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I'puGHbBbIE 3a00JIeBaHUS COU
Ha JlajipbHeM BocTOoKke
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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.
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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.

duTocaHuTapusi. KapaHTUH pacTeHuii 2
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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

Hosi6pb N2 4 (16) 2023 3



HAYKA N MPAKTUKA

RESEARCH AND PRACTICE

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
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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

duTocaHutapus. KapaHtuH pactenunii = 10
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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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AHHOTALIUA
Bo36ynuTesb 6aKTEPUAIbHOTO 0)KOTA rOpoxa SIBJIS-
eTCs OCHOBHBIM (PUTONATOreHOM IOpoxa IT0CEBHOTO
¥ PacCIpOCTPaHSIeTCs Yyepe3 CEMeHHOU MaTepumall.
B psie cTpaH, BKJIOYasg CTPaHbl — UMIIOPTEDPHI T'O-
poxa u3 Poccuu, Bo36ynuTensb Pseudomonas syringae
DV. pisi, BBI3BIBAIIUN 6aKTEPUO3 HEKOTOPHIX 3€PHO-
6060BBIX KYJIBTYP, BKJIIOUEH B KAPAHTUHHbBIE IIEPEUHU.
BHenpeHVe MeTOOB BhIIBIEHUS U UAeHTUDUKALIUYI
B036ynuTesss 60JIe3HU U TOUCK PE3UCTEHTHBIX COP-
TOB CTaJId aKTyaJIbHBIMU B CTPATETUU COXPaHEHUS
YPOBHSA 3KcIIOpTa ropoxa us Poccuu. C 3TOM 11e/1b10
B XO7le TIPOBE/IEHHOU paboThl BEIOPAHBI U TPOBEPEHBI
copTa ropoxa Ha yCTOMYUBOCTb K (PUTOMATOTeHY. JIJis
uccyieJoBaHUs ObLJI TPOU3BEJIeH TT0CEB TISITH COPTOB
ropoxa. ITocjie TOro Kak IMpOM30ILJI0 TPOPacTaHue
B (hase 2—3 IUCTBEB, M0 10 pacTeHUH KaXXI0T0 COPTa
UHOKYJIVPOBaau 6aKTepraibHOMU CcyclieH3uel B KOH-
nentpanuu 10° KOE/mMa. OfHO pacTeHUe OCTaBIISAINU
B KauecTBe OTPUIIATEIbHOTO KOHTPOJIBHOTO 06paslia,
UCTIOJNIB3YS AJII UHOKYJISIIIUY CTEPUIIbHYIO AUCTUIIIN-
POBaHHY BOAy. B mporiecce pa3BUTHSA IIPOPOCTKOB
BBIMIOJIHAJIOCh CPaBHEHUE 3apa’XEHHBIX PACTEHUN
C KOHTPOJIbHBIM 06pa31ioM, IPOBOAUIACH PEerucTpa-
US IPOSIBJIEHUS CUMIITOMOB 3a6oJyieBaHus. Ha 22-i
JIeHb TTocje 3apakeHus oTob6payiv o6pasIbl BereTa-
TUBHBIX YacTell pacTeHUU 1 NIPOBeJU KOHTPOJIb Ha-
JIUYUg KJIETOK IlaToreHa, ucrnoibsyq [1IIP-ananus
c npaiMmepamu AN7F/AN7R. CoryiacHO ITOJIy4YeHHBIM
pesynbraTam I11]P-aHanm3a, BO Bcex mpobax pacTe-
HU# (B TOM YKcCje ¥ 6eCCUMITOMHBIX) ITOATBEPXKAEHO
HaJIn4ue crenu(GuyuecKkoro AJs Bo30yauTes 6akTe-
pUaIbHOT0 0XKOTa TOpoXa MPOAYKTa aMIIN(pUKAIIUU
pasmepoM 272 mapsl OCHOBaHUI (11. 0.). B pe3yibraTe
UCCJeI0BAaHYS BbISIBJIEHA BOCIPUNMYUBOCTDH COPTOB
ropoxa kK 6aKkTepro3y y COpTOB ropoxa Bapsar, AnTati-
CKUU ycaThIl, ACTPOHABT. B X0z nccienoBaHus ycTa-
HOBJIEHO, UTO HauboJiee MOAXOAAIIUM KaHAUAATOM
LIS CeJIeKIIUU COPTa, PE3UCTEHTHOTO K Pseudomonas
syringae pv. pisi, cTaj copT AM6po3us. Takxe 1oJ-
TBEPXJeHa HeoOX0AUMOCTb OIleHKU Pa3BUTUS CUM-
TITOMOB 3apakeHus (PUTOIIATOT€HOM B COBOKYIIHOCTU
C MOJIEKYJSIPHO-TEHETUYECKUMU METOLaMU BhISIB-
Jnenus JHK 6aKkTepry B PACTUTEJIbHBIX KJIETKAX JIJIs
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ABSTRACT
Bacterial blight of pea is a main pea phytopathogen
and is spread through seeds. In some countries, in-
cluding those importing peas from Russia, Pseudomo-
nas syringae pv. pisi causing bacteriosis of some legumi-
nous crops is included in quarantine lists. Introducing
detection and identification methods of the pathogen
and determining resistant cultivars have become im-
portant in strategies for maintaining the level of pea
exports from Russia. For this purpose, during this
work, pea cultivars were selected and tested for their
resistance to the phytopathogen. Five pea cultivars
were planted for research. After germination occurred
in the 2—-3 leaf phase, 10 plants of each cultivar were
inoculated with a bacterial suspension at a concentra-
tion of 10° CFU/ml. One plant was left as a negative con-
trol using sterile distilled water for inoculation. During
the development of seedlings, infected plants were
compared with a control sample, and the manifesta-
tion of disease symptoms was recorded. On the 22
day after inoculation, samples of vegetative parts of the
plants were taken and the presence of pathogen cells
was monitored using PCR with primers AN7F/AN7R.
According to the PCR results, in all plant samples (in-
cluding asymptomatic ones), the presence of an ampli-
fication product with a size of 272 base pairs specific
to the bacterial blight of peas pathogen was confirmed.
As a result of the study, the susceptibility of pea cul-
tivars to bacteriosis was revealed in the pea cultivars
of Varyag, Altaisky Usatiy, Astronavt. The study deter-
mined that the most suitable cultivar for breeding, re-
sistant to Pseudomonas syringae pv. pisi, was Ambrosia.
The necessity of evaluating the development of phyto-
pathogen infection symptoms together with molecular
genetic methods for identifying bacterial DNA in plant
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TIOTBEP)KIEHYST PE3UCTEHTHOCTU COPTa K OaKTepu-
AJIbHOMY 0XKOT'y ropoxa.

Kanarwuesvie cnosa. AMnnnbuKanus, UHOKYJIAL WA,
[T1IP, pe3uCTEHTHOCTb, SKCIIOPT, (UTOMATOreHHAasd
b6axKTepus.

BBEJAEHUE
seudomonas syringae pv. pisi (Sackett)
Young et al. — mMUPOKO pacIpocTpa-
, HeHHBI B P® maToreH ropoxa IIO-
cesHoro (Pisum sativum L.), BbI3bIBa-
eT 0OaKTepHaJIbHBIM O0XKOT pPacTeHUU
U TIepelaeTcs uepe3 CeMeHa, BeT-
pOM, IOXXIEeBOM BOMOU, BpeAuTe-
JISMU Y TIPU KYJbTUBAILIUU TIOCEBOB
CeJIbCKOX03IUCTBEHHBIM o6GopymoBanueM (Benlioglu
et al., 2010; Hollaway, Bretag, 1995; Hollaway, Bretag,
1997; Hollaway et al.,, 2007; Masuda, Nishiyama,
2001). MisyyeHHOE paHee BIUSHUE IaTOTeHa Ha CHU-
JKeHUE YPOXKAaWHOCTYU 3apa’kKeHHBIX PaCTEHMI Topo-
Xa I10Ka3ajo, YTO MOTEPU COCTABJILIOT OT 24 1o 47%
(Roberts et al., 1996).

3apaXeHHbIE PACTUTEJbHBIE OCTATKU rOpoxa
CJIIY’XaT UCTOUYHMKOM COXpaHeHUs (puToImaTroreHa
B moJie B 3uMHUM nepuoy (Benlioglu et al., 2010; Hol-
laway, Bretag, 1995; Hollaway, Bretag, 1997; Hollaway
et al., 2007; Masuda, Nishiyama, 2001). 3apa’keHHbIE
GaKTepuen ceMeHa ropoxa IBJISIOTCS BaXXHBIM CITOCO-
60M pacIpoCTpaHEeHUs U COXPaHeHUs (GUTOIaTOreHa
(Alfered, 2005; Grondeau et al., 1993; Grondeau et al.,
1996; Lawyer, Chun, 2001).

PacmpocTpaHsasCh C TOCEBHBIM MaTEpPUAJIOM,
3apakeHHbIM (DUTOIIATOr€HOM B JIJATEHTHOM COCTOS-
HUM, 6aKTEPMO3 3HAUNTEIbHO PACIIMPUJI CBOH apeaJt
3a TocJIeHYE TOo/ibl. B pernone EBpasmiicKoOro sKOHO-
Muyeckoro coisa (EA3C) oTMeueHbl HEOTHOKPATHLIE
BBISIBJIEHUS (DUTOIIATOTEHA B ITOJKAPAHTUHHOM Ma-
Tepualie, UMIIOPTUPOBAHHOM U3 Apyrux crpal (Cu-
pus, Beurpusg, Utanusa) (MruatbeBa u gp., 2021; CAB
International. Pseudomonas syringae pv. pisi (bacterial:
pea blight), 2022). BakTepuaJibHBIA 0XOT TOPOXa —
yrposa cTabruIbHOMY IMTPOU3BOJICTBY ITPOIOBOIECTBEH-
HOU CeJIbCKOXO03SIHMCTBEHHON KYJIbTYPhI, 3HAUUMOU
BO BCEM MUpE.

OUTOIATOTEH BKJIIOYEH B MEepPeYHU KapaHTUH-
HBIX 00BEKTOB pA/a CTPaH — UMIIOPTEPOB TOpoxa
u3 P® (Baurnageun, Mpan, Kutaii, [Takuctas, Cupus,
Typuus) (AB LienTp, 2021; ®I'BY «IleHTp ArpoaHaniu-
TuKu», 2022; Benlioglu et al., 2010; EPPO Global Data-
base; EPPO Global Database. Pseudomonas syringae pv.
pisi (PSDMPI); CAB International. Pseudomonas syringae
pv. pisi (bacterial: pea blight), 2022). TTo pesynbTaTaMm
aHaJim3a JaHHBIX O PAcIPOCTPaHEHUU BO3OymuTe-
Jiss 6aKTepUaJIbHOTO OXKora B JIEHMHIpaACcKou, Mo-
CKOBCKOH, dpociiaBckoii, KupoBcKkoi, BopoHEXCKOI,
Kypckoii, PocTtoBckoii, CaMapckoii ob6nacTsx, B Kpac-
HomapckoM, AnTaiickoM u KpacHOSIpPCKOM Kpasx,
B Pecniybniuke Antad, B Pecmy6imke ThIBa DKCIIOPT-
HBIU TTOTEHIIMAJ PETMOHOB MOXET OBITh OTPAaHUYEH
(JTazapeB u mp., 2015; Jlazapes u ap., 2017).

cells to confirm the resistance of a cultivar to pea bac-
terial blight was also confirmed.

Key words. Amplification, inoculation, PCR,
resistance, export, phytopathogenic bacterium.

INTRODUCTION

seudomonas syringae pv. pisi (Sackett) Young

et al. is a widely spread in the Rusiian Fe-

deration pea pathogen (Pisum sativum L.),

causing bacterial blight and transmitted

through seeds, with wind, rain water, pests
and agricultural equipment when cultivating crops
(Benlioglu et al., 2010; Hollaway, Bretag, 1995; Hol-
laway, Bretag, 1997; Hollaway et al., 2007; Masuda,
Nishiyama, 2001). The previously studied effect of
the pathogen on reducing the yield of infected pea
plants showed that losses range from 24 to 47% (Ro-
berts et al., 1996).

Infected pea plant remains serve as a source of
persistence of the phytopathogen in the field during
the winter period (Benlioglu et al., 2010; Hollaway,
Bretag, 1995; Hollaway, Bretag, 1997; Hollaway et
al., 2007; Masuda, Nishiyama, 2001). Bacteria-in-
fected pea seeds are an important way of spreading
and maintaining the phytopathogen (Alfered, 2005;
Grondeau et al., 1993; Grondeau et al., 1996; Lawyer,
Chun, 2001).

Spreading with seeds infected with a latent phy-
topathogen, bacteriosis has significantly expanded its
range in recent years. In the region of the Eurasian
Economic Union (EAEU), repeated phytopathogen de-
tections were noted in regulated material imported
from other countries (Syria, Hungary, Italy) (Ignatieva
et al.., 2021; CAB International. Pseudomonas syringae
pv. pisi (bacterial: pea blight), 2022). Bacterial blight
of pea is a threat to the sustainable production of the
globally important food crop.

The phytopathogen is included in the quaran-
tine pest lists of some countries importing peas from
the Russian Federation (Bangladesh, Iran, China,
Pakistan, Syria, Turkey) (AB Center, 2021; Federal
State Budgetary Institution “Agroanalytics Center”,
2022; Benlioglu et al., 2010; EPPO Global Database;
EPPO Global Database. Pseudomonas syringae pv. pisi
(PSDMPI); CAB International. Pseudomonas syringae
pv. pisi (bacterial: pea blight), 2022). According to the
results of the data analysis on the spread of bacteri-
al blight of pea pathogen in Leningrad Oblast, Mos-
cow Oblast, Yaroslavl Oblast, Kirov Oblast, Voronezh
Oblast, Kursk Oblast, Rostov Oblast, Samara Oblast,
in Krasnodar Krai, Altai Krai and Krasnoyarsk Krai,
in the Altai Republic, in the Tyva Republic, the export
potential of the regions may be limited (Lazarev et al.,
2015; Lazarev et al., 2017).
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B HacTos1ee BpeMd HET 3(PPEKTUBHBIX XUMU-
YEeCKUX CPEJICTB 3alUThl BETETUPYIOIIUX PACTEHUN
uiayn obe33apakuBaHUA CEMSIH. YPOBEHD 3apakeH-
HOCTY CEeMSH ropoxa JaHHBIM ITaTOreHOM, BbIIIE KO-
TOporo 3a6ojieBaHMe HAYMHAET PACIIPOCTPAHITHC,
cocrasiugeT Bcero 0,02%, 1o3TOMy KUCIIOJb30BaHUE
3[I0POBOTO ITOCEBHOTO MaTepHraja IBJISeTCS BaXXHBIM
aCIIEKTOM CTpaTeruu 60pbOBI C pACIPOCTPAHEHUEM
6axrepuosa (ISHI-Veg, 2020a; ISHI-Veg, 2020b; Gron-
deau et al., 1996; Roberts, 1992; Roberts et al., 1996).
Ba)kHYI0 poJib B cicTeMe 60pbObI C JaHHOU 6akTepurel
WrpaeT IPoBeleHue ITOCEBA TOJIBKO 300POBBIMHU (63
CKPBITOM GaKkTepuabHOU MHMEKIIUN) U KaUeCTBEH-
HBIMU (TIOJTHOIIEHHBIMU, KPYITHBIMU, BBIDOBHEHHBIMMU)
ceMeHaMU arpoOUPOBAHHBIX COPTOB, XapaKTEPU3YI0-
LIUXCS BBICOKOYW YCTOMYUBOCTBHIO MJIW TOJIEPAHTHO-
CThI0 K 3a6oseBanmo (Jlazapes u gp., 2015).

X0Ts *MMYHHBIX K OTIACHBIM T1aTOTeHaM U (hUTO-
¢haraM copToB ropoxa moka He CyIIeCTBYET, BbIpaIl-
BaHME YCTOWYUBBIX U TOJEPAHTHBIX K BPEAUTENAM
¥ 00JIE3HIM COPTOB, IMPYUCITOCOBGIEHHBIX K MECTHBIM
TTOYBEHHO-KJIMMATUUYECKUM YCJIOBUSAM, ITO3BOJISIET
CHU3UTD IIPUMEHEeHVe XUMUYEeCKUX CPELCTB 3allll-
TBI U COXPAHUTH IOJIE3HYI GUOTY B arporeHo3ax
(3oTmkoB, 2015). Llenbi0 KCCIeL0BaHUS CTAJIO U3Y-
YyeHMe YCTONUYMBOCTU CPEHECTIENIBIX COPTOB TOPOXa
K IaTOTeHy. B ajpHeNIeM pesysibTaThl 3TOU PaboThI
MOTYT ObITh UCTIOJIb30BAHBI B KAUECTBE aJIbTePHATUB-
HOU cTpaTeruu 60pbOBI C PUTOTIATOTEHOM.

MATEPUAJIbBI U METO/IbI

Crucok o(pUIaabHO 3aPETUCTPUPOBAHHBIX COPTOB
ropoxa (FocyrapcTBEHHBIN PEECTP CEJIEKIIMOHHBIX J10-
cTkeHuit, 2021), oTOGPAHHBIX IJIST U3YUEHUS YCTOM-
YUBOCTHU K P, syringae pv. pisi, IpuBeJieH B Tabi. 1.

CeMeHa ropoxa GbLIN MTOJYYEHBI OT OPUTUHA-
TOPOB COPTOB U IIPEABAPUTEIbHO ObLIN MPOTECTU-
poBaHbBI Ha 3apakeHHOCTDb (DUTOIIATOTEHAMU B XOJe
KOHTPOJIBHOTO BBICEBA B ITPOBOKAIIMOHHBIX YCIOBUSIX
(manHbIE He TTpUBeeHbI). CeMeHa ropoxa IpeBapu-
TeJIbHO 3aMavyrBaJju B JUCTUJLINPOBAHHOM BOJIE B Te-
YeHUe CYTOK, TTOCJIe YeTO IIPOBOJIUIIHN TToceB. Kaxkmoe
ceMs TTOMeIIaayd B OTAEJbHY0 TUeHKy KacCeThl IJIs
paccazmbl eMKOCTBI0 90 MJI, B KaUeCTBe I'PYHTa UCIIOJIb-
30BaJI¥ TOTOBYI) CMECH M3 BEPXOBOTO U HU3MHHOTO
Topda, peYHOTrOo Mecka, M3BeCTHAKOBOU JOJIOMUTOBOM
MyKU U HUTpoamMmodocdaTa B KauecTBe KOMILIEKC-
HOTO ymobpeHus. [PyHT Takke GbLI IPEIBAPUTEIBHO
MIPOTECTUPOBAH HA OTCYTCTBUE (PUTOIATOTEHOB, Bpe-
IuTeJiell 1 TOKCUYHBIX BEU[ECTB IIyTeM IIPOOHOT0 110~
ceBa TECT-KYJIbTYPBI cajiaTa.

Ha mpoTskeHMM BCEro OIbITa PaCTEHUS HaX0U-
JIVCh B TIOCTOSTHHBIX YCJIOBUSX: ITPOAOJIKUTENBHOCTD
ocBelneHud — 16 4, reMueparypa — 25-27 °C, oTHOCHU-
TeJIbHas BJIQ)KHOCTB Bo3ayxa — 55-70%.

3apa)keHMe pacTeHuU ITPoBoIMIN B (pase 2—3 Ha-
CTOSIIUX JIUCThEB 24-4aCOBOW KYJbTYpPOU mITaMMa
CFBP 2105 P, syringae pv. pisi, BRIpallleHHOYN Ha MUTa-
TeJbHOM arape Kuura B (MeTomnuyeckue peKoOMeH-
maruu, 2022) nipu 28 °C. [y 3apakeHus KaXkKI0oro
pacTeHus uUcIoJb30Banu 10 MKJ 6aKTepuaJbHOU
cycrnieHsuu B KoHIeHTpanuu 10° KOE/mMn (UrHaTheBa
uap., 2021; 0®C.1.7.2.0008.15, 2018). MeTom 3apaxe-
HUS 3aKJII0YAJICS B HECKBO3HOM IIPOKAJIBIBAHUY OCHO-
BaHU JINCTA U HAHECEHUHU C TIOMOIIbIO I03aTOpa Karl-
JIV CyCTIEH3UHU Ha MecTo IpokoJia (Martin-Sanz et al.,

Currently, there are no effective chemical means
of protecting vegetative plants or disinfecting seeds.
The level of pea seeds contamination with this patho-
gen, above which the disease begins to spread, is only
0.02%, so the use of healthy seed material is an im-
portant aspect of the strategy to control the bacterio-
sis spreading (ISHI-Veg, 2020a; ISHI-Veg, 2020b; Gron-
deau et al., 1996; Roberts, 1992; Roberts et al., 1996).
An important role in the system of controlling this bac-
terium is played by sowing only healthy (without hid-
den bacterial infection) and high-quality (full-fledged,
large, aligned) seeds of proven cultivars, characterized
by high resistance or tolerance to the disease (Lazarev
etal., 2015).

Although there are no pea cultivars immune to
dangerous pathogens and phytophages, the cultiva-
tion of resistant and tolerant cultivars to pests and
diseases, adapted to local soil and climatic conditions,
makes it possible to reduce the use of chemical pro-
tection means and preserve beneficial biota in agro-
cenoses (Zotikov, 2015). The purpose of the work was
to study the resistance of mid-season pea cultivars to
the pathogen. In the future, the results can be used
as an alternative strategy for controlling the phyto-
pathogen.

MATERIALS AND METHODS

The list of officially registered pea cultivars (State Re-
gister of Breeding Achievements, 2021), selected for
studying resistance to P. syringae pv. pisi, is given in
Table 1.

Pea seeds were obtained from the cultivar orig-
inators and were previously tested for infection with
phytopathogens during control sowing under provoca-
tive conditions (data not shown). Pea seeds were pre-
soaked in distilled water for 24 hours and then sown.
Each seed was placed in a separate 90 ml seedling con-
tainer cell; a ready-made mixture of high-moor and
low-lying peat, river sand, limestone dolomite flour
and nitroammophosphate as a complex fertilizer was
used as soil. The soil was also pre-tested for the ab-
sence of phytopathogens, pests and toxic substances
by test sowing of a lettuce test culture.

Throughout the experiment, the plants were
kept under constant conditions: lighting duration —
16 hours, temperature — 25-27 °C, relative air humi-
dity — 55-70%.

Plants were infected in the phase of 2-3 true
leaves with a 24-hour culture of P, syringae pv. pisi strain
CFBP 2105, grown on King B nutrient agar (Guidelines,
2022) at 28 °C. To infect each plant, 10 ul of a bacterial
suspension was used at a concentration of 10° CFU/ml
(Ignatieva et al., 2021; OFS.1.7.2.0008.15, 2018). The
infection method consisted of a blind piercing of the
leaf base and applying a drop of suspension to the
puncture using a dispenser (Martin-Sanz et al., 2012;
Ignatieva et al., 2021; Ignatieva et al., 2022). Sterile
distilled water was used as a negative control. Plants
infected with P, syringae pv. pisi were spatially isolated
from negative control plants. Observations of plants
were carried out daily for 21 days from the moment
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Ta6.J1. 1. CopTa ropoxa, MCII0Jib30BaHHbIE B padoTe

N2  Copt Kop, T'op, peruc-
n/m ropoxa copra Tpauum  OpuruHaTop XapaKkTepHuCTHUKA COpTa
O®T'BHY «®enepalbHbIil ANTTaUCKUY HAYYHBIA  CPEIHECIENbIN, HEOCHITAIOIIUICS,
1 Bapsar 9703799 2001 «Penep " y DA E m
LEHTP arpo6UOTEXHOJIOTU», Poccus 6E3JTMCTOYKOBBIN
5 AnTaficKui 9154537 2012 OTEHY «PenepalbHbIN ATTaUCKUY HAYYHBIA  CPENHECTENBIN, JeTEPMUHAHTHBIN,
ycaTbIf LIEHTP arpobrOTEXHOJIOTU», Poccus HEOCHITTAI[UICS, 0€3IMCTOYKOBBIN

3 AcTtpoHaBT 8853989 2015

Norddeutsche Pflanzenzucht Hans-Georg
Lembke KG, l'epmanus

CPeIHECTIENBIH, 6e3IUCTOYKOBBIN

4 AM6posust 9463673 2009
Poccuga

HayuHo-mipousBo/icTBeHHas upma «[Iouck», CpemHecIesblii, caXapHbIH,

€a/I0BO-0TOPOIHBIHN

5 AMITAHCKHH g014463 9003

OI'BHY «®enepanbHbll HAyYHbIN IIEHTP
U3yMpPYL, OBOILEBOJICTBA», Poccus

CPEIHECIIENBIN, KOHCEPBHBIH,
ILJISI TOBAPHOTO ITPOM3BOJICTBA

Table 1. Pea cultivars used in this study

N¢ Pea cultivar Cultivar code Record year Originator

Cultivar characteristics

Federal State Budgetary Institution “Federal Altai mid-season,

1 Varyag SIOEER AR Scientific Center of Agrobiotechnologies”, Russia  non-shattering, leafless

5 Altaisky 9154537 2012 Federal State Budgetary Institution “Federal Altai mid-season, determinate,
Usatiy Scientific Center of Agrobiotechnologies”, Russia  non-shattering, leafless

3 Astronavt 8853989 2015 TSN HE A e G mid-season, leafless

Lembke KG, Germany

4 Ambrosia 9463673 2009 Research and production company “Poisk”, Russia mid-season, sugar, garden

5 Altaisky 9810093 2003 Federal State Budgetary Institution “Federal mid-season, can, for
izumrud Scientific Center for Vegetable Growing”, Russia commercial production

2012; IrnaTwkeBa u Ap., 2021; irHaTbeBa u ap., 2022).
B kauecTBe OTPUIIATEJIbHOTO KOHTPOJIS UCII0JIb30Ba-
JIV CTEPUIIbHYIO IUCTUJLIMPOBAHHYIO BOLly. PacTeHus,
3apa)keHHbIE P, syringae pv. pisi, TIPOCTPAHCTBEHHO U30-
JIMPOBAJIV OT PACTEHUU OTPUIATEIbHOI0 KOHTPOJIS.
Hab6mromenus 3a pacTeHUSIMY ITPOBOA I €XKeTHEBHO
B TedeHUe 21 IHSA C MOMEHTA UX UHOKYJISALVY CYCIIEH-
3ueli Bo36ynuTessa 6akTepuosa.

Il oaTBepXKAEHUS (haKTa 3apaskeHUs IIPOBO-
IWJIV OTOOP U TTOATOTOBKY aHAJIUTHUYECKUX TTPOO 15T
[MLIP-ananu3a Ha 11-1 leHb ITocjie UHOKyIAuu. I1po-
OBl OpaJin OT KaXkaoro u3 10 3apakeHHbIX PacCTeHUN
U OT PACTEeHUS, TPEICTABISAIONIETO COO0M OTPUIIATEIb-
HBIM KOHTPOJIb.

B ciyyae MosIBJI€HUS TUIIUYHBIX CUMIITOMOB
60JIe3HY IJIs TTOATBEPXKIAI0NIETO aHaau3a 0TOUpaIn
C TIOMOIIIbI0 CKAJIbITIEJISI MJIV HOXKHUIL PparMeHThI TKa-
HU, PACIIOJIOXKEHHbBIE Ha CTBIKE 3[I0POBOTO 1 ITOPaKEH-
HOT'0 yYacCTKOB. [IpU OTCYTCTBUM CUMIITOMOB O0T6OP
(parMeHTOB IPOBO MU He MeHee ueM 13 10 pasHbIX
y4acTKOB 06pas1ia (cTe6Jist, YepenIkoB JINCTHEB U 1IEH-
TPaJbHBIX )KUJIOK). JIJIs yCTAaHOBJIEHUS ONITUMAaJIbHOMN
Macchl HaBeCKU 6paiy aHaIuTHYecKue Mpobbl BecoOM
ot 2,0 1o 3,0 rpaMMOB ¥ IIOMEIIAJIY B KOHTeHHED MIJIs
c6opa 6MOJIOTMUECKOTO MaTepua ¢ KPbIIIKOH. K mmpo-
6e mobasmsanu ot 30 mo 45 mu hocaTHOTO Gydhepa.
Maiepanuo pacTUTENbHOU TKaHU OCYIIEeCTBJISIN
Ha opbuTanbHOM Irelikepe rmpu 200 06/MUH B Teue-
Hue 40 MuH. [TogyyeHHBIN MalepaT QUIAbTPOBAIU
yepes 6yMaskHbIN GuiabTp «CUHSS JeHTa» B IeHTPU-
dyxHyI0 pobupKy o6beMoM 50 M. KOHITEHTpaIInio
(unpTpaTa MPOBOAUIIU ITyTEM LIEHTPUDYTUPOBAHUS
B Tedyenue 10 muH nipu 10 000 06/MUH IpU TeMITEPATY-
pe ot 4 1o 10 °C (Ignatyeva et al., 2021). CyniepHaTaHT
OCTOPOXXKHO YIaJIslJiK, a 0Cal0K PecyCcleHIMPOoBaIu
B 1 Mma dochaTHOo-comeBoro 6ydepa. [ToaydeHHbIH

of their inoculation with a suspension of the bacterio-
sis pathogen.

To confirm the fact of infection, analytical sam-
ples were collected and prepared for PCR on the 11™®
day after inoculation. Samples were taken from each
of the 10 infected plants and from a negative control
plant.

If typical disease symptoms appeared, tissue frag-
ments located at the junction of the healthy and affect-
ed areas were selected for confirmatory analysis using
a scalpel or scissors. In the absence of symptoms, frag-
ments were collected from at least 10 different parts of
the sample (stem, leaf petioles, and central veins). To
establish the optimal weight of the sample, analytical
samples from 2.0 to 3.0 grams were taken and placed
in a container for collecting biological material with
a lid. From 30 to 45 ml of phosphate buffer was added
to the sample. Maceration of plant tissue was carried
out on an orbital shaker at 200 rpm for 40 minutes.
The resulting macerate was filtered through a Blue Rib-
bon filter paper into a 50 ml centrifuge tube. The con-
centration of the filtrate was carried out by centrifu-
gation for 10 min at 10,000 rpm at a temperature of
4to10°C (Ignatieva et al., 2021). The supernatant was
carefully removed, and the pellet was resuspended in
1 ml of phosphate-buffered saline. The resulting plant
extract was transferred into a sterile Eppendorf mi-
crotube with a volume of 2 ml (Methodological guide-
lines, 2022).

From each sample of the obtained plant extract
and from a suspension of pure P, syringae pv. pisi culture
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Puc. 1. Ctapus pa3BuTuns ropoxa B MOMEHT

1 — copT Bapsr; 2 — copT AnTaickui ycatbiit;
3 — copT AcTpoHaBT; 4 — copT AM6po3us;

Fig. 1. Stage of pea development at the time of P. syringae pv. pisi
3apaxkeHusi wutaMmmoM CFBP 2105 P. syringae pv. pisi: strain CFBP 2105 infection:

1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;
3 - Astronavt cultivar; 4 — Ambrosia cultivar;

5 — copT AnTarickuii usympyg, (dpoto U.M. UrhateeBoi) 5 — Altaisky izumrud cultivar (photos by I.M. Ignatieva)

PACTUTENBbHBIN BKCTPAKT IEPEHOCUIIN B CTEPUIIBHYIO
MUKpompobupky tumna Eppendorf o6bemom 2 mit (Me-
TogUYecKre pekomMeHganuu, 2022).

OT KaXIo¥ MPOO6BI MOJYYeHHOTO PACTUTEID-
HOT'0 DKCTPAKTa U OT CYCIIEH3UU YUCTOU KYJIbTYPbI
P, syringae pv. pisi, B3ITO! B KaueCTBe BHYTPEHHETO
TOJIOXKUTEJIbHOTO KOHTPOJIS, oTompasu mo 200 MKJI
¥ UCIIOJIb30BaJU UX AJ4 BbigeaeHusa JHK ¢ moMoIibo
Habopa «IIpoba-I'C» cormacHo MHCTPYKIIMU TIPOU3BO-
nutens (000 «ArpoluarHocTruKa», Poccus). BeigemeH-
Hyto JJHK moBOfMIN C TIOMOLIBIO CIIEKTPOGOTOMETPA
NanoDrop ND-2000 (Thermo Fisher Scientific, CIIIA)
IIO IIPUMEPHO PaBHOI KOHIIeHTpanuu (2—20 HI/MKJI),
OINITMMAJIbHOY 1Jig rpoBefenys [P (UrHaTheBa 1 JIp.,
2022), ¥ BBITIOJHSIM aMITU(UKAIIUIO cO cienuduy-
HBIMU A1 P, syringae pv. pisi mpaiimepamu AN7F/AN7R
(Arnold et al., 1997). B uccienoBaHny UCIIOJb30Ba-
JIV OJIUTOHYKJIeOTUbI U ITIP-6ydeps («5X Screen-
Mix-HS», cunTte3supoBanubie B 000 «EBporen» (Poc-
cus), mnu «5X MasPPTaqMIX-2025», CHHTe3WPOBaHHbIE
B 3A0 «JInajat JITh.» (Poccus)), B COOTHOLIEHUAX CO-
TJIaCHO ONTHMMU3MPOBAHHOMY IIPOTOKOJIY, OIIKCAaHHO-
My paHee (Arnold et al., 2011; Martin-Sanz et al., 2011;
Qing et al., 2016; ruaTtbeBa, CiioBapeBa, 2021).

PE3VJIBTATBI U OBCYKJOEHHE

CocTosiHMEe pacTeHUU ropoxa B ¢aze 2—3 JIUCThEB
Ha MOMEHT 3apaXkeHus P, syringae pv. pisi IpeficTaBe-
HO Ha puc. 1.

[lepBbIE CUMIITOMBI 3a60JIeBAHUS OBLIX OTMEYE-
HBI Ha 7-€ CYTKHU II0CJIe 3apakeHus Ha copTe Bapsar
Ha HWKHUX JIUCThSX B BUJZE YBsAZaHud. Ha 9-e cyTku
TocJie 3apaskeHus GbIIM OTMEYEHbI CUMIITOMBI 3a60-
JIeBaHUS HA COPTax AJNTaliCKUH ycaThlil U ANTalicKui
U3yMPY], B BUJIE UBMEHEHNS OKPACKU HMKHUX JIUCTHEB.
Ha 11-e cyTku mocJie 3apa’keHUs CUMIITOMBI 3a60JieBa-
HUS OBLIX OTMEUYEHBI Ha COPTe ACTPOHABT Ha HIDKHUX
JIUCTBSIX B BUZIE YBALaHUS. Ha pacTeHUsIX ropoxa copTa
AMGPO3US Ha BTY HATy BHEITHUX TTPOSBJIEHUH ITPU3HA-
KOB 60JIe3HM OTMEYEHO He ObLII0 (CM. puc. 2).

Ha pacTeHuUsIX, MTHOKYJIMPOBAHHBIX CTEPUIbHOMN
IUCTUWLIMPOBAHHOM BOZOM, OTCYTCTBOBAJIY IIPU3HAKY
3aboseBanus (CM. puc. 3).

taken as an internal positive control, 200 ul were tak-
en and used for DNA extraction using the Proba-GS kit
according to the manufacturer’s instructions (AgroDi-
agnostica, Russia). The isolated DNA was adjusted us-
ing a NanoDrop ND-2000 spectrophotometer (Thermo
Fisher Scientific, USA) to approximately equal concen-
tration (2—20 ng/ul), optimal for PCR (Ignatieva et al.,
2022), and amplification was carried out with speci-
fic for S. syringae pv. pisi primers AN7F/AN7R (Arnold
et al., 1997). The study used oligonucleotides and PCR
buffers (5X ScreenMix-HS, synthesized at Evrogen
(Russia), or 5X MasPPTagMIX-2025, synthesized at Di-
alat Ltd. (Russia)), in proportions according to the op-
timized protocol described previously (Arnold et al.,
2011; Martin-Sanz et al., 2011; Qing et al., 2016; Ig-
natieva, Slovareva, 2021).

RESULTS AND DISCUSSION

The state of pea plants in the 2-3 leaf phase at the
time of infection with P, syringae pv. pisi is presented
in Fig. 1.

The first disease symptoms were noted on the
7™ day after infection on the Varyag cultivar on the low-
er leaves in the form of wilting. On the 9 day after in-
fection, disease symptoms were noted on the Altaisky
Usatiy and Altaisky izumrud cultivars in the form of
a color change of the lower leaves. On the 11® day af-
ter infection, disease symptoms were noted on the
Astronavt cultivar on the lower leaves in the form of
wilting. On the Ambrosia cultivar plants, no external
disease symptoms were noted until now (see Fig. 2).

No disease symptoms were recorded on plants in-
oculated with sterile distilled water (see Fig. 3).

As a result of PCR with primers AN7F/AN7R for
DNA samples isolated from inoculated plants, pro-
ducts with a length of 272 base pairs (bp) were ob-
tained, which corresponded to the positive amplifi-
cation control, for which was used P. syringae pv. pisi
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Puc. 2. CUMNTOMbI Ha INCTbAX ropoxa vepes 7-11 cyTok Fig. 2. Symptoms on pea leaves after 7-11 days after
nocne sapaxeHusi wrammom CFBP 2105 P. syringae pv. pisi: infection with the P. syringae pv. pisi strain CFBP 2105:
1 — copT Bapsr; 2 — copTt AnTaiickui ycatbiil; 3 — copT AcTpoHaBT; 1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;

4 — copT AM6po3us; 5 — copT AnTanckuin usympya,
(choTo A.C. BakaeBoit)

3 — Astronavt cultivar; 4 — Ambrosia cultivar;
5 — Altaisky izumrud cultivar (photos by A.S. Bakaeva)

Puc. 3. KoHTponbHble pacTeHus ropoxa, MHOKY/IMPOBaHHble
CTEePUNIbHOW AUCTUNIINPOBAHHON BOJOM:

1 — copT Bapsr; 2 — copT AnTaickui ycatbii;

3 — copT AcTpoHaBT; 4 — copT AM6po3us;

5 — copT AnTarickuit usympyp, (hoto U.M. UrHatbeBoi)

B pesynbTaTe npoBeneHHOM TP ¢ mpalimepamMu
AN7F/AN7R nis o6pasiioB JHK, BeIIeI€HHBIX U3 THO-
KyJIMPOBAHHBIX PACTEHUH, TIOJyYEHBI ITPOLYKTHI LI -
HOM 272 1. 0., YTO COOTBETCTBOBAJIO TTOJIOKUTEIHHOMY
KOHTPOJII0 aMILIM(UKAIUY, B KaUuecTBe KOTOPOT'o 1C-
nosib3oBanu JHK P, syringae pv. pisi. 17151 Bcex 06pa3IiioB
U BHYTPEHHETO [T0JI0KUTEJIbHOI'0 KOHTPOJISA B PE3YJib-
TaTe npoBeneHus [P GbLINM TTOJyUYEeHBl TPOLYKThI
aMnauuKaIuy JInHou 714 . o. (cM. puc. 4).

[TonyueHHble pe3ynbraThl [1LP o3BoagioT cue-
JIaTh BBIBOJ, O TOM, YTO BO30yIMTENh OAaKTEPUATBHOTO
oXora ropoxa yepes 11 CyTOK I10CJIe 3apakeHusd IIpu-
CYTCTBOBAJI BO BCEX COPTaX ropoxa, MHOKYJIMPOBaH-
HBIX 6aKTepUaJbHOM CycIIeH3Mel, HeCMOTPS Ha TO,
YTO pacTeHUs copTa AMOPO3Ms He MPOSBIISIV BHEII-
HUX MPU3HAKOB 3apakeHus QUTOIIaTOTEHOM.

B TeueHue nocnenyomux 10 cyTOK IOCJE IIOL-
TBEpPXJeHUd 3apaxeHusa MetogoM [IIIP oTmevanu
pasBuTHe 3a60/1eBaHUs Ha MHOKYIMPOBAHHBIX pacTe-
Hugx ropoxa. Ha 21-e cyTku Ha 3apakeHHbIX PaCTEHU-
X copTa AMGPO3usT HABJIIOLAIM HAJIMYYEe CUMIITOMOB
B BU/JIe YBAZAHUS HUKHUX JIUCThEB, XJIOPO30B U Kpae-
BBIX 0’KOTOB 6eJ10r0 11BeTa (CM. puc. 5).

Fig. 3. Control pea plants inoculated

with sterile distilled water:

1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;

3 - Astronavt cultivar; 4 — Ambrosia cultivar;

5 — Altaisky izumrud cultivar (photos by I.M. Ignatieva)

DNA. For all samples and internal positive control,
PCR resulted in amplification products of 714 bp
(see Fig. 4).

The PCR results obtained allow to conclude that
the pathogen of bacterial blight of pea was present in
all pea cultivars inoculated with a bacterial suspension
11 days after infection, despite the fact that Ambrosia
cultivar plants did not show external signs of infection
with the phytopathogen.

Over the next 10 days after PCR-confirmed infec-
tion, the disease on inoculated pea plants was noted
to develop. On the 21%tday, the symptom in the form
of lower leaves wilting, chlorosis and white marginal
burns was observed on the infected Ambrosia cultivar
plants (see Fig. 5).

Wilting of 30 plants was recorded, which led to the
death of 18 plants; 20 plants out of 50 infected did not
show symptoms (see Table 2).
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Puc. 4. 3nekTpocoperpamma,
neMoHcTpupytowas pesynbrar MLP

¢ npaiimepamu AN7F/AN7R (a) v BHyTpeHHUM
NOJNIOXXUTENbHbIN KOHTPOb (b).

1 — copT Bapsr; 2 — copT AnTalckui ycatblii;
3 — copT AcTpoHaBT; 4 — copT AMbpo3us;

5 — copT AnTanckui nusympyn,;

K-u — oTpuuaTenbHbI KOHTPOJIb YUNCTOMN 30HbI.
1 peneHne Mapkepa reHeTM4YecKoro Beca
GeneRuler 100 bp Plus DNA Ladder
ready-to-use (Thermo Fisher Scientific, CLLA)
(M) =100 n. o.

OrmeueHo yBamanue 30 pacTeHUH, KOTOPOe MIPu-
BeJio k rubenu 18 pactenuit, y 20 pactenuit us 50 3a-
Pa’KEeHHBIX CUMIITOMBI He TIPOSBJISINUCE (CM. TabJ1. 2).

B pesynbTaTe nccief0BaHNS BEISIBJIEHA ITOBBILIEH-
Hasl BOCIIPUUMYUBOCTD K GaKTEPUATbHON UH(EKITUN
Y COPTOB ropoxa Bapsr, AnTalickuii ycaTblii, ACTPOHABT.
PacTeHus Meu BbIpaKeHHbIE CUMIITOMBI 3a60J1eBa-
HUs, IPUBOJAIINE K CHU)KEHUIO BEreTaTMBHOU Maccehl,
yBSIaHUIO0 U rubenu pacTeHus. JlJaHHbIE COPTA MOTYT
OBITh PEKOMEHIOBAHBI B KAUECTBE PACTEHUM [IJIsI MHO-
KyJIAUY IIPU OATBEPXKAEHUY BUPYJIEHTHOCTU M30-
JATOB P, syringae pv. pisi B xoJle 6aKTePUOJIOTUYECKUX
WCCJIeIOBAHUM C TTOMOIIBI0 TECTA HA TTATOT€HHOCTb.

Ha copTe AM6P03Us He TPOSIBIISAINCH CUMIITO-
MBI 3a60JieBaHUS yepe3 11 CyTOK ITocjie MHOKYJISAIUY,
¥ HU OLHO PacTeHWe B3TOTO COpTa He Morubjo ue-
pes 21 meHb Iocje 3apaxeHusa HeCMOTpPS Ha TOo, UTO
rubesb pacTeHUU APYrux cCOPTOB cocTaBuiia oT 30
o 50%. B manbHelmeM copT AMOGpo3ud IIpeaJjara-
eTcs K IPUMEHEHMI0 B CeJIeKIIY B KaueCTBe JJOHOPa
YCTOWUMBOCTY IIPU CEJIEKIINY HOBBIX COPTOB U JIJI5I BbI-
SIBJIEHUS TEHOB YCTOMYMBOCTHU K 3TOMY (DUTOIATOTEHY.

Fig. 4. Electropherogram showing . !
the PCR result with primers AN7F/AN7R termined on inoculated plants
(a) and internal positive control (b).
1 - Varyag cultivar; 2 — Altaisky Usatiy vars. The presence of the phy-
cultivar; 3 — Astronavt cultivar;

4 — Ambrosia cultivar;

5 — Altaisky izumrud cultivar;

K+ — MONoXuTenbHbI KOHTPoNb amnnudukaumm; K+ — positive amplification control;
K- — oTpuuaTtenbHbiii KOHTPONb amMmnnudukauum; K- — negative amplification control;
K-u — negative clean zone control.

1 genetic weight marker division
GeneRuler 100 bp Plus DNA Ladder
ready-to-use (Thermo Fisher Scientific, ~ ceptible to the phytopathogen
CLUA) (M) =100 bp

The study revealed in-
creased susceptibility to bac-
terial infection in the pea cul-
tivars Varyag, Altaisky Usatiy,
and Astronavt. The plants had
pronounced disease symptoms
leading to a decrease in vege-
tative mass, wilting and death.
These cultivars can be recom-
mended as plants for inoculation
should the virulence of P. syrin-
gae pv. pisi isolates be confirmed
during bacteriological studies
using a pathogenicity test.

The Ambrosia cultivar did
not show disease symptoms for
11 days after inoculation, and
not a single plant of this culti-
var died 21 days after the in-
fection, despite the fact that
the death rate of other cultivars
ranged from 30 to 50%. In the
future, the Ambrosia cultivar is
proposed for use in breeding as
a donor of resistance in the se-
lection of new cultivars and for
identifying genes for resistance
to this phytopathogen.

CONCLUSION
The disease symptoms were de-

of five mid-season pea culti-

topathogen in infected plants
was confirmed using PCR. The
size of DNA fragments spe-
cific for the bacterial blight of
pea pathogen when using PCR
with primers AN7F/AN7R was
272 bp. The cultivars most sus-

(Varyag, Altaisky Usatiy and
Astronavt) are recommended
for use when confirming the virulence of bacteri-
al blight of pea isolates. Based on the results of the
disease development analysis on infected plants and
PCR tests, the Ambrosia cultivar was identified as pro-
mising for use in breeding for resistance to bacterial
blight of pea.
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Puc. 5. CMMNTOMbI Ha IMCTbSAX ropoxa Ha 21-e cyTKu

nocrne 3apaxeHusi wutammom CFBP 2105 P. syringae pv. pisi:
1 - copT Bapsr; 2 — copT AnTanckui ycatblit;

3 — copT AcTpoHaBT; 4 — copT AMb6po3us;

5 — copT AnTalickun usympyg, (goto A.C. Bakaesoit)

Fig. 5.

Symptoms on pea leaves on the 21 day after infection
with the P. syringae pv. pisi strain CFBP 2105:

1 - Varyag cultivar; 2 — Altaisky Usatiy cultivar;

3 - Astronavt cultivar; 4 — Ambrosia cultivar;

5 — Altaisky izumrud cultivar (photos by A.S. Bakaeva)

Ta6J1. 2. [IposiBjieHIEe CUMIITOMOB GaKTEPHUAJIBHOTO 0K0Ta rOPoXa MmocJjie 3apakeHus ITaMMOM
CFBP 2105 P, syringae pv. pisi Ha 21-ii IeHb II0CJIE 3apaKeHU

Homep pacTeHuda

IIposiBieHUe
Copt 1 2 3 4 5 6 7 8 9 10 K- CUMIITOMOB, % TI'uGejb, %
Bapsr yp, T yp 6/c yp,r yp,r 6/c 6/c 6/c ypr yp,T 6/c 60,0 50,0
AnTalicku¥i ycaTeli  yp,T yp,T YP,T yYp,T ypP,T yp 6/c yp 6/c 6/c 6/c 70,0 50,0
AcTpoHaBT yp 6/c yp 6/c yp yp,T yp,T yp,T yp,T yp,T 6/c 80,0 50,0
Ambpo3us yp 6/c 6/c 6/c yp 6/c 6/c 6/c 6/c yp 6/c 30,0 -
Anranickuit usympyn 6/c  yp  6/c  yp,T yp,r yp,r 6/c 6/c yp yp 6/c 60,0 30,0

MpuMeuaHue: yp — yBagaHne pacTeHnin; r — rnbenb pacteHui; 6/c — pacteHus 6e3 cMMNTOMOB.

Table 2. Manifestation of bacterial blight of pea symptoms after infection with the P, syringae
pv. pisi strain CFBP 2105 on the 215 day after infection

Plant number

Symptoms
Cultivar 1 2 3 4 5 6 7 8 9 10 K- manifestation, % Death, %
Varyag pw,d pw w/s  pw,d pw,d w/s w/s w/s pw,d pw,d w/s 60.0 50.0
Altaisky Usatiy  pw,d pw,d pw,d pw,d pw,d pw w/s pw w/S Ww/s Ww/s 70.0 50.0
Astronavt pw w/s pw w/s pw pw,d pw,d pw,d pw,d pw,d w/s 80.0 50.0
Ambrosia pw w/s  Ww/s  WwW/s pw w/s  W/s w/s w/s pw w/s 30.0 -
Altaisky izumrud w/s pw w/s pw,d pw,d pw,d w/s w/s pw pw  W/s 60.0 30.0

Note: pw — plant wilting; d — death; w/s — plants without symptoms.

3AKJ/IIOYEHUE

OrpezeseHbl CUMIITOMBI 3a00JI€eBaHUS HA UHOKYJIUPO-
BaHHBIX PACTEHUSX AT CPEIHECIIEBIX COPTOB r'OPO-
xa. Hanuuue ¢guTonaToreHa B 3apakeHHbBIX PaCTeHU-
X IOATBEPXKAEeHO ¢ roMolbio [TI[P-ananusa. Pasmep
crienU(PUUHBIX IJig BO30ynUTe s 6aKTEPUaATbHOTO
oxxora ropoxa parMeHToB JJHK mpu nmpuMeHeHUU
TILIP c mpaiimepamu AN7F/AN7R coctaBua 272 1I. 0.
Copra, HanboJee BOCIIPUUMUUBBIE K (PUTOTIATOTEHY
(Bapsr, AnTalicKui ycaThbiil 1 ACTPOHABT), PEKOMEHI0-
BaHBbI K UCIIOJIb30BaHUIO [IPU OATBEPKIEHUU BUPY-
JIEHTHOCTY U30JIITOB 6aKTEPUAIBHOTO 0)KOTa TOpoXa.
[To pe3ysnbTaTaM aHa/IM3a pa3BUTHUL 60JIe3HU Ha 3apa-
JKEHHBIX pacTeHUIX U npoBedeHus [11P-TecToB copT
AMOGpo3us oIpe/iesieH KakK ITePCIeKTUBHBIN JJIs HC-
TI0JIb30BAaHUS B CEJIEKIIUY Ha YCTOMUNBOCTD K GaKTe-
puaJIbHOMY 0’KOTy ropoxa.
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AHHOTALIUA
JIucToBbIe HeMaTobl pona Aphelenchoides He sIBISIOTCS
KapaHTUHHBIMY 1151 Poccutiickoit demepaliinu, HO pe-
TYJIUPYIOTCS B Psifie CTPAH — UMIIOPTEPOB POCCUNCKOM
nponykuuu: Kutae, Apreutune, Typuuu, TyHuce,
Erunte, Mapokko, Yuinu, Mekcuke u gpyrux. B ciy-
Yae BBISBJIEHUS STUX BUA0B HEMATOJ B IIOCTaBJIse-
MOU MPOAYKIINY, COTJIACHO MEXIYHAPOJLHOMY U Ha-
IIUOHAJIBHBIM (UTOCAHUTAPHBIM 3aKOHO/IATEIbCTBAM
MOTYT GbITh IPUHSITHI COOTBETCTBYONIME (DUTOCAHU-
TapHbIe Mephl (HaIpuMep, BO3BPAT, YHUUTOXKEHUE,
06paboTKY MU BBEleHNE BPEMEHHbIX OTPAaHUYEHU N
Ha BBO3 NPOAYKIIUY, B TOM YMCJIe 3ePHOBOH, 13 Poc-
cUM), KOTOPbhIe MMPUBOJST K CyIIeCTBEHHBIM SKOHOMMU-
YEeCKUM U3JePKKaM.

3eMIgHUYHAA JIUCTOBas HemaToma Aphelen-
choides fragariae (Ritzema Bos, 1890) Christie, 1932
U XpU3aHTeMHas JIMCTOBas HeMmaTozma Aphelenchoides
ritzemabosi (Schwartz, 1911) Steiner & Buhrer, 1932
IMKXPOKO PaCIIpOCTPaHEHbl B arpoileHos3ax Poccuu
U IOPaXkaloT 3ePHOBbBIE M 3ePHOOG060BBIE KYJIbTYPHI.
dkcmopT npoaykuuu u3 Poccuiickoit demepanuu
IpeAycMaTPUBAET BBITIOJNHEHME (UTOCAHUTAPHBIX
TpeboBaHUIN CTpPaHBI-UMIIOPTEPA, B YACTHOCTH,
OTCYTCTBUE B IPOYKITUY STUX BPEIHBIX OPTaHU3MOB.
HecobGniomeHre maHHBIX TpPebGOBAaHUU MOXET
HaHeCTU cepbe3HbIN yInepb pemyTanuy Poccun Kak
MTOCTaBIIMKA TPOYKITAN.

3amayaMyu (QUTOCAHUTAPHOU CIIYXKOBI SBJIS-
eTcsl obHapy)XeHUe yKa3aHHBIX BUJOB HeMAaTO[
B DKCIIOPTUPYEMBIX TPy3axX, a TaKXKe BbIIBJIEHUE UX
B arpolieHosax. B HacTosdlee BpeMs IJs STUX BUIOB
He CYIIEeCTBYeT METOAUYECKUX PEKOMEHAAIUH 110 BbI-
SABJICHUIO Y UIeHTU(GUKAIINH.

B manHO# paboTe M3y4eHbl PACTEHUS — X03s5€Ba
JINCTOBBIX HEMATo, pona Aphelenchoides n3 pasnuy-
HBIX PETMOHOB Poccuiickoi demepaliuy U IPU3HaKU
WX MOpPakKeHUsT HeMaTogaMu. J[OIMOJHEHbI IepeYHU
PaCTeHM-X0351€B IS KaXXKIOTo Busa. CUMITTOMBI I10-
PaskeHMs IIPOUJLIIOCTPHUPOBAHBI OPUTrMHAIbBHBIMU (DO-
TorpacdusaMu aBTOPOB.
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ABSTRACT
Foliar nematodes of the genus Aphelenchoides are not of
quarantine status for the Russian Federation, though
are regulated in some countries importing Russian
products: China, Argentina, Turkey, Tunisia, Egypt,
Morocco, Chile, Mexico, etc. In accordance with inter-
national and national phytosanitary legislation, should
these nematode species be detected in imported pro-
ducts, appropriate phytosanitary measures may be
taken (for example, return, destruction, treatment or
the introduction of temporary restrictions on the im-
port of products, including grain, from Russia), which
lead to significant economic costs.

Strawberry foliar nematode Aphelenchoides fragari-
ae (Ritzema Bos, 1890) Christie, 1932 and chrysan-
themum foliar nematode Aphelenchoides ritzemabosi
(Schwartz, 1911) Steiner & Buhrer, 1932 are wide-
spread in agrocenoses of Russia and affect grain and
leguminous crops. Export of products from the Rus-
sian Federation requires compliance with the phyto-
sanitary requirements of the importing country, in
particular, the absence of these pests in the products.
Failure to comply with these requirements may cause
serious damage to Russia’s reputation as a supplier.

The tasks of the phytosanitary service are to de-
tect these nematode species in exported regulated
products, as well as to identify them in agrocenoses.
Currently, there are no methodological recommenda-
tions for detection and identification for these species.

The present work studied host plants of foliar
nematodes of the genus Aphelenchoides from various re-
gions of the Russian Federation and signs of their da-
mage by nematodes. The lists of host plants for each
species have been supplemented. Damage symptoms
are illustrated with original photographs by the authors.
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Knrwuesvte cnosa. dutocaHuTapus, Mophoo-
rusi, MopdoMeTpusd, moaundar, pacTeHusI-xo3s5eBa.

BBEJIEHUE

UTOIIATOr€HHbIE HEMATOAbI Pac-
TEeHUN TIPUHAAJIEXAT K YUCTY
HauboJjiee ONACHBIX ¥ DKOHOMMU-
YeCKM 3HAYMMBIX BpPEIUTENIeH
CEeJIbCKOXO3SIMCTBEHHBIX  KYJIb-
Typ BO BceM mupe. Cpenu pac-
TEHUH, ABJIAIOIINXCS X03seBaMU
STUX HEMAaToJ, — MHOTHE BaX-
Hbl€ TUINEBbIE U KOPMOBbBIE KYJIbTYPhI, B TOM YKCJIE
3ePHOBEIE, OBOIIIHBIE U 6000BbBIE, a TAKXKE IEKOPATUB-
Hble ¥ IIBETOYHBbIE. [I0 HEKOTOPBHIM OIleHKaM, oblie-
MUPOBbIE IIOTEPU YPOXKasd CEeJIbCKOXO3SIHCTBEHHBIX
KyJIbTYp OT IapasuTHWpPOBAHUS HEMATOJ Ha pacTe-
HUIX OLIEHUBAIOTCS CBbILIE 77 MIPZ mojmapos CIIA
B ron (Seinhorst, 1986). B Poccuy M3BECTHBI OKOJIO
160 BUIOB MMapasUTUUYECKUX HEMATOJ, IIOPAXKAIOIINX
BereTaTuBHbIE (IT06Er U KOpPeHb) U TeHepaTUBHLIE
(ceMeHa U TIIOMBI) OpraHbl PaCTEHUM U3 pasHbBIX ce-
MercTB. KpoMe TOro, 4acTb 9TUX HEMATOJ, ABJISIOTCS
ODHOBPEMEHHO U ITePeHOCUYMKaMU I'PUOHBIX, 6aKTe-
pUaNbHBIX M BUPYCHBIX 3a00JIeBaHUM, KOTOPbIE yCU-
JINBAIOT MX HEraTWBHOE BIMAHME Ha 3apa’keHHbIe
pacrenus (AHUCUMOB U ., 2009).

MeTonbl KOHTPOJIST YUCJIIEHHOCTY U BPEIOHOC-
HOCTU (UTONAPA3UTUUYECKIX HeMaTOo I, B HAacTosIIee
BpeMs He OTJIMYalTCcsd MHoOroo6pasueM. BbICOKO-
3¢ eKTUBHbIE XUMUUECKYE ITperapaTbl-HeMaTUITH b
M3-3a CBOEl TOKCMYHOCTH OKa3bIBAIOT BPEIHOEe BO3Iei-
CTBUE Ha OKPY’KAIOIIYI0 CPELY, B TOM YUCJIE U HA 3[T0PO-
Bb€ YeJIOBEKa, [I03TOMY UX UCITOJIb30BaHYE B CETbCKOM
XO3SIMICTBE OrpaHudeHo. [IprMeHeHNe JKe CIIeluaIn31-
POBAHHBIX XUITHUKOB, a TaK)XXe OMOJIOrMYECKHUX IIpe-
TIapaToB Ha OCHOBE MaTOTeHHBIX JIJIsT HeMaTo | 6aKTe-
puii 1 rpubOB He BCerla ONpaBILaHHO DKOHOMUYECKU
(Van Riel, Mulder, 1998; Whitworth et al., 2018).

Hawunbojyiee JOCTYIHBIM METOZOM PeEryanupoBa-
HUS Ha CeTOIHS IBJIIeTCsS IPoPUIaKTUKa QUTOTeIb-
MMWHTO30B ITyTEM ITPUMEHEHUS MeP I10 OTPaHUYEHUI0
pacmpocTpaHeHUsI HEMATO/, U3 ovara 3apakeHus (Ka-
PaHTUHHbBIE MEPOIIPUATHS), a TAK)KE TaKle arpPoTeX-
HUYECKUe TIPUEeMBI, KaK BO3/IeJIbIBAHNE YCTOUYUBBIX
COPTOB U UCITOJIb30BaHME HAYYHO 000CHOBAHHBIX CHC-
TeM CeBO0OBOPOTA.

Pop Aphelenchoides elie He TIOJTHOCTBIO YIIOPSI0YEH
C TOUKY 3PEHUS CUCTEMATUKY M HOMEHKJIATyPhI. B Ha-
CTOsIIIlee BPeMS CUMTAETCs, YTO OH BKJIIOUAET B ce0s
okoJio 180 Bumos (Handoo et al., 2020). BoJIBIINHCTBO
HemaTogm Aphelenchoides spp. — 3To MuKodaru, KOTopbie
00UTAIOT ¥ PAa3MHOXAITCI B pusocdepe 3apakeH-
HBIX TprbaMu pacTeHnit. OCHOBHOM SKOHOMUYECKUH
yiiep6b HAHOCSAT JUCTOBbIe HEMATOMAbI, TUTAONIIMECS
BHYTPY HaJI3€MHBIX YacCTell PacTEeHUU, IpeuMyle-
CTBEHHO B JIUCThAX U OyTOHAX. BasxkHEUIITUMY BpeIUTE-
JITMU CPey JIUCTOBBIX HEMATO/I SIBJISTIOTCST HEMATOMbI
pona Aphelenchoides: 3eMnsiHUYHas HeMaToza A. fragari-
ae (Ritzema Bos) Christie, xpu3anTeMHas HeMaToma

Key words. Phytosanitary, morphology, morpho-
metry, polyphage, host plants.

INTRODUCTION

hytopathogenic plant nematodes belong to

the most dangerous and economically im-

portant pests of agricultural crops world-

wide. The host plants of these nematodes

include many important food and forage
crops, including grains, vegetables and legumes, as
well as ornamental and floral crops. According to
some estimates, global crop yield losses from nema-
tode parasitism on plants reach over $ 77 billion per
year (Seinhorst, 1986). About 160 species of parasi-
tic nematodes are known in Russia, affecting the ve-
getative (shoot and root) and generative (seeds and
fruits) plant organs from different families. In ad-
dition, some of these nematodes are also vectors of
fungal, bacterial and viral diseases, which enhance
their negative impact on infected plants (Anisimov
et al., 2009).

Methods for controlling the number and harm-
fulness of plant-parasitic nematodes are currently
not very diverse. Due to their toxicity, highly effective
chemical nematicides have a harmful effect on the en-
vironment, including human health, which accounts
for their limited use in agriculture. The use of specia-
lized predators, as well as biological preparations
based on bacteria and fungi pathogenic for nematodes,
is not always economically justified (Van Riel, Mulder,
1998; Whitworth et al., 2018).

The most accessible control method today is the
prevention of phytohelminthoses by using measures
to limit the spread of nematodes from the source of
infection (quarantine measures), as well as such agro-
nomic practices as the cultivation of resistant varie-
ties and the use of scientifically based crop rotation
systems.

The genus Aphelenchoides is not yet fully organized
in terms of taxonomy and nomenclature. It is current-
ly believed to include about 180 species (Handoo et al.,
2020). Most nematodes Aphelenchoides spp. are myco-
phages that live and reproduce in the rhizosphere of
plants infected with fungi. The main economic damage
is caused by foliar nematodes feeding inside the above-
ground parts of plants, mainly in leaves and buds. The
most important pests among foliar nematodes are
those of the genus Aphelenchoides: A. fragariae (Ritze-
ma Bos) Christie, A. ritzemabosi (Schwartz) Steiner &
Buhrer, A. besseyi Christie, 1942 (Sanchez-Monge et
al., 2015) and A. blastophthorus Franklin, 1952. Aphe-
lenchoides spp. parasitize more than 700 plant spe-
cies from 85 families, including ferns, herbaceous and
woody plants such as onions, garlic, corn, potatoes,
soybeans, Chinese cabbage, sugar cane, horseradish,
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A. ritzemabosi (Schwartz) Steiner & Buhrer, pucoBas He-
matoga A. besseyi Christie, 1942 (Sanchez-Monge et al.,
2015) u moukosagHas HeMaToma A. blastophthorus Frank-
lin, 1952. AdeneHXOUAHbIE HEMATOAbI IAPA3UTUPYIOT
6osee ueM Ha 700 Bumax pacTeHuUi u3 85 ceMeUCTB,
BKJIIOYasl MallOPOTHUKY, TPABIHUCTBIE U JPEeBECHbIe
pacTeHus, Takue Kak JIyK, YeCHOK, KyKypy3a, KapTo-
(enb, cos, meKMHCKas KamycTa, CaXapHbIil TPDOCTHUK,
XPeH, JINCThS cajlaTa, MIIeHNIIa, [IBETOYHbIE, KOCTOY-
KOBBI€ KYJbTYPhI, KayuyKoBoe mepeBo (KupbsHOBA,
Kpamib, 1971). JIucToBble HEMATOIbI MOTYT O6UTATH
KaK BHYTPHU JIUCTHEB, ITOYEK, TAK U HA UX TOBEPXHOCTU
B IJIEHKE BOMBI. [TMTAIOTCS OHU COTEPIKUMBIM KJIETOK,
B PE3YJIbTATE YETO JIMCThsI, 0COGEHHO MOJIOZbIE, CTAHO-
BATCSI CKPYYEHHBIMU, MICKPUBJIEHHBIMU U HEJIOPA3BU-
TBIMU. PacTeHus, TTIOpaKeHHbIE JINCTOBBIMU HEMATO-
IaMU, YaCTO OCTAIOTCSI HM3KOPOCIBIMU U CTAHOBSATCS
KycTucTeIMU (XOMSK U Ap., 2021). JIUCTHS BHITIALAT
U30THYTBIMU, CKPYUYEHHBIMU UJIU MOPIIUHUCTBIMU
1 UMeIOT 60Jiee TeMHBIN IIBET, YeM 06bIUHO. KpacHo-
BaTBIN IIBET MOXKET ITOSIBUTHCS Ha KPasX JIMCTA, )KUJIKU
u yepenrka. Takve pacTeHYs MTO3IHO HAYMHAIOT ILJIO-
nmoHocuthb (Kohl, 2011; KupbsHoBa, Kpajib, 1971). [To-
BpeXZeHYE JTUCTOBBIMY HEMATOLAMU MOXXHO CITyTaTh
¢ 3a60/1eBaHUSIMY, BBI3BAHHBIMY HEKOTOPHIMY H6aKTe-
pusiMu, rpubaMu, BUpycaMu, HEJJOCTATKOM ITUTATeb-
HBIX BEIIECTB WM XUMUYECKUMU ITOBPEXKACHUIMU
(KupbsiHoBa, Kpajib, 1971).

B Poccuu A. fragariae n A. ritzemabosi He UMeIOT
cTaTyca KapaHTUHHBIX BUJIOB. B HacTosiee BpeMs
OHU PETYJIMPYIOTCS B Psjlie CTPaH, KyZa SKCIIOPTUPY-
eTCs POCCUICKas MPOAYKIIWS. B ciiyyae BbISIBIEHUS
5TUX BUJIOB HEMATO/J B ITOCTABJISIEMOY TIPONYKIINH,
COIJIACHO MEeXIYHAPOLHOMY M HAaIlMOHAJIbHBIM (DUTO-
CaHUTAPHBIM 3aKOHOZATEJIbCTBAM MOTYT OBITH IPU-
HSATBI COOTBETCTBYIOIIUE (DUTOCAHUTAPHBIE MEPHI
(HammpuMep, BO3BpaT, YHUUTOXKEHUE, 00paboTKY WU
BBeJleHVE BDEMEHHbBIX OTPAaHUYEHW M Ha BBO3 ITPOYK-
LIUY, B TOM YMCJIe 3epHOBOI, U3 Poccuu), UYTO IPUBO-
IUT K CYIIEeCTBEHHBIM 3KOHOMMWYECKUM U3AEPIKKaM.
Llenbio JaHHOU paboTHI SIBISAIOCH YTOUHEHYE KPyTa
pacreHui — xo3s€B A. fragariae u A. ritzemabosi v cuM-
TITOMOB UX ITOBPEXIEHUN.

MATEPUAJIbBI U METO/1bI

MaTepuaJioM JJis CCIIeIOBAHUS ITOCTY)KIIY PACTEHUS
JIeKOPaTUBHBIX KYJIbTYP, 3€MJITHUKY CaZOBOM, pUCa,
JIFOIIEPHBI U IPYTUX, KOTOPble OTOMPAIy B MUTOMHU-
Kax, 60TaHUYECKUX cajJlaX U B ITOJISIX CEBOOOOPOTOB.

JlJ1s1 BU3yaJIbHOT'O BBISIBJIEHY ST HEMATO/I030B U OT-
6opa Npob PacTUTENbHBIX TKAHEH ¥ IPUKOPHEBOTO
TPYHTAa UCIIOJIb30BAJIX CUCTEMY pacCIpeieJIeHUs pac-
TUTEJIbHBIX HEMATO/, 110 TUIIaM IIOBPEXIeHNs pacTe-
Huit Ixx. Kpuctu (Courtney et al., 1955).

Il BBIZEIEeHNST HEMATOJ M3 TIOYBBI U PACTU-
TeJIbHBIX TKaHel MCIIOJb30BaJy MOAUMUIINPOBAH-
HBIU MeToZ BepMaHa co CPOKOM 3KCIIO3UIUY B 5 Cy-
TOK (lekkep, 1972; XoMak u gp., 2021), a TaKKe METO[,
(aoTanyu. YMepIiBieHe HEMATO, OCYIIECTBIISIIIN
nyTeM HarpeBaHus (Hooper, 1986).

BpeMeHHbBIe TpeTapaTsl ¥ OKpallluBaHUe Jeiaau
o cTaHmapTHbIM MeTomukaM (KupbsgHoBa, KpaJiib,
1971; Hooper, 1986). [Ipu omnpeneieHu BUIOB KC-
TI0JIb30BAJIU OTIPEENIUTENbHbIE TAOAUIIBI U KIIOUYU
(KupbsgHoBa, Kpamab, 1971; Chitwood et al., 1965;
MccCuiston et al., 2007; Stirling et al., 2002).

lettuce, wheat, flowers, stone fruits, rubber tree (Kiry-
anova, Krall, 1971). Foliar nematodes can live both
inside leaves, buds, and on their surface in the wa-
ter film. They feed on the cell contents, as a result of
which leaves, especially young ones, become curled,
twisted and underdeveloped (Khomyak et al., 2021).
Leaves appear bent, curled, or wrinkled and are dark-
erin color than normal. A reddish color may appear on
the leaf margins, veins and petiole. Such plants begin
to bear fruit late (Kohl, 2011; Kiryanova, Krall, 1971).
Foliar nematode damage can be confused with dis-
eases caused by certain bacteria, fungi, viruses, nu-
trient deficiencies or chemical damage (Kiryanova,
Krall, 1971).

In Russia, A. fragariae and A. ritzemabosi do not
have the status of quarantine species. Currently, they
are regulated in some countries importing Russian
products. In accordance with international and na-
tional phytosanitary legislation, if these nematode spe-
cies are detected in the supplied products, appropri-
ate phytosanitary measures can be taken (for example,
return, destruction, treatment or the introduction of
temporary restrictions on the import of products, in-
cluding grain, from Russia), which leads to significant
economic costs. The purpose of this work was to clarify
the range of host plants for A. fragariae and A. ritzema-
bosi and their damage symptoms.

MATERIALS AND METHODS

The material for the study was plants of ornamental
crops, strawberries, rice, alfalfa and others, which were
selected in nurseries, botanical gardens and in crop
rotation fields.

For visual nematode detection and sampling of
plant tissues and root soil, we used J. Christie’s sys-
tem of plant parasitic nematodes distribution by type
of plant damage (Courtney et al., 1955).

To extract nematodes from soil and plant tissues,
amodified Berman method with an exposure period of
5 days was used (Dekker, 1972; Khomyak et al., 2021),
as well as the flotation method. Nematodes were killed
by heating (Hooper, 1986).

Temporary slides and staining were done accord-
ing to standard methods (Kiryanova and Krall, 1971;
Hooper, 1986). When identifying species, identifica-
tion tables and keys were used (Kiryanova, Krall, 1971;
Chitwood et al., 1965; McCuiston et al., 2007; Stirling
et al., 2002).

Studies were carried out on microscopes Stemi
2000-C (Carl Zeiss) and Imager.A1 (Carl Zeiss) with
a photo attachment based on AxioCam MRc.

RESULTS AND DISCUSSION

For the study, samples of plants with symptoms of fo-
liar nematode damage were selected. Symptoms of
nematode infestation are often confused with those
caused by pathogens such as bacteria or fungi. Plants
can respond differently to nematode damage (Chataos-
ka, 2006), and symptoms vary among crops. During
our research, it was revealed that on infected thick and
succulent leaves, areas initially appear as if saturated
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Puc. 1. Hekpo3bl Ha NIUCTbAX Fig. 1. Necrosis Puc. 2. Xnopo3s nuctbeB Ha npumyne  Fig. 2. Leaf chlorosis on

Kiemartuca npu nopa>keHnn on clematis leaves caused BeuepHen, NopaxKkeHHoW evening primrose caused
XPWU3aHTEMHON NTUCTOBOM by Aphelenchoides 3eMISSHUYHOM NINCTOBOM HemaTogoln by Aphelenchoides
HemaTogol Aphelenchoides ritzemabosi (photo by Aphelenchoides fragariae fragariae (photo by
ritzemabosi (choTo E.A. Xynskoon) E.A. Khudyakova) (choTo E.A. XynskoBoit) E.A. Khudyakova)
ViccnemoBaHUS MIPOBOAUIN HAa MUKPOCKOIIAX with water. Damage symptoms of collected plants were
Stemi 2000-C (Carl Zeiss) u Imager.A1 (Carl Zeiss) divided into groups and illustrated.
¢ hoToHacamkoi Ha ocHOBe AxioCam MRc. Leaf necrosis is caused by the movement and
feeding of nematodes in leaf tissues, which leads to
PE3YJIbTATBI 1 OBCYKJEHUE rupture of the mesophyll. The first symptom of nema-
Ins ucciaemoBaHuUs OTOMpAK 00pasIlbl pacTeHUN tode feeding is the appearance of many small spots
C CUMIITOMaMu IOPa)XeHUsd JIUCTO-

BBIMU HeMaTojgaMu. JacTo cuMnTo-  [Nis - : SV
MBI [IOPA)KEeHUs] HEMATOLAMMY [yTAIOT [ ' '

C CUMIITOMAaMU, BBI3BAHHBIMHU IaTO-
TeHHBIMU MUKPOOPTaHW3MaMU, Ha-
npuMep 6aKTEPUAMU WIKU FPubaMu.
PacTeHuss MOTYT I10-pa3HOMY pea-
rUPOBaTh Ha MOpakeHre HeMaTo/a-
mu (Chataoska, 2006), 1 CUMIITOMBI
Ha Pa3HBIX KYJbTYPaX OTIMYAIOTCS.
B Xoze HalIero ucciefoBaHus 6b1I0
BBISIBJIEHO, UTO Ha 3apa’kKeHHBIX
TOJICTBIX Y COYHBIX JIUCTbIX MEPBO-
HavaJbHO MOSABJISIOTCS YYaCTKHU, KaK

OBl POTTUTaHHbIE BOAOU. CUMIITOMBI Puc. 3. Xnopo3s nuctbes 3emnsHukn  Fig. 3. Chlorosis of garden strawberry
TIOPXEHUs COOPAHHBIX PACTEHUH  capooii, nopaeHHoii A. fragariae  leaves caused by A. fragariae

ObLIK pa3zesieHbl Ha TPYIIIILL U IIPO-  (hoTo O.B. CunkeBuy, Kapenbckuit  (photos by O.V. Sinkevich,
WJIJIIOCTPUPOBAHBIL. thunuan Orey «BHUNKP») Karelian branch of FGBU “VNIIKR”)

Hekpo3bl JIUCThEB BbI3BAHBI 1€-
peMellleHUEeM U MUTAaHWEM HeMAaTOZ,
B TKAHSX JIMCTA, YTO IIPUBOJIUT K pas-
pBIBY Me3oguia. [IepBbIfi CUMIITOM
MUTAaHUSI HEMATOJ, — 3TO TOSIBJIeHUE
MHOXXECTBA MEJKUX HATeH MEXIY
JKUJIKaMU JIUCTheB. CO BDEMEHEM 3TU
MITHA YBeJIMUMBAKOTCI B pa3Mepax,
a 3aTeM CTAaHOBUTCS KOPUUYHEBBIM
BECh CEKTOP JIMCTA MEXY KUJIKaMU
(cm. puc. 1).

XJI0pP03 JINCThEB — 5TO PAaHHUU
CUMIITOM, XapaKTePHBIN JJIsT HEKOTO-
PBIX MHOTOJIETHHUKOB, HAIIPUMED IIPU-  pyc, 4. CumMnToMbl nopaskeHusi  Fig. 4. Damage symptoms on orchid
MyJibl BeUepHel KyCTapHUKOBOM. 3a-  nuctbes opxupeu A. fragariae  leaves caused by A. fragariae
TEM XJIOPOTUUYECKUE ITATHA CTAHOBATCA  (thoTo E.A. XyasikoBoit) (photos by E.A. Khudyakova)

KOPUYHEBBIMU, faBasi KAPTUHY TUTTNY-
HBIX HEKPO30B, OrPaHUYEHHBIX KIJIKaMu (CM. puc. 2, 3).

Mo3auMYHOCTD JIUCTBEB. Ha INCThIX 06PasyoTcs
CBETJIO-3eJIEHBIE U XKEJITOBAThIE XaOTUYHO pa3GpocaH-

Hble IIITHA (CM. puc. 4). Hos6pb N2 4 (16) 2023 31
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between the veins of the leaves. Over time, these spots
increase in size, and then the entire sector of the leaf
between the veins turns brown (see Fig. 1).

Leaf chlorosis is an early symptom typical of
some perennials, such as evening primrose bush. Then
the chlorotic spots turn brown, giving a picture of typi-
cal necrosis limited to veins (see Fig. 2, 3).

Leaf mosaic. Light green and yellowish chaotical-
ly scattered spots form on the leaves (see Fig. 4).

Stunted growth of the main shoot. Plants se-
verely damaged by nematodes develop in the spring
much later than healthy ones; they are deformed and
stunted (see Fig. 5).

Death of apical flower and leaf buds. Plants

Puc. 5. 3apepxka Fig. 5. Stunted growth bloom worse and show stunted growth. Such symp-
pocTta u pecdopmauus and deformation of shoots . . )
N0BEroB 1 NNCTLER and leaves of garden toms are typical of Buddleja, Chrysanthemum (see Fig. 6).
3eMIISIHUKU Caf0BOW, strawberries caused Spots are not always limited to veins, redness,
nopaeHHoii A. fragariae by A. fragariae hyperpigmentation and browning of leaves appear
(choTo E.A. Xyaaxoson) (photo by E.A. Khudyakova) (see Fig. 7).

3ajep:KKa pocTa OCHOBHOIO
mo6era. CUJIbHO MOBPEXIEHHbIE He-
MaTomaMU PacTeHUs Pa3BUBAIOTCH
BECHOM HAMHOIO I03e 3[0POBBIX,
oHM JeopMUPOBaHHbIE M HU3KOPOC-
Jiple (CM. puc. 5).

OTMHUpaHWe BepPXyUIeYHBIX
IBETOYHBIX U JIMCTOBBIX IOUEK.
PacTeHUs Xy)Ke [IBETYT U ITPOSBIISIIOT
3allepKKy pocTa. Takye CUMIITOMBI
XapaKTepHBbI IJg 6yaIen, XpU3aH-
TeM (CM. puc. 6).

IIaTHa He BCerja orpaHuYeHbl

(

Puc. 6. OTMupaHue BepxyweuHbix  Fig. 6. Dying of apical flower buds
KUJIKAMHU, TI0SBJISIOTCA IIOKPACHE- | geToyHbIX NOUeK Ha XxpusaHTemMax on Chrysanthemum caused

HUs, TUIIePIIUTMeHTanus U Io6ype-  npu nopaxenuu A. ritzemabosi by A. ritzemabosi

HUe JIUCThEeB (CM. puc. 7). (dhoTo E.A. Xyaskosoit) (photos by E.A. Khudyakova)

Puc. 7. NInctba nenapronuun, Fig. 7. Pelargonium leaves Puc. 8. luctbs acxuHaHtyca Fig. 8. Aeschynanthus

nopaxeHHble A. fragariae damaged by A. fragariae Aeschynanthus speciosus, speciosus leaves damaged

(choTo E.A. XynakoBoit) (photo by E.A. Khudyakova) nopaxeHHole A. fragariae by A. fragariae (photo by
(choTo E.A. XynsakoBoi) E.A. Khudyakova)
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TeMHble BOASHUCTBIE HMATHA
00pasyloTCcs cHadajla Ha HWXKHUX
JIUCTBSIX, OTPAHUYUBAIOTCS TTPOKIUII-
KaM¥, TI03)Ke OHU CTAHOBATCS KO-
PUYHEBBIMU, MPOILECC COTIPOBOXK/A-
eTcs CKPyuYMBaHUEM JIUCTbeB. Takue
CUMIITOMBI TUTTUYHBI JIJIT CUHHWH-
TUU U JPYTUX PacTeHui cemeicTaa
Gesneriaceae (cM. puc. 8).

OmnuvcaHHBIE BhINIE TTOBPEXE-
HUS TIOSIBJISIFOTCS HAa PACTEHUSX, 3a-
paXKeHHBbIX HeMaToZaMM B Hadaje
ce30Ha. B caydae ecau TPOUCXOIUT
3apakeHue JIMCTOBBIMU HEMATOLAMU
B KOHIIe BereTalluu, BHENIHUE CUM-
TITOMBI OTCYTCTBYIOT.

Vi3 cobpaHHBIX PACTUTEJIbHBIX
06pasIioB BIIENAIN HEMATOM, MO -
unupoBaHHBIM MeTOOM BepMaHa
(cM. puc. 9). i3aMeIbUYeHHbIA PacTu-
TeJIbHBIN MaTepuaJI IOMENIAIu B BOAY Ha 12 U ¢ rTociie-
JIYIOUAM ITPOCMOTPOM TI0]] CBETOBBIM MUKPOCKOIIOM.
BhISIBJIEHHBIX HEMATOJ, KYJIbTUBUPOBAJIH, TPOBOAUIN
MOPGhOJIOTUYUECKUH aHATIUS.

[TpUHAIJIEKHOCTDb BBIIEJIEHHBIX HEMATO]] OTIpe-
JIeJISLTY 0 BUIa MOP(MOJIOTUYeCKUM U Mop(oMeTpuye-
CKUM MeTofiaMu. [TapaMeTphl UCCIeAYEMbIX HEMATO],
COOTBETCTBOBANU BumaM A. fragariae w A. ritzemabosi
(pazmepsr 1o Chizhov et al., 2006) (3uHOBbEBA U [p.,
2012) (cM. Tabi. 1).

MopdomeTpuyeckre MpuU3HaKu 060UX BULOB
GJIM3KU 110 CBOMM ITOKa3aTeJsIM, HO OHU OTJIUYAI0T-
¢Sl TI0 MYKPO. XBOCT A. fragariae OKaHYUBAETCS MIPO-
CTBIM MYKPO, a XBOCT A. ritzemahbosi OKaHYMBAETCS
XapaKTEepPHBIM [JI BUJA YETHIPEXTYUEBbIM MYKPO
(cm. puc. 10, 11).

B oTeuecTBeHHOU nuTepaType uHbGOpMa-
U O PACIIPOCTPAHEHHOCTHU JIMCTOBBIX HEMATO],
poma Aphelenchoides orpaHU4YUBaEeTCS KyJIbTypa-
MU pUCa U 3eMJITHUKU CaZ0BOM, HO MPAKTUYECKU
He 3aTparuBaeT AUKOPACTYIIVe U JeKOPaTUBHBIE
pacTeHusd.

Puc. 9. BoigpeneHune Hemartog,
MOAU(ULUPOBAHHBIM METOLOM
BepmaHa (choTo E.A. Xypsakosoit)  (photos by E.A. Khudyakova)

Fig. 9. Nematode extraction using
the modified Berman method

Dark watery spots are formed first on the lower
leaves, limited to veins, later they turn brown, the pro-
cess is accompanied by leaves curling. Such symp-
toms are typical for Sinningia and other plants of the
Gesneriaceae family (see Fig. 8).

The damage described above appears on plants
infected with nematodes at the beginning of the sea-
son. If infection with foliar nematodes occurs at the
end of the growing season, there are no external symp-
toms.

Nematodes were extracted from the collected
plant samples using the modified Berman method (see
Fig. 9). The crushed plant material was placed in water
for 12 hours and then viewed under a light microscope.
The identified nematodes were cultured and morpho-
logical analysis was carried out.

The identity of the extracted nematodes was de-
termined to species using morphological and morpho-
metric methods. The parameters of the studied ne-
matodes corresponded to the species A. fragariae and
A. ritzemabosi (sizes according to Chizhov et al., 2006)
(Zinovieva et al., 2012) (see Table 1).

Ta6J. 1. CpegHue MopdoMeTpUUECKHE ITapaMeTPhI BbIZeJIEHHBIX JIUCTOBBIX HEMATO],

A. fragariae u A. ritzemabosi B Mkm (n = 10)

Table 1. Average morphometric parameters of extracted foliar nematodes

A. fragariae and A. ritzemabosi in pm (n = 10)
A. fragariae

A. ritzemabosi

Mopdomerpuueckue Morphometric

nmapaMeTpbl parameters camku females camupl males camku females camupl males
[nuHa Tesa Body length 550+ 42,6 520+ 47,5 790 £ 49,1 640 + 41,7
[lupuHa Tena Body width 12+1,2 11+1,4 18+1,4 16 +1,7
JlnvHa XBocTa Tail length 26+ 2,7 23+3,5 43 + 3,0 37 +3,0
lmuHa cTuneta Stylet length 9+2,0 8+2,0 11+£1,2 11+21
CIIuKyJbI Spicules = 12+1,0 = 17+1,1

a a 45,8 +4,5 47,3 +3,4 43,9 £ 3,7 40,0 + 3,9

¢ c 21,2+1,1 22,6 £1,3 18,4+1,0 17,3+£1,1
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Puc. 10. CnoxxHoe MyKpo y A. ritzemabosi  Fig. 10. Complex mucro of A. ritzemabosi
(choTo E.A. XynakoBoi)

Puc. 11. NpocTtoe Mmykpo y A. fragariae Fig. 11. Simple mucro of A. fragariae
(photos by E.A. Khudyakova)

(choTo E.A. XynsikoBoit)

B xome paboTel cobupaniy 06pasibl JUKOPACTY-
1IMX MAallOPOTHUKOB B 3allOBeJHUKe «Katyxckue 3a-
cexu» U B [IpUMOPCKOM Kpae, 00pasilbl 3e MISTHUKHA
CaJl0BOM C YaCTHBIX YyYaCTKOB B MOCKOBCKOU o6Jia-
CTHU, 00Pa3Ilbl PA3IMYHBIX TEeKOPAaTUBHBIX PACTEHUN
B HUKMTCKOM 6OTaHUYECKOM cay U B BoTaHUYeCKOM
cany Ilerpa Benukoro CaHkT-IleTep6ypra, o6pas-
bl puca B KpacHomapckoMm kpae. CIIMCOK pacTeHUH,
Ha KOTOPBIX OBLIY BBISIBJIEHBI JINCTOBbIE HEMATO/BI,
IpuBeneH B Ta0II. 2.

BriepBble Ha acXxuHAHTYCe Aeschynanthus speciosus
BBISIBJIEHA JINCTOBAs HeMaTofa A. ritzemabosi, a Ha PyK-
cuu Fuchsia pringsheimii — A. fragariae.

[To npuBefeHHBIM B TabJyuile JaHHBIM BUIHO,
YTO Ha IeKOPaTUBHbBIX PACTEHHUSIX Yallle BCTPEYaIach
XpU3aHTEMHAas JIMCTOBasd HeMaTona A. ritzemabosi.
3eMITHUYHAS JTUCTOBasA HeMaToza A. fragariae 6bL1a
oO0Hapy)XeHa Ha IMANOPOTHUKAX B €CTECTBEHHBIX
6roIeHO3axX B 3amoBeqHUKe «KaJly)XCKue 3aceKu»
u B [IpuMopckoM Kpae. O6a Bula B CMeIIaHHOM IT0-
My Y ObIIX BBISIBJIEHBI HA MTOCAJIKaX 3eMJITHUKYI
camoBoi B Kpeimy. Ha mocagkax puca B KpacHozap-
CKOM Kpae JIMCTOBbIE HEMATO/Ibl He ObLIIY BBISIBJIEHBI.
[To pesyabTaTaM 06HaPYKEHUU JIMCTOBBIX HEMATOT,
Ha TeppuTopuu Poccuiickoy ®emepanuu Kpyr pac-
TEHU-X0351€B 0Kasajcsl 3HAUUTEJbHO IINPE, YEM
yKasblBaJIOCh DaHee.

3AKJ/IIOYEHUE

B x0/le TPOBENEHHBIX SKCITEIUIUYN B Pa3JIUUYHbIE pe-
ruoHbl Poccuiickoit ®emepanuy 661U COOGpaHbl 06-
PasIbl PACTEHUN C MPU3HAKAMY TOBPEXIEHUS JIU-
CTOBBIMM HeMaTogaMu. JlaibHeN e JabopaTopHbIie
MCCIIeIOBaHMs TIOKA3aJiy, UYTO MHOTHE TeKOPaTUBHbIE
¥ IVUKOPACTYIIVEe PACTEHUS OBLIN TTOPAXKEHBI IBYMS
BUIAMU JIUCTOBBIX HEMATO — A. ritzemabosi v A. fragari-
ae. OGHaPY’KeHBI HOBbIE PACTEHUsI-X03seBa. HeMaToa
A. ritzemabosi BriepBble OblIa BbIIBJIEHA Ha Aeschynan-
thus speciosus, a A. fragariae — Ha Fuchsia pringsheimii.
CocTagsJyieH U MPOUJUIIOCTPHUPOBAH CITMCOK CUMIITOMOB

(photos by E.A. Khudyakova)

The morphometric charac-
ters of both species are similar
in their indicators, but they dif-
fer in mucro. A. fragariae tail ends
in a simple mucro, while the tail
A. ritzemabosi ends with a four-ray
mucro characteristic of the spe-
cies (see Fig. 10, 11).

In the Russian studies, in-
formation on the distribution of
Aphelenchoides foliar nematodes
is limited to rice and strawberry
crops, but practically does not af-
- fect wild and ornamental plants.
During this work, there were

collected wild ferns samples in
the Kaluga Zaseki Nature Reserve
and in Primorsky Krai, samples of
garden strawberries from private
plots in Moscow Oblast, samples of
various ornamental plants in the
Nikitsky Botanical Garden and in
the Peter the Great Botanical Gar-
den of St. Petersburg, and samples
of rice in Krasnodar Krai. The list
of plants on which foliar nema-
todes were identified is given in Table 2.

A. ritzemabosi was first detected on Aeschynanthus
speciosus, and A. fragariae — on Fuchsia pringsheimii.

According to the data given in the table, it is clear
A. ritzemabosi was nore frequently detected on orna-
mental plants. A. fragariae was detected on ferns in na-
tural biocenoses in the Kaluzhskie Zaseki Nature Re-
serve and in Primorsky Krai. Both species in a mixed
population were identified in strawberry plantings in
Crimea. No foliar nematodes were detected on rice
plantings in Krasnodar Krai. Based on the results of
detections of foliar nematodes in the Russian Federa-
tion, the range of host plants turned out to be much
wider than previously indicated.

CONCLUSION

During expeditions to various regions of the Russian
Federation, samples of plants with damage symptoms
caused by foliar nematodes were collected. Further
laboratory studies showed that many ornamental and
wild plants were affected by two foliar nematode spe-
cies — A. ritzemabosi and A. fragariae. New host plants
were discovered. Nematode A. ritzemabosi was first de-
tected on Aeschynanthus speciosus, and A. fragariae — on
Fuchsia pringsheimii. A list of foliar nematode symptoms
on various plants was compiled and illustrated. Diffe-
rences were noted in the symptoms on thick and suc-
culent leaves and on thin leaves.

The collected herbarium material replenished
the Helminthology Laboratory collection of the Test-
ing Laboratory Center of FGBU “VNIIKR”. DNA has
been isolated and culture of living nematodes is main-
tained. The obtained materials will be used to prepare
methodological recommendations for the detection
and identification of foliar nematodes of the genus

duTocaHuTapus. KapaHtuH pactennii - 34



NWOEHTUOUKALMA IDENTIFICATION

MPOSBIEHUS JIUCTOBBIX HEMATO/, Ha PA3JIUYHBIX pacTe-
HUAX. OTMeUeHbI Pa3JIUYUI B CUMIITOMAaX ITPOSIBJIEHUS
Ha TOJICTBIX U COUHBIX JIUCThSIX 1 HA TOHKUX JIUCTHIX.

CobpaHHBIN TepbapHBI MaTepuas ITOIIOJHUI
KOJIJIeKIINI0 jJabopaTopuu reidbMuHTOJdOTUM WJII]
&I'BY «BHMUKP». Beigenena JHK u nmognep>XxuBaeTcs
KyJIbTYPa KMBBIX HEMATOZ, [ToJlydyeHHbIE MaTEePUAJIbl

Aphelenchoides. This will allow timely detection of ne-
matodes and take measures to prevent the introduc-
tion of the pest into plant products intended for export.
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Tab6J1. 2. PacTeHHs-X0351€Ba, HA KOTOPBIX BHISIBJIEHBI A. ritzemabosi vi A. fragariae
Table. 2. Host plants with detected A. ritzemahbosi and A. fragariae

CemeiicTBo Family

Buppl pacTeHuil Species

A. ritzemahosi A. fragariae

Leucanthemopsis alpina — XpusaHTeMa aIbIIuUCKas +
Chrysanthemum Spp. — Xpu3aHTEMAa +
Callistephus chinensis — acTpa KuTauckas +
Asteraceae — ACTpOBEIe
Rudbeckia fulgida — pynbexus 6aecTsimas +
Echinacea purpurea — s5XuHales MypIrypHas +
Ageratum houstonianum — arepaTyM X0OyCTOHa +
Asparagaceae — CriapXeBble Hosta plantaginea — XocTa IOLOPOXXHUKOBAS +
Asphodelaceae — AconenoBsie Hemerocallis sp. — TUIEAHUK +

Clematis heracleifolia — moMOHOC, UJIN KJIEMATHUC

" + +

6OPIIEBUKOJUCTHBIN

Clematis macropetala — KJieMaTUC KPYITHOJIETIECTKOBBIN ~ + +
Ranunculaceae - JIIOTUKOBBEIE

Anemone sylvestris — BeTpeHUIla JiecHas +

Ranunculus acris — TIOTUK eTKUHA +

Lavandula angustifolia — naBaH[a y3KOIUCTHAS +
Lamiaceae — ICHOTKOBbIE

Ajuga reptans — )XUByYKa TI0JI3y4ast +

Geranium cantabrigiense — repaHb KeMOPUIKCKAS +
Geraniaceae — 'epaHueBble

Pelargonium zonale — neaproHus 30HajbHasg +

Gesneriaceae — lecHepueBbie

Aeschynanthus speciosus — 3CXUHAHTYC BEJIMKOJIETTHBIN +

Oenothera biennis — 2HOTepa JIBYJIETHSS +
Onagraceae — Kunpetinbie

Fuchsia pringsheimii — pykcus +
Primulaceae — [IlepBo1IBETHBIE Primula veris — IprMyJia BECEHHSS +

Adiantum pedatum — aluaHTyM CTOTIOBUIHbBI +

Pteridaceae — [ITeprcOBbIE
WUJIY BEeHEPUH BOJIOC

Adiantum diaphanum — aguaHTyM IPO3PaYvHBIH,

Pteris longifolia — mTepuc MIMHHOIUCTHBIN +

Cibotiaceae — [Ilu6oTHrEBbIE ey

Cibotium cumingii — BUJ, JPEBOBUIHOTO ITAITOPOTHUKA

Dennstaedtiaceae — JeHHIITeATUEBLIE Pteridium aquilinum — opJyisik 06bIKHOBEHHBIN +
Bergenia cordifolia — 6aman cepAlleTuCTHBIN +
Saxifragaceae — KaMHeI0MKOBbIE
Tiarella cordifolia — TnapeJuia cepAlleIuCTHAS +
Rosaceae — Po3oiBeTHbIE Fragaria Sp.— 3eMJITHUKA + +
Hydrangeaceae — opTeH3u€eBbIE Philadelphus coronarius — 1yOyIIHUK BEHEYHbBI +
Caprifoliaceae — )KuMoJIOCTHBIE Weigela florida — Be#iresna 1BeTyIas + +
Scrophulariaceae — HOpu4HUKOBBIE Buddleja davidii — 6ynnies JaBuma +
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AHHOTALINA
[TacneH KkapoauHcku Solanum carolinense L.. — “HBa3u-
OHHBIN BUJI CEBePOaMePUKAHCKOTO ITPOUCXOKIEHUS.
STO MHOTOJIeTHee BETETaTUBHO-TIOBU)KHOE pacTe-
HUe, KOTOPOe 6BICTPO KOJIOHU3UPYET HOBBIE TEPPU-
TOpUU. 3aCOPSIET TIOCEBBI COU, KyKYPY3bl, MIIEHUILHI,
a Takke cafpl, mactbunia u HeobpabaTeIBaeMble 3eM-
Ju. VICTOUHMKOM paccejieHUs ITacjieHa KapoJINHCKOr o
B MUpe SBJISIIOTCS 3aCOPEHHBIE €T0 CeMeHaMU IapTuu
MIPOJOBOJILCTBEHHBIX IPY30B U3 CTPaH, I'Zle OH IMINPO-
Ko pacmpocTpaHeH. COpPHAK Upe3BbIYallHO 3aCyX0-
YCTOMYUB 3a CUET MICUCTBIX COUHBIX KOPHEH, TITy60KO
MIPOHUKAKIINX B IIOUBY; TEHEBBIHOCJIUB, XOTS IIPEJ-
TIOYUTAET OCBELIeHHbIE MECTOOOUTAHMS; MOXKET PACTU
B Pa3/IMUHBIX TUTIAX [I0YB, BbIIEP)KUBAET 3aTOIJIEHUE.
TeM He MeHee eT0 IT0A3eMHbIE OPraHbl YYBCTBUTEIbHBI
K HU3KUM IIOJIOKUTEJNbHBIM TEMIIEPATYPaM U He BbI-
IepXMBAIOT OTPULIATEJIbHBIX TEMIIEPATYP. ITO Orpa-
HUYMBAET ero NPOABU)KEeHNE B CEBEePHbIE PETUOHBI
U B TOPUCTBIE MECTHOCTU. B nocnenHue gecaTuieTus
B €BPOTIeNCKUX CTPaHaX 3aperuCcTPUPOBAHbBI HOBBIE
ciiyyau o6HapyKeHUS TacjeHa KapoJMHCKOTO B T10-
ceBax PasJIMUHbBIX KYJIBbTYD, BJIOJIb JOPOT, BOJIM3U TTOP-
TOBBIX TeppUuTopuii. CrienquanucramMmu EBpormeiickoi
u Cpeau3eMHOMOPCKOM OPraHrU3aIluuy 110 KAPAaHTUHY
u 3amuTe pactenuii (EOK3P) GbLI TPOBeleH aHAIN3
(uTOCAHUTAPHOTO PUCKA, I10 pe3yJibTaTaM KOTOPOT0
racyieH KapoJWHCKUH ObLI BKIIIOUEH B CITMCOK KapaH-
TUHHBIX opraHu3mMoB EOK3P B cTaTyce orpaHUYeHHO
npucyTcTByioiero Buza (EPPO..., 2022). Ha Tepputo-
puu Poccuiickoyt demepaiiuy 3TOT BUJ, OTCYTCTBYET,
HO MMEET CTAaTyC KapaHTUHHOTr0 06bEKTA, TaK KaK Cy-
1eCTBYET BbICOKUI PUCK €T0 TPOHNKHOBEHUS U3 CO-
celHUX rocyfapcTB (Hampumep, U3 [py3un) Wiu pu
BBO3€ UMIIOPTHOIO CEMEHHOT'0 MaTepuanaa KyKypy-
3bl, COM, MIeHUIbl (MockajieHKo, 2001). B ycioBusix
MIPOUCXOAAIIMNX TII06AJIBHBIX KIUMATUUYECKUX U3Me-
HEHUM OCTPO BO3BHUKAET BOIIPOC, B KAKUX HMIMPOTAX
MOJKeT aKKJIMMaTU3UPOBaThCS ITacjieH KapoJuHCKUN
Ha TeppuTopum Poccuiickoit denepanuu. VdyueHNI0
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ABSTRACT
Solanum carolinense L., Carolina horsenettle, is an in-
vasive species of North American origin. This is a pe-
rennial vegetatively mobile plant quickly colonizing
new territories. It contaminates soybean, corn, wheat
crops, as well as gardens, pastures and uncultivated
lands. Its main pathway is food shipments contami-
nated with its seeds from countries where it is wide-
spread. The weed is extremely drought-resistant due to
its fleshy, succulent roots that penetrate deeply into the
soil; shade-tolerant, although prefers illuminated ha-
bitats. It grows in various soil types, and can withstand
flooding. However, its underground organs are sensi-
tive to low positive temperatures and cannot withstand
negative temperatures. This limits its advance to the
northern regions and mountainous areas. In recent
decades, new detection cases of Carolina horsenettle
have been registered in European countries in various
crops, along roads, near port areas. Specialists from
the European and Mediterranean Plant Protection Or-
ganization (EPPO) conducted a pest risk analysis, as a
result of which Carolina horsenettle was included in
the EPPO list of quarantine pests with the status of a
limitedly present species (EPPO..., 2022). This species
is absent in the Russian Federation, though has the sta-
tus of a quarantine pest, since there is a high risk of its
introduction from neighboring countries (for example,
from Georgia) or when importing corn, soybean, and
wheat seeds (Moskalenko, 2001). In the context of on-
going global climate change, the question arises in
what latitudes can Carolina horsenettle can adapt on
the territory of the Russian Federation. This article is

duTocaHutapus. KapaHtuH pactenuii = 40
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0COOEHHOCTEH POCTa U Pa3BUTUS 3TOT0 BUIA B YCJIO-
BUSIX KOHTPOJUPYEMOT'O OTIbITA TTOCBSINEHA JaHHAs
CTaThs.

Knrouesvte cnosa. KapaHTUH pacTeHUM, QUTO-
CaHUWTapHbIEe PUCKY, UHBA3MOHHBIN BU, Solanum, Qe-
HOJIOTHS, CEMEHHAs IPOLYKTUBHOCTD.

BBEJEHUE

acjeH KapoJmHCKu# Solanum caro-
linense L. — MHOTOJIeTHee KOpHe-
OTTIPBICKOBOE pacCTeHUe, y KOTO-
poro u3 IPUIATOYHBIX ITOYEK Ha
rJaBHBIX U OOKOBBIX KOPHSX pas-
BUBAIOTCI HaJ3eMHbIe II00eTu —
KOPHEBBIE OTHPBICKY, CJIyXalllue
IIJIsT BETeTaTUBHOTO Pa3MHOXEHUS
(cM. puc. 1). B 6y1aronIpUSATHBIX YCIOBUSX PACTEHUS
MOT'YT JOCTUTaTh 10 1,2 M B BBICOTY, Pa3BUBAKOT MOII|-
HYI0 CUCTEMY YTOJIIEHHBIX KOPHEHN, TPOHUKAUIUX
Ha rybuny 6osiee 3 M (IInicki et al., 1962). Ctebiu,
JIUCTBSI, YallleuyKa IIBEeTKAa HECYT KpeIlKue >KeJIThle
KOJIIOUKY U yCaXkeHbI 3Be3UaThIMU BOJOCKaMu. JInc-
Ths IIeJIbHBbIE, OUepenHble, HA KOPOTKUX YepelrKax,
TIEPUCTO-JIOTIAaCTHBIE. LIBeTKM 060erojible, aKTHUHO-
MopdHbIe, coO6paHbl B BepXHel YacTy pacTeHUs B CO-
BeTusd-3aBUTKY. OKpacKa JIEIIECTKOB MOXXET OBbITh
6eJioit, Tory60BaTONM WMJIM CUPEHEBOU. [1JI0/bI-ATOIbI
JOCTUTAIOT OKOJIO 1-2 CcM B JOuaMeTpe; Hes3pejble
TIJIOBI OTJIMYAIOTCS XapaKTePHOM IOJI0CaTOM OKpac-
Kol ¢ 6ojiee TEMHBIMM 3€JIEHBIMU ITOJIOCKAMU, MIPU
CO3pEBAHUN STOAbl CTAHOBSTCS JXEJITHIMU C KOXU-
CTBIM OKOJIOTLIOZHUKOM. CeMeHa 2—3 MM B JjuaMeTpe,
OKPYTJIO-OBaJIbHbBIE, CXaThle C GOKOB, JKEJITOTO WU
KOPUYHEBOTO IBeTa C MeJKoOyropuaToll MacJsaHU-
CTO¥ ITOBEPXHOCTHIO.

[TacyeH KapoOJIUHCKUYN ABJIsIeTCS a6OPUTEHHBIM
BusoMm CeBepHoli AMepuku. Ha Tepputopuu Coenu-
HeHHBIX [IITaTOB 3TOT BUJ, BCTpeUYaeTCs BO BCEX IIITa-
Tax, KpoMe HeBasbl, BatioMuHra, MoHTaHbl, CeBEpPHOMU
IakoTsl, 'aBalieB, AJIICKU, IPUYEM B CEMU IITaTax
CIIIA macyieH cuMTaeTcs BpefoHocHbIM (Darlington,
1847; Wahlert et al., 2015). Ero Takxe MOYXHO Hali-
TU B caMBbIX I0KHBIX yacTax Kaunanmsl (KBebek, OHTa-
puo) u B HoBo#i IlloTnmauguu (Bassett, Munro, 1986;
VASCAN, 2021).

PacmpocTpaHeHue Buga B LleHTpanbHOl (Mek-
cuka, lautn) u I0kHON AMepuKe He MOATBEPXKIEHO
¥ OTPUIIAETCS PALOM aBTOpoB (Martinez et al., 2017;
Wahlert et al., 2015; Stehmann et al., 2015).

B Xome pa3sBUTHS TOPTOBBIX OTHOIIEHUN U He-
npeaHaMePEeHHON MHTPOAYKIIUY MacjieH KapoJuH-
CKUU CTaJl PACIIPOCTPAHITHCS Ha APYTre KOHTUHEHTHI
(cM. puc. 2 u Tabuiry).

Ha TeppuTtopuu EBpOIMENCKOT0 KOHTUHEHTA
S. carolinense pacripocTpaHeH B 15 cTpaHax, rje oT-
MeuYeH BOJIM3Y IIOPTOB, 000YMH JTOPOT U 110 OGeperam
PEeK, B MOJIX KYKYpPy3bl ¥ HeJaJIeKO OT KUBOTHO-
Bomueckux epm (CABI, 2021). B 2022 1. ciernuaiu-
cramu EOK3P 1nipu yyacTuu Hay4YHBIX COTPYLHUKOB

devoted to the study of the growth and development
characteristics of this species under controlled expe-
rimental conditions.

Key words. Plant protection, pest risks, invasive
species, Solanum, phenology, seed productivity.

INTRODUCTION

olanum carolinense L. is a a perennial

root-sprouting plant in which above-ground

shoots develop from adventitious buds on the

main and lateral roots — root shoots, which

serve for vegetative propagation (see Fig. 1).
In favorable conditions, plants can reach up to 1.2 m
in height and develop a powerful system of thickened
roots that penetrate to a depth of more than 3 m (IInic-
kietal.,1962). The stems, leaves, and calyx of the flow-
er bear strong yellow spines and are lined with star-
shaped hairs. The leaves are entire, alternate, on short
petioles, pinnately lobed. The flowers are bisexual, ac-
tinomorphic, collected in the upper part of the plant
in curlicue inflorescences. The color of the petals can
be white, bluish or lilac. The fruits are berries about
1-2 cm in diameter; unripe fruits have a characteris-
tic striped color with darker green stripes; when ripe,
the berries become yellow with a leathery pericarp.

(Horse-nettla)

Puc. 1. O6wuin o6nuk nacneHa Fig. 1. General appearance
KapoJIMHCKOrO (M3 KHUMU of Carolina horsenettle

Runnels H.A., Schaffner J.H. (from the book Runnels H.A.,
Manual of Ohio Weeds, Schaffner J.H. Manual of
1931, p. 73) Ohio Weeds, 1931, p. 73)
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OT'BY «BHUVIKP» GbLI ITPOBENIEH
aHaJiu3 GUTOCAHUTAPHOI'O PUC-
Ka IJig racjieHa KapOoJIMHCKOTO
U TIPUHSATO pPellieHre 0 BKIIYe-
HUM €T0 B CIIMCOK KapaHTUHHBIX
opranusmoB EOK3P B cTaTyce
OrpaHWYEHHO MPUCYTCTBYIOIIE-
ro Buga (A2). [I[puYKHOM IIpOBe-
IeHUsa OAaHHOTO aHajlu3a CTajau
HOBbIe OOHApPY)XeHUS COPHIKA
Ha TEPPUTOPUU CTPaH EBPOMHI.
OCHOBHBIM BEKTOPOM IIEpeHOCca
racjieHa KapoJIMHCKOTO Ha COBpe-
MEHHOM 3Tare 6bLIN MPU3HAHbI
3aCOpPEeHHbIe MapPTUY MHIIeHUIII,
KYKYypy3bl, COU, UMIIOPTUPYyEMbIE
U3 CTPaH pacrpoCcTpaHeHUs Cop-
aaka (EPPO..., 2022).

TTacjaeH KapoJWHCKUM 06Ja-
laeT BBICOKOU KOHKYPEHTOCIIO-
COBGHOCTBIO TI0 CPABHEHMUIO C JIPY-
TUMY BUJIaMU PACTEHUH U TPYIHO
MO JaeTCsl KOHTPOJII0 Ha TI0JISIX
¥ macT6uiax, 6bICTPO PasMHO-

Puc. 2. CoBpeMeHHoe pacnpocTpaHeHue

Solanum carolinense L. B Mupe
(3eneHble TOUkUN — 06HapyXXeHUs BUpa
B €CTECTBEHHOM apearne, XenTble
TOUKU — 0BHapyKeHns Buaa Bo
BTOPMYHOM apearne, N10BbIM LLBETOM
BblAeneHbl 3heMepHblie Nonynauun
Bupa) (no https://gd.eppo.int/taxon/
SOLCA/distribution c usmeHeHuaAMM)

Fig. 2. Current distribution of

Solanum carolinense L. in the world

(green dots — detection of the species in its
natural range, yellow dots — detection

of the species in the secondary range,
ephemeral populations of the species

are highlighted in purple)

(from https://gd.eppo.int/taxon/
SOLCA/distribution, with changes)

JKaeTCsl BereTaTUBHO (0Tpe3kaMu

KOpHEW), a Takke ceMeHHbIM nyTeM (Todua, 1975).
S. carolinense SBIIIETCS X03IMHOM MHOTUX HACEKOMBIX,
rpuboB U BUPYCOB, KOTOPbIE MOTYT ObITH OTIACHBI JIJIsT
CeJIbCKOXO035MCTBEHHBIX PACTEHUH. B cuily TOTO, UTO
UCKOpEeHEeHNUe NAaHHOTO BUJA B MecTaX BHEJLDEHUS
BecbMa 06peMEHUTENBHO U 3aTPAaTHO, UCIIOJIb3YIOTCS
TIPeBEeHTVBHbBIE MEPHI 110 ITPeJIOTBPAIlleHUI0 ero 3aHO-
ca u paccenenusd. OfHa U3 HUX — BHECEHME BU/JIa B Ka-
pPaHTHUHHBIE [IEPEYHMU.

[TacieH KapoOJMHCKUU BKJIIOUEH B KapaHTUH-
Hble TepeyHu Yunu, Mekcuku, Mizpaund, Mopganuu,
V36ekucraHa, Asepbanimxkana, ['pysun u ctpad EA3C
(https://www.ippc.int/ru).

B CCCP maciyieH KapOJWHCKUNM HEOJLHOKPATHO
peructpupoBasu Ha JlajibHeM BOCTOKe Kak 3aHOC-
veii Bup, (Bydy, llIBbIAKasA, 1981). 3TO 6BLIM HAXOIKM
eIMHUYHBIX PACTEHUN PSIJIOM C TEPPUTOPHEN TTOPTOB
U )KMUBOTHOBOJUECKUX (PepM 110 pa3BeLEeHUI0 KPyII-
HOT'0 POraToro CKOTa M CBUHEHN, KOTOPhIe MoJIydaniu
JKMBIX UMIIOPTHOM COU, 32aCOPEHHBIN ceMeHaMU I1ac-
JIeHa KapOJIWHCKOI'0, HA KOPM ’KMBOTHBIM. KapaHTUH-
Hag ciy6a ITpruMophs YCIIeNTHO JIMKBUIVPOBaJia Bce
9TU MeJIKVe OYaru.

Ha coBpeMeHHOM sTarie opulivaabHble CBEeHUS
0 QUTOCAHUTAPHOM COCTOSTHUU TeppuTopuu Poccuti-
ckott defepanyy v aHaIu3 QIOPUCTUYECKUX JAHHBIX
IO TBEPKAAI0T (PaKThl OTCYTCTBUS COPHSKA HA TEPPU-
topuu crpanbl (Kozchevnikov et al., 2019; Vinogradova
et al., 2020). C yueTOoM BP€JOHOCHOCTH aHHOTO BUA
JLJIS CEIbCKOTO X039#cTBa S. carolinense o-TIpeXXHEMY
COXPaHsSIeT CTAaTyC KapaHTUHHOTO 00bekTa EquHOTO
TIepevHs KapaHTUHHBIX 00beKTOB EASC.

Jlo cux TIop Hay4YHO He 060CHOBAH IIPOTHO3MPYe-
MBIH ITOTEHIIUAJIbHBIN apeas 3TOT0 BUa, I 0COOEHHO
€ro ceBepHas rpaHuIla. I3BeCTHO, UTO OCHOBHOU ape-
aJl copHAKa Ha TeppuTtopuu CIIA pacnoioxeH Mexay
30° u 45° ceBepHOU MUPOTHI. [TacieH KapoJNHCKUHN
TEeTLJIO- Y CBETOJIFOOUB, OBICTPO PACTET B )KaPKYTO IIOTO-
oy (Ilnicki et al., 1962). COpHSIK Upe3BbIUYAHO 3aCyX0-
YCTOWYUB 3a CUET MSICUCTBIX, COUHBIX KOPHE, Ipo-
HUKAIUIUX B TTI0YBY Ha TIy6uHY 6Gosiee 3 M (Bradbury,

Seeds 2—-3 mm in diameter, round-oval, laterally com-
pressed, yellow or brown in color with a finely tuber-
ous oily surface.

Carolina horsenettle is a native North American
species. In the United States, this species occurs in all
states except Nevada, Wyoming, Montana, North Da-
kota, Hawaii, and Alaska, and in seven US states it is
considered harmful (Darlington, 1847; Wahlert et al.,
2015). It can also be detected in the southernmost
parts of Canada (Quebec, Ontario) and Nova Scotia
(Bassett, Munro, 1986; VASCAN, 2021).

The distribution of the species in Central (Mexi-
co, Haiti) and South America has not been confirmed
and is denied by some authors (Martinez et al., 2017;
Wabhlert et al., 2015; Stehmann et al., 2015).

As trade relations developed and unintentional
introductions, Carolina horsenettle began to spread to
other continents (see Fig. 2 and Table).

On the European continent, S. carolinense is dis-
tributed in 15 countries, where it is recorded near
ports, roadsides and river banks, in corn fields and
near livestock farms (CABI, 2021). In 2022, EPPO spe-
cialists, with the participation of FGBU “VNIIKR” re-
searchers, analyzed the pest risk for Carolina horse-
nettle and decided to include it in the EPPO list of
quarantine pests in the status of a limitedly present
species (A2). The reason for this analysis was new de-
tections of the weed in European countries. The main
pathway of Carolina horsenettle at the present stage
was recognized as contaminated consignments of
wheat, corn, and soybeans imported from countries
where the weed is distributed (EPPO..., 2022).

Carolina horsenettle is highly competitive com-
pared to other plant species and is difficult to control in
fields and pastures; it quickly reproduces vegetative-
ly (by root cuttings) and also by seed (Todua, 1975).
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Ta6uauiia. Pacipoctpanenue Solanum carolinense L. B ctpanax mupa (https://gd.eppo.int/)
Table. Distribution of Solanum carolinense L. around the world (https://gd.eppo.int/)

PacnipocTpaHeHue, Distribution, JIuTepaTypHbI€e CCHLIKHU
CtrpaHa peruoH Country region References
CEBEPHASI AMEPUKA NORTH AMERICA
Kauaza IIPUCYTCTBYET Canada present Bassett, Munro, 1986; VASCAN, 2021
CIIIA TIPUCYTCTBYET USA present USDA, 2001; Wahlert et al., 2015

LEHTPAJIbHA{A 1 I0}KHASI AMEPUKA

CENTRAL AND SOUTH AMERICA

Mekcuka OTCYTCTBYET HbIHE Mexico now absent D’Arcy, 1974; Wahlert et al., 2015
lautn OTCYTCTBYET HbIHE Haiti now absent D’Arcy, 1974; Wahlert et al., 2015
bpasuiuga OTCYTCTBYET HbIHE Brazil now absent D’Arcy, 1974; Wahlert et al., 2015
EBPOIIA EUROPE
ABcTpus TIPUCYTCTBYET Austria present Follak, 2020
Benbrus JIOKAJIbHO TIPUCYTCTBYeT  Belgium locally present  Manual of Alien Plants of Belgium, 2021
XopBaTus JIOKAJIbHO IIpucyTcTByeT  Croatia locally present  Milovic, Miti¢, 2012
Yemickas Pecrybsinka JiokaiabHO mpucyTcTByeT  Czech Republic locally present  PysSek et al., 2012
OUHIAHIUA JIOKaJIbHO IpucyTcTByeT  Finland locally present  FinBIF, 2021
dpaHLUa NIPUCYTCTBYeT France present G. Fried, pers. communication, 2021
TepmaHuga IIPUCYTCTBYET Germany present Junghans, 2013
I'pysus TIPUCYTCTBYET Georgia present Aleksidze et al., 2021
Uranusa NIPUCYTCTBYeT Italy present Portal to the Flora of Italy, 2021
Hunmepiasmbl JlokaJbHO mpucyTcTByeT  Netherlands locally present  Dirkse et al., 2007
Hopserusa JIOKAJIbHO IIpUCYTCTBYeT  Norway locally present  Ouren, 1987
PyMbIHUS TIPUCYTCTBYET Romania present Anastasiu et al., 2011
Vcnauuga TIPUCYTCTBYET Spain present Pérez et al., 2020
[IBefitiapus JIOKAJIbHO MIPUCYTCTBYeT  Switzerland locally present  Brodtbeck, Huber, 1988
YKpauHa OTCYTCTBYET HbIHE Ukraine now absent Burda, 2018
Benukob6puTaHus JIOKaJbHO IpucyTcTByeT  Great Britain  locally present  Stace, 2019
A3ud ASIA
dnonus TIPUCYTCTBYET Japan present Miyazaki et al., 2005
Vnpus TIPUCYTCTBYET India present Kosaka et al., 2010
0xxHasa Kopes IIPUCYTCTBYET South Korea present Ryu et al., 2017
Banrnazger MIPUCYTCTBYET Bangladesh present Mandal et al., 2014
Kurait TIPUCYTCTBYET China present Lietal.,, 2006
Holm et al., 1979; but not mentioned
Henan OTCYTCTBYET HbIHE Nepal now absent in the Annotated Checklist of
the Flowering Plants of Nepal, 2021
OKEAHUA OCEANIA
ABcTpanus OTCYTCTBYET HbIHE Australia now absent Auld, 2003
HoBag 3enmangus TIPUCYTCTBYET New Zealand  present Webb et al., 1988
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Aldrich, 1957). B UICKyCCTBEHHBIX OMIBbITaX OBLIO ITOKA-
3aHO, YTO AJUTEJbHAs OTPULlaTeJIbHAs TeMIlepaTypa
TPYHTA SBJSIETCS KPUTUYHOM IS IOSIBJIEHUS] HOBBIX
KOPHEBBIX OTTIPbICKOB (Basset, Mundo, 1986). [To MHe-
HUIO aBTOPOB, 3TO MOXXET 00'bSICHUTD, IOUEMY CEBEP-
Has TpaHUIla pacIpoCcTpaHeHMs nacjeHa B KaHaze
npoxonur 1o K0xxuoMmy OHTapuo, rlie OTMEYEHO IIPo-
HUKHOBEHUE KOopHel Ha rinybuHy 6osee 1 M, TO eCThb
HIKe JIMHUY ITPOMEP3aHUs TTOYBbI 3MMOM. TakuM 06-
pasoM, IJIaBHBIM CIIePKMBaIIUM (HAaKTOPOM B IIPO-
IBVDKEHUM COPHSIKA B CEBEPHBIE MIUPOTHI, TI0-BULU-
MoMy, 6yoyT HU3KUE TEMITEPATyPhl B SUMHUI TIEPUO]T.
YUuThIBasi, YTO HKOJIOTMUECKUE TIPETIOUTEHUS BULA
U 3aHUMaeMble UM MeCTOOOUTaHUS U3ydeHbl HeJlO-
CTATOYHO TI0JTHO, HEOOXOIUMO OLIEHUTD aJallTUBHbBIN
TIOTEeHIIMAaJ 3TOTO BUA IPUMEHUTENBHO K ITPUPOJHO-
KJIMMaTUYeCKUM ycaoBugaM Poccuu.

LlesibI0 MCCIEOBAaHUS SIBJISAIOCH U3YyUYEHUE Ce-
30HHOTO0 Pa3BUTHUS TTacjieHa KapOJIUHCKOTO B YCJIOBU-
SIX YMepeHHO KOHTUHEHTAaJIbHOTO kaumMata CTaBpo-
TTOJIBCKOT'O KPasi.

MATEPUWAJIBI U METO/IbI

CeMeHa nacjieHa KapoJIMHCKOTO ObLIIY COOpaHbI HAy Y-
HbIMU coTpynHukamu GI'BY «BHUVIKP» K.A. I'pebeH-
HUKOBBIM U C.I0. MyxaHOBBIM B Pecriy6irike A6xa3uu
B ceHTs60pe 2019 1. Teorpaduyeckrie KOOPAUHATHI Me-
cra cbopa: 42.632001 N, 41.645932 E.

B 2021 r. cemeHa macjeHa KapOJIMHCKO-
ro ObLIM IIPOPOINEHbl B KAPAaHTUHHOU TeIlIulie
®TBY «BHUUKP» (p. 1. BbIKOBO, MOCKOBCKast 00J1.).
B ampesie Toro e rozma 2-MeCA4YHY0 paccaly BblCaau-
JIX B IOCAJIOYHbIe OETOHHBIE KOJIbIla KAPAHTUHHOTO
yuacTtka [Taturopckoro punuana ®IBY «BHUVKP».

KapaHTUHHO-UHTPOAYKIIMOHHBIY YyYaCTOK ObLI
noctpoeH B 2012 r., mpeacTaBIsgeT cob60 IIPIMO-
YTOJIBHUK CO CTOPOHAMU 9 X 22 M U COCTOUT U3 24 KO-
Jiell. BHyTpu yJyacTKa Haxo4aTCS BKOIIAHHbIE B 3€M-
JII0 IN3UMETPBI — 6EeTOHHBIE IT0CAaIOYHbIe KOJbIIa,
IpecTaBagoIe cO00M CcrIapKy U3 ABYX JKejle30-
6eTOHHBIX KoJiell fuaMeTpoM 1000 MM U BBICOTOM
900 MM, yCTaHOBJIEHHBIX APyl Ha npyra. KoJub-
1ja HaXOAATCSd Ha pacCTOgHUHU 1 M APYyr OT Apyra.
[IpocTpaHCTBO MeXAY JIU3UMeTPaMU HOKPBITO
0,5-MeTpOBBIM cji0eM Iecka 1 0,1-MeTPOBBIM CJI0EM
KepaM3uTa. YUacTOK OGHECEH M0 ITePUMETPY IOJIN-
KapbOHATHBIM OTPaKJIeHNEM BbICOTOH 2,5 M, CTEHBI
BhIIE 3a60pa U KPbIIIa 3aTIHYThI MEJIKOSTYENCTON
MeTaJJINYeCcKOH CeTKOM Cc gueiikaMu 2 X 2 ¢M, Tpe-
IoTBpalllainel MPOHUKHOBEHNEe IITUIL. Ha Teppu-
TOPUU y4acTKa eCThb KpeMaTop IJd COKUTaHUS pac-
TUTEJbHBIX OCTATKOB (CM. puc. 3).

denosioruueckue HabJOAEeHUST MPOBOIU-
JU C KOHIIAa Mas OO KOHIa OKTI6psI B TeueHUe
2021-2023 rr. c uHTepBaJIoM B 7—10 AHEH COTIaCHO
0o0LIeNPUHATHIM MeTogukaM (MeTomuka GheHOoJ0-
TUYeCcKUuX..., 1975; Kynpusaos, 2013). Peructpupo-
BaJIX OAThI U NPOJOJIKUTEJIBHOCTD MTPOXOXKIEHUSI
OCHOBHBIX (a3 pa3BUTHUSA pPacTeHUI: oTpacTaHuUe,
Bereranus, 6yTOHMU3aII ¥, [BETEHUE, TNIOJOHONUIEHUE
u ¢haza OTMUPAHUS HaI3eMHBIX 106eroB. Onpenee-
HUe 06111eil ceMeHHOU MPOAYKTUBHOCTY ITPOBOAUIU
BECOBBIM METOZIOM. JKM3HECIIOCOOHOCTh CEMSH OITpe-
IeJsiid TIOCPEACTBOM OKpaIlIMBAHUSA 3apPOJbINIeit
1-TIPOIIEHTHBIM PACTBOPOM XJIOPUCTOTO TETPA30JINS
(MeTomuueckue..., 2014).

S. carolinense is the host of many insects, fungi and vi-
ruses that can be harmful to crop plants. Due to the
fact that the eradication of this species in places of in-
troduction is very difficult and costly, preventive mea-
sures are used to inhibit its introduction and spread.
One of them is adding the species to quarantine lists.

Carolinian horsenettle is included in the quaran-
tine lists of Chile, Mexico, Israel, Jordan, Uzbekistan,
Azerbaijan, Georgia and the EAEU countries (https://
www.ippc.int/ru).

In the USSR, Carolina horsenettle was repeated-
ly recorded in the Far East as an alien species (Buch,
Shvydkaya, 1981). These were the finds of single
plants near the territory of ports and livestock farms
for breeding cattle and pigs, which received import-
ed soybean cake, contaminated with Carolina horse-
nettle seeds, for animal feed. The quarantine service of
Primorye successfully eliminated all these small out-
breaks.

Currently, official information on the phytosani-
tary state of the Russian Federation and analysis of
floristic data confirm the absence of the weed in the
country (Kozchevnikov et al., 2019; Vinogradova et al.,
2020). Taking into account the harmfulness of this spe-
cies for agriculture, S. carolinense still retains the status
of a quarantine pest in the EAEU Common List of Qua-
rantine Pests.

The predicted potential range of this species, and
especially its northern border, has not yet been sci-
entifically substantiated. It is known that the main
habitat of the weed in the United States is located be-
tween 30° and 45° north latitude. Carolina horsenettle
is heat- and light-loving and grows quickly in hot
weather (IInicki et al., 1962). The weed is extremely
drought-resistant due to its fleshy, succulent roots that
penetrate the soil to a depth of more than 3 m (Brad-
bury and Aldrich, 1957). In artificial experiments it
was shown that long-term negative soil temperature is
critical for the emergence of new root shoots (Basset,
Mundo, 1986). According to the authors, this may ex-
plain why the northern limit of its distribution in Cana-
dalies in southern Ontario, where root penetration to a
depth of more than 1 m has been noted, that is, below
the frost line of the soil in winter. Thus, the main limit-
ing factor in the advancement of the weed to northern
latitudes will apparently be low temperatures in win-
ter. Considering that the ecological preferences of the
species and the habitats it occupies have not been fully
studied, it is necessary to assess the adaptive potential
of this species in relation to the natural and climatic
conditions of Russia.

The purpose of the study was to study the seaso-
nal development of Carolina horsenettle in the tempe-
rate continental climate of Stavropol Krai.

MATERIALS AND METHODS
S. carolinense seeds were collected by the
FGBU “VNIIKR” researchers K.A. Grebennikov and
S.Yu. Mukhanov in the Republic of Abkhazia in Septem-
ber 2019. Geographic coordinates of the collection site:
42.632001 N, 41.645932 E.
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Puc. 3. 06w Bug
KapaHTUHHOIO yyacTka
MaTturopckoro cmnuana of the Pyatigorsk branch

Fig. 3. General view
of the quarantine area

droy «BHUUKP» of FGBU “VNIIKR”
(choTo J1.E. Oemywknron) (photo by L.E. Demushkina)

[IpoBOAUIY OTBITHI TI0 U3YUEHUI0 TEMIIOB Ha-
pacTaHusg Macchl KOPHEBOM CHCTEMBbI IIacjeHa Kapo-
JIMHCKOTO. JIJIs 3TOTO B OTHEJIbHbIE TOPUIKY 06 bEMOM
7 J BBICAXXMBAJIX OTPE3KM KOPHEN ITacjeHa Kapo-
JIMHCKOTO 110 2,5 ¢cM gauHou u 0,5—-0,6 CM TOJIIMHON
Ha IyomHy 5—7 CM B 5-KpaTHOI ITOBTOPHOCTHU. [1pes-
BAapUTEJIbHO OIPEeeJIiv MacCy KaXXIoro oTpeska
KOPHS Ha TeXHUUYECKMX BecaX, KOTopas cocTaBuJja
B cpenHem 0,67 + 0,02 1.

KnumaTudeckre 0COOEHHOCTH peruoHa 1uccie-
IOBAHUS XapaKTepU3yI0TCA CIeyIUMMU IapaMe-
TpaMu. [IATUTOPCK PacIIOJ0XeH B IIpeAropbax [nas-
Horo KaBkasckoro xpebra. [IJist perroHa XapaKTepeH
yMepPeHHO KOHTWHEHTAJNbHBIN, CTEITHON KJIUMAT
C MATKOU 3MMOU U )KapKUM JIeToM, 6e3 pPe3Kux Ko-
JiebaHUl TOAOBBIX U CYTOUHBIX TEMIIEPATYP, C yMe-
PEHHBIM KOJIMYECTBOM 0CaJKOB, 0K0Jio 500 MM/ro,
TJIaBHBIM 00pa30M B ampejie — OKTsg6pe. Haubosbias
OTHOCUTEJIbHAs BJIaKHOCTb — B fIekaope (80%), Hau-
MeHbInas — B utogie (54%). 3uMa yMepeHHO MArKasd,
anuTtca 2—-3 Mecsila. MOpo3Hble JHU U CHEXHBIN
TIOKPOB JepKaTcs OT HECKOJbKUX AHeN m0 1-3 He-
menb. CpeqHsaga TeMIlepaTypa MIOJS COCTABJILET
+22 °C, HO MoXxeT nogHuMaTthbed go +40 °C. Temme-
paTypa B 3UMHUU nepuom kojebyieTcd B AuanasoHe
ot 0 10 -4 °C ¢ pegkumu Mmopozamu g0 —20 °C. CpegHe-
TOJI0BOE KOJIMYECTBO 0CaAKOB — 861 MM. HauboJibiliee
KOJIMUECTBO OCAJIKOB MMPUXOAUTCS Ha Mall — UIOHb.
KosnuecTBO COJTHEUHBIX AHEH B rony — 73. ['ocmoz-
CTBYIOT BOCTOUYHBIE U IOTO-BOCTOYHBIE BETPHI, CPEL-
HsIsSI CKOPOCTb KOTOPBIX cOcTaBiigeT 2,5 M/c (1o maH-
HBIM cauTa https:/ru.wikipedia.org/).

PE3VJIBTATBI U OBCYKJIEHHNE

B mepBrIil o HabameHu# (2021) pacTeHus mac-
JIeHa KapOJIMHCKOT'0 XOPOIIo pa3BUBaJIMCh, BHICOTA
noberos 6b11a B cpegHeM 110 cm. [IepBbie IIBETKU
Ha pPacTeHUIX ITOIBUINCh 5 MI0JIS; IIBETeHNE IPOI0JI-
JKaJI0Ch OKOJIO IBYX MecsIieB. HecMOTpst Ha 00UJIbHOE
IIBETEHUWE U HAJIMUME OMBLIUTENEH, K KOHITY CE30Ha
3aBA3aJI0Ch TOJIBKO 2 IJIoZa. B KOHIle Bereralu-
OHHOTO TIeproJa YacTb pacTeHUN OblJIa OCTaBJIeHA
B KOJIbIIAX yYaCTKa Ha 3UMY ZIJisI OIleHKU CII0CO6HO-
CTY BO30OHOBJISITBCS OT KOPHEH Ha CJIeAYIOIIUIA TOg.

In 2021, Carolina horsenettle seeds were germi-
nated in the quarantine greenhouse of FGBU “VNIIKR”
(Bykovo, Moscow Oblast). In April 2021, 2-month-old
seedlings were planted in concrete planting rings
of the quarantine site of the Pyatigorsk branch of
FGBU “VNIIKR”.

The quarantine-introduction site was built in
2012; it is a rectangle with sides 9 x 22 m and con-
sists of 24 rings. Inside the site there are lysimeters
dug into the ground — concrete planting rings, which
are a pair of two reinforced concrete rings with a dia-
meter of 1000 mm and a height of 900 mm, installed
on top of each other. The rings are 1 m apart. The space
between the lysimeters is covered with a 0.5-meter lay-
er of sand and a 0.1-meter layer of expanded clay. The
site is surrounded around the perimeter by a polycar-
bonate fence 2.5 m high, the walls above the fence and
the roof are covered with fine-mesh metal mesh with
2 x 2 cm cells, which prevents the penetration of birds.
There is a cremator on the site for burning plant resi-
dues (see Fig. 3).

Phenological observations were carried out from
the end of May to the end of October during 2021-2023,
with an interval of 7-10 days according to generally
accepted methods (Methods of phenological..., 1975;
Kupriyanov, 2013). The dates and duration of plant
development main phases were recorded: regrowth,
vegetation, budding, flowering, fruiting and the phase
of death of above-ground shoots. The determination of
total seed productivity was carried out by the weight
method. The viability of seeds was determined by
staining the embryos with a 1% solution of tetrazoli-
um chloride (Guidelines..., 2014).

Experiments were conducted to study the rate
of S. carolinense root system mass increase. To do this,
S. carolinense root pieces of 2.5 cm long and 0.5-0.6 cm
thick to a depth of 5-7 cm were planted in separate
7-liter pots in 5-fold repetition. The mass of each root
segment was preliminarily determined on technical
scales, which averaged 0.67 + 0.02 g.

The climatic features of the study region are cha-
racterized by the following parameters. Pyatigorsk is
located in the foothills of the Main Caucasus Range.
The region is characterized by a moderate continen-
tal, steppe climate with mild winters and hot sum-
mers, without sharp fluctuations in annual and dai-
ly temperatures, with moderate precipitation, about
500 mm/year, mainly in April — October. The high-
est relative humidity is in December (80%), the low-
est is in July (54%). Winter is moderately mild, last-
ing 2—3 months. Frosty days and snow cover last from
several days to 1-3 weeks. The average July tempera-
ture is +22 °C, but can rise to +40 °C. Temperatures
in winter range from O to —4 °C with rare frosts down
to—20 °C. The average annual precipitation is 861 mm.
The greatest amount of precipitation occurs in
May — June. The number of sunny days per year is 73.
Eastern and southeastern winds prevail, the average
speed of which is 2.5 m/s (according to the website
https://ruwikipedia.org/).
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Fig. 4. The root system
Tpex pacTteHunn S. carolinense, of three S. carolinense

Puc. 4. KopHeBas cuctema

plants formed during
1 growing season
(photo by L.E. Demushkina)

cthopMmupoBaHHas 3a
1 BereTauuoHHbIN Nepuog,
(cpoTo J1.E. OemylukuHomn)

He6oJbIyi0 YacTh KOPHEH BBIKOITAJY U TIEPEHECTN
B EMKOCTh C 3eMJIeli; 3Ta eMKOCTb XpaHUJIach Ipu
HU3KOU IMOJIOKUTEJIbHOU TeMIIepaType B IMOMelle-
Huu. IIpu BeIKAaNbIBAHUU KOPHEN YyCTAaHOBIEHO, UTO
OHU JloCcTUTANU TIyOorHBl 35—-40 CM M GBLIN OKOJIO
1 cM TonmmmHOM (CM. puc. 4, 5).

Ha cnepytomuii rof, mosiBjieHe HOBbIX I06EroB
racjieHa KapoJIMHCKOTO OT KOPHEH, ITIepe3rMOBaBIINX
B KOJIBbIIE JIM3UMETpPaA, Habaoganu 18 mas (cM. puc. 6).

PacTeHud XOpOIIO pa3BUBAJJUCH, UeMY CIIO-
co6cTBOBANIM BJIATOTIPUSTHBIE TTOTONHBIE YCIOBUS
B 2022 1. (cM. puc. 7, 8).

14 uioHg Ha 3TUX noberax MOSABUIUCH OYTOHBI,
a 22 WI0OHS — PaCKPBbLINCD IIEPBbIE IIBETKU (CM. pHc. 9).
Ilepuom IBeTEHUS ITPOIOJIXKAJICT 6ojiee IBYyX Mecs-
1eB (82 mus). IlepBble 3aBA3aBUIUECS TIJIOABI GbLIN
3acdukcupoBaHsl 25 ni0yd. Bech U0JIb U aBTYCT IIPO-
JIOJKAJICS TTIePUOJ IIBeTeHUsI U (OPMUPOBAHUS HO-
BBIX IJI0ZI0B (cM. puc. 10, 11). OKOHYaHUeE I|BETEHUS
HabJII0aIy BO BTOPOM IOJIOBHHE ceHTAOpsa. Copoc

~afg

872348 TasB R EERES D B H LA cea 5%
LN R

Puc. 6. MosiBneHne kopHeBbix  Fig. 6. The appearance of

OTNPbLICKOB BeCHoM 2022 1. root suckers in the spring

OT Nepe3nmMoBaBLUUNX of 2022 from overwintered

pacteHun S. carolinense S. carolinense plants

(choTo J1.E. OeMyLuKuHOI) (photo by L.E. Demushkina)

Tl X
| iu_u_LLlimhuflmrhr‘l'rh_:_r_rh_mh:

Puc. 5. TonwmHa ckenetHoro  Fig. 5. S. carolinense
KopHs S. carolinense main root thickness
(choTo J1.E. [eMyLiKnHON) (photo by L.E. Demushkina)

RESULTS AND DISCUSSION

In the first year of observations (2021), S. carolinense
plants developed well, the shoot height was on aver-
age 110 cm. The first flowers appeared on the plants
on July 5; flowering lasted about two months. Despite
abundant flowering and the presence of pollinators,
only 2 fruits were set by the end of the season. At the
end of the growing season, some of the plants were left
in the rings of the plot for the winter to assess the abi-
lity to regenerate from the roots the next year. A small
part of the roots was dug up and transferred to a con-
tainer with soil; this container was stored at a low po-
sitive room temperature. When digging up the roots, it
was found that they reached a depth of 35-40 cm and
were about 1 cm thick (see Fig. 4, 5).

The next year, the emergence of new S. carolinense
shoots from roots that overwintered in the lysimeter
ring was observed on May 18" (see Fig. 6).

The plants developed well, which was facilitated
by favorable weather conditions in 2022 (see Fig. 7, 8).

On June 14™, buds appeared on these shoots, and
on June 22", the first flowers opened (see Fig. 9). The
flowering period lasted more than 2 months (82 days).
The first fruits set were recorded on July 25™. The pe-
riod of flowering and formation of new fruits continued
throughout July and August (see Fig. 10, 11). The end
of flowering was observed in the second half of Sep-
tember. The shedding of leaves and complete death of
above-ground shoots was recorded at the end of Octo-
ber with the onset of the first frosts.

An analysis of the S. carolinense regeneration ex-
perience from small root parts showed that each root
segment formed 1 above-ground generative shoot
during the season. The flowering period of such shoots
ranged from 1 to 7 weeks. Fruits set on only two shoots.
The root mass that one plant formed in one growing
season from a small root fragment 2.5 cm long was
on average 14 times greater than the original, and
amounted to 9.5+ 0.2 g.
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JIUCTBEB U TOJIHOE OTMUpaHUe
HaJI3eMHBIX [T00Er0B (QPUKCHUPO-
BaJIM B KOHIIE OKTS0PS C HACTY-
TIJIEHUEM TIEPBBIX 3aMOPO3KOB.
AHaJiu3 OIIbITA II0 BO300-
HOBJIEHUIO ITacjieHa KapOoJIuH-
CKOTO M3 HeOOJNBIINX YacTel
KOPHS TIOKa3aJ, YTO KaKI bl
KOPHEBOI OTPE30K 3a Ce30H
chopmupoBan 1 Ham3eMHBIR
reHepaTUBHBIN mober. [TpomoJi-
JKUTEJIBHOCTD I[BETEHUS TaKUX
1o6eroB cocTaBuiia oT 1 10 7 He-
nenb. [1I04bl 3aBA3aJIUCh TOJIb-
KO Ha AByX mmoberax. Macca Kop-
Hel, KoTopyi chopMUpPOBaIO
OJIHO PaCcTEHME 3a OJIVH BeTeTa-
IIMOHHBIN Ce30H 13 HeOGOJIbIIOo-
ro ¢pparmMeHTa KOPHS IJUHOU
2,5 cM, ObLIa B cpefHEM B 14 pas
6oJIbllle N3HAYaJIbHOMN 1 COCTa-
Buna9,5+0,2r.

B,

Puc. 7. PocT S. carolinense B Hauane neta

(choTo J1.E. eMyLiKkunHoON)

Fig. 7. S. carolinense growth in early
summer (photo by L.E. Demushkina)

Puc. 8. S. carolinense B ctapumn
6yToHU3aumuu (hoto J1.E. JeMylukunHon)
Fig. 8. S. carolinense in the budding stage
(photo by L.E. Demushkina)

Kpome Toro, n3 50-cantu-

METPOBOTO CJIOS TOYBBI O6bLJIA U3BJIeUeHA KOPHEBAs
cucTeMa JIBYJIETHETO PACTEHUS ITacjeHa, BbICAXKeH-
Horo B 2021 r. lyinHa KOpHeU cocTaBiidia 4yTh 6oJiee
1 M, mprueM 6oJIbINas YaCTh M3 HUX ObLIIA TPEeZCTaBIIe-
Ha YTOJIIEHHBIMY CKEJETHBIMU KOPHSAMU TOJIIUHON
okoJyio 1 cMm (cMm. puc. 12).

B 2023 . 611K ITPOAOJIKEHBI (DEHOJIOTUYECKYE
Hab6/II0EeHYS 32 PAa3BUTHUEM IacjeHa KapoJIMHCKOr0.
OTpacTaHue HOBBIX TOGETOB OT KOPHEN HabJI0/LaIu
10 mag 2023 1., yTO Ha 8 mHeU paHbile, ueM B 2022 T.
PasHuIla B HACTYIIJIEHUY OTPACTaHUA IBJSETCS Peak-
yel pacTeHUsl Ha TeMIIepaTypHBIN (haKTop U Ipo-
r'PEB MOYBHL. [lepBbie IIBETKM PacKpbLInuch 20 UIOHS,
TO €CTh IIPAaKTUYECKU B Te Ke CPOKHU, UTO U B 2022 T.
I[TpOnOJIXKUTENIBHOCTD IIBETEHUS COCTaBUJIA OKOJIO
2,5 Mmecdiia.

K coxamneHuio, 3-JeTHUMN mepuojs Habarome-
HUU He T03BOJISIET CTATUCTUUYECKU TONTBEPAUTH
CBSI3b CPOKOB IIBETEHUS C CYMMOU 3P (PeKTUBHBIX

Besides, the root system of a biennial S. carolinense
plant, planted in 2021, was extracted from a 50-centi-
meter layer of soil. The roots were slightly more than
1 m in length, most of which were thickened skeletal
roots about 1 cm thick (see Fig. 12).

In 2023, phenological observations of the S. caro-
linense development were continued. The growth of
new shoots from the roots was observed on May 10,
2023, which is 8 days earlier than in 2022. The differ-
ence in the onset of regrowth is the plant’s response
to the temperature factor and soil warming. The first
flowers opened on June 20, that is, almost at the same
time as in 2022. The duration of flowering was about
2.5 months.

Unfortunately, a 3-year observation period does
not allow to statistically confirm the relationship
between the timing of flowering and the sum of ef-
fective temperatures, nevertheless, the presence of
seasons with contrasting weather conditions makes

Puc. 9. UBeTeHue S. carolinense
(choTo J1.E. OeMyLuKuHOW)

Fig. 9. Bloom of S. carolinense
(photo by L.E. Demushkina)

Puc. 10. Hespenble nnogbl

S. carolinense (¢hoTo J1.E. [eMyLIKUHOW)
Fig. 10. S. carolinense unripe fruits
(photo by L.E. Demushkina)

Puc. 11. 3pensbie nnopbl S. carolinense
(choTo J1.E. [eMyLiKunHON)

Fig. 11. S. carolinense ripe fruits
(photo by L.E. Demushkina)
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it possible to assume this relationship. Main S. caro-
linense phenophases in the period 2021-2023 are
shown in Fig. 13.

During the growing season, various insects were
observed on S. carolinense plants that fed on them:
Leptinotarsa decemlineata, Trialeurodes vaporariorum,
Metcalfa pruinosa larvae and adults (see Fig. 14, 15). In
the second half of summer, the leaves were affected by
fungal diseases (Alternaria sp., Fusarium sp.), and the
fruits were damaged by Noctuidae larvae.

To assess the possible S. carolinense seed regene-
ration, the number of fruits set and seed viability
were analyzed by year. In 2021, only 2 fruits set, de-
spite abundant flowering and the presence of polli-
nators. The seeds had low viability (10%). An analysis
carried out after 3 months showed that already 30%
of the seeds were viable, which indicated the ripen-
ing of the embryos during seed storage. In 2022, the
number of fruits was significantly higher. By Septem-
ber 20", the fruits had acquired a rich yellow color,
which indicated their partial maturity. 468 fruits were
formed on 27 shoots. The number of fruits varied
from 1 to 93 exemplar (exm.) per shoot, which aver-
aged 9 + 1.5 fruits/shoot. The fruit sizes varied in the
range of 0.8-1.7 cm. The number of seeds in 1 fruit was
on average about 70 exm. (see Fig. 16). The weight of
1000 seeds was 1.321 + 0.01 g (see Fig. 16).

To study the possibilities of S. carolinense seed
regeneration, a field experiment was carried out:
100 seeds from the 2022 harvest were sown in a ly-
simeter ring in November of that year. Based on the
results of spring observations in 2023, the seeds did
not produce a single seedling, which indicates either
the immaturity of the seeds at the time of the first frost
in 2022, or the absence of the conditions necessary for
germination in the field environment.

CONCLUSION

J
Puc. 12. KopHesas Fig. 12. S. carolinense A study of.the Solanum carolinense L. seasqnal develop-
cMCTeMa AByNeTHero biennial plant root ment carried out upder controlled.experlmental con-
pacteHus S. carolinense  system (photo ditions on the territory of the Pyatigorsk quarantine-
(boTo H0.H). KynakoBoit) by Yu.Yu. Kulakova) introduction site in 2021-2023 showed a significant
TeMIlepaTyp, HO TeM He MeHee HaJIuuue ce- 2021
30HOB C KOHTPACTHBIMHY ITOTOJTHBIMHU YCJIOBU- - 6 5
SMU [aeT BOBMOXKHOCTb [IPEIIIoNaraTh 5Ty Man Wione Wione Aeryct | CeHtaGpb | OktaGpn
May June July August |September| October
3aBucuMOCTb. OcHOBHBIE (heHO(Da3bl macie-
] ] ml | -
Ha KapOJIMHCKOTO B mmepuog 2021-2023 rr. [l |- | ||
OTpajkeHbl Ha puc. 13. 2022
Ha pacTeHusx nacjaeHa KapoJUHCKOTI0 Maii MioHb Wionb ABryct | CeHTs6pb | OKTA6pb
B IIEPUOJ], BETeTaIuy Ha6GI0ay Pa3InIHbIX May June July August |September| October
HACeKOMBbIX, KOTOPbIE UM MUTAJIUCH: JTUUYNH- ] T |m|——|—|—
KU 1 uMaro Leptinotarsa decemlineata, Trialeu- Lcanth — 2023 . =
rodes vaporariorum, Metcalfa pruinosa (cM. puc.
14, 15). Bo BTOpO#i OJIOBUHE JIETA JTHCThS Mai WioHb Wionb ABryct | CeHTa6pb | OKTA6pb
pacTeHus MopaXxkanuch IPUGHbIME 3a60JIeBa- May June July August | September| October
) . I —
"usamu (Alternaria sp., Fusarium sp.), a TJIOBI I I I Im!_ =

IIOBPEXJAJNCh JIMYMHKaMU COBOK.

Puc. 13. ®eHocneKTpbl CE30HHOI0
[l OLEHKM BO3MOXKHOTO CEMEHHO-  pasputus S. carolinense (KpacHbiM

Fig. 13. Phenospectra of
S. carolinense seasonal development

ro BO30GHOBJIEHHS TIacjieHa KapOJUHCKO-  BeToM nokasaH nepvop uBeteHusi, (red indicates the flowering period;

T'O aHAJIM3WPOBAJM YMCJIO 3aBA3aBIIMXCA  3e/eHbIM — nepuop, BereTaumm)

IJIOZOB 1 JKM3HECIIOCOOHOCTh CEMSH II0 I'0-
naMm. B 2021 r. 3aBg3aJI0Ch TOJIBKO 2 IJIOJA,
HecMOTpPS Ha 00UJIbHOE I[BETEHVE U IIPUCYTCTBUE
ombLIUTENEN. CeMeHa UMENTM HU3KYIO0 )KU3HECTIOCO6-
HOCTh (10%). IIpoBemeHHBIN Yepes3 3 Mecalla aHaJIn3

green indicates the growing season)
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Puc. 14. Umaro

Fig. 14. Leptinotarsa
Leptinotarsa decemlineata decemlineata imago

Ha nacneHe KaposIMHCKOM  on S. carolinense

(cpovo J1.E. OemywkuHon) (photo by L.E. Demushkina)

mokasaJ, 4To yxe 30% ceMsaH GbLIN KU3HECII0Cco6-
HBIMU, UTO CBUMETEJIbCTBOBAJIO O JO3PEeBaHUU 3a-
poIbIlIell B IIpolecce XpaHeHUs ceMsH. B 2022 1.
KOJIMYECTBO IIJIOZOB OBIJIO 3HAUUTENIbHO OOJIbIIE.
K 20-M ynciaM ceHTS6DPS MI0LbI IPUO6Per HaChI-
LIEHHbBIHN KeJIThIH IIBET, YTO CBUETEeJIbCTBOBAJIO 00 UX
YacTUYHOU 3pejiocTu. Ha 27 moberax cpopmMupoBa-
Jioch 468 11om0B. KosinuecTBO MJI0J0B BapbUPOBAJIO
oT 1 mo 93 mT. HA TO6GET, YTO B CPelHEM COCTaBUJIO
9 + 1,5 mroma/mober. PasMepsl ILJI0/I0B BAPbUPOBAJIY
B quarmnasone 0,8—1,7 ¢cM. Yucjio ceMsaH B 1 mioze 6bLI0
B cpemHeM okoio 70 mT. (cM. puc. 16). Bec 1000 cemsau
cocraBuia 1,321 + 0,01 r (cM. puc. 16).

Ilig u3ydeHUsT BO3MOXXHOCTEU CeMeHHOTO
B0300HOBJIEHNS [TacjieHa KapOJIMHCKOTO ObLI 3aJI0)KEH
TI0JIEBOM OITBIT: B KOJBIIO JIU3UMETPA GBIIO ITOCESTHO
100 urT. ceMsH yporkasi 2022 T. B HosI6pe TOro e rofa.
Ilo nToraM BeceHHUX HabmomeHui B 2023 I. ceMeHa
He JTaJI HY OJJHOTO ITPOPOCTKA, YTO CBUJIETEJbCTBYET
JIn6O O HE3PEJIOCTU CEMSIH Ha MOMEHT HaCTYIJIEHUS
TIEePBBIX 3aMOPO3KOB B 2022 T., 1160 06 OTCYTCTBUU
He0oOXOIVMBbIX JIJIS TIPOPACTAaHUS YCIOBUI B TTOJIEBOM
00CTaHOBKe.

3AKJIIOYEHUE

VisyueHue ce30HHOTr0 pa3Butus Solanum carolinen-
se L., IpoBeeHHOE B YCJIOBUSIX KOHTPOJIUPYEMOTO
OTBITA HA TEPPUTOPUU KaPAHTUHHO-UHTPOAYKIIM-
OHHOTO y4dacTka I. [laturopcka B 2021-2023 rr.,
I0Ka3aji0 3HAUYUTEJbHYI0 alaliTallMi0 3TOTO BUAA
K HOBBIM [IJid HETO MMPUPOAHO-KJINMATUIECKUM yC-
JIOBUSIM.

PacTeHus eXXeroJHO BO30OHOBJIIINUCE 32 CUET
KOPHEBBIX OTIIPHICKOB. 3a BereTallMOHHBIN MTEPUO/,
oHU (HOPMUPOBAJIU MIJIOTHbIE COMKHYThIE 3aPOCJH,
06pa30BBIBAJIM OOJIBIIIOE YMCJIO IIBETYIIUX T06ET0B,
KOTOpPbIE TIPOMOJIKUTENBHO 1BeaU (2—-2,5 Mecs1ia);
TJIOMIBI CO3PEBAJIM K CEPEIUHE OKTIOPS; OTMUPaHUE
1106€eTOoB IIPOUCXONUIIO C HACTYILJIEHNEM ITEPBBIX 3a-
MOPO3KOB (KOHEIT OKTSAOPS — Havajo HOsI6ps).

BriepBble ycTaHOBJEH (PAKT YCTOMUUBOCTU KOP-
HeU TacjieHa KapOJIMHCKOTO K 3UMHEMY ITPOMEP-
3aHUI0 TOYBBI U (DAKT CIIOCOGHOCTU K €XXETOLHOMY
BO306HOBJIEHWI0 KOPHEBBIMU OTIIPBICKAMU B YCJIO-
BUAX T. [IaTuropcka (44° c. m.). Ce30HHOe pa3BUTHUE

Puc. 15. MutaHue nuuuHok  Fig. 15. Leptinotarsa
Leptinotarsa decemlineata  decemlineata larvae

Ha nacneHe kaponumHckom  feeding on S. carolinense
(cpoTo J1.E. OeMyLuKunHOWM) (photo by L.E. Demushkina)

adaptation of this species to new natural and climatic
conditions.

Plants were renewed annually due to root shoots.
During the growing season, they formed dense, closed
thickets, formed a large number of flowering shoots,
which bloomed for a long time (2-2.5 months); the
fruits ripened by mid-October; shoots died off with the
onset of the first frosts (late October — early November).

For the first time, the fact of the S. carolinense roots
resistance to winter soil freezing and the fact of the abi-
lity to annual renewal by root shoots in the conditions
of Pyatigorsk (44° N) have been established. The S. caro-
linense seasonal development was characterized by ear-
ly root shoots growth and a long growing season with
abundant flowering in the summer-autumn period.
The duration of the growing season averaged 170 days.

Freshly collected S. carolinense seeds were not
viable as observed in 2021-2022. Although after
2-3 months, during storage indoors and re-determina-
tion of viability, some of the seeds became potentially
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Puc. 16. PacnonoxeHue Fig. 16. Location of seeds
ceMsiH B nnoge y S. carolinense  in the fruit of S. carolinense
(choTo HO.HO. KynakoBoit) (photo by Yu.Yu. Kulakova)
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TacjieHa KapoJIMHCKOTO XapaKTepu30BaJIoCh PAHHUM
OoTpacTaHueM KOPHEBbIX II06Er0B U JJINTEeJIbHON Bere-
Talel ¢ O0MJIbHBIM IIBETEHMEM B JIETHe-0CeHHU 1e-
puof. [TPOIOKUTEIbHOCTD BETETAIIOHHOTO ITepUoaa
cocTaBumJa B cpenHeM 170 nHen.

CBe)xecoOpaHHBIE cCeMeHa MacjieHa KapOoJnH-
CKOT'0 He ObLIN YKM3HECIIOCOOHBIMY 110 HAOJIIOIEHUIM
3a2021-2022 rr. XOT4 CIIyCTd 2—3 Mec4Lia B IIpoliecce
XpaHeHUs B IIOMEIeHUH ¥ TIOBTOPHOTO OITpeleIeHUS
JKM3HECTIOCOOHOCTY HEKOTOPAs YacTb CEMSIH CTaHO-
BUJIACh IIOTEHIINAJIbHO XKU3HECTIOCOOHOM. BeposTHO,
ceMeHHOe BO300HOBJIEHNE He SBJISIETCS IIepBooUe-
PEeIHbIM U UMeeT MOAUYNHEeHHOEe 3HaUeHNe IJIs TT1ac-
JIeHa KapOJIMHCKOTO, KaK U IJis G0JIbIIMHCTBA KOpPHe-
OTIPBICKOBBIX PACTEHUI.

Ha ocHOBaHWY ITOJTyYE€HHBIX TAHHBIX BBISBJIEHBI
Ba)KHeNIe 610JoruyecKre 0COOEHHOCTH ITacjeHa
KapoJIMHCKOTO, ITOATBEPKAA0Iye ero GUTOCAaHUTapP-
HBIN CTATyC KaK OITACHOTO KapaHTUHHOI'0 OpraHu3Ma.
DTO arpeccuBHOE BEreTaTUBHO-IIOABIIKHOE PACTEeHHE,
CII0COOHOE PaCIPOCTPaHIThCSA KOPHEBOU MOPOCIIbLIO
OT MeCTa IMEPBUYHOTO BCEJIEHUS 1 BbIJIEP)KUBATDb HU3-
KUe TOJIOKUTENIbHbIE TEMITEPATYPhI TTOUBBI B SMMHUM
TIEePUOI,.

9TU maHHbIe OyoyT BocTpeboBaHBI i pa3pa-
0OTKM IIPaBUJI IIPOBEeIEeHUs KapaHTUHHOTO (QUTO-
CaHMTApHOTro o0CNemOoBaHUSA MOJAKAaPaHTUHHBIX
00beKTOB Ha TeppuTopuu Poccuiickoit demepaluu
¥ YCTAHOBJIEHUS KaPaHTUHHOTO (PUTOCAHUTAPHOTO
pexuMa B ciIyuae BbISIBJIEHHUS 0YaroB macjeHa Kapo-
JIMHCKOTO.

Pa6oTa BBITIOJIHEHA B paMKaX rOCy/lapCTBEHHOTO
3azaHusg MUHUCTEPCTBA HAYKU M BHICIIETO 06pa3o-
BaHus Poccuiickoit ®enmepanuu (N2 123042500048-5
«Pa3paboTka MOJIEKYJISIPHO-TEHETUYECKUX U MOP(]O-
JIOTUYECKUX METOI0B UACHTU(UKAIIUY COPHBIX BHIOB
pacTeHM, BKIIOUEHHbIX B EQUHBIN ITepevyeHb KapaH-
TUHHBIX 06beKTOB EAIC»).

Bnazodaprocms. ABTOPHI BBIPAXKAIOT UCKPEH-
HIOI0 IIPU3HATEJIbHOCTb BeAylleMy HayYHOMY CO-
TPYOHUKY J1ab0paTOPUM BKOJOTUU U T€HETUKU
HacekoMbIX U Kienieit ®TBY «BHUUMKP» K.A. I'pe-
0eHHUKOBY U Hay4HOMY COTPYILHUKY OTHeja opra-
"Huszauuu MCU OI'BY «BHUUKP» C.10. MyxaHOBY
3a TIPeJIOCTaBJIEHHBIY CEMEHHON MaTepural rmacjieHa
KapOJIMHCKOTO.

CIIMCOK JINTEPATYPBI

1. Byu T.I, lIBsigkaga B.Jl. HoBble u penkue aj-
BEHTHUBHBIE BUIbI j1ophl [IpuMopckoro kpas // boTa-
Huueckuii )xypHaiu. 1981. T. 66. N2 12. C. 1758-1763.

2. KynpugHoB A.H. Teopus u IIpakTUKa UHT-
PONyKIIMU pacTeHu: yue6HOe mocobue. KeMepoBo:
KP300 «Mpbuc», 2013, 160 c.

3. MeTopuka DEeHOJOTUUYECKUX HAOIIOIeHUN
B 6oTaHnueckux cagax CCCP. M., 1975, 28 c.

4. MeTonuuecKue peKOMeHIalluu I10 3KCIep-
TH3e KapaHTUHHBIX COPHBIX pacTeHUM. BBIKOBO,
®I'BY «BHUUKP», 2014, c. 13-16.

5. MockaJsienko I.I1. KapaHnTuHHbIE COPHBIE pac-
TeHuqa Poccum. M.: I'oc. MHCIIEKI[MS 110 KapaHTUHY
pacrenuii Poc. ®enmepanuu (PocrockapanTtum), 2001,
277 c.

6. Auld B., Hirohiko M., Tomoko N., Misako I., Mi-
chael P. Shared exotica: Plant invasions of Japan and

viable. Probably, seed regeneration is not a priority and
is of subordinate importance for S. carolinense, as well
as for most root-sucking plants.

Based on the data obtained, the most important
biological features of S. carolinense were identified,
confirming its phytosanitary status as a dangerous
quarantine pest. This is an aggressive vegetatively mo-
bile plant, capable of spreading by root shoots from the
place of primary invasion and withstanding low posi-
tive soil temperatures in winter.

This data will be in demand for developing rules
for conducting quarantine phytosanitary inspection of
regulated objects in the Russian Federation and estab-
lishing a quarantine phytosanitary regime in the event
of S. carolinense outbreak detection.
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AHHOTAIUA
B HacTosI1Iee BpeMs ITPOUCXOIUT ITIOCTOSTHHOE MEX/LY-
HapOJHOe IlepeMelleHre CEMSIH JJis Pa3HbIX LieJel:
BhIPAIIMBAHUS MIPOJOBOJBCTBEHHOU MPOAYKIIUH,
MIOJTy4eHMSI KOPMOB JJIsl )KUBOTHBIX, IPUMEHEHUS
B KQuecTBe JIEKAaPCTBEHHOTO ChIPbS, UCII0JIb30BAHUI
B KOCMETOJIOTUY, TPOBEIEHNS HAYUYHbIX UCCIe0Ba-
HUU U IPYTUX.

CeMeHa IBJISIOTCS UCTOUHUKOM (pUTOCAaHUTAP-
HOTO PUCKA B CJIy4yae UX UHTPOAYKIIUU B CPeny, TIe
BBICOKA BEPOSTHOCTh aKKJIUMATU3ALIUU U PACIIPO-
CTpaHeHMd JI0ObIX CBI3aHHBIX C CEMEeHaMU BPeIHbIX
OPraHM3MOB.

[IpoBeseH TIOUCK BPEINHBIX OPraHU3MOB, CBS-
3aHHBIX C CEMEeHAMU MOPKOBU U APYTUX 30HTUUHBIX
KynbTyp. CoeslaHa CUCTeMaTU3ays TTePeYHs U KaTe-
ropusanusi BpeqHbIX OPTaHNU3MOB, CBSI3aHHBIX C Ce-
MeHaM¥ 30HTUYHBIX KyJbTyp. [IpU cucTeMaTU3auu
chOopMUPOBAHHOTO TTIEPEYHS BBhISIBIEHHbIE BPEHbBIE
OPraHM3Mbl ObLIY Pa3JieJieHbl Ha 3 IPYIIIbL:

— peryiaupyeMmble BpeJHble OPTaHU3Mbl, TIOTEH-
[IMaJIbHO CBSI3aHHbIE C CEMEHAMU MOPKOBU U IPYTUX
30HTUYHBIX KYJIBTYD;

— HeperyJupyeMble BUbI BPeIHBIX OPTaHN3MOB,
MMOTEHIIMAJIbHO CBSI3aHHBIE C CEMEHaMM MOPKOBU
U IPYTUX 30HTUYHBIX KYJIbTYD U PAaCIIPOCTPAaHEHHbBIE
Ha TeppuTOopuu Pd;

— HeperyJupyeMble BUJbl BPEJHBIX OPraHU3-
MOB, IIOTEHIIUAJIIBHO CBSI3aHHbIE C CEMEHAMU MOPKO-
BU U IPYTUX 30HTUYHBIX KYJBTYP U OTCYTCTBYIOLIME
Ha TeppuTopuu Po.

Ilns cTpaH — MOCTAaBUIUKOB CEMSH 30HTUYHBIX
KyJIbTYP pacCUMTaH UHTeTrpaJibHbIN WHAEKC pUCKa,
OTIPeesIIIoIUH KOIMYECTBO JOCMAaTPUBAEMBIX TTap-
TUY NPOJYKIIMU, C UCIIOJNb30BAHMEM MATPUILbI PUC-
Ka. Ha ocHOBe cpaBHEHUS UHJIEKCOB pPUCKA IIOCTPO-
€H CPaBHUTEJIbHBIN PEUTUHT CTPAH-TIOCTABILUKOB
1o cTeneHu GUTOCAHUTAPHOTO PUCKA, CBI3aHHOTO
C UMIIOPTUPOBAHUEM CEMSIH MOPKOBU U APYTUX 30H-
TUYHBIX KYJIbTYP U3 3TUX CTPaH.

sl CTpaH-UMIIOPTEPOB YCTAaHOBJIEHO 3HAUEHYE
SKCIIOPTHOIO NTOTEHITANa, IOCTPOEH CPaBHUTEbHBIN
PEUTHUHT CTPAH-UMIIOPTEPOB I10 CTEIIEHU CTPOTOCTH
¢duTocaHUTAPHBIX TPeOOBAHUY, MPEIbIBISIEMbBIX
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ABSTRACT
Currently, there is a constant international movement
of seeds for various purposes: growing food products,
obtaining animal feed, applying them as medicinal raw
materials, using them in cosmetology, conducting sci-
entific research, and others.

Seeds pose a pest risk if introduced into an envi-
ronment where any seed-associated pests are likely to
adapt and spread.

A search was carried out for pests associated with
the carrot and other Umbelliferae seeds. A systemati-
zation of the list and categorization of pests associat-
ed with Umbelliferae seeds has been made. When sys-
tematizing the generated list, the identified pests were
divided into 3 groups:

—regulated pests potentially associated with car-
rot and other Umbelliferae seeds;

— non-regulated pest species potentially asso-
ciated with carrot and other Umbelliferae seeds and
spread in the Russian Federation;

— non-regulated pest species potentially associ-
ated with carrot and other Umbelliferae seeds and ab-
sent in the Russian Federation.

For countries supplying seeds of Umbelliferae
crops, an integral risk index was calculated, determin-
ing the number of inspected batches of products, using
a risk matrix. Based on a comparison of risk indices,
a comparative rating of supplying countries was con-
structed according to the degree of pest risk associated
with the import of carrot and other Umbelliferae seeds
from these countries.

For importing countries, the importance of export
potential has been established, a comparative rating of
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STUMU FOCylapCTBAMU K ceMeHaM MOPKOBU U IPYTUX
30HTUYHBIX KYIbTYP.

CocTaBJjieH IlepeueHb KapaHTUHHBIX 00bEKTOB,
CBSI3aHHBIX C CEMeHAMY MOPKOBU U APYTUX 30HTUY-
HBIX KYJIbTYP U OTPaHUUYEHHO PaclIpoCTPaHEHHBIX
Ha TeppuTopum Poccuiickoir demepalinu.

I[IpoBemeHa olleHKAa (pUTOCAHUTAPHBIX Mep
yIIpaBJeHUs PUCKaMU, CBI3aHHBIMY C UMIIOPTUPOBA-
HUEM, SKCIIOPTUPOBAHUEM U [IEPEMEIIEHNEM CEMSIH
MOPKOBU U APYTUX 30HTUYHBIX KYIbTYP.

Knroueevte cnosa. CeMeHa, KapaHTUHHBIE BpPE-
HbIE OpPraHW3MbI, yIIpaBJeHUE pPUCKaMU, QUTO-
CaHUTapHbIE MEPBHI.

BBEJEHUE

HOTME€  pacTeHus  ceMelcTBa
30HTUYHBIE UMEIT O60JbIIoe
X03MCTBEHHOE 3HAYeHUe U II0-
BCEMECTHO BBIPAIIMBAIOTCS B Ka-
YecTBe MHUIIEBBIX (IIpenMylie-
CTBEHHO OBOUIHBIX U IIPSHBIX),
JIeKapCTBEHHBIX, KOPMOBBIX U TEX-
HUYECKUX PACTEHU.

CeMeHa MOTYT 6BITh MUCTOUYHUKOM PACIIPOCTPaHe-
HUS BCEBO3MOXKHBIX BPEITHBIX OPTaHU3MOB, aKKJIMMa-
TH3aIMsI KOTOPHIX IPUBEMET K 3HAUUTEbHBIM 9KOHO-
MUYECKUM IIOCIEICTBUIM.

[ToceBHBIE TIJIOMIAIT MOPKOBY B POCCUMCKOM
depepanuu B 2020 1. coctaBusu 46 100 ra. ITpombiii-
JIEHHO€ MMPOU3BOJICTBO KOPHEILJIOMHBIX KYJIBTYP CO-
CPeLOTOYEHO B OCHOBHOM B lleHTpasibHOM, IO)KHOM
u [TpUBOJKCKOM (DeflepasibHBIX OKPYyTaX, B KOTOPBIX
BRIpaIuBaeTcs okojo 70% BaJjioBoro cbopa.

Ilnsg moceBa B Poccutickolt defepaliiyl TJIaBHBIM
06pa3oM HUCIIOJIb3YIOT CEMEHHOU MaTepuaJj 30HTUU-
HBIX KYJIbTYD MMIIOPTHOTO TIPOUCXOXKAEHNUS. B cBA3M
C 9TUM BO3PACTaeT PUCK PacHpOCTPaHEHUsS OTCYT-
CTBYIOIIVX Ha TeppUTOpUU PoccuM KapaHTUHHBIX
¥ HeKapaHTUHHBIX BPeIHBIX OPraHU3MOB, CBI3aHHBIX
C ceMeHaMU.

Llenbio paboThl OblJIa CHCTEMATHU3AIINS IePEeUHS
¥ KaTeropusalnusa BpegHbIX OPraHN3MOB, CBA3aHHBIX
C ceMeHaMU MOPKOBU U APYTUX 30HTUYHBIX KYJIbTY],
olleHKa (DUTOCAHUTAPHBIX MEP YIIPABJIEHUS PUCKAMU.

OmeHka (UTOCAHUTAPHOrO PHCKA, CBI3aHHOTO
C ceMeHaMU MOPKOBUY U JPYTUX 30HTUYHBIX KYJIBTYD,
TIPOBOJIUJIACH TI0 TPEM HallpaBJIeHUSIM: OlleHKa (PUTO-
CAaHUTAPHBIX MEP YIIPaBJIeHUs PUCKAMHU, CBSI3aHHBI-
MU C UMIIOPTUPOBAHNEM; OIleHKa (PUTOCAHUTAPHBIX
Mep yIIpaBJIEeHUs] PUCKaMU, CBI3aHHBIMU C 3KCIIOP-
TUPOBaHUEM; OlleHKa (UTOCAHUTAPHBIX MeP yITPaB-
JIeHUs PUCKaMU, CBA3BAHHBIMU C IepeMelleHueM
CeMeHHOU NMPOAYKIIUY Ha TeppUuTopuu Poccuiickoi
degepanuu.

PesysnbTaThl HMCCEeLOBAHUSA MOTYT GBITH HC-
TI0JIb30BaHBI CIIEIUAIUCTaMHU B 06J1acTU KapaHTUHA
pacTeHu IJis IPEeIOTBPallleHN PacIIpOCTPaHeHU
KapaHTUHHBIX BPEIHBIX OPTAHU3MOB IIPY UMITOPTE,
SKCIIOPTE, IEPEMENEHNY CEMSIH MOPKOBY U JIPYTUX
30HTUYHBIX KYJIBTYD.

importing countries has been constructed according
to the degree of severity of the phytosanitary require-
ments imposed by these states on carrot and other
Umbelliferae seeds.

Alist of quarantine objects associated with carrot
and other Umbelliferae seeds, limitedly present in the
Russian Federation, has been compiled.

Pest risk management measures connected with
import, export and movement of carrot and other Um-
belliferae seeds has been assessed.

Key words. Seeds, quarantine pests, risk
management, phytosanitary measures.

INTRODUCTION

any plants of the Umbelliferae family are
of great economic importance and are
widely grown as food (mainly vegetable
and spicy), medicinal, fodder and indus-
trial plants.

Seeds can be a pathway for all kinds of pests,
whose adaptation will lead to significant economic
consequences.

The area sown with carrots in the Russian Fede-
ration in 2020 amounted to 46,100 hectares. Industrial
production of root crops is concentrated mainly in the
Central, Southern and Volga Federal Districts, where
about 70% of the gross harvest is grown.

For sowing in the Russian Federation, Umbelli-
ferae seed material of imported origin is mainly used.
In this regard, the risk of spread of quarantine and
non-quarantine pests associated with seeds that are
not present in Russia increases.

The purpose of the work was to systematize the
list and categorize pests associated with carrot and
other Umbelliferae seeds, assess pest risk manage-
ment measures.

The PRA associated with carrot and other Umbel-
liferae seeds was carried out in three areas: assessment
of pest risk management measures connected with im-
portation; assessment of pest risk management mea-
sures connected with export; assessment of phytosa-
nitary measures to manage risks connected with the
movement of seed products in the Russian Federation.

The results of the study can be used by plant pro-
tection specialists to prevent the spread of quarantine
pests during import, export, and movement of carrot
and other Umbelliferae seeds.

MATERIALS AND METHODS

The studies were conducted in 2020-2022.

The object of the study was pests associated
with carrot and other Umbelliferae seeds as commer-
cial products (HS code 1209918000 — other vegetable
seeds).
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MATEPUAJIBI U METO/IbI

WccnemoBanus npoBoagusiuch B 2020-2022 rr.

O6GBEKTOM MCCIELOBAHUS ABJISINCH BPeLHbBIE
OpraHM3Mbl, CBSI3aHHbIE C CEMeHaMU MOPKOBY U IPY-
I'UX 30HTUYHBIX KYJbTYP KaK TOBAPHOU MPOAYKIIUYI
(xom TH B3], 1209918000 — ripoyrie ceMeHa OBOIIHBIX
KYJIBTYP).

OmeHKa (DUTOCAaHUTAPHBIX PUCKOB, CBSI3aHHBIX
C UMIIOPTHUPOBAHMUEM, SKCIIOPTUPOBAHNEM U IIepeMe-
IIEHNEM CEMSIH MOPKOBU U IPYTUX 30HTUYHBIX KYJIb-
TYP, TPOBOJIMJIACH B COOTBETCTBUU C MEXK/IYHAPOILHbI-
Mu craugapramu (MCOM 19, 2003; MCOM 2, 2007;
PM 5/6 (1), 2012; MC®M 11, 2013; MC®M 38, 2017;
PM 5/5 (1), 2022).

[Ipu BBHIMTOJHEHUH PabOThl UCIIOIb30BAIUCH OT-
KpbIThie 6a3bl JaHHBIX 110 BPeIHbIM OpraHu3MaM:
EPPO Global Database (https://gd.eppo.int); CABI Com-
pendium (https:/www.cabidigitallibrary.org/journal/
cabicompendium); CABI Plantwise (https://www.cabi.
org/projects/plantwise); Global Biodiversity Informa-
tion Facility Free and open access to biodiversity data
(https://www.ghif.org); Global invasive species data-
base (http:/www.iucngisd.org/gisd); Atlas of Living
Australia (https://bie.ala.org.au); Fungi of Great Bri-
tain and Ireland (http://fungi.myspecies.info); Arpo-
HKOJIOTUYECKUH aTjiac Poccum 1 COTIpeiesIbHbIX CTPaH
(http://www.agroatlas.ru).

VICTOYHMKAMU CTaTUCTUYECKOW MHGpOpMaIUU
06 06beMax U CTPYKTyPe UMIIOPTa pacCMaTpUBaeMou
npoaykiuu B Poccuiickyio demepaiinio U 3KCIOp-
Ta U3 Hee CTaJu: JaHHbIe TAMOXEHHOU CTaTUCTUKU
BHelrHell Toprosiau P® (http://stat.customs.ru), ®eze-
PaJIbHOM rocyapCcTBEHHOM NH(MOPMAIIMOHHON CUCTe-
MbI (®TUC) «Apryc-duTo» (http://argusfito.fitorf.ru);
IaHHBIE 00HAPYKEHUS TEPPUTOPUATBHBIMY YITPaB-
JlenugaMu PoccenbX0o3HaA30pa KapaHTUHHBIX Bpe-
HBIX OPTaHU3MOB B UMITOPTHOM IMOAKAPAHTUHHOMU
MTPOMYKITUY CEMSH 30HTUYHBIX KYJIbTYP JIJISI TTOCEBA.

[Tpu olleHKe GUTOCAHUTAPHBIX MEP yIIpaBJe-
HUS pUCKaMU, CBI3aHHBIMU C DKCIIOPTUPOBAHU-
€M CEMSH MOPKOBU M JIPYTUX 30HTUUHBIX KYJIbTYD,
OBLIM MIPOAHANU3UPOBAHBl (PUTOCAHUTAPHBIE TPEe-
60BaHUS CTPAH — UMIIOPTEPOB POCCUNCKOUN MPOIYK-
uu (MepeyHu PeryupyeMbIX OPraHU3MOB, a TAKXe
crenuantbHble GUTOCAaHUTAPHBIE TPEOOBAHS).

[Tpu olieHKe (UTOCAHUTAPHBIX MEP YIIPaBIeHUS
pUCKaMU, CBI3aHHBIMHU C IIepeMelleHeM CEMSIH MOp-
KOBU U IPYTUX 30HTUYHBIX KYJIbTYP, UCITOJb30BaIUCh
JIlaHHBIE 0 30HAX TPOM3BOICTBA aHAIN3UPYEMOM ITPO-
IYKIIUY, 06 YCTAaHOBJEHHBIX OUarax KapaHTUHHBIX
00'BEKTOB.

KonuuecTBeHHas OlleHKa (UTOCAaHUTAPHBIX PUC-
KOB, CBSI3aHHBIX C UMIOPTHUPOBAHUEM, SKCIIOPTUPO-
BaHUEM U TTIepeMeNeHNEM CEMIH MOPKOBU U IPYTUX
30HTUYHBIX KYJIbTYP, IIPOBOAMUIACH B COOTBETCTBUM
C OGIIENTPUHSTHIMY CTaHLAPTAMU YIIPABIEHUS PUCKA-
mu (TOCT P MICO 31000-2010, 2018), npuMeHsJICSa Me-
TOJI, IOCTPOEHMS MaTPUILhI PUCKA C UCITOJb30BAHUEM
KaueCcTBEHHO-KOJINYEeCTBEHHBIX IIKaJ BEPOSITHOCTEMH
U IIOCJIEICTBU.

PE3VJIBTATBI U OBCYXKIOEHHNE

I/IBY‘JBHI/IG OTKPBITBIX 6as JAaHHBIX BPEeOHBIX Opra-
HH3MOB U PA3JIMYHBIX JIUTEPATYPHBIX MCTOYHNKOB
IIOKa3aJio, YTO C CeMeHaMM MOPKOBU U OPYI'UX 30H-
THUYHBIX KYJIBTYP IIOTEHIIMAJIbHO CBA3aHO 207 BupoB

The assessment of pest risks associated with the
import, export and movement of carrot and other Um-
belliferae seeds was carried out in accordance with in-
ternational standards (ISPM 19, 2003; ISPM 2, 2007;
PM 5/6 (1), 2012; ISPM 11, 2013; ISPM 38, 2017;
PM 5/5 (1), 2022).

Open databases on pests were used for the re-
search: EPPO Global Database (https://gd.eppo.int);
CABI Compendium (https://www.cabidigitallibrary.org/
journal/cabicompendium); CABI Plantwise (https://
www.cabi.org/projects/plantwise); Global Biodiversi-
ty Information Facility Free and open access to biodi-
versity data (https:/www.ghif.org); Global invasive spe-
cies database (http:/www.iucngisd.org/gisd); Atlas of
Living Australia (https://bie.ala.org.au); Fungi of Great
Britain and Ireland (http://fungi.myspecies.info); Agro-
ecological atlas of Russia and neighboring countries
(http://www.agroatlas.ru).

The sources of statistical information on the vo-
lumes and structure of imports of the products con-
sidered into the Russian Federation and exports were:
foreign trade data from Russian customs statistics
(http://stat.customs.ru), Federal State Information Sys-
tem (FSIS) “Argus-Fito” (http://argusfito.fitorf.ru); data
on the detection of quarantine pests by territorial de-
partments of Rosselkhoznadzor in imported regulated
products of Umbelliferae seeds for sowing.

When assessing phytosanitary risk management
measures associated with the export of carrot and
other Umbelliferae seeds, the phytosanitary require-
ments of countries importing Russian products (lists
of regulated pests, as well as special phytosanitary re-
quirements) were analyzed.

When assessing phytosanitary measures to ma-
nage risks associated with the movement of carrot and
other Umbelliferae seeds, data on the production zones
of the analyzed products and identified outbreaks of
quarantine pests were used.

34 7

21

l HacekoMble W Kneumn HemMaTobl FpVI6bI

insects mites nematodes  fungi

M 6akTepun [ Bupycbl W pacTeHus
bacteria viruses  plants

Puc. 1. F'pynnbl BpegHbIX Fig. 1. Pest groups
OpraHM3MoB, NoTeHLUUaNbHO potentially associated
CBSI3aHHbIX C ceMeHaMu MopkoBu  with carrot and other
M OPYrUX 30HTUYHbBIX KYNbTYP Umbelliferae seeds
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W rpubbl
fungi

b6akTepumn
bacteria

B BMpYyChbI
viruses

Puc. 2. Tpynnbl Bo36yguTenen
601e3Hel MOPKOBY U ApYrux
30HTUYHbIX KYNIbTYp, noTeHuunanbHo Umbelliferae potentially

Fig. 2. Pathogen groups
of carrots and other

CBA3aHHbIX C CEMEHaMM associated with seeds
BpeIHbIX OpraHu3MoB. Ha puc. 1 mokasaHo, 4To B ce-
MEHHOM MaTepualie JaHHBIX KYJIbTYyP BCTPEYATCS
7 TPYIII BpeAHbIX OPraHU3MOB: HACEeKOMBIE — 7 BUJI0B
(3,38%), knemu — 2 Buza (0,97%), HeMaTombl — 1 BUJ,
(0,48%), 6aktepuu — 15 BumoB (7,25%), BUPYCHI —
3 Bugma (1,45%), pacrenus — 34 Buza (16,43%), rpu-
ObI — 145 Bumos (70,04%).

[TonyueHHble JaHHBIE II0Ka3ajuu, 4To 78,74%
(163 Buma) BCeX BPeAHBIX OPTaHU3MOB, CBSI3aHHBIX
C 30HTUYHBIMU KYJbTYPaMU, MPUXOLUTCS HA JOJII0
Bo30OynuTesiel 6osie3Hell. B 3TOM rpyIine naToreHos,
BBI3BIBAIOMIUX 3a60JieBaHMS, CAMBIMU PacIIpocTpa-
HEHHBIMU SIBJIAI0TCS Ipubbl (88,96%), Ha BTOPOM Me-
cre HaxoaTcs 6akTepun (9,20%), Ha BUPYCHI TIPUXO0-
nutes 1,84% (cM. puc. 2).

[IpoBemeHHas CUCTEMATHU3allNg U KaTeropusa-
U IepevHs BPeIHBIX OPraHU3MOB IT0Ka3aJa, uYTo
C AaHAJIM3VPYEMOH MTPOAYKIIMEH CBSI3aHbI HECKOJIBKO
perynupyeMbiX BpenHbix opranusmMoB (https://pest-
list.worldseed.org/public/pestlist.jsp; Final review...,
2021):

BakTepumu: Candidatus Liberibacter solanacearum
(Candidatus Liberibacter psyllaurous, Zebra Chip
Disease) — 3e6pa uwuil.

PacTeHus.

Ambrosia artemisiifolia L. — aM6p0o31s TTOJIBIHHO-
JINCTHA,

Cuscuta Spp. — IOBUJIVKUY;

Acroptilon repens (L.) DC. — TOpuax moJI3y4ui;

Solanum rostratum Dun. — macjieH KOJIYNIi;

Cenchrus longispinus (Hack.) Fern. — 1ieHXPyC IJIVH-
HOKOJIIOUKOBBI.

Hacexkombie:

Trogoderma granarium Everts — KamlpoBbIN XKYK
(PM 7/13 (2), 2013).

B rpyrimy He peryaupyeMbIX ITepeuHeM BpeqHbIX
OpPraHu3MOB, OTCYTCTBYIOIIUX Ha TEPPUTOPUU Poc-
cuiickoit demepanuy U MOTEHIIUAIbHO ITPEICTaBIIA-
ouUX GUTOCAHUTAPHBIN PUCK JIS 30H BhIPAITUBAHUS
30HTUYHBIX KYJIbTYP, GBI BKJIFOUEH 91 BUI,.

BpenHbie OpraHu3Mbl PACIIPEIeTUIIUCh CIEAYI0-
M obpasoM: rpubst — 81 Bup (89,01%), 6akTepum —
6 BuzioB (6,59%), BUpychl — 3 Buja (3,30%), pacTeHus —
1 Buz (1,10%).

['pyrira BpegHbIX OPTaHU3MOB, He PETYIUPYEMBIX
epevHeM 1 paclIpoCTPaHeHHbIX Ha TePPUTOPUU Poc-
cuiickou demeparuy, HacuuThiBaeT 110 BUIOB.

Quantitative assessment of pest risks associ-
ated with the import, export and movement of car-
rot and other Umbelliferae seeds was carried out in
accordance with generally accepted risk manage-
ment standards (GOST R ISO 31000-2010, 2018),
a method was used to construct a risk matrix using
qualitative-quantitative probability scales and con-
sequences.

RESULTS AND DISCUSSION

A study of public pest databases and various litera-
ture sources showed that 207 pest species are po-
tentially associated with carrot and other Umbelli-
ferae seeds. Fig. 1 shows that in the seed material of
these crops there are 7 pest groups: insects — 7 species
(3.38%), mites — 2 species (0.97%), nematodes — 1 spe-
cies (0.48%), bacteria — 15 species (7.25%), viruses —
3 species (1.45%), plants — 34 species (16.43%), fungi —
145 species (70.04%).

The data obtained showed that 78.74% (163 spe-
cies) of all pests associated with Umbelliferae are
pathogens. In this group of pathogens that cause di-
seases, the most common are fungi (88.96%), bacteria
are in second place (9.20%), viruses account for 1.84%
(see Fig. 2).

The systematization and categorization of the pest
list showed that several regulated pests are associated
with the analyzed products (https://pestlist.worldseed.
org/public/pestlist.jsp; Final review..., 2021):

Bacteria: Candidatus Liberibacter solanacearum
(Candidatus Liberibacter psyllaurous, Zebra Chip
Disease).

Plants:

Ambrosia artemisiifolia L.;

Cuscuta spp.;

Acroptilon repens (L.) DC;

Solanum rostratum Dun.;

Cenchrus longispinus (Hack.) Fern.

Insects:

Trogoderma granarium Everts (PM 7/13 (2), 2013).

91 species were included in the pest group not
regulated by the pest list, absent in the Russian Fede-
ration and potentially posing a pest risk for areas pro-
ducing Umbelliferae.

Pests were distributed as follows: fungi — 81 spe-
cies (89.01%), bacteria — 6 species (6.59%), viruses —
3 species (3.30%), plants — 1 species (1.10%).

The group of pests not regulated by the list and
spread in the Russian Federation includes 110 species.

According to the Federal State Information Sys-
tem “Argus-Fito” (http://argusfito.fitorf.ru), the im-
port volume of carrot and other Umbelliferae seeds
for sowing amounted to 738.4 tons in 2017-2020. The
most imported seeds were dill seeds — 228.1 tons, car-
rots — 208.5 tons, coriander — 129.4 tons and parsley —
110.2 tons, the least was celery root seeds — 0.2 tons
(see Fig. 3).

The import volume of dill seeds varied from year
to year: most seed material was received in 2017 —
90.1 tons and in 2020 — 54.2 tons. Over the years of
research, seeds were imported from 17 countries.
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[To pamHbiM OTHC «APTYC- 1ouy 998069

duro» (http://argusfito.fitorf.ru), 06s-
eM MMIIOPTa CEMSIH MOPKOBU U APY- =
TUX 30HTUYHBIX KYJbTYP AJisg mmoceBa 200
3a2017-2020rT. cocTaBua 738,4 T. boJib- 150
111e Bcero 6bLJIO MMIIOPTHUPOBAHO CEMSIH

ykporma — 228,1 1T, MmopkoBu — 208,5 T, 100
KopuaHzapa — 129,4 T U HeTPyIIKUA — 50
110,2 T, MeHbIIle BCETO — CEMSIH KOPHEe- 0

BOTO cenpaepes — 0,2 T (cM. puc. 3).
O6beMbI UMITOPTA CEMSIH YKPOIIa
BapbUPOBAJIH II0 rofaM: 60Jbllie Bce-
0 CEMEHHOIr'0 MaTepuasa MOCTYIIUIO
B2017r.—90,1TtTuB20201r. - 54,2 T.
3a rozbl UCCJIELOBAaHUN ceMeHa M-

208,468

129,385 110,204

MTOPTUPOBAIUCH U3 17 CTPaH. JIUJEPOM  Puc. 3. UMNOPT CeMsIH 30HTUUHbIX KynbTyp  Fig. 3. Import of Umbelliferae seeds

mocTaBok 6buIa Mtanusg — 139,5 T. Be-  pgna nocesa B 2017-2020 rr. (TOHHbI)

OYIIVMU 9KCIIOPTepaMU TaK)Ke SIBJISI-
aucs [Tonpuia, Ppanuusa u Uugud.

B 2017-2020 rr. ceMeHa MOPKOBU OBbLIYU UMIIOP-
THUpPOBaHbI B Poccuiickyio demepanuio u3 23 cTpaH.
Jlupypyolye Mo3uiuy 1o o6’beMaM IOCTaBOK 3aHU-
masu dpaniug, CIIA, TToseuia, ABcTpanusd, [epManHus
u Vtanus. bosiblie Bcero ceMsH IJis IT0CeBa ITOCTYIIN-
J0B 2017 1. -90,6 T B 20191 -69,20T. B 2020 .
OBIJI0 UMIIOPTUPOBAHO Bcero 1,1 T TOCEBHOTO MaTepu-
aja MOPKOBH.

[ToceBHOU MaTepuaJl KOpUaHJpa IOCTyMIas
B P® u3 12 cTpaH. bosblie Bcero ceMsaH IIOCTYIINUIIO
B2017r.—50,6 TuB2020T. - 37,6 T. Iugepamu I11o-
CTaBOK CeMsH KopuaHipa 6b1nu CIIA (92,5 T), UTanus
(20,3 1) u ®paunus (15,8 1).

Bosbiie Bcero ceMsaH MeTPYIIKW UMIIOPTUPO-
Bayiu B 2017 1. - 31,9 Tu B 2020 1. — 39,4 T. UMTIOpPT
CEMEHHOr0 MaTepuaja OCylleCTBJsICA U3 17 cTpaH.
Benyuiue mo3unuu 1o o6beMaM MOCTaBOK 3aHUMAJIN
®pannuga - 81,6 T, Utanug — 12,5 T u [Nonpma -7, 3 T.

BroppivcciieoBaHUs ceMeHa TMUHA 6bLITA IMIIOP-
THPOBAHLI U3 TPex cTpaH: Cupuiickoir Apabekoii Pec-
ny6auky (44 1), [ombiu (63 Kr) 1 ApMeruu (Bcero 20T).

CeMeHa JIUCTOBOTO CeJjibiepes UMIIOPTUPOBAINA
u3 10 cTpaH. JOMUHHUPOBAIY 10 06beMaM MOCTABKU
ceMeHHOU nponykuuu us Uuaauu (5,6 1), ErunTta (5 T)
u Kutas (1,5 T). BoJibIlle Bcero ceMsiH 0bLIO UMIIOPTH-
poBaHo B2019r1.—-12,2T.

CeMeHa KOpHEBOTO cesibgepes B 2017-2020 rr.
UMITOPTUPOBaU B P® u3 Tpex crpan: Utanuu (0,1 T),
Hupepnaumos (0,1 T) u ®pannuu (0,004 T).

CemeHa deHxess 4Jis I0CeBa UMIIOPTUPOBAIU
B P® Tonbko B 2020 r. B konuuecTBe 4,7 T. CeMeH-
HOUM MaTepuaJ IMOCTYHaJ M3 ABYyX CTpaH — Utanuu
u ABcTpasimu. [TodTu BCs IPOAYKITUS O6bLIa TToJTydeHa
u3 Vtanuu, n3 ABCTpaJINU IOCTYIIWII BCEro 1 KT CeMAH.

O60061IeHHbIE TaHHBIE TEPPUTOPHUATBHBIX YIIPAB-
Jienui Poccenbxo3Hamzopa 3a 2020-2022 IT. o ciry4a-
X oOHapy’KeHUsI KaPAaHTUHHBIX BPeAHBIX OPTraHU3-
MoB (KBO) B UMIIOPTHOM NPOAYKIIUY ITPENICTABIEHBI
B Tabu. 1.

Bosbiie Bcero KBO 6b110 06Hapy»XeHO B UMIIOPT-
HOU mpomyKuuy n3 TaJ)KUKUCTaHa — 3 BUAA COPHBIX
pactenuii u KpIprei3cTaHa — 2 BUIa COPHSKOB.

Bupasi KBO, BcTpeuarumyecsd B IOJKapaHTUH-
HOM MPOAYKLIUY CEMSH 30HTUYHBIX KYJIbTYP:

Kopuaupp: ropuak moasyuuit Acroptilon repens,
noBunuku Cuscuta Spp., HacjeH Kojwuui Solanum ros-
tratum.

for sowing in 2017-2020 (tons)

The leader in supplies was Italy — 139.5 tons. Leading
exporters were also Poland, France and India.

In 2017-2020, carrot seeds were imported into
the Russian Federation from 23 countries. The lead-
ing positions in terms of supply volumes were occu-
pied by France, the USA, Poland, Australia, Germa-
ny and Italy. Most seeds for sowing were received in
2017 = 90.6 tons and in 2019 — 69.20 tons. In 2020,
only 1.1 tons of carrot seed were imported.

Coriander seed material came to the Russian Fe-
deration from 12 countries. Most seeds were received
in 2017 — 50.6 tons and in 2020 — 37.6 tons. The
leaders in supplies of coriander seeds were the USA
(92.5 tons), Italy (20.3 tons) and France (15.8 tons).

Most parsley seeds were imported in 2017 —
31.9 tons and in 2020 — 39.4 tons. Seed material was
imported from 17 countries. The leading positions in
terms of supply volumes were occupied by France —
81.6 tons, Italy — 12.5 tons and Poland — 7.3 tons.

During the study years, caraway seeds were im-
ported from three countries: the Syrian Arab Repub-
lic (44 tons), Poland (63 kg) and Armenia (total 20 g).

Leaf celery seeds were imported from 10 coun-
tries. The supply volumes of seed products were do-
minated by India (5.6 tons), Egypt (5 tons) and China
(1.5 tons). The largest quantity of seeds was imported
in 2019 -12.2 tons.

Celery root seeds in 2017-2020 imported to the
Russian Federation from three countries: Italy (0.1 t),
the Netherlands (0.1 t) and France (0.004 t).

Fennel seeds for sowing were imported into the
Russian Federation in the amount of 4.7 tons only in
2020. The seed material came from two countries —
Italy and Australia. Almost all the production was re-
ceived from Italy, only 1 kg of seeds came from Aus-
tralia.

Generalized data of territorial departments of
Rosselkhoznadzor for 2020-2022 on cases of detec-
tion of quarantine pests in imported products are pre-
sented in Table 1.

Most of the quarantine pests were detected in im-
ported products from Tajikistan — 3 weed species and
Kyrgyzstan — 2 weed species.
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MopxkoBb: 3e6pa uun Candidatus Liberibacter sola-
nacearum (Candidatus Liberibacter psyllaurous, Zebra
Chip Disease), moBuiuku Cuscuta Spp.

IMeTpymka: 3e6pa uun Candidatus Liberibacter
solanacearum (Candidatus Liberibacter psyllaurous,
Zebra Chip Disease), moBuiuku Cuscuta Spp.

Cenbaepelt KopHeBOU: 3e6pa uun Candidatus Li-
beribacter solanacearum (Candidatus Liberibacter
psyllaurous, Zebra Chip Disease).

Cenbaepelt tucToBoOM: 3e6pa uur Candidatus Li-
beribacter solanacearum (Candidatus Liberibacter
psyllaurous, Zebra Chip Disease).

TmuH: noBunuku Cuscuta spp., [eHXPyC JJIUHHO-
KOJTIOUKOBBIY Cenchrus longispinus.

Ykpor: noBunuku Cuscuta spp.

BbLI paccurTaH MHTETPAJIbHBIN PEUTHUHT CTPAH —
SKCIIOPTEPOB CEMSH 30HTUYHBIX KYJIbTYp B PD, Ha oc-
HOBaHUU KOTOPOTO OTIPe/ieJIEH TIPOIIEHT apTUii IIPo-
OYKIIUY AJs JocMoTpa (eM. Tabut. 2).

By pazpaboTaHbl (QUTOCAHUTAPHBIE MEPHI TPU
UMIIOPTE CEMSTH 30HTUYHBIX KYJIBTYP:

B cTpaHe — mpou3BoauUTeJIe IPOAYKIINU:

BerpaniuBaHue MPOAYKIIUYU B 30HaX, CBOOOIHBIX
oT KBO. ITpou3B0oicTBO IPOAYKIIUY 10 CEPTUPUKALIN-
OHHOI cxeMe. MorHuTOpuHT KBO B Iepuo s ITPOn3BO/I-
CTBA, TPAHCIIOPTUPOBKY U XPAHEHUS CEMSIH MOPKOBU
U IPYTUX 30HTUYHBIX KYJIbTYDP. PyMUT ALV XPAHUJIUII],
CeMEeHHOU ITPOAYKIIMY IPYU 00HaAPYKEeHNU KapaHTUH-
HBIX BpeauTesiel 3amaca. JJOCMOTP YyITaKOBOYHBIX
cTaHIUU. [TpeoTTPy30UHbIN JOCMOTP.

IIpu BBO3e Ha TeppUuTopuio Pd:

Hanuuue ¢uUTOCAHUTAPHOTO cepTudUKa-
Ta, YIOCTOBEPSIOIIET0 OTCYTCTBUE KapaHTUHHBIX

Ta6J. 1. Buasi KBO, pacnpocTpaHeHHbIE B CTPaHax —
JKCIopTepax ceMsIH 30HTUUHBIX KYJIbTYp B Poccuio,

2020-2022 rr.

Table 1. Quarantine pest species spread in countries
exporting Umbelliferae seeds into Russia, 2020-2022

Quarantine pest species detected in regulated
Umbelliferae seed products:

Coriander: Acroptilon repens, Cuscuta spp., Solanum
rostratum.

Carrot: Candidatus Liberibacter solanacearum
(Candidatus Liberibacter psyllaurous, Zebra Chip
Disease), Cuscuta Spp.

Parsley: Candidatus Liberibacter solanacearum
(Candidatus Liberibacter psyllaurous, Zebra Chip
Disease), Cuscuta spp.

Root celery: Candidatus Liberibacter sola-
nacearum (Candidatus Liberibacter psyllaurous, Zebra
Chip Disease).

Leaf celery: Candidatus Liberibacter solanacearum
(Candidatus Liberibacter psyllaurous, Zebra Chip
Disease).

Caraway: Cuscuta spp., Cenchrus longispinus.

Dill: Cuscuta spp.

An integral rating of countries exporting Umbel-
liferae seeds to the Russian Federation was calculated,
on the basis of which the percentage of product lots for
inspection was determined (see Table 2).

Phytosanitary measures were developed for the
import of Umbelliferae seeds:

In the country of origin:

Growing products in zones free from quarantine
pests. Production of products according to the certifi-
cation scheme. Monitoring of quarantine pests during
the production, transportation and storage of car-
rot and other Umbelliferae seeds. Fumigation of seed
storage facilities upon detection of storage quarantine
pests. Inspection of packing stations. Pre-shipment in-
spection.

When imported into the Russian
Federation:

A phytosanitary certificate proving
the absence of quarantine species of fun-
gi, bacteria, and living pests at all stages
of development. Inspection of products
and packaging material with sampling.

8 Laboratory testing of product samples.
§ s g S If a quarantine pest is detected in seeds
T 5 g g g when imported into the Russian Fede-
3 ) § fE’ §.‘ § E ’§ g, ration, the batch of products must be re-
g 5 § g5 R o8 § g & turned or destroyed.
23 %% EFE 2% g5 E 8 In the Russian Federation:
\%E _<_=5 2 §' § E E g % § §‘° 2 S Phytosanitary monitoring during
CrpaHa Country $5% S22 Eg2 Tg8S8 E S the growing season and seed storage. If
Tepmanus Germany - a quarantine pest is detgctgd, take mea-
sures to localize and eliminate the out-
Wranus Italy + break.
A list of countries importing car-
POIEEEl L ge " i rot and other Umbelliferae seeds was
Hosas 3enanaus New Zealand + compiled using data from the “Argus-Fi-
to” Federal State Information System.
CIA USA * Export volume of vegetable Umbelli-
Tamxukucras  Tajikistan . + + ferae seeds for 2017-2020 amounted
to 224.9 tons, which is 3.28 times less
Ysbexucran Uzbekistan + than imported seed products. In the ex-
o — France N port structure, the leading positions

were occupied by dill seeds —175.8 tons,
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Ta6J1. 2. IHTerpaJbHbIii PEHTUHT CTPAH — IIOCTABUIUKOB CEMSIH MOPKOBU
U JPYyrux 30HTUYHBIX KYJIbTYp B Poccuiickyio dezepaiiuio

Table 2. Integral rating of countries supplying carrot and other Umbelliferae seeds
to the Russian Federation

IMapTwuii g IMapTuii nosa

CTpaHa gocmoTpa, % CrpaHa JocMoTpa, %
npoucxoxzgenus Country NP Lots for npoucxoxzgenus Country NP Lots for
NPOAYKIIUU of origin IR inspection, % mnpomyKmuu of origin IR inspection, %
ABcTpus Austria 80 Kurait China 3 40
Fepmanuga Germany 80 KHIP DPRK 3 40

Ucnanuga Spain 80 KbIpreiscran Kyrgyzstan 3 40

Urtanusa Italy 80 PyMmbiHuSA Romania 3 40

HoBag 3enaugug  New Zealand 80 TamKuKuCcTaH Tajikistan 3 40
TMopryranus Portugal 80 YKpauHa Ukraine 3 40

Cepbus Serbia 80 I0OAP South Africa 3 40

CIIA USA 80 ApMeHu4a Armenia 2 20

dpaHug France 80 Erumner Egypt 2 20

dnonus Japan 80 MongoBa Moldova 2 20
Hunepnaupgsl Netherlands 4 60 Cupus Syria 2 20
ABcTpanus Australia 3 40 Yexusd Czech Republic 2 20
Asepbaiimxan Azerbaijan 3 40 Yunu Chile 2 20
ApreHTuHa Argentina 3 40 JlaTBUS Latvia 1 10

Benrpusa Hungary 3 80 [Tonpma Poland 1 10

Nupusa India 3 40 TanzaHusa Tanzania 1 10
KazaxcTtan Kazakhstan 3 40 Y3bekucran Uzbekistan 1 10

MpumeuaHue: P — nHTerpanbHbI MHOEKC PUCKA CTPaHbI-NOCTaBLLMKA.
LIBeTOBOE pacnpeneneHune cteneHn pucka: 1 — HU3KUIM pUckK; 2 — HU3KUM PUCK; 3 — CPELHUIN PUCK;

4 — cpefHu PUCK; 6 — BbICOKUIN PUCK.
Note: IR —integral risk index of the supplier country.

Color distribution of risk level: 1 — low risk; 2 — low risk; 3 — medium risk; 4 — medium risk; 6 — high risk.

BUIOB rpuboB, 6aKTEpPUH, )KUBBIX 0cobell BpeauTe-
Jiel BO BCEX CTAUSIX Pa3BUTHUA. [[OCMOTP ITPOLYKIIUY
U YIIaKOBOUYHOTO MaTepuaja ¢ oT6opoM o6pasiios.
JlabopaTopHOe ucciieloBaHue 06pa3IioB IPOAYKIIVU.
B cnyuae o6HapyxeHus KBO B ceMeHax IpY BBO3e
B P® - B0o3BpaT WK yHUUTOXKEHYE TTAaPTUY ITPOAYKIIVIU.

Ha Tepputopuu Pd:

®UTOCAHUTAPHBIY MOHUTOPUHT B ITIEPUOJ, BETe-
TalluM U XpaHeHUd ceMgH. [Tpu o6HapyxeHuu KBO —
MpPOBeleHe MEPOTIPUITHUH I10 JIOKAJIU3AIUY U JIUK-
BUJAIIMY odara.

CocraBjieHlEe TIepeYHs CTPaH — UMIOPTEPOB
CeMSH MOPKOBY U APYTUX 30HTUYHBIX KYJIbTYP O6BLIO
mpoBeneHo 1Mo AaHHbIM OTUC «Apryc-®duTo». O6b-
€M BKCIIOPTa CEMSIH OBOUHBIX 30HTUUHBIX KYJIbTYP
3a 2017-2020 rr. coctaBua 224,9 T, uTo B 3,28 pasa
MeHbIIIe UMIIOPTUPOBAHHOM CEMEHHOU MPOMYKITUU.
B cTpyKType sKCIopTa BeAylie MO3UIUY 3aHUMaIU
ceMeHa ykpora — 175,8 T, neTpymky — 23,3 T U KOPU-
aggpa — 22,0 T. CeMdH TMUHA OTIIPaBJISAJIOCH HA 3KC-
moptT Bcero 200 r (cM. puc. 4).

JKCIIOPT CeMSH YKpOIla OCYU[eCTBJISJICSH
B 13 cTpaH. 95,73% Bcex nmocTaBok (168,3 T) GbLIO
oTIpaBJieHO B AszepbaiimxaH. Ha moJit0 ocTajlb-
HBIX CTPaH-UMIIOPTEPOB IIPUXOAUIOCH 7,5 T CEMEHHOM
npoxyKiuu. O6beMbl SKCIIOPTA 3HAYUTEIbHO BapbU-
poBaju 110 rozaM: 60JIbIlIe BCET'0 CEMSH OTITPABJISIIIOCH
B20181r.-72,5TuuB2000r.—60,4 T

parsley — 23.3 tons and coriander — 22.0 tons. Only 200
g of caraway seeds were exported (see Fig. 4).

Dill seeds were exported to 13 countries. 95.73%
of all deliveries (168.3 tons) were sent to Azerbaijan.
The share of other importing countries accounted for
7.5 tons of seed products. Export volumes varied sig-
nificantly over the years: the most seeds were sent in
2018 — 72.5 tons and in 2000 - 60.4 tons.

Parsley seeds in 2017-2020 were exported to
6 countries: Ukraine, France, Belarus, Poland, Italy and
Kazakhstan. Almost all products were sent to Ukraine —
23.2 tons. In 2018, no products were exported.

All seeds sent for export were of Russian origin.
Parsley was grown for seed purposes in the Stavropol
Krai and Krasnodar Krai, Astrakhan Oblast and other
regions.

In 2020, 0.02 tons of parsley seeds were moved
within the country (to Kaliningrad Oblast).

Export of coriander seed material was carried out
only in 2020. 22 tons of Russian produced seeds were
sent to Azerbaijan.

In 2017-2020 carrot seeds were exported to
9 countries. The leaders in terms of supply volumes
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TOHH were Ukraine (1.6 tons) and the Neth-
175,838 erlands (1.4 tons). Most carrot seeds

200 were exported in 2020 — 1.7 tons.
150 Celery seeds were exported only
in 2018 to Belarus in a volume of
100 0.1 tons. At the same time, the seeds
23321 55000 were produced in the Czech Repub-
50 - 3,643 0,063 0,031  0,0002 lic, that is, re-export was carried out.

> > > «» ) own seeds were grown.

QS > Q 0 » © Q> Export of fennel seeds for sowing
4;!906‘\\ /\@&g@ &Q‘tbe’& Q*'Oi\& «OQ’O\Q}* Qﬁg'i(\?’\ ’\‘Rx;\'ﬁ was carried out only in 2020. 0.03 tons

&g K & F W& @ g f products were sent to Ukraine.

&g E & RS & of produc

© ®Q° @ Export of caraway seeds for sow-
s\.‘&‘ ing was carried out using seeds grown
& inthe Russian Federation. Seedsin the

Puc. 4. 06beMbl akcnopTa ceMsaH
30HTUYHBIX KyNnbTyp, 2017-2020 rr. (TOHHbI)

Cemena meTpymky B 2017-2020 rT. GbLIN 3KC-
IOPTUPOBAHLL B 6 CTPaH: HA YKpauHy, BO ®PpaHIIUIo,
B Benapycy, [Tosbuy, Mtanuio u KazaxcraH. [Toutu Bca
OPOAYKIIMsA 6bla OTIIpaBJeHa Ha YKpauHy — 23,2 T.
B 2018 r. mpoAyKII¥s HA SKCIIOPT He OTIIPAaBJIAIACh.

Bce ceMeHa, OTIIpaBJieHHbIE HA DKCIIOPT, 6BLIN
co6CTBEHHOTO MPOU3BOACTBA. [leTpylIka Ha ceMeH-
HbIe L1eJIV BbIpalluBajiach B CTaBPOIIOJIbCKOM U Kpac-
HOJIapCKOM Kpasix, ACTPaxaHCKOM 06JIacTy U IPYTUX
pervoHax.

B 2020 1. 0,02 T ceMsH MeTPYIIKU OBLIIO TIepeMe-
IIeHO BHYTPU CTPaHbl (B KATMHMHTPAJCKY0 06J1aCTh).

JKCIOPT [IOCEBHOrO0 MaTepuaJja KopuaHpapa
OCYILECTBJIAJICA TOJIBKO B 2020 I. 22 T ceMdH OTede-
CTBEHHOTI'O ITPOU3BO/ICTBA GBLIM OTIIPABJIEHBI B A3ep-
GanIKaH.

B 2017-2020 rr. ceMeHa MOPKOBU 3KCIIOPTUPO-
BaJiu B 9 cTpaH. JIuAUPOBaIHU 110 06beMaM ITOCTABOK
Ykpauna (1,6 T) u Hugepnaubl (1,4 T). BoJibiiie BCEro
CeMSH MOPKOBU dKcropTupoBanu B 2020 1. — 1,7 T.

CeMeHa cebiepes OTIIPABIISAIN HA 9KCIIOPT TOJIb-
Ko B 2018 . B Benapych B 06beMe 0,1 T. [Ipu 3TOM ceMe-
Ha 6bLIY TPOU3BeleHbl B UeXUu, TO eCTh OCYIIIeCTBIIEH
peskcropT. COGCTBEHHBIX CEMSH BBIPAIIEHO He OBLIO.

SKCIIOPT ceMaH (peHxXes A5 10CeBa IIPOBOAII-
cs1 Tosibko B 2020 1. 0,03 T mpoAyKIiiuu 6bLJI0 OTIIPaB-
JIEHO Ha YKpauHy.

SKCIIOPT CeMSH TMUHA J1JI5 IT0CeBa OCYILeCTBIISII-
cs ceMeHaMy, BeIpaleHHbIMY B PD. CeMeHa B Koinuue-
ctBe 200 r 66111 OTTIPABJIEHHI B Besapych.

Brln mpoBefieH aHAJIM3 KapaHTUHHBIX [Ieped-
Hell CTpaH — UMIIOPTEPOB POCCUMCKOY ceMeHHOU IIpo-
IYKITUY 30HTUYHBIX KYJIBTYD, ONIPeieJIeHbl CBOOOIHBIE
oT KBO 30HBI, Ha OCHOBE 3KCIIOPTHOI'O ITOTEHI[MAaJa
oripezesieH PEUTHUHT CTPaH, UMIIOPTUPYIOIIVX POCCUA-
CKUe CeMeHa, YTO II03BOJIUT OIITMMU3UPOBATh IIPoIle-
JIIyPY 9KCIIOPTa CEMEHHOro MaTepuasa (cM. TabJ. 3).

AHaJIn3 IPOUCXOXKIEHUI CEMSIH YKPOIIa, OTIIPaB-
JISIEMOTO Ha 3KCIOPT, mokasaJi, uTo B 2017-2020 rr.
TI0YTY Becb 06'beM ceMeHHOro MaTepurasia (175,4 T) 6611
npousBeneH B Poccuy, uto coctaBuiio 99,7%, ocraib-
Heie 0,5 T 661 1TOTyUeHbl u3 Vtanuu u Kutas, To ecTb
JIOJI pesKcIiopTa Obljia He3HauuTe bHOU. CeMeHa
ObL1U BhIpaleHbl B KpacHomapckoM kpae, Peciiy6iu-
Ke JlarectaH, CTaBpOIOJIbCKOM Kpae, KeMepoBCKOI,
AcTpaxaHCKO# U ApyTux obmacTsax. OCHOBHBIMU ITPO-
U3BOAUTENSIMU ceMsaH 6b1iu KpacHomapckuil kpau
u Pecry6simka JlarecTaH.

Fig. 4. Export volumes of Umbelliferae
seeds, 2017-2020 (tons)

amount of 200 g were sent to Belarus.

An analysis of the quarantine
lists of countries importing Russian
Umbelliferae seed products was carried out, zones free
from quarantine pests were identified, and based on the

Ta6J1. 3. PEITUHT CTPAaH — UMIIOPTEPOB CEMAH
MOPKOBHU U PYTrUX 30HTUYHDIX KYJIBTYP

Table 3. Rating of countries importing carrot
and other Umbelliferae seeds

Crpana- Importing Export
HMIIOPTEP country 3 potential
Asepbaiimxkan  Azerbaijan 3 —cpemHu# 3 - medium
ApmeHus Armenia 3 -cpenuuit 3 - medium
Benapych Belarus 3 —cpegauit 3 — medium
Uranus Italy 3 —cpegHuii 3 — medium
KasaxcTau Kazakhstan '3 —cpemauii 3 — medium
Kurait China 3 -cpenauit 3 - medium
MapoKKo Morocco 3 —cpengaun 3 — medium
MomzoBa Moldova 3 —cpegaun 3 — medium
Hugnepnauger  Netherlands 3 —cpeguuit 3 — medium
TMosbIna Poland 3-cpenHuii 3 —medium
Cepbus Serbia 3 -cpenauii 3 — medium
YKpanHa Ukraine 3 —cpegaun 3 — medium
OpaHIUA France 3 —cpegaun 3 — medium
I'pysus Georgia 2 —Bpicokui 2 —high
Vicnamckas Islamic

Pecmy6siuka Republic of 2 —Beicokuit 2 — high
Wpan Iran

ABcTpanusa Australia

O6benunenHsle United

Apabckue Arab

OMUpaThI Emirates

MpuMeuaHue: Il — 3KCNOPTHbLIN NOTEHLMaN.
LiBeToBOE pacnpeneneHne sKCNOPTHOro

noTeHumana ctpaH: 0 — Hambonee BbICOKUI NOTEHLMAN;
2 — BbICOKWI NoTeHuman; 3 — cpegHuin noTeHuman.
Note: Color distribution of countries’ export potential:

0 - highest potential; 2 — high potential;

3 — medium potential.
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Bce ceMeHa meTpylIKY, OTIIPaBJIEHHBIE HA SKC-
TI0PT, 6BLJIV OTEUEeCTBEHHOTO ITIPOU3BOACTRA. [TeTpyiKa
Ha CeMeHHbIe 11eJIU BbhIpalrBajiach B CTaBPOIOJIbCKOM
Kpae, KpacHomapckoM Kpae, AcTpaxaHCKOM obJyiacTu
u apyrux peruoHax. OCHOBHOe KOJIMUECTBO CEMSH
ObLJI0 BRIpaleHo B KpacHomapckom kpae — 20,02 T.

AHa/I3 TIPOUCXOKIEHUS SKCIIOPTUPYEMBIX CE-
MSIH MOPKOBH ITOKa3aJl, UYTO B TOJIbI UCCIIEIOBAaHUSI Kak
OTIPAaBJIAIINCH CEMEHA COOCTBEHHOTO ITPOMU3BOICTBA,
TaK U OCYILECTBJISAJICS PESKCIIOPT. CeMeHa ITPOU3BOAU-
auck B CTaBPOIOJbCKOM Kpae, KpacHomapckoM Kpae,
AnTaiickoM Kpae, Yena6MHCKONM 06J1aCTU U APYTUX
peruoHax.

Bosbiiag yacTb CeMSIH MOPKOBU ObLiIa TTOJydeHa
B CTaBpPOIIOJIbCKOM Kpae — 1,6 T. DKCIIOPT CEMAH c06-
CTBEHHOTO MPOM3BO/ICTBA 3HAUUTEJIBHO BapbXPOBaJ
110 rogaM — 60JbIle Bcero ux 6n110 B 2020 1. — 93,16%.
MeHbllle BCETO COOGCTBEHHBIX CEMSH OTIIPABJSIOCDH
Ha skcmopT B 2019 1. — 0,24%. CymMMapHbIN 06beM
9KcropTa ceMsH 3a 2017-2020 rr., Mporu3BeleHHBIX
B P®, cocTraBui 50,15%. PeskcropT oCylLeCTBIIAICA
u3 caenywmux crpad: CIIA, ABctpanud, [losbiia,
dpannud, FOAP, Unnu, Yexud. BoJibille BCero ceMsaH
npoucxoguyo us CIIIA-1,6 T.

duTOCAaHUTAPHBIE MEPHI B CTPaHAX-UMIIOPTEPAaX,
obJieryaromiue SKCIOPT NIPOAYKIIUW: CEMEHHOMN MaTe-
puaJ JoJDKeH OBITh BRIPAIEH B 30HAX U HA YUacCTKax
TIPOM3BO/ICTBA, CBOOOIHBIX OT KAPAHTUHHBIX BPETHBIX
OpraHu3MOB.

[TpoBefieH aHAIN3 ITIePeMEIeHUS II0 TEPPUTOPUN
Poccuu nummoptupyemMou rmpogykiyu. B 2017 . cemeHa
MOPKOBU TIOCTYTaJIX B 5 penepanbHbIX okpyros (©O):
I0xHbIH, [leHTpanabHbIH, Ypanabckuii, CeBepo-3ara-
HbIH U ITpuBoJDKCKUM. 47,70% 06beMa BCel mapTuu
noctynuio B LleHTpanbHbld @O (TugupoBasu r. Mo-
ckBa, MockoBckas u Tynbckas obaactu — 40,060 T, uim
44,22%). B I0xubI# PO 661110 pacupenenaeHo 29,58%
ceMsH. 17,33% Bcex 06bEMOB CEMEHHOTO MaTepuaa
nosryumii CeBepo-3anazubiiit @O (1. CaHKT-ITeTepbypr,
JlenmHrpaackas u IIckoBckas obsactu). B 2018 1. ce-
MeHa MOPKOBU Takxe moctymnanu B 5 ®O: HOxHbBIH,
LieHTpaNbHBIN, Ypasibckuii, CeBepo-3anamHblii u [1pu-
BOJDKCKU. 43,74% o06beMa Bcell TapTUX MOCTYIIUIIO
B LlenTpanbubiii ®O (MumupoBanu I. MockBa, Mo-
ckoBckasg u Tynbckas o6aacTb — 20,3 T, unu 42,67 %).
B I0xxubI#M @O mtoctymuiio 29,84% cemsaH. 23,06% Bcex
06bEMOB CeMeHHOr0 MaTepuaJa rnojyuui CeBepo-3a-
nagueii @O (r. CaukT-IleTepbypr, JIeHUHTpagCcKas
u [IckoBckas obyiactu). B 2019 . UMIIOPTHBIE CEMEHA
noctynanu B [leHTpanbHbIN, KOxHBIN, CeBepo-3amna/i-
HbIl, CeBepo-KaBkasckuit u Cubupckuit ®0. Beny-
1ye TO3UIlNY 3aHUMaNu LleHTpalbHbIl — 37,2 T, UIu
53,70% Bcex MOCTaBOK, 1 I0xKHBIN — 33,84%.

VIMIIOPTHBIN MaTepuaj ceMsH ykpora B 2017 T.
IIOCTyIaJl B 7 peruoHoB P®. 65,95%, unu 86,9 T Bcex
ceMsH, ObLIU TTOJTyUeHbl LleHTpaibHBIM DefiepadbHbIM
okpyrom. Ha ponto CeBepo-3anaguoro ®0O nmpuxonu-
Jgock 30,50% Bcex ceMaH. B 2018 . mpogyKIu4 IOCTY-
naja B 6 efiepalibHbIX OKPYToB: CeBepo-3amagHbIi,
LlenTpanbHbI#, I0xHbIN, CuOUpPCKUH, JaJbHEBOCTOY-
HbIll m CeBepo-KaBkazckuii. [Tpu aToM 62,92% 110Jy-
ynn CeBepo-3ananubiii @O, lleHTpanbHbl — 14,7 T,
uiu 29,14%. Toctynasmuii B 2019 1. B PO ceMeHHOM
MaTepual Harpasisics B 4 ®O. JIugmupoBaiu 1o 06b-
eMaM rocTaBok LleHTpanbHbil 1 H0xHbIN PO — 28,0 T
1 5,2 T COOTBETCTBEHHO.

export potential, a rating of countries importing Rus-
sian seeds was determined, which will allow optimizing
the procedure for exporting seed material (see Table 3).

An analysis of the origin of dill seeds exported
showed that in 2017-2020 almost the entire volume
of seed material (175.4 tons) was produced in Rus-
sia, which amounted to 99.7%, the remaining 0.5 tons
were received from Italy and China, that is, the share
of re-export was insignificant. The seeds were grown
in Krasnodar Krai, the Republic of Dagestan, Stavropol
Krai, Kemerovo Oblast, Astrakhan Oblast and other re-
gions. The main seed producers were Krasnodar Krai
and the Republic of Dagestan.

All parsley seeds sent for export were produced in
Russia. Parsley was grown for seed purposes in Stav-
ropol Krai, Krasnodar Krai, Astrakhan Oblast and other
regions. The main amount of seeds was grown in Kras-
nodar Krai — 20.02 tons.

An analysis of the origin of exported carrot seeds
showed that during the years of the study both seeds of
own production were sent and re-exports were carried
out. Seeds were produced in Stavropol Krai, Krasnodar
Krai, Altai Krai, Chelyabinsk Oblast and other regions.

Most of the carrot seeds were obtained in Stav-
ropol Krai — 1.6 tons. Exports of seeds of own produc-
tion varied significantly over the years — most of them
were in 2020 — 93.16%. The least amount of own seeds
was exported in 2019 — 0.24%. The total export vo-
lume of seeds produced in the Russian Federation for
2017-2020 amounted to 50.15%. Re-export was car-
ried out from the following countries: USA, Australia,
Poland, France, South Africa, Chile, Czech Republic.
Most seeds came from the USA — 1.6 tons.

Phytosanitary measures in importing countries
to facilitate the export of products: seed material must
be grown in production areas and areas free from qua-
rantine pests.

An analysis of the movement of imported products
across Russia was carried out. In 2017, carrot seeds
were supplied to 5 federal districts (FD): Southern, Cen-
tral, Ural, Northwestern and Volga. 47.70% of the vo-
lume of the entire batch arrived in the Central Federal
District (Moscow, Moscow Oblast and Tula Oblast were
in the lead — 40.060 tons, or 44.22%). 29.58% of the
seeds were distributed to the Southern Federal District.
17.33% of all volumes of seed material were received by
the Northwestern Federal District (St. Petersburg, Le-
ningrad Oblast and Pskov Oblast). In 2018, carrot seeds
were also supplied to 5 federal districts: Southern, Cen-
tral, Ural, Northwestern and Volga. 43.74% of the vo-
lume of the entire batch arrived in the Central Fede-
ral District (Moscow, Moscow Oblast and Tula Oblast
were in the lead — 20.3 tons, or 42.67%). The Southern
Federal District received 29.84% of the seeds. 23.06%
of all volumes of seed material were received by the
Northwestern Federal District (St. Petersburg, Lenin-
grad Oblast and Pskov Oblast). In 2019, imported seeds
arrived in the Central, Southern, Northwestern, North
Caucasian and Siberian Federal Districts. The lead-
ing positions were occupied by Central — 37.2 tons, or
53.70% of all supplies, and Southern — 33.84%.
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VIMIOpTUPOBAaHHBINM CeMeHHOW MaTepuas Ko-
puanzgpa B 2017 1. pacmupemesiics ciaenyomum o6-
pasom: CeBepo-3amanubiii O — 24,04 T, LieHTpab-
HBIA — 19,2 T, IOXKHBIN — 11,4 T. JJoJig ocTaJbHbIX ®O
ObLjIa He3HAUNTENbHOM. B 2018 I. coOTHOIIIEHNE 00Be-
MOB ITIOCTaBOK CEMEHHOT0 MaTepHraJjia 1o CpaBHEHUIO
C IPEAbIAYIIUM TOJOM U3MEHUJIOCH: IUAMPOBaIu FOxK-
b (53,3%), LlenTpaibHbiil (23,95%) u CeBepo-3a-
napubiit (20,17%) demepanpHbie OKpyTa. B 2019 .
nocTaBku B H0xHBIN ©O Bo3pocau 10 19,5 T, 4To co-
cTraBuyo 85,71% Bcex MOCTYIIJIEHNH CEMEHHOTO MaTe-
puaia. YMEeHbIIMIKUCH ITOCTaBKY B LleHTpanbHbIl PO,
B CeBepo-3araHblii TOCTYIIJIEHUH He GbLIO.

CeMeHHas NPOAYKLUSA NTeTPywKky B 2017 1. 110-
crasysiaack B 7 ®0: llenTpaibHbll, CeBepo-3amaj-
HbIY, I0XKHBIN, Ypanbckui, Cubupckuii, JanbHe-
BOCTOYHBIN U [IpUBOJIXXCKUH. BoJbllle BCero ceMsH
nocTynuio B lleHTpanbHbIl 1 CeBepo-3anamHbiil de-
IepanbHble okpyra. B 2018 1. — B 5 @O, u3 HuX 60J1bIIe
BCero 6bLJI0 OTIIPaBJeHO B LleHTpabHBIN U CeBEPO-
3amazHbi. B 2019 T. o-Tipe)xHEMY JTUIEPOM 10 06be-
MaM IMOCTaBOK UMIIOPTHBIX CEMSH METPYIIKY SBJISIICS
LleuTpanbubiii @O (86,98%).

CeMeHa JIMCTOBOIO cenbrepeda B 2017 r. mocTy-
aJiv BO BiaguMupckyo o6iacTb (87,06% IT0CTABOK),
a Taxoke pernousl 0xHOTO ®0 (12,93%). B 2018 . 110-
CcTaBKM ocyIecTBIsinch B 4 ®0: CeBepo-3arajHbIH,
LleHTpaJbHbBIN, FOXKHBIH, [IaJIbHEBOCTOYHBIN. JIOMUHU-
poBaJ CeBepo-3amagubiii 0. B 2019 . UMIIOPTHBIE
ceMeHa mosryyanu CeBepo-3amnaiHbIl, LIeHTpasTbHbIN
¥ H0xHBIN DO, B 1TepBblie 2 TOCTYIIUJ [IOYTU BECh 06b-
eM CeMeHHOT0 MaTepuala.

B 2017-2019 rT. ceMeHa macTepHaka I10CTylaau
B llenTpanbHbIM, CeBepo-3anangubiii u I0xxubIN ©O.
BoJibilie Bcero mocTaBokK 66110 B CeBepo-3amnaaubiii @O.

[TpoaHanM3upoOBaHbI JaHHbIE PE3YIbTaTOB (PUTO-
CaHUTAPHOTO MOHUTOPUHTA, IPOBOAMUMOTO Poccesb-
X03HAI30POM JJisI YCTAHOBJIEHUST (DUTOCAHUTAPHBIX
30H, ompexmeaeHbl cBobomubie oT KBO 3o0ubl (URL:
https://fsvps.gov.ru/ru/monitoring).

Onpenenensl KBO, cBsA3aHHBIE C TIPOAYKIUeH
U pacIlipocTpaHeHHbIe Ha TeppuTopuu Pd:

1) Ambrosia artemisiifolia — aM6pO3UsT TTOJIBIHHO-
JIUCTHAas;

2) Cuscuta spp. (Cuscuta campestris — IOBUIUKA
nosieBast; Cuscuta epithymum — TIOBUJIVKA TUMbSIHOBAS
U IpyTue);

3) Acroptilon repens — TOpYaK MOJBYYUH;

4) Solanum rostratum — macjaeH KOJIIOUN;

5) Cenchrus longispinus — 1eHXPYC IJIMHHOKOJ0Y-
KOBBIH.

duUTOCAaHUTAPHBIE MEPHI, PEKOMEHIyEMBIE B ITPO-
1ecce BhIpAIIVBAaHUS U MTOCJIeAYIONIETO ITepeMeneHUs
MNPOAYKIIMYU CEMIH MOPKOBU U IPYTUX 30HTUYHBIX
KyJIBTYP:

e BbhIpalluBaHUe TMPOAYKIIMM B 30HAX U Ha
y4acTKax IIPOMU3BOICTBA, CBO60AHBIX OT KBO);

e arpOTEeXHMYECKWE MePHI: BCIAIIKa, KyJbTUBa-
11y, 60pOHOBaHUeE [1Ji1 60PHOBI C COPHIKAMU;

« IpUMeHeHNe repOUIluIOB BO BpEMS OTpacTa-
HUS COPHSIKOB,;

» (puTocaHUTapHAad cepTUDUKALIS TPOAYKIIUY;

* MIPEeAOTTPY30YHBIN JOCMOTP U ITPOBEEHNE Jia-
60pPaTOPHON DKCIIEPTUSHI;

e TIIATEJIbHBIN MIPEeA3KCIIOPTHBIN BU3yaJIbHbBIN
IOCMOTp I'py3a.

In 2017, imported dill seed material arrived in
seven regions of the Russian Federation. 65.95%, or
86.9 tons of all seeds, were received by the Central
Federal District. The Northwestern Federal District
accounted for 30.50% of all seeds. In 2018, products
were supplied to six federal districts: Northwestern,
Central, Southern, Siberian, Far Eastern and North
Caucasian. At the same time, the Northwestern Fede-
ral District received 62.92%, the Central Federal Dis-
trict received 14.7 tons, or 29.14%. The seed material
received in the Russian Federation in 2019 was sent
to 4 federal districts. The Central and Southern Fede-
ral Districts were leaders in terms of supply volumes —
28.0 tons and 5.2 tons, respectively.

Imported coriander seed material in 2017 was
distributed as follows: Northwestern Federal District —
24.04 tons, Central — 19.2 tons, Southern — 11.4 tons.
The share of other federal districts was insignificant. In
2018, the ratio of seed supply volumes changed com-
pared to the previous year: Southern (53.3%), Central
(23.95%) and Northwestern (20.17%) federal districts
were in the lead. In 2019, supplies to the Southern Fe-
deral District increased to 19.5 tons, which amounted
to 85.71% of all seed supplies. Supplies to the Central
Federal District decreased, there were no supplies to
the Northwestern Federal District.

In 2017, parsley seed products were supplied
to 7 federal districts: Central, Northwestern, South-
ern, Ural, Siberian, Far Eastern and Volga. Most of the
seeds came to the Central and Northwestern Federal
Districts. In 2018 — to 5 federal districts, of which the
majority were sent to the Central and North-Western.
In 2019, the leader in the volume of supplies of im-
ported parsley seeds was still the Central Federal Dis-
trict (86.98%).

Leaf celery seeds in 2017 came to Vladimir Oblast
(87.06% of supplies), as well as the regions of the
Southern Federal District (12.93%). In 2018, deliveries
were made to 4 federal districts: Northwestern, Cen-
tral, Southern, Far Eastern. The Northwestern Federal
District dominated. In 2019, imported seeds were re-
ceived by the Northwestern, Central and Southern Fe-
deral Districts; the first 2 received almost the entire
volume of seed material.

In 2017-2019 parsnip seeds were supplied to the
Central, Northwestern and Southern Federal Districts.
Most deliveries were to the Northwestern Federal Dis-
trict.

Data from the results of phytosanitary monitoring
carried out by Rosselkhoznadzor to establish phyto-
sanitary zones were analyzed, and zones free from
quarantine pests were identified (URL: https://fsvps.
gov.ru/ru/monitoring).

Quarantine pests associated with products and
distributed in the Russian Federation were determined:

1) Ambrosia artemisiifolia;

2) Cuscuta spp. (Cuscuta campestris; Cuscuta epithy-
mumy);

3) Acroptilon repens;

4) Solanum rostratum;

5) Cenchrus longispinus.
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3AKJ/IIOYEHUE

[IpoBeneHa olleHKa (pUuTOCAaHUTAPHBIX Mep yIpaBJe-
HUS pUCKaMU, CBI3aHHBIMU C UMIIOPTUPOBAHUEM,
SKCIIOPTUPOBAHUEM U MEPEMENIEHUEM CEMIH MOP-
KOBU U JIPYTUX 30HTUYHBIX KYJIbTYP, BHITIOJHEHHAS
mo yTBepxaeHHOU BHUMKP MeTomuke IJis TEKy-
el CTPYKTYPBhI PhIHKA JAaHHOU MPOAYKIIUM U aKTy-
aJIbHBIX (PUTOCAHUTAPHBIX PUCKOB.

Ouenka pUTOCAHUTAPHBIX MeP YIIPaBJIEHUS PUC-
KOM, CBI3aHHBIM C UMIIOPTUPOBAHUEM CEMSIH MOPKO-
BU U APYTUX 30HTUYHBIX KYJbTYP, IT03BOJIMJIA IPO-
aHAJIM3UPOBATH CYIIECTBYIOUUN PUCK U Pa3paboTaTh
CUCTEMY MEPOTIPUSTU I10 €T'0 CHIDKEHUTO.

BBICOKM PUCK MPECTABISIIOT CEMeHa 30HTUY-
HBIX KYJIBTYD, UMIIOPTUPYyeEMBIe B Poccutickyto Pepe-
pauui 13 gecdaTu cTpaH: ABcTpus, 'epmanud, Vcna-
Hud, Utanus, HoBaga 3enanpgus, [Toptyranus, Cepbus,
CIIA, ®paunud, dnonusa. MHTerpajabHbIl PeUTUHT
STUX CTPaH COCTAaBUJI 6, UTO CBUIETENBCTBYET O HEO6-
XOIUMOCTU JocMoTpa 80% mapTuil ceMeHHOTO MaTe-
puana.

CpenHuil peUTUHTr UMeloT 14 cTpaH: Hugmep-
JaHAbl (MHTETrpaibHbIN MHIEKC — 4, 1ocMoTp 60%
napTuii); ABctpanusa, AzepbaiigkaH, ApreHTHHa,
Benrpus, Uugus, Kaszaxcrad, Kutait, KHJP, Kbiprbis-
craH, Pymbiaus, TamxukucTad, Ykpausa, I0AP (uH-
TerpaJbHbIA NHIEKC — 3, HE0OXOAMMO TOCMaTPUBaTh
40% TapTU# TPOAYKITUN).

Huskuli — y mecaTtu cTpaH: ApMeHusd, Erurer,
MoagoBa, Cupus, Yexus, Yunu (MHTErpajbHbIA WH-
Ilekc — 2, HeobxomuM gocMotp 20% mapTuii); JIaTBus,
[Tonbiia, Tausauus, Y36ekucTad (MHTerpaJbHbINA WMH-
Iekc — 1, HeobxoguM gocMoTp 10% mapTuii).

Il KaXKIOU CTpaHbl MPeIJIoXKeHbl (hUTOCaHM-
TapHbIe Mepbl. PazpaboTaHHasg HA OCHOBE yUyeTa 3TUX
PUCKOB cucTeMa (pUTOCAaHUTAPHBIX MeP MOXKET Cylie-
CTBEHHO IOBBICUTH 3P (PEKTUBHOCTh MEPOTIPUATUN
110 IpeJOTBPallleHNI0 3aHOCA OMTaCHbIX BPEIHBIX OpP-
raHM3MOB Ha TeppuTopuio Poccuiickoi demeparuu.

B pesynbTaTe NMPOBeAeHHON OIeHKU (DUTO-
CaHUTAPHBIX MeP YIIPaBIeHUS PUCKaMU, CBI3aHHBIMU
C 9KCIIOPTUPOBAHUEM IIPOLYKIINY, IPOAHAIN3UPOBAH
SKCIIOPTHBIN MoTeHIra Poccutickoy defepaliuy s
CeMSH 30HTUYHBIX KYJIbTYP C yUeTOM (QUTOCAaHUTAP-
HBIX TPebOBaHUY CTPaH-UMIIOPTEPOB. ONpeaeeHbl
30HBI, CBOOOIHBIE OT KAPAHTUHHBIX BPeIHbIX Opra-
HM3MOB, OTPAaHUYEHHO PacIpPOCTPaHEeHHbIX Ha TeEP-
putopuu Poccuiickoit ®emepaliyuu, a TaK)Ke COCTaB-
JIEH TepevyeHb QUTOCAHUTAPHBIX MEP, ITO3BOJISIOLUIUX
9KCIIOPTUPOBATh JAHHYIO ITPOAYKITUIO.

bbL10 mpoaHaniu3WpoBaHo 17 CTpaH — UMIIOP-
TEPOB MPOAYKIIWMHU I10 BEJIUUYNHE SKCIIOPTHOTO MO-
TeHIIMaJia. BOJBIIMHCTBO U3 HUX UMEIOT CPeIHUN
SKCIIOPTHBIN IMoTeHIIral — 13 crpaHd (AzepbaimxaHn,
Apmenus, Bemapych, UTanusa, Kasaxcran, Kutai,
Mapoxkko, MoamoBa, Hugepauasl, IToabina, Cepbus,
YkpauHa, ®paHnus), y ['pysuu u MpaHa BbICOKUH
SKCIIOPTHBIY MTOTEHIINAJ, U 2 CTPAaHbl — ABCTpPAJINA
u OAD — OTHeCceHbI K TOCyZapcTBaM Cc HauboJiee BbICO-
KMM 5KCIIOPTHBIM MOTEHIIMAJIOM, TO €CTh B HUX pas-
peleH cBO6OIHBIN BBO3 ITPOAYKITUY, TaK KaK B (DUTO-
CaHUTAPHBIX TPEOOBAHUIX 3TUX CTPAH OTCYTCTBYIOT
BUIbI, pACIIPOCTPaHeHHbIe HAa TeppuTopuu Poccuii-
ckoit denmepaluu.

IIpu olleHke (pUTOCAHUTAPHBIX Mep yHIpaB-
JIeHUS PUCKaMU, CBI3aHHBIMU C IlepeMelleHueM

Phytosanitary measures recommended during
the cultivation and subsequent movement of carrot
and other Umbelliferae seed products:

« growing products in zones and production
areas free from quarantine pests;

- agrotechnical measures: plowing, cultivation,
harrowing to control weeds;

- use of herbicides during weed growth,;

- phytosanitary certification of products;

» pre-shipment inspection and laboratory exami-
nation;

- thorough pre-export visual inspection of cargo.

CONCLUSION

An assessment of pest risk management measures as-
sociated with the import, export and movement of car-
rot and other Umbelliferae seeds was carried out ac-
cording to the methodology approved by VNIIKR for
the current structure of the market for these products
and current pest risks.

An assessment of pest risk management measures
associated with the import of carrot and other Umbelli-
ferae seeds made it possible to analyze the existing risk
and develop a system of measures to reduce it.

The Umbelliferae seeds imported into the Russian
Federation from 10 countries are at high risk: Austria,
Germany, Spain, Italy, New Zealand, Portugal, Serbia,
USA, France, Japan. The integral rating of these coun-
tries was 6, which indicates the need to inspect 80% of
seed batches.

14 countries have an medium rating: the Neth-
erlands (integral index — 4, inspection of 60% of ship-
ments); Australia, Azerbaijan, Argentina, Hungary,
India, Kazakhstan, China, North Korea, Kyrgyzstan, Ro-
mania, Tajikistan, Ukraine, South Africa (integral index —
3, it is necessary to inspect 40% of product batches).

Low — in ten countries: Armenia, Egypt, Moldova,
Syria, Czech Republic, Chile (integral index — 2, inspec-
tion of 20% of shipments is required); Latvia, Poland,
Tanzania, Uzbekistan (integral index — 1, inspection of
10% of batches is required).

Phytosanitary measures are proposed for each
country. A system of phytosanitary measures deve-
loped based on taking into account these risks can
significantly increase the effectiveness of measures to
prevent the introduction of dangerous pests into the
Russian Federation.

As aresult of the assessment of pest risk manage-
ment measures associated with the export of products,
the export potential of the Russian Federation for Um-
belliferae seeds was analyzed taking into account the
phytosanitary requirements of importing countries.
Zones free from quarantine pests with limited distri-
bution on the territory of the Russian Federation were
identified, and a list of phytosanitary measures was
compiled to allow the export of these products.

17 countries that imported products were ana-
lyzed based on the size of their export potential. Most
of them have medium export potential — 13 countries
(Azerbaijan, Armenia, Belarus, Italy, Kazakhstan, Chi-
na, Morocco, Moldova, the Netherlands, Poland, Serbia,
Ukraine, France), Georgia and Iran have high export
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paccMaTprBaeMOU TIPOAYKIIMY BHYTPU rpaHull Poc-
cutickoit denepaiiuu, ObLIN OIIPeeJIeHbI: IePeUYeHb
OTpaHMYEHHO PAaCHIPOCTPAaHEHHBIX KapaHTUHHBIX
06beKTOB (5 BUIOB); 30HBI ITPOU3BOJICTBA CEMAH
30HTUYHBIX KYJbTyp B Poccuu; 30HBI pacripocTpa-
HeHUS KapaHTUHHBIX 00beKTOB; 30HbI, CBOOOIHEIE
OT KapaHTUHHBIX 00beKTOB. COOTHECEeHUE 30H pac-
MHPOCTpPaHEeHUs KapaHTUHHBIX BpeIuTeJNeH 1 IaTo-
TeHOB C 30HAMU ITPOU3BOJCTBA IMPOAYKIIUY T103BO-
JISIET OTIPEeJIeJIUTh 30HbI, TIOJIBEPXKEHHbIE OITACHOCTU
3apakeHus. B paboTe npuBemeHbl GUTOCAHUTAPHEIE
Mepbl, BBIIOJHEHNE KOTOPhIX MOXET MCKJIIOYUTh
IanbHellee pacrpocTpaHeHue B Poccuiickoit de-
Iepanuy KapaHTUHHBIX 00bEKTOB, CBSI3aHHBIX C Ce-
MeHaMU 30HTUYHBIX KYJIbTYP.

B pesynbTaTe NMpOBeIeHHOU OIeHKMH (PUTO-
CaHUTAPHBIX MEP YIPaBJIeHUs PUCKAMU, CBI3aHHbI-
MU C UMIIOPTUPOBAHKUEM, SKCIIOPTUPOBAHUEM U TIe-
peMelnieHreM CEMSIH MOPKOBY M JPYTUX 30HTUUYHBIX
KyJbTYp, OblJIa pazpaboTaHa cucTeMa yIpaBJIeHUs
¢duTOCAaHNUTAPHBIMU PUCKAMU, CBI3aHHBIMU C JaH-
HOI MpoayKIuel, obecreuynBaionias KapaHTUHHYIO
6e30IT1acHOCTDb TeppuTOpuU Poccutickoit demepanuu
¥ TIOBBINIIEHNE DKCIIOPTHOTO MOTEHIIAaja CTPaHBI.
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potential, and two countries — Australia and the UAE
are classified as countries with the highest export po-
tential, that is, they allow free import of products, since
the phytosanitary requirements of these countries do
not include species common in the Russian Federation.

When assessing phytosanitary measures to ma-
nage risks associated with the movement of the pro-
ducts in question within the borders of the Russian
Federation, the following were determined: a list of
limitedly present quarantine pests (5 species); zones
for the production of Umbelliferae seeds in Russia;
zones of quarantine pests distribution; zones free from
quarantine pests. Correlating the distribution zones of
quarantine pests and pathogens with production zones
allows us to identify zones at risk of infection. The work
presents phytosanitary measures, the implementation
of which can prevent the further spread of quarantine
pests associated with Umbelliferae seeds in the Rus-
sian Federation.

As a result of the assessment of pest risk ma-
nagement measures associated with the import, export
and movement of carrot and other Umbelliferae seeds,
a system for managing pest risks associated with these
products was developed, ensuring quarantine safety of
the territory of the Russian Federation and increasing
the export potential of the country.
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AHHOTALIUA

Bypas 6akTepuanbHasg THUJIb Bilarajuila JuUcTa 3Jja-
KOBBIX KYJIBTYD — 6aKkTepuajibHOe 3a60eBaHMe, KO-
TOPOMY I10JIBEP)KEHBI ITOCEBHI TIIEHUIBI, pUCa, Ky-
Kypy3bl U COPTO MTPaKTUUYECKU BO BCEX PETUOHAX, TIe
X BBIPALIUBAIOT. Bo36ynuTesieM SABIsSeTCS GaKTepUs
Buma Pseudomonas fuscovaginae (ex Tanii, Miyajima and
Akita, 1976) Miyajima, Tanii and Akita (1983), ume-
ouas KapaHTUHHBINA CTATyC IJIS PSAia CTPaH, KOTO-
pble UMIIOPTUPYIOT IieHUlly u3 Poccuu. [lyig Toro
4TOOBI YAYUYLIIUTD MIPOLeCC AUATHOCTUKYU 6aKTepuu
Pseudomonas fuscovaginae B GUTOCAaHUTAPHBIX Jab0-
paTopusax, TpebyeTcsa pa3paboTka MeToma U30JIIUU
KyJIbTYPhl U3 CEMSH IIIEHUIIbI. B ucciaemoBaHUMN
pacTUTeNbHbIE YKCTPAKTHI MIIEHUIbI, [T0JyYeHHbBIE
B pe3yJsibTaTe MPo60IOITOTOBKY, MHOKYJIMPOBAJIY CyC-
neH3usMu P, fuscovaginae B pa3jinuvdHbIX KOHIIEHTPA-
UAX U BbICEBAJIU Ha NTUTATEJbHYI0 cpeny R2A. KoJso-
Huu P, fuscovaginae, BBIPOCIIYE Ha YalllKaX CO Cpenoi
R2A, TeCcTHPOBAJIU METO/IOM MOJIMMEPA3HOU IIeTTHOMU
peakuuu B pexuMme peanbHoro Bpemenu ([ILIP-PB),
4TO6BI YCTAHOBUTH 3aBUCUMOCTD IIOPOT'OBOTO IIUKJIA
OT KOHIleHTpauuu 6akTepuu B mmpobe. YcTaHOBIE-
HO, 4TO M30Jasa1us P. fuscovaginae BO3MOXHA B CJIydyae
cozlepKaHusg B Ipobe 6aKkTepuu B KOHIIEHTPAIUU
1 *10* KOE/MJ 1 BbILIIE, YTO COOTBETCTBYET IIOPOTO-
BoMy nukiy duyopecrenunu (Ct) 32,0 Ha amMudu-
KaTope «JTmpaim 5M6» (000 «JHK-TexHOJIOTUSI»,
Poccus) u (Ct) 31,5 ma ammiauguxarope CFX (Bio-Rad,
CIIIA) mpu ucroyib3oBaHuM Habopa «Pseudomonas fus-
covaginae-PB» (000 «CunToJ», Poccust). [ToceB cieny-
€T BBITIOJTHATh MCTOLIAIOIINM CII0CO00M Ha cpely R2A,
UCTI0/Ib3Ys 20 MKJI KOHIIEHTPUPOBAHHOU BBITSKKY Ce-
MSIH, ¥ OCYIIECTBJISITb TTOUCK KOJIOHUHU P, fuscovaginae
crycTs 3—7 CyTOK ITOCJie TToceBa. ITa MeTOAMKA PeKo-
MeH/IOBaHa JIJIsl IPOBEeAeHUS UCCIeJOBAaHUM B J1a60-
paTopusix B obnacTu GUTOCAHUTAPUU U KapaHTUHA
pacTeHun.
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ABSTRACT

Sheath brown rot is a bacterial disease affecting wheat,
rice, corn and sorghum in almost all regions where
they are grown. The causative agent is a bacterium of
the species Pseudomonas fuscovaginae (ex Tanii, Miyaji-
ma and Akita, 1976) Miyajima, Tanii and Akita (1983),
of quarantine status for some countries importing Rus-
sian wheat. To enhance the diagnosis of the bacterium
Pseudomonas fuscovaginae in phytosanitary laboratories,
the development of a method for isolating a culture
from wheat seeds is required. In the study, wheat
plant extracts obtained as a result of sample prepara-
tion were inoculated with P, fuscovaginae suspensions in
various concentrations and sown on R2A nutrient me-
dium. P, fuscovaginae colonies grown on plates with R2A
medium were tested by real-time polymerase chain re-
action (RT-PCR) to determine the dependence of the
threshold cycle on the bacteria concentration in the
sample. It was determined that P, fuscovaginae isolation
is possible if the sample contains bacteria in concen-
tration 1 * 10* CFU/ml and higher, which corresponds
to a threshold fluorescence cycle (Ct) of 32.0 on the
DTprime 5M6 cycler (DNA-Technology, Russia) and
(Ct) 31.5 on the CFX cycler (Bio-Rad, USA) when us-
ing the “Pseudomonas fuscovaginae-RT” Kit (Syntol, Rus-
sia). Sowing should be done in a depleting manner on
R2A medium using 20 pl of concentrated seed extract
and searching for colonies P, fuscovaginae 3—7 days after
sowing. This technique is recommended for conduct-
ing research in laboratories in the field of phytosani-
tary and plant protection.
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Knroueeviecnosa. PuTocaHUTAPUSA, MOJIEKYIIIPHO-
reHeTu4YeCcKre MeToAbl, AuarHoctuka, [11IP, KyabTy-
paibHO-MOpQoOJIoTUUeCKre MeTOAbl, Mopdoorus
GaKTepUaJIbHBIX KOJOHUMU, MINEHUIa, MOTEeHIINAJb-
HBI y11ep6 cesbCKOX0351UCTBEHHOM ITPOAYKIIN.

BBEJEHUE

030ymuTenb Oypoit 6GaKTepuasbHOMN
THUJIYM BJIarajiUila JIMCTA 3JIaKOBBIX
KynbTyp Pseudomonas fuscovaginae
(ex Tanii, Miyajima and Akita, 1976)
Miyajima, Tanii and Akita (1983) pe-
ryaupyercs GUTOCAaHUTAPHBIMU TPE-
60BaHUSIMM CTPaH — WMIIOPTEPORB
nmeHunbl. Eruner u ITakucrtad uM-
TMOPTUPYIOT 3€PHO U TIPEIbSABISIOT TPEGOBAHUS K CO-
CTOSTHUIO BBO3UMOU NpoAyKuuu. OGHUM U3 BaXKHBIX
TPebOBAHUU ABJIIETCS OTCYTCTBUE B MMAPTUIX 3€pHA
Bo30yzuTens Oypoil 6akTeprajbHOW THWUJIM BJara-
JIVIITA JIMCTA 3JIAKOBBIX KYJIbTYpP Pseudomonas fuscova-
ginae. B 3T cTpaHbl, M0 JaHHBIM PemepasibHOU To-
cymapcTBeHHOM MHMOpPMaIUOHHOU ciy)0bl (PIUC)
«Apryc-durto», B 2022 r. Poccusa skcriopruposasa
6,6 MJIH TOHH meHuIbl (PIr'vic, 2023).
O Pseudomonas fuscovaginae BIiepBble COOOILIN-
JIV KaK 0 Bo36ymuTesie 6ypoil 6aKTepuasbHOU THUIN
BJlarajiula JiucTa puca B 1976 r. Ha ceBepe ANoHUU.
B manbHelieM 6aKTePUI0 BBIAESIN U3 PAaCTeHUN
KyKypy3bl (Zea mays), copro (Sorghum bicolor) n tie-
guusl (Triticum aestivum) ¢ TAIUYHBIMYU CUMIITOMaMU
Oypoli THWJIY Barajuiia ucTa. Baktepus kinaccudu-
LMpyeTcs B IpefiesiaxX [apcTBa 6akTepui, Tuma Pro-
teobacteria, kjtacca Gammaproteobacteria, oTpsama
Pseudomonadales, cemeticTBa Pseudomonadaceae,
pona Pseudomonas, Buma Pseudomonas fuscovaginae. Bax-
Tepus SABJISETCSI IPAMOTPUIIATEIbHON, He 06pasyeT
CIIOPBI, KIETKA UMEIOT (DOPMY TTaJIOUeK ¢ 3aKPyTIIeH-
HBIMM KOHIIamMu, pa3MepoM 0,5-0,8 x 2,0-3,5 MKM.
KyeTku pacrosararoTcs OOLUHOYKE UK IapaMy,
TIOJIBVXXHBI, JBUTATeJIbHAas CII0OCO6HOCTHL 06yCI0BIIN-
BaeTCs HAJWYMEM OT OJTHOTO J0 YeThIPeX MOJIIPHBIX
KTYTUKOB. O6pasyeT Ha MUTATEJIbHOM arape 6ejibie
WJIY CBETJIO-KOPUYHEBBIE TTOJYIIPO3PaYHBIE TJIaJIKUE
GJieCcTsII e TPUTIOIHSATHIE KOJIOHUY C POBHBIM Kpaew,
ouaMeTp KOTOPBIX Ha 4—5-e CyTKU KYJIbTUBUPOBAHU A
cocraBisger 3—-5 MM (Gonzalez et al., 2017).
OCHOBHBIM CII0CO60M pacrnpocTpaHeHus P, fusco-
vaginae IBISIOTCS WHPUIIMPOBaHHBIE ceMeHa (Tam-
bong, 2022). Yalie BCero IMPOPOCTKY U3 TAKUX CEMSTH
norubator. P, fuscovaginae criocobHa KOJIOHU3UPOBATH
BCe pacTeHue Kak s3HA0GUT. ECJI TPOPOCTOK BBIKU-
BaeT, P, fuscovaginae HaXoAWTCS B SIIU(PUTHOM COCTOS-
HUU J0 CTaAuU BBIXOMA B TPyOKy. Ha aTo¥ cTamuu
IIPOUCXOUT 3apakeHHe KOJioca, YTO BIIOCIELCTBUU
MIPUBOAUT K 06pa30BaHUIO0 3apPaKeHHBIX CEMSIH WU
CTEePUJIbHBIX KOJIOCKOB. Pacripoctpanenue P, fuscovagi-
nae MOKET BbI3bIBaTh CEPbE3HbIE DKOHOMUUECKYE T10-
TEePU B PACTEHWEBOJCTBE M3-3a YXYIIIEHUS KauecTBa
MIPOAYKIIMY Y CHU)KEHUS YPOXKAWHOCTU TIIIEHUIIBI.
BosneticTBue P, fuscovaginae Ha ypoXXaHOCTb CEJILCKO-
X03IUCTBEHHBIX KYJIbTYP CBSI3aHO C TEM, YTO BbI3bIBa-
€T CTEPUJIbHOCTH 3€PHA U BJIUSIET HA €T0 KAUeCTBO. ITO

Key words. Phytosanitary, molecular genetic
methods, diagnosis, PCR, cultural and morphological
methods, morphology of bacterial colonies, wheat, po-
tential damage to agricultural products.

INTRODUCTION

heath brown rot pathogen Pseudomonas fusco-

vaginae (ex Tanii, Miyajima and Akita, 1976)

Miyajima, Tanii and Akita (1983) is regu-

lated by the phytosanitary requirements of

wheat importing countries. Egypt and Paki-
stan import grain and have requirements for the con-
dition of imported products. One of the important re-
quirements is the absence of Pseudomonas fuscovaginae
in grain batches. According to the Federal State In-
formation Service (FSIS) Argus-Fito, Russia exported
6.6 million tons of wheat in 2022 to these countries
(FSIS, 2023).

Pseudomonas fuscovaginae was first reported as the
pathogen of rice sheath brown rot in 1976 in the north
of Japan. Later, the bacterium was isolated from maize
(Zea mays), sorghum (Sorghum bicolor) and wheat (Triti-
cum aestivum) with typical symptoms of sheath brown
rot. The bacterium is classified within the kingdom
Bacteria, phylum Proteobacteria, class Gammapro-
teobacteria, order Pseudomonadales, family Pseudo-
monadaceae, genus Pseudomonas, species Pseudomo-
nas fuscovaginae. The bacterium is gram-negative, does
not form spores, the cells have the shape of rods with
rounded ends, measuring 0.5-0.8 x 2.0-3.5 um. The
cells are located singly or in pairs, are mobile, and their
motor ability is determined by the presence of one to
four polar flagella. Forms on nutrient agar white or light
brown translucent smooth shiny raised colonies with a
smooth edge, the diameter of which on the 4"-5™" day
of cultivation is 3—5 mm (Gonzéalez et al., 2017).

One of the main pathways for P. fuscovaginae are
infected seeds (Tambong, 2022). Most often, seedlings
from such seeds die. P. fuscovaginae is capable of colo-
nizing the entire plant as an endophyte. If the seedling
survives, P, fuscovaginae is in an epiphytic state until the
stage of eruption into a tube. At this stage, infection of
the ear occurs, which subsequently leads to the forma-
tion of infected seeds or sterile spikelets. The spread-
ing of P, fuscovaginae can cause serious economic loss-
es in crop production due to deterioration in product
quality and reduced wheat yields. The influence of
P, fuscovaginae on crop yields is due to the fact that it
causes grain sterility and affects its quality. This is ex-
pressed in unfilled grain and spotting. All of the above
has a negative impact on the subsequent use of grain
as seed material (Cottyn, 2003). Due to the high preva-
lence of the bacterium, rice yield losses were up to 58%
in Japan (Jaunet et al., 1996), 72.2% in Indonesia and
100% in Madagascar (Razak et al., 2009). P, fuscovagi-
nae is capable of causing sheath brown rot on wheat,
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BBIPAQ)KEHO B HE3ATIOJTHEHHOCTHY 3€PHA U IITHUCTOCTH.
Bce BbINIENIEPEYNCIEHHOE OKa3bIBAET HETaTUBHOE
BIUSHYE HA TOCJEYIoNee UCIIOJNb30BaHNE 3epHA
B KauecTBe ceMeHHOro marepuaJjia (Cottyn, 2003).
/13-3a BBICOKOM PacIpOCTPaHEHHOCTY 6aKTEPUHU TIOTE-
pu yporkas prca cocTaBusm 1o 58% B Anonuu (Jaunet
et al., 1996), 72,2% B MHmoHe3un u 100% Ha Maga-
rackape (Razak et al., 2009). P. fuscovaginae criocobHa
BBI3BIBATH OyPYI0 6aKTEPUAIBHYIO THUJIb BJIaraJInina
JIUCTA Ha PACTEHUIX TIIEHUIbI, KYKyPy3bl, COPTO
u puca (Patel et al., 2012). OHa pacIIpocTpaHUIACh
NpakTUYeCKyd BO BCEX PeruoHax, rie BbIpallllBa-
0T PUC, a TaKXKe 3aperucTpupoBaHa Ha PUIUIIIHU-
Hax, B UHOoHe3uu, Hemnane, Kutae u Mpase. C 11eJ1b10
KOHTPOJISA 32 (DUTOCAHUTAPHBIM COCTOTHUEM 3epHa
Heo6X0oMO TPOBOAUTH JIa60PATOPHYIO AUATHOCTH-
Ky P00 KaXK[IO¥ MapTUM. ITO MMO3BOJISIET BHISIBUTH
HaJimuue 6ypoii 6aKTepuaJbHOM THUJIW BJIarajuina
JIVCTA 3JIaKOBBIX KYJIBTYP. BbIsIBIIeHNE U UAEHTUDU-
Kaius Bo36yauTesiei 6aKTepro30B TPebyoT mpuMe-
HEHUS CIelUaJbHbIX HOPMATUBHBIX JOKYMEHTOB,
periaMeHTUPYIOIIYX ITPOIlece JJabopaTOPHOTO UCCe-
IoBaHUs. HOopMaTUBHbBIE JOKYMEHTHI 10 BbISIBJIEHUIO
u upeHtTuduranum P, fuscovaginae n3 3epHa MIIEHUTTbI
He pa3paboTaHBbl.

B Hay4YHBIX MyOJIUKAIIUAX OTTMCAHBI CJIyYau BbI-
aBieHus P. fuscovaginae B 60JIbHBIX PACTEHUSIX PUCA.
[TyTeM CMBIBOB C 3apaKE€HHbBIX PACTEHUN U KYJIbTU-
BUPOBaHUS Ha MOJIyCeJeKTUBHOU cpene (KBS), ocHO-
BaHHOU Ha Momudukanuu cpexnbl King B ¢ mo6asie-
HUEeM Ka3aMUHOBBIX KMCJIOT U IISITU aHTUOGUOTUKOB
(Rott et al., 1989), yueHBIM yIaJioCh BbIIEIUTDH YMCTYIO
KYJIbTYPY BO36ynuTess 6ypoi 6aKTepruaabHON THUIN
BJIATAJIMINA JINCTA MIIeHUIbl. BakTepus 6bl1a uieH-
TudUIIPOBaHA C TOMOIIBIO MMOJM(Aa3HOTO MOIX0/1a,
coueTalIlero ouoxuMuyueckue, pusnosorundecKkue
1 HeHOTUIIMYEeCKUe TECThI, aHAJIU3 ITATOTEHHOCTH,
WUMMYHOJVUATrHOCTUKY Y MOJIEKYJISPHYO TUaTHOCTU-
Ky C UCIIOJIb30BAHUEM CIlelU(pUIEeCKUX TpaliMepoB
(Gonzalez et al., 2017).

Ins Toro uTo6bl 3pheKTUBHO IPUMEHSATH METOT,
UB0JIIIIUY KYJbTYPbI, HEOOXOJUMO YCTAaHOBUTD KPU-
Tepuii ero mpuMeHUMOCTU. OH OCHOBBIBAETCS Ha Te-
ctupoBanuu o6paszo JJHK meTomom ILIP-PB c riocye-
IYIOUAM YCTAHOBJIEHUEM 3aBUCUMOCTHU ITIOPOTOBOTO
IIUKJIA OT KOHIIEHTPpAIuy 6aKTepUHU B ITpobe.

Llesnbio HacTos el paboThI IBJIsSIach pa3paboTka
MEeTOo/a U30JISLIVY KyJIbTYPbI Pseudomonas fuscovaginae
W3 CeMSH IIIEeHUIbl ¥ YCTAaHOBJIEHNE KPUTEPUS €T0
MIPUMEHUMOCTH.

MATEPUAJIbBI U METO/IbI

MaTepuasoM Ucciief0BaHUS ObLII0 3€PHO IIIEHUILBI,
cBobonHoe oT P, fuscovaginae, u utamm 0335 P, fuscova-
ginae n3 kosanekiuu ®I'BY «BHUNKP», VccienoBanue
POBOAUIU B UiOHe 2023 T.

[Tpo6oIoAroOTOBKY BBITIOHSJIU TI0 YK€ OIITUMU-
3UPOBAHHON METOJUKeE, KOTOPas 3aKJIvajach B 3a-
MauuBaHUU JabopaTopHOU NPo6bI MITeHUIIbl B (hoc-
(atHOo-conmeBoM Gydhepe, 06paboTKe Ha JIOITATOYHOM
TOMOTeHM3aTope U 2-3TallHOM LIeHTPU(PYTUPOBaHUNU
MOJIyueHHOU mpo6bl (MyBUHTH U 1p., 2022). PacTu-
TeJIbHbIEe DKCTPAKThI NHOKYJIUPOBAIN CYyCIIEH3UIMU
P, fuscovaginae.

Jlng IpUroTOBJIEHUS CyCIIEH3UU MCII0JIb30Ba-
JIU 2-CyTOYHYIO KynbTypy P, fuscovaginae. [Iyis moceBa

corn, sorghum and rice plants (Patel et al., 2012). It
has spread to almost all rice-growing regions and has
also been reported in the Philippines, Indonesia, Ne-
pal, China and Iran. In order to control the phytosani-
tary condition of grain, it is necessary to carry out labo-
ratory diagnosis of samples of each batch. This makes
it possible to detect the presence of sheath brown rot
of cereal crops. Detection and identification of patho-
gens of bacteriosis require the use of special regulato-
ry documents for the process of laboratory research.
Regulatory documents on detection and identification
of P, fuscovaginae from wheat grain are not developed.

Scientific publications describe cases of P. fus-
covaginae detection in diseased rice plants. By means
of washings from infected plants and cultivation on
a semi-selective medium (KBS), based on a modifica-
tion of King B medium with the addition of casami-
no acids and five antibiotics (Rott et al., 1989), scien-
tists were able to isolate a pure culture of the causative
agent of wheat leaf sheath brown rot. The bacterium
was identified using a polyphasic approach combining
biochemical, physiological and phenotypic tests, patho-
genicity assays, immunodiagnostics and molecular di-
agnostics using specific primers (Gonzalez et al., 2017).

In order to effectively apply the culture isolation
method, it is necessary to establish a criterion for its
applicability. It is based on testing DNA images using
RT-PCR followed by establishing the dependence of the
threshold cycle on the concentration of bacteria in the
sample.

The purpose of this work was to develop a method
for isolating the Pseudomonas fuscovaginae culture from
wheat seeds and establishing a criterion for its appli-
cability.

MATERIALS AND METHODS

The research material was wheat grain free from
P, fuscovaginae, and strain 0335 P, fuscovaginae from the
collection of FGBU “VNIIKR”. The study was conduct-
ed in June 2023.

Sample preparation was carried out according
to an already optimized method, which consisted of
soaking a laboratory wheat sample in phosphate-buf-
fered saline, processing on a paddle homogenizer and
2-stage centrifugation of the resulting sample (Muvingi
et al., 2022). Plant extracts were inoculated with P, fus-
covaginae suspensions.

A 2-day culture was used to prepare P, fuscovaginae
suspensions. For inoculation, we used ready-made R2A
medium (HiMedia, India) with the addition of 5 g of agar
per 1 liter of medium. Bacterial suspensions were pre-
pared in 1.5 ml microtubes using sterile distilled water.
The prepared bacterial suspensions were immediately
used to infect laboratory samples of wheat seeds.

The concentration of bacteria in the prepared sus-
pensions was determined by the Koch method (Fedo-
renko, Zemlyanskaya, 2015), by sowing 50 pul by stretch-
ing onto 4 Petri dishes using a Drigalsky spatula. We
used 3, 4, 5 and 6 dilutions of P, fuscovaginae pure cul-
ture in sterile distilled water. Colonies were counted after
7 days of incubation of the plates at 25 °C in an incubator.
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MIPUMEHSIN TOTOBYI0 cpeny R2A (HiMedia, ugus)
c nobaBjeHueM 5 r arapa Ha 1 J cpezpbl. CycrieH3uu
0aKTepuy TOTOBUJIM B MUKPOIIPOOHUPKAX 00 bEMOM
1,5 MJI, UCII0JIBb3Y4 CTEPUJIBHYIO JUCTUILIIUPOBAHHY IO
Bony. IlpuroToB/ieHHbIe GaKTepUaJbHbIe CyCIIeH3UU
cpasy NMPUMEHSIN IJs 3apakeHus J1abopaTOPHBIX
P06 CEMSH TTIIEHUIIBI.

KoH1leHTpalnio 6aKkTepuii B IPUTOTOBJIEHHBIX
cycrneH3usx onpenensnu Mmetogom Koxa (©emopeHKo,
3emiugaHckas, 2015), BpiceBasg C IIOMOIIBIO IITATENS
Jpuranabckoro no 50 MKJI pacTsoKeHUEM Ha 4 4yalllku
Iletpu. Vicmonb3oBanu 3, 4, 5 11 6-€ pa3BeleHUsI YMCTOH
KyJnbTYPHI P, fuscovaginae B CTEPUIIBHON OUCTUILINPO-
BaHHOU Boze. KOTOHUU MOICUUTHIBAJIU CITYCTS 7 CY-
TOK MHKYOMPOBaHMS valek rpu 25 °C B ©HKy6aTope.

B npo6upKy C 3KCTPAKTOM CEMSIH IIIEHUIbI I0-
6aBigny 6aKTepuaJbHyI0 cyclieH3ui0 10-KpaTHBIX
pasBelleHUH. B KauecTBe OTPUIIATEIBHOTO KOHTPO-
JIST UCIIOJIb30BAJIV He3aPaXKeHHYI aHAJIUTUUECKYIO
npoby ceMsaH. [ToceB MPOBOAUIU C TIOMOIIbIO IITa-
Tessd JpurajibCcKoro Ha yamky [1eTpu co cpemoi R2A
110 20 MKJI SKCTPaKTa C pacTs)KeHVeM Ha 4 YalllKu.

Ha 10-# geHb 1mocJjie rmoceBa IMIPOBOJWIIN CKPU-
HUHT aHAJUTUYECKUX NPO6 U KOJOHUU METOIOM
TILIP. s aToro Beigensanu JHK copbIIMOHHBIM Me-
TOZIOM C IIOMOIIbI0 Habopa «dutoCop6» («CHUHTOJI»,
Poccus), ncnosbays 200 MKJT KaXKI0M aHAJIUTUIECKON
MPOO6BI B 3-KPaTHOYM MOBTOPHOCTH, a Takxke 200 MKJI
3, 4 u 5-T0 pa3BefeHUl 6aKTepUaTbHbIX CYCTI€H3UN
B AVCTWJUIMPOBAHHOU BoZe. JMarHOCTUKY TOJyYeH-
Ho¥ JHK Ha Hajgu4dve 1eJieBol 6aKTepuu IMPOBOLUIN
C UCTIOJIb30BaHMEM KOMMepueckoro Habopa «Pseudo-
monas fuscovaginae-PB» («CuHTOM», Poccus). B pa6ote

Ta6a. 1. ITapaMeTpbl aMILIN(PUKAITAU
nasa IIIP-PB Ha6opoM
«Pseudomonas fuscovaginae-PB»

Table 1. Amplification parameters
for RT-PCR kit “Pseudomonas fuscovaginae-RT”

IHuka IloBTOpPHI Bpemsa Temmeparypa, °C
Cycle Replicates Time Temperature, °C
1 1 05:00 95

00:15 95
2 45

00:40 60

A bacterial suspension of 10-fold dilutions was
added to test tubes with wheat seed extract. An uncon-
taminated analytical seed sample was used as a nega-
tive control. Sowing was carried out using a Drigalski
spatula on Petri dishes with R2A medium, 20 ul of ex-
tract, stretched into 4 dishes.

On the 10" day after sowing, analytical samples
and colonies were screened using PCR. To do this,
DNA was isolated by the sorption method using the
“FitoSorb” kit (Synthol, Russia), using 200 ul of each
analytical sample in 3 replicates, as well as 200 ul of
3, 4 and 5 dilutions of bacterial suspensions in dis-
tilled water. Diagnosis of the obtained DNA for the
presence of the target bacterium was carried out us-
ing the “Pseudomonas fuscovaginae-RT” commercial kit
(Synthol, Russia). The detection amplifier “DTprime
5M6” (DNA-Technology, Russia) was used in the work.
The total volume of the working mixture in the test
tube is 25 pl. The amplification program is present-
ed in Table 1.

Ta6J1. 2. Pe3yJIbTaT TecTHpoBaHuA 06pa31oB JHK, BeIZieJIEHHOI 13 3apasKeHHbIX
AQHAJUTHUYECKHX P06 M GaKTEPUAJIbHBIX CyCIIeH3Uii

Table 2. The result of testing DNA samples isolated from contaminated analytical samples

and bacterial suspensions

O6pazen Sample KoHuieHTpauusa, Cpenuee 3HaueHue Ct
KOE /M no kaHaixy FAM
Passenenue IIoBTOpHOCTH Pesyabrar Concentration, Average Ct value
Dilution Replicate Ct, FAM Ct, HEX Result CFU/ml over FAM channel
1 38,6 33,1 + 1*10*
6’ 2 = 33,1 = 1*10! 39,6 £0,95
8 40,5 2.9 + 1*10!
1 37,0 32,5 + 1,8*10?
5 2 38,0 33,1 + 1,8*%10? 37,2+0,44
3 36,5 32,8 + 1,8 102
1 34,2 32,7 + 2,3*10°
4 2 34,4 32,8 + 2,3%10° 34,3 £ 0,07
8 34,4 32,7 + 2,3%10°
1 32,9 32,5 + 1*10*
3 2 33,2 32,6 + 1*10* 33+0,23
3 32,9 32,6 + 1*104
ITIKO PCS 22,4 30,1 + 10° 22,4

MpumeuaHue: Ct — noporosbin unkn MNUP; FAM — kaHan getekunn cneundmkm MLP;
HEX — kaHan geTekuny BHYTPEHHENO NONIOXUTENBHOI0O KOHTpons MLLP; «+» — nonoxuTenbHblin 06pasel;
«—» — oTpuuaTenbHbin 0b6pasew,; NKO — NONOXKMTENbHbIM KOHTPOsbHbIN 06paseL,.

Note: Ct — PCR threshold cycle; FAM — PCR specific detection channel;

HEX — PCR internal positive control detection channel;

“, “_»

+” — positive sample; “=” — negative sample; PCS — positive control sample.

duTocaHutapus. KapaHtuH pactenuii =~ 70



OWATHOCTUKA  DIAGNOSIS

UCII0JIb30BAJIU JIETEKTUPYIOIIU I | 2000
amringukaTop «JTrnpaiim 5M6»
(«THK-TexHogorus», Poccus). 06-

i 06beM pabodeil cMecH B ITPO- E 8 s00:
OupKe paBeH 25 MKJI. [Tporpamma 3::1_ § 4
aMIIMUKaluK IpefcTaBieHa § § e
B Tabu. 1. § § 400,
[y
PE3YJIbTATHI ® Ll

" OBCYXKJEHUE

___1*10"KOE/mn CFU/m!
~ _~2,3*10°KOE/mMn CFU/ml

—--1,8 * 102 KOE/mn CFU/ml
" 1*10*KOE/mn CFU/ml

MKO
PCS

[TomcueT KOJOHWM BBICETHHOU

6aKTepUaJbHOHN CyCIIEH3UU 00B- BT
emMoM 50 MKJI II0Ka3sali, 4To 3-My

26 L] 16 41

Homep uukna Cycle number

pa3BeLeHUI COOTBETCTBYET  Ppyc, 1.3aBUCMMOCTb (hlyopecLeHLmn Fig. 1. Dependence of FAM channel

1 * 10* KOE/mn, 4-my pasBefe- kaHana FAM oT HoOMepa uukna npu

fluorescence on cycle number

HUW — 2,3 * 103 KOE/MJI, a 5-My —  ucnonb3oBaHuu Habopa «Pseudomonas ~ when using the kit “Pseudomonas
1,8 * 102 KOE/Mi1. TectupoBaHue fuscovaginae-PB» («CuHTON», Poccus) fuscovaginae-RT” (Syntol, Russia)

o6pasmoB JHK, BhIgeleHHOH (thoTo A.A. flecsaTepuk)

n3 6aKTepuaJbHBIX CYCIIEH3UMH,

no3BoJiniio o6Hapyxuth JHK P, fuscovaginae B 06pa3s-
nax JHK c KoHIeHTpaluen mejaeBou 6akTepunu 102
KOE/MJ B Tpex TecTax U3 TPEX, a C KOHIleHTpaIuen
10'KOE/ma — B IBYyX TecTax u3 Tpex (cM. Tabi. 2).

JKCIIOHEHIUaJIbHbIE KDUBBIE HAKOTLIIEHUS (DJIyO-
PecLeHIINY ObIIN CIIeU(PUIHBIMY, (QITYOPECIEHIINTO
oTMeyasix Ha ypoBHe 1150 RFU (cm. puc. 1).

TakuM 00pa3oM, KpUTEPU TPUMEHUMOCTU Me-
TOZA M30JISLUY IPU TECTUPOBAHUU HAOOPOM «Pseu-
domonas fuscovaginae-PB» («CuHTOJI», POoccusi) Ipu Uc-
I0JIb30BaHMU aMIIuduKaTopa «JTpaiiM» cOCTaBUI
102KOE/Mm.

Kosionuu Ha yamkax [TeTpu co cpenoit R2A, cryc-
TS 7 CyTOK MHKyOMpoBaHus pu 25 °C moceBa 3apa-
JKEHHOI aHAJIMTUYECKOU ITPOo6HI, 110 (hopMe KPYIJIbIE,
HemnpaBUJIbHON (HOPMbI, IYIOBULHOTO MPOoduUd,
C BOJIHMCTBIM KpaeM. [lmaMeTp KOJIOHUI — OT 3—5 MM
o 1 cM. B Hauasie pocTa OHU BBITJISAEN Y 6€JI0BaThIMU,
110 Mepe pPocTa CTaHOBUJIUCH 6oJiee TPO3PaUHBIMU,
IIaAKUMU U TISHIEBBIMY (CM. PUC. 2).

Puc. 2. KonoHuun Fig. 2. Pseudomonas
Pseudomonas fuscovaginae fuscovaginae colonies
(3-e pazBegeHue, 3-5 (3" dilution, 3™ cup).
yawka). Uctowarwwmin noceB  Exhaustive inoculation on
Ha cpege R2A nocne 7 cytok  R2A medium after 7 days
MHKybupoBaHus npu 25 °C of incubation at 25 °C
(choTo E.M. KoHoHOBOI) (photo by E.P. Kononova)

(photo by A.A. Desyaterik)

RESULTS AND DISCUSSION

Counting the colonies of a sown bacterial suspen-
sion with a volume of 50 ul showed that the 3™ di-
lution corresponds to 1 * 10* CFU/ml, 4" dilution —
2,3 * 103 CFU/ml, and the 5™ one — 1,8 * 102CFU/ml.
Testing DNA samples isolated from bacterial suspen-
sions revealed P. fuscovaginae DNA in DNA samples
with the target bacterium concentration of 102CFU/ml
in three tests out of three, and with concentration of
10' CFU/ml — in two out of three tests (see Table 2).

The exponential fluorescence accumulation
curves were specific, with fluorescence observed at
1150 RFU (see Fig. 1).

Thus, the criterion for the applicability of the iso-
lation method when testing with a kit “Pseudomonas fus-
covaginae-RT” (Syntol, Russia) when using the DTprime
amplifier was 10>CFU/ml.

Colonies on Petri dishes with R2A medium, after
7 days of incubation at 25 °C inoculating an infected
analytical sample, are round, irregular in shape, um-
bilical in profile, with a wavy edge. The diameter of the
colonies is from 3-5 mm to 1 cm. At the beginning of
growth, they looked whitish, as they grew, they became
more transparent, smooth and glossy (see Fig. 2).

On Petri dishes incubated under similar condi-
tions with colonies of the target bacterium P, fuscovagi-
nae (K+), the concentration of which was 1 * 10*CFU/ml,
colonies similar in morphology were noted (see Fig. 3).

When sowing using the Drigalsky method (Lavren-
chuk, Ermoshin, 2019) P, fuscovaginae colonies were de-
tected on the 1% and 2" Petri dishes. On the remaining
plates, these colonies were absent due to the very low
concentration (see Fig. 3). Photos of the P, fuscovaginae
colonies, taken at high magnification using an Olym-
pus MVX10 macroscope are shown in Fig. 4.

Throughout the entire experiment, colony growth
was monitored, and on the 10" day, photography, se-
lection of colonies similar to the target bacterium in
morphology, DNA extraction from these colonies, and
PCR testing were performed. Colonies similar in mor-
phology to the target bacterium were noted on the
3" day of sowing (see Table 3).
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Ha mHKy6UPOBAHHBIX B @HAJOTUYHBIX YCIOBU-
SIX Yamkax [1eTpu ¢ KOJIOHUSIMU I1eJIEBOM 6aKTepuu
P, fuscovaginae (K+), KOHIIEHTPAIIUS KOTOPOU COCTaBU-
Jga 1 * 10*KOE/MJ1, oTMeUaIu CXOXKYe 110 MOP(OJIOTUY
KOJIOHUU (CM. puc. 3).

[Tpu IpOBeeHNY TOCEBA METOIOM JIPUTATIbCKO-
ro (JlaBpenuyk, Epmorius, 2019) konouuu P, fuscovagi-
nae 6pLIY O6HAPYKEHBI HA 1-U 1 2-# yamkax [leTpu.
Ha ocTaJbHBIX YalllKaX 3TU KOJOHUY OTCYTCTBOBAJIHU
13-3a OUeHb HM3KOU KOHIeHTpaIuu (cM. puc. 3). ®o-
torpaduu KosoHu# P. fuscovaginae, coelaHHbIE TIPU
BBICOKOM YBEJIMUEHUY C UCIIOJIb30BAHUEM MaKPOCKO-
na Olympus MVX10, mpeficTaBJieHbI Ha puc. 4.

B TeueHMe BCETO OITbITA TPOBOI I MOHUTOPUHT
pocTa KojloHuH, a Ha 10-e cyTKu — hoTorpadupoBaHue,

Ta6.1. 3. N3osa1iua KyJabTypbl P, fuscovaginae
M3 3apakeHHBIX aHAJIMTUUYECKHUX IIPO06
Ha cpeje R2A

Table 3. P. fuscovaginae culture isolation
from contaminated analytical samples
on R2A medium

KoHueHTpauusa

6axkrepuu, KOE/ma

Bacterium N2 yamku

concentration, CFU/ml N¢ cup 12 3 4 7 10

1%10%-1
1*10%-1
1%10%-1
1*10%-1
1*104-11
1*104-11
1%104-1I
1*104-1I
2,3%10°~-1
2,3%10%~-1
2,3%10°~-1
2,3%10%~-1
2,3%10°-1I
2,3%10°-1I
2,3%10°-1I
2,3%10%-1I
1,8%10%-1
1,8%10*~1
1,8%10%-1
1,8%10%-1
1,8%10%-11
1,8%10°-1I
1,8%10°-1I
1,8%10°-11

WIN|RP[AlwW[N|[P|RrAlflWIMdM|P[R|lWIN[P|RRWIN|FRP[B|W[N|F
|
|
|
|
|
|

N

MpumeyvaHue: I — 1-9 noBTOPHOCTb; II — 2-9 NOBTOPHOCTb;
«=» — OTCYTCTBME UM HEBO3MOXHOCTb UAEHTUMKALLMN
KOJTOHWI; «+» — NMOX0XMe No MOP(ONOrMn KOIOHMM
NPOCMaTPUBAIOTCS; «F» — COOTBETCTBUE KONOHUI

P. fuscovaginae nopgTBepxaeHo MNLP-TecToMm.

“_»

Note: I - first replicate; II — second replicate; —absence
or impossibility of identifying colonies; “+” — colonies similar
in morphology are visible; “®” — correspondence of colonies

P. fuscovaginae confirmed by PCR test.

Puc. 3. KonoHun wtamma Fig. 3. Conolines of the strain
0335 P. fuscovaginae 0335 P. fuscovaginae of
konnekuun ®rey «BHUNKP» FGBU “VNIIKR” collections
B UCTOLLAlOW,EM NoceBe in exhaustive inoculation

Ha cpepe R2A nocne 7 cytok  on R2A medium after 7 days
MHKY6upoBaHusa npu 25 °C of incubation at 25 °C

(choTo E.MM. KoHOHOBOM) (photo by E.P. Kononova)

Puc. 4. KonoHuu P. fuscovaginae Fig. 4. P. fuscovaginae
Ha cpene R2A colonies on R2A medium
(choto O.H0. CnosapeBolit) (photo by 0.Yu. Slovareva)

Individual colonies of the target bacterium are
clearly visible when inoculating a contaminated ana-
lytical sample at a concentration of 1 * 10* CFU/ml on
the first and second replicates (see Fig. 5).

RT-PCR testing with the “Pseudomonas fuscovagi-
nae-RT” kit made it possible to confirm the identity of
colonies that were morphologically similar to P, fusco-
vaginae (see Table 4).

On Petri dishes with a lower degree of contamina-
tion with the target bacterium, P, fuscovaginae colonies
were not detected.

There were no morphologically similar colonies
on Petri dishes inoculated with seed extract without
infection.

Testing with the “Pseudomonas fuscovaginae-RT” kit
(Synthol, Russia) made it possible to detect P. fuscovagi-
nae DNA in samples of total DNA isolated from infected
analytical samples (see Table 5).

Since there are several dozen testing laboratories
in the Russian Federation and they are all equipped
with different equipment, we tested two types of cy-
clers most often used for diagnostics — DTprime 5M6
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Puc. 5. KonoHun 6aktepuit Ha cpepe R2A nocne Fig. 5. Bacterial colonies on R2A medium after 7 days

7 cyTOK UHKY6upoBaHus npu 25 °C (KonoHuu

of incubation at 25 °C (P. fuscovaginae colonies

P. fuscovaginae oTMeueHbl KpacHbiMu cTpenkamu  marked with red arrows and indicated by numbers)
1 0603HaueHbl uuppamm) (poto E.M. KoHoHoBoM)  (photo by E.P. Kononova)

0T6OpP KOJIOHWM, CXOXMX C IIeJieBOM GakTepuen
o MmopdoJiorud, Beifenerre JHK u3 3TuxX KOJIOHUN
u IIIP-TecTupoBaHue. IToxoxue 1o Mop@oIoruu
Ha IIeJIEBY0 6aKTEPUI0 KOJIOHUY OTMEYaJIN Ha 3-U CYT-
KU rtocesa (cM. Tabur. 3).

OTHesibHBIE KOJIOHUY 11€JIEBOM GAKTEPUY OTYET-
JINBO Pa3INYUMBbI IIPY IIOCEBE 3aPAKEHHON aHAJIUTH-
Yeckoy mpo6sl B KoHIeHTpaluu 1 * 10*KOE/mn na 1-i
U 2-1 TIOBTOPHOCTSX (CM. pucC. 5).

TectupoBaHue MmetomoM [1LIP-PB HaGopoM «Pseu-
domonas fuscovaginae-PB» M03BOJIMJIO TIOATBEPAUTD
IPUHAJIEXHOCTb KOJIOHUH, Mopdo-

(DNA-Technology, Russia) and CFX96 (Bio-Rad, USA).
Testing DNA isolated from contaminated assay sam-
ples using two different cyclers helped establish a si-
milar relationship between bacterial concentration and
threshold cycle. The results are presented in table. 5.

The exponential fluorescence accumulation
curves were specific, fluorescence was observed at
alevel of 1000 RFU (see Fig. 6).

The exponential fluorescence accumulation
curves were specific; fluorescence was observed at
alevel of 1500 RFU (see Fig. 7).

JIOTMYeCKY CXOXKUX ¢ P, fuscovaginae (cm.  Ta6J1. 4. Pe3ysabTaT TecTupoBaHua JHK KoJI0OHMIA,
TabJL. 4). Mopdossoruvyecku cxoxux c P. fuscovaginae, HaGopom
Ha wamkax IleTpu ¢ MeHbIled «Pseudomonas fuscovaginae-PB» («CuHTOJI», POCCHST)

CTENEeHbI0 3aPaXEHHOCTU IIeJIeBOu
6axkTepuell kojmoHuU P. fuscovaginae
He OTMEYeHHI.

Ha vamkax [TeTpu c moceBoM ce-

Table. 4. Result of DNA testing of colonies
morphologically similar to P. fuscovaginae using
the “Pseudomonas fuscovaginae-RT” kit (Synthol, Russia)

MEHHOTO0 3KCTpaKTa 6e3 3apakeHUs Q6pasen Sample Ct, FAM Ct, HEX Pe3ysbraT Result
MODP(OTOTHIECKU CXOKUE KONOHUM ] 17.8 _ N
OTCYTCTBOBAJIU.

TecTupoBaHue HabopoM «Pseu- 2 28,0 30,0 +
domonas fuscovaginae-PB» («CunTom», 3 16,4 = +
Poccus) mo3Bosmiio o6Hapyxuth JTHK 4 15,1 - ¥
P, fuscovaginae B o6pasijax TOTAJIbHOMN 5 19.9 B N
JOHK, BBIJleJIeHHOUN U3 3apaKeHHBIX
aHAJIUTUYECKUX P06 (cM. TabuI. 5). IIKO PCS 311 32,2 +

Tak kak B Poccuiickoit degepa- OKONCS - 31,9 -
LWU CYIIeCTBYyeT HECKOJIBKO AECATKOB  OKO NCS - 32,0 -

UCTIBITATENbHBIX JJabopaTopuil u Bce
OHU OCHAIIeHBl PA3JIUYHBIM 060DY-
IOBAaHWEM, Mbl UCITBITAJIM JBA THUIIA

Mpumeuanue: Ct — noporosbin umkn MLP; FAM — kaHan petekummn cneundukm MLP;
HEX — kaHan geTekunmn BHYTPEHHEro NoOXNTEeNbHOro KoHTpons MLP;
«+» — MONIOXKUTENbHbIV 06paseL,; «—» — oTpuLaTeNbHbI 0bpaseL;

aMnnudukaTopa, Hauboysee 4acTO KO — nonoxUTeNbHbIN KOHTPObHbIN 06paseL;

UCIIONb3yeMble IJId JUArHOCTUKM, — OKO — oTpuuaTenbHbli KOHTPOSbHBIN 06paseL.

«[ITrpaiM 5M6» («H'HK'TeXHOHOFHH», Note: Ct — PCR threshold cycle; FAM — PCR specificity detection channel;

Poccua) u CFX96 (Bio-Rad, CIIIA). Te-  HEX — PCR internal positive control detection channel; “+” — positive sample;
ctupoBaHnue [IHK, BoilesieHHBIX U3 3a-  “—” — negative sample; PCS — positive control sample; NCS — negative control sample.

Pa’XeHHbIX aHAJIUTUYECKUX Hp06, npu
HCIIOJIb30OBaHUM [OBYX Pa3HbIX aMl'IJII/I(bI/IKaTOpOB
IIOMOTIJIO YCTAaHOBUTH CXOXYI 3aBUCHMOCTb MEXIY
KOHHeHTpaLU/IeI‘/'I GaKTepI/II/I U IIOPOTOBBIM LIMKJIOM.
PEBYJIbTaTbI IIpencTraBJIEHbI B TabI. 5.
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Ta61. 5. Pe3ysbpTaT TecTUpoBaHUuA Ha amiuinukaTopax «JATupaiim 5M6» u CFX96 06pa3ioB
JHK, BbIJIeJIEHHBIX U3 3aPA’KEHHBIX AHAJTUTUYECKHX IMPOG6 ¥ GAKTEPHAJIbHBIX CyCIIeH3Ui

P, fuscovaginae

Table 5. The result of testing DNA samples isolated from contaminated analytical samples
and bacterial suspensions of P, fuscovaginae using DTprime 5M6 and CFX96 amplifiers

Amvnucdukatop «ITnpaitm 5M6» Avnunguxarop CFX96
Amplifier DTprime 5M6 Amplifier CFX96
PesyabTat PesyabraTr

OGpa3sery Sample Ct, Fam Ct, Hex Result Ct, Fam Ct, Hex Result
5’-3KcTpaKT-1 5’-extract-1 36,6 23,1 + 37,15 34,38 +
5’-3KCTpaKT-2 5’- extract -2 37,1 32,8 + 38,07 34,76 +
5’-3KCTpaKT-3 5’- extract -3 36,7 32,6 + 37,49 34,97 +
4’-3KcTpakT-1 4’- extract -1 34,2 33,0 + 34,12 34,46 +
4’-3KCTPaKT-2 4’- extract -2 34,4 32,9 + 34,12 34,67 +
4’-3KCTpaKT-3 4’- extract -3 34,2 32,5 + 34,64 34,42 +
3’-3KcTpakT-1 3’- extract -1 32,2 32,5 + 32,11 34,48 +
3’-9KCTpaKT-2 3’- extract -2 32,0 32,5 + 31,18 34,38 +
3’-3KCTpaKT-3 3’- extract -3 31,9 32,5 + 31,18 34,01 +
CemeHnHOM skcTpakT-1  Seed extract -1 - 32,6 - - 34,37 -
CeMeHHOU sKCTpakT-2  Seed extract-2 — — 33,0 - - 34,22 -
CeMeHHOM 3KCTPaKT-3 Seed extract -3 - 33,2 - - 34,33 -
ITKO PCS 22,4 30,1 + 14,51 - +
OKO NCS - 32,5 - - 33,62 -
OKO NCS = 32,8 = = 32,7 =

MpumeuaHue: Ct — noporosbii unkn MNUP; FAM — kaHan getekunn cneundmnkm MLP; HEX — kaHan oeTekumm BHYTPeHHero
NMONOXUTENbHOro KOHTpons MNLUP; «+» — NonoxuTenbHbI 0bpaseL; «—» — oTpuLaTenbHbli obpased;
MKO — nonoxuTenbHbI KOHTPOSbHbLIN 06paseL,; OKO — oTpuLaTeNbHbIN KOHTPObHBbIN 0bpasel,.

Note: Ct — PCR threshold cycle; FAM — PCR specificity detection channel; HEX — PCR internal positive control detection channel;

“, “_»

DKCITOHEHIMaJIbHbIE KPUBbIE HAKOTLIEHUS (DJIyO-
peciieHIIUY 6b1IU crieniuduuHbIe, PIyOPeCceHIIU0
oTMeuasii Ha ypoBHe 1000 RFU (cm. puc. 6).

DKCITOHEHIMaJIbHbIE KPUBbIE HAKOTLIEHUS (DJIyO-
peciieHIIUY 6b1IU crieniuduuHbIe, PIyOPeCceHIIUI0
oTMeuasiz Ha ypoBHe 1500 RFU (cm. puc. 7).

TakuM 06pasoM, MAHHBIM MeTOM WU30JAIUU
KyJbTYPHBI P. fuscovaginae MOXeT GbITb UCITOJIb30BaH
B CJIy4ae 3apa’keHus MPOObI MIeHUIIbI B KOHIIEHTPA-
nuu 1 * 10* KOE/MJI, 4TO COOTBETCTBYET IIOPOTOBOMY
nukity duyopecteniuu (Ct) 32,0 mpu UCIIOJIb30Ba-
Huu Habopa «Pseudomonas fuscovaginae-PB» («CuH-
ToJI», Poccust) Ha amruiudukatope «ITaopaiim 5M6»
(«IHK-Texuoyorus», Poccus) u Ct 31,5 Ipu UCIIOJIb-
30BaHUU «Pseudomonas fuscovaginae-PB» («CUHTOI»,
Poccus) Ha ammiudukraTope CFX96 (Bio-Rad, CIIIA).
HecMOTps Ha TO, YTO KPUTEPUM IIPUMEHNMOCTHU Me-
TOZA [P KCII0JIb30BaAHUY TECTa KOMIaHNUU «CHHTOJI»
coctaBua 102 KOE/MJ, MeTOJ, M30JIAIIUY MOXKET ObITh
UCTI0Jb30BaH 3(p(HeKTUBHO TOJbKO IIpu 6oJiee BbICO-
KOl KoHIleHTpaluuu 6akTepun B mpobe (10* KOE/mi
u 6ojiee). BICOKMY KPUTEPU TPUMEHNMOCTY TECTA,
paBHbIH 102 KOE/MJI, TI03BOJIUT CAENATh 3aKJII0UeHe
o Hasmunu JHK 6axkTepuu B o6pasiie.

3AKJ/IIOYEHUE

B pesynbTaTe uccaeNO0BaHUSA OGbIIN YCTAHOBJIEHBI
KPUTEPUU MTPUMEHUMOCTY METO/Ia U30JAIUN KYJIb-
TYypbl Pseudomonas fuscovaginae n3 CeMSIH TUIEeHU-
11bl. MeTOJ] 3aKJII0YaeTCs B OMPEIeIEHHOM CrIocobe

+” — positive sample; “=” — negative sample; PCS — positive control sample; NCS — negative control sample.

Thus, this method of isolating the P, fuscovaginae
culture can be used in case of contamination of a wheat
sample at a concentration of 1 * 10* CFU/ml, which cor-
responds to a fluorescence threshold cycle (Ct) of 32.0
using the kit “Pseudomonas fuscovaginae-RT” (Synthol,
Russia) on the DTprime 5M6 amplifier (DNA-Techno-
logy, Russia) and Ct 31.5 when using “Pseudomonas fus-
covaginae-RT” (Synthol, Russia) on a CFX96 amplifier
(Bio-Rad, USA). Despite the fact that the criterion for
the applicability of the method when using the Synthol
test was 10?2 CFU/ml, the isolation method can only be
used effectively when the concentration of bacteria in
the sample is higher (10* CFU/ml and more). High test
applicability criterion equal to 10?2 CFU/ml will allow
us to draw a conclusion about the presence of bacteri-
al DNA in the sample.

CONCLUSION

As a result of the study, criteria for the applicabili-
ty of the method of isolating the Pseudomonas fuscova-
ginae culture from wheat seeds were established. The
method consists in a certain way of inoculating an ana-
lytical sample, which, as a result of PCR testing, has
shown the presence of the causative agent of sheath
brown rot of cereal crops. Sowing should be carried

duTocaHuTapus. KapaHTuH pactennii =~ 74
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Homep uukna Cycle number

Puc. 6. I'pacnkn BospactaHus
thnyopecueHumnmn no kaHany FAM

B 3aBMCMMOCTU OT KOHL,eHTpauum
uenesou AHK npu ncnonbsosaHum
Habopa «Pseudomonas fuscovaginae-PB»
(«CuHTON», Poccus) Ha amnnudukaTope
«OTnpaim 5M6» («OHK-TexHonorusa»,
Poccus) (choTo A.A. [lecaTepuk)

Fig. 6. Graphs of the increase

in fluorescence through the FAM
channel depending on the concentration
of the target DNA when using the
“Pseudomonas fuscovaginae-RT” kit
(Syntol, Russia) on a DTprime 5M6
amplifier (DNA-Technology, Russia)
(photo by A.A. Desyaterik)

out in an exhaustive manner on 4 Pe-
tri dishes with R2A medium, using
20 ul of concentrated seed extract, in
duplicate. At the same time, as a posi-
tive control, 20 ul of P fuscovaginae sus-
pension should be inoculated at a con-
centration of 10°-107 CFU/ml. After
inoculation, Petri dishes should be in-
cubated at 25 °C for 7 days. 72 hours
after inoculation, plates with inocula-
tion of the analytical sample should be
checked for the presence of colonies
morphologically similar to the P, fusco-
vaginae colonies. Similarity is checked
by the colonies that appear on the pos-
itive control plates. Colonies similar to
P, fuscovaginae should be identified by
molecular genetic methods.

The criterion for the applicability
of the isolation method showed that it
can be used in case of contamination
of awheat sample at a concentration of
1 *10* CFU/ml, which corresponds to

TIOCeBa aHAJIUTUYECKOU NMpo6BI, TOKa3aBIIel B pe-
aynbTaTe [1LIP-TecTpOBaHUS HaJIMUMe BO30OyAUTES
6aKTepraJibHOU THUJIY BIATAJIUINA JIUCTA 3JIaKOBBIX
KyabTyp. [ToceB ciiefyeT IPOBOAUTH UCTOILAIILUM
crioco6om Ha 4 yamku [TeTpu co cpemoit R2A, uc-
moJIb3ys 20 MKJI KOHIIEHTPUPOBAHHOM BBITSKKU Ce-
MSH, B IBYX IOBTOPHOCTSAX. OLHOBPEMEHHO B Kaue-
CTBE II0JIOXKUTEJIbHOI'0 KOHTPOJIA CJIelyeT BbICEBATh
20 MkJ cycrieHsuu P, fuscovaginae B KOHIIEHTPaIlUU
105-107 KOE/mu. Yamku IleTpu mocje rmoceBa clie-
IyeT MHKyO6UpOBaTh Ipu TeMieparype 25 °C B Te-
yeHUue 7 CyTOK. CrycTsl 72 4 IocJje roceBa ClenyeT
TIPOBEPSTH YAIlIKY C TTOCEBOM aHAJIUTUYECKOU MTPO-
OBl HA HAJIMYKE KOJIOHUHM, MOP(HOJIOTUIECKU CXOXKUX
¢ kosioHUAMHU P. fuscovaginae. CX0XXeCTb TPOBEPSIIOT
110 IMTOSIBUBIIMMCS Ha YaIlIKaX C IIOJIOKUTEIbHBIM KOH-
TpoJieM KoJIoHUSAM. KojloHnH, cxoxue ¢ P, fuscovaginae,
caenyeT UAeHTU(PUIUPOBATh MOJIEKYJISIDHO-TEHETH -
YeCKUMU METOJlaMU.

KpuTepuli mpuMeHUMOCTHU

Amnnudmmkauua Amplification

a fluorescence threshold cycle (Ct) of 32.0 when using
the kit “Pseudomonas fuscovaginae-RT” (Synthol, Russia)
on the DTprime 5M6 amplifier (DNA-Technology, Rus-
sia) and (Ct) 31.5 when using “Pseudomonas fuscovagi-
nae-RT” (Synthol, Russia) on a CFX96 amplifier (Bio-
Rad, USA).

The article was prepared based on the results of
research work within the framework of a state assign-
ment on the topic: “Development of methods for di-
agnosing pathogens of bacterioses of grain crops that
have phytosanitary significance for the export and
import of grain products”, registration number R&D
123022100104-4.
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Penakuunsa xypHana «®utocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
NpeanoXnTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTel Ha cTpa-
HULAX XypHana. Hawa uenb — npu-
BNneYyeHne BHMMaHusa K Hanbonee
aKTyanbHbIM NpobiemMam KapaHTu-
Ha pacTeHWI CneunannucToB Celb-
CKOIO X035I/ICTBA M BCEX 3aMHTepe-
COBaHHbIX B 3TOM JHOAEN.

B »xypHane paccmatpuBaroTcs
OCHOBHbI€ HanpaBieHUs PasBUTUS
HayKu 1 nepenoBoro onbiTa B obna-
CTUW KapaHTMHA 1 3aLLUTbl pacTeHUN,
nybnvikyeTcs BaxxHas MH(hopMaLms
0 HOBbIX MeTofax U CpencTBax,
npuMeHsaeMbIxX Kak B Poccuu, Tak
n 3a pybexom, a Takxe o UTO-
CaHWTapHOM COCTOSIHWUM TEePPUTO-
pun Poccuiickon depepauunun.

Mbl 0OHOCUM [0 LIMPOKOFO
Kpyra untatene o6beKTUBHYIO
Hay4YHO-MPOCBETUTENbCKYIO U aHa-
JINTUYECKYHO MH(OPMALNIO: MHEHNS
BeAyLMX creunanmcToB no Hanbo-
Jiee NpUHLUMNManbHbIM BOMNpoOcam
KapaHTMHa pacTeHWWN, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX M OTEYECTBEHHbIX NCCefoBa-
HUAX, MaTepuanbl TeMaTUYeCKNX
KOHhepeHL M.

Pepakuwns xxypHana «®uTto-
caHuTapusa. KapaHTUH pacTeHunin»
npurnawaeTr K COTPYAHUYECTBY
KaK BbIOAKOLLMXCA OesATeNen HayKu,
TaK U MOMOAbIX YYeHbIX, cneumna-
JINCTOB-MPaKTMKOB, paboTaroLimx
B obnacTtu utocaHuTapuu, ons
obMmeHa onbiToM, obecneveHus
yCTONYMBOro (hUMTOCAHUTAPHOTO
6narononyyuns U Ans HOBbIX HayY-
HbIX AUCKYCCUN.

3AO0AYU XKYPHATIA

* /I3yyeHne OCHOBHbIX TEHAEHLMIA PAa3BUTUA HAayKW B 061aCTN KapaHTUHA PacTeH I

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHOMOrMI B 061aCTU MOHUTOPUHTa
1 NabopaTopHbIX NCCEef0BaHNUI MO KapaHTMHY PacTEHUN

« O6Cy»KaeHWe akTyaslbHbIX BOMPOCOB KapaHTUHA PacTeHMA

OBULME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuv npuHMMatoTCs CTaTbU Ha ABYX S3bIKax: PYCCKOM M aHIIMINCKOM, CO-
Lepxaline pesynbraTbl COBCTBEHHbIX HayYHbIX McCnenoBaHuii, obbemMom ao 15 cTpa-
HWL, HO He MeHee 3 (Mpu ogMHApHOM HTepBase 1 pasMepe WwpudTa 12). OnTUManbHbIi
06bem ctatbym — ot 1500 cnos. Ctatbm 6onbLiero o6bema MoryT HbITb MPUHATLI MO corna-
COBaHMIO C pedaKkLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. YI1K, Ha3BaHue cTaTbu.

2. NHnumanel, hamunms aBTopa.

3. MecTo paboTbl aBTOpa, ropoA, cTpaHa, ORCID ID, agpec afieKTPOHHOM NoYThl.

4. AHHOTauuMa (KpaTKoe TOUHOE U3NoXKEeHMe CoOepKaHusa CTaTby, BKItOYatlolLee
thakTnueckme cBefgeHns 1 BbIBOAbI onucbiBaeMoii paboTbl): 200—-250 cno., Ho He 6onee
2000 3HaKoB c npobenamu.

5. KntoueBble cnosa (5—-10 cnoB., CNoBocoYeTaHuit), Hanbonee TO4YHO oTobpaxaro-
Lme cneundmKky cTaTbu.

6. BBegeHue.

7. Matepuasnbl U METOLbI.

8. Pesynbratbl 1 06CyKOeHNS.

9. BbiBOAbI/3aKItOUEHNE.

10. Cnucok nuTepaTypsl (T. €. CMMCOK BCel UCMOoSb30BaHHOM TMTEpaTypbl, CCbIIKK
Ha KOTOPYIO [4AlTCS B CaMOM TeKCTe CTaTbM): MpaBuia COCTaBIeHMS HAanpaBAsoTCS aB-
TOpPY MO 3anpocy.

11. NHchopmaums ob aBTopax: NMPUBOAUTCA NONHAS MHOPMALMSA O KaXKOoM U3 aB-
TOpoB (MecTo paboTkl, ropof, cTpaHa, ORCID ID, agpec 3N1eKTPOHHOM MOYTbI).

12. nntocTpaTuBHble MaTepuansl (hoTorpadum, pucyHKm) LOMYCKATCA XOPOLLE
KOHTPACTHOCTU, C paspeLlieHneM He HuKe 300 Touek Ha awim (300 dpi), opurnHanbl
NMPUKIaAblBalOTCA K CTaTbe OTAeNbHbIMU harinamu B hopmare .tiff unu .jpeg (unntoctpa-
LK, He COOTBETCTBYOLWME TpeboBaHUSM, ByayT UCKIIOUEHbI U3 CTaTeN, MOCKOJbKY A0-
CTOIHOE MX BOCMnpou3BeneHe Tunorpadcknum cnocobom HeBO3MOXKHO). Heobxoammo
yKasaTb aBTOpcTBO Kaxkgow otorpacum (P. U. O. hoTorpacha nnm ccoinky).

13. B pepakuuio HeobxooMMo NPefocTaBUTh ABE PeLeH3nmn Ha cTaTbto («BHeLW-
HIOHD» N «BHYTPEHHIOI»).

* B TakoM He nopsioke U CTPYKTYpe npedoCcTaB/seTcsl AHr/1053bI4HbIlI hepeBod CTaTbu.

Pabota pgonxHa 6bITb NpepgocTaBneHa B pegaktope WORD, dopmat DOC, wpudt
Times New Roman, paamep wpudita — 12, MEKCTPOUHbI MHTepBan — OOMHAPHbIN, pas-
Mep monen — no 2 cM, OTCTyn B Havase ab3aua — 1 cMm, hopMaTUpoBaHME MO LWNPUHE.
PucyHku, TabnuLibl, cxembl, rpacvkim 1 np. LOMKHbI 6bITb 0683aTENBHO NPOHYMEPOBaHbI,
MMEeTb MCTOYHUKM U MOMELLATbCA Ha MeYaTHOM Mose CTpaHuLbl. HasBaHve Tabnuubl —
Hapg Tabnuvuen; HasBaHWe pucyHKa/rpadmka — Nog pUcyHKoM/rpacinkom.

BOJIEE MOAPOBHbLIE YCJIOBUA NYBJINKALMK CTATEW Bbl MOXKETE
Y3HATb B HALWEWU PEOAKLUUN:

Appec: 140150, Poccusi, MockoBckasa 0bnacThb, . 0. PameHckui,

p. n. BbikoBo, yn. MNorpaHnyHas, g. 32

KoHTakTHOE nuuo: 3nHoBbeBa CeeTnaHa leopruesHa

TenedoH: 8 (499) 707-22-27, e-mail: zinoveva-s@mail.ru



denepajibHOE roCyIapCTBEHHOE
OIOI’KETHOE yUpe:KIeHue
«BcepoccUMCKUH IIEHTP KapaHTHHA
pactenuii» (PIrbBY « BHUUKP»)

- HayuyHoe un meToguyeckoe obecneyeHne - YcTaHoBNeHue KapaHTUHHOTO

pesTenbHocTu PoccenbxosHapsopa,
ero TeppMTopUanbHbIX yNpaBieHUn
1 NOABEAOMCTBEHHbIX EMY
yupexaeHui B chepe KapaHTUHA

M 3aLWUTbl PacTEHUN

thuTocaHUTapHOro COCTOAHUSA
NnoAKapPaHTUHHbIX MaTepunanoB

u TeppuTopun Poccuinckon Gepepavum
nyTem npoBefeHuUs nabopaTopHbIx
3KCNepTn3 " MOHNTOPUHIOB

- HayuyHoe coTpyaHU4YecTBO
€ HaUMOHaNbHbIMU
N MeXXAyHapoOHbIMM
opraHusauusiMu B 06n1acTtu
KapaHTUHA pacTeHui

Bepnylee yupexpaeHue B Poccuitickon depepaum No CUHTE3Y U NPUMEHEHUIO

q)epOMOHOB ANa BblABI€HUA KapPaHTUHHbIX N HEKaPaHTUHHbIX Bpep,MTeneﬁ

1 60pbbbl C HUMMK

OreyY «<BHUMKP» — napTHep MexayHapogHoM NporpaMMbl N0 KOOpAUHaLUU

Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO 11
(EUropean PHytosanitary RESearch COordination)

B ®rbY «BHUUKP» co3paH u nenctsyet TeEXHUUECKUIN KOMUTET

no ctaHgapTusaumm TK 42 «KapaHTWH U 3aWuMTa pacTeHnn»

Bepyuiee HayuHO-MeTogM4YeCcKoe yupexgeHne B coctaBe KoopanHauMoHHOro

CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

» 17 chunnanos Ha Tepputopun Poccunckon Mepepauym

lfonoBHOe Hay4yHO-MeTogu4vecKoe yupexxgeHue no peannsauymum MnaHa

nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a

140150, Poccus,

MockoBcKkag 00JIaCTh,

I. 0. PameHCKUM, p. 11. BRIKOBO,
yi. [TorpanuuHagd, g. 32

Te./daxc:
8 (499) 707-22-27

e-mail: office@vniikr.ru
http://www.vniikr.ru



