sylvestris L.) and Norway spruce (Picea abies (L.)
H.Karst.) and Ophiostoma piceae (Miinch) Syd. & P. Syd.,
isolated from affected Norway spruce wood (P, abies).
In this case, the main attention is paid to identifying
patterns of variability of spore-bearing structures and
cultural properties depending on the wood type and
the nutrient medium composition.
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e 00bIKHOBEHHOU (P. abies). TIpy 5TOM OCHOBHOE
BHUMAaHUE YIEJEHO BBISBIECHUI0 3aKOHOMEPHOCTE
W3MEHUYMBOCTY CIIOPOHOCSIIUX CTPYKTYP U KYJIBTY-
PaJbHBIX CBOMCTB B 3aBUCHMOCTHU OT ITIOPOLBI IpeBe-
CHHBI ¥ COCTaBa [IUTATEJIbHON CPEbI.

MATEPUAJIbBI U METO/IbI

O6beKTaMU MCCIIEeNOBAHUS CIYXUIU 00pPasilbl
IPEeBEeCUHbI COCHBI OOBIKHOBEHHOUW U €I OOBIKHO-
BEHHOM, TTOpakeHHble (PUTONATOTEHHBIMY I'PubaMu
poza Ophiostoma, a TaK)Ke YUCThIe KYJIbTYPbI U30JIITOB
0. piceae u O. floccosum, BbIIeJIEHHBIE U3 TTOBPEXKIEH-
HOU JpeBecUHbl U UAeHTU(GULVMPOBAaHHBIE METOLOM
kjlaccudeckod TII[P ¢ mocjeAymoiiuM CeKBEHUPO-
BaHUeM 110 CaHTepy. Mopdosornyeckre MpU3HAKU
CTIOPOHOCAIINX CTPYKTYP (EPUTELUUN U KOPEMUU)
(pukcmpoBasu METOJOM CBETOBOM MUKPOCKOITUU
C IpuMeHeHHeM MUKpockoma Axioskop 40 (Carl
Zeiss, T'epmanwms). [IJS KOJMYECTBEHHOU OI€HKU
MOp(hOMETPUUECKUX ITapaMeTpoB (AJWHA ¥ IIH-
pUHa OCHOBAaHUS TIEPUTEIVEB, AJUHA X000TKa Ie-
pUTEeLUEB, AJWHA KOPeMUs) MPOBOAMIU He MeHee
20 m3MepeHMHM Ha KaXXIoM o00pasile IOpPeBEeCHHBI.
Bce m3MepeHUs BBIMOJHSJINCh C HCIIOJIb30BaHU-
eM BCTPOEHHOI'0 MPOTPaMMHOTO obGecrieueHus AJis
aHanu3a wusoOpakeHmit (AxioVision). KymbTypasib-
HO-MOp(doIoTHYecKre XapaKTEPUCTUKU U CKOPOCTh
panuasbHOTO POCTAa KOJIOHWUHM M30JATOB Ophiostoma
u3yvaju B eCATUKPATHOUN MOBTOPHOCTU. KyIbTyphI
BBIPAIIMBAJIM HA COJIOJJIOBOM, MOPKOBHOM, KapTO-
(esIbHO-TJIIOKO3HOM U KapTO(esbHO-AEKCTPO3HOM
arapax (pH = 5,5 + 0,1), afanTUPOBAHHbBIX IJs OII-
TUMAaJIbHOT'O Pa3BUTHS IPEACTABUTENEN ceMelCcTBa
Ophiostomataceae. VHKy0alMi TPOBOAUIU IIPU
TeMmriepatype 25 + 1 °C. CKOpOCTh pPOCTa KOJIOHUU
OLIEHWBAJIM B JUaMeTPAJbHOM HAIIpaBJeHUU Ha 3,
51 7-% OHU KyJIbTUBUPOBaHUA. KyJIbTypasbHO-MOP-
domornueckre ocobeHHOCTU (IIBET MUIIEIUS, TEK-
CTypa KOJIOHWU, MPOJNYKIIUS MTUTMEHTOB, CIIOPOHO-
meHue) onuchbiBaay Ha 10-11 JeHb KyJIbTUBUPOBAHUS
B COOTBETCTBUHU C OOIIENPUHATHIMU MeTomaMu (Pca-
JIveB u ap., 2015).

Ilnsi cpaBHeHUS MOpP(QOMETPUYECKUX IapaMe-
TpoB (pa3sMepoB KOPEMUEB M TIEUTEIIMEB, a TaKXe
CKOPOCTH POCTa KOJOHWH) MeXIy NBYyMS He3aBUCU-
MbIMU BbIGOpKaMu (u3oasaTel O. piceae u O. floccosun)
MPUMEHSJIM CTAaTUCTUYECKYI0 00PabOTKy IaHHBIX
Cc ucnosib3oBaHmeMm U-KpuTepusd MaHHaA — YUTHH.
JTOT HemapaMeTPUUYECKUU KPUTEePUM NMPUMEHSEeTCS
LIS CPaBHEHUS JBYX HECBSI3aHHBIX BBIOOPOK (IIu-
TUKOB, Po3enbepr, 2013). YpoBeHb CTaTUCTUYECKOMH
3HauuMocTu p < 0,05. Tlpu yciaoBuu I0JyUYEeHHOIrO
pP-3HAYEHUSI MEHbIIIe STOT0 TIOPOTa PA3IUUUST MEXKY
BBIGOPKAMU CUMTAIOTCS CTATUCTUYECKU 3HAYUMBIMU
(moctoBepHbiMU). CTaTHcTUUecKass obpaboTka maH-
HBIX BBITIOJIHSJIACH C UCITOJIb30BAHUEM ITPOTPAMMHO-
ro nmaketa PAST 4.03 (Hammer et al., 2001).

PE3VJIBTATBI U OBCYKIEHNA

Ha HEOKOpeHHO! IpeBecrHEe COCHbI OGBIKHOBEH-
HOU U e OGIKHOBEHHOU MPY AJIUTEIBHOM XPaHEHUU
HA JIec03arOTOBUTEIBHBIX IIJIOMIAIKAX U MeCTax Iepe-
PaboTKY JIPEBECUHBI TTPOSBIISIOTCS ITPU3HAKY TIOPaKe-
HUS IpeBopaspylIaoiuMy rpubamMu poma Ophiostoma,
B uactHocTtu O. floccosum u O. piceae, BBI3bIBAIOUIVMU CU-
HEBY IpPEeBECUHBbI. XapaKTEPHbIM MaKPOCKOTMYECKUM

MATERIALS AND METHODS

The study examined wood samples of Scots pine
and Norway spruce affected by phytopathogenic fungi
of the genus Ophiostoma, as well as pure cultures of O.
piceae and O. floccosum isolates obtained from the in-
fected wood and identified by the conventional PCR
method followed by Sanger sequencing. Morphologi-
cal characters of spore-bearing structures (perithecia
and synnemata) were examined using light micros-
copy with an Axioskop 40 microscope (Carl Zeiss,
Germany). To quantitatively evaluate morphometric
parameters (length and width of the perithecia base,
perithecial neck length, synnemata length), at least
20 measurements were taken on each wood sample.
All measurements were performed using built-in
image analysis software (AxioVision). Cultural and
morphological characters and the radial growth rate
of Ophiostoma isolate colonies were studied in tenfold
replicates. Cultures were grown on malt, carrot, po-
tato glucose, and potato dextrose agar (pH 5.5 + 0.1),
adapted for optimal development of representatives
of the Ophiostomataceae family. Incubation was carried
out at a temperature of 25 + 1°C. Colony growth rate
was assessed in the diametrical direction on days 3, 5,
and 7 of cultivation. Cultural and morphological char-
acters (mycelial color, colony texture, pigment pro-
duction, sporulation) were described on the 10" day
of cultivation in accordance with generally accepted
methods (Rsaliyev et al., 2015).

To compare morphometric parameters (the
sizes of synnemata and perithecia, as well as the
colony growth rate) between two independent sam-
ples (isolates of O. piceae and O. floccosum), statistical
data processing was performed using the Wilcox-
on-Mann-Whitney U-test. This nonparametric criteri-
on is used to compare two unrelated samples (Shitikov
V.K., Rosenberg, 2013). The level of statistical signifi-
cance was taken to be p < 0.05. If the obtained p-value
is less than this threshold, the differences between the
samples are considered statistically significant (reli-
able). Statistical data processing was performed using
the PAST 4.03 software package (Hammer et al., 2001).

RESULTS AND DISCUSSIONS

Unbarked Scots pine and Norway spruce wood
stored for long periods at logging sites and wood pro-
cessing facilities shows signs of damage by sapstain
fungi of the genus Ophiostoma, particularly O. floccosum
and O. piceae, which cause sapstain. A typical macro-
scopic damage symptom is the formation of wedge-
shaped darkened zones on end-grain sections, which
acquire a bluish-gray tint due to the development of
mycelium and the formation of spore-bearing struc-
tures — synnemata and perithecia (see Fig. 1).

The fungus O. floccosum was isolated and identi-
fied from infected pine and spruce specimens. Micro-
morphological analysis of the spore-bearing struc-
tures revealed differences in the perithecia structure
depending on the host plant. On spruce wood, perith-
ecia develop singly, are dark-colored, almost black,
with a rounded base merging smoothly into a long

AsrycT N2 3 (28) 2026 23
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Puc. 1. CuMNTOMbI NOpaXKeHUs ApeBechHbl COCHbI Fpubamu
pona Ophiostoma (thoTo: 0.B. CuHkeBMY)

Fig. 1. Symptoms of pine wood damage by Ophiostoma
fungi (Photo: O.V. Sinkevich)

neck. The average perithecial neck length is 415.6
+21.2 uym, and the perithecial base diameter is 156.9 x
149.5 um (see Table 1).

On pine wood, perithecia are also solitary, almost
black, but differ in having a longer neck and a small-
er base (see Fig. 2). The average dimensions of the
perithecial neck length are 513.55 +18.8 um, the base
diameteris 111.63 x 114.02 pm.

The Mann-Whitney test revealed a statistically
significant difference between the perithecial neck
length of O. floccosum formed on the studied wood spe-
cies (p = 1.8 x 1075, r = 0.51). Statistically significant
differences in the morphometry of the perithecia (p <
0.01, t-test) indicate the adaptive features of O. floccos-
um and demonstrate the high variability of sporulating
structures, which hinders morphological identifica-
tion.

Synnemata formed on spruce wood were black,
thin, and solitary or arranged in clusters of 3-5 piec-
es (see Fig. 3). Their length is generally greater than
that of O. floccosum coremies on pine wood (see Table
1). The results showed a statistically significant differ-
ence between O. floccosum coremies formed on spruce
and pine (U = 783.00, p = 7.0 x 107%), while the synne-
mata length on spruce showed higher values for both
the average and the median (see Table 1).

Puc. 2. Neputeuumn Ophiostoma floccosum Ha apeBecuHe coCHbl 06bIKHOBEHHOW (a), enu 06bikHoBeHHO (b) (hoTo: O.B. CuHKeBUY)
Fig. 2. Perithecia of Ophiostoma floccosum on wood of Scots pine (a), Norway spruce (b) (Photo: O.V. Sinkevich)

IPU3HAKOM ITOPAKEHUS IBJISETCS 06pa30BaHUE KIMHO-
BUIHBIX 30H ITIOTEMHEHMs Ha TOPIIEBBIX Cpesax, IIPro6-
PeTaloIIX CUHEBATO-CEPIN OTTEHOK, 00YCIOBIEHHBIN
pasBUTHEM MUIIENUS U (OPMUPOBAHUEM CITOPOHOCS-
IIUX CTPYKTYP: KOPEMUEB U ITePUTEIni (CM. puc. 1).

Vi3 mopa’keHHbIX 06Pa31[0B COCHBI 1 €J1U OBLII BbI-
neneH uupeHtudunuposat rpub O. floccosum. Mukpo-
MOpPGhOJIOTUUECKUH aHaINU3 CIIOPOHOCSAIIUX CTPYKTYP
BBISIBUJI PA3/INUUs B CTPYKTYPE IEPUTEIINEB B 3aBU-
CUMOCTU OT pacCTeHUs-X03iMHAa. Ha JpeBecuHe enu
MMePUTELIMY Pa3BUBAIOTCI OLUHOYHO, TEMHO-OKpa-
IIIEHHBIE, TTOYUTU YEePHbIE, C OKPYTJIbIM OCHOBAaHUEM,
TJIABHO TTePEXOASAIINM B IJIMHHBIN X000TOK. CpenHue
pasMepbl OJIUHBI X060TKa — 415,6 + 21,2 MKM; Iua-
MeTp OCHOBaHUS — 156,9 x 149,5 MKM (cM. TabuI. 1).

Ha mpeBecuHe COCHBI TIEPUTEINY TAK)KE OJLUHOY-
HbIe, IIOUTH YepHbIe, HO OTINYAI0TC 00Jee AINHHBIM

Synnemata formed on pine wood are usually sol-
itary, less commonly arranged in clusters of 2-3 (see
Fig. 3). Synnemata consist of fused conidiophores ex-
panding at the apex of the synnema. The conidia are
accumulated at the top of the synnemata into a muci-
laginous conidial droplet.

On all the nutrient media studied, O. floccosum
colonies demonstrated a relatively slow growth rate,
reaching a diameter of 35-45 mm within 10 days.
The morphological characters of the culture varied
depending on the medium composition, indicating
the high plasticity of this species (see Fig. 4). On malt
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Ta6J1. 1. Mopdosioruueckue 0CO6eHHOCTH CIIOPOHOCSIIINX CTPYKTYP BUJIOB poaa Ophiostoma
Ha JipeBeCHHEe XBOWHBIX MOPOJ,

Table 1. Morphology of spore-bearing structures of species of the genus Ophiostoma on

coniferous wood

JliuHa X060TKa JaunHa Xx060TKa Kfﬂ;[ﬂ;ﬂ
IMoka3aTeJib MmepUTeIua, MKM JIHA KOPEMUA, MKM  IEPUTELMs, MKM ﬁmm ’
Character Perithecial neck length, = Synnemata length, ym Perithecial neck
m length, pm Synnemata
s ’ length, pm
Bup, . . .
. Ophiostoma floccosum Ophiostoma piceae

Species
EES:S:HHM CocHa Eab CocHa Eab Eab
Wood species Pine Spruce Pine Spruce Spruce
Cpennee 513,5 415,6 274,4 345,4 502,2 332,7
Average 513.5 415.6 274.4 345.4 502.2 332.7
Menuana 486,7 390,8 253,7 305,2 482,5 328,2
Median 486.7 390.8 253.7 305.2 482.5 328.2
g:i;g;ep;zge 134,5 122,6 68,4 117,7 143,5 107,8

.. 134.5 122.6 68.4 117.7 143.5 107.8
Standard deviation
MuHUMYM 248,1 169,2 151,3 209,2 276,3 141,4
Minimum 248.1 169.2 151.3 209.2 276.3 141.4
MakxcuMyM 760,1 833,7 572,3 602,1 743,6 548,4
Maximum 760.1 833.7 572.3 602.1 743.6 548.4

X060TKOM 1 MEHBIIVM OCHOBaHUEM (CM. puc. 2). Cpef-
HUe pasMephdl AJUHBI X060TKa — 513,55 + 18,8 MKM;
nuaMeTp ocHoBaHUA — 111,63 x 114,02 MKM.

Kpurtepuii MaHHa — YUTHU BBISIBUJI CTAaTHUCTHU-
YeCcKM 3HAUYMMOE U BBIPAKEHHOE pasjIndre Mex-
oy niauHoi xobotka meputenueB O. floccosum, o6-
pPa30BaHHBIX HA WU3y4YaeMbIX I10POJlaX IPeBECUHbI
(p =1,8 x 10°%1=051) CraTUCTUYECKU 3HAUYMMbIE Pa3-
Juuys B MopdomeTpuu nieputernues (p < 0,01, t-TecT)
CBUETEJbCTBYIOT 06 aalTallIOHHBIX 0COOEHHOCTIX
O. floccosum v TIOKa3bIBAIOT BBICOKYI0 M3MEHUYUBOCTH
TIJIOOHOCSIINX CTPYKTYP, YTO IMPEIATCTBYeT MOpP(o-
JIOTUYECKOM UAeHTU(PUKAIIUN.

Kopemum, o6pasoBaHHbIe Ha IpEBECHHE eJiH,
YyepHble, TOHKWE U OJWHOYHbIE WJIV CcOOGpaHHbIE
B ITyYKHU 110 3—5 WIT. (CM. puc. 3). IX AJinHa, Kak MpaBu-
Ji0, 6osb1ie, ueM y kopemues O. floccosum Ha peBecu-
He cocHbI (cM. TabJ1. 1). Pe3ynbTaThl ITIOKA3aJIU CTaTU-
CTUYEeCKU 3HAUMMbIe PA3JINUUs MEeXAY KOPeMUSIMU
O. floccosum, chopMUPOBABIIMMUCS HA €1 U COCHE
(U =783, p=7x 10", mpu 5TOM JIJIMHA KOPEMUEB
Ha eJii ToKasbiBaja 0ojiee BBICOKME 3HAUYEHUS Kak
10 CpeJHEMY, TaK U 110 MenuaHe (cM. TabJ. 1).

Kopemuwu, ob6pasoBaHHBIE Ha [IpeBeCcHHE CO-
CHBI, Uallle OAVHOYHbBIE, peXke cOOpaHHbIe B ITyYKU 10
2-3 mT. (cM. puc. 3). KopeMuu COCTOSAT U3 CPOCIINXCS
KOHUIMEHOCIIEB, PACXOIAIIVXCS BEEPOM Ha BEPIINHE
ctoyibuka. KoHuiuu cobpaHbl Ha BepIInHEe KOPeMUs
B KaILJII0 MOJIOYHOTO IIBEeTa.

Ha Bcex ucclaeIOBaHHBIX ITUTATENbHBIX CpPemax
xosioHuu O. floccosum [EeMOHCTPUPOBAIU OTHOCU-
TEJIbHO MEJIJIEHHBIM TEMII POCTa, HOCTUTas AuaMeTpa

agar, the colonies were characterized by an entire
margin, superficial white mycelium with a faint yel-
lowish tint, and slight cottony aerial mycelium along
the periphery. Concentric circles on the colony were
weakly defined, almost flat, while the reverse side had
a lemon-yellow color, which may be due to the accu-
mulation of pigments. Conidiophores formed small
gelatinous clusters, distributed evenly over the entire
surface of the medium (see Fig. 5), which may reflect
the adaptation of the fungus to limited nutrient con-
ditions.

On carrot agar, colonies developed more vigor-
ously, maintaining entire margins and a slightly floc-
cose aerial mycelium. The mycelium ranged in color
from light beige to almost white, with distinct con-
centric circles formed by fused, milky-colored conid-
iophores. The reverse side of the medium remained
beige, indicating a lack of intense pigmentation, likely
due to the optimal combination of carbohydrates and
vitamins in this substrate.

On potato glucose agar, colonies acquired a
slightly wrinkled surface with entire margin and a
light brown base color, shading to an ocher hue. A
grayish-white rim was noted along the periphery, and
the colony surface was abundantly covered with aerial
white mycelium. In older, colored areas, massive for-
mation of brown synnemata was observed (see Fig. 5),

Asryct N2 3 (28) 2026 25



MOP®OJIOTNA MORPHOLOGY

Puc. 3. BHewHwuii BuA, cnopoHolueHuin Ophiostoma floccosum — kopemMun 1 neputeLMm Ha gpeBecnHe enu obbIKHOBEHHOM (a),
kopemuu (b, c) Ha ppeBecrHe coCHbl 06bikHOBEeHHOM (hoTo: O.B. CUHKEBUY)
Fig. 3. External appearance of Ophiostoma floccosum sporulation - synnemata and perithecia on Norway spruce

wood (a), synnemata (b, c) on Scots pine wood (Photo: O.V. Sinkevich)

Puc. 4. KonoHun Ophiostoma floccosum Ha conopoBom (a), MopkoBHoM (b), kKapTohenbHO-roKo3HOM (C)

1 KapTochenbHo-aekcTpo3HoM (d) arapax (choto: O.B. CuHKeBUY)

Fig. 4. Ophiostoma floccosum colonies on malt (a), carrot (b), potato glucose (c), and potato [VK3.1]dextrose (d) agar
(Photo: 0.V. Sinkevich)

35-45 MM B TeueHue 10 cyTok. Mopdonoruueckue
0COBEHHOCTU KYJIbTYyPbl BADbUPOBAIN B 3aBUCUMOCTU
OT COCTaBa CpeNbl, YTO CBUJIETEIbCTBYET O BBICOKOM
TUIACTUYHOCTH JaHHOTO Buza (cM. puc. 4). Ha comomo-
BOM arape KOJIOHUU XapaKTePU30BaIMCh POBHBIM Kpa-
€M, TIOBEPXHOCTHBIM GEJTIM MUIIESTUEM CO CTABBIM JKEJI-
TOBaThIM OTTEHKOM W HE3HAYWUTEJIbHBIM OITyIIEHUEM
no nepudepun. KoHlleHTpUYecKkue KPyryu Ha KOJIOHUU
ObLTN C1ab0 BBIPAYKEHBI, MMPAKTUUYECKU HepesibeHBbI,
B TO BPeMSsI KaK PeBePCHAas CTOPOHA OTIINYAJIACH IUMOH-
HO-XeJITOM OKPaCKOM, YTO MOXKET OBITH CBA3aHO C HAKO-
TUIEHUEM TTUTMEHTOB. KOHUIMEHOCIbI 00Pa30BbIBAIN
MeJIKre JKejieobpasHble CKOTIIEHUS, PaclIpeiesieHHbIe
PaBHOMEPHO 10 BCEl ITOBEPXHOCTY CPEIbI (CM. puC. 5),
YTO MOXKET OTPAXKATh aJIalITaIlNI0 rPrba K OTPaHUYEH-
HBIM ITUTATEJIbHBIM YCJIOBUSIM.

which may be a consequence of stressful conditions
or preparation for sporulation. The colony reverse was
distinguished by an intense dark brown coloration,
which may indicate the accumulation of melanin-like
or polyketide metabolites.

Colony growth differed on potato dextrose agar.
Here, colony growth slowed, the edges became slight-
ly wavy, and the surface became wrinkled, with a
predominantly light brown color. The colonies were
abundantly covered with white mycelium, which may
indicate stressful conditions caused by the utiliza-
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Puc. 5. NMoBepxHocTb KonoHuun Ophiostoma floccosum Ha conopoBoM arape x20 (a) u kapTothenibHO-rNKo3HOM arape x50 (b)
(choTo: O.B. CuHkeBUY)
Fig. 5. The surface of the Ophiostoma floccosum colony on malt agar x 20 (a) and potato glucose agar x 50 (b) (Photo: O.V. Sinkevich)

Ha MOPKOBHOM arape KOJIOHUY Pa3BUBAIUCD 6O-
Jiee UHTEHCUBHO, COXPAHSs POBHbIE KPas M IIOBEPX-
HOCTHBIA MUIIEJNINI C JIETKUM olyieHneM. OKpacka
MUIIEJIVSI BAPbYPOBAJIa OT CBETJIO-OEXXEBOH IO ITOUTHU
6eJIOli, C OTUETJINBO BBIPAKEHHBIMU KOHI[EHTPUYE-
CKUMU Kpyramu, 06pasoBaHHBIMU CPOCITMMUCS KO-
HUIVEHOCIIAMKU MOJIOUHOTO I[BeTa. PeBepcHas CTO-
pOHA cpeJbl OcTaBajiach GEXEeBOM, UTO YKA3bIBAET
Ha OTCYTCTBUE WHTEHCUBHOU NMUTMEHTAI[UU — BEPO-
SITHO, BCJIEJICTBUE ONITUMAJIbHOTO COUETAaHUS YTJIeBO-
JIOB ¥ BUTAMUHOB B JaHHOM cybcTpare.

Ha xapTode/ibHO-TJIIOKO3HOM arape KOJIOHUU
npuobpeTanu cierka 6yrpuctyo hopMy ¢ pOBHBIMU
KpasiMU U CBETJIO-KOPUYHEBON OCHOBHOI OKpPacKoH,
Tepexo el B OXPUCTBIA OTTEHOK. [1o mepudepun
OTMeYaJics cepoBaTO-6eJIblil 060/I0K, a ITOBEPXHOCTh
KOJIOHMY GbLJIa 06UIJIBHO ITOKPHITA BO3IYIIHBIM 6€JIbIM
mutenareM. Ha 6ojiee cTapbIxX OKpaIIeHHbIX yYacTKax
Ha6JI01aI0Ch MaccoBoe o6pasoBaHVE KOPUYHEBBIX
KopeMueB (CM. PHUC. 5), YTO MOXKET ObITh CJIEJICTBUEM
CTPECCOBBIX YCIOBUY WJIU ITOJTOTOBKOM K CITIOPO0O6pa-
30BaHMI0. PeBepcHas CTOPOHA KOJOHUU OTINYAJIACh
WHTEHCUBHBIM TEMHO-KOPUYHEBBIM OKPAIIMBAHUEM,
YTO MOXKET CBUJIETEIbCTBOBATH O HAKOTJIEHUY MeJia-
HUHOTIOIOOHBIX MY TTOJIUKETULHBIX META60IUTOB.

VHOM pOCT KOJIOHWM HaGJofajcs Ha KapTo-
(ebHO-IEKCTPO3HOM arape. 37ecCh POCT KOJOHUM
3aMeJJISIIICS, Kpall CTaHOBUJICS CJIErKa BOJIHUCTBIM,
a IMMOBEPXHOCTD — OYI'PUCTOM € MPeo6aiatoIell CBeT-
JIO-KOPUYHEBOYW OKpackoy. KosioHUYM GbLIM 06UIIBHO
TTOKPBITHI OEJILIM MUIIEJIEM, UTO MOXKET YKa3bIBATh
Ha CTPECCOBbBIE YCIOBUSA, BbI3BAHHbBIE 0COOEHHOCTAMU
YCBOEHUS JEeKCTPo3bl. Kak 1 Ha KapTodemabHO-TIII0-
KO3HOM arape, Ha OKPAIIEHHBbIX yYaCTKaX KOJOHUU
opMupoBanIrCch KOpUUHEBBIE KOPEMUH, & PEBEPCHAS
CTOPOHA COXPAaHsJIa TEeMHO-KOPUYHEBBI OTTEHOK,
TIOJIYePKUBAs CXO/CTBO META60IMUECKIX TTPOIIECCOB
Ha o6eux cpemax.

I'pub O. piceae (Miinch) Syd. & P. Syd. 6bL1 Bbifie-
JIeH M3 TOpaXeHHOU IpeBecUHBI el OObIKHOBEH-
HOU (P. abies). Ha gpeBecuHe enu neputenuu O. piceae
pacrmoJiararoTcs MPemuMYyIeCTBeHHO Ha OKPAIIeHHbIX
yJacTkax JpeBecuHbl, (GOopMUpYys HEGOJbIINE U30-
JIUPOBaHHbBIE TPYIIIIbI UM OTUHOYHbBIE 9K3EMILIAPSI,

tion of dextrose. As with potato dextrose agar, brown
synnemata formed on the colored areas of the colony,
while the colony reverse retained a dark brown hue,
emphasizing the similarity of metabolic processes on
both media.

The fungus O. piceae (Miinch) Syd. & P. Syd. was
isolated from diseased Norway spruce (P abies). On
spruce wood, O. piceae perithecia occur predominantly
on colored areas of the wood, forming small, isolated
groups or single specimens, which may be associated
with localized nutrient availability and optimal condi-
tions for mycelium development. Perithecia are dark
brown to black due to the presence of pigments, and
their shape resembles a rounded base with a smooth
transition into an elongated neck, ending in a color-
less appendage (see Fig. 6). The average neck length is
502.2 + 143 um, the base is 156.9 x 149.6 um.

The synnemata of O. piceae are elongated, dark-
brown, almost black structures ranging from 308.64
to 443.11 um in length, gradually becoming lighter to-
ward the apex. Their structure is based on the fusion
of conidiophores in a fan-shaped formation, which
may facilitate dispersal of conidia. At the apex of each
synnema, a characteristic milky-white droplet forms,
containing a cluster of conidia, the diameter of which
varies between 35.3 and 59.42 uym. The conidia are
oval, flattened on one side, colorless, with dimensions
of 7.04 x 2.37 um, which corresponds to the standard
microscopic characteristics for fungi of the Ophiosto-
mataceae family and confirms their belonging to this
taxon.

A study of the cultural characters of O. piceae on
various nutrient media revealed relatively slow but
uniform colony growth, which may reflect the specif-
ic physiological and biochemical requirements of this
species for substrate and cultivation conditions. Thus,
by the 10™ day of incubation, the colony diameter on
all nutrient media did not exceed 50 mm, indicating
a limited rate of mycelial development in vitro and the
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Puc. 6. BHewwHuit BU, cnopoHocawmx cTpykTyp Ophiostoma piceae, neputeuum (a) u kopemun (b), (c) (hoto: 0.B. CuHKeBMUuY)

Fig. 6. External appearance of spore-bearing structures of Ophiostoma piceae, perithecia (a) and synnemata x 20 (b), x 400 (c)

(Photo: O.V. Sinkevich)

Puc. 7. KonoHun Ophiostoma piceae Ha conogoeoM (a), MopkoBHOM (b), KapTohenbHO-T/TFOKO3HOM (C) U KapTothesibHO-
nekcTtposHoM (d) arapax (¢oto: O.B. CuHKeBUY)
Fig. 7. Ophiostoma piceae colonies on malt (a), carrot (b), potato glucose (c), and potato dextrose (d) agar (Photo: 0O.V. Sinkevich)

YTO MOXKET OBITH CBSA3AHO C JIOKAJIBHBIM HAaKOIIJIEHNEM
MMUTATEJIbHbBIX BEIIECTB U ONTUMAIbHBIMU YCIOBUSIMU
IIJIS Pa3sBUTUSA TPUOHUIILI. VX BHEIIHUM BU XapaKTe-
pu3yeTcss TEMHOM, TTIOUYTH YePHOM OKPaCKOM, 06yCIOB-
JIEHHOUM HAaJMYMEeM IUTMEHTOB, a (hopMa HAIIOMUHAET
OKPYIJIOE OCHOBaHWE C IUIABHBIM TIEPEXOJIOM B YIJIU-
HEHHBIN X000TOK, 3aBEePIIAIOIINIICSI 6eCIIBETHBIM ITPU-
naTtkoM (CM. puc. 6). [lmrHa X060TKa B CPEJTHEM COCTa-
Buia 502,2 + 143 MKM, ocHOBaHue — 156,9 x 149,6 MKM.

Kopemuwm O. piceae mpeicTaBISIOT CO60M BBITSIHY-
ThI€ TEMHO-KOPUYHEBbIE, [IOUTU YEPHbBIE, CTPYKTYPbI
nauHoi ot 308,64 1m0 443,11 MKM, KOTOPBIE K BEPIIN-
He IIOCTENEeHHO CBETJIEIT. VX CTpOoeHUe OCHOBAHO
Ha CpacTaHWW KOHUIVEHOCIIEB B BUIE Beepoobpas-
HOro o6pasoBaHUs, YTO CIOCOOCTBYeT 3(PdeKTUuB-
HOMY pacIipefleIeHuI0 U JUCCEMUHAIIUN KOHUIWU.
Ha BepiinHe KaXXJ0ro KopeMust (hOpMUPYeTCS Xapak-
TepHas Kalljisd MOJIOUHO-0eJIoro IIBeTa, Comep Kalias

possible need for more suitable cultivation conditions
to accelerate growth. A certain similarity in cultural
and morphological characters was observed on var-
ious media, allowing us to identify general trends in
the development of this species.

On malt agar, the linear colony growth rate was
0.08 mm/h, confirming the relatively low intensity of
mycelial proliferation. Colonies were characterized
by smooth margins and tight adherence to the me-
dium surface, with slight aerial mycelium due to the
presence of conidial structures. Mycelium coloration
varied from light brown in the central zone to light
beige at the periphery, while the colony reverse had a
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CKOILJIeHVe KOHUJWH, NuaMeTp KOTOPOM BapbUpyeT
B 1npegenax 35,30-59,42 MKM. KoHUAUU UMEKT
0BaJIbHYI0 (DOPMY C OLHOUW CTOPOHBI YILJIOIIEHHBIE,
GeciiBeTHbIE, C pa3MepHBIMU Hapamerpamu 7,04 x
2,37 MKM, 4TO COOTBETCTBYET CTaHLAPTHBIM MUKPO-
CKOITMYECKUM XapaKTePUCTUKaAM JIJIs TPUOOB ceMeli-
ctBa Ophiostomataceae u oATBePXXIaeT UX NIPUHA/-
JIEXKHOCTD K JAHHOMY TaKCOHY.

VayueHne  KyJAbTyPaJIbHBIX  XapPaKTEPUCTUK
O. piceae Ha PA3IUUHBIX MUTATEJIbHBIX CPelaX BBIs-
BIJIO CPaBHUTEJIbHO MEIJIEHHBIN, HO PaBHOMEPHBIN
POCT KOJIOHUH, UTO MOXKET OBITh 06YCJIOBIIEHO CITEIU-
(rueckuMy GHU3MOIOTO-OMOXUMUYECKUMU TPe6GoBa-
HUSAMU TAHHOTO BUZA K CYyGCTPATy U YCIOBUSM KYJIb-
TUBUpPOBaHMs. Tak, K 10-My AHIO MHKYOAIIUY TUaMETP
KOJIOHW Ha BCeX MUTATEJIbHBIX CpeflaX He TIPeBbIal
50 MM, 4TO CBUZIETENLCTBYET 06 OrPaHUYEHHOM CKOPO-
CTU MUIIEJIUAJIBbHOTO Pa3BUTHUS inl Vitro U BO3MOXKHOM
He0oOXO0LUMOCTHU MCII0JIb30BaHUS ONITUMU3NPOBAHHBIX
YCJIOBUH JIJIST yCKOPEHUSI PocTa. B To jxe BpeMs HabJIr0-
Jlajlach OmpeneseHHas CX0XKECTh KYJIbTYPaJbHO-MOP-
osornyeckux NpU3HaAKOB HA PA3JIMYHBIX CPeax, YTo
TI03BOJISIET BBIZENUTD O0IIYe TeHIEHIIUY B Pa3BUTUU
JTAaHHOTO 00'bEKTa NCCIIEIOBAHMSI.

Ha cosoioBoM arape CKOPOCTb JIMHEWHOTO POCTa
KosoHuu coctaBuia 0,08 MM/4, UTO ITOATBEPXKIAET OT-
HOCUTEJIbHO HU3KYI0 MHTEHCUBHOCTh MUIIEIHAIbHO-
ro pacrnpocTtpaHeHus. KoJoHUN xapaKTepu30BaJINCh
POBHBIM KpPaeM ¥ ILUIOTHBIM MpPUJIETAHUEM K IIOBEPX-
HOCTY CPEIbI, C eJlBa 3aMEeTHbBIM OITyIlIeHeM, 06y CIJIOB-
JIEHHBIM HaJIMuMeM KOHUJUAJIbHBIX CTPYKTYpP. OKpa-
CKa MUIIeJWs BapbHpOBaja OT CBETJIO-KOPUYHEBOM
B IIeHTPAJIbHOY 30HE JI0 CBETJIO-0e)XeBO 110 Tiepurde-
pum, TorJa Kak o6paTHasi CTOPOHA KOJIOHUM (peBepc)
rMeJla KOPUYHEBATO-0eKeBbIN OTTEHOK. CIIOpOHOIIIe-
HUe TIPOSBISJIOCh B BUJIE CPOCIIMXCS KOHUIMEHOC-
11eB MOJIOUHOTO I1IBETA, JIOKAJIM30BAHHBIX IIPeuMylie-
CTBEHHO B LIEHTPAJIbHOM YaCTH KOJOHUM, YTO MOXKET
yKasplBaTh Ha (HopMUPOBAHUE KOPEMUEITOLOOHBIX
CTPYKTYP Aake IPU KyIbTUBUPOBAHUMY N VILTo.

Ha MOpPKOBHOM arape poCT KOJOHUM TaKXe CO-
MIPOBOXKIAJICT 06pasoBaHWEM POBHBIX KpPaéB, Ofl-
HAKO MUIEJIWA WMEJ CEPOBATO-GEXEBYI0 OKPACKY
¥ TIOBEPXHOCTHOE PacIiojioykeHne. Kak 1 Ha COJI0I0BOM

Puc. 8. NoBepxHocTb KosloHUK Ophiostoma piceae x25 Ha MopkoBHOM arape (a), cpoclmecs KoHupmeHocubl X400 (c)
(cpoTo: O.B. CHKeBUY)
Fig. 8. Ophiostoma piceae colony surface x25 on carrot agar (a), fused conidiophores x400 (c) (Photo: 0.V. Sinkevich)

brownish-beige tint. Sporulation manifested itself as
fused, milky-colored conidiophores, localized primar-
ily in the central part of the colony, which may indi-
cate the formation of synnemata-like structures even
during in vitro cultivation.

On carrot agar, colony growth also resulted in
smooth edges, but the mycelium was grayish-beige in
color and located superficially. As on malt agar, con-
centric circles were observed, but in this case, they
were formed by fused, milky-colored conidiophores,
indicating that the fungus retains its ability to form
spore-bearing structures even on nutrient-poor sub-
strates. The lack of pronounced reverse pigmentation
may indicate lower secondary metabolic activity on
this medium (see Fig. 6).

On potato glucose agar, O. piceae colonies exhibit-
ed a slightly wavy edge and a dense mycelial texture,
stained light brown. The colony surface was dotted
with numerous spore-bearing structures arranged in
concentric circles, which may indicate more intensive
development of sporulating structures in the pres-
ence of easily digestible carbohydrates (glucose) and
organic compounds from potatoes. The dark brown
reverse color indicates high biosynthetic activity of
the fungus, possibly associated with the production of
melanin or other pigments.

On potato dextrose agar, colonies formed a smooth
margin with an overall light-brown mycelium, but a
bluish tint was observed in the central zone, which may
be associated with the accumulation of specific me-
tabolites or changes in the pH of the medium during
growth. Concentric circles, as on other media, formed
spore-bearing structures, confirming a genetically
determined tendency to form synnemata even during
in vitro cultivation. The brown reverse color indicates
moderate biosynthetic activity, possibly differing from
that on potato glucose agar due to the difference in sub-
strate composition (dextrose as a carbohydrate source).

On the surface of the colonies in all nutrient me-
dia, mucous, milky-white, single, large, later slightly
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arape, 37iecb HaGII0aIMCh KOHIIEHTPUUECKUE KPYTH,
HO B JAHHOM CJIyyae OHM ObLIM OOpa3oBaHbI CPOC-
MIMMUCS KOHUIMEHOCIIaMU MOJIOYHOr'O IIBeTa, UTO
CBUJIETEJIBCTBYET O COXPAaHEHWU CIIOCOOHOCTU rpuba
K (opMUPOBAaHUIO CIOPOHOCSIIUX CTPYKTYP [MHake
Ha OeIHBIX MUTATEIbHBIMU BEIeCTBaMU CyGCTpaTax.
OTCyTCTBUE BhIPaXXEHHOM MMUTMEHTAIIUU PEBEpPCca Mo-
JKeT CBUJETEJIbCTBOBATb O MEHbIIIEe aKTUBHOCTHU BTO-
puyHOro MeTaboyim3Ma Ha JaHHOI cpefie (CM. puc. 6).

Ha xapTodenbHO-TJIIOKO3HOM arape KOJIOHWU
O. piceae TeMOHCTPUPOBAJU CJerKa BOJHUCTBIN Kpait
¥ TUIOTHYI0 MUIENIUATIbHYI0 TEKCTYpPY, OKpaIleHHYI0
B CBETJIO-KOPUYHEBBIN IIBET. [I0BEPXHOCTb KOJOHUU
OblIa ycesiHAa MHOTOYUCJIEHHBIMU CITOPOHOCSIIUMU
CTPYKTypaMU, PACIIONOKEHHBIMU B BUJIe KOHIIEHTPU-
YECKUX KPYroB, UTO MOXKET yKasbIBaThb Ha Gojiee WH-
TEHCHUBHOE Pa3BUTUE PEINPOAYKTUBHBIX OPraHOB IPU
HaJIMYUY JIETKOYCBOSIEMbIX YTJIEBOZOB (TJII0KO3bI) U Op-
TaHWYECKUX COeIUHEeHUU KapTodess. TeMHo-Kopuy-
HEBBI PeBEPC CBUIETENBCTBYET O BEICOKOM GMOCUHTE-
TUYECKON aKTUBHOCTY rpuba, BO3MOXKHO, CBSI3aHHOM
C IPOIYKIIMEN MeJIaHUHOB UK APYTUX ITUTMEHTOB.

Ha xapTo(heabHO-IeKCTPO3HOM arape KOJOHUU
¢opMupoBaNy POBHBIM Kpall Hpu O0OIIel CBETJIO-
KOPUYHEBOU OKpacKe MUIIEJINS, OJHAKO B IIEHTPaJIb-
HO 30He HabJI01aJICs TOIyO0BaThIN OTTEHOK, UTO MO-
JKeT OBITh CBSA3aHO C HAKOILUIEHWEM CIeHUu(pUUYeCKUX
MeTaboJIMTOB WIN U3MeHeHUeM pPH cpefbl B Ipoliec-
ce pocra. KOHIIEHTpUYECKUE KPYTHY, KaK U Ha IPYrUX
cpefax, 00pa30BBIBAIN CIIOPOHOCSININE CTPYKTYPHI,
UTO TIOATBEPXKJAET TEeHETUYECKU 3aKpeIlIeHHYI0
TEHJEHIINI0 K (OPMUPOBAHUI0 KOPEMUEB JaKe IIPU
KMCKYCCTBEHHOM KYJbTUBUPOBAaHUU. KOPUUHEBBIN
peBepcC yKasblBaeT Ha YMEPEHHYI aKTMBHOCTb OMO-
CUHTETUYECKUX ITPOIECCOB, BO3MOXKHO, OTINYATOIILY-
I0CS OT TAaKOBOM Ha KapTO(elbHO-TJIIOKO3HOM arape
3a CUEeT pas3jauyusa B cocTaBe cyberpara (IeKcTposa
KaK UCTOYHUK YTJIEBOZOB).

3AKJ/IIOYEHUE

[IpoBeieHHbIE HCCJIENOBAHUS BBISBUJIU BBICO-
Kyl CTeleHb KOHBEPIeHTHOCTU KYJIbTyPaJbHO-MOP-
Gosornyeckux IMPU3HAKOB y IIPEACTAaBUTEJIEN poja
Ophiostoma. CXOICTBO y W3y4aeMbIX BUJIOB T'puboB
O. piceae u O. floccosum TIOATBEPXKAAET CYILIECTBOBAHLE
0OIIUX SBOJIIOIMOHHBIX MEXaHMU3MOB, 00eCIIeunBal0-
LIUX ONTUMAJIbHOE IIPHCIIOCO0/IeHrEe K ITapasuTuye-
CKOMY 06pasy >KM3HU B KCUJIO(PUIIBHBIX SKOCUCTEMAX.
I[Ipu sToM Mopdosornyeckasd U (HU3NOJIOTUYECKasT
M3MEHYMBOCTb BUIOB poaa Ophiostoma Ha Pa3IUIHBIX
MIUTATENbHBIX cybcTpaTax SIPKO JIEMOHCTPUPYET €ro
aJalITUBHBIM IOTEHIIMAJI, BKJIIOUAIOIIUNA CIIOCOGHOCTD
(hopMmpoBaTh CrIEIIMATIU3UPOBAHHBIE CTPYKTYPHI B OT-
BET Ha U3MEHEHUs YCJIOBUH CcpeJibl. Bapuanuu B OKpa-
CKe peBepca KOJIOHUH U Pa3BUTUU KOPEMUETIOIOOHBIX
o6pazoBaHUl MOTYT ObITH 0OYCJIOBJIEHBI aKTHUBAIUeN
crienuuIeckux GMOCUHTETUYECKUX TIYTEH, a TaKxKe
MOIUMDUKAUIMY MEeTab0IMYeCKOTO PO B 3aBU-
CUMOCTH OT JJOCTYITHOCTH MaKpPO- ¥ MUKPO3JIEMEHTOB,
YTJIEBOZIOB U IPYTUX TUTATEIbHBIX KOMIIOHEHTOB.

CpaBHUTENbHBIM aHANM3 KYJIbTYypaJbHBIX Xa-
PAKTEPUCTUK U3yyaeMbIX BUAOB poja Ophiostoma
Ha PasIMYHbIX MIUTATEJbHBIX CPeNaxX BBIIBMJI Kak
obmye Mop(OoJOruUecKre TEHIEHIINN (Haaudue
KOHIIEHTPUYECKUX 30H POCTa, JIOKAJM3AIlMs CIIOPO-
HOIIEHUS B IIEHTPAJIbHON YaCTH KOJIOHUY ¥ (POPMUPO-

yellowish, conidiophores fused into thick bundles are
formed, located along the edge of concentric circles
(see Fig. 8).

CONCLUSION

This study showed a high degree of similarity
of cultural and morphological characters in species
of the genus Ophiostoma. The similarity between the
studied fungal species O. piceae and O. floccosum sug-
gests common adaptive traits that ensure adaptation
to a parasitic lifestyle in xylophilic ecosystems. More-
over, the morphological and physiological variability
of Ophiostoma species on various nutrient substrates
indicates its adaptive potential, including the ability
to form specialized structures in response to changing
environmental conditions. Variations in the coloration
of reverse colonies and the development of synnema-
ta-like formations is likely associated with the acti-
vation of specific biosynthetic pathways, as well as
modifications of the metabolic profile depending on
the availability of macro- and microelements, carbo-
hydrates, and other nutrients.

A comparative analysis of the cultural characters
of the studied Ophiostoma species on various nutrient
media revealed both general morphological trends
(the presence of concentric growth zones, sporula-
tion localized in the central part of the colony, and the
formation of conidial structures in the form of synne-
mata) and substrate-dependent characteristics. For
example, on starch-rich media (potato glucose and
potato dextrose agar), intensive mycelial development
with the formation of dense spore-bearing structures
and synnemata is observed, as well as increased pig-
ment production (e.g., dark brown reverse pigment),
which may indicate increased secondary metabolic
activity, including the synthesis of melanin-like com-
pounds. In contrast, on sugar-rich substrates (carrot
and malt agar), colony growth accelerates, and spore
formation is less intense, but retains an adaptive func-
tion - localization of conidial structures in the central
zone, where microclimate conditions (humidity, tem-
perature) can be optimal for maintaining the viability
of spores.

The structural features of the spore-bearing
structures of species of the genus Ophiostoma in natu-
ral conditions, including the formation of fan-shaped
synnemata and drop-shaped accumulation of conidia
at their apex, can be interpreted as morpho-physio-
logical adaptations aimed at improving the conditions
for the spore dissemination due to gravitational or
water transfer, or protection from unfavorable fac-
tors (UV radiation, drying out) through the formation
of protective pigments and the mycelium structural
modifications.

Thus, a comprehensive study of the morpholo-
gy of fungi of the genus Ophiostoma allows not only to
clarify the characters of the species, but also to trace
the mechanisms of ecological adaptations associated
with a parasitic lifestyle on coniferous trees.
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BaHME KOHUIVATbHBIX CTPYKTYP B BUIe KODEMUEB), TAK
u cybcTpaTHO-3aBUCUMBIe ocobeHHOCTU. Tak, Ha 60-
raThIX KPaxXMaJIMCTBIMU COEIUHEHUAMU cpemax (Kap-
TO(ENbHO-TIIOKO3HOM U KapTO(eJbHO-AEKCTPO3HOM
arapax) OTMedaeTcs MHTeHCUBHOE Pa3BUTUE MULIEIN
¢ o6pa3oBaHMEM IIOTHBIX CIIOPOHOCSIIUX CTPYKTYD
u (GOpPMUPOBAHMEM KOPEMUEB, a TAKXe yCUJIEHHAas
MPOAYKIIMS TUTMEHTOB (HAIIPUMED, TEMHO-KOPUY-
HEBBIN PEBEPC), YTO MOXKET CBUAETEIILCTBOBATD O II0-
BBIIIIEHHOW AaKTUBHOCTY BTOPUYHOTIO MeTabosm3Ma,
BKJIIOUAS CHUHTE3 MeJAaHUHOIIOLOOHBIX COeIVHEHUM.
B TO0 ’xe BpeMs Ha 60raThIX caxapamMu cybcTpaTax (Mop-
KOBHOM U COJIOJIOBOM arapax) pOCT KOJIOHUHU YCKOPSIET-
cd, a criopoobpas3oBaHrie HOCUT MeHee NHTeHCUBHBIN
XapakTep, HO COXPAaHSET aNAIlITUBHYI (QYHKIIW —
JIOKaJIM3aIuio KOHUAVAIbHBIX CTPYKTYP B IIEHTPaIb-
HOU 30HE, I/ie YCJIOBUS MUKPOKJIMMATa (BJIAXKHOCTD,
TeMIIepaTypa) MOTYT ObITh ONITUMAJIbHBIMU JIJIST COXPa-
HEHUS )KU3HECITOCOOHOCTH CITOP.

CTPyKTypHBbIE  OCOOEHHOCTH  CITOPOHOCSIIUX
CTPYKTYp BUZIOB poma Ophiostoma B eCTeCTBEHHBIX
yCIOBUSAX, B TOM 4YHCJe o0pasoBaHME KOPEMUEB
B BUJEe Beepa U KaIJIEBUIHOE CKOILIeHNE KOHUIWI
Ha UX BEPXYIIKaX, MOTYT WHTEPIIPETUPOBATHCA Kak
Mopdodusnomornyeckre amanTalyvy, HaOpaBJeH-
Hble Ha YJIy4YlIEHWE YCJIOBUM AUCCEMUHAIIUU CIIOP
3a CYeT TI'PaBUTAIIMOHHOTO WJIM BOIHOIO II€peHoca
160 Ha 3aIlUTY OT HEGIATOMPUATHBIX (haKTOPoB (Y-
U3JIydeHUe, TIEPECBIXaHWE) MOCPEICTBOM 0OOpas3oBa-
HUS 3aIIUTHBIX TUTMEHTOB U CTPYKTYPHBIX MOAMDU-
Kalui MULIEJINA.

TakuM 00pa3oM, KOMILIEKCHOE U3y4YeHUe
MopdoJiorur rpuboB poma Ophiostoma TI03BOJSIET
He TOJIbKO YTOUHUTH OCOGEHHOCTM BUZA, HO U W3-
YYUTb MEXaHWU3MbI DKOJIOTUYECKUX IIPUCITOCO6Ie-
HUH, CBI3aHHBIE C TTapa3sUTUUYECKUM 00pa30M JKU3HU
Ha XBOMHBIX TTOPO/IAX IEPEBLEB.
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