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AHHOTALIUA
Bupyc KOpUUYHEBOU MOPIIUHUCTOCTHU IIJIOL0B TOMa-
ta (Tomato brown rugose fruit virus, unu Tobamo-
virus fructirugosum, TOBRFV) aBisieTcs KapaHTUHHBIM
o6bvexToM EASC, EOK3P u 1eyioro psja cTpaH Mupa.
Bupyc 3apa)kaeT ToMaT, IIepell U HeCKOJIbKO BUIOB
COPHBIX pacTeHu. [loTepu ypoxas IJIOJIOB TOMAaTa
B pe3yJsibTaTe 3apaxeHud ToBRFV MoryTt mocturars
70%. V3-3a pa3BUTUSI WHTEHCUBHON HEKPOTHU3AIIUN
¥ medopMaIuy 0Bl 3apa’keHHBIX PACTEHUU CTa-
HOBSITCS HEIIPUTOLHBIMHY JIJISI ITPOIAKM.

Bupyc KOpUYHEBOU MOPIUIUHUCTOCTHU IIJIOLOB
TOMaTa XapaKTepusyeTcs MHOroo6pasueM IyTel
pacrpocTpaHeHUsI M CIOCO6eH AJIUTENIbHOE BpeMs
COXPAaHSIThCS B PACTUTENbHBIX OCTaTKaX, IIOUBE, BOJIE,
pacTBopax AJs TUIPOIIOHUKY 1 Ha Pa3INYHbIX NHEPT-
HBIX TIOBEPXHOCTAX. Ba)kKHOE 3HaUEHUE B PacIipocTpa-
HEHUU BUpPyca KOPUUHEBOU MOPIIUHUCTOCTH ILJIOJIOB
TOMAaTa MMeeT ceMeHHasa NHQeKIuI.

B cooTBeTCTBUY C HAIIMOHAJbHBIM JLOKJIAZL0M
B Poccutickoii ®enepaliuy BUPyC KOPUUHEBOU MOP-
IMHYCTOCTY IJIOIOB TOMAaTa BIIePBbIE OBbLI BhIABIIEH
B 2023 ., uTO 06yCJIOBMJIO HEOOXOIMMOCTD YCTAHOBJIE-
HUS 5 KapaHTUHHBIX (UTOCAHUTAPHBIX 30H B 4 Cy0b-
exTax Poccuiickoit ®emepanuu. B 2024 r. Habmioga-
JIOCh laJibHelIIee pacliupeHye ero apeaia.

BakHelel mpemoChLIKON s ITpegoTBpale-
HUS pacIpoCTpaHeHus (PUTOMATOTEHHBIX BUPYCOB
SIBJISIETCS YCTAHOBJIEHNE UCTOUYHUKOB UX NHQPEKIINH,
YTO MOXET OBITh JOCTUTHYTO CPaBHEHUEM I10CJEeI0-
BaTEJIbHOCTY HYKJIEOTUIOB Y BBISIBJIEHHBIX U30JISITOB
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ABSTRACT
Tomato brown rugose fruit virus or Tobamovirus fruc-
tirugosum (ToBRFV) is a quarantine pest of the EAEU,
EPPO and some other countries. The virus affects to-
matoes, peppers and several weed species. Yield losses
of tomato fruits as a result of infection with ToOBRFV
can reach 70%. Due to the development of intensive
necrosis and deformation, the fruits of infected plants
become unmarketable.

ToBRFYV is characterized by a variety of pathways
and is capable of remaining for a long time in plant res-
idues, soil, water, hydroponic solutions and on various
inert surfaces. Seed infection is of great importance in
the spread of TOBRFV.

According to the national report, TOBRFV was first
detected in the Russian Federation in 2023, which ac-
counted for 5 quarantine phytosanitary areas in 4 con-
stituent entities of the Russian Federation. In 2024,
a further expansion of its area was observed.

The most important prerequisite for preventing
the spread of phytopathogenic viruses is the identifi-
cation of their infection sources, which can be achieved

dutocaHuTapusi. KapaHTUH pacTeHuii 2



OWATHOCTUKA  DIAGNOSIS

¥ M30JISITOB JAHHOTO TIaTOreHa PasJIMYHOro reorpa-
(hrueckoro MPOUCXOXKAEHUS.

B HacTosIel cTaThe MPUBENEHBI PE3yIbTaTh
U3y4YeHUs reHeTUUYeCKUX 0COOeHHOCTEN M30JIITOB
BUPYyCa KOPUUYHEBOW MOPUIMHUCTOCTH ILJIOJIOB TOMa-
Ta, BBIIBJIEHHBIX B CTaBPOTIOJIbCKOM Kpae, Boarorpa-
CKOI 1 MOCKOBCKOM o6J1acTsax, Pecrrybimuke Kasaxcran
u Pecniybsivike Y36eKucTaH.

Knrouesvle cnoea. MojekynspHas AUarHOCTUKA,
ToJiMMepasHas leTTHAs PeakKIys, TpaiiMep, CeKBeHU-
poBaHMe, PUIOTEHETUUECKU aHAJIU3.

BBEJIEHUE

UPyC KOPUUYHEBON MOPIIUHUCTOCTHA
omoB TomaTa (Tomato brown rugose
fruit virus, unu Tobamovirus fructirugo-
sum, ToOBRFV) — mpeicTaBUTENb POa
Tobamovirus cemeticTBa Virgaviridae.
B cBSI31 CO CBO€M BBICOKOM OITacHO-
CTBIO ¥ OBICTPBIM PACIPOCTPAHEHUEM
ToBRFV perynupyeTcs B KauecTBe Ka-
PaHTUHHOTO 00beKTa BO MHOTUX CTPaHaX 1 OpTaHU-
3anuax, B ToM uucie B EASC u EOK3P (JIo3oBas u 1p.,
2022).

OKOHOMUYECKU 3HAUMMbBIMU PACTEHUSIMU — X0351-
eBamu ToBRFV gBinstoTcs Tomat (Solanum lycopersicun)
u neperi (Capsicum annuum). BpemonocHocTb TOBRFV
yCyrybJsgeTcsl ero CIIocO6HOCThIO 3apaXkaTh pacTe-
HUS TOMaTOB (CM. puc. 1) ¢ reHaMU YCTONUMBOCTY Tm
¥ pacTeHMs Ieplia C aJIJIeJIIMU YCTOMYUBOCTH L, obe-
CIIEUYMBAIOIIUMU YCTOMYUBOCTD K JPYTUM TO6aMOBU-
pycam (Salem et al., 2023). Bupyc crioco6eH 3apaxaTb
TaK)Xe HeCKOJIbKO ITOBCEMECTHO PACIPOCTPAHEHHBIX
COPHBIX PACTEHUH, TAKUX KaK aMapaHT 3alTPOKUHY-
ThIM (Amaranthus retroflexus), BbIoOHOK 11oJieBo (Convol-
vulus arvensis), kmenuiia poxkosast (Oxalis corniculata),
Mapb rnocreuHas (Chenopodium murale), MEJIKOJIEIIECT-
HUK KaHajackuit (Erigeron canadensis), OLyBaHUYUK Jie-
KapcTBeHHbIN (Taraxacum officinale), macjaeH YePHBIN
(Solanum nigrum), mopTyJaK oropoxublil (Portulaca ole-
racea), v pan apyrux (EPPO, 2025).

BriepBbie TOBRFV 6bL BBISIBJIEH Ha TOMAaTe B Mop-
maunu B 2015 1. (Salem et al., 2016). OgHAKO [0 3TOTO,
B 2014 r., Ha 1ore VM3pawnasg HaOI0IaIach BCITBIIIKA
HOBOTr0 3a60JIeBaHUSA, TOPAXKAIOIIETO YCTON UM BhIE CO-
pra Tomata (KapumoBa u np., 2020a). [To3gHee O6bLIO
YCTaHOBJIEHO, YTO NMIPUYMHOY 3a60JI€BaHUS CTAJ U3-
paunbckuy n30a9T ToOBRFV ¢ BBICOKOU CTEIEHBIO
UOEeHTUYHOCTH T€HOMHOM MOCJeL0BaTeJIbHOCTHU
c nopmaHckuM usonaTom (Luria et al., 2017). B2018 1.
ToBRFV 6611 BbISIBJIEH B ['epMmannu, Tanuu, Mekcu-
Ke u CIIA, a B 2019 1. — B Beniuko6putauuu, I'perun,
Erunre, Kutae, Hunepnangax u Typrum (Salem et al.,
2023). B macrogmiee BpeMsa ToBRFV pacmpocTpaHeH
B 48 cTpaHax Ha BCEX KOHTHMHEHTAaX, 3a UCKIIOUEHN-
eM ArTapktunbl (EPPO, 2025). MHOTHE U3 9TUX CTPaH
SABJISIOTCS DKCIIOPTEpPaMU CeMSAH U IIJIOJ0B TOMaTa
u nepua B Poccutickyio ®enepaiuio. B Poccuiickoi
®enepanuy ToBRFV BrepBbie ObLIT BhIIBIEH B 2023 T.
(HauoHaJbHbIN gokaam, 2024), a B 2024 r. Haboma-
JIOCh JaJibHeMHIIee paciiupenne ero apeana (Hamuo-
HaJIbHBIY mokJjamn, 2025).

by comparing the nucleotide sequence of the identified
isolates and isolates of a given pathogen of different
geographic origins.

This article presents the results of a study of the
genetic characteristics of the ToBRFV isolates identi-
fied in Stavropol Krai, Volgograd Oblast and Moscow
Oblast, the Republic of Kazakhstan and the Republic
of Uzbekistan.

Key words. Molecular diagnosis, polymerase
chain reaction, primer, sequencing, phylogenetic
analysis.

INTRODUCTION

omato brown rugose fruit virus or Tobamovi-
rus fructirugosum (ToBRFV) is a representa-
tive of the genus Tobamovirus of the Virga-
viridae family. Due to its danger and rapid
spread, ToBRFV is regulated as a quaran-
tine pest in many countries and organizations, includ-
ing the EAEU and EPPO (Lozovaya et al., 2022).
Economically significant host plants of TOBRFV
are tomato (Solanum lycopersicum) and pepper (Capsi-
cum annuum). The harmfulness of ToBRFV is further
enhanced by its ability to infect tomato plants (see
Fig. 1) with Tm resistance genes and pepper plants
with L resistance alleles that provide resistance to
other tobamoviruses (Salem et al., 2023). The virus can
also infect several common weeds, such as Amaranthus
retroflexus, Convolvulus arvensis, Oxalis corniculata, Cheno-
podium murale, Erigeron canadensis, Taraxacum officinale,
Solanum nigrum, Portulaca oleracea, etc. (EPPO, 2025).
ToBRFV was first detected on tomato in Jordan
in 2015 (Salem et al., 2016). However, before that, in
2014, an outbreak of a new disease affecting resistant
tomato varieties was observed in southern Israel (Kari-
mova et al., 2020a). The disease was later identified as
being caused by an Israeli TOBRFV isolate with a high
degree of genomic sequence identity to the Jordanian
isolate (Luria et al., 2017). In 2018, ToBRFV was de-
tected in Germany, Italy, Mexico, and the United States,
andin 2019 in the United Kingdom, Greece, Egypt, Chi-
na, the Netherlands, and Turkey (Salem et al., 2023).
ToBRFV is currently distributed in 48 countries on all
continents except Antarctica (EPPO, 2025). Many of
these countries are exporters of tomato and pepper
seeds and fruits to the Russian Federation. In the Rus-
sian Federation, ToOBRFV was first detected in 2023
(National Report, 2024), and further expansion of its
range was observed in 2024 (National Report, 2025).
Naturally, such a rapid propagation of ToOBRFV
was due to its ability to spread efficiently with seeds.
Seeds isolated from infected tomato fruits can be
100% infected with the virus (Salem et al., 2022). Ver-
tical transmission of the virus from infected seeds
to seedlings is relatively low and varies from 0.08 to
2.8% (Davino et al., 2020; Salem et al., 2022). However,
even a few infected seedlings become sources for the
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Besyci0BHO, CTOJIb GBICTPOE pPacIIpoCTpaHeH e
ToBRFV 651710 06yCJIOBJIEHO €r0 CIIOCOGHOCThIO 3(-
(eKTUBHO pacIpOCTPaHAThCI C ceMeHaMu. CeMeHa,
BBIZIeJIEHHbBIE U3 3aPaKEHHBIX IJIOZ0B TOMATa, MOTYT
OBITh 3apakeHbl BUpycoM Ha 100% (Salem et al., 2022).
BeprukanbHas repefjava BUpyca OT 3apaXeHHbIX Ce-
MSH K CEeSTHIIAM SBJISIETCS OTHOCUTEIbHO HEBBICOKOM
u Bapbupyet ot 0,08 mo 2,8% (Davino et al., 2020;
Salem et al., 2022). OgHako Ja’ke HEMHOIOUUCJIEH-
Hble 3apa3uBIINeECS PACTEHUS PACCalbl CTAHOBSITCS
UCTOYHUKAMMU JIJIS1 TIOCJIEIYIONIEeT0 PACTIPOCTPaHEeHUS
BuUpyca. [Ipy BBITIOJIHEHU Y PA3JIMYHBIX CEJIbCKOX035TH -
CTBEHHBIX Pab0T BUPYC MOXKET ITepelaBaThbCs MeXaHU-
YEeCKUM IIyTeM Yepes PYKU, OIeX Y, 06yBb U MHCTPY-
MEHTHI pabouurx, C IMOJUBHON BOAON X pacTBOpaMU
IJIsI TUAPOTIOHWKY, a TaK)Xe ITPYU IPAMOM KOHTAaKTe
3apa’keHHbIX 1 He3apaKeHHbIX pacTeHun (KapuMosa
u ap., 2020b, Illuetimep u np., 2021). YcTaHOBJIEHO, UYTO
TIpY HAJUYMU BCETO JABYX PacTeHUU ToMaTa, UHPU-
nupoBaHHBIX TOBRFV, Ha Ternuny miowmansio 0,5 ra
Habaomangoch 3apaxkenue 1,45; 80 u 100% pacreHui
uepes 1, 4 1 8 MecsIIIEB COOTBETCTBEHHO (Panno et al.,
2020).

BupuoHbl TO6aMOBUPYCOB YpPe3BbIYAMHO CTa-
OUJIbHBI ¥ MOTYT BBKMBATh BHE X0351MHA HA MHEPTHBIX
(HampuMep, KAPTOH, TTO/IOHbI, CTEKJIO, GETOH, MHCTPY-
MEHTBI, OJIeXKIa, TPAHCIIOPTHLIE CPeACcTBa) U 610JIO-
TMYECKUX TTIOBEPXHOCTSX (HalpuMep, YeJ0BeUYecKue
PYKH, OCTaTKM PacTEHUMN, HACEKOMbIE-OITbLIUTEIN),
a TaK)Ke B IIMTaTeJIbHBIX PACTBOPAX, BOJE 1 [IOUBE B Te-
YeHUe MECSIIEB, He Tepsis CBOEl BUPYJIEHTHOCTH (Smit
et al., 2019). B vacTHOCTH, ITI0Ka3aHo, uTo TOBRFV Mo-
JKeT BBDKMBATh Ha KOXKe U ITepUyaTKax He MeHee 2 4acoB,

Puc. 1. CumnTOoMBI

Fig. 1. TOBRFV symptoms
ToBRFV Ha nnopgax Tomata  on tomato fruits from
n3 Pecny6nukn KasaxctaH the Republic of Kazakhstan

(¢hoTo aBTOPOB) (photo by the authors)

subsequent spread of the virus. During various agri-
cultural activities, the virus can be transmitted me-
chanically through the hands, clothes, shoes and tools
of workers, with irrigation water and hydroponic solu-
tions, as well as through direct contact of infected and
uninfected plants (Karimova et al., 2020b, Schneider et
al., 2021). It has been found that with only two ToBRFV
infected tomato plants in a 0.5 ha greenhouse, infec-
tion was observed in 1.45, 80 and 100% of plants after
1, 4 and 8 months, respectively (Panno et al., 2020).

Tobamovirus virions are extremely stable and
can survive outside the host on inert (e.g. cardboard,
pallets, glass, concrete, tools, clothing, vehicles) and
biological surfaces (e.g. human hands, plant debris,
pollinating insects), as well as in nutrient solutions,
water and soil for months without losing their vir-
ulence (Smit et al., 2019). In particular, it has been
shown that TOBRFV can survive on skin and gloves for
at least 2 hours, in dried tomato plant juice on green-
house surfaces (glass, aluminum, steel, hard plastic,
polyethylene film) for at least 4 weeks and on concrete
for more than a week (EPPO, 2025).

It has also been established that ToOBRFV can be
effectively spread by bumblebees and other pollinating
insects (Levitzky et al., 2019).

Like other tobamoviruses, TOBRFV virions are rig-
id rod-shaped particles measuring 300 x 18 nm.

The ToBRFV genome consists of a single mol-
ecule of single-stranded plus-sense RNA approxi-
mately 6376-6394 nucleotides long, which contains
four open reading frames (ORFs). The two 5'-terminal
ORFs are translated directly from the genomic RNA.
ORF1 encodes a 126-kDa protein (p126) that contains
methyltransferase and helicase domains. Passage of
a stop codon (UAG) (amber) between ORF1 and ORF2
results in the expression of a 183-kDa protein (p183)
that contains an RNA-dependent RNA polymerase do-
main at its C-terminus. Both proteins are essential for
viral replication. ORF3 and ORF4 are translated from
5'-capped subgenomic RNAs 1 and 2, which encode
a 30-kDa transport protein (MP) and a 17.5-kDa coat
protein (CP), respectively. Genetically, TOBRFV is most
closely related to tomato mosaic virus (ToMV) and to-
bacco mosaic virus (TMV), with which it shares 81—
82% nucleotide sequence identity (Salem et al., 2016).

MATERIALS AND METHODS

The objects of the study were ToBRFV isolates:

- detected in tomato plants collected in Stavropol
Krai, Volgograd Oblast and Moscow Oblast in official-
ly established quarantine phytosanitary areas for this
pathogen (fsvps.gov.ru, 2025);

- detected in tomato plants in the Republic of Ka-
zakhstan;

- identified in the Testing laboratory center of
FGBU “VNIIKR” in regulated tomato fruits from the
Republic of Uzbekistan.

RNA extraction for reverse transcription polymerase
chain reaction (RT-PCR) was performed using commer-
cial RNA extraction kit Proba-NK (AgroDiagnostika,
Russia) according to the manufacturer’s instructions.

dutocaHuTapusi. KapaHTUH pacTeHuii 4
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a B BRICYIIIEHHOM COKe PAaCcTeHUH TOMAaTa Ha IIOBEPXHO-
CTSIX TEILINII (CTEKJIO, AJIFOMUHU, CTaJIb, TBEP/IbIH ILIa-
CTUK, IOJUSTUIIEHOBA IJIEHKA) — He MeHee 4 HeJlelb
u Ha 6eToHe — 6oJiee Hepmesu (EPPO, 2025).

YcTaHOBJIeHO Takke, YTO TOBRFV mMoxeT apdek-
THBHO PaCIIPOCTPAHATHCS IIMENSIMY U LPYTUMU Hace-
KoMbIMU-onbLIuTENIMY (Levitzky et al., 2019).

Kak u y gpyrux To6amM0oBUPYyCOB, BUPUOHBI To-
BRFV npencTaBisioT CO00M )KECTKYE TAJIOUKOBUIHBIE
yacTullbl BeauunHoi 300 x 18 HM.

I'erom ToBRFV cocTOUT U3 eUHCTBEHHOU MO-
JIEKYJIBI OJTHOIIEITIOYEeYHON IIJII0C-CMBICJIOBON PHK
IJUHOM 0KOJIO 6376—-6394 HYKJIEOTUIOB, KOTOpas
COIEP)KUT UEThIPE OTKPBIThIE PAMKM CUMTHIBAHUS
(OPC). IBe 5'-koHIleBbIie OPC TpaHCIUPYHOTCS He-
nocpencTBeHHO ¢ TeHOMHONM PHK. OPC1 komupyet
6esiok Maccoit 126 k/la (p126), KOTOPBIM COEPKUT
IOoMeHbI MeTUITPaHchepasbl U XeJInuKasbl. [Ipoxoxie-
HUe cTor-kKogoHa sHTapsa (UAG) mexay OPC1 u OPC2
IPUBOAUT K dKcrnpeccuu beska mMaccoiu 183 k/la
(p183), xoTopBIH comepkuT moMeH PHK-3aBucuMou
PHK-mmonmmMepa3ssl Ha cBoeM C-koHIle. O6a 6esika He-
06XonuMBbI IJisl penyukanuu supyca. OPC3 u OPC4
TPAHCIUPYIOTCS C 5>-K3MUPOBAHHBIX Cy6GreHOMHBIX
PHK 1 u 2, KOTOpbIe KOAUPYIOT TPAHCIIOPTHBIN Ge-
Jok Maccoit 30 x/Ja (MP) u 6eJI0K 060JIOUKM MaCCOM
17,5 x/Ja (CP) cooTBeTcTBeHHO. 'eHeTnyecku ToOBRFV
HamboJiee 630K K TOGAaMOBUPyCaM MO3auKY TOMAaTa
(ToMV) u Tabaunoii Mmo3auku (TMV), ¢ KOTOPBIMU BMEe-
eT UIeHTUYHOCTD [10CIe0BATEIbHOCTU HYKJIEOTULAM
Ha ypoBHe 81-82% (Salem et al., 2016).

MATEPUAJIBI U METO/1bI

O6beKTaMU MCCIIeLOBAaHUMN SBJIAIUCH M30JIATHI
ToBRFV:

— BBISIBJIEHHBIE B PACTEHUSAX TOMAaTa, 0OTOOpaHHbIE
B CTaBpOMmOJIbCKOM Kpae, Bonrorpamckoir u MOCKOB-
cKol 06J1acTaX B 0(hUIIMaIbHO YCTAHOBJIEHHBIX KapaH-
TUHHBIX (UTOCAHUTAPHBIX 30HAX JJISI 9TOTO [TaTOreHa
(fsvps.gov.ru, 2025);

— BBISIBJIEHHBIE B PACTEHUSX TOMara B Pecrtybiiu-
ke KazaxcTaH;

— BoIsIBJIeHHBIE B VJIL] ®I'BY « BHVMKP» B mogKa-
PAHTUHHOU MTPOIYKIIVHU ILJIOLOB TOMaTa 13 PecmybJin-
KU Y30eKHUCTaH.

IkcTpakuuio PHK piisg npoBegeHus rmoaumepas-
HOU 1IeNHOU peaKiuyu ¢ 06paTHOM TpaHCKPUIIuen
(OT-TILIP) mpoBOAMJIM KOMMEpPUYECKM HabopoM pe-
arenTos IIpo6a-HK (Arpoguarsoctuka, Poccus) co-
TJIACHO MHCTPYKIMY (DUPMBI-TIPOU3BOIUTES.

CunTtes kJHK ocymecTBisaiy Ha6opoM peareH-
TOB JJis1 o6paTHOU TpaHckpuriiuu MMLV RT kit (Es-
poreH, Poccusi) COTJIACHO UHCTPYKIIUYU (PUPMBI-TIPO-
M3BOJIUTEJIS.

O6pa3sIbl pacTeHU U MJIOAOB ToMaTa u3 CTas-
pomoabcKoro Kpas, Bosirorpazickoit obiactu, Pecmy-
6nmku KazaxcraH u Pecry6iuky Y36eKUCTaH TECTH-
poBanu metomom OT-TILIP ¢ mpatimepamu ToBRFV-F/
ToBRFV-R (Alkowni et al., 2019) u HaGopoM peareH-
TOB 5X MasPPMix-2025 ([uanat, Poccusa). Kaxxpmas
peaxkiius 06beMOM 25 MKJI cozepkaia 5 MKJI MacTep
mukca pg TP, 5 mxa kIHK, mo 1 MKJ Ka)XXJ0ro
npariMepa 1 13 MKJI CTePUJIbHOM JeMOHU3UPOBAHHOM
BOZIbI. TeMMepaTypHO-BPEMEHHOMN PEXXUM COCTABUII:
95 °C — 5 muH, 40 nukiaos (95 °C — 30 cexk, 58 °C —
30 cek, 72 °C - 60 cek).

cDNA synthesis was carried out using a kit of re-
agents for reverse transcription MMLV RT kit (Eurogen,
Russia) according to the manufacturer’s instructions.

Tomato plants and fruits samples from Stavropol
Krai, Volgograd Oblast, the Republic of Kazakhstan and
the Republic of Uzbekistan were tested by RT-PCR with
ToBRFV-F/ToBRFV-R primers (Alkowni et al., 2019)
and a 5x MasDDMix-2025 reagent kit (Dialat, Russia).
Each 25 ul reaction contained 5 ul of PCR master mix,
5 ul of cDNA, 1 ul of each primer and 13 ul of sterile
deionized water. The temperature-time regime was:
95 °C - 5 min, 40 cycles (95 °C — 30 sec, 58 °C — 30 sec,
72 °C - 60 sec).

Tomato plants and fruits samples from the Repub-
lic of Kazakhstan and the Republic of Uzbekistan were
also tested by RT-PCR with primers ToBRT up1/To-
BRT do2 (Dovas et al., 2004) and a 5x MasDDMix-2025
reagent kit (Dialat, Russia). Each 25 ul reaction con-
tained 5 ul of PCR master mix, 3 ul of cDNA, 1 ul of
each primer and 16 pl of sterile deionized water. The
temperature-time regime was: 95 °C — 1 min, 40 cycles
(95°C -15sec, 49 °C — 20 sec, 72 °C — 60 sec).

The obtained amplicons were sequenced using a
modified Sanger method on an AB-3500 genetic ana-
lyzer (Applied Biosystems, USA). The following software
was used to analyze the obtained nucleotide sequenc-
es: BioEdit 7.0.5.3 (Hall, 1999), BLASTN 2.12.0+ (nc-
biinsights.ncbi.nlm.nih.gov) and Needleman-Wunsch
Global Align Nucleotide Sequences (blast.ncbi.nlm.
nih.gov). Phylogenetic analysis was performed using
the MEGA11 software (Tamura et al., 2021).

For phylogenetic analysis, along with the identi-
fied isolates, the following ToBRFV isolates deposited
in the NCBI Genbank were included: TBRFV-Ant-Tom
(MT107885, Turkey), 39941596_A (MN882048, the
Netherlands), Tom2M-Jo (MZ438228, Jordan), To-
BRFV-SD (MT018320, China) and TBRFV-IL (KX619418,
Israel). The ToMV isolate PV-0846 DSMZ (MW197140,
Iran) was included as a phylogenetic outgroup.

Tomato plant samples from Moscow Oblast were
tested by RT-PCR with ToOBRFV F-5476/ToBRFV R-6287
primers (Levitzky et al., 2019) and the One Tube RT-
PCR TagMan reagent kit (Eurogen, Russia). Each 25 ul
reaction contained 5 ul of PCR master mix, 3.5 ul of
extracted RNA, 0.5 ul of each primer, 0.5 ul of MMLV
reverse transcriptase, and 15 ul of sterile deionized
water. The temperature and time regime were: 50 °C
for 15 min, 95 °C for 1 min, 40 cycles (95 °C for 15 sec,
53 °C for 20 sec, 72 °C for 20 sec).

RESULTS AND DISCUSSION

ToBRFV-F/ToBRFV-R primers (Alkowni et al., 2019)
recommended for the specific TOBRFV detection in the
EPPO diagnostic protocol (EPPO, 2022) and the guide-
lines of FGBU “VNIIKR” (No. 01-2020 MR VNIIKR), al-
low amplification of a 560 bp section of the TOBRFV
replicase gene. Using these primers allows effective
diagnosis of the target object in tomato plant samples
(Shneyder et al., 2022). As an example, Fig. 2 shows
the results of one of the tests for detecting ToBRFV in
tomato plant samples from Stavropol Krai.
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O6pas1pl pacTeHUH U IJIOJOB ToMaTa u3 Pe-
cny6nuku KazaxcraH u Pecriybsiuky Y36eKUCTaH Te-
cTupoBasiu Takxe merogoM OT-TILIP ¢ mpaiiMepaMu
ToBRT upl/ToBRT do2 (Dovas et al., 2004) u Ha6o-
poM peareHToB 5x MasP’Mix-2025 (JluajaT, Poccus).
Kaxxmas peakius 00beMoOM 25 MKJI CofleprKkaia 5 MKJI
macTep mukca gug [THP, 3 mxa kIHK, 1o 1 MKJ Kax-
JIoro mpaiMepa u 16 MKJ CTEPUJIbHOU JeMOHU3UPO-
BaHHOU BOABI. TeMIlepaTypHO-BPEMEHHOU PEXUM
coctaBui: 95 °C — 1 muH, 40 1ukaos (95 °C — 15 cek,
49 °C —20 cek, 72 °C — 60 cek).

[TosyyeHHbIE aMIIJIMKOHBI CEKBEHUPOBAJIM T10 MO-
nudunypoBanHOMy MeTony CeHrepa Ha reHeTUIeCcKoM
anasusatope AB-3500 (Applied Biosystems, CIIIA). Iyt
aHaJIM3a MOJyYeHHbIX HYKJIEOTUIHBIX [I0CIEN0BATEIb-
HOCTEH HCII0JIb30BaJIM IIPOrpaMMHOe obecrieueHme
BioEdit 7.0.5.3 (Hall, 1999), BLASTN 2.12.0+ (nchiin-
sights.ncbi.nlm.nih.gov) u Needleman-Wunsch Global
Align Nucleotide Sequences (blast.ncbi.nlm.nih.gov).
dusioreHeTUYECKUH aHAIU3 MTPOBOAUIU C TTOMOIIHIO
nporpamMmmbl MEGA11 (Tamura et al., 2021).

Ilnsg GuaoreHeTUUECKOTO aHaIu3a HAPSIY C BbI-
SIBJIEHHBIMU M30JIITaMU ObLJIY BKIIIOUEHBI CIIEIyIOIITe
u30JiaThl TOBRFV, nenmonupoBaHHbie B reHH6anKe NCBI:
TBRFV-Ant-Tom (MT107885, Typuus), 39941596_A
(MN882048, Hunmepnaumsl), Tom2M-Jo (MZ438228.
Woppanus), ToBRFV-SD (MT018320, Kutaii) u TBRFV-
IL (KX619418, V3zpaunb). VizoagaT To6aMoOBUpPYyca MO-
3anku tomata ToMV PV-0846 DSMZ (MW197140,
VpaH) 6bLI BKJIIOUEH B KauecTBe (PUIOTEeHETUUECKOH
Ay TTPYIIIIHL.

O6pa3sIibl pacTeHUl ToMaTa U3 MOCKOBCKOM 06-
Jlactu TecTupoBanu MmetogoM OT-TILIP ¢ mpaiiMepaMu
ToBRFV F-5476/ToBRFV R-6287 (LevitzKky et al., 2019)
u HabopoM pearerToB One Tube RT-PCR TagMan (EB-
poreH, Poccus). Kaxxgasa peakiiyus 06beMoOM 25 MKJI
cofleprkajia 5 MkJ Mactep Mukca a4 [T1IP, 3,5 MKJI s9Kc-
TparupoBanHoit PHK, mo 0,5 MKJI KaXXZoTo IpalimMepa,
0,5 MKJ1 peBepTasbl MMLV 1 15 MKJI CTEPUIBHOM JENO0-
HU3WPOBAHHOU BOZbI. TeMIepaTypHO-BPEMEHHOH pe-
skuM coctaBmii: 50 °C — 15 muH, 95 °C — 1 MmuH, 40 1IUK-
J10B (95 °C — 15 cek, 53 °C — 20 cek, 72 °C — 20 ceK).

PE3VJIBTATBI U OBCYXKJIEHHNE

IIpatimepsl ToOBRFV-F/ToBRFV-R (Alkowni et al.,
2019), pekoMeHIyeMble IJs CITeln(UIEeCKOTO BhISIB-
nennda ToBRFV B guarHoctuyeckom npotokose EOK3P
(EPPO, 2022) 1 MeTogu4ecKux pekoMeHmausax ®rey
«BHUUKP» (N2 01-2020 MP BHUMKP), 1103BOJISIIOT aM-
nauUIMPOBaTh yUYacTOK reHa penjinkasbl TOBRFV
IauHoM 560 11.0. MCIToNb30BaHNE JaHHBIX TPaliMEPOB
1mo3BoJisieT 3(pheKTUBHO NMarHOCTUPOBATD IEJIEBOM
006BEKT B o6pasiiax pacteHuit Tomata (Shneyder et
al., 2022). B kauecTBe ITpuMepa Ha pUC. 2 IIPeICTaB-
JIEHBI PEe3YJIbTAThl OJJHOT'O M3 TECTOB I10 BBISBJIEHUIO
ToBRFV B 06pa3siiax pacTeHuii Tomata u3 CTaBpOIOJIb-
CKOr0 Kpas.

B xoIle cekBeHMPOBaHUS NIPOAYKTOB aMIIIU(DU-
kaiuu npaiiMmepoB ToBRFV-F/ToBRFV-R 6b11u 10JTy-
yeHbl I1ocJiegoBaTebHOCTY A4 10 n3o0aatoB TOBRFV
13 CTaBPOIIOJBCKOrO Kpas, TpexX U30J49ToB 13 BoJro-
rpajcKoil obyiacTu, ABYX M30JATOB U3 MOCKOBCKOMU
obsacty, 10 u 5 n30aaTOB M3 Pecrybnuku KazaxcTan
u Pecrty6yiky Y36€KMCTaH COOTBETCTBEHHO.

AHaJu3 TOJyUYeHHBIX TOCJIe0BAaTeJIbHOCTEH
B nmporpamme Nucleotide Blast mokasaJi, YTO Bce OHU
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Fig. 2. Detectiom of
ToBRFV in tomato plant
samples from Stavropol

Puc. 2. BbiaBneHue Bupyca
KOPUYHEBOW MOPLLUHUCTOCTHU
nnopos Tomata (ToBRFV)

B o6pasuax pacteHuit Tomara us Krai by RT-PCR with
CTaBpoOnosbCKOro Kpasi MeTogom primers ToBRFV-F/
OT-MUP c npaiimepamu ToBRFV-F/  ToBRFV-R (Alkowni
ToBRFV-R (Alkowni et al., 2019). et al., 2019). Bands
BaHabl 1-33 — 06pasubl pacTeHui 1-33 - tomato plant
ToMara, 63HA, 34 — oTpuuatenbHbliii  samples, band 34 -
KOHTPOJbHbIV 06pasel, negative control sample

During sequencing of the amplification products
of the ToBRFV-F/ToBRFV-R primers, sequences were
obtained for 10 ToBRFV isolates from Stavropol Krai,
three isolates from Volgograd Oblast, two isolates from
Moscow Oblast, 10 and 5 isolates from the Republic of
Kazakhstan and the Republic of Uzbekistan, respec-
tively.

Analysis of the obtained sequences in the Nucle-
otide Blast showed that they all belong to TOBRFV spe-
cies and correspond to the region of the 126 kDa rep-
licase gene of the ORF-1 ToBRFV of numerous isolates
of this virus deposited in the NCBI Genbank.

The identity of nucleotide sequences in the iden-
tified isolates from Stavropol Krai (StToBR isolates)
compared to the reference ToBRFV isolates ranged
from 98.57 to 100%, in isolates from Volgograd Oblast
(VolToBR isolates) — from 98.03 to 98.92%, in isolates
from Moscow Oblast — from 99.64 to 99.82%.

Among the isolates from Stavropol Krai, the high-
est identity with the reference ToBRFV isolates (99.82—
100%) was demonstrated by isolate StToBR-21-312,
while the lowest identity (98.57-98.93%) was demon-
strated by isolate StToBR-5-320 (see Tables 1-2), indi-
cating the presence of at least two primary sources of
infection. At the same time, in contrast to all other an-
alyzed Russian isolates, isolate StToBR-5-320 demon-
strated the highest identity with isolate TOBRFV-SD
(OR792460.1) identified in China.

All other isolates from Stavropol Krai, Volgograd
Oblast and Moscow Oblast were characterized by high
identity with a group of 62—-65 reference isolates dis-
tributed in Germany, Greece, Israel, Jordan, Iran, Chi-
na, Morocco, Mexico, the Netherlands, the USA, Pal-
estine and Turkey, of which about 50% were isolates

dutocaHuTapus. KapaHTuH pacteHui 6
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Ta6J1. 1. UZeHTUYHOCTD II0CJIEA0BaTEJIbHOCTEM
HYKJIEOTHUJIOB yUacCTKa reHa periukassl 126 k/la
n30J19T0B TOBRFV 3 CTaBpOImIoJbCKOr0 Kpasd,
BoJirorpaackoii 1 MoCKOBCKOI 06J1aCTei ¥ H30JIITOB

OTHOCATCA K BuAy Tomato brown rugose fruit virus
(ToBRFV) 1 COOTBETCTBYIOT YUaCTKY T'e€Ha PeIInKa3bl
126 xJla OPC-1 ToBRFV MHOro4Ync/IeHHBIX U30JISITOB
9TOTO BUPYCA, IeTIOHNPOBAaHHBIX B reHOaHke NCBI.

W IeHTUYHOCTD TI0C/IeloBaTEIbHOCTEN HYKJIEO-
THUJIOB Y BBISIBJIEHHBIX U30JIITOB U3 CTaBPOIIOJIbCKOIO
Kpas (u3oysaThl StTOBR) B cpaBHEHUU ¢ pedepeHT-
HbIMU n3oagrtamMu ToBRFV BappupoBajia ot 98,57
o 100%, y nsondaToB u3 Bojarorpajckoi o6iactu
(uzoasTel VolToBR) — ot 98,03 10 98,92%, y M30JIITOB
13 MOCKOBCKOM o6acTu — oT 99,64 10 99,82%.

Cpenu 130151TOB 13 CTaBPOMIOJbCKOT0 Kpas Hau-
60Jiee BBICOKOUM HUAEHTUYHOCTDHIO C PehepeHTHBIMU
usonsatTamu ToBRFV (99,82-100%) XxapaKTepHU30BaJICs
n30a4aT StToBR-21-312, a HauMeHee BBICOKOU UeH-
TUYHOCTBIO (98,57-98,93%) — usonat StToBR-5-320
(cM. Taba. 1-2), 4YTO CBUIETEIbCTBYET O HAJIMYUY KaK
MUHUMYM [IByX IEPBUYHBIX UCTOUHUKOB UH(PEKIINU.
[Tp¥ 3TOM B OTJIMYME OT BCEX JPYTUX aHAJIU3UPYEMBIX
poccuiicKuX MU30JITOB IJis u3ojisgta StToBR-5-320
ycTaHoBJeHa HauboJjiee BBICOKAS MIEHTUYHOCTH
¢ nsonatToM ToBRFV-SD (OR792460.1), BLIABIEHHOM
B Kurae.

Bce ocTanbHble U30a49ThI U3 CTaBPOIIOJIbCKOTO
Kpas, Boirorpaackoi 1 MOCKOBCKO#M o6JiacTel xapak-
TEePU30BaJUCh BICOKOU UAEHTUYHOCTBIO C TPYIIION
u3 62—-65 pedepeHTHBIX U30JIITOB, PACIIPOCTPaHEH-
HbIX B [epmanuy, ['penuu, U3pauie, Mopganuu, pa-
He, KuTae, Mapokko, Mekcuke, Hugepnanngax, CIIA,
[Tanecture u Typuuu, cpenu KOTOPBIX 0KoJI0 50%
COCTaBJISIOT U30JISATHI, PACIIPOCTPaHEHHBIE B M3pau-
Je, opmanuu u Typiuu. HekoTopble 13 3TUX pede-
PEHTHBIX U30JIITOB U UX UAEHTUYHOCTD 10 aHAJIU3U-
pyeMoMy yuyacTKy reHoma c usosugramu TOBRFV u3 P®
TIpefCcTaBJieHbI B Ta6JI. 2.

W3onarer TOBRFV u3 Boarorpaackoi objactu
XapaKTepPH30BaJINCh MeHee BICOKON UIeHTUYHOCTHIO
¢ pedepeHTHBIMY U30JIATAMY STOT'0 BUPYyCa (He BhIIIE
98,93%), ueM u30JAThl 13 CTaBPOMIOJbCKOTO Kpas
1 MOCKOBCKOI1 o6ytacT# (CM. TabJi. 1), YTO yKa3bIBaeT
Ha PasjInuHOEe MPOUCXOXKIEeHE TePBUYHBIX UCTOUHU-
KOB UH(DEKITUN.

[Ipu momapHOM CpaBHEHMMU ITOCJIEIOBATEIbHO-
CTell HyKJIeOTUIOB, IPOBEIEHHOM C UCTI0JIb30BaHUEM
Needleman-Wunsch Global Align Nucleotide Sequenc-
es, 6BIJI0 YCTAHOBJIEHO, YTO UAEHTUYHOCTD U30JISITOB
ToBRFV-EK-49 u ToBRFV-EK-54 13 MOCKOBCKOH
06J1aCTH IO JaHHOMY Y4YaCTKy TeHOMa COCTaBJISET
100%. UneHTUYHOCTh STUX U30JIATOB B CPABHEHUU
c u3oygraMu u3 CTaBpPOIOJbCKOTO Kpas BapbupoOBa-
Jga oT 98,94 o 100%, Torma Kak ¢ u3ojsiTaMu 13 BoJi-
rorpajickod 06JyiacTy cocTaBuya Bcero 97,99-98,73%.
VIeHTUYHOCTD IOCJIef0BaTeIbHOCTEM HYKIIEOTUA0B
y U30JIITOB 13 Bosirorpa/icko¥ 06/1acTé B CDaBHEHUU
c nsosisiTaMu 13 CTaBPOMOJbCKOT0 Kpasi BapbUpoBaja
oT 97,32 1o 98,92%, Torga Kak BHYTPU IPYNIIbI U30-
JIaTOB 13 CTaBPOIIOJBCKOTO Kpas (3a MCKIIOUEHNEM
nsoasaTa StToBR-5-320) cocraBuia 99,09-99,82%.
Kak y>xe ormeuasiocs, uzonsat StToBR-5-320 xapak-
TEepPU3yeTCs CYIeCTBEHHOU AWBEPreHTHOCThI0. ET0
UJEHTUYHOCTh B CDABHEHUU C IPYTUMU U30JATAMU
ToBRFV u3 CTaBpOMIOJILCKOrO Kpas CoOCTaBuUja Bce-
ro 97,51-98,75%, a ¢ usoagraMu u3 Boarorpamckoi
obmactu — 97,33-97,69%. B cBOIO ouepellb, BCe TPU
aHanu3upyeMbix usonsaita TOBRFV u3 Bojirorpazickoi
06J1aCcT OKa3aJuCh FeHETUYECKN Pa3HOPOIHBIMU.

ToBRFV, 1enoHUpOoBaHHbIX B reH6aHke NCBI
Table 1. Identity of nucleotide sequences of

the 126 kDa replicase gene region of ToBRFV isolates

from Stavropol Krai, Volgograd Oblast

and Moscow Oblast and ToBRFV isolates deposited

in the NCBI Genbank

KoJ1-BO 130J19TOB

WaeHTUUHOCTh u3 reH6anka NCBI ¢ janHoOM

(%) HIEeHTUYHOCThIO
H3oaar* Identity Number of isolates from NCBI
Isolate* (%) Genbank with given identity
StToBR-3-320 29,82 62
Ne1 99,64 38
StToBR-3-320 29.11 62
Ne2 98,93 38

98,93 1
StToBR-5-320 98,75 62

98,57 37
StToBR-11-312 29,82 62
Ne1 99,64 38
StToBR-11-312 29,28 62
Ne 2 99,11 38

100 62
StToBR-21-312

99,82 38
StToBR-24-312 99,46 62
Ne1 99,28 38
StToBR-24-312 99,82 62
Ne2 99,64 38
StToBR-26-312 29,64 62
Ne1 99,46 38
StToBR-26-312 99,29 62
Ne 2 99,11 38
VolToBR-42 98,40 65
Ne1 98,22 35
VolToBR-43 98,92 62
Ne1 98,74 38
VolToBR-43 2821 o2
Ne2 98,03 38

99,82 68
ToBRFV-EK-49

99,64 30

99,82 67
ToBRFV-EK-54

99,64 31

* N3onatbl StToBR, VolToBR 1 ToBRFV-EK BbiiBEeHbI
cooTBeTCTBeHHO B CTaBpONosibCKOM Kpae, Bonrorpanckom
1 MoCKOBCKOI 0b6nacTax

* Isolates StToBR, VolToBR and ToBRFV-EK were detected

in Stavropol Krai, Volgograd Oblast and Moscow Oblast, respectively
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VX uIEHTUYHOCTb B CDABHEHUHU JIPYT C IPYTOM COCTa-
Bua Bcero 97,33-97,69% (cM. TabI1. 3).

TaxuM 06pa3oM OBIJIO ITOKA3aHO, YTO M30JISIThI
ToBRFYV, BoisiBiieHHBIE B CTaBPOIIOJIBCKOM Kpae u Mo-
CKOBCKO1 06J1aCTH, XapaKTePU3yIOTCSI BEICOKUM reHe-
THUUECKUM CXOLCTBOM, HO CyIIECTBEHHO OTINYAIOTCS
OT M30JIITOB 3TOTr0 BUpYyca u3 Boarorpaackoit ob6Ja-
CTHU, YTO MOXKET TOBOPUTH O PA3HOM IIPOUCXOXKIEHUU
HUCTOYHUKA BUPYyCA.

CeKBeHUPOBaHYE MTPOAYKTOB aMIIU(pUKALIUY,
TIOJIy4eHHBIX B TecTax MeTomoM OT-TILIP njg o6pas-
1IOB PacTeHUH U IJIOJOB ToMaTa U3 Pecrybiuku Ka-
3axcTaH U Pecry6auku Y36eKMCTaH, ITOATBEPAUIIO,
UTO BCe OHU OTHOCATCS K BuZly Tomato brown rugose
fruit virus (ToBRFV). [IpoaykTsl aMIIndUKaIUA
npaiimMmepoB TobRT-upl/TobRT-do2 cooTBeTCTBOBA-
JIY y4acTKy reHa peruiukassl 183 k/la OPC-2 ToBRFV,
a mpoAyKThl aMmiuukanuy npaimepoB ToOBRFV-F/
ToBRFV-R — yuyacTKy resna perniukassel 126 k/la OPC-1
ToBRFV MHOrouunc/ieHHbIX U30JIITOB 3TOrO BUPYyCa,
IeITOHUPOBAHHBIX B reH6anke NCBI (cM. Tabut. 4-5).

AHaJIV3 TTOJTyYeHHBIX TTOCJIe0BATEIbHOCTEH 110~
KasaJi, 4To Bce u3oygaThl TOBRFV, BeIgBII€HHBIE B pac-
TeHUSAX ToMaTa u3 Pecrry6ivku KazaxcraH, IBISIOTCS

distributed in Israel, Jordan and Turkey. Some of these
reference isolates and their identity in the analyzed
region of the genome with ToBRFV isolates from the
Russian Federation are presented in Table 2.

ToBRFV isolates from Volgograd Oblast were char-
acterized by a lower identity with the reference virus
isolates (no higher than 98.93%) than isolates from
Stavropol Krai and Moscow Oblast (see Table 1), which
indicates a different origin of the primary sources of
infection.

Pairwise comparison of nucleotide sequenc-
es using Needleman-Wunsch Global Align Nucleo-
tide Sequences showed that the identity of the To-
BRFV-EK-49 and ToBRFV-EK-54 isolates from Moscow
Oblast for this genomic region was 100%. The identity
of these isolates compared to isolates from Stavropol
Krai ranged from 98.94 to 100%, while with isolates
from Volgograd Oblast it was only 97.99-98.73%.
The identity of nucleotide sequences in isolates from
Volgograd Oblast compared to isolates from Stav-
ropol Krai ranged from 97.32 to 98.92%, while within
the group of isolates from Stavropol Krai (except for
isolate StToBR-5-320) it was 99.09-99.82%. As al-
ready noted, isolate StToBR-5-320 is characterized

Ta6.1. 2. CpaBHeHUE n30J9T0B ToOBRFV BoJsirorpaackoii o6;1actv 1 CTaBpPOMoJIbCKOT0 Kpast
¢ pedepeHTHBIMU N30JIATAMH 3TOTr'0 BUpPYca I10 [10CJIeL0BaTeJIbHOCTH HyKJI€OTUI0B

B reHe pernJinkassl 126 k/la

Table 2. Comparison of ToBRFYV isolates from Volgograd Oblast and Stavropol Krai with
reference isolates of this virus by the nucleotide sequence in the 126 kDa replicase gene

PedepenTHbie u30aaTel TOBRFV ¢ Han60J1ee BbICOKOI UIEHTUYHOCTHIO

nmocjIieJ0BaTeJIbHOCTHU HYKJIEOTHU/I0B:
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Poccwuiickue T% T o8 $‘i S If &5 ©S& IS5 kg xA
msomaTei TBRFV* £ 8 £ 5 2& ZE 3 B3 E£3 §: 2% & E N E
ToBRFVRussian  Z B ER 3 @3 25 2& E& FE 2f Bg F&
isolates * B B L= H e [ = N =R g = X <N AS
StToBR-3-320 N2 1 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82 99,82
StToBR-3-320 N2 2 99,11 99,11 9911 9911 99,11 99,11 99,11 99,11 99,11 99,11 99,11

’

StToBR-5-320%* 98,75 98,75 98,75 98,75 98,75

98,75 98,75 98,75 98,75 98,75 98,75

StToBR-11-312N21 99,82 99,82 99,82 99,82 99,82

99,82 99,82 99,82 99,82 99,82 99,82

StToBR-11-312N22 99,28 99,28 99,28 99,28 99,28

99,28 99,28 99,28 99,28 99,28 99,28

StToBR-21-312 100 100 100 100 100

100 100 100 100 100 100

StToBR-24-312N21 99,46 99,46 99,46 99,46 99,46

99,46 99,46 99,46 99,46 99,46 99,46

StToBR-24-312N22 99,82 99,82 99,82 99,82 99,82

99,82 99,82 99,82 99,82 99,82 99,82

StToBR-26-312N21 99,64 99,64 99,64 99,64 99,64

99,64 99,64 99,64 99,64 99,64 99,64

StToBR-26-312N22 99,29 99,29 99,29 99,29 99,29

99,29 99,29 99,29 99,29 99,29 99,29

98,40 98,40 98,40 98,40 98,40 98,40

98,92 98,92 9892 98,92 98,92 98,92

98,21 98,21 98,21 98,21 98,21 98,21

VolToBR-42 98,40 98,40 98,40 98,40 98,40
VolToBR-43 N2 1 98,92 98,92 9892 98,92 98,92
VolToBR-43 N¢ 2 98,21 98,21 98,21 98,21 98,21
ToBRF-EK-54 99,82 99,82 99,82 99,82 99,82

99,82 99,82 99,82 99,82 9982 99,82

* MpoaykT amnnndmkaumm MNLP ¢ npaimepamm TobRT-upl/TobRT-do2;
** MpopyKT amnnaudmkaumm MLP ¢ npaimepamn ToBRFV-F/ToBRFV-R

* PCR amplification product with primers TobRT-up1/TobRT-do2;
** PCR amplification product with primers ToBRFV-F/ToBRFV-R

dutocaHuTapusi. KapaHTUH pacTeHuii 8
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Ta6J1. 3. UIeHTUYHOCTD II0CJIeJOBATEJIBHOCTH HYKJIEOTUIOB (%) yuyacTKa reHa perimKka3sl
126 k]/la y poccuiickux n30JaToB ToOBRFV u3 CTaBpoOII0JIbCKOT0 Kpasd,

BoJjirorpaickoii 1 MoCKOBCKOIf o6JiacTeit

Table 3. Nucleotide sequence identity (%) of the 126 kDa replicase gene region
in Russian ToBRFV isolates from Stavropol Krai, Volgograd Oblast and Moscow Oblast
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VolToBR-43 N2 2 97,48 97,69 97,63 97,32 97,33 98,04 97,50 98,22 97,68 98,04 97,86 97,34
VolToBR-43 N2 1 97,48 97,33 98,55 98,02 97,48 98,74 98,20 98,92 98,38 98,74 98,56 98,04
VolToBR-42 N2 1 97,69 97,33 98,36 97,51 97,69 98,22 97,69 98,40 97,86 98,22 98,04 97,87
StToBR-3-320N21 97,63 98,53 98,36 99,27 98,54 99,13 99,09 99,82 99,27 99,63 99,45 99,09
StToBR-5-320 97,33 97,48 97,69 98,54 97,68 98,39 97,51 98,39 98,04 98,75 98,21 97,69
StToBR-11-312N21 98,04 98,74 98,22 99,63 99,28 98,39 99,11 99,64 99,64 99,64 99,46 99,47
StToBR-21-312 98,22 98,92 98,40 99,82 99,11 98,39 99,64 99,28 99,46 99,82 99,64 99,11
StToBR-24-312N21 97,68 98,38 97,86 99,27 98,04 98,04 99,64 98,76 99,46 99,64 99,11 99,11
StToBR-26-312N21 97,86 98,56 98,04 99,45 98,75 98,21 99,46 98,93 99,64 99,11 99,46 98,76
ToBRFV-EK-49, 97,99 98,73 98,36 100 99,27 98,94 99,63 99,09 99,82 99,27 99,63 99,45 99,09

ToBFV-EK-54

reHeTHUYecKy 6JIM3KOPOICTBEHHBIMU., VIIEHTUYHOCTD
TI0CJIeN0BaTEIbHOCTU HYKJIEOTHU/IOB B FeHe IoJIMMepa-
3bI 126 kJla n3ouagara Kaz-21 u usonatoB Kaz-20, Kaz-
22,Kaz-26,Kaz-27,Kaz-30 u Kaz-31 coctaBuiia 100%,
a usoJisata Kaz-21 B cpaBHeHuu ¢ usoysaramu Kaz-23,
Kaz-24 u Kaz-25 - 99,81%, To eCcTh OoT/in4ajiaCh BCETO
110 OLHOMY HYKJIEOTULY.

[TocnemoBaTeNIbHOCTD HYKJIEOTU/IOB FreHa Perin-
Kka3bl 126 k/la OPC-1 y BeIABIIEHHBIX 130J19TOB Kaz-20,
Kaz-21, Kaz-22, Kaz-26, Kaz-27 u Kaz-30 zHa 100% co-
OTBETCTBOBAJIa TAKOBOU ¥ 57-58 nzonsaToB TOBRFV
u3 reubanka NCBI. Jlng uszoagaros Kaz-23, Kaz-24,
Kaz-25 u Kaz-31 uleHTU4YHOCTb LAHHOTO y4YyacTKa
B CPaBHEHUU C 3TUMMU Ke pepepeHTHBIMU U30JITaMU
ToBRFV cocraBuia 99,64-99,82% (cMm. Tabu. 4). Bojiee
50% pedepeHTHBIX U30JIATOB 3TOU IPYIIIHI ObLJIO BbI-
SgBJIEHO B HuepiaHmax.

[To mocyenoBaTeNbHOCTU HYKJIEOTUIOB B TEHE
peruiuka3sbl 183 k/la nsonarel Kaz-20, Kaz-22, Kaz-23,
Kaz-24, Kaz-25 u Kaz-26 u3s Pecrybiuku KazaxcTaH xa-
pakTepusyTcs Hanbojee BICOKOM UIEHTUYHOCTDIO
(99,29-99,82%) ¢ usonaToMm 39986411 (OM515247)
u3 Hupepnaupos. C rpynmno# u3 101 gpyroro pede-
peHTHOro n3ojugara ToBRFV 110 3TOMy yuyacTKy reHoMa
UOEeHTUYHOCTh U30JIITOB U3 Pecniybsuku KasaxcTaH
cocraBuya 99,11-99,64% (cMm. Tabma. 4). ta rpyn-
Ia BKJIKOUaeT 55 APyrux u3oJdaToB u3 HumepiaHgoB
u pedeperTHbIN n30aaT Uzb_4.1 (OR501605) us Y3-
6ekmcTaHa. UIeHTUIHOCTD ITOCIEJOBATEIbHOCTEN HY-
KJIEOTUOB Y LIECTU BbIIBJIIEHHBIX U30J1ATOB TOBRFV
u3 Y30eKucTaHa B CpPaBHEHUU C pedepeHTHbBIMU
U30J19TaMU 3TOro BUpyca cocrasuia 99,27-99.82%
nJisg reHa perinkassl 183 k/la OPC-2 1 99,82-100% —
IIJIs TeHa peruinkasel 126 k/la OPC-1 (cm. Tabi. 5). [Ias
nsongara Uzb-6 Habimionanack 100%-g9 UIeHTUYHOCTD
ydacTKa reHa peruinkassl 126 k/la ¢ usossgarom Conv-
01 (OP150933) us Utanuu. VIeHTUYHOCTDb BhIBJIEH-
HBIX HaM¥ 130J9T0oB Uzb-1 u Uzb-3 1mo yyacTKy reHa

by significant divergence. Its identity in comparison
with other ToBRFV isolates from Stavropol Krai was
only 97.51-98.75%, and with isolates from Volgograd
Oblast — 97.33-97.69%. In turn, all three analyzed
ToBRFV isolates from Volgograd Oblast turned out to
be genetically heterogeneous. Their identity in com-
parison with each other was only 97.33-97.69% (see
Table 3).

Thus, it was shown that TOBRFV isolates identified
in Stavropol Krai and Moscow Oblast are characterized
by high genetic similarity, but differ significantly from
this virus isolates from the Volgograd Oblast, which
may indicate a different origin of the virus source.

Sequencing of the amplification products ob-
tained in RT-PCR tests for tomato plant and fruit sam-
ples from the Republic of Kazakhstan and the Republic
of Uzbekistan confirmed that they all belong to the To-
BRFV. The amplification products of the TobRT-up1/
TobRT-do2 primers corresponded to the 183 kDa rep-
licase gene region of the TOBRFV ORF-2, and the ampli-
fication products of the TOBRFV-F/ToBRFV-R primers
corresponded to the 126 kDa replicase gene region of
the ToBRFV ORF-1 of numerous isolates of this virus
deposited in the NCBI Genbank (see Tables 4-5).

Analysis of the obtained sequences showed that
all ToBRFV isolates detected in tomato plants from the
Republic of Kazakhstan are genetically closely relat-
ed. The identity of the nucleotide sequence in the 126
kDa polymerase gene of the isolate Kaz-21 and isolates
Kaz-20, Kaz-22, Kaz-26, Kaz-27, Kaz-30 and Kaz-31
was 100%, and that of the isolate Kaz-21 compared to
isolates Kaz-23, Kaz-24 and Kaz-25 was 99.81%, i.e. it
differed in only one nucleotide.
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Ta6J1. 4. UIEHTUYHOCTD II0CJIeJ0BATEJIbHOCTEI HYKJIEOTH/I0B
n30J11T0B ToBRFV 13 Pecny6suku Ka3axcTaH U U30JISITOB
ToBRFV, genoHUPoBaHHbIX B reH6aHke NCBI

Table 4. Identity of ToBRFV isolates nucleotide sequences
from the Republic of Kazakhstan and ToBRFV isolates
deposited in the NCBI Genbank

NpeHnTuuyHOoCTh KOJI-BO U30JI1TOB

(%) NCBI*%*
N3o0a4aT YdyacTOk reHOMA Identity Number of
Isolate Genome region (%) isolates NCBI***
l'en perutrkassr 183 k/la OPC-2* 99,46 1
Replicase gene 183 kDa ORF-2* 99,28 101
Kaz-20
I'en perutmkasst 126 k/la OPC-1%* 100 57
Replicase gene 126 kDa ORF-1** 99 g2 42
Kaz-21 Ten pemnkaser 126 klla OPC-1** 100 57
Replicase gene 126 kDa ORF-1** 99 g2 42
I'eH periukasbt 183 k/la OPC-2* 99,29 1
Replicase gene 183 kDa ORF-2* 99,11 101
Kaz-22
Ten pemukasel 126 klla OPC-1** 100 57
Replicase gene 126 kDa ORF-1** 99 89 42
Ten perumikaser 183 kJla OPC-2% 99,46 1
Replicase gene 183 kDa ORF-2* 99,28 101
Kaz-23
TeH perumikassl 126 klla OPC-1++ 99,82 57
Replicase gene 126 kDa ORF-1** 99 g4 42
l'en perutrkassl 183 k/[a OPC-2* 99,64 1
Replicase gene 183 kDa ORF-2* 99,45 101
Kaz-24
TeH perumikassr 126 kJla OPC-1%+ 99,82 57
Replicase gene 126 kDa ORF-1** 99 64 42
Ten perumikaser 183 kJla OPC-2% 99,64 1
Replicase gene 183 kDa ORF-2* 99,46 101
Kaz-25
TeH perumikassl 126 kJla OPC-1++ 99,82 57
Replicase gene 126 kDa ORF-1** 99 g4 42
l'en perutrkassl 183 k/la OPC-2* 99,82 1
Replicase gene 183 kDa ORF-2* 99,64 101
Kaz-26
TeH perumkassl 126 kJla OPC-1*+ 100 57
Replicase gene 126 kDa ORF-1** 99 g9 42
Kaz-27 Ten pemnkaser 126 klla OPC-1** 100 58
Replicase gene 126 kDa ORF-1** 99 g2 41
Kaz-30 TeH pemnkassr 126 kJla OPC-1** 100 58
Replicase gene 126 kDa ORF-1** 99 82 a1
Kaz-31 I'eH periukasbt 126 k/la OPC-1** 99,82 57
Replicase gene 126 kDa ORF-1** 99 64 42

* MpogykT amnnndukaumm NUP ¢ npanmepamm TobRT-upl/TobRT-do2;
** MpoayKT amnnudukaumm NUP c npanmepamm ToBRFV-F/ToBRFV-R;
*** KonnyecTtso n3onaTtos B reHbaHke NCBI ¢ JaHHOW UOEHTUYHOCTbIO

* PCR amplification product with primers TobRT-up1/TobRT-do2;
** PCR amplification product with primers ToBRFV-F/ToBRFV-R;
*** Number of isolates in the NCBI Genbank with a given identity

The nucleotide sequence of the
126 kDa ORF-1 replicase gene in the
identified isolates Kaz-20, Kaz-21,
Kaz-22, Kaz-26, Kaz-27 and Kaz-30 was
100% consistent with that of 57-58 To-
BRFV isolates from the NCBI Genbank.
Forisolates Kaz-23, Kaz-24, Kaz-25 and
Kaz-31, the identity of this region com-
pared to the same reference ToBRFV
isolates was 99.64-99.82% (see Table
4). More than 50% of the reference iso-
lates of this group were identified in the
Netherlands.

Based on the nucleotide sequence
in the 183 kDa replicase gene, isolates
Kaz-20, Kaz-22, Kaz-23, Kaz-24, Kaz-
25, and Kaz-26 from the Republic of
Kazakhstan are characterized by the
highest identity (99.29-99.82%) with
isolate 39986411 (OM515247) from
the Netherlands. With a group of 101
other reference ToBRFV isolates, the
identity of the isolates from the Re-
public of Kazakhstan for this region
of the genome was 99.11-99.64% (see
Table 4). This group includes 55 other
isolates from the Netherlands and the
reference isolate Uzb_4.1 (OR501605)
from Uzbekistan. The identity of nu-
cleotide sequences in six identified
ToBRFV isolates from Uzbekistan
compared to the reference isolates of
this virus was 99.27-99.82% for the
183 kDa replicase gene ORF-2 and
99.82-100% for the 126 kDa replicase
gene ORF-1 (see Table 5). For the Uzb-
6 isolate, 100% identity of the 126 kDa
replicase gene region was observed
with the Conv-01 (OP150933) isolate
from Italy. The identity of the Uzb-1
and Uzb-3 isolates identified by us
for the 183 kDa replicase gene region
compared to the same region of the ge-
nome of the reference isolate Uzb_4.1
(OR501605) was high and amounted to
99.29 and 99.82%, respectively.

After pairwise comparisons of
the 126 kDa replicase gene region, the
identity of isolates Uzb-1, Uzbh-2, Uzb-3
and Uzb-4 was 100%, and the identity
of isolate Uzb-6 compared to these iso-
lates was 99.82%.

According to the conducted phy-
logenetic analysis, it was established
that isolates StToBR-26-312-1, StTo-
BR-26-312-2, StToBR-21-312 (Stav-
ropol Krai), Kaz-26 and Kaz-31 (Re-

pennukasbl 183 k/la B CpaBHEHUY C aHAJIOTUUYHBIM public of Kazakhstan) form a separate cluster together
ydacTKoM reHoma pedepeHTHoro usonsara Uzb_4.1 with isolates TBRFV-IL (Israel) and Tom2M-Jo (Jordan).
(OR501605) oxasasach BbICOKOM M COCTaBUJIA COOT- Isolates Kaz-22, Kaz-23, Kaz-24 and Kaz-30 (Republic
BETCTBEHHO 99,29 1 99,82%. of Kazakhstan) and Uzb-1 (Republic of Uzbekistan)

[TocJie moTapHBIX CPaBHEHUN yuyacTKa TeHa pe-
mInKasbl 126 k/la UIeHTUYHOCTh U30J49T0B Uzb-1,
Uzb-2, Uzb-3 u Uzb-4 coctaBuia 100%, a ugeHTU4Y-
HoCTb usosata Uzb-6 B cpaBHEHUY C 3TUMU U30JsITa-
MU - 99,82%.

dutocaHutapusi. KapaHtux pactenunin 10
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Ta6J1. 5. UIeHTUYHOCTD II0CJIeJ0BATEJIbHOCTEI HYKJIEOTHU/I0B
130J19ToB ToBRFV 13 Pecny6/iKku Y36eKUCTaH U U30JISITOB

ToBRFV, 1enoHUPOBaHHbIX B reH6aHke NCBI

Table 5. Identity of ToBRFV isolates nucleotide sequences
from the Republic of Uzbekistan and ToBRFV isolates

deposited in the NCBI Genbank

NpenTuuyHocTh Ko0JI-BO U30JI19TOB

formed the second cluster together with
isolates TBRFV-Ant-Tom (Turkey) and
ToBRFV-SD (China). Isolates Kaz-21,
Kaz-25 and Kaz-27 (Republic of Kazakh-
stan) were grouped together with isolate
39941596_A (Netherlands). Isolates
from Moscow Oblast (ToOBRFV-EK-49
and ToBRFV-EK-54) and four isolates

(%) NCBI*%* ; . )
N30aaT Y4yacTOK reHoMa Identity Number of isolates grc')rmBS l;a\;r%%og I;ra;(STtTé) IERl:i ‘“;21% 11’
Isolate Genome region (%) NCBI*%% tToBR-3- -2, StToBR-11- B
and StToBR-26-312-2) form a separate
T'en pennkassl 183 k/la OPC‘%“ 99,29 102 phylogenetic subgroup. Isolates from
Uzb-1 Replicase gene 183 kDa ORF-2* Volgograd Oblast (VolToBR-42, VolTo-
TeH pernukassl 126 klla OPC-1*+ 100 57 BR-43-1 and VolToBR-43-2) together
Replicase gene 126 kDa ORF-1** 99 82 42 with isolate StToBR-5-320 also form a
Tew perutikassi 183 klla OPC-2* separate cluster (see Fig. 3).
; ~ 99,27 102 . fth lifi .
Replicase gene 183 kDa ORF-2* Sequencing of the amplification
Uzb-2 products of the TOBRFV F-5476/To-
l'en penukasel 126 k/la OPC-1 100 99 BREV R-6287 . Levitzk
Replicase gene 126 kDa ORF-1** A primers (Levitzky et
- 183 xlla OPC.2" al., 2019) also allowed us to obtain
€H PEeIlJINKa3bI KAa 2" f 11_1 th 1 t.d f
Replicase gene 183 kDa ORF-2* 99,82 102 ull-leng nug eotide sequences o
Uzb-3 the coat protein gene (486 nucleo-
TeH peruinkassl 126 kfla OPC-1** 100 58 tides) for two other ToBRFV isolates
Replicase gene 126 kDa ORF-1** 99,82 4 (ToBRFV-LO-43 and ToBRFV-LO-44)
b TeH periukassr 126 kJla OPC-1** 100 58 identified in Moscow Oblast. The ob-
Uzb-4 Replicase gene 126 kDa ORF-1** 99 82 42 tained sequences corresponded to a
100 1 similar region of the genome of the
Uzh-6 eH Pemmikassi 126 klla OPC-1** om0 = general group of 117 ToBRFV iso-
Z0°0  peplicase gene 126 kDa ORF-1#* 2~ lates deposited in the NCBI Genbank,
99,64 41

among which isolates common in

* MpoaykT amnnndmkaumm MLP ¢ npamepamn TobRT-upl/TobRT-do2;
** MpopyKT amnnandmkaumm MLP ¢ npaimepamn ToBRFV-F/ToBRFV-R;
*** KonnuecTtBo n3onaTtos B reHbaHke NCBI ¢ JaHHOW UOEHTUYHOCTbIO

* PCR amplification product with primers TobRT-up1/TobRT-do2;

** PCR amplification product with primers ToBRFV-F/ToBRFV-R;

*** Number of isolates in the NCBI Genbank with a given identity

CorJjiacHO IPOBeIeHHOMY (PUJIOTeHEeTUUeCKOMY
aHaJIN3y yCTaHOBJIEHO, UTO U3014Thl StToOBR-26-312-1,
StToBR-26-312-2, StToBR-21-312 (CTaBpPOIIOJIbCKUA
Kpai), Kaz-26 u Kaz-31 (Pecrybsimka KazaxcraH) 06-
PaByIOT OTIENbHBIN KJIACTEP COBMECTHO C M30JIATAMU
TBRFV-IL (M3paunb) u Tom2M-Jo (MopmaHus). M30-
qnatel Kaz-22, Kaz-23, Kaz-24 u Kaz-30 (Pecrybiuka
Kazaxcran) u Uzb-1 (Pecrybsiuka Y36ekucraH) dhop-
MUPOBAJIM BTOPOM KJIACTEP COBMECTHO C M30JIITaMU
TBRFV-Ant-Tom (Typuust) u ToBRFV-SD (Kutaii).
VzonsaTer Kaz-21, Kaz-25 u Kaz-27 (Pecriybaimka Ka-
3aXCTaH) TPYNIUPOBAJINCh COBMECTHO C M30JISITOM
39941596_A (HupmepaaHnbl). M30a9Thl 13 MOCKOB-
ckont obysactu (ToBRFV-EK-49 u ToBRFV-EK-54)
U 4deTbipe u30jsATa u3 CTAaBPOIOJbCKOTO Kpas
(StToBR-3-320-1, StToBR-3-320-2, StToBR-11-312-1
u StToBR-26-312-2) 06pasyoT OTAeIbHY0 (huioreHe-
THUYECKYI0 OATPyHITy. Vi30maThl U3 Boarorpamckoi
o6aactu (VolToBR-42, VolToBR-43-1 u VolToBR-43-2)
COBMECTHO ¢ u30a9ToM StToBR-5-320 Takxe hopmMu-
PYIOT OTZIebHBIN KitacTep (CM. puc. 3).

CexBeHUpPOBaHUE MPOLYKTOB aMIIUu(PUKALLUU
npaiimepoB ToOBRFV F-5476/ToBRFV R-6287 (Levitzky
etal., 2019) IT03BOIMJIIO TAKIKE ITOJTYYUTh ITOJTHOPa3Mep-
HbIe TI0CJIe[IOBAaTEJIbHOCTY HYKJIEOTUIOB reHa 6ejka
060JI0UKY IJIMHOM 486 HYKJIEOTUIOB IJIS IBYX APYTUX
n30J51T0B TOBRFV (ToBRFV-L0O-43 1 ToOBRFV-L0O-44),
BBISIBJIEHHBIX B MoCKOBCcKOU ob6jacTu. [TosyueH-
Hble IIOCJEe0BAaTEeJbHOCTU COOTBETCTBOBAJU

the Netherlands predominated. The
identity of the nucleotide sequenc-
es of the coat protein gene of the
ToBRFV-LO-43 and ToBRFV-LO-44
isolates compared to the reference
isolates of this virus was 98.36 and
99.38%, respectively. The identity be-
tween isolates TOBRFV-L0O-43 and ToBRFV-1L0-44
was only 97.33%.

CONSLUSION

The conducted studies allow us to conclude that the
ToBRFV isolates that have spread in the Russian Fede-
ration are quite genetically heterogeneous, which in-
dicates repeated cases of this virus being introduced
in the Russian Federation from various sources. Two
groups of ToBRFYV isolates were detected in Moscow
Oblast, one of which is genetically closely related to
the isolates of this virus that are common in Stavropol
Krai. In turn, most ToBRFV isolates from Volgograd
Oblast differ significantly in the nucleotide sequence
in the 126 kDa replicase gene from isolates from Stav-
ropol Krai and Moscow Oblast. It was established that
the ToBRFV isolates common in the Republic of Ka-
zakhstan have a high genetic similarity to the isolates
of this virus that were identified in the Netherlands
and form a phylogenetic cluster with three isolates
from Stavropol Krai. For the Uzh-6 isolate from the
Republic of Uzbekistan, 100% identity of the 126 kDa
replicase gene region was established with the Conv-01
(OP150933) isolate from Italy.
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aHAJIOTMYHOMY yYaCcTKy reHoMa obuient
rpymmnsl u3 117 uzonaros ToBRFV, ge-
TMOHMPOBAHHBIX B reH6anke NCBI, cpe-
U KOTOPBIX IIpeobiagany U30JAThI,
pacnpocTpaHeHHble B HumepaaHmax.
VI IeHTUYHOCTD II0CIeL0BaTeIbHOCTEN
HYKJIEOTHUIOB reHa 6eJika 060JI0UKY U30-
agaToB ToBRFV-LO-43 u ToBRFV-LO-44
B CpaBHeHUU C pedepeHTHbhIMU U30-
JTaMU 3TOTO BUPyCa COCTaBuUJia
cooTBeTCcTBeHHO 98,36 u 99,38%.
U eHTUYHOCTDh MeXy n3oasitaMu To-
BRFV-LO-43 u ToBRFV-L0O-44 cocTtaBu-
Ja Bcero 97,33%.

3AKJ/IIOYEHUE

[IpoBe/leHHBIE KCCJIe0BaHUS T103BO-
JISIIOT CZIeJIaTh BBIBOZ, O IOCTATOYHO BbI-
COKOU TeHEeTUYEeCKON Pa3sHOPOJHOCTH
nsonaTos ToBRFV, nmonyuuBmux pac-
npocrpaHenue B Poccuiickon demepa-
1IUY, YTO CBUJIETEJBCTBYET O HEOJHO-
KPaTHBIX CJly4adX NPOHUKHOBEHUST
3TOTO BUpYyCa B HAIly CTPaHy M3 pas-

StToBR-26-312 1
Kaz-31
StToBR-11-312 2
TBRFV-IL
Tom2M-Jo
Kaz-26
StToBR-21-312
Kaz-22

9%

9%

§9%

Kaz-21
Kaz-27
39941596 A

Kaz-25

ToBRFV-EK-49
ToBRFV-EK-54
StToBR-3-320 1

StToBR-26-312 2
StToBR-3-320 2
StToBR-11-3121

9%
99%
8%
99%
Kaz-30
199%
Uzb-1
ikl -3 Kaz-23
% ToBRFV-SD
o7% Kaz-24
TBRFV-Ant-Tom
99%
99%
5%
%
99%

JIMYHBIX MCTOYHUKOB. B MOCKOBCKOM
006J1aCTY BBISBJIEHBI JIBE TPYIINbI U30-

VolToBR-43 1
859 StToBR-5-320

na1oB ToBRFV, omHa 13 KOTOPBIX reHe-
TUYECKU 6JIM3KOPOICTBEHHA U30JIATaM

\ﬁI: VolToBR-42
VoIToBR-43 2

$9% —— StToBR-24-312 1

3TOT0 BUPYCA, PACIPOCTPAHEHHBIM
B CTaBpOMIOJIbCKOM Kpae. B cBoO1o oue-

L stToBR-24-312 2
ToMV PV-0846 DSMZ

penb, 60JBIIMHCTBO U30J9TOB TOBRFV

u3 Bosrrorpazckoii ofnacTy cymecrBen-  P1C- 3. dunoreHeTnyecKmii
aHanus usonatos ToBRFV,

pacnpocTpaHeHHbIx B Poccuiickoi
®depepaumn, Pecnybnvke KasaxcraH, of Kazakhstan, the Republic of

" Pecny6nuke Y36ekucTaH, u psga
CKOT0 Kpasg ¥ MOCKOBCKOI 00JiacTH. pedepeHTHbIX n30nsiTos TOBRFV

HO OTJINYAIOTCS 10 IOCIEeA0BaTEIbHO-
CTU HYKJIEOTUJOB B F'€HE PEMJIMUKA3BI
126 x/la oT 130JiATOB U3 CTaBPOIIOJb-

Fig. 3. Phylogenetic analysis of
ToBRFV isolates distributed in the
Russian Federation, the Republic

Uzbekistan, and some reference
ToBRFV isolates by the nucleotide

YcraHoBisieHo, uTO U30JaTbl TOBRFV, no nocneposatenbHocTu Hykneotnaos  sequence of the 126 kDa replicase

pacnpocTpaHeHHbIe B Pecriy6iuke Ka-  yuacTtka reHa pennukassl 126 k[a

3aXCTaH, UMEIOT BBICOKOE FfeHETUUECKOe
CXOJICTBO C U30JISTaMU 3TOT'0 BUPYCA, BbIIBIEHHBIMU
B Hugmepnaupgax, u GopMUpPyIOT PUIOTeHEeTUUECKUN
KJIacTep ¢ TpeMs u3oyasaTaMu u3 CTaBPOIOJIbCKOTO
Kpas. s nsonsra Uzb-6 n3 Pecry6iauku Y36eKUCTaH
ycTaHoBsieHa 100%-5 UOeHTUYHOCTD y4acTKa reHa
perutrkassl 126 k/la ¢ usoasartom Conv-01 (OP150933)
u3 Mranuu.
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AHHOTALIUA
B HacTosIeit paboTe MpoBeieHa OlleHKa G1oJioruye-
cKkoit appeKTUBHOCTY PYHTUILINIOB C PA3HBIMU Jleli-
CTBYIOUIMMU BEIECTBAMU I10 OTHOLIEHUIO K BO30OY-
JIVTEJI0 IITHUCTOCTH JIUCThEeB KyKypy3bl Cochliobolus
carbonum Nels, hoMoricuca mofcoiHeuHuKa Diaporthe
helianthi Munt.-Cvet. et al. ¥ IypITypHOTO 1I€PKOCIIO-
posa cou Cercospora kikuchii (Matsumoto & Tomoyasu)
Gardner. [TepeuuncyieHHbIe TPUOBI TBISIOTCS KapaH-
TUHHBIMU BPEeAHBIMU OPraHMW3MaMU, KOTOPBIE CYy-
1ECTBEHHO CHMKAIT BCXOXXECTb CEMSH, YXYIUIAI0T
KauyecTBO 3€PHA, CHUIKAIT BBIXOJ, Y KaUueCcTBO Mac-
Jia. B CBSI3M € TEM YTO CEMEHHOM MaTepuaJ SBJseT-
Csl OCHOBHBIM ITyTeM paclpocTpaHeHus: MHDeKIuy,
CylIecTByeT (DUTOCAHUTAPHBIN PUCK 3aHOCA Ha Tep-
puTopuio Poccuu KapaHTUHHBIX OTACHBIX T'PU6GOB.
[IpenmoceBHOE MPOTPABIUBaHUE CEMSIH XUMUYE-
CKMMU TIperapaTaMiu SIBJSIETCS HaJeXHbIM CITOCO-
60M 3amuThl OT TPUOHBIX 6oJie3Hel. B pa6oTe mpo-
TECTUPOBaHbI 8 QYHTUIIU0B, 3aPETUCTPUPOBAHHBIX
Ha JaHHBIX KyJIbTypax, B CIydae C COe M KyKypy30U
QHAJM3VPOBAJIY ITPEITapaThl HE3aPETUCTPUPOBAHHBIE
Ha HUX. YCTaHOBJIEHbl MUHUMAaJIbHbIE KOHIIEHTPALIUU
JIeUCTBYIOIIUX BEIECTB, KOTOPBIE ITOJTHOCTBIO JTUIIAIOT
JKM3HECIIOCOOHOCTY KapaHTUHHBIX IPpuboB. OLleHKY
6uosornyeckout 3(pheKTUBHOCTY ITperapaToB Mpo-
BOJIMJIY B J1TAG0OPATOPHBIX YCIOBUSAX HA TBEPIOYN ITUTA-
TeJbHOU cpefie 2% KT'A ¢ mobaBieHreM QyHTUIIUIOB
Pa3HOTO JEUCTBYIOIIEr0 COCTAaBa B KOHIEHTPAILUAX
100, 10 u 1%. YcTaHOBJIEHO, UTO B OTHOILIIEHUY TPU6OB
C. carbonum u D. helianthi Gyarununs «CkapyeT», MJ;

SCIENTIFIC RESEARCH

DOI 10.69536/FKR.2025.42.94.002
UDC 632.934.1

Determination

of biological efficiency

of fungicides against
quarantine pests of grain,
legume and oil crops

in laboratory conditions

* ANNA A. KUZNETSOVA?, TATIANA A. SURINA?,
NIKITA K. KOSTIN?®

1.2.3 Federal State Budgetary Institution “All-Russian
Plant Quarantine Center” (FGBU “VNIIKR”), Bykovo,
Ramenskoye, Moscow Oblast, Russia, 140150

3 Russian State Agrarian University —

Moscow Timiryazev Agricultural Academy,
Moscow, Russia, 127434

1 ORCID 0000-0001-8443-2641, e-mail: kyyznec@bk.ru

2 ORCID 0000-0002-0463-5762,
e-mail: t.a.surina@yandex.ru

3 ORCID 0009-0003-8066-0753,
e-mail: kostinwork1@gmail.com

ABSTRACT
This study provides an assessment of the biological ef-
fectiveness of fungicides with different active ingredi-
ents in relation to Cochliobolus carbonum Nels, Diaporthe
helianthi Munt.-Cvet. et al. and Cercospora kikuchii (Mat-
sumoto & Tomoyasu) Gardner. The listed fungi are
quarantine pests that significantly reduce seed ger-
mination, lower grain quality, and reduce oil yield and
quality. Due to the fact that seed material is the main
pathway, there is a pest risk of introducing quarantine
fungi into the territory of Russia. Pre-sowing seed treat-
ment with chemicals is a reliable method of controlling
fungal diseases. The 8 tested fungicides registered for
these crops, in the case of soybeans and corn non-reg-
istered fungicides, were analyzed. Minimum concen-
trations of active substances that completely deprive
quarantine fungi of viability were established. The bi-
ological efficiency of the preparations was assessed in
laboratory conditions on a solid nutrient medium of 2%
potato dextrose agar (PDA) with the addition of fungi-
cides of different active compositions in concentrations
of 100, 10 and 1%. It was found that in relation to fungi
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«ITuonep», KC; «Knag», KC u «/lerto3ut Cynpum», M3
nokaszanu 100% 6uoaorudeckyio 3pPpeKTUBHOCTH
BO BCeX MMPOTECTUPOBAHHBIX KOHIIEHTpaugx. [1pe-
napat «TMT/», BCK acddeKTrBHO cpaboTasl IPOTUB
¢oMoricuca BO BCeX KOHIIEHTPAIUSIX, O YeM CBU/E-
TEeJIbCTBYET OTCYTCTBME POCTA KOJIOHUH HAa YalIKax
[TeTpu. B oTHOIIEHUHU IlepKocIiopo3a cou sddex-
TUBHBIMM OKas3aJiMCh IperapaTrbl «CkapjeT», M3;
«TMT[», BCK; «[lertosut Cynpum», M3 u «Burtanon»,
KC B koHIeHTpauuax 100 u 10%. [Tpenapatsl «Kiang»,
KC; «OmnoT», BCK u «ITnuoHep», KC mokasaJju CBOIO aK-
THUBHOCTD TOJIBKO B 100% KOHIIEHTPAaLUH, Tie aKTUBHO
TIOIABJISLIN POCT KoJioHuwu C. kikuchii.

Knrwuesvie cnoea. KapaHTUHHBIN BpeqHBIN Opra-
"usM, Cochliobolus carbonum, Diaporthe helianthi, Cerco-
spora kikuchii, XuMrU4eCKUe ITpernaparTsl, 06e33apaku-
BaHUe CEMSIH.

BBEJEHUE

OJICOJTHEYHUK, KYKypy3a 1 cos —
BA’KHBIE CEJIbCKOXO3SIMCTBEHHBIE
KYJIbTYPbI, KOTOPbIE MIKUPOKO BbI-
pamwuBalmTCca Kak B Poccuu, Tak
¥ BO MHOTHMX JIPYTruX CTpaHax
Mupa. YBeJIndYeHue TIomanu Io-
ceBa HAHHBIX KYJIbTYP ABJISETCS
OJTHUM 13 (aKTOPOB, CITOCOOCTBYIO-
IIUX YBEJINUYEHUI0 00EMOB IIPOU3BO/ICTBA 3€PHOBBIX
¥ MAaCJUYHBIX KYJbTYP U MOBBIMIEHUIO TIPOZLOBOJIb-
CTBEHHOU 6e30ITacHOCTY HaIllel CTpPaHbl. Biaromaps
CBOVM II0JIE3HBIM CBOMCTBAM KYJIbTYPBI IUPOKO KC-
TIOJIb3YIOTCS KaK Ha KOPMOBbIE, TaK ¥ Ha MIPOU3BOI-
ctBeHHbIe 1enu (Ipetapyc, 2023).

OnHOY M3 KJIF0UEBBIX TPOGJIEM, TIPEISATCTBYIO-
VX YBEJIUUYEHUIO TIPOU3BOICTBA U CHUIKEHUIO YPO-
JKAaMHOCTY JAHHBIX KYJIbTYP B Halllel CTpaHe, SIBJIS-
10TCS TpUbOHBIe 60s1e3HU. [10 OIIEHKAM CITEIMAJINCTOB,
9TU 3a00JI€BaHUS €XKEroJHO TPUBOIAT K TIOTEPE OJI-
HOWY IISITOM YaCTU MUPOBOTO0 yposkast pacTeHu (A36y-
KrHa, 1980).

3apakeHHbIe ceMeHa (KakK M3-3a pydexa, Tak
¥ C BHYTPEHHEr0 PhIHKA) IIPECTABIIAIOT COO0MI ce-
PbE3HBIN UCTOUYHUK PUCKA T10 MPUYMHE PacIIpocTpa-
HEeHUs BPeIOHOCHBIX rpuboB. MHDeEKIINS, KoTopas
HAXOJUTCS KaK Ha MOBEPXHOCTH, TaK U BHYTPU Ce-
MEHU, MOXET MMPUBECTU K UHTPOAYKIIMY KapaHTUH-
HBIX I'pr6OB Ha TeppuTopuio Poccuu. Takue rpuodsbl,
Kak Cochliobolus carbonum Nels, Diaporthe helianthi
Munt.-Cvet. et al. u Cercospora kikuchii (Matsumoto &
Tomoyasu) Gardner, cOXpaHSAIOTCS JJATEHTHO B ceMe-
HAaX ¥ MOTYT PaCIpOCTPAHATHCS C HUMU Ha HOBBIE TEP-
putopuu (CMeTHUK u 1p., 1998; El-Shafey et al., 2018;
McLean K.S. et al., 1988).

Bo36ynuTesnb IATHUCTOCTY KYyKypy3blI C. carbonum
SIBJISIETCS KAPAHTUHHBIM BPEJIHBIM OPraHU3MOM [IJIST
Poccuu 1 psama APyTUxX CTPaH, CIIOCOGHBIM UHPUITU-
POBaTh He TOJIBKO KyKypy3y (Zea mays L.)., HO 1 Takue
KYJbTYPBI, Kak copro (Sorghum spp.), PUC MOCEBHOM
(Oryza sativa L.), suMeHb OGBIKHOBEHHBIN (Hordeum
vulgare L.), mmenwutia (Triticum Spp.), POXKb MOCEBHA
(Secale cereale L.), a6m0ua noMaiuasa (Malus domestica
Borkh.), rpeunxa (Paspalum spp.) u KodeliHoe JepeBo

C. carbonum and D. helianthi, fungicides Scarlet, ME; Pi-
oneer, SC; Klad, SC and Deposit Supreme, ME showed
100% biological efficiency in all tested concentrations.
The fungicide preparation TMTD, Water SC worked
effectively against Diaporthe helianthi in all concentra-
tions, as evidenced by the absence of colony growth on
Petri dishes. In relation to Cercospora kikuchii, the fol-
lowing preparations were effective: Scarlet, ME; TMTD,
Water SC; Deposit Supreme, ME and Vitalon, SC in con-
centrations of 100 and 10%. The preparations Klad, SC;
Oplot, Water SC and Pioneer, SC showed their activity
only in 100% concentration, where they actively sup-
pressed the growth of the C. kikuchii colony.

Keywords. Quarantine pest, Cochliobolus carbonum,
Diaporthe helianthi, Cercospora kikuchii, chemicals, seed
disinfection.

INTRODUCTION

unflower, corn and soybeans are important

agricultural crops that are widely cultivated

both in Russia and in many other countries.

Expanding the area under these crops is one

of the factors contributing to the increase in
the production of grain and oilseed crops and boost-
ing the food security of our country. Due to their ben-
eficial properties, these crops are widely used for both
feed and production purposes (Grainrus, 2023).

One of the key problems preventing the increase
in production and the decrease in the yield of these
crops in Russia are fungal diseases. According to ex-
perts, these diseases annually lead to the loss of one
fifth of the world’s plant harvest (Azbukina, 1980).

Infected seeds (both from abroad and from the
Russian market) represent a serious source of risk due
to the spread of harmful fungi. The infection, which is
both on the surface and inside the seed, can lead to
the introduction of quarantine fungi into the territory
of Russia. Such fungi as Cochliobolus carbonum Nels, Di-
aporthe helianthi Munt.-Cvet. et al. and Cercospora kiku-
chii (Matsumoto & Tomoyasu) Gardner, are preserved
latently in seeds and can spread with them to new
territories (Smetnik et al.,1998; El-Shafey et al., 2018;
McLean K.S. et al., 1988).

C. carbonum is a quarantine pest for Russia and
some other countries, capable of infecting not only
corn (Zea mays L.)., but also crops such as sorghum
(Sorghum spp.), rice (Oryza sativa L.), barley (Hordeum
vulgare L.), wheat (Triticum spp.), rye (Secale cereale 1.),
apple trees (Malus domestica Borkh.), buckwheat (Paspa-
lum spp.) and coffee trees (Coffea arabica L.). The spe-
cies affects leaves in the form of various spots and
causes corn cob rot, which leads to significant yield
losses (Hooker, 1974).

Among the causative agents of seed stain, the most
dangerous species is the fungus C. kikuchii, which is a
quarantine pest limitedly present in Russia. In Latin
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apasutickoe (Coffea arabica L.). Bup 1opakaeT JUCTbS
B BUJIE PA3JIMYHBIX IITHUCTOCTEH 1 BBI3bIBAET I'HUJIb
TIOYaTKOB KYKYPY3bl, YTO TIPUBOAUT K 3BHAUUTEBHBIM
norepsaM ypoxaiinoctu (Hooker, 1974).

Cpenu Bo36ynuTesiell iepkociiopo3a HauboJjiee
omacHbIi Bug — rpub C. kikuchii, KOTOPBIHA SBJISETCS
KapaHTUHHBIM [TaTOreHOM, OTPAHUYEHHO PacIIpo-
CTpaHeHHbIM Ha TeppuTopuu Poccuu. B cTpanax Jla-
TUHCKOU AMEDPUKU IOTEPH YPOXKasi, BbI3BAHHBIE TIST-
HUCTOCTBIO JIUCThEB, MOT'YT gocturaThb oT 30 10 50%.
BoJie3Hb CIOCOGHA BBIBBIBATH MTPEXIEBPEMEHHYIO
nedonmanuno, 0cCO6eHHO B JKaPKUX U CYXUX YCIOBU-
ax. [TaTOTeH CHIYKAeT BCX0XKECThb 3apaKeHHbIX CEMSIH
Ha 6% u 6oJee, yxyIlIaeT KaueCTBO 3epPHA, U3MeHIeT
6MOXUMUYECKUH COCTaB Macja U YMEHBIIIAET €T0 BbI-
xox, (TTosoxkuesa u ap., 2015).

Bo3bynuTtenb ¢hoMoricuca mojicosiHeuHuKa D. he-
lianthi Tak)xe UMeeT KapaHTUHHOe 3HaYeHue 1111 Poc-
CUM U SBJISIETCS OTPAaHUYEHHO PACIIPOCTPaHEHHBIM
BUIOM Ha JaHHOI TEePPUTOPUU. Y 3apa’keHHBIX ce-
MSIH YMEHBIIAETCS BCXOXKECTh, Macca CEMSH U UX BbI-
MOJIHEHHOCTD, CHM)KAIOTCS BBIXOJ M KaUeCcTBO MacJja
no 40%. domoricuc cTaja OSHUM U3 OCHOBHBIX OTpa-
HUYMBAOMMUX (aKTOPOB IJIA ITPOU3BOACTBA II0JCO-
JIHEUHUKA B EBpoTIE, Ille TIOTEpU yposXkast COCTaBUIIN
no 50%, a moTepu comepXaHUd MacJa IPeBbICUIU
10% (Mathew et al., 2015).

Il IpenoTBpalleHys paciipocTpaHeHsI KapaH-
TUHHBIX BPeIHbIX OPTaHK3MOB HEOOXOIUMO IIPUMeHe-
HMe KOMILJIEKCA 3allMTHBIX MEePOIIPUATUL, BKIII0UAs
HUCIIoJIb30BaHre Haubojgee 3 HEeKTUBHBIX U allpo-
OMPOBAHHBIX METOLOB, OMHUM 13 KOTOPHIX ABJISETCS
ob6e33apaxuBaHUs CeMSH. B yCI0BUSIX UHTEeHCUDU-
KallMy CEeJIbCKOTO X035MCTBA U PACIIPOCTPAHEHUS MO-
HOKYIBbTYP 3 PeKTUBHBIE METOIBI 0O0PAbOTKU CEMSIH
CTaHOBSITCS 0COOEHHO aKTyalbHBIMU. O6e33apakmBa-
HYE He TOJbKO ITOBBIIIAET XKU3HECIIOCOOHOCTD CEMSIH,
HO U croco6CTByeT POPMUPOBAHUIO YCTOUUUBOCTHU
pacTeHuH K pa3InYHbIM NHDEKIIUIM, UTO B KOHEUHOM
WUTOTE BJIVSIET HA YPOXKANHOCTDb ¥ BKOHOMUYECKY0 3(h-
(peKTUBHOCTD IIPOM3BOACTBA (3UHUYEHKO, 2012).

OnuH 13 crrocob0B o6e33apakUBAHUSA — ITO
MIPOTPaBJIVBaHME CEMSIH ITePe/] T0CEBOM C TTIOMOIILLIO
XUMUYECKUX BEeUeCTB. B mpakTuKe IMIPUMEHSIITCS
(byHrUIIUABI C MIMPOKUM CIIEKTPOM JIEUCTBUS U C BbI-
COKOI 6MOJIOTUYECKON aKTMBHOCTHI0. Haubosee ad-
(eKTUBHBIMU IIPOTUB reJIbMUHTOCIIOPHO3HOMN THUIN
ABJIIIOTCS QYHTULIUABI HA OCHOBE IPyMNnHI 1,2,4-Tpu-
a30JI0B (IeliCTBYIOIIVE BellecTBa: JU(PEHOKOHA30I,
TebyKOHa30J, TPUTUKOHA30J1, hyiyTpuadoJi, IUIpo-
KOHAa30J1), KOTOpble UHTUOUPYIOT CUHTE3 CTEPUHOB,
Hapyuas IPOHUIIAeMOCTh JIUTTHUIHOTO CJI0T MeMOpaH
KJIETOK T'PUOOB, CIIOCOOHBI IIPENSITCTBOBATh JaJib-
HelmeMy yAJUHEHUIO POCTKOBBIX TPY6OK, nudde-
peHIIMAUY KJIETOK M POCTY MUILIENIUS rpuba — 3TUM
u 06bsicHAeTCS uX QyHTUIUMIHOe AelicTBue (Byra,
2013). Kiacc Tpua3oj0B Haubojee TOKCUYHBIN IJIs
MUIIeJINS, HeXXeJU IJig criop rpuba. JaHHbIe IIperia-
paThl 06J1aal0T CUCTEeMHLIM JelCTBUEM, IlepeMe-
IIAI0TCSI aKPOMIeTaJbHO 110 KCUJIEME C HaJbHEHITUM
TMPOHUKHOBEeHVEM U3 06paboTaHHBIX CEMSH B ITPO-
POCTKM (BBEPX II0 PACTeHUI0), yeM 3(pPpeKTUuBHO 3a-
IUITAI0OT PacTeHUSA Ha HadyaJbHBIX dTAalax Pa3BU-
THUS OT ITaTOreHHOoUW MuKpodiopsl (TroTepes, 2010;
TiorepeB, 2006; CBumyHOBUY U Ap., 2022). Takxke
MIPOTUB TeJIbMUHTOCIIOPNO03a KYKYPY3bl IPUMEHSIOT

American countries, crop losses caused by seed stain
canreach 30 to 50%. The disease can cause premature
defoliation, especially in hot and dry conditions. The
pathogen reduces the germination of infected seeds by
6% or more, worsens the quality of grain, changes the
biochemical composition of oil and reduces its yield
(Polozhieva et al., 2015).

D. helianthi also has quarantine significance for
Russia and is a limitedly present species in Russia. In-
fected seeds have reduced germination, seed weight
and density, and oil yield and quality are reduced by
up to 40%. Stem rot has become one of the main limit-
ing factors for sunflower production in Europe, where
yield losses amounted to 50% and oil content losses
exceeded 10% (Mathew et al., 2015).

To prevent the spread of quarantine pests, it is
necessary to use a set of protective measures, includ-
ing the use of the most effective and proven methods,
one of which is seed disinfection. In the context of in-
tensification of agriculture and the spread of monocul-
tures, effective methods of seed treatment are becom-
ing especially relevant. Disinfection not only increases
the viability of seeds, but also contributes to the for-
mation of plant resistance to various infections, which
ultimately affects the yield and economic efficiency of
production (Zinchenko, 2012).

One of the disinfection methods is pre-sowing
seed treatment with chemicals. In practice, fungi-
cides with a wide spectrum of action and high bio-
logical activity are used. The most effective against
helminthosporium blight are fungicides based on
the 1,2,4-triazole group (active ingredients: difeno-
conazole, tebuconazole, triticonazole, flutriafol, cy-
proconazole), which inhibit the synthesis of sterols,
disrupting the permeability of the lipid layer of fungal
cell membranes, are able to prevent further elonga-
tion of germ tubes, cell differentiation and growth
of fungal mycelium - this explains their fungicidal
effect (Buga, 2013). The triazole class is more toxic
to the mycelium than to the fungal spores. These
preparations have a systemic effect, move acrope-
tally along the xylem with further penetration from
the treated seeds into the seedlings (up the plant),
which effectively protects plants at the initial stages
of development from pathogenic microflora (Tyu-
terev, 2010; Tyuterev, 2006; Svidunovich et al., 2022).
Also, seed dressings of the phenylpyrrole group are
used against helminthosporiosis blight of corn, for
example, such an active substance as fludioxonil,
which inhibits the growth of the pathogen’s myceli-
um, suppresses glucose phosphorylation, disrupting
the functions of the cell membranes of fungi (Pesti-
cides.ru, 2021).

Chemical control methods are one of the effective
and widespread methods of suppressing the activity
of Cercospora fungi on soybean seeds. To control C. ki-
kuchii, preparations based on azoxystrobin, thiophan-
ate-methyl, carbendazim and their combinations are
widely used. These fungicides suppress the develop-
ment of fungi and prevent their spread on seeds and
plant leaves (Santos F.M. et al., 2022).
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Ta6.1. 1. IIpenapaTsl, HCIIOJIb30BAHHBIE B OMBITAX Hopma Pacxox ~ KoHueHTpanus
. . . . . npumMe-  paGoueil . B.B paGoueM
Table 1. Fungicide Preparations used in the experiments HEHHSi  KMJIKOCTH, pacTBope, &/
npemnapa- J/T Concentra-
Name of the Ta, J/T Working tion of active
N¢ HaumMeHOBaHUe preparation and active Dosage fluid con- ingredient in
1/n npenapara u J. B., ingredient, active rate of the sumption, working solu-
N¢ copepxkaHmue 1. B. ingredient content KynbsTypa Culture drug,l/t I/t tion, g/1
«CxapJer», M9 Scarlet, ME Cosa Soybeans 0,4 5 8+4,8
| MMasaumN + imazalil + Kykypysa o 0.4 10 4+2.4
TeOyKOHA30JI tebuconazole
(100 + 60 r/m) (100 + 60 g/1) [MopconmHeynuk Sunflower 0,4 10 4+2,4
«InoHep», KC Pioneer, SC Cosa Soybeans 2 10 5+5
5 ayrpuadoi + ﬂu_trlafol + Kykypy3a Corn 5 10 545
TrabeH1a307, thiabendazole,
25 + 25 1/ 25+ 25 g/l IMogconneynuk Sunflower 2 10 5+5
«Kmapgy», KC Klad, SC Cos Soybeans 0,6 10 4,8+2,4+24
3 TrabeH1a30 + thiabendazole -  Kykypysa Toim 0.6 10 48+2.4+2.4
TeGyKOHA30JI + ©Masaiui, tebuconazole + imazalil,
80 + 60 + 60, I/ 80 + 60 + 60, g/l Iopconueunuk Sunflower 0,6 10 4,8+2,4+2,4
«TMTI», BCK TMTD, Water SC con Soybeans 6 10 240
4 Tumpam, thiram, Kykypysa Corn 4 10 160
400 r/n 400¢/1 IMogconneunuk Sunflower 4 10 160
«Jeno3ut Cynpum», M9  Deposit Supreme, ME ~ Cos Soybeans 1 6 6,7+6,7+2,5
5 ynmoxconum + ﬂudlox_oml + Kykypysa Tarm 1 10 4+4+15
uMazanui + MmedeHokcaMm, imazalil + mefenoxam,
40+ 40 + 15 r/n 40 +40+15 g/l [oxconueunuk Sunflower 1 10 4+4+1,5
«Maxkcum», KC Maxim, SC Cos Soybeans 5 10 12,5
6  (IYOUOKCOHMII, fludioxonil, Kykypysa Corn 5 10 12,5
251/n 25g/1 [Mopconueunuk Sunflower 5 10 12,5
«OmaoT», BCK Oplot, Water SC Cosa Soybeans 0,5 8 5,6 +2,8
7 I1(eHOKOHA30JI + difenoconazole + Kykypysa e } _ }
Te6yKOHA30JT tebuconazole
90 + 45 /1 90 + 45 g/l [Momconmueunuk Sunflower - = =
«BuTtayion», KC Vitalon, SC Cos Soybeans 1,5 5 120 +4,2
8 TupaM + TebyKOHa30JI thiram + tebuconazole Kykypysa Corn - - -
(400 + 14 t/m) (400 + 14 g/1)

[Momconmueunuk Sunflower - - -

MIPOTPaBUTENH TPy (EHUJTTUPPOJIOB, HATIPUMED
Takoe AeHCTBYIOIee BEleCTBO, KaK (hJIyANOKCOHUII,
KOTOpPO€e MHTUOUPYET POCT MUIIEJINS IaTOreHa, I10-
naBusieT ochopuanpoBaHUE III0OKO3bI, Hapyllas
(byHKIIMY KIIeTOYHBIX MeMOpaH rpu6oB ([TecTULI MBI
ru, 2021).

XuMHuYecKre METO/IbI 60PbOBI ABJISIOTCS OLHUM
13 5 GEeKTUBHBIX M MAaCCOBLIX CIIOCOOO0B ITOIaBJIEHUS
aKTUBHOCTU IpubOB poa Cercospora Ha ceMeHax COU.
1t 60PBOBI C MyPITYPHBIM 1€ PKOCIIOPO30M HIUPOKO
MIPUMEHSIIOTCS IIpernapaThl Ha OCHOBE a30KCHUCTPO-
6uHa, THo(aHaT-MeTHIa, Kap6eHmasuMa U UX KOM-
OuHaN Ui, 3TU QYHTULUIBI TOLABJISIOT Pa3BUTUE
rpuboB U MPENOTBPAIIAl0T UX PacIpOoCTpPaHeHUe
Ha ceMeHax U JIMCThIX pacTeHulr (Santos F.M. et al.,
2022).

[IpoTuB hoMoIICHCa TOACONHEUHNKA 3aperu-
CTPUPOBAH P, TPETIapaToB C PA3IUIHBIMU JE€HCTBY-
OIUMU BelecTBaMu. Haubonee apdekTruBHBIE 06-
paboTKY CeMsH MpernapaTaMu Ha OCHOBE CJIEYIOIUX
IeMCTBYIOIIVX BEIECTB: TeOyKOHa30Ja, TuabeH1a30-
Jla, uMasajuia, Gpayrpuadosa, UmpoauoHa u Qynu-
OKCOHIJIA. XMMUUEeCKUH MeToH 60pbObI TaKXKe ITpruMe-
HSIETCS JIJIST ONPBICKVMBAHUS BETETUPYIONIUX PACTEHUN
IIPY MOSIBJIEHU Y TIEPBBIX TPU3HAKOB 60s1e3HM ([TecTu-
nunslru, 2021).

Some preparations with various active substances
have been registered against D. helianthi. The most ef-
fective seed treatments are preparations based on the
following active substances: tebuconazole, thiabenda-
zole, imazalil, flutriafol, iprodione and fludioxonil. The
chemical control method is also used for spraying veg-
etative plants when the first signs of the disease appear
(Pesticides.ru, 2021).

Currently, preference is given to fungicides with
several active ingredients, which helps prevent the
emergence of resistant pathogen populations (Khile-
vsky, 2015).

Thus, in practice, fungicides with different ac-
tive compositions are used for pre-sowing seed treat-
ment against fungal diseases. However, there are no
registered chemicals against quarantine species C.
carbonum, D. helianthi and C. kikuchii, so it is neces-
sary to search for effective fungicides for seed dis-
infection.

The aim of our research was to determine the bio-
logical effectiveness of the selected fungicides against
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B HacTosillee BpeMs IpPeIoUYTeHNE OTHAETCS
(yHTHIIMIAM C HECKOJIBKUMU JIEUCTBYIOIIUMY BEIIE-
CTBaMHU, UTO TI03BOJISIET IPEJOTBPATUTH ITOSIBIEHUE
PE3UCTEHTHBIX MMONYJSIINE maToreHoB (XUJIeBCKUH,
2015).

TakxuM 06pa3oM, B IMPaKTUKe MPUMEHSITCS
(pyHTULIUABI C PA3HBIM JAEUCTBYIOIIUM COCTaBOM JJI
pennoceBHOM 06paboTKU CeMSIH MPOTUB IPUOHBIX
6ose3Helt. OMHAKO MPOTUB KapaHTUHHBIX BUIOB C. car-
bonum, D. helianthi n C. kikuchii OTCYyTCTBYIOT 3aperu-
CTPUPOBaHHbIE XUMUUECKME TIPEMAPATHI, TIO3TOMY
He06X0IMMO IPOBONUTH MOUCK 3P (HEeKTUBHBIX QYyH-
TUIUIOB 1Jig 06e33apa’kiuBaHMs CEMSIH.

Llenbo HANIUX UCCIENOBAHUY SIBJISIIIOCH OITPee-
JieHre 6moorndeckoi 3¢ GpeKTUBHOCTY BhIOPAHHBIX
(pyHrULIMIOB B OTHOIIEHUU JAHHBIX KaPAHTUHHBIX
rpuboB B Ja60PATOPHBIX YCIOBUSX HA YUCTHIX KYJIb-

Typax.

BiusiHue npenapaTtoB Ha C. carbonum B pa3jinJH
Effect of preparations on C. carbonum at different c

N2
n/n INatoreH Pathogen

«CkapJier», M9
(I/IME{SSE{.HI/IJI ar TeGyKOHaSO.H,
100 + 60 r/m)

Scarlet, ME

(imazalil + tebuconazole,

«IIuonep», KC
(cbyrpradon + Tmabengaso,
25+ 25 r/m)

Pioneer, SC

(flutriafol + thiabendazole,

25 + 25 g/l

«Kaag», KC

(TmabeHmaso + TeEOyKOHAB0JI +
nmMaszanui, 80 + 60 + 60 r/m)
Klad, SC

(thiabendazole + tebuconazole +
imazalil, 80 + 60 + 60

«TMTI», BCK
(tTupam, 400 r/m)
TMTD, Water SC
(thiram, 400 g/1)

«JJeno3ut Cynpum», M3
(bnynroxkcoHUI + UMa3aInI +
MedeHokcaM, 40 + 40 + 15 r/m)
Deposit Suprime, ME
(fludioxonil + imazalil +
mefenoxam, 40 + 40 + 40 + 15 g/)

«Maxkcum», KC
(bnynuroxconu, 25

Maxim, SC

(fludioxonil, 25 g/1)

Puc. 1. BnusiHue Ha rpub C. carbonum

these quarantine fungi in laboratory conditions on
pure cultures.

MATERIALS AND METHODS

The experimental work was carried out in 2024 at the
All-Russian Plant Quarantine Center (VNIIKR). The
research materials were pure cultures of the VNIIKR
collection fungi strains: C. carbonum, D. helianthi and
C. kikuchii. The work tested chemical preparations of
different groups of active substances approved for
use in Russia and used for pre-sowing treatment of
seeds on these crops against fungal phytopathogens.
There were also tested 3 preparations (Pioneer, SC;
Klad, SC; Maxim, SC), which are not registered for
soybeans, and two preparations (Klad, SC and Maxim,
SC), not registered for corn, but used as seed dress-
ings on other crops (Pioneer, SC — on wheat, oats, bar-
ley, sunflower, corn; Klad, SC — on wheat, rye, barley,
sunflower, rapeseed; Maxim, SC —
on seed potatoes, sugar beets,
sunflower) (Pesticide Hand-
book, 2025).

The biological efficiency of
the preparations was determined
on a solid nutrient medium of
2% PDA. Fungicides with differ-
ent concentrations were added
to the nutrient medium cooled to
a temperature of 50 °C. The con-
centration was calculated in ac-
cordance with the recommended
standards for the working con-
sumption of the preparation per
1 ha, as well as with a decrease
in the initial concentration by 10
and 100 times.

The resulting medium with a
known concentration of active in-
gredients of the preparations was
poured into Petri dishes in 20 ml
portions. The experiment was
carried out in 5-fold repetition of
each variant of the preparation
and concentration (Popov et al.,
2003).

The concentration of active
ingredient in the working solution
was calculated using the formula:
K =A x B/V, where K is the con-
centration of active ingredient in
the working solution, g/lI; A is the
initial content of active ingredient
in the preparation, g/1; B is the ap-
plication rate of the preparation,
1/t; V is the consumption of work-
ing fluid, 1/t.

The preparations used in the
experiments, with subsequent cal-
culations of the concentration of
active substances in the working
solution, are given in Table 1.

Fig. 1. Effect of preparations at different

npenapaToB pas/inYHbIX KOHUEHTpauun  concentrations on the fungus C. carbonum

npuv KynbTUBMpoBaHUM Ha 2% KIA
Ha 21-# oeHb

cultured on 2% PDA on day 21
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MATEPHUAJIBI
U METO/bI

JKcmepuMeHTaJdbHasa pabo-
Ta 6bl7a BBRIIMOJHEeHa B 2024 T.
Ha 6a3ze PI'BY «Bcepoccuiickuii
IEeHTP KapaHTHHA pPacTeHUU»
(®I'BY «BHUMKP»). MaTepraiaMu
WCCEeI0BaHUMN IBJISIIUCH YUCThIE
KYJIBTYPhI KOJUIEKITUOHHBIX IITaM-
MOB rpu6oB ®I'BY «BHUUKP»:
C. carbonum, D. helianthi n C. kiku-
chii. B paboTe TeCTUPOBAJIY XUMU-
YyecKye IIperapaThl Pa3HbIX TPYIIIT
IeWCcTBYUUX BellecTB (. B.),
pa3pelreHHbIX K IPUMEHEeHUI0
B Poccuu m MCIONb3yeMbIX IJIs
TIPeIII0CEBHOM 06pab0OTKY CeMSIH
Ha JAaHHBIX KYyJbTypaxX IPOTUB
rpubHBIX (UTOIIATOTEHOB. TaKXe
OBLJIY TIPOTECTHUPOBAHbI 3 ITperla-
para («ITmonep», KC; «Kimam», KC;
«Maxkcum», KC), KoTopble He 3a-
perucTpupoBaHbl Ha COe, U JIBa
npenapara («Kmam», KC u «Mak-
cum», KC), He 3aperucTpupoBaH-
Hble Ha KyKypy3e, HO UCIIOJb3y-
eMble KaK IIPOTPAaBUTENN CEMSIH
Ha APYyrux KyabTypax («[InoHep»,
KC — Ha mmeHwuilie, OoBCce, SUuMe-
He, MOJICOJIHEUYHNMKE, KYKyPYy3€e;
«Knag», KC — Ha mnieHulle, pxu,
sSSUMeHe, MOJICOJTHEUHUKeE, Parice;
«Makcum», KC — Ha KapTo(ee
CeMeHHOM, CBeKJie caxapHOWH,
noncosHeuHnKke) (CIIpaBOYHUK
mecTuuIos, 2025).
OmpeneneHue Guojoruye-
cko¥l 3G (PeKTUBHOCTU Tpela-
paToB IPOBOAMJIK Ha TBEPIOHU
UTaTebHOU cpene 2% KIA. dyH-
TULIUJIBI C PA3JIMUHOMN KOHIIEHTPa-
1yen 106aBJISIN B TUTATEIBHYIO
cpeny, OXJIaX/AeHHYIO 10 TEMIIe-
patypsl 50 °C. KoHIleHTpaL U0
PacCUYMUTBHIBAJIN B COOTBETCTBUU
C PEKOMEeHyeMbIMU HOpPMaMu
pabouero pacxojma Iiperapara

Biuauue npenapatos Ha D. helianthi B pa3jINYHbIX KOHIEHTPALMIX
Effect of preparations on D. helianthi at different concentrations

Ne
n/u IlatoreH Pathogen

«CkapJer», M3
(uMazanui + Te6yKOHa30JI,
100 + 60 r/n)

Scarlet, ME

(imazalil + tebuconazole,
100 + 60 g/1)

«IInonep», KC
(bmyTpuadom + TmabeHmasoa,
25 + 25 1/71)

Pioneer, SC

(flutriafol + thiabendazole,

«Kaag», KC

(TnabeHma30J + TeGYKOHA30J +
umaszanui, 80 + 60 + 60 r/im)
Klad, SC
(thiabendazole + tebuc
imazalil, 80 + 60 + 6(

zole +

«TMT/», BCK
(Tupam, 400 r/m)

TMTD, Water SC
(thiram, 400 g/1)

«deno3ut Cynnpum», M3J
(bmymmoxkcoHMI + MMa3aIu +
MedeHokcaMm, 40 + 40 + 15 r/m)
Deposit Supreme, ME
(fludioxonil + imazalil +
mefenoxam, 40 + 40 + 15 g/1)

«Makcum», KC
(bnynuroxconmi, 25 r/ar/m)
Maxim, SC

(fludioxonil, 25 g/1)

Puc. 2. BnusiHne Ha rpu6

D. helianthi npenapaToB pasnun4HbIX
KOHLLEHTPaLMaX NPy KyJbTUBUPOBAHUM
Ha 2% KIA Ha 21-1 peHb

Fig. 2. Effect of preparations at different
concentrations on the fungus D. helianthi
during cultivation on 2% PDA

on the 21t day

Ha 1 ra, a Tak)Xe C yMeHbIIEHNEM UCXOIHON KOHIIEH-
Tpauuu B 10 1 100 pas.

[TosiyueHHYI0 CpeJly C M3BECTHOU KOHIeHTpa-
LMel 1. B. IpelapaToB pas3auBajy o 20 MJI B YaIlIKU
ITeTpu. OTBIT MTPOBOAUIU B 5-KPAaTHOW MOBTOPHOCTU
Ka)kI0TO BapraHTa IIpernapara u kKoHueHTtpaiuu (ITo-
oB u Ap., 2003).

KonrieHTpaius 1. B. B paboueM pacTBOpe paccuu-
ThiBaJiu 10 popmysie: K = A x B/ B, roe K — KoHIIeH-
Tpaius I. B. B pabo4yeM pacTBOpe, I/JI; A — UCXOIHOE
colep)KaHue I. B. B IIperapare, I/Ji1; b — HopMa mpu-
MeHeHUd Mpernapara, Ji/T; B — pacxom paboueii xKu/i-
KOCTH, J/T.

[IpenapaTsl, UCIIOJIb30BAHHbBIE ITPU IPOBEAEHUN
OTIBITOB, C TTOCJIEAYIOUIUMU PacueTaMu KOHIIeHTPaIluu
II. B. B pabo4yeM pacTBOpe IIPUBELEHEI B Ta0JI. 1.

B manbpHelileM BbIpe3ajii KPYTJible BBICEUKU
14-1HEBHOM YMCTOU KyJIbTYPHI C MUTATEJIbHOU CPe/ibl
KT'A puameTrpoM 1 cM. Bbiceuku moMelaau B LEHTP

Subsequently, round cuttings of a 14-day pure
culture from the PDA nutrient medium with a diame-
ter of 1 cm were cut out. The cuttings were placed in
the center of prepared Petri dishes with a diameter of
90 mm with preparations. A number of controls were
used in the experiment — the PDA nutrient medium
without the introduction of the preparation.

The dishes were incubated in a thermostat at 25
°Cwith alternating light and darkness (12 h /12 h). For
the experiment with the species C. kikuchii, from the
third day onwards, they were illuminated with daylight
lamps (1200 lux) for 12 h. The growth and develop-
ment of the colonies was recorded on the 3™, 7t 14t
and 215t days.

duTtocaHutapus. KapaHTtuH pactenuin 20
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BiusHue npenapaTos Ha C. kikuchii B pa3JIMYHBIX KOHIEHTPALUAX
Effect of preparations on D. helianthi at different concentrati

Ne
n/n IlatoreH Pathogen

«Ckapjer», MI
(uMazanui + Te6yKOHAa30JI,
100 + 60 r/m)

Scarlet, ME

(imazalil + tebuconazole,
100 + 60 g/1)

«IIuoHep», KC
(bmyTpuadomn + Tmabenmasou,
25 + 25 1/71)

Pioneer, SC

(flutriafol + thiabendazole,

25 +25¢g/])

«Kaag», KC

(TmabeHmasoma + Te6yKOHA30JI +
umaszanui, 80 + 60 + 60 r/n)
Klad, SC

(thiabendazole + teb nazole +
imazalil, 80 + 60 + 60 g/1)

«TMTI», BCK
(tTupawm, 400 t/m)

TMTD, Water SC
(thiram, 400

«Jlenosut Cynpum», M3
(hymroKCOHMIT + UMa3aJInII +
medeHokcam, 40 + 40 + 15 r/m)
Deposit Supreme, ME
(fludioxonil + imazalil +
mefenoxam, 40 + 40 + 15 g/1)

«Maxkcum», KC
(bnymmoxconwt, 25 r/ar/i)
Maxim, SC

(fludioxonil,

«Omnor», BCK
(muderokoHa30J1 + TEGYKOHASOJT,
90 + 45 1/1)

Oplot, Water SC
(difenoconazole + tebuconazole,
90 + 45 g/1)

«Burtajon», KC
(Tupam + Te6yKOHA30I,
400 + 14 r/m)

Vitalon, SC

(thiram + tebuconazole,
400 + 14 g/1)

Puc. 3. BnuaHue Ha rpub C. kikuchii Fig. 3. Effect of preparations at different
npenapaTtoB pas/iMYHbIX KOHLEHTpauui npu  concentrations on the fungus C. kikuchii
KyNnbTUBUpPOBaHUM Ha 2% KIA Ha 21-11 peHb  during cultivation on 2% PDA on the 21 day

Biological effectiveness was
calculated using the formula: BE =
(K - B) / K) x 100, where BE is the
biological effectiveness, %; K is the
diameter of the fungal colony in
the control, mm; B is the diameter
of the fungal colony in the variant,
mm (Popov et al., 2003). A biolog-
ical effectiveness exceeding 95%
was considered a positive result
for the preparations.

RESULTS
AND DISCUSSIONS

As a result of the experiment,
the biological effectiveness of 6
preparations against C. carbonum,
6 preparations against D. helianthi
and 10 preparations against C. ki-
kuchii with different compositions
and concentrations of active sub-
stances was assessed.

During the studies, the fol-
lowing preparations demonstrated
the greatest efficiency against the
C. carbonum species: Scarlett, ME;
Pioneer, SC; Klad, SC; Deposit Su-
preme, ME. It was noted that even
when the active ingredient was di-
luted 100 times, the growth of the
C. carbonum colony was completely
inhibited. The biological efficiency
of these preparations in all con-
centrations was high — 100%. The
active ingredients thiram and flu-
dioxonil of the preparations TMTD,
Water SC and Maxim, SC weakly
suppressed the growth and devel-
opment of the C. carbonum species;
the growth of the fungal mycelium
increased with a decrease in the
active ingredient in the nutrient
medium. The preparation TMTD,
Water SC inhibited the fungal colo-
ny only at a concentration of 100%.
And the preparation Maxim, SC
was ineffective against C. carbonum:
fungal growth was observed at all
concentrations. Visualization of the
growth of colonies of the fungus
C. carbonum on a nutrient medium
of 2% PDA on the 21 day with the
addition of active ingredients of
various concentrations to the me-
dium is shown in Fig. 1.

In relation to the D. helianthi
species, almost all recommended
preparations, such as Scarlet, ME;

NPUTrOTOBJEHHBIX yallek [leTpu nuamMmerpoMm 90 MM Pioneer, SC; Klad, SC; Deposit Supreme, ME and TMTD,
C IIperapaTaMu. B OIIbITE MCIIOIb30BAIMN PA KOHTPO- Water SC, had a suppressive effect on D. helianthi, as
Jiell — MUTaTeabHYyI0 cpeny KI'A 6e3 BHeceHUSs mpera- evidenced by the absence of colony growth on Petri
para.

Yamrky WHKYGUPOBaIU B TepMocTaTe mpu 25 °C
C yepeloBaHUEM CBeTa U TEMHOTHI (12 1 / 12 u). YueT
pocTa 1 pa3sBUTUS KOJOHUM MpoBoAUIM Ha 3, 7, 14,
21-e cyTKU.
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buosornueckyw 3PGHEKTUBHOCTh CUUTATU
o opmyize: B3 = (K - B) / K) x 100, rae B3 — 6uoJio-
rudeckas 3phekTUBHOCTD, %; K — framMeTp KOJIOHUYT
rpuba B KOHTPOJE, MM; B — muaMeTp KOJIOHUY rpubda
B BapuauTe, MM ([Tom1oB u Ap., 2003). 3a I0JI0XKUTEb-
HBIN pPe3ybTaT MperapaTroB MPUHUMAIU 61oJIoruye-
CKyH0 9 (HEKTUBHOCTbD, ITPEBBIMIAIILYI0 95%.

PE3VYJIBTATBI U OBCYXKJEHUA

B pesynbTaTe OombiTa IPOBEJleHA OlLleHKa 61oJIoruye-
cKkol 5 (peKTUBHOCTHU 6 TIpernapaToB MpoTus C. carbo-
num, 6 mpemnapaToB IpoTuB D. helianthi v 8 mpemapaToB
apoTtuB C. kikuchii c pa3HbIM COCTaBOM U KOHIIEHTPa-
1yelt JefCTBYIONIUX BEIIeCTB.

B xojie ucciiefoBaHME HanboJbIIy0 3(pdheKTuB-
HOCTb B OTHOIIeHUe Buja C. carbonum Tokasaiu npe-
napatsl: «CkapJeT», M3; «ITuonep», KC; «Knan», KC;
«Jemo3utr Cynpum», M3. OTMeUeHO, UTO Lake IIpU
pasBemenuu 1. B. B 100 pas pocT kojoumuu C. carbonum
TIOJIHOCTBI0 NHTUOUpoBaJica. Buosorundeckas addex-
TUBHOCTD JAHHBIX [IPENapaToB BO BCeX KOHIIEHTPaIlu-
X ObLJIa BBICOKOI — 100%. [leficTByIOIIMEe BENeCTBA
TUpaM U QIAyAUOKCOHMI mpenapaToB «TMT», BCK
u «Makcum», KC ciabo momaBiisiii POCT U Pa3BUTHE
Bupma C. carbonum, poCT MUlleNns rprba yBeInYnBaJICSa
C yMeHbIIIeHUEM [I. B. B IUTATeJbHOU cpefie. [Ipemapar
«TMT/», BCK nHrubupoBaJl KOJIOHUIO rprba TOJIbKO
B KoHIleHTpauuu 100%. A nipenapat «Makcum», KC
okazajicst Hea(h(heKTUBHBIM B OTHOIeHUU C. carbonum:
IIpU BCeX KOHIIEHTPALUAX HAGII0HAJICS POCT rpuba.
Busyanusamnus pocTta KojioHuM rpuba C. carbonum
Ha IMuTaTeJbHOU cpene 2% KI'A Ha 21-11 IeHb C JI0-
6aBJIEHVEM B CPEJY [I. B. PA3JIMYHON KOHIIEHTPALIUN
puBeneHa Ha puc. 1.

B oTHomeHnue Buaa D. helianthi mpaKTUYeCcKU Bce
PEKOMeHI0BaHHbIE IIpelaparsl, Takue Kak «CkapieT»,
M93; «ITuonep», KC; «Knag», KC; «/lermo3ut Cyripum»,
M3 u «TMT/l», BCK, oka3bIBaJIu MOAaBJsIolee neli-
CcTBUE Ha (POMOIICHUC, O UEM CBUIETEIbCTBYET OTCYT-
CTBME POCTA KOJIOHUH Ha vamkax [leTpu. Buosorude-
ckas 93(h(HeKTUBHOCTD JAaHHBIX ITPeapaToB COCTaBUIIA
100%. Tosnpko npenapat «Makcum», KC ¢ n. B. «dmy-
IVOKCOHWI» (25 T/71) B KOHIIEHTpPA-
num 1% He IMOAABJISAI POCT I1aTore-
Ha. Busyanusamusi pocTa KOJOHUN
rpuba D. helianthi Ha TUTATEIbHOU
cpene 2% KI'A Ha 21-11 IeHb C J10-
6aBJIeHMEM B CPeAYy M. B. Pa3auy-
HOU KOHIIEHTpAalluu IMpuBeeHa
Ha puc. 2.

B oneHke 3G ¢PeKTUBHOCTH
npenapaTtoB npoTtuB C. kikuchii
TakXe OBILIW IOJyUYeHbBl TTOJOXKU-
TeJIbHBbIE Pe3yabTaThl. Bce 3aperu-
CTPUPOBaHHBIE U PEKOMEHJ0BaH-
Hble TIperapaThl Ha coe: «CKapieT»,
M3 B koHUeHTpanuu 100 u 10%,
«Jlerto3ut Cyripum», MO B KOHIIeH-

C. kikuchii

dishes. The biological efficiency of these preparations
was 100%. Only the preparation Maxim, SC with the
active ingredient “fludioxonil” (25 g/1) at a concentra-
tion of 1% did not suppress the growth of the pathogen.
Visualization of the growth of colonies of the D. helianthi
fungus on a nutrient medium of 2% PDA on the 21st
day with the addition of active ingredient of various
concentrations to the medium is shown in Fig. 2.

Positive results were also obtained in assessing
the effectiveness of drugs against C. kikuchii. All regis-
tered and recommended drugs for soybeans: Scarlet,
ME in a concentration of 100 and 10%, Deposit Su-
preme, ME in a concentration of 100 and 10%, Vitalon,
SCin aconcentration of 100 and 10% and Oplot, Water
SC in a concentration of 100% — demonstrated high ef-
ficiency in control of the pathogen. It is also worth not-
ing the effectiveness of drugs against C. kikuchii, which
are recommended for seed treatment on other crops:
Pioneer, SC and Klad, SC, except for the drug Maxim,
KS. It should be noted that the concentration of drugs
in 1% against C. kikuchii did not show its effectiveness
in any of the cases compared with other quarantine
pests.

Visualization of the fungus C. kikuchii colonies
growth on a nutrient medium of 2% PDA on the 21st
day with the addition of active ingredients of various
concentrations to the medium is shown in Fig. 3.

Visualization of the growth of colonies of fungi
C. kikuchii, C. carbonum and D. helianthi on a nutrient
medium of 2% PDA on the 21% day without the intro-
duction of preparations is shown in Fig. 4.

The final calculation of the colonies growth of the
fungi C. carbonum, D. helianthi and C. kikuchii on a nu-
trient medium of 2% PDA on day 21 with the addition
of active ingredients of various concentrations to the
medium, as well as controls without the addition of
preparations and the calculation of biological efficien-
cy are given in Table 2.

CONCLUSION

As a result of the conducted study, it was estab-
lished that the highest biological efficiency against

HTPOJIei Ha 21-i1 IeHb IIPY KYJIbTUBHPOBaHUM HA 2% KA
1 growth on day 21 when cultured on 2% PDA

C. carbonum D. helianthi

Puc. 4. PocT koHTponei C. kikuchii, Fig. 4. Growth of C. kikuchii,
Tpanuu 100 u 10%, «BUTANOH»,  (, carbonum v D. helianthi

C. carbonum and D. helianthi

KC B xonuentpauuu 100 u 10%  npu kynbTuBMpoBaHmm Ha 2% KIA  controls when cultured on 2% PDA

n «OmnoTr», BCK B KOHIleHTpauuu  Ha 21-ii oeHb
100% — mpoAeMOHCTPHUPOBAIU

BBICOKYI0 3 GEKTUBHOCTb B 60pbbe MPOTUB I1ATO-
reHa. Tak)Xe CTOUT OTMeTUTb 3P(PEKTUBHOCTD Mpe-
apaToB IIPOTUB MyPHYyPHOTO IIepKOCIIOpo3a, KOTO-
pble peKOMEeHJOBaHbI IJIs IPOTPABIMBAHUS CEMSIH

on day 21
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Ta6J1. 2. YueT pocTa KOJIOHHIT TPHU60B HA mMUTaTeJIbHOM cpeae KI'A Ha 21-ii IeHb

Cc . B. pa3JIH‘-IHOﬁ KOHIICHTPAaILlUN

Table 2. Calculating for the growth of fungal colonies

on the PDA nutrient medium
on day 21 with active ingredients

KoHILIeHT-

C. kikuchii D. helianthi C. carbonum

of different concentrations pauus n.B., JuaMeTp JuaMeTp JuameTp
% KOJIOHUH, KOJIOHUH, KOJIOHUH,
Active cM cM cM
DYyHrULum, Fungicide ingredients  Colony Colony Colony
N¢ mnpenapaTUBHasa preparation, concentration diameter, B3,% diameter, B3,% diameter, B3,%
n/n popma formulation of, % cm BE,% cm BE,% cm BE,%
«CxkapieT», MJ Scarlet, ME 100 0 100 O 100 O 100
[ LRI bl e 10 0202 963 0 100 0 100
TeGyKOHa30JI tebuconazole
(100 + 60 r/m) (100 + 60 g/1) 1 1,7+0,2 73,2 0 100 O 100
«IInonep», KC Pioneer, SC 100 0,8 100 O 100 O 100
o bnyrpuadom + flutriafol + 10 0,7+01 886 0 100 0 100
TrabeH1a307I, thiabendazole,
25+ 251/n 25+ 25 g/l 1 1,2+0,1 81,5 O 100 O 100
«Kmap», KC Klad, SC 100 0 100 O 100 O 100
3 THAOEHIa30JI + thiabendazole +' 10 0501 929 0 100 0 100
TeGyKOHA30JI + UMasaywi, tebuconazole + imazalil,
80 + 60 + 60, r/n 80 + 60 + 60, g/1 1 1,4+0,1 788 O 100 O 100
100 0 100 O 100 O 83
«TMT», BCK TMTD, Water SC
4 Tipam, 400 ri thiram, 400 g/1 10 0,2 97,5 0 100 2,4+09 73
1 0,5 92 0 100 2,4+0,1 81
«eno3ut Cynpum», M3 Deposit Supreme, ME 100 0 100 O 100 O 100
 (IORERTAL Ausierondl 10 0,2 95,7 0 100 0 100
uMasanui + MmepeHokcaM, imazalil + mefenoxam,
40+ 40+ 151/n 40+ 40+15g/1 1 0,6+0,1 90,8 O 100 O 100
«Maxcum», KC Maxim, SC 100 0,5+0,2 92 0 100 1,9+1,3 79
6  (QIYyouOKCOHWII, fludioxonil, 10 1,4+0,2 791 O 100 5,3+1,0 42
25t/ 25¢/l 1 1,7+01 745 2,8+1,7 691 53+18 41
«Omior», BCK Oplot, Water SC 100 0,1+0,1 97,8 - = = =
7 Ir(eHOKOHA30JI + difenoconazole + 10 04+01 931 - _ } }
TeOyKOHa30J1 tebuconazole
90 + 45 r/n 90 + 45 g/l 1 0,5+0,1 92,6 - = - -
«BuTtanon», KC Vitalon, SC 100 0 99,7 - - - -
g ~TMpaM* Thiram « 10 03:01 954 - - -
TeOyKOHA30JI Tebuconazole
(400 + 14 r/m) (400 + 14 g/1) 1 0,8 93,5 - - - -
9  «KOHTpPOJb» Control = 7,3+£0,1 - 9 - 9 -

Ha Ipyrux Kyjabrypax: «[Iuonep», KC u «Kman», KC,
KpoMe npenapara «Makcum», KC. CiieyeT OoTMETUTD,
4TO KOHIIeHTPAaI M mpernapaToB B 1% npotus C. kiku-
chii He TT0Ka3aJja cBoel 3(p(PeKTUBHOCTY HU B OIHOM
U3 CJIyYaeB 110 CPABHEHUIO C IPYTUMU KaPAaHTUHHBI-
MU 00bEKTaMU.

Busyamnu3zamnus pocTa kojoHui rpuba C. kikuchii
Ha nmuTaTeJabHOU cpeme 2% KI'A Ha 21-ii IeHb C [I0-
06aBJIEHVEM B CPeJy M. B. Pa3INUHOU KOHIIEHTPAIUU
npuBeeHa Ha puc. 3.

Busyanusaiiys pocTa KoJoHUM rpubos C. kikuchi,
C. carbonum u D. helianthi Ha TUTaTeJbHOU cpene 2%
KT'A Ha 21-# meHb 6e3 BHECEHUS IIpeIiapaToB IpUBe-
IeHa Ha puc. 4.

VITOTOBBIY yUeT pocTa KOJOHUM rpuboB C. carbo-
num, D. helianthi n C. kikuchii Ha TUTaTEJbHOMN cpene
2% KT'A Ha 21-# neHb ¢ no6aBjIeHUEM B Cpeny I. B.
PasIMYHOM KOHIIEHTPAIIWY, a TaK)Ke KOHTPoJel 6e3
BHeCeHUs IIperlapaToB U pacueT 6uojoruueckoi ag-
(G eKTUBHOCTY ITPUBEEH B TabJI. 2.

C. carbonum and D. helianthi was demonstrated by: Scar-
let, ME; Pioneer, SC; Klad, SC; Deposit Supreme, ME, as
well as TMTD, Water SC for D. helianthi.

All recommended preparations for soybeans:
Scarlet, ME; Deposit Supreme, ME; Vitalon, SC in
concentrations of 100 and 10% and Oplot, Water SC
in a concentration of 100% — showed high efficiency
against C. kikuchii. Preparations Pioneer, SC and Klad,
SC, with the exception of Maxim, SC, when applied
in all variants the biological efficiency was less than
95%, also showed positive results in a concentration
of 100%.

Thus, at the first stage of work in laboratory condi-
tions, the most effective fungicides with different active
substances that completely inhibit the development of
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3AKJ/IIOYEHUE

B pesynbTaTe MPOBELEHHOTO UCCIIeOBAHMS YCTaHOB-
JIEHO, YTO HanboJiee BBICOKYI0 6uotorudeckyto s dek-
TUBHOCTB IPOTUB C. carbonum u D. helianthi mokasaiu:
«Ckapietr», M3; «ITuoHep», KC; «Kmag», KC; «/lermo3uT
Cymipum», M3, a Takxe «TMT[», BCK nmis D. helianthi.

Bce pexoMeHAOBaHHBIE IIpenapaTbl Ha COE:
«CkapJet», M3; «leno3ut Cynpum», M3; «BUTaI0H»,
KC B koHueHTpanuax 100 u 10% u «OnnoTr», BCK
B KOHIeHTpanuu 100% — rmokasaJjivi BEICOKYI0 3 dek-
THUBHOCTB NPOTUB C. kikuchii. [Ipemapatsl «IT1OHEP»,
KC u «Kmag», KC, 3a uckanoueHueM «MakcuM», KC,
TIpY BHECEHUU KOTOPOTO BO BCEX BapuaHTax 610JI0-
rudeckasd 3((HeKTUBHOCTH ObLIa MeHblie 95%, TakxKe
TI0Ka3aJIu [OJIOXKUTEJIbHbIE Pe3yJIbTaThl B KOHIIEHTPA-
uun 100%.

Takum 006pas3oM, Ha IIeEPBOM 3Tarle PaboThI B Jia-
60paTOPHBIX YCIOBUIX OINpPeeseHbl Hauboiee 3d-
(exTuBHBIE QYHTUIIW/IBI C PA3HBIMU JI€UCTBYIONIY-
MU BellleCTBAMU, KOTOPhIE TTOJIHOCThI0 UHTUOUPYIOT
pasBUTHE KOJIOHUY MIaTOTE€HOB. B majbHEHIIEM I1jIa-
HUPYETCS MIPOBEleHNE OIBITOB C ONpeAe€eHHbIMU
pyHruuAaMu Ha 3apa’keHHOM CEMeHHOM MaTepurale
KYKypPY3bl, IIOZCOTHEYHNUKA U COU.
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pathogen colonies were determined. In the future, it
is planned to conduct experiments with certain fungi-
cides on infected seed material of corn, sunflower and
soybeans.
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AHHOTAILIUA
B036ynuTeNb )KeJTOr0 CAU3UCTOr0 HaKTepro3a Imiie-
Hus! Rathayibacter tritici (Carlson & Vidaver) Zgurska-
ya et al. BXoauT B EAVHBIN ITepeyeHb KapaHTUHHBIX
00beKTOB EBPa3niickoro SKOHOMUYECKOT'0 COI03a. BhI-
cTpas uAeHTU(GUKALYS BO3OYIUTENS SIBISIETCS BaX-
HBIM BJIEMEHTOM B chepe KapaHTHHA PacTeHuil. MeTor,
[ILIP B pexxuMe «peajibHOro Bpemenun» (I1LP-PB) Hau-
0oJiee OIITMAaJIEH IIPY IIPOBEIeHN Y JIaG0PATOPHOM I1-
arHOCTUMKY. B HACTOSAIIMY MOMEHT CYIIECTBYET TOJIbKO
nBa tecta [1LIP-PB nuis unentudukauuu Rathayibacter
tritici, paspaboranHbie Postnikova et al., 2017. TecTsl
npenHasHAvYeHb! AJg ugeHTudukramnuu Rathayibacter
tritici B UMCTBIX OaKTepUaJIbHBIX KyJIbTypax. CBeZleHusd
0 3HAUYEHUSIX OCHOBHBIX ITapaMeTPOB MPUMEHNMOCTH
TecTa ITIIP-PB — aHAJIUTUUYECKON CIIeu(PUIHOCTH,
BKJIIOYAs SKCKJII03UBHOCTD 1 MHKJIIO3MBHOCTD, 11 aHAa-
JINTUYECKOU YYBCTBUTENIBHOCTH, — a TAKXXe 00 UCITbITA-
HUSX TecTa IJis 00HapyKeHU ITaToreHa B PaCTUTENb-
HBIX 06pasIax B OPUTMHAIBHON CTaThe OTCYTCTBYIOT.
Llenbio HacTosAmel paboThl ABISIACH OIlEHKA IIPU-
MEHUVMOCTU pPaHee u3BeCcTHBIX TecTOB [ILP-PB pmuga
uneHTuGUKaInm R. tritici. MaTepuajlaMu UCCIeNOBa-
HUU ABJIAINUCH ITAMMBI R. tritici, a TakXe 26 IIITAMMOB

SCIENTIFIC RESEARCH

DOI 10.69536/FKR.2025.85.45.003
UDC 579.64:632.3.01/.08:632.913.1

Evaluation

of the real-time

PCR applicability

for the identification of
bacterial ear rot of wheat
Rathayibacter tritici

* ROMAN R. OBOLENKSY?, OLGA YU. SLOVAREVA?,
LIUBOV V. DOROFEEVA?

1, 2 Federal State Budgetary Institution “All-Russian
Plant Quarantine Center” (FGBU “VNIIKR”), Bykovo,
Ramenskoye, Moscow Oblast, Russia, 140150

1 Russian State Agrarian University —

Moscow Timiryazev Agricultural Academy,
Moscow, Russia, 127434

2 Federal State Autonomous Educational Institution
of Higher Education “Patrice Lumumba Peoples’
Friendship University of Russia” (RUDN University),
Moscow, Russia, 117198

3 Federal Research Center “Pushchino Scientific Center

for Biological Research of the Russian Academy
of Sciences” (G.K. Scriabin Institute of Biochemistry
and Physiology of Microorganisms of the Russian
Academy of Sciences), Pushchino, Russia, 142290
L ORCID 0009-0001-5462-4199,
e-mail: 7812romalist@mail.ru
2 ORCID 0000-0001-6022-5955,
e-mail: slovareva.olga@gmail.com
3 ORCID 0000-0002-9486-3389,
e-mail: dekabr28@rambler.ru

ABSTRACT
Bacterial ear rot of wheat Rathayibacter tritici (Carlson
& Vidaver) Zgurskaya et al. is included in the Common
List of Quarantine Pests of the Eurasian Economic
Union. Rapid identification of the pathogen is an im-
portant element in the field of plant quarantine. The
“real time” PCR method (real-time PCR) is the most
optimal for laboratory diagnosis. Currently, there are
only two real-time PCR tests for identification of Ra-
thayibacter tritici developed by Postnikova et al., 2017.
The tests are designed to identify Rathayibacter tritici
in pure bacterial cultures. The original article does not
contain information on the values of the main parame-
ters of the real-time PCR test applicability — analytical
specificity, including exclusivity and inclusivity, and
analytical sensitivity, as well as on testing the test for
detecting the pathogen in plant samples. The aim of
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GakTepult poma Rathayibacter, BKJIT0Uasi BCe CyIIE€CTBY-
[01Me BUIbl BHYTPU YKa3aHHOTO pofa. B pesysnbraTe
OLIeHKU ITpuMeHuMOocTU TecToB [11IP-PB nyig ngentu-
(ukanmy Bo36yIUTEIS XKEJITOTO CAU3UCTOT0 6aKTepHu-
03a MIneHuI bl Rathayibacter tritici 6p1J10 yCTaHOBJIEHO,
YTO 3HaUEHNE NHKII3UBHOCTU — CIIOCOOHOCTY TeCcTa
UIeHTUOUIIMPOBATh BCe MHOT00Opasye MTaMMOB
6akTepuy BHYTPU BUHA — IJIisI UCCIeIyEMbBIX TECTOB
cocrasigeT 83,3%. Vcrionb3oBaHYe YKa3aHHbBIX TECTOB
T03BOJIUJIO UAEHTU(DUIIUPOBATD 5 U3 6 IITAMMOB IeJie-
BoTO 06bekTa — Rathayibacter tritici. 3HaueHUE SKCKJTIO-
3UBHOCTHY — CIIOCOOHOCTHY TeCTa OTJINYATh IiejieBbie
IITaMMBI OT HelleJIeBbIX — cocTaBmyio 100% n1g obomx
TecToB. TecTsl [T11[P-PB, paspaboTannbie Postnikova et
al., 2017, HecMOTpPS Ha UX BBICOKYIO SKCKJII03UBHOCTh
(100%), HEMPUMEHUMBI IJisT GUTOCAaHUTAPHOU Iua-
THOCTUKHU, TIOCKOJIBKY B CJIydyae UX IIPUMeHeHUs JI0-
CTaTOYHO BBICOKUM SIBJISIETCS PUCK JIOXKHOOTPHUIIATEIb-
HBIX Pe3yJbTAaTOB U, KaK CJIeICTBUE, TPOHUKHOBEHUS
KapaHTUHHOTO (pUTOIIaTOreHa Ha HOBbIE TEPPUTOPUN.

Knrouesvie cnoea. BakTepUO3bl 3€PHOBBIX KYIIb-
Typ, (UTOCAHUTAPUS, MOJIEKYJISIPHO-TeHEeTUYECKUe
meTonpbl, [TIIP-PB, nuarHocTuka 60je3HelN pacTeHNH,
nuaeHTUupuKaImg QUTOIIaTOTE€HOB.

BBEJIEHUE

eJITbIYI CIU3UCTBHIN GaKTepumo3s
MIIIIeHUIIbI, BRI3bIBAEMBIN (prTOMIA-
ToreHHOU 6akTepuelt Rathayibacter
tritici (Carlson & Vidaver) Zgurska-
ya et al., cmocobeH mopaxaTh Ta-
KUe pacTeHusd, KakK IIIeHuIIa MsT-
kag (Triticum aestivum L.), 14MeHb
(Hordeum L.) u kaHapeeuyHUK Malbiii (Phalaris minor
Retz.) (Gupta, Swarup, 1972; Paruthi et al., 1987; Post-
nikova et al., 2017; Park et al., 2017; Murray et al.,
2017; Starodumova et al., 2024). OCHOBHBIM HUCTOUY-
HUKOM 3apa’keHUs BO3OYAUTEIEM JKEeJTOTO CIAU3U-
cToro 6akTepuosa SIBJSETCS MOBPeXIeHUe pacTe-
HU-X03s51€B HEMaTomaMu Anguina tritici (Sabet, 1954).
B ciydyae 4aCTUYHOTO Pa3BUTUS GOJIE3HU, MOXKET
HabJII0IaThCS TTOTEePs YPOXKaUHOCTHY 3epHa 10 70%,
a IIpHU IIOJIHOM ITOPa’KeHU U KOJIOChEB ceMeHa He 06-
pasyrorcs (Paruthi et al., 1987).
[TaToreH BXOAUT B ENMHBIN ITepevyeHb KapaHTUH-
HBIX 00beKTOB EBpa3uiickoro SKOHOMMUECKOTO COI03a
(Pemenue... N2 158). [logKkapaHTUHHOU IPOLYKIINEH,
K KOTOPOU TIPeAbSIBISIOTCS CIIellnajibHble KapaHTUH-
Hble (PUTOCAaHUTAaPHBIE TPEOOBAHMUS II0 €€ IIPOUCXO0-
JKIEeHUI0 U3 30H, CBOOOIHBIX OT R. tritici, ABJIAIOTCA
ceMeHa ITIIeHUIIbI U TpuTukaie (Pemenue... N2 157).
Kpome Toro, 6akTepus SIBISETCS KapaHTUHHBIM 00b-
exToM nuisa TyHuca, [pysuu, Banrnazeima, Y36eku-
craHa u Mosmossl (CioBapeBa, 2023; O6HOBIEHHbIE
¢urtocanuTapHble TpeboBaHug Bauraanema 2015 r.;
[TepeyeHb BpeIHBIX OPTaHN3MOB KapaHTUHHOIO 3Ha-
YeHUs i1 Pecriy6iuky YabekucTtaH; [lepedeHb Bpe-
HBIX OPraHK3MOB, BBO3 1 PACIIPOCTPaHEHe KOTOPhIX
B Pecniy6simke MoJiioBa 3aTipeleH).
KineTku R. tritici TpeCTaBIASIIOT CO60M rpaMIlo-
JIOXKUTEJIbHbIe, HeIIOABU)KHbIE, adPO0HbIe, IIPSIMbIe
WUJIU CJIETKa U30THYTBIE TTAJIOUKM, pa3Mep KOTOPbhIX

this work was to assess the applicability of previous-
ly known real-time PCR tests for the identification of
R. tritici. The study materials were R. tritici strains, as
well as 26 strains of bacteria of the genus Rathayibacter,
including all existing species within this genus. As a
result of assessing the applicability of real-time PCR
tests for the identification of the causative agent of
bacterial ear rot of wheat Rathayibacter tritici, it was
found that the inclusivity value — the ability of the test
to identify the entire diversity of bacterial strains with-
in a species — for the studied tests is 83.3%. The use of
these tests allowed us to identify 5 out of 6 strains of
the target object — Rathayibacter tritici. The exclusivi-
ty value — the ability of the test to distinguish target
strains from non-target ones —was 100% for both tests.
The real-time PCR tests developed by Postnikova et al.,
2017, despite their high exclusivity (100%), are not ap-
plicable for phytosanitary diagnosis, since in the case
of their use the risk of false negative results and, as
a consequence, the introduction of the quarantine pest
into new territories is quite high.

Key words. Bacteriosis of grain crops, phytosani-
tary, molecular genetic methods, real time PCR, plant
disease diagnosis, phytopathogens identification.

INTRODUCTION

acterial ear rot of wheat caused by Rathay-
ibacter tritici (Carlson & Vidaver) Zgurskaya
et al., can affect such plants as wheat (Triti-
cum aestivum L.), barley (Hordeum L.) and lit-
tle seed canary grass (Phalaris minor Retz.)
(Gupta, Swarup, 1972; Paruthi et al., 1987; Postnikova
etal.,2017; Parketal.,2017; Murray etal., 2017; Staro-
dumova et al., 2024). The main infection source of bac-
terial ear rot of wheat is damage to host plants by nem-
atodes Anguina tritici (Sabet, 1954). In case of partial
development of the disease, a loss of grain yield of up
to 70% can be observed, and if the ears are complete-
ly affected, seeds are not formed (Paruthi et al., 1987).

The pathogen is included in the Common List of
Quarantine Pests of the Eurasian Economic Union (De-
cision... No. 158). Regulated articles to which special
quarantine phytosanitary requirements are imposed
on their origin from areas free from R. tritici are wheat
and triticale seeds (Decision... No. 157). In addition,
the bacterium is a quarantine pest for Tunisia, Geor-
gia, Bangladesh, Uzbekistan and Moldova (Slovareva,
2023; Updated phytosanitary requirements of Bangla-
desh 2015; List of quarantine pests for the Republic of
Uzbekistan; List of pests, the import and distribution of
which is prohibited in the Republic of Moldova).

R. tritici cells are gram-positive, non-motile, aero-
bic, straight or slightly curved rods measuring 1.1-1.6
um long and 0.5-0.6 ym wide (Zgurskaya et al., 1993;
Park et al., 2017; Shashkov et al., 2020).

On general-purpose solid nutrient media such
as nutrient broth-yeast extract (NBY) (Postnikova
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cocrassgeT 1,1-1,6 MKM B fauHy 1 0,5-0,6 MKM B 11U~
puny (Zgurskaya et al., 1993; Park et al., 2017; IllamI-
KOB U Zp., 2020).

Ha TBepbIX MUTATEIbHBIX CPelax 06Iero Ha3Ha-
YeHUs, TaKUX KaK IMIUTATEJbHBIN OYIbOH-APOXOKEBON
skcTpakT (NBY) (Postnikova et al., 2017), DpoxiKeBO
eNnTOHHO-TIOKO3HBIN arap (YPGA) (EPPO PM 7/60 (2),
2016), R2A (Reasoner, Geldreich, 1985) u np., R. tritici
06pasyeT SIPKO-)KeJIThle KPYTJble KOJIOHWUY, HEIPO-
3pavyHbIe Ha 6OJIBITUHCTBE cpey, (CM. puc. 1).

BricoTa npoduid, popma Kpasg u pazMep KoJio-
HUU MOTYT OTJINYAThCS B 3aBUCUMOCTHU OT HCIIOJIb3Y-
emoti cpennl (Postnikova et al., 2017; Park et al., 2017;
Muvingi et al., 2020; O6osieHckuii, CiioBapesa, 2024).
Zgurskaya c coaBT. B pe3ysibTaTe usyueHus R. tritici
MPUBOAAT IOAPOOHOE OMUCAHME ero GMOXUMUYe-
CKMX XapaKTEePUCTUK U UX OTIUYUN OT XapaKTepu-
CTUK GJIM3KOPOACTBEHHBIX BUAOB (Zgurskaya et al.,
1993). UnenTudurKamusa JaHHOTO BO3OyAUTENS Cpe-
IV Ipyrux 6aKTePUM KIaCCUUECKUMU MUKPOBUOJIO-
TMYeCKUMU MeTOoJaMU BO3MOXXHA, HO HEOOXOLUMBIHA
B JAaHHOM CJIy4yae 3Tall NU30JSAIIUYA YNCTON KYJIbTYPbI
3aHUMAaeT AOCTATOYHO JJIUTEJIbHOE BpeMd — 0T 4 10 20
cyTok (Gupta, Swarup, 1972; Postnikova et al., 2017).
KpomMme TorO, OmumbKa B pea3ysibTaTaxX UAeHTU(UKAIIIY
KapaHTUHHBIX ITATOT€HOB HEJOMTYCTUMa, ITOCKOJIbKY
BJIE€YeT 3a cO60¥ OrpaHWYEHUST TOPTOBJIU U IAPyrue
TIOCJIEICTBYS. B 3TOM CBSA3Y ITTOJIOKUTEbHBIN PE3YJIb-
TaT uneHTuduUKauu R. tritici TpebyeT MOATBEPXKIe-
HUS IPYTUMU METOJaM1, OCHOBAaHHBIMU HA Pa3inyd-
HBIX OMOJIOTUYECKUX ITPUHITHTIAX.

MoneKynsIpHO-TeHETUYECKY€ METO bl [T03BOJIS-
10T 6oJiee HaJe)XHO, 10 CPaBHEHUIO C KJIaCCUUECKU-
MU, UAeHTU(QUIIMPOBATh (UTOIIATOTEHHbBIE OAKTEPUU
(TTpuxoxbko u Ap., 2021; TapakaHoB u Ap., 2024).
Cpeny MOJIEKYJISIPDHO-TEHETUUECKUX NUATHOCTUYE-
CKUX METOJIOB HauboJiee YHUBEPCAJNbHBIM, a IIOTOMY
IITMPOKO MPUMEHUMBIM B UCITBITATENbHBIX (DUTOCAHU-
TapHBIX JJabopaTopuax aBisgeTcs Metox 1P B pexu-
Me «peasbHOro BpeMeHnm» (ITIIP-PB) (Ignatyeva et al.,
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=
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et al., 2017), yeast peptone glucose agar (YPGA)
(EPPO PM 7/60 (2), 2016), R2A (Reasoner, Geldreich,
1985), etc., R. tritici forms bright yellow round colonies
that are opaque on most media (see Fig. 1).

The profile height, edge shape and colony size may
vary depending on the medium used (Postnikova et al.,
2017; Park et al., 2017; Muvingi et al., 2020; Obolensky,
Slovareva, 2024). Zgurskaya et al. (1993), as a result
of studying R. tritici, provide a detailed description of
its biochemical characteristics and their differenc-
es from the characteristics of closely related species.
Identification of this pathogen among other bacteria
by classical microbiological methods is possible, but
the required stage of pure culture isolation takes quite
along time — from 4 to 20 days (Gupta, Swarup, 1972;
Postnikova et al., 2017). In addition, an error in quar-
antine pathogens identification is unacceptable, since
it entails trade restrictions and other consequences. In
this regard, a positive result of R. tritici identification
requires confirmation by other methods based on dif-
ferent biological principles.

Molecular genetic methods allow more reliable
identification of phytopathogenic bacteria compared
to classical methods (Prikhodko et al., 2021; Tarakan-
ovetal.,, 2024). Among the molecular genetic diagnos-
tic methods, the most universal and therefore widely
applicable in phytosanitary testing laboratories is
the real-time PCR method (Ignatyeva et al., 2021; Do-
moratskaya et al., 2024). Species-specific real-time
PCR tests make it possible to quickly and accurately
identify the causative agent of the disease (Karakay,
Ignatyeva, 2024). When introducing a test into diag-
nostic practice, an assessment of its applicability is
required, within the framework of which the key test
parameters are established (EPPO PM 7/76 (5), 2018).
These parameters are analytical specificity (AS), which
shows the ability of the test to reliably distinguish the
target organism from non-target ones, and analytical
sensitivity (ASen), which reflects the minimum de-
tectable content of the target in the tested DNA sample
(EPPO PM 7/98 (3), 2018; Slovare-
va, Kornev, 2020; Beloshapkina,
Pisareva, 2024). Additionally, two
indicators characterizing AS were
introduced - inclusivity, or the
ability of the test to identify the
entire diversity of bacterial strains
within a species, and exclusivity,
or the ability of the test to distin-
guish target strains from non-tar-
get ones (EPPO PM 7/98 (3),2018).

Two real-time PCR tests have
been developed for the identifica-
tion of R. tritici: BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/
BTRITP1 (Postnikova et al., 2017).
The tests are designed to identify
R. tritici in pure bacterial cultures.
There is no information on the AS
and ASen values, as well as on try-
ing out the test for detecting the

Puc. 1. KonoHnuu Rathayibacter tritici

Ha cpene R2A cnycta 19 cyTokK
MHKY6upoBaHua npu Temnepatype 25 °C
(cpoTo P. P. O6oneHckoro)

Fig. 1. Rathayibacter tritici colonies
on R2A medium after 19 days
of incubation at 25 °C
(photo by R. R. Obolensky)
dutocaHutapusi. KapaHtuH pacteHuin 28
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Ta6ua. 1. lllTamMbl Rathayibacter tritici, ucnoyib3yeMbie B pa6oTe
Table 1. Rathayibacter tritici strains used in the work

N¢ HomepmramMmma HoMmep mTaMma B IPyrux KOJJIEKIMAX
n/m Strain number Strain number in other collections

HWCTOUHUK, CTPpaHa
Source, country

BKM Ac-1603" | VKM Ac-1603T;

1 VNIIKR-B-0837"  ATCC 11403; CCUG 23914; CIP 104038; DSM 7486;
ICMP 2626; JCM 9309; LMG 3728; NCPPB 1857; CFBP 1385

Triticum aestivum L., ErumeT
Triticum aestivum L., Egypt

BKM Ac-2585 | VKM Ac-2585;

2 VNIIKR-B-1014 ICMP 2623; ICPB CT103

Triticum aestivum L., UHIUS
Triticum aestivum L., India

3 VNIIKR-B-1015 BKM Ac-2586 | VKM Ac-2586;

ICMP 2624; ICPB CT106; NCTC 6255

Triticum aestivum L., ErumeT
Triticum aestivum L., Egypt

BKM Ac-2587 | VKM Ac-2587;

4 VNIKR-B-1016 ICMP 2625; ATCC 11402

Triticum aestivum L., UHIUS
Triticum aestivum L., India

BKM Ac-2588 | VKM Ac-2588;

9 VNIRRT ICMP 2627; NCPPB 471

Triticum aestivum L., UHIWS
Triticum aestivum L., India

BKM Ac-2589 | VKM Ac-2589;

6 VNIIKR-B-1018 ICMP 2628

Triticum aestivum L., IpaH
Triticum aestivum L., Iran

Mpumeuanume: VNIIKR — MccnenoBatenbckas KONMEKUMUa HayuyHo-MmeToauyeckoro otaena ®roy «BHUMKP» (Poccusa),

BKM — Bcepoccuiickas konnekumsa MukpooprannsmoB (Poccus), ATCC — American Type Culture Collection (CLUA),

CCUG - Culture Collection, University of Goteborg (LLBeuwns), CIP — Collection de 'Institut Pasteur (PpaHuus),

DSM — Deutsche Sammlung von Mikroorganismen und Zellkulturen (fepmanus),

ICMP-PDDCC - Culture Collection of Plant Diseases Division (HoBaa 3enaHgus), JCM — Acronym used by the Microbiology
section of the College of Biology and Environmental Sciences (Kutai), BCCM-LMG - Collection of the Laboratorium

voor Microbiologie en Microbiele Genetica (Benbrus), NCPPB — National Collection of Plant Pathogenic Bacteria
(BenukobpuTaHus), CFBP — Collection Francaise des Bacteries Phytopathogenes (dpaHuus), ICPB — International Collection
of Phytopathogenic Bacteria (CLLA), NCTC — National Collection of Type Cultures (Benukobputanus)

Note: VNIIKR — Research collection of the Research and Methodology Department of FGBU “VNIIKR” (Russia),

VKM — All-Russian collection of microorganisms (Russia), ATCC — American Type Culture Collection (USA), CCUG — Culture Collection,
University of Goteborg (Sweden), CIP — Collection de U'Institut Pasteur (France), DSMZ — Deutsche Sammlung von Mikroorganismen
und Zellkulturen (Germany), ICMP-PDDCC - Culture Collection of Plant Diseases Division (New Zealand), JCM — Acronym used by
the Microbiology section of the College of Biology and Environmental Sciences (China), BCCM-LMG — Collection of the Laboratorium
voor Microbiologie en Microbiele Genetica (Belgium), NCPPB — National Collection of Plant Pathogenic Bacteria (UK),

CFBP — Collection Francaise des Bacteries Phytopathogenes (France), ICPB — International Collection of Phytopathogenic

Bacteria (USA), NCTC — National Collection of Type Cultures (UK)

2021; Tomopankasa u ap., 2024). BumocnenuduaHbie
TecThl [TIIP-PB mat0T BO3MOXXHOCTD GBICTPO ¥ TOUHO
uAeHTUUIIMPOBaTh Bo30yauTess 6oesnu (Kapakai,
Vruatbesa, 2024). [Ipu BHeIpeHNM TeCTa B JUarHo-
CTUYECKYI0 TPAKTUKY TPeOyeTcs OIleHKa ero pume-
HUMOCTH, B paMKaX KOTOPOM yCTaHABJIMBAIOT KJIIO-
yeBble mapamerprl Tecta (EPPO PM 7/76 (5), 2018).
TakuMu nmapaMeTpaMu SBJSIOTCS aHAJIUTUYECKAS
cnenupuuHOCTh (AC), MOKa3bIBaKOIas CIIOCOOHOCTH
TecTa JOCTOBEPHO OTJINYATh I1eJIEBOI OPraHu3M OT He-
1EeJIEBBIX, U AHAJUTUYECKAS YYBCTBUTEIbHOCTE (AY),
OTpaXkamwIilas MUHUMAJbHOE NEeTEKTUPYEMOE COLlEP-
’)KaHUe 1IeJIeBOM MUIIEHU B TeCTUPYeMOM o0pasiie
IOHK (EPPO PM 7/98 (3), 2018; CioBapeBa, KopHes,
2020; BenomankuHa, [Tucapesa, 2024). JOTIOJHUTEIb-
HO BBeJIeHbI IBa ITOoKa3aTes, xapakrepusyouine AC —
WHKJIIO3UBHOCTb, WJIM CITOCOOHOCTD TeCTa UAeHTUDU-
1UpPOBaTh Bce MHOTroo6pa3ue MTaMMOB OaKTepuu
BHYTPH BUJA, M SKCKJIFO3UBHOCTH, WJIM CITOCOGHOCTH
TecTa OTJNYaTh IeJieBble IITaMMbl OT HeIleJeBhIX
(EPPO PM 7/98 (3), 2018).

Inga npeatTuduranuu R. tritici pazpaboTaHo
nBa Tecrta IIIIP-PB: BTRITF1/BTRITR1/BTRITP1
u BTRITF2/BTRITR2/BTRITP1 (Postnikova et al.,
2017). TecTnl IpeIHa3HAYEHbI AJI UAeHTU(DUKALUN
R. tritici B YnMCTBIX 6aKTePHAJbHBIX KyJIbTypax. CBeme-
HU 0 3HayeHUgx AC u AY, a TakyKke 00 UCIIbITAaHUIX
TecTa IJisi 06HaPYKEHUS TTaTOTeHa B PACTUTEJbHBIX
o6pasIax OTCyTCTBYIOT, UTO He IT03BOJISIET CHEJIaTh
BBIBOJ, 0 TpuMeHuMOCTU TecTOB BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1.

pathogen in plant samples, which does not allow us to
conclude on the applicability of the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 tests.

The aim of this work was to evaluate the appli-
cability of the real-time PCR tests BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 for R. tritici
identification.

MATERIALS AND METHODS

The research materials were the R. tritici strains:
VNIIKR-B-0837T, VNIIKR-B-1014, VNIIKR-B-1015,
VNIIKR-B-1016, VNIIKR-B-1017, VNIIKR-B-1018
from the Research Collection of the Research and
Methodology Department of FGBU “VNIIKR” (Russia)
(see Table 1).

Apart from R. tritici strains, 17 bacterial strains
belonging to all known species of the genus Rathay-
ibacter were used: R. toxicus, R. rathayi, R. iranicus, R. fes-
tucae, R. caricis, R. oskolensis, R. agropyri v R. tanacetum
(see Table 2).

The study materials also included bacterial strains
identified using molecular genetic, spectrometric and
biochemical analyses as representatives of the genus
Rathayibacter (Slovareva et al., 2024) (see Table 3).

Thus, the study was conducted using 32 strains
isolated from plants of the families Poaceae, Fabaceae,
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Ta6J1. 2. IIlTaMMbI MPOUYKX BUIOB GaKkTepuii poaa Rathayibacter,
KpoMe Rathayibacter tritici, ucriosib3yembie B paéoTe

Table 2. Strains of other bacteria species of the genus Rathayibacter,
except Rathayibacter tritici, used in the work

HasBaHue
N2 Homep miTaMMa GaKTEpPUH

Homep mTamMma B pyrux

KOJUIEKIUAX HcTouHMEK, cTpaHa

n/u Strain number Bacterium Strain number in other collections Source, country
1 VNIIKR-B-0454 Rathayibacter BKM Ac-1600 | VKM Ac-1600; Phalaris minor Retz., ABcTpanus
toxicus ICMP 6309; LMG 7339; PDDCC 6309  Phalaris minor Retz., Australia
. BKM Ac-1601" | VKM Ac-1601T; .
2 VNIIKR-B-0451" f;t’zlgy.lb @Cler C1p 104036; DSM 7485; ICMP 2574; gzzy Z": fﬁg%g Ziz ]i ;Iz‘?va;ezigsgnm
7l JCM 9307; LMG 7288; NCPPB 2980 THsE ”
BKM Ac-16027 | VKM Ac-1602T;
3 VNIIKR-B-0457" Rathayibacter ~ CCUG 23897; CIP 104037; DSM 7484; Triticum aestivum L., VIpaH
iranicus ICMP 3496; ICPB CI148; JCM 9308; Triticum aestivum L., Iran
LMG 3677; NCPPB 2253; CFBP 807
Rathayibacter BKM Ac-1390" | VKM Ac-1390%; Festuca Tourn. ex L., Poccus
-R- T ) y
4 VNIKR-B-0458 festucae DSM 15932; JCM 13577 Festuca Tourn. ex L., Russia
Rathayibacter BKM Ac-1799" | VKM Ac-1799%; Carex L., Poccusa
-B- T ) )
R caricis DSM 15933; JCM 13576 Carex L., Russia
6  VNIIKR-B-0455 Rathayibacter BKM Ac-2121T | VKM Ac-21217; Androsace villosa subsp. koso-poljanskii (Ovcz.) Fed.
oskolensis BCCM/LMG 22542 Androsace villosa subsp. koso-poljanskii (Ovcz.) Fed.
Rathayibacter BKM AC_ZSZ? RES Elymus smithii (Rydb.) Gould, CIITA (KanudopHus)
7 VNUIKR-B-0450 o ropyri DSM 104101, Elymus smithii (Rydb.) Gould, USA (California)
8TopyT ATCC TSD-78 e . :
Rathayibacter BKM Ac-2596" Tanacetum vulgare L., Poccus
-R- T )
8  VNIKR-B-0459 tanacetum VKM Ac-2596" Tanacetum vulgare L., Russia
n Rathayibacter BKM Ac-2761 Tanacetum vulgare L., Poccust
VOISR o “tanacetum” VKM Ac-2761 Tanacetum vulgare L., Russia
10 VNIIKR-B-0499 Rathayibacter  BKM Ac-2630 Rhaponticum repens (L.) Hidalgo, Y36ekucTau
“acroptylon” VKM Ac-2630 Rhaponticum repens (L.) Hidalgo, Uzbekistan
11 VNIIKR-B-0461 Rathayibacter BKM Ac-3063 | VKM Ac-3063; x Triticosecale Wittm. & A.Camus, Poccus
festucae 20M31-111 x Triticosecale Wittm. & A.Camus, Russia
Rathayibacter BKM Ac-3064 | VKM Ac-3064; Hordeum vulgare 1.., Poccus
12 VNIKR-B-0827 Sestucae 21K1-3 Hordeum vulgare L., Russia
n Rathayibacter BKM Ac-3061 | VKM Ac-3061; Triticum aestivum L., Poccus
L2 ORI DReD oskolensis 22B16-68 Triticum aestivum L., Russia
14 VNIIKR-B-0831 Rathayibacter 9901-338 Hordeum vulgare L., Poccus
festucae Hordeum vulgare L., Russia
T Rathayibacter : Hordeum vulgare L., Poccust
(5 I8 eRpiey festucae 2T ES Hordeum vulgare 1.., Russia
16 VNIIKR-B-0834 Rathayibacter 99C1-370 Hordeum vulgare L., Poccus
festucae Hordeum vulgare L., Russia
n Rathayibacter BHUUKP (WUJILI) 0554 Lathyrus oleraceus Lam., Poccus
L7 RIS festucae VNIIKR (TLC) 0554 Lathyrus oleraceus Lam., Russia

MpumeuaHue: VNIIKR — iccnepoBaTtenbckas KOnnekums HayuyHo-metogmdeckoro otaena ®rboy «BHUNKP»,
BKM — Bcepoccuiickas Konnekuma MukpoopraHuamos (Poccus), ATCC — American Type Culture Collection (CLUA),
CCUG — Culture Collection, University of Géteborg (LLseuus), CIP — Collection de 'Institut Pasteur (dpaHums),

DSM - Deutsche Sammlung von Mikroorganismen und Zellkulturen (fepmanus), ICMP- PDDCC — Culture Collection of Plant

Diseases Division (HoBasa 3enanaus), JCM — Acronym used by the Microbiology section of the College of Biology and Environmental

Sciences (Kutait), BCCM/LMG - Collection of the Laboratorium voor Microbiologie en Microbiele Genetica (benbrus),
NCPPB - National Collection of Plant Pathogenic Bacteria (Benukobputanus), CFBP — Collection Francaise des Bacteries
Phytopathogenes (®paHuusa), ICPB — International Collection of Phytopathogenic Bacteria (CLUA),

BHUWKP (UL) — ViccnepoBaTenbckas Konnekums McnbitatensHoro nabopatopHoro LeHTpa GrbY «BHUNKP» (Poccus)

Note: VNIIKR — Research collection of the Research and Methodology Department of FGBU “VNIIKR” (Russia),

VKM - All-Russian collection of microorganisms (Russia), ATCC — American Type Culture Collection (USA),

CCUG — Culture Collection, University of Goteborg (Sweden), CIP — Collection de 'Institut Pasteur (France),

DSMZ — Deutsche Sammlung von Mikroorganismen und Zellkulturen (Germany), ICMP-PDDCC - Culture Collection of Plant
Diseases Division (New Zealand), JCM — Acronym used by the Microbiology section of the College of Biology and Environmental
Sciences (China), BCCM-LMG - Collection of the Laboratorium voor Microbiologie en Microbiele Genetica (Belgium),

NCPPB — National Collection of Plant Pathogenic Bacteria (UK), CFBP — Collection Francaise des Bacteries Phytopathogenes
(France), ICPB — International Collection of Phytopathogenic Bacteria (USA),

VNIIKR (TLC) — Research collection of the Testing laboratory

center of FGBU “VNIIKR” (Russia)
®duTtocaHuTapus. KapaHTuH pacTeHui
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Ta6J. 3. lllTaMmbl GakTepuii poga Rathayibacter
C HEYCTAHOBJIEHHOM BU/I0BOM MPUHAJJIEKHOCTBIO, HCII0JIb3yeMbI€ B paGoTe

Table 3. Strains of bacteria of the genus Rathayibacter
with unspecified species affiliation used in the work

Homep mtamma Ha3Banue 6akTepun HoMep mTaMMa B APYTUX KOJJIEKIUSX

Nem/m Strain number Bacterium Strain number in other collections VICcTOYHHK, CTPaHa

I UNKEBns Mg SRS VACIIE T st Focon
Bl
s VNIKRDOSL Ragbasersp  SSACSOTVIACIOSS D s o
s NGBS Ruwiersp.  SSACHOIVOIACIO e et o
s UNIKRBOR9 Mo SAICSOSIVOUCI T et . Focon
6 UNIKD0R Rahaiuerep.  DAACIOSVOACOS i . Pocus
T UNIKRBO2 Ratabaersp.  SRACIOSSIVKIACSOSE i duun Dl o
8 VNIIKR-B-0833  Rathayibacter sp. 22C1-362 ZZ:Z;’ZZ;ZEZ; ﬁg?l‘;‘;?;
o sows e T D05 e A

MpumeuaHue: VNIIKR — ViccnepoBatenbckas Konnekums HayuyHo-metoamyeckoro otaena Oroy «BHUUMKP»,
BKM — Bcepoccuiickas konnekuma MmukpooprannsmoB (Poccus), BHUUKP (ML) — MiccnepoBaTtenbckas KoMnekums

WcnbitatensHoro nabopatopHoro ueHTpa ®rbY «BHUNKP»

Note: VNIIKR — Research collection of the Research and Methodology Department of FGBU “VNIIKR” (Russia),
VKM — All-Russian collection of microorganisms (Russia), VNIIKR (TLC) — Research collection

of the Testing laboratory center of FGBU “VNIIKR”

Llenbio HacToAIEeN PabOThl ABIAIACH OIleHKA
npuMeHuMocTu TecToB ITLP-PB BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1 gy uneHTuU-
dukanum R. tritici.

MATEPUWAJIBI U METO/IbI

MarepuajaMu KCCJEeOBAHUN SBJSJUCH IITaM-
Mbl R. tritici: VNIIKR-B-0837T, VNIIKR-B-1014,
VNIIKR-B-1015, VNIIKR-B-1016, VNIIKR-B-1017,
VNIIKR-B-1018 u3 MccaemoBaTesIbCKONM KOJJIEKI U
Hay4dyHO-MeTopu4deckoro orgena ®I'BY «BHUMKP»
(Poccus) (cM. Tabu. 1).

Kpome mTaMMoB R. (ritici, UCIIOJb30BaJU
17 mTaMMOB GaKTepuil, MpUHALJIEXKAIUX BCEM KU3-
BECTHBIM BUAAM popa Rathayibacter: R. toxicus, R. ra-
thayi, R. iranicus, R. festucae, R. caricis, R. oskolensis,
R. agropyriu R. tanacetum (cM. TabJ1. 2).

MaTepuajaMy MCCIeL0BAHUS TAKXKe SIBJISINCD
GaKkTepuaJibHbIe MITAMMBbI, UAEHTUDUIIVPOBAHHBIE
C TOMOIIbI0 MOJIEKYJISIPHO-TE€HETUYECKOTO, CIIEK-
TPOMETPUUECKOT0 ¥ OMOXMMUYECKOTO aHAJIN30B KakK
npeacTaBuTeNu poja Rathayibacter (CioBapesa u zp.,
2024) (cm. TabJ. 3).

TakuM o6pasoM, ucCCliefoBaHUE IIPOBOIU-
JIX C UCITOJIb30BaHMEM 32 MITAMMOB, BbIAEJIEHHBIX
u3 pacteHuli ceMelicTB Poaceae, Fabaceae, Asteraceae
u Primulaceae. VI3 Hux 6 — R. tritici, 17 — npencTaBu-
TeJIN OPYTUX BUOB pona Rathayibacter m 9 6akTepuu
pozna Rathayibacter c HeyCTaHOBJIEHHOM BUIOBOM ITPU-
HaJJIeXKHOCTDIO.

B ombITax MCIIOJNb30BANU CYCIIEH3UU UHU-
CThIX 0aKTEpPUAJIbHBIX KYJbTYP B KOHIIEHTPAIUU
10°-107 KOE/min. KynbTUBUpPOBaHUE MPOBOLUIU

Asteraceae and Primulaceae. Of these, 6 were R. tritici,
17 were representatives of other species of the genus
Rathayibacter and 9 were bacteria of the genus Rathayi-
bacter with an unspecified species affiliation.

In the experiments, suspensions of pure bac-
terial cultures were used at a concentration of
10°-107 CFU/ml. Cultivation was carried out for 48 h
at a temperature of 25 °C on agarized R2A medium
(Reasoner, Geldreich, 1985), modified by adding 5 g
of agar per 11 of medium (per 1 I of medium: 0.5 g of
peptone, 0.5 g of yeast extract, 0.5 g of glucose, 0.5 g
of casein hydrolysate, 0.3 g of sodium pyruvate, 0.5 g
of starch, 0.3 g of K,HPO,, 0.024 g of MgSO, x 7H,0,
23 g of agar).

DNA extraction was performed using the Pro-
ba-GS kit (AgroDiagnostica, Russia) in accordance
with the manufacturer’s instructions. Each strain was
tested in triplicate.

The species identity of each R. tritici strain was
preliminarily confirmed using classical Rt-5F/Rt-5R
PCR (Baek et al., 2018) and subsequent Sanger se-
quencing.

The oligonucleotide sequences were used accord-
ing to the source (Postnikova et al., 2017). The region
of the oligonucleotide location in NZ_CP015515.1
(Rathayibacter tritici strain NCPPB 1953 chromosome,
complete genome) was determined using the Ugene
software (Unipro UGENE software).
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Ta6J1. 4. CocTaB peaKIMOHHOM CMeCH U YCJIOBUA aMILTU(UKanun TecTos I11[P-PB
Table 4. Composition of the reaction mixture and conditions for amplification

of real-time PCR tests
BTRITF1/BTRITR1/BTRITP1

BTRITF2/BTRITR2/BTRITP1

KomnonenT PaGouas koHneHTpauussi KosuuectBo, Mk KomMmoneHT PaGouas koHueHTpanusa KosuuecTBo, MKJI
Component  Working concentration Quantity, pl Component  Working concentration Quantity, pl
Bopga | Water — 14,4 Bopga | Water — 13,1
5X TTLIP-Mukc 5X TTLIP-Mukc
5X PCR mix 5X 5,0 5X PCR mix 5X 5,0
BTRITF1 10 omoab/mki | 10 pmol/ul 1,9 BTRITF2 10 omomab/MKi | 10 pmol/ul 1,9
BTRITR1 10 nmmomb/Mki | 10 pmol/ul 0,6 BTRITR2 10 nmoab/Mki | 10 pmol/ul 1,9
BTRITP1 5 mMoJb/MKJI | 5 pmol/jl 1,0 BTRITP1 5 mMoJb/MKJI | 5 pmol/jl 1,0
BIIK | IPC - 0,1 BIIK | IPC - 0,1
IOHK | DNA - 2,0 IOHK | DNA - 2,0
O6muit 06beM O6muii 06beM
Total volume 250 Total volume 250
Pesxum ammimmgukanuu Amplification mode
Temniepatypa Bpems KoJsnyecTBO LUKJIOB
Temperature Time Number of cycles
95 °C 5 MuH 5 min 1
95 °C 15 cek 15 sec
45
60 °C 40 cek 40 sec
MpumMeuanue: BINK — BHYTPEHHW NONOXUTENbHbI KOHTPONb (000 «HM®d CuHToN», Poccus);
5X MUP-mMukc — 5X gPCRmix-HS (3A0 «EBporeH», Poccus)
Note: IPC — internal positive control (Syntol, Russia); 5X PCR mix — 5X gPCRmix-HS (Evrogen, Russia)
Ta6J1. 5. XapaKTepUCTUKHU MCII0JIb30BAHHBIX OJINTOHYKJIEOTH/I0B
Table 5. Characteristics of the oligonucleotides
HasBaHue JaunHa, GC-cocras,
oJMroHykjgeoruga IlocjiegoBaTeIbHOCTD 1.0. %
Oligonucleotide HYKJIEOTHU OB, 5’-3’ PeruoH Mopudukanus Length, GC-content, Tm,
name Nucleotide sequence, 5-3’ Region Modification bp % °C
BTRITF1 CGGGCAGGTACGAGTAATGG He nanzen Her | No 20 60 63
Not found
BTRITR1 CCGGCCGTCGTCAAGGCGAT 557126-557145 Het | No 20 70 67
BTRITF2 AATTTGATCTGTTTGGAAGCTGC 557181-557203 Her | No 23 39 59
BTRITR2 GCCGTCGTCAAGGCGAT 557129-557145 Het | No 17 65 57
BTRITP1 CGTGACGTGGATAAGTTGATCAGCCTGA 557152-557179 6FAM/BHQ1 28 50 70

Mpumeuanume: pernoH B NZ_CP015515.1 (Rathayibacter tritici strain NCPPB 1953 chromosome, complete genome);

Tm — TeMnepaTypa nnasneHns

Note: region in NZ_CP015515.1 (Rathayibacter tritici strain NCPPB 1953 chromosome, complete genome);

Tm — melting temperature

B TeueHUe 48 4 ripu TeMIiieparype 25 °C Ha arapuso-
BaHHOM cpeze R2A (Reasoner, Geldreich, 1985), momu-
(unupoBaHHOU NyTeM fobaByieHusd 5 r arapa Ha 1 J1
cpexpl (Ha 1 1 cpensr: 0,5 r renToHa, 0,5 T IPOXKIKEBOr0
9KCTPaKTa, 0,5 I ri1t0K035I, 0,5 I ruiposn3aTa Ka3ernHa,
0,3 r nupysaTta Hatpusd, 0,5 r kpaxmaia, 0,3 r K,HPO,,
0,024 r MgSO, x 7H,0, 23 r arapa).

Beigenenue IHK npoBoauiy mpu IIOMOILYA Ha-
6opa «I[Ipoba-I'C», (000 «ArpomuarHocTuka», Poccus)
B COOTBETCTBUM C MHCTPYKIMEHN TTpon3BoauTens. Te-
CTUPOBaHME KaXXJOTrO IMITaMMa IIPOBOAUIY B TPEX-
KpaTHOU TOBTOPHOCTMU.

BunoByio MpuHAAIEXHOCTh KaXJOT0 IMITaMMa
R. tritici IpeBapuUTENbHO ITOATBEPXKAAIY TIPU TTIOMO-
1y kitaccuueckoii ITLP Rt-5F/Rt-5R (Baek et al., 2018)
U TIOCJIENYIONIEeTO CEKBEHMPOBaHU 110 CIHTeDy.

The original article did not provide information
on the dyes/ fluorescence extinguishers used, so for
the 5’-3” ends of the BTRITP1 probe, a standard modi-
fication of the 6FAM/BHQ1 dyes was used, which is
most widely available in the Russian Federation (Vo-
ronov et al., 2024). The gC composition, expressed
in %, and the melting temperature (Tm) were de-
termined using the OligoCalc software (Oligo Calc);
Table 4 shows the Tm parameters adjusted for salt
concentration. Oligonucleotide synthesis was carried
out at Evrogen (Russia).

dutocaHutapus. KapaHTuH pactenuii =~ 32
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[Tocyies0BaTENbHOCTY OJUTOHYKJIEOTULOB UC-
M0JIb30BAHbl B COOTBETCTBUU C UCTOUHUKOM (Post-
nikova et al., 2017). PeruoH pacIioJIOXKeHUs OJIUTO-
HykJgeoTtunma B NZ_CP015515.1 (Rathayibacter tritici
strain NCPPB 1953 chromosome, complete genome)
OTIpeJeNIsIN, UCIToNB3ys mporpammy Ugene (Unipro
UGENE software).

B opuruHajbHOU CTaThe OTCYTCTBOBAJU CBe-
IeHus 00 MCII0JIb30BAHHBIX KPACUTEAX/TACUTEIISIX
GryopecteHIINY, T03TOMY IJIsI YUaCTKOB 5’-3’-KOH-
1oB 30H1a BTRITP1 ucnonb3oBaiy cTaHLAPTHYIO MO-
nudukauio kpacureaeir 6FAM/BHQ1, naubosee 10-
CTYITHYI0 Ha TeppuTtopuu P® (BopoHoB u ap., 2024).
GC-cocTas, BbIpa)XeHHBIN B %, 1 TEMIIEpaTypy ILJIaB-
nenus (Tm) onpepensanu B mporpamme Onuro Kajibk
(Onuro Kanibk); B Tabi1. 4 TpUBeIeHbl TapaMeTpbl Tm
C KOPPEKTUPOBKOU IO KOHIIeHTpaluu cojieit. CuHTe3
OJIMTOHYKJIEOTULOB OocyllecTBIIANU B 3A0 «EBporen»
(Poccus).

CocTaB peakIOHHON CMeCH U YCJIOBUS aMILIN-
¢uKayM IpeacTaBIeHbI B Ta0II. 4.

[1L1P-PB mpoBoauau Ha OeTEeKTUPYHOLEM aM-
mudukaTope «ATnpaiM 5M6» («THK-TexHOJIOTHsI»,
Poccus).

VHKJIF03UBHOCTb PACCUMTHIBAJIU KaK OTHOLIEHUE
TIOJIOKUTEJbHBIX Pe3yJIbTaTOB MIPU TECTUPOBAHUU
IITAMMOB R. tritici K 06IIeMy YUCIIy IPOBEIEHHBIX Pe-
aKIIM, BEIPAXKEHHOE B ITPOIIEHTAaX. JKCKJII03MBHOCTD
paccuuThIBaJIM KaK OTHOIIEHYME OTPHUIIATENbHBIX pe-
3yJIbTATOB IIPU TECTUPOBAHUU IITAMMOB GaKTEePUH,
He OTHOCSIIUXCS K BULY R. tritici, K 06IIeMy 4YuCIy
TIPOBENIEHHBIX PeaKIni, BIpakKeHHOe B MPOIeHTax
(EPPO PM 7/98 (3), 2018).

PE3VJIBTATBI U OBCYXKJIEHHNE

XapaKTEePUCTUKY MCIOJIb30BaHHBIX OJUTOHYKJIEO-
TuAoB B Tectax I11IP-PB BTRITF1/BTRITR1/BTRITP1
u BTRITF2/BTRITR2/BTRITP1
(Postnikova et al., 2017) mpeacras-
JIEHBI B Ta0JI. 5.

[TepBuuHag mpoBepKa OJiu-
TOHYKJIEOTUZOB B TIpoTrpaMme
Ugene (Unipro UGENE software)

The composition of the reaction mixture and the
amplification conditions are presented in Table 4.

Real-time PCR was performed on a DTprime 5M6
detection amplifier (DNA-Technology, Russia).

Inclusivity was calculated as the ratio of positive
results when testing R. tritici strains to the total num-
ber of reactions performed, expressed as a percent-
age. Exclusivity was calculated as the ratio of negative
results when testing non-R. tritici bacterial strains to
the total number of reactions performed expressed as
a percentage (EPPO PM 7/98 (3), 2018).

RESULTS AND DISCUSSION

The characteristics of the oligonucleotides used in the
real-time PCR tests BTRITF1/BTRITR1/BTRITP1 and
BTRITF2/BTRITR2/BTRITP1 (Postnikova et al., 2017)
are presented in Table 5.

Primary screening of oligonucleotides in Ugene
(Unipro UGENE software) allowed in silico PCR to be
performed. All oligonucleotide sequences except
BTRITF1 were found in NZ_CP015515.1. The BTRITF1
oligonucleotide sequence, both direct and reverse
complementary, was not found in NZ_CP015515.1. In
the specified genome, in the region 557244-557256,
there is a 13 bp sequence gTACGAGTAATGG, similar
to a part of the BTRITF1 oligonucleotide. Tm of the
specified sequence is 38 °C. Analysis of the position
of oligonucleotides in NZ_CP015515.1 showed that the
length of the BTRITF1/BTRITR1 PCR product is 126 bp,
and BTRITF2/BTRITR2 is 74 bp.

As aresult of the BTRITF1/BTRITR1/BTRITP1 and
BTRITF2/BTRITR2/BTRITP1 tests, positive reactions
were obtained for the R. tritici strains VNIIKR-B-0837T,
VNIIKR-B-1014, VNIIKR-B-1016, VNIIKR-B-1017 and
VNIIKR-B-1018 (see Table 6).

The fluorescence accumulation graphs were spe-
cific, and the fluorescence level reached 600 in the

Ta6.1. 6. Pe3yabraT TectupoBanus JHK mtaMmmoB Rathayibacter tritici
Table 6. DNA testing result of Rathayibacter tritici strains

Cpennee 3HaueHue Ct, FAM (cienuduka) u Cy5 (BIIK)
¥ UHTepnpeTanusa pe3yasbraTos IILP, mojryueHHbIX

Ha amIunukarope, seTekTupyomeM «ITnpaiim 5M6»
(«IHK-TexHoJiorusa», Poccus)

Average value of Ct, FAM (specificity) and Cy5 (VPK) and
interpretation of PCR results obtained on the amplifier
detecting “DTprime 5M6” (“DNA-Technology”, Russia)

BTRITF1/BTRITR1/BTRITP1 BTRITF2/BTRITR2/BTRITP1

mo3BoJinia rmposectu ITLP in sili-
co. Bce mocyie1oBaTEIbHOCTHY OJIU-
TOHYKJIeoTunoB, kpome BTRITF1,
6bLTM HanmeHbl B NZ _CP015515.1.
[Tocie0BaTEIbHOCTD OJIUTOHY-
kneoruna BTRITF1, kak nipgaMmas,

N¢ Homep miramma

Tak ¥ 06paTHO KOMILUIeMeHTap- W/ Strainnumber Ct, FAM Cy5 Ct, FAM Cy5
Has, He Gbplna Ha¥izeHa B NZ_ 1 VNIIKR-B-0837" 24,4 33,1 23,2 32,6
CPO15515.1. B yKasaHHOM TeHO- 5 y\ykp p1014 25,9 32,9 24,2 32,9
Me, B peruoHe 557244-557256,

IPUCYTCTBYyeT II0OCJiefOoBaTelb- 3 VNIKR-B-1015 - 33,7 B 33,5
HocTb GTACGAGTAATGG pmawu- 4  VNIIKR-B-1016 27,1 33,1 25,6 33,2
HOM 13 I1.0., aHAJIOTUYHA4 YaCTu 5 VNIIKR-B-1017 22,7 32,9 21,3 32,7
onuronyrieornaa BIRITEL. Tm 2y frp 5018 93 g 33,1 22,4 32,9

yKa3aHHOU ITOCJeI0BaTEIbHOCTH
cocTaBJjisteT 38 °C. AHaJIK3 110J10-
JKEHUd OJIUTOHYKJIEOTULOB B NZ_
CP015515.1 ntoka3saJ, 4To AJauHa
[MIP-tipoxykTa BTRITF1/BTRITR1
cocTtaBisgeT 126 11.0., a BTRITF2/BTRITR2 — 74 11.0.

B pesynbTaTe nmpoBemeHus TecToB BTRITF1/
BTRITR1/BTRITP1 u BTRITF2/BTRITR2/BTRITP1
TIOJIy4eHbl TTOJIOKUTEIbHbIE PEAKIIUN [JIsI ITaMMOB

MpumeuaHue: Ct — noporosbir unkn MNLP-PB,
BIMK — BHYTPEeHHM NOMOXUTENbHbIN KOHTPOSb

Note: Ct — threshold cycle of real-time PCR, IPC — internal positive control
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R. tritici VNIIKR-B-0837T, VNIIKR-B-1014,

VNIIKR-B-1016, VNIIKR-B-1017
u VNIIKR-B-1018 (cM. Tabu. 6).

I'paduky HaKoILIeHUS (DIIyOpeCIieH-
MY GbLIM CIIelM(UIHBIMYU, 4 YPOBEHD
(ayopecueHIIMY JOCTUTAT 3HAYEHUS
600 B Tecte BTRITF1/BTRITR1/BTRITP1
(cMm. puc. 2) u 500 — B TecTe BTRITF2/
BTRITR2/BTRITP1 (cM. puc. 3).

J1s1 omHOTO U3 MITaMMOB R. tritici,
VNIIKR-B-1015, peakiuu ITIIP-PB 66111
OTpullaTeJIbHbIMY (CM. TabJI1. 6). [IJ151 BCexX
OCTAJIbHBIX IITAMMOB 0GaKTepPUil pojma
Rathayibacter, xpoMe R. tritici, pe3yabTa-

4 W (=3
= 1= =

L L
(= L=J
AT (IS WS« W WD I o S

®nyopecueHuma

-
L=4

WVNIIKR-B-1018
VNIKR-B-08377

VNIER-B-1014
VNIEKR-B-1016

|

VNIER-B-1015

TbI TecToB BTRITF1/BTRITR1/BTRITP1 - 1

n BTRITF2/BTRITR2/BTRITP1 Takxe
ObLIIM OTPULLATEJIbHBIMMU.

-—rr--e—T—r—rr—ar—i—r

1116 21 26 31 36 41
Homep umkna

ITociemoBaTENbHOCTH, aMILIU(U-
nupyembie ¢ npatimepamMmu BTRITF1/
BTRITR1 u BTRITF2/BTRITR2, pacrmo-
JIO)KEHHBbIE B peruoHe 557126-557256
n 557129-557203 B NZ_CP015515.1
(Rathayibacter tritici strain NCPPB 1953
chromosome, complete genome) cooT-

Puc. 2. 3aBMCUMOCTb YPOBHA
¢hnyopecLeHLMM OT HOMEpPA NOPOroBoOro
unkna no kaHany FAM B pesynbraTte
ncnonb3oBaHua Tecta BTRITF1/
BTRITR1/BTRITP1 Ha amnnudmkaTope,
neTekTupyoweM «4Tnpainm 5M6»
(«OHK-TexHonorus», Poccus) (opwr.)

Fig. 2. Dependence of the fluorescence
level on the threshold cycle number

in the FAM channel as a result of using
the BTRITF1/BTRITR1/BTRITP1

test on a thermocycler detecting
“DTprime 5M6” (“DNA-Technology”,
Russia) (orig.)

BETCTBEHHO, HE UMEKT CX0ACTBa C KaKu-

MU-JT160 APYTUMU TTOCTIEI0BATENBHOCTSI-
MU KPOME COOTBETCTBYIOIIVX PErMOHOB
NZ_CP015515.1. Vicxons u3 moJy4yeH-
HBIX pe3yabTaToB [IlIP-TecTupoBanuga
mTaMMOB R. tritici MOXKHO CIeJIaTh BbIBOJI,
0 TOM, YTO YYaCTKU FT€HOMOB 3TUX LITaM-
MOB YaCTUYHO WUJIU [IOJIHOCThIO TOMOJIO-
TUYHBI UCIIOJIb3YEMbBIM OJIMTOHYKJIEOTU-
naMm. VickiaodeHye TIPeCTaBIsIeT cO60M
mwramM VNIIKR-B-1015, pe3ynbTaThl Te-
CTHPOBAaHYS KOTOPOTo 06eMMy IIpaiiMep-
HBIMU CUCTEMaMU OTPUILLATEJIbHBI, U 3TO
TI03BOJISET IIPEATIONOXKUTE, YTO YKa3aH-

N wh
=3 =
PR e TR B G

g
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- VNIIKR-B-1017
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| VNIIKR-B-1015

HBIYA IITAMM MMEET CYIIECTBEHHOE OT-
JInYKe B yYacCTKe FreHOMa, SBJISIOIIETOCS
MulilneHbro ITLP.

I 1 )
11 16 21 26 31 36 41
Homep umkna

B To xe BpeMs peaKLus BHYTPEH-
HETO TI0JIOKUTENIbHOTO KOHTPOoJs (BIIK),
IeTeKTupyeMmada no kaHaiuy Cyb, mmoka-
3ajia OTCyTCTBUE MHrubupoBaHus I[P
(cMm. puc. 4).

TecTupoBaHUWEe BCeX IITaMMOB
R. tritici c mOMOIIIbI0 Kilaccuueckoi ITLIP
Rt-5F/Rt-5R (Baek et al., 2018) mokasaJio
Hajmuue g Kaxgoro us Hux [ P-npogykTra oxuna-
eMOU AJuHBI 613 11.0., XapaKTePHOU JJIsT YKa3aHHOTO
Buza (cM. puc. 5).

PesynbraTs! [1LP nogTBepauiu mocaefyouym
cekBeHUpoBaHUeM 1o CoHrepy. HykiyeoTugHaga 1mo-
CJIeL0BATEJbHOCTh BCEX LIECTU AaHAJIU3UPYEMBIX
mTaMMOB 1okasajia 100% roMoJioruu ¢ TeHOMHBIM
yaacTkoM R. tritici B BLAST NCBI (BLAST). Kaxk rmokasaJt
ananu3 c momoirbio Ugene (Unipro UGENE software),
TIoCJIel0BaTeIbHOCTh, aMILINpUIIpyeMas ¢ Ipalime-
pamu Rt-5F/Rt-5R, pacmosoxeHna B peruoHe 3200539-
3201151 B NZ_CP015515.1 (Rathayibacter tritici strain
NCPPB 1953 chromosome, complete genome). Takum
00pas3oM, peruoH, ABAdIniica Muinenbio TP Rt-
5F/Rt-5R, oT/imuaeTcs OT PETUOHA, ITPeICTaBIIAIOIIe-
ro coboil MulleHb npaliMepHbIX cucTteM BTRITF1/
BTRITR1/BTRITP1 u BTRITF2/BTRITR2/BTRITP1,

Puc. 3. 3aBucnMoCTb YPOBHSA
hnyopecueHLnn oT HoMepa NOPoOroBoro
uunkna no kaHany FAM B pesynbraTte
ucnonb3oBaHusa Tecta BTRITF2/
BTRITR2/BTRITP1 Ha amnnudmkaTope,
neTekTupyolweMm «4Tnpanm 5M6»
(«OHK-TexHonorusa», Poccus) (opwur.)

Fig. 3. Dependence of the fluorescence
level on the threshold cycle number

in the FAM channel as a result of using
the BTRITF2/BTRITR2/BTRITP1 test
on a thermocycler detecting

“DTprime 5M6” (“DNA-Technology”,
Russia) (orig.)

BTRITF1/BTRITR1/BTRITP1 test (see Fig. 2) and 500
in the BTRITF2/BTRITR2/BTRITP1 test (see Fig. 3).

For one of the R. tritici strains, VNIIKR-B-1015, the
real-time PCR reactions were negative (see Table 6).
For all other strains of the Rathayibacter genus, ex-
cept R. tritici, the results of the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 tests were
also negative.

Sequences amplified with primers BTRITF1/
BTRITR1 and BTRITF2/BTRITR2 located in the re-
gion 557126-557256 and 557129-557203 in NZ_
CP015515.1 (Rathayibacter tritici strain NCPPB 1953

dutocaHutapusi. KapaHtuH pactenuin 34
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Puc. 4. 3aBUCMMOCTb YpOBHS
¢hnyopecLeHUMM OT HOMepa
NOpPOroBOro LMKA Mo KaHany
Cy5 (BMK) B pe3ynbrarte
MCMONb30BaHMsA TEeCTOB
BTRITF1/BTRITR1/BTRITP1

1 BTRITF2/BTRITR2/BTRITP1
CO BCEMU aHaNN3NpPyeMbIMU
LWTAaMMaMM Ha aMnndmkaTope,

Fig. 4. Dependence of
the fluorescence level
on the threshold cycle

(IPC) as a result of using
the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/
BTRITR2/BTRITP1 tests

(«OHK-TexHonorusa», Poccus) “DTprime 5M6” (“DNA-

(opur.) Technology”, Russia) (orig.)

U TIPUCYTCTBYET BO BCEX IIECTU aHAJU3UPYEMBIX
mTaMMmax R. tritici.

PacueT MHKJIIO3MBHOCTU B COOTBETCTBUU C Me-
topukoi (EPPO PM 7/98 (3), 2018) mokasaJi, 4To ee
3HaueHNe OJMHAKOBO /IJIsI 060MX TECTOB M COCTABJISET
83,3%. Tects! [T1IP-PB BTRITF1/BTRITR1/BTRITP1
u BTRITF2/BTRITR2/BTRITP1 He II0O3BOJLIOT UJEH-
TUGULUPOBATL OJWH M3 LIECTU IITAMMOB 1€JIEBOr0
ob6beKTa — R. tritici. B CBSI31 C 9TUM, HECMOTPS Ha BBICO-
KY10 9KCKJI03UBHOCTH (100%), 06a MCITBITAHHBIX TECTA
He MOTYT OBbITh MCIIOJIb30BaHbBI B JIAOOPATOPHOU Jua-
THOCTUKE, TIOCKOJIBKY B CJIyYae UX MPUMEHEHUS JOCTa-
TOYHO BBICOKUM SIBJISIETCST PUCK JIOXKHOOTPUIIATEIbHBIX
PEe3yNIbTAaTOB U, KaK CJIEJICTBUE, TPOHUKHOBEHUS KapaH-
TUHHOTO (PUTOIIATOreHa Ha HOBbIE TEPPUTOPUM.

OIBITHI 110 OIlpefesieHrI0 A4 B paMKax JJaHHOTO
ucclaeoBaHUS He MIPOBOAUINCH, TIOCKOJIbKY TECThI
BTRITF1/BTRITR1/BTRITP1 u BTRITF2/BTRITR2/
BTRITP1 omnpefesieHbl KaKk HEIIPUMEHUMBIE B Pe3YJib-
TaTe oleHKU ux AC.

m 1 2 3 45 6 M

— 1000 n.o.

=600 n.o.

— 300 n.o.

w100 n.o.

Puc. 5. 9nekTpodoperpamma
pesynbraros MLP-Tecta Rt-5F/Rt-5R

¢ AHK wrtammoB Rathayibacter tritici
(opwur.): o6pasupbl: 1 — VNIIKR-B-0837T;

number in the Cy5 channel

with all analyzed strains on
neTekTupytowem «OTnpanm 5M6»  a thermocycler detecting

Fig. 5. Electropherogram of the results
of the Rt-5F/Rt-5R PCR test with DNA
of Rathayibacter tritici strains (orig.):
samples: 1 - VNIIKR-B-0837T;

chromosome, complete genome), respectively, have no
similarity with any other sequences except for the cor-
responding regions of NZ_CP015515.1. Based on the
obtained results of PCR testing of R. tritici strains, it can
be concluded that the genome regions of these strains
are partially or completely homologous to the oligonu-
cleotides used. An exception is strain VNIIKR-B-1015,
the testing results for which with both primer systems
are negative, and this suggests that this strain has
a significant difference in the genome region that is
the PCR target.

At the same time, the internal positive control
(IPC) reaction detected by the Cy5 channel showed no
inhibition of PCR (see Fig. 4).

Testing of all R. tritici strains using the classical
Rt-5F/Rt-5R PCR (Baek et al., 2018) showed the pres-
ence of a PCR product of the expected length of 613
bp for each of them, characteristic of this species (see
Fig. 5).

The PCR results were confirmed by subsequent
Sanger sequencing. The nucleotide sequence of all six
analyzed strains showed 100% homology with the ge-
nomic region of R. tritici in NCBI BLAST (BLAST). As
shown by Ugene analysis (Unipro UGENE software), the
sequence amplified with primers Rt-5F/Rt-5R is locat-
edintheregion 3200539-3201151 in NZ_CP015515.1
(Rathayibacter tritici strain NCPPB 1953 chromosome,
complete genome). Thus, the region targeted by Rt-
5F/Rt-5R PCR differs from the region targeted by the
BTRITF1/BTRITR1/BTRITP1 and BTRITF2/BTRITR2/
BTRITP1 primer systems and is present in all six R. tri-
tici strains analyzed.

Calculation of inclusiveness in accordance with
the methodology (EPPO PM 7/98 (3), 2018) showed that
its value is the same for both tests and is 83.3%. The
real-time PCR tests BTRITF1/BTRITR1/BTRITP1 and
BTRITF2/BTRITR2/BTRITP1 do not allow identifying
one of the six strains of the target object — R. tritici. In
this regard, despite the high exclusivity (100%), both
tested tests cannot be used in laboratory diagnostics,
since in the case of their use the risk of false negative
results is quite high and, as a result, the introduction
of the quarantine pest into new territories.

No experiments to determine the ASen were per-
formed in this study, since the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 tests were
determined to be inapplicable based on their AS as-
sessment.

CONCLUSION

Currently, there are only two real-time PCR tests
for identifying the quarantine bacterium, the caus-
ative agent of bacterial ear rot of wheat R. tritici:
BTRITF1/BTRITR1/BTRITP1 and BTRITF2/BTRITR2/
BTRITP1 (Postnikova et al., 2017). We assessed the
applicability of these tests. The study materials were
R. tritici strains: VNIIKR-B-08377, VNIIKR-B-1014,
VNIIKR-B-1015, VNIIKR-B-1016, VNIIKR-B-1017,
VNIIKR-B-1018, as well as 26 strains
of bacteria of the genus Rathayibacter,
including all existing species within

2 -VNIIKR-B-1014; 3 - VNIIKR-B-1015; 2 -VNIIKR-B-1014; 3 — VNIIKR-B-1015;
4 - VNIIKR-B-1016; 5 — VNIIKR-B-1017, 4 - VNIIKR-B-1016; 5 - VNIIKR-B-1017,

6 — VNIIKR-B-1018; M — mapkep AJINH
OHK 100bp DNA Ladder (EBporeH)

6 — VNIIKR-B-1018; M — DNA length
marker 100bp DNA Ladder (Eurogen)
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3AKJIIIOYEHUE

B HacTog1mMlii MOMEHT CYIIeCTBYeT TOJbKO JIBa Te-
cta [TLP-PB mia ngeHTUPUKAIINN KapaHTUHHOMN
GaKkTepuy — BO3OYAUTEIS KEJITOTO CIU3UCTOr0 Oak-
Tepuo3sa nueHullsl R. tritici: BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1 (Postnikova
et al,, 2017). HamMmu mipoBefieHa OIleHKAa IPUMEHUMO-
CTU YKa3aHHBIX TECTOB. MaTepuajaMu UCCIen0Ba-
HUN aBAgauch mraMMbl R. tritici: VNIIKR-B-08377,
VNIIKR-B-1014, VNIIKR-B-1015, VNIIKR-B-1016,
VNIIKR-B-1017, VNIIKR-B-1018, a Takxxe 26 mTaM-
MOB G6akTepuyt pojia Rathayibacter, BKJIIo4as BCe CylIe-
CTBYIOIIVE BUJIbI BHYTPY YKa3aHHOTO poxa: R. toxicus,
R. rathayi, R. iranicus, R. festucae, R. caricis, R. oskolensis,
R. agropyriu R. tanacetum. B pe3ynbTaTe OIleHKY IIpUMe-
HUMOCTHU TECTOB YCTAHOBJIEHO, YTO 3HAUYEHNE NHKJIIO-
3UBHOCTHU — CIIOCOOHOCTHU TeCTa UAeHTU(GUIIUPOBATH
BCe MHOroob6pasue mraMMoB 6aKTepuy BHyTPY BUIA —
nas tectoB BTRITF1/BTRITR1/BTRITP1 u BTRITF2/
BTRITR2/BTRITP1 cocTtaBiseT 83,3%. Yka3zaHHbIE Te-
CTBI He TI03BOJISIOT UAEHTU(GUIIMPOBATb ONWH U3 IIe-
cTU MITaMMOB R. tritici, a mMeHHO VNIIKR-B-1015 (BKM
Ac-2586; ICMP 2624; ICPB CT106; NCTC 6255). 3uaue-
HUE DKCKJII03MBHOCTH — CIIOCOOHOCTHU TECTA OTINYATh
1IeJeBbIe IITaAMMBbI OT HelleJIeBbIX — cocTaBuIo 100%
st o6oux TectoB. TecTsl ITIIP-PB BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1, HecMOTps
Ha WX BBICOKYIO BKCKJII03UBHOCTDH (100%), HETIpUMe-
HUMBI )15 GUTOCAHUTAPHOMN JUATHOCTUKY, TIOCKOJIbKY
He IT03BOJISIOT UAEHTU(PUIIMPOBATL BCE MHOT006pasue
IITaMMOB 6aKTepuy BHYTPU BUJA, 8 UCIIOJIb30BAHME
9TUX TECTOB CO3aeT PUCK ITOJyUeHNU JIOXKHOOTPHUIa-
TEJIbHBIX PE3YJIbTATOB AUAaTHOCTUKMU.
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of the test to distinguish target strains from non-tar-
get ones —was 100% for both tests. The real-time PCR
tests BTRITF1/BTRITR1/BTRITP1 and BTRITF2/BTR-
ITR2/BTRITP1, despite their high exclusivity (100%),
are not applicable for phytosanitary diagnosis, since
they do not allow identifying the entire diversity of
bacterial strains within a species, and the use of these
tests creates the risk of obtaining false negative diag-
nostic results.
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AHHOTAILIUA
B xome 06061eHMs pe3yabTaToOB UCIIbITAHUN 2021—
2024 TT. 10 OTJIOBY TPUIICOB CUHTETUUYECKUM aTTPaK-
TAHTOM ITPY TOMOIIY KJIEEBBIX JIOBYIIEK B YCIOBUSAX
3aKPBITOrO TPYHTA HaMU ObLJIO OTMEYEHO, UTO HaceKo-
MbI€ pPacIIpeieNITIoTCsI HepaBHOMEPHO. [1o1 HepaBHO-
MePHBIM pacrupefieIeHUEM Mbl UMEEM B BULLY HAJIU-
Yue YYaCTKOB, IZle UNCIIEHHOCTh TPUTICOB IIPEBHINIAET
cpenHee 3HaueHue 60jiee UeM Ha TPU CpelHEeKBaipa-
TUYHBIX OTKJIOHEHUS. BOSHUKHOBEHNE OTPaHUYEH-
HBIX YYaCTKOB C BBICOKOM UMCJIEHHOCTbHIO TPUIICOB
B TeIInIlaxX 06yCJIOBI€HO BOBHUKHOBEHUEM KOJTOHUN
OT eIMHUYHBIX HAaCEeKOMBIX B Hauaje ce30Ha. Bepo-
SITHO, OCHOBHBIMU ITPUYNHAMU TTOSIBIEHUS «OUarOB»
SIBJISIETCSI OUeHb HU3Kas YUCJIEHHOCTh TPUTICOB ITOCTIEe
«3WMHET0 BBIMOPaKHUBAHUSI» I 3P (GEKTUBHON 06-
paboTKM XMMUYECKUMMU ITpernapaTamMu. YuCcaeHHOCTD
TPUIICOB OUEHb He3HAUUTEJIbHA, )KUBBIMU OCTAIOTCSI
eIVHUYHbIE D9K3EMILISIPhI, KOTOPbIE IIPOABIISIIOT Ce0s
KaK «KOJIOHMeOobpa3ywias equHNIla» B OTAEJIbHBIX,
JIOCTATOYHO JajleKO PAcIlOJIO)KeHHBIX APYT OT Apyra
MecTax. Jlamee 6oJblIasg YacTh UX IIOTOMCTBA HEKO-
TOpPOE BpeMs — HECKOJIbKO MMOKOJIEHUI — He PacIpo-
CTpaHseTCs JaJIeKo OT MePBUYHOI0 «oUara» 3apaxe-
HUs. VIMEHHO 5TO — HaJIUYKe BCeTO JIUIIb HECKOJIbKUX
JKMBBIX HACEKOMBIX Ha HECKOJIBKO JIECATKOB KBaJpaT-
HBIX METPOB B HavaJle «<MHBa3uKU» WJIM B Hadyaje Be-
reTanyuy — MPUBOLUT K TOMY, UTO IOSBJISIETCS TaKas
60JbIIasi HEPABHOMEPHOCTDb HAa PACCTOSHUU OT He-
CKOJIBKMX METPOB JI0 HECKOJIbKUX JIECATKOB METPOB.

OTJIOB YacTU TPUIICOB JIOBYIIKAMU C aTTPAKTaH-
TaMHX B CaMOM HavaJie Ce30Ha BO3MOKHO ITO3BOJUT
CIEPXKUBATDH UYMCJIEHHOCTb BPEIUTENS HIXKe DKOHO-
MUYECKOTO0 II0POora BPEIOHOCHOCTU B CUCTEME MHTE-
TPUPOBAHHOM 3aNUTHI 6€3 MPUMEHEHUSI XUMUIECKUX
TIEeCTUIIUOB B TEUEHNE BCETO Ce30Ha.
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ABSTRACT
In the course of summarizing the results of the
2021-2024 tests on collecting thrips with a synthetic
attractant using sticky traps in protected ground con-
ditions, it was noted that the insects are distributed
nonuniformly. By nonuniform distribution we mean
the presence of areas where the number of thrips ex-
ceeds the average value by more than three standard
deviations. The occurrence of limited areas with a high
number of thrips in greenhouses is due to the emer-
gence of colonies from single insects at the beginning
of the season. Probably, the main reasons for the ap-
pearance of outbreaks are the very low number of
thrips after “winter frosts” or effective treatment with
chemicals. The number of thrips is very insignificant,
only single specimens remain alive, which manifest
themselves as a “colony-forming unit” in separate,
fairly far-distant places. Then, most of their colonies
do not spread far from the primary outbreak for some
time - several generations. It is the presence of only a
few living insects per several tens of square meters at
the beginning of the “invasion” or at the beginning of
the growing season that leads to such a large uneven-
ness appearing at a distance from several meters to
several tens of meters.

Collecting some of the thrips with traps with at-
tractants at the very beginning of the season may
help to keep the pest population below the economic
threshold of harmfulness in an integrated protection
system without the use of chemical pesticides through-
out the season.

dutocaHutapus. KapaHTuH pactenunii 42
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Knruesvte croeéa. YncieHHOCTb, (DEPOMOH, Te-
TIUIla, oUar, 5KOHOMUYeCKU MOPoT BPeLO0HOCHOCTH,
Frankliniella occidentalis.

BBEJEHUE

HaCTOosIIee BPeMS TPUTICHI ITPU3HAHBI
OOHUMU U3 HanboJjee OMMacHBIX Bpe-
IUTEeJeHN OBOIIHBIX, IIBETOYHBIX U Je-
KOPaTUBHBIX PACTEHUM 3aLUIIIEHHOTO
TpyHTA. IMUMHKYA U B3POCJbIe 0CO6U
BBICACHIBAIOT KJIETOUHBIN COK M3 pac-
THUTEJbHON TKaHU, ITOCEJISISICh B IIBE-
TOYHBIX [TOYKaX, OyTOHAX, IIBETKAX,
¥ UITYT Pa3jinuyHble YKPBITUSI Ha pacTeHUIx. Tpur-
ChI OTIACHBI TEM, UYTO HAHOCST PACTEHUSIM HETIOCPe-
CTBEHHbBIE TOBPEXAEHUI M CIIOCOOHBI ITIEPEHOCUTD
BUPYCHI — BO3GYIUTENEH OIacHbIX 3a60JIeBaHUM pac-
TEeHUU. P9l BUIOB, B TOM YMCJIe 3alaJHbIl IIBETOYHBIHN
tpurnc (3UT) Frankliniella occidentalis Pergande, 1895
¥ TOMaTHBbIN Tpumnc Frankliniella schultzei (Trybom,
1910), BxomaT B «EQUHBIN TTepeUYeHb KapaHTUHHBIX
00DbeKTOB EBpa3suiicKOr0 5KOHOMUYECKOTO COM3a».
BusyaJsibHOe OOHapy)XeHUe TPUIICOB MJisi CBOEBpe-
MEHHOMU 3alUThl KyJIbTYPHBIX PACTEHUU 3aTPYLHEHO
MeJIKUMU pa3sMepaMy HAaCEKOMBIX U UX CKPBITHBIM
noBesieHreM. [103TOMY [IJIsT paHHETO BBIIBJICHUS DTUX
BpenuTesiell 1 HabJII0IeHNS 3a CE30HHON IMHAMUKOMN
WX YNCIIEHHOCTY 3(P(PEKTUBHBIM SIBJISETCS IIPUMEHE-
HUe IIBETHBIX JIOBYIIIEK C aTTPAKTAHTOM.

B nuTeparype orMevasioch (Sampson, 2014), 4To
YMCJIEHHOCTDb TPUIICOB B TEILJIMIIAX, KAK IIPaBUJIO, pac-
IpenesseTcss 04eHb HepaBHOMEPHO. MbI TaK)Ke HeOo/ -
HOKPAaTHO HabJII0IalIv 3TO SIBJIEHUE.

Ileapio maHHOY paboThl ObLIO AATh JOTUYHOE
00bsICHEHWE BOBHUKHOBEHUS JIOKAJbHBIX YUYaCTKOB
C BBICOKOU TJIOTHOCThIO TPUTICOB. [10 HalleMy MHe-
HUIO, PacIpoCTpaHeHre TPUIICOB HAUMHAETCS C He-
3HAUUTEJIbHOTO KOJIMYECTBA KOJIOHNEOOPa3YIIUX
eI VHUII, pacIIpoOCTPaHeHNe KOTOPBIX MOXKHO TI0a-
BUTBH, IPUMEHSS JIOBYIIKY C 3 (GEKTUBHBIM aTTPaK-
TAaHTOM Ha PaHHMUX CTAAUAX POCTA MOMYIAIIUN Bpe-
IUTENS B TEILIUIIE.

MATEPUAJIbBI U METO/IbI

[l IpOBeleHNUS TTOJIEBBIX UCIIBITAHUY UCII0JIb30Ba-
JIV CUHTEeTUYECKUH aTTpaKTaHT IIpousBoacTBa ®I'BY
«BHUWKP».

OIBITHI IPOBOLWIJIY B [I0CAaZKaX LIBETOB XPU3aH-
TeMbI BeTOUHOU. Termnuiia miormaabio 6000 M2, pacTe-
HUS B OTIbITax 661N Bo3pacTtoM 30-40 mHell. JIoByI-
KM pasMellajy Ha PacCToAHuU 4—5 M IpyT OT Apyra.
JloBymiku «[ljpacTuHa» M3TOTOBJIEHBI W3 MOJIUBU-
HUJIXJIOPULLa CUHErOo [BeTa ¢ padMepoMm 25 x 10 cm
C OTBEPCTUEM JJIS TIOLBECKY C KJI€E€BbIM [IOKPBITUEM
¢ 06eux cTopoH. [ToficueT HaCeKOMBIX ITPOBOJUIIN Pa3
B 3—4 OH4.

PE3VYJIBTATBI U OBCYXJEHUE
B xome MpoBeneHs MTOJEeBbIX UCTIBITAHNUY Pa3JInyd-
HBIX COCTAaBOB aTTPaKTaHTOB U (pepoMoHOB B 2021
u 2022 rr. 66170 06HAPYXKEHO, UTO 1-2 JIOBYUIKH

Key words. Number, pheromone, greenhouse,
outbreak, economic threshold of harmfulness, Frank-
liniella occidentalis.

INTRODUCTION

urrently, thrips are recognized as one of

the most dangerous pests of vegetable,

flower and ornamental plants in protect-

ed ground. Larvae and adults suck out the

plant cell sap from tissue, settling in flow-
er buds, inflorescence buds, flowers, and looking for
various shelters on plants. Thrips are dangerous be-
cause they cause direct damage to plants and are ca-
pable of transmitting viruses that cause plant dis-
eases. Some species, such as Frankliniella occidentalis
Pergande, 1895 and Frankliniella schultzei (Trybom,
1910) are included in the “Common List of Quaran-
tine Pests of the Eurasian Economic Union”. Visual
detection of thrips for timely protection of cultivat-
ed plants is complicated by the small size of the in-
sects and their hidden behavior. Therefore, the use of
colored traps with an attractant is effective for early
detection of these pests and monitoring the seasonal
dynamics of their numbers.

It has been noted in the literature (Sampson,
2014) that thrips populations in greenhouses tend to
be very unevenly distributed. We have also observed
this phenomenon on various occasions.

The aim of this work was to provide a logical ex-
planation for the occurrence of local areas with a high
thrips density. In our opinion, the spread of thrips be-
gins with an insignificant number of colony-forming
units, the spread of which can be suppressed by using
traps with an effective attractant at the early stages of
pest population growth in a greenhouse.

MATERIALS AND METHODS

A synthetic attractant produced by FGBU “VNIIKR” was
used for field tests.

The experiments were conducted in plantings
of branched chrysanthemum. The greenhouse area
was 6000 m?, the plants in the experiments were
30-40 days old. The traps were placed at a distance of
4-5 m from each other. The “Plastina” traps are made
of blue polyvinyl chloride with a size of 25 x 10 cm with
a hole for hanging with an adhesive coating on both
sides. Insects were counted once every 3—4 days.

RESULTS AND DISCUSSION

During field trials of various attractant and phero-
mone compositions in 2021 and 2022, it was found
that 1-2 traps out of 40-70 generally collected sev-
eral times more thrips in the first days than the rest.
At the same time, a relatively large catch did not de-
pend on the substance composition on the dispensers.
Moreover, these could also be control traps, without

Mapt N1 (22) 2025 43



NOJIEBbIE UCMbITAHNA  FIELD TESTS

Ta61. 1. PacrpeejieHre OTIOBJIEHHBIX
3a TPU JHA TPUIICOB HA JIOBYIIKAX,
28-31 aBrycra 2023-ro

Table 1. Distribution of thrips collected
in traps over three days, August 28-31, 2023

KosmuyecTBO
TPHUIICOB

Ha JIOBYLIKEe
Thrips number
per trap

Kosin4ecTBO JIOBYLIEK

C OZMHAKOBBIM KOJINTUECTBOM
TPUIICOB

Number of traps with

the same number of thrips
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n3 40-70, KaK [IpaBUJIO, OTJIaBJIMBAJU B IIePBble JHU
B HECKOJIBKO pa3 60JibIllle TPUIICOB, UeM OCTAaJIbHBIE.
[Ipu 5TOM OTHOCHUTEJIBHO GOJIBIION OTJIOB HE 3aBUCEN
OT cOoCTaBa BEIECTB Ha JucIieHcepax. boJee Toro, 3To
MOTJIY OKa3aThCS ¥ KOHTPOJIbHBIE JIOBYIIKY, 6€3 Iuc-
TIEHCEPOB, KOTOPBIE B CPETHEM YCTYITAJIU JOBYIIKAM
c aTTpakTaHTamMu. CieyeT OTMETUTD, UTO B TEX OIIbI-
TaX Mbl CTPEMUJIMCH UCITBITATh OOJIBIIOE KOJIUYECTBO
BapUaHTOB COCTABA ATTPAKTAHTOB, X [I03TOMY KOJIYE-
CTBO ITOBTOPOB GbLJI0 5 1in 6. HEGOJIBIIOE KOJIMUECTBO
TTOBTOPOB U OJTHOBPEMEHHOE MPUCYTCTBYE B TETLIULIE
Pa3HBIX COCTAaBOB aTTPAKTAHTOB ¥ (DEPOMOHOB 3aTPY/I-
HAeT HaleXKHbIM CTATUCTUYECKUI aHaJIM3 0COOEHHO-
CTel pacrpenesieHus: TPUTICOB.

dispensers, which were inferior on average to traps
with attractants. It should be noted that in those exper-
iments we sought to test a large number of attractant
composition options, and therefore the number of rep-
etitions was 5 or 6. A small number of repetitions and
the simultaneous presence of different attractant and
pheromone compositions in the greenhouse makes it
difficult to reliably statistically analyze the thrips dis-
tribution characteristics.

Since 2023 (before the tests), we have been mon-
itoring the thrips distribution in the greenhouse to
exclude extreme locations from the comparative ex-
periment. To do this, all traps were first hung without
dispensers and counted after three days. These data
turned out to be informative for analyzing the hetero-
geneity of the thrips distribution.

Experiment 08/28/2023, 34 traps were hung out in
total. Three days later, the collected thrips were counted.
The results are presented in Table 1 and Fig. 1.

Statistical processing for detection and rejection
of outliers was performed using standard programs.
Variance D = 11.672, Standard deviation S = 3.416.
Average value with confidence interval for probabili-
ty P=0.95-4.12 + 1.17. Values are considered erro-
neous if they exceed deviation from average value by
standard deviation multiplied by quartile, which de-
pends on number of values and selected probability
and is taken from table. Quartile for more than 30 mea-
surements and probability of 0.95 has value close to
3.3xS=10.26,4.12 +10.26 = 14.38. That is, value 17
should be rejected. After rejection, remaining results
are recalculated. We get D = 6.088; S = 3.416.3. The
mean value is 3.81 + 0.86, the permissible deviation is
3xS=7.4,3.81+7.4=11.21, therefore, the value 11 is
included in the sample of values.

Experiment 17.06.2024, 40 traps were hung out
in total. After 4 days, the collected thrips were counted.
The results are presented in Table 2 and Fig. 2.

Statistical processing to identify and reject
outliers. D = 53.587, S = 7.32. Average value 14.05
+2.27. Outlier detection: X, + 3 x S = 21.96 + 14.05

= 36.01. That is, values 37 and 39
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must be rejected. After rejection,
the remaining results are recalcu-
lated. We get D = 23.79, S = 4.88.
Average value 12.79 + 1.55, quartile
3xS=14.63;12.79 + 14.63 = 27.42,
therefore, all other values are includ-

2 ed in the sample of values.
After the first count, experimen-
tal dispensers with a synthetic attrac-
4 tant were hung on some traps. In Fig.
2, the denominator shows the results
1 of insect counts after three days on 16

control traps (without dispensers).
Statistical processing of the re-

sults of catching for the next three

days. D =12.6, S = 3.55. Average val-

Y -ynana; b - 6pak
VY - fell; b - defect

Puc 1. PacnpepeneHune
OT/IOB/IEHHbIX 3a TPU AHA TPUNCOB
Ha NIoBYyLIKaxX Mo njowaamn

B Tennuue 28-31 aBrycta 2023-ro

Fig. 1. Distribution of t
collected in traps over

hrips
three

days by area in the greenhouse
on August 28-31, 2023

ue 6.75 = 2.21. For 16 results and
probability of 0.95, the table value of
the quartile T = 2.52. Identification of
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Hauwunast ¢ 2023 rojga (mmepen NpoBeIeHUEM
HUCIIbITAHWI) Mbl IPOBOIMJIN MOHUTOPUHT paciipe-
IeJeHusI TPUIICOB B TEIINIIE, YTOOBI MCKIIOUUTH
SKCTpeMaJibHbIE JJOKAIIUU U3 CPAaBHUTEJIbHOTO SKCIIe-
puMeHTa. /1719 3TOTO BCe JIOBYLIKY CHavuaJja pa3Beliu-
BayIu 6e3 IUCIIEHCEPOB U Yepes3 TPU AHA IPOBOIUIIN
noJicueT. OTU JaHHBbIE OKa3aJiuCh MH(POPMaTUBHBI-
MU [IJISI aHaJau3a HEOAHOPOAHOCTU pacrpenesieHus
TPUIICOB.

OmbIT 28.08.2023, BCEro 6bII0 BhIBENIEHO 34 JIO-
ByIIKU. Uepes Tpu LHS ObLI IPOBeeH MOoICUeT OTJIOB-
JIEHHBIX TPUIICOB. Pe3ynbTaThl HoicUeTa IpeCcTaBiie-
HBI B Ta6s1. 1 1 Ha puc. 1.

CraTtuctuyeckas obpaboTka IS BBISIBIEHUS
¥ BHIOPAKOBKY BBIMTAZAIOIIMX PE3YIbTATOB IIPOBOIM-
Jlach C IOMOIIbI0 CTAHJAPTHBIX IIPpOrpamMm. Jucrep-
cuga D =11.672 CpefHEKBaLpaTUUYHOE OTKIIOHEHUE
S = 3.416. CpepHee 3HaueHUE C JOBEPUTEJIbHBIM
WHTEPBAJIOM [Jid BepodTHOCTM P = 0.954.12 + 1.17.
OMmuO0YHBIMU CUUTAIOT 3HAUEHNS, IPEBBINIAIIINIE
OTKJIOHEHUE OT CpeJIHETO 3HAUEeHN S Ha cpeHEKBapa-
TUYHOE OTKJIOHEHVE, YMHOXKEHHOE Ha KBapPTUJIb, KOTO-
PBI 3aBHUCUT OT KOJIMYECTBA 3HAUEHWH 1 BRIOPAHHOMI
BEPOSATHOCTU U GepeTca u3 Tabauilbl. KBapTUIIb IJIs
6oJiee ueM 30 uaMepeHU 1 BeposaTHOCTY 0.95 uMeeT
3HaueHue 6u3kok 3.3x5=10,26;4,12+10,26 =14,38.
To ecTb 3HaueHre 17 HEOOXOAMMO BbIOPAKOBBIBATD.
[Tocyie BBIGPAKOBKM OCTaBINIMECS PE3YIbTaThl 00CUM-
TBIBAKOT ITOBTOPHO. [Tomyuaem D = 6,088; S = 3,416.
CpenHee 3HaueHue 3,81 + 0,86, onycTuMoOe OTKIIO-
HeHue 3xS=7,4,3,81 +7,4=11,21, ciegoBaTeJbHO,
3HaueHue 11 BXOAUT B BEIOOPKY 3HAUEHUH.

OmbIT 17.06.2024, Bcero 6b110 BhIBeleHo 40 Jio-
Bymiek. Yepes 4 gHS 6bLT MPOBEEH MOACYET OTIOB-
JIEHHBIX TPUTICOB. Pe3ynbTaThl Io/icueTa IpeicTaBiie-
HBI B Ta0J1. 2 ¥ Ha puc. 2.

CraTucTtuueckas o6paboTka A BBISBIIE-
HUS U BBIOPAKOBKU BBINMAAMIIUX PEe3yJbTaTOB.
D=53,587,S=7,32. CpegHee 3HaueHue 14,05 + 2,27.
BeisiBiieHne BbIOPOCOB: X, + 3 X S = 21,96 + 14,05
= 36,01. To ecTb 3HaueHus 37 u 39 He06XOAUMO

Ta6J1. 2. PacrnpezejieH€e OTJIOBJ€HHBIX
3a 3 JHA TPUIICOB HA JIOBYIIKAX,
14-17 uronga 2024-ro

Table 2. Distribution of thrips collected
in traps over 3 days, June 14-17, 2024

KosmuecTBO KosmuecTBO JIOByLIEK
TPUIICOB C OJITHAKOBBIM KOJINYECTBOM

Ne Ha JIOBYLIKEe TPUIICOB

IL.II Thrips number Number of traps with

o per trap the same number of thrips

1 4 2

2 6 1

3 7 3

4 8 1

5 9 6

6 11 3

7 12 2

8 13 3

9 14 4

10 15 2

11 16 2

12 17 1

113 18 2

14 19 1

15 20 4

16 23 1

17 87 1

18 39 1

outliers: x, +TXxS=6.75+2.52x 3.55=12.82. That is,
the value of 15 slightly exceeds the acceptable values
of the sample. It should be noted that in the identified
outbreaks with the capture of 37 and 39 thrips in the
next three days, the capture did not differ from the av-
erage for the greenhouse, that is, the traps eliminated
these areas with an increased density of insects. We
would like to clarify that the focus of the pest mass re-

production is understood here as the
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territory where the pest reproduc-
tion begins in mass and from where
they spread, covering new territories
(Dedy, 1989). The average catch has
also decreased by about half. Most
11 likely, this is caused by a decrease in
the number of adult thrips as a result
of catching.

Confirmation of the high efficien-
cy of thrips collection by traps can be
found in the works (Murunde, 2023).
Let us give a more detailed descrip-
tion of the experiment. The common
beans Phaseolus vulgaris were grown
in pots in isolated cages measuring
30 x 30 x 40 cm, then 10 or 20 west-
ern flower thrips and some ento-
mophagous insects (for example, 0, 5,
10 and 15 pcs) were introduced into

11

14

15

Puc 2. PacnpepeneHne oTNOBNEHHbIX
3a Tpu AHA, ¢ 14 no 17 noHa 2024,
TPUMNCOB Ha NOBYLLKAaX MO Naowaau

B Tennuue. B 3HameHaTene o1noB

3a cnepytoume Tpu gHa ¢ 17 no 20 utoHsa

Fig 2. Distribution of thrips collected

in traps over three days, from June 14
to 17, 2024, by area in the greenhouse.
The denominator is the catch over

the next three days, from June 17 to 20
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BbIOpPaKOBBIBATH. Ilociie BHIOPAKOBKM OCTaBIIMECS
pe3yabTaThl 06CUUTHIBAIOT MTOBTOPHO. [ToJyuaeM
D =23,79, S = 4,88. CpenHee 3Hauenue 12,79 + 1,55,
KBapTuyib 3 X S =14,63; 12,79 + 14,63 = 27,42, cie-
JIOBATEJIbHO, BCE OCTaJIbHbIE 3HAUEHUS BXOISAT B BbI-
60pKYy 3HAUEHU .

TTocye IepBOro Mo/icYeTa Ha HEKOTOPBIE JIOBYIII-
KU OBLJIM BBIBEIIEHBI SKCIIEPUMEHTAJIbHbIE THCIIEH-
cephl C CHHTETUYECKMM aTTpPakTaHTOM. Ha puc. 2
B 3HaMeHaTeJie MPUBOATCS Pe3yJIbTaThl IO/ICUeTa Ha-
CEeKOMBIX Uepe3 TPU AHS Ha 16 KOHTPOJIbHBIX JIOBYIII-
Kax (6e3 mucrIeHcepoB).

CratucTtrdeckas 06paboTka pe3yJabTaTOB OTJIOBA
ocjenyomux Tpex gHer. D =12,6, S = 3,55. CpenHee
3HaueHue 6,75 + 2,21. [lng 16 pe3yabTaToOB U BEPOAT-
HocTm 0,95 TabiMuyHOe 3HAUeHNMe KBapTuiId T = 2,52.
BhigBI€HE BEIOPOCOB: X, T TX S=6,75+2,52x3,55=
12,82. To ecTb 3HaUueHNUI 15 HE3HAUNTEIbHO BBIXOJUT
32 PaMKU JIOMYCTUMBIX 3HaUeHUH BBIOOPKU. [1pu 3TOM
ciienyeT 06paTuTh 0cob60e BHUMAaHUeE, YTO B BBISIBJIEH-
HBIX «04Yarax» ¢ OTJIOBOM 37 1 39 TPUIICOB B CIIELYIO-
e TPU JHS OTJIOB He OTJINYAJICSA OT CPeIHErO TI0 Te-
TJINlE, TO eCTh JOBYUIKAMY OBbIIU JIMKBULVPOBAHbI
9TU YYACTKHU C TTOBBIIIIEHHOM IIJIOTHOCTHI0 HACEKOMBIX.
YTOoUHSEM, UTO B KAUeCcTBe oUara MacCoOBOTO Pa3MHO-
JKeHUS BPeNUTEeNs 3/1eCh TMTOHUMAKT TePPUTOPUIO,
Ha KOTOPOY HaUYMHAETCSI pa3MHOXXeHNe BpeauTesei
B Macce ¥ OTKyIa OHY PaCIIPOCTPAHSIIOTCS, 0OXBaThIBAs
HOBBIE TeppuTopuu (Jenio, 1989). CpenHuii OTJIOB TaK-
’Ke CHU3WJICS IIPUMEPHO B 1Ba pasa. CKopee BCero, 3To
BBI3BAHO CHMI)KEHUEM YMCJIEHHOCTY MMaro TPUIICOB
B pe3yJibTaTe OTJIOBA.

IToaTBepXKAeHMNE BBICOKOHN 3(p(PeKTUBHOCTH OT-
JIOBA TPUIICOB JIOBYIIKAMM MOYXHO HaWTU B paborax
(Murunde, 2023). [IpuBegeM noApobHee ONKUCAHUE
OITbITA. B M30IMPOBAHHBIX CETKOM KJIETKaxX pasMe-
pom 30 x 30 x 40 cM BrIpalMBaJIX B FOpPIIKax acojb
0OBIKHOBEHHYI Phaséolus vulgdris, manee BHOCUIN
B kiaeTku 10 unu 20 mIT HaCeKOMbIX 3aIlaJHOIO IIBe-
TOYHOTO TPUIICA U OIpeIesIeHHbIe

Ta6a. 3. PacrnpezejieHr€e OTJI0BJEHHbBIX
3a TPU JHSA TPHUIICOB Ha JIOBYIIKAX,

4-7 ceHTA0pa 2024-T0

Table 3. Distribution of thrips collected

in traps over three days,
September 4-7, 2024

KosnuecTBO KosmuecTBO JIOByLIEK
TPUIICOB C OJITHAKOBBIM KOJINYECTBOM

N2 Ha JIOBYLIKEe TPUIICOB

n.aa. Thrips number Number of traps with the same

Ne per trap number of thrips

1 0 1

2 1 6

3 2 3

4 3 7

5 4 6

6 5 3

7 6 4

8 8 4

9 9 1

10 10 1

11 14 2

the cages. 15 days later, the leaves were torn off and
blue sticky traps were installed, the number of thrips
caught was counted after 6 days. We are only interested
in the number of thrips caught in the case when ento-
mophages were not introduced. In the case when 10
adult western flower thrips were introduced, the cap-
ture with blue traps after 15 days averaged from 8.25
to 9.75 pcs. In the case where 20 adult western flower
thrips were introduced, the capture with blue traps af-
ter 15 days was 12 to 17 on average. As can be seen,
a significant part of the population is collected. The
authors suggest that the number of uncaught thrips is

KonuudecTBa (Hampumep, 0, 5, 10
¥ 15 IIIT) HaCeKOMBIX HHTOMOMAaros.
Harnee uepes 15 mHEel 06PHIBAIYN JIU-
CThSl M YCTAaHABJWBAJIU CUHUE KJlee-
BbI€ JIOBYIIKY, CYUTATIU KOJIUIECTBO
TTOMMAaHHBIX TPUIICOB Yepes3 6 JHEH.
Hac uHTepecyeT TOJIbBKO KOJIMUECTBO
TTOMMAaHHBIX TPUTICOB B CJTydae, KOrma
He BBOAUJIU 3HTOMOGdAros. B ciyuae,
Korga BBomIM 10 B3POCIIBIX HACEKO-
MBIX 3aIlaIHOTO IIBETOYHOTO TPUIICA,
TO OTJIOB CUHMMHU JIOBYLIKAMU YEPE3
15 mHeli cocTaBJIsLI B CpeHeEM OT 8,25
0 9,75 wr. B ciydae, Korga BBOLUIIU
20 B3pOCJIBIX HACEKOMBIX 3aIlaJHOTO 5
IIBETOYHOTO TPUIICA, TO OTJIOB CUHU-

g |
14

Kt

1anuuualL enuHed)

Arepunoq asnoyuaaiyn
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Other areas (cells)
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MU JIOBYIIKaMU 4yepes3 15 mHel co-

cTaBjsya OT 12 10 17 1WIT B CPeSHEM.
Kak BUJHO, OTJIaBJINBaeTCId 3HAUYU-
TeJbHAs YacTh MOMYJANUU. ABTOPBI
TIPeAIIoJaramT, YTO KOJNUYECTBO He-
MIOMMaHHbBIX TPUIICOB CBSI3aHO C eCTe-
CTBEHHOU CMEPTHOCTbIO TPUIICOB 3a 15 JHEMH, 4TO 060-
CHOBAHO U TOBOPUT O TOM, UTO [JIOJIST BBIJIOBJIEHHBIX
B 9TOM OITbIT€ HAaCEeKOMBIX 3a 6 JHEel NPuOIMKaeTCs
K 100% OT uMeIoIInxcs B KJIETKe.

Puc 3. PacnpepeneHue o0TNOBNEHHbIX
TPUMNCOB 3a TPY QHSA Ha NIOBYLUKAaX

no nsiowanu B Tennuue,
4-7 ceHTtabps 2024-ro

Fig. 3. Distribution of collected thrips
over three days in traps by area

in a greenhouse,

September 4-7, 2024
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Puc. 4. PacnonoxkeHune

Fig. 4. The arrangement
noByLleK of traps for comparative

)15 CPaBHUTENbHbIX ONbITOB  experiments in a greenhouse
B Tenauue ¢ XxpusaHteMamu with chrysanthemums aged

BO3PacTOM NPUMEPHO approximately 60 days
60 pHew (hoTo A. K. JTobyp)  (photo by A. Yu. Lobur)

OmbIT 04.09.2024-07.09.2024, Bcero O6BLJIO BbIBE-
meHo 39 yoByiek. Yepes 3 mAHs 6bLI IPOBEIEH IO -
CUYeT OTJIOBJIEHHBIX TPUIICOB. Pe3ynbTaThl IofcueTa
TIpeficTaBJIeHsbl B TabJI. 3 1 Ha puc. 3.

CraTuctrdueckas 06paboTKa JJisl BbISIBJIEHUS BbI-
najawumux pesynbraros. D =11,33, S = 3,37. CpenHee
3Hauenue 4,61 + 1,07. BeisgBiaeHue BbIGPOCOB: X, +
3xS5=10,11 + 4,61 =14,72. B gaHHOM cJiy4yae BbIGPO-
COB HET U BCE 3HAUEHUS BXOJST B BBIGODKY.

VI3 3TUX PUCYHKAX BUIHO, UTO PA3IUYUST MEXIY
OTJIOBOM U COOTBETCTBEHHO MEX/Y UNCJIEHHOCTHIO
TPUIICOB B GJIVDKHEM OKDPYXEHUU OKOJIO JIOBYIIEK OT-
auyaetrcd B 1,5-8 pas, Ha paccTogsHUU 4-5 M IpPyT
OT Ipyra, C TeHJIeHII1el Ha YBeJiMUeHre KOJINUecTBa
TPUIICOB CO CTOPOHBI OCHOBHOM YaCTH TEILIUIIBI, TIe
pacTyT 60Jiee BO3pacTHbIe PACTEHUS WU ObLIa Cpe3Ka
UX, TI09TOMY BEPOSITHO, YTO UCTOUHUK TPUTICOB HAXO0-
JIIUTCS C 3TOYM CTOPOHBI. OHAKO U B 3TOM CJIyyae MexX-
Iy COCEIHVMU JaHHBIMU HabGII0JaeTCsa yCTONUYUBas
pasHuLa B 3HaueHUgX B 1,5-3 pasa.

9TO ABJIEHNE — HAJUYUSA OOJIbIION HEPABHOMED-
HOCTH TIJIOTHOCTY TPUIICOB — MHOTO JIET MEIIaJio HaM
TIPaBUJIbHO AHAJIU3UPOBATh PE3YJIbTAThI IPOBEIEHUS
OMBITOB II0 BBIIBJIEHNIO HanboJjiee aTTPaKTUBHBIX
BEIeCTB U AUCIIEHCEPOB: BIUSHMIE TOr0 (hpakTa, u4To
JIOBYIIIKA HAXOLUTCS B 30HE, «ouare» ¢ BICOKOMU IIJIOT-
HOCTBIO BPEIUTEJISI, OKa3bIBAETCSA OOJIbIINM, HEXKEIU
yBeJIMYeHNe OTJIOBA 3a CUET IPUBJIEKATEIbHOCTY JINC-
meHcepa.

Ha Ham B3TJIs/]], CaMO# IJIaBHOM MPUYUHOU Cy-
LIeCTBOBAHMS HEOOJBIIOr0 KOJUYECTBA 30H CO 3HA-
YUTENHHO 00JIee BBICOKUM KOJIMUYECTBOM TPUIICOB SIB-
JIIeTCs OUeHb HM3Kasd YMCJIEHHOCTh TPUIICOB B HaUaJIe

associated with the natural mortality of thrips over 15
days, which is justified and indicates that the propor-
tion of insects caught in this experiment over 6 days is
close to 100% of those present in the cage.

Experiment 04.09.2024-07.09.2024, 39 traps
were hung in total. After 3 days, the caught thrips were
counted. The results of the count are presented in
Table 3 and Fig. 3.

Statistical processing to identify outliers.
D =11.33, S = 3.37. Average value 4.61 + 1.07. Identi-
fication of outliers: x, +3 x S =10.11 + 4.61 = 14.72.
In this case, there are no outliers and all values are in-
cluded in the sample.

These figures show that the differences between
the catch and, accordingly, between the thrips num-
ber in the immediate proximity to the traps differ by
1.5-8 times, at a distance of 4-5 m from each other,
with a tendency for the thrips number to increase from
the side of the main part of the greenhouse, where old-
er plants grow or were cut, so it is likely that the source
of thrips is on this side. However, even in this case,
a stable difference in values of 1.5—-3 times is observed
between adjacent data.

This phenomenon — the presence of a large uneven
density of thrips — has prevented us for many years from
correctly analyzing the results of experiments to iden-
tify the most attractive substances and dispensers: the
influence of the fact that the trap is located in a zone, an
outbreak with a high pest density, turns out to be greater
than the increase in catch due to the attractiveness of
the dispenser.

In our opinion, the most important reason
for the existence of a small number of zones with

e

Puc. 5. 'papka c ynaneHHbiMu  Fig. 5. A bed with removed
acTpamu, Nopa>KeHHbIMU asters affected by
BUPYCcOM 6pOH30BOCTU Tomato spotted wilt virus
ToMmatoB (hoTto A. 0. Jlobyp)  (photo by A. Yu. Lobur)
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ce30Ha. EAMHNYHBIE DK3EeMILIAPDI TIPOSIBISIOT cebs
Kak KoJIoHHeobOpasywilad efnHUIa. Jlajee 4acTb UX
TIOTOMCTBA IIOCTEIIEHHO PAaCcIpPOCTPaHIETCS I10 BCel
TeIJINIle, HO B MeCTaxX MepBOHAYAJNIbHOTO «oUyara»
ellle JI0JITO COXPaHsIeTCs 3BHAaUNTEIbHO 60Jiee BEICOKAsS
TJIOTHOCTb.

Ipyrux npuurH (HPaKTOPOB), KOTOPbHIE MOTYT
TIPUBECTU K TAKOMY HepaBHOMEPHOMY pacrpezeie-
HUIO YNCJIEHHOCTHY Ha MCCJIEAYyeMOM y4acTKe TeIlIn-
1IbI, HET: KyJbTypa OZHA, COPT OAUH, BO3PACT OIUH,
arpoTEXHUYECKNE U arPOXUMUYECKe MEPOTIPUITUS
OOVHAKOBBIE ¥ PAaBHOMEPHbIE Ha BCEl ILIOIAIH Te-
IJUIbl. ECTh BEPOSATHOCTD, YTO TPUIICHI 3aCEJIAIOT
TETUIUILY C YJIUIIbI IIPU TPOBETPUBAHUY (TOJIBKO B Te-
TJI0€ BpeMs rojia) UJIY TIOTIaIaloT B Hee C UHCTPYyMEH-
TOM WJIN C OJIeXI0M. [Ipy 3TOM IEePEXMBIINX MeXce-
30HbE TPUIICOB HA HEKOPMOBBIX 00bEKTaX HE MOXKET
OBITH MHOTO, ITOCKOJIBKY OHM JIOJITO He )XUBYT 6Ge3
pacrenus xozsimHa (AxaTos, 2004) 3aHOC B TEILIUILY
TPUIICOB C 3aBE3€HHOM paccaioii, CKOpee BCETO, TOXE
HOCUT eIVHUYHBIN XapaKTep.

«Quarum» ¢ 60JIBIION IJIOTHOCTBIO TPUIICOB Yalle
BCEro Mbl HabJII0OMAJIU B HaUuaJie ce30Ha, HaIpuMep
B uioHe (CM. TabJ1. 2, puc. 2). B ceHTsa06pe HeEpaBHOMEP-
HOCTD TIJIOTHOCTY TPUIICOB ObljIa MeHee BhIpa’keHa
WJIY OTCYTCTBOBaJIa (cM. Tabu. 1 u 3).

Tak KaK YMCJIEHHOCTb HAaCeKOMBIX B Hauale
WHBa3WU WU B HavaJie BereTalMOHHOTO ITepUoa
KyJIbTYPBbl OUeHb HU3Kasl, HECKOJIbKO DK3eMILJISIPOB
HACeKOMBIX Ha GOJIBIIIOM PACCTOSIHUU LPYT OT JIPYTa,
TO KaUEeCTBEHHBIN X OTJIOB (MJIM JPyroe YHUUTOXE-
HUEe) IPUBEJET K 0UeHb 3(DHEKTUBHOMY CHUIKEHUIO
BO3MOXXHOU B GyIyIeM YUCJIEHHOCTY TPUIICOB B Te-
yeHUe 1-2 MOoKoJeHUuH uiu 1-2 Mmecdia. To I03BO-
JiSieT TOBOPUTH O TOM, UTO JIOBYLIKU C aTTPAKTaHTOM
(ecnu oHUM mocTaTOYHO (G (EKTUBHLIE) CTAHOBST-
Cs1 TIOJHOIEHHBIM METONOM GOPbOBI C TpPUIICAMU
B TETUIMUIIAX, COXPaHSA IIPU 3TOM BCe CBOU TJIaBHbIE
IIPEeUMYIIEeCTBA: 9KOJIOTUUYECKYI0 6€30I1acHOCTD, He-
BBICOKYI0 CTOMMOCTD U IP. ITH K€ JIOBYIIKY IT03BO-
JISIIOT, BO-TIEPBBIX, BOBPeMs 06HAPYXUTh YBeJINUeHNe
YHCJIEHHOCTHY TPUIICOB U NPUHATbH CBOEBPEeMEHHOe
pellieHue O MPUMEeHEeHUN OUOJOTUUECKUX WU XU-
MUYECKUX ITPEIapaToB, a BO-BTOPHIX, aTTPAKTAHTHI,
BXOJSIINE B COCTAB MMCIEHCEPOB, U3MEHSIOT I10-
BelleHVE TPUIICOB — OHU BBIJIE3AI0T U3 YKPOMHBIX,
CKPBITBIX MecCT (ByTOHBI, BjIaraJUIla JIMCTHEB, TOUKKA
¥ [p.) 1 CTAHOBSTCS GoJjiee yI3BUMBIMU Ipu 06paboT-
Ke KOHTAaKTHBIMY MHCEKTUILIUIAMU U 60Jiee TOCTYITHBI
XUITHUKAM — D9HTOMOdaram, TeM caMbIM ToMoras 60-
POTBCS C BPEOUTEISIMU.

JloTIONTHUTEIbHBIM NOATBEPXKAeHVEM 3(P(PeKTHUB-
HOCTY JIOBYIIIEK C aTTPAKTAaHTAMU B UHTETPUPOBAHHOU
3alIUTE OT TPUIICOB ABJISIOTCS HAIIX HaGJIIOZeHU
B TEILJIUIIE C aCTPAMU ILJIOIIa1bio 6000 M2 3a Tpu roja.
B 2022 1 2023 IT. MBI CTaBUJIY [IEPBYIO CEPUIO OIIBITOB
B KOHILe Mad. [Ipu sToM BriBemuBanu oT 40 1o 80 J10By-
1meK. B TeueHme BCero ce30Ha pas B 5 [HEU B TEMIUIlE
MpPoBOMIach 06paboTKa 6MOMHCEKTEUIOM «DUTO-
BepM». [Ipy 5TOM YKCJIEHHOCTb TPUIICOB HE IIPEBHI-
maja 1B (3KOHOMUYECKUH TOPOT BPeJOHOCHOCTH).
I[IpuMepHOE COCTOSIHUWE pPacTeHUI IMpeicTaBJIeHO
Ha puc. 4. B 2024 r. Mbl BoiBecunu 40 joByuiek 14
uioHS. K 5TOMy MOMEHTY y’Ke ITPOM30IIIe] BCIIJIECK YLC-
JIEHHOCTY TPHUIICOB, KOTOPbIH MTOBJIEK PACIIPOCTPaHe-
HUe BUpyca 6POH30BOCTYU TOMATOB U HEOGXOIMMOCTH

a significantly higher thrips number is the very low
thrips number at the beginning of the season. Single
specimens manifest themselves as a colony-forming
unit. Then, part of their offspring gradually spreads
throughout the greenhouse, but in the places of the
initial “focus”, a significantly higher density remains
for a long time.

There are no other reasons (factors) that can lead to
such an uneven distribution of numbers in the studied
area of the greenhouse: the crop is one, the variety is one,
the age is one, the agrotechnical and agrochemical mea-
sures are the same and uniform throughout the entire
area of the greenhouse. It is possible that thrips populate
the greenhouse from the street during ventilation (only
in the warm season) or get into it with a tool or with cloth-
ing. At the same time, there cannot be many thrips that
survive the off-season on non-feed objects, since they
do not live long without a host plant (Akhatov, Izhevskiy,
2004). The introduction of thrips into the greenhouse
with imported seedlings is most likely to be a single case.

We most often observed outbreaks with high
thrips density at the beginning of the season, for exam-
ple in June (Table 2, Fig. 2). In September, the uneven-
ness of thrips density was less pronounced or absent
(Tables 1 and 3).

Since the number of insects at the beginning of
the invasion or at the beginning of the growing sea-
son of the crop is very low, several specimens of in-
sects are at alarge distance from each other, then their
high-quality capture (or other elimination) will lead to
a very effective reduction in the possible future thrips
number within 1-2 generations or 1-2 months. This
allows us to say that traps with an attractant (if they are
effective enough) become a full-fledged method of con-
trolling thrips in greenhouses, while maintaining all
their main advantages: environmental safety, low cost,
etc. First, these same traps allow firstly to timely detect
an increase in the thrips number and make a timely
decision on the use of biological or chemical prepa-
rations, and secondly, the attractants included in the
dispensers change the behavior of thrips - they crawl
out of secluded, hidden places (buds, leaf sheaths, etc.)
and become more vulnerable to treatment with contact
insecticides and more accessible to predators — ento-
mophages, thereby helping to control pests.

Additional evidence of the effectiveness of traps
with attractants in integrated thrips protection are
our observations in a 6,000 m? greenhouse with asters
over three years. In 2022 and 2023, we conducted the
first series of experiments at the end of May. We hung
out 40 to 80 traps. Throughout the season, the green-
house was treated with the bioinsecticide Fitoverm
once every 5 days. At the same time, the number of
thrips did not exceed the ETH (economic threshold of
harmfulness). The approximate condition of the plants
is shown in Fig. 4. In 2024, we hung out 40 traps on
June 14. By this time, there had already been a surge
in the thrips number, which led to the spread of the
Tomato spotted wilt virus and the need to eradicate a
large number of affected plants (Fig. 5). At the same
time, regular treatments with insecticides “Tsipi Plus”
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YHUUTOXXKEeHUS G0JIbIIOr0 KOJMYECTBA MTOPAKEHHBIX
pactenui (cM. puc. 5). IIpu 3ToM K 06paboTkaM 61o-
WHCEKTEIUI0M B Hauajle Ui0HS ObLIn N06aBIeHBI Pe-
TyJsSpHbIe 06pabOTKY MHCEKTULIMIAMU «L[UTIY TIII0C»
u «CruHTOP». U TOJIBKO TTOCJIE TIPOBEJIEHUS €)KEHE-
nenpHOU pymuranum dhochmHOM, HAUMHAA C HaYa-
Jla U011, YAAJI0Ch B3STh I10J, KOHTPOJIb YBEJIUUEeHUE
YMCJIEHHOCTU TPUIICOB. KOHEUHO, BO3MOXKHO 3TO CO-
BIIaJieHME, BbI3BAHHOE BHIPAOOTKOM PE3UCTEHTHOCTHA
TPUIICOB K IIPUMEHSIEMBIM IIpernapaTtaM. TeM He MeHee
MBI pEKOMEHIyeM B Hauajie ce30Ha UCII0Ib30BaTh KJie-
eBble JIOBYIIKHY, TaK KaK UX I[eHa 3HAUUTEJIbHO HIKe
BO3MOXXHOT'O 9KOHOMHUYECKOT0 yiiep6ha.

PaHee HaMU 6bLJIO YCTAHOBJIEHO, UTO AVICTIEHCEPDI
C aTTpaKTaHTaMU yBEJIMYNBAKOT OTJIOB TPUIICOB CUHU-
MU KJIeeBbIMU JIOByImIKaMu B 6—10 paz (JIo6yp u mp.,
2024). [To3TOMy MbI peKOMEHIyeM ITPUMEHSTb UMEH-
HO TaKue JIOBYIIKY B COUETAHUY C SKOJIOTUYHBIMU I1e-
CTULIMIAMM, HaNIpuMep 6uonHceKTuIaMu. Kpome
TOTO, ITPY BHISIBJIEHUY C IIOMOIIbIO JIOBYIIEK «QUaT0B»
BPEIUTEJIS C BBICOKOU IIJIOTHOCTBIO MOXKHO YBEJIMYUTD
3(ppeKTUBHOCTb IPUMEHEHNS SHTOMO(AroB 3a CUET
BBIMTYCKA X UMEHHO B MECTA C MOBBIIMIEHHON MJIOT-
HOCTBIO TPUTICOB. B 3TOM ciryuae sHTOMODaru 6yayT
obecrievueHbI 6OJIBITEH KOPMOBOY 6a30¥ U Jryulile pas-
MHOXAaTbCS.

3AKJIIOYEHUE

[IpuMeHeHUE JIOBYILIEK C aTTPAaKTaHTaMU B Ha4aJie Be-
T€TAallMOHHOTI'O ITIEPUOoaa YaCTO IT03BOJIAET CAEPXKKMBATDH
YVCJIEHHOCTDb TPUIICOB HMXE SKOHOMMNYECKOTI'O ITopora
BPEIOHOCHOCTHU B CUCTEME I/IHTerHpOBaHHOﬁ 3aln-
ThI, YTO IIO3BOJIAET MUHMMU3UPOBATDh IIPDUMEHEHUE
XMMHUYECKUX IIECTULIN0B U II0JIy4aTh 6oJsee BKOJI0-
TUYECKU YUCTYIO IIPOAYKIINIO.

dVHAHCHUPOBAHUE

Pa6oTa BBIIIOJIHEHA B paMKax rocsaganus (tema «Co-
BepIIeHCTBOBaHME IperapaTuBHON (GopMbl U paspa-
60TKa AuUCIIeHCepa JJIs BBIIBIECHUS U MOHUTOPUHTA
3anaJgHoro IBeTouHoro Tpurnca Frankliniella occiden-
talis», per. N2 123042500058-4.1).
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and “Spintor” were added to the bioinsecticide treat-
ments at the beginning of June. And only after weekly
fumigation with phosphine, starting from the begin-
ning of July, was it possible to control the increase in
the thrips number. Of course, this can be a coincidence
caused by the development of the thrips resistance to
the preparations used. Nevertheless, we recommend
using sticky traps at the beginning of the season, since
their price is significantly lower than the possible eco-
nomic damage.

We have previously found that dispensers with at-
tractants increase the catch of thrips with blue sticky
traps by 6-10 times (Lobur et al., 2024). Therefore, we
recommend using these traps in combination with envi-
ronmentally friendly pesticides, such as bioinsecticides.
In addition, when detecting high-density pest outbreaks
with traps, the effectiveness of entomophages can be in-
creased by releasing them in places with a high density
of thrips. In this case, entomophages will be provided
with a larger food supply and will reproduce better.

CONCLUSION

The use of traps with attractants at the beginning of the
growing season often allows to keep the thrips number
below the economic threshold of harmfulness in the in-
tegrated protection system, which allows to minimize
the use of chemical pesticides and to obtain more en-
vironmentally friendly products.
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AHHOTALIUA

AMOpPO3UA TOJbIHHONUCTHASA (Ambrosia artemisiifo-
lia L.) — "HBa3WBHOE pPacTeHUE CeBepoaMepuKaH-
CKOTO TIPOUCXOXXIEHUS, MUPOKO PaCCEJUBIIEeCs
10 BCEMY MUPY B PE3YJIbTATe XO03IUCTBEHHOU Hes-
TEJIbHOCTHY YeJI0BeKa U PaCIIMPEHUS TOPTOBBIX ITy-
Ten B XX Beke (Essl et al., 2015; Genton et al., 2005;
Hejda et al., 2009). B cTaTbe mpezcTaBieH 0630p CBe-
IleHUl 0 pacupocTpaHeHuu A. artemisiifolia B Kppimy,
COCTaBJIEHHBIY HAa OCHOBE OTUETOB MOTPAHUYHBIX
rocuHcnekuii, KppIMcKo tabopaTopuu 110 KapaH-
TUHY PacTeHUUN 1 COGCTBEHHBIX UCCIENOBAaHUM. Buy,
cTioco6eH IMPou3pPacTaTh B MUPOKOM PAMY SKOJIOTH-
YEeCKUX YCJIOBUI, HO Yallle 3acCejisieT HapyluleHHbIe
MecToobuTaHus (060UYMHBI aBTOMOOGUIIBHBIX JOPOT,
JKeJIe3HOMOPOXKHbIe ITyTU, 06pabaThiBaeMble 3eMJIH,
macTbuina, CBaJIKu, mycThipu) (AbpamoBa, 1997; Bas-
sett et al., 1975). MHOro4rC/IEHHbIE COBPEMEHHBIE Ha-
YUYHbIE MCCJIeNOBAHYS ITPOTHO3UPYIOT CYIIeCTBEHHOE
pacumiupeHune apeajga aMOPO3UM TOJBIHHOJNUCTHON
B YCJIOBUSX U3MeHeHUs kiauMmaTa (Rasmussen et al.,
2017; AbonuH u 1p., 2022a; AboHUH U Ap., 20226; Qin
et al., 2014). B Kpeimy A. artemisiifolia 6b11a BriepBbie
obHapyxeHa B cepenrHe 50-x rooB XX Beka. OlHAKO,
HECMOTpPS Ha IpUMeHseMble Mepbl 60PBHOLI, TLIOMALb
ee pacIpoCcTpaHeHNd ITPOI0JKAeT HEYKJIOHHO YBeJIH-
ymBaThbes. [1o JaHHBIM 0TYeTOB KpbhIMCKOIL JabopaTo-
puY 10 KapaHTUHY PaCTEeHUH, 30Ha PACITPOCTPAHEHUS
aMbposuu Beipociaa ¢ 0,5 (1954 1.) ;o 1300 ra (1990
I.). B HacTosIee BpeMs Ha (poHe 6IarompusTHOTO SKO-
HOMMYECKOTO Pa3BUTUS TeppuTopuu KpbimMa HabJIi0-
JlaeTcsl MacCcoBOe pacrpocTpaHenue A. artemisiifolia.
JaHHas cUTyallns BbI3BIBAET CEPHE3HYI0 03a60UueH-
HOCTb Kak Ha eJlepaJibHOM, TaK ¥ Ha PETMOHAJIbHOM
YPOBHE, UYTO CTUMYJIUPYET aKTUBHBIN ITOUCK U BHEZPE-
HIE COBPeMEHHBIX METO0B 60PHOBI C STUM OITACHBIM
KapaHTUHHBIM pacTeHueM (PacrmopsikeHue CoBeTa
MUHUCTPOB, 2018).
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ABSTRACT

Common ragweed (Ambrosia artemisiifolia L..) is an in-
vasive plant of North American origin that has spread
widely throughout the world as a result of human eco-
nomic activity and the expansion of trade routes in
the 20th century (Essl et al., 2015; Genton et al., 2005;
Hejda et al., 2009). The article presents an overview of
A. artemisiifolia distribution in Crimea, compiled on the
basis of reports from the Border State Inspectorates,
the Crimean Plant Quarantine Laboratory and our
own research. The species can grow in a wide range
of environmental conditions, but more often inhabits
disturbed habitats (road shoulders, railways, cultivated
land, pastures, landfills, wastelands) (Abramova, 1997;
Bassettetal., 1975). Numerous modern scientific stud-
ies predict a significant expansion of the common rag-
weed range under climate change (Rasmussen et al.,
2017; Afonin et al., 2022a; Afonin et al., 2022b; Qin
et al., 2014). In Crimea, A. artemisiifolia was first de-
tected in the mid-1950s. However, despite the control
measures taken, the area of its distribution continues
to steadily increase. According to the Reports of the
Crimean Plant Quarantine Laboratory, the distribution
area of common ragweed has increased from 0.5 ha
(1954) to 1,300 ha (1990). Currently, a massive spread
of A. artemisiifolia is observed against the background
of favorable economic development of the territory of
Crimea. This situation is of serious concern at both the
federal and regional levels, which stimulates the active
search for and implementation of modern techniques
to control this dangerous quarantine plant (Order of
the Council of Ministers, 2018).
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Knrwouesvie cnosa. Ambrosia artemisiifolia L., Ka-
PAHTUHHBIY 06BEKT, QUTOCAHUTAPHBIY MOHUTOPUHT,
(uTtocanuTapHble Mepbl, 6u06GE30TIACHOCTD, Pecrry-
6muka KpbiM, Tpacca «TaBpumar.

BBEJAEHUE
PBIM — TIOJIyOCTPOB 061eil Tioma-
IBI0 OKOJIO 27 ThIC. KM?, 3TO TEPPU-
Topus ¢ 6oraTtoit paopoit u payHou,
pecypcamMu, KypOPTHO-03J0POBU-
TEJIbHBIM TYyPU3MOM, OTHOCUTEJIbHO
CYyXUM KJIUMATOM M UCKJIIOUUTEJb-
HO OJAarONPUSITHBIM COUYETaHUEM
MOPCKOTO BO3yXa C ToMeoIllaTuye-
CKVM BO3JIeHICTBUEM BbIIeJIEHU XBOMHBIX PACTEHUH,
IPOM3PACTAIIUX B ropax. [10JIyOCTPOB HAXOAUTCS
B CeBEePHOI YacTu YepHOTo MOpS, C CEBEPO-BOCTOKA
OoMbIBaeTcst A3B0OBCKMM MopeM. Kimumat Ha 60J1bIleit ua-
CTU TEPPUTOPUY TTOJTY3aCYILINBBIH, TETIbIN, C OUEHD
MSATKOY 3MOM, C TEILJIBIM BETe€TaIlMOHHBIM IIEPUO/IOM.
Cpenusasa rogoBad TeMIiieparypa: 10,6...11,3 °C. Camblie
XOJIOIHBIE MecaIlbl — sHBapb 1 despaisb (0,3 °C); ca-
MbI€e XapKue — uiJib 1 aBrycT (20...21 °C) (CrrpaBoy-
HO-uH(OPMAaIIMOHHbIH opTaJ, 2021). Takue MATKHIe
KJIMMaTUYeCKUe YCIOBUS CO3AI0T 6JIarONPUSITHBIE
YCJIOBUS AJIsI IIPOM3PACTAHUS U PACITPOCTPAHEHUS Uy-
JKEPOMIHBIX BUJIOB pacTeHU. Takyke 000CTPEHNIO UH-
Ba3MOHHBIX ITPOIIECCOB CITIOCOGCTBOBAJIO MHTEHCHUBHOE
X035 CTBEHHOE 0CBOeHUEe KPBIMCKOT0 ITOJIyOCTPOBA,
ocobeHHO ycunusiieecsd ¢ Havajia XVIII Beka. 3a 1o-
cJielHUE TOAbl HA TEPPUTOPUU MOJYOCTPOBA GBLIO
BBISIBJIEHO B 001l CIIOKHOCTU 366 Uy)KEPOILHBIX BU-
JIOB pacTeHUM, MHOTHE U3 KOTOPBIX y’Ke YCIIeTHO Ha-
TypanusoBanuck (Barpmkosa u np., 2013, Barpukosa
u Ap., 2021). AM6pPO3UST OJBIHHOJIUCTHAS N3BECTHA
He TOJBbKO CBOEM BBICOKOM MHBA3MOHHOM aKTUBHO-
CTBIO, HO ¥ TEM, YTO MIPENICTABISIET CEPhE3HYIO YI'PO-
3y 3/I0POBbIO JIIO/IEH, BBI3bIBASI CE30HHYIO aJlJIEPrUIo.
KpoMe ToTr0, 3T0 KOHKYPEHTOCTIOCOOHBIN COPHSIK, yMe-
IOLIUH CHYDKATDh YPOXKAUHOCTD KYJIbTYPHBIX PACTEHUH,
4yTOo TpebyeT NpUHATUSA 3(PHEKTUBHBIX Mep IJIsT KOH-
TPOJISI YUCJIEHHOCTMU.

AMOPO3US MOJBIHHOJMCTHAS — PACTEHUE C BbI-
pakeHHOU (hOoTOIEPUOANUECKON peaKIiluels, 3aliBe-
Talllee B KOHIIE JieTa ITPYU COKPAINEeHUY IJUHBI THS
(pacTeHUEe KOPOTKOTO AHS). BHEIIHUM CUTHAJIOM
nepexosa aMbpo3uu K IIBETEHUIO SIBJISIETCS OIIpeie-
JIEHHOE ITOPOT0BOE 3HAUEHNE AJMHBI AHS. [TpomoJI-
JKUTEJIbHOCTD BEreTaIllMOHHOT0 IIePHUOia COCTABJISIET
115-183 gu4. lIBeTeHUE HA TEPPUTOPUU €BPOIIEH-
ckolt yacTu Poccuy HauMHAETCS C KOHIIA nioJid. Ile-
PHOJI BereTamuy IIPOIOJIXKAETCS 10 IO3IHEH 0CeH!U
(Toole and Brown, 1946; Bazzaz, 1970, Baskin and
Baskin, 1980, Kazinczi et al., 2008 (B); MockajeHKo,
2001).

B Poccum A. artemisiifolia cTaTyc OI1acHOTO
W arpeccruBHOTO COPHOT'0 PACTEHUS ObLJI ITPUCBOEH
B 1940 r. (Reznik, 2009). B 2016 r. aM6p03¥s ITOJIBIH-
HoJuCcTHas 6bLTa BKIoUueHa B ETTKO EASC B cTaTyce
OTPaHWUYEHHOTO0 PacIIPOCTpaHeHHOTo o6beKTa (PI'BY
«BHUVKP», 2023).

Key words: Ambrosia artemisiifolia L., quarantine
pest, phytosanitary monitoring, phytosanitary mea-
sures, biosafety, Republic of Crimea, Tavrida highway.

INTRODUCTION

rimea is a peninsula with a total area of

about 27 thousand km?, a territory with

rich flora and fauna, resources, resort and

health tourism, a relatively dry climate and

an exceptionally favorable combination
of sea air with the homeopathic effect of the secre-
tions of coniferous plants growing in the mountains.
The peninsula is located in the northern part of the
Black Sea, washed by the Sea of Azov from the north-
east. The climate in most of the territory is semi-ar-
id, warm, with very mild winters, with a warm grow-
ing season. The average annual temperature is 10.6...
11.3 °C; the coldest months are January and Febru-
ary — 0.3 °C, the hottest are July and August — 20...
21 °C (Reference and Information Portal, 2021). Such
mild climatic conditions create favorable conditions
for the growth and spread of alien plant species. The
aggravation of invasive processes was also facilitated
by the intensive economic development of the Crime-
an Peninsula, which especially intensified from the
beginning of the 18th century. In recent years, a to-
tal of 366 alien plant species have been detected on
the peninsula, many of which have already success-
fully been adapted (Bagrikova et al., 2013, Bagrikova
et al., 2021). Common ragweed is known not only for
its high invasive activity, but also for posing a serious
threat to human health, causing seasonal allergies.
In addition, it is a competitive weed that can reduce
the yield of cultivated plants, which requires effective
measures to control the population.

A. artemisiifolia is a plant with a pronounced pho-
toperiodic reaction, blooming in late summer when
the length of the day is reduced (short-day plant). An
external signal for the transition of ragweed to flow-
ering is a certain threshold value of the length of the
day. The duration of the vegetation period is 115-183
days. Flowering in the European part of Russia begins
in late July. The vegetation period continues until late
autumn (Toole and Brown, 1946; Bazzaz, 1970, Baskin
and Baskin, 1980, Kazinczi et al., 2008 (B); Moskalen-
ko, 2001).

In Russia, A. artemisiifolia was assigned the status
of a dangerous and aggressive weed in 1940 (Reznik,
2009). In 2016, common ragweed was included in the
Common List of Quarantine Pests of the EAEU as lim-
itedly present (FGBU “VNIIKR”, 2023).

According to the results of the research by S.N.
Zhaldak, it is indicated that the species successfully
adapts to the new edaphic-climatic conditions of the
Crimean foothills (Zhaldak, 2011).
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[To pesynbraTaMm uccaemoBanuy C. H. XKanmaka
YKa3bIBAETCS, UTO BUJ, YCITEIITHO aJlalITUPYETCs B HO-
BBIX 370aOKJINMATUYECKUX YCIOBUSAX [IperopHoro
Kpeima (Zhaldak, 2011).

Llenbto MCCIeIOBAHUS ABJISIETCS U3yYEHNE UCTO-
PUYECKUX acIIeKTOB, KOTOPbIE CIIOCO6CTBOBAJIM pac-
ceJIeHUI0 aMOpPO3UU MOJBIHHOJUCTHON 110 PETHOHY
B IIPOIIJIOM U HBIHEIIHEM CTOJIETUU, & TaKXKe U3Yy-
YeHUe TOT0, KaK¥e IIPOBOAUINCH MEPOIIPUSITHUS OJI
clepXXUBAHUS pacHpoCcTpaHEHUS KapaHTUHHOTO
BPEIHOr0 OpraHu3Ma.

MaTepuaiaMu [IJIsE UCCIeNOBAHUN TTOCITYKUIU:
OTeuecTBEHHBIE (PUTOCAHUTAPHBIE CIPABOYHUKU, OT-
YeThl MOTPAHUYHBIX TOCUHCIIEKITUH, aMUHUCTPATUB-
HBIX KoMuccuii, KpbIMCKOM JJaGopaTOpHy 110 KapaHTH-
HY pacTeHUI Pa3HbIX JIET, Pe3yJabTaThl COGCTBEHHBIX
WCCJIeJOBaHUM 1 HAOIIOAeHUH.

OBCYXKJIEHUE

C camoro Hauaja BCeJIeHUS COpHSIKAa KapaHTUHHOU
cary60% KpbIMCKOUM 06J1aCTH IPOBONMIINCH 06GCIie-
JIOBaHUS TIOCEBOB CEJIbCKOXO3SMCTBEHHBIX KYJIbTYP
¥ 3eMeJIbHBIX YIrOIMH Ha BhIIBIE€HUE aMOPO3UU T10-
JIBITHHOJIUCTHOU. [IepBbie OGHApPYXeHUS aMbpo3uu
TIOJIBIHHOJIMCTHOM Ha TeppuTopuu KpbsiMa, 3adukcu-
poBaHHbBIE CIYKO0! KapaHTUHA PAaCTeHUN, U3BECTHBI
¢ 1954 1. EZVHUYHBIE DK3EeMILISAPbl COPHSAKA HAILIU
Ha TEPPUTOPUU JIMYHOTO MOICOOHOT0 X035 CTBA T1JI0-
manbio 0,5 ra B T. Cumdepornone (Ocennuii u ap., 2019).

Vxe HaumHas ¢ 1960-x I'T. aMOPO3MI0 TOJBIHHO-
JINCTHYI0 HAUMHAIOT BbISIBJISATD JIOKAJIBHO B Pa3iny-
HBIX YaCTSX [MOJYyOCTPOBa. MHOTO MEJNKMX OYaroB
6B1I0 OGHAPY)KEHO B OKPECTHOCTAX T. CuMdepornos,
HaIpuUMep ovar B IoC. 3aBOJICKOM, pa3pacTalolire-
cs ouaru B COBETCKOM palioHe y )KeJe3HOI0POXKHOM
crannuu KpacHoduorckas.

Bckope B cooTBeTCTBUU € YKa3oM [Ipesuguyma
BepxoBHoro CoBeTa PCOCP oT 26.04.1962 «0O6 ycu-
JieHuu 60pb6BI C COPHAKaMU» O6bljIa BHEZPEHA rocy-
JapCTBEHHA CUCTEMA KOHTPOJS 10 OlleHKe adek-
TUBHOCTU MepP 60PbOBI C KADAHTUHHBIMY COPHIKAMU
(Ykas, 1962). CorytacHO oTYeTaM alMUHUCTPATUBHBIX
KOMUCCHUHM 0 Mepax, IPUHATHIX B OTHOUIEHUU JIULI,
HapyIUBIIUX MPaBuyia 60pb0Obl C KAPAHTUHHBIMU
COpPHSAKaMU, 6bLJIO TIPUBJIEYEHO K OTBETCTBEHHOCTH
49 YeJyiOBEK, U3 HUX MOABEPTHYTO MITPady 23 IOJIK-
HOCTHBIX JIUIIA, CPEJIX KOTOPBIX JUPEKTOPA OMBITHBIX
X03SIMICTB, YIIPAaBJSAIOILYE COBX030B, IIPe/ceaTeNn
KOJIX030B, arPOHOMBI 4 Ap. PazMep mrpada Bapbupo-
BaJi ot 5—30 py6uieit (FomoBoM 0TYET... 1962). B1962 T.
KapaHTUHHOM CJIy»K00# 6bLIN OpraHu30BaHbI 06CIe-
JIOBaHUS HA TEPPUTOPUU YETHIPEX aIMUHUCTPATUB-
HBIX palioHOB Ha 061Iei romanu 316757,8 ra. B uto-
re GBIV TIPOBEIEHbI MEPOIIPUSATHUS 10 YHUUTOXKEHUIO
KapaHTUHHOTO COpHAKa Ambrosia artemisiifolia Ha 1110-
manu 45,655 ra (mox ouaramu 13,866 ra) B Cumdepo-
noabckoM (14,8 ra), CoBeTckoM (5 ra), J;KaHKOMCKOM
(25,85), KpacHormepekorickom (0,005 ra) paitonax. Co-
TJIaCHO JJaHHBIM JabopaTopruu ['OCUHCITEKIIUY T10 Ka-
pauTuHy pacteruit MCX CCCP o KpeiMcKoii 06J1acTy,
JIMKBUZAIIMS 04aroB MPOBOJMIJIACh MEXaHUYECKUM
crioco6oMm Ha mtomaay 10,856 ra myTeM pyuyHOU Ipo-
TIOJIKM WJIM METOJOM IEPEKONKY ITOYBBI Ha TIIyOUHY
25-30 cM, a TakKke XMMUYECKUM CII0CO60M C ITOMO-
1Ibio 6aKoBo¥ cMecu (2,4-10 (13,3 Kr/ra) c aMMUAYHOK
cenuTpoii (13,3 kr/ra)) Ha mwiomanu 3,01 ra.

The aim of the study is to study the historical as-
pects that contributed to the spread of common rag-
weed in the region in the past and present centuries,
as well as what measures were taken to contain the
spread of the quarantine pest.

The materials for the research include: Russian
phytosanitary reference books, reports of the Border
State Inspectorates, administrative commissions, the
Crimean Plant Quarantine Laboratory of different
years; the results of our own research and observa-
tions.

DISCUSSION

From the very beginning of the weed’s introduction,
the quarantine service of the Crimean region conduct-
ed surveys of agricultural crops and lands to identify
common ragweed. Common ragweed was first detected
in Crimea in 1954, according to the reports by the plant
quarantine service. Single specimens of the weed were
detected on the territory of a private subsidiary farm
with an area of 0.5 ha in the city of Simferopol (Osenniy
etal., 2019).

Since the 1960s, ragweed has been detected lo-
cally in various parts of the peninsula. Many small
outbreaks have been detected in the vicinity of the city
of Simferopol, for example, an outbreak in the village
of Zavodskoy, and growing outbreaks in the Sovetsky
district near the Krasnoflotskaya railway station.

Soon, in accordance with the Decree of the Presid-
ium of the Supreme Soviet of the RSFSR of 26.04.1962
“On Strengthening the Fight against Weeds”, a state
control system was introduced to assess the effective-
ness of measures to control quarantine weeds (De-
cree, 1962). According to the reports of administrative
commissions on measures taken against persons who
violated the rules for controlling quarantine weeds,
49 people were held accountable, of which 23 offi-
cials were fined, including directors of experimental
farms, managers of state farms, chairmen of collective
farms, agronomists, etc. The amount of the fine varied
from 5-30 rubles (Annual Report... 1962).In 1962, the
quarantine service organized surveys in four adminis-
trative districts over a total area of 316,757.8 ha. As a
result, measures were taken to eradicate the quaran-
tine weed Ambrosia artemisiifolia on an area of 45.655
ha (under the outbreaks 13.866 ha) in the Simferopol
(14.8 ha), Sovetsky (5 ha), Dzhankoysky (25.85 ha),
Krasnoperekopsky (0.005 ha) districts. According to
the data of the laboratory of the State Inspectorate for
Plant Quarantine of the USSR Ministry of Agriculture
for the Crimean Region, the elimination of outbreaks
was carried out mechanically on an area of 10.856 ha
by manual weeding or by digging the soil to a depth of
25-30 cm, as well as chemically using a tank mixture
(2.4-D (13.3 kg / ha) with ammonium nitrate (13.3 kg /
ha)) on an area of 3.01 ha.

According to the Crimean Plant Quarantine Lab-
oratory, in 1967, the control of common ragweed was
carried out on an area of 61.9 ha in the cities of Dz-
hankoy, Kerch, Simferopol, as well as the Dzhankoy,
Krasnoperekopsk and Sovetsky districts. The total
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ITo marHBIM KpbIMCKOM JTabopaToOpUy Mo KapaH-
TUHY pacTeHuil B 1967 r. 6opsba c ambposueil 1mo-
JILIHHOJIMCTHOY MpOBOAMJIACh Ha mjomanu 61,9 ra
B ropogax J»xankoe, Kepuu, Cumdepornose, a Tak-
ke J>xaHkolickoM, KpacHomepekornckoM u COBeT-
CKOM paloHax. [Ipm 3TOM 00Ias IJIoIaAb O4aros
A. artemisiifolia coctaBmia 25,3 ra. B 1969 r. am6posus
TIOJIBIHHOJIMCTHAs O6blia o6Hapy»KeHa B 4 paiioHax, 3
ropozmax, 8 HaceJeHHBIX IMYHKTaX, B 42 X035gHCTBax
Ha obme# muomanu 31,65 ra (Otuet o pabore jabo-
paTopuu 'ocuHcmeknuu... 1969). Uepes mBa roma
TJIOIAAb 3apakeHUsT aMOpPO3uel MOJIbIHHOJIUCTHON
3HAUYUTEJIbHO paclivpuiach u cocrasuia 77,075 ra.
O6ciiemoBaHUS MPOBOMMIINICE B 5 paiioHax U 3 TOPojiax,
46 o61eCTBEHHBIX U 514 MHAUBUYAJIbHBIX X0O351-
cTBax. [Ipy 5TOM ILIONIAAb BhIIBJIEHHBIX 0UaroB 3TOT'O
KapaHTUHHOTO pacTeHus cocrasuia 33,39 ra. Kpome
TOrO, 6bLIM OGHAPYKEHBI HOBBIE oUaru A. artemisiifolia
B I. Kepuu Ha mycThIpe 3a Macj03aBOLOM U B I10C. Ap-
IIWHIIEBO Ha OTrOPOJax >KeJie30PyAHOro KoMOuHaTa
Ha 1mIomaay 5 ra, B moc. KpacHorsapielicKoM BO JBO-
pe parioHHOro oTaeneHus «CelbX03TeXHUKa» 1 B paui-
oHe TIsHKa Ha CeBepo-KphIMcKOM KaHaJle Ha 10U
0,35 ra. B KpacHOepeKoIICKOM palioHe B cejie BouHKa
Ha MyCcThIpe 3a XJIe60KOMOMHATOM ILJIONIAb 3apake-
HU coctaBuia 1,7 ra. JIjst 60pb0ObI ¢ ouaramMu aMbpo-
31 TTOJIBIHHOJIVICTHOM ObLJI IPUMEHEH KOMILIEKCHBIH
TIOA X0/, BKJIIOUAKIIUY XUMUUYECKUE U arPOTEXHU-
YyecKre MeponpusaTus. Xumuueckas o6paboTka mpo-
BOAMJIACH C IPMMEHEeHNEeM IIpeIrrapaToB Ha OCHOBE
50% CII cumasuHa ¢ 1% HUTpoheHOM, TPU HOPME
pacxoma Ha ra — 10 m 100 Kr cOOTBETCTBEHHO. Bcero
XUMHUUYECKUM CcIIoco60M 6b110 o6paborano 48,32 ra.
C ITOMOIIBI0 aTPOTEXHUYECKUX Y MEXaHUUECKUX CITO-
coboB mpoBefieHa 60pbba ¢c aMmGpo3uel Ha IJIOIMALU
B 75,8 ra. [Ipm 3TOM KUCHIOJB30BAJCS CIEHYIOU[UHI
arpoTEXHUYECKUH ITPHEM — IOCJIOMHASA KyJIbTUBAIUS
C TIoCJieiytolel BCmamkoi. TakyKe IPUMEHSIUCH Me-
XaHUYECKUE CII0COOhI 60PbOBI C COPHSIKOM C IIOMOIIbI0
MeXIYPSAAHON 06paboTKY (I1aIT0BKa MOTHITOH, pydYHas
MPOIIOJIKA) ¥ CKAIIMBaHMs 10 Mepe oTpacTaHus (OT-
yeT 0 paboTe KpbIMCKO# TabopaTopuu... 1971).

ITo cocTosgHMIO HA 1979 I. 0pUIIMATIBHO 3aPETU-
CTpUpPOBaHHAs IJIOLAAb, 3acOpeHHad A. artemisiifolia,
cocrasisiia 216,03 ra. C 11eJ1b10 BhISIBJIEHUS aMOPO3UHT
TIOJIBIHHOJIMCTHOM GBIJIO TIPOBEIEHO 06GCae0BaHMTE
Ha rromaau 72 833 ra. HoBble ouaru ObLJIY BbISIBJIE-
HBI B KHDOBCKOM patlioHe, B cOBX03€e «KpacHBbIH J1yu»,
Ha nomanu 5 ra; B CuMdeporioJie, B 30He LleHTpasb-
HOro asporopTa, — 0,2 ra; B BOMHCKOM yacTu I. Caku —
0,5 ra. Pacmiupunanucek ouyaru B OKPECTHOCTSX TOPOZOB
deopocuu u Kepuy, a Tak)Ke HEKOTOPBIX XKeJIE3HOL0-
POKHBIX CTaHIIWH. BBIJIO OTMEUEHO, UTO NCTOUHNUKOM
pacmpocTpaHeHUs COpPHSIKa ABJSIOTCS HeobGpaba-
ThIBaeMble U 3aJIe)KHble 3eMJIK. Bopb6a C COPHIKOM
MPOBOAMIIACH XUMUUYECKUMHU U arpOTeXHUYECKUMU
MeToaMu Ha rioumanu 227,44 ra. ATpOTEXHUUYECKUM
crioco6oM 6b110 06paboTaHo 57,54 ra, XUMHUUECKUM —
154,7 ra. B mocjenHeM ciiydae 4allle UCII0Jb30BaIn
2,4-J1 u atpasuH (cM. puc.1). CorsacHo ykasy «06 ycu-
JIEHVY 60PBHOBI C COPHSIKAMU» C I1eJIbI0 TTPeIyIIpex/Ie-
HUS PacHpoCTPaHeHUsT KapaHTUHHBIX COPHSIKOB ObLI
OCYIIECTBJIEH KOHTPOJIb B 95 X035/ CTBaX Ha IJIOWAIN
1123 ra. beuio npegocrasyieHo 212 MaTeprajoB O Ha-
PYLIUTENIX, U3 KOTOPBIX 128 HampaBjieHO Ha pacCMo-
TPeHNe aIMUHUCTPATUBHBIX KOMUCCUMN CEJIbCKUX

area of A. artemisiifolia outbreaks was 25.3 ha. In 1969,
common ragweed was detected in 4 districts, 3 cities, 8
populated areas, and 42 farms on a total area of 31.65
ha (Report on the work of the State Inspectorate lab-
oratory... 1969). Two years later, the area of common
ragweed infestation had significantly expanded and
amounted to 77.075 ha. Surveys were conducted in
5 districts and 3 cities, 46 publics and 514 individual
farms. The area of the detected outbreaks of this quar-
antine plant was 33.39 ha. In addition, new A. artemi-
siifolia outbreaks were reported in the city of Kerch on
a vacant lot behind a butter factory and in the village
of Arshintsevo on the vegetable gardens of an iron ore
plant on an area of 5 ha. In the village of Krasnogvar-
deyskoye in the courtyard of the district office of Selk-
hoztekhnika and in the area of the beach on the North
Crimean Canal on an area of 0.35 ha. In the Krasnoper-
ekopsk district in the village of Voinka on a vacant lot
behind a bakery, the area of infection was 1.7 ha. To
control common ragweed outbreaks, an integrated
approach was used, including chemical and agrotech-
nical measures. Chemical treatment was carried out
using preparations based on 50% SP simazine with 1%
nitrofen, at a consumption rate of 10 kg and 100 kg per
hectare, respectively. A total of 48.32 ha were treated
chemically. Using agrotechnical and mechanical meth-
ods, ragweed was controlled on an area of 75.8 ha. The
following agrotechnical methods were used: layered
cultivation followed by plowing. Mechanical methods
of weed control were also used using inter-row cultiva-
tion (hoeing, manual weeding) and mowing as it grew
(Report on the work of the Crimean laboratory... 1971).

As of 1979, the officially registered area infested
with A. artemisiifolia amounted to 216.03 ha. An area
of 72,833 ha was surveyed in order to detect common
ragweed. New outbreaks were detected in the Kirovsky
District, in the Krasny Luch state farm, on an area of 5
ha; in Simferopol, in the area of the Central Airport —
0.2 ha; in the military unit of the city of Saki — 0.5 ha.
The outbreaks expanded in the vicinity of the cities of
Feodosia and Kerch, as well as some railway stations. It
was noted that the source of the weed spread are uncul-
tivated and fallow lands. Weed control was carried out
using chemical and agrotechnical methods on an area
of 227.44 ha. 57.54 ha were treated with agrotechni-
cal methods, 154.7 ha with chemical ones. In the latter
case, 2,4-D and atrazine were used more often (see Fig.
1). According to the Decree... “On Strengthening the
Fight against Weeds”, in order to prevent the spread of
quarantine weeds, control was carried out in 95 farms
on an area of 1123 ha. 212 materials on violators were
provided, of which 128 were sent for consideration by
administrative commissions of village councils and
district executive committees (Report on the work of
the Crimean laboratory... 1979).

According to official data, as of the end of 1980,
the total area infested with common ragweed in
Crimea had more than doubled compared to the pre-
vious year and amounted to 455.9 ha. In order to detect
A. artemisiifolia, 3 districts, 1 city, 23 settlements, and
33 state agricultural organizations were surveyed on
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COBETOB U pariucrioskomMoB (OTUeT 0 pa-
6oTe KpeiMcKoii tabopaTopum... 1979).
[To odpuuMalbHBIM [JaHHBIM,
Ha KoHell 1980 r. obuag mjiollagb 3a-
copeHus amMbpo3ueil MOJBIHHOJNCTHON
B KppiMy Bo3poca 6ojiee 4eM B 1Ba pasa
0 CPaBHEHUIO C MPOIILJIBIM FOJIOM U CO-
crtaBuiia 455,9 ra. C 11eJibi0 BbISIBJIEHUSA
A. artemisiifolia 6p1710 06CyIeoBaHO 3 pan-
OHa, 1 ropop, 23 HaceJleHHBIX IIyHKTa, 33
rocyIapcTBeHHbIe CeJIbCKOX03SIUCTBEH-
Hble OpTraHM3alUK Ha 06IIell IJIOIA]KI
43 433 ra. BiepBble 6LV BBISIBJIEHBI OUa-
ru amMbpo3uu B Besioropckom u [TepBomati-
CKOM parioHax. MicTpebuTeabHbIE MEPO-
OPUATUASA IIPOBOAUINCH aTPOTEXHUUYECKUM
MeTOIOoM Ha romanu 196,98 ra, a Takxe
XUMUYECKUM Ha Iuiomanu 227,75 ra, mpe-
UMYIIECTBEHHO C ITOMOIIbI0 CUCTEMHBIX

ykazy «06 ycuneHnn 60pbObI C COPHAKA-  ((hoTo U3 apxuBa Myses HMO

Puc. 1. Xumnueckas obpaboTka
rep6uuzoB (2,4-/1 v arpasuH). COrNacCHO  nocepos, sapaseHHbix A. artemisiifolia infected with A. artemisiifolia

Fig. 1. Chemical treatment of crops

(photo from the archive of the RMD

MU» C LIeJIbI0 IPEAYIIPEeXIEHUA PaclIpo- BT Cumdeponone ®rbY «BHUUKP»)  museum in Simferopol, FGBU “VNIIKR”)

CTpaHEHUs KapaHTUHHBIX COPHSAKOB OBLI
OCYIIECTBJIEH KOHTPOJIb B 89 X03gliCcTBaxX Ha IJIOIIA-
nu 1050 ra. B pesynbTaTe 66110 TIPeOCTaBIeHO 547
MaTepuajioB O HAPYIIUTENdX, U3 HuXx 194 HamnpaBie-
HO Ha pacCMOTPeHNE afMUHUCTPATUBHBIX KOMUCCUH
CeJIbCKUX OPraHoB rocymapcTBeHHou BiacTtu (OTueT
0 pa6boTe KpbiMckoii jabopaTopuu... 1980).

B 1981 r. opuiinanibHO 3aperucTprupoBaHHAasg
TJIONaAb 3aCOpeHus Imoj aMbpo3mell cocTaBisaia
455,494 ra. C 11eJ1b10 BBISIBJIEHUST aMOPO3UU TTOJIbIH-
HOJMCTHOM 6bLJI0 06CcIemoBaHo 3 palioHa, 37 Hace-
JIEHHBIX TTYHKTOB, 19 X03g91CTB Ha 00IIell MoIasu
82 250 ra. OTmMeuaeTcs paclinpeHure ouaros B Kupos-
CKOM palioHe, B KOJxo03e «KpacHbI# Jiyu», Ha 3,2 Ta
u B I. Cumdeporiosie Ha 15,2 ra. 3aperucTPUPOBaHbI
HOBbIe ouaru B KpacHorBapzeiickoM palioHe: B cejiax
IIpuBosbHOM, JlonuHKa, HOBOIIaBJIOBKA, Ha o6mIel
momanu 4,2 ra, a Tak)xe B JIEeHMHCKOM paiioHe Ha 06-
el rionaau 6,5 ra. MeponpusaTus o JUKBULAIUU
A. artemisiifoliac TPOBOOUINCH XUMUUYECKUM METOJIOM
(2,4-11 v aTpa3uH) Ha momaau 322,66 ra, arpoOTEXHU-
yeckuM — 190,63 ra. CoryiacHo ykasy «06 yCuJIeHun
60pPbOBI C COPHSIKAMU» C LIEJIBI0 TPeyIpexXIeHns
pacmpocTpaHeHUsI KapaHTUHHBIX COPHSIKOB OBLI OCY-
LIEeCTBJIEH KOHTPOJb B 172 X034¥icTBaX Ha IJIOIIAAU
1901,7 ra. beuio npenmocrasyieHo 164 MaTepuaJa o Ha-
PYIIUTENSIX, M3 HUX 78 6bLIO ITOJaHO0 Ha PACCMOTPEHYE
aIMUHUCTPATUBHbBIX KOMUCCHUH CEJIbCKUX OPTaHOB I'o-
cymapcTBeHHOMU ByacTtu (OTueT o pabore KpbiMCcKO#
snaboparopuiu... 1981).

B 1984 r. odhunuanbHO 3aperucTpupoBaHHas
TJIOIIA b 3aCOPEHUS 0, aMOPO3Kell TOJIbIHHOJIMUCT-
HOU cocTasiisyia 653,224 ra B 13 patioHax 1 4 TOPOax.
UcTpebuTesibHble MEPOIIPUITHS TPOBOAUINICH XUMU-
YeCKUM MeTOIOM Ha mtomanu 349,37 ra, arpoTexXHU-
yeckuM — 392 ra (OTuet o paboTe KpbpIMCKOIi Jabopa-
Topum... 1984). B 1985 . huKCUPYIOTCS HOBBIE OUATH
A. artemisiifolia Ha TUTOIaAM 61,78 Ta, a TAKXe OTMEeYa-
eTCs pacliMpeHue CTapbIX 0UaroB. PacopocTpaHeHue
amMb6po3uu oTMevaeTcs B 13 palioHax 1 ropozax Ha 06-
ey miomany 846,75 ra. icTpebuTeibHbIE MEPOIIPHU-
SITHS TIPOBOIMJIMCh XUMUYECKUM METOJOM Ha IJI0L[a-
Im 514 ra, arporexauueckuM — 176 ra (Otuet o paboTe
KpbiMcKo tabopaTopuu... 1985).

a total area of 43,433 ha. For the first time, ragweed
outbreaks were reported from Belogorsk and Pervo-
maysky districts. Eradication measures were carried
out using agrotechnical methods on an area of 196.98
ha, and chemical methods on an area of 227.75 ha,
primarily using systemic herbicides (2,4-D and atra-
zine). According to the Decree... “On Strengthening the
Fight against Weeds,” in order to prevent the spread of
quarantine weeds, control was carried out in 89 farms
on an area of 1,050 ha. As a result, 547 materials on
violators were provided, of which 194 were sent for
consideration to administrative commissions of rural
government bodies (Report on the work of the Crimean
laboratory... 1980).

In 1981, the officially registered area of ragweed
contamination was 455,494 ha. Three districts, 37
settlements, and 19 farms on a total area of 82,250 ha
were surveyed to detect common ragweed. An expan-
sion of outbreaks was noted in the Kirovsky District, on
the Krasny Luch collective farm, by 3.2 ha, and in the
city of Simferopol by 15.2 ha. New outbreaks were reg-
istered in the Krasnogvardeisky District: in the villages
of Privolnoye, Dolinka, Novopavlovka, on a total area
of 4.2 ha, and in the Leninsky District, on a total area
of 6.5 ha. Measures to eradicate A. artemisiifolia were
taken using a chemical method (2,4-D and atrazine) on
an area of 322.66 ha, and an agrotechnical method —
190.63 ha. According to the Decree... “On Strengthen-
ing the Fight against Weeds”, in order to prevent the
spread of quarantine weeds, control was carried out in
172 farmson an area of 1901.7 ha. 164 materials on vi-
olators were provided, of which 78 were submitted for
consideration by administrative commissions of rural
government bodies (Report on the work of the Crimean
laboratory... 1981).

In 1984, the officially registered area of com-
mon ragweed infestation was 653.224 ha in 13 dis-
tricts and 4 cities. Eradication measures were carried
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Puc. 2. CoTpynoHukn CTaHLUM 3aLUUTbI

B 1988 1. pacmpocTpaHenue A. artemisiifolia 3Ha-
YUTEJbHO YBEJIUUYUBAETCI U OTMedaeTcsd Ha obiel
mwomaay 1700,9 ra. MicTpebuTeabHble MEPOTIPUITUS
MPOBOIUINCH XUMUUYECKUM METOAOM Ha IJIONUaLu
900,6 ra, arporexandyeckuM — 800,3 ra (OTuerT o pa-
6oTe KpeiMckoii nabopaTopun... 1988). KomneKkTus
CTaHIIMU 3aUUThlI pacTeHU KpbIiMa IpejcTaBiIeH
Ha puc. 2.

[To maHHBIM OTYeTa [IOrpaHUYHON TOCUHCIEK-
1Y 10 KapaHTUHY pacTeHui mo KpeIMCKOI 061acTu
321990 r., rIoIalb pacIipoCcTpaHeHusT aMOPO3UH I10-
JIBIHHOJIMCTHOM OXBaThiBajia 12 paiioHOB, 7 TOPOMIOB,
161 HaceneHHBIH MYHKT, 249 x03a%cTB 1 1620 mpu-
ycazie6HbIX yYaCTKOB Ha Itomany 1322, 68 ra (B Tom
yuclie 3eMJIM KOJIX030B — 1263,21 ra; 3emMyu Ipuy-
cazme6HbIX yUYacTKOB — 59,47 ra). icTpebuTeabHbIE
MEePONPUATHUS ITPOBOAMINCH XUMUYECKUM METOLOM
Ha riomaau 753,33 ra, arpoTexHu4eckum 668,33 ra.
(TomoBoii oTueT 0 paboTe JabopaTopuu. ITorpaHuYHasST
TocuHcnexnud... 1990).

AHaNM3 eXerofHbIX 0TYeTOB ['OCcyapCTBEHHOM
WHCIIEKITUY 10 KapaHTVHY pacTeHu# 3a 1960-1990 rT.
CBUETEJbCTBYET O IIPOBOAMMOM 1leJieHaIIpaBIeHHOU
paboTe 110 opraHMU3aINKU 00CIeq0BaATEIbCKUX MEPO-
OPUATUY TeppuUTOpUU KPhIMCKOY 06J1aCTH Ha HAJU-
ynre aMOPO3UU TOJBIHHOJUCTHOM U 110 60pbbe ¢ Hel.

TakuM o6pasoM, kK Havaay 1990-x rr. obmias
TIJIONIAah 3aCOPEHHBIX 3eMeJib COCTaBJIsANa 6ojee
1300 ra, 4TO, BEpOSITHO, CBI3aHO C HEJOCTAaTOUYHO
5 HeKTUBHBIMU MepaMu 60PbObI, TPUMEHIEMbIMU
110 JIOKAJIM3aIlUM CYUIeCTBYIOIIUX 0YaroB, a Takxe
C TTOCTOSTHHBIM 3aHOCOM aMOPO31U B COCTaBe MapTUi
IPOJIOBOJIbCTBEHHBIX TPY30B. Tak, IJIoJbl aMOPO3UN
TIOJILIHHOJIUCTHOY PETYJISIPHO BBIABJISIINUCH B COCTaBe
TapTUil Pa3jJuvyHbIX BUIOB IPOAYKIIMYU UMIIOPTHOTO
MIPOUCXOXKAEHUS (3epHO KYKYDPY3bl, IIIIEHUIa, coe-
BRIl IIPOT, TpeuHeBas kpyma) us CIIA, ®pannuu, I/IP.
B To ke BpeMs (puUKCUPOBaIVICh 06HAPYKEHUST COPHSI-
Ka B OTEUECTBEHHBIX IPy3aX, TOCTYHAIINX U3 IPYTUX

Fig. 2. Employees of the Plant Protection
pacteHun B Kpbimy (koHew, 80-x rr. XX Beka) Station in Crimea (late 1980s)

out using chemical methods on an area of 349.37 ha,
and agrotechnical methods on 392 ha (Report on the
work of the Crimean laboratory... 1984). In 1985, new
A. artemisiifolia outbreaks were reported on an area
of 61.78 ha, and an expansion of old outbreaks was
also noted. The spread of common ragweed was noted
in 13 districts and cities on a total area of 846.75 ha.
Eradication measures were carried out using chemi-
cal methods on an area of 514 ha, and agrotechnical
methods on 176 ha (Report on the work of the Crime-
an laboratory... 1985).

In 1988, the distribution of A. artemisiifolia in-
creased significantly and was observed on a total area
of 1,700.9 ha. Extermination measures were carried
out using chemical methods on an area of 900.6 ha,
and agrotechnical methods on 800.3 ha (Report on the
work of the Crimean laboratory... 1988). The staff of the
Crimean Plant Protection Station is shown in Fig. 2.

According to the report of the State Border Inspec-
torate for Plant Quarantine in the Crimean Region for
1990, the area of distribution of common ragweed cov-
ered 12 districts, 7 cities, 161 settlements, 249 farms
and 1620 household plots on an area of 1322.68 ha (in-
cluding collective farm lands — 1263.21 ha; household
plotlands —59.47 ha). Eradication measures were car-
ried out using chemical methods on an area of 753.33
ha, and agrotechnical methods on 668.33 ha. (Annual
report on the work of the laboratory. State Border In-
spectorate... 1990).

An analysis of the annual reports of the State Plant
Quarantine Inspectorate for 1960-1990 shows that tar-
geted work was carried out to organize survey activi-
ties in the Crimean region for the presence of common
ragweed and to control it.
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obaacteii (ComoBoM 0TUET 0 paboTe JabopaTopuu. I1o-
rpanuuHasg FocuHCIIeKIInd... 1990).

B 1999 r. pacrpocTpaHeHre aMOPO3UHY ITOJIbIH-
HOJIUCTHOM BHOBBH BO3pACTaeT U OTMedaeTcs Ha 06-
eyt mromanu 2173,74 ra (KapauTuHHOE (DUTOCAHU-
TapHoe... 2000), a 1o nmpoiecTBUU 9 JeT ILJIOMAIb,
3aHuMaeMasa aMbposuel, yBeauuuiach B 6,5 paza —
13 973 ra (CupaBo4HUK... 2009).

B 2016 1. o pe3ysnbTaTaM PUTOCAHUTAPHOTO MO-
HUTOPWHTA, TPOBOAUMOTr0 NHCIIeKTOpaMu denepalib-
HO cJTy>X6bI 10 BeTepUHAPHOMY U (PUTOCAHUTAPHOMY
HaZ30py Ha TeppuTopuu Pecrybnuku KpbiM, GbLIM
YCTaHOBJIEHBI KAPAHTUHHBIE (DUTOCAHUTAPHBIE 30HBI
110 aM6pPO31Y MTOJIBIHHOJKUCTHON Ha 06IIel TIoIaau
132 559,2 ra (HaumoHaabHbIA gokam, 2018).

B miepuog ¢ 2019 o 2022 T. B 60JIBITMHCTBE paiio-
HOB HabJ01asach HeGOMbIIIAs TTOJOXKUTEIbHAS AUHA-
MUKa B pacIIMpPeHNY IJI0Iaael, 3aHMaeMbIX COPHSI-
KOM, HO y>ke K 2024 T. B psiJie paliOHOB 3TU ITOKa3aTeIu
CTaJId CHUXKAThCH.

MHoxxecTBeHHBIe ouaru A. artemisiifolia L.
TO-TIPeXXHEeMY HabJII0ZA0TCs 110 KpasgM 060YMH Tpac-
col «TaBpuga», MpakTUUYECKY Ha BCEM ee MPOTSKe-
HUU. YUUTBIBad, YTO TPAHCIIOPTHbBIE KOPUIOPHI CITIO-
COGCTBYIOT pacCesieHU0 KapaHTUHHOTO OpTaHU3Ma
Ha 6iu3nexaliue TeEPPUTOPUY, B TOM UUCJie B cere-
TaJIbHbIe MECTOOOUTAaHMSI, HE0OX0IMMO obecIieueHme
BBICOKOT'0 YPOBHS 3alllUTHBIX MEPOITPUATUN ITPOTUB
Hee (cM. puc. 3).

HaburomaBiieecs pe3Koe yBeJndYeHre POCTa I1JI0-
mazell COpHsAKa BbI3BAHO PAoM NpuumnH. C OgHOMU
CTOPOHBI, 3TOMY CIIOCOOCTBOBAJIO U3MeHeHVe TPaHC-
TIOPTHOM JIOTUCTUKY PETUOHA. BO-BTOPHIX, CTala Ipu-
MEHSTBHCS HOBAst METOA VKA YUETa 3aCOPEHHBIX 3eMeJIb
KapaHTUHHBIMU 06bEKTaMU, akTyajibHasa B Poccuii-
ckoit demepanun. B-rperbux, HaunHasg ¢ 2017 1. Hava-
JIOCh Pa3BUTHE JOPOXKHON NHPPACTPYKTYPhI PETMOHA

Puc. 3. CuHaHTponHas gnopa
thenepanbHoM Tpacchl «TaBpuaa»

(cpoTo H. B. LluHkeBUY)

(photo by N.V. Tsinkevich)

Thus, by early 1990s, the total area of infested
lands was more than 1,300 ha, which is probably due to
insufficiently effective control measures used to local-
ize existing outbreaks, as well as the constant introduc-
tion of ragweed in food cargo batches. Thus, the fruits
of common ragweed were regularly detected in batch-
es of various types of imported products (corn, wheat,
soybean meal, buckwheat) from the USA, France, and
the GDR. At the same time, detections of the weed were
recorded in domestic cargo arriving from other regions
(Annual report on the work of the laboratory. Border
State Inspectorate... 1990).

In 1999, the spread of common ragweed increased
again and was observed on a total area of 2173.74 ha
(Quarantine Phytosanitary... 2000), and after 9 years,
the area occupied by common ragweed increased by
6.5 times to 13973 ha (Reference... 2009).

In 2016, based on the results of phytosanitary
monitoring conducted by inspectors of the Federal
Service for Veterinary and Phytosanitary Surveillance
in the Republic of Crimea, quarantine phytosanitary
zones for common ragweed were established on a total
area of 132,559.2 ha (National Report, 2018).

In the period from 2019 to 2022, in most areas
there was a slight positive trend in the expansion of
areas occupied by the weed, but by 2024 these figures
began to decline in some areas.

Numerous A. artemisiifolia L. outbreaks are still
observed along the edges of the roadsides of the Tav-
rida highway, almost along its entire length. Consider-
ing that transport corridors facilitate the spread of the
quarantine pest to nearby territories, including segetal
habitats, it is necessary to ensure a high level of protec-
tive measures against it (Fig. 3).

The observed sharp increase in the growth of
weed areas is caused by several reasons. On the one
hand, this was facilitated by changes in the transport
logistics of the region. Secondly, a new
methodology for recording lands con-
taminated with quarantine pests,
which is relevant in the Russian Fed-
eration, began to be applied. Thirdly,
starting in 2017, the development of
the region’s road infrastructure and
transport arteries began, which led to
an increase in the number of habitats
favorable for the development of inva-
sive plant species.

In 2018, following the order of
the Council of Ministers of the Re-
public of Crimea dated September 25,
2018 No. 1143-r, an action plan was
approved and implemented to control
ragweed in 2019-2021, which made it
possible to eliminate many outbreaks
on the territory of preschool institu-
tions, schools, higher educational in-
stitutions, medical, sports complexes
and stadiums, sanatorium institutions
(Order, 2018). Since 2019, funds have
been repeatedly allocated to the

Fig. 3. Synanthropic flora of the federal
highway “Tavrida” Simferopol —
(Cumdpepononb — benoropck) 2020 r. Belogorsk 2020
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U TPAHCIOPTHBIX apTEPUN, UTO IIPUBEJIO K yBeJINUe-
HUI YUCJa MeCTOOOUTaHUM, 6JIarONPUATHBIX JIs
Pa3BUTHS MHBA3UBHBIX BULOB PACTEHUH.

B 2018 1. Bo ucrniosiHeHue pacropsxeHusa CoBeTa
MUHUCTPOB Pecriybsiviku KpbiM oT 25 ceHTs16pg 2018 1.
N2 1143-p 6bLT YTBEP)K/IEH U BBITIOJHEH IJIaH MEePO-
IpUATUY 110 60pbbe ¢ aMbpo3urell TTOBIHHOJIUCTHOMN
B2019-2021 rr., 4TO ITI03BOJIUJIO IUKBUIMPOBATE MHO-
’KeCTBO 0UaroB HAa TEPPUTOPUHU AETCKUX JOMKOIbHBIX
YUpPEXIEHNH, ITKOJI, BLICITHX YUeOHbBIX 3aBeIeHUH, Me-
IUIUHCKUX, CIIOPTUBHBIX KOMIIJIEKCOB U CTaJIIOHOB,
CaHATOPHBIX yupexaeHusx (Pacmopsokenue, 2018)
B GromxeT MyHUIIMITAJIBHBIX 06pasoBaHuil Pecry6iu-
ku Kpeim ¢ 2019 I. HEOJHOKPATHO 3aKJIaJbIBaJUCh
cpencTsa 1Jist 60pbObI C aMOPO3Mii ITOJIBIHHOJINCTHOMH,
YTO TaKXe 6JIaronpusTHO BIAUSET Ha DKOJIOTUUECKYIO
COCTAaBJISIONIYIO [TOJIYOCTPOBA B HAIIY JHU.

PaszpaboTaHHbBIe aBTOPAMU 3JIEMEHTHI UHTETPU-
POBAHHOY 3aIUTHI UCIIOJIb30BANKCH B X0/Ie 06CYIK-
IeHUM Ha paboueM coBemaHuu B CoBeTe MUHUCTPOB
Pecmry6uku KpbiM 110 BoipocaM 60pb6bI ¢ aMOPO3U-
ey moabiHHOIKUCTHOU (CadpoHoBa, 2023). ITo npock-
6e memnyraTta l'ocymapcTBeHHOro CoBeTa Pecrybinuku
Kpeim (I'C PK) II cosbiBa, mpenacemaTens Komurera I'C
PK 110 skosioruu u npupogHbeiM pecypcam I A. Illaro-
BaJIOBA, pa3paboTKy ObLIU UHTETPUPOBAHLL B T3 M1
HOAPSIIUYNKOB, KOTOPbIE 3aHUMAIOTCSI 60pb6Oi ¢ aM-
6po3ueli MOJBIHHOJIUCTHON B CuMdeporiose, u yxe
NpUMeHATcsa ¢ 2023 T.

HecmoTpsl Ha Mepsl rOCyLapCTBEHHOIO CTUMY-
JIMpOoBaHUs 60pbOBI C aMOPO3Yell TOJIBIHHOJVCTHOMH,
OHAa 3HAUUTEJIbHO PACIIPOCTPAHMIIACH B PyZlePaIbHBIX
c006IIecTBax, BKIYast 60JbIIMHCTBO ITPULOPOKHBIX
TeppuTopuii KpeiMa, mpouspacTaeT BAOJb KeJe3-
HOJIOPOXKHBIX TyTeH, eTI0, Ha TEPPUTOPUIX CTPOEK.
3acopsieT MOCEeBHI IIPOIIANTHBIX U 3€ PHOBBIX CEIbCKO-
X034MCTBEHHBIX KYJIBTYP, OTOPObI, Cafibl, BUHOTPAJ-
HUKHU, JIyTa, TacTOUIIA, 1oJie3alluTHbIE JIeCHBIE T10JI0-
CBI, BCTPEUYAEeTCs B HaCeJIEeHHBIX MyHKTaX (Barpmkoga,
2013; barpukoBa u gp., 2021; lluukeBuu, OMebgHEH-
Ko, 2021; lIluukeBudy, 2019a, LTuakesud, 20196).

[TogTBEpXAeHHbBIE LaHHBIE «CTPEMUTEIBHOTO»
pacrIpoCcTpaHeHud 3JI0CTHOTO KADAHTUHHOT'O COPHOI'O
pacTeHud Ha TeppuTopuu KpbiMa 3a rocjiegHue IATh
JIeT IpeJCcTaBJIeHbI B Ta6. 1.

IlaHHbBIE, TPEeACTaBJIEHHBIE B Ta0J. 1, TOKa3bIBa-
10T, uTO Ha 1 sHBaps 2025 1. aM6Ppo3ust TTOJBIHHOJIVICT-
Has HauboJiee PacIIPOCTPaHeHA Ha TEPPUTOPUM TaKUX
patioHoB Pecriy6simku KpbiM, kKak KpacHoTrBapeicKui
c momanbio 60 528,58 ra, CuM@peponoabCKUl —
58 436,35 ra, [I>kaHKOUCKUH — 32 942,32 ra u JIeHUH-
ckmit — 32 563,5 ra, HAMMEHBIIYIO TIJIONAAb 3aHVMa-
€T B TOpoJcKuX JaHnmadTax I. Anymra (445,5 ra),
HO Jla)ke TakK, 3a MocjJefHUe TOAbI IJIONIaAb 04aroB
B ropojie yBenuuuack 6ojiee ueMm B 10 pas. O6mas
IUHaMUKa paclIiupeHurs IJIoIalell COpHsIKa 3a 6oyiee
yeM 70-JIeTHUI ITIEPUO, IIPeICTaBleHa Ha puc. 4.

Ha cerogHamHuy geHb (KoHel, 2024 — HayaJlo
2025 I.) aKTUBHO IIPOU3BOAATCSA PAaGOTHI IO CTPOU-
TeJBbCTBY Tpacchl «TaBpuma» 0T AHrapcKoro repeBala,
Yyepes I. AJIYIITY U J0 T. 4JTa, YTO CIIOCOGCTBYET ele
6oJIbIIIEMY paccesieHN0 aMOPO31Y TTOJBIHHOJICTHON
Ha noJiyocTpoge. [IpeAmniosnaraeM, YTO B CBI3U C 3TUM
B GurrokatinieM oymyireM o Bcemy FOBK chopmupyioT-
CS1 yCTOMYMBBIE TIOMYIAINY KAaPaHTUHHOT'O BPEIHOT0
opranusMa.

budget of municipalities of the Republic of Crimea to
control ragweed, which also has a beneficial effect on
the ecological component of the peninsula today.

The integrated protection elements developed by
the authors were used during discussions at a working
meeting of the Council of Ministers of the Republic of
Crimea on issues of controlling common ragweed (Sa-
fronova, 2023). At the request of the Deputy of the State
Council of the Republic of Crimea of the II convocation,
Chairman of the Committee of the State Council of the
Republic of Crimea on Ecology and Natural Resources
Shapovalov G.A., the developments were integrated
into the terms of reference for contractors engaged in
controlling common ragweed in Simferopol and have
already been used since 2023.

Despite government measures to stimulate the
control of common ragweed, it has spread significantly
in ruderal communities, including most roadside ar-
eas in Crimea, grows along railway tracks, depots, and
construction sites. It infests row crops and grain crops,
vegetable gardens, orchards, vineyards, meadows, pas-
tures, forest shelterbelts, and is detected in populated
areas (Bagrikova, 2013; Bagrikova et al., 2021; Tsink-
evich, Omelyanenko, 2021; Tsinkevich, 2019a, Tsink-
evich, 2019b).

Confirmed data on the “rapid” spread of this quar-
antine weed in the territory of Crimea over the past five
years is presented in Table 1.

The data presented in Table 1 show that as of
January 1, 2025, common ragweed is most common
in the following districts of the Republic of Crimea:
Krasnogvardeisky with an area of 60,528.58 ha, Sim-
feropolsky — 58,436.35 ha, Dzhankoysky — 32,942.32
ha and Leninsky — 32,563.5 ha, the smallest area is oc-
cupied in the urban landscapes of Alushta (445.5 ha),
but even so, in recent years the outbreak area in the
city has increased more than 10 times. The general dy-
namics of the expansion of the weed area over a period
of more than 70 years is presented in Fig. 4.

Today (late 2024 — early 2025), work is actively un-
derway to build the Tavrida highway from the Angarsk
Pass, through the city of Alushta and to the city of Yalta,
which contributes to an even greater spread of common
ragweed on the peninsula. We assume that in this re-
gard, stable populations of the quarantine pest will form
throughout the South Coast of Crimea in the near future.

CONCLUSION

More than 70 years have passed since the introduction
of common ragweed into the territory of the Crimean
Peninsula. The species expansion in Crimea can be
divided into three periods: the first (1954-1990) was
the gradual advance of common ragweed from sever-
al primary points of introduction across the territory
of populated areas and agricultural lands; the second
(1990-2016) was a period of economic instability,
during which the number of abandoned agricultural
lands increased and the level of control over the num-
ber of common ragweed decreased; the third (2016—
2023) was a period of economic revival of the Republic
of Crimea, industrialization and development of road
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Ta6J. 1. KapauTrHHBIE hHTOCAHUTAPHbIE 30HBI aMOPO3UH IMOJIBIHHOJIUCTHOI

Ha TeppuTopuu Pecny6sviku KpbiM 3a nocjiegHue 5 et

(10 JaHHBIM HalMOHAJIBHBIX JOKJIAJ0B 0 KAPAHTUHHOM (PUTOCAHUTAPHOM COCTOSSHUM TeppuTopuu Poccuiickoii
depepanuu 3a 2020, 2021, 2023, 2024 roga; BypHaues, IkoBjieBa, 2023; BypHames, HecTtepeHKoBa, 2025)
Table 1. Quarantine phytosanitary areas of common ragweed

in the territory of the Republic of Crimea over the past 5 years

(according to the National Reports on the Quarantine Phytosanitary Status of the Territory of the Russian Federation
for 2020, 2021 2023, 2024; Burnasheyv, Yakovleva, 2023; Burnashev, Nesterenkova, 2025)

KapanTunHasg ¢guTOoCaHUTAPHAA 30HA, Ta

Homep, “ Quarantine phytosanitary area, ha

n/u HaceJleHHbIH yHKT

Ne Populated area 2019 2020 2022 2023 2024

1 ST L S ) Ak 4257,7 4836,76 5958,6 5276,88 5276,88
Bakhchisaray district

2 benoropckuit paox 21811,9 21877,83 22247,7 20931,11 20931,11
Belogorsky district

8 LT T O (O 33202,35 31812,35 33307,3 31 756,32 32 942,32
Dzhankoy district

4 Kuposcxuit paiton 18798,558  18818,55 18876,6 16 712,092 16 712,092
Kirovsky district

5 U IR L w0 60 400,55 60 400,45 60 400,4 59 328,58 60 528,58
Krasnogvardeysky district

6 Kpacroneperorickuu pauox 9332,53 9329,98 9332,5 9289,048 9289,05
Krasnoperekopsky district

7 00 ek hider: 30485184 31 405,88 35 732,2 31339,5 32563,5
Leninsky district

8 Hixueropckuit paiox 15367,3 15762,5 15599,3 15 338,04 15 338,04
Nizhnegorsky district

9 GO O g2 0 9751,24 10 081,24 10111,2 12 480,61 15 398,61
Pervomaysky district

10 Pas/IoNbHEHCKIM PAUOH 8288,6 8400,6 8400,6 8103,47 8203,47
Razdolnensky district

11 e 0T 27 060 27 140,25 29 320,2 22587,197  27788,2
Saksky district

12 CuMpepononbCkuid paiton 36 243,523  32277,97 52 730,9 55 541,35 58 436,35
Simferopolsky district

3 STt g T 15 663,07 15 663,07 15 663,1 12 318,87 12318,87
Sovetsky district

14 ‘1epHOMODCKHY PaiOH 141842 14184,2 141842 12 744,92 12 744,92
Chernomorsky district

15 BERREIREEE 4073,89 4073,89 4098,1 3018,246 3018,25
Feodosia urban district
r. 0. Cymak

16 e e distriet 702,29 702,29 702,3 702,29 921,29

17 8 AR 1620 1620 1620 1620
Yevpatoriya city

18 r. Kepun 1761 2271 1761 2271 2271
Kerch city
I. 0. AnmymTa

= Alushta urban district g = L3 s S

3AKJIIOUEHUE

C MOMeHTa NPOHMKHOBEHUS aMOPO3UU ITOJBIHHO-
JINCTHOM Ha TEPPUTOPHUIO TTOJYOCTPOBa KPbIM mpo-
o 6osiee 70 jieT. MOXKHO BBIZIEJIUTH TPU MEPUOLA
9KcraHcuu Buzia B KpeiMy: nepBbiit (1954-1990) —
TIOCTEeNEeHHOE TPOIBMKEHYE aMOPO3UU 13 HECKOJIb-
KUX IIEPBUYHBIX TOUEK 3aHOCA T10 TEPPUTOPUH Hace-
JIEHHBIX ITYHKTOB U 3€MeJIb CeJIbCKOX035IMCTBEHHOTO
HasHavyeHus, BTOpoi (1990-2016) — mepuo, 5KOHO-
MUYECKON HeCTabuIbHOCTH, ITPY KOTOPOM BO3POCJIO
KOJINYECTBO OPOIIEHHBIX CEJIbCKOX03IMCTBEHHBIX

infrastructure, accompanied by a sharp increase in
A. artemisiifolia L. outbreaks. The intensive rise of the
curve (Fig. 4) is associated to some extent with the
methodology used to determine the contamination
area by the quarantine pest, according to which the
buffer zone of the outbreak is taken into account.
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YTOAUM, CHU3UJICS YPOBEHDb KOHTPOJIS YNCIEHHOCTH
aMO6po3MK MOJIBIHHOJKUCTHOM; TpeTui (2016-2023) —
IepUoJ; SKOHOMUYECKOTO BO3POXKAeHU Peciy6InKu
KpbIM, MHAYCTPUANU3AIUYN U PA3BUTHUS JOPOKHOMU
UHGPACTPYKTYPHI, COTTPOBOXKAAIMUNCSA PE3KUM PO-
cToM ouaroB A. artemisiifolia L. U'HTEHCUBHBIN TIOb-
€M KpUBO# (CM. puc. 4) CBSI3aH B HEKOTOPOI CTETIeHU
C HUCII0JIb3yeMOU MEeTOIVKOM, TI0 KOTOPOU OIIpesesis-
JIach IIOILALh 3aCOPEHMS KaPpaHTUHHBIM 00 bEKTOM,
COTJIACHO KOTOPOY yuuThIBaeTcsa OydepHas 30HaA
ouara.

3a 5To0 BpeMsa aMOp0o3us MOJbIHHOJIKMCTHASA pac-
MPOCTPAHUJIACh U 3aHAJa GOJbIIYI0 YacCTh TEPPU-
TOPUM CTEIIHOTO U HpeAropHoro KpriMa u 3aKpernu-
JIach B Pa3JIMYHBIX MECTOOOUTAHUSIX. BEpOITHO, 3TO
TIpoU30ILIO0 byarogaps crnocobHocTu A. artemisiifolia
¢dopMUpoOBaTH 00JIBIIOE KOJIUYECTBO JIETKO PacIpo-
cTpaugeMbix miaomoB (Dickerson, 1971; Bassett et al.,
1975; ®ucrwoHoB, 1970).

INaHHBIM BUJ MOXXHO OTHECTM K HKOJIOTHYe-
CKHM COPHSIKaM, KOTOpble 06J1alal0T BhICOKOM KOH-
KYPEHTOCTIOCOGHOCTbIO, 3HAUUTENBHO YTHETAIOT POCT
¥ Pa3sBUTHE BO3AEJIbIBAEMbBIX CEJIbCKOX03SICTBEHHBIX
KyJIbTYP. BPeZOHOCHOCTH OT aMOPO3UY TIOJIBIHHOJIVICT-
HOU B palloHaX MacCOBOTO ee PacIipoCTPaHeHUs JI0-
CTAaTOYHO BEeJIMKA, TaK KaK pacTeHKe HeraTUBHO BJIH-
seT Ha CAMOYyBCTBUE JIIOJIe}, CHUKAET YPOXKAaWHOCTh
CeIbCKOX03IMCTBEHHBIX KYJIbTYP, YBEJINUNBAET 3aCO-
PEHHOCTB IT0JIyYaeMOoro yporKas, YXyAIIaeT KaueCTBO
¥ IPONYKTUBHOCTH MACTOUIN, YBEJIUUYUBAET PACXOT,
Ha OUMCTKY CEMSH CeJIbCKOX035IHCTBEHHBIX KYJIBTYD,
a TakXke Ha arpoTeXHOJOTHYecKrue MepPONpPUSITU
¥ IpUMEHEeHYs TepOnIUI0B.

TakuM 06pa3oM, 0COGEeHHOCTU OGMOJIOTUY BUIA,
HeI0O0IeHKa OMaCHOCTY ¥ BHICOKOM KOHKYPEHTOCIIO-
coOHOCTH aMOPO3UH MOJBIHHOJINCTHOM, a TaK)XXe He-
cobroieHre HayYHO 060CHOBAHHBIX MEPOTIPUATUAN
10 JIOKAJIU3AaIUY M YHUUTOXKEHUIO STOTO 3JIOCTHOTO
COpHSKA B KOHEYHOM UTOTr'e IIPUBEJIX K PacIIpoCTpaHe-
HUIO KaPaHTUHHOTO BPEIHOTO OPTaHN3Ma BO MHOTUX
peruonax IOra Poccutickoii ®enepalnu, B TOM YKUCTIe
u B Kpbimy.

During this time, common ragweed spread and
occupied most of the territory of the steppe and foothill
Crimea and settled in various habitats. This probably
happened due to the ability of A. artemisiifolia to form
a large number of easily dispersed fruits (Dickerson,
1971; Bassett et al., 1975; Fisyunov, 1970).

This species can be classified as an ecological
weed that is highly competitive and significantly in-
hibits the growth and development of cultivated crops.
The harmfulness of common ragweed in areas of its
mass distribution is quite high, since the plant has a
negative impact on people’s well-being, reduces crop
yields, increases weediness of the harvest, worsens the
quality and productivity of pastures, increases the cost
of cleaning crop seeds, as well as agro-technological
measures and the use of herbicides.

Thus, the peculiarities of the species biology, un-
derestimation of the danger and high competitiveness
of common ragweed, as well as failure to comply with
scientifically based measures to detect and eradicate
this weed ultimately led to the spread of the quarantine
pest in many regions of the south of the Russian Feder-
ation, including Crimea.
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