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ellepajibHOe TOCYyZapCTBEHHOE
OI0[I)KeTHOE yupeXxjaeHue «Bce-
poCCUMMCKUY IIEHTP KapaHTWHA
pactenuii» (®I'BY «BHUNKP»)
SIBJIIETCSI OpraHusaluei, Iof-
BeloMCTBeHHOU (demepasbHON
ciyxbe TI0 BeTepUHAPHOMY
u (QuTocaHUTAPHOMY HaZ30-
py (PoccennbX03Ham30p) ¥ OCYIIECTBIISIOINIEl CBOIO Ha-
VUYHYI0 JeSITEIbHOCTb B 00JIACTU M3YYEHUS BPEIHBIX
OPraHM3MOB, KOTOPBIE TIPEICTABISIOT OITACHOCTD JIJIsS
Pa3BUTHS CEJIbCKOTO XO3SIMCTBA U DKOHOMUYECKOU
nestelbHOCTU Poccutickoit demepalinin.

Hayunsie uccnegosanuga BHUUKP nuMeroT mipo-
(rIbHYI0 HATIPABJIEHHOCTD B YaCTU 00eCIIeUeHUs KOH-
TPOJIbHO-HAJ30PHBIX (DYHKIIWH, SIBJISIOIIMXCS rapaH-
THel KapaHTUHHON pUTOCAaHUTAPHOM 6e30I1aCHOCTH
CTPaHBbI, YTO JleJIaeT 3TU UCCIeN0BaHUs YHUKAJIbHbI-
MU U €JUHCTBEHHBIMU B CBOEM pojie. HaKOTIJIEHHbI
OTIBIT U 3HAHUS YUPEXIEHUSI NHTETPUPOBAHBI B CU-
cTeMy obecrieueHms GQUTOCAHUTAPHON 6€30MMacHOCTY
Poccutickoit denmepanuu. PreyY «BHUVKP» umeer
UCCJIeIOBATENbCKUI IIEHTP C CAMBIM COBPEMEHHBIM
o6opymoBaHNEM, HA KOTOPOM IIPOBOJSATCS HayuHbIE
WccleloBaHUs U pa3paboTKy B 06JIaCTU METO/IOB JIH-
arHOCTUKY KapPAaHTUHHBIX ¥ 0CO60 OTIACHBIX BPEIHBIX
OpraHuU3MOB. Pe3yJbTaThl IPOBEJIEHHBIX HAYUHBIX
UCCJIEIOBAHUI BOTLJIOIIEHBI B HAYYHbIE MOHOTpahuu
Y1 METOAVYECKNE PYKOBOJICTBA I10 BBISIBJIEHUIO U UZIEH-
tudUKauY BpeauTesel, QUTomaTOre HHbIX OPTraHm3-
MOB M COPHBIX PACTEHUM, a TaKXKe I10 JIOKAJIU3aI[uu
U JUKBUAIUY UX 04aTr0B.

Haubousblllee 3HaUeHVE Hay4YHas esITeJIbHOCTh
YUPEXIEHUS UMEET [IJi HAyYHOTO U TEXHUYECKOTO
0060CHOBaHUS PETYIUPOBAHUS BPEIHBIX OPraHU3MOB
v GUTOCAHUTAPHBIX Mep, IPUMeEHsIeMbIX B Poccuii-
ckolt dezmepalivu, C yUeTOM PUCK-OPUEHTHUPOBAHHO-
ro moAxona IJist obecriedeHus: MPOAO0BOJILCTBEHHOM

SCIENCE IN FIGURES]

UDC 632.91

Results of Research
Activities

of FGBU “VNIIKR”
in 2020

YU.A. SHNEYDER?, T.A. KOPKOVA?, A.V. KRUTOV?3,
E.V. KARIMOVA*

FGBU “All-Russian Plant Quarantine Center”
(FGBU “VNIIKR”), Bykovo, Ramenskoye,
Moscow Oblast, Russia
1 ORCID 0000-0002-7565-1241,
e-mail: yury.shneyder@mail.ru
2 e-mail: kopkova_tatyana@vniikr.ru
3 e-mail: andrey156.76 @mail.ru
4 ORCID 0000-0001-6474-8913,
e-mail: elenavkar@mail.ru

ederal State BudgetaryInstitution “All-Russian

Plant Quarantine Center” (FGBU “VNIIKR”) is

an organization subordinate to the Federal

Service for Veterinary and Phytosanitary Sur-

veillance (Rosselkhoznadzor) and carrying
out its research in the field of studying pests that pose a
threat to the development of agriculture and economic
activities of the Russian Federation.

Scientific research of VNIIKR has a profile di-
rection in terms of ensuring control and superviso-
ry functions, which guarantee the quarantine phy-
tosanitary safety of the country, making these studies
unique. The accumulated experience and know-
ledge of the institution are integrated into the phy-
tosanitary security system of the Russian Federation.
FGBU “VNIIKR” has a research center with the state-
of-art equipment, used for research and development
in the field of diagnostic methods for quarantine and
especially harmful pests. The results of the conduct-
ed research are embodied in scientific monographs
and methodological recommendations for the detec-
tion and identification of pests, phytopathogenic or-
ganisms and weeds, as well as for the localization and
elimination of their outbreaks.

The research conducted by the institution is of
paramount importance for the scientific and techni-
cal substantiation of the regulation of pests and phy-
tosanitary measures applied in the Russian Federation,
taking into account the risk-based approach to ensure
the country’s food security. Pest risk analysis (PRA) is a
key element in the rationale for measures. PRA scienti-
fic research is unique and is carried out in the Russian
Federation only by specialists of the FGBU “VNIIKR”.

dutocaHuTapusi. KapaHTUH pacTeHuii 2
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6e30MacHOCTY CTpaHbl. KiIFoueBbIM 3J1eMeHTOM 060C-
HOBAaHUY Mep SBJISIETCA aHANU3 (PUTOCAHUTAPHOTO
pucka (A®P). HayuHble MCCIEOBAHUS I10 aHAJIU3Y
(buTOCAaHUTAPHOTO PUCKA B OTHOIIEHUU BPeAHBIX OP-
raHU3MOB SBJISIOTCS YHUKAJIbHBIMU Y BBITIOJHSIIOTCS
B Poccutiickoit demepaliuu TOJbKO CIIEIIMaJNCTaMU
OI'BY «BHUUKP».

B nenom ADP — ocHOBa [edTeJIbHOCTY 110 KapaH-
TuHY pactenuii. Cormacio MCO®M* N 5 ([mmoccapuii
(buTocanuTapHBIX TEPMUHOB, 2007), ADP — 3TO0 IIpo-
IIeCC OLIEHKM GMOJOTUYECKUX UJIU APYTUX HAYUHBIX
1 9KOHOMMYECKUX JAHHBIX C LIeJIbI0 OIlpeseleHusd
TOTO, SIBJISIETCS JIX OPraHKW3M BPeJHBIM OPraHU3MOM,
JIOJIKEH JIV OH PETYJIMPOBATHCS M KAKOBA AOJKHA ObITh
JKECTKOCTb (PUTOCAHUTAPHBIX Mep, IPUHUMAaeMbIX
B OTHOIIEeHUU Hero. AOP mpoBOAAT B COOTBETCTBUU
C MEeXJIYHapPOAHBIMU CTaHAAPTaMU 110 PUTOCAHUTAP-
HBIM MepaM, Pa3BUBAKILVMU KOHIIENI[WUIO aHaIu3a
(hutocanuTapHoro pucka, - MCOM N 2, MCOM N2 11,
MCOPM N2 14, MCOM N2 21.B 2020 1. B PT'BY « BHUMKP»
nposenieH ADP njist 11 BpegHbIX OPTaHW3MOB.

PesysbTaThl npoBefeHHOro A®P BpeIHBIX Op-
raHW3MOB OYIyT UCIIOJb30BAHbI JIJISI aKTyaJIU3aIlluN
EnuHOro mepedyHs KapaHTUHHBIX 00beKTOB EAIJC:
MIPeJIOXKEeHO BKJIIOUUTD B riepedyeHb EA3C 9 BpeqHbIX
OPraH¥3MOB, UCKJIFOUUTh OJJVH U U3MEHUTD CTATYC JJIs
apyroro. B 2020 1. Takxxe 6611 1poBesieHbI ADP niis
2 areHTOB OMOJIOTUYECKON G0PLOLI, ITPEILJI0XKEHDI OT-
IeJiIbHbIe PEKOMEHIAIUY 110 UX UCTIOJIb30BAHUIO.

B 2020 1. mpoBe/ieH MepBhIi 3TAIl PAbOT 110 OIleH-
Ke pUTOCAaHUTAPHBIX PUCKOB, CBI3aHHBIX C KCIIOP-
TOM, UMIIOPTOM U II€PEMEIIEHUEM CEMEHHOIO Ma-
TepuaJia. Lleabio JaHHBIX PaboT ABIsAETCS HAydHOE
obocHoBaHVEe (QDUTOCAHUTAPHBIX Mep, IIPUMEHIeMbIX
K UMIIOPTUPYEMOMY, 3KCIIOPTUPYEMOMY, TIepeMelae-
MOMY CEMEHHOMY MaTepuraJly, C KOTOPbIM MOTYT pac-
MIPOCTPaHAThCS BpeLHble OpraHU3MbI. [IpoBeseHa
CUCTeMaTU3alMs ePEYHS Y KaTeTopU3alis BPeSHBIX
opraHusMoB. Pa3zpaboTaHbl HOBble PUCK-OPUEHTUPO-
BaHHBIE IIOJXOJIbI CUCTEMBI yIIPAaBJIEHUS PUCKAMU,
WHTEeTrpajibHble UHAEKCHI PUTOCAHUTAPHOTO PUCKA I10
Pa3IMYHBIM BUIAM IPOAYKITUN.

PesynbTaTh!l paboT 110 olleHKe (DUTOCAHUTAPHBIX
PUCKOB GYIyT UCIIOJIb30BAHBI IJIST peau3aluyl CUCTe-
MbI yrpaBjeHus puckamu (CYP) pu oCyIlecTBIeHUN
rOCyZapCTBEHHOTO KAPAHTUHHOT'O KOHTPOJIS (Ha30-
pa), a TakXKe AJIS ONITUMU3AIUY PAabOThl MHCTIEKTOP-
CKOro cocTaBa Poccesibxo3Ha3opa.

B pamMKax MpoBeeHUsT HAYUYHBIX MCCJIeLOBaHUN
B 2020 r. 66N pa3paboTaHbl HOBbIE CTAHAAPTHI, B KO-
TOPBIX CHOPMYJIUPOBAHbBI ITPAaBUJIa ITPOBEIEHUS KapaH-
TUHHBIX (PUTOCAHUTAPHBIX 06CIeIOBaHUY MOAKAPaH-
TUHHBIX 06bEKTOB Ha BbISBJIEHNE 0UYaTr0B KaPaHTUHHBIX
BPEeLHBIX OPraHU3MOB, OIIPeeJIeH ITOPALOK YCTaHOB-
JIEHWST KaPaHTUHHON (DMTOCAHNUTAPHON 30HbI ¥ KapaH-
TUHHOTO (UTOCAHNUTAPHOTO peXxxuMa. PazpaboTaHHbIe
CTaHAPThI VICIIOJIb3YIOTCS BCEMU TEPPUTOPUATBHBIMU
yIpaBiaeHuIMU Poccerbxo3Hai30pa IIpU yCTaHOBIEHU Y
WJIY CHSATUY KaPAaHTUHHOIO (PUTOCAHUTAPHOI0 PEXXUMA,
pa3paboTke KPUTEPUEB JINKBUIAITUY OUaTOB U YCTAHOB-
JIEHWS TPaHUI KAPaHTUHHOMN (DUTOCAHUTAPHOM 30HEI.

B 2020 r. mpoBeneHo 96 HayyHO-UCCe0Ba-
TeJabckux paboT (HUP) mo pa3zpaboTKe U COBEPIIEH-
CTBOBAHUIO METOJIOB BBISIBJIEHUS U UAeHTUDUKAIIUU

* MCOM — mexayHapoLHbIV CTaHaapT
no hMTOCaHUTAPHLIM Mepam.

In general, PRA is the basis of plant quarantine ac-
tivities. According to ISPM* N2 5 (Glossary of phytosa-
nitary terms, 2007), PRA is the process of evaluating
biological or other scientific and economic evidence
to determine whether an organism is a pest, whether
it should be regulated, and the strength of any phy-
tosanitary measures to be taken against it. PRA is car-
ried out in accordance with international standards
for phytosanitary measures that develop the concept
of pest risk analysis — ISPM No. 2, ISPM No. 11, ISPM
No. 14, ISPM No. 21. In 2020, FGBU “VNIIKR” per-
formed PRA on 11 pests.

The results of the PRA of pests will be used to update
the Common List of Quarantine Objects of the EAEU: it
was proposed to include 9 pests in the EAEU list, exclude
one and change the status for the other. In 2020, PRA was
also carried out for 2 biological control agents, separate
recommendations for their use were proposed.

In 2020, the first stage of work was carried out to
assess the pest risks associated with the export, import
and movement of seed material. The purpose of these
works is to scientifically substantiate phytosanitary
measures applied to imported, exported, transferable
seed material, with which pests can spread. The sys-
tematization of the list and categorization of pests has
been carried out. New risk-oriented approaches of the
risk management system, integral pest risk indices for
various types of products have been developed.

The results of the work on the assessment of pest
risks will be used to implement the risk management
system (RMS) in the implementation of state quaran-
tine control (surveillance), as well as to optimize the
work of the Rosselkhoznadzor inspectors.

As part of scientific research in 2020, new stan-
dards were developed, which formulated the rules for
conducting quarantine phytosanitary examinations
of regulated objects to identify outbreaks of quaran-
tine pests, determined the procedure for establishing
a quarantine phytosanitary zone and a quarantine phy-
tosanitary regime. The developed standards are used
by all territorial departments of the Rosselkhoznadzor
when establishing or removing a quarantine phytosa-
nitary regime, developing criteria for the elimination of
outbreaks and establishing the boundaries of a quaran-
tine phytosanitary zone.

In 2020, 96 research works (R&D) were carried out
to develop and improve methods for the detection and
identification of pests, study the developmental charac-
teristics and assess their spreading in the Russian Fe-
deration.

The tasks in this area are directly related to the
fundamental issues of taxonomy and phylogeny of the
studied groups of organisms (insects, plants, viruses,
bacteria, etc.). The development of methods for the
detection and identification of pest and phytopatho-
gen species included or recommended for inclusion in
the Common List of Quarantine Objects of the EAEU
is being carried out for the first time in our country.
The methods use the results of the Institution’s own
research. The developed methods make it possible to

* ISPM — international standards for phytosanitary measures.
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HayuHblIe HccjieJ0BaHU4 110 aHAJIU3Y
thuTocanuTapuoro pucka (A®P) B 0oTHOLIEHUU
BpeJHbIX OPraHU3MOB SABJIAIOTCA YHUKAJIbHBIMU
U BBINIOJIHAIOTCA B PP TOJIBKO crieliyaJiicTaMu
PI'bY «BHUNKP». A®P — ocHOBA JesITE€JIbHOCTHU

110 KapaHTUHY pacTeHUn

reliably identify quarantine spe-
cies in the framework of labora-
tory research.

The results of research and
development in this area will be
used during regionalization, in
order to meet the requirements
of countries importing Russian
products. The materials, collec-

BPEeIHbIX OPTAaHU3MOB, U3yUeHUI0 0COOEHHOCTel pas-
BUTHUS U OITeHKE UX PaclipoCTpaHeHUs Ha TEPPUTOPUN
Poccuiickoyt demepaliiuu.

3amaur B paMKaxX JTaHHOTO HalpaBJieHUS Ha-
IPAMYIO0 CBSI3aHBI ¢ DyHIAMEeHTaJIbHBIMU BOIIPOCAMU
CUCTEMATUKU Y (QUJIIOTEHUU U3y4YaeMbIX TPYIIN Opra-
HU3MOB (HaCEKOMBIX, PACTEHUU, BUPYCOB, GaKTEPUii
u 1p.). PazpaboTka MeTOAUK I10 BBISIBJICHUIO U UAEH-
TU(GUKAIUYA BUAOB BpeAuTeiel u (UTOIMAaTOreHOB,
BKJIIOUEHHBIX WJIM PEKOMEHIOBAHHBIX K BKJIIOUEHUIO
B EQVHBIN IIepedyeHb KapaHTUHHBIX 00beKTOB EASC,
TIPOBOJIUTCS BIIEPBbIE B Halllel cTpaHe. B MeTomKax
UCIIOJIB3YIOTCS PE3yJIbTaThl COOCTBEHHBIX HCCIEI0BA-
Hu#. PazpaboTaHHble METOLUKY ITO3BOJIIOT HAIEXKHO
UIeHTUPUIMPOBATh KAPAHTUHHBIE BUJBI B paMKax
J1abOPaTOPHBIX UCCIIEOBAHUIA.

PesynbraThl HVP 110 maHHOMY HamnpaBJeHUIO Oy-
IyT WCIIOJIb30BAaHbI ITPU MTPOBEJEHNN PErMOHAM3a-
1IUY, C I1eJIbI0 00ecIieueHrsT TpeboBaHUM CTPaH — UM-
TIOPTEPOB OTEYECTBEHHON MPOAyKIuuU. [loyueHHbIE
B X0Zie paboT MaTeprasbl, KOJJIEKIIUY Y UJLTIOCTPALIUYN
TaK)Xe ITPUMEHSIOTCS ITPU TIOATOTOBKE U ITPOBENEHUN
MeXJIa60paTOPHBIX CAUYUTETbHBIX UCTIBITAHUM, Kyp-
COB IIO TTOBBILIIEHUI0 KBaJIU(PUKALIUU; TIPUA CO3[LaHUU
Hay4YHBIX U 00y4aroIuX MPOEeKTOB 110 BU3yaJin3alluu
nHMOPMALIUY O KAPAHTUHHBIX M 0C000 OMaCHBIX OP-
raHuaMax; Ipu pa3paboTKe METO/0B AUATHOCTUKM
B 00J1aCTV KapaHTWHA PAaCTeHUM.

B CBSI3Y C TUAUPYIOUIMMU O3UIUIMUA Poccuii-
ckoyt denepalivy M0 SKCIOPTY 3epHa aKTyaJlbHBIM
HampaBjieHWeM HayYHOU JesdTeJbHOCTY YUpPeXAeHUs
SABJIIETCS pa3paboTKa METOIOB BHISIBJIEHUS U UIEH-
TU(PUKAILIMYU BPESHBIX OPTaHU3MOB, 10 KOTOPBIM BbI-
CTaBJISIOT CBOU TPeOOBaHUS CTPAHbI — UMIIOPTEPHI
poccuiicKo# TpoayKiuu. Ha 0OCHOBe TIPOBEEHHBIX
UCCIIeIOBaHU ObLIN YCOBEPIIEHCTBOBAHBI CYIIIECTBY-
I0IMe METObl JUAarHOCTUKY BPEIHBIX OPraHN3MOB
¥ pas3paboTaHbl PEKOMEH AN 110 JUATHOCTUKE, KO-
TOPBIE UCIIOJb3YHTCSI BCEMU YUPEXKIEHUSIMHU, [T0/IBE-
JIIOMCTBEHHBIMU PocceibX03HaI30py.

CrnientranucTtbl BHUVIKP BBIMTOJHSIOT PaboThI 110
CUHTE3y Y UCIBITAHUAM (EPOMOHOB KapaHTUHHBIX
BpeAuTeJel ceibCKOX035IMCTBEHHbBIX KyIbTYP U Jieca.
B 2020 1. 661710 BbITTOJHEHO 14 HYP 1o maHHol TeMa-
TrKe. PepOMOHHBIE JIOBYILIKH, TTOJIyUE€HHBIE HA OCHOBE
CUHTE3VPOBAHHBIX (PEPOMOHOB, UCTIONb3YIOTCS IPU
NpoBeeHNN (QPUTOCAHUTAPHOTO MOHUTOPUHTA TEP-
putopuu Poccuiickoit ®emepalinu, a TaKXXe B IEJIAX
peanusanuy IIPorpaMMbl «3eJI€HOT0» 3eMJIeeInsI.

B yupexzeHuy MpoIoKaT U3ydeHre 610JIoTH-
YEeCKOro MeTojia 3alUThl pacTeHUH (6MOJIOTUYECKUI
KOHTPOJIb). PaspabaThiBaeTCs TEOPETUUYECKOe HallpaB-
JIeHWe — 3HaueHre OMOJIOTMYECKOTO KOHTPOJISA KaK va-
CcTU PUTOCAHUTAPHOTO KOHTPOJISA. B HacTodIee BpeMs
B oTZesie 61oMeToza cofepUTcs 11 MaTOUHbBIX KYJb-
TYP HAaCeKOMBIX (3HTOMO(AroB U BUIOB-X035€B), UTO

tions and illustrations obtained

in the course of the work are also
used in the preparation and conduct of interlaboratory
comparison tests, training courses; when creating scien-
tific and educational projects for the visualization of in-
formation about quarantine and especially harmful or-
ganisms; in the development of diagnostic methods in
the field of plant protection.

In connection with the leading positions of the
Russian Federation in the export of grain, the current
direction of the Institution’s scientific activity is the
development of methods for detecting and identifying
pests, according to which countries importing Russian
products set their requirements. Based on the studies
carried out, the existing methods for diagnosing pests
were improved and recommendations for diagnostics
were developed, which are used by all institutions sub-
ordinate to the Rosselkhoznadzor.

FGBU “VNIIKR” specialists carry out work on the
synthesis and testing of pheromones of quarantine
pests of agricultural crops and forests. In 2020, 14 re-
search projects were carried out on this topic. Phero-
mone traps obtained on the basis of synthesized phero-
mones are used for phytosanitary monitoring of the
territory of the Russian Federation, as well as for the
implementation of the “green” agriculture program.

The institution continues to study the biological
method of plant protection (biological control). A the-
oretical direction is being developed involving the im-
portance of biological control as part of phytosanitary
control. Currently, the department of biomethod con-
tains 11 breeding cultures of insects (entomophages
and host species), which is comparable with the indi-
cators of the corresponding departments of the leading
scientific institutions of the Russian Federation.

FGBU “VNIIKR” is a basic organization and a re-
cognized leader among the CIS member states in train-
ing personnel in the field of plant quarantine for the
agro-industrial complex.

Educational activity is actively developing. The In-
stitute includes modern digital and interactive projects in
its teaching program. “Videopedia. Quarantine Pests” is a
special educational project in the field of phytosanitary,

PRA scientific research is unique
and is carried out in the Russian
Federation only by specialists of the
FGBU "VNIIKR'". PRA is the basis

of plant quarantine activities
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COIIOCTABUMO C ITOKA3aTEJISIMU CO-
OTBETCTBYOIIVX TIOZIPa3/ieNIeHUH
BEIYIIUX HAYYHBIX YUPEXKIEHUIA

Poccutickon denmepaliuiu.
NHCTUTYT gBaseTcsa 6Ga-
30BOM opraHusanuel u mpu-
3HAHHBIM JUIEPOM CpeIu Tro-
CyLapcTB — yyacTHUKOB CHI 1o
IIOACOTOBKE KaJPOB B 06JIaCTU
KapaHTHHA PaCTeHUH A arpo-
ITPOMBIIIIJIEHHOT0 KOMILJIEKCA.
O6pasoBaTejibHas IesaTelb-
HOCTh aKTMBHO pa3BHUBaeTCH.
VIHCTUTYT BKJIIOYAET B CBOIO TIpe-
MO aBaTENbCKYI0 MPOrPaMMy
coBpeMeHHbIe I[U(POBbIE U UH-
TepaKTUBHbIE TPOEKTHI. «BUIeo-
nenus. KapaHTUHHbBIE BpeIHbIe
00BEKTBI» — CITeIIMAJIbHBIN 00pa-
30BaTeJIbHBIHN ITPOEKT B 06JIaCTU
(utocanutapuu, obyamarmIni

cTaTycoM O(UIIMaTBHOTO BJIEK- Puc. 1. Pa6ouuii Busut B Prby «BHUUKP» Fig. 1. Working visit of the Vice-President

TPOHHOTO yueGHOTO mocofus BUUe-npesnaeHTa PAH U.M. LOHHUKK
n pupekTopa denaptameHTta

B Poccutickoit denepaliniu, B KO-

of the Russian Academy of Sciences
I.M. Donnik and Director of the Department

KoopAuHauuu peaTtenbHocTu opraHusaumin  for Coordination of Organizations in the Field

TOPOM BU3YaJU3UPYETCSA OTIBIT
Y pPe3yabTaThl PaboThI crierua-

HBIX OPraHU3MOB, U3YUYEHUU
OMOJIOTUYECKUX 0COOEHHOCTEH,

MeTO/laX BBIIBJIEHUS U uAeHTUuUKanuu. B 2020 1.
OBLJIO TOATOTOBJIEHO 72 BUMLEOPOJIMKA HA PYCCKOM
U QHTJIUHCKOM S3bIKaX.

B BhINTyckax 06pa3oBaTeIbHOTO BUIEOMIPOEKTa
«OHJIANH-TTPaKTUKA KAapaHTUHA PACTEHUM» BU3yaJIu-
3MPOBaHa MO3TaMHAas MOTOTOBKA KAaPaHTUHHBIX 00D-
€KTOB (BpeIUTEJIe} CEIbCKOX03SIMCTBEHHBIX KYJIbTYP)
L5t TabOPaTOPHBIX UCCIEOBAHUM, OCYIIECTBISIEMbIX
B COOTBETCTBUU C HOPMATUBHBIMU AOKYyMEHTaMU
U OPUTHUHAJbHBIMYU pa3paboTKaMU OTeUeCTBEHHBIX
yueHbIX. B 2020 . B paMKax IIPOeKTa B CBET BLILLJIO
72 BULIEOPOJIUKA.

Bce moAroToBJIeHHbIEe MHTEPAKTUBHBIE TTPOEKTHI
BBIIBUHYTHI Ha coUcKaHue npemuu PAH kak jiyunive
pa6oTs! mo momynsgpusanuu Hayku 2020 r. Konuue-
CTBO OPUTUHAJBHBIX IPOCMOTPOB Ha IOTy6-KaHae
OI'BY «BHUMKP» npubmamxaeTrcs K 2,5 MJIH.

B 2020 r. Ha 6a3e ®TBY «BHUUKP» 6b11 paspa-
60TaH HOBBIU U(PPOBOI 06pa30BaTEIbHBIN TPOEKT
«AKazeMusa KapaHTHHA PacTeHMNI», KOTOPBIM CTapTO-
BaJI B Mae IPOIIJIOro rofa — KorJa Havyajioch o6ydyeHue
TIePBOr0 IIOTOKA ciylnaTesyiedl. [IpOeKT mpemnojaraeT
IVCTAHIIMOHHBIN (hopMaT 0OyYeHUs CIIeIMaINCTOB
C HUCIIOJIb30BaHMEM CaMbIX COBPEMEHHBIX ITOJIX0I0B:
npodeccruoHaJbHBIX BUIAEOJEKIUM, OHIAUH-Tpe-
HUHTOB C IIPENomaBaTeJsIMU U CAMOCTOSTEJIbHOM
paboToii ¢ pa3maTOYHBIM MaTepuajoM. Bcero 3a rof
obyueHMe B paMKax JaHHOTO Kypca IpouLiu 4 moToka
cymaresue.

LudpoBoit 06pa3oBaTeNIbHbIN BUAEOIPOEKT
«AKaZeMus KapaHTUHA PACTeHUI» HOMUHUPOBAH Ha
IIPUCBOEHUE cTaTyca yuye6HOoro rmocobus B obyacTtu
KapaHTWHA pacTeHuit Poccutickoit ®emepanuu. 3a
2020 1. B yCJIOBUSX TIAHIeMUU Ha aHHOU TiaTGopMe
IIPOIILIO 00yueHue 6oJiee 2 ThICAY CIIEIUAUCTOB.

B nenom 3a 2020 . okojio 1400 creluaJnucToB II0-
BBICUJIY KBaJIM(PUKALIVIO HA KypcaxX U y4eOHbIX ceMU-
Hapax; 6osiee 600 CIIeIMaNNCTOB TEPPUTOPUATBHBIX

B cthepe CenbCKOX03AMCTBEHHbIX HayK

MWHMCTEPCTBa HAYKM 1 BbICLIErO
JINCTOB B MCCIENOBAHNM BPEA-  gfpasosaHua PO B.A. Baruposa

of Agricultural Sciences of the Ministry of
Science and Higher Education of the Russian
Federation V.A. Bagirov to FGBU “VNIIKR”

which has the status of an official electronic training
manual in the Russian Federation, which visualizes the
experience and results of the work of specialists in the
study of pests, the study of biological characteristics,
methods of detection and identification. In 2020, 72 vi-
deos were prepared in Russian and English.

In the episodes of the educational video project
“Online Practice of Plant Quarantine”, the stage-by-
stage preparation of quarantine objects (or pests of ag-
ricultural crops) for laboratory research carried out in
accordance with regulatory documents and original de-
velopments of Russian scientists is visualized. In 2020,
72 videos were released as part of the project.

All the prepared interactive projects were nomi-
nated for the Russian Academy of Sciences prize as the
best works to popularize science in 2020. The number
of original views on the FGBU “VNIIKR” YouTube chan-
nel is approaching 2.5 million.

In 2020, on the basis of FGBU “VNIIKR”, a new
digital educational project “Plant Quarantine Acade-
my” was developed, which was launched in May last
year, when the training of the first stream of students
began. The project involves a distance learning format
for specialists using the most modern approaches: pro-
fessional video lectures, online trainings with teachers
and independent work with handouts. In just a year,
4 streams of students were trained within this course.

The digital educational video project “Academy
of Plant Quarantine” was nominated for the status of
a student’s book in the field of plant quarantine in the
Russian Federation. In 2020, in the context of a pan-
demic, more than 2 thousand specialists were trained
on this platform.
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Puc. 2, 3. HayuHble akcneguuum cneunanuctoB ®rey «BHUUKP»

¢ uenbto otbopa 06pasLoB ang BbinonHeHus HUP

yIpaBiaeHui PoccenbX03Ha30pa IPOILIY 06yyeHre
o TeMe: «0cob0 ormacHble BUPYChl TOMAaTa: BUPYC KO-
PHUYHEBOM MOPIIMHUCTOCTU IIJIOAOB ToMaTa Tomato
brown rugose fruit virus, Bupyc 6poH30BOCTH TOMA-
Ta (MATHUCTOrO yBAmaHus) Tomato spotted wilt virus
U BUPYC MO3auKu renuHo Pepino mosaic virus».

B 2020 r. B paMKaxX MaTeHTHOU JIeITeJIbHOCTHU
OTBY «BHUVKP» mosydyeH 1 maTeHT Ha CII0CO0 ITOJIY-
UeHUs KOMIIOHEHTOB (pepoMOHa aMepUuKaHCKo 6es10t
06ab0uKU.

[TomaHo 6 3a9BOK, U3 HUX: 4 3asBKU Ha [10JIyYeHUEe
TIaTeHTa Ha HOBBIM cr1ocob cCHTe3a KOMIIOHEHTOB (e-
POMOHOB HACEKOMBIX; 1 3asiBKa Ha ITOJIyuyeHYe TTaTeHTa
Ha HOBBIY TUII JIOBYUIKY JIJI HACEKOMBIX U 1 3asiBKa Ha
6asy JaHHbIX «MOHUTOPUHT COPHBIX BUJIOB PACTEHU
[TeH3eHCKOU 06J1aCcTY IJist 06ecIieYeHUsT SKCIIOPTHOTO
noreHmalna npoaykuuu AITK Pd».

BaXHBIM ITPAKTUYECKUM PE3YJIbTaTOM HAYUHbBIX
UCCJIeJIOBAHUY SBJISIETCS IOJATOTOBKA MyOJIUKAIUN
B OT€UYECTBEHHBIX 1 3apPyOEKHBIX HAYUHBIX XKypHajax
¥ BBICTYTIJIEHUS HAa HAYYHBIX KOH(EPEHIIUSX, UTO YUU-
THIBAETCS ITPU IIPOBEJIEHUY OLIeHKY HAYYHOU! JIeSITeIb-
Hoctu ®I'BY « BHUMKP» skcnepramu PAH. B 2020 1.
COTPYIHUKAMY yUPEXXIeHUs MOATOTOBIEHO 158 Hayy-
HBIX ITyOIUKAIUI, B TOM YUCJIe B BEYIIUX XKypHaJiaxX
6a3 Web of Science u Scopus. Heo6XoquMo OTMETUTb,
YTO OCHOBHAS YacCTh My6AMKAIIVI OTHOCUTCS K IIPO-
(MIbHBIM HAIPABJIEHUSIM IeATEbHOCTU U COIEPIKUT
pe3yNbTaThl U3yUYEeHUSI 0COOEHHOCTEN KapaHTUHHBIX
06bEKTOB, BKJIIOUAs BIIePBbIe pa3dpaboTaHHble METOZbI
¥ IPUEMBI UX IUATHOCTUKU.

BHUVKP BemeT akTUBHYI0 paboTy 110 pacuIrpe-
HUIO UHTETPalli B MUPOBOE HayYHOe ITPOCTPAHCTRBO.
CrenuanCcThl yUPEXIeHUS SBISIOTCS TPU3HAHHBIMU
B MUPOBOM COOGIIECTBE IKCIIEPTAMU B CBOEI 00IaCTH.
B 2020 1. yupexeHue BbIIOJHAI0 QyHKIIUYU CeKpe-
Tapuata KoopauHAaIIMOHHOTO COBETA I10 KAPAHTUHY
pacTeHM# rocyapcTB — ydyacTHUKOB CHI.

OT'BY «BHUVKP», Kak 4acTh HallOHAJIbHOM Opra-
HU3aI[UY 110 KApaHTUHY U 3amuTe pacteHuit (HOK3P),

Fig. 2, 3. Scientific expeditions of specialists
of FGBU "VNIIKR" to select samples for R&D

In general, in 2020, about 1400 specialists im-
proved their qualifications at courses and training
seminars; more than 600 specialists of the branches
of Rosselkhoznadzor were trained on the topic: “Par-
ticularly dangerous tomato viruses: tomato brown ru-
gose fruit virus, Tomato spotted wilt virus and Pepino
mosaic virus”.

In 2020, within the framework of the patent ac-
tivity of FGBU “VNIIKR”, 1 patent was received for a
method for obtaining pheromone components of the
fall webworm (Hyphantria cunea).

There were 6 applications, of which: 4 applica-
tions for a patent for a new method of synthesizing in-
sect pheromone components; 1 application for a patent
for a new type of trap for insects and 1 application for
the database “Monitoring of weed species of Penza
Oblast to ensure the export potential of products of the
agro-industrial complex of the Russian Federation.”

An important practical result of scientific research
is the preparation of publications in Russian and in-
ternational scientific journals and reports at scientific
conferences, which is taken into account when asses-
sing the scientific activities of FGBU “VNIIKR” by ex-
perts of the Russian Academy of Sciences. In 2020, the
staff of the Institution prepared 158 scientific publica-
tions, including in the leading journals of the Web of
Science and Scopus databases. It should be noted that
most of the publications refers to specialized areas of
activity and contains the results of studying the fea-
tures of quarantine objects, including the newly deve-
loped methods and techniques for their diagnosis.

FGBU “VNIIKR” is actively working to expand in-
tegration into international academic sphere. The spe-
cialists of the institution are recognized in the world
community as experts in their field. In 2020, the
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JIeJleTUPyeT CBOUX CIIELIMAJIMCTOB B IPYIINbI 9KCIIEP-
ToB EBpomnetlickoit 1 Cpeau3eMHOMOPCKON OpTaHM-
3allUM 110 KapaHTUHY M 3aiuTe pacteHuit (EOK3P).
YuacTue crenuaaucToB B rpynnax skcrnepros EOK3P
10 PA3JINYHBIM HAIlPaBJIE€HUSAM II03BOJIIET TapMo-
HU3UPOBATh METOIbI AUATHOCTUKY, UCIIOJIb3yeMble
B Poccutickoyt ®epepaiiuu U B IPYTUX CTPAHAX PETHO-
Ha EOK3P, a Taxke NpenJioKUTh K BKJIIIOUEHUIO B [ U-
arHOCTUYeCcKUe IPOTOKOJIbI METOMbI, UCTIOIb3yeMbIe
B JabopaTopusx Poccenbxo3Haz3opa.

Tak, HanpuMep, MeTO I, UCII0JIb3yEMEIE B Me-
Topuueckux pekomeHpauuax ®rey «BHUUMKP» pisa
2 KapaHTUHHBIX BUPYCOB U 1 Bupyca, K KOTOPOMY
[IPUMEHSI0TCS S5KCTPEeHHbIe KapDaHTUHHBIE (GDUTOCAHU-
TapHbIe MepPhl, 6bLIV BKJIIOUEHBI B [UAaTrHOCTUYECKUN
rpotokos EOK3P 1o rpymine ToCcIoOBUPYCHI, OITyGJIMKO-
BaHHBIN B 2020 I. ¥ TTIOATOTOBJIEHHBIHM B COABTOPCTBE CO
crienmanucramMmu ®I'BY « BHUVKP».

B 2020 r. cienuasucThl yYpexaeHUd IIPUHAILNU
yJacTtve B 6 HOBBIX ITIPOEKTaX, IIPOBOJJUMBIX B paMKax
EBporelickoll MporpaMMbl MO0 KOOPAUHALIUU (DUTO-
caHuTapHbiXx ucciaemoBanuii (EUPHRESCO) u mmocss-
IeHHBIX rpubaM, 6aKTepusaM, BUPycaM, BUPOUIAM
u ¢puTomazMaM. ITO MO3BOJIMJIO 3HAUUTEIBHO YCO-
BEPIIEHCTBOBATh MOJIEKY/ISIPHO-TeHETUYECKTE METObI
JVIaTHOCTUKU TPYLHOUAEHTU(PUIIUPYEMBIX KapaHTUH-
HBIX BPEJHBIX OPTaHU3MOB. Pe3yIbTaThl, OJyUYeHHbIE
B paMKax uccijegoBaTesbcKkux rpoektoB EUPHRESCO,
3(h(HEKTUBHO UCIIONB3YIOTCSI B HAYYHOU MeATEeIbHO-
ctu GI'BY «BHUUKP». Ba)kHOCTh pabOThI 3aKJII0UAETCS
B TOM, YTO IIPOEKTHI BEAYTCS B TOM UUCJIE 10 HauboJjiee
aKTyaJbHBIM KapaHTUHHBIM 06bekTaM EASC 1 cTpaH —
UMIIOPTEPOB OTEUECTBEHHON CeJIbCKOX03SICTBEHHOM
MIPOAYKIINY, a IOJIydeHHBIE PE3YJIbTAThI UCIIOIb3YIOTCS
JLJIS1 pa3BUTHUA IIOTEHIMAlA B chepe KapaHTHHA pacTe-
HUY U TTI03BOJISIIOT COBEPIIEHCTBOBATh AUAarHOCTUUECKLIEe
IIPOTOKOJIBI ¥ POCCUHCKIE HOPMATHUBHBIE JIOKYMEHTHI T10
BBISBJIEHUIO U UIeHTU(DUKALIY BPeJHBIX OPraHU3MOB.

OcylrecTBJsieMOe B paMKaX MeXIYHapOAHbIX
IIPOEKTOB PACCMOTPEHUE METOHOB 6OPHOBI C BPEIHbI-
MU OpTaHW3MaMU M03BOJISIET IPUMEHATh HauboJiee
3¢ dexTUBHBIE U3 HUX AJIS JIOKAJU3AIUU U JIUKBU-
Jayuy 04aroB KapaHTUHHBIX OPraHU3MOB Ha TEPPU-
Topuu Poccuiickoit demeparivu. YuacTre B MeXIy-
HapPOJHBIX CAUUYUTENbHBIX UCIBITAHUIX B paMKax
IIPOEKTOB JaeT BO3MOKHOCTb TaDMOHM3UPOBATh METO-
VKU ¥ OLIEHUTH UX JJOCTOBEPHOCTh ¥ IPUMEHVMOCTb.

Taxk, B 2020 r., Ha OCHOBaHUU Pe3yJIbTATOB y4a-
cTus B mpoekTax EUPHRESCO, B KpaTUaliiye CpoKu
ObLIM pa3paboTaHbl BpeMeHHbIE METOAUYECKUE YKa-
3aHU 110 AIVAaTHOCTUKE BUPyCca KOPUUHEBOUW MOPIIN-
HUCTOCTH IJIOJOB ToMaTa Tomato brown rugose fruit
virus. 9Ty ykasaHus ObLIX UCIIOJIb30BAHBI JJISI TECTU-
poBaHUS MOIKAPAHTUHHOTO MaTepuasia IIocjie BBesie-
Hus ¢ 27 utoiisg 2020 I. SKCTPEeHHBIX (PUTOCAHUTAPHBIX
Mep B OTHOIIEHUY 0c060 OTTaCHBIX BUPYCOB TOMAaTA.

B 2020 r. npoBeaeHo

96 HayYHO-MCCJIEI0BATEJIbCKUX PAGOT 10 pa3paboTKe
1 COBEPIIEHCTBOBAHUIO METO/IOB BbIIBJIEHUS

In 2020, 96 research works (R&D)
were carried out to develop and
improve methods for the detection
and identification of pests, study
the developmental characteristics
and assess their spreading

in the Russian Federation

institution served as the Secretariat of the Coordinating
Council on Plant Quarantine of the CIS Member States.

FGBU “VNIIKR” as scientific support of the Na-
tional Plant Protection Organization (NPPO), delegates
its experts to the European and Mediterranean Plant
Protection Organization (EPPO) expert groups. Partici-
pation of specialists in EPPO expert groups in various
areas allows to harmonize diagnostic methods used in
the Russian Federation and other countries of the EPPO
region, as well as to propose methods used in Rossel-
khoznadzor laboratories for inclusion in diagnostic
protocols.

So, the methods used in the methodological re-
commendation of FGBU “VNIIKR” for 2 quarantine vi-
ruses and 1 virus to which emergency quarantine phy-
tosanitary measures are applied were included in the
EPPO diagnostic protocol for the Tospovirus group,
published in 2020 and co-authored with by specialists
of FGBU “VNIIKR”.

In 2020, the institution’s specialists took part in
6 new projects carried out within the European Pro-
gram for the Coordination of Phytosanitary Research
(EUPHRESCO), dedicated to fungi, bacteria, viruses, vi-
roids and phytoplasmas. This made it possible to sig-
nificantly improve the molecular genetic methods for
diagnosing hard-to-identify quarantine pests. The re-
sults obtained in the framework of EUPHRESCO re-
search projects are effectively used in the scientific ac-
tivities of FGBU “VNIIKR”. The importance of the work
lies in the fact that projects are carried out, including
for the most relevant quarantine facilities of the EAEU
and countries importing Russian agricultural products,
and the results obtained are used to develop potential
in the field of plant quarantine and allow improving di-
agnostic protocols and Russian regulatory documents
for the detection and identification of pests.

The consideration of pest control methods car-
ried out within the framework of international pro-
jects makes it possible to apply the most effective of
them for the localization and elimination of outbreaks
of quarantine pests in the Russian Federation. Parti-
cipation in international comparison trials within the
framework of projects makes it possible to harmonize
methods and assess their reliability and applicability.

So, in 2020, based on
the results of participation in
EUPHRESCO projects, tempo-
rary guidelines for the diagno-
sis of Tomato brown rugose fruit
virus were developed. These

U UJeHTU(PUKALMY BPEeIHbIX OPraHNU3MOB,
U3YUYEeHUI0 0COGEHHOCTE pa3BUTHSA U OILIEHKE
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Benymue crienuanuctsl ®TBY «BHUMKP» B 06-
JIACTU BUPYCOJOTUU, MUKOJIOTUM U SHTOMOJIOTUU
y4acTBYIOT B peasimsauuu rnpoekra EOK3P 1o nepe-
CMOTPY CBOZOK «Iyo6anbHON 6a3bl JaHHBIX EOK3P»
(EPPO global database). B 2020 T. 651710 TOJITOTOBJIEHO
6 CBOZIOK 110 KAPaHTUHHBIM BPeIHBIM OpraHu3MaM, KO-
TOpBIe yKe pasMelneHbl B EPPO Global Database B pas-
nese Datasheet.

B 2020 1. 661510 TIPOBEZIEHO 19 TypoB (PayHI0B)
TJIAHOBBIX Y BHETIJIAHOBBIX MEXJIaO0PATOPHBIX CJIU-
yuTeJbHBIX ucnbiTaHuil (MCHU) ¢ 1eabo obecreue-
HUSI KOHTPOJIS KauecTBa UCIIbITATEJIbHBIX JIab0OpaTo-
puit (WJI). BMCU nipuHsiy yaactue 136 jabopaTopui,
B ToM umciie WJI us ctpan EASC (Benapych, Kazaxcran
u Kuprusus).

B COOTBETCTBUU C ITOCTAaHOBJIEHNEM [IpaBUTEND-
cTBa PO ot 27.12.2019 N¢ 1875 ®I'BY «BHUVKP»
y4acTBOBAJIO B KOHKYypCe, II0 pe3yiabTaTaM KOTOPOTO
yupesxieHreM GbUI ITOJTyYeH IPAaHT Ha OOHOBJIEHUE TTPU-
6opHOI1 6a3bl B pasMepe 28,7 MitH pybJeit. [TprobpeTeH-
HOe B paMKaXx IpaHTa 060pyIOBaHNe UCTIONb3YeTCs I
TIOZITOTOBKY YCOBEPIIEHCTBOBAHHBIX METOIVK JIJIs 6oJiee
TOYHOU U O6BICTPOM AUATHOCTUKY KapaHTUHHBIX BPEI-
HBIX OPraHu3MOB. [10 pe3ysibTaTaM yuacTHs B KOHKypce
3aKJIF0YEHbI HOBBIE COTJIAIIEHNS O HAYYHOM COTPYIHU-
YeCTBe C BEAYIIMMU HayUHBIMU YUPEXIEHUIMU.

Pe3ynbTaThl HaAY4YHOU [esITEeAbHOCTHU
®I'BY «BHUUKP» 3a 2020 I. 6bLIX IOJIOKUTEJIBHO OlLie-
HeHbI PoccuiicKol akazieMueil HayK.

B 2021 r. HayudyHble OOApa3felleHUSA
OTBY «BHUUMKP» npooyikaT aKTUBHYI0 paboTy II0
Hay4YHO-METOLUYECKOMY 06eCTIeUeHUIO IeSITEIbHOCTU
PoccenbX03Ha30Pa, 10 TTOBBIIIEHUIO TPECTUA CBOUX
IOCTVIKEHUH, TI0 PACIIUPEHUI0 MHTET DALMY B MUPO-
BO€ Hay4yHOE ITPOCTPAHCTBO B MPOpUIbHON 06IacTu
IedaTelbHOCTU. ByIeT nipofiojikeHa paboTa 1o pa3Bu-
THI0 KaJIPOBOTO MTOTEHIIMAA YUPEXIEHNS U ITOBBIIIE-
HUIO TToKasaTeneld (puHAHCOBOU Pe3yJbTaTUBHOCTU
Hay4YHOU IeITeTbHOCTHU.

CIIMCOK JINTEPATYPBI

1.Tnoccapuit GuTOCAaHUTAPHBIX TEPMUHOB. 2007.
MCOM N2 5, ®AO, Pum.
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HavyaJIbHUK HAayYHO-METOAUYECKOT0 U 3KCIIePUMEH-
TAJIbHOTO I[€HTPA, CTAaPUINY HAYUYHBIA COTPYIHUK
SI'BY «BHUUKP», p. 11. BEIKOBO, I. PaMeHCKOe, MOCKOB-
ckas obyacTtb, Poccus; ORCID 0000-0002-7565-1241,
e-mail: yury.shneyder@mail.ru.

KonkoBa TaTbsiHa AHaATOJIbeBHA, HAayYHBIU
COTPYAHUK — yueHbI!l cekpeTapb PI'BY « BHUUKP»,
p. 1. BEIKOBO, T. PaMeHCcKoe, MoCcKOBCKas 06J1acThb, Poc-
cus; e-mail: kopkova_tatyana@vniikr.ru.

KpyToB AHApeii BUKTOPOBHY, BEYIINI CIIela-
JINCT 110 B3aMMOZENUCTBUIO C OPraHaMU roCyIapCTBEH-
HOI Bjaactu u CMU ®TBY «BHUKWKP», p. 1. BEIKOBO,
r. PameHckoe, MockoBcKasi ob6acTh, Poccus; e-mail:
andrey156.76 @mail.ru.
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HAyYHO-METOLUYECKOTO OTZAEJIa BUPYCOJOTUY U HaK-
Tepuosioruu ®I'bY « BHUUKP», p. 1. BeikoBoO, I. PamMeH-
ckoe, MockoBcKkas obJiacTb, Poccust; ORCID 0000-0001-
6474-8913, e-mail: elenavkar@mail.ru.

guidelines were used to test regulated articles after
the introduction of emergency phytosanitary mea-
sures for highly dangerous tomato viruses from July
27,2020.

The leading specialists of the FGBU “VNIIKR” in the
field of virology, mycology and entomology are involved
in the implementation of the EPPO project to revise the
reports of the EPPO global database. 6 Quarantine Pest
Datasheets were released in 2020 and are already post-
ed on EPPO Global Database under Datasheet.

In 2020, 19 tours (rounds) of planned and un-
scheduled interlaboratory comparison tests were car-
ried out in order to ensure quality control of testing
laboratories. 136 laboratories took part in the inter-
laboratory comparison tests, including testing labora-
tories from the EAEU countries (Belarus, Kazakhstan
and Kyrgyzstan).

In accordance with the Decree of the Govern-
ment of the Russian Federation of December 27, 2019
No. 1875, FGBU “VNIIKR” participated in the compe-
tition, as a result of which the institution received a
grant for updating the instrument base in the amount
of 28.7 million rubles. The equipment purchased un-
der the grant is used to prepare improved methods for
more accurate and rapid diagnosis of quarantine pests.
Based on the results of participation in the competi-
tion, new agreements on scientific cooperation were
concluded with leading scientific institutions.

The results of the scientific activities of the
FGBU “VNIIKR” for 2020 were positively assessed by
the Russian Academy of Sciences.

In 2021, the scientific departments of
FGBU “VNIIKR” will continue to work actively on scien-
tific and methodological support of the activities of Ros-
selkhoznadzor, to increase the prestige of their achieve-
ments, to expand integration into the world academic
sphere in the core field of activity. Work will continue to
develop the human resources of the institution and im-
prove the financial performance of scientific activities.
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AHHOTALIUA
[IpemcTaBJeHbl PE3YJbTAaThl YETHIPEXJETHETO
(2017-2020 rr.) uccinemoBaHusa GUTOCAHUTAPHOTO CO-
CTOSTHVIS JIECHBIX GHI0IIEHO30B 0C060 OXPaHsIEeMbIX ITPH-
ponubix Tepputopuii (OOIIT) Pecriybimku Kapenuu.
[TpoBemeHa KOMILJIEKCHAS HAYYHO-HUCCIIEIOBATEIbCKAS
pabora B 2 3amoBegHuKax («KuBau» u «KOCTOMYKIII-
CKMIi») ¥ 2 HallMOHAJbHbBIX IMapKax («Bomao3epcKuii»
u «[TaaHaspBu»). Bo Bcex OOIIT 3aduKCHUPOBAHO
IpUCYTCTBUE Kopoema-turorpada Ips typographus
(Linnaeus, 1758) ¢ ero Hau60JbllIeli YMCIEHHOCThIO Ha
yJyacTKax Jieca C HapyIIeHHOH YyCTOMYMBOCTEIO (TI0%Ka-
puIlia ¥ BeTpoBaJbl). UepHble ycauu poma Monochamus
Dejean, 1821 Taxxxe oTMedeHbl BO Bcex OOIIT, HO
HauboJIbIlllee Uynciio BUmoB M. sutor (Linnaeus, 1758),
M. urussovi (Fisch., 1806), M. galloprovincialis (Oliv., 1795)
3aperucTPUPOBAHO B 3alI0BeHNKe «KuBau» 1 HAIKO-
HaJIbHOM mapke (HIT) «Bomyiozepckuii». CUOUPCKUN
mesikortpsiz Dendrolimus sibiricus Tschetw. v HeTTapHBIN
menkonpsy Lymantria dispar (Linnaeus, 1758) B uc-
caenyeMbix OOIIT OTII0BIEHBI HE GbLIU. B IpeBeCHBIX
mpobax XBOMHBIX ITOPOJI, 11 eBpoIieiicKo (Picea abies)
¥ COCHBI OGLIKHOBEHHOU (Pinus sylvestris) B HIT «Bog-
JIO3EPCKUI» BBISIBJIEH CJIa60ITaTOreHHBIN BU CTBOJIO-
BOU HeMaTtozbl Bursaphelenchus mucronatus (Mamiya &
Enda, 1979). Cpeny MUKO3HBIX G0Jjie3Hell 0OTMEUYEHO
IIMPOKOE pacHpocTpaHeHre 06bIKHOBEHHOTO IIIOTTE
cocHbl Lophodermium pinastri (Schrad.) Chev., 1826.

Knrouesvte cnoea. DepoMoHHBIE JIOBYLIKY, yCauH,
Monochamus, Ips typographus, Bursaphelenchus mucrona-
tus, MUKPpOMUILIETHI.
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ABSTRACT
The results of a four-year (2017-2020) study of the phy-
tosanitary state of forest biocenoses of specially pro-
tected natural areas (SPNA) of the Republic of Kare-
lia are presented. Comprehensive research work was
carried out in 2 reserves (Kivach and Kostomukshs-
ky) and 2 national parks (Vodlozersky and Paanajarvi).
In all protected areas, the presence of the bark beetle
Ips typographus (Linnaeus, 1758) was recorded with its
largest number in forest areas with disturbed stability
(fires and windfalls). Beetles of the genus Monochamus
Dejean, 1821 are also detected in all protected areas,
but the largest number of the species M. sutor (Linnae-
us, 1758), M. urussovi (Fisch., 1806), M. galloprovincialis
(Oliv., 1795) are registered in the nature reserve “Ki-
vach” and the national park (NP) “Vodlozersky”. Sibe-
rian silk moth Dendrolimus sibiricus Tschetw. and the
gypsy moth Lymantria dispar (Linnaeus, 1758) were not
detected in the studied SPNAs. In wood samples of co-
niferous species of European spruce (Picea abies) and
Scotch pine (Pinus sylvestris) in the NP “Vodlozersky”
a weakly pathogenic species of pinewood nematode
was revealed Bursaphelenchus mucronatus (Mamiya &
Enda, 1979). Among mycotic diseases, a wide spread-
ing of the needle cast of pine Lophodermium pinastri
(Schrad.) Chev., 1826 is noted.

Keywords. Pheromone traps, capricorn beetle,
Monochamus, Ips typographus, Bursaphelenchus mucrona-
tus, micromycetes.

MioHb N2 2 (6) 2021 9



HALLU 3KCNEOAMUMN  OUR EXPEDITIONS

BBEJEHUE

CHOBHOE TIpegHasHaueHue 0cob60
OXPaHSIEMBbIX MTPUPOLHBIX TEPPUTO-
puii — 3aMyUTa €CTeCTBEHHBIX JIAH/I-
madTOB U oA e PrKaHKe SKOJIOoTuyue-
ckoro 6ayanca (Ocob6o oxpaHsiEMbIe
IpuponHble Teppuropuu, 2017).
B HacTogiee BpeMsa B Pecmybiinike
Kapenuyu  OpUpPOAHO-3AMIOBEIHBIN
¢oup BraouaeT 114 o6bEeKTOB, M3 HUX 7 (3aIloBe-
HUKU — «KuBau», «KOCTOMYKIICKUI», HAIIMOHAJIbHbIE
napku — «[laaHasgpBu», «Bommosepckuii», «Kaie-
BaJIbCKUII», 300JI0TUUECKUE 3aKa3HUKY — «KIDKCKUi»
u «OJIOHEeLKNI») nMeloT emepanabHoe 3HaueHune (Co-
XpaHeHue ILEHHbBIX IIPUPOIHLIX TeppuTopuii, 2011).
B mesmom miomazns OOIIT B Kapenuu cocraBisger
4,8% (8275,2 kM?) OT OOIIe¥ IO peciy6IuKe, YTO
MEHbIIle, YeM B IIpUJIETAUNX 00JacTIx: B ApxaH-
reabckoir — 7,3% (42 880,2 kM?) m MypMaHCKOU —
10,1% (14 634,9 km?) (CoxpaHeHUe LEeHHbBIX IIPUPOI-
HBIX TeppuTopuii, 2011).

B HacTosdllee BpeMs Ha OXPaHAEMBIX TepPPU-
Topuax Kapeiny CKOHIIEHTPHUPOBAHBI IPUPOLHbIE
KOMILJIEKCHI BOJHBIX 6ACCEMHOB U JIECHBIX OMOIIEHO-
30B, a BBITIHYTOCTh PECITYOJUKY B MEPUAVOHAIBHOM
HaIpaBJIEHUH, T/Ie TTOCTEeIIEHHO CMEHSIIOTCS I00KHAad,
CpenHss U ceBepHas MON30HbI TAWTU, JIECOTYHPA
U TYHJpa, I03BOJdgeT BKJIWOUaTh B cucteMy OOIIT
pasHoob6pa3Hbie TUIILI 6MOIeHO030B. Hanbojiee MHO-
TOYKCJIEHHON ¥ Pa3HO06pa3HO B TAKCOHOMUYECKOM
¥ BKOJIOTUYECKOM OTHONIEHU U TPYIITION ABISIOTCS Ha-
CEeKOMbIe, CBI3aHHbIE C XBOMHBIMY ITIOPOLAMU.

MATEPUAJ 1 METO/IbI

BpenHble OpraHu3Mbl, KOTOPBIE MTapa3UTUPYIOT Mpe-
UMYIIECTBEHHO Ha XBOWHBIX ITOPOJaX J€PEBbEB, BBI-
SIBJISIJIV B 3allOBEHMKAX U HAIIMOHAJbHBIX ITapKax
B pasJuuHbIX o0sacTax Pecrnyonuku Kapenuu (PK).
Vzyuennsle npurpanudnbsie OOIIT («[TaaHasgspBuU»
1 «KOCTOMYKIIKM») TPUMBIKAIOT K IPYTUM OXPaHsI-
€MbIM TEPPUTOPUSIM, YTO YBEJIUUYNBAET OBIIYIO I1JIO-
masb 30HbI (Tabut. 1). Ha Gosbuieit 4acTy n3ydvaeMbIX
TEPPUTOPUN CKOHIIEHTPUPOBAHBI Hanbojiee TUITUY-
HbIE CPeIHEeTaeKHbIe JJaHAMA(ThI, COXPAHUBIINECS
B HEHapPYIIEeHHOM COCTOSTHUU. K 3TUM yyacTKaM OTHO-
CATCS U KOPEHHbBIE TUTIHI Jieca (eIbHUKU U COCHSIKM),
coxpansioive 6ruopazHoo6pasye U SBJISIONIAECS dTa-
JIOHHBIMU TEPPUTOPUSIMU.

B TeueHMe 4 MOJIEBBIX CE30HOB (Mall — CEHTIOPb)
2017-2020 rt. uccaengoBanus nposoauau B 4 OOIIT PK
(puc. 1). B mmoyieBbIX c6opax ObLI IpUMeHEH (DepoMO-
HUTOPUWHT, KaK 3(pHeKTUBHBIN CITOCO0 yUueTa BPpeIHbBIX
HaceKoMbIX (JIeGemeBa u p., 2001), ¢ KCIIOJIb30BaHHEM
KOMILJIIEKTOB JIOBYIIIEK C (hePOMOHAMHU ITPOU3BOICTBA
OT'BY «BHUUKP», [lg c6opa MaTepuaia MpUMeHs-
Juch (epoMOHHBIE JIOBYIIKY 6apbepPHO-BOPOHYATO-
T0 TUMA JJIS OTJI0BA KECTKOKPBLIBIX — ycauel poza
Monochamus, Ips typographus — i eJIbTOBUIHBIE JIOBYIII-
KU IJisT YelryeKpbLIbixX — Lymantria dispar (Linnaeus,
1758) u Dendrolimus sibiricus Tschetw. CorjiacHO UH-
CTPYKIIMU TI0 MPUMEHEHUI0, JIOBYIIKM pasMellanu
Ha paccTossHuu 1,5—-2 MeTpa OT MOBEPXHOCTHU JIECHOM
nogcTuyiku. C60p HACEKOMBIX TaKXKe ITPOBOIUIICS PyY-
HBIM CITOCO60M CO CTBOJIOB Ha ITOBPEXKAEHHBIX BO3/IEH-
CTBUEM abMOTUUYECKUX (PaKTOPOB yUaCTKax Jieca — BET-
poBaJiax u rapsx (puc. 2).

INTRODUCTION

he main purpose of specially protected na-

tural areas is to protect natural landscapes

and maintain an ecological balance (Spe-

cially protected natural areas, 2017). Cur-

rently, in the Republic of Karelia, the na-
ture reserve fund includes 114 objects, of which
7 (reserves — “Kivach”, “Kostomukshsky”, national
parks — “Paanajarvi”, “Vodlozersky”, “Kalevalsky”, zo-
ological reserves — “Kizhi” and “Olonetsky”) are of fe-
deral importance (Conservation of valuable natural
areas, 2011). In general, the surface of protected areas
in Karelia is 4.8% (8275.2 km?) of the total in the re-
public, which is less than in the adjacent regions: in
Arkhangelsk — 7.3% (42,880.2 km?) and Murmansk —
10.1 % (14,634.9 km?) (Conservation of valuable natu-
ral areas, 2011).

At present, natural complexes of water basins and
forest biocenoses are concentrated in the protected
areas of Karelia, and the elongation of the republic in
the meridional direction, where the southern, middle
and northern subzones of taiga, forest tundra and tund-
ra are gradually replaced, makes it possible to include
various types of biocenoses in the system of protected
areas. The most numerous and diverse taxonomic and
ecological group are insects associated with conifers.

MATERIAL AND METHODS

Pests that colonize mainly on coniferous trees have
been detected in reserves and national parks in vari-
ous regions of the Republic of Karelia. The studied bor-
dering protected areas (Paanajirvi and Kostomukshky)
adjoin other protected areas, which increases the total
area of the zone (Table 1). Most of the studied territo-
ries concentrate the most typical mid-taiga landscapes,
preserved in an undisturbed state. These areas also in-
clude indigenous forest types (spruce and pine forests)
that preserve biodiversity and are reference areas.
During 4 field seasons (May — September)
2017-2020. studies were carried out in 4 protected
areas of the Republic of Kazakhstan (Fig. 1). In the field,
pheromonitoring was used as an effective method for
recording harmful insects (Lebedeva et al., 2001), using
sets of pheromone traps produced by FGBU “VNIIKR”.
To collect the material, pheromone traps of the barri-
er funnel type were used to capture coleoptera of the
genus Monochamus, Ips typographus and delta traps for
Lepidoptera — Lymantria dispar (Linnaeus, 1758) and
Dendrolimus sibiricus Tschetw. According to the instruc-
tions, the traps were placed at a distance of 1.5-2 me-
ters from the surface of the forest floor. The collection
of insects was also carried out by hand from the trunks
on areas of the forest damaged by the impact of abio-
tic factors — windblows and burned-out areas (Fig. 2).
To identify pine wood nematodes, fragments of wood
(15-30 cm in diameter, up to 20 cm long) of coniferous
trees with characteristic features: crown drying, obvious
signs of damage to the trunks (larval holes of insects),
blue wood (infection by fungi, etc.) were selected. Ex-
traction and identification of nematodes were carried out
by the Berman method using PCR diagnostics according
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Tao6auina 1
Oo6maga xapakrepucTuka ucciaeayembix OOIIT B Pecnnyoiuke Kapeauu
«KuBau»

«BozJ103epCcKuii» TocymapcTBeHHBIH

HaljuoHaJIbHBIHA MapK «ITaaHasspBU» MPUPOSHBII «KOCTOMYKIICKHA»
Cratyc (HIT) HII 3anmoBegHuK (I'TI3) TITI3
T'osi OCHOBAHUS 1991 1992 1931 1983
Pation PK [TymosxcKui JloyxcKkui Konomoxckuit Mye3zepckuii paiion

1 KOCTOMYKIICKUH
TOPOJICKOM OKPYT

BkiroueHue HIT «BogJio3epcKuii» HIT «Oynanka» = HIT «Ipyx6a»
OOIIT B cocemaue (ApxaHreyibcKas 06acTh) (PUHIAHICKAS (buHIgHICKAS
OXpaHsIeMbIE Pecmy06JyinKa) Pecmy0yimka)
TEPPUTOPUU
[IpupomHas 3oHa CpenHeTaexxXHas CeBepoTaexHas CpenHeTaexxHas CeBepoTaexHas
[Tnomazs (ra) Pecny6simka Kapeaus — 104 473 10930,9 49 258,62

127108

ApxaHreyibcKas 06J1acTb —

341 085

(ob1mras mIomamb —

468 193)
Cpennuti Bozpact 250-380 JieT 350-450 net 150-190 net 80-280 net
JIECOHACAKIAEHU N
OCHOBHBIE JlecomnokpeiTeie — 51,1%:  JleCOIIOKPEBITEIE — JlecomokpeIThIE — JleconoKprITEIE —
TUIIbI JIECHBIX COCHOBBIE — 46,2%, 74,6%: 85,4%: 60,6%:
OUOIIeHO30B eJioBble — 50,2%, cocHOBbIE — 24,02%, cocHOBbIE —44%, cocHoBbIE — 80,4%),

JIMCTBEeHHBIE — 3,4%

eJioBbIE — 69,78%,
JNCTBEHHBIE — 7%

eJIOBBIE — 32%, K-
CTBEHHBIE — 23%

eJioBbie — 19,1%,
JIICTBEHHBIE —

meHee 1%

Tabnvua 1 cocTaBnieHa Ha OCHOBaHMM UCTOYHMKOB (AHaHbeB 1 ap., 2010; CoxpaHeHue LeHHbIX MPUPOLHbIX
Tepputopwmii, 2011; Ocobo oxpaHseMble NpupoaHblie TeppuTopun, 2017; Mpomues 1 ap., 2003; KpaBueHko v ap., 2017).

[J151 BBISIBJIEHMS CTBOJIOBBIX HEMATOI, OTOMPAJINCD
(bparmenTs! ApeBecuHsb! (muameTpom 15-30 cM, Oyiu-
HO¥ 10 20 ¢M) JepeBbeB XBOMHLIX IIOPOJ, UMEIIINX
XapaKTepHble TIPU3HAKU: YChIXaHWe KPOHBI, IBHbIE
MMPU3HAKY TTOPAKEHUS CTBOJIOB (IMUYMHOUYHBIE XOJLbI
HAaCEeKOMBIX), CHHEBY JpeBEeCUHBI (3apakeHue rpuba-
MU 4 1p.). BoigeneHue u ueHTUGUKAIINSI HEMATOT,
IIPOBOAUJNCH METOLOM BepMaHa ¢ IMpUMeHEeHUEM
[TIIP-gquarHoCTuKu corjlacHo crangapty BHUUKP
(CTO BHUUKP 6.003-2010). [IpeaBapuTeIbHOE BBISB-
JIeHVe CUMIITOMOB BO30yauTe el 3a60eBaHUN XBOU
ITPOBOJIMJIY BU3YaJIbHBIM METO/IOM. JJaJlbHENIITIUHI MU-
KOJIOTUYECKU aHaJM3 BBIIIOJHEH METOJLaMU BJIaX-
HOY KaMepbl U BbIIEJIEHUS Ha MIUTATEJIbHYIO CPemy.
VpenTudukaiys rpu60B MPOU3BOAUIACH ITYTEM MU-
KPOCKOIIMPOBAHMS C HMCIIOJb30BAHNEM OIIPEIEeIUTEe-
Jeit (Barnett, Hunter, 1998; )Kykos, l'opauenxko, 2003).

PE3VJIBTATBI U OBCYKJEHUE

[TepBOMIPUYNHON ociabiieHus 1 rubey XBOUHBIX Jie-
COB B U3y4aeMOM PeTUoHe B OOJIbIINHCTBE CIYUaeB SIB-
JISIOTCS HaJIM4YMe CKOTIJIEHU BETPOBAJIbHBIX CTBOJIOB
U nepeysyakHeHre. COBOKYITHOCTb 3TUX (PaKTOPOB
Co37aeT 6JIarONPUATHBIE YCIIOBUS A1 PA3BUTHS KCUJIO-
OMOHTOB 1 BOSHMKHOBEHUS BCITBINIIEK YNCJIEHHOCTH He-
KOTOPBIX OTIaCHBIX BpenuTesier OKuryHos u ap., 2007).
Tak, POCT YMCJIEHHOCTHU Kopoea-Turorpada B pasHoe
BpeMs HabJIromascs 1Mo Becek Teppuropuu PK, aB 2001 1.

to the VNIIKR standard (STO VNIIKR 6.003-2010). The
preliminary identification of the symptoms of the causa-
tive agents of needles diseases was carried out by a visu-
al method. Further mycological analysis was performed
by the methods of a moist chamber and isolation on a
nutrient medium. Identification of fungi was carried out
by microscopy using identifiers (Barnett, Hunter, 1998;
Zhukov, Gordienko, 2003).

RESULTS AND DISCUSSION

The primary cause of the weakening and death of coni-
ferous forests in the studied region in most cases is the
presence of accumulations of windblown trunks and
waterlogging. The combination of these factors creates
favorable conditions for the development of xylobionts
and the occurrence of outbreaks of the number of some
harmful pests (Zhigunov et al., 2007). Thus, an increase
in the number of the typographer bark beetles at diffe-
rent times was observed throughout the territory of the
Republic of Kazakhstan, and in 2001 the bark beetle
sharply increased its number and became a massive
factor in the weakening of the condition and drying out
of spruce in the NP “Vodlozersky” (Polevoy et al., 2006).
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KOpoez, pPe3K0 YBEJIMUMJI CBOe KOJIMUECTBO U CTaJI Mac-
COBBIM (haKTOPOM OCJIabJIEHUS COCTOSTHUS U YChIXaHUS
esiu B HIT «Bogosepckuii» (ITosieBoii u Ap., 2006). B mie-
puon uccienoBanuii (marHbie 2018 I.) III0THOCTD KOPO-
ella B MeCcTax CKOILIEHUWI BaJie)ka TTapKa yyKe CTabuim-
3MPOBAJIACH, ¥ B JIOBYIIIKY ITOIAIaJIOCh HE3HAYNUTEJbHOE
ymcyo ocobert. Takyke MMaro TUITOrpadoB PEruCTPUPO-
BaJIM U B Apyrux ucciaenyembix OOIIT (Tabi. 2).

C momoIbi0 GepOMOHHBIX JIOBYLIEK YCTaHOBJIE-
HbI (DEHOJIOTMYECKHE CPOKM aKTUBHOTO JIETA UMAro
Kopoema-Turiorpada B 3armoBefHuKe «KuBau», KOTO-
poiti B 2019 u 2020 rT. uMeJ OJHY TeHepalluio C O4HUM
CECTPMHCKUM IIOKOJIeHreM. Hauao nepuoga JETHOU
aKTUBHOCTU TUMOTrpad)a OTMEUEeHO B TPEThIO JleKa-
Iy Masi, TIpU AHEeBHOU TeMmepaType Bo3ayxa +11 °C,
a 3aBepllIeHue — B IEPBYIO JeKaay ceHTa6ps (puc. 3).
3a 3TOT Iepuo, 0TMEYaJIOCh 2 MaKCUMyMa YUCJIEHHOC-
TH ©Maro Tunorpada IprMepPHO B OJHU 1 TE XKe CPOKU
e)xeronHo. [lepBast BoJIHA BO3PACTAHUS YNCIEHHOCTH
HabJI0Iaach BO BTOPOU leKajle UI0OHS, ¥ 3TO CBSI3aHO
C TIOMCKOM KOPMOBBIX IePeBbeB, 00pa3oBaHNEM ceMel
MaTepPUHCKUM ITIOKOJIeHUEM. BTopas BojHa 3aUKCH-
pOBaHa B KOHIIEe BTOPOU JeKa bl UIOJIS, UTO YKa3bIBAET
Ha oO0pa3oBaHKe TUIIOrPadoM CeCTPUHCKOTO IIOKOJIe-
HU. B KOHIIe aBrycra Kopoefia-tTurorpada perucTpu-
poOBaJI B JIOBYIIKAX €IUHWYHO, YTO IIperojiaraeT
MMOATOTOBKY MMaro K 3uMOBKe. [Ipy 0CMOTpe KOpPbI
oTMevanu 60JIbIIYI0 YaCTh 3TUX XKYKOB B IIPOZEJIaH-
HBIX MU XO/IaX, APYTUX 0cobel Turorpada Haxoauim
B MIOYBEHHOMU MOJICTUJIKE BMECTE C KYCKaMU OTIaBIIel

During the study period (data of 2018), the population
density of the bark beetle in the areas of accumulation
of dead wood in the park had already stabilized, and a
small number of individuals fell into the trap. Also, the
imagoes of typographers were recorded in other stu-
died PAs (Table 2).

Using pheromone traps, the phenological periods
of active flight of the imagoes of the typographer bark
beetles in the Kivach reserve were established, which
in 2019 and 2020 had one generation with the sister ge-
neration. The beginning of the period of flight activity of
the typographer was noted in the third week of May, at a
daytime air temperature of +11 °C, and the end — in the
first week of September (Fig. 3). During this period, there
were two maximums in the number of the typographer’s
imagoes at approximately the same time every year. The
first wave of population growth was observed in the se-
cond week of June, and this is due to the search for forage
trees, the formation of families by the maternal genera-
tion. The second wave was recorded at the end of the se-
cond week of July, which indicates the formation of a sis-
ter generation by the typographer. At the end of August,
the typographer bark beetle was recorded in traps once,
which implies the preparation of adults for wintering.
When examining the bark, most of these beetles were
noted in the galleries they made, other individuals of the
typographer were found in the soil litter along with pieces
of fallen bark. The typographer bark beetle is wide-
spread within the boundaries of the studied territories in
the European part of the Russian Federation. However,

Table 1
General characteristics of the studied protected areas in the Republic of Karelia (RK)
“Kivach”
“Vodlozersky” “Paanajarvi” State Nature “Kostomukshsky”

Status National Park (NP) NP Reserve (SNR) SNR

Year of foundation 1991 1992 1931 1983

District of the RK ~ Pudozhsky Loukhsky Kondopozhsky Muezersky District and
Kostomuksha Urban
District

Inclusion of NP “Vodlozersky” NP “Oulanka” = NP “Druzhba”

protected areasin  (Arkhangelsk Oblast) (Republic of Fin- (Republic of Finland)

adjacent protected land)

areas

Natural area Middle-taiga North taiga Middle-taiga North taiga

Area (ha) Republic of Karelia—127 108 104 473 10930.9 49 258.62

Arkhangelsk Oblast —341 085
(total area — 468 193)

Average age
of forest stands

250-380 years

350-450 years

150-190 years 80-280 years

Wooded - 51.1%:
pine — 46.2%,
spruce — 50.2%,
deciduous - 3.4%

The main types
of forest
biocenoses

Wooded — 74.6%: Wooded —85.4%: Wooded — 60.6%:
pine — 24.02%,
spruce — 69.78%, spruce —32%,
deciduous — 7%  deciduous —23% deciduous — less than 1%

pine — 44%, pine — 80.4%,

spruce —19.1%,

Table 1 was compiled on the basis of sources (Ananiev et al., 2010; Conservation of valuable natural areas, 2011;
Specially protected natural areas, 2017; Gromtsev et al., 2003; Kravchenko et al., 2017).
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Puc. 1. PacnonoxxeHune nccnegyeMbix
oonNnT B Pecnybnuke Kapenuu n MmappyTt
akcneguumii 2017-2020 rr.;

1 - HM «Bognosepckuin»,

2 — HIM «MaaHaspsu»,

Fig. 1. Location of the studied PAs

in the Republic of Karelia

and the route of expeditions 2017-2020;
1 - NP “Vodlozersky”,

2 — NP “Paanajarvi”,

in the process of international
trade or through accidental drift,
bark beetles Ips spp. can get there
from other territories and become
adapted. All these factors can neg-
atively affect the state of conife-
rous stands of the Republic of Ka-

zakhstan (Kulinich et al., 2021).
Mass stem pests include

LsuHcxan . .
2yGa Japanese pine engraver Tomicus
piniperda (Linnaeus, 1758) and
Apxanremex small pine engraver Tomicus mi-
nor (Hartig, 1834). Typical traces
of their damage were recorded
on dry and felled pines through-
out the study area (small pine
engraver makes the beginning of
the gallery in the form of a brack-
et, and Japanese pine engraver —
in the form of a hook). On the
whole, the pine forests of Karelia
are characterized by three types
of tree death and their coloniza-
tion by xylophages (Mozolevs-
kaya et al., 1991). Stem (72%)
and butt (25%) types are as-
sociated with windblows, pine
sponge infestation and excessive
moisture. The apical (3%) type is
less common, the cause of which
is the defeat of pine resin cancer.
Among the stem pests of de-
ciduous trees, damage was most
often found in Scolytus ratzeburgi
Janson, 1856 (birch sapwood).
Settlements of birch sapwood are
well recognized by round holes in
the bark. Under the bark, a lon-

MupHen
©

Hargoma
)

3 = I'M3 «KocToMyKLWCKunit», 4 — M3 «Kusau» 3 — SNR “Kostomukshsky”, 4 — SNR “Kivach” gitudinal uterine gallery (about

kopbl. Kopoen-tumnorpad mMUPOKO pacIpocTpaHeH
B rpPaHUIlaX U3yvYaeMbIX TEPPUTOPUY Ha €BPOTIEHCKOM
vactu P®. Tyna, olHaKo, B TIPOIeCcCe MEXIYHAPOIHON
TOPTOBJIM MJIU TIOCPEACTBOM CJIyYaiiHOTO 3aHOCA MO-
TYT MPOHUKHYTD C APYTUX TEPPUTOPUHN U aKKIMMaTH-
3UPOBaThCS KOpoenkl Ips spp. Bce 3To BMecTe MOXeT
HEraTHUBHO BJIMSATh Ha COCTOSTHIE XBOMHBIX IPEBOCTO-
eB PK (Kynmuuuy u gp., 2021).

K MaccoBbIM CTBOJIOBBIM BPELUTENSIM OTHOCSITCS
Gousbioit Tomicus piniperda (Linnaeus, 1758) 1 MaJbIi
cocHOBbIe Jiyboensr Tomicus minor (Hartig, 1834). Xa-
paKTepHBIE CIIEIbI OT UX TTOBPEXIEHUN PETUCTPUPO-
BaJIM Ha CyXOCTO€ U IIOBAJIEHHBIX COCHAX I10 BCEI TEP-
puTopuu MccaenoBaHui (y Majoro jgy6oena Havao
X0Jla — B BUJIe CKOOKY, a Y 6OJIBIIOTO — KPIOUKO06pas-
Hoe). B 11ej1oM »ke [I1J1s COCHSIKOB Kapeuu xapakTepHo
3 TUMa OTMUPAHUS JePEBbEB U UX 3aCeNIeHUST KCUIJIO-
taramu (MozoJieBcKas u Ap., 1991). CTBoJIOBbIH (72%)
1 KOMJIEBOI (25%) TUIIBI CBSI3aHbI C BETPOBAJIaMU, I10-
PaXKeHHOCTbIO COCHOBOM T'YOKOU U M3GBITOYHBIM YB-
JIa)kKHEHVEeM. MeHee pacIIpocTpaHeH BepIINHHbIH (3%)
THUII, IPUYNHON BO3HMKHOBEHUS KOTOPOTO SIBJISIETCS
IIOpa’keHKe CMOJITHBIM PAKOM COCHBL.

Cpeny CTBOJIOBBIX BpPeIUTEJel JUCTBEHHBIX
IIOPOJ, IepeBbeB Yalle BCEro HaXOAUIU IIOBPEXIe-
Husa Scolytus ratzeburgi Janson, 1856 (3a60JIOHHUK

Puc. 2. C6op maTepuana  Fig. 2. Collecting material

y akonoruyeckoi Tponbl  from the ecological trail

Ha BeplmnHy . KuBakka, to the summit of Kivakka, 2018
2018 . (hoTo aBTOpOB) (photo by the authors)
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Tab6auia 2

BceTpeuaeMocCTh KyKOB B uccieayembix OOIIT PK
(oTs10BJIEHHBIX (hePOMOHHBIMMU JIOBYIIKAMMU)

8 cm long) is deeply imprinted
on the sapwood, the larval galle-
ries are long, meandrous, located
perpendicular to the uterine
gallery in the thickness of the

bark. The sapwood attacks birch
+ trunks weakened by fire or fresh-

ly felled with a diameter of at
least 16 cm. The flight of beetles

+ was recorded in mid-July.

Many Monochamus species
are among the secondary forest

TakcoHn Boajo3zepckuii IlaanaapBu KuBau KocTomMyKuickuii
Ips typographus + + +
Monochamus sutor  + + + +
M. galloprovincialis + = +
M. urussovi + - + -
Kon-so
OTIORIEHHEIX OcoGet i o
400
L20.0
300
200
- 10.0
100
Mait HIOTB cenTabps

Puc. 3. AuHaMuka néta
YKYKOB Kopoega-Tunorpaca
(Ips typographus) B enosom
OpeBoCTOe 3anoBefHNKA
«Knau» B 2020 .
CnnowHas nMHUA — Kpueas
UMCIEHHOCTU OT/IOBJIEHHbIX
KOpOenoB, NyHKTUpHas
NIVHUS — U30TEPMa; AJIMHHANA
yepTa Ha roOpU30OHTasIbHOM
ocK — Hayano mMecaua.

Fig. 3. Dynamics of the flight
of the typographer bark
beetle (Ips typographus)

in the spruce stand

of the Kivach reserve in 2020.
The solid line is the curve of
the number of captured bark
beetles, the dotted line is

the isotherm; long bar on the
horizontal axis — the beginning
of the month.

6epe30Bbiit). [ToceseHus 3a60JI0HHUKA 6EPE30BOT0 XO-
POIIIO Y3HAIOTCS 10 KPYTJIBIM OTBEPCTUSM Ha Kope. [Tof
KOpo¥ Ha 3a60JI0HU TJIy6G0KO OTIIeYaThIBAeTCS ITPO-
JIOJIbHBIM MaTOUYHBIN X0 (IJIMHOM OKOJIO 8 CM), TUYH-
HOYHBIE XO/IbI IJTUHHBIE, U3BUJIMCTHIE, PACIIOJIOXKEHBI
MePIEeHINKYISIPHO MAaTOYHOMY XOAY B TOJIIE KOPHI.
3ab0JIOHHUK HATIaZaeT Ha OcJIabIeHHbIE TTOXKaPOM WU
CBe)XecBaJIeHHBIE CTBOJIBI 6epes, IuaMeTpoM He MeHee
16 cM. JIET )KyKOB PETUCTPUPOBAJIU B CEPENUHE UIOJIS.

MHuorue ycauu posa Monochamus OTHOCSITCS K YUC-
JIy BTODUYHBIX BPELUTEJIEeH JIeca,
3acesgiuX, Kak IIpaBuiio, oc-
JiabJIeHHbIE U TTOBAaJIEHHbIE Jlepe-
Bbs, Heob6paboTaHHbIE JecoMa-
TepuaJibl ¥ IOPYyOOUYHbIE OCTATKU
(McaeB u np., 1988). B hepoMOH-

Table 2

pests, inhabiting, as a rule, weak-

ened and fallen trees, untreated
timber and felling residues (Isaev et al., 1988). 3 Mono-
chamus species were captured in pheromone traps,
among them M. sutor is widespread throughout the ter-
ritory of the Republic of Karelia (Table 2), M. galloprovin-
cialis and M. urussovi can be found quite less often. No
Monochamus outbreaks were found on burnt-out areas
and windbreak and windfall areas of forest plantations.

Monochamus species pose a threat primarily as po-
tential vectors of the pine wood nematode Bursaphelen-
chus xylophilus (Steiner & Buhrer, 1934) Nickle, 1970.
Currently, the territory of the Russian Federation is
considered free of this nematode species (National Re-
port, 2020). However, a closely related weakly patho-
genic species B. mucronatus was recorded in the Kivach
and Vodlozersky reserves (Table 3, Fig. 4).

Phytoparasitic nematodes (order Rhabditida)
were recorded in the trunks and small branches of
felled pine trees, where damage by Monochamus spp.
was visually noted. Free-living nematodes isolated
from the studied samples were not taken into account.
The population density of B. mucronatus in the analyzed
samples was insignificant — 1-2 nematodes per wood
sample. Laboratory studies have shown that under cer-
tain conditions B. mucronatus can also cause wilt in co-
nifers, especially when co-infected with pathogenic
bacteria (Ryss, Chernetskaya, 2009). The presence of
nematodes is also possible in young pines; they are in-
troduced by Monochamus spp. during their additional
feeding (Akhmatovich, Kotlyarskaya, 2009).

During the period of research on the territories of
protected areas, no dangerous species of Lepidoptera
were identified: Siberian conifer silk moth (D. sibiricus)
and gypsy moth (L. dispar), however, pheromone traps
were attractive to 2 other silkmoth species. Nun moth

The occurrence of beetles in the studied PAs of the Republic
of Kazakhstan (captured by pheromone traps)

Hble JIOBYWIKH GBLIN OTIOBJNE-  Taxon Vodlozersky  Paanajérvi Kivach Kostomukshsky
HBI 3 BUga Monochamus, 13 HUX
M. sutor mUPOKO pacrpocTpanen IPS typogr aphus + + + +
10 BCe#l TePPUTOPUY PeCybmu-  ppo o p o o cson 4 + + +
ku Kapenuu (tabJ. 2), M. gallopro-
vincialis m M. urussovi Bctpedator- M. galloprovincialis + - + +
¢S 3HAYUTEJIbHO perxe. Ha rapsax .
M. urussovi + - + -

1 6ypesloOMHO-BETPOBAJbHBIX

ydJacTKax JIECHBIX HaCaKIeHUN
ovaru MacCOBOTO Pa3MHOXEHUS
Monochamus HaMy 0GHaAPYKEHBI He ObLIU.
Ycauu pozma Monochamus PeJCTABISIOT YTPO3Y
B IIEPBYI0 OUepelb KaK IMTOTEHIINAIbHbIE TEPEHOCUNKYI

dutocaHutapus. KapaHTuH pactenunin = 14
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Ta6uauia 3

Pe3ysbTaThl MCCJIeJOBAaHUS ipeBeCcHbIX Mpo6 B OOIIT PK
Ha HaJiuuue puronapasuTuUueCKUX HeMaTos,

Koui-Bo ipo6 Bcero/ HcciaengoBaHHas

KoJ1-Bo 1po6

OOIIT IMopoma mepeBa  IOJIOKUTEJIBHBIX mwiIomanap (ra) ¢ Bursaphelenchus mucronatus
C 30/6 5,6 1
Kupau
E 8/0 1,9 -
C 21/0 -
[TaaHagpBu 7,57
E 15/0 -
Bomosepckuii C 24/9 41 1
C 14/0 _
KocToMykiuicKui 2,1
E 8/0 -

C — cocHa obblkHOBeHHas (Pinus sylvestris); E — enb cubupckas (Picea obovata) v enb obbikHoBeHHas (Picea abies).

Table 3

The results of the study of wood samples in the protected areas of the Republic
of Kazakhstan for the presence of phytoparasitic nematodes

Total/ Investigated Number of samples with
Protected areas Wood species Positive Samples area (ha) Bursaphelenchus mucronatus
A 30/6 5.6 1
Kivach
B 8/0 1.9 =
A 21/0 -
Paanajarvi 7.57
B 15/0 -
Vodlozersky A 24/9 4.1 1
A 14/0 _
Kostomukshsky 2.1
B 8/0 _

A - Scotch pine (Pinus sylvestris); B — Siberian spruce (Picea obovata) and European spruce (Picea abies).

COCHOBOI CTBOJIOBOI HeMaTonbl Bursaphelenchus
xylophilus (Steiner & Buhrer, 1934) Nickle, 1970. B Ha-
cTosIIee BpeMs TeppuTopust PO cuntaeTcs cBOGOLHON
OT 2TOro Buja HeMaTonbl (HallMOHAJbHBIN JOKJIAI,
2020). OgHako B 3amoBefgHuKax «Kusau» u «BomgJo-
3ePCKU» 3aPerucTPUPOBATN GIN3KOPOACTBEHHBIN
cyiaboraToreHHbIN BU B. mucronatus (Tabu. 3, puc. 4).

Puc. 4. [ peBecHasa HemaToaa
Bursaphelenchus mucronatus:
a — caMeLl,, XBOCToBas YacTb; b — camka,

(Lymantria monacha (Linnaeus, 1758)) was recorded in
traps on the territory of the Kivach nature reserve, and
pine lappet moth (Dendrolimus pini (Linnaeus, 1758)) —
in the Kostomukshsky nature reserve. For the Republic
of Karelia, there is currently a threat of introduction of
dangerous species of silkmoths due to their introduc-
tion into the territory of the European part of the Rus-
sian Federation (Meshcherikov,
2018; Yasyukevich et al., 2019).
As for mycopathogens, in all the
studied areas of the protected
areas, the most often recorded
damage to pine needles by
needle cast of pine Lophodermium
pinastri (Schrad.) Chev. and the
browning of its needles caused
by Rhizosphaera sp. (Table 4).
Almost all of the surveyed
pines showed signs of damage
(spotting, yellowing, drying out)
by various fungal pathogens,

Fig. 4. Pime wood nematode
Bursaphelenchus mucronatus:

a — male, tail; b — female, tail end
XBOCTOBOW KoHel, ¢ Mykpo (choTo E.H. Apby3soBoii)  with mucro (photo by E.N. Arbuzova)
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Ta6auia 4

BcTpeuyaeMoCcTh MUKPOMHIIETOB Ha XBO€ COCHBI
0GBIKHOBEHHOI (Pinus sylvestris) B uccaenyembix OOIIT PK

which is associated with con-
ditions of increased moisture.
Spruce needle rust Chrysomyxa ledi
de Bary was detected on spruce
needles (Fig. 5). This pathogen

TaxcoHn BoaJso3epckuii ITaanasapsu KuBau KocToMyKuicKuu causes the needles to fall, which
Lophodermium pinastri + + + + is especially reflected in the un-
Rhizosphaera sp R R R R dergrowth, causing it to weaken,
: and often dry out. Chrysomyxa ledi
Hypodermella sulcigena  + = = = belongs to various fungi with a full
development cycle: the etsiostadia
Phoma spp. + - + + develops on the needles of spruce,
Cladosporium sp. o _ " o the uredinio- and teliostages take
place on the wild rosemary (Gor-

Alternaria sp. + - + + bunova, 2003).
Epicoccum nigrum . _ B . A symptom of needle cast

of pine is spotting on the needles

duronapasutTuueckux HemaTo[ (oTpsan Rhabdi-
tida) perucTpupoBaJi B CTBOJIAX U HEOOJBIIUX BET-
KaX MOBAaJIEHHBIX COCEH, TJle BU3yaJIbHO OTMEYEeHBI
ToBpeXxIeHus ycauamu Monochamus. CBO60IHOXKUBY-
WX HEMAaTO/I, BbIIEJIEHHBIX U3 U3y4YaeMbIX 06PasIioB,
He YUYUTHIBaJIU. [IJIOTHOCTD NOMYAAUY B. mucronatus
B aHAJIM3UPYeMbIX ITpob6ax 6blj1a HE3HAUUTEJIbHOUN —
1-2 HemaToabl Ha o6pasell JpeBecuHbl. Kak mokasa-
JIi 1abopaToOpHble UCCIENOBAHUS, IPU OIIpedesIeH-
HBIX YCJIOBUAX B. mucronatus Tak>ke MOXXET BbI3bIBATh
BUJIT XBOMHBIX, 0COOEHHO IIPX COBMECTHOM 3apake-
HUM C TTaTOreHHbIMU 6akTepusamu (Price, YepHeIkasd,
2009). TIpucyTCTBYE HEMATO/ BOSMOYKHO U B MOJIOZBIX
COCHaX, OHU BaHOCITCS ycauaMu Monochamus BO BpeMst
UX IOIMOJIHUTEIbHOTO MuTaHusa (AxmMaTtosud, KoTisap-
ckas, 2009).

3amepuog uccienoBaHuit Ha Tepputopusax OOIIT
He GbLJIN BBISBJIEHBI OITACHbBIE BUJIBI YEIIYEKPBLIBIX:
cubupckuit menxonpsn (D. sibiricus) u HellapHBIH
menkonpsz (L. dispar), omHako GepOMOHHbBIE JIOBYIIKU
OBLIV ITPUBJIEKATENBHBI JIJIS 2 OPYTUX BUAOB IIEJIKO-
npsaznoB. lllenkonpsaa-MoHaleHKy (Lymantria monacha
(Linnaeus, 1758)) uKcUpPOBaIX B JIOBYIIKAX HA TEP-
puTtopum 3amoBegHUKa «Ku-
Bay», a COCHOBOTO IIEJIKOTIPS-
na (Dendrolimus pini (Linnaeus,
1758)) — B 3anmoBegHUuKe «KocTo-
MYKIICKUM». [Iyig Pecnybaukm
Kapenuu B HacTosllee BpeMs
CYIIECTBYeT yrpo3a IPOHUK-
HOBEHUS OTACHBIX BUOB IIeN-

Table 4

and drying out. Lophodermium pi-
nastri Chev. poses a special threat
for 2—3-year-old pine seedlings, which, having com-
pletely lost their needles, can dry out. The fungus is not
dangerous for the life of mature trees; however, severe
damage negatively affects growth (Krutov et al., 2014).

CONCLUSION

The analysis of the complex of entomological, mycolo-
gical and helminthological studies of the state of forest
biocenoses of specially protected natural areas of the
Republic of Karelia shows a low degree of phytosanitary
threat for all protected areas. This is due to the insigni-
ficant population density of forest pests and pathogens,
which minimizes the risks of massive suppression of
the stand due to their low activity, and a moderate an-
thropogenic load in the studied territories allows pre-
serving the natural development of forest biocenoses.

Acknowledgement. The authors are grateful for the
help in data analysis to the staff of the laboratory of the
Karelian Branch of FGBU “VNIIKR”, the staff of the Re-
search and Methodology Department of Mycology and
Helminthology of the FGBU “VNIIKR”, the staff of the
Research Department of Molecular Genetic Diagnostic

The occurrence of micromycetes on the needles
of Scotch pine (Pinus sylvestris) in the studied PAs
of the Republic of Kazakhstan

Taxon Vodlozersky Paanajiarvi Kivach Kostomukshsky

KOTIPSI/IOB M3-3a UX HKCIIAHCUU
Ha TEePPUTOPUIO0 eBpoIelickoir Lophodermium pinastri + + + +
yactu PP (Memepukos, 2018; ,
SlcrokeBuY u Op., 2019). Rhizosphaera sp. * * * *

YTo KacaeTcsd MUKOIIATO- Hypodermella sulcigena + — — —
TeHOB, TO Ha BCeX uccJenye-
MbIX TeppuTopusix OOIIT yame FH0MaSpp. + - + +
BCEro PEerucTpUpOBANY MOPA~  Cladosporium sp. " _ " "
)KEHME XBOU COCHBI OOBIKHO-
BEHHBIM WIIOTTe Lophodermium  Alternaria sp. + - + +
pinastri (Schrad.) Chev. u mo- Epicoccum nigrum . ~ B .

OypeHUe ee XBOU, BbI3BAHHOE

Rhizosphaera sp. (tabi. 4).

[IpakTUUYeCcKHu Bce obcie-
JOBAHHbIE COCHBI UMEJIN TPU3HAKH IopaskeHus (IIAT-
HUCTOCTH, TIOXKEJITeHNe, YChIXaHue) PasIudHbIMU
rpUGHBIMY [TATOTEHAMM, YTO CBSI3AHO C YCIOBUSIMU

dutocaHuTapus. KapaHTuH pactenuii = 16
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Puc. 5. PxaBunHa xBou enu (yBenuuenne  Fig. 5. Spruce needle rust (magnification 200
and 400 times) (photo by O. V. Sinkevich)

B 200 1 400 pas) (choto O.B. CuHkeBuy)

TTOBBINIEHHOI'0 YBIAXXHEeHU. Ha XBoe eu Gbljia BhI-
siBJeHa pxxaBuuHa Chrysomyxa ledi de Bary (puc. 5).
JTOT MaTOTEH BhI3bIBAET OTAJIEHNE XBOU, UTO OCOGEH-
HO CMJIBHO OTPa)kaeTCs Ha MOZPOCTe, BBI3BIBAS €0
ocyiabieHue, a HepeaKo U yceixanue. Chrysomyxa ledi
TIPUHAAJIEKUT K PA3HOXO3IHUHBIM IPUbaM C MTOJHBIM
IIWKJIOM PA3BUTHSA: SIIUOCTAIUSI PA3BUBAETCS HA XBOE
€JIv, yPeOUHUO- U TEJIMOCTAIUY ITPOXOAAT Ha 6aryiib-
uuke (Top6yHoBa, 2003).

ITpusHakoM 3a60JeBaHNST 0ObIKHOBEHHBIM IIOTTE
COCHBI CJIY’KaT MSTHUCTOCTh Ha XBOE U €€ YChIXaHUE.
Lophodermium pinastri Chev. mpeficTaByisieT ocobyo
OIIaCHOCTH AJisl 2—3-JIETHUX CEeSHIIEB COCHBI, KOTOPBIE,
MTOJIHOCTBIO JIUIIUBIIVCH XBOU, MOTYT 3aCOXHYTh. J[JIst
JKU3HU B3POCJIBIX IepeBbeB rpub He oImaceH, 0JHAKO
CUJIbHOE TIOBPEXIeHNe OTPUIIATENHbHO CKa3bIBAETCS
Ha mpupocte (KpyToB u zip., 2014).

3AKJIIOYEHUE

AHaJIM3 IIPOBELEHHOr0 KOMILJIEKCA SHTOMOJIOTYe-
CKUX, MUKOJIOTUYECKUX Y TeJIbMUHTOJOTUYECKUX YC-
cJleJOBaHUI COCTOSHMSA JECHBIX 0MOIIeHO30B 0C000
OXPaHSIEMBbIX IPUPOAHBIX TEPPUTOPUI Pecrybiuku
Kapenuu rmoka3bIiBaeT HU3KYI0 CTeIeHb (DUTOCAHUTAP-
HOU yrpo3bl 1151 Becex OOIIT. 3To CBSI3aHO C HE3HAUU-
TeJIbHOM IJIOTHOCTbIO BpeAuTe el jeca 1 IaToreHoB,
YTO MUHUMUBUPYET PUCKU MaCCOBOTO YTHETEHUS JIpe-
BOCTOS BBUZY X HU3KOU aKTUBHOCTH, a yMepeHHas
QHTPOITOTEeHHAS HArpy3Ka Ha MUCCJIEyeMbIX TEPPUTO-
PUSX IIO3BOJISIET COXPAHUTh ECTECTBEHHOE Pa3BUTUE
JIECHBIX OMOIIEHO30B.

Bnazodaprocme. ABTOPEI GJ1aroapHbI 38 IIOMOIIb
B aHaJIM3e JaHHBIX COTPyAHUKaM jabopaTopuu Ka-
penbckoro punuana PIr'BY «BHUUKP», coTpynHuKaM
Hay4YHO-MEeTOLUYECKOTr0 OTLeJla MUKOJIOTUM U TeJlb-
mMuHToJioruu ®I'bY « BHUUMKP», coTpyLHUKaM Hayy-
HOTO OTJeJia MOJIEKYJISIPHO-TeHEeTUUEeCKUX MEeTOI0B
nuarHoctuky ®I'BY «BHUMKP»; 3a c6op MaTepuaia
1 ero 06paboTkKy cTymeHTaM I1eTpPo3aBOICKOTO Ir'OCY-
IapCTBEHHOTO YHUBepPCUTeTa. BboipaXkaeM mpu3Ha-
TEeJIbHOCTD 34 COJIEHICTBYE B ITIPOBEIEHUY DKCIIEe TN

Methods of FGBU “VNIIKR” for
collecting material and process-
ing it to students of Petrozavodsk
State University. We express our
gratitude for the assistance in
conducting expeditions to the ad-
ministration and employees of
the national parks and reserves
of the Republic of Karelia where
the research was carried out.
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AHHOTALLUA
Bupowu taTeHTHOM Mo3auKu repcrka (PLMVd) BKJTto-
YyeH B EOMHBIN ITepedeHb KapaHTUHHBIX 00bEKTOB
EBpasuiickoro 5KOHOMHUYECKOT0 COi03a. Bupous 3a-
pakaeT KOCTOUKOBBIE TIJIOAOBbIE KYIbTYPbI, BBI3bIBAS
3HAUUTENbHBIE TTOTEPHU ypoxkasd. PLMVd gnuTtenbHOe
BpeMs cumuTalicd MOoHO(aroM, 3apakallluM JIUIIb
TIEPCUK, OHAKO 3aTeM ObLJI BBISIBJIEH Ha 60OJIBITINHCTBE
IPYTUX KOCTOUKOBBIX IIJIOZOBBIX KYJIBTYP, @ TaKXKe Ha
rpyie. Bupou pacripocTpaHseTcs ¢ 3apa’keHHBIM I10-
CaZI0YHBIM MaTEPUAJIOM, JIETKO IIEPEHOCUTCS TIPUBUB-
KoM 3apakeHHbIMU YUepeHKaMU UJIN [TOYKaMU 1 OUeHb
YacTO — KOHTAMUHUPOBAHHBIM MHCTPYMEHTOM ITPY 06-
pe3Ke U IIPUBUBKE PaCTEHUN.

Knwuesvte cnosa. Peach latent mosaic viroid,
PLMVd, xombiieBass PHK, M30JI9ThI, CUMIITOMBI, POJI
Pelamoviroid.

BBEJIEHUE

0JIe3Hb TII0Ji HBIHEIIHWMM Ha3BaHUEM
«JJaTeHTHas MoO3auKa Ilepcuka» Obliaa
BIIepBbIe omnmumcaHa B 1976 1. BoO ®paH-
WU TI0 pe3yJibTaTaM TECTUPOBAHUS Ha
VHIUKATOPHOM KJIOHe nepcuka GF-305
PasIMYHBIX COPTOOOPA3IOB IIEPCU-
Ka, npoucxopamux u3 CIIA u AnoHuun
(J.C. Desvignes, 1976). HasBaHue BU-
pouza MPOM3OILI0 OT OCOOEHHOCTEHW ero OHOJIOTHUH,
a UMEHHO — IJIMTEJIBHOro (o 5—7 JIeT) JIaTEeHTHOTrO I1e-
proma Ha MOJIOABIX 3apakKeHHbIX pacTeHua9X. Hannuue
CTOJIb AJIUTEJBHOTO JAaTEHTHOTO IIepUoJia 3aTPYyLHIET
BBISIBJIEHVE BUPOU/IA [0 CUMIITOMAaM 1 06yCJIOBJIMBAET
BO3MOYXHOCTb €TI0 HIIMPOKOr0 pacIpoCTpaHeHUd C Ja-
TEHTHO 3apaKeHHBIMU pacTeHusamu. PLMVd aBiseTcs
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ABSTRACT
Peach latent mosaic viroid (PLMVd) is included in the
Common List of Quarantine Objects of the Eurasian
Economic Union. The viroid infects stone fruit crop,
causing significant crop losses. For a long time PLMVd
was considered a monophage infecting only peach, but
then it was detected on most other stone fruit crops, as
well as on the pear. The viroid spreads with contami-
nated planting material, is easily tolerated by grafting
with contaminated cuttings or buds, and very often by
contaminated tools when pruning and grafting plants.

Keywords. Peach latent mosaic viroid, PLMVd, cir-
cular RNA, isolates, symptoms, genus Pelamoviroid.

INTRODUCTION

he disease under the current name “peach

latent mosaic” was first described in 1976

in France based on the results of testing on

the indicator peach clone GF-305 of various

peach cultivars originating from the USA
and Japan (J.C. Desvignes, 1976). The name of the vi-
roid comes from the peculiarities of its biology, name-
ly, a long (up to 5-7 years) latency period on young
infected plants. Such a long latency period makes it
difficult to identify the viroid by symptoms and makes
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BPEIOHOCHBIM TIaTOTEHOM ITePCUKa U IPYTUX KOCTOYU-
KOBBIX TIJIOJIOBBIX KYJIBTYP, BBI3BIBAIOUIUM CHUXKE-
HHe KauecTBa M KOJMYECTBA IIJIOLOB 1 IIOCTEIIEHHOe
BBIPOXKIeHUEe AepeBbeB. COTJIACHO eNUHBIM KapaH-
TUHHBIM (QUTOCAHUTAPHBIM TpeboBaHuaM EASC 1o-
CaJOYHBI MaTepuasl IIepCuKa XU MUHIAJIS IOJDKEeH
ITPOMCXOAUTD U3 30H, CBOGOAHBIX OT PLMVd (Perenue
CoBeta ESK ot 30 HOs16pst 2016 1. N2 157).

OB30PHAA NH®OPMAIIUA

Bupoupbl 66111 OTKPBITEI T.0. JuHepoM B 1971 T.
OH ’Xe MPeAJIOKUI TEPMUH «BUPOU». BUpOUIbI IBJISI-
I0TCS IaTOreHaMU PaCTeHUM. BUpouibl — MH(MEKIINOH-
HbI€ aTeHThI, ITPEICTABIAIONINE CO60 KOBAJIEHTHYIO
3aMKHYTYI0 KoJiblleByl0 PHK, KOoTOpas cOmep>XUT OT
246 no 467 mykieoTunos. JTa PHK umeeT 0oTueTivBO
BBIPQ)KEHHYI0 BTOPUYHYIO CTPYKTYPY. He MeHee nByx
TpeTell ocHOBaHMM B cocTaBe PHK BUPOUIIOB MOXET
OBITH CIIapPeHO 3a CYeT KOMIIJIEMEHTAPHbBIX B3anMO-
IeCTBUY, IPUBOIANIMX K 06pa30BaHMI0 yYaCTKOB U3
IBOMHOU criupanu 1 HeGONbUIUX TIeTeJib U3 Hecla-
PEHHBIX HYKJIEOTHUIOB, WaK mmuiaek. CJI0XKHAsA BTO-
puYHasg CTPYKTypa obecrieunBaeT 3aUUTy BUPOU/A OT
HyKJea3 kJeTku. BupounHas PHK He komupyeT 6eKu.
PenuKkaiiys OCyIIeCcTBJISEeTCS KIETOUYHBIM (hepMeH-
ToM — JIHK-3aBucumon PHK-monumepasoii. MexaHU3M
perInKay BUPOU/IOB OCYIECTBIISIETCS 110 TIPUHITUTTY
«karsmerocs kKoybiia» (rolling circle). PHK HeceT Bcio
nH(pOPMAIINIO O CIIEMUMUIHOCTHA X035MHA: 0 6100~
rUYecKoM IUKJe, UHQEKIUU, peNJIuKaIuu, BHyTPU-
1 MEXKJIETOUHOM ABVKEHUHU, IIPEOJOJIEHUY 3aIHUThI
pacTeHVs ¥ HOBOM ITUKJe UHQPEKIIMY. MHOTOUUCTIEH-
Hble BTOPUYUHbIE U TPETUUYHBIE CTPYKTYPHbIE 3JIeMeH-
TBI UMEIOT pellalolnee 3HaYeHre IJis BceX PyHKIIMi
BUpoua. YacTo IposIBJIeHUE CUMIITOMOB SIBJISIETCS pe-
3yJIbTATOM B3aUMOJIEICTBYIS C PACTEHUEM-X03IUHOM.

Bupouabl mogpasmessiioTcsa Ha 2 OCHOBHBIX Ce-
MencTBa: Pospiviroidae, KOTopble PENIUIIUPYIOTCSI
IIOCPEJICTBOM MeXaHM3Ma aCUMMETPUUYHOTO «KaTs-
Ierocs KoJibIla» B gape, u Avsunviroidae, KoTopbie
PEIINIIUPYIOTCS B XJIOPOTLJIACTAaX ITOCPECTBOM Me-
XaHU3Ma CUMMETPUYHOIO «KaTAUIETrOCs KOJIbIla»
(F. Di Serio et al., 2017).

Bupous maTeHTHON Mo3auku mepcuka (Peach
latent mosaic viroid, PLMVd) aBasgeTcsI TUIOBBIM
npemcraBuTesieM poxa Pelamoviroid ceMeicTBa
Avsunviroidae. B HacTosIIee BpeMs 3TOT ITaTOTeH
pacmpocTpaHeH B 33 cTpaHax EBponbl, A3uu, AGpu-
k1, AMepuku u Oxkeanuu (EPPO, 2021). ViHbopMaIius
0 BBISIBJIEHWU 3TOTO BUpPoUa B Poccutickoi demepa-
IIUY OTCYTCTBYeT.

PLMVd mnpepncraBisgeT coboii 6ecKancumHY0
KOJIBLIEBYI0 OfiHOLlernoueyHyto PHK, jjokain3oBaHHYIO
B KJIeTKaX MHPUIIMPOBAHHBIX PaCTeHUN, KOTopas He
BBISIBJISIETCS [Ia’ke MPY MCIIOJb30BAHUM JIEKTPOH-
HOr0 MUKpOCKoIa. B 3aBucumMocTu oT usonugara, PHK
PLMVd coctouT u3 335-351 HykjeoTuna. Bropuunasa
crpykrypa PHK PLMVd nMeeT cl0’kKHOE pa3BeTBJIEH-
HO€ CTPOEHUE U COMEP)XUT MOCIe0BATEIbHOCTH,
y4acTBYIOIIUE B CO3LaHUU PUOO3UMHBIX CTPYKTYP
B hopmMe rosoBku MoJiota (Hammerhead), Heo6xomm-
MBIX JIJI caMopaclierieHus memneit PHK, 4To xapak-
TEPHO JIJIs1 TIpeficTaBUTeJel ceMelicTBa Avsunviroidae
(C.Hernandez, R. Flores, 1992; A. Shamloul et al., 1995;
S. Ambros et al., 1998; R. Flores et al., 1998) (puc. 1).

Y TunmoBbIX uU30J9TO0B PLMVd, BBIIBIIEeH-
HBIX Ha IIepCHKe, TeHOM dallle BCEero COCTOUT U3

it possible for its wide spreading with latently infec-
ted plants. PLMVd is a harmful pathogen of peach and
other stone fruit crops, causing a decrease in the quali-
ty and quantity of fruits and the gradual degeneration
of trees. According to the Common Quarantine Phy-
tosanitary Requirements of the EAEU, planting mate-
rial for peaches and almonds must come from zones
free from PLMVd (Decision of the EEC Council of No-
vember 30, 2016 No. 157).

OVERVIEW

Viroids were discovered by T.O. Diner in 1971, he also
proposed the term “viroid”. Viroids are plant patho-
gens. Viroids are infectious agents, which are cova-
lent closed circular RNA, which contains from 246 to
467 nucleotides. This RNA has a distinct secondary
structure. At least two-thirds of the bases in the RNA
of viroids can be paired due to complementary inter-
actions, leading to the formation of sections from a
double helix and small loops of unpaired nucleotides,
or hairpins. The complex secondary structure pro-
tects the viroid from cell nucleases. Viroid RNA does
not encode proteins. Replication is carried out by a
cellular enzyme — DNA-dependent RNA polymerase.
The viroid replication mechanism is based on the
principle of the rolling circle. RNA carries all the in-
formation about the specificity of the host: about the
biological cycle, infection, replication, intra- and in-
tercellular movement, overcoming the plant’s defense
and a new cycle of infection. Numerous secondary and
tertiary structural elements are critical to all viroid
functions. Symptoms are often the result of interac-
tions with the host plant.

Viroids are divided into 2 main families: Pospi-
viroidae, which replicate through the asymmetric
rolling circle mechanism in the nucleus, and Avsun-
viroidae, which replicate in chloroplasts through the
symmetric “rolling circle” mechanism (F. Di Serio
etal.,, 2017).

Peach latent mosaic viroid (PLMVd) is a typical
representative of the genus Pelamoviroid of the family
Avsunviroidae. Currently, this pathogen is spread in
33 countries in Europe, Asia, Africa, America and Oce-
ania (EPPO, 2021). There is no information on the de-
tection of this viroid in the Russian Federation.

PLMVd is a circular single-stranded RNA with-
out capsid (protein coating) localized in the cells of
infected plants that is not detectable even when us-
ing an electron microscope. Depending on the iso-
late, PLMVd RNA consists of 335-351 nucleotides.
The secondary structure of PLMVd RNA has a complex
branched structure and contains sequences involved
in the creation of ribozyme structures in the form of
a hammerhead, which are necessary for self-cleav-
age of RNA strands, which is typical for members of
the family Avsunviroidae (C. Herndndez, R. Flores,
1992; A. Shamloul et al., 1995; S. Ambrés et al., 1998;
R. Flores et al., 1998) (Fig. 1).

In typical isolates of PLMVd found on peach,
the genome most often consists of 336-337 nucleo-
tides (C. Hernadndez, R. Flores, 1992; A. Shamloul et
al., 1995). PLMVd isolates that cause calico symptoms
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336-337 mykneorunos (C. Hernandez, R. Flores, 1992;
A. Shamloul et al., 1995). M3oaaTel PLMVd, BrI3bIBaIO-
L€ CUMIITOMBI KQJINKO, TeHeTUYECKY OTINYAIOTCS OT
THUIIOBBIX U30JIITOB, MHAYIUPYIOIIUX CUMIITOMBI MO-
3aUKU. DTU Pa3Jnursd 06yCIOBIEHbBI BCTaBKOM 12-13
HYKJIEOTHUJIOB, ITOCPEJICTBOM KOTOPKIX U BBI3bIBAETCS
WHAYKIIUS CUMITOMOB ajbbuHuaMa (S. Ambrds et
al., 1998; M. Malfitano et al., 2003). B Micna"Huu GbLIA
BBISIBJIEHEI 2 n3o0ysaTa PLMVd (V1 u V2), 3apakaromuiue
pacTeHus MepCcUKa B JIATEHTHOU (hOpMe U CYIIEeCTBEH-
HO TeHEeTUYECKU OTINYAIOIINECS OT BCEX APYTUX 13-
BECTHBIX U30JIITOB 9TOr0 Bupouga. Mzongarer V1 u V2
OBLIM OTHECEHBI K KJIaccy Il TeHeTUUEeCKUX BAPDUAHTOB
PLMVd, a Bce ApyTrue N3BeCTHBIE U30JISATHI — K KJjtaccy I
(P. Serra et al., 2017).

PLMVd MOHO BBIIBUTH B JIUCTHAX, IIJIOAAX, [10-
Gerax 1 KOpHSAX pacTeHUl mepcruka, Kak mpu 6eccrum-
IITOMHOM MH(MEKINH, TaK U IIPY HAJTUUYNY TUITNUYHBIX
cuMniToMoB 3apaxkeHus (R. Flores et al., 1992, 1998).

Kak u Bce Bupou bl cemMelicTBa Avsunviroidae,
PLMVd pasMHOXaeTcd U HaKallJINBaeTCsd B XJIOPO-
IJiacTax KJIeTOK pPacTeHUM, HO He B SIIpaxX KJIETOK.
ITpu 3ToM PLMVd npenMyniecTBEHHO JIOKAJIU3yeTCs
B XJIOPOILJIACTAX KJIETOK ITaJMCaJgHOM IIapeHXKUMbI
(F. Bussiere et al., 1999).

OCHOBHBIMU pPAaCTEHUSAMU — X03seBaMu PLMVd
ABJIAIOTCS nepcuk (Prunus persica) U TUOPUIBL IepP-
CHKa ¢ MUHJAJIEM U CIWBOM. Bupoum 3apakaeT Tak-
’Ke IPYrre KOCTOUYKOBBIE KYJIbTYpPbI: abpukoc (Prunus
armeniaca), Muaganb (Prunus amygdalus), cnuBy no-
MamHiow (Prunus domestica), Yepemunio (Prunus aviun)
(EPPO, 2021). B dnouuu PLMVd 6bL1 BBISIBJIEH TaKXe
Ha CJIMBe KUTaCcKOU (Prunus salicina) v abBpuKoce TOH-
ckoM (Prunus mume) (H. Osaki et al., 1999). B I'periuu
u TyHuce PLMVd 6511 06HapyXeH Ha Ipylile JoMalrHen
(Pyrus communis) m rpyuie guxou (Pyrus amygdaliformis)
(P. Kyriakopoulou et al., 2001; I. Fekih Hassen et al.,
2004; 1. Boubourakas et al., 2008).

3apakeHue BUPOULOM 3[L0POBBIX PACTEHU TTPO-
UCXOAWT B Pe3yJbTaTe IPUBUBKY 3aPaKeHHBIMU Ye-
PEeHKaMM WM ITOYKaMU 1 0Ue€Hb YaCTO — KOHTAMUHU-
POBaHHBIM MHCTPYMEHTOM ITPU 00PE3Ke U TIPUBUBKE
pacrennii (R. Flores et al., 1992; A. Hadidi et al., 1997).

B HeCKOJIbKUX ITPOBEJIEHHBIX BKCIIEPUMEHTAX He
yCTaHOBJIEHA BO3MOXXHOCTH nepemauu PLMVd ¢ ceme-
Hamu nepcuka (J.C. Desvignes, 1986; M. Barba et al.,
2007). BMecTe ¢ TeM BUPOU, MOXXET ITPUCYTCTBOBATh
B 060JI0YKE TIJIOZOB U CEMSIIONAX, HO He MHPUITUPYET
3aPOZBIII, YTO, BEPOSTHO, ¥ OOYCJIOBIIBAET HEBO3MOX-
HOCTb ceMeHHOU nepemauu (M. Barba et al., 2007).

YcTaHOBJIE€HA BO3MOXXHOCTDb PaCIIPOCTPaHEeHUS
PLMVd c 3apaXeHHOU HbLILIIONA. [Ip 5TOM BUPOUT,
BBISIBJISLIV KaK HA TIOBEPXHOCTH, TaK ¥ BHYTPU ITbLIb-
1eBBIX 3epeH. ITocie OIbIIeHUS 3apPa’keHHOU ITbLIbION
TIPOUCXOAUJIO 3apakeHre CeMsH, IIJI0OH0B 1 IT06eroB
OITBIJIIEMBIX PACTEHUU C TTOCHEAYIOIIUM Pa3BUTUEM
cucteMHoi nudexiuu (M. Barba et al., 2007).

YcTaHOBI€HA BO3MOXXHOCTD PACIIPOCTPaHEHUS
BUPOU/IA 3eJIeHOM TTIePCUKOBOM Tael — Myzus persicae,
HO MIPOILEHT HepeHoca 6blI HU3KKUM. B TO ke BpeMd
PLMVd He pacnpocTpaHseTcsd KJIellaMu U TIAIMU
BUIOB Aphis gossypii u Aphis spiraecola (J.C. Desvignes,
1986; R. Flores et al., 1992).

Ha GosbIlyie pacCTOTHUS BUPOUJ, PacIIpocTpa-
HSeTCs C 3apakeHHBIMM CaKeHIlaMU M YepeHKa-
MU, T03TOMYy Haubosee 3DPEeKTUBHBIM MeETOLOM
MIpeIoTBPAalleHNsI ero PacIpPOCTPaHEHUS SIBJISETCS

are genetically different from the type isolates that in-
duce mosaic symptoms. These differences are due to
the insertion of 12—-13 nucleotides, through which the
induction of albinism symptoms is caused (S. Ambros
et al., 1998; M. Malfitano et al., 2003). In Spain, 2 iso-
lates of PLMVd (V1 and V2) were identified, infecting
peach plants in a latent form and significantly geneti-
cally different from all other known isolates of this vi-
roid. Isolates V1 and V2 were classified as class II of
PLMVd genetic variants, and all other known isolates
were classified as class I (P. Serra et al., 2017).

PLMVd can be detected in the leaves, fruits, shoots
and roots of peach plants, both in asymptomatic infec-
tions and in the presence of typical infection symptoms
(R. Flores et al., 1992, 1998).

Like all viroids of the Avsunviroidae family, PLMVd
multiplies and accumulates in chloroplasts of plant
cells, but not in cell nuclei. In this case, PLMVd is pre-
dominantly localized in the chloroplasts of the palisade
parenchyma cells (F. Bussiere et al., 1999).

The main PLMVd host plants are peach (Prunus per-
sica) and hybrids of peach with almonds and plums. Vi-
roid also infects other stone fruit crops: apricot (Prunus
armeniaca), almond (Prunus amygdalus), plum (Prunus
domestica), sweet cherry (Prunus avium) (EPPO, 2021). In
Japan, PLMVd was also detected on the Chinese plum
(Prunus salicina) and Japanese apricot (Prunus mume)
(H. Osaki et al., 1999). In Greece and Tunisia, PLMVd
was found on a common pear (Pyrus communis) and al-
mond-leaved pear (Pyrus amygdaliformis) (P. Kyriako-
poulou et al., 2001; I. Fekih Hassen et al., 2004; I. Bou-
bourakas et al., 2008).

Viroid infection of healthy plants occurs as a result
of grafting with infected cuttings or buds and, very of-
ten, with contaminated tools during pruning and graf-
ting (R. Flores et al., 1992; A. Hadidi et al., 1997).

Several experiments did not establish the possi-
bility of transferring PLMVd with peach seeds (J.C. Des-
vignes, 1986; M. Barba et al., 2007). At the same time,
the viroid can be present in the membrane of fruits
and cotyledons, but does not infect the embryo, which,
probably, determines the impossibility of seed trans-
mission (M. Barba et al., 2007).

The possibility of spreading PLMVd with conta-
minated pollen has been established. In this case, the
viroid was detected both on the surface and inside the
pollen grains. After pollination with contaminated pol-
len, the seeds, fruits and shoots of pollinated plants
were infected, followed by the development of syste-
mic infection (M. Barba et al., 2007).

The possibility of spreading the viroid of the
green peach aphid Myzus persicae has been established,
but the transmission rate was low. At the same time,
PLMVd is not spread by mites and aphids of the species
Aphis gossypii and Aphis spiraecola (J.C. Desvignes, 1986;
R. Flores et al., 1992).

Viroid spreads over long distances with infected
seedlings and cuttings, so the most effective method
to prevent its spread is to use healthy certified plan-
ting material.

According to the reaction of peach varieties, all
PLMVd isolates can be divided into 3 groups: 1) latent,
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Puc. 1. MNepBryHasa n BTOpMUHas CTPYKTypa pedepeHTHOro
nsonata PLMVd M83545 (C. Hernandez, R. Flores, 1992)

HCIIOJIb30BaHUE 3JJ0POBOTO CEPTUMUIIMPOBAHHOTO
IMOCaZl0uHOI0 MaTepraa.

[To peakIIny COPTOB ITepcrKa Bce n30JaThl PLMVd
MOJKHO TIO/IPa3MIeJIUTh Ha 3 TPYIIGL: 1) JaTeHTHEIE,
4alre BCero BCTPeUaUecs B IPUPO/IE U TTOCITYKUB-
IIIe OCHOBAHMEM JJIs Ha3BaHU JAHHOTO BUA; 2) BbI-
3BIBAIOIME MO3aWKY WU MSTHUCTOCTh JIUCThEB pas-
JINYHOM CTeIeH! MHTEHCUBHOCTH, 3) BhI3bIBAIOLIME
cumnTombl kKanuko (J.C. Desvignes, 1980).

[TepBble CUMIITOMBI 60JIE3HU HA PACTEHUIX ITeP-
CUKa MHOTA IPOSBISIOTCS Yepes 2 rofa mocje mo-
caJlK¥ 3apa’keHHBIX PACTeHUH, HO Jalle — yepes 57
JaeT. Hambojiee TUIIMYHBIMY CUMIITOMaMU SIBJISIFOTCS
3aJlep)KKa 1IBeTeHN s, PACIlyCKaHM JUCThEB U CO3pe-
BaHUA ILIOHOB. [I[poTeKkaHUe BCEX ITUX IPOIECCOB
ITPOUCXOUT C 3aJIEPXKKOM Ha 4—6 nHel. Ha IucThax
BOCIHPUMMUYMBLIX COPTOB IIEePCHKA MOSBJISIETCI Kpe-
MOBO-)XeJITas MO3arKa, XJIOPOTUYeCKast IITHHUCTOCTD,
OKauMJIeHUE KUJIOK U B HanboJjiee OCTPBIX CIydasax —
KaJIMKO (aJIbOMHM3M), BhIpaXKaloleecss B Pa3BUTUH Ha
JINCTBSIX GOJIBIINX YUACTKOB SIPKO-)KEJITOTO UJIU Kpe-
MOBOTO IIBeTa. Ha HEKOTOPBIX COPTAX PA3BUBAIOTCS y3-
KUe JINCThS C 6JIeTHO-3eJIeHOM OKPacKol 1 HeKpo3aMu
Ha )KUJIKaxX.

3apa)keHHbIe TIJIObl HEIIPaBUJIbHOU (DOPMBEI,
yIJIOLleHHbIe, 6/IeJHO OKpallleHHbIe, YaCTO MMEIT
TPEeIUIVHbI Ha IIJIOLOBOM IIIBE U MsATHA 60jiee CBETION
OKpAacKY Ha KOXKUIIE, UX KOCTOUKM OOBIYHO YBeJnUe-
HBI U UMEIOT OKPYyIIIyio hopMy. Ha mioax HEKOTOPbhIX
COPTOB TepCcUKa 06PasyTCs TaKKe XJIOPOTUYECKE
IISITHA.

Ha jierecTkax IIBETKOB HEKOTOPbIE U30JISATHI Ma-
TOreHa BbI3BIBAIOT MOSIBJIEHNE XapPaKTEPHBIX IITPUXOB
WY OJINHHBIX JINHUY CBETJI0-KPACHOTO IIBETA.

HekoTopble M30JSATHI BbI3BIBAIT HEKPO3 II0-
YeK U JPEeBECHUHBbI, a TaKXe SIMYATOCTh IPEeBECH-
HBI (puc. 2, 3). TUIMYHBIM TIPU 3apakeHuu PLMVd
SIBJISIETCSI 00pa30BaHIEe XapaKTEPHOTO OTKPBITOIO rabu-
Tyca kponsl (J.C. Desvignes, 1986; M. Luigi et al., 2010).

Fig. 1. Primary and secondary structure of the reference isolate
PLMVd M83545 (C. Hernandez, R. Flores, 1992)

most often found in nature and which served as the ba-
sis for the name of this species; 2) causing mosaic or
leaf spotting of varying degrees of intensity; 3) causing
symptoms of calico (J.C. Desvignes, 1980).

The first symptoms of the disease on peach plants
sometimes appear 2 years after the infected plants are
planted, but more often after 5-7 years. The most com-
mon symptoms are delayed flowering, leaf opening and
fruit ripening. The course of all these processes occurs
with a delay of 4—-6 days. On the leaves of susceptible
peach varieties, a creamy yellow mosaic, chlorotic spot-
ting, vein bordering and, in the most acute cases, calico
(albinism) appear, which is expressed in the develop-
ment of large areas of bright yellow or cream color on
the leaves. Some varieties develop narrow leaves with
a pale green color and necrosis on the veins.

Infected fruits are irregular, flattened, pale in co-
lor, often have cracks on the fruit suture and lighter
spots on the skin, their stones are usually enlarged and
rounded. Chlorotic spots are also formed on the fruits
of some peach varieties.

On flower petals, some pathogen isolates cause
characteristic streaks or long lines of light red color.

Some isolates cause bud and wood necrosis, as
well as wood pitting (Fig. 2, 3). Typical during PLMVd
infestation is the formation of a typical open crown
habit (J.C. Desvignes, 1986; M. Luigi et al., 2010).

As a result of PLMVd contamination, the quanti-
ty and quality of peach fruit is reduced (R. Flores et al.,
1998; A. Myrta et al., 2003).

It should be considered that on the leaves, fruits
and flowers of peach, some other viruses and viroids
can also induce similar symptoms, in particular the
hop stunt viroid (HSVd), the Prunus necrotic ringspot
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Puc. 2. AMuatocTb

Fig. 2. Wood pitting
apesecutbl (oto aBTopoB)  (photo by the authors)

B pesynbrare 3apakeHuss PLMVd cHuXaeTcs KO-
JIMUECTBO 1 KauecTBO IIozoB repcuka (R. Flores et al.,
1998; A. Myrta et al., 2003).

Heo6X0AMMO YUUTBIBATE, UYTO HA JIMCTHAX, TIII0OJAX
¥ IIBETKAX ITEPCUKA CXOLHbIE CUMIITOMBI MOTYT UH/LY-
IIMPOBATh TaK)Ke HEKOTOPbIE IPYrrie BUPYChI ¥ BUPOU-
IIbI, B YaCTHOCTY BUPOUJ, KapJauKoBoCTH xMeJtst (HSVd),
UJIapPBUPYC HEKPOTUUYECKOM KOJIbIIEBOM MATHUCTOCTH
KoCcTOUKOBbIX (PNRSV), moTuBupyc mapku caus (PPV).
B cBs13U ¢ 9TUM BbI3biBaeMble PLMVd CMIITOMBI HEJIb-
3 IPU3HATh BUIOCTIEIIU(PUIHBIMHA.

Il penymnpexaeHus 3apaXeHusT pacTeHu:
BUPOUZOM HEOOXOAUMO COOIIONATH CIEYIOIIe Tpe-
6oBaHM:

- UCTI0JIH30BATh 3[JOPOBLIN CEPTU(GUIIPOBAHHBIM
TIOCaIOYHbIM MaTepual;

- ne3uH(GUIIMPOBATb UHCTPYMEHT, UCITOJIb3yEMbIH
MIPY IPUBUBKE U 00pE3Ke PACTEHNIH;

- OCYIIECTBJISTH 60PBOY C TIAIMU-TIEPEHOCYNKAMUY;

- BLIKOPYEBBIBATh 3apaKeHHbIE PACTEHUS;

- pa3MelaTh MaTOUHO-UePeHKOBbIEe Ca/lbl HE Me-
Hee YeM B 2 KM OT IIJIOAOHOCSIINX HaCaKICHUH.

3AKJ/IIOYEHUE

CoTpyAHUKAMU HAYUYHOTO TOApasmeleHus
®I'BY «BHMUKP» B HacTosllee BpeMs IIPOBOLUTCA
paboTa 1o pa3paboTKe CIenu(MUUHBIX U YYBCTBUTEI b-
HBIX METOZOB BhISIBJIECHHUS 1 UAeHTU(UKAIINY BUPOUIA
JIATEHTHOM MO3auKU Mepcuka. HeKoTophle pesyibTa-
TBI UCCJIENOBAHUM OYAYT TPEACTABJIEHBI B CIEAYIOLIEM
HOMepe XypHaJa.
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virus (PNRSV), and the plum pox virus (PPV). In this re-
gard, the symptoms caused by PLMVd cannot be con-
sidered species-specific.

To prevent viroid infection of plants, the following
requirements must be followed:

- use healthy certified planting material;

- disinfect tools used in grafting and pruning
plants;

- control aphid vectors;

- uproot infected plants;

- place mother-plantation gardens at least 2 km
from fruiting plantations.

CONCLUSION

The specialists of the research department of the FGBU
“VNIIKR” are currently working on the development of
specific and sensitive methods for the detection and
identification of the peach latent mosaic viroid. Some
research results will be presented in the next issue of
the journal.
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AHHOTALIUA
B xome pa6otsitaboparopuy Mukojoruu IrBY « BHUMKP»
MIPY UCCJIEIOBAHUAX TTOIKAPAHTUHHOM TTPOAYKIIUY 06-
PAasIioB ca)XeHIIEeB KIIIOKBBI U3 Pecrty6irku Besrapych 6611
BBISIBJIEH U U3y4eH rpub Diaporthe vaccinii Shear — Bo306y-
JIUTENTh BA3KOW THUJIM YEPHUKY. B Mcces0BaHNY OITHCa-
HBI OMOJIOTUUECKe 0COOEHHOCTH ITaToreHa, OCHOBHbIE
CUMIITOMBI ITOPAKEHUS HA SATOAHBIX KYJIbTypax poja
Vaccinium 1, B 4aCTHOCTH, Ha PaCTEHUIX KJIFOKBBI, METO-
IIBbI BBIZEJIEHNS Y UAeHTU(UKAIIMY [IATOTeHa C [IOMOIIBI0
KyJIbTYPaJIbHO-MOP(HOJIOTUIECKUX U MOJIEKYIISIPHO-TE-
HETMYECKUX METOMOB; MPeCTaBJIeHa CPaBHUTEIbHAS
XapaKTePUCTUKA POCTa U Pa3BUTHS Tpuba Ha JIByX ITU-
TaTEeJIbHBIX CPefax: KapTo(hebHO-TII0OKO3HOM U COJIO/I0-
BOM arape; OIicaHbl KyJbTypPaJbHO-MOP(HOJIOTUUECKIE
MIpU3HAKKU I'puba, a TakKe IIpoBemeHa MOPGOMETPUSI
CTPYKTYpP — IUKHUJ, U TMKHOCIIOP. Ha ocHOBe IpenBa-
PUTENBHBIX CUMIITOMAaTUUYECKUX U MOP(OJOrnIecKux
MIPU3HAKOB ObLIa IIPOBeieHa NIeHTU(hHKALIYS ITaTOTeHa.
Il MOATBEPXKIEHWS BUIOBOM MPUHAIIEKHOCTHA ObLIT
MIPOBE/IEH aHAJIN3 HYKJIEOTUIHBIX [TOCIeI0BAaTEIbHOCTEN
I10 yYaCTKYy BHyTPEHHET0 TPaHCKPUOUPYeMOoro crercepa.

Knrouesole cnoea. BsA3kagd THWIb YEPHUKH,
Phomopsis vaccinii, TILIP, nuarHocTuka uTomaToreHa.

BBEJJEHUE

HACTOsIIee BPEMS B CEJIbCKOM XO-
3a1icTBe BCce GoJiblliee pacIpocTpa-
HeHUe TI0JIyYaloT IIPOMBINIJIEHHBIE
TUTAHTAIIUY PEJKUX SATOJHBIX KYITb-
TYp, TaKUX KakK rosy6mka, KJIIOKBA,
yepHUKa. [[0OUBEHHO-KIUMATUUECKLE
YCJIOBUS CpeJlHel TToJI0Ckl Poccui 1mo-
3BOJISIOT BRIPAIMBATh PACTEHUS POa
Vaccinium ¢ BbICOKMMU TTOKA3aTEIIMU YPOXKANHOCTH.

ABSTRACT
In the course of the work of the Mycology Laboratory of
FGBU “VNIIKR”, while studying the regulated products
of cranberry seedlings samples from the Republic of Be-
larus, the fungus Diaporthe vaccinii Shear was detected
and studied, which is a causative agent of blight of blue-
berry. The study describes the biological characteristics
of the pathogen, the main damage symptoms on the Vac-
cinium genus berry crops and, in particular, on cranber-
ry plants, methods of isolating and identifying the patho-
gen using culture morphological and molecular genetic
methods; presents a comparative characteristic of the
growth and development of the fungus on two nutrient
media: potato dextrose and malt agar; the culture mor-
phological characteristics of the fungus are described,
as well as the morphometry of the structures — pycnidia
and pycnospores. The identification of the pathogen was
carried out on the basis of preliminary symptomatic and
morphological characteristics. To confirm the species,
the analysis of nucleotide sequences was carried out for
the site of the internal transcribed spacer.

Keywords. Blight of blueberry, Phomopsis vaccinii,
PCR, phytopathogen diagnostics.

INTRODUCTION

urrently, industrial plantations of rare ber-
ry crops, such as blueberries, cranberries,
and bilberries, are becoming more wide-
spread in agriculture. The soil and climatic
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3aKJIaIbIBAIOTCS IPOMBIIIJIEHHBIE MATOYHUKY SITO[I-
HBIX KyJbTyp B KaauHMHIPaACcKoH, JIeHUHTPAJCKOH,
Hwxeropopckoii, TamboBckoii, [TeH3eHCKOU obJac-
TSIX U IP., @ TAK)XXe aKTUBHO MPOUCXOIUT BhIPAL[ABA-
HUe pacTeHul B KpacHomapckoM kpae (JIaTKOB u Ap.,
2020). TIpOM3BOJCTBO SATOAHBIX KYJBTYD SIBJISETCS
TIEPCIEKTUBHON OTPACJIbI0, HO JJIS TIOJNy4YeHUsS Ka-
YeCTBEHHOTO II0CAJIOUHOTO MaTepuaja U BbICOKOTO
ypoxasi TpebyeTcs npoBefeHue 3G (PEeKTUBHOTO KOM-
TJIeKca MEePOIIPUSTUN, OCHOBY KOTOPBIX COCTABJISET
(uToCcaHUTApHBIN KOHTPOJb COCTOSHUS MaTOYHBIX
pacTeHui. 3a4acTyl C MOPUOOPETEHHWEM IOoCcaloy-
HOTO MaTepuajia HOBBIX W TPOAYKTUBHBIX COPTOB
WHOCTPAHHOTO TIPOMCXOXKJIEHUS CYIIECTBYET PUCK
MTPOHWKHOBEHUS Y PACIPOCTPAHEHUS WHBA3UBHBIX
BUJIOB rpr00B U IPUGOITOL06HBIX OPraHu3MOB.

OIHUM M3 TaKUX BUJOB SIBJISETCS HOBBIU NI
P® Bun Diaporthe vaccinii Shear (becmojyas ctagus —
Phomopsis vaccinii Shear, N.E. Stevens & H.F. Bain) —
BO30YAUTENb BA3KON IHUJIV YePHUKU, TOPAXKATOIIUHT
MIPEUMYIIECTBEHHO KyJIbTHUBUPYEeMbIe BUIbI pona Vac-
cinium: aMepUKaHCKYEe U eBPOIMelCcKre BUIbI KIIIOK-
BrI (V. macrocarpon, V. oxycoccos, V. oxycoccos var. interme-
dium u gp.), rony6uKy Beicokopocayio (V. corymbosum),
rorybuky npytbeBunHyto (V. ashei), 6pycuuxky (V. vitis-
idaea) n uepuuky (V. myrtillus). JUKOpacTyIiue BULbI
porna Vaccinium MOTYT OBITh pe3epBaTopaMu UHPEK-
uum D. vaccinii (EPPO Standard, 2009). Bo36ynuTtenb
BSBKOU THUJU YePHUKU D. vaccinii IBJIsieTCS KapaH-
TUHHBIM BPEJHBIM OPraHU3MOM, OTCYTCTBYIOIIUM Ha
Tepputopuy PO u EBpasuiicKOro SKOHOMUYECKOTO
coro3a; nJg cTpaH EBpometickoro cofsa c 2019 1. -
peryJaupyeMblii BPeAHBIM opraHusM. [10 JaHHBIM
EOK3P (2020-03-02), maToreH pacopocTpaHeH B EBpo-
nie (Jlateus), Asuu (Kuraii), CeBepHo# AMepuke (KaHa-
na, CIIIA) u I0xu0i AMepuke (Yuin) (https://gd.eppo.
int/taxon/DIAPVA/distribution).

BpenoHOCHOCTh MaTOTeHA MPOSIBISETCS B UHTEH-
CUBHOM OTMUPAHWM BETBEI PACTEHUHN, TPUBOJSIIEM
K 3HAUYUTEJbHBIM IIOTEPSIM YPOXKANUHOCTU — 0 65%,
B HEKOTOPBIX CIy4YasaX K MOJHOM Tubenu AromHbIX
xynbTyp (EFSA PLH Panel, 2014; Friend, Boone, 1968).
OCHOBHBIM CITOCOG0M TTPOHUKHOBEHUS UHQEKIINY Ha
HOBYI0 TEPPUTOPUIO SIBJISETCS HECEPTUDUIIMPOBAHHbIN
TTOPa’KeHHbIH M0CaI0YHbBIM MaTepuaj. ECTeCTBEHHBIM
IIyTEM ITaTOT'e€H MOYKET PACIIPOCTPAHSITHCS C IIOMOIIBIO
BeTpA, KareJbHOU BjIaTu, THBEHTaPsI, Heo6paboTaHHOM
CeJIbCKOX035MCTBEHHOM TEXHUKY U T. A, D. vacinii 3MMy-
eT Ha mmo6erax M Ha JIeXKaluX Ha TTOBEPXHOCTY ITOYBBI
PaCTUTENBHBIX OCTAaTKaX (CTEBIAX, TUCTHAX, TLIOAX).
OnTuMajibHas TEMIIEPATYPa Kak JIJIs POCTa MULIENHS,
TaK ¥ JJIg IIPOpacTaHus KOHUIWI cocTaBisgeT 21-24 °C
(EFSA PLH Panel, 2014; EPPO Standard, 2009).

[TepBble CUMIITOMBI D. vaccinii TIOSIBASIOTCS Ha
KOHYMKAX MOJIOJIbIX TTI06ETOB B BUJI€ BBITSIHYTHIX 3B,
KOTOpPbIE CO BpEMEHEM pPa3pacTaloTCs U BHI3BIBAIOT
yChIXaHUE BETOYEK U JIMCThEB pacTeHUWi. [laToreH
IIPOHUKAET Yepes3 PaHKU U YCThUILA ¥ PACITPOCTPAaHSI-
€TCsl K OCHOBAaHUI0 PACTEHM 110 COCYAUCTHIM TKaHIM
cTebyeli, BbI3bIBAsI Oypoe obeciiBeurnBaHNEe KCUIEMBIL.
Ha nHOUIUPOBaHHBIX CTE6JISIX T101, TOBEPXHOCTHIO
KOPBI MOSIBJISIOTCS IIJIO/IOBBIE TEJIa — TEMHbIE TUKHU-
IIBI, C BBIXOAANUIMMU U3 ITOPYCOB MHOT'OYMCJIEHHBIMU
cropaMu KpeMOBaTO-MOJIOYHOTO IBeTa. [pub Takxke
rmopakaeT IJIO/bI, KOTOPbIE CTAHOBSITCS KpacHOBa-
TO-KOPUYHEBBIMU, MATKUMU, TIPUOGPETAIOT Kalle-
06pa3Hy0 KOHCUCTEHIIWIO, YaCTO PACTPECKUBAIOTCS

conditions of central Russia make it possible to grow
plants of the genus Vaccinium with high yields. Industri-
al mother-plantation of berry crops are laid in Kalinin-
grad Oblast, Leningrad Oblast, Nizhny Novgorod Oblast,
Tambov Oblast, Penza Oblast, etc., and plants are be-
ing actively cultivated in Krasnodar Krai (Latkov et al.,
2020). The production of berry crops is a promising in-
dustry, but to obtain high-quality planting material and
a high yield, an effective set of measures is required, the
basis of which is phytosanitary control of the mother
plants state. Often, with the acquisition of planting ma-
terial for new and productive varieties of foreign origin,
there is a risk of introduction and spreading of invasive
species of fungi and fungi-like organisms.

One of these types is a species new for the Russian
Federation — Diaporthe vaccinii Shear (asexual stage —
Phomopsis vaccinii Shear, N.E. Stevens & H.F. Bain), the
agent of blight of blueberry mostly affecting cultivat-
ed species of the genus Vaccinium: American and Euro-
pean cranberries (V. macrocarpon, V. oxycoccos, V. oxycoc-
cos var. intermedium, etc.), northern highbush blueberry
(V. corymbosum), rabbiteye blueberry (V. ashei), cranber-
ry (V. vitis-idaea) and billbery (V. myrtillus). Wild species
of the genus Vaccinium can be reserves of the infection
D. vaccinii (EPPO Standard, 2009). The agent of blight of
blueberry D. vaccinii is a quarantine pest absent in the
Russian Federation and the Eurasian Economic Union;
since 2019 it has been a regulated pest for the European
Union countries. According to EPPO data (2020-03-02),
the pathogen is spread in Europe (Latvia), Asia (China),
North America (Canada, USA) and South America (Chile)
(https://gd.eppo.int/taxon/DIAPVA/distribution).

The harmfulness of the pathogen is manifested in
the intense death of plant branches, leading to signi-
ficant losses in yield — up to 65%, in some cases to the
complete death of berry crops (EFSA PLH Panel, 2014;
Friend, Boone, 1968). The main pathway of the infec-
tion into a new territory is uncertified diseased plant-
ing material. The pathogen can naturally spread by
wind, dripping moisture, implements, untreated agri-
cultural machinery, etc. D. vacinii overwinters on shoots
and plant debris (stems, leaves, fruits) lying on the soil
surface. The optimum temperature for both mycelium
growth and conidial germination is 21-24 °C (EFSA
PLH Panel, 2014; EPPO Standard, 2009).

The first symptoms of D. vaccinii appear on the tips
of young shoots in the form of elongated cankers, which
grow over time and cause the twigs and leaves of plants
to dry out. The pathogen penetrates through wounds
and stomata and spreads to the base of plants along the
vascular tissues of the stems, causing brown discolora-
tion of the xylem. On the infected stems under the sur-
face of the bark, fruiting bodies appear — dark pycnidia,
with numerous spores of a creamy-milky color emerg-
ing from the pores. The fungus also affects fruits that
become reddish-brown, soft, mushy, and often crack
with sap during harvest (EFSA PLH Panel, 2014; We-
ingartner and Klos, 1975) (Fig. 1).

In some cases, Vaccinium plants have no visible
symptoms of D. vaccinii in the vegetative and generative
parts. In this case, the pathogen can exist in a state of
latent infection until the end of the growing season and
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Puc. 1. CuMNTOMbI NOpaXkeHus pacTeHui rpubom D. vaccinii:
a — oOTMUpaHue BETBEW Ha pacTeHuu ronybuku;
b — nopaxkeHHas aropa rony6uku (choto H.B. LiBeTkoBO)

C BbITeKaHMeM coka npu cbope ypoxas (EFSA PLH
Panel, 2014; Weingartner, Klos, 1975) (puc. 1).

B psazme ciy4yaeB y pacTeHud poza Vaccinium Ha
BEreTaTHUBHbBIX U TEHEPATUBHBIX YaCTSIX OTCYTCTBYIOT
BUAUMbIE CUMIITOMBI ITOpakeHus D. vaccinii. TIpyu 3ToM
TTaTOTEeH MOXKET CYIIeCTBOBATh B COCTOSIHUU JIATEHT-
HOUM MHQEKIIUY 10 KOHIIA BETETAIlMOHHOTO IIePHoLa
U IIPOSIBJIATHCS TOJIBKO IIPY CO3PEeBaHUM ILI0HOB. Ha
pacTeHUIX-X03g€BaX MOTYT MPUCYTCTBOBATDb GJIM3-
KOPOJACTBEHHbIE BUbI TPUGOB poja Diaporthe, Takve
kak D. columnaris (D.F. Farr & Castl.) Udayanga & Castl.,
D. conorum (Desm.) Niessl, D. eres Nitschke u gp., ko-
TOpPBIE BBI3BIBAIOT MMOX0XKHME CUMIITOMBI TOPaKEHUS
1 (DOPMUPYIOT TPYAHOOTINUYMMbIe MOP(DOJIOTUUECKIE
CTPYKTyphl. CKphIiTasg hopMa MHOEKIIUN U TTPUCYT-
CTBUE GJIM3KOPOJICTBEHHBIX BUOB TPUOOB HA OLHOM
PaCTEHUM-XO03SIUHE YCIOKHAIOT ZUArHOCTUKY 3aboJie-
Bauudg (EFSA PLH Panel, 2014; EPPO Standard, 2009).

JJis IpeioTBpaleHus TPOHUKHOBEHMS BO36Y M-
TeJIsI Ha HOBbIe TEPPUTOPUYM HEOOXOLMMO TOUHOE U ObI-
CTpOe BhISIBJIEHNE Ha TOUKAX JOCMOTPa PACTUTEIbHOM
MIPOAYKIIMY M HaJle)KHasd uneHTUudUKaIusa B Jabopa-
TOPHBIX YCJIOBUSX, BKJIIOUAIOIIAs [TPOBEIEHIE HCCIIe-
IOBaHUM UMIIOPTUPYEMOTO TI0CAIOYHOTO MaTepHraia,
OCHOBAHHBIX Ha KOMILJIEKCHOM II0/IX0JIe C UCIIOJIb30-
BaHMEM OOIIEIIPUHATHIX KJIacCUUecKux (0rojioruye-
CKUX) ¥ COBPEMEHHBIX (MOJIEKYIAPHO-TEHETUUECKUX)
metozoB (Farr et al., 2002; Michalecka et al., 2017).

MATEPUWAJIBI U METO/1bI

O6BbeKTOM UCCJIeIOBAHUS SBJISAJICS MOJKApPAHTUH-
HBIM ITOCAaJOYHBIM MaTepuaJ PacTeHUU KJIIOKBBI
(Vaccinium subgen. Oxycoccus) UMIIOPTHOTO ITPOUCXOK-
nennda (Pecrrybouka Besrapycs).

Ha rmepBoM 3Tarle McclieJ0BaHUS VCII0JIb30BaIN
KJIaCCUYEeCKYe METOAbI IMarHOCTUKY: BbIeNIeHNe I1a-
TOreHa Ha MMUTATEJbHYI0 Cpefly, MUKPOCKOITMPOBaHMIE
1 MOp(hOMETPUIO.

[Ipu BU3yaJbHOM OCMOTPE PACTEHUN KJIIOKBBI
ObLIM OTOOPAaHBI HeboJIbIIMe (hparMeHThI ITOPakKeH-
HBIX YacTel (JINCThs, CTE0IM), KOTOPhIE IPOMBIBAIK
B ITPOTOYHOM BOZE, CTEPUIN30BAIN U 3aKJIaIbIBAIN
Ha Jamky [1eTpu C MOATOTOBJIEHHON MUTATENIbHON
cpenoii (2%-1 kKapToeabHO-TJII0KO3HbIH arap, pH 5,5).
Yamky nHKyO6UpoBaiu Ipu TeMiiepaTtype 25 °C B Teue-
HUe 7 oHel C e)XelTHeBHBIM IPOCMOTPOM Pa3BUBIIETO-
cs1 Mutieaus rpuba. BeIpocHiuil MUIIEIU MUKPOCKO-
MTMPOBAJIY, IPY HAJTUYNY ITOA03PUTEIbHBIX ¥ CXOLHBIX

Fig. 1. Symptoms of damage to plants by the fungus D. vaccinii:
a — dying off of branches on a blueberry plant; b — affected
blueberry (photo by Yu.V. Tsvetkova)

manifest itself only when the fruits ripen. Host plants
may contain closely related species of fungi of the ge-
nus Diaporthe, such as D. columnaris (DF Farr & Castl.)
Udayanga & Castl., D. conorum (Desm.) Niessl, D. eres
Nitschke, etc., which cause similar damage symptoms
and form morphological structures that are difficult to
distinguish. The latent form of infection and the pre-
sence of closely related fungal species on the same host
plant complicate the diagnosis of the disease (EFSA
PLH Panel, 2014; EPPO Standard, 2009).

To prevent the penetration of the pathogen into
new territories, accurate and quick identification of
plant products at inspection points and reliable iden-
tification in laboratory conditions are required, inclu-
ding research on imported planting material based on
an integrated approach using generally accepted clas-
sical (biological) and modern (molecular genetic) me-
thods (Farr et al., 2002; Michalecka et al., 2017).

MATERIALS AND METHODS

The object of the study was regulated planting stock of
cranberry plants (Vaccinium subgen. Oxycoccus) of im-
ported origin (Republic of Belarus).

At the first stage of the study, classical diagnostic
methods were used: isolation of the pathogen on a nut-
rient medium, microscopy and morphometry.

During visual inspection of cranberry plants,
small fragments of the affected parts (leaves, stems)
were selected, washed in running water, sterilized, and
placed on Petri dishes with a prepared nutrient medi-
um (2% potato dextrose agar, pH 5.5). The dishes were
incubated at 25 °C for 7 days with daily viewing of the
developed mycelium of the fungus. The grown myceli-
um was microscoped, in the presence of suspicious and
similar to the target species of the fungus microscopic
signs, were sifted into a pure culture.

To clarify the species identification, classi-
cal PCR was performed using universal primers
ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG -37)
u ITS4 (5°-TCCTCCGCTTATTGATATGC -3 ") (EPPO
Standard, 2009; White et al., 1990).

To isolate DNA, a portion of the fungal mycelium
(1 cm?) was selected in a 1.5 ml tube, 200 ul of lysis
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Puc. 2. CUMNTOMbI MOPaXXeHUs pacTEeHUI KIIOKBbI FpMbomM
D. vaccinii: a — ycbixaHue BeTBEW pacTeHUs KNOKBbI; b — Hekpo3  D. vaccinii: a — drying out of the branches of the cranberry plant;
nucTa c obpasoBaBwmmMuca nukHupamm (coto H0.B. LiBeTkoBol) b — leaf necrosis with formed pycnidia (photo by Yu.V. Tsvetkova)

Fig. 2. Symptoms of damage to cranberry plants by the fungus

C 11eJIEBBIM BUJIOM rpriba MUKPOCKOTTMYECKUX TTPU3HA-
KOB, OTCEBAJIU B UUCTYIO KYJIbTYPY.

I yTOuyHeHUS BUJOBOU uIeHTUDUKA-
nuu npoBopuau kKiaccuueckyw I[IIP c¢ mnpu-
MeHeHUEeM VHUBepPCaJbHBIX TNIpaliMepoB
ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG -37)
u ITS4 (5" -TCCTCCGCTTATTGATATGC -3 ") (EPPO
Standard, 2009; White et al., 1990).

IOnsg Beigenenus JHK oTbupanu y4yacToxk Mu-
nenus rpuba (1 cm?) B 1,5 MJI IPOOUPKHU, T0OABISLIN
200 MKJ Iu3upylolinero oydepa u pacTupasy necTu-
KOM JI0 OOHOPOILHOTO cOCTOAHUS. Boigenenue ITHK
TIPOBOIUJIY C MCITOJIb30BaHEM TOTOBOTO Habopa «du-
Tocop6» (000 «HITd CuHTOJI», MOCKBA), OCHOBAHHOTO
Ha MCII0JIb30BAHUM MarHUTHBIX YaCTUII.

TP npoBoguau B TepMonukiepe T100 Touch
Thermal Cycler, Bio-Rad. CMech peakTUBOB JIJis [TOCTa-
HOBKY OJHOM peakIiuy 06beMOM 25 MKJI coeprkalia
5 mka 5X TLP-6ydhepa Mas DDMix 2025 (000 «Jlua-
Jat JITh.», MockBa), 1 MKJI Ka)KJIOro ImpamiMepa, 2 MKJI
neneBoit JHK 1 16 MKJI CTepUIbHON BOIBI.

YenoBua amnnudukanuy Ha mpubope: 3 MUH. —
94 °C; 30 ukjyoB: 30 c. — 94 °C, 30 c. — 52 °C, 90 c. —
72 °C; 1 nuka 7 MmuH. — 72 °C.

Puc. 3. Cepo-0n1BKOBbIN
cnaboonyLleHHbI
NpwXaTblii BO34YLWHbIV

Fig. 3. Gray-olive slightly
pubescent compressed
aerial mycelium of
muuenui D. vaccinii Ha 2%-m  D. vaccinii at 2% PDA

KTA (choTo +O.B. LiBeTKkoBOI) (photo by Yu.V. Tsvetkova)

buffer was added and triturated with a pestle until
smooth. DNA isolation was carried out using a ready-
made kit “Fitosorb” (“NPF Syntol”, Moscow), based on
the use of magnetic particles.

PCR was performed in a T100 Touch Thermal Cyc-
ler, Bio-Rad. A mixture of reagents for staging one re-
action with a volume of 25 uL contained 5 uL of 5X PCR
buffer Mas DDMix 2025 (Dialat Ltd., Moscow), 1 uL of
each primer, 2 uL of target DNA, and 16 uL of sterile
water.

Amplification conditions on the device: 3 min. —
94 °C; 30 cycles: 30s.—94 °C,30s.-52°C,90s.—-72°C;
1 cycle 7 min. — 72 °C.

After the amplification, 4 ul of the PCR product
was dropped into the wells of a 1.0% agarose gel with
ethidium bromide in 0.5 x TBE buffer and separated
by electrophoresis. Subsequently, the obtained ampli-
cons were visualized using a gel-documenting sys-
tem manufactured by Bio-Rad (USA). The samples
were then purified using a commercial Thermo Fisher
kit GeneJET PCR Purification Kit) and sequenced on
an Applied Biosystems 3500 Genetic Analyzer. The ob-
tained portions of the nucleotide sequences were pro-
cessed using the BioEdit and MegaX programs. Com-
parative analysis was performed using the sequences
of isolates deposited in the GenBank NCBI database.

The work compared the growth and development
of the pathogen on two types of nutrient media — pota-
to dextrose agar (2% CHA) and malt agar (2% MA) —and
cultivated at 25 °C. Studied the cultural and morpho-
logical characteristics of the fungus on the 4™, 9™ 14"
and 21t days. The study determined the features of the
morphogenesis of the pathogen, the formation of fruit-
ing bodies (pycnidia), sporulation, assessed the nature
of growth, structure, surface, color, shape of the colony.
Conidia morphometry was performed using an Olympus
BX43 microscope and QuickPHOTO MICRO 3.2 software.

RESULTS AND DISCUSSION
As a result of visual inspection of cranberry plants,
symptoms of shoot drying and dark blackening spots
on the leaf blades were found, the surface of the stems
was dark brown, in the upper part of the petioles there

dutocaHutapus. KapaHtuH pactenuii 30
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[Mocne amnauduxkanuu 4 Mka [IIP-npoayk-
Ta packamnbeiBajiu B JyHKU 1,0%-r0 arapo3HOro rejs
c 6pomucTsiM aTuaueM B 0,5 x TBE-6ydepe u pasze-
JILIW C TIOMOIIbI0 3jeKkTpodopesa. B mampHelimem
[IPOBOJVIJIV BU3YaIN3alINI0 [10JIyYeHHBIX aMIIJINKOHOB
C UCTIOJIb30BaHUEM Te€JIb-TOKYMEHTUPYIOIIEeN CUCTEMBbI
rmpousBojcTBa Bio-Rad (CIIIA). 3aTeM 06pa3Iibl OUMIIA-
JIV C TIOMOIIbI0 KoMMepueckoro Habopa Thermo Fisher
(GeneJET PCR Purification Kit) 1 IIpOBOAMIN CEKBEHU-
poBaHMe Ha reHeTHYecKoM aHanmu3aTtope 3500 Applied
Biosystems. IToJlyueHHbIE YYaCTKU HYKJEOTUIHBIX
rocjeloBaTeJIbHOCTeM 06pabaThIBaJIM C UCIIOJb30Ba-
HueM nporpaMM BioEdit u MegaX. CpaBHUTENbHBIN
aHaJIM3 IPOBOAUIHU C UCIIOJIIb30BAHUEM MIOCIEI0OBA-
TeJIbHOCTe M30JIITOB, NeTIOHMPOBAaHHBIX B 6a3y JaH-
ubix GenBank NCBI.

B paboTe cpaBHUBAJIW POCT U Pa3BUTHUE MTATOTE-
Ha Ha IBYX BUJAX MUTATEJIbHBIX Cpel, — KapToheabHO-
[JII0K03HOM arape (2%-11 KT'A) 1 cosiogoBoM arape (2%-i
MA) — ¥ KyJIbTUBUPOBAJIU IIpU TemIiiepaTtype 25 °C.
Vizyuanu KyJabTypajibHO-MOPGOJoTUUeCKYe TPU3HAKY
rpuba Ha 4,9, 14 u 21-e cyTKu. B ucciiegoBaHUY OTIpe-
Jessiiv 0cobeHHOCTU MopdoreHesa nmaToreHa, oopa-
30BaHUA IJIOLOBBIX Tel (IUKHUL),
criopoobpazoBaHue, OIEHUBAIUA
XapakTep pocTa, CTpoeHue, II0BepPX-

were small, oblong, black necrosis (Fig. 2). There were
no fruits on the plants.

7 days after the start of incubation on the PDA nut-
rient medium with fragments of plant tissue, a gray-
olive, slightly pubescent, compressed aerial mycelium
was formed (Fig. 3).

Microscopic examination of the samples for the
presence of morphological structures of the fungus
showed that pycnidia and sporulation were absent.
Further species identification was carried out using
the molecular genetic method.

Based on a comparative analysis of the sequences
of the internal transcribed spacer, a dendrogram was
constructed in which closely related species of the ge-
nus Diaporthe are clustered into 6 groups, one of which
is represented by two species: D. conorum and D. co-
lumnaris (Fig. 4). It was shown that the studied isolate
(MW969734 D. vaccinii_vniikr_isolate_495_1) belongs
to the group including D. vaccinii. Intraspecific diversity
was noted within this group.

The closest to the studied species is Diaporthe eres
Nitschke. When studying sequences with a length of
578 bp. 7 sites were found that allow to separate these

\WO69734 Diaporthe \raccinii_\rniikr_isulate_495|

HOCTb, IIBeT, GOpMy KOJIOHUU. Mop-
bomMeTpU0 KOHUAUHN TIPOBOAMIU
¢ moMolIb0 MUKpockoma Olympus
BX43 u mporpaMMHOro obecrieueHus
QuickPHOTO MICRO 3.2.

PE3VYJIbTATbBI

96

92

77 | KJ160587.1 Diaporthe vaccinii strain CPC 23812
KC343223.1 Diaporthe vaccinii strain CBS 160.32
KJ160588.1 Diaporthe vaccinii strain CPC 23813
KJ160585. 1 Diaporthe vaccinii stirain CBS 134741
KC343227.1 Diaporthe vaccinii strain GBS 122116
KC343226.1 Diaporthe vaccinii strain CBS 122118
KC345224.1 Diaporthe vaccinii strain CBS 122112
KC343223.1 Diaporthe vaccinii strain CBS 118571
KC343225.1 Diaporthe vaccinii strain GBS 122114 |

N OBCYXKIEHUA

B pesysbTaTe BU3yaJibHOTO OCMOTPa
pacTeHNH KJIIOKBBI ObLIN OOHApYXe-
HBI CUMIITOMBI YChIXaHUS MT0GETOB,
TEeMHbIe, UePHEIUIUE MITHA Ha JIU-
CTOBBIX IJIACTMHKAX, [IOBEPXHOCTD
cTebiell nMeia TeMHO-KOPUYHEBbIN

94

14T478101.1 Diapenthe eres strain MAL4
85 [ KC343083.1 Diaporthe eres sirain CBS 283.85

79 | | KT369109.1 Diaponthe eres strain PVFi-1149

KGC343086.1 Diaporthe eres slrain GBS 365.97
KC343088,1 Diaporthe eres strain CBS 375.61
KC3423094.1 Diaporthe eres strain CBS 688.97
KC343092.1 Diaporthe eres strain CBS 485.96
K(G343089.1 Diaporthe eres strain GBS 422.50
99 | KC343080.1 Diaporthe eres strain CBS 250.38
KC343093.1 Diaporthe eres strain CBS 528.83
[—' JX515702.1 Diaporthe viticola strain UCD327-Oe

IIBET, B BePXHEH YaCTy YePEIIKOB OT-
MevajiiCch MeJIKUe, IIPOI0JIr0OBaThIE,
YyepHbIe HeKPOo3bI (puc. 2). ILnoab! Ha
pPacTeHUSIX OTCYTCTBOBAJIH.

Yepes 7 OHeH Iocjie Havaja
WHKy6aImu Ha MUTATEeJIbHOU cpefie
KT'A ¢ (pparMeHTaMU pacTUTEIbHOMU
TKaHY cOPMUPOBAJICSA CEPO-0JIUB-
KOBBI# CJIa600ITyIIeHHbBIN ITPUKATHIN
BO3MIYITHBIN MuUllenuii (puc. 3).

MukpocKonupoBaHue obpas-
II0B Ha Hajauuue Mopdosoruye-
CKUX CTPYKTYp rpuba ImoKasajo, 4To
MMUKHUABI U CIIOPOHOIIEHUE OTCYT-
cTBOBau. JlanbHelInas BULOBas
UIeHTU(DUKAINS TPOBOAMIIACE C UC-
MI0JIb30BAHUEM MOJIEKYJISIPHO-TEHE-
TUYECKOTO0 METO/Ia.

Ha ocHOBaHUU CPaBHUTEJIBHO-
ro aHajim3a MOocCJefoBaTeJIbHOCTe!H
y4yacTKka BHYTPEHHETO TpaHKpubu-
pyemoro creticepa Gbliia IIOCTpOeHa
IeHApoTrpaMMa, B KOTOPOM 6JIM3KO-
poICTBEeHHbIe BULBI poma Diaporthe
KJIaCTEPUS3YIOTCS B 6 TPYIIII, OJJHA U3 KOTOPbBIX MTPEJ-
cTaBJieHA AByMd Bumamu: D. conorum u D. colum-
naris (puc. 4). BbLJIO TTOKa3aHO, UYTO UCCJELYEeMBIi

—
0010

75

Puc. 4. leHpporpamMma cpaBHeHUs1 BUO,0B
popa Diaporthe, accounnpoBaHHbIX
c pacteHusmu popa Vacciniim

EF155490.1 Diaporthe viticofa isolate Z18
100 JQ697840.1 Diaporthe viticola isolate PS76
95 || A¥485750.1 Diaporthe wviticela sirain STE-U 5683
KC145904.1 Diaporthe viticola culture-collection [CMP:16419
KG 145906.1 Diaporthe viticola culture-collection IC3P: 12522

6
AB201443.1 Diaporthe conorum genes
o) FJ158120.1 Diaporthe conarum isolate UASQ02
1AM315632.1 Diaporthe conorum isolate N-11

100

KG343178.1 Diaporthe phaseolorum strain GBS 257.80
KL979757.1 Diaporthe phaseolorum isolate CF110
KC343177.1 Diaporthe phaseolorum sirain CBS 127465
KC343175.1 Diaporthe phaseolorum sirain CBS 116019
KG343174.1 Diaporthe phaseolorum strain GBS 113425
JQ814306.1 Diaporthe conorum sirain E5S7
DQ116552.1 Diaporthe conorum isolate cbs 189.39
MTE05128.1 Diaporthe columnaris isolate PRJ3
LNGS58043.1 Diaporthe columnaris isolate SA001
LIN864192.1 Diapenthe columnaris voucher PDD: 110007
- MT818453.1 Disperthe columnans steain C114

gg | MN522486.1 Diaporthe <olumnaris clone 2014 875
MW269095.1 Diaporthe ¢ olumnaris isolate 1393

100

Fig. 4. Dendrogram for comparing species
of the genus Diaporthe associated
with plants of the genus Vaccinium
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Puc. 5. KonoHus D. vaccinii Ha 4-e cyTKu:
a—-HaKrlrA; b—-Ha MA
(choTo HO.B. LiBeTkOBOI)

a—-onPDA; b-onMA
(photo by Yu.V. Tsvetkova)

Puc. 6. D. vaccinii Ha KTA Ha 9-e cyTku:
a — KONoHus; b — LeHTp KoNoHUU

(cpoTo HO.B. LiBeTkOBOI) (photo by Yu.V. Tsvetkova)

u3oaat (MW969734 D. vaccinii_vniikr_isolate_495_1)
OTHOCHUTCS K TPYIINe, BKIOYatolel D. vaccinii. BHyTpu
IAaHHOW TPYIIBI ObIJIO OTMEYEHO BHYTPUBUOBOE
pasHoobGpasue.

Hawubosiee 6IM3KUM K UCCIENLYEMOMY BULY SIB-
nsietcs Diaporthe eres Nitschke.
[Ipu U3yUYeHUHU OCIen0BaTENb-
HOCTe! OJIUHOM 578 1. 0. OBLIO
o6Hapy)XeHO 7 y4yacTKOB, II0-
3BOJISIONIUX PA3/IeIUTh JaHHbIE
BUMBL: 5 TPAH3UIUN U 2 UHCEP-
uuu y D. eres. TIpu 9TOM B O HOU
Y3 WHCEPLUH Y YaCTU U30JISITOB
D. eres IpuCyTCTBOBAJ I'yaHUH,
a y OCTAJIbHBIX U30JISITOB — aJle-
HUH. Y T€X U30JISTOB, y KOTOPBIX
MIPUCYTCTBOBAJI aIEHUH, NHCEP-
1uud 6pl1a (pparMeHToOM TaHZEM-
HOT0 ITOBTOPA.

B aHanmusupyeMoM yuacTke
TaKKe 6bLIN 06HAPYXKEeHBI (hpar-
MEHTBI, KOTOPbIe, HA000POT, CBU-
JIETEJIbCTBYIOT O CXOZICTBE BUJIOB.
Tak, y 4acTu MU30JIITOB BUJZA
D. eres BO (hparMeHTe uMeeTCs
TUMWH, Y YaCTU — LIUTO3UH, a ¥ D. vaccinii — TuMuH. BL10
0O6HapY’)XEHO 7 aHAJOTUYHBIX 3aMeH, 6 U3 KOTOPBIX
MIPENCTaBISIOT CO601 TPAaH3UIIUY U 1 — TPDAaHCBEPCHIO.

Fig. 5. Colony of D. vaccinii on the 4t day:

Fig. 6. D. vaccinii on PDA on the 9t day:
a — colony; b — center of the colony

Puc. 7. D. vaccinii Ha MA Ha 9-e cyTKu:
a — KonoHusi; b — LeHTp KoIoHUU
(choTo HO.B. LiBeTkoBOI)

species: 5 transitions and 2 in-
sertions in D. eres. At the same
time, guanine was present in
one of the insertions in some
D. eres isolates, and adenine in
the remaining isolates. In those
isolates in which adenine was
present, the insertion was a frag-
ment of a tandem repeat.

In the analyzed area, frag-
ments were also found, which,
on the contrary, indicate the
similarity of species. Thus, some
isolates of the species D. eres have
thymine in the fragment, some
have cytosine, and D. vaccinii have
thymine. 7 similar substitutions
were found, 6 of which represent
transitions and 1 — transversion.

Considering that insertions
occur less frequently than single
nucleotide substitutions and are
more significant for the DNA re-
gion, the universal primers ITS5/
ITS4 can be used for preliminary
identification of D. vaccinii.

After species identification,
a comparative analysis of the
culture morphological features
of the species D. vaccinii was car-
ried out on nutrient media PDA
and MA.

The initial growth of the
fungus culture on the 4" day on
potato dextrose and malt agars
differed in color and growth of
aerial mycelium. On PDA, the iso-
late was characterized by a light
brown colony, a slightly pubes-
cent mycelium structure, a uniform flat surface, and
pycnidia were absent. On MA, the fungus had a light
beige mycelium color, a medium pubescent structure,
an inhomogeneous concentric surface, and also the ab-
sence of fruiting bodies. The diameter of the colonies

Fig. 7. D. vaccinii on MA on the 9* day:
a — colony; b — center of the colony
(photo by Yu.V. Tsvetkova)
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Puc. 8. Kononusa D. vaccinii Ha 14-e cyTku:  Fig. 8. Colony of D. vaccinii on the 14" day:
a-onPDA; b-onMA
(photo by Yu.V. Tsvetkova)

a—HaKrlA; b — Ha MA
(choTo HO.B. LiBeTkoBOI)

Puc. 9. KonoHus D. vaccinii Ha 21-14 peHb:  Fig. 9. Colony of D. vaccinii on the 215t day:

a—HaKrlA; b-Ha MA
(choTo HO.B. LiBeTkOBOM)

YYUTBHIBas, YTO MHCEPLIUY ITPOUCXOISAT PEXKE OfI-
HOHYKJIEOTUIHBIX 3aMeH U ABIIIOTCS 6oJjiee 3HAUU-
MbIMU AJig yuacTka JHK, yHuBepcaabHble TpaiMephl
ITS5/ITS4 MOXHO UCIIOJIb30BATh JJis ITPeJBapUTeb-
HOM maeHTUGUKALIUY BUga D. vaccinii.

ITocye BUAOBOM UaeHTU(DUKAIIMY OBLI ITPOBEEH
CPaBHUTEJIBHBIN aHAJIN3 KyJIbTYyPaJbHO-MOP(OIOTH-
YyeCcKUX ocobeHHocTel Buaa D. vaccinii Ha ITATaTeIbHBIX
cpenax KI'A u MA.

HavaJibHBIN POCT KyJIbTYPBI Iprba Ha 4-i1 IeHb Ha
KapTo(deIbHO-TJTI0OKO3HOM 1 COJIOIOBOM arapax pasjiu-
4aJicsl M0 OKpacKe U POCTy BO3AYIIHOTO MuUlleauns. Ha
KI'A 130J19T XapaKTepPHU30BaJICsS CBETIO-KOPUYHEBBIM
IIBETOM KOJIOHUHU, CIIa600TyIIEeHHBIM CTPOEHUEM MU-
LeJivisl, OTHOPOIHOM POBHOM ITOBEPXHOCTHIO, TMKHUbI
oTcyTcTBOBasu. Ha MA rpub mMes cBeTI0-6eXeBbIn
IIBET MUIENNUS, CPeIHEONYIIeHHOEe CTPOEeHE, HEO -
HOPOAHYI0 KOHIIEHTPUUECKYI0 TIOBEPXHOCTD, TaKXKe
OTCYTCTBUE TIJIOOBBIX TeJl. JlmamMeTp KoJoHui Ha KI'A
cocraBui 2 + 0,05 ¢cM, Ha MA - 1,9 + 0,1 cM (puc. 5).

Ha 9-11 meHb aKTUBHBIN POCT U30JISITa 3aMeIJINII-
cd. IuameTtp kojonuu Ha KI'A coctaBui 8 + 0,2 cM, Ha
MA - 7,5 + 0,3 cM. U3om4art D. vaccinii Ha KI'A xapakTe-
pu30BaJICs CpeIHeOIyIlIeHHbIM CTPOEHUEM, TEMHO-Ce-
PBIM IIBETOM BO3[IYIIHOT'O MUIIEJIUS C IIEPEXOMAAIINM
6eXXeBbIM KpaeM, 6e3 06pa3oBaHUsI MUKHU, 06paTHAS
cTopoHa (peBep3yM) — CEPOIT OKPacKu ¢ 6e3KeBbIM Kpa-
eM (puc. 6).

a—onthe PDA; b-on MA
(photo by Yu.V. Tsvetkova)

on PDAwas 2 + 0.05 cm, on MA —
1.9 + 0.1 cm (Fig. 5).

On the 9™ day, the active
growth of the isolate slowed
down. The diameter of the colony
on CHA was 8 + 0.2 cm, on MA -
7.5+ 0.3 cm. The isolate of D. vac-
cinii on PDA was characterized by
a medium pubescent structure,
a dark gray color of aerial myce-
lium with a passing beige edge,
without pycnidia formation, re-
verse side (reverser) — gray with
a beige edge (Fig. 6).

The isolate behaved diffe-
rently on malt agar. The colony
of the fungus was characterized
by a slightly pubescent structure
with a brown-pink raised center
with an even white filamentous
mycelium, the reversum was
poorly visible. The formation of
dense mycelial structures in the
middle of the fungal colony was
noted (Fig. 7).

On the 14™ day, the growth
of the fungus colony on nutri-
ent media was completed and
reached the edge of the plate. On
the PDA, the aerial mycelium of
the D. vaccinii colony had a dark
gray-olive color in the center,
turning into a light olive edge, a
medium pubescent structure, a
homogeneous structure, and a
dark gray reversum. There were
no dense mycelial structures on
this medium.

On malt agar, the colony of
the fungus had a beige-brown raised center with a rol-
ling milky edge, a slightly pubescent structure, an in-
homogeneous structure, and a beige-yellow reversum.
The initial development of pycnidial structures of the
fungus in the center of the colony was observed (Fig. 8).

On the 215t day, the color and structure of the fun-
gus colonies on two nutrient media did not change.
On malt agar, numerous developments of pycnidia
semi-submerged into the substrate was noted, with the
release of the milky mass of fungal spores from the cen-
ter of the pycnidia (Fig. 9).

Thus, in the study, D. vacinii isolate had a deve-
loped aerial mycelium and an average growth rate on
two nutrient media — PDA and MA (1 cm per day). For
the development of pycnidia and conidia, MA medium
turned out to be preferable, which is an important fac-
tor for quick and reliable identification of the pathogen
during the initial diagnosis of regulated plant produc-
tion in laboratory conditions.

Further microscopic examination of pure cul-
tures of the fungus on malt agar revealed pycnidia:
dark, spherical, flat at the base, semi-submerged, lo-
cated over the entire surface, with a decrease in their
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Ha conomoBoM arape W30JISIT MPOSBIAN cebs
nHave. KoysioHus rpuba xapakTepusoBajach cjiabo-
OTTYIIEHHBIM CTPOEHUEM C KOPUUHEBO-PO30BBIM IIPU-
TIOJIHSATHIM IIEHTPOM C POBHBIM GEJIBIM HUTEBUIHBIM
MUleJreM, peBep3yM cjiabo mpocMarpuBajics. OTme-
Jajioch 06pasoBaHyie TNIOTHBIX MUIIENNATbHBIX CTPYK-
TYP B CEpeluHEe KoJIOHUYU rpuba (puc. 7).

Ha 14-e cyTKU pOCT KOJIOHNUY rprba Ha TUTATeb-
HBIX CPeJlaxX 3aBepUIMJICS U JOCTUT Kpasd Jaiku. Ha
KT'A BO3IYIIHBIN MULENUN KOJIOHUU D. vaccinii uMes
B II€HTPE TEMHO-CEPO-0JIUBKOBbIH I[BET, TIEPEXO TN
B CBETJIO-0JIUBKOBBIN Kpall, CpeAHEOmyIlIeHHOe CTPoe-
HUE, ONHOPOLHYI CTPYKTYPY, PEBEP3YM TEMHO-CEPO
okpacku. [1I0THBIE MUIleJIUaJbHbIe CTPYKTYPHI Ha
IaHHOU cpeJie OTCYTCTBOBAJIU.

Ha cosomoBoM arape KoJioHus rpu6a nmesna be-
JKeBO-KOPUYHEBBIN ITPUTIOLHSITHIN LEHTP C TT€PEX0Is-
UM MOJIOYHBIM KpaeM, CJIabooIyIIEHHOE CTPOEHUE,
HEOJTHOPOJHYI0 CTPYKTYPY, PEBEP3YM 6eKeBO-KEJITOM
okpacku. Ha6iromanoch HavyaabHOE Pa3BUTE TIUKHU-
IUWAJIbHBIX CTPYKTYP I'prba B [IEHTPE KOJOHUU (puc. 8).

Ha 21-# meHb LIBET ¥ CTPOEHUE KOJIOHUM T'PU-
6a Ha [BYX NMUTATEJbHBIX CpeJlaXx He U3MEHUJUCH.

number in the direction from the center to the edge of
the cup, single-layer, 0.5-3 mm in diameter, emitting a
mass of cream-colored conidia (Fig. 10-11).

After the 215 day of incubation, 2 types of conidia
were formed in pycnidia: alpha-conidia (a) — hyaline, uni-
cellular, oblong, ellipsoidal — and beta-conidia () — uni-
cellular with bends or almost straight, filiform, hooked,
hyaline. Dimensions a-conidia varied within 6.6-10.6 x
2.6—4.1 um, on average 8.2 + 0.8 x 3.4 + 0.4 ym. The
size of B-conidia was 12.7-24.6 x 1.3-1.7 um, on average
17.9+2.7 x 1.5 + 0.2 um (Fig. 12).

Thus, the species D. vaccinii is characterized by
pycnidia containing 2 types of hyaline non-septic al-
pha and beta conidia. Since beta-conidia are not always
formed, the diagnosis of the pathogen is difficult and
requires additional confirmation using molecular ge-
netic methods.

CONCLUSION

In the course of laboratory studies, in the regulated
production of cranberry seedlings samples, the patho-
gen of blight of blueberry D. vaccinii was isolated and
identified.

Puc. 10. Nonynorpy>keHHble nukHUADI D. vaccinii Ha cpepe MA,  Fig. 10. Semi-submerged pycnidia of D. vaccinii
Bblensioume Maccy KoHmauii (ysenuueHuve B 4 pasa) on MA medium, emitting a mass of conidia. 4x
(choTo A.B. KaMueHKoBa) (photo by A.V. Kamchenkov)

500 mxm

Puc. 11. NMonynorpyxeHHble NUKHUADI D. vaccinii Ha cpepe MA: Fig. 11. Semi-submerged pycnidia of D. vaccinii on MA
a — MUKHUAbI, Bbloensiowme Mmaccy KoOHUaum; medium: a — pycnidia, emitting a mass of conidia;
b — He3penasa nukHuaa (yBenuueHue B 4 pasa) (poto A.B. KamueHkoBa) b —immature pycnidia. 4x (photo by A.V. Kamchenkov)
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Ha cosomoBoM arape oTMedasioCh MHOTOUYUCIEHHOE
pa3BuUTHE MMOJYIIOTPYXKEHHBIX B Cy6CTpaT MUKHUI,
C BBIZIeJIEHHEM U3 IIeHTPa MUKHUJ MOJIOYHOM MacChl
cmop rpuba (puc. 9).

TakuM 06pas3oM, B MCCIIeIOBAHUY U30JIAT D. vacinii
“MeJl Pa3BUTHIY BO3AYIIHBIN MULEJUN U CPeIHIO0
CKOPOCTb POCTa Ha ABYX IUTATEJNbHBIX cpenax — KI'A
1 MA (1 cM B cyTKM). [IJig Pa3BUTUS MTUKHU U KOHU-
Ui IPeNIIOUTUTEeIbHEN OKa3aiach cpefia MA, 4To sB-
JIIeTCS BaXKHBIM (DaKTOPOM JIJIsI OBICTPOM 1 HAZEXKHOM
UAeHTU(GUKAIIMY TTaTOreHa ITPYU HavaJIbHOU AUArHO-
CTUKe MOJKAaPAHTUHHON MPOAYKIIUY PACTeHU B Jia-
60paTOPHBIX YCIOBUSX.

[Tpu JanbHeNIIeM MUKPOCKOTIUPOBAHUY YMCTHIX
KyJbTYp Irpuba Ha COJIOJJOBOM arape BhISBJIEHBI TTNK-
HUJIBl: TEMHBIE, c(pepruecKye, II0CKHe Y OCHOBAaHNS,
TTOJTYTIOT PY’KeHHBIE, PACIIOJIOXKEHHbIE T10 BCE TTOBEPX-
HOCTHU, C YMEHbIIeHNEeM UX YUCcJia 10 HallpaBJIeHUI0
OT IIeHTPa K Kparo YallKy, OMHOCIOMHbIE, IUaMEeTPOM
0,5—3 MM, BBIJIEJIAIONINE MACCy KOHUUU KPEMOBOTO
userta (puc. 10-11).

[Tocye 21-ro AHS MHKYOUPOBAHUS B MUKHUZAX
bopMupoBanuchk 2 TUAa KOHUAWU: albda-KOHU-
nuu (o) — TMaJIMHOBLIE, OLHOKJIETOUHEIE, IIPOLOJIr0OBa-
ThI€, QJIUIICONAHEIE — 11 6eTa-KOHUANY (B) — OLHOKIIE-
TOYHBIE C U3TMOAMY WJIY TIOUTY IIPSIMbIe, HUTEBUIHBIE,
KPIOUYKOBaThie, THAJMHOBbIE. Pa3zMephl a-KOHUAUN
BapbUpOBAaJM B Ipepeax 6,6-10,6 x 2,6—4,1 MKM,
B cpenHeM 8,2 + 0,8 x 3,4 £ 0,4 MKM. Pasmep B-KoHU-
nuit coctaBun 12,7-24,6 x 1,3-1,7 MKM, B CpeZlHEM
17,9+2,7 x1,5+0,2 MkM (puc. 12).

TaxuMm obpasoM, By, D. vaccinii xapaKTepuayeT-
cs MUKHUIAMU, COIEePKAIIMMHY 2 TUIIA TMaJIuHOBBIX
HeCeINTUPOBAHHBIX ajb(a- u 6eTa-KoHUAUN. Tak Kak
GeTa-KOHUAUY 06pa3ylTCS He BCerma, IUarHoCTUKa
rnaToreHa 3aTpygHeHa U TpebyeT HOIOJHUTEIbHOTO
TIOATBEPIKIEHUS C UCIIOIb30BAHUEM MOJIEKYJISIPHO-Te-
HETUYECKUX METOMOB.

3AKJ/IIOYEHUME

B xo/ie 1a60paTOPHBIX MCCIIeIOBAHUY B ITOAKAPAHTHIH-
HOI TPOJIYKITUY 00Pa3Il0B CAXKEHIIEB KIIIOKBbI OBLJI BbI-
IleJieH 1 uAeHTUGUIMPoBaH BO36YIUTEh BA3KON THU-
1 YepHUuKHU D. vaccinii.

ITocjie penBapUTENbHON UAEHTU(UKAIINY, OC-
HOBAHHOH Ha CUMIITOMAaTHUYECKUX 1 Mopdooruye-
CKUX ITPU3HAKaX, ObLJIO TPOBEIEHO CEKBEHUPOBAHME
yuacTka ITS ¢ moATBep)KIeHeM BUI0BOM TPUHAIJIEXK-
HOCTH ITaTOreHa. Pe3ybTaThl aHAIN3a HYKJIEOTUTHBIX
IOCJIeOBAaTEIbHOCTEN UCCIENYEeMBIX U GJIM3KOPOJ -
CTBEHHBIX BUIOB IIPEICTaBJIEHbI B BUE JEeHAPOrpaM-
MBI, BKJIFOUAIOIIEH 6 TPynn (GOMOIICUCHBIX I'PUGOB,
CBSI3aHHBIX C pacTeHuaMu poga Vaccinium.

B mpotiecce u3yueHus naToreHa oblia orpenee-
Ha OIITMMAaJIbHas TUTaTebHAasg CPea IJIs POCTa U CITI0-
pynsSnuuM — coyofoBbii arap (MA). [Tpu HabmIeHUN
32 UMCTOM KyJbTYpPOM Ha 21-11 1eHb UHKy6anuu 656110
BBISIBJIEHO 0Opa3oBaHUe IJIOJOBLIX TeJ Irpuba — MUK-
HUJI C MaCCOM CIMBUCTBIX a- U § ~-KOHUI U,

B pesynbTaTe MPOBEIEHHBIX UCCIIEN0BAHUN MOXKHO
clleJIaTh BBIBOJ, O HEOOGXOAUMOCTH ITPOJIOJIKEHUS U3Y-
YeHUS KyJbTyPaJIbHO-MOP(OJIOTUYECKUX TPU3HAKOB
D. vaccinii v GIM3KOPOACTBEHHBIX BUIOB poza Diaporthe
C IpUMEHEHNEM Pa3IMYHbBIX ITMTATEIbHBIX CPE, a TaK-
’Ke CIToco60B BO3/IeHCTBUS (PaKTOPaAMU CPEIbI, C IIeJIbI0
OBICTPOTO (DOPMUPOBAHMS AUATHOCTUUECKY 3HAUNMbBIX
CTPYKTYp rpuba A5 JOCTOBEPHON UAEHTUDUKAIIUY.

a

Puc. 12. KoHnguu D. vaccinii:  Fig. 12. Conidia of
a-anba (x); b — 6eta (B) D. vaccinii: a — alpha (x);
(yBenuuenue B 40 pa3) b — beta (B). 40x

(choTo A.B. KaMueHKoBa) (photo by A.V. Kamchenkov)

After preliminary identification based on symp-
tomatic and morphological signs, the ITS site was se-
quenced to confirm the species of the pathogen. The
results of the nucleotide sequences analysis of the stud-
ied and closely related species are presented in the
form of a dendrogram, including 6 groups of Phomop-
sis fungi associated with plants of the genus Vaccinium.

In the process of studying the pathogen, the opti-
mal nutrient medium for growth and sporulation was
determined — malt agar (MA). When observing a pure
culture on the 21t day of incubation, the formation of
fruiting bodies of the fungus — pycnidia with a mass of
mucous a- and B-conidia.

As a result of the conducted studies, it can be
concluded that it is necessary to continue the study
of the culture morphological characters of D. vaccinii
and closely related species of the genus Diaporthe us-
ing various nutrient media, as well as methods of expo-
sure to environmental factors, in order to quickly form
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VcciemoBaHue II0Kasajo, YTO IJis CBOeBpeMeH-
HOTro 06HApPyXeHUs M TOUHOU AMArHOCTUKYU BUIA
D. vaccinii pekOMeHIyeTCs UCTI0Jb30BaTh KOMILJIEKC-
HBIM TOA X0/, OCHOBAHHbBIM Ha IPUMEHEHUY BU3YaJIb-
HOT0, 6MOJIOTUYECKOTO ¥ MOJIEKYJISIPHO-TEHETUYECKO-
'O METOZOB.
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diagnostically significant fungal structures for reliable
identification.

The study showed that for the timely detection and
accurate diagnosis of D. vaccinii, it is recommended to
use an integrated approach based on the use of visual,
biological and molecular genetic methods.
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AHHOTALIUA
C 11eibio pa3paboTku [TLIP-TeCTOB, TO3BONIAIOIINX UIEH-
TUQULIVPOBATH 3HAUUMBbIH JJIsT 9KCIIOPTA POCCUNCKON
3epHOBOU mpoAyKnuu duronaroreH Xanthomonas
translucens, GBI MIPOU3BEAEH MOUCK ITOAXOAAIEN
[T P-MmunieHu. B pesynabTaTe 6MOuHMDOPMAaTUIECKOTO
aHaJM3a aHHOTUPOBAHHBIX GEJIKOB, COOTBETCTBYIOIIUX
KOAVPYIOILUM IT0ocjiefoBaTebHOCTAM 10 reHOMHBIX
cbopok 11esieBolt 6akTepun — Xanthomonas translucens —
1 161 reHOMHOI c60pKYU 25 APYTUX BUMIOB OaKTEpPUil
pona Xanthomonas, 3arpyxeHHbIM 13 NCBI GenBank
B MapTe 2020 I., 06HaPYXWJIU 6 yYaCTKOB T€HOMa, CIle-
nUGUYIHBIX IJ1s Xanthomonas translucens v TIOIXOIAIINX
IJIS1 ICTI0J1b30BaHM4 B KayecTBe [T P-Mumenu. Hykieo-
TUJIHBIE TIOCJIeIOBAaTEJIbHOCTY 3TUX F'eHOB UCII0JIb30Ba-
JIV 1711 pa3paboTKy IIpaiMepoB.

Ons HalileHHBIX TOCJIeIOBATEJIbHOCTEN paspa-
6otaHo 12 map mparimepoB — 1F8/1R8, 1F10/1R10,
2F6/2R6, 3F3/3R3, 3F5/3R5, 3F9/3R9, 4F1/4R1,
4F3/4R3, 5F3/5R3, 5F6/5R6, 6F6/6R6 u 6F10/6R10,
BULOCTIENIM(UUYHOCTh KOTOPBIX B XOJle UCCJIe0BA-
HUS anpobupoBaHa ¢ 35 mraMMaMy OaKTepuil poma
Xanthomonas, BKJItouas Xanthomonas translucens. AHa-
JIN3 pe3yabTaTOB NpoBefeHHOM [TLIP 11 BhBIpaBHUBAHUS
MIOJIYYEeHHBIX HYKJIEOTUIHBIX ITOCIENOBATENIbHOCTEN
npoaykrtoB [IIIP ¢ nmoMoumbw anropurma BLAST Ha
6aze NCBI moxkaszaJ, uTo napsl npatimepoB 1F8/1R8,
1F10/1R10, 4F1/4R1, 5F6/5R6 u 6F10/6R10 aBisdI0T-
Csl TIPUTONHBIMUY IJIST UX TPUMEHEHUS B JUATHOCTUKE
BO30yAUTEST UePHOT0 6AKTEePr03a 3ePHOBBIX KYJILTYP
Xanthomonas translucens. HoBbie T1LIP-TeCTbI MOTYT CTaTh

ABSTRACT
In order to develop PCR tests that allow identifying the
phytopathogen Xanthomonas translucens, which is signi-
ficant for the export of Russian grain products, a search
was made for a suitable PCR target. As a result of bio-
informatic analysis of annotated proteins correspond-
ing to the coding sequences of 10 genomic assemblies
of the target bacterium — Xanthomonas translucens — and
161 genomic assemblies of 25 other species of bacte-
ria of the genus Xanthomonas, downloaded from NCBI
GenBank in March 2020, 6 genome regions specific for
Xanthomonas translucens and suitable for use as a PCR
target. The nucleotide sequences of these genes were
used to design primers.

For the discovered sequences, 12 pairs of prim-
ers were developed — 1F8/1R8, 1F10/1R10, 2F6/2R6,
3F3/3R3, 3F5/3R5, 3F9/3R9, 4F1/4R1, 4F3/4R3,
5F3/5R3, 5F6/5R6, 6F6/6R6 and 6F10/6R10, the spe-
cies-specificity of which was tested in the course of the
study with 35 strains of bacteria of the genus Xanthomo-
nas, including Xanthomonas translucens. Analysis of the
results of the PCR performed and the alignment of the
obtained nucleotide sequences of the PCR products
using the BLAST algorithm based on the NCBI showed
that the primer pairs 1F8/1R8, 1F10/1R10, 4F1/4R1,
5F6/5R6, and 6F10/6R10 are suitable for their use in
the diagnosis of the pathogen causing bacterial leaf
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YaCThI0 PelleHs TPo6JieMbl YCTaHOBIEHUS (DUTOCAHU -
TAPHOTO COCTOSHUS MapPTUM POCCUNCKOHN TTPOAYKIIUY
3epHa, a TakyKe I03BOJISIT IPOBOAUTH O0OCJieloBaHe
TeppuTopuil Poccutickoil demepaliuy 1 JOCMOTP Hap-
TUY TOAKAPAHTUHHOMN MPOLYKITUU.

Knrwuesvle cnoéa. IKCIIOPT 3epHA, KapaHTHUH pac-
TeHuH, puTocaHuTapHble TpeboBanms, [1LIP, muaruo-
CTHKa 0aKTEepPUO30B 3€PHOBBIX KYJIbTYP, GuomHODOP-
MaTUUeCcKU TeHOMHBIN aHaius, cKpunT Ha Python,
CeKBEeHHPOBaHUE.

BBEJEHUE

€pHO ¥ WU3TOTaBJIMBAaeMble W3 HETO
IIPOJYKTHI SBJISIIOTCS OJHWUMU U3 OC-
HOBHBIX HCTOYHWKOB NUTAHUS Hace-
snenust B Poccum (https://rosstat.gov.ru,
2021) u B Mupe (Kamenena, 2018). B Te-
yeHue nocaegHux 10 jgeT Poccusa BXo-
IUT B TPOUKY KPYITHEUIINX MUPOBBIX
SKCIIOPTEPOB IPOAYKIIUU 3€PHOBBIX
KyJIbTYP, B YaCTHOCTHU MineHUNbl 1 gumeHs (https://
www.exportcenter.ru/, 2021). BMecTe ¢ TeM 3KCIIOPT
3epHa ABJISIETCSI OCHOBHOI CTAaTheH IIPOI0BOJILCTBEH-
Horo 6usHeca B Poccum (Slovareva, 2020). VmMmop-
TePhbl POCCUMCKOr0 3epHA IPEIbABIIIOT K KaUeCTBY
BBO3UMOM NPOAYKIMY Pl TPe6OBAHU, B TOM YUCJIIE
K ee (DUTOCAHWUTAPHOMY COCTOSHUIO. KapaHTWHHbBIE
TepevHY pPsijia CTPaH — UMITIOPTEPOB POCCUKCKOM ITPO-
IYKIIUY 3€PHOBBIX KYJIBTYD COZEPKaT BO36yAuTesei
06aKTepuo30B, B YacTHOCTU Xanthomonas translucens.
CorjacHO JUTEPATypPHBIM MCTOUHUKAM, OGaKTepuu
Buma X. translucens pacripocTpaHeHbl Ha TePPUTOPUU
Poccuiickont ®epepanum (Slovareva, 2020; https://
gd.eppo.int, 2021). Bug X. translucens 1o OTHOUIEHUTO
K pacTeHMsIM-X035eBaM pasfejieH Ha I1aToBaphl, BCe
TIaTOBaphI IIPY 3TOM SIBJISIOTCS CEPbE3HOU yrpo3ou
JLJIST TTPOM3BOZCTBA 3€PHOBBIX KyJIbTyp (Sapkota et al.,
2020).

B Tpe6GoBaHUSA CTPAH-UMIIOPTEPOB BOILIN 4 TTa-
toBapa (tab6a. 1) (http://portal.fsvps.ru/sites/fsvps/
documents/1485966841778_phyto_vred_nigeria.
pdf, 2021; http://portal.fsvps.ru/sites/fsvps/docu-
ments/1485966741302_phyto_requerements_egypt.
pdf, 2021; https://gd.eppo.int, 2021).

X. translucens pv. translucens, BO36yquTeIb Y€PHOTO
fGakTepro3a STUYMEHS, IIOPAXKAET, KpOMe TUMEHS, ITIle-
HUILY ¥ POXBb, & TAK)KE JIYTOBBIE 3JIaKOBbIE TPABHI.

X. translucens pv. graminis, BO30yAUTeNb GaKTEPU-
QJIbHOTO YBSALAHYS 3€ PHOBBIX KYJIbTYP, ITOPa’KaeT 3J1a-
KU, BKJII0Yas MIIEHUILY, POXXb U SUMEHb.

X. translucens pv. cerealis, BO36ynuTeJIb YEPHOTO
fGaKkTepuro3a PXKU, IOPaXKaeT IIIEHUILY, POXKb, TYMEHb
¥ OBEC.

X. translucens pv. undulosa, BO36yAUTENb Y€PHOTO
0aKTepurO3a IIIEHUIIBI, [TOPAYKAET MIIEHUITY U TUMEHb
(Sharma et al., 2019; Ledman, 2020).

O6BbeM DKCITOPTA POCCUUCKOTO 3epHa 10 KOOIy
TH B3 1001 (riureHuIia 1 MECJIMH) B ETUIIeT COCTaBUII
3a mepuon 2018-2020 IT. B cpegHeM 8 MJIH TOHH B T'O/I,
B Moppanuuto — 112 TeIC. TOHH, B TypILIXIO — 6 MJIH TOHH,
B Mapokko — 500 TbIC. TOHH, B Hurepuio — 1,5 MJIH
TOHH. B MekcuKky riocraBjieH0 994 TbiC. TOHH 3€pHa I10

streak of wheat, Xanthomonas translucens. New PCR tests
can become part of the solution to the problem of es-
tablishing the phytosanitary state of consignments of
Russian grain products, and will also make it possible
to inspect the territories of the Russian Federation and
inspect consignments of regulated products.

Keywords. Grain export, plant quarantine, phy-
tosanitary requirements, PCR, diagnostics of bacterial
leaf streak of wheat, bioinformatic genomic analysis,
Python script, sequencing.

INTRODUCTION

rain and grain products are one of the main

sources of nutrition for the population in

Russia (https://rosstat.gov.ru, 2021) and in

the world (Kameneva, 2018). Over the past

10 years, Russia has been one of the three
largest world exporters of cereal products, in parti-
cular wheat and barley (https:/www.exportcenter.ru/,
2021). At the same time, grain export is the main item
of the food business in Russia (Slovareva, 2020). Im-
porters of Russian grain impose a number of require-
ments on the quality of imported products, includ-
ing their phytosanitary condition. Quarantine lists of
some countries importing Russian grain products
contain bacteriosis pathogens, in particular Xanthomo-
nas transiucens. According to academic papers, bacte-
ria of the species X. translucens are widespread in the
territory of the Russian Federation (Slovareva, 2020;
https://gd.eppo.int, 2021). The species X. translucens in
relation to host plants is divided into pathovars, while
all pathovars are a serious threat to the production of
grain crops (Sapkota et al., 2020).

The requirements of the importing countries in-
clude 4 pathovars (Table 1) (http://portal.fsvps.ru/sites/
fsvps/documents/1485966841778_phyto_vred_nige-
ria.pdf, 2021; http://portal.fsvps.ru/sites/fsvps/docu-
ments/1485966741302_phyto_requerements_egypt.
pdf, 2021; https://gd.eppo.int, 2021).

X. translucens pv. translucens, bacterial leaf streak of
barley, apart from barley, infects wheat and rye, as well
as meadow grasses.

X. translucens pv. graminis, bacterial wilt of grasses,
infects cereals, including wheat, rye and barley.

X. translucens pv. cerealis, bacterial streak of gras-
ses, infects wheat, rye, barley and oats.

X. translucens pv. undulosa, bacterial leaf streak of
wheat, infects wheat and barley (Sharma et al., 2019;
Ledman, 2020).

Over the period of 2018-2020, the export volume
of Russian grain under the TN VED 1001 code (wheat
and meslin) to Egypt amounted to 8 million tons per
year, on average, to Jordan 112 thousand tons, to Tur-
key — 6 million tons, Morocco — 500 thousand tons, to
Nigeria — 1.5 million tons. 994 thousand tons of grain
were delivered to Mexico under the TN VED 1001 code
in 2018 and 99 tons in 2019 (https://rosstat.gov.ru).
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komy TH BT 1001 8 2018 1. 1 99 TonH B 2019 1. (https://
rosstat.gov.ru). JlaHHbIe TTOKa3bIBAIOT, YTO Poccuiickas
depepalys SKCIOPTUPYET 3€PHO B CTPAHBI, JIJI KOTO-
PBIX OTCyTCTBUE X. transiucens B IPOAYKIIVU SBJISIETCS
00513aTEIbHBIM.

B To ke BpeMs METOLUKU HUIeHTU(GUKALIUU
X. translucens OTCyTCTBYIOT, a METOMbI UNeHTU(UKA-
IIUY CBOJATCS JINGO K KJIACCUUECKOMY MUKPOBUOJIO-
rMYECKOMY aHaJIM3y, He JalleMy BO3MOXXHOCTD JI0-
CTOBEPHO MPOBECTU UAEHTUMUKAIINIO TaXKe 10 BUA,
160 K TeHOMHOMY aHaJIn3y, TPebyIoIeMy crieraim-
3UPOBAHHOT'0 060PYIOBAHMS I HABBIKOB.

B cBs131 C TOTPEeOHOCTHI0 B 06eCTIeUeHNY COOTBET-
CTBUS (PUTOCAHUTAPHOTO COCTOSTHUS POCCUMCKOM TTPO-
IYKIIUY 3€PHOBBIX KYJIbTYP TPEGOBAHUSAM CTPAH-UM-
IIOPTEPOB IIPOBEMIEHO UCCIIeIOBaHIUE, IIeJIbI0 KOTOPOTO
sIBJIsSTach paspaboTka MeTomoB TP misa ngeHTUdUKA-
uuu X. translucens.

MATEPUAJIBI U METO/1bI

OmHOM M3 OCHOBHBIX M HamboJiee CIOXKHBIX 3amau
IIpu paspaboTKe SJUATHOCTUYECKHUX METOMOB Ha oc-
HOBe MoJimMepasHou 1enHou peakmnuu (T1LIP) aB-
JISLJICS TIOUCK HYKJIEOTHHOU ITOCJIENOBATENBHOCTH,

Ta6auna 1

duTOCAaHUTAPHBIN CTATYC IIATOBAPOB
Xanthomonas translucens ajis cTpaH —

MMIIOPTEPOB POCCUIMCKOM MTPOAYKIIUU
3€PHOBBIX KYJIbTYP

HasBanmue CtpaHa- duTOCAaHNUTAPHBII
GaKTepuun HMIIOPTEP cTartyc
Xanthomonas  Erumnet OTCyTCTBYIOIIVI
translucens pv. KapaHTUHHBIN
Yuin
translucens OpraHu3M
Noppanusa OrpaHnYeHHO
acIIpOCTPaHEHHBIN
Typuusa P pocTp .
KapaHTUHHBIN
OpraHusM
MapoxKo KapaHTUHHBIN
OpraHu3M
TyHuUC -
Hurepuga 3alpeleH K BBO3Y
Ha TEPPUTOPUIO
Hurepuu
Xanthomonas  HOxHas OTCyTCTBYIOIINHI
translucens pv. Adpuka KapaHTUHHBIA
Taminis OpraHusm
8 bpasunusa P
N3panib KapaHTUHHBIHN
OpraHuam
Eruner Briirouen
B UTOCAHUTAPHbBIE
TpeboBauug Erumnra
Xanthomonas  MeKcuKa KapaHTUHHBIN
translucens pv. OpraHu3M
cerealis
Xanthomonas  Hurepus KapaHTUHHBIHN
translucens pv. OpraHu3sM
undulosa

The data show that the Russian Federation exports
grain to countries for which the absence of X. transiu-
cens in production is mandatory.

At the same time, there are no identification me-
thods for X. translucens, and identification methods are
reduced either to classical microbiological analysis,
which does not make it possible to reliably carry out
identification even to a species, or to genomic analy-
sis, which requires specialized equipment and skills.

Due to the need to ensure the compliance of the
phytosanitary state of Russian grain products with the
requirements of importing countries, a study was car-
ried out to develop PCR methods for the identification
of X. translucens.

MATERIALS AND METHODS

One of the main and most difficult tasks in the deve-
lopment of diagnostic methods based on polymerase
chain reaction (PCR) was the search for a nucleotide
sequence corresponding to a region of the Xanthomo-
nas translucens genome and suitable for its use as a PCR
target.

To search for targets, we used annotated proteins
corresponding to the coding sequences of 10 genomic

Table 1

Phytosanitary status of pathovars
Xanthomonas translucens for countries
importing Russian grain products

Name Importing Phytosanitary
of bacteria country status
Xanthomonas  Egypt Absent quarantine
translucens pv. . organism
P¥" Chile 8
translucens
Jordan Limitedly present
uarantine organism
Turkey q g
Morocco Quarantine organism
Tunisia
Nigeria Prohibited from
import into Nigeria
Xanthomonas  South Africa Absent quarantine
translucens pv. . organism
ucens Brazil g
graminis
Israel Quarantine organism
Egypt Included in the
phytosanitary
requirements
of Egypt
Xanthomonas  Mexico Quarantine
translucens pv. organism
cerealis
Xanthomonas  Nigeria Quarantine
translucens pv. organism

undulosa
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Tao6auna 2

T'eHOMHbBIE COOPKU ITAMMOB Xanthomonas translucens
n3 NCBI RefSeq, ucrnoib30BaHHbIE JIJIsI TOMCKA MUIIIEHEH

N¢ MWcnoJib30BaHHBIE N¢ VicnoJib30BaHHBIE
/1 TeHOMHbIE c6opku IllTamMm

I/ TeHOMHbIe c6opku  IllTaMm

assemblies of the target bacte-
rium — Xanthomonas translucens
(Table 2) — and 161 genomic as-
semblies of 25 other (non-target)
species of bacteria of the genus
Xanthomonas, not belonging to
the species Xanthomonas transiu-

GCF_000313775.1  ART-Xtg29 6 GCF_001269865.1 CFBP 2053

cens (Table 3) loaded from NCBI

GCF_000331775.1 DSM 18974 7 GCF_001282765.1 LMG728

GenBank in March 2020.
The most available set of

Xanthomonas translucens genomic

GCF_000807145.1 CFBP2541 9 GCF_001282885.1 LMG730

assemblies presented in Table 2
was used to search for genome re-

1
2
3  GCF_000334075.1 DAR61454 8 GCF_001282805.1 LMG727
4
5

GCF_001021935.1  Xtu 4699

10 GCF_001455815.1 XT123

gions identical in all assemblies of

OnucaHve WTaMMOB, yKa3aHHbIX B Tabnuue 2,

[OCTynHo no ccbinke: https://www.ncbi.nlm.nih.gov/nuccore/.

Table 2

Genomic assemblies of Xanthomonas translucens strains

from NCBI RefSeq used for target search

Genomic

Genomic
N2 assemblies used Strain N2 assemblies used

the target bacterium. A set of ge-
nomic assemblies of non-target
bacteria of the genus Xanthomo-
nas was used to assess the le-
vel of identity of selected target
genes for Xanthomonas translucens
among closely related bacteria.
Sets of protein sequences
for each of the assemblies were
labeled according to the species

Strain and strain and then clustered

GCF_000313775.1  ART-Xtg29 6 GCF_001269865.1 CFBP 2053

using the CD-HIT program (ver-

GCF_000331775.1 DSM 18974 7  GCF_001282765.1 LMG728

sion 4.1), which groups the se-
quences according to a given

GCF_000334075.1 DAR61454 8 GCF 001282805.1 LMG727 identity threshold using short

GCF_000807145.1 CFBP2541 9 GCF_001282885.1 LMG730

subsequences (k-mer). The pre-
determined identity threshold

g |~ | W |DN |

GCF_001021935.1  Xtu 4699 10 GCF_001455815.1 XT123

was 70%. The specified thresh-
old for the permissible length of

The description of the strains indicated in Table 2
is available here: https://www.ncbi.nlm.nih.gov/nuccore/.

COOTBETCTBYIOIEH ydyacTKy reHoma Xanthomonas
translucens v IOAXOASIIEN 1] €€ UCIIOJIb30BaHMS B Ka-
yecTBe [TIIP-MuIeHu.

Ils roricka MuIieHe UCII0JIb30BaJI aHHOTUPO-
BaHHbBIE GEJIKYM, COOTBETCTBYIOIIE KOMUPYIOIIUM I10-
cjiemoBaTebHOCTIM 10 TeHOMHBIX COOPOK IIeJIeBOH
GakTepuu — Xanthomonas translucens (ta6a. 2) — u 161
TeHOMHOI c60PKU 25 Npyrux (HelesieBbIX) BUILOB OaK-
Tepult poga Xanthomonas, He IPUHAIJIEXKAUUX BULY
Xanthomonas translucens (Tadi. 3), 3arpy’>KEHHBIM U3
NCBI GenBank B mapTte 2020 T.

MaKCcuMaJIbHO JOCTYITHYI BBIGOPKY r€HOMHBIX
c6opok Xanthomonas translucens, IpeAcTaBIeHHbBIX
B Tabsuile 2, UCIIOJIb30BAJIM JIJIST TIOMCKA YUYACTKOB Te-
HOMa, UIEHTUYHOTO y BCeX CO0POK I1eJIeBOM 6aKTepUH.
BbIGOPKY T€HOMHBIX COOPOK HElleJeBBhIX 6aKkTepui
poia Xanthomonas UCIIOJIb30BaIU IJisI OIleHKY YPOB-
HS UJAEHTUYHOCTY BbIOpPAaHHBIX I'€HOB-MUIIEHEH IJIs
Xanthomonas translucens cpenu 6J13KOPOICTBEHHBIX
6aKTepui.

HabGopb! 6eJIKOBBIX ITOCJIEIOBATEIbHOCTEN IS
Ka)xJIo¥ 13 c60pOK ImoMevajii B COOTBETCTBUU C BU-
JIOM 1 IITaMMOM U 3aT€M KJIaCTePHU30BAJIH C IIOMOIIIbIO
nporpamMmmbl CD-HIT (version 4.1), npousBogsaiei
TPYIIIMPOBKY TIOCIEN0BATEIbHOCTEN I10 3aJaHHOMY
TTOPOTY UJAEHTUYHOCTHU C UCITOJIb30BAHUEM KOPOTKUX
nopmnociaenoBaresibHocTe (k-mer). 3amgaHHBIN II0-
POT UAEHTUYHOCTU coCcTaBmJ 70%. 3aJlaHHBIA ITOPOT
JIOMIYCTUMOM IJIUHBI TIOCJEL0BATENbHOCTH, TPYIIIIN-
pymomielicsa B KJlacTep, cCOCTaBUJI He MeHee 80% OT

a sequence grouped into a clus-

ter was at least 80% of the longest

sequence in a cluster. The used

length of k-mer, based on the co-
incidence of which the degree of similarity of the two
sequences in the alignment process is measured, was
5 amino acid residues.

Using a Python script, from the obtained sets of pro-
tein clusters, we identified those clusters that contained
only protein sequences of Xanthomonas translucens and
did not contain protein sequences of other analyzed
bacterial species. Clusters of Xanthomonas translucens
protein sequences not found in other analyzed species
were compared with a database of known protein se-
quences (nr) using the BLASTP program to assess their
specificity for Xanthomonas translucens. Proteins with high
(>70% identity) similarity with proteins of other bacterial
species not previously included in the analysis, as well as
sequences less than 100 amino acid residues in length,
were excluded from the analysis. Protein sequences that
showed strong variability within the Xanthomonas trans-
lucens species were also excluded, as not suitable for the
development of universal species markers.

Nucleotide sequences of the genes encoding pro-
teins from clusters specific for Xanthomonas translucens
were used to design primers.

The primers were selected using the Primer-BLAST
program (https:/www.ncbi.nlm.nih.gov/tools/primer-
blast, 2021). Among the parameters for the selection of
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HauGoee IJIMHHOM rocefoBa-  TaGuauua 3
TeJIbHOCTU KJjacTepa. Mcroiib-
3yeMas JJuHa k-mer, Ha OCHO-

Buabl 6aKTepuii poga Xanthomonas v KOJINUECTBO

Bamum cosmageHus xoropex MX FEHOMHBIX c60pok u3 NCBI RefSeq, ucrnonb3oBaHHBIX
u3MepseTcsa cTeleHb cxoncTtBa AJIA IIOMCKA MUIIIEHEU

IBYX TIOCJIefOBATeJIbHOCTEeMU Kousu- Kosu-
B IIPOIleCCe BBIPABHUBAHUS, CO- N2 yecTBO N2 YecTBO
cTaBjsgia 5 aMUHOKKUCIOTHBIX m/m Bup, c6opok 1/m Bup c6opoK
OCTaTKOB. . o
C HCIIOMbBOBAHIEM CKDHTI- 1  Xanthomonas albilineans 10 14 Xanthomonas hyacinthi 2

Ta Ha fA3bIKe Python u3 moxy- 2  Xanthomonas axonopodis 10 15 Xanthomonas maltophilia 10
YEeHHBIX H B KOBBIX . )

© abopos Geiko 3 Xanthomonas arboricola 10 16 Xanthomonas melonis 3
KJIACTEPOB HAEHTUDUIIUPO-
BajJu Te KJacTepbl, KoTopele 4  Xanthomonasbromi 2 17 Xanthomonas oryzae 10
COLepXKaJK TONBKO OENKOBBIE 5 xunthomonas campestris 10 18 Xanthomonas phaseoli 10
TIOCJIeI0BaTeIbHOCTY Xanthomo- —
nas translucens u He conepxamu ©  Xanthomonas cassavae 1 19 Xanthomonas pisi 2
GenKkoBble [TOCNEN0BATENIBHOCTA 7 Xanthomonas citri 10 20 Xanthomonas populi 3
IPYTUX aHATU3UPYEMbIX BUIOB . )
GakTepuii. KiacTepsl GeKo- 8  Xanthomonas codiaet 1 21 Xanthomonas prunicola 3
BBIX IoOcJeloBaTeJdbHocTel 9  Xanthomonascucurbitae 2 22 Xanthomonas sacchari 7
Xanthomonas translucens, e 06- 10 Xanthomonas dyei 3 23 Xanthomonas theicola 2
Hapy>XeHHBIX y APYTUX aHAJIU-
3UpyeMbIX BUIOB, cpaBHuBanu 11 Xanthomonas euvesicatoria 10 24 Xanthomonas vasicola 10
¢ 6a30il M3BECTHBIX GENKOBBIX 12  Xanthomonas fragariae 10 25 Xanthomonas vesicatoria 10
[ocJjiefoBaTeJIbHOCTEH (Nr) € I10-

13 Xanthomonas hortorum 10

Moubl nporpamMmbel BLASTP

IIJIST OLIEHKY UX CIenupUUHO-
ctu fas Xanthomonas translucens.  Table 3
V3 aHanu3a uckjw4danu 6es-
KU, uMeronue Bbicokoe (>70%

Bacteria species of the genus Xanthomonas and the number

unentuunoctu) cxoxzcrso Of their genomic assemblies from NCBI RefSeq used

¢ 6enkamu npyrux 6axrepu- 10 search for targets

aJNbHbIX BUJIOB, paHee He BKJIO- Number Number
YeHHBIX B aHAJNM3, a TaKXe of assem- of assem-
[I0CJIe/J0BATENbHOCTY JJINHOA N Species blies N2 Species blies
MeHee 100 aMUHOKMCJIOTHBIX . T
ocTaTKOB. Tamxke mckmmouanu L Xanthomonas albilineans 10 14 Xanthomonas hyacinthi 2
6eJIKOBBIE IIOCJENO0BaTeNbHO- 2  Xanthomonas axonopodis 10 15 Xanthomonas maltophilia 10
CTH, TIOKASABIINE CHIBHYIO BA™ g 3o inomonas arboricola 10 16 Xanthomonas melonis 3
pruabesbHOCTb B paMKax BUIA
Xanthomonas translucens, kaxk ue 4  Xanthomonas bromi 2 17 Xanthomonas oryzae 10
MoAXOAAmUe AN PaspaboTKU 5 xunthomonas campestris 10 18 Xanthomonas phaseoli 10
YHUBEPCAJNbHBIX BUIOBBIX Map- —
KEpOB. 6  Xanthomonas cassavae 1 19 Xanthomonas pisi 2

HykneoTunHble IOCTENOBA- 7  Xanthomonas citri 10 20 Xanthomonas populi 3
TEJIbHOCTY T'€HOB, KOJUPYIOIINX . ;

AEpYIom 8  Xanthomonas codiaei 1 21 Xanthomonas prunicola 3

6eJIKY 13 KJIaCTePOB, crieruduy-
HBIX 0Jig Xanthomonas translucens, 9  Xanthomonas cucurbitae 2 22 Xanthomonas sacchari 7
HCH(EHBBOBMH AJsL paspaboTku 10 Xanthomonas dyei 3 23 Xanthomonas theicola 2
IpariMepoB.

MlpafiMepsl mop6upanu 11 Xanthomonas euvesicatoria 10 24 Xanthomonas vasicola 10
C MCIIOJIb30BaHWEM IIPOrpPaM- 12 Xanthomonasfragariae 10 25 Xanthomonas vesicatoria 10
MbI Primer-BLAST (https:/www.

13 Xanthomonas hortorum 10

nchi.nlm.nih.gov/tools/primer-
blast, 2021). Cpenu mapame-
TPOB MJis IMojbopa ImpariMepoB
cJielyeT OTMETUTh OTPaHWUYEHUEe IJIMHBI TPOAYKTA
amrutugukanuy 1000 11. 0., YTO CBSI3aHO C METOLUKOHN
1 060pyIOBaHUEM, UCITOJIb3YEMBIMY B PAMKaX JJAHHO-
r'0 UCCIeN0BaHUSA IJIs TIOCTIEYIOIIEero aHaln3a moJy-
yeHHoro ITIP-tipoaykTa. [IpaitMepbl CUHTE3WPOBAIYU
B 3A0 «EBporen» (Poccus).

Amnpob6amuio mpaiMepoB mpoBomuiau ¢ JHK
6aKTepUaJbHBIX IMITAMMOB, IPUHALJIEKAIUX POIY
Xanthomonas, B ToM uucjie Xanthomonas translu-
cens (Tabu. 4).

the primers, the limitation of the length of the amplifi-
cation product to 1000 bp should be noted, which is as-
sociated with the technique and equipment used in this
study for the subsequent analysis of the obtained PCR
product. Primers were synthesized at “Evrogen” (Russia).
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Ta6auia 4

Buabl 6aKTepuii poga Xanthomonas, NCII0JIb30BaAHHbBIE

IJI IIpOBepKH cnenuuuuoctu meToaos I[P

Ne N¢ mramma B KoJuteknuu IIpoucxoxkaeHue, N2 mTaMmma
n/m HasBaHue GaKTEpPUH PdI'BY «BHUUKP» B JIPYTUX KOJUIEKIUAX (IPYU HAJTUUKNH)
1 Xanthomonas campestris pv. raphani 0148 NCPPB 1946

2 Xanthomonas arboricola pv. pruni 0149 AOBC PPSCD

3 Xanthomonas campestris pv. campestris 0226 Brassica oleracea

4 Xanthomonas oryzae 0227 NCPPB 3002

5 Xanthomonas campestris pv. campestris 0228 Brassica oleracea

6 Xanthomonas campestris pv. campestris 0230 Brassica oleracea

7 Xanthomonas campestris pv. campestris ~ 0232 Brassica oleracea

8 Xanthomonas campestris pv. campestris ~ 0234 Brassica oleracea

9 Xanthomonas translucens 0337 DSMZ 18974

10 Xanthomonas euvesicatoria 0338 DSMZ 19128

11 Xanthomonas perforans 0343 DSMZ 18975

12 Xanthomonas gardneri 0344 DSMZ 19127

13 Xanthomonas fragariae 0345 NIB Z125

14 Xanthomonas fragariae 0346 NIB Z126

15 Xanthomonas fragariae 0347 NIB Z127

16 Xanthomonas sp. 0348 NIB Z128

17 Xanthomonas sp. 0373 Allium cepa

18 Xanthomonas vesicatoria 0374 DSMZ 22252

19 Xanthomonas sp. 0375 Vicia

20 Xanthomonas oryzae pv. oryzicola 0376 CFBP 2286

21 Xanthomonas axonopodis pv. allii 0377 CFBP 6107

22 Xanthomonas axonopodis pv. phaseoli 0386 CFBP 2534

23 Xanthomonas sp. 0394 Trifolium

24 Xanthomonas sp. 0399 Phaseolus vulgaris

25 Xanthomonas axonopodis pv. phaseoli 0400 Phaseolus vulgaris

26 Xanthomonas gardneri 0404 Solanum lycopersicum
27 Xanthomonas vesicatoria 0405 Solanum lycopersicum
28 Xanthomonas campestris 0406 Brassica oleracea

29 Xanthomonas axonopodis pv. allii 0419 CFBP 6369

30 Xanthomonas axonopodis pv. axonopodis 0420 CFBP 5141

31 Xanthomonas phaseoli 0426 Trifolium

32 Xanthomonas phaseoli 0427 Phaseolus vulgaris

33 Xanthomonas hyacinthi 0446 CFBP 1156

34 Xanthomonas arboricola 0473 DSMZ 50854

35! Xanthomonas citri pv. glycines 0483 CFBP 2526

DSMZ - HeMeLkasa KONNeKUMs MUKPOOPraHM3MOB M KNETOUHbIX KyNnbTyp, Accoumaums JlenbHuua, lfepManus;
AOBC PPSCD - konnekuwus ¢utonatoreHoB nabopatopun baktepmnonormm CenbCKOX0o3sCTBEHHON CTaHLMM

o 3alLuTe pacTeHnin 1 oxpaHe nous obnactu bapaHbs, r. Mey, BeHrpusa; NCPPB — HaumoHanbHas Konnekums
thUTONaTOreHHbIX 6akTepwil, r. Mopk, Bennkobputanus; CFBP — MexayHapoaHbli LeHTp MUKPOBHBIX pecypcos
(CIRM-CFBP); NIB — HauumoHanbHbI UHCTUTYT Gruonorum, r. JllobnaHa, CrnoeeHus.
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Table 4
Bacteria species of the genus Xanthomonas used to test the specificity
of PCR methods

Strain N2 in the collection Origin, strain N2 in other collections
Ne Name of bacteria of FGBU “VNIIKR” (if present)
1 Xanthomonas campestris pv. raphani 0148 NCPPB 1946
2 Xanthomonas arboricola pv. pruni 0149 AOBC PPSCD
2 Xanthomonas campestris pv. campestris 0226 Brassica oleracea
4 Xanthomonas oryzae 0227 NCPPB 3002
5 Xanthomonas campestris pv. campestris 0228 Brassica oleracea
6 Xanthomonas campestris pv. campestris 0230 Brassica oleracea
7 Xanthomonas campestris pv. campestris 0232 Brassica oleracea
8 Xanthomonas campestris pv. campestris 0234 Brassica oleracea
9 Xanthomonas translucens 0337 DSMZ 18974
10 Xanthomonas euvesicatoria 0338 DSMZ 19128
11 Xanthomonas perforans 0343 DSMZ 18975
12 Xanthomonas gardneri 0344 DSMZ 19127
i3 Xanthomonas fragariae 0345 NIB Z125
14 Xanthomonas fragariae 0346 NIB 2126
15 Xanthomonas fragariae 0347 NIB 72127
16 Xanthomonas sp. 0348 NIB 2128
17 Xanthomonas sp. 0373 Allium cepa
18 Xanthomonas vesicatoria 0374 DSMZ 22252
19 Xanthomonas sp. 0375 Vicia
20 Xanthomonas oryzae pv. oryzicola 0376 CFBP 2286
21 Xanthomonas axonopodis pv. allii 0377 CFBP 6107
22 Xanthomonas axonopodis pv. phaseoli 0386 CFBP 2534
23 Xanthomonas sp. 0394 Trifolium
24 Xanthomonas sp. 0399 Phaseolus vulgaris
25 Xanthomonas axonopodis pv. phaseoli 0400 Phaseolus vulgaris
26 Xanthomonas gardneri 0404 Solanum lycopersicum
27 Xanthomonas vesicatoria 0405 Solanum lycopersicum
28 Xanthomonas campestris 0406 Brassica oleracea
29 Xanthomonas axonopodis pv. allii 0419 CFBP 6369
30 Xanthomonas axonopodis pv. axonopodis 0420 CFBP 5141
31 Xanthomonas phaseoli 0426 Trifolium
32 Xanthomonas phaseoli 0427 Phaseolus vulgaris
33 Xanthomonas hyacinthi 0446 CFBP 1156
34 Xanthomonas arboricola 0473 DSMZ 50854
28] Xanthomonas citri pv. glycines 0483 CFBP 2526

DSMZ - German Collection of Microorganisms and Cell Cultures, Leibniz Association, Germany; AOBC PPSCD -
collection of phytopathogens of the bacteriology laboratory of the Agricultural Station for Plant Protection and Soil
Protection, Baranja Region, Pecs, Hungary; NCPPB — National Collection of Phytopathogenic Bacteria, York, UK;
CFBP - International Center for Microbial Resources (CIRM-CFBP);
NIB — National Institute of Biology, Ljubljana, Slovenia.
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Ilnsg arrpobaliyy ImpalMepoB IIPOBOAMIIN aMILIN-
GUKaLUI0 CO CIENYIOIIUM TEMIEPATYPHBIM PEXU-
MOM: HauaJibHad JeHaTypauusd — 5 MuH. npu 95 °C;
3aTeM 40 nukJjaoB: 95°C—-30c¢., 60°C-30c.m 72 °C —
60 c.; buHanbHag 3JoHTaN g — 7 MuH. npu 72 °C.
CocTaB peakIMoHHOU cMecu: 75-100 HT 6aKTepu-
anpHOM OHK, mpsaMo¥ um o6paTHBIN IpaliMepsl B KO-
HeYHOU KOoHIeHTpanuu 0,4 MUKPOMOJIS, 5 MKJI H,0,
5 MKJI MacTep-Mukca ScreenMix-HS (IIpousBoOAUTENb
3A0 «EBporen», Poccus). AMIiInduKaiiuio IpoBo-
IUIA B 2-KPaTHOM MMOBTOPHOCTU. PeaynbraTsl I1LIP
BU3yaJau3upoBanau B 1,5%-M arapo3HoM reje, okpa-
IIEHHOM GPOMUCTBIM dTUAUEM. s ITIP-npoayKToB
nauHoi 200 11. 0. u 60oJiee OIIPelessayu HyKJIeOTUIHYTO
IOCJIeN0BaTEeJIbHOCTh HA TeHETUUYECKOM aHaJIu3aTope
Appled Biosystems 3500. AHaJIn3 HYKJIEOTULHBIX T10-
CJIeIOBaTEIbHOCTEM ITPOBOIMIIY C TIOMOIIBIO ITPOTPaM-
MbI BioEdit (Hall T., 1999).

PE3VJIBTATBI U OBCYXKJOEHHNE

B pesynbTaTe kjacTepusanuu 667 416 6eKOBBIX
MIOCJIEOBATEIbHOCTEN, COOTBETCTBYWOIINX TeHaM
u3 171 reHOMHOU c6opku 26 BUAOB GaKTepuUH, MMO-
ayuunsiu 42 570 KJacTepPoOB, copepXalwux oT 1 1o
343 aMUHOKUCJIOTHBIX IIOCJIe[OBATEJIbHOCTEH. VI3 HUX
55 KJIacTepOB BKJIIOUAJY B cebs1 6esiku Bcex 10 mmpo-
aHaJIU3UPOBAHHBIX cO6OpoK Xanthomonas translucens
¥ He BKJIIOYAJIU B cebs 6eku Apyrux BumoB. [Tocie
GunabTpaIy MoCJeN0BaTEIbHOCTEH 110 YCTaHOBJIEH-
HBIM KPUTEPUSIM CIIeIIN(PUUHOCTH, AJHUHBI U Bapura-
GenbHOCTH (CM. pasmest «MaTepuaibl 1 METOIbI») OTO-
GpaJiy IocyieOBaTEIbHOCTY 6 TeHOB (TabJ. 5).

YKasaHHbBIE IT0CJIe0BATEIbHOCTY UCIIOJIb30BaIU
ILJ1s pa3paboTKy IIpaiMepoB. [Jis KaXkIol u3 6 moce-
JloBaTeJIbHOCTEM TTomobpasty oT 1 1o 3 map mpariMepos.
Bcero nomobpasiu 12 rmap npaiMepos.

PesynbraTs [1L[P, TpoBeeHHOM C KX 0U 13 ITap
npaMepoB s 35 6akTepult poma Xanthomonas, 3a-
HOCuUJIU B Tabsuuy 6. Pesynbrat [P cunTanu noJo-
SKUTEJIbHBIM MTPYU HAJIMYUY TTPOAYKTA aMILIu(UKAI[UY,
pasMep KOTOPOTr'0 COOTBETCTBOBAJ OXKULAEMOMY JIJIs
mramMmMma 0337 Xanthomonas translucens (IOJI0XKUTEIIb-
HBIN KOHTPOJIb); B 3TOM CJIydae B TabJIuIle YKa3bIBaIU
pasMep OpoAyKTa aMmaupuKaiuu. [Ipu HAJTUIYUUN
KaKoro-Jinbo MPoAyKTa aMIIMpUKaIuY, pa3Mep KO-
TOPOTO OTJINYAJICS OT KOHTPOJIS, B TAGIUILY 3aHOCUIIU
IpUOGIN3UTENbHYIO AJUHY IIOJIYYeHHOT0 (hparMeHTa.

Pesynbrart [LIP cynTaau OTPUIIATETbHBIM (—) TIPU
OTCYTCTBUU KaKOT0-JIMOO0 ITPOAYKTA aMILIU(PUKALINY,
BKJIIOUas HecIlelu(pUUIHbIE TPOAYKTHI PeaKIUuy U IU-
MEepPHI.

PesynbratT I[P cuuTanm HeJLOCTOBEPHBIM (n/a)
IpY HAJIMYUY HeCTTeU(PUIHBIX ITPOLYKTOB PeaKIUU.
[Mpu Haguuuu [NLIP-TIpoAyKTa TOIbKO OOHOU AJIMHBI
B TAGJIUILY 6 3aHOCUJIN CBEJIEHUS O Pa3Mepe IIPOJyKTa.

B xoze paboTsl co BceMm 12 rapaMu ImpaiiMepoB 06-
Pa30BBIBAJIUCH MPOJYKTHI OXKUIA€MOU AJIUHBI TIPU WC-
I0JIb30BaHUM B KauecTBe MaTpuilbl JHK mramma 0337
Xanthomonas translucens. 1yis Bcex 12 T P-TIpOIyKTOB
OBLIIN OTIpejieJieHbl HYKJIEOTUIHbBIE ITOCJIe0BaTeb-
HOCTH, KOTOPBIE ObLIY MIEHTUYHBI [I0CJIEN0BAaTEIbHOC-
M Xanthomonas translucens, aHHOTMPOBAaHHBIM B 6a3e
nanHbIX NCBI, Ha 94,29-99,81%, nipu MIKPUHE TOKPHI-
g 95-99%. ITpatimepsr 3F3/3R3, 3F5/3R5, 3F9/3R9,
4F3/4R3, 5F3/5R3 1 6F6/6R6 moka3aau HU3KYIO CIIelu-
¢uyHOCTb. [IJIsI BUIOBOM UAeHTUDUKAIINY Xanthomonas
translucens moxkasaHa BO3MOXXHOCTb IIPHMMEHEHUS

The primers were tested with DNA of bacterial
strains belonging to the genus Xanthomonas, including
Xanthomonas translucens (Table 4).

To test the primers, amplification was carried out
with the following temperature regime: initial denatu-
ration — 5 min. at 95 °C; then 40 cycles: 95 °C — 30 sec.,
60 °C — 30 sec. and 72 °C - 60 s.; final elongation —
7 min. at 72 °C. The composition of the reaction mix-
ture: 75-100 ng of bacterial DNA, forward and reverse
primers at a final concentration of 0.4 micromolar, 5 ul
of H20, 5 ul of the ScreenMix-HS master mix (manu-
factured by “Evrogen”, Russia). Amplification was per-
formed in duplicate. The PCR results were visualized
on a 1.5% agarose gel stained with ethidium bromide.
For PCR products with a length of 200 bp. and more,
the nucleotide sequence was determined using the Ap-
pled Biosystems 3500 genetic analyzer. The analysis of
nucleotide sequences was performed using the BioEdit
program (Hall T., 1999).

RESULTS AND DISCUSSION

As a result of clustering 667 416 protein sequences cor-
responding to genes from 171 genomic assemblies of
26 bacterial species, 42 570 clusters containing from 1
to 343 amino acid sequences were obtained. Of these,
55 clusters included proteins from all 10 analyzed as-
semblies of Xanthomonas translucens and did not include
proteins from other species. After filtering the sequences
according to the established criteria of specificity, length
and variability (see the Materials and Methods section),
the sequences of 6 genes were selected (Table 5).

These sequences were used to design primers. For
each of the 6 sequences, from 1 to 3 pairs of primers were
selected. A total of 12 pairs of primers were selected.

The results of PCR carried out with each of the
primer pairs for 35 bacteria of the genus Xanthomonas,
were entered in table 6. The result of PCR was conside-
red positive in the presence of an amplification pro-
duct, the size of which corresponded to that expected
for strain 0337 Xanthomonas translucens (positive con-
trol); in this case, the table indicated the size of the am-
plification product. In the presence of any amplification
product, the size of which differed from the control, the
approximate length of the obtained fragment was en-
tered in the table.

The PCR result was considered negative (-) in the
absence of any amplification product, including non-
specific reaction products and dimers.

The PCR result was considered unreliable (n/a) in
the presence of nonspecific reaction products. In the
presence of a PCR product of only one length, informa-
tion about the size of the product was entered in Table 6.

In the course of work with all 12 pairs of primers,
products of the expected length were formed using the
DNA of strain 0337 Xanthomonas translucens as a tem-
plate. For all 12 PCR products, nucleotide sequences
were determined that were identical to the sequen-
ces of Xanthomonas translucens, annotated in the NCBI
database, by 94.29-99.81%, with a coverage width of
95-99%. Primers 3F3/3R3, 3F5/3R5, 3F9/3R9, 4F3/4R3,
5F3/5R3, and 6F6/6R6 showed low specificity. For
the species identification of Xanthomonas translucens,
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npadimepoB 1F8/1R8, 1F10/1R10, 4F1/4R1, 5F6/5R6
u 6F10/6R10 (cM. pucyHok). C JaHHBIMU TIpaiiMe-
pamu ¢ JIHK Xanthomonas translucens CUHTe3UPyeTCS
1 INIP-nIpoLyKT oxuzaemMoro pasmepa. Ho mHanuuue
[LIP-TTpOAyKTOB, 06pa3yIoIIyXCcs B X0/le aMIIn(UKa-
unu JHK gpyrux BULOB OPTaHU3MOB, XOTh U OTJINYAI0-
IIUXCS 110 pa3Mepy oT Xanthomonas translucens, TpebyeT
OITVMU3AIINY YCJIOBU TTITP.

Ta6uuiia 5

the possibility of using primers 1F8/1R8, 1F10/1R10,
4F1/4R1, 5F6/5R6 and 6F10/6R10 has been shown (see
figure). With these primers, 1 PCR product of the expec-
ted size is synthesized with Xanthomonas translucens DNA.
But the presence of PCR products formed during the am-
plification of DNA from other species of organisms, al-
though they differ in size from Xanthomonas transiucens,
requires optimization of the PCR conditions.

HykJjieoTUgHbIE I10CJI€0BAaTEJILHOCTHU I'€HOB, MCII0JIb30BaHHbIE IJId no,uﬁopa npaﬁmepOB

N¢ ITociepoBaTesbHOCTh KoopauuaTsl Kopaupyemblit

n/u NCBI Nucleotide reHa 0eJIoK

Ha3sBa- Jauna ITIP-
AHHOTaLUSA HUA nmap IPOAyYKTA,
KoAMpyeMoro 6ejika TIpaiiMepoB II. O.

1 NZ_FLTU01000142.1 6002-8863 WP_039956369.1

2 FLTU01000085.1

5245-7368 WP_009581062.1

3 NZ_FLTU01000009.1 ¢3500-2202 WP _039955267.1

DUF5110 domain- 1F8/1R8 711
containing protein 1F10/1IR10 379
TonB-dependent 2F6/2R6 759
siderophore receptor

nucleoside hydrolase 3F3/3R3 246

3F5/3R5 209
3F9/3R9 869

4  NZ_LHSIO1000001.1 2522179-

WP_009581060.1

ATP-grasp domain- 4F1/4R1 503

2523426 containing protein AF3/4R3 904

5 NZ_ANGGO01000457.1 10914-12119 WP_009598496.1 aldose 1-epimerase  5F3/5R3 200
family protein 5F6/5R6 424

6 NZ_ANGGO01000136.1 c4667-3489 WP_009581057.1 MFS transporter 6F6/6R6 970

6F10/6R10 663

Table 5

Nucleotide sequences of genes used for the selection of primers

Sequence NCBI Gene Encoded
N2 Nucleotide coordinates protein

Length
Annotation Primer of the PCR
of the encoded protein pair names product, bp

1 NZ_FLTU01000142.1 6002-8863 WP_039956369.1

DUF5110 domain- 1F8/1R8 711
containing protein 1F10/1R10 379

2 FLTU01000085.1

5245-7368 WP_009581062.1

TonB-dependent 2F6/2R6 759
siderophore receptor

3 NZ_FLTU01000009.1 ¢3500-2202 WP_039955267.1

nucleoside hydrolase 3F3/3R3 246
3F5/3R5 209
3F9/3R9 869

4 NZ_LHSIO1000001.1 2522179-
2523426

WP_009581060.1

4F1/4R1 503
4F3/4R3 904

ATP-grasp domain-
containing protein

5 NZ_ANGG01000457.1 10914-12119 WP_009598496.1

aldose 1-epimerase 5F3/5R3 200
family protein 5F6/5R6 424

6 NZ_ANGG01000136.1 c4667-3489 WP_009581057.1

MFS transporter 6F6/6R6 970
6F10/6R10 663
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Ta6auiia 6

PesyabTraTsl ITLP ¢ 35 mTaMmMaMu 6aKTepuii poga Xanthomonas
JLJISI KasKI0M maphl MpaiiMepoB

ITapa npaiiMepoB

1F8 1F10 2F6 3F3 3F5 3F9 4F1 4F3 5F3 5F6 6F6 6F10

1R8 1R10 2R6 3R3 3R5 3R9 4R1 4R3 5R3 5R6 6R6 6R10

Pesynsbrart IIIP: pa3mep hparmeHTa ammiuukanuu,
IITaMm 1. 0. (IpU HAJIMYKMHK) / OTPULIATEJIbHO (-) / HegocToBepHO (n/a)
0148 - - n/a - - n/a n/a 240 - - n/a n/a
0149 - - n/a - - n/a - - - - n/a -
0226 - - n/a - 1120 1150 n/a 240 - - n/a n/a
0227 - - - - - - - - - - - -
0228 = = n/a = 1120 1150 - 240 = = n/a =
0230 - - n/a - 1120 1150 - 240 - - n/a n/a
0232 - - n/a - n/a 1150 - 240 - - n/a n/a
0234 - - n/a - - 1150 - 240 - - n/a n/a
0337 711 379 759 869 209 246 503 904 424 200 1050 663
0338 - - n/a 869 - n/a - - n/a - 470 -
0343 = n/a n/a 869 1300 n/a = 470 1220 - 470 =
0344 - - n/a 869 1300 n/a - 470 n/a - 470 -
0345 260 = n/a 869 = = = = n/a n/a n/a =
0346 260 - n/a 869 - - - - n/a n/a n/a -
0347 260 = n/a 869 = = = = n/a n/a n/a =
0348 260 - n/a 869 - n/a - - n/a n/a n/a -
0373 = = n/a n/a = = = = = = n/a =
0374 - n/a n/a 800 - - - n/a - - - n/a
0375 - - n/a n/a 1120 - - - n/a - - n/a
0376 - - n/a 869 - n/a 1200 n/a 1400 - n/a n/a
0377 - - n/a 869 - n/a n/a n/a n/a - n/a n/a
0386 - - n/a 869 n/a n/a - n/a - - n/a -
0394 - - n/a n/a 400 n/a - n/a 1400 - n/a n/a
0399 - - n/a 869 - n/a n/a - 1120 - - -
0400 - - n/a 869 n/a n/a - - 1120 - - -
0404 - - n/a - - - - - - - n/a -
0405 - - n/a n/a n/a n/a - n/a - - n/a n/a
0406 - - n/a n/a n/a 1150 - 240 1120 - n/a -
0419 - - n/a n/a - - - n/a - - n/a -
0420 - - n/a 869 1300 1150 - n/a 1340 - n/a n/a
0426 - - n/a - - - - - - - n/a -
0427 - - n/a n/a - 1150 - - - n/a n/a -
0446 - - n/a - - - - - - - n/a n/a
0473 - - n/a n/a - n/a n/a n/a 1120 - n/a -
0483 = n/a n/a n/a = n/a = = = = n/a =
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Table 6

PCR results with 35 strains of bacteria of the genus Xanthomonas
for each pair of primers

Pair of primers

1F8 1F10 2F6 3F3 3F5 3F9 4F1 4F3 5F3 5F6 6F6 6F10

1R8 1R10 2R6 3R3 3R5 3R9 4R1 4R3 5R3 5R6 6R6 6R10

PCR result: size of the amplification fragment,
Strain bp (if any) / negative (-) / unreliable (n/a)
0148 - - n/a - - n/a n/a 240 - - n/a n/a
0149 - - n/a - - n/a - - - - n/a -
0226 - - n/a - 1120 1150 n/a 240 - - n/a n/a
0227 - - - - - - - - - - - -
0228 = = n/a = 1120 1150 - 240 = = n/a =
0230 - - n/a - 1120 1150 - 240 - - n/a n/a
0232 - - n/a - n/a 1150 - 240 - - n/a n/a
0234 - - n/a - - 1150 - 240 - - n/a n/a
0337 711 379 759 869 209 246 503 904 424 200 1050 663
0338 - - n/a 869 - n/a - - n/a - 470 -
0343 = n/a n/a 869 1300 n/a = 470 1220 - 470 =
0344 - - n/a 869 1300 n/a - 470 n/a - 470 -
0345 260 = n/a 869 = = = = n/a n/a n/a =
0346 260 - n/a 869 - - - - n/a n/a n/a -
0347 260 = n/a 869 = = = = n/a n/a n/a =
0348 260 - n/a 869 - n/a - - n/a n/a n/a -
0373 = = n/a n/a = = = = = = n/a =
0374 - n/a n/a 800 - - - n/a - - - n/a
0375 - - n/a n/a 1120 - - - n/a - - n/a
0376 - - n/a 869 - n/a 1200 n/a 1400 - n/a n/a
0377 - - n/a 869 - n/a n/a n/a n/a - n/a n/a
0386 - - n/a 869 n/a n/a - n/a - - n/a -
0394 - - n/a n/a 400 n/a - n/a 1400 - n/a n/a
0399 - - n/a 869 - n/a n/a - 1120 - - -
0400 - - n/a 869 n/a n/a - - 1120 - - -
0404 - - n/a - - - - - - - n/a -
0405 - - n/a n/a n/a n/a - n/a - - n/a n/a
0406 - - n/a n/a n/a 1150 - 240 1120 - n/a -
0419 - - n/a n/a - - - n/a - - n/a -
0420 - - n/a 869 1300 1150 - n/a 1340 - n/a n/a
0426 - - n/a - - - - - - - n/a -
0427 - - n/a n/a - 1150 - - - n/a n/a -
0446 - - n/a - - - - - - - n/a n/a
0473 - - n/a n/a - n/a n/a n/a 1120 - n/a -
0483 = n/a n/a n/a = n/a = = = = n/a =
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1F8 1F10 2F6 3F3 3F5 3F9

M 4Rs M

1R10 2Ré 3R3 3R5 3R9

PucyHok. dnekTtpogoperpamma pesynbratos lNLP co wrammom
0337 Xanthomonas translucens pnsa KaXkaov UCNONb30BaHHOM
B UCCNef0BaHMY Napbl NpaiMepos. Mcnonb3oBaH Mapkep
reHeTu4veckoro Beca GeneRuler 100 bp Plus DNA Ladder
ready-to-use, komnaHusa Thermo Fisher Scientific (CLLUA)

3AKJ/IIOYEHUE

B pesynbTaTe Moucka reHeTUYEeCKUX MapKepoB IJs
rpynnbsl 6aKTepuil, BEI3BIBAKILUX YePHBIN GaKTe-
P03 3€ePHOBBIX KYJbTYDP, — IaTOBAPOB Xanthomonas
translucens — HalileHO 6 HYKJIEOTUHBIX 10CJIEI0Ba-
TeJIbHOCTEM, Crieu()UYHBIX JJis YKa3aHHOTO BUZA.
Insa Halie HHBIX TTOCJIe[OBAaTEeIbHOCTEM pa3paboTaHo
12 map npaiimepoB — 1F8/1R8, 1F10/1R10, 2F6/2R6,
3F3/3R3, 3F5/3R5, 3F9/3R9, 4F1/4R1, 4F3/4R3,
5F3/5R3, 5F6/5R6, 6F6/6R6 u 6F10/6R10, BumocIie-
U(MOUIHOCTb KOTOPBIX B X0OJle UCCIIe0BAHNS allpobu-
poBana ¢ 35 mrraMmmMaMu 6akTepuii poga Xanthomonas,
BKJIIOUas Xanthomonas translucens. AHaIM3 pe3ysibTa-
TOB nIpoBefleHHO [TLIP 1 BrIpaBHUBAHUS IOJyUeH-
HBIX HYKJIEOTUIHBIX TIOCJIeL0BaTEIbHOCTEHN TTPOJIYK-
ToB I[LIP c momotbio anroputMa BLAST Ha 6a3e NCBI
TmokasaJi, uTo rmapsl npatimepon 1F8/1R8, 1F10/1R10,
4F1/4R1, 5F6/5R6 u 6F10/6R10 gBASI0TCSA IPUTO-
HBIMU JIJIg UX TIPUMEHEHUS B AUAaTHOCTUKE BO36Y-
OUTEeJsT YepHOTo OaKTepuo3a 3ePHOBBIX KYJIbTYP
Xanthomonas translucens. HoBsie I1LIP-TecTsl MOTYT
CTaTh YacCThI0 pellleHus NpobyieMbl YCTAHOBJIEHUS
puTOCAaHUTAPHOTO COCTOSHUS MaPTUN POCCUMCKON
MIPOAYKIIUY 3epPHA.
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Figure. Electrophoretogram of PCR results with strain
0337 Xanthomonas translucens for each pair of primers
used in the study. Genetic weight marker GeneRuler
100 bp Plus DNA Ladder ready-to-use, Thermo Fisher
Scientific (USA) used

CONCLUSION

As a result of the search for genetic markers for a
group of bacteria causing bacterial leaf streak of
wheat — pathovars Xanthomonas translucens — 6 nucle-
otide sequences specific for this species were found.
For the sequences found, 12 pairs of primers were de-
veloped — 1F8/1R8, 1F10/1R10, 2F6/2R6, 3F3/3R3,
3F5/3R5, 3F9/3R9, 4F1/4R1, 4F3/4R3, 5F3/5R3,
5F6/5R6, 6F6/6R6 and 6F10/6R10, the species-spe-
cificity of which was tested in the course of the study
with 35 strains of bacteria of the genus Xanthomonas,
including Xanthomonas translucens. Analysis of the re-
sults of the performed PCR and alignment of the ob-
tained nucleotide sequences of the PCR products us-
ing the BLAST algorithm based on the NCBI showed
that the primer pairs 1F8/1R8, 1F10/1R10, 4F1/4R1,
5F6/5R6 and 6F10/6R10 are suitable for their use in
the diagnosis of the pathogen of bacterial leaf streak of
wheat Xanthomonas translucens. New PCR tests can be-
come part of the solution to the problem of establish-
ing the phytosanitary state of consignments of Rus-
sian grain products.
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AHHOTAIUA
Vi3dyueHa UCTOPUS PACIIPOCTPAHEHUS WHBA3UOHHO-
ro Buma — Cyclachaena xanthiifolia (Nutt.) Fresen. (Iva
xanthiifolia Nutt.) — B psiie eBpPOIEMCKUX CTPaH U HA
Tepputopuu Poccutickoit demepanuu. [IpoaHalInsm-
POBaH apeaJ IMKJaXeHbl JYPHUITHUKOJIUCTHON Ha
TeppuTopum Pecrybauku Kpeim u Poccutickoi depe-
paiuy B 1eJI0M, COTJIACHO JUTEPATYPHBIM TAHHBIM,
repbapHbIM 06pa3iiaM U COOCTBEHHBIM MOJIEBBIM MC-
cnegoBaHuaM. OmpezeneHbl HauboJee TUTTUUHbBIE
pacTuTesbHbIE COOBIIECTBA, B COCTAB KOTOPBIX BUJ,
PEeryJIsipHO BHeAPsIETCS. PacCMOTPEHBI HAIpaBJIeHUS
1 06BEMBI DKCIIOPTUPOBAHUS 3€PHOBOM MTPOAYKITUYN
Cc yueToM (pUTOCAHUTAPHBIX TPeOOBAHUYN CTpaH-
UMIIOPTEPOB. [loguepkHyTa (puTOCAaHUTApPHAS 3HA-
YUMOCTb BUJA JJIs PAa CTPaH — UMIIOPTEPOB pocC-
CUMCKOI 3epHOBOY MPOMYKIIUY, KOTOPbIE BKIIOUNIN
[UKJIaXeHy JYPHUITHUKOJUCTHYIO B CBOM KapaHTUH-
HbI€ TTepevHuy. [IpuBeeHbl HEKOTOPbIE JaHHbIe 110 (e-
HOJIOTUU ¥ 0COGEHHOCTSIM OHTOT€HETUUECKOT'0 Pa3BU-
THS BUJIa B YCJIOBUSIX IIPeATOPHOTO KpbiMa 1 Ha 6ase
KapaHTUHHOTO UHTPOAYKIIMOHHOTO y4yacTka 0KHOTO
¢punmana ®TBY «BHUVIKP» B 2020 T.

Knrwouesvle cnosa. Yyxeponusle Bunbl, Cyclachae-
na xanthiifolia, pynepajgbHble MeCTOOOUTAHUS, DKC-
TIOPT 3€PHOBOI TPOAYKIWHU, (PEHOJOTUS PA3BUTHUS,
MopdoJiorus Busa, MophomMeTprudeckre oka3aTesu.

BBEJEHUE

rocjenHue MecITUJIeTUss Haboma-
€TCs aKTUBHBINM 3aHOC HOBBIX BHUJIOB
pacTeHMil Ha TeppuTopuio Poccuii-
cxort demeparnuy, WX DSKCIIAHCUS
U HaTypajnusanud. JJaBHO M3BECTHO,
yTo Macmitab cTpaHbl, ee reorpadu-
YyecKoe TI0JI0KEHYE, CBOOOIHOE TIepe-
MellleHNe HaCceJIeHUs, a TaK)Ke MHTEH-
CUBHBIN SKCIIOPT ¥ UMIIOPT Pas3JUYHON MPOXYKITUYU
SIBJISIOTCSI MMPUYMHAMU 3aHOCA UY)KEPOAHBIX BUIOB.
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On spreading

and some peculiarities
of Cyclachaena
xanthiifolia (Nutt.)
Fresen. in the Russian
Federation
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Quarantine Center” (FGBU “VNIIKR”), Simferopol,
Republic of Crimea, Russia
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ABSTRACT
The history of spreading of the invasive species Cy-
clachaena xanthiifolia (Nutt.) Fresen. (Iva xanthiifolia
Nutt.) in some European countries and in the Russian
Federation has been studied. The area of giant sump-
weed in the Republic of Crimea and the Russian Fede-
ration in general has been analyzed, based on research
data, herbarium samples and original field studies. The
most typical plant communities, in which the species is
regularly introduced, have been determined. The direc-
tions and volumes of grain products export have been
considered, taking into account the phytosanitary re-
quirements of importing countries. The phytosanitary
significance of the species has been emphasized for a
number of countries importing Russian grain products,
which included giant sumpweed in their quarantine
lists. Some data on phenology and peculiarities of on-
togenetic development of the species in the conditions
of the foothill Crimea and on the basis of the quaran-
tine introduction area of the Southern Branch of FGBU
“VNIIKR” in 2020 are presented.

Keywords. Alien species, Cyclachaena xanthiifolia,
ruderal habitats, grain export, development phenolo-
gy, species morphology, morphometric parameters.

INTRODUCTION

n recent years, new plant species have been ac-
tively introduced, spread and adapted in the Rus-
sian Federation. It has long been known that the
scale of the country, its geographical position,
free population movement, as well as intensive
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[TosiBJIeHWEe W paccejieHHe BUIIOB, CIIOCOGHBIX K Ha-
Typajau3anuy Ha HOBBIX JJII HUX TEPPUTOPHUIX, Be-
IyT K «@HTPOTIOTEHHOU roMoreHusanuun» 6uochepsl
(MupkuH u 1p., 2007). CHHAHTPOIIU3AIIUs PACTUTEb-
HOCTHY, KaK TIPOIIECC, CBI3AaHHBIN C JIeITEeIbHOCTHIO
YyeJIoBeKa, CTAHOBUTCS Bce 6oJjiee TI00aJbHOU IMPo-
61eMoii. B HacToslIee BpeMs Ha TePPUTOPUU TOJIBKO
eBpomelcKkol vyactu Poccuiickoit demepanuy oTMe-
yaeTcs 60Jiee ThICAYM UYKEPOILHBIX BUAOB (BuHOrpa-
IoBa u 1p., 2009). Be3ycI0BHO, TEHIEHIIVS YCIIEITHO-
ro BHEIPEHUS STUX BUJOB PACTEHUY B PACTUTEIbHBIE
CO001IecTBa Pa3INYHOU CTelleHU HapyIIeHHOCTH 6y-
JIeT JINIIb YBEJIMYUBATHCS.

3aHocy Bua B (QUTOIIEHO3BI U €T0 TTOCIeAYIoIe-
MYy 3aKperJjieHWI0 B HUX CIIOCOOCTBYIOT HapylleHUe
9KOCUCTEM IIOJ IeMCTBUEM aHTPOIIOTEHHOM HATPY3KH,
OTCYTCTBUE €CTECTBEHHBIX BParoB U BUAOB-31UPU-
KaTOPOB, KOTOPbIE CIIOCOOHBI yAepXaTh CBOU IOMU-
HUPYIOIIYE TTO3UIIUY U TEM CAMBIM KOHTPOJUPOBATH
IIJIOTHOCTD MOITYJSAIIMU HOBOTO UY»KEPOIHOTO BUIA
(MupkwuH, HaymoBa, 2011).

B pa6oTe npecTaBieHbl HEKOTOPBIE PE3YJIbTAThI
KCCJIeIOBaHUS 3aHOCHOTO BU/Ia IMKJIaXeHbl JYPHUIII-
HUKOJIMCTHOM Ha TeppuTtopuu Poccutickoii ®enepa-
1wy, BKIouas Pecrrybiauky Kpeim.

MATEPUWAJIBI U METO/IbI

VdyuyeHne pacnpocTpaHeHUS BUJA Ha TEPPUTOPUN
npenaropHoro KpeiMa 1 ero ydyacTus B Pa3HbIX TUIIAX
PacTUTENbHOCTH MPOBOAUIIOCH ITPU AeTaJbHO-MapIli-
PyTHOM 06CJIeIOBAHUN TEPPUTOPUU C UCIIOJIb30Ba-
HueM reoboTaHMUYECcKUX MeTomoB. OlleHKa 00MIud
BUJA BBITIOJHSJIACh B COOTBETCTBUM C DKOJIOTr0-(HJ0-
puctuyeckuM noaxoxom JK. BpayH-Binanke (MUpKUH,
Pozenbepr, 1978; Braun-Blanquet, 1964). 3yueHue
0COOEHHOCTEN POCTa ¥ Pa3BUTUSI ITPOBOIMIIOCH B paM-
KaX KapaHTUHHOTO UHTPOLYKIIMOHHOI0 yyacTKa Hx-
Horo ¢gunuana ®TBY «BHUUKP» (r. CuMmdeporionnb)
u B ipenenax CuMgeporoibckoro, baxurcapaickoro
u Benoropckoro paiioHOB KpBIMCKOTO ITOJIyOCTPO-
Ba 110 0o0mIenpUHATEIM MeTonukam (Tony6eB, Kop-
JKeHeBcKui, 1985; llleHHUKOB, 1964) C UHTEpPBAJIOM
B 7-10 mHeMH, ¢ BpIZEJEHUEM CJIeAYyIIIUX (heHoJo-
ruyeckux as: BereTalus, OyToHU3aIWs, [IBETEHUE,
TIJIOMOHOIIIEHUE, a TaKXKe Da3a OTMUPAHUS PACTEHUS.
HabogeHys TPOBOAUIIVICE C MIOHS IT0 OKTSI6Pb 2020 T.
Ha 6aze KapaHTUHHOTI'0 MHTPOAYKIIMOHHOTO yYacTKa
OBLIU BhICAXXKEHBI 4 0CO6U ITUKJIaXeHbl AYPHULTHUKO-
JINCTHOU B CTaZUM 6—8 HACTOSIINX JINCThEB, KOTOPhIEe
24.06.2020 66111 COGPAHbBI Y YaCTHBIX IOMOB IT0 YIIUIIE
DJIeBaTOPHOM, Ha MpuJIeTaollell K aBTOTPaHCIIOPTHBIM
IIyTSM TeppuTopuu. MayueHrue MophoMeTPUUECKUX
ToKasaTeJiell BereTaTUBHBIX ¥ TeHEPATUBHBIX OPTaHOB
ITPOBOIMJIOCH HA Pa3HbIX CTAAUSAX OHTOT€HETUYECKOTO
pasBuUTUA pacTeHUN. Bece cTaguu GUKCUPOBAINCH Ha
(hotokamepy Canon EOS 77D. CeMeHHas NPOAYKTUB-
HOCTb OIIpefesisajiach ITyTeM B3BeIINBAHUS BCEX I1JI0-
IIOB HcclielyeMbIx ocobei. [lanee u3 HuX (opMupoBa-
auck 2—3 HaBecku 110 100 I1JI0Z0B C OIIpeesieHUEM UX
cpenHeil Macchl. [TyTeM mepepacueTa Ha 06IIIy10 Maccy
IJIOJIOB YCTaHABJIMBAJIACh 00Ias ceMeHHas MTPOIYK-
TUBHOCTH pacTeHnuii (Kyparwokosa, Teimyk, 2019).

PE3VJIbTATBI U OBCYXJEHUE
Cyclachaena xanthiifolia (Nutt.) Fresen. — BuJi ceBepo-
aMepUKaHCKOTO MPOUCXOXIeHUs, UMeeT IMIUPOKOe
pacnpoctpaHenue Ha Tepputopuu CIIA (38 mraTos),

export and import of various products are the reasons
for the introduction of alien species. The emergence
and spreading of species capable of adaptation in new
areas lead to “anthropogenic homogenization” of the
biosphere (Mirkin et al., 2007). Synanthropization of
vegetation, as a process associated with human activi-
ties, is becoming an increasingly global problem. Cur-
rently, only on the territory of the European part of the
Russian Federation, there are more than a thousand
alien species (Vinogradova et al., 2009). Naturally, the
tendency for the successful introduction of these plant
species into plant communities of varying degrees of
disturbance will only increase.

The introduction of a species into phytocenoses
and its subsequent consolidation in them is facilitated
by the disturbance of ecosystems under the influence of
anthropogenic load, the absence of natural enemies and
edificator species that are able to maintain their domi-
nant positions and thereby control the population densi-
ty of a new alien species (Mirkin, Naumova, 2011).

The work presents some results of a study of the
invasive species of Cyclachaena xanthiifolia on the terri-
tory of the Russian Federation, including the Republic
of Crimea.

MATERIALS AND METHODS

The study of the spreading of the species on the territory
of the foothill Crimea and its participation in different
types of vegetation was carried out during a detailed
route survey of the area using geobotanical methods.
The species abundance was assessed in accordance
with the ecological-floristic approach of J. Braun-Blan-
quet (Mirkin, Rozenberg, 1978; Braun-Blanquet,
1964). The study of the growth and development fea-
tures was carried out within the quarantine introduc-
tion site of the Southern Branch of the FGBU “VNIIKR”
(Simferopol) and within the Simferopol, Bakhchisarai
and Belogorsk regions of the Crimean Peninsula ac-
cording to generally accepted methods (Golubev, Kor-
zhenevsky, 1985; Shennikov, 1964) with an interval
of 7-10 days, determining the following phenological
phases: vegetation, budding, flowering, fruiting, and
plant withering. Observations were carried out from
June to October 2020. On the basis of the quarantine
introduction site, 4 individuals of Cyclachaena xanthii-
folia were planted at the stage of 6-8 true leaves, which
were collected on June 24, 2020 nearby private houses
on Elevatornaya Street, on the territory adjacent to mo-
tor transport routes. The study of morphometric para-
meters of vegetative and generative organs was carried
out at different stages of ontogenetic development of
the plants. All stages were photographed on the camera
Canon EOS 77D. Seed productivity was determined by
weighing all fruits of the studied specimens. Later,
2-3 samples of 100 fruits were formed from them, de-
termining their average weight. By recalculating for
the total weight of fruits, the total seed productivity of
plants was established (Kurdyukova, Tyshchuk, 2019).

RESULTS AND DISCUSSION

Cyclachaena xanthiifolia (Nutt.) Fresen. is a species
of North American origin, widespread in the United
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Mekcuku 1 KaHagbl. dBjsseTcs aIBeHTUBHBIM BUJIOM
Ha TEPPUTOPUIX BOCTOUHEE OT IITaTa MUCCUCHUIIH,
a TaKKe B 3amagHbIx mrarax CIIA (BuHOrpamoBa u ap.,
2009). CorsacHo 6a3e ganubix (https:/www.cabi.org/
isc/datasheet/120279), Bug UMeeT Pa3JIMUHYIO CTe-
MeHb pacrnpocTpaHenusa B Asuu (Apmenus, Kuraii),
B 28 cTpaHax EBpOIIbI, B TOM YHCJIe IIKMPOKO PacIipo-
ctpaHeH B Poccuu (A6pamoBa, Hypmuesa, 2014; http://
www.agroatlas.ru), Ha YkpawuHe (ITpororomnoBa, 1991;
IIpoxopogBa, I'myxoB, 2004; Protopopova et al., 2006)
u B Pymbiauu (Dihoru, 2004; Sirbu, 2008), a Takxe
B HoBoii 3enauguu (Heenan et al., 2004). B eBpomneii-
CKUX CTPaHAaX SIBJISETCS 3aCOPUTEIEM OICOTHEYHNKA,
cou, KyKypyabl, a TAaK)Ke caxapHoi cBeKJIbI (http:/www.
agroatlas.ru). CpeJli OCHOBHBIX BEKTOPOB ITPOHUKHO-
BeHwus C. xanthiifolia B EBpOITY yKa3bIBAeTCS €€ KYJIbTHU-
BUpOBaHMe B GoTaHnMUeckux cajgax (http:/www.sevin.
ru/Top100Worst). [To HEKOTOPBIM JAaHHBIM, IIMKJIaXeHa
6pLIa MHTPOAYIIMPOBaHa B KueBckuil 60TaHUYECKU A
canB1870r., B TO BpeMs Kak APyruMu aBTOpaMu OTMe-
YaeTcs, YTO BUJ BhIpauiuBaJjica B Hauaje XIX B. (http://
www.sevin.ru/Top100Worst). K HacTosmeMy BpeMe-
HU COXPaHUJIUCH repbapHble 06pasipl, cOOpaHHbIe
H. Luarepom (27.08.1903, I'epbapuii [N1aBHOTO 60Ta-
Huueckoro caga PAH (MHA)) Ha pyzZepaibHBIX MeCTaxX
Herogaeky oT I. Kuesa (B mosimHe peku JIsibenu) (Bu-
HOTpamoBa u Ap., 2009). B 1858 I. Bu, BIIEPBbIE BbISAB-
JIEH Ha TeppuTopru 60TaHMYEeCKOTo caza B [loTcgame
B l'epmanuy, rmosgHee — B [IBetiriapuu (1902 r.), Be-
aukobputanuu (1905 r.), Benbruu (1908 r.), CioBakuu
(1934 1.). Ins Poccutickoit demepaiiny 1 YKpauHbI ak-
THUBHOE pPacIipocTpaHeHre BUIa OTMEUYEeHO B HavaJe
XX Beka (KymakoBa u zp., 2020).

Bup oTMeueH B AJITalickoM Kpae, ACTpaxaHCKOH,
Benropozackoit, BmagmMupckoit, Boarorpaackoi, Bo-
Jiorozckoi, BopoHexckol, VipkyTckoit, Kypckoi, Jiu-
erKoi, MOCKOBCKOM, MypMaHCKo#, HoBocubupcKoi,
Openbyprckoit, OpaoBcKol, Pa3aHckoi, CaMapcKo,
CapaTtoBckoii, CMosieHcKoM, Tamb60oBCKOM, TBEpPCKOH,
Tynbckolt obyacTsx, a Takxke Pecrny6iauke Bamkop-
toctaH (KpacHo6opos, 2000; JJoMOHOCOBA, 3BIKOBA,
2003). B mepeuunceHHbIX 06JIACTSIX PACIPOCTPAHEHNE
BUJIAa BapbUPYET OT HEPABHOMEPHOTO [I0 MIXPOKOTO.
B ViBaHOBCKOI 1 Kasy’)kcKoit 06J1acTsax BUJL He 06pasy-
eT KPYITHbIX 3apociieil. B JleHuHrpaackoii, HoBropos-
cKoI1, [ICKOBCKO¥ 06J1acTSX IIMKJIaxXeHa MeHee Pacipo-
cTpaHeHa M, Kak ITpaBuUJIo, He TIooHoCcUT (AGpaMoBa
u ap., 2008; Bunorpamosa u gp., 2009). Takxxe BUZ,
pacmpocTpaneH B KabapauHo-Bankapuu, CeBepHOU
Ocertuu, Jarectane, YyBamuu u np. (A6paMoBa u ap.,
2008). Kak Bup-unBaumep C. xanthiifolia nmposiBuia
cebs B LleHTpasbHOM UepHo3eMbe, [Iperypaibe 1 Ha
CeBepHoM KaBka3se (ITaHacenko, 2013; CenaTop u ap.,
2017; http://www.sevin.ru/Top100Worst). [ljist Pecrty6-
JINKY BaIkopToCcTaH oTMeueHo 6oJiee 60 04aroB MHBA-
3UH1 BUZA, 3aMeTHOE PacpocTpaHeHre uMeeT B OpeH-
Oyprckoii obiactu (A6pamoBa, 2012).

PacmipocTpaHseTcs T10 X/I, IyTSIM I10 CEBEPHBIM
pervoHaM BILJIOTH 10 MypMaHCKOM 06J1aCTH, TZie BIIEP-
BBI€ BUJ], OTMeYeH B 1999 1., 0lHaKO He HaTypaJiu3yeT-
cs (KoctuHa, 2001). [TukyiaxeHa yCIENTHO aKKIUMATH-
3MpoBaJiach B perMoHax JlajabHero BocToka (JIokaJbHbIe
ouaru B AMypcKoli obsiacTu, XabapoBCKOM Kpae, Ha 1ore
ITpumopckoro kpas) u Ha Antae (CocynucThie pacTe-
HUA cOBeTCKOro JlajbHero BocToka, 1992).

Yalre BCEro BXOJAUT B COCTaB PaCTUTEJb-
HBIX COOGINECTB PyIepasibHOTO U COPHO-TIOJIEBOTO

States (38 states), Mexico and Canada. It is an adven-
tive species in the territories east of Mississippi, as well
as in the western states of the United States (Vinogrado-
va et al., 2009). According to the database (https:/www.
cabi.org/isc/datasheet/120279), the species has vary-
ing degrees of spreading in Asia (Armenia, China), in
28 European countries, also it is widespread in Russia
(Abramova, Nurmiyeva, 2014; http:/www.agroatlas.ru),
in Ukraine (Protopopova, 1991; Prokhorova, Glukhov,
2004; Protopopova et al., 2006) and in Romania (Diho-
ru, 2004; Sirbu, 2008), as well as New Zealand (Heenan
et al., 2004). In European countries, it is a weed in sun-
flower, soybeans, corn, and sugar beet (http:/www.
agroatlas.ru). One of the main pathways for C. xanthii-
Jfolia in Europe is its cultivation in botanical gardens
(http://www.sevin.ru/Top100Worst). According to some
reports, Cyclachaena xanthiifolia was introduced to the
Kiev Botanical Garden in 1870, while other authors
note that the species was grown at the beginning of the
19" century (http:/www.sevin.ru/Top100Worst). To
date, the herbarium specimens collected by N. Tsinger
(08.27.1903, Herbarium of the Main Botanical Garden
of the Russian Academy of Sciences (MNA)) at ruderal
sites near Kiev (in the Lybed River valley) have been
preserved (Vinogradova et al., 2009). In 1858, the spe-
cies was first detected on the territory of the botani-
cal garden in Potsdam in Germany, later in Switzerland
(1902), Great Britain (1905), Belgium (1908), Slovakia
(1934). For the Russian Federation and Ukraine, the ac-
tive spreading of the species was noted at the beginning
of the 20" century (Kulakova et al., 2020).

The species was recorded in Altai Krai, Astra-
khan Oblast, Belgorod Oblast, Vladimir Oblast, Volgo-
grad Oblast, Vologda Oblast, Voronezh Oblast, Irkutsk
Oblast, Kursk Oblast, Lipetsk Oblast, Moscow Oblast,
Murmansk Oblast, Novosibirsk Oblast, Orenburg
Oblast, Oryol Oblast, Ryazan Oblast, Samara Oblast,
Saratov Oblast, Smolensk Oblast, Tambov Oblast, Tver
Oblast, Tula Oblast and also the Republic of Bashkorto-
stan (Krasnoborov, 2000; Lomonosova, Zykova, 2003).
In these areas, the spreading of the species varies from
uneven to wide. In Ivanovo Oblast and Kaluga Oblast,
the species does not form large thickets. In Leningrad
Oblast, Novgorod Oblast and Pskov Oblast, Cyclachaena
xanthiifolia is less common and, as a rule, does not bear
fruit (Abramova et al., 2008; Vinogradova et al., 2009).
The species is also spread in Kabardino-Balkaria,
North Ossetia, Dagestan, Chuvashia, etc. (Abramova et
al., 2008). As an invasive species, C. xanthiifolia proved
itself in the Central Black Earth Region, the Urals and
the North Caucasus (Panasenko, 2013; Senator et al.,
2017; http://www.sevin.ru/Top100Worst). For the Re-
public of Bashkortostan, more than 60 outbreaks of the
species invasion were noted; it has a noticeable spread-
ing in Orenburg Oblast (Abramova, 2012).

It spreads along railway tracks in the northern re-
gions up to Murmansk Oblast, where the species was
first recorded in 1999, but is not adapted (Kostina,
2001). C. xanthiifolia successfully adapted in the re-
gions of the Far East (local outbreaks in Amur Oblast,
Khabarovsk Krai, in the south of Primorsky Krai) and
in Altai (Vascular Plants of the Soviet Far East, 1992).
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tuna (BuHorpazosa u np., 2009; http:/geocnt.geonet.
ru/googlemap). B ipenmenax CpenHelt Poccuu pacrteT
B HaceJIeHHBIX ITYHKTaX, HAa HACBIIISAX IIOCCEMHBIX J0-
POT ¥ ’X/[, TIOJIOTHA, Ha IIyCTBIPSX U 3aJIeXaX, B OTOPO-
Jlax, ITI0ceBax, 10 yaullaM UM COPHBIM MecTaM, CBajIKaM,
pasHOro po/ia TEXHOTEHHBIM TEPPUTOPUIM, beperaM
BOZIOEMOB. BcTpeuaeMoCThb BU/Ia, pa3HOO6Opasue 3aHU-
MaeMbIX SKOTOIIOB U 06UJIMe IUKJIaXeHbl 3aKOHOMEP-
HO YMEHBIIIAITCA C Iora Ha ceBep (BuHOrpajoBa u 1p.,
2009).

BHenpeHMe [TUKJIaxXeHbl B Pa3Hble PACTUTEJIbHBIE
C00061IeCcTBa MOXKET OBIThH CBSI3aHO C UMIIOPTOM 3epHa
U IIOZICOJTHeUHUKa 13 CeBepHON AMepuKu. JIJis HEKO-
TOPBIX CTPAaH — UMIIOPTEPOB POCCUINCKON 3€ePHOBOU
MIPOAYKIIVY TaHHBINM BUJ, YKa3aH KaK 3ampeleHHbIH
K BBO3Y. B uacTHocTH, Ajsa Kuraickoit HapogHoii Pec-
ny6auku, Pecriyonuku Kopes, Mopmanuu u Cepbun
IUKJaxeHa NYPHUIIHUKOJIUCTHAS SIBJISIETCSA KapaH-
TuHHBIM BugoM (http:/www.fczerna.ru).

BbLI IpOBeieH aHaIM3 06beMOB IIPOJIYKIIVH, C KO-
TOPOI NIPY BKCIIOPTUPOBAHUYN MOXKET OBITh MOTEHIIV-
aJIbHO CBSI3aH 06EKT UCCIENOBAHUS, TEM CAMBIM ITPEJ-
CTaBJISAS yIPO3y IJII CTPaH-UMIIOPTEPOB. B yacTHOCTH,
paccMaTpuBaJIUCh CHeAyIol[Mie BUAbl IPOLYKIIUN:
MIIeHUIIa ¥ MECTIUH; TUYMEHb; OBEC; KyKyPy3a; Fpeunxa,
[IPOCO ¥ ceMeHa KaHapeeuHNKa; IPOoYKe 3JIaKU; COJIOZ,
(mom xapeHHbIM MK HEIOI KaPEeHHBIN); IPo0JIeHbIe
WM HePoGJIeHble CEMeHa JIbHA, Parica, UiIv KOJIb3bI,
TIOJICOJTHEYHVKA; TIJIOAbI IPOYMX MACTIUYHBIX KYJIBTYD;
CceMeHa, TIObI U CTIOPHI IJI TTI0CeBa; 0TPYOU, BHICEBKHU,
MECATKU U IIPOYMe OCTATKY OT IIPOCEeMBaHUS, IIOMOJIa
WY IPYTUX CIIOCOG0B repepaboTKy 3epHa 3J1aK0B WU
60060BBIX KYJIbTYP, HETPAHYJINPOBAaHHBIE UJIU TPAHY-
JupoBaHHbIe. [10 maHHBIM TaMOXXEHHO! CTaTUCTUKU
BHeIIIHeN Toprosau P® (stat.customs.ru), ¢ TeppUTO-
puu Poccutickot @epepariuy B 2018 r. 661710 9KCTIOPTHU-
poBaHO cyMMapHO 56 930 680 TOHH yKa3aHHBIX BUOB
MIPOAYKIMHY, U3 HUX 1 955 338,8 ToHHBI (3,4%) GbLIN
[IOCTaBJIEHBI B YKa3aHHBIE BhILIE CTPaHbl. B 2019 1.
BCEro ObLJIO DKCIIOPTUPOBAHO 42 173 288 TOHH, U3 HUX
1189299 TouH (2,8%) mocTaBJIeHbl HETIOCPEACTBEHHO
B KHP, Moppanuto, Cepbuto u Pecriybsuky Kopes. Yka-
3bpIBaeTcd, uTo B 2020 T. (110 cocTossHuIo Ha 04.03.2021)
Ob110 peanin3oBaHo 5 241 840 TOHH IPOAYKIINY, B TOM
yuciye 1 983 509 touH (3,7%) — B IIepeduncIeHHble
CTPaHbl. 3aCOPUTENIMU SBJISIOTCSI HEIIOCPELCTBEHHO
TLJIO/IbI-CEMSAHKY, KOTOPbIE MOTYT OBITh 0OHAPY>KEHBI
B PA3JIMYHOMN MOAKAPAHTUHHON NPOAYKIIVY, TJIaBHBIM
06pa3oM — MPOJI0OBOJIBCTBEHHOM U CEMEHHOM MaTepu-
aJle TeXHUUECKUX U OBOIIHBIX KYJIBTYD, & TAK)KE B CEHE,
coJioMe U TIOYBe.

CorylacHO JIUTEPaTyPHBIM MCTOUYHMKAM, II0 pe-
3yJabTaTaM aHa/IM3a repbapHbIX 06pa3IioB HUKUTCKOTO
6oranmueckoro caza (YALT), AkajeMuu 6M0OpecypcoB
u nipupoponob3oBanusa GPIrAQOY BO «KpbeIMcKuli heme-
pabHbI yHUBepcUTET M. B.W. BepHaackoro» (CSAU),
a TakXXe JaHHBIX, TPeACTAaBIEHHbIX B IIPoeKkTe Moc-
KOBCKOT'0 TOCYZapCTBEHHOIO YHUBEPCUTETA UMEHU
M. B. JloMoHOCcOBa — HaIlmoHaJbHbIM OaHK-IEeI031-
Tapuy KUBLIX cucTteM «Hoes koBuer» (https://plant.
depo.msu.ru), ¥ cCOGCTBEHHBIX ITOJIEBLIX MCCIIeIOBAHNHI
YCTAHOBJIEHO, UTO B mepuoy ¢ 1965 I. 1o HacTOIIUN
MOMEHT BUJ], OTMeUeH KaK Ha TeppuTopum Pecrrybanku
KpbiM (B CuMdeporionbckoM, JIeHnHCKOM, Bamakias-
ckoM, KupoBckoMm, BaxuucapatickoM, HkHEeTopcKoM,
KpacHorBapzeiickoM patioHax, ropogax dAmnre, >kaH-
koe, Kepuu, ®eomocuu, ApMSIHCKe), TaK ¥ B TOPOJie

Most often it is a part of plant communities of the
ruderal and weed-field type (Vinogradova et al., 2009;
http://geocnt.geonet.ru/googlemap). Within Central
Russia, it grows in settlements, on embankments of
highways and railway tracks, on wastelands and fallow
lands, in vegetable gardens, crops, along streets and
weedy places, dumps, various kinds of technogenic
territories, the shores of reservoirs. The frequency of
occurrence of the species, the diversity of the occupied
ecotopes and the abundance of C. xanthiifolia naturally
decrease from south to north (Vinogradova et al., 2009).

The introduction of C. xanthiifolia into different
plant communities may be associated with the import
of grain and sunflower from North America. For some
countries importing Russian grain products, this spe-
ciesisindicated as prohibited for import. In particular,
for the People’s Republic of China, the Republic of Ko-
rea, Jordan and Serbia, C. xanthiifolia is a quarantine
species (http:/www.fczerna.ru).

The volume of products with which the research ob-
ject can be potentially associated during export, there-
by posing a threat to importing countries was analyzed.
In particular, the following types of products were consi-
dered: wheat and meslin; barley; oats; corn; buckwheat,
millet and canary seeds; other cereals; malt (toasted or
unroasted); crushed or uncrushed seeds of flax, rape, or
colza, sunflower; fruits of other oilseeds; seeds, fruits and
spores for sowing; bran, middlings, sharps and other re-
sidues from sifting, grinding or other methods of pro-
cessing grain of cereals or legumes, non-granular or
granular. According to the customs statistics of foreign
trade of the Russian Federation (stat.customs.ru), a total
of 56,930,680 tons of these types of products were ex-
ported from the territory of the Russian Federation in
2018, of which 1,955,338.8 tons (3.4%) were delivered
to the above countries. In 2019, a total of 42,173,288 tons
were exported, of which 1,189,299 tons (2.8%) were de-
livered directly to China, Jordan, Serbia and the Repub-
lic of Korea. Itis indicated that in 2020 (as of 03/04/2021)
5,241,840 tons of products were sold, including
1,983,509 tons (3.7%) to the listed countries. Achenes
are a weed, which can be found in various regulated pro-
ducts, mainly food and seed material of industrial and
vegetable crops, as well as in hay, straw and soil.

According to the research papers, the results of
the analysis of herbarium specimens of the Nikitsky
Botanical Garden (YALT), the Academy of Bioresources
and Nature Management of the V.I. Vernadsky Crimean
Federal University (CSAU), as well as data presented in
the project of the Lomonosov Moscow State University —
National Depository Bank of Live Systems “Noah’s Ark”
(https://plant.depo.msu.ru), and our own field studies it
was found that in the period from 1965 to the present,
the species was recorded both on the territory of the Re-
public of Crimea (in Simferopol, Leninsky, Balaklavsky,
Kirovsky, Bakhchisaray, Nizhnegorsky, Krasnogvarde-
isky Districts, the cities of Yalta, Dzhankoy, Kerch, Feo-
dosia, Armyansk), as well and in the federal city of Se-
vastopol. In 2020, about 15 habitats of the species were
recorded on the territory of the Republic of Crimea —in
Simferopol, Bakhchisarai, Belogorsk, Saky Districts, in
the city of Armyansk (Fig. 1), mainly in ruderal habitats.
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denepanpHoro 3HaueHus CeBacromnoje. B 2020 1. Ha
TeppuTopuu Pecmybsvky KpbIM 6BIJI0 YCTaHOBIEHO
0KoJ10 15 MecTo0o6GUTaHUH BUZA — B CUM(EPOIIONIBCKOM,
BaxumcapaiickoM, Bemoropckom, CakcKOM palioHaXx,
BT. ApMstHCKe (pHc. 1), MPeNMYIIeCTBEHHO B pyIepaib-
HBIX MECTOOOUTAHUSIX. MOXHO MPEAIIONOXUTDb, UTO
OCHOBHBIMU BEKTOPaMU PaCIPOCTPAaHEHUS BUAA B PY-
JIlepaIbHBIX MECTOOOUTAHUSIX CTAJIM 3aBO3 TIOUBBI JIJIS
CTPOUTEJIbHBIX paboT Ha Tpacce «TaBpusa», IepeHoc
TJIOAOB-CEMSHOK Ha KoJiecaX aBTOTPAHCIIOPTa U 00yBU
JIFOZIeH, a TAaK)XKe C CEMeHaMU PacTeHUH, ITpelHa3HaYeH-
HBIMU JIJI5 TIOCEBA BAOJIb IPUIOPOXKHBIX TEPPUTOPUI.

Hawubosbillee pacopocTpaHeHre Bua OTMeva-
JIOCh B PyZlepajibHbIX MECTOOOUTAHUAX B/IOJIb TPACCHI
«TaBpunia», rie IMJIOTHOCTb PAaCTeHUU JlocTUTaJA 10
30 ocobeii/m?. Ha Ttpacce 35A-002 (rmoBopoT ¢ Cum-
(hepormoabckoit 06be3mHON foporu (MupHoe — JIy6Ku)
B CTOPOHY Toc. AfikaBaHa) CuM@epoIioabCcKOro pa-
oHa 6bLIM OGHAPYKEHBI 0Yaru C IIPOEKTUBHBIM I10-
KpbiTHEM Buzia 10 100%, TJIOTHOCTBIO PACTEHUH — 10
15-27 ocobeti/m? (puc. 1b). [IpOTS>KEHHOCTh 0YaroB Co-
craBisia oT 3 10 10 M. TakuM o6pasom, obuiime Buaa
B OYarax BapbXpoBaJio OT 2 [0 5 6aJIJIOB 10 IrKaJje bpa-
yH-Biianke. Takke 0OTMeUeHO BHeJ[peHUe IIMKIaXeHbl
B (DUTOI€HO3bI, HAXOAANIIMeCs Ha HadaJIbHOU CTafuu
CYKIIECCHOHHOTO ITpoliecca.

B ocTasibHBIX pyZlepajibHbIX MECTOOOUTAHUSIX BUT,
UMeeT IPeuMyIecTBeHHO qudy3HO-KOHTAaTMO3HbIN

Puc. 1. C. xanthiifolia B pa3nuuHbIX pacTUTENbHbIX
coobecTBax KpbIMCKOro nonyoctposa: a — no nepugepuu
noceBOB 3epHOBbIX B CaKCKOM p-He, c. 3epHoBoe (07.07.2020)
(choTo H.B. LuHkeBunua); b — Boonb 06be38HOM Tpacchl

r. Cumcheponons (17.07.2020) (cpoto T.3. OMenbsaHEHKO);

C — BA,0JIb rOPoACKo Tpacchl B . Cumcpeponone (19.06.2020)
(choTto T.3. OMenbsiHEHKO); d — B noceBax MiIeHuLbl,

r. ApMsaHck (28.07.2020) (cpoTo T.3. OMenbAHEHKO)

It can be assumed that the main pathways in ruderal
habitats were the delivery of soil for construction work
on the Tavrida highway, the transfer of seeds on the
wheels of vehicles and footwear of people, as well as
with plant seeds for sowing along roadside areas.

The greatest spreading of the species was noted in
ruderal habitats along the Tavrida highway, where the
plant density reached up to 30 specimens/m2. On the
35A-002 highway (turning from the Simferopol bypass
road (Mirnoe — Dubki) towards the Aikavan settlement)
of the Simferopol region, foci were found with a pro-
jective cover of the species up to 100%, plant density
up to 15-27 specimens/m2 (Fig. 1b). The foci length
ranged from 3 to 10 m. Thus, the abundance of the spe-
cies in the focivaried from 2 to 5 degrees on the Brown-
Blanquet scale. The introduction of C. xanthiifolia into
phytocenoses at the initial stage of the successional
process was also noted.

In the rest of the ruderal habitats, the species has a
predominantly diffusely contagious character of spread-
ing, the abundance does not exceed 1 degree (Fig. 1c). To
amuch lesser extent, the species was noted in the Bakh-
chisarai and Belogorsk regions. It should be noted that in
2020, in segetal communities, the species was recorded
only in wheat crops in the north of Crimea in the city of
Armyansk (Fig. 1d), the abundance of the species varied
from + to 2 degrees on the Brown-Blanquet scale, while
the species grew massively along the forest belt.

Fig. 1. C. xanthiifolia in various plant communities

of the Crimean Peninsula: a — along the periphery of

cereal crops in the Saki region, Zernovoye (07.07.2020)
(photo by N.V. Tsinkevich); b — along the bypass highway

of Simferopol (17.07.2020) (photo by T.Z. Omelyanenko);

¢ — along the city highway in Simferopol (19.06.2020)
(photo by T.Z. Omelyanenko); d — in wheat crops, Armyansk
(28.07.2020) (photo by T.Z. Omelyanenko)
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XapakTep pacIpoCTpaHeHUsI, 00MIre He TIPEBLIIIAeT
1 6amna (puc. 1c¢). B 3HaUMTEIbHO MEHBIIEH CTETIEHN
BUJ, OTMeYaJicsd B BaxumncapaiickoM u Bejloropckom
patioHnax. CiemyeT OTMEeTUTBh, 4To B 2020 T. B ceTeTalib-
HBIX COOBIIecTBaxX B/, ObLJI OTMEUEeH TOJIBKO B ITOCEeBaX
MIIeHUIIbI Ha ceBepe KpbiMa B I. ApMsaHcke (puc. 1d),
obuve BUA BapbUPOBAJIO OT + [I0 2 GAJIJIOB TI0 IIKaJje
bpayH-bBiaHKe, TOrma Kak BUJ, MacCOBO IIpoOU3pacTall
BIIOJIb JIECOTIOJIOCHI.

ViccrnenyeMblil BUJ, UMEET CTEPXHEBYI KOP-
HeByl cucteMmy. CTebaum MpsiMble, TOJCThIE B OC-
HOBaHUU, IUaMeTpP UX BapbupoBaj oT 1 mo 4,2 cM.
CTebyix BETBUCTBIE B BepXHEH yacTu, 60po3guaTsie,
6JieIHO-3€eJIeHble C 3eJIEHOBATHIMU ITPOIOJbHBIMU
Heray60KuMMU IojiocaMu (puc. 2a), moberu B Bepx-
HeW YacTW XapaKTepPU3yHTCSd TaKXe MypIypPHBIM
nBeToM (puc. 2b). HuxkHsg yacTb mobera mokpbiTa
paccessHHO PACMOJIOXKEHHBIMU BOJIOCKAMY, BEPXHSS
YacTh pacTeHU (B YaCTHOCTH, IIBETOHOCHKI) OITyLIEHA
3HAUUTEJbHO 6OJIbIlE. B pylepalbHbIX MECTOOOUTA-
HUSX MpeAropHoro KpsiMa BbICOTA IIBETYUIMX pac-
tenuit C. xanthiifolia BappupoBaia ot 135 mo 253 cMm.
CorJlacHO TUTEPATYPHBIM JaHHBIM, BBICOTA PACTEHUN
B PyZAEpaJibHbIX MECTOOOUTAHUSX B YCIOBUAX L[eH-
TpanbHOU Poccuu — go 250 cm (OneiinukoBa, 2014),
Ha I0kHOM Ypaje u B [Ipuypainbe — 10 200 cM (A6pa-
MoBa, Hypmuesa, 2014), B ycinoBusix OpeHOYPKbs —
no 126 cm (ITukanosa, 2020). KosuuecTBo 1106eT0oB

The studied species has a tap-root system. Stems
are straight, thick at the base, their diameter varied
from 1 to 4.2 cm. Stems are branched in the upper
part, furrowed, pale green with greenish longitudi-
nal shallow stripes (Fig. 2a), shoots in the upper part
are also characterized by a purple color (Fig. 2b).
The lower part of the shoot is covered with scattered
hairs, the upper part of the plants (in particular, pe-
duncles) is much more pubescent. In ruderal habi-
tats of the foothill Crimea, the height of C. xanthiifolia
flowering plants varied from 135 to 253 cm. Accor-
ding to research papers, the height of plants in rude-
ral habitats under conditions of Central Russia is up to
250 cm (Oleinikova, 2014), in the Southern Urals and
in the Urals — up to 200 cm (Abramova, Nurmiyeva,
2014), in the conditions of Orenburg Oblast — up to
126 cm (Pikalova, 2020). The number of second-order
shoots varied from 8 to 27, while at the base their
length ranged from 60 to 120 cm, and at the top —up to
35 cm. According to other authors, the largest number
of side shoots in the Republic of Bashkortostan was
8-12, while their maximum length varied from 18.3
t0 26.9 cm (Abramova, Nurmiyeva, 2013), the number
of second-order shoots in Central Russia — from 5 to
9 (Oleinikova, 2014).

Morphological and morphometric characteris-
tics of leaf plates have some variability. In particular,
the shape of the leaves varies from whole, ovate-oval

Puc. 2. Mo6er C. xanthiifolia:
a — 6nepHo-3eneHoe ocHoBaHMe nobera; b — nypnypHble

no6erv B BepxHel yactu pacteHus (poto T.3. OMeNbsAHEHKO)

Fig. 2. Shoot of C. xanthiifolia:
a - pale green shoot base; b — purple shoots at the top
of the plant (photo by T.Z. Omelyanenko)

Puc. 3. ®opma nuctoBbix nnactuH C. xanthiifolia Ha TeppuTopun
npepropHoro KpbiMa: a — LenbHbIi UCT; b — AByXxN0NacTHbIN
JINCT; C — TpexsonacTHblv ncT (poto T.3. OMeNnbsaHEHKO)

Fig. 3. Form of C. xanthiifolia leaf plates on the territory
of the foothill Crimea: a — whole leaf; b — two-lobed leaf;
¢ — three-lobed leaf (photo by T.Z. Omelyanenko)
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BTOPOTO MOPSAKa BapbupoBaJio OT 8 0 27 IIT., IPU
3TOM Yy OCHOBAaHUS UX IJIMHA COCTaBJgjaa oT 60 mo
120 cM, a y BepImiuHbI — 10 35 ¢M. 10 JaHHBIM IPYTUX
aBTOPOB, HambOJIbIIIEE YHCJIO 6OKOBBIX T06EeroB B Pec-
ny6yivke BamkopTOCTaH COCTABJIANO 8—12 WIT., MpuU
3TOM MaKCHUMaJIbHa4d UX IJIMHA BapbupoBaJja oT 18,3
0 26,9 cM (A6pamoBa, HypMuesa, 2013), KOTUYECTBO
1106eroB BTOPOTO MOPS/IKA B YCIOBUSX L[eHTpabHOU
Poccuu — ot 5 10 9 miT. (Oneiinukosa, 2014).

Mopdonoruueckrue u MophoMeTpUUecKue Xa-
PAaKTEePUCTUKY JINCTOBBIX IIJIACTUH UMEIT HEKOTOPYIO
U3MEeHYUBOCTh. B uacTHOCTH, (hopMa JIMCThEB Bapbu-
PYeT OT LeJbHBIX, SUIeBUHO-0BAJIBHBIX U CepJIe-
BUHBIX C Cy)Kalollelcs BEPIINHON 10 HepaBHOMED-
HO cJ1a60-IBYXJIOTIACTHBIX M TPEXJIOTACTHBIX (puUC. 3).
OcHOBaHUeE JIUCTHEB — KIIMHOBUIHO Cy>)KeHHoe. [ITnHa
JINCTOBOM TIJIACTUHBI — 0 20 ¢M, MUpUHA — 10 12 cM.
Kpai#i mucta — HepaBHOMEPHO IIUJIbYaTO-3y04aThI.
JIucThbs B 00JIaCTU COIIBETHUH — OT OBAJIbHBIX M 006paT-
HO-SIMLIEBUIHBIX 10 TUHENHO-JIAHIIETHBIX C KPYITHO-
3y6uaThiM KpaeM. MopdoMeTpruieckue MmokasaTenun
BapbUPYIOT B Pa3JINYHBIX peruoHax Poccutickon de-
nepanuu. Tak, B ycsioBuax LieHTpanbHOM Poccuu mu-
Ha JIMCTOBBIX IJIACTUH AocTuraia 16,3 cM, mupuHa —
11,4 cm, B ycnoBusx OpeHOYPIKbsI AJIUHA JIMCTHEB — 10
11,4 cm, mmpuHa — 10 7,6 cM ([Tukasosa, 2020).

CHM3Y JIMCTOBbIE TIJIaCTUHBI CEPOBAaThIE OT T'YCTO-
T'0 IIEJIKOBHUCTO-BOMJIOUHOIO OIylIeHus. JarHa Je-
PEIIKOB JINCTHEB B CpeIHEN YacTU PACTEHUM SOCTU-
raeT 15-18 cMm. UepelKy JIMCTbEB TaK)Ke OIYIIEHBI.
PacteHua GopMUpy0T MHOTOUYNCIEHHBIE COLIBETUS —
KOP3WHKU, KOTOPble COOPaHbBI B CJIOXKHbBIE KUCTEBU/I-
Hble UJIU MeTeJibuaThlie COIBETUS, UMeIlie BePXY-
LIeYHOe MTOJIOKEHYE UK pacIIojiaralouiecs B Iasyxax
BEPXHUX JIUCTHEB.

Kop3uHKM MoHUKawIUe, 2—4 MM B fUaMeTpe,
nosymapoBugHbIe. )KeHCKUE 1IBETKU B KOP3WHKE
UMEI0T KpaeBoe TojiokeHue (puc. 4a), B OHOM CO-
[BeTUY MX 5 IIT. B [leHTpe KOP3MHOK PacIiojararnTcsa

and cordate with a tapering apex to irregularly weak-
ly two-lobed and three-lobed (Fig. 3). The base of the
leaves is cuneated. The length of the leaf plate is up to
20 cm, the width is up to 12 cm. The edge of the leaf is
unevenly serrate-dentate. Leaves in the area of inflo-
rescences — from oval and obovate to linear-lanceolate
with a large toothed edge. Morphometric indicators
vary in different regions of the Russian Federation.
So, in the conditions of Central Russia, the length of
the leaf plates reached 16.3 cm, the width — 11.4 cm,
in the conditions of Orenburg Oblast, the length of the
leaves — up to 11.4 cm, the width — up to 7.6 cm (Pi-
kalova, 2020).

Below, the leaf plates are grayish from a dense
silky tomentose pubescence. The length of the leaf peti-
oles in the middle part of the plants reaches 15-18 cm.
The leaf petioles are also pubescent. Plants form nu-
merous inflorescences — capitula (or anthodium),
which are collected in complex racemose or panicu-
late inflorescences that have an apical position or are
located in the axils of the upper leaves.

Capitulum inclined, 2—4 mm in diameter, hemi-
spherical. Female flowers in a capitulum have a mar-
ginal position (Fig. 4a); there are 5 of them in one in-
florescence. In the center of the capitulum there are
bisexual flowers, which are, however, functionally
male (10-15 pcs.), with a five-toothed corolla and an
underdeveloped sterile pistil (Kulakova et al., 2020).
In studies carried out in the Republic of Bashkortos-
tan (Abramova, Nurmiyeva, 2013), it was noted that the
number of flowers in a capitulum varies from 11 to 36.

The capitulum has an involucre of 10 sepals ar-
ranged in 2 rows. The inner row is represented by
concave, scarious, glumaceous, broadly obovate leaf-
lets, truncated at the apex. The outer row consists
of herbaceous involucre leaves, somewhat pointed,
bearing 1-3 apical teeth covered with glandular pu-
bescence, especially along the margin and along the
midrib (Fig. 4b).

Puc. 4. Kop3uHku C. xanthiifolia: a — Bup, cBepxy (c octatkammn  Fig. 4. Capitulum of C. xanthiifolia: a — view from above (with the
pbineL, NecTUKOB XEHCKUX LBeTKoB); b — Bup, cHu3y (BHewHun  remains of female flowers styles); b — view from below (outer row
pAL NMCTouKoB 06epTkM Kop3uHku) (choTo T.3. OMenbsHeHKo)  of leaves of the capitula involucre) (photo by T.Z. Omelyanenko)

dutocaHuTapus. KapaHTuH pacteHuii = 56
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Puc. 5. Mnopbi-cemsiku C. xanthiifolia:

a — He3penble CEMAHKU C pa3aBO€HHbIM

Fig. 5. Cypselas of C. xanthiifolia:
a — unripe cypselas with bifurcated

Fruits, when ripe, are loca-
ted in a glumaceous, easily collap-
sing perianth. Cypselas are ovate,
inverted in shape, wedge-shaped
tapering downwards, 1.9-2.2 mm
long, 1.0-1.8 mm wide. The low-
er part of the fruit is flattened,
the upper part is thicker, the sur-
face is fine-grained, along the en-
tire body of the achene there are
longitudinal dot-depressed rows.
Fruits are slightly curved towards
the ventral side, with a rounded
dorsal side and pronounced la-
teral ribs. The ribs are less pro-
nounced on the wide surfaces
of the cypsela body — one rib on
each side; apex broadly round, in
an immature state with a remnant
of a bifurcated stigma of the pis-
til (Fig. 5a). The apex is covered
with numerous light hairs, less
often with single ones (Fig. 5 a, b).

pbinbLeM necTuka; b — spenble nnogbi-cemsaHky;  stigmas of the pistil; b - ripe cypselas; In an immature state, a greenish-

C — XapaKTep NoBepXHOCTU 3pesibix niogos; d — ¢ — surface type of ripe fruits; d — fruit
hilum (photo by T.Z. Omelyanenko)

nnoAoBbI pybumk (choto T.3. OMeNnbIHEHKO)

o6oerioJible IBETKY, ABJISIONINECS, OJHAKO, (YHKIIVO-
HaJIbHO MYy»XCKUMU (10—-15 IIT.), C IATU3Yy6UATHIM BEH-
YMKOM U HEJIOPA3BUTBIM CTEPUIBHBIM IecTukoM (Ky-
JlakoBa u 7p., 2020). B uiccaenoBaHUsIX, TPOBEIEHHbBIX
B Pecniy6iiuke Bamkoprocran (A6pamMoBa, HypMuesa,
2013), 0TMEUYEeHO, YTO YKCJIO IIBETKOB B KOP3UHKE Ba-
psupyet oT 11 10 36 1WIT.

Kop3uHku umenT 06epTKy u3 10 yauieaucTu-
KOB, PacCMoJjiaraliuxcsa B 2 psaja. BHyTpeHHUE ps
npeACcTaBJeH BOTHYTBIMU, IJIEHYATBIMU, TOJBIMHU,
IIUPOKO-06paTHO-ANUIEeBUAHBIMY JIUCTOUKAMHU, yCE-
YEeHHBIMM Ha BepIIXHE. BHENIHUNA Pl COCTABIAIOT
TPaBAHUCTbBIE JIUCTOUKU 06EPTKU, HECKOJBKO 3a-
OCTpeHHBIE, Hecylue 1-3 BepXyIeuHbIX 3y611a, a Tak-
JKe TIOKPBITHIE JKeJIE3UCTHIM OITyIIeHneM, 0COGeHHO —
I10 Kparo U 10 cpefHel kuike (puc. 4h).

[1yo4bI IPU CO3PEBAHMU PACIIOIAraloTCs B IIJIEH-
YaToM, JIETKO OOPYIIMBAKIIEMCSI OKOJIOIIBETHUKE.
CeMaHKU AUIEeBUAHbIE, 0OOpPAaTHOTPYIIEBULHBIE 110
bopme, KHU3Y KIUHOBUIHO CyXXeHHBIE, 1,9-2,2 MM
nnuHou, 1,0-1,8 MM mMUPUHON. HY)KHSIS YacThb ILJIO-
JIOB — YILJIOIeHHAasl, BePXHASA — 6ojiee ToJCTas, I10-
BEPXHOCTb TOHKO3EPHUCTAs, 10 BCEMY TeJly CEMSIHKU
MIPOXOAST ITPOAOJIbHbIE TOUEUHO-BIaBJI€HHbIE PSAbI.
[110/1BI CJIeTKa 3aTHYTHI K OPIOIIHON CTOPOHE, C OKPYT-
JIOW CITUHHOM CTOPOHOM U BBIPAKEHHBIMU 60KOBBIMU
pebpamu. B MeHbIell Mepe BhIpakeHbl pebpa Ha IIu-
POKUX TTIOBEPXHOCTSIX TeJIa CEMSIHKY — I10 OJTHOMY Peb-
Py Ha KaXK[Ioil CTOpPOHE; BepIInHa — IIUPOKOOKPYTJIIas,
B HE3PeJIOM COCTOSHUU — C OCTAaTKOM Pas3BOEHHOTO
pbLIbIIA TTecTrKa (puc. 5a). BeplrrHa ITOKPhITa CBETIIbI-
MU MHOTOUYUCJIEHHBIMU BOJIOCKAMU, PeXe — eIUHNY-
HBIMU (pucC. 5 a, b). B HE3PEJIOM COCTOSTHNY XapaKTepHa
3eJIEHOBATO-KOPUYHEBAS, MEJIKOTOUEYHAsd OKPackKa,
repexo]l K TEMHOMY OKpacy IJIOJIOB MTPOUCXOOUT T10-
CTeIleHHO — CHayvaJjia MOoSIBJIAI0TCSI TeMHbIE IISITHA Ha
X BEPIIVHE, CITyCTS HEMIPOAOJKUTEIbHOE BPEMS OT-
MeuaeTcs paBHOMEPHOEe TEMHOEe OKpalllViBaHUe BCETO
Teja ceMsaHKU (puc. 5a).

brown, small-spot color is charac-
teristic, the transition to a dark
color of fruits occurs gradually —
first, dark spots appear on their
top, after a short time, a uniform dark coloration of the
entire body of the cypsela is noted (Fig. 5a).

When ripe, the remainder of the style remains at
the apex in the form of a small outgrowth. Fruit hilum -
from flattened to oval (Fig. 5d), the color of the fruit hi-
lum and the remainder of the style is lighter than the
main part of the cypsela body. The color of the cypsela
varies from dark gray and dark brown to almost black
(Fig. 5D, ).

Calculation of seed productivity under the condi-
tions of the quarantine introduction site showed that
each plant 160-185 cm in height produces on average
22 thousand achenes. The data obtained significant-
ly exceed the maximum seed productivity described
in the conditions of Orenburg Oblast (Pikalova, 2020),
where the number of seeds per plant did not exceed
5439. Also, the indicators of seed productivity obtained
in Central Russia are somewhat inferior — from 500 to
16 500 (Oleinikova, 2014). However, the seed producti-
vity of 1 plant in the Republic of Bashkortostan reached
30 thousand achenes, while the average indicators are
within the range of 7.500 (Abramova, Nurmiyeva, 2013).

The first shoots of C. xanthiifolia in 2020 on the
territory of the Simferopol region were discovered in
the first ten days of June, the budding period was in
mid-July, the beginning of flowering was noted from
late July — early August, and flowering continued until
September inclusive. The fruiting phase began in the
first decade of August (see Table).

Under the conditions of the quarantine introduc-
tion site, most phases occurred 10-14 days later than
in the nearest ruderal communities located at a dis-
tance of up to 15 km. It can be assumed that the ex-
treme conditions of transplantation caused a shift in
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Taoauia

deHoJiorus pa3sutuda C. xanthiifolia B ycioBusx
npearopHoro KppiMa U KapaHTUHHOTO UHTPOAYKIIUOHHOTO
yuacTtka (I0:kub1i punuana @IBY «BHUUKP») B 2020 .

B YCJIOBUSX
CuM@eponosibcKoro

B YCJIOBUSIX KAPAHTHHHOTO
UHTPOAYKIIMOHHOTO
paiioHa y4acTKa

the phenology of development,
while the duration of the phases
in plants observed in ruderal
habitats and in the conditions of
the quarantine introduction site
differed insignificantly.

CONCLUSION
The studied species has a signi-

ficant spreading in the territory

of the Russian Federation, being
able to show different degrees of

harmfulness. At the same time,

appearing in the composition of
agrocenoses, C. xanthiifolia re-
duces the export potential of the

da3sa pa3BUTHUA Cpoxku HacTymieHud eHosornueckux gas

Bereranuga [lepBag gekazia UIOHSA [TepBas gekazma UOHSA

ByToHmsanusa CepenviHa OIS [lepBas mekaza aBrycTa

LiBeTeHUE TpeThs meKkaza uwad BTopag — TpeThsa mekaza
aBTycTa

IlnomoHoOIIEHNE [TepBag nekaza aBrycra TpeTba nekaza aBrycra —

IIepBad gexKamga CEHTH6pH

Russian Federation. Getting into
plant communities of varying de-

OTMupaHue pacTeHuid KoHeI] CeHTI0pST —
HavaJjo OKTI6ps

CepenvHa OKTSIOPS

grees of disturbance C. xanthiifo-
lia is a threat to biological diversi-
ty and the cause of considerable

[Ipu co3peBaHUU Ha BePIIUHE COXPaHIETCH
OCTAaTOK CTOJIOMKA B BUJIe HeGOJIBIIOTO BhIpOCTa. [1710-
IIOBBIY PYOUYUK — OT YILJIOIIEHHOM /10 OBaJbHOM (hop-
MbI (puc. 5d), okpacka IJI0J0BOT0 py6UuMKa U OCTaT-
Ka cToJibuKa CBeTJiee, YeM OCHOBHAs YacCTh TeJia
ceMaHKU. OKpacKa CeMSIHOK BapbUpPYyeT OT TEMHO-
cepoll U TEeMHO-KOPUYHEBOU MPaKTUUYECKU J0 Uep-
HOU (puc. 5 b, c).

[ToncueT ceMEHHOU MPOAYKTUBHOCTY B YCIOBUSX
KapaHTUHHOTO MHTPOLYKIIMOHHOI'0 y4acTKa [10Ka3alJl,
YTO KaXkJl0e pacTeHue BbIcOTOM 160-185 cM mpomy-
LUpPyeT B CpefHeM 22 ThIC. IIJIO0B-CeMIHOK. [Toiy-
YeHHbIe JaHHbIe 3HAYUTEJbHO IPEBBIMIAKT MaKCU-
MaJbHYI0 CEMEHHYI0 IIPOAYKTUBHOCTbD, OIIMCAHHYIO
B ycaoBusx Openbypxbs (TTukaigosa, 2020), TIe YnCIo
CceMsH Ha 1 pacTeHue He IIpeBbimano 5439 mr. Takxe
HECKOJIBKO YCTYTAI0T I0KA3aTeJI CEMEHHOU TTPOLYK-
TUBHOCTH, TIOJTyYeHHbIe B [[eHTpasibHOM Poccuu, — OT
500 go 16 500 mT. (OJIeiHMKOBa,
2014). OmHako ceMeHHas Mpo-
OYKTUBHOCTH 1 pacTeHud B Pec-

Table

economic losses.

Based on the conducted
studies, it has been established that C. xanthiifolia con-
tinues to actively spread throughout the territory of
the Republic of Crimea. It is recorded in ruderal and
technogenic habitats, including in communities at
the initial stage of succession. The abundance of the
species in ruderal habitats varies from 1 to 5 on the
Brown-Blanquet scale. The abundance of the species
in the composition of segetal plant communities does
not exceed 2 degrees. The studied species in various
plant communities of the foothill Crimea goes through
all phases of phenological development, forming a
large number of achenes. Due to the expansion of high-
ways and the increasing load on the transport routes
of the Republic of Crimea, monitoring the introduction
of new and spreading of previously introduced plant
species plays a significant role in preventing the in-
troduction of adventive species and their subsequent
adaptation.

ny6nuke Bamkoproctan fiocty-  Phenology of C. xanthiifolia development in the conditions
rana 30 TbIC. CeMAHOK, IpH 3ToM  of the foothill Crimea and the quarantine introduction site
CPEAHIE IOKAZATEN HAXOAICA  (gqythern Branch of FGBU “VNIIKR”) in 2020

B IIpemenax 7,5 Thic. mT. (AGpa-
MoBa, Hypmuesa, 2013).

[lepBble BCXOIbI IIMKJa- Development

Simferopol region

quarantine introduction site

XeHbl OYPHUIIHUKOJUCTHOU
B 2020 r. Ha TeppuTopuu Cum-

phase The timing of the onset of phenological phases

¢epomonbckoro pariona 6ermu  Vegetation

First ten days of June

First ten days of June

obHapy’XeHbI B IIEePBOi Aekajie
WIOHS, TIepuof, 6yTOHMU3aIluu

Budding Mid July

First ten days of August

npumiesica Ha cepefuny uwnid, Flowering Third ten days of July Second - third ten days of August
HavaJio IIBETEHUS OTMEeYajoCh — - ;

C KOHIA MIOJIA — HAYAJNA ABTY- Fruiting First ten days of August Thlrd ten days of August -

CTa, ¥ IPOLOJIKATIOCH [[BETEHUE First ten days of September

B0 CeHTHOpS BKIKYUTENBHO. Plant dying End of September — Mid October

da3a MI0LOHOIIEHN Hadyallach
c TIEpBOM JeKajbl aBrycra (CM.

beginning of October

TabauILy).

B ycioBUsAX KapaHTUHHOTO
ydacTka 60JbIMMHCTBO (ha3 HacTymanau Ha 10-14 gHeit
T103)Ke, YeM B cOCTaBe GJIVKAUIINX PyllepajbHbIX CO-
00IIIeCcTB, HAXOAAIINXCS Ha PACCTOAHUU IO 15 KM.

duTtocaHutapusa. KapaHTuH pacteHuin 58



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

MOJKHO TIPEZIION0KUTD, YTO SKCTPEeMaJIbHbIE YCIOBUS
repecajikv SBUJIUCh TPUUNHOM CABUTA B (DEeHOJIOTUU
Pa3BUTHUSA, TIPU STOM IIPOLOJIKUTENBHOCTD (ha3 y pac-
TEeHU, HabIIOLAEMbIX B PyZepalbHbIX MECTOOOUTAHM -
SIX U B YCIOBUSAX KaPDAHTUHHOTO WHTPOLYKIIMOHHOTO
y4acTKa, OTINYaIach He3HAUNUTENHHO.

3AKJIIOUYEHME

ViccnenmyeMblii BUJ, UMEET 3HAUYUTEJIbHOE PacIipo-
cTpaHeHMe Ha TeppuTopuu Poccuiickoir demepaliuu,
06y1a/1as1 CTIOCOGHOCTBIO MTPOSBIATh PA3HYI0 CTETIEHb
BPENOHOCHOCTHU. BMecTe ¢ TeM, IOIBJISASICh B COCTa-
Be arpoleHO030B, IIMKJIaXeHa CHUKAET SKCIIOPTHHIN
nmoteHIuana Pocculickoyt ®demepanuu. llukiaxeHa
IYPHUIITHUKOJIUCTHAS, BHEAPSISICh B PACTUTEIbHbIE
coobIrecTBa pa3IUYHOMN CTENeHW HapyIIeHHOCTH,
SIBJISIETCSI YI'PO30H GMOJIOTUYECKOMY PasHO0Opas3uio
U IPUYMHON HEMAaJIbIX SKOHOMUYECKUX IIOTEPh.

Ha ocHoBaHMU ITPOBEIEHHBIX KMCCIEIOBAHUN
YCTAHOBJIEHO, YTO IIMKJaxXeHa MPOOJKAEeT aKTUB-
HO PacIpOCTPAHATHCS 110 TEPPUTOPUM Pecmybauku
KpeiM. OTMeUaeTcss B PyAepasibHbIX U TEXHOT€HHBIX
MEeCTOO0OMTaHMIX, B TOM UMCJIE B COOOIECTBaX, HaX0 -
IIYXCS HAa HAaYaJIbHOU CTafuy cyKiieccuu. Obuire Buia
B COCTaBe pPyZepaJibHbIX MECTOOOUTAHUY BAPbUPYET OT
1 mo 5 6amyoB 1o mkajie bpayH-Bianke. O6unue Buga
B COCTaBe CereTaJbHbIX PACTUTEJIbHBIX COOOIIECTB He
IpeBbImaeT 2 6aJyioB. VccienyeMbli BULL B Pa3Iny-
HBIX PACTUTEJIbHBIX COOBIIECTBAX ITPEATrOPHOTO KphI-
Ma IIPOXOLUT BCe (Pasbl (heHOJOTUUYECKOTO Pa3BUTHUI,
hopMupyst 60abIIOE KOJIUUYECTBO MJIOLOB-CEMSIHOK.
B cBSI3U C pacmypeHreM MarucTpajei ¥ Bo3pacTaro-
el Harpy3Koil Ha TPAHCIIOPTHbBIE ITyTU Pecrybinku
KpbIM, MOHUTOPHHT BHEIPEHYS HOBBIX 1 PACIIPOCTPA-
HEeHUs TPOHUKHYBIINX paHee BU/IOB PaCTEHUH UTPaeT
BECOMYI0 POJIb B HEJIOTYIIEHUY 3aHOCA aJiBEHTUBHBIX
BUJIOB U WX ITOCTENYIONIEeH aKKINMaTU3AI[UH.
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AHHOTALIUA
B paboTe rnpeicTaBIeHbl Pe3YJIbTAThI ITOJEBBIX UCIIbI-
TaHUH 3 TUTIOB (DePOMOHHBIX JIOBYIIIEK TTPOU3BOJICTBA
OT'BY «BHUWKP» AJist OTJI0Ba BOCTOYHOM IIJIOI0MKOP-
Ku Grapholita molesta (Busck, 1916) B ycioBusix H0x-
Horo Gepera KppIiMa. YCTaHOBJIEHO, UTO HAUGOIBIIYIO
3(pPeKTUBHOCTD MTOKA3aJU TUITBI JIOBYIIEK «JlebTa»
u «PoM6», Ha KOTOPbie B CpeHEM OBIJIO OTIOBJIEHO
158 u 156 0co6eli/IOBYIIKY COOTBETCTBEHHO. B TO e
BpeM4 JIOBYIIKM TuIa «KBaspo» okasannuch MeHee (-
(beKTI/IBHbIMI/I, KOJIMYeCTBO OTJIOBJIEHHBIX CaMIIOB BOC-
TOYHOM TLJIOAOXKOPKH cOCTaBuIO 104 0cO6U/IOBYIIKY.

Knrouesvle cnoea. BocTOUHAd ILJIOAOXOPKA,
Grapholita molesta, CUHTETUYECKUH TOJOBON (epo-
MOH, KJieeBas JIOBYIIIKA, KADAHTUH PACTEeHUN.

BBEJEHUE

OCTOYHAs IIOZOXKOpKa  Grapholita
molesta (Busck, 1916) (Lepidoptera:
Tortricidae: Olethreutinae) — ¢uTo-
¢ar, TOBpEXAAIINYA TJIOABI U TIO-
Geru KyJnbTyp ceMmeiicTBa Rosaceae.
Ponunoit G. molesta cuutaercsa Boc-
TouHag Asug (dmonHusa, Kurayt, Ko-
pesi), OTKyZa BPeAUTEb MUTPUPOBAJ
B apyrue crpaubl (IllyTosa, 1980). B 3aBUCUMOCTHU OT

FIELD TESTS]

UDC 632.7.08

On the results

of testing various types
of pheromone traps

for collecting oriental
fruit moth Grapholita
molesta (Busck, 1916)

in the conditions of the
southern coast of Crimea
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ABSTRACT
The work presents the results of field studies of 3 phe-
romone trap types produced by FGBU “VNIIKR” for col-
lecting oriental fruit moth Grapholita molesta (Busck,
1916) in the conditions of the southern coast of Crimea.
It was stated that the most efficient were the trap types
“Delta” and “Diamond”, which could collect 158 and
156 individuals/trap respectively. At the same time,
“Quadro” traps turned out to be less effective; the num-
ber of oriental fruit moth males collected were 104 in-
dividuals/trap.

Keywords. Oriental fruit moth, Grapholita molesta,
synthetic sex pheromone, glue trap, plant quarantine.

INTRODUCTION

riental fruit moth Grapholita molesta (Busck,
1916) (Lepidoptera: Tortricidae: Oleth-
reutinae) is a phytophague damaging
fruits and shoots of Rosaceae family crops.

dutocaHuTapusi. KapaHTuH pacteHuii 62



MOJIEBbIE UCMbITAHMA  FIELD TESTS

KJIMMaTUYECKUX YCIOBUYM PErMOHa BPENUTENb Pa3BU-
BaeTcs B 4—5 TeHepallysax ¢ allpesis 1o CeHTI0pb. [1pu
CyXOU U TeIlioi morofe JIET 6abouek MOXKET MTPOJIOJI-
JKaThCs U B OKTs0pe. [I1g pa3BuTusd 1 reHeparuy He-
obxomuma cymma sddekTuBHBIX TeMmiepaTtyp (CIT),
paBHag 522 °C BeIlle X0JiOAOBOro rmopora 9 °C, uto
B cpenmHeM cocTasiisgeT oT 20 1o 25 cyTok (BaJibIKu-
Ha, 2020; Balykina, 2020). CorjiacHO UCCIeNOBaHUSIM,
IIPOBEeNEHHBIM B cTpaHax ObiBiero CCCP (ApakeJsH,
1980; Kunuanu, 1980), oTMeUYEHO, YTO B HaubOJIb-
e Mepe MOBPEXIAI0TCS IT06ETH KOCTOUKOBBIX: TIeP-
cuka — ot 50 7o 70%, yepeulHu U BUIIHU — OT 25 10
35%, abpukoca u ciauBel — oT 20 10 25%; rmoberu ce-
MEUYKOBBIX MAaKCUMAaJIbHO MTOBPEXIAIOTCS Y aliBbI — 10
20%. [ToBpeXXIeHHOCTh IIJIOAOB IIepPCrKa, HEKTapuHa,
CJIUBBI, TPYIIX, aBbl MHOTHA mocTturaetr 90-100%,
s16J10HU — OT 40 10 45%. [1710/1bI CEMEUKOBBIX KYJIbTYP
WHTEHCHUBHEE TTOBPEXIAIOTCS CO BTOPOM ITOJIOBUHBI
JieTa ¥ OCEeHbI0, MEHee — BECHOM 1 B HauaJe JieTa. B yc-
JoBUSIX KpPBIMCKOTO MOJYyOCTPOBAa YCTAHOBJIEHO, UTO
OGJIM3K0E PACIIOIOKEHNE KOCTOUKOBBIX I CEMEUKOBBIX
HACaX/JEeHUN SBJISeTCS OJIaTOMPUSTHBIM YCIOBUEM
JIJII Pa3BUTUS U Pa3MHOXXeHUs G. molesta (BanbikuHa,
2020). B HacTosiIee BPEMST UMCIEHHOCTD Oy
BOCTOYHOM ILJIOLOXXOPKU KOHTPOJUPYETCS C IIOMO-
b0 XUMMYECKUX METOZOB. OMHUM M3 BaXKHEUIIUX
3TAIoB B paszpaboTke 3 (HEKTUBHON CUCTEMBI 3allll-
Thl PACTEHUU ABJIIETCS IIpoBeleHMne (PepoOMOHHOTO
MOHUMTOPUHTA [IJId UCCIefoBaHUsd (peHoJoruu puTo-
(haros. IlepBble MMOJEBbIE MCIIBITAHUS IIOJIOBBIX (he-
pomoHOB G. molesta Ha Tepputopuu 6biBiero CCCP
ObLIU TIPOBeMeHbI B 1967 I. B KpacHomapcKoM Kpae.
[ToyueHHbIe JaHHbIE CBUIETEIbCTBOBAJIY O BEICOKOM
OMOJIOrMYECKOM aKTUBHOCTY U BUIOCHEIU(DUUHOCTH
ITOJIOBBIX (hbEPOMOHOB IIPY OTJIOBE caMIioB Buma (Ma-
romenos, 2010).

B 1969 r. B CoeguHeHHbIX llITaTax AMepUKH
ObIJI OTpe/ieJieH OCHOBHOM KOMIIOHEHT ITOJIOBOTO
(hepoMoOHa caMK1 BOCTOUHOM IIJIOOXKOPKY — alleTaT-
yuc-8-momelieH-1-o0a, KOTOPBIM SKCTPArupoBaIu
13 GPIOIIHOTO cerMeHTa HacekoMbix (Roelofs, 1969).
[To3pHee ObIIN UNEHTUDUIIMPOBAHBI IPyTUe KOM-
TTOHEHTHI, TaK)Ke BXOAMIIE B COCTAB IIOJIOBOTO (e-
POMOHA CaMOK BOCTOUHOM IIJIOJOXKOPKY, & UMEHHO:
areTaT-mpanc-8-monerieH-1-oua, yuc-8-nomeneH-1-o
u gomekanoy (Carde, 1979). B xome ImpoBemeHUs 06-
IIUPHBIX WCCJENOBAaHUM ObIJIO YCTAHOBJIEHO, UTO
aleTaT-yuc-8-goneleH-1-oJa, aleTaT-mpanc-8-mo-
meleH-1-oja ¥ yuc-8-moLeneH-1-0J UTrpamT BaXXHYH0
pOJib B KOMMYHUKAIIMOHHOM CUCTEME JaHHOT0 BU/IA
U UX [IPUCYTCTBYE B CMECHU SIBJISIETCS 00513aTeIbHBIM
s 9 HeKTUBHOTO OTJIOBAa HaceKoMbIxX (Linn, 1986;
Carde, 1975; Carde, 1975). B 1978-1979 rT. ¢ TIOMO-
11610 (PEPOMOHHBIX JIOBYIIIEK BOCTOUHOM M1JI0L0KOPKU
OBLIY TTOJIyYEeHBI JaHHBIE O CUTHAJIBHBIX OGHApYyXe-
HUSX BPEeOUTEJST B PA3JIMYHBIX 06JIACTIX YKPAUHBI,
Monagmasuu u Poccun (KpacHomapckuil kpai) (CMmeT-
HUK, 1990).

®epoMOHHbBIE JIOBYIIKY G. molesta TPOU3BOICTBA
®I'BY «BHMVKP» Haliu CBOE IUPOKOE IIPUMEHEHUE
He TOJIbKO IIPU YCTAHOBJIEHUU KapaHTUHHOTO (u-
TOCAHUTAPHOI'O COCTOSHUY Tepputropuu PP B 30HE,
MTO/IBEP)KEHHOM OTTAaCHOCTHU, HO U JIJIE CBOEBPEMEHHOMN
JIOKaJI3alluy 04aroB. PazpaboTka HOBBIX TUIIOB JIOBY-
IIEK B LIEJISIX U3YyUYeHUI KAPAaHTUHHOTO (PUTOCAHUTAP-
HOTO COCTOSTHUS TeppuTopuu PO TpebyeT ux ampoba-
111 Ha IPaKTUKe Iepel, MUPOKUM UCII0JIb30BaHUEM.

G. molesta is considered to originate from East Asia
(Japan, China, Korea), from where the pest migra-
ted to other countries (Shutova, 1980). Depending on
the climatic conditions of the region, the pest deve-
lops in 4-5 generations from April to September. In
dry and warm weather, the flight of moths can conti-
nue in October. For the development of 1 generation,
a sum of effective temperatures (ETS) is required,
equal to 522 °C above the cold threshold of 9 °C,
which on average ranges from 20 to 25 days (Baly-
kina, 2020). According to studies carried out in the
former USSR countries (Arakelyan, 1980; Kipiani,
1980), it was noted that stone fruit shoots are most
damaged: peaches — from 50 to 70%, sweet cherries
and cherries — from 25 to 35%, apricots and plums —
from 20 to 25%; pomaceous shoots are mostly da-
maged in quinces — up to 20%. Damage to peach, nec-
tarine, plum, pear, quince fruits sometimes reaches
90-100%, apple fruits — from 40 to 45%. Pomaceous
fruits are damaged more intensively from the second
half of summer and autumn, less — in spring and early
summer. In the conditions of the Crimean Peninsula,
it was found that the close location of stone fruit and
pomaceous plantations is a favorable condition for
the development and reproduction G. molesta (Baly-
kina, 2020). Currently, the population of oriental fruit
moth is controlled by chemical methods. One of the
most important stages in the development of an effec-
tive plant protection system is pheromone monitoring
to study the phenology of phytophagues. First field tri-
als of G. molesta sex pheromones on the territory of the
former USSR were carried out in 1967 in Krasnodar
Krai. The data obtained indicated a high biological ac-
tivity and species-specificity of sex pheromones when
collecting males (Magomedov, 2010).

In 1969, in the United States of America, the main
component of the sex pheromone of the female ori-
ental fruit moth, acetate-cis-8-dodecen-1-ol, was de-
termined, which was extracted from the abdominal
segment of insects (Roelofs, 1969). Later, other com-
ponents were identified that are also part of the sex
pheromone of the female oriental fruit moth, namely:
acetate-trans-8-dodecen-1-ol, cis-8-dodecen-1-ol and
dodecanol (Carde, 1979). In the course of extensive re-
search, it was found that acetate-cis-8-dodecen-1-ol,
acetate-trans-8-dodecen-1-ol and cis-8-dodecen-1-ol
play an important role in the communication system of
this species and their presence in the mixture is essen-
tial for effective trapping of insects (Linn, 1986; Carde,
1975; Carde, 1975). In 1978-1979, using pheromone
traps for oriental fruit moth, data were obtained on sig-
nal detection of the pest in various regions of Ukraine,
Moldova and Russia (Krasnodar Krai) (Smetnik, 1990).

Pheromone traps for G. molesta produced by
FGBU “VNIIKR” found their widespread use not only in
establishing the quarantine phytosanitary state of the
territory of the Russian Federation in an endangered
zone, but also for the timely outbreaks localization. The
development of new trap types to study the quarantine
phytosanitary state of the territory of the Russian Fe-
deration requires their testing in practice before wide-
spread use. The purpose of this work was to determine
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Llenpio HacTOSIIEN PabOTHI ABJSIOCH ONIPEeeHe
TOAXOIAIIEr0 TUIA JIOBYIIKY JJis Hamboee ahdex-
TUBHOTO OTJI0Ba 6abouek G. molesta B ycioBugx Hx-
Horo Gepera Kpeima. [TosyyeHHbIE TAKMM 06pa3oM
JlaHHBIE TI03BOJISIOT CIIPOTHO3MPOBATh Pa3BUTUE
BPEeIUTENS, CIUIAHUPOBATh IIPOBE/IEHNE CBOEBPEMEH-
HBIX 3aIUTHBIX MEPOTIPUATHUHN IIPOTUB HETO, & TAKXKE
PEKOMEHJI0BATh OIIPeJieIEHHbIE TUIIBI JIOBYIIEK LIS
UCCJIelyeMOTO BUZA, YTO OMPEENsIeT aKTyaJbHOCTD
MTPOBEJIEHHBIX UCCIENOBAHUN.

MATEPUWAJIBI U METO/IbI

Is1 IpOBEIEHMS TIOJIEBBIX MCIIBITAHUYN MCIIOJb30-
BaJii CUHTETUYECKUUN aHaJIOT IOJIOBOTO (hepoMo-
Ha caMK{ BOCTOYHOM IJIOJOXOPKU MPOU3BOACTBA
dI'BY «BHUNWKP». CuHTe3 KOMIIOHEHTOB JaHHO-
ro anajsora (B BUJe CUHTETHUYECKOU (HEepPOMOHHOM
cMecu) — aleTtaTa-yuc-8-momereH-1-oma (I), amera-
Ta-mpanc-8-momener-1-omna (II) u yuc-8-momereH-1-
oua (III) — 6611 pazpaboTaH U OCYIIECTBJIEH Ha OCHOBE
peakLuy u3oMepu3aluu 2-ajJKkuH-1-0J10B B oMera-aj-
KWH-1-0JIBI COTJIACHO CXeMe Ha PUCYHKe 1.
TToJry4eHHbIY CUHTETUYECKY Y aHAJIOT 13 BhIIIETIe-
peydrcIeHHbIX KOMIIOHEHTOB HAaHOCIHJIM Ha JUCIIEHCEeD,
WCIIOJIb3YsI PACTBOPUTEJD. [JUCIIEHCED MIPECTABIISIET
c0601i cepyro PE3UHOBYIO TPOOKY U3 6POMOYTHIIKAYUY-
Ka BbICOTOI 8 (+2) MM u guaMeTpoM 13 (+2) MM. B xoze
OTIBITOB JIJISI BCEX TUTIOB JIOBYIIEK MCITOJIb30BAJIM CUH-
TETUYEeCKy10 (hePOMOHHYI0 CMeCh, OTTMCAHHYIO BBIIIIE.
B OIbITE MCITOJIB30BAM 3 TUIIA KJIEEBHIX JIOBY-
mwek nmpoussoacTBa PI'BY «BHUUKP»: «/lenpTa» niu
«JlenbTa H» (HoBas), «PoM6» u «KBazipo». Bee JIOBYIIKYA
M3TOTOBJIEHBI 13 YKECTKOr'0 IAMUHHPOBAHHOTO KapTO-
Ha 6eJioro 1BeTa, BHYTPEHHSIS IOBEPXHOCTh KOTOPBIX
TTOKPBITA DHTOMOJIOTUYECKUM KjIeeM. JIOBYIIKa TUIIa
«[JenbTa» MpefcTaBisgeT co60il MJIacTUHY pa3MepoM
400 (£10) x 230 (x10) MM, cio-
JKEHHYIO B TIPOCTPAHCTBEHHYO

the appropriate trap type for the most efficient collec-
ting of G. molesta moths in the conditions of the south-
ern coast of Crimea. The data obtained this way make
it possible to predict the development of the pest, plan
the implementation of timely protective measures
against it, and also recommend certain types of traps
for the species under study, which determines the re-
levance of the research.

MATERIALS AND METHODS

For field trials, we used a synthetic analogue of the sex
pheromone of the female oriental fruit moth produced
by FGBU “VNIIKR”. Synthesis of the components of this
analogue (in the form of a synthetic pheromone mix-
ture) — acetate-cis-8-dodecen-1-ol (I), acetate-trans-
8-dodecen-1-ol (II) and cis-8-dodecen-1-ol (III) — was
developed and carried out on the basis of the isomeri-
zation reaction of 2-alkyne-1-ols to omega-alkyne-1-
ols according to the scheme in Figure 1.

The resulting synthetic analogue of the above
components was applied to a dispenser using a solvent.
The dispenser is a gray bromobutyl rubber stopper with
a height of 8 (+2) mm and a diameter of 13 (+2) mm.
During the experiments, for all types of traps, the syn-
thetic pheromone mixture described above was used.

The experiment used 3 types of glue traps pro-
duced by FGBU “VNIIKR”: “Delta” or “Delta N” (new),
“Diamond” and “Quadro”. All traps are made of rigid
white laminated cardboard, the inner surface of which
is covered with entomological glue. The “Delta” type
trap is a plate 400 (+ 10) x 230 (+ 10) mm, folded into
a spatial triangle with a base and fixed on both sides
(Fig. 2a). The assembled “Delta” size is 190 (£10) x
130 (#10) mm. The diamond-shaped trap consists of
two plates folded into a spatial diamond figure, with
two upper faces, the size of each of which is 10 (+1) x
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HUEM U 3aKPEeIIEHHYI C IBYX
cTopoH (puc. 2a). Pazmep «Jlesib-
ThI» B COGPaHHOM BUJIE COCTaB-
asger 190 (£10) x 130 (x10) MM.
JloByIIKa pOMOOBUIHAS COCTOUT
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Jlopymku pasmMemanu
19 mag 2020 I. B KOJIJIEKIIMOH-

Puc. 1. Cxema cMHTe3a OCHOBHbIX
KOMIMOHEHTOB B COCTaBe CUHTETUYECKOIO
aHanora nosoBoro hepomMoHa CaMKu
BOCTOYHOM NJIOO0XXOPKM NPON3BOACTBA
Drey «BHUUKP» (opur.)

Fig. 1. Scheme of the synthesis of the main
components in the composition

of the synthetic analogue of the sex
pheromone of the female oriental fruit moth
produced by FGBU “VNIIKR” (orig.)

HBIX HACQXJIEHUSX [TIepCUKa U HeKTapyHa Ha Teppu-
TOpUM pefepansbHOro roCyAapCTBEHHOIO 610 )KETHO-
T0 yYpexJeHus HayKu «HUKUTCKUYU 60TaHUYECKUN
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can — HarmoHanbHBIN Hay4dHBIN 1eHTP>» (HBC-HHII),
r. dnta, 1. . T. Hukuta, Pecrrybsinka Kpbim. Kaxkabiit
THII JIOBYIIKY TECTUPOBAJIU B 4-KPAaTHOU ITIOBTOPHOCTH,
JIOBYIIIKY pasMellajid COTJIACHO CXeMe, IPUBEIEHHOMN
Ha pucyHKe 3. Y4eT U BbIGOPKY HACEKOMbBIX ITPOBOI I
Kaxzable 7-10 cyTok ¢ 27 Mag 110 19 aBrycra, 3aMeHy
JIOBYIIIEK TIPOBOUJIM TI0 MePe UX 3arps3HeHus. Bcero
OBIJI0 TTPOBENeHO 10 yUeToB.

Vnentudurkaims oOTJIOBJIEHHBIX B (DEPOMOHHBIE
JIOBYLIKY HACEKOMBIX TIPOBO/IMJIACH B COOTBETCTBUM
co CtangaproM opranusanuu BHUUKP N2 2.006-2010
«BocTouHag I1omoXkopka Grapholita molesta (Busck,
1916). MeTompbl BhISIBIECHUSA U UAEHTUDUKAIIVL».

MaremaTtuyeckas o6paboTKa ZaHHBIX IPOBO-
Aujiach ¢ IIOMOIIbI0 IPOTPaMMHOTO ObecIieueHus
Microsoft Excel, BhIUMCHIANN cpelHee 3HaAUYeHUE
u omubKy cpemHero (SE).

PE3VYJIbTATBI U OBCYXJEHUE

YCcTaHOBJIEHO, UTO B JIOBYIIKY «JleabTa» 1 «PoM6» 6a-
0O0UYKM BpPEAUTENII OTJIAaBJIMBAJIKNCh HAa OLUHAKOBOM

Puc. 2. Tunbl hepOMOHHbBIX IOBYLLEK
ucnbiTaHui no otnoBy Grapholita molesta

a - «Jenbta»; b — «<Pomb»; c — «KBapgpo»
(choTo aBTOPOB)

Fig. 2. Types of pheromone traps
npoussopctea OrbY «BHUUKP» onsa nonesbix produced by FGBU “VNIIKR” for field

trials on collecting Grapholita molesta
B ycnoBusax KOxkHoro 6epera KpbiMa, 2020 r.:  in the conditions of the South Coast of
Crimea, 2020: a - “Delta”; b — “Diamond”; forms and becomes unsuitable for

¢ — “Quadro” (photos by the authors)

16 (+1) cm, and two lower faces, the size of each of
them is 9 (+1) x 16 (¥1) cm (Fig. 2b). A “Quadro” trap
is a plate 440 (x30) x 240 (+30) mm, folded into a spa-
tial figure in the shape of a rectangle, with four outer
edges (Fig. 2¢). Dimensions of the assembled trap are
240 (+10) x 120 (+10) x 105 (+10) mm.

The traps were placed on May 19, 2020 in the col-
lection plantations of peach and nectarine on the ter-
ritory of the Federal State Budgetary Institution of Sci-
ence “Nikitsky Botanical Garden — National Scientific
Center” (NBG-NSC), Yalta, Nikita, Republic of Crimea.
Each trap type was tested in 4-fold repetition, the traps
were placed according to the scheme shown in Figure 3.
Insects were counted and sampled every 7-10 days
from May 27 to August 19, traps were replaced as they
became dirty. A total of 10 counts were carried out.

Insects collected in pheromone traps were identi-
fied in accordance with the VNIIKR organization stan-
dard No. 2.006-2010 “Oriental fruit moth Grapholi-
ta molesta (Busck, 1916). Detection and identification
methods”.

Mathematical data proces-
sing was carried out using Micro-
soft Excel software, the mean value
and the error of the mean (SE) were
calculated.

RESULTS AND DISCUSSION

It was found that the numbers of pest
moths caught in the “Delta” and “Di-
amond” traps are similar. Over the
entire observation period, which was
93 days, the total number of oriental
fruit moth males caught in traps of
the “Delta” type was 631 males (on
average 158 individuals/trap), and
in “Diamond” traps — 626 males (on
average 156 individuals/trap).

The results obtained indicate
the possibility of using both types
of traps for pheromone monitoring
of the pest. It was determined that
“Quadro” traps showed the lowest
efficiency in comparison with “Del-
ta” and “Diamond”. Thus, during
the research, 417 males of G. mo-
lesta were caught in “Quadro” traps,
which is an average of 104.2 indi-
viduals/trap (see Table).

It should be noted that the
“Quadro” trap is less practical for
use in gardens, as its glue surface
is quickly contaminated with vari-
ous insects and dust. In addition,
on rare occasions small birds have
been reported, making the trap
completely unusable. With pro-
longed exposure to the sun, the
glue surface dries quickly, and in
case of precipitation, the trap de-

further use (Fig. 4).
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YPOBHE. 3a BeCh ITepuo/i HabJII0eH I, KOTOPBIH COCTa-
BUJI 93 IH4, 0011Iee KOJIMUYECTBO OTJIOBJIEHHbBIX CAMIIOB
BOCTOYHOMU IIJIOZ0KOPKU B JIOBYUIKY TUTIA «JlebTa» —
631 camerr (B cpegHeM 158 0co6eii/IOBYIIKY), @ B JIO-
ByIIKK «PoM6» — 626 camIioB (B cpemHeM 156 ocobeii/
JIOBYIIKY).

[TonyyeHHbIe PE3YJIbTAThl CBULETEIBCTBYIOT
0 BO3MOXXHOCTY MPUMeHEHUT 060UX TUIIOB JIOBYIIEK
st GhepOMOHHOT'0 MOHUTOPUHTA BpeauTes. Onpene-
JIEHO, YTO TUII JIOBYIIEeK «KBaZpo» moKa3ajl HauMeHb-
1y 3¢ GEeKTUBHOCTD IO CPAaBHEHUIO C «JleJIbTOM»
u «PoMbom». Tak, 3a BpeMs IIPOBeIeHUs UCCIeN0Ba-
HUU B JIOBYIIKY «KBaZpo» Bcero 6b1710 OTIOBIEHO 417
caMIioB G. molesta, UTO B cpefiHeM cocTaBiysgeT 104,2
0COGEM/IOBYIIKY (CM. TabIUILY).

CielyeT OTMETUTh, YTO JOBYIIKa «KBagpo» gB-
JITeTCsI MeHee MPAaKTUYHOM IJis IPUMEeHEeHUs B ca-
Iax, Tak KaK ee KJjieeBas IMOBEPXHOCTDb GBICTPO 3a-
TPSA3HAETCS PA3JIUYHBIMY HACEKOMBIMU Y MBLIbIO.
KpoMme TOrO, B peIKuX cliydasax OTMedYeHO rormaja-
Hue HebGOJbIIUX IMTUI], BCJIEACTBUE Yero JIOBYUIKa
CTAHOBUTCS IIOJHOCTbIO HEIMPUTOMHOM MIJII UCIIOJIb-
30BaHud. [Ipy IJIUTEIbHOM HAaX0XIEeHUY Ha COJHILE
KJIeeBas TTIOBEPXHOCTb OBICTPO BHICHIXAET, a TIPU I10-
MaflaHuY OCaLKOB JIOBYIIKA JeOPMUPYETCS U CTa-
HOBUTCS HEIIPUTOLHOMN IJisd HaJIbHEHUIIEro UCII0Jb-
3oBanug (puc. 4).

3AKJ/IIOYEHUE

Ha ocHOBaHMY TIPOBEJIEHHBIX MCCIIEIOBAHUN MOXKHO
cIesaTh 3aKJII0YEHNE O TOM, UTO ONITUMAaIbHbBIMU TH-
namMu (epOMOHHBIX JIOBYIIEK IJsg oTJoBa Grapholita

Tab6auia

1—=4 JT nosymxa"Hemra"
+ 4K
1-4 P nosymka "Poms”
ABPHKOC + 4P 1-4 K nosymka "Ksampo”
+ 471
Tlepcuk 0.7 ra
+ 2K | +311 :
ABPHKOC + 2p + 3K 3
+21 | +3P e
+| g
Iepenx 1.0 ra —+ ;
+
1K 21 1P +| &
+ + + s 5
Hexrapus 0.8 ra i

Puc. 3. Cxema pasmelyeHus
pPasnNnUHbIX TUMOB JIOBYLUEK
ons otnosa Grapholita
molesta, Pecnybnuka KpbimM,
2020 r. (opur.)

Fig. 3. Layout of different
types of traps for collecting
Grapholita molesta,
Republic of Crimea,

2020 (orig.)

CONCLUSION

Based on the studies carried out, it can be concluded
that the optimal types of pheromone traps for collec-
ting Grapholita molesta in the conditions of the south-
ern coast of Crimea are “Delta” and “Diamond”, since
on average almost the same number of oriental fruit
moth males was caught per trap, 158 and 156 indivi-
duals/trap respectively.

These types of traps can be recommended for es-
tablishing the quarantine phytosanitary state of the

CpeHee KOJIMYECTBO OTJIOBJIEHHBIX 0co6eii G. molesta
B pa3JIMYHbIEe TUIIBI JIOByLIEK 110 zaTam yyeToB HEC-HHII B 2020 1.

JaTsl yueTa

J.II'(I;I:yIJIKH 27.05 03.06 19.06 3006 09.07 15.07 22.07 29.07 06.08  19.08
«Jenbra» 50+1 65+2 270+2 452+7 150+3 252+2 82+4 35+1 92+7 127+4
«PoMG» 25+1 3,0+0,7 262+13 542+26 252+6 17,5+1 65+4 25+1 70+3 11,7+3
«KBagpo» 4,0+1 1,0+1 13,05 19,7+8 220+8 72+2 90+3 40+04 73+5 17,0+5
[ns cpegHUX 3HaYeHUI NpuBeaeHa olwmnbka cpeaHero.
Table
Average number of G. molesta individuals collected
in different types of traps according to the dates of the NBG-NSC counts in 2020

Dates of counts
Traptype 27.05 03.06 19.06 30.06 09.07 15.07 22.07 29.07 06.08 19.08
“Delta” 50+1 6.5+2 27.0+2 452+7 150+3 252+2 82+4 35+1 92+7 12.7+4
“Diamond” 2.5+1 3.0+0.7 262+13 54.2+26 252+6 17.5+1 65+4 25+1 7.0+3 11.7+3
“Quadro” 4.0+1 1.0+1 13.0+5 19.7+8 22.0+8 7.2+2 9.0+3 4.0+04 7.3+5 17.0+5

For the average value, the error of the average is given.
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Puc. 4. OTnoBneHHble 6a604KnN BOCTOUHOM

Pecny6nuka Kpbim, 2020 r.: a — «[denbtax;
b — «Pom6»; ¢ — «KBagpo» (hoTo aBTOPOB)

molesta B ycnoBusx H0yxHoro 6epera KpbpiMa SBISIOTCS
«OenbTa» u «PoM06», TaK KaK B CpelHEM Ha JIOBYIIKY
OBLJIO OTJIOBJIEHO TIPAKTUYECKU OJJMHAKOBOE KOJIMYeE-
CTBO CaMIIOB BOCTOYHOH ILJIOZOXKOPKM, 158 11 156 oco-
6€el1/7I0BYIIKY COOTBETCTBEHHO.

JlaHHBIE TUIIBI JIOBYIIEK MOXKHO PEKOMEH/I0BaTh
71 yCTaHOBJIEHUS KADAaHTUHHOI0 (PUTOCAHUTAPHOT'O
COCTOSIHUSA TeppuTopuyr PO B OTHOLIEHUN BOCTOUYHON
TIJIOM0KOPKY, AJIS OTIpeleIeHUsT YNCIeHHOCTU IIOMy-
JISIIIMY BPEAUTENSI U CPOKOB €ro JIETA.

Turn noByku «KBagpo» OKasajics HauMeHee 3¢
(eKTUBHBIM B YCJIOBUSIX OTKPBITOTO TPYHTA I10 CPaB-
HeHUIo ¢ «JIeabTol» u «PoM6oM», Tak Kak B «KBagpo»
OBIJIO OTJIOBJIEHO B cpenHeM 104 ocobu Ha JIOBYIIKY.
B KOHCTPYKITUY JIOBYIIEK TUIAa «KBaIp0» GbLIN BbISIB-
JIEHBI CYIleCTBEHHbIE HEJJOCTATKU: B HUX 06HAPYXKU-
BaJIX HE TOJIbKO HACEKOMBIX, HO U IITUII, UTO 3HAUU-
TeJIbHO CHUIKAJIO 3(P(heKTUBHOCTD ITUX JIOBYIIEK TIPU
UCIIOJb30BAHUM; TaKXKe JIOBYIIKA «KBaspo» 6BICTPO
nedopMupoBaiach BCIENCTBUE MOMAJaHUI TPIMBIX
COJIHEUHBIX JIyUuell, 5kapKO CyXOl ITOTObI U CUJIbHBIX
0CaJIKOB.
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territory of the Russian Federation in relation to the
oriental fruit moth, for determining the size of the pest
population and the timing of its flight.

The “Quadro” trap type turned out to be the least
effective in unprotected area conditions compared to
the “Delta” and “Diamond”, since an average of 104 in-
dividuals per trap were caught in the “Quadro” trap.
Significant drawbacks were revealed in the design of
the “Quadro” type: not only insects, but also birds were
found in them, which significantly reduced the effec-
tiveness of these traps when used; also, the “Quadro”
trap quickly deformed due to direct sunlight, hot dry
weather and heavy precipitation.
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Pepakuunsa xypHana «PutocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
npesnoXuTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTein Ha cTpa-
HUUAXx XypHana. Hawa uenb — npu-
B/leYeHne BHMUMaHua K Hanbonee
aKTyanbHbIM NpobsemMam KapaHTu-
Ha pacTeHUI CneunannucToB Cefb-
CKOr0 X035ICTBa M BCEX 3aUHTepe-
COBaHHbIX B 3TOM JIOAEN.

B »kypHane paccmaTtpuBaroTcs
OCHOBHbI€ HanpaBfeHUs PasBUTUS
HayKu 1 NepenoBoro onbiTa B 0bna-
CTU KapaHTMHA 1 3aLLUTbl PaCTEHWN,
nybnvkyeTcs BaxkHast MHhopMaLLms
0 HOBbIX MeTodax U CpeacTBax,
npuMmeHsaembIx Kak B Poccum, Tak
1 3a pybexom, a Takxe o utoca-
HUTAPHOM COCTOSIHUW TEPPUTOPUM
Poccuiickon depepauun.

Mbl LOHOCUM [0 LMPOKOro
Kpyra untatene 06bEeKTUBHYIO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JINTUYECKYH0 MH(OPMAaLMIO: MHEHUS
BeAyLLMX CreumnanmcToB no Hanbo-
Jiee NpUHUMNManbHbIM BOMpocam
KapaHTMHa pacTeHWl, OaHHble
0 3HAYUMbIX HOBENLLINX 3apybex-
HbIX 1 OTEYECTBEHHbIX UCCEeno-
BaHWUSIX, MaTepuasibl TeMATUUYECKNX
KOHthepeHL M.

Pepakuns xxypHana «®duto-
caHuTapusa. KapaHTUH pacTeHunn»
npurnawaeTr K COTPYLHWUYECTBY
KaK BbIOAKOLLMXCS OedaTeNnen HayKu,
TaK U MONOAbIX YYeHbIX, cneLna-
JINCTOB-MPAKTUKOB, paboTaroLmx
B obnactu utocaHuTapumn, ans
obmeHa onbiToM, obecneveHus
yCTONYMBOro (hUTOCAHUTAPHOrO
6narononyyunst U Ans HOBbIX Hayu-
HbIX AMCKYCCUN.

3A0A4YU XXYPHAJA

* /I3yyeHne OCHOBHbIX TEHAEHLMI PAa3BUTUA HAYKM B 0611aCTU KapaHTUHA PacTEHNI

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHONOrMI B 061aCTU MOHUTOPUHIa
1 NabopaTopHbIX UCCEA0BAHNUI MO KAPAHTUHY PaCcTeHUI

« O6CyxKaeHMe akTyasbHbIX BOMPOCOB KapaHTMHA pacTeHui

OBLULME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npuHMMatoTCs CTaTbU Ha ABYX S3blKax: PYCCKOM M aHIIMNCKOM, CO-
Lepaline pesynbratbl COBCTBEHHbIX HayYHbIX KccnenoBaHuin, obbemom o 15 cTpa-
HWLL, HO He MeHee 3 (Mpu 0gMHApPHOM MHTEpBase U pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbu 60nbLuero o6bema MoryT H6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJ/ISEMOM CTATbU*

1. VI1K, Ha3BaHuUe cTaTbu.

2. MHnumansl, hamunvsg aBtopa.

3. MecTo paboTbl aBTOpA, ropoa, ctpaHa, ORCID ID, agpec 371eKTPOHHOM NoYThbI.

4. AHHOTaumMa (KpaTKoe TOUHOE U3M0XKEeHMe CoaepKaHua CTaTbu, BKtOUatoLLee
thakTMueckme cBeneHusa 1 BbIBOAbI OnuncbiBaemow paboTol): 200—250 cnoB., Ho He 6onee
2000 3HakoB c npobenamu.

5. Kntouesble crosa (5—10 cnoB, cioBoco4veTaHuin), Hanbonee ToUHO oTobpaxkato-
wne cneunduKky ctatbm.

6. BBegeHue.

7. Matepuasibl U METOAbI.

8. PesynbTathl 1 06CyKOeHNS.

9. BbiBOAbI/3aKNtOYEHME.,

10. Cnucok nuTepaTypsl (T. €. CMMCOK BCel NCMOob30BaHHOM IUTEPATYpPbl, CCbIIKK
Ha KOTOPYIO [AATCS B CaMOM TEKCTe CTaTbM): MpaBuia COCTaBEHMS HANpPaBAsSOTCS aB-
TOPY MO 3anpocy.

11. MHdopmaums 06 aBTopax: NPUBOANUTCS NOMHAsS MHOPMALLMS O KaXXgoM U3 aB-
TopoB (MecTo paboThbl, ropoa, cTpaHa, ORCID ID, agpec aNeKTPOHHOW MoYThl).

12. inntocTpaTriBHble MaTepuanbl (hoTorpatmm, pYcyHKM) LOMYCKaTCSH XOPOLLEN
KOHTPACTHOCTK, C pa3peLlieHneM He Huke 300 Touek Ha awonm (300 dpi), opurmnHansi
NPVKNaAbIBalOTCA K CTaTbe OTAeNbHbIMU harinamu B hopmare .tiff unu .jpeg (unntoctpa-
LMK, He COOTBETCTBYOWME TpeboBaHNSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOEe UX BocnpousBemeHue Tunorpadckm cnocobom HeBo3MOXHO). Heobxoonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (d. U. O. hoTorpada mnm ccoiky).

13. B pepakumto HeobxoaAnMMo NpefocTaBUTb ABE PEeLEH3UN Ha CTaTblo («BHELL-
HIOH0» U «BHYTPEHHIOD»).

* B TakoM e nopsioke U CTPYKTYpe npedoCcTas/seTcsl AHr/1053bI4HbIl hepeBod CTaTbU.

PaboTa ponxHa 6biTb NnpegocTaBneHa B pepgaktope WORD, opmat DOC, wpudt
Times New Roman, pasmep wpudra — 12, MEXCTPOUHbIN MHTEPBaN — OAMHAPHbIN, Pa3-
Mep nosieit no 2 cM, OTCTyn B Hayane absaua 1 cMm, hhopmMaTmMpoBaHume Mo WupuHe. Pu-
CYHKM, Tabnuubl, CXeMbl, rpaduKkm 1 Np. [OMXKHbI 6bITb 06583aTENBEHO NPOHYMEPOBaHbI,
MMETb MUCTOYHMKM U MOMELLATbCSA HAa MeYaTHOM MnoJsie CTpaHuLbl. HasBaHue Tabnuubl —
Hapn Tabnvuen; HasBaHWe pUCyHKa/rpacmka — Nog pUCyHKOM/rpadnKoM.

BOJIEE NOAPOEHbIE YCJI0BUA NYBINKALUU CTATEW Bbl MOXKETE
Y3HATb B HALLUEW PEOAKLNN:

Appec: 140150, Poccus, MockoBckas obnacTb, r. PameHckoe,

p. n. BbikoBo, yn. [lorpaHnyHas, g. 32

KoHTakTHOE nuuo: 3nHoBbeBa CBeTnaHa leoprnesHa

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 1 MeToguyeckoe obecneyeHme — YcTaHoBJiEHUE KAPaHTUHHOIO = HayuHoe coTpyaHu4ecTso
jeaTtenbHocTu Poccenbxo3Haasopa, ¢MTOoCaHUTapHOro COCTOAHMUS C HaUMOHaNbHbIMUK
ero TeppuTopUanbHbIX yNpaBieHui NogKapaHTUHHbIX MaTepuanos 1 MeXXayHapoAHbIMU
1 NoaBeaOMCTBEHHbIX eMY n TeppuTopun Poccuinckoin Gepepaumum opraHusauuamm B obnactu
yupexneHun B cchepe KapaHTUHA nyTem npoBeneHus nabopaTopHbIx KapaHTUHA pacTeHUi
M 3aLMTbl pacTeHUN 3KCNepTM3 U MOHUTOPUHIOB

» Begyuee yupexgeHue B Poccuiickon @epepauum no CUHTE3Y U NPUMEHEHUI0 140150, Poccus,

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

MockoBcKkag 00J1aCTh,
1 60pbbbl C HUMMK

r. PaMeHCKOg€, p. I1. BEIKOBO,
yii. [TorparuuHagd, g. 32

OreyY «<BHUMKP» — napTHep MexayHapogHoM NporpaMMbl N0 KOOpAUHaLUU
Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO II
(EUropean PHytosanitary RESearch COordination) Teun./dakc:

« B ®IrBY «BHUUKP» cospaH u geicteyeT TeXHUUECKUI KOMUTET 8 (499) 707-22-27
no ctaHpgapTusauum TK 42 «KapaHTUH 1 3almTa pacTeHUn» X ..
e-mail: office@vniikr.ru

* Begyuwee Hay4yHoO-MeTogMUeCcKoe yupexkaeHue B coctaBe KoopaMHaLMOHHOIo http'//WWW Vniikr ru

coBeTa Mo KapaHTUHY PacTeHUI rocypapcTs — yuacTHMKoB CHI
19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

« [0I0BHOE Hay4YHO-MeTogU4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a



