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AHHOTALIUA

B cTaTbe paccMaTpuBaioTcsa (GOMOUIHbIE TPHUOHBIE BO3-
OynuTesiv, aCCOIMMPOBAHHBIE C BETeTUPYIOIIUM Kap-
To(peseM B MockoBCcKO¥ U JIeHWHTrpaJicKOU 0bJiacTsax
¥ BbIsIBJIeHHBIE B Itepuof, 2019-2020 rr. [IpeacTaBiieHbI
61oJIoTUYEeCcKre 0COGEeHHOCTY MUKHUINANBHBIX TPU-
60B, 0CO6EHHOCTHU ITPOSIBJIEHUST CUMIITOMOB, OTIMICAHBI
IVarHOCTUYECKU 3HAYUMbIE KYJIbTypPaJibHO-MOPdoJI0-
TUYecKue IIPU3HaKU. B pesysbTaTe IIPOBENEeHHbBIX UC-
cJlefloOBaHUY Ha MOPaXXEHHBIX JINCThIX KapTodess u3
NUKHAAUAJIbHBIX TPUO0B ObLIN UAEHTU(MOUIIMPOBAHEI
npencraBuTeau pomos Didymella, Neoascochyta, Phoma,
Boeremia. B iepuo/i, BereTaliuy JOMUHUPYIOIIee M0J0-
JKeHUe U3 HEMMKHUAUAJIbHBIX rpuboB B 80% ucciemny-
eMbIX 00Pa3IloB, 0TOOPAHHBIX B MOCKOBCKOM 06J1aCcTH,
3aHUMAaJY BUAbI pona Alternaria. Tpub Boeremia foveata
(Foister) Aveskamp, Gruyter & Verkley 6511 BbIZieJIEH
B €IMHUYHOM CJiydyae IIpu 06CJIeJOBAHNUY TTOCAL0K
kapTodend B [IymkruHCKOM pailioHe CaHKT-IleTepbyp-
ra. B ucciemoBaHHBIX PACTEHUAX TaK)Ke BCTPEUAJINCh
BUIbI, HeXapaKTepHbIe IJII KapTodessd: OLHOKpaT-
HO U3 MOPa’XeHHBIX JUCThEB OBIJIU BbIJIEJIEHbBI BUJbI
Neoascochyta exitialis (Morini) Q. Chen & L. Cai u Didymel-
la pinodella (L.K. Jones) Q. Chen & L. Cai. B peaynbraTre
TIPOBEJIEHHBIX MCCJIeJOBAHUY BBIZIEJIEHO U UIeHTUMU-
upoBaHo 10 BuI0B (POMOUIHBIX IaTOTE€HHBIX TPUOOB.
[TosyuyeHHBbIEe M30JIITHl BHECEHBI B MUKOJIOTUUECKYIO
kosneknuio ®IBY « BHUMKP» nisg usyyeHuss Mopdo-
JIOTMYECKUX 0CO6eHHOCTel KOMILJIeKCa MUKPOMUIIETOB
KapTodes, TPUCYTCTBYE KOTOPhIX BO3MOXKHO COBMECT-
HO C KAPAaHTUHHBIMU BPEJHBIMU OPTaHU3MaMU.

ABSTRACT

The article studies phomoid fungal pathogens associat-
ed with growing potatoes in Moscow Oblast and Lenin-
grad Oblast identified in the period 2019-2020. Biolo-
gical characteristics of pycnidial fungi and peculiarities
of infestation symptom are presented, diagnostically
significant cultural and morphological characters are
described. As a result of the research, representatives
of the genera Didymella, Neoascochyta, Phoma, Boeremia
were identified from pycnidial fungi on diseased potato
leaves. During the growing season, the dominant posi-
tion among non-pycnidial fungi in 80% of the studied
samples taken in Moscow Oblast was formed by spe-
cies of the genus Alternaria. The fungus Boeremia fove-
ata (Foister) Aveskamp, Gruyter & Verkley was isolat-
ed in a single case during a survey of potato plantings
in the Pushkin district of St. Petersburg. The studied
plants also contained species uncharacteristic for po-
tatoes: from the affected leaves, the species Neoascochy-
ta exitialis (Morini) Q. Chen & L. Cai u Didymella pinodel-
la (L.K. Jones) Q. Chen & L. Cai were isolated once. As
a result of the research, 10 species of phomoid patho-
genic fungi were isolated and identified. The obtained
isolates were deposited in the mycological collection of
the FGBU “VNIIKR” to study the morphological features
of the complex of potato micromycetes, the presence of
which is possible together with quarantine pests.
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Knrouesvie cnosa. ®oMo3, KapaHTUHHBIN BPEIHBIN
opraHmsM, rpubHble BO36YyAUTENM, MATHUCTOCTD JIM-
CTheB, QUTOIATOTEH.

BBEJIEHUE

aprodenb — BakKHeUIIas CeJIbCKO-
XO3IUCTBEHHAs KyJbTypa, KOTOpas
ABJITETCS UCTOUHUKOM IIUTAHUS IS
MWJIJIMOHOB Jifogeli. CorjlacHO JaH-
HBIM [IPOZIOBOJILCTBEHHON U CEJib-
CKOX03SMCTBEHHOU opraHusaiuu
OOH (®AO), MHPOBOE IPOU3BOJI-
CTBO kapTodesisa cocTaBJsieT OoJiee
400 MJH TOHH KJIyOHEN B Tof,. KpymHeH MMy pous-
BOIUTENIMU ABISI0TCA Kurtait, Uupus, Poccus, Ykpa-
uHa, CIIA. Poccud 10 KOJIMYECTBY IIPOU3BELEHHOTO
KapTodess 3aHMMAaeT 3-e MECTO B MUPOBOM PEUTHH-
e, ¢ BaJOBBIM c6opoM 6ostee 22 MJTH TOHH B rof, (FAO,
2021). Peanusalius IIOJIHOTO ITOTEHIIMAJIa YPOXKau-
HOCTHM KapTodesisi BO3MOXXHA B CJIydae KOHTPOJIS 3a
BPeIHBIMU OpPTaHW3MaMM, CBSI3aHHBIMU C JAaHHOU
KyJbTypOil. PacTeHust KapTodeJs o BePKEHBI ITopa-
JKEHHMI0 MUKPOMMUIIETAMU Ha BCeX HTallax pocTa 1 pas-
BUTHS: OT ITOCAJIKU 0 TIOSBJIEHS BCXOJOB, B TIE€PUO],
BereTaiuu, BO BpeMs xpaHeHus1. OCHOBHbIE TPUOHBIE
u Tpumbornono6Hble BO3OyaUTENUN 3ab0JEBAaHUS U3
poxnos Fusarium, Phytophthora, Alternaria, Phoma, Col-
letotrichum, Helminthosporium SBASIIOTCS TIPUUYMHOU
CHWXEHUS YPOXKAWHOCTU W MPUBOIAT K 3HAUUTEIb-
HBIM ITOTEPSM B ITPOM3BOACTBE KapTodes.

CemetictBo Didymellaceae B mopsizke Pleospo-
rales ¢ obmuM KosmuecTBOM GoJiee 5500 ommrcaHHbBIX
TAaKCOHOB — OJJHO M3 Haubojiee MHOTOYMCIEHHBIX
B apctee I'pu6el (Chen et al., 2015; Mycobank, 2021).
BOJILIIMHCTBO IpeAcTaBUTENEH JaHHOTO ceMelcTBa
SABJISIOTCS (DUTOIIATOTEHAMM IJIST PACTEHUH, B OCHOB-
HOM BbI3bIBas IOPAXKEHUS INCTHEB U CTEDJIeH; HEKOTO-
pble UMEIOT CTaTyC KaPAaHTUHHBIX BPEIHBIX OPraHU3-
MoB (Aveskamp et al., 2010; de Gruyter et al., 2012;
Chen et al., 2017). Takconomust Didymellaceae HepmaB-
HO ObLJIa IIepecMOTpPeHa Ha OCHOBE JTaHHBIX O MHOTO-
JIOKYCHBIX IocyenoBaTenbHocTaX JHK 1 B HacTod1ee
BpeMs BKJIIoUaeT 17 KJj1ajl, KOTOpbIe pacCMaTpPUBAIOTCS
Kak otnenbHble pogbl (Indexfungorum, 2021; Chen et
al., 2017). 3 cemeiicTBa Didymellaceae, B KOTOpoe BXO-
IUT 60JBITUHCTBO (OMOUIHBIX TPHOOB, Ha KapTode-
Jie OTMeYeHbI Busibl Boeremia, Phoma, Stagonosporopsis,
B TOM YUCJIe KAPAHTUHHBIN 06beKT 13 mepedns EASC —
BO30yAUTEJIb YePHOT0 0XKOTa, UaYu (POMO3HOU MSATHU-
CTOCTH JIUCTBHEB KapTodens, Stagonosporopsis andigena
(Turkenst.) Aveskamp, Gruyter & Verkley. Bupast Phoma
eupyrena Sacc., B. foveata (Foister) Aveskamp, Gruyter &
Verkley u B. exigua var. exigua (Desmazieres) Aveskamp,
Gruyter & Verkley saBisioTcsa rpubHbBIMY (QUTOIIATOTE-
HaMu KapTodeJisl, BBI3bIBAIOT CyXYI0 T'HUJb KIIyOHEH,
YTO MPUBOAUT K 3HAUYUTEJbHBIM IIOTEPIM ypPOXKas
B [IEPUOJ, XPaHEHUS.

Liesib IPOBOAMMEBIX MCCIE0BAHNN 3aK/II0UaIaCh
B U3yYEHUH BUIOBOT'O PA3HO0OPa3UsI MUKHUAUAIIbHBIX
rpub0B Ha BereTupymoueM KapTodere, orpeneleHun
CUMIITOMOB IIPOSIBJIEHUS U KYJIbTYPaJibHO-MOP(0JI0-
TUYECKUX IPU3HAKOB.

Key words. Phomosis, quarantine pest, fungal
pathogens, leaf spot, phytopathogen.

INTRODUCTION

otatoes are an essential agricultural crop
feeding millions of people. According to the
Food and Agriculture Organization of the
United Nations (FAO), world potato produc-
tion is over 400 million tons of tubers per
year. The largest manufacturers are China, India, Rus-
sia, Ukraine, and the USA. Russia ranks third in the
world in terms of the number of potatoes produced,
with a gross harvest of more than 22 million tons per
year (FAO, 2021). Realizing the full potential of pota-
to yields is possible by controlling pests associated
with the crop. Potato plants are susceptible to damage
by micromycetes at all stages of growth and develop-
ment: from planting to emergence, during the grow-
ing season and during storage. The main fungal and
fungus-like causative agents of the disease from the
genera Fusarium, Phytophthora, Alternaria, Phoma, Colle-
totrichum, Helminthosporium cause a decrease in yields
and lead to significant losses in potato production.
The family Didymellaceae in the order Pleospora-
les with a total of more than 5500 taxa described is one
of the most numerous in the kingdom of Fungi (Chen
et al., 2015; Mycobank, 2021). Most representatives of
this family are phytopathogens, mainly causing damage
to leaves and stems; some have quarantine pest sta-
tus (Aveskamp et al., 2010; Gruyter de et al., 2012; Chen
etal., 2017). The taxonomy of Didymellaceae was recent-
ly revised based on data on multilocus DNA sequences
and currently includes 17 clades that are considered
separate genera (Indexfungorum, 2021; Chen et al.,
2017). From the Didymellaceae family, which includes
most of the phomoid fungi, the species Boeremia, Pho-
ma, Stagonosporopsis are indicated, including a quaran-
tine pest from the EAEU list — Stagonosporopsis andige-
na (Turkenst.) Aveskamp, Gruyter & Verkley, the agent of
black blight of potato, or phoma leaf spot of potato. The
species Phoma eupyrena Sacc., Boeremia foveata (Foister)
Aveskamp, Gruyter & Verkley and B. exigua var. exi-
gua (Desmazieres) Aveskamp, Gruyter & Verkley are fun-
gal phytopathogens of potatoes, causing dry rot of tubers,
which leads to significant crop losses during storage.
The purpose of the research was to study the spe-
cies diversity of pycnidial fungi on growing potatoes,
to determine the symptoms of infestation and cultural
and morphological characteristics.

MATERIALS AND METHODS
The plant material was taken when examining collec-
tion plantings of potatoes in the Lyubertsy urban okrug,
Moscow Oblast (A.G. Lorkh Federal Russian Potato Re-
search Center), collections of potato genetic resources
in the Pushkin district of St. Petersburg (NPB “Pushkin
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MATEPWAJIBI U METO/1bI

PacTuTenbHBIN MaTepuaj oToupanu Impu obeienoBa-
HUY KOJIJIEKIIMOHHBIX T0CAJI0K KapTodess B TOPOJ-
ckoM okpyre JIro6epibl MockoBcKko# obnactu (de-
JlepaJbHBIN MCCIeN0BATENbCKUN IIEHTP KapTodess
uMeHu A.T. Jlopxa), KOJJIEKITUY TeHETUUECKUX PECYP-
coB KapTodess B [TymkuHCKOM parioHe CaHKT-IleTep-
oypra (HITB «ITymkuHCcKUe u [TaBJI0oBCKUE jabopaTo-
puu BUP»), a Tak)Ke B IMYHBIX IIOACOOHBIX X03IMCTBaX
MOCKOBCKO¥ 06J1aCTH. B KOJIIEKIINY FeHEeTUYEeCKUX
pecypcoB kapTodens BUP ocmoTrpeHo 140 pacTeHuu
Solanum andigenum u 150 pacTeHUI JUKUX BUIOB Kap-
Todhens (IMKMe BUILI COXPAHAIOTCS B BUIE KJIOHOB
B opamxepee). Beieneno 31 pacrenue Solanum andige-
num (11%) ¢ BUSyaJIbHBIMU CUMIITOMaMU ITOPaYKEHUS
rpubHBIMY 60JI€3HIMU. Bcero 6b110 0TOOPAHO U IIPO-
aHaJIM3VPOBAHO 62 PACTUTENbHBIX 06pasiia.

BrigeneHrie pOMOUIHBIX IPHUOOB U3 3aPaKEHHOTO
pacTUTEeIbHOI0 MaTepraJja IIPOBOAIN 3aKJIaIKOM BO
BJIQXKHYIO Kamepy u Ha 1,5%-# KapTodeTbHO-TIII0K03-
ubIii arap (KI'A), ¢ mobasieHneM 4 %-ii JUMOHHOM KKC-
JioTel. Yamky IleTpu WHKYOUPOBAJIM B TEMHOTE IIPU
25 °C. OnipegesnieHre MMKHUAUAIbHBIX MUKPOMUIIETOB
MIPOBOAUIN METOLOM MUKPOCKOTIUPOBAHYS U MOP(]O-
MeTpuM Ha MuUKpockome Axio Scope Al (Carl Zeiss,
Tepmanus). [TonyuyeHre U300paXKeHUH, X 06paboT-
Ky ¥ aHaJIu3 MPOBOJWJIY C TIOMOIIbI0 TPOTPAaMMHOTO
obecrnieuenus Zeiss Efficient Navigation (ZEN), Bepcus
Lite. MopdoJsiorrndyeckue npusHaky rpuboB CpaBHUBA-
JIV CO CTAaHAAPTHBIMU ONMCAHUSIMU, TIPeCTaBIeHHbI-
MU B OTIpeAeNuTeNbHON auTteparype ([TuAomanvKo,
1977; CemeHnoB u 1p.,1980; Boerema et. al., 2004; de
Gruyter, 2012).

Boeigenenue JHK mpoBoauiau M3 OTHOEJIbHBIX
MUKHUJA UJIU MUIENUS MOHOCIIOPOBOUM KYJbTYPhI
B030OyouTeJNIsI C UCIIOJIb30BaHUEeM Habopa «duro-
Cop6» (000 «CunTos», Poccus). KonuecTBo U Ka-
4ecTBO ToJiyueHHoU JHK msMepsiu Ha cieKTpogo-
ToMeTpe NanoDrop 2000 (Thermo Fisher Scientific,
CIIIA) npu gyimHe BOJHBI 260 HM. [IpaiiMephl, UCIIONb-
30BaHHbBIE B MCCJIeIOBAHUIX, ITPEICTAaBIEHbI B Tab-
aune 1. AMnnudukainno IPOBOIUIN Ha npubope
SimpliAmp (Applied Biosystems, CIIIA).

PeakIioHHas cMech 06beMOM 25 MKIJI IJI KJIaCCH-
4ecKOU IToJInMepasHoii renHoi peakiuu (TILP) comep-
skasa: 5 Mkt 5x I P-6ydepa MasDDMix-2025 (3A0 «/lu-
asat JiTa.», Poccus), 1uM kaxkzgoro rpaiimepa, 1-10 HT
JIHK u go 25 MkJ1 Bogb! gJist [TLP.

and Pavlovsk laboratories of the VIR”), as well as in per-
sonal farm households in Moscow Oblast. 140 Solanum
andigenum plants were examined in the VIR collection
of potato genetic resources and 150 wild potato plants
(wild species are preserved as clones in the green-
house). 31 Solanum andigenum plants (11%) with visual
symptoms of fungal diseases were detected. A total of
62 plant samples were taken and analyzed.

Isolation of phomoid fungi from infected plant
material was carried out by placing in a wet chamber
and on 1.5% potato dextrose agar (PDA), with the ad-
dition of 4% citric acid. Petri dishes were incubated in
the dark at 25 °C. Determination of pycnidial micromy-
cetes was carried out by microscopy and morphometry
using an Axio Scope A1 microscope (Carl Zeiss, Germa-
ny). Photographing, processing, and analysis were per-
formed using Zeiss Efficient Navigation (ZEN) software,
version Lite. The morphological characteristics of fungi
were compared with standard descriptions presented
in the identification works (Pidoplichko, 1977; Seme-
nov et al., 1980; Boerema et al., 2004; de Gruyter, 2012).

DNA isolation was carried out from individual pyc-
nids or mycelium of a monospore culture of the patho-
gen using the FitoSorb kit (Syntol, Russia). The quan-
tity and quality of the obtained DNA was measured on
a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, USA) at a wavelength of 260 nm. The primers
used in the studies are presented in Table 1. Amplifi-
cation was performed on a SimpliAmp device (Applied
Biosystems, USA).

The reaction mixture with a volume of 25 uL for
the classical polymerase chain reaction (PCR) con-
tained: 5 uL of 5x PCR buffer MasDDMix-2025 (Dialat
Ltd., Russia), 1uM of each primer, 1-10 ng of DNA, and
up to 25 uL of water for PCR.

Classical PCR with universal primers was per-
formed according to the recommended amplification
scheme. Separation of PCR products was carried out by
electrophoresis in 1% agarose gel stained with ethidium
bromide, with visualization of the results on a Chemi-
Doc XRS+ gel documenting system (Bio-Rad, USA).

The sequencing of the nucleotide sequence of the
PCR products was carried out by the Sanger method
with genetic analyzers Applied Biosystems 3500 (Ther-
mo Fisher Scientific, USA) and Nanofor 05 (Syntol, Rus-
sia). Comparison of the obtained sequences with the
sequences annotated in GenBank was performed using
the BLAST.

Ta6auia 1

YHUBepcaJibHbIE MIPaiiMepPbl, HCII0JIb30BaHHbIE MPHU MAeHTUDUKALMY (hOMOMIHBIX
rpu6oB

IIpaiimep MuIiIeHb ITocyenoBaTeIbHOCTH JJMHa IpoAyKTa, 1. 0. VICTOUHUK
TUB2Fd reH B-tubulin GTBCACCTYCARACCGGYCARTG 400-600 Groenewald et
R al., 2013
TUB4Rd CCRGAYTGRCCRAARACRAAGTTGTC

ITS1 YyacTok GGAAGTAAAAGTCGTAACAAGG 550-700 White et al., 1990
__ pubocomuou IHK

ITS4 TCC TCC GCT TAT TGA TAT GC
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Table 1

Universal primers used in the identification of phomoid fungi

Primer Target Sequence Product length, bp Source
TUB2Fd GTBCACCTYCARACCGGYCARTG
. Groenewald et al.,
. PB-tubulin gene 400-600
TUB4Rd CCRGAYTGRCCRAARACRAAGTTGTC 2013
ITS1 Ribosomal DNA GGAAGTAAAAGTCGTAACAAGG 550-700 White et al., 1990
 region
ITS4 & TCC TCC GCT TAT TGA TAT GC

TTocTaHOBKY KJlaccuueckoi I[MLIP ¢ yHUBepcalib-
HBIMU ITpaliMepaMy IPOBOAWIIN IT0 PEKOMEHIOBaHHOM!
cxeMme aMmnnudukanuu. Pasnenenue [NLIP-npogykToB
OCYIIECTBJISIIIY METOMIOM 3JeKTpodopesa B 1%-M ara-
PO3HOM rejie C OKPacKOM 6POMUCTHIM ITUAWEM, C BU3Y-
anm3aliueil pe3ysbTaToB Ha T'eJlb-IOKYyMEeHTUPYIOIIei
cucteMe ChemiDoc XRS+ (Bio-Rad, CIIIA).

PacmudpoBKy HYKJI€OTULHOU TIOCIEL0BATENb-
"HocTu [1IIP-TpOLYyKTOB IIPOBOLUIIV METOLOM CEKBE-
HUpoBaHU4 110 CaHTepy. Pe3ynbraTsl ajeKkTpodopesa
CUMTBIBAJIUCh aBTOMATUUYeCKY cekBeHaTopoM Applied
Biosystems 3500 (Thermo Fisher Scientific, CIIIA)
u cekBeHaTopoM «Hanogop 05» (000 «CunToM», Poc-
cust). CpaBHEHUE TIOJIyUEHHBIX MTOCJEOBATEIbHO-
CTell C TTOCJIeN0BaTENIbHOCTSIMY, AaHHOTUPOBAHHBIMU
B GenBank, mpoBOAMIIY C UCITOJIb30BAHUEM TPUIIOXKE-
Hug BLAST.

PE3VJIBTATBI U OBCYXKJOEHHNE

[TpoBeIeHHbIE UCCIIEA0BAHMS TI03BOJIVIIY OTIPEIEJTUTD
KoMILIeKC GOMOUIHBIX MUKPOMUIIETOB Ha KapTodere
KaK COTMYTCTBYIOIUX IaTOI€HOB IIPU IIPOBeieHUY (u-
TOCAaHUTAPHBIX 00CIeIOBaHUY HacaXIeH . TaKCOHO-
MUWYECKUI CIIUCOK UIeHTU(DUIVPOBAHHBIX MUKPOMU-
11eTOB BKJItOYaeT 35 BU0B 13 9 KJIacCOB, 7 IIOPSALKOB,
14 cemeticTB.

B mpoBeieHHBIX HAMU 006CIeOBAaHNSIX OCHOBHOE
BHUMaHUe ObLJIO yJIeJIEHO ONPeeJIEeHUI0 B3aUMOCBSI-
31 MUKHUIUAJIbHBIX TPUOOB C CUMITTOMaMU, KOTOPbIE
OBLIV OTMEYEHBI HAa pacTeHuu. B 11esioM poMougHbIe
TIaTOTE€Hb! BbI3BIBAJIY JIMCTOBBIE TISTHUCTOCTYU Pa3HO-
ro JuaMeTpa, HEKPO3bl BAPbUPOBAJIN OT CBETJIO-CE-
PBIX 0 6ypbIX, OKaMJIeHNEe HEKPO30B TaKXe 6BLIO
u3MeHuMBO. Kak npaBuiio, Ha TOPaKeHHBIX JIMCThIX
Mukodiopa 6bljIa TIpeficTaBIeHa KOMIIJIEKCOM BU-
JIOB; YUUTBIBAs TMOCJefHee, ObLIO MPEATIOYTUTETHHO
OTIPEJIEIUTh CUMIITOMBI, HanboJiee XxapaKTepHbIE 115
mpeobJiafarolero BUaa MUKHUAUATbHBIX 'puboB. 13
uccienyeMbIx 06pa3oB HaMu ObLIY OTIPeleIEHbI Clie-
JIYIOIIViEe TaKCOHBI.

1. Boeremia foveata

JaHHBIN BUJ, MMPOKO PACIPOCTPaHEH B 6OJb-
IIMHCTBE €BPOIENCKUX CTPAH, PETYIMPYeTCsS KaK Ka-
PaHTUHHBIN OPraHNU3M B HEKOTOPBIX CTpaHaxX AQPUKH,
Asuu, CeBepHOU 1 I0xHOM AMepuKu. Ha Tepputopuu
Poccum 3HaUNTENBHOE PACIIPOCTPAHEHUE UMEET BO3-
OynmuTenb GOMO3HOU rHUIN KIyOHEeN Boeremia exigua
var. exigua, o BBISIBJIEHUU CXOLHOU (hopMbI var. foveata
COOOIIEeHN HEMHOTOUMCIIeHHbI. Tak, o6ciemoBaHue
KapTodesieBOAUECKUX X035HUCTB 3amalHoi 1 BocTou-
"ot Cubupu (HoBocubupckoii u KeMepoBcKoil obJia-
cTell) moKasaJjo MPUCYTCTBUe Buma Boeremia foveata
B 20% ciyryuaeB (3aBepTKuHa, 2007; [Tunumnosa, la-
ngesa, 2019).

RESULTS AND DISCUSSION

The studies carried out made it possible to determine
the complex of phomoid micromycetes on potatoes as
concomitant pathogens during phytosanitary surveys
of plantations. The taxonomic list of identified micro-
mycetes includes 35 species from 9 classes, 7 orders,
14 families.

In the performed surveys, the main attention was
paid to determining the relationship of pycnidial fun-
gi with the symptoms that were noted on the plant. In
general, phomoid pathogens caused leaf spots of differ-
ent diameters, necrosis varied from light gray to brown,
and the bordering of necrosis was also variable. As a
rule, mycoflora was represented by a complex of spe-
cies on the affected leaves; in view of the latter, it was
preferable to identify the symptoms most characteris-
tic of the predominant species of pycnidial fungi. We
identified the following taxa from the studied samples.

1. Boeremia foveata

This species is widespread in most European
countries, regulated as a quarantine organism in some
countries in Africa, Asia, North and South America. On
the territory of Russia, the agent of dry rot of potato
Boeremia exigua var. exigua has a significant distribu-
tion, the similar Boeremia exigua var. foveata has been
recorded in few cases. Thus, a survey of potato farms
in Western and Eastern Siberia (Novosibirsk Oblast and

Puc. 1. CumnTOoMBI Fig. 1. Symptoms
nposiBneHus Boeremia foveata  of Boeremia foveata
Ha NUCTbsAX KapTotens on potato leaves
(thoTo aBTOPOB) (photo by the authors)
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MecTo oTGopa: [IymIKuH-
ckmii patioH, CaHKT-ITeTepoypr.

OnucaHue IpeooGJazaro-
WX CUMIITOMOB Ha JIMCTBSIX.
XapaKTepHble [IJisT JUCTOBOM
¢opMbl BO36yAUTENSI CBETJIbIE,
cepble MeJIKue TIITHA OKPYTJION
VTV BBITSHYTOM (DOPMBI C TEMHOM
KaiiMoti. Bo BIa)kHOU KaMepe Ha
TIOBEPXHOCTH JINCTHEB XaOTUYHO
pacrmoJiarajJuch TEMHOOKpAIIeH-
HbIe TTUKHUABI (PUC. 1).

Ha muTaTenbHOU cpepne
KOJIOHMU CHayajla CBETJIbIE, CO
BPEMEHEM CTAHOBSATCS TEMHO-
OKpalleHHbIMU. MULIEJIUN BO3-
JIYUTHBIN, OT CEPOTO K TEMHO-Ce-
pomy (puc. 2). CKOpocTb pocTa
yMepeHHas1. MHOTOUYUCIEHHbIE
MUKHUJBl TTOTPYXEHHbIE WU
MOJIYITOTPY>KEeHHbIe. [TMKHU-
el pazamepoMm ot 70-100 gmo
120-150 MmxM. OLHOKJIETOUHbBIE
KOHUIUU B MUKHULAX UMEJU
pasmepbl 4-6,5 MKM AJIMHOM
u 1,3-2 MKM IIUPUHON.

2. Phoma herbarum

L

MecTo oT6opa: [IyKUH- Puc. 2. KynsTypanbHo-Mopdonoruieckue

ckmit patioH, CaHKT-IleTepOypr.  npusHaku Boeremia foveata (poto aBTopoB)  of Boeremia foveata (photos by the authors)

OnucaHue npeodJiagaro-
IUX CUMIITOMOB HA JIUCTBSIX.
Mesikue HEKPOTUYECKUE TSITHA PAa3HOTO JjuaMeTpa
OKDYTJION UiV HENIPaBUJIbHON (POPMBI, CO BDEMEHEM
npuo6peTaroT cepo-6ypyro OKpacky. [IaTHa orpaHuye-
HBI TEMHBIM 000KOM. Ha cTebndax — IMHelHHbIe BhITA-
HYyTble TEMHO-6yPbIE UJIV YePHBbIE TIITHA. BO BIaXXHOM
KaMepe 06pasyrTcs YepHble MUKHUABI. HaMu oTMe-
YeHO, UTO BO BJIQ)KHOU KaMepe Ha cTebJie TopakeHHO-
ro pacteHus KapTodess KOJIUYEeCTBO MUKHU, Gojiee
00MJIbHOE 10 CPaBHEHMUIO C IMCThIMU (PHUC. 3).

il

Puc. 3. Cumntombl nposieneHus Phoma herbarum  Fig. 3. Symptoms of Phoma herbarum
on potato leaves (photos by the authors)  time. The spots are limited by a

Ha NUCTbAX KapTodens (hoTo aBTOPOB)

Kemerovo Oblast) showed the presence of the species
Boeremia foveata in 20% of cases (Zavertkina, 2007; Pi-
lipova, Shaldyaeva, 2019).

Place of sampling: Pushkinsky district, St. Peters-
burg.

Description of the prevailing symptoms on the
leaves. Light, gray small spots of a round or elongat-
ed shape with a dark border, characteristic of the leaf
form of the pathogen. In a humid chamber, dark-co-
lored pycnids were randomly lo-
cated on the leaf surface (Fig. 1).

On a nutrient medium, co-
lonies are at first light, with time
they become dark-colored. Ae-
rial mycelium, from gray to dark
gray (Fig. 2). The growth rate is
moderate. Numerous pycnids
submerged or semi-submerged.
The pycnids range in size from
70-100 to 120-150 pm. Uni-
cellular conidia in pycnids were
4-6.5umlongand 1.3-2 um wide.

2. Phoma herbarum

Place of sampling: Push-
kinsky district, St. Petersburg.

Description of the prevail-
ing symptoms on the leaves.
Small necrotic spots of various
diameters, round or irregular,
acquire a gray-brown color over
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B Hamux ucciemoBaHUSX
Bup P herbarum GbL 06HapPYXeH
B 06pasiiax, 0TO6paHHBIX B KOJI-
JIEKITUY TEHETUYECKUX PECYPCOB
kaprodens HITB «IIyIIKuHCKUIe
u [TaBjaoBckue Jjiabopatopuu
BUP». YacToTa BblZleJIeHUS JaH-
HOTO T1aToreHa U3 IMOPaskeHHBIX
pacTeHUi cocTaBuUja B CpeHEM
25%.

Ha KT'A xoJioHUY BO30yIu-
TeJis POCTU B TeueHue 3—7 AHeH,
IEeMOHCTPUPYSI CEPO-KOpHUYU-
HEBYI0 ITOPOIIKOOO6pPAa3HYI0 I10-
BEPXHOCTH (pHUcC. 4) U TEMHO-Ce-
PBIH, IEPEXOANINN B YePHBIH,
peBepc. B Teuenue 10-20 gHel
B KOJIOHUSX 00pa30BaviCh MHO-
rouyucjieHHbele chepuyecKkue
TEeMHble TTUKHUJbI HA TOBEPX-
HOCTU cpejnbl. [ITMKHUAbI 6BLIU
pasHoro pasmepa, 200-700 MKkM
B AvaMeTpe. B mukHUax Haxo-
IUJIUCh OAWHOYHbBIE TMKHOCIIO-
PBI OT OKPYTJIOH IO CJierka yi-
JINHEHHOHW OBaJIbHOU (GOPMHI,
6e3 Teperopomok, pazMepoM
4—-6 MKM X 1,5—-3,5 MKM.

3. Boeremia exigua var.

MecTo oTGOpa: KOJLIEKIIN- (hoTo aBTOPOB)
OHHBIE TIOCAaJKU KapTodess
B TOPOJICKOM OKpyre JIIo6epIlb
MockoBckoii obsactu (PI'BHY «DUL kapTodess nMe-
Hu A.T. Jlopxa»).

OmnucaHue IPeosIaJAoUIUX CUMIITOMOB Ha JIU-
cThaX. J[Jis JTaHHOTO BO30OYyAUTENS XapaKTepHa SPKO
BBIpa)KEHHAs OPraHOTPOIIHAS CIlelanu3alius, BU/
B GOJIBIIMHCTBE CJyYaeB BBIJEJSJICS U3 YEPENIKOB
TTOPaYKEHHBIX JIUCThEB U cTe6sel. [I9THA BBITSIHYTHIE,
TeMHbIe, KOpUUHEBbIE UK 6yphle, 6€3 YeTKUX I'PAaHUIL,
pacruibiBUaThie. CO BpeMEHEM MMOKPBIBAKOTCS TUKHU-
JlaMU CHa4YaJia CBETJIOTO, TI03’Ke TEMHOTO UJIX YEPHOTO
1BeTa (puc. 5).

4. Neoascochyta exitialis

MecTo oT60opa: [IlymKuHCKUN paiioH, CaHKT-
[TeTepOypr.

OmnucaHue IPeosIaJAUIUX CUMIITOMOB Ha JIU-
cThax. [I9THA CBETJIbIE, MEJIKME, MHOTOYMCIIEHHBIE,
C YeTKOU T'paHUIel CBeTJIO-6yporo 1mBeTa. Bo Biax-
HOM KaMepe Ha HEKPOTU3UPOBAHHOU TKaHU 06pasy-
I0TCS OLMHOYHBIE TEMHO-0Ypbhle MU YepHble TUKHU-
IIbI (pHC. 6).

B oHOM ciiyyae 13 MOpaXKeHHBIX PaCTeHUN ObLIT
BBIZIENIeH BU Neoascochyta exitialis. Hamu onpeiesieH
Kak HeXapaKTepHBIN mmaToreH kaprodess. B onpene-
JINTEJIbHOU JIUTEPATYPE OTMEUEH Ha JIYKEe; U3 3ePHO-
BBIX — Ha OBCe, NIIEHUIIE, P’KU; HA KapTodee onuca-
Hue orcyTcTByeT (Noordeloos et. al., 1993).

Kononuu Ha KI'A: ymMepeHHas CKOPOCTb POCTa,
nuamMeTp — 20-25 MM dyepes 7 DHEH, MUILIEIUH XJIOIIbe-
BUIHBIHN, CBETJIO-CEPHIH, ITO KPalo CEPO-0JIUBKOBBIN;
peBepc GebIii B HAPY>KHOM KOJTbIIE, OJIMBKOBBIH B IEH-
Tpe. KoHUAMY — OT IUPOKUX BEPETEHOBUIHBIX 0 ITU-
JIMHIPUYECKUX, CJIerKa U30THYThIE, TTIaflIKUe U TOH-
KOCTeHHbIe, TUaJINHOBbIE, OJTHOCETITHBIE, PA3MEPOM
15,5-25 x 4-7 MkM (puc. 7).

- Puc. 4. KynbTypanbHo-moponornueckme  Fig. 4. Cultural and morphological
exigua npusHakn Phoma herbarum

characteristics of Phoma herbarum
(photos by the authors)

dark rim. On the stems there are linear, elongated dark
brown or black spots. Black pycnids form in the humid
chamber. We noted that in a humid chamber on the
stem of an affected potato plant, the amount of pycnids
is more abundant compared to leaves (Fig. 3).

In this research, the species P, herbarum was de-
tected in samples taken in the collection of potato

Puc. 5. Jluctba
KkapTodensa B Mukodope
¢ npeobnapaHvem

Fig. 5. Potato

leaves in mycoflora

with a predominance
Boeremia exigua var. exigua  of Boeremia exigua var. exigua

(thoTo aBTOPOB) (photo by the authors)
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Puc. 6. Jluctbsa Fig. 6. Potato leaves
KkapTochens B Mukodniope  in mycoflora

c npeobnapgaHnem with a predominance
Neoascochyta exitialis of Neoascochyta exitialis
(choTo aBTOpPOB) (photo by the authors)

5. Didymella pinodella (= Phoma pinodella)

MecTo oT6opa: ITymkuHCcKui paiion, CaHKT-
[TeTepOypr.

BBl BbIZIENIEH B OLHOM CJIY-
yae u3 00pasioB JIUCThEB Kap-
To(esiss, OTOOPaHHBIX Ha 3TOU
TeppuTtopuu. JlutepaTypHbie
JaHHbIE O BBIIBJIEHUU paHee
Ha MacjJeHOBBIX HAa TEPPUTOPUY
Poccuu OTCYTCTBYIOT.

KoJIoHMM cierka BOHJIOY-
Hble, CEPOBATO-KOPUYHEBEIE,
IM03JHEee CTAHOBATCS YEPHBI-
MU, UHOTJA JeJIITCSI Ha CeKTO-
pa ¢ OOMJIbHBIMU IIUKHUIAMU
U CBETJIO-XKEJIThIM KOHUAUAJIb-
HBIM 3KCCyIaTOM. [IMKHUIBI — OT
OKPYTJIBIX 0 Pa3iudyHou ¢Gop-
Mbl, suamMmeTpoM 200-300 MKM.
KoHupum ruajuHOBBIE, B OC-
HOBHOM 6€e3 IIeperopoaoK, NHOo-
rIa C OJHON ITePEeropojKoOi,
4,5-8 (-10) X 2—3 MKM; B CTapbIX
KyJIbTypaxX UHOTZIa CTAHOBSTCS
JKEeJITO-KOPUYHEBbIMU (puc. 8).
XJ1aMULOCIIOPbl TEMHO-KOPUY-
HeBbIe, OT c(heprUUYEeCKUX A0 He-
MIPaBUJbHBIX, OT TJAAKUX M0
IIepPOX0BaThIX, TEPMUHAJbHbBIE
UJIY UHTepKajJsgpHble, 06pasy-
I0TCS TIOOAVHOYKE UM LIeIoY-
KaMu. Bug ormeueH Ha Pisum

genetic resources of the NPB “Pushkin and Pavlovsk
laboratories of the VIR”. The frequency of isolation of
this pathogen from affected plants averaged 25%.

On PDA, colonies of the pathogen grew for 3-7
days, showing a gray-brown powdery surface (Fig. 4)
and a dark gray, turning into black, reverse. Within
10-20 days, numerous spherical dark pycnids formed
on the surface of the medium in the colonies. The pyc-
nids were of various sizes, 200—-700 um in diameter.
The pycnids contained single pycnospores from round
to slightly elongated oval shape, without septa, measur-
ing 4-6 ym x 1.5-3.5 ym.

3. Boeremia exigua var. exigua

Place of sampling: collection plantings of pota-
toes in the urban district of Lyubertsy, Moscow Oblast
(A.G. Lorkh Federal Russian Potato Research Center).

Description of the prevailing symptoms on
the leaves. This pathogen is characterized by a pro-
nounced organotrophic specialization; in most cases,
the species was isolated from the petioles of the affect-
ed leaves and stems. The spots are elongated, dark,
brown or brown, without clear boundaries, indistinct.
Over time, they become covered with pycnids, first
light, later dark or black (Fig. 5).

4. Neoascochyta exitialis

Place of sampling: Pushkinsky district, St. Peters-
burg.

Description of the prevailing symptoms on the
leaves. The spots are light, small, numerous, with a
clear border of light brown color. In humid chamber
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sativum, Trifolium pratense ¥ Ipy-  pyc. 7. KynbTypanbHo-mopdonoruueckue  Fig. 7. Cultural and morphological

TUX TIPEJICTABUTENISIX CEMEMCTBA  npusHaku Neoascochyta exitialis

Leguminosae.

g onpepneseHusd BULO-
BOU TPUHAIJIEXHOCTHU IIOJIY-
YEeHHBIX M30JIATOB IIPOBOAUIU BeifgeneHue JIHK u3
MULEJINUS U ONIPefessayii HYKJIEeOTULHYIO0 [10CIeL0Ba-
TEJIbHOCTH CJIEeAYIOUNX YIaCTKOB 'eHOB: MEXTe€HHOTO

(thoTo aBTOPOB)

characteristics of Neoascochyta exitialis
(photos by the authors)
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Puc. 8. KynbTypasnbHble npusHaKku

cneticepa (ITS) pIHK u B-Ty6ynuHa (b-tub) rpubHOI
OHK. ITociemoBaTenbHOCTY M3yUYeHbl y 20 MITAMMOB,
TIOJIyUeHHBIX U3 JINCTheB KapTodes.

Vi3 mpoaHaau3upPOBAaHHBIX 00Pa3IlOB AJIS JBYX
He 0Ka3aJIOCh TOMOJIOTUYHBIX ITOCJIEN0BATEIbBHOCTEN
B GenBank. Bce ocTaBIIrecs MOCJIeI0BaTEIbHOCTHU
OBLIY UAEeHTU(GUIUPOBAHbI, IIPOBEPEHBI IT0 TOMOJIO-
TUU C TTocjenoBaTebHOCTIMY U3 GenBank. [TpoieHT
COBIIaieHUM BapbUpPOBaJ B mpemeaax 96,26-100%.
Pe3ynbTaThl MpeACTaBIIeHbI B Tabaulle 2.

Tak)ke HaM¥ OBbIIY U3YyYeHbl CUMIITOMBI TIPOSIB-
JIeHUS TIPU UCKYCCTBEHHOU MHOKYIALUU PaCTeHUN
KapTodensa (IUCThSI M YePellKy) B JabopaTOPHBIX
YCIIOBUSX UB0JIATOM Stagonosporopsis andigena (130-
Jgat CBS 101.80). Ha 5-i1 meHb mocjie 3apakeHus Ha
JINCTBAX 00pasoBainch Menkue (vame 2,0-2,5 MM,
uHorzga 1o 10 MM B iuaMeTpe) KOPUUYHEBbIE KOHIIEH-
TpUYecKre, HeBIaBleHHbIe IaTHaA (puc. 9). Ha 6ojee
TO3AHEel CTafuy Pa3BUTHSI MHOTOUNCIEHHbIE MEJIKHE

Tab6auia 2

Fig. 8. Cultural characteristics of Didymella
Didymella pinodella (choTto aBTOpoB)  pinodella (photos by the authors)

single dark brown or black pyc-
nids are formed on necrotic tis-
sue (Fig. 6).

In one case, the species
Neoascochyta exitialis was isolat-
ed from the affected plants. We
have defined it as an uncharac-
teristic potato pathogen. In the
key guides it is noted on onion;
among cereals — on oats, wheat,
rye; no description on potatoes
(Noordeloos et. al., 1993).

Colonies on PDA: mode-
rate growth rate, diameter —
20-25 mm after 7 days, myce-
lium is flocculent, light gray,
gray-olive along the edge; the re-
verse is white in the outer ring,
olive in the center. Conidia — from wide fusiform to cy-
lindrical, slightly curved, smooth and thin-walled, hya-
line, one-septal, 15.5-25 x 4-7 um in size (Fig. 7).

5. Didymella pinodella (= Phoma pinodella)

Place of sampling: Pushkinsky district, St. Peters-
burg.

It was isolated in one case from samples of potato
leaves taken in this area. No literary data on earlier de-
tection on Solanaceae in Russia.

Colonies are slightly tomentose, grayish-brown,
later turn black, sometimes divided into sectors with
abundant pycnids and light-yellow conidial exudate.
Pycnids — from rounded to various shapes, 200-300 pm
in diameter. Hyaline conidia, mostly without septa,
sometimes with one septum, 4.5-8 (-10) x 2—-3 um; in
old cultures they sometimes turn yellow-brown (Fig. 8).
Chlamydospores are dark brown, spherical to irregular,
smooth to rough, terminal or intercalary, singly or in
chains. The species was recorded on Pisum sativum,

AHaJIM3 HYKJIEOTHU/IHBIX IOCJIeJ0BaTEJIbHOCTEI 06pa31oB (hOMOUIHBIX IPHUGOB

U3 MOPa’kKeHHBIX JIUCThEB KapTodeas

Buz, ¢ koTOpbhIM Homep

OTMEYeHa roMoJiorusa Iocjenosa-

ITS B-TyOyauH

ITokpeiTUe, Unentuu- IlokpbiTUE, ViZeHTHUU-

Oo6paserir, B GenBank TeabHocTHu (ITS) % HOCTh, % % HOCTb, %

CopTt Houka Boeremia exigua var. MK514090.1 100 100 100 99,71
exigua

Copt Cokyp Boeremia exigua var. MK333929.1 100 100 100 98,94
pseudolilacis

Solanum andigenum  Didymella pinodella MN853862.1 100 100 100 99,64

(A 4417)

Solanum andigenum  Phoma herbarum LC5114997.1 100 99,73 100 100

(244)

Solanum andigenum  Neoascochyta exitialis ~ VN446179.1 100 96,26

(51)

Solanum andigenum  Boeremia foveata JQ804843.1 100 100 100 98,75

(A4439)

dutocaHuTapusi. KapaHTUH pacTeHuii
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Table 2

Analysis of nucleotide sequences of samples of phomoid fungi

from infected potato leaves

ITS -tubuli
GenBank Sequence B-tubulin
Sample homology species number (ITS) Coverage, % Identity,% Coverage, % Identity, %
Nochka variety Boeremia exigua var. MK514090.1 100 100 100 99.71
exigua
Sokur variety Boeremia exigua var. MK333929.1 100 100 100 98.94
pseudolilacis
Solanum andigenum Didymella pinodella ~ MN853862.1 100 100 100 99.64
(A 4417)
Solanum andigenum Phoma herbarum LC5114997.1 100 99.73 100 100
(244)
Solanum andigenum Neoascochyta exitialis VN446179.1 100 96.26
(61
Solanum andigenum Boeremia foveata JQ804843.1 100 100 100 98.75

(A4439)

TTOBPEXAEHUS CIUBAJIUCH, OTPAHUYUBASICH JKUJIKA-
MU. JIUCTbSI TIOJTHOCTHIO YEPHEJY, IePBOHAYAJIBHO
0CTaBasiCh IPUKPEIJIEHHBIMU K CTEOJIIO0, TI03)KE OHU
omaganu. Bo3byaurens S. andigena BbI3bIBAET MISITHU-
CTOCTB JIUCTHEB, NIPOSIBJIEHNE KOTOPOI CXOIHO C aJib-
TepHapu030M KapTodeisi, BbI3bIBA€MbIM BULamMu Al-
ternaria solani, A. alternata, putodTOopo30M KapTOodhess
Phytophthora infestans, cemmTopruo3oM Septoria lycopersici
var. malagutii, omo3zoM kapTodens Boeremia exigua
var. exigua, Phoma spp. (BpenHble OpraHU3Mbl, UMe-
0lYe KapaHTUHHOe 3HaueHue aJig EBporsl, 1996;
EPPO, 2021; Pest categorisation of Stagonosporopsis
andigena, 2018).

Puc. 9. CumntoMmbl
nposiBfeHuns Ha kapTtodene
NpY UCKYCCTBEHHOW

Fig. 9. Symptoms

on potatoes with

artificial inoculation
nHokynauum Stagonosporopsis ~ Stagonosporopsis andigena

andigena (hoTo aBTOPOB) (photo by the authors)

Trifolium pratense and other Leguminosae family rep-
resentatives.

To determine the species of the obtained isolates,
DNA was isolated from the mycelium and the nucleo-
tide sequences of the following gene regions was deter-
mined: intergenic spacer (ITS) of rDNA and B-tubulin
(b-tub) of fungal DNA. Sequences studied in 20 strains
obtained from potato leaves.

Of the samples analyzed, two did not show homolo-
gous sequences in GenBank. All the rest sequences were
identified, checked for homology with sequences from
GenBank. The percentage of coincidences ranged from
96.26 to 100%. The results are presented in table 2.

We also studied the symptoms during artificial
inoculation of potato plants (leaves and petioles) in
laboratory conditions with the isolate of Stagonosporopsis
andigena (isolate CBS 101.80). On the 5™ day after in-
fection, small (usually 2.0-2.5 mm, sometimes up to
10 mm in diameter) brown concentric, not depressed
spots were formed on the leaves (Fig. 9). At a later stage
of development, numerous small lesions coalesced,
limited to veins. Leaves completely blackened, initially
remaining attached to the stem, later they fell off. The
agent S. andigena causes leaf spots, the manifestation of
which is similar to early blight of potato caused by the
species Alternaria solani, A. alternata, late blight of pota-
toes Phytophthora infestans, septoria leaf spot of potato
Septoria lycopersici var. malagutii, dry rot of potato Boere-
mia exigua var. exigua, Phoma spp. (Pests of quarantine
importance for Europe, 1996; EPPO, 2021; Pest cate-
gorisation of Stagonosporopsis andigena, 2018).

When isolated in a pure culture on PDA, the colo-
ny along the edges is white, folded, the edge is uneven.
The underside is black with a light pink edge. There is
also a pink pigment in the center. Over time, the me-
dium turns yellow due to the formation of crystals,
which quickly dissolve in the medium. The mycelium
isloose. Pycnids 125-200 um in diameter, immersed in
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[Ipu BeIEeIeHUM B YUCTYIO KynbTypy Ha KI'A ko-
JIOHUS T10 KpasM GeJas, ckiaaJyaTasi, Kpail HePOBHBIM.
HuxHSSI cTOpOHA UepHas CO CBETI0-PO30BBIM KPaeM.
B 11eHTpe TakXe MPUCYTCTBYET PO30BBIA ITUTMEHT.
Co BpeMeHeM cpeJla OKPAIIMBAETCS B YKEJITHIN I[BET
u3-3a GOPMUPOBAHYS KPUCTAJIOB, KOTOPbIEe GBICTPO
PaCTBOPSIOTCS B Cpefie. MULENWH PhIXJIbIN. [IMKHUIbI
125-200 MKM B guaMeTpe, IIOTPy»KeHbI B cybCTpar,
CcHauaja CBeTJible, 3aTeM TeEMHEIT. CKOPOCTh pocTa
KOJIOHUU COCTAaBJISAET 2,9 MM/CYT.

Ha oBcstHOM arape (OA) KOJIOHUS cepasi, CBETIIEET OT
IIEHTPa K KPasiM, CO CKJIaAKaMU, Kpail KOJIOHUY OEJIbIH,
POBHBINU. BOKPYT KOJIOHUY 3aMEeTEH PO30BBIA TUTMEHT.
HwxHg4 CTOpOHa KOJIOHUY Cepasi C pO30BBIM KpaeM. Mu-
LeJINH PBIXJIBIH, IpKaThil. KpucTasiasl 06pasyoTcs
penko, 1ioxo 3aMmeTHHI. [TukHubl 125-200 MKM B gua-
MeTpe, IOTPYKEHBI B Cy6CTPAaT, IOl MUIIEJINEM TTOUTHU
He3aMeTHbI. THOTIa 110 KpasgM 06pa3yloTcsl 3aMeTHbIe
nuKHUIB. CKOPOCTh pocTa KOJOHUU — 4,81 MM/CYT.

Ha MEA (Malt Extract Agar) kojoHus 6eas, B IIeH-
TPe CBeTJIO-cepas, CKjaaadaTas, Kpaii KoJOHUY HEPOB-
HbIM. HM)KHSS CTOPOHA KOJIOHUY YepHas C PO30BBIM
KpaeM. B 1leHTpe MPUCYTCTBYET PO30OBBIM ITUTMEHT.

the substrate, first light, then darkening. Colony growth
rate is 2.9 mm/day.

On oat agar (OA), the colony is gray, brightens from
the center to the edges, with folds, the edge of the colony
is white, even. Pink pigment is visible around the colo-
ny. The underside of the colony is gray with a pink edge.
The mycelium is loose, compressed. Crystals are rarely
formed, poorly visible. Pycnids 125-200 uym in diame-
ter, immersed in the substrate, almost invisible under
the mycelium. Sometimes noticeable pycnids form
around the edges. Colony growth rate — 4.81 mm/day.

On MEA (Malt Extract Agar), the colony is white,
light gray in the center, folded, the edge of the colony is
uneven. The underside of the colony is black with a pink
edge. There is a pink pigment in the center. The myce-
lium is felt, compressed. Pycnids are immersed in the
substrate, solitary or densely grouped, 125-200 ym in
diameter. Colony growth rate — 2.6 mm/day (Fig. 10, 11).

Conidia are colorless, of various shapes: oval,
almost spherical, sometimes broadly cylindri-
cal, sometimes narrower in the middle, also may
be with oil droplets. Conidia can be divided into two
groups: small — 6.41-7.58 x 3.20-4.33 um (average

Puc. 10. KonoHuu Stagonosporopsis andigena  Fig. 10. Colonies of Stagonosporopsis andigena on MEA, PDA, OA,

Ha MEA, KTA, OA, aBepc (poTo aBTOpPOB)

respectively; obverse (photo by the authors)

Puc. 11. KonoHuu Stagonosporopsis andigena  Fig. 11. Colonies of Stagonosporopsis andigena on MEA, PDA, OA,

Ha MEA, KTA, OA, peeepc (hoTo aBTOPOB)

respectively; reverse (photo by the authors)
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Puc. 12. NMukHocnopbl Fig. 12. Pycnospores
Stagonosporopsis andigena  of Stagonosporopsis andigena
(choTo aBTOpPOB) (photo by the authors)

Munenuii BOMJIOYHBIN, TPUKATHIN. [ITMKHUBI TTOTPY-
JKeHBI B CyOCTPAT, OAUHOYHbIE WJIU TIJIOTHO CTPYIIIIHU-
poBaHHBIE, 125-200 MKM B iuaMeTpe. CKOPOCTh pocTa
KoJioHuu — 2,6 MM/cyT (puc. 10, 11).

Konupguu GeclBeTHBIE, PA3JIUUYHON (POPMBI:
OBaJIbHbIE, TIOYTH MIAPOBUJHBIE, UHOTAA IIUPO-
KO IUJIUHJPUYECKUe, nHorga 6ojiee y3Kue B ce-
penuHe, a TakXe MOTYT OBITb C KaIlJsgM{ Macia.
KoHuIum MOXKHO Pa3fesiuThb Ha JBe TPYIIITb: MEJIKUE —
6,41-7,58 x 3,20-4,33 MkM (B cpegueM 7,12 x 3,57 MKM)
u 6oyee KpymHble — 7,99-11,78 x 3,06-4,96 MKM
(B cpenmuem 9,03 x 3,75 MkM) (puc. 12, 13).

Hapsany c domougubpiMu rpubaMy Ha BCEX OTO-
OpaHHBIX 00pasIlax ¢ CUMIITOMAMM JINCTOBOU IISAT-
HUCTOCTU B GOJIBIIMHCTBE CJIYYaeB MPUCYTCTBOBAJ
KOMILJIEKC TIaTOTeHOB. JIOMUHUPYIOIIEe TTOJIOKEeHNE
B 80% wuccienyeMbix 06pa3iioB, 0TOGPAHHBIX B Mo-
CKOBCKOM 06J1acTU, 3aHUMAaJIU BUIBI poja Alternaria.
[TpencTaBUTENb KPYITHOCIIOPOBBIX BUMOB A. solani 6611
BBISIBJIEH B OZHOM CJIydyae Ha KapTodese copta Hou-
Ka. MeJIKOCITOpOBbIe BU/IbI, 06beIMHEHHBIE B CEKITUIO
A. alternata, ObIIN BBIZEJEHBI IPAKTUYECKYU BO BCEX
ucciielyeMbiX o6pasiax, UCKIIYeHre COCTaBUIU
copra Kanubp, CuBepckuii, [lebiot, Kopuma, Kymau.
[TopakeHue kapTodes A. solani BI3bIBAET MOSIBICHNE
KPYIIHBIX YTJIOBATO-OKPYTJIBIX OYPBIX MIATEH C YETKO
BBIPA)KEHHOU KOHIIEHTPUYECKOUW 30HATIbHOCTbI0 WU
MEJIKUX KOPUYHEBbIX IIATEH HeIIPaBUJIbHOL (DOPMBI CO
cJ1abo¥ 30HAJIBHOCTDIO T10 Kparo JIMCTa. [Ipu CUJIIbHOHN
CTETEHU TIOPAKEHUS JIUCThS MOJHOCTHIO 3aChIXaau
(TomokmHa, 'anaubam, 2017).

B eqMHUYHBIX CIydasgx HaMU GbIJIO OTMEYEHO
nopaxxenue Bunom Colletotrichum coccodes (Wallroth)
S.J. Hughes. Ha 3apa’keHHBIX PACTEHUSIX OTMEYaJIUCh
MOKpBbI€ ITSITHA, KOTOPbhIEe CO BpeMeHeM N3MEHSIIY IIBET
OT TEMHO-0YPOTO [0 UepPHOTO. [Topa’keHHbIE PACTEHUS
WHOT[Ia TIPOSIBJISJIN YCTOWYMUBbIE CUMIITOMBI YBSZA-
HUS, INCThS HYKHET0 U CPeIHEro IPYCOB UMEJIU XJIO-
poTuuHyio okpacky (Farley, 1976).

3AKJIIOYEHUME

[IpoBeJeHHbIE MCCIELOBAHNSA [TOKA3aJIH, YTO CUM-
MITOMAaTHKa IOPaKeHHUs BEreTUPYIOUIEro KapTodes
NMUKHUAUATbHBIMY TPUGAMU B IEJIOM UMEET CXOKUI
XapakTep IPOsBJIeHNs. YCTAHOBJIEHO, YTO COILYTCTBY-
I0IIYe TATOTeHbl MOTYT MaCKUPOBATh BhIPAXKEHHbBIE
CUMIITOMBI LI€JIEBOT0 BO3GYAUTENS U B 3aBUCUMOCTH
0T IIPe06JIaaINero BUga IPU3HaKY TOPayKEHNI MO-
I'yT BapbUPOBATh.

Puc. 13. MnKHUAbI

Fig. 13. Pycnids
Stagonosporopsis andigena  of Stagonosporopsis andigena

(hoTo aBTOPOB) (photo by the authors)

7.12x3.57 um) and larger — 7.99-11.78 x 3.06—4.96 uym
(average 9.03 x 3.75 um) (Fig. 12, 13).

Along with phomoid fungi, all the samples with
leaf spot symptoms in most cases contained a complex
of pathogens. Species of the genus Alternaria prevailed
in 80% of the samples taken in Moscow Oblast. Repre-
sentative of large spore species, A. solani, was detect-
ed in one case on Nochka potato variety. Small-spore
species combined into a section A. alternata, were iso-
lated in almost all the studied samples, with the excep-
tion of the varieties Kalibr, Siversky, Debut, Korchma,
Kumach. The infestation of potato by A. solani causes
the large angular-rounded brown spots with clearly ex-
pressed concentric zoning or small brown spots of ir-
regular shape with weak zoning along the edge of the
leaf. With a strong degree of damage, the leaves com-
pletely dried up (Gomzhina, Gannibal, 2017).

In a few cases, the infestation by the species Colle-
totrichum coccodes (Wallroth) S.J. Hughes was recorded. In-
fected plants showed wet spots that changed color from
dark brown to black over time. Affected plants sometimes
showed persistent symptoms of wilting; the leaves of the
lower and middle layers were chlorotic (Farley, 1976).

CONCLUSION

The conducted research has shown that the sympto-
matology of growing potato infestation by pycnidial
fungi generally has a similar manifestation pattern. It
has been established that concomitant pathogens can
conceal the pronounced symptoms of the target patho-
gen and, depending on the predominant species, the
signs of damage can vary.

Of the non-pycnidial fungi, a complex of species
of representatives Alternaria, Cladosporium, Stemphylium
was mostly identified. The obtained results of studying
the species composition of phomoid fungi show a wide
range of micromycetes associated with leaf spots of po-
tato (Didymella pinodella (= Phoma pinodella), Phoma sp.,
Phoma herbarum, Boeremia sp., Boeremia foveata, Boere-
mia exigua var. exigua, Neoascochyta exitialis). The latter
must be taken into account when developing methods
for the species identification of quarantine objects on
potatoes and assessing the selectivity and specificity of
the proposed techniques.
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V3 HENMUKHUAMAIbHBIX TPHU60B HauboJiee 4acTo
B MCCJIelyeMbIX 00pasiiax uAeHTU(GUIIMPOBATIA KOM-
TIJIeKC BUIOB ITpefcTaBuTeneli Alternaria, Cladosporium,
Stemphylium. TTomydyeHHbIe PE3YIbTAThl U3YUEHUS BU-
JIOBOT0 cocTaBa POMOMIHBIX 'PHUOOB ITOKA3hIBAIOT IIK-
POKUY CIIEKTP MUKPOMUIIETOB, CBA3aHHBIX C JIUCTO-
BBIMU IS THUCTOCTSIMU JINCTheB KapTodes (Didymella
pinodella (= Phoma pinodella), Phoma sp., Phoma herba-
rum, Boeremia sp., Boeremia foveata, Boeremia exigua var.
exigua, Neoascochyta exitialis). TlociienHee HEOOGXOIUMO
YUUTBIBATh IIPU pa3paboTKe MeTOIOB BUOBOU HJIeH-
TU(UKAIIMY KaPDaHTUHHBIX 00BEKTOB Ha KapTodee
U OLIEHKE CeJIeKTUBHOCTHU 1 CIIeIu(UUHOCTH IIpeia-
raeMbIX METO/IOB.

B pesysibTaTe IPOBEIEHHBIX NCCIIEIOBAHUYN OBLIN
ompeeeHbl HecnenupuuHble IJ1 KapTodes maTo-
rensl Didymella pinodella (= Phoma pinodella), Neoascochy-
ta exitialis. BriepBble TPOBE/IEHO U3yUEeHME U OTINCaHLe
KYJbTYpPaJbHbIX MPU3HAKOB BO30OYAUTENS YEePHOTO
o’xora KapTodeJist Ha pa3HbIX TUTATEIbHbBIX CPelax.

Ha mopa)keHHBIX JIUCThIX KapTodesas Takke
ObLIM UAEHTU(GUIIMPOBAHLI BUIBI Alternaria alterna-
ta, Alternaria solani, Alternaria tenuissima, Cladosporium
herbarum, Didymella pinodella (= Phoma pinodella), Col-
letotrichum coccodes, Aureobasidium pullulans, Fusarium
equiseti, Fusarium avenaceum, Fusarium oxysporum, Micro-
sphaeropsis sp., Neoascochyta exitialis, Epicoccum nigrum,
Phoma sp., Phoma herbarum, Boeremia sp., Boeremia
foveata, Boeremia exigua var. exigua, Phytophthora infes-
tans. Bce BbIJieJIEHHBIE U30JISIThI OBLIY JETTOHUPOBAHbI
B MUKOJIOTAYeCKy0 KojuteKIu ®I'BY « BHUUKP».
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As a result of the studies carried out, pathogens
non-specific for potatoes were identified: Didymella
pinodella (= Phoma pinodella), Neoascochyta exitialis. For
the first time, the study and description of the cultur-
al characteristics of the causative agent of black blight
of potato on different nutrient media was carried out.

On affected potato leaves, there were also identified
the species Alternaria alternata, Alternaria solani, Alterna-
ria tenuissima, Cladosporium herbarum, Didymella pinodella
(= Phoma pinodella), Colletotrichum coccodes, Aureobasidium
pullulans, Fusarium equiseti, Fusarium avenaceum, Fusarium
oxysporum, Microsphaeropsis sp., Neoascochyta exitialis, Epi-
coccum nigrum, Phoma sp., Phoma herbarum, Boeremia sp.,
Boeremia foveata, Boeremia exigua var. exigua, Phytophthora
infestans. All extracted isolates were deposited in the my-
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