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MesKAyHapOoJHbIN

roJi OXpaHbI 3/T0POBbA
pacTteHui — 2020

1 €ro BKJIaJ,

B ITPOIOBOJIbCTBEHHYIO
0€e30IIaCHOCTDb

P. MALIYKEJLJIU, CekpeTapuaT MexXIyHapOgHOM
KOHBEHIIVHU 10 KAPAHTUHY U 3al[UTE PACTEHUI,
e-mail: riccardo.mazzucchelli@fao.org

A.C. IIAMUWJIOB, CekpeTapuaT MexxayHapOIHOM
KOHBEHIIVY 110 KAPAHTUHY U 3alIUTe PACTeHUH,
e-mail: artur.shamilov@fao.org

«llpaBo Ha 00CTaTOYHOE NUTAHUE PeaIu3yeTcs B TOM

cay4dae, Koroa Kamobll Yes10BeK — MyMYUHA, HeHUWU-

Ha u pebeHoK — 0TOesIbHO UWJlU COBMECTHO C Opyrumu

B 1tloboe BpeMsi umeeT (husudeckue U IKoHoMu4Yeckue

BO3MOMHOCTU 07151 00CTynda K 00OCTATOYHOMY NUTAHUIO

usiu pacnonaraet cpedCTBAMU ero NOyYeHus».
3ameuaHue obero nopsaka N2 12

KoMuUTeT No 3KOHOMUYECKUM,

COLMANbHbIM U KYNbTYPHbBIM NpaBaM
(K3CKM), 1999

IIOBECTKA JIHSI B OBJIACTH
YCTOMYMBOIO PA3BBUTUS HA

MEPUOJ, 10 2030 TOJIA, TJIOBAJIbHAS
IIPOJOBOJIbCTBEHHAS BE3OIIACHOCTb
U 3I0POBBE PACTEHUM

POIOBOJILCTBUE ¥ CEJIbCKOE XO3Si-
CTBO UMEIOT KJII0OUeBOe 3HaueHUue
IS OOCTHKeHUs ITOBECTKM IHS 0
2030 roma B 006JacTM yCTOMYMBOTO
pasButus u ee 17 1enen B 06JacTu
ycronunBoro passutus (IIYP), KoTo-
pble SBJISIIOTCS OCHOBOM ITPOIOBOJIb-
CTBEHHOM 6€30I1aCHOCTH.

TIpomoBOSIbCTBEHHAS 6€30ITaCHOCTh CITOCOOCTRBY-
eT rpeobpa3oBaHUIM, TIPeLyCMOTPEeHHbIM [ToBeCTKOM
nHs 1o 2030 roza B 06J1aCTH YCTOMYMBOTO PAa3BUTHS,
yTeM obecrieueHrsI CHHEPTUUYEeCKUX CBA3eH B KaKI0M
KOHTEKCTe CYIIeCTBYIOUIUX MOJIUTUUYECKUX YCIOBUH. 3a
CUeT BBICTPAUBAHUS CUHEPIUUYECKUX CBSI3€H ITOBBIIIA-
€TCsI COTJIACOBAHHOCTD JIEMCTBUY B COOTBETCTBYIOIIUX
CeKTOpax. AHAJIOTMUHBIM 06Pa30M CTPaTETUU U MEPHI,
HaIIpaBJIeHHbIE HA YKPETJIeHNEe 3[[0POBbS PACTEHUH,
TaK)Xe UMEIOT OCHOBOIIOJAaTalIlee 3HAaYeHNe I 0-
cTuxeHUd LIYP, B yaCTHOCTU TeX, KOTOpPble Halpas-
JIEHBI Ha JIUKBUIAIIWIO TOJIONA ¥ HeJLoelaHus, COKpa-
IeHre MacIlITab0B HUIIEThI U yCTPaHEeHYe YIPo3 IJisd
OKpYy>Karolel cpe/ibl, TAKMX KaK, HAaTIpyMep, BCIIBIITKYA
BPEeIHbBIX OPTaHU3MOB.
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e-mail: riccardo.mazzucchelli@fao.org
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“The right to adequate food is realized when every man,
woman and child, alone or in community with others,
has the physical and economic access at all times to
adequate food or means for its procurement.”

General Comment 12
Committee on Economic,
Social and Cultural Rights
(CESCR), 1999

THE AGENDA 2030 FOR SUSTAINABLE
DEVELOPMENT, GLOBAL FOOD SECURITY
AND PLANT HEALTH

ood and agriculture are key in achieving the
Agenda 2030 for Sustainable Development
and its 17 Sustainable Development Goals
(SDGs), which are basis for food security.
Food security contributes to the transfor-
mational change set forth by the Agenda 2030 for Sus-
tainable Development by creating synergies within each
context of the existing policy environments. Thus cre-
ating synergies is enhancing coherence across relevant
sectors. Similarly, policies and actions promoting plant
health are also fundamental in achieving the SDGs, in
particular those aimed to eliminating hunger and mal-
nutrition, reducing poverty and threats to the environ-
ment such as the outbreak of pests, amongst others.
The implementation of the International Stan-
dards on Phytosanitary Measures (ISPMs)' contri-
butes to achieving the Agenda 2030 by providing a
harmonised, evidence-based voluntary framework for

1 All adopted ISPMs are available at this location: https://www.
ippc.int/en/core-activities/standards-setting/ispms/.
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®AO MHOOPMUPYET FAO INFORMS

OcyurecTBiaeHUe MeX/IyHapOLHBIX CTaHLAPTOB
mo ¢purtocaHuTapHeiM MepaM (MCOM)! crrocobeTBY-
eT gocTrKeHuo [ToBecTku nHA 1o 2030 roza nyrem
obecrieyeHrsT TapMOHU3UPOBAHHOT0, OCHOBAHHOTO
Ha GaKTUYIECKUX JaHHBIX JOOPOBOJIBHOTO MEXaHU3Ma
JLJIS COTJIAaCOBAaHHOI'O U MOCJIEN0BAaTEJIbHOI'O OCYLIECT-
BJIEHUS CTPATEeruy, HalleJJIeHHON Ha yKperieHue (u-
TOCAHUTAPHOIO MOTEHI[MaJa Ha HAllMOHAJbHOM YPOB-
He. KOMILJIeKC Bcex 3TUX MePOIIPUSATHH HallpaBJjieH Ha
IO IEPKKY TTPOAOBOJIbCTBEHHOM 6€30ITaCHOCTH.

BKJIAJ MEXXJYHAPOJHOTO I'OJA OXPAHbDI
3I0POBbS PACTEHUMI (MT'O3P) — 2020
B ITPOJOBOJIbCTBEHHYIO BE3OITIACHOCTD

CyliecTByeT UeTKas B3aUMOCBSI3b MEXY 3Jl0pDOBbEM
pacTeHUN U yKPeIIeHueM ITPOAOBOJILCTBEHHOM 6e30-
MMacHOCTH, UTO TaKXe CII0CO6CTBYET NCKOPEHEHUIO
0eqHOCTH B MUpe. YKpPeIlJeHe 1 CoOXpaHeHUe 370-
POBbS pacTeHU BO BCEM MUPEe MMeeT BakKHelliee
3HaYeHUe IJIs JOCTI)KEHUS TI106aJIbHOM TPOJ0BOJIb-
CTBEHHOU 6e3omacHocTr. MI'O3P mpezcTaBiseT co60i
VHUKAJBHYI0 BO3MOXXHOCTD [IJIS LOCTUXKEHUS ITOU
11eJiv, 0cOGEeHHO ITPUHUMAs BO BHUMAaHUE CIeNYIOIIe
(axTsr:

— Pacrenus cocTaBisioT 10 80% IIOTPeOITEMBIX
HaMU NPOAYKTOB muTaHus. COOTBETCTBEHHO, OHU
UMEIOT pellalnee 3HadeHe 1Jist obecrieueHus IIpo-
IOBOJIbCTBEHHOM 6e30IIacCHOCTU MJIU IOCTOSHHOTO
IOCTyTMa K JIOCTaTOYHOMY KOJIMYECTBY HEJIOPOTOro,
6€e30I1acHOr0 M MUTaTEeJbHOI'0 IPOJIOBOJIbCTBUS, T10-
3BOJISIIOIIETO BCEM HaM BECTY aKTHUBHBIN U 3M0POBBIN
06pa3s )KU3HU.

— o 40% Bcex NPOLOBOJIbCTBEHHBIX KYJIbTYP
MMOABEP)KEHBI BO3MEHCTBUIO BPELHBIX OPraHU3MOB
pacTeHui.

— l3MeHeHUe KJInMaTa 'PO3UT He TOJbKO COKpa-
IeHWeM KOJIMUECTBA CeJIbCKOX03SIMCTBEHHBIX KYIIb-
TYpP, CHIDKEHVEM YPOXKAUHOCTU, HO ¥ YMEHbIIeHUEM
MMUTATEJbHOU IIeHHOCTU. [TOBBINIEHNE TEMITEPATYPbI
TaK)Ke 03HAYaeT, uTo 60JIbIlle BpegHbIX OPTaHU3MOB
pacTeHUU TOSIBJSIETCS paHbIle, U B MeCTax, rle ux
paHblile He GBLIO.

PemeHnue mpo6eMbl 340POBbSI PACTEHUH IT0-
CPeICTBOM IleJieHAITPaBJIeHHOHN, MHANBUAYATU3UPO-
BaHHOU U MHOTOCTOPOHHE! MOJUTUKY CIIOCOOCTBYET
peanmsanuy IIpaBa Ha JOCTAaTOYHOE MUTAHUE, a 3Ta
peanusaius JOCTUTAETCS MyTeM 00eCIIeueHUs U CO-
XpaHeHUs MTPOJIOBOJIbCTBEHHOM 6€30MMacHOCTU U ITH-
TaHUA. 3T0POBbE PACTEHUN SIBJISETCS IIPEANOCHIIKON
HAJIMYUS TTPO/IOBOJIBCTBUS ¥ KOPMOB JIJISI MEJTKUX (hep-
MEPOB, a TakXe 0becIieurBaeT, HalIpuMep, U3NUIIKHI
MIPOAYKIIVY IJIS TIPOJIA’KU U YIIyUIIaeT SKOHOMUYECKOe
TIOJIOKEHWE MEJIKMX (DEPMEPOB.

CTPATETHA OCYIIECTBJIEHUA

MeXXIyHapOIHBIN TOJ OXPaHbl 3/I0POBbS PACTEHUH
MMOOIIPSET NesATEeJIbHOCTh U MHUIIUMATUBHI, CIIOCO6-
CTBYIOIIME CPeU MPOYEro MCKOPEHEHUI TOJIOMA
(LIYP 2), u CekpeTapuaT MeXXIyHapOAHOM KOHBEHIIUY
110 KapaHTUHY U 3amuTe pacteHui (MKK3P) Boies-
€T pecypchl Ha Pa3BUTHE CBSI3EHM MEXY 3[I0POBbEM
PacTeHW# U MPOJOBOJBCTBEHHON 6€30IMacHOCThIO,
TIPUHSB 3[0POBbe PACTEHUU U IPOJOBOJIbCTBEHHYIO

1 Bce npuHsaTbie MCOM pocTynHbI NO cnepyowemy agpecy:
https://www.ippc.int/ru/core-activities/standards-setting/
ispms/.

coherent and consistent implementation of policies
strengthening phytosanitary capacities at the national
level. All these activities in complex are aimed at sup-
porting food security.

INTERNATIONAL YEAR
OF PLANT HEALTH (IYPH) - 2020
CONTRIBUTION TO FOOD SECURITY

There are clear links between healthy plants and en-
hancing food security, which also supports eradicating
poverty in the world. Promoting and preserving plant
health globally is essential to achieving the food secu-
rity, globally. The IYPH is a unique opportunity to that
end, especially considering the following facts:

— Plants make up 80% of the food we eat. As such,
they are critical for safeguarding food security, or the
ongoing access to sufficient, affordable, safe and nu-
tritious food for us all to live active and healthy lives;

— Plant pests are responsible for losses of up to
40% percent of food crops globally;

— Climate change threatens to reduce not only the
quantity of crops, lowering yields, but also reducing the
nutritious value. Rising temperatures also mean that
more plant pests are appearing earlier and in places
where they were never seen before.

Addressing plant health through targeting, tai-
loring and multilateral policymaking, contributes to
the realization of the right to adequate food by achiev-
ing and preserving food security and nutrition. Plant
health is a prerequisite for food and feed availability
for smallholder farmers and also provides, for example,
smallholders with surplus produce to sell and increas-
es their economic standing.

IMPLEMENTATION STRATEGY

The International Year of Plant Health promotes ac-
tivities and initiatives contributing to the Eradica-
tion of Hunger (SDGs 2) — amongst others — and the
IPPC Secretariat has dedicated resources to linkages
between plant health and food security, establishing
plant health and food security as the annual theme of
20162 The IPPC provides countries an international
framework to protect national food security, in which
the global movement of pests of plants can be ma-
naged on a national and scientific basis within their
acceptable level of phytosanitary risk. A major ob-
jective has been to ensure national food security by
minimizing the impact of pests on plants. The imple-
mentation of the IPPC and its international standards
(ISPMs — recognized by the World Trade Organiza-
tion), which receive the necessary support and tech-
nical assistance from the IPPC Community, is a key
feature to succeed at country level.

FAO plays an increasingly decisive role in the ad-
vancement of the access to adequate food at global,
regional and national levels. The Organization proac-
tively contributes to the increasing number of coun-
tries that have included food security in their na-
tional constitutions, laws, strategies, policies and
programmes. Policies should take particular attention

2 Find more information at https://www.ippc.int/en/themes/
food-security/.
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Puc. 1. TyceHnuLa KyKypy3HOM IMCTBEHHOW COBKM
Spodoptera frugiperda Ha pacTeHUM KyKypy3bl

Fig. 1. Larva of southern grass worm
Spodoptera frugiperda on maize

(choTo HO.A. JloBUOBOWN, Pecnybnuka Mepy, 2016 1.)  (photo by Iu.A. Lovtsova, the Republic of Peru, 2016)

Puc. 2. PacTeHue KyKypy3bl, NOBPeXAeHHOe ryceHuL,amm
Spodoptera frugiperda (choto HO.A. NloBuoBoi, Pecny6nuka Mepy, 2016 r.)

Fig. 2. Maize damaged by larvae of Spodoptera frugiperda
(photo by Iu.A. Lovtsova, the Republic of Peru, 2016)

dutocaHuTapusi. KapaHTUH pacTeHuii
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0€e30IIaCHOCTDh B KauecTBe TOJ0BOH
TeMbl 2016 rozma?. MKK3P oGecrieun-
BaeT CTpaHaM MeX/AyHapoAHbIe OC-
HOBBI JJ4 3al[UThl HAIlMOHAJIbHON
MIPOJOBOJIbCTBEHHOY 6€30acHOCTH.
B pamkax JaHHbBIX OCHOB IJio6abHOE
repeMelieHre BpeIHbIX OPraHu3MOB
pacTeHU MOXET PeTyIupPoBaThbC Ha
Hay4JHOU 6ase B IIpefieiax ux mpueM-
JIEMOTO YPOBHS (DUTOCAHUTAPHOTO
pucka. OmHOM 13 OCHOBHBIX IeJiel sIB-
JnsieTcs obeclieueHre HallMOHAaIbHOMK
MIPOJIOBOJIbCTBEHHOM 6€30IacHOCTH
MIyTeM MUHUMUI3AIUU BO3IEeHCTBUS
BPeIHbIX OPTaHU3MOB Ha pacTeHUs.
OcywectBieHnve MKK3P u ee mex-
IYyHAPOAHBIX CTaHIAapPTOB (MCOM —
NIpU3HAaHHBIX BCEMUPHOU TOPTrOBOM
opranusaiuei), KOTopble MMOJyYatoT
HeOoOXOLUMYI0 OANEP)KKY U TeXHU-
YeCcKyI MOMOINb cO CTOPOHBI Co06-
mectBa MKK3P, aBisgerca KJII0UeBOU
XapaKTEePUCTUKOM IJIST TOCTUKEHUST
ycriexa Ha ypoBHeE CTpPaH.

®AO urpaer Bce 6ojiee pemiaio-
IIYI0 POJIb B PACIIUPEHUM LOCTYIIa
K IOCTAaTOYHOMY MUTAHUIO HA TJO-
0aJbHOM, PETMOHAJNBHOM UM HAIMO-
HaJIbHOM ypPOBHAX. OpraHusanmusg
aKTUBHO COJIENCTBYET YBEJIUUYEHUIO
YycJia CTPaH, BKIIOYAIONIUX BOIIPOCHI
MIPOJIOBOJIbCTBEHHOU 6€30TTaCHOCTH
B CBOU HallMOHAJIbHbIE 3aKOHbBI, CTPa-
Teruu, MephI ¥ IIPOTpaMMBbl. B paMKax
Mep 0cob60e BHUMAaHUeE IOJIKHO ye-
JIITHCS BBIIBJIEHUIO YSI3BUMBIX IPYTITT
U MeJIKMX JJOMAaIIHUX X03SHUCTB, a TaK-
’Ke BBISIBJIEHUIO TIPUYUH OTCYTCTBUS
Yy HUX TIPOJIOBOJILCTBEHHOM 6e3ormac-
HOCTH. HeoO6XomuMo, B paMKax oIlpe-
IeJeHHOW KyJbTypbl, TPUHUMATh
KOpPEeKTUpywiiue Mepbl, rapaHTU-
pymIye SOCTYII K ITPOIOBOJIbCTBUIO,
cBO6OHOMY OT HebGe30ITacHbBIX Be-
1IECTB, U CPEJICTBAM €T0 3aKyTIKU.

MEKYHAPOJHBIE
MIPOJIOBOJIbCTBEHHBIE
CHUCTEMBI

MexayHapoaHbIe TPOJOBOJIbCTBEH-
HbIE CUCTEMBbI CIIOCOBCTBYIOT ITO-
BBIMIEHUIO HAJUUYUSA, JOCTYITHOCTH,
1IEHOBOI MPUEMJIEMOCTH U KauyecTBa
ITPOJOBOJIBCTBUS U, CJIe0OBATEIbHO,
CIIOCOGCTBYIOT 06€CIIeUeHUI0 TIPOIO-
BOJIBCTBEHHOU 6e3omacHOCTU. g
obecrneuyeHUs 3/I0POBbS PaCTEHUU
HE0OXOUMO OCYIECTBIATD TOCTO-

STHHBIN 1 HAyYHO 060CHOBAHHBIN (pUTOCAHUTAPHBIN
HaJ30p U 06CIeJOBaHUS AJIs OIIpeleIeHUs cTaTyca
BPEIHOTO OpraHu3Ma B CTpaHe. ITO IIOMOXKET OTIpe-
JIEeJINTh HAJIMYYe UK OTCYTCTBYE BPEIHbBIX OPraHu3-
MOB B CTPaHE, YTO MO3BOJIUT ITPABUTENHCTBAM GbI-
CTpee pearupoBaTh. B cBOI0 ouepemb, 3TO 06JETYUT

Puc. 3. BakTepuanbHblit oxor nnogosbix  Fig. 3. Fireblight

KynbeTyp Erwinia amylovora Ha a6noHe
(choTo E.1O. LLUHenpep, Pecnybnuka
Monpoga, 14 ntoHsa 2007 r.)

Puc. 4. BakTepuanbHbIli 0XOT N0A0BbIX
KynbTyp Erwinia amylovora Ha 60sipbilWHKKe
(choTo E.HO. LLUHenpep, KanuHnHrpagckas
obnactb, 5 uons 2007 r.)

2 bonee nofapobHyto MHOPMaLLMIO Bbl HanpeTe
Ha https://www.ippc.int/ru/themes/food-security/.

Erwinia amylovora on apple
(photo by E.Y. Shneyder, the Republic
of Moldova, June 14, 2007)

Fig. 4. Fireblight

Erwinia amylovora on hawthorn
(photo by E.Y. Shneyder,

the Kaliningrad Region, July 5, 2007)

to the identification of vulnerable groups and house-
holds, along with the reasons for their food insecurity.
Corrective measures should be implemented to gua-
rantee their access to adequate food, free from unsafe
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TOPTOBJIIO U IOCTYT K PhIHKaM, 00ecIieunBas JoBepue
MEX/Iy TOPTOBbIMU TTapTHepaMu. OTKPBIThIE U TIPO-
3pauyHble PHIHKY BOILJIOIIAITCS B DKOHOMHUYECKUE
BO3MOXXHOCTH U IBJISIOTCS YaCThI0 JOJTOCPOUHBIX
CTpaTeruyl 1Mo MCKOpeHeHNIo 6eJHOCTY U MTOBBIIIE-
HUI0 IPOIOBOJIbCTBEHHOM 6€30IIaCHOCTH.
ObecrieueHre 6e30ITACHBIX YCIOBUHN JJIST MEXKILY-
HapPOJIHOU TOPTOBJIY ITPOLOBOJbCTBEHHBIMU TOBApaMU
¥ IPOJyKTaMU PACTUTEIbHOIO MTPOUCXOXKIAEHUS UMe-
eT Ba)kHelilllee 3HAUEHNeE [IJIsT COXPAaHEHUSI MUPOBBIX
PecypcoB, B TOM YMCJIe B UHTEpPecaX OYAyIIUX TTOKO-
JieHuii. [IporpaMMHbIe 0030PbI MOTYT COJIEPKATH aK-
TyaJIbHbIe HayuHble U (haKTOJIOTUUECKUE JaHHbIe I
TIOBBIIIEHUS YCTOMUYMBOCTY MEXK/AYHAPOMAHBIX TTPOIO-
BOJIbCTBEHHBIX CCTEM U IPUHUMAEMBbIX Mep.

HAIPABJIEHUS MEXXKJYHAPOJHOI'O
COTPYIHUUYECTBA B OBJIACTHU
IIPOJOBOJIbCTBEHHO! BE3OIMACHOCTH
U 3I0POBbSI PACTEHUN

» COTpPyIHUYECTBO C OpTaHU3alUIMU ITOTPebu-
TeJel ¥ HayYHbIMU KPYyTaM¥M MOXET IIOMOYb ITPaBU-
TEeJIbCTBAM YCUJINTh MTOMIIEPIKKY HEKOTOPBIX ITpeobpa-
30BaHUU 1 UHBECTUIINH.

« [ToompeHue CTPAaTerny 1 Mep, HallpaBJIeHHbIX
Ha IIpUBEJIeHUE UX B COOTBETCTBUE C LIesaMu yCTONI M-
BOT'0 Pa3BUTHS, CBI3aHHBIMHU CO 3/I0POBbEM PACTEHU.
[IpomoBONIbCTBEHHAs 0€30aCHOCTD JIEXKUT B OCHOBE
MEXCEKTOPAIbHBIX CTPATETUHN U CKOOPAVHUPOBAHHBIX
IeliCTBUU Pa3InUHbIX CYyOBEKTOB HA BCEX YPOBHSX.

« [IpomBMI)XKeHME KaMIIaHUY 110 MHPOpPMUpPOBa-
HUI0 OGIIECTBEHHOCTU O TOM, KaK 3alUTa 3[,0POBbS
pacTeHUuM MOXET ITOMOYb UCKOPEHUTD r'oJioj u obe-
CIIEYUTH IIPOJIOBOJILCTBEHHYO 6€30ITaCHOCTbD.

- Bojlee akTMBHOEe MHBECTUPOBAHUE B HCCJIE-
JIOBaHMS, CBSI3aHHbBIE CO 3JJ0POBbEM PACTEHUM, B UH-
HOBAIIMOHHbBIE METOJbl U TEXHOJIOTUH, a TaKXXe CO-
3IaHue IJIS 3TOTO0 CTUMYJIOB JJISI YaCTHOTO CeKTopa
u (hepMepoB.

« Obecrieuenue cobomerrss MCOM u ykperne-
HYe TOTeHI1aJia B 06J1aCTU 3aIUThI PAaCTEHUH, B TOM
4yuclie IyTeM IPoBefeHUsI OlleHKY (DU TOCAHUTAPHOTO
norennuana (OPII) B corpysHudecTBe ¢ CekpeTapua-
ToM MKK3P. 3T0 f0JI)KeH 6BbITh BCEOOBEMITIONNI TTPO-
1ecc, 06beIUHSAIONINYN BCe COOTBETCTBYIOIIVE HAIINO-
HaJIbHbIE 3aMHTEPECOBAaHHbBIE CTOPOHBI — UMIIOPTEPOB,
SKCIIOPTEPOB, IIPOU3BOAUTEJIEl, CEKTOPHI OKPYKato-
el cpefibl ¥ TOPTOBJIU ¥ HAyYHOEe CO0bIIEeCTBO — IJisT
OKa3aHMs MOMOIUIY CTPaHaM B BbISIBJIEHUY CUJIbHBIX
U CJIAOBIX CTOPOH UX (DUTOCAHUTAPHBIX CUCTEM.

substances and acceptable within a given culture; or
the means of its procurement.

INTERNATIONAL FOOD SYSTEMS

International food systems contribute to improving
food availability, accessibility, affordability and ade-
quacy, and therefore are conducive to food security. To
ensure plant health it is necessary to carry out constant
and scientifically accurate surveillance programmes to
determine the pest status of a country. This will allow
knowing if the pests are present or absent in a country,
governments are enabled to rapidly respond to new de-
tections. This in turn will facilitates trade and market
access as it provides trust between trading partners.
Open and transparent markets translate into economic
opportunities and are part of long-term strategies to
eradicate poverty and improve food security.

Ensuring safe environments for the international
trade of food and plant products is essential to safe-
guard the world’s resource, also in favour of future
generations. Programmed reviews can provide rele-
vant science and evidence-based updates to improve
the sustainability of international food systems and
adopted measures.

AREAS OF INTERNATIONAL
COOPERATION IN RELATION TO FOOD
SECURITY AND PLANT HEALTH

» Working with consumer organizations and aca-
demia may help governments to increase the support
for some policy changes and investments;

« Promoting policies and actions aligning it with
Sustainable Development Goals related to plant health.
The food security underpins cross-sectoral policies and
coordinated action among different actors at all levels;

« Promoting public awareness campaigns on how
protecting plant health can help end hunger and realize
the food security;

- Investing more in research related to plant
health and in innovative practices and technologies,
as well as providing incentives for the private sector
and farmers to do so;

» Enforcing ISPMs and strengthen plant protection
capacity, including by conducting a phytosanitary capa-
city evaluation (PCE) in collaboration with the IPPC Sec-
retariat. It should be an inclusive process, which brings
together all relevant national stakeholders — importers,
exporters, producers, the environment and trade sectors
and academia — to help countries identify strengths and
weaknesses in their phytosanitary systems.

dutocaHuTapusi. KapaHTUH pacTeHuii 6
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Bupyc KOpUUYHEBOU
MOPIIMHUCTOCTH
IJIOZIOB TOMAaTa —

IIOTCHIIUAJIbHAA YIpo3a

IJIS1 TIPOM3BOJCTBA
TOMATOB U IepIia

E.B. KAPVMOBA, K. 0. H., CTapIIUi HAyYHbIH
corpynHuk HMOBE ®I'BY « BHUVKP»,
e-mail: elenavkar@mail.ru
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AHHOTaUA. Bupyc KOPUYHEEOU MOPWUHUCTIOCTIU
naodoe momama Tomato brown rugose fruit virus (ToBRFV)
enepsvie bl onucarn 8 2016 e. Ha Bauscnem Bocmoxe. Bupyc
UMeem 6biCOKUE NAMO2EHHOCMb U CKOPOCMb PACTPOCPa-
HEHUS, 34 NOCJEOHUE HECKOSIbKO Jiem 8upyc Oblll 8bli6JIEH
8 YesloM psde CMpaH NPaKmu4ecky Ha 8Cex KOHMUHEHMAX,
20e HaHec 0ueHb cepbe3HbLll yuepb npou3sodcmay nmomanos
u nepua. ToBRFV coxpansaem XcU3Hecnocoo6HOCmb 8 meye-
Hue 0012020 BPEMEHU 8 CEMEHAX, PACMEHUSX U UX YACTSX,
HQ UHEPMHDLY NO6EPXHOCAX: KapmoHe, noddoHax 0ns 060~
wetl, ynaKoeouHom mamepuaJsie, UHCmpymenmax, oodexcoe
u npouem. Bvicmpoe pacnpocmpanerue ToOBRFV 06ycnosunio
Heobxo0umocmo 6KAUEHUSL €20 6 CUSHAIbHbLIL NEepeyeHd
8pedHvlx opearusmos Eeponetickoii u Cpedu3emHoMOpCKol
opeanu3ayuu no Kaparmuny u 3auwume pacmernuti (EOK3P)
U c030aHUS MENAYHAPOOHBIX UCCTIE008AMENLCKUX 2PYNTL O
paspabomxe memodos e20 BblI8JEHUL U UOCHMUPUKAYUL.
B konye 2019 2. komuccus E8ponetickoeo cor3a ycmaHo8uia
IKCMPeHHble Mepbl 01 npedomsepau,eHus NPOHUKHOBEHUS
U pacnpocmpanerus Ha meppumopuu exympu cmpau EC
BUPYCA KOPUYHEBOU MOPUWUHUCMOCMU NJI0008 MOMAma.

KiroueBsle ciioBa. KapawmuH pacmeHull, momam,
nepeuy, 3aKpulmulii 2pyHm, 8PE0HbLI 0P2AHUIM.

HacTosiee BpeMsi B Poccuiickoi

denepaliiy OBOIIEBOICTBO 3aKPhI-

TOTO TPYHTA — OJHO U3 BELYLIUX

HarpaBJIEHUN CEeJIbCKOTO XO3Si-

cTBa. [To nH(popMaluu opraHusa-

1uu «I[1JI0J00BOIIHOIN COM03», 06'bEMBI TTPOU3BOICTBA

OBOlIe} B 3amuieHHOM rpyHTe B 2019 I. cocTaBUIN
1332 ThIC. TOHH, 13 HUX 543 ThIC. TOHH — TOMAaThI.

ToMaT SIBJISIETCS Ba)KHEUIIEH OBOIIHON KYJIbTY-

poii B Mupe (16%), ¢ eXKerolHbIM YBeJIUUYEHUEM 00'b-

€MOB ero IpousBoacTsa. [To ganusiM PAO, MUpoBoe

SCIENTIFIC RESEARCH

UDC 632.3.01/.08; 632.92

Tomato brown
rugose fruit virus

is a potential threat
for the tomato

and pepper industry

E.V. KARIMOVA, PhD in Biology, Senior Researcher
of the Scientific and Methodological Department

of Virology and Biology of the FGBU “VNIIKR”,
e-mail: elenavkar@mail.ru

Y.A. SHNEYDER, PhD in Biology, Deputy Director,
Chief of the Scientific-Methodological and Testing
Department of the FGBU “VNIIKR”,

e-mail: yury.shneyder@mail.ru

Abstract. Tomato brown rugose fruit virus (ToOBRFV)
was first observed in 2016 in the Middle East. It is a highly
pathogenic and transmittable virus. TOBRFV has been found
in a number of countries for the last several years on almost
all the continents causing major concerns for growers of to-
mato and pepper. TOBRFV can remain viable for long peri-
ods in seeds, plants and their parts, on a range of surfaces:
cardboard, plant trays, packaging, tools, clothing etc. Rapid
spread of TOBRFV resulted in adding it to the Alert List of the
European and Mediterranean Plant Protection Organiza-
tion (EPPO) and establishing various international research
groups in order to develop detection and identification meth-
ods. Since the end of 2019, EU Commission has established
emergency measures to prevent the introduction into, and
the spread within the EU territory of Tomato brown rugose
fruit virus.

Keywords. Plant quarantine, tomato, pepper, protected
production, pest.

owadays, protected cultivation of horticul-
tural crops is one of the leading agricultu-
ral trends in the Russian Federation. Accor-
dingtotheorganization The National Union
of Fruit and Vegetable Producers (Fruit
and Vegetable Union), in 2019, 1332 thousand tonnes
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TIPOU3BOACTBO TOMAaTa COCTaB-
JasgeT 130 MJIH TOHH, 13 KOTOPBIX
68% mpenHa3HA4YEHO [IJIS CBe-
’)kero norpebsenust, 32% upyT
Ha riepepaboTky [1, 10].

[IpousBomcTBO TOMATa
B Poccuiickoy demepanuu pac-
TeT C KaXAbIM romom. Corjaac-
HO MHMOPMaAIUU OpraHu3aluu
«[170400BOIIHON COM03», IJI
obecrneyeHUsT UMIIOPTO3aMelle-
Hu4 [IpaBuTesbcTBOM Poccuii-
ckoit demepaluy B IIOJOTPACITb
OBII0 BJIOXKEHO 6ojiee 250 MIIpy,
pyouien.

[IpoHUKHOBEHUE BHUpyca
KOPUYHEBOU MOPIIMHUCTOCTU
maonoB Tomara (Tomato brown
rugose fruit virus) Ha TeppuTo-

JIV OBOIIIEBOJICTBA.

Bupyc KOpuuHEeBOU MOPIIUHUCTOCTU IIJIOLOB
tomata (ToBRFV) orHOCcuTCS K pony Tobamovirus, psip
MIpeJicTaBUTEJIEN KOTOPOTO MMPOKO PACPOCTPAHEH
Ha TeppuTtopuu Poccutickoii denepanuu U He KOH-
TPOJIUPYETCA KapaHTUHHBIMU IlepeuHamu PO u EASC.

Ha HacTOSIIMII MOMEHT €CTECTBEHHBIMU IIOJ-
TBEPXIEeHHBIMU 3KOHOMUYECKU 3HAUUMBIMU pac-
TEHUSIMU — X035ieBaMM [AaHHOTO BUPYyCa SIBJISIOT-
cs Tomat (Solanum lycopersicum) u niepeir (Capsicum
annuum). VicciieJoBaTeM TI0JIaraloT, YTO BCe BUIbI Capsi-
cum spp. (Briitouas C. annuum, C. chinense u C. frutescens) —
TIOTeHLIMAJIbHbIE X035€Ba BUPYCA, TTIOCKOJIbKY JaHHbIE
3 BUZIa pACTEHUY TECHO CBS3aHbI, 00BIUHO UX TUOPUIBI
COBMECTHO Pa3BOJAT, KYJIbTUBUPYIOT U PACIIPOCTPAHS-
10T 10 BCEMY MUPY; KPOMe TOro, ceMeHa Capsicum spp.
CXOJKY T10 BHENITHEMY BUY U TPYAHOPA3INIUMBbI [12, 16].

ToBRFV 6bLI Tak)ke 0GHAPYKEH Y HEKOTOPHIX BU-
IIOB COPHBIX pacTtenuit (Chenopodium murale u Solanum
nigrum) B Wspaune. ViccaemoBaHus MOKa3aau, U4TO
PsIl PAaCTEeHUU MOXET GbITh UCKYCCTBEHHO 3apakeH
BUPYCOM.

B HEKOTOPBIX JINTEPATYPHBIX UCTOUHUKAX B Kaue-
CTBe pacTeHus — X03iuHa TOBRFV ykasbpIBaroT 6akJia-
sxaH Solanum melongena. Bupyc IBaXkabl ObLIT BbISIBIIEH
B MeKcuKke Ha er0 UMIIOPTUPYEMBIX CEMeHax ¢ TIOMO-
LIbIO ITOJIMMePasHoM HelrHou peakiuy ([TLIP). Sxcrep-
THI [TOJIATAI0T, YTO JAHHBIN TTOJIOKUTEIbHBIN DE3YIbTAT
MOT OBITh CBSI3aH C 3arpsg3HeHreM IIPU KOHTAKTe, a He
C cUCTEMHOU nHQEKIINeH, IepeaBaeMoll CeMeHaMU.
B kauecTBe pacTeHUs — X0351MHA BUPyca KOPUYHEBOU
MOPIIUHUCTOCTHU TIJIONOB TOMaTa B MeKCUKe YyIIOMU-
HaeTcs IBeTHAas KarycTa Brassica oleracea var. botrytis.
B mpoliecce BereTaluu Ha PacTeHUSX 1IBETHOM Karly-
CTbI, KYJIbTUBUPYEMBIX B OTKPBITOM I'PYHTE, GbLIY OTMe-
YeHbI HEOOBIYHBIE CUMIITOMBI, ITOCJIE YETO0 JJaHHbIE Pac-
TeHUs ObLIY ITPOTecTUPOBaHbl Ha TOBRFV ¢ moMOIIbI0
[1LIP, n pe3ynbTaT OKa3aJiCs IOJIOKUTEIbHBIM. O HaKO
CITEIMAINCThI-BUPYCOJIOTY CUYUTAIOT, UTO TIOJIOKUTENh-
HBIY PE3YJIbTAT, TOJIyUeHHbBIHN ITPY aHAJIN3€e, MOXKET ObITh
CBSI3aH C 3aTPsI3HEHNEM Yepe3 COTPYLHUKOB arpoTIpe]-
MIPUSTUS WX KOHTaMUHALIMENR B JIaBOPaTOPUU B X0OJIe
TECTUPOBaHUS. B HACTOSII NI MOMEHT HET I0CTATOYHBIX
JIOKa3aTeJIbCTB JJIS TOTO, YTOBbI paccMaTpUBaTh 6GakJa-
’KaH Y IIBETHYIO KaITyCTy B KAYECTBE PACTEHUN — XO35I€B

. >/ Puc. 1. Y3KONUCTHOCTb U Ny3blpyaToCcTb IMCTbEB ToMaTa (U3paunb, 2019)
puio Poccuuickou denepanuu  (ghoro: Camille Picard). Uctounnk: EPPO global database /

NPUBENET K 3HAYUTEIbHBIM 3KO-  Narrowing and blistering of tomato leaf (Israel, 2019)

HOMUYECKUM IIOTEPAM B OTpac-

of vegetables were grown in protected productions,
where 543 thousand tonnes accounted for tomatoes.

Tomato is the most important vegetable crop
grown worldwide (16%) with a global production in-
creasing annually. According to FAO, tomato accounts
for 130 million tonnes of world production, 68% is used
for table consumption in fresh form, 32% is used for
processing [1, 10].

Tomato production in the Russian Federation
increases every year. According to the organization
The National Union of Fruit and Vegetable Produ-
cers (Fruit and Vegetable Union), while facilitating im-
port substitution, the Government of the Russian Fede-
ration invested more than 250 billion rubles in tomato
production in Russia.

The introduction of Tomato brown rugose fruit vi-
rus into the Russian Federation will result in significant
economic losses in vegetable production.

Tomato brown rugose fruit virus (ToBRFV) is a
member of the genus Tobamovirus. A number of to-
bamoviruses is widespread in the Russian Federation
and is not included in the quarantine lists of RF and
the EAEU.

Currently, tomato (Solanum lycopersicum) and pep-
per (Capsicum annuum) are the only confirmed natu-
ral cultivated hosts of TOBRFV. Researches assume
that all species of Capsicum spp. (including C. annuum,
C. chinense and C. frutescens) are potential hosts, because
these 3 plants are closely related — usually their hybrids
are jointly bred, cultivated and distributed around the
world; in addition, seeds of Capsicum spp. are simi-
lar-looking seeds and hard to differentiate [12, 16].

ToBRFV was also identified in Israel on a few weed
species (Chenopodium murale and Solanum nigrum). Re-
search showed that a number of plants can be artificial-
ly inoculated with the virus.

In some literature, aubergine Solanum melongena
is reported as a host plant of TOBRFV. The virus was
detected twice on imported seeds in Mexico using the
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ToBRFV. B uccienoBaHudgx I10 [lepefave BUpPyca KOpUU-
HEBOU MOPIIVMHUCTOCTU IIJIOZOB TOMAaTa PacTEeHUAM
KapTodesis, TPOBOJUMBIX TPYIIIION CIEINAINCTOB IO
pykoBozcTBOoM Luria N. B 2017 ., 611X TIOJTyYEHBI OT-
pulLaTeabHbIe Pe3yabTaThl [12]. YueHbIe TPOAOJIKAOT
TIPOBOJIUTH UCCIEN0BAHUS 10 YTOUHEHUIO KPyTa pacTe-
HUH — X035€B JaHHOT'O BUpPYCa.

[TposiBJieHWE CUMIITOMOB Ha 3apa’KeHHBIX pac-
TEHUSX 3aBUCHUT OT BUJA U COPTa PacTeHUs, MH(PEK-
IIMOHHOCTY BUPYCA U YCJIOBUM OKDPYXKAIOIIEN CPEIbI.
Pacrtenus, 3apakeHHble TOBRFV, cpasdy He IpogBIIsg0T
BU3YaJIbHbIX CUMIITOMOB, B ceMeHaX MH(EKITUS cOXpa-
HSIETCS JIATEHTHO.

CumnroMmel, Bei3siBaeMble TOBRFV, Ha pacTeHuAX
JIIOCTaTOYHO Pa3HOOOPAa3HbI U He SIBJISIOTCS Creludu-
YEeCKUMU: OHU MOTYT ObITh JIETKO CITyTaHbI C IIPU3HA-
KaMU ITOpa’keHUsI BUPYCOM MO3auKy renuHo (PepMV),
BUPYCOM XJIOPOTHUUYECKOU MATHUCTOCTU (usocTe-
ruu (PhCMoV), Bupycom ToMaTHOU Mo3auku (ToMV)
U BUpycoM TabauHoi Mo3auku (TMV).

Ha tomarax, unduiiupoBaHubsix ToOBRFV, uaiie
BCET0 MOYKHO HabJI0JaTh: XJIOPO3, MO3auKy, nedop-
MallMIo, UTOJIbYATOCTh (pHC. 1), My3bIpuaToCTh (pHC. 2),
TOCTeTNIeHHOe YBIJaHNE JIUCThEB C TOCHEYIOUUM T10-
JKeJITeHHEM U Tubelibio pacTeHuil (puc 3); mosaBIeHe
KOPUYHEBBIX HEKPOTUUYECKUX TTOPAYKEHU I Ha CTEOIIAX,
YaleJUCTUKAX U YePeIIKax; XJIOPOTUYECKYIO MATHU-
CTOCTh, MPAaMOPHOCTbh, MOPIIMHUCTOCTD, feopMaIiuio
¥ HepaBHOMEPHOE Co3peBaHue IIoAoB (puc. 4-5).

¥ TomaTa uieHTUUIIMPOBAHO 3 TeHa AJUTENb-
HOU yCTOWYMBOCTH, KOTOPBIE 06ECTIEUNBAOT ITOJHYIO
YCTOMYMBOCTD K HECKOJIbKUM To6aMoBupycam. OmHa-
ko ToBRFV mipeojiosiesl BCe 3T reHbl YCTOMUYMBOCTH.
B HacTosIee BpeMs JOKa3aHO, YTO HU OJMH KOMMeED-
YeCKU COPT TOMaTa He 06J1aaeT MOJTHOM YCTOMYUBO-
CThIO K BUPYCY KOPUYHEBOM MOPIIUHUCTOCTHU TIJIOJIOB
ToMarta [12].

Copra mniepiia, nHpuimpoBanHbie TOBRFV (puc. 6),
YV KOTOPBIX OTCYTCTBYIOT L-T€HbI yCTOMYUBOCTH, YaCTO
IMOpaXkalTCs CMeIlaHHON nH(eKIne. Y pacTeHui
repiia, CoepPXKaIluX reHbl yCTOMYMBOCTH, IIPY 3apa-
JKeHUU HabJilogaeTcsl peakiius CBePXUYBCTBUTEIb-
HOCTH, KOTOpas BKJIOYaeT B cebs HEKPOTHUUYECKUE
TTOBPEXIEHNS Ha KOPHSIX U CTEOJISIX (PUC. 7), UTO IPHU-
BOJIUT K 3aMeJJIEHUIO POCTa U JaJibHeNIel rubeiu
pacTeHun.

B HacTosInee BpeMs JOCTOBEPHOU nHMOPMAILIUKU
o pacnpocrpanenuu ToBRFV ouens maijio.

BecbMa BeposiTHO, uTo Tomato brown rugose fruit
Virus MOKeT MPUCYTCTBOBAThb B CTPaHaX, I'7le Ha JaH-
HBIY MOMEHT OH O(UIUAJbHO He 3apPEeTruCTPUPOBAH.
CBsI3aHO 3TO MPEXE BCETO C TEM, UTO IIEPBOE YIIOMU-
HaHMWe O BUPYyCe B HAYYHOU JIMTEPATYype JaTUPyeTCs
2016 1. [15], 10 5TOTO BpeMeHU BUPYC HE PETYJIUPO-
BaJIiCSl CTPaHaMU. B IMTepaTypPHBIX UCTOUHUKAX He-
O HOKPATHO COO0DIIAJIOCh O TIepexBaTax BUpyca B 3a-
pakeHHbIX CEMeHaXx U IJIofaX pacTeHUN-X0351eB IIPU
UMIIOPTE U3 CTPaH, rIe HeT opuiinajlbHON nHpopMa-
1I1u o pacrnpocTpanenuu ToBRFV [6, 13].

BriepBble BUPYC KOPUYHEBOW MOPILUHUCTOCTHA
IIJIOZLOB TOMaTa ObLI BBIZEJEH M3 PAaCTeHUM ToMarTa,
BBIpAIIeHHBIX B Teruinilax Mopmanuu B 2015 1. [15].
o aToro, B 2014 1., Ha 1ore M3paunida 6bl1a oTMeYeHa
BCIIBIIITKA HOBOT'O 3a60JIeBaHUS, IOPAXKAIOIIETO YCTOM-
YWBbIE COPTA TOMATOB, BO3JI€JIbIBAEMbIE B YCIIOBUSIX
3aKPBITOTO I'PyHTA. BriocaencTBuY GbLIO YCTAHOBJIEHO,
yT0 3ab0JieBaHue BbI3BaHO TOBRFV [12].

method of polymerase chain reaction (PCR). Experts
concluded that this positive result could have been
obtained due to contact contamination and not due
to systemic infection transmitted by seeds. In Mexi-
co, cauliflower Brassica oleracea var. botrytis is report-
ed as a host plant of Tomato brown rugose fruit virus.
After unusual symptoms were observed on cauliflower
plants during the growing cycle in the open field pro-
duction, the plants were tested for TOBRFV using PCR
method, and the result came back positive. Howev-
er, virologists believe that a positive result of the PCR
test may be due to contamination by contact or con-
tamination occurred in the laboratory during testing.
At present, there is no enough evidence available to
consider aubergine and cauliflower as host plants of
ToBRFV. Negative results were obtained through tests
carried out in 2017 by a group of specialists under
Luria N. supervision in order to determine that To-
mato brown rugose fruit virus might be transmitted
to potato plants [12]. Research is underway to confirm
the host range of the virus.

On infected plants, symptoms vary depending on
the species and variety of plant, infectivity and envi-
ronment. Plants infected with TOBRFV may show no
obvious symptoms; seeds can be infected asympto-
matically.

Symptoms on plants infected with ToOBRFV vary
significantly and are non-specific. They may be easily

Puc. 2. CunbHas Mo3auKa U Ny3blpyaToCTb Ha JINCTbAX
Tomarta (Cuumnus, Utanus, 2018) (dpoTo: Prof. Salvatore
Davino). UcTouHuk: EPPO global database / Severe mosaic
and blistering on tomato leaves (Sicily, Italy, October 2018)
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Bupyc odyeHb 6BICTPO PacIpocTpaHseTcs Ha 06-
LIMPHBIE TEPPUTOPHUH U 3a MOCJIEHNME 2 TOfa 3HAUN-
TeJIbHO pacUIuPuJI cBol apeaJi. COOBIIEHUS O eTO TepP-
BOM OOHAapPy>XeHUU ObLIY OTTyGIMKOBAHBI B HEKOTOPBIX
cTtpaHax EBpornbl, A3uu 1 AMepuku. Tak, B IIepuo/,
2018-2020 rr. TOBRFV 6B BBISIBJIEH B CJIEAYIOUIUX
cTpaHax: 'epmanuu (2018) — ouar JUKBUIMPOBAH,
CIIIA (2018) — ouar aukBuaupoBaH, Vtaauu (2018),
Mexkcuke (2019), Kutae (2019), I'penuu (2019), Uc-
nanum (2019), Hupepaaugax (2019), Typruu (2019),
Benukob6putauuu (2019), ®dpaniuu (2020), Erumnte
(2020), IMossIe (2020) [6].

ITo nudopmanuy AMEPUKaHCKONM accollualluy
Toprosyiu cemeHamu (ASTA), TOBRFV Takske 6bLI 06-
HapyxeH B CaymoBckoli ApaBuu, Yunu, Ipuonuu
u Cymane. Bpiy OTMedeHbI HEOLHOKPATHBIE TTIepexBa-
THI BUpPyCa HAa CEMEHAaX M IJIoAAaxX ToMaTa us Erumnra,
ITepy, JoMuHUKaHCKOY Pecriybsivku, HaMYU. OfHAKO
nH(pOPMAaIVS 0 PaCIPOCTPAHEHNY BUPYyCa B BBIIIEYKa-
3aHHBIX CTPAHaX He MOATBEPXKAeHa OPUIIMAIBHO Ha-
IIMOHAJbHBIMU OPraHU3aLUAMU 110 KAPAHTUHY U 3a-
muTe pactennit (HOK3P) maHHBIX CTpaH [2, 6].

Viep6 oT BUpyca KOPUUYHEBOU MOPIIMHUCTOCTHU
TIJIOIOB TOMAaTa BhIPa’KaeTCs B 3HAUUTEIbHOM YMeHb-
LIIeHVY KOJIMUYeCTBa U KauecTBa TOMATOB U Ilepila IIpu
ux npousBomcTBe. Tomato brown rugose fruit virus
MIPUBOJIUT K CHY)KEHUIO OBIIETO YPOXKasi TJI0JI0B (B KT/
pacrenue) Ha 25—-50% 3a 4 Mecs11a, a TAK)Xe K YMeHb-
IIEeHWI0 pas3Mepa IJIomoB OT 19% mo 54% [3]. Tlaozbl
C CUMIITOMaMU UMEIOT HeTOBAaPHBIN BUJ U TEPSIOT
PBIHOUHYIO CTOUMOCTD. 3apa)keHre BUPYyCOM 3HAUU-
TeJIbHO CHUIKAET KM3HECITOCOOHOCTb pacTeHu. [10-
paxeHue ToBRFV uyBCTBUTEIbHBIX COPTOB TOMAaTOB

Puc. 3. CuMNTOMbI yBAAAAHUS HA pacTeHUsAX ToMaTa

B ycnoBuax tennuubl (fepmanus, 2018)

(cpoTo: Heike Scholz-Dobelin (LWK NRW)).
WUcTtouHuk: EPPO global database / Wilting symptoms
under glasshouse conditions (Germany, 2018)

confused with pepino mosaic virus (PepMV), physoste-
gia chlorotic mottle virus (PhCMoV), tomato mosaic vi-
rus (ToMV) and tobacco mosaic virus (TMV).

The following virus symptoms may be often ob-
served on tomato infected with TOBRFV: chlorosis, mo-
saic patterns, deformation, narrowing (Fig. 1), blister-
ing of leaf surface (Fig. 2), wilting of leaves, followed
by yellowing and plant death (Fig. 3); brown necrotic
lesions may appear on pedicles, calyces, and petioles;
chlorotic spots, marbling, brown rugose (wrinkled)
patches, deformation and uneven ripening of fruits
(Fig. 4-5).

Three L resistance genes were identified in toma-
towhich give resistance against several tobamoviruses.
However, TOBRFV overcame all these resistance genes.
No commercial varieties of tomato are known to be re-
sistant to Tomato brown rugose fruit virus [12].

In pepper varieties infected with ToBRFV (Fig. 6)
that do not harbour the L resistance genes, TOBRFV of-
ten occur in mixed infections. Infected pepper plants,
harbouring the resistance genes react with a hypersen-
sitive response developing necrotic lesions on roots
and stems (Fig. 7), followed by growth reduction and
plant death.

At present, limited data is available about the dis-
tribution of ToOBRFV.

Most likely, Tomato brown rugose fruit virus may
be present in those countries where it is not officially
recorded. Since the virus was first described in the sci-
entific literature in 2016 [15], it had not been regulat-
ed by countries. According to literature, there were nu-
merous interceptions of the virus on infected seeds and
fruits of host plants, originated from countries where
ToBRFV was not officially recorded [6, 13].

Tomato brown rugose fruit virus was first identi-
fied on tomatoes in greenhouses in Jordan in 2015 [15].
Before that, in 2014, an outbreak of an unfamiliar vi-
rus, affecting resistant tomato varieties in the protect-
ed productions, occurred in the south of Israel. Later
on it was confirmed that the symptoms were caused
by ToBRFV [12].

The virus is rapidly spreading to new territories
and has considerably expanded its range for the last
2 years. It was reported that it was first observed in
several countries in Europe, Asia and America. There-
fore, since 2018 until 2020 ToBRFV was observed in
the following countries: Germany (2018) — eradicated,
USA (2018) — eradicated, Italy (2018), Mexico (2019),
China (2019), Greece (2019), Spain (2019), the Nether-
lands (2019), Turkey (2019), United Kingdom (2019),
France (2020), Egypt (2020), Poland (2020) [6].

According to the American Seed Trade Associa-
tion (ASTA), ToBRFV occurrences have been reported
in Saudi Arabia, Chile, Ethiopia and Sudan. There were
numerous reports of interceptions of the virus on to-
mato seed and fruit originated from Egypt, Peru, the
Dominican Republic, India. However, the distribution of
the virus in the above countries was not officially con-
firmed by the National Plant Protection Organizations
(NPPO) of those countries [2, 6].

Tomato brown rugose fruit virus can cause a con-
siderable reduction of quantity and quality of tomato
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Puc. 4. Cumntombl TOBRFV Ha nnope Tomarta: KopuuHeBas
MopuwmHucTocTb (hoTo: Diana Godinez).

UcTtouHuk: EPPO global database /

Symptoms on tomato fruit

IIPUBOIUT K TIOJTHOM rubesiv pacTeHu (B MEKCUKe BU-
pyc unduirposat 10 100% pacTeHUN B OIHOU KYyJIb-
Type 4 BbI3bIBaJI 30—70%-10 IIOTEPIO YPOKasd HA O HOM
U3 MPEIIPUITUN, 3aHATOM ITPOU3BOACTBOM TOMATOB)
[4]. TToMMMO NIPSIMBIX TIOTEPD YPOXKast, SKOHOMUUECKU I
yiep6 BeIpa)kaeTcs 3aTpaTaMy Ha IPUMeHEeHe CaHU-
TapPHO-TUTMEHNYECKUX MEPOTIPUATHUI. B HEKOTOPBIX
ciydasx npu o6HapyxeHun ToBRFV B xo03sicTBax
MIPOU3BOLUTENY TOMATOB IIEPEOPUEHTUPOBAJIY IIPO-
U3BOJCTBO Ha PaCTeHU, He [IOBPEeXJaeMble BUPYCOM,
HO MeHee TTPUOHIIbHBIE B 9KOHOMUYECKOM IIJIaHE.

B cTpaHax, rje dbuTocaHUTAPHbIE MePhI OBLIU
MIpUMeHeHBI TI0CJie TePBOro ob6HAPYXKeHUsT BUpyca,
OCHOBHBIE ITIOTEPU [TOHECTIU KOHKPETHBIE TIPEJIIPUS-
THs, Iie ObLI BBISIBJIEH Bupyc. Hanpumep, B Typiuu
ToBRFV 65b1y10 3apakero 0,7 ra Teruil ToMaToB [9].
3apa’keHHbIe PACTEHUS ObLIY YIOAJEHBI U3 TETJIUIbI
Y YHUYTOXKEHBI, TI0CJIE Yero ObIJIU IIPOBEJIEHBl Mac-
urTabHble MOHUTOPWHTH T10 BCeli CTpaHe.

[JTaBHBIM ITyTEM, C KOTOPBIM BUPYC KOPUUHEBOU
MOPIIVHUCTOCTU IIJIOJIOB TOMAaTa MOXKET IPOHUKHYTh
U PacCIpPOCTPAaHUTHCS HA Tepputopuu Poccuiickoi
depepanuu u crpad EA3C, aBugeTca MeXLyHapoZ -
Hasl TOPTrOBJS CEMEHHBIM MaTepPUajiOoM U3BECTHBIX
pacTeHuM-x0351€B: TOMaTa U Pa3HBIX BHUAOB IepIleB.
BupycHble yactuiibl TOBRFV upe3BbIyaiitHO CTaOMIIb-
HBI, 1 UHQEKIMI COXPAHSIETCS B CEMeHaX B TEUEHUE
HECKOJIbKUX JieT. Jla)ke HU3KUU MPOLeHT Iepefaun
3a60IeBaHUS MOXET IIPUBECTU K HEOOJIBIIIOMY OYary
UHQPEKIINY, ¥ 3Ta UHDEKIIUSI MOXKET 3aTEM O0UeHb ObI-
CTPO PaCHpPOCTPAHUTHCA IIOCPEACTBOM MEXaHUUECKUX
KOHTAKTOB B IIpeJieJiaX MecTa IIPOM3BOICTBA [5].

BBuzy TOro 4To 3apa’keHHBIE ceMeHa He IIPO-
SIBJSIOT HUKAKMX CUMITOMOB 3abojieBaHUSs, MIPU
OTCYTCTBUM TECTHPOBAHUSA CEMEHHOTO MaTepuaja

Puc. 5. CumnToMbl TOBRFV Ha nnoge TomaTta: MPaMOPHOCTb
n obecuBeunBaHus (choto: Prof. Salvatore Davino).
McTouHuk: EPPO global database /

Tomato fruits showing marbling and decolorations

and pepper produced by growers. Tomato brown ru-
gose fruit virus causes reduction of fruit yield (kg per
plant) up to 25-50% within 4 months, as well as reduc-
tion in fruit size from 19% to 54% [3]. Due to symp-
toms, fruits lose market value and can be unmarke-
table. Infection results in reduction of plant viability.
ToBRFV causes death of the whole plant when infec-
ting sensitive tomato varieties (in Mexico, the virus in-
fected up to 100% of plants of one species and caused
30-70% loss of tomato yield in one of the tomato pro-
ductions) [4]. Besides the direct yield losses, the virus
can result in economic impact on the growers in the
event they have to cover costs for taking sanitary and
hygiene measures. For instance, some tomato growers
had to switch to production of plants that could not be
damaged by the virus, but turned out to be less profi-
table for business.

In countries, where the phytosanitary measures
were taken upon the first detection of the virus, only
those growers who detected the virus had suffered yield
losses. For example, in Turkey 0,7 ha of tomato green-
houses was found to be infected with ToBRFV [9]. In-
fected plants were removed from the greenhouse and
destroyed, then extensive monitoring of the situation
in the entire country followed.

The main pathway for the introduction and long
distance spread of Tomato brown rugose fruit virus
into the Russia Federation and EAEU countries is in-
ternational trade of seed material of known host plants:
tomato and different pepper varieties. TOBRFV virus
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Puc. 6. Cumntombl TOBRFV Ha nnopax nepua
(cpoto: Dr Raed Alkowni).
UctouHuk: EPPO global database / Symptoms on pepper fruis

UHGEKIUI MOXKET ITPOSIBUTHCS TOJIBKO Ha CIeYIONI U]
TOJi BO BpeMs BereTalluy PaCTEHUH, IIPU 3TOM BUPYC
MO’KeT PaCIIPOCTPAHUTHCS Ha BCE PACTEHUI-X035€Ba
B IIpeJiesiaxX yuyacTKa IPOr3BOACTRA.

ToBRFV uMeeT MHOXECTBO ITyTel MPOHUKHOBE-
HUS 1 OYeHb GBICTPO PACIIPOCTPAHSETCS KOHTAKTHBIM
criocoboM B ciiyuae, KOTZa He COOJII0MAI0TCS TEXHO-
JIOTHS IPOU3BOJCTBA M (PUTOCAHUTAPHBIE MEPHI IIPU
TIPOU3BO/ICTBE IJIOZOB 1 CEMSIH TOMaTa U repiia (riaas-
HBIM 06pa30M B YCJIOBUSIX 3aIIUIIEHHOTO IPYHTA).

B yc0BUSX TETIUIIEI TOGAMOBUPYC, TPUCYTCTBY-
OIMY Ha cCeMeHHOU 060JI0UKe, MOXET IepesaBaTh-
csl KOpHAM OyAyuIuX pacTeHUl yepes3 MOpaHeHUs BO
BpeMs TpaHcIuiaHTauwuu [5]. [Ipu momaganuu BUpyca
B pacTeHMe OH OUEHD OBICTPO PA3MHOXKAETCH.

B nmpezenax MecTa IIPOU3BOJICTBA BUPYC PaCIpo-
CTPaHSETCS OT PACTEHUM-X035€B, a TAKXKE UX YaCTIMU
U ocTaTKaMu. CBeXxue IJI0Ibl TOMATOB U IIepIia Takxe
MOTYT SIBJISITHCS UCTOUYHUKOM ITPOHUKHOBEHUS U pac-
npoctpaHeHusa ToBRFV Ha HOBbIE TepPUTOPUU, IPU
3TOM [,0Ka3aHO, YTO ILJIOAI TOMaTa MOTYT UMETh OUeHb
BBICOKYI0 BUPYCHYIO Harpy3ky [7]. B MexxayHapomHoON
(huTocaHUTApPHON ITPAKTUKE BUPYC GBI HEOLHOKPAT-
HO IepexBadyeH Ha 3TOM IIyTU IPOHUKHOBEHM: 3apa-
JKeHHbIe TIJI0/Ibl TOMATOB 13 ErurnTa 6b11u epexBayde-
HbI B Hunmepnagzgax [7], nacnexkropamu FDACS Bupyc
ObLT OOHAPY’)KEH B MEKCMKAHCKUX TOMAaTaX Ha TPaHUIle
CIIIA [8]. Becuoii 2020 . TOBRFV 6bLJI BBISIBJIEH B I1JIO-
lax TOMAaTa, UMIIOPTUPYEMBIX U3 JJOMUHUKAHCKOU
Pecmy6sivku B CIIA [6].

OIlHAKO, CIIEIMAaJINCThI-BUPYCOJIOTY I10JIaTaloT,
YTO TOJIBKO ITOBPEXAEHHbIE TIIOABI (M3 KOTOPBIX BBI-
TIyIleH COK) MOTYT IPEJCTABISTh BEICOKYIO OITACHOCTD,
TaK Kak 3arpsa3HAI0T KOHTeWHePhl WU IPyTrue 0k,
KoHTeliHepbl, UCIIOJB30BAHHBIE [IJISI TIPOU3BOJICTBA

particles are stable and the infection can survive in
seeds for several years. Even low transmission rate
of the disease can result in a minor outbreak, contri-
buting to a rapid transmission of infection via contact
within the production site [5].

Although seeds can be infected asymptomatical-
ly, without laboratory testing of seed material the in-
fection can be detected next year during the growing
cycle, and moreover, the infection can be spread to all
host plants within the production site.

There are many pathways of ToBRFV, and it can be
quickly spread via contact if proper production process
and phytosanitary practices are not put in place during
production of tomato and pepper fruit and seed (espe-
cially in protected productions).

In the greenhouse, tobamovirus contaminates
the seed coat, can enter through small wounds during
transplant production and spread further to roots of
the growing plants [5]. After entering the plant, the vi-
rus will reproduce very quickly.

In the production site, the virus is spread with in-
fected host plants, as well as with their parts and resi-
dues. Fresh tomato and pepper fruits can also be a
pathway for introduction and spread of ToBRFV into
new territories. Besides, it has been proved that the to-
mato fruit can develop a high virus level [7]. According
to updates on global phytosanitary situation, there have
been numerous interceptions of TOBRFV with import-
ed tomato fruit: interception of infected tomato fruit
imported from Egypt to the Netherlands [7], FDACS in-
spectors intercepted ToBRFV in packaged Mexican to-
matoes entering the USA [8]. In spring of 2020, TOBRFV
was detected in tomato fruit imported from the Domi-
nican Republic to the United States [6].

However, according to virologists, only damaged
fruit (if the sap is released) can pose a high risk as it
may be able to contaminate other fruits or contain-
ers. Containers used for fruit production and trans-
portation, tools, equipment, packaging and vehicles,
involved in the production and transportation of to-
mato and pepper consignments, may definitely pose
a risk of spread. Tobamoviruses are extremely stable
and are able to survive outside the host plant for long
periods on a range of surfaces. Recent research con-
ducted by Fera (United Kingdom) showed that heat
treatments of pots, crates and trays for 5 min at 90 °C
will help to inactivate Tomato brown rugose fruit
virus [6, 14].

Growers of the main host plants (greenhouse to-
mato producers and producers specializing on growing
tomato and pepper) may be at risk of virus introduction
into their production sites where imported tomato and
pepper fruits are stored and packaged, once they re-
ceive consignments with infected tomato and pepper
(for consumption).

The virus can also be transmitted by contami-
nated dried tomato and pepper fruit. Studies showed
that the virus can survive in dried tomato and pepper
or dried tomato and/or pepper products for several
months.

Spread of ToBRFV within the Russian Federa-
tion with tomato and pepper fruits (fresh or dried) and
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¥ TPAHCIIOPTUPOBKU ILJIOJIOB, MHCTPYMEHTHI, 060py-
JIOBaHMe, YIIaKOBOYHBIM MaTepraj U TPAHCIIOPTHLIE
CpelCcTBa, CBSI3aHHbBIE C IIETIOUKOM ITPOU3BO/ICTBA U T10-
CTaBKM TOMATOB U [TePIIA, MOTYT ITPEJICTABJISATH OIIPeie-
JIEHHYI0 OITaCHOCTD U CIIOCO6CTBOBATh PaCIIpoCTPaHe-
HUI0 Bupyca. TobaMoBUPYChI OUeHDb YCTOMUMBBI U MOTYT
BBDKMBATh BHE X035IMHA HA PA3JINYHbBIX WHEPTHBIX T10-
BEPXHOCTSX B TEUEHUE JIOJITOT0 BpeMeHU. HenaBHUE
KCClieNoBaHud, IpoBemeHHble B Fera (Beaukobpura-
HUS), TOKA3bIBAIOT, UYTO 00paboTKa TOPIIKOB, SIUKOB
Y TIOAOHOB JJI paccafibl B TeUeHUe 5 MUH B BOJISHOMN
6aHe n1pu 90 °C MOJIHOCTBIO MHAKTUBUPYET BUPYC KO-
PUYHEBOM MOPUIMHUCTOCTH IIOZOB TOMAaTa [6, 14].

[TyTh IPOHUKHOBEHUS BUPYCA C IIJI0JJaMU TOMaTa
u nepiia (BBULYy Ha3HAYEHUS TPOIYKITUY — yIIOTPebIie-
HUeE B [IUIIY) MOXET IPEeACTABISATh OMTACHOCTb B TOM
cilydae, ecjy MyHKT HasHAUYEHUS UMIIOPTUPYEMBIX
TIJI0[IOB, TZe TIPeJIIojIaraeTcs UX XpaHeHe U YIIaKoB-
Ka, — 9TO NPEATIPUATHE 10 BEIPAIUBAHUI0 OCHOBHBIX
pacTeHU-X03s51eB (TETINYHbIE XO3MCTBA U arPOITPE-
MIPUATHS, CIelNaJu3nupyoilrecs Ha MPOU3BOICTBE
TOMATOB U MIEPIIEB).

Takoke MyTeM IIPOHMKHOBEHY S BUPYCa SIBJISIOTCS
CyIlieHble TJIOAbI TOMATOB U TeplieB. McciaeJoBaHUIMU
IIOKa3aHO, YTO BUPYC COXPaHSIET >KU3HECTIOCOOHOCTD
B CyIIEHBIX TOMAaTax U Mepijax Wiu MpoAayKTax us To-
MAaTOB U /UJIU TIepiia B TeUeHUe HEeCKOJIbKUX MEeCSIIIEB.

Pacnipoctpanenue ToBRFV BHyTpu Poccuiickoi
demepaluu C TIogaMU (CBEXXUMU M CYIIEHBIMU)
U IPOHUKHOBEHVE BUPYCca HA yUYACTKU ITPOU3BOJICTBA
C UMIIOPTUPYEMBIMU IIJIOJLAMU BO3MOXHBI B CJIydae
HecoO6JII/IeHNs TIPaBUJI IPOM3BO/ICTBA MTPOAYKIIUY —
TOMAaTOB U Meplia UK MIPU MOJyUeHUN CeEMSIH U3 3a-
Pa’keHHBIX TLJIOZOB.

B cnyyae MPOHUKHOBEHUS B TEIJIMYHOE XO35M-
cTBO, TOBRFV 0ueHb JjIerko nepeHoCUTCa MeXxaHuueCKu
Yepes COTPYAHUKOB arpolpefIpUusiTU MPU MIPOBe-
JIIeHUY Pa3JIMYHBbIX arPOTEXHUYECKUX MEPOTIPUSATHUH,
a Taxke uepe3 060pPOTHYIO BOY B CJTydae UCIIOIb30Ba-
HUS TUAPONOHUKU. Heo6X0AMMO TIATEIbHO COBJII0-
JlaTh MEPBI IIPEOCTOPOKHOCTH, PabOTast C paCTEHUIMU
KaK B 3aKPBITOM, TaK U B OTKPBITOM I'PYHTE; HE 3aHOCUTh
TJIOIO0BOIIHYO ITPOAYKIIUIO N3BHE B 30HY BhIpAIMBa-
HUSI; IPOBOAUTDH CTEPUIIM3ALIVI0 MHCTPYMEHTOB TI0CJIE
KaXXJI0TO KOHTaKTa ¢ pacTeHueM, 000pyLoBaHUs, JIOT-
KOB 1 KOHTEHEPORB B CJIy4ae UX ITOBTOPHOTO UCIIOJIb30-
BaHUS (CTEPUIIM3ALINIO OCYIIECTBIISATH Pa3pelleHHbIMU
XJIOPCOZEPKAIIMMY TIperiapaTaMy U APYyTUMU Le3UH-
(punupymMU CpeICTBAMU C BUPYJIULIUAHBIM 3D ek-
TOM U ITOCPEJICTBOM TEPMUUECKUX 00pabOTOK).

ToBRFV Tak:ke crI0cOOEH pacIpoCTPaHIThbCs Ha-
CEeKOMBIMU-OMNbUIUTEJIIMU (IIIMEJIIMU) U IIbLIBIION.

Bopb6a ¢ BUPYCHBIMY 60JIe3HIMU TPYIOHAS, B CIIy-
4ae 3MUPUTOTUN He06X0IUMbI: YHUUTOXXeHVe UHDU-
IIMPOBAHHBIX PacTeHM, 60pbba ¢ BO3MOXXHBIMU ITepe-
HOCUMKAMU, MEXaHNYECKOU repemaveit mHpeKIInu,
HCII0JIb30BaHMeE PACTUTEJIbHOI0 MaTepuajia, cCBo60J -
HOTO OT BUPYCOB. B HacTosIlee BpeMs OTCYTCTBYIOT
3aperucTpupoBaHHble IIpernapaTel IpoTuB ToOBRFV
¢ IoKa3aHHOU 3(pHeKTUBHOCTHIO.

I'pynma To6aMOBUPYCOB UMEET BBICOKYI0 MH(]EK-
LIMOHHYI0 CIIOCO6HOCTh. CoueTaHue CIeAYIUIUX Mep
ILJIs OTPAaHUYEHYS BO3/IeUCTBYUS Ha BOCIIPUMMUNBEIE
KyJIbTYpbI cunTaeTcs 3 (GeKTUBHBIM B OTHOIIEHUY 3a-
ITATHI OT TO6GAMOBUPYCOB:

- UCTIOJIb30BaHUe cepTU(GUIIMPOBAHHOr0 6€3BU-
PYCHOTO CEMEHHOTI'0 ¥ TI0CAJIOYHOT0 MaTepraia;

introduction of the virus into the production sites with
imported tomato and pepper fruit, can be prevented if
growers of tomato and pepper or tomato and pepper
seeds follow the best production practices and avoid
producing seeds from infected fruits.

Once ToBRFV is already present in the green-
house, it can be easily transmitted mechanically by
staff during different agro-technical activities, as well
as through circulating water when hydroponics is used.
Thorough precautionary measures should be followed
when handling plants in protected or open field pro-
ductions; avoid bringing fruit and vegetable products
to the production site; sterilize tools after each plant,
sterilize equipment, trays and containers after each use
(heat treatment must be used, as well as sterilization
with authorized chlorine based disinfectants and other
virucidal chemicals).

ToBRFV may also be transmitted mechanically by
insect pollinators (bumblebees) or during pollination.

Potential control measures for viral diseases are
very limited. Once an outbreak of TOBRFV occurs, it is
necessary to eliminate infected plants, control possible
vectors, mechanical transmission of infection, and use
virus free planting material. At present, approved an-
tiviral products to effectively control TOBRFV are not
available.

Tobamoviruses are highly virulent viruses. Com-
bination of the following measures is considered to be
effective in order to restrict the impact on susceptible
species:

- use of certified virus free propagation and seed
material;

- treatment of soil before planting and seeding;

- monitoring of the seedlings, sampling of symp-
tomatic plants for laboratory testing;

- destruction, preferably by incineration of infect-
ed plants, including roots;

- cleaning and disinfection of all materials and
equipment.

To avoid accumulation of soil pathogens, ensure
the plant trays are cleaned, sterilized with chlorine
based disinfectants and heat treated after each use [14].

It is prohibited to move substrate and nutrient
solutions, soil, protective clothing, tools and contain-
ers from an infected production site to a non-infected
one. When handling susceptible species, it is necessary
that the staff follow strict hygiene and sanitation mea-
sures by cleaning hands, clothing, trays, pots and tools
with disinfectants.

Due to rapid spread and detection of TOBRFV in a
number of countries that are producers and exporters
of tomato and pepper seed and fruit, in 2019, the Sec-
retariat decided to add it to the EPPO Alert List. The EU
Commission established emergency measures to pre-
vent the introduction into, and the spread within the
EU territory of Tomato brown rugose fruit virus, that
was included in the plant health legislature of the EU.
This decision will apply from November 1, 2019 until
March 31, 2022 [7].

In 2019, Tomato brown rugose fruit virus was add-
ed to the Al List (Al pests are absent from the EPPO re-
gion) of Argentina and Chile [6].
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- obe33apaxrBaHUE IOYBEI ITIEpe [IOCEBOM WU
TI0CagKOM;

- MOHUTOPHUHT IT0CAZIOK, OTOOP CUMITTOMATHUUHBIX
pacTeHui# u JabopaTopHas JUATrHOCTUKA,;

- VHUUTOXXEHYE 3apaKeHHBIX PACTEHUN, B TOM
Yyrcje KOpHeH, )KeJlaTeJIbHO CKUTaHUEM;

- CaHAIl¥s ¥ OYMCTKA BCEX MaTepUajoB 1 060py-
IOBaHUS.

Bo u3bexxaHMe HaKOIJIEHUS MOYBEHHBIX MIaTO-
TeHHBIX MUKPOOPTaHU3MOB Ilepe]l IIOBTOPHBIM HC-
M0JIb30BAHWEM TIONNOHBI JJIsI PacTeHUN HeobXomm-
MO OUUINATh, CTEPUIIN30BATh Je3UHPUINPYIOIIUMU
XJIOPCOZIEPKAIUMU CPEeJICTBAMU U IIOJIBEPTraTh TEP-
Mu4decKoi o6paborke [14].

3armnpelaeTcs repeMenaTb CyoCcTpaThl MY TTN-
TaTeJbHBIE CPEJbI, IOYBY, 3alIUTHYIO OLEXAY, UH-
CTPYMEHTBI U KOHTEHHEPHI C 3apaKeHHBIX IPOU3-
BOJZICTBEHHBIX IIJIOMAJ0K Ha 3/0POBbie. [Tpu paboTe
C BOCIPUMMYUBBIMU KyJbTypaMu HeobxomuMa me-
3MHQEKIUS PYK U OJIeXK bl COTPYILHUKOB MPEAITPUS-
THS, TI0CAJIOUHBIX JIOTKOB, TOPIIKOB U MHCTPYMEHTOB
C TIOMOIIBIO Ae3UH(PULIMPYIOUIUX CPEACTB.

BBuUy 04eHb GBICTPOTO PACTIPOCTPAHEHUS U 06-
"HapyxeHuda ToBRFV B pane cTpaH, 3aHUMAIOLIUXCA
MIPOW3BOJCTBOM U HaJbHEHUIINM DKCIOPTOM CEMSIH
U TLJIOZIOB TOMAaTOB U Ieples, B 2019 1. CekpeTtapuat
EOK3P npuHan peueHue BkI4YUTb TOBRFV B Cur-
HaJIbHBIN epeueHb. KomMmuccus EBpomericKoro corwsa
YCTaHOBUJIA SKCTPEHHbIE MEPHI JIJIS IIPEA0TBPAlleHUS
TPOHUKHOBEHUS 1 PACIIPOCTPAHEHNS Ha TEPPUTOPUN
BHYTpu cTpaH EC BUpyca KOPUUYHEBOU MOPIIUHUCTO-
CTHU IMJIOZOB TOMAaTa, YTO OTPa’XeHO B HOBOM (huTOCA-
HUTapPHOM 3aKOHOIATEJbCTBe EBpomelickoro comwsa.
JaHHOe pelnleHre BCTYIMIIO B cuity ¢ 1 Hosg6ps 2019 1.
u OyzmeT meticTBoBaTh 10 31 MapTa 2022 1. [7].

B 2019 r. BUpPyC KOPUUYHEBOU MOPIIUHUCTOCTU
IJIOAOB TOMAaTa ObLJI BKJIIOUEH B KAaPAHTUHHBIN ITepe-
YeHb (CIIMCOK OTCYTCTBYIOIIVX BPEIHBIX OPTaHU3MOB —
A1) ApreuTuHsl u Yuinu [6].

5 mtons 2020 1. Cory»x6a MHCIIEKIINY 370POBbBSI JKU-
BOTHBIX 1 pacTeHuit (APHIS) MUHUCTEPCTBA CETbCKOTO
xo3sticTBa CIIIA BHecJia U3MEHEHUS B OTPaHNUEHNS Ha
BBO3 TOMATOB (Solanum lycopersicum) u ieptia (Capsicum
Spp.). IMImopTUpyeMble pacTUTEJIbHbIE TIPOIYKTHI TO-
MaToOB U IepIeB U3 APYTUX CTPAH JOJKHBI OBITH 6e3
npusHakoB ToBRFV. [TocalouHbIi 1 CEMEHHON MaTe-
puaJ TokeH 66ITh cBO60IeH 0T TOBRFV, IpouncxomuThb
13 CBOOOIHOM 30HbBI IPOU3BOACTBA, UTO JOJXKHO ObIThH
TIOATBEPXXJEHO OTPUIIATEeIbHBIMU PEe3yIbTaTaMU Te-
CTUPOBAHUA.

APHIS BBOIUT OorpaHUYEeHMS HA UMIIOPT CBe-
JKUX IIJIOZIOB TOMAaTa U Ieplia IJjs IIOTpe6ieHus u3
TeX CTpaH, rae npucyrcrsyeT ToBRFV u uMnopr us
KOTOPBIX paspemied B CoemuHenHsble IITaTel (JloMu-
HUKaHCKoU Pecrtybouku, dpanunu, 3pawnisd, Mekcu-
Ky, HumepnaumoB u VMicrianuu). APHIS mprsHaeT, 4To
¢uTOCAHUTAPHBIN PUCK, CBI3aHHBIN C 3apaKeHHbIMU
TOMaTaMU U MepleM, CUMTAaeTCsd HU3KUM, OJHAKO Ha
TpaHUlle CTPaHbl ObLIN HEOLHOKPATHbBIE TePeXBaThI
ToBRFV B rutogax. B HacTodlee BpeM4 IIpU UMIIOPTE
13 yKa3aHHBIX BBIIIE CTPaH IJIOLOB TOMAaTa U meplia
APHIS TpebyeT ¢puTOCAHUTAPHBIN cepTU(GUKAT U [I0-
TIOJTHUTEIbHYIO IeKJapaliuio 0 TOM, YTO IIJIOAbI 6bLIN
MIPOBEPEHbI 1 ITPU3HaHbI CBOGOAHBIMY OT TOBRFV.

Kak Mm0o)xHO 60Jiee paHHee BbIIBIIEHUE U JTUKBU-
Jamusg UCTOUYHUKOB BUPYyCa, UCIIOJb30BaHue O€3BU-
PYCHOTO CEMEHHOr0 MaTepuaja, IpefoTBpalleHue

Puc. 7. Peakuusi runepuyBCTBUTENIbHOCTU PacTEHU Nepua
(Hecywwmx reHbl L 1, 3, 4) npy MexaHUUYECKOM 3apakeHun
ToBRFV: anonTtos knetok nuctbes (hoTo: Aviv Dombrovsky).
UcTtouHuk: EPPO global database / Pepper plants (harboring
L1,3,4) hypersensitivity response (HR) to infection.
Symptoms developed following sap-mechanical leaves
inoculation showing dried apoptotic leaves

Effective June 5, 2020, the United Sates Depart-
ment of Agriculture, Animal and Plant Health Inspec-
tion Service (APHIS) amended the restrictions for the
importation of tomato (Solanum lycopersicum) and pep-
per (Capsicum spp.). Imports of tomato and pepper from
other countries must not show any signs of ToBRFV
upon arrival to the United States. Imports of propaga-
tive material (plants for planting, seeds) must be free
from ToBRFV and originate from an area free of the
pest, which should be confirmed by the negative re-
sults of diagnostic testing.

APHIS will place restrictions on imports of fresh
tomato and pepper fruit for consumption from those
countries where ToBRFV is present, and that are ap-
proved to export to the United States (the Dominican
Republic, France, Israel, Mexico, the Netherlands and
Spain). Although the phytosanitary risk associated with
the infected tomato and pepper fruit is considered to be
low, APHIS has intercepted ToBRFV in tomato consign-
ments on numerous occasions. Currently, APHIS will
require that the above countries that already require
a phytosanitary certificate for tomato and pepper fruit
to now include an additional declaration that the fruits
were inspected and found free of TOBRFV.

Early detection of virus and elimination of infect-
ed plants, the use of virus free planting material, and
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MeXaHNYEeCKOI0 3apakeHus SIBJISIOTCSA OUEeHDb BaXKHOU
MTPETIOCHLIKOM JJIs yCcrenHo 60pb6bl ¢ TOBRFV.

[IpuHUMag BO BHUMAaHUE BBICOKYIO [IaTOTEHHOCTh
BUPYCa KOPUYHEBOU MOPIIUHUCTOCTH IIJIOJOB TOMATA,
€To 60JIBIITYI0 CKOPOCTh PACITPOCTPAHEHYS U BEPOSIT-
HOCTb IIPOHUKHOBEHU S, MOXXHO YTBEPXKAATh, YTO pPa3-
paboTKa 1 COBEPIIEHCTBOBAHYE METOIOB €T0 JUarHo-
CTUKU — aKTyaJIbHbIE 3aJa4uu.

HaunboJiee 5KOHOMUYHBIM 1 PaCIIPOCTPaHEHHBIM
METOZOM BBISIBJIEHUS U UIeHTU(MUKAIIUY BUPYCOB SIB-
nsgeTcs uMMyHopepMeHTHBIN aHanu3 (M®A). MeTon,
IWaTHOCTUKY BUPYCOB PAaCcTeHUI, OCHOBAHHBINM Ha
CepoJIOTUYECKOM METOe UMMYHO(QEepPMEHTHOTO aHa-
nu3a, 6Bl YCIIENHO afallTUPOBaH JJis BhISIBIEHUSI
TPyIIIbI TOOAMOBUPYCOB. B HacTOsIIee BpeMs IOCTYII-
HBbI KOMMepuecKkue Habopsl MDA, oiHAKO 3TU HaGOPHI
He 9BJISI0TCS BUujocnenuuuabiMu ajg ToBRFV us-3a
TepeKpecTHOU peakIuu ¢ PyTuMU TO6aMOBUPyCaMU.

Inga BeigBieHud ToBRFV B cemeHax, a Takxe
B CUMIITOMAaTUYHBIX ¥ 6€CCUMIITOMHBIX PACTEHUIX
WY IIIoax puMeHsioT [P ¢ 06paTHOM TpaHCKPUTI-
et (OT-TILIP) c MCTIOIb30BAaHUEM YHUBEPCATbHBIX
WY BUIOCTIEIM(UYUHBIX ITPaiiMepoB 11t TOBRFV [11].

B HacTodllee BpeMd CIIELMAJIUCTEI HAyYHO-Me-
TOLUYECKOTO OTJIeJIa BUPYCOJIOTUY U 6AKTEPUOTIOTUU
(HMOBB) ®I'BY «BHUVKP» B pamMmkax ['ocynapCcTBeH-
HOTO 3aJlaHNS BeIyT paboTy IO MOATOTOBKE aHAIM3a
tutocanuraproro pucka (APP) Bupyca KOpUUHEBOU
MOPIIMHUCTOCTH IIJIOJIOB TOMAaTa [AJid TEPPUTOPUU
Poccutickoii demepaiiuu, a TakXKe OCYIIECTBIISIOT 10~
HCK CIIeU(UUYHBIX U BBICOKOUYBCTBUTEIBHBIX METO-
JIOB IarHOCTUKU.

Ha ceromHgamHumil geHb creluaicTaMu Hayd-
Horo noxapasgenenus ®I'BY «BHUMKP» 6bLI0 IpoTe-
cTupoBaHo 60jiee 200 06pPa3I0B PACTEHU — X035IEB
ToBRFV. [lng ugentuduxanuu ToBRFV nociae ITLP
C YHUBEPCAJbHBIMU MpaliMepaMu HCIIOJb30BaIU
CeKBEHMPOBAHUE C YHUBEPCAJbHBIMU MMpaliMepaMu
K poZly To6aMOBUPYCOB. BUpyCc KOPUUHEBON MOPIIN-
HUCTOCTH IIJIOJIOB TOMAaTa BBISBJIEH He OBIJI.

B 2020 1. cTapTyeT MeXIAYHApPOAHBIN MTPOEKT
EUPHRESCO «OTpaboTKa 1 BaJumalus METOIOB MO-
JIeKynsapHoU auarHoctTuku ToBRFV B ceMeHax Toma-
Ta, Tiepiia u 6akaaka"a». Crermanyctel HMOBB ®T'BY
«BHUUKP» npyHUMAIOT y4acTHE B JAHHOM IIPOEKTE,
Pe3yJIbTaThl KOTOPOTO OYAYT MCIIOJb30BAHBI IIPU IO -
TOTOBKE METOJIMYECKUX PEKOMEHAIINM 110 BhISBJIE-
HUIO U UeHTU(DUKAIIMY BUPyCca KOPUUHEBOU MOPIIN-
HUCTOCTMU ILJIOJOB TOMAaTa.
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prevention of mechanical transmission are very effec-
tive measures to control TOBRFV.

Considering high pathogenicity, widespread dis-
tribution and likelihood of introduction of Tomato
brown rugose fruit virus, it can be assumed, that it
is critical to develop and improve ToBRFV detection
methods.

Immunofluorescence assay (IFA) is the most com-
mon and cost effective test for the detection and identi-
fication of viruses. Diagnostic method for the detection
of viruses in plants, based on serological testing by the
immunofluorescence assay, was successfully validated
for the detection of tobamoviruses group. IFA commer-
cial kits currently available were found to cross-react
with other tobamoviruses and were not species specific.

For the detection of ToBRFV in the seed, symp-
tomatic and asymptomatic plants and fruits, a reverse
transcription polymerase chain reaction (RT-PCR)
is used based on universal ToBRFV species specific
primers [11].

Within the framework of the Order of the Russian
Government, the Pest Risk Analysis of Tomato brown
rugose fruit virus of the territory of the Russian Fede-
ration is underway by the specialists from the Scientific
and Methodological Department of Virology and Bacte-
riology (SMDVB) of the FGBU “VNIIKR”, including the
development of highly sensitive and specific diagnos-
tic methods.

More than 200 samples of host plants infected
with ToBRFV have been currently tested in the labo-
ratories of the FGBU “VNIIKR”. Following the PCR test
using universal primers, sequence analysis with uni-
versal primers was used for identification of TOBRFV.
Tomato brown rugose fruit virus was not detected.

In 2020, EUPHRESCO has launched a project De-
velopment and validation of molecular diagnostic
methods for the detection of TOBRFV in tomato, pep-
per and aubergine seeds. Among the participants of the
project are the specialists from the SMDVB of the FGBU
“VNIIKR”. Results obtained within the framework of the
project will be used to prepare methodological recom-
mendations for the detection and identification of To-
mato brown rugose fruit virus.
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AnHoTaumsa. UYepeey Komcmoka umeem cmamyc
KapanmunHoeo 00vekma edunoeo nepeuns cmpar EAIC.
OCHOBHOUL Nymb pacnpocmpaHerus 8pedH020 0peaHu3ma —
3apaixceHHulil nocadounblli mamepuan naodosslx, dexopa-
MUBHbLX U JIECHbLX KyAbmyp. Jna npedomspaujeHus npo-
HUKHOBEHUS. KAPAHMUHHbLX 8UJ08 4epeey08 8 c80000HbLe
30HbL PD Heobx0dumo nposederie mujamensHo20 00cmMompa
nodKapanmuHHot NpoOyKyul, 6blA6JEHUE KAPAHIMUHHbLX
u O6nuskux 8udos uepseyos, nposedeHue JabOPaMopHO20
uccnedosarus ¢ yeavio onpedeneHus ux 6udosoli npuHad-
JiexcHocmu. B pabome npedcmagieHvl pe3yivmambl MUKpo-
CKONUYECK020 UCCTIe008AHUSL CMPOEHUS OUALHOCIMUYECKUX
cmpyxmyp mena camku Pseudococcus comstocki (Kuwana),
10360AA0UUE OMAUYAIND KAPAHMUHHbLIL 005eKm om O1u3-
KOpOOCMBEHHbLX 81,008 MYy UHUCTILLY YEPBEL08, BbIABNIEMBLY
npu 1a60panopHoOM UCCIe008AHULL.

KoiroueBsle c10Ba. KapanmuHHbli U0, MyUHUCTbLE
uepseybl, JduazHocMuU4ecKue CMpyKmypol, 2pubosudHbvie
Jcesiesvt, JopcaivHas U 6EHMPANbHASL NOBEPXHOCMb mea,
yepapuu, mpybuamuole KHesesvl, MHOL0SHEUCMbLE HENe3bL,
npoceevusarujue nopol, 3a0HUe KOHEYHOCMIL, Ja60panmop-
Hoe ucciedo8arUe, MUKPONPENAPANTbL.

poBefieHME J1abOpaTOPHOTO H-
TOMOJIOTMYECKOTO MCCJiefoBa-
HUS Pas3JINYHBIX BUIOB PaCTHU-
TEJIbHOW TIPOAYKIMU (TTocamod-
HOTO MaTepuajia, TOPLIEUHbIX
KYJIbTYD, IJIOIOB) TTOKA3BIBAET, UTO MYUHUCTBIE Uep-
BEIlbl JIOBOJIPHO YaCTO BCTPEYAlOTCI Ha HaJ3eM-
HBIX YaCTSX PasjUYHbIX KyJabTyp. Yepser] KomcToka
Pseudococcus comstocki (Kuwana) BXoOUT B ENMHBIN IIe-
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Microscopic study

of diagnostic
structures of a female
of Pseudococcus
comstocki (Kuwana) -
quarantine pest of the
Unified EAEU List
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Abstract. Comstock mealybug is of quarantine status
under the Unified EAEU List. The infested plant material of
fruit, horticultural and forest crops is the main way by which
the pest is spread. To prevent introduction of quarantine
species of mealybugs to pest free areas of the Russian Fede-
ration it is necessary to carefully inspect regulated products,
detect quarantine and closely related species of mealybugs,
conduct laboratory study for species identification. This
study presents the results of the microscopic examination
of diagnostic structures of the body of a female of Pseudococ-
cus comstocki (Kuwana) that allow to distinguish between a
quarantine object and closely related species of mealybugs
detectable through a laboratory study.

Keywords. Quarantine species, mealybugs, diagnostic
structures, oral-rim tubular ducts, dorsal and ventral body
surface, cerarii, oral-collar tubular ducts, multilocular
pores, translucent pores, hind legs, laboratory study, slides.

aboratory entomological research of different
plant products (plant material, pot plants,
fruits) shows that the mealybugs quite fre-
quently occur on the aerial parts of various
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peuens (EIT) xkapaHTHMHHBIX OOBEKTOB EBpPasuiiCKOTO
SKOHOMMYECKOTro coio3a [4]. UToObl ITPemoTBPaTUTh
MTPOHUKHOBEHNE KapaHTUHHBIX O6BHEKTOB B CBOGOI-
HbI€ 30HbI P®, HE0OXOAMMO MTPOBEEHUE TIIATENbHOTO
JIOCMOTpPa MOAKAPAHTUHHON MPOAYKIIVY, BhISBJICHUE
KapaHTUHHBIX 00bEKTOB U IIPOBeJIeHNEe JIAG0PAaTOPHO-
TO UCCIEeNOBaHMS A1 OTIPEeieIeH S BUOBOI TPUHAT-
JIEXKHOCTY BBISIBJIEHHBIX Y€PBEIIOB, HA OCHOBAHUU pe-
3yJIBTATOB KOTOPOTO ITPUHUMAIOTCSI COOTBETCTBYIOIIE
tuTocanuTapHbie Mepbl. Llenbio HacTOAIIEeH paGoThI
SIBJIIETCS TIOJ[POGHOE MUKPOCKOITMYECKOe WCCIIe0-
BaHUE OCHOBHBIX JUAaTHOCTUYECKUX CTPYKTYP CaMKU
yepBela KOMCTOKa U UX PACIIONIOXKEHUS; ST CTPYKTY-
PBI, a TAK)Ke MX PACIIOJNIOKEHNE TTO3BOJISAIOT OTIUYUTh
KapaHTUHHBIN 00beKT Pseudococcus comstocki (Kuwana)
OT HEKaPAHTUHHBIX BUIOB MyUYHUCTBIX YEPBEIIOB.

MATEPHUAJ 1 METO/JbI

TTompo6HOe n3yyeHme 0COGEHHOCTEN CTPOEHYSI OCHOB-
HBIX IMaTHOCTUYECKUX CTPYKTYP (llepapues, pasand-
HBIX TUTIOB BOCKOOT/AESIOIIUX JKEeJIe3, YUJIEHUKOB YCU-
KOB, aHAJIbHOTI'0 allllapaTa, IPOCBeYNBAOIINX IIOP Ha
3aIHUX KOHEYHOCTSX) CaMKH 4epBelia KoMcToka U ux
PACIIOJIOXKEHUS ITPOBOIUIIOCH C TIOMOIIbI0 MUKPOCKO-
moB Axio Imager A2, Carl Zeiss Microscopy GmbH (ITO
Zen 2.3) ¢ yUeTOM COBPEMEHHBIX TEXHOJOTUN MUKPO-
CKOTIMPOBaHUS.

MarepuajoM IJsg HCCIeLOBAHUSI AUATHOCTU-
YeCKMX CTPYKTYpP caMoK uepBera KomMcToka sBJs-
JIUCh MUKPOIIPernapaThl KOJJEKIMOHHOTO (oHIa
OT'BY «BHUVIKP», a TaK)Ke CIIMPTOBOM GMOJIOrTUeCKUH
MaTepuall caMoK yepBeria KoMcToka, 1106e3H0 ITpeo-
CTaBJIEHHBIN KOJIJIEraMu 6MOJIOTUYECKON T1abopaTo-
puu Y3beKucTaHa.

ABTOPBI IPUAEPKUBATUCH METOJUKY ITPUTOTOB-
JIEHWS MUKPOIIPENapaToOB U3 YEPBEIOB, MOAPOO6HO
U3JI0KEHHOHN BEIYIIUMU KOKIIUA0JIOTaMU 300JI0THYe-
ckoro uHctutyTta (3VUH) PAH E.M. Jlanur u U.A. T'aB-
PUIJIOBBIM-3MMUHBIM B KHUre «dayHa Poccuu u co-
IpeneNbHbIX cTpan», 2014 [1]. YkazaHHas MeTOgUKa
BKJIIOUAET CJIeAYIOIIYe STaTIbI:

1) puxcanus Matepuajia B 96%-M pacTBope 3Ta-
HoJia (MJIU alleTO3TaHOJIE);

2) TepBUYHOE aHATOMUPOBaHUE TeJla CaMKU
B CITMPTE WJIY BOJE JJIsi HAHECEHMS HaJPEe30B Ha TeJIE;

3) mpocBeTienre B 8—10%-M pacTBope IIejo-
yy NaOH uau KOH (mJis 5TOTo TeJio caMKK Harpesa-
10T, HE JOBOZS PACTBOP IO KUITEHUS, B TUTEJIbKEe WU
IpobupKe);

4) BTOPUYHOE aHATOMHPOBaHMeE, BKJIIUAKIIee
yaaJieHre U3 TeJla CAMKY BHYTPEHHUX BKIIIOUEHU;

5) okpacka Tejia CaMKU pacTBOPOM (yKCUHA;

6) IPOTIUThIBAHNE TIPOMEXKYTOUYHOM XKUIKOCTHIO
(rBO3OUYHBIM J160 6€PraMOTOBBIM MaCJIOM);

7) 3aJIMBKA: yaJeHre U3JIUIIKOB Macja 1 IoMe-
IeHe TeJjla CAaMKM B KaHAJICKMU 6ajb3aM, HAKPBITUE
HCCIenyeMOoTo 06pasiia MOKPOBHBIM CTEKJIOM JJIs TI0-
CJIEIIOIIEr0 MUKPOCKOIIMYECKOT'0 NCCIIeIOBAHUS.

Tesla caMOK MYYHUCTBIX YePBEIOB COMEPXaT
GOJIBIIIOE KOJIMUECTBO )KUPOBBIX BKJIIOUEHUH, yaaje-
HYEe KOTOPBIX SIBJISETCS IOCTATOYHO CJIOKHBIM U TPY-
I0oeMKUM mpoiieccoM. OT yMeHUS MPaBUIIbHO YIAJIUTD
BKJIFOUEHUS U3 TeJIa CAMKY YEPBEIla 3aBUCUT KAYECTBO
IIPUTOTOBJIEHHOT'O MUKPOIIPeIapaTa 1 pe3yJIbTaThl UC-
cJIeIOBaHMS.

BoJTbIIyI0 YaCcTh MUKPOIIPEIaPATOB aBTOPHI JIeja-
JIY 10 KJIACCUYECKOY CXeMe POCCUMCKUX KOKITUI0JIOTOB
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Puc. 1. 8-uneHukoBble  Fig. 1. 8-segmented

YCUKM caMKu uepBeua antennae of a female
KomcToka Comstock mealybug
(hoTo H.A. Typsl, (photo by N.A. Gura,

A.B. lUunynuHa) A.V. Shipulin)

crops. Comstock mealybug Pseudococcus comstocki (Ku-
wana) is included in the Unified EAEU List of quarantine
pests [4]. To prevent introduction of quarantine species
of mealybugs to pest free areas of RF it is necessary to
carefully inspect regulated products, detect quarantine
objects and conduct laboratory study for species iden-
tification of mealybugs in order to take relevant phy-
tosanitary measures upon results of the study. The aim
of this study is to conduct a thorough microscopic exa-
mination of the main diagnostic structures of a female
Comstock mealybug and their positon; these structures
and also their position allows to distinguish between
quarantine object Pseudococcus comstocki (Kuwana) and
non-quarantine species of mealybugs.

MATERIAL AND METHODS

A thorough study of morphological characters of the
main diagnostic structures (cerarii, different types of
wax ducts, antennal segments, anal apparatus, trans-
lucent pores on hind legs) of a female Comstock mealy-
bug and their position was conducted using the mic-
roscopes Axio Imager A2 and Carl Zeiss Microscopy
GmbH (Zen 2.3) with paying special attention to mo-
dern microscopy technologies.

Slides from the collection bank of the FGBU
“VNIIKR” and biological material of female Comstock
mealybugs, preserved with ethanol and kindly provid-
ed by our colleagues from a biological laboratory in Uz-
bekistan, were used as materials to study the diagnostic
structures of female Comstock mealybugs.

The authors followed the slide mounting techniques
described in detail by the leading coccidologists of the
Zoological Institute of the Russian Academy of Scien-
ces (ZIN) RAN E.M. Danzig and I.A. Gavrilov-Zimin in
the book “Fauna of Russia and neighbouring countries”,
2014 [1]. The said techniques include the following steps:

1) fixation of specimen in 96% EtOH (or acetone-
ethanol);

dutocaHutapus. KapaHtuH pactenunii = 18

Puc. 2. Uepapuu camkm yepBeua Komctoka  Fig. 2. Cerarii of a female Comstock mealybug

(choTo H.A. l'ypsl, A.B. LUunynuHa):

(photo by N.A. Gura, A.V. Shipulin):

a — roJIOBHOM Liepapwuii C TPEMS WUNaMu; a - cerarius on head with three setae;

b — uepapwii c gByMsa Wwmunamm

Puc. 3. AHanbHbIN Lepapuit caMku YepseL,a KoMcToka:
a — CTpOeHMe aHasIbHOW TPY6GKU M aHaNbHbIX Lepapui
caMku yepseua Koctoka,;

b — XMTUHU3NPOBaHHAsA NNACTMHKA aHaNbHOTO Liepapus ¢ AByMs
KOHYCOBUAHBIMU LUMMAMU B OKPYXEHUUN TPEXbAUYEUCTbIX XKene3
(choTo H.A. l'ypsl, A.B. LUunynuHa)

HJannur E.M. u l'aBpusioBa-3uMuHa U.A., a ipu npu-
TrOTOBJIEHUY HEGOJBIION YaCTU MUKPOITPEIIapaToB,
SIBJISTIOIIUXCS DKCIIEPUMEHTAIbHBIMY, ObLIN BHECEHBI
IBe cliefyioye MOauMUKaIINHU.

1. [1pu npoBemeHUU 3-ro 3Tarla — IPOCBETIIEHUSA
Teja caMku B 8—10%-M pacTBOpeE 11eJI0UU — B 1IeJI0Yb
O6b1IM Jo6GaBJIeHBl 1—-2 KaIlJid MOIOIIETO CPeICTBa,
BKJIIOUAOIIEro B cocTaB [1AB (ITOBEpXHOCTHO-aK-
THUBHBIE BEIEeCTBA), C IIeJIbI0 PACTBOPEHUS KU POBBIX
BKJIIOUEHUU. Pe3yibTaT 0Ka3aJics IOJIOKUTEIbHBIM.
KauecTBO TOTaJILHOIO IIpernapara U3 CaMKU 4yepBelia
0Ka3aJjioCh XOPOIIWM, XKMPOBbIe BKIKUYEHNUS IIPaKTH-
YeCKU MOJHOCThIO PACTBOPUIINCH U ObLIY JIETKO y/a-
JIEHBI, YTO [103BOJIMJIO PACCMOTPETH BCE JUATHOCTUYE-
CKMe MPU3HaKU CAMKU.

2. [Ipu nipoBezeHuu 5-1o arama — «OKpacka Teja
CaMKM» — OKpalllMBaHUe IPOBOAMIIOCH «PYKOPLIMHOM»,
QHTUCENTUYECKUM IIpernapaToM, JIETKO JOCTYIIHBIM

b — cerarius with two setae

Fig. 3. Anal cerarius of a female Comstock mealybug:
a - structure of anal tube and anal cerarii

of a female Comstock mealybug;

b - chitinized lobe of anal cerarius with two conical
setae with attached trilocular pores

(photo by N.A. Gura, A.V. Shipulin)

2) primary dissection of body in alcohol or water
to make incisions on the body;

3) clearing body contents in 8-10% solution of
NaOH or KOH (heat the solution with a body until boi-
ling in a bowl or tube);

4) secondary dissection to remove body contents;

5) staining body with fuchsin-based solution;

6) oiling in decant liquid (clove or bergamot oil);

7) placing with balsam: removing excess oil, plac-
ing body into the Canada balsam, placing coverslip over
specimen for future microscopic study.

Bodies of female mealybugs contain numerous
fatty tissues which make it time-consuming and very
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Puc. 4. AHanbHbI annapat  Fig. 4. Anal area of a female
caMku yepBeua KomcTtoka Comstock mealybug

(choTo H.A. Typol, (photo by N.A. Gura,

A.B. lUunynuHa) A.V. Shipulin)

Puc. 6. TpnboBuaHbIe Xenesbl Fig. 6. Oral-rim ducts on

Ha [opcasnbHOM MOBEPXHOCTU the dorsal body surface of a
Tena caMku yepBeua Komctoka female Comstock mealybug
(choto H.A. Typbl, (photo by N.A. Gura,

A.B. lUunynuHa) A.V. Shipulin)

Puc. 5. KpynHble Tpybuatblie Fig. 5. Large tubular ducts
»Kenesbl Ha A,OPCaNbHON on the dorsal body surface
noBepxHocTu caMku vyepBeua of a female Comstock
KomcToka (choto H.A. Typbl, mealybug (photo by N.A. Gura,
A.B. lUunynuHa) A.V. Shipulin)

U comeprKaiuM (pyKCrH. Pe3ylbTaT Takyke GbLI IT0JI0-
JKATEbHBIM: OKpalTBaHUe JUATHOCTUUECKUX CTPYK-
TYP IPOILIO 6BICTPO ¥ PABHOMEPHO.

B manpHeNIeM MCCIENOBaHUS M0 pa3paboTke
OINITUMAaJIbHBIX METOOB IMPOCBETIEHUS U OKpallu-
BaHUS MUKPOIIPEIIapaTOB M3 MYyUYHUCTHIX YEPBEIIOB
OyILyT ITPOJI0JIKEHBI, TTOCKOJIBKY JJADOPaTOPHOE HCcCie-
JIOBaHME BBISIBJIEHHBIX 06pa3110B HACEKOMBIX YaCTO
OTPAHUYEHO TI0 BpeMeHU U TpebyeT YMeHUs IPUro-
TOBJIEHVS KaueCTBEHHBIX MUKPOIIPEIapaTOB JIJIs T0-
JIyYeHUS JOCTOBEPHOT'O PE3YJIbTATa UCCIEJOBAHUS.

TocemyroImM STarloM HaCTOSIIIETO UCCIIeIOBAHUS
CTaJIo TIOMEIIeHNE Ha MTPeIMETHOE CTEKJIO TEJT CaMOK
YepPBELIOB JOPCAJIbHOMN 1 BEHTPAJIbHOIM ITOBEPXHOCTSIMU
TeJia i1 60J1ee OIPOGHOTO U3yYeHUS TAKUX OCHOBHBIX
IMATrHOCTUYECKUX CTPYKTYP, KaK KOJIMYECTBO IIepapu-
€B, pa3Mepbl ¥ MECTOPACITOJIOXKEHYE PA3IMUHBIX TUTIOB
BOCKOBBIX JKeJie3 (rpUOOBUAHBIX, TPYOUATHIX, TPOCTHIX
IUCKOBU/IHBIX, MHOTOSTYENCTHIX), HAJTUUKE WU OTCYT-
CTBUE ITPOCBEUMNBAIOIIKX [TOP Ha 33 JHUX KOHEUHOCTSIX,
CTPOEHVE aHAJILHOTO LIepapusi v APYTHE.

Puc. 7. TpuboBupHas
enesa B obnactu uepapua  in cerarius area

Fig. 7. Oral-rim duct

(choTo H.A. Typbl, (photo by N.A. Gura,
A.B. lUunynuHa) A.V. Shipulin)

difficult to remove. Quality of a prepared microscopic
slide and the result of the study depend on how skill-
fully fatty tissues have been removed from the body.

Most of the slides the authors prepared according
to a conventional scheme developed by the Russian
coccidologists Danzig E.M. and Gavrilov-Zimin I.A. The
following two modifications were added while prepar-
ing some experimental slides.

During the 3" step — clearing body contents in
8-10% solution of NaOH or KOH, 1-2 drops of deter-
gent, containing a surface-active agent (SAA) in order to
dissolve fatty tissues were added. The result turned out
to be positive. The quality of the whole mount turned
out to be fine, fatty tissues were almost dissolved and
easily removed which enabled to examine all the diag-
nostic characters of the female.
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Puc. 8. KpynHble n Menkue Tpybuatbie Fig. 8. Large and small tubular ducts
JKenesbl C KOPOTKUM Y3KMM BOPOTHUUYKOM  with short narrow collar
(photo by N.A. Gura, A.V. Shipulin) According to the world’s practice identifi-

(choto H.A. Typel, A.B. LUunynuHa)

PE3VJIBTATBI UCCJIEJJOBAHUN
N OBCYXJIEHUA

B MUPOBOII MpaKTUKe UAeHTU(DUKAIINST MYUYHUCTHIX
YepBEeIlOB Yallle BCEro MMPOBOJUTCS Ha OCHOBAHUU
pesyabTaTOB MUKPOCKOMIMYECKOTO MCCIeN0BaHUs
IUaTHOCTUYECKUX CTPYKTYp Teja caMKu. CaMIbl
YepBeIlOB OUEHb HEJO0JITOBEYHBI, II09TOMY OIIpefie-
JINTEJIbHBIE KJII0UN 3aPYyOEKHbBIX U POCCUNUCKUX KOK-
IIUZ0JIOTOB IMOCTPOEHBI HA OMMUCAHUU
IUarHOCTUYECKUX IMPU3HAKOB CaMOK
C NIPUBEEHUEM CXEM CTPOEHUS Teja
¥ yKa3aHUEM OCHOBHBIX IMarHOCTUYECKUX
CTPYKTYP[2, 3, 5, 6, 7, 8]. MBI ITIOCTapanuch
MIPeNCTaBUTh MO POGHBIN UIITFOCTPATUB-
HBIM MaTepuaJ MUKPOCKOITMYECKOTO HC-
CJIe0OBaHUS C IMOCJIeN0BATENbHBIM OIIU-
CaHMEM KakIOW M3 JUarHOCTUUYECKUX
CTPYKTYD, PACIIOJIO’KEHHBIX HA BEHTPAJIb-
HO¥ ¥ IOpCaJIbHOM ITOBEPXHOCTSIX TeJa,
U X OTJINUYUTEbHBIX 0COOEHHOCTEHN.

Pe3ynomamot MUKpoCKoOnu4ecKo2o
uccnedoB8aHust 0CHOBHBIX
duazHoCcmMuYecKux cmpyKmyp
dopcatbHoll NOBEPXHOCIMU MENA CAMKU
yepeeya Komecmoxa

Ycuku

VYeuky caMKH 8-4JIeHUKOBBIE (puc. 1).

Lepapuu

llepapuu — napHbIe CTPYKTYPEHL, pac-
TIOJIOXKEHHBIE T10 Kpal Teja CaMKU 4dep-
Bela. Y caMku yepBena Komcroka 17 map

Lepapues. llepapuu COCTOAT U3 IIUIIOB, Puc. 9. KpynHbie Tpy6uatble
KOTOpPbI€ ABJISAIOTCS HAPY>XHBIMU IIPOTO-  yene3bl BAOJb Kpas Tena

IIbl TPEXBAYEUCTDBIX XeJie3, UMEeIIInuX
TpeyroJbHyo QopMy. ¥ caMKu 4epBelia
KoMcToKa 60IBIIMHCTBO 1Iepapues C BY-
M4 IIUIIaMU, TOJIOBHbBIE Liepapuu C TpeMsia
mumnamu (puc. 2).

During the 5th step — “staining body of
a female” with “Fukortsin”, easily available
antiseptic containing fuchsin. The result
also turned out to be positive: staining of
diagnostic structures was quick and even.

In the future studies in order to deve-
lop optimal methods of clearing and stain-
ing of microscopic slides of mealybugs will
continue as laboratory studies of detected
insect specimens require more time and
skill to prepare quality microscopic slides
and receive a valid result.

Further step of this study was to place
the dorsal and ventral sides of female
mealybugs on a slide in order to examine
in detail the primary diagnostic structures
such as number of cerarii, size and posi-
tion of different types of wax ducts (Oral-
rim ducts, tubular ducts, simple discoidal
pores, multilocular pores), presence and
absence of translucent pores on hind legs,
morphology of anal cerarius and etc.

RESULTS AND DISCUSSION

cation of mealybugs often requires a mi-

croscopic study of diagnostic structures
of slide-mounted females. Male mealybugs cannot last
long during the microscopic study, therefore foreign and
Russian coccidologists’ identification keys for mealy-
bugs are based on the diagnostic characters of females
including body morphology schemes and primary di-
agnostic structures [2, 3, 5, 6, 7, 8]. We tried to present
a detailed illustrative material for a microscopic study
providing a subsequent description of each diagnostic

Fig. 9. Large tubular ducts
along body margin
KaMU BOCKOOTZAEJAILUX XeJie3, U Tpym-  (choto H.A. l'ypel, A.B. LUunynuHa)  (photo by N.A. Gura, A.V. Shipulin)
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Puc. 10. Menkue Tpybuatble Fig. 10. Small tubular ducts
>Kenesbl Ha cTepHuTax 6prowka  on abdominal sternites
(choto H.A. Typel, A.B. (photo by N.A. Gura,
LWnnynuHa) A.V. Shipulin)

AHaJIBHBIH Liepapuii

O6osHauaeTcsa kak C18, coryiacHO 0003HAUYEHUAM
poccuiickux Koknunoaoros 3VIH PAH. B ero cocraB
BXOZSAT JIBA IMUIIA, IJIOTHAS T'PYIINA TPEXBIUYEUCTHIX
JKeJies, PacIlojIoKEeHHBIX Ha IMUPOKOY CKIEPOTU3UPO-
BaHHOU MJIacTUHKe. PazMep MJIaCTUHKY CXOZEH C pas-
MEPOM aHaJbHOI'0 KOJIbIa (PUC. 3).

AHaJIBHBIH anmapar

AHaJlbHBIN anmapaT caMku udepBelia KomcTo-
Ka IIOJIHOIIeHHbIN. COCTOUT M3 MJIOCKOTO XUTUHOBO-
T'0 KOJIbIIA, PACIIOJIOXKEHHOTO BOKPYT
aHaAJIbHOTO OTBEPCTUS, OJHOTO BHY-
TPEHHETO PSZa OKPYTJIbIX UJIU OBaJIb-
HBIX TIOP, OLHOTO HAPYXHOTO pPsaa
MUKPOIIUIIMKOB U IIECTU LETHUHOK,
KOTOpBIE AJMHHEE aHAJbHOTO KOJIbIla
(puc. 4).

TpyGuaThbIe »KeJjie3bl

Ha mopcaibHOM IMOBEPXHOCTU
TeJla caMKu 4yepBera KoMcToka nme-
I0TCSl KPYIHBIE TpyOGUuaThie XKeJie3bl
C KOPOTKUM Y3KUM BOPOTHUYKOM Ge3
aCCOUMMPOBAHHBIX TPOCTBHIX IIOP.
JKesesbl pacmojiaralTcs TPyIraMu
BOJIM3M 1lepapreB U eIUHUYHO BCTpe-
YaTCcsa B MeIUaJIbHOM 30HE TEPTUTOB
(puc. 5).

I'puGoBUAHBIE XKeJie3bl

UepBelbl, BXOAAIIME B TPYHNOY
poza Pseudococcus, K KOTOPOM OTHO-
cuTca u dyepBeln KoMCToKa, UMEIOT
XapaKTepHble TPUOOBUIHBIE JKeJIe3bl.
9TU KeJie3bl OTHOCATCS K [UJIUHIPU-
YEeCKUM JKeJjie3aM M BXOJSAT B IPYIIITY
TPyOUaThIX JKeJie3 C BOPOTHUUYKAMU.

CBoe HasBaHUe FPUCOBU/HBIE KENE3B  pyc. 11. [puBOBUAHbIE Xenesbl Ha

structure located on the dorsal and ventral body surfac-
es, and their distinctive features.

Results of the microscopic study of primary diagnostic
structures of the dorsal body surface of a female
Comstock mealybug

Antennae

Antennae with 8 segments (Fig. 1).

Cerarii

Cerarii are paired structures surrounding the
body margin of a female mealybug. A female Comstock
mealybug has 17 pairs of cerarii. Cerarii possess se-
tae serving as external wax ducts, and a group of trian-
gular-shaped trilocular ducts. Most cerarii of a female
Comstock mealybug have two setae, cerarii on head
have three setae (Fig. 2).

Anal cerarius

Anal cerarius is indicated as C18 according to no-
tation of the Russian coccidologists from ZIN RAN. It
comprises of two setae, cluster of trilocular ducts si-
tuated on a wide sclerotized lobe similar in size to the
anal ring (Fig. 3).

Anal area

The anal area of a female Comstock mealybug is
complete. It consists of a flat chitinized anal ring sur-
rounding anus with one inner row of circular or oval
pores, one outer row of spinulae and six setae longer
than the anal ring (Fig. 4).

Oral-collar tubular ducts

Large tubular ducts with short narrow collar without
associated simple pores are present on the dorsal body
surface of a female of Comstock mealybug. The ducts are
found in groups near cerarii and are sparsely present in
the medial zone of tergites (Fig. 5).

Fig. 11. Oral-rim ducts on ventral

TIOJIyYMJIY U3-32 (POPMBI BOPOTHUY-  BeHTpasbHOM NOBEPXHOCTM rofloBorpyan  surface of cephalothorax

Ka, HaIIOMUHAIOUIero MJanky rpuba  (porto H.A. M'ypebl, A.B. LLnnynuHa)

¥ OTXOMAIIETr0 OT IMPOTOKa BOCKOOT-
Iensgouleil xeesbl. Y caMKU dYepBe-
11a KoMcToka rpu6GoBU/HbBIE XKEJIE3bI
MIPUMEPHO OJJHOTO pasMepa 1 pacro-
JIOKEHBI eIUHUYHO Ha JOPCaJbHOMI

(photo by N.A. Gura, A.V. Shipulin)
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[TOBEPXHOCTH TeJia B6IM3Y Liepapres U B MeLUaIbHON
30He TEPTUTOB (puc. 6—7).

Pe3ynvmamot MUKPOCKONUYECKO020 UCCE06AHUS
O0CHOBHBIX JUAZHOCMUYECKUX CIMPYKMYD
B8EHMPAJILHOT NOBEPXHOCIU MEIA CAMKU
uepseua Komcmora

Tpyo6uaThbIe KeJIe3bl

TpyGuaThie KeJe3bl C KOPOTKUM Y3KUM BOPOT-
HUYKOM, PACIIOJIOXKeHHbIe Ha BEHTPAJIbHOM IIOBEPXHO-
CTH TeJia, IBYX pasMepoB: KPYIIHbIe 1 MeJiKue (puc. 8).

KpymHbie Tpy6UuaThie JKejie3bl C KOPOTKUM Y3KUM
BOPOTHUYKOM 06pasyioT MOJOCY BAOJb Kpas BeH-
TPaJbHOM OBEPXHOCTH TEJA, EMUHUYHO BCTPEUAIOTCS
U Ha CTepHUTaxX Opromka (puc. 9).

Menkue TpybuaThie )KeJe3bl C KOPOTKUM Y3KUM
BOPOTHUYKOM 06pasylT IOMepeuHble PSAAbI 1 MOJIO-
ChI Ha CTEPHUTAX GPIOIIKA ¥ eAUHUYHO BCTPEUAOTCS
B MeIMaJIbHOM 30He TosoBOTpyau (puc. 10).

I'puGOBUIHBIE KEJIE3BI

JKeJies3sl MPUMEPHO OJTHOTO Pa3Mepa, CXOLHBI 110
pasmepy ¢ TpUBOBUAHBIMY JKeJIe3aMU, PACIION0XKEH-
HBIMU Ha JOPCAJbHOM IMOBEPXHOCTHU Tejla caMKu. Ha
BEHTPAJIbHOM ITOBEPXHOCTH TeJia rPUOOBULHBIE XKeJle-
3bI PACIIOJIOXKEHBI BAOJIb Kpasd BEHTPAIbHOU ITIOBEPX-
HoCTH rojioporpyau (puc. 11).

MHOrosg4erCcThIe KejIe3bl

Camka yepsena KoMcToka OTKJIagbIBaeT giflia
B IN1€BOI MeIIOK (OBMCAK), TO3TOMY MHOTOSTUYEVICThIE
JKeJIe3bl ¥ 9TOT'0 BUJIA XOPOIUIO Pa3BUTHI U 06Pa3yOT
IIOTIIepeYvHbIe PSAbI Ha BCEX CTEPHUTAX OPIOIIKA U -
HUYHO Ha CTEPHUTAX roJoBOrpynu. Kaxmas MHOTOS-
yewncTas Xejiesa UMeeT ONHY IeHTPaJbHYI0 TUehKy
u 10 epudepuyueckux sueek (puc. 12).

IIpocBeurBaOIIHE MOPHI HA 3aJJHUX KOHEUHO-
CTAX caMKH yepBelnia KomcToka

[TpocBeunBaIKe I0Pbl — JUCKOBUIHbBIE OTBEP-
CTHUS, PACIIOJIOKEHHbBIE Ha 3aJTHUX KOHEUHOCTSIX CaMOK
MYYHUCTBIX YEPBEI[OB.

Puc. 12. CtepHuUTbI 6piowwka
Tena caMku vyepBeua KomcToka of a female Comstock

Fig. 12. Abdominal sternites

C MHOFOYMC/IEHHbIMMU mealybug with numerous
MHOroSYEeNCTbIMU Kene3aMu multilocular pores (photo by
(choTo H.A. l'ypel, A.B. lUunynuHa) N.A. Gura, A.V. Shipulin)

Oral-rim tubular ducts

Mealybugs of the genus Pseudococcus to which
Comstock mealybug also relates to, possess distinc-
tive oral-rim tubular ducts. These ducts relate to the
tubular ducts included in the group of collar tubular
ducts. Their name originates from the shape of the col-
lar resembling a cap of fungus extended away from the
wax duct. Oral-rim tubular ducts of a female Comstock
mealybug are about the same size and sparsely present
on the dorsal body surface adjacent to cerarii and in the
medial zone of tergites (Fig. 6-7).

Results of the microscopic study of primary diagnostic
structures of the ventral body surface of a female
Comstock mealybug

Oral-collar tubular ducts

Tubular ducts with short narrow collar situated on
the ventral body surface of two sizes: large and small
(Fig. 8).

Large tubular ducts with short narrow collar form-
ing a marginal band along the ventral body surface,
sparsely present on abdominal sternites (Fig. 9).

Small tubular ducts with short narrow collar form
transverse rows and bands on abdominal sternites and
sparsely present in the medial zone of cephalothorax
(Fig. 10).

Oral-rim tubular ducts

The ducts are approximately the same size, simi-
lar in size to the Oral-rim ducts situated on the dorsal
body surface of a female. Oral-rim ducts on the ventral
body surface are situated along the margin of the ven-
tral surface of cephalothorax (Fig. 11).

Multilocular ducts

The adult female of Comstock mealybug lays eggs
in an ovisac therefore this species has very developed
multilocular ducts that form transverse rows on all ab-
dominal sternites and are sparsely present on cephalo-
thorax sternites. Each multilocular duct has one central
loculus and 10 peripheral loculi (Fig. 12).

Puc. 13. MpocBeuunBatoLmne Fig. 13. Translucent pores
nopbl Ha Ta3uke, 6egpe n roneHn  on hind coxa, femur, tibia
3a[HUX KOHEYHOCTEN CaMKM of a female Comstock
uepBeua KomcTtoka mealybug (photo by
(choTo H.A. T'ypbl, A.B. LUnnynuHa) N.A. Gura, A.V. Shipulin)
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Ilng caMKky yepBeria KoMCTOKA OTJIMYUTENIbHBIM
MIPU3HAKOM SABJIETCH UX HAJIMUKe Ha Ta3UKaX 3aJHUX
KOHEUYHOCTEeH, B OT/INYKe OT OJIM3KUX BUIOB, ¥ KOTO-
PBIX POCBEUMBAIOIIYE IIOPBI OTCYTCTBYIOT HA Ta3MUKaX,
a UMEKTC TOJIbKO Ha 6epax v TojeHax. [IpocBeyun-
BaloIIKe ITOPHI y caMKK YyepBerja KoMcToka MHOTOYHC-
JIEHHBIE ¥ ITPUCYTCTBYIOT Ha TasuKe, Gefipe U roJIeHU
3aIHUX KOHeUHocTeH (puc. 13).

BbIBO/IbI

B x0/le TPOBEIEHHOTO MUKPOCKOITUYECKOTO UCCIie-
JIOBaHUS 0COOEHHOCTEN CTPOEHUS AUArHOCTUYECKUX
CTPYKTYp Tejla caMKu uepBella KoMcTOKa, pacroJo-
JKEHHBIX Ha BEHTPAJIbHOU 1 JOPCAJIbHON ITOBEPXHO-
CTSAX, TIOJIyYEeH WJIIOCTPATUBHBIA CPaBHUTEJIbHBIN
MaTepua, KOTOPBIHM IT03BOJISIET BRIABIATH MOPdOJIO-
TUYECKUM METOZOM OTJIUUUTETbHbIE TPU3HAKYA CAMKH
yepBelia KOMCTOKa, UMEIOIIETO CTaTyC KapaHTUHHOTO
00BbEKTA.

JlaHHasd CTaThsl UMEET MPAKTUUECKOe 3HAUEHWE
IJsT COTPYOHWKOB HCITBITATEJbHBIX JabopaTopuii
B 06J1aCTV KapaHTWHA PACTEHU, TIPOBOAANINUX SHTO-
MOJIOTUYECKYE UCCIeJOBAHYS Ha BhIIBJIEHNE KapaH-
TUHHBIX BUJIOB MYUYHMCTBIX YEPBEIOB, a TaKXKe [IJIs
CIIEIMAIUCTOB B 00JIACTY 3al[UThI PACTEHU.
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Translucent pores on hind legs of a female Com-
stock mealybug

Translucent pores are disc pores located on hind
legs of mealybug females.

Presence of translucent pores on hind coxae is a
distinctive feature of a female Comstock mealybug un-
like closely related species that do not possess translu-
cent pores on coxae but only on femurs and tibiae. Fe-
male Comstock mealybugs have numerous translucent
pores on hind coxa, femur and tibia (Fig. 13).

CONCLUSION

Ilustrative comparative material obtained from this
microscopic study of the morphological characters of
diagnostic structures of a female Comstock mealybug
situated on the dorsal and ventral surfaces, allows, by
using a morphological method, to identify distinctive
features of a female Comstock mealybug that is of qua-
rantine status.

This article has a practical importance for the staff
of plant quarantine testing laboratories who carry out
entomological research in order to identify quarantine
species of mealybugs, as well as for the plant protec-
tion specialists.
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AuHOTanMda. B cmamobe npedcmasiensl obuiue cee-
JdeHus 0 npoucxoNcoeHuu, MaKcoHoOMul, 6UoI02UL, 2e02pa-
Puueckom pacnpocmpaHeHul U 0CHO8HbLX memodax dua-
2HOCMUKU 6030y0umens 6aKmepuaibHOl NAMHUCIOCMU
ysemuoti kanycmol — Pseudomonas syringae pv. maculicola
(McCulloch) Young et al. Bo36ydumesi 6aKxmepuanbHol nam-
HUCMOCMU 8KJII0YEH 8 CNUCOK BPEOHBLX OP2AHUZMO8, UMEH)-
wux KaparmunHoe snadenue ong Kumas, U3pauns, Eeunma
u Mexcuxu. Ha base nabopamopuu 6axmepuosioeu Hcnoi-
mamenvHo20 Jabopamoproeo yeumpa ®OIBY «BHUHKP»
OvLu nposedersl uccnedosanus 06pa3y08 panca, Komopvle
NONy4eHbl U3 MEeCM BblPAUUBAHUS IKCTIOPMHBLX CEMSH,
npedHa3HAYeHHbLX MOJIbKO0 0119 nepepabomiu. MoHumopuHe
pacnpocmpanerus 8pedHo20 0peaHU3Ma HA Meppumopul
P® nposoduics 8 HeKOMOPvLY pecuorax JlanbHes0cmo4H020
u Cubupcroeo giedepanvHulx 0Kpy208. JuaeHocmuKy 06pas-
1408 862eMAMUBHBLY YaACEll Panca 0CyuLeCmaeaiu Memooa-
MU KAK KJACCUHECKUMU MUKPOOUONO2UYECKUMU, MAK U MO-
JIEKYNSIPHO-2CHETMUYECKUMU.

KiroueBsble cJI0Ba. FaKmMepuaivHas RAMHUCIOCTDb
ysemHoii xanycmol, Pseudomonas syringae pv. maculicola,
JKCnopm, panc, MOHUMOPUHe, J1ab0pamopHoe ucciedosa-
HUe, MUKPOOUON02UUECKUL NOCEB, CEKBEHUPOBAHIE.

BBEJEHUE

YCJIOBUSIX Pa3BUTHS PBIHOYHBIX OTHO-
menuii Poccutickoit ®emepaniuu ¢ Ku-
Tarickoi HapomHo# Pecmy6yimKkotii B va-
CTH SKCIIOPTa 3€PHOBOM MPOAYKITUU,
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Abstract. The article presents general information
about the origin, taxonomy, biology, geographical distribu-
tion and the main diagnostic methods of bacterial leaf spot of
cabbage Pseudomonas syringae pv. maculicola (McCulloch)
Young et al. Bacterial leaf spot of cabbage is included in the
list of pests of quarantine importance for China, Israel, Egypt
and Mexico. The bacteriology laboratory of the Testing La-
boratory Center of FGBU “VNIIKR” analyzed rape samples,
obtained from the places where export seeds intended only
for processing are cultivated. Pest spread on the territory
of Russia was monitored in some regions of the Far Eastern
and Siberian Federal Districts. Samples of vegetative parts of
rape were diagnosed by classical microbiological and mole-
cular genetic techniques.
Keywords. Bacterial leaf spot of cabbage, Pseudomonas
syringae pv. maculicola, export, rape, monitoring, laborato-
ry testing, microbiological inoculation, sequencing.

INTRODUCTION

n the conditions of development of market re-
lations between the Russian Federation and the
People’s Republic of China in terms of export of
== grain products, corn, soybean, rice and rape,
compliance of plant production areas with phy-
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KYKypy3bI, COY, PUCa M parca
OTPOMHOE 3HaueHMe rpuobpera-
€T COOTBETCTBUE MECT ITPOU3BOJI-
CTBAa PACTUTENBHOU MPOLYKIINU
¢uTOoCAaHUTAPHBIM TPEGOBAHUAM
CTpaHBI-UMIIOPTEPA.

CoryacHO IPOTOKOJIY MeX-
ny ®emepalibHOU CIyXG60H 110
BETEPUHAPHOMY U (DUTOCAHU-
TapHOMY HaJ30py Poccuiickoi
denepanuu U [JIaBHBIM rocy-
IIapCTBEHHBIM YIIPaBJIEHUEM T10
KOHTPOJII0 KAYeCTBa, UHCITEKIIUU
¥ KapaHTuHy KuTatickoi Hapo-
HOU Pecrty6yinKy, ceMeHa parica,
penHa3HaYeHHbIE AJI 9KCIIoP-
Ta B KuTtaii, JOJKHBI OBITH BbIpa-
1meHbl B CubUpPCKOM u [JaibHEBO-

g

Puc. 1. leorpachmueckoe pacnpocTpaHeHue Fig. 1. Geographical distribution
P. s. pv. maculicola B Mupe

of P. s. pv. maculicola in the world

CTOYHOM (hefepajibHbIX OKPyrax. (https://www.cabi.org/cpc/datasheet/44973) (https://www.cabi.org/cpc/datasheet/44973)

B MecTax mnmpousBoACcTBa CTpa-

HOM-3KCIIOPTEPOM TIPOBOASTCS

MOHUTOPUHTY PACIPOCTPaHEHUS BPEIHbIX OPTraHu3-
MOB, UMERIIUX KapaHTUHHOe 3HaueHue 1Jg KHP.

OnHUM U3 TIOKasaTejiel, OTCYyTCTBYE KOTOPOTO
B MeCTax MMPOM3BOMCTBA HSKCIIOPTHHIX CEMSH parica
perjaMeHTUPYEeTCs COOTBETCTBYIOIIUMMU TpeboBa-
nuamu KHP, aBisieTcsa Bo36ynuTe b 6aKTepuaIbHOM
TIATHUCTOCTY IIBETHOM KamycThl Pseudomonas syringae
pv. maculicola (McCulloch) Young et al. B aTo# cBSI311 00-
cliejoBaTeIbCKYe MEPOIIPUATHUS C aJibHelIIell fra-
THOCTMKOM 0aKTepPUaJbHOTO BO3OYAUTENS HA TAlle
BBIPAIIVBAHUS PACTUTEIbHOMN MPOAYKIINY ITO3BOJISIT
BBISIBUTb CBOOOJHBIE OT (DMTOITATOTE€HA 30HbBI IPOU3-
BOZICTBA parica.

LleJibI0 HACTOSAIIETO UCCIENOBAHMS CTAJIO OIHCA-
HYE OCHOBHBIX XapaKTEPUCTUK BO36YAUTEIST DaKTEPU-
aJIbHOY MATHUCTOCTH I[BETHOM KamycThl Pseudomonas
syringae pv. maculicola (McCulloch) Young et al. u ycra-
HOBJIEHUE pacIpocTpaHeHus: GUTOIaToreHa Ha Tep-
putopuu Poccuiickoi defepaliuy B perruoHax Mpous-
BOZICTBA parica, IpeJHa3HAYEeHHOTO JIJIsT SKCTIOPTHBIX
eaen.

B xofe poBeIeHNs UCCIIeIOBaHMSI aBTOPaMU pe-
IIAJTUCh CIIeYIONIMEe 3aa4un:

1. [IpoaHAIU3UPOBATh UMEIOIIECST MUPOBBIE JIK-
TepaTypHbIe JaHHbIE KacaTeTbHO CBEIEeHUHN O IIPOUC-
XOXIEHWU, TAKCOHOMUY, GUOJIOTUY U SKOJIOTUH, T€0-
rpaduYecKoM PacrpoCTPaHEHUY B MUPE U OCHOBHBIX
MeTOoJlaX NUaTrHOCTUKY BO36yAUTENsS GaKTepralbHOM
MATHUCTOCTY IIBETHOM KAITyCThI — Pseudomonas syringae
pv. maculicola (McCulloch) Young et al.

2. [IpoBecTu JabopaTopHOE MCCIemoBaHue 00-
PasiioB BETeTAaTUBHBIX YACTEH parica Ha MPUCYTCTBUE
Pseudomonas syringae pv. maculicola.

OBILIME CBEJEHUY
0 BO3BY/IUTEJIE

Bo36yznuTesb OTHOCUTCS K TUILY Proteobacteria, kiac-
cy Gammaproteobacteria, cemeticTBy Pseudomonada-
ceae, pony Pseudomonas [10].

Knerku 6axtepuu P. s. pv. maculicola ipencTaB-
JITIOT CO60¥ KOPOTKME rPaMOTPUIaTENbHbBIE TTAJI0UKU
C 3aKPYTJIEHHBIMU KPasiMU, TOJBYKHbBIE JIOPOTPUXH,
criop He 06pasyoT, a3po6bl. PazMep KIETOK COCTABJIS-
et 0,9 x 1,5-3,0 MKM [4, 9].

BriepBble BO30OyAUTENb OaKTEPUATbHON HSITHU-
cTocTy 6bLI onircaH B 1911 T. Ha LIBETHOU KaITyCTe,

tosanitary requirements of the importing country ac-
quires great importance.

According to the protocol between the Federal
Service for Veterinary and Phytosanitary Surveillance
of the Russian Federation and the General Administra-
tion of Quality Supervision, Inspection and Quarantine
of the People’s Republic of China, rape seeds intend-
ed for export to China must be grown in the Siberian
and Far Eastern Federal Districts. At the places of pro-
duction, the exporting country monitors the spread of
pests of quarantine importance to China.

One of the pathogens is bacterial leaf spot of cab-
bage Pseudomonas syringae pv. maculicola (McCulloch)
Young et al. Its absence at the places of production of
rape seeds is regulated by the relevant requirements of
China. In this regard, survey activities with further di-
agnosis of the bacteria at the stage of plant production
will make it possible to identify phytopathogen-free
areas of rape production.

The purpose of this study was to describe the main
characteristics of bacterial leaf spot of cabbage Pseudo-
monas syringae pv. maculicola (McCulloch) Young et al.
and to establish the spread of the phytopathogen in the
regions of the Russian Federation where rape is pro-
duced for export purposes.

In the course of the study, the authors solved the
following tasks:

1. Analysis of the available international literature
data concerning information on origin, taxonomy, biolo-
gy and ecology, world geographical spread and main di-
agnostic methods of bacterial leaf spot of cabbage Pseu-
domonas syringae pv. maculicola (McCulloch) Young et al.

2. Laboratory testing of samples of rape vegeta-
tive parts for the presence of Pseudomonas syringae pv.
maculicola.

GENERAL INFORMATION

ABOUT THE PATHOGEN
The pathogen belongs to the Proteobacteria type, Gam-
maproteobacteria class, Pseudomonadaceae family,
Pseudomonas genus [10].

dutocaHuTapusi. KapaHTuH pacteHuii = 26
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Fig. 2. Symptoms

of bacterial leaf spot on

white cabbage (https://

(https://www.nexles.com, 2018 r.) www.nexles.com, 2018)

Puc. 2. CumnTOoMBI
6akTepranbHON NATHUCTOCTH
Ha 6efloKoYaHHON KanycTe

BhIpaleHHoU B Bupmxuuun (CIIA), 1 IMOJTydns Ha-
3BaHue Bacterium maculicolum (McCulloch, 1911).
B 1913 r. bakTepus OblIa MepernMeHoBaHa B Pseudo-
monas maculicola (McCulloch) Stevens. B 1966 1. B Ho-
BOU 3eJlaHI WU C IBETHOU KammycThl (Brassica oleracea
var. botrytis) 6b1J1 U30JMPOBAH WITaMM Pseudomonas
maculicola [15]. B HacTosIee BpeMs TUIIOBOU IITaMM
P s. pv. maculicola XpaHUTCS B MUPOBBIX OaKTEPHOJIO-
TMYECKMX KOJUIEKIIMIX, TAKMX KaK HaluoHanbHAas
KOJIJIEKIMS MaTOTEHHBIX 6aKTepuil pacTeHuu (AHT-
Just); MexXyHapOHBIN [IEHTP MUKPOGHUOJIOTUYECKUX
pecypcoB — ®paHILy3cKas KOJJIEKIIMs 6aKkTepu, ac-
COIIMMPOBAHHBIX C PACTEHUSIMU; MeXIyHapoaHas
KOJIJIEKIMSI PACTUTENBHBIX MUKpoopranusmos (Ho-
Basg 3ejaHausa); Beabruiickas KOJIJIEKIIUSI MUKPO-
OPraHMU3MOB. B 5TUX KOJJIEKIIMIX YKAa3aHHBIM TUIIO-
BOM mITaMM XpaHuUTCH 1o, Homepamu NCPPB 2039,
CFBP 1657, ICMP 3935, LMG 5071.

B 1978 1. Young et al. ycTaHOBMJIU, YTO BO36YIM-
TeJIb 6aKTePUATbHOM MATHUCTOCTY SIBJISIETCS IaTOBA-
pom maculicola Bupma Pseudomonas syringae. Tlo3nHee,
B 2015 r., pacmudpoBaH IMOJHBINA F'eHOM IITaMMa
Y TIOJITBEPIK/IEHA eT0 TAKCOHOMMUYECKAS ITPUHAIJIEXK-
HOCTbB [7].

BakTepus pacnpocTpaHeHa BO MHOTHX CTPaHax
(puc. 1), BO3/eIbIBAOIIUX KYJIbTYPHBIE PACTEHUS CE-
MelicTBa Brassicaceae, B TOM 4ucCjie Ha TEPPUTOPUU
obiBiIero CCCP [5].

B dMoHUM CUMIITOMBI 6aKTEPUAJBHOUN MATHU-
CTOCTY BIIePBbI€ ObLIY BhIABJIEHBI B 1931 1. Ha me-
KMHCKOM KarycTe, a B 1932 I. oHU 66111 06HAPYKEHbI
Ha JaliKoHe, BbIpAllleHHOM Ha ocTpoBe TaliBaHb [15].
B 1992 1. omy6/IMKOBaHO TIePBO€E YIIOMUHAHYE O IIPU-
CYyTCTBUU BO30OYynUTENsI 6aKTePHUATIBHOM ITATHUCTOCTU
B ApreHTUHe Ha GpioccesibCKOl KamycTe [6]. B 2004 .
P s. pv. maculicola BpI3Baja BCIIBINIKY 6aKTepUATbHON
MMATHUCTOCTY Ha IIBETHOM KamycTe B ABcTpanuu [13].
Bo36ynuTesb MIMPOKO PACIPOCTPAHEH HA TEPPU-
Topuu CIIA. Tak, B 90-x rogax XX Beka B OKjaxome

Cells of the bacterium P. s. pv. maculicola are short
gram-negative rods with rounded edges, mobile lopho-
trichs. They do not form spores and are aerobes. Cell
sizeis 0.9 x 1.5-3.0 um [4, 9].

The pathogen of bacterial leaf spot of cabbage was
first described in 1911 on cauliflower grown in Virgi-
nia (USA) and was called Bacterium maculicolum (McCul-
loch, 1911).In 1913, the bacterium was renamed Pseu-
domonas maculicola (McCulloch) Stevens. In 1966 in
New Zealand the strain Pseudomonas maculicola (Bras-
sica oleracea var. bhotrytis) was isolated from cauliflow-
er [15]. At present, a typical strain of P. 5. pv. maculico-
la is stored in world bacteriological collections, such
as the National Collection of Plant Pathogenic Bacte-
ria (England); International Centre for Microbiological
Resources — French collection of plant associated bac-
teria; International Collection of Microorganisms from
Plants (New Zealand); and Belgian Coordinated Collec-
tions of Microorganisms. In these collections, the speci-
fied standard strain is stored under numbers NCPPB
2039, CFBP 1657, ICMP 3935, LMG 5071.

In 1978, Young et al. established that bacterial leaf
spot of cabbage is the pathovar maculicola of the spe-
cies Pseudomonas syringae. Later, in 2015, the complete
genome of the strain was sequenced and its taxonomic
identity was confirmed [7].

The bacterium is widespread in many countries
(Fig. 1) that cultivate plants of the Brassicaceae family,
including the former USSR territory [5].

InJapan, symptoms of bacterial leaf spot of cabbage
were first detected in 1931 on Chinese cabbage, and in
1932 they were found on a daikon grown on the island of
Taiwan [15]. In 1992, the presence of bacterial leaf spot
of cabbage in Argentina on Brussels sprouts was first
recorded [6]. In 2004 P, s. pv. maculicola caused an out-
break of bacterial leaf spot of cabbage in Australia [13].

The pathogen is widely spread in the USA. Thus, in
the 1990s in Oklahoma, bacterial leaf spot of cabbage
caused significant damage to such cultures as cabbage,
spinach, mustard and turnip [16]. There are also data
on outbreaks of bacterial leaf spot of cabbage on cruci-
ferous plants in France [11].

Bacterial leaf spot of cabbage affects Brassicaceae
plants, such as Chinese mustard (Brassica juncea var.
Jjuncea), cauliflower (B. oleracea var. botrytis), Brussels
sprouts (B. oleracea var. gemmifera), asparagus broccoli
(B. oleracea var. italica), Chinese cabbage (B. rapa subsp.
pekinensis), garden radish (Raphanus sativus), black mus-
tard (Brassica nigra), cabbage (B. oleracea var. capitata),
kohlrabi (B. oleracea var. gongylodes), borecole (B. oleracea
var. viridis), forage turnip (B. rapa subsp. rapa), rape (B.
Napus), and others. But cauliflower, white and red cab-
bage are the most damaged plants [4, 9, 17].

At present, diagnostic methods of bacterial leaf
spot of cabbage are limited to isolation on the nutrient
medium with subsequent identification of isolates by
biochemical methods [2]. However, even when isolating
the bacterium on the nutrient medium, it is possible to
identify the culture only to the species Pseudomonas sy-
ringae sp. [14]. Molecular techniques are limited to the
identification of the genus Pseudomonas sp. The maculi-
cola pathovar is heterogeneous and has similarity both
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fakTepraibHag MATHUCTOCTh HaHeca 3HAUUTENb-
HBIH yiIep6 TaKUM KyJIbTypaM, Kak KarycTa, IIITUHAaT,
ropuwuiia u pera [16]. Tak)ke eCTh JaHHbIE O BCITHIII-
Kax 6aKTeprabHOMN IATHUCTOCTH HAa KPECTOI[BETHBIX
Bo ®pannuu [11].

BakTepuaibHas MATHUCTOCTD I[BETHOM KaITyCThI
ropajkaeT pacTeHus ceMelicTBa Brassicaceae, Takue
Kak ropuuiia capemntckas (Brassica juncea var. juncea),
1BeTHas Karycta (B. oleracea var. botrytis), GprCcesib-
ckas kamycra (B. oleracea var. gemmifera), 6pOKKOIU
(B. oleracea var. italica), mexuHckas kamycta (B. rapa
subsp. pekinensis), penbka (Raphanus sativus), TOpuunIia
uepHas (Brassica nigra), KouaHnHas kamycra (B. oleracea
var. capitata), konbpabu (B. oleracea var. gongylodes), nu-
croBas kamycrta (B. oleracea var. viridis), pemna (B. rapa
subsp. rapa), parc (B. napus) u gpyrue. Ho 60sb1ie Bce-
T'0 MIOBpEXKJaeTcsd IBeTHas, 6eJI0- ¥ KpaCHOKOYaHHas
kamycra [4, 9, 17].

B HacTosIee BpeMs MeTOIbl JUArHOCTUKY BO3-
OynuTesis 6aKTepUATbHOMN MATHUCTOCTY IIBETHOM Ka-
MIyCThI OTPAHUYMBAIOTCS U30JIAIIMEH Ha TUTATEeIbHYIO0
cpeny ¢ mociaenyonel uaeHTuGuUKaIeir n30JaITOB
6roxmMudyeckuMu Metogamu [2]. Ho maxke mpu Beizie-
JIeHuY 6aKTePUU Ha TUTATEIbHOMN Ccpeie, MOYKHO UIeH-
TUGUITMPOBATD KYJIbTYPY TOJIBKO 10 Bua Pseudomonas
syringae sp. [14]. MoyiekynsipHbIE ke MeTO/Ibl OTPaHU-
YMBAIOTCS OTIpeiesieHneM poaa Pseudomonas sp. IlaTo-
Bap maculicola IBJII€TCS TeTEPOTEHHBIM U UMEET CXOJI-
CTBO KaK B IaTOT€HEe3€e, TaK U TEHETUYECKY C APYTUMU
natToBapamu P, syringae [15, 17]. [loaToMy Ba)kHOMH 3a-
Iaueil IBIgeTCs pa3paboTKa METOMLOB, IT03BOJISIOIINX
uneHTuduIIMpoBaTs P, s. pv. maculicola.

MATEPUWAJIBI U METO/IbI

OGBEKTOM HCCIEeNOBAHUM ABJSIJIUCH BereTaTUBHbBIE
JacTu parica Brassica napus L.

O6pas1ipl parica IoIyvYaiu U3 CJIeYIOIUX PErro-
HOB P®: Pecrrybnmku Xakacus, KpacHOSPCKOTo Kpas,
AnTarickoro kpas, 3abalikajabCcKoro Kpas, Kemepos-
ckoit, Tomckoit, OMcKoM, pkyTcKkolM 1 HoBocubup-
CKo¥i obJiacTeil.

[MocTynuBuive B jabopaTopuio 06pasiibl ocMa-
TPUBAJIM HA HAJIMUYUE CUMIITOMOB OaKTepUaJbHOU
MSATHUCTOCTHU. 3aTeM (hparMeHThl PAaCTUTEIbHOU TKa-
HU TOMelaiiv B KOHTelHep ¢ ochaTHbIM 6ydhepom
¥ BcTpsaxuBany npu 200 06/MuH B TeueHre 90 MUH.
Mariepat GuabTPOBATIU Yepe3 00€330JIEHHBIN DUIBTP
¥ KoHIleHTpupoBaiu npu 8000 06/MuH. [ToTydeHHbIH
KOHIIEHTPAT pecycrieHaupoBasu B 1 Mit pocdhaTHO-CO-
JieBoro Gydepa.

PacTuTenbHBIN SKCTPAKT UCIIOJb30BAIU IS T10-
ceBa Ha cpeny Kunra b [14, 16].

KosoHUM ¢ XapaKTEPHBIMU KYJbTYPaJIbHBIMU
npusHakaMu Pseudomonas syringae 0OTOVMPaNu IJisl BbI-
JleJIeHUSI HYKJIEMHOBBIX KUCJIOT METOJIOM KHUIIsTYe-
HUs (HarpeBaHus MIpu TeMIiiepaType 96 °C B TeueHue
10 MUH C MTOCJIEAYIONINM OXJIKIEHUEM).

CyCIieH3W HYKJIEWHOBBIX KHCJIOT MCIIOJIb30-
BaJM IJig ITOCTAHOBKM MOJMMEPAa3HOU IETTHOU pe-
akuum ([TLIP) B cooTBeTcTBUU ¢ Kazempour et al.,
2010 [12] c mpaiimepamu PSF/PSR. [IJisT TTIOCTaHOB-
KU peakllvu IIPUMEHAJIU IOTOBY cMech a4 [TIIP
5x ScreenMix («EBporen», Poccus).

AMrimdurKaImo MTPOBOAUIN HA TEPMOIIUKIIEDE
momenu T100 (Bio-Rad, CIIIA) ¢ mociexnyrolnei Bu-
3yasiusaliveil pe3yabTaToB I11[P MeTOOM TOPU30H-
TaJIbHOTO dJieKTpodopesa B 1,5%-M TpucbopaTHOM

Puc. 3. THWUNb siNoOHCKOM
penbku (pavikoHa) Raphanus (daikon) Raphanus sativus

Fig. 3. Rot of Chinese radish

sativus var. longipinnatus, var. longipinnatus caused
BbI3BaHHas P. s. pv. maculicola, by P. s. pv. maculicola,
rpynna II (Y. Takikawa, group II (Y. Takikawa,

F. Takahashi, 2014 [15]) F. Takahashi, 2014 [15])

in pathogenetically and genetically with other P, syrin-
gae pathovars [15, 17]. It is therefore important to de-
velop methods to identify P. s. pv. maculicola.

MATERIALS AND METHODS

The object of research was vegetative parts of rape Bras-
sica napus L.

Rape samples were obtained from the following
regions of the Russian Federation: Republic of Khakas-
sia, Krasnoyarsk Krai, Altai Krai, Transbaikal Krai, Ke-
merovo, Tomsk, Omsk, Irkutsk and Novosibirsk Oblast.

Samples submitted to the laboratory were exa-
mined for symptoms of bacterial leaf spot of cabbage.
Then fragments of plant tissue were placed in a con-
tainer with a phosphate buffer and shaken at 200 rpm
for 90 min. Macerate was filtered through an ash filter
and concentrated at 8000 rpm. The obtained concen-
trate was resuspended in 1 ml of phosphate-salt buffer.

The plant extract was used for inoculation on King
B medium [14, 16].

Colonies with characteristic cultural features of
Pseudomonas syringae were selected for the extraction
of nucleic acids by boiling (heating at 96 °C for 10 min
with subsequent cooling).

The nucleic acid suspension was used for poly-
merase chain reaction (PCR) according to Kazempour

dutocaHuTapusi. KapaHTuH pactenuii = 28
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araposHOM TeJie, OKpaleHHOM 1%-M pacTBOpoM 6po-
MUCTOIO aTuaud. Busyanusanuw nponykToB [P
OCYIIECTBJISIJIN HA reJIbJOKYMEHTUPYIOIIel cucTeMe
Gel Doc XR+ (Bio-Rad, CIIIA).

B cnyuae nonyuenuda [T P-1poayKTOB onipenend-
JIY UX HYyKJIEOTUHYIO [10CIeN0BaTEIbHOCTh METOLOM
CEeKBEHMPOBAHUSI HA T€HETUUYECKOM aHaJIu3aTope
3500 Genetic Analyzer (Applied Biosystems™, CIIIA).
BrIpaBHUBaHUE U pelaKTUPOBaHUE [10CJIEL0BATEIb-
HOCTEM BPYYHYI IIPOBOJMJIU C ITOMOIIBI0 IIPOrpaM-
mbl CodonCode Aligner v.7.0 (Green, 2017), IpOBEPKY
U CPaBHEHUE TIOJYyYeHHBIX HYKJIEOTULHBIX IIOCIIENO0-
BATEJbHOCTEN C TIOCIEeLOBATENIbHOCTIMU 6a3bl JaH-
HbIX GenBank BBITTOJHSAIYU C TTOMOIIBIO ITPOTPaMMBbI
NCBI BLAST [8].

PE3YJbTATBI U OBCYXKJEHNA

[Tpu mpoBeeHUY 06CIeIOBAaHUS MECT TPOM3BOJCTBA
parica oco6oe BHUMaHUE VAT HATUINUI0 CUMIITO-
MOB Ha BETETUPYIOLIUX PACTEHUSIX.

B 10JIEBBIX YCJIOBUSX CUMIITOMBI 3a60JI€BAHUSI
IIPOSIBJISIIOTCSI HAa JIUCThSAX PACTEHUYN HAa HAYyaJIbHOM
aTare B BU/Jle HEOOIbIINX BOASHUCTBIX IIATEH — YIJIOBa-
TBIX WM OKPYTJIBIX. BIIOCIEACTBUY MATHA CIUBAIOTCS
B 60JI€€ KPYITHBIE BBITSHYThIE TIATHA TEMHO-KOPUYHE-
BOT'O Wi (PUOJIETOBOTO 11BETA, OKPY>KEHHBIE XJIOPOTUY-
HBIM 0peoJioM (puc. 2). PazaMep MATEH MOXKET IOCTUTATh
oT 3 1o 7 MM. OCO6EHHO OTUYETIINBO
CUMIITOMBI IISITHUCTOCTU IIPOSIBJISIIOT-
Csl Ha HW)KHEUW CTOpOHe JucTa. Takue
TTOBPEXEHNS NCKAXKAIOT (hOPMY JIUCTA
Y IPUJAKT eMY MOPUIUHUCTBIN, IIePO-
XOBaThI BUJ,. [IpyU CUIIBHOM ITOBPEX-
IIEHUU JIUCThSI YChIXAIOT U OIIaJIaloT,
a BCXO/IbI PACTEHUN MOTYT MOTUOHYTh.
Ecyi BCXO/IbI BBIKMBAIOT, B JaJibHEN-
IIIeM TaKue PaCcTeHUs CUJIBHO OTCTAOT
B POCTe 1 He 06pasyioT ceMsH [1, 3, 4].

BakTepuo3s Imopa’kaeT Kak Berera-
TUBHBIE, TAK U T€eHEPATUBHbIE YaCTU
pacTeHusd. Ha colBeTuSIX IIBETHOU
KaITyCThI IITHUCTOCTb HOCUT ITOBEPX-
HOCTHBIM XapakTep, HO C TeUeHUeM
3abosieBaHUS MHDEKIUS TPOHUKAET
B IJIyOb TKaHEH!, IPUBOJS K UX Pa3py-
meHuto. [|BeT MATEH BapbUPYET OT KO-
PUYHEBBIX JI0 CEPOBATO-KOPUYHEBBIX.
[TopakeHHbIE I'OJIOBKY OBICTPO CTHU-
BAIOT B PE3YJIbTaTe TPOHUKHOBEHUS
BTOPUYHOU campo@uTHON MUKPO-
610THI [4, 5].

[Tpu mopa’keHU Y IBETOHOCOB Ha-
6JII0AI0TCS YePHO-OyphIe ITATHA HEO-
npefieJIeHHON (OPMBI, YTO BIIOCHE] -
CTBUM MNPUBOAUT K 3HAYUTEJIbHOMY
CHM)XEHUIO KauecTBa ceMsH. CHapy-
KU ¥ BHYTPY CTBOPOK CTPYYKOB 3apa-
JKEHHBIX DACTeHUU TaKKe 06pasyTcs
YepHbIe MTHA, UMelre 6JIeCTALLYI0

et al., 2010 [12] with PSF/PSR primers. The ready mix-
ture for PCR 5x ScreenMix (Evrogen, Russia) was used
for reaction.

Amplification was carried out on a thermal
cycler of model T100 (Bio-Rad, USA) with subsequent
visualization of PCR results by horizontal electropho-
resis in 1.5% trisborate agarose gel painted with 1%
ethidium bromide solution. Visualization of PCR pro-
ducts was carried out on gel-documenting system
Gel Doc XR+ (Bio-Rad, USA).

If PCR products were obtained, their nucleotide
sequence was determined by sequencing on the 3500
Genetic Analyzer (Applied Biosystems™, USA). Se-
quences were manually aligned and edited using Co-
donCode Aligner v.7.0 (Green, 2017); the verification
and comparison of the obtained nucleotide sequences
with the sequences in the GenBank database was per-
formed using NCBI BLAST [8].

RESULTS AND DISCUSSIONS

When surveying rape production sites, special atten-
tion was paid to the presence of symptoms on vegeta-
tive plants.

In the field, symptoms appear on plant leaves at
first in the form of small angular or rounded watery
spots. Subsequently, the spots merge into larger elon-
gated spots of dark brown or purple color, surrounded

TIOBEPXHOCTD. BakTepuanbHas MHPEK-  pyc. 4. Kynstypa P. s. pv. maculicola Fig. 4. Culture of P. s. pv. maculicola
LU IIePexXofUuT CO CTPYUKOB Ha ceMe-  (wrtamm CFBP 1657) Ha cpege KuHra b (strain CFBP 1657) on King B medium

Ha, KOTOPBIE [T03JHEe CTAHOBATCI Uep-  uepes 72 4 (oo A.B. Apemko)

HbBIMU [4, 5].

Takke 6aKTepuUs MOXKET BbI3bI-
BaTh CUMIITOMbI THUJIX KOPHEILIOL0B
Ha pelbKe, TaliKOHE U JPYTUX PacTe-
HUSX ceMelicTBa Brassicaceae (puc. 3).

after 72 hours (photo by A.B. Iaremko)
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Puc. 5. Kynbtypa P. s. pv. maculicola
Ha 6e3rnKo3HOM NenToHHO-ApoXXKeBoM  glucose-free pepton-yeast agar after

arape uvepes 48 u (hoTo A.B. Apemko)

PacmpocTpaHeHuio 3a60JI1eBaHUS CITOCOGCTBYET
BJIQXKHAS, TPOXJIaJHas [TOro/ia, 3aMOPO3Ku. TakuM 06-
pasoM, 6aKTepUU B TEUEHUE BETeTallMOHHOT0 Ce30Ha
TepefarTcs OT PacTeHUS K PacTeHUI0 Yepes LoXK/e-
BYIO ¥ TTOJIUBHYIO0 BOLY. BaKTepuu IJIUTEIbHOE BpeMs,
KaK MUHUMYM T'0JI, CIIOCOGHBI COXPAHSATHCS B ITOUBE
U PaCTUTENIbHBIX OCTAaTKaX, OTKyZa (PUTOIIATOTEH I1PO-
HUKAaET B 3JI0POBbIE PACTEHUS Yepe3 YCThbUIA, MeXa-
HUYeCKUe TTOBPEXIEHY S, BBI3bIBAS HOBYIO BCIIBILIKY
3abosieBaHudg [1, 3, 4].

EcCTb aHHbBIE O ITepeHOoCce UHMEKITUY C HACEKOMBbI-
MU Y COPHBIMU PacTeHUSIMU ceMelicTBa KpecToiBer-
Hble. [ToaToMy npoduiakTuka 6aKTepurosa JoJKHA
TIpeACcTaBIATh KOMILIEKC Mep, BKIoUasg 60pbOy ¢ Ha-
CEeKOMBIMU U COPHSIKaMU, a TaK)Ke MCIIOJIb30BaHMe
3JI0POBOTO ITOCAZIOYHOI'0 MaTeprajia, 06paboTKy ceMsIH
Y IPUMEHEHUE YCTOMYUBBIX COPTOB. OCHOBHBIM ITyTEM
pacmpocTpaHeHus Ha GOJIbIIIYE PACCTOSHUS IBIISTIOTCS
3apa)keHHbIe ceMeHa 1 paccaja [1, 3].

B XOo/le MOHUTOPWHTA PacIpOCTpaHEHUS Ha
Tepputopum PO BpenHBIX OPTaHU3MOB, UMEIIIUX
KapaHTWHHOe 3HaueHUe AJa KuTas, mabopaTtopueh
6akTepuoJioTuu VCIbITaTENbHOTO JabopaTOPHOTO
nentpa ®IrbY «BHUMKP» B 2019 1. 6bLIM ITpOaHa-
Ju3upoBaHbl 250 06pa3Il0B BEereTAaTUBHBIX YacTel
parmca.

P s. pv. maculicola Ha cpege Kunra b o6pasoBbIBa-
Jia i dysHbIN QIyopecuupyIui MUrMeHT (puc. 4),
CITY>KMBIIUY AUaTHOCTUYECKUM IPU3HAKOM TIPU aHa-
JI3e MUKPOOGUOJIOTMUECKOT0 TTIOCERA.

B pesysbTaTe aHaIMU3a TeHETUYECKUX MOCJIe0-
BaTeJIbHOCTEN OOJIBIIMHCTBO N30JIUPOBAHHBIX IITAM-
MOB GBI OTHECEHBI K Bumam Pseudomonas fluorescens
u P, putida. B xozie vicciaemoBaHU 06Pa3IloB SKCIIOPT-
HOT0 parica He ObLJIO BbISIBJIEHO ITPEACTABUTENIEN BUA
Pseudomonas syringae.

Fig. 5. Culture of P. s. pv. maculicola

48 hours (photo by A.B. Iaremko)

by a chlorotic halo (Fig. 2). The
size of the spots can reach from 3
to 7 mm. The symptoms of spot-
ting are particularly pronounced
on the underside of the leaf. Such
damage distorts the shape of the
leaf and give it a wrinkled, rough-
ish look. If the damage is severe,
the leaves die back and fall off,
and the young plants may die. If
the seedlings survive, the plants
lag far behind in growth and do
not form seeds [1, 3, 4].

Both vegetative and gene-
rative parts of the plant are af-
fected by bacteriosis. At first the
spotting is located on the surface
of cauliflower inflorescences, but
as the disease progresses infec-
tion penetrates deep into tissues,
leading to their destruction. The
color of the spots varies from
brown to grayish-brown. Affect-
ed capitates rot quickly as a re-
sult of secondary saprophyte mi-
crobiota penetration [4, 5].

Black and brown spots of
undefined shape are observed in
the affected pedicels, which sub-
sequently lead to a significant de-
crease in seed quality. Black spots
with shiny surface are also formed outside and inside
the pods of infected plants. Bacterial infection passes
from pods to seeds, which later become black [4, 5].

The bacteria may also cause symptoms of root
rot on radish, daikon and other Brassicaceae plants
(Figure 3).

Wet, cool weather and frost contribute to the
spread of the disease. During the growing season, bac-
teria are transmitted from plant to plant through rain-
water and irrigation. Bacteria are able to persist for at
least a year in soil and plant residues, from where the
phytopathogen penetrates into healthy plants through
stomatae, mechanical lesions, causing a new outbreak
of disease [1, 3, 4].

There are data on the transfer of infection with in-
sects and weeds of the cruciferous plants. Therefore,
bacteriosis should be prevented by a set of measures,
including insect and weed control, as well as the use
of healthy propagative material, seed treatment, resis-
tant varieties. Contaminated seeds and seedlings are
the main means of long-range spread [1, 3].

In the course of monitoring the spread of pests
of quarantine importance to China on the territory of
the Russian Federation, 250 samples of rape vegeta-
tive parts were analyzed by the bacteriology laborato-
ry of the Laboratory Testing Center of FGBU “VNIIKR”
in 2019.

P s. pv. maculicola formed on King B medium a dif-
fuse fluorescent pigment (Fig. 4), which served as a di-
agnostic feature in the analysis of microbiological in-
oculation.
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CormacHO HCCIELOBAaHUAM SAMOHCKUX yue-
HbIX [15], pasiuuHbie U30JATHI P. . pv. maculicola
OBLIM pas3jieJIeHbl Ha 4 TPYIIIBI 10 KYJIbTYPaJibHbIM
MIpu3HaKaM U CUMIITOMAaTUKe Ha PAaCTEHUIX-X035e-
Bax. I'pynmbt 11T u IV 06pa3oBeIBANIN HETIPO3PAUYHbIE,
CJIM3UCTHIE, BHIMYKJIbIe C POBHBIM KpaeM KOJIOHUU
Ha Yalkax ¢ 6e3TJIF0KO3HBIM MTENITOHHO-IPOXKEBBIM
arapowm (puc. 5), a u3ossaThl rpymnil [ u Il o6pasoBbIBa-
JIY TIpO3payvHble BHIMYKJIble KOJIOHUU Ha 3TOU cpelie.
Kosonuu rpynnel IV BriociaeLCcTBUM CTAHOBUJIUCH
KpyIHee (Ha 2—3 MM), UeM KOJIOHUHU rpyIsl I11, uepes
3 mus ripu 28 °C. BiocyieiIcTBUY K rpy1ine [ 6b1I0 OTHE-
CEHO GOJTBIIMHCTBO U30JISITOB M3 MUPOBBIX KOJUIEKITUH,
B TOM YUCJIe HOBO3€eJaHACKUHI TUIIOBOM U30JIAT C IIBET-
HOU KaIycThl U 1 M30JIAT C IIBETHOM KaIlyCThl U3 SI10-
Huu. B rpyrmy I BOULIY M30JIATHI, TOJIyYeHHBIE C Taii-
KOHA U BBI3bIBABIIVE MEJIKYI MIATHUCTOCTD JIUCThHEB
Y THUJIb KOPHS, TAaK)Ke GPUTAHCKUM U30JISIT C TOPYHUITBI.
B rpymmy 111 BOUIIY M30JIATHI C TIEKUHCKOUM KaIlyCThI,
perbl, 60k-4o0s (Brassica rapa subsp. chinensis) v 11BeT-
HOY KamycThl U3 AnoHuu. B rpynity IV BOIIY U309 ThI
¢ IalikoHa u3 SJTIOHUY, BBI3BIBABIIME KPYITHBIE HEKPO-
3bl, U ¢ penyica us CIIIA. BriocnencTBuu rpymnmna IV 6bu1a
OTHeceHa K Pseudomonas cannabina pv. alisalensis.

TakuMm 06pas3oM, ISt TUATHOCTUKYU BO3OYIUTEIS
TpebyeTcs KOMIIJIEKCHBIN MTOIXO0M, B CBSI3U C BBICOKUM
KYJIbTYPaJIbHO-MOP(OJIOTUIECKUM U FreHeTUUeCKUM
CXOICTBOM I1aTOBapOB BHYTPU Buua Pseudomonas
syringae, a TaK)Xe BOBMOXXHOCTBIO TTIOPa)kKEHMS pacTe-
HUM-X035€B APYrUMU GUTOIIaTOTEHAMU CO CXOIHOU
CUMIITOMATUKOU TeUueHUsI UHDEKIUH.

3AKJ/IIOYEHUE

Panee B Poccuu GakTepuabHbie GOJIE3HU palica
OBLIY U3YUYEHBI B HEJIOCTATOUHON CTeIeHU. [Tpu aTOM
KUCCJeN0BaHMUs, 3aKJIIOYAIONINECST B ONpeleJIeHUn
KYJIbTyPaJbHO-MOP(DOJOTUUECKUX, BUOXUMUUECKUX
CBOMCTB, IBJSIOTCSA aKTyaJbHBIMU MeTOLaMU J1ab0-
PaTOPHBIX UCCIeNOBaHUN BO36yAUTENST GAaKTEPU-
QJIbHOYN MATHUCTOCTH IIBETHOM KamycThl. [l03TOMY
IuarHocTuka P s. pv. maculicola mpencTaBiisieT co60M
KOMILJIEKC METO/IOB, BKJIIOUAKIINX 00513aTEJIbHOE BhI-
IeJieHVe YMCTOM KyJIbTYphI TaTOTeHa U PabOTy C CUM-
IITOMHBIM MaTEPUATIOM.

AHaJIM3 CyIIeCTBYIOUINX JaHHBIX TTOKa3aJI HE06X0-
IMMOCTb pa3paboTKy 1 COBEPIIEHCTBOBAHKS METOIOB
IUarHOCTUKY, TTO3BOJISIONIUX JOCTOBEPHO BBISIBUTH
U uIeHTUUIINPOBaTh 6aKTepuio P, 5. pv. maculicola s
CBOEBPEMEHHOTO 06HaPY)KeH M 3a00JIeBaHUS B PACTH-
TeJIbHOM MaTepualjie ¥ ceMeHax parica.
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As aresult of genetic sequence analysis, most iso-
lated strains were attributed to Pseudomonas fluorescens
and P, putida. No representatives of the species Pseudo-
monas syringae were identified in the studies of export
rape samples.

According to studies by Japanese researchers [15],
various isolates of P. 5. pv. maculicola were divided into
4 groups according to cultural features and symp-
tomatology on host plants. Groups III and IV formed
opaque, mucous, convex colonies in dishes with glu-
cose-free pepton-yeast agar (Fig. 5), and isolates of
groups [ and II formed transparent convex colonies
on this medium. Colonies of group IV later became
larger (by 2—3 mm) than colonies of group III, after 3
days at 28 °C. Subsequently, most of the isolates from
the world collections were assigned to group I, inclu-
ding New Zealand colonies of cauliflower and 1 colony
of cauliflower from Japan. Group II included isolates
derived from daikon that caused fine small leaf spotting
and root rot, and British mustard isolate. Group III in-
cluded isolates from Beijing cabbage, turnips, bok choy
(Brassica rapa subsp. chinensis) and cauliflower from Ja-
pan Group IV included isolates from Japanese daikon,
which caused large necrosis, and from radish from the
United States. Group IV was subsequently assigned to
Pseudomonas cannabina pv. alisalensis.

Thus, to diagnose the pathogen a comprehensive
approach is required due to the high cultural, morpho-
logical and genetic similarity of the pathovars within
the species Pseudomonas syringae, as well as the possibi-
lity of the host plants to be affected by other phyto-
pathogens with similar symptoms of the infection
course.

CONCLUSION

Previously, bacterial diseases of rape were insuffi-
ciently studied in Russia. At the same time, the stu-
dies, which determine cultural, morphological and bio-
chemical properties, are actual methods of laboratory
tests of bacterial leaf spot of cabbage. That is why di-
agnosis of P, s. pv. maculicola is a complex of methods
that includes the required isolation of the pure culture
of the pathogen and the handling of the symptomatic
material.

The analysis of existing data has shown the need
to develop and improve diagnostic methods to reliably
detect and identify the bacteria P, s. pv. maculicola for
timely detection of the disease in plant material and
rape seeds.
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AuHoTauuA. B npoyecce pabomul 6bl1a UYYEHA 803-
MOJNCHOCMb NPUMEHEHUSL Memoda NOAUMEPA3HOT UenHol
peaxyuu (TTLP) onpedenenHuvix yuacmros eena COI 0ns udeH-
mugukayuu asuamcxoii 20010l Opozogunvt Drosophila
suzukii Ha NPEUMALUHANBHLIX CMAJUIX PA3BUMUS U 603-
MONCHOCb NPUMEHEHUS. U3YYUaAeMblX mMecmos s 1a60pa-
mopHoti duazHocmuku. B cmambve npueedeHvl 0pueuHaIb-
Hvle dauHble (HykJieomudnvle nociedosamenvHocmu) Ons
udenmuguxayuu yenesoeo obvexma memodom I1LP u ux
nocaedyoueeo Ucnosv30eanus 8 nodbope sudocneyudiuy-
HbLX 2EHEMUYECKUX MAPKEPOS.

KiroueBsle cioBa. Asuamckas 200Has dpo3oguna
Drosophila suzukii, sudosas udenmuguxayus, ITLP, eex
COI, kapaumuu pacmeHull.

BBEJEHUE

mocjaegHue TOAbl 3HAUYUTENbHO
YBEJIUYUJICA UMIIOPT ILJI0L0BO-
SITOIHOM TIPOAYKIIMY Ha TEPPUTO-
puto Poccuiickot denmeparuu. I1o
na"HbIM PeflepaibHOM CIIYXKOBI 110
BeTepUMHAPHOMY U (DUTOCAHUTAPHOMY Hazzopy (cTa-
TUCTWKA TIOCTYTIAIIEN MPOLYKIIUY B HCIIBITATENb-
HbIe JIabOPaTOPUM CTPaHbl COTJIACHO MH(OPMAIIOH-
HOW cucteMe «Apryc-®uTo»), ToJbKo 3a 2018-2019 rT.
Ha TeppuTopur Poccuyu UMIIOPTUPOBAJIU OKOJIO
2 MJIpPZ, T TIJIOAOBOY U ATOLHOU MPOAYKIIMY HA CYMMY
6oJiee 3 muiph, mosapos CIIA m3 cTpaH pacipocTpa-
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Application

of polymerase chain
reaction method

for identification

of preimaginal stages
of Drosophila suzukii
(Matsumura, 1931)
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Abstract. In the process of work, the possibility of ap-
plication of polymerase chain reaction (PCR) of certain COI
gene fragments for identification of preimaginal develop-
mental stages of spotted-wing drosophila Drosophila suzukii
and possibility of application of these methods for laboratory
diagnostics were studied. The article presents original data
(base sequences) for identification of the target object by PCR
method as well as further use for selection of species-specific
genetic markers.
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INTRODUCTION

n recent years, the import of fruit products into
the Russian Federation has increased signifi-
cantly. According to the data of Federal Ser-
== vice for Veterinary and Phytosanitary Sur-
veillance (statistics on products incoming to
the testing laboratories of the country, according to the
Argus-Phyto information system) in 2018-2019 only,
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Henus Drosophila suzukii. TIpy TaKOM TTOTOKE TTPOAYK-
UM eCThb GOJNBbIION pUCK MHBa3uu Drosophila suzukii
B Poccuiickoit ®enmepaliuu.

ExxeqHeBHO Ipu (GUTOCAHUTAPHOM IOCMOTPE
1 J1a60paTOPHOM KCCJIEOBAHUU TTOAKAPAHTUHHON
MTPOAYKIIMY BBISBJISIOT KaK KapaHTUHHbIE, TaK U He-
KapaHTUHHBbIE BUJBI IJIOJOBBIX MYIIEK CEMENCTRBA
Drosophilidae.

3a2018-2019 rr. mpu puUTOCAaHUTAPHOM U Jiabo-
PaTOPHOM HCCJIEIOBaHUY B IJIOLOBO-ATOLHOMN U IIJIO-
JIOBOOBOIIHOM ITPOAYKIIMY ObLIN BBISBJIEHBI TaKUe
BU/IBI TJIOJOBBIX MYILIEK, OTHOCSIIUXCS K CEMENCTBY
Drosophilidae, xak Zaprionus tuberculatus* Malloch,
1932, adpukanckasa ¢purosas Myxa Zaprionus indianus
Gupta, 1970, nposoduna o6bIKHOBeHHAas Drosophila
melanogaster Meigen, 1830, npo3oduia moxoxas
Drosophila simulans Sturtevant, 1919, azuaTcKas arof-
Hag gposoduiua Drosophila suzukii (Matsumura, 1931).
Eciu nepBbie 4 He SBJISIOTCS KAaPpaHTUHHBIMU BPEIIN-
TEJIIMHU, TO a3uaTcKas aromHas nposoduia Drosophila
Suzukii OTHOCUTCS K UMCJY KaPAaHTUHHBIX 00 bEKTOB,
OTCYTCTBYIOIIMX HA TEPPUTOPUN EBPa3suiicKoOro sKo-
HOMMYECKOTO COH03a.

Drosophila suzukii — monudar, IoBpeXxaaeT pac-
TeHus u3 15 ceMelcTB, 0co6eHHO u3 pomoB Vaccinium
(BakumHUyM), Rubus (Manvuua), Prunus (cnusa), Fragaria
(3emmsrHuKa), Vitis (BuHOrpam), Ficus (bukyc), Actinidia
(axkTuHUAUS), Rhamnus (kpymnHa), Lonicera (KUMo-
JIoCTh), Sambucus (6y3rHa) 1 MHOTUX Ipyrux (Kanzawa,
1939) [6].

OGBIYHO IIeJieBble BUIbI ceMelicTBa Drosophilidae
3aCeNIII0T MeXaHUYeCKY MMOBPEeXIeHHble, THUIOIINE
ionel; Drosophila suzukii, B OTIIMYKE OT TaKWUX BUIOB,
CcIIocoOHa 3aCejIsITh CBEXUeE, HETIOBPEXXIeHHbIe TIJ10-
nv1. Kpome Toro, camku Drosophila suzukii OTKJIagbIBa-
0T giilla B CO3PEBAIOIINE TIJIObI. BBLIYIISIONECS
U3 UL INYUHKYA TUTAITCS BHYTPU ILJIOZA, BBI3BIBAS
pasMsaryenue TkaHel. Ha 3apaXeHHBIX IJI0/IaX ITPOSIB-
JISI0TCA BHauaJje HeboJbInne pyo1ibl, OCTaBIEHHBIE i~
1IeKJIaJOM CaMKH, a 3aTeM MATKIE BAABJIEHHbBIE IITHA,
YTO B JAJIbHEUIIEM ITPUBOIUT K PE3KOMY CHIKEHUIO
KauecTBa mpoaykuuu [3].

[Ipu KapaHTUHHOM (PUTOCAHUTAPHOM 06CiieloBa-
HUY U JJabOPaTOPHOM MCCIENOBAHUM TTOLKAPAHTUH-
HOM IPOAYKIIMY Yallle BBIABJSIOT IIPeMMarnHabHble
CTaZu¥ Pa3BUTUS (INYWHKY, IIyTIapuu). B HacTosmee
BpeMs Drosophila suzukii MOXXHO UIeHTU(PUITUPOBATD
TOJIBKO 110 MOP(OJIOrNYECKUM IIPHU3HAKAM B3POCIIBIX
ocobei. Kiouell m IMarHOCTUYECKUX IIPU3HAKOB I10
NpeuMaruHaJbHBIM CTaNUAM He paspaboTaHo [3].
B cirydae BbISIBJIEHUS TIPEUMaruHaIbHbIX CTAUHN JIJIs
IOCTOBEPHON NIeHTU(DUKAIIMY He0O6X0ouMO Jopac-
TUTh OOHAPY)KEHHBIN 0OBEKT IO COCTOSTHUSI UMAaro
(masg Takoro mopauuBaHUS TPEGYETCS B CPEHEM OT
5 o 10 mHel), 9YTO IPUBOLUT K 3a€PXKKe TPOLYKITUU
Ha GUTOCAHUTAPHBIX KOHTPOJIbHBIX IIOCTAX U BCIIE-
CTBUE — IIOPYEe U [I0TePe TOBAPHBIX KAUEeCTB IMapTUM
TJIOZOBOY M SITOJTHOM IPOLYKIIU Y.

Iloist GBICTPOY M IOCTOBEPHON UAEHTU(GUKAIIUN
Drosophila suzukii cpeivi HeKapaHTUHHBIX BUJ0B ILJIO-
JIIOBBIX MYyIIEeK, KOTOPble BCTPEYAIOTCS IPU KapaH-
TUHHOM (pUTOCAHUTAPHOM 06GCIEIOBAHUY UMIIOPTH-
pPyeMoii MPOAYKIIMY Ha PaHHUX CTaAUSAX Pa3BUTUS
(MuumHKK, Tynapuu), HeobxomuMo paszpaboTaThb
KOMIIJIEKC MOJIEKYJISIPHO-TEHETUUYECKUX METOI OB

1 Pycckos3blYHOE Ha3BaHWe OTCYTCTBYET.

about 2 billion tons of fruit products worth over 3 bil-
lion dollars were imported into the territory of Russia
from the countries where Drosophila suzukii is present.
With such a flow of products there is a great risk of in-
vasion of Drosophila suzukii into the Russian Federa-
tion.

Every day during phytosanitary inspection and
laboratory tests of regulated products, both quaran-
tine and non-quarantine species of fruit flies of family
Drosophilidae are detected.

In 2018 and 2019, during phytosanitary and labo-
ratory tests, species of fruit flies of the family Drosophi-
lidae, such as Zaprionus tuberculatus Malloch, 1932, Afri-
can fig fly Zaprionus indianus Gupta, 1970, common fruit
fly Drosophila melanogaster Meigen, 1830, Drosophila simu-
lans Sturtevant, 1919 and spotted-wing drosophila Dro-
sophila suzukii (Matsumura, 1931), were detected in fruit
and vegetable products. While the first four species are
not quarantine pests, the spotted-wing drosophila Dro-
sophila suzukii is one of the quarantine objects absent on
the territory of the Eurasian Economic Union.

Drosophila suzukii is a polyphage that damages
plants from 15 families, especially from genera Vaccini-
um, Rubus (raspberry), Prunus (plum), Fragaria (straw-
berry), Vitis (grape vine), Ficus (ficus), Actinidia, Rhamnus
(bearwood), Lonicera (honeysuckle), Sambucus (eldern)
and many others (Kanzawa, 1939) [6].

Target species of Drosophilidae family usually in-
habit mechanically damaged, rotting fruits; Drosophila
suzukii, unlike these species, is able to inhabit fresh, un-
damaged fruits. In addition, females of Drosophila suzukii
lay eggs in ripening fruits. The larvae hatching from the
eggs feed inside the fetus, causing tissue softening. In-
fected fruits first show small scars left by female’s ovi-
positor, and then soft indented spots, which later leads to
a sharp decline in the quality of the product [3].

Quarantine phytosanitary inspection and labora-
tory tests of regulated products more often reveal pre-
imaginal developmental stages of (larvae, puparia).
At present, Drosophila suzukii can only be identified by
morphological features of adults. No keys or diagnos-
tic features have been developed for the preimaginal
stages [3]. In case of detection of preimaginal stages,
for reliable identification it is necessary to grow the
detected object to the state of imago (it takes on average
5 to 10 days for such completion of growing), which
leads to production delay at phytosanitary border con-
trol posts and consequently — spoilage and loss of com-
mercial qualities of lots of fruit products.

For quick and reliable identification of Drosophila
suzukii among non-quarantine fruit fly species, which
occur during quarantine phytosanitary inspection of
imported products at early stages of development (lar-
va, puparium), it is necessary to develop a complex of
molecular-genetic methods of diagnostics. To accom-
plish this task, it is possible to test and use the world
experience of molecular identification with PCR and
subsequent sequencing of COI gene fragment with uni-
versal primers for insects S1859/A2191 (Bogdanowicz
et al., 2000), in modification (Kamayev et al., 2015),
as well as the proposed international Q-bank primers
LCO1490/HC02198 (Murphy et al., 2015) [2, 5, 7].
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IUarHOCTUKU. [IJig BBIITIOJHEHU IIOCTaBJIeHHOM 3a-
Ilau¥M BO3MOXKHO allpo6UpPOBaTh M UCIOJIb30BATh MU-
POBOIi OTIBIT MOJEKYISIPHON UAeHTU(GUKAIIWY C TIPU-
MeHeHueM [P u mocienyoiyM CEKBEHUPOBaHUEM
ob6sactu reHa COI c yHuBepcaJbHBIMY MpaliMepaMu
I HacekoMbix S1859/A2191 (Bogdanowicz et al.,
2000), B mopudukanumu (Kamaes u ap., 2015), a Tak-
JKe MTPeJI0KeHHBIMY MEeXIYHapoaHOW 6a30¥ JaH-
HBIX Q-bank mpaitimepamu LCO1490/ HCO2198
(Murphy et al., 2015) [2, 5, 7].

Vicrosb30BaHME MOJIEKYISIPHOTO METO/Ia TTI03BO-
JIUT UAeHTUDUIUPOBATh Drosophila suzukii ¢ TOUHO-
CThI0 10 99-100% Ha nperMarvHaJbHBIX CTALUIX
pa3BUTHUS B TeueHMe 2—3 IHEHN B 3aBUCHUMOCTH OT KO-
JIMYecTBa MOCTYIIUBIINX HA aHaIu3 06pasioB JIUYU-
HOK WJIY ITyTIapUEB.

MATEPHAJIBI U METO/IbI

Ilo HavaJja uccieqoBaHNA OMOJIOTUYECKUY MaTepuasl
xpaHuiu B 70%-M 3TUIJIOBOM CIIUPTE, TIepes, Bblaese-
HueM JIHK mpoBOAUIY €T0 IPOCYIIKY 10 TIOJTHOTO BhI-
rmapuBaHUs CIIMpPTA.

IHK BbIIensAnu U3 UCCIeLyeMOro Marepuasa
(mymapuy ¥ JUUYMHKYA Ha PA3JIMYHBIX CTAIUSIX Pa3BU-
THs1), o6pabaTbiBas 06pasilsl IpoTenHasoi K ¢ mocie-
IYIONIUM yaaJieHueM 6eJIKOB 6e3 9KCTPaKI[MY OPTaHu-
YeCKUMU PAaCTBOPUTEJIIMU, UCTIONb3Yd Habop «JHK
JKcTpaH-2», Ha6op N2 NG-511-100 (3A0 «CuHTOI»,
Poccutickas demepaliys) COTJIaCHO MHCTPYKIIUU ITPO-
U3BOJUTEIS.

[Tocne BoigeneHusa JHK mnpoBomuau umsme-
peHue ee KOHIEHTPAIMU Ha CHEKTpodoToOMeTpe
NanoDrop-2000 (Thermo Fisher Stf., CIIIA). PekomeH-
nyemada KoHLeHTpauuda JHK ninga nmonydeHuda xaue-
CTBEHHBIX IpoAyKTOB [P mosKHa cOCTaBIIATE B IIpe-
Ienax 2—130 Hr/MKJI. [Tpy HEOOXOAVMOCTU TOTAILHYIO
IIHK pasBoguau 10 50-100 HI/MKJI.

Il mepBOTroO 3Tala aHajliki3a MPUMEHSIJIU pa-
Hee IpencTaBjeHHbIe IIpaiMeps! [5]: $S1859 (5° —
GGAACIGGATGAAC (A/T) GTTTA (C/T) CCICC - 3’)
nA2191 (5" - CCCGGTAAAATTAAAATATAAACTTC - 3’).
B pa6oTe ucrosb3oBaiu ycjioBud AJis [P, onTuMu3sm-
poBaHHbIe KamMaeBbIM B coaBT., 2015 [2].

Takxe TpPOBOAUJM aMIOJUDUKAIUO
yuactka JHK mpatimepamu c¢ LC0O1490 (5 -
GGTCAACAAATCATAAAGATATTGG - 3’) u HC02198
(5’ -TAAACTTCAGGGTGACCAAAAAATCA - 3’) tpu yc-
JIOBUSIX Pa3paboTUNKOB.

BupmocnenuduuHbie npaiMepsl OJsS a3war-
CKOU garomHo# mpos3oduiabl — Dro-Suz A390 (57 -
TTGAACTGTTTACCCACCTCTT - 3 ") u Dro-Suz S390
(5" — GGTATTCGGTCTAATGTAATACCC — 3 ") — ampo-
6VpoBaU C peareHTaMy OT€YEeCTBEHHOTO ITPOU3BOJI-
cTBa [8]. ABTOpamMu 6bLIN IIPeJIOKEeHbI COCTaB peak-
IIMOHHOM cMecH U ycaoBusd amIiudukanmu (tabi. 1).
JlaHHBIX 0 TOM, UTO YKa3aHHas [Tapa npariMepoB ObLIa
npuMeHeHa B Poccuu paHee, He HaliJIeHO.

Bce mpaliMmepsl pas3paboTaHbl OJiI Kjaccuue-
ckoii ITLIP, B CBSI3U C YeM BU3yaJIM3aIUI0 TPOYKTOB
aMIIu(pUKaIUY ITIPOBOAUIIN METOJIOM rOPU30HTAJIb-
HOTO 3JeKkTpodopes3a B 1,5%-M arapo3HoM reile.
[Ipu MOJIydyeHUHU TOJOXKUTEJbHOTO pe3yJibTaTa Ha
ajieKTpodoperpaMMe BCce aHAJIM3UPyeMble 00pa3Iibl
IIPOXOIUJIY TIOATOTOBKY MPO6 K aHAJIU3y METOIOM
CEKBEHUPOBaHUA.

Jig ourcTku nponykrToB [P npumMeHsanu Ha-
6op pearenToB GeneJET Purification PCR product
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—
=

Puc. 1. 9nekTpocoperpamma Fig. 1. Electrophoregram

c npaiimepamu S1859/A2191:  with primers S1859/A2191.:
1 - Drosophila suzukii, 1 - Drosophila suzukii,

2 — Drosophila simulans, 2 — Drosophila simulans,

3 - Drosophila melanogaster, 3 - Drosophila melanogaster,
4 - Zaprionus tuberculatus, 4 - Zaprionus tuberculatus,
5 — Zaprionus indianus, 5 — Zaprionus indianus,

K — oTpuuartenbHbiii KOHTponb K — negative control

The use of the molecular method will make it pos-
sible to identify Drosophila suzukii with an accuracy of
99-100% at preimaginal stages of development with-
in 2-3 days, depending on the number of larvae or pu-
paria samples submitted for analysis.

MATERIALS AND METHODS

Before the study began, the biological material was
stored at 70% ethanol, before DNA extraction it was
dried until the alcohol was completely evaporated.

DNA was extracted from test material (puparia
and larvae at various stages of development) by treat-
ing samples with K proteinase followed by protein re-
moval without extraction with organic solvents, and the
“DNA Extran-2” kit, kit N2 NG-511-100 (ZAO “Sintol”,
Russian Federation) were used according to the manu-
facturer’s instructions.

After DNA extraction, its concentration was mea-
sured on the NanoDrop-2000 spectrophotometer
(Thermo Fisher Stf., USA). The recommended DNA
concentration for quality PCR products should be in
the range of 2—130 ng/uL. If necessary, total DNA was
diluted to 50-100 ng/uL.

For the first stage of analysis, the previously pre-
sented primers [5] were used: S1859 (5’ — GGAACIG-
GATGAAC (A/T) GTTTA (C/T) CCICC — 3’) and A2191
(5" — CCCGTAAATTAAAACTTC - 3’). Optimized condi-
tions for PCR were used in work PCR conditions were
optimized by Kamaev et al., 2015 [2].

The amplification of the DNA fragment was also
performed with primers LCO1490 (5° — GGTCAA-
CAAATCATAAAGATATTGG — 3’) and HC02198 (5’ — TA-
AACTTCAGGTGACCAAAAAATCA - 3’).

Species-specific primers for spotted-wing dro-
sophila — Dro-Suz A390 (5° — TTGAACTGTTAC-
CCACCTCTT - 3’) and Dro-Suz S390 (5" — GGTATTC-
GTCTAATACCC - 3’) — were tested with reagents of
domestic production [8]. The authors proposed the
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Ta6auia 1

CocTaB peaKkIIOHHOM cCMeCH

JLJ1S TIpaiiMepoB

Dro-Suz A390/Dro-Suz S390

U TeMIlepaTypHO-BpeMeHHoi pexum I[P

0O6'beM KOMIIOHEHTA
PeareHTbI Ha 1 o6pa3zel], MKJI

Forward primer: Dro-Suz A390 0,5

Reverse primer: Dro-Suz S390 0,5

ScreenMix-HS 5X 5
H,0 17
IOHK 2
O6BeM 25
Ycaosusa IIP:

Henatypanug ripu 95 °C B TeueHue 90 cex

Ilanee 35 IIMKJIOB:

IeHaTtypanusa 15 cex ipu 95 °C

OTI)KUT IIpariMepoB 30 cek ripu 58 °C

3JIOHT AW 30 cek ripu 72 °C

TTocnmemumii sTan: puHAJbHAA SJIOHTAUs ITpu 72 °C
B TeUeHUE 5 MUH

Kit (Thermo Fisher Stf., CIIIA). K kaXX10My IIPOJIYKTY
TP mo6aBisanu 1:1 06bem 6ydepa A CBI3bIBAHUS
B TOTOBYI0 cMech 1t [P (Hanpumep, Ha Kaxkabie 100
MKJI PeaKIIMoOHHOM cMecu nobasiisiau 100 Mk 6ydepa
ILJIs CBSI3BIBAHMS). TIATEIbHO ITepeMernyBaty. [lepe-
HOCMJIV PACTBOP B OUMCTUTENIbHYIO KOJIOHKY, 3aTEM
neHTpudyruposanu B TedueHue 30-60 c. [Tocae aToro
B KOJIOHKY OUYMCTKY H06aBisau 700 MKJI IPOMBIBOY-
Horo 6ydepa, neHTpudyrupoBanu B TeueHue 30-60 c,
IIOTOM BBIGPACHIBAJIM IIPOTOYHYIO YaCTh U ITOMeIa-
JIV KOJIOHKY OUMCTKY 06paTHO B IIPOOUPKY AJis c6o-
pa. [lanee 1eHTpUQYTUPOBATIU IIYCTYI0 OUUIIAONTYI0
KOJIOHKY B Te€UEeHUe IOIIOJHUTEJNbHOU 1 MUH, TOCJe
4Yero MepeHOCUJIU OYHUIIANIYI0 KOJIOHKY B YMCTYIO
1,5-MUJIIUIUTPOBYI0 MUKPOIIeHTPU(DYTUPOBAHHYIO
mpobupky. s anonuu gobasisiau 50 Mk 6ydepa
B IIeHTp MeMOpaHbl U IIeHTPpUudyTrupoBaIy B TeUEHNE
1 MuH.

CekBeHUPOBaHNE IPOBOAUIN Ha TeHETUYECKOM
ananusaTope AB-3500 (Applied Biosystems, CIITA/4r0-
HUSI) C UCITOJIb30BAHUEM ONITUMHU3UPOBAHHOTO IIPOTO-
KoJia [1].

[TosryueHHble yuacTku reHa COI aHasmm3upoBasiy,
BBIPABHUBAJU U PeJaKTUPOBAJIU C ITOMOIIbI0 PeaK-
tTopa BioEdit v.7.0.5.3. CpaBHUTENbHbBIN aHAJIN3 TI0JTY-
YEeHHBIX I10CJIEI0BATEIbHOCTEN ITPOBOJIUIY C TI0CTE-
JIOBATEJbHOCTAMU MeXIyHapomHOU 6a3bl JaHHBIX
National Center for Biotechnology Information Search
database (NCBI) [4].

PE3VYJIBTATBI U OBCYKJEHUA
B mpoiiecce mpoBeIeHHOM paboThI MpOaHAIU3UPOBAH
MaTepuaJl, oJiydeHHbIH 3a 2018-2019 rr. jabopato-
puel SHTOMOJIOTUY VCIBITATEIbHOTO JIAG0PaTOPHOTO

composition of reaction mixture as well as amplifi-
cation conditions (Table 1). No data on the use of this
primer pair in Russia was found.

All primers are developed for Conventional PCR,
in this connection visualization of amplification pro-
ducts was carried out by horizontal electrophoresis
method at 1.5% agarose gel. If a positive result was ob-
tained at the electrophoregram all test samples were
prepared for sequence analysis.

The GeneJET Purification PCR product kit (Ther-
mo Fisher Stf., USA) was used for purification of PCR
products. To each PCR product added a 1:1 volume of
Binding Buffer to completed PCR mixture (e. g. for eve-
ry 100 pL of reaction mixture, added 100 uL of Binding
Buffer). Mixed thoroughly. The solution was transferred
to the purification column, then it was centrifuged for
30-60 sec. After that 700 uL of wash buffer was ad-
ded to the purification column, it was centrifuged for
30-60 sec, then the flow-through was discarded and
purification column was placed back into the collection
tube. Then the empty purification column was centri-
fuged for an additional minute, after that the purifica-
tion column was transferred to a clean 1.5mL micro-
centrifuged tube. For elution, 50 uL of buffer was added
to the center of the purification column membrane and
centrifuged for 1 min.

Sequencing was performed on the AB-3500 gene-
tic analyzer (Applied Biosystems, USA/Japan) with the
use of optimized protocol [1].

The obtained fragments of the COI gene were
analyzed, aligned and edited using BioEdit v.7.0.5.3.
Comparison analysis of the obtained sequences was

Table 1

Composition of reaction mixture

for Dro-Suz A390/Dro-Suz S390 primers
and temperature-time regime of PCR

Component volume
Reagents per 1 sample, pl

Forward primer: Dro-Suz A390 0.5

Reverse primer: Dro-Suz S390 0.5

ScreenMix-HS 5X 5
H,0 17
DNA 2
Volume 25
PCR conditions

Denaturation at 95 °C for 90 sec

Next 35 cycles:

Denaturation 15secat 95 °C
annealing of primer 30secat58°C
elongation 30 secat72°C

Last stage: final elongation at 72 °C for 5 min

dutocaHutapus. KapaHTuH pactenuii = 36
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Tao6auma 2

Pe3ynbTaThl CEKBEHUPOBaHUA yuacTKa reHa COI

Nen/m UpeHTUDUIUPOBAHHBIN BU, IToxkpbiTUE NaeHTU4YHOCTh

1 Drosophila suzukii, ID-kom N868747.1, crpaHa [TopTyraius 100% 99,57%
Drosophila suzukii, ID-kogq MK435599, ctpana Typrus 100% 99,58%

2 Drosophila simulans, ID-kox MK251433, cTpaHa HOxHas Adpuka 100% 99,66%
Drosophila simulans, ID-kox KJ671606, ctpana HoBast 3etaHIus 100% 99,66%

3 Drosophila melanogaster, ID-xom KJ463787, ctpana CIIIA 100% 100%
Drosophila melanogaster, ID-kog, MK251427, ctpana IOxHasg Appuka 100% 100%

4 Zaprionus tuberculatus, ID-kog MK509763, ctpana Typrus 100% 99,62%
Zaprionus tuberculatus, ID-kom MK509764, ctpana Typiius 100% 99,65%

5 Zaprionus indianus, ID-kox EF632362, ctpana Erumner 99% 99,87%
Zaprionus indianus, ID-kom MN824026, cTrpana Vipan 99% 99,98%

nenTpa ®I'BY «BHUUKP» (okoso 200 06pas1ioB ImyIia-
PUEB U INYNHOK), C TIOMOIIbI0 2 yuyacTKOB reHa (COI)
nuToxpom C-okcupasbl. ATpo6upPoOBaHbI BUIOCIIE-
nudrUIHbIe TpaiMepsl IJI IUarHoCTUKYU Drosophila
suzukii.

[Tory4eHBbI MOCTIEL0BATEIbHOCTY yUaCTKA reHa
COI pag manmbHeNIIEro moa6opa BUAOCIEU(PUIHBIX
MMpauMepoB [Js MOJHOIIEHHOTO IMOATBEPXKAEHUS
1abopaTOPHBIX MCCIeIOBaHUYN 6e3 MPUMEeHEeHU
METO/la CEKBEHUPOBAHUSA. ITO MO3BOJUT YCKOPUTH
BpeMs aHaJiK3a TJIOLOOBOUIHON MPOAYKIIUU TPU
BBISBJIEHUU MTPEUMaruHaJbHBIX CTAUN Pa3BUTUA
KapaHTUHHBIX BUJIOB IJIOJIOBBIX MYIIEK CEMeMCTBA
Drosophilidae.

PesynbraThl 3jieKTpodopesa, MpeicTaBIeHHbIE
Ha pucyHKe 1, Tokasanu, YTO IIpaliMepHas cucTema
S1859/A2191 amnaudunuposaja npoaykTs [TLIP of-
HOTO pasMepa — 385 map ocHoBaHM (1I. 0.).

performed with the sequences of International data-
base of the National Center for Biotechnology Infor-
mation Search database (NCBI) [4].

RESULTS AND DISCUSSIONS

In the course of the work, the material obtained in
2018-2019 by the Entomology Laboratory of the Labo-
ratory Testing Center of FGBU “VNIIKR”, for 2 frag-
ments of the gene of cytochrome C-oxidase (COI) was
analyzed, and primers for species identification of Dro-
sophila suzukii were tested.

Sequences of the fragment of the COI gene were
obtained for further selection of species-specific prim-
ers for full laboratory validation without sequencing.
This will allow to speed up fruit and vegetable pro-
duct analysis when identifying the preimaginal deve-
lopmental stages of the quarantine species of the fruit
flies of Drosophilidae family.

Table 2

Results of COI gene’s fragment sequencing

Ne Identified species Coverage Identity
Drosophila suzukii, ID code N868747.1, Portugal 100% 99.57%

! Drosophila suzukii, ID code MK435599, Turkey 100% 99.58%
Drosophila simulans, ID code MK251433, South Africa 100% 99.66%

i Drosophila simulans, ID code KJ671606, New Zealand 100% 99.66%
Drosophila melanogaster, ID code KJ463787, USA 100% 100%

° Drosophila melanogaster, ID code MK251427, South Africa 100% 100%
Zaprionus tuberculatus, ID code MK509763, Turkey 100% 99.62%

N Zaprionus tuberculatus, ID code MK509764, Turkey 100% 99.65%
Zaprionus indianus, ID code EF632362, Egypt 99% 99.87%

> Zaprionus indianus, ID code MN824026, Iran 99% 99.98%
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Tao6auia 3
Pe3yabTaThl aHAJIM3a ¢ npaiimepamu HC02198/1.C01490

The results of electrophoresis, which are present-
ed in Fig. 1, showed that the primer system S1859/
A2191 amplified PCR products of the same size — 385

Puc. 2. 9nekTpochoperpamma Fig. 2. Electrophoregram
C npanmMepamum with primers

HC02198/LC01490:
1 - Drosophila suzukii,
2 - Zaprionus indianus, 2 — Zaprionus indianus,

3 — Drosophila simulans, 3 — Drosophila simulans,

4 - Drosophila melanogaster, 4 - Drosophila melanogaster,
K — oTpuuatenbHbIn KoHTponb K — negative control

HC02198/LC01490:
1 - Drosophila suzukii,

OTpuilaTeabHbIN KOHTPOJIb IT0KA3aJl OTCYTCTBUE
KOHTaMUWHAIIUU MeXAy obpasiiaMu pa3sHbIX BUIOB
IJIOAOBBIX MyllIeK ITpu BeigeseHuu JHK u3 vHux. I1o-
JIOXKUTEJNbHBIN KOHTPOJb B HCCJIEN0BAaHUY He MIpe-
rojlarajicd, Tak Kak BoigesieHue JHK ocyiiecTBinganu
u3 1Mpob MaKpoobbeKTa. Pe3ynbTaThl T€HETUUECKO-
ro aHaju3a MOoCJieOBaTEeNbHOCTEN MIpeACTaBIeHbI
B Tabnutie 2.

Vi3 TabauIlel 2 BULHO, YTO IIPECTaBIeHHbIE 06-
pasibl pa3HOTro reorpaguueckoro MPOUCXOXIeHU
UOEHTUYHBI ITocjaemoBaTeabHoCcTIM 6as3bl NCBI oT
99,57% 10 100% c mokpeiTHEM 0T 99% 10 100%. [Tosty-
UeHHbIe JaHHbIE MOTYT ObITh MCII0JIb30BAHBI JIJIS1 TAJTh-
HellIero aHaamaa 1ejgeBoro yuyactka JHK miomoBeIx
MYIIEK TIPY MTOA60pe BUAOCTIEIIN(PUIHBIX TECTOB.

PesynbraThl TP ¢ mpaiiMmepamu HC02198/
LCO1490 nipencraBiieHbl Ha pUCYHKe 2. OTMEUYEHO, UTO
Bce IIeJieBble 00pasiibl cpaboTa Iy MOJIOKUTEIBHO C 06-
pasoBaHueM npogykra 1P pazmepom okoJio 800 11. 0.
TouHbIl pazmMep MpoaykToB ITI[P n3-3a pa3aMepHOro
psoa MapKepa MOJIEKYJISIPHOTO Beca YCTAHOBUTD He
TIPeCTaBIIIOCh BO3BMOXXHBIM, X 9TO HE BJIMSJIO Ha pe-
3yJbTaT UCCJIe[OBaHNS. Pe3ynbTaTel aHAIN3a ITOCTIEI0-
BaTeJbHOCTE ITPeICTaBIeHbl Ha PUCYHKE 2.

PesysbTaT reHeTUYECKOTO aHAIU3a [IPeCTaBIIEH
B Tabyuile 3 IIPY COOTBETCTBUY MOPSLKOBOIO HOMEPa
¢ anekTpodoperpamMmoit ammaupukauu (puc. 2).

V3 Tabuniibl 3 BULHO, UTO IOJIyUeHHBIE ITOCJe-
IOBaTEJIbHOCTU COOTBETCTBYIOT NJaHHBIM NCBI npu
aHaju3e 06pasIloB Pa3HOro reorpadruuecKoro pouc-
XOXIEeHUd IPU ULeHTUYHOCTHU U ITIOKPBITUHU OT 99,81%
10 100% u oT 99% 1o 100% cooTBeTCcTBEHHO. Ha oc-
HOBe HYKJEOTUIHBIX IIOCIEN0BATEIbHOCTEH, ITPe -
CTaBJIEHHBIX BBIIIE, a TAK)KEe HEe BOLIEIINX B ITOJHOE
OTIXCaHMeE Pe3yIbTaTOB aHAIM3a KOJUIEKITUY 00Pa31ioB

base pairs (b. p.). N2 n/m Pe3ysabTaT MCCJIeI0BAHNSA ITokpbiTUE NaeHTU4YHOCTh
Negative control showed no contamination be- - -
tween samples of different species of fruit flies during 1 Drosophila suzukii, ID-xop, MK435596, crpana Typuus 100% 100%
DNA extraction. No positive control was used in the Drosophila suzukii, ID-koz, MG605095, crpana iseiiapus ~ 100% 100%
study since DNA was extracted from macro-object
samples. The results of genetic analysis of the sequen- 2 Zaprionus indianus, ID-xox EF632367, ctpana UHausS 99% 99,81%
ces are presented in Table 2. ) T
Table 2 shows that the presented samples of dif- Zaprionus indianus, ID-kox KF736189, crpana Haus 99% 99,81%
ferent geographical origin are identical to the NCBI 3 Drosophila simulans, ID-xog, MK801758, cTpada Typuus 100% 100%
base sequences from 99.57% to 100% with coverage
from 99% to 100%. The data obtained can be used for Drosophila simulans, ID-kog KX161438, crpaHa VicrmaHus 100% 100%
further analysis of the target fragment of fruit fly DNA . N
in the selection of species-specific tests 4 Drosophila melanogaster, ID-xom MK236169, ctpana Kutaii 100% 100%
The results of PCR with HC02198/L.C0O1490 pri- Drosophila melanogaster, ID-xox MK236173, crpana Kurait 100% 100%

mers are shown in Figure 2. It is noted that all target
samples have worked positively with formation of PCR
product of about 800 b. p. It was not possible to specify
the exact size of the PCR products due to the range size
of the molecular weight marker, which did not affect the
result of the study. The results of sequence analysis are
presented in Figure 2.

D. suzukii D.simulans M D. melanog |

) o D O ¢ D Y e I o

Negativ controls |
D EA e G = B = ) = =)

Puc. 3. 3nekTpochoperpamma Fig. 3. Electrophoregram
c nparimepamu with primers

Dro-Suz A390/Dro-Suz S390: Dro-Suz A390/Dro-Suz S390:

1 - Drosophila suzukii, 1 - Drosophila suzukii,

2 - Drosophila simulans, 2 - Drosophila simulans,

3 - Drosophila melanogaster, 3 - Drosophila melanogaster,
K — oTpuuartenbHbIii KOHTponb K — negative control
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nabopaTopuu OymeT BBITIOJHEH IMOAOOP BUAOCIIE-
IUMOUYHBIX IPAKMEPOB He TOJIBKO [IJIsg IPOBeIeHUs
uneHTU(GUKAIUYU METOAO0M KJyiaccmueckoiu ITLIP, HO
TaKXXe C TI0Z00POM 30HI0B AJis [TLIP B pexxumMe peaib-
HOTO BPEMEHMU.

Pes3ynbTaThl MCCHENOBAaHUSA C IMpaliMepHOU
cuctemoit Dro-Suz A390/Dro-Suz S390, npenrmo-
JjaraeMou IJisg BUIOBOUM MAeHTU(UKAIWY, Ha Iep-
BOM 3Talle UCCJIeOBAHUS IMOJYUYUIN JOCTATOUHO
nH(pOPMaTUBHBIE.

Ha smexTpodoperpamme (puc. 3) BUIHO, UTO
npaMepsl MO3BOJUIU MOJYUYUTH MPOAYKT ITIP
TOJIbKO nJist Drosophila suzukii, B To BpeMs kak JHK
Drosophila simulans w Drosophila melanogaster okasa-
JUCh HecrelU(PUUHBI I 1IeJIeBOTO yJyacTKa, Ha
KOTOPBIY mojmobpaHa cucTeMa IipaliMepoB Dro-Suz
A390/Dro-Suz S390. YcTaHOBJIEHO, YTO BhILIEYKa3aH-
Has CUCTeMAa MOXXET MCII0JIb30BATHCS B KAUECTBE BU-
Iocrelnu(UYHOTO TeCTa /IJisd BhISBIEHUS a3UaTCKOMN
SITOJTHOY L p030(hUJIBI CPENY BUIOB MYIIIEK, BCTPEYat0-
IUXCS B XapaKTePHOU IJig Hee ITPOoAyKIIuu. Heobxo-
IVMBI NaJibHeWIe anpobanus 1 BaJuganus IJis

Table 3 shows the result of genetic analysis; the
order number corresponds with the amplification elec-
trophoregram (Fig. 2).

The table 3 shows that the obtained sequences cor-
respond to NCBI data while analyzing samples of diffe-
rent geographical origin with an identity and coverage
from 99.81% to 100% and from 99% to 100% respec-
tively. On the basis of the nucleotide sequences present-
ed above, as well as those not included in the full de-
scription of the results of the analysis of the collection
of samples, the selection of species-specific primers will
be made not only for identification by conventional PCR,
but also with the selection of probes for Real Time PCR.

The results obtained at the first stage of the re-
search using Dro-Suz A390/Dro-Suz S390 primer sys-
tem for species identification were quite informative.

The electrophoregram (Fig. 3) shows that the
primers allowed to obtain PCR product only for Dro-
sophila suzukii, while DNAs of Drosophila simulans and
Drosophila melanogaster were not specific for the tar-
get fragment, for which the Dro-Suz A390/Dro-Suz
S390 primer system was selected. It was found that

Table 3

Results of analysis with primers HC02198/L.C01490

N2 Result of research Coverage Identity

1 Drosophila suzukii, ID code MK435596, Turkey 100% 100%
Drosophila suzukii, ID code MG605095, Switzerland 100% 100%

2 Zaprionus indianus, ID code EF632367, India 99% 99.81%
Zaprionus indianus, ID code KF736189, India 99% 99.81%

3 Drosophila simulans, ID code MK801758, Turkey 100% 100%
Drosophila simulans, ID code KX161438, Spain 100% 100%

4 Drosophila melanogaster, ID code MK236169, China 100% 100%
Drosophila melanogaster, ID code MK236173, China 100% 100%
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oTpesieIeHUsT MEPEKPECTHHIX PeaKIuil C IPYyTUMU
Bumamm cemerictBa Drosophilidae.
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the above-mentioned system could be used as a spe-
cies-specific test to identify spotted-wing drosophi-
la among the species of flies found in its host pro-
ducts. Further approbation and validation for possible
cross-reactions with other species of Drosophilidae
family is required.
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AHHOTALUA. BOCOYHASL KAUIMAHO08AS 0PEXOMEOD-
Ka nocie nepeozo nossaeHus 8 Poccuu 00801bHO Oblcmpo
3aHANG 8CE MECMA NPOUSPACMAHUS KAULMAHA NOCEBHO-
20 u cmana epedums. Mecmuvie SHMOMOPazU HE MOy
IffexmusHO pecyiuposams ee HUCAEHHOCHb, NOIMOMY
UHMPOOyKYUs ee CReyuauU3UpPoOBaHH020 Napasumouda
Torymus Sinensis, 0CHOBAHHASL HA ONbIME MHO2UX CIMPAH,
S619emcs. eOUHCMBEHHOL B03MONCHOCMbI0 ObICMPO CHIUL-
3Umb YUCIEHHOCMb 8pedumens u npedomspamums 0aJib-
Hetiwee yxyouwerue cocmosHus kawmara. ITpoeeder ana-
JU3 IKOJI02UYECK020 PUCKA 348034 HOB020 3HMoMoOdiaza
UL NOKA3AHO, 4MO e20 UHMPOOYKYUSL He UMeent CKOJIbKO-HU-
6y0b 3a.MEMHBLX PUCKOB OIS ECMECTNBEHHDLY JIECHbLX C000-
wecms.

KiroueBbie cI0Ba. BOCIMOYHAS KAUMAH08AS 0pe-
XOMBOPKA, MOPUMYC, AHANUS IKOJLOZUYECKO20 PUCKA.

BBEJIEHUE

OCTOYHAs KallTaHOBAast 0PEXOTBOP-
ka Dryocosmus kuriphilus Yasumat-
su,1951 (Hymenoptera, Cynipidae)
TPOHUKJIA Ha TEPPUTOPHUI0 Poccuu
B parioHe I. Couy 1 BIepBbie ObLIa

BBISIBJIEHA HA KalllTaHe MOCeBHOM B COYMHCKOM Ha-

nuoHaJdbHOM mapke (CHII) B 2016 r. [2, 6]. [TomaB Ha

0c060 OXpaHSIeMy IPUPOAHYI0 TeppuTopuio (OOIIT),

KakoBo# sBysieTcss CHII, 3ToT nHBaimep GakTUIeCKn

caM oKasaJics II0J, OXPaHO cTaTyca HAIMOHAJIBHOTO

rmapxa.
B pesysibTaTe CIOKUBIIENCS CUTYAlUK TPUHSITD

IleliCTBEHHbIe MePHI I10 3alUTe KallTaHa OT CEPhEe3-

HO OTIAaCHOCTY, KOTOPYIO IIPEACTABIIET OPEXOTBOPKA,

ANALYTICS

UDC 632.9

Environmental risk
assessment of Torymus
sinensis, a specialized
parasitoid of the
oriental chestnut gall
wasp Dryocosmus
kuriphilus

YU.I. GNINENKO, PhD in Biology, Head of the
Laboratory of Forest Protection against Invasive
and Quarantine Organisms FBU “VNIILM”
(All-Russian Research Institute

for Silviculture and Mechanization of Forestry),
e-mail: gninenko-yuri@mail.ru

Abstract. After the introduction into Russia, the ori-
ental chestnut gall wasp has spread in all growing areas of
sweet chestnut and started to cause damage. Local ento-
mophages are unable to regulate its numbers effectively, so
the introduction of its specialized parasitoid Torymus sinen-
sis, based on the experience of many countries, is the only
way to quickly reduce the number of pests and prevent fur-
ther deterioration of chestnut. The environmental risk as-
sessment of the new entomophage has been carried out and
its introduction has been shown not to have notable risks for
natural forest communities.

Keywords. Oriental chestnut gall wasp, Torymus sinen-
sis, environmental risk assessment.

INTRODUCTION

he oriental chestnut gall wasp Dryocosmus

kuriphilus Yasumatsu, 1951 (Hymenoptera,

Cynipidae) was introduced in the territo-

ry of Russia near the city of Sochi and was

first detected on the sweet chestnut in Sochi
National Park (SNP) in 2016 [2, 6]. Having entered the
specially protected natural area (SPNA), which is the
SNP, this invader actually found himself under protec-
tion of the status of the national park.
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0Ka3ajJoCh HEBO3MOXXHBIM. IJTO
TIPUBEJIO K TOMY, UTO KalllTaH, Ha-
XOISIIUICS YK€ MHOTO JIET IOJ,
BO3JIEMCTBMEM pPaHee MPOHUKIIETO
cioma nHBaugepa — GuUTONaTOreH-
Horo rpuba Cryphonectria parasitica,
B036ymuTeNST KpUGPOHEKTPUEBOTO
HEeKpo3a, oKasaJicsa mog, ele 6ojiee
CUJIBHOU YTPO30.

EIVMHCTBEHHOU BO3MOXHO-
CTbIO IIPENOTBPATUTD YXYIIIeHUE
COCTOSIHUSI KalllTaHa SBJISIETCH,
KaK IMOKa3bIBAET OMBIT BCEX CTPaH,
B JIeca KOTOPBIX ITPOHMKAJIA paHee
5Ta OPEXOTBOPKA, UHTPOIYKITUS €€
CcenuaJnu3npPoOBaHHOTO SHTOMOMDA-
ra Torymus sinensis.

MATEPHUAJI 1 METOJNKA

Pa6oTa BbimmosiHeHa B 2017-2019 rT.
B JUCTBEHHBIX Jiecax UepHOMOP-
ckoro nmobepexbss KpacHomapcko-
ro kpasg. O6ciemoBaHue KallTaHa
IoceBHOTr0 Castanea sativa C 11eJIbI0
BBISIBJIEHUS BOCTOYHON KalITaHO-
BO¥ OPEXOTBOPKYU ITPOBOIAUIU B CO-
OTBETCTBUU C PEeKOMEHIalUuIMU
TI0 BBISIBJIEHUIO ¥ UAEHTU(PUKALIUY
9TOTO MHBauAepa [1].

BriBeZleHHBIX U3 rajijioB Ope-
XOTBOPKY NapasuTOUI0B (GUKCHUPO-
BaJIX M OTIPABJISJIM Ha OmIpezesie-
HIe UX BUIOBOM IIPUHALJIEKHOCTH
n-py I. Menuke (Bymamerurt, BeH-
rpus).

AHaJIN3 3KOJIOTUYECKOTO pPHC-
Ka (ASP) mpoBefieH B COOTBETCTBUU
cocranmaptoM EOK3P PM 6/4 «Cxema
MIPUHATHAS PELIeHN [IJisI BBO3a 1 BbI-
ITyCKa areHTOB GMOJIOTUYECKOH 60Ph-
OBbI C BPEIUTENSIMU pacTeHu» [4],
a Tak)Xe C MeXToCyZapCTBEHHBIM

.

LS

Puc. 1. lannbl B nepuop ceoero  Fig. 1. Galls during their intense
WHTeHcMBHoOro hopmmupoBanua  formation in the spring

crangaptoM 'OCT 33828-2016 «3a-  ecHoii (poTo FO.U. THuHerko)  (photo by Yu.I. Gninenko)

uyTa pactenuil. TpeboBaHus K 060-
POTY areHTOB 610JIOTUYECKOM 60Pb-
OBl 1 IPYTUX ITOJIE3HBIX OPTaHU3MOB» [3].

PE3VJIBTATBI U OBCYXKIEHHNE

BocTouHas KallTaHOBas OPEXOTBOPKA OTKJIAAbIBAeT
SINTIa BHYTPb MOYEK KAIlITaHA, ¥ PA3BUBAOIIAACS JIU-
YMHKA IIPEBPAIIAET MMOSIBJISIONINECS JIUCThS B TaJlJIbl
(puc. 1-2). l'ajyibl 6BIBAIOT Pa3HOM (DOPMBI U ITO-Pa3HO-
My pacroJiaralTcs Ha JUCThIX (puc. 3). BHyTpu rajia
pasBuBaeTcs 6eytasg TUUMHKA (PUC. 4), 3aTEM ITPOUCXO-
IUT OKYKJIMBAHWE U M3 TaJIJIOB BBIXOMSIT 0CO6U HOBO-
T'0 MTOKOJIEHUSI. BOCTOUHAs KalITaHOBAss OPEXOTBOPKA
pa3BUBAETCS MapPTEHOTEHETUYECKY, TO €CTh B TIOTTYJIS-
1Y BCTPEUAIOTCS TOJTHKO CAMKU.

TTosaBieHue J060T0 MHBaMIepa HA 0co60 oxpa-
HseMOU MPUPOAHON TEPPUTOPUU LejiaeT ero 06bek-
TOM OXPaHbI 110 GaKTy 06UTaHUA 3heCh. JlefCTByIoIee
MIPUPOL00XPaHHOE 3aKOHOLATENBCTBO HE JIOMTyCKaeT
MIPUMEHEHUS TTeCTUIIUI0B IIPOTUB KaKOH 6bI TO HU
ObLTI0 yTPo3bl. TaKkoe MoJoKeHe TPAKTUIECKY TTOJTHO-
CTbIO UCKJTIOUAET MPUHSITHE MEP, aIeKBaTHBIX YIPO3E,
KaKyI0 IIPEJICTaBJISIIOT HOBbIE UY)K [ bl€ BCEJIEHIIBI TIPU-
ponubIM coobirecTBaM OOIIT.

This situation made it impossible to take effective
measures to protect chestnuts from the serious dan-
ger caused by the gall wasp. This led to the fact that
the chestnut, which had been under the influence of
the previously introduced phytopathogenic fungus Cry-
phonectria parasitica for many years, the agent of Cry-
phonectria parasitica necrosis, was under even great-
er threat.

As the experience of the countries forests in which
this gall wasp previously invaded shows, the only way
to prevent the deterioration of the chestnut is the in-
troduction of its specialized entomophage Torymus
sinensis.

MATERIALS AND METHODS

The work was performed in 2017-2019 in deciduous
forests of the Black Sea coast of Krasnodar Region.
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Puc. 2. Fannbl NOAHOCTbIO YHUUTOXUN Fig. 2. Galls completely destroyed
the chestnut bud, and the leaves have
cthopmuposanuch (poto KO.U. THMHeHko) not formed (photo by Yu.I. Gninenko)

MNOYKY KaluTaHa, U JINCTbA He

Ho He Tosbko cTaTyc OOITT He 1T03BOJISET UCTIONb-
30BaTh MECTUIIUBI ]I YHUUYTOKEHUSI OPEXOTBOPKU.
CI0XHOCTHU UX NPUMEHEHUS B MECTHBIX YCIOBUIX
CBSI3aHbI C HECKOJIBKMMU MIPUUNHAMU. BO-TIE€PBHIX,
KalllTaH IPUHUMaeT He3HAUUTEJIbHOE yUacTUe B CO-
CTaBe JIPeBOCTOEB, yallle Bcero He npesbiasg 20-30%
OT 06111eT0 Uncya AepeBbeB. IIpY TaKUX YCIOBUSIX TPO-
BeJleHVEe aBUAIIMOHHBIX OTPBICKUBAHUU MTPUBEET
K 06paboTKe MeCcTUINIaMM B GOJIbIIEl CTETIEHH, YeM
KPOH KalllTaHa, KPOH APYTUX AepeBbeB. Bo-BTOPHIX,
KalllITaHBI PACTyT B TOpax, ¥ mepecedyeHHas MECTHOCTh
CYIILECTBEHHO YCJIO)KHSIET IIPOBeJIEHNE aBUAIIVOHHBIX
06paboToK.

CylecTBYIOT U Cepbe3HbIe OTPAHNUEHNS Ha BO3-
MO’KHOCTB ITPOBEJIeHNS BHYTPUCTBOJIOBBIX UHBEKTU-
poBaHuii. [Tpu TakoM criocobe 3alluThl KalllTaHa Ipe-
rmapaT OKa)keTcs B OpelIKax KalllTaHa U B KalITAaHOBOM
MeJle. A 3TO yXKe IIpeJiCTaBIsgeT HEIIOCPEeLCTBEHHYIO
OTIACHOCTbD JJIs JTIIOZEM.

CnemoBaTesbHO, HAIEXKHO 3alllUTUTD KAIlITaH OT
BOCTOYHOM KaIITAHOBOM OPEXOTBOPKYU OYE€Hb HEITPO-
cTo. Ho mpruMeHeHMe TIECTUIINIOB B JII0O0M ciIydae He

The study of the sweet chestnut Cas-
tanea sativa was conducted in accor-
dance with the recommendations
on detection and identification of
this invasive species [1].

Parasitoids extracted from
the galls of the gall wasp were fixed
and sent to Dr. G. Melika (Budapest,
Hungary) for identification of their
species.

The environmental risk as-
sessment (ERA) was conducted in
accordance with the EPPO Standard
PM 6/4 “Decision-support scheme
for import and release of biological
control agents of plant pests” [4], as
well as with the interstate standard
GOST 33828-2016 “Plant protec-
tion. Requirements to turnover of
biological control agents and other
useful organisms” [3].

RESULTS AND DISCUSSIONS

The oriental chestnut gall wasp
lays eggs inside the chestnut buds,
and the developing larva turns the
emerging leaves into galls (Fig. 1-2).
Galls have different shapes and are
placed differently on leaves (Fig. 3).
A white larva develops inside a
gall (Fig. 4), then pupation occurs
and individuals of new generation
are emerging from the galls. The
oriental chestnut gall wasp develops
parthenogenetically, i. e., the popu-
lation consists only of females.

The introduction of any inva-
sive species in a specially protected
area makes it a protection species.
Current environmental legislation
does not allow the use of pesticides
against any threat, which almost
completely excludes the adoption
of measures adequate to the risk
caused by new invasive alien spe-
cies to the natural communities of specially protected
natural area (SPNA).

But it’s not only the status of specially protected
natural area which does not allow the use of pesticides
for eradication of the gall wasp. The difficulties of their
application in local conditions are connected with se-
veral reasons. Firstly, chestnut takes an insignificant
part in the composition of trees, most often not exceed-
ing 20-30% of the total number of trees. Under such
conditions, aerial spraying will result in more pesticide
treatments of the crowns of other trees, than of chest-
nuts. Secondly, chestnuts grow in the mountains, and
the rugged terrain makes aerial spraying much more
difficult.

There are also serious limitations on the possibi-
lity of trunk injections. With this protection method the
preparation will get into chestnut fruits and chestnut

CeHTsbpb N2 3 (3) 2020 43



AHANMUTUKA  ANALYTICS

Taoauia

CocTostHHME BOCTOYHOM KAIITAHOBOM OPEXOTBOPKH

BHYTPH raJjijioB

CocTosiHME OPEXOTBOPKH B rajuiax,

% OT 06IIEero YmcJjaa

honey. And this poses an imme-
diate danger to people.
Therefore, it is not easy to
reliably protect a chestnut from
the oriental chestnut gall wasp.
However, the use of pesticides in

any case can not provide long-

nmapasuTH- noruéumue .
MecTo c6opa rajjioB 3/I0pOBbIE pPOBaHHbIE oT GoJie3Hei term protection for the chest-
nut. After some time, even after
35,1 46,2 18,7 a very successful treatment, the
Alaromsic, ;81; L number of gall wasp will increase
L. 80,8 10,8 8,4 again. This will make the applica-
KpacHag IlosisiHa, 2017 1. 41,3 24,2 35,5 tion of chemical protection mea-

sures regular.

MOXKeT 06eCIIeUnTh JLOJTOCPOUHYI0 3alIUTYy KalllTaHa.
Uepes HEKOTOPOE BpeMs IOCJie Jaske OUeHb YCIIeIHON
06paboTKY YMCIEHHOCTh OPEXOTBOPKY BHOBH BO3pac-
TeT. ITO CHIeJIaeT IIPOBelEeHUE MEP XUMUYECKOH 3alu-
TBI PETYJISIPHBIM.

BrinmosnHeHHbIe HaMu B 2017-2019 rT. uccaeno-
BaHMA 0Ka3aju, YTO MECTHBIE SHTOMOdAaru Hecylie-
CTBEHHO BJIUSIIOT HAa YMCJIEHHOCTb OPEXOTBOPKHU (CM.
Tabsuily). Bcero Ha opexoTBOopKe B 2017 T. HAMU BBI-
SBJIEHBI 2 BUA MapasuUTOUIOB: Eupelmus urozonus
u Mesopolobus sericeus, KOTOpble He MOTYT 3 (PEKTUBHO
PETyJIMPOBAaTh €€ YMCIEeHHOCTh. O6a 3TU BU/IA CBSI3aHbI
¢ 1y60BBIMU OPEXOTBOPKAMU, KOTOPBIE YaCTO BCTpeya-
10Tcs Ha nybax Ha KaBkase. YkazaHHbBIe ITapa3uTOULbI
TepeluIu Ha BOCTOUYHYI0 KaIlITAHOBYI OPEXOTBOPKY,
TIOCKOJIBKY OHA IT0SIBUJIACh B MECTaX UX 00UTaHUS, HO
UX YUCJIEHHOCTD U CTEIIeHb 3aPayKeHUsT UMU HOBOT'O XO-
351HA 3aBUCHUT OT UUCJIIEHHOCTY IyOOBBIX OPEXOTBOPOK.

CpaBHUTENBHO BBICOKUI yPOBEHD MTapasuTU3Ma
MeCTHBIMU Mapasutousiamu B 2017 T. 06bsIcHsAETCS
HU3KOU YMCJIEHHOCThIO KAIITAHOBOW OPEXOTBOPKU
¥ HeGOIBIITON BIGOPKOM.

B eBporelickux cTpaHaxX Tak)Ke MeCTHbIe TTapa3u-
TOUIHBIE BUMIBI, TPODUYECKU CBSI3aHHBIE C IyOOBBIMU
OpPEeXOTBOPKaMHU, aJlalITUPOBAJIMChH K 3TOMY HOBOMY
XO3SUHY, HO He MOTYT 3(P(PeKTUBHO PETYIINPOBATH €TO
YKMCJIEHHOCTb.

B Kurtae, dnoHunu u Kopee' u3BeCTHO HECKOJIb-
KO Tapa3uTOuAO0B, B TOM uuciie Torymus Sinensis,
T. beneficus, Megastigmus maculipennis, M. nipponicus,
Ormyrus flavitibialis u npyrue [8, 9, 14]. HekoTopble u3
HUX BecbMa 3G GeKTUBHBIL, a Torymus sinensis ObLI JaXxe
WHTPOAYIIUPOBaH B drnmoHuno u Kopero Kak areHT 6uo-
JIOTUYECKOM 3aIUThI U UCIIOJIb-
30BaJicsl B IIpOrpaMMax Macco-

BOTO pa3BefeHus u Beimycka [13  Table

Our studies in 2017-2019
showed that local entomopha-
ges have no significant impact on the number of gall
wasp (see table). In total, in 2017 we identified 2 para-
sitoid species on the gall wasp: Eupelmus urozonus and
Mesopolobus sericeus, which are unable to regulate its
abundance effectively. Both species are associated with
oak cherry-gall wasps, which are often found on oaks
in the Caucasus. These parasitoids moved to the ori-
ental chestnut gall wasp because it appeared in their
habitats, but their number and degree of infestation of
the new host depends on the number of oak cherry-gall
wasps.

The relatively high level of parasitism by local pa-
rasitoids in 2017 is explained by the low number of ori-
ental chestnut gall wasp and a reduced sampling.

In European countries as well, local parasitoid
species that are trophically associated with oak cher-
ry-gall wasps have adapted to this new host, but are un-
able to regulate its population effectively.

Several parasitoids are known in China, Japan and
Korea?, including Torymus sinensis, T. beneficus, Megastig-
mus maculipennis, M. nipponicus, Ormyrus flavitibialis and
others [8, 9, 14]. Some of them are very effective, and
Torymus sinensis was even introduced to Japan and Ko-
rea as the biological control agent and used in mass
breeding and release programs [13, etc.]. Some trans-
palearctic parasitoids, common for oak cherry-gall
wasps [12], are also effective entomophages of D. ku-
riphilus. These include Totymus geranii, Ormyrus pomac-
eys, and Eurytoma brunniventris [14]. The study of para-
sitoids has shown that 26 species are found in Japan,
11 in China and 15 in Korea [5]. In China, the mortality

1 This refers to the geographical territory where 2 states are
located — the Republic of Korea and the DPRK.

uzp.]. Hexoropele Tparcnaneap-  Condition of the oriental chestnut gall wasp inside the galls

KTUYECKHE [TapasuTOU/Ibl, 0ObIY-
HBIE JIJIST OPEXOTBOPOK Ay6a [12],
TakKXXe 9BJISTCI 3(PPEKTUBHBI-
mu 3HTOMOGaramu D. kuriphilus.

Condition of the gall wasp in the galls, % of the total

K mx uyucay cienyeT OTHECTHU
npexnae Bcero Totymus geranii,
Ormyrus pomaceys, Eurytoma

brunniventris [14]. VisyyeHue
mapasuTOU0B IOKas3ajio, UTo

Collecting points of galls healthy parasitized died from disease
Dagomys, 35.1 46.2 18.7

80.8 10.8 8.4
Krasnaya Polyana, 2017  41.3 24.2 5B

! MoppasymeBaeTca reorpadm-
yecKasi TeppuTOpUS, Ha KOTOPOW
pacnonoxeHbl 2 rocyaapcTea —
Pecnybnuka Kopesa n KHIP.
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B flmoHuu BcTpevaeTcs 26 BULOB, B Kutae — 11, B Ko-
pee — 15 BumoB [5]. B Kutae rubesb ocobeil KarTaHo-
BOI OPEXOTBOPKY OT KOMILJIEKCA Tapa3sUTOUOB B pas-
HbIE TOJIBI M B PA3HBIX MOMYIAIUIX KOjaebaeTcs oT 3
o 40%. OgHako 061 MY ypOBeHDb TMOENN YKa3aHHON
OPEXOTBOPKU OT TTAPa3UTOUI0B B IPUPOJIHBIX YCIIOBU-
X 3[leCh COCTaBJISIET B pa3Hbie rofsl oT 0,5 10 1,6%.

Vi3 rajnoB D. kuriphilus BeIBEZIEHO CJIeyIOIee Yuc-
JI0 MECTHBIX IMapasuTHUYecKux sHToModaros: B MTa-
auu — 39 BuAoB, B CiioBeHUU — 28 BU0B, B XOPBaTUU —
20 BuzioB. B Benrpuu B 2013 1. 66110 ©3BE€CTHO 11 BUIOB,
a B 2015 I. KOIUYECTBO Mapa3UTOUAHbBIX BUIOB YBEJIN-
4uiI0ch 10 17. [TokasaTesb IapasuTUPOBaHMS STOM ope-
XOTBOPKY B BeHrpuwm cocrasisii 2,0-4,7% [5 u 1p.].

TaxkuM 06pa3oM, TOBCEMECTHO B (hOPMUPYIOIEM-
csl BTOPUYHOM apeajie BOCTOYHOH KaIlllTaHOBOM ope-
XOTBOPKYU MECTHBIE BUbI TAPa3UTOUI0B, TPODUUEeCKU
CBsI3aHHBIE C yOOBBIMU OPEXOTBOPKAMMU, XOTS U TIepe-
XOJISIT HA HOBOTO X035IMHA, HO He MOTYT 3(P(hHeKTUBHO
PEeryiaupoBaTh ero YMCIeHHOCTb.

[ToaTOMy GOJIBIIMHCTBO CTPAaH, HA TEPPUTOPUIO
KOTOPBIX ITPOHUKJIA BOCTOUHAS KAIITAHOBAs OPEXOT-
BOPKAa, B KAUECTBE MEPhI 3alUTHI TPOBOASAT NHTPOLYK-
LIWI0 ee CIeluaJlu3upPOBaHHOr0 3HTOMOdara Torymus
sinensis Kamijo, 1982 (Hymenoptera: Torymidae) [10,
11, 13 u np.]. B Tex eBporeiickux cTpaHax, riae He-
CKOJIBKO JIeT Ha3a/, IMIPUCTYTIUIN K UHTPOLYKIIUU TO-
pumMyca, y>ke yepes 2—3 ToZa MOJIYUYMIU BEIPaXKeHHOE
U CTOWKOE YMeHbIIIeHe YNCIIEHHOCTY BpeauTensd [11].
YpoBeHb MOPaKEHUS ITOUEK KalllTaHa IPUMEPHO Uepes
3-4 roga mocje UHTPOALYKIIUY TOPUMYCa CHU3UIICS IO
3%, 1 Opex0oTBOPKA IepecTalia IIpPeCTaBJIATh 3HAUU-
Myto yrposy [11, 12].

U B Poccuu cynp6a KauiTaHa OCEBHOTO 3aBUCUT
OT TOTO, HACKOJIbKO GBICTPO Gy/eT pelleH BOIIPoc 06
UHTPOAYKIIUY 3TOTO TTapa3uToua B jieca C yuacTueM
IIAaHHOTO BUJIa KalTaHa. UTOObI O1eHUTH YPOBEHD 3KO-
JIOTUYECKUX PUCKOB, KOTOPbIE MOTYT BO3HUKATH ITPU
3aB0O3€ TOPUMYyCa, HaMU IIPOBeJieH aHaJIN3 9KOJIOTTUe-
CKOTO PUCKA TAKOU MHTPOAYKIIUU.

AHaNn3 5KOJIOTUYECKOTO PUCKA UHTPOAYKIIUU
MOXXET UMETh XapaKTepP dKCIIPecc-olleHKU. ECJIu BbI-
BOJIBbI TAKOM OLIEHKY HEOMHO3HAYHBI ¥ IPYU IPUHATAN
pelneHus o 11eJ1eco06pa3HOCTY UHTPOILYKIINY HEO6X0-
IuM 6oJiee meTaJibHBIN aHAJIN3, TOTIA OCYLECTBIISIOT
TIOJHBIN ADP.

[TepBOHAYAIBHO CJIEAYET ITPOBECTU UMEHHO 3KC-
Ipecc-oleHKY, KOTOpasi COCTOUT U3 HECKOJIbKUX dTa-
II0B, BBITIOJIHSIEMBIX IIOCIEeL0BaTeIbHO. Ha HOATOTOBY-
TeJbHOU cTagnuy ADP SKCITEPTHI OIIeHUBAIOT 3HAUYEHYE
BHU/Ia KAK BO3MOYKHOT'0 areHTa O10JIOTUYECKOM 3aIUThI
(AB3) 1 ompenessioT IPUYNHBI 1 [eJIY IIPOBOIVMOTO
aHaJIn3a.

Kuraiickuii Topumyc Torymus sinensis iBjsieTcs
CIIeMaJnu3UPOBAHHBIM [IapasuTOUIOM BOCTOUHOM
KalITaHOBOM OPEXOTBOPKM, IMPOKO pacipocTpa-
HEHHBIM B ee IIPUPOIHOM apealie B BocTOUuHOM A3uu.
[Tocye TOro, Kak OPEeXOTBOPKA ITPOHMKJIIA U3 MECT CBO-
€TO0 IIPUPOIHOT0 OOUTAHUS B APyTrye CTPAHbI 1 cTaJia
TTOBCEMECTHO B HOBBIX MecTaxX OOMTaHUS OMaCHBIM
BpEIUTEJIeM KallTaHa IT0CEBHOI'0, MMEHHO TOPUMYC
okasajicsg HamboJiee 3(pHEKTUBHBIM €€ TapasuTOULOM
U 6BLT UHTPOAYIIUPOBAH BO MHOTHIE CTPAHBbI.

Bespe, rae NpOBOAUIA UHTPOLYKIIUIO TOPUMY-
ca, B TeUeHUe [IePBhIX 2—3 JIeT [10CJIe BBIIIYCKOB Ha-
YaJioCh COKpallleHle YMCJIEHHOCTU OPEXOTBOPKMU,
U yKe 06BIYHO Ha 3-1 rof, 1ocjie MHTPOAYKIIUY BPe

rate of the oriental chestnut gall wasp’s species from
the parasitoid complex varies from 3 to 40% in diffe-
rent years and in different populations. However, the
total mortality rate of the gall wasp from parasitoids in
natural conditions here varies from 0.5 to 1.6% in dif-
ferent years.

The following number of local entomophagous
parasites was extracted from D. kuriphilus galls: in Ita-
ly — 39 species, in Slovenia — 28 species, in Croatia —
20 species. In Hungary, 11 species were known in
2013 and in 2015 the number of parasitoid species in-
creased to 17. The parasitization rate of this gall wasp
in Hungary was 2.0-4.7% [5 etc.].

Thus, everywhere in the forming secondary area
of the the oriental chestnut gall wasp, local parasitoid
species that are trophically associated with oak cher-
ry-gall wasps, although moving to a new host, but can
not effectively regulate its numbers.

Therefore, the majority of the countries where the
oriental chestnut gall wasp was introduced carry out
the introduction of its specialized entomophage Tory-
mus sinensis Kamijo, 1982 (Hymenoptera: Torymidae)
as a protection measure [10, 11, 13, etc.]. In the Euro-
pean countries that started the introduction of tory-
mus several years ago, in 2—3 years a significant and
persistent decline in pest population was reached. The
level of damage on chestnut buds decreased to 3% in
about 3-4 years after the introduction of torymus, and
the gall wasp stopped to be a significant risk [11, 12].

In Russia the fate of sweet chestnut also depends
on how fast the question of the introduction of this
parasitoid into the forests where this species of chest-
nut is present will be resolved. In order to assess the
level of environmental risks that may arise when intro-
ducing torymus, we have analyzed the environmental
risk of such introduction.

Environmental risk assessment of introduction
may be carried out as an express assessment. If the
conclusions of such assessment are ambiguous and a
more detailed analysis is needed when deciding on the
expediency of introduction, then a full ERA is carried
out.

The first step is to conduct an express assess-
ment, which consists of several stages, carried out in
sequence. In the preparatory stage of ERA, experts as-
sess the importance of the species as a possible biolo-
gical control agents (BCA), and determine the reasons
and objectives for the analysis.

The Chinese Torymus sinensis is a specialized
parasitoid of the oriental chestnut gall wasp, wide-
ly distributed in its natural range in East Asia. After
the gall wasp moved from its natural habitat to other
countries and became a harmful pest of sweet chest-
nut everywhere, it was the torymus that proved to be
its most effective parasitoid and was introduced into
many countries.

All over the place where torymus was introduced,
during the first 2-3 years after releases, the number of
the gall wasp began to decrease, and usually in the 3rd
year after introduction, the damage from the oriental
chestnut gall wasp was noticeably reduced and gradu-
ally lost its economic importance.
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OT OPEXOTBOPKM 3aMeTHO COKPAIAJiCs U IIOCTEIIEHHO
OHa yTpaurBaJia X03s1UCTBEHHOE 3HAUEHUE.

Takoil pe3ynbTaT JlejlaeT TOPUMYC BO3MOXKHBIM
areHTOM 6MOJIOTUYECKOM 3aIIUThI KAIITaHA TIOCEBHOTO
Ha TeppuTopuu Poccuu, Kyma BOCTOUHAS KalllTaHOBAd
opexoTBOpKa MpoHuka B 2016 1. (k 2018 1. oHa yxe
cTajla 3aMEeTHBIM BpeLUTeeM KalllTaHa ITOCEBHOTO
B parioHe Bousbioro Coum).

BBIBOZ, 0 BO3MOXXHOCTH UCIIOJIb30BAHUS TOPUMY-
ca B kauecTBe AB3 ITO3BOJISET ITEPEUTHU K CIIELYIOIIEMY
mary: GopMyJaInpoOBaHWI0 NPUYKUHBI OpoBeAeHUd ADP.

O1eHKa 9KOJIOTUUECKOT'0 PUCKA IIPOBOLUTCA B CBSA-
31 C HeOGXOIMMOCTbhIO OTIpeZesIeHUs] BO3MOXXHOCTHU
UHTPOLYKIIMU TOPUMYyca B jieca UepHOMOPCKOTO Tobe-
pexbs KpacHOmapCcKoro kpas i COKpalleHud yilep-
6a, KOTOPBIY HAHOCUT KaIITAHOBBIM JIECAM BOCTOYHAS
KalllTaHOBast OPEXOTBOPKA. BbI6OP TOprMYyca B KaUeCTBe
o6bekTa AP cBsI3aH MPEXE BCETO C TEM, UTO TOJIBKO
€r0 MHTPOXAYKIIVS B Gvrkaliniee BpeMs CMOXET TIpe-
KPaTUTh BPEINHYIO NedTeJIbHOCTh OPEXOTBOPKU U IIpe-
IOTBPATUT yXyllIeHe COCTOSTHUS KaIlITaHOB.

TakuM 06pasom, mpoBeneHue ASP Topumyca 06b-
SICHIETCS TeM, UTO OH SBJISIETCS BAXKHBIM KaHAUIATOM
IJIST UHTPOAYKIIUY KaK BO3MOXXHBIU 3 (eKTUBHBIN
AB3, cTIoCOGHBIN CYIIECTBEHHO YJIYYIIUTh COCTOSTHYUE
KallTaHa IIOCEBHOTO B apeajie MUHBA3UW BOCTOYHOMU
KallTaHOBOU OPEXOTBOPKU.

[Ipu BeimoiHeHVY AP Ba)KHO 3HATD, ObLI JIX Pa-
Hee MPOBeJIeH TaKOM aHANNU3 U KaKOBBI €T0 PE3YJIbTa-
Thl. He UCKJII0UEHO, YTO Pe3yJIbTaThl TAKOTO aHAJIN3A,
€CJIV OH GbLJI BBITIOJIHEH PaHee CIelUalucTaMu, Io-
3BOJIST 60Jiee TOYHO IIPOBECTY Halll aHaIM3. HackoJib-
KO HaM M3BeCTHO, TaKol aHaju3 paHee B Poccuu He
OBLI OCYIIECTBJIEH, a UMEIOIIMECS B Psjie CTpaH EBpo-
1Bl aHAJIM3bI TIPOJAEMOHCTPUPOBAJIY HU3KUIM YPOBEHD
OIIaCHOCTHU OT BCEJIEHUS TOpUMyca.

Peanu30BaHHBIN MIpeIBapUTENbHBIN 3Tan ASP
TOpUMYycCa [IOKa3bIBAET, UTO LIeJIM €ro UHTPOAYKIINU
BIIOJIHE JOCTU)KUMBI U YPOBEHb OIIACHOCTU OT HETO
HEBEJIMK. ITO IT03BOJISIET ITEPEUTH K CIENYIONEMY 3Ta-
IIy— KaTeropusalliy TOPUMYCa, TO €CTh OLleHKe TOro,
SBJISIETCS JIU NAHHBIY BUJ, UeTKOU TaKCOHOMUYECKOMU
eIVHUIEH, KaKYI0 4acTh (QOPMUPYIONIETOCS BTOPUY-
HOTO apeajia OPeXOTBOPKY OH MOXET 3aHATh U Ha-
CKOJIBKO BeJINKO OyZeT ero BO3[elicTBYIE Ha 11eJIeBOTO
BpeLuUTEN .

Ba)kHO MOAYEPKHYTH, UTO T. Sinensis ABJISIETCA YeT-
KO TAaKCOHOMMWYECKOY eIMHULIEN, BUM, TPUHAIJIEKUT
K oTpsany Hymenoptera, HagcemeiicTBy Chalcidoidea,
cemericTBy Torymidae, pomy Torymus.

BTOpBIM 11arom Ha 3TOM 3Talle SBJSETC Olpele-
JIeHVe 30HBbI PUCKA, TO €CTh TOU TEPPUTOPUU, HA KO-
TOPYIO MOTYT O6BITH PACTIPOCTPAHEHBI Pe3yabTaThl AJP.
B HameMm ciiydyae 30HOMU, Ha KOTOPYIO OYAYT pacrpo-
CTpaHEeHBbl Pe3yJIbTaThl aHAJIN3a, ABJISETCA Ta 4acThb
Tepputopun Poccutickoit demepaliinu, rae mpouspac-
TaeT KalllTaH ITIOCEBHOMU. ITa TEPPUTOPYS OTPAaHNUMBA-
eTcd 1oroM KpacHozmapcKoro Kpasi 1 4aCcTbi0 TEPPUTO-
puu Pecniy6uky AZbITes — TEMU TEPPUTOPUSIMU, TTe
KalllTaH TOCEBHOU eCTeCTBEHHO IIPOU3PACTaET B IIPU-
POAHBIX JIECHBIX COOBIIECTBAX.

CrenymoImuM MaroM Ha 3TOM 3Talle ABJISIeTCd
MaKCHMaJILHO TOYHOE OIIMCaHue BEPOATHOT'0 PACIIPO-
CTPaHeHUs TOPUMYyca B 30He OLIeHKM PUCKA, TO eCTh
B apealie KalllTaHa ITI0CeBHOTO Ha KaBkase.

KamiTaH moceBHOU eCTeCTBEHHO IIPOU3pacTaeT
Ha TeppUTOpum POCCHUU TOJIBKO B HEKOTOPBIX PalioHaX

This result makes the torymus a possible bio-
logical control agent for the sweet chestnut in Russia,
where the oriental chestnut gall wasp introduction oc-
curred in 2016 (by 2018 it had already become an im-
portant pest of sweet chestnut in the Greater Sochi
area).

The conclusion of the possibility of using the tory-
mus as BCA allows us to proceed to the next step: for-
mulating the reason for conducting ERA.

The environmental risk assessment is conduct-
ed in connection with the need to determine the possi-
bility of the introduction of torymus into the forests of
the Black Sea coast of Krasnodar Region in order to re-
duce the damage caused to chestnut forests by the ori-
ental chestnut gall wasp. The choice of the torymus as
an ERA object is primarily due to the fact that only its
introduction in the near future will be able to stop the
harmful activity of the gall wasp and prevent the dete-
rioration of chestnuts.

Thus, the implementation of ERA of torymus is ex-
plained by the fact that it is an important candidate for
introduction as a possible effective BCA, which can sig-
nificantly improve the condition of the sweet chestnut
in the invasion range of the oriental chestnut gall wasp.

When performing ERA, it is important to know
if such analysis has previously been carried out and
what its results are. It is possible that the results of such
analysis, if it has been carried out earlier by specialists,
will allow us to carry out our analysis more accurate-
ly. As far as we know, such analysis has not been car-
ried out earlier in Russia, and the analyses available in
anumber of European countries have shown a low level
of danger from the torymus introduction.

The implemented preliminary stage of the ERA
of torymus shows that the goals of its introduction are
quite achievable and the level of risk is low. This allows
us to move on to the next stage — categorization of the
torymus, i. e. to assess whether the species is a clear
taxonomic unit, what part of the emerging secondary
range of the gall wasp it may occupy, and how large its
impact on the target pest will be.

It is important to emphasize that T. sinensis is a
clear taxonomic unit, the species belongs to the Hy-
menoptera order, Chalcidoidea superfamily, Torymi-
dae family, Torymus genus.

The second step at this stage is to determine the
risk area, i. e. the area for which the results of ERA are
relevant. In our case, such area is the part of the Rus-
sian Federation, where sweet chestnut grows. This area
is limited to the south of the Krasnodar Region and part
of the territory of the Republic of Adygea — those areas
where sweet chestnut naturally grows in natural forest
communities.

The next step at this stage is to describe as ac-
curately as possible the probable distribution of tory-
mus in the area of risk assessment, i. e. in the habitat
of sweet chestnut in the Caucasus.

Sweet chestnut naturally grows on the territory of
Russia only in some areas of Krasnodar Region (from
the state border with Abkhazia in the south to Tuapse
in the north of the Black Sea coast), as well as in a small
part of the south of the Republic of Adygea.
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Puc. 3. PasHble Tunbl

Fig. 3. Different types
rannoB Ha nucTbaAX KawTaHa  of galls on chestnut leaves

(choTo HO.WU. THUHEHKO) (photo by Yu.I. Gninenko)

KpacHogapckoro kpas (0T rocylapCTBEHHOM IrPaHUIIbI
c Abxasuel Ha 1ore 1o Tyarice Ha ceBepe UepHOMOP-
CKOTO0 IT06epeXxbs), a Tak)Ke Ha HeGOIbIION YacTH 0Ta
TeppuTopuu Pecrrybimku AJbITesd.

KamiTan moceBHOM He MCIIOJIb3YeTCs B KaueCcTBe
03€eJIEHUTEJIbHOT'0 PACTEHUS U He KyJIbTUBUPYETCS 3a
npelejiaMUu CBOETO ECTECTBEHHOTO apeasa, Io3TOMY
HeT OCHOBAHMU PacIIVPITh 30HY OLIEHKY 3KOJIOTHYe-
CKOT'0 pPHCKa TOpUMyca.

TakuM 06pa3oM, Ha JaHHOM 3Talle aHaJI13a ycTa-
HOBJIEHO, UYTO TEPPUTOPHEN, HA KOTOPYIO PacIpocTpa-
HseTcsa ASP, IBJISIOTCS I0)KHBIE palioHbl KpacHomap-
CKOro Kpas u Pecniy6uKku AfipITes, Tle eCTECTBEHHO
MIpor3pacTaeT KallTaH ITOCEeBHON.

CnepyromuM sTarioM ASP gBigeTcd OLleHKa ero
BEPOSITHOTO BO3JIeMCTBUSA Ha JieCHBbIe coobImecTBa
U Ha KallITaH IT0CeBHOM. [TepBhIM IIaroM Ha 3TOM 3Ta-
e gBJysieTcd GOPMYJIUPOBKA IIeJIV UCIIOJb30BAHUSI
TOpUMYCAa.

LlesieBOIl X039UH TOPUMYCa — BOCTOUHAs KalllTa-
HOBas OpPeX0TBOpPKa — ABJSETCS WHBAa3UBHBIM Opra-
HU3MOM, BIIEPBBIE BBISIBJIEHHBIM HA TEPPUTOPUY 30HBI
ASP B 2016 1. 3a 5TO BpeMs OPeXOTBOPKa cTaJia oIac-
HBIM BpeAuTeeM KallTaHa, U ee MacCOBOE Pa3MHOXe-
HUe y)Xe TIPUBEJIO K TOMY, UTO, 10 COOBIIEHUIO0 TTUeJI0-
BOZIOB, c60p KALITaHOBOTO MeZla B palioHe BceleHUs
opexoTBopku cHusmiica B 2019 r. 6ojiee ueM B 3 pasa,
110 CPAaBHEHUIO C IEPUOAOM [0 €€ NHBA3UU. [ToaTOMY
IJIaHUPYyeTCd BBO3 TOPUMYCa U er0 BBIIIYCK B MeCTax
WHBAa3MM OPEXOTBOPKU C I1eJIbI0 IPeIOTBPallleHUS Ha-
HeceHUd elo yiepoa.

BakHO Tak)ke OLIEHUTh BEPOSITHOCTD aKKJINMATH -
3aII¥ TOPUMYCA B HOBBIX JIJIsI HETO MECTaxX OGUTaHUS.
PopuHol ToprMyca saBJsieTcs BocTouHas A3us, Tlie OH
YCIIELIHO PETYJIUPYET YKUCIIEHHOCTb OPEXOTBOPKU Ha
KUTalCKOM KalllTaHe. B HacTosIIee BpeMs OH 3aBe3eH

Sweet chestnut is not used as a plant for greenery
and is not cultivated outside its natural range, so there
is no reason to expand the area of environmental risk
assessment of torymus.

Thus, at this stage of the analysis, it has been es-
tablished that the territory covered by the ERA is the
southern areas of the Krasnodar Region and the Repub-
lic of Adygea, where sweet chestnut naturally grows.

The next stage of the ERA is to assess its probable
impact on forest communities and on sweet chestnut.
The first step in this stage is to formulate the purpose
of the use of torymus.

The targeted host of torymus, the oriental chest-
nut gall wasp, is an invasive organism first identified
in the ERA area in 2016. During this time, the gall wasp
has become a harmful pest of chestnuts, and its mass
reproduction has already led to the fact that, according
to beekeepers, the gathering of chestnut honey in the
invasion area of the gall wasp decreased by more than
3 timesin 2019 compared to the period before its inva-
sion. Therefore, it is planned to introduce torymus and
release it at the invasion places of gall wasp in order to
prevent its damage.

It is also important to assess the probability of to-
rymus establishment in new habitats. The natural ha-
bitat of torymus is East Asia, where it successfully re-
gulates the number of gall wasp on Chinese chestnut.
Currently, it is introduced to European countries such
as Italy, Greece, Slovenia, Hungary, etc., as well as to
Turkey. Thus, the secondary (invasive) area of torymus
is now no less extensive than its primary natural area
in East Asia.

There are no obstacles for torymus to successful-
ly establish on the Black Sea coast of Krasnodar Region
and in the Republic of Adygea in the places of grow-
ing of sweet chestnut. In all places where this chestnut
grows, the oriental chestnut gall wasp, the sole host of
this entomophage, has been successfully acclimatized.
Therefore, it can be assumed with high confidence that
torymus will establish in the range of its target host.

It is impossible to introduce torymus at once in
all the territory where the gall wasp is present so far,
therefore it is necessary to estimate probability of its
spreading in the host’s range.

After the first discovery of the oriental chestnut
gall wasp in 2016 on the territory of Russia, it has al-
ready in 3 years virtually expanded all places of growth
of sweet chestnut. Therefore, there are no obstacles for
the torymus to settle after its host in all those places
where sweet chestnut occurs. In other European coun-
tries where the torymus was introduced as an BCA, it
expanded all the areas where chestnut grows.

The risk of introduction of torymus is that it may
have an impact on other non-targeted insects, so the
next step of the analysis is_to assess the probability of
non-targeted impact of the agent in the risk assessment
area.

European authors studying torymus at the plac-
es of its introduction do not point to its ability to para-
sitize other insects. There are no other gall wasps on
chestnuts in the ERA area. However, together with the
sweet chestnut, there are several species of oaks on
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B TaKue eBPOIeNiCKUe CTPaHbl, Kak Utanus, I'perus,
CioBeHnusd, BeHrpuga u ap., a Taxoke B Typuut. Takum
06pa3oM, BTOPUYHBIN (MHBAa3WOHHBIM) apea TOpUMY-
ca B HACTOsIIee BpeMs He MeHee OOIIUpPEeH, UeM ero
TIEPBUYHBIN, TIPUPOIHBIN apeaj B BOCTOUHON A3UN.

HeT HUKAKUX NPENSITCTBUM AJIS TOTO, YTOOBI
TOPUMYC CMOT YCIIEIIHO aKKJIMMaTU3UPOBAThCS Ha
YepHoMoOpcKoM mobepexbe KpacHomapckoro kpas
u B Pecry6auke AfpITess B MeCTaX IIPOU3PaACTaHUS
KalITaHa ITOCeBHOr0. Bo Bcex MecTax Ipou3pacTaHUs
9TOr0 KalllTaHa yCIeIHO aKKJINMaTU31MpoBajach BoC-
TOYHAs KalITaHOBasi OPEXOTBOPKA — €IUHCTBEHHBIH
X0359UH 3TOT0 3HTOMOMdara. CjieoBaTeIbHO, MOXXHO
C BBICOKOI1 CTEIIeHbI0 YBEPEHHOCTH I0JIaraTh, YTO TO-
pUMyC yCIIEeIIHO aKKJIMMaTU3UPYETCS B apeajie CBOeTo
1IeJIEBOTO X0351HA.

BcenuTh TOpuUMyca cpasy Ha BCI TEPPUTOPUIO,
TZe K HaCTOosIIeMy BpeMeHY 060CHOBaIaCh OPeXOTBOP-
Ka, HEBO3MOXXHO, IT03TOMY HEO6XOIMIMO OLIEHUTh BEPO-
SITHOCTB €T0 PAclIPOCTPaHEHN B apealjie X0351Ha.

[Tociie iepBoro o6HapykeHus B 2016 I. BOCTOU-
HOM KalITaHOBOM OPEXOTBOPKU Ha TeppuTopuu Poc-
cuU, OHA y)Xe yepes 3 roja ocBomsa haKTUUYECKU BCe
MecTa ITpou3pacTaHus KallTaHa IT0ceBHOTro. [ToaToMy
HET MPEensaTCTBUN U IJi TOPUMYCa BCJIeH, 32 CBOUM
X03IMHOM PacCeUThCS BO BCEX TEX MECTOIIPOU3pac-
TaHUSX, B KOTOPbIX BCTPEYAETCS KAIITaH TOCEBHOM.
B mpyrux eBpoIeNCKUX CTpaHaXx, Kya TOPUMYC 6bLI
UHTpPOAYLIMPOBaH B KauecTBe AB3, OH ocBauBaJ BCe
MecTa IIpou3pacTaHus KallTaHa.

OmacHOCTh MHTPOAYKIIUU TOPUMYCA COCTOUT
B TOM, YTO OH MOXKET 0Ka3aTh HelleJIeBOe BO3/elicTBuE
Ha IPYTUX HAaCeKOMBIX, I09TOMY CJIeAYIOMIUM LIaroM
aHaIM3a IBJISETCS OIleHKA BEPOATHOCTH HEIleJIeBOTr0
BO3JIeICTBYS areHTa B 30He OLIEHKU PUCKA.

EBporeiickrie aBTOPHI, 3aHUMAIOILIUECST U3YUeHN-
€M TOpUMYyCa B MeCTaxX ero UHTPOJAYKIIUY, He YKa3bl-
BAIOT Ha €T0 CII0COOHOCTD Tapa3uTUPOBATh HA A PYTUX
HaceKOMBIX. B 30He ADP Ha KamTaHe OTCYTCTBYIOT
IpyTue opeXxoTBOPKU. OJHAKO COBMECTHO C KallTa-
HOM II0CEBHBIM ITPOM3PACTAET HECKOJIBKO BUMIOB Iy-
60B, Ha KOTOPBIX MMEeTCsI HECKOJIbKO BUJIOB OPEXOT-
BOPOK. B 4acTHOCTH, BCTPEYATCS TaKue BUIbI, KaK
s16JIOKOBUTHAS, HYMU3MaTHUUeCcKas U psji IpyTrux. Bee
OHMU SABJISIOTCS HE3HAUUTEJbHBIMY BPEIUTENSIMU Y-
60B, 3aMeTHOT'0 Bpe/la He MPUYNHSIOT. IMEHHO C 3TUX
OPEXOTBOPOK Ha BOCTOUHYIO KAllITAHOBYI0 OPEXOTBOP-
Ky TIePeX0IUT HEeCKOJIbKO BUJIOB ITapa3uTOUIOB, KOTO-
pble, OTHAKO, HE MOTYT PETYJIUPOBATh YUCJIEHHOCTD €€
ocobeii.

TeopeTrUecKu TOPUMYC, B CJTydae ero MHTPOIYK-
1MUY, MOXKET PACCMaTPUBATHCS KaK BO3MOXKHBIN KOH-
KYPEHT MECTHBIX [1apa3UTONJIOB B OCBOEHUN MECTHBIX
’Ke BUI0B OPEXOTBOPOK. OTHAKO CBEZEHUM O TTI000HOM
KOHKYPEHIIMU U3 EBPOTIENCKUX CTPaH HeT. Takke HeT
JIAaHHBIX O TOM, YTO TOPUMYC MOXKET IIEPEHOCUTH HEKIE
TIaTOTeHbl, OITacHbIe JJIs MECTHBIX 9HTOMO(AroB.

VIMelTCs CBEIEHUS 0 TOM, UTO T. Sinensis MoxeT
JlaBaTh ILIOAOBUTbHIE TUOPU/IBI C aGOPUTEHHBIMY IIPE] -
craBureadamu pona Torymus. OLHAKO POJIb MECTHBIX
MIpeCTaBUTENIEN STOTO POJA B XKU3HU JIECHBIX CO006-
IeCTB KpaiiHe HeBeJUKa. BMecTe ¢ TeM JaHHBIN BO-
Ipoc HyXJaeTcd B 6oJsiee ramybokoM nsyueHuu. 0630p
eBpomencKux BUmoB poxpa Torymus [7] mokasa, 4To
B EBporie o6uTtaet mopsaka 200 BUI0OB 3TOTO Pojia, TI0-
9TOMY He UCKJIIQUEHO, UTO C HEKOTOPBIMU U3 HUX MO-
JKeT OBITH [TOJIyYEHO TIJIOIOBUTOE TIOTOMCTBO.

Puc. 4. NInunHku n ceexxaa  Fig. 4. Larvae and a new

KYKOJIKa OPEXOTBOPKM pupa of chestnut wasp
BHYTpM ranna inside a gall
(choTo HO.WU. THUHEHKO) (photo by Yu.I. Gninenko)

which there are several species of gall wasps. In par-
ticular, there are such species as oak cherry-gall wasp,
silk button gall wasp and others. All of them are minor
pests of oaks, do not cause noticeable damage. These
are the gall wasps from which several species of para-
sitoids move to the oriental chestnut gall wasp. And
these parasitoids can not regulate the number of spe-
cies of the oriental chestnut gall wasps.

Theoretically, torymus, in case of its introduc-
tion, can be considered as a possible competitor of lo-
cal parasitoids in the development of local species of
gall wasps. However, there is no information about such
competition from European countries. There is also no
evidence that torymus may carry certain pathogens
that are dangerous for local entomophages.

There is evidence that T. sinensis may provide fer-
tile hybrids with aboriginal species of the genus To-
rymus. However, the role of local species of this genus
in forest communities is extremely small. Meanwhile,
the issue needs to be studied deeper. The review of the
European species of the genus Torymus [7] showed that
there are about 200 species of this genus in Europe, so
it is not excluded that some of them can produce fer-
tile offspring.

Thus, the ecological risks of the introduction of
torymus are minimal and consist only in the fact that
at present time on the territory of Russia the ability of
T. sinensis to give fruitful offspring with local species of
this genus remains unexplored.

duTtocaHutapus. KapaHTtuH pactenuin 48

AHANMUTUKA  ANALYTICS

TakuM 06pa3oM, IKOJIOTUYECKUE PUCKU UHTPO-
OYKIIUY TOPUMYyCa MUHMMAJbHBI U 3aKJYATCS
TOJIBKO B TOM, UTO B HAaCTOSIlee BpeMS Ha TEPPUTOPUU
Poccuu ocTaeTcs HeM3yuYeHHON CIIOCOOHOCTS T. Sinensis
JlaBaTh IJIOJJOBUTOE IIOTOMCTBO C MECTHBIMHU IIPELICTa-
BUTEJIIMU STOT'0 POJa.

[TpoBefeHHBIN DKCIPECC-aHaJNN3 OJHO3HAYHO
IIOKa3bIBAET, UTO PUCK OT UHTPOAYKIIUU TOpUMyca
B Jieca YepHOMOpPCKOTO Imobepexbst KaBkaza MUHUMaA-
JeH. EcTb ellle ofHA IPUYKUHA TOTO, YTO UHTPOLYKIIUSI
yKasaHHOro sHToMOdara Kak HeKoe IleJleHallpaBJeH-
HOe JIeliCTBYE He HeceT KaKuX-JI160 HeOXKUTaHHbIX T10-
CJIeCTBUHN. ITA IPUYKUHA B TOM, UTO B TypIIUM aKTUBHO
HCIIOJIB3YIOT TOPUMYCA JIJISI 3alUThI KalllTaHa, ¥ PaHO
WUJIY TI03/IHO OH B JIt06OM cJlyuae CaMOCTOSITEIbHO T10-
SIBUTCS Ha Halllel TeppuTopuu. Ho Takoe ero rossiie-
HYE MOKET IIPOU30UTU O3 HO, TO €CTh TOTZA, KOTJa
MBI yTPATUM 6OJIBIITYI0 UaCTh KalllTaHa IOCEBHOT0.

3aKII0YNTEIbHON YacThio ADP IBJIsIeTCS IIPUHSI-
TYe PelleHUs O BO3MOXXHOCTU UHTPOLYKIUN.

CorJiacHO Ipollenype NPpUHATUS PellleHUs repes,
CcaMUM pelleHueM clielyeT OTBETUTh IIPeLBAPUTEIBHO
Ha 2 BoIIpoca:

- BeposaTHO Jiu, 4TO AB3 OKaXXeT IOJIOKUTEIbHOE
BO3/IeMICTBYME HA OKPYKAIIIYI0 CPELYy B 30HE OIeHKU
pUCKa ITyTEM COKPAIeHN 11eJIEBbIX TTOTYASIINN Bpe-
IUTENs W/UIKu TIPeIoTBPallleHus/coKpalneHus obpa-
6O0TKU/TIPOLIEAYP 3aIIUTHI DPACTEHUN?

- MOXXET JU TTOJIOXKUTENbHOE BO3/lelicTBYE areH-
Ta Ha OKPY’KAKILYI0 CPely B 30He OLleHKU pPUCKa 3Ha-
YUTEJIbHO IIPEBBIIIATh HETAaTUBHOE BO3/IECTBUE HA
OKPY’KalllLyl cpeny?

Ha mepBbIil BOIIPOC OTBET TaKOU: TOPUMYC, KaK
AB3 0T BOCTOYHOI KaIlITaHOBO OPEXOTBOPKY, HECO-
MHEHHO OKa’KeT IO0JI0KUTEJIbHOE BO3/JIeiicTBUE Ha
OKPYXKAILIYI0 CPely, TaK KaK ero LedTeJIbHOCTb IPU-
BeJleT K CyIIeCTBEHHOMY COKPAIleHUI0 YMCIEHHOCTHI
ocobell BpequTesis, UTO MPEeJOTBPATUT OciabjieHue
KallTaHa U II03BOJIUT HEe TOJIbKO COXPAaHUTH €ro, HO
¥ BO306GHOBUTH ITOJTyYeHYE KAIITAHOBOTO MeJia.

Ha BTOpOI 13 IOCTaBJEHHBIX BOIIPOCOB BO3-
MOXXHO OTBETUTBD, UTO [IOJIOKUTEJbHAYI CTOPOHA Jled-
TeabHOCTU AB3 B 30He ASP 3HAaYUTEJIbHO NPEBBICUT
BO3MO>KHOE ero oTpuuaTesjbHOe BJIUAHUE Ha OKDY-
JKAIOLLYI0 CPesy.

OTBeTHl Ha 06a MOCTAaBJIEHHBIX BOIIPOCA O HO-
3HAYHO CBUJETEJIbCTBYIOT B [I0JIb3y UHTPOAYKIIUU
TopuMyca. Ob6a oTBeTa He TPeOYIOT YTOUHEHNH, U UX
OIHO3HAYHOE CBUJIETEIbCTBO B [10JIb3Y UHTPOAYKIINNI
3TOT0 AB3 MO3BOJIIET OTKA3aThCA OT IIOJIHOM OIIeHKU
U IPUHATH CJleyIollee pelleHre:

TOpUMYyC, Kak AB3 OT BOCTOUYHOM KalITaHOBOU
OPEXOTBOPKMU, BPSAJ, JIN NIPELICTABIIET PUCK [1JI5 30HBI
OIIeHKU PUCKA, UJIU PUCK, BEPOSITHO, OyAeT KOMIIEHCU-
POBaH MOJIOKUTEIBHBIM BO3JEMCTBHEM Ha OKPYXKAr0-
LIyI0 Cpefly OT UHTPOAYKIMY areHTa. OljeHKa MOXeT
OBITH OCTAHOBJIEHA, 4 3aBO3 U BBIIIYCKU MOTYT OBITH
PEKOMEeHI0BaHHI.

[TpoBeneHHBIN ADP T03BOJIIET CUNTATD, YTO:

- BEPOSITHOCTD YCIIEITHOM aKKJINMaTU3alUuU TO-
puMyca B MeCTax MHBA3UU BOCTOUYHON KaUITAHOBOU
OPEXOTBOPKMU B 30HE IPOM3PACTaHUS KalllTaHa [I0CEB-
HOT'0 BECbMa BEJIUKQ;

- €CThb OCHOBAHUA CUUTATh, YTO BEPOSATHOCTH
pacnpocTpaHeHUs areHTa B 30He OLIEHKU PHUCKa
TaK’)Xe BeCbMa BeJIMKa, [I03TOMY BBIIIYCK TOPUMYyCa
B HECKOJIbKUX ITYHKTaX YepHOMOPCKOT0 Mo6Gepexbs

The express assessment clearly shows that the
risk from the introduction of torymus into the forests of
the Black Sea coast of the Caucasus is minimal. There
is one more reason why the introduction of this ento-
mophage as some kind of goal-oriented action does not
have any unexpected consequences. This reason is that
in Turkey torymus is actively used to protect chestnut,
and sooner or later it will appear on our territory on its
own in any case. However, it can happen too late, i. e.
when we lose most of the sweet chestnut.

The final part of the ERA is to make a decision
about the possibility of introduction.

According to the decision-making procedure,
2 questions should be answered before the decision
itself:

- Is BCA likely to have a positive impact on the
environment in the risk assessment area by reducing
target populations of pest and/or preventing/reducing
treatments/plant protection procedures?

- Can a positive impact of the agent on the environ-
ment in the risk assessment area be significantly great-
er than the negative impact on environment?

The answer to the first question is as follows: to-
rymus like BCA of the oriental chestnut gall wasp will
undoubtedly have a positive impact on the environ-
ment, as its activity will lead to a significant reduction
in the number of pest, which will prevent the weaken-
ing of the chestnut and allow not only to preserve it, but
also to resume getting of chestnut honey.

The second question can be answered that the
positive side of BCA activity in the ERA area will sig-
nificantly exceed its possible negative impact on the
environment.

The answers to both questions clearly indicate in
favor of the introduction of the torymus. Both answers
do not require any clarification and their firm evidence
in favor of the introduction of BCA makes it possible to
abandon the full assessment and make the following
decision:

The torymus, as BCA of the oriental chestnut gall
wasp, is unlikely to pose a risk to the risk assessment
area, or the risk is likely to be offset by the positive im-
pact on the environment from the introduction of the
agent. The assessment may be halted and introduction
and release may be recommended.

Conducted ERA allows us to believe that:

- the probability of successful acclimatization of
torymus in places of the oriental chestnut gall wasp
invasion in the zone of sweet chestnut growth is very
high;

- there are reasons to believe that the probabili-
ty of the agent spread in the risk assessment area is
also very high, so the release of the torymus in several
points of the Black Sea coast of Krasnodar Region will
certainly lead to the fact that BCA will expand the ter-
ritories where the sweet chestnut grows and which the
oriental chestnut gall wasp has invaded.

Therefore, the introduction of torymus into the
places of invasion of the oriental chestnut gall wasp
will prevent the deterioration of the sweet chestnut, re-
store the level of collection of chestnut honey and mar-
rons (nuts), which will have a positive impact not only
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KpacHopmapckoro kpas 06513aTeJIbHO IIPUBEJET K TOMY,
4yTOo AB3 O0CBOUT BCe TeppuUTOpPUMU, rae rnpouspacra-
€T KalllTaH TOCEBHOU U KyZAa MPOHUKJIA BOCTOUHASI
KalllTaHOBas OPEXOTBOPKA.

CrnemoBaTebHO, MHTPOAYKIIWS TOPUMYCa B Me-
CTa WHBA3WM BOCTOUHOM KalITAHOBOM OPEXOTBOPKU
MTO3BOJIUT MPENOTBPATUTD YXYZAIIEHUE COCTOSHUS
KalrTaHa ITOCEBHOTO, BOCCTAHOBUTDb YPOBEHb c6opa
KalITaHOBOTO MeZia M MOPPOHOB (OPEIIKOB), YTO GyZeT
VMETh ITOJIOKUTEJIbHOE BINAHNIE HE TOJBKO C DKOJIO-
TUYECKOU CTOPOHBI, HO U B COIMAJIbHOM TIaHe. Takxe
3aB03 T. sinensis COKPATUT JI0 X035MCTBEHHO HeCyIlle-
CTBEHHOTO YPOBHS y1iep6 OT MHBaljepa ¥ B KOHEYHOM
pesysbTaTe IMO3BOJIMT HaYyaTh BOCCTAHOBJIEHNE KAIlITa-
HOBBIX IpeBOCTOeB Ha KaBkase.

B 3akjguYeHNE MOXHO KOHCTAaTUPOBATh, UTO
IpenJioKeHHas cxeMa IIPUHATHS PelleHrs 10 CTaH-
napty EOK3P PM 6/4 BriosiHe ipuemjieMa JJisl OlleHKU
5KOJIOTUYECKUX PUCKOB, CBI3aHHBIX C MHTPOLYKI[UEN
areHTOB OMOJOTUYECKOM 3aIUThI.

3AKJIIIOYEHUE

[TpoBemeHHBIN aHAJIU3 3KOJOTUUYECKOTO PUCKA WH-
Tponykuuu T. sinensis B jieca C ydyacTueM KallTaHA
TTIOCEBHOTO, B KOTOPBIX MTPOU3O0IILIO0 BCeJIEHNE HOBOTO
oracHoro ¢purogara — BOCTOUYHON KalITAaHOBOU Ope-
XOTBOPKH, TTOKA3aJI, YTO:

- UHTPOAYKITUS TOPUMYyCa He HEeCET CKOJIbKO-HU-
OyIb CylIeCTBEHHOM 9KOJIOrMYECKOM YTPO3bI;

- 6€3 UCII0JIb30BAHUS TOPUMYCA B KaUeCTBe areH-
Ta 6MOJIOTUYECKOM 3alUThl HEBO3MOXKHO 00ECTIEUUTh
He TOJBKO COXPaHeHVe YPOBHS IMOJYUYEeHUS Mena
¥ yPOXKasi OPEIIKOB KalllTaHa, HO ¥ COXPaHeHe KalllTa-
Ha MOCEBHOTO KaK Ba)KHOU JIeco06pasyomeil mopoIbl
B Jlecax PeruoHa.
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in terms of the environment, but also in social term.
Also, the introduction of T. sinensis will reduce the da-
mage from the invader to an economically insignificant
level and will eventually allow the restoration of chest-
nut forest stands in the Caucasus to begin.

In conclusion, it can be stated that the proposed
decision making scheme according to the EPPO Stan-
dard PM 6/4 is quite acceptable for the assessment of
environmental risks associated with the introduction
of biological control agents.

CONCLUSION

Conducted environmental risk assessment of introduc-
tion of T. sinensis into the forests where the sweet chest-
nut is present, and where the introduction of a new
dangerous phytophage pest, the oriental chestnut gall
wasp, occurred, showed that:

- The introduction of torymus does not pose any
significant environmental threat;

- without the use of torymus as a biological con-
trol agent, it is impossible to ensure not only the pre-
servation of the level of honey production and the har-
vest of chestnuts, but also the preservation of the sweet
chestnut as an important forest-forming species in the
forests of the region.
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AHHOTaIUA. B cmamue npedcmasieHvl pe3yibnamot
8100601 u pumocaHumapHoli pesusuu NosuIUK ITeH3eHcKoll
obnacmu. Ycmano8eH0 Npouspacmanue Ha meppumopu
peauona 3 6udos poda Cuscuta. M3 HUX MONbKO NOBUNUKA NO-
J1e6a5 — A0BEHMUBHDBLLL 8U0, NPUYPOUEHHBLL UCKIIIOYUMESLHO
K QHMPONO2EHHO USMEHEHHbIM CO00ULECTNBAM, 8 OMAUYUE
0M NOBUJIUK €8PONELICKOLl U XMeNeBUOHOL, Npouspacmaro-
WUxX 8 eCmecmeeHHbLX NOUMEHHbLX dumoyerosax. IIped-
CMaBJIeHbL UMORY U3V4eHUs 6JUsSHUSL npedcmagumenet
poda Smicronyx Ha NOBULUKU Pa3HbLx coobuiecms. IToxasa-
HQ HU3KGSL 3HAYUMOCb U3YUEHHbLX J0JI20HOCUK08 KaK 603-
MONHCHBLX OUOL02UUECKUX A2EHINO08 KOHMPOJLSL NOBUUK.

KiroueBsle cjI0Ba. [[068UNUKU, ECTNECTNBEHHDLE U GH-
MPONOLEHHO USMEHEHHbLE COOOWECMBA, PERYAAYUSL YUCTEH-
Hocmu, 00J120HOCUKL.

BBEJEHUE

oBunuky (Cuscuta Spp.) — CIIOXK-
HBI B TAKCOHOMUYECKOM OT-
HOILIEHUX PO IIBETKOBHIX pac-
TeHUHN, 00beIUHAIOUINI OKOJIO
200 BUIOB T[IPEUMYILECTBEH-
HO OJIHOJIETHUX pacTeHuil [4, 6, 7, 9, 14, 17]. Bce 6e3
KUCKIIOUEHHNs IIPeACTaBUTEIN poma — O6JIuraTHbIe
TapasuThl BBICHINX PACTeHUU. Yiep6, HaHOCUMBIN
MOBUJIMKAMM B arporeH03aX, yrpo3a JaJibHEeNIIero
pacmpocTpaHeHus HapsAmy C TPYOHOCTIMU WUIEHTU-

UDC 632.531

Dodders of natural
and anthropogenically
modified coenoses

in Penza region

and their possible
biological control
agents

E.A. SUKHOLOZOVA, PhD in Biological
Sciences, Junior Researcher of the Penza branch
of FGBU “VNIIKR”, e-mail: e_kobozeva@mail.ru

E.A. SUKHOLOZOV, PhD in Biological Sciences,
State Inspector of the Rosselkhoznadzor Directorate
for the Republic of Mordovia and the Penza Region,
e-mail: e.sukholozov@mail.ru

A.V. SAPHONOV, Director of the Penza branch
of FGBU “VNIIKR”, e-mail: av.safonov@list.ru

Abstract. The article presents the results of dodder
species and phytosanitary review in the Penza Region. It
was determined that 3 species of the genus Cuscuta grow in
this region where American field dodder is the only adven-
tive species confined exclusively to anthropogenically modi-
fied coenoses, as opposed to greater dodder and hop dodder,
which grow in natural floodplain phytocoenoses. The article
describes what impact species of the genus Smicronyx have
on dodders of different coenoses. It also shows that studied
weevils have low importance as possible biological control
agents of dodders.
Keywords. Dodders of natural and anthropogenically
modified coenoses, population control, weevils.

INTRODUCTION

odders (Cuscuta spp.) are a taxonomically
complex genus of flowering plants cove-
ring about 200 species of primarily annual
plants[4,6,7,9,14,17]. Any and all repre-
sentatives of the genus are obligatory pa-
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VenoBHabIe 0003HaYEHUS

o - nenononyisuu Cuscuta campestris
o - nenononyasauuu Cuscuta europaea

@ - nenononynsauuu Cuscuta lupuliformis

Puc. 1. MecToHaxoxpaeHue nccnepgoBaHHbix  Fig. 1. Location of the studied dodder

LeHononynauuin nosunuk (2019 r.)

(ukanyy MOBMJIMK IO BUZA 10 ceMeHaM [6] crioco6-
CTBOBaJIM BKJIIUYEHMI) BCEr0o pojia B MepedeHb Ka-
PaHTUHHBIX 00beKTOB P®. OmHAKO CTENEHb BIUSIHUA
BUJIOB MOBUJUK Ha COOOIIECTBa pasHas, U MHOTUE
U3 HUX He SIBJISIOTCS IJiI KOHKPETHBIX TePPUTOPUN
VHBa3WOHHBIMU BUIAMU. B CBSA3U C 9TUM IIPEICTaB-
JISIeTCS TIePCIEKTYUBHBIM TIPOBEIeHEe PETUOHABHOMN
PeBU3NU BUIOBOI'0 COCTaBa MOBUJINK, C OJTHOM CTOPO-
HBI, ¥ OTIpe/ieJIeHNe UX ITPUHAIJIE)KHOCTH K OIaCHBIM
COPHBIM BHJIAM arpoIleHO30B MJU K aGOpUTEHHBIM
BUJIaM eCTECTBEHHBIX COODOIIECTB, C IPYTrol CTOPOHBI.
Takas BumoBas U (UTOCAHUTAPHAs PEBU3US ITOMO-
JKET, B CBOIO OUepellb, B KAXK/IOM KOHKPETHOM Cllyyae
MIPaBUJbHO TIOHO6PATh COOTBETCTBYIOUIME METOXbI
KOHTPOJIS YUCJI€HHOCTY TOBUJINK.

Ilo cux Iop rJIaBHBIMY CI0co6aMu 60PbObI C TOBU-
JUKaMU B arpolieH03aX OCTalTCS arpOTeXHUUECKUE,
npoduiaakTuyecKre U 0CO6eHHO XUMHUYECKEe MePo-
mpusaTus [8, 9, 10]. ShdheKTuBHbBIE ITPHUEMbI GUOJIOTH-
YyecKol 60pb0bl B Poccuu ocTaroTcs IToKa He paspabo-
TaHHBIMU. [103TOMY TOUCK GUOJIOTUYECKUX OOBEKTOB,

coenopopulations (2019)

rasites of higher plants. Dodders cause major damage
in agrocoenoses, can possibly distribute further, and
are difficult to identify to a species level by seeds [6].
This contributed to the fact that the whole genus was
included into the list of quarantine objects of the Rus-
sian Federation. However, the degree of dodder im-
pact on coenoses varies and many of them are not in-
vasive species for specific areas. In this regard, it is
seems promising to review the composition of dod-
der species in the region, on the one hand, and deter-
mine their identity to dangerous weed species of ag-
rocoenoses or to native species of natural coenoses,
on the other hand. Therefore, such species-specific
and phytosanitary review will help to choose the ap-
propriate dodder population control techniques in
each specific case.
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Taoauna 1

IToka3aTeJyu LeHOMOMYJIALMIL Cuscuta campestris U JOJIrOHOCUKOB poza Smicronyx
B Pa3HbIX THUIIaX MecToOOUTaHU B 2019 roay

® . E °\° E

8 !'; g E o E E E' E - Yucio pa3BUBIMINXCA CTaIMI

F B2 & e 4 2 EE = % £ Smicronyx, mTyku
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=5 55 5. SES gfgggx Ez g% 5 g g
S cu 2.0 © S o S S
Ef =5 £%8 S£8s SfeEoCE = 8 g z g

1 - 0,003 40 50 20 30 14 12 8
2 - 0,07 50 60 20 34 19 15 14
3 + 0,13 30 70 1 9 5 3 2
4 + 0,12 50 80 0 0 — - -
5 - 0,04 50 70 30 47 26 21 21

* Tum MmectoobuTaHus: 1 — 060YMHA aBTOAOPOTH, 2 — 060UKMHA [TOJIEBOM JOPOTH, 3 — OKparHa I0JIs MIIeHUITbI (MOJIOYHOM),
4 — OKpavHa IMOJIs MIIeHUIIBI (BOCKOBOH CIIEJIOCTH), 5 — OKPaMHA 3aJIeXKU.

CTIOCOOHBIX KOHTPOJUPOBATD YNCIEHHOCTD IIEHOIIOMY-
nanui Cuscuta B yCJIOBUSIX Pa3HBIX COODIIECTB, aKTya-
JieH. C TIOBMJIMKAMU TECHO CBSI3aHA KU3HENEATEb-
HOCTDb 8 13 10 3aperucTpupoBaHHbIX B Poccum [11]
BUJIOB MEJIKKX JoiroHocukos (Curculionidae) — mpes-
craBuTeNEN poma Smicronyx. 3to dutodaru, crocob-
HbIE K TaJIJI006pa30BaHMIO Ha MOBUJINKax [1, 2, 18]. Ux
POJTb B PETYIMPOBAHUY YUCIEHHOCTY II€HOTIOMYIISI TN
Cuscuta OlleHWBAeTCS M0-Pa3HOMY. JI0JITOHOCUKU 3TO-
T'0 pojla PacCMaTPUBAIOTCS M KaK BO3MOYKHBIE are€HThI
6uosiornyeckoit 60pwosI [15, 16, 18], 1, HA060POT, Kak
CUMOUOHTBI CBOMX KOPMOBBIX PACTEHUI, YBEJIUYNBAT0-
mue uxX QOTOCUHTETUYECKYI0 aKTUBHOCTS (!) U, ciemo-
BaTeJIbHO, MPUHOCIIIME UM oJab3y [1, 2, 3]. B cBI31
C 3TUM uU3y4YeHUe GUOJIOTUU POfia Smicronyx, mpuypo-
YEHHOCTY €T0 PeACTaBUTENIEHN K KOHKPETHBIM BUIAM

Table 1

So far, the main dodder control techniques in agro-
coenoses are of agrotechnical, preventive and especial-
ly chemical nature [8, 9, 10]. Effective biological con-
trol techniques have not yet been developed in Russia.
Therefore, it is relevant to search for biological objects
capable of controlling Cuscuta coenopopulations in dif-
ferent coenoses. The life activity of 8 out of 10 species of
small weevils (Curculionidae), which represent the ge-
nus Smicronyx and are registered in Russia [11], is close-
ly associated with dodders. These are phytophages ca-
pable of forming galls in dodders [1, 2, 18]. Their role in
controlling Cuscuta coenopopulations is estimated dif-
ferently. Weevils of this genus are considered both as
possible biological control agents [15, 16, 18], and, on
the contrary, as symbiotes of their forage plants, increas-
ing their photosynthetic activity (!) and, consequently,

Indicators of coenopopulations of Cuscuta campestris and weevils
of the genus Smicronyx in different habitat types in 2019

- -
. ° S N T Number of developed stages
] E 2] 2 - = . .

g S g ° E o2 £ gh g k= o - of Smicronyx, specimens

- = . E EHS EEE8T 2o g8

< ~ ] o © S ®n= o ©n o - o © »n
= 3 g3 255 88%E B4 E34 & g 2
s = 25, ©:z% g§s52 2= 523 £ & E
= B O asg AOU Uwe.= 0 op Z O o = 2 a
1 - 0.003 40 50 20 30 14 12 8
2 - 0.07 50 60 20 34 19 15 14
3 + 0.13 30 70 1 9 5 3 2
4 + 0.12 50 80 0 0 - - -
5 - 0.04 50 70 30 47 26 21 21

* Habitat type: 1 — motor roadside, 2 — field roadside, 3 — wheat field edge (milky ripeness),

4 —wheat field edge (wax ripeness), 5 — fallow edge.
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Puc. 2. Moeunuka nonesas  Fig. 2. American field

dodder on the roadside
(photo by authors)

Ha obourHe aBTOOOPOIYU
(choTo aBTOPOB)

MIOBUMJIVK U CTEIIEHY BIUIHUSA UX KU3HEeLeATeIbHOCTH
Ha BUIbI pojia Cuscuta B yCIOBUSX aHTPOIIOTEHHO 13-
MEHEeHHBIX U eCTECTBEHHBIX COOOIIeCTB HeobXoau-
MO LIl OKOHYATEJbHOTO BhIBOZA O BO3SMOXXHOCTH UX
KCII0JIb30BAHUS IJIS PETYINPOBAHUS YHUCIEHHOCTH
IIOBUJIUK.

PAJIOH, MATEPHAJIBI U METO/Ibl
WCCJELOBAHUN

VicciemoBaHus MPOBOAUIIN C KOHIIA UIOHS 10 Cepesu-
Hy aBTycTa B 2018 11 2019 rr. B [IleH3€HCKO! 06J1aCTHU.
O6GBbeKTHI UCCIIeN0BaHUM — BUAbI Cuscuta Spp., Ipou3-
pacraioliyie B aHTPOIIOTEHHO M3MeHEeHHBIX U ecTe-
CTBEHHBIX COOOLIECTBaX, U MPELCTABUTENU POJLA
Smicronyx, CBI3aHHbBIE CBOEH KUBHEESATEIbHOCTbIO
C HUMU.

Bo dmope [NeH3eHCKOH o6iacTu B pa3HOe Bpe-
M yKasblBaeTCcsa 6 BUIOB MOBUIUK [5, 12]: Cuscuta
approximata Bab., Cuscuta epilinum Weihe, C. lupuliformis
Krock., C. monogyna Vahl, C. europaea L., C. campestris
Yunck. B 2018-2019 rr. coTpynHuky [TeH3eHCKOTOo (hu-
nuana dIr'eY «BHUUMKP» coBMeCTHO cO crielialucTaMu
TEePPUTOPUAJIBHOTO yIIpaBiaeHUs Poccenbxo3Ha130pa
B paMKaX MOHUTOPUHTA KAPAaHTUHHOTO (pUTOCAHUTAP-
HOTO COCTOSTHUSI TEPPUTOPUU 06JIaCTU BBIIBUIU U 06-
cnenoBau 51 ouar Cuscuta campestris (IOBUIIUKY TI0JIE-
BOI) B 8 patioHax obsactu. B 2019 I. B paMKax IoroBopa
0 Hay4YHOM COTPYZLHUYEeCTBe Ha TeppuTopuu ®I'bY I'TI3
«ITPUBOJIKCKAs JIECOCTETh» (y4acTOK «OCTPOBI[OB-
CKas JIECOCTEeITb») OOHAPYXUIYN U U3YUUIU I[€HOTIO0-
nynanuu Cuscuta europaea (MOBUJIUKYU €BPOTIENCKON)
u C. lupuliformis (MOBUIVKY XMeJIEBUILHON) (puc. 1).

s cpaBHEHUS 1I€HOIOMYASAI NN TOBUJIUK HC-
T10JIb30BaJIU TPOEKTUBHOE MOKPBITHE BUAA B TIPOIIEH-
Tax, TaK KaK B IIPUPOJHBIX YCJIOBUAX He MPeCTaB-
JisieTCsl BOBMOXKHBIM YCTaHOBUTBH I'PAHUILBI 0co6H,
a 3HAUUT, U YCTAHOBUTH CUETHYIO0 eJUHUILY, He06X0-
IUMYIO JIJIS OTIPeZesIeHU S TIOTYISAIIMOHHON CTPYKTYPBI

Puc. 3. MoBunuka noneBaa  Fig. 3. American field dodder
Ha obounHe nonesoW on the field roadside
poporu (oto aBTOPOB) (photo by authors)

benefiting them [1, 2, 3]. In this regard, it is necessary to
study the biology of the genus Smicronyx, the confined-
ness of its representatives to specific dodder species,
and how strong they influence on species of the genus
Cuscuta under conditions of anthropogenically modified
and natural coenoses. This needs to be done to make the
final conclusion about whether it is possible to use them
for dodder population control.

REGION, RESEARCH MATERIALS
AND TECHNIQUES

The research was conducted from late June to mid-Au-
gust 2018 and 2019 in the Penza Region. The objects of
research are species of Cuscuta spp. growing in anthro-
pogenically modified and natural coenoses, and repre-
sentatives of the genus Smicronyx associated with their
life activity.

In the flora of the Penza Region 6 dodder species
were recorded at different times [5, 12]: Cuscuta approxi-
mata Bab., Cuscuta epilinum Weihe, C. lupuliformis Krock.,
C. monogyna Vahl, C. europaea L., and C. campestris Yunck.
In 2018-2019, employees of the Penza branch of
FGBU “VNIIKR” together with specialists of the territo-
rial administration of Rosselkhoznadzor detected and
surveyed 51 foci of Cuscuta campestris (American field
dodder) in 8 regional districts within the framework
of monitoring of quarantine phytosanitary condition
of the region’s territory. In 2019 the coenopopulations
of Cuscuta europaea (greater dodder) and C. lupuliformis
(hop dodder) were detected and studied (Fig. 1) within
the framework of the agreement on scientific coope-
ration on the territory of FGBU GPZ Privolzhskaya Le-
sostep (Ostrovtsovskaya Lesostep section).
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Tab6auia 2

IToka3aTeJid MOMMEHHBIX COOGIIECTB C yYacTHeEM MNOBUJIMKU €BPOIIEHCKOMI

U XMeJieBUAHOH B 2019 roay

Pyueii N¢ 1 Pyueii N2 2
YepHo-
BeTnaHuk OJIbLIAHUK BeTnaHuk
KpamnuBo- CHBITEBO- pa3HOTpaBHO-
IMoka3aTeau pa3sHOTpaBHBIN KpanuBHBIN KpanuBHUK KpanuBHUK KpamuBHBIM
A 50 39,2 0 0 45
f;om" APYCOB, g 40 23,3 0 0 35
C 60 75 98 94 55
TpoextupHoe CUscuta europaea 0 1,3 24,4 23,3 0,5
TIOKPBITHE, % (Cyseyta lupuliformis 2 4,3 0 0 1,5
Ywucyio umaro  Smicronyx smreczynskii 0 0 0 14 0
JIOJITOHOCUKOB,
WITYKH Smicronyx coecus 0 0 0 7 0

* OIIII — ob1ree TPOEKTUBHOE ITOKPBITHE — TIOKPHITHE BCETO Apyca.

10 TIOKA3aTeJIIM, IPUHSTHIM B ieMorpaduu pacTeHUM
(oOHTOTEHETUUYECKNH, BUTAINUTETHDIN COCTaB, ILJIOT-
HOCTb 0cobel u T. 7.). JomoJHUTEeIbHO Aag Cuscuta
campestris yKa3bIBaJIM ITPOIIEHTHOE COOTHOIIEHYE T10-
6eroB MOBUJIMKY C HEYAJUHEHHBIMU MEXI0Y3IUIMU,
HeCyuIuMu 60JIbIII0e YK CJIO COIBETUH/TIIIONOB, U TT06e-
TOB C MaJIbIM YVCJIOM I[BETKOB/ILIIOMIOB U YAJUHEHHBI-
MU MEX/IOY3JIUSIMU, TIPeIHA3HAYEHHBIX JJIsI OCBOEHUS
TeppuTOpUU. Beero 66110 n3ydeHo 14 1eHOIOMy IS Iu i
TTOBUJIMKM T10JIeBOI (13 51 ovara), 4 1eHOTOMYIAIUY —
TOBMJIMKY €BPOIIENCKOM U 3 — II. XMeJIeBUAHOM (puc. 1,
Tabs. 1-2). KapTupoBaHUe eHOIOMYIAIUYN TTOBUINK
TIPOBOJIUIIY C TIOMOIIbI0 HaBUraTopa Garmin 62.

Il XapaKTePUCTUKY PACTUTEIbHBIX COOBIIECTB,
B IIpenejax KOTOPBIX IIPOM3PAaCTaJy ITOBUJIUKHU,

To compare dodder coenopopulations percen-
tal projective cover of the species was used, as it is not
possible to establish the species boundaries in natural
conditions, and therefore, to establish the calculation
unit required to determine the population structure
according to the indicators adopted in plant demogra-
phy (ontogenetic and vitality composition, species den-
sity, etc.). In addition, the percentage of dodder shoots
with non-elongated internodes with many inflorescen-
ces/fruits and shoots with a few flowers/fruits and elon-
gated internodes intended for area colonization was
indicated for Cuscuta campestris. In total, 14 coenopo-
pulations of American field dodder (out of 51 foci), 4 co-
enopopulations of greater dodder and 3 coenopopu-
lations of hop dodder were studied (Fig. 1, Table 1-2).

Table 2
Indicators of floodplain coenoses with greater dodder and hop dodder in 2019
Stream 1 Stream 2
Nettle- Nettle- Willow forest
Willow forest  Black alder dominated dominated with various
with nettle and forest with gout- commu- commu- and nettle
Indicators various grasses weed and nettle nity nity grasses
GPC* A 50 39.2 0 0 45
of layers, %
40 23.3 0 0 35
C 60 75 98 94 55
Projective Cuscuta europaea 0 1.3 24.4 23.3 0.5
coverage, % ) .
Cuscuta lupuliformis 2 4.3 0 0 1.5
Number of  Smicronyx smreczynskii O 0 0 14 0
weevil adults,
specimens  SMicronyx coecus 0 0 0 7 0

* GPC — general projective coverage, coverage of the full layer.

dutocaHuTapus. KapaHTuH pacteHuii = 56
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Puc. 4. MoBunuka nonesas Ha okpauHe nons nweHuubl  Fig. 4. American field dodder on the wheat field edge

(choTo aBTOPOB)

BBITIOJIHEHBI reob0TaHUYEeCKre ONMMCAaHUA 110 oblie-
IIPUHSTHIM METOLUKAM C YKa3aHUEM BCeX BUJIOB pac-
TEHUH-X035€B.

Bce u3yueHHbIe IleHOTOMyasduu Cuscuta uc-
cJieloBaJiM Ha MPUCYTCTBUE MPeACTaBUTENIEN poza
Smicronyx. HaliIeHHBIX JIUYUHOK JIOJITOHOCUKOB CO-
6upaJiu U JopaliuBaivi B JabOpaTOPHBIX YCIOBUIX
Io uMaro. ['aJiIel Ha IMMOBUJIKKE COOMPAIN, U3MEPAIHU
U PacKJIa[bIBAJIV B YAIIKY [1eTpy AJIs JaJibHEHUIIero
HabJsioneHns B jabopaTopuu. B IOJIEBBIX YCIOBUSIX
OIIEHMBAJIY IIPOLIEHTHOE COOTHOIIEHYE Y CJIa IT00eroB

(photo by authors)

The Garmin 62 navigation device was used to map dod-
der coenopopulations.

Plant geobotany was described to characterize the
plant coenoses where dodders grew according to gene-
rally accepted techniques with indication of all host
plant species.
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crajmamu u 6e3 Hux (Tabut. 1). [IOBUJINKY, Ha KOTOPBIX
OBLIY HaWIEeHbl JUUYNHKY JOJTOHOCUKOB, BU3YaJIbHO
OCMaTPUBAJIM: OTMeYaJIy HaJndre BO3MOXKHBIX CIEI0B
MIOBPEXIEHN, rajyioo0pa3oBaHys, COCTOSHIE reHe-
PaTHUBHBIX OPraHOB MOGETOB MOBUJIMKU U KOJIMYECTBO
STUX OPTaHOB.

PE3VJIBTATBI U OBCYXKJEHUA

3a 2018-2019 rr. Ha TEPPUTOPHUH TLJIOILAJHI0 OKOJIO
269 ThIC. ra 00CIeI0BaHbI TIOIKAPAHTUHHbBIE 06bEKTHI:
TIOJIS TIIIEHUIIBI, SUMEHS, 0BCa, PXKU, TIOCEBBI CaXapHOU
CBEKJIBI, TTOICOJTHEYHWKA, KYKYPY3bl, TIJIOZOBBIE CaZibI,
MMUTOMHUKY, TpUycasie6Hble yIYaCTKM, COCHOBBIE Jieca,
00604YMHBI aBTOMOOUJIbHBIX M TTOJIEBBIX JOPOT, TEPPU-
TOPUU HACEJIEHHBIX ITYHKTOB U CEJTbX03ITPEATIPUATUH.
KpoMe mepeuyncieHHbIX aHTPOIOTEHHO U3MEHEHHBIX
TEePPUTOPUH MCCIIeOBAHbI ECTECTBEHHBIE COOOIIECTBA
oMbl p. Cypbl (HrKe CypcKOTo BOLOXPaHUJIMIIA,
B paiioHe c. 3aceuHoe: [Ipucypckas moliMeHHas Iy6-
paBa Ha IpaBOM GepeTy, MOJIOZIble YePHOOJbITaHUK
¥ MBHSK — Ha JIEBOM Gepery), MOMMbI pyUYbeB Ha TEPPU-
TOPUY rOCYAAPCTBEHHOTO MTPUPOLHOTO 3aMI0BEIHUKA
«[TpUBOJDKCKAS JIECOCTEIIL>.

BhISIBJIEHHBIE B PE3YJIbTaTe MPOBEJEHHBIX HC-
cjieloBaHUN 3 BUJA MOBUJIUK OBIIU IPUYPOUYEHBI
K clefyiomuM coobimecTBaM. [ToBUJIMKA TTOJieBas:
3apacTawiyue ra3oHbl, 060UYMHBI ABTOMOOUIbHBIX
¥ II0JIEBBIX IOPOT, ITOJIS IIIIEHUIIBI U TUYMEHSI U UX
0060UYMHBI, Kpas ITIOCEBOB CaXapHOM CBEKJIbI, OKpau-
HBI 3asexeln (puc. 2, 3, 4, 5). [IoBUJIMKa eBpoIelicKas
¥ XMeJieBUIHas ObLIM HaWIeHbl HAMU B TTIOMMaX Py4b-
eB 3amoBegHVKA «I[IpUBOJDKCKAS
JIECOCTEITb»: B UEePHOOJIbIIaHU-
Ke, BEeTJITHUKAX U KpalluBHUKE
(tab. 2, puc. 6-7). VI3 aHTpOIIO-
TeHHO U3MEHEHHBIX COOBIIECTB
JIVIIb B OJTHOM IpUycasie6HOM
yuacTke (13 80 ncciemoBaHHbBIX)
ObLJIa 3aPETUCTPUPOBAHA I1. XMe-
JIeBUIHAS Ha MaJinHe OObIKHO-
BEHHOU U MyCTBhIPHUKE MISITUIIO-
TacTHOM.

[TosryuyeHHBIN T10JIEBOU Ma-
Tepuas B IIeJIOM COTJIacyeTcs
C DaHHBIMU JIUTEPATyPHI [5, 12]
u repbapus uMmenu V.M. Cripbl-
ruHa IleH3eHCKOro rocyzap-
CTBEHHOI'0 yHUBepcureTa. Cus-
cuta campestris BbIIeJIIeTCS Kak
QI BEeHTUBHBIN BUJ, HATypaJu-
30BABIIMKICS B IIOAXOIAIINX I JIs
Hero MecTooOUTAaHUAX, HO He
BXOISNINY B COCTAaB €CTECTBEH-
HBIX coobiecTs ([5], repbapHbIe
c6opst T.B. PazxxuBuno# 2008 I.).
Cuscuta lupuliformis — BuJ ecte-
CTBEHHBIX COOOIIECTB, MTPOU3-
pacTawinui B MoMMax pek, 1o
JIECHBIM OBparam, MpUupeuyHbIM
UBHSIKOBBIM 3apociyisaM [5, 12].

O6Hapy)I(EHI/IE HaMWU IIOBUJIMKU Puc. 5. MNoBunuka nonesas

All studied Cuscuta coenopopulations were checked
for representatives of the genus Smicronyx. Detected
weevil larvae were collected and grown in laboratory
conditions to adults. Galls on dodders were collected,
measured and placed in Petri dishes for further labo-
ratory observation. The percentage of shoots with and
without galls was estimated in field conditions (Table 1).
Dodders on which weevils had been detected underwent
visual examination: possible traces of lesions, gall for-
mation, condition of generative organs of the dodder
shoots and the number of these organs were considered.

RESULTS AND DISCUSSIONS

During 2018-2019 the following regulated objects
were examined on the territory about 269 thousand
hectares: fields of wheat, barley, oats, rye, plantings
of sugar beet, sunflower, corn, orchards, nurseries,
household plots, pine forests, motor and and field
roadsides, areas under settlements and agricultural
enterprises. In addition to the listed anthropogenical-
ly modified areas, natural coenoses of the floodplain
of the river Sura (below the Sura Reservoir, in the area
of the village Zasechnoye: Prisurskaya oak floodplain
on the right bank, young black alder and willow forests
on the left bank) and floodplains of streams in the ter-
ritory of the Privolzhskaya Lesostep state nature re-
serve were studied.

The 3 dodder species identified during the study
were confined to the following coenoses. American field
dodder: overgrowing lawns, motor and field roadsides,
wheat and barley fields and their edges, edges of sugar

Fig. 5. American field dodder
XMeJIeBUJHOU Ha TEePPUTOPUM  Ha okpauHe 3anexu (hoto aBTopos) on the fallow edge (photo by authors)
eIUHCTBEHHOTrO mpuycamebHO-

r0 y4acTKa, BEPOSITHO, MOXXHO

CUNTaATh CIyYalHBIM 3aHOCOM. Cuscuta europaea, Kak
U TIPeAbIAYIINY BU, TPOU3PACTAET IPEUMYIIECTBEH-
HO B IIPUPOJIHBIX COOOIIECTBAX: Ha 6OJIOTUCTHIX JIECHBIX

dutocaHuTapus. KapaHTuH pactenuii = 58
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Puc. 6. MoBunuka esponeiickas B kpanuBHuke  Fig. 6. Greater dodder in the nettle-dominated community

noviMbl pyubs (hoTo aBTOPOB)

TOJITHAX U OIYyIIKaX, 6eperax BOJOEMOB U BOJOTOKOB,
B IIOMMEHHBIX Jlecax PeK U pyubeB (repbapHbie c60-
pet .M. CopseiruHa 1905-1916 rr., E.K. [IITyKeHOEPT
1910-1911 rr., A.W. BBemenckoro 1918-1920 rr.,
B.I1. CattepmoroBa 1925 1., E.A. TopogkoBoit 1928 1., [5]).
HccnepoBaTengaMu Hadajia XX 1 XXI BeKa OTMEUEHO, UTO
Cuscuta europaea BCTpedaeTcs TakxKe B camax (repbap-
Hble cbops! H.B. Jrokunoit 19101, [5, 12]) 1 COpHBIX Mec-
Tax IIPerMyIeCTBEHHO Ha KparuBe (repbapHbIii c60p
AWM. BBemeHckoro 1916 r.). OmHako u3 28 repbapHbIX
JINCTOB STOTO BUA ITOBMJIMKM, COOPAHHBIX HA TePPU-
Topuy [TeH3eHCKOM 00JIaCTH B €€ COBPEMEHHBIX I'PaHU-
11aX ¥ XpaHAIIUXCS B repbapuu [IeH3€HCKOTO rocyap-
CTBEHHOT'O YHUBEPCUTETA, TOJIBKO 2 — M3 aHTPOTIOTEHHO
U3MEeHEHHBIX CO00IIecTB. B 06¢cIe10BaHHBIX HAMY TEP-
PUTOPUSX CAZOB, MTMTOMHUKOB, TIPUyCafeOHbIX yUacT-
KOB U IPYTUX aHTPOIIOTEHHO N3MEHEHHBIX COOBIIECTB
B 2018-2019 IT. MoBMJIMKA €BpOTIelickas He BbIIBIEHA.

B pesynbTaTe NMPOBEAEHHBIX UCCIeN0BAHUN Ha
MMOBUJINKAaX [IeH3eHCKOU 061acTy 0GHAPYKEHBI 2 BUA
IOJITOHOCUKOB poja Smicronyx: S. smreczynskii Solari
u S. coecus Reich.

B 12 u3 14 ucciiefOBAaHHBIX EHOMOIMYIAI NI
MOBMJIMKY IT0JIEBOM OBbLIM OTMEUEHBI TaJlIbl S. smre-
czynskii. 3a 2 Tozia ucciaenoBaHui cobpano 420 rai-
JIOB, U3 KOTOPBIX B JIAOBOPATOPHBIX YCIOBUSX BBILLIU
223 IUUVHKY, IIpeBpaTuBIInecd B 169 KyKoJok, 155 u3
KOTOPBIX IOCTULJIY CTaIUK UMaro. PasBuTue INYNHKNA
IO OKYKJIMBaHUS TIPOMCXOAMIIO 3a 510 mHel. Kykoska
IpeBpamasach B Maro 3a 6-12 gHei (puc. 8). OTme-
YEeHO, YTO IIOMMMO JOJITOHOCHKOB 13 FajljIOB BHIXOIMII
LIEJIBIH KOMILIEKC HaCEKOMBIX, CPEIY KOTOPBIX OBLIN
npencraBuTenu Hymenoptera, Chalcidoidea (mapasu-
ThI LOJITOHOCHKOB, M3-3a KOTOPBIX IIOTM0aJI MHOTHE
JIMYUHKY) U gpyrue [1].

of the brook floodpain (photo by authors)

beet plantings, and fallow edges (Figures 2, 3, 4, 5).
Greater dodder and hop dodder were found in flood-
plains of streams of Privolzhskaya Lesostep nature re-
serve in black alder, willow forests, and nettle-domi-
nated communities (Table 2, Fig. 6-7). Hop dodder
was only recorded in one household plot (out of 80 sur-
veyed) of all anthropogenically modified coenoses on
red raspberry and Leonurus quinquelobatus.

The obtained field material is generally consistent
with the reference materials [5, 12] and Sprygin Herba-
rium in the Penza State University. Cuscuta campestris is
distinguished as an adventitious species, which was es-
tablished in suitable habitats, but is not a part of natu-
ral coenoses ([5], herbarium collections by T.V. Razzhi-
vina, 2008). Cuscuta lupuliformis is a species of natural
coenoses that grows in river floodplains, along forest
ravines and riverside willow forests [5, 12]. Hop dod-
der detected in a single household plot can proba-
bly be considered as introduced accidentally. Cuscu-
ta europaea, like the previous species, grows mainly
in natural coenoses on swampy forest glades and ed-
ges, banks of water bodies and water courses, in flood-
plain stands of rivers and streams (herbarium collec-
tions of I.I. Sprygin, 1905-1916, E.K. Shtukenberg,
1910-1911, A.I. Vvedenskii, 1918-1920, B.P. Satser-
dotov, 1925, E.A. Gorodkova, 1928, [5]). Researchers
of the early twentieth and twenty-first centuries noted
that Cuscuta europaea is also found in the gardens (her-
barium collections of N.V. Diukina, 1910, [5,12]) and in
weedy areas mostly on nettles (herbarium collections
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Ha ocHoBe HaOJIOAeHN, aHaJau3a U 00001eHN
TI0JIEBBIX JAHHBIX BBIZEJEHO 5 TUIIOB MECTOOOUTAHUN
cocyecTBoBaHuS Cuscuta — Smicronyx [13].

1. O6ouymHa aBTOZOpOTU. LleHOTOMYyAIIIUU
C. campestris B TaKUX COOOBIIECTBaX caMble MaJIeHb-
KUe M0 pa3MepPy, PACIIOJIOXKEHBI «IISITHAMU» BAOJb
noporu. Pactenus-xossieBa (Polygonum aviculare L.,
Echinochloa crus-galli (L.) Beauv., Setaria pumila L.,
Tripleurospermum inodorum (L.) Sch. Bip., Medicago
lupulina L. 1 Ap.) HU3KOPOCJIbIe M YaCTO OOKOIIEeH-
Hble. B TaKUX YCIOBUSIX ITPOU3PACTAHUS TOBUJINKE
II0JIEBOM He XBaTaeT MIUTATeJbHbBIX BEIIECTB C OJHOTO
pacTeHUA-X035MHA, ¥ 0HA CTPEMUTCS OCBOUTDH HOBYIO
TEPPUTOPUIO, TOSTOMY 3HAUUTENBHOE YHCJIO TOGETOB
TTOBUJIMKY GBLIIY C YIJIMHEHHBIMU MEXIOY3JIUSIMU U C
MEHbIIIUM YKMCJIOM COIIBETHM B CPAaBHEHUU C IPYTH-
MU HeHomomnyasanuamMu. Kpome Toro, 20% mo6eron
TTOBUJIMKHY OBLIY TIOBEPIKEHBI TaJlIoreHesy (Tabur. 1).
B TakuX yCJIOBUAX CJIEIyeT OXKUIATh YMEHbBIIEHUS 10~
TEHIIMAJIbHON CEMEHHOU MPOAYKTUBHOCTY TTIOBUJIN-
KM, TaK Kak 00JIblllas YacTh IJIACTUUYECKUX BEIEeCTB
pacxonyeTcs Ha POCT MOGEroB MIJisd TMOKUCKA HOBBIX
pacTeHuii-xo3seB (puc. 2, Tabi. 1).

2. O6ounHa MOJIEBOY MOporu. 3aHUMaeMasd lie-
HOTIOMYJISIIMEH TOBUINKY TIJIONAlb 6G0JbIlle, YeM Ha
060YMHAX aBTOJOPOT, IOJIsI T0GETOB C TaJlaMy TaKas
’Ke, a IIPOEeKTHUBHOE ITIOKPLITHE TeHePaTUBHbIX II06ET0B
C HEYAJUHEHHBIMU MEXJOYy3ausiMu Beiie (Tadi. 1,
puc. 3). 3T0 MOXXHO 00bSICHUTD IPUCYTCTBUEM GOJIBIIIE-
r'0 YKCJIa IOTEHIIMAJIbHBIX PACTEHUI-X035€B, C UX 3Ha-
YUTEJbHBIM IIPOEKTUBHBIM IIOKPBITUEM, UTO B CBOIO
oyepenb 00yCIOBJIEHO OTCYTCTBMEM YaCTOTO CKAIlU-
BaHMA, KaK Ha 060YKrHAaX aBTOLOPOT.

3 u 4. OKpauHbl MMoJie¥ mmeHuIbl (Tada. 1,
puc. 4). VccinenoBaHbl ITOJS MHIMEHUIIBI MOJIOY-
HOM (237 ra) 1 BockoBoii crejoctu (188 ra). [ToBumu-
Ka IoJieBast BCTpevasach I10 Kpalo II0Jiel Ha TepPUTO-
puu 0,12 1 0,13 ra cooTBeTCTBEHHO. OHAa OTMeUeHa He
TOJIBKO Ha PACTEHUSX, 3aCOPSAIOIIUX IToceBbl (Erigeron
canadensis L., Amaranthus retroflexus L., Plantago ma-
jor L., Lactuca serriola L., Setaria pumila L., Malva pusil-
la Sm., Delphinium consolida L., Lappula squarrosa (Retz.)
Dumort., Artemisia absinthium L., Artemisia vulgaris L.,
Tanacetum vulgare L., Cirsium setosum (Willd.) Besser
u np.) (puc. 4), Ho u Ha camoii mneHuie (!). OTinune
3-ro 1 4-ro THUIAa MECTOOOUTAHUI — B YKCJIE COPHBIX
pacTeHu, BCTPeYanIuXCcs B moceBax. [IpOeKTUB-
HO€ IIOKPbITHE ITOBUJIMKM BBIIIE B MECTOOOUTAHMU-
X ¢ OOJIBIIMM YKMCJIOM COPHSIKOB, a 3HAYUT, pacTe-
HU-X035€eB. [Ip1 5TOM MOBUJUKA OOUIBHO IIBETET;
a rajioobpas3oBaHUeE, B OTJIMYME OT APYTUX MECTO-
00UTaHUH, 3aPETUCTPUPOBAHO KpaliHe pPeaKo WU
He o6HapyXeHo coBceM (Tabu. 1). [Tocneguuit Gpakr
06yciyioBJieH 0CO6eHHOCTSIMU PAa3BUTUSA SMIcronyx.
VI3BECTHO, YTO €r0 JUUYMHKA OKYKJIUBAETCSA B 3€M-
Jie [15, 18], moToMy rmaxoTHbIE PA6OTHI ITPETISATCTBYIOT
YCTOWYMBOMY COXPAaHEHUIO SMicronyx Ha TEPPUTOPUM
TioJielt, a eIUHUYHbIE CTyYay HaX0XKJeHUs rajljioB Ha
TTOBUJINKE 00YCJIOBJIEHBI CKOpPee MUTpaliuel nMaro
C HEBCIIaXMBaeMbIX 000UKH II0JIEBBIX JOPOT.

5. OxpawHa 3anexu (puc. 5, Taba. 1). 3-3a oTCyT-
CTBUS KaKOU-TM00 X035 CTBEHHOM 06paboTKY TEPPU-
TOPUU B TEUEHUE PSZIA JIET B IIEHOIOIMYISAUSIX [TOBU-
JINKY YBEJTUYUIICS IPOIIEHT II00ETr0B C raJlIoTeHEe30M,
HO IIPU 3TOM ITOBUJIMKA OBUJIBHO IIBETET U MJIOJIOHO-
CUT. BeposATHO, OTCYyTCTBYE 06PATHOI 3aBUCUMOCTHU
VHTEHCUBHOCTHY IIBETEHU U IIJIOLOHOIIEHUS OT JOJIU

of A.I. Vvedenskii, 1916). However, only 2 out of 28 her-
barium leaves of this dodder species collected in the
territory of the Penza Region within its current bor-
ders and maintained in the herbarium of the Penza
State University are from anthropogenically modified
coenoses. Greater dodder was not detected in the sur-
veyed gardens, nurseries, homestead plots, and other
anthropogenically modified coenoses in 2018-2019.

As a result of our studies, 2 species of weevils of
the genus Smicronyx were found in the Penza Region:
S. smreczynskii Solari and S. coecus Reich.

Galls of S. smreczynskii were observed in 12 out of
14 studied dodder coenopopulations. 420 galls were
collected over the study period which lasted for 2 years.
223 larvae emerged out of them in laboratory condi-
tions, which turned into 169 pupae, 155 of which be-
came adults. Larvae developed for 5-10 days before pu-
pation. Pupae turned into adults in 6-12 days (Fig. 8). It
was noted that in addition to weevils, a whole complex
of insects, including representatives of Hymenoptera,
Chalcidoidea (weevil parasites that killed many larvae),
and other orders emerged from galls [1].

Based on the observations, analysis and genera-
lization of field data, 5 co-existence habitat types of Cus-
cuta — Smicronyx were identified [13].

1. Motor roadside. C. campestris coenopopulations
in such coenoses are the smallest, located in spots along
the road. Host plants (Polygonum aviculare L., Echinochloa
crus-galli (L.) Beauv., Setaria pumila L., Tripleurospermum
inodorum (L.) Sch. Bip., Medicago lupulina L., etc.) are low
and often mowed. Under such conditions, American field
dodder lacks nutrients from one host plant and tends to
colonize a new territory. Thus, a significant number of
dodder shoots had with elongated internodes and few-
er inflorescences compared to other coenopopulations.
Besides, galls formed in 20% of dodder shoots (Table 1).
Under such conditions, one should expect a decrease
in the potential dodder seed productivity, because the
majority of macronutrients are used for the growth of
shoots to find new host plants (Fig. 2, Table 1).

2. Field roadside. The area occupied by the dod-
der coenopopulation is larger than on the motor road-
sides. The percentage of shoots with galls is the same,
and the projective coverage of generative shoots with
non-elongated internodes is higher (Table 1, Fig. 3).
This can be explained by a greater number of potential
host plants, with their significant projective coverage
(Table 1), which in its turn is caused by the absence of
frequent mowing, as on motor roadsides.

3 and 4. Wheat field edges (Table 1, Fig. 4). The
fields of wheat of milky ripeness (237 ha) and waxy ripe-
ness (188 ha) were studied. American field dodder was
found along the edge of fields on the area of 0.12 and
0.13 ha, respectively. It was detected on plants, over-
growing plantings (Erigeron canadensis L., Amaranthus ret-
roflexus L., Plantago major L., Lactuca serriola L., S. glauca
(L.) Beauv., Setaria pumila L., Malva pusilla Sm., Delphinium
consolida L., Lappula squarrosa (Retz.) Dumort., Artemisia
absinthium L., Artemisia vulgaris L., Tanacetum vulgare L.,
Cirsium setosum (Willd.) Besser, etc.) (Fig. 4), as well as
wheat itself (!). The difference between the 3rd and 4th
type of habitats is in the number the weed plants found
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1mo6eros ¢ rajuilaMu 06yciaoBIeHO (GOPMOIL CyIIeCTBO-
BaHUS MOBUJIUKY — ITAPA3UTU3MOM: YeM GOJIbIIIe Tajl-
J10B 06pa3yeT NOJTOHOCUK, UCTIONb3YS IIJacTUUecKre
BelllecTBa ITOBUJIUKY, TEM OHa OOJIbINE 3a0UpaeT mu-
TaTeJbHBIX BEIECTB y PACTEHUSI-X03dUHA. B cBI3U
C 9TUM, €CJIM PACTEHUI-X035€B MHOT0 U OHU XOPO-
110 pa3BUThIE (KaK Ha 3ajie)Xy), MOBUJIMKA HUKAK He
pearupyeT Ha o6uIMe OJTOHOCUKOB U ITOJHOIIEHHO
pasBuBaeTcs caMma. Ecnu ke pacTeHU-X035€B MaJIo
U OHU yTHeTeHHBbIe (KaK B CJIyuae C PeryiIsipHO o6Ka-
IITBaeMOU 060YNHON IOPOTY), GOJIBIIIOE YKUCIIO TaJIJI0B
MOXXET OTPUIIATEIbHO CKa3aThCs U Ha TIOBUJIUKE M3-3a
HeXBaTKU MJIACTUYECKUX BEIIECTB.

Vi3 4 m3y4eHHBIX IeHOIOMYJAIUN TOBUIUKYA
€BPOITeiCKOM TOJbKO B 1 ObIIM HalmeHbI U cobpa-
HBbI INYMHKY JOJTOHOCHKOB, U3 KOTOPBIX B Jlabopa-
TOPUU BBIBEJUCH 14 mmaro S. smreczynskii v 7 muMaro
S. coecus Reich. 9Ta LieHONONyNAI WS, IPUYPOUEHHAT
K KPanWBHUKY, OJHA M3 CaMbIX MHOTOYMCJIEHHBIX

a

Puc. 7. BeTnsHUK noliMbl pyubs (a)

in plantings. Projective coverage of the dodder is high-
er in habitats with larger number of weeds, and there-
fore, host plants (Table 1). At the same time, dodder blos-
soms abundantly and formation of galls, unlike in other
habitats, is recorded very rarely or not recorded at all
(Table 1). The latter fact is due to peculiarities of Smi-
cronyx genus development. Its larvae are known to pu-
pate in the ground [15, 18]. Therefore, tilling impedes
sustainable conservation of Smicronyx species within
the field, and sporadic cases of gall detection on dodder
are more likely to be attributed to adults migrating from
non-tillaged field roadsides.

5. Fallow edge (Fig. 5, Table 1). Due to the lack of
any territory processing, the percentage of shoots with
galls has increased over the years in dodder coenopopu-
lations, but dodder blossoms and bears fruits abundant-
ly. It is likely that the lack of inverse correlation between
the intensity of blossoming and fruit-bearing proces-
ses and the proportion of shoots with galls is due to the
form of dodder existence — parasi-
tism: the more galls a weevil forms
using dodder macronutrients, the
more nutrients it takes from the
host plant. In this regard, if there
are many host plants and they are
well-developed (as on fallows), dod-
der does not respond to the abun-
dance of weevils in any way and
fully develops by itself. If the host
plants are few and they are stunted
(as in the case of regularly mowed
roadside), a large number of galls
can negatively impact dodder due
to lack of macronutrients.

1 out of 4 studied coenopo-
pulations of greater dodder was
recorded and weevil larvae were
collected, of which 14 adults of
S. smreczynskii and 7 adults of
S. coecus Reich emerged in the
laboratory. This coenopopulation,
confined to the nettle-dominated
community, is one of the most
numerous and abundantly
fruit-bearing (Table 2). It was rep-
resented by plants with no visible
damage to vegetative and gene-
rative organs and no traces of gall
formation. It follows that the wee-
vils detected had no significant
negative impact on the condition
of C. europaea coenopopulation.

Representatives of the genus
Smicronyx were not found on hop
dodder in any of the coenoses un-
der study (Table 2). C. lupuliformis
grew most abundantly in dense
coenoses: in black alder and wil-
low forests (Table 2). It is known,
that in its ontogenesis hop dodder
must develop both on woody and
on herbaceous plants [6, 9]. In our

Fig. 7. Willow forest of the brook

C yyacTueMm noeunuku xmeneeugHoi (6)  floodplain (a) with hop dodder (b)

(choTo aBTOPOB) (photo by authors)
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¥ OOMJIbHO TJIOAOHOCAmUX (Tabj. 2), Obljia Hpem-
cTaBJieHa pacTeHUsIMU 6e3 BUAUMBIX ITOBPEXIEHUN
BEereTaTUBHBIX U T€HEePaTUBHBIX OPTAHOB U CJIEI0B
rajyiooopas3oBaHus. VI3 3TOTO CIemyeT, YTO HUKAKOT0
3HAYUTEJIbHOTO OTPUIATEIBHOTO BIMSHYS Ha COCTOS -
HUe IeHononyasauuu C. europaea HauLeHHbBIE HOJTO-
HOCHUKM He OKa3bIBAJIM.

Ha moBuminKe XMeJEBULHOU TMpPEACTABUTENN
pozna Smicronyx HU B OLHOM U3 U3yUYeHHBIX COOOIIECTB
He obHapyxeHbl (Tabi. 2). C. lupuliformis Haubosee
006MJIbHO TTPOU3pPaCcCTaia B COMKHYTHIX COOOIIECTBAaX:
B UEPHOOJIbIIAHUKE U BeTIgHUKaX (Tabi. 2). Mi3BecT-
HO, UTO B CBOEM OHTOTE€He3€e MOBUJINKE XMeJIeBUAHON
Heob6X0IMMO pa3BUBAThCA KakK Ha JPEBECHBIX, TaK
U Ha TPABSIHUCTBIX pacTeHugx [6, 9]. B Hamux uccie-
noBaHusx C. lupuliformis mapasuTrpoBaja Ha MOJIOJBIX
BeTBsx Alnus glutinosa (L.) Gaertn., Acer negundo L., Salix
fragilis L., BXOOUBIINX B COCTaB gpyca B, Ha mogpocTe
Padus avium Mill., Rubus caesius L. spyca C u 19 Bumax
TPaBSIHUCTBIX pacTenuii (Aegopodium podagraria L., Arc-
tium tomentosum Mill., Aristolochia clematitis L., Artemisia
vulgaris L., Campanula rapunculoides L., Carduus crispus L.,
Chenopodium album L., Cirsium setosum (Willd.) Besser,
Echinocystis lobata (Michx.) Torr. & Gray, Epilobium rose-
um Schreb., Festuca gigantea (L.) Vill., Glechoma hedera-
cea L., Humulus lupulus L., Leonurus quinquelobatus Gilib.,
Mentha arvensis L., Phragmites australis (Cav.) Trin. ex
Steud., Selinum carvifolia (L.) L., Solanum dulcamara L.,
Urtica dioica L.).

researches C. lupuliformis parasitized on young branches
of Alnus glutinosa (L.) Gaertn., Acer negundo L., Salix fragi-
lis L., constituting layer B, on undergrowth of Padus avium
Mill., Rubus caesius L. of layer C, and 19 kinds of herba-
ceous plants (Aegopodium podagraria L., Arctium tomen-
tosum Mill., Aristolochia clematitis L., Artemisia vulgaris L.,
Campanula rapunculoides L., Carduus crispus L., Chenopo-
dium album L., Cirsium setosum (Willd.) Besser, Echinocys-
tis lobata (Michx.) Torr. & Gray, Epilobium roseum Schreb.,
Festuca gigantea (L.) Vill., Glechoma hederacea L., Humulus
lupulus L., Leonurus quinquelobatus Gilib., Mentha arven-
sis L., Phragmites australis (Cav.) Trin. ex Steud., Selinum
carvifolia (L.) L., Solanum dulcamara L., Urtica dioica L.).

CONCLUSIONS AND SUMMARY

1. 3 out of 6 dodder species ever found in the flo-
ra of the region have been found and studied: Cuscuta
campestris, C. europaea, and C. lupuliformis. At present 29
host plant species have been identified in the Penza Re-
gion coenoses for American field dodder, 16 for greater
dodder, and 25 for hop dodder.

2. In the Penza Region, Cuscuta campestris coeno-
populations were only found in anthropogenically mo-
dified coenoses (motor and field roadsides, overgrowing
lawns, fallow edges, edges of wheat and barley fields,
edges of sugar beet plantings), in contrast to C. europaea
and C. lupuliformis, which grow mainly in natural co-
enoses of river and stream floodplains (black alder and
willow forests, and nettle-dominated communities).

V.5 \
ITo6eru Cuscuta <
campestris ¢ rajjiamu 5-10 nueii
=
JInunzka Kykoinka

Puc. 8. PasBuTtue Smicronyx smreczynskii  Fig. 8. Development of Smicronyx smreczynskii

(choTo aBTOpOB) (photo by authors)
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BbIBO/JIbIl 1 3BAKJIIOYEHUE

1. Vi3 6 BUIOB MOBUJINK, 06HAPY)>KEHHBIX KOTIa-
160 Bo hiope obyacTu, HAMU HaZeHbI U U3YUeHBbl 3:
Cuscuta campestris, C. europaea n C. lupuliformis. B coo6-
mectBax [IeH3eHCKOHM 06JiacTy Ha JaHHBIA MOMEHT
BBISIBJIEHEBI 29 BUIOB PACTEHUI-X0351€B — IJIS IIOBUJIN-
KUY TI0JIEBOH, 16 — [IJIs TIOBUJIMKY €BPOIENCKOu, 25 —
ILJISI TIOBUJIMKY XMEJIEBUIHOM.

2. B TleH3eHCKOU 06JiacTU IeHOMONYJAALUN
Cuscuta campestris OTMEUY€HbI TOJIBKO B aHTPOIIOTE€HHO
M3MEeHEHHBIX coobIecTBax (060UMHBI aBTOMOOUIbHbBIX
1 TIOJIEBBIX JOPOT, 3apacTaollne ra30Hbl, OKPaAXHbI 3a-
JIe)Kel, OKpaWHbI ITOJIeH ITITEHUITbI U TYMEHS, 000UNHBI
ITI0CEBOB CaXapHOI CBEKJIbI), B OT/IKYMe OT C. europaea
u C. lupuliformis, Ipou3pacTaBIINX IPEeUMYIIeCTBeH-
HO B €CTECTBEHHBIX COOBIIECTBAX TIOUM PEK U PyYbeB
(4epHOOJIbIITIAHNKAX, BETISHUKAX, KpallUBHUKAX).

3. TosibKo ¢ 2 moBuInKaMy [IeH3eHCKoM 061acTu
CBg3aHa KU3HeIesITeJIbHOCTh JOJTOHOCHUKOB pPoja
Smicronyx: S. smreczynskii u S. coecus. Ha moBuiamnke
eBporelickoil 6pIM 06HapYykeHbI 06a BUIA LOJITOHO-
CUKOB, Ha ITOBUJIVIKE TT0JIEBOU — JIUIIG S. Smreczynskii.
Tosbko Ha moberax C. campestris >KU3HeoesITeJIbHOCTD
IOJITOHOCHKA BbI3bIBaJia FajlJIOreHes.

4. Huskas 3HAYMMOCTb S. smreczynskii Kak 10-
TEHIIMAJbHOI'0 areHTa PEeTyJINPOBAHUS YNCIEHHOCTY
TTOBWJIVKY T10JIEBOY 06yCJI0BIIeHA 0COOEHHOCTSIMU Pas-
BUTHUS IOJITOHOCUKOB (OKYKJIUBaHUE KOTOPBIX TTPOKUC-
XOJTUT B 3eMJIe, ¥ BCITAIlIKa OTPUIIATENIbHO CKa3bIBAETCS
Ha COXpaHEHUU BUIOB POfia SMicronyx Ha TEPPUTOPUN
TI0JIel); HaJIMYMeM eCTECTBEHHBIX BParos, Pa3BUBaI0-
ITUXCS HEITOCPEeACTBEHHO B rajijie JOJITOHOCHKA; (hop-
MOU CyIlIeCTBOBAHUS MOBUJIUKYU (KOTZA HENOCTATOK
IJIACTUYECKUX BEIeCTB, BhI3BAHHBIN Iajioo0pa3oBa-
HYEeM, KOMIIEHCUPYETCS 3a CUET PACTEHUSI-X03IUHA).

5. OTcyTCcTBUE raJyio06pa3oBaHUsI U KaKOTO-JIK-
60 3aMEeTHOTO0 BIUSHUSA S. smreczynskii u S. coecus Ha
LIEHOTIOIYIAIINY TTIOBUJINKY €BPOTIeHICKOM CBUIETEb-
CTBYET O HEBO3MOXXHOCTY MCITOJIb30BaHUS DTUX H0JI-
TOHOCUKOB JIJISI PETYJISAIUY YUCIeHHOCTH C. europaeda.

BJIATOJAPHOCTHA

3a [oMOIIlb B OTIIPEIeJIEHUY UMAaT0 SMicronyx v KyKOJIOK
IPYTUX HACEKOMBIX, 3aCENITIONIUX TaJlJIbl SMicronyx,
aBTOpbI bstaromapat I.I. Kacatkuna u 10.I. Ap3aHoBa.
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TeJeM-IIOJTOHOCUKOM Smicronyx smreczynskii (Coleop-
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3. Only 2 dodders in the Penza Region are relat-
ed to the life activity of weevils of the genus Smicronyx:
S. smreczynskii and S. coecus. Both weevil species were
found on greater dodder. On American field dodder
only S. smreczynskii was recorded. Weevils only caused
the formation of galls on C. campestris shoots.

4. The low importance of S. smreczynskii as a po-
tential agent for regulating the number of weevils on
American field dodder is due to the peculiarities of wee-
vils development (their pupation occurs in the ground
and tilling adversely affects the preservation of spe-
cies of the genus Smicronyx in the fields); the presence
of natural enemies developing directly in the weevil’s
gall; the form of the dodder’s existence (when the lack
of macronutrients caused by gall formation is compen-
sated by the host plant).

5. Absence of gall formation and any noticeable in-
fluence of S. smreczynskii and S. coecus on greater dodder
coenopopulations indicates the impossibility of using
these weevils to regulate the population of C. europaea.
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dutocaHuTapus. KapaHTuH pactenunii = 64

3pecb MoXkeT 6biTb Balua ctaTtbs!
XypHan ««dutocaHuTapus. KapaHTuH
pPaACTEHUM» NpUrialaeT aBTOPOB

ong nybnnkaumm CBOUX HayYHbix paboT




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

» 22 hunuana Ha TeppuTopumn Poccuinckon depepauum

[onoBHOE Hay4yHO-MeTogu4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a
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