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AHHOTALIUA
[TpoBeieHa OIleHKa TPUMEHUMOCTH (BaTUIAIINS) IBYX
TECTOB Ha OCHOBE TOJIUMEPa3HOU IEMTHON peakInuu
B peaJbHOM BpeMeHU U TecTa B popmaTe FLASH ¢ KoM-
MepuecKuMu HabopaMu AJs Beiaenenus JHK u mis
amMmInUKauy ITPOU3BOJICTBA POCCUMCKUX KOMIIA-
Hun 000 «ArpoJuartHoctuka» 1 000 «CUHTOI», a TaK-
JKe C UCII0JIb30BaHMEM OTeUeCTBEHHbBIX aMILIM(UKa-
TOPOB [JI4 BBISIBJIEHUS F'eHETUUECKOr0 MaTepuajia
KOMILJIEKCA BO3OyAUTe el KapaHTUHHOTO 3a60jeBa-
HUs 6ypoil 6aKkTepuaibHON rHUIU KapTodess Ralsto-
nia solanacearum sensu lato B paCTUTEIBHOM 3KCTPAKTe
KapTodesa 1 po3. AHAJIUTUUECKas YyBCTBUTEJIbHOCTD
TECTOB [Jig GOJBUIMHCTBA IITAMMOB COCTaBHJIA
102-10° KOE/Ma. IToBTOPSI€eMOCTh ¥ BOCIIPOU3BO/IU-
MOCTb TeCTOB Ha OCHOBe [IlIP B peajlbHOM BpeMeHU
3aBUCEJIU OT UCIOJIb3yeMOT0 Mprubopa. 3HAUEeHUS pa-
6oumnx kpuTepueB 10 100% IoJydYeHbI HA JEeTEKTHU-
pytonreM ammaudukatope «JIT-1aliT» IPOU3BOACTBA
komnaHuu 000 «JJHK-TexHnosorusg». Ha ocHoBaHUM
pe3ysbTaTOB MCIBITaHUHE Ha6opbl 000 «Arpo/luarto-
CTHKa» MOT'YT GbITh PEKOMEHI0BAHbI /)15 IPOBEIEHUS
YHUBEPCAJbHBIX OTOOPOYHBIX TECTOB IIPU BHITIOJTHE-
HUU JIabOPATOPHBIX UCCIeN0BaHNI 06Pa3I[0B ITOJIKa-
PAHTUHHOY MPOAYKIIUY Ha BhIBJIeHNE BO30yAMTEIe !
BUIOBOTO KoMILIekca. TecT ¢ HaGopoM OO0 «CHUHTOJI»,
crennUUHBIN K R. solanacearum pacse! 3 6uoBapa 2,
MOJET OBITh MCIIOJIb30BaH JAJIs IO TBEPXKIEHUS I10-
JIOKUTEJIbHOTO Pe3yibTaTa 0OT60POYHOTO TEeCTa WU
B KauecTBe OTOOPOYHOI0 TIPU UCCIIENOBAaHUYU 06pas-
1I0B U3 30H pacnpocTpaHeHud R. solanacearum pacsel 3
6roBapa 2, a Tarke i suddepeHaabHON 1UarHo-
CTUKY 3TOU T'PYTIIIHL.

Knrouesvie cnosa. Kaptodens, posa, 6ypast THUIb
KapTodesis, [MarHoCTUKa, Balugaius, KapaHTUH.
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Validation of PCR tests
with Russian kits for the
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in plant extracts
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M.O. KONDRATIEV?, YE.YU. SHNEYDER*
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ABSTRACT
The validation of two tests based on gPCR and a FLASH
test with commercial kits for DNA isolation and ampli-
fication produced by Russian companies AgroDiagnos-
tika and Syntol was assessed, as well as using Russian
amplifiers for identification of the genetic material of a
complex of causative agents of the quarantine disease,
brown rot and bacterial wilt Ralstonia solanacearum sen-
su lato, in extract of potatoes and roses. The analytical
sensitivity of tests for most strains was 10>-10° CFU/ml.
The repeatability and reproducibility of RT-PCR tests
depended on the instrument used. The values of the
working criteria up to 100% were obtained on a qPCR
machine DT-light manufactured by DNA-Technology.
Based on the test results, AgroDiagnostika kits can be
recommended for carrying out universal screening
tests during laboratory studies of regulated products
samples to identify pathogens of the species complex.
The test with the Syntol kit, specific to R. solanacearum
race 3 biovar 2, can be used to confirm a positive result
of the screening test or as a screening test when exam-
ining samples from the spread areas of R. solanacearum
race 3 biovar 2, as well as for differential diagnosis this
group.

Key words. Potatoes, rose, brown potato rot diag-
nostics, validation, quarantine.
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BBEJIEHUE

036ynuTesb Oypoll GaKTepuaJibHOMU
rHunu  Kaptodens (Ralstonia sola-
nacearum (Smith) Yabuuchi, Kosako,
Yano, Hotta & Nishiuchi) — kapanTus-
HBIM OOBEKT HJsg TeppuTopuu EBpa-
3UHCKOr0 SKOHOMMYECKOTO COI03a
(EADC). TMaToreH, MOpakaroIIuil Imac-
JIEHOBbIE KYJIBTYPBI U apaxuc B A3uw,
Ha tore CIIIA u B FO)xHO¥ AMepuKe, ObLI U3BECTEH C KOH-
na XIX Beka M B HaCTOsIee BpeMd pPaclipoCTPaHUIICA
MIPAaKTUYECKU 110 BCEMY MUPY OT SKBATOPUAJIbHBIX
obutactelr mo mupoT CeBepHOI EBpoIb! 1 [TaTaroHuu
(EPPO, 2004; EPPO Global Database, 2021). BakTepuu
ITOPAa’Kai0T COCYAUCTYI0 CUCTEMY, BbI3bIBAsI CUMITTOMBbI
VBIZAHUS 1 TU6eIb IIMPOKOT0 KPyTa PaCTEeHU.

I repputopun PO 1 EASC B HacTod1ee BpeMs
HaubOJNBIINYA PUCK IIPEACTaBIsIeT IIopakeHre Kap-
todens (Solanum tuberosum L.) ¥ PYTUX TTACJIE€HOBBIX
KYJIBTYP, OJJHAKO CITMCOK BKOHOMUYECKU 3HAUMMBIX
pacTeHuil — X0351€B IIaTOreHa MPOLOJKAET ITOTIOJIHSITh-
cs1. Bo3bynuTenb GbLT BhISIBJIEH Ha CBeKJe (Beta vulga-
ris L.) na TariBane (Lin et al, 2015), Ha pose (Rosa Sp.)
B Hugepnangax (Tjou-Tam-Sin et al., 2017), Ha ThIK-
BeHHBIX KynbTypax (Cucurbitaceae) B dnonuu (Horita
et al.,, 2014), Kutae (She et al., 2018) u Ha MapTUHUKE
(Wicker et al., 2007), na roxyouke (Vaccinium corymbo-
sum L.) B CIIIA (Norman et al., 2018), Ha TeKOPaTUBHBIX
KyJbTypax, B T. U. KyJIbTUBUPYEMBIX B OTKPBITOM I'PYH-
Te (EPPO Global Database, 2021).

Co BpeMeHU OIMKMCAHUSA MUKPOOPTAHU3M GBI
MHOTOKpPaTHO pekjaccuduimpoBaH. B HacTosgIIee
BpeMs Ha OCHOBE XapaKTepPUCTUK reHoMa poz Ralsto-
nia oTHeceH K ceMercTBy Burkholderiaceae, Bkito-
4YeHHOMY B KJjacc Betaproteobacteria, Torma xak
10 HeJlaBHEro BpeMeHU Ha 0CHOBe MOPQO0JIOT0-010-
XUMUYECKUX CBOUCTB rpyIina Ralstonia solanacearum
sensu lato Bxomuia B poJ Pseudomonas, Ha TaHHBIN MO-
MEeHT OTHeCeHHBbIH K kjlaccy Gammaproteobacteria
(EPPO Global Database, 2021).

BHyTpY T'PYIITBI MITAMMOB Ha OCHOBE UX OMOXU-
MHYECKOI'0 ¥ aTOTE€HHOI'0 IoJuMopdu3Ma BhIIEsI-
10T 5 6moBapos (bv.) u 5 pac, He Bcerjia KOPPeIupyo-
mux Mexxay coboit (Buddenhagen et al., 1962). PaGoTbl
I10 KJIaCCU(DUKAIIAY IITAMMOB Ha OCHOBE T€HETUUECKOTO
(brHTepIPUHTUHTA, CEKBEHUPOBAHMS ITOCIEI0BATEb-
HocTel reHa 16S pPHK 1 Me)XreHHOro yyacTtka 16-23S,
MOCJIEIOBATEIbHOCTEN T€HOB TOJUTraJIaKTyPOHAa3bl
Y DHIOTJIIOKaHA3bI TTI03BOJIMJIN BRIAEIUTD 4 (rIoTUIIA
(I - rraMMBbI @3MATCKOTO ITPOMCXOXKIEHNUS, I — ITaMMBbI
I0KHOAMEPHUKAHCKOTO ITPOUCX0XaeHMd, Il — mraMMmsbl,
BBISIBJIEHHBIE B BBICOKOTOPHBIX patioHax Adppuku, IV —
IITaMMbl 13 VIHIOHEe3UH, SITOHNY ¥ ABCTPAJIN), 00b-
enuHsONIMe 23 cekBeBapa. [10CKOJIbKY reHETUYECKOe
CXOJICTBO HEKOTOPBIX I'PYIII NITAMMOB, OlleHUBAaeMOE
meTomoM JHK-IHK-rubpuamsanuy, 3a4acTyo ObLI0
MeHee 70%, Fegan u Prior (2005) TTpeJIoXKUIA paccMa-
TpuBaTh R. solanacearum Kaxk BULOBOM KOMILIEKC.

B 2014 r. TaKCOHOMMUS BHUJ0BOT0O KOMILJIEKca R. s0-
lanacearum sensu lato 6bli1a IepecMOTpeHa Ha OCHOBE
KOMOMHAIIMY F€HOMHBIX ¥ NPOTEOMHBIX XapaKTe-
puctuk (Safni et al., 2014). BUmoB0o# KOMILJIEKC ObLI
pasmenied Ha 3 Buma: Ralstonia solanacearum (Smith)
Yabuuchi et al. emend. Safni et al., Ralstonia pseudoso-
lanacearum Safni et al. u Ralstonia syzygii (Roberts et al.)
Vaneechoutte et al. HoBoe paszmejeHue BUIOB COBIIA-
laeT ¢ TIpenpIayinei kiaccudukranuein GUIOTUIIOB:

INTRODUCTION

he causative agent of potato bacterial wilt

(Ralstonia solanacearum (Smith) Yabuuchi,

Kosako, Yano, Hotta & Nishiuchi) is a qua-

rantine object for the territory of the Eura-

sian Economic Union (EAEU). The pathogen
affecting Solanaceae crops and peanuts in Asia, the
southern United States and South America has been
known since the late 19 century and has now spread
to almost the entire world from equatorial regions to
latitudes in Northern Europe and Patagonia (EPPO,
2004; EPPO Global Database, 2021). Bacteria infect the
vascular system, causing wilting symptoms and death
of a wide range of plants.

For the territory of the Russian Federation and
the EAEU, the greatest risk is currently posed by da-
mage to potatoes (Solanum tuberosum L.) and other So-
lanaceae crops, however, the list of economically im-
portant host plants of the pathogen continues to grow.
The causative agent has been identified on beets (Beta
vulgaris L.) in Taiwan (Lin et al, 2015), on roses (Rosa
sp.) in the Netherlands (Tjou-Tam-Sin et al., 2017),
on Cucurbitaceae crops in Japan (Horita et al., 2014),
China (She et al., 2018) and in Martinique (Wicker et
al., 2007), on blueberries (Vaccinium corymbosum L.) in
the USA (Norman et al., 2018), on ornamental crops,
including those cultivated in the open field (EPPO
Global Database, 2021).

Since the description, the microorganism has
been reclassified many times. Currently based on
genome characteristics, the genus Ralstonia belongs
to the family Burkholderiaceae, included in the class
Betaproteobacteria, whereas until recently, on the
basis of morphological and biochemical proper-
ties, the group Ralstonia solanacearum sensu lato was
part of the genus Pseudomonas, currently referred to
the class Gammaproteobacteria (EPPO Global Data-
base, 2021).

Within the group of strains, on the basis of their
biochemical and pathogenic polymorphism, 5 biovars
(bv.) and 5 races are distinguished, which are not al-
ways intercorrelated (Buddenhagen et al., 1962). The
work on the classification of strains based on gene-
tic fingerprinting, sequencing of the 16S rRNA gene
and 16-23S intergenic region sequences, polygalac-
turonase and endoglucanase gene sequences made it
possible to identify 4 phylotypes (I — strains of Asian
origin, II — strains of South American origin, III -
strains identified in high-altitude regions of Africa,
IV - strains from Indonesia, Japan and Australia),
combining 23 sequevars. Since the genetic similarity
of some groups of strains, assessed by DNA-DNA hyb-
ridization, was often less than 70%, Fegan and Prior
(2005) proposed to consider R. solanacearum as a spe-
cies complex.

In 2014, the taxonomy of the species complex
R. solanacearum sensu lato was revised based on a com-
bination of genomic and proteomic characteristics
(Safni et al., 2014). The species complex was divided
into 3 species: Ralstonia solanacearum (Smith) Yabuu-
chi et al. emend. Safni et al., Ralstonia pseudosola-
nacearum Safni et al. u Ralstonia syzygii (Roberts et al.)
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R. pseudosolanacearum (punotun I u III), R. solanacearum
(bummotum I) u R. syzygii (bunotumn IV) (Safni et al., 2014;
EPPO, 2018; EpoxoBa, 2020). B COOTBETCTBUM C TAKCO-
HOMMWYECKUMU U3MEHEHUSIMU TPYTIIIBI, IJISI KOPPEKTHU-
poBKU [TepeuHs KapaHTUHHBIX 06beKTOB P®, a mo3xe
u EA3C, B 2018-2019 rT. 6611 IPOBeNeH aHaIu3 Gu-
TOCAaHUTAPHOTO PUCKA HOBBIX BUIOB IIJISI TEPPUTOPUY
P®. Ha ocHOBaHUU JINTEPATyPHBIX UCTOUHUKOB, a TaK-
’Ke TIPOBE/IEHHBIX aBTOPaMU BETeTaIllMOHHBIX OTIbITOB
Bce 3 BUIa KOMILIEKCA ObLIY ITPHU3HAHbI IIOTEHIINAIb-
HO OIIaCHBIMU [Jig TeppUTOpUU PP U npenjioKeHbl
K BKJIIOUEHUI0 B EAVHBIN MepeuyeHb KapaHTUHHBIX
06bexToB EASC (IllHetimep u np., 2021).

C mOMOIIbI0 COBPEMEHHBIX METOMOB JUATHO-
CTUKU BO30OYyAUTENb OYypOl THUJIU BIEePBbIe HA TEP-
putopuu P® 6bLI BeIABIEH VPKYTCKUM (QUIMATIOM
®I'BY «BHUVKP» B IpO0BOJILCTBEHHOM KapTodesie
n3 KHP B 2008 .

ITepexBaThl R. solanacearum B P® 6b11u 3aduKcu-
pOBaHbI U3 caenyonux crpaH: Eruner u KHP (c 2011 T
MpPaKTUYeCKy exeronHo), Mugusa (2011, 2015), Bauria-
nmemr (2014, 2015), Asep6atimxan (2017, 2021), Mpau
(2016, 2017, 2018), I'pysus (2021). B 2016 r. B 1a6o-
paTopuio VpkyTckoro guanajia OT YaCTHOTO JINIIA T10-
crynui o6pazer; 6aHAHOB C CUMIITOMAaMU «KPOBSHOM
6oJie3Hn». ViccienoBaHYs TOTBEPAUIN IIPUCY TCTBUE
BO30yAUTENIS, OTHOCSIIEr0CS K BULOBOMY KOMILJIEKCY
R. solanacearum sensu lato M BBI3BIBAIOIIETO «KPOBSIHYIO
60Jie3Hb» B IHJIOHE3UX U COCEIHUX OCTPOBHBIX I'OCY-
nmapcrax (https://fsvps.gov.ru/fsvps/print/news/16317.
html). PrCK IpOHUKHOBEHHUS Pa3IUYHBIX BULOB KOM-
mjiekca Ha Tepputoputo EA3SC ocTaeTcs BBICOKUM, UTO
TpebyeT obecrieueHus ero HaJle)KHOTO BBISBIIEHUS
B IApTUSX MOAKAPAHTUHHOMN NMPOAYKIIUY U TIPU IIPO-
BeJleHnU 06CJIeIOBaHNS TEPPUTOPUH.

B 2018, B cBSI3U ¢ pekJiaccuuKaie BUI0BOr0
KoMILIeKca Ralstonia solanacearum sensu lato, GBI BBITTY-
el o6HOoBJIeHHBIN CTaHmapT EBporelickoil u Cpenu-
3eMHOMOPCKOM OpraHu3aliuy 1o KapaHTUHY U 3alIUTe
pacrenuii (EOK3P) PM 7/21 (2) Kak IJis oTIpenesieHrs
KOMILJIeKCa B IIeJIOM, TaK U AJig guddepeHInaaibHON
IMarHOCTUKY IMITAMMOB, OTHOCSIIIUXCSI K BHOBD BhIJIe-
genubiM BugaM (EPPO, 2018). PoccuiickuMu KoMIIa-
HUSAMU ObLIN Pa3paboTaHbl TOTOBbIE HAGOPHI AJI MO-
JIEKYISIPHOU AUATHOCTUKY BO36yAMTeN s 6ypoii THUIIU.
bakTepuosorudeckasa koyekuusga ®IrbyY «BHUVKP»
OblLJIa TIOTIOJIHEHA HOBBIMHU KOJIJIEKIIMOHHBIMHY IITAM-
MaMu BUJIOBOTO KOMILIEKCa, 6JIM3KUX BUMOB, LPYTUX
TIaTOreHOB KapTo(eJis, a TAK)XKe OPUTUHAJIbHBIMU U30-
JISTaMU, BBIZEJIEHHBIMU 13 JIa60OPATOPHBIX 00Pa3IIoB.
TakuM 06pa3oM, K HaCTOSILeMy BpeMeHU BO3HUKJIA
Heo6XOIMMOCTb TIePEeCMOTPa UCIIOJb3yEMbIX B aK-
KpeouTOBaHHBIX JlabopaTopusx Poccenbxo3Haa3opa
PYKOBOZICTB T10 IMarHOCTUKe BUIOB KOMILIEKca R. so-
lanacearum sensu lato.

[Ipu vccaemoBaHUY 00PAa3IloB ITOAKAPaHTUHHON
TIPOAYKIIUY Ha BbISIBJIEHNE MUKPOOPTAaHU3MOB HaU-
0oJiee IPUMEHUMBI TECThI Ha OCHOBE OJIUMepPa3sHOu
LIETTHOM peakiuu ¢ payopecueHTHON MeTKou (TTLP
B peanbHOM BpeMmeHu (TTLP-PB) unu ¢JyopecieHT-
Hag aMITM(UKAIIUI C JeTeKIIel 110 KOHEUHOU TOY-
ke (FLASH)) (3aBpueB u zp., 2007; Pe6puKoB u 1p.,
2009). 3T TECThl COUETAIOT II0TEHIINAJIbHO BBICOKHE
YyBCTBUTEIBHOCTD, CIIELU(DUUHOCTE, CKOPOCTH U IIPO-
U3BOJIUTEIbHOCTD MCIIOJTHEHNS, & TAaK)Ke YHUBEPCAIb-
HOCTh OCHAaIlleHUs JabopaTOpUM U IMPOU3BOJICTBEH-
HBIX TIPOIIECCOB, XaPaKTEPHBIX [IJISI MOJIEKYJISIPHBIX

Vaneechoutte et al. The new division of species coin-
cides with the previous classification of phylotypes:
R. pseudosolanacearum (phylotype I and III), R. sola-
nacearum (phylotype II) and R. syzygii (phylotype IV)
(Safni et al., 2014; EPPO, 2018; Yerokhova, 2020). In
accordance with the taxonomic changes of the group,
in order to adjust the List of quarantine objects of the
Russian Federation, and later the EAEU, in 2018-2019,
a pest risk analysis of new species for the territory of
the Russian Federation was carried out. Based on the
literature, as well as the vegetation experiments car-
ried out by the authors, all 3 species of the complex
were recognized as potentially dangerous for the terri-
tory of the Russian Federation and were proposed for
inclusion in the Common List of Quarantine Objects of
the EAEU (Shneyder et al., 2021).

Using modern diagnostic methods, the causative
agent of brown rot was first detected in the Russian
Federation by the Irkutsk branch of FGBU “VNIIKR”
in food potatoes from the PRC in 2008.

R. solanacearum was reported in Russia from the
following countries: Egypt and China (almost eve-
ry year since 2011), India (2011, 2015), Bangladesh
(2014, 2015), Azerbaijan (2017, 2021), Iran (2016,
2017, 2018), Georgia (2021). In 2016, the laboratory of
the Irkutsk branch received a sample of bananas with
symptoms of “blood disease” from an individual. The
studies confirmed the presence of a pathogen belong-
ing to the species complex R. solanacearum sensu lato
and causing “blood disease” in Indonesia and neigh-
boring island states (https://fsvps.gov.ru/fsvps/print/
news/16317.html). The risk of introduction of various
species of the complex into the territory of the EAEU
remains high, which requires ensuring its reliable de-
tection in batches of regulated products and during a
survey of the territory.

In 2018, due to the reclassification of the species
complex Ralstonia solanacearum sensu lato, an updated
European and Mediterranean Plant Protection Orga-
nization (EPPO) PM 7/21 (2) Standard was released
both for the definition of the complex as a whole and
for the differential diagnosis of strains related to new-
ly isolated species (EPPO, 2018). Russian companies
developed ready-made kits for molecular diagnostics
of the causative agent of brown rot. The bacteriologi-
cal collection of the FGBU “VNIIKR” was replenished
with new collection strains of the species complex, re-
lated species, other potato pathogens, as well as ori-
ginal isolates isolated from laboratory samples. Thus,
by now, it is necessary to revise the guidelines for di-
agnostics of the species of the complex R. solanacearum
sensu lato used in the accredited laboratories of the
Rosselkhoznadzor.

When examining samples of regulated products
for the detection of microorganisms, tests based on
a polymerase chain reaction with a fluorescent la-
bel (real-time PCR (RT-PCR) or fluorescent amplifica-
tion-based specific hybridization (FLASH)) are most
applicable (Zavriev et al., 2007; Rebrikov et al., 2009).
These tests combine the potentially high sensitivi-
ty, specificity, speed and productivity of execution,
as well as the versatility of laboratory equipment and
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METO/JIOB C TOHMKEHHBIM PUCKOM KOHTaMUHAIIWUY IPO-
OyKTaM¥ aMIJIUu(UKaIMK 110 CPAaBHEHUIO C KJIacCHUYe-
ckoii [TLP. [ToaTOMy KCIIOJIb30BaHMe NaHHbBIX TECTOB
IIJIs CKpUHMHTA 06pa3IioB B KApaHTUHHBIX JJabopaTo-
PUSIX OCTAETCS MTPUOPUTETHBIM.

B cooTBeTCTBUM C TPeOOBAHUSIMMU K TeCTaM, HC-
IMOJIb3yeMbIM J1a60PaTOPUAMU, aKKPeoUTOBAHHBI-
MU B cooTBeTcTBUU co Ctanmaprtom ISO/IEC 17025
(Crammapt ISO/IEC 17025, 2017) u CraHZapToM
EOK3P PM 7/98 (4) (EPPO, 2019) nisa nabopaTopui,
CMEeUANU3UPYIIUXCI HAa OUAaTHOCTUKE BPELHBIX
OpraHM3MOB PacTeHMNH, He0OXOIMMO MCITI0JIh30BaTh
TEeCThI, KOTOPbIE IPOLLIU IIPOIeAYPY OLleHKY IpuMe-
HUMOCTH (BaJIUAAIIMY) Y TPU3HAHBI HaIEKHBIMU U I0-
CTOBEPHBIMU.

B cBs3U ¢ BhINIECKa3aHHBIM 1I€JIbI0 HACTOSIIETO
KCCeN0BAaHUS CTajla OlleHKa IPUMEHUMOCTHU TECTOB
Ha ocHoBe IILIP ¢ ¢uyopeciieHTHON MEeTKOM ¢ KOM-
MepuecKuMu HabopaMu POCCHUUCKUX HPOU3BOIU-
TeJiel IJisg BhIIBJIeHUs (CKPUHMHTA) TeHETUUYECKOTO
MaTepuraja BUJOB KOMILJIeKca R. solanacearum sensu
lato B pacTUTENIbHBIX DKCTPAKTaX MIJIS BKJIIOUEHUS UX
B 00HOBJIEHHbIE METOJIUECKYIE PEKOMEHIAIUY 10 BbI-
SIBJIEHUIO U UAeHTU(PUKALIUY BO30OYyAUTENS.

MATEPUWAJIbBI U METO/1bI

VicnipITaHUS TPOBOAUNYN Ha 6a3e HAyUHO-METOMAU-
YEeCKOT0 OTZejla BUPYCOJIOTUU U GAKTEPUOJIOTUU
1 VcnbITaTeabHOTO JlaGopaTopHOro 1entpa (MJILL)
OT'BY «BHUVIKP» B COOTBETCTBUU C TPeOGOBAHUAMU
Crangmapra EOK3P PM 7/98 (4) (EPPO, 2019).

[IpoBenu OIlEHKY NMTPUMEHUMOCTHU [BYX TECTOB
Ha ocHOBe [111P-PB ¢ ucnosb3oBaHueM CIIeLyI0IX KOM-
MepUuecKUX HabOPOB MIJig aMILTuUKauy: «Ralstonia sola-
nacearum-PB, paca 3 bv. 2 u paca 1 bv. 1» (OO0 «CHUHTOJI»)
u «Bypag 6akTepuanbHas THUIb Ralstonia solanacearum
Rt» (OO0 «Arpo/lmarHoCTrKa»), a TAK)Ke PeBaATHIAIIII0
TecTa c HabopoM «Bypas 6aKkTepuasibHas THUIb Ralstonia
solanacearum F» B hopmate FLASH (OO0 «Arpo/luarto-
cTuKa»). Kommepueckre HaG0Oph! BKIIFOUAIOT BHYTPEH-
HUU KOHTPOJIb aMItiudukaiiiy (BK), HeoOXOLUMBIH ITPH
paboTe C pacTUTENIbHBIMU SKCTPaKTaMu. JIJisT BbIJese-
Hus JHK mcrnosib30BaIy KOMMepUecKruil Habop «I[1po-
6a-I'C» (000 «Arpo/IarHOCTUKAa»).

AMIIIUUKAIINI0 TPOBOAUIN B COOTBETCTBUU
C MHCTPYKIUSMU NTPOU3BOAUTENeN Ha60pOB Ha 060-
PYZAOBaHUU OTEYECTBEHHOTO ITIPOM3BOACTBA. [IJisd TecTa
B ¢hopmaTe FLASH mcrosb30Baau TEPMOILIUKIED «Tep-
uk» (000 «IHK-TexHOoJIoTUs»). [IJI TeCTOB Ha OCHOBE
TTLIP-PB OIBITHI 110 OITPeAeeHUI0 aHATUTUYECKOHN UyB-
crBUTENbHOCTY (AY), aHATUTUUECKOU CIIeIIN(DUIYHOCTH
(AC), cenextuBHocTH (C) 1 rmoBTopsiemoctH (IT) IpoBo-
IV Ha JeTeKTUPYIoleM aMIindurarope «IT-maniT»
(000 «IHK-TexHoa0TUsI»). [JIs OTIpeieIeHr s BOCIIPO-
M3BOAVMOCTH (B) MCIIONBb30BaIY IPUOOPEI «IT-IIpaiim»
(000 «JHK-TexHomorus») u «AHK-32» (000 «CHUHTOII»).

OTBITHI IPOBOAUJIU C UCKYCCTBEHHO 3apakeH-
HBIMU 3KCTPAKTaMU PACTEHUIN-X035€B, IMOJyUYeH-
HBIMU M3 CMECHU SKCTPAKTOB, IPUTOTOBJIEHHBIX CO-
IJIaCHO JuarHocTudyeckuM ctaumapTam (EPPO, 2004;
CTO BHUVKP 4.009-2013) npu IIpOBeIeHUY UCCIEI0-
BaHUs 06pasiioB B VJIL] ®I'BY «BHUUKP» u mpusHaH-
HBIX YMCTBIMU. IKCTPAKTHI C [oOaBJIeHUEM IIUIIEPUHA
xpaHunu npu remneparype —20 °C. OCHOBHBIE OIIbIThI
ITPOBOJIVJIV C DKCTPAaKTaMM KJIyoHell kapTodens, ce-
JIeKTUBHOCTS (C) Ompemessiy C UCIIOJb30BaHHEeM SKC-
TPaKTOB PO3 U 3€JIEHbIX YacTel KapTodes.

production processes, typical for molecular methods
with a reduced risk of contamination by amplification
products compared to classical PCR. Therefore, the use
of these tests for screening of samples in quarantine
laboratories remains a priority.

In accordance with the requirements for tests
used by laboratories accredited in accordance with
ISO/IEC 17025 (ISO/IEC 17025, 2017) and EPPO
Standard PM 7/98 (4) (EPPO, 2019) for laboratories
specialized in the diagnosis of plant pests, it is ne-
cessary to use tests that have passed the procedure
for assessing the applicability (validation) and are re-
cognized as reliable.

Therefore, the purpose of this study was to assess
the applicability of tests based on fluorescent label PCR
with commercial kits of Russian manufacturers for the
detection (screening) of the genetic material of the spe-
cies complex R. solanacearum sensu lato in plant extracts
forinclusion in the updated guidelines for the detection
and identification of the pathogen.

MATERIALS AND METHODS

The tests were carried out on the basis of the Research
and Methodology Department of Virology and Bacte-
riology and the Testing Laboratory Center (TLC) of
FGBU “VNIIKR” in accordance with the requirements
of EPPO Standard PM 7/98 (4) (EPPO, 2019).

The applicability of two RT-PCR-based tests us-
ing the following commercial amplification kits was
evaluated: “Ralstonia solanacearum-RT, race 3 bv. 2 and
race 1 bv. 1” (Syntol) and “Brown bacterial wilt Ralsto-
nia solanacearum Rt” (AgroDiagnostika), as well as test
revalidation with the kit “Brown bacterial wilt Ralsto-
nia solanacearum F” in FLASH format (AgroDiagnosti-
ka). Commercial kits include an internal amplification
control (IC) required when working with plant extracts.
For DNA isolation, a commercial kit “Proba-GS” (Agro-
Diagnostika) was used.

Amplification was carried out in accordance with
the instructions of the kit manufacturers using Rus-
sian equipment. For the test in FLASH format, a Tertsik
thermal cycler (DNA-Technology) was used. For RT-PCR
tests, experiments to determine analytical sensitivity
(ASen), analytical specificity (AS), selectivity (S), and
repeatability (R) were carried out on a PCR machine
DT-light (DNA-Technology). To determine reproduci-
bility (Reprod), we used DT-Prime (DNA-Technology)
and ANK-32 (Syntol) devices.

Experiments were carried out with artificially in-
fected extracts of host plants obtained from a mixture
of extracts prepared according to diagnostic standards
(EPPO, 2004; STO VNIIKR 4.009-2013) when examin-
ing samples at the TLC of FGBU “VNIIKR” and recog-
nized as pure. The extracts with the addition of glyce-
rol were stored at —20 °C. The main experiments were
carried out with extracts of potato tubers; selectivity (S)
was determined using extracts of roses and green parts
of potatoes.

To determine ASen and AS, 6 strains from the
French Collection of Microorganisms (CFBP) and
2 strains from the National Collection of Phytopatho-
genic Bacteria (NCPPB, Great Britain) belonging to the
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Inga onpenenenus AY u AC 6bLIN HCITOJIb30BaHbI
6 mTaMMOB 13 ®PaHILY3CKOM KOJIEKITUY MUKPOOPTa-
Hu3MoB (CFBP) u 2 mrtaMMa 13 HalioHaIbHOM KOJLIEK-
nuu pruTonaToreHHbIX bakTepuii (NCPPB, Benukobpu-
TaHWU), TPUHALJIeXKale KOMILIeKCy R. solanacearum
s.l. (tabu. 1, 2), B koHieHTpanuu (10Y) 102-10° KOE/MJI.

Kpome Toro, gas oueHku AC MCIIOJb30Baau
MITaMMBbl U3 BBINIEYKAa3aHHBIX KOJIJIEKIIMH, a TaKXKe
13 HeMellKol KOJIJIeKIIMY MUKPOOPraHU3MOB U KJie-
TOYHBIX KyJIbTYyp (DSM), Kojnekuit AreHTcTBa 6€30-
MacHOCTU MPOJoBOJbCcTBUS PuuaAsHIUU (EVIRA),
®I'BHY BHUU®, ®TBY «BHUUKP» (VNIIKR) 1 130J14-
TBI, BbizeseHHbIe aBTOpaMu (DN). Mcnonb3oBaiu JHK
CyCITIeH3UM YMCTBIX KyJAbTYp R. solanacearum s. 1., npy-
TUX IITAMMOB, BbIJIEJIEHHBIX 13 PACTeHUI KapTodesd,
a Tak)Ke KOJUIEKIIMOHHBIX IITAMMOB OaKTEpPUM CeM.
Burkholderiaceae, gpyrux ceMeicTB, a TaK)Xe ITaTore-
HOB, TIOPaXkKaloIIMX pacTeHUsA-X03sgeBa. [Jisg orpeaeie-
HUS 3HIOCIIeU(PUIHOCTY TECTOB Ha ocHOBe [11[P-PB
OBLJIM MCIIOJb30BaHbI 14 KOJJIEKIIMOHHBIX IITAMMOB
BUIOBOTO KOMILIeKca R. solanacearum s. 1. (Tabi. 1). Ok-
30CIeNUMUUHOCTD ONIPENENANIN C UCIIOJIb30BAHUEM
15 KOJIJIEKIIMOHHBIX IITaMMOB, ITOPaXarwIuX pacTe-
Hus-xo3geBa: Clavibacter michiganensis subsp. sepedoni-
cus (VNIIKR 0139), Dickeya chrysanthemi pv. chrysanthemi
(DSM 4610), D. dadantii subsp. dadantii (DSM 18020),
D. dianthicola (CFBP 3705), D. solani (DSM 28711), D. zeae
(DSM 18068"), Dickeya sp. (EVIRA DC 10, D-9 (VNIIKR
0144), D-33 (VNIIKR 0145), D. fil. (VNIIKR 0146)), Pec-
tobacterium atrosepticum (EVIRA ECA 2, DSM 180777,
Pa393 (VNIIKR 0143)), P wasabiae (DSM 180747"), P. caro-
tovorum (DSM 301687), 7 mrammoB ceM. Burkholderia-
ceae: Burkholderia cepacia (CFBP 22277), B. gladioli pv.
Sladioli (CFBP 2427%"), B. graminis (CFBP 67347), B. plan-
tarii (CFBP 3997"), Paraburkholderia caryophylli (CFBP
1370, CFBP 24297, CFBP 3819), a Takxxe 9 M30JIITOB
W3 TOopaXeHHOTOo KapTodensd: Arthrobacter castelli
(VNIIKR 0073 (BHMK® 1870)), VNIIKR 0415, VNIIKR
0416, DN 417, DN 418, DN 419-1, DN 419-2, DN 582,
DN 583.

JomonHuTeNbHO O omnpeneseHus AC 6bLIu
WCTOJIb30BaHbI JJAHHBIE MTPEAbIAYIIUX UCCen0Ba-
Hui. g Tecta Ha ocHoBe [TI[P-PB (OO0 «CHHTOJI»)
OBIJIO TIPOAHAIU3UPOBAHO 16 HeEIlleJeBhIX IIITAMMOB:
D. dianthicola (D3B1, D3B2, D17), D. dadanthii (DFILL),
Dickeya sp. (D33), C. m. subsp. sepedonicus (Cms 204,
MCMS1, CMS6889 (NCPPB 2137)), C. m. subsp. michi-
ganensis (CM 4761 (CMM1), HE 11 (CMM2)), Pantoea
stewartii subsp. stewartii (Sw4), P. dispersa (PD1), Pseu-
domonas syringae pv. syringae (ICMP 9032, ICMP 9067);
Xanthomonas fragariae NCPPB 1469), X. oryzae pv. oryzae
(NCPPB 3002) (Kopues, Konnuna, 2012).

Ilns omipeiesieHUs SHAOCTIEIN(UIHOCTY TECTa
B hopmaTe FLASH B mpeAbIAyIIMX UCCTIEeL0BAHUIX
(IpenoBa, Kysuenosa, 2012) ucnoab3oBaiu 6ojee
40 uzonaToB R. solanacearum pac 1, 2 u 3, BbIJIeJIEHHBIX
IpU IPOBeleHUU UCCliejoBaHUs 00pa3iioB KiIybHel
kapTodens us PO, Erunrta, Uaguy u KHP B 1abopaTo-
puu 6axtepuosiornu ®TBY «BHUWKP», B JIeHUHTpaI-
ckoit 1 KpacHomapckoit MBJI, a Tak»Ke KOJIJIEKIIMOHHbBIX
mTaMMOB. KoJITeKIIMOHHbBIe NITAMMbBI M OCHOBHbBIE
U30JISTHI TIPUBEIeHbI B Tabaulle 1. Iy oTipeiesieHus
9K30CcHenn(pUUHOCTY UCI0JIb30BaJN 31 HelleaeBoun
mraMM: Bacillus sp., C. m. subsp. sepedonicus (Cms 204,
CMS6889 (NCPPB 2137)), C. m. subsp. michiganensis (CM
4761 (CMM1), HE 11 (CMM2), Cmm Yu-1), Dickeya chry-
santhemi pv. chrysanthemi (DSM 4610), D. c. pv. parthenii

R. solanacearum s. 1. (Tables 1, 2), at a concentration
(10Y)102-10¢ CFU/ml.

In addition, strains from the above collections,
as well as from the German collection of microorga-
nisms and cell cultures (DSM), collections of the Fin-
nish Food Safety Agency (EVIRA), FGBNU “VNIIF”,
FGBU “VNIIKR” and isolates obtained by the authors
(DN). We used DNA of suspensions of pure cultures
of R. solanacearum s. 1., other strains isolated from po-
tato plants, as well as collection strains of bacteria of
the family Burkholderiaceae, other families, and host
pathogens. To determine the endospecificity of RT-
PCR-based tests, 14 collection strains of the species
complex R. solanacearum s. 1. were used (Table 1). Exo-
specificity was determined using 15 collection strains
affecting host plants: Clavibacter michiganensis subsp.
sepedonicus (VNIIKR 0139), Dickeya chrysanthemi pv.
chrysanthemi (DSM 4610), D. dadantii subsp. dadan-
tii (DSM 18020), D. dianthicola (CFBP 3705), D. solani
(DSM 28711), D. zeae (DSM 18068"), Dickeya sp. (EVIRA
DC 10, D-9 (VNIIKR 0144), D-33 (VNIIKR 0145), D. fil.
(VNIIKR 0146)), Pectobacterium atrosepticum (EVIRA
ECA 2, DSM 180777, Pa393 (VNIIKR 0143)), P wasabiae
(DSM 180747), P. carotovorum (DSM 301687), 7 strains
of the family Burkholderiaceae: Burkholderia cepa-
cia (CFBP 2227"), B. gladioli pv. gladioli (CFBP 2427°T),
B. graminis (CFBP 67347"), B. plantarii (CFBP 39977),
Paraburkholderia caryophylli (CFBP 1370, CFBP 24297,
CFBP 3819), as well as 9 isolates from infected pota-
toes: Arthrobacter castelli (VNIIKR 0073 (VNIIF 1870)),
VNIIKR 0415, VNIIKR 0416, DN 417,DN 418, DN 419-1,
DN 419-2, DN 582, DN 583.

Additionally, data from previous studies were used
to determine AS. For the test based on RT-PCR (Syn-
tol), 16 non-target strains were analyzed: D. dianthi-
cola (D3B1, D3B2, D17), D. dadanthii (DFILL), Dickeya
sp. (D33), C. m. subsp. sepedonicus (Cms 204, MCMS1,
CMS6889 (NCPPB 2137)), C. m. subsp. michiganensis
(CM 4761 (CMM1), HE 11 (CMM2)), Pantoea stewartii
subsp. stewartii (Sw4), P. dispersa (PD1), Pseudomonas Sy-
ringae pv. syringae (ICMP 9032, ICMP 9067); Xanthomo-
nas fragariae NCPPB 1469), X. oryzae pv. oryzae (NCPPB
3002) (Kornev, Kopina, 2012).

To determine the endospecificity of the test in
the FLASH format in previous studies (Drenova,
Kuznetsova, 2012), more than 40 isolates of R. sola-
nacearumraces 1, 2, and 3 were used, isolated during
the study of potato tuber samples from the Russian
Federation, Egypt, India and China in the bacterio-
logy laboratory of FGBU “VNIIKR”, in the Leningrad
and Krasnodar Interregional Veterinary Laboratories,
as well as collection strains. Collection strains and
main isolates are shown in Table 1. To determine
exospecificity, 31 non-target strains were used: Ba-
cillus sp., C. m. subsp. sepedonicus (Cms 204, CMS6889
(NCPPB 2137)), C. m. subsp. michiganensis (CM 4761
(CMM1), HE 11 (CMM2), Cmm Yu-1), Dickeya chrysan-
themi pv. chrysanthemi (DSM 4610), D. c. pv. parthenii
(NCPPB 516), D. dianthicola (D3B1, D3B2, D9, D17,
D33), Dickeya sp. (D1, D8, D9B, D9Tr), Micrococcus sp.,
Pantoea agglomerans (DSM 1619, DSM 3493), P. disper-
sa (PD1), Pseudomonas syringae pv. syringae (ICMP 9032,
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(NCPPB 516), D. dianthicola (D3B1, D3B2, D9, D17,
D33), Dickeya sp. (D1, D8, D9B, D9Tr), Micrococcus sp.,
Pantoea agglomerans (DSM 1619, DSM 3493), P. disper-
sa (PD1), Pseudomonas syringae pv. syringae (ICMP 9032,
ICMP 9067), Xanthomonas campestris pv. campestris
(Bel-5, Dasch-1), X. fragariae (NCPPB 1469), X. oryzae
(106, 6163, 8182), X. oryzae pv. oryzae (NCPPB 3002),
X. vesicatoria (1111/B).

OmbIThI 110 o1Tpefenenuto C, [Tu B mpoBoanIy C uc-
roJib3oBaHueM mramma 0424 (R. solanacearum pacsr 3
bv. 2 CFBP 3857) B koHIleHTpanuu 5 X 102 KOE/mn
B 6—10-KpaTHOI TOBTOPHOCTH.

I IpUTOTOBJIEHUS UCKYCCTBEHHO 3apakeH-
HBIX 9KCTPAKTOB U3 CyTOYHBIX KYyJbTYP, BbIPAIEeHHbBIX
Ha IIEeIITOHHO-APOXKEeBOM INII0OKO3HOM arape (EPPO,
2004; CTO BHMUKP 4.009-2013), roTroBusix 6a30BYI0
cycrneH3uio ¢ KoHreHTpanuei 102 KOE/ma B 10-mM
tdocharrom 6ydepe (EPPO, 2004; CTO BHUMKP 4.009-
2013). KoHIIeHTpAaIUIo TyCTOM CyCIIEH3U U OTIPEIEIISIIN
yamredHbiM MeTozioM Koxa (Eropos, 1995) u joBoAMIN
10 He0OX0IMMOTI'0 3HaUeHNs. [OTOBUJIY PaCTUTEIbHbIE
9KCTPAKTHI, 3apa’keHHbIe BO3OYAUTENSIMU B HEOOXO 1 -
MOM KOHIIEHTPAIUU.

M3 5KCTPaKTOB IOTOBUJIU 006pas3ilbl 06beMOM
200 MKJI. B kauecTBe OTPULLATEIBHOIO KOHTPOJIbHO-
ro o6pasia Beienenusa JHK (OKB) ucrosb3oBanau
200 MKJI COOTBETCTBYIOLIEr0 YMCTOTO SKCTpaKTa. Ha
Kaxable 10 06pasIioB MCIOJIb30BAIN HE MEHEE OIHO-
ro OKB. B kauecTBe I10JI0)KUTEJBHOI'0 KOHTPOJIbBHOTO
obpasiia Beigenenus (ITKB) ucmosnb3oBaan 200 MK 3a-
PaXeHHOTO SKCTPaKTa ¢ KoHIleHTpamuen 10° KOE/MiI.
['oTOBBIE 9KCTPAKTHI U BhIZeaeHHY0 JHK xpanuiu npu
TeMIieparype —20 °C.

CenextuBHOCTS (C) Onpenesisiiv IIyTeM CpaBHe-
HUS 3HaYeHUU B AJ19 pasHbIX cybcTpaToB. [Ipu 5TOM
HEeJIOCTOBEPHbIE 3HAUEHUSI CUNTAJIU OTPUIIATEIbHBIMU
KaK IoKa3aTejb BIUSHUSA cybcTpaTa Ha 3hheKTUuB-
HOCTb TecTa. [Ipu onipeneneHuu B yunThIBaIU PE3YJIb-
TaThI ONBITOB I10 onipenesieHuto AY, C u I1. HemocTtoBep-
HbIE 00Pa3Ilbl TECTUPOBAJIY IIOBTOPHO C pa3BeIeHUEM
IHK B Boze pjis ITLIP (1 : 1). ITosoXXUTeJbHbIE 3HAUE-
HVS TIOBTOPHBIX TECTOB YUUTHIBAJIY IPU ONIPEleIeHU N
[Tu B kaK KpUTEPUEB, OTPaAKAIOIIUX AJMAarHOCTUYECKUE
BO3MOXXHOCTH TECTA.

PE3VYJIBTATBI U OBCYKJEHUE

Ananumuuecxas cneyuguurocms (AC)

B xome ucnblTaHUU 6bLIO MOKA3aHO, UTO TECTHI
B (hopmarte ITLIP-PB u FLASH c Ha6opamu OO0 «Arpo-
IuarHocTuKa», comepsxkaliue UIeHTUYHbIE OJUTO-
HYKJIE€OTUbI, TIO3BOJISIIOT BBISIBIATH FeHEeTUUYECKUH
MaTepuaj BCeX IMPOAHAJIM3WPOBAHHBIX HITAMMOB
U U30JIITOB BUJ0OBOr0 KOMILIeKca R. solanacearum s. 1.
Hecnenuduueckux peakiiuii c HelleJIeBbIMU IITaM-
MaMu He oTMeueHo. TakuM o6paszoM, AC TeCTOB paBHA
100% (Tabu. 1).

TecT ¢ Ha6opoM OO0 «CUHTOJI» IJisT BHISIBIIEHUS
IITaMMOB paceI 3 bv. 2 1 packl 1 bv. 1, B COOTBETCTBUU
co cruenuduKanuei MPoOu3BOIUTENS, [TO3BOJISIET BbI-
SIBJIITH MTaMMBbI R. solanacearum pacsl 3 bv. 2. Kpome
TOT0, 6BLIIN TTOJIyYEHBI CJIa6bIe TIOJIOKUTETbHBIE PeaK-
IIUY B OMHOM U3 IByX IOBTOPHOCTEM AJIST CYCTIEeH3UH
YUCTBIX KyJAbTyp mramma 0421 (R. syzygii subsp. indo-
nesiensis CFBP 7288) u tTumnosoro mramma 0423 (R. so-
lanacearum CFBP 20477), oTHocauerocsd kK bv. 1 He-
ycTaHOBJIeHHOH packl (Ct 34,9 u 35,1 COOTBETCTBEHHO),
4TO GBLIO OI[EHEHO KaK OTPUIIATEbHBIA Pe3ybTar.

ICMP 9067), Xanthomonas campestris pv. campestris
(Bel-5, Dasch-1), X. fragariae (NCPPB 1469), X. oryzae
(106, 6163, 8182), X. oryzae pv. oryzae (NCPPB 3002),
X. vesicatoria (1111/B).

Experiments to determine S, R and Reprod were
carried out using strain 0424 (R. solanacearum race 3
bv. 2 CFBP 3857) at a concentration of 5 x 102CFU/ml
in 6-10 replicates.

To prepare artificially infected extracts from daily
cultures grown on peptone-yeast glucose agar (EPPO,
2004; STO VNIIKR 4.009-2013), a base suspension with
a concentration of 108 CFU/ml in 10-mM phosphate
buffer was prepared (EPPO, 2004; STO VNIIKR 4.009-
2013). The concentration of the thick suspension was
determined by the Koch plate method (Egorov, 1995)
and adjusted to the required value. Prepared plant ex-
tracts infected with pathogens in the required concen-
tration.

Samples with a volume of 200 uL were prepared
from the extracts. As a negative control sample of DNA
extraction (NCS), 200 ul of the corresponding pure ex-
tract was used. For every 10 samples, at least one RCW
was used. As a positive control sample of isolation
(PCSI), we used 200 ul of contaminated extract with
a concentration of 10° CFU/ml. The prepared extracts
and isolated DNA were stored at —20 °C.

Selectivity (S) was determined by comparing Re-
prod values for different substrates. In this case, unre-
liable values were considered negative as an indicator
of the influence of the substrate on the effectiveness of
the test. When determining Reprod, we took into ac-
count the results of experiments to determine ASen, S,
and R. Invalid samples were retested with a dilution of
DNA in water for PCR (1 : 1). Positive values of repeat-
ed tests were taken into account when determining R
and Reprod as criteria reflecting the diagnostic capa-
bilities of the test.

RESULTS AND DISCUSSION

Analytical specificity (AS)

During the tests, it was shown that the tests in the
RT-PCR and FLASH format with AgroDiagnostika kits
containing identical oligonucleotides make it possible
to identify the genetic material of all analyzed strains
and isolates of the species complex R. solanacearum s. 1.
There were no nonspecific reactions with non-target
strains. Thus, the AS of tests is 100% (Table 1).

Test with a Syntol kit for the detection of strains
of race 3 bv. 2 and races 1 bv. 1, in accordance with
the manufacturer’s specification, allows the detec-
tion of strains of R. solanacearum race 3 bv. 2. In ad-
dition, weak positive reactions were obtained in one
of two replicates for suspensions of pure cultures of
strain 0421 (R. syzygii subsp. indonesiensis CFBP 7288)
and species strain 0423 (R. solanacearum CFBP 20477),
belonging to bv. 1 of unknown race (Ct 34.9 and 35.1,
respectively), which was assessed as a negative re-
sult. In experiments to determine ASen with strains
not belonging to the race 3 bv. 2, negative results were
obtained for samples with a concentration of 102-10°
CFU/ml (Table 1). There were no nonspecific reactions
with non-target strains. Thus, our studies have shown
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Ta6auia 2

AHajIMTHUYeCcKas YyBCTBUTEJIBHOCTD TecTOB B (popmare IIIIP-PB u FLASH c oTeuecCTBEHHbIMU
KOMMepueCcKUMM HaGopaMH J1J1s BbISIBJI€HUS BO30yAuUTeeil BUIOB KoMILIeKca Ralstonia solanacearum

sensu lato B pacTUTEJIbHOM 3KCTpaKTe!
Table 2

Analytical sensitivity of RT-PCR and FLASH tests with Russian commercial kits for detecting pathogens
of the Ralstonia solanacearum sensu lato species complex in plant extract!

Bupb! komiiekca Ralstonia solanacearum sensu lato
Species of Ralstonia solanacearum sensu lato complex
= Ralstonia
s |= | Ralstonia solanacearum pseudosolanacearum
aé Ralstonia
g E paca5s pacal syzygii
2 o 6uoBap 5 |G6uoBap 3 subsp.
z g paca 3 Guosap 2 6uoBap 1 race5 race 1 indone-
¥ |O | race 3 biovar 2 biovar 1 biovar 5 |biovar 3 siensis
E (0040 0424 0039 0423 0425 0422 0499 0421
ﬁ & | NCPPB CFBP NCPPB CFBP CFBP CFBP CFBP CFBP
glé | 2316 3857 2315 20477 1412 6442 6424 7288
&N & E I P [==] <+ ¢ & = )
SHEE N R R EE N E N N E N E R A
B anlelEllsl =82 B|x52E = b =56 =56 =56 =R E =R
Bl @ el Bl Slc| & |S|<|El@| B S<|ER| B« B |g<| & |g|<| & |g|<| ¥ [g«|S|<| 4 |g|<
28 I |88 8k| 3 (8=lEel S|8=l8e| 38| 38| 3|8 3|8 3|58 3|8
HIF| WX (OIM (<X (O] N (2O W (L (<R (< (< (|| (I
1,03 | x° x [38,9| x X X X X X X X X X X X X X X X X X X
10 |0,99| - - 139,5| x X X X X X X X X X X X X X X X X X X
4,67|41,8(132,1(39,2| x X X X X X X X X X X X X X X X X X X
6,35|36,3(31,5|36,3|1,12| - - 10,95| - - 13,00|36,2|0,99| - |1,15( - |1,08| - [1,06| - - 10,97| -
10* |7,93(38,0(32,5(36,3(1,03|36,7| - |3,09| - - [1,32136,8(2,94| - (1,19| - |1,11| - |1,09| - - (0,98 -
4,46 | 36,2 |32,4|36,6 (4,93 |37,9|33,4(4,05/36,8| - |5,75|36,4|4,36/39,0(1,09|37,8|4,07(38,5|1,15| - - |1,03| -
8,99 (33,3(30,1|34,0(9,28|35,1|31,9(7,57|34,4(33,1(8,14|32,7 (4,28 - [4,80(36,5|4,42|39,5|3,45| - - (1,00 -
10° [10,10(33,2|30,1|34,3(9,14 (35,3 (32,7 (2,72|34,3|32,0(7,67|33,1(5,78|35,9|4,96|36,2|6,32|36,4(6,40| - - 1,10 -
10,30| 32,7 | 30,1 | 34,1 |8,56 35,1 | 31,6 |7,56| 35,3 |32,0|7,84|33,0(5,76|37,9|6,81|36,5|6,37|35,8(525| - - [0,95| -
, 10,20(29,8 (27,2 | 35,6 |/10,70| 31,3 | 29,4 {9,19| 30,8 | 29,6 [{10,0| 29,8 | 6,26 32,2 (9,70 | 33,3 | 6,89 | 34,7 | 2,72 | — - 15,94|36,5
10
10,70/ 29,8 | 27,7 | 34,1 |110,80| 31,8 | 29,2 9,67 | 31,4 | 29,6 |9,76| 29,7 |8,49|31,8|9,91 | 33,4 |8,07 | 33,9 | 5,38 | 36,6 | 37,8 (9,06 36,1
10° |11,60| 23,8 | 20,8 | 26,9 |11,70| 25,0 | 22,3 |9,42| 24,8 | 23,1 |9,84| 23,0 |9,68| 25,7 |13,20| 26,3 |10,60| 26,4 |11,50| 29,8 | 31,6 |8,73| 30,2

1 Onsa R. solanacearum bv. 1 (CFBP 20477), R. pseudosolanacearum
(CFBP 6442) n R. syzygii (CFBP 7288) nony4eHbl oTpuuaTenbHble
pesynbTathl TecTa ¢ Habopom 000 «CuHTON» (He NpUBEAEHbI).

2 insi Tecta Ha ocHoBe FLASH faHHble npeacTaBieHbl

B OTHOCUTESbHBIX eAnHMLAX (hTlyopecLeHLMM OTHOCUTENBHO
¢hoHoBbIX 06pasuoB; ans MLP-PB ykasaH Ct.

3 OnbIT NpoBELEH C HE3ABUCUMO MPUTrOTOBNEHHBIMK 0bpasLamu.
LOHK Ka)kaon KoHUueHTpauuu bbina BolgeneHa B 1-kpaTtHomn
NMOBTOPHOCTU, aMnAncrKaumns — B 3-KpaTHOW. [N KOHLEeHTpauum
10° KOE/Mn nprBefeHo cpefHee 3HaueHne NoBTOPHOCTEN,

015 KoHueHTpauum 104 KOE/Mn — KpalHue 3HaYeHns MOBTOPHOCTEN.
4 MoBTopHasa amnandukaums nocne xpaHeHus npu —20 °C.

5 MNosTopHOe BbineneHne AHK 13 MCKycCTBEHHO 3apaXKEHHbIX
3KCTPaKTOB, XpaHumBLmnxca npun —20 °C.

 MiccnefoBaHUS He MPOBOAMIINUC.

— MOSIOXUTESbHbIN pesynbTar
— OoTpuUUATeNbHbIN pesynbTaT
— HeOCTOBEpHbI pe3ynbTaT

1 For R. solanacearum bv. 1 (CFBP 20477), R. pseudosolanacearum
(CFBP 6442) and R. syzygii (CFBP 7288) — negative test results
with a Syntol kit (not shown).
2 For the FLASH-based test, data are presented in relative
fluorescence units relative to background samples; for RT-PCR,
Ctis indicated.
3 The experiment was carried out with independently prepared
samples. DNA of each concentration was isolated in 1-fold
replication, amplification — in 3-fold. For a concentration
of 10° CFU/ml, the average value of replicates is given,
for a concentration of 104 CFU/ml — the extreme values of replicates.
4 Re-amplification after storage at —20 °C.
5 Re-isolation of DNA from artificially contaminated extracts stored
at-20 °C.
 No studies have been carried out.

— positive result

— negative result
—unreliable result

dutocaHutapus. KapaHtuH pactenunii 10
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B onbiTax o onpeneneHuto A4 co mraMmMaMu, HE OT-
HOCAIIMMUCS K pace 3 bv. 2, 6bLIY ITOJIyYeHbI OTPUILA-
TeJIbHbIE Pe3yJIbTaThI JIJIs1 00pPa31i0B ¢ KOHIIeHTpalveln
10%>-10°KOE/mu (Taba. 1). HecnenmupuyecKuX peakinii
C HelleJIEBBIMU IITaMMaMU He OTMeueHo. TakuM 00-
pa3oM, B HaIIUX MCCIeNOBaHUIX ITOKa3aHa BbICOKas
crennpUIHOCTD TecTa K R. solanacearum pacsl 3 bv. 2.
Bormpoc 0 3a4BJI€HHOM ITPOXU3BOIUTENIEM BO3MOXKHO-
CTHU BBISIBJSATE R. solanacearum pachl 1 bv. 1 ¢ MOMOIIIbIO
IAaHHOTO TEeCTa He U3y4JaJics.

AHanumuuecxas uwyscmeumenvHocmo (AY)

B ombITax 110 OTIpeieIeHUI0 aHAJIUTUUECKOM CcIIe-
nuduaHocTH (AC) 6bLIIO0 OTMEUEHO, UTO IJIT HEKOTOPBIX
HITaMMOB BUJIOBOI'0O KOMILJIeKca R. solanacearum s. 1. 3Ha-
YeHUS TIOPOTOBOTO IIMKJIA CYIIeCTBEHHO OTJIUYAINCh
OT XapaKTEPHOI'0 ITOKA3aTeJIs IJIs CyCTIEH3UN YUCThIX
KYJIBTYP, COCTaBJISBIIETO OKOJIO 15-20, ¥ HaXOAUJIUCH
Ha oTMeTKe oT 30,5 1o 32,0 (Tabi. 1). B ¢BI31 C 3TUM
OBLIIO BBIIBUHYTO MTPEATIONIOKEHE O BO3SMOXKHOM 3aBU-
cuMocTH AY TecTOB OT BUJa M/UJIM LITaMMa ITIaTOTeHa,
YTO paHee OBLJIO OIMCAHO JJIs TecTa Ha ocHoBe LAMP
o Lenarcic et al. (2014), BryroueHHOTO B CTaHmapT
PM 7/21 (2) (EPPO, 2018). OmbIThI OBLIN TIPOBEEHbI
C BOCbMbI0 KOJIJIEKIIMOHHBIMU IITAMMaMU BUL0BOTO
KOMIIJIEKCA. Pe3ybTaThl IpeICTaBIeHbI B TabuuIle 2.

Onsg mraMMoB R. solanacearum pachl 3 bv. 2 AU
BCEX MCIIBITyeMbIX TECTOB ObljIa TPaKTUUYECKU O UHA-
KOBA JIJIs KayKIOr0 M3 IIITAMMOB, HO Pa3jinyajiach MexX-
ny mrammamu. Tak, aig mramma 0040 (NCPPB 2316)
AY coctaBuia 10'-10% KOE/mJ1, Torga Kak JJjisd mrTaMMma
0424 (CFBP 3857) AU 6bLi1a Ha IOPSLOK HYKE W COCTa-
Buia 102-10° KOE/mi1.

A4 TecToB ¢ HabopaMu mpousBoacTBa 000 «Arpo-
IuarHocTuka» K TpeM ImmTamMmaMm R. solanacearum
bv. 1 u R. pseudosolanacearum bv. 5 Tak)Xe cOCTaBuUJIa
10%2-10° KOE/mu. [Iyig mtaMma R. syzygii subsp. indone-
siensis AU He oTJIiMyajach JJis 000MX TECTOB, OJHAKO CO-
craBuia ToibKo 10* KOE/MJI, 9YTO yKa3blBaeT Ha MEHbD-
IIee CPOJICTBO TECT-CUCTEM K JAHHOMY IITaMMy.

B oTsiume OT MITaMMOB, OIIMCAHHBIX BhIIIe, A4 Tec-
TOB ¢ Habopamu mpou3sBozcTBa OO0 «Arpo[uarHoCTu-
Ka» B pas3HbIX (popMaTax 3HAUUTEIHHO OTJINYAJIach JJIs
mrramma 0499 R. pseudosolanacearum bv. 3 (CFBP 6424).
A4 TecTa B hopmaTe FLASH cocraBuia 10° KOE/ma, Tor-
na kak g [11P-PB 3HaueHue Kputepus, I0Jy4yeHHOe
IIPY TECTUPOBAHUU JIBYX CEPUI NCKYCCTBEHHO 3apa-
JKEHHBIX 3KCTPAKTOB, COCTaBUJIO JuIb 10%-10° KOE/Mm.

OTMeUeHO, 4To AJid TecToB co mramMmamu 0039
(NCPPB 2315) u 0040 (NCPPB 2316), moJiyueHHbBIMHU
13 BpUTaHCKOY HaIlMOHAJIbHON KOJIJIEKIINY PUTOIIA-
TOTeHHbIX 6aKkTepuit, AU Obla Bblllle, UeM C IPYTUMU
mraMMaMU 3TUX Xe rpymni. Tak, niag mramma 0039
MMOJIOKUTEJIbHbIE Pe3yJbTaThl TECTOB ¢ HabopaMu
000 «Arpo/luarHoctuka» B popmaTe FLASH u I1LIP-PB
OBLIY TTOJIyYEeHbl COOTBETCTBEHHO 1Jis 67-100% 06-
pasioB ¢ HU3KOM KoHIleHTpaluel — 102 KOE/mi. Tpu
9TOM JJISl IPYTUX MITAMMOB TIOJIOKUTEJIbHbIE PE3YJlb-
TaTHI [TPU JAHHOU KOHIEHTPAIIUYU OBLIN IMOJIyUYEeHBI
ns 33-67% u 0—-33% o6pasIioB.

Oco6bIili UHTEPEC MPEeNCTABJIIIOT Pe3yabTaThl
OTIBITOB I10 OTpeiesieH 0 AU BCeX UCITBITYEMbIX TECTOB
co mramMmmoM 0040, coctaBuBieit 10'-102 KOE/Ma1, kak
yKa3aHo BhIIIIE.

CorjmacHo pacueTraM, Iipu BeigeneHuu [JHK
n3 200 MKJI SKCTpakTa ¢ rnojyyeHueMm 100 MKJI o4yu-
meHHol JHK ¥ mpu KUCIIONB30BAHUUN IJIS aMILJIN-
ukanum 5 MKJ, eIUHUYHbIE KOTUU IeJu OynayT

a high specificity of the test for R. solanacearum, race 3
bv. 2. The question of the manufacturer’s declared
ability to detect R. solanacearum race 1 bv. 1 not stu-
died with this test.

Analytical sensitivity (ASen)

In experiments to determine analytical specifici-
ty (AS), it was noted that for some strains of the species
complex R. solanacearum s. 1. the values of the thresh-
old cycle significantly differed from the characteristic
indicator for suspensions of pure cultures, which was
about 15-20, and ranged from 30.5 to 32.0 (Table 1).
In this regard, a hypothesis was put forward about
the possible dependence of ASen tests on the species
and/or strain of the pathogen, which was previously de-
scribed for the LAMP-based test according to Lenarcic¢
et al. (2014) included in Standard RM 7/21 (2) (EPPO,
2018). The experiments were carried out with eight col-
lection strains of the species complex. The results are
presented in Table 2.

For strains of R. solanacearum race 3 bv. 2, the ASen
of all the tested tests was practically the same for each
of the strains, but differed among the strains. Thus, for
the 0040 (NCPPB 2316) strain, the ASen was 10'-102
CFU/ml, while for the 0424 (CFBP 3857) strain, the
ASen was quite lower and amounted to 10>-10° CFU/ml.

ASen tests with AgroDiagnostika kits for three
strains R. solanacearum bv. 1 and R. pseudosolanacearum
bv. 5 was also 102-103 CFU/ml. For the strain R. syzygii
subsp. indonesiensis ASen did not differ for both tests,
however, it was only 10* CFU/ml, which indicates a low-
er affinity of test systems for this strain.

Unlike the strains described above, the ASen tests
with AgroDiagnostika kits in different formats differed
significantly for the 0499 R. pseudosolanacearum bv. 3
(CFBP 6424). The ASen test in the FLASH format was
102 CFU/ml, while for RT-PCR the criterion value ob-
tained when testing two series of artificially infected
extracts was only 10*-10° CFU/ml.

It was noted that for tests with strains 0039
(NCPPB 2315) and 0040 (NCPPB 2316) obtained
from the British National Collection of Phytopatho-
genic Bacteria, the ASen was higher than with other
strains of the same groups. Thus, for strain 0039, po-
sitive test results with AgroDiagnostika kits in FLASH
and RT-PCR format were obtained, respectively,
for 67-100% of samples with a low concentration —
10%? CFU/ml. Moreover, for other strains, positive re-
sults at this concentration were obtained for 33-67%
and 0—-33% of the samples.

Of particular interest are the results of experi-
ments to determine the ASen of all tested tests with
strain 0040, which amounted to 10'-10% CFU/ml, as
indicated above.

According to calculations, when DNA is isolated
from 200 ul of the extract to obtain 100 ul of purified
DNA and when 5 pl is used for amplification, single cop-
ies of the target will react at a concentration of at least
2x 102 CFU/ml, i. e., the ASen of an effective test is the-
oretically should be 10?>-10° CFU/ml. Such values of the
working criterion were obtained for most of the strains
in this study, as well as when validating tests with si-
milar kits of these companies to identify the causative
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TOITalaTh B PeakKIlnio IIPpK KOHIIEHTPAIllUY He MeHee
2 x 102 KOE/mi, T. e. AU 3(hheKTUBHOTO TeCTa TeOpe-
TUYECKU OoJikHa cocTaBuTh 102-10° KOE/mi. Takue
3HaUeHUs pPaboyero KpUTePUs MMOJIyUEeHbI AJs 60JIb-
IIUMHCTBA MITAMMOB B ITaHHOM KUCCJIeIOBAaHUY, a TAK)Xe
IPU ITPOBEAEHUY BaJIUIAIIIM TECTOB C aHAJIOTMYHBIMU
HabopaMu 3TUX KOMIIAHUY IJIS BbISBJIEHUS BO36OYIU-
TEeJISI 0XKOTa MJIOIOBBIX KyNbTyp Erwinia amylovora (Bur-
rill) Winslow et al. (IpenoBa, 2019).

YeTounBOE IIPEeBhIIIeHNEe PACUYETHOTO IT0Ka3aTe-
Jist AY yka3bIBaeT Ha KOTIUUHOCTE 11eJIeBOT0 (hparMeH-
Ta B 00pasile, KOTOPOE MOXKET ObITH BHI3BAHO ITPOUHBIM
CIIETIJIEHNEM KJIETOK, ITPUBOISIIINM K OIINOKE B OTIpe-
JIeJeHUY KOHIIEHTPAIIUY UCKYCCTBEHHO 3apaXKeHHBIX
9KCTPaKTOB. TaK)ke BO3MOXXHO HaJuure KOMUM Ieju
B reHOMe KJIETOK, HalIpUMeD, B CIy4Yae ee PacIiojoxKe-
HU4 B mtasMugHoun JHK.

Iosmopsemocms (I1), socnpoussodumocms (B)

u cenexmugrocms (C)

Ilns oripenenerus pabounx KpUTEPHEB TOBTOPSIE-
moctu (IT) u BocripousBoguMocTH (B) TecToB ¢ HaGopa-
mu OO0 «Arpo/lvarHocTuka», IpU3HaHHbBIX B IIPEAbILY-
IUX OTIBITAX YHUBEPCATbHBIMY K IIITAMMaM BUIOBOTO
KoMILekca R. solanacearum s. 1., BbIOpaiy 3 mramMMa, OT-
HOCSIIIIUXCS K PA3HBIM IPYIIIaM U [TOKA3aBIINX OJIU3KIE
sgauenus AY (10%2-10° KOE/min) (tabu. 3, 4).

[ToBTOpPsieMocTh TecTa B popmate FLASH nisa
mramma 0422 (R. pseudosolanacearum CFBP 6442)
BapbpupoBaja oT 20 10 90%. Bocripou3BoguMOCThb CO-
ctaBuiia 47%. g mramma 0423 (R. solanacearum bv. 1
CFBP 2047") suauenue Il cocraBuiio 80-100%, B —
93%. Paboume KpUTEPUM 3aBUCEJIM OT OIllepaTopa u,
BO3MOXXHO, OT YCJIOBUYM XpaHeHUs 06pasiioB (Tabi. 3).

TToBTOpPsieMOoCThb TecTa B (hopMmarte [LIP-PB c Habo-
poM OO0 «Arpo/luarHocTuka» gJis mramMmma 0422 Bapb-
npoBaJia oT 10 1o 70%. Bocripon3BOAUMOCTH COCTa-
Buia 50%. [lyg mtamma 0423 [T coctaBuiaa 70-100%,
B — 86%. Pabourie KpuTepuy 3aBUCENIN OT OIIEPaTOPa,
npubopa u, BO3MOXKHO, OT YCJIOBUY XpaHeHUs o6pas-
110B (TabJ. 3).

Kpome Toro, pabouue kputepuu I1, B u C 1151 Bcex
TECTOB OBLIIY OTIPEIeJIEHEI C UCTIOJb30BaAHKEM IITAMMA
0424 R. solanacearum CFBP 3857 pacsl 3 bv. 2 (Tab. 4,
5, 6).

Ing tecta B popmaTe FLASH 661U TTOJIyUeHBI
BbICOKMeE 3HaueHus [T - 90-100% u B — 95%. [l sKkc-
TPakTOB po3 3HaueHU s I1 u B Ha ypoBHe 100% 6bLIU
OJIU3KU K 3HAUEHUSIM, MOJYUEeHHBIM C 9KCTPaKTaMu
KapTodensa. OQHAKO AJiT SKCTPAKTOB PO3 B OOHOU
U3 MOBTOPHOCTEN OTMeUYeHBbl 3HAUYUTEJNbHO GoJiee
Huskue 3HaueHUsa BK 1 HeIoCTOBepHBIN pe3yJsibTaT
B OHOM 13 06pasIioB, YTO yKa3bIBAET HA BOBMOXKHBIE
TpynHocTu npu ourcTke JHK u3 manHoTrOo cy6eTpara.
JOCTOBEPHO TOJIOXKUTEJIbHBIN pe3ysibTaT MOJIyueH
B 92% 06pasiioB 9KCTPAKTOB Po3 (Tabi. 4).

Ing Tecta Ha ocHoBe III[P-PB c HaGopoM
000 «Arpo/luarHocTUKa» JIJisd 9KCTPAKTOB KJIyOHEN
KapTodessa mokazaHa BeICOKas [1 ¢ MCIIONIb30BaHUEM
npubopa «IT-nmaiT» (90-100%), ofHAKO IJIsT TIPU0OO-
pa «AHK-32» 3TOT mmokasaTresb cocTaBuJi Jullb 30%.
B oImbITe ¢ 9KCTpaKTaMM BETE€TATUBHBIX YaCTEH Kap-
Todensa 3HaueHU I1 11 pa3HbIX TPUOGOPOB HE OTIIN-
vanuch (90%), 0lHAKO 3HAUYEHHUS IOPOTOBbIX IIMKJIOB
(34,5-37,9 u 39,4-41,82 cOOTBETCTBEHHO) TaKXe
yKasbIBaJU Ha 60Jiee BBICOKYIO 3(p(hEKTUBHOCTD peak-
nuu Ha npubope «IT-maiiT». TakuM obpas3oM, 3HaUe-
Hue B Tecta Ha mpubope «IT-mauiT» cocTaBuio 93%,

agent of fireblight Erwinia amylovora (Burrill) Winslow
et al. (Drenova, 2019).

A persistent excess of the calculated ASen index
indicates the copy number of the target fragment in
the sample, which can be caused by strong adhesion
of cells, leading to an error in determining the concen-
tration of artificially infected extracts. It is also pos-
sible that copies of the target are present in the cell
genome, for example, in the case of its location in plas-
mid DNA.

Repeatability (R), reproducibility (Reprod)

and selectivity (S)

To determine the working criteria of repeat-
ability (R) and reproducibility (Reprod) of tests with
AgroDiagnostika kits recognized in previous experi-
ments as universal to the strains of the species com-
plex R. solanacearum s. 1., chose 3 strains belonging to
different groups and showing similar values of ASen
(102-10° CFU/ml) (Tables 3, 4).

The repeatability of the FLASH test for strain
0422 (R. pseudosolanacearum CFBP 6442) varied from
20 to 90%. The reproducibility was 47%. For strain
0423 (R. solanacearum bv. 1 CFBP 20477), the R value
was 80—-100%, Reprod — 93%. The performance criteria
depended on the operator and possibly on the storage
conditions of the samples (Table 3).

The repeatability of the test in the RT-PCR for-
mat with AgroDiagnostika kit for the strain 0422 va-
ried from 10 to 70%. The reproducibility was 50%. For
strain 0423, R was 70-100%, Reprod — 86%. The per-
formance criteria depended on the operator, the instru-
ment, and possibly the storage conditions of the sam-
ples (Table 3).

In addition, the performance criteria R, Reprod
and S for all the tests were determined using strain
0424 R. solanacearum CFBP 3857 race 3 bv. 2 (Tables
4,5,6).

For the test in FLASH format, high values of R —
90-100% and Reprod — 95% were obtained. For rose
extracts, the R and Reprod values at the 100% level
were close to the values obtained with potato extracts.
However, for rose extracts in one of the replicates, sig-
nificantly lower internal control of PCR (IC) values and
an unreliable result in one of the samples were not-
ed, which indicates possible difficulties in DNA puri-
fication from this substrate. A reliably positive result
was obtained in 92% of the samples of rose extracts
(Table 4).

For a test based on RT-PCR with an AgroDiagnos-
tika kit for potato tuber extracts, a high R was shown
using the DT-light machine (90-100%), but for the
ANK-32 device this figure was only 30%. In the experi-
ment with extracts of vegetative parts of potatoes, the
R values for different devices did not differ (90%), how-
ever, the values of the threshold cycles (34.5-37.9 and
39.4-41.82, respectively) also indicated a higher reac-
tion efficiency on the DT-light machine. Thus, the Re-
prod value of the test on the DT-light machine was 93%,
and taking into account the experience on the ANK-32
amplifier — 62%. Selectivity in relation to rose extracts
in comparison with extracts of tubers and vegetative
parts of potatoes, as well as for the test in the FLASH
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Ta6auna 3
IToBTOpsAEMOCTH U BOCIIPOU3BOAUMOCTH TecTOB B (hopmaTe FLASH u ITIITP-PB
c KoMMep4ueckuMu Ha6opamu 000 «Arpo/luarHocTHUKa»

Table 3

Repeatability and reproducibility of FLASH and RT-PCR tests
with commercial AgroDiagnostika kits

FLASH, Od! IIP-PB, Ct

FLASH, RF* RT-PCR, Ct

Tepuuk OT-maiT OT-npaiim

Tertsik DT-light DT-prime
Ne n/m onepartop 1 | oriepaTop 2 omnepartop 1 | oriepaTop 2
Ne operator 1 |operator 2 operator 1 |operator 2
IIOBTOpPHOCTH
Repetition 1 22 32 1 22 32 2 3

0422 Ralstonia pseudosolanacearum CEFBP 6442
1 5,77 0,91 0,94 36,4 38,1 = = =
2 4,80 1,63 3,56 = = = 39,2 39,0
3 1,06 5,26 0,93 36,7 = = 39,0 37,8
4 5,43 4,41 1,53 38,7 37,2 37,9 38,6 =
5 5,10 0,97 1,37 38,4 = = 38,8 38,9
6 4,35 3,39 3,67 = = = 39,5 38,9
7 4,62 0,94 1,07 = 37,6 = = 38,9
8 2,33 0,98 0,98 38,7 38,0 = 38,8 =
9 4,68 0,86 0,99 = 39,4 = 39,0 39,1
10 5,08 0,93 1,01 = = = = 37,7
g 90% 30% 20% 50% 50% 10% 70% 70%
B 36,7% 70%
ﬁeprod 47% 50%
0423 Ralstonia solanacearum bv. 1 CEBP 2047"

1 6,46 1,22 6,64 36,0 36,3 36,1 36,3 =
2 5,49 6,12 5,55 36,7 37,8 39,8 = 39,0
3 7,26 5,23 4,81 By 35,9 875 37,2 37,8
4 8,18 6,72 6,95 36,5 = = 38,6 =
5 6,40 5,82 1,04 35,3 = 40,1 37,8 38,9
6 3,65 6,56 4,23 37,4 37,5 36,6 38,7 38,9
7 8,10 0,98 2,19 36,7 36,8 37,3 38,5 38,9
8 2,06° 4,36 5,88 37,8 39,1 37,1 38,7 =
9 4,64 2,85 1,37 38,8 40,6 = = 39,1
10 6,18 4,97 3,76 38,3 38,2 36,0 38,7 37,7
g 100% 80% 80% 100% 80% 80% 80% 70%
B 87% 75%
Eeprod 93% 86%

1 0® - oTHOCUTENbBHbIE €AMHULLBI (hyOpPeCLeHLMM Mo CpaBHEHNIO ¢ hoHOBbIMU 0bpasuamu.
2 AMnnndmkaums npoeegeHa nocne xpaHeHus solgenerHon OHK npu —20 °C.

3 MorpaHnYHbIN pe3ynbTaT OLLEeHEH Kak NooXMTeNbHbIN, T. K. Ha NPaKTUKe Takne obpasLibl
LOMKHbI 6bITb MPOTECTUPOBAHBI MOBTOPHO C yBeNMYeHMeM obbema obpasua.

— MOSIOXKUTESbHbIN pesynbTat — OTpuLATeNbHbIN pesynbTart — MOrpaHuYHbIi pesynstar

1 RF - relative units of fluorescence compared to background samples.

2 Amplification was carried out after storage of the isolated DNA at —20 °C.

3 The borderline result is assessed as positive, since in practice such samples
must be retested with increasing sample volume.

— positive result — negative result — borderline result
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Tao6auna 4

CeJIeKTUBHOCTb, IIOBTOPAEMOCTH U BOCIIPOU3BOAUMOCTH TecTa B hopmaTe FLASH
c KoMMep4uyeckuM Ha6opoMm 000 «Arpo/luarHocTuka»!

Table 4

Selectivity, repeatability and reproducibility of the test in FLASH format

with a commercial AgroDiagnostika kit*

PesynbraThl (OTHOCUTEJILHBIE eAUHULIBI hiiyopecueHnu, OP)

- o Results (relative units of fluorescence, RF)

aCTHUTEJIbHBIN
JKCTPAKT Kiy6Hu kaprodens Po3b1
Plant extract Potato tubers Roses

1 2 1 2

IToBTOPHOCTH Lenan % Lenp g Leap g Leanb %
Repetition Target IC Target IC Target IC Target IC
1 6,22 11,10 6,58 11,70 512 4,30 6,31 15,90
2 5,48 10,70 5,96 11,50 2,53 0,75 6,02 14,00
3 0,97 13,10 5,92 11,60 3,452 0,92 7,20 14,30
4 6,79 11,0 4,44 11,40 591 0,82 6,49 13,90
5 6,80 12,0 5,15 12,40 6,78 2,32 7,13 10,80
6 5,68 11,20 6,60 12,10 4,58 0,79 6,97 10,50
7 5,95 11,30 5,94 12,10
8 4,65 10,30 4,40 11,50
9 4,13 12,50 5,99 12,50
10 6,15 12,12 6,73 12,00
II
R 90% 100% 100% 100%
B 95% 92%
S
. 95% 100%
Reprod
B

goma 97,5%
Reprod total

1 [na onbITOB UCMOMb30BaV KONMNEKLUMOHHbIN WwTamm 0424 R. solanacearum CFBP 38572.
2 Pe3ynbTart NnoslyyeH B LONOMHUTENbHON peakumm ¢ passefeHnem JHK obpasua

B Boge ona MUP (1:1).

1 Collection strain 0424 R. solanacearum CFBP 38572 was used for the experiments.
2 The result was obtained in an additional reaction with a dilution of the DNA sample in water for PCR (1: 1).

a c yueToM OIlbiTa Ha aMmudukatope «AHK-32» —
62%. CeJIeKTUBHOCTb B OTHOIIEHUU 3KCTPAKTOB PO3
B CPaBHEHUU C BKCTPAKTaMU KJIyOHeU U BeTeTaTuB-
HBIX YacTel KapTodesis, Kak U i TecTa B hoopMaTe
FLASH, niposiBujiachk B UHrubupoBanuu BK u momyue-
HUU HEJIOCTOBEPHBIX PE3YIbTATOB (TabJI. 5, puc. «I1po-
TOKOJI OTIBITA II0 OIIPefeJIEeHNI0 CeJIEKTUBHOCTHU TECTa
TILIP-PB c Ha6opoM OO0 «Arpo/lnarHOCTUKA»).

Onga olleHKM BIUAHUG aMOnjauduraTtopa
Ha B u yrouHeHus AU ¢ UCIIOJB30BaHUEM IpUbOPa
«AHK-32», OIOJTHUTEJNbHO IIPOBEJIU ONBIT C paHee
BhIesieHHOU JJHK 3KCTpPaKTOB, MHOKYJIUPOBAHHBIX
Pa3HBIMU IITaMMaMu BO36yauTesis B 60jee BBICOKOM
KoHIleHTpanuu — 103 KOE/mu. Oua amMnaudukaium
WCII0JIb30BaJIu 110 2 obpasiia JHK Kakaoro mraMma,
TTOKA3aBIINX ITOJIOXKUTEIbHBIN Pe3ysIbTaT Ha pubope
«IT-mauT».

B npenenax AY, cocrtaBuBiett 102 KOE/mi, [T Tec-
Ta Ha nnpubope «AHK-32» cocraBuia 75%, B ¢ yueTom
IAaHHBIX IBYX IIPU6GOPOB — 87,5%. 3HaUeHUs ITOPOTO-
BBIX ITUKJIOB Kak 1iejiu, Tak 1 BK 06pa31ioB 6b11M 3HA-
UNTEJIbHO HIDKE Ha JeTEeKTUPYLeM aMIIuduKaTope

format, manifested itself in the inhibition of IC and ob-
taining unreliable results (Table 5, Fig. “Experimental
protocol for determining the selectivity of the RT-PCR
test with AgroDiagnostika kit”).

To assess the influence of the amplifier on Reprod
and refine the ASen using the ANK-32, we additionally
conducted an experiment with previously isolated DNA
extracts inoculated with different strains of the patho-
gen at a higher concentration — 103CFU/ml. For amplifi-
cation, 2 DNA samples of each strain were used, which
showed a positive result on the DT-light.

Within the ASen, which amounted to 102 CFU/ml,
the R of the test on the ANK-32 was 75%, Reprod, tak-
ing into account these two devices — 87.5%. The values
of the threshold cycles of both the target and the IC of
the samples were significantly lower on the gPCR ma-
chine DT-light in comparison with ANK-32 (Table 6).

dutocaHutapus. KapaHtuH pacteduin 14
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Ta6auna 5
CeJIeKTUBHOCTbD, IOBTOPAEMOCTb U BOCIIPpOM3BOAUMOCTb TecTa ITIIIP-PB
Cc KoMMepuecKuM Ha6opom 000 «ArpoJluarHocTuka»!

Table 5
Selectivity, repeatability and reproducibility of the RT-PCR test
with a commercial AgroDiagnostika kit*

PesynbraTsl, Ct
.. | Results, Ct
PacTuTebHBIA
3KCTPAKT Kay6Hu kapTodess Ber. yacTu KapTodensa Po3b1
Plant extract Potato tubers Veg. parts of potatoes Roses
ITpuGop O T-aiT AHK-32 O T-sait AHK-32 A T-nmaitt
Device DT-light ANK-32 | |DT-light ANK-32 DT-light
IToBTOpPHOCTH
Repetition 1 2 3 1 1 2 3 12 22 3
1 36,0 35,7 35,8 = 36,2 35,8 41,45 35,5 37,1 37,6
2 36,3 37,4 36,0 40,18 37,6 35,9 39,62 37,7 36,3° 36,9
3 36,3 36,1 35,4 — 36,6 36,7 39,40 37,3 38,1 35,7
4 37,0 38,5 36,9 39,96 38,5 37,2 40,07 38,5° 36,4 38,2
5 36,0 37,0 85,7 - 36,2 36,5 41,47 36,7 36,7 35,5
6 36,7 36,1 34,5 = 35,3 36,1 41,82 37,1 25,5 36,4
7 36,3 35,5 37,2 - 37,2 - 42,64
8 37,5 35,1 36,2 = 35,7 = 40,48
9 37,3 - - - 36,5 35,4 40,25
10 37,9 36,4 35,5 40,15 35,9 B585! =
II
R 100% 90% 90% 30% 100% 80% 90% 100% 100% 100%
C,B . .
[ e 93% b'¢ 90% b'¢ 88,7%
S, Reprod . -
E 62% 90% 100%
Reprod
Boﬁmaﬂ I T-naiit 95%
Repro dtotal DT-Light
Boﬁmu 0,
88%
Reprod,

1 N onbITOB MCMNOJSIb30BaNU KONNEKLUMOHHbIN WwTaMm 0424 R, solanacearum CFBP 3857.
2 Peakuus BK onsa 6onblumHcTBa 06pasLoB oTpuLaTesibHa (CM. pUCYHOK).
3 Pe3ynbTat noflyydeH B AOMOMHUTENbHONM peakuuuy ¢ pa3segeHnem OHK obpasua B Boge ona MUP (1 : 1).

1 Collection strain 0424 R. solanacearum CFBP 3857 was used for the experiments.
2The IC reaction is negative for most of the samples (see Fig.).
3 The result was obtained in an additional reaction with a dilution of the DNA sample in water for PCR (1: 1).

«OT-maliT» Mo cpaBHEHUIO ¢ Tpubopom «AHK-32»
(Tabu. 6).

Ins Tecta Ha ocHoBe IIIIP-PB c¢ HabopoMm
000 «CuHTOJI» TaK e, KaK 1 [IJIsgd TecTa ¢ HabopoM
000 «Arpo/lmarHocTuka», OTMEUYe€HO 3HAUYUTEJIb-
HOe BIUsgHUe mpubopa Ha 3 GEeKTUBHOCTD PeakIuu
B o6pasiax kiybHel. CeIeKTUBHOCTh B OTHOLIEHUH
9KCTPaKTOB P03 B CPAaBHEHUU C IKCTPAKTAMU KJIy6-
HeU U1 BereTaTUBHBIX YacTel KapTodeis IIposIBrIach
B HeCTabMJIbHOCTHU 1 6ojiee HU3KUX 3HaueHuax [1u B
(Tabum. 7).

Paboure KpUTepPUU TECTOB Ha OcHOBe I[ILIP
¢ (hryopeciieHTHOM METKOM C 0Te4eCTBEHHBIMU KOM-
MepuyecKMMU HabopaMu I BeisiBaeHUs JHK BUIOB
KoMILIeKca R. solanacearum s. 1. B paCTUTEJIbHOM 3KC-
TpaKTe pacTeHU-X035€B IIPEICTAaBIEHEI B TAbIUIIE 8.

For a test based on RT-PCR with a Syntol kit, as
well as for a test with an AgroDiagnostika Kkit, a signi-
ficant effect of the device on the reaction efficiency in
tuber samples was noted. Selectivity in relation to rose
extracts in comparison with extracts of tubers and ve-
getative parts of potatoes manifested itself in instability
and lower values of R and Reprod (Table 7).

Working criteria for tests based on PCR with a
fluorescent label with Russian commercial kits for de-
tecting DNA of species of the R. solanacearum s. 1. in the
plant extract of the host plants are presented in Table 8.
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BbIBO/IbI

1) Zlns mecmos ¢ Habopamu npoussodcmsa 000 «Azpo-
Juaenocmurxa» B hopmate FLASH u I[1LIP-PB ycTaHOB-
JIEHBI CJIeiylolye 3HaYeH s pab0urX KPUTEPUEB:

— aHAJUTHUYEeCKas CIelu(PUIHOCTb TECTOB —
100%;

— aHaJIUTUYeCKasd YyBCTBUTEJIBHOCTH — 101-10?
nan 102-10° KOE/Mn pyig mitaMMoB Ralstonia sola-
nacearum u R. pseudosolanacearum CFBP 6442 pacsl 5
bv. 5 1 10* KOE/Ma giisg mraMMma R. pseudosolanacearum
CFBP 6424 pacsl 1 bv. 3 u R. syzygii subsp. indonesiensis
CFBP 7288;

— CEeJIEKTMBHOCTDb OTMeYeHa AJis SKCTpaKTa pos3
B CJIy4ae CoflepKaHYsI ITOBBIIIIEHHOI'0 KOJIMYECTBa pac-
TUTEJIbHbIX KOMIIOHEHTOB;

— IIOBTOPSIEMOCTh 1 BOCHPOW3BOAUMOCTh TEC-
TOB B MIpeJesiaX aHAJIUTUYECKON YYBCTBUTENbHOCTH
(5 x 102 KOE/mn) mocturanu 97,5 1 95% COOTBET-
CTBEHHO IIPU HUCIIOJIb30BAHUY aMILIN(UKATOPOB IPO-
usBogcTBa 000 «/JHK-TexHoJorus». VMicmoab30BaHUE
npubopa «AHK-32» (000 «CUHTOJI») CHUXXAJIO YyB-
CTBUTEJIbHOCTh TECTa Ha ITOPSIOK;

Tao6suia 6

IIoBTOPSAEMOCTH ¥ BOCIIPOU3BOIHUMOCTD
TecTta B hopmate IIIIP-PB c HaGopom
000 «Arpo/luarHoCTHKa» JIJi1 06pPa3Ii0B
c KoHLeHTpanueii 10° KOE/mu

Table 6

Repeatability and reproducibility

of the test in the RT-PCR format

with an AgroDiagnostika kit for samples
with a concentration of 102 CFU/ml

OGpas3sery Pe3ynbraTsl, Ct*

Sample Results, Ct*

ITpuGop OT-naiit AHK-32

Device DT-light ANK-32
Peakiua Lean BK Leanb BK
Reaction Target |IC Target |IC
0039 10°-1 2,7 26,4 37,30 31,44
0039 10%-2 33,1 26,5 37,84 31,53
004010°-1 36,7 26,8 37,45 31,49
0040 10°%-2 35,1 26,5 37,62 31,41
0422 10°-1 39,5 27,2 42,65 32,59
0422 10°-2 36,4 27,4 39,56 31,28
0423 10°-1 35,9 27,4 39,83 31,68
0423 10%-2 37,9 26,6 = 31,57
0424 10%-1 35,1 26,5 40,05 32,37
0424 10%-2 35,3 26,5 39,52 31,71
042510°-1 36,5 26,8 = 31,71
042510%-2 36,2 26,2 = 31,85
g 100% 75%

geprod 87,5%

* MNprBeOeHbl CpefHVe 3HAUYEHNSI ONbITOB MO onpenenexHnto AY.

* The average values of the experiments to determine
the ASen are given.

Homep mynku | Maesmachucatop npoGupen | Ct, Fam| Gt Hex Pesynstar
Al 0424 ger-uact.-1 362 26.4 +
A2 424_ger-uzct-2 376 26.7 *
A3 424_per-uact.-3 366 267 +
A4 0424_ger-uact.-4 385 268 +
AS 0424 _weruact-5 362 269 o
AB 0424 _serusct-§ 353 266 +
A7 0424 _geruact-7 372 26,7 +
AB 424_per-mor.- 357 265 +
B1 0424 _seruact-0 36.5 265 o
B2 0424 _seruamct-10 359 26,7 +
B3 (OKE_gar._uacmn 26,7 -
B4 0424 _poaw-1 355 +
BS 0424_poaw-2 3.7 +
B6 424_poswe-3 73 +
B7 424_posu-4 Ha
B8 0424 _poaw-5§ 36.7 +
C1 424_posw-5 371 +
C2  oxm.eom 295 =
C3 NKB_10_8 251 2686 +
C4 MKA 261 265 +
Cs |O—KA 266 -

* Pyuwoil (Moporoswi) weton avanwsa (B.F)  Thieshold EAM =732  ThmssbaklHEX =
PucyHok. MpoTtokon Fig. Experimental
onbiTa no onpeneneHno protocol for determining
CeNeKTUBHOCTU TecTa the selectivity of the
MNLUP-PB c Habopom RT-PCR test with
000 «ArpofuarHoctuka» an AgroDiagnostika kit

SUMMARY

1) For tests with AgroDiagnostika kits in FLASH for-
mat and RT-PCR, the following values of working crite-
ria are set:

— analytical specificity of tests — 100%;

— analytical sensitivity — 10'-10% or 102-10°3
CFU/ml for the strains Ralstonia solanacearum and
R. pseudosolanacearum CFBP 6442 race 5 bv. 5 and
10* CFU/ml for the strain R. pseudosolanacearum
CFBP 6424 race 1 bv. 3 and R. syzygii subsp. indone-
siensis CFBP 7288;

— selectivity was noted for rose extract in the case
of the content of an increased amount of plant com-
ponents;

— the repeatability and reproducibility of tests
within the analytical sensitivity (5 x 102 CFU/ml)
reached 97.5 and 95%, respectively, when using
DNA-Technology amplifiers. The use of the ANK-32
device (Syntol) significantly reduced the sensitivity of
the test;

—the test criteria did not differ in general, however,
for the strain R. pseudosolanacearum CFBP 6424 race 1
bv. 3 the analytical sensitivity of the test in FLASH for-
mat reached 10>-10° CFU/ml, the reproducibility of the
test was slightly higher.

2) For a test based on RT-PCR with a Syntol kit, in ac-
cordance with the manufacturer’s specification, endo-
specificity is shown for R. solanacearum strains race 3
bv. 2. Exospecificity was 100%. Other performance cri-
teria were slightly lower than those of the tests with the
AgroDiagnostika kits:

— the repeatability and reproducibility within the
analytical sensitivity (5 x 10> CFU/ml), determined us-
ing the qPCR machine DT-light by DNA-Technology,
were 50-90% and 77%, respectively. When using the
ANK-32 device, a decrease in the sensitivity of the test
was also noted;

— analytical sensitivity was determined as
10% CFU/ml.

dutocaHuTapus. KapaHTuH pactenuii = 16
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Ta6auia 7

CeJjIeKTUBHOCTbD, IOBTOPSAEMOCTD U BocnpoussoauMocTs Tecta III[P-PB ¢ koMMepuyeckum

Ha6opoM 000 «CHHTOJI»*

Table 7
Selectivity, repeatability and reproducibility of the RT-PCR test with a commercial Syntol kit*
PesynbraTsl, Ct
.. | Results, Ct
PacTuTebHBIA
3KCTPaKT Kay6uu kapTodeis Ber. uacTu KapTodeJs Po3bl
Plant extract Potato tubers Veg. parts of potato Roses
ITpuGop O T-naiit AHK-32 OT-naitt AHK-32 O T-naiit
Device DT-light ANK-32 | |DT-light ANK-32 | |DT-light
IToBTOPHOCTH
Repetition 1 2 3 1 1 3 2 1 2 3
1 31,0 82,3 31,7 = 2.5 = = 34,5 34,1 32,9
2 31,8 = S22 = 33,7 32,7 36,88 = 34,4 31,5
3 32,2 32,8 32,1 - 33,9 - - — 33,9 31,8
4 = 2.9 322 = 33,8 32,8 38,1 = 33,6 =
5 = 33,2 S22 = 33,7 32,8 36,87 34,0 = 33,1
6 31,8 = 32,3 34,24 23,5 32,6 37,63 330 34,1 33,5
7 31,8 2.5 2.5 = 33,9 34,3 38,59
8 = 32,5 = = = 82,3 =
9 31,4 32,6 31,4 = 32,3 L3 36,46
10 32,0 33,0 2.2 34,96 33,4 = 35,63
I1
R 70% 80% 90% 20% 90% 70% 80% 50% 83% 83%
C’ B}.‘lT—Jlaﬁ'r
— 80% X 80% X 72%
S, Reprod,, ...
B 65% 80% 72%
Boﬁmaﬂ JT-naiit 77%
ReprOdtmal DT-light
B
_ 71,6%
Reprod,

* [1NA ONbITOB MCMNOJb30BaNN KONNEKLUMOHHbIN wTaMm 0424 Ralstonia solanacearum CFBP 3857.

* Collection strain 0424 Ralstonia solanacearum CFBP 3857 was used for the experiments.

— KPUTEPUU TECTOB B II€JIOM HE OTJIUYAJIUCH, Of-
Hako njs mraMmma R. pseudosolanacearum CFBP 6424
pacei 1 bv. 3 aHaTUTHUYECKAs YYBCTBUTEIHHOCTD TECTA
B (hopmaTe FLASH mocTturana 102-10° KOE/mu, Boc-
ITPOU3BOAUMOCTh TECTA ObLNIa HECKOJBKO BEIIIIE,

2) [ns mecma Ha ocHose IILIP-PB ¢ Habopom
000 «CunmoJi» B COOTBETCTBUU CO crieludpuKaluei
MIPOM3BOIUTENS SHIOCIEIIN(UYHOCTD ITOKa3aHa I
IITaMMOB R. solanacearum pacsl 3 bv. 2. IK30CIIEU-
truunocTb cocTaBmsia 100%. [Tpoume paboure KpUTe-
puu 6BLIY HECKOJIBKO HIKE, UeM ¥ TECTOB ¢ HabopaMu
00O «Arpo/lmarHoCTuKa»:

— MNOBTOPSIEMOCTb M BOCIIPOU3BOJUMOCTH
B Ipelejiax aHAJUTUUYECKUU YYBCTBUTEIbHOCTU
(5 x 10% KOE/mi), ortpefiefieHHbIe C UCIIOJIb30BaHUEM
amriuguraropa «IT-maiT» 000 «IHK-TeXHOJIOrusa»,
coctaBusiu 50-90% u 77% COOTBETCTBEHHO. [1pu uc-
ImoJb3oBaHuM Ipubopa «AHK-32» Takxe 0OTMEUYEHO
CHUW)XEHUE YYBCTBUTEJbHOCTHU TECTA,;

— aHAJIUTHUYeCcKasl YyBCTBUTEJIbHOCTH ObljIa OTIpe-
neseHa Kak 10° KOE/mut.

CONCLUSION

Based on an assessment of the applicability of tests
with commercial kits of Russian companies for
DNA isolation Proba-GS, for amplification in FLASH
format and RT-PCR of AgroDiagnostika and for am-
plification in RT-PCR format of Syntol for identify-
ing the species of Ralstonia solanacearum complex sen-
su lato in plant extracts have been found suitable
for routine testing of regulated products. Tests with
AgroDiagnostika kits can be used as screening tests
for samples of any origin. Test based on RT-PCR with
a Syntol kit, specific to R. solanacearum race 3 bv. 2,
can be used as a screening test in the study of pro-
ducts manufactured in the European Union, as well
as for the differential diagnosis of R. solanacearum
race 3 bv. 2.
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Tao6auna 8

CBopHad Ta6Jiuiia pa6ounux KpuTepueB TeCcToB Ha ocHoBe I11IP ¢ (hyiyopecuieHTHOI MeTKOM
C OT€EYE€CTBEHHBIMU KOMMEPUYECKUMHU HaﬁopaMH

Table 8

Summary table of the working criteria of tests based on PCR with a fluorescent label

with Russian commercial kits

PaGouue kputepuu st AY 5 x 102 KOE/mut
Working criteria for ASen 5 x 10> CFU/ml
AC, % Bocmipouss., %
e AS, % Reprod., %
KOE/mn
TecT ASen, IHIO- JK30- CeJieKT. IMoBTOP., % |AT-7maiiTr | OGuwasa
Test CFU/ml Endo- Exo- Select. Repet., % DT-light Total
1
FLASH 10°-10°  [100 100 POSbL 90-100 X 97,5
roses
TIIP-PB 0351
«Arpo/luarHoCcTHUKa» 102-10° 100 100 % (30%» 80-100 |95 88
RT-PCR AgroDiagnostika
MIIP-PB «CUHTOJ» R. solanacearumr. PO3BI
103 100 20?) 50-90 |77 71,6
RT-PCR Syntol 3bv. 2 roses 207

1 CeleKTMBHOCTb 3KCTPaKTa po3 He oKasblBasa BAWsHKS Ha B, TpebyeTcs 6onee TwaTenibHas NOArOTOBKA CYCNEH3UM 1 ouncTka OHK.

2 ins npnbopa «AHK-32».

1 The selectivity of the rose extract did not affect Reprod; more careful preparation of the suspension

and DNA purification are required.
2 For ANK-32.

3AKJIIIOYEHUE

Ha ocHOBaHUY OILIEHKY MPUMEHUMOCTH TECTHI C KOM-
MepuecKUMHU HabopaMU POCCUNCKUX KOMIIaHUN AJIs
Boimenenusa JHK «I[Ipo6a-I'C», gy aMiindukaium
B (popmaTe FLASH u TII[P-PB OO0 «Arpo/luarHoCTu-
Ka» u oy ammugukaiuu B popmarte ILIP-PB 000
«CHUHTOJI» IJI BBISIBJIEHUS BUAOB KOMILIeKca Ralstonia
solanacearum sensu lato B paCTUTENbHBIX DKCTPAKTAX
MIPU3HAHBI TPUTOJLHBIMY JIJIST TPOBEJEHUS] PYTUHHBIX
UCCJIEIOBAHUN TOAKAPAHTUHHOMN MTPONYyKIIUHU. TeCTh
¢ Habopamu npousBozcTBa 000 «Arpo/luarHoCcTUKa»
MOTYT OBITh UCII0JIb30BAHBI B KaueCTBe OTOOPOUHBIX
LISl ¥cclieqoBaHMs 06pas3IloB JIIOGOr0 IPOUCXOXKIE-
Hus. TecT Ha ocHoBe ITI[P-PB ¢ Ha6opoM OO0 «CuH-
TOJI», CIIelIU(PUUHBIN K R. solanacearum pacsl 3 bv. 2,
MOXET OBITH MCIIOJIb30BAH B Ka4eCTBE OTGOPOUHOTO
TIPY UCCIIeIOBAaHUY ITPOIYKITUY, TPOU3BEIeHHOU B EB-
pocoro3e, a Takxke mJist fuddepeHIInaIbHON TUarHo-
cTukHu R. solanacearum pacsl 3 bv. 2.
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AHHOTALIUA
IManuasg paboTa IBJISIeTCS IPAaKTUUYECKUM PYKOBOJICTBOM
110 UEeHTUPUKAIIUY JTUUNHOK MyX-TIECTPOKPBIIOK BU-
IoB Myiopardalis pardalina, Bactrocera cucurbitae, Bactro-
cera dorsalis, Bactrocera latifrons u Dacus Spp., BCTpedaro-
LIUXCS B IJIOJaX ThIKBEHHBIX pacTeHu (Cucurbitaceae).
B nmy6auKanuu MpuBeleH OTPENeUTENbHBIA KIHY
C WLIIOCTPAIIMSIMUY, TIO3BOJNAOMUYA guddepeHIInpo-
BaTh 5 BUOB IUUYUHOK III Bo3pacTa, 3 13 KOTOPHIX IB-
JITIOTCSI KapaHTUHHBIMY 0ObeKTaM!U AJIs CTPpaH EBpa-
3UHCKOr0 9KOHOMUYECKOT0 COI03a.

Knrouesvle cnoea. JINUMHKY, IIECTPOKPBIIKY, Ka-
paHTUHHBIE 00BEKTHI, Bactrocera, Dacus, Myiopardalis,
Cucurbitaceae.

yxu-mecTpokpbLiku (Insecta: Dip-
tera: Tephritidae) sBisIFOTCST BKO-
HOMMYECKU 3HAUYMMbIMU BUJAMU,
TaK KaK UX JJUYWHKU TTOPaXKAIOT
IJI0ABI OOJIBIIOTO CIIEKTPa pac-
TEeHUN-X035€eB, BKII0Uas ThIKBEH-
Hble KyJAbTypbl. C IOCIEIHUMU
CBSI3aHBl TaKue BUJBI, Kak Myio-
pardalis pardalina (Bigot, 1891), Bactrocera cucurbitae
(Coquillett, 1899) u Bactrocera dorsalis (Hendel, 1912),
BKJIIOUEHHble B EOWHBIN NepeveHb KapaHTUHHBIX
00BEKTOB EBPa3snuiCKOr0 3SKOHOMUYECKOrO COi03a
(ETIKO EASC, 2016). Huxxe mpuBemeHa KpaTKas WH-
opmarius 06 nMeronux GUTOCAHUTAPHOE 3HAUEHUE
IIECTPOKPBIIKAX — BPEAUTEAX ThIKBEHHBIX.

ABSTRACT
This work is a practical guidance for the identification
of fruit fly larvae Myiopardalis pardalina, Bactrocera cu-
curbitae, Bactrocera dorsalis, Bactrocera latifrons and Da-
cus spp., occurring on Cucurbitaceae fruits. It contains
an identification key with illustrations allowing to dif-
ferentiate third instar larvae of 5 species, 3 of which are
quarantine objects (pests) for the Eurasian Economic
Union.

Key words. Larvae, fruit fly, quarantine objects,
Bactrocera, Dacus, Myiopardalis, Cucurbitaceae.

ruit flies (Insecta: Diptera: Tephritidae) are

economically important species, as their lar-

vae cause damage to a wide range of host

plants, including Cucurbitaceae. The latter

are related with such species as Myiopardalis
pardalina (Bigot, 1891), Bactrocera cucurbitae (Coquillett,
1899) and Bactrocera dorsalis (Hendel, 1912), included in
the Common List of Quarantine Objects of the Eurasian
Economic Union (CLQO EAEU, 2016). Brief information
concerning fruit flies of phytosanitary importance af-
fecting Cucurbitaceae is given below.
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JbiaHasa myxa Myiopardalis pardalina

(Bigot, 1891)

Bo MHorux nyb6aukanusax (Kaumeibuna, 1977;
Korneyev et al., 2017; Carroll et al., 2019) Myiopardalis
TIPUHUMAaETCs B paHre ToApozaa poxa Carpomyia.

JIbIHHAS MyXa SIBJISIETCST 0Turodarom, CIieKTp pac-
TEeHUH-X035€B OTPAaHUYEH PEJCTaBUTENSIMU CEMEN-
cTBa THIKBEHHBIE, IJIABHBIM 00pa3oM AbiHel (Cucumis
melo), Takxe moBpexaaeT apobysnl (Citrullus lanatus)
u orypisl (Cucumis sativus) (CABI, 2021; EPPO, 2021).

9TOT BPeAUTEeN b ObIJ MMEePBOHAYAJIBHO OIHU-
caH B BenymxucraHe, peruoHe, TPOCTUPAIOIIEMCS
OT I0TO-BOCTOYHOTO VpaHa [0 3amagHoro [lakucra-
Ha. Ha mauHabIi MOMeHT M. pardalina pacTipocTpaHeH
B HEKOTOPBIX cTpaHax Azuu (Kaugpibruna, 1977; EPPO,
2021) u EBpomnsl (Korneyev et al., 2017).

AdpukaHckas JbIHHAS MyXa

Bactrocera cucurbitae (Coquillett, 1899)

- Bactrocera (Zeugodacus) cucurbitae: Drew et Romig,
2013; Drew et Romig, 2016; Drew et Hancock, 2016.

— Zeugodacus cucurbitae: De Meyer et al., 2015; Vir-
gilio et al., 2015.

JuauuHku B. cucurbitae TOBpeXmamT 6oJiee
125 BUZIOB pacTEHUH, TPEUMYIIECTBEHHO U3 CEMEN-
ctBa Cucurbitaceae, HanpuMep IbIHIO (Cucumis melo),
TBIKBY (Cucurbita pepo), ap6ya (Citrullus lanatus), oryper
(Cucumis sativus) u op. (EPPO, 2021; CABI, 2021).

AdpukaHckas IpIHHAS MyXa pacIpocTpaHeHa
B CTpaHaxX A3WU U B TPOTIMYECKUX U CYyOTPOTIMYECKUX
obJtacTax Adpuky, B ABcTtpanuu (KBuHcIeH ) 1 Ha 'a-
Baniax (EPPO, 2021; CABI, 2021).

BocTouHasa ppyKTOBasA Myxa

Bactrocera dorsalis (Hendel, 1912)

B. dorsalis iBisieTCS YacThI0 KOMILIEKCca MOPGOJIo-
TMYECKY CXOJHbBIX BUJIOB, BKJIIOUAIOIIEr0 B Ce0ST OKOJIO
85 BuoB (Vargas et al., 2015).

BocrouHas pyKTOBas MyXa — OLVH U3 HauboJsiee
MHOTOSITHBIX BUOB IIJIOZIOBBIX MyX, B KQUECTBE pPacTe-
HUM-X0351eB B. dorsalis 3aperucTpupoBaHo 0Koj0 450 BU-
IIOB pacTeHMy, IpuHaaiIexanmux Kk 80 ceMeicTBaM,
B TOM YVCJIe ThIKBEHHbBIE KYJIbTYPbI, HATIPUMEP AbIHU
(Cucumis melo), ap6yssr (Citrullus lanatus), orypiibl (Cu-
cumis sativus), ThIKBBI (Cucurbita pepo) mn ap. (EPPO, 2021).

B. dorsalis o6yamaeT BbICOKOM MHBA3MOHHOM aK-
THUBHOCTBIO ¥ B HACTOsIIee BPeMs pPaclpoCTpaHeH
10 MeHbIIel Mepe B 65 cTpaHax Asuu u Appuku (Bo-
po6beBa, Kamaes, 2017; EPPO, 2021). B Adpuke Bup,
BIiepBbIe 661 06HapyskeH B 2003 1. B KeHuu, BIiocie-
CTBUU OH PACIPOCTPAHUJICA 10 BCEMY KOHTUHEHTY
roxkHee Caxapsl (De Villiers et al., 2016), a Takke 110 He-
CKOJIbKMM OCTPOBAM B 3aIlafHOM yacTy MHIUICKOTO
okeaHna (EPPO, 2021).

Cnenytomue Bunbl Tephritidae, moBpexmatomiue
nnoxwl Cucurbitaceae, Mo pe3yabTaTaM aHAJINU30B QU-
TOoCaHHUTapHOro prucka (ADP), IpoBeIeHHBIX CITellra-
auctamu ®I'BY «BHUUKP», oripeneneHbl B KaueCTBe
MOTEHIIMaJbHbBIX KAPAHTUHHBIX 00BEKTOB.

ITacsieHOBad IJIOOBAsd MyXa

Bactrocera latifrons (Hendel, 1915)

SIBIsIeTCS B OCHOBHOM BpeLUTEJIEM I1aCJIeHOBBIX
KyJbTyp (TOMaTOB, CTPYYKOBOTO IepIla, 6aKIaXxaHOB
U Ip.), HO TaK)Xe MOJKET MOPaXaTh HEKOTOPbIE BUIbI
cemetlicTBa Cucurbitaceae (orypiibl, apOyssl U Ap.)
(EPPO, 2021).

B. latifrons — asuaTckuii Buj, 6b11 3aBe3eH B CIIIA
(ma TaBa¥iu) u B HeKOTOpble cTpaHbl Adpuku (EPPO,
2021).

Baluchistan melon fly Myiopardalis pardalina

(Bigot, 1891)

In many works (Kandybina, 1977; Korneyev et al.,
2017; Carroll et al., 2019) Myiopardalis is accepted as a
subgenus of the genus Carpomyia.

Melon fruit fly is an oligophage, the range of host
plants is limited to representatives of the Cucurbitace-
ae family, mainly melons (Cucumis melo), they also da-
mage watermelons (Citrullus lanatus) and cucumbers
(Cucumis sativus) (CABI, 2021; EPPO, 2021).

This pest was originally described in Balochistan,
a region from southeastern Iran to western Pakistan.
At present, M. pardalina is spread in some Asian coun-
tries (Kandybina, 1977; EPPO, 2021) and Europe (Kor-
neyev et al., 2017).

Melon fruit fly Bactrocera cucurhitae

(Coquillett, 1899)

- Bactrocera (Zeugodacus) cucurbitae: Drew et Romig,
2013; Drew et Romig, 2016; Drew et Hancock, 2016.

— Zeugodacus cucurbitae: De Meyer et al., 2015; Vir-
gilioet al., 2015.

B. cucurbitae larvae damage over 125 plant spe-
cies, mainly Cucurbitaceae, e. g., melons (Cucumis melo),
pumpkins (Cucurbita pepo), watermelons (Citrullus la-
natus), cucumbers (Cucumis sativus), etc. (EPPO, 2021;
CABI, 2021).

Melon fruit fly is spread in Asia and in tropical and
subtropical regions of Africa, in Australia (Queensland)
and Hawaii (EPPO, 2021; CABI, 2021).

Oriental fruit fly Bactrocera dorsalis

(Hendel, 1912)

B. dorsalis is part of a complex of morphologically
similar species, which includes about 85 species (Var-
gas et al., 2015).

Oriental fruit fly is one of the most polypha-
gous fruit fly species, the host plants of B. dorsalis
have a record of 450 species belonging to 80 fami-
lies, including Cucurbitaceae, such as melons (Cu-
cumis melo), watermelons (Citrullus lanatus), cucum-
bers (Cucumis sativus), pumpkins (Cucurbita pepo), etc.
(EPPO, 2021).

B. dorsalis has a high invasive activity and is cur-
rently spread in at least 65 countries of Asia and Afri-
ca (Vorobiova, Kamayev, 2017; EPPO, 2021). In Africa,
the species was first reported in 2003 in Kenya, sub-
sequently it spread throughout the continent south of
the Sahara (De Villiers et al., 2016), as well as several
islands in the western Indian Ocean (EPPO, 2021).

The following Tephritidae species damaging Cu-
curbitaceae fruits have been identified as potential
quarantine objects based on the results of pest risk
analysis (PRA) conducted by specialists of All-Russian
Plant Quarantine Center.

Solanum fruit fly Bactrocera latifrons

(Hendel, 1915)

It is mainly a pest of Solanum crops (tomatoes,
capsicums, eggplants, etc.), but can also infect some
species of the Cucurbitaceae family (cucumbers, wa-
termelons, etc.) (EPPO, 2021).

B. latifrons is an Asian species, was introduced
to the USA (to Hawaii) and to some African countries
(EPPO, 2021).
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MaJiasa TeikBeHHas myxa Dacus ciliatus

Loew, 1862

JTO OYEHb U3MEHUMBBINA BUI, KOTOPbIH JIETKO CITYy-
TaThb ¢ Dacus frontalis Becker, 1922 u Dacus vertebratus
Bezzi, 1908 (White, 2006; Caroll et al., 2019).

JIvauuky D. ciliatus pa3BUBAIOTCS B ILJIOaX 60JIb-
IIIOTO CIIEKTPA THIKBEHHBIX KYyJIbTYpP (apOy3bl, AbIHU,
TBIKBBI, MOMOPIMKA U Ap.). ECTh yKazaHUs O pacTeHU-
SIX-X03s1€BaX U3 IPYTUX CEMENCTB, HO OHU HE SIBJISTIOTCS
TUMUYHBIMY JJI51 MaJIo# TeikBeHHOU Myxu (CABI, 2021;
EPPO, 2021).

D. ciliatus MUpPOKO pacupocTpaHeH BO MHO-
ruX cTpaHax AQPUKM M HEKOTOPBIX CTPaHax A3uu
(EPPO, 2021).

B maHHO paboTe IpHUBeIeH UIIICTPUPOBAHHBIN
OmpemeJUuTEeNbHbIN KJIIOY, ITO3BONAIINN nudde-
PEHIIMPOBAThH BhIIIENEePeUYrCIeHHbIE BUIbI JUINHOK
myx-tedputug (kpome D. ciliatus), BCTpedaroiuecs
B IJIOJIaX ThIKBEHHBIX PACTEHUH.

0O61ue cBegeHMsI 0 MOP(oI0rur JINUUHOK

JIMYMHKY TII0JOBBIX MyX OTHOCATCS K MYCKOU/I-
HOMY THUITy ¥ XapaKTePU3yITCS YIJUHEHHBIM TEJIOM
KOHUYECKOU (hopMbI (4acTO BTOpas €ro IOJIOBUHA
IUIWHIPUYECcKasa), KayLadbHO C PACIIUPEHHBIM OC-
HoBaHMeM. OKpacKa B3POCJBIX JUUYMHOK GejioBa-
TO-XKEJITasi, TOKPOBBI TeJla HECKJIEPOTU3VMPOBAaHHBIE,
TTOJIyTIpO3pavHble. [0JI0BHAS KaTrlCcysia peylupoBaHa,
TIEePBBIY CETMEHT TeJia Ha3bIBAETCS 1cesdoyediaion, N
JOH#H020108a. Ha BEHTPAIBbHOL CTOPOHE JIOXKHOTOJIOBBI
PAacIoyIo}KeHO POTOBOE OTBEPCTHE, U3 KOTOPOT0 MO-
T'YT BBICTYIIaTh TEMHO-KOPUYHEBBIE POMOBbLE KPIOUbS
(amuKkasbHBIE 3yOIIbI, MJIW TEPMUHAJIbHAST YaCTh MaH-
IUOYIAPHBIX CKIEPUTOB). C 06eUX CTOPOH POTOBOTO
OTBEPCTUS, Y OCHOBAHUS pomosuLx ceHcuii (TIpo3pad-
HBIX HECKJIEPOTU3UPOBAHHBIX OYTOPKOB, C BOPOHKO-
BUIHBIM yTJIyOJI€eHUEM, PACIIONOXEHHBIX ¥ BEPUIUHEI
POTOBOT0 OTBEPCTHUS) MHOTLA Pa3BUThHI YaCTO TEMHO-
OKpallleHHbIE MTajIblle06pas3Hbie BIPOCTHI, WU Npedpo-
mosvie 3y6ybl (puc. 1). IX HaJimume 1 KOJIMYECTBO SIB-
JITIOTCSI BaKHBIMU MaTHOCTUYECKUMU TTPU3HAKAMMU.
[To 60KaM POTOBOI'0 OTBEPCTUST HAXOISATCS POTOBBIE
JIOITACTH C PACXOAAIIMMIUCS POImMOosbLMU 60PO30KaAMU, X
(hopma nmeeT guarHoctudeckoe 3HaveHue (KaHabIomM-
Ha, 1977).

Pomoenomounslii annapam — CUCTeMa BHYTPEHHUX
CKJIEPUTOB, PACIIOJaTaeTCsl B TTOJOCTHY JIOXKHOTOJIOBBI
U TIEPBBIX JBYX I'PYAHBIX CETMEHTOB. BaskHOe IMarHo-
cTUYecKoe 3HaueHUe UMeeT CTPOeHUue MaHIUOYAIp-
HbLX CKJIEPUINOB, TV POMOBbLY KPHUbes, — BEPTUKAJIBHO
ITOCTaBJIEHHBIX CKJIEPUTOB HEMPABUJIbHO TPEYTOJb-
HOU (hOPMBI, C CEPIIOBUIHO N30THYTHIM allMKaJIbHBIM
3y6IIOM ¥ pacUIMPeHHBIM OCHOBAHUEM C OTTIHYTHIM
JlOpCO-KayaJbHbIM y4acTKOM (puc. 2). Y HEKOTOPhIX
BUJIOB Ha BHYTPEHHE! MOBEPXHOCTY MaHAUOYISIPHO-
T'0 CKJIEPUTA MOXET IPUCYTCTBOBATD npedeepulurHbLi
(npeanuxanvubLii) 3ybey. Y BEHTPAIbHOIO BBICTYIIA (AI10-
JIeMbl) POTOBBIX KPIOUbEB ¥ HEKOTOPBIX BUIOB PACIIO-
JlaratoTcs HeGOoJbIlve CKIEPUTHI, Ha3bIBaeMble 3V0HbL-
Mmu (Kaupgpibuna, 1977).

Ha mepBOM rpyIHOM CETMEHTE, TOUTY Ha TPaHUIIe
CO BTOPBIM, pacroJiaralTcs nepefHue Jbixabiia. Ko-
JIMYECTBO U PACTIOJIOXKEHUE UX JIOTTACTEN UCII0JIb3YIOT-
csd B KauecTBe AUarHOCTUYeCKOro IpusHaka (puc. 3).

BoJjiee mogpo6Hoe onucanre MOPGOJIOrnYecKo-
I'0 CTPOEHUS IUUMHOK MYX-TIECTPOKPBLIOK ITPUBEIEHO
B MoHorpaduu M.H. Kauasi6unoi (1977).

Lesser pumpkin fly Dacus ciliatus Loew, 1862

This is a highly variable species that is easily con-
fused with Dacus frontalis Becker, 1922 and Dacus ver-
tebratus Bezzi, 1908 (White, 2006; Caroll et al., 2019).

D. ciliatus larvae develop in a wide range of Cucur-
bitaceae fruits (watermelons, melons, pumpkins, mo-
mordica, etc.). There are indications of host plants from
other families, but they are not typical for the lesser
pumpkin fly (CABI, 2021; EPPO, 2021).

D. ciliatus is widely spread in many African coun-
tries and some Asian countries (EPPO, 2021).

The present work provides an illustrated identi-
fication key allowing to differentiate the above-stated
Tephritidae fly larvae species (except for D. ciliatus) oc-
curring in Cucurbitaceae fruits.

General information about the morphology

of larvae

Fruit fly larvae are of the muscoid type and are
characterized by an elongated conical body (often its
second half is cylindrical), caudally with an expanded
base. The color of adult larvae is whitish-yellow, the in-
tegument of the body is not sclerotized, translucent.
The head capsule is reduced, the first segment of the
body is called pseudocephalon. On the ventral side of the
pseudocephalon there is a mouth opening from which
dark brown oral hooks (apical teeth, or terminal part of
mandibular sclerites). On both sides of the mouth open-
ing, at the base of oral sensilla (transparent non-sclero-
tized tubercles, with a funnel-shaped depression, locat-
ed at the top of the mouth opening), often dark-colored
finger-shaped outgrowths are sometimes developed, or
preoral teeth (Fig. 1). Their presence and quantity are
important diagnostic features. On the sides of the oral

Puc. 1. lonoBHoOI cerMeHT (InLeBasa MacKa) IMUMHKA
(n3: KanabibuHa, 1977, c usm.).

0603HaueHus: ant — ycuk, mxp — WynukK, os — poToBas
ceHcunna, or — potoBble 60po3aKu, pot — NnpenpoToBbie
3y6ubl, ms — MaHOUGBYNSAPHBIN CKNEPUT.

Fig. 1. The head segment (facial mask) of the fruit fly larva
(from: Kandybina, 1977, modified).

Symbols: ant — antenna, mxp — maxillary palpus,

os — oral sensilla, or — oral ridges, pot — preoral teeth,

ms — mandibular sclerite.
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F' —_dopm

Puc. 2. ®parmeHT
pOTOrNOTOYHOrO annapara
Bactrocera cucurbitae
(choTo U.0. KamaeBa). cucurbitae
0603HaveHus: (photo by I.0. Kamayev).
ms — MaHAnbYNsapHbIi ckneput,  Symbols:

ds — 3y6HoOW cknepwuT, ms — mandibular sclerite,
at — anuKanbHbIl 3ybeLl, ds — dental sclerite,

pat — npepBepLWUHHBIN, at — apical tooth,

WY npeanuKanbHbli, 3ybeu, pat — preapical tooth,

va — BeHTpanbHas anogema, va — ventral apodeme,

da - popcanbHas anogema. da - dorsal apodeme.

Fig. 2. Fragment of
the cephalopharyngeal
skeleton of Bactrocera

KiroueBble [UarHOCTUYECKHUE TIPU3HAKY JIUUL-
HOK PacCMOTPEHHBIX BhINIE BUIOB MyX CEMEMNCTBA
Tephritidae, moBpexgar0IIMX IIJI0LbI THIKBEHHBIX pac-
TEHUH, Ipe/iCTaBJIeHbl B Tabaulle. JlaHHbIE ITPU3HAKYU
KCII0JIb30BAHBI IPK COCTABJIEHUY ONPeAeIUTEIbHOTO
KJII0Ya.

VimeHTUGUKAIUSA TTPOBOAUTCS TOJBKO 10 INUNH-
kaM Il Bo3pacTa, XapaKTepusyIIuMCs HaJTuInueM Iie-
PeIHUX AbIXaJlell ¥ TPeX Lieiel Ha 3aJHUX ObIXalbllax
(Kaupgpi6uua, 1977).

Tao6auna

Puc. 3. NepepHee pbixanbLe Fig. 3. Anterior spiracle

Myiopardalis pardalina, of Myiopardalis pardalina,
TeMHononbHaa Mukpockonua  dark-field microscopy
(choTo N.0. KamaeBa) (photo by I.0. Kamayev)

opening are oral ridges with diverging oral grooves, their
shape is of diagnostic value (Kandybina, 1977).

Cephalopharyngeal skeleton is a system of internal
sclerites, located in the cavity of the pseudocephalon
and the first two thoracic segments. A great diagnos-
tic value has the structure of mandibular sclerite, or oral
hooks, — vertically placed sclerites of irregularly trian-
gular shape, with a crescent-shaped apical tooth and
an expanded base with a retracted dorso-caudal area
(Fig. 2). In some species, a preapical tooth may be present
on the inner surface of the mandibular sclerite. At the
ventral apodeme of the oral hooks in some species there
are small sclerites called dental (Kandybina, 1977).

On the first thoracic segment, almost on the bor-
der with the second, there are anterior spiracles.
The number and location of their tubules are used as a
diagnostic feature (Fig. 3).

Jduarsocruueckue npu3Haku JUUYUHOK III Bo3pacTa HEKOTOPbBIX MyX-IIECTPOKPBLIIOK,

BCTpeuaromuxcd B rutogax Cucurbitaceae

I[Ipu3sHaku
IIpeaBepminHHGIM 3y6en; KosimuecTBo Jionacreii
Hasmmuue 3yGHOro PoToBble 6Opo3/ibI Ha MaHJUGYJISIPHOM Ha IlepeJHUX
Bup CKJIepuTa (hopma) CKJIepuTe AbIXaJbIlax
Bactrocera latifrons €CTb IIPOCThIE OTCYTCTBYET 13-18
Bactrocera dorsalis eCTb IIPOCThIE OTCYTCTBYET 8-12
Bactrocera cucurbitae €CcThb TJIyOOKUeE, €cTb, HEGOJTBIION 16-20

C 3aBOPAYMBAKIINMUCA

KpasiMu

Dacus ciliatus eCcTh

r1y6oKMe, C 3aBOPAUM- €CTh, IOBOJBHO KPYMIHbINA 14-16

BAaKIUIMMUCA KpasiMu

Myiopardalis pardalina ~ HeT IIPOCThIE

OTCYTCTBYET 25-28

Mpumeuanue. Tabnuua coctaBneHa no (KaHablbuHa, 1977; Kamaes, 2017; Balmés et Mouttet, 2017;

Carroll et al., 2019; White et Elson-Harris, 1992).
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Table

Diagnostic characters of third instar larvae of some fruit flies

recorded on Cucurbitaceae fruits

Characters
Presence Preapical tooth Number of tubulestubules
Species of dental sclerite  Oral ridges (form) on mandibular sclerite on anterior spiracles
Bactrocera latifrons present simple absent 13-18
Bactrocera dorsalis present simple absent 8-12
Bactrocera cucurbitae present deep, with curling present, small 16-20
edges
Dacus ciliatus present deep, with curling present, quite large 14-16
edges
Myiopardalis pardalina absent simple absent 25-28

Note. The table was compiled according to (Kandybina, 1977; Kamayev, 2017; Balmes et Mouttet, 2017;

Carroll et al., 2019; White et Elson-Harris, 1992).

Puc. 4. ®opma 3apHuUX Abixanew IMUMHOK HekoTopblx  Fig. 4. Shape of posterior spiracles in larvae of

cemeiicTB Diptera: Tephritidae (a), Muscidae (b),
Calliphoridae (c) (poTo U.0. Kamaera)

Jlng ngeHTUGUKAIIUY JUIUHOK HEeo6X0IUuMO
M3TOTOBJIEHWE MUKpOIIpernapaTa. MeTomuKa €ero
TIPUTOTOBJIEHUS MOAPOOGHO OMKCAaHA B CIEAYIOMINX
ucrounukax: ISPM 27: DP09 (2015), Kamaes (2017),
a Takke BUJIe0POaUK rpoekTta ®I'BY « BHUMKP» («OH-
JIaMH-TIPAaKTHKA KapaHTUHA PACTEHUMN»).

Jlns maHHOW PaboThl O6BIT MCITOJIb30BAH MaTe-
pyaJ M3 KOJUJIEKIIMH DHTOMOJIOTUYECKOTO (GoHIa
®I'BY « BHUVKP» u 300si0ruuyeckoro uucruryra PAH,
r. CaukT-ITeTepbypr, Poccus (3VUH PAH).

Ornpee/IuTeIbHBIN KU

As ugeHTuukanuu JuauHok III Bo3pacra

o cemeiicTBa Tephritidae (1o Kaumpi61HOIH,

1977; Kamaesy, 2017)

1 TomoBHas KaIicyja CUJBHO penylupoBaHa.
Eciy UMeIoTCsI CKJIepOTHU3UPOBaHHbIE POTOBBIE YaCTH,
TO OHU MIPEJCTaBJIEeHbI B BUIe KPIOUKOB. Hor HeT . 2

— [IpU3HAKK UHBIE .................... Ipyrye TPyIibl

2 llepepHue ObIXaiblla He CONVKEHBI, pacroJia-
rarTcs 10 60KaM Teja. 3afHue IbIXajblla HaX0LaTCS
He Ha BbICTyIax (cTurModopax) ¥ He UMEIT IIepUTpe-
MBI, COZEPKAT 3 BBITAHYThIE IIEJIH, KOTOPhIe 06BIYHO
TIOYTH TapajIeJbHbl, MEXY HUMU 3aMEeTHbI UHTEP-
CHIMPaKyJISIpPHbIE OTPOCTKY (puc. 4a) ... Tephritidae

— IlpusHaku uHble (puc. 4b,4c) ............. Ipyrue
ceMelicTBa

some Diptera families: Tephritidae (a), Muscidae (b),
Calliphoridae (c) (photo by I.0. Kamayev)

A more detailed description of the morphological
structure of the fruit fly larvae is given in the mono-
graph by M.N. Kandybina (1977).

The key diagnostic characters of the above-stated
Tephritidae larvae damaging Cucurbitaceae fruits are
presented in the table. These characters were used in
the compilation of the identification key.

Identification is carried out only by third instar
larvae characterized by the presence of anterior spi-
racles and three slits on the posterior spiracles (Kan-
dybina, 1977).

To identify the larvae, it is necessary to make a
slide. The method of its preparation is described in
detail in the following sources: ISPM 27: DP09 (2015),
Kamayev (2017), as well as a video of the FGBU
“VNIIKR” project (“Online Practice of Plant Quaran-
tine”).

This work includes the material from the collec-
tions of the entomological fund of the Federal State
Budgetary Institution “VNIIKR” and the Zoological In-
stitute of the Russian Academy of Sciences, St. Peters-
burg, Russia (ZIN RAS).
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Puc. 5. YacTb poTorniotouHoro annapara (a),

¢hparmeHT nuueBoi macku (b) n 3agHee pbixanbue (c)
Myiopardalis pardalina, (a) — cBeTnononbHas MUKpPOCKOMNMs,
(b, ) — thazoBbIlt KOHTpacT (hoTo U.0. Kamaera)

OrnpeeIuTeIbHBIN KJII0Y

ana ngeHTuGUKALUY 10 BULA IUNUYNHOK
HEKOTOPBIX MyX-IIECTPOKPBLIOK,
BCTPEYAIOIMXCS B ILI0/IaX ThIKBEHHBIX
pacTtenuii (o Kauzgei6unoii, 1977; Kamaesy,
2017; Carroll et al., 2019; White et Elson-Harris,
1992; Balmeés et Mouttet, 2017; ¢ LOIIOJHEHUAMU
¥ U3MEHEHUSIMI)

1 3y6HOU cKyIepuUT uMeeTcs (puc. 2) 4

— 3y6HOM CKJIEPUT OTCYTCTBYET (PHUC. 5a) ... .... .. 2

2 TIpenpoToBble 3y61ibl pa3BUTHI (puc. 1, 5b). Jlo-
TacTell TepefHero AbIXaibila 60bile ceMu. POTOBbIE
60PO3AKY C PALOM MEJKUX 3y6I10B BAOJIb HAPYKHOTO
KDAST e 3

— Takoro coueTaHUs MPU3HAKOB HET
POJIBI ¥ BUJIBI

3 IlepenHue pgpixanblia ¢ 25-28 jionacTaMu

.Myiopardalis pardalina

[MpumeuaHue. YacTb pOTOTJIOTOYHOIO amnrmapara, ¢gpar-
MEHT JINIIeBOM MacKU U 3aJlHee JibIXaJiblie JaHHOI0 BUIA TIPEe/-
CTaBJIEHBI HA pUC. 5.

— KosimuecTRBO JIOMTAacTeN MepelHUX AbIXaJel] Me-

Hee 24 ... .pyrue Buzbl Carpomyia
4 PoToBble 60PO3JIKY C 3aKPYUYUBAIOIINMUCS Kpa-
SIMU, 06PasyUIUMU ITOYTH KaHaJIbI (PHC. 6), TTPeaBep-
ITMHHBIH 3y0el] Ha MaHIUOYIIPHOM CKJIEPUTE UMEET-
— PoToBBIE 6OPO3IKY C TPOCThIMU (HE3aKPyUYHBa-
OUMUCS) KpasiMu. [IpeiBepIIMHHBIN 3y6el] Ha MaH-
IUOYJIIPHOM CKJIEPUTE UMEETCS UJIU OTCYTCTBYET . .. 6
5 TIpeABePIIUHHBIN 3y6el] Ha MaHAUOYIIPHOM
CKJIEPUTE HEKPYNHBIN (puc. 7a, 7b). [lepepgHue Ibi-
xanbiia ¢ 18-20 jmonactamu (puc. 7c). Ha mocimemgHeM
CerMeHTe TeJjia MOoJ, AbIXaJbIlaMy MeXAy 6yropkaMu
pacriojio’keHa ToOHKas, TeMHas moJioca (puc. 7d) ...
Bactrocera cucurbitae

[Tpumeuanue. HekoTopsle aBTope! (Hardy, 1949; Kaupsr-
6uHa, 1977) yIIOMUHAIOT O HAJTUUUY TEMHOU rOPU30HTAIBHON
CKJIEPOTU3MPOBAHHOM ITOJIOCKU Ha ITOCJIEJHEM CETMEHTe TeJja
smauHkY 111 Bospacra Bactrocera cucurbitae. Benen, 3a White et
Elson-Harris (1992) MbI IpUIEP’KUBAEMCS MHEHUS, YTO JJaHHAS
M10JIOCKA SBJISIETCS TEMHOOKpAIIeHHOM, HO He CKJIEPOTU3UPO-
BAHHOU, TaK KaK Ha MPAaKTUKe HAJIUYKE 3TOU TTOJIOCHI OTMeYa-
eTcs y HeIaBHO 3a(UKCHPOBAHHBIX IMYMHOK. Ha 6oJiee ctapoM
MaTepuaJie JaHHbIHM MPU3HAK He 06HapYIKeH.

K aTOMY BUAY JOCTATOUHO GJIM30K aBCTPATUUCKUN BU],
Bactrocera cucumis (French, 1907), BcTpevarIuiics B II0gax

Fig. 5. Part of the cephalopharyngeal skeleton (a),

a fragment of the facial mask (b) and the posterior spiracle (c)
Myiopardalis pardalina, (a) — bright-field microscopy,

(b, c) — phase contrast (photo by I.0. Kamayev)

Puc. 6. PotoBble 60po3aKu Fig. 6. Oral ridges
C 3aKpy4yMBawowmmmcs kpasmm  with curling edges
(u3: KaHgbibuHa, 1977) (from: Kandybina, 1977)

Identification key to third instar larvae up to

the family Tephritidae (according to Kandybina,

1977; Kamayev, 2017)

1 The head capsule is strongly reduced. If there
are sclerotized mouthparts, they are presented in the
form of hooks. No legs 2

— Other characters........................ other groups

2 The anterior spiracles are not close together, lo-
cated on the sides of the body. The posterior spiracles
are not on projections (stigmophores) and do not have
a peritreme, contain 3 elongated slits, which are usual-
ly almost parallel, interspiracular processes are visible
between them (Fig. 4a) ........................ Tephritidae

— Other characters (Fig. 4b, 4c¢) ...... other families
Identification key to the species of some fruit fly
larvae occurring on Cucurbitaceae fruits (based
on Kandybina, 1977; Kamayev, 2017; Carroll
et al., 2019; White et Elson-Harris, 1992; Balmes
et Mouttet, 2017; with additions and changes)
1 Dental sclerite present (Fig. 2) 4

— Dental sclerite absent (Fig. 5a) 2

dutocaHuTapusi. KapaHTuH pacteHuii = 26
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TBIKBEHHBIX, Y KOTOPOTO, KaK ITPaBUJIO, HE Pa3BUTa TEMHOOKpa-
IIeHHas MOJIOCKA Ha TIOCJIeIHEM CETMEHTeE TeJia TIOJ, IbIXaTbIla-
mu (White et Elson-Harris, 1992).

JuarHOCTUYECKUY TIpU3HaK (TeMHOOKpalleHHas To-
JIOCKa), UCIToJIb3yeMbli mya nuddepennmanuu B. cucurbitae
U B. cucumis, IpUBOAUTCS TOJIbKO B paboTe White et Elson-Harris
(1992), B 1pyrux U3BECTHBIX HaM paboTax 1Mo JMYUHKAM T1JI0-
IOBBIX MyX OJJTHOBPEMEHHO 00a 3TUX BUJA B ONPEAEIUTEIb-
HBIX TabJIUIIaX He MTpeAcTaBaeHbl. Kak 0TMeUaloT caMu aBTOPbI
(White et Elson-Harris, 1992), yka3aHHBI! TPU3HAK HE SIBJIIET-
cs1 CTaGUIIbHBIM Y B. cucumis; 110 HalllM JTaHHBIM, 9TOT ITPU3HAK,
BO3MOJKHO, TaK)Ke He SIBJIeTCS CTabUIbHBIM y B. cucurbitae
(puc. 7d, 7e).

— [IpenBepUINHHBIN 3y6el] Ha MaHAUOYIIPHOM
CKJIEpUTE OYeHb KPYITHBIHM, PaBEeH HEe MEHEE UeM I10JI0-
BUHE JIJIVMHBI BEPIIMHHOTO 3y611a (puc. 8a) .. Dacus spp.

[IpuMeuaHue. VI3BecTHBIE BUbI JAHHOTO POJia HA JIMUU-
HOYHOM CTaJUY PAa3BUBAKOTCS NPEUMYIIECTBEHHO B IJIOZAX
TBIKBEHHBIX, OJJHAKO UX JUArHOCTUKA HEJOCTATOYHO pa3pabo-
taHa. HauGosiee wacTo BcTpeuaeTcs Dacus ciliatus, y TUYIUHOK
KOTOPOTrO Ha MepeIHuX Ablxajibllax 14—16 jomacren (puc. 8b),
a IpeiBEPIIMHHBIN 3y6el] paBeH MTOJIOBUHE JIJIMHbBI BEPIUIMHHO-
ro (Kaugpiouua, 1977; White et Elson-Harris, 1992); Ho ciiemyeT
UMETH B BUJLY, UTO JJAHHBIE IPU3HAKY He SIBJITIOTCS BUIOCIIEIN-
¢uunbiMu (Carroll et al., 2019).

6 TIpenBepPIINHHBIN 3ybel] Ha MaHAUOYIIPHOM
CKJIEPUTE OTCYTCTBYeT (pUc. 9-10) ........................ 7
— IlpenBepIIMHHBIN 3y6el] HA MaHIUOYIIPHOM
CKJIEDUTE UMEETCH ... ........................ . IpyT¥e BUIbI

7 KoJIn4ecTBO JIOMACTEH MepeqHUX AbIXajell —

I3 MOOIEE ... oo 8
— KosinuecTBO JionacTed mepemHuX AbIxajell —
MeHee 13 9

Puc. 7. YacTb poTorfioTouHoro annapara (a), 3aKpyumsarowmecs

6opo3nku (b), nepenHee gbixanbue (C) ¥ NOCNEAHUN CETrMEHT
Tena JIMYNHKM C TEMHOOKPALLEHHOW MoIocKon (Ha Hee
yKasbiBaeT cTpesika) (d) u 6e3 TeMHooKpaLleHHoN nonocku (e)
Bactrocera cucurbitae (cpoto U.0. KamaeBa)

2 Preoral teeth developed (Fig. 1, 5b). Tubules of
anterior spiracle more than seven. Oral ridges with a
number of small teeth along the outer edge

— No such characters combination . .................

....................................... other genera and species
3 Anterior spiracles with 25-28 tubules (Fig.3) ....

Note. A part of the cephalopharyngeal skeleton, a frag-
ment of the facial mask, and the posterior spiracle of this spe-
cies are shown in Fig. 5.

— Number of tubules of anterior spiracles less
than24 ... .other Carpomyia species

4 Oral ridges with curling edges forming almost
canals (Fig. 6); preapical tooth present on mandibular
sclerite (Fig. 2) ... ...,

— Oral ridges with simple (non-curling) edges.
Preapical tooth on mandibular sclerite present or ab-
5 Preapical tooth on mandibular sclerite not large
(Figs. 7a, 7b). Anterior spiracles with 18-20 tubules
(Fig. 7c). On the last segment of the body, under the
spiracles between the tubercles, there is a thin, dark
stripe (Fig. 7d) Bactrocera cucurbitae

Note. Some authors (Hardy, 1949; Kandybina, 1977)
mention the presence of a dark horizontal sclerotized stripe on
the last segment of the body of a third instar Bactrocera cucur-
bitae larva. Following White et Elson-Harris (1992), we share
the opinion that this band is dark-colored but not sclerotized,
since in practice the presence of this band is observed in re-
cently recorded larvae. This character was not found on old-
er material.

Fig. 7. Part of the cephalopharyngeal skeleton (a),

curling ridges (b), anterior spiracle (c) and the last
segment of the body of the larva with a dark-colored stripe
(indicated by an arrow) (d) and without a dark-colored
stripe (e) Bactrocera cucurbitae (photo by 1.0. Kamayev)
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I The Australian species Bactro-
cera cucumis (French, 1907) is quite
close to this species, occurring on Cu-
curhitaceae fruits, in which, as a rule,
a dark-colored stripe is not develop-
ed on the last segment of the body
under the spiracles (White et Elson-
Harris, 1992).
Diagnostic character (dark co-
lored line) used for differentiation of
5 B. cucurbitae and B. cucumis, is given
only in the work of White et Elson-Har-
» ris (1992), in other works known to us
IEl on fruit fly larvae, both of these spe-
cies are not simultaneously presented
in the key tables. As noted by the au-
thors themselves (White et Elson-Har-
ris, 1992), this character is not stable
in B. cucumis; according to our data,
this character may also not be stable
in B. cucurbitae (Fig. 7d, 7e).

Puc. 8. YacTb poTornoTo4Horo
annapara (a) u nepegHee gbixanbue (b)
Dacus ciliatus (¢oto M.F0. ApanoBoii)

Fig. 8. Part of the cephalopharyngeal skeleton (a)
and anterior spiracle (b) Dacus ciliatus
(photo by M.Yu. Arapova)

— Preapical tooth on man-
dibular sclerite very large, at
least half as long as apical tooth
(Fig.8a)..........oeee. Dacus spp.

Note. Known species of this ge-
nus at the larval stage develop mainly
in pumpkin fruits, but their diagnosis
is not well developed. Most common
is Dacus ciliatus, the larvae of which
have 14-16 tubules on the anteri-
or spiracles (Fig. 8b), and the preapi-
cal tooth is half the length of the api-
cal one (Kandybina, 1977; White et
Elson-Harris, 1992); but it should be
borne in mind that these characters
are not species-specific (Carroll et al.,
2019).

6 The preapical tooth on
the mandibular sclerite is absent
(Fig. 9-10) oo, 7

— Preapical tooth on man-

Puc. 9. YacTb poTOrnoToYHOro Fig. 9. Part of the cephalopharyngeal
annapara (a) u nepegHee gbixanbue (b) skeleton (a) and anterior spiracle (b)
Bactrocera latifrons (choto U.0. KamaeBa) Bactrocera latifrons (photo by I1.0. Kamayev)

8 Illetika MaHIUOYISIPHOTO CKJIEPUTA HE BhIpaxe-

Ha; opcajibHAas aloJieMa IUPOKas, B BULE MAaCCUBHO-
ro 3y611a, pacIojioXKeHa I10/I, IBHBIM YIJIOM K OCHOBA-
HUIO CKJIEPUTA; BEHTPaJbHas amofeMa HalpaBjeHa
K BHYTpPeHHeMY (BEHTpPaJbHOMY) BOTHYTOMY Kpaio
CKJIEPUTA; BEPUIMHHBIN 3y6ell OTHOCUTEJIbHO Mac-
CUBHBIM, HE IBHO BOTHYTHIH, B PE3YIbTATE STOTO BEH-
TpaJbHBIN (BHYTPEHHUM) Kpal CKIEPUTA KaXKeTCsT He-
riy6okuM (puc. 9a). Kom4yecTBO JIONacTei mepegHuX
nerxagell — 13-18 (puc. 9b) .. ... Bactrocera latifrons
— Xopolo BeIpa)keHa IIeKa MaHAUOYISIPHOTO
ckJyiepuTa (puc. 10); mopcaibHas amogeMa MaHIuby-
JISPHOTO CKJIEPUTA y3Kas, pujeraiinas K OCHOBA-
HUIO CKJIEPUTA, alIMKAJIbHO 3a0CTPEHA; BEHTPaJIbHAS
arojileMa HalipaBJjeHa OT BHYTPEHHET0 BOTHYTOT'O Kpast
CKJIEPUTA; BEPUIMHHBIN 3y6el] y3K1ii, He MaCCUBHBIN,
SIBHO BOTHYTBII, B PE3YJIbTATE STOI'0 BEHTPAJIbHBIN
(BHYTpPEHHUI) Kpaii CKIEPUTA KAXKETCS TIIYOOKUM .. ...
Bactrocera zonata

dibular sclerite present

....................................................... other species
7 The number of tubules of the anterior spiracles

is 13 or more 8

lMpumeuanue. [To pesynbTaTaM aHanmsa (uToca-

HUTApPHOI'O PUCKa, NPOBeJeHHOro crenuanucramMmu ®IBY
«BHUUKP» B oTHOIeHUU Bactrocera zonata (Saunders, 1842),
MOKa3aHo, YTO JAAaHHBIN BUJ, HE COOTBETCTBYET KPUTEPUAM
KapaHTUHHOTO 00'beKTa AJis Tepputopuu Poccuiickonr de-
Iepaluu. 3[ech 3TOT BUJ, IIPUBeNeH A auddepeHuanum
OT CXOJIHOTO 110 PSAY MPU3HAKOB B. latifrons, Tak Kak B. zona-
ta MO’KeT MOBPEXJAaTh HEKOTOPbIE ThIKBEHHBIE (HallpuMep,
MOMOpPAUKY, JareHapuio). B pa6ore Kaumpi6uuoit (1977)
B. latifrons oTCyTCTBYeT. B onipefieTuTeIbHOM KJfoue Balmes
et Mouttet (2017) o6a Bua nipeJcTaBieHbl, HO OCHOBHOM akK-
LEHT CleJlaH Ha PaCTEeHUSI-X035€eBa M KOJIMYECTBO JIOMacTekn
Ha MepeJHUX IbIXabllaX, YTO MOXKET IIPUBECTU K HEJIOCTO-
BEPHOU UJAEeHTU(DUKAIUU.

Puc. 10. YacTtb
POTOrNIOTOMHOrO annapara
Bactrocera zonata;
CTPEeNiKM YKa3bIBaKT Ha
WwelriKy MaHambynspHoro
ckneputa (13: Balmes et
Mouttet, 2017, c uaMm.)

dutocaHuTapus. KapaHTuH pacteHui

Fig. 10. Part of the
cephalopharyngeal skeleton
of Bactrocera zonata; arrows
point to the neck of the
mandibular sclerite (from:
Balmés et Mouttet, 2017,
modified)
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Puc. 11. dparMeHT poTornoToYHoro annapara (a),
nepepHee (b) n 3apgHue (c) pbixanbua Bactrocera dorsalis  anterior (b) and posterior (c) spiracles Bactrocera dorsalis

(choTo U.0. KamaeBa)

9 JInvHa MHTEePCIUPAKYJISIPHBIX OTPOCTKOB IBHO
6oJiee Y IJIMHbBI HIDKHEH eI 3aHEr0 IbIXaIblia WIN
IpubJIM3UTENBHO paBHa el (puc. 11c, 12a). llletika
MaHIUOYISIPHOTO CKJIEPUTA SBHO BhIpakeHa (puc. 11a)
............................................... Bactrocera dorsalis

— JInvHA UHTEePCIUPaKyJISIPHBIX OTPOCTKOB IIPU-
OJIM3UTEILHO PaBHA II0JIOBUHE IJIMHBI HUKHEN IeIn
3aJIHero AbIXajblla Wiu MeHee ee (puc. 12b). [lleiika
MaHIUOYISPHOTO CKIEPUTA BEIPa’KeHa UIIU OTCYTCTBY-
(S NN ApPyrue BUIbI

Bnazodaprocms. ABTOPBI BRIDAXKAIOT GJ1aromap-
HocTh cnenuanuctamMm ®I'BY «BHUUWKP»: H.U. Ep-
moBo#, C.I0. MyxaunoBy u /[I.[. KacaTkuHy, a Takxe
crenuanucrtaM 300J0TUYecKoro mHcruryra PAH
O.T. OBunHHUKOBOU u I'M. CyJieiMaHOBOY 3a MaTepPU-
aJ1, 1106e3HO0 MPeOCTaBIeHHbIN [IJI NUCCIeIOBaHUS
u doTorpadmpoBaHusl.

Pa6oTa YacTWMYHO BBINTOJHEHA B paMKax
HUP mo rocymapcrBeHHoMy 3amaHuio (HMOKTP
N25121042600339-5).

Puc. 12. 3agHue gbixanbua
Bactrocera dorsalis (a)

u Ceratitis capitata (b),
6enasa NMHUS NokasbliBaeT

Fig. 12. Posterior spiracles
of Bactrocera dorsalis (a)
and Ceratitis capitata (b).
The white line shows the
length of the posterior
spiracle slit, the black
DJVHY HTepcnupakynapHbix  line shows the length of

ONNHY Wwenu 3agHero
AblXanbua, YepHasa NuHusa —

OTPOCTKOB
(hoto M.0. KamaeBa)

the interspiracular processes
(photo by I.0. Kamayev)

Fig. 11. Fragment of the cephalopharyngeal skeleton (a),

(photo by I.0. Kamayev)

— The number of tubules of the anterior spiracles
islessthan 13, ...............coocoiiieeeeeeeee 9

8 The neck of the mandibular scleritis is not pro-
nounced; dorsal apodeme wide, in the form of a mas-
sive tooth, located at a clear angle to the base of the
sclerite; ventral apodeme directed towards inner (ven-
tral) concave margin of sclerite; apical tooth relatively
massive, not distinctly concave; as a result, ventral (in-
ner) margin of sclerite appears shallow (Fig. 9a). The
number of tubules of the anterior spiracles is 13-18
(Fig. 9D) .o .Bactrocera latifrons

— The neck of the mandibular sclerite is well ex-
pressed (Fig. 10); dorsal apodeme of mandibular scle-
rite narrow, adjacent to base of sclerite, apically pointed;
ventral apodeme directed from inner concave margin
of sclerite; apical tooth narrow, not massive, distinctly
concave, as a result of which the ventral (inner) margin
of the sclerite appearsdeep........... Bactrocera zonata

Note. According to the results of the pest risk analysis of
Bactrocera zonata (Saunders, 1842) conducted by the specia-
lists of the All-Russian Plant Quarantine Center, it is shown that
this species does not conform the criteria of a quarantine ob-
ject (pest) for the territory of the Russian Federation. Here, this
species is given to differentiate from the similar in a number
of characters B. latifrons, as B. zonata can damage some Cucur-
bitaceae (e. g., momordica, lagenaria). In the work of Kandybi-
na (1977), B. latifrons is absent. In diagnostic key of Balmes et
Mouttet (2017) both species are given, but the main focus is on
host plants and the number of tubules on the anterior spiracles,
which can lead to misidentification.

9 The length of the interspiracular processes is
clearly more than % the length of the inferior slit of the
posterior spiracle or approximately equal to it (Figs.
11c, 12a). The neck of the mandibular sclerite is clear-
ly expressed (Fig.11a)................. Bactrocera dorsalis

—The length of the interspiracular processes is ap-
proximately equal to or less than half the length of the
inferior slit of the posterior spiracle (Fig. 12b). The neck
of the mandibular scleritis is pronounced or absent .
....................................................... other species
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AHHOTALIA

Ha TeppuTtopuyn Poccuy KaulTaHOBass MUHUPYHOIIAS
MoJstb Cameraria ohridella BeigBieHa B 2003 1. B Kanu-
HUHTPaJCcKol obsacTy, B 2005 . — B MockBe. B HacTos-
1ee BpeMsi BUJL, IMUPOKO PACTIPOCTPAHUIICS B €BPOTIEN-
cKoli yacTy PO, 1 ero apeas IIpoIoJKaeT PACIIUPSIThCS.
Ha ropa’keHHbIX PaCTEHUSIX KalllTaHa YHUYTOXKAETCS
10 90% JMCTOBOM MOBEPXHOCTHU. B cTaThe aHAJIU3U-
pyIoTCa pasiauyHbie criocobsl 60pu6bI ¢ C. ohridella,
MIpUMeHsieMble B Poccum U psifie eBPOTIEUCKUX CTPaH.
Hawubosnee shheKkTuBeH XUMUUYECKUN MeTOon 00pPbh-
6Bl C BpeAuTeseM, OGHAKO MECTULUIBI, ODUIINATBHO
paspeliieHHble AJiI TpUuMeHeHus npoTuB C. ohridella
B P®, oTcyTcTBYIOT. IMEIOTCSI CUCTEMHbIE ITpeTapa-
ThI — «IHCerap», «JItookc», «KoHDUIOP», «KAKTEJLIUK»,
«Mckpa», «MIMUIaKIONPUL» U AP., KOTOPbIe MOI'YT I10-
IOUTH IJi IPUMEHEHUs B POcCUY Ha KallITaHe, HO OHU
PEKOMEeH0BAaHbBI IIPOTUB APYTUX BUIOB uTOG(Aaros.
Taxoke IepeBbs MOXKHO 3alllUTUTD OT C. ohridella, BBen s
B CTBOJI CUCTEMHBIN MHCEKTUIIU]. ITOT CIIOCOD He II0-
JIy4WJI IIXPOKOTO NTpuMeHeHus B EBporie, T. K. 3aTpa-
ThI OKa3aJMCh KpaliHe BbICOKU. UTO KacaeTcst Poccun,
TO CETOZHS B CTPaHe HET HU OJTHOTO 3aPETMCTPUPOBAH-
HOT0 Iperapara, Pa3peneHHOTO K IPUMEHEHUI0 IIPOo-
THUB DTOTO BPEIUTEJIS C UCITOIb30BAHUEM TEXHOJIOTUU
BHYTPUCTBOJIOBbIX UHBEKIUH. C yueTOM 3TOr0 06CTOS-
TeJIbCTBA HAYyYHO-UCCIIe0BaTENbCKUE PA6OTHI B 60Jb-
11eii cTeleHu SOJDKHBI ObITh HaITpaBIeHbl Ha pa3paboT-
Ky 6uosiornyeckux Mep 60pbObl. YUeHBIMU ITPOBOJISITCS
UCCJIeJOBAHUS T10 TTOMCKY ITOAXOAAIINX BUIOB ITapasu-
TOMJIOB, KOTOPBIX MOKHO GYIET UCITOJIb30BaTh JJIs TI0-
naByeHus uncieHHocTu C. ohridella.

SCIENTIFIC RESEARCH

UDC 632.92

Horse-chestnut leaf miner
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ABSTRACT

In Russia, the horse-chestnut leaf miner Cameraria
ohridella was detected in 2003 in Kaliningrad Oblast,
and in 2005 —in Moscow. Currently, the species is wide-
ly spread in European part of the Russian Federation,
and its area continues to expand. On affected chest-
nut plants, up to 90% of the leaf surface is destroyed.
The article analyzes various ways to control C. ohridel-
la used in Russia and some European countries. The
most effective is the chemical method of pest control,
however, pesticides officially allowed to be used against
C. ohridella are absent in Russia. There are systemic
preparations — Insegar, Lufoks, Konfidor, Aktellik, Isk-
ra, Imidacloprid, etc., which may be suitable for use in
Russia on chestnut, but they are recommended against
other phytophage species. Trees can also be protected
from C. ohridella by injecting a systemic insecticide into
the trunk. This method was not widely used in Europe,
because the costs were extremely high. As for Rus-
sia, today there is not a single registered drug in the
country that is approved for use against this pest us-
ing intra-stem injection technology. Given this circum-
stance, research work should be more directed towards
the development of biological control measures. Scien-
tists are conducting research to find suitable species of
parasitoids that can be used to suppress the population
of C. ohridella.
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Knrowueevte crosa. KamTaHOBBI MUHEDP, MUHU-
pytomas mouib, Gracillariidae, Lepidoptera, KoHCKUM
KalllTaH, JlecHas MPOAYKIINS, METOAbl KOHTPOJIS, Me-
TOZbI 60PHOBI, BpELUTENH, yiepo.

BBEJIEHUE

eJIeHble HACAKIEHU IBJISIOTCI HEOTb-
eMJIEMOI YaCThI0 TOPOICKOM DKOCHCTE-
MbI, B KOTOPOU OHU BBITIOJIHSIOT MHO-
roumcjieHHble (QYHKIIUM (CHUXXEHUE
3aIlbIEHHOCTH 1 3ara30BaHHOCTH BO3-
Iyxa, 6opbba c mymMoMm u ap.). OMHUM U3
TaKUX IPEBECHBIX PACTEHMM, XOPOIIO
TIePEHOCANINM YCIOBUSA TOPOZA, 3UMO-
CTOMKUM U TTOAXOASAIIUM JIJIST aJlJIEMHBIX, TPYIITIOBBIX
U OJVMHOYHBIX I0CAIOK, SBJISETCA KOHCKMUU KallTaH
00BIKHOBEHHBIN (Aesculus hippocastanum L.). OmHaKO
B HACTOAIIMM MOMEHT HaCaKIeHUs KallTaHa HaXo-
IISITCS TIOZ, yTPO30¥ TTOPakeHWs M3-3a MacCOBOTO pas-
MHOKE€HUS OITAaCHOI'0 BPEIUTENS — KAIlTaHOBOM MU-
HUPYIOLIEN MOJIY, UK OXPUICKOT0 MUuHepa Cameraria
ohridella Deschka & Dimic, 1986.

OB30PHAA NH®OPMALIUA

B 1986 . y 6eperoB OxpuacKkoro osepa B MakenoHUU
OblLjIa omrcaHa He6GoJibIIass MOJIb, Pa3BUBAOILALCS
Ha KamTaHe KOHCKoM. OflHAKO, KaK IToKasajau 6ojee
nosauue ucciemosanud (Lees et al., 2011), 9TOT Bpe-
IWTENb B YKa3aHHOM PEruoHe IPUCYTCTBOBAJI ellle
B XIX Beke. BriocjeAcTBUU BbIICHUIIOCH, UTO JaHHbBINA
BU/J CTAJI aKTUBHO PACIIPOCTPAHATHCSI Ha HOBbIE TEP-
puUTOpPUU, OUEBUAHO, C MOCAJOUYHLIM MaTepHUaioM
KaIllTaHOB, KOTOPbIE MCITOJb3YIOTCS KaK TEeKOPATUB-
Hble PacCTeHUS IIPU O3eJIEeHEHUU B Pa3JIMUYHBIX I'O-
pollax ¥ ApyruX HACEJEeHHBIX MyHKTaX (30JI0TyXUH,
2020). Bckope Bpej, HAHOCUMBbIN KalllTaHOBOW MU-
HUPYIOUIEN MOJIBIO, OBLJI OTMEUEH BO MHOTUX CTPaHaX
EBporel. EBpomeiickre ucciefoBaTenu (GUKCUpYyIoT,
YTO KPOMEe KOHCKOT'0 KalllTaHa MUHEP MOXKET ITOBPEX-
laTh W IPYTHe BUIbI 3TOTO poja (CHuHeHKOo, 2002).
HawmboJiee CUIIBHO TIOBPEXKAAIOTCS KAIITAHBI CIIEIY-
I0IIMX BUAOB: KOHCKUI KalllTaH KpacHbIN A. pavia,
KOHCKUM KaIlITaH XeJThIN A. [utea ¥ KOHCKUY KalllTaH
MEJIKOIIBETKOBBIH A. parviflora. B TO ke BpeMs BBISIBU-
JINCh YCTOMYMBBIE K BPEAUTEII0 BUAI poma Aesculus:
KOHCKUU KallTaH rojyiblii A. glabra u KOHCKUY KallTaH
UHInACKUY A. indica. B Yexuy KpoMe KalllTaHa MUIHEP
TaK)Ke 3acesisiy KJIeHbI: KJIeH OCTPOJUCTHBIN Acer plata-
noides v xieH 6enbliii A. pseudoplatanus (Tomocosa, 2009;
'HuHeHKo, Pakos, 2011).

[To maHHBIM YKPaMHCKUX UCCIIeloBaTeeH, cpenu
IIPOM3PACTAIINX HA TEPPUTOPUN YKPAWHbI BUIOB
Aesculus Han6oJyiee yCTOMYMBBIM K KallITAHOBOMY MU-
Hepy OKa3aJIcs KOHCKUY KalllTaH MSICO-KPacHbIH A. car-
nea, Ha KOTOPOM OTMedYaJiaChb IIOBLIIIEHHAsA CMEPT-
HOCTb I'yceHUI] MUHepa (3epoBa u ap., 2007).

ITo cocTosiruio Ha 2021 . (EPPO, 2021) B EBporie
OXPUICKUI MUHEP PacIpoCTpaHeH Ha TePPUTOPUU
MIPAKTUYECKY BCEX €BPOTIENCKUX CTPaH OT [lopTyranuu

Key words. horse-chestnut leaf miner, leaf miner,
Gracillariidae, Lepidoptera, horse-chestnut, forest
products, control methods, control methods, pests,
damage.

INTRODUCTION

reen spaces are an integral part of the ur-

ban ecosystem, in which they perform nu-

merous functions (reducing dust and air

pollution, noise control, etc.). One of these

woody plants, which tolerates city condi-
tions well, winter-hardy and suitable for avenue, group
and single plantings, is horse-chestnut (Aesculus hippo-
castanum L.). However, at the moment, chestnut plan-
tations are under threat due to the mass reproduc-
tion of the dangerous pest — horse-chestnut leaf miner
Cameraria ohridella Deschka & Dimic, 1986.

OVERVIEW

In 1986, off the coast of Lake Ohrid in Macedonia, a
small moth was described developing on horse chest-
nut. However, as shown by later studies (Lees et al.,
2011), this pest was present in this region as early as
the 19™ century. Subsequently, it turned out that this
species began to actively spread to new territories, ap-
parently with planting material of chestnuts, which are
used as ornamental plants for landscaping in various
cities and other settlements (Zolotukhin, 2020). Soon,
the harm caused by the horse-chestnut leaf miner
was noted in many European countries. European re-
searchers note that, in addition to horse chestnut, the
miner can also damage other species of this genus
(Gninenko, 2002). The following chestnut species are
most severely damaged: the red buckeye A. pavia, the
yellow buckeye A. lutea and the bottlebrush buckeye
A. parviflora. At the same time, pest-resistant species
of the genus Aesculus were identified: the Ohio buckeye
A. glabra and the Indian horse-chestnut A. indica. In the
Czech Republic, in addition to chestnut, the miner also
inhabited maples: the Norway maple Acer platanoides
and the sycamore maple A. pseudoplatanus (Golosova,
2009; Gninenko, Rakov, 2011).

According to Ukrainian researchers, among the
Aesculus species growing on the territory of Ukraine, the
most resistant to the horse-chestnut leaf miner is the red
horse-chestnut A. carnea, on which an increased mortal-
ity of miner caterpillars was noted (Zerova et al., 2007).

As of 2021 (EPPO, 2021) in Europe, the
horse-chestnut leaf miner is distributed in almost all
European countries from Portugal to the Russian Fe-
deration, including Ukraine and Belarus. It has also
been identified in Asia: Armenia, Georgia, Turkey, Ka-
zakhstan, and Kyrgyzstan (Gabrid, 2012; Gninenko et
al., 2016).
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o Poccuiickoit ®enepanuu, BKIOYas YKpauHy u be-
Japycb. OH Tak)Ke BbISABJEH U B A3uu: ApMmeHuu, ['py-
3um, Typuuu, Kazaxcrane u Kuprusuu (Fabpuz, 2012;
T'HUHEHKO U Ap., 2016).

Ha TeppuTopuu Poccuu KauTaHOBag MUHUPY-
onrass MoJib O6bLa BhIgBJIeHa B 2003 . B KanuHuH-
rpazackoi obiactu, B 2005 1. — B Mockse, B 2007 T. —
B CankTt-TleTepOypre (Tosocosa, 2009). B HacTosIIEe
BpeMs durtodar C. ohridella BcTpeuaeTcsa B Benro-
polcKoi, BpsaHCKOM, Bororpaackoii, BOpOHEXCKOH,
Kypckoit, OpyioBckoii, ITeH3eHCKOM, [ICKOBCKOM,
PocToBckoi, Pasanckoii, Camapckoli, CapaTOBCKOM
u CMoJieHCKOM obsacTax, B KpacHomapckoM Kpae
n Ha CeBepHOM KaBKase, U ero apeaJ npofojiKaeT
pacmupsaTbes (Pakos, 2011; AKCéHeHKO u Ap., 2020;
Kirichenko et al., 2021; EPPO, 2021).

T'yceHUIIBI 3TOM 6a60YKY KUBYT BHYTPU JUCTA,
BBITPHI3ast B HEM JIMCTOBble MUHBI, UMeIOIIe BUJ,
KPYIHBIX IT9TeH. CpeiHee KOJIMUYeCTBO MUH, JaKe IIPU
pas3BUTUM 1-TO ITOKOJIEHUS, MOXKET JOCTUTaTh 175 IIT.
Ha OAUH CJIOXKHBIN JIMCT. Ha TTopakeHHBIX PaCTEHUSIX
yHUUYTOXaeTCcs 10 90% JIMCTOBOI ITOBEPXHOCTHU (CM.
PUCYHOK). B cepeuHe WM KOHIlE JieTa JIUIIeHHbIe
xJIopouJIJia JIUCThS YChIXAIOT, @ 3aTeM OIaZlal0T, UTO
MIPUBOAUT K IOBTOPHOMY, TaK Ha3bIBAEMOMY OCEHHEMY
IIBETEHHUIO KallTaHOB. YacTUYHAag WU MI0JIHAs II0Te-
Ps IUCTBBI, UK Aedoaualius, yMeHblIaeT UHTEHCUB-
HOCTh (DOTOCMHTE3A U yXyALIaeT ob1uiee GU3noIoruye-
CKOE COCTOSIHUE JiepeBa. Pa3BuTHe MOJIOJBIX JIUCThEB
U TIOBTOPHOE IIBeTeHUE BIUAIOT Ha (PU3MOJIOTHUeCKYe
MEXaHU3Mbl YCTOMYNBOCTYA KAIITAHOB U B IIEPBYIO
ouepesib Ha MOPO30CTOUKOCTD, UYTO OTPUIIATEIBHO
CKa3bIBaeTCsI Ha CIIOCOGHOCTH JIEPEBBHER YCIIETHO TIe-
PEeHOCUTb 3UMOBKY (Anekcamrkuta, 2017; CeTnXoBKUH
u 1np., 2020).

B EBporie celiuac BuJ, BCTpedaeTcs IPaKTUIeCKu
TIOBCEMECTHO, I'Zle IPOou3pacTaeT KOHCKMM KallTaH.
[ToBpeXxaeHUE 3TUX lEPEBBEB — a BO MHOTUX TrOPO-
Iax EBpPOIBbI OHU COCTABJISIIOT OCHOBY T'OPOJCKOTO

On the territory of Russia, the horse-chestnut leaf
miner was reported in 2003 in Kaliningrad Oblast, in
2005 in Moscow, and in 2007 in St. Petersburg (Golo-
sova, 2009). At present, the phytophage C. ohridella oc-
curs in Belgorod, Bryansk, Volgograd, Voronezh, Kursk,
Orel, Penza, Pskov, Rostov, Ryazan, Samara, Saratov
and Smolensk Oblasts, in Krasnodar Krai and the North
Caucasus, and its range continues to expand (Rakov,
2011; Aksyonenko et al., 2020; Kirichenko et al., 2021;
EPPO, 2021).

The caterpillars of this moth live inside the leaf,
gnawing out leaf mines reminding of large spots. The
average number of mines, even with the development
of the 1% generation, can reach 175 pieces per leaf.
On affected plants, up to 90% of the leaf surface is de-
stroyed (see figure). In the middle or end of summer,
the leaves, deprived of chlorophyll, dry out and then
fall off, which leads to the repeated, so-called autumn
flowering of chestnuts. Partial or complete loss of foli-
age, or defoliation, reduces the intensity of photosyn-
thesis and worsens the general physiological condition
of the tree. The development of young leaves and re-
peated flowering affect the physiological mechanisms
of chestnut resistance and, first of all, frost resistance,
which negatively affects the ability of trees to success-
fully endure wintering (Aleksashkina, 2017; Selik-
hovkin et al., 2020).

In Europe, the species is now detected almost
everywhere where horse-chestnut grows. Damage to
these trees — and in many European cities they form
the basis of urban greening — is a major problem for
community greening and park landscaping services.
The aesthetic damage from dried and browned foli-
age already in June is so serious that in many Euro-
pean cities, municipalities are taking measures to
replace the common horse-chestnut with other tree
species that are more resistant to the horse-chestnut
leaf miner, spending huge sums from the budget. In
Berlin alone, the cost of replacing 80% of the city’s

r

PucyHok. O6wmit BHelwHU BUA, pepesa (a) u nuctoBble nnactuHbl  Fig. General appearance of the tree (a) and horse-chestnut leaf
KOHCKoro KawTaHa (b, c), nopa)keHHble OXPULCKUM MUHEPOM, blades (b, c), affected by the horse-chestnut leaf miner, Rossosh,
r. Poccolub, BopoHexckas 06:., 2021 r. (hoTo O.U. PickuHa) Voronezh Oblast, 2021 (photo by D.I. Ryaskin)
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03eJIeHEeHUST — TIPEJCTABJISIET CEPhE3HYI0 IIPObIeMy
JLJIsT CJIY’KO, CBI3AaHHBIX C O3€JIeHeHNeM HaceJIeHHBIX
MIYHKTOB U JaHAMA(THBIM AU3afHOM MMapKOB. OCTe-
TUYECKUH yuiep6 OT 3acoxinell u mobypeBIIei yxe
B MIOHE JINCTBBI HACTOJIBKO CEPbe3eH, YTO BO MHOTHUX
€BPOTIEMCKUX rOPOZax MyHUIIUITAIUTEThI TPUHUMAOT
MepBbI 10 3aMeHe KOHCKOI'0 KalllTaHa 00bIKHOBEHHOTO
Ha ApyTue, 60jee yCTONYNUBbIE K OXPUACKOMY MUHEDPY
BUJIbI IEPEBHEB, TPATSI OTPOMHBIE CyMMBbI U3 GIOKETA.
Tonbko B bepsvHe 3aTpaThl 110 3aMeHe 80% ropocKux
KOHCKUX KaIlITaHOB ObLIM OIleHeHbl B 300 MJIH €BPO
(3omoryxwuH, 2020).

[IpenrosaraeTcs, YTO OXPUACKUN MUHED, WU
MUHUpPYIoas MmoJb C. ohridella, MOXXeT 3aHATH MPaK-
THUYECKHU BCIO TePPUTOPHUI0 PD, Ha KOTOPOIi B 03€JIeHH-
TEeJIbHBIX MT0CAJKaX UCIIOJNb3YeTCS KOHCKUY KaIlTaH.
Cam 110 cebe BpequTeNb He BbI3bIBAET TMbEIb 3TOH
ITIOPOABI IEPEBBEB, HO CYIIECTBEHHO HAPYIIAET JIaH -
ma(THBIA IU3aliH.

Ha ceromHAmIHUYM AeHb B MUPOBOM IIpPaKTUKe
CYIIECTBYET HECKOJIBKO METOJIOB KOHTPOJISI JaHHOTO
Cepbe3HOr0 IPEBECHOTO BpeAuTeNd U 60PbhOBI C HUM,
KOTOPbIe UMEIOT KaK CBOM JIOCTOMHCTBA, TaK U HEJO0-
cTaTKU. Huke MMpUBENEH KpPaTKUi 0630p M0 MepaM
60pBOBI C OXPUACKUM MUHEPOM, UCIIOJIb3yeMbIM B PO
U psifie eBPOITEMCKUX CTPaH.

HawuboJiee MpoCTOM METO — MeXaHUYECKUM KOH-
TPOJib. MeTox BKJIIOUAET B cebsa psAx MePOIIPUITUN
[0 KOHTPOJII0 33 PAaCIPOCTPaHEeHUEM KallTaHOBOH
MUHUPYIOLel MoJiu 6€3 UCII0JIb30BAHUS PAa3IUIHO-
ro Po/ia NHCEKTUIIUI0B; OCHOBY TaKMX MEPOIPUSTUN
COCTaBJIIET MeXaHUUECKOe yllaJieHue JINCThEB BO Bpe-
Ms JucTomnaza. Heo6XoouMo THIATEJIbHO COOMPATh
Y YHUYTOXXATh BCE OMALAMIINE JIUCThSI. ITOT METO]
[T03BOJISIET HE3HAUUTEJIbHO CHU3UTh YPOBEHb IIOpa-
SKEHUS JIMCTBBI, 1 OOBIYHO K KOHILY CE30Ha TIOBPEXK/Ie-
HUS TIOSIBSITCS BHOBD M3-3a PA3BUTHS BPEIUTENSA B 2-M
1 3-M TOKOJIEHUSIX M BBICOKOM CIIOCOGHOCTU CaMOK
k riepesiétaM (IllymoBckas, 2019).

Kpowme Toro, pekoMeHyeTcss cMbIBaHUE 6a604yex
MUHepa, CUAANINX Ha CTBOJIAX, CTPyel BOABI. ITOT
METO/I TT03BOJIIET 6€30MMaCHO YHUUTOXUTD YaCTh Bpe-
IUTENSI U CHU3UTD JOJII0 3apakKeHHbIX JUCThEB. [Ipo-
6JIeMO MCIIOJIb30BaHMA JAHHOIO METOLa CUNTAIOTCS
TeXHUYECKYe CI0KHOCTHU IIPK 00PabOTKE BHICOKUX Je-
peBbeB. [IJist 3TOro TpebyeTcs COOTBETCTBYIOMIAS TEX-
HUKA (C MOABEMHUKAMU) UJIV OITPBICKMBATEJIN BBICO-
koro gasjienus (Fomocosa, 2009; CuHeIbHUKOB, 2019).

IIpodunakTruecKkre Mepbl 60PbOBI C OXPUACKUM
MWHEPOM MOTYT OCYIIECTBJISITHCS IIyTEM HAJIOKEHUSI
KJIEEBBIX II0SICOB Ha CTBOJIbI HEIIOCPEACTBEHHO Iepes,
HayvajJoM JIéTa MUHEPOB. [IPOM3BOIUTCSA pPa3BeIIn-
BaHMeE KJIEUKUX JIEHT, TNIACTUHOK ([OIeueK, KyCKOB
IIJIACTMKA) JKeJITOro IIBeTa, CMa3aHHbBIX KiaeeM «Ilec-
TUDUKC», HA YPOBHE PACIIOJIOKEHUS OCHOBHOM MaCChI
JIVCTBBI C I1€JIbI0 OTJI0OBA MUHUPYIOIIE MOJIU B IIEPUO]
ee jiéTa. Takoke BO3MOXKHO TT03/IHEl OCEHbI0 U paHHeN
BECHOU IepeKarbIBaTh IIOYBY IO/, KDOHAMU KAIITAHOB
Ha TUIOIALY, PaBHOM 1,5 MPOEKIIMY KPOHBI JepeBa,
O HAKO BCce 3TU NpoduiakTudeckue Mepbl 60pbObI
CYIIECTBEHHO HE CHIDKAIT YUCIEHHOCTDb BPEIUTEIS
(CunenbHUKOB, 2019; AKCEHEHKO U Ip., 2020).

MeToIbl Ha OCHOBEe IIpuMeHeHUus (GepoOMOHOB,
13-3a 0UeHb BbICOKOI IIJIOTHOCTHU 3aceyeHus C. ohridel-
la 1 ocoGeHHOCTEY Tpou3pacTaHMs IePeBbeB (KamTa-
Ha) B TOPOJICKUX HACAXKIEHUSX, HE MOTYT SIBJISTh-
cst 3¢ GHEeKTUBHBIM METOA0M GOPBbOBI 10 CHUIKEHUIO

horse-chestnuts was estimated at 300 million euros
(Zolotukhin, 2020).

It is supposed that the horse-chestnut leaf miner
C. ohridella can occupy almost the entire territory of the
Russian Federation, where horse-chestnut is used in
landscaping. By itself, the pest does not cause the death
of this tree species, but significantly disrupts landscape
design.

To date, in world practice, there are several
methods for controlling this serious tree pest, which
have both advantages and disadvantages. Below is
a brief overview of the control measures against the
horse-chestnut leaf miner used in the Russian Federa-
tion and some European countries.

The simplest method is mechanical control. It
includes some measures to control the spreading of
horse-chestnut leaf miner without using various kinds
of insecticides; the basis of such activities is the me-
chanical removal of leaves during the leaf fall. It is
necessary to carefully collect and destroy all falling
leaves. This method allows to slightly reduce the level
of damage to foliage, and usually by the end of the sea-
son damage will reappear due to the development of
the pest in the 2°¢ and 3™ generations and the high abi-
lity of females to migrate (Shumovskaya, 2019).

In addition, it is recommended to wash the miner
butterflies sitting on the trunks with a stream of water.
This method allows to safely destroy part of the pest
and reduce the proportion of infected leaves. The prob-
lem of using this method is considered to be technical
difficulties in processing tall trees. This requires appro-
priate equipment (with lifts) or high-pressure sprayers
(Golosova, 2009; Sinelnikov, 2019).

Preventive measures against the horse-chest-
nut leaf miner can be carried out by applying adhe-
sive belts to the trunks immediately before the start of
the flight of the miners. Adhesive tapes, yellow plates
(boards, pieces of plastic) smeared with Pestifix glue
are hung at the level of the main mass of foliage in or-
der to catch the miner during its flight. It is also pos-
sible in late autumn and early spring to dig up the
soil under chestnut crowns on an area equal to 1.5 of
the tree crown projection, however, all these preven-
tive control measures do not significantly reduce the
pest population (Sinelnikov, 2019; Aksyonenko et al.,
2020).

Methods based on the use of pheromones, due
to the very high population density of C. ohridella and
the characteristics of the trees growth (chestnut) in ur-
ban plantations cannot be an effective method of con-
trolling the decrease in the miner number and the
disorientation of insects. This method can only be re-
commended for pest monitoring (Golosova et al., 2008;
CABI, 2021).

The most effective chemical method of pest con-
trol. It should be noted that the pesticides officially ap-
proved for use against the horse-chestnut leaf miner
C. ohridella on the territory of the Russian Federation,
are absent. However, in the course of experimental
tests conducted with respect to a number of insecti-
cides against the horse-chestnut leaf miner on chest-
nut, the most effective were systemic preparations
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YMCJIIEHHOCTY MUHEpPa U [Ie30PHUeHTaINY HaCEKOMBIX.
JTOT METOJ, MOXKHO PEKOMEHIOBATh TOJbKO IIPHU MPO-
BeIeHUN MOHUTOPHUHTra Bpeguressd ([ojocoBa u ap.,
2008; CABI, 2021).

Hawubosee s3hheKTrBeH XUMUYECKU METO/, 60Pb-
6n1 c BpepuTeseM. CiielyeT OTMETUTD, UTO ITEeCTULIUIBI,
ouIIaIbHO pa3pelleHHbIe AJId IPUMEHEHNS IPOTUB
KamTaHoBoro MmuHepa C. ohridella Ha TeppuTopuu P,
OTCYTCTBYIOT. OlHAKO, B XOJle OTIBITHBIX UCITBITAHUMH,
MNPOBENEHHLIX B OTHOUIEHUM PALa MHCEKTUIIUIOB
MIPOTUB OXPUACKOr0 MUHEpa Ha KallTaHe, Haubojee
pe3ynbTaTUBHBIMY MOKa3aJiv cebs cCicTeMHBIE TIpera-
paThl, pa3pelleHHble K IPUMEHEHNIO Ha TEPPUTOPUY
P® nipoTuB apyrux putodaros: «MHcerap», «JIFIOHOKC»,
«KoHpumop», «AKTeJINK», «Ickpa», «MIMUIaKJIOM-
puzp» u np. (Pakos, 2015; lllymoBckas, 2019).

IlepeBbs TakKe MOXKHO 3aIUTUTh OT C. ohridella,
BBE/iS B CTBOJI CUCTEMHBIY MHCEKTUIIN,. CTBOJIOBBIE
VHBEKIINY ObLIY IIPOTECTUPOBAHbBI BO MHOTHX CTPaHaXx
C UCITOJIb30BAHMEM PA3JIMYHOTO 060PYIOBAHUS U UH-
CEeKTUIIU0B, HO OHU He MOJIyYUIU MUPOKOTO PACIIPO-
crpanenus (CABI, 2021). 3aTpaTsl 110 UX IPUMEHEHUIO
OKa3aJIMCh BBIIIE, UEM I10 APYTUM MeTolaM 60pbOBbI.
Kpome Toro, uHBbEKIIUHU, KakK IIPaBUJIO0, TPABMUPYIOT
IlepeBbs: IPU MOIIaJaHNM B CTBOJI PA3JIMYHOTO BUIA
nH(PEKIIUY B MecTax IIPOKOJIOB MOT'YT BO3HUKATh He-
Kpo3bl. CiefyeT TakXXe OTMETUTD, UTO B HACTOsAIIee
BpeMs B Poccuy HET HY OJHOTO 3aPeruCTPUPOBAHHO-
r'o ITperapara, pa3peneHHoro K TPUMeHeHUI0 ITPOTUB
9TOTO BPeIUTEJIS C UCII0JIb30BaHUEM TEXHOJIOTUU BHY-
TPUCTBOJIOBBIX MHBEKIIUH.

IpyruM cmoco60M CHUIKEHUS YUCIEHHOCTU
C. ohridella MoxeT OBITb BHECEHUE MHCEKTUIIUIOB
B IIOYBY, HO, KaK ITOKAa3aJI OITBIT, 3TOT METOJ], OKA3aJICs
MaJIOTIPOAYKTUBHBIM 1 04eHb 3aTpaTHbIM (CABI, 2021).

PE3VYJIBTATBI 1 OBCYKJEHUE

HecMoTps Ha TO, UTO HOBBIY MHBA3UBHbBIN BPEIUTEND
yxe 6ojiee 18 jieT paccesisieTcd Ha Hallel TepPpPUTO-
puu, LejieHalIpaBJieHHble UCCIeN0BaHUS 10 paspa-
60TKe Mep 3alUTHI OT Hero GaKTUUYECKU HE BELYTCS.
[IpenmosaraemM, YTO 3TO CBSI3aHO C TEM, UTO KalllTaH
BBIPAIMBAETCS IIPEMMYIECTBEHHO B rOpojiaX, Hace-
JIEHHBIX ITyHKTaX Y TapKOBBIX 30HAX, TZe IPUMeHEeHEe
TeCTUIIUA0B 3aKOHOATEIbHO 3alpelleH0 UIn JIUMU-
THUPOBAHO.

AHanu3 HaJW4us CPEJICTB, pa3pelIeHHbIX K IIPU-
MEHEHUIO JIJISI 3alUThI IEPEBbEB B HACEJIEHHBIX ITyHK-
TaxX, ITOKa3aJl, YTO €CJIY B rOCYLapCTBEHHOM KaTaJjore
3a 2000 . YBCIUJIOCh 6 TAKUX MHCEKTUIIUI0B, TO B Ha-
CTOsIIIlee BpeMS UMEETCS TOJIbKO 3 MHCEKTUIULA, Pa3-
pEeIIeHHBIX K TPUMEHEHUT0 IIPOTUB OTPOMHOTO YMCJIIa
BpenuTesnell, MoBpeXJaiuX AePeBbs U KyCTapHUKU
B rOpPOZax.

[ToaToMy AJis 3alUThl KOHCKOTO KallTaHa Jie-
TaJIbHO HET BO3MOXXHOCTU IIPUMEHUTD HU OJTHOTO KaK
XUMHUYECKOTO, TaK 1 OMOJIOTUUYECKOTO ITperapara. ITo
IlesiaeT 1pobJieMy 3alUThI STOTO IIEHHOTO ¥ KPACHUBOTO
JlepeBa, KOTOPOE yKpallaeT MHOTMEe POCCUICKUE TOPO-
Jla, TPaKTUYeCKYU Hepa3peuruMou.

C yueToM JTaHHOTO 0OCTOSATENBCTBA HAYUHO-UC-
cliefoBaTeIbCKUe paboThl B OOJIbIIIEN CTEIIEHU TOJIXK-
HBI OBITH HAaTIpaBJIEHBI HA Pa3paboTKy 6M0IOTUUECKUX
Mep 60pb6BI. [TPOBOAATCS UCCIELOBAHUS TI0 TIOUCKY
TMOAXOISAIIUX BUJOB Mapa3suTousoB. Tak, B pesyib-
TaTe UCCJIeNOBAHUM, IPOBEIEHHBIX HA TEPPUTOPUU
YKpauHbl, BBISBIEHO 38 BUIOB [TAPa3UTOB OXPUICKOTO

approved for use on the territory of the Russian Fede-
ration against other phytophages: Insegar, Lufox, Kon-
fidor, Aktellik, Iskra, Imidacloprid, etc. (Rakov, 2015;
Shumovskaya, 2019).

Trees can also be protected from C. ohridella by
injecting a systemic insecticide into the trunk. Stem
injections have been tested in many countries using
a variety of equipment and insecticides, but have not
been widely adopted (CABI, 2021). The costs of their
use were higher than for other methods of struggle. In
addition, injections, as a rule, injure trees: if various
types of infections enter the trunk at the puncture sites,
necrosis may occur. It should also be noted that at pre-
sent in Russia there is not a single registered drug ap-
proved for use against this pest using intra-stem injec-
tion technology.

Another way to reduce the number of C. ohridella
can be the introduction of insecticides into the soil, but
experience has shown that this method turned out to be
unproductive and very costly (CABI, 2021).

RESULTS AND DISCUSSION

Despite the fact that a new invasive pest has been
spreading in Russia for more than 18 years, targeted
research on the development of measures to protect
against it has not actually been conducted. We assume
that this is due to the fact that chestnut is grown mainly
in cities, towns and park areas, where the use of pesti-
cides is prohibited or limited by law.

An analysis of the availability of agents permitted
for use to protect trees in settlements showed that if
the state catalog for the year 2000 included 6 such in-
secticides, then at present there are only 3 insecticides
approved for use against a huge number of pests that
damage trees and shrubs in cities.

Therefore, to protect the horse-chestnut, it is le-
gally impossible to use either a single chemical or bio-
logical drug. This makes the problem of protecting this
valuable and beautiful tree, which adorns many Rus-
sian cities, practically insoluble.

Given this circumstance, research work should be
directed to the development of biological control mea-
sures to a greater extent. Research is underway to find
suitable parasitoid species. Thus, as a result of studies
carried out on the territory of Ukraine, 38 species of
parasites of the horse-chestnut leaf miner were iden-
tified, in Italy (Lombardy) — 10, Poland — 14, the Czech
Republic — 7, Germany — 15, Turkey (Istanbul) — 10 spe-
cies (Kostyukov et al., 2014).

As biological agents against the horse-chestnut
leaf miner, insects identified in the south of Russia —
chalcides of the order Hymenoptera of the family Eulo-
phidae: Achrysocharoides niveipes (Thomson), Baryscapus
nigroviolaceus (Nees), Cirrospilus vittatus Walker nd Mino-
tetrastichus frontalis (Nees). The listed species of eulo-
phids are common inhabitants of various natural and
agricultural biocenoses, and each is trophically asso-
ciated with dozens of species of mining phytophages
that develop on many species of woody, shrubby and
herbaceous plants. Also, in Krasnodar Krai in 2013,
a whole complex of insects was found — parasites of
the horse-chestnut leaf miner, among them — Scambus
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MuHepa, B Utanuu (Jlombapaus) — 10, [Tonbine — 14,
Yexuu — 7, lTepmanuu — 15, Typiuu (Ctambyn) — 10 Bu-
noB (KocTiOKOB 1 p., 2014).

B kauecTBe GMOJOTMYECKUX areHTOB IIPOTUB
KaIlITaHOBOM MUHUPYIOIIEH MOJIY MOTYT OBbITb MCIIOJIb-
30BaHbI BhIIBJIEHHbIE Ha 1ore Poccuu HaceKoMbIe —
XaJIbIIMIbI OTPSLA EePEIIOHYATOKPBIIBIX CEMEHCTBA
Eulophidae: Achrysocharoides niveipes (Thomson), Bary-
scapus nigroviolaceus (Nees), Cirrospilus vittatus Walker
u Minotetrastichus frontalis (Nees). IlepeuncieHHbIE
BUJIbI 5BIOGU ABISIOTCS OOBIUHBIMU OOUTATEIIMU
PasIMYHBIX €CTECTBEHHBIX 1 CeJIbCKOX03SICTBEHHBIX
OMOIIEHO30B, 1 KaXIbIii TPOPUUECKU CBIA3aH C IEeCsIT-
KaM4 BUJOB MUHUPYHOLIIUX GUTOGaros, pa3BuBam-
IIVXCST HA MHOTUX BUZAX JPEBECHBIX, KyCTAPHUKOBBIX
1 TPaBSIHUCTBIX pacTeHui. Takxe B KpacHomapcKoM
Kpae B 2013 r. GbLJI BBISIBJIEH II€JIBIM KOMILJIEKC Ha-
CEeKOMBIX — IIapa3sUTOB OXPUACKOTO MUHEPA, Cpeau
Hux — Scambus brevicornis (Gravenhorst), S. calobatus
(Gravenhorst) (cem. Ichneumonidae); Apanteles bicolor
Nees, A. circumscriptus Nees (Braconidae); Mesopolo-
bus mediterraneus (Mayr), Pteromalus semotus (Walker)
(Pteromalidae); Eupelmus microzonus Forster, E. urozonus
Dalman, Macroneura vesicularis (Retzius) (Eupelmidae)
Y MHOTHUE Apyrue. YPOBeHb 3aPaKeHHOCTY BpeuTe-
Jid rapasurtamu cocrtaiian 12,5-33,6%, 0LHaKO 3TOro
OBLJIO HEJJOCTATOYHO JIJIsI IPEAOTBPAIeHN BCIIbIIIKY
YMCJIeHHOCTHU OXpUACKOro MyuHepa (KOCTIOKOB U JIp.,
2014).

3AKJIIOYEHUE

YuyuThiBas COBPEMEHHYI CUTyallMi0 C BO3MOXKHO-
cThi0 3 (PekTUBHON 60PHOBI C paccMaTPUBaeMbIM
BpeoUTeJIeM M AAJbHEHNNIero COXpaHeHUs TaKOoTO
TIOJIOXKEHUS [IeJl, OCTaeTCs JIUIIb HaJesAThCs, YTO
CO BpeMeHeM y 3TOTO UHBA3UBHOTO BU/Ia B YCJIOBUSIX
eBpomnelickoil yactu Poccuu u CeBepHoro KaBkasa
BBISIBATCS €CTECTBEHHBIE [TapPa3UThl U XUIHUKY, KO-
Topble chopMuUpyioT ¢ Cameraria ohridella cTabuIbHBIE
TpodhuyecKue CBI3U U KOTOPBIE OYIyT PETYINPOBATH
YUCJIEHHOCTh 3TOTr0 putodara Ha ONMpPeNeJeHHOM
ypoBHe. CaMbIii ke HETaTUBHBIN ITPOTHO3 — 3TO IIOCTeE-
TeHHas rubesb KOHCKOT0 KallITaHA B YCJIOBUSX TOPOA
U €T0 3aMeHa B JIaHAadTHOM 03eJIeHEHUU IPYTUMU
IEeKOPAaTUBHBIMU TIOPOAaMu (BUJaMU) LPEBECHBIX
pacTeHuun.
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brevicornis (Gravenhorst), S. calobatus (Gravenhorst)
(family Ichneumonidae); Apanteles bicolor Nees, A. cir-
cumscriptus Nees (Braconidae); Mesopolobus mediterrane-
us (Mayr), Pteromalus semotus (Walker) (Pteromalidae);
Eupelmus microzonus Forster, E. urozonus Dalman, Mac-
roneura vesicularis (Retzius) (Eupelmidae) and many
others. The level of pest infestation with parasites was
12.5-33.6%, but this was not enough to prevent an
outbreak of the horse-chestnut leaf miner (Kostyukov
etal., 2014).

CONCLUSION

Taking into account the current situation with the
possibility of effective control of the pest in ques-
tion and further preservation of this state of affairs,
one can only hope that over time this invasive spe-
cies in the conditions of the European part of Russia
and the North Caucasus will reveal natural parasites
and predators that will form stable trophic relation-
ships with Cameraria ohridella and which will regu-
late the abundance of this phytophage at a certain
level. The most negative forecast is the gradual death
of horse-chestnut in the city and its replacement in
landscape gardening with other decorative species of
woody plants.
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AHHOTAIUA

B xozne paboThl BIIEPBBIE TIPOBEIEH aHANIU3 (puToCca-
HUTapHOro prucka (A®P) maToreHHBIX TPU6GOB Diaport-
he cucurbitae m Stagonosporopsis citrulli nyis mogKapaH-
TUHHOU NPOAYKIMU — CEMSH THIKBEHHBIX KYJIBTYP.
B036ynuTesb 4ePHOW I'HUJIU THIKBEHHBIX KYJIBTYD
Diaporthe cucurbitae MOXXeT SIBJSITbCS IPUYNHOM rube-
JIV TIPOPOCTKOB TIPU PaHHEM 3apakeHuu. Ha miomax
pacTeHmii-x0351eB QUTOIIATOTeH BbI3bIBAET CUMITTOMBI
B BUJle KODUYHEBBIX MATKUX BIAJIBIX TOBPEXIEHUN
HeNpaBUJIbHOU (OPMBI, IPUBOAS K CYIIECTBEHHOMY
VXYL UIEHWI0 TOBAPHBIX KadyecTB. [JIaBHBIN IIyTh pac-
IpocTpaHeHUs rpuba — CEMEHHOU MaTepuaJs ThIK-
BEHHBIX KyJIbTYP. Bo36ymmTe b MUKO3a CIIOCOOEH ITe-
penaBaTbCad MeXaHUYEeCKU MEeXIYy PaCTeHUAMU IIpU
MIPOBEIEHUHU CEeJIbCKOX03IMCTBEHHBIX MEPOTIPUATHUH,
C TIOMOIIbI0 BETPA U KaIleJbHO-)KUIKOU BJIaru, a Tak-
JKe COXPaHATBCA B PACTUTEJIbHBIX OCTAaTKaX, 3allyCcKad
HOBBIH IIUKJI PAa3BUTUS 60JIE3HU B IIOCJIEIYIOIIEM BETe-
TAIIMOHHOM IIepuoe. Stagonosporopsis citrulli OTHOCUT-
€4 K rpynIie Bo30yiuTesiell BA3KOM THUJIM, COCTOSIIEN
13 Tpex MOP(OJIOTUYECKH TTOXOXKUX, HO TeHETUYECKU
PasHBIX BUJIOB: Stagonosporopsis citrulli, Stagonosporopsis
cucurbitacearum u Stagonosporopsis caricae. 3apakeHue
MOJKET ITPOU3O0UTHU Ha JIMCThIX, CTEOJIAX U TIJIOHaxX.
Bo36ynuTenb MOXeT IepefaBaThCs Yepes IPOPOCT-
KU 13 3apa’>X€HHbIX CEMAH. B cBs31 C TIOBCEMECTHBIM
BhIpAIIMBAaHUEM PACTEHUIN-X0359€B HA TEPPUTOPUU
Poccuiickoy ®enepaliuy ¥ BO3MOXXHBIMY HETATUBHBI-
MHU IIOCJIeCTBUAMU IIPOHMKHOBEHUA 1 PACIIPOCTPa-
HEHUS TIEPEYNCIIeHHBIX BbINIE BPEAHBIX OPraHU3MOB,
IIPUHATO pellleHue O TpoBefeHuu ADP B paMKax uc-
cjieoBaHUSA (PUTOCAHUTAPHOUN 6€30IacHOCTY CEMSAH
TBIKBEHHBIX KYJIbTYD. Pe3ynbraTel AOP mokasaau, 4To
Diaporthe cucurbitae u Stagonosporopsis citrulli crioco6-
HbI HAHECTHU BPe[] IPOU3BOACTBY ThIKBEHHBIX KYJIBTYD
B Poccum, HO moKasaTesib MOTEHIINAJIBHOTO yIep6a
yKa3aHHBIX (DUTOIIATOTEHOB HU3KUU, TT09TOMY OHU
He PEKOMEHOOBaHbI AJid BKJIIOUEHN B [IEPEYEHDb Pe-
TYJIMPYEMBIX BPEIHBIX OPraHU3MOB.
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ABSTRACT

In the course of the work, for the first time, a pest risk
analysis (PRA) was carried out for the pathogenic fungi
Diaporthe cucurbitae and Stagonosporopsis citrulli for re-
gulated products — Cucurbitaceae seeds. The agent of
black rot Diaporthe cucurbitae can cause death of seed-
lings in case of early infection. On host plants fruits,
the phytopathogen causes symptoms in the form of
brown, soft, sunken lesions of irregular shape, lead-
ing to a significant deterioration in commercial quali-
ties. The main pathway of the fungus is the Cucurbi-
taceae seed material. The causative agent of mycosis
is able to be transmitted mechanically between plants
during agricultural activities, with the help of wind and
drop-liquid moisture, and also persist in plant debris,
starting a new cycle of disease development in the next
growing season. Stagonosporopsis citrulli belongs to the
group of viscous rot pathogens, consisting of three
morphologically similar, but genetically different spe-
cies: Stagonosporopsis citrulli, Stagonosporopsis cucurbita-
cearum and Stagonosporopsis caricae. Infection can occur
on leaves, stems and fruits. The pathogen can be trans-
mitted through seedlings from infected seeds. Due to
the widespread cultivation of host plants on the ter-
ritory of the Russian Federation and the possible ne-
gative consequences of the introduction and spread of
the above-stated pests, it was decided to conduct a PRA
as part of a study of the phytosanitary safety of Cucur-
bitaceae seeds. The PRA results showed that Diaport-
he cucurbitae and Stagonosporopsis citrulli can harm the
production of Cucurbitaceae in Russia, but the poten-
tial damage of these phytopathogens is low, so they are
not recommended for inclusion in the list of regulat-
ed pests.

dutocaHutapus. KapaHtuH pactenuii 40



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Knrouesvte cnosa. KapaHTUH pacTeHUM, CEMEH-
Hasg nHbeKusa, puTocaHUTapHas 6€30MacHOCTh, hu-
TOMATOTeH, MOTEeHUWAJNbHbIN yIIep6 CcelbCKOX03s1H-
CTBEHHOU MPOAYKIIUH.

BBEJEHUE

OHIIETIIUS OIleHKU (aHajuza) puTo-
CaHUTAPHOI'0 PUCKa KaK OCHOBHOI'O
CpeJiCTBa HAYYHOTO M TEXHUUYECKOTO
060cHOBaHUSA (UTOCAHUTAPHBIX MeP
ToJIyumnJia pas3BUTUE IIOCJie TIPUHSI-
TUd B 1994 1. CoryaiieHus 1o Ipu-
MEHEHUI0 CAHUTAPHBIX U (PUTOCAHU-
TapHbIX Mep (CPC). B cOOTBETCTBUU
C olpefesieHUeM, JaHHBIM Ipouenype B CPC, orieHKa
puCKa — 3TO «OlleHKa BEPOSATHOCTY ITPOHUKHOBEHUS,
YKOpeHeHUs (aKKJIMMaTU3aluK) UKW PaclpoCTpaHe-
HUS BpPeOWTEeNs Wiy 3a00JieBaHUS B Mpenejax Tep-
PUTOPUU UMIOPTUPYIOIIEH CTPaHbl IIPUMEHUTEIBHO
K CAaHUTAPHBIM UM (QPUTOCAHUTAPHBIM MepaM, KOTO-
pbie MOTJIY GbI OBITH IPUMEHEHDI, ¥ CBI3aHHBIX C 9TUM
MTOTEHIINAIbHBIX OGMOJIOTUYECKUX U DYKOHOMUYECKUX
nocnexnctBuit»  (http://portal.fsvps.ru/importExport/
wto/trial/agreement.htm, 2022).

B cooTBeTCTBUM C IOCTaHOBJeHUEM [IpaBUTeIb-
cTBa Poccutickoit degeparnuu or 10.08.2016 N2 770
«06 yTBepxaeHnu IToyoxxeHUs 06 OCYIIeCTBIEHUU
aHanusa GUTOCAHUTAPHOTO pucka» 1 demepasbHbIM
3akKoHOM OT 21.07.2014 N2 206-®3 «O KapaHTHHE pac-
TeHU», aHaau3 QUTOCAHUTAPHOTI'O PUCKA OCYIIECT-
BisgeTcsa deflepasbHOM CIYyKO0I 10 BeTePUHAPHOMY
1 QUTOCAHUTAPHOMY HAJI30PY B OTHOIIEHUY BPEIHbBIX
OPraHM3MOB B IIeJISIX OTIPeIesIeHNsI CIIOCOOHOCTY TN
HECITOCOOHOCTY BPENHOr0 OpraHua3Ma ObITh KapaH-
TUHHBIM 06bEKTOM, HEOOXOLUMOCTU PETYINPOBAHNUS
pacrpocTpaHeHUsI KapaHTUHHOTO 00beKTa U (MUJIK)
MIPUHATUS B OTHOIIEHUU HEro KapaHTUHHBIX (QuU-
TOCAHUTAPHBIX Mep IIyTeM OILleHKU 6UOJIOTUUeCKUX
WIN OPYTUX HAYYHBIX TaHHBIX, SKOHOMUYECKUX JTaH-
HBIX, a TAKXe B I1eJI9X (OPMUPOBAHUS U IEPECMOTpa
TepevHs KapaHTUHHBIX 06beKTOB (http:/government.
ru/docs/all/107858/, 2022).

CeMeHa THIKBEHHBIX KYJIbTYP UTPAIOT BAXKHYIO
POJIb B CEIbCKOXO3SIMCTBEHHOM ITPOU3BOCTBE 1 BMe-
CTe C TeM SABJISIOTCS IIyTEM PacIpoCTpaHeHus GUTo-
ITATOTe€HOB B XOZe MEXIYHAPOAHOU TOprosiu. CeMeHa
OBOIITHBIX KYJIbTYP, BKJIIOUas ThIKBEHHbBIE, TTPOU3BOASIT
B LIeJIoM pgagne crpaH: CIIA, dpannuy, I[lepy, Utanuuy,
Yunu, Kutae, Hupepnaupax, Taunanuge, Uaguu, Typ-
uuu, Benrukobpurtanuu, I0xHOM Kopee, M3paune,
l'epmanuu, bpasunuu, [loaeiue, Mekcuke, 'BaTema-
Je, AprenTute, I0xHO-AGpuUKaHCKOU Pecmy6auke,
Kenuu, Pecniy6nuke Benapych, Peciybiuke MoJiioBa,
[Mopryranuu, Noppaunuu u apyrux (http://www.fao.
org/faostat, 2021). B xojie oIleHKX (DUTOCAHUTAPHOTO
pucKa, CBI3aHHOTO C CEMeHaMU ThIKBEHHBIX KYJIbTYD,
oIpezeeH CINCOK BPeIHbIX OPraHM3MOB, KOTOPbIE
MOTYT TepeaBaThCs C MJaHHBIM BUJIOM ITOJKapaH-
TUHHOU NMPOAYKIIVU. B ciucok Bouwiu 23 Busa GUTO-
IMaTOTEHHBIX OPTaHM3MOB, 5 13 KOTOPBIX CUUTAIOTCSI

Key words. Plant quarantine, seed infection, phy-
tosanitary safety, phytopathogen, potential damage to
agricultural products.

INTRODUCTION

he concept of pest risk assessment (ana-

lysis) as the main means of scientific and

technical substantiation of phytosanitary

measures was developed after the adoption

in 1994 of the Agreement on the Applica-
tion of Sanitary and Phytosanitary Measures (SPS). As
defined by the SPS procedure, risk assessment is “an
assessment of the likelihood of introduction, adapta-
tion or spread of a pest or infection within the territo-
ry of an importing country in relation to the sanitary
or phytosanitary measures that could be applied and
the associated potential biological and economic con-
sequences” (http://portal.fsvps.ru/importExport/wto/
trial/agreement.htm, 2022).

In accordance with Decree of the Government
of the Russian Federation No. 770 dated August 10,
2016 “On Approval of the Regulations on the Imple-
mentation of Phytosanitary Risk Analysis” and Fe-
deral Law No. 206-FZ dated July 21, 2014 “On Plant
Quarantine”, pest risk analysis is carried out by the
Federal Service for Veterinary and Phytosanitary Sur-
veillance in order to determine the ability or inabili-
ty of a pest to be a quarantine object, the need to re-
gulate the spread of a quarantine object and (or) take
quarantine phytosanitary measures against it by as-
sessing biological or other scientific data, economic
data, as well as in order to form and revision of the
list of quarantine objects (http://government.ru/docs/
all/107858/, 2022).

Cucurbitaceae seeds play an important role in
agricultural production and are also a pathway for
the spread of plant pathogens in international trade.
Vegetable seeds, including Cucurbitaceae seeds, are
produced in a number of countries: the USA, France,
Peru, Italy, Chile, China, the Netherlands, Thailand,
India, Turkey, Great Britain, South Korea, Israel, Ger-
many, Brazil, Poland, Mexico, Guatemala, Argentina,
Republic of South Africa, Kenya, Republic of Belarus,
Republic of Moldova, Portugal, Jordan and others
(http:/www.fao.org/faostat, 2021). In the course of the
pest risk assessment associated with Cucurbitaceae
seeds, a list of pests that can be transmitted with this
type of regulated products was determined. The list
includes 23 species of phytopathogenic organisms,
5 of which are considered absent on the territory
of the Russian Federation and are not regulated by
the Common List of Quarantine Objects of the EAEU
(Slovareva, Bondarenko, 2021). The specified cate-
gory of harmful organisms contains 2 fungi species
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OTCYTCTBYIOIIMMU Ha TePPUTOpUU PD u He perynu-
pytoTcsa EfUHBIM ITepeyHeM KapaHTUHHBIX 00bEKTOB
EASC (CnoBapeBa, Boumapenko, 2021). YkazaHHasg
KaTeropus BPeLHBIX OPTaHU3MOB COIEPKUT 2 BUIA
rpuboOB, IJisT KOTOPBIX aHaNW3 HUTOCAHUTAPHOTO
pucka paHee He npoBoguJics, — Diaporthe cucurbitae
u Stagonosporopsis citrulli. CkazanHOe 06yCJIOBINBAET
aKTyaJIbHOCTD JAHHOTO UCCJIeIOBAHUS, 11€Jb KOTOPO-
ro — pa3paboTka peKOMeHJALN IT0 KOHTPOJII0 3TUX
IBYX (DUTOIATOTEHOB, TepPeatouUXCs CEMEHaMU ThIK-
BEHHBIX KYJIbTYP, HA OCHOBAaHWY aHAJIM3a UX GuToca-
HUTAPHOTO PUCKA U OIIeHKU IIOTEHITUAIBHOTO yiep6a.

MATEPUAJIbBI U METO/IbI

Ananus GUTOCAaHUTAPHOI'0 PUCKA OCYIIECTRIISIJIU B CO-
OTBETCTBUU C METOLUKOM, YTBEPKIEHHOMN ITPUKA30M
Muscenbxo3a Poccum oT 05.02.2018 N2 46 «O6 yTBEPXK-
IeHnu MeTOOUKY OCYIeCTBIeHNs aHalu3a (QUTOCaHU-
TapHOTO prcka». CorjmacHoO MeTOLUKe, Ha IIePBOM 3Ta-
T1e IPOBOIUJIY M3yUeHVe HOMEHKJIATyPhl, TAKCOHOMUN
u GUTOCAaHUTAPHOTO CTAaTyCa MaTOreHOB, BEIOPAHHBIX
niig AOP. Ha ocHOBaHUM JIUTEPATYPHBIX JaHHBIX U3Y-
yasu reorpaduio U IyTU paclipocTpanenus Diaporthe
cucurbitae u Stagonosporopsis citrulli, ux 6roJIoTUUYecKue
0COGEHHOCTH, CYIIECTBYIOILIYE AUAaTHOCTUYECKUE Me-
TOZbI, BDEJOHOCHOCTDb U METO/IbI X KOHTPOJIA. [Tomy-
UYeHHbIE JaHHBIE VUCII0JIb30BaJIU AJ14 IpoBeeHusa ADP,
B XOZ,e KOTOPOTO JIJIS1 KaXKJ0r0 M3y4aeMoro Buia OCy-
LIEeCTBJISJIV KOJIMUECTBEHHYIO OLIEHKY PUCKA, a TaKXe
OLIeHVBAJIX BEPOSITHOCTD aKKJIMMaTHU3alUuU BO30OY M-
TeJiel Ha TeppuTopuy PO 1 MOTEHIIMAIBHO CBI3aHHbIE
C 39TUM 5KOHOMUUECKYE ITOCIeICTBUSA. UUCIEeHHOE 3Ha-
YeHUe MOTEeHIMaIbHOro yiepba (1Y) paccuuThIBaIN
Ha OCHOBE 3HAaYE€HUU BEPOSITHOCTEN TPOHUKHOBEHUS
U aKKJIVMMaTu3aluy, IOJyUYeHHBIX B XOJle KOJInde-
CTBEHHOU OIIeHKU (PUTOCAHUTAPHOTO PYCKA BPEILHbBIX
opraHu3moB. OnpefeieHre COOTBETCTBUS QUTOIA-
TOTeHOB KPUTEPUIM KapPaHTUHHBIX OPraHU3MOB OCY-
LIECTBJISJIY [IyTeM CPaBHEHUS YMCJIEHHOI'0 3HAUEHU
1Y ¢ IPUHSTHIM B UCIIOJIb3YEMOUM METOLVKE YCIOBHBIM
IIOPOr'OBBIM ITOKa3aTesieM 1,25. Tak, ecyiv UMCIEHHOe
3HaueHue [TY HMKe 1,25, TaTOreH He OTBEYaeT KpUTe-
pUAM KapaHTUHHOTO OpraHu3Ma.

PE3VJIBTATBI U OBCYKJIEHHNE

Anamopda rpuba, BbI3BIBAKIIET0 YEPHYIO THUJIb
(black rot of cucumber, soft rot of melon), umMeeT Ha3Ba-
Hue Phomopsis cucurbitae McKeen (http:/www.species-
fungorum.org, 2022). Teneomopda ykazaHHOTO BUA,
TIepBOHAYaJIbHO Ha3BaHHas Diaporthe melonis Beraha
& M.J. O’Brien (Beraha, O’Brien, 1979), B HacTosIIee
BpeMs uMeeT HasBaHue Diaporthe cucurbitae (McKeen)
Udayanga & Castlebury (http:/www.speciesfungorum.
org, 2022). Diaporthe cucurbitae SBISIETCS TIPEICTaBU-
TeseM ceMeiicTBa Diaporthaceae kiacca Sordariomy-
cetes aCKOMUIIETHBIX TPUGOB.

Diaporthe cucurbitae TIOpa)kaeT pacTeHUS pPoja
Cucumis (Garibaldi et al., 2011). Taxxxe rpub crrocobeH
rmopaskaTb coio Glycine max (Santos et al., 2011), aHHO-
Hy yelnryiuaTyio (caxapHoe s16JI0K0) Annona squamosa
(Ola et al., 2014) u kapalty rBUaHCKYI0 Carapa guianensis
(Ferreira et al., 2015).

PaHHME CMMITOMBI YePHOM THUJIY, BhI3bIBae-
Mo rpubHBIM puTomaToreHoM Diaporthe cucurbitae,
Ha MJI0JaX MPECTABISIOT CO60Y KOPUUYHEBbIE MST-
KHe BIlaJible IIOBPEXIeHUI HellpaBUJIbHOU (DOPMEI
0o 10 cMm B guameTpe. [ITUKHUABI Ha IOBEPXHOCTU IIPU

for which pest risk analysis has not been previously
carried out — Diaporthe cucurbitae and Stagonosporop-
sis citrulli. The stated-above information determines
the relevance of this study, the purpose of which is to
develop recommendations to control these two phyto-
pathogens transmitted by Cucurbitaceae seeds, based
on their pest risk analysis and potential damage as-
sessment.

MATERIALS AND METHODS

Pest risk analysis was carried out in accordance
with the methodology approved by the Order of the
Ministry of Agriculture of Russia dated February 5,
2018 No. 46 “On Approval of the Pest Risk Analysis
Methodology”. According to the methodology, at the
first stage, the nomenclature, taxonomy and phy-
tosanitary status of pathogens selected for PRA were
studied. Based on the literature data, we studied the
geography and pathways of Diaporthe cucurbitae and
Stagonosporopsis citrulli, their biological features, exist-
ing diagnostic methods, harmfulness and methods of
their control. The data obtained were used to conduct
a PRA, during which a quantitative risk assessment
was carried out for each studied species, as well as the
probability of adaptation of pathogens in the territo-
ry of the Russian Federation and the potentially asso-
ciated economic consequences. The numerical value
of potential damage (PD) was calculated based on the
values of the probabilities of introduction and adap-
tation obtained during the quantitative assessment of
the PRA. The determination of the conformity of phy-
topathogens to the criteria of quarantine pests was
carried out by comparing the numerical value of PD
with the conditional threshold indicator of 1.25 adopt-
ed in the method used. So, if the numerical value of PD
is below 1.25, the pathogen does not meet the criteria
for a quarantine pest.

RESULTS AND DISCUSSION

Anamorph of the fungus causing black rot of cucum-
ber, soft rot of melon, is called Phomopsis cucurbitae
McKeen (http:/www.speciesfungorum.org, 2022). Te-
leomorph of the stated species, originally named Dia-
porthe melonis Beraha & M.J. O'Brien (Beraha, O’Brien,
1979), is now called Diaporthe cucurbitae (McKeen)
Udayanga & Castlebury (http:/www.speciesfungo-
rum.org, 2022). Diaporthe cucurbitae is a member of the
family Diaporthaceae of the class Sordariomycetes of
ascomycete fungi.

Diaporthe cucurbitae damaged Cucumis plants
(Garibaldi et al., 2011). Also, the fungus is able to infect
soybeans Glycine max (Santos et al., 2011), sugar apple
Annona squamosa (Ola et al., 2014) and crabwood Carapa
guianensis (Ferreira et al., 2015).

Early symptoms of black rot caused by the fun-
gal phytopathogen Diaporthe cucurbitae on the fruits
are brown soft sunken lesions of irregular shape up
to 10 cm in diameter. There are no pycnidia on the
surface. Inside the fruit, a soft, water-soaked spongy
rot adheres to the sunken area of the skin. Rot has
almost round edges and is easily separated from
healthy tissue. With artificial infection of fruits and

duTtocaHutapus. KapaHTuH pacteHuin 42



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

9TOM OTCYTCTBYIOT. BHYTpU MJioma Msrkas, MpoIu-
TaHHaAs BOJOU ry6uaTas rHUJIb ITPUJIETAET K BITAJION
06J1aCTH KOXKYPbI. [HUJIb UMEET TTOYTH KPYTJIble Kpast
U JIETKO OTZAEJSIETCS OT 3[J0POBBIX TKaHel. [Ipu ncKyc-
CTBEHHOM 3apakKeHUU ITJIOJOB ¥ MHKYOMPOBAaHUY ITPYU
Temieparype 16 £ 1 °C B TeMHOTE IIePBble CUMIITOMBI
MMOSABJIAIOTCA Yepes 4 nHd. V3 mopaKeHHbIX CUMIITO-
MaTHUYeCKUX TKAaHEN MOXHO MPOBOAUTH MTOBTOPHYIO
nsonganuio (Garibaldi et al., 2011).

[Ipu KyJAbTUBUPOBAHUU Ha KapTO(eJTbHOM
IOEKCTPO3HOM arape mpu TteMmmneparype 24 + 1 °C
1 16-4acoBOM CBETOBOM peXXUMe KOJIOHUY rprba cHa-
yajia UMeKT 6eJI0BaTy, 3aTEM CBETJI0-KOPUUYHEBYIO
OKpacKy, 06pa30BBIBAIOT TEMHbIE TUKHUILI JUaMET-
pom 0,5 MM, KOTOPbIE BHIZEJISIOT MHOTOUNCIEHHbIE
KOHUIWY, IPUHAIJIeXalnye K 1ByM turnam: A u B (Gari-
baldi et al., 2011).

®duTONMaTOreH paclpocTpaHsgeTcs Ha 00JbIINe
PACCTOSTHUSA B X0Jle MEXXAYHAPOIHOU TOPTOBJIX CEMe-
HaMHU U y’ke oTMeueH B Utanuu (Garibaldi et al., 2011),
MbsumMme (Zaw et al., 2020), Kanazge (Udayanga et al.,
2011), CIIA (Beraha, O’'Brien, 1979), XopBaTtuu (San-
tos et al., 2011), dnouuu (Ohsawa, Kobayashi, 1989),
Wcnauwuy, Iugouesuu, bpaswunuy, [lyspro-Puko, UH-
nuu, dxkBazgope, Kocra-Puke (https://www.gbif.org/ru/
species/5253168, 2022) u l'epmanuu (Ola et al., 2014).
I[Tomas B 110J1e, I'pUb PaACIIPOCTPAHIETCS PACTUTEIbHbI-
MU OCTaTKaMU, BETPOM M KalleJbHO-KUIKO BJIarou.
Bo306yauTenb uepHOL THUJIY 3alIpelieH K BBO3y Ha Tep-
putopuio 3amaguoi ABcrpanuu (https:/www.agric.
wa.gov.au/organisms/177174, 2022). B ocTaJIbHBIX
mrraTax ABCTpaJuy U BO BCEX CTpaHaxX MUpPa He pery-
snupyetcs (https://gd.eppo.int, 2022).

OuarHocTuky Diaporthe cucurbitae TIPOBOISAT
IIyTeM KyJIbTypPaJibHO-MOP(HOJIOTUUYECKOTO aHaaM3a
U OTITUYECKOW MUKPOCKOTINY. M3yueHne TTapaMeTpOB
pocTta rpuba Ha MUTATEJbHBIX cCpemax, MOP(OJIOTH-
YyecKre 0COGEHHOCTU KOJOHUM, XapaKTepPUCTUKU
MAKHUI U KOHUINH [T03BOJISIOT IPOBOAUTD UIEHTU-
(bukanmio go poma, HO MOATBEPXKIEHE BUIOBOM IPU-
HAJIJIEXKHOCTY TPebyeT MPUMeHEeHUS MOJIEKYJISIPHO-
reHeTUYEeCKUX METOOB.

MeTozmbl 60pPbOBI C JAaHHBIM BUIOM Irprba Majio
usydyeHsbl. O6IUMY MeTogaMu 60pb6bI ¢ hoMOIICuCaMU
SIBJISIFOTCSI CEBOOBOPOT, 3allaXxMBaHKEe PACTUTEIbHbBIX
OCTaTKOB ¥ BhIpAIVBaHMeE YCTOMYUBBIX COPTOB. Of-
HOU U3 CTPATETUN MOXKET IBJISATHCS BHECEHE OMOTIpe-
IapaToB C CO/leP)KaHMEM aHTAarOHUCTa BO30ymuTeIel
tomoricucoB — Bacillus subtilis (qumeHKO U Ap., 2014).

Ananua GUTOCAHUTAPHOT'O PHCKA ITOKa3aJl, UYTo
Diaporthe cucurbitae crioco6eH IPOHUKHYTh B Poccuii-
ckyto denepannio U aKKJIMMaTU3UPOBAThCSA Ha 60JIb-
et YacTy 10)KHOU TEPPUTOPUY CTPAHBI, 4 TAKXKE B 3a-
MIUIEeHHOM TPpyHTe. [P 9TOM YMCJIOBOE 3HAUEHUE
MTOTEHIIMAIBHOTO SKOHOMMUYECKOTO yIep6a, CorJacHo
PpacYeTHBIM JaHHBIM, HY)KE YCIOBHOTO ITOPOTOBOTO 3HAa-
uenwusd (1,25) mokasaressa u cocTasisgeT 0,94. TakuM 06-
pasowM, Diaporthe cucurbitae He OTBe4YaeT KPUTEPUSIM Ka-
paHTuHHOrO AJg Poccutickoit ®emepaliuy opraHu3Ma.

BTOPBIM I1€JI€BBIM 00bEKTOM HCCJIeNOBAHUS IB-
JILJICST BO3OYIUTENb BI3KOU THUJIU cTe6Iel ThIKBEH-
HBIX Stagonosporopsis citrulli M.T. Brewer & J.E. Stewart
(Stewart et al., 2015). Yka3aHHbIN BU, IPUHALJIEKUT
K cemericTBy Didymellaceae kiacca Dothideomycetes
aCKOMUIIETHBIX TPu6OB. JlaHHbIE O MIPUCYTCTBUU
Stagonosporopsis citrulli B TiepedHe peryaupyeMbiX BU-
nos orcyTeTByoT (https:/gd.eppo.int, 2022).

incubation at a temperature of 16 + 1 °C in the dark,
the first symptoms appear after 4 days. Symptomatic
affected tissues can be re-isolated (Garibaldi et al.,
2011).

When cultivated on potato dextrose agar at a tem-
perature of 24 £ 1 °C and a 16-hour light regime, the
colonies of the fungus first have a whitish, then light
brown color, form dark pycnidia 0.5 mm in diame-
ter, which secrete numerous conidia belonging to two
types: A and B (Garibaldi et al., 2011).

The phytopathogen spreads over long distances
during the international seed trade and has already
been reported in Italy (Garibaldi et al., 2011), Myan-
mar (Zaw et al., 2020), Canada (Udayanga et al., 2011),
USA (Beraha, O’ Brien, 1979), Croatia (Santos et al.,
2011), Japan (Ohsawa, Kobayashi, 1989), Spain, Indo-
nesia, Brazil, Puerto Rico, India, Ecuador, Costa Rica
(https://www.ghif.org/ru/species/5253168, 2022) and
Germany (Ola et al., 2014). Once in the field, the fun-
gus is spread by plant debris, wind and liquid mois-
ture. Black rot pathogen banned from import into
Western Australia (https:/www.agric.wa.gov.au/or-
ganisms/177174, 2022). In other states of Australia
and in all countries is not regulated (https://gd.eppo.
int, 2022).

The diagnosis of Diaporthe cucurbitae is carried out
by cultural and morphological analysis and optical mi-
croscopy. The study of the growth parameters of the
fungus on nutrient media, the morphological features
of the colonies, the characteristics of pycnidia and co-
nidia allow identification to the genus, but confirma-
tion of the species requires the use of molecular gene-
tic methods.

Methods of controlling this fungus species have
been studied little. Common methods for phomopsis
leaf and stem blight control are crop rotation, plow-
ing up crop residues, and growing resistant variet-
ies. One of the strategies may be the introduction of
biological products containing an antagonist of pho-
mopsis blight pathogens — Bacillus subtilis (Diden-
ko et al., 2014).

Pest risk analysis showed that Diaporthe cucurbi-
tae is able to be introduced into the Russian Federa-
tion and adapted in most of the southern territory
of the country, as well as in protected ground. At the
same time, the numerical value of potential economic
damage, according to the calculated data, is below the
conditional threshold value (1.25) of the indicator and
amounts to 0.94. In this way, Diaporthe cucurbitae does
not meet the criteria for a quarantine pest for the Rus-
sian Federation.

The second target object of the study was the
causative agent of Cucurbitaceae gummy stem blight
Stagonosporopsis citrulli M.T. Brewer & J.E. Stewart
(Stewart et al., 2015). This species belongs to the
family Didymellaceae of the class Dothideomycetes
of ascomycete fungi. There are no data of Stagono-
sporopsis citrulli being on the lists of regulated pests
(https://gd.eppo.int, 2022).

The fungus is distributed in the USA, Georgia,
Taiwan (Huang and Lai, 2019), India (Garampalli et al.,
2016), Brazil, China, Israel, the Netherlands, Greece,

MapTNe 1 (9) 2022 43



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

I'pub pacupocTpaneH B CIIA, I'py3uu, Ha TaliBaHe
(Huang, Lai, 2019), B Uuguu (Garampalli et al., 2016),
bpasunuu, Kurtae, spaune, Hugepnaugax, ['peniuu
u llIBeruu (Stewart et al., 2015). BO3MOXXHOCTB PacIpo-
cTpaHeHUs NHQEKIIMY ceMeHaM!u IToKa3aHa Ha MpPu-
Mepe ap6y3a (Hopkins et al., 1996; Lee et al., 1984)
u MyckaTHOU nbiHU (Gusmini et al., 2003). B roseBsIx
YCJIOBHUSIX TTATOT'E€H PACIIPOCTPAHSIETCS C 3apaKeHHBI-
MU PaCTUTEJbHBIMY OCTATKaMU U MHPUIIMPOBAHHBI-
mu pactenusamu (Keinath, 2008), kameabHO-KUIKON
piaroi (Everts, Zhou, 2011).

Stagonosporopsis citrulli MoXxxeT UHQUIIUPOBATH
TaKve BUMBI THIKBEHHBIX KYJIbTYpP, KakK apOys, IbIHS,
kabauok u ThikBa (Keinath, DuBose, 2017; www.cabi.
org/isc, 2022).

CUMIITOMBI BSI3KOU THUIIU CTe6JIel MOTYT pasiu-
YaThCs B 3aBUCHMMOCTH OT BUJIA KYJIbTYPhI ceMelCcTBa
TeikBeHHBIEe. Hanbojee pacipocTpaHeHbl CUMIITOMEI
Ha JIMUCTBSX, TIPECTABISAIONINE COG0M KPYIJIble, BOAS-
HUCTBIE IOPAXKEHUS, UHOTLA OKPYKEeHHbIE YKEJIThIM
opeojioM. CUMIITOMBI IIPOSIBJISIOTCS TaK)Ke B BUJE He-
KPOTHUUYECKOT'0 0’KOTa BOKPYT MEXOKUIIKOBOM 06JIaCTH.
Yale mopa)kaloTcsd MeXaHWYeCKU TOBPEXIEeHHbIE,
ocjyabjieHHbIe PaCTeHMs U UX CTaphle JUCThs, TaK KaK
BO36YAUTEND IT0 XapaKTePy MUTAHNS OTHOCUTCS K TPYTI-
e haKyIbTaTUBHBIX HEKPOTPO(OB; IPUO ITPU 3TOM MO-
JKeT BbDKMBATh Ha 3apa’kKeHHOI PaCTUTEJIbHOM TKaHU
o 24 mecsaues (Keinath, 2008). Stagonosporopsis citrulli
IpoaynupyeT epMeHT MOJIUraTaKTypoHasy, C IOMO-
b0 KOTOPOTO OCYIIECTBJISIET PACIIETIJIEHUE PACTU-
TEJIbHBIX ITOJINCAXapUIO0B, Iejiasd UX IPUTOAHBIMU IJIS
CBOero nuTaHus. CUMIITOMBI Ha CTEBJIIX TTPOSIBIISIOTCS
B BUJIe BOJSIHUCTBIX IIOPasKeHUI, KOTOPbhIE CO BpeMeHeM
CTAHOBSTCS HeKpo3aMu. KitacCuuecKuii CUMIITOM —
KpacHble WJIN YepHbIe JUTIKYE KaTIy 9KCCymaTa, 06Ha-
PyXuBaeMble BIOJIb cTebuis (Paret et al., 2011).

Ha 3apa)XeHHBIX ILIOLAX B IIpollecce XpaHeHUs
TIOSIBJIIETCS XapaKTepHas BI3Kas IHUJIb. Ha rmoBepx-
HOCTH ILJIOJIOB MOTYT ITPUCYTCTBOBATh MUKHUbI, 06pa-
3YOI[ME KOJIbIIEBOH Y30D M3 YEPHBIX IISITHBINIEK.

Insg 3apakeHus TpuboM HeoOXOAUMO HaJauvdue
CBOGOJHOY BJIaTW B TeYeHUWE KaK MUHUMYM OJHOTO
yaca, a BbICOKas OTHOCUTEJIbHAS BJIAXKHOCTD BJISIETCS
YCJIOBUEM [IJI pACIIMPEHMs ouara nopaxeHus. ITpu
OIITMMAJIbHOM TeMIlepaType oT 16 10 25 °C cuUMIITOMBI
MOXKHO HaGJTI0IaTh yoKe Yepes HeJleJIto ITocJie ITpopacTa-
HUSI CIIOP Ha UyBCTBUTEIbHOM TKauu (Paret et al., 2011).

JmarHocTuky rpuba mpoBOISIT B OCHOBHOM ITyTEM
KyJIbTypaJibHO-MOP(doJIoruyeckoro aHaamsa. Mop-
dosiornuecKkre XapaKTEPUCTUKY, TaKrue Kak popMma
U IIBET U30JITa, BEIPAIEHHOI'0 Ha IUTATEeJIbHOI cpe-
Ile, IOCTYITHBI HEBOOPYXEeHHOMY I1a3y. C IOMOIIbI0
OIITUYECKON MUKPOCKOITVY aHAJIM3UPYIOT XapaKTePu-
CTUKU '), TUKHUL, KOHUIUH 1 XJIaMUIO0CIOP. B CBS-
34 C HAJIMYUEM Y Stagonosporopsis citrulli 6Imu3Kopo-
CTBEHHBIX BUJIOB, 1J1s 60Jiee TOUHON UIeHTU(GUKAIIUYN
KUCIIOJIb3YI0T MOJIEKYISIPHO-TEHETUUECKUE METOIbI.

CeJIeKIIMOHEPHI OTIPEIEeIUIN HECKOJIbKO (haKTo-
POB YCTOUYUBOCTH K Stagonosporopsis Spp., IPUCYT-
CTBYIOIIUX B HEKOTOPBIX COPTAaX ThIKBEHHBIX KYJIbTYP.
TeM He MeHee KOMMEPUYECKU IOCTYITHbIE YCTONYNBbIE
K (puTOmaToreHy copTa B HaCTOSIIee BPEMS OTCYTCTBY-
10T. Bopbba c BA3KOW THUJIbIO ITPECTaBIsIET coboM
KOMILJIEKC Pas3JIMYHbIX Mep, Hauboee 3(hHEeKTUBHON
U3 KOTOPBIX CEroIHS ABJIIETCS CeBO060POT. O6GHAPY-
JKEHO, UTO ITPOMbIBKA CEMSTH ITEPOKCUYKCYCHOM U CO-
JISHOM KMCJIOTAMM 3HAUUTEJbHO CHUXKAET CTEIEeHb

and Sweden (Stewart et al., 2015). The possibility of
spreading the infection by seeds has been shown in
watermelon (Hopkins et al., 1996; Lee et al., 1984) and
nutmeg (Gusmini et al., 2003). In the field, the patho-
gen spreads with infected plant debris and infected
plants (Keinath, 2008), droplet liquid moisture (Everts,
Zhou, 2011).

Stagonosporopsis citrulli can infect Cucurbitace-
ae such as watermelon, melon, squash and pumpkin
(Keinath, DuBose, 2017; www.cabi.org/isc, 2022).

Symptoms of gummy stem blight can vary de-
pending on the crop type in the Cucurbitaceae family.
The most common symptoms are on the leaves, which
are round, watery lesions, sometimes surrounded by
a yellow halo. Symptoms also appear as a necrotic
burn around the interveinal region. More often, me-
chanically damaged, weakened plants and their old
leaves are affected, since the pathogen belongs to the
group of facultative necrotrophs by the nature of nu-
trition; the fungus can survive on infected plant tis-
sue for up to 24 months (Keinath, 2008). Stagonospo-
ropsis citrulli produces the enzyme polygalacturonase,
with the help of which it breaks down plant polysac-
charides, making them suitable for its nutrition. Stem
symptoms appear as watery lesions that become ne-
crosis over time. The classic symptom is red or black
sticky drops of exudate found along the stem (Paret
etal., 2011).

On infected fruits during storage, a characteristic
gummy rot appears. Pycnidia may be present on the
surface of the fruit, forming an annular pattern of black
spots.

Infection with the fungus requires free moisture
for at least one hour, and high relative humidity is a
condition for the expansion of the lesion. At an opti-
mum temperature of 16 to 25 °C, symptoms can be ob-
served as early as a week after spores germinate on
sensitive tissue (Paret et al., 2011).

The diagnosis of the fungus is carried out mainly
by cultural and morphological analysis. Morphological
characteristics such as the shape and color of the cul-
tured isolate are visible to the naked eye. Using optical
microscopy, the characteristics of hyphae, pycnidia, co-
nidia and chlamydospores are analyzed. As Stagonospo-
ropsis citrulli has closely related species, for more ac-
curate identification, molecular genetic methods are
used.

Breeders have identified several resistance factors
to Stagonosporopsis spp., present in some Cucurbitaceae
varieties. However, there are currently no commercial-
ly available cultivars resistant to the phytopathogen.
The fight against gummy blight is a complex of various
measures, the most effective of which today is crop ro-
tation. It was found that washing the seeds with per-
oxyacetic and hydrochloric acids significantly reduces
the degree of infection (Hopkins et al., 1996). Reducing
rainfall with mulch has been shown to significantly re-
duce infection transmission during rain and irrigation
(Everts and Zhou, 2011). Good results in the control of
mycosis can be achieved by using correctly selected
combinations of fungicides and biological products on
vegetative plants.
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nposiBienus nHdekiuu (Hopkins et al., 1996). [Toka-
3aHO, YTO YMEHbIIIEHNE KOJIMYECTBA JOXKIEBbIX OPBI3T
C TIOMOIIbI0 MYJIBUYY 3HAUUTEJIbHO CHUIKAET TIepea-
vy nH(MEKIINY BO BpeMs AOXKAsA U opoureHus (Everts,
Zhou, 2011). Xopourux pe3yabTaToB B 60pb6e ¢ MUKO-
30M MOJKHO JIOGUTBHCS MPUMEHEHUEM HA BETETUPYIO-
VX PACTEHUIX [TPABUJIBHO MTOJ00PaHHBIX KOMOUHA-
1YH QYHTUIIWIOB U 6MOITPernapaTos.

AHanM3 GUTOCAHUTAPHOTO PUCKA MTOKA3aJ, YTO
Stagonosporopsis citrulli cmoco6eH MPOHUKHYTH B Poc-
cutickyio desepanuio U aKKJINMaTU3UPOBAThCS, IPU
9TOM y1IeP0, KOTOPbIN MOXKET HaHECTU (PUTOIIATOTEH,
OIleHEH KaK HeBBICOKUH. [ToKa3aTesb IOTEHI[UAbHO-
ro ymepba oT Stagonosporopsis citrulli coctasnseT 1,05,
U 9TO 3HAYEHUE HUKE YCIOBHOTO ITOPOrOBOT0 3HAYE-
Hwus (1,25) nmokazaresis. TakuM o6pazoM, Stagonosporop-
sis citrulli He COOTBETCTBYET KPUTEPUSIM KapaHTUHHOTO
st Poccuiickoi denepaliuy opraHusma.

3AKJIIOYEHUME

B pesynbTaTe UCCIe0BaHMS, IOCBIIIEHHOr0 paspa-
60TKe PeKOMEHIAIUY 10 KOHTPOJIIO ITePeAarIuXCs
CeMeHaMM ThIKBEHHBIX KYJIbTYyp (GUTOMIAaTOTreHOB Dia-
porthe cucurbitae u Stagonosporopsis citrulli, n3yueHa HO-
MEHKJIaTypa, TAKCOHOMUS, PACIIPOCTPaHeHue U 61o-
Jiornyeckre 0cO6eHHOCTU TIepeNauIuXcsd CEMeHaMu
(buTOMaTOreHOB, OTCYTCTBYIOIIUX HAa TEPPUTOPUU PD.
[TpoaHanm3upoBaHa WH(OPMAIINS O CYIIECTBYIOIUX
IVarHOCTUYECKUX METO/AX, BPEJOHOCHOCTU U METO-
nax KoHTposas Diaporthe cucurbitae n Stagonosporopsis
citrulli. icnonb30BaHVe M3yYeHHOU MHGOpMauu
nJisg ipoBefieHusa AP 1103BOJINIIO OLLEHUTH IIOTEHIU-
QJIbHBIH yIIEPO OT MHTPOLYKIIUY M aKKIUMaTU3aI U1
YKa3aHHBIX BUJIOB (QUTOTIATOTeHHBIX rpuboB. Yucio-
BO€e 3HaUeHNe TT0Ka3aTesisd MOTeHIUaJIbHOrO yiepoa
oT Diaporthe cucurbitae coctasiisieT 0,94, a oT Stagono-
sporopsis citrulli — 1,05. 06a 3HaUeHU S HIDKE YCIIOBHOTO
rmoporosoro nokasatens (1,25). TakuM o0pasoM, usy-
YyaeMble BUIbl HE MOTYT ObITh PEKOMEHJOBAHBI /IS pe-
T'YIMPOBAHUS B KAYECTBEe KaPAaHTUHHBIX OPraHU3MOB
Ha TeppuTopuu Poccuiickoyt demepaiiuu.

CIIUCOK JIUTEPATYPBI

1. IupeHko A., AHgpocosa B., MupoHuyk B., 2014.
BrorperiapaThsl B 3al[ATe ITOACOJTHEYHUKA OT (hoMOIICH-
ca. — 3alIuTa M KapaHTUH pacTeHui, N 4: 47-48.

2. CnoBapesna O., bougapenko I, 2021. Aganu3s
(buTOMaTOTreHOB, CBA3aHHBIX C CEMEHAMU ThIKBEHHBIX
KyJIbTyp. — duTOoCcaHuTapus. KapaHTUH pacTeHUH,
N2 4: 24-36.

3. Beraha L., O’'Brien, M., 1979. Diaporthe melonis
sp. nov., a new soft rot of market cantaloupes. — Journal
of Phytopathology, 94 (3): 199-207.

4. Everts K., Zhou X., 2011. Effects of host re-
sistance and inoculum density on the suppression of
Fusarium wilt of watermelon induced by hairy vetch. —
Plant disease, 91 (1): 92-96.

5. Ferreira M., de Lourdes Almeida Vieira M.,
Zani C., de Almeida Alves T. et al., 2015. Molecular phy-
logeny, diversity, symbiosis and discover of bioactive
compounds of endophytic fungi associated with the
medicinal Amazonian plant Carapa guianensis Aublet
(Meliaceae). — Biochemical Systematics and Ecology,
Vol. 59: 36—44.

6. Garampalli R., Gopalakrishna M., Li H. et al.,
2016. Two Stagonosporopsis species identified as causal
agents of gummy stem blight epidemics of gherkin

Pest risk analysis showed that Stagonosporopsis
citrulli is able to be introduced into the Russian Fede-
ration and adapted, while the damage that the phyto-
pathogen can cause is assessed as low. The indicator of
potential damage from Stagonosporopsis citrulli is 1.05,
and this value is below the conditional threshold (1.25)
of the indicator. Thus, Stagonosporopsis citrulli does not
meet the criteria for a quarantine pest for the Russian
Federation.

CONCLUSION

As a result of the study devoted to the development
of recommendations for the control of phytopatho-
gens transmitted by Cucurbitaceae seeds of Diaport-
he cucurbitae and Stagonosporopsis citrulli, the nomen-
clature, taxonomy, distribution and biological features
of seed-transmitted phytopathogens that are absent
on the territory of the Russian Federation have been
studied. Analyzed information about existing diagnos-
tic methods, harmfulness and control methods of Di-
aporthe cucurbitae and Stagonosporopsis citrulli. The use
of the studied information for conducting PRA made
it possible to assess the potential damage from the in-
troduction and adaptation of the indicated species of
phytopathogenic fungi. The numerical value of the in-
dicator of potential damage from Diaporthe cucurbitae is
0.94, and from Stagonosporopsis citrulli — 1.05. Both va-
lues are below the conditional threshold (1.25). Thus,
the studied species cannot be recommended for regu-
lation as quarantine pests on the territory of the Rus-
sian Federation.
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AHHOTAILIUA
[IpencraByieHbl pe3ysbTaThl 4-1eTHux (2018-2021 rr.)
uccienoBaHuy ycauelt poga Monochamus Dejean, 1821
B 6MOIIeHO3aX IISITU OCHOBHBIX 0CO060 OXPaHAEMBbIX
npuponHbIX Teppurtopuii (OOIIT) Pecrybuuku Kape-
JIUU: 3aTI0BeJHUKOB «KruBau» 1 «KOCTOMYKIICKUII»,
HaIMOHAJIbHBIX TTAPKOB «Bommo3epckuii», «ITaaHasap-
BU» U «JIaZoXKCKHe MIXepbI». OTIIOB )KYKOB IIPOBOLMIIY
¢ TOMOIIbI0 ()ePOMOHHBIX JIOBYIIEK TIPOU3BOJICTBA
®I'BY « BHUWKP». [ljig cuHTe3a arperaliuoHHOro (e-
POMOHA UCII0JIb30BaJIU CMECh, COCTOSIIYIO U3 CIENLY-
OIUX KOMIIOHEHTOB: 2-YHAENUIOKCU3TaH-1-01 (I)
(moroxamou), uncenoJ (II), uncguenoa (I1I), 2-MeTUI-
3-6yTeH-1-oa (IV), anbda-nuHeH (V) u BepberoH (VI).
YepHble ycauu poma Monochamus 06Hapy>KeHbI BO BCEX
n3ydeHHbIX OOIIT. K mupoko pacnpocTpaHeHHbIM
BUIaM oTHOcATcA Monochamus sutor (Linnaeus, 1758)
u M. galloprovincialis (Olivier, 1795), KOTOpble 06UIBHO
BCTPEYaTCs 110 Bcel pecmnybivke, BKaouyas Kpaii-
Huii CeBep. BrIsiBIeHO IpeobiiafilaHre B3POCIbIX 0CO-
6eit M. sartor urussovii (Fischer von Waldheim, 1806)
u M. sutor B XBOWHBIX HacaXXJIeHUaX, a M. galloprovin-
cialis B IMCTBEHHBIX JiecaX. HauboJbIllee KOJIMYECTBO
JIMYUHOK ycadueh posia Monochamus OTMEYEHO B COCHSI-
Ke 3eJIeHOMOITHOM. Bece o6HapykeHUs 3ahMKCUPOBa-
HBI Ha [TOBAJIEHHBIX XBOMHBIX IePEBBSIX — COCHE (Pinus
sylvestris) u enu (Picea abies), TIie OHU HanboJiee YacTo
JIOKQJIM30BAJIMCh B KOMJIEBOI YacTHU. JIET )KYKOB HAUH-
HaeTcs ¢ KOHITa Mast ¥ 3aKaHUYMBAETCs B CEHTSAOPE. [TUK
MX aKTUBHOCTH OTMEYEeH C CepeIVHbI NI0JIS.

Knrouesovte cnosa. ®epoMOHBI HACEKOMBIX, XKY-
Ku-ycauu poma Monochamus, 3aliyTa jieca, KapaHTUH-
HBIN 00BEKT, huTocaHuTapHoe cocToguue, OOIIT.

FIELD TESTS]

UDC 632.76

Pheromonitoring

of longhorn beetles

of the genus Monochamus

in various specially
protected natural territories
of the Republic of Karelia

S.N. LYABZINA®4, A.A. CHALKIN?, E.V. SINITSYNA?,
0.V. SINKEVICH?*, 0.A. DONSKOY?®

1 Petrozavodsk State University,
Petrozavodsk, Republic of Karelia, Russia
23,5 FGBU “All-Russian Plant Quarantine Center”
(FGBU “VNIIKR”), Bykovo, Ramenskoye,
Moscow Oblast, Russia
1.4 Karelian branch of FGBU “VNIIKR”,
Petrozavodsk, Republic of Karelia, Russia
1 ORCID 0000-0003-3386-5724, e-mail: slyabzina@petrsu.ru
2 ORCID 0000-0002-7937-4667, e-mail: chalkin10@ya.ru
3 ORCID 0000-0002-6314-3151,
e-mail: katesinitsyna@gmail.com
4 ovbio@mail.ru
5 dos20343@gmail.com

ABSTRACT
The results of 4-year (2018-2021) studies of Monocha-
mus Dejean, 1821 longhorn beetles in the biocenoses
of five main specially protected natural areas (SPNA)
of Republic of Karelia are presented: reserves “Ki-
vach” and “Kostomukshsky”, national parks “Vodlozer-
sky”, “Paanayarvi” and “Ladoga skerries”. Beetles were
caught using pheromone traps manufactured by FGBU
“VNIIKR”. To synthesize the aggregation pheromone,
a mixture consisting of the following components was
used: 2-undecyloxyethane-1-ol (I) (monochamol), ipse-
nol (II), ipsdienol (I1II), 2-methyl-3-butene-1-ol (IV), al-
pha-pinene (V) and verbenone (VI). Beetles of the genus
Monochamus were found in all studied protected areas.
Widespread species include Monochamus sutor (Linnae-
us, 1758) and M. galloprovincialis (Olivier, 1795), which
are abundant throughout the republic, including the Far
North. The predominance of adult individuals of M. sar-
tor urussovii (Fischer von Waldheim, 1806) and M. sutor
in coniferous plantations, and M. galloprovincialis in de-
ciduous forests was revealed. The largest number of
Monochamus larvae was observed in the green moss pine
forest. All detections were recorded on fallen coniferous
trees — pine (Pinus sylvestris) and spruce (Picea abies),
where they were most often localized in the butt end.
The beetle flight is from late May till September. The
peak of their activity has been marked since mid-July.

Key words. Insect pheromones, longhorn beetles
of the genus Monochamus, forest protection, quarantine
pest, phytosanitary situation, protected areas.
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MOJIEBbIE UCMbITAHMA  FIELD TESTS

BBEJEHUE

epHble ycauu poma Monochamus Ha-
pAny C IOPYTMMM KCUJIOGMOHTaMU
UMeIOT 0co60e 3HaueHue JJIS JIECHO-
T'0 XO35IUCTBA, ABJISISACh BPeAUTEIIMU
IpeBecuHbl. HampuMep, B IIOCTe[-
HYe TOIbl OHM ITPUYACTHBI K Jerpa-
IallsaM eJIOBBIX HacaXKIeHWH Ha 1oTe
KpacHosipckoro kpasti (Tatarintsev
et al., 2021). 3TOT PoJ, )KYKOB OTHOCUTCS K 06beKTaM
BHYTPEHHEro KapaHTUHAa Ha Tepputopuu PO, ABngach
IMEPEHOCUYNKOM COCHOBOM CTBOJIOBOM HEMAaTOMbI Bur-
saphelenchus xylophilus (Steiner & Buhrer, 1934) Nickle,
1970 (Kynuuud u gp., 2017). POOUHON HEMATO/LbI CUH-
TaeTca CeBepHasi AMepuKka, OTKyZa OHa ObLIa 3aHe-
ceHa B A3UI0, a 3aTeM U B [IOPTyraiu, Ie IaToreH
obHapyxwuiau B 1999 r. (Mota et al., 1999), mo3xe B. xy-
lophilus BeiaBuau B Vicnauuu (Abelleira et al., 2011),
IJle TIaTOTE€H BBI3BIBAJ MACCOBYIO I'MOeb COCHOBBIX
npesoctoes (de la Fuente et al., 2018).

Ha Tepputopuu Kapennu, Kak 1 Ha Bcell TEPPU-
Topuu P®, cocHOBas CTBOJIOBAast HEMATOLA B HACTOSI -
Iee BpeMs He OTMeUeHa, HO BCTpevaeTes 0JIU3KOPO7 -
CTBEHHBIU BU, Bursaphelenchus mucronatus (Mamiya &
Enda, 1979), KOTOPBIH ITEPUOAUIYECKY PETUCTPUPYIOT
B JIEPEBSIHHOM TPAHCIIOPTUPOBOYHOU Tape U B HEKO-
Topbix OOIIT (B 6uolleHO3axX 3amoBegHuKa «KuBau»
1 HAIIMOHAJIbHOTO IMapKa «Bomyiozepckuii») (SUHHUA-
KOB U 1Ip., 2010; YankuH u Ap., 2021). STOT TeIbMUHT
TaK)Ke MOJKET BbI3bIBATh BUJIT XBOMHbBIX, 0COOEHHO IIPHU
COBMECTHOM 3apaKeHUY C IaTOTeHHbIMY 0aKTePUSIMU
(Peicc, YepHenkas, 2009). HeMaTobI JJOKaJIU3YIOTCS
B Tpaxesix ycaua B 60JIbIIOM KOJIMYECTBE U TTEPENA0T-
Cs1 3IOPOBOMY JIEPERBY ITPY JOTIOJHUTEIBHOM TUTAHUU
skyka (Schroeder, 2019).

Ha ceromHsAmHM#i 1eHb 6 BUIOB pomia Monochamus
BKJIIOUEHBI B ENVHBIN IIepeueHb KapaHTUHHBIX 00bEK-
TOB KaK OTPAaHMYEHHO PacIpoCTpaHeHHble Ha TEPPU-
Topuu EBpasuiiCKoro SKOHOMUYECKOI0 cor3a. HecMo-
TPS Ha CTPOTHE IIPaBUIa UMIIOPTa ¥ (PUTOCAHUTAPHBIE
MepBHI, B MUPe eXerogHo GUKCUPYIOTCSI HOBbIE MecTa
JIoKaJIM3alum natoreHa B. xylophilus ¢ cepbe3HBIMU
9KOJIOTUYECKUMU U SKOHOMUYECKVMU II0CIEICTBYSI-
mu (Kong et al., 2021). Bce 5T0 00yCIOBINBAET TPEOO-
BaHME 0CO60TO MOHUTOPUMHTA KyKOB poga Monochamus
Ha JIECOIIOKPBITHIX TEPPUTOPUIX B MUPeE U B Poccuii-
ckoit demepalivu.

MATEPHWAJI 1 METOJbI

B Teuenue mosesBbIx ce30HOB 2018-2021 rr. uccie-
noBaHus npoBoauau B nisatTu OOIIT Pecniy6nuku Ka-
penuu: HallMOHAJIbHBIX NTapKax «[TaaHaspBu», «Bof-
JIO3epCKUii», «JIalo)KCKUe MXePhbl» U 3alI0BEIHUKAX
«Kocromyxkiickuii», «<KuBau». Bee uccieyeMble Teppu-
TOPUU PACIIOJIOKEHBI B PA3JINYHBIX PalioHAX PECITy0-
JIMKY U UMEIT YHUKAJIbHbIE IPUPOJIHbIE 0COGEHHO-
cTu. HanjuoHabHBIY Mapk «[TaaHasspBU» HAXOAUTCS
Ha Kpaitnem CeBepe B6au3u CeBEpPHOTO ITOJSIPHOTO
KpyTa U C 3amnajia FpaHUYUT ¢ PUHCKUM HallMOHAJIb-
HBIM IIapkoM «OyjlaHKa». 3anoBefHUK «KOCTOMYK-
IMICKU» TaK)Xe COBMECTHO C HAI[MOHAJbHBIM Iap-
koM «JIpyx6a» OUHIIHICKON Peciybiuky o6pasyeT
00611yI0 TPUPOLO00XPaHHYI0 TeppuTopuio. [lmomanb
HAIIMOHAJbHOTO MapkKa «BoaJio3epCcKuii» BKIIYAET
2 peruoHa CeBepo-3amaza: Pecnybuuky Kapenuio
1 ApxaHTeJibcKyio obJsiacThb. [IpupOAHBIN Tocydap-
CTBEHHBI 3aTIOBEIHUK «KMBau» — OlHA U3 CTapeHIImnX

INTRODUCTION

eing wood pests, beetles of the genus Mono-

chamus, along with other xylobionts, are of

particular importance for forestry. For ex-

ample, in recent years they have been in-

volved in the degradation of spruce stands
in the south of Krasnoyarsky Krai (Tatarintsev et al.,
2021). This genus of beetles belongs to the objects of
internal quarantine on the territory of the Russian
Federation, being a carrier of the pine wood nematode
Bursaphelenchus xylophilus (Steiner & Buhrer, 1934)
Nickle, 1970 (Kulinich et al., 2017). The nematode is
considered to be native to North America, from where
it was introduced to Asia, and then to Portugal, where
the pathogen was detected in 1999 (Mota et al., 1999),
later B. xylophilus was identified in Spain (Abelleira et
al., 2011), where the pathogen caused mass death of
pine stands (de la Fuente et al., 2018).

On the territory of Karelia and the entire territo-
ry of the Russian Federation, pine wood nematode is
currently not registered, but there is a closely related
species Bursaphelenchus mucronatus (Mamiya & Enda,
1979), which is periodically recorded in a wooden ship-
ping container, and in some protected areas (commu-
nity Kivach Nature Reserve and National Park “Vod-
lozersky”) (Sennikov et al., 2010; Chalkin etc., 2021).
This helminth can also cause coniferous wilt, especial-
ly when co-infected with pathogenic bacteria (Ryss,
Chernetskaya, 2009). Nematodes are localized in the
trachea of the beetle in large numbers and are trans-
mitted to a healthy tree with additional nutrition of the
beetle (Schroeder, 2019).

To date, 6 species of the genus Monochamus are
included in the Common List of Quarantine Objects as
limitedly present in the territory of the Eurasian Eco-
nomic Union. Despite strict import regulations and
phytosanitary measures, new locations of pathogen
B. xylophilus are recorded annually in the world with
serious environmental and economic consequences
(Kong et al., 2021). All this leads to the requirement
of special monitoring of beetles of the genus Monocha-
mus in forested areas in the world and in the Russian
Federation.

MATERIAL AND METHODS

During the 2018-2021 field seasons, studies were con-
ducted in five protected areas of the Republic of Kare-
lia: national parks “Paanayarvi”, “Vodlozersky”, “Lado-
ga skerries” and nature reserves “Kostomukshsky”,
“Kivach”. All the studied territories are located in dif-
ferent regions of the republic and have unique natu-
ral features. The Paanajarvi National Park is located
in the Far North near the Arctic Circle and borders on
the Finnish Oulanka National Park from the west. The
Kostomukshsky Nature Reserve also forms a common
nature conservation area together with the Druzhba
National Park of the Republic of Finland. The area of
the Vodlozersky National Park includes 2 regions of the
Northwest: the Republic of Karelia and Arkhangelsk
Oblast. The Kivach Nature Reserve is one of the oldest
protected areas in Karelia, it includes all the variety of
landscapes characteristic of the middle taiga.
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OXpaHsIeMbIX TEPPUTOPUY B Ka-
penuu, OH BKJIIOYAET B cebs Bce
MHOTOO0Gpasue JauamadToB, Xa-
PaKTEePHBIX JIJId CPEIHEN Talru.

OTJIOB UMaro XyKoB IIPO-
U3BOAUJICSA C TIOMOIIbIO (e-
POMOHHBIX JIOByIIeK 6apb- oH
€pPHO-BOPOHOYHOTO THIIA
C KCIIOJIb30BaHNEM KOMILIEKTOB
C CUHTETUYECKUM arperayoH- /
HBIM (DEPOMOHOM ITPOM3BOICTBA
®OI'BY «BHUMKP», TMUYMHOK IO[,
KOPOH YCBIXAUIUX JEePEBbEB CO-
6rpasiu Bpy4YHYI0. BapbepHO-BO-
POHOYHBIE JIOBYIIKY Pa3Melain
B cMelnaHHOM (6epe3HsIK pas-
HOTPAaBHbBIN) U XBOWHBIX Jiecax
IBYX THUIIOB (COCHSK 3€JIEHO-
MOIIHBIN, €JIbHUK YePHUYUHBIN)
B COOTBETCTBUM C UHCTPYKIINEHN
npuMeHeHus pepoMoHoB PI'BY «BHUVIKP», u3 pacue-
Ta 1 soBymka Ha 1 ra.

B KadyecTBe CUHTETHMYECKOTO arperaluoHHOTr0
(epoMOHa UCIIOJB30BAIN CMECH, COCTOSIILYIO0 U3 CJie-
IYIOUUX NIECTU XUMUYECKUX KOMIIOHEHTOB (puc. 1):
2-yHAelnuaIokcusTan-1-oy (I) (MOHOXaMOJ), UIICe-
sout (IT), unicauenon (I11), 2-mMetun-3-6yreH-1-oa (IV),
anbda-nmHeH (V) u BepbenoH (VI).

TToy4yeHHYI0 CMeCh ITIPUMEHSIN B IYCIIEHCEPE,
MIpeJCTaBASAIONIEM cob60M makeT u3 GydJiieHa pasme-
poM 8 x 5 cM, pa3ieJIEHHbBI Ha 2 YaCTU TEPMOCBAPOY-
HBIM IIBOM. HIKHSS ¥ BEPXHSS YaCTU JMCIIEHCEPOB
COeIMHEHbI XJIOIIKOBO HUTHIO.
B HM)XHeI yacTu OUCIEeHcepa
HaXOJUTCS HOCUTEJb U3 DUIb-
TPOBaJIbHOW OyMaru, MpoIu-
TAaHHBIA CMeChI0 U 06epPHYTHIHN
XJIOTIKOBOM HUTBIO, a TaKXXe OT-
BEPCTHUE AJIST KPEIJIEHUs JUC-
reHcepa. B BepxHell yacTu nuc-
TIeHcepa HaXOAUTCS CBOOOIHBIM
KOHEII XJIOITKOBOM HUTY U JINHUS
oTpesa.

VizyuyeHUe CE30HHOU ak-
TUBHOCTU U (DEHOJOTUYECKUX
0co6eHHOCTEH ycaueil TIPOBO-
IOUJIY B 3al0BeIHUKe «KuBau»,
JLJISI 9TOT'0 JIOBYIIKY BBICTABJISIIN
Cc Mag II0 CeHTsI0pPh B TPeX pas-
JIMYHBIX 6MOTOIaX 3alI0BEeIHN-
Ka (puc. 2). BUOTOIT eJIbHUK Uep-
HuuHbIA (EY), pacroyio)KeHHbIN
Ha CeBepHOU rpaHuIle ImoceKa
KuBau, oTiin4yaeTcsa HaJIU4YNEeM
JIOKaJIbHOTO BETpOBaJja Bo3pac-
TOM 4—6 JIET, Ile HaXOOsITCSI KakK
CJIOMJIEHHBIE, TAK 1 BbIBaJIEHHEIE
enin o6bIKHOBeHHBIE (Picea abies)
u cubupckue (P. obovata) BO3-
pactoM 100-150 seT. BepesHak
pasHoTpaBHbIl (BP) mpeacTas-
JIeH HeHapyIeHHbIM YYaCTKOM
Jieca Tuiomaibo 1,7 ra ¢ mpeob-
namanmeM 6epesbl 90-100 JterT.
CocHsK 3eeHOMOINHBIN (C3) — 60p BO3PacTOM 0KOJIO
150 JeT, uepe3 KOTOPBIH TPOXOAUT JIUHUS BJIEKTPO-
nepenauy, rae B 2020 I. IPOBOAUINCH MEPOIIPUSATHUS

https://zapkivach.ru)

WAVAVAVAVAVAVAN
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Puc. 1. KOMNoHeHTbl arperauMoHHOro
¢hepoMoHa xyKoB-ycauei poga Monochamus
npowussopcTea PrbY «BHUUKP»:
2-yHpeuunokcuaTtaH-1-on (I) (MoHoxamon),
unceHon (II), uncaneron (III),
2-meTun-3-6yTtex-1-on (I1V),

anba-nuHeH (V), BepbeHoH (VI) (opwur.)

Puc. 2. MecTa ycTaHOBKM (h€POMOHHbIX
JIOBYLLEK HA TEPPUTOPUMN 3an0oBeSHMKA
«KuBau» (opurmHan cxembol:

OH 2
/(f)\
g 0 )
av) o’é’(wn

Fig. 1. Components of the aggregation
pheromone of the longhorn beetles of

the genus Monochamus of FGBU “VNIIKR”:
2-undecyloxyethane-1-ol (I) (monochamol),
ipsenol (II), ipsdienol (III),
2-methyl-3-butene-1-ol (IV),

alpha-pinene (V), verbenone (VI) (orig.)

Imago beetles were caught using barrier-fun-
nel-type pheromone traps using kits with synthetic
aggregation pheromone produced by FGBU “VNIIKR”,
larvae were collected manually under the bark of
shrinking trees. Barrier-funnel traps were placed in
mixed (mixed-grass birch) and coniferous forests of
two types (green-mossy pine, blueberry spruce) in ac-
cordance with the instructions for the use of phero-
mones of FGBU “VNIIKR”, at the rate of 1 trap per 1 ha.

A mixture consisting of the following six chemi-
cal components was used as a synthetic aggrega-
tion pheromone (Fig. 1): 2-undecyloxyethane-1-ol (I)

YcnoBHble 0603HavYeHns
/ | BB 3anoBefHas 30Ha

/ Preserved area

[ 3oHa nokos
Rest zone

[ 30Ha orpaHuyeHHow
X039/CTBEHHON
[esTeNbHOCTH
Restricted economic
activity area

Il 3KCKYPCMOHHas 30Ha
Excursion area

[ OxpaHHas 30Ha

Protected area

Fig. 2. Places with exposed pheromone
traps on the territory of the Kivach
Nature Reserve (original scheme:
https://zapkivach.ru)
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Puc. 3. Camka 60/1bLIOro YepHOro esI0BOro ycava

Fig. 3. Female of Monochamus sartor
Monochamus sartor urussovii (poto A.A. YankuHa)  urussovii (photo by A.A. Chalkin)

10 PacyYMCTKe, B CBI3U C UEM
B TEUEeHME Ce30Ha B HEIOCPE-
CTBEHHOU GJIM30CTH K JIOBYIIKE
HaXOJUJIKCh TIOPYOOYHbIE OCTAT-
KM XBOWHBIX J€PEBbEB COCHBI
0OBIKHOBEHHOU (Pinus sylvestris).

M. sartor urussovii

PE3VYJIBTATHI

N OBCYXIEHUE
Ha uccnenyeMbIx 0XpaHSIEMBIX
TeppuTtopuax Kapenuu zaperu-
CTPUPOBAHO 3 BUJla YEPHBIX yca-

W M. galloprovincialis ™ M. sutor 43

26
21
16
15 44
11 1
& 7
: . s .

el poma Monochamus: 4YepHbBIN
cocHOBBIM M. galloprovincialis,
MaJblli YePHBIN eJIOBBIN M. Su-
tor v GOJIbIIOM YEPHBIN €JIOBBIX

"Paanajarvi"

«[MaaHaspBu» «KoCcTOMyKLWCKNn»  «Bopnosepckuin» «Knpau» «JlafoXCKue LWxepbl»
"Kostomukshsky"

45 45

"Vodlozersky" "Kivach" "Ladoga skerries"

WccnepnosaHHble OOMT

M. sartor urussovii. Bce OHM OT-  pyc, 4, KonnuecTeo uMaro ycauei poga

Fig. 4. The number of imagoes of the genus

HOCATCA K TPaHCIAJIEaPKTHUYe-  Monochamus, OTNIOBNEHHbIX B uccnenyembix  Monochamus caught in the studied protected

ckuM BumaMm (Schroeder, 2019). OOMNT Pecny6nukun Kapenuu, wr.

Xykm poma Monochamus
UMET KPYIHbIE pasMephl
¥ CXOXKU IPYT € ApyroM (puc. 3). OCHOBHBIM OTINYLNEM
SIBJISIETCS HAJIMYUe OMYyIIeHUS CPEeIUHHOM MOJIOCKU
Ha IIUTKE.

CaMoe mUPOKOe pacmpocTpaHeHue B Kapenuu
WMEKT 2 BUAA — MaJiblii YepHBIN eoBbIN (M. sutor)
¥ YepPHBIN COCHOBBIN (M. galloprovincialis) ycauu, KO-
TOpBIe OOMJIBHO BCTPEYAIOTCS 10 BCEU PecIy6IuKe,
BkJtouas Kpatiuuit CeBep (puc. 4). BcTpeuaeMoCTb
6OJIBLIOTO UePHOTO eJIOBOTO ycava (M. sartor urussovii)
B pecmy6JrKe HeBbICOKasA. I3BECTHO, YTO BO MHOTUX
pernoHax ero Hu3Kas YUCJIeHHOCTh O6bICHSIETCS OT-
CYTCTBHEM CyXOCTOEB U CBOEBPEMEHHBIMU py6KaMu
yxoza (VMcaeB u np., 1988).

areas of the Republic of Karelia, pcs.

(monochamol), ipsenol (II), ipsdienol (III), 2-methyl-3-
butene-1-ol (IV), alpha-pinene (V) and verbenone (VI).

The resulting mixture was used in a dispenser,
which is an 8 x 5 cm buff bag, divided into 2 parts by a
heat-welding seam. The lower and upper parts of the
dispensers are connected by cotton thread. At the bot-
tom of the dispenser there is a carrier made of filter
paper soaked with a mixture and wrapped with cotton
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FIELD TESTS

Ta6auna 1

BcTpeuaeMoCTh MMaro ycaueii poga Monochamus B UCCJieLyeMbIX
6uoTomnax sanosegHuka «Kusau» Ha 1 ra, IT.

Table 1

The occurrence of imagoes of the genus Monochamus
in the studied biotopes of the Kivach Nature Reserve on 1 ha, pcs.

BuoTonsl UccileJOBaHUS

thread, as well as a hole for at-
taching the dispenser. At the top
of the dispenser is the free end
of the cotton thread and the cut
line.

The study of seasonal ac-
tivity and phenological fea-
tures of beetles was carried out
in the Kivach Nature Reserve,

Studied biotopes f .
or this purpose traps were ex-
CocHsAK EJIbHUK BepesHak posed from May to September
3€eJIEHOMOIIHBI YePHUYHBIN pa3sHOTpPaBHBIH in three different biotopes of
@ @ @ the reserve (Fig. 2). The biotope
% Green moss pine Blueberry spruce Mixed-grass birch blueberry spruce forest (BS), lo-
Species forest (PM) forest (BS) forest (MB) cated on the northern border of
M. galloprovincialis 6 5 15 the village of Kivach, is distin-
guished by the presence of a lo-
M. sartor urussovii 4 2 1 cal wind age of 4-6 years, where
M. sutor 15 19 4 there are both broken and fall-
Beero en commop spruce (Picea abies)
Total 25 26 20 and Siberian (P. obovata) aged
100-150 years. The mixed-grass
birch forest (MB) is represent-
Ta6sauia 2 ed by an undisturbed forest area

BcTpeuaeMocTh JIMUMHOK ycadeil poaa Monochamus
101 KOPOii XBOMHBIX IIOPOJ, IEPEBHEB B MCCJIEIyeMbIX GMOTOIAaX

3anoBegHUKa «KuBau», IIT.
Table 2

The occurrence of Monochamus larvae under the bark of coniferous
trees in the studied biotopes of the Kivach Nature Reserve, pcs.

BuoTonskl UcciieJOBaHUSA
Biotopes research

of 1.7 hectares with a predomi-
nance of birch 90-100 years old.
The green moss pine forest (PM)
is a forest about 150 years old,
through which the power line
passes, where clearing mea-
sures were carried out in 2020,
and therefore, during the season,
the felling remains of coniferous
pine trees (Pinus sylvestris) were in

CocHAK . EmpHME Bepe3Hak . close proximity to the trap.
3€JIEHOMOIIHbIN YePHUYHBII Pa3HOTPaBHBII
(€3) (E9) (BEP) RESULTS AND DISCUSSION
Bup, Green moss pine Blueberry spruce  Mixed-grass birch Three Monochamus species have
Species forest (PM) forest (BS) forest (MB) been registered in the studied
M. galloprovincialis 25 14 4 protected areas of Karelia: M. gal-
M. sartor Urussovii P 5 o loprovmcza.l.zs, M. sutor and M. sar-
: tor urussovii. All of them belong to
M. sutor 20 24 1 transpalearctic species (Schro-
Beero eder, 2019).
Total 51 43 5 Beetles of the genus Mono-

chamus are large and similar to

Ycauu o6HaPYKEHbI BO BCEX UCCIENYyEeMbIX GOTO-
Tax, HO C pasHOM IIJIOTHOCTBI0. B COCHSIKE U eJIbHUKE
KOJIMYECTBO OTJIOBJIEHHBIX ycadyel GbLJIO BBIIIE, T. K.
37eCh COCPENOTOUEHO HaubOoIbIlIee KOJIUUEeCTBO 0CIa0-
JIEHHBIX BETPOBAJIOM JIePEBbEB. B CMENMIaHHOM JIECY
Ha maomany 1 ra oTMedeHa HanboJbInas IJI0THOCTh
YepHOTO COCHOBOTO ycava (M. galloprovincialis) (Tabar. 1).
BcTpedyaeMoCTh 9TOrO ycaua B Oepe3HsKe 3HaUYMMO
OTJINYAETCS OT COCHsAKA (1 TeM 6oJiee OT eJIbHUKA):
(x> 3,9,df =1, p<0,02). BeposiTHO, TPUCYTCTBUE 3TOTO
BUJIA B TaKUX OMOTOIIAX CBA3AHO C JOIOJHUTEIbHBIM
MNUTaHWEM 1 aKTMBHBIM paccejeHreM. HalrpoTus, Ma-
JIBIF YePHBIH eJIOBBIN ycay (M. sutor) dalie 1omnaiancs
B JIOBYIIIKY, pasMeleHHbIe B COCHOBOM Jecy (x> > 6,4,
df=1, p < 0,006), yem B cMelTaHHOM. HauboJbIas ero
ILUIOTHOCTD Ha 1 ra oTMeueHa B eJIbHUKE YePHUYHOM.

JInuuHku Monochamus GBI OTMeEUYeEHBI IIO],
KOPO¥ XBOWHBIX JePEeBbEB BO BCEX HCCJIELOBAHHBIX
6uoromnax (tabs. 2). Hamie Bcero ux 06HAPYKUBAJIHU

each other (Fig. 3). The main ex-
ternal difference is the presence
of pubescence of the median strip on the shield.

The most widespread in Karelia are 2 species —
M. sutor and M. galloprovincialis, which are abundant
throughout the republic, including the Far North
(Fig. 4). The occurrence of M. sartor urussovii in the re-
public is low. It is known that in many regions its low
number is explained by the lack of dead wood and
timely logging of care (Isaev et al., 1988).

Longhorn beetles were detected in all the studied
biotopes, but with different densities. In the pine and
spruce forests, the number of caught beetles was high-
er, because the largest number of trees weakened by
windfall is concentrated here. In a mixed forest on an
area of 1 ha, the highest density of M. galloprovincialis
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aKTUBHOCTM Nnétaumaro  activity of the imago
Monochamus sutor Monochamus sutor

B 3anoBegHuke «KuBau» in the Kivach Nature Reserve

B HIDKHEN TpeTu AepeBa. [IpomgoKUTEIbHOCTD pas-
BUTHUS JINYMHOK YEPHBIX ycauel IoJ;, KOPOH B ecTe-
CTBEHHBIX YCJIOBUIX COCTABJISIET OT OJJTHOTO JI0 TPEX
JIeT, OLHAKO 00bIYHO 3aHuMaeT 2 rojga (Mcaes u np.,
1988). Ha 3UMOBKY OHU 3aJIeTaloT HEIOCPeInCTBEHHO
T1OJT KOPOM MJIV YXOIAT B IPEBECUHY He TIIy6Kke 5 MM
(ITaByos, 2009).

Pa3BuBasich B IpeBeCUHE, JUUUHKU UYEPHBIX
ycadel IBISIOTCS OTTACHBIMU TEXHUYECKUMU BPEU-
TeJIIMU U MOTYT IIOBPEXJATh JiecOMaTepuajbl XBOU-
HBIX TTOPOJ, IepPeBbEB B IIEPUOJ, 3aTOTOBKU U Xpa-
HeHuda. B CeBepo-3amnaJHOM peruoHe MJIOTHOCTb
II0CeJIeHUs JINUYMHOK B Jiecy HeBbIcoKasd — oT 0,375
1o 0,089 mt/mM?; yuyacTBys B Pa3jIOKEHUU IPeBeCU-
HbI, OHU TIepepabaThIBAIOT 0KOJI0 6% OT 06IIEero 06b-
eMa ([TaByios, 2009).

BecHoO¥ BbLIET XXYKOB poza Monochamus B 3a110-
BeIHUKe «KuBau» MPOUCXOOUT B 3-10 AeKany Mad,
a 3aKaHYMBAaeTCsd UX JET B KOHIIe CeHTsI0ps (puc. 5).
B ceBepHBIX patioHax Kapenuu JE€T HauyMHaeTCSI
Ha 2 HeJeJU I03XKe.

MUK aKTUBHOCTHU IPUXOAUTCS Ha TETJIbIN ITe-
puog jieTa — 2-10 ¥ 3-10 AeKabl UI0JII. AHAJOTUUYHBIE
CPOKM aKTUBHOCTU MMAaro ycaueil 0TMevYarT B pas-
JINYHBIX peruoHax (Mcaes u np., 1988; lllanoBajos,
2012). IToTeHIIMaJIbHASA TPOLOJIKUTEIbHOCTD KU3HU
MMaro — OKOJIO TPeX C MOJIOBUHOY MecsIeB, OJHAKO
B €CTECTBEHHBIX YCJIOBUAX B OOJBIIUHCTBE CJIyda-
eB OHa cocTaBJjseT He Goyiee 57 guelr (Mcaes u ap.,
1988). TemIiepaTypa BO3Zyxa U KOJUYECTBO OCAJZl-
KOB MOTYT CYyIlleCTBEHHO BJIMITH Ha JIET U pa3BUTHE
J)KYKOB. OTMEeUeHO, UTO B JOXKAJINBOE U NIPOXJagHOe
JIETO 3aceJieHVe JpeBeCcUHbl ycauaMu pojsa Monocha-
mus TPOUCXOLUT TOPaso XyXe, YeM B 3aCyULJIMBbIE
TOJbI, & B IIEPUOJ, IOXKaPUII, Ha060pOT, HAOGIIOIAI0T-
cs1 ux Berblmky (Cepenuy u ap., 2020). ooy 1 110-
X0JIOlaHUE 3aJIePXKUBAIOT BBIXOJ] )KYKOB U3 KYKOJIOU-
HBIX KOJIBIGEJIEK U PE3KO CHUIKAKT aKTUBHOCTD yKe
BhIIEAINNX ocobel. Haubouspimasgd X aKTUBHOCTDb
HabJsomaeTcs Ipu TeMIiepatype 22—-27 °C, a cBbIlIe
28 °C néT npekpaiaetcs ([TaBios, 2009).

was noted (Table 1). The occurrence of this beetle in
birch significantly differs from pine (and even more so
from spruce): (x*> 3,9, df = 1, p < 0,02). Probably, the
presence of this species in such biotopes is associat-
ed with additional nutrition and active settlement. On
the contrary, M. sutor was more often caught in traps
placed in a pine forest (x> > 6,4, df = 1, p< 0,006) than
in a mixed forest. Its greatest density per 1 ha is noted
in the blueberry spruce forest.

Monochamus larvae have been observed under
the bark of coniferous trees in all studied biotopes
(Table 2). Most often they were found in the lower third
of the tree. The duration of development of Monochamus
larvae under the bark under natural conditions rang-
es from one to three years, but usually takes 2 years
(Isaev et al., 1988). For the winter, they lie directly un-
der the bark or go into the wood no deeper than 5 mm
(Pavlov, 2009).

Developing in wood, Monochamus larvae are dan-
gerous technical pests and can damage coniferous
wood during harvesting and storage. In the North-West-
ern region, the density of larvae settlement in the forest
is low — from 0.375 to 0.089 pcs/dm?; participating in
the decomposition of wood, they process about 6% of
the total volume (Pavlov, 2009).

In spring, the flight of beetles of the genus Mono-
chamus in the Kivach Nature Reserve occurs in the 3™
week of May, and their flight ends at the end of Septem-
ber (Fig. 5). In the northern regions of Karelia, the sum-
mer begins 2 weeks later.

The peak of activity falls on the warm period of
summer — the 2™ and 3" weeks of July. Similar peri-
ods of activity of imagoes are noted in various regions
(Isaev et al., 1988; Shapovalov, 2012). The potential
life expectancy of an imago is about three and a half
months, but in natural conditions in most cases it is
no more than 57 days (Isaev et al., 1988). Air tempera-
ture and precipitation can significantly affect the flight
and development of beetles. It is noted that in rainy
and cool summers, the colonization of wood by Mono-
chamus beetles occurs much worse than in dry years,
and in the period of fires, on the contrary, their out-
breaks are observed (Seredich et al., 2020). Rains and
cold snap delay the exit of beetles from pupal cradles
and sharply reduce the activity of already released in-
dividuals. Their greatest activity is observed at a tem-
perature of 22-27 °C, and ceases over 28 °C for years
(Pavlov, 2009).

CONCLUSION

Longhorn beetles of the genus Monochamus are detect-
ed throughout the territory of Karelia, and their great-
est number is noted in the middle and southern parts
of the republic. In the studied mixed (birch) and coni-
ferous (pine, spruce) forest biocenoses, the density of
Monochamus beetles is different. In places with an in-
creased concentration of weakened trees (in pine and
spruce forests), a high abundance of M. sutor and M. sar-
tor urussovii was noted. A high density of M. galloprovin-
cialis was found for deciduous forests. The beetle flight
is from late May till September. The peak of their activi-
ty was noted in the 2" and 3" weeks of July. The largest
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3AKJIIIOYEHUE

Ycauu popma Monochamus BCTPeUYaloTCs 110 BCe Teppu-
topuu Kapennu, 1 HauboJIblllee UX YUCJIO OTMeUYeHO
B CpPeIHEN U F0)KHOM YacTaX pecnybyuku. B uccuemy-
€MbIX CMeIIaHHOM (6epe3HsIK) U XBOMHBIX (COCHOBBIE,
€JIOBBIE) JIECHBIX OMOIIEHO03aX IIJIOTHOCTD ycavel poza
Monochamus pasinuyHas. B MecTax C IOBBIIIEHHONR
KOHIIeHTpaIuel ociableHHbIX IepeBbeB (B COCHIKE
U eJIbHUKE) OTMeueHa BbICOKasl YUCJIEHHOCTh M. sutor
u M. sartor urussovii. JIJist JUCTBEHHBIX JIECOB BbIIBJIE-
Ha BbICOKAs MJIOTHOCTh M. galloprovincialis. JIET )XyKOB
HauyMHAETCs C KOHIIa Mas 1 3aKaHYMBAETCs B CEHTA0-
pe. [TUK uX aKTUBHOCTY OTMEYEH B 2-1 1 3-1 JeKajax
utoJisa. HamboJiblllee KOJIMYECTBO JIMUMHOK ycauel poza
Monochamus 0OTMeUYEHO B COCHSIKE 3eJIEHOMOIITHOM, TlIe
OHM JIOKQJIN30BaJIMCh Ha TOBAJIEHHBIX JEPEBbIX.

TIpoBeneHHOE HCCIel0BaHUE TTIOATBEPKAAET (-
(peKTUBHOCTD TPUMeHeHUsT (ePOMOHOB ycauell poja
Monochamus npousBoactea ®I'BY «BHUWKP» mjs oT-
JIOBA 3TUX HACEKOMBIX-KCUJIO(aTroB B Pa3IMUHBIX JIeC-
HBIX II€HO03aX.
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2011. Detection of Bursaphelenchus xylophilus, Causal
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number of Monochamus larvae was noted in the green
moss pine forest, where they were localized on fallen
trees.

The conducted research confirms the effective-
ness of the use of pheromones of Monochamuslonghorn
beetles produced by the FGBU “VNIIKR” for catching
these xylophagous insects in various forest cenoses.
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AHHOTALIA
MeTUTHUKOTUHAT Y €T0 aHAJIOTH IBIAIOTCS 3(D(PEKTUB-
HBIMU aTTPaKTAaHTAMMU [IJIs1 PA3JIMYHBIX BUJIOB TPUIICA,
B TOM 4YuKCJie 1 3allaJJHOI'O IIBETOYHOI'O TPUIICA. 3TN
COeINVHEHMS SIBIISIOTCS JIETKOJIETYUUMU, TTIOSTOMY IJIs
yIo6CcTBA UX TIPAKTUYECKOTO IIPUMEHEHUS B KAUECTBE
aTTPaAKTAHTOB Ha JIOBYLIKaX HE06X0AUMO 06eCIIeurTh
UX TIPOJIOHTMPOBAHHOE UCITapeHue. B cTaThe N3JI00KEeHbBI
MaTepUaJIbl Jab0PATOPHBIX UCCIENOBAHNM UCITapEeHUS
METWJTHUKOTUHATA C JUCIIEHCEPOB Pa3HON KOHCTPYK-
nuu. HamaydmmM BapyuaHTOM OKa3aJIMCh TIACTUHBI
pasmMepoM 2 X 2,5 ¢M, TepPMETUYHO 3aIlasHHbIE B IBOM-
HbIE TIaKEeThI 13 TTOJIMATUIIEHA BBICOKOTO IaBJIEHUS TOJI-
mHOH 200 MKM. DTOT BapUaHT AYCIIEHCepa C HaHeCeH-
HBIM Ha HETO aTTPaKTaHTOM (METWIHUKOTHUHAT, 150 Mr)
U arperanuoHHbIM (hepoMOHOM (HEPUII-2-MeTUIGY Ta-
Hoat, 1 MT), U3roToBJIeHHBIM B ®I'BY « BHMVIKP», GBI
UCTbITaH Ha 3 (EKTUBHOCTD IIPU OTJIOBE 3aMaJHOTO
1IBeTOYHOTrO Tputica Frankliniella occidentalis Ha KyJIbType
OTYPEIl B YCJIOBUSIX 3aKPHITOTO I'PYHTA IIBETHBIMU KJTE-
€BbIMU JIOBYIIKaMu «[ImacTrHa». JIOBYIIKY C paspabo-
TaHHBIMU JUCIIEHcepaMu oTjiaBauBanuy B 1,4-1,9 pasa
6OJIbIIle TPUIICOB TI0 CPAaBHEHUIO C KOHTPOJbHBIMU
Ha npoTsoxkeHny 40 nHel. [Tocie 40 mHEN SKCIIepUMEH-
TaJIbHbIE ¥ KOHTPOJIbHBIE JIOBYIITKY OTJIABJIMBAJIM HaCe-
KOMBIX-BPeIUTEJeN TPUMEPHO OJIMHAKOBO, YTO CBU/JIE-
TEJIbCTBOBAJIO 06 MCUEPIIaHUY Pecypca AUCIIEHCEPOB.

Knrouesvte cno6a. MeETUITHUKOTUHAT, KJleeBad JIO-
BYIIKA, Frankliniella occidentalis.

BBEJEHUE

anu(OPHUNCKUYM, WIM 3allaJHbIN
uBeTouHblit Tpunc (3LT) Frankliniella
occidentalis — KapaHTUHHBIN Bpemu-
TeJIb, OTPAaHNYEHHO PaclIpoCTpaHeH-
HBII Ha TEPPUTOPUU PoccuiicKoi
depepanuu (JaHnksepT u Ap., 2009).
B 3aKphITOM TPYHTE TPUIIC MOXKET
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ABSTRACT
Methyl nicotinate and its analogues are effective at-
tractants for various thrips species, including West-
ern flower thrips. These compounds are highly volatile;
therefore, for the convenience of their practical use as
attractants in traps, it is necessary to ensure their pro-
longed evaporation. The article presents the materials
of laboratory studies of the evaporation of methyl nicoti-
nate from dispensers of various designs. The best option
turned out to be 2 x 2.5 cm plates hermetically sealed in
double bags of high-density polyethylene 200 microns
thick. This version of the dispenser with an attractant
(methyl nicotinate, 150 mg) and an aggregation phero-
mone (neryl-2-methylbutanoate, 1 mg) applied to it,
manufactured at the VNIIKR, was tested for efficiency
when catching the Western flower thrips Frankliniella oc-
cidentalis on a cucumber culture in conditions of closed
ground with colored sticky traps “Plate”. The traps with
the developed dispensers caught 1.4-1.9 times more
thrips compared to the control ones for 40 days. After
40 days, experimental and control traps caught insect
pests in approximately the same way, which indicated
the exhaustion of the dispenser resource.

Key words. Methyl nicotinate, sticky trap, Frank-
liniella occidentalis.

INTRODUCTION

estern flower thrips Frankliniella oc-
cidentalis is a quarantine pest limit-
edly present in the Russian Federa-
tion (Dankvert et al., 2009). In closed
ground, thrips can damage all green-
house vegetables (cucumber, pepper, eggplant, toma-
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TIOBPEX/IATh BCe TEIJIMYHBIE OBOIIY (Orypell, Iepel,
GaKJIa’kaH, TOMAT, INCTOBbIE, 3€JIEHHbIE OBOIIIN), & TAK-
’Ke eKOPaTUBHBIE, TIJI0IOBbIE U IIBETOUHBIE PACTEHUS
(xpuzaHTeEMa, po3a, repbepa, UKIaMeH, TBO3IUKA,
CEHIIONNS, MeJaproHus), LIUTPYCOBBIE, 3EMJISTHU-
Ky (puc. 1). [Ipu mopakeHUU TPUIICOM CHUXKAETCS 00-
mast yPOXKaHOCTD OBOIIHBIX KYJIBTYP Y KA4EeCTBO I1JI0-
JIOB, BILJIOTB JIO TIOJIHOM rmbesiu yposkas. Takke TPUIIC
TIUTAETCS MbLIBIION, UTO MOXKET IIPUBOIAUTH K HEZ0Pas-
BuTOCTHU 11BeTKOB (VM>keBcKui, 1996).

[ToMUMO MPSMBIX TOBPEXIEHUN, TPUINHEHHbBIX
NUTaHUEM BPeAuTeIs, 00JIbIIre ITI0Tepy 00yCI0BIEHbI
CII0COOHOCTBHI0 TPUIICOB TIEPEHOCUTD OTIaCHBIE BUPYC-
Hble 3a60JIeBaHNs, TaKKe KaK TOCIIOBUPYC HEKPOTUYE-
CKOM MATHUCTOCTU 6ajib3aMuHa (INSV) 1 maTHUCTOe
yBsaganue romara (TSWV).

Ons obecrieuyeHUsT BbICOKOU a3(h(PeKTUBHOCTU
3aIUTHBIX MEPONPUATUN HeobXOLUMO CBOeBpe-
MeHHOe ob6HapyxeHue 31T Ha pacTeHUSAX U HAGIIO-
IeHNe 3a Ce30HHOM JMHAMUKOM €ro YMCJIEeHHOCTH.
[TpoBefeHUE ITUX MEPOIIPUATUN OCIIOKHSIETCS TEM,
4TO, HAIIpUMeD, Ha CTaUU IPOHUM@HI U HUMQBI 5TU
HaceKoMble Pa3BUBAIOTCA B [I0YBe, M3-3a YEro Bpe-
IUTEeJb He MOXEeT ObITh BOBPEMS BBHISIBJIEH. [lo3/1Hee
BBISBJIEHUE [103BOJIIET BPEeLUTENI0 PAa3MHOXUTHCS.
B aTOM ciyuae cHukaeTcd 3PEKTUBHOCTD MMOCTeE-
OYIOMIUX 3allUTHBIX Meponpuatuii, u 31T ycreBaeT
HAHECTH OIMYTUMBIH yiepb ypokar. [I[puMeHeHMTE

to, lettuce, green vegetables), as well as ornamental,
fruit and flower plants (chrysanthemum, rose, ger-
bera, cyclamen, carnation, Saintpaulia, pelargonium),
citrus, strawberries (Fig. 1). When affected by thrips,
the overall yield of vegetable crops and the quality of
fruits are reduced, up to the complete death of the
crop. Also, thrips feeds on pollen, which can lead to un-
derdevelopment of flowers (Izhevsky, 1996).

Apart from direct damage caused by the feeding
of the pest, large losses are due to the ability of thrips
to serve as a vector of dangerous viral diseases such as
Impatiens necrotic spot virus (INSV) and Tomato spot-
ted wilt virus (TSWV).

To ensure the high efficiency of protective mea-
sures, it is necessary to timely detect the Western flow-
er thrips on plants and monitor the seasonal dynamics
of its abundance. Carrying out these activities is com-
plicated by the fact that, for example, at the stage of
pronymph and nymph, these insects develop in the
soil, which is why the pest cannot be detected in time.
Late detection allows the pest to multiply. In this case,
the effectiveness of subsequent protective measures
is reduced, and the Western flower thrips has time to
cause significant damage to the crop. The use of insec-
ticides for crop protection in greenhouses is limited,
on the one hand, by the rapidly developing resistance
in the Western flower thrips, and, on the other hand, by
damage to the population of entomophages, as a result

Puc. 1. MoBpexaeHns Tpuncom
Frankliniella occidentalis:

¢ — 6yToH po3bl, d — paccaga ToMaToB,
e — nuct nepua (¢oto H.U. Kynakosoit)

Fig. 1. Damage by
Frankliniella occidentalis:
a — pacTeHus orypua, b — nnogpbl orypua, a-cucumber plants, b — cucumber fruits,

¢ —rose bud, d — tomato seedlings,
e — pepper leaf (photo by N.I. Kulakova)
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WHCEKTUIIUIOB IJIS 3aIUThI yPOXKast B 3aKPBITOM I'PYH-
Te OTPAHUYEHO, C OJHOU CTOPOHBI, 6BICTPO BhIpabaThI-
Balolelicsa y Kanu@opHUMCKOT0 TPUIICA PE3UCTEHT-
HOCTBIO, C JPYTOY — HaHECEeHUEM yIlepba Moy Iy
SHTOMO(AroB, B pPe3yJibTaTe Yero Iocjie 06paboTKu
BO3MOYKEH BCILJIECK TIOMYJISIIMKU TPUIICOB (Sampson,
2014). C mepBBIMU OUaraMu BPeAUTEJS B YCIOBUSIX
3aKPBITOTO TPYHTA HA OBOIIHBIX KYJbTypPax 0OBIUHO
CTaJIKMBAIOTCS B Hauaje MapTa, a Ha JeKOPaTUBHbBIX
pacTeHUsSX — y)Ke B Havaje GpeBpasis.

Pa3BuTHE OJHOTO TOKOJIEHUS TPUIICOB B TEI-
aunax gautcs 22-30 gHel, a 3a ce30H pa3BUBAaET-
cs 1o 10 TOKOJEeHU MTPU ONTUMAJIBHBIX YCIOBUSIX:
TeMIleparypa Bo3nyxa — 25—-30 °C 1 OTHOCUTEeJIbHASA
BJIQXKHOCTB — 80—-85%. I1pu TemuepaType Bbiie 35 °C
¥ OTHOCUTEJbHOU BJIAXXKHOCTHU HIKe 50% pas3BuUTHE
HaceKOMBIX IIpeKpaliaeTcs, IPOUCXOAUT MaccoBas
rubesib BCex cTaauil BpenuTtens (AxaTos, V)KeBCKUH,
2004).

HecMoTp4a Ha TO, uTo nuzyuyenuem 3T u paspa-
6OTKOI METOOB ET'0 KOHTPOJIS CIIEINAJIMCThI 3aHUMa-
1oTcsa 6osee 40 jeT, mpobsieMa 3(pHEeKTUBHON 3aUUThI
KYJIbTYPHBIX PACTEHUN OT 3TOTO BPEeAUTENsI OKOHYA-
TEJIbHO He pellleHa 1 paboThl B 5TOM HaIllpaBJIeHUU
He npekpamanTcsa. CBUAETEIbCTBOM aKTyaJlbHOCTU
9TOM TIPO6JIEMBI IBJISIOTCSI OTHOCUTEJIbHO HelaBHUE
yOoIUKALY AYCCEePTALIMOHHBIX PabOT Ha COUCKaHUe
yueHol cterneHu PhD u o6o6uiaromero o63opa (Niel-
sen, 2013; Sampson, 2014; Koschier, 2008).

JlJist paHHETO BBISIBJIEHUS, MOHUTOPUHTA, OTIpe-
IleJIEeHUS CPOKOB ITPOBEIeHUS 3l THBIX MEPOTIPHU-
TUY u onipenesieHus 3(pPeKTUBHOCTYU MPOBEIEHHBIX
MepomnpuaATuil 3HeKTUBHO UCIOJNb3YIOTCI IIBET-
HbI€ aTTPAKTUBHBIE KJI€EeBbIE JIOBYMIKY «IlgacTuHa»
(TaukBepT u Ap., 2009; Sampson, 2014). YueHbie
LleHTpa MPUKJIAAHON SHTOMOJIOTUM U ITapas3uTOJIO0-
ruv KujabCKOTO YHUBEPCUTETA BIIEPBBIE UAeHTUDU-
IIUPOBAJIU arperauoOHHbIN (DePOMOH, BBIIEIIEMbIT
3amaJHbIM [[BETOUHBLIM TPUIICOM. CUHTETUYECKU T10-
JIy4YeHHBI UMY HepUJI-(S)-2-MeTuI6yTaHOoAT B I10JIe-
BBIX MCITBITAHUSAX Ha TTIOCEBaX CJAJAKOTO mepiia B Vc-
TMaHUM OKazaJics MPUBJIEKATEJIbHBIM JIJIST B3POCIBIX
ocobell My>KCKOT0 U keHCKoro 1ojya (Hamilton et al.,
2005).

Vicnionb30BaHMe B AUCIIeHCeEpax Hapaay ¢ dhepo-
MOHAaMH €ellle ¥ aTTPAKTAaHTOB II03BOJISIET IIPUBJIEKATD
HACeKOMBIX He TOJbKO B IIEePUOJ, PA3MHOXXEHUS, UYTO
yBeJIMUNBAET CyMMapHbIN OTJI0B. TPUTICOB IIPUBJEKA-
eT Pl XMMUYECKUX COeIMHEHNH, BXOIAIINX B COCTaB
5(hUPHBIX MaceJi I1BeToB. O6HapyxeHo 60jee 30 TaKUX
coeguuenuit (Imai et al., 2001; Cao et al., 2020). BbLi10
YCTAHOBJIEHO, YTO HAPSAAY C KOMIIOHEHTAMU IIPUPOJ-
HBIX MaceJl TPUIICOB ITPUBJIEKAIOT 3 UPHl HUKOTHUHO-
BOI ¥ M30HUKOTMHOBOM KucyioTsl (Penman et al., 1982;
Teulon et al., 1993). B onbITax Ha 0J1b(aKTOMETPE OBLIO
TMOKa3aHo, YTO STUJHUKOTUHAT IIPOSIBIISIET aTTPaK-
TUBHOCTB K 3T B ;uanasoHe AO3UPOBOK B 4 MOPS/I-
ka oT 10 o 1 MKJI. BOIBUIMHCTBO APYTUX AYIIUCTBIX
COeIMHEHUH, B TOM YKCJIe ¥ TePAHUOJI, ITPOSIBISIIN
aTTPaKTUBHOCTH B AMaIla30He N03MPOBOK 1—2 MOPSI-
ka (Davidson et al., 2008). [I[puMeHeHEe CMeCHU IBYX
aTTPaKTAaHTOB, HAIIPUMEP M-aHU3aJIbAETUIa U METH-
JIN30HUKOTUHATA, He YBeJNUNBajao 9hHeKTUBHOCTD
npusjedeHud (Teulon et al., 2007); 3To cBsI3aHO, Be-
POSITHO, C HAJIMYUEM Y TPUIICOB TOJIbKO OJHOTO pe-
1ernTopa JJis paclio3HaBaHUg apoOMaTOB, U ITIO3TOMY
5 EeKT cuHeprusMa IIpu IPUMEeHEHUN HECKOJIbKUX

of which a surge in the thrips population is possible af-
ter treatment (Sampson, 2014). The first outbreaks of
the pest in greenhouse conditions on vegetable crops
are usually reported in early March, and on ornamen-
tal plants — already in early February.

The development of one thrips generation in
greenhouses lasts 22—-30 days, and during the season
it develops up to 10 generations under optimal condi-
tions: air temperature — 25-30 °C and relative humidi-
ty — 80-85%. At temperatures above 35 °C and relative
humidity below 50%, the development of insects stops,
and mass death of all stages of the pest occurs (Akha-
tov, Izhevsky, 2004).

Despite the fact that specialists have been study-
ing the Western flower thrips and developing methods
for its control for more than 40 years, the problem of
effective protection of cultivated plants from this pest
has not been finally resolved and work in this direction
continues. Evidence of the relevance of this problem is
in the relatively recent publications of dissertations for
the PhD degree and a general review (Nielsen, 2013;
Sampson, 2014; Koschier, 2008).

For early detection, monitoring, determining the
timing of protective measures and their effectiveness,
colored attractive sticky traps “Plate” are effectively
implemented (Dankvert et al., 2009; Sampson, 2014).
Scientists at the Centre for Applied Entomology and
Parasitology at the University of Keele have identified
for the first time an aggregation pheromone secreted
by Western flower thrips. The neryl-(S)-2-methylbuta-
noate synthetically obtained by them in field trials on
sweet pepper crops in Spain turned out to be attrac-
tive to adult males and females (Hamilton et al., 2005).

The use of attractants along with pheromones in
dispensers makes it possible to attract insects not only
during the breeding season, which increases the to-
tal catch. Thrips are attracted to a number of chemi-
cal compounds that make up the essential flower oils.
More than 30 such compounds have been detected
(Imai et al., 2001; Cao et al., 2020). It was stated that,
along with the components of natural oils, thrips are
attracted by nicotinic and isonicotinic acids (Penman
etal., 1982; Teulon et al., 1993). In experiments on the
olfactometer, it was shown that ethyl nicotinate is at-
tractive to Western flower thrips in the dosage range of
4 orders of magnitude from 10~*to 1 ul. Most other aro-
matic compounds, including geraniol, were attractive
in the dosage range of 1-2 orders of magnitude (David-
son etal., 2008). The use of a mixture of two attractants,
for example, p-anisaldehyde and methyl isonicotinate,
did not increase the attraction efficiency (Teulon et al.,
2007); this is probably due to the presence of only one
receptor for aroma recognition in thrips, and therefore
there was no synergistic effect when several attractants
were used (Davidson et al., 2008). It should be noted
that methyl and ethyl esters of nicotinic and isonico-
tinic acid, along with Western flower thrips, also attract
other thrips species, with the exception of the Spanish
population of E occidentalis. The efficiency of catching
different thrips species with specific pyridine com-
pounds is somewhat different, but at the moment it is
not well understood (Davidson et al., 2009).
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aTTpaKTaHTOB OTcyTcTBOBaJ (Davidson et al., 2008).
CnenyeT OTMETUTh, UTO METUJIOBBIM U 3TUJIOBBIHA
3(pupPbl HUKOTUHOBOM Y M30HUKOTHUHOBOM KHCJIOTHI
Hapany ¢ 3LUT npusieKkawT U Lpyrue BULbLI TPUIICOB,
32 MCKJIIOUeHVeM UCITaHCKOM monynsaiuu F. occidentalis.
9h(PeKTUBHOCTD OTJIOBA Pa3HbIX BUJIOB TPUIICA KOH-
KPETHBIMU IIUPUANHOBBIMU COEIUHEHUSI MU HECKOJIb-
KO OTJIMYAEeTCs, HO Ha HACTOSIIVI MOMEHT HeJloCTa-
TouHO usyueHa (Davidson et al., 2009).

OnHa U3 BeAyUUX MUPOBBIX KOMIIAHUH I10 IPO-
M3BOJICTBY MPOJYKTOB KOMILJIEKCHOM GOPHOBI C Bpe-
nutenaMmu Koppert B.V. B fucneHcepe AJjsg TPUIl-
coB Lurem-TR B KauecTBe aTTpakTaHTa UCIIOJb3yeT
METUJIN30HUKOTUHAT. [JUCTIEHCED U3TOTABIMBAETCS
Ha IIPOMBINIJIEHHOM O000PYIOBAaHUU U IIPEACTaBISIET
co60i MIacTUKOBBIY 03aTOP C IephOopUPOBAHHON
MeMOpaHOU [IJIs MOCTENEeHHOTO PACIIPOCTPaHEHUS
aTTpakTaHTa. I1o JaHHBIM U3TOTOBUTES, J0OaBIeHIE
K CUHUM JIUIIKUM JIOBYLIKaM pucrieHcepa Lurem-TR
YBEJIMUYUBAET OTJIOB TPUIICOB, ITPU 3TOM HEXKEJIATEJb-
HBIH OTJIOB BHTOMO(AroB U HaCEKOMBIX-OITbIINTENIEHN
He yBesinuuBaeTcs (Muvea et al., 2014).

MeTUNIN30HUKOTUHAT XapaKTePU3yeTCsI BbICOKOM
JerydecThblo. [Ipu TeMneparype 25 °C 3a CyTKU C Bat-
HBIX TAMIIOHOB uUcrapsgeTrcd 320 Mr BelleCTBa, U3 [10-
JIMSTUJIEHOBBIX 3allagHHbIX TakeToB (150 MkM) — 40 MT,
a u3 gucreHcepos Lurem-TR — 76 mr (Nielsen, 2013).
Ha Ham B3T/4[, CKOPOCTb MCIIapeHUs aTTpaKTaHTa
13 OUCIIEHCEPOB SABJISIETCS N36BITOUYHOM, UTO IPUBO-
VT K PaCTOUNTEJIbHOMY PAcX0/ly BEIeCTBa.

1lesb HACTOSIIIETO UCCIeOBAHUS — OIITUMU3UPO-
BaTb CKOPOCTh UCHAPEHUS METUIHUKOTUHATA IIyTEM
BbIOOpPA KOHCTPYKIIMU IUCIIeHCepa B JIaGOPaTOPHBIX
YCJIOBUSIX Y IPOBECTU MOJIEBBIE UCTIIBITAHUS [IJIS U3Y-
YeHUS TPOJOJIKUTEIbHOCTY U 5D HEKTUBHOCTY MPU-
BJIeUEeHUS TPUIICOB JUCIIEHCEpaMU C HaHECEHHBIM
Ha HUX arperariuoHHbIM (PEPOMOHOM U aTTPAKTaHTOM
IJIS OTJIOBA STUX HACEKOMBIX B YCIOBUSX 3aKPBITOTO
TpyHTA.

MATEPUAJIBI U METO/1bI

B xauecTBe [UCIIEHCEPOB MUCIIOJb30BAJIU I1JAaCTHUHBI
2 x 2,5 cM, Hape3aHHble U3 KOMMePUYECKU JOCTYIIHbBIX
ry6uaTerx cangerok York 17,5 x 15,5 cM, Takxe uc-
MTOJIb30BaJIU KapTOH (PUIbTPOBAJILHBIN B IIJIaCTUHAX,
22 x 35 MM. MeTunuukorudaTt (MH) HaHOCHIV HA LUC-
TEeHCEPHI B BUJ€ PACTBOPAa B MeTaHOJie. PAaCTBOPUTEID
rocJie HaHeCeHN s B TeueHue 1 yaca oJIHOCThIO UCIIa-
psiics. YacTb AuCIIeHCepPOB ITOMeIalu B KoMMepue-
CKH JIOCTYITHBIE 3UTIOK-TIaKeThI 40 X 60 MM MapKu Zip-
Loc 13 oMM TUIeHa BbICOKOT'O IaBJIEHUS TOJIIUHOMN
40 MKM. [IpyruM BapruaHTOM YIIaKOBKM OBLIO 3arau-
BaHUe IIJIACTUH ¢ MH B oilHapPHbBIE WU IBOWHBIE T10-
JIMDTUJIEHOBBIE TaKeThl. [IJIs1 3aravBaHU TTOJIUITUTIE-
HOBBIX ITAKETOB MCII0JIb30BaJIU ITOJIMITUIIEH BBICOKOTO
IaBjaeHUs TOAIMHON 200 MKM 1 BaKyyMHBIN yII1aKOB-
mukK Vacuum sealer DZ-280A. OIIBITHI TI0 UCTIAPEHUIO
MH mpoBouIu B IabopaTOPHOM HIKady CoO CKOPOCTHIO
rmoroka Boaxyxa 0,1-0,2 M/c. TeMIiepaTypa Bo3ayxa
6nlya B rpenenax 20-24 °C.

[ToseBble uccienosanud 1o oTiioBy 3T npoBo-
OUJIY C TPUMEHEHNEM CUHUX KJIEEBBIX JIOBYIIEK «[1a-
CTHHAa», KOTOPble pasMellanau B 4-KpaTHOM TOBTOP-
HOCTH. JIOBYIIKY U3TOTOBJIEHBI U3 IBYXCTOPOHHETO
JJaMUHUPOBAHHOTO KaPTOHA CUHETO IBETA PA3MEPOM
25 x 30 ¢cM C OTBEpPCTUEM [Jid TTOABECKU, C KJI€eBbIM
IMOKPBITHEM C 00eMX CTOPOH U 3alIUTOMN KJIEeBOU

One of the world’s leading integrated pest manage-
ment companies, Koppert B.V. uses methyl isonicotinate
as an attractant in the Lurem-TR thrips dispenser. The
dispenser is manufactured on industrial equipment and
is a plastic dispenser with a perforated membrane for
the gradual distribution of the attractant. According to
the manufacturer, the addition of the Lurem-TR dispens-
er to the blue sticky traps increases the catch of thrips,
while the unwanted catch of entomophages and pollinat-
ing insects does not increase (Muvea et al., 2014).

Methyl isonicotinate is characterized by high vo-
latility. At a temperature of 25 °C per day, 320 mg of the
substance evaporates from cotton swabs, 40 mg from
polyethylene sealed bags (150 um), and 76 mg from
Lurem-TR dispensers (Nielsen, 2013). In our opinion,
the rate of evaporation of the attractant from dispens-
ers is excessive, which leads to wasteful consumption
of the substance.

The aim of this study is to optimize the evapora-
tion rate of methyl nicotinate by selecting a dispenser
design in the laboratory and to conduct field trials to
study the duration and effectiveness of attracting thrips
by dispensers coated with an aggregation pheromone
and an attractant to catch these insects in greenhouse
conditions.

MATERIALS AND METHODS

Dispensers used were 2 x 2.5 cm plates cut from com-
mercially available 17.5 x 15.5 cm York sponges, and
22 x 35 mm filter board was also used. Methyl nicoti-
nate (MN) was applied to dispensers as a solution in
methanol. The solvent after application within 1 hour
completely evaporated. Some of the dispensers were
placed in commercially available 40 x 60 mm ZipLoc
bags made of high pressure polyethylene 40 um thick.
Another packaging option was the sealing of MH plates
in single or double polyethylene bags. For sealing plas-
tic bags, high-pressure polyethylene 200 um thick and
a vacuum sealer Vacuum sealer DZ-280A were used.
MN evaporation experiments were carried out in a la-
boratory cabinet with an air flow rate of 0.1-0.2 m/s.
The air temperature was within 20-24 °C.

Field studies on the trapping of Western flower
thrips were carried out using blue sticky traps “Plate”,
which were placed in 4 replicates. The traps are made
of double-sided blue laminated cardboard measuring
25 x 30 cm with a hole for hanging, with an adhesive
coating on both sides and protection of the adhesive
surface with siliconized paper (Fig. 2). The dispens-
er with the applied mixture of attractant (MN) and ag-
gregation pheromone was attached with a paper clip on
the day of hanging the trap. The experiment was carried
out on the territory of Moscow Oblast from 01.03.2021
to 25.06.2021 on the Madrilene F1 variety cucumber
culture in a greenhouse with an area of 160 m?. The
traps were placed during planting at a height of 20 cm
above the plant and lifted up as the plants grew. The
air temperature in the greenhouse during the day was
20-22 °C, at night —18-19 °C. As a control, “Plate” traps
without a dispenser were used, which were also placed
in 4-fold repetition (Fig. 3). The traps were placed in a
checkerboard pattern on an area of 1 trap per 20 m?2.
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TTOBEPXHOCTH CUIIMKOHU3MPOBAHHOM 6yMarow (puc. 2).
JucrieHcep Cc HAHECEHHOM cMechio aTTpakTanTa (MH)
U arperanuoHHOTo (hepoMoHa IIPUKPEILISIIN C TIOMO-
1IbI0 CKPEIIKY B IeHb BBIBEIIMBAHMS JIOBYIIKU. OIIBIT
TPOBOAUJIYN HA TEPPUTOPUU MOCKOBCKOU 06JiacTuU
B nepuof ¢ 01.03.2021 no 25.06.2021 Ha KyAbType
oryper coprta «Magpuinesne Fl» B Temiulie Ijounia-
I 160 M2, JIoByIIKY pasMenianay B IIEPUO/, BBICAIKU
paccazbl Ha BbicOTe 20 CM HaJ, pacTeHUEM U MOIHU-
MaJiu UX BBEPX [0 Mepe POCTa pacTeHuii. TeMIepa-
Typa BO3[yxa B TeIJIUIE JHeM cocTasisia 20-22 °C,
HOUbI0 — 18-19 °C. B kauecTBe KOHTPOJIS [IPUMEH AN
JoBymKu «[InacTuHa» 6€3 ArcreHcepa, KOTOPbIE TaK-
’Ke pasMeniajau B 4-KpaTHOM MoBTOpHOCTH (puc. 3).
JIOBYIIKY pa3Mellaii B lIaXMaTHOM ITOPSIKe Ha ILJIO-
manu 1 noBymka Ha 20 M2 Pa3MeleHue sKCIIepUMeH-
TaJIbHBIX Y KOHTPOJIbHBIX JIOBYLIEK YePeI0BAJIU. YUeT
KOJIMYeCcTBa MPUBJIEUEeHHBIX B JIOBYIIKY HACEKOMBIX
npoBoauau 1 pas B 7 ;Hel. MaTepuaJi Cc JOBYIIEK pas-
6rpasiu B JIabOPATOPUY DHTOMOJIOTUY UCITBITATEIbHO-
ro sKcrepTHOro rieHTpa ®I'BY «BHUMKP», UmeHTuhu-
Kallus TPUIICOB, TTIOMMAaHHbIX B JIOBYIIKH, TTPOBOAUIACD
COTPYIHUKAMU J1abopaTOPUU SHTOMOJOTUYU UCIIbI-
TaTeJbHOr0 SKCIePTHOTO HeHTpa ®I'BY «BHUUKP»
H.W. EpmoBo# 1 M.B. YIIIKoBOH.

PE3VJIBTATBI U OBCYXKIEHHNE

PacripocTpaHeHHBIN MTPUEM CHUXEHUS CKOPOCTH UC-
TapeHus BelLeCTB C IOBEPXHOCTU AUCIIEHCePa — 3TO
ToMeleHue JUCIeHcepa B TePMETUYHBIN TOJTUITUIIE-
HOBBIH ITaKeT. VICIoIb30BaHMe MIIEHOK PAa3HOM TOJIIIU-
HBI WJIM MHOTOCJIOMHBIX KOHCTPYKIIUY TTO3BOJISIET Me-
HSATb CKOPOCTb UCTIapeHus. YBeIndeHue KoJIuyecTBa
HaHEeCEeHHOr0 BeIlleCTBa, COOTBETCTBEHHO, YBEJIUUN-
BaeT BpeMs ero IOJIHOTO ucIla-
peHud. Takue uccjiefoBaHUI
OTy6JIMKOBAHBI JJIT METUIN30-
HUKOTMHATa Ha MEJUIIMHCKUX
MapJieBbIX TaMIIOHAX, IMOMY-
1mevykax callle M B IIOJIUdTUJIE-
HOBBIX makerax (Nielsen, 2013).
MbI IPOBEJIU CBOU UCIIBITAHUS
C METUJIHUKOTHUHATOM Ha JApy-
TUX Pa3JIMYHbIX HOCUTENIX. [log
OIIbITA TOTOBUJIU TI0 4 UCIIEH-
cepa KaXxJoro Bapuasra. Jlo3u-
poBKU MH B pa3HBIX BapuaHTax
6b11m 150 u 450 Mr. Pazmep 1ia-
CTUH OTIPEeJeJISJICS UX CII0C06-
HOCTBIO BIIUTATh HEOOXOAUMOE
KOJIMYeCcTBO pacTBopa. [y mo-
3UpPOBKY 150 MT 6paJiv IaacTu-
HbI 5 cM? (2 X 2,5 c™m). g HaHe-
ceHus 450 Mr BellleCcTBa pasMep
IJIaCTUH NPULIIOCh YBEJIUYUTH
Io 12 cm? (3 x 4 cM). B ciayuae
(pUIBTPOBATBLHOTO KAPTOHA — 3TO
TOTOBBIE IIJIACTUHBI Pa3MepoM
2,2 x 3,5 cM. Ux copbiimoHHas
€MKOCTb OKasaJjiach JOCTAaTO4-
HOU O BOUTHIBaHUA 450 mr
MH. [lucrieHcepsl pa3BellnBaii
Ha IIPOBOJIOKEe B JabopaTopHOM
BBITSDKHOM IIKady Ha paccTo-
AHUU 4 CM IPYT OT Apyra. BaBelmrvBaHus [IPOBOLVIINA
e)XXeJITHEBHO, 32 UCKJIUEeHNEeM BBIXOJHBIX U IIPa3f-
HUYHBIX AHeH. CpeJHEeKBapaTUUYHOE OTKJIOHEHME

Puc. 2. loBywka
«[nactuHa»

C pucneHcepom

C aTTpPaKTaHTOM

1 hepOMOHOM,
ucnonb3lyemas B onbiTe
(choTo A.HO. No6ypa)

The placement of experimental and control traps was
alternated. The number of insects attracted to the traps
was counted once every 7 days. The material from the
traps was disassembled in the entomology laboratory of
the testing expert center of the All-Russian Plant Qua-
rantine Center. The identification of thrips caught in
traps was carried out by N.I. Ershova and M.V. Ushkova.

RESULTS AND DISCUSSION

A common technique for reducing the rate of evapora-
tion of substances from the surface of a dispenser is to
place the dispenser in a sealed plastic bag. The use of
films of different thicknesses or multilayer structures
allows to change the evaporation rate. An increase in
the amount of applied substance correspondingly in-
creases the time of its complete evaporation. Such
studies have been published for methyl isonicotinate
on medical gauze swabs, sachet pads and plastic bags
(Nielsen, 2013). We ran our trials with methyl nico-
tinate on various other vectors. For the experiment,
4 dispensers of each option were prepared. Dosages
of MN in different variants were 150 and 450 mg. The
size of the plates was determined by their ability to ab-
sorb the required amount of solution. For a dosage of
150 mg, plates of 5 cm? (2 x 2.5 cm) were taken. To ap-
ply 450 mg of the substance, the size of the plates had
to be increased to 12 cm? (3 x 4 cm). In the case of fil-
ter boards, these are ready-made plates 2.2 x 3.5 cm
in size. Their sorption capacity turned out to be suf-
ficient to absorb 450 mg of MN. The dispensers were
hung on a wire in a laboratory fume hood at a distance
of 4 cm from each other. Weighing was carried out dai-
ly, except for weekends and holidays. The standard de-
viation from the mean was less than 5%. Mismatching

~

Fig. 2. Trap “Plate”
with a dispenser
with an attractant
and pheromone,
used in the
experiment (photo
by A.Yu. Lobur)

Puc. 3. loBywka
«MnactuHa»
KOHTpoOsnbHas 6e3
aucneHcepa (hoto
A.10. Nobypa)

Fig. 3. Trap “Plate”
control without
a dispenser (photo
by A.Yu. Lobur)
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500

Macca aTTpakTaHTa Ha AuCreHcepe, Mr
Attractant mass on the dispenser, mg

Bpems, cyTkun
Time, days
lNy6ka 2,5x 2 | Sponge 2.5x 2
l'y6ka 2,5 x 2 B 3un-nakere | Zip-lock sponge 2.5 x 2
ly6ka 3 x4 | Sponge 3 x4
l'y6ka 3 x 4 B 3un-nakere | Zip-lock sponge 3 x 4

14

N

in a double polyethylene bag 200 pm

[OvHaMuKa vcnapeHust METUITHUKOTMHATA C AUCTEeHCEepPOB, MI
Evaporation dynamics of methyl nicotinate from dispensers, mg

KapToH chunbTpoBaHHbIii 2,2 x 3,5 B 3un-nakeTe | Zip-lock filtered cardboard 2.2 x 3.5
l'y6ka 2,5 x 2 B nakeTe U3 nonuatuneHa 200 mkm | Sponge 2.5 x 2 in a polyethylene bag 200 ym
ly6ka 2,5 x 2 B nakeTe U3 ABOMHOro nonuatuneHa 200 MkMm | Sponge 2.5 x 2

failure was discarded. The reason
for rejection was 2 cases of depres-
surization of sealed packages. The
results of the studies are shown in
Figure 4. The amount of the initial-
ly applied substance to the dispens-
er is visible on the y-axis at a time
value of 0. Observations were made
up to a residual substance content of
1-2 mg. Further weighings were not
carried out, as they are associated
with large errors.

From the analysis of the data
presented in Figure 4, it can be seen
that a stable release of MN from a
dispenser lasting more than 30 days
can be achieved using a sealed
double polyethylene bag 200 um

012345678 91011121314151617 18 19 20 21 2223 24 25 26 27 26 29 30 31 32 33 34 35 thick at a dosage of the substance

of 150 mg. An increase in the dos-
age of MN on the same type of struc-
tures extended the time of its evapo-
ration. Therefore, by selecting the
dosage, you can increase the time of
the dispenser to the entire growing
season.

To establish the duration and ef-

Puc. 4. OuHaMnka ncnapeHus

B TeueHue 35 cyTok during 35 days

OT CpeIHero 3HavueHus ObLIO MeHee 5%. Brimmagaro-
Ive pe3y/ibTaThl BbIOpaKoBbIBAIN. [IpUUNHOM BEIGPA-
KOBKM 6BLIO 2 cllyuyasi pa3repMeTu3aluy 3arassHHBIX
ITaKeTOB. Pe3ysIbTaThl UCCIELOBAHNY IPENCTaBIIEHEI
Ha pucyHke 4. KojJn4yecTBO UCXOLHO HAHECEHHOTO
Ha JMCIeHCep BelllecTBa BUIHO HA OCU OPAMHAT MIpU
3HaUeHUU BpeMeHu, paBHoM 0. HaGiiogeHus Benu
IO OCTaTOYHOTI'O COZlepKaHu BelllecTBa 1-2 MI. Jlajib-
HelIye B3BEIINBaHNS He IPOBOIUIINCDH, TaK KaK OHU
COITPSIKEHBI C 6OJIBIIMMY ITOTPEITHOCTIMU.

W3 aHa/iv3a JaHHBIX, [IPEe[CTaBJIeHHBIX HA PUCYH-
Ke 4, BUHO, UTO CTOMKOI0 BbigeseHusa MH ¢ gucrieH-
cepa IJIUTEeNbHOCThIO 6ostee 30 mHE MOXKHO JIOCTUYb
IIPU UCTIOJIb30BaHUY FePMETUYHOTO MTaKeTa U3 ABOM-
HOTO TIOJIMATUIJIEHA TOJMIMUHON 200 MKM IIPU HO3U-
poBKe BelecTBa 150 MrI. YBesinueHue 003UpoBKU MH
Ha OJHOTUIHBIX KOHCTPYKILUAX IIPOJJIEBAJIO BpEMS
ero ucrapenus. [103ToMy TTOL60POM JT03UPOBKU MOX-
HO YBEJIMYUTDb BpeMs PaboThl AUCIIEHCEPa OO BCETO
BPEMEHU BereTaluu.

JJ1s TOTO, YTOGBI yCTAHOBUTD MTPOLOJDKUTETbHOCTD
1 5 HEKTUBHOCTDL PabOTHI [UCIIEHCEPOB B ITOJIEBBIX
YCJIOBUSIX, OBLIY M3TOTOBJIEHBI IUCIIEHCEPHI, COAePIKa-
mue 1Mo 150 Mr MH u 1 Mr arperamuoHHOro epomo-
Ha (HepuJj-2-MeTUJI0yTaHoaT) 1 3allassHHbIE B [TAKEThI
13 JBOMHOI0 MOJIMITUIIEHA TOJIIIMHON 200 MKM.

Pe3ysbTaThl MOJIEBBIX UCTIBITAHUM TTPEICTABIIEHBI
B rpadmuecKoOM BUJIE Ha PUCYHKax 5, 6, 7.

VccnefoBaHUS TTOKA3aju, YTO KjeeBble JIOBYIII-
Ky Tuna «[ljmacTruHa» ¢ arperauoHHLIM PepPOMOHOM
U aTTpaKTaHTOM B riepuoy ¢ 01.03.2021 10 10.04.2021
(40 mueit) oTraBiuBaiIy B 1,4 pasa 6osbiie umaro 31T
110 CpaBHEHMIO C KOHTPOJIbHBIMHU, a B mepuoy ¢ 10.04
110 16.04 (c 40-ro 110 46-11 IeHb) CpeaHee KOJIUIECTBO

Fig. 4. Dynamics of attractant
aTTpaKTaHTa c gucneHcepos (Mr)  evaporation from dispensers (mg)

ficiency of the dispensers in the field,
dispensers were made containing
150 mg of MN and 1 mg of the aggre-
gation pheromone (neryl-2-methyl-
butanoate) and sealed in double
polyethylene bags 200 pm thick.

The results of field tests are presented in graphical
form in the figures 5, 6, 7.

Studies have shown that sticky traps of the “Plate”
type with aggregation pheromone and an attractant in
the period from 01.03.2021 to 10.04.2021 (40 days)
caught 1.4 times more Western flower thrips adults
compared to the control ones, and in the period from
10.04 to 16.04 (from the 40™ to the 46™ day) the average
number of captured pests for experimental and control
traps was the same and amounted to 11 Western flower
thrips imagoes. Probably, after about 40 days, the dis-
pensers stopped working due to the complete volati-
lization of the attractant.

The catchability of the “Plate” traps with aggre-
gation pheromone and attractant in the experiment
from 16.04.2021 t0 28.05.2021 (42 days) was 1.9 times
higher compared to the control ones. In the period
from 28.05 to 05.06 (from the 42" to the 50" day), the
catchability of the experimental traps became approxi-
mately the same as the control ones. The effective ope-
ration of dispensers in the field for 40 days somewhat
exceeded the results of laboratory experiments on the
evaporation of MN (35 days). Possibly less than 1 mg
MN still made the dispensers attractive.

In the summer season, the greatest number and ac-
tivity of thrips is observed. During the period of the ex-
periment from 05.06.2021 to 25.06.2021, the catchabi-
lity of the “Plate” trap with aggregation pheromone and
attractant was 1.6—1.9 times higher compared to control
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OTJIOBJIEHHBIX BpeIuTejel
Ha OIIBITHBIE M KOHTPOJIBHBIE JIO-
BYIIKY OIMHAKOBOE U COCTABJISIIO
o 11 sk3. umaro 31 T. BepogaTHo,
npuMepHo mocie 40 gHel muc-
TeHCcephl IepecTajm paboTaTh
BCJIE[CTBYE IIOJIHOTO yJIeTy4YNBa-
HUS aTTPaAKTaHTA.

YnoBuCTOCTD JIOBylIEK «[1a-
CTUHa» C arperaluoHHbIM (epo-
MOHOM ¥ aTTPaKTaHTOM B OIIbI-
Te ¢ 16.04.2021 mo 28.05.2021
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90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0

0,0

0,0,

B CPEiHEM Ha JIOBYLLKY, 3K3.
Average number of caught pests
per trap, ind.
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KonnuecTBo OTNOB/EHHbIX BpeauTenei
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=
)
I
5
=]
o
]
o

Control

(42 mua) 6bL1a BhINIE B 1,9 pasa

Puc. 5. lmvHaMuKa otnosa

10 CPaBHEHUIO C KOHTPOJbHBIMU.
B niepuog, ¢ 28.05 1o 05.06 (c 42-ro
110 50-11 IeHb) YIIOBUCTOCTH OTIBIT-

KanuopHUINCKOro Tpunca B nepuos,
01.03-16.04.2021 (46 pHei)

Fig. 5. Dynamics of catching Western
flower thrips in the period
01.03-16.04.2021 (46 days)

HBIX JIOBYIIEK CTaJla MPUMEPHO
ONVHAKOBOU C KOHTPOJIbHBIMU.
dddexTuBHaa paboTa AUCIIEHCE-
POB B MOJIEBBIX YCJIOBUSIX B TeUe-
Hue 40 gHeW HeCKOJIbKO IIPEeBbI-
cuja pe3yabTaThl JIA60PaTOPHBIX
OIIBITOB IO McrapeHuio MH (35
nHelt). BosMoxxHo, MH B Kouue-
cTBe MeHee 1 MT Bce elile obecre-
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B CPefHEM Ha JIOBYLUKY, 3K3.
Average number of caught pests
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CTBO M AaKTHUBHOCTBbL TPMIICOB.

B mepumop mpoBeneHUs OIBITA
¢ 05.06.2021 o 25.06.2021 yio-
BUCTOCTD JIOBYLIKM «IlmacTuHa»

Puc. 6. IvuHaMuka otnosa
KanuopHUIACKOro Tpurca B Nepuog,
16.04-05.06.2021 (50 pHen)

Fig. 6. Dynamics of catching Western
flower thrips in the period
16.04-05.06.2021 (50 days)

C arperanuoHHBIM (GepoOMOHOM

¥ aTTPaKTAHTOM II0 CPaBHEHMUIO - 2000
C KOHTPOJbHLIMU JIOBYIIKAMU g s
ObLa BbImie B 1,6—1,9 pasa. Ilo- "%%g :;‘::::
CJI€[IHMIA OTIBIT IIPOJOJIKAJICH BCe- §5E 3
ro 20 fHell, I09TOMY CHIIKEHUS 338 1000
s eKTuBHOCTY Pa6OTHI JUCIIEH- ] Eg g 800
CepoB He HAGMIOJATH. g I2L 600
B n1aGopaTopuUM SHTOMO- SEES 400
norun ®IBY «BHUMKP» 6brma | 585 )
MpoBeJieHa UAEeHTUDUKALIVS BU- % < ‘\’s\a ,\"C‘ Ko _\’@} m@‘ 'é"\ ﬂ‘@.\ ﬂf@. ﬂ@- Q» Koy \g\a ﬂ@.\ ﬂ@ _"g\, .,9' Ky @.\ '\.@'\ qg:} _\’w‘
JIOBOTO ¥ TIOJIOBOTO COCTABA HaCe- < & ébb {\@o & F Qg;“‘\\g?‘\,&'\ L ».'o@ R *sﬂ\“q""?d"x\ « @ \4}’"}@”_\?&‘
KOMBIX, [IOIMaHHBIX Ha KJI€eBhIe
nomyukn <Ilnactuia ¢ penen- | Ao o pomacarespon - farron
cepoM. BOJIbIIMHCTBO [TOMMAaHHbIX

HaCeKOMBbIX ObLIN UAeHTU(UIIN-
POBaHBI KaK 3amaJHbIN IIBETOY-
w1t Tputc (Frankliniella occidenta-
lis). Kpome 31T Ha BCceX JIOBYIIKaX
NPUCYTCTBOBAJ Pa3HOAAHBINA
tputc (Frankliniella intonsa). ET0 KOJIMYECTBO GBLIO
MIPUMEPHO B 2—3 pas3a MeHbIIE KOJIMUECTBa BbLJIOBJIEH-
HbIX 3LT. Pe3ysbTaTsl ogcyera camioB 1 caMok 31T
TIpeacTaBJIeHbl B TaOJIUIIE.

[IpeBbINIeHE YMCJIa BBIJIOBJIEHHBIX CaMOK
B CPAaBHEHUU C CAaMIaMU OXUIAeMO U 00bsICHIETCS
X GOJIBIIMM KOJIMYECTBOM B MOMYISIIUU. [Py 3TOM
clleflyeT UMETh B BUAY, UTO 3TU JaHHbIE He YCTaHAaB-
JINBAIOT peaibHOe COOTHOIIIEHYE CaMIIOB U CAMOK, TaK
Kak TPUBJIEKATEIbHOCTD JIOBYIIEK C JUCIIEHCEPAMU
IIJISI CAMIIOB ¥ CAMOK He OIIpeesisjiach M MOXET ObITh
pasHo. B manpHeleM Mbl IIJIAaHUPYEM JeTajbHee pa-
300paThCcs B 9TOM BOIIpPOCE.

Puc. 7. duHaMunka otnosa
KanuopHUIACKOro Tpurca B Nepuog,
05.06-25.06.2021 (20 pHen)

Fig. 7. Dynamics of catching Western
flower thrips in the period
05.06-25.06.2021 (20 days)

traps. The last experiment lasted only 20 days, so there
was no decrease in the efficiency of the dispensers.

In the Entomology laboratory of VNIIKR, the iden-
tification of the species and sex composition of insects
caught on the “Plate” sticky traps with a dispenser
was carried out. Most of the insects caught were iden-
tified as Western flower thrips (Frankliniella occidenta-
lis). In addition to Western flower thrips, all traps con-
tained the polyphagous thrips (Frankliniella intonsa).

dutocaHuTapusi. KapaHTuH pacteHuii 62
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Ta6auia

KoJinuecTBO 1 COOTHOILIIEHNE CaMI[OB ¥ CAMOK
3amaJHoro IjBeTouHOoro Tpurtca Frankliniella
occidentalis Ha JIOByIIKax

Table
Number and ratio of male and female Western
flower thrips Frankliniella occidentalis in traps

N¢ 10ByLIKU CamMiibl CamMku CaMKH/caMIIbI
Trap number Males Females Females/males

1 29 34 1,17

2 31 41 1,32

3 165 172 1,04

4 97 128 1,32
3AKJIIOYEHUE

B ja6opaTOpPHBIX OIMBITAX YCTAaHOBJIEHO, UYTO CTOM-
KOTO BbIJIeJIEHUSI METUJIIHUKOTHHATA C AUCIIeHcepa
IJIUTEeIbHOCTBIO 6ojiee 30 JHEN MOXXHO AOCTUYD IIPU
KUCTIOJIb30BAHUU FePMETUUHOTO ITaKeTa U3 JIBOWHOTO
TTOJIMATUJIEHA TOJNIIMHOM 200 MKM IIPY TO3UPOBKE Be-
mecTtBa 150 Mr.

B 1moJ1eBBIX UCIIBITAHUAX OBLJIO YCTAHOBJIEHO, UTO
CUHUE KJIeeBble JIOBYIIKU C aTTPAKTAaHTOM U arpera-
LIMOHHBIM (PEPOMOHOM, cofepskainue 150 M MeTuI-
HUKOTUHATA U 1 MTI HepuJi-2-MeTuibyTaHoaTa, OTIaB-
nuBanu B 1,4-1,9 pasa 6ousbine Frankliniella occidentalis
B CPAaBHEHUU C KOHTPOJbHBIMU JIOBYIIIKAMMU.

JIOBYIIKM C aTTPaKTAaHTOM U arperanuoHHBIM
hepomonoM ahheKTUBHO paboTay Ha MPOTIKEHUN
40 mHel, 4TO ABJISIETCS IPUEMJIEMBIM He TOJIbKO JJIs
MOHUMTOPHUTA 3TOT'0 KapPaHTUHHOTO BPEIHOI'0 OPraHma-
Ma, HO U JJis1 60PbOBI C HUM.
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Its amount was approximately 2—3 times less than the
amount of Western flower thrips caught. The results
of counting males and females of the Western flower
thrips are presented in the table.

The excess of the number of caught females in
comparison with males is expected and is explained
by their large number in the population. However, it
should be borne in mind that these data do not estab-
lish the real ratio of males and females, since the attrac-
tiveness of traps with dispensers for males and females
has not been determined and may be different. In the
future, we plan to look into this issue in more detail.

CONCLUSION

In laboratory experiments, it was found that a stable
release of methyl nicotinate from a dispenser last-
ing more than 30 days can be achieved using a sealed
double polyethylene bag 200 microns thick at a dosage
of 150 mg of the substance.

In field trials, blue sticky traps with an attrac-
tant and aggregating pheromone containing 150 mg of
methyl nicotinate and 1 mg of neryl 2-methylbutanoate
were found to catch 1.4 to 1.9 times more Frankliniella
occidentalis compared to control traps.

Traps with attractant and aggregation pheromone
worked effectively for 40 days, which is acceptable not
only for monitoring this quarantine pest, but also for
its control.
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Pepakuunsa xypHana «PutocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
npeanoXunTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTein Ha cTpa-
HUUAX XypHana. Hawa uenb — npu-
B/leYeHne BHMUMaHusa K Hanbonee
aKTyanbHbIM NpobsemMam KapaHTu-
Ha pacTeHUI CneunannucToB Cefb-
CKOr0 X035ICTBA M BCEX 3aUHTepe-
COBaHHbIX B 3TOM JIOAEN.

B »kypHane paccmaTtpuBaroTcs
OCHOBHbI€ HanpaBfeHUs PasBUTUS
HayKu 1 NepenoBoro onbiTa B 0bna-
CTU KapaHTMHA 1 3aLLUTbl PaCTEHWN,
nybnvkyeTcs BaxkHas MH(hopMaLLms
0 HOBbIX MeTodax U CpeacTBax,
npuMmeHsaeMmbIx Kak B Poccum, Tak
1 3a pybexom, a Takxe o hutoca-
HUTAPHOM COCTOSIHUW TEPPUTOPUM
Poccuiickon depepauun.

Mbl LOHOCUM [0 LMPOKOro
Kpyra untateneh 06bEeKTUBHYHO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JINTUYECKYHO MH(OPMAaLNIO: MHEHUS
BeAyLLMX CreunanmcToB no Hanbo-
Jlee NpUHUMNManbHbIM BOMpocam
KapaHTMHa pacTeHWl, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX M OTeYeCTBEHHbIX UCC/lef0Ba-
HUAX, MaTepuanbl TeMaTUYeCKNX
KOHthepeHL M.

Pepakuuns xxypHana «®duto-
caHuTapusa. KapaHTuH pacTeHumn»
npurnawaeTr K COTPYLHWUYECTBY
KaK BblOAKOLLMXCS OedaTenen HayKu,
TaK U MONOAbIX YYeHbIX, cneLna-
JINCTOB-MPAaKTUKOB, paboTaroLimx
B obnactu utocaHuTapuu, ons
obmeHa onbiToM, obecneveHus
yCTONYMBOro (hUTOCAHUTAPHOrO
6narononyyunst U Ans HOBbIX Hayu-
HbIX AMCKYCCUN.

3A0A4YU XXYPHAJA

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

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHONOrMI B 061aCTU MOHUTOPMHIa
1 N1abopaTopHbIX UCCER0BAHNUI MO KAPAHTUHY PaCcTeHUI

« O6CyxKaeHWe akTyasbHbIX BOMPOCOB KapaHTMHA PpacTeHMi

OBUWLME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npMHUMatoTCs CTaTbU Ha ABYX S3blKax: PYCCKOM M aHIIMNCKOM, CO-
Lepaline pesynbraTbl COBCTBEHHbIX HayYHbIX MccnenoBaHuin, obbemMom o 15 ctpa-
HWLL, HO He MeHee 3 (Mpu ogUHApPHOM MHTEpBase 1 pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbm 6onbLiero o6bema MoryT H6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. VIK, Ha3BaHue cTaTbu.

2. MHnumanel, hamunvsg aBTopa.

3. MecTo paboTbl aBTOpa, ropoa, ctpaHa, ORCID ID, agpec 3f1eKTPOHHOM NoYThbl.

4. AHHOTauuMa (KpaTKoe TOUHOE U3MOXKEeHMe CoaepKaHMsa CTaTbu, BKtOUatoLLee
thakTmMueckme cBeneHnsa U BbIBOAbI OnuncbiBaemMon paboTsl): 200—250 cnoB., Ho He 6onee
2000 3HakoB c npobenamu.

5. Kntouesble crosa (5—10 cnoB, cioBocoYeTaHuin), Hanbonee ToOUHO oTobpaxkato-
Lwne cneundurKky crtatbu.

6. BBegeHue.

7. Matepuasibl U METOAbI.

8. PesynbTathl U 06CyKOeHNS.

9. BbiBOAbI/3aKNtOYEHME.,

10. Cnucok nutepaTypbl (T. . CMUCOK BCEWN MCMONb30BAHHOW NUTEPATYPbI, CCbIIKM
Ha KOTOPYIO AATCS B CAaMOM TEKCTe CTaTbM): MpaBuia COCTaBEHMS HANpPaBAsSoTCS aB-
TOPY MO 3anpocy.

11. MHdopmaums 06 aBTopax: NPUBOANUTCS NOMHAS MHOPMAaLLMS O KaXXgoM U3 aB-
TopoB (MecTo paboThbl, ropof, cTpaHa, ORCID ID, agpec aNeKTPOHHOW NMoYThl).

12. inntocTpaTrBHble MaTepuanbl (hoTorpadumm, pUCyHKM) LOMYCKAKTCSH XOPOLLEN
KOHTPACTHOCTK, C paspeLlieHneM He Hke 300 Touek Ha awonm (300 dpi), opurnHabl
NPVKNaAblBalOTCA K CTaTbe OTAeNbHbIMU hainamu B hopmare .tiff unu .jpeg (unntoctpa-
LMK, He cooTBeTCTBYHOWME TpeboBaHNSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOE UX BoCcnpou3BeeHue Tunorpadckm cnocobom HeBo3MOXHO0). Heobxoonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (®. U. O. hoTorpada mnm ccoiky).

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

* B TakoM e nopsioke U CTPYKType npedoCcTas/sieTcsl AHr/1053bi4HbIli hepeBod CTaTbU.

PaboTa pnonxHa 6biTb NnpepgocTaBneHa B pegaktope WORD, dopmat DOC, wpudt
Times New Roman, pasmep wpudra — 12, MEXCTPOUHbIN MHTEpPBaN — OAMHAPHbIN, Pa3-
Mep nosiel no 2 cM, oTCTyn B Havyane absaua 1 cMm, hhopmMaTmMpoBaHume Mo WwupuHe. Pu-
CYHKM, Tabnuubl, CXeMbl, rpaduKm 1 Np. [OMXKHbI 6bITb 06583aTENBHO NPOHYMEPOBaHbI,
MMEeTb UCTOYHUKM 1 MOMELLATbCA Ha MeYaTHOM Mnose CTpaHuubl. HasBaHve Tabnuubl —
Hapn Tabnvuen; HasBaHWe pUCyHKa/rpacmKka — NoL pUCyHKOM/rpadinKoM.

BOJIEE NOAPOEHbIE YCJIOBUA NYBNNKALUU CTATEW Bbl MOXKETE
Y3HATb B HALUEW PEOAKLNN:

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

p. n. BoikoBo, yn. [orpaHnyHas, g. 32

KoHTakTHOE nuuo: 3nHoBbeBa CBeTnaHa leoprnesHa

TenedoH: 8 (499) 707-22-27, e-mail: zinoveva-s@mail.ru



denepajibHOE roCyIapCTBEHHOE
OIOI’KETHOE yUpe:KIeHue
«BcepoccUMCKUH IIEHTP KapaHTHHA
pactenuii» (PIrbBY « BHUUKP»)

— Hay4yHoe 1 MeToguyeckoe obecneveHue
neatenbHocTu PoccenbxosHag3opa,
ero TeppuTopUanbHbIX yNpaBsieHUi
n nogBegoMCTBEHHbIX eMy
yupexaeHuii B chepe KapaHTUHA
M 3aLUTbI pacTeHUM

— YcTaHoBneHue KapaHTUHHOrO
(hUTOCAaHMTAPHOrO COCTOAHMS
noAKapaHTUHHbBIX MaTepuanos
n TeppuTopun Poccuinckoin Gepepaumum
nyTeM NpoBeAeHUs nabopaTopHbIX
3KCMEPTU3 U MOHUTOPUHIOB

= HayuHoe CoTpyaHU4YecTBO
C HaUWOHaJbHbIMU
N MeXOyHapoOHbIMM
opraHusauusaMu B obnactu
KapaHTUHA pacTeHui

Bepyuiee yupexxkaeHue B Poccuiickon depepaumm no CUHTE3Y U NPUMEHEHUIO
thepoOMOHOB AN19 BbIIBNIEHUS KapaHTUHHBIX U HEKapaHTUHHbIX BpeguTene
1 60pbbbl C HUMMK

OreyY «<BHUMKP» — napTHep MexayHapogHoM NporpaMMbl N0 KOOpAUHaLUU
Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO 11
(EUropean PHytosanitary RESearch COordination)

B ®rbY «BHUUKP» co3paH u nenctsyet TeEXHUUECKUIN KOMUTET
no ctaHgapTusaumm TK 42 «KapaHTWH U 3aWuMTa pacTeHnn»

Bepnyluee Hay4yHO-MeTOANYECKOE YUpexxaeHue B cocTaBe KoopanHaUMoHHOro
CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

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