®OAO MIHOOPMUPYET FAO INFORMS

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.
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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
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Tomato brown
rugose fruit virus

is a potential threat
for the tomato

and pepper industry
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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

dutocaHutapus. KapaHtuH pactenunii 10

HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

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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MHUKPOCKOIIUYECKOEe
riccjieJoBaHue
IUArHOCTUUYECKUX
CTPYKTYP CAMKH
Pseudococcus
comstocki (Kuwana) —

KapaHTHHHOI'0 00'beKTa
eauHoro nmepeuHd EA3C

H.A. TYPA, cTapuuii HayYHbIN COTPYIHUK HAYYHO-
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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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