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AHHOTALIUA

Cost — omHAa M3 caMbIX BOCTPEOOBAHHBIX 1 PEHTA0EIb-
HBIX CEJIbCKOX03IMCTBEHHBIX KYJbTYp B Mupe. 3a-
0ojieBaHU, BhI3bIBaeMble I'PUOHBIMU IIATOTEHAMMU,
SIBJISIIOTCSI OJHUM M3 OCHOBHBIX (DaKTOPOB, OTPaHUYUM-
BaOIIVX ee ITPOU3BOJICTBO. B cTaThe MPUBOAUTCS UH-
Gopmarius o 3a60JIeBaHUSIX COU, PACTIPOCTPAaHEHHBIX
B Poccuu, u [JlaabHEBOCTOUHOM PETHOHE B YaCTHOCTH.
B 2022 1. corpynaukamu ®I'BY « BHUUKP» 661510 TIpO-
BeJIEHO YacTUUHOe obciemoBaHue (PUTOCAHUTAPHOIO
COCTOSTHUS TI0CAZI0K cou B AMypCKoi#t o6actu. O6cie-
JloBaHMe TTPOBOAUIIOCH C IIeJIbI0 OTIpeesIeHUS BUL0-
BOTO cOCTaBa Bo36ymuTesel rpubHbIX 3a60eBaHUN
cou B ycsuoBugax JanbHero Boctoka P® 1 MeTOIOB ux
uneHTuUKaIuu. B pesynbraTe UCCIeIOBaHUYN OBLIN
BBISIBJIEHBI IPUOHBIE [TATOT€HbI, OTHOCAIIECS K 14 BU-
maMm, 9 pomam, 7 ceMeicTBaM, 5 IOpAAKaM 1 2 Kjac-
caM. CaMbIMY MHOTOUYUCJIEHHBIMY OKa3aJIUCh ITPEJI-
cTaBUTENU poxa Fusarium — 6 BumoB. Pox, Colletotrichum
BKJITOUMJI B ce6q 4 Buma. OcTajibHble 7 POLOB ObLIU
npezncraBjaeHsl no 1 Buny. Cpenu BbIJeJIeHHBIX
U UIeHTU(PUIIMPOBAHHBIX [TaTOTeHOB HanboJiee Bpe-
IOHOCHBIMY 1 SKOHOMNYECKU 3HAUNMbIMU IBJISTIOTCS
npexacrasuTtenau ponos Colletotrichum v Diaporthe, BbI-
3bIBAIOIIME aHTPAKHO3 U pak cou. Ha pacTeHUsx cou
OBLJIO OMHOBPEMEHHO OOHAPYKeHO 3 BO3OyAUTeNs
aHTpakHo3a — C. truncatum, C. incanum u C. sojae, 4TO
B 3HAUUTEJbHOU CTETIeHU MOXKeT YCI0KHUTD 60PbOY
¢ 9TuM 3aboseBaHreM. Takyke Ha PaCTEHUSAX COU ObLIN
BBISIBJIEHBI TaKKMe OTTaCHbIE M DKCIIOPTHO 3HAYMMBIE
nJst Poccuu BUmbl, Kak Diaporthe caulivora i Phomopsis
longicolla. TIpy TpOBeIeHUY MCCIIEIOBAHUS MOPDOJIO-
TUYECKUX CTPYKTYP BO3OyAMTe el ObIT BRISIBJIEH pa-
Hee HEU3BECTHBIN mTaMM D. caulivora, colepKaImuii
B IIUKJIE CBOETO PAa3BUTHUS MUKHUIUAIBHYIO CTAIUIO.
[Ipu 3TOM B MTUKHUZAX OJ[THOBPEMEHHO IPUCYTCTBOBA-
JIV KaK o-, TaK U -CIIOPhI. Pe3ysbTaThl, ITOJyUYeHHbIe
KYJIBTyPaJIbHO-MOP(OJIOTUYECKUM METOJIOM, OBLIN
TIOJITBEPIK/IEHBI C [TOMOIIbI0 CEKBEHNPOBAHMS HYKJIEO-
TUIHBIX MOCHeN0BaTEIbHOCTEN IO BHYTPEHHEMY
TpaHCKpubupyemomy crieiicepy ITS pubocomManibHOM
IOHK c ganpbHENINM CpaBHEHUEM WX C 9TAJOHHBIMU
nocaenoBaTeabHocTaMu B len6anke NCBI.

RESEARCH AND PRACTICE

UDC 632.4.01/.08

Fungal diseases
of soybean in the Far East

* IRINA P. DUDCHENKO?, ANNA A. KUZNETSOVA?,
GENNADY N. DUDCHENKO?, MARIA B. KOPINA®?,
NIKITA K. KOSTIN®

1.2,3,45 FGBU “All-Russian Plant Quarantine Center”
(FGBU “VNIIKR”), Bykovo, Urban district Ramensky,
Moscow Oblast, Russia, 140150
1 ORCID 0000-0003-0169-414X,

e-mail: dudchenko_irina@vniikr.ru
2 ORCID 0000-0001-8443-2641, e-mail: kyyznec@bk.ru
3 e-mail: dudchenko_gennadiy@vniikr.ru
4 ORCID 0000-0002-1613-1764,

e-mail: Kopinamaria645@gmail.com
5 ORCID 0009-0003-8066-0753,

e-mail: kostinworkl@gmail.com

ABSTRACT

Soybeans are one of the most required and profitable
crops in the world. Diseases caused by fungal patho-
gens are one of the main factors limiting its produc-
tion. The article provides information about soybean
diseases common in Russia and the Far East region in
particular, with the description of the course and the
symptoms. In 2022, employees of FGBU “VNIIKR” con-
ducted a survey of the phytosanitary state of soybean
plantings of the All-Russian Scientific Research Insti-
tute of Soybean in Amur Oblast. The survey was carried
out to determine the species composition of pathogens
of soybean fungal diseases in the conditions of the Far
East of the Russian Federation and methods for their
identification. As a result of the research, fungal patho-
gens belonging to 14 species, 9 genera, 7 families, 5 or-
ders and 2 classes were detected. The most numer-
ous were members of the genus Fusarium — 6 species.
The genus Colletotrichum included 4 species. The rest
7 genera were represented by 1 species. Among the
detected and identified pathogens, the most harm-
ful and economically significant are representatives
of the genera Colletotrichum and Diaporthe, causing
anthracnose, canker and soybean phomopsis. Three
anthracnose pathogens were simultaneously detect-
ed on soybean plants — C. truncatum, C. incanum and
C. sojae, which can greatly complicate control of this
disease. Also, such dangerous and export-significant
species for Russia were detected on soybean plants,
such as Diaporthe phaseolorum var. caulivora and Pho-
mopsis longicolla. When conducting a study of the patho-
gens’ morphological structures, a previously unknown
D. caulivora strain was identified, containing a pycnidial
stage in its development cycle. Moreover, both o- and
B-spores were simultaneously present in the pycnidia.
The results obtained by the cultural and morphologi-
cal method were confirmed by sequencing nucleotide
sequences using the internal transcribed spacer ITS
of ribosomal DNA with further comparison with refe-
rence sequences in the NCBI GenBank.
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Knrouesvie cnosa. Bo3bynuTenu 6oJie3HER cowu,
¢uTOImaTOreHHOEe COCTOSIHME, JIMCTOBBIE IISITHUCTO-
cTy, KopHeBble ruHmam, Colletotrichum incanum, Col-
letotrichum sojae, Colletotrichum truncatum, Diaporthe
caulivora, Phomopsis longicolla.

BBEJEHUE

a nocsenHue 40 JjeT MUPOBOE IIPOU3-
BOJICTBO COU YBEJIMUMJIOCH 6ojiee ueM
Ha 400% (Jluuuukos, 2018). B ucto-
puu ellle HY O HA KyJbTypa He JaBaja
CTOJIb 3HAUYUMOM npubaBku. V3 HU-
IIEBOY IIO3UIIMM COs IMIPeBpPaTUjIach
B OJHY W3 CaMbIX BOCTPeGOBAHHBIX
U peHTabesIbHbIX arPOKYJIbTYP B MUPE.
OCHOBHAS Y4aCTh YPOXKasl UIET Ha HYXIbl KUBOTHO-
BOJICTBA — COEBBIN )KMBIX U MIPOT. ITo JaHHBIM PoccTa-
Ta, B Halllell CTpaHe 3TOM KyJbType OTBesleHO 4,3% OT
obmiel TIoMaay, 3aHUMAaeMOU CeJIbX03KYJIbTyPaMHu,
yTo cocTaBiysgeT 3507 Toic. ra (PbIHOK cou B 2022 T.).
B 2022 r. B Hamey cTpaHe 6bLI coOOGpaH PEKOPAHBIN
yporkay cou — 5,8 MJIH TOHH, OZJHAKO 3TO KOJIUYECTBO
He TTOKPBhIBAET BCeX MOTPe6HOCTEN HAPOLHOTO X035I-
CTBa, ¥ HEJOCTAI[e 00BEMbI TPUXOJUTCI UMIIOP-
TupoBaTh. [Tociie ¢geBpansg 2022 I. B CBSI3U C BBeJe-
HUEM CAHKIIUN BO3MOXXHOCTY U CTPYKTypa UMIIOPTa
CYIIECTBEHHO WU3MEHWJIUCh. [109TOMY [OJiS YIOBJET-
BOpPEHUS MOTPEGHOCTEN B COEMPOLYKTaX HEOOXOmu-
MO, ITOMUMO YBEJIMUEHUS TTOCEBHBIX ILJIOIIAIEeH, IT10-
BBINIATh YPOXKAMHOCTb COM U KaueCcTBO COOMPaeMoro
yporasi, 0co6eHHO eT0 (hpUTOoCaHUTAPHYO COCTABIISIIO-
ITyI0, TAK KaK OAHOM U3 OCHOBHBIX IPUYUH, CIEPKU-
BaWOUIUX YBEJIMUYEHUE YPOXKAWHOCTU COU, SABJISETCS
JIeliCTBUE IaTOreHHBIX I'PUOOB, KOTOPbIie 3HAUUTEIb-
HO COKPAIIAOT YPOXKal 1 YXYAIIAI0T ero KauecTBO.

HawuboJiee pacmipocTpaHeHHbIMY 1 BPEIOHOCHBI-
MU B YCJIOBUSX Halllel CTPAHbI ABJISIOTCS Takue 3a60-
JIEBaHUS COM, KaK aHTPAKHO3, Dy3apro3, PU30KTOHNO03
U 6eJiast THUJIb. B TOJIBI C OOJIBITUM KOJIMYECTBOM OCa/jl-
KOB TaK’)Xe IPOSABJIAIOT cebs CeIITOPKrO03, aCKOXUTO3,
TIEPOHOCITOPO3, (POMOTICUC U Cepas THUJIb.

AMypckas 06J1acTh SIBJISIETCS TPaAUIIMOHHBIM
palioHOM BhIPAIIMBAHUS COU, YTO OGYCIOBIIEHO €€ CO-
ceicTBOM ¢ KuTaeM, KOTOPBIH SIBJISIETCS POLUHOM TaH-
HOM KyJIbTYPbI ¥ OCHOBHBIM €€ IMOTPEOUTENIEM Ha MU-
POBOM pBIHKE. []eJIbi0 IPOBOIMMOI0 MCCIENOBAHUS
OBILJIO OIIpeeieHre BUIOBOTO COCTaBa BO30OyquTeIe
rpubHbIX 3a60JieBaHM COU B yCI0BUAX JlajibHero Boc-
ToKa P®, n3ydeHme UX KyJbTypaJbHO-MOpdosoruyie-
CKMX 0COGEHHOCTEN 1 METOHOB UIEHTU(UKAIUN.

MATEPUAJIBI U METO/IbI
B aBrycre 2022 r. corpynuukamu ®I'BY « BHUMKP»
OBbLJIO TIPOBEJIEHO YacTUYHOe obcienoBaHue Guro-
CAaHUTAPHOT'O COCTOSIHUS TI0CAJIOK COM B AMYPCKOM
obJractu. Bo BpeMs o6ciieroBaHMs 6bLIM COGPAHBI 00-
PasIbl IUCTHEB U CTEBJIEH COU C PA3IUUHBIMU CUMIITO-
MaMU HEKPO30B, MATHUCTOCTEHN U 06IEero yBIgaHus.

Ils 1abopaTOPHBIX UCCIEIOBAHUM ObLIN IPE-
cTaBjeHbI 15 06pas310B pacTeHU cou, OTAebHbIE
YacTU KOTOPBIX OBLIY ITOMEIEHbI B YCJIOBUS BIAKHOMN

Key words. Pathogens of soybean diseases, phyto-
pathogenic state, leaf spots, root rot, Colletotrichum
incanum, Colletotrichum sojae, Colletotrichum truncatum,
Diaporthe caulivora, Phomopsis longicolla.

INTRODUCTION

ver the past 40 years, global soybean pro-

duction has increased by more than 400%

(Linnikov, 2018). In history, no culture

has ever given such a significant increase.

From a niche position, soybeans have be-
come one of the most sought-after and profitable
crops in the world. The main part of the crop goes to
the needs of animal husbandry — soybean cake and
meal. According to Rosstat, in Russia 4.3% of the total
area occupied by agricultural crops is allocated to this
crop, which is 3,507 thousand hectares (Soybean mar-
ket in 2022). In 2022, Russia collected a record soy-
bean harvest of 5.8 million tons, but this amount does
not cover all the needs of the national economy, and
the missing volumes have to be imported. The struc-
ture of imports has changed significantly due to the
sanctions. Therefore, to meet the needs for soy pro-
ducts, it is necessary, in addition to increasing the
sown area, to increase the soybean yield and the qua-
lity of the harvested crop, especially its phytosanitary
component, since one of the main reasons hindering
the increase in soybean yield is the action of patho-
genic fungi, which significantly reduce the yield and
worsen it quality.

The most common and harmful diseases in Rus-
sia are soybean diseases such as rhizoctoniosis, fu-
sarium, anthracnose and white rot. In years with high
precipitation, septoria, ascochitosis, downy mildew,
phomopsis and gray rot also manifest themselves.

Amur Oblast is a traditional soybean growing
area, due to its proximity to China, which is the birth-
place of this crop and its main consumer on the world
market. The purpose of the study was to determine the
species composition of soybean fungal diseases patho-
gens in the Far East of the Russian Federation, study
their cultural and morphological characteristics and
identification methods.

MATERIALS AND METHODS

In August 2022, the researchers of FGBU “VNIIKR”
conducted a partial survey of the phytosanitary condi-
tion of soybean plantings in Amur Oblast. During the
survey, samples of soybean leaves and stems were col-
lected with various symptoms of necrosis, spotting and
general wilting.

For laboratory study, 15 soybean plant samples
were presented, individual parts of which were placed
in a humid chamber. After sporulation appeared
in the infected areas, spores with mycelium were
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Ta6J1. 1. CIMCOK BbI/IeJIEHHBIX U30JIATOB I'PHGOB M X TAKCOHOMHYECKOE I10JI0KEHE
Table 1. List of fungal isolates and their taxonomic positio

N2 Bup Species Pox, Genus CemeiicTBo Family Iopsapok Order Kiaacc Class

1 Alternaria alternata Alternaria Pleosporaceae Pleosporales Dothideomycetes
2 Cercospora sp. Cercospora Mycosphaerellaceae Capnodiales Dothideomycetes
8 Colletotrichum sp. Colletotrichum Glomerellaceae Glomerellales Sordariomycetes
4 Colletotrichum incanum Colletotrichum Glomerellaceae Glomerellales Sordariomycetes
5 Colletotrichum sojae Colletotrichum Glomerellaceae Glomerellales Sordariomycetes
6 Colletotrichum truncatum Colletotrichum Glomerellaceae Glomerellales Sordariomycetes
7 Diaporthe caulivora Diaporthe Diaporthaceae Diaporthales Sordariomycetes
8 Epicoccum nigrum Epicoccum Didymellaceae Pleosporales Dothideomycetes
9 Fusarium equiseti Fusarium Nectriaceae Hypocreales Sordariomycetes
10  Fusarium graminearum Fusarium Nectriaceae Hypocreales Sordariomycetes
11  Fusarium oxysporum Fusarium Nectriaceae Hypocreales Sordariomycetes
12 Fusarium proliferatum Fusarium Nectriaceae Hypocreales Sordariomycetes
13 Fusarium tricinctum Fusarium Nectriaceae Hypocreales Sordariomycetes
14 Fusarium verticillioides Fusarium Nectriaceae Hypocreales Sordariomycetes
15 Phoma sp. Phoma Didymellaceae Pleosporales Dothideomycetes
16  Phomopsis longicolla Phomopsis Diaporthaceae Diaporthales Sordariomycetes
17  Verticillium albo-atrum Verticillium Plectosphaerellaceae Glomerellales Incertae sedis

KaMephl. [Tociie TTOABIEHNS Ha 3apa’keHHBIX yUacCT-
Kax CIIOPOHOIIEHHS CIIOPBI C MUIIEIMEM IEPEHOCUIIN
Ha IuTaTeJbHbIe cpenbl — KI'A (kapTodeslbHO-TII0K03-
Hbeiy arap) u CA (carrot agar) — [1Jisi BbIJIeJIEHUS YUCTHIX
KyJIbTYP BO30yAuTeNel. B pesynbTaTe IepeceBoB ObLIO
BBIZeJIeHO 50 n30J19T0OB rpuboB. HabmiomeHus 3a pas-
BUTKEM KOJOHUH BBIMOJHIINCH B TeueHne 30 nJHel
C YYETOM XapaKTEPUCTUK o6Gpasywuuxcss Mopdoo-
TUYECKUX CTPYKTYP.

[epBrUYHAg UAeHTUGUKAIINA BO3OYAUTENIEH TTPO-
BOJIMJIACH C TIOMOIIBIO KYJIbTYpaJbHO-MOPdoIoruye-
CKOTO aHajin3a C IPUMeHeHNeM METOL0B CBETOBOM
MHUKPOCKONNU U MophoMeTpuu. [IoATBEPKIAI0ILas
UAeHTU(DUKAIUSI OCYIIECTBIISIACH KJIaCCUUYECKOM I10-
JIMMepasHou enHoi peakiiue (ITLIP) ¢ ucIoab30Ba-
HUEM YHUBEPCAIbHBIX IpaiiMepoB ITS5/ITS4 (White et
al., 1990) u majabHENRIIEero CEKBEHMPOBAHUS TIOJIyYEH-
HBIX HYKJIEOTUAHBIX [T0CJIeI0BATEHbHOCTEHN.

PE3VJIBTATBI U OBCYKJOEHHNE

B pesynbTaTe ucCiefoBaHUN KYJIbTYPaJbHO-MOP)O-
JIOTUYEeCKUM MEeTOZOM ObLIO UIAEeHTU(DUIINPOBAHO
14 BosbymuTesnel mo Buma 1 3 BO3OYAUTENS 10 POAa
(cM. Tabu. 1).

[TaTh BO36yuTENEN ObLIN BbIIEJIE€HBI OJTHOBPE-
MEHHO U3 JIUCTbEB U CTebJIel, OCTaIbHbIe BO3GYIUTE-
JIY ObLJIY JIOKAJIMN30BaHBI OO B JINCThSX, JINOO B CTEL-
Jaax (cM. TabII. 2).

Cpenu BbIIEJIEHHBIX U UAEHTUDUIIMPOBAHHBIX
aTOreHOB CaMbIMU BPEIOHOCHBIMU U S9KOHOMUUE-
CKM 3HAUYMMBbIMU SBJISIOTCS MIPEACTABUTENIN POLOB
Colletotrichum u Diaporthe, BbI3bIBAIONME€ AHTPAKHO3,
pak cTebeit u 6060B cou.

KyabsTypajabHO-Mop(dooruueckme
0C06GEHHOCTH BO30yauTeJIeli aHTPaKHO3a Cou
poaa Colletotrichum
AHTpaKHO3 COU TIOpa’kaeT BCe HaJI3€MHbIE OPraHbl.
BecHoIi 13 3apa’keHHbIX CEMSIH ITOSIBJISIOTCS BCXO/IBI,
Ha CeMAMOJIIX KOTOPBIX 00pas3ylTCcs BAABJIEHHBIE

transferred to nutrient media — PDA (potato dextrose
agar) and CA (carrot agar) — to isolate pure cultures of
pathogens. As a result of subcultures, 50 fungal iso-
lates were isolated. Observations of the colonies de-
velopment were carried out over 30 days, taking into
account the characteristics of the resulting morpho-
logical structures.

Primary pathogen identification was carried out
by cultural and morphological analysis using light mi-
croscopy and morphometry methods. Confirmatory
identification was conducted by classical polymerase
chain reaction (PCR) using universal primers ITS5/
ITS4 (White et al., 1990) and further sequencing of the
resulting nucleotide sequences.

RESULTS AND DISCUSSION

As a result of research using the cultural and morpho-
logical method, 14 pathogens were identified to spe-
cies and 3 pathogens to genus (see Table 1).

Five pathogens were isolated simultaneously
from leaves and stems, the remaining pathogens were
localized either in leaves or stems (see Table 2).

Among the isolated and identified pathogens, the
most harmful and economically significant are repre-
sentatives of the genera Colletotrichum and Diaporthe,
causing anthracnose, soybean stems and beans canker.

Cultural and morphological characteristics

of soybean anthracnose pathogens

of the genus Colletotrichum

Soybean anthracnose affects all above-ground or-
gans. In spring, seedlings emerge from infected seeds,
on the cotyledons of which depressed brown ulcers
form. Sick plants are stunted, have weak branches and
form a very weak root system. During the bean filling

dutocaHuTapus. KapaHTuH pacteHui 4
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6ypble S3BbI. BOJIbHBIE PACTEHMS OTCTAIOT B POCTE,
cy1abo BETBATCS U 06Pasyi0T OYEHD CJIabyi0 KOPHEBYIO
cucrtemy. B dhasy HaymuBa 6060B JIMCThs OYPEIOT U 3a-
cpixaroT. Ha 606ax BHavuajie 06pasyoTcs HeboIblne
sTHA ¢ 6ypbIM 0604KOM, TISITHA CO BpeMeHeM yTIy6-
JISIIOTCS, CIMBAIOTCS, ¥ CTBOPKY 6060B pas3pyIiaoTcs.
VHdexkiua mepexoquT Ha ceMeHa. CeMmeHa B 606ax
GOJIBHBIX PACTEHUM 06Pa3yIOTCS IIYILIbIE U MEJIKUE,
MIPY CUJIbHOM MOPa)KEHUY OHM 3aTHUBAIOT U TTOKPBI-
BAIOTCS I'PSA3HOBATO-CEPBIM MUIIEINEM, HA KOTOPOM
BUJIHBI TEMHBIE allePBYJIbI CO IIIETUHKAMU. MaccoBO-
My pPasBUTHUIO 3a60JIeBaHUS CITIOCOGCTBYIOT BbICOKAS
OTHOCUTEIbHAS BJIAKHOCTD BO3/LyXa U YaCThIE TOXK/IH.
3aboJyieBaHUe TIePENAETCSI CEMEHAMU U COXPAHSIETCS
B ITO)KHUBHBIX OCTATKAaX.

JIlo HEKOTOPBIX TTOP BO36YMMTEb aHTPAKHO3A
COUM YeTKO accoliuupoBajcs ¢ Bumom Colletotrichum
truncatum (Schwein.) Andrus & W.D. Moore (cus.: Colle-
totrichum glycines Hori ex Hemmi). B HacTosiiee BpeMst
aHTPaKHO3 COM paccMaTpUBaEeTCs Kak 3a00JieBaHUE
¢ 6oJiee CII0KHOM, a TTOPOI U 3aITyTAHHON 3TUOJIOTH-
ett, Ho C. truncatum TIO-TIPEXHEMY CUUTAETCSI Haubo-
Jiee pacrpoCcTpaHeHHbBIM, aCCOIIMUPOBAHHBIM BUIOM
IJig jaHHoro 3abosieBaHug (Sharma et al., 2011; Dias
et al., 2018). B pas3Hble To/ibl U3 PA3HBIX PETUOHOB
rmocTyraja nHMGOPMAaIIvs O IPYTUX BO30OYIUTENSIX aH-
TpakHo3a cou, Takux Kak C. destructivum (Manandhar
et al., 1986), C. coccodes (Riccioni et al., 1998), C. chloro-
phyti (Yang et al., 2013), C. gloeosporioides (Mahmodi et
al., 2013), C. incanum (Yang et al., 2014), C. plurivorum
(Barbieri et al., 2017), C. sojae (Damm et al., 2019),
C. musicola (Boufleur et al., 2020) u C. brevisporum (Shi
etal.,, 2021). 3Ty BUIBI, B 3aBUCUMOCTY OT MECTa pac-
MIPOCTPAaHEHUS, MOTYT IOOAMHOYKE WJIX B PA3JIUUHOM
COYETAHUM BCTPEUATHCS HA PACTEHUSIX COU, 06pasys
TIPY 9TOM ITaTOJIOTMYECKUE KOMILIEKChl. OmHOBPEMEH-
HOE MOSBJIEHVE HA PACTEHUAX COM HECKOJIbKUX BUIOB
Colletotrichum, cBsI3aHHBIX C aHTPAKHO30M, CIIOCOOHO
BJIMATDH Ha XapaKTep MPOoTeKaHUs 3a60eBaHMs, T10-
CKOJIBKY 3TH BUbI MOTYT II0-PAa3HOMY PearupoBaTh
Ha pa3Hble cTpaTeruu 60psObI ¢ 3a60seBaHueM. T10-
3TOMY TOYHAS BUIOBasI UIEHTU(DUKAIINSA BO3OYIUTEIA
MMeeT BaXXHOE 3HAUEHME JIJIsT KOHTPOJIS U TPODUIaK-
TUKU aHTPAKHO3a COU.

B HameM uccieloBaHUY Ha OLHOM PacTeHUU
cou 6BLIO OIHOBPEMEHHO O6HApPyKeHo 3 BO36yAuTe-
Jis1 aHTpakHo3a — C. incanum, C. sojae u C. truncatum.
[TocesuHbIe Ha 2%-11 KI'A 1 MOPKOBHBII arap, OHU 06-
paszoBbIBAJIM XapaKTepHbIe s poza Colletotrichum xo-
JIOHUU, UMeIol[ie BUAOBbIe PA3IUUUS MEXAY COO0M.
Tax, C. truncatum Ha MOPKOBHOM arape 06pa30BbIBAJ
OKPYTJIbIe, MHOTA C BOJTHUCTBIMU KPAsIMU, TIJIOCKUE,
CJIETKA IPUTIOLHSAThIE KOJIOHUY CBETJIBIX TOHOB C KOH-
IIEHTPUYECKUMU TEMHBIMU BKJIIOUEHUSIMU B BUJE
IITPUXOB, MHOTIA CIa60 3aKPYUEeHHBIMU B CITUPAJIb.
XapaKTepHOM 0CO6eHHOCTbIO 3PEJIBIX KYJIbTYP SIBJISET-
csI paBHOMepHas pa36poCaHHOCTb TEMHBIX, IETUHU-
CTBIX allePBYJI ¥ CTPOM I10 BCEI ITOBEPXHOCTY KOJIOHU U
(cm. puc. 1).

Komouuwu C. incanum uMenu 60jiee BO3LYUIHYIO,
TJIOTHYIO CTPYKTYPY, BHauaje CBETJIO-CepPbhie, BIIO-
CJIEJICTBUM CEPBIE U TEMHO-CEPBIE, C OKPYTJIBIM MSIT-
KO OYEPUEHHBIM KPaeM U BBIPa’KEHHBIM IIEHTPOM,
C YeTKMMU KOHIIEHTPUYECKUMU KPyraMu U CBET-
JIBIM 060JIKOM TI0 Kpa. Ha 3pesibix KyabTypax C. in-
canum, B oTiuume ot C. truncatum, TeEMHbIE allePBYJIbI

phase, the leaves turn brown and dry out. Small spots
with a brown rim initially form on the beans; over time,
the spots deepen, merge, and the bean flaps are de-
stroyed. The infection spreads to the seeds. The seeds
in the beans of diseased plants are puny and small;
with severe damage, they rot and become covered with
dirty-gray mycelium, on which dark acervuli with setae
are visible. The massive disease development is facili-
tated by high relative humidity and frequent rains. The
disease is transmitted by seeds and persists in crop
residues.

Until recently, the soybean anthracnose patho-
gen was clearly associated with the species Colle-
totrichum truncatum (Schwein.) Andrus & W.D. Moore
(syn.: Colletotrichum glycines Hori ex Hemmi). Current-
ly, soybean anthracnose is considered a disease with
a more complex and sometimes confusing etiology,
though C. truncatum is still considered the most com-
mon associated species for this disease (Sharma et
al., 2011; Dias et al., 2018). Over the years, informa-
tion has been received from different regions about
other soybean anthracnose pathogens, such as C. de-
structivum (Manandhar et al., 1986), C. coccodes (Ric-
cioni et al., 1998), C. chlorophyti (Yang et al., 2013),
C. gloeosporioides (Mahmodi et al., 2013), C. incanum
(Yang et al., 2014), C. plurivorum (Barbieri et al., 2017),
C. sojae (Damm et al., 2019), C. musicola (Boufleur et al.,
2020) and C. brevisporum (Shi et al., 2021). Depending
on the distribution, these species can occur singly or
in various combinations on soybean plants, forming
pathological complexes. Simultaneous appearance

Ta6J1. 2. YacTu pacTeHHUi, U3 KOTOPHIX ObLIA
BbIJI€JIEHBI IIATOT€HbI

Table 2. Parts of plants from which
pathogens were isolated

Bup, JiucThs Ctebau
N2 Species Leaves Stems
1  Alternaria alternata + +
2 Cercospora sp. + -
3 Colletotrichum sp. + -
4 Colletotrichum incanum  + +
5  Colletotrichum sojae + +
6  Colletotrichum truncatum + -
7  Diaporthe caulivora - +
8  Epicoccum nigrum + -
9  Fusarium equiseti + =
10 Fusarium graminearum  + -
11 Fusarium oxysporum + s
12 Fusarium proliferatum + -
13 Fusarium tricinctum + +
14  Fusarium verticillioides + -
15 Phoma sp. + =
16 Phomopsis longicolla - +
17 Verticillium albo-atrum + -
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MopkoBHbIii arap CA

KrA PDA

Colletotrichum
truncatum

20 gH.

Colletotrichum
incanum

Colletotrichum
sojae

20 .

ToH. 20 gH.

Puc. 1. XapakTep pa3Butusi KonoHui Bosbyautenen Fig. 1. Soybean anthracnose pathogens colonies

aHTpakHo3a cou (hoTo aBTOPOB)

He pa3bpocaHbl, a HEJIOTHO cCO6pPaHbI B IIeHTPe (0Co-
OEHHO 5TO 3aMEeTHO Ha MOPKOBHOM arape). Cpeza Bo-
KPYT KOJIOHUM HEITPOo3payvHa 13-3a CBETJIO-MOJIOUHOM
nurMeHranuu (cM. puc. 1).

Bosbynutens C. sojae HA MOPKOBHOU cpejie 06-
Pas30BBIBAJ ITOTPYKEHHBIE B arap KOJIOHUY 6e3 ouep-
YeHHBIX KPaeB U BBIPAXXEHHOTO 1eHTPA, )KeJITOBATO-
GejechblX OTTEHKOB, C UETKO BBIJEJIIOIMMUCST
YepHBIMHU allePBYJIaMU U CTPOMaMU Ha CBETJIOM (DOHE.
CIIOpOHOCHBIE CTPYKTYPhl HAUUHAIOT (POPMUPOBATHCS
B IIeHTPE KOJIOHUU B BUJle KOHIIEHTPUUECKUX YEPHBIX
KoJiell, PazBuBaOUuiicsa MU GEJIbIH, ITyIUCTbIH,
TIOKPBIBAET CPeAy B BUJle CHEKHBIX KOMOUYKOB U OKpa-
IIBAET ee B CJIeTKa PO30BaThii 1BeT. Ha cpeme KI'A
3peJible KOJIOHUY MMeJIU 60Jiee HaChIIEHHYI0 TaMMy —
BHAauaJie CBETJIO-PO30BBIE C TEMHBIM 060IKOM BbIpa-
JKEHHOTO LIEHTPA U CBETJIBIMU OKPYIJIBIMU KPasiMHU,
BIIOCJIEICTBUM C KOHIIEHTPUUYECKUMU TTOJISIMU PO30-
BOTO, CEPOTO, OJIMBKOBOT'O U CBETJIO-CEPOTO OTTEHKOB,
CO CBETJIBIM O0GO/IKOM I10 KPar KOJIOHWUU. AIlEPBYJIbI
He pa3bpocaHbl, a CKOHIIEHTPUPOBAHEI B IleHTpe. [Tur-
MEHTAIUs CPe/ibl CEPOBATO-MOJIOUHAS (CM. puc. 1).

OcobenHoCcTH DOPMUPOBAHUS KYJIbTYD Pa3JIny-
HBIX aHTPAKHO3HbBIX M30JIITOB HA MUTAJIBHBIX Cpefax
(CAu KI'A) c xapaKTepHBIM JIJIT HUX (OPMUPYIOLUTIMCS
CIIOPOHOIIIeHVEM ITOKa3aHbl Ha puc. 1.

development (photos by the authors)

of several Colletotrichum species associated with an-
thracnose on soybean plants may influence the dis-
ease course, since these species may respond differ-
ently to different disease control strategies. Therefore,
accurate species identification of the pathogen is es-
sential for the control and prevention of soybean an-
thracnose.

In our study, 3 anthracnose pathogens were si-
multaneously detected on one soybean plant — C. in-
canum, C. sojae and C. truncatum. Sown on 2% PDA and
CA, they formed colonies characteristic of the genus
Colletotrichum, with species differences among them-
selves. Thus, C. truncatum on CA formed round, some-
times with wavy edges, flat, slightly raised colonies
of light colors with concentric dark inclusions in the
form of streaks sometimes weakly twisted into a spiral.
A characteristic feature of mature cultures is the uni-
form distribution of dark, bristly acervuli and stroma
over the entire surface of the colony (see Fig. 1).

C. incanum colonies had a more airy, dense struc-
ture, at first light gray, later gray and dark gray, with
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Komounu C. truncatum Ha 3—4-i
IeHb pas3sBUTUA GOPMUPOBAIU 3a-
MeTHbIe TeMHBbIe TSXKU MUIETU,
o6pasymlire CTPOMBI (CM. puc. 2¢).
B panpHelmeM, Ha 5-6-1 [OeHbD,
Ha BepXHEH CTOPOHE y)Ke TOTEMHEB-
11ero MUIENIUs HaunHaJa 06pa30BhI-
BaThCS CBETJIBIM BO3AYUIHBIN MUIE-
JINi, Ha KOTOPOM (hOPMUPOBAJIUCD
TEMHBIE allepByJibl. Ha 3TOM 3Tarme
pPa3sBUTHE KOJOHUYU MOXET MHOUTU
IBYMS IIYyTSIMY — C TUIOTHBIM U OOWJIb-
HBIM BO3JAYIIHBIM MUIleNUEM (CM.
puc. 2a) niu 6e3 Hero, Ho C XapaKTep-
HO pa3bpOoCaHHBIMU CTPpOMaMu (CM.
puc. 2b). Ha 5—8-11 IeHb Ha allepBy-
JlaX HaUMHAIOT Pa3BUBAThCS IETHUH-
KM, XapaKTepHbIe OJig 5TOr0 BUIA
(cm. puc. 2d). Ha MOpKOBHOM arape
IO TIOSIBJIEHUS IIETUHOK OBbIJIO OTME-
YeHO MOSIBJIEHUE OKPYTJIbIX 06pa3o-
BaHUU HeOOJIBIIOTO pasMepa, BHEII-
He HaIlOMUHAIIINX MUKPOKOHUINN
¥ BBIXOIAIIUX U3 (GOPMUPYIOIIUXCS
amepBya (cMm. puc. 2h). leTuHKM
110 pa3Mepy M BBICOTE PACTYT He-
PaBHOMEPHO, UX IJWHA COCTaBJISIET
80-205 MKM. BMmecTe co meTHHKA-
MU Ha alepByJiax MOSBJSIIOTCS CII0-
pbl paamepoMm 20,8-23,4 x 3,3-5,2.
Cropbl OIHOKJIETOUHBIE, GECIIBET-
Hble, CepPIOBUIHbIE, C 3a0CTPEH-
HBIMU, CJIerKa 3a0BaJIEHHbBIMU KOH-
1IaMu ¥ KarJjiel mMacjia B cepefuHe
(cMm. puc. 2e, 2f). [To3xe B KOJTOHUU
MOTyT c(hOPMUPOBATHCS TIEPUTELTUN
¢ cyMKocriopamu (cM. puc. 2g).

[Ipoliecc pas3BUTHUS KOJOHUM
C. incanum IPUMEPHO TaKOH Xe, KaK

ny C. truncatum, XO0Td 1 MeHee Au- Puc. 2. TunuyHble CTPYKTYpbI

Fig. 2. Colletotrichum truncatum

HaMUYHBINA — KOJIOHUU PACTYT MeJ-
JeHHO. Ha 6-11 meHb Ha ydacTKax
TEMHO-OYPOTO U CBETJIO-CEPOT0 OT-
TEHKOB Mulienus (cM. puc. 3b) Hauu-
HaT GOPMUPOBATHCS BO3AYIIHBIN
GeJIbIY MUIIEJINY U TEMHBIE CTPOMBI,
Ha KOTOPBIX (DOPMUPYIOTCS allepBY-
Jipl. O6pasywIIecss CTPOMbI UMEIOT

Colletotrichum truncatum: a — konoHus

C. truncatum c BO34yLWHbIM MULENUEM;

b — konoHwus C. truncatum 6e3 Bo3ayLWHOro
Muuenus, ¢ pasbpocaHHbIMU CTpOMaMu;

C — MuuenuanbHblie TSxu; d — auepByna
Co WeTuHKamu; e, f — koHnauu; g — Bbixon,
13 neputeLms CYMOK C CyMKOCNopamu;

h — 06pasoBaHus, HaNoOMUHawLW e
MUKpOKoHMAMK (hoTo aBTOPOB)

typical structures: a — C. truncatum
colony with aerial mycelium;

b - C. truncatum colony without aerial
mycelium, with dispersed stroma;

¢ —rhizomorphs; d — acervula with
setae; e, f — conidia; g — exit from the
perithecia of bursae with ascospores;
h — formations resembling
microconidia (photos by the authors)

GoJiee okpyrayio opmy (cM. puc. 3e).
[[leTMHKYX Ha allepByJlaX HECKOJbKO KOpOUe, UYeM
y C. truncatum, — 30—140 MKM B JJINHY, HO MOTYT U CO-
BCEM OTCYTCTBOBaTh (CM. puc. 3¢, 3d). Konuguu obpa-
3yI0TCs 110 Mepe (hopMUPOBaHUS IETUHOK, Pa3Mep KO-
Hugui — 19,8-26,1 x 2,7-4,5 mxm. Cropsl C. incanum
OIHOKJIETOUHbBIE, TMAJINHOBBIE, JIabeobpasHbIe, N30-
THYTHI B MeHbIllel cTeneHu, yem y C. truncatum, c 3a-
OCTPEHHBIMU KpPasiMU, OJUH KOHEI KOHUIWUYN MOXXET
OBITh HECKOJIbKO BBITIHYTHIM (cM. puc. 3f). Hanuuus
MepUTelieB 0OTMeUYeHO He ObLIIO.

Mopdosoruyeckue CTpyKTypsl C. S0jae OTINYIAI0T-
Cs1 OT IBYX ITPEABIAYIIIX BUAOB. CyOCTPATHBIN MULIEIU
CEIITUPOBAHHBIN, C PO30BATHIM OTTEHKOM, UTO IIPUIAET
OKpAIIeHHOCTh BCE KOJIOHUH, TH(hbI MHOTIA CPaCTaioT-
cs1, 06pazys TSoKY (CM. puC. 44, 4b). AllepBYJIbI OKPYTJIbIE
(cM. puc. 4c¢), B OCHOBHOM Macce He UMEIOT IEeTUHOK,
HO MHOT' A e TUHKY IT0MaIal0TCsI, KaK ObI CIIPSATAaHHbIE

arounded, softly outlined edge and a pronounced cen-
ter, with clear concentric circles and a light rim along
the edge. Unlike C. truncatum, dark acervuli are not
scattered, but loosely collected in the center on ma-
ture C. incanum cultures (especially noticeable on CA).
The medium around the colony is opaque due to light
milky pigmentation (see Fig. 1).

The C. sojae pathogen on carrot medium formed
colonies immersed in agar without defined edges and
a pronounced center, yellowish-whitish in color, with
clearly visible black acervuli and stroma on a light
background. Spore-bearing structures begin to form
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Puc. 3. TunuuHble cTpykTypsbl C. incanum:  Fig. 3. C. incanum typical structures:
a — 20-gHeBHas konoHus C. incanum. KTA; a - C. incanum 20-day colony, PDA;

b - yuacTku 6yporo muuenus;
¢, d — auepByna co WeTUHKaMm

in the center of the colony in the form
of concentric black rings. The deve-
loping mycelium is white, fluffy, co-
vers the medium in the form of snow-
balls and colors it slightly pinkish. On
the PDA medium, mature colonies had
a more saturated range — initially light
pink with a dark rim of a pronounced
center and light rounded edges, later
with concentric fields of pink, gray,
olive and light gray shades, with
a light rim along the edge of the colo-
ny. The acervuli are not scattered, but
concentrated in the center. Pigmenta-
tion of the medium is grayish-milky
(see Fig. 1).

Various anthracnose isolates cul-
ture formation features on nutrient
media (CA and PDA) with their cha-
racteristic sporulation are shown in
Fig. 1.

b — areas of brown mycelium;
¢, d — acervula with setae and
M KOHMAMOCNopaMu; e — OKpyrble CTPoMbl  conidiospores; e — C. incanum round

C. truncatum colonies on days 3—-4
of development formed noticeable
dark strands of mycelium forming
stromas (see Fig. 2c). Subsequently,
light aerial mycelium began to form on
the upper side of the already darkened
mycelium on days 5-6, where dark
acervuli were formed. At this stage,
the colony development can develop
in two ways — with dense and abun-
dant aerial mycelium (see Fig. 2a) or
without it, but with characteristical-
ly scattered stroma (see Fig. 2b). On
days 5-8, the acervuli begin to de-
velop the setae characteristic of this
species (see Fig. 2d). On CA, before

C. incanum; f - koHupuu (choTo aBTOPOB) stroma; f - conidia (photos by the authors) the appearance of setae, small round

BHYTPU (CM. puc. 4¢). CTIOpbI OTHOKJIETOUHbIE, IIPSIMbIE,
C 3aKpPYTJIEHHbIMU KOHIIAMU U BKJIIUYEHUSIMU Mac-
Jla BHYTpH, pasMmepsl — 8,93-12,55 x 2,58-4,32 MKM
(cMm. puc. 4f), 06pasyIoT CIOPOKyUKH (cM. puc. 4g). Ie-
puUTenuu OLUHOYHbBIE, APOBUHbIE, TOTPY>XKEHHbIE
B cybCTpaT, IBET — OT GJIeLHO-XKEJITO-KOPUUHEBOTO
10 KOpUUHeBoro, 96-140 MKM B muaMeTpe (CM. puc.
4c, 4d, 4h). [TepuTeliny cO3pPeBaIOT IPAKTUUYECKU OJI-
HOBPEMEHHO C alepByinaMu. CYMKU ¢ CYMKOCITOPaMH,
yepes pasphiB B MEPUINU, BHIXOIAT HAPYXKy, CMEITU-
BasICh C KOHUJIUSIMHU, II09TOMY U CYMKU, U CyMKOCIIO-
PbI, 1 KOHUIVY MOXKHO BUJIETH OTHOBPeMeHHO. CyMKUI
8-CriopoBblie, BepeTeHOBUIHbIE, 78—-80 x 11-11,4 MKM
(cM. puc. 4h). CyMKOCIOPBI r'MaJIMHOBBIE, BEPETEHO-
BUJIHBIE, U3OTHYTHIE, C 3aKPYTJIEHHBIMU KOHI[AMMU,
16-22 x 3,5-4,2 MM (cM. puc. 4i), mo cBoeir dop-
Me U ImapaMeTpaM CXOJAHBI ¢ KoHuaugaMu C. incanum.

MakpOCKOIMYECKUH BUJ TUITHYHOTO PACIIOJIO-
JKEeHUS allepPBYJI B BO3AYIIHOM MUIIEJIUU IJIsT BO36Y-
nuTenel aHTpakHo3a 13 poxa Colletotrichum rokasaH
Ha puc. 5.

KyasTypajabHO-Mop(dosoruueckme
0Cc06GEeHHOCTH BO30yauTeJieii paka 60608
M cTebJieii cou poga Diaporthe
3aboneBanue (GoOMOIICKC, UNIU pak 60060B u cTeb-
Jeii, o6beuHSAET B cebe HECKOJIBKO BO3OyIUTENEH,

formations were noted, externally re-
sembling microconidia and emerging from the deve-
loping acervuli (see Fig. 2h). The setae grow uneven-
ly in size and height, their length is 80-205 pum. Along
with the setae, spores measuring 20.8-23.4 x 3.3-5.2
appear on the acervuli. The spores are single-celled,
colorless, sickle-shaped, with pointed, slightly oval
ends and a drop of oil in the middle (see Fig. 2e, 2f).
Later, perithecia with ascospores may form in the co-
lony (see Fig. 2g).

The C. incanum colonies development process
is approximately the same as that of C. truncatum, al-
though less dynamic — the colonies grow slowly.
On the 6™ day, in areas of dark brown and light gray
shades of mycelium (see Fig. 3b), aerial white myceli-
um and dark stroma begin to form, on which acervu-
li form. The resulting stromas have a more rounded
shape (see Fig. 3e). The setae on the acervuli are some-
what shorter than those of C. truncatum — 30-140 ym
in length, but may be completely absent (see Fig. 3c,
3d). Conidia are formed as the setae form; the size of
conidiais19.8-26.1 x 2.7-4.5 um. C. incanum spores of
are unicellular, hyaline, boat-shaped, less curved than
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obpasyroouux koMruiexc Diaporthe/Phomopsis (Diaport-
he/Phomopsis Complex (DPC)). OnHUM U3 HUX SBJISET-
cs Diaporthe caulivora (Athow & Caldwell) J.M. Santos,
Vrandeci¢ & A.J.L. Phillips (cun.: Diaporthe phaseolorum
var. caulivora Athow & Caldwell). Bo36yguTesb mopaxa-
€T pacTeHus B cepeiuHe JieTa WK MTo3AHee. BHavase
Ha cTe6JIAX U BETBAX, MPEUMYIIECTBEHHO OKOJIO Ye-
PEIIKOB, MOSIBJISIOTCS KPACHOBAThIE UJIX CEPOBATO-KO-
pUYHEBbIe TTOCEPEIVHE U KPAaCHOBATO-KOPUUHEBbIE
10 KpasgM y4acTKu. [TocTerreHHO cTe6IM OKa3bIBAIOT-
Cs1 OTIOSICAHHBIMU CJIETKA BAABJIEHHBIMU I10JIOCAMU
KPacHOBaTO-KOPHUUHEBOTO, GYPOTO MJIY MIOKOJIATHOTO

those of C. truncatum, with pointed edges; one end of
the conidium may be somewhat elongated (see Fig. 3f).
The presence of perithecia was not noted.

The C. sojae morphological structures differ from
the previous two species. The substrate mycelium is
septate, with a pinkish hue, which gives color to the
entire colony; hyphae sometimes grow together to
form strands (see Fig. 4a, 4b). The acervuli are round
(see Fig. 4c), mostly without setae, but sometimes setae
are found, asifhidden inside (see Fig. 4f). The spores are
single-celled, straight, with rounded ends and oil inclu-
sions inside, dimensions 8.93-12.55 x 2.58-4.32 um
(see Fig. 4f), forming spore clus-
ters (see Fig. 4g). Perithecia are soli-
tary, spherical, embedded in the sub-
strate, pale yellow-brown to brown
in color, 96-140 um in diameter (see
Fig. 4c, 4d, 4h). The perithecia ma-
ture almost simultaneously with
the acervuli. Asci with ascospores,
through a gap in the peridium, come
out, mixing with conidia, so asci, as-
cospores, and conidia are visible si-
multaneously. Asci are 8-spored,
fusiform, 78-80 x 11-11.4 um
(see Fig. 4h). Ascospores are hyaline,
fusiform, curved, with rounded ends,
16-22x 3.5-4.2 um (see Fig. 4i), simi-
lar in shape and parameters to coni-
dia of C. incanum.

A macroscopic view of the acer-
vuli typical arrangement in aeri-
al mycelium for anthracnose patho-
gens from the genus Colletotrichum is
shown in Fig. 5.

Cultural and morphological

characteristics of soy beans

and stems canker pathogen

of the genus Diaporthe
Phomopsis disease, or beans and
stems canker, combines several
pathogens that form a complex Dia-
porthe/Phomopsis (Diaporthe/Phomop-
sis Complex (DPC)). One of them is
Diaporthe caulivora (Athow & Cald-
well) J.M. Santos, Vrandeci¢ & A.J.L.
Phillips (syn.: Diaporthe phaseolorum
var. caulivora Athow & Caldwell). The
pathogen infects plants in mid-sum-
mer or later. Initially, reddish or gray-
ish-brown areas in the middle and
reddish-brown areas along the edg-
es appear on the stems and branch-
es, mainly near the petioles. Gradu-
ally, the stems become surrounded

Puc. 4. TunuuHble cTpyKTypsbl C. sojae:

a, b — cpoclumecs rudbl Muuenus C. sojae;
¢ — auepBynbl (CTpesioyka yKkasbiBaeT

Ha chopMupyomincs 6onee cBeTNbIN
neputeunit); d — hopmupytowmiics
nepuTeLUii; e — WEeTUHKA C BbIXOAALLMMU
crnopamu; f — cnopsl C. sojae;

g — B HUXKHEN 4acTu PUCYHKA BUAHbI
cchopMMpoBaBLUMECS CMIOPOKYUKMU;

h — cymku, BbIXOASiLLME U3 NEPUTELLUS;

i — cyMmkocnopsl (choTo aBTOPOB)

Fig. 4. C. sojae typical structures:

a, b - C. sojae fused mycelium
hyphae; ¢ — acervuli (the arrow
indicates the developing lighter
perithecia); d — developing perithecia;
e — seta with spores emerging;

f - C. sojae spores; g — formed spore
clusters are visible in the lower part
of the picture; h — asci emerging
from the perithecia; i — ascospores
(photos by the authors)

by slightly depressed stripes of red-
dish-brown, brown or chocolate co-
lor. As a result of the disease, indi-
vidual branches and entire plants
dry out along with the leaves, but
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1BeTa. B pesynbraTe 3ab60jeBa-
HUSI BMECTE C JIUCThSIMU yChIXa-
0T OTZEeJbHbIe BETBU U IleJIble
pacTeHus1, IPU 3TOM 3aCOXIINE
nucThs He onananT (BONe3HU | coleromichum
pacTtenuii, 1956). Muorma rpub rruncatum
Ha paHHEeW cTaguu pPas3BUTUS
MOXKeT 06pa30BbIBATh ITUKHUIbI
C BBIXOIALUIMMU U3 HUX B KalleJlb-
Kax 5KccygaTa MMKHOCIIOPaMu.
Co BpeMeHeM MUKHUJbI YChIXal0T
u ucuesaioT (Mena et al., 2020).
B 10JIeBBIX YCIOBUSX Ha OTMEP-
KX CTE0JIIX B TeUeHUEe 3UMbI
pPa3sBUBAIOTCS ILJIOLOBBIE Teja —
neputenuu. CHOopMUPOBABIIU-
ecsl B HUX aCKOCIIOPBI SIBJISTIOTCS
OCHOBHBIM MCTOUYHUKOM HH(DEK-
LUK JIJIS PACIPOCTPaHEeHUS TPU-
6a B CJIEIYIOIIEM TOLY.
Bos6ynuTtens Diaporthe
longicolla (Hobbs) J.M. Santos, | Colletotrichum
Vrandeéié & A.J.L. Phillips (aHa- sgae
mopda — Phomopsis longicolla
Hobbs) BbI3bIBAaET 'HUJIb CEMIH
com. 3apakeHue pacTeHuM IIpo-

Colletotrichum
incanum

Muuenuii ¢ auepsyaamu

Crioponomesne

UCXOAUT B Ha4dajle BEreTallul  pyc, 5. BHewHuh Bug chopmmuposaHHbix  Fig. 5. Appearance of acervuli formed

Y MOXKET BBI3bIBATb I'MOEJIh BCXO- Ha NUTaTesNIbHOM cpefe auepBys
oB. ITorubIre BCXOMAbI BBITJIS- €O CnopoHolweHueM (hoTo aBTopos)

IAT 0600OKEHHBIMU. Ha JIMCThSAX
B3POCJBIX TTOPAKEHHBIX PACTEHUN MEXY KUJIKAMU
06pasylTCs XJOPOTUYHBIE MTATHA, KOTOPbHIE TI03HEe
OyperoT. JINCThS CKPYYMBAIOTCS, OTMUPAIOT, HO He OTIa-
IarT. Ha cTebnsgx mposiBIASI0TCS KPaCHOBAaTO-KOPUY-
HEBbIE DJJIUIICOUIHBIE TIITHUCTOCTY C BIABJIEHHBIMU
s1I3BaMHM, CO BpEMEHEM Ha IMOBEPXHOCTH ISTHA Pa3BU-
BaIOTCSI MUKHU/IBI Tprba. Bo36yauTesb mepBoHAYaIbHO
pa3BUBAETCS B HYDKHEH yacTu cTebJist, HO TTIOCTEITEHHO
nocruraeT 60608, TPOHMKAET B CEMEHA U 3aPaXKaeT UX.
TTopaxkeuHsie P, longicolla cemeHa cMOpPIIeHHbIE, YIJIU-
HEHHBbIE, C TPECHYTOM 000JI0YUKOI, BO BIIAXKHBIX YCIIOBU-
SIX TIOKPBIBAIOTCS 6EJI0OBAaTHIM MUIIEIVEM, HA KOTOPOM
006pasyrTcs YepHble MUKHUABI TPrba. 3apakeHue ce-
MSTH MOXXET ITPOTEKATh 6ECCUMIITOMHO, HO TaK1e CeMe-
Ha, UMes HOPMaJIbHbIA B, 00JIa1al0T ITIOHMI)KEHHOM
BCXOKECTHI0, XKM3HECTIOCOOHOCTHIO I KAYECTBOM.

Kuucny Bo3bynuTesieli paka cCou OTHOCUTCS U Di-
aporthe sojae Lehman (cuH.: Diaporthe phaseolorum var.
sojae (Lehman) Wehm.), BeI3bIBAIOMIUI TTITHUCTOCTD
6060B u cTebyeil. 3aboseBaHMe IPOSIBIIIETCS B IIePU-
o1 HayaJia co3peBaHus 6060B. B 3To BpeMs Ha cTebIsIx
06pasyloTcs TUHeNHble YePHbIE TTOJIOCKY U3 MEJIKUX
TOYEK, TPeACTaBJISIONINIX CO00M 3peible MUKHUALI. Ha
606ax MUKHUIBI TIOSBISIOTCS paHblle, YeM Ha cTeb-
JisX. ICTOUHUKOM MH(DEKIINY B TIEPBYI0 OUEPELD SIB-
JISTIOTCSI TIOPaYKEHHbIE CTEBITH.

B HamewM uccieloBaHUY BO3OyIUTEIb paKa COU
D. caulivora, mocesHHBIN Ha cpeny KI'A, BHauvaJie 06-
paz3oBbIBaJI GEJIbIN, TIPYXKATHIM K [IOBEPXHOCTH arapa
MuULeani. BrociaencTBuu MULIEJINI CTAHOBUIIICSI 60JIee
BO3JIYIIHBIM ¥ MYIINCTBIM, IpUOBpPETa CBETIO-Kpe-
MOBBIH, JXeJITOBAThIM OTTEHOK 1 (DOPMUPOBAJI IIJIOT-
HBIE TSDKU, 06pasyolye MoymKoo6pa3sHble CTPOMBI
HeTpaBUJIbHOU GopMbl, OT 2 1o 10 MM B guaMeTpe
(cM. puc. 8a), KOTOPBIE MOT'YT CIMBATHCS MEXY COOOI
1 06pa30BBIBATh IIPOZJOJITOBAThIE TEMHBIE 30HBI, YTO

on a nutrient medium with sporulation
(photos by the authors)

the dried leaves do not fall off (Plant diseases, 1956).
Sometimes a fungus at an early development stage can
form pycnidia with pycnospores emerging from them
in exudate droplets. Over time, the pycnidia shrink
and disappear (Mena et al., 2020). In field conditions,
fruiting bodies — perithecia — develop on dead stems
during the winter. The ascospores formed in them are
the main source of infection for the spread of the fun-
gus next year.

The pathogen Diaporthe longicolla (Hobbs) J.M. San-
tos, Vrandeci¢ & A.J.L. Phillips (anamorph — Phomopsis
longicolla Hobbs) causes soybean seeds rot. Plant in-
fection occurs at the beginning of the growing season
and can cause the seedlings death. Dead seedlings look
burned. On the leaves of adult infected plants, chlorot-
ic spots are formed between the veins, which later turn
brown. The leaves curl and die, without falling off. Red-
dish-brown ellipsoidal spots with depressed cankers
appear on the stems; over time, fungal pycnidia deve-
lop on the spots surface. The pathogen initially develops
in the lower part of the stem, though gradually reaches
the beans, penetrates the seeds and infects them. Seeds
affected by P. longicolla are wrinkled, elongated, with
a cracked shell; in humid conditions, they are covered
with whitish mycelium, on which black fungal pycnidia
are formed. Seeds infection can be asymptomatic, but
such seeds, while having a normal appearance, have re-
duced germination, viability and quality.

The soybean canker pathogens also include Dia-
porthe sojae Lehman (syn.: Diaporthe phaseolorum var. so-
jae (Lehman) Wehm.), causing spotting of beans and
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Puc. 6. Diaporthe caulivora:

a — 20-gHeBHasA KONOHUS

D. caulivora; b — nukHnpa

C 3KcCypaToM; ¢ — obpaTHas
CTOPOHA KOJIOHUY;

d — B-koHupuu D. caulivora;

e — a-koHuaum; f — 30-gHeBHas
konoHwus D. caulivora;

g — nepuTeLmMmn c HoCUKamMu;

h — cyMka c cymkocnopamu,

Fig. 6. Diaporthe caulivora:
a - D. caulivora 20-day
colony; b — pycnida with
exudate; c — reverse side of
the colony; d - D. caulivora
B-conidia; e — a-conidia;

f = D. caulivora 30-day
colony; g — perithecia

with spouts; h — asci with
ascospores emerging

BbIXOAALLAA U3 HOCUKA
nepuTeums; i — cymka
¢ cyMKocnopamu (hoTo aBTOPOB)

from the perithecia spout;
i —ascus with ascospores
(photos by the authors)

XOPOIIIO 3aMETHO Ha HU)KHEN CTOPOHE KOJOHUU (CM.
puc. 6¢). Ha 5—6-# IeHb U30JIIThl B CBOEM POCTE JI0-
CTUTaJIX Kpasi yalku [1eTpu.

B nukie pasButusa D. caulivora OCHOBHBIM WH-
(hbeKIMOHHBIM areHTOM SBJISIOTCS BBINIEININE U3 T1e-
PUTeIMEB aCKOCIIOPHI, U, 10 COOBIIEHUAM 3apyOexK-
HBIX aBTOPOB, BO30YAUTEb KpaliHe PeKo o6pasyeT
KOHUIMAJIbHOE CIIOPOHOIIEeHNE KaK B IPUPOJE, TaK
¥ Ha MUTATEJIbHOU CpeJie B JTaBOPaTOPHBIX YCIOBUAX
(Santos et al., 2011). Ecsixt B KyJIbType U 06pas3yrTCs
MMUKHUIBI, TO OHU, KaK TPaBUJIO, CTEPUIbHBI UJIU CO-
Iep)xaT HeGOJIbITOe KouvyecTBO B-crop (Fernandez,
Hanlin, 1996). OmHako Ha KyJIbTypPe BbHIIEJEHHOTO
HaMM JaJIbHEBOCTOUYHOrO M30JidTa Ha 10-12-11 IeHb
cOpMUPOBAJIUCH IAPOBUIHBIE, CJIETKA BHITIHYThIE
NUKHUIBI 4epHOTO IBeTa, 192-210 MKM B guaMe-
Tpe, ¢ KalmeJbKaMu 5Kceymara (CM. puc. 6b), B KOTO-
POM 6bLIM 00HAPYKEHBI X-KOHUJUU U B-KOHULUU.
O-KOHUJIUY THAJIWHOBBIE, HEPA3JeJIeHHbBIE, C IBYMS
KamejbKaMM MacJjia [0 KpasM CIIOPBI, SJIIUIICOUT-
HOU U KaryieBUJHOM popMbl, pazMepoM 6,02-7,68 x
2,22-3,57 MKM (CM. pucC. 6€). B-KOHUIUY TUAJINHOBbIE,
HUTEBUIHBIE, CO CJIerKa 3a0CTPEHHBIMU U 3a0BaJIeH-
HBIMM KOHIIAMU, OT IIPSIMBIX J0 U30THYTHIX U KPIOU-
KooOpasHbIX, pasmepom 15,2-28,1 x 1,4 x 1,8 MKM

Puc. 7. a-koHuauu (A)
n ackocnopsl (B) D. caulivora
(choTo aBTOpOB)

Fig. 7. a-conidia (A)
(photo by the authors)

stems. The disease appears when beans begin to rip-
en. At this time, linear black stripes of small dots form
on the stems, representing mature pycnidia. Pycnidia
appear on beans earlier than on stems. The source of
infection is primarily the affected stems.

In our study, the soybean canker pathogen
D. caulivora, sown on PDA medium, initially formed
white mycelium pressed to the agar surface. Subse-
quently, the mycelium became more fluffy, acquired
a light cream, yellowish tint and formed dense cords
forming cushion-shaped stroma of irregular shape,
from 2 to 10 mm in diameter (see Fig. 8a), which can
merge with each other and form oblong dark zone,
which is clearly visible on the underside of the colo-
ny (see Fig. 6¢). On the 5"—6™ day, the isolates in their
growth reached the edge of the Petri dish.

In the development cycle of D. caulivora, the main
infectious agent is ascospores emerging from the
perithecia, and, according to foreign authors, the
pathogen extremely rarely forms conidial sporulation
both in nature and on a nutrient medium in the labo-
ratory (Santos et al., 2011). If pycnidia are formed in
culture, they are usually sterile or contain a small num-
ber of B-spores (Fernandez and Hanlin, 1996). How-
ever, on days 10-12, on the culture of the Far East-
ern isolate we obtained, there were formed spherical,
slightly elongated black pycnidia, 192-210 um in di-
ameter, with droplets of exudate (see Fig. 6b), in which
o-conidia and B-conidia were found. a-conidia are hy-
aline, undivided, with two droplets of oil at the edges
of the spore, ellipsoidal and teardrop-shaped, mea-
suring 6.02-7.68 x 2.22-3.57 pm (see Fig. 6e). B-coni-
dia are hyaline, filamentous, with slightly pointed and
oval ends, from straight to curved and hook-shaped,
measuring 15.2-28.1 x 1.4 x 1.8 um (see Fig. 6d). After
28 days of incubation under normal conditions, sub-
merged, spherical black perithecia, 180-280 um in
diameter, with elongated spouts of different lengths
began to form on the medium (see Fig. 6g). The asci
are fusiform, measuring 28.6-34.6 x 6.2-9.0 ym, and
contained 8 ellipsoidal ascospores. The ascospores
are translucent, with oil droplets in the center, mea-
suring 8.3-10.0 x 1.8-2.4 um (see Fig. 6i). Compared to
a-spores, ascospores are somewhat larger, more elon-
gated and have a constriction in the middle (see Fig. 7).
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(cMm. puc. 6d). Yepes 28 nHell uH-
Kybanuu B OOBIYHBIX YCIOBUIX
Ha cpele CTaju 00pa30BbIBATE-
cs IOTPY’KEHHbIe, IIapOBUIHbBIE
MEepUTEIIUM YEPHOTO I|BETA,
pasamepom 180-280 MKM B fua-
MEeTpe, C BHITIHYTBIMU HOCHKA-
MU PasHOU IJUHBI (CM. pUC. 68).
Acku BepeTeHOOOpa3HbIe, pas-
MepoM 28,6—34,6 X 6,2-9,0 MKM,
coZlepKajiu 8 aCKOCIIOP 3JIJINII-
cougHON (opMbl. ACKOCIOPHI
TIOJIyITPO3pavHble, C KaleJabKa-
MU MacJjia B IIEHTPe, pa3MepoM
8,3-10,0x 1,8-2,4 MKM (cM. puc.
6i). [To cpaBHEHUIO C O-CIIOPaMU
aCKOCIIOPbI HECKOJIbKO 6OJIbIIIE,
6oJiee BBITSIHYTHI 1 UMEIOT ITepe-
TSIKKY TIocepeuHe (CM. puc. 7).

BTopoii Bo36yauTen b paka
cou — D. phaseolorum Sacc. var. so-
jae, BBI3BIBAIOIIVH MIATHUCTOCTD
6000B U cTebJiel, ITpu ITpoBee-
HUU UCCJIeOBaHUS O6GHAPYKEH
He ObLII.

Ha xapTodeabHO-TJII0KO3-
HOM arape BO30yAUTeb THUIU
ceMsaH cou D. longicolla 06pa3oBbIBAJ IJIOTHBIE KO-
JloHuU 6eJioro IBeTa, XJIONbEeBULHO-OIYIIeHHBIE,
Ha KOTOPBIX ITocjie 10-IHEeBHOTO Pa3sBUTUS CTaJU
TIOSIBJISITBCSI OXPUCTBIE, XKEJITOBATO-3eJIeHbIe yUYacT-
ku. [Tocyie 20-T0 AHSA Pa3BUTUS B KOJOHUU CTaJIU
06pa30BBIBAThCS KPYITHBIE, YEPHBIE, PACIIPOCTEP-
ThIE, TIOZIYIIIKOOGPa3HbIe CTPOMBI, COZlepIKallie O/IH-
HOYHbBIE WJIU CKyUYeHHBbIe MTUKHUIBI (240—-500 MKM),
C BBICTYHAKMIUMU YIJUHEHHBIMA HOCUKAMU, YTO
SIBJISIETCS XapaKTEePHBIM ITPU3HAKOM JIJISI 9TOT'0 BUIA.
HekoTopble MUKHUIBI BbIIEJSIN MOJIOYHO-PO30BO-
JKEJITBIN BKCCYIAT, COLePXKAMUYA X-KOHUIUY, B-KO-
HUAUU OTCYTCTBOBAJIU. O-KOHULUY SJIJIUTICOUTHBIE,
OIHOKJIETOUHBIE, OecIIBEeTHhIE, pa3zMepoM 5,4-8,2 X
1,7-3,0 MkM (cM. puc. 8).

~_d'

Puc. 8. D. longicolla:

JIipyrue BUbI IATOT€HOB, BbIIeJI€HHbIE

pu 06cJIeJOBAHUY COU
[IpyCcyTCTBYE APYTUX ITATOTEHOB HA PACTUTEIbHBIX
o6pas1ax 6b1710 06YCIIOBJIEHO B ITIEPBYI0 0UEPEh HECO-
OJII0IEeHIEM CEBOOOOPOTA, ITOBBIIIEHHOM BJIAXKHOCTHIO
¥ HeBJIaTOIPUATHBIMY TTOTOTHBIMY YCJIOBUSAMU. Hamu
OBLIY BBISIBJIEHBI BO30yAUTEe U Dy3apro3a, abTepHa-
puo3a, BePTUIIMIIIe3a U TOUeUHOU MATHUCTOCTHY (Epi-
coccum) (cM. puc. 9).

Bupn Alternaria alternata, Kak IIpeACTaBUTEND
MHOTOYHMCJIEHHOI'0 Pojla aJbTePHAPUO3HBIX TPUGOB,
GopMUpPOBaAT TEMHO-CEPO-KOPUYHEBYI KOHIIEH-
TPUYECKYI0 KOJIOHWI0, C BKJIIOUEHUEM Pa3JIUYHBIX
TI0 I[BETY KIMHOOGPA3HBIX 30H B HAUaJIe POCTA U CJIO-
€M BO3JYIITHOTO XJIOTIbEBUAHOTO MUILIETIUS ITOBEPX
chopMUPOBaHHON KOJIOHWUY B ITOCJIEYIOIIEE BPEMS.

Epicoccum nigrum OTJINYAJICSI OT OCTaJbHBIX
BO30ynuTesel IPKOU IO IIBETY JMMOHHO-OpPaHXe-
BOUM KOJIOHMEU IIJIOTHO-BOMJIOUHON KOHCHUCTEHIIUU
1 60pIO0BO-KOPUYHEBBIM PEBEP3YMOM.

PazaudHbIe BBl 0OHAPYKEHHbBIX BO30YIUTEIElH
(y3apro30B B HaleM McciefoBaHUY 06Pa30BbIBAIN
XapakTepHbIe IJis TpubOB poaa Fusarium MyuIuCThIE,

200 M

a - 14-pHeBHas konoHus D. longicolla;

b — o6paTHasa cTopoHa KONMoHUY;

¢ — cTpoMa; d — MMKHUAA; € — HOCUKU NMUKHUA,
C BbIAENSAOLWMUMCS 3KCCYJaTOM CO Cnopamu;
f-g — a-koHupumu (hoTo aBTOPOB)
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Fig. 8. D. longicolla:

a - D. longicolla 14-day colony;

b - reverse side of the colony; ¢ — stroma;
d - pycnida; e — spouts of pycnidia with
exudate containing spores; f-g — a-conidia
(photos by the authors)

Second soybean canker pathogen — D. phaseolorum
Sacc. var. sojae, causing spotting of beans and stems,
was not detected during the study.

On PDA, the soybean seed rot pathogen, D. lon-
gicolla, formed dense colonies of white, flaky-pubes-
cent, on which, after 10 days of development, ocher,
yellowish-green areas began to appear. After the 20"
day of development, large, black, prostrate, cush-
ion-shaped stromas began to form in the colony, con-
taining single or crowded pycnidia (240-500 um),
with protruding elongated spouts, which is a charac-
teristic feature of this species. Some pycnidia secret-
ed a milky pink-yellow exudate containing a-coni-
dia; B-conidia were absent. a-conidia are ellipsoidal,
unicellular, colorless, 5.4-8.2 x 1.7-3.0 um in size
(see Fig. 8).

Other pathogens identified in soybean surveys
The presence of other pathogens on plant samples was
primarily due to poor crop rotation, high humidity and
unfavorable weather conditions. We identified patho-
gens of fusarium, alternaria, verticillium and leaf spot
disease (Epicoccum) (see Fig. 9).

Alternaria alternata species as a representative
of a numerous Alternaria genus, formed a dark gray-
brown concentric colony, with the inclusion of wedge-
shaped zones of different colors at the beginning of
growth and a layer of aerial flocculent mycelium on
top of the formed colony subsequently.

Epicoccum nigrum differed from other pathogens
by a bright lemon-orange colony with a dense felt con-
sistency and a burgundy-brown reversum.

Various species of detected fusarium pathogens
in our study formed fluffy, aerial colonies of pink,
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Alternaria alternata

Fusarium oxysporum

Fusarium proliferatum Fusarium tricinctum

Verticillium sp.

Puc. 9. BHewHWI BUA, KONIOHWI BbiSiBNeHHbIX  Fig. 9. Appearance of identified pathogens

B036ynuTeneli (choto aBTOPOB)

BO3/JIYLIHBIE KOJIOHUW PO30BOT0, 6EXEBOTO, KEJITOTO
U IPYTUX IIBETOB C TUTTUYHBIM JIJIST KQXKJOTO BbISIBJIEH-
HOTO BUJIA CITOPOHOIIEHUEM.

Bo36ynuTenb BEpTUITUIIIE3HOTO yBIagauus Verti-
cillium albo-atrum popMupoOBaI MeAJeHHOPACTYILYIO,
MIPUIIOSHSITYI KOHI[EHTPUUYECKYI KOJOHUK C BO3-
JIYIIHBIM MUIleIeM 6eJIoTo 1IBeTa.

B pesynbTaTe JabopaTOpPHBIX KUCCIeNOBAaHUU
OBLIY BBISIBJIEHBI TPUOHBIE TATOTEHBI, OTHOCSIIE-
ca K 14 Bupmam, 9 pozmam, 7 ceMelncTBaM, 5 mopsgaKaM
u 2 xyaaccaM (cM. Tabi. 1). CaMbIMM MHOTOYUCJIEH-
HBIMU OKa3aJIUCh MIpPeJCcTaBUTeNU pona Fusarium —
6 BugoB. Pox Colletotrichum BKIOYNI B ceba 4 BupA.
OcTanbHble 7 POJOB O6bLIY MpPeACcTaBIeHbI 10 1 BULY.
V13 IOPSIKOB Yallle BCEro BCTPevasics IoPsaiok Hypo-
creales — 6 ciiyuaeB. Ha mopsamok Glomerellales mipu-
uIoch 5 ciyyaes; mopsamok Pleosporales — 3 cayuas;
nopsamok Diaporthales — 2 ciyuast; mopsiok Capno-
diales — 1 cayuaii. CaMbIM MHOTOUYMCJIEHHBIM OKa-
3ajcs kyacce Sordariomycetes —12 ciyuaeB, Ha KJjiacc
Dothideomycetes mpunuiocs 4 cirydas.

KynbTypasibHO-MOP(OJIOTUUYECKUN METOJ, UC-
cJle[loBaHUS BbIZeJI€eHHBIX B Ipoliecce PaboThl M30-
JISITOB IOCTATOYHO TOYHO MOATBEPXKIAET UX BUILOBYIO
UIEHTU(UKAIIMIO 10 OCHOBHBIM MOP(MOJIOTUUECKUM
pu3HaKaM, KOTOpble TPOMJIIOCTPUPOBAHBI Ha (o-
Torpadusgx BbINIE M JOCTATOYHO MOAPOGHO omuca-
Hbl. [IpU 3TOM HaJnuue Kak o-, TaK U B-CIIOP U30JIs-
ta D. caulivora HeOJHOKPATHO TIPOBEPSJIOCH B HAllleM
UCCIeN0BaHUMN.

KynbTypanbHO-MOpdoioruuecKas uaeHTu(puKa-
1I1S1 BBISBJIEHHBIX M30JISTOB MIOATBEPXKIaach TaKKe
MEeTOJIOM Kjaccudeckoii [TIP ¢ ucrosb30BaHUEM YHU-
BepcaJibHbIX ITpaitMepoB ITS5/ITS4 (White et al., 1990)
U ToCJelyIlUM CeKBEeHUPOBAHUEM ITOJyUeHHBIX
HYKJIEOTUIHBIX TI0CJIEIOBATEIbHOCTEN 10 BHYTPEHHE-
My TpaHCKpubupyeMomy creticepy ITS pubocomab-
HoM [JHK c gasbHeluM cpaBHEHYEM UX C 3TAJIOHHbI-
MU IIocjiefoBaTeJbHOCTAMY B 'enbanke NCBI.

colonies (photos by the authors)

beige, yellow and other colors characteristic of the ge-
nus Fusarium fungi with sporulation typical for each
identified species.

The pathogen of verticillium wilt, Verticillium albo-
atrum, formed a slow-growing, raised concentric colo-
ny with white aerial mycelium.

As a result of laboratory studies, fungal patho-
gens belonging to 14 species, 9 genera, 7 families,
5 orders and 2 classes were identified (see Table 1).
The most numerous were representatives of the ge-
nus Fusarium — 6 species. The genus Colletotrichum in-
cluded 4 species. The remaining 7 genera were rep-
resented by 1 species each. The order Hypocreales
was the most common - 6 cases. The order Glome-
rellales accounted for 5 cases; order Pleosporales —
3 cases; order Diaporthales — 2 cases; order Capnodi-
ales — 1 case. The class Sordariomycetes was the most
numerous — 12 cases, the class Dothideomycetes ac-
counted for 4 cases.

The cultural and morphological method of study-
ing isolates isolated during the work quite accurately
confirms their species identification based on the main
morphological characteristics, which are illustrated in
the photographs above and described in sufficient de-
tail. Moreover, the presence of both o- and B-spores of
the D. caulivora isolate was repeatedly checked in our
study.

The cultural and morphological identification of
the isolates was also confirmed by classical PCR using
universal primers ITS5/ITS4 (White et al., 1990) and
subsequent sequencing of the obtained nucleotide se-
quences using the internal transcribed spacer ITS of ri-
bosomal DNA with further comparison with reference
sequences in the NCBI GenBank.
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3AKJ/IIOYEHUE

BumoBoi cocTaB IpuboB, BEIAEJIEHHBIX B HAILllEM KC-
cJieIOBaHUM, BKJIIOYAJ B ce6s BUbI, KOTOPbIE OObIY-
HO TIPUCYTCTBYIOT Ha CO€, Y MaTOreHbI, ITOSIBJIEHNE
KOTOPBIX ObLIIO 06YCJIOBJIEHO HEGIATONPUATHBIMU
TIOTOAHBIMU YCJIOBUSIMU U HAKOIJIEeHUEM WHQEK-
IUY BCJIeICTBUE TIpeobialaHusa cCOu B CEBOOOOPO-
Te, BILIOTH JI0 MOHOKYJIbTYPbI. CaMble€ BPEJOHOCHBIE
W arpecCUBHbBIE W3 BHIJEJEHHBIX BUJOB OTHOCSATCS
K pony Colletotrichum. ViccieJoBaHMs TOKA3aJIu, UTO
Bupas C. incanum, C. sojae v C. truncatum IPUCYyTCTBOBA-
JIM Ha PacTEeHMSIX COM OLHOBpeMeHHO. Tak)xe Ha pac-
TEHUSIX COM ObLIN OOHAPYKEHbI TaKKe OITaCHbIE U DKC-
IIOPTHO 3HAYMMBbIe OJisg Poccuy BUIBI, Kak D. caulivora
u D. longicolla. Bup D. caulivora, BbI3bIBAIOIINI PaK cTe6-
Jiett 1 6060B cou, BJISIETCS KapaHTUHHBIM BUIOM JIJIsT
Kuras, o0CHOBHOTO 3KcmopTepa cou u3 Poccuu, u Ka-
PaHTUHHBIM BUJOM AJis MipaHa. Bo36ynuTesib THUEHUS
ceMsH P, longicolla Tak)Xe ©MeeT KapaHTUHHBIN CTaTyC
B KHP. KapauTtunubi# 1js PO sun Cercospora kikuchii,
BBI3BIBAIOIUY ITyPITYPHBI 1I€PKOCIIOPO3 COU U TIOJTY-
YMBIINY 3HAYMTEJIbHOE PACITPOCTPAHEHYIE B PETHOHE,
B HallleM MCCJIeJOBAaHUU 00HaPYKeH He ObLI.

[IprMeHeH e KyJIbTypPaTbHO-MOP(HOJIOTUIECKOTO
MeToJa IPY UIeHTU(GUKAIIUY IaTOTE€HOB COU SIBJISIET-
cs TPaJUIMOHHBIM. HECMOTPS Ha CBOIO TPYA0EMKOCTD,
9TOT METOJ, II03BOJIET Gojiee MIUPOKO OXBATUTD U IT0-
HATH GMOJIOTUIO TPOXOAAIIUX MPOIECCOB, BU3yaJib-
HO OIIEHUTDb UX MHOTOUKCJIEHHbBIE acIeKThI. [IpuMe-
HSS JAHHBIM METOJ], Mbl CMOTJIM OOHAPYXUTH IITAMM
D. caulivora, B IVKJIe Pa3BUTUS KOTOPOTO ITPUCYTCTBYET
MUKHUAWAIbHAS CTaUS, YTO, CYAS 10 INTEPATYPHBIM
UCTOYHWKAM, ciyyaeTcs KpaiiHe penko (Fernandez,
Hanlin, 1996). BoJyiee ToTo, B 06pa30BaBIIUXCS MTUK-
HUJax mraMMa 6bliu 0OGHApPYKEHbI OJTHOBPEMEHHO
o- U B-criopbl BO36ynuTess. B3sTble U3 MUKHU, U T10-
CesTHHbIE Ha MMUTATEJbHYIO CPENy o- U [3-CIIOphI 06pa-
30BaJIM MIOJIHOIIeHHbIe KoJoHuu D. caulivora, moka3as
CBOIO YKM3HECIIOCOOHOCTD. YCTaHOBJIEHME 3TOT0 (pak-
Ta MOJYKET TOBJUATh Ha U3MEHEeHNe TPAAUIIMOHHOTO
MpefCcTaBieHus O IaToreHese 3a60JIeBaHKA.

HecMOTps Ha CBOI0 YHUBEPCATbHOCTH, KYJIbTY-
panbHO-MOPHOJIOTUYECKUH MeTo ] TPebGyeT LOBOJIbHO
MIPOAOJIKUTENIBHOTO BPEMEHHU [IJISI TTOJIyUYEeHUs T10JI-
HOCTBIO JIOCTOBEPHOIO pPe3ysibTaTa. B HalleM uccie-
JIOBAaHWU TaKOU Iepuro, cocTaBu 28 nHel. B ciyya-
SIX, KOT/Ia He TPebyeTcsl pacKPbITHUE TTOJTHON KapTUHbI
OGMOJIOTMYECKUX TIPOIECCOB, a OKUIAEMbI Pe3yJIbTaT
obHapyXeHUsT KoMILiekca Diaporthe/ Phomopsis (DPC)
CBOIUTCSI TOJIBKO K (DaKTy «IIPUCYTCTBYET/HE MIPU-
CYTCTBYET», CJIelyeT MUCII0Jb30BATh MOJIEKYJISIPHBIE
METO/AbI McCaemoBaHusI. TaKOM MOA X0/, IT03BOJIMT 3Ha-
YUTEJbHO COKPATUTh CPOKU IIPOBOLMMOr0 aHaIK3a.
OnHaKo B CIy4yae BUOBOU UIEHTU(DUKALIUY TIPUMe-
HeHHNe TOJbKO Kjaccuueckou ITIIP ¢ malbHEHIIUM
CEKBEHVPOBAHWEM BHYTPEHHETO TPAHCKPUOUPYEMO-
roydactka [TS1-5.8S-ITS2 HefoCTaTOYHO B CHJLY TOTO,
uTo BuApbl D. caulivora u D. longicolla 110 JTaHHOMY y4acCT-
Ky TIPaKTUYECKU HEPABTUYUMBI.

[Tomy4yeHHBIE PE3YJIbTAThI, B CUJIy OTPAaHUYEH-
HOCTU TEPPUTOPUY 00CIIeJOBAHHBIX YUaCTKOB, He I10-
3BOJISIOT CAejaTh 0000IalI1ie BEIBOIBI O HAJNYUU
¥ YaCTOTEe BCTPEYAEMOCTHU TeX WJIM WHBIX BUIIOB
Ha MJaHTaIUsIX COU B PEerrvoHe, II03TOMY HCCIeI0Ba-
HUS 110 (QUTOCAHUTAPHOMY COCTOSIHUIO ITOCEBOB CJie-
IyeT TIPOJIOJIKUTE.

CONCLUSION

The species composition of the fungi isolated in our
study included species that are usually present on soy-
bean, and pathogens whose emergence was due to ad-
verse weather conditions and the accumulation of in-
fection due to the predominance of soybean in the crop
rotation, up to monoculture. The most harmful and ag-
gressive of the identified species belong to the genus
Colletotrichum. According to the research, the species
C. incanum, C. sojae and C. truncatum were present on
soybean plants simultaneously. Also, such dangerous
and export-important species for Russia as D. caulivora
and D. longicolla. The species D. caulivora, causing soy-
bean stems and beans canker, is a quarantine species
for China, the main exporter of soybeans from Russia,
and a quarantine species for Iran. Seed rot pathogen
P, longicolla also has quarantine status in China. Qua-
rantine for the Russian Federation, the species Cerco-
spora kikuchii, which causes the Cercospora leaf blight
and purple seed stain diseases, and which become
widespread in the region, was not detected in our study.

The use of the cultural and morphological meth-
od in identifying soybean pathogens is traditional. De-
spite its labor-intensive nature, this method allows to
more widely cover and understand the biology of on-
going processes and visually evaluate their numer-
ous aspects. Using this method, we were able to detect
a D. caulivora strain, in the development cycle of which
there is a pycnidial stage, which, judging by the litera-
ture, happens extremely rarely (Fernandez, Hanlin,
1996). Moreover, a- and B-spores of the pathogen were
simultaneously detected in the resulting strain pycni-
dia. The a- and B-spores taken from pycnidia and sown
on a nutrient medium formed full D. caulivora colo-
nies, proving their viability. Establishing this fact may
influence changes in the traditional understanding of
the pathogenesis of the disease.

Despite its versatility, the cultural and morpho-
logical method requires quite a long time to obtain a
completely reliable result. In our study, this period was
28 days. In cases where the full picture of biological
processes is not required, and the expected result of
detecting the Diaporthe/Phomopsis complex (DPC) is re-
duced only to the fact “present/not present”, molecu-
lar research methods should be used. This approach
will significantly reduce the time required for analysis.
However, in the case of species identification, the use
of only classical PCR with further sequencing of the in-
ternal transcribed region ITS1-5.8S-ITS2 is not enough
due to the fact that the species D. caulivora and D. lon-
gicolla in this region are practically indistinguishable.

The results obtained, due to the limited territory
of the surveyed areas, do not allow us to draw gener-
al conclusions about the presence and occurrence fre-
quency of certain species on soybean plantations in the
region, therefore, research on the phytosanitary state
of crops should be continued.
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