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L EBponetickas u Cpegu3eMHOMOPCKAs
OpraHU3alys 110 KAPAaHTUHY U 3aIIUTe
pactenwuii (EOK3P), r. [Tapuxk, ®paHuusa

23 @I'BY «BcepoccuiicKUi IeHTP KapaHTHUHA
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2 ORCID 0000-0002-7565-1241,
e-mail: yury.shneyder@mail.ru
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uphresco — 3T0 MeXIyHapomHasi CEeThb
OpraHu3aluii, 3aMHTEePECOBAHHBIX B CO-
TPYAHUYECTBE B 06JIaCTH 300POBbS pac-
TEHUN. IJTU OpPraHU3alluy SIBJISIOTCS
CIIOHCOPaMU UCCJIEJOBAaHUN, PETYIUDPY-
OIMVMU U YIIPABISIOIIMMY OpraHaMy,
HAyYHBIMM WHCTUTyTaMu. OCHOBHAas
neab Euphresco — obecrieueHne Koop-
JIUHAIMY 1 Pa3BUTHE COTPYAHUYECTBA B 006J1acTy (PUTO-
CaHUTApPHBIX UCCIENOBAaHUY, a Takke (OpMUpPOBaHUE
CWJIBHOM ¥ JIOJITOCPOYHOM CETH CIIOHCOPOB C IIPUBJIE-
YeHMEeM HOBBIX yuacTHUKOB (Euphresco, 2021).

HayuHasg KoopAyHAaIIVs U COTPYLHUUECTBO 0bectie-
YMBAKT ONTUMAJIbHOE UCITOIb30BaHNE OTPAHNYEHHBIX
PEecypcoB B 06J1aCTH 3[I0POBBS PACTEHUH, TTPEOTBPAIIa-
10T Iy6JipoBaHMe PaboT U PaCUINPSIIOT BO3MOXKHOCTU
[LJIST cMHepruy. XOTS Ha MePBBIX 3TallaxX CBOETO CylIle-
crBoBaHMA Euphresco onupajach Ha 2 ITuKJIa GUHAHCHU-
poBanus ot EBpocoiosa (EC) — Euphresco I (2006—2010)
u Euphresco II (2011-2014) — gjis pa3BUTHS TPaHCHA-
IIMOHAJIBHOTO €BPOIIEMCKOr0 COTPYAHUYECTBA B 06-
JIacT¥ 37I0POBbsI pacTeHud, Euphresco k HacTosueMy
MOMeHTY ped)OpMUPOBAJaCh B CAMOAOCTATOYHYIO CETh
C MEeX/LyHaPOJHBIM yUaCTUEM.

Euphresco ob6pesia cTabuJAbHOCTh C allpess
2014 r., a ee cekpeTapuaT pa3MecTuica B EBporei-
cKoli u Cpeln3eMHOMOPCKOM OpTaHM3allyY 110 KapaH-
TUHY Y 3a1uTe pacteruit (EOK3P).

Co BpeMeHeM CeThb 3HAUYUTEJIbHO BhIpocyia. du-
HaHcupyeMbiii EC TIPOeKT cocTosaa u3 24 opraHu-
sanuii-unenos (17 cTpan) B 2006 I. 1 35 opranusa-
nuii-uieHoB (23 crpaubl) B 2011 . CaMocTosATeIbHAS
ceTb obpasoBajiach B 2014 1., Kyzia Bouwiu 29 opraHu-
3aIui-4IeHoB (22 cTpaHbl). B HacTosIIee BpeMs dJjie-
HaMmu Euphresco aBisi0TCsS 69 opraHmsalinii, KOTOpble
pacrmoJioxeHbl 60jiee yeM B 50 cTpaHax MUpa.

PykoBozcTBo Euphresco mocuuTaso BaXHBIM
OIIEHUTH TO, KAK CAMOIIOJIIeP’KUBATOIIAS CETh PEIIUIIA
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Euphresco -

new opportunities

for international
research collaboration

B. GIOVANI!, YU.A. SHNEYDER?,
N.A. SHEROKOLAVA?
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Organization (EPPO), Paris, France

2.3 All-Russian Plant Quarantine Center
(FGBU “VNIIKR”), Bykovo, Ramenskoye,
Moscow Oblast, Russia

L ORCID 0000-0001-9217-3555,
e-mail: bgiovani@euphresco.net

2 ORCID 0000-0002-7565-1241,
e-mail: yury.shneyder@mail.ru

3 e-mail: natalia_sh@mail.ru

uphresco is a network of organisations in-

terested to collaborate on plant health re-

search matters. These organizations are

research funders, regulators and poli-

cy makers and scientific institutes. The
overall goal of Euphresco is to support coordination
and collaboration in the area of phytosanitary re-
search, and to become a strong, long-term network of
funders that fully incorporate existing and new mem-
bers (Euphresco, 2021).

Research coordination and collaboration ensure
that optimal use of the limited resources available in
plant health is made, avoid duplication of work, and
increase opportunities for synergies. While, during its
first stages of life, Euphresco relied on two cycles of EU
financing —i. e. Euphresco 1 (2006-2010) and Euphres-
co I1 (2011-2014) — to promote transnational Europe-
an cooperation in the plant health area, Euphresco has
since developed into a self-sustaining network with an
international outreach.

Euphresco became a sustainable network in April
2014 and the network secretariat is hosted by the
European and Mediterranean Plant Protection Organi-
zation (EPPO).

The network has grown significantly over time.
The EU-funded project was composed of 24 member
organisations (17 countries) in 2006 and 35 member
organisations (23 countries) in 2011. The self-sus-
tainable network started in 2014 with 29 member
organisations (22 countries). Currently, Euphres-
co’s membership encompasses 69 member organi-
sations that are located in more than 50 countries
worldwide.

dutocaHuTapusi. KapaHTUH pacTeHuii 2
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CBOM CTPaTernuyecKue 3ajJady, ¥ IpoaHaJInu3upoBaTh
BIMWSHMNE, KOTOPOE OHA OoKasajia Ha MCCJIeJOBAHUSI
B 006JIaCTM 3[I0POBbS PaCTEHUM, YTOOBI OIUPATHCS Ha
IIOCTUTHYTBIE DAHEE YCIIEXU U OTIPEIeNISATh BO3MOXKHO-
CTU [JLJIS COBEPIIEHCTBOBAHUS, YTOOBI yCTaHABIMBATD
rinobasibHbIe LIeJiu U Oyayiue IpruopuTeThl. OlleHKa
cocpenoToueHa Ha nepuoge 2014-2020 IT. ¥ 0XBaThbI-
BaeT pyHKIMoHUpoBaHue Euphresco u BnusHue ee
nesarenbHocTH (Arcadia Int, 20211).

Bcepoccuiickuil IeHTP KapaHTUHA pacTeHUH
(®I'BY «BHUVKP») akTUBHO 3a/Ie1ICTBOBAH B UCCJIEJO-
BaTeJbCckux mpoektax Euphresco ¢ 2010 1. Exxeroizo
crienuaJucTol oTnesioB I'BY «BHUVKP» nmpuHuMaioT
y4JacTyre B IPOeKTaX, MOCBSIEHHBIX PA3JIMUHBIM Ha-
MIpaBJeHUSIM: BUPYCOJIOTUU, 6AKTEPUOJIOTUY, TeJb-
MUWHTOJIOTYHY, 3aIllTe PACTEHUH U .

[Manpmemusg COVID-19 nokasaja Ba)KHOCTb HAyKU
U UCCJeNOBaHUM U Heo6X0AMMOCTh KOMMYHUKAIIUYT
MEXIy YYEHBIMU U TIOJIUTUKAMU. Be3 ob1ieHs, B3au-
MOIIOHMMAaHMS U COTJIACOBAHHbBIX IEMCTBUI COOOIIEHNE,
aJipecoBaHHOE 00IIECTBY, NCKAXKAETCs, U IPUHSTIE MEP
3aTpyaHseTcs. [Tapauiess ¢ 3aIUTON PACTEHUH OYeBU/I-
Ha. ExxerHeBHO Euphresco cofelicTByeT KOMMYHUKAITUYT
U COTPYAHWUECTBY B 00JIaCTY 3al[UThHI pacTeHu. 3Ha-
YyeHMe CEeTH, KOTOpast MOXKET 00beqUHATh 3aMHTEPECO-
BaHHBIE CTOPOHBI M3 Pa3HbIX PETMOHOB MYpPAa U PelllaTh
pasHble 3a71auy, ObIJIO PACKPBITO B ITybsimkauu «Ha-
yYHas AUTUIOMATHUS IJis 3al[UThI pacTeHui» (Giovani
et al., 2020). C mpecc-pen30M U CTaThel MOXKHO O3Ha-
KOMUThCS Ha Beb-caliTe? MeXxxayHapOAHON KOHBEHIIUU
T10 KapaHTUHY U 3a1muTe pacteHnit (MKK3P). 9ta my6iu-
Kanysa gaia Euphresco BO3MOXXHOCTh YKPETIUTD CBA3U
C PeruoHaJIbHBIMU OPraHU3alUIMU 10 KapaHTUHY
u 3amwuTe pactenuit, Cekperapuarom MKK3P u Cekpe-
TapuatoM KoHBEHIIVM 0 GMOJIOrMYEeCKOM pa3Hoobpa-
3uM (BCe OHU B HACTOSIIEE BPEMS SIBJISTIOTCS KOHCYITh-
TaHTaMu ceTH). [IPOJoIIKAIOTCS 06CYKAEHUS C PIAOM
OpraHu3aliuii 1o BCeEMY MUPY O PACHIMPEeHUY YWIEHCTBA
B Euphresco u co3manuu 6ojiee MHKJII03UBHON CETH.

CKopoe HauaJI0 TPAaHCHAIIOHAJIBHOTO

HCCJIEIOBATEJIbCKOT'0 COTPYAHNYECTBA

3aBepiieHbl 06CYXJIeHUS 10 TPEeAJIOKEHHBIM
B 2020 r. TeMaM UCCJIeLOBAHUM, HAJIA)KEHO COTPY/I-
HUYECTBO MEXY OpraHusanuaMu u3 37 CTpaH Mupa
U 3aMylleHbl 15 ITPOeKTOB 10 TeMaM, 0603HaUeHHBIM
B Tabuuiie 1.

OpraHmsamnuy Mo-IpeXXxHeMy MOTYT IPUCOeIN-
HATBHCS K KOHCOPIIMyMaM MpU YCIOBUU, UTO UX BKJIAT,
BIIMCBIBAETCS B paMKU KcciienoBanmii Euphresco. BsHo-
ChI B 9KBUBAJIEHTHO! (hOpMe 1 COTIIaCOBAHUE CYIIECTBY-
I0IIIeN MCCIefOBATENbCKOM NeSITEIbHOCTY IT03BOJISIOT
OPraHu3alusaAM IPUCOENUHITHCI K KOHCOPIIUyMaM
Euphresco 6e3 mpsiMoro BIIOXKEHUS TeHEe)KHBIX CPEICTB.

1 https://zenodo.org/record/4468457#.YRKP9YgzaUm.

The Euphresco governance has considered it es-
sential to evaluate how the self-sustaining network
has addressed its strategic objectives and to review
the impact it has had in plant health research, to build
on past successes and to identify opportunities for im-
provement, to reflect on the overall objectives and fu-
ture priorities of the network. The evaluation focuss-
es on the 2014-2020 period and covers Euphresco’s
functioning and the impacts of its activities (Arcadia
Int, 2021%).

The All-Russian Plant Quarantine Center (VNIIKR)
is an active participant in Euphresco research projects
since 2010. Every year, specialists from the depart-
ments of All-Russian Plant Quarantine Center take part
in projects dedicated to various areas (virology, bacte-
riology, nematology, plant protection, etc.).

The COVID-19 pandemic showed the importance
of science and research and how essential communi-
cation between scientists and policy makers is. With-
out communication, mutual comprehension and con-
certed actions, the message that gets to the public is
distorted and acceptation of measures more difficult.
The parallel with Plant Health is evident. Euphres-
co works every day to facilitate communication and
collaboration on plant health research. The impor-
tance of a network that can bring together stakehold-
ers from different regions of the world and with dif-
ferent missions has been explained in the publication
‘Science diplomacy for plant health’ (Giovani et al.,
2020). A press release and the article can be viewed
from the International Plant Protection Convention
(IPPC) website?. The publication was an opportuni-
ty for Euphresco to strengthen the links with the Re-
gional Plant Protection Organisations, the Secretariat
of the International Plant Protection Convention and
of the Convention of Biological Diversity, that are now
advisors of the network. Discussions are ongoing with
a number of organisations worldwide to broaden
Euphresco membership and make the network more
inclusive.

Transnational research collaboration

to start soon

Discussions on the research topics proposed in
2020 have come to an end, collaborations have been se-
cured between organisations in thirty-seven countries
worldwide and fifteen research projects have started on
the following topics (Table 1).

It is still possible for organisations to join consor-
tia, provided that their contributions will fit within the
Euphresco research framework. In-kind contributions
and alignment of existing research activities allows or-
ganisations to join the Euphresco consortia without
committing monetary funds.

2 https://www.nature.com/articles/s41477-020-0744-x.epdf?sharing_token=ngmOieMFO0rQrgmSf_
e1BtRgNOjAjWel9jnR3ZoTvOM1uwRovN7Hh-JLVMWMLmMvrkrCi9eSSOLinYXohlvwkY7-1x3s_OI7GGU-

6G8fLRALGHQLjWO9TFHSL1OKR|KIHiIBSQobFdATfzai9x_OeH_Fly742ayIBwbCwZROYhU-r-M%3D.
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Tao6auna 1 Table 1

IIpoexTsl Euphresco, List of the Euphresco projects

HauMHawuecda B 2021 1. will start in 2021

Ha3BaHue KpaTkoe onucaHue Topic name Short description

2020-A-334 B pamMkax npoekTa 6ynyT coGpaHbl 2020-A-334 The project will gather know-

«@UTOCAHUTAPHOE CBEIEHUS O PUCKE UHTPOLYKITUYN ‘Plant health status  ledge on the risk of introduction

COCTOSIHME PACTEHUM ¥ pacIpoCcTpaHeHny 60JIe3HY JIU- of Fagus spp.’ and establishment of beech leaf

Fagus spp.» cTbeB Oyka B EBporie®. disease in Europe®.

2020-A-335 B paMKax IIpoeKkTa OyIyT U3y4eHbl 2020-A-335 The project will survey

«[TaToturel Globodera natoTturisl Globodera pallida. 'Hbop- ‘Pathotypes pathotypes of Globodera pallida.

pallida» Manus 6yZeT UCIIoIb30BaHa JJIs of Globodera pallida’  Information will be used
TECTUPOBAHUS U CO3/IJaHUS YCTOM- for testing and developing
YUBBIX COPTOB KapTodes. resistant potato varieties.

2020-F-336 B paMkax mpoekTa 6ymyT pa3pabo- 2020-F-336 The project will develop and

«TaKCOHOMUS U STIUTE- TaHbBI ¥ BAJIUVPOBAHBI METOMBI, ‘Taxonomy validate tools that allow quick

muosnorud Pectobacterium KOTOPBIE IMO3BOJISAT OBICTPO U ITpa- and epidemiology and proper characterisation

u Dickeya spp. B EBporie, Ce-  BUJIBHO UAEHTU(DUIIUPOBATH BUJLBI of Pectobacterium of Pectobacterium and Dickeya

BepHOU AMepuke u KO)xHOU  Pectobacterium u Dickeya Ha ypOBHE and Dickeya spp. species at the (sub)species

Adpuke»

(T10)BUIOB U MCIIOJIb30BAaTh 9TU
METOZbI [IJIs JIyYIIEr0 TOHUMAHUS
TaKCOHOMUMU U SMTUAEMUOJIOTUHN
yKa3aHHBIX GaKTepuit®.

in Europe, North
America and South
Africa’

level and to use these tools to
get a better understanding of
the taxonomy and epidemio-
logy of these bacteria*.

2020-A-337 B paMkax mpoekTa GymyT paspa- 2020-A-337 The project will develop moni-
«PaszpaboTka u olleHKa 60TaHbI METOI MOHUTOPUHTA ‘Developing toring tools for specific Agrilus
TI0/IXOZ0B K MOHUTOPUHTY HEKOTOPBIX BUJIOB Agrilus u/unu and assessing species and/or develop a more
JKYKOB popa Agrilus» paspaboTanbl 6osiee 061IVIE METOLBI surveillance generic trapping technique
OTJIOBA JJIsl 3TOU TPYIIIIBI HACEKO- methodologies for this group of wood boring
MBIX-KCHJI0(aros®. for Agrilus beetles’ insects®.
2020-A-339 B paMkax mpoekTa GymyT COGpPaHbI 2020-A-339 The project will gather know-
«[TaToTeHbI, pacrpocTpa- CBEIEHMS O BPEITHBIX OPraHU3Max ‘Seed borne ledge on seed borne pests of
HSIOIIVECS C CEMeHaMu XBOUWHBIX PACTEHU, PaCIIPOCTPa- pathogens of conifers and develop metabar-
XBOWHBIX PACTEHUI» HSIOIIUXCS C CEMeHaMU, U OyLyT conifers’ coding methods for the generic
pa3paboTaHbl METOLBI METAOAPKO- detection of pathogens. The
IVPOBaHUS IJI OHOBPEMEHHOTO main focus of the work should
obHapy»XeHUs TaToreHoB. OCHOBHOE be on the conifer genera Pinus,
BHUMaHue B paboTe JOJIKHO OBITH Picea, Abies, Pseudotsuga and
yIleJIeHO XBOMHBIM PAaCTeHUIM Cedrus and on pests such as
pomoB Pinus, Picea, Abies, Pseudotsuga those that cause Neonectria
u Cedrus, a Tak)Ke BO3GYAUTEIIM canker and Sirococcus blight®.
SI3BEHHBIX 60JI€3HEN XBOWHBIX —
rnaToreHaM ponioB Neonectria 2020-A-340 The project will gather infor-
u Sirococcus®. ‘Improved mation on the phenology and
knowledge about occurrence of arthropods pests
2020-A-340 B paMkax npoekTa 6yzeT cobpaHa the epidemiology such as Aromia bungii, Popil-
«CoBepllIeHCTBOBaHUE nHbopMaIusa o GeHOJIOTUU U BCTpe- and distribution of  lia japonica and Halyomorpha

3HAHUU 00 BITUIEMUOJIO-
AU U PacIIpoCTPaHeHUU
MIPUOPUTETHBIX UHBA3KUB-
HBIX U (TTOBTOPHO) TTOSIBJISI-
IOUMXCH YIEHUCTOHOTUX
BpeIuTeel IIOJOBbIX
KYJIbTYP ¥ BUHOTPaZa»

YaeMOCTHU YJIEHUCTOHOTUX Bpe-
IuTesen, Takux Kak Aromia bungii,
Popillia japonica u Halyomorpha halys,
Ha Pa3JIMYHBIX PACTEHUIX-X0351€Bax
C YIIOPOM Ha IJIO/IOBbIE KYJIBTY-

PBI ¥ BUHOTPAIHUKY B CTPaHAX-
napTHepax’.

2020-F-341
«HacekoMble —
TIEPEHOCUYNKY
Xylella fastidiosa»

[IpoeKT ByZeT crIocO6CTBOBATh
Pa3BUTUI0 3HAHUY 0 6MOJIOTUU

¥ TIUIEMUOJIOTUY (TIOTEHITUAIb-
HbBIX) IepeHocuuKoB Xylella fastidiosa.
Taxoke 6yzeT paccCMOTpeHa pa3-
paboTKa JIOBYIIEK MJIV ITPUMAHOK
I1J1s1 HanboJiee PacIIpoCTPaHEeHHBIX
TIEPEHOCUUKOB®,

3 https://zenodo.org/record/48175584#.YRKQ8YgzaUl.
4 https://zenodo.org/record/4675688#.YRKRBIgzaUl.
5 https://zenodo.org/record/4672531#.YRKREYgzaULl.
¢ https://zenodo.org/record/4672620#.YRKRHogzaUL.
7 https://zenodo.org/record/4672660#.YRKRLogzaUL.
8 https://zenodo.org/record/4675795#.YRKRQIgzaULl.

priority invasive
and (re)emerging
arthropod pests
in fruit crops and

halys on different host plants
with emphasis on fruits crops
and vineyards in the partner
countries’.

grapevines’

2020-F-341 The project will develop

‘The insect vectors ~ knowledge on the biology and

of Xylella fastidiosa’ epidemiology of (potential)
vectors of Xylella fastidiosa. The
development of traps or lures
for the most common vectors
will also be considered?®.
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Ha3BaHue

KpaTkoe onucanue

Topic name

Short description

2020-A-343

«IlITaMMbI TOCIIOBUPYyCA
NATHUCTOTO YBAJAHUA
TOMAaTOB, IO/ aBJIAIOIIE
PE3UCTEHTHOCTD pacTe-
HUH: paclipocTpaHeHUe

U OIIeHKA UX BO3JIENCTBUS
Ha IIPOU3BOICTBO TOMaTOB
U mepra»

B paMKax mpoekTa OyzeT orpeze-
JIEHO pacipoCcTpaHeHue OIaBJIs-
IOIUX PE3UCTEHTHOCTD Y PACTEHUH
M30JIITOB TOCIIOBHPYCa MISITHUCTOTO
VBSIIaHUS TOMaTOB U OLIEHEHO UX
MOTeHI[KaJbHOEe BIUIHIE Ha IIPOU3-
BOJICTBO TOMATOB U TepIia’.

2020-A-343
‘Resistance breaking
strains of Tomato
spotted wilt tospovirus:
distribution and
evaluation of

their impact on
tomato and pepper
production’

The project will determine
the distribution of Tomato
spotted wilt tospovirus
resistance-breaking isolates
and estimate their potential
impact on tomato and pepper
production®.

2020-A-344

«PaspaboTka 3¢hhexTuB-
HBIX METOJ0B, B TOM UHCJIE
6apKOAVPOBaHUS, IS
OTIINYUS (PUTOILIA3MBL
30JIOTUCTOrO ITOXKEJITe-
HUS BUHOrpaza Grapevine
flavescence dorée sensu stricto
OT APYTUX POICTBEHHBIX

B paMkax mpoekTa 6yZeT olleHeHa
BO3MOXXHOCTH Pa3paboTKy Ha-
JIE’)KHOT'0 METO/IA UCCJIeJOBAHUS,
KOTOPBIH OYAEeT UCTI0JIb30BATHCS

B PYTUHHOM aHAaJIU3€ IS PA3IUUUI
¢utonnasmel GFD u gpyrux ¢uro-
rmrasm 16SrvVeo.

2020-A-344
‘Development of
efficient methods
and identification
of barcodes for
discriminating
Grapevine flavescence
dorée sensu-stricto
from other related

The project will evaluate

the possibility to develop

a reliable test, to be used

in routine analysis,

to distinguish between GFD
phytoplasma and other 16SrV
phytoplasmas?C.

¢uTommazm» phytoplasmas’

2020-G-346 [TapTHepBI 110 IPOEKTY U3y4daT 2020-G-346 The project partners will

«/IHUIIMaTHBA 110 OOMEHY pasn4YHbIE METOZI ¥ IIPOTOKOJIBI ‘Data sharing investigate different methods

IDaHHBIMU» obMeHa JaHHBIMU U PACCMOTPSIT, initiative’ and protocols for data-sharing
KaK OHU MOTYT ObITh PeaIM30BaHbI and consider how they could be
B 00J1aCTH 3aIIUTHI PACTEHUN. implemented in plant health.

2020-A-347 [TPOEKT OIpPeEUT, KaKre BUPYChI 2020-A-347 The project will determine

«Ba3oBoe uccienoBaHue
pe3epBaToOpPOB BUPYCOB

B MECTHBIX PACTEHUIX

¥ CEJIbCKOX03SIMCTBEHHBIX
KyJIbTypax»

IIPUCYTCTBYIOT B COOTBETCTBYIOUIUX
KYJIbTYPax WJIM MOTEHIIMATbHBIX
X03s1€eBaX-pe3epBaToOpax, CBsI3aH-
HBIX C C€JIbCKOX035I1ICTBEHHBIMU
yrogpaMutl.

2020-A-352
«Curtobacterium
Sflaccumfaciens na aconu
u coe: 60pbba co CTapbIM
Bparom»

B paMkax nmpoekTa 6yzeT IpoBeJieHa
OIleHKA NMEIOLIVXCS CEeJIeKTUB-

HBIX CP€J] U MOJIEKYJISIPHBIX TECTOB
s BBIIBJIeHUS Curtobacterium
flaccumfaciens subsp. flaccumfaciens

B ceMeHax'?.

2020-C-353

«OcHOBHBIE BemecTsa (e-
JI0OYM) KaK SKOJIOTMUECKU
YuCTas aJbTePHATHUBA CUH-
TETUYECKUM MECTUIALAM

B pamMkax mpoekTa 6yZeT IpoBEPEHO
U TIOJITBEP’K/IEHO MCII0JIb30BaHNE
OCHOBHBIX BeIeCTB (1esioueii) B hu-
TOCAHUTAPHBIX 06pPabOTKAX!.

‘Baseline study on
VIirus reservoirs in
native plant species
and crops’

which viruses are present

in relevant crops or potential
reservoir hosts associated
with agricultural fields*'.

2020-A-352 The project will evaluate
‘Curtobacterium available selective media and
flaccumfaciens on molecular detection tests for
bean and soybean:  the detection of Curtobacterium
engaging the old flaccumfaciens subsp.

enemy’ flaccumfaciens on seeds*?.
2020-C-353 The project will test and

‘Basic substances as
an environmentally
friendly alternative
to synthetic
pesticides for plant

validate the use of basic
substances as phytosanitary
treatments*s.

ILJIS 3aIUTHI PACTEHUN» protection’
2020-C-360 B paMkax mpoekTa 6yeT coopaHa 2020-C-360 The project will gather
«[IpemoTBpalieHue pac- nH@OpMaIug 0 IPOTOKOJIaX JIe3UH- ‘Countering information on disinfection

MPOCTPaHEHUs KADAHTUH-
HBIX BUDYCOB U BUPOUJIOB

(e CceabCKOX03IUCTBEHHOTO
060pyIOBaHUS U ITOBEPXHOCTEM TeTI-

quarantine viruses
and viroids through

protocols for tools and
greenhouses surfaces against

TIOCPEICTBOM OUYUCTKU JIWTI OT Psijla BUPYCOB ¥ BUPOUOB. cleaning and a number of viruses and

U 1e3nHDEeKIN» disinfection’ viroids.

2020-C-361 B paMkax mpoekTa 6yzeT co3maHa 2020-C-361 The project will establish
«'0TOBHOCTB CeTb 6UOJIOTUYECKOTO KOHTPOJIS ‘Preparedness a biological control network
K OM0JIOTYECKOMY ILJIs1 06MeHa 3HaHUSIMU U UHGOP- in biological to share knowledge and

KOHTPOJIIO HaZ,
TIPUOPUTETHBIMYU YIPO3aMU
6106€30I1aCHOCTI»

Maluen o0 IPUOPUTETHBIX YIPO-
3ax 6106€30MaCHOCTY U areHTax
6MOJIOrMUECKOY GOPHOBI C LETbI0
MTOBBIIIEHYSI TOTOBHOCTH K ITPO-
HUKHOBEHUIO NHBA3UBHBIX BUIOB
6ECII03BOHOYHBIX .

control of priority
biosecurity threats’

information on priority
biosecurity threats and
biological control agents
to increase preparedness
for incursions of invasive
invertebrate species't.

? https://zenodo.org/record/5040236#.YRKRT4gzaUm.
10 https://zenodo.org/record/5040384#.YRKRY4gzaUl.
11 https://zenodo.org/record/5172673#.YRKRd4gzaULl.
12 https://zenodo.org/record/5172129#.YRKRiYgzaUl.
13 https://zenodo.org/record/5113865#.YRKRlogzaUL.
14 https://zenodo.org/record/50404744#.YRKRoogzaUl.
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Puc. 1 n 2. Bu3ut yyactHukoB npoektoB Euphresco
NGS-Detect u VirusCollect II B konnekuuto DSMZ
(r. BpayHLwBeliir, FfepMaHus, okT6pb 2016 r.) (hoTo: Klara Nyerges) (Braunschweig, Germany, October 2016) (photo by Klara Nyerges)

Fig. 1 and 2. A visit of the participants of the projects Euphresco
NGS-Detect and VirusCollect II to the DSMZ collection

Il majabHeNIero Hay4YHoTro COTPYAHUYECTBA
B 2021 I. 6bLIN ITPEIJIOKEHDI HOBBIE TEMEI. B TabIuIE 2
TIPenCcTaBJIEHbI T€ ITPOEKThI, KOTOPbIE BbI3BAJIU HAU-
00JBIINYM MHTEPEC YUYACTHUKOB U JIJIT KOTOPBIX OBLI
HasHavYeH KOOPAMHATOP.

Bosee rogpo6Hasa nHpopMaliys o TeMaM ruccie-
IoBaHUU HOCTyIHA Ha Beb-caliTe Euphresco®. Jlro6oi
3ampoc 06 y4acTUu B BBIMIEYIIOMSHYTBIX TPOEKTaX
clieyeT HaIlpaBJsITh KoopauHaTopy Euphresco.

B Hacrosmiee BpeMsi ®T'BY «BHUUMKP» paboTaeTr
HaJi HeCKOJIbKUMU ITPOEKTaMU, KOTOPbIE€ IO3BOJISIOT
TIOJIyYaTh CaMy0 CBEXYI0 MH(OPMAIINI0 O COBPEMEH-
HBIX METOIAX IMATrHOCTUKY KaPaHTUHHBIX OPTaHU3MOB,
a TaxKe yryyouTh 3HAHUS 00 MX 6UOJIOTUY 1 HKOJIOTUY.
HekoTopble akTyaIbHbIE TPOEKTHI ITPEICTABIEHbBI HIKE.

2019-A-316 «PaHHee o6HapyxkeHue huTtodTo-
poI B nuToMHUKax EC u TpeThbUX CTPaH U IIpojaBae-
MBIX pacTeHUAX». B paMKax mpoekTa 6yIyT IIpoBepe-
HBI ITPOTOKOJIbI, OCHOBaHHBIE Ha (Y)Ke pa3paboTaHHBIX)
MeTomax MeTabapKOoIMPOBaHMs, AJISI IIPOBEPKU TIH-
TOMHMKOB U ITPOZlaBaeMbIX pacTeHM Ha Hajauuue Phy-
tophthora spp.*°.

2019-F-310 «buoJioruda u anuaeMmuoJorusa can-
didatus Liberibacter solanacearum u ¢uTonjgasm
KapTodesis ¥ UX BIIMSHYE HA YIIPpaBJIEHUE PUCKOM,
CBSI3aHHBIM ¢ KapTodesieM 1 IPyruMu KyJIbTypamMu».
UuCcJ0 BUIOB JIMCTOOJIONIEK, IBISIOMINXCS TTIEPEHO-
cunkamu Candidatus Liberibacter solanacearum (Lso),
pacreT. B paMKax mpoekTa OyieT u3yueHa ux Criocob-
HOCTB pacnpocTpauaTh Candidatus Liberibacter sola-
nacearum 4 oIleHeHbI II0TeHIIMaJbHble PUCKU, KOTO-
peie puTomIasMbl KapTodesuas 1 Lso IpeACcTaBIgIoT
JLJISI CeTbCKOX03SIMCTBEHHBIX KYIbTyp.

2019-E-320 «MoJieKyjaspHasa XxapaKTepUCTUKaA
ouaroB paka Kaprodenasa». HemaBHo cTasa JOCTYI-
Ha aHHOTUPOBAaHHAsg FeHOMHAs MOCJEeI0BAaTeJIbHOCTD
Synchytrium endobioticum, 4TO JaeT BO3MOXXHOCTb MO-
JIEKYJITPHOTO OTCJIEKMBAHMS M30JIITOB Ha OCHOBE
MuToxoHApuanbHo# JJHK. I[TpoekT OymeT HampaBiaeH
Ha cbop MaTepuana S. endobioticum M3 CaMbIX Pa3HbIX
UCTOYHUKOB; GyInyT coO6GpaHbl JaHHbIE O ITOCJEL0BA-
TeJbHOCTY MTIHKE,

15 https://www.euphresco.net/funding/current_calls.

16 https://zenodo.org/record/3989869#.YRKTOYgzaUl.
17 https://zenodo.org/record/4585973#.YRKTTIgzaUl.
18 https://zenodo.org/record/39920324#.YRKTaogzaUl.

New research topics have been proposed for col-
laboration in 2021 too. Those that have attracted the
largest number of expressions of interest and for which
a coordinator has been identified are presented be-
low (Table 2).

More information on the research topics is avail-
able from the Euphresco website!®. Any request for par-
ticipation in the above-mentioned projects should be
sent to the Euphresco coordinator.

Currently, the All-Russian Plant Quarantine Cen-
ter is working on several projects that allow to have the
most up-to-date information on modern methods for
the diagnosis of quarantine organisms, and to deepen
knowledge on their biology and ecology. Some relevant
projects are:

2019-A-316 ‘Early detection of Phytophthora in
EU and third country nurseries and traded plants’.
The project will validate protocols based on (already
developed) meta-barcoding methods to screen nur-
series and traded plants for Phytophthora spp.t®.

2019-F-310 ‘The biology and epidemiology of
‘Candidatus Liberibacter solanacearum’ and pota-
to phytoplasmas and their contribution to risk ma-
nagement in potato and other crops’. The number of
psyllid species known to harbour ‘Candidatus Liberi-
bacter solanacearum’ is increasing. The project will
investigate the ability of these psyllids to vector ‘Candi-
datus Liberibacter solanacearum’ and evaluate the po-
tential risks they pose to crop plants?’.

2019-E-320 ‘Molecular characterisation of po-
tato wart disease outbreaks’. Recently, the annotated
genomic sequence of Synchytrium endobioticum has be-
come available, allowing the possibility to molecularly
trace isolates on the basis of mitochondrial DNA. The
project will aim to collect S. endobioticum material from
a wide variety of sources; mtDNA sequence data will
be gathered?é.

2019-1-321 ‘Community Network for practices
in Plant Virology’. The project will strengthen knowl-
edge exchange on High-Throughput Sequencing as
a diagnostic tool for plant viruses by facilitating ex-
change of information and practices.
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Tao6auia 2

IIpoekTsl Euphresco, koTopsie cTapTyioT B 2022 I.

Ha3sBaHue

KpaTkoe onucanue

O:xkuaeMblil pe3yJIbTaT

«OmpeneneHne Mep
WHTErPUPOBAHHOM 3al[UThI
pacrenuii (IPM) 1JisT HEKOTOPBIX
KOMOWHAIIW BPEeIHBIX
OPTaHW3MOB U KYJIBTYP IS
VIIyUIIeHUs 3alUThl PAaCTEeHUHN
¥ YMEHbIIEHUS 3aBUCUMOCTH OT
XUMUYECKUX [TECTULHAIOB»

B paMKax [IpoeKTa OyAyT OlIpesiesIeHbl COUeTaHUSs KYJIbTYD/
BpeLUTeNeH, 11 KOTOPhIX 0CO6eHHO HEOOX0AIMa ajlbTep-
HaATWBA MCIIOJIb30BaHNI HEXUMUYECKUX IIECTUIIUIOB, OYIyT
yCTpaHEHHI HayYHble/TeXHUYECKIE TPOGETIBI, UTOGRI TI06Y-
JIUTb 3aWHTEPEeCOBaHHbIE CTOPOHBI IPUHATH METO/BI UHTE-
TPUPOBAHHOM 3aLIUTHI DACTEHUH.

CBeJleHUs 1 3HAHUS,
KOTOpPBIE IOMOT'YT 3aWH-
TEePEeCOBAaHHBIM CTOPOHAM
BHEJIPUTDH METOJIbI MHTE-
TPUPOBAHHOM 3aLTUTHI
pacTeHmu.

«MeToz bl 6BICTPOTO BBISBIEHUS
KapaHTUHHBIX BUJOB
Tephritidae»

B paMKax MpoekTa GyAeT mpoBefieH c6op nHdopMaIuu o cy-
IIECTBYIOUIVX WJIM Pa3pabaThIBAEMbIX B HACTOSIIIEE BPEMS
IMArHOCTUYECKUX METOIaX GbICTPOTO BhISIBIEHUS U UIEHTU-
tukaruu Tephritidae spp. u ux Banugaiusa. [eHETUYECKU
MaTepuras 13 06pasioB OyzeT pacumudpoBaH, HHGOPMAILUS
0 IOCTYITHBIX ITOCIemoBaTeIbHOCTIX JJHK GymeT JoCTyIHA.

CBefleHU IJ151 BO3MOXK-
HOCTU JUATHOCTUKYU
Tephritidae Ha ypoBHe
POJIOB U BUJIOB.

«/IMarHOCTUKA U SMUIEMUOJIOTUS
BUPYCOB, TOPYKAIOMINX
3€PHOBBIE KYJIbTYPhI»

[IPOEKT PACUIMPUT 3HAHUSA 06 SIINIEeMUOTIOT YU BUPYCOB
3€PHOBBIX (HaIpUMep, IIIEHUIIbI, SUYMEHs, KyKypy3bl, 0BCa,
DPOKU, TPUTUKAJIE U PUCa), 00 X MEPEHOCYNKAX U PEe3ePBaTO-
pax, a Taxke GyZeT crioco6CTBOBAaTh pa3paboTKe/BaIuIall i
METOJIOB JJUarHOCTUKY.

3HaHMEe SITUIEMUOIOTUN
(HampuMep, UCTOPUYE-
CKMe 3aIlMCU O BUPYCHbBIX
BCIIBINIIKAX, HACEKO-
MBIX-TIEPEHOCUYUKAX)

U pa3paboTka/Baaumaus
IMarHOCTUYECKUX IIPOTO-
KOJIOB.

«[nardopma mjig obMeHa
3apaKeHHBIMY MTAPTUSIMU CEMSIH
1)1 paspaboTKY U BalUgalluy
TECTOB»

B paMKax MpoekTa GyAyT pazpaboTaHbl KPUTEPUU U TPOTOKO-
JIBI JIJIST XaPaKTEPUCTUKY 3aPA’KEHHBIX NTAPTUH CEMSH U GyeT
MIOJIIePXKUBATHCS CO3JjaHUe IIaT(HOPMBI A5 06IerdeHNs
IOCTYTIA K 3aPaKEHHBIM TIaPTUSIM CEMSH 1 00MeHa UM,
BKJIIOYAs OpUUUecKue TpeGOBaHUS.

InatdopMa [Jjis obMeHa
3apaXEeHHBIMU CEMEHHBI-
MU TTapTUSIMU.

«/IHBEHTaPW3aNI U BAIUIAITUS
MIPOLIEeLyP KOHTPOJIS KaueCcTBa
BBIZIEJIEHNS HYKJIENHOBBIX KHC-
JIOT, MICII0JIb3YEMBIX JIJISI ZUATHO-
CTUKU BPeUTEIeN»

B pamkax mpoekTa 6yzmeT cobpaHa nHMOpMAaIus 0 IIPOIeLypPax
BoIeseHus JHK/PHK, UCIOIb3yEMbIX B yUaCTBYIONUIUX J1a60-
paTopusX, ¥ JOCTYIIHAS U3 IUTEPATYpPEL. [IpoLeypsl OyayT
TIPOBEPEHBI HA IUPOKOM CIIEKTPEe MaTPULL, PACTEHUH, UHPU-
[IMPOBAaHHBIX UHTEPECYIOIIMMU IIATOTEHAMHU, C 11eJIbI0 pa3pa-
6OTKM PEKOMEHIATIMI AJI AUaTHOCTUYECKUX JJaOOPaTOPUA.

BanupupoBaHHBIE IPOTO-
KOJIBbI BBIJIEJIEHUA HYKJIe-
VHOBBIX KUCJIOT.

«HexumMuueckas o6paboTka
ny60BBIX OpeBeH IJis
TIpelOTBPAlleHNs YBALAHUS
ny6a, KOTOpOe BBI3BIBAETCS
Bretziella fagacearum»

B paMkax nmpoekTa 6yJeT IoATBEPKIEHO UCII0Ib30BaHME
BaKyyMHOU ITapoBoi 06paboTky Ay60BhIX OPEBEH B KAUeCTBE
aNbTePHATUBbI GPOMUCTOMY METUILY.

Banupanus mpoMBIIIIEH-
HOU BaKyyMHOU I1apoBOt
00paboOTKU B OTHOLIEHUH
Bretziella fagacearum Ha
ny60BBIX OpeBHAX IS
9KcIiopTa B EBporry.

«B0O3MOXHOCTb UCITOJIb30BAHUS
Mep MHTEerPUPOBAHHOM 3aIIUTHI
pacTeHUN [Jist TUKBULAIINI
0YaroB CaMITUTOBOL OTHEBKHU
(Cydalima perspectalis)»

B paMKax MpoeKTa 6yAyT MPOBEPEHBI KOMILIEKCHBIE METOTbI
60pBOBI ¢ BpeauTenaMu B oTHoeHuu Cydalima perspectalis.
STU METObI GYAYT BKIYATh PACIINPEHHbIE MEPOIIPUSITHUS
06CyIeIoBaHMS U BBISBJIEHNSI, TEXHOJOTUIO CTEPUIU3AIIAY Ha-
CEKOMBIX, METO/ Ie30PHUEeHTAI[UY 1 06Pab0TKY MECTUIIUTaMU.

PazpaboTka 1 IpoBepKa
METOHOB KOHTPOJIS AJIsI
KCII0JIb30BAHUS B CTPATE-
TUSIX MEP NHTETPUPOBaH-
HOWU 3alThI PACTEHUN.

«[IpuCyTCTBUE U TOUHOE
obuapyxenue Xylophilus
ampelinus B TUTOMHUKAX
Y BUHOTDAJHUKAX»

[TpoeKT 6yneT crroco6CTBOBATh PA3BUTUIO 3HAHUI 06 aTIHUe-
MUOJIOTUY X. ampelinus v GyAeT MonaepKUBaTh JUaTHOCTUYE-
CKVe MePOIIPUATHS, a TAK)Ke CIIOCOOCTBOBATH JOCTYITHOCTHU
pedepeHCcHBIX U30JI9TOB. B X0/ mpoekTa 6yIyT MPOBEPEHbI
MOJIEKYJISIPHBIE METOZbI UCCIIEJOBAHUSI.

3HAHUSA U UHCTPYMEH-
Tapuil B OTHOIIEHUU
Xylophilus ampelinus.

«[IpegoTBpamieHue
pacnpocTpaHenus Meloidogyne
graminicola Ha PUCOBBIX TTOJISIX
EBporbr»

B paMKax IpoeKTa GyAyT IOoJIyueHbl 3HAaHUS 06 SMIUIEMU0IIO-
ruu Meloidogyne graminicola B EBporie 1, B YaCTHOCTH, B Cpenu-
3€MHOMOPCKOM PeTUOHE. [IPOeKT OyIeT MOAoepKUBATh JUa-
THOCTUYECKUE MEPOIIPUSITHS, CIIOCOGCTBOBAT LOCTYITHOCTH
pedepeHCHbIX N30JIATOB; IPY MPOBEIEHUY IIPOEKTA Gy oyT
MIPOBEPEHBI MOJIEKYJISIPHBIE METOBI MCCIIEIOBAHUS.

CBefleHNs U MHCTPYMEH-
Tapuii s OAIe PIKKY
pa3paboTKu AUarHOCTU-
KU HEMATOJ ¥ 60PbOBI

C HAMU.
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MEXAOYHAPOOHOE COTPYOHUYECTBO

INTERNATIONAL COOPERATION

Table 2

List of the Euphresco projects will start in 2022

Topic name

Short description

Expected output

‘Identifying IPM measures
for selected pest/crop
combinations, to improve
plant health and decrease
dependency on chemical
pesticides’

The project will identify crop/pest combinations where alter-
natives to non-chemical pesticides are particularly needed
and will address the scientifical/technical gaps to encourage
stakeholders to adopt integrated pest management practices.

Data and knowledge to ease
the uptake of integrated pest
management practices by
stakeholders.

‘Fast detection methods
for quarantine Tephritidae’

The project will make an inventory of existing or currently de-
veloped diagnostic tests for the rapid detection and identifi-
cation of Tephritidae spp. and will validate them. The genetic
material from specimens will be sequenced and information
on available DNA sequences will be shared.

Knowledge to support the
diagnosis of Tephritidae
at genus and species level.

‘Diagnosis and
epidemiology of viruses
infecting cereal crops’

The project will increase the knowledge on the epidemiology
of cereal (e. g. wheat, barley, maize, oat, rye, triticale and rice)
viruses and their vectors and reservoirs and will contribute to
support the development/validation of diagnostic tests.

Knowledge on epidemiology
(such as historical records of
viral outbreaks, insect vectors)
and development/validation of
diagnostic protocols.

‘Infrastructure for sharing
infested seed lots for

test development and
validation’

The project will develop criteria and protocols to character-
ise infested seed lots and will support the establishment of a
platform to facilitate the access and exchange of infested seed
lots, including legal requirements.

Infrastructure for sharing
infested seed lots.

‘Inventory and validation
of quality control proce-
dures for the extraction of
nucleic acids used for the
diagnosis of pests’

The project will collect information on the DNA/RNA extrac-
tion procedures used in the participating laboratories and
available from the literature. Procedures will be validated

on a wide range of plant matrixes infected with pathogens of
interest in order to formulate recommendations for diagnos-
tic laboratories.

Validated protocols for nucleic
acid extraction.

‘A non-chemical oak

log treatment for
mitigating oak wilt caused
by Bretziella fagacearum’

The project will validate the use of vacuum steam treatment
of oak logs as an alternative to methyl bromide.

Validated commercial vacuum
steam treatment for Bretziella
fagacearum in oak logs for
export to Europe.

‘Potential for using IPM
tools to eradicate box tree
moth (Cydalima perspectalis)
incursions’

The project will validate integrated pest management

methods against Cydalima perspectalis. These methods will in-
clude enhanced survey and detection methods, the sterile in-
sect technique, mating disruption, and pesticide treatments.

Development and validation of
control methods to be used in
IPM strategies.

‘Xylophilus

ampelinus presence and
accurate detection in
nurseries and vineyards’

The project will develop knowledge on the epidemiology

of X. ampelinus and will support diagnostic activities by im-
proving the availability of reference isolates and by validating
molecular tests.

Knowledge and tools
against Xylophilus ampelinus.

‘Preventing Meloidogyne
graminicola spread in
European rice paddies’

The project will develop knowledge on the epidemiology

of Meloidogyne graminicola in Europe and in particular in the
Mediterranean region; the project will support diagnostic activi-
ties by improving the availability of reference isolates and by
validating molecular tests.

Knowledge and tools to support
preparedness, diagnosis and
management of the nematode.

2019-1-321 «CeTb c00O6IIECTBA CIIEIHAJIHNCTOB
10 BUPYCOJIOTUM PACTEHUI». [I[POEKT yCUInuT 06MeH
3HAHUSIMU O BBICOKOIIPOM3BOJIUTEIBHOM CEKBEHU-
POBaHMM KaK AUATHOCTUYECKOM MHCTPYMEHTE IJIst
BUPYCOB pacTeHu, obyieryas obmMeH nadopmanyein
U IPAKTUYECKUMU METOLAMMU.

2019-C-326 «BpI2KUBa€MOCTb [IATOr€HOB B 10U~
Be». B paMkax mpoekTa 6y/ieT n3yueHa BbDKBAEMOCTD
BbIOPAHHBIX OaKTEePUAJbHBIX U TPUOHBIX TTATOTEHOB
B TOuYBe U (pasjaramlnuxcs) OpraHUYeCcKUX Belle-
CTBax rocJe cbopa ypoxas pacTeHUsSI-X03IuHa'”.

19 https://zenodo.org/record/4616407#.YRKTjYgzaUl.

2019-C-326 ‘Pathogen survival in soil’. The pro-
ject will study the survival of selected bacterial and
fungal pathogens in the soil and (decomposing) or-
ganic matter after harvest of the host crop®’.

2019-A-327 ‘Validation of molecular diagnos-
tic tests for detection of Tomato brown rugose fruit vi-
rus (ToBRFV) in seeds of tomatoes and chilies’. The
project will validate conventional and real-time RT-PCR

dutocaHuTapus. KapaHTuH pacteHui 8
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2019-A-327 «Banugauus MOJIEKYJISPHbIX METO-
JOB JUArHOCTUKM JJI BbIIBJIEHUA BUpyca KOpUU-
HEBOii MOPIIUHUCTOCTHU 1008 ToMaTa (ToBRFV)
B ceMeHax ToMaTa 1 nepua». B paMkax mpoekTa 6yayT
ITPOBEPEeHbI METOIbI KJIACCUUECKON TTOJIMMepa3sHOMl
nenHoi peakuu (TILP) u TP B peaJibHOM BpEMEHH,
paspaboTaHHBIE IJIs ZUATHOCTUKY BUPYCa KOPUYHE-
BOM MOPIIUHUCTOCTY ILJIOZOB TOMaTa .

2020-C-360 «IIpemoTBpallieHNe pacopocTpa-
HEeHUSA KapaHTUHHBIX BUPYCOB ¥ BUPOUIOB IIOCPe-
CTBOM OUMCTKHU U Ae3uH@eKkumn». B paMkax mpoekTa
OyzmeT cobpaHa nH(OpPMAaIusg 0 IPOTOKOJIaX Ae3uH(peK-
IIUYM CEeJIbCKOXO3IUCTBEHHOr0 060PyLOBAHUS U T10-
BEPXHOCTEM TEIIUII OT PsiZla BUPYCOB ¥ BUPOUIOB.

2020-A-347 «ba30Boe uccJieioBaHE pe3epBa-
TOPOB BUPYCOB B MECTHBIX PACTEHUSX U CE€JIbCKOX0-
39 CTBEHHBIX KYJIBTypax». [[DOEKT OIPeNenuT, KaKre
BUPYCHI IPUCYTCTBYIOT B COOTBETCTBYIOUIUX KYJIbTyPax
WUV MTOTEHIIMAJIbHBIX X035eBaX-pe3epBaTopax, CBs-
3aHHBIX C CEJIbCKOX03IMCTBEHHBIMHU YTOIbIMU'.

CIIUCOK JIUTEPATYPBI

1. Impact evaluation of the Euphresco network.
Executive summary. Traon D., Montanari F., Amat L.,
Ferreira I. Arcadia Int. 2021.

2. Giovani B., Blimel S., Lopian R. et al., 2020.
Science diplomacy for plant health. Nat. Plants, 6:
902-905. — URL: https://doi.org/10.1038/s41477-020-
0744-x.

3. Euphresco, 2021. — URL: www.euphresco.net
(mata obpamenus: 01.08.2021).

NH®OPMAIINA OB ABTOPAX

Basnpuccepa [I:koBaHU, KaHIUIAT HAyK B 00-
JIacTy GMOXMMUU U MOJEKYIIPHOU 6M0DU3UKY, KO-
opauHaTop Euphresco B EBporietickoit u CpennzeM-
HOMOPCKOU OpraHM3aluy M0 KapaHTUHY U 3alluTe
pactenuii (EOK3P), r. [Tapuk, ®paHIus;

ORCID 0000-0001-9217-3555,
e-mail: bgiovani@euphresco.net.

I0puii Augpeeud lMIHeiiaep, kaHAUIaT 6U0OJIO-
rMYECKUX HayK, HAavYaJbHUK HAYyYHO-METOJAUUYECKOTO
Y 9KCIIePUMEHTAJIBHOTO LIEHTPA, BeAYIIUYM HayYHbIN
coTpyLHUK ®I'BY «BHUUKP», p. 11. BeIKOBO, I. PamMeH-
ckoe, MockoBcKas obacTk, Poccus;

ORCID 0000-0002-7565-1241,
e-mail: yury.shneyder@mail.ru.

Hartasnba AnexkcaHpoBHa lllepokosiaBa, Hauaib-
HUK IIeHTpa o6ecreveHrs KauecTBa — [NIaBHBIN DKCITEPT
SI'BY «BHUUKP», p. 11. BeIKOBO, I. PameHCKOe, MOCKOB-
ckag obJsiacth, Poccust; e-mail: natalia_sh@mail.ru.

20https://zenodo.org/record/4002010#.YRKTqIgzaUl.
21 https://zenodo.org/record/5172673#.YRKTtogzaUl.

tests developed for the diagnosis of Tomato brown rugose
fruit virus®.

2020-C-360 ‘Countering quarantine viruses and
viroids through cleaning and disinfection’. The pro-
ject will gather information on disinfection protocols
for tools and greenhouses surfaces against a number
of viruses and viroids.

2020-A-347 ‘Baseline study on virus reservoirs
in native plant species and crops’. The project will de-
termine which viruses are present in relevant crops or
potential reservoir hosts associated with agricultural
fields®.
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AHHOTALINA
B ®I'BY «BHUMKP» B 2018-2019 rT. IOATOTOBJIEHBI
aHayM3bl (GUTOCAHUTAPHOI'O PUCKA I10 BO3OYIUTEIIM
OaKTepuaJbHbIX 60JIe3HEH, BXOIIIINX B BUJLOBOM KOM-
iexc Ralstonia solanacearum sensu lato. JaHHbBIN BUIOBOM
KOMIIJIEKC BKJIIOUEH B mmepeuHu EBpormetickoil u Cpe-
IV3eMHOMOPCKOYM OpraHu3aIuy 10 KapaHTUHY U 3a-
muTe pacrenus (EOK3P) u EBpomneiickoro corsa (EC)
u pekjaccuduuypoBas B 2018 I. B 3 pa3yinuyHbIX BUIA:
R. solanacearum (A2), R. pseudosolanacearum (A2) u R. syzy-
gii (Al). B mpoiiecce ITOATOTOBKY aHAJIU30B (DUTOCAHN-
TapHOTO PUCKA TPOBEIEHO U3yUYeHNEe TAaKCOHOMUYE-
CKOT0 TIOJIOXKEHUS TAaHHBIX BUIOB, CO0P, 0600IIeHNE
¥ aHAJIN3 TAHHBIX [10 UX reorpadyecKoMy pacIiIpocTpa-
HeHUI0, PUTOCAHUTAPHOMY CTaTYCy, PACTEHUSIM-X0351€e-
BaM B CTpaHaX pPacIIpoCTpaHeHY s, 0MOJIOTUYECKIM 0CO-
OEHHOCTSM, METOIAM BBIBICHUS U UIeHTUDUKAIINH,
criocobaM pacIrpoCcTpaHeHUs JaHHbBIX BUJ/IOB, a TaKXKe
X BPEIOHOCHOCTH, B TOM UKCJI€ B DKOHOMHUYECKOM 13-
MepeHuu. [1o pesyabTaTaM KUCCIeIOBAHUYN 6MOJIOT U
paccMOTPEHHBIX BUJIOB, aHAJIN3A YCIIOBU A, CITIOCOOCTBY-
OIIYMX TPOHUKHOBEHUIO ¥ aKKJIMMATU3aluK BO30yIU-
TeJied, a TaK)Xe WX MOTEHIIMAaJbHON BPEIOHOCHOCTH
onpeziesieH nX QUTOCAaHUTAPHBIN PUCK JIJIT TEpPPUTOPUN
Poccuiickoy demepaliuu. YCTaHOBJIEHO, UTO BCE PACCMO-
TPEHHBIE BUIbI OTBEYAIOT KPUTEPUIM KapaHTUHHBIX
OPTaHMU3MOB ¥ MOTYT PACIIPOCTPAHUTHCS Ha TEPPUTO-
puu Poccutickoit demepaliu, IPUHOCS 3HAUNTEIbHBIN
yIep6 Imopa)kaeMbIM KyJIbTypPaM.

Knroueevie cnoea. AHanu3 (QUTOCAHUTAPHOTO
puCKa, BUIOBOM KOMILIEKC, (huyioTunsbl, Ralstonia so-
lanacearum sensu lato, apeasibl, PACTEHUSI-X035EBA,
ETTIKO EADC.

BBEJIEHUE

80-X IT. IIPOILJIOr0 CTOJIETUS B CTPaHaX
EBpPOITBI BIIepBbIe ObLIN 3aPETUCTPUPO-
BaHBI CJIydyaud TOPakeHUsT KapTodess
OaKTepualbHbBIM 3a60J€BaHUEM, BbI-
3bIBaEMBIM BO30ynmuTesieM Ralstonia so-
lanacearum (Smith) Yabuuchi et al. OHO
OBIJIO IMHPOKO PacIIPOCTPaHEHO B CTpa-
HaX C CyOTPOMMUYECKUM U TPOTTUYECKUM

SCIENTIFIC RESEARCH

UDC 632.3.01/.08

Quarantine bacterioses
Ralstonia spp. for
the Russian Federation

E.YU. SHNEYDER?, N.V. DRENOVA?, E.V. KARIMOVA?

12,3 FGBU “All-Russian Plant Quarantine Center”
(FGBU “VNIIKR”), Bykovo, Ramenskoye,
Moscow Oblast, Russia

1 e-mail: seunch@mail.ru

2 ORCID 0000-0003-4020-2910, e-mail: drenova@mail.ru

3 ORCID 0000-0001-6474-8913, e-mail: elenavkar@mail.ru

ABSTRACT
In 2018-2019, FGBU “VNIIKR” prepared pest risk ana-
lyses on agents of bacterial diseases included in the spe-
cies complex Ralstonia solanacearum sensu lato. This spe-
cies complex is included in the lists of the European and
Mediterranean Plant Protection Organization (EPPO)
and the European Union (EU) and reclassified in 2018
into 3 different species: R. solanacearum (A2), R. pseudo-
solanacearum (A2) and R. syzygii (A1). In the process of
preparing pest risk analyses, the taxonomic position of
these species was studied, the collection, synthesis and
analysis of data on their geographical distribution, phy-
tosanitary status, host plants in the countries of distri-
bution, biological characteristics, methods of detection
and identification, pathways of these species, as well as
their harmfulness, including in the economic dimen-
sion. According to the results of studies of the biology of
the considered species, analysis of conditions favorable
for the introduction and adaptation of pests, as well as
their potential harmfulness, their phytosanitary risk for
the territory of the Russian Federation was determined.
It has been established that all considered species meet
the criteria of quarantine organisms and can spread on
the territory of the Russian Federation, causing signifi-
cant damage to crops.

Key words. Pest risk analysis, species complex,
phylotypes, Ralstonia solanacearum sensu lato, areas,
host plants, Common List of Quarantine Objects of the
Eurasian Economic Union.

INTRODUCTION

ince the 1980s, in European countries, cas-
es of potato infection with a bacterial disease
caused by the pest Ralstonia solanacearum
(Smith) Yabuuchi et al. have been first re-
corded. It was widespread in countries with
subtropical and tropical climates and caused serious
damage not only to potatoes, but also to a number of
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KJIMMaTOM ¥ HAaHOCUJIO CEPbE3HbIN yIiep6 He TOJIbKO
KapTodesio, HO U PALY OPYTUX PacTeHU ceMelcTBa
IIaCJIEHOBBIX, a TaKXKe BO3IEeJIbIBAEMBbIM pPaCTEHU-
aM npyrux cemeictB. C 1975 1. Bo3bynuTenb R. sola-
nacearum (Smith) Yabuuchi et al. 6611 BKItoueH B [Te-
pevueHb BpemHbIX opraHu3MoB EOK3P (cmimcok A2),
c 1992 1. — B Ilepeuens EC, a ¢ 2016 r. — B EnVHBIN Me-
peuenb EAJC. [TaToreH 6bL1 onucaH Prior & Fegan (Pri-
or, Fegan, 2005) kak 6GaKTepus, paclpoCTpaHeHHas
B UeThIpEX (PUIIOTHUITAX BULOBOI0 KOMILJIeKca. Kaxk bl
(bunoTumn BKIOYAET MHOXXECTBO (PUIOTEHETUYECKUX
1 IIATOTe€HHBIX BAPUAHTOB, Pa3IMYAIOIIUXCSI TeHaMU
6apkogupoBanus (Bkitouas ITS, hrpB, mutS u egl), us-
BECTHBIMM KaK IIOCJIE0BATENIbHOCTU. VICTOPUYECKU
CJIOXKIJIOCH, YTO BUJOBOM KOMILIEKC ObLJI MPU3HAH KaK
pan GeHOTUIHNYECKN PasHOOOPA3HBIX IITaMMOB, KO-
TOpbIe TTEPBOHAYAJIBHO ObLIY ITOMEIEHBI B 5 TTaTOTEeH-
HBIX pac u 5 6uoBapos (Buddenhagen et al., 1962; Bud-
denhagen et al., 1964; Hayward, 1964). HemaBHO OH
6b11 perstaccuduiiupoBaH (Safni et al., 2014) B 3 pas-
JIMYHBIX BUAa: R. solanacearum (punotu II), R. pseudoso-
lanacearum (unotune I u IIl) u R. syzygii (bunoTtumn IV).
B HacTos1ee BpeM4 R. solanacearum kjaaccuGpUIINPYIOT
He TOJIbKO KaK OTAeJIbHbIN BUI, HO B CBSI3U C OOJIBIIINM
KOJIMYECTBOM Pa3IMUHbIX ITOPa’KaeMbIX PAaCTEHUM-X0-
35€B, TTATOTEHHON CIleIraNn3aliuei, KyJabTypalbHbI-
MU U (PU3NOJIOTUYECKMMI CBOMCTBAMU, a TaKXKe ero
(buytoreHnelr OMMUCHIBAETCS BUIOBBIM KOMILIEKCOM
R. solanacearum sensu lato. TIOHATUE «BUOOBOM KOM-
TIJIeKC» CTaJIo 6oJiee pacnpocTpaHeHHbIM. duioreHe-
THUYEeCKre HCCIeNoBaHusa BbISBuIM 4 duioruma (Ha
OCHOBE aHaJIM3a MOoCJeI0BaTeIbHOCTEl peruoHa ITS)
B 9TOM KOMILIeKce: (PuaoTuIl I (IuTaMMbl a3UaTCKOTO
MIpOUCXOXaeHus), ¢uiaoTun II (IUTaMMbI I0XKHOaMe-
PUKaHCKOTO ITPOUCXOXKAeHUS), huytoTut 111 (IrTaMMbI,
TIOSIBUBIIMECSI B BBICOKOIOPHBIX paioHaxX ADPUKN)
u ¢punotun IV (tmramMMbel MHAOHE3WY, ATTOHNY, ABCTpa-
Jun). B HacTosIIee BpeMs TAKCOHOMMUS BUIOBOT'0 KOM-
rekca R. solanacearum sensu lato 6b1a TIepecMOTpeHa
C WCIMOJIb30BaHNEM KOMOMHAIIUY T€HOMHBIX U ITPOTe-
OMHBIX METOJOB. Ilocjie peBU3UY BUIOBOU KOMILIEKC
Ralstonia solanacearum sensu lato ObLI peKJIacCUPUITU-
poBaH B 2018 1. B 3 oTmenbHBIX BUma: R. solanacearum,
R. pseudosolanacearum v R. syzygii. BpLIO yCTaHOBJIEHO,
YTO 5TO HOBOE pasziejieHre BUI0B COBIIAZAET C IIPEbI-
nymen kinaccudukanuein GumoTunos: R. solanacearum
(bumoTum I), R. pseudosolanacearum (bunorunsi I u I11),
U R. syzygii (bunoTutn IV). B cBA3U ¢ 3TUM IOSIBUJIACH
HEeOOXOJUMOCTD U3yUYeHUS BUIOB BUJOBOTO KOMILIEK-
ca Ralstonia solanacearum B COOTBETCTBMM C HOBOH
KJaccuukamen.

OcHOBHOU 3ajlauedl ciayXObl KapaHTWHA pac-
TEHUU SBJISETCS 3allUTa TEPPUTOPUU CTPaHBbI OT
OMACHBIX BPEIHBIX OPraHM3MOB, CIIOCOOHBIX HaHEe-
CTU CepPbe3HBIN HKOHOMUYECKUH yiiepb celbCcKOMY
X03UCTBY. IMITOPT IPOAYKIINY, 3apa’keHHOM KapaH-
TUHHBIMY BPeIHbIMY OPraHu3MaMU, IBJISIETCSI OLHOMN
13 OCHOBHBIX YIpo3 AJs GUTOCAHUTAPHOTO 6JIaroro-
ayuus Poccutickoit ®eneparnuu. Ha Tepputopuu Poc-
cUU IeUCTBYeT ENMHBIN ITepeueHb KApaHTUHHBIX 00'b-
eKTOB EBpasuiicKoro 3KOHOMKUYeCKoro cor3a (EITKO
EA3C, manee IlepeueHb), yTBEPXKAECHHBIN PelmeHreM
CoBeTa EBpasuiickoil 5KOHOMUYECKON KOMUCCUU
ot 30 Hos%6ps 2016 T. B maHHbIN [lepeyeHb BXOASAT
OTCYTCTBYIOI[ME 1 OTPAHUYEHHO PACIIPOCTPaHEHHBIE
Ha TeppuTopuu Poccuiickoit demepanuy KapaHTUH-
Hble BpeJHble OPraHM3MbI, CIIOCOOHBIE ITOPakaTh

other plants of the Solanaceae family, as well as culti-
vated plants of other families. Since 1975, the patho-
gen R. solanacearum (Smith) Yabuuchi et al. was in-
cluded in the EPPO A2 List of pests recommended for
regulation as quarantine pests, since 1992 — in the EU
List, since 2016 — EAEU Common List. The pathogen
was described by Prior & Fegan (Prior, Fegan, 2005) as
a bacterium distributed in four phylotypes of a species
complex. Each phylotype includes many phylogenetic
and pathogenic variants differing in barcoding genes
(including ITS, hrpB, mutS and egl), referred to as se-
quences. Historically, the species complex was recog-
nized as a series of phenotypically diverse strains
that were originally placed in 5 pathogenic races and
5 biovars (Buddenhagen et al., 1962; Buddenhagen
et al., 1964; Hayward, 1964). It has been recently re-
classified (Safni et al., 2014) into 3 different species:
R. solanacearum (phylotype 1II), R. pseudosolanacearum
(phylotypes I and III) and R. syzygii (phylotype 1V). At
present, R. solanacearum is classified not only as a se-
parate species, but due to the large number of different
affected host plants, pathogenic specialization, cul-
tural and physiological properties, as well as its phy-
logeny, it is described by the species complex R. sola-
nacearum sensu lato. The concept of “species complex”
has become more widespread. Phylogenetic studies
revealed 4 phylotypes (based on sequence analysis
of the ITS region) in this complex: phylotype I (strains
of Asian origin), phylotype II (strains of South Ameri-
can origin), phylotype III (strains that appeared in the
highlands of Africa) and phylotype IV (strains of Indo-
nesia, Japan, Australia). Currently, the taxonomy of
species complex R. solanacearum sensu lato has been re-
vised using a combination of genomic and proteomic
techniques. After revision, the species complex Ralsto-
nia solanacearum sensu lato was reclassified in 2018
into 3 separate species: R. solanacearum, R. pseudosola-
nacearum and R. syzygii. It was found that this new di-
vision of species coincides with the previous classi-
fication of phylotypes: R. solanacearum (phylotype II),
R. pseudosolanacearum (phylotypes I and III), and R. sy-
zygii (phylotype IV). In this regard, it became necessary
to study the species of the species complex Ralstonia so-
lanacearum according to the new classification.

The main task of the plant quarantine service is
to protect the territory of the country from dangerous
pests that can cause serious economic damage to agri-
culture. Import of products contaminated with qua-
rantine pests is one of the main threats to the phytosa-
nitary well-being of the Russian Federation. In Russia,
there is a Common List of Quarantine Objects of the
Eurasian Economic Union (hereinafter the List), ap-
proved by the Decision of the Council of the Eurasian
Economic Commission of November 30, 2016. This
List includes quarantine pests that are absent and li-
mitedly present in the territory of the Russian Federa-
tion, which can affect the main agricultural crops and
cause significant crop losses. Until now, for the Russian
Federation and the countries of the Eurasian Economic
Union, the agent of brown potato rot Ralstonia sola-
nacearum (Smith) Yabuuchi et al. was the only bacterial
quarantine pest in Solanaceae crops.
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OCHOBHBIE CEJIbCKOXO03SMCTBEHHbIE KYJIbTYPHI U BbI-
3BIBATh 3HAUUTEJbHbBIE TIOTEPYU YpOskasd. JIo HACTOs-
1ero BpeMeHu 1Jist Poccutickoit ®emepaliuu 1 CTpaH,
BXOOAIINX B EBPasuMUCKUYA 2KOHOMUYECKUU COI03,
BO30yauTeN b Oypol rTHUIu KapTodens Ralstonia sola-
nacearum (Smith) Yabuuchi et al. aBnsicg eqIMHCTBEH-
HBIM 0aKTepHaJIbHbIM KaPaHTUHHBIM BPEILHBIM OpTa-
HU3MOM MaCJIeHOBBIX KYJIbTYDP.

Ha ceromHsSIMHUN IeHb HET CTPOTO YCTAHOB-
JIEHHOU TIPUYPOUYEHHOCTHU (DUIIOTEHETUYECKUX U T1a-
TOTEHHBIX CBOUCTB K Pa3MWYHBIM (GuioTuIam. s
HOBBIX IIpeAJaraeMbIX BULOB U IIOJBUIOB BUAOBOTO
KoMruiekca Ralstonia solanacearum Heo6X0LUMO yCTa-
HOBUTB UX reorpaduieckoe pacrpocTpaHeHue U HO-
BbI€ CIIMCKU 3apa’kaeMbIX PacTeHUM-X035eB. Takou
TaKCOHOMUYECKUN IIePecMOTp IPeACTaBJISIET I0-
CTATOYHO CEPbE3HYI0 CJI0XXHOCTh ITPU YIIPaBIEeHUU
nHPOPMAIIMOHHBIMU CUCTeMaMu (HampuMmep, Ipu
06paboTKe paHee U3BECTHOHN ¥ HOBOM MH(OPMAaIIL)
¥ B OTHOIIEHUY 3/I0POBbS PACTEeHUU (HarpuMep, 1mo-
JINTUKA, IUAaTrHOCTUKA, yIIPaBJIeHueE). B pesysbTaTe 11e-
pecMoTpa TaKCOHOMMHY BHIOBOTO KOMILJIEKCA BO3HUK-
Jla He0O6XOAUMOCTD B ITPOBeieHUU 60jiee NeTaJIbHOTO
paccMOTpeHU OTIENbHBIX BUNOB R. solanacearum sensu
lato B KauecTBe BO3MOXKHBIX KAPAHTUHHBIX BPEIHbBIX
opraHuaMoB njis1 Poccutickoit ®emeparuu u EASC.

KapauTtunHsii 15 ctpad EASC Bup Ralstonia sola-
nacearum, a TaxXke 2 BUIa, He BKJIIOUEHHbBIE B HACTOS-
mee BpeMsd B [lepeuerb EAJC, — R. pseudosolanacearum
u R. syzygii, KOTOpble BXOAAT B BUJOBON KOMILJIEKC
Ralstonia solanacearum sensu lato, IBJISIIOTCS ITOTEHITU-
aJIbHO OIMACHBIMHU JJis1 Poccuy Ha OCHOBAHUMU ITPOBE-
IEeHHBIX [IJI 9TUX BUI0B aHAJIN30B (DUTOCAHUTAPHOIO
PUCKa U IPEeIJI0)KEeHbI B KAUeCTBEe KapaHTUHHBIX Opra-
HU3MOB [J1g BKJItoUeHUA B [lepeueHp EASC kak BUIO-
Boii koMIuiekc (Illueiimep, 2018; lluetimep, JIpeHoBa,
2019; Illuetizep, ipeHona, 2019a).

3HaueHUe (PUTOIMATOTEHOB, BXOAAIINX B KOM-
nnexc Ralstonia solanacearum sensu lato, Bo3pacTaeT
B CBSI3U C GOJIBIIMM KOJIMYECTBOM BKOHOMUHYECKU
Ba)KHBIX [TOPAKAEMbBIX KYJIbTYPHBIX PACTEHUN-X035€EB.
OTU BpeIHble OPraHKU3Mbl IIPEACTABIAIOT Hanb0JIb-
IIy10 OITACHOCTH IIPY 3aB0O3€ 3aPaKEHHOTO CEMEHHOT0
¥ TOCaZI0YHOTO MaTepraia U UX BO3MOXXHOU aKKJIM-
MaTU3aluy Ha TeppuTopuun Poccuiickoii emepanuu,
a TakKe JeKOPATUBHBIX U IUKOPACTYIUIUX PACTEHUN —
BO3MOXXHBIX TI€PEHOCUYMKOB MHGpeKIuu. Kaxabii
(PUIOTUII BKJIIOUAET MHOXKECTBO (DMJIOTEHETUUYECKUX
¥ TTATOT€HHBIX BAPUAHTOB, Pa3INYaIONUXCSA TeHETH-
yecku (BKJwuas reusl ITS, hrpB, mutS u egl).

PaccMOTPUM U3MeHEeHUs B TAKCOHOMUHU IJISI KaXK-
JIOT0 BUJa BUILOBOI0 KOMILJIeKca Ralstonia solanacearum
sensu lato.

Bo36yauTens Gypoii runu — Bup Ralstonia sola-
nacearum (Smith) Yabuuchi et al. emend. Safni et al. -
BKJIIOUEH B [lepedyeHb BpefHBIX opraHusMoB EOK3P
(cricok A2) B KauecTBe OrpPaHMYEHHO PacIIpocTpa-
HEHHOI'0 BPeIHOro OpraHusMa. B CBA3U C 3TUM AJIg
HETO OITpejieJieH HOBbIH Koz — RALSSL, TTI0 KOTOPOMY
B [mo6asbHyt0 6a3y manHbix EOK3P (gd.eppo.int) 6ymer
nepemaBaTbCcs HOBasd MHGOPMAIINS 10 U3MEeHEHUIAM
reorpadruecKoro pacupoCTpaHeHusI U CIIMCKY HOBBIX
pacTeHU-X03sg€eB. By, XapaKTeprusyeTcsl Kak HU3KO-
TeMIIepaTypPHbIH, CIIOCOOHBIN Pa3BUBATHCS B CTPAHAX
C YMEPEHHBIM KJIMMATOM.

B Bup R. solanacearum BKJIOUYEHBI MITAMMBI QU-
Jotuna II, KOTopble ABJSIOTCS IITaMMaMU I0XKHO-

To date, there is no strictly established confine-
ment of phylogenetic and pathogenic properties to va-
rious phylotypes. For new proposed species and sub-
species of the species complex Ralstonia solanacearum, it
is necessary to establish their geographical distribution
and new lists of infected host plants. This taxonomic re-
vision presents a significant challenge in the manage-
ment of information systems (for example, when pro-
cessing previously known and new information) and
in relation to plant health (for example, policy, diag-
nostics, management). As a result of the revision of the
taxonomy of the species complex, it became necessary
to conduct a more detailed examination of individual
species of R. solanacearum sensu lato as possible quaran-
tine pests for the Russian Federation and the EAEU.

Quarantine for the EAEU countries, the species
Ralstonia solanacearum, as well as 2 species not current-
ly included in the EAEU List, — R. pseudosolanacearum
and R. syzygii, which are part of the species complex
Ralstonia solanacearum sensu lato, are potentially dan-
gerous for Russia on the basis of pest risk analyses
carried out for these pest species and are proposed as
quarantine organisms for inclusion in the EAEU List as
a species complex (Shneyder, 2018; Shneyder, Drenova,
2019; Shneyder, Drenova, 2019a).

The value of phytopathogens included in the com-
plex Ralstonia solanacearum sensu lato, increases due to the
large number of economically important affected culti-
vated host plants. These pests pose the greatest danger
during the importation of contaminated seed and plant-
ing material and their possible adaptation in the Russian
Federation, as well as ornamental and wild plants — pos-
sible vectors of infection. Each phylotype includes many
phylogenetic and pathogenic variants that differ geneti-
cally (including genes ITS, hrpB, mutS and egl).

Let’s consider the changes in taxonomy for each
species of the species complex Ralstonia solanacearum
sensu lato.

Brown potato rot — species Ralstonia sola-
nacearum (Smith) Yabuuchi et al. emend. Safni et al. —
is included in the EPPO List of Pests (List A2) as a li-
mitedly present pest. In this regard, a new code has
been defined for it — RALSSL, via which new informa-
tion on changes in geographic distribution and new
host list will be submitted to the EPPO Global Database
(gd.eppo.int). The species is characterized as low-
temperature, capable of developing in countries with
a temperate climate.

Strains of phylotype II, which are of South Ame-
rican origin, have been included in the species R. so-
lanacearum.

R. pseudosolanacearum Safni, Cleenwerck, de Vos,
Fegan, Sly & Kappler included in the EPPO List of Pests
(List A2) as a limitedly present pest as a result of revi-
sion of the taxonomy of the species complex (Safni et
al., 2014). In this regard, a new code has been defined
for it — RALSPS, according to which new information on
geographical distribution, new lists of host plants and
other updates will be transmitted to the EPPO database.

This species includes strains of phylotype I, which
are referred to as strains of Asian origin, and strains of
phylotype III, found in the African highlands.
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aMepPUKAHCKOTO ITPOUCXOXKIe-
HUS.

R. pseudosolanacearum Saf-
ni, Cleenwerck, de Vos, Fegan,
Sly & Kappler B pe3ynbTaTe Ime-
pecMoTpa TaKCOHOMUM BHUIOBOIO
KOMILJIeKca BKJIIOUEH B [IlepedyeHb
BpenHBIX opraHnusMoB EOK3P
(ciucok A2) B KauecTBe orpa-
HUYEHHO PacHpoOCTPaHEHHOIO
BpenmHoro opranusma (Safniet al.,
2014). B CBS3M C 9TUM [JJI9 HETO
oIrpezesieH HOBbIH Kog — RALSPS,
[0 KOTOPOMY B 6a3y HaHHBIX
EOK3P 6yzmeT nepeiaBaThCsa HO-
Basg uMH(pOpMaNug II0 reorpa-
(bryeckoMy pacrpocTpaHeHUIo,
HOBBIE CIIMCKY PaCTeHUI-X035EB
U IIpourie OGHOBJIEHU.

Legend: O Present

@ Transient

B maHHbBINA BUJ, BKIIOUYEHBI

U mraMMbl puaotuna Ill, BeIsB-
JisieMble B ahpUKAHCKUX HATOPbhSIX.

TpeTuii BUJ BUA0BOro KoMIiuiekca — Ralstonia
syzygii (Roberts et al.) Vaneechoutte et al. — BkjItoueH
B IlepeueHb BpeaHbIX opranu3mMoB EOK3P (crimcok Al)
KaK OTCYTCTBYIOUIUIM Ha TEPPUTOPUU CTPAH — UJIEHOB
EOK3P u B KapaHTUHHBIE CIUCKM MHOTUX JPYrUX
CTpPaH B KaYeCTBe OTCYTCTBYIOIIET0 BPEJHOr0 opra-
nusMa (Roberts et al., 1990). R. syzygii BKIIOYaET IITaM-
MbI pusioTumna [V, KOTOpbIE CYUUTAIOTCS IIITAMMAaMU WH-
JIOHE3UHMCKOT0 MTPOUCXOXKIEHUS.

Bup R. syzygii ipeAcTaBJeH TPEMS MMOABULAMU —
R. syzygii subsp. syzygii subsp. nov., R. syzygii subsp. indo-
nesiensis subsp. nov. u R. syzygii subsp. celebesensis subsp.
NOV., PACIIPOCTPaHEHHBIMU B Pa3JIMUHBIX CTPaHaXx
C CyOTpPOMUUECKUM U TPOIUYECKUM KauMaToM. B 6aze
nauubix EOK3P nng Bupa R. syzygii ¥ eTo IOLBULOB
OBLIY OTIpeeeHbl KOmbl — R. syzygii (RALSSY), R. syzy-
gii subsp. syzygii (RALSSS), R. syzygii subsp. indonesiensis
(RALSSI) u R. syzygii subsp. celebesensis (RALSSC). B aTy
6asy Taxxe OymeT mepenaBaTbCcs HOBas MH(pOPMAIIU.

NudopMaliug, KoTopas B HacTosllee BpeMs
IIpUJIaraeTcs K OTIeJbHBIM KO/AaM, IIOCTEIeHHO 6y-
JleT BHOCUTBCS B UHPOPMAIIUIO O BUJIOBOM KOMILIEK-
ce (RALSSO).

CeropHs HeT 0DUIIMANBHO TTEPECMOTPEHHBIX
¥ YTOUHEHHBIX CIIMCKOB II0 PACIIPOCTPAHEHUIO OT-
IeJbHbBIX BUJOB KOMILIEKca R. solanacearum sensu lato
B MUPE U IOPAXaeMbIM UMM PACTEHUSIM.

OB30PHAA NH®OPMAIINA

T'eorpacdnueckoe pacmpocTpaHeHHEe

BUIOB R. solanacearum sensu lato
Eciu paHee cuuTau, 4To 6aKkTepuos R. solanacearum
OrpaHUYEH TEePPUTOPUIMU, PACTIOJI0KEHHBIMY MEX-
Iy 45° ceBepHOU MIUPOTHI U 45° 10)KHOU MIUPOTHI, TO
B HacTosllee BpeMsa 6akTepuu R. solanacearum sensu
lato oTMe4eHbI BO MHOTYIX CTPaHaX MUPa C Pa3INYHbIM
kauMaToM (puc. 1).

Bup Ralstonia solanacearum

JTOT (DEHOTHUII y)Ke TIPUCYTCTBYET B PETUOHE
EOKS3P r1pu HeGOJIBIIIOM KOJIMUYECTBE CIYUaEeB BhISBIIE-
HUS WY OTPAaHUYEHHOM PaCIIPOCTPaHEeHUY, HO UMEeT
MIOTEHIIMAJ IJI JaJIbHEHIIEero pacupoCcTpaHeH .

Puc. 1. PacnpocTtpaHeHue Ralstonia  Fig. 1. Spreading of Ralstonia
mTaMMbl uiOTHIA I, KOTOPBIE  golgnacearum sensu lato B Mupe

YIIOMMHAITCA KaK IITaMMBbI (no coctosiHuio Ha 17.06.2021).
a3MaTCKOro MPOUCXOXIeHUud, MWcTtouHuk: https://gd.eppo.int

solanacearum sensu lato in the world
(as of 17.06.2021).
Source: https://gd.eppo.int

The third species of the species complex — Ralsto-
nia syzygii (Roberts et al.) Vaneechoutte et al. — is includ-
ed in the EPPO List of Pests (List A1) as absent from the
territory of EPPO member countries and on the quaran-
tine lists of many other countries as absent pest (Roberts
et al., 1990). R. syzygii includes strains of phylotype IV,
which are considered to be strains of Indonesian origin.

The species R. syzygii is represented by three
subspecies — R. syzygii subsp. syzygii subsp. nov.,
R. syzygii subsp. indonesiensis subsp. nov. and R. syzy-
gii subsp. celebesensis subsp. nov., spread in various
countries with subtropical and tropical climates. In the
EPPO database for the species R. syzygii and its subspe-
cies codes have been given — R. syzygii (RALSSY), R. sy-
zygii subsp. syzygii (RALSSS), R. syzygii subsp. indonesien-
sis (RALSSI) and R. syzygii subsp. celebesensis (RALSSC).
New information will also be transferred to this base.

The information currently attached to the indivi-
dual codes will gradually be incorporated into the spe-
cies complex information (RALSSO).

Today, there are no officially revised and updated
lists for the spreading of certain species of the complex
R. solanacearum sensu lato in the world and the plants af-
fected by them.

OVERVIEW

Geographic area

of species R. solanacearum sensu lato
If earlier it was believed that bacteriosis R. solanacearum
was limited by areas located between latitude 45° north
latitude and 45° south latitude, bacteria R. solanacearum
sensu lato are currently recorded in many countries with
different climates (Fig. 1).

Species Ralstonia solanacearum

This phenotype is already present in the EPPO re-
gion with few cases or limited spreading, but has po-
tential for further spread.
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Buz Ralstonia pseudosolanacearum

TTocye paszeneHUsT BUIOBOTO KOMILIEKea R. sola-
nacearum sensu lato Ha OTAeJIbHbIe (PUIIOTUIIBI B MUPE
TIOSIBAJIOCH GOJIBIIIOE KOJIMYECTBO MMyOIUKAIIW 110 pac-
npocTpaHeHuw0 R. pseudosolanacearum — QUIOTUIIOB
[ u Il B pa3HbIX perrnoHax Mupa. boJsie3sHb rmopakaer
pacTeHUs-x03s5€Ba B 6oJiee TerioM KiruMare. CoobIma-
JIOCh, UYTO BUJI0BOM KOMILIEKC R. solanacearum sensu lato
reHeTUYeCKU pa3Hoobpa3eH B GOJBUIMHCTBE CYOTPO-
MUYECKUX U TPOIIMYECKUX PAMOHOB, I/ie ObLIY IIPOBE-
JIeHbI IMMPOKYE BHIOOPOUYHbIE UCCIIEI0BAHUS PACTEHN-
X0351€B U VICCJIEIOBAHN S T€HETUUECKOTO Pa3Ho0bpasusl.
B cBs13u C 3TUM GBLIIO yCTAHOBJIEHO HAJTMUKE (PUIIOTUTIOB
R. pseudosolanacearum B pa3auvYHBIX CTpaHax. Hampu-
Mep, B Adppuxke dpunoturst I u 11 661U UAEHTUDUII-
poBansl B KamepyHe u KoT-m'ViByape (Mahbou Somo
Toukam et al., 2009; N'Guessan et al., 2012) u puio-
tut I — B O¢puonuu (Lemessa and Zeller, 2007). B Asuu
(unorun I 6611 3apeructTprupoBaH B MHauu (Sagar et al.,
2014), dnonuun (Horita et al., 2014; Horita et al., 2010)
u Kurae (Xu et al., 2009). HegaBHO 6bLJIO ITOJIyYEHO CO-
obmmeHue 06 o6HapyxeHUU R. pseudosolanacearum (R. so-
lanacearum, dwuyioTut I), BEI3BIBAIOIIET0 HEOOBIUHYIO
CUMIITOMATUKY U 3ab0JieBaHue ¥ Rosa SPP. ITpY BbIPAIy-
BaHUM TETJIMYHBIX P03 B Hugepnaugax (Bergsma-Vlami
etal., 2018; Tjou-Tam-Sin et al., 2018). BeIABIAINCE 3a-
pakeHMs Ha PaCTEHUSIX Rosa SPP. — KaK Ha [10Cal0UHOM
MaTepuraje IJis Pa3MHOXEHUS, TaK ¥ CPe3aHHbIX IIBE-
Tax. Bo BceM Mupe 3T0 6bLJI0 TIEpBOE COOOIIEHYE O BbIZIE-
JIEHWU U UATHOCTUKE R. pseudosolanacearum Ha Rosa Spp.
B 2017 1. 66110 TTOJTyYeHO 1-€ coobIeHue o Ralstonia so-
lanacearum, duyoTu I, BbI3bIBaONeM 6aKTepraibHOE
yBsaHue Ha Rosa spp. B IOxxHo# Kopee (Kim, Lim et al.,
2019) (Llueimep, IpeHona, 2019).

dujoreHeTuveckoe pasHoobpasue BUILOBOTO
KoMILIekca R. solanacearum OBLIO B BEICOKOU CTETIEHU
OIHOPOIHBIM Ha OCTPOBe MaiioTTa (B UHIMKICKOM OKe-
aHe), ITOCKOJIbKY, IO MOCIeIHUM TaKCOHOMUYECKUM
WCCEeN0BAHUSIM, B HACTOSIIee BpeMs TaM ObLI UIeH-
TUQPUIIMPOBAH TOJbKO huiotu I. dunotur I aBiseTcs
HauboJjiee pacIIpoCTpaHEeHHBIM (DUIIOTUIIOM Ha APYTUX
I0T0-3allaIHbIX OCTPOBaX VHAUMCKOTO OKeaHa, TaKUX
kak KomMmopckue ocTpoBa, MaBpuKui, PeloHbOH, Pompu-
rec u CelileIbcKue OCTPOBA, Tlle OH cocTaBiseT 87%
¢uoreHeTUUECKOT0 pa3Hoobpa3us mraMmMa 1 B OC-
HOBHOM BBIJIeJIEH U3 TTacJIeHOBBIX KyibTyp (Yahiaoui et
al., 2016; Yahiaoui et al., 2017). Tak)xe 3TOT (QUIOTUIT
nMeeT HauboJblllee paclIpocTpaHeHre B Bpasunuu
(Salcedo et al., 2017) 1 HEKOTOPBIX ADPUKAHCKUX CTPa-
Hax, Takux kak Kot-g'ViByap (N'Guessan et al., 2012),
HemokpaTudeckas Pecrybsuka Konro, Yranza, KOxxHo-
Adpukanckasa Pecriybnuka (Carstensen et al., 2017),
Benwun (Sikirou et al., 2015). BoJyiee mupoKast pacIpo-
CTPaHEHHOCTD IITaMMOB [-31 MOXeT GbITh 00bsICHEHA
ux 60Jiee BBICOKOU BUPYIEHTHOCTHIO. [lITamMmbr 1-31
06J1a71a10T CITOCOGHOCTBI0 3apaskaTh MIMPOKUM CITIEKTP
pacTteHuii-xo3seB. ujgoTuI I Takyke O6bLI 3aPETUCTPU-
poBaH B Majarackape 1 BOCTOUHOA()PUKAHCKUX CTPa-
Hax, TpaHuyYaIyx ¢ MHANNCKUM OKeaHOM, TAaKUX Kak
Kenwus (Wicker et al., 2012). ®dumoTur I mopakaeT II1pPo-
KUY CIIEKTP CETbCKOX03SIICTBEHHBIX KYJIBTYD, KOTOPbhIE
BKJIIOUAIOT KaK TPaBIHUCThIE, TaK U JPEBECHbIE PacTe-
Husg (Hayward, 1991), pacripocTpaHeH 110 BCEMY MUPY
(Hayward, 1994) u, kak coob11aeTcs, IBJISIETCS BBICOKO
pexoMmbuHoreHHbIM (Coupat et al., 2008). dunotut [ oT-
JIMYaeTcsl CBOUM IMYPOKUM pa3sHooOpa3reM 1 BKIIIOUA-
eT 16 13 57 CEKBECTOB, U3BECTHBIX B HACTOSIIEE BPEMS.

Species Ralstonia pseudosolanacearum

After the division of the species complex R. sola-
nacearum sensu lato into separate phylotypes, a large
number of publications on the spreading of R. pseudo-
solanacearum — phylotypes I and III in different regions
of the world. The disease affects host plants in warmer
climates. It was reported that the species complex R. so-
lanacearum sensu lato genetically is diverse in most sub-
tropical and tropical regions, where extensive selective
host plant studies and genetic diversity studies have
been conducted. In this regard, the presence of R. pseu-
dosolanacearum phylotypes was established in different
countries. For example, in Africa, phylotypes I and
I1I have been identified in Cameroon and Coéte d’'Ivo-
ire (Mahbou Somo Toukam et al., 2009; N'Guessan et
al., 2012) and phylotype I — in Ethiopia (Lemessa and
Zeller, 2007). In Asia, phylotype I was registered in In-
dia (Sagar et al., 2014), Japan (Horita et al., 2014; Hori-
ta et al., 2010) and China (Xu et al., 2009). Recently,
R. pseudosolanacearum (R. solanacearum, phylotype I) was
recorded, causing unusual symptoms and desease of
Rosa spp. when growing greenhouse roses in the Neth-
erlands (Bergsma-Vlami et al., 2018; Tjou-Tam-Sin
et al., 2018). Infections on Rosa spp. plants were de-
tected — both on plants for planting, and cut flowers.
Worldwide, this was the first record on isolation and di-
agnosis of R. pseudosolanacearum on Rosa spp. In 2017,
Ralstonia solanacearum, phylotype I, was first recorded,
causing bacterial wilting on Rosa spp. in South Korea
(Kim, Lim et al., 2019) (Shneyder, Drenova, 2019).

Phylogenetic diversity of the species complex R. so-
lanacearum was highly homogeneous on the island of
Mayotte (Indian Ocean) because, according to the latest
taxonomic studies, only phylotype I has been identified
there so far. Phylotype I is the most common phylotype
in other southwestern Indian Ocean islands such as the
Comoros, Mauritius, Reunion, Rodriguez and the Sey-
chelles, where it accounts for 87% of the phylogenetic
diversity of the strain and is mainly isolated from So-
lanaceae crops (Yahiaoui et al., 2016; Yahiaoui et al.,
2017). Also, this phylotype is most common in Brazil
(Salcedo et al., 2017) and some African countries such
as Cote d’'Ivoire (N’Guessan et al., 2012), Democratic Re-
public of the Congo, Uganda, South Africa (Carstensen
etal., 2017), Benin (Sikirou et al., 2015). The wider pre-
valence of I-31 strains can be explained by their higher
virulence. Strains I-31 have the ability to infect a wide
variety of host plants. Phylotype I has also been report-
ed in Madagascar and East African countries bordering
the Indian Ocean such as Kenya (Wicker et al., 2012).
Phylotype I affects a wide range of crops, which include
both herbaceous and woody plants (Hayward, 1991),
is spread throughout the world (Hayward, 1994) and
is reported to be highly recombinogenic (Coupat et al.,
2008). Phylotype I is distinguished by its wide variety
and includes 16 out of 57 sequests currently known.

Species Ralstonia syzygii

Subspecies Ralstonia syzygii subsp. syzygii strains
are described only in Indonesia on the clove tree.

Subspecies Ralstonia Syzygii subsp. celebesensis
strains are present in Indonesia (Cahyaniati et al., 1997),
on the island of New Guinea (Davis et al., 2001) and
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Bup Ralstonia syzygii

[ITaMmMbl TOABUAA Ralstonia syzygii subsp. syzygii
OMNKCAaHBI TOJbKO B IHIOHE3UM Ha TBO3LUYHOM Je-
pese.

ITamMmMel ToABUma Ralstonia syzygii subsp. cele-
besensis BctpeuaroTcss B UHmoHesuu (Cahyaniati et
al., 1997), na octpoBe HoBag I'unes (Davis et al.,
2001) u HemaBHO 6BIIM OGHAPY)XEHBI B Majamauu
(Kogeethavani et al., 2014; Teng et al., 2016).

ItamMmMbl TTOABUAA R. syzygii subsp. indonesiensis
BBI3BIBAIOT OaKTepraJibHOE YBAJaHUE PI/ia pacTe-
HUM-X035€B CeMeMCTBa IMacJeHOBbIX 1 ObLIK 3apPeru-
cTpupoBaHbl B UHAOHe3uu, ABcTpanuu (Arwiyanto
et al., 2015), dnouum (Horita et al., 2010; Suga et al.,
2013), I0xxHou Kopee (Jeong et al., 2007), Uuauu
(Gurjar et al., 2015) u dununnuHax (Villa et al., 2005).

B cBSI3U € 9TUM ITPOBOAUTCS COBEPIIEHCTBOBAHME
METOZO0B BhISIBJIEHU U UAEHTU(DUKAIIMY BUI0B Ralsto-
nia solanacearum sensu lato.

V3BecTHbIE pacTeHUs —

xo3saeBa Ralstonia solanacearum sensu lato
BOJIBITUHCTBO 9KOHOMUYECKY 3HAUMMBIX PACTEeHUH,
rmopa)kaeMbIX BUugaMu Ralstonia solanacearum sensu lato,
OTHOCHUTCS K CEMEUCTBY ITaCJIE€HOBBIX.

B cTtpanax EOK3P ocHOB-
HBIMU PaCTEeHUSIMU-X03seBaMU

ABJIAIOTCA KapTOCbEJ'Ib 1 TOMAaThI. B ?‘“"

Kpome Toro, 6akTepruu MOTYT 3a-
paxaTthb cBbiliie 200 BUIOB pac-
TEHUMH, TPEeUMYIIEeCTBEHHO TPO-
MMAYECKUX U CYOTPONUUYECKUX
KYJIBTYD.

Bup R. solanacearum (pu-
gotun II) (Bo3bymuTteab 6ypoit
THUJIU KapTodesis) mopakaer
OTpaHUYEHHBIN KPYT pacTe-
HUH-X0351€B, KOTOPBIN BKJIIOUAET
kapTodenb (Solanum tuberosum)
(puc. 2, 3), Tomatsl (Solanum ly-
copersicum) (puc. 4), 6aKia’kaHbl
(Solanum melongena) (puc. 5),
IeKopaTWBHbBIE PACTEHUS poaa
[Menaprouuym (Pelargonium)
(puc. 6) (Janse et al., 2004), Tabak
(Nicotiana). COpHSIKY, OTHOCSIIIY-
ecs K CeMelCTBY ITacJIEHOBBIX, —
B YAaCTHOCTH, ITacjieH cjaf-
Ko-TopbKu# (Solanum dulcamara)
1 Kpanusa aBymomuas (Urtica

have been recently found in Malaysia (Kogeethavani et
al., 2014; Teng et al., 2016).

Subspecies R. syzygii subsp. indonesiensis strains
cause bacterial wilting of some host plants of the So-
lanaceae family and have been recorded in Indone-
sia, Australia (Arwiyanto et al., 2015), Japan (Horita et
al., 2010; Suga et al., 2013), South Korea (Jeong et al.,
2007), India (Gurjar et al., 2015) and the Philippines
(Villa et al., 2005).

In this regard, the methods of detection and iden-
tification of Ralstonia solanacearum sensu lato species are
being improved.

Known host plants

of Ralstonia solanacearum sensu lato
Most economically important plants affected by Ralsto-
nia solanacearum sensu lato species belong to Solanace-
ae family.

In EPPO countries, the main host plants are pota-
toes and tomatoes. In addition, bacteria can infect over
200 plant species, mainly tropical and subtropical crops.

Species R. solanacearum (phylotype II) (brown
potato rot agent) affects a limited range of host
plants, which includes potatoes (Solanum tuberosun)
(Fig. 2, 3), tomatoes (Solanum lycopersicum) (Fig. 4),

Fld

dioica) (Wenneker et al., 1999) —
SIBJISIOTCS PaCTeHUSIMU-pesep-
BaTOpaMu, CITOCOGCTBYIOIIU-
MU TiepeHocy R. solanacearum
Ha Ipyrue pacTeHUs-xo3seBa
(ITuetimep, 2018).

Puc. 2. CumnToMbI
YBAOAHUS HA PacTeHUn
kapTocens (oTo:
Cnyx6a 3awmTbl
pacTeHui, BareHuHreH
(Hupepnanpgbi))

Fig. 2. Wilt
symptoms on

a potato plant.
Courtesy: Plant
Protection Service,
Wageningen (NL)

Puc. 3. TunnuHoe

COCYAMCTOE KOMbL,O
KOPUYHEBOIO LBETa

1 CNu3b, covawascs

13 MHMLMPOBAHHOM
TKaHU Ha cpese KNy6Hs

Fig. 3. Typical
brown discoloration
of the vascular ring
and slime oozing
from the infected
tissue. Black

[IITaMMbI 3TOTO (QUJIOTHUIIA
npeobyagaoT B 30HAX BO3ze-
JIbIBAaHUS KapTodess, MOTYT OJUTEJIbHOE BPEMS CO-
XPaHSIThCS B PACTUTEJIbHBIX OCTaTKaX, HAXOIUThCS
B KJIyOHSAX KapTo(QeJis B JIATEHTHOM COCTOSTHUU. [1pu
MOHOKYJIbTYPE KapTO(hEeN s 3TOT PUIOTUII JOMUHUPYET.
JaHHbBIN BO30yAUTENb IBJsIeTCS Hanboiee omnac-
HBIM MaTOTEHOM nJs Poccuiickoit ®emepanuu. OH
MOJKeT ObITh 3aBe3€H C UMIIOPTHBIM KapTodesieM u3
CTpaH ero paclpoCcTPaHeHNs U CIIOCOOeH aKKJINMaTH-
3UPOBaThCI B yMEPEHHOM KJIMMaTe.

kapTodens. YepHas
HEKpOoTUYecKas TKaHb
BO3HMKaeT ns-3a rot. Courtesy: Plant
BTOPUYHOI FHUIN Protection Service,
(poTo: Cnyxba sawmnTbl  Wageningen (NL)
pacTteHun, BareHuHreH

(Hupepnangpi))

necrotic tissue is
due to secondary
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Bup R. pseudosolanacearum (hunotursl I u III)
Tak)Xe MMeeT IMUPOKUU KPYT pPacTeHUU-X035eB,
¥ CIIMCOK ITOATBEPXXIEHHBIX X035€B IPOJ0JIKAeT
pactu (Genin and Denny, 2012; Lopes and Rossato,
2018), nanpumep, ronybuka (Vaccinium corymbosum,),
urenxosuiia (Morus alba) (Norman et al., 2009). TakuMm
o6pasoM, AuarasoH PacTeHN-X035€eB elle TOJHOCThIO
He M3BeCTeH. ApeaJsibl X035€B BUIOB Ralstonia spp.
B Mpefesiax BUIOBOTO KOMILJIeKCa 3HAUUTEJIbHBIE
¥ YacTOo MepeKphIBal0TCs, HO He MOoJHOCThIo (Cham-
poiseau et al., 2009; Wicker et al., 2012). OcHOBHbIE
KyJIbTUBHPYEMble PACTEHUsI-X0351€Ba, IOpa’kaeMble
R. pseudosolanacearum, OTHOCSTCS TaK)Xe K CEMENCTBY
TTacJIEHOBBIX — 3TO KapTodenb (S. tuberosum) u ToMaT
(S. lycopersicum) (https://www.cabi.org/cpc), mHorzga 6a-
kJaxaH (S. melongena), neper, (Capsicum annuum), 1e-
pell KyCTapHUKOBBIH, uiu nepell uunu (C. frutescens),
tabak (Nicotiana tabacum). IpyTUMU KyJIbTUBUPYEMBI-
MU X03€BaMU SIBJITIOTCS apaXUcC KylIbTyPHbI (Arachis
hypogaea), pacTerus popna Banau (Musa spp.), UMOUPb
(Zingiber officinale), xnomuaTHUK (Gossypium hirsutum,),
a TaKk)ke ThIKBEHHbIE — OTyPel] 00bIKHOBEHHBIH (Cucumis
sativus), ThiIkBa 06bIKHOBeHHas (Cucurbita pepo) (LllHen-
nep, Ipenosa, 2019).

IlekopaTUBHbBIE PAaCTEHUs, HATIpUMep AHTYpPU-
yM (Anthurium spp.), Ilenaprouus (Pelargonium spp.)
(puc. 6), umnoprtupyemas B Poccuio KyabTypa Posa
(Rosa spp.) (puc. 7, 8) (Bergsma-Vlami et al., 2018; Tjou-
Tam-Sin et al., 2018), HeKOTOpPbIe BUbI IePEBLEB (Ha-
puMep, poza dBkanunT (Eucalyptus spp.), 0JIMBa EBPO-
neiickas (Olea europaea) (Poussier et al., 2000; Tebaldi &
Arblaster, 2014; Xu et al., 2009) 1 TUKOBOE JIEPEBO

eggplants (Solanum melongena) (Fig. 5), ornamental
plants of the genus Pelargonium (Pelargonium) (Fig. 6)
(Janse et al., 2004), tobacco (Nicotiana). Weeds belong-
ing to the nightshade family — in particular, bittersweet
nightshade (Solanum dulcamara) and stinging nettle (Ur-
tica dioica) (Wenneker et al., 1999) — are reserve plants
that contribute to trasnferring R. solanacearum on other
host plants (Shneyder, 2018).

Strains of this phylotype prevail in the zones of po-
tato cultivation, can persist for along time in plant resi-
dues, and be in a latent state in potato tubers. In potato
monoculture, this phylotype dominates.

This pathogen is the most dangerous pathogen for
the Russian Federation. It can be brought with import-
ed potatoes from the countries of its spreading and is
able to adapt in a temperate climate.

R. pseudosolanacearum (phylotypes I and III) also
has a wide variety of host plants and the list of con-
firmed hosts continues to grow (Genin and Denny,
2012; Lopes and Rossato, 2018), for example, blueber-
ry (Vaccinium corymbosum), mulberry (Morus alba) (Nor-
man et al., 2009). Thus, the range of host plants is not
yet fully known. Host areas of Ralstonia spp. within the
species complex are significant and often overlap, but
not completely (Champoiseau et al., 2009; Wicker et al.,
2012). Main cultivated host plants affected by R. pseudo-
solanacearum, also belong to Solanaceae family — these
are potatoes (S. tuberosum) and tomatoes (S. lycopersi-
cum) (https://www.cabi.org/cpc), sometimes eggplants
(S. melongena), pepper (Capsicum annuum), paprika, or
paprika chili (C. frutescens), tobacco (Nicotiana tabacum,).
Other cultivated hosts are cultivated peanuts (Arachis

Puc. 4. YBapawui Tomart Fig. 4. Wilted tomato

B Tennuue
(choTo: XXunb Cenbe)

in greenhouse.
Courtesy: Gilles Cellier

Puc. 5. YBaplwui 6aknaxkaH  Fig. 5. Wilted eggplant.
(choTo: XKmnb Cenbe)

Courtesy: Gilles Cellier
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Puc. 6. lepaHb po3oBas, nopaxeHHasa  Fig. 6. Geranium rosat affected

6akTepuanbHbIM yBAOAHUEM,
B Tennuue (hoto: Xunb Cenbe)

(Tectona grandis)), Tak>ke SIBJISIFOTCSI PACTEHUSIMU — XO-
3sgeBamu R. pseudosolanacearum (Norman et al., 1999).
3apakaeMbIMU PACTEHUSIMU TaK)Ke 0Ka3bIBAIOTCS UIIO-
Mes 6aTaT, WK ClIagKuil kapTodenb (Ipomoea batatas),
xo(e apabekuii (kode apaBUCKUM, WU apaBuiickoe
kodetinoe nepeBo) (Coffea arabica), HyT 6apaHuii, MU
Typenkuii ropox (Cicer arietinum). Kpome Toro, 6akre-
PUO30M MOTYT ITOPaXkaThCsl 6ECCUMIITOMHO Pa3jiny-
HbIE COPHSIKY, HAIIPUMeEP pox Maphb (Chenopodium spp.),
raiumHsora MejkoneeTkoBas (Galinsoga parviflora)
u KpanuBa aByznoMHas (Urtica dioica).

B oTHomeHuY Bo36yauTeJieii Buma Ralstonia
syzygii (bunotur IV), KOTOpbIE B OCHOBHOM OBLIU I10-
JlyueHbl 3 IHI0He3uu, ABCTpanuy, Anonuu, K0xHou
Kopeu n Manaisuu, HeJJaBHO IIPOU3OLULIN TaKCOHO-
MUYeCcKVe ¥ HOMeHKJIaTypHble naMmeHeHus (IIHe-
nep, IpeHoBa, 2019a). ITOT BUJ, COAEPKUT 3 TIOABU/IA:
Ralstonia syzygii subsp. syzygii — maTOTeH, BbI3bIBAIOLTA N
6oJie3Hb CyMaTphl y TBO3UYHBIX JEPEBbEB B VIHIOHE-
3uu; Ralstonia syzygii subsp. indonesiensis — BO36yquTeb
GaKTepuabHOU 60JIEe3HY YBAJAHUS Y ITUPOKOTO KpyTa
pacTeHuii-xo3s1eB; Ralstonia syzygii subsp. celebesensis —
BO3OyIUTENb «KPOBSAHOW» 60Jie3HM GaHAHOB Ha
Musa spp. B UnjoHe3nu 3Tu 3 I04,BUA BEI3BAJIU OIIY-
CTOUIUTEJIbHbBIE BCIBIMIKY 60JI€3HY BOCITPUUMUNBBIX
pacTeHUI-X0351€B, UMEIIIUX BHICOKYI0 SKOHOMUYE-
CKYI0 IIeHHOCTb.

JaHHBIN BUJ, TIOPaKaeT CIeAYIIe PaCTEHNUS:

— noABuUp, R. syzygii subsp. Syzygii — TBO3AUYHOE
nepeBo (Syzygium aromaticum) (cemeiicTBo Myrtaceae);

— moABUL R. syzygii subsp. celebesensis — pacTeHUSs
pona Banan (Musa spp.), lenukouus (Heliconia sp.),
cTpenuTHus KopoJsieBcKas (Strelitzia reginae), oba —
POICTBEHHUKM Musaceae, a TakyKe KaHHa MHIMKICKAs
(Canna indica), mypmMaH o0bIKHOBeHHbIM (Datura stramo-
nium), BAaTOYHUK KiopacaBcKul (Asclepias curassavica),
TIacjieH YepHbli (Solanum nigrum);

— noBUp, R. syzygii subsp. indonesiensis — B OCHOB-
HOM KYJIbTYPBI, OTHOCAIIMECS K ceMelCcTBY Solanaceae:
kaprtodenb (Solanum tuberosum), Tomat (S. lycopersi-
cum) (Maulana, Sayaka, 2007), 6akiaxan (S. melonge-
na), epel;, cTpy4YkoBbii (Capsicum annuum) (puc. 9),

by bacterial wilt in greenhouse.
Courtesy: Gilles Cellier

hypogaea), plants of the genus
Banana (Musa spp.), ginger (Zin-
giber officinale), cotton (Gossypium
hirsutum), as well as Cucurbita-
ceae — common cucumber (Cu-
cumis sativus), COmmon pump-
kin (Cucurbita pepo) (Shneyder,
Drenova, 2019).

Ornamental plants such
as Anthurium (Anthurium spp.),
Pelargonium (Pelargonium spp.)
(Fig. 6), imported to Russia cul-
ture Rose (Rosa spp.) (Fig. 7, 8)
(Bergsma-Vlami et al., 2018; Tjou-
Tam-Sin et al., 2018), some trees
(for example, the genus Eucalyp-
tus (Eucalyptus spp.), European
olive (Olea europaea) (Poussieretal.,
2000; Tebaldi & Arblaster, 2014;
Xu et al., 2009) and teak (Tectona
grandis)), are also host plants of
R. pseudosolanacearum (Norman
et al., 1999). Infected plants are
also sweet potato (Ipomoea bata-
tas), Arabic coffee (Coffea arabica),
chickpeas (Cicer arietinum). Besides, bacteriosis can af-
fect some weeds without symptoms, for example, Cheno-
podium spp., Galinsoga parviflora and Urtica dioica.

As for the agents of the species Ralstonia syzygii
(phyloptype IV), which were mainly obtained from In-
donesia, Australia, Japan, South Korea and Malaysia,
taxonomic and nomenclature changes have recent-
ly occurred (Shneyder, Drenova, 2019a). This species
contains 3 subspecies: Ralstonia syzygii subsp. syzygii —
pathogen causing Sumatra disease in clove trees in In-
donesia; Ralstonia syzygii subsp. indonesiensis — causative
agent of bacterial wilt disease in a wide range of host
plants; Ralstonia syzygii subsp. celebesensis — the caus-
ative agent of “blood” disease of bananas on Musa spp.
In Indonesia, these 3 subspecies have caused devas-
tating disease outbreaks in susceptible hosts of high
economic value.

This species affects the following plants:

- subspecies R. syzygii subsp. syzygii — clove tree
(Syzygium aromaticum) (family Myrtaceae);

- subspecies R. syzygii subsp. celebesensis —
Musa spp., Heliconia sp., Strelitzia reginae, both — rela-
tives of Musaceae, as well as Canna indica, Datura stra-
monium, Asclepias curassavica, Solanum nigrum;

- subspecies R. syzygii subsp. indonesiensis — mainly
crops belonging to the family Solanaceae: potato (Sola-
num tuberosum), tomato (S. lycopersicum) (Maulana, Saya-
ka, 2007), eggplant (S. melongena), pepper (Capsicum
annuum) (Fig. 9), tobacco (Nicotiana tabacum), peanuts
(Arachis hypogaea) (family Fabaceae), and ginger (Zingi-
ber officinale) (family Zingiberaceae), castor oil plant (Ri-
cinus communis), clove tree (Syzygium aromaticum) (fami-
ly Myrtaceae).

Subspecies R. syzygii subsp. syzygii

The only host plant affected by this subspecies
Ralstonia syzygii— clove tree Syzygium aromaticum (Myrta-
ceae family) (Lomer et al., 1992), which is not grown on
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tabax (Nicotiana tabacum), apaxuc KyJbTyPHBbIN (Arachis
hypogaea) (cemeticTBo Fabaceae), a Takxe mMOupb (Zingi-
ber officinale) (cemeticTBo IM6upHbIe — Zingiberaceae),
KyenieBuHa (Ricinus communis), TBO3OUYHOE IEePEBO
(Syzygium aromaticum) (ceMeiicTBo Myrtaceae).

IMoaBup, R. syzygii subsp. syzygii

EIVHCTBEHHOE pacTeHre-X03sI1H, KOTOPOe ITopa-
JKaeTcs JaHHbIM ITOABUIOM Ralstonia Syzygii, — TBO3AWY-
HOe mepeBo Syzygium aromaticum (CEMelCTBO MUPTO-
BBIX) (Lomer et al., 1992), KOTOpoe He BbhIpallBaeTCs
Ha Teppurtopuu Poccuiickou ®emepanuu. PoguHou
rBO3IMYHOIO mepeBa sBisgeTcsa MHpoHesus (Mo-
JIYKKCKIME OCTPOBA). [ToCcTeIeHHO I'BO3IMKA PACIIPo-
CTpaHUJIACh B IPYTHE CTPAHbI TPOIIMUECKOTO IT0sica
Asuu, a 3aTeM NPOHUKJIA Ha OCTPOBa BocTouHoit Ad-
puku (PeloHbOH ¥ MaBpUKUIL). [JITaBHBIE ITPOU3BOIN-
TeJiv rBO3avKku — UHoHe3us, TaH3aHud, Magarackap,
[Ipu-JlaHka. B rmocieaHue roJbl OTMEYEeH 3HAUNTEb-
HBIN POCT ITPOM3BOICTBA I'BO3AUKY B Bpasuiuu. B He-
GOJIBIIIOM KOJIUYECTBE €€ MTPOU3BOAAT B Masait3uu, Ha
gImalike ¥ B HEKOTOPBIX CTPaHax 3anagHol AGpuku.

IMoaBup, R. syzygii subsp. celebesensis

Banaubl (Musa spp.) SIBISIOTCSI CaMOU Ba’KHOM
B Mupe GPYKTOBOU KyJbTYPOU C TOUKU 3peHUs 06be-
Ma rpou3sBozcTBa u Toprosyu (Fegan, Prior, 2006). He-
CMOTPS HA TO, UTO OHU SIBJITIOTCS OCHOBHBIM MPOAYK-
TOM NUTaHuA B AQpuke, A3uu u JJaTUHCKON AMepuKe,
TOJIBKO 13% ITPOM3BOAMMBIX 6aHAHOB IIPOJAIOTCS Ha
MeXIYHAapOJHOM PBIHKE, UTO YKa3bIBAeT Ha BAXKHOCTD
(bpyKTOB [1J1s1 BHYTPEHHUX PHIHKOB U ITPOZJOBOJILCTBEH-
HO¥ 6e30IaCHOCTHY JaHHBIX PerrnoHoB. OJHAKO pacTe-
Hus 6aHaHa B KauecTBe IT0CaI0YHOTO MaTepralia He
MMEIT ITPaKTUYeCcKOoTro 3HaueHus B Poccutickoit deme-
palliy B CBSI3U C HEIIOAXOAAINMY KINMaTUYEeCKUMU
YCJIOBUSIMU JIJIS1 €T0 BhIpalUBaHUs. B Hallel cTpaHe
HACUYMTBHIBAETCS TOJHKO HECKOJIbKO COTEH PacTeHUN
B 00TAaHMYECKUX CaJlaX 1 OpPaHKepesx.

[ImomoBas MPOAYKIUA 6aHAHOB UMITOPTUPYETCS
B Poccuio B 60JIBIIMX KOJIMYECTBAX, II03TOMY OUYEHbD
Ba’kKeH KOHTPOJIb ¥ HAZI30P 3a KAUECTBOM 3aBO3MMOU
IPOAyKIIMY 6aHAHOB, B YaCTHOCTY CBOOOIHBIX OT Ka-
PAHTUHHBIX OPraHU3MOB.

BakTeprabHBIM 00JIe3HAM OaHAHOB U a0MCCHUH-
cKMX 6aHAHOB (PHCET) /10 HeJJaBHET'0 BDEMEH!U He yie-
JISIJIOCh PABHOTO BHUMAHUS 10 CPAaBHEHUTO C IPYTUMU
Cepbe3HBIMU YIPO3aMu [Jis IPOU3BOJCTBA GAHAHOB.
TeM He MeHee GAKTEPUM OKA3bIBAIOT 3HAUUTEJIbHOE
BO3IelcTBMEe Ha OaHaHBI BO BCEM MUPE, U METOJbI
yIIpaBJIEHUS He BCErza XOPOIIO U3BECTHBI UJIU TIPU-
HATBI epMepaMu.

BakTepuaibHble 60JI€3HY, BbI3bIBAIOIIME YBSA1A-
HIe pacTeHMi 6aHaHOB 1 DHCET U CBA3aHHBIE ¢ Ralsto-
nia (6ose3nb Moko/Byrroka, BeI3BaHHasA Ralstonia
solanacearum, u 6aHaHOBAsT «KPOBIHAasI» 60JIe3Hb, BbI-
3BaHHasd R. syzygii subsp. celebesensis), MOTYT TIPUHOCUTD
3HAUYUTENbHBIN yIIep6 JaHHOM KyabType (Gdumann,
1921; Mairawita et al., 2012).

IToaBup, R. syzygii subsp. indonesiensis

MItamMmel punotuna IV mogsuma R. syzygii subsp.
indonesiensis B IepBYI0 OUepeib PacIIpOCTPaHeHbI B H-
noHesuu, Manuu, dnouuu u ABctpanuu (Hayward,
1994). VIx BO)KHOCTb B HACTOSIIIEE BPEMS YBEJIMUNBAET-
Cs1 B CBSI3U C BO3MOKHOCTbIO ITIOPasKeHMsI 00JIbIIOr0 KO-
JINYECTBA DKOHOMMUYECKHU IIEHHBIX PACTEHUN-X035€EB,
B YaCTHOCTHU JJisg Poccuiickoit ®emepalinu, KOTOpPbie
BKJIIOUAIOT CJELYIOIMe BUAbL: KapTodenb (Solanum
tuberosum), ToMar (S. lycopersicum), 6akyaxxaH (S. melon-

Puc. 7. Ctebenb po3bl
C HEKPOTUYECKMM yBAAAHUEM stalk with necrotic wilt

Fig. 7. Rosa flower

MoNoAbIX NUCTbEB in younger leaves and

M HayasnbHbIM NOXXeNTeHNEM starting leaf yellowing
nuctbes (cnpaBa BHU3Y) (towards bottom right).
(choTo: H. T>ky-Tam-CuH (JleoH);  Courtesy:

HOK3P - HupepnaHabl, N. Tjou-Tam-Sin (Leon);
HauuvoHanbHbIN cCNpaBOYHbIN NPPO-NL, National
LEHTp) Reference Center

the territory of the Russian Federation. The homeland
of the clove tree is Indonesia (Maluku Islands). Clove
gradually spread to other countries in the tropical zone
of Asia, and then the islands of East Africa (Reunion and
Mauritius). The main producers of cloves are Indone-
sia, Tanzania, Madagascar, Sri Lanka. In recent years,
there has been a significant increase in the production
of cloves in Brazil. It is produced in small quantities
in Malaysia, Jamaica and some West African countries.
Subspecies R. syzygii subsp. celebesensis
Bananas (Musa spp.) are the most important fruit
crop in the world in terms of production and trade
(Fegan, Prior, 2006). Although they are a the main food
in Africa, Asia and Latin America, only 13% of banan-
as produced are sold internationally, indicating the
importance of fruit for domestic markets and food

dutocaHutapus. KapaHtuH pactenunii = 18
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gena), pacteHus poxa banau (Musa Spp.) ¥ psif, AeKopa-
TUBHBIX PAaCTEHUN.

KapTtodens Solanum tuberosum BbIpallliBaeTCs
B page ctpaH — Kutae, Uuguu, paHe, badrnager,
Typuuu, dnonuu, [lakuctane, Kazaxcrane, Hemnaue,
KHJIP, Keipreizctane, ABcTpaauu, Asepbaligxane,
NupoHesuu. B peruoH Asuu u OKeaHUYM BXOAUT MU-
poBOIt KapTOoeNbHBIN rUTaHT — KuTail, Ha JOJ0 KO-
TOoporo npuxonutcs 6ogee 20% He TOJIbKO TIJIONLALNU
MUPOBBIX KapTO(heNbHbIX II0JIeH, HO U IJI100aJIbHOT0
ypoxkasa kKapTodens. Ellle HECKOJIBKO CTPaH A3UU —
baurnager, Uupus, pay, Anosuda u Typiriudg — Takxe
BXOJ AT B umcyio 20 BeAyIUX CTPAH — TPOU3BOAUTENEN
KapTodesisg BO BCeM MUpE.

B HacTosIee BpeMsa MHIOHEe3Us IBISIETCS KPYTI-
HEHUIMM ITPOou3BoauTeIeM KapTodesa B I0ro-BocTou-
HOU A3uu. MUPOBbIE PEKOP/Ibl YPOXKAWHOCTU KapTode-
Jist ycTaHOBJIeHBI B HoBoOM 3enannuu. TaM B cpefHEM
cobupaeTcsa okoyio 50 TOHH KapTodesas c rexkrapa.
Towmar Solanum lycopersicum — KyJbTypa, IIXPOKO pac-
IMpocTpaHeHHas B Mupe. PoguHa ToMaToB — I0xHag
AMepuka, Tfie [0 CUX 0P BCTPeYalwTca AUKUE U I10-
JIYKYJAbTYpHBIE (hOpMBI TOMaTa. KpynmHeHmuM mpo-
U3BOJIUTEJIEM TOMaTOB B MUpe sBasercsa Kuraii. OH
rmpousBoaut 6oJiee 30% Bcex ToMaToB B Mupe (56,3 u3
177 MJTH TOHH) U oTlepexxaeT VIHINI0, 2-T0 110 BEMUY -
He ITPOMU3BOIUTEJS B MUPE, ITOUTH B 3 pasa.

[lepelr CTPYYKOBBIN Capsicum annuun BbIPaILy-
BaeTcs B AMepPUKe, B TPOMUYECKUX ParioHaX KOTOPOH
OH BCTpeyYaeTcs B IUKOM Buje. Pa3BOJAUTCSA B I0XK-
HBIX YMEPEHHBIX, B CyOTPOIIUYECKUX U TPOTTUIECKUX
MIXPOTaX BCEX KOHTMHEHTOB, B TOM YMCJIE B CTPaHaX
A3zuu, B ABcTpanuu, HoBol 3ejlaHAUU U IPYTUX 0XK-
HBIX CTPaHaXx.

OCHOBHBIE PAMOHBI KYJIbTYPHOT'O BO3/EJIBIBAHUS
tabaxka (Nicotiana tabacum) — CeBepHast AMepuKa, Ku-
Tal, Uugusa, Mamnaisus, [IpegkaBKasbe, 3aKaBKa3be,
Cpenusas Asug, [IpugHecTpoBbe, KpbiM.

Vim6upsb (Zingiber officinale) TpouCXOoUT U3 CTPaH
IOxHOU A3uu. Ha maHHBIM MOMEHT BbIpalllMBaeTCs
B Kutae, Unauu, VIHAoHe3UY, ABCTPaJinM, 3anagHoNu
Adpuxke, Ha SImatike, Bapbazoce.

solanacearu

Puc. 8. Rosa sp. (uaiiHasa posa). YeagaHue  Fig. 8. Rosa sp. (tea rose). Dieback

security in these regions. However, banana plants as
planting material have no practical value in the Russian
Federation due to the unsuitable climatic conditions for
its cultivation. In our country, there are only a few hun-
dred plants in botanical gardens and greenhouses.

Fruit products of bananas are imported to Rus-
sia in large quantities; therefore, it is very important
to control and monitor the quality of imported ba-
nana products, in particular those free from quaran-
tine pests.

Bacterial diseases of bananas and Abyssinian ba-
nanas (enset) have not until recently received equal at-
tention compared to other serious threats to banana
production. However, the bacteria have a significant
impact on bananas around the world, and manage-
ment practices are not always well known or accept-
ed by farmers.

Bacterial diseases causing wilting of banana and
enset plants and associated with Ralstonia (Moco/Bug-
tok disease caused by Ralstonia solanacearum, and ba-
nana “blood” disease caused by R. syzygii subsp. cele-
besensis), can cause significant damage to a given crop
(Gdumann, 1921; Mairawita et al., 2012).

Subspecies R. syzygii subsp. indonesiensis

Strains of phylotype IV subspecies R. syzygii subsp.
indonesiensis are primarily found in Indonesia, India, Ja-
pan and Australia (Hayward, 1994). Their importance
is currently increasing due to the possibility of affecting
a large number of economically valuable host plants,
in particular for the Russian Federation, which include
the following species: potatoes (Solanum tuberosum), to-
matoes (S. lycopersicum), eggplants (S. melongena), ba-
nanas (Musa spp.) and some ornamental plants.

Potato Solanum tuberosum is grown in some coun-
tries — China, India, Iran, Bangladesh, Turkey, Japan,
Pakistan, Kazakhstan, Nepal, DPRK, Kyrgyzstan, Aus-
tralia, Azerbaijan, Indonesia. The Asia and Oceania re-
gion includes the world potato giant — China, which ac-
counts for more than 20% of not only the area of the
world’s potato fields, but also the global potato crop.
Several more Asian countries — Bangladesh, India, Iran,
Japan and Turkey — are also among the top 20 potato
producing countries worldwide.

Indonesia is currently the
largest potato producer in South-
east Asia. World records for po-
tato yields have been set in New
Zealand. There, on average,
about 50 tons of potatoes are
harvested per hectare. Toma-
to Solanum lycopersicum is a cul-
ture widespread in the world.
The homeland of tomatoes is
South America, where wild and
semi-cultivated forms of tomato
are still found. China is the larg-
est tomato producer in the world.
It produces more than 30% of all
tomatoes in the world (56.3 out of
177 million tons) and is ahead of
India, the 2™ largest producer in
the world, by almost 3 times.

C YepPHbIM HEKPO30M Cpe3aHHbIX BeTBeM with black necrosis of pruned

1 BblefieHne Cn3n Ha Cpe3aHHoOM
ctebne (cpoto: H. Txky-Tam-CuH (JleoH);
HOK3P - HugepnaHngpbl, HaunoHanbHbIi
CMpPaBOYHbIN LEHTP)

branches and discharge of slime

on cut wounds in the stem.

Courtesy: N. Tjou-Tam-Sin (Leon);
NPPO-NL, National Reference Center
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TakuM 06pas3oM, IpU COBPEMEHHOM YPOBHE TOP-
TOBJIY €CTh OIIACHOCTH 3aB03a HOBBIX BUJOB Ralstonia
solanacearum sensu lato B Poccutickyio denmepaliuio.

Tpu Buma Ralstonia solanacearum sensu lato 6bLIN
pPaccMOTpPEeHBI B IMAarHOCTUYECKOM IIPOTOKOJIE B CO-
OTBETCTBUU C TaKCOHOMUEeUN (ujIoTUIIa/cCeKBeBapa
(Cramnmapt EOK3P, EPPO PM 7/21 (2), 2018). [IpoTOKOJX
SICHO paszessdeT mraMmbl usotumnos I u Il u gpyrue
STIUIEMUOJOTUYECKU Pa3JIUYHbIE MTAMMBbI (QUJIO-
turna II (BeI3bIBaoe 6ypyr rHUIb KapTodesus uiu
OakTepuasibHOE yBIaHe OaHaHa).

[TokasaTeJiu MOTEHIIUAJIbHOTO yIep6a BCeX TPex
BUIOB GakTepuil Ralstonia solanacearum sensu lato oT-
BEYalOT KPUTEPUIM KapaHTUHHBIX IJisT Poccuiickol
denepanuy opraHu3MoB. Bruoskosioruyeckre GaKkTo-
PBI 6J1arOTIPUSTCTBYIOT AaKKJIMMATU3AIUY BPELHBIX OP-
raHM3MOB BO MHOTUX permoHax Poccuu, v IIpu 3aB03e
3apaXKeHHOU PACTUTEIbHOU NTPOAYKIIMY BO36YIUTEIN
0aKTEPHO030B CIIOCOOHBI HAHOCUTh B HUX 3HAUUTEJIb-
HBI BKOHOMUYECKUH y1Iepo.

[Tpu UMIIOPTE POOBOJILCTBEHHOTO KapTodess
TIepUOINYECKY HAGTI0IaeTCs BBISIBIIEHE BO30OYIUTENS
Oypoli THUIY KapTodessd B TapTUAX, ITIOCTYITAININX U3
PaBJIMYHBIX CTPaH, UTO MOATBEPKIAJI0Ch ITPOBEIEHN-
eM 6aKTePHOJIOTUYECKUX UCCIIeOBAHUM (CM. TA6GIHUILY).

[lo peaynbTaTaM MIPOBENEHHBIX MCCIeNOBaHUN
obHapyXeHHBIU BO30OynuTenb Ralstonia solanacearum
OTHOCHJICS K pace 1, YTO Ha CEerOMHSIIIHUN IeHb COOT-
BETCTBYET ImTaMMaM QuyoTuria I, ymoMrHawOIIMMCs
KaK MITaMMbI a3UaTCKOTO ITPOUCXOXKIEHMS.

TaxkuM 06pa3oM, IePUOAUIECKH OTMEUYAETCs BbI-
sBJIeHUE BO30ynuTens Ralstonia solanacearum B mapTu-
SIX TIPOZOBOJIbCTBEHHOTO KapTodesisi, 3aBO3MMOT0 Ha
TeppuTopuio Poccuu. 10 JaHHBIM KaPDaHTUHHOU CITYX-
ObI, OUary BO36ynuTess Oypoy rHUIU KapTodeasd Ha
Tepputopum Poccutickoii ®epeparium OTCyTCTBYIOT.

OCHOBHbIE METOIbI ;IarHOCTUKH
Jlng obHapyXeHUs 3abojeBaHUU IIPU BBO3€e IIPO-
IyKIuu B Poccuio U B MOJIEBBIX YCJIOBUSIX B TEUEHUE

Pepper Capsicum annuum is grown in America, in
the tropical regions of which it is found wild. It is bred
in the southern temperate, subtropical and tropical la-
titudes of all continents, including Asia, Australia, New
Zealand and other southern countries.

Main areas of tobacco cultivation (Nicotiana ta-
bacum) are North America, China, India, Malaysia, Cis-
caucasia, Transcaucasia, Central Asia, Transnistria,
Crimea.

Ginger (Zingiber officinale) comes from the coun-
tries of South Asia. Currently grown in China, India, In-
donesia, Australia, West Africa, Jamaica, Barbados.

Thus, at the current level of trade, there is a dan-
ger of the introduction of new species Ralstonia sola-
nacearum sensu lato into the Russian Federation.

Three species of Ralstonia solanacearum sensu lato
were considered in the diagnostic protocol in accor-
dance with the phylotype/sequential taxonomy (EPPO
Standard, EPPO PM 7/21 (2), 2018). The protocol clear-
ly distinguishes between strains of phylotypes I and III
and other epidemiologically different strains of phylo-
type II (causing brown rot of potatoes or bacterial wilt-
ing of banana).

Indicators of potential damage by all three types
of bacteria Ralstonia solanacearum sensu lato meet the
criteria for organisms quarantine for the Russian Fe-
deration. Bioecological factors favor the adaptation of
pests in many regions of Russia, and when contami-
nated plant products are imported, bacteriosis patho-
gens can cause significant economic damage in them.

When importing ware potatoes, the pathogen of
potato brown rot is periodically observed in consign-
ments coming from different countries, which was con-
firmed by bacteriological studies (see Table).

According to the results of the studies, the detect-
ed pathogen Ralstonia solanacearum belonged to race 1,
which today corresponds to strains of phylotype I, re-
ferred to as strains of Asian origin.

Thus, the identification of the pathogen Ralstonia
solanacearum is periodically reported in lots of ware po-
tatoes imported to the territory
of Russia. According to the qua-
rantine service, there are no foci
of the causative agent of potato
brown rot on the territory of the
Russian Federation.

Basic diagnostic methods
To detect diseases when import-
ing products to Russia and in the
field during the growing season,
visual examinations are carried
out to detect pathogens of bac-
terial diseases. However, the
symptoms of bacteriosis may be
similar to those of other infec-
tions. Currently, when carrying
out diagnostics of Ralstonia sola-
nacearum methodological recom-
mendations and standards are
used, developed by specialists of
the FGBU “VNIIKR” on the basis

Puc. 9. TunnyHbie CUMNTOMbI
6aKkTepuanbHOro yBaAaHMs nepua unm

1 3a60/1€BaeMOoCTb Ha MOJIEBbIX KyJbTypax
B CoHbxappe (YTTap-Npagew), UHaoma
(choTo: o-p ATmMa HaHg Tpunatu)

Fig. 9. Typical symptoms of bacterial
wilt on chilli and incidence on field
crop at Sonabhadra

(Uttar Pradesh), India.

Courtesy: Dr Atma Nand Tripathi
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Tao6auia
0G611ee KOJIMUECTBO CJIyYaeB BbIIBJICHUS

PocceJibX03HaA30poM Gypoii rHIIu KapTodes

of the 1% edition of the EPPO di-
agnostic protocol PM 7/21 (1).
Modern methods used, such
as immunofluorescence meth-

MpPH JIA60PATOPHBIX UCCJIEIOBAHUAX 00PA31L[0B UMIIOPTHOTO od (IF), polymerase chain reac-

MIPOAOBOJIbCTBEHHOr0 KapTodesa (2007-2017 rr.) tion (PCR, FLASH), biochemical

tests, isolation of bacteria from
N¢  CrpaHna- . Kon-Bo . test samples into a pure culture
n/m  3KCIOPTep KapaHTHUHHBIN BUJ, OGHApY:KeHUH  4nd confirmation of their match-
1  AsepbadimxaH Bypas THUIb KapTodens Ralstonia 1 ing Ralstonia solanacearum, as

solanacearum (Smith) Yabuuchi et al.

well as others are presented in

2 Erumer Bypas raunb kapTodens Ralstonia
solanacearum (Smith) Yabuuchi et al.

detail in the Organization Stan-

3 Vipan Bypas rausib KapTodend Ralstonia
solanacearum (Smith) Yabuuchi et al.

66 dard STO VNIIKR 4.009-2011
“The causative agent of brown
9 bacterial potato rot Ralstonia so-

lanacearum (Smith) Yabuuchi et

4 KazaxcTrau Bypas rauib kapTtodens Ralstonia
solanacearum (Smith) Yabuuchi et al.

al. Detection and identification
methods” (Sherokolava, Dreno-
va, 2011), prepared on the basis

5 Kuraii Bypas raHusib KapTodens Ralstonia
solanacearum (Smith) Yabuuchi et al.

33 of the EPPO diagnostic protocol.
In accordance with this Stan-

UToro

103 dard, the FGBU “VNIIKR” car-

NcTouHuk: (Akosnesa, 2018).

BereTalMOHHOTO IepUoJia IPOBOAAT BU3yaabHbIe 00-
cJieloBaHUS IJIs1 0OHAPY)KeHUsT BO30OyauTesneii 6aKre-
puaNbHbBIX 60sIe3Hel. OLHAKO CUMITTOMBI TPOSBIEHUS
6aKTepr030B MOTYT ObITh CXOLHBI C CUMIITOMaMU I Py-
rux nHMeKIIn. B HacTosIIee BpeMs IIpU IIPOBeIeHUN
IVarHOCTUKY Ralstonia solanacearum MCIONb3YIOT Me-
TOJUYECKE PEKOMEHIAIINN U CTaHIapThI, pa3pabo-
TaHHbIe criequannuctamu ®I'bY «BHUMKP» Ha ocHOBe
1-% pefaKIuy JUArHOCTUYECKOTO ITPoToKojia EOK3P
PM 7/21 (1). ictiosib3yeMble COBPEMEHHBIE METO/IBI,
Takye Kak UMMyHOMIIyOpeCIieHTHBIN MeTo, (UD), Me-
TO, MoJiMMepasHoii 1enHou peakuuu (TILIP, FLASH),
OMOXVMMUYECKUE TECThI, BhIJleJeHNe OaKTEePUl u3
KCCJIelyeMbIX 00Pa3I[0B B YHUCTYIO KYJbTYPY U ITOJI-
TBEeP)XKIeHNeEe COOTBETCTBUSA UX Ralstonia solanacearum,
a TaxKe ApyTue MoApo6HO ImpefcTaBiieHbl B CTaHgap-
Te opranudanuu CTO BHUMKP

4.009-2011 «Bo3bynuTenb 6y-

poii GakTepuanbHOil rHwm kap-  Lable

ries out laboratory diagnostics,
which corresponds to the exami-
nation scheme of leading Euro-
pean laboratories and meets in-
ternational requirements.

Following the revision of the 1% edition of EPPO
Standard PM 7/21 (1), a new diagnostic protocol was
prepared in 2018 PM 7/21 (2) “Ralstonia solanacearum,
R. pseudosolanacearum and R. syzygii (Ralstonia sola-
nacearum species complex)” (EPPO Standard, EPPO
PM 7/21 (2), 2018) for diagnostics of strains of three
species of Ralstonia solanacearum sensu lato. Sample han-
dling, laboratory analysis and Ralstonia species iden-
tification, isolated from samples are described in the
Standard prepared in 2018.

The specified protocol clearly distinguish-
es strains of different phylotypes and is proposed as
a document for carrying out a diagnostic procedure in
plants with symptoms, as well as asymptomatic and in
water samples.

Todens Ralstonia solanacearum The total number of cases of detection of brown rot

(Smith) Yabuuchi et al. MeTozbl
BBIABJICHUS U UIeHTU(PUKALIN»
(IllepoxkosiaBa, JIpenosa, 2011),

of potatoes by the Rosselkhoznadzor during laboratory tests
of samples of imported ware potatoes (2007-2017)

MOJITOTOBJIEHHOM Ha OCHOBE Number

AVarHOCTUYECKOro IMPOTOKoJNa N2 Exporting country Quarantine species of records

EOK3P. B coOTBETCTBUU C 3TUM » ; ; ;

Crammaprom B ®TBY «BHUMKP» L Azerbaijan Ralstonia solanacearum (Smith) Yabuuchietal. 1

IIPOBOJMTCS JTaGOPATOPHAS M- 2 Egypt Ralstonia solanacearum (Smith) Yabuuchi et al. 66

arHOCTHKA, COOTBETCTBYIOIIAS

cxeMe [IPOBENEeHNs SKCIIepTU3pl S 1ran Ralstonia solanacearum (Smith) Yabuuchi et al. 2

Be,ELYI.l.II/IX eBpoTeiickux Jabopa- 4 Kazakhstan Ralstonia solanacearum (Smith) Yabuuchietal. 1

TOPUI U OTBEYAIONIAST MEXIYHA-

POIHBIM TPeOOBAHUAM. 5 China Ralstonia solanacearum (Smith) Yabuuchi et al. 33
ITocyne mepecMmoTpa 1-ii pe- Total 103

nakuum Ctangapra EOK3P PM

7/21 (1), B 2018 1. 6611 TOATOTOB-  Source: (Yakovleva, 2018).
JIeH HOBBIN OUAaTHOCTUYECKUH

nmpotokos PM 7/21 (2) «Ralsto-

nia solanacearum, R. pseudosolanacearum and R. syzygii
(Ralstonia solanacearum species complex)» (CTanmapt
EOK3P, EPPO PM 7/21 (2), 2018) myisa nmpoBeIeHUsS
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IVArHOCTUKY IITAaMMOB TPEX BUJOB BO36ymuTesei
Ralstonia solanacearum sensu lato. PaboTa c obpasiiamu,
UX JIaOOPaTOPHBINA aHAIN3 U UAeHTU(GUKAIIYSI BULOB
Ralstonia, BbImesieMbIX 13 00pas3IoB, onrcaHbl B CTaH-
napre, IOArOTOBJIEHHOM B 2018 T.

VYKa3aHHBIY ITPOTOKOJI YETKO Pa3IeIseT IITaMMbI
PasIUYHBIX QUIOTUIIOB U IPEAJI0XKEH B KAUECTBe J10-
KyMeHTa [IJis ITPOBeIeHMs ITPOIleNyPhbl UarHOCTUKY
B PaCTEHUSIX KaK C CUMIITOMaMM, TaK 1 6eCCUMIITOM-
HBIX 1 B ITp0o6ax BOJBI.

Il moslydeHUs pe3yJbTaTOB aHaJM3a MPOBO-
IUTCS IIpedBapUTeJbHas MOATOTOBKA OTOOPaHHBIX
00pasIloB Pa3JIMYHbIX PACTEHUI-X0359€B C CUMIITO-
MaMuy U 6e3 HMX. [[uarHOCTMKA OCHOBaHA Ha psje
CJIeIYIOUUX TECTOB: 9KCIIPECC-TECTHI IJIsd IIPEII0JO0-
JKUTEJIbHOU NMarHOCTUKY, BbleJeHre BO3OyIUTEs
Ha MUTATEeJIbHBIX cpefiaX, IPoBefeHre UMMYHOMIYO-
peciieHTHOrO Tecta (Md), a TaKKe MOJIEKYJISPHBIX Te-
cToB — TecTa LAMP, MeToza kiaccuueckoi [TLP u ITLIP
B peaJibHOM BpeMeHU U APYTUX, Pa3paboTaHHbIX AJIsT
o6HapYyXeHUS U UIeHTU(DUKAIINYU PA3IUIHBIX (QUIIO0-
TUNoB 6akTepuu. KpoMe TOro, OucaHo NpoBeIeHre
TecTa Ha ITaTOT€HHOCTh BhIEJIEHHOTO ITaTOTeHa.

3AKJIIIOYEHUE

B ®TBY «BHVVKP» mpoBouTCS paboTa 110 UCIIOJIb30-
BaHMI0 onucaHHbIX B CTanmapTe EOK3P PM 7/21 (2)
METOMOB AUArHOCTUKK U II0 COBEPUIEHCTBOBAHUIO
MIPUMEHSIEMBIX B HACTOSIIIIEE BPEMS METOIOB UIEHTHU-
¢ukanyu BUm0B Ralstonia solanacearum sensu lato B Ka-
PaHTUHHON J1a60PaTOPHOM DKCIIEPTU3E.

Baaezodaprnocms. ABTOPBI BhIpaXkaroT 6yiaromap-
HOCTB pykoBoacTBY EOK3P 3a sto6e3H0e pa3pelnieHue
HUCITOb30BaTh poToMaTepuanbl carita gd.eppo.int
(https://gd.eppo.int/taxon/RALSSO/photos).

CIIMCOK JINTEPATYPBI

1. EguHBIN mepeyeHb KapaHTUHHBIX 06'bEKTOB
EBpasuiickoro skoHoMuueckoro coiosa (EITKO EASC),
yTBepPXIeHHbIN Pemenuem CoBeTa EBpasuiickoii sKo-
HOMUYecKol komuccuu oT 30 Hos6ps 2016 T.

2. Craugapt EOK3P, EPPO PM 7/21 (2) «Ralsto-
nia solanacearum, R. pseudosolanacearum and R. syzygii
(Ralstonia solanacearum species complex)». 2018. —
Bulletin OEPP/EPPO Bulletin, N2 48 (1): 32-63.

3. lllepokosiaBa H., IpeHoBa H. CtauzapT opra-
"Huzanuu CTO BHUUKP 4.009-2011 «Bo36ynurenb
Oypo¥ 6aKTepuabHOU TrHUIN KapTodens Ralstonia so-
lanacearum (Smith) Yabuuchi et al. MeToz bl BBISIBJIEHUS
u ugeHTuukanum», 2011.

4. Iueigep E. Ananus pruTOCAaHUTAPHOI'O PHUCKA
BO306yauTesst 6ypoit THUIM kapTodens Ralstonia sola-
nacearum nJisi TeppuTopuun Poccutickoit denmepaiiun.
3aKJIUYUTEJbHBINA 0TUeT. — M.: ®I'BY «BHUNKP»,
2018, 60 c.

5. Illuetimep E., IpernoBa H. AHanus puToCcaHUTaP-
HOT0 pucka Bo3bynutens Ralstonia pseudosolanacearum
IJs TeppuTopuu Poccutickont ®enepaiuu. 3aKJII0UN-
TeJbHBIN OTUeT. — M.: I'BY «BHUUKP», 2019, 75 c.

6. Illuenmep E., Ipenosa H. AHanu3 puToCcaHm-
TapHOTO puUcKa Bo36ynuTenst Ralstonia syzygii 0Jisi Tep-
putopuu Poccutickoit Penepaiinu. 3aKIIOUNUTETbHBIN
oTueT. — M.: ®I'BY «BHUUKP», 2019a, 78 c.

7. fikoBneBa B. OuleHKa ynpaBjieHus GpuToca-
HUTApPHBIMU PUCKAMM, CBI3aHHBIMU C UMIIOPTU-
pPOBaHUEM, SKCIIOPTUPOBAHUEM U IIepPeMelleHUEM

To obtain the results of the analysis, preliminary
preparation of selected samples of various host plants
with and without symptoms is carried out. Diagnostics
is based on some of the following tests: rapid tests for
presumptive diagnostics, isolation of the pathogen on
nutrient media, conducting an immunofluorescence
test (IF), as well as molecular tests — the LAMP test, the
method of classical PCR and real-time PCR and others,
designed to detect and identification of different phy-
lotypes of bacteria. In addition, a test for the pathoge-
nicity of the isolated pathogen is described.

CONCLUSION

FGBU “VNIIKR” conducts work on using diagnosis
methods described in the EPPO Standard PM 7/21 (2)
and improving currently used identification methods
for the species of Ralstonia solanacearum sensu lato in
quarantine laboratory examination.
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AHHOTALIUA

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

ABSTRACT

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

BBEJIEHUE

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

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

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

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

INTRODUCTION

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

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

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

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

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

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

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

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

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

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

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

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

Ta6auia 1

YHUBepcaJibHbIE MIPaiiMepPbl, HCII0JIb30BaHHbIE MPHU MAeHTUDUKALMY (hOMOMIHBIX
rpu6oB

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

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

ITS4 TCC TCC GCT TAT TGA TAT GC
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Table 1

Universal primers used in the identification of phomoid fungi

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

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

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

PE3VJIBTATBI U OBCYXKJOEHHNE

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

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

1. Boeremia foveata

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

RESULTS AND DISCUSSION

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

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

1. Boeremia foveata

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

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

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

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

2. Phoma herbarum

L

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

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

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

il

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

Ha NUCTbAX KapTodens (hoTo aBTOPOB)

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

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

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

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

2. Phoma herbarum

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

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

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

3. Boeremia exigua var.

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

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

4. Neoascochyta exitialis

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

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

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

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

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

characteristics of Phoma herbarum
(photos by the authors)

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

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

Puc. 5. Jluctba
KkapTodensa B Mukodope
¢ npeobnapaHvem

Fig. 5. Potato

leaves in mycoflora

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

(thoTo aBTOPOB) (photo by the authors)

dutocaHuTapusi. KapaHTuH pactenuii -~ 32
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Puc. 6. Jluctbsa Fig. 6. Potato leaves
KkapTochens B Mukodniope  in mycoflora

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

5. Didymella pinodella (= Phoma pinodella)

MecTo oT6opa: ITymkuHCcKui paiion, CaHKT-
[TeTepOypr.

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

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

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

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

3. Boeremia exigua var. exigua

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

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

4. Neoascochyta exitialis

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

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

TUX TIPEJICTABUTENISIX CEMEMCTBA  npusHaku Neoascochyta exitialis

Leguminosae.

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

(thoTo aBTOPOB)

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

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

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

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

Tab6auia 2

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

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

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

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

5. Didymella pinodella (= Phoma pinodella)

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

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

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

AHaJIM3 HYKJIEOTHU/IHBIX IOCJIeJ0BaTEJIbHOCTEI 06pa31oB (hOMOUIHBIX IPHUGOB

U3 MOPa’kKeHHBIX JIUCThEB KapTodeas

Buz, ¢ koTOpbhIM Homep

OTMEYeHa roMoJiorusa Iocjenosa-

ITS B-TyOyauH

ITokpeiTUe, Unentuu- IlokpbiTUE, ViZeHTHUU-

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

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

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

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

(A 4417)

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

(244)

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

(51)

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

(A4439)

dutocaHuTapusi. KapaHTUH pacTeHuii
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Table 2

Analysis of nucleotide sequences of samples of phomoid fungi

from infected potato leaves

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

(A4439)

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

Puc. 9. CumntoMmbl
nposiBfeHuns Ha kapTtodene
NpY UCKYCCTBEHHOW

Fig. 9. Symptoms

on potatoes with

artificial inoculation
nHokynauum Stagonosporopsis ~ Stagonosporopsis andigena

andigena (hoTo aBTOPOB) (photo by the authors)

Trifolium pratense and other Leguminosae family rep-
resentatives.

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

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

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

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

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

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

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

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

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

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

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

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

respectively; obverse (photo by the authors)

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

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

respectively; reverse (photo by the authors)

dutocaHutapus. KapaHTuH pactenuii = 36
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Puc. 12. NMukHocnopbl Fig. 12. Pycnospores
Stagonosporopsis andigena  of Stagonosporopsis andigena
(choTo aBTOpPOB) (photo by the authors)

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

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

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

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

3AKJIIOYEHUME

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

Puc. 13. MnKHUAbI

Fig. 13. Pycnids
Stagonosporopsis andigena  of Stagonosporopsis andigena

(hoTo aBTOPOB) (photo by the authors)

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

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

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

CONCLUSION

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

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

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

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

On affected potato leaves, there were also identified
the species Alternaria alternata, Alternaria solani, Alterna-
ria tenuissima, Cladosporium herbarum, Didymella pinodella
(= Phoma pinodella), Colletotrichum coccodes, Aureobasidium
pullulans, Fusarium equiseti, Fusarium avenaceum, Fusarium
oxysporum, Microsphaeropsis sp., Neoascochyta exitialis, Epi-
coccum nigrum, Phoma sp., Phoma herbarum, Boeremia sp.,
Boeremia foveata, Boeremia exigua var. exigua, Phytophthora
infestans. All extracted isolates were deposited in the my-
cological collection of the FGBU “VNIIKR”.
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AHHOTAIUA
BozbymuTesb 6aKTepPHUaIbHOTO 0XO0Ta ropoxa Pseudo-
monas syringae pv. pisi (Sackett) Young et al. (P, s. pv. pisi)
SIBJIIETCST OCHOBHBIM (DUTOTIATOTEHOM ropoXa II0CeB-
Horo (Pisum sativum L.). HalluoHaIbHbIE OPTaHU3AIIUYN
10 KapaHTUHY U 3amuTe pacteruit (HOK3P) TpebyioT
HaJIe)KHBIX METO/IOB TTOATBEPKIEHUSA OTCYTCTBUS BO3-
OynuTens 6akTepro3sa. Lesb JaHHOU PaboTsl — U3y4e-
HMe BO3MOXHOCTU IIPpUMEHEeHUA TeCTa Ha IIaTOI'eH-
HOCTb B [UaTHOCTUKE BO36yAUTENA GaKTepUaIbHOTO
o’K0Ta ropoxa. B xozie ampob6aliyuy TecTa UCIIOIb30Ba-
JIU pacTeHus ropoxa copra [TuoHep, mramm P, s. pv. pisi
CFBP 2105, na6op «IIpo6a-I'C», mpou3BemgeHHbIN
000 «ArpolluarHoctuka» (Poccus), u ImpanvMepshl
AN7F/AN7R (Qing Ch. et al., 2016). [Tocye pegBapu-
TeJIbHbIX UCTIBITAHUHN MTPEAJIOKEHHbIN TECT Ha aTo-
TEHHOCTb MOKET ObITh MCIIOJIH30BaH JJI OTIpeieie-
HUA BUPYJIEHTHOCTHU M30JIATa, a TaKXe MOXEeT OBITh
TIPeJIo’KeH B KaueCcTBe OJHOTO U3 JOTIOJTHUTEIbHBIX
MOATBEPKIAOIIUX METOOB UAEHTUPUKALIUU DU-
ToTaToreHa B MccjenyeMoM obpa3siie mpu pa3paboT-
K€ METOIMYECKUX PEeKOMEHIAIIUU O BhISIBJIECHUIO
Y UJEeHTUDOUKAIUY BO3OYAUTEIS 0)KOTA TOPOXa.

Knrwouesvie cnoea. Pseudomonas syringae pv. pisi,
paspaboTka METOAMYECKUX PEKOMEHAAIINM, WHOKY-
JIATWS, TIOIMMepasHas nemnHas peakius (IT1P).

BBEJEHUE

aKTepUaJIbHbIM OXKOI' IOpPOXa, BhI3BAH-
HBIN P S. PV. pisi, BIIepBble ObLT UIEHTU-
¢unmpoBaH B 1915 1. B Konopazo, CIIIA
(Sackett, 1916), 1 BIIOCJIEACTBUU OBLI
BBISIBJIEH BO MHOT'MIX CTPaHax, IJle pa3BU-
TO IIPOM3BOACTBO ropoxa (Martin-Sanz A.
et al., 2011; Martin-Sanz A. et al, 2012).
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ABSTRACT
The agent of the bacterial pea blight, Pseudomonas syrin-
gae pv. pisi (Sackett) Young et al. (P s. pv. pisi), is a main
phytopathogen of pea (Pisum sativum L.). National Plant
Protection Organizations (NPPOs) require reliable tech-
niques to confirm the absence of the bacterial blight
agent. The aim of this work is to study the possibility
of applying a pathogenicity test for the diagnosis of the
bacterial pea blight agent. During the approbation of
the test, we used pea plants of the Pioner variety, strain
P s. pv. pisi CFBP 2105, “Proba-GS” kit produced by LLC
“AgroDiagnostika” (Russia), and the primers AN7F/
AN7R (Qing Ch. et al., 2016). After preliminary tests,
the proposed test for pathogenicity can be used to de-
termine the virulence of the isolate, and can also be pro-
posed as one of the additional confirmatory methods
for identifying a phytopathogen in a test sample when
developing guidelines for detecting and identifying the
causative agent of the bacterial pea blight.

Key words. Pseudomonas syringae pv. pisi, develop-
ment of guidelines, inoculation, polymerase chain re-
action (PCR).

INTRODUCTION

acterial pea blight caused by P, s. pv. pisi was

first identified in Colorado, USA (Sackett,

1916), in 1915, and later it was detected

in many countries where pea is produced

(Martin-Sanz A. et al., 2011; Martin-Sanz A.
et al, 2012). The pest is included in the Quarantine
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[TaToreH BKIIOYUEeH B KapaHTUHHBIN IepeyveHb (CIIMCOK
OrPaHMYEHHO PACIIPOCTPAHEHHbBIX KaPaHTUHHBIX BU-
IloB) cTpaH BocrouHoii Adpuku (2001) 1 B KapaHTuH-
HBIN IepeveHb MexxappUKaHCKOTO (DUTOCAHUTAPHOTO
coBeta (IAPSC) (1989); B CIMCOK KapaHTUHHBIX BPeJ-
HBIX OPTaHW3MOB, OTCYTCTBYIOIIUX HA TEPPUTOPUU
Bonuuwu, [Taparsas, [1epy, Yuau (COSAVE) (2019); saB-
JigeTcsd KapaHTUHHBIM OpPraHu3MoM i Mizpauig u Ty-
HHca. PacIpocTpaHsasach ¢ IOCEBHBIM MaTEPUAJIOM, 3a-
PaXeHHBIM 6aKTepraIbHON NHMEKIINEH B IATEHTHOM
COCTOSTHUY, 6aKTEPMO03 3HAUNTENHBHO PACIIVPUII CBOH
apeaJ 3a ImocjieHue ToAbl. BUI BKIIOUEH B KapaHTUH-
HBIN IIepedeHb PsAga CTPaH — UMIIOPTEPOB ropoxa 13
P® (Kuraii, Typiius). DTO OrpaHUYMBaET SKCITIOPTHBIHN
roreHua P®. OCHOBHBIMHY TTOKYITATENISIMU POCCUH-
CKOT'0 ropoxa B gHBape — utwJjie 2019 r. 9BJISJIUCS:
Typuus — 20,8% (70 Teic. TOHH), [TakucTan — 17,5%
(58,9 TrIC. TOHH), UHAUg — 16,7% (56,3 ThIC. TOHH),
Utanua — 10,0% (33,5 Tbic. TOHH), Baurnazgent — 7,8%
(26,2 ThIC. TOHH), Mcnauud — 6,4% (21,5 ThIC. TOHH),
O6benuHeHHble Apabckume Imupatel — 3,3%
(11,2 TeIC. TOHH), 'epMmaHua — 2,9% (9,9 ThIC. TOHH),
Erunet — 2,6% (8,8 Tbic. TOHH), Heman — 2,2% (7,6 ThIC.
TOHH). DKCIOPTHBIE IIOCTaBKMU ropoxa mu3 Poccuu
B 2018 r. Haxoguauch Ha OTMeTKe B 1143,7 ThIC. TOHH.
ITo cpaBHeHuio ¢ 2017 r. B 2018 1. 06bEMBI YBEIU-
4yuInch Ha 9,7% (aa 100,9 Teic. TOHH), ¢ 2013 T. — Ha
240,3% (ua 807,6 ToiCc. TOHH) (AB LlenTp, 2019; UIrHATB-
eBa u 1p., 2021; Akhtar M. A. et al., 1985; Benlioglu K.
etal., 2010). Ha maHHOE BpeMSs BeIyTCst PUTOCAHUTAP-
HbIE COTJIACOBAHMS 10 HKCIIOPTY ropoxa B KuTaii.

TTocye c6opa ypokast GUTOIIATOreH COXPAHIETCS
B ceMeHax. B ciiyuae BBICOKOI CTEIEHU 3apa’keHust
CeMsH MOTYT HabJI0gaThCsl CUMIITOMBI KaK HAa CaMUX
BCXOJaX, Tak M Ha ceMeHaX. CUMIITOMBI 60OJIE3HU —
MaJjleHbKUe, HeIPaBUJIbHOW (POPMBI BOASHUCTHIE
TOBPEXAEHUS Ha JIUCThIX, YePEIIKaX U CTPyYKax,
pacIpocTpaHsgoIIyecs B CTe6JIU U YaCTO COITPOBOXK-
nmarommecs HekposoM (Ali M. et al., 2015). B manbHeli-
meM MHQEKIINS B CTEOIIX MOXKET PaCIIPOCTPAHUThCS
BBEPX Ha IPYyTVe NPUJVCTHUKY U JUCTbs. C pa3Bu-
THeM 3a00JieBaHUsI 30HbI IOPAKEHU pa3pacTaioTcd,
pacTeHus YChIXAlT U B UTOTe MOrubarmT. B yciaoBusx,
TTOJIXOAAIIX JIJISI TPOHUKHOBEHUSI OaKTEepU B TKAHU
pacTeHuH, pacipocTpaHeHe MOXKET IIPOUCXOIUTD I10
BCeMy IToJit0. Yale BCcero 3apakeHuo CIIoCO6CTBYIOT
VHeM, Tpaji Wiu JI060# BUJ TTOBPEXIeHMs, objierya-
IOUMY IIPOHUKHOBEHNE DAKTEPUU Uepes ITIopaHeHus
pacTeHui, 3a cueT repeHoca puUTOIaTOreHa C BETPOM
Ha 3/I0POBbIE PacTeHUs. PaHHAA U JOCTOBEPHAS AU-
arHoCcTHUKa P, S. pv. pisi IpefoTBpallaeT paciIpocTpa-
HeHUe MMaToreHa Ha HOBbIE TEPPUTOPUU PoccuiicKoi
depepanuu. g onpenesieHUsa paclipoCTpaHeHUA
tuTomarToreHa B P® u ycTaHOBJIEHUS 30H, CBOBO/I-
HBIX OT BPEJHOI'0 OPTaHM3Ma, He0OXOIMMO HayuYHOe
obcenoBaHye MOCEBHBIX MIJIONMAEH. B ¢BI31 cO BCeM
BBINIIECKA3aHHBIM SIBJIIETCS aKTyaJibHOU pa3paboT-
Ka METOINYECKUX PEKOMEHIAIIMH II0 BhISIBJIEHUIO
U UJeHTUPUKAIUY BO3OyAUTENST OaKTEepPUaIbHOTO
o)xora ropoxa P, s. pv. pisi. TecT Ha ITaTOTeHHOCTb MOXXET
OBITH IIPEAJIOXKEH B KAUEeCTBE OJHOI0 U3 JOITOJHUTE I b-
HBIX TIOJTBEPXAAKIINX METOM0B UAeHTU(GUKAIUYI
(uTomaToreHa B uccijemyeMoM obpasile IpU paspa-
60TKE METOOUYECKNX PEKOMEHIAIINI 10 BbISIBJIEHUIO
U naeHTU(UKAUY BO30YIUTES 0)KOTra TOpoxXa, paHee
UAEHTU(GUIIMPOBAHHOIO C [TOMOIIBI0 MOJIEKYJISIPHBIX
METOHOB JUATrHOCTUKM.

List (list of limitedly present quarantine species) of East
African countries (2001) and the Inter-African Phytosa-
nitary Council Quarantine List (IAPSC) (1989); the List
of quarantine pests absent in Bolivia, Paraguay, Peru,
Chile (COSAVE) (2019); it is a quarantine pest for Israel
and Tunisia. Spreading with plants for planting infected
with a bacterial infection in a latent state, the bacteriosis
has significantly expanded its area in recent years. The
species is included in the quarantine list of a number of
countries importing peas from the Russian Federation
(China, Turkey). This limits the export potential of the
Russian Federation. The main buyers of Russian peasin
January —July 2019 were: Turkey — 20.8% (70 thousand
tons), Pakistan — 17.5% (58.9 thousand tons), India —
16.7% (56, 3 thousand tons), Italy — 10.0% (33.5 thou-
sand tons), Bangladesh — 7.8% (26.2 thousand tons),
Spain — 6.4% (21.5 thousand tons), United Arab Emi-
rates — 3.3% (11.2 thousand tons), Germany — 2.9%
(9.9 thousand tons), Egypt — 2.6% (8.8 thousand tons),
Nepal — 2.2% (7.6 thousand tons). Export deliveries of
peas from Russia in 2018 were at around 1,143.7 thou-
sand tons. Compared to 2017, in 2018 the volumes in-
creased by 9.7% (by 100.9 thousand tons), since 2013 —
by 240.3% (by 807.6 thousand tons) (AB Center, 2019;
Ignatyeva et al., 2021; Akhtar M. A. et al., 1985; Benliog-
luK.etal, 2010). Phytosanitary agreements concerning
the export of peas to China are being discussed.

After harvest, the phytopathogen remains in the
seeds. In the case of a high degree of seed infestation,
symptoms can be observed both on the seedlings them-
selves and on the seeds. Symptoms include small, irreg-
ular, watery lesions on leaves, petioles, and pods that
extend into the stems and are often accompanied by
necrosis (Ali M. et al., 2015). The infection in the stems
can later spread upward to other stipules and leaves.
With the development of the disease, the affected
areas grow, the plants dry out and eventually die. Un-
der conditions suitable for the penetration of bacteria
into plant tissue, spreading can occur throughout the
field. Most often, frost, hail, or any kind of damage that
facilitates the penetration of bacteria through lesions
to plants, due to the transfer of the phytopathogen with
the wind to healthy plants, contributes to the infection.
Early and reliable diagnosis of P, s. pv. pisi prevents the
spread of the pathogen to new territories of the Russian
Federation. To determine the spread of the phytopatho-
gen in the Russian Federation and establish areas free
from the pest, a scientific examination of the cultivated
areas is necessary. Considering all of the stated above,
itis relevant to develop guidelines for the detection and
identification of the bacterial pea blight agent P. 5. pv.
pisi. The pathogenicity test can be proposed as one of
the additional confirmatory methods for the identifica-
tion of a phytopathogen in the sample under study when
developing guidelines for the detection and identifica-
tion of the bacterial pea blight agent, previously identi-
fied with molecular diagnostic methods.

MATERIALS AND METHODS

When conducting the research, a bacterial culture
of the reference bacterial strain CFBP 2105 P. 5. pv.
pisi was used from the French collection of bacteria

Centabpb N2 3 (7) 2021 41



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

MATEPUWAJIBI U METO/IbI

[Ipu TIpOBeIeHUY UCCIIeIOBAaHUY UCIIOJIb30BaIN Gak-
TepUaJIbHYIO KyJIbTYPYy PepepeHTHOTO ITaMMa 6aKTe-
puu CFBP 2105 P. 5. pv. pisi n3 ®paHIy3CKON KOJLJIEK-
nuu 6akTepust purtonaroreHos (Collection Francaise
de Bacteries Phytopathogenes (CFBP), ®paniius). C 11e-
JIBIO alipobalivy TecTa Ha IaTOTe€HHOCTb IIPOBOIUIIN
3apa)keHre pacTeHul ropoxa copra [InoHep mrTam-
mom CFBP.

[Tpu BeIGOpE COPTa ropoxXa OTTAJKUBAJINUCH OT
CPOKOB CO3pEBaHUS KyJbTYPhI. BaKHO IIPOBECTU TECT
B KpaTuaiillivie CPOKHU, He 3aJIePrKUBasi CPOKU TUaTHO-
cTuKY (pUTOIATOreHA B MCCIIeLyeMoM obpasiie. B uc-
cJIeJoBaHUY ObLI UCITOJIb30BAH COPT rOPOXa OBOLIHOTO
IMuonep (kox copTa 9900993; rox perucrparuu 2001;
opurnHaTop Spojnia-Hodowla I Nasiennictwo Ogrod-
nicze SP. Z.0.0., W. Nochowie, 63-100, Srem, Poland;
CPOK CO3peBaHUs OUeHb PAaHHUU; COPT YCTOWUUB
K BUPYCY KeJITOM Mo3auku (aconu). B Crimcok oueHb
PAaHHUX COPTOB OpOXa OBOIHOI'0O, KOTOPBIE TaKXe
MOTYT OBITh MCIIOJIb30BaHbBI IIPU ITPOBEIeHUY JAHHO-
ro TecTa, BKIo4YeHbl Apus, KopBuH, Hukutka, Ockap,
IMpuma, CripuHTEP (COPT OTHOCUTEJIHHO YCTOUYUB
K KOPHEBBIM THUJIIM) 1 YBepTiopa (locymapcTBEHHbIM
peectp, 2019).

[TpoBenu moceB 60 LIT. CEMSIH ropoxa, rpeaBapu-
TEeJIbHO 3aMOYEHHBIX B CTEPUJIbHON JUCTUIIIMPOBAH-
HOU BOJle B TeUEHME CYTOK. KaXkmoe ceMs moMeIanu
B OTJIEJIbHYIO STUENKY KacCeThI A JIg Paccabl EMKOCTbHIO
90 MJI, B KauecTBe TPYHTA KCIIOJIb30BaJIi TOTOBYIO
CMecCh U3 BEPXOBOI'0 U HU3WHHOTO TOP(da, N3BECTHSIKO-
BOY JOJIOMUTOBOY MyKuU, HUTpoaMModocdaTa 1 ped-
HOTO IlecKa. B mepuof mojiyueHrs: BCXOJ0B, a TakXe
Ha MPOTSYKEHUY BCETO OTIBITA IIPUMEHSIIN CJIEAYIOIIE
YCJIOBUA: IIPOLOJIKUTEJIBHOCTD OCBellleHud — 16 4.,
TeMIieparypa — 25-27 °C, OTHOCUTEJIbHAS BJIQXXHOCTh
Bo3gyxa — 55-70%.

3apakeHue pacTeHul B hase 2—3 JIUCTHEB CYyTOU-
HOM KyJIbTYPOU P, 8. pv. pisi mpoBoauiu Ha 11-i1 meHb.
O 3apakeHUs OJHOTO PACTEHUS UCIOJb30BaIU
10 Mk 6aKTepUaAJIbHOM CYyCIIEH3UU B KOHIIEHTPAIIUK
10° KOE/MJ. MeTop 3apaeHUs 3aKJJIHJalicsd B He-
CKBO3HOM ITPOKAJIBIBAHUY OCHOBAHUS JIUCTA Y HAHECe-
HUU C IIOMOIIIBI0 J103aTOPa KaIlJix CYCIIEH3UU Ha MECTO
mpokoJia (puc. 1) (International Seed Federation, 2020).
B kauecTBe OTPUIATEIIBHOTO KOHTPOJIS 3apakeHUSs UC-
T10JIb30BAJIM CTEPUJIBHYIO JUCTUIIUPOBAHHYI BOLY.
Pacrenus, 3apaskeHHbIe P, 5. pv. pisi (50 1IT.), TpOCTpaH-
CTBEHHO M30JIMPOBAJIY OT PACTEHU, TIPECTABIISIOIIIX
€060 OTpUITATENbHBIN KOHTPOJIb 3apaxenus (10 mIT.).
Hab6atomeHus 3a pacTeHUSI MY ITPOBOAUIIN €KeTHEBHO.

151 TOATBEPIKAEHUS 3apaKeHN s ITPOBOIUIIN OT-
60p U MOATOTOBKY aHAJIUTUYECKUX ITPO6 Ha 22-1 IeHb.
OTnenbHBIE TPOOKI 6paJiv OT Kaxkaoro u3 10 3apakeH-
HBIX PACTEHUI U OT OJTHOTO PACTEHUS, TIPECTABIISIO-
1ero co60¥ OTPUIlATEbHBIN KOHTPOJIb. PacTeHue oTe-
JISLJIY OT KOPHEBOM CUCTEMBI I U3MEeJIbYaJIU C TIOMOIITbI0
ckanbIiensa. K nmpobe gobasasau 20-30 mi docdar-
HO-coJieBoro 6ydepa (PBS), rmoce uero mpoby rmoMela-
JIVl Ha POTALIMOHHBIN IIefKep U yCTaHABIUBAJIY PEXKUM
200 06/MuH, BecTpsaxuBanu oT 30 mo 40 muH. [TosrydeH-
HBIY MarlepaT (GUIbTPOBAIM Yepes3 OyMaKHBIN (QUIBTP
¢ IaMeTpoM Iop 3—5 MKM B TPo6UPKY 06beMoM 50 MJI.
[Tpo6upKYU ypaBHOBEIIWBAJIY ITOTIAPHO 6yhepoM, KOTo-
PBI UCIIONB30BAJIHY JJI Mallepalluu, U eHTPUQyrupo-
BaJix B TeueHure 10 muH. mpu 8000-10000 06/MuH mipu
TeMniepaTtype oT 4 1o 10 °C, ucnonb3ys LeHTpUudyry

phytopathogens (Collection Francaise de Bacteries
Phytopathogenes (CFBP), France). In order to test the
pathogenicity test, pea plants of the Pioneer variety
were infected with the CFBP strain.

Choosing pea cultivars was based on the timing of
the ripening of the culture. It is important to carry out
the test as soon as possible, without delaying the di-
agnosis of the phytopathogen in the test sample. The
study used the vegetable pea variety Pioneer (cultivar
code 9900993; year of registration 2001; originator
Spojnia-Hodowla I Nasiennictwo Ogrodnicze SP. Z.0.0.,
W. Nochowie, 63-100, Srem, Poland; ripening period is
very early; variety resistant to yellow mosaic bean virus).
The list of very early varieties of vegetable peas that can
also be used in this test includes Aria, Corvin, Nikitka,
Oscar, Prima, Sprinter (the variety is relatively resistant
to root rot) and Overture (State Register, 2019).

60 pea seeds were sown, pre-soaked in sterile
distilled water for 24 hours. Each seed was placed in
a separate cell of a seedling cassette with a capacity
of 90 ml; a ready-made mixture of high and low peat,
limestone dolomite flour, nitroammophosphate and
river sand was used as a soil. During the germination
period, as well as throughout the entire experiment, the
following conditions were used: duration of illumina-
tion — 16 h., temperature — 25-27 °C, and relative air
humidity - 55-70%.

Infection of plants in the phase of 2—3 leaves with
a daily culture of P. s. pv. pisi was performed on the
11*day. To infect one plant, 10 ul of a bacterial sus-
pension at a concentration of 10° CFU/ml was used. The
method of infection consisted in blind piercing of the
base of the leaf and applying a drop of suspension to

Puc. 1. Kanau cycneHsunn

Fig. 1. Suspension drops
P. s. pv. pisi, HaHeceHHble Ha  of P. s. pv. pisi applied to the
MecTa NMPOKOIoB OCHOBaHui  puncture sites of the bases

NUCTbEB pacTeHuit ropoxa
(choTo O.H). CnoBapeBoit)

of the leaves of pea plants
(photo by 0.Yu. Slovareva)
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Puc. 2. CumMnTOoMbI yBAAAHUS Ha Fig. 2. Wilting symptoms
BepXHeW YacTu MHOKynMpoBaHHoro on the top of the inoculated

nucTa ropoxa vepes 7 cyTok pea leaf 7 days after
nocne 3apaxeHus P. s. pv. pisi infection with P. s. pv. pisi
(choTo O.10. CnoBapeBoit) (photo by O.Yu. Slovareva)

c oxsaxkgenueM Allegra X-30R (Beckman Coulter, a-
Hwus). [Tocye 1eHTpudyrupoBaHUs CYyIIEPHATAHT OCTO-
POXXHO YAAJISIJIN, 4 0CaIOK PeCyCleHIMPoBaiu B 1 M
PBS. OT ka0 1mpo6sl oTo6mpaiy 200 MKJI ¥ UCITOJIb-
30BaJiu mJisg skcTtpakiuu JHK ¢ momombio Habopa
«[Tpo6a-I'C» (000 «Arpo/luarHocTuka», Poccust) v mJs
rmpoBenenus TP c mpatimepamu AN7F/AN7R, crieniu-
uunbiMu g5 P s. pv. pisi (Qing Ch. et al., 2016). 11 KOH-
TPOJII UHTMOWPOBAHUS aMIIN(UKAIINY UCITOJIb30BaAIN
cMech IJIa3Mubl U mpaiiMepoB Mus714F/Mus714R
(MasypuH u 1p., 2012). Knaccuueckyto [P ¢ mpaiime-
paMu ¥ ¢ BHYTPEHHUM II0JIOKUTEIbHBIM KOHTPOJIEM
ITPOBOJIWJIN B OTAEJIbHBIX ITPOOHUPKAX AJISI KaXKI0T0 06-
pastia, ucnosb3ys amrudukaTop T100 Thermal Cycler
(Bio-Rad, CIIIA). JleTeKII1I0 TPOAYKTOB aMILIU(pUKAIINN
TIPOBOWJIIY, UCITIOIb3Ys KaMepy [IJisi TOPU30HTAJIbHOTO
ayiekTpodopesa SE-2 (000 «XenukoH», Poccus), UCTOY-
HUK TOKa JAJis sjekTpodopesa «3Anbdh» (000 «JHK-
TexHOJIOTUST», POCCHS) U TeJIb-ITOKYMEHTHUPYIOIILYIO CUC-
TeMy ChemiDoc (Bio-Rad, CIIIA).

IOTTOTHUTEJIBHO B TeueHure 21 cyTok (co mHS 3a-
Pa’keHus) C IeJIbI0 BhISIBJIEHUS CHUMIITOMOB 3apake-
HUS TIPOMOJIKAJIY HaOIIOIEeHWs 32 PACTEHUSIMHU, OT
KOTOPBIX ITPOGHI HEe OTOMPAJIH.

PE3VYJbTATBI U OBCYXKJEHUE

B TeueHMe BCETro MEPUO/Ia C MOMEHTA 3apakeHusI pac-
TeHUU ropoxa cycrneHsueii P, s. pv. pisi 1o aTara otbo-
pa aHAJIUTHUYECKUX P06 IIPOBOAMIN HAOIIJeHNUS 3a
pa3BUTHEM CUMIITOMOB 6aKTepHUaJbHOTO 03K0Ora TOPo-
xa. [TepBble CUMIITOMbBI 3apa’KEHU ST OTMEYEHBI Ha 18-
IleHb, uepes3 7 CyTOK IOC/ie UHOKYIAIUY PacTeHUuH
cycrieHauel Bo36ynuTensa 6akTepuosa. Ha BepxHel
YaCTHU JIMCTA, B KOTOPOU MPOBOJVIN MHOKYJISAINIO, OT-
MeueHbI CUMIITOMBI YBAJaHusd (puc. 2). Ha pacTeHUsX,
WHOKYJIMPOBAHHBIX CTEPUJIBHON JUCTUINPOBAHHOMN
BOJIOM, OTCYTCTBOBAJIV TIPU3HAKY YBALAHUS U UHBIE
CUMIITOMBI 3a60JI€BaHMSI.

the puncture site using a dispenser (Fig. 1) (Interna-
tional Seed Federation, 2020). Sterile distilled water
was used as a negative control of infection. Plants in-
fected with P, s. pv. pisi (50 pieces) were spatially isolat-
ed from plants representing negative control of infec-
tion (10 pieces). Plants were observed daily.

To confirm the infection, the samples under
study were taken and prepared on the 22" day. Se-
parate samples were taken from each of the 10 infected
plants and from one plant, which is a negative control.
The plant was separated from the root system and cut
with a scalpel. 20—-30 ml of phosphate-buffered saline
(PBS) was added to the sample, after which the sample
was placed on a rotary shaker and set to 200 rpm and
shaken for 30 to 40 min. The resulting macerate was
filtered through a paper filter with a pore diameter of
3-5 um into a 50 ml test tube. The tubes were equili-
brated in pairs with the maceration buffer and centri-
fuged for 10 min. at 8000-10000 rpm at a temperature
of 4t0 10 °C using an Allegra X-30R refrigerated centri-
fuge (Beckman Coulter, Denmark). After centrifugation,
the supernatant was carefully removed and the pellet
was resuspended in 1 ml PBS. 200 uL was taken from
each sample and used for DNA extraction using the Pro-
ba-GS kit (AgroDiagnostika, Russia) and for PCR with
AN7F/AN7R primers specific for P. s. pv. pisi (Qing Ch.
et al., 2016). To control the inhibition of amplification,
a mixture of plasmid and primers Mus714F/Mus714R
was used (Mazurin et al., 2012). Classical PCR with
primers and with an internal positive control was per-
formed in separate tubes for each sample using a T100
Thermal Cycler (Bio-Rad, USA). Amplification products
were detected using an SE-2 horizontal electrophoresis
chamber (Helikon, Russia), an Elf electrophoresis cur-
rent source (DNA-Technology, Russia) and a ChemiDoc
gel documenting system (Bio-Rad, USA).

Additionally, in order to identify symptoms of infec-
tion, the plants from which samples were not taken were
still observed for 21 days (from the day of infection).

RESULTS AND DISCUSSION

During the entire period from the moment of infection
of pea plants with a P, 5. pv. pisi, prior to the stage of
taking samples for studying, the development of the
bacterial pea blight symptoms was monitored. The
first symptoms of infection were noted on the 18™day,
7 days after inoculation of plants with a suspension
of the bacteriosis causative agent. Symptoms of wilt-
ing were noted on the upper part of the inoculated leaf
(Fig. 2). Plants inoculated with sterile distilled water
showed no signs of wilting and other symptoms of the
disease.

11 days after infection, wilting symptoms were
noted both on the entire area of inoculated leaves of pea
plants and on the leaves located below (Fig. 3). There
were no signs of wilting and other symptoms of the dis-
ease on plants inoculated with sterile distilled water.
As a result of PCR with primers AN7F/AN7R for DNA
samples isolated from inoculated plants, products with
a length of 272 base pairs (bp) were obtained, which
corresponded to a positive control of amplification, for
which the DNA of P s. pv. pisi was used (Fig. 4).
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Uepes 11 cyTOK I10OCIIE 3apakeHUI CUMIITOMEL yBS-
IaHUS OTMEYeHbI KaK Ha BCel TJIOIAIY MHOKYJINPO-
BaHHBIX JUCThEB PACTEHUU ropoxa, TaK 1 Ha JINCThSIX,
PacIoyIoKeHHBIX HUKe (puc. 3). [IpU3HaKyM yBATaHUS
Y UHBbI€ CUMITTOMBI 3a60JI€BaHUS OTCYTCTBOBAJIY Ha
pacTeHUIX, MHOKYJIMPOBAHHBIX CTEPUIBHON JUCTUII-
JIMPOBAHHOU BOJION. B pesysbTaTe mpoBeneHHON [T1[P
c npatimepamu AN7F/AN7R giist o6pasnos JHK, Beize-
JIEHHOU 13 MHOKYJIUPOBAHHBIX PACTEHUU, TTOTyUeHbI
MIPOAYKTHI AJIUHON 272 Tapbl OCHOBAaHUM (II. 0.), UTO
COOTBETCTBOBAJIO TTOJIOXKUTEJIBHOMY KOHTPOJIIO aM-
niIrdUuKauy, B KauecTBe KOTOPOTO HCII0JIb30Balu
IOHK P s. pv. pisi (puc. 4).

IJig oTpUIATEIbHOTO KOHTPOJS 3apakeHusd
(pacTeHue, MHOKYJIMPOBAaHHOE CTEPUIIbHOU TUCTUII-
JINPOBAHHOM BOMOY) U IJIsI OTPUIIATEJIbHBIX KOHTPO-
Jeit Beimenenus JJHK, a Takxke nysa mpoBepenus [P
OPOAYKT aMmudukanuu ¢ npaiimepamu AN7F/AN7R
OTCYTCTBOBAJ. [IJist BCceX 00PasloB M KOHTPOJIEH B pe-
3ynpTrate [11IP ¢ BHYTPEHHUM I10JIOKUTEJbHBIM KOH-
TPOJIeM MOJTyYeHbI ITPOAYKTHI aMILIU(PUKAIINY IJIUHON
714 1. 0., YTO CBUZETEIBCTBYET 00 OTCYTCTBUY UHI Y-
6upoBanus IN1P-peakiuu (puc. 4). [TosiyueHHBIE pe-
3ysbTaThl [P TT03BOMSAIOT CllelaTh BBIBOJ, O TOM, UTO
B030yAuTENh 6AaKTEPUATIBHOTO OKOTa rOpoxa yepes
11 cyToOK mocJie 3apakeHus IIPUCYTCTBOBAJ B pacTe-
HUSX, MTHOKYJIUPOBAHHbBIX 6aKTePHUaJIbHOM CyCIIeH3U -
e}, M OTCYTCTBOBAJ B PACTEHUSIX, NHOKYJIMPOBAHHBIX
CTEPUIIbHON JUCTUIIIMPOBAHHOMU BOIOM.

B TeueHue nocaenymomux 10 CyTOK mociie I0-
TBEP)XIEeHUS 3apakeHus metozom [T1[P oTmeuasnu pas-
BUTHE 3a60JIeBaHU HA UHOKYJIUPOBAHHBIX CYCITEH3U-
el Bo30yiuTesisd pacTeHuax ropoxa. Cryctsa 21 cyTku
TocJie 3apa’keHusl OTMEYEHO yBIJaHWe BCETO pacTe-
HUS HeJuKoM u rubenb 14 pacrenus us 40 (puc. 5).
Ha npyrux 26 3apa)keHHBIX PaCTEHUSIX 0OTMedaJiy Ha-
JINYrie CUMIITOMOB B BUJIE YBSILAHUS HUKHUX JINCTHEB,
MaJIOOGIIMPHBIX XJIOPO30B M KPaeBbIX 0XKOTOB 6eJI0T0
uBera (puc. 6). B To )xe BpeMs cpenu 9 pacTeHUH, UHO-
KYJIUPOBAHHBIX CTEPUIIBHON JUCTUINPOBAHHON BO-
0¥, He OTMEeYeHO CUMIITOMOB 3a00JIeBaHNI.

[ — g —— g —
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Mus714F/Mus714R (MasypuH » gp., 2012)

Puc. 4. AnekTpodoperpamMmma, eMoHcTpupyrowas pesynbrat MNLUP
c nparimepamu AN7F/AN7R (Qing Ch. et al, 2016) pnsa P. s. pv. pisi
1 Mus714F/Mus714R (MasypuH u gp., 2012) pna BHyTPEHHEro
nosioXXuTenbHoro koHTpons MLUP. 1 — oTpuuaTenbHbIN

KOHTPONb 3apaxeHus, 2—11 — 3apakeHHble pacTeHns

ropoxa, PAC — NoNoXXUTeNbHbI KOHTPONb aMnandukauum,

NAC - oTpuuaTesnbHbIi KOHTPOJIb aMMuKauuu. 1 neneHune
Mapkepa reHeTuyeckoro Beca GeneRuler 100 bp Plus DNA Ladder
ready-to-use (Thermo Fisher Scientific, CLLUA) (M) = 100 n. o.

Puc. 3. CuMnTOMBI YyBAAAHUSA
Ha HMXXHUX JINCTbSIX Fropoxa
yepe3s 11 cyTok nocne
3apakeHus P. s. pv. pisi
(choTo O.H0. CnoBapeBoir)

Fig. 3. Wilting symptoms
on the lower leaves

of peas 11 days after
infection with P. s. pv. pisi
(photo by O.Yu. Slovareva)

For negative control of infection (plant inoculat-
ed with sterile distilled water) and for negative controls
of DNA extraction, as well as for PCR, the amplification
product with primers AN7F/AN7R was absent. For all
samples and controls, as a result of PCR with an inter-
nal positive control, amplification products of 714 bp in
length were obtained, which indicates the absence of in-
hibition of the PCR reaction (Fig. 4). The obtained PCR
results allow us to conclude that the causative agent of
bacterial pea blight was present in plants inoculated with
a bacterial suspension 11 days after infection, and was
absent in plants inoculated with sterile distilled water.

10 11 PAC NAC NAC M

-—
-

-4

el BRE BW BE = S - s Ba s =w

ANF7F/ANF7R (Qing Ch. et al., 2016)

Fig. 4. Electrophoregram showing the result of PCR

with primers AN7F/AN7R (Qing Ch. Et al, 2016)

for P. s. pv. pisi and Mus714F/Mus714R (Mazurin et al.,
2012) for internal positive PCR control. 1 — negative
control of infection, 2-11 - infected pea plants,

PAC - positive amplification control, NAC — negative
amplification control. 1 division of the genetic weight
marker GeneRuler 100 bp Plus DNA Ladder ready-to-use
(Thermo Fisher Scientific, USA) (M) = 100 bp.
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Puc. 5. Tnbenb pacteHuin ropoxa
cnycTs 21 CyTKM C MOMEHTA 3apakeHus
P. s. pv. pisi (choTo O.H0. CnoBapeBoi)

Puc. 6. CumnToMbl 3a6oneBaHus
pacTeHui ropoxa cnycta 21 cyTku
€ MOMeHTa 3apaxkeHus P. s. pv. pisi
(choTo O.H0. CnoBapeBoit)

During the next 10 days af-
ter confirmation of infection by
PCR, the development of the dis-
ease was noted on pea plants in-
oculated with a suspension of the
pathogen. Twenty-one days after
infection, the whole plant with-
ered and 14 out of 40 plants died
(Fig. 5). On the other 26 infected
plants, symptoms were noted in
the form of wilting of the lower
leaves, small-scale chlorosis, and
white marginal burns (Fig. 6). At
the same time, among 9 plants
inoculated with sterile distilled
water, no symptoms of the dis-
ease were noted.

CONCLUSION

As aresult of the study, the patho-
genicity test of the bacterial pea
blight agent, P, s. pv. pisi, was ap-
proved. During the work, it was
found that visible symptoms of
infection of pea plants can be

Fig. 5. The death of pea plants
21 days after infection with P. s. pv. pisi
(photo by O.Yu. Slovareva)

Fig. 6. Symptoms of the disease of
pea plants 21 days after infection

obtained no earlier than 7 days
after inoculation of plants un-

with P. s. pv. pisi (photo by 0.Yu. Slovareva) der specified conditions, such as

3AKJIIOYEHUE

B pesynbTaTe UCCIeLOBaHUS IIPOBEJleHa anpobanus
TecTa Ha MMaTOTeHHOCTh BO30yauTe s 6aKTeprUaIbHO-
T0 o)kora ropoxa P, §. pv. pisi. B xozie paboTh! yCTaHOB-
JIEHO, YTO BUIVIMbIE CUMITTOMBI 3apaKeHUS PaCTEeHU N
ropoxa MOTYT OBITh ITOJIyUEeHbl HE paHEe UeEM Uepes
7 CYTOK TI0CJIe UHOKYJISIIUY PACTeHUU MMPU yKa3aH-
HBIX YCJIOBUSIX, TAKUX KaK KOHIIEHTPAIUS BO36YIUTENS
B MHOKYJISIHTE, (heHoJIorTnUecKas ¢asa pacTeHuH, yc-
JIOBUSI OCBEIIEHUS, TEMIIEPATYPHI U BIIAXKHOCTU. Yepes
10 cyTOK T0CJie MHOKYJISIUY BO3MOXXHO TTOATBEPIK-
JleHUe 3apa)keHUs MOJIEKYJISIDHBIMU METOZaMU IIpu
TECTUPOBAHUU SKCTPAKTOB pacTeHui. [I[poBeieHHOE
WCCJIeIOBaHME TIOKA3BIBAET, UTO P, S. PV. Pisi B YCIOBUIX
UCKYCCTBEHHOI'0 3apa’keHUsI MOXKET BbI3bIBATh BUJU-
MbI€ CUMIITOMBI 3a60JIeBaHUS Ha PACTEHUSIX ropoxa
TIOCEBHOT0, B PSAZIE CJIyYaeB IPUBO/IA K UX TUGEH.
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AHHOTALIUA
Bupowu] jaTeHTHONU Mo3auku nepcuka (PLMVd) saB-
JIIeTCS KapaHTUHHBIM BPEIHBIM OPraHU3MOM, BKJIIO-
YeHHbIM B EIVHBIN ITepeuyeHb KapaHTUHHBIX 06bEKTOB
EBpasmiickoro 3KOHOMUYECKOTO COI03a B CITMCOK Ka-
PAHTUHHBIX BPEIHBIX OPTaHU3MOB, OTCYTCTBYOIIUX Ha
TeppuTopry EBPasuiiCKOro SKOHOMUYECKOTO COI03a.

Bupowu[ jaTeHTHOM MO3auKy IepcurKa rmopa)aeT
KOCTOYKOBBIE TLJIOJIOBBIE KYJIbTYPBI, BBI3bIBasI 3HAUN-
TeJIbHBIE TOTEPU YPOXKasd. MEeTObI BRIABICHUS U UJIEH-
TudurKauy 3Toro naroreHa B Poccutickoit demepanuu
6pLIM paspaboranbl corpysHukaMu OI'BY «BHUMKP»
B 2015-2018 rT.

B cTaThe NIPUBOASATCS PE3yAbTAaThl UCTIBITAHUN
¥ BaauIAIMK HECKOJbKUX Iap BUAOCHEIIn(UUHBIX
ITPaliMepPOB, UCIIOJIb3yEeMbIX B MUPOBOU ITPAKTUKE JIJIsT
nuarHocTuky PLMVd MeTomoM ToJimMepa3Hou 11ell-
HoM peakruu ([1LIP), a TakXe pPe3yJIbTaThl S3KCIIEPU-
MEHTOB C IpariMepaMu, pa3paboTaHHBIMY aBTOPaAMU.

Knrwwuesnvte cnoea. Peach latent mosaic viroid,
[1LIP, obpaTHas TPAHCKPUMLUS, CIeINu(MUIHOCTD,
YyBCTBUTEJNBHOCTD, BOCITPOU3BOAUMOCTbD.

BBEJEHUE

WPOUJ, JJaTEeHTHOM MO3auKM IIEePCUKa
(Peach latent mosaic viroid, PLMVd)
SIBJISIETCS  TUIIOBBIM IIPENCTaBUTE-
JeM poga Pelamoviroid cemelicTBa
Avsunviroidae. 3TOT IaToTeH OT-
CYTCTBYeT Ha TEPPUTOPUIX CTPaH,
Bxogamux B cocraB EAJC (Poccusg,
Keipreidcrad, KazaxcraH, ApMeHUd,
Besapych).

PLMVd mnpepncraBisgeT coboii 6ecKamcUAHYIO
KOJIBLIEBYIO OfiHOLlennoueuyHyto PHK, jokain3oBaHHYIO
B KJIeTKaxX MHOUIIMPOBAaHHBIX PAaCTeHUM, KOTOpas He
BBIABJISIETCS TaKe IPU UCII0JIb30BAHUY DJIEKTPOHHOTO
MUKPOCKOTIA. 3-3a OTCYTCTBUS GEJIKOBOIM 060JI0UKY
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ABSTRACT
Peach latent mosaic viroid (PLMVd) is a quarantine pest
included in the Common List of Quarantine Objects of
the Eurasian Economic Union, the list of quarantine
pests absent in the Eurasian Economic Union.

PLMVd affects stone fruit crops, causing signifi-
cant yield losses. Methods for the detection and iden-
tification of this pathogen in the Russian Federation
were developed by the specialists of FGBU “VNIIKR” in
2015-2018.

The article presents the results of testing and va-
lidation of several pairs of species-specific primers
used in world practice for the diagnosis of PLMVd by
the polymerase chain reaction (PCR) method, as well
as the results of experiments with primers developed
by the authors.

Key words. Peach latent mosaic viroid, PCR, re-
verse transcription, specificity, sensitivity, repro-
ducibility.

INTRODUCTION

each latent mosaic viroid, PLMVd, is a typi-
cal representative of the genus Pelamoviroid
of the family Avsunviroidae. This pathogen
is absent in the territories of the EAEU coun-
tries (Russia, Kyrgyzstan, Kazakhstan, Ar-

menia, Belarus).
PLMVd is a capsid circular single-stranded RNA
localized in the cells of infected plants, which is not
detected even when using an electron microscope.
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NpUMeHeHNe CEPOJIOTUUECKUX METOOB IUAaTHOCTUKY
JLJIs BBIIBJIEHUSI BUPOU/IA JIATEHTHON MO3auKY IePCH-
Ka HEBO3MOJKHO.

Ilns onpepenenns PLMVd ucmosb3yoT 610TeCTbI
Ha pacTeHUSIX-UHAUKATOPAX ¥ MOJIEKYJISIPHbIE METOZbI
OUArHOCTUKMU.

BriepBrie meTop ITLIP ajis BeiaBiaeHuss PLMVd GbLt
ampo6upoBan B CIIIA ¢ UCITOJIb30BaHUEM ITPAiMEPOB
PLMVd-c/PLMVd-h (Shamloul et al., 1995). B manbHeii-
1IeM IPyTuMU aBTOPaMu ObLIM pa3paboTaHbl Tpaime-
PBI 4JIS1 UCTIOJIb30BAHUA B PA3JIMYHBIX MOAUMDUKAITASTX
metoga [TIP. TeM He MeHee MeXIYHAPOLHO [IPU3HAH-
HBIN JYaTrHOCTUYECKUH ITIPOTOKOJI BhISIBJIEHYS U UIIEH-
tudukanyu PLMVd mo-mipe)kHeMy OTCyTCTBYeT. B Poc-
cuiickoi denmepaliu 10 UCCIeN0BAHNM CIIEIIUAIICTOB
®I'BY «BHUVKP» ntuargoctuka PLMVd metomom ITLIP
He 6bLJIa aripo6upoBaHa.

MATEPUAJIBI U METO/1bI

OKCIIEPUMEHTHI ITPOBOIUIINCE CO CIEAYIOIMINMY U30JIsI-
TaMU BUPOUA JaTeHTHON MO3auKu mepcuka: PLMVd
PC-1134 (DSMZ, T'epmanus), PLMVd-IVIA (IVIA, Vcma-
Hus), Magn-1, Pyt-1, Pyt-2 u Pyt-3 (®I'BY «BHUVIKP»,
Poccus). Msonarer PLMVd — Magn-1, Pyt-1, Pyt-2
u Pyt-3 — 6b1I1U BBISIBJIEHBI U UJeHTUDUIUPOBAHBI
ClelyaJucTaMU Hay4yHOTo rnoppasngeieHus @by
«BHUVKP» B myiogax mepcuka UMIIOPTHOTO IIPOUC-
XOXKJIeHUsI. 3apaKeHHbIM MaTepuaJl XpaHUJICcd Ipu
Temneparype —80 °C.

O1eHKy cienu(UIHOCTY UCIBITYEMBIX TpaiiMe-
POB IIPOBOAMIIY C pepePEeHTHLIMY U30JIITaMU Helle-
JIEBBIX BUPOUIOB U3 KoJteKIuy DSMZ: Bupoua py6-
LeBaTOCTH ILJIOHOB 16y0HM (ASSVd PC-1136), BUpouaa
My3BpIpyYaToOro paka kopsl rpymu (PBCVd PC-1135),
BUPOUJA BEePETEHOBUAHOCTHU KIyOHEN KapTodens
(PSTVd PV-0860) u Bupouma KapJauKOBOCTH XPHU3aH-
TeMbI (CSVd PV-0735).

Beigenenve PHK n3yyaeMbIX 130J19TOB BUPOULA
BBITIOJIHSJIN CO CJIEIYIOUMMY KOMIIJIEKTaMU PEareHTOB
JLJIS BBIZIEJIEHV ST HYKJIEMHOBBIX KHUCJIOT, U3TOTOBJIEHHBI-
MU OTeYeCTBEHHBIMU ITPOU3BOAUTENIMU: «[Tpoba-HK»
(000 «ArpollmarnocTtuka», Poccus) «HK-M-Cop6»
u «®utoCopb» (06a — 000 «CuHTOI», Poccus).

Il peakiiuy 06paTHON TPAHCKPUIIIIUY UCIIOJb-
30BaJiu cjeylolirie Habophl U peareHThI:

1) «<KOMIIJIeKT peareHToB IJis 06paTHOM TpaHC-
kpunium» (000 «Arpo/luarHocTuka», Poccus), B co-
cTaB KOTOPOro BXoauT mpariMep OT-Random;

2) «cMMLV RT Kit» (3A0 «EBporen», Poccus);

3) «First Strand cDNA Synthesis Kit» (Thermo Sci-
entific, CIIIA);

4) «Thermo Scientific Maxima First Strand cDNA
Synthesis Kit RT-qPCR» (Thermo Scientific, CIIIA).

[Ipu ITIOCTAaHOBKE pPeaKuy 00paTHON TPAHCKPUII-
LMY WCIIBITBIBANIM CleAyomue npaimepsr: Oligo dT,,
Oligo dT,,, Random dN, 1 Random dN,.

Habops! UCI0Ib30BaJIV COTJIACHO UHCTPYKIIUAM
(GUpPM-TIPOU3BOAUTENEN.

Ins orpaboTky qumarHoctuku PLMVd meTomom
kjnaccudeckoi [P 6bIIM UCHBITAaHBI TTpaliMepshl
cPLMVd/hPLMVd (Loreti et al., 1999), RF-44 F/RF-43 R
(Ambros et al., 1998), PLMVd-P1F/PLMVd-P1R, PLMVd-
P3F/PLMVd-P4R, PLMVd-P9F/PLMVd-P2R (HMOBB
OT'BY «BHUUKP»*).

* HMOBB ®IrBY «BHUUKP» — HayuHO-MeTOAMYECKUA OTaEN
Bupyconorun n 6aktepuonoruv @Y «BHUNKP».

Due to the lack of a protein coat, the use of serologi-
cal diagnostic methods for detecting the PLMVd is im-
possible.

To identify PLMVd, bioassays on indicator plants
and molecular diagnostic methods are used.

The PCR method for detecting PLMVd was first
tested in the USA using the PLMVd-¢/PLMVd-h prim-
ers (Shamloul et al., 1995). Later, other authors de-
veloped primers for use in various modifications of
the PCR method. However, an internationally recog-
nized diagnostic protocol for the detection and iden-
tification of PLMVd is still lacking. In the Russian
Federation, before the research of specialists of the
FGBU “VNIIKR”, the diagnosis of PLMVd by PCR was
not tested.

MATERIALS AND METHODS

Experiments were carried out with the following
PLMVd isolates: PLMVd PC-1134 (DSMZ, Germany),
PLMVd-IVIA (IVIA, Spain), Magn-1, Pyt-1, Pyt-2, and
Pyt-3 (VNIIKR, Russia). PLMVd isolates — Magn-1,
Pyt-1, Pyt-2 and Pyt-3 — were detected and identi-
fied by specialists of the scientific department of the
FGBU “VNIIKR” in peach fruits of imported origin. The
infected material was stored at —80 °C.

Evaluation of the specificity of the tested primers
was carried out with reference isolates of non-target vi-
roids from the DSMZ collection: apple scar skin viroid
(ASSVd PC-1136), pear blister canker viroid (PBCVd PC-
1135), potato spindle tuber viroid (PSTVd PV-0860) and
chrysanthemum stunt viroid (PV-0735).

Isolation of RNA of the studied viroid isolates was
performed with the following sets of reagents for the
isolation of nucleic acids manufactured by domestic
manufacturers: PREP-NA (AgroDiagnostica, Russia)
NK-M-Sorb and FitoSorb (both — Syntol, Russia).

The following kits and reagents were used for the
reverse transcription reaction:

1) “Reagent kit for reverse transcription” (AgroDiag-
nostica, Russia), which includes the primer OT-Random;

2) “MMLV RT Kit” (Evrogen, Russia);

3) “First Strand cDNA Synthesis Kit” (Thermo Sci-
entific, USA);

4) “Thermo Scientific Maxima First Strand cDNA
Synthesis Kit RT-gPCR” (Thermo Scientific, USA).

When staging the reverse transcription reac-
tion, the following primers were tested: Oligo dT. , Oli-
godT,,, Random dN, and Random dN, .

The kits were used according to the manufactu-
rer’s instructions.

For testing PLMVd diagnostics by the method of
classical PCR, primers were tested cPLMVd/hPLMVd (Lo-
retietal., 1999), RF-44 F/RF-43 R (Ambros et al., 1998),
PLMVd-P1F/PLMVd-P1R, PLMVd-P3F/PLMVd-P4R,
PLMVd-P9F/PLMVd-P2R (RMDVB FGBU “VNIIKR"¥).

The primersIB-Fw/IB-Rev(Boubourakaset.al.,2011)
and PLMVd-P1F/PLMVd-P1R (RMDVB FGBU “VNIIKR”)
tested by real-time PCR (RT-PCR) with the addition of
SYBR Green dye.

18’

* Scientific and Methodological Department of Virology
and Bacteriology, FGBU “VNIIKR”.
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Tao6auina 1

XapakTepHCcTHKa IpaiiMepoB, HCII0JIb30BAHHbIX B 9KCIIEPUMEHTAX JJI OTPa60TKHU

auargoctuku PLMVd meTogom ITLIP
Table 1

Characteristics of primers used in experiments for testing PLMVd diagnostics by PCR

Hassanue nmpaiimepa ITocJieioBaTeIbHOCTb 5'~3’
Primer name Sequence 5’3’

JJmmHa npoaykTa (1. 0.) ABTOp
Product length (bp) Author

PLMVd RF-43 R

CTGGATCACACCCCCCTCGGAACCAACCGCT

340 Ambrés et al., 1998
PLMVd RF-44 F TGTGATCCAGGTACCGCCGTAGAACT
cPLMVd AACTGCAGTGCTCCGAATAGGGCAC ,

337 Loreti et al., 1999
hPLMVd CCCGATAGAAAGGCTAAGCACCTCG
PLMVd-H CTCGCAATGAGGTAAGGTG
PLMVd-C ACGTCGTAATCCAGTTTCTAC 100 Luigi, Faggioli, 2011
PLMVd-P CTTCTGGAACCAAGCGG
PLMVd-P1F AAGGCTAAGCACCTCGCAAT 08 HMOBB ®I'BY «BHUUKP»
PLMVd-P1R TTTCTACGGCGGTACCTGGA RMDVB FGBU “VNIIKR”
PLMVd-P3F GCCGTATCTCAACGGCTCAT 050 HMOBB ®I'BY «BHUNKP»
PLMVd-P4R GAGGGGACCGGGTTTGAATC RMDVB FGBU “VNIIKR”
PLMVd-P9F GCATCCCAGCGACTCATCA . HMOBB ®I'BY «BHUMKP»
PLMVd-P2R GAGGGGACCGGGTTTGAATC RMDVB FGBU “VNIIKR”
IB-Fw ACC TCG CAA TGA GGT AAG

118-120 Boubourakas et. al., 2011
IB-Rev GGT TTG AAT CCC GGG TAG A

[Tpaiimepsl IB-Fw/IB-Rev (Boubourakaset. al., 2011)
1 PLMVd-P1F/PLMVd-P1R (HMOBB ®I'BY «BHUNKP»)
UCIbITEIBaAU MeTonoM IILIP B peaJlbHOM BpPEMEHU
(TILIP-PB) ¢ mo6aBieHueM KpacuTeyis SYBR Green.

«KoMIuieKT peareHToB 1 [T P-aMmudukauu
kK-IJHK Peach latent mosaic viroid» (OO0 «Arpo/lua-
rHOCTHMKa», Poccus) u npaiiMepsr PLMVd-H/PLMVd-C
c3ou10M PLMVd-P (Luigi, Faggioli, 2011) ucnsIThIBaJIU
meTtogomM ITLIP-PB.

XapaKTepUCTUKA UCITBITYEMBIX ITPAMEPOB PU-
BeJeHa B Tabaulie 1.

Ins moctanoBku ITIP B akcriepuMeHTax ¢ PLMVd
OBLIU UCITBITAHBI CIIEAY0INe KOMMepUueckre Habophl
peareHToOB:

1. «Screen Mix-HS» (3A0 «EBporen», Poccus);

2. «5x MasPP TagMIX-2025» ¢ KpaCcHBIM Kpacure-
JaeM (3AO0 «/Iuanart JITa.», Poccus);

3. «Thermo Scientific Dream Taq Green PCR Mas-
ter Mix (2X)» (Thermo Scientific, CIIIA);

4. «5x MagPP TagMIX-2025» (3A0 «[Iuasnat JITm.»,
Poccus);

5. «Thermo Scientific Maxima Hot Start Green PCR
Master Mix (2X)» (Thermo Scientific, CIIIA);

6. «One-step RT-PCR kit» (Qiagen, HumepaaHbl);

7. «SuperScript III Platinum SYBR Green one-step
gPCR kit with ROX» (Invitrogen, CIIIA);

8. «qPCRmix-HS SYBR» (3A0 «EBporen», Poccus);

9. «qPCRmix-HS SYBR + High ROX» (3A0 «EBpo-
reH», Poccus);

10. «2,5x PeaKIioOHHasA CMeCh JJisl [IPOBeEeHUs
[TIIP-PB B mpucytcTBruu ROX» (000 «CunTOJN», Poccus).

HeTexnuio pesynbTaToB I[P B hopmaTte «dopes»
OCYIIECTBJISLIU C TIOMOLIBI0 3eKTpodopesa B 1,5%-M
arapo3HOM Trejie. BeJIlMunHy IIPOAYKTOB aMIIIudrKa-
LIV U3MEPSJIN, UCIIOJIb3Yysd MapKep MOJIEKYISIPHOTO

“Set of reagents for PCR amplification of c-DNA
Peach latent mosaic viroid” (AgroDiagnostica, Russia)
and PLMVd-H/PLMVd-C primers with a PLMVd-P probe
(Luigi, Faggioli, 2011) were tested by RT-PCR.

The characteristics of the tested primers are
shown in Table 1.

For PCR in experiments with PLMVd, the following
commercial reagent kits were tested:

1. “Screen Mix-HS” (Evrogen, Russia);

2. “5bx MasPP TagMIX-2025” with red dye (Dialat
Ltd., Russia);

3. “Thermo Scientific Dream Taq Green PCR Mas-
ter Mix (2X)” (Thermo Scientific, USA);

4. “5x MagPP TaqgMIX-2025” (Dialat Ltd., Russia);

5. “Thermo Scientific Maxima Hot Start Green PCR
Master Mix (2X)” (Thermo Scientific, USA);

6. “One-step RT-PCR kit” (Qiagen, Netherlands);

7. “SuperScript III Platinum SYBR Green one-step
gPCR kit with ROX” (Invitrogen, USA);

8. “qPCRmix-HS SYBR” (Evrogen, Russia);

9. “gPCRmix-HS SYBR + High ROX” (Evrogen, Rus-
sia);

10. “2.5x Reaction mixture for RT-PCR in the
presence of ROX “(Syntol, Russia).

Detection of PCR results was carried out using elec-
trophoresis in 1.5% agarose gel. Amplification products
were measured using a GeneRuler 100 bp Plus DNA mo-
lecular weight marker from Thermo Scientific, USA.

The validity of the amplification products was de-
termined by their sequencing.
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Beca IHK GeneRuler 100 bp Plus ¢pupmer Thermo Sci-
entific, CIIIA.

BajuIHOCTH ITPOAYKTOB aMILTU(UKAIINY OITpe/ie-
JISITY TIyTEM WX CEKBEHUPOBAHMSA.

PE3YJIBTATHI UCCJIEJOBAHUM

[To pes3ysnbTaTaM UCCJIENOBAHUS YCTAHOBJIEHO, UTO
UCIIBITyEeMbIe TIPA¥MePhl XapaKTePU3yITCS BbICOKOH
crienu(pUIHOCThI0 K PLMVd, He pearupoBaju C 130-
JIITaMU HelleJIeBbIX BupoumoB ASSVd, PBCVd, PSTVd
u CSVd. 3¢ ¢heKTUBHOCTDL B BBISIBJIEHUUN H30JISITOB
11eJIeBOT0 00'beKTa CyIeCTBEeHHO pa3jauvajiack. Taxk,
npaiimepsl PLMVd RF-44 F/PLMVd RF-43 R (Ambroés
et al,, 1998), PLMVd-P1F/PLMVd-P1R u PLMVd-P9F/
PLMVd-P2R (HMOBEB ®I'BY «BHUMKP») I103BOJIIIN
IVarHOCTUPOBATh JIMIIb OT JIBYX J0 YETHIPEX U30JIs-
TOB PLMVd 13 1IeCTH UCITBITYEMBIX, B CBSI3U C YEM UX
IajibHelillee UCIIbITaHWe ObLIIO IPU3HAHO HEelleJIeco-
06pa3HbIM.

IOng mmarHoctuku PLMVd c mpatimMmepamu
cPLMVd/hPLMVd (Loreti et al., 1999) u PLMVd-P3F/
PLMVd-P4R (HMOBBE ®I'BY «BHVVKP») ObLIU UCIIbI-
TaHbI 1-3TATHBIN U 2-3TamHbIN (hopmats ITLIP ¢ 06paT-
Ho¥ TpaHckpunime (OT-TILIP) 1 4 Habopa peareHTOB
s [TIP: «OneStep RT-PCR Kit» (Qiagen), «Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)»
(Thermo Scientific), «Screen Mix-HS» («<EBpoOTreH»),
«5x MasPP TaqMix-2025» («Juasat»). [IJ1s OIeHKY BOC-
MIPOU3BOAUMOCTHU PE3YJITATOB SKCIIEPUMEHTA C KaXK-
IBIM HaOOPOM peareHTOB ObLJIO ITPOBEIEHO HCCIeN0Ba-
HUE B 3-KPaTHOU ITOBTOPHOCTH.

I[Ipu uCIIOJNIb30BAaHUM TIpatiMepoB cPLMVd/
hPLMVd (Loreti et al., 1999) npu HnpoBeLeHUU
B 1-srarmaoM popmaTe OT-ITLIP c HaGopoOM peareHTOB
«OneStep RT-PCR Kit» (Qiagen) crieniupuyeckue mpo-
IYKTbI TNIAHVPYEeMOU BeJIMUNHBI ObLIY TTOJYyYeHbI JIJIs
IATH M30a9TOB PLMVd m3 11ecTy UCIbITyeMbIX. [1pu
9TOM JJIsl TPeX U30JIITOB HabJwjasach HU3Kas BOC-
TIPOU3BOAUMOCTD Pe3yIbTaTOB BbIIBIeHUS. [IOTIBITKA
OTITUMU3UPOBATH 3TOT TECT ITyTEM U3MEHEHUS TEMIIE-
paTyphl OTXKUTA [TPaiMepOB He MMPUBEJA K )KeJlaeMbIM
pesynbTaTaM. CllesiaH BbIBOJ, O HU3KOU NIPUTOLHOCTU
manHoro opmara 1-stamuoi OT-TILIP mJis BeIsBIIE-
Hus PLMVd ¢ ucnosb3oBaHmueM mpaimepoB cPLMVd/
hPLMVd (Loreti et al., 1999) (Tabu. 2).

[Ipy ucnelTaHKUY OpaiiMepoB cPLMVd/hPLMVd
(Loretietal., 1999) meTomoMm 2-atamHoit OT-TTLIP Ha pe-
3yJbTAThHI TECTOB 3aMeTHOE BJIUSHNIE OKa3bIBaJI CIIOC06
IpoBeIeHus 06paTHON TpaHcKpunuu. Tak, [TLIP ¢ Ha-
6opom peareHToB «Thermo Scientific Maxima Hot Start
Green PCR Master Mix (2X)» (Thermo Scientific) u ¢
kIHK, cuHTe3upoBaHHON HabopoM «First Strand cDNA
Synthesis Kit» (Thermo Scientific) u yHuBepcasibHBIMU
npaiimMepamu Random dN, + Oligo dT, ,, mo3Bosisia -
arHOCTUPOBATh 5 M30/1TOB PLMVd 13 IEeCTU UCTIBITY-
eMbIX. [ToJIoKUTEeNbHAS PeaKkIius He Oblia IToTydYeHa
JIUIIB € 130J9TOM PLMVd-IVIA, KOTOPBIH IpeacTaBIs-
eT co60i COK MH(MUIIMPOBAHHOTO PACTEHUS TTIEPCUKA,
HaHeCeHHBIN Ha MeMOpaHy AJiT XpaHeHUs HYKJIeNn-
HOBBIX KUCJIOT; 9TOT U30JISIT XapaKTepu3yeTcs: OUeHb
HU3KOU KOHIIEHTpalreh. B To )xe BpeMs 2-3TarnHas
OT-TILP ¢ Ha6opoM peareHTOB «Thermo Scientific
Maxima Hot Start Green PCR Master Mix (2X)» (Ther-
mo Scientific) u ¢ k/IHK, cCHHTe31pOBaHHOM ¢ HAG0pPOM
«MMLV RT Kit» («<EBporeH») 1 06paTHBIM crierudurye-
CKUM IIpatiMepom cPLMVd, mo3Bojinja JUarHoCTUPO-
BaThb BCE 6 UCIIBITYEMBIX U30JISTOB PLMVd.

RESULTS OF STUDIES

According to the results of the study, it was found that
the tested primers are characterized by high specificity
for PLMVd, did not react with the isolates of the non-tar-
get viroids ASSVd, PBCVd, PSTVd, and CSVd. Efficiency
in identifying target isolates varied significantly. Thus,
the primers PLMVd RF-44 F/PLMVd RF-43 R (Ambros
etal., 1998), PLMVd-P1F/PLMVd-P1R, and PLMVd-P9F/
PLMVd-P2R (RMDVB FGBU “VNIIKR”) made it possible
to diagnose only two up to four PLMVd isolates out of six
subjects, in connection with which further testing was
considered inappropriate.

For the diagnosis of PLMVd with primers
cPLMVd/hPLMVd (Loreti et al., 1999) and PLMVd-P3F/
PLMVd-P4R (Research and Methodology Department of
Virology and Bacteriology of (RMDVB) FGBU “VNIIKR”),
1-step and 2-step PCR formats with reverse tran-
scription (RT-PCR) were tested and 4 PCR reagent
kits: OneStep RT-PCR Kit (Qiagen), Thermo Scientific
Maxima Hot Start Green PCR Master Mix (2X) (Ther-
mo Scientific), Screen Mix-HS (Evrogen), 5x MasDD
TagMix-2025 (Dialat). To assess the reproducibility of
the results of the experiment with each set of reagents,
a study was carried out in 3 replicates.

When using the cPLMVd/hPLMVd primers (Lore-
ti et al., 1999) in 1-step RT-PCR format with the One-
Step RT-PCR Kit (Qiagen), specific target-size products
were obtained for five PLMVd isolates out of six tested
ones. At the same time, low reproducibility of detec-
tion results was observed for three isolates. An attempt

M 12 3456 7M

Puc. 1. PesynbTaTbl 3KCNEPUMEHTOB C NpanMepamu
cPLMVd/hPLMVd (Loreti et al., 1999).

2-3tanHas OT-NLUP; OT — Habopom «First Strand cDNA
Synthesis Kit» (Thermo Scientific) u npaiimepamu
Random dN, + Oligo dT,; NMLP — Ha6opom

«5x MasP? Mix-2025» («duanaT»).

O6pasupl: 1 - PLMVd PC-1134; 2 — Magn-1; 3 - Pyt-1;

4 - Pyt-2; 5 - Pyt-3; 6 — PLMVd-IVIA; 7 — oTpuuaTtenbHbIi
KOHTposb (Boga).

Fig. 1. Results of experiments with primers cPLMVd/hPLMVd
(Loreti et al., 1999).

2-step RT-PCR; OT — with First Strand cDNA Synthesis Kit
(Thermo Scientific) and Random dN, + Oligo dT,, primers;
PCR - with the kit “5x MasDD Mix-2025" (Dialat).
Samples: 1 - PLMVd PC-1134; 2 — Magn-1;

3 - Pyt-1; 4 - Pyt-2; 5 — Pyt-3; 6 — PLMVd-IVIA;

7 — negative control (water).
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Ta6auia 2

HTorosas Ta6auna OT-IILP ayasa npaiimepos cPLMVd/hPLMVd

Table 2

Summary table of RT-PCR for primers cPLMVd/hPLMVd

1-sTanHaa |2-3tanHada OT-IIIP
OT-IIIIP 2-step RT-PCR
1-step «Thermo Scientific Maxima
RT-PCR Hot Start Green PCR «MasP? Mix-2025» «Screen Mix-HS»
Master Mix (2X)» (Thermo | («/iuanar») («EBpOreH»)
Scientific) (Dialat) (Evrogen)
OGpaTHAasA TPAHCKPUIIITUI
Reverse transcription
z & s & z &
S:E| SiE| & S5 &
BEB M~ BED = BEB M2
E w R H oo A E wn R HoEa E wn R IS
829 M olg 829 M oldg 879 K olg
ngE > 8| &% ® 3 E > 8% ® g E > 8%
5E 5 S B 28 S BE 28 = &2
Ipaiimeps! gjasa OT Ipaiimeps gisa OT Ipaiimeps! gya OT
RT primers RT primers RT primers
Z Z z = Z zZ
s 1 T 5 T T 5 T q T
«One step g B g g I g B g B 3 g =) g =) I
Haonsrs reeck» | 88| 5| 2 | E5 | Es | 5 | s 8| =
Isolates (Qiagen) €0 | &5 % &5 | 5 % £S5 | &0 %
PLMVd PC-1134 + + + + + + + + + +
Magn-1 + + + + + + + + + +
Pyt-1 + + + + + + + + + +
Pyt-2 + + + + + + + + + +
Pyt-3 + i + + + + + + + +
PLMVd-IVIA = + + - + + = + +
ASSVd PC-1136 = = = = = = = = =
PBCVd PC-1135 = = = =
PSTVd PV-0860 = = = = = = = =
CSvd PV-0735 = = = = = = = = = =

AHaJIOTUYHbIE PE3YJIbTAThI OBLIY MTOJYUYEHbI JIJIST
nmparMepoB cPLMVd/hPLMVd (Loreti et al., 1999) npu
ITOCTAaHOBKE PeaKIluy ¢ HabopoM JIJIsg 06paTHOM TpaHC-
kpuniuu «MMLV RT Kit» (<KEBporeH») COBMECTHO C pe-
aKIIMOHHOM cMechio A [TLIP «5x MasPP TaqMix-2025»
(«ImajaT»).

B skcmepuMeHTax c mpatimepamu cPLMVd/
hPLMVd (Loreti et al., 1999) u HaGopoM peareHTOB
«Screen Mix-HS» («kEBporeH») cTabuIbHast aMILIU(pU-
Kalus cnenudruueckux MPoAyKTOB HABG0maNach I
ISITY M30J1siTOB PLMVd 13 11ecTy UCTIBITyeMBIX. B OIThI-
Te ¢ k/IHK, cuHTe3upoBaHHOUK HabopoM «MMLV RT Kit»
(«EBporeH») 1 06paTHBIM MpaiiMepoM cPLMVd, HabJito-
JAJIUCh TAK)Ke U CJIEJTbI CTIEM(DUYIECKOTO TTPOIYKTA JJIsT
IIIECTOT'0 UCITBITYeMOTO M30ysaTa PLMVd — IVIA (Ta6. 2).

B sKcmepuMeHTax ¢ HabopaMu peareHTOB IJd
ammupukanuu «Thermo Scientific Maxima Hot
Start Green PCR Master Mix (2X)» (Thermo Scienti-
fic) u «5x MasP? TaqMix-2025» («[JuajaT») 1 HaGopoM
nnsg obpaTHo# TpaHckpunuuu «First Strand cDNA
Synthesis Kit» (Thermo Scientific), Hapsamy co cemu-
(brueckumu, HabIIOLAIOCHh TAKXKe 00pa30BaHUe 1 He-
crenu(UIecKUX MPOLyKTOB aMIindukanuu (puc. 1).

TakuM 06pa3oM, TPOBeleHHbIE UCCIeN0BAHNUS I10-
KasaJii BO3BMOXXHOCTb AUarHocTuky PLMVd ¢ ncmnosib30-
BaHueM npaiiMepoB cPLMVd/hPLMVd (Loretietal.,1999).

to optimize this test by changing the primer anneal-
ing temperature did not lead to the desired results. It
was concluded that this format is not suitable for 1-step
RT-PCR for detecting PLMVd using primers cPLMVd/
hPLMVd (Loreti et al., 1999) (Table 2).

When testing the cPLMVd/hPLMVd primers (Lo-
retietal., 1999) by 2-step RT-PCR, the test results were
significantly influenced by the method of reverse tran-
scription. Thus, PCR with a set of reagents “Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)”
(Thermo Scientific) and with cDNA synthesized by the
“First Strand cDNA Synthesis Kit” (Thermo Scienti-
fic) and universal primers Random dN, + Oligo dT,,,
allowed diagnosing 5 PLMVd isolates out of six sub-
jects. A positive reaction was not obtained only with the
isolate PLMVd-IVIA, which is the juice of an infected
peach plant coated on a membrane for storing nucleic
acids; this isolate has a very low concentration. At the
same time, 2-step RT-PCR with the Thermo Scientific
Maxima Hot Start Green PCR Master Mix (2X) reagent
kit (Thermo Scientific) and with cDNA synthesized
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VI3 IBYX MCHIBITAaHHBIX (hpopMaToB Kitaccuvecko ITIP
MIPEeuMYIIeCTBO UMeJ 2-3TAaMHbIN (hopMaT. YCTaHOB-
JIEHO, 4YTO ITpu IpoBeneHuu I11IP B 2-3TammHOM (Qop-
MaTe HeobOXO0IMMO HCIT0JIb30BaTh KJIHK, cuHTe3npo-
BaHHYIO C UCIIOJIb30BaHMEM OOPATHOTO ITpaliMepa
cPLMVd. [lnis ipoBenenus ITLIP c sTuMu nipatimepaMu
HamboJIee 11eJieco0b6pas3Ho HUCII0Ib30BaTh HAGOPEI pe-
areHToB «Thermo Scientific Maxima Hot Start Green
PCR Master Mix (2X)» (Thermo Scientific) u «Screen
Mix-HS» («<EBporen») (Tabi. 2).

Hawu6osee onTuMaibHbIE PE3YIbTATHI B BhISIBIIE-
Huy PLMVd metomom kiaccuueckou ITIIP Habjroma-
JINCh B DKCIIEPUMMEHTAaX C pa3paboTaHHBIMU CHEeIra-
nuctamu OT'BY «BHUVIKP» nipaifimepamu PLMVd-P3F/
PLMVd-P4R (HMOBB ®I'BY «BHUVIKP»). OTu IpaiiMephl
ObLIKM pa3paboTaHbl C UCIIOJb30BaHUEM IIPOTPAMMbI
Primer-BLAST k renomy usonsita PLMVd PL133A, BbI-
SIBJIEHHOT'0 Ha Tepcuke B Cepbuu U NeTIOHUPOBAHHOTO
non HoMepoM EF151298 B GenBank NCBI. AHanus in
silico TIOKa3aJl KOMILIEMEHTAPHOCTD 3TUX ITPaliMepoB
c reHoMoM 360 uzongaToB PLMVd, nemoHupPOoBaHHbBIX
B GenBank NCBI, 1 0TCyTCTBUE KOMILJIEMEHTAPHOCTHU
C TeHOMOM KaKUX-JI100 HelleJIeBbIX BUPOUIOB. [Tpu pe-
aKIIUY1 3TUX IPaiiMepoB C TeHOMOM U30J9TOoB PLMVd
amMIInUITUPyeTCs MPOAYKT BeIMYnHON 250-254 11. H.

IIpa#iMmepsr PLMVd-P3F/PLMVd-P4R (HMOBB
®I'BY «BHUVIKP») ObLIN UCIBITAHBI C IIECThI0 U30-
aaramu PLMVd B 1-sTanmHoOM U 2-3TalTHOM hopMaTax
OT-TILIP c Habopamu peareHToOB «OneStep RT-PCR Kit»
(Qiagen) (mas 1-sTanmHoro ¢popmara), «Thermo Scien-
tific Maxima Hot Start Green PCR Master Mix (2X)»
(Thermo Scientific), «Screen Mix-HS» («EBporeu»)
u «5x MasPP TaqMix-2025» («[IuamaT») (Ijasg 2-sTam-
Horo (opmara). [Ipu 3TOM 2 IocJaegHUX Habopa pe-
areHTOB WCHBbITHIBANU ¢ KJHK, cuHTe3upoBaHHOU
IByM4a crmocobamu: HabopoMm «First Strand cDNA
Synthesis Kit» (Thermo Scientific) ¢ mpaiimepamu
Random dN, + Oligo dT,, u Ha6opom «MMLV RT Kit»
(«<EBporen») ¢ obpaTHbIM mpaiiMepom PLMVd-P4R.

[lo pesynbTaTaM uccie[OBaHNS YCTAaHOBIEHA BO3-
MOXXHOCTB 3(h(heKTUBHOTO UCIIOJIb30BAHUSA TPAiMEPOB
PLMVd-P3F/PLMVd-P4R (HMOBB ®I'BY «BHUUKP»)
npu npoBenenuu OT-TILP kak B 1-sTalmHOM, Tak
U B 2-3TallHOM (hopMaTax.

Pexxumbl OT-TILIP mJist MCIIOJb30BaHUS ITpaiMe-
poB PLMVd-P3F/PLMVd-P4R: o6paTHas TPaHCKPUII-
U — 110 METOAUKE TIPOMU3BOIUTEIIS; aMILIM(PUKAIIVS:
npelBapuTesbHad JeHaTypauusa — 5 MuH. rnpu 95 °C,
3aTeM 40 nukiaos (95 °C — 30 cek., 60 °C — 45 cexk.,
72 °C — 60 cek.), huHaJIbHAST SJIOHTAIIUSA — 5 MUH.

IIpu npoBefeHuu 2-stanHoir OT-TILIP c Ha-
GopaMu peareHToB «Screen Mix-HS» («EBpoOren»)
u «5x MasPP? TaqMix-2025» («/lnajiaT») IpeuMylie-
CTBO MMeJIO ucmojab3oBaHue kKJIHK, cuHTe3upoBaH-
HO¥ HabopoM «MMLV RT Kit» («<kEBporeH») c mpaime-
poM PLMVd-P4R, 110 cCpaBHEHUIO C HCITOJIb30BaHUEM
k/JHK, cunTe3upoBaHHOM HabopoM «First Strand cDNA
Synthesis Kit» (Thermo Scientific) u nmpafimepamu
Random dN, + Oligo dT . TIpu ucnonib3oBanuy Habopa
pearenToB «Thermo Scientific Maxima Hot Start Green
PCR Master Mix (2X)» (Thermo Scientific) Ha6aroganach
HU3Kas BOCIIPOU3BOLUMOCTD PE3YIHTATOB (TabJI. 3).

TakxuM o6pas3oM, NIPOBeJleHHble dKCIIepUMEH-
TBI TIOKA3aJIx BBICOKYI0 3 (EeKTUBHOCTD ITPaiiMepoB
PLMVd-P3F/PLMVd-P4R, koTopble pa3paboTaHbl
cnenuanuctaMu ®I'BY «BHUMKP» u MoryT ObITh pe-
KOMEH0BAHbI IJIs TECTUPOBAHUS ITOIKAPAHTUHHON

with the MMLV RT Kit (Evrogen) and reverse spe-
cific primer cPLMVd, made it possible to diagnose
all 6 tested PLMVd isolates.

Similar results were obtained for the cPLMVd/
hPLMVd primers (Loreti et al., 1999) when the reac-
tion was set up with the MMLV RT Kit (Evrogen) togeth-
er with the 5x MasDD TaqMix-2025 PCR reaction mix-
ture (Dialat).

In experiments with the ¢cPLMVd/hPLMVd
primers (Loreti et al., 1999) and the Screen Mix-HS
reagent kit (EvrogenEvrogen), stable amplification of
specific products was observed for five PLMVd iso-
lates out of six subjects. In the experiment with cDNA
synthesized by the MMLV RT Kit (Evrogen) and the re-
verse primer cPLMVd, traces of the specific product
were also observed for the sixth test isolate PLMVd —
IVIA (Table 2).

In experiments with amplification reagent kits
“Thermo Scientific Maxima Hot Start Green PCR
Master Mix (2X)” (Thermo Scientific) and “5x MasDD
TagMix-2025” (Dialat) and a set for reverse transcrip-
tion “First Strand cDNA Synthesis Kit” (Thermo Scien-
tific), along with specific ones, the formation of nonspe-
cific amplification products was also observed (Fig. 1).

Thus, our studies have shown the possibility of
diagnosing PLMVd using the cPLMVd/hPLMVd prim-
ers (Loretiet al., 1999). Of the two formats tested, clas-
sical PCR had the advantage of the 2-step format. It
was found that when carrying out PCR in a 2-step for-
mat, it is necessary to use cDNA synthesized using the
reverse primer cPLMVd. To carry out PCR with these
primers, it is most advisable to use the Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)
(Thermo Scientific) and Screen Mix-HS (Evrogen) re-
agent kits (Table 2).

The most optimal results in the detection of
PLMVd by the classical PCR method were observed
in experiments with the primers PLMVd-P3F/
PLMVd-P4R (NMOVB FGBU VNIIKR) developed by
specialists from the VNIIKR. These primers were de-
signed using the Primer-BLAST program against the
genome of the PLMVd PL133A isolate found in peach
in Serbia and deposited under the number EF151298
at GenBank NCBI. In silico analysis showed the com-
plementarity of these primers with the genome of
360 PLMVd isolates deposited in GenBank NCBI, and
the absence of complementarity with the genome
of any non-target viroids. When these primers re-
act with the genome of PLMVd isolates, a product of
250-254 bp is amplified.

Primers PLMVd-P3F/PLMVd-P4R (RMDVB
FGBU “VNIIKR”) were tested with six PLMVd isolates
in 1-step and 2-step RT-PCR formats with OneStep
RT-PCR Kit (Qiagen) (for 1-stage format), Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)
(Thermo Scientific), Screen Mix-HS (Evrogen) and
5x MasDD TaqMix-2025 (Dialat) (for 2-stage format).
At the same time, the last 2 reagent kits were test-
ed with cDNA synthesized by two methods: the First
Strand cDNA Synthesis Kit (Thermo Scientific) with the
Random dN, + Oligo dT,, primers and the MMLV RT Kit
(Evrogen) with the reverse primer PLMVd-P4R.
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Ta6auia 3
HTorosas Ta6sauia OT-IILP aaa npaiimepos PLMVd-P3F/PLMVd-P4R
Table 3
Summary table of RT-PCR for primers PLMVd-P3F/PLMVd-P4R
1-sranHasa |2-3tanHas OT-IILIP
OT-IILIP 2-step RT-PCR
lR-'IS'-t[e’I()lR «Thermo Scientific Maxima ) )
Hot Start Green PCR «MasP? Mix-2025» «Screen Mix-HS»
Master Mix» (2X) (Thermo | («/IuajiaT») («<EBporen»)
Scientific) (Dialat) (Evrogen)
OGpaTHas TPAHCKPUIILLUSA
Reverse transcription
z & s & s &
8,5 3 8,5 3 8L E 3
s 5.8 [ s 54 2o s &2 [
£§2a3 R §% 3 R~ £33 B &~
P ) & olg = B old 8o 2 olg
n g g =88 2R > 8| & n o E > 3%
iS5 E2¢  |Ffs ER: |zfs| E:c
Ipaiimeps! giaa OT Ipaiimeps gisa OT IIpaiimeps! gyaa OT
RT primers RT primers RT primers
2. /5. /%5 |8.18. /% |58. (8. |¢%
«One step § g § g - § 5 § L= ] § g § g -
U301TBI RTPCR» |E & TS E TS T o E TS TS E
Isolates Qiagen) |5 |&€5 |& €5 |88 |= €5 |88 |=
PLMVd PC-1134 + + + + + + + + + +
Magn-1 + + + + + + + + + +
Pyt-1 + + + + + + + + + +
Pyt-2 + + + + + + + + + +
Pyt-3 + + + + + + + + + +
PLMVd-IVIA + + + + + + + - + +
ASSvVd PC-1136 = = = = = = = = - -
PBCVd PC-1135 = = -
PSTVd PV-0860 = = = = = = = -
CSvd PV-0735 = = = = = = = = - -

MpOoAyKIIMY Ha Hajinuue PLMVd. [laHHbIe TpaliMephl
BO3MO’KHO MCIIOJIb30BaTh Kak B 1-3TamHoM hopmaTe
OT-TILIP HaGopoMm peareHToB «OneStep RT-PCR Kit»
(Qiagen), Tak u B 2-3TartHOM (hopMaTe C Pa3IUIHbIMU
HabopaMu peareHTOB, U3 KOTOPHIX IIPEUMYIIECTBO
UMeI0T Habopbl «5x MasPP TagMix-2025» («JuayaT»),
«Screen Mix-HS» («EBporeH»). IIpu NpoBegeHUU
OT-TILIP B 2-sTanHoM hopMaTe HEOOXOLUMO HCIIOJNb-
30BaTh KJHK, cuHTe3npoBaHHyI0 HabopamMu «MMLV RT
Kit» (<EBporen») c o6paTHBIM NpatiMmepoM PLMVd-P4R.
Pe3ynbTaThl HEKOTOPBIX SKCIIEPUMEHTOB C IIpaliMepa-
My PLMVd-P3F/PLMVd-P4R mipeficTaBieHbl Ha PUC. 2.

UyBCTBUTEJbHOCTh TECTOB C HpaliMepamu
PLMVd-P3F/PLMVd-P4R (HMOBB ®I'BY «BHUUKP»)
OLIEHWBAJIM Ha MPUMEpPE BYX U30JATOB BUPOUIA —
PLMVd PC-1134 1 Magn-1. Beifienienuie PHK rmpoBoguin
Habopamu «I[Ipoba-HK» («<Arpo[luarHocTuka») u «duTo-
Cop06-M» («CUHTOJI»). 115 TocTaHOBKHU [T1]P B 1-3TartHOM
(opmaTe ncnosnbzoBay Habop peareHTOB «OneStep RT-
PCR Kit» (Qiagen). [Iyisg [P B 2-3TarHoM dhopMaTe A1
06paTHOM TPaHCKPUIIITUY TPpUMeHann «MMLV RT Kit»
(«EBporeHn») ¢ o6paTHbeIM npaiMepomM PLMVd-P4R, mis
amMIunuKaum — «Screen Mix-HS» («kEBporen»).

ITpu nipoBenenuu OT-TILIP B 1-aTartHOM popmaTe
c HabopoM peareHToB «OneStep RT-PCR Kit» yeTkuit
OJIOXKUTEJIbHBIN CUTHAJ 0Jd n3oiaara PLMVd PC-1134

According to the results of the study, the possibili-
ty of effective use of primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”) was established when carry-
ing out RT-PCR in both 1-step and 2-step formats.

RT-PCR modes for using primers PLMVd-P3F/
PLMVd-P4R: reverse transcription — according to the
manufacturer’s method; amplification: preliminary
denaturation — 5 min. at 95 °C, then 40 cycles (95 °C -
30 sec., 60 °C — 45 sec., 72 °C — 60 sec.), final elonga-
tion — 5 min.

When carrying out a 2-step RT-PCR with the
Screen Mix-HS (Evrogen) and 5x MasDD TaqMix-2025
(Dialat) reagent kits, the advantage was given to the use
of cDNA synthesized by the MMLV RT Kit (Evrogen) with
the PLMVd-P4R primer, compared to using the cDNA
synthesized by the First Strand cDNA Synthesis Kit
(Thermo Scientific) and the Random dN, + Oligo dT
primers. When using a set of reagents “Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)”
(Thermo Scientific), low reproducibility of results was
observed (Table 3).
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a) 1-stanHas OT-MUP c Ha6opom
«OneStep RT-PCR Kit» (Qiagen)
a) 1-step RT-PCR

with OneStep RT-PCR Kit (Qiagen)

M12 3 45 67

b) 2-atanHasa OT-MNLP; OT — Habopom
«MMLV RT Kit» (<kEBporeH»)

u nparimMepom PLMVd-P4R; MLLP -
HabopoM «Screen Mix-HS» («EBporeH»)

b) 2-step RT-PCR; RT — with “MMLV RT Kit”

(Evrogen) and primer PLMVd-P4R; PCR -
with the kit “Screen Mix-HS” (Evrogen)

1 2 34M6 7

c) 2-atanHasa OT-MNLP; OT — Ha6opoMm
«First Strand cDNA Synthesis Kit»
(Thermo Scientific) n npaiimepamu

Random dN, + Oligo dT,; MLP — HaGopom
«5x Mas®® TaqMix-2025» («Ouanar»)

c) 2-step RT-PCR; RT — with First
Strand cDNA Synthesis Kit (Thermo
Scientific) and Random dN, + Oligo dT
primers; PCR — with the kit “5x MasDD
TagMix-2025” (Dialat)

d) 2-atanHas OT-MUP; OT — Habopom
«MMLV RT Kit» (<kEBporeH»)

u npaimepom PLMVd-P4R;

MLLP — HabopoMm «5x MasPP
TagMix-2025» («Quanar»)

d) 2-step RT-PCR;

RT — with “MMLV RT Kit” (Evrogen)
and primer PLMVd-P4R;

PCR - with the kit “5x MasDD
TaqMix-2025” (Dialat)

O6pasubi: 1 — PLMVd PC-1134; 2 — Magn-1; 3 — Pyt-1; 4 — Pyt-2; 5 — Pyt-3;
6 — PLMVd-IVIA; 7 — oTpuuaTenbHbIi KOHTpoNb (Boga).

Samples: 1 — PLMVd PC-1134; 2 — Magn-1; 3 — Pyt-1; 4 — Pyt-2; 5 — Pyt-3;
6 — PLMVd-IVIA; 7 — negative control (water).

Puc. 2. PesynbTaTbl HEKOTOPbIX 3KCNEPUMEHTOB

¢ nparimepamu PLMVd-P3F/PLMVd-P4R
(HMOBB ®IrbY «BHUUKP»)

Fig. 2. Results of some experiments
with primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”)

Thus, the experiments car-
ried out showed the high efficien-
cy of the PLMVd-P3F/PLMVd-P4R
primers, which were developed by
the specialists of VNIIKR and can
be recommended for testing re-
gulated products for the presence
of PLMVd. These primers can be
used both in a 1-step RT-PCR for-
mat with the OneStep RT-PCR Kit
(Qiagen) and in a 2-step format
with various reagent kits, of which
the 5x MasDD TaqMix-2025 (Dialat)
and “Screen Mix-HS” (Evrogen)
have an advantage. When carrying
out RT-PCR in a 2-step format, it
is necessary to use the cDNA syn-
thesized by the MMLV RT Kit (Ev-
rogen) with the reverse primer
PLMVd-P4R. The results of some
experiments with the PLMVd-P3F/
PLMVd-P4R primers are shown in
Fig. 2.

The sensitivity of tests with
primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”) was as-
sessed using the example of two vi-
roid isolates — PLMVd PC-1134 and
Magn-1. Isolation of RNA was car-
ried out with the sets “PREP-NA”
(AgroDiagnostica) and “Fito-
Sorb-M” (Synthol). To set up PCR in
a 1-step format, a OneStep RT-PCR
Kit (Qiagen) was used. For PCR in
a 2-step format, the MMLV RT Kit
(Evrogen) with the reverse primer
PLMVd-P4R was used for reverse
transcription, and Screen Mix-HS
(Evrogen) was used for amplifica-
tion.

When carrying out RT-PCR in
a 1-step format with the OneStep
RT-PCR Kit, a clear positive signal
for the PLMVd PC-1134 isolate, re-
gardless of the kits used for RNA
isolation, was observed at a dilu-
tion of juice extracts of 107% inclu-
sive (Fig. 3), and for isolate PLMVd
Magn-1 —at a dilution of 102 inclu-
sive.

When PCR was carried outin a
2-step format with a set of reagents
“Screen Mix-HS” (Evrogen) for both

BHE 3aBHUCUMOCTU OT HCIIOJIb3yeMbIX HAOOPOB IJs
BhimeneHus PHK HaGromalics Mpyu pasBeleHun 9KC-
TPaKTOB coka B 10-% BKIOUUTENbHO (puc. 3), a AJg
uzossata PLMVd Magn-1 — npu pa3BefeHuu B 1072
BKJIIOUUTEJIHHO.

ITpu npoBegenuu TP B 2-sTanHOM (hopMaTe
c Ha6opoM peareHTOB «Screen Mix-HS» («<EBporen»)
151 060X M30JIITOB BUPOUIA ITOJOXKUTENbHBINA CUT-
HaJ HabJwomaNcd py pasBemeHun B 1073 mocie uc-
oJib30BaHus IOJs BbimeaeHus PHK Habopa «duTo-
Cop6-M» («CuHTOJI») 1 B 1072 — mocJje UCII0JIb30BaAHMS
Habopa «I1poba-HK» («<Arpo/luarHoCTrKa»).

Ilns BeigBiIeHus PLMVd metomoMm ITLIP B peasib-
HOM BPE€MEHU B IPUCYTCTBUYU WMHTEPKAJIUPYIOIIETO

viroid isolates, a positive signal was observed at a dilu-
tion of 10-% after using the kit “Fitosorb-M” (Synthol)
and at 1072 — after using the set “PREP-NA” (AgroDiag-
nostica).

To detect PLMVd by real-time PCR in the presence
of the SYBR Green intercalating dye, the IB-Fw/IB-Rev
primers were tested (Boubourakas et al., 2011). It was
found that these primers are most expedient to use
with the SuperScript ITI Platinum SYBR Green one-step
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kpacuTensg SYBR Green IpoBeileHO UCIIbITAHME ITPai-
mepoB IB-Fw/IB-Rev (I. Boubourakas et al., 2011). Ycra-
HOBJIEHO, UTO 3THU IMpaiMeprl HauboJiee 1iejiecoobpas-
HO KCIIOJIb30BaTh C HabopaMu peareHToB «SuperScript
I1I Platinum SYBR Green one-step qPCR kit with ROX»
(Invitrogen) B 1-aTanuom ¢popmarte OT-TTILP-PB uiu
«gPCRmix-HS SYBR + High ROX» (<EBporeH») B 2-3Tall-
HoM (opmare. [Iag 2-3TamHOro hopMaTa He06X0IUM
IpeaBapuUTeNbHbIN cuHTEe3 KJHK ¢ HaGopoM mjst 06-
patHo# TpaHckpunuuu «MMLV RT Kit» (<kEBporen»)
1 06paTHBIM crieruuUecKuM rpaiiMepoM IB-Rev.

[TpoBefieHa OTITUMU3A1IUs TeCTOB «KOMIIIEKT pe-
arenToB ma [T P-ammindukanuy kK IHK Peach latent
mosaic virus» («<ArpoJluarHoCTrKa»).

[Tpu o1ieHKe crIelU(UIHOCTHY JaHHOT0 Habopa He
OBLJIO OTMEUEHO HecelnprIecKol peakiiuu ¢ pede-
PEHTHBIMU M30JIITaMU HEIleJIeBbIX BUPOUIOB: ASSVd,
CSvd, PBCVd u PSTVd.

YcTaHOBIJIEHO, UTO AJi mocTaHoBKM [1IIP Habo-
poM «KoMT1uieKT peareHTOB aJj4 [T P-aMminpukanuu
kJJHK Peach latent mosaic virus» («<ArpoJIluarHocTu-
Ka») B paBHOI cTeneHu 3(pPEeKTUBHO UCIIONb30BaAHIE
kJHK, cuHTe3mpoBaHHOU HabopoM IJs o6paTHOH
TpaHckpumniuu «MMLV RT Kit» («kEBpores») c mpai-
mepamu Random dN, + Oligo dT,, unu Ha6opoM AJis
06paTHOM TpaHCKPUNIVY «KOMILIEKT peareHTOoB JJis
00paTHOU TPaHCKPUIIUU» («ATPOJ[MarHOCTUKA»)
c nparimepoM OT-Random. HeCKOJIBKO XyZIIYe Pe3yiib-
TaThl ObLIY MTOJIyUYeHbI 1Jis1 KIHK, cCuHTe3upoBaHHON
HabopoM 1y obpaTHOM TpaHcKpunuuu «First Strand
cDNA Synthesis Kit» (Thermo Scientific) ¢ mpaimepa-
mu Random dN, + Oligo dT,, (puc. 4).

[TonoXUTEeNbHbIEe CUTHAJBI OJg W30JATA
PLMVd-IVIA Habao0mannuch Ha 04eHb BBICOKOM IIOPO-
rosoM 1ukie — 40,0-40,3. BeigBJIeHNE OATHA OCTaJIb-
HBIX M30JIITOB AOCTUTAJOCh HA TTIOPOTOBBIX IUKJIAX
oT 26,6 no 37,5. In4 BeIgBIeHUS n30a49T0B PC-1134,
Pyt-1 u Pyt-2 npeumyinectBo numena k/JHK, cuntesu-
poBanHag Habopom «MMLV RT Kit», a 19 U30JI9TOB
Magn-1 u Pyt-3 — k[HK, cuHTe3upoBaHHasg Ha6opoM
«KoMIJIeKT peareHTOB JJis1 06paTHOM TPAHCKPUIIITAY»
(«Arpo/IluarHOCTHKA»).

YCcTaHOBJIEHO, UTO YYBCTBUTEJIbHOCTD BBISBJIE-
HUS U30JIITOB 1IeJIeBOTO 00 beKTa Habopa mJis [TLIP-PB
Kk PLMVd «Kom1uieKT peareHToB AJis ITIP-amMmmingu-
karuu kJJHK Peach latent mosaic virus» («Arpo/lua-
THOCTUKA») BapbupyeT oT 10° 1o 1072 B 3aBUCUMOCTU
OT crtoco60B BhifesieHrsa PHK 1 BapuaHTOB ITpoBeze-
HUS 06paTHOM TpaHCKpuUIuu. B o6pasmax ¢ kIHK,
CUHTE3VPOBAaHHOU HabopoM «KOMILJIIEKT peareHTOB
s 06paTHOUW TpaHCKpUIIIMU» («ATpo/lMarHOCTHU-
ka») u npanMepoM OT-Random, YyBCTBUTEJIBHOCTD
coctaBuyia 1072 gyt PHK 060UX HUCITBITYEMBIX HU30JISI-
TOB Bupouza, PLMVd PC-1134 u Magn-1, BblJleJieHHOMN
HabopoMm «IIpoba-HK» («ArpoJ/lmarHoctuxa»). Ilpu
KCIIOJIb30BaHMU 115 Bbifenenrs PHK Habopa «duto-
Cop6-M» («CUHTOJI») YYyBCTBUTEIbHOCTDb BbISIBJIEHUS
usongara PLMVd PC-1134 coctaBuaa 1071, a usosudara
Magn-1 — 10° B Tecrtax ¢ k/IJHK, cuHTe3upOBaHHOMI
HabopoMm «MMLV RT Kit» («EBporeH») u mpanmepa-
mu Random dN, + Oligo dT,,, YyBCTBUTEIBHOCTD BbI-
aBjaeHusd usonsgta PLMVd PC-1134 cocrtaBuiyia 102
u 107! nisa PHK, BeifesieHHOM Habopamu «I1poba-HK»
(«ArpoJluarHoctuka») u «®utoCop6-M» («CHHTOJI»)
COOTBETCTBEHHO. Ha YyBCTBUTEJbHOCTh BHISIBJIEHUS
nsojngara Magn-1, koTopas coctaBuia 107t BapuaHT BbI-
nenenust PHK He oka3bIBaJ CyIleCTBEHHOT'O BIUSHUS.

¢PCR kit with ROX (Invitrogen) in 1-step RT-PCR-RT
format or gPCRmix-HS SYBR + High ROX (Evrogen) in
a 2-stage format. For the 2-step format, preliminary
cDNA synthesis is required with a reverse transcrip-
tion kit “MMLV RT Kit” (Evrogen) and a reverse speci-
fic primer IB-Rev.

Optimization of the tests “Set of reagents for PCR
amplification of cDNA Peach latent mosaic virus”
(AgroDiagnostica) was carried out.

When assessing the specificity of this kit, no
nonspecific reaction with reference isolates of
non-target viroids was noted: ASSVvd, CSvd, PBCVd
u PSTVd.

It has been established that for PCR with the kit
“Kit of reagents for PCR amplification of cDNA Peach
latent mosaic virus” (AgroDiagnostica), it is equally
effective to use cDNA synthesized by the kit for re-
verse transcription “MMLV RT Kit” (Evrogen) with
primers Random dN,, + Oligo dT,, or reverse tran-
scription kit “Reagent kit for reverse transcription”
(AgroDiagnostica) with primer OT-Random. Some-
what worse results were obtained for cDNA synthe-
sized by the First Strand cDNA Synthesis Kit (Ther-
mo Scientific) with the Random dN, + Oligo dT,,
primers (Fig. 4).

Positive signals for isolate PLMVd-IVIA were ob-
served at a very high threshold cycle of 40.0-40.3.

Puc. 3. OnpegeneHne 4yBCTBUTENIbHOCTU BbisiBNeHus PLMVd
meTogom OT-TLLP c ncnonbsoBaHnem npanmepos
PLMVd-P3F/PLMVd-P4R.

BoipeneHne PHK — HabopoM «PutoCop6-M» («CuHTON»),
OT-MNUP — Habopom «OneStep RT-PCR» (Qiagen) n npaiiMepamu
PLMVd-P3F PLMVd-P4R.

O6pasupl: 1 — PLMVd PC-1134 (koHueHTpauusa — 32,7 Hr/MKN);
2 - PLMVd PC-1134/1:10; 3 - PLMVd PC-1134/1:100;

4 - PLMVd PC-1134/1:1000; 5 - PLMVd PC-1134/1:10000;

6 — PLMVd PC-1134/1:100000; 7 - PLMVd PC-1134/1:1000000;

8 — PLMVd PC-1134/1:10000000; 9 — oTpuuaTesbHbli KOHTPOSb.

Fig. 3. Determination of the sensitivity of detection
of PLMVd by RT-PCR using primers PLMVd-P3F/PLMVd-P4R.

Isolation of RNA — with the kit “PhytoSorb-M” (Synthol),
RT-PCR — with the kit “OneStep RT-PCR” (Qiagen) and primers
PLMVd-P3F PLMVd-P4R.

Samples: 1 — PLMVd PC-1134 (concentration — 32.7 ng/ul);
2 - PLMVd PC-1134/1:10; 3 - PLMVd PC-1134/1:100;

4 - PLMVd PC-1134/1:1000; 5 - PLMVd PC-1134/1:10000;
6 — PLMVd PC-1134/1:100000; 7 - PLMVd PC-1134/1:1000000;
8 — PLMVd PC-1134/1:10000000; 9 — negative control.
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Homep The detection of the remain-

AYHKN NpeHTucthmkatop npobupku Cp, Fam | Cp, Hex |PesynbTar ing five isolates was achieved
Al | PLMVd-PC1134_OT - («Arpo[iMarHocTuka») 34,4 | 30,2 + at threshold cycles from 26.6
A2 | Magn-1_OT - («Arpo[luarHocTmka») 31,0 29,8 + to 37.5. To identify isolates
A3 | Pyt-1_OT - («Arpo[uarHoctmka») 31,6 33,7 + PC-1134, Pyt-1, and Pyt-2, the
A4 | Pyt-2_OT - («Arpo[uarHocTuka») 3815 31,8 + c¢cDNA synthesized with the
A5 | Pyt-3__OT - («<Arpo[MarHoCTUKa») 33,3 31,5 + MMLV RT Kit had an advantage,
A6 | PLMVd-IVIA_OT - («ArpouarHoctuka») 40,3 31,2 + and for isolates Magn-1 and
A7 PLMVd- PC1134_OT - MMLV RT Kit 29,4 29,7 + Pyt-3, the ¢cDNA synthesized
gi r;gz'lagr ;4':'4{'\'/‘\;_?2:” 22’2 28’2 I with the Reverse Transcription
B2 | Pyt-2_OT - MMLV RT Kit 33,2 | 31,0 + Reaglet n;:zlltjéﬁi?ﬁ;ﬁgﬁ?&cﬁ&
B3 | Pyt-3__OT - MMLV RT Kit 355 | 30,6 + o e
B4 | PLMVd IVIA_OT - MMLV RT Kit 40,0 | 30,9 + the sensitivity of detecting iso-
B5 | PLMVd- PC1134_OT  First Strand cDNA Synthesis | 32,0 | 30,2 + lates of the target object of the
B6 | Magn-1_OT - First Strand cDNA Synthesis 356 | 30,8 + RT-PCR kit to PLMVd “Kit of re-
B7 | Pyt-1_OT — First Strand cDNA Synthesis 283 | 31,0 + agents for PCR amplification of
B8 | Pyt-2_OT - First Strand cDNA Synthesis 34,8 | 31,3 + cDNA Peach latent mosaic vi-
C1 | Pyt-3__OT - First Strand cDNA Synthesis 37,5 | 31,2 + rus” (AgroDiagnostica) varies
C2 | PLMVd-IVIA_OT - First Strand cDNA Synthesis 30,9 - from 10° to 102 depending on
C3 | K- 31,1 - the methods of RNA isolation and
C4 | K+ 28,4 31,0 + options for performing reverse

Puc. 4. BnuaHue Tpex BapuaHTOB NpoBeaeHnst 06paTHON TpaHCKPUNUUM Ha 3(h(heKTUBHOCTb
BbisiBNieHUsi usonatos PLMVd Ha6opom «KoMnnekT peareHToB ans MUP-amnancmkaunm
kOHK Peach latent mosaic virus» gna NUP-PB k PLMVd («ArpouarHoctuka»)

transcriptions. In samples with
cDNA synthesized by the kit “Re-
agent kit for reverse transcrip-
tion” (AgroDiagnostica) and the
primer OT-Random, the sensiti-

Hole vity was 1072 for the RNA of both
number Tube ID Cp, Fam| Cp, Hex| Result tested viroid isolates, PLMVd
Al | PLMVd-PC1134_OT - (AgroDiagnostica) 34.4 30.2 + PC-1134 and Magn-1, isolated
A2 | Magn-1_OT - (AgroDiagnostica) 31.0 29.8 + by the kit “Sample-NK “(Agro-
A3 Pyt-1_OT - (AgroDiagnostica) 31.6 33.7 + Diagnostica). When using the kit
A4 | Pyt-2_OT - (AgroDiaEgnostic.a) 33.5 31.8 + “FitoSorb-M” (Synthol) for RNA
’:2 zihia-?\;;; (égrol?;aggn?:t;:a) tica) zgg gig * isolation, the detection sensiti-
- - (AgroDiagnostica b . + . .

A7 | PLMvd- PC1134_OT - MMLV RT Kit 294 | 297 | + vity of the PLMVd PC-1134 iso-
A8 | Magn-1_OT — MMLV RT Kit 325 | 30.3 + late was 1(3) » and the Magn-1
B1 | Pyt-1_OT - MMLV RT Kit 266 | 306 | + isolate —10°. In tests with cDNA
B2 | Pyt-2_OT — MMLV RT Kit 332 | 310 | + synthesized by the MMLV RT Kit
B3 | Pyt-3__OT - MMLV RT Kit 355 | 30.6 + (Evrogen) and primers Random
B4 | PLMvd IVIA_OT - MMLV RT Kit 40.0 | 30.9 + dN,, + Oligo dT,,, the detection
B5 | PLMVd- PC1134_OT - First Strand cDNA Synthesis | 32.0 | 30.2 + sensitivity of the PLMVd isolate
B6 | Magn-1_OT - First Strand cDNA Synthesis 35.6 30.8 + PC-1134 was 1072 and 107! for
B7 Pyt-1_OT - First Strand cDNA Synthesis 28.3 31.0 + RNA isolated with the PREP-NA
B8 Pyt-2_OT - First Strand cDNA Synthesis 34.8 31.3 + (AgroDiagnostica) and Fito-
C1 | Pyt-3__OT - First Strand cDNA Synthesis 7.5 L2 + Sorb-M (Synthol) respectively.
Cc2 PLMVd-IVIA_OT - First Strand cDNA Synthesis 30.9 - The detection sensitivity of the
€3 | K- 31.1 - Magn-1 isolate, which was 1071,
C4 | K+ 28.4 31.0 + was not significantly affected by

Fig. 4. Influence of three variants of reverse transcription on the efficiency of detecting

the RNA isolation option.

PLMVd isolates using the kit “Kit of reagents for PCR amplification of cDNA Peach latent

mosaic virus” for PCR-RT to PLMVd (AgroDiagnostica)

3AKJ/IIOYEHUE

IIpoBeeHHbBIE YKCIIEPUMEHTHI TTI03BOJISIOT PEKOMEH-
noBaTh «KoMIwieKT peareHToB aJid [TIIP-amonuguka-
nuu K-JTHK Peach latent mosaic virus» («<ArpoJluarto-
CTHUKa») IJI IIPOBeeHNs CKPUHUHIOBBIX TECTOB Ha
Hanuuue PLMVd.

C ncrosib30BaHMEM CKPUHUHIOBOI'O TecTa ¢ «KoM-
TIJIEKTOM peareHToB AJis [TIIP-ammnugukanum k-JHK
Peach latent mosaic virus» («ArpoJluarHoCTHKa»)
U TTOATBEPXKIAIONIET0 TeCTA METOMIOM KJIACCUYECKOH
[1LIP c mpatiMmepamu PLMVd-P3F/PLMVd-P4R (HMOBB
®I'BY «BHUUKP»), 2 nzongara PLMVd BbIIBIE€HBI B 00-
pasiax moAKapaHTUHHOM ITPOAYKIINY, OTOOPaHHBIX
B XOJie TIPeOTIPy30UHbIX 06C/Ief0BAaHUY B TUTOMHU-
Kax Tanumn.

CONCLUSION

The experiments carried out
make it possible to recommend
the “Set of reagents for PCR amplification of c-DNA
Peach latent mosaic virus” (AgroDiagnostica) for
screening tests for the presence of PLMVd.
Using a screening test with the “Kit of reagents for
PCR amplification of c-DNA Peach latent mosaic virus”
(AgroDiagnostica) and a confirmation test by the method
of classical PCR with primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”), 2 isolates PLMVd detected
in samples of regulated products taken during pre-
shipment surveys in nurseries in Italy.

dutocaHuTapus. KapaHTuH pacteHuii = 56
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B mpoiiecce IpoBeIeHHbIX UCCIeL0BaHNUH OTpa-
6oTaHa AUAarHOCTMKA BUPOUJA JIATEHTHOU MO3auKU
IIepCrKa, OCHOBAHHAs Ha UCII0Jb30BaAHUY PA3JIUUHbBIX
MonupUKaIIUY ITOJMMEPA3HON LIEITHOM peakiuu. Ta-
KVM 06pa3oM, OTIMCAHHbBIE B CTaThe UCCIIeIOBAHYS JIET-
JIY B OCHOBY pa3paboTaHHBIX BIIepBbie B Poccuiickoi
denepaly METOINYECKUX PEKOMEHIAIINH I10 BBISB-
JIEHUIO U UAeHTUDUKAIIMY STOTO IIaToTeHa.
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In the course of the research carried out, the diag-
nostics of the PLMVd was developed, based on the use of
various PCR modifications. Thus, the studies described
in the article formed the basis for the methodological
recommendations for the detection and identification
of this pathogen developed for the first time in the Rus-
sian Federation.
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AHHOTAIUA
[IpencTaBieHbl Pe3yJbTaThl UCCIELOBAHUN HACEKO-
MBbIX, 9BJISAOMMXCSA PUTOGaraMu KapaHTUHHBIX COP-
HBIX pacTeHuu — moBuauk Cuscuta spp. (Cuscutaceae).
ViccnemoBaHWs ObLIM TIPOBEAEHBI COTPYAHUKAMU
BHUWU xapaHTWHA pacTeHUl Ha Tepputopuu Poc-
cutickot dPemepanuu ¥ HEKOTOPBIX COMpPelesIbHbIX
rocyzapcTs ¢ KoHIa 1980-x no Hauasa 2000-x romos.
CIiMCOK BBISIBJIEHHBIX HA ITOBUJIMKAX U UNEHTUQUIIN-
poBaHHBIX GUTOMATOB COCTABUII 26 BULOB HACEKOMbBIX
u3 oTpsimoB Homoptera, Heteroptera, Lepidoptera, Co-
leoptera u Diptera. MizyyeHa 610JIOTUS PsAfa BUIOB
¢puTodaroB u HEKOTOPHIX UX MMapPa3uUTOB U3 OTPSIAA
Hymenoptera. [IpuBeieHbI TOAPOGHBIE JAHHBIE O 6UO-
JioTuu HamboJjiee 3HAUUMBbIX (UTO(GATOB — TraJIJIOBBIX
TIOBUJIMKOBBIX JIOJITOHOCUKOB POZA SMIicronyx v IOBU-
JIMKOBOU Myxu Melanagromyza cuscutae, a Takxe 06 Ux
BO3/IEVICTBUU Ha MOBUJIMKU. CHeslaHbl BBIBOJBI O He-
3HAUUTEJIbHOM PETYISITOPHOM BO3/IeiICTBUY BBISIBIIEH-
HBIX (pUTO(DArOB HA MOMYNALUY ITIOBUIUK.

Knrwouesvie cnosa. Buomormyueckuyl KOHTPOJIb
COPHBIX PacCTEeHUH, ECTECTBEHHbIE Bparu, o/laBjieHue
TIOMYNAIIUHM COPHSKOB, TTonudaru, onurodariu.

BBEJJEHUE

JIaBHBIM HallpaBJIEHUEM UCCJIEN0BaHNUH,
IIPOBOJIMMBIX BO BcecowsHoM (031I-
Hee — Becepoccuiickom) HUU kapaHTHHA
pactenus (BHUMKP), gBisiach pas-
paboTka MeTOnOB 60PLOBI ¢ KapaHTUH-
HBIMUA BPEIHBIMU OpraHU3MaMU, JIO-
Kajnu3aluuu U JIUKBUJALMYA UX O4YaroB.
CooTBETCTBEHHO, pa3pabaThiBaliuCh
arpoTeXHUYECKNEe, XMMUUYECKHue U OMoJIornYecKue
METO/Ibl KOHTPOJIA BpPEAUTENIEN, MTAaTOTE€HOB U COp-
HSKOB. B OoTZesie 610JIOTUYeCKOr0 MeToZa, KOTOPbhIN
6T 0(DOPMIIEH KaK OTHeNbHAs CTPYKTypa B 1968 r.,
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ABSTRACT
The article presents the results of studying the insects
feeding on quarantine weeds of Cuscuta spp. (Cuscuta-
ceae). The research was conducted by FGBU “VNIIKR”
specialists in the Russian Federation and some neigh-
boring countries from the late 1980s to the early 2000s.
The list of the detected on Cuscuta spp. and identified
phytophages includes 26 insect species of the orders
Homoptera, Heteroptera, Lepidoptera, Coleoptera and
Diptera. The biology of some phytophagous species and
some of their parasites of Hymenoptera order has been
studied. Detailed data on the biology of the most sig-
nificant phytophages, Smicronyx genus snout and bark
beetles and Melanagromyza cuscutae, as well as their ef-
fect on Cuscutaceae have been given. Conclusions have
been drawn about the insignificant regulatory effect of
the identified phytophages on Cuscutaceae popula-
tions.

Key words. Biological control of weeds, natural
enemies, suppression of weed populations, poly-
phages, oligophages.

INTRODUCTION

he main direction of research carried out
in the All-Union (later — All-Russian) Plant
Quarantine Center (FGBU “VNIIKR”) has
been development of methods for con-
trolling quarantine pests, localizing and
eliminating their outbreaks. Accordingly, agrotechni-
cal, chemical and biological methods for controlling

dutocaHuTapus. KapaHTuH pactenuii = 58
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Pa3BUBAIMCH METObI MHTPOLYKIIUY TTOJIE3HBIX OpTa-
HU3MOB U UX BHYTpPHapeaJibHOTO mepecejeHus (pac-
ceJieHUsT). B 0Tzese HaCYMUTBHIBAJIOCH A0 20 COTPYA-
HUKOB — DHTOMOJIOTOB ¥ (PUTOIIATOJIOTOB, B TeUeHUE
30 net (1976-2005 TT.) OTHOEN BO3IJIABISI JOKTOP
ouosornyeckux Hayk C.C. VbkeBcKUM. Pl TPOEKTOB
3aBEPIIUJICS TOJHBIM WJIM YaCTUYHBIM yCIIeXoM. Tak,
HampuMep, BIIePBble Oblja YCIENIHO OCYIIeCTBJIEHA
nporpaMMa UHTPOAYKIIVMY CeBepPOKOPEeMCcKoTo sile-
ena osHuupTyca Ooencyrtus kuvanae (How.), siBsitO-
mnerocs SHTOMo(GaroM BpPeaUTeIs Jieca — HEITapHOTO
menkonpsaza. Kpome TOro, yCremrHbIMU ObLIM IIPO-
rpaMMbl OMOJIOTMYECKOTO0 KOHTPOJS BpeIuTeIei
IUTPYCOBBIX KYJIbTYP, KYJAbBTYP 3aKPBITOTO TPYHTA
u Apyrue. B mpoliecce ucciiefoBaHUY ObIIO TOJIYyUYeHO
MHOI'0 HOBOI MH(pOPMAIUX O BPeIHbIX OpraHNU3Max,
a TaxKe 06 MX areHTax GMOJOTMUYECKOTO KOHTPOJIS.
YacTh 3TOM nHGpoOpMaluy 6blIa Ony6JIrKoBaHa B Iie-
PUOIMYECKUX U3JAHUSAX W B COOPHUKAX TPYIOB, HO
MHOTO€ U3 TOTO, UTO BOIILJIO B HAYYHbBIE OTYETHI, OCTA-
JIOCh HeONy6JIMKOBAaHHBIM.

B HampaBiieHnu GMOJIOTMYECKOT0 KOHTPOJISA Ka-
PAHTUHHBIX BUJOB COPHBIX PACTEHUH U3ydyairch Qu-
Toaru u putonaroreHbl. OCHOBHBIMU BULAMU-MUIIE-
HsIMU 6b1TM aMOpo3uu Ambrosia Spp., TOPYAK IIOJI3Yy YN
Acroptilon repens (Linnaeus) de Candolle u MOBUIUKYU
Cuscuta spp. KpoMe Toro, eIkl psiji IIPOTPaMM BbITION -
HSIJICSI COBMECTHO C MEXTyHAPOIHBIMU Y THOCTPAHHBI-
MU OpraHusaIusaMu, mpexae scero ¢ CABI (Centre for
Agriculture and Bioscience International) u opranusa-
LIMSIMUY T10 GMoJIormyecKoMy KoHTpouito u3 CIIIA, Kana-
JIbI ¥ APYTUX CTPAH. [10 3TUM ITPOEKTaM MCCIIEI0BAIVCh
turodaru neHsgHKY Linaria vulgaris Mill., meprucTonucT-
Huka Myriophyllum spicatum L., mosiogaeB Euphorbia spp.,
6omsKoB Cirsium spp. U psiia Ipyrux BUmos (puc. 1). Pa-
Hee OblJa OMy6JIMKOBAaHA TOJIBKO
4yacTh MHGOPMAIIMKU O HAYaJIb-
HOM 3Tarle usydeHus purodaron
noBuiuk (Boskos, 1989, 1991).

PerreHue ory6JIMKOBATh UH-
opmaliuio o paHee IMPOBeEEH-
HBIX crienuanucramMmu BHUUMKP
uccienoBaHusax GuTodaros mo-
BIJIVK OBLJIO IIPUHSTO U IIOTOMY,
YTO B ITOCJIeIHUE TOJIbI UHTEPEC
K 9TOI TeMe BO3HUK BHOBB (Cyxo0-
JI030Ba U Ip., 2020). Bo3MOXXHO,
HOBBIE MCCJIEL0BATENYU TIPUMYT
BO BHMMaHUe JAAaHHYI MH)OP-
Malu o purodarax MOBUIHUK.

[ToBUJIUKKU — OGJIUTAaTHLIE
rmapasuTUYeCcKre IIBETKOBBIE
pacTeHus, BXOIAT B COCTaB Ce-
MeiicTBa Cuscutaceae Cc equH-
CTBEeHHBIM poxmoM Cuscuta.
B MupoBoit ¢iope, Mo JaHHBIM
Pa3HbIX aBTOPOB, HACUNTHIBAETCS
oT 150-170 BumoB nosuiauk (Hu-

pests, pathogens and weeds have been developed. The
Biology Method Department, which was formed as a
separate structure in 1968, developed methods of in-
troduction of useful organisms and their internal mi-
gration (dispersion). The Department contained up to
20 specialists — entomologists and phytopathologists,
for 30 years (1976-2005) the department was headed
by Doctor of Biological Sciences, S.S. Izhevskiy. Some
projects were completed with full or partial success.
For example, for the first time, an introduction pro-
gram was successfully implemented for Ooencyrtus ku-
vanae (How.), entomophage of the forest pest — gypsy
moth. In addition, biological pest control programs
for citrus crops, indoor crops and others have been
successful. During the research, a lot of new infor-
mation was obtained about pests, as well as their bio-
logical control agents. Some of this information was
published in journals and in collections of works, but
much of what was included in scientific reports re-
mained unpublished.

Phytophages and phytopathogens were studied in
the direction of biological control of quarantine weed
species. The main target species were Ambrosia spp.,
Acroptilon repens (Linnaeus) de Candolle and Cuscu-
ta spp. In addition, a number of programs were car-
ried out jointly with international and foreign organi-
zations, primarily with CABI (Centre for Agriculture
and Bioscience International) and biological control
organizations from the USA, Canada and other coun-
tries. These projects studied phytophages of Linaria
vulgaris Mill., Myriophyllum spicatum L., Euphorbia spp.,
Cirsium spp. and some other species (Fig. 1). Previous-
ly, only a part of the information on the initial stage of
studying the phytophages of Cuscuta spp. was published
(Volkov, 1989, 1991).

KuTtruyena, 1981; Kucenesa u gp.,
2010) mo 6osee uem 200. Takoe
pacxoxgeHne JaHHbIX 00bsICHSI-
€TCS B TOM YMCJIe BBICOKOH IT0-
JTUMOP(HOCTHIO BTUX PACTEHUN
¥ YCJIOBHOCTBIO TPAHUIL BULA

Puc. 1. 3aBepyowmii oTOENOM
6uonoruueckoro metoga BHUUKP
C.C. MxeBCKwuii BbigBNsAeT
noepexnaeHua Mmonoyas Euphorbia sp.
KasaxcTaH (thoTo O.I. Bonkosa)

Fig. 1. Head of Biological Method
Department of FGBU “VNIIKR”,
S.S. Izhevskiy, detects the damage
on Euphorbia sp. Kazakhstan
(photo by O.G. Volkov)

Jladke JIJIsT caMbIX OBBIYHBIX UX MpefacTaBuTenen (beii-
JinH, 1986). Bo daope CCCP HacuuTsiBau oT 36 (ByT-
k0B, 1953) mo 38 (HukutuH, 1983) BULOB IOBUIUK.
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Haub6osbiee pasHoobpasue BUAOB 3TOTO pPojla OTMe-
YeHO B I0KHBIX PervoHax, HalpyuMep Ha HebOoJIbIIoN
teppuTopuu Keipreiscrana — 20 BunoB (Jlazpkos, Cyi-
TaHoBa, 2011). B coBpeMeHHOU Poccry BhISIBIIEHO OKO-
Ji0 15 BumoB moBuuk (Kucenesa u mp., 2010), Bce oHU
OTHECEHBI K KAPAaHTUHHBIM COPHBIM PACTEHUSIM.
MO>XHO OTMETUTD, UTO GOJIBIIMHCTBO BHUIOB I0-
BUJIVIK SIBJISIOTCS aBTOXTOHHBIMU JIJIT TEPPUTOPUU
Poccuu u 3aHUMAIOT BECH TPUTOIHBIN JIJIS UX CyIIe-
CTBOBAHUS apeajl, KaK, HaIIpUMep, ITIOBUJINKA €BPO-
netickas (puc. 2). TeM He MeHee HEKOTOPBIMU aBTOPa-
MU OTMeYaeTcs pacIiIupeHre apeajoB 1 MOBbIIIEHNE
00MJIVST BPeLOHOCHBIX IIOBUJIVK, OCOOEHHO B FO)KHBIX
peruvoHax Hamiel ctpaHbl (MapUKOBCKUI, VIBaHHU-
KOB, 1968). 3TOT 1mpoIiecc, Mo-BUJUMOMY, B ITIEPBYIO
ouepenb CBI3aH C IeATEIbHOCThIO YeJI0OBeKa, KOTopas
BeJleT KaK K HeITOCPeICTBEHHOMY PacIiPOCTPaHEHUIO
COpHsKa (4epe3 HOBbIE TPAHCIIOPTHBIE MAaPIIPYTHI,
OpOIleHNE U TIP.), TAK ¥ K PAa3PYIIEHUI YCTONUMBBIX
TIPUPOAHBIX OMOTOITOB. MJTIOCTPAIIued K TAKOMY BBI-
BOJZLy MOTYT IIOCJYXUTb Hammu HabirogeHus B Hypa-
THUHCKOM 3aroBenHuke (Y36ekucraH). B 3ToM ropHOM
3artoBeHUKE, KOTOPBIN BO BpeMs UCCIIeNOBAHUN 3a-
Humaga okoso 30 000 ra, UMerwTCd 3 ypouulla, pu-
MePHO PaBHBIE II0 COCTABY PACTUTENBHOCTHU (OpeXo-
TLIOAHBIE Jieca). B TepBoM 13 HUX, XasaT-cae, B KOTOPOM
pacrojioKeH KMILJIAaK U lleHTpajibHasg ycaabba, MbI
HaCUMTaJIX 5 BUIOB MOBMJIMK IIOIPOIOB Grammica (I10-
BUJIMKA MoJjeBas), Cuscuta u Monogyna. Bo BTOpoM,
Tuk4um-cae, re JOOU He KUBYT, HO PETYJISPHO BbI-
IMacawT CKOT, O6b1IM 06HAPYKEHBI TOJIbKO TOBUJINKU
noxpona Monogyna, HO 00MJIBHO pacTyIlyve. B TpeThb-
eM, caMOM OTZajleHHOM, MaxepyM-cae, — HauboJjiee
oxXpaHsieMas YacTh 3alI0BeIHUKA, TPYLHOOCTYITHAS
I JIIolel ¥ HeLOCTYITHAS IJIst TpaHcIopTa. TaM He
BbIIlacaeTcs CKOT U ITOBUJIMKY BOOOIIEe He ObLIN 00-
HapyXeHbl. AHAJIOTUYHYI0 KapTUHY MBI HaOI00aIu
U B 3aMIOBeIHUKE «AKCy-JI>kabaribl» (KazaxcTaH).
CBeleHNSI 0 BPELOHOCHOCTY MOBUJINK HEOIHO-
3HavHbI. KpoMe IpsMOro Bpeia pacTeHUSIM, HAaHOCH-
MOTO ITapasuTUPOBAHNEM Ha HUX, IOBUJIVKUA U3BECT-
HBI KaK TIEPEHOCYNKYA BUPYCHBIX ¥ MUKOTIJIA3MEHHBIX
TIaTOreHOB — B YaCTHOCTH, ITOBMJIMKA mojieBas Cuscuta
campestris Yunck. mepeHOCUT MO3auKy Tabaka 1 Kyp-
YaBOCTh CBeKJIbI (HukuTruyera, 1981). B To ke BpeMs
HEKOTOpbIE N3BECTHbIE TePOOJIOTY CUNTAIOT TOBUIIUKY
COPHSIKOM, He TPeOYIOIIM CelaJbHbIX MeP BO3IeH-
CTBUS M YCTPAHSIOIIMMCS ITPY COGJTI0IEHU Y 30HATIbHOM
arporexuuku (HukutuH, 1983), T. €. COPHIKOM HU3KOU
KyJIbTYpbI 3eMyenenus. [IOBUINKY, KaK O0UIIbHO U 1IN -
TEJIbHO I[BETYIE SHTOMO(MUIbHbIE PACTEHUS, SIBJIS-
I0TCSA U Xopomumu mMenoHocamu (Bynrakosa, 1989).
[ToBuIMKY mosieByr0 Cuscuta campestris B OoxkHoM Kutae
TIPUMEHSJIU B KauecTBe 6uoareHTa JJist 60pbObI C APY-
ruM BugoM — Mikania micrantha (Asteraceae), KOTOPBIH
OTHOCUTCS K urcsty 10 HauboJiee OTaCHbIX MHBAa3UBHBIX
BUJIOB M HAHOCUT GOJIBIION SKOHOMUYECKUI yIIepo
B 9TOM pervoue. PasButue Cuscuta campestris IogaBJIsio
POCT 1 pa3BUTHE 6MOMACChl MUKAHWY, UTO MOXKHO CUM-
TaTh YCIIENIHBIM TPUMEHEHNEM TTOBUJIMKY B KAUECTBE
arenTa 6uokoHTposis (PatiBym, TamaHsgH, 2014).
CeroniHsi B 60pb0e C 3TUM COPHSIKOM ITPUMEHSIOT
B OCHOBHOM arpoTeXHUYeCcKre U XMMUYeCKre MeTOIbI,
HO B CBSI3U C T€M, YTO MOBUJIUKYU XapPaKTEePU3YITCS
TIOCTOSIHHBIM IIPUCYTCTBUEM Ha HeoOpabaThIBaeMbIX
3eMJIsIX, OOUJINEM CEMEHHOM TPOMYKIIUU U MHOXE-
CTBEHHOCTBIO MyTeW pPacrpoCTPaHEeHUSs, 3TU MepPhI

The decision to publish information about the
studies of the phytophages of Cuscuta spp. that had been
carried out earlier by the VNIIKR specialists was also
made because in recent years interest in this topic has
reappeared (Sukholozova et al., 2020). Perhaps, new re-
searchers will take into account the information about
the phytophages of Cuscuta spp.

Cuscuta spp. are obligate parasitic flowering
plants, part of the family Cuscutaceae with the only ge-
nus Cuscuta. According to different authors, the world
flora contains 150-170 Cuscuta spp. (Nikiticheva, 1981;
Kiseleva et al., 2010) up to more than 200. This dis-
crepancy in data is explained, among other things, by
the high polymorphism of these plants and the conven-
tionality of the species areas even for their most com-
mon representatives (Beilin, 1986). In the flora of the
USSR, from 36 (Butkov, 1953) to 38 (Nikitin, 1983) Cus-
cuta spp. were counted. The greatest diversity of spe-
cies of this genus is noted in the southern regions, for
example, in a small territory of Kyrgyzstan — 20 species
(Lazkov, Sultanova, 2011). In modern Russia, about 15
Cuscuta spp. have been identified (Kiseleva et al., 2010),
all of them are classified as quarantine weeds.

It can be noted that most Cuscuta spp. are au-
tochthonous for the territory of Russia and occupy
the entire habitat suitable for their existence, such as,
for example, European dodder (Fig. 2). Nevertheless,
some authors note the expansion of habitats and an
increase in the abundance of harmful dodders, espe-
cially in the southern regions of Russia (Marikovsky,
Ivannikov, 1968). Apparently, this process is primari-
ly associated with human activities, which leads both
to the direct spread of the weed (through new trans-
port routes, irrigation, etc.) and to the destruction of
sustainable natural biotopes. Our observations in the
Nurata Nature Reserve (Uzbekistan) can serve as an il-
lustration of this conclusion. In this mountain reserve,
which during the research covered about 30,000 hec-
tares, there are 3 natural boundaries, approximately

Puc. 2. MoBunuka eeponeickasa  Fig. 2. European dodder

Cuscuta europaea L. Ha Cuscuta europaea L.
kpanuse. Poccus, MockoBsckas on nettles. Russia, Moscow
obnacTb (choTto O.I. Bonkosa) region (photo by 0.G. Volkov)
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equal in composition of vegeta-
tion (walnut forests). In the first
of them, Hayat-say, in which the
kishlak (village) and the central
estate are located, we counted
5 dodder species of the subgene-
ra Grammica, Cuscuta and Monogy-
na. In the second, Tikchi-sai, un-
inhabited one, but used regularly
for livestock, only dodders of the
subgenus Monogyna were found,
though abundantly growing. The
third and the most remote one,
Majerum-sai, is the most pro-
tected part of the reserve, of hard
access for people and inacces-
sible for transport. Livestock is
not grazed there and no dodders
have been found at all. A similar

Puc. 3. Astop ctaTbu O.I. Bonkos B nonckax Fig. 3. The author of the article is 0.G. Volkov picture was observed in the Ak-

¢mtocharos noBunuk. Tanacckuin Anaray,
xpebet byrynytop (choto M. OnoHuesa)

CIIOCOOHBI IaTh JIUIIb BpeMeHHbIN 3¢ dekT. K ToMy
JKe B HacToslee BpeMSI BO BCEM MUpe 001[eCTBEHHOE
MHEHUE CKJIOHSIETCS K COKPAILIEHWI0 ¥ OTMEHE ITpUMe-
HEHUS MEeCTUIIUJIOB, B TOM YKCJe U repPOUnIoB, 110-
CKOJIBKY ITOKa3aHO UX UPE3BBIYANHO OTPUIIATENIBHOE
BO3JIeliCTBUE KaK Ha OKPY’KaIoIIyI0 CpeJy, TaKk U Ha
YeJiOBeKa.

B 3TUX yCJIOBUSX HAMU ObljIa IPEANIPUHSATA T10-
IbITKA HATU 06BEKT — puTodara, ClIoco6HOr0 CTaTh
areHTOM O6MOJIOTMYECKOTO KOHTPOJIS ITOBUJIKK. [Ipe-
T10JIaraJjioch, YTo, B CJIlyyae 06HaPYKeHMs TaKOro (uTo-
(ara, ero MoxHO OyZIeT pacceysiTh B Te YaCTU apeaja
TIOBUJIUK, B KOTOPBIX OH OTCYTCTBYET, T. €. METOJOM
BHyTpPHUapeabHOTO paccejieHus. Takxe OJVH U3 I10-
TEHIMaJbHbIX BAPUAHTOB ITPUMEHEHUS Takoro (u-
Tohara — MaccoBOe ITPOU3BOACTBO B J1a6OPATOPHBIX
YCJIOBUSX U BHECEHME B ouaru. [TIOUCK JLOJIKEH ObLI
MIPOBOAUTHCS KaK B MECTaX HEMMOCPEICTBEHHON Bpe-
JIOHOCHOCTY ITOBUJINK (CEJIbX03YTOVs), TAK U B MUHU-
MaJIbHO HapyIIEHHbIX 61O0TOIaX (3alOBEIHUKM).

N3yuenmneM puTodaros IIOBUJINK B Halllell CTpaHe
3aHUMAJINCH U PaHee. B Xoie ncciiefoBaHmn, KOTOPbIE
TIPOBOJUJIN B OCHOBHOM B KazaxcTaHe, ObLJI0 BbISIBJIEHO
HaJIMYMe CIelnaJIu3uPOBaHHBIX (DUTO(ATOB COPHSIKA,
TaKMX KaK IMOBUJIMKOBBIY TaJIJIOBBIM CJIOHUK U TOBU-
JmKoBas myxa (MBaHHUKOB, 1972; lluHKapeHkKo, 1980,
1982). OmHAaKO MPU3bIBBI HEKOTOPBIX AaBTOPOB K aKTUB-
HOMY HCITOJIb30BaHUI0 GuTodaros, Ha HAUl B3TI]I,
HuueM He o60cHOBaHbI. COBOKYIHBIN TTepeueHb (hu-
ToaroB MOBUJIMK TI0 JIUTEPATYPHBIM MCTOYHUKAM
cocrasiseT 6osiee 70 BUIIOB KJIellel U HACEKOMBIX, HO
oA POGHBIN TUTEPATYPHBIN 0630p MBI B JaHHOH pabo-
Te OIIyCKaeM.

MATEPUAJIBI U METO/1bI

[ToneBble MCCIeNOBAHKS ObLIK IPOBELEHbI HaMHU Ha
TeppuTopum Ysbexkucrana (B JKu3aKcKou, TallIKeHT-
ckoit, CamapkaHcKol, PepraHckol obiacTax u B Hy-
PaTHHCKOM 3aIloBeIHUKe); B KazaxcTraHe (B YNMKEHT-
ckoit, I>kaMOysIbCcKOM, ATMa-ATUHCKOU, YPaJlbCKOU
06J1acTSaX U B 3aM10BeIHUKE «AKcy-/)Kabaribi»), B Moc-
KOBCKOU o6sacTu, B Keipreidctane (B YyHckoi
u Vcerik-Kynbckoit o6acTsax) (puc. 3). Takke moJieBble

in search of phytophagous dodders. Talasskiy ~ su-Dzhabagly reserve (Kazakh-
Alatau, Bugulutor ridge (photo by I. Olontsev)  stan).

Information about the
harmfulness of dodders is am-
biguous. Apart from direct damage to plants caused
by parasitizing them, dodders are known as carriers
of viral and mycoplasma pathogens — in particular,
Cuscuta campestris Yunck is a vector of string leaf and
beet stripe-and-curl disease (Nikiticheva, 1981). At
the same time, some well-known herbologists consid-
er dodder a weed that does not require special control
measures and which is eliminated by zonal agricultural
technology (Nikitin, 1983), i. e., a weed of low crop cul-
tivation. Dodders, as abundantly and long-term flower-
ing entomophilous plants, are also good honey plants
(Bulgakova, 1989). In South China, Cuscuta campestris
was used as a biological control agent for another spe-
cies — Mikania micrantha (Asteraceae), which belongs to
10 most harmful invasive species and causes great eco-
nomic losses in this area. The development of Cuscuta
campestris suppressed the growth and development of
Mikania biomass, which can be considered a success-
ful use of dodder as a biocontrol agent (Faivush, Ta-
manyan, 2014).

Today, mainly agricultural and chemical methods
are used to control this weed, but due to the fact that
dodders are characterized by a constant presence on
uncultivated lands, an abundance of seed production
and a multiplicity of ways of spreading, these mea-
sures can only have a temporary effect. In addition, at
present, all over the world, public opinion is inclined
to reduce and eliminate the use of pesticides, includ-
ing herbicides, since their extremely negative impact
on both the environment and humans has been shown.

Under these conditions, we made an attempt to
find an object — a phytophage capable of becoming a
biological control agent of dodders. It was assumed that,
if such a phytophage was found, it could be resettled
in those parts of the dodders area where it was absent,
i. e., by the method of internal dispersion. Also, one of
the potential applications of such a phytophage is mass
production in laboratory conditions and introduction
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Puc. 4. Mosunuka nonesas Cuscuta campestris  Fig. 4. Cuscuta campestris Yunck.

Yunck. Ha gypHULWHKKe Xanthium sp.
C ranjiamu rnoBUIMKOBOI0 [,ONTTOHOCKKA

on Xanthium sp. with galls
of Smicronyx sp. Kazakhstan

into outbreaks. The search was
to be carried out both in places
of direct harmfulness of dodders
(farmland) and in minimally dis-
turbed biotopes (reserves).

The study of phytophages
of dodders in Russia was carried
out earlier. In the course of re-
search conducted mainly in Ka-
zakhstan, the presence of spe-
cialized phytophages of the weed
was revealed, such as Smicro-
nyx and Melanagromyza cuscutae
(Ivannikov, 1972; Shinkarenko,
1980, 1982). However, the calls of
some authors for the active use of
phytophages, in our opinion, are
unjustified. According to literary
sources, the cumulative list of
phytophages of dodders is more
than 70 species of mites and in-
sects, but we omit a detailed
literary review in this work.

Smicronyx sp. KazaxctaH (cpoTo O.I. Bonkosa) (photo by O.G. Volkov)

UCCIeN0BaHUS IO, HAIUM PYKOBOJCTBOM GBLIU ITPO-
BeIeHBI CTYIeHTOM Kadeqpbl SHTOMOJIOTUY GUOJIOTU-
yeckoro pakynbreta MI'Y [I. IlleTOTKMHBIM Ha OCTPOBE
Ha peke Vnu (KazaxcTaH) B IPOIIECCE ITOATOTOBKY Kyp-
COBOM pabOTHI.

TOYHO UAEHTUDUIIMPOBATD BUJI, TOBUJIMKU, OCO-
OEHHO B ITOJIEBBIX YCJIOBUAX, LOCTATOUYHO CJIOXKHO.
OnHaKO PoJ Ha IBETYIIUX PACTEHUSIX XOPOIIIO pasfie-
JsgeTcsa Ha 3 moApona: Grammica, Cuscuta u Monogyna
(Monogynella) (®enopos, KamenuH, 1981). YuuTsiBad,
4yTo (puTodaru rMoBUAUK IIpeJcTaBJeHbl IToaudara-
MU UM oJurodgaraMu u MOHO(pAroB cCpeu HUX He
BBISIBJIEHO, TAKOI'0 pasfesieHrs Ha IIOAPObI Ipu c60-
pax ¢uTodaros BIOJHE HOCTaTOUYHO. OZHAKO MOX-
HO OTMETUTH, UTO B IOApPOMe Grammica Mbl Be3Je
paboTayiu c ITIOBUJIMKOMN M0JIeBOM Cuscuta campestris
Yunck. (puc. 4), a B mogpoae Cuscuta — ¢ TIOBUJINKOMU
eBpomnerickoit Cuscuta europaea L. Ha gpyrux Bumax
oA poJia Ccrelalu3upoBatHHble puTodaru Hamu 06-
Hapy’keHbI He 6pLIH. UTO KacaeTcs MOBUJIMK TI0IPOA
Monogyna, cpeou KOTOPBIX B MeCTaX UCCIELOBAHUM
HauboJiee pacIpoCcTpaHeHbl MOBUINKA XMeJIeBUIHAS
Cuscuta lupuliformis Krock., moBunuka JlemanHa Cuscu-
ta lehmanniana Bunge u TTOBUJIMKA OJHOCTOJIOMKOBAS
Cuscuta monogyna Vahl, To B janbHelieM Mbl 6ymeM
9TU BUAbI HA3bIBATh TOJICTOCTE6EIbHBIMY TOBUJIMKA-
mu (puc. 5).

ITouck u c60p puTodarosB IMOBUINK ITPOBOIUIN
10 OOIIETIPUHATHIM METOLUKaM c60pa HaceKoMbIX. Co-
OGrpaiv TaK)Ke TOBPEXIEHUSI TOBUJIUK, TAJLJIBI U TIJIO-
IbI 1715 BhiBeleHus puTodaros. C 1eibi0 BhIBEISHUS
¢uTodaros rayibl U IJIOABLI SKCIIOHUPOBAJY B CTEK-
JISHHBIX 6aHKaX eMKOCTbIo 0koJio 1 j1. Ha JHO 6aHOK
HAaChIMMaJIX TPOKAJEHHBIA U YBJIAXKHEHHBIN CHU3Y TIe-
COK CJIOEM 2 CM, Ha IIOBEPXHOCTD IIeCKa PacKJa bIBa-
JIV TLIOZbI WJTU TaJLIbI. YacTh 06pasIioB BhIAEP)KUBAIN
IpU TIOHWXXEHHOU Temnepatype (+2...+4 °C) 1-2 me-
cqIla ¥ JIMIIB TI0CJIe DTOTO BBIKJIAABIBAIY Ha DKCIIO-
HUpOBaHMe. Brixogamux u3 06pasios ¢putodaros me-
peMewmtanu B Teruny BHUVKP Ha BeIpaluBaeMble
B Hell MOBUJIMKY. BEIBOJAUBINNXCS ITapa3sUTUUYECKUX

MATERIALS AND METHODS

Field studies were carried out in
Uzbekistan (in Jizzakh, Tashkent, Samarkand, Ferga-
na regions and in the Nurata nature reserve); in Ka-
zakhstan (in the Chimkent, Dzhambul, Alma-Ata, Ural
regions and in the Aksu-Dzhabagly reserve), in Mos-
cow Oblast, in Kyrgyzstan (in the Chui and Issyk-Kul
regions) (Fig. 3). Also, field research under our super-
vision was carried out by D. Schepotkin, a student of the
Department of Entomology, Faculty of Biology, Moscow
State University, on an island on the Ili River (Kazakh-
stan) in the process of preparing a term paper.

It is quite difficult to accurately identify the spe-
cies of dodder, especially in the field. However, the ge-
nus on flowering plants is well divided into 3 subge-
nera: Grammica, Cuscuta and Monogyna (Monogynella)
(Fedorov, Kamelin, 1981). Considering that the phy-
tophages of dodders are represented by polyphages or
oligophages, and no monophages were found among
them, such a division into subgenera when collecting
phytophages is quite sufficient. However, it can be not-
ed that in the subgenus Grammica we worked with Cus-
cuta campestris Yunck. (Fig. 4), and in the subgenus Cus-
cuta — Cuscuta europaea L. No specialized phytophages
on other species of the subgenus were detected. As for
the dodders of the subgenus Monogyna, among which
in research sites the most common ones are Cuscuta
lupuliformis Krock., Cuscuta lehmanniana Bunge and Cus-
cuta monogyna Vahl, these will be referred to as thick-
stemmed dodders (Fig. 5).

The search and collection of phytophages of dod-
ders was carried out according to the generally accept-
ed methods of collecting insects. We also collected
damages from dodders, galls and fruits for the cultiva-
tion of phytophages. In order to cultivate phytophages,
galls and fruits were exposed in glass jars with a ca-
pacity of about 1 liter. Calcined and moistened sand
with a layer of 2 cm was poured on the bottom of the
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Puc. 5. ToncTtoctebenbHas noBunmnka
C nnopamu Ha KyctapHuke. Y3bekuctadH  with fruits on a bush. Uzbekistan

(choTo O.T. BonkoBa)

MEPETNOHYaTOKPHIIBIX MOHTUPOBAIY JIJIST KOJJIEKITU-
OHHOI'0 MaTepuaJa. JIjsg MaccoBoro cb6opa purodaros
U UX [TAPa3UTOB B CUJIbHO 3aMbLIEHHBIX MECTaX, IPU
06paboTKax mecTUIaMy U MPOYruX HeGIaronpusT-
HBIX YCJIOBUSAX HaMU OBLIN U3TOTOBJIEHBI CIIEIINAIb-
HbI€ DKCrayCTepP ¥ MOPUJIKA, TTIOBBICUBIINE TPOU3BO-
JIUTEJbHOCTh U KAUeCTBO COOPOB.

Vzyuenue 6mosioruu prutodaroB mpoOBOAUIN KaK
B ITOJIEBBIX, TaK U B KAMepPaJIbHbIX YCIOBUAX. [Tociie
omnpeneeHus BUJOBOM NMPUHAIAJIEKHOCTH GpuToda-
T'OB, T10 JINTEPATYPHBIM TAHHBIM OTIPEAENSIIN CIeI-
buuHOCTH X TPOoUUECKUX CBI3eH; OJisT Haubosee
3(pdexTuBHBIX puTODaroB onpeneasan GeHoJOT U0
Pa3BUTHS, CTEIIEHD ITOBPEXIAEMOCTY UMY ITOBUIINK,
paccenuTebHbIE CITOCOOHOCTH, a TaK)Ke BBIICHSJIU
MIPOIIEHT 3apa’keHHOCTY (huTO(aroB mapasuTaMu.

B menax onpenenenus TPOOUUECKUX CBSI3EH BbI-
XOAUBIIUX U3 TIJIOJOB TTOBUJIUKY HACEKOMBIX HOBBIX
I HayKU BUIOB (HampuMmep, Eurytoma sp.), TLIOABI
B HEOOJIbIIIOM KOJIMUECTBE DKCIIOHUPOBAJIN B IPUT0-
TOBJIEHHBIX ITPOOUPKax 6e3 IHa, TTOMeIeHHbIMY B I1a-
pax Bojibl. B 3TOM cilyyae BCKPBITUEM ILJIOIOB MOXKHO
OBIJIO OITPENENIUTD XapaKTep MUTaHUsI HaCEKOMOTO —
(putodara unu mapasura.

CobpaHHBIM JUYUHKAM (GuTO(GAroB gaBaju BO3-
MOXXHOCTD JOTIUTAThCS ¥ OKYKJIUTHCS. [IJ1g umaro ¢u-
To(haroB IPENOCTABISAIN AOTIOJHUTEIbHOE ITUTAHUE
pacTBOpPOM Mejla WJIM Ha I[BETAX U TYTTALUSAX [TOBU-
JmK. 3aTeM (puTodaros BHITyCKAIU B GOKCHI C BETETU-
pyrolei TOBUIUKOM.

[TOCKOJIbKY ITOBUJIMKY MaPa3sUTUPYIOT Ha APYTUX
pacTeHusIX, Ha HUX HEPEeJKO IIPUCYTCTBYIOT utodaru
pacTeHnH — X035€B MOBUJINK WY MOJM(ary, NCII0Ib-
3yloliyve [Jis1 MUTaHus o6a BUla pacTeHUH.

O6paboTKy cobpaHHOTO MaTepuaja, KpoMe
BHUUWKP, npoBopuau Takxe B 3UH AH CCCP (r. Jle-
HUHTPam), B MHCTUTYyTE 300J0TMK AH YCCP (1. Kues),
BO BHMUMBM3P (r. Kumunes) u Ha Kadempe sHTO-
MOJIOTYU M B 300JIOTUUYECKOM My3ee MIY. VMneH-
TU(DUKAINIO OTAEJbHBIX T'PYMII HACEKOMBIX ITPO-
Bomuau: JI. TumeukuH (Homoptera (Hemiptera):

Fig. 5. A thick-stemmed dodder

(photo by O.G. Volkov)

jars, fruits or galls were laid on
the surface of the sand. Some
of the samples were kept at a
low temperature (+2...+4 °C) for
1-2 months and only after that
they were laid out for exposure.
Phytophages emerging from the
samples were transferred to the
VNIIKR greenhouse on the dod-
ders grown there. The hatched
parasitic hymenoptera were
mounted for collection material.
For the mass collection of phy-
tophages and their parasites in
highly dusty places, during treat-
ment with pesticides and other
unfavorable conditions, we made
a special exhauster and stain,
which increased the productivi-
ty and quality of the collection.

The study of the biology of
phytophages was carried out
both in field and in laboratory
conditions. After determining
the species of phytophages, the
specificity of their trophic con-
nections was determined according to the reference
data; for the most effective phytophages, the phenolo-
gy of development, the degree of damage to dodders
by them, dispersal abilities were determined, and the
percentage of infection of phytophages with parasites
was also determined.

In order to determine the trophic links insect
species emerging from the fruits of dodders new for
science (e. g., Eurytoma sp.), small amounts of fruits
were exposed in prepared test tubes without a bottom,
placed in water vapor. In this case, by opening the fruit,
it was possible to determine the nature of the feeding
type of the insect — phytophage or parasite.

The collected phytophagous larvae were let to feed
and pupate. For phytophage imagoes, additional nutri-
tion was provided with a solution of honey or on flowers
and guttations of dodders. Then the phytophages were
released into boxes with vegetative dodders.

Since dodders parasitize on other plants, phy-
tophages of plants are often present on them — the
hosts of dodders or polyphages, which use both plant
species for nutrition.

The processing of the collected material, in addi-
tion to VNIIKR, was also carried out at the ZIN of the
USSR Academy of Sciences (Leningrad), at the Institute
of Zoology of the Academy of Sciences of the Ukrainian
SSR (Kiev), at the VNIIBMZR (Kishinev) and at the De-
partment of Entomology and at the Zoological Muse-
um of Moscow State University. Individual groups of
insects were identified by: D. Tishechkin (Homoptera
(Hemiptera): Issidae, Tettigometridae, Aphrophoridae,
Cicadellidae), I. Kerzhner (Hemiptera-Heteroptera),
L. Medvedev (Coleoptera: Chrysomelidae), B. Korotya-
ev (Coleoptera: Coleculidae), M. Ter-Minasyan (Coleop-
tera: Bruchidae), I. Plyushch (Lepidoptera: Lycaenidae),
V. Kuznetsov (Lepidoptera: Tortricidae), E. Antonova
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Issidae, Tettigometridae, Aphrophoridae, Cicadellidae),
. Kepxuep (Hemiptera-Heteroptera), JI. MenBezneB
(Coleoptera: Chrysomelidae), B. KopoTsies (Coleoptera:
Curculionidae), M. Tep-MunacsH (Coleoptera: Bruchi-
dae), U. Itrorn, (Lepidoptera: Lycaenidae), B. KysHelioB
(Lepidoptera: Tortricidae), E. AuToHOBa 1 J. Viidalepp
(Lepidoptera: Geometridae), M. 3epoBa (Hymenoptera:
Eurytomidae), B. To6uac (Hymenoptera: Braconidae).
3HauMTeJbHAg YaCTh COOPAHHOr0 MaTepHraJia OCTAET-
¢ HenIeHTU(PUIPOBAHHOIMA.

PE3YJIBTATBI UCCJIEJTOBAHUM
N OBCYXKIEHUE

Cr1COK BBISIBJIEHHBIX HAMU HA TTOBUJIMKAX U UJ€HTU-
¢uimpoBaHHBIX HUTOGATOB:

Homoptera

Auchenorrhyncha

Issidae

1. Hysteropterum asiaticum Leth.

2. Hysteropterum sp.

3. Brachyprosopa bicorne Kusn.

Tettigometridae

4. Tettigometra Sp.

Aphrophoridae

5. Aphrophora salicina (Goeze)

Cicadellidae

6. Platymetopius sp.

7. Fieberiella macchiae Lnv.

Hemiptera-Heteroptera

Miridae

8. Lygus gemellatus (H.-S.)

9. Chlamydatus pullus (Reut.)

10. Campylomma annulicornis Sign.

11. Campylomma diversicornis Reut.

12. Deraeocoris ventralis Reut.

13. Deraeocoris serenus (Dgl. et Sc.)

Lygaeidae

14. Lygaeus equestris (L.)

Coleoptera

Curculionidae

15. Smicronyx coecus (Reich.)

16. S. albopictus Fst.

17. Smicronyx sp.

18. Tychius (Lepidotychius) urbanus Fst. Bun ykazan
Ha BepOIIOXKbell kostouke Alhagi spp.

Chrysomelidae

19. Pachybrachis nigropunctatus Suffr. Bug yka-
3aH Ha BepOJIIoKbell kotouke Alhagi Spp. ¥ CONoKe
Glycyrrhiza spp. (Jlomatus, 2010).

Bruchidae (Bruchinae)

20. Bruchidius imbricornis Panz. Ha 6060BbIX, Bpe-
IUT KO3JIATHUKY Galega officinalis (Hodge, 2012).

Lepidoptera

Lycaenidae

21. Celastrina (Lycaena, Cyanaris) argiolus (L.)

Tortricidae

22. Clysia ambiguella Hiibner

23. Lobesia (Endopiza) sp.

Geometridae

24. Gymnoscelis pumilata Hibner (postgenitata
Dietze)

25. Eupithecia barteli ssp. artshae Viid.

Diptera

Agromyzidae

26. Melanagromyza cuscutae Hering

ObpaimiaeT Ha cebs BHUMaHNe 06eJHEHHOCTh 9H-
ToMmodayHsl puTodaro moBuiank. OcCO6eHHO MaJo

and J. Viidalepp (Lepidoptera: Geometridae), M. Ze-
rova (Hymenoptera: Eury ), V. Tobias (Hymenoptera:
Braconidae). Much of the collected material remains
unidentified.

RESULTS AND DISCUSSION

The list of phytophages detected on dodders and iden-
tified:

Homoptera

Auchenorrhyncha

Issidae

1. Hysteropterum asiaticum Leth.

2. Hysteropterum sp.

3. Brachyprosopa bicorne Kusn.

Tettigometridae

4. Tettigometra sp.

Aphrophoridae

5. Aphrophora salicina (Goeze)

Cicadellidae

6. Platymetopius Sp.

7. Fieberiella macchiae Lnv.

Hemiptera-Heteroptera

Miridae

8. Lygus gemellatus (H.-S.)

9. Chlamydatus pullus (Reut.)

10. Campylomma annulicornis Sign.

11. Campylomma diversicornis Reut.

12. Deraeocoris ventralis Reut.

13. Deraeocoris serenus (Dgl. et Sc.)

Lygaeidae

14. Lygaeus equestris (L.)

Coleoptera

Curculionidae

15. Smicronyx coecus (Reich.)

16. S. albopictus Fst.

17. Smicronyx sp.

18. Tychius (Lepidotychius) urbanus Fst. The species
is indicated on Alhagi spp.

Chrysomelidae

19. Pachybrachis nigropunctatus Suffr. The species
is indicated on Alhagi spp. and Glycyrrhiza spp. (Lopa-
tin, 2010).

Bruchidae (Bruchinae)

20. Bruchidius imbricornis Panz. On Fabaceae, it
damages Galega officinalis (Hodge, 2012).

Lepidoptera

Lycaenidae

21. Celastrina (Lycaena, Cyanaris) argiolus (L.)

Tortricidae

22. Clysia ambiguella Hiibner

23. Lobesia (Endopiza) sp.

Geometridae

24. Gymnoscelis pumilata Hibner (postgenitata Di-
etze)

25. Eupithecia barteli ssp. artshae Viid.

Diptera

Agromyzidae

26. Melanagromyza cuscutae Hering

Attention is drawn to the impoverishment of the

entomofauna of the phytophages of dodders. There are
especially few species capable of going through the full
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BUJIOB, CITOCOOHBIX MTPOXOAUTH HA TTOBUJIMKAX TI0JI-
HBIH IIMKJI CBOETO Pa3BUTUS. [10-BULUMOMY, OLUH U3
OCHOBHBIX ()aKTOPOB, CIIOCOGCTBYIOIIUX 3TOMY, — OT-
CYTCTBUE Y IMOBUJIUK JIUCTHEB ¥ KOPHE! BCJIEICTBUE
UX 06JIUTaTHOTO MapasuTuaMa. TakuM 06pa3oM, BbI-
MmajaiT rpynisl Guiiodaros u pusodaros, BO MHO-
TUX CIy4YasX COCTABJSAIOIIYVE GOJBIIMHCTBO U3 BUIOB
HACeKOMBIX — IOTpebuTenel pacTeHuil. Kpome Toro,
TTOBUJIMKM COJIEPXKAT SITOBUTHIE AJIKAJIOUZbI, YTO SIB-
JITeTCsl IPUYNHOU OTPaBJIEHUU CKOTa U TpebyeT OT
butodaror HaMUUUA CIEIIUANbHBIX (DEPMEHTOB.
K ToMy ’Xe TIOBUJIUKU, B OTJIMYKE OT GOJIBIITMHCTBA
BBICIINX PAaCTEHUHN, CAMU SBJISIOTCSI KOHCYMEHTaMU
(«xemoopranoretreporpodamu» (Tuasgpos, 2016)),
U, CJIeJl0BaTeJibHO, UX puTodaru yxe KOHCYMEHTHI
BTOpOTrO nopanka (TBepmucioB u ap., 2012). [Toga-
BJISITOIIEE GOTBUTMHCTBO MUTANIUXCS Ha TTOBUJINKAX
HACEKOMBIX C HEMOJIHBIM IIPEeBPALeHUEM SIBJISIOTCS
nosnindaramMu. Hepesko B yCIOBUAX KAPKOTO U CyXO0-
ro knumara CpenHelt Asuu u 1ora KazaxcTtaHa oHU
KCITOJIb3YIOT CTEGIM MOBUJIMK KaK MCTOYHUKY BJIa-
Iy, He IPUYUHSIS UM 3aMeTHOTO Bpesa. HeKoTopeie
13 BBISIBJIEHHBIX HACEKOMbIX, KaK, HallpUMeP, KIIOIIbI
pomoB Deraeocoris u Campylomma, ABISIOTCS faxe Gu-
To3oodaramMu. KpoMe TOro, ucciae0BaHUS TOKA3aJIH,
4TO BUOBOU cocTaB (puTO(aroB ¢ HETOJHBIM IIpe-
BpallleHneM, 0COOEHHO MHOTOUMCJIIEHHBIX ITUKA/IOK,
He COBIIaJaeT Jaxke B bomaiexamux 6uoromnax. Cie-
JlOBaTeJIbHO, KaKOro-aubo NMpeouTeHUS TOBUIUK
3TUMU BUJaMU-TIonrudaraMu He OTMEUYEHO, M COPHSIK
SIBJISIETCS JOCTATOYHO CIyYaHBIM KOMIIOHEHTOM UX
TPOUIECKUX CBI3EH.

[ToBpeXxieHu s, HAHOCUMbIe TOBUJIMKAM HaCeKO-
MBIMU C TIOJIHBIM TIpeBpalleHreM, 60Jiee 3HAUUTE b-
HbI ¥ 3a4aCTyI0 OTHOCSITCSI K TeHePaTUBHBIM OpraHaM.
MO’KHO BBISIBUTD CJIEJYIOINIVE BUIBI HACEKOMBIX-(DU-
To(aroB, HAHOCSAIIUX CYIeCTBEHHbBIE TOBPEXIEHUS
TTOBUJINKAM.

1. Celastrina (Lycaena, Cyanaris) argiolus (L.) (Lepi-
doptera: Lycaenidae)

['yCeHUIbI 3TOW TOJNYOIHKU BCTPEYaJUCh Ha
IJIOJIaX TOJICTOCTE6ETbHBIX TIOBUJIMK BO MHOTUX Me-
cTax c60pOB, UCKJIOYAs yYacTKU 06pabaThiBaeMbIX
cenbx0o3yroauii. ['yceHUIbl 0KOJI0 1 CM AJIMHOM, T10
BHEIIHEMY BUJIy HAIIOMUHAKT HEOOJBINUX CIU3HEN
WJIY MOKpUII: GPIOIIHASA CTOPOHA MJIOCKO-BOTHYTAs,
CIIMHHAS — BBIMIYKJIas; IYCEHUIIbI roJible. OKpacka — OT
KOPUYHEBOT'O 0 3€JIEHOBATOI'0 TOHOB, 10 OKPACKE Ty-
CEHUIIbI 0OUeHb CXOHBI C ITIOZAMY TOJICTOCTEOETBHBIX
MOBUJIMK. [Ipoliecc MUTaHUsI CBOeobpas3eH: TyCeHNUIa
TIEPETOJI3aET C IJI0/IA Ha TIJIOJ U BhIeIaeT UX U3HYTPU,
TIOT'PYXKasi B TIJIO]] TOJIOBY Ha BBITSITMBAIOIIENCS TIEPeI-
Hell YacTu TYJIOBUIIA, CAaMO TYJIOBUIIE OCTAETCS CHAPY-
kU 1toga (puc. 6).

Bo Bpems nutanus (14-20 gHe) ryceHuIla yHIY-
TOXKAEeT JEeCSATKU IJIOJIOB TOJICTOCTEOENbHBIX TTOBU-
JuK. Yepes 15—-20 nHel mocjie OKYKJIUBAHUS BBIXOIAT
MMaro, IoYTH IeJINKOM ToJIy6bie (caMiipl) (puc. 7) win
C IIUPOKOI TEMHOI OTOPOYKOH IT0 ITepeiHeMY U BHEIII-
HeMY Kpar KpbLIbEB (CaMKu) 6a60UKHY, B pazMaxe Kpbl-
JbeB 25-30 MM.

[To TUTEpaTypPHBIM JAaHHBIM, OTMEUEHO TUTAaHUE
T'YCEHUI] 9TOTO BUJIa HA BETETATUBHBIX U T€HEPATUB-
HBIX OpraHax pacTeHUU ceMelcTB 6060BBIX, KPYIIU-
HOBBIX, BepeckoBbIX U Apyrux (Koch, 1984), B Tom
YucJie ¥ Ha KyJIbTYPHBIX pacTeHusX. Tak, HaMu 06Ha-
PY’KEHO IUTAaHUE I'yCEeHUI] 3TOM 6a60UKY He3PEebIMU

cycle of their development on dodders. Apparently, one
of the main factors contributing to this is the absence
of leaves and roots in dodders due to their obligate pa-
rasitism. Thus, the groups of phyllophages and rhizo-
phages, which in many cases constitute the majority
of insect species — plant consumers, fall out. In addi-
tion, dodders contain poisonous alkaloids, which are
the cause of cattle poisoning and require special en-
zymes from phytophages. Besides, unlike most higher
plants, dodders are themselves consumers (“chemo-
organoheterotrophs” (Gilyarov, 2016)), and, therefore,
their phytophages are already second-order consum-
ers (Tverdislov et al., 2012). The overwhelming major-
ity of incompletely transformed insects feeding on dod-
ders are polyphages. Often, in the hot and dry climate
of Central Asia and southern Kazakhstan, they use the
stems of dodders as a source of moisture, without caus-
ing them significant damage. Some of the detected in-
sects, such as bugs of the genera Deraeocoris and Cam-
pylomma, are even phytozophages. In addition, studies
have shown that the species composition of phytophag-
es with incomplete transformation, especially of nu-
merous leafhoppers, does not coincide even in nearby
biotopes. Consequently, no preference for dodders by
these polyphagous species was noted, and the weed is a
rather random component of their trophic links.

Damage caused by fully transformed insects to
dodders is more significant and often refers to gene-
rative organs. The following species of phytophagous
insects causing significant damage to dodders can be
identified.

1. Celastrina (Lycaena, Cyanaris) argiolus (L.) (Lepi-
doptera: Lycaenidae)

Larvae of this moth were found on the fruits of
thick-stemmed dodders in many harvesting areas, ex-
cluding areas of cultivated farmland. Larvae are about
1 cm long, in appearance they resemble small slugs or
wood lice: the ventral side is flat-concave, the dorsal
side is convex; larvae are naked. Coloring — from brown
to greenish tones, larvae are very similar in color to the
fruits of thick-stemmed dodders. The feeding process

Puc. 6. l'yceHunua ronybaHku  Fig. 6. Larva of Celastrina

Celastrina argiolus (L.) argiolus (L.) on the fruit of
Ha nnope ToncroctebenbHolr  a thick-stemmed dodder.
noBuANKK. KasaxcTtaH Kazakhstan

(choTo O.T. BonkoBa) (photo by O.G. Volkov)
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Puc. 7. Camel, rony6aHku
Celastrina argiolus (L.),
BbIBEJ,EH U3 I'yCEHULbI

¢ nnopa ToactoctebenbHoM

Fig. 7. Male of Celastrina
argiolus (L.), cultivated from
the larva from the fruit of
the thick-stemmed dodder
noeunuku (poto O.I. Bonkosa) (photo by 0.G Volkov)

TJIOlaMU YePHOU CMOPOLUHBI B MOCKOBCKO#M 06J1a-
cTtu. [IUPOKUI CIIEKTP IUTAHUS He JaeT BO3MOXKHO-
CTU paccMaTpuBaTh 3Ty 6a60UYKy KaK BO3MOXXHOTO
areHTa 6MOJIOTMYECKOY 60PbOBI C MOBUIUKAMU. B TO
’Ke BpeMs UHTEePECHO BhIICHUTD, UMEIOTCS JIU B 9TOM
BUZE CIelMaJM3UPOBAaHHbIE TTOMYJISAI U, TIPEJTIO-
yuTaloue MoBUINKY. Takue GakToOpbl, KaK 6bICTPOE
pa3sBUTHE U IOJUBOJbTUHHOCTD B I0XKHBIX PETHO-
Hax, IMTaHWEe Ha reHepaTUBHBIX OpraHax u T. 1.,
cleyiany ObI 3Ty TONYOSTHKY OLHUM M3 Harbojiee a¢-
(pexTuBHBIX puTOdaroB MoBuUAUK. HaMmu oTMedeHO
mopa)keHue T'yCeHUI] 3ToM 6a60UYKM ITapasuTaMu —
MXHEBMOHUJAMU.

2. Gymnoscelis pumilata Hibner (postgenitata Dietze)
(Lepidoptera: Geometridae)

He6osbImas ryceHUIIa 3TOW 6a60UKY-TISII€HUITbI
BCTpeYaeTcs Ha IIOBUIKKAX PEIKO, IUTAETCS COIIBe-
THUIMHU U ILJI0JAMU TOJICTOCTE6EIbHBIX [IOBUINK. DTOT
BU/JI TAK)Ke OTMeUeH Kak IoJindar, B ero CIIeKTp IuTa-
HUS BXOISAT PACTEHUS U3 CEMEMCTB CI0XKHOIBETHDIX,
BEPECKOBBIX, JIIOTUKOBBIX, PO30IIBETHBIX.

3. Eupithecia barteli ssp. artshae Viid. (Lepidoptera:
Geometridae)

JTa IgIeHnIa II0 0COOEHHOCTAM NUTAHMS CXOIHA
C IPEIBIAYITUM BUIOM, BCTpedaeTcs elle 6oJiee pesiKo,
MOBPEXIeHNsI, HAHOCUMbIE €10, He3HAUNTEJIbHbI. Bu
omucaH BuganernmoM, 6uosorus ciabo usydueHa.

4. Clysia ambiguella Hibner (Lepidoptera: Tortri-
cidae)

5. Lobesia (Endopiza) sp. (Lepidoptera: Tortricidae)

JIMUMHKY 3TUX JIUCTOBEPTOK AKTUBHO MTUTAOTCS
IJI04aMU TOJICTOCTE0ENbHBIX IOBUJINK, HO 06a BUIa
TaKXe ABJIAITCS MojudaraMmu, IepBas K TOMYy Xe
M3BECTHA KaK JINCTOBEPTKA /IBYJIETHSS BUHOTPagHAS
¥ BPEIUT BUHOT'PA/LY, CMOPOJINHE U PAAY JPYTUX CEJTb-
CKOXO3SIHCTBEHHBIX KYJIbTYP.

6. Smicronyx coecus (Reich.) (Coleoptera: Curculi-
onidae)

7. S. albopictus Fst.

8. Smicronyx sp.

CrienimaIn3MpoBaHHbBIN poj CMUKPOHUKC ceMeli-
CTBa JOJITOHOCHUKOB 0OXBaTbhIBaeT 0K0oJio 100 BUIOB,
pacrpocTpaHeHHBIX B OCHOBHOM B 3amaJHOM IT0JIY-
mapuu. B dayHe xykoB CCCP HacuuTbiBajioch 10 Bu-
IoB aToro poxa (BarteHos, 1974). Bce mpencTaBuTenu

Puc. 8. MoBunukoBbI
DONITOHOCUK Smicronyx sp. Ha on the flowers
LBeTKax noBunuku esponeickoii. of European dodder.
Poccus, MockoBckas obnactb Russia, Moscow Oblast
(choTo O.T. Bonkoga) (photo by O.G. Volkov)

is peculiar: the larva crawls from fetus to fetus and eats
them from the inside, immersing its head into the fetus
on the stretching front part of the body, the body itself
remains outside the fetus (Fig. 6).

During the feeding (14-20 days), the larva de-
stroys dozens of fruits of thick-stemmed dodders. In
15-20 days after pupation, adults emerge, almost en-
tirely blue (males) (Fig. 7) or with a wide dark margin
along the front and outer edge of the wings (female) of
the butterfly, with a wingspan of 25-30 mm.

According to reference data, feeding of larvae of
this species on the vegetative and generative organs of
plants of the families of Fabaceae, buckthorns, heath-
ers, and others was noted (Koch, 1984), including cul-
tivated plants. So, we found feeding of larvae of this
butterfly on immature fruits of black currant in Mos-
cow Oblast. A wide range of nutrition does not make
it possible to consider this moth as a possible biologi-
cal control agent for dodders. At the same time, it is
interesting to find out whether there are specialized
populations in this species that prefer dodder. Factors
such as rapid development and polyvoltinity in the
southern regions, feeding on generative organs, etc.,
would make this lepidoptera one of the most effective
dodder phytophages. We have noted the larvae of this
moth are damaged by parasites — Ichneumonidae.

2. Gymnoscelis pumilata Hibner (postgenitata Dietze)
(Lepidoptera: Geometridae)

A small larva of this moth is rarely found on dod-
ders; it feeds on inflorescences and fruits of thick-
stemmed dodders. This species is also noted as a po-
lyphage, its nutrition spectrum includes plants from
the families of Asteraceae, Heather, Buttercup, Rosa-
ceae.

3. Eupithecia barteli ssp. artshae Viid. (Lepidoptera:
Geometridae)

This moth is similar in feeding habits to the previ-
ous species, it is even more rare, the damage caused by
itisinsignificant. The species is described by Vidalepp,
the biology is poorly studied.

dutocaHuTapusi. KapaHTuH pacteHuii = 66
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poza aBngiTcs uTodaraMu-raaaoo6pasoBaTeIIMU
3apasux W IMOBUJIUK. JIOITOHOCUKY (CIIOHHUKK) BCTpe-
YaJINCh Be3ie, The ObLIN IIOBMINKY (PHC. 8).

BuoJiorust BUL0OB IMOBUJIMKOBBIX JOJTOHOCUKOB
cxonmHa. Hamu oHa 6GbljIa M3yyeHa B OCHOBHOM B AJ-
Ma-ATuHCKOU obsacTu KazaxcrtaHa. 3UMYIOT LOJITO-
HOCUKHU B CTaJMU MMAaro B IIOYBe, HA ITOBEPXHOCTH
BBIXOJAT B 3aBUCUMOCTH OT TEMIEPATyPhl B KOHILE
BECHBI ¥ B Hayaje JieTa, JOMIOJHUTEJIbHOE MUTAHNE
OCYIIECTBJSIOT Ha CTe6JIX MOBUIUK, B CTEOIU XKe,
IocJie CrIapuBaHUsg, OTKJIAAbIBAIOT gifia. [1o Mepe
BHYTPUTKAHEBOr'0 MUTAHUS IMUUHOK YUaCTOK CTe6Ig
rpeo6pasyeTcs B rajijl [UaMeTpoM 10 2—3 CM Ha TOBU-
JIVKe T10J1eBo# (puc. 4) 1 1o 4—-5 CM Ha TOJICTOCTEOENb-
HBIX ITIOBUJIMKAX (PHC. 9). B 0IHOM raJjijie 4acTO MOXKHO
00HAPYXUTDb 3—4 TUUYMHKYU JOJITOHOCUKA, KaXKIAsI U3
KOTOPBIX HAXOAUTCS B OTIIeIbHON KaMepe. [Toce mpe-
KpallleHWs TUTaHUs IMUMHKA [IPOTPhI3aeT OTBEPCTHE
B CTEHKe rajijia, BEIXOAUT U3 HETrO U OKYKJIUBAeTCI
B BEPXHUX CJIOIX ITOYBHI. [Tocjie BBIXOa IMUUHOK y4a-
CTOK CTeObJIsI TOBUJIMKMY C rajlJlaMU 3aChIXaeT.

B ycinoBusix AnmMa-ATUHCKOM 06J1aCTH BECh LMK
pa3BUTHS 3aHUMAET OKOJIO MECSILa, U3 3TOI'0 BPEMEHU
Ha CTainio SHiIla ¥ MUTaIecsa TUUYNHKYA TPUXOLUT-
€4 0K0JIO 15 CyTOK, Ha CTaf U0 IIPELKYKOJIKY — 5-6 Cy-
TOK, Ha CTaJ U0 KYKOJIKU — 0K0JIO 10 CyTOK.

[To-BuIMMOMY, BCiiefcTBUe ciiaboli paccenu-
TEeJIbHOI CITOCOOHOCTH JOJITOHOCHKOB IPKO BhIpaskeHa

4. Clysia ambiguella Hibner (Lepidoptera: Tortri-
cidae)

5. Lobesia (Endopiza) sp. (Lepidoptera: Tortricidae)

The larvae of these leafroller moths actively feed
on the fruits of thick-stemmed dodders, but both spe-
cies are also polyphages, the former is also known as
the vine moth and causes damage to grapes, currants
and some other crops.

6. Smicronyx coecus (Reich.) (Coleoptera: Curculio-
nidae)

7. S. albopictus Fst.

8. Smicronyx sp.

The specialized genus Smicronyx of the family of
weevils includes about 100 species, distributed main-
ly in the Western Hemisphere. In the fauna of beetles
of the USSR, there were 10 species of this genus (Bay-
tenov, 1974). All representatives of the genus are phy-
tophages-gall-forming broomrape and dodders. Wee-
vils were found wherever there were dodders (Fig. 8).

The biology of the species of dodder weevils is
similar. We studied it mainly in the Alma-Ata region
of Kazakhstan. Weevils overwinter in the adult stage
in the soil, they come to the surface depending on the
temperature in late spring and early summer, addition-
al feeding is carried out on the stems of dodders, and
after mating, they lay eggs in the stems. With the inter-
stitial feeding of the larvae, the section of the stem is
transformed into a gall with a diameter of up to 2—3 cm

Puc. 9. Tannbl NOBUINKOBOIO A0NIFOHOCUKA Smicronyx sp.
Ha ToncTocTebenbHoOM NoBunnke, Kasaxcrax (cneea),

1 NoBUAMKe eBponeiickoi, Poccus, MockoBckas obnactb
(cnpaBa BBepxy). CnpaBa BHU3Y BULHO BbIXO4HOE
oTBepcTue B ueHTpe ranna (coto O.I. Bonkosa)

Fig. 9. Galls of the dodder weevil Smicronyx sp.

on thick-stemmed dodder, Kazakhstan (left), and
European dodder, Russia, Moscow Oblast (top right).
At the bottom right is the outlet in the center of the gall
(photo by O.G. Volkov)
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0YaroBOCTh MOPaKEHUS UMY HOBUIUK. OCOGEHHO Ha-
TJSTHO OHA BhIpa)keHa TOTJa, KOT[a IMOBUJIMKA I10-
JieBasi CILJIOIIb ITOKPBIBAET 3HAYUTEJbHBIN YUaCTOK
TPaBSIHUCTON PACTUTEJIBHOCTU: B 3TOM CJIy4Yae CMU-
KPOHUKCOM 00BIYHO 3aHATA TOJHKO YaCTh 3TOT'0 [TOKPO-
Ba, MMEIOINAs BbIPaXKEHHbIE TPAHUIIbI, HA OCTAJIbHOM
y4acTKe raJijioB IPAaKTUYECKU HeT. TaKyl KapTUHY MbI
Habsromany B AniMa-AtuHckol obnactu (KazaxcraH) Ha
OCTPOBe Ha peke Unu y nocesika Kaparau 1 B HEKOTO-
PBIX IPYTUX MECTax.

Hamwu royieBbie HabJIIOeHYS He BBISBUIN BbICO-
KOU CTeIeHU BIWSHUS CMUKPOHUKCOB Ha TOMYJISIIUN
TTOBUJIUK, HECMOTPS Ha TO, YTO OHU GbLIIM 06HAPYKEHBI
HaMU BO BceX MecTaxX c60POB. 3aCeIeHHOCTh PacTeHUH
TTOBUJIMK raJlJIaAMU MOXKET ObITh OUEHD PA3JIMYHOMN, TEM
He MeHee OHU [TOYUTH He Pa3INYaloTCs 110 CBOEMY pas-
BUTUIO, CPOKAM IIBETEHUs, CO3PEBAHUS U OOUIUIO Te-
HEPaTUBHOU MPOAYKIIUU.

He ymanuch MOMBITKYA HAJNAAUTh BeJleHUE KYJIb-
Typbl S. albopictus Ha TOJICTOCTEOEIbHBIX TOBUINKAX
B Teruile BHUUKP. Becero 66110 UCITOJIE30BaHO OKOJIO
JIBYX COTEH CJIOHWKOB, BBIITYCKAEMBIX Ha ITOBUJIMKY Ha
repanu (rmejaprouuu). HecMoTpst Ha TO, UTO MOBUJIKKA
HaXOAMJIaCh B PA3HOU CTaAMU PAa3BUTHUS — OT IIPOPOCT-
KOB JI0 HadaJia IIBETeHUS — ¥ HaGII0LaINCh ITOTIBITKYI
CTIapyBaHMS CJIOHVMKOB, HY OIWH TaJIJI ITIOJTy4YeH He ObLI.

OIHO M3 MPUYNH 3TOMY MOXeT ObITh U3bupa-
TEJIbHOCTD CJIOHMKOM He TOJIbKO ITOBUJIMKY, HO U €e
pacTeHUsI-X035IMHa, C KOTOPHIM OHA TECHO CBs3aHa
(usumonornyecku. Tak, Mbl HABJIIOLAIY, UTO TTOBUJIU-
Ka IoJieBas Ha AYPHULTHUKE, TPEYUIIHBIX 1 MapPEBBIX
ObIBAET CIIJIONUIbL ITOKPHITA TAJIJIaMU, B TO K€ BpeMs
Ha 5TOM ’Ke BUJIE TTIOBUJIMKY Ha BEPOJIIOKbEN KOJIFOU-
Ke (ceMelicTBO 6060BBIX) TaJJIbI 0OHAPYKUTH HE yIaBa-
Jiock. Takas 'ke KapTHHA ObljIa OTMeUYeHa HaMU U JIJIs
TOJICTOCTEGEIbHBIX TTOBUJIMK: Ha MIUIIOBHUKE TaJlJIbI
BCTPEYaJIKCh, HA MOJIOYae — HET.

CMUKPOHUKCHI MMEIOT CBOUX ITapa3nuTOB, KOTO-
peIMU 6bIBaeT mopakeHo 20—-35% JAUUYKUHOK. VI3 3TUX
napasuToB HauboJiee MMPOKO PacIpoCTpPaHeH Gpa-
KoHup Bracon murgabensis Tob. ETo IMYNHKY YaCcTO
MOJXHO BCTPETUTDb B KAMeEPE rajijia BMECTE C JIMUMH-
KOU JOJTOHOCHKA, KOTOPYI OHA BBICACBIBAET, NIPU-
KPENMUBIIKUCH K TeJy. [IapasuTOUAbl OKYKJINBAIOTCS
B KaMepax rajijioB, UMaro Iporpbi3aeT B CTEHKe rajia
0oJiee MeJIKOE, YeM JIMYMHKA JOJITOHOCHKA, OTBEPCTHE
¥ BBIXOIUT TIPUOIU3UTENBHO OLHOBPEMEHHO C BBIXO-
JIOM JINUMHOK JOJITOHOCUKA Ha OKyKJInBaHue. Takxe
CMHUKPOHUKC ITOpakaeTcs NXHeBMOHugamu Aneuclis
melanarius Holm. u xaneuumamu Eupelmus sp. u Habro-
cytus Sp. B HU30BbsIX peku Vu 0TMeUeHO IopaXkeHue
3TOr0 CJIOHUKA XaJIbIUION Eurytoma sp. n. Jipyrue aB-
Topsl (IllmHKapeHKo, 1982a) Ha3bIBAIOT 60Jiee BLICOKUE
MG pPhI TOPaXKEeHUS raJIJIOBBIX JOJTOHOCUKOB ITapasu-
TamMu — 10 80%.

9. loBunukKoBasg mMyxa Melanagromyza cuscutae
Hering (Diptera: Agromyzidae)

B3pociible MyXu YepHBIE, C METAJIINYECKUM bOJie-
CKOM, Trjla3a KpacHble, [JIUHA KPbLIbLEB COCTABJSIET
2,4-2,7 mm. [ToBunnKoBagd MyXa IIMPOKO paclpocTpa-
HeHa, oHa 06HapyXeHa HaMU BO BCEX MecTax c60poB
6€e3 UCKJIIOUEHUS, HO ITOPakaeT B OCHOBHOM TOJIbKO
ToJicTOCTeGEIbHbIE TIOBUJIVIKU.

3UMyeT Ha CTafuy KYKOJIKY B ITyTIapUH, B IIOHAX
IIOBUJIMK. BrljleT mMaro Ha re u ro-BocToke Ka-
3axCTaHa — B KOHIIE Mas — HavaJie uioHs (MBaHHUKOB,
1969). [1pu comepaHUU MMynapueB B JlabopaToOpUu

on the field dodder (Fig. 4) and up to 4-5 cm on thick-
stemmed dodders (Fig. 9). In one gall, 3—4 weevil larvae
can often be found, each of which is in a separate cham-
ber. Once stopped the feeding, the larva makes a hole
in the wall of the gall, leaves it and pupates in the upper
layers of the soil. After the larvae emerge, the section of
the dodder stem with galls dries up.

Under the conditions of the Alma-Ata region,
the entire development cycle takes about a month, of
which the egg stage and feeding larva stage takes about
15 days, the prepupal stage — 5-6 days, the pupa stage —
about 10 days.

Apparently, due to the weak dispersal ability of
weevils, the outbreak damage of dodders is clearly ex-
pressed. It is especially seen when the field dodder
completely covers a significant area of herbaceous ve-
getation: in this case, only a part of this cover, which has
pronounced boundaries, is usually occupied by Smicro-
nyx spp., while there are practically no galls in the rest
of the area. We observed this in the Alma-Ata region
(Kazakhstan) on an island on the Ili River near the vil-
lage of Karagach and in some other places.

Our field observations did not reveal a high de-
gree of influence of Smicronyx spp. on the populations of
dodders, despite the fact that they were detected in all
collection sites. The populations of dodder plants with
galls can be very different, nevertheless, they almost do
not differ in their development, flowering time, ripen-
ing and abundance of generative production.

Attempts to establish the culture of S. albopictus
on thick-stemmed dodders in the VNIIKR greenhouse
failed. In total, about two hundred weevils were used,
released for dodder on geranium (pelargonium). De-
spite the fact that the dodder was at different stages of
development — from seedlings to the beginning of flow-
ering — and attempts to mate weevils were observed,
not a single gall was obtained.

One of the reasons for this may be the weevil’'s
selectivity not only of the dodder, but also of its host
plant, with which it is closely connected physiological-
ly. So, we observed that the field dodder on cocklebur,
buckwheat and haze can be completely covered with
galls, at the same time, it was not possible to find galls
on the same type of dodder on a camel thorn (a fami-
ly of legumes). The same picture was noted for thick-
stemmed dodders: galls were found on rose hips, but
not on milkweed.

Smicronyx spp. have their own parasites, which
affect 20-35% of larvae. Of these parasites, the most
widespread is Bracon murgabensis Tob. Its larva can of-
ten be found in the gall chamber, along with the weevil
larva, which it saps when attached to the body. Para-
sitoids pupate in the chambers of the galls; the imago
makes a smaller hole in the gall wall than the weevil lar-
va and emerges approximately simultaneously with the
pupation of the weevil larvae. Also, Smicronyx spp. are
affected by Ichneumonidae Aneuclis melanarius Holm.
and Chalcidoidea Eupelmus sp. and Habrocytus sp. In the
lower reaches of the Ili River, this weevil is was noted to
be damaged by Eurytoma sp. n. Other authors (Shinka-
renko, 1982a) mention higher numbers of parasite in-
festation of gall weevils — up to 80%.
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Puc. 10. MoBunukoBas Myxa Fig. 10. Melanagromyza
Melanagromyza cuscutae cuscutae Hering laying
Hering oTknagbiBaeT aiua eggs in a thick-stemmed

B TONcTocTebenbHyto noBunuky.  dodder. Bank of the

Beper peku Oxkabarnbi. Dzhabagly River. Kazakhstan

KasaxcTaH (¢poto O.T. Bonkoa)  (photo by 0.G. Volkov)

TIpU TLUII0COBOM TeMIepaType BblIeT HAaUMHAETC C e-
Kabps U IIPOOJIXKAETCS 10 UIOHS, C OCHOBHBIM ITMKOM
B arpeJie — Mae. [Tociie BbLIeTa MyXy IIPOXOAAT LOTIOJN-
HUTEJIbHOE TINTaHNMe Ha TyTTAallugX Ha cTebJIIX ITOBU-
JIVK, Yepe3 HECKOJIbKO JHEel CITapuBalOTCI ¥ OTKJIAIbI-
BaIOT sAii11a B cTebau (puc. 10).

[TepBOe MOKOJIEHYE Pa3BUBAETCS BHYTPU cTebiel
nmoBmJInK. Yepes 18-20 gHel TUUMHKA MyXU OKYKJIU-
BaeTcs, IPeBAPUTENIbHO IPUTOTOBUB OTBEPCTHUE IJI
BBLJIETA UMAro, ellle uepe3 10 AHel MOIBISII0TCI MyXU
HOBOTO ITOKOJIeHUs. Terepb CaMKK OTKJIAIbIBAIOT SHIIa
B MOJIOJIbIE TIJIOZbI TOBWJIMK, IMUMHKA HOBOT'O TTIOKOJIE-
HUS Pa3BUBAIOTCS BHYTPU IJIO/0B, MUTASICh CEMeHa-
Mu. B 1 r1oge pa3BUBaeTCS BCErLa TOJIBKO 1 IMUYMHKA,
KOTOpad BbIeZlaeT COLepKUMoe Bcex 3—4 CeMsH I10BU-
auku. OKyKJIUBaeTCsI OHA TYT JKe, B IJI0Je, TpeiBapu-
TEeJIbHO, KaK U IpeablAynias CTagus, IPUTOTOBUB OT-
BepCTHeE IJid uMaro. [TopakeHHbIe MJIOMbI, BBICHIXAS,
OCTaI0TCS Ha PACTeHUU, B OTJINUYE OT OCHITIAIOIIUXCS
HeIopakeHHBIX I1J10/10B. KoinueCcTBO MOpakeHHbIX
TIJIOZOB B 06pasilie MOIJIOo AocTUrath 70%, HO 06BIYHO
He npeBbimano 15-20%. YuuTbsiBas, 4TO HOBUINKU
MIPOU3BOISAT AECSATKM ThICSY ILJIO/IOB, TaKas TeEXHUYE-
ckasg 3 (HEeKTUBHOCTh HE OKa3bIBAET CYIECTBEHHOTO
BAUSHUS Ha MONYJISILINY TOBUINK. [TopaskeHNs TTOBU-
JINK BHYTPUCTEOJIEBOY CTaZielt HaMu ObLIU BCTPeYe-
HBI PEJIKO, IMUYNHKY MyX (DaKTUUYEeCKU 00pa30BbIBAIN
raJuibl, TIOUTU HEOTJANUKMbIE OT TaJIJIOB TTOBUJIUKO-
BOTO JoJiTOHOCUKA. 35-40% IynapueB MyX OBIBAIOT
3apa’keHbl ITapasuTaMyi, B OCHOBHOM XaJbIIUJIaMU
Tetrastichus sp. u Eurytoma sp. n. JIlo60OTBITHO, UTO
BCTpeYaeTcs MopakeHre JTUYUHOK ITOBUJINKOBBIX MyX
6pakoHusoM Bracon murgabensis Tob. — OCHOBHBIM I1a-
PasuTONI0M MOBUIUKOBOTO IaJlJIOBOTO JIOJITOHOCHKA.

3AKJIIOUEHUME U BbIBO/1blI

1. B pe3ynbTaTe MOJIEBBIX U JIAG0PATOPHBIX HCCIIe-
IOBaHWI HAMU Ha MMOBUJIMKAX GbLIO BBIIBJIEHO U UIEH-
TUGUITMPOBAHO 26 BUIOB HACEKOMBIX-(hUTOharos.

2. BONBUIMHCTBO BBISIBJIEHHBIX (uTodaros
HecIellnaJu3MPOBAHHbBIE U CIIOCOOHBI TTOPaXaTh

9. Melanagromyza cuscutae Hering (Diptera: Agro-
myzidae)

Adult flies are black with a metallic sheen, eyes are
red, and wings are 2.4-2.7 mm long. This dodder fly
is widespread, we found it in all collection sites, with-
out exception, but it mainly affects only thick-stemmed
dodders.

It overwinters at the pupal stage in puparia, in
dodder fruits. The flight of adults in the south and
southeast of Kazakhstan is in late May — early June
(Ivannikov, 1969). When puparia are kept in the labo-
ratory at above-zero temperatures, the flight begins in
December and lasts until June, with the main peak in
April — May. After the flight, the flies undergo addition-
al feeding on guttations on the stems of dodders, after
a few days they mate and lay eggs in the stems (Fig. 10).

The first generation develops inside dodder stems.
After 18-20 days, the fly larva pupates, having previous-
ly prepared a hole for the flight of the imago; 10 more
days later, flies of a new generation appear. Now the fe-
males lay eggs in young dodder fruits, the larvae of the
new generation develop inside the fruits, feeding on the
seeds. In 1 fruit, only 1 larva develops, which eats up
the contents of all 3—4 dodder seeds. It pupates right
there, in the fetus, preliminarily, like the previous stage,
having prepared a hole for the imago. Affected fruits,
drying out, remain on the plant, in contrast to crum-
bling unaffected fruits. The number of affected fetuses
in a sample could reach 70%, but usually did not ex-
ceed 15-20%. Considering that dodders produce tens
of thousands of fruits, this technical efficiency does not
have a significant impact on dodder populations. Da-
mage of dodder by weevil was rarely detected; larvae
of flies actually formed galls, almost indistinguishable
from the galls of dodder weevil. 35-40% of pupariums
of flies can be infested with parasites, mainly by Tetras-
tichus sp. and Eurytoma sp. n. It is curious that dodder
fly larvae can be affected by Bracon murgabensis Tob. —
the main parasitoid of the dodder gall weevil.

RESULTS AND CONCLUSIONS

1. As a result of field and laboratory studies, we
detected and identified 26 species of phytophagous in-
sects on dodders.

2. Most of the identified phytophages are non-spe-
cialized and are capable of infecting plants from other
families, including cultivated ones; some of the species
are phytophages of plants that are hosts of dodders.
Specialized phytophages of dodders (oligophages) are
several species of weevils of the genus Smicronyx and
the fly Melanagromyza cuscutae Hering.

3. In the process of sufficiently extensive field
studies, no dodder populations free from specialized
phytophages, gall weevils of the genus Smicronyx and
the fly Melanagromyza cuscutae, were detected. Conse-
quently, the dispersion of these phytophages in places
free from them has no prospect.

4. Field observations and preliminary stationary
experiments have nowhere revealed the regulatory ef-
fect of phytophages on the populations of dodders. Ac-
cordingly, there is no reason for the direct use of these
phytophages in the outbreaks of parasitic plants.
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¥ PacTeHUS U3 APYTUX CEMENCTB, B TOM YUCJE KYJIb-
TYPHBIE, YaCTh BUJOB dBadeTcd puTodaraMu pac-
TEeHUU — X03sgeB MOBUJINK. Crieliuaanu3upoOBaHHBIMU
¢puTodharamu nmoBuIKK (omurodaraMu) SIBISIOTCS He-
CKOJIBKO BUJIOB )KYKOB-ZI0JITOHOCUKOB POJIa SMicronyx
U TOBUJUKOBas Myxa Melanagromyza cuscutae Hering.

3. O6HAPYXUTh B IIPOIleCCe NOCTAaTOYHO OOUIUP-
HBIX T10JIEBBIX KUCCJEOBAHUMN IOMYIAIIUY TOBUIUK,
CBOOOHBIE OT CIElVaNN3UPOBAHHBIX GUTO(GAroB —
TaJUIOBBIX TTIOBUJIMKOBBIX JTIOJTOHOCUKOB P. SMicronyx
U TIOBUJIMKOBOM Myxu Melanagromyza cuscutae, — HaM He
ymajnochk. CiejoBaTeIbHO, paccejieHre 3TUX uTodaron
B CBOGOZHBIE OT HUX MECTA HE UMEET MEePCIIEKTUBEI.

4. TloneBble HAGNIONEHNS U MIPEIBAPUTEIbHbBIE
CcTalMOHAPHBIE OTIBITHI HUT/IE HE BhISBUJIU PETYIIU-
pyromiero Bo3nelictBusg Gurodaros Ha MOMyISIUU
nmoBUJNK. COOTBETCTBEHHO, HET OCHOBAaHUSA U IJis
HEeTIOCPeACTBEHHOTO MMPUMeHeHUs 3TuxX GuTtodaros
B ovUarax rapasuTU4YeCKUX PacTeHUH.

5. BeI3bIBaeT MHTEPEC BO3MOXXHOCTD UCIIOJIb30-
BaHUSI MECTHBIX CIIEIMaJIU3UPOBaHHbBIX (puTODaros
TMOBUJIMK B KaUeCTBe ITIEPEHOCUYUKOB IMaTOTeHOB COP-
Haka (Criernss, 1973), HampuMep criop rpuba Alternaria
cuscutacidae Rudakov.

Baazodaprocne. 3a IOMOILb B BLITIOJTHEHUHY JaH-
HOT'0 MCCJIe0BaHUS aBTOP BhIpa)kaeT UCKPEHHIOIO
6J1arolapHOCTh BCEM BBIIIEYTIOMSIHYTHIM 3HTOMOJIO-
raMm, ueHTU(UIUPOBABIINM COOPAHHbBIN MaTepural,
a raxxe: [letpy ViBanoBuuy Kumy u I'puroputo MiBaHo-
Buuy [leTbko (KazaxcTaH), COTpyAHUKAM YNMKEHTCKOM
KapaHTUHHOU UHCIeKI1Y, ViBaHy OJIOHIIEBY (3a1I0BE]] -
HUK «AKcy-I)xabaryibi»), Ockapy dgMyHLOBUYY Bapy
u IoMyHAy PymonbhoBuuy I'ymmento (Y3bekucTaH),
cynpyram KopuryHoBsiM (HypaTuHCKNH 3aII0BEHUK)
U MHOTUM WHCIIEKTODPaM, JIECHUKAM U eTepsaM, [I0MO-
TaBIIMM B 3TOM paboTe.

Ocobyto 6arogapHOCTb aBTOP BbIPaXXaeT ObIB-
ueMy HadaJIbHUKY OTJiesla 6MO0JIOTMUEeCcKOro MeToza
BHUUKP Cepreto Cepreesuuy VMoxeBCKOMY, OKa3bIBaB-
1IeMy BCECTOPOHHIOI0 IIOMOILLb aBTOPY B 3TOM U IPYTUX
HauMHaHUIX.
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NOMHUM REMEMBER

ITaMAaTHU TOBapuula

11 cenTa6psa UCIOJHUIOCH 6BI 66 JeT 6e3BpeMeHHO
yuienuemy oT Hac Ceprerw AsiekceeBuuy PenocoBy —
TOBapUILLy I10 paboTe U 10 XKU3HU, C KOTOPHIM CBSI3aHO
HECKOJIBKO J€CSTKOB JIET IPYXKObI M COTPYIHUYECTBA.
Vieryiach rmepBas ocTpas 60JIb OT OTepu GJIM3KOro Je-
JoBeka. OcTajach maMiaTh 0 HEM — €T0 A0OPBIX Jejax,
€T0 IPKOY KU3HU, HAYYHBIX UCCeoBaHuSX. OCcTanuch
BOCIIOMMHAHUS O €T0 YJIaUHBIX BbICKA3bIBAHUSX, HEOP Y-
HApPHBIX MOJTHUEHOCHBIX PEIIeHUIX OOJIBIINX U MaJIbIX
mpo6JieM. ITa MaMITh COTPEBAET B PA3JIUYHBIX )KUTEN-
CKUX CUTYyaIUsIX.

Cepreii AjlekceeBUY Bcerjia TPYAUJICS C G0OJbIIUM
WHTEPECOM, TOCTUTAJ 3aKOHBI IPUPObI, UCIIBITHIBAS
BBICOKYI0 Pa/IOCTh II03HAHM . BCIO )KU3HB €ro IIPUBJIEKa
SKMBOTHBIN Mup. C IOHOIIECKUX JIET OH BhIpAIVBaJ foMa
BCSKYI0 )KUBHOCTb. 3aTeM, I10CJIe OKOHYaHUS MOCKOB-
CKOT'0 TOCYJIapCTBEHHOI'0 YHUBEPCUTETA, CTAJ 3PEJIbIM
CHEeIMaJUCTOM 10 U3YUEHUIO PA3BUTUS KUBBIX Opra-
HU3MOB, B3AMMOOTHOIIEHU N MeXy PACTEHUSIMU U UX
BPEAWTEJISIMY, UCIIOJIb3YS [T0OJIyUeHHbIE JaHHbIE /1151 pa3-
paboTKU MWAAIITUX TPUPOJLY CPELICTB 3alUThl PACTEHU .

Ero pa3paboTku B 06J1aCTH CyTOYHBIX PUTMOB OCTa-
I0TCS OPUTMHAJbHBIMU U BBI3BIBAKOT UHTEPEC CPENU
crieranucToB. JluccepranonHad pabora C.A. defocoBa
ObLIa CBA3aHA C U3YUYeHUEM [IUPKATHBIX PUTMOB HaCEKO-
MBIX — 9TO cjlabousyueHHas 06J1acTh B 6MOJIOTUM.

OT poXk/IeHUS eMy ObLIIO CBOMCTBEHHO KU3HEI00MeE.
JTO, B CBOIO OUYEPE[Ib, OMIPEEIISIIO er0 )KU3HEHHBIN ITyTh
U HaIIPSIMYI0 OTPa)kaJioch B paboTe, B HAYUHBIX UCCIIEL0-
BaHUugX. Kpyr ero nuHTepecoB 6L HEOOBIYAWHO MUPOK.
OH 6bLT HEYTOMUM U Ha TTOJIEBBIX paboTax, 1 3a pabouum
CTOJIOM, CMEJIO SKCIIEPUMEHTUDYS, [Ipejaras Opuru-
HaJIbHBIE UJIEN.

Cepreil AiekceeBUY HUKOTIA He YKAJ0BAJICS HA
TPYOHOCTH KU3HU, OTHOCHUJICS C 60JIbINIOH 6y1arogapHo-
CTBIO U TEILJIOTOU K TeM, KTO IIOMOTaJl eMY, U caM HUKOMY
HUKOTJA He OTKa3bIBAJI B TIOMOIILN.

ITocne yHuBepcuretra oH 10 jieT mmpopaboTas BO
BHUW kapaHTUHa pacTeHUM, YCIEUIHO 3alUTUJ JUC-
cepranuio. B 2000-e rogbl Cepreit AjekceeBUY CTal pa-
60TaTh B 06JIAaCTM BKCIIOPTA/UMIIOPTA TIJI0L00BOIIHOMN
OPOAYKIINY, (PUTOCAHUTAPHOE COCTOSTHUE KOTOPOU ero
WHTEPECOBAJIO U C IPAKTUYECKOU TOUKY 3PEHUS.

CrycTs ro/ibl TIOSBUJIaCh BO3MOXXHOCTb BEPHYTh-
cs K UCCJeloBaTeIbCKOY paboTe, U OH 3TO CLesal yxKe
KaK CITeIMaJIMCT BBICOKOTO KJIacca, 3HAIIIUN BHYTPEH-
HUe ¥ BHeIIHVEe Mpo6JieMbl KaPAaHTUHHOM CJIYXOBHI.

®ENOCOB Cepreii AnekceeBuy
11.09.1955-13.01.2019

HayuHbli1 coTpyAHUK Bcepoccuitickoro LeHTpa
KapaHTuHa pacTeHui (PrbY «BHUUKP»)

C.A. ®efiocoB ¢ BHTY3Ma3MOM paboTas B obacTu mpodu-
JIAKTUKH: OH MPEIOTBPaNial IPOHUKHOBEHUE BPEHBIX
OPTaHW3MOB Ha TEPPUTOPUIO HAIIEH CTPAHbI, U3ydas UX
610JIOTUI0, BPeIOHOCHOCTD, pa3pabaThiBasi CUCTEMY 3a-
IMUTHBIX MEPOTIPUATUHN. ETO BBICTYIIEHUS HA YU4eHOM
coBeTe Bcerga ObLIN ColepKaTeNbHbl U ApKu. OHU 3a-
TParvBaJii He TOJbKO Hay4YHbIe MPOOJIEMBI, HO U ITPO-
6JIEMBI TIPAKTUKOB, HETIOCPEACTBEHHO 3aHUMAOLUXCS
UMIIOPTOM/3KCIIOPTOM U MEPEBO3KOM PaCTUTEJIbHOU
TIPOAYKITUH.

He BepuTCsl, UTO HET GOJIbINE C HAMY DTOTO SHEPTUY-
HOT0, BECEJIOTO, TIOCTOSIHHO FOTOBOTO K IEMCTBUIO, TPY-
JIOJTFOGMBOTO, HAJIEXKHOTO TOBAPUIIA U KOJUIETH. [1aMATh
0 HeM, eTo J[o6pble Jejia OCTaHYTCS B HAIIUX CEPZIlax
HaBCerza.

B.H. )KumepuxuH,

KarOudam 6U0JI02UYEeCKUX HAYK,
sedyuutl HayuHblii compyoHukx OI'BY «BHUUKP»

duTtocaHutapusa. KapaHTuH pacteHuin 72



Pepakuunsa xypHana «PutocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
npeanoXunTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTein Ha cTpa-
HUUAX XypHana. Hawa uenb — npu-
B/leYeHne BHMUMaHusa 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 BaxkHas MH(hopMaLLms
0 HOBbIX MeTodax U CpeacTBax,
npuMmeHsaeMmbIx Kak B Poccum, Tak
1 3a pybexom, a Takxe o hutoca-
HUTAPHOM COCTOSIHUW TEPPUTOPUM
Poccuiickon depepauun.

Mbl LOHOCUM [0 LMPOKOro
Kpyra untateneh 06bEeKTUBHYHO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JINTUYECKYHO MH(OPMAaLNIO: MHEHUS
BeAyLLMX CreunanmcToB no Hanbo-
Jlee NpUHUMNManbHbIM BOMpocam
KapaHTMHa pacTeHWl, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX 1 OTEYECTBEHHbIX UCCNeno-
BaHWUSIX, MaTepuasbl TeMATUYECKNX
KOHthepeHL M.

Pepakuuns xxypHana «®duto-
caHuTapusa. KapaHTuH pacTeHumn»
npurnawaeTr K COTPYLHWUYECTBY
KaK BblOAKOLLMXCS OedaTenen HayKu,
TaK U MONOAbIX YYeHbIX, cneLna-
JINCTOB-MPAaKTUKOB, paboTaroLimx
B obnactu utocaHuTapuu, ons
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 MOHUTOPMHIa
1 N1abopaTopHbIX UCCER0BAHNUI MO KAPAHTUHY PaCcTeHUI

« O6CyxKaeHWe akTyasbHbIX BOMPOCOB KapaHTMHA PpacTeHMi

OBUWLME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npMHUMatoTCs CTaTbU Ha ABYX S3blKax: PYCCKOM M aHIIMNCKOM, CO-
Lepaline pesynbraTbl COBCTBEHHbIX HayYHbIX MccnenoBaHuin, obbemMom o 15 ctpa-
HWLL, HO He MeHee 3 (Mpu ogUHApPHOM MHTEpBase 1 pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbm 6onbLiero o6bema MoryT H6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. VIK, Ha3BaHue cTaTbu.

2. MHnumanel, hamunvsg aBTopa.

3. MecTo paboTbl aBTOpa, ropoa, ctpaHa, ORCID ID, agpec 3f1eKTPOHHOM NoYThI.

4. AHHOTauuMa (KpaTKoe TOUHOE U3MOXKEeHMe CoaepKaHMsa CTaTbu, BKtOUatoLLee
thakTmMueckme cBeneHnsa U BbIBOAbI OnuncbiBaemMon paboTsl): 200—250 cnoB., Ho He 6onee
2000 3HakoB c npobenamu.

5. Kntouesble crosa (5—10 cnoB, cioBocoYeTaHuin), Hanbonee ToOUHO oTobpaxkato-
Lwne cneundurKky crtatbu.

6. BBegeHue.

7. Matepuasibl U METOAbI.

8. PesynbTathl U 06CyKOeHNS.

9. BbiBOAbI/3aKNtOYEHME.,

10. Cnucok nutepaTypbl (T. . CMUCOK BCEWN MCMONb30BAHHOW NUTEPATYPbI, CCbIIKM
Ha KOTOPYIO AATCS B CAaMOM TEKCTe CTaTbM): MpaBuia COCTaBEHMS HANpPaBAsSoTCS aB-
TOPY MO 3anpocy.

11. MHdopmaums 06 aBTopax: NPUBOANUTCS NOMHAS MHOPMAaLLMS O KaXXgoM U3 aB-
TopoB (MecTo paboThbl, ropof, cTpaHa, ORCID ID, agpec aNeKTPOHHOW NoYThl).

12. inntocTpaTrBHble MaTepuanbl (hoTorpadumm, pUCyHKM) LOMYCKAKTCSH XOPOLLEN
KOHTPACTHOCTK, C paspeLlieHneM He Hmke 300 Touek Ha awonm (300 dpi), opurmnHansi
NPVKNaAblBalOTCA K CTaTbe OTAeNbHbIMU hainamu B hopmare .tiff unu .jpeg (unntoctpa-
LMK, He cooTBeTCTBYHOWME TpeboBaHNSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOE UX BoCcnpou3BeeHue Tunorpadckm cnocobom HeBo3MOXHO0). Heobxoonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (®. U. O. hoTorpada mnm ccoiky).

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

* B TakoM e nopsioke U CTPYKType npedoCcTas/sieTcsl AHr/1053bi4HbIli hepeBod CTaTbU.

PaboTa ponxHa 6biTb NnpepgocTaBneHa B pegaktope WORD, opmat DOC, wpudt
Times New Roman, pasmep wpudra — 12, MEXCTPOUHbIN MHTEpPBaN — OAMHAPHbIN, pa3-
Mep nosiel no 2 cM, oTCTyn B Havyane absaua 1 cMm, hhopmMaTmMpoBaHume Mo WwupuHe. Pu-
CYHKM, Tabnuubl, CXeMbl, rpaduKm 1 Np. [OMXKHbI 6bITb 06583aTENBHO NPOHYMEPOBaHbI,
MMEeTb UCTOYHUKM 1 MOMELLATbCA Ha MeYaTHOM Mnose CTpaHuubl. HasBaHve Tabnuubl —
Hapn Tabnvuen; HasBaHWe pUCyHKa/rpacmKka — NoL pUCyHKOM/rpadinKoM.

BOJIEE NOAPOEHbIE YCJIOBUA NYBNNKALUU CTATEW Bbl MOXKETE
Y3HATb B HALUEW PEOAKLNN:

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

p. n. BoikoBo, yn. [orpaHnyHas, 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»)

— Hay4yHoe 1 MeToguyeckoe obecneveHue
neatenbHocTu PoccenbxosHag3opa,
ero TeppuTopUanbHbIX yNpaBsieHUi
n nogBegoMCTBEHHbIX eMy
yupexaeHuii B chepe KapaHTUHA
M 3aLUTbI pacTeHUM

— YcTaHoBneHue KapaHTUHHOrO
(hUTOCAaHMTAPHOrO COCTOAHMS
noAKapaHTUHHbBIX MaTepuanos
n TeppuTopun Poccuinckoin Gepepaumum
nyTeM NpoBeAeHUs nabopaTopHbIX
3KCMEPTU3 U MOHUTOPUHIOB

= HayuHoe CoTpyaHU4YecTBO
C HaUWOHaJbHbIMU
N MeXOyHapoOHbIMM
opraHusauusaMu B obnactu
KapaHTUHA pacTeHui

Bepyuiee yupexxkaeHue B Poccuiickon depepaumm no CUHTE3Y U NPUMEHEHUIO
thepoOMOHOB AN19 BbIIBNIEHUS KapaHTUHHBIX U HEKapaHTUHHbIX BpeguTene
1 60pbbbl C HUMMK

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

B ®rbY «BHUUKP» co3paH u nenctsyet TeEXHUUECKUIN KOMUTET
no ctaHgapTusaumm TK 42 «KapaHTWH U 3aWuMTa pacTeHnn»

Bepnyluee Hay4yHO-MeTOANYECKOE YUpexxaeHue B cocTaBe KoopanHaUMoHHOro
CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

[onoBHOE Hay4yHO-MeTogu4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a

140150, Poccus,
MockoBcKkag 00J1aCTh,

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

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

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



