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AHHOTALUA

[IpencTaBiIeHbl PE3YJBTATHI UCCIEIOBAHUMN XUITHBIX
KJI0TOB-UTHUKOB (Hemiptera, Heteroptera, Pentato-
midae, Asopinae) B MOCKOBCKOU o6JiacTy Poccuiickoit
depepanmu. Beuiu uccienoBaHbl 0CO6EHHOCTH 6M0-
JIOTMU U CIIEKTP NMUTAHUS 5 BUJOB U3 7, BHIIBIEHHBIX
Ha TEPPUTOPUM CpefHel Poccun. B kauecTBe 3aMeHBI
WHTPOAYLIMPOBAHHBIX M3 CeBepHOU AMEPUKU DHTO-
MOo(daroB KOJIOPAJCKOT0 KapTO(ETbHOI0 KyKa XUIIl-
HBIX KJIOTIOB-IIUTHUKOB ITepuiiittoca Perillus bioculatus
u nogu3syca Podisus maculiventris mpeJioKeHbl aHaJIO-
TUYHbIE NIPEJCTABUTENIN MECTHOU (ayHBI — TPOUIIYC
Troilus luridus © TUKpPOMePYC ABY3yoUaThIl Picromerus
bidens. Tpousyc 1o 0cO6eHHOCTSAM GUOJIOTUYU OUYEHb
TIOXO0’K Ha TIOJIU3yca 1 BIIOJIHE MOXKET 3aMEHUTD STOTO
sHTOMO(Aara aMepUKaHCKOT0 TPOUCXOXKIEHUS B J1ab0o-
PaTOPHOU KyJIbTYPE U TIPU UCIT0JIb30BAHUY B KOHTPOJIE
JINCTOTPHI3YUINX BPENUTENEN B 3l UIIEHHOM I'DYHTE.
Tpowmsyc, Kak U MOAU3YC, 3MMYEeT Ha CTaJuU UMaro,
obsimraTHas Auarays3a y 3TUX KJIOTIOB OTCYTCTBYET,
TI03TOMY MX MOXXHO HETIPEPBIBHO KYJIbTUBUPOBATH,
HO CJIOKHO HAKATLJIMBATh B KOJIMYECTBAX, IOCTATOUHBIX
JLJIST MCTIONIb30BAHUS HA GOJIBINUX TJIOMASX B OTKPBI-
TOM TPYHTE, B YaCTHOCTH Ha KapTodeJie. [TukpoMepyc
JIBy3y0O4aThIll UMeeT 00IMraTHYI0 9MOPUOHAIbHYIO J1-
amayay, IJis BBIX0[la U3 KOTOPOU sfiiiaM sHTOModara
HeobxomuMa 06paboTKa HU3KMMY TeMIlepaTypamu. Ha
cTauu FHlla TMKPOMepPyca MOYKHO HaKaTlIMBaTh B JI0-
OBIX KOJIMYECTBAX, TPDAHCIIOPTUPOBATh U IIPUMEHSTH
JLJISI KOHTPOJISI BpeAuTeJel pacTeHUI B 3aIUIIEHHOM
Y OTKPBITOM I'PYHTE, B TOM YUCJIE C UCIIOJIb30BaAHU-
eM cpelicTB MexaHusanuu. B ®I'BY «BcepocCuiicKui
LIEHTP KapaHTUHA pacTeHuit» (PrbyY « BHUKVKP») co-
37aHa JJabopaTopHas KyJIbTypa MMKPOMepyca IBy3y6-
YaToro Cc U3MEeHEeHHbBIMHY, 110 CPaBHEHUIO C TPUPOIHOMN
TIOTTYJIS e, CBOMCTBAMU. [TMKPOMEPYC MOXKET ObITh
MCITOJTb30BaH KaK YHUBEPCAJbHBIN dHTOMO(ATr, a Tak-
JKe SBJISETCS aJbTePHATUBHBIM XO3SIUHOM [IJISI COTEP-
JKaHUSA ¥ HapaboTKky sHTOMOG(AaroB-auIeenoB Kiaoma
BpenHOU uepenaiiku Eurygaster integriceps ¥ pacTu-
TEJIbHOSITHBIX KJIOTTOB-ITUTHUKOB.

BIOLOGICAL CONTROL

DOI 10.69536/FKR.2025.98.18.001
UDC 595.7

Possibility

of using the entomofauna
of the Central zone

of Russia in biological
control using predatory
bugs as an example

OLEG G. VOLKOV

All-Russian Plant Quarantine Center
(FGBU “VNIIKR”), Bykovo, Ramenskoye,
Moscow Oblast, Russia, 140150

ORCID 0000-0002-1539-0342,

e-mail: volkovog@mail.ru

ABSTRACT

The article presents the results of studying the pred-
atory bugs (Hemiptera, Heteroptera, Pentatomidae,
Asopinae) in Moscow Oblast of the Russian Federation.
The biological characters and nutritional spectrum of
5 of the 7 species detected in Central Russia were stud-
ied. Similar representatives of the local fauna Troilus
luridus and Picromerus bidens have been suggested as
a substitute for the introduced from North America
entomophages of the Colorado potato beetle predato-
ry bugs Perillus bioculatus and Podisus maculiventris. In
terms of biological characters, Troilus luridus is very
similar to Podisus maculiventris and can easily replace
this entomophage of American origin in laboratory
culture and when used to control leaf-eating pests in
protected ground. Both Troilus luridus and Podisus mac-
uliventris overwinter at the imago stage, these bugs do
not have an obligate diapause, so they can be contin-
uously cultivated, but it is difficult to accumulate in
quantities sufficient for use on large areas in open
ground, in particular, on potatoes. Picromerus bidens
has an obligate embryonic diapause, from which the
entomophage eggs require treatment with low tem-
peratures. At the egg stage, Picromerus bidens can be
accumulated in any quantities, transported and used
to control plant pests in protected and open ground,
including with the mechanization facilities. FGBU
“VNIIKR” created a laboratory culture of Picromerus
bidens with characters modified in comparison with
the natural population. Picromerus bidens can be used
as a universal entomophage, and is also an alternative
host for the maintenance and production of entomoph-
agous egg-eating bugs Eurygaster integriceps and her-
bivorous bugs.

dutocaHuTapusi. KapaHTUH pacTeHuii 2
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Knrwouesvle cnoea. Bromormyeckuil KOHTPOJb,
UHTPOAYKIIUS, MecTHas (ayHa, 6uopasHoobpasue,
KOJIOPAJCKUN KapTO(EeJbHBIH XXYK, XUIIHbIE KJIO-
MBI-IIATHUKU.

BBEJEHUE

MOJIOTMYECKas 3al1Ta PaCTEeHU 0Cy-
IIECTBJIIETCS PA3IUYHBIMY CIIOCO6aMU
(MeTomamm). TPaAUIIMOHHO BBIAEJISIIOT
VHTPOAYKIWI M aKKJIUMaTU3AL U0
MHO3EMHBIX areHTOB OMOJIOTMYECKO-
ro KOHTPOJISI B 30HAX, TJIe OHU OTCYT-
CTBOBAJIX, CE30HHYI KOJOHU3AIUIO
9HTOMO(MAroB BHYTPU apeaja C LeJibio
CUHXPOHHU3AILINY UX PAa3BUTUSI C Pa3BUTUEM BUIA-
MUIIEHU ¥ MacCoBOe MpuMeHeHUe (paccejieHre) Ha-
paboTaHHBIX 3HTOMOGAr0B U MaTOTeHOB M0 oYaraM
BpenuTesel, Tak Ha3bIBa€MbIi METO "KUBOI'0 MHCEK-
tunuzga (Ultepuimyc u gp., 2018). Cioga jxe o6aBIsSOT
y4eT eCTECTBEHHOTO KOHTPOJIS HEXKeJIaTeIbHBIX OpTra-
HU3MOB APYTUMHU OpraHusMamu 6e3 BMelIaTeIbCTBa
YeJIOBEKa, YTO B PAZE CIIyYyaeB IMO3BOJISIET CHEJIaTh
BBIBOJIbI 00 OTCYTCTBUU HEOOXOAUMOCTHU ITIPUMEHEHUS
JIOTIOJTHUTENbHBIX PETYJISATOPHBIX TIPUEMOB, a TaAKXKe
UCKYCCTBEHHOE CO3/IaHYE YCIOBUM, 6JIarOIPUSITCTBY-
OIIVX 9TOMY KOHTPOJIIO, HAIIPUMEP IT0CeB HEKTapo-
HocoB (van Lenteren, 2012).

MeTonm MHTPOAYKIIUY M aKKJIMMaTU3AILUU CO-
cTouT B c6ope ecTeCTBEHHBIX BParoB BUa-MUIlle-
HU (00BIYHO B palioHe IIPOUCXOXKIEHUS BPEIUTENI),
a 3aTeM WX pacceJieHUs B HOBBIX palioHaX, Kyza Bpe-
IUTeNb ObLI CIyYalHO 3aHeceH. Iefib aKKJINUMaTU-
3aIli¥ COCTOUT B TOM, UTOOBI IIOTOMCTBO €CTEeCTBEH-
HBIX BParoB CO3/1aJI0 TMOIYJISAIUY, KOTOPbIe GbLIY GbI
JIOCTATOYHBI JIJIs TTOIaBJIEHUS TIOIYIAIINN BpeguTe-
JIell B TeUeHWE MHOTHUX TTOCIEAYIOUUX JET. DTOT TUTT
6uoJsiornyeckoy 60pb6BI Uale BCETO MCIIOJIb3YeTCs
TIPOTUB MHTPOIYIIVPOBAHHBIX BPEIUTENEH, KOTOPBIE,
KakK IIPeJIoJaraeTcs, IOSIBUIKNCh B HOBOM MECTHOCTHU
6e3 CBOMX €CTECTBEHHBIX BPAroB. [I0CKOJIBKY 3TO GbLI
TIEPBBIH TUIT GUOJIOTUYECKOM 60PHOBI C BPEIUTEIIMH,
TTOJIYYMBIIU I IMUPOKOE PACIIPOCTPAHEHUE, ET'O TAKXKE
Ha3bIBAIOT «KJIACCUYECKUM» OMOJIOTUUYECKUM METOJIOM
3amuThl pacteHni (MxxeBckuii, 1990).

NuaTponykuusa B 1888 1. u3 Actpanuu B Kanu-
dopuuto AnbbeproM Kebelre KOKIIMHEIUAbI POJOJINY
Rodolia cardinalis (Mulsant) mj1st 60pb6bI C aBCTPAIUIA-
CKUM eJiobuaToM YepBelloM uilepueti Icerya purchasi
Mask., 3aBepIIMBIIASICS [TOPA3UTEIBHBIM YCIIEXOM, T10-
JIOXKMJIA HAvyaJio MPUMEHEHUI0 9TOTO METOIa BO MHO-
rux crpaHax. B 1931 r. pomoaus, a Tak)Xe mapasuT
KpOBsiHOU Tiiu Eriosoma lanigerum Hausm. adenunyc
Aphelinus mali Hald. 66111 MUHTPOAYITUPOBAHLI B AGXa-
3uto (Py6110B, 1948). B 6b1B1IEM CCCP 65B1JI0 OCYIIECT-
BJIEHO MHO’KECTBO IIPOTPAMM MHTPOAYKIIMY aT€HTOB
OG1OJIOrMYECKOT0 KOHTPOJIS, BeAyIlell opranusalyen
B 9TOM HaIllpaBJeHUU SABJAICI Bcecows3HbIl (11031-
Hee — Bcepoccutickuit) HYM kapaHTHHA pacTeHUN
(manee — BHUMKP). Bl MHTPOLYIIMPOBAHBI SHTOMO-
¢aru nuTpycoBo 6esnokpwliaku Dialeurodes citri Ash-
mead, aMmepuKaHCKOU 6esioit 6abouku Hyphantria cunea

Key words. Biological control, introduction, native
fauna, biodiversity, Colorado potato beetle, predatory
bugs.

INTRODUCTION

iological plant protection is carried out
in various ways (methods). Traditional-
ly, it is the introduction and adaptation of
foreign biological control agents in areas
where they were absent, seasonal coloni-
zation of entomophages within the range in order
to synchronize their development with the develop-
ment of the target species and the mass use (disper-
sal) of produced entomophages and pathogens in pest
outbreaks, the so-called “live insecticide” method
(Shternshis et al., 2018). Also, pest natural control by
other organisms without human intervention is con-
sidered, which in some cases allows to draw conclu-
sions about the absence of the need to use additional
regulatory techniques, as well as the artificial creation
of conditions favorable to this control, for example,
planting nectar-bearing plants (van Lenteren, 2012).

The introduction and adaptation method involves
collecting natural enemies of the target species (usual-
ly from the pest’s area of origin) and then introducing
them into new areas where the pest has been acciden-
tally introduced. The goal of adaptation is to ensure
that the progeny of the natural enemies will establish
populations that are sufficient to suppress pest popu-
lations for many years to come. This type of biological
control is most often used against introduced pests
that are assumed to have occurred in a new area with-
out their natural enemies. As it was the first type of bi-
ological pest control to be widely used, it is also called
the “classical” biological method of plant protection
(Izhevsky, 1990).

Rodolia cardinalis (Mulsant) introduced in 1888
from Australia to California by Albert Koebele to con-
trol Icerya purchasi Mask., which was a huge success,
marked the beginning of the application of this meth-
od in many countries. In 1931, Rodolia cardinalis and
Eriosoma lanigerum Hausm., Aphelinus mali Hald. were
introduced into Abkhazia (Rubtsov, 1948). In the for-
mer USSR, many programs for the introduction of bi-
ological control agents were carried out, the leading
organization in this area being the All-Union (later
All-Russian) Research Institute of Plant Quarantine
(hereinafter referred to as VNIIKR). There were intro-
duced the entomophages of Dialeurodes citri Ashmead,
Hyphantria cunea Drury, Leptinotarsa decemlineata (Say)
and other insects considered to be quarantine for the
USSR. There were also programs for the introduction
of phytophages of quarantine weeds into the USSR,
for example, Ambrosia artemisiifolia L. Many programs
were carried out jointly with international and foreign
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Drury, KoJIopaZicKoTo KapTogeIbHOTO )XyKa Leptinotar-
sa decemlineata (Say) v APyTUX KapaHTUHHBIX A1t CCCP
HaceKoMbIX. TaK)ke IPOBOAUINCH IPOTPaMMbl MHT-
ponyknuu B CCCP dhuToaroB KapaHTUHHBIX COPHBIX
pacTeHut, HaIIpUMep aMOpPO3UN TOJBIHHOJUCTHON
Ambrosia artemisiifolia L. MHOTYEe ITPOTPaMMBbI BBITIOJ-
HSJIMCh COBMECTHO C MEXIYHAPOJHBIMY U MHOCTPAH-
HBIMU OpTaHM3anusaIMu, mpex/e Bcero ¢ CABI (Centre
for Agriculture and Bioscience International) u opra-
HU3AMUSIMHU T10 6MOJ0TUUECKOMY KOHTPOJII0 m3 CIIIA,
Kanagp! u gpyrux crpat. OcyliecTBscsa ooMeH 61o-
JIOTMYECKMM MaTepPUaIoOM — B YaCTHOCTH, B 3T OpTra-
Hu3auuu 661U MTepemaHbl putodaru nepbeHHUKA
UBOJIUCTHOTO Lythrum salicaria L., Topuaka moJjsyde-
ro Acroptilon repens (Linnaeus) de Candolle, TbHIHKU
Linaria vulgaris Mill. OmHUM U3 TTOCJEIHUX ITPOEKTOB
UHTPOAYKIIUY, ocyliiecTBIeHHbIX BHUVIKP, 65611 c60p
B CeBepHoOI Kopee sitiieena osHIIUPTYCA Ooencyrtus ki-
vanae How., KOTOPBIY 3aTeM GBI Pa3MHOXKEH B Jlabopa-
TOPUU MHCTUTYTA U PACCEJIeH, — OH aKKJIMMaTU3UPO-
BaJICS B PsZie PETUOHOB Poccuu U IPYrUX PECITYOIMK
opiBIIero CCCP (1987-1994). B mecTax akKJIMMaTHU3a-
WY OSHIIUPTYC CTAJ OJAHUM U3 BAXKHEUIIUX SHTOMO-
(aroB Henmapuoro menkonpsazna Lymantria dispar (L.)
(Cepreesa, Jlonmonero, 2023). 9Ta mporpaMma craja
eIVHCTBEHHOU yCIIeIIHOM MHTPOAYKIIUel sHTOMOda-
ra jjecHoro Bpegutensd Ha Tepputoputo CCCP.

Ycmexu MporpaMM UHTPONYKIIUU TIPUBENU
K TOMY, YTO DTOT METOJ] CTaJI1 CUUTATh OCHOBHBIM
B 6MOJIOTHYECKOM KOHTPOJIE, OCTaJbHbBIM METOHLAM
yIeNsiy 3HaUUTeIbHO MeHblle BHuMaHus (Clausen,
1940; Huffaker, 1971). OmHaKo cCO BpeMeHeM CTau
BBISBJISITHCS M HENOCTATKU WHTPOAYKIIMU. Kpome
MHOTOYMCJIEHHBIX HEeyIay, KOTJa BUJ He aKKJIuMa-
TU3UPOBAJICSA U ITOTPAaYEeHHbBIE PECYPCHI HE OTIpaB/a-
JINCh, B PsAZie CIyyaeB MHTPOAYIIMPOBAHHbBIE areHThI
CTAaHOBUJIMCH XUIMHUKAMM WJIM CBepXMapasuTaMu
MECTHBIX SHTOMO(AroB, TakuM 06pazoM CyMMapHOe
BO37eliCTBYE Ha BUJI-MUIIIEHb YMEHbBINAIOCH, & HE YBe-
JINYUBAJIOCh. VIHOTIA TIpemojaraeMblil aHToModar
caM HaYMHAaJ BPEIUThb KYJIbTypaM, KOTOPbIE TOJIKEH
OBLI 3aIIMIIATH, KaK )KYK-KOPOBKA rapMoHus Harmo-
nia axyridis (Pallas) (Koch et al., 2006). B HacTosee
BPEMS K IpOTpaMMaM MHTPOIYKIIUY areHTOB 610JI0-
TUYECKOU 60PbOBI OTHOCATCS C GOJIBIION OCTOPOXKHO-
CTBIO ¥ M3-32 OCO3HAHUS HEOOXOIMMOCTHY COXPaHEeHUS
OoropasHoobpasys B HATUBHBIX 61oIeHo3axX (JlebemeBa
u 1p., 2004).

Kak m3BeCTHO, KOJOPaACKUi KapTodeabHbIN
XKyK Leptinotarsa decemlineata — NHBa3WOHHBIN B EB-
pasuu BUJ cCeBepoaMepUKaHCKOT0 ITPOUCXOKIEHUS.
TTomynaIiuio BUa BIIepBble 06HAPYXuJiu B EBpore
B 1877 r. (r. MionbxaiiM, 'epMaHus), HO OKOHYATEJIbHO
HaATypaJIn30BaJICS HA KOHTUHEHTE JKYK II0CJIe 3aB03a
B paiioH I. Bopgo (®panius) B 1918 r. [Tocje 5TOro BUT,
HavaJ pacceysiTbcs Mo EBPOIEeicCKOMY KOHTHUHEHTY,
a B 1949 r. nepsblie ouaru L. decemlineata 6b1iu o6Ha-
pyxenbl B 6b1BIIeM CCCP (JIbBoBCcKas 06JiacTh, YKpa-
nHa). Ha repputopuu PCOCP xxyK HayaJ pacrpocTpa-
HSATBCS CO BTOPOM mmoJioBUHBI 1960-x rT. C 1930-X IT.
B cTpaHax EBporsl, a 3aTeM 1 B CCCP cTasiu akTUBHO
U3y4aTh ECTECTBEHHBIX BPAroB KOJOPALCKOTO XyKa
Ha ero poLUHeE C LieJibio uX nHTponykuuu. B CIIA us-
BecTHO 6ojiee 290 BUIOB YJIIEHUCTOHOTUX — SHTOMO-
(aroB KOJIOPALCKOTO XKYKa, TOLaBJIsI0Iee 6OIbITNH-
CTBO KOTOPBIX ABJITIOTCS XUITHUKAMU, HO B CTPaHBbI

organizations, primarily with CABI (Centre for Agricul-
ture and Bioscience International) and biological con-
trol organizations from the United States, Canada and
other countries. Biological material was exchanged,
in particular, these organizations received the phy-
tophages of Lythrum salicaria L., Acroptilon repens (Lin-
naeus) de Candolle, Linaria vulgaris Mill. One of the last
introduction projects carried out by VNIIKR was collec-
tion of Ooencyrtus kuvanae How. in North Korea, which
was then propagated in the institute’s laboratory, reset-
tled and adapted in some regions of Russia and other
republics of the former USSR (1987-1994). In places
of adaptation, Qoencyrtus kuvanae became one of the
most important entomophages for Lymantria dispar (L.)
(Sergeeva, Dolmonego, 2023). This program became
the only successful introduction of an entomophagous
forest pest into the territory of the USSR.

The success of introduction programs led to this
method being considered as the main biological con-
trol method, while other methods were given much
less attention (Clausen, 1940; Huffaker, 1971). How-
ever, over time, the disadvantages of introduction also
began to be revealed. In addition to numerous failures,
when the species did not adapt and the resources
spent were not justified, in some cases the introduced
agents became predators or superparasites of local
entomophages, thus the overall impact on the target
species was reduced rather than increased. Sometimes
the supposed entomophage itself began to harm the
crops it was supposed to protect, like Harmonia axy-
ridis (Pallas) (Koch et al., 2006). At present, programs
for the introduction of biological control agents are
treated with great caution and due to the awareness of
the need to preserve biodiversity in native biocenoses
(Lebedeva et al., 2004).

It is generally accepted that Leptinotarsa decemli-
neata is an invasive species of North American origin
in Eurasia. The population of the species was first de-
tected in Europe in 1877 (Miilheim, Germany), but the
beetle finally naturalized on the continent after being
brought to the Bordeaux region (France) in 1918. After
that, the species began to spread across the European
continent, and in 1949, the first outbreaks of L. decem-
lineata were reported in the former USSR (Lviv Oblast,
Ukraine). The beetle began to spread on the territory
of the RSFSR in the second half of the 1960s. Since the
1930s, in European countries, and then in the USSR,
they began to actively study the natural enemies of the
Colorado potato beetle in its homeland with the aim of
introducing them. In the USA, there are more than 290
species of arthropods known to be entomophages of
the Colorado potato beetle, the vast majority of which
are predators, but only a few species of predators and
parasites have been attempted to be introduced into
European countries and the USSR. The most extensive
work has been done with predatory bugs (Pentatomi-
dae, Asopinae) — Perillus bioculatus Fabr. and Podisus
maculiventris Say.

The adaptation studies of the North American
predatory bug Perillus bioculatus began in France in the
1930s. In the USSR, work on introducing this predatory
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EBponel u B CCCP nbITajiuCh UHTPOLYLIMPOBATh TOJIb-
KO HECKOJIbKO BUJIOB XUIITHUKOB 1 TTapa3uToB. Haubo-
Jiee oGV PHBIE PAGOTHI OBLIY ITPOBEEHBI C XUILTHBIMU
kjgonaMu-muTHUKaMu (Pentatomidae, Asopinae) me-
punntocoMm Perillus bioculatus Fabr. v monusycom Podisus
maculiventris Say.

ViccinenoBaHUS 10 aKKJIMMAaTU3alUU CEBEPO-
aMepUKaHCKOTO XUIHOTO kjona Perillus bioculatus
HavaJuch Bo ®paniyu B 1930-e rr. B CCCP pa6oTsl
10 UHTPOAYKLIMHY ITOTO XUIIHOTO KJIOTIa KaK ITepCIiek-
TUBHOTO 3HTOMO(DAara KoJopaAcKoro KyKa IPOBOAU-
auch B 1960-1970 rT., HO OOUTHCSI €ro aKKJINMaTU-
3aIU¥ U/UJIY UCTI0JIb30BaTh CE30HHY0 KOJIOHU3AI[UI0
TOrza He ynasochk. B 2000-€e I'T. BBISCHUIIOCH, YTO I1e-
PWJLIIIOC aKKJIUMATU3UPOBAJICS B FOXKHBIX CTPaHAX:
MonpaBsuu, Ykpause, bonrapuu, I'peuiuu, Typuuu,
Cepbuu, HAUY ¥ HEKOTOPBIX peruoHax Poccuu —
KpacHomapckoM kpae, PocToBcKoii o6actu (Aracbe-
Ba u 1p., 2016). B KpacHOZapCcKOM Kpae MMepuJLIioc,
KpoMe KOJIOPaACKOTO XYyKa, MUTAETCSI UHTPOLYIIUPO-
BaHHBIMU TyZna u3 CeBepHOU AMePUKU IJsg 60PHOBI
¢ aM6po3uell TTOJBIHHOJNCTHON IMUMHKAMY U JKyKa-
Mu ambposueBoro Jucroena Calligrapha (Zygogramma)
suturalis (Fabricius) u ryceHuiaMu aM6pO3UEBOM COB-
ku Ponometia (Tarachidia) candefacta (Hibner).

Podisus maculiventris (cM. puc. 1) B CoBeTckuii Coro3
BIIepBbIe 6611 MHTPOAYLIMPOBaH u3 CIIA B 1974 1. co-
TpynHukaMu BHUUKP. TToBTOPHBIN 3aB0O3 MOIM3yCa
OBIJI OCYIIECTBJIEH COTPYAHUKAMU TOTO XK€ MHCTUTYTa
B 1979 r., 1IOoCJIe Uero B TeueHUe psaga JieT IIPOBOAU-
JIoch M3y4yeHUe 3Toro sHTomModara (3UCKUHI U AP.,
1989). MHOTOJIETHYE IIOIIBITKY JJOOUTHCSI aKKIUMaTH-
3aIUM ITOAIM3yca II0Ka He YAAJMCh HU B HAIlle CTPaHe,
HU 3a pybexxoM. Brija paspaboraHa MeTOAUKA CE30H-
HOM KOJIOHM3allUU MOoAM3yca IPOTUB KOJIOPAACKOT0
JKyKa Mpu 3auuTe 6akIakaH U paHHero Kaprodens
(MxeBckuii u Aap., 1984). [IpreM oCHOBaH Ha Macco-
BBIX BBIMTyCKaX JIUYWHOK Mmozu3syca (cM. puc. 2), Ko-
TOpbIe ABIAIOTCS 3(DPEKTUBHBIMY XUITHUKAMU STUT]

Puc. 2. NlvunHka nogusyca  Fig. 2. Podisus maculiventris larva

Podisus maculiventris
(cpoTo: O. T. Bonkos)

(photo by 0.G. Volkov)

]

Puc. 1. B3pocnbii knon-wutHuk  Fig. 1. Adult Podisus
nogusyc Podisus maculiventris maculiventris
(choTo: O. T. Bonkos) (photo by 0.G. Volkov)

bug as a promising entomophage of the Colorado pota-
to beetle was carried out in the 1960s and 1970s, but
it was not possible to achieve its adaptation and/or use
seasonal colonization. In the 2000s, it became clear
that Perillus bioculatus adapted in southern countries:
Moldova, Ukraine, Bulgaria, Greece, Turkey, Serbia,
India and some regions of Russia — Krasnodar Krai,
Rostov Oblast (Agasyeva et al., 2016). In Krasnodar
Krai, Perillus bioculatus, in addition to the Colorado po-
tato beetle, feeds on larvae and beetles of Calligrapha
(Zygogramma) suturalis (Fabricius) introduced there
from North America to control ragweed, and larvae of
Ponometia (Tarachidia) candefacta (Hiibner).

Podisus maculiventris (see Fig. 1) was first intro-
duced into the Soviet Union from the USA in 1974 by
specialists of the All-Russian Research Institute of
Crops and Plant Protection. Podisus maculiventris was
reintroduced by the same institute in 1979, after which
this entomophage was studied for several years (Zis-
kind et al., 1989). Many years of attempts to achieve
its adaptation have not yet been
successful either in our country
or abroad. A method for season-
al colonization of Podisus ma-
culiventris against the Colorado
potato beetle when protecting
eggplants and early potatoes
was developed (Izhevsky et al.,
1984). The method is based on
mass releases of Podisus macu-
liventris larvae (see Fig. 2), which
are effective predators of the
eggs and larvae of the Colorado
potato beetle. Podisus is bred
in a laboratory or insectarium
on various insects. In protect-
ed ground, Podisus maculiventris
can be used to control Ponome-
tia (Tarachidia) candefacta lar-
vae (see Fig. 3) and other Lepi-
doptera (Gumennaya, 2002),
especially if you have your own
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S,

Puc. 3. Mopmu3yc noepaet ryceHnuy  Fig. 3. Podisus maculiventris eats Ponometia (Tarachidia) candefacta larva.

coBku (choTo: O. I. Bonkos.)

U JIMYMHOK KOJIOPAJICKOTO XXyKa. PasBeieHue IO U3Y-
ca MPOBOJIUTCS B YCJIOBUSX JIaGOPaTOPUY MU UHCEK-
Tapus Ha PA3JINYHBIX HACEKOMBIX. B 3aKPBITOM rpyHTE
nopusyca Podisus maculiventris MOXXHO IPUMEHSATD LIS
KOHTPOJISI TYCEHUIL, COBOK (CM. PUC. 3) ¥ APYTUX Yellye-
kpbuIbIX (I'ymMeHHas, 2002), 0coO6eHHO MPU HATUYUYN
cobcTBeHHOM GuosabopaTopuu. B Temnuiax caMKu
oM3yca OTKJIaIbIBAIOT HA JIUCThS PacTeHUM Au1ia,
13 KOTOPBIX BBIXOAAT IMYUHKY (CM. pUC. 4).

MO’XHO OTMETHUTH, UTO CaMa IIOCTAHOBKA 3aja-
4y — 00HAPY>KUTb MUHO3EMHBIY areHT 6M0JIOTUYECKOTO
KOHTPOJIS, KOTOPBIN MIPU €T0 UHTPOLYKIIMU U aKKJIH-
MaTu3anuu 6yIeT CII0CO0eH 0Ka3bIBAaTh MHOTOJIETHEE
TIOJIaBJISIOII€E BO3IENCTBYE Ha BPEAUTENS TIPOMall-
HOWU KyJIbTYPHI (B JaHHOM ciIyuae kapTodes), — mpe-
CTaBJISIETCSI COMHUTENBHOU. Bee ycrexy UHTPOAYKITUYN
JIIOCTUTHYTHI IIPY KOHTPOJIE BPEAUTEIEH MHOTOJIETHUX
KYJIbTYP, KaK CKa3aHO BHIIIE, MU COPHBIX PACTEHUH,
HampuMmep 3Bepobosa Hypericum perforatum L. B Ce-
BepHOU AMepuKe u onyH1uu Opuntia Spp. B ABCTpa-
guu. YTo KacaeTcs MeTO/a CE30HHOM KOJIOHU3AIUH,
TO B JAHHOM CJIy4yae OTpaHUYEHUEM SBJISIETCS 6U0JI0-
U TIEPUJLIICA U TTOAM3yca. DTU KJIOTbI-IUTHUKH,
KakK ¥ GOJIBIIMHCTBO IPEJICTABUTENIEN CEMENCTRA, 3U-
MYIOT B CTaJIUY UMAaro, uarnaysa y HUX He oTMedeHa
(TyceB u mp., 1982). [ToaTOMY HaKOILJIEeHE MAaTEPU-
aja ¥ ero TPaHCIOPTUPOBKA MPOBOAUTCS B CTAIUN
JIMUUHKY WJIN UMaro, YTO CJI0XKHO OCYIIECTBUTH JJIS
60JbIINX IJIOIIAZel NMpou3pacTaHus KapTodend.
Kpome Toro, mocjie OKpbLIEHUS 3HAUYUTEIbHAS YaCTh
UMaro yJeTaeT ¢ [10Jis, YT0o 0CO6eHHO XapaKTEPHO JJIs
rmogusyca.

Vicxons u3 BBIMIEU3J0XEHHOTO W YYUTHIBAS
U 9KOJIOTUYECKYE TIPO6JIEMBI, CBSI3aHHbBIE C MHTPOJIYK-
IMel 4y’KepPOJHbBIX BUIOB, 6bIJIO IPUHSTO PEIIeHNEe
o mmorcke sHTOMO(Maros L. decemlineata B cpenHel I10-
Jioce Poccum Jiis1 3aMeHBI ITOIM3Yca U TEPUJLIIIOCA KaK
areHTOB OMOJIOTUYECKOTO KOHTPOJISI BPEUTEIS TIPU
WCIIOJIb30BAHUY METOZOM CE30HHOU KOJIOHU3AI[UY.

(Photo by 0.G. Volkov))

biolaboratory. In greenhouses, Podisus maculiventris
females lay eggs on the leaves of plants, from which
larvae emerge (see Fig. 4).

It can be noted that the very formulation of the
problem — to detect a foreign biological control agent
that, upon its introduction and adaptation, will be ca-
pable of exerting a long-term suppressive effect on
a pest of a row crop (in this case, potatoes) — seems
questionable. All the successes of introduction have
been achieved by controlling pests of perennial crops,
as mentioned above, or weeds, for example, Hyperi-
cum perforatum L. in North America and Opuntia spp.

Puc. 4. Ha nucte TennunuHoro  Fig. 4. Larvae hatched from

the Podisus maculiventris
eggs on a leaf of a greenhouse
pepper gnawed by larvae
(photo by O.G. Volkov)

nepua c norpbizamu
ryceHu, us simu, nogmsyca
BbILUN JINYMHKM

(choTo: O. I. Bonkog)
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MATEPUAJI 1 METO/bI

BBLIIO pellleHo OTPaHUYUThHC [IOMCKOM aHAJIOTUYHOTO
TIEPUJLITIOCY U MTOJAU3YCYy MHOTOSITHOTO SHTOMO(Dara-
XUIIHUKA W3 TOU JXe CHUCTEMATHUUYECKOU TPy
(Pentatomidae, Asopinae). [[Jig mpeaBapUTeJIbHON
OIIEHKHU areHTa 61O0JIOrMUYeCcKOr0 KOHTPOJIS ObLIN 1C-
TI0JIb30BaHbBI CAEMYIOINE KPUTEPUH:

1. JocTaTOYHO KPYIHbIE Pa3MEPBHI.

2. ATrpecCHUBHOCTb U IIPOXKOPJIUBOCTD.

3. JlerkoCTh pa3BelleHUs B Pa3HBIX YCIOBUIX.

4. BO3MOXXHOCTb HAKOIIJIEHUS B OOJIBIINX KOJIHU-
YyecTBaxX U JOCTATOUYHO IJIUTEIbHOTO XpPaHEHUI S9HTO-
Mogara 6e3 IoTepu KauecTsa.

5. BO3MOXXHOCTb TPAHCIIOPTUPOBKU SHTOMODAra
Ha GOJIbIINE PACCTOSTHUS.

6. OnITUMaJibHOE COOTHOLIEHUWE MeXAy I10-
MCKOBBIMU CIOCOGHOCTSIMM ¥ MUTPAIUOHHOMN
aKTUBHOCTBIO.

TeppUTOPUATIBHO TTOUCKU GBLIN OTPaHUYEHBI
BOCTOYHBIM U IOTO-BOCTOUYHBIM [10IMOCKOBLEM, BXO-
IAIIUM B 30HY CpeHell moyockl Poccuu. B aToM pe-
ruoHe orMeuveHo (KepyxHep, 1964) 7 BUZOB TaKUX SH-
ToModaros:

1. Arma custos (F.).

. Jalla dumosa (L.).

. Picromerus bidens (L.).

. Pinthaeus sanguinipes (F.).

. Rhacognathus punctatus (L.).
. Troilus luridus (F.).

. Zicrona caerulea (L.).

Yrmajmock 06HAPYXUTh 1 TIPOHABJIIONATH B TI0OJIE-
BBIX YCJIOBUSAX 5 BUIOB M3 3TOM T'PYMITbl. Brosorus
0o6HAPY)KEHHBIX BUIOB IIPEIBAPUTENbHO U3ydaiach
10 IUTEPATYPHBIM UCTOUHUKAM, BBISIBJISLIMCH KOPMO-
BbI€ HaceKoMbIe, HauboJjiee IepCcrIeKTUBHbIE SHTOMO-
(haru mpoBepAIUCH MO BBIMIEYIIOMAHYTHIM MTapamMe-
TpaM B JlabopaTopuu oTaesa 6uomMerona BHUUKP.

N OO AW

PE3YJIbTATBI UCCJIEJJOBAHUM
" OBCYXKJEHUE

XuniHble KIOIbI-IUTHUKY Jalla dumosa (L.) v Pinthaeus
sanguinipes (F.) Bo BpeMs1 06cyieloBaHUT HaMU 06HAPY-
JKeHbI He ObLIY. B JaHHOM PETMOHE 3TU BUbI UMEIOT
craTyc oueHb penkux (Hukonaesa, 2006).

Arma custos (F.) — apMa 0J1bX0Bast. ITOT JOBOJIbHO
KpynHbI# (10-14 MM), BHEIIIHE TOXO0XUH Ha MOJU3Y-
ca KJoII (CM. puc. 5) HaM BCTpevaJjcsd PeaKo, B KOHIIE
JieTa ¥ OCeHbI0 Ha uBax (Salix sp.) u sune Tilia cordata
Mill., B muTepaType uaiie oTMevasica Ha onbxe (Alnus
spp.) Mocudos, 1981). 3uMyeT UMaro 1 JUYUHKH,
B3pOCJIble TUTAITCI PasHO06Pa3HbIMU HACEKOMbBIMH,
B OCHOBHOM JIMUMHKAMU JINCTOEIOB, HO OTMEUEHO II1-
TaHUE TYCEHUIIAMHU, & MEeJIKME JTUUMHKY KJIOTIa — TJIsI-
MU 1 JHUCTOOJIONMIKAMU. B cepeuHe Mast caMKU Hauu-
HAIOT OTKJIAJbIBATh giIla Ha JUCThS U OTKJIAIbIBAIOT
WX JI0 CEPENUHBI UI0JIsI, KOTIA y)Ke OTMEYaeTCst Hauaio
OKPBLIEHNS MOJIObIX MMaro. OfHa caMKa OTKJIaIbIBa-
eT B cpengHeM 200-300 suir ([Tyukos, 1961). IMYNHKYA
apMmel ¢ Il cTagyy IOCTEeNeHHO PaCIIoi3aloTCd U fep-
JKaTCs IOOIMHOYKE, TIPU UCKYCCTBEHHOM COZIePrKaHUU
B caJiKaxX TPYIITIaMK OTMEYEH OUEeHb BhICOKUI YPOBEHD
KaHHMOaIK3Ma Ha BCeX MOABMIKHBIX CTagUAX. BeIpa-
IUBaTh JUYWHOK [0 UMAaro yaaBajoch TOJbKO MIPHU
WHIUBUAYAJbHOM COflepykaHuu. HecMOTpst Ha pasHO-
oOpasue KOPMOBBIX CBSI3EM, apMa ITOUTHU Be3e OTMeUe-
Ha KaK XUIITHUK 0JIbX0BOT0 TucToena (Agelastica alni (L.)).

in Australia. As for the seasonal colonization method,
in this case the limitation is the biology of Perillus bio-
culatus and Podisus maculiventris. These bugs, like most
representatives of the family, overwinter in the imago
stage; diapause has not been observed in them (Gusev
et al., 1982). Therefore, the accumulation of material
and its transportation is carried out in the larval or
imago stage, which is difficult to implement for large
potato growing areas. In addition, after winging, a
significant part of the imago flies away from the field,
which is especially characteristic of Podisus maculiven-
tris.

Based on the above, and taking into account the
environmental problems associated with the introduc-
tion of alien species, a decision was made to search for
entomophages of L. decemlineata in the Central zone
of Russia to replace Podisus maculiventris and Perillus
bioculatus as biological control agents when using the
seasonal colonization method.

MATERIALS AND METHODS

It was decided to limit the search to a polyphagous
entomophagous predator from the same systematic
group (Pentatomidae, Asopinae) similar to Perillus bio-
culatus and Podisus maculiventris. The following criteria
were used for the preliminary assessment of the bhio-
logical control agent:

1. Quite large size.

2. Aggressiveness and active feeding.

3. Ease of breeding in different conditions.

4. Possibility of accumulation in large quantities
and sufficiently long storage of the entomophage with-
out loss of quality.

5. Possibility of transporting the entomophage
over long distances.

6. Optimal balance between search capabilities
and migration activity.

The search was limited to the eastern and south-
eastern Moscow Oblast, which is part of the Central
Belt of Russia. In this region, 7 species of such ento-
mophages were noted (Kerzhner, 1964):

1. Arma custos (F.)

. Jalla dumosa (L.)

. Picromerus bidens (L.)

. Pinthaeus sanguinipes (F.)

. Rhacognathus punctatus (L.)
. Troilus luridus (F.)

. Zicrona caerulea (L.)

It was possible to detect and observe 5 species
from this group in the field. The biology of the detected
species was preliminarily studied using literary sourc-
es, food insects were identified, the most promising
entomophages were tested according to the above-
mentioned parameters in the Laboratory of the Bio-
method Department of VNIIKR.

N0k Wi

RESEARCH RESULTS AND DISCUSSION
During the surveys the predator bugs Jalla dumosa (L.)
and Pinthaeus sanguinipes (F.) were not detected. In

this region these species have the status of very rare
(Nikolaeva, 2006).

Aeryct N 3 (24) 2025 7
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Puc. 5. Umaro apMbl 051bX0BOWA Fig. 5. Arma custos imago
Arma custos (¢poto: O.T. BonkoB)  (photo by 0.G. Volkov)

CJIO’)KHOCTBH TPYIIIIOBOTO BOCIUTAHUS JIUUYMHOK
Arma custos, CBI3aHHAas C OUeHb BbICOKMM KaHHMOAJI3-
MOM, ieJIaeT OeCIIePCIIEKTUBHOM PaCCMOTPEHUE DTOTO
BU/Ia B KQUECTBE 3aMeHbI IEPUJLTIOCA U TIOIU3YCA.

Rhacognathus (Eysarcoris) punctatus (L.) pakorHa-
Tyc (sii3apkopuc) nBoBwIi (ITyukoB, 1961) BcTpeuaeT-
Csl Ha CBIPBIX JIyraX U JIECHBIX ITOJITHAX. PAaKOrHaTyC
TUIIMYHBINA, XOTS ¥ CPAaBHUTEIBHO PEeIKO BCTpeUaio-
IUHCS BUZ, IJI JIECOJIYTOBOM 30HBI. [IPUYPOYEHHOCTD
BUIA K OMOTOIIAM C BBICOKOM BJIaJKHOCTBHIO OTMeUeHa
u gpyrumu apropamu (Ramsay, 2013). 9TOT YepHbIHK
B JKEJITYI0 KPalluHKY KJIOII JOCTUTaeT AJIMHBI 10 MM.
Yaiie Bcero oTMevajcs Ha uBax (Salix sp.), re IuTajl-
cd JINUYMHKAMU UBOBBIX JiucToenoB (Galerucella lineo-
la (F.), Plagiodera versicolora (Laicharting), Lochmaea ca-
prea (L.)) MbI 0GHAPY>KUBAJIM STOT'0 KJIOMA HA ChIPBIX
JIyrax Ha JIUCTbSIX IaBejs Rumex Sp., Tle paKorHaTycC
IUTaJICI ANIAMY U INYUHKAMU [aBeJIEBOr0 JILCTOe A
Gastroidea viridula De Geer. Kiiom 3uMyeT BO B3POCJIOU
cTaJuM, BECHOM caMKa OTKJablBaeT AiIa, OOBIYHO
Ha BEPXYIIeUYHbIE JIUCThS HU3KOPOCHIBIX PACTEHUHN.
Kak ¥ mpeAbIayuiuil BUJ, CKOTJIEHUM B NIPUPOJE
He 06pasyeT — ¥ UMaro, ¥ JUYUNHKYU BCTPEUAIOTCS TI0-
ofuHOUKe. 1)1 HaKOIJIeHU B O0JIbIINX KOJINYECTBAX,
XpaHeH!s ¥ TPAHCIIOPTUPOBKY He IPUTOIeH.

Zicrona caerulea (L.) — 3UKpoHa. ITO elre 6oJiee
MEJKUU KJIOTI, PeKO NOCTUTAIIUN AJIUHBI 8 MM.
1IBeT CUHUM WU 3eJeHbIH, ¢ MeTaJlInUYeCcKuM bJe-
cKoM (CM. puc. 6). B perroHe o6bIYHBIA BUM, 001TAa-
€T B pa3HbIX OMOTOTIaX, Ha JEPEBbIX U KyCTapHUKAX
¥ Ha TPaBAHUCTON PACTUTENBHOCTH JIYTOB U JIECHBIX
TIOJITH, 0COGEHHO BOIM3U BOJOEMOB. Ha cyxux Jiyrax
C HEBBICOKOU PACTUTEbHOCTBI0 OXOTUTCS Ha ITOBEPX-
HOCTY ITOYBBI; B BBICOKOTPABbEe U B 3aPOCJISIX KyCTap-
HUKOB IIOJHKMAaeTCS 0 BEPUIMH pacTeHui. YacTo
MBI BCTPEYAaJU €T0 B 3apOCHSIX UBaH-4yas Chamerion
angustifolium (L.) Holub. KJyIomibl MUTAOTCS JIUUMHKA-
MU pasJIMYHBIX JIMCTOEIOB, 0cO6eHHO poma Haltica
(Altica) u MmenkuMU ryceHuiiamMmu. [1o HamuM HabJI0-
IeHUsIM, HallaJalT 1 Ha B3POCJBIX JUCTOEI0B Poaa
Haltica. B dnoHWY MCII0JIb30BaJIC IJIs UCTPEBIeHUs
onomku (Haltica fragariae Nak.) Ha 3eMJITHUKE; B 3a-
nagHol EBporie ero mbITajauch MCII0JIb30BaTh B 00phbe
IIPOTHB KOJIOPAJICKOTO JKyKa (Mayne, Breny, 1940). Kak

Arma custos (F.). This rather large
(10-14 mm), externally similar to
Podisus maculiventris bug (see Fig. 5)
was rarely detected by us, at the end
of summer and in autumn on willows
(Salix sp.) and linden Tilia cordata Mill.,
in literature it was more often noted
on alder (Alnus spp.) (Iosifov, 1981).
Adults overwinter as imagoes and
larvae, adults feed on various insects,
mainly leaf beetle larvae, but have
been noted to feed on larvae, and
small bug larvae feed on aphids and
leathoppers. In mid-May, females be-
gin oviposition on leaves until mid-Ju-
ly, when the young imagoes begin to
emerge. One female lays an average of
200-300 eggs (Puchkov, 1961). From
the second stage, Arma custos larvae
gradually disperse individually, and
when artificially kept in groups, a very
high level of cannibalism was noted at
all mobile stages. It was possible to raise larvae to ima-
go only when kept individually. Despite the diversity of
food sources, Arma custos is almost everywhere noted
as a predator of Agelastica alni (L.).

The complexity of group breeding of Arma custos
larvae, associated with very high cannibalism, makes it
unpromising to consider this species as a replacement
for Podisus maculiventris and Perillus bioculatus.

Rhacognathus (Eysarcoris) punctatus (L.) (Puchkov,
1961) occurs in damp meadows and forest clear-
ings. Rhacognathus (Eysarcoris) punctatus is a typical,
although relatively rare, species for the forest-mead-
ow zone. The confinement of the species to biotopes
with high humidity has been noted by other authors
(Ramsay, 2013). This black, yellow-speckled bug
reaches a length of 10 mm. Most often it was noted on
willows (Salix sp.), where it fed on the larvae of willow
leaf beetles (Galerucella lineola (F.), Plagiodera versicol-
ora (Laicharting), Lochmaea caprea (L.)) We detected
this bug in damp meadows on the leaves of sorrel Ru-
mex sp. where it fed on the eggs and larvae of Gastroidea

Puc. 6. Umaro 3ukpoHbl  Fig. 6. Zicrona

Zicrona caerulea
(choTo: O. I. Bonkog)

caerulea imago
(photo by O.G. Volkov)

dutocaHuTapusi. KapaHTUH pacTeHuii 8
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¥ IPyTUe XUILHbIE KJIOMbI, 3MKPOHA
mojcachkiBaeT pacTeHud. [1o guTe-
paTypHbIM JaHHbIM ([TyukoB, 1961),
ylaBajioch BHIKOPMUTH BCE CTaAUU
Zicrona caerulea Ipy IMTaHUU TOJIBKO
Ha JINCTbSIX UBaH-4ad, 6e3 )KUBOTHOM
nuiny. B Hate# mabopaTopuy KJIOMIbI
CIIapMBAJKCh U OTKJIAAbIBAJIY AHIA
Ha JINCThsI pacTeHuit. Ho BBIKOPMUTH
JIMYMHOK HU Ha JIUCTbIX MBaH-4Yad,
HU Ha CeMALoJIIX ropoxa Pisum sa-
tivum L. (Lathyrus oleraceus Lam.) 6e3
JKMBOTHOM MUIIKM HaM He yIaJioCh.
Taxoxe B 1abOPaTOPHBIX OIIBITAX HAM
He yJaJIoCh BHIKAPMJIUBATD JUUUHOK

SWKPOHBI INIMHKAMU KOJIOPAACKOI0  Puc. 7. Umaro Tpounyca Troilus luridus  Fig. 7. Troilus luridus imago
JKyKa. Ha IMYMHOK )Kyka 3—4-r0 BO3-  Ha nucte kpanusel (hoto: O. T. Bonkos)  on a nettle leaf (photo by 0.G. Volkov)

pacTa KJIOI He Halamaj BoBce, 6oiee
MEJIKMMU JINYUHKAMY [TATAJICS Heo-
XOTHO, IIPX 9TOM ObLI Pa3BUT KaHHU-
6anu3m. To, UTO 3MKPOHA He HallafaeT
Ha KPYMIHBIX HACEKOMBIX, OTMEYEHO
u B quteparype ([Tyukos, 1961). Zi-
crona caerulea HaMu ObljIa IpU3HAHA
HETIPUTOIHOU IJIT MCIIOJNb30BaHUS
MEeTOJOM CE30HHOI KOJOHU3aL UM
B KOHTPOJIE KOJIOPaACKOTO KapTo-
(eJIbHOTO XKYyKa.

JlecHOII TpaHCIIaJeapKT TPO-
unyc Troilus luridus (F.) (cm. puc. 7)
110 BHENTHEMY 0BJIMKY 1 06pasy Kus-
HU TIOXOX Ha KJIOMIOB poza Podisus.
PaHbille €ro 1 BKJIIYAIN B 9TOT POJ,

(Oshanin, 1906). B 3anagHoi EBPo-  pyc, g, Tpowunyc Troilus luridus Ha nucTe kanuubl  Fig. 8. Troilus luridus sucks out

I1€e TPOMIyCa, TaK XX€ KaK 1 [IOAMU3YCa,  pbicacbiBaeT IMUYMHKY KaJIMHOBOrO IncToena
MIBITAJNCh UCIIONBb30BaTh IJsg 6opb-  Galerucella viburni (hoTo: O. I. BosnikoB)

OBI C KOJOpaICcKuM xykoMm (Mayne,
Breny, 1940).

3UMYIOT B3POCJIbIe KJIOTIbI. BeCHOM 110 Mepe pac-
MIyCKaHUS JUCTHER IEPEBbEB U KYCTAPHUKOB U I10SIB-
JIEHUSI Ha HUX JINCTOT'PBI3YIIMX HACEKOMBIX ITOSIBIISTIOT-
¢S 1 3TU KPyTHBEIE (70 14 MM) KJIOITBI CEPO-OPOH30BOM
oKpacku. Kyombl XOpOIIIo JIeTal0T Ha GoJibline pac-
CTOSTHUS U OBICTPO 0OHAPY)KMBAIOT MECTa CKOTIJIEHUS
JIMYMHOK HACEKOMBIX. MBI X YacTO 0OHAPYXUBAJIU
Ha KyCcTapHUKaX KaJWHBI OObIKHOBeHHOU Viburnum
opulus L., TIOpaXKeHHOM KaJIMHOBBIM JINCTOENOM Galeru-
cella viburni Payk. HepeKo Tpomityc IpujeTaeT Ha Ta-
K1e KyCThI KaJIMHbBI B CaJIbl, JaXke ecJIv Ao GJvoKaniie-
r'0 Jieca HECKOJIbKO KMJIOMETPOB (CM. puc. 8). OXOTHO
TIOCeMa0T TPOUIYChl ¥ KPYITHbIE TPaBbl, HATIPUMED
3apOoCiiu KparnuBhel AByAOoMHOU Urtica dioica L. co cKo-
TIJIeHUSIMU TyCeHUll, KpanuBHUIbI Vanessa urticae L.,
IHEeBHOTIO MaBJINHBLETO IJ1a3a Vanessa io L. iy mecTpo-
KPBUIBHUITBI U3MeHUYUBOU Araschnia levana L. C KoHIIaQ
BECHBI Ha KPYIHBIX TPaBaxX HAUMHAIOT MOSIBJISITHCS
JIMYUHKY TPOMJITyCa, ¢ 6€JI0BaThIM OPIOIIKOM U GPOH-
30BBIMU IMIITHAMU Ha 3a4aTKaX KPbLIbeB. ITocye BbI-
X0Jla 13 AUL JUUYNHKY JeP>KaTCsI BMECTe, 3aTeM II0CIe
JIMHBKY Ha BTOPOU BO3pacT pa3bpemaloTcs U B LaJib-
HellleM BCTPeYarnTCsd OOBIYHO ITOOAMHOYKE, KakK
¥ B3POCJIbIE KJIOIBI, €CJIM UX He IIPUBJIEKJIO CKOILIe-
Hue nmumy (cM. puc. 9). JlJabopaTopHbIe OIBITHI ITOKA-
3aJ11, YTO TPOUJIYC MHOTOSAEH, TIMTAETCS INUNHKAMU
JIUCTOENIOB, B TOM YMCJIe KOJIOPAJICKOTO JKyKa, pas-
JINYHBIMU T'yCEHULIAMU, TNYNHKAMU TTUIUIBIIUKOB.

a Galerucella viburni larva on

viridula De Geer. The bug overwinters in the adult stage,
in the spring the female lays eggs, usually on the apical
leaves of low-growing plants. Like the previous species,
it does not form clusters in nature, and both imago and
larvae are found singly. It is not suitable for accumu-
lation in large quantities, storage and transportation.
Zicrona caerulea (L.). This is an even smaller bug,
rarely reaching a length of 8 mm. The color is blue or
green, with a metallic sheen (see Fig. 6). In the region,
it is a common species, living in various biotopes, on
trees and bushes and on the grassy vegetation of mead-
ows and forest clearings, especially near water bodies.
In dry meadows with low vegetation, it hunts on the
surface of the soil; in tall grass and in thickets of bush-
es, it rises to the tops of plants. We often detected it in
thickets of Chamerion angustifolium (L.) Holub. The bugs
feed on the larvae of various leaf beetles, especially of
the genus Haltica (Altica), and small caterpillars. Ac-
cording to our observations, they also attack adult leaf
beetles of the genus Haltica. In Japan, it was used to ex-
terminate Haltica fragariae Nak. on wild strawberry; in
Western Europe, an attempt was made to use it to con-
trol the Colorado potato beetle (Mayne, Breny, 1940).
Like other predatory bugs, Zicrona caerulea sucks on
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T1I0JOBUTOCTD OJHOM CaMKHU B Jiabo-
pPaTOpPHBIX ycaoBugx gocturajua 500
auil,. [1o TaKUM XapaKTePUCTUKAM,
KaK IIPOXKOPJINBOCTh, MHOTOSITHOCTb,
CKOPOCTDb Pa3BUTHUS U IIJIOJLOBUTOCTD
TPOUJIYC BeChbMa GIMU30K K TIOAU3YCY,
HO 06J1aJlaeT U BCEMU €ro HEJOCTAT-
KaMu. ITO JIeCHOe, KaK U Mo u3yc, Ha-
CeKoMOe OOUTaeT B KPOHAX JIePEBLEB
U KyCTapHUKOB. [Tocjie OKPBIIEHUS
KJIOIT CTPEMUTCS TTOKUHYTh HECBOU-
CTBEHHBIE JIJI HETO CTaluM. Tak Kak
TIOKOSIIIAsICS CTausI KJIoIla — MMaro,
IOCTAaTOYHO CJIOXKHO HaKallJuBaTh
€ro B 60JIBIINX KOJIMYECTBAX U TPAHC-
TIOPTUPOBATh Ha 3HAUUTEbHBIE Pac-

CTaTb HOHHOHCHHOﬁ aﬂbTepHaTHBOﬁ NecTPOKPbUIbHULLbI N3MeH4YNBON
nonu3ycy B 6uosiabopaTopusaix Te- Araschnia levana (dpoto: O.T. Bonkos)

TJIMYHBIX KOMOMHATOB, TPOU3BOISI-

IIVX STUX KJIOTIOB B OTPAaHUYEHHBIX KOJTUYECTBAX IJI
COGCTBEHHBIX HYX/J, — 60PbOBI ¢ TYCEHUIIAMU COBOK
Ha OBOIIHBIX KYJIbTypPax.

Hawubosee moaxomauuM MOTEHIINATbHBIM areH-
TOM 6M0JIOTUYECKOTO KOHTPOJIS KOJIOPAJICKOTO KapTo-
(pesnbHOr0 XyKa M APYTUX JIUCTOTPHI3YIINX HACEKOMBIX
10 BCEM BBIIIENPUBENEHHBIM ITapaMeTpPaM 0Ka3ajcs
MMMKpoOMepyc OBy3y6uaTeiii Picromerus bidens (L.).

Picromerus bidens IBJIsSeTCS TUIOBBIM BUIOM
poxa Picromerus Amyot et Serville, KOTOPBI! HACUUTHI-
BaeT 10 BuzoB (Thomas, 1994). 3TOT XUILHBIA KJIOII
IIUPOKO pacrpocTpaHeH B [lajieapKTUKe U MTPOHUK
B CeBepHy®0 AMepuky (Lariviere & Larochelle, 1989).
P, hidens — TUIUYHBIN 0OUTATEJNb JECOJTYTOBOM pac-
tutenbHOCTH (KupuuyeHko, 1953). CeBepHas rpaHu-
11a ero pacIIpocTpaHeHUs MPOXoAUT 110 OUHISHIUMY,
Kapenuu, Bosorozackoii, KupoBckoit u CBepIJI0BCKOM
obmacTtu — o [IpuMopckoro kpas, CaxajqnHa U I0XK-
HBIX KypuJ, 1okHas rpanuna — oT CeBepHoU AGpuku
1o Kurtas (KupruueHko, 1951). B 100KHbBIX PETMOHAaX MTH-
KpoMepyc 06bIUHO 06UTAeT B TOpax, Tak Kak eMy JIJis
HOPMaJIBHOTO Pa3BUTUS HEOOXOIMMO 3UMHEE TIOHU-
J)KeHUe TeMIIEPaTypPhI.

OcHoBy 1abopaTopHOU KysnbTypbl BHUVIKP cocTa-
BUJIX O0KOJI0 500 3K3eMILIIPOB MUKPOMeEpPYyca IBY3y6-
yaToro, cobpanHbie O. I BOJIKOBBIM B CEHTSI6PE — OKTSI-
6pe 1992 1. B OpexoB0-3yeBCKOM patioHe MOCKOBCKOMU
obutactu (BokoB u ip., 1995; Bosikos, TkaueBa, 1997).
B manpHelimeM sHTOMOGMara HeoJHOKPATHO cobmpaau
U B IPYTUX PETUOHAX.

P, bidens — KpyTHBIHA KJIOT-U[UTHUK C BHIPAXKEH-
HBIM TOJIOBBIM AuMopduamMoM (cM. puc. 10). CaMku
OOCTUTAIOT AJNHBI 15 MM u BecaT oT 80 mo 160 mr;
caMIiipl MeJibue U BecdaT 30—80 Mr. CooTHOIIIeHHUE T10-
JIOB B IPUPOJIE U B J1a6OPATOPHBIX YCIOBUSIX OOBIUHO
paBHoe (1/1). OCHOBHOM IIBET TeJjia — 6y PhIN; BEPIIMHA
TOJIOBBI ¥ BEPIIVHBI OKOBBIX YIJIOB IIEPEIHECTIMHKYA
OGPOH30BbIE UJU 3eJIEHbIE. YCUKM PhIKEBATHIE, C TEM-
HOU BepUIUHOMU 1 60Jiee CBETIBIMY OCHOBAHUSIMU UJie-
HUKOB. B IIeHTpe nepesHEeCITMHKYA PACIIOJNIOKEHBI JBa
MaJIeHbKUX CBETJIBIX IIATHA, TAKUE XKe MSITHA (CBETIbIE
MO30JIMCThIE OYTOPKY) PACIIOJI0KEHBI HA MEPENHUX
yrjiax muTKa. BepuinHa muTKa ceeTias. Hus 6proi-
Ka u 6efipa c paccesTHHOM, He CIMBAIOIIECs B IITHA
U PSibl TEMHOU U CBETJION MyHKTUPOBKOU. Horu TeM-
HBIE, C IIMPOKMMU CBETJIBIMU KOJbIIAMY Ha CEPEIVHE

Puc. 9. lnunHka Tpounyca Troilus luridus ~ Puc. 9. Troilus luridus larva sucks
CTOAHMA. BEPOATHO, TPOUTYC MOXKET  4a npcTe kpanmBbl BbicachiBaeT ryceHnly  out a Araschnia levana larva

on a nettle leaf
(photo by 0.G. Volkov)

plants. According to literary data (Puchkov, 1961), it
was possible to feed all stages of Zicrona caerulea by
feeding only on fireweed leaves, without animal food.
In our laboratory, the bugs mated and laid eggs on the
leaves of plants. But we were unable to feed the larvae
either on the leaves of fireweed or on the cotyledons of
peas Pisum sativum L. (Lathyrus oleraceus Lam.), with-
out animal food. Also, in laboratory experiments, we
were unable to feed the Zicrona caerulea larvae with the
larvae of the Colorado potato beetle. The bug did not
attack the larvae of the 3-4™ instar beetle at all, and was
reluctant to feed on smaller larvae, although cannibal-
ism was developed. The fact that Zicrona caerulea does
not attack large insects is also noted in the literature
(Puchkov, 1961). We recognized Zicrona caerulea as un-
suitable for use by the seasonal colonization method in
controlling the Colorado potato beetle.

Troilus luridus (F.) (see Fig. 7) in appearance and
biology it is similar to bugs of the genus Podisus. Pre-
viously, it was included in this genus (Oshanin, 1906).
In Western Europe, Troilus luridus, like Podisus macu-
liventris, was used to control the Colorado potato beetle
(Mayne, Breny, 1940).

It is known that adult bugs overwinter. In spring,
as the leaves of trees and shrubs blossom and leaf-eat-
ing insects appear on them, these large (up to 14 mm)
gray-bronze bugs also appear. Bugs fly well over long
distances and quickly detect places where insect lar-
vae accumulate. We often detected them on shrubs of
Viburnum opulus L., affected by

Galerucella viburni Payk. Troilus luridus often flies
to such viburnum bushes in gardens, even if the near-
est forest is several kilometers away (see Fig. 8). Troilus
luridus also willingly visit large grasses, for example,
thickets of Urtica dioica L. with larvae of Vanessa urti-
cae L., Vanessa io L. or Araschnia levana L. From late
spring, Troilus luridus larvae begin to appear on large
grasses, with a whitish abdomen and bronze spots on
the rudiments of the wings. After hatching from the
eggs, the larvae stay together, then, after molting into
the second instar, they disperse and are subsequently
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roJieHeH, PpDKUMY BEPUIMHAMY rojJIeHel 1 OCHOBaHU-
SIMU JIATIOK. BPIOIIKO CaMOK OKPYTJIOe, INPOKO BBICTY-
TaeT 3a Kpas KPbLIbeB. BPIOMIKO CaMIIOB BBITSIHYTOE,
CJIETKA BBICTYIIAET 3a Kpas KPbLIbEB.

[TpuponHas NOMyAsAI U 3TOr0 KJIoIla UMeeT JIBa
BUZA AUaray3bl: JETHIOKW UMaruHaJbHYI (Pernpo-
IYKTUBHYIO) — SCTUBAIINIO; 3UMHIOI0 — B CTaIU U Il
(oBapuasibHY10). JIETHSS PENPOAYKTUBHAS AUariay3a
He IT03BOJISIET caMKaM B IPUPOJe IIpeXIeBpeMEHHO
OTKJIABIBATh JUAaNay3upylollre gimna. B cpegnei
nojioce Poccum mmaro mukKpoMepyca IOSBIISIOTCS
B UI0JIe — aBTyCTe, HO OTKJIaJblBaHUE SIUI] caMKa-
MU IIPOUCXOAUT HE paHee KOHIIA aBryCcTa — HavaJja
ceHT0ps. B 1994 r. B CII6I'Y HaMu ObIJIO TIEpegaHo
600 puamnaysupywuux suil P. bidens mabopaTopHO
TIOTTYJISIIVIY, TIOCJIEe YeTO OBIJIO ITPOBEIEHO U3yUeHe
BO3ZelcTBUSA (POTOMEpPHOaa Ha Pa3BUTHE 3TOTO KJIO-
na (Mycosime, 1996, 1997; Musolin, Saulich, 2000).
BB1J10 yCTaHOBJIEHO, UYTO IPY BbIPAlllMBAHUY JUUYUHOK
P, bidens B pa3HbIX (DOTOMEPUOINUECKUX PEXKUMAX IIPU
24,5° HabII0gaIMCh He3HAUNTEIbHbIE 3aIePIKKY IJI1-
TEJIbHOCTY JIMYUHOYHOT'O PA3BUTUSI IPU YBEJIMUEHUU
MPOJIOJIKUTEIbHOCTY IHS. B KOPOTKOAHEBHBIX PEXU-
Max (12:12 u 14:10) Bce caMKU CUHXPOHHO IIPUCTYIIN -
JIW K fitekagke Ha 11-19-11 1eHb Iocie OKPhLIEHYS,
TOIZA KakK IpU AJUHHOLHEeBHOM pexkuMme (18:6 1 20:4),
HEeCMOTPS Ha aKTUBHOE ITUTaHNeE U OJABUKHOCTD KJIO-
0B, AUIEKIJIaJIKa 3aJleprkuBajiach. CaMKM ITPUCTYyTIa-
JIU K fIIeKJIaiKe B JJIMHHOJHEBHBIX JIAOOPaTOPHBIX
pexuMax B cpenHeM Ha 30-53-1 IeHb ¢ MOMEHTA
okpbLIeHus. Takyke 6bLIO 06HAPY)KEHO, UYTO U3 YaCTU
OTJIOXKEHHBIX cCaMKaMU MUKPOMepyca SUIl JUUNHKYI
BBIXOAAT 0€3 peaKTUBAIlUX X0JIOJO0M, IIPUUYEM MPO-
EHT TaKUX S ObLJ 3HAUUTEIbHO BBIIIE ¥ «KKOPOTKO-
IHEBHBIX» caMOK (17,7 1 20,9%), ueM y «IJIMHHOHEB-
Hb1X» (5,7 1 6,0%).

usually found singly, like adult bugs, if they are not
attracted by a food accumulation (see Fig. 9). Labora-
tory experiments have shown that Troilus luridus is po-
lyphagous, feeding on leaf beetle larvae, including the
Colorado potato beetle, various caterpillars, and sawfly
larvae. The fertility of one female in laboratory condi-
tions reached 500 eggs. Troilus luridus is very close to
Podisus maculiventris in such characteristics as active
feeding, polyphagous nature, development speed and
fertility, but it also has all its disadvantages. This forest
insect, like Podisus maculiventris, lives in the crowns of
trees and bushes. After winging, the bug seeks to leave
stations that are not natural for it. Since the dormant
stage of the bug is an imago, it is quite difficult to ac-
cumulate it in large quantities and transport it over
significant distances. Troilus luridus can probably be-
come a full-fledged alternative to Podisus maculiventris
in the biolaboratories of greenhouse complexes that
produce these bugs in limited quantities for their own
needs — to control Ponometia (Tarachidia) candefacta on
vegetable crops.

The most suitable potential biological control
agent for the Colorado potato beetle and other leaf-eat-
ing insects based on all the above parameters was Pi-
cromerus bidens (L.).

Picromerus bidens is the type species of the ge-
nus Picromerus Amyot et Serville, which includes 10
species (Thomas, 1994). This predatory bug is wide-
spread in the Palearctic and has been introduced into
North America (Lariviere & Larochelle, 1989). P, bidens
is a typical inhabitant of forest-meadow vegetation
(Kirichenko, 1953). The northern border of its distri-
bution runs through Finland, Karelia, Vologda Oblast,
Kirov Oblast and Sverdlovsk Oblast — to Primorsky Krai,
Sakhalin and the southern Kuril Islands, the southern
border — from North Africa to China (Kirichenko, 1951).

Puc. 10. Ba camua 1 caMka
nuKpomepyca aBy3y6uarToro
Picromerus bidens Ha nucte
cnuBbl. CnapuBaHue n noegaHue
rycenuubl (cpoTo: O. I. Bonkos)

Fig. 10. Two males and a female of Picromerus bidens on a plum
leaf. Mating and eating of the caterpillar. (photo by 0.G. Volkov)
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ScTUBaIYA y MMKPOMepyca He CTOMKAasA U I0CTa-
TOYHO JIETKO MIPeo0JieBaeTcs B IabOPATOPHBIX yCJIO-
Buax. IIpu comepxxanuu Bo BHUUKP B kpyriocyTou-
HOM OCBeIIeHUY U TeMItepaType +26 °C o6pasoBajiach
JnabopaTopHas nonynasaiuga P. bidens, B KOTOPOi cna-
puBaHUe UMAaro IpPouCXoUT yepe3 3—4 CyTOK I10cye
OKpBbLJIEHUS, a yepe3 1-2 CyTOK I10CJie cllapuBaHUdg
caMK{ HauMHAIOT OTKJIaAbIBaTh Aiia. Takas jabopa-
TOPHA MOIYJISIIINUS TOPaszo Yoo0HEe IS COJlePKAHUS
B KQueCTBe areHTOB GMOJIOTUYECKOTO KOHTPOJIA.

B mpupoHbIX MOMYyASIUIX B KOHIlE JeTa — Ha-
YyaJie 0CeHU KJIOITbI CIIapMUBalOTCS, IPOIlece CllapuBa-
HUA OJUTENbHbIN 1 MOXKeT 3aHUMAaTh J0 4 4 U boJee.
CaMKM OTKJIA[IBIBAIOT SIM1la Ha OTIABIINE JIUCThS, CYUbs
U IpyTHe CyXue PaCTUTENbHbIEe OCTaTKHU (cM. puc. 11).
IlJIsT OTKJIAZKY SIUIL cCaMKa 3apbIBAETCS BIUIyOb PacTu-
TeJbHOTO OIajia, OTKJIaAbIBas AiIla OJIM)Ke K II0UBE.
TaxuM o6pas3oM sgiIa KJIOIa OKa3bIBAIOTCS 3allU-
IEHHBIMU OT BBICBIXaHUS U OT BO3AEUCTBUS CIIUII-
KOM HU3KHUX TeMIlepaTyp 3uMoii. Cayyau OTKJIaAKU
NI, cCaMKaM¥ OTKPBITO HA BeTeTUPYIOLINe PaCTeHUSI
(Komomuerr, 1962) HaMu HU pasy 3a(UKCUPOBAHbI
He 6bLIN. B 1a60PaTOPHBIX YCIOBUSIX IIPU TOJICUETE
yurca Sull, OTJI0KEeHHBIX CAaMKaMU B Pa3HBIX MecTax
cafiKa, BBISICHUJIOCH, UTO HanbOJIbIIee YN CJIO SUI] CaM-
KU OJTHOTO ITOKOJIEHNWS OTKJIabIBAIOT B CAMOM TEMHOM
MeCTe CaMOU CBETJION YacTu cafka. THTepIpeTupys
3TU JAHHBbIE HAa IPUPOJHBIE YCIOBUS, MOKHO MpEJ-
TIOJIOKUTh, UTO KJIOTIBI ITPEATIOUNTAIOT OTKJIaAbIBATh
giia B TJIybMHE Olazia Ha BO3BBIMIEHHBIX, XOPOIIO
OCBEIeHHBIX yUacTKax, n3beras M, OBparos, rycTon
PacTUTENbHOCTY U MPOUUX 3aTeHeHUl. BeposTHO,
B 3aT€HEHHBIX MECTaX BECHOU CIUIIKOM JOJITO TaeT
CHET U IIPOTPEBAETCS MOYBA, & B IOHW)KEHUIX, KDOME
TOTO, CYIIEeCTBYET ONIACHOCTD 3aTOMJeHud autl,. C Ha-
CTYTLJIEHVEM XOJIOZOB B3POCJIbIE KJIOTIBI TTIOTUOAOT, 3U-
MYIOT TOJIbKO Arariay3upyouue aia. Bo BceM apeae
P, bidens pa3BUBaeTCS TOJBKO B OJHOM IIOKOJIEHUU (MO-
HOBOJIBTUHHBIN).

B cagkax mMaro )KUBYT 10 4 MeCs1IeB, HO Hanb0JIb-
1ee YUCJIO ULl CAMKU OTKJIQIbIBAIOT B IIePBbIe JBa
Mecsila Ku3Hu. CriapuBaHue IIPOUCXOAUT MHOTOKpAaT-
HO. OHa KJaJiKa COCTOUT B cpegHeM u3 35-40 aur
(ot 1-2 mo 60 sim), 1o [TyukoBy (1961) — mo 150 smii,
IJIOLOBUTOCTb caMKu gocturaeT 300 gull, cpegHasg
TIJI0AOBUTOCTb — 107,5 siilia Ha caMKy. IIpOMexXyTKU
BpeMeHU MeX/Iy OTKJIaZKOU IBYX OUepPeIHbIX SUI] CO-
CTaBJISAIOT 3—5 MUH. Ha 3aBeplieHne OgHON cpenHel
KJIaJIKU caMKe TpebyeTcst OKOJIO 2 4. PeIpOIyKTHB-
HBIY [TIOTEHIIMAaJ II0JIHOCThIO He peanusyeTcs. OObru-
HO Y IOTUOIINX CAMOK UMEITCS c(DOPMUPOBABIINECS
sIH1Ia, KOTOPbIe OHU He OTJIOXKUIIN. Tak, IIPY BCKPBITUY
HaMu B 1abopaTopuu IOrubIneil caMKM B ee IMUHUKAX
6pLIM 06HAPYKEeHbI 42 chOPMUPOBABIINXCS AULIA.

Iloist TOro 4TOo6BI B AWIlaX HAYaJM Pa3BUBATbHCS
JIMYUHKY, UM HEOOXOIMMO TIPOUTHU IIEPUO, OXJIaxK]Ie-
HUS. B IPUPOIHBIX YCIOBUSIX SUIA OCTAIOTCS B HEAK-
TUBHOM COCTOSIHUU JI0 8 Mecs1eB U 6oJiee, TpuueM
B 3MMHee BpeMs II0[BepraloTcs mpoMep3aHuio. B ja-
60paTOPUHU NOCTATOYHO JIBYXMECIUHOTO COJIEPIKAHUS
KJIQZOK IpU TeMIlepaType +2...+4 °C [Jist TOro, YTo6b!
MOTJiu pa3BuThes 6osee 50% sutl. Tlocjie 0fHOTO Me-
cs11a Comep KaHUs B MOLOOGHBIX YCIOBUSIX Pa3BUBA-
10TCd 0K0JIO 30% gun,. [Ipu BHeCEeHUU ULl B TEUEHME
1-2 Hepenb Mocye OTKIAAKM B MOPO3UIbHYI0 KaMepy
¢ Temnepatypoit —10...-15 °C Bce oHu noru6aT. [1pu

In the southern regions, Picromerus bidens usually in-
habits the mountains, since it needs a decrease in win-
ter temperature for normal development.

The basis of the laboratory culture of VNIIKR was
about 500 specimens of Picromerus bidens collected by
0.G. Volkov in September-October 1992 in the Ore-
khovo-Zuevsky district of Moscow Oblast (Volkov et al.,
1995; Volkov, Tkacheva, 1997). Subsequently, the en-
tomophage was repeatedly collected in other regions.

P, hidens is a large bug with pronounced sexual
dimorphism (see Fig. 10). Females reach a length of
15 mm and weigh from 80 to 160 mg; males are smal-
ler and weigh 30-80 mg. The sex ratio in nature and in
laboratory conditions is usually equal (1/1). The main
body color is brown; the top of the head and the tops of
the lateral angles of the pronotum are bronze or green.
The antennae are reddish, with a dark top and lighter
bases of the segments. There are two small light spots
in the center of the pronotum, the same spots (light cal-
loused tubercles) are located on the anterior corners of
the scutellum. The apex of the scutellum is light. The
bottom of the abdomen and femora with scattered, not
merging into spots and rows, dark and light puncture.
The legs are dark, with wide light rings in the middle
of the shins, reddish tops of the shins and bases of the
paws. The abdomen of females is rounded, protruding
widely beyond the edges of the wings. The abdomen
of males is elongated, slightly protruding beyond the
edges of the wings.

The natural population of this bug has two types
of diapause: summer imaginal (reproductive) — aes-
tivation and winter — at the egg stage (ovarian). Sum-
mer reproductive diapause does not allow females in
nature to prematurely lay diapausing eggs. In Central
Russia, P, bidens adults appear in July-August, but fe-
males do not lay eggs until late August — early Sep-
tember. In 1994, we transferred 600 diapausing eggs
of P, bidens from the laboratory population to St. Pe-
tersburg State University, after which we studied the
effect of photoperiod on the development of this bug
(Musolin, 1996, 1997; Musolin, Saulich, 2000). It was
found that when growing P, bidens larvae in different
photoperiodic regimes at 24.5°, minor delays in the
duration of larval development were observed with an

Puc. 11. diiueknagka
nukKpomepyca apy3sy6uartoro
Picromerus bidens Ha (pparMeHTe  on a dry leaf fragment
cyxoro nucta (¢poto: O. . Bonkos)  (Photo by 0.G. Volkov))

Fig. 11. Eggs of
Picromerus bidens
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Puc. 12. CBexeoT/oXeHHble (cnesa)
n noteMHeBLlwwue (cnpaBa) anua nukpomepyca darkened (right) eggs of P. bidens

apy3y6uaroro (cpoto: O. . BonkoBs)

nepeMellleHUY MaTepuaa us jadoparopuu (+25 °C)
cpasy B pedpumxkepaTtop (+2 °C) kaueCTBO MaTepuaia
HauyMHAaEeT 6BICTPO YXYAUIATbCS IIOCTIE IBYXMECAUHOTO
xXpaHeHUs. Uepes 5 MecsIeB TAKOTO XPaHEHHU ST BBIXO]I,
JMYNHOK COCTaBJISET TOJBKO 27-31%.

PykoBOACTBYSICh T€M, UTO B IIPUPOJE TTOHMKE-
HUe TeMIlepaTypbl 06BIYHO ITPOUCXOLUT ITIOCTEIIEHHO,
MbI pa3paboTany ONTUMAJbHBIN PEXUM XpPaHEHUS
Auaray3upynIiuX Sull IMKPpoOMepyca, a KpOMe TOTO,
OIpeJleININ BEPXHIOI0 TEMIIEPATYPHYI0 I'PAHUILy pe-
skuMa guarnayssl (Boskos, 2011). B pesynbTaTe sKCIIE-
PUMEHTOB BBISICHUJIOCH, UTO BEpPXHEHN TeMIepaTyp-
HOU rpaHUllell AJg Hallel KyJIbTypbl IMKpPOMepyca
aBisgeTcs +8 °C. Uepes 2 Mecdlla XpaHEHUS B TAKOM
peXruMe MpPU NOBBIIIEHUY TEMIIEPATYPbI U3 AU BbI-
XoauT oT 50% JNIMUYKHOK. [TocTenmeHHbIN BBIXOM, Ha pe-
JKMM pedproKepaliy yaydllaeT KauecTBO MaTepuaia.
W3 gaui Kjora, XpaHuBIIUXCA 2 Mecdua npu +8 °C,
a 3aTeM 3 Mecsila rpu +2 °C, Beixogut 6osee 60% au-
YHHOK, TO €CTh B 2 pasa 60JibIlle, YeM IPU 00BIYHOM
pexxume pedprokepaiuu. KpoMme TOro, B 3TOM CiIy4dae
BO3MOXKHO 3aMopakuBaHue Aull. [Ipy XpaHeHU! Ma-
Tepuaja 2 Mecdlia [1pu TeMieparype +8 °C, 2 mecana
npu +2 °Cu 2 Hepesnu nipu —15 °C u3 gur, oo 50%
JIMYUHOK.

dnina P. bidens o6bIYHON AJIS KJIOIOB-IIUTHUKOB
60YEeHKOBUIHOU (hOPMBI, KPBIIIEUKa OKPY’)KeHa BEH-
1IOM JIJIMHHBIX TOHKUX 3y6110B. CpeqHUN BeC OHO-
ro auna — 0,7 Mr, pasMepsl — 0KOJIO 1,2 MM B AJIUHY
u 0,9 MM B guamerpe. Cpasy mocjie OTKIAAKU Siiia
GeJible, HO 3aTeM OBICTPO TEMHEIOT, CTAHOBSCH ITOUTU
JyepHBIMU. OLHAKO B OTJIMUKE OT ULl MHOTUX IPY-
TUX UIMTHUKOB 3TO HE MPU3HAK Pa3BUTUS JIMUUHKY,
B 3UMHIOI0 AUaTIay3y SAilla yXoAsaT B 9OMOPUOHAIbHOM
COCTOSIHUY, Pa3BUTHE JUUUHKM HAUXHAETCS MOCie
OXJIAXKIEeHUS Aull. TeMHEIOT BbIJeJIeHU CaMKU, KOTO-
phle TOKPHIBAIOT SII]a, CKIIEUBAIOT UX MEX]Yy COO0MU
U IPUKJIEMBAIOT K cy6eTpaTy. [loTeMHeHMEe 0COGEHHO
OBICTPO MPOUCXOIUT IT0J] BO3/IEICTBUEM CBETA U IIPU
BBICOKOU BJIQXKHOCTY U, BEPOSITHO, MacCKUPYyeT Auiia
KJIoma Ha cyberpare (cM. puc. 12).

BecHO# 13 mepe3nMOBABIIUX SUIl BBIXOISAT
JUYUHKY ODUKpoMepyca. JINUUHKU IIPOXOAAT MATh
BO3pacToB. B okpacke JMYMHOK ITpeoGamaioT

Fig. 12. Freshly laid (left) and

(photo by 0.G. Volkov)

increase in day length. In short-
day regimes (12:12 and 14:10 h),
all females synchronously be-
gan to lay eggs on the 11-19%
day after fledging, whereas in
the long-day regime (18:6 and
20:4), despite the active feeding
and mobility of the bugs, egg
laying was delayed. Females be-
gan to lay eggs in long-day lab-
oratory regimes on average on
the 30"-53" day after fledging.
It was also found that some of
the eggs laid by P, hidens females
hatched without being reactivat-
ed by cold, and the percentage
of such eggs was significantly
higher in “short-day” females
(17.7 and 20.9%) than in “long-
day” females (5.7 and 6.0%).

Aestivation in P. bidens is
not stable and is quite easily
overcome in laboratory conditions. When kept in
VNIIKR in 24-hour lighting and a temperature of
+26 °C, a laboratory population of P, bidens was formed
in which imago mating occurs 3-4 days after fledging,
and 1-2 days after mating, females begin to lay eggs.
Such alaboratory population is much more convenient
for keeping as biological control agents.

In natural populations, bugs mate in late summer
and early autumn. The mating process is long and can
take up to 4 hours or more. Females lay eggs on fall-
en leaves, branches and other dry plant debris (see
Fig. 11). To lay eggs, the female burrows deep into the
plant litter, laying eggs closer to the soil. In this way,
the bug eggs are protected from drying out and from
the effects of too low temperatures in winter. We have
never recorded cases of females laying eggs openly
on vegetative plants (Kolomiets, 1962). In laboratory
conditions, when counting the number of eggs laid by
females in different places of the cage, it turned out
that females of one generation lay the greatest number
of eggs in the darkest place of the lightest part of the
cage. Interpreting these data on natural conditions, it
can be assumed that the bugs prefer to lay eggs deep
in the litter in elevated, well-lit areas, avoiding pits, ra-
vines, dense vegetation and other shading. Probably, in
shaded areas in the spring the snow melts too slowly
and the soil warms up, and in depressions, in addi-
tion, there is a risk of flooding the eggs. With the onset
of cold weather, adult bugs die, only diapausing eggs
overwinter. Throughout its range, P, hidens develops in
only one generation (monovoltine).

In cages, adults live up to 4 months, but females
lay the largest number of eggs in the first two months
of life. Mating occurs repeatedly. One clutch consists
of an average of 35-40 eggs (from 1-2 to 60 eggs),
according to Puchkov (1961) — up to 150 eggs, the fe-
male’s fertility reaches 300 eggs, the average fertility is
107.5 eggs per female. The time intervals between the
laying of two successive eggs are 3—5 minutes. It takes
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KpacHO-KOPUYHEBbIe TOHA.
lonmoBa, rpyab c 3avaTkaMu
KPbLIbEB, NUTKW Ha CErMeH-
Tax GPIOIIKA U JIallKW TeMHBIE.
C IIl Bo3pacTa BUAHBI CBETJIbIE
epeBa3yW Ha TOJIEHIX JIAIlOK
U Ha yCHKaX, TYJIOBUIILE JIW-
4YMHOK V BO3pacTa OKpyXe-
HO CBeTJION KaiMou. Tak Kak
CaMKU TIPeAIOYUTAI0T 0CEHbIO
OTKJaAbIBaTh SAHIla B TIOJ-
CTUJIKE Ha OTKPBITBIX MECTax,
9T YYaCTKU IIPOTpPeBaloTCs
COJTHEYHBIMU JIydaMU U MU-
KPOKJIIMAaT, B KOTOPOM Haxo-
OATCA AUIeKIaK1, MOXKET 3Ha-
YUTEJIbHO OTJINYATHCS OT 00ILeH
TEeMIIepaTypbl OKPYXAILETO
Bo3myxa. B jabopaTopuu mmpu
+20° BBIXOJ JIUUUHOK U3 SUI]

npu +25° — yepes 9 CyTOK, IIPU  kapTochenbHoil kKopoBku Henosepilachna
+30° — uepes 7 cyToOK. B cpexn- vigintioctomaculata (hoto: O. I. BosikoB)

Hel Poccuu BBIXOJ JUUYMHOK
MUKpOMepPyca U3 U1l 3aBEPIIAeTCs B TeUeHVe Masl.
JINYMHKY IIEPBOT0 BO3pacTa He IMIUTAITCS JKMBOTHOMI
uIeH, a bIOT BOAY U COKU pacTeHuit. OGbIYHO OHU
HaXoIATCs BOIM3M SUIIeKJIaIKY, MHOTa pa3bpemasich
Ha HebOJbIlIVIe PACCTOSHYS, a 3aTeM BHOBb 06pasys
cKoruieHue. Ecau cocemHue GUIleKIagK HaX0IsITCs
HeIaJleKo IPYT OT APYTa, B TAKOM CKOTIJIEHUU MOXET
HaXOJIUThCS HECKOJIbKO COT JIMUYMHOK ITUKPOMeEpyca.
[Tpu 20° nuuuHKY 1TepexonqaT B Il BO3pacT, B CpelHEM
yepes TPoe CyTOK IPU ITOHWIKEHUY TEMIIEPATyPhI pas-
BUTHE 3aMeajsgeTcs. JInunHKy [ Bo3pacTa mepexoasaT
K IUTAHUIO )KUBOTHOU MUIIEN, XOTSI MOTYT IIOJICACKI-
BaTb PacTeHU JIJIs BOCIIOJHEHUS neduIluTa BiIaruy.
JJTs1 5TUX IMYMHOK TaK)XKe XapaKTepPeH I'PYIIOBOM 06-
pa3 )KW3HU U TPYIIIOBOe MuTaHue (cM. puc. 13).

ClemyeT OTMETHUTD, UTO MOL00HBIN 00pas )KU3HU,
B OTJIMYME OT IPYTUX KJIOTIOB-a30IMWH, XapaKTepeH
I BUJlA B LIeJIOM. I'pynmaMu gepyxaTcs JUIYUHKU
BCeX BO3pacToB. Jla)ke MMaro, XOTs M He 00pasyioT
CKOTLJIEHWH, TPUCYTCTBYIOT B HEGOJIBITUX TPUPOIHBIX
CTalMaX, TUIIA JIECHOM IIOJIIHBI, B KOJIMUECTBE He-
CKOJIBKMX COT 0co6eli. BOBMOXXHO, 5TO CBSI3aHO C TEM,
UTO B3POCJble IMKPOMEPYChI 06J1aaloT BecbMa cJa-
OBIMU JIETHBIMY CIIOCOOHOCTSIMHU (UMest YKOPOUEHHbBIE
KPBLIbs, IBJISIIOTCS TIPAKTUUECKH He JIETAIIIUMN), U,
ecJiv Obl IMUYMHKY pa3bpenananch IIOOIMHOYKE, B3POC-
JIBIM KJIOTIAM B JaJibHEHNIIeM ObLII0 GBI TPYAHO HAUTHU
mapTHepa IJjs criapyuBaHusg. Paboras B Hared jgabo-
paTopuu c Hallel KyabTypoii P. hidens mpodeccop Ha-
LIMOHAJIBHOTO MHCTUTYTA 6mosioruu (National Institute
of Biology) (JIto6sisiHa, CiioBeHMsI) A. YOKJI BBISIBUJI, UTO
KOMMYHUKAIIHS MEX/LY IT0JIaMU 3TOTO BUJIa TPOUCXO-
JIUT aKyCTUUYECKUM METO/IOM, ITyTEM TaK Ha3bIBAEMBIX
BUOPAIMOHHBIX CUTHAJIOB, IIPUYEM JMAIIa30H 3TUX
CHUT'HAJIOB IIUPE, YeM Y APYTUX UCCIEJOBAHHBIX ASO-
pinae (Cokl et al., 2011).

B ma6opaTopuu npu +23-25° TMUNHKY ITPOXOIAT
BCe 5 BO3PAaCTOB IMPUMEPHO 3a MeCSI], HO Pa3BUTHE
HepaBHOMEPHOE JIaXKe Y OJJHOBO3PACTHBIX IMUNHOK,
cozep Kalnuxcs B O[MHAKOBBIX YCIOBUAX. B Ipupoe
IepBble UMAaro IMOSBJISIOTCSA O0BIYHO B MIoJie. Bompe-
KU YTBEPXKIEHWI0 HEKOTOPBIX aBTOPOB ([Ty4ykoB, 1961),

Puc. 13. JInunHkm 2-ro Bo3pacTa

Fig. 13. 2nd instar larvae of P. bidens
MPOUCXOAUT Yepes 14 CcyTOK, nuKpoMepyca fBy3ybuaToro atakyioT iMumHKy  attack the larva of Henosepilachna

vigintioctomaculata.
(photo by O.G. Volkov)

the female about two hours to complete one average
clutch. Reproductive potential is not fully realized.
Usually, dead females have formed eggs that they did
not lay. Thus, when we dissected a dead female in the
laboratory, 42 formed eggs were found in her ovaries.

In order for the larvae to start developing in the
eggs, they need to go through a cooling period. In nat-
ural conditions, the eggs remain inactive for up to
8 months or more, and in winter they are subject to
freezing. In the laboratory, 2 months of keeping the
clutches at a temperature of +2+4 °C is enough for
more than 50% of the eggs to develop. After one month
of keeping in such conditions, about 30% of the eggs
develop. If the eggs are placed in a freezer with a tem-
perature of -10-15 °C within one or two weeks after
laying, they all die. When moving the material from the
laboratory (+25 °C) directly to the refrigerator (+2 °C),
the quality of the material begins to deteriorate rapid-
ly after two months of storage. After 5 months of such
storage, the yield of larvae is only 27-31%.

Guided by the fact that in nature the temperature
decrease usually occurs gradually, we developed an op-
timal storage mode for diapausing P. hidens eggs, and,
in addition, determined the upper temperature limit of
the diapause mode (Volkov, 2011). As a result of exper-
iments, it turned out that the upper temperature limit
for our P. bidens culture is +8°C. After two months of
storage in this mode, with an increase in temperature,
50% of larvae emerge from the eggs. Gradually switch-
ing to the refrigeration mode improves the quality of
the material. More than 60% of larvae emerge from bug
eggs stored for 2 months at +8°C and then 3 months
at +2°C, i.e. twice as many as with the usual refriger-
ation mode. In addition, in this case, freezing of eggs
is possible. When storing the material for two months
at a temperature of +8°C, two months at +2°C and two
weeks at -15°C, 50% of larvae emerged from the eggs.
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KaHHU6AIU3M y IMUYMHOK ¥ MMaro MMKpoMepyca Bbl-
pakeH, BO BCSIKOM CJIy4ae, B Cajikax, XOTS M HE B Ta-
KOU CTereHu, KaK, HalIpuUMep, y rmogusyca. Oco6eHHO
YS3BUMBI KJIOITBI BO BpeMs JIMHbKY Ha CJIeAYIOUIMHI
BO3pPAacCT, KOTOpas SIBJISETCS JOBOJbHO AJIUTEIbHBIM
npolieccoM. Harrpumep, IMHbKA JUYUHKY V BO3pacTa
Ha UMaro, JI0 MOJHOTO0 ITIOTEMHEHNUS, 3aHUMaeT 4-5 4.
MuHuMaJIeH KaHHUO6aIu3M IIPKU Pa3BUTUMU OJLHOBO3-
PACTHBIX JUYUHOK M3 OJHOU TPYIINBI SUIl B OLHOM
o6beMe, IPU CMEIMBAHUY TAKUX MUKPOIIOMYIAINH
KaHHKO6AIM3M PEe3KO BO3PaCTaeT.

OG6BIYHBIE MECTa OOUTAHUS MUKPOMeEpPyca — IPU-
pedHble 3apOCii TPaB ¥ KyCTapHUKOB, BHIPYOKU,
JIeCHbIE IIOJAHBI. JINUMHKKA MJALIINX BO3PacTOB
yaie o0UTaT B TPABIHUCTOM Spyce, INYUHKY [V-V
BO3PacTOB ¥ MMAaro IMOJHVWMAIOTCS BBINE, B TaKUe
KPYIIHbIE TPaBbl, KAK MBAaH-4Yal, B 3aPOCJIY MaJIMHBI
¥ €)KeBUKU, Ha CTBOJIBI 1 B KPOHBI IepeBbeB. HaunHas
C KOHIIA JIeTa U OCEHbIO B3POCJIbIE KJIOMbI B TeUeHME
JIHS COBEPIIAIOT OIIpeeIeHHbIe MUTPAIIUH 10 PACTH-
TeJIbHOCTH. [Tocjie BOCX0/1a COJIHIIA, KOTIa TPaBhI, B KO-
TOPBIX HOUYIOT ITMKPOMEPYChI, 00MIBbHO YCESTHBI POCOH,
KJIOTIBI TIOIHMMAIOTCS Ha BEPXYIIEYHbBIE JIUCThS, 06ChI-
XawIue paHblle IPYruX. 3aTeM A0 MOJIYLHS KJIOMIbI
HaXOMATCS B CPeIHEM U BEPXHEM SIpPyce TPABIHUCTOMU
¥ KyCTapHUKOBOM PACTUTENbHOCTH, TJ€ TPOUCXOIUT
TIOVICK JOOBIYM U CIIapMBaHYe KJIOIIOB. Birke K Beue-
PV, KOT[la BEPXHUH CJIOU TTOACTUIIKY XOPOIIIO ITPOCHI-
XaeT, KJIOTIbI CITYyCKAI0TCS Ha HEE U OTKJIAJIbIBAIOT U1l
Ha pacTUTEeJIbHbIE OCTaTKK. Ha ITOACTUIIKE B 9TO BpEMSI
MOKHO COOMpPAaTh HEe TOJbKO CAMOK, HO ¥ CaMIIOB IIH-
Kpomepyca.

CrieKTp HAaCEeKOMBIX, YIIOTPEOISIEMBIX TTUKPOME-
PyCcoOM IBy3yO6UaThIM B KQUeCTBe MUIIY, BeCbMa IMUPOK
Y HAaCUMUTHIBAET, 10 JaHHBIM Pa3HbIX aBTOPOB, CBhIIIE
250 Bugmos (ITyukos, 1961; Lariviere & Larochelle,
1989) (cM. Tab. 1). YKe co BTOPOT0 BO3pacTa JUUUHKU
MMMKpPOMepyca HAUMHAKT HAllaJaTh Ha JUYUHOK JPY-
T'UX HACEKOMBIX, YaCTO 3HAYUTENHbHO [IPEBOCXOIANINX
UX 110 pazMepaM. ['pPyIIIoBoi CITocob HanaieHus U Y-
TaHMS II03BOJISIET JIMUYMHKAM CIPaBJIATHCI C TaKOMH
KPYITHOU O6bIUell, KaK, HAalpuMep, I'YCEeHUIIbl Ma-
JIOTO HOYHOTO IaBJUHBETO TJasa Saturnia pavonia L.
[TpenmouynTaeMblii KOPM — IMUNHKY [THJINIbIINKOB,
JKECTKOKPBLIBIX U T'YyCEHUIIbI CAMBIX Pa3HOO6Pa3HBIX
yelryeKpbuibiX. Emie B XVIII Beke peKoMeH0BaJju UC-
I0JIb30BaTh Picromerus bidens nJjist 60pbOBI C ITOCTENb-
HBIMY KJIOIIAMU B IOMeIleHuIX. [[JIs 3TOH IeJIY IPe-
Jlarajy BBIITYCKATh 110 6—8 0c0o6eil B3POCIbIX KJIOIIOB
B IIOMeIleHMe Ha HeCKoJIbKo Hefesb (Clausen, 1940).
3a 3TOT CPOK, KaK yTBEPKAAJIOCH, XUITHUKU TTOJTHO-
CTbHI0 OUMINAIOT IOMEIIEHNE OT ITIOCTEJhHBIX KJIOTIOB,
Jlayke TIPU UX BbICOKON UMCJIEHHOCTH. ITO YTBEPXKIE-
HUS IPEICTaBIISIEeTCsS JOCTAaTOYHO ITPaBI0IIO00HbIM,
TaK KaK MUIKPOMeEPYC OXOTHO U caM IIPOHUKAET B Ope-
BeHYaThle N30bl U UMeeT OObIKHOBEHME 00IIapruBaTh
1eJiv B GpeBHAX CBOMM XO000TKOM B IIOMCKAX JOOBIYM
(mocTeNbHBIE KJIOIBI O0BIYHO B 3TUX LIENSAX U CKPBI-
BaJiiCch). HamajeHue 5TOTO XUIIHMKA Ha KJIOIIOB
C MATKMMHY ITOKPOBaMU, TAKUX KaK KPaCHOKJIOII-COJI-
natuk Pyrrhocoris apterus L., Mbl (UKCUPOBAJIN CaMU
(cM. puc. 14).

B HamMX OIMBITaX MUKPOMEDPYC HE TIUTAJICS TJIS-
MU U IPU OTCYTCTBUHU APYToro kopMma morubast. Ouru-
60uHBIM ABIsgeTcd MHeHHre (Schumacher, 1910), uto
TIMKPOMEPYC He ITUTAETCS BOJIOCATHIMU I'YCEHUIIAMU.

The P. bidens eggs are typically barrel-shaped
for shield bugs, with the operculum surrounded by a
crown of long, thin teeth. The average weight of one egg
is 0.7 mg, and the size is about 1.2 mm in length and
0.9 mm in diameter. Immediately after laying, the eggs
are white, but then quickly darken, becoming almost
black. However, unlike the eggs of many other shield
bugs, this is not a sign of larval development; the eggs
go into winter diapause in an embryonic state, and
larval development begins after the eggs have cooled.
The female’s secretions darken, covering the eggs, glu-
ing them together and sticking them to the substrate.
Darkening occurs especially quickly under the influ-
ence of light and at high humidity and probably masks
the bug eggs on the substrate (see Fig. 12).

In spring, P. bidens larvae emerge from overwin-
tered eggs. The larvae go through five instars. The lar-
val coloration is dominated by red-brown tones. The
head, chest with wing rudiments, shields on the ab-
dominal segments and legs are dark. From the 3" in-
star, light bands are visible on the shins of the legs and
on the antennae, the body of the 5" instar larvae is sur-
rounded by a light border. Since females prefer to lay
eggs in the litter in open places in autumn, these areas
are warmed by the sun’s rays and the microclimate in
which the egg-laying areas are located can differ sig-
nificantly from the general ambient air temperature.
In the laboratory, at +20°, the larvae emerge from the
eggs after 14 days, at +25° — after 9 days, at +30° — af-
ter 7 days. In Central Russia, the emergence of P, bidens
larvae from eggs is completed during May. The first-
stage larvae do not feed on animal food, but drink wa-
ter and plant juices. They are usually detected near the
egg-laying site, sometimes wandering off over short
distances and then forming a cluster again. If neigh-
boring egg-laying sites are close to each other, such a
cluster may contain several hundred P, bidens larvae. At
20°, the larvae enter the second stage, on average, after
three days; when the temperature drops, development
slows down. The second-stage larvae switch to feeding
on animal food, although they can suck up plants to
replenish the moisture deficit. These larvae are also
characterized by a group lifestyle and group feeding
(see Fig. 13).

It should be noted that this lifestyle, unlike oth-
er azopine bugs, is typical for the species as a whole.
Larvae of all ages stay in groups. Even imago, although
they do not form clusters, are present in small natural
habitats, such as forest clearings, in quantities of sev-
eral hundred individuals. Perhaps this is due to the
fact that adult P, hidens have very weak flight abilities
(having shortened wings, they are practically flight-
less) and if the larvae wandered off alone, it would be
difficult for adult bugs to find a partner for mating.
Working in our laboratory with our P. hidens culture,
Professor of the National Institute of Biology (Lju-
bljana, Slovenia) A. Cokl found that communication
between the sexes of this species occurs acoustically,
by so-called vibration signals, and the range of these
signals is wider than that of other Asopinae studied
(Cokl et al., 2011).
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[ ooty

Puc. 14. Camka nukpoMepyca gy3ybuaTtoro

Pyrrhocoris apterus (poTto: O. . Bonkos)

B ymma6opaTopuy ¥ IMYUHKY, M ©UMaro OXOTHO HaTama-
10T Ha TYCEHUI] MeJIBeNUI], ¥ HETTAPHOI'0 MIEJIKOIIPsLa
(cMm. puc. 15), 0 TuTaHUYM IUKpoMepyca B TYBUHCKOHN
Talre rycCeHUIlaMy CUOGUPCKOTO KOKOHOMIPSA CO006-
uraet Kosomuer (1962).

[MuTaHVe TUIaMU Pa3JIMYHBIX HACEKOMbBIX UMe-
€T MEeCTO B IEPBYI0 0YepPenb IJIsd JUYUHOK KJIOTIA.
[TUKPOMEPYC OXOTHO MUTAETCS KYKOJIKaMU U IPYroi
HEIOZBW)XHO, B TOM YKCJIE MEPTBOM, TOObIUEH. B j1a-
60pPaTOPHBIX YCIOBUSIX MUKPOMEPYCY TaKXe OBLIN
IpeJJIOKEHBI INYNHKY JBYKPBUIBIX: MyXU-PO30DU-
Jiet Drosophila sp., KOMHaTHOU Myxu Musca domestica L.
u myx-kaynudopun nporodopmun Protophormia ter-
raenovae R.-D. u kaynudopsl KpacHOT0JI0BOY Callipho-
ra vicina R.-D. JInunHKaMu Ap0o30(G Uikl TMKPOMEPYC
He TUTAJICS Hake B YCIOBUSIX TOJIOAHUS, TNYUHKYA
KOMHATHOM MyXU 1 0COGeHHO 60JIee KPYTIHbIE IMUNH-
KU KaJutudopu/| BIIOJTHE MOIOILIY B KAUECTBE Jlellle-
BO¥ KOPMOBO1 6a3bl.

Korpa rosiogHbIM KJomaM ObLIU MPeAIoXKeHbI
IoxeBble uepBu Eisenia fetida (Savigny) (13 ma6opa-
TOPHOU KYJIbTYPBI), OHU AEJIAJIU IIOTBITKY ITPOKOJIOTH
4yepBs, HO TYT ’Ke OTCTYIIAJIU, IIPUUEM 3a €T0 X060T-
KOM TSIHYJIach cJiu3b. HO B IpUpPO/ie Mbl HABJIIOLAIA
MUTaHUE UMAaro MMKPOMepPyca MOKPBITBIMU CJIU3BI0
JIOXKHOT'YCEHUIIaMU BUITHEBOI'O CIU3UCTOrO TUJIUIb-
muka Caliroa cerasi (L.) (cM. puc. 16).

JIO)KHOTYCEHUI], PBIXKETO COCHOBOTO MTUJIAJIBIIA-
Ka ©Maro r1uKpomMepyca 0X0THO IToefau B cafgkax. Ho
B IIOJIEBBIX OITBITaX ITPY PACCEJIEHUU Ha BETKYU COCHBI
C IUYMHKAMU TUJIWJIBIIUKA INIYUHOK 3—4-T0 BO3pac-
Ta ITUKPOMEPYCa BBISCHUIIOCH, YTO IIPU TIOTIBITKE Ha-
TacTh Ha JIOXKHOTYCEHUITY OHA BBITTYCKAET HA IMYUHKY
KJIOTIA CMOJIMCTYIO XKUJIKOCTb M3 POTOBOTO OTBEPCTHUS,
rocJjie Yero JUUYMHKA IIpeKpallaeT aTaky, HaunHa-
€T YMCTUTBCS U CTapaeTcs rnepebpaThbcs Ha Jpyrue
pacreHwus.

JIMUMHKY Jiyullle TIePeJBUTAITCS 110 TJIaJKUM
ITOBEPXHOCTSM, YEM TSIXKEJIbIe B3POCJbIE KJIOIIBI.
[Ipu moMeneHUY Ha KOYaHBI KAIlyCThI, 3aCeJIeHHBIE

Fig. 14. P. bidens female attacks
HanapaeT Ha IMYMHOK KpacHoknona-conpatuka  the larvae of Pyrrhocoris
apterus (photo by 0.G. Volkov)

In the laboratory at +23...+25°
the larvae pass through all 5 instars in
about a month, but the development is
uneven even in the same-aged larvae
kept in the same conditions. In nature
the first imagoes usually appear in
July. Contrary to the assertion of some
authors (Puchkov, 1961), cannibalism
in larvae and imagoes of P. bidens is
expressed, at least in cages, although
not to the same extent as, for example,
in P. maculiventris. Bugs are especially
vulnerable during molting to the next
instar, which is a rather long process.
For example, the molt of a 5" instar
larva to imago, until complete dark-
ening, takes 4-5 hours. Cannibalism
is minimal during the development of
same-aged larvae from one group of
eggs in one volume, when such micro-
populations are mixed cannibalism
increases sharply.

The usual habitats of P, bidens are
riverine thickets of grass and shrubs,
clearings, forest clearings. Younger
larvae often live in the grass layer,
while larvae of the fourth and fifth instars and adults
rise higher, into large grasses such as fireweed, into
raspberry and blackberry thickets, onto tree trunks
and crowns. Beginning in late summer and autumn,
adult bugs make certain migrations through the veg-
etation during the day. After sunrise, when the grass-
es in which P, hidens spend the night are abundantly
covered with dew, the bugs rise to the apical leaves,
which dry out earlier than others. Then, until midday,
the bugs are in the middle and upper tiers of grassy
and shrubby vegetation, where they search for prey
and mate. Closer to evening, when the upper layer of
the litter dries well, the bugs descend onto it and lay
eggs on plant remains. At this time, you can collect
not only females, but also P, bidens males on the litter.

The range of insects consumed by P. bidens as
food is very wide and, according to various authors,
includes over 250 species (Puchkov, 1961; Lariviere &
Larochelle, 1989) (Table 1). Already from the second
instar, P, bidens larvae begin to attack the larvae of oth-
er insects, often significantly larger than them. The
group method of attack and feeding allows the larvae
to cope with such large prey as, for example, larvae of
Saturnia pavonia L. The preferred food is the larvae of
sawflies, beetles and caterpillars of a wide variety of
Lepidoptera. As early as the 18™ century, it was rec-
ommended to use P, bidens to control bedbugs indoors.
For this purpose, it was suggested to release 6—-8 adult
bugs into the room for several weeks (Clausen, 1940).
During this period, it was claimed, the predators com-
pletely clear the room of bedbugs, even if their num-
bers are high. This claim seems quite plausible, since
P, bidens willingly penetrates log huts and has a habit of
searching through cracks in the logs with its proboscis
in search of prey (bedbugs usually hid in these cracks).
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TyCeHUIlaMU PEITHOY 6eJITHKY, UMaro mOoCTEeIIeHHO
COCKaJIb3bIBAIOT C TJIaJIKUX JUCTheB U 3D(HeKTUB-
HOCTb OKa3bIBAeTCI HEBBICOKOMH. JInunHkY [I-1V Bo3-
pacTa, IoMelleHHbIe Ha 3TH K€ KOYaHbI, CBOOOLHO
TmepeMellaTCs 10 HUM 1 GbICTPO OUUIIAIOT KOUaHbBI
OT TYCEHUII.

Cormacuo Miller (1942) (us [TyukoBa, 1961), 1u-
YMHOK MMMKPOMepyca MOXXHO BbIKAPMJIMBATD BILJIOTh
JI0 IUMaro TOJIbKO Ha PACTUTENbHON MUIIe — Ha IPO-
Ke KpacuJibHOM Genista tinictoria L. CamoMy [TydKoBy
He yaJioCh BEIKOPMUTD JIMUUHOK ITUKPOMepyca, Ha-
unHadg c Il Bo3pacra, Ha pacTeHuax. OgHako [TyukoB
He YKa3bIBaeT, HA KAaKUX UMEHHO PaCTEHUSIX OH IIbI-
TaJICS BBIKAPMJIUBATh JIUUYMHOK, — Miller BbIKapMJIu-
BaJI Ha 6060BBIX. HaMu Gblila IPEAIPUHSITA IOIIBIT-
Ka BBIKOPMUTH JINUMHOK ITHUKPOMeEpPyca, HaunMHasg
c I Bo3pacTa, Ha pacTeHUsIX TOpoxa IOCEBHOTO Pisum
sativum L. B eMKkocTu 6bLI0 IToMeleHo 1o 100 juun-
HOK — Ha PacTeHMs ropoxa U Ha ropox ¢ 3e0puHuen

Puc. 15. Umaro nukpomepyca
ABy3y6uyaToro HanapaoT Ha ryceHuLy

Ha BeTke nunbl (doTo: O. . Bonkos)

Puc. 16. Picromerus bidens
nuTaeTcsa IMYMHKOWN BULLHEBOrO
cnusucToro nuaunbwmka Caliroa  on a hawthorn leaf (photo by

Fig. 16. Picromerus bidens

cerasi Ha nucTe 6osipbILWIHUKA 0.G. Volkov)

(cpoto: O. T. Bonkos)

Fig. 15. P. bidens imagoes attack
the caterpillar of Lymantria
HenapHoro wenkonpsapa Lymantria dispar ~ dispar on a linden branch

(photo by 0.G. Volkov)

feeds on the Caliroa cerasi larva

The attack on soft-shelled bugs such as Pyrrhocoris
apterus L. was witnessed by us (see fig. 14).

In our experiments, P, bidens did not feed on aphids
and, in the absence of other food, died. The opinion
(Schumacher, 1910) that the P, hidens does not feed on
hairy caterpillars is erroneous. In the laboratory, both
larvae and imago readily attack caterpillars of the bear
and gypsy moth (see Fig. 15); Kolomiets (1962) reports
that P, bidens feeds on Dendrolimus sibiricus larvae in the
Tuva taiga).

Feeding on eggs of various insects occurs primar-
ily for bug larvae. P, bidens readily feeds on pupae and
other motionless, including dead, prey. In laboratory
conditions, P. bidens was also offered dipteran larvae:
Drosophila sp., Musca domestica L. and Protophormia ter-
raenovae R.-D. and Calliphora vicina R.-D. P, bidens did not
feed on Drosophila larvae even under starvation condi-
tions; housefly larvae and, especially, larger calliphor-
id larvae were quite suitable as a cheap food source.

When hungry bugs were offered

T earthworms Eisenia fetida (Savigny)

(from a laboratory culture), they at-

tempted to pierce the worm, but im-

mediately retreated, with mucus

trailing behind its proboscis. But in

nature, we observed the feeding of

P. bidens imagoes on slime-covered

false caterpillars of Caliroa cerasi (L.)
(see Fig. 16).

P. bidens imagoes actively fed
on false caterpillars of the red pine
sawfly in cages. But in field experi-
ments, when settling P. bidens larvae of
31—4™ instars on pine branches with
sawfly larvae, it turned out that, when
trying to attack the false caterpillar,
it releases a resinous liquid from the
mouth opening onto the bug larva,
after which the larva stops attacking,
begins to clean itself and tries to move
to other plants.

But the larvae move better on
smooth surfaces than heavy adult
bugs. When placed on cabbage heads
inhabited by turnip white caterpil-
lars, the adults gradually slide off the
smooth leaves and the effectiveness
is low. Larvae of the 2" to 4t instars,
placed on the same heads of cabbage,
move freely on them and quickly clear
the heads of cabbage of caterpillars.

According to Miller (1942) (from
Puchkov, 1961), P. bidens larvae can
be reared up to imago only on plant
food - on Genista tinictoria L. Puchkov
himself failed to rear P. bidens lar-
vae, starting from the third instar, on
plants. However, Puchkov does not in-
dicate on which plants he tried to rear
the larvae — Miller reared them on le-
gumes. We attempted to rear P, hidens
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Ta61. 1. HekoTopbie BUbI — X03sieBa Picromerus hidens
B JIAGOPATOPHBIX U MOJIEBBIX YCJIOBUAX

Table 1. Some host species of Picromerus bidens in laboratory
and field conditions

Buj HaceKoMOro Jlnunnka Kykoska WUmaro MictouHuk By HacekoMoro JInuunka Kykosaka Mmaro MicTouHUK
Insect species Larva Pupa Imago Source Insect species Larva Pupa Imago Source
HEMIPTERA Cubupckuit Kosomuerr,
KpacHokor- KOKOHOIIDAL + ? ? 1962 .
CONIATUK . _ > C.n. Dendrolimus Kolomiets,
Pyrrhocoris apterus L o.d. sibiricus Tschetv. 1962
Kion mocTenbHbBIN B . Clausen HemnapHbIi %yi;cos
Cimex lectularius L. 1940. Elenxotnpg.u ® ? ’ 1961
COLEOPTERA JIMAntria o.d.; Puch-
dispar L. Kov. 1961
Kosopazckuit ov,
KapTOo(heNbHbIN XKYK + ? + C.n. [Ty4KOB,
Leptinotarsa o.d. SMMHI IAEHAIA ° " 1961
decemlineata Say Operophtera : ’ " Puchkov,
brumata L. 1961 !
KalmHOBBIN
JIUCTOE, 5 ” C.o. . C.n.
Galerucella viburni ’ ’ o.d. Agrotis sp. +) ? ? o.d.
Payk.
TTocmenos,
ToroJieBbIi CoBKa-raMma 1989
5 ° C.n. + ? ?
JICTOEZ, ) ; ; od Autographa gamma L. Pospelov,
Melasoma populi L. o 1989
KaprodenbHast OropofHas COBKa c
KOpOBKa . 5 . C. m. Lacanobia + ? ? ’ d'u'
Henosepilachna ' od. oleracea (L.) o
vigintioctomaculata KamycrHas coska
Motschulsk
( y) Mamestra +) ? ? g' dﬂ'
BOJIbIIOM Cn brassicae (L) o
MYyHHOM XpyIiaK ) ) ) o.d Hymenoptera
Tenebrio molitor L. o y P
Lepidoptera KpBIKOBHUKOBBIH com
NUJIWJIBIIUK + ? ? od
Bosbinas Cn Nematus ribesii Scop. o
BOIIIMHHAS OrHEBKa (+) +) +) o. d ’ R
Galleria mellonella L. o C.no.
MUIUJIBIIUK + ? ? od
OrueBka Nematus salicis L. o
caMIIUTOBas ) 5 5 C.no. P - - "
Cydalima perspectalis ’ ’ o.d. DK COCHOBBIN OJIOMUET]
MUINJIBIIUK unp., 1972
(Walker) S . + ? ? .
Neodiprion sertifer Kolomiets
lopHocTaeBas Geoffr. etal., 1972
MOJIb I6JIOHHAS C. n.
2 ? =
Yponomeuta ) ’ ’ o.d. BHmHeBI’H:I c
malinellus Z. CIIMSHUCTBIN + ? ? S
IAIAIbITNK o.d.
KpanusHuiia . 5 5 C.n. Caliroa cerasi (L.).
Vanessa urticae L. ’ ’ o.d.
DIPTERA
TTaBaIMHMNY r1as3 C.o.
; + ? ? Myxa KOMHaTHast C.n.
VanessaioL o.d. .
Musca domestica L. ) ) ) o.d.
MHOTrOIBETHHIIA 5 ° C. .
Vanessa polychloros L. ) ’ ’ o.d. Myxa
paHHEBECEeHHAA ) ) ) C.n.
PerHas GellstHKa ) 0 ” C.o. Protophormia od.
Pieris rapae L. o.d. terraenovae R.-D.
ITyuxos, CuHaAa MACHas MyXa c
BOHp.bIH.IHI/IL[a' R ” 1961 KPacHOTOJIOBAS ) ) ) -dﬂ-
Aporia crataegi L. ’ ’ Puchkov, Calliphora vicina R.-D. o.d.
1961
MaTbiit HOYHOI . I'IpVIMella.l-l(v-I'.()!: Eo6osHaqaeT nuTaHue B gCTeCTBeHHbIX '
ABIIHAH [1a3 ) 5 > O.c,iu. ycngsmlx, 0603HavaeT nNuTaHne B.na OPaTOPHbIX YCIOBUSIX;
Saturnia pavonia L. .d. 06o3HavaeT «CTaans oTcyTCTByeT>;
? 0b03HavaeT «CBeOEeHWI HEeT»; C. . — COBCTBEHHbIE JaHHbIe.
Jlyaka cepebpucras 5 ” C.o. .- Y g .
: natural feeding; (+): laboratory feeding; -: stage absent;
Phalera bucephala L. ) ’ ’ o.d. & () Y g g

?: no information; o. d.: original data.
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Zebrinia pendula Schnizl. Hu B omHOM ciyyae He yma-
JIOCh IOBECTU JIMUMHOK 10 V Bo3pacTa. Bo Bcex Bapu-
aHTax 60JIBIIAS YaCTh IMYMHOK rTorubasa yxxe B Il Bo3-
pacTe, HEMHOT'ME 3a CUeT KaHHUbaIM3Ma Iepexomuiu
B Il Bo3pacT u equHUIBI — B [V. He GBbIJIO BBISBJIEHO
HUKaKUX IIPEUMYIIECTB rOpoxa 110 CDAaBHEHUIO C 3€e-
OpUHUEN U TIPU UCIOJb30BAHUU UX B KAUECTBE JI0-
TTOJTHUTEbHOW TTOAKOPMKY MTPU TMTUTAHUU JUYUHOK
SKMBOTHOU NUIIEN. [10-BUAMMOMY, KIIOTIBI UCITOIb3YIOT
pacTeHus TOJIbKO KaK UCTOUHUK BIIATHU.

[TorckoBOe TTOBeJleHNe TTIMKPOMepyca OUeHb xa-
PaKTEPHO: KJIOM IEPEIBUTAETCS 10 PACTEHUSIM C BbI-
TSHYTBIM BIIEPE], YCUKaMU U OMYIIEHHBIM X000TKOM.
Kax y»xe 6b110 CKa3aHO, KJIOIIbI IPAKTUYECKY He JieTa-
0T ¥ TI03TOMY, ECJIU HE 3aMETWJIU NOOBIUY, TepefBUTa-
I0TCSl MeZIJIEHHO, TIIATEJIbHO UCCIEeNYS TIOBEPXHOCTD,
Ha KOTOPOU HaXOAATCs. Y3KMe TTOJIOCTY B PACTEHUIX
¥ IEJIW B CTBOJIAaX JIePeBbeB (M B CTEHAX 3[IaH1H) KJIO-
IIbI UCCJEAYIOT NIPYU MOMOIILM X060TKa. ECIU KJIOTIBI
00HaPY)XMBAIOT HETIOABU)XHYI0 NOOBIYY, HATIPUMED
KYKOJIOK, OHU UCCJIELYIOT €€ IIPU ITOMOIIU YCUKOB,
a 3aTeM IPUCTYNIAIT K IIPOKaJibIBaHUI0. Mbl HabJI10-
Iajiu IpoKaJibiIBaHVe MUKPOMEPYCOM KYKOJIOK Taji-
Jlepuu Jake yepes3 CTEHKU UX KOKOHA. JII0OGOIIBITHO
ToBeJleHVe MUKpoMepyca IpU 06HAPYKEeHUU 06bI-
UM, HaXOJISIIENCs B TayTUHHBIX THE3/IaX, UTO Xapak-
TEPHO [JIs PSJla BUIOB YeIlyeKPBIIbIX U IIePeIoHYa-
TOKPBLIBIX. Ha BeTKy A6JI0HU C THe3I0M sI6JI0OHHOM
TOPHOCTAeBOM MOJU OBbLIN MOcakeHsI P. bidens. Kio-
IIBI TIEPEIBUTAJIMCH T10 THE3Y CHAPY’KU, HE TPOHUKAS
BHYTPb. O HAKO, TIOCKOJIBbKY T'yCEHUIIBI TOPHOCTAEBOM
MOJIV TIMTAIOTCS Ha Tepudepuu ruesa, KJIOIbl Ta-
CKaJIM X CKBO3b MAyTUHY OLHY 3a APyrou u 3a 10 cy-
TOK UCTPEOUIN KOJIOHUIO ITIOYUTU TTOJTHOCTBIO — U3 He-
CKOJIBKUX JECSITKOB I'yCEHUI] OKYKJIMUJINCh TOJIBKO TPU
(cM. puc. 17). B Apyrux ombiTaxX, KOrLa Mbl ITpejIaraiu
UKpoMepycy rHe3za 6JJ0HHOM MOJIU C TyCEHUIIaMU,

Puc. 17. JInunHkn n nmaro
Picromerus bidens yHn4TOXawT

larvae, starting from the first instar, on pea plants Pi-
sum sativum L. We placed 100 larvae in a container — on
pea plants and on peas with Zebrinia pendula Schnizl.
In neither case did we manage to bring the larvae to
the fifth instar. In all variants, most of the larvae died
already in the second instar, a few, due to cannibalism,
passed to the third instar, and a few — to the fourth. No
advantages of peas were found in comparison with Ze-
brinia pendula and when using them as additional feed-
ing when feeding larvae with animal food. Apparently,
the bugs use plants only as a source of moisture.

The searching behavior of P, bidens is very char-
acteristic: the bug moves along the plants with its an-
tennae extended forward and its proboscis lowered.
As has already been said, bugs practically do not fly
and therefore, if they have not noticed prey, they move
slowly, carefully examining the surface on which they
are. Bugs examine narrow cavities in plants and cracks
in tree trunks (and in the walls of buildings) with the
help of their proboscis. If the bugs find motionless
prey, for example, pupae, they examine it with the help
of antennae, and then begin to pierce it. We observed
P, bidens piercing Galleria pupae even through the walls
of their cocoon. The behavior of P. bidens when detect-
ing prey located in web nests is curious, which is typi-
cal for a number of species of Lepidoptera and Hyme-
noptera. P, bidens were planted on an apple tree branch
with a nest of the apple ermine moth. The bugs moved
around the nest from the outside, without penetrating
inside. However, since Yponomeuta spp. larvae feed
on the periphery of the nest, the bugs dragged them
through the web one by one and in 10 days almost com-
pletely exterminated the colony — out of several dozen
larvae, only three pupated (see Fig. 17). In other exper-
iments, when we offered P, bidens nests of Hyponomeuta
malinella with larvae that had almost finished feeding,
the effectiveness was low — most of the larvae managed

L

Fig. 17. Larvae and imagoes of Picromerus bidens
feeding on Yponomeuta malinellus in a spider’s

ryceHuu, s6noHHon ropHoctaeBort  nest on an apple tree branch (photo by 0.G. Volkov)

monu Yponomeuta malinellus
B MayTUHHOM FHe3e Ha BeTke
a6noHu (choto: O. I. Bonkos)
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MOYTHU 3aBEPUIUBIIMMU NUTaHUE, SPPEKTUBHOCTD
Obla HEBBICOKOM — 60JIbIIIAs YaCTh I'yCEeHNI] ycIieBaja
OKYKJIUTBCS. [IJIOTHBIE TTAYKY KOKOHOB MOJIHY, TIPUKPHI-
Thle IAyTUHOH, MO-BUJMUMOMY, MaJIOJOCTYITHBI A JIs
MMMKpoMepyca.

B3pociible TUKPOMEPYCHI CITOCOGHBI 06HAPYKUTh
KPYTIHYIO T06BIYY, HAIpUMep TYCEeHUIL COBOK, Ha pac-
cTOoSIHUM 2—3 M. JIJIg TTOUCKA JAO6GBIYM UCITOJNb3YETCS
u oboHsHUE. [Tocie o6GHAPYKEHUS KJIOIMbI OBICTPO
IpUOIKAIOTCS K OObIUE 10 PACCTOSIHUSA B 2—4 CM,
TI0CJIe Yero HAaUMHAIOT IBUTaThCs YPE3BhIUAHO Me/I-
JIEHHO W OCTOPOJKHO. [Ipy 3TOM MX XO60TOK BBITS-
HYT 10 HAIIPaBJIEHUIO K IOObIUe, & YCUKU OTBEIEHbI
B CTOPOHBI U Hazas. OCTOPOXHO JOTPOHYBIIUCH XO-
6OTKOM [I0 OOBIYM, KJIOII IIPOKAJIBIBAET €€ IIOKPOBLI
CBOUMM 3a3yOpPeHHBIMU MaHAuOyIaMu. EC/iu ITOKpO-
BBI B JAaHHOI TOUKe He MOAJaI0TCs IPOKaJbIBAHUIO,
KakK, HalIpuMep, Y )KYKOB, TUKPOMEPYC HAaUMHAET
TmepeBUTaTh X060TOK IT0 TIOBEPXHOCTH TeJia Ho6bIur
B [TIOMCKaX ysI3BUMOro MecTa. Eciu nobsiua ob6Hapy-
JKUJIA HaTlaZleHre U TIBITAeTCS CKPBIThCS, KJIOT YIIOP-
HO ee mpeciienyeT. [Tocje MPOKaJIbIBaHUS TOKPOBOB
MaHAUGYIaMU KJIOT Yepe3 MaKCUJIJIbI BIIPhICKMBAET
B JKEPTBY CJIOHY, COIEPKAI[YI0 IIPOTEOJIUTUIECKUE
¢epmenTHI. [IpoIecc BOPBICKUBAHMUS YPEe3BbIUYANHO
0oJIe3HEH [JIs )KEPTBbI, ¥ OHA aKTUBHO 000POHSIETC.
I'yceHUIIbI OOBIYHO MIBITAIOTCS CXBATUTD YEJIOCTIMU
MECTO YKOJIa, a 3aTeM yIoJ3aioT. Kjorr, 66ICTpo Tepe-
IBUTASCh, IIOCTABJISAET UYENIOCTIM JOOBIUYM TOJHKO
CBOM X060TOK, KOTOPBIH, TT0-BUAUMOMY, OUeHb TBEP],
TaK KaK HY OHOU I'yCeHUIle He YIaJIOCh eT0 ITePeKy-
CcUTh. [IpY MOMBITKE XXEPTBBI CKPBIThCS, KJIOII Ipe-
MISITCTBYET 3TOMY, LIETISISICh JIalIaMU 32 IIOBEPXHOCT,
a IIPU CJIWIIKOM CUJIbHOM COITPOTUBJIEHUU I006BIUY,
clenlyeT 3a Hell. MaHAMOYJ bl TMKPOMEPYCa 3aKPeILIs-
IOTCSI B IOKPOBAX TeJia JOObIYY OUeHb IIPOYHO, TaK KaK
He IPUXOAUJIOCH HAGII0IaTh, YTOOBI KAKOMY-JIO0 Ha-
CEKOMOMY yIaJI0Ch OCBOBOAUTHCS OT YKOJIA TUUUHKYA
CTapIlero Bo3pacTa WX MOJIOOT0 B3POCJIOTO KJIOoIIa.
Kitom cTpeMuTCs JUMUTH LO06BIYY OMIOPHI, TI0O3TOMY
00bIYHA 1032 IMTAHU KJIOIIa Ha PAaCTEeHUSIX — BHU3
T0JIOBOM, KOTZIA OOBIYA, Ta)kKe OYEeHDb KPYITHasl, BUCUT
Ha X000TKe. KpymmHOe HaceKoMOe MOXKET BbIPBAThCS
TIoCJIe YKOJIa TUUYMHKY MJIaZIIIEro BO3pacTa Ui OYeHb
CTaporo B3POCJIOTO KJIOMA, Y KOTOPOTO MaHAUGYIIbI,
O-BUAUMOMY, VKe U3HOIIeHbl. OMHAaK0, TOCKOJIbKY
CJIIOHA y’Ke BIIPBICHYTA, rubesib NoObIUYM HerudbexHa.
Ecyii B3pOCJIOTO KOJIOPA/ICKOTO JKyKa 0TO6PaTh Y KJIO-
T1a cpasy ke II0CJie YKOJIa, TU0eJIb KyKa MPOUCXOIUT
B TeueHue oT 0,5 10 2 4. Takoi MeXaHW3M IIOBBIIIIa-
eT 3(heKTUBHOCTb MMKPOMEPYCa B KAUeCTBE areHTa
610JIOTMYECKOT0 KOHTPOJIS.

OGBIYHO, ECJIV ONUH TUKPOMEPYC aTaKOBAaJ J10-
6BIUy, K HEMY IIPUCOEIUHSIIOTCS IPyTrye Kokl Oco-
GEHHO 3TO XapaKTEePHO MIJIs IMUYNHOK, KOTOPbIE BEAYT
TPYMIIOBOM 06pas )KM3HU. BO3pacTHOI COCTaB I'PYITIIBI
HEOIVHAaKOB, OJlHAKO COBEPIIEHHO He 0093aTeJIbHO,
YTO MEePBBIMU HAllaJleHVe Ha J06bIUY OCYIIECTBISIOT
JIMUMHKY CTapIIeTro BO3pacTa MM B3POCJIbIE KJIOMHI.
Hepenko mepBbIMU aTaKyT KPYITHYO JOGBIYY MJIa-
mue JUYUHKYU. [Ipyrue KJIOMNbl MPUCOEAUHSIIOTCS
K ob1I1eli Tpariese B Jilo60e BpeMsi, BILIOTh J0 TTOJIHOT'O
BBICACBIBAHUS AOOGBIYU. [PYIIIIOBOE TUTaHKE O0COGEH-
HO XapaKTePHO JJIs1 Jab0paTOPHBIX YCIOBUY COmepIKa-
HUS TUKPOMEPYCa, OTHAKO U B TIPUPOIHBIX YCIOBUAX
MBI HAGJIIOZAJIY TPYIITIIOBOE MTUTAHWE, KaK JUYUHOK,

to pupate. Dense packs of moth cocoons, covered with
web, are apparently not very accessible to P. bidens.

Adult P, bidens are able to detect large prey, such as
Ponometia (Tarachidia) candefacta larvae, at a distance of
2-3 meters. They also use their sense of smell to find
prey. After detecting it, the bugs quickly approach the
prey to a distance of 2—4 cm, after which they begin to
move extremely slowly and carefully. Their proboscis
is extended towards the prey, and the antennae are
pulled back and to the sides. Carefully touching the
prey with its proboscis, the bug pierces its integument
with its serrated mandibles. If the integument at this
point is not amenable to piercing, as, for example, in
beetles, P. bidens begins to move its proboscis along
the surface of the prey’s body in search of a vulne-
rable spot. If the prey has detected the attack and is
trying to escape, the bug persistently pursues it. After
piercing the integument with its mandibles, the bug
injects saliva containing proteolytic enzymes into the
victim through its maxillae. The injection process is
extremely painful for the victim, and it actively defends
itself. The larvae usually try to grab the injection site
with their jaws and then crawl away. The bug, moving
quickly, exposes only its proboscis to the jaws of the
prey, which is apparently very hard, since no larva has
managed to bite it off. When the prey tries to escape,
the bug prevents this by clinging to the surface with
its paws, and if the prey resists too much, it follows it.
The mandibles of P, bidens are fixed in the integument
of the prey very firmly, since no insect has ever been
able to free itself from the injection of an older larva or
a young adult bug. The bug strives to deprive the prey
of support, so the usual feeding position of the bug on
plantsis upside down, when the prey, even a very large
one, hangs on the proboscis. A large insect may escape
after being pricked by a young larva or a very old adult
bug whose mandibles are apparently worn out. How-
ever, since the saliva has already been injected, the
death of the prey is inevitable. If an adult Colorado po-
tato beetle is removed from the bug immediately after
the prick, the beetle dies within 0.5 to 2 hours. This
mechanism increases the effectiveness of P. bidens as a
biological control agent.

Usually, if one P, bidens attacks the prey, other bugs
join it. This is especially true for larvae, which lead a
group lifestyle. The age composition of the group is not
the same, but it is not at all necessary that the first to
attack the prey are older larvae or adult bugs. Often,
younger larvae are the first to attack large prey. Oth-
er bugs join the common meal at any time, up to the
complete sucking out of the prey. Group feeding is
especially characteristic of laboratory conditions of
keeping P, bidens, but in natural conditions we have also
observed group feeding of both larvae and imagoes.
This property can be considered both a positive and
a negative feature of the entomophage. Group feeding
allows P, bidens to successfully attack prey that is signifi-
cantly larger than it, but also increases the time it takes
to eliminate the phytophage colony: the bugs prefer to
join the feeding of an already fixed victim, ignoring oth-
er individuals until the prey is completely sucked out.

duTtocaHutapus. KapaHTtuH pactenuin 20
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Puc. 18. Jlnuunka II BospacTta Picromerus  Fig. 18. 2nd instar larva of

bidens aTakyeT nuuuHky IV Bo3pacTa
KONOPaACKOro KapTohesibHOro xyka

(cpoTo: O. T. Bonkos)

TaK ¥ B3POCJBIX 0cobeli Kitoma. Takoe CBOMCTBO MOX-
HO paccMaTpUBaTh KaK MOJIOKUTENbHYIO, TAK U OTPU-
1aTebHY0 0CO6EeHHOCTh 9HTOMOdara. [pPyIIoBoe mu-
TaHMe He TOJIBKO MO3BOJISIET MMKPOMEPYCY YCIIEITHO
aTaKoBaTh 0OBIUY, BHAUNUTEIHHO ITPEBOCXOIATIYI0 ETO
10 pa3Mepam, HO U YBEJIMYMBAET BPEMS JIMKBUI AU
KosoHuU (huTodara: KJIOMIbI ITPEIIIOYNTAIOT IPUCoe-
JUHSITBHCA K MUTAHUIO y)Ke 3apUKCUPOBAHHOM XKePT-
BOU, UTHOPUPYS APYrue 0Cco6U /10 MOJTHOTO BhICACKI-
BaHUA LOOBIUU.

OCHOBHBIMHY BparaMu NUKpoOMepyca B IPUPO/I-
HBIX YCJIOBUAX SIBJISIFOTCS, ITO-BUAVMMOMY, MTayKU M,
BO3MOXXHO, XUII[HbIe HACeKOMbIe. [I0ITaB B MayTUHY,
MUKPOMEPYC He JieJlaeT MOMNbITOK 3aIUThl OT MayKa
CBOMM MOIIIHBIM X060TKOM. TaK)Ke B OTJIMYME OT, Ha-
IpUMep, KJIOMoB-xuinHelloB Reduviidae mukpomepyc
He TIBITAEeTCS YKOJIOTh XOO0TKOM B3SIBIIIETO €TO B PYKU
yeyioBeka. [TyukoB (1961) MPUBOJUT B KAaUECTBE MIPU-
POJHOTO Bpara mukKpoMepyca ocy-chenuny Astatus
hoops Schr., KoTopas BbIKAPMJIUBAET CBOUX JIMUNHOK
JINUYVHKAMU KJIOTIOB-TIEHTaTOMMU,. I10 IPUPOAHOIM ITa-
pasuTodayHe MUKPOMEPYCa CBEIEHUN ITPAaKTUYECKU
HeT. CPOKU OTKJIAJAKYU SUIL IeJIal0T UX HeYI3BUMbIMU
JLJISI MHOTOYMCJIEHHBIX IATIeeI0B. [IJIsI APYTUX a30M1H,
HanpuMmep aas Troilus luridus, U3BECTHO 3apakeHue
aull crenuonumamu Trosscilus grandis Thorns. OTKPBI-
TBIM OCTaEeTCs BOIIPOC O ITOPa’KeHUN B3POCIBIX KJIO-
TIOB MyXaMu TaxvHaMu. [TydkoB (1961) BeICKa3bIBAET
MHEHWE 0 BO3MOXXHOU ITepe3nuMOBKe UMaro Nukpo-
Mepyca, 3apakeHHbIX (a3usiMU M KaCTPUPOBAHHBIX,
HO He YTOYHSIET UCTOYHUK 3TOU nH(pOpMaum.

B cBSI3U C BBINIEU3JIOKEHHBIM HEobXoguMo GoJjiee
oA PO6HO PACCMOTPETD BOTIPOC O IUATIay3€ U TIEPE3U-
MOBKe Y P, bidens, UMeIOIIUYA Ba)KHOE TEOPETUUECKOE
¥ MpaKTHudeckoe 3HaueHme. OOIMIENPUHSITO, YTO ITHU-
KpOMepYyc, KaK M, HalTPUMED, HEMTapHbIH IEJIKOTIPS]I,
MMeEeT OJIHO ITOKOJIEHHE B T'Ol, He3aBUCHUMO OT reorpa-
(uyeckoil MUPOTHI OOUTAHUSA. 3UMYIOT IUATIAy3UPY-
[olye AK1ia; 3aTeM, B BeCeHHe-JIETHUM IIePUoI, pas-
BUBAETCS OJHO ITOKOJIEeHNE TUKPOMepPYCa, B3POCJIbIe

Picromerus bidens attacking

the 4t instar larva of Leptinotarsa
Leptinotarsa decemlineata Ha kapTothene  decemlineata on potato

(photo by 0.G. Volkov)

In natural conditions, the main
enemies of P. bidens are apparently spi-
ders and, possibly, predatory insects.
Once caught in a web, P, bidens does not
attempt to defend itself from the spi-
der with its powerful proboscis. Also,
unlike, for example, the Reduviidae
bugs, P, bidens does not try to prick a
person who picks it up with its probos-
cis. Puchkov (1961) lists Astatus boops
Schr. as a natural enemy of P. hidens,
which feeds its larvae with the larvae
of pentatomid bugs. There is practical-
ly no information on the natural para-
sitofauna of P, bidens. The oviposition
timing makes them invulnerable to
numerous egg-eaters. Other azopines,
for example, Troilus luridus, are known
to be infected with Trosscilus grandis
Thorns. The question of adult bugs be-
ing infected by tachinid flies remains
open. Puchkov (1961) expresses an
opinion about the possible overwinter-
ing of P, hidens imagoes infected with
phasia and castrated, but does not
specify the source of this information.

Taking into account the above, it is necessary to
consider in more detail the issue of diapause and over-
wintering in P, bidens, which has important theoretical
and practical significance. It is generally accepted that
P, bidens, like, for example, the gypsy moth, has one
generation per year regardless of the geographical lat-
itude of its habitat. Diapausing eggs overwinter, then,
in the spring-summer period, one P, bidens generation
develops, and adult individuals die off after with cold
weather. However, some researchers report detecting
adult P, bidens individuals in the spring-early summer
period (Musolin, 1996, 1997; Musolin, Saulich, 2000).
Thus, Musolin (1997) reports that early collections of
P, bidens imagoes were detected in the collections of the
Zoological Institute — 9 specimens caught in various
regions of Russia in April-June. The interpretation of
such finds may be different:

1. Denial of the obligatory monovoltinity of the
species;

2. Assertion that only phasia-infected and cas-
trated P. bidens individuals survive the winter (Puch-
kov, 1961);

3. Supposing that the labels on these bedbug
specimens are filled out incorrectly.

In our opinion, the second and third conclusions
are most likely to be true. This is supported by the ex-
treme rare detections (in collections) of such anoma-
lous specimens. During our observations of this spe-
cies, we have collected hundreds of live specimens of
P bidens at different development stages, but we have
never encountered P, bidens imagoes in Moscow Oblast
before July. At the same time, in Southern Kazakhstan,
we collected P, hidens imagoes at the beginning of June,
which is nothing special, given the timing of P. bidens
development depending on temperature. Also, in this
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0cobu TTocie HaCTYIIIEHUS X0I0I0B OTMUpatoT. OmHa-
KO HEKOTOPbIE HCCIeIOBATEN COOOIIAI0T O HaX0XIe-
HUU B3POCJBIX 0COOEM MTMKPOMepyca B BeCeHHe-paH-
HeneTHU# mepuon (Myconus, 1996, 1997; Musolin,
Saulich, 2000). Tak, Mycosius (1997) coobImaeT o ToMm,
YTO B KOJUIEKIIUSX 300JIOTUYECKOTO MHCTUTYTA OBLIN
ob6HapyXeHbI paHHUE c60PBI UMAro MUKpoMepyca —
9 BK3eMILISIPOB, TOMMaHHbIE B PA3JINUHBIX PETHOHAX
Poccuu B amrpelie — uioHe. VIHTepIIpeTalys Takux Ha-
XOJIOK MOJKET ObITh PA3JIMYHON:

1. OTpunianue o6s3aTeJIbHONM MOHOBOJBTUH-
HOCTHY BHUJIA.

2. YTBepXJeHue, 4YTO IIepe3uMOBbIBAaOT TOJbKO
3apakeHHbIe (a3uIMU U KaCTPUPOBaHHBIE 0COOU ITH-
kpomepyca (ITyukos, 1961).

3. IlpepnosioxeHne, YTO ITUKETKU HA STUX DK-
3eMILISIpax KJIOTIOB 3al0JIHEHBI HEBEPHO.

[To HamIeMy MHeHU0, Haubojiee BEPOSITHBI BTO-
pO¥ U TPEeTUH BBIBOABI. B ITOJb3Yy 3TOTO BBICTYIIAET
KpaKHss PeIKOCTb 00HaPYKeHU s (B KOJIIEKIIUSIX) T10-
IOOGHBIX aHOMAaJIbHBIX 9K3eMILIIPOB. HaMu 3a BpeMs
HaGIIOIeHUH Hal STUM BUIOM COGPaHbl COTHU KMUBBIX
9K3eMILISIPOB MUKpoMepyca ABy3ybuaToro Ha pas-
HOI cTaguy PasBUTUSA, HO HUKOTZAa HaM B MOCKOB-
CKOM 06J1acTU He BCTpevaJuch UMaro nuKpoMepyca
panblle uiJid. B To ke Bpemd B I0xxHOM KazaxcTaHe
MBI cOBMpaIu UMaro MMKpoMepyca B Havajie UIOHS,
YTO He TIPeJCTAaBISIET HUUEro 0COOEHHOr0, YUNThIBAS
CPOKY pa3BUTUSA IUKPOMEPYCa B 3aBUCUMOCTY OT TEM-
reparypsl. Tak)Ke B 3TOM PervoHe 3HAUNTEIbHO PaHb-
e, UeM B cpenHel Poccuu, TPOUCXOAUT JIET HeTlap-
HOTO0 IIEeJIKOMNPSAa, OMHAKO HUKEM He OCTIaprBaeTCs
MOHOBOJIBTUHHOCTb 9TOTO BHIA.

N. M. Kep>xHepoM, paHee KypaTOpPOM KOJIJIEK-
YUY TOJYKEeCTKOKPHIIBIX 300JI0TUYECKOTO UHCTU-
tyTa PAH, 6bU10 IpenioxxeHo [I. M. Myconuny (1ud-
HOe coobIeHYe) BCKPBITh «BECEHHUE» BK3EMILISIPbI
P, bidens, nmeloniyecs B KOJJIEKITUH, Ha TIPeIMET 00Ha-
Py)XeHUs TMYUHOK (as3uii. OmHAKO 3TO MPeAJIoKeHe
He GbLJIO peaJu30BaHO.

BeposTHO, MOXXHO co3JlaTh 6e3xuamnay3Hyo
MOMYNAILIMI0 TUKPOMepyca ABy3y0o4yaToro, oTéupas
HEMHOTOYVCJI€HHBIX JUUYNHOK, BBIXOIAIIUX U3 STUIL
KJIoTla, He IPOMIeAIINX oxJakaeHue. Ho nuMeHHO
Iuariaysa Ha CTaJuu SHIa JejlaeT, Ha Hall B3I,
P, bidens Han6oJjiee TTePCIIEKTUBHBIM areHTOM 610JI0-
TMYEeCKOro KOHTPOJIS Cpeliv BcexX Asopinae. B craguu
1A, yYUThIBasS MHOTOMECSYHYIO Uaraysy, TMKPOo-
Mepyca MOXKHO HAaKaIlJIuBaTh ITPAaKTUUYECKU B HEOT-
paHUYEHHBIX KOJUYECTBaX, IIepechliaTh Ha JI1060e
paccTosiHUE U NMIPUMEHATh Ha OOJbIINX MIJIOUIAIIX.
Ha nukpomMepyca, Kak 3(pPeKTUBHOTr0 XUIHUKA KO-
JIOPAACKOTO JKyKa, y>Ke JaBHO 06paTuiu BHUMaHUe
B EBpomne (Mayne, Breny, 1948), HO mepBoHaYajb-
HBIH yCIIeX CUHTETUYECKUX TTEeCTUIIUI0B 3aCTaBUIa
CBEPHYTH 3TH, KaK ¥ MHOTHUe APYyTHe, UCCIef0BaHUSI.
Hamu ombIThl TOKa3aJu BBICOKYI0 3 (MEKTUBHOCTD
NMUKpOMepyca IBYy3y6UYaTOTO B KOHTPOJE KOJIOPa/I-
CKOTO KapTodesJbHOTO Xyka Ha KapTodee B jabo-
paTopHBIX U moJieBbIX yeaoBusax (Volkov et al., 2013)
¥ B KOHTPOJIE TYCEHUI] Ha OBOIIHBIX KYJbTypax B 3a-
muieHHoM rpyHTe (Boakos, 1998; l'ymennas, 2002;
Volkov, 2006). Kpome Toro, fuarnay3upynume giia
MUKPOMepPyca yIoaJoCh MCIIOJNb30BATh IJIS BbIpa-
IYBaHUS Sdiilleea KJIOMNa BPeAHOU yepenamky Eu-
rygaster integriceps Pat. TeleHOMyca 3eJ€HOBAaTOTO

region, the flight of the gypsy moth occurs much earlier
than in Central Russia, but no one disputes the mono-
voltinity of this species.

I.M. Kerzhner, previously the curator of the He-
miptera collection at the Zoological Institute of the
Academy of Sciences, suggested to D.M. Musolin (per-
sonal communication) dissecting the “spring” speci-
mens of P, bidens in the collection to detect phasia lar-
vae. However, this suggestion was not implemented.

It is probably possible to create a non-diapause
P bidens population by selecting a few larvae emerg-
ing from uncooled bug eggs. However, in our opinion,
it is precisely the diapause at the egg stage that makes
P. bidens the most promising biological control agent
among all Asopinae. At the egg stage, given the ma-
ny-month diapause, P. bidens can be accumulated in
virtually unlimited quantities, sent over any distance,
and applied to large areas. P. bidens has long been no-
ticed in Europe as an effective predator of the Colora-
do potato beetle (Mayne, Breny, 1948), but the initial
success of synthetic pesticides forced these, like many
other, studies to be paused. Our experiments have
shown the high efficiency of P. bidens in controlling the
Colorado potato beetle on potatoes in laboratory and
field conditions (Volkov et al., 2013) and in controlling
caterpillars on vegetable crops in protected ground
(Volkov, 1998; Gumennaya, 2002; Volkov, 2006). In ad-
dition, diapausing P, bidens eggs were successfully used
to grow Eurygaster integriceps Pat., Telenomus chloropus
Thoms. (Hymenoptera, Scelionidae) (Volkov, Smirnov,
2014). The success was facilitated by the fact that the
P, bidens eggs undergo diapause in the embryonic state,
and therefore are suitable for infection for a long time
by many species of parasitoids of bug eggs, unlike such
species as, for example, the gypsy moth, in which the
first-instar larva quickly forms in the eggs, which over-
winters under the cover of the egg shell.

CONCLUSIONS

Studying the bugs (Hemiptera, Heteroptera, Pentatomi-
dae, Asopinae) in Moscow Oblast allowed to reveal two
entomophages species resembling by their morpho-
logical and biological characteristics the introduced
from the North America bugs Perillus bioculatus and
Podisus maculiventris. These are Arma custos and espe-
cially Troilus luridus. The latterm in terms of breeding
in labpratory conditions, is as easy as Podisus maculiven-
tris, and even surpasses it in fertility. Troilus luridus is
quite capable of replacing Podisus maculiventris in bio-
logical control of larvae on vegetable crops in protected
ground, especially in those greenhouse complexes that
have their own production biolaboratory. At the same
time, like Podisus maculiventris, it is of little use for use
by the seasonal colonization method to control the Col-
orado potato beetle on fairly large areas: it can only be
used in the form of larvae, given the application rate of
50-100 thousand per hectare, the use of Troilus luridus
on potatoes, like Podisus maculiventris, becomes not only
very labor-intensive, but also economically unfeasible.

Only Picromerus bidens fully complies with the
above parameters. Larvae, starting from the second
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Telenomus chloropus Thoms. (Hymenoptera, Scelioni-
dae) (BosikoB, CMupHOB, 2014). Ycrexy crioco6CTBO-
BAaJIO TO, UTO AMIa MUKPOMepPYyca Uaay3upyoT B M-
O6PUOHAJIIBHOM COCTOSTHUY, TI0O3TOMY JIOJITO ITPUTOHBI
IS 3apakKeHusT MHOTUMUY BUJaMU Mapa3suTOULOB
SIAIT KJIOTIOB-IUTHUKOB B OTJINUYME OT TAaKUX BUIOB,
KaK, HalIpuMep, HeTIaPHBIN MIEJIKOMPSA, Y KOTOPOTO
B sAIIaX GbICTPO OpMUPYeETCS I'yCeHUlla epBOTO
BO3pacTa, KOTopas ¥ 3UMYeT I0]] TOKPOBOM SH1IeBO
000JI0UKU.

3AKJIIOYEHUE Y BbIBO/bI

Vi3yueHre XUIIHBIX KJIOMOB-MUTHUKOB (Hemiptera,
Heteroptera, Pentatomidae, Asopinae) B MOCKOBCKO¥
06J1aCTY IMO3BOJIUJIO BBIIBUTH B BUA SHTOMO(ATroB,
KOTOpBIE IT0 CBOMM MOP(]OJIOTUUECKUM U 610JIoThYe-
CKUM 0CO6EHHOCTSM OUeHb ITOX0)KY Ha MHTPOAYIIUPO-
BaHHBIX U3 CeBepPHOU AMEePUKU KJIOIIOB MEPUJLITICA
Perillus bioculatus u nodusyca Podisus maculiventris. 3To
apMa oJibxoBasi Arma custos u ocobeHHo Tpoustyc Troilus
luridus. TlocegHUY I10 JIETKOCTY Pa3BeleHU B J1abo-
PATOPHBIX YCIOBUSX HE YCTYTIAET MOAU3YCY, a I10 ILJI0-
IOBUTOCTH JlaXke TIPEBOCXOIUT ero. TPOMIIyC BIIOJIHE
crocobeH 3aMeHUTD ITOAU3yca B 6UOJIOTUYECKOM KOH-
TPOJie TYCEHNI], Ha OBOUIHBIX KYJIbTypaXx B 3allUIIEeH-
HOM I'PYHTE, 0COOEHHO B TeX TETIINYHBIX KOMILJIEKCaX,
Yy KOTOPBIX UMEITCS COGCTBEHHAS ITIPOU3BOJICTBEHHAS
6rostabopaTopus. B To Ke BpeMs OH, KakK U IMOAU3YC,
MaJjio MPUTOMeH JIJig UCIIOJb30BaHUSI METOMIOM Ce-
30HHOU KOJIOHU3AILWU AJISI KOHTPOJISI KOJIOPAJCKOTO
JKyKa Ha JIOCTaTOYHO GOJIBIINX IIJIOIIAJSIX: €T0 MOXKHO
MIPUMEHSTD TOJIBKO B BUJIE TUUYMHOK, YUUTHIBAS HOPMY
npuMeHeHud — 50-100 ThIC. Ha reKTap, IPUMEeHEeHNE
Ha kapTodeJe Tpousyca, Kak 1 Ioi13yca, CTAaHOBUTCS
He TOJIbKO BeCbMa TPYA0eMKUM, HO ¥ 9KOHOMUYECKU
HelleJaeco06pas3HbIM.

[TOTHOCTHI0 COOTBETCTBYET BbIIIEyKa3aHHBIM
nmapaMeTpaM TOJbKO MUKPOMePYC ABYy3ybUaThiil Pi-
cromerus bidens. JlnunHKY, HaunHag ¢ II Bo3pacrta,
U1 ©UMaro 3TOT0 KPYIHOTO KJIOTA MUTAITCS SillaMu,
JINYMHKAMU BCeX BO3PACTOB U MMAaro KoJOopaJCcKo-
r'0 XyKa. BO3MOXXHOCTh HaKaIlJIUBATh, IIEPEMEILATh
U IIPUMEHSTh 3TOr0 HBHTOMOdara Ha cTaZuu au1ia mo-
3BOJIIET MEXaHU3UPOBATh P, TIPOIECCOB 10 aHAJIO-
TUU C UCTIOJIb30BAHUEM TPUXOTPaMMeI Trichogramma
SpPp. B giillax 3epHOBOY Moy Sitotroga cerealella (Oliv.).
UpesBbIualiHasg MHOTOSTHOCTD, TOJIEPAHTHOCTD K pas-
MepaM Jo6bIuy, HanaZleHre Ha TTIOKOSIIUeCs CTaun
BU/JIOB-X0351€B JIeJIal0T IIMKPOMePYyca CBOe0Opa3HbIM
YHUBEPCAJIBHBIM SHTOMO(AroM-XuUIIHUKOM, ITPUTOI-
HBIM [1JI51 GMOJIOTUYECKOT0 KOHTPOJIS B TIEPBYIO OUe-
penb JIMCTOTPBIBYUIUX HACEKOMBIX B CAMBIX Pa3HbIX
ycyioBugx. be3acTuBaloHHas KyJabTypa Picromerus
bidens, cosmanHaa B oThesie 6uoMerona BHUMKP, mo-
3BOJISIET HETIPEPBIBHO B TEUEHME I'0/la OCYIIECTBISATH
HapaboTKy 3TOro 3HTOMOGAara, MOHOBOJIbTUHHOTO
B IIPUPOJHOM TIOTTYJISIINH.

«Knaccuueckuit 6MOMETO/», METOJl UHTPOAYK-
UMY MHO3eMHBIX areHTOB 6UM0J0TUYEeCKOT0 KOHTPO-
JIst 115t 60pB6BI ¢ THBA3MOHHBIMU HeXXeJlaTeJIbHbBIMU
OpraHu3MaMu B COBPEMEHHOM MUPE yXKe He paccMa-
TpUBaeTCsl Kak HauboJjiee IPEANIOUYTUTENIbHBIN CIIO-
co6 peureHus npobseMbl. K ”HTPOAYKIIMY OTIpaBaa-
HO IpuberaTh TOJIbKO IOCJIe TIATEIbHOTO N3yYeHNUS
pearojaraeMoro UHTPOYIleHTa B YCIOBUIX Ka-
PAHTUHHON J1ab0PaTOPUU U TBEPAOHN YBEPEHHOCTH,

instar, and adults of this large bug feed on eggs, lar-
vae of all instars and adults of the Colorado potato
beetle. The ability to accumulate, move and use this
entomophage at the egg stage allows for the mechani-
zation of some processes by analogy with the use of Tri-
chogramma spp. in the eggs of Sitotroga cerealella (Oliv.).
Extreme polyphagous feeding, tolerance to the size of
prey, and attacks on dormant stages of host species
make Picromerus bidens a kind of universal entomopha-
gous predator, suitable for biological control, primarily
of leaf-eating insects in a variety of conditions. An aes-
tivation-free culture of Picromerus bidens, created in the
Department of Biomethods of the All-Russian Research
Institute of Insect Reproduction, allows for the contin-
uous production of this entomophage, monovoltine in
the natural population, throughout the year.

“Classical biomethod”, the method of introducing
foreign biological control agents to control invasive
unwanted organisms is no longer considered the most
preferable way to solve the problem in the modern
world. It is justified to resort to introduction only af-
ter a thorough study of the suspected introducer in a
quarantine laboratory and a firm belief that the agent
will only affect the target organism. The level of study
of the local fauna in many cases allows us to find the
necessary agents among it according to the specified
parameters, without making additional changes to the
existing biodiversity. In the future, the natural pop-
ulation can be purposefully changed to optimize the
technological processes of development and use of the
entomophage.
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AHHOTALIUA
Paspaborana u 6osee 20 JIeT SKCILTyaTUPYETCS CUCTE-
Ma MOHUTOPUHTA 60Jie3Hel 03MMOH ITIeHUIHI B LleH-
TpasibHOU HeuepHo3eMHOl 30He Poccuu. V3yueH co-
CcTaB MMATOTEHHBIX KOMILIEKCOB. [10CceBbl MIIeHUIIbI
B permoHe rmopakarmT 6ojiee 20 6oye3Hel TPUOHOH,
BUPYCHOU U 6GaKTepuaibHOU 3TUoNOorUU. Hanbob-
1ee pacIpocTpaHeHre UMeI0oT KOPHEBBIE U IIPUKOP-
HeBble THWJIU (py3apuosHoOU aTuojioruu (Fusarium
SPP.), CEMITOPMO3 JIUCTbeB (Zymoseptoria tritici (Desm.)
Quaedylieg & Crous), 6ypas pxaBumuHa (Puccinia trit-
icina (Erikss.), myunuctas poca (Blumeria graminis (D)
Speer.), cenTopuos KoJioca (Parastagonospora nodorum
(Berk.) Quaedvlieg, Verkley & Crous). OHu IIposiB-
JITIOTCS TIPAKTUYECKU €)KerogHo. HeCKoJIbKO MEHB-
Iee pacHpocTpaHeHre MMEIT CHe)XXHas IIJIeCeHb
(Microdochium nivale (Fries) Samuels & I.C. Hallett),
TeJIbMUHTOCITOPUO3HbIe KOPHEBbIe rHUIU (Bipolaris so-
rokiniana (Sacc.), nupeHodopos JucTbeB (Pyrenophora
tritici-repentis (Drechs) Roberge ex), dysapuos
(Fusarium spp.) 1 uepHb Koyoca (Alternaria spp., Clad-
osporium herbarum (Pers.) Link). Ha MOHUTOPUHTOBBIX
TecTeBbIX yuacTkax (PI'BHY «Bcepoccuiickuii Hay4-
HO-MCCJIeIOBATEIbCKUN NHCTUTYT (QUTOIIATOJIOT UM,
O®I'BHY «denmepanabHbIll UCCIIEIOBATENbCKUN IIEHTP
«HeMunHOBKAa») MO CIIeIIaJbHO pa3paboTaHHONI Me-
TOLUKe U3ydaJIiCh 0COOEHHOCTHY Pa3BUTHUS Hanboee
OTIaCHBIX JIUCTOCTEOEIbHBIX 1 KOJIOCOBBIX MHMEKITUM
Ha palflOHMPOBAHHBIX B PETMOHE COPTaX 03UMOI IIIlIe-
HUIbI. OTIPeNeNsINCh YacTOTa IIPOSBIEHUS Pa3HbIX
KJiaccoB (YpoBHEN) pa3BuTusa 60je3Hel: snuduTo-
TUU, YMEePEHHOEe Pa3BUTHE, NEMIPECCUM; PACCUNTHI-
BaJIMCh YMCJIOBbIE MHIEKCHI KJIACCOB PAa3BUTHUS — KO-
JINYECTBO NPosiBiieHnY 3a 10 JeT HabmogeHni. Copta
XapaKTepPH30BaIKUCh PA3SHOM «COMPOTUBIIIEMOCThIO»
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ABSTRACT
A system for monitoring winter wheat diseases in the
Central Non-Black Earth Zone of Russia has been de-
veloped and has been in operation for over 20 years.
The composition of pathogenic complexes has been
studied. Wheat crops in the region are affected by over
20 diseases of fungal, viral and bacterial etiology. The
most widespread are root and basal rots of fusarium
etiology (Fusarium spp.), septoria leaf spot (Zymosep-
toria tritici (Desm.) Quaedylieg & Crous), brown rust
of wheat (Puccinia triticina (Erikss.), powdery mildew
of cereals (Blumeria graminis (D) Speer.), glume blotch
of wheat (Parastagonospora nodorum (Berk.) Quaedvlieg,
Verkley & Crous). They occur almost every year. Some-
what less common are snow mould of cereals (Micro-
dochium nivale (Fries) Samuels & I.C. Hallett), root rot
of cereals (Bipolaris sorokiniana (Sacc.), tan spot of wheat
(Pyrenophora tritici-repentis (Drechs) Roberge ex), Fusar-
ium spp. and black mould of cereals (Alternaria spp., Clad-
osporium herbarum (Pers.) Link). On monitoring test
plots (All-Russian Research Institute of Phytopathol-
ogy, Federal Research Center “Nemchinovka”), using
a specially developed methodology, the features of the
development of the most dangerous leaf-stem and ear
infections on winter wheat varieties zoned in the re-
gion were studied. The frequency of manifestation of
different classes (levels) of disease development was
determined: epiphytoties, moderate development,

Asryct N2 3 (24) 2025 27



MOHUTOPUHI  MONITORING

STIN(PUTOTUNHOMY Pa3BUTUI0 60Jie3HEN. Y cenTopu-
03a JIUCTheB dNUPUTOTUNHBIN WHAEKC BapbUpOBaJ
oT 2 (HemunHOBCKas-85) no 10 (MuHa), y 6ypou pxKaBs-
ynHbl — 0T 0 (HeMunHOBCKasg-24 u Ap.) 1o 6 ([TaMaTu
denvHa U 1p.), y cenToprosa Kojoca — oT 0 (MOCKOB-
ckag-27 u gp.) no 2 (MHHa u 1p.). B ¢BsI3u ¢ pasHoOi
TIO/IBEPXKEHHOCTHIO TOTO MJIM MHOTO COPTa SMUMUTO-
TUUHOMY Pa3BUTHIO O0Jie3Hell HeobXoAMa U pa3Has
MHTEHCUBHOCTb €ro 3amuThl. C KCIIOJb30BaHUEM
paspaboTaHHbIX MaTEMAaTUUYECKUX MOJIeJIel paccuu-
TaHbl IOTEPU ypoXkas 3epHa oT 6ose3Hel. [ToTepu
yPOXKasi B CpeHEM I10 COPTaM COCTABJISLIM OT 9,8 (Mo-
cKOBCcKas-82) 1o 17,2% (ITamsaTu ®ennHa); Ipu Ba-
PBUPOBAHUU B oAbl UCHbITaHUY — OT 2,0 10 29,0%.
CocTaBjieHbl PEUTUHIY COPTOB, PAHOHUPOBAHHBIX
BlleHTpasibHOM HeuepHO3eMbe, 110 yPOXKato, ITIOPaKeH-
HOCTBI0 HauboJiee OITacHbBIMU O0JIE3HIMU U TIOTEPSIMU
ypoxasi 3epHa. HauboJiee BHICOKYI U CTaGUIbHYIO
YPOXKaWHOCTh B TOZbI MCCIEIOBAHNY TTOKA3aJIx COPTa
MocxkoBckasi-27, HeMunHOBCcKasi-57, MOoCKOBCKasi-82,
HemuunHOBCcKasg-85, HeMunHOBCKag-24. CpeaHui
ypoXKay 3TUX COPTOB COCTaBJsAI OT 67,3 mo 75,3 11/Ta;
B OTZIeJIbHbBIE TOMIbI OH mocTuras 100 11/ra u 60jee. T
COpTa XapaKTepH30BaJIUCh 60Jiee HU3KOU ITOPa’keHHO-
CTBI0 6OJIEBHSAMU U TIOTEPSIMU YPOXKasi. VX BO3ebIBa-
HUE B COCTaBe MHOTOCOPTOBBIX ITOJIMTE€HHBIX IIEHO30B
(MO3aMKY COPTOB) O3BOJIUT CHMXKATD PUCK STTU(UTO-
TUHHOTO Pa3BUTHUS KaK SHIEMUUHBIX (MECTHBIX), TaK
¥ 9K30EMUYHBIX UHMEKIIWA, TPUBHOCUMBIX U3 IPY-
TUX PETMOHOB CTPAHbI WJIY U3 IPYTUX CTPAH.

Knrwouesvie cnosa. VIHIEKC pa3BUTUS 00JI€3HU,
SMUMUTOTHUS, TTOPAXKEHHOCTb, YCTOUYUBOCTD, peu-
THHI, TOJIEPAHTHOCTb.

BBEJEHUE

pob6JieMbl MOHUTOPUHTA OKPY’Kato-
ey cpeabl ¥ caM TEPMUH «MOHU-
TOPUHT» BIIEPBbIE MOJYUYUIU IUPO-
KOe MUpPOoBoe o6cyXaeHnre B 1971 1.
Ha CTOKIoJbMCKOIN KOH(pEPEHIIUU
OOH 1o okpy»xatomie#t cpepme. ITof
MOHUTOPWHTOM IIpPenaarajoch mo-
HUMAaTh HAOJIIOAEHYS 32 OJHUM WU
HECKOJIbKUMU 3JIEMEHTAMU OKPYKAIOIIeN TPUPOLHON
Cpelibl BO BPEMEHM U B IIPOCTPAHCTBE C OIIpeiesieH-
HBIMU IIeJISMU B COOTBETCTBUU C ONpPeAesIeHHbIMU
nporpamMMaMu. C 3TOr0 BpeMEHU MOHUTOPUHT KakK
CHCTeMa CJIE)KEHUS 32 COCTOTHUEM 00BEKTOB CPEIBI
TIOJIyUMJI LIKPOKOE PACIIPOCTPAaHEHUE U IPUMEHEeHNe
BO MHOTUX cepax 4eJ0BeUeCKOH IesaTeIbHOCTHU U,
B YaCTHOCTHU, B CEJIbCKOXO35IUCTBEHHOM HAayKe U CeJlb-
CKOXO03SHICTBEHHOM IIPOMU3BOICTBE.

LUenTpasbHad HeuepHoseMHad 30Ha P® c Ha-
yajia 70-X rOZ0B MPOUIJIOT0 CTOJIETUS CTaJla BXOJIUTh
B YMCJIO BEAYUUX IPOU3BOAUTEINEN 3epHA 03UMOM
MIIeHUIBI B Poccun. 3TOMY CITIOCOGCTBOBANIY YCIIEXU
®I'BHY «demepaldbHbIMl UCCIIEIOBATENbCKUN IIEHTP
«HemuwnHoOBKa» (PUL] «HeMUYMHOBKa»), TLie TIOH, PY-
KOBOZCTBOM akageMuka b. V. Cangyxazse u 3aBefy-
I0IIEero JabopaTopuel CeJIEKIIUM 03UMOM ITIIEHUIIBI
P. 3. Mame1oBa CO3/1al0TCS BHICOKOYPOXKalHbIE COPTa

depression; numerical indices of development classes
were calculated — the number of manifestations over 10
years of observations. The varieties were characterized
by different “resistance” to epiphytotic development
of diseases. The epiphytotic index of leaf septoria var-
ied from 2 (Nemchinovskaya-85) to 10 (Inna), of brown
rust — from 0 (Nemchinovskaya-24, etc.) to 6 (Pamyati
Fedin, etc.), of ear septoria — from 0 (Moskovskaya-27,
etc.) to 2 (Inna, etc.). Different susceptibility of a par-
ticular variety to epiphytotic development of diseas-
es requires different intensity of its protection. Us-
ing the developed mathematical models, grain yield
losses due to diseases were calculated. Average yield
losses by variety ranged from 9.8 (Moskovskaya-82) to
17.2% (Pamyati Fedin); with variations in the testing
years — from 2.0 to 29.0%. Ratings of varieties zoned
in the Central Non-Black Earth Region were compiled
based on yield, incidence of the most dangerous dis-
eases, and grain yield losses. The highest and most sta-
ble yields during the years of research were shown by
the varieties Moskovskaya-27, Nemchinovskaya-57,
Moskovskaya-82, Nemchinovskaya-85, Nemchi-
novskaya-24. The average yield of these varieties was
from 67.3 to 75.3 c/ha; in some years it reached 100
c/ha and more. These varieties were characterized by
lower disease incidence and yield losses. Their cultiva-
tion as part of multi-varietal polygenic cenoses (variety
mosaics) will reduce the risk of epiphytotic develop-
ment of both endemic (local) and exodemic infections
brought from other regions of the country or from oth-
er countries.

Key words. Disease development index,
epiphytoty, prevalence, resistance, rating, tolerance.

INTRODUCTION

he problems of environmental monitoring

and the term “monitoring” itself were first

widely discussed worldwide in 1971 at the

UN Stockholm Environment Conference.

Monitoring was proposed to be under-
stood as observations of one or more elements of the
natural environment in time and space with specif-
ic goals in accordance with specific programs. Since
then, monitoring as a system for tracking the state of
environmental objects has become widespread and
applied in many areas of human activity, and in par-
ticular in agricultural science and agricultural pro-
duction.

Since the early 1970s, the Central Non-Black
Earth Zone of the Russian Federation has become one
of the leading producers of winter wheat grain in Rus-
sia. This was facilitated by the successes of the Fed-
eral Research Center “Nemchinovka”, where, under
the leadership of Academician B. I. Sandukhadze and
the head of the winter wheat selection laboratory R. Z.
Mamedov, high-yielding varieties of an intensive type
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WHTEHCUBHOTO THUIIA C BLICOKMM KauyeCTBOM 3epHa. Ta-
Kue copTa, kak MockoBckaga-39, MockoBckasa-40, Mo-
CKOBCKasi-56, MocKkoBcKasa-82, HeMunHOBcKas-85 1103-
BOJISIOT CTabMJIBHO MOJy4YaTh ypokat 80—100 11/ra;
OoTeHIMaJIbHASI YPOXKAaHOCTh MOXET COCTaBJISATh
140-150 1u/ra (Canmyxazgze, 2020). Peasu3oBaTh Ta-
Ky BBICOKYIO IPOAYKTUBHOCTh 3a4acCTyI0 MeIlaeT
BO3JleliCTBYe HEeraTUBHBIX (PAKTOPOB OKpy Katollei
CpeJibl U B TIEPBYI0 OUepenb pa3BUTHE 6oJie3HEH, Bpe-
IVTeJiel, COPHBIX PACTEeHUH.

Bcepoccuiickuili HayuyHO-UCCJIeIOBAaTEIbCKUU
uHCTUTYT Durtonaronoruu (PI'EHY BHUM®) MHOTHE
ronel corpygHuudaet ¢ PUILL «HeMunHOBKa» B IIPOBe-
IeHUU psifla UCCIeOBaHUYN U, B YaCTHOCTU, MOHU-
TOPUHTA ITOPAKEHHOCTY COPTOB O3MMOM IIIEHUIIBI
pacmpocTpaHeHHBIMM B peruoHe OrnacHbIMU 3a6oJe-
BaHUSIMU. He06X0AMMOCTh MHOTOJIETHUX ITOCTOSH-
HBbIX HaGJIOIEeHUH 3a IOPaKeHHOCTHI0O COPTOB 00be-
IUHSIETCS, BO-TIEPBBIX, TEM, UYTO B Pa3HbIe 'OZbI TPU
Pa3HBIX MTOTOAHBIX YCIOBUAX 60JI€3HU MTPOSIBISIOTCS
HEOJIMHAKOBO U JIJI51 00bEKTUBHOU OLIEHKU TPEOYIOTCS
MHOTOpPa30Bble HAOIIOMEHUS; BO-BTOPBIX, B PE3YJIbTa-
Te TIOCTOSTHHO ITPOTEKAIONINX B IIpUpoze popmoobpa-
30BaTEJIbHBIX IIPOI[ECCOB BHYTPUBUAOBBIE CTPYKTYPhI
TIOTTYJISIIIAY TTATOT€HOB IIOCTOSHHO MEHSIOTCS, YTO OT-
pakaeTcs Ha COCTOSTHUY OMOIIeHO3a Y ITOPaKEHHOCTU
COPTOB.

Llenb mccienoBaHUY — ONMITUMU3ALUSI 3aIUThI
03WMOM MIIEeHUIIbI OT 60Jie3Hel B IleHTpanbHOM He-
YepHO3eMHOH 30He PP Ha 0CHOBE MOHUTOPUHTA II0-
PaXeHHOCTU BO3/I€JIBIBAEMBIX COPTOB.

Ilng ee NOCTM)XEeHUS PellaiiCh Clelylolire 3a-
lauy: M3y4yeHNe COCTaBa MaTOTEHHBIX KOMILJIEKCOB
03UMOII MIIEHUITHI Ha PA3HbIX 3TallaX ee OHTOTeHe3a,
ornpeneneHrie HanuboJiee OMacHbIX IaTOreHOB, YacTO-
TBI BCIIBIIIIEK X MaCCOBOTO Pa3BUTUSA (SIUMDUTOTUI)
¥ TIOTEPh YPOXKasa, CPAaBHUTEJIbHOE U3yUeHUe ITopa-
JKEHHOCTHU BO3/IEJIbLIBAEMBIX COPTOB OOJIE3HIMU U Te-
psieMOoro OT HUX ypoXKasi, 060CHOBaHME COPTOBOTO CO-
CcTaBa arpolleH03a 03MMOM MIIEHUITbI U TeXHOJIOT U
UX WCIIOJIb30BaHUS, 00€CIIeUnBaloIUX AJIUTEJIbHYIO
YCTOWYMBOCTh K KOMIIJIEKCY OMACHBIX ITaTOT€HOB
B lleHTpasibHOM HeuepHo3eMbe.

MATEPUAJIBI U METO/1bI

duTOoCaHUTAaPHbIE MOHUTOPUHTOBBIE UCCIIENOBAHUSI
®I'BHY BHUN® u ®UI] «HeMunHOBKa» IIPOBOAUIN
¢ 2001 r. O6'beKTaMu UCCIELOBAHNY CIYKUINU COPTA
03UMOM miIeHunpl cejekuum UL «HeMUnHOBKa»,
KOTOPBIE COCTABJISIOT OCHOBY ITIPOU3BOJICTBEHHBIX I10-
CEBOB pPernoHa. JJeMeHTaMU MOHUTOPWHTA SIBJISIIUCH
VHTEHCUBHOCTD Pa3BUTHUSA 60JIe3HEN, TTOTePU YPoxKas
3epHa oT 60Jie3HeH, YacToTa BCIbIIIEK MaCCOBOI'0 pas3-
BUTHUA (SIU(GUTOTH). MEeCTOM ITPOBeAeHU PaboT sIB-
JISLIACH OTIBITHBIE ITOJIS OTZEeJIa TTO0JIEBBIX UCIIBITAHUMA
®TBEHY BHUN® (MockoBcKas 00J1., OTUHIIOBCKUM P-H,
roc. JleTHu#t OTABIX) U TTIOCEBBI KOHKYPCHOTO COPTO-
ncnbiTannga ®UILL «HemunHoBKa» (T. MockBa, HoBoMoO-
CKOBCKUU aJ]MUHUCTPATUBHBIA OKPYT, 1. COKOJIOBO).
[ToYBHI TOJIEH — NEPHOBO-TIOA30JIUCThIE, CYTJINHU-
cThle. [TpeAlIecCTBEHHUKAMU CIY)KUJIU YMCTHIN m1ap,
o3uMas UK PoBad MIIeHNIa OJHOI'0 Tojla BO3/IEJIbI-
BaHwUs. O6paboTka IMOYBHI — 3516J1€Bast BCIIANIKA HA TIIy-
6uny 20-25 cM U ITpeIIoceBHAS KyJIbTUBAIUS Ha TITy-
6uHy 5—-8 cM. [ToceB — B ONITUMAaJIbHBIE [IJId PerruoHa
cpoku — ¢ 25 aBrycra o 10 ceHTsi6ps. HopMa BeiceBa

with high grain quality are being created. Such variet-
ies as Moskovskaya-39, Moskovskaya-40, Moskovska-
ya-56, Moskovskaya-82, Nemchinovskaya-85 allow
you to consistently get a yield of 80-100 c/ha; the po-
tential yield can be 140-150 c/ha (Sandukhadze, 2020).
The implementation of such high productivity is often
hampered by the impact of negative environmental
factors, primarily the development of diseases, pests,
and weeds.

The All-Russian Research Institute of Phytopa-
thology has been cooperating with the Federal Re-
search Center “Nemchinovka” for many years in con-
ducting studies, in particular monitoring the incidence
of winter wheat varieties with dangerous diseases com-
mon in the region. The need for long-term continuous
observations of the incidence of varieties is united,
firstly, by the fact that in different years under different
weather conditions, diseases manifest themselves dif-
ferently and repeated observations are required for an
objective assessment; secondly, as a result of the for-
mative processes constantly occurring in nature, the
intraspecific structures of the pathogen population are
constantly changing, which affects the state of the bio-
cenosis and the incidence of varieties.

The aim of the research is to optimize the protec-
tion of winter wheat from diseases in the Central Non-
Black Earth Zone of the Russian Federation based on
monitoring the incidence of cultivated varieties.

To achieve this, the following tasks were solved:
studying the composition of pathogenic complexes of
winter wheat at different stages of its ontogenesis, de-
termining the most dangerous pathogens, the frequen-
cy of their outbreaks (epiphytoties) and crop losses,
comparative study of the incidence of cultivated vari-
eties by diseases and the crop lost from them, substan-
tiation of the varietal composition of the agrocenosis of
winter wheat and technologies for their use, ensuring
long-term resistance to a complex of dangerous patho-
gens in the Central Non-Black Earth Region.

MATERIALS AND METHODS

Phytosanitary monitoring studies of the All-Russian
Research Institute of Phytopathology and the Federal
Research Center “Nemchinovka” have been conduct-
ed since 2001. The objects of the studies were winter
wheat varieties bred by the Federal Research Center
“Nemchinovka”, which form the basis of industrial
crops in the region. The monitoring elements were
the intensity of disease development, grain yield loss-
es from diseases, and the frequency of outbreaks (epi-
fytoties). The work was carried out on the experimental
fields of the Field Testing Department of the All-Rus-
sian Research Institute of Phytosanitary Phytochemis-
try (Moscow Oblast, Odintsovo District, Letniy Otdykh
settlement) and the crops of competitive variety testing
of the Federal Research Center “Nemchinovka” (Mos-
cow, Novomoskovsky Administrative District, Sokolo-
vo village). The field soils are sod-podzolic and loamy.
The predecessors were bare fallow, winter or spring
wheat of one year of cultivation. Soil cultivation — au-
tumn plowing to a depth of 20-25 cm and pre-sowing
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ceMsH — 5 MJIH/Ta; HOPDMbI BHECEHUS MUHEPATIbHbBIX
yoobpeHun — N, P K, IO TIPESIIOCEBHYIO KYIbTU-
BaIUI0 W MOJKOPMKA aMMUAYHOU CeJIUTPOil B hasy
kymenusa (§. 29-31) us pacuera 34,4 Xr 1. B. / ra.
[IpoTpaBIWBaHUE CEMSH U OIPHICKUBAHUE ITOCEBOB
yarunumamu He mpoBoAuan. MHDEKIIMOHHBIN HOH
6oJie3Hell — eCTECTBEHHBIN.

CopTa BbIpammBaiy Ha AejasgHKax 10 M2, IOBTOP-
HOCTB OITBITA — YeThIPEXKPaTHAas.

B chasy mosiouHOU criesiocTu 3epHa (. 75) yIUTHI-
BaJIM MHTEHCUBHOCTH ITOPaXEHUSI COPTOB JINCTOCTE-
6epHBIMY NHDEKITUSIMY, a B a3y MOJIOUHO-BOCKOBOM
cmenoctu (¢. 80) — koslocoBbIMU. B 3TU (hassl pa3Bu-
Tue 60Jie3Hel oCcTUraeT, Kak MpaBujo, MaKCUMaJb-
Horo ypoBHs. Onpenenenne a3 pa3BUTUS PACTEHUN
mpoBoauu 1o mKasie [lagokca-Eykapnua (Zadoks J.C
etal, 1974).

[Tpu yueTe Gosie3HEN Ha KaXXIOU NejsiHKe B 4
TOUYKax ocMaTpuBajiu 1o 20 pacrenui (80 pacTeHuUH
KaXkZoro copTa). MHTEHCUBHOCTb Pa3BUTUS JIUCTO-
BBIX MH(MEKIUN OI[eHUBAJIU 110 CPeNHEN ImopakeH-
HOCTHU 3 JIUCTbEB BEPXHEro sgpyca — darosoro (F-1),
noadaarosoro (F-2) u Tpetbero ceepxy (F-3). PazBu-
THe CTe6JIEBBIX U KOJIOCOBBIX MH(MEKIIUHN OITPeeIsIIn
10 CpeiHel TOPakeHHOCTY COOTBETCTBEHHO CTebJiel
u Kojioca. UHTEHCUBHOCTD pa3BuUTUs 60jie3Helt (MH-
TEHCUBHOCTD ITOPAXKEHUSI) OI[€HUBAJIU T10 TIPOIIEHTY
TIONA Y TOBEPXHOCTHU TOT'O MJIM MHOTO OpraHa pac-
TEHUs], Ha KOTOPOM OTMeYeHbI TPU3HaKy 3a6ojieBa-
HUS. JIJI 9TOTO IPUMEHSIIN UCIIONb3yeMbIE B MEXKLY-
HAPOJHOM IMPAKTHUKE METOMABI U MKajbl (CAHUH U JP.,
2010).

B ¢asy mosHOTO co3peBanus (. 91-92) mposo-
IWJY YOOPKY YPOsKast OTAEJbHO IT0 KaXKJA0U OTIBITHOMN
JeJITHKE C TTIOMOIIbI0 MaJIoTabapUTHBIX KOMOAHOB.

s onipeiesieHus TIOTEPhb YPOXKas OT 6oJie3HeN
IpUMeHsIY paspaboTaHHbie BO BHUU ¢uTomnarosio-
I'MY MaTeMaTUYeCKHe MOJEJNH, XapaKTepuaywIirue
3aBUCUMOCTb BEJIMYMHBI TEPSEMOTO yPOXKas OT MH-
TEHCUBHOCTY Pa3BUTUS TOTO MJIX MHOTO 3a60JI€BaHMSI
(CanuH u mp., 2018).

Ha ocHOBaHMY JaHHBIX O MOPAKEHHOCTHU pacTe-
HUU 4 TIOTePh yPO’Kas MIPOBOAMIIN KiaccuduKaluo
YPOBHEU pa3BUTU 60Jie3Hel TPU TON UJIY UHOU CKJIa-
IbIBaroIIeiics GUTocaHUTAPHOM CUTYaIUN.

PaszBuTue 60e3Hel Ha TOM MJIM MHOU arpoTep-
PUTOPUU B TIPAKTUKE 3aIIUTHI PACTEHUN Yalle BCe-
ro KiIaccuuIUpyeTcs Ha TPU YPOBHS: SNMTUDUTOTUS
(srmmeMus), yMepeHHOE Pa3BUTHE, Aerpeccus. Kax-
IIBIM U3 BTUX KJIACCOB, B 3aBUCUMOCTH OT TTOPaykaeMou
KYJbTYPBI, 60JI€3HY, HA3HAYEHUS UCCIEeNOBaHUI, UMe-
€T CBOU OIIPeZieJIeHHbIE XapaKTePUCTHUUECKUE TTOKa3a-
Tenu. B Tabs. 1 npencraBieHa pa3paboTaHHasg HaMU
kJaccuduKanmsg ypoBHEN pa3BUTUA 60Je3HeN 03u-
MOU M IPOBOM ITIIEHUITHI.

Knaccudukanug pazpaboraHa Ha OCHOBE MHO-
TOJIETHUX DKCIIEPUMEHTOB IO OI[eHKEe S3KOHOMUYe-
cko¥ 3 (HEKTUBHOCTU CPEACTB U METOJIOB 3aIlUThI
TIIeHUITbI 0T 60J1e3Hel. OCHOBY 9TOM OlIeHKU COCTaB-
JIIeT TaKOU IMoKa3aTeJib, KAaK 3ePHOBON SKBUBAJIEHT
3aIUTHI, TPEACTABIAIONINN CO60 KOJIUUYECTBO YPO-
’kast (K, 11, T/Ta), KOTOPBIN CIENyeT COXPAHUTH, YTOOI
OKYITUTB 3aTPAaThl Ha ero 3amury (Byra, 2013; CanuH
u np., 2022).

3epHOBbBIE SKBUBAJIEHTHI (KaK U OTIPe/ieJIeHHbIE
Ha UX OCHOBE KJIACCHI YDOBHEN Pa3BUTUSA 60JIe3HEL)

cultivation to a depth of 5-8 cm. Sowing — at the opti-
mal time for the region - from August 25 to September
10. Seed seeding rate — 5 million/ha; mineral fertiliz-
er application rates — N, P, K, for pre-sowing cultiva-
tion and ammonium nitrate fertilization in the tillering
phase (form. 29-31) at the rate of 34.4 kg active ingre-
dient/ha. Seed treatment and crop spraying with fun-
gicides were not carried out. Infectious disease back-
ground — natural.

The varieties were grown on plots of 10 m?, the ex-
periment was repeated four times.

In the milky ripeness phase of grain (f. 75), the in-
tensity of damage to varieties by leaf-stem infections
was taken into account, and in the milky-wax ripe-
ness phase (f. 80), by ear infections. In these phases,
the development of diseases usually reaches its max-
imum level. The phases of plant development were
determined according to the Zadoks growth scale
(Zadoks J.C et al., 1974).

When recording diseases, 20 plants (80 plants of
each variety) were examined in each plot at 4 points.
The intensity of leaf infection development was as-
sessed by the average damage of 3 leaves of the up-
per tier — flag (F-1), subflag (F-2) and the third from
the top (F-3). The development of stem and ear infec-
tions was determined by the average damage of stems
and ears, respectively. The intensity of disease devel-
opment (damage intensity) was assessed by the per-
centage of the surface area of a particular plant organ
on which signs of the disease were noted. For this pur-
pose, methods and scales used in international prac-
tice were used (Sanin et al., 2010).

In the full ripening phase (f. 91-92), harvesting
was carried out separately for each experimental plot
using small-sized combines.

To determine crop losses due to diseases, mathe-
matical models developed at the All-Russian Research
Institute of Phytopathology were used, characterizing
the dependence of the amount of lost crop on the in-
tensity of development of a particular disease (Sanin
etal., 2018).

Based on data on plant damage and crop losses,
a classification of disease development levels was car-
ried out for a given phytosanitary situation.

The development of diseases in a particular agri-
cultural territory in plant protection practice is most
often classified into three levels: epiphytoty (epidem-
ic), moderate development, depression. Each of these
classes, depending on the affected crop, disease, and
purpose of the research, has its own specific charac-
teristic indicators. Table 1 presents our classification
of the levels of development of diseases of winter and
spring wheat.

The classification was developed on the basis of
many years of experiments to assess the economic effi-
ciency of means and methods of protecting wheat from
diseases. The basis of this assessment is such an indi-
cator as the grain equivalent of protection, which is the
amount of crop (kg, ¢, t/ha) that should be preserved in
order to recoup the costs of its protection (Buga, 2013;
Sanin et al., 2022).
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Ta6J. 1. Kiaccudukaius ypoBHe pa3BUTH 60J1e3Hel 03UMOii U IPOBOii IMIIIEHUIIbI
10 CTENEeH! NopakeHua pacteHuii (%) u norepam ypoxasa sepHa (%)

Table 1. Classification of the levels of development of diseases of winter and spring wheat
by the degree of damage to plants (%) and grain yield losses (%)

VYpPoKaiiHOCTBD, 11/Ta
Productivity, c/ha

21-40 41-60 61-80
CTeneHb IToTepu CTeneHb IToTepu CTeneHb IToTepu
Kiacc ypoBHA MopaKeHus ypoxad, nopaskeHus ypoxas, nopaskeHus ypo:xas,

pa3BuTUA 60JIE3HU
Disease development

pacTtenmii, % %
Plants damage Crop losses,

pactenuii, %
Plants damage

%
Crop losses,

pacrtenmuii, %
Plants damage

%
Crop losses,

level class degree, % % degree, % % degree, % %
SR IEEHEE R g >20 > 30 >10 > 20 >5
Epiphytoty (epidemic)

YMEpEHHOE PasBuTHe 20-40 10-20 10-30 5-10 5-20 3-5
Moderate development

Aenpeccus <20 <10 <5 <5 <3
Depression

* MpuHaT 3a pybexxom * Accepted abroad

3aBUCST OT yPO’kasi, ero KauecTBa, I[eHOBBIX ITOKa3a-
TeJIel yporKasi, 3aTpaT Ha 3alUTY U JIP.

C mosunuu GUTOCAHUTAPUU IO SNTUGUTOTHUEH
(smiueMueit) ciienyeT MOHUMATh MaCCOBOE Pa3BUTHE
6osie3Hel pacTeHUI Ha TOW WU WHOU TEPPUTOPUH,
TPUBOAAIIEe K CHU)KEHUIO YPOXKasd UJIN/U ero Kade-
CTBA, KoTla TpebyeTcs MPOBeieHNEe 3allUTHBIX MEPO-
OPUATUHN 1 OHU SIBJISIOTCS DKOHOMUYECKY OIIpaBIaH-
HBIMU.

Ha ocHOBe JaHHBIX MHOTOJIETHETO MOHUTOPUH-
ra Iopa)KeHHOCTU PAaCCUMTHIBAJIM YKMCIIOBbIE NHIEK-
ChI YPOBHEI (KJIaCCOB) pasBUTUS 60Je3HEN. NHIEKChI
TPEeICTaBISIOT COO0M KOJTUYECTBO JIET U3 KaKIbIX 10
C TeM WJIX MHBIM KJIaCCOM MopakeHHOoCTHU (3nuduTo-
THSI, YMEPEHHOE Pa3BUTHUE, TEIIPECCHUS).

VIHIeKC Pa3BUTHS OTIPeieNIsieTcs 1o hopMyJie:

j -R10
n
rge I, - MHEKC Pa3BUTHS;

R — KOJIMYECTBO JIET TOr'0 MJI MHOTO KJjIacca Iopa-
JKeHHOCTH 3a T'oJlbl HAOJIIOEeHUI];

7 — KOJINUECTBO JIeT HabJ0JeHU .

VHIeKc pa3sBUTHUS O0JIE3HU SBISIETCSI Ba)KHBIM
ToKasaTeJieM, XapaKTepu3yInuM GUTOCaHUTAPHYTO
CHUTYaIUI0, CKJIAJbIBAIOIIYIOCS B TOM WJIM UHOM PETu-
OHe, 1 (UTOCAHUTAaPHBIE 0COOEHHOCTH BO3IEJIbIBAE-
MBIX COPTOB.

Pe3ynbTaThl yYETOB ITOPAYKEHHOCTH, OLIEHKHU YPO-
’Kasl M ITOTePbh ypoXKkas MOJBEPTANIU CTATUCTUIYECKON
o6paboTke. Ompenensaiu cpelHre 3HAaUeHUs TOKa-
3aTeJiel, BApbUPOBAHUS UJIU OMIUOKYU CPENHUX IS
33/IaHHOT'0 YPOBHS BEPOSITHOCTH, PACCUMTHIBAJIA KO-
3 DUILIMEHTBI KOPPENSILUY U IPYTHE CTATUCTUYECKUE
nokasareiiu (Jlocriexos, 2015).

PE3VJIBTATBI U OBCYKJOEHHE

B X0/ie MapUIPYTHBIX 00CIEN0BaHUY TPOU3BOJICTBEH-
HBIX ITOCEBOB, €XKETOTHO IIPOBOAVMBIX COTPYAHUKAMU
SI'BEHY BHUU®, ycTaHOBIIEHO, UTO O3UMYI0 ITIIEHUILY
B IleHTpasbHOM HeuepHo3eMbe IMoOpakaioT 6ojee
20 6oJsie3Hel TPUOHOM, BUPYCHON M OaKTepuaibHOU
strosoruu (cM. TabJr. 2).

HawuboJbliiee pacipocTpaHeHE B PETUOHE UMe-
0T KOPHEBbIE U IPUKOPHEBbIE THUIN (Qy3apUO3HOMU

Grain equivalents (as well as classes of disease de-
velopment levels determined on their basis) depend on
the harvest, its quality, price indicators of the harvest,
costs of protection, etc.

From the standpoint of phytosanitary, epiphytoty
(epidemic) should be understood as the mass develop-
ment of plant diseases in a particular territory, leading
to a decrease in the yield and/or its quality, when pro-
tective measures are required and they are economi-
cally justified.

Based on the data of long-term monitoring of in-
festation, numerical indices of the levels (classes) of
disease development were calculated. The indices rep-
resent the number of years out of every 10 with a par-
ticular class of infestation (epifitoty, moderate devel-
opment, depression).

The development index is determined by the for-
mula: 210

="y
where I, — development index;
R - the number of years of a particular class of
infestation over the years of observation;
n — observation years number.

The disease development index is an important
indicator characterizing the phytosanitary situation in
a particular region and the phytosanitary characteris-
tics of cultivated varieties.

The results of the infestation counts, yield as-
sessments and yield losses were subjected to statisti-
cal processing. The average values of the indicators,
variations or errors of the averages for a given level of
probability were determined, correlation coefficients
and other statistical indicators were calculated (Dos-
pekhov, 2015).

RESULTS AND DISCUSSION

During route surveys of production crops, annually
conducted by specialists of the FGBNU “VNIIF”, it was
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Ta6J1. 2. Bojie3aHU 03MMOIi MeHuIIbI IleHTpaJIbHOro paiioHa
HeuepHo3eMHOI 30HbI Poccyu (2001-2024)

Table 2. Winter wheat diseases of in the Central region
of the Non-Black Earth zone of Russia (2001-2024)

Pacnpo-
HasBaHue Bo36yauTesu cTpaHeHUue*
Name Agent Distribution®
BOJIE3HM BCX0/0B HA PAHHUX 3TAITAX OHTOT'EHE3A
DISEASES OF SEEDLINGS AT EARLY STAGES OF ONTOGENESIS
dyszapuozHas Fusarium root rot Fusarium spp. o

KOpHeBad 'HUJIb

Fe.TII)MI/IHTOCHOpI/IOBHaH
KOpHeBad 'HUJIb

Oduobosesnas
KOpHeBas THUIb

LepkocrioppesiesHad
MIPUKOPHEBas THUIb

Pu3oKTOHMO3HAY
IIPUKOPHEBAA I'HUJIb

dysapuosHag
MIPUKOPHEBas T’HUIIb

Root rot of cereals

Crown sheath rot of rice

Eyespot of cereals

Sharp eye-spot of cereals

Fusarium root rot

Bipolaris sorokiniana (Sacc.) *
Ophiobolus graminis (Sacc.)

Oculimacula yallundae (Walker & Spooner)

Crous & Bams

Rhizoctonia cerealis van der Hoeven

Fusarium spp.

BOJIE3HU BETETATMBHBIX OPTAHOB (JIUCTbS, CTEBJIN)
DISEASES OF VEGETATIVE ORGANS (LEAVES, STEMS)

CHe)XHas IJeceHb
CenTOpuMO3 IUCTHEB
IMupeHo(dOpPO3 TNUCTHEB
Bbypag pxaBurHa
Kenras pxaBuMHa

CrebyieBas psKaBuUMHA

MyuHucTrasg poca

Snow mould of cereals
Septoria leaf spot

Tan spot of wheat

Brown rust of wheat
Yellow rust of wheat
Black stem rust of cereals

Powdery mildew of cereals

Microdochium nivale (Fries) Samuels & I.C. Hallett
Zymoseptoria tritici (Desm.) Quaedylieg & Crous ek
Pyrenophora tritici-repentis (Drechs) Roberge ex
Puccinia triticina (Erikss.)

Puccinia striiformis (West).

Puccinia graminis (Pers.)

Blumeria graminis (D) Speer.

BOJIE3HU KOJIOCA
EAR DISEASES

CenTopuos KoJjioca

dys3apuos Koyioca
YepHb KOJIOCA
TosioBHS (TBepast, MbLIbHAS)

JKenTasg KapJIMKOBOCTh
auMeHs — BXKKA

HITpuxoBaTas
MO3auKa IUMeHs

BazaibHbIN 6aKTEPUO3

YepHbIl 6aKTEPUO3

Glume blotch of wheat

Fusarium head blight
Black mould of cereals

Common bunt of wheat

Barley yellow dwarf virus

Barley stripe mosaic virus

Basal glume rot of wheat

Bacterial leaf streak
of barley

Parastagonospora nodorum (Berk.) Quaedvlieg,
Verkley & Crous

Fusarium spp.
Alternaria spp., Cladosporium herbarum (Pers.) Link **

Tilletia tritici, Ustilago tritici (Pers.) C.N. Jensen, *
Kellerm & Swingle

Barley yellow dwarf virus (BYDV)
Barley stripe mosaic virus — BSMV

Pseudomonas syringae p v. atro faciens (Mc Culluch)
Young, Dye & Wilkie

Xanthomonas campestris p v. translucens
(Jones, Jonson and Reddy) Dye

*Ha OTAeNnbHbIX NONAX pefKo

** loBCEMECTHO B OTAe/bHble rofbl

*** NoBCEMECTHO eXerogHo

* Rarely in seperate fields

** Everywhere in some years

*** Everywhere annually

dutocaHuTapusi. KapaHTUH pacTeHuii
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stuosoruu (Fusarium Spp.), CEITOPUO3 JIUCThEB
(Zymoseptoria tritici (Desm.) Quaedylieg & Crous), 6y-
pas pxaBuuHa (Puccinia triticina (Erikss.), MydHUCTas
poca (Blumeria graminis (D) Speer.), CEeITOPK1O3 KoJoca
(Parastagonospora nodorum (Berk.) Quaedvlieg, Verk-
ley & Crous). OHM OTMEYarTCs ITOBCEMECTHO ITPaK-
TUYECKU €KEerofHo, MIPUHMUMAas 3a4acTyi0 XapaKTep
SMUDUTOTUIN.

HecKoJIbKO MeHblllee pacIlpocTpaHeHue u 60-
Jee cinaboe pa3sBUTHE MMEKT CHeXHas TMJECEHD
(Microdochium nivale (Fries) Samuels & I.C. Hallett),
reJIbMAHTOCIIOPMO3HbIe KOpHEeBbie THUIH (Bipolaris so-
rokiniana (Sacc.), nupeHodopos aucTbes (Pyrenophora
tritici-repentis (Drechs) Roberge ex), dysapuos
(Fusarium spp.) u yepHb Kosoca (Alternaria spp., Clado-
sporium herbarum (Pers.) Link).

Ilpyrue 3aboyieBaHUS, OTMEUEHHbBIE B TabJIUIIE,
BCTPEYAIOTCS SIIN30IUYECKH B OT/IeIbHbIE IOkl Ha OT-
JIeJTbHBIX TIOJISIX 1 He TIPUYMHSIOT X03ICTBEHHO 3Ha-
YUMBIU YPOH YPOXKAI0.

Fombl HaGMOJEHUN CYIIeCTBEHHO pasjuva-
JIVCh TI0 MMOTOAHBIM (haKTopaM, BAUIIOIIUM Ha pas-
BuTHE GoJjie3HeN. HeOMMHAKOBBIMU OBLIU YCJIOBUS
KaK B OCEHHEe-3UMHU MTepuo, Korga GopMupyoTcsa
TOTEeHIMAJbI (3amackl) MHOEKIUY, TaK U B BeCeHHe-
JIETHUI, KOT/Ia 9TU MOTEHIIUAJIbl PeaIN30BbIBAIOTC.

Tozibl pa3IuyalucCh TEMIIEPATYPOH BO3AyXa 3U-
MOM, BBICOTOM CHEXXHOTO ITOKPOBA, TEMIIEPATypoOu
¥ OTHOCUTEJIbHOU BJIa)KHOCTBIO BO3/IyXa B BECEHHE-
JIETHUE MeCsIbl, KOJIMYECTBOM 0CaJKOB, Y4aCTOTOM
BBIMAJEHUS 0CaZKOB U IPYruMu akTopamMu. ITO,
€eCTEeCTBEHHO, CKa3bIBaJIOCh Ha IIPEeICTaBJIeHHOCTHU
foJiesHell 10 roflaM M UHTEHCUBHOCTU UX Pa3BUTUS
Ha BO3/IeJIbIBAEMBIX B PETUOHE COPTaX.

B KadecTBe MOJATBEPXIEHUS CKazaHHOMY,
Ha puc. 1 moxasaHbl JaHHbIE MOHUTOPUHTA PA3BUTHUI
JIMCTOCTEOEIbHBIX 1 KOJOCOBBIX OOJIE3HEN 03MMOM
MIIeHUIbl Ha copTe MockoBckas-39 3a nepuog, c 2015
mo 2024 T.

CopT MoCKOBCKasa-39 MINPOKO pacIpoCcTpaHeH
B HeuepHO3eMHOU 30He Poccuu, xapaKTepU3yeTCs

established that winter wheat in the Central Non-
Black Earth Region is affected by more than 20 diseas-
es of fungal, viral and bacterial etiology (see Table 2).

The most widespread diseases in the region are
root and basal rots of fusarium etiology (Fusarium
spp.), septoria leaf spot (Zymoseptoria tritici (Desm.)
Quaedylieg & Crous), brown rust of wheat (Puccinia
triticina (Erikss.), powdery mildew of cereals (Blume-
ria graminis (D) Speer.), glume blotch of wheat (Para-
stagonospora nodorum (Berk.) Quaedvlieg, Verkley &
Crous). They are observed everywhere almost every
year, often taking the form of epiphytoties.

Less widespread and less developed are snow
mould of cereals (Microdochium nivale (Fries) Samu-
els & I.C. Hallett), root rot of cereals (Bipolaris soroki-
niana (Sacc.), tan spot of wheat (Pyrenophora tritici-re-
pentis (Drechs) Roberge ex), Fusarium spp. and black
mould of cereals (Alternaria spp., Cladosporium herba-
rum (Pers.) Link).

Other diseases noted in the table occur sporadi-
cally in individual years in individual fields and do not
cause economically significant damage to the crop.

The years of observation differed significantly in
weather factors influencing the development of dis-
eases. The conditions were different both in the au-
tumn-winter period, when the potential (reserves)
of infections are formed, and in the spring-summer,
when these potentials are realized.

The years differed in winter air temperature,
snow depth, temperature and relative humidity in the
spring and summer months, amount of precipitation,
frequency of precipitation and other factors. This na-
turally affected the prevalence of diseases by year and
the intensity of their development on the varieties cul-
tivated in the region.

As confirmation of the above, Fig. 1 shows data on
monitoring the development of leaf and ear diseases
of winter wheat on the Moskovskaya-39 variety for the
period from 2015 to 2024.

The Moskovskaya-39 variety is widely distribu-
ted in the Non-Black Earth Zone of Russia, charac-

terized by high yield and high grain

70 -
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40

quality (protein 14-15%, gluten
30-35%). For many years it was the
standard variety in competitive va-
riety trials.

During the years of research
on this variety, leaf septoria had the
greatest development. It was ob-

30
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PasBuTtue 6onesHu, %
Disease development, %

2015 2017 2018 2019 2020 2021

B CenTtopro3 nuctbeB = CenTopuos Konoca
Septoria leaf spot Glume blotch

(] Bypas pxxaBunHa
Brown rust The objective of this work

served annually, the incidence var-
ied from 3.2 t0 59.0%. Then, in order
of decreasing intensity of develop-
ment, followed: brown rust — from
0.5 to 41.0%, glume blotch — from
0.01 to 40.0%.

In some years, powdery mildew
and fusarium head blight were ob-
served, but the intensity of their de-
velopment was insignificant.

2023 2024

din not include determining the

Puc. 1. PasButne nuctoctebenbHbIxX

Fig. 1. Development of leaf-stem infections

MH(EeKUMM HA 03MMOM MLLeHuLe copTa on winter wheat variety Moskovskaya-39
MockoBckas-39 (MockoBckas o6nactb, (Moscow Oblast, Federal Research Center
dUL, «<HeMumHoBKa», 2015-2024 rr.) “Nemchinovka”, 2015-2024)
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BBICOKOH YPOXKaWHOCTBIO ¥ BHICOKMM KaueCTBOM 3epHa
(6emox 14-15%, kimetikoBuHa 30-35%). MHOr1E TOZbI
OH SIBJISIJICSI COPTOM — CTAaHZAPTOM IIPU IPOBEeAeHUU
KOHKYPCHBIX COPTOUCITBITAHUT.

HawuboJiblllee pa3BUTHE B I'Obl MCCIEN0BaAHUM
Ha TOM COPTE UMeJI CEITOPHO03 JIUCTheB. OH HaGJII0-
[AJICS eKEeroHO, IIOpaKeHHOCTh BapbupoBasia oT 3,2
0 59,0%. lanee B mopsgKe yObIBAaHUS UHTEHCUBHO-
CTU pa3BUTUA cliefoBayu: 6ypas p>kaBumHa — oT 0,5
10 41,0%, cenTopuos KoJjioca — ot 0,01 mo 40,0%.

B oTHenbHbBIE TOBI 0OTMEYAINCh MyUHUCTAsI POca
u ¢y3apuo3 KoJioca, OHAKO MHTEHCUBHOCTD UX Pa3-
BUTHS ObLIa HE3HAUUTEJIbHOM.

B 3amauy HacTog1el paboThl He BXOLWJIO OIIpe-
IeJleHre BIUAHUS IOTOMHbIX (DAKTOPOB Ha Pa3BUTHE

influence of weather factors on the development of di-
seases. This is the subject of independent studies that
have been and are being conducted by many authors
(Stepanov, 1962; Strizhekozin, 2005; Van der Plank,
1962; Filippov et al, 2018).

In the process of long-term phytosanitary mon-
itoring, carried out according to a unified methodol-
ogy, we sought to determine the frequency of mass
development of certain dangerous diseases on win-
ter wheat varieties cultivated in the Central Non-
Black Earth Region of the Russian Federation. The
solution to this problem is important for substan-
tiating the phytosanitary position of the varietal
structure of crops, the need and nature of protective
measures.

Ta61. 3. UHAEeKChI YPOBHEI PasBUTHS JIUCTOCTEOEIbHBIX M KOJIOCOBbIX HH(EKITHI
Ha cOpTax 03MMOIi IIIIEHUIIbI, BO3/Ie/IbIBaeMoii B IleHTpajibHOM HeuepHo3eMbe
(MockoBckas 06JacTh, PUILL «HeMunHOBKa», 2015-2024 rT.)

Table 3. Indices of the levels of development of leaf-stem and ear infections
on winter wheat varieties cultivated in the Central Non-Black Earth Region
(Moscow Oblast, Federal Research Center “Nemchinovka”, 2015-2024)

CenrTopuo3s Bypasa CenTopuo3s MyuHucTasa dysapuos
JIUCTHEB p:KaBYMHA KoJioca poca KoJjioca
Septoria leaf spot Brown rust Glume blotch Powdery mildew Fusarium
o 2 5 2§ 2§ o 5
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CopTa E& 9T ga ES 0T EFe ES 07T Fa E& 0T Fa ES 0T B e
. . ES 8° 00 HB £° 00 EHEB $§° 00 EHB £§° 00 EB $° oo
Varieties ME »E HA oE »2 HA oM »2 HA oE -2 HA oM »e HA
MockoBckag-27
Moskovskaya-27 6 4 0 0 2 8 0 0 10 0 0 10 0 0 10
HemuunHOBCKag-57
Nemchinovskaya-57 6 4 0 2 0 8 0 2 8 0 0 10 0 0 10
MockoBcKas-82
Moskovskaya-82 6 2 2 2 4 4 0 2 8 0 0 10 0 0 10
HeMuwnHOBCKasg-85
Nemchinovskaya-85 2 8 0 2 2 6 0 2 8 0 0 10 0 0 10
HeMuuHOBCKasg-24
Nemchinovskaya-24 4 4 2 0 2 8 0 4 6 0 2 8 0 0 10
MockoBcKas-56
Moskovskaya-56 6 4 0 2 0 8 0 4 6 0 0 10 0 0 10
HeMmuwnHOBCKasg-17
Nemchinovskaya-17 6 2 2 0 0 10 0 2 8 0 0 10 0 0 10
Wrxa 10 0 0 6 0 4 2 0 8 o o 10 o0 2 8
Inna
MocxkoBckasa-40
Moskovskaya-40 e 2 2 2 0 8 0 2 8 0 0 10 0 0 10
MocxkoBckas-39
Moskovskaya-39 6 2 2 0 4 6 0 4 6 0 0 10 0 0 10
HaMﬂTg @egMHa 6 9 9 6 0 a 5 4 4 0 0 10 o o o
Pamyati Fedina
duTtocaHutapus. KapaHTtuH pactenuin 34
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Ta6J1. 4. CTeneHb nopaxkeHus (%), morepu yposkas (%) u ypo:kaii (if/ra) COPpTOB 03UMOI
MIIEeHUIIbI, PaiioHNPOBAHHBIX B I[eHTpaJIbHBIX paiioHax HeuepHO3€MHOM 30HbI
(MockoBckas o6aactb, PI'BHY BHUN P, PUILI «HeMunHOBKa», 2020-2024 rT.)

Table 4. The degree of damage (%), yield losses (%) and yield (c/ha)

of winter wheat varieties zoned in the Central regions of the Non-Chernozem zone
(Moscow Oblast, FGBNU “VNIIF”, FRC “Nemchinovka”, 2020-2024)

CteneHb nmopakeHus, %*

Damage level, %* Iorepu
ypo:kas,

Cenropuos Myunucrasa % Ypo:xkaii,

JINCTbEB Bypas CenTopuo3s poca Yield n/ra

Septoria leaf pkaBumHa KoJioca Powdery losses, Yield,
CopT Variety spot Brown rust Glume blotch mildew % c/ha
MockoBckasa-27 Moskovskaya-27
BapbupoBaHue Variation 11,4-45,3 0,0-7,7 0-5,4 0,0-3,0 4,8-20,0 55,1-88,1
Cp. Avg. 29,2 2,4 2,3 0,6 11,9 75,3
HemuuHoBcKkan-57 Nemchinovskaya-57
BapbupoBaHue Variation 14,4-40,6 0,0-59,3 0,0-15,0 0,0-2,5 4,8-19,0 48,3-102,2
Cp. Avg. 27,8 13,6 5,2 0,5 12,2 70,2
MockoBckaa-82 Moskovskaya-82
BapbupoBaHue Variation 13,7-26,8 0,0-27,6 0,1-26,0 0,0-2,2 4,8-15,0 34,5-101,4
Cp. Avg. 19,3 12,9 7,4 0,6 9,8 69,8
HemuuHoBcKaa-85 Nemchinovskaya-85
BapbuposaHue Variation 9,2-44,7 0,0-34,5 0,0-5,6 0,0-1,2 4,7-17,0 40,6-89,1
Cp. Avg. 24,4 9,5 2,6 0,3 10,4 68,5
HemumHoBcKkaa-24 Nemchinovskaya-24
BapbupoBaHue Variation 8,6-55,0 0,0-13,1 0,0-21,0 0,0-8,8 9,1-29,0 12,8-101,8
Cp. Avg. 27,6 4,3 8,3 2,4 15,5 67,3
MockoBcKaa-56 Moskovskaya-56
BappupoBaHue Variation 10,5-55,4 0,0-46,7 0,0-14,3 0,0-3,0 5,6-25,0 50,1-98,1
Cp. Avg. 28,3 11,1 5,5 0,6 12,2 64,2
HemunHoBcKas-17 Nemchinovskaya-17
BaprupoBaHue Variation 16,7-58,2 0,0-0,7 0-14,0 0,0-1,6 9,0-25,0 26,7-94,5
Cp. Avg. 30,5 0,1 5,7 0,4 13,4 64,1
NuHa Inna
BapbwupoBaHue Variation 25,2-33,3 3,3-68,3 0,0-4,3 0 11,5-21,4 56,6-73,9
Cp. Avg. 29,0 39,7 1,9 0 15,6 63,9
MockoBckaa-40 Moskovskaya-40
BaprupoBaHue Variation 4,5-52,0 0,0-41,0 0,1-13,0 0,0-2,0 1,9-22,0 47,4-85,3
Cp. Avg. 26,5 9,8 4,7 0,4 10,8 63,5
MockoBckasa-39 Moskovskaya-39
BapbupoBaHue Variation 3,2-48,3 0,0-22,7 0,0-12,0 0,0-3,5 2,0-22,0 45,6-89,1
Cp. Avg. 29,5 8,7 3,0 0,7 12,9 61,8
Mamatu ®eauna Pamyati Fedina
BaprupoBaHue Variation 28,0-46,3 53,7-70,1 1,9-13,0 0 16,7-17,7 33,5-54,5
Cp. Avg. 37,1 61,9 7,4 0 17,2 44,0

* CpeniHerofioBble 3HaveHna ans P

* Average annual indices for P,

GoyIe3Heln. ITO ABJISAETCS IIPEIMETOM CAMOCTOSITEb-
HBIX MCCJIeIOBAHUM, KOTOPbIE TIPOBOILUIINCH U MPO-
BOIATCS MHOrMMU aBTopamu (CtemaHos, 1962; CTpu-
skeko3uH, 2005; Bau gep [Tnank, 1962; Filippov et al,
2018).

B mpoliecce MHOTOJIETHETO (DUTOCAHUTAPHOTO
MOHMTOPWHTA, BBITIOJHSIEMOTO T10 YHU(DUITMPOBAHHOMN
METOAUKE, Mbl CTPEMUJIKCH OTIPENENISITh YaCTOTY Mac-
COBOTO Pa3BUTHUS TEX UJU MHBIX OITACHBIX OOJIe3HEN
Ha copTax 03UMOI IIIIEeHUIIbI, BO3Ie/IbIBaeMbIX B ITH3
P®. Penenue 9ToM 3aauy BaXKHO JIJIT 000CHOBAHUSI
¢ (huToCaHUTAPHBIX TTO3UIUU COPTOBON CTPYKTYPhI
TIOCEBOB, HEOOXOAUMOCTHY M XapaKTepa 3al[UTHBIX
MEPOTIPUITUN.

B Ta6j. 3 mpuBeleHbl UYMCI0Bble MHIEKChI YPOB-
Hel pa3sBUTUSA HanboJiee OMMaCHbIX JIMCTOCTE6ETbHBIX

Table 3 shows the numerical indices of the levels
of development of the most dangerous leaf-stem and
ear infections on winter wheat varieties zoned in the
region over 10 years.

By epiphytoty, as stated above, we mean the lev-
el of disease development when there is economical-
ly significant damage to the crop, the use of protective
measures is necessary and they are economically justi-
fied. The highest index of epiphytoty development was
noted for leaf septoria, significantly lower for brown
rust and ear septoria. The development of powdery

Asryct N2 3 (24) 2025 35



MOHUTOPUHI  MONITORING

¥ KOJIOCOBBIX MH(MEKIIVH Ha palOHMPOBAHHBIX B PETry-
OHE COPTax 03MMOM MIeHuIbI 3a 10 JIeT.

[Tom snuduToTHEN, KaK YKAa3bIBAJOCh BHIIIE,
MbI TIOHUMaeM YPOBEHb Pa3BUTUA 60Je3HU, KOTA
UMeeT MeCTO X03IUCTBEHHO 3HAUUMBIN YPOH ypPoO-
’Kato, HeoOX0IMMO IIPUMEHEHNEe Mep 3alUIUThl 1 OHU
5KOHOMMYECKHU OTpaBaaHbl. Hanbojee BbICOKUY UH-
JIeKC pa3BUTHUS NMUGUTOTUN 0TMedaJcs y CeNTopuU-
03a JIMCTHEB, 3HAYUTEIBHO HUXKE Y OyPOU PrkaBUMHBI
U CeITopmo3a Kojoca. PasBuTrue MyYHUCTON POCHI
B TOJIbI HAOJIIOIEHU Y He JOCTUTAJIO STIN(PUTOTUHHOTO
ypoBHS; sanuduToTus Py3zaprosa Kojoca OTMeUYeHa
TOJIBKO OJTVH pas3.

CopTa XapaKTepu30BaJIKUCh Pa3HON «COIIPOTUB-
JISIEMOCTBIO» BMTU(DUTOTUNHOMY Pa3BUTHI0 60IE3HEN.
VY cenTopro3a JIMCTheB AMTUPUTOTUNHBIN NHIEKC Ba-
pbupoBaJ oT 2 (MockoBckasg-85) mo 10 (MHHA); y Oy-
poii prkaBunHbBI — 0T 0 (HeMUYnHOBCKasg-24 1 Ip.) 10 6
(MamaTu ®envHAa U Ip.); Y CEITOPHO3a KoJjioca — 0T 0
(MockoBckas-27 u ap.) 1o 2 (MuHa U Ap.).

HauboabIy «COTIPOTUBIISIEMOCTb» MUQPUTO-
TUMHOMY PasBUTHIO CETITOPHO3a JIUCThEB (HAMEHB-
1ee 4Yucjo JieT d3NMUPUTOTUNHOTO U YMEPEeHHOTO
pasBUTHS) IPOsIBUIN HeMunHOBCKasa-85, HeMUNHOB-
cKas-24, MockoBckas-82; 6ypol prkaBunHe — HeMuu-
HOBCKas-17, HeMunHoBcKasg-24 1 MocKoOBcKasg-27;
CerTopuosy Kojoca — HemunHoBckag-57, HeMUnHOB-
ckas-17, HemunHOBCKas-85.

B cBSI3M ¢ pa3sHOU MOIBEPKEHHOCTHIO TOTO UK
WHOT0 COPTa 3MUMDUTOTUNHOMY Pa3BUTUI0 G0Ie3HEN
HeobxonmMa pasHas UHTEHCUBHOCTb €T0 3alllUThHI.
Ecyiu IpuHATE IPeAJI0XKeHHY0 HaMU Kjlaccu(UKaInio
YPOBHEH pa3BUTHS 60Jie3HEN HA OCHOBE 36 PHOBBIX DK-
BUBaJieHTOB (cM. TabJ. 1), To copT HeMunHOBCKas-85
TIoJieXxall 3alllTe OT CENITOPHO3a JIMCThEB JIBa roja,
HemuunHOBCKasA-24 — yeThIpe rofia, OCTajbHbIE — OT 6
o 10 et u3 10. AHajoTMYHASA KapTUHA HAbI0ganach
U 110 APYTUM 3a60JIeBaHUSIM.

B Tab6u. 4 npuBeneHs! pakTUUECKUE JaHHbIE WMH-
TEHCUBHOCTHU TTOPAXKEHUS 3TUX COPTOB, ITOTEPU YPO-
’kas oT 6oJsie3Hell u ypoxkait. CopTa B Tabsulile pacro-
JIO)KEHBI B TIOPSIIKE YMEHbIIEHUS YPOXKAUHOCTH.

Ypoxkaii aBasgeTCs TJIaBHBIM ITOKa3aTeJeM, KOTO-
PBIM PYKOBOZCTBYETCS CeJIeKIIMOHED IIPU CO3/laHUU
HOBOTI'0 COPTa U CeJIbX03TOBAaPOIIPOU3BOIUTEND, ITPH-
obpeTas ero s Bo3aesbiBaHusa. CTabUIbHO BBICOKAS
YPOXXaHOCTb COPTa IIPU Pa3JIMUHBIX (UTOCAHUTAP-
HBIX CUTYaIASAX SIBJISETCS XapaKTEePUCTUKOMN He TOJIb-
KO TeHeTUYEeCKU 3aJI0KEHHO B HEM ITPOAYKTUBHOCTH,

mildew during the years of observation did not reach
the epiphytoty level; epiphytoty of fusarium ear blight
was noted only once.

The varieties were characterized by different “re-
sistance” to the epiphytotic development of diseas-
es. For septoria leaf spot, the epiphytotic index varied
from 2 (Moskovskaya-85) to 10 (Inna); for brown rust —
from 0 (Nemchinovskaya-24, etc.) to 6 (Pamyati Fedi-
na, etc.); for glume blotch — from 0 (Moskovskaya-27,
etc.) to 2 (Inna, etc.).

The largest “resistance” to the epiphytotic de-
velopment of septoria leaf spot (the smallest number
of years of epiphytotic and moderate development)
was demonstrated by Nemchinovskaya-85, Nemchi-
novskaya-24, Moskovskaya-82; to brown rust — Nem-
chinovskaya-17, Nemchinovskaya-24 and Moskovska-
ya-27; to glume blotch — Nemchinovskaya-57,
Nemchinovskaya-17, Nemchinovskaya-85.

Due to the different susceptibility of a particular
variety to epiphytotic development of diseases, differ-
ent intensity of its protection is required. If we accept
the classification of disease development levels pro-
posed by us based on grain equivalents (see Table 1),
then the Nemchinovskaya-85 variety was subject to
protection from septoria leaf spot for two years, Nem-
chinovskaya-24 - four years, the rest — from 6 to 10
years out of 10. A similar picture was observed for oth-
er diseases.

Table 4 shows the actual data on the intensity of
damage to these varieties, crop losses from diseases
and yield. The varieties in the table are arranged in or-
der of decreasing yield.

The yield is the main indicator that a breeder
uses when creating a new variety and an agricultur-
al producer uses when purchasing it for cultivation. A
consistently high yield of a variety under various phy-
tosanitary situations is a characteristic not only of its
genetically inherent productivity, but also serves as an
indicator of its tolerance (disease resistance) to biogen-
ic stress effects.

The controlled parameters varied significantly
among the tested varieties: yield — from 44.0 (Pamya-
ti Fedin) to 75.3 c/ha (Moskovskaya-27), infestation
with septoria leaf spot — from 19.3 (Moskovskaya-82)
to 37.1% (Pamyati Fedina), glume blotch — from 1.9
(Inna) to 8.3% (Nemchinovskaya-24).

Table 5 shows the correlation coefficients be-
tween the intensity (degree) of damage to varieties by
diseases, crop losses from diseases and crop yield.

Ta61. 5. Koa( hHueHThI KOPPEIALUN yPOKas COPTOB 03UMO MIIIeHHUIIbI,
BO3JIeJIbIBaeMbIX B LleHTpajibHOIi 30He HeuepH03eMbs, C UHTEHCUBHOCTHIO PAa3BUTUSA
JHUcTOCTEGEIbHBIX HHDEKINHA ¥ ITOTEPAMHU yposKasi OT 60JIe3Hel

Table 5. Correlation coefficients of the yield of winter wheat varieties
cultivated in the Central zone of the Non-Black Earth Region with the intensity
of leaf-stem infections and yield losses from diseases

CenTopyos JUCThEB Bypad p;kaBYMHa CenTopros Kojioca MyuHHCTasA poca IToTepu yposkasa
Septoria leaf spot Brown rust Glume blotch Powdery mildew Yield losses
-0,79 -0,65 -0,74 -0,33 -0,66
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Ta6J1. 6. PeiTUHTY COPTOB 03UMOM MIIEHUIIBI,
BO3JeJIbIBaeMbIX B lleHTpasibHOi HeuepHOo3eMHOI1 30HE PP,
IO TIOPa’KEHHOCTH HanubGoJjiee OMaCHbIMU 60JIE3HAMH,
MOTEPAM ypo:Kasi OT 60JIe3Hel U yPoxKar0

(MockoBckas o6jacTtb, PI'BHY BHUU D, 2020-2024 rT.)

IIoka3ateau CopTta

MockoBckasg-82 - HeMunHOBCKasi-85 - MockoBckasa-40 —

Centopuos HemunHOBcKas-24 - HeMunHOBCKasg-57 » MocKoBcKag-56 —
JINCTHER' WMHHa - MockoBcKasg-27— MockoBcKag-39 - HeMunHoBcKag-17 —
[Mamatu deguHa
WNuHa - MockoBcKag-27 - HeMunHOBCKag-85 - MockoBckag-39 —
Cenropuos MockoBckaga-40 - HeMunHOBCcKasg-57 - MockoBckag-56 —

KoJioca HeMmuunHoBcKasa-17 - MockoBckasa-82 — ITamatu denunHa —
HeMmuunHoOBCcKasa-24

HemuunHOBCcKaga-17 - MockoBckasg-27 - HeMunHOBCKag-24 —
bypasa MockoBckag-39 —» HemunHoBCcKasg-85 —» MockoBckag-40 —
p)XaBuUMHA MockoBckag-56 - MockoBckasa-82 - HeMunHoOBCKag-57 - VilHHA —

[MamaTu PegrHa

WNuHa - [Namatu PegrHa > HeMunHOBCKag-85 —
Myunucrag HemunHOBcKag-17 — MockoBckag-40 - HeMunHOBCKasg-57 =
poca MockoBckas-82 » MocKkoBcKasa-56 - MockoBckasg-39 =
HemunHoBCcKag-24

The highest negative correlation
coefficients were noted between the
yield and the damage of varieties by
septoria leaf spot and glume blotch.
A slightly lower correlation coeffi-
cient was observed with the damage
by brown rust and powdery mildew.
This indicates that winter wheat dis-
eases common in the Central Non-
Black Earth Region have a significant
impact on yield formation.

Table 6 shows the ratings of vari-
eties by disease incidence, yield losses
and yield, compiled on the basis of the
data presented in Table 4. The rating
assessments are more visual when a
larger number of observation objects
and their indicators are compared.

We have previously published
similar ratings for previous periods
(Sanin et al., 2012). The need for peri-
odic adjustment of ratings is explained,
firstly, by the fact that as a result of the
constantly occurring formative pro-

ToTepn ﬁOCKOBCKaH-gg = geMHI/IHOBCKaH-Sg = 1\130(:1(03(:1(61;1-40 = cesses in nature, the virulence poten-
- = - - - - . .

ypoxasi, OCKOBCKag €MUYMHOBCKasa-5 OCKOBCKag-56 tials of pathogenic complexes change

e Mockosckad-39 - HeMunHOBCKad-17 - HeMunHOBCKadg-24 — . . -

% and previously resistant varieties be-
WNuHa - [MamMatu PegrHa . ;

come susceptible; secondly, new vari-

Mockobckad-27 - HeMunHoBcKag-57 - MockoBckasg-82 — eties with new properties of resistance

VYpoxat, HemunHoBcKasg-85 - HemunHoOBCKasa-24 » MocKoBCcKas-56 — and productivity are Constantly being

m/ra*** HemuunHoOBcKas-17 - VlHHa - MockoBckasa-40 - MockoBckasga-39 =

I[MamsaTu deguHa

introduced into production.
The varieties Moskovskaya-82,

* B nopsifike BO3pacTaHWs MOPaXXeHHOCTM
** B nopsKe BO3pacTaHus NoTepb ypoxas
*** B nopsKe CHUXEHMS ypoxKas

HO U CJTY>KUT ITOKa3aTeJIEM €0 ToJIePaHTHOCTH (6oJ1es-
HEBBIHOCJIMBOCTH) K 61IOT€HHBIM CTPECCOBBIM BO3/IEl-
CTBUAM.

KoHTposupyeMble IoKa3aTeNy B 3HAUUTEIbHOMN
CTeIleH! BapbUPOBAJIU II0 UCIIBIThIBAEMBIM COPTaM:
ypoxaii — ot 44,0 ([Tamsitu Peguna) fo 75,3 11/ra (Moc-
KOBCKas-27), TOPa’keHHOCTb CEIITOPUO30M JIMCTHEB —
oT 19,3 (MockoBckasa-82) 1o 37,1% (IMamaTtu ®enuHa),
cerTopuo3oM Kojoca — ot 1,9 (MuHa) mo 8,3% (HeM-
YUHOBCKag-24).

B Ta6i. 5 npuBegeHbl KO3(POUIIMEHTHI KOPPeJIs-
VY MEXY THTEHCUBHOCTBIO (CTEIIEHbBIO) TOPAKEHUS
copTOB 60JIE3HAMU, TIOTEPIMHU yPOXKas OT 6osie3Heln
U yPOXKaeM.

HawubGojiee BhICOKME OTpULIaTEeIbHbBIE KO3(hhU-
IUEeHThl KOPPENAIUY OTMEUYeHbl MEXIY YpoxKaeM
U IIOpa’keHreM COPTOB CEIITOPUO030M JUCThEB U KO-
Joca. HeckKoJIbKO MeHbIUHN KO3 DUIIMEHT KOppe-
JIIIIY UMEJT MECTO C TTIOPa’keHHOCTbhI0 6YPOi prKaB-
YWHOW U MYYHUCTOMN POCO. ITO CBULETEJIbCTBYET
0 TOM, UTO 60JIE3HY 03MMOI ITIEHUIIbI, PACIIPOCTPa-
HeHHble B lleHTpanbHOM HeuepHO3eMbe, OKa3biBa-
0T CyIIeCTBEHHOE BO3JlelicTBUE Ha (OpMUPOBAHUE
ypookas.

B Ta6s. 6 mokasaHbl PEUTUHTY COPTOB 0 ITOpa-
JKEHHOCTU 00JIEBHSMU, TIOTEPSM ypOXKasi U YPOXKAIo,
COCTaBJIEHHbIE Ha OCHOBE JAaHHBIX, IPUBEAEHHBIX
B TabJI. 4. PeiTUHTOBbBIE OILIEHKU ABJIAIOTCS O0Jiee Ha-
TASOHBIMUY, KOTHA CpaBHUBAaeTCSa 00JIbIlllee KoJinuue-
CTBO 00'BEKTOB HaOJII0IeHNH 1 X IT0Ka3aTeJel.

Nemchinovskaya-85, Moskovska-
ya-40 were characterized by the least
damage from septoria leaf spot; glume
blotch — Inna, Moskovskaya-27, Nem-
chinovskaya-85; brown rust — Nemchinovskaya-17,
Moskovskaya-27, Nemchinovskaya-24; powdery mil-
dew — Pamyati Fedina, Inna, Nemchinovskaya-85.

The highest and most stable productivity during
the testing years was demonstrated by the varieties
Moskovskaya-27, Nemchinovskaya-57, Moskovska-
ya-82, Nemchinovskaya-85, Nemchinovskaya-24. The
average yield of these varieties was from 67.3 to 75.3
c/ha. In some years it reached, and in some cases ex-
ceeded 100 c/ha. The consistently high yield of variet-
ies in this group is largely explained by their lower in-
cidence of epiphytotic diseases common in the region:
septoria leaf spot, brown rust, glume blotch, powdery
mildew. These varieties can serve as the basis for in-
dustrial crops of winter wheat in the Central Non-Black
Earth Zone of the Russian Federation.

Due to the lack of high-yielding varieties with
complex resistance to diseases, in international prac-
tice and in certain regions of Russia, such a method of
selection and genetic protection as the cultivation of
polygenic (multi-varietal) crops — a mosaic of variet-
ies — is used (Shpaar, 2004; Romanenko et al., 2005;
Zhuchenko, 2009-2011; Sanin et al., 2012).

Phytosanitary mosaic involves the cultivation of
4-5 varieties at the same time on a farm (agricultural
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PaHee MbI Ny6GJIMKOBAU TI0-
IN0OHBle PEUTUHTU 3a TpPelbIny-
mue nepuonbl (Canuu u ap., 2012).
Heo6x0qMMOCTh MepUOANIYECKON
KOPPEKTUPOBKU PEUTUHTOB 00BSIC-
HSIETCS, BO-TIEPBbIX, TEM, UTO BCJIEI-
CTBUE ITOCTOSTHHO TIPOUCXONAIINX

Indices

Table 6. Ratings of winter wheat varieties cultivated

in the Central Non-Black Earth Zone of the Russian Federation
by prevalence of the most dangerous diseases,

crop losses from diseases and yield

(Moscow Oblast, FGBNU “VNIIF”, 2020-2024)

Varieties

B npupose ¢popMoobpas3oBaTesb-
HBIX TIPOIIECCOB MEHSIOTCS BUPY-
JIEHTHBIE TTOTEHIIAaJIbl TaTOTEHHBIX
KOMIIJIEKCOB U PaHee YCTONUYMBHIE

Septoria leaf
spot”

Moskovskaya-82 — Nemchinovskaya-85 — Moskovskaya-40 —
Nemchinovskaya-24 - Nemchinovskaya-57 -

Moskovskaya-56 — Inna —» Moskovskaya-27 - Moskovskaya-39 —
Nemchinovskaya-17 — Pamyati Fedina

copTa CTAHOBSTCS BOCIHPUUMYN-
BBIMU; BO-BTOPBIX, B IIPOU3BOZICTBO
TIOCTOSIHHO BBOJSTCS HOBLIE COPTA,
obJiazawlnre HOBBIMU CBOMCTBAMU

Glume blotch

Inna - Moskovskaya-27 - Nemchinovskaya-85 —
Moskovskaya-39 - Moskovskaya-40 - Nemchinovskaya-57 -
Moskovskaya-56 - Nemchinovskaya-17 — Moskovskaya-82 —
Pamyati Fedina - Nemchinovskaya-24

YCTOMYMBOCTHU U YPOXKAWHOCTH.
HavMeHbIIUM TOpakeHuEeM
CEeNITOPUO030M JIUCThEB XapaKTepu-
30BaJIUCh copTa MOCKOBCKasa-82,
HeMuuHOBcKasa-85, MockoBckasa-40;

Brown rust

Nemchinovskaya-17 - Moskovskaya-27 - Nemchinovskaya-24 -
Moskovskaya-39 —» Nemchinovskaya-85 — Moskovskaya-40 —
Moskovskaya-56 — Moskovskaya-82 - Nemchinovskaya-57 —
Inna - Pamyati Fedina

CeIITOpro30M KoJjioca — MiHHa, Mo-
CKOBCKasg-27, HeMunHOBCKasg-85;
Oypol pxaBUMHOU — HeMUYUHOB-
ckasg-17, MockoBckasa-27, HeMm-

Powdery
mildew

Inna — Pamyati Fedina - Nemchinovskaya-85 —
Nemchinovskaya-17 - Moskovskaya-40 - Nemchinovskaya-57 —
Moskovskaya-82 - Moskovskaya-56 - Moskovskaya-39 —
Nemchinovskaya-24

YUHOBCKAaA-24; MYYHUCTOU pPO-
co — Ilamaru depuna, VHHAa,
HeMmuuHoBCKas-85.

HaubGojsee BBICOKYI U CTa-

Yield
losses, %**

Moskovskaya-82 — Nemchinovskaya-85 — Moskovskaya-40 —
Moskovskaya-27 —» Nemchinovskaya-57 - Moskovskaya-56 —
Moskovskaya-39 —» Nemchinovskaya-17 - Nemchinovskaya-24 —
Inna — Pamyati Fedina

OUIBbHYI0 TPOAYKTUBHOCTD B IOJbI
WCHOBbITAHMN TOKasaJlum CcCOpTa
MockoBckag-27, HeMUYMHOB-
ckas-57, MockoBckasi-82, Hemuu-
HOBCKas-85, HeMuuHOBCcKasa-24.

Yield, c/ha*

Moskovskaya-27 - Nemchinovskaya-57 - Moskovskaya-82 —
Nemchinovskaya-85 — Nemchinovskaya-24 - Moskovskaya-56 —
Nemchinovskaya-17 - Inna - Moskovskaya-40 —
Moskovskaya-39 - Pamyati Fedina

CpenHUU ypoXkall 3THUX COPTOB
cocTaBJisya oT 67,3 mo 75,3 11/ra.
B oTmesnbHBIE TOABI OH HOCTU-
raj, a B psjie cjay4yaeB IIPeBbIIIaJl
100 11/ra. CTabusibHO BbhICOKAS YPOXKAWHOCTL COPTOB
JIIAHHOW I'PYIIITBI B 3HAYUTEJIbHOU Mepe 00bsICHSETCS
UX MeHbIIIeH MopaKeHHOCThI0 PACTIPOCTPAaHEHHBIMU
B peruoHe 3NUQUTOTUNHO OTTaCHBIMU 6OJIE3HIAMU:
CEeIITOPMO030M JINCThEB, OYPOU PKABUMHOM, CETIITO-
pH0O30M KOJIoca, MYYHUCTOU POCOM. ITU COpPTa MO-
TYT CJIY>KUTb OCHOBO¥ MPOMU3BOJICTBEHHBIX TTOCEBOB
03MMO¥ ITIIEeHUIIbI B LleHTpaibHON HeuepHO3eMHOM
30He PO.

B CBSI3UM C OTCYTCTBUEM BBICOKOYPOXKAUHBIX CO-
PTOB, 06JIalAI0IIUX KOMIIJIEKCHOU YCTOMUYUBOCTbHIO
K 60J1e3HAM, B 3apy6eXHOU IMPAKTUKE U B OTHEJb-
HBIX paliOHaX Hallel CTpPaHbl HAXOILUT IIPUMEHE-
HUEe TAaKOUW MpUEeM CeJIEKI[MOHHO-TeHEeTUYEeCKOU
3alIUThI, KaK BO3/leJIbIBaHUE TOJUTEHHBIX (MHO-
TOCOPTOBBIX) TIOCEBOB — Mo3auku copToB (Illmaap,
2004; PomaHeHKO 4 Ip., 2005; XKyuenko, 2009-2011;
CaHUH # 1p., 2012).

duTOCaHUTAPHAS MO3auKa IPeJIojaraeT Bo3-
IleJIBIBaHUE B X03511CTBe (arpodupme) OLHOBPEMEHHO
4-5 cOpTOB, KAXIBIN 13 KOTOPBIX 00JIa/IaeT YCTONIH-
BOCTBIO K TEM WJIV UHBIM 60JIE3HSIM, UeM KOMITEHCUPY-
€T HTOT HeJIOCTATOK B JPYTUX COPTaxX. AHAJIOTUYHYIO
(puTOCaHMTAPHYIO POJIb BBITIONHSAET, KAK U3BECTHO,
MIPUMEeHEHNE B arPOTEXHOJIOTUSIX COPTOCMECEL ¥ MHO-
TOJIMHENHBIX cOPTOB (PKyuenko, 2004; Illmaap, 2004).
OnHaKO MX UCIIOJIb30BaHMeE IIPU MaclITabHOM 3€pHO-
MTPOU3BOACTBE 60Jiee CIOKHO U MEHEE OTIePaTUBHO,
YeM COPTOBas MO3auKa.

*In order of increasing prevalence
**In order of increasing yield losses
*** Tn order of decreasing yield

firm), each of which is resistant to certain diseases,
thereby compensating for this deficiency in other va-
rieties. As is known, a similar phytosanitary role is
performed by the use of variety mixtures and multi-
line varieties in agricultural technologies (Zhuchenko,
2004; Shpaar, 2004). However, their use in large-scale
grain production is more complex and less efficient
than variety mosaic.

long-term monitoring studies, characterized by high
productivity and resistance to diseases, can serve as a
basis for constructing polygenic multi-varietal cenoses
(variety mosaics) in the Central Non-Black Earth Zone
of Russia.

Such crops, in addition to increasing resistance to
diseases, will help reduce the virulent potential of en-
demic pathogen populations and thereby extend the
“life” of cultivated varieties. Pathogen populations in
mosaics are more diverse in genetic composition, but
less virulent.

Cultivation of multivarietal crops will reduce the
risk of epiphytotic development of not only endemic
(local), but also exodemic infections brought in from
other regions of Russia or from other countries.

dutocaHuTapus. KapaHTuH pacteHui

Winter wheat varieties identified in the course of
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BeISBJIEHHBIE B ITPOIIECCE MHOTOJIETHUX MOHUTO-
PUHTOBBIX MCCJIEJOBAHUM COPTAa 03MMOU MIIEHUIIHI,
XapaKTepUsyoIuecs BbICOKOM MPOAYKTUBHOCTHIO
¥ YCTOMYUBOCTBIO K 60JIE3HAM, MOTYT CIIYKUTb 623011
JLJISI KOHCTPYUPOBAHYS MOJUTE€HHBIX MHOT'OCOPTOBBIX
1IEeHO030B (M03auKy COPTOB) B LieHTpasibHOUK HeuepHo-
3eMHOU 30He Poccuu.

Takue IOCEBbI, IOMUMO TTOBBIIIEHUS YCTOWYN-
BOCTHU K 60JI€3HIM, GYIYT CIIOCOBCTBOBATDH CHMYKEHUTO
BUPYJIEHTHBIX TOTEHIINAJIOB SH/IEMUYHBIX TOITYJIAITNN
BO30ynuTEeNEeN U TeM CaMbIM MPOAJIEHUIO «KU3HU»
BO3JI€JIIBAEMBIX COPTOB. [lomynaiuu Bo36yauTeNei
Ipu Mo3amKe 6oJiee pasHOOOPa3HbBI 10 TEHETUYECKO-
My COCTaBYy, HO MEHE€e BUPYJIEHTHBI.

BosmenbiBaHME MHOTOCOPTOBBIX TTOCEBOB CHU-
3UT PUCK STUDUTOTUINHOTO PA3BUTHS HE TOJIbKO JH-
IEeMUYHBIX (MECTHBIX), HO M DK30EMUYHbBIX UH(EK-
LU, TPUBHOCUMBIX U3 IPYTUX PETMOHOB CTPAHbI WU
U3 IPYTUX CTPAH.

3ARKJIIOYEHUE

PaszpaboTtaHa cucrteMa (UTOCAHUTAPHOI'0O MOHUTO-
puHTra pa3BUTUSA 60JIe3HeN 03UMON MIITEHUIIBI Ha CO-
prax, palloHMPOBaHHKIX B LleHTpasbHON HeuepHO-
3eMHOY 30He PD. MOHUTOPUHT BEAETCSI COBMECTHO
BcepoccuiicKMM HayYHO-UCCIIEIOBATEIbCKUM UHCTH-
TyTOM (buTomarosoruu u OefepasbHBIM UCCIEN0BA-
TEJIbCKUM LIEHTPOM «HeMUYnHOBKa».

3a rozpl McciieoBaHUM BbIsIBIEHO 60jiee 20 60-
JiesHel rpubHOM, BUPYCHOU M 6aKTepUATbHOMN 3THUO-
JIOTUU, TIOPAXKAWIMX PAaCTeHUs IIIEHUIBl BO BCe
(aser ux oHTOTeHe3a. HamboJiblliee pacupocTpaHe-
HUe ¥ Pa3BUTHE UMEeJU CENTOPUO3 JUCThEB, Oypas
pKaBUMHA, CENITOPUO3 KOJIoca, MyUHUCTas poca, Qy-
3apuo3Has KOpHeBasl 'HUJIb. HECKOJIbKO MEHbIIEe
pacmpocTpaHeHVe UMeJIU CHe)XXHas TIJIECEHb, Tellb-
MUHTOCIIOPUO3HAs KOPHEBas THUJb, TUPeHO(POPO3
JIMCThEB, y3apr03 U YePHb KoJioca. Jipyrue 601e3HU
(cTeboeBas v xeJTas PPKaBUMHA, TOJIOBHS, BUPYCHbBIE
¥ GakTepuraiabHble 3a60JIeBaHNS) OTMEYAJINUCh BIINU30-
IWYECKH Ha OTHEIbHBIX TTOJISX.

Ha TecTOBBIX MOJISIX UHCTUTYTOB B X0OJle MHOTO-
JIETHUX MOHUTOPWUHTOBBIX HAGJIIOAEHUN U3yUeHBI
0COBEHHOCTHU Pa3BUTHUS HauboJjiee OMacHbIX JIUCTO-
cTebeJIbHBIX ¥ KOJOCOBBIX MH(MEKIINN Ha palioHU-
POBaHHBIX COPTAX O3UMOMU MIIEHUILBL: SNUPUTOTUH,
yMepeHHOEe Pa3BUTHUE, IENTPecCUU. PaccumTaHbl ud-
POBBIE UHJIEKCHI HTUX KIJIACCOB — KOJIMYECTBO ITOBTO-
penwmii 3a 10 jeT HabOAeHN M. IHIEKCHI STTU(UTOTUN
BapbupoBaau oT 0 10 10 B 3aBUCUMOCTHU OT COPTAa U 3a-
GoJieBaHUS.

OmnpeneneHbl KO3DDUIITMEHTI KOPPETSIIUU MEXK-
Iy UHTEHCUBHOCTbIO TIOPaYKEHUSI COPTOB, IOTEPSIMU
yporkas u ypokaeM. Han6oJiee BBICOKKE OTPUIIATENb-
Hble KO3QPUIUEHTHI KOPPEJISAILIUN OTMEUEHBI MEXIY
YPOXKaeM U MOPaXEHHOCTbIO COPTOB CETITOPUO30M
JIUCTBEB M KOJIOCA, HECKOJIBKO MEHBIINE — YPOXKAEM
¥ pa3BUTHEM OYPOY PXKaBUMHBI U MyYHMCTOU POCHI.

MuoroJsieTHUEe (UTOCAHUTAPHBIE MOHUTOPUH-
TOBbI€ JAHHbBIE TIO3BOJIMJIIA COCTABUTh PEUTUHTY BO3-
JleNIbIBAEMBIX B PETUOHE COPTOB I10 NTOPAXXEHHOCTH
60JIe3HSAMU, TIOTEPSIMU YPOXKasi U ypoxkar. Ha ocHO-
BaHUU PEUTMHTOBBIX OILIEHOK OIIPEMeJIeHbl COpTa
C BBICOKOU CTAaOMIbHOU MTPOAYKTUBHOCTBIO 1 Xapak-
TePUIYIUUECS YCTONUYMBOCTHIO K 60sie3HIM. OHU MO-
TYT CJIYKUATb OCHOBOU IIPOM3BOJICTBEHHBIX ITOCEBOB

CONCLUSION

A system of phytosanitary monitoring of the winter
wheat diseases development on varieties zoned in the
Central Non-Black Earth Zone of the Russian Feder-
ation has been developed. Monitoring is carried out
jointly by the All-Russian Research Institute of Phyto-
pathology and the Federal Research Center “Nemchi-
novka”.

Over the years of research, more than 20 diseases
of fungal, viral and bacterial etiology have been iden-
tified that affect wheat plants in all phases of their on-
togenesis. The most widespread and developed were
septoria leaf spot, brown rust, glume blocth, powdery
mildew, and fusarium root rot. Snow mould of cere-
als, root rot of cereals, tan spot of wheat, fusarium
and black mould of cereals were somewhat less wide-
spread. Other diseases (stem and yellow rust, smut, vi-
ral and bacterial diseases) were observed sporadically
in individual fields.

In the test fields of the institutes, during long-term
monitoring observations, the development features of
the most dangerous leaf-stem and ear infections on
zoned varieties of winter wheat were studied: epiphy-
toties, moderate development, depressions. Digital in-
dices of these classes were calculated — the number of
repetitions over 10 years of observations. Epiphytoty
indices varied from 0 to 10 depending on the variety
and disease.

The correlation coefficients between the intensi-
ty of varieties’ damage, yield losses and yield were de-
termined. The highest negative correlation coefficients
were noted between yield and the damage of varieties
to septoria leaf spot and glume blotch, and slightly low-
er ones — between yield and the development of brown
rust and powdery mildew.

Long-term phytosanitary monitoring data allowed
us to compile ratings of varieties cultivated in the re-
gion by disease incidence, yield losses and yield. Based
on the rating assessments, varieties with high stable
productivity and characterized by resistance to diseas-
es were identified. They can serve as the basis for in-
dustrial winter wheat crops in the Central Non-Black
Earth Region, as well as the basis for constructing
multi-varietal (polygenic) crops —a mosaic of varieties.

Research has shown that long-term system-
ic monitoring of disease development is an effective
tool for assessing the phytosanitary condition of win-
ter wheat crops, determining the need for protective
measures, and the strategy and tactics for their imple-
mentation.
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AHHOTALIUA

[IpencTaBieHbl Pe3yIbTaThl MOHUTOPUHTA KaueCcTBa
3epHa SIPOBOM IIIeHUIIbI, BRIPAIlleHHO! B ceMU patio-
Hax ToMckoit o6acTu B 2024 1. O6cnenoBaHo 384 06-
pasiia 3epHa Ha 14 mmokasaTejiel KauecTBa, JIs Yero
MIPUMEHSJINCH CTAHIaPTHBIE METOMbI MCCIEIOBAHUN.
Kiacc nmimeHuUIbl yCTaHABIWBAJIY 110 HAUXYIUIEMY
3HAUYEeHUI OJJHOTO U3 IoKazaTesieil. B pesynbTaTe
TIPOBeeHHBIX UCCIIeIOBAaHUMN OBLIIO YCTAHOBIEHO, UTO
OCHOBHAa4 Macca MIIeHUIb ypoxkasd 2024 I. OTHOCUTCA
K 5-My KJIACCy, UTO 06GYCJIOBJIEHO HEOIATOIIPUSATHBIMU
MMOTOAHBIMU YCJIOBUSIMU, CIIOKUBIIUMUCST B TOMCKOM
obsracTu Ko BpeMeHU y60pKuU yposkas. B xozme rep6o-
JIOTMUYECKOr0 aHaJin3a 06pasiioB 3epHa, TPOBEJIEHHO-
T'0 BU3yaJIbHBIM METOZOM, BbIJIEJIEHBI U UEeHTUDU-
IIUPOBAHBI [UACIIOPEI 46 BUJIOB COPHBIX PACTEHUMN.
Haubosee pacnpocTpaHEHHBIMU BUJLAMU, MACIIO-
PBI KOTOPBIX OTMeY€eHbI B 06pa3iiax 0oJIbIIeR YacTu
parioHOB, aBasg0TCa Avena fatua L., Cannabis sativa L.,
Chenopodium album L., Echinochloa crus-galli (L.) Beauv.,
Elytrigia repens (L.) Nevski, Fagopyrum tataricum (L.)
Gaertn., Fallopia convolvulus (L.) A. Love, Galeopsis sp.,
Galium vaillantii DC., Panicum miliaceum ssp. ruderale
(Kitag.) Tzvelev, Persicaria lapathifolia (L.) Delarbre s.1.,
Setaria pumila (Poir.) Schult., Setaria viridis (L.) P. Beauv.,
Stachys palustris L., Vicia cracca L. Psa1 06Hapy>KeHHBIX
BunoB (Conium maculatum L., Echinochloa crus-galli, Echi-
um vulgare L. u Vicia hirsuta (L.) Gray) OTHOCSITCS K UMC-
JIy UHBa3WBHBIX PAaCTeHUU Ha TeppuTopuu TOMCKOH
obsiactu. [1pu TpoBeleHUY repboJIOTUYECKOT0 aHAJ Y-
3a 06pasIoB 3epHA SPOBOY IIIIEHUIIBI ypoxkas 2024 T.
He OBLJI0 BBISIBJIEHO JUACIIOP KAPaHTUHHBIX COPHSKOB,
BXOIANINX B €UHBIN TTepeYeHb KADAHTUHHBIX 00BEK-
ToB EASJC, a Tak)Xe COPHAKOB, PEeryIupyeMbIX B 3epHE
MIIeHuIsl GUTOCaHUTAPHBIMU TpeboBaHusAMY Kutaii-
ckoit HaponHoit Peciybyiiku — OCHOBHOM CTpPaHBI —
UMIIOPTEPa TOMCKOT0 3epHa.
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ABSTRACT

The article presents the monitoring results of the qua-
lity of spring wheat grain cultivated in seven districts of
Tomsk Oblast in 2024. 384 grain samples were exami-
ned for 14 quality indicators, using standard research
methods. The wheat class was determined by the worst
value of one of the indicators. As a result of the studies,
it was found that the bulk of the 2024 wheat harvest be-
longs to class 5, which is due to the unfavorable weath-
er conditions that developed in Tomsk Oblast during
harvesting. During the herbological analysis of grain
samples carried out by the visual method, diaspores
of 46 weed species were isolated and identified. The
most common species, the diaspores of which were
detected in the samples of most districts, are Avena
fatua L., Cannabis sativa L., Chenopodium album L., Echi-
nochloa crus-galli (L.) Beauv., Elytrigia repens (L.) Nevski,
Fagopyrum tataricum (L.) Gaertn., Fallopia convolvulus (L.)
A. Love, Galeopsis sp., Galium vaillantii DC., Panicum mil-
iaceum ssp. ruderale (Kitag.) Tzvelev, Persicaria lapathi-
folia (L.) Delarbre s.l., Setaria pumila (Poir.) Schult., Se-
taria viridis (L.) P. Beauv., Stachys palustris L., Vicia cracca
L. Some of the detected species (Conium maculatum L.,
Echinochloa crus-galli, Echium vulgare L. and Vicia hirsuta
(L.) Gray) belong to the invasive plants in Tomsk Oblast.
During the herbological analysis of spring wheat grain
samples from the 2024 harvest, no diaspores of quar-
antine weeds included in the Common List of Qua-
rantine Pests of the EAEU, as well as weeds regulat-
ed in wheat grain by the phytosanitary requirements
of the People’s Republic of China — the main importer
of Tomsk grain, were identified.
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Knrouesvle cnosa. Markass MIeHUIa, IOTPedu-
TeJIbCKHE CBOMCTBA, PUCKOBAHHOE 3eMJIelleliue, I10-
KasaTeJu KadecTBa, repOoJIOTMYEeCKUH aHaau3, Cop-
HbIE PACTEHU.

BBEJEHUE

orjiacHo [locTtaHoBJieHUuKW IIpaBu-
TenbCcTBa Poccuiickon depepainuu
oT 15 deBpansg 2022 . N2 176 «06 ocy-
IECTBJIEHUU TOCYLAaPCTBEHHOTO MO-
HUTOPUHTA 3epHa», ¢ 1 uwiuagd 2022 1.
Ha TeppuTtopuu P® ocyuiecTBiasgeTcs
roCyZlapCTBEHHbINI MOHUTOPYWHT 3€PHA.
BollleyKa3aHHBIM ITOCTAHOBJIE-
HUEM peaii3aliys JaHHOT0 MEPOTIPUSATUS 3aKperLie-
Ha 3a YYPEXAEHUSIMHU, TT0ABELOMCTBEHHBIMU MUHU-
CTEPCTBY CeJIbCKOTO x03sticTBa (PI'BY «Poccuiickuii
CeJIbCKOXO03IMCTBEHHBIN LeHTp») u demepalbHON
cJryk0e 10 BeTepUHAPHOMY U (pUTOCAaHUTapHOMY Hal-
30py (PTBY «denepanbHbIH IIEHTP OleHKU Ge3ortac-
HOCTU ¥ KauecTBa MPOAYKIIUY arPOIIPOMBIIIIIEHHOT0
KoMIiekca», ®I'BY «BcepocCuicKui IeHTP KapaHTH-
Ha pacTteHuit», ®I'BY «DemepaibHbIHA IIEHTP 0XPaHbI
3JI0POBbS *KUBOTHEIX», PI'BY «HalMoHaJIbHbBIN IIEHTP
6e30IaCHOCTY PHIGHON M CEJIbCKOX03AMCTBEHHOU
npoxykimu»). OT BcepocCuiicKoro meHTpa KapaHTu-
Ha pacTeHU! ydyacTue B IPOBeJIEeHNY MOHUTOPUHTA
3epHa IpUHUMAIT [TeH3eHCcKul 1 ToMckuii ¢puana-
JIBI, 4 TaK)Ke TEPPUTOPUAJIBLHBIN OTHIes B Pecrty6irke
Iarectan I0xHOTO hrmnasia.

Llesbi0 MOHUTOPUHTA 3€pHA SABJISETCS aHaJIu3
¥ OIleHKa 06'beMa 1 MOTPebUTETbCKUX CBOMCTB 3epHa,
IpOU3BeleHHOTO Ha TeppuTopuu Poccutickoit dene-
paiumn.

O6BbeKTOM MOHUTOPHHTA B 2024 . MUHUCTEPCTBO
CEJIbCKOT'0 X03SMCTBa OPENEIIIIO TOJTHKO 3€PHO IIIe-
HUIIBL.

CenbCcKOe X031 CTBO TOMCKOM 06JIaCTY — BayKHAs
OTpaciib 9KOHOMUKU cyobekTa PP, obecrieunBatonias
HacejeHUE IIPOIOBOJbCTBUEM U ChIPHEM.

ToMcKast 061aCTh HAXOAUTCS B 30HE PUCKOBAHHO-
ro 3eMJyenenus. [IouBeHHO-KJIMMaTuUYecKue yCIOBUS
TI03BOJISIIOT BECTHU 3eMJIEMleNivie TOJIbKO Ha I0ro-BOC-
TOoKe objacTu. PacTeHneBoICcTBO B TOMCKOM 061acTuU
BKJIFOUAET BbIpallliBaHE 3€PHOBBIX 1 3 PHOG0O0BBIX
KyJbTyp (MIIEeHUIa, POXKb, SYMEHb, OBEC, TOPOX, TPe-
4mrxa), MaCJIMYHBIX (Paric, JIeH, COs) U OBOUTHBIX KYJIb-
Typ (KapTodesnb, KamycTa, MOPKOBb, CBEKJIA).

ITo maunHbIM PemepanbHOU CIYXKObI ToCymap-
CTBEHHOM CTAaTUCTUKHU 110 ToOMCKOM o6JyiacTu, obias
TIOCeBHAs IJIOIIAZb CEJIbCKOX035MCTBEHHBIX KYJb-
Typ B 2024 1. coctaBuna 303,9 Teic. ra. OCHOBHOU
TIPOJIOBOJILCTBEHHOU M 3epHOMYPAKHON KYyJIbTYyPOU
SIBJISIETCS SIPOBas MIIeHUIA, KOTOPYIO BO3EJIbIBAIOT
Ha mwromanu 99,9 teic. ra. CpenHsAs YPOXKAMHOCTH
3a mocjemHue nATh JeT (2020-2024) cocraBuia
24,3 1/ra («TeppuUTOpUATIbHBIN OpraH...», 2025).

OcHOBHBIE 3eMJeeIbuecKye palioHbl 06J1acTu
PAacCIoJIOKeHbI TPEVMYIIECTBEHHO B MO/I30HE FOXKHOM
TaUTry ¥ IOATaEXKHOI 30He («CHUCTEeMBbI 3eMIIEIEeUA...»,
2018). I'maBHBIMU (haKTOpamMu, JUMUTUPYOIUMU

Key words. Soft wheat, consumer properties, risky
farming, quality indicators, herbological analysis,
weeds

INTRODUCTION

ccording to the Decree of the Government

of the Russian Federation of February 15,

2022 No. 176 “On the implementation of

state monitoring of grain”, state monitoring

of grain has been carried out on the territo-
ry of the Russian Federation since July 1, 2022.

The above-mentioned Decree assigns the imple-
mentation of this measure to institutions subordinate
to the Ministry of Agriculture (Russian Agricultural
Center) and the Federal Service for Veterinary and
Phytosanitary Surveillance (Federal Center for As-
sessment of Safety and Quality of Agricultural Prod-
ucts, All-Russian Plant Quarantine Center, Federal
Center for Animal Health Protection, National Cen-
ter for Safety of Fish and Agricultural Products). The
Penza and Tomsk branches, as well as the territo-
rial department in the Republic of Dagestan of the
Southern Branch, are participating in the monitor-
ing of grain on behalf of the All-Russian Plant Qua-
rantine Center.

The purpose of grain monitoring is to analyze and
evaluate the volume and consumer properties of grain
produced in the territory of the Russian Federation.

The Ministry of Agriculture has identified only
wheat grain as the object of monitoring in 2024.

Agriculture in Tomsk Oblast is an important sec-
tor of the economy of the constituent entity of the Rus-
sian Federation, providing the population with food
and raw materials.

Tomsk Oblast is located in the risky farming zone.
Soil and climatic conditions allow farming only in the
southeast of the region. Crop production in Tomsk
Oblast includes the cultivation of grain and legumi-
nous crops (wheat, rye, barley, oats, peas, buckwheat),
oilseeds (rapeseed, flax, soybeans) and vegetable crops
(potatoes, cabbage, carrots, beets).

According to the Federal State Statistics Service
for Tomsk Oblast, the total area under agricultural
crops in 2024 was 303.9 thousand hectares. The main
food and grain forage crop is spring wheat, which is
cultivated on an area of 99.9 thousand hectares. The
average yield over the past 5 years (2020-2024) was
24.3 c/ha (Territorial Authority..., 2025).

The main agricultural areas of the region are lo-
cated mainly in the southern taiga subzone and subtai-
ga zone (Farming systems..., 2018). The main factors
limiting wheat cultivation in the region are moisture
deficiency at the beginning of the growing season and,
conversely, waterlogging, often combined with a lack of
heat, in the second half of the growing season.
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BO3JeJIbIBAHUS IIIIEHUIIBI B 00-
JIACTH, SIBJISIOTCA AePUIIUT BiIaru
B HavaJjie BEreTallMOHHOTO IIePHOo-
Ila ¥, HA000POT, IepeyBIaKHEeHe
(YacTo B cOueTaHUM C HeJLOCTaT-
KOM TeIljIa) BO BTOPOU ITOJIOBUHE
BETeTaIUU.

SpoByI0 MIIEHUIY BbIpa-
UKUBAOT T[JIaBHBIM 06pa3zoM
B IOr0O-BOCTOYHOI YacTu o6Jia-
cTu, HauboJee 6JIATOIPUATHON
0 IIOYBEHHO-KINMAaTUUYECKUM
ycJioBUAM. BereTamMOHHBIN
nepuoj IIeHuIlbl (0T ImoceBa
10 yOOPKY yposkas) nymtcs B ToM-
ckoii obsactu c II-11I gexaabl Masg
IO CEeHTA6GPSI BKJIYUTENbHO
(B 3aBUCHMMOCTH OT ITOTOJIHBIX yC-
JIOBUI).

Llenbio HacTosAIelN paboThl
SIBUJIOCH YCTAHOBJIEHUE KAYeCTBa
3epHa SPOBOU MIIEHUIIBI, BbI-
pameHHol B ToMckol objacTu
B2024T.

MATEPUWAJIbBI U METO/IbI

MOHUTOPUHT 3epHA SIPOBOU IMINEHUIIBI, BbIPAIIEH-
HOM B ToMcKo# obyact B 2024 T., OCYIIECTBIISAJICS
B aBTyCTe — OKTA0pe 1o Mepe ybopku ypoxas. OTo6op
06pasIiioB 3epHa IIPOBeeH COTPYyAHUKAaMU TOMCKOTO
¢punmana BHUVIKP B 64 X031 CTBaX, PACTIOJIOXKEHHBIX
B 7 paiioHax obJyiactu (CM. puc. 1).

Pationsr oT6opa 06pa3moB I MOHUTOPUHTA
OTHOCSTCS K TPEM Pa3HBIM 30HAM I10 TIOYBEHHO-KJIU-
MaTU4YeCKUM yCJIOoBUSAM: | — Talira HU3MEHHOCTHU
(KpuBolrenHCKU# p-H), II — momTaiira npearopuu
(KoxxeBHUKOBCKM M, ToMCKU, lllerapCKUil p-HBI),
III — moxTaira HU3MeHHOCTU (ACMHOBCKMM, 3bIPSIH-
ckuii, [lepBoMarickuil p-Hel) («COpTOBOE PAOHUPO-
BaHUue...», 2022).

[ToromHble YCJIOBUS BereTalMOHHOTO MePUOA
2024 r. mpeacTaBaeHbl Ha TpuMepe ToMCKOro patioHa
B Tabu. 1.

[TpuBeneHHBIN B TabJ. 1 TUAPOTEPMUUECKUN KO-
sddunment Cenguunaona (['TK) xapakTepusyeT cTe-
TIEHD YBJIAKHEHUSI TEPPUTOPUY C TOUKU 3PEHUS COOT-
HOIIIeHUS TeIlIa U BJIaru U OTIpefesiseTcs 1o popMyJie:

I'TK=Rx10/ Zt,

rae R - cyMMa ocaZlkOB B MUJIIMMETPAX 3a MEPUOL
¢ TeMIlepaTypamu Bolie +10 °C;

>t — cymMa TemmeparTyp B rpagycax Lleabcus
3a TOT XK€ [ePUuOoJ. BeliendoTcd ciaeqyrliue 30HbI
YBJIQ)KHEHUA B COOTBETCTBUU CO 3HaueHuamu ['TK:
Bnaxknas (['TK 1,6-1,3); ciabosacynuiusas (1,3-1,0);
3acyuuiuBasg (1,0-0,7); ouenb 3acymnuiuBas (0,7-0,4)
u cyxas (I'TK < 0,4) (MoHoBa u gp., 2019).

Vicxons U3 NaHHBIX, IPYUBEIEHHbIX B TabJI. 1, Be-
reTallMOHHBIN Mepuof 2024 T. MOXKHO OXapaKTepu-
30BaTh KaK TEIUIbIN (CyMMa aKTUBHBIX TEMIIEPATYP
BhIte +10 °C ¢ Mast o ceHTSI0ph cocTaBmia 2079,8 °C)
¥ IOCTAaTOYHO BJIAXKHBIM (CyMMa 0CaJKOB 3a STOT IIe-
puox — 378,1 MM, I'TK = 1,8) c mpeobagaHueM oca/i-
KOB BO BTOPOY MOJIOBVHE aBTYyCTa U CeHTAOPe, Korma
ypoBeHb I'TK cBUIETEILCTBOBAJ O IBHOM IT€PEyBIaXK-
HEHUU TEPPUTOPUMN.

B

Napabenscrii

Puc. 1. ADMUHUCTpPaATUBHOE AeneHne TOMCKOM
o6nacTtu (ToueuHow WTPUXOBKOMN NOKasaHbl
palioHbl 0T60pa 06pa3LoB 4511 MOHUTOPUHTA)

-'\,7\-—\_/"’

ANBKCAHAPOBLKM

BepxHerercHuin

~ Konnawescxmin §

Fig. 1. Administrative division of
Tomsk Oblast (dotted shading shows
areas of sampling for monitoring)

Spring wheat is grown mainly in the southeastern
part of the region, which has the most favorable soil
and climatic conditions. The growing season of wheat
(from sowing to harvesting) in the Tomsk region lasts
from the second-third decade of May to September in-
clusive (depending on weather conditions).

The purpose of this work was to establish the qual-
ity of spring wheat grain grown in the Tomsk Oblast in
2024.

MATERIALS AND METHODS

Monitoring of spring wheat grain grown in Tomsk
Oblastin 2024 was carried out in August-October as the
harvest was being collected. Grain samples were col-
lected by employees of the Tomsk branch of VNIIKR in
64 farms located in 7 districts of the oblast (see Fig. 1).

The sampling areas for monitoring belong to
three different zones according to soil and climatic
conditions: I — lowland taiga (Krivosheinsky district),
IT - foothill sub-taiga (Kozhevnikovsky, Tomsky, She-
garsky districts), III — lowland sub-taiga (Asinovsky,
Zyryansky, Pervomaysky districts) (Varietal zoning...,
2022).

The weather conditions for the growing season of
2024 are presented using the example of Tomsk Oblast
in Table 1.

The Selyaninov hydrothermal coefficient (HTC)
given in Table 1 characterizes the degree of humidifi-
cation of the territory from the point of view of the ratio
of heat and moisture and is determined by the formula:

HTC =Rx10/ Xt

where R — precipitations in millimeters for the peri-
od with temperatures above +10°C, =t — the sum of
temperatures in degrees Celsius for the same period.
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OT6op P06 3epHa OCYIIECTBIISIICS COIJIACHO HOP-
MaTUBHBIM gokyMeHTaM (TOCT 13586.3). Macca cpefi-
Hel 1po6bl 3epHa MIMeHUIIb! cocTaBisia 2,0 + 0,1 Kr.
Bcero 6b110 0TO6paHo 384 o6pasiia.

[Tpu BeIGOPE METOLMK KMCCIeLOBaHUI ITOKa3aTe-
Jieli KauecTBa 1 6€30IMacCHOCTY 3epHA PYKOBOCTBOBA-
JINCh B OCHOBHOM MEXXTOCYIapPCTBEHHBIM CTAHIaPTOM,
perjaaMeHTUPYIOIINM TEXHUYECKIE YCITOBUS JJIS TIIIE-
Huipe! (COCT 9353). VckiloueHe cocTaBUIa METOLU-
Ka 10 ompeleJIeHNI0 MacCOBOM moyiu 6esika, B 9TOM
cjiydae OBbLJT UCIIOJIb30BAaH APYTOil HOPMAaTUBHBIN J10-
kymeHT (TOCT P 71208).

[lepeueHb MOTPEOUTENBCKUX CBOUCTB 3epHA
MIIEHUIIBI, TOIJIEXKAIeN MOHUTOPUHTY, YCTAHOBJIEH
B COOTBETCTBUY C [[prKa30M MUHKCTEPCTBA CEJIbCKO-
ro xo3saucTBa Poccuiickoyt demepariiv OT 8 CEHTIOPS
2021 1. N2 611 «O6 yTBepXKIeHNU TIePevHs I0TPpebu-
TEeJIbCKUX CBOMICTB 3€PHAa, IPON3BEIEHHOr0 Ha TePPU-
Topuu Poccutickoit demepariviu, B IeJIsIX IPOBeIeHUS
rOCyZapCTBEHHOI'0 MOHUTOPUHTA 3€PHA» U BKJIIOYAET
14 mokasaTenen:

— IIBET, 3aIlaX;

— 3apaXKeHHOCTh BPEIUTEIIMU;

— 3arps3HEHHOCTb HACEKOMBIMY-BPEIUTEIIIMU;

— 06Ut 1 GPaAKIIMOHHBIN COCTAB COEPIKAHUS
3ePHOBOM 1 COPHOU MpUMecei;

— BJIQYKHOCTB;

— HaTypa;

— CTeKJIOBUIHOCTD;

— TUIIOBOY COCTAaB;

— MaccoBas J0JI ChIPOM KJIEMKOBUHBI, KAUECTBO
KJIEHMKOBUHBI;

— MaccoBag oJisg 6eJiKa B IiepecyeTe Ha abCOJIIOT-
HO CyXO€ BeIleCTBO;

— YKCJIO MTale NI,

— Hasnmuue py3apruo3HbIX 3ePEH;

— HaJIu4Yue TOJIOBHEBBIX 3€PEH;

— HaJIM4ule 3ePeH, IIOBPEeXAEeHHBIX KJIOIOM-4e-
peranKou.

ITocye ompeneseHus 3HAUeHUI MOKasaTenei
yCTaHaBJIMWBAJIM KJIACC MIIEHUIIBI 10 HAUXYIIIEMY

The following humidification zones are distinguished
in accordance with the HTC values: humid (HTC
1.6-1.3); slightly arid (1.3-1.0); arid (1.0-0.7); very arid
(0.7-0.4) and dry (HTC<0.4) (Tonova et al., 2019).

Based on the data presented in Table 1, the veg-
etation period of 2024 can be characterized as warm
(the sum of active temperatures above +10°C from May
to September was 2079.8°C) and quite humid (the sum
of precipitation for this period was 378.1 mm, HTC =
1.8) with precipitation predominating in the second
half of August and September, when the HTC level in-
dicated obvious over-moistening of the territory.

Grain sampling was carried out in accordance
with regulatory documents (GOST 13586.3). The ave-
rage weight of a wheat grain sample was 2.0+0.1 kg.
A total of 384 samples were collected.

When selecting methods for studying grain quali-
ty and safety indicators, we were mainly guided by the
interstate standard regulating technical conditions
for wheat (GOST 9353). The exception was the meth-
od for determining the mass fraction of protein, in this
case another regulatory document was used (GOST R
71208).

The list of consumer properties of wheat grain
subject to monitoring is established in accordance with
the Order of the Ministry of Agriculture of the Russian
Federation dated September 8, 2021 No. 611 “On ap-
proval of the list of consumer properties of grain pro-
duced in the territory of the Russian Federation for
the purpose of state monitoring of grain” and includes
14 indicators:

- color, smell;

- pest infestation;

- insect pest contamination;

- total and fractional composition of grain and
weed impurities;

- moisture;

- nature;

- vitreousness;

- typical composition;

- mass fraction of raw gluten, gluten quality;

Ta6J1. 1. [Toka3aTeu TeMIlepaTyphbl U 0CaZKOB Ha TeppuTopuu ToMcKoro paiioHa
Table 1. Temperature and precipitation indicators in Tomsk Oblast

Cpe,umm MHOT0JIETHAA CyMMa

Cymma

TeMIepaTryp TeMIepaTryp CyMMa ocajKoB
Average long-term temperature sum t> +10°C 3amnepuozgct> +10 °C, Mmm
Sum of Total precipitation
OTKJIOHEHHE temperatures for the period I'TK

Mecsr, Month t>+5°C OT HOPMBI t>+10°C from t>+10 °C, mm HTC
Maiu May 144 +15,5 215,4 49,3 2,3
WioHb June 475 +87,0 526,2 54,6 1,1
Uiomnb July 897 +167,8 657,8 82,4 1,2
ABrycT August 1208 +247,4 545,6 142,3 2,6
CeHTS6Pb September 1275 +291 134,9 49,5 3,7
B 1iesnioM 3a ce3oH Season total 1275 +291 2079,8 378,1 1,8

Mpumeuanme: I'TK — rupgpotepmnueckun  Note: HTC — hydrothermal coefficient

KkoathhmumeHT no CenaHunHoBy (1928).

according to Selyaninov (1928).
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Puc. 2. O6opypoBaHue pons onpepenenus  Fig. 2. Equipment for determining grain

KauecTBa 3epHa (¢poto: A. O. Mnucko)

3HAYEHUI0 OJIHOTO M3 HUX. TaK KaK MOHUTOPUHT 3ep-
Ha MPOBOJUTCS Ha 3epHe, He IpolleaieM 06paboT-
Ky (CYUIKY ¥ YMCTKY), TO IIPU OIPeeJIeHNU Kjiacca
He YUYWTBHIBAJIW TaKMe XapaKTePUCTUKM, KaK BJIAX-
HOCTb 1 COpHAas IIPUMEChH.

Ilns orrpemeneHUs ITOKa3aTejel kKauecTBa 1 6e3-
OITACHOCTH MCII0JIb30BAJIVICh UMeIoIeecs B JabopaTo-
puu obopynoBaHue (CM. pUC. 2) U CTaHLAPTHBIE METO-
bl (TOCT 9353):

— METOJ, CIeKTPOCKONuu B GJIMKHe! mHOppa-
KpacHOU objacTu (IJis oIIpeeeHrsT MaCCOBOM JOIU
GesKa);

— opraHoJienITUUecKuii (OrpeiesieH1e IBETa U 3a-
naxa);

— BU3YaJIbHBIH ([IJIS1 BBISIBJIEHUS 3apPaKeHHOCTHU
BPEeNUTENIMU, 3aTrPSI3HEHHOCTY HAaCeKOMBIMU-Bpe-
IUTEJIIMU, OpeejieHrsT TUIIOBOTO COCTaBa U CTe-
KJIOBUIHOCTH);

— TepMOrpaBUMETPUYECKU (IJIs OTIpeeieHUs
BJIQKHOCTIN);

— rpaBUMeTpUYecKull (onpemeneHne comepxKa-
HUS IIPUMECEM, MaCCOBOM O ChIPOY KJIEKOBUHBI);

— BUCKO3UMETpPUUYECKUll (ompemeleHre Ynciaa
HajleHusd).

KadyecTBO M KOJMYECTBO CBHIPOY KJIEWKOBUHBI
OTIPEAENISIIA METONOM PYYHOI'O OTMBIBAHUS KJIEHUKO-
BUHBI C UCIIOJIb30BAHUEM U3MepUTesa AedopMaIuu
kJelkoBuHBI UJIK-3M (000 «IlmayH-cucTeMbI», Poc-
CHSI), CTEKJIOBHHOCTh — METOIOM OCMOTPA Cpe3a 3epHa,
HATYpPy — IIPY TIOMOIIY MyPKY JUTPOBOI [TX-1MILI (U1
MenkymsaH Apmas KapiaeHoBud, Poccus), YMCo rmaje-
HUS — Ha Ipubope AJId OIpeAeeHNs Yrcia IageHns
[T4I1-3 (OAO «Buodusmyeckas arnmapaTypa», Poccus)
(cM. puc. 3), MaccoBy HoJit0 HesiKa — Ha aHaJIu3aTope
nHppakpacHoM «MHGpackaH-3150» (000 «9KAH»
HIIIT, Poccus) (cM. puc. 4), BIaXKHOCTb — C MCII0JIb30Ba-
HYEM YCTaHOBKY M3MEPUTEIbHON BO3AYIITHO-TETLIIOBOM
AC3III-8-2 (000 «9KAH» HIIII, Poccus) (cM. puc. 5).
Cozeprxanue GpaKIInil COPHON 1 3€PHOBOY IIpUMecel

quality (photo by A.O. Plisko)

- mass fraction of protein in terms of absolutely
dry matter;

- falling number;

- presence of grains infected by fusarium,;

- presence of grains infected by smut;

- presence of grains damaged by the corn bug.

After determining the values of the indicators, the
wheat class was established based on the worst value of
one of them. Since grain monitoring is carried out on
grain that has not undergone processing (drying and
cleaning), such characteristics as moisture and foreign
matter were not taken into account when determining
the class.

To determine the quality and safety indicators, the
equipment available in the laboratory (see Fig. 2) and
standard methods (GOST 9353) were used:

- near infrared spectroscopy method (to deter-
mine the mass fraction of protein);

- organoleptic (determination of color and odor);

- visual (to detect pest infestation, contamination
by insect pests, determination of the typical composi-
tion and glassiness);

- thermogravimetric (to determine humidity);

- gravimetric (determination of impurity content,
mass fraction of raw gluten);

- viscosimetric (determination of the falling
number).

The quality and quantity of raw gluten were de-
termined by manual washing of gluten using an
IDK-3M gluten deformation meter (OOO Plaun-sys-
tems, Russia), vitreousness — by examining the grain
cut, nature — using a liter grain tester PKh-1MTs (IP
Melkumyan Arman Karlenovich, Russia), the fall-
ing number — on a device for determining the falling
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Puc. 3. OnpepeneHune Fig. 3. Determination
uncna napexus c nomowbto  of the falling number
npubopa N4Ymn-3 using the PChP-3 device
(choTo: A. O. Mnucko) (photo by A.O. Plisko)

OTIPENETIATIY Iy TEM IIPOCENBAHUA UePes3 CUTa, BU3yalb-
HOTO ITPOCMOTpA U AaJIbHEUIIEero B3BemuBaHus hpak-
WY, Hajauyve (y3apuo3HBIX U FOJIOBHEBBIX 3€PEH,
3€PEeH, TTOBPEXKIEHHBIX KJIOTIOM-4YePEIairkoi, — myTeM
BBIZIEIEH ST HABECOK M MX BU3YaJIbHOTO IIPOCMOTPA; 3a-
Pa’KeHHOCTbD, 3aTPSI3HEHHOCTD —

C TIOMOITIbIO TPOCEVBAHUS YePe3 E
KOMILJIEKT CUT (muaMeTp OT- :ﬂ

!

"\

number PChP-3 (OAO Biophysical Equipment, Russia)
(see Fig. 3), the mass fraction of protein — on an infra-
red analyzer Infrascan 3150 (OOO EKAN NPP, Russia)
(see Fig. 4), and humidity — using an ASESh-8-2 air-
heat measuring unit (OOO EKAN NPP, Russia) (see Fig.
5). The content of fractions of weed and grain impuri-
ties was determined by sifting through sieves, visual
inspection and further weighing of fractions; the pres-
ence of grains infected by fusarium and smut, grains
damaged by the corn bug — by isolating samples and vi-
sual inspection; infestation, contamination — by sifting
through a set of sieves (hole diameter 1.5 and 2.5 mm)
and further examination of the descent and passage of
sieves. The typical composition, smell, color were es-
tablished by sensory assessment.

The herbological analysis of spring wheat grain
samples was carried out using a visual method. An
average sample weighing 200 g was taken from each
wheat sample, from which weed fruits and seeds were
isolated and subsequently identified. For this purpose,
diaspores of all weed species were manually isolated
from each sample, then they were identified using a
Stemi 305 binocular microscope (Carl Zeiss, Germany)
taking into account the main morphological characters
of fruits, whole seeds and partially hulled seeds. Clas-
sic manuals (Dobrokhotov, 1961; Maisuryan, Atabeko-
va, 1978; Moskalenko, Yudin, 1999) and the carpolog-
ical collection of the Tomsk branch of FGBU “VNIIKR”
were used to identify fruits and seeds.

For weeds easily confused with wheat seeds — Av-
ena fatua L. and Fagopyrum tataricum (L.) Gaertn. — the
occurrence was calculated in farms (the percentage of
the number of farms in which the seeds of these weeds
were detected, out of the total number of farms) and in

BepcTu# 1,5 u 2,5 MM) U ajb-
HEUIIero nccieoBaHus CXo/a
¥ TIPOX0Ja CUT. TUITOBOY COCTAB,
3amax, IIBET yCTaHaBJIMBAaJIU
C TIOMOIITBI0 CEHCOPHOU OIEHKM.

T'ep6osornyecKuy aHaIN3
06pasIioB 3epHa MTIIEHUIIBI IPO-
BOU MPOBOAUIICS BU3YATbHBIM
MeTo/I0M. M3 KaXkoro o6pasia
MIIEeHUIbI 0OT6UPaJIach CPEIHSST
npoba Maccoi 200 T, 3 KOTOPOH
BBIIEJISIIIUCD TLIOZbI ¥ CEMEHA
COPHBIX PAaCTeHUU C Iocjeny-
0Ied uX ugeHTUuQUKaIuen.
It 3TOT0 M3 KaXJ0U MPOOHI
BPYYHYIO BBIIEJSJINCH AUACIIO-
PBI BCEX COPHBIX BUIOB, 3aTEM
C TIOMOIIbI0 OGUHOKYJISIPHOTO
Mukpockomna Stemi 305 (Carl

(photo by A.O. Plisko)
MIPU3HAKOB IIJIOJIOB, L€JIbIX Ce-

MSH 1 YaCTUYHO 0OPYIIEHHBIX

ceMsH. g onpenesieHus IJI0L0B U CEMSIH UCIOJb-
30BaJINCh KJIaccuUecKre pyKoBoacTBa (Jlo6poxoToB,
1961; MaiicypsaH, AtabekoBa, 1978; MocKaJleHKO,
0puH, 1999), a Tak)Ke KapIioJioruyeckas KOJJIEKIIUS
Tomckoro ¢punnana Pr'BY «BHUUKP».

Puc. 4. AHanusaTtop nHpaKpacHbIi

Zeiss, l'epMaHus) IPOBOAUIACD  «UncppackaH-3150» ((poTo: A. O. Mancko)
UX UAeHTU(DUKALUA C YIeTOM
OCHOBHBIX MOP(OJOTUUECKUX

Fig. 4. Infrared analyzer “Infrascan 3150”

Puc. 5. YctaHoBka AC3LL-8-2 ucnonbsyetcs
LNsl onpefenieHus BIaXXHOCTU 3epHa
(choTo: A. O. Mnucko)

Fig. 5. The ASESh-8-2 installation
is used to determine grain moisture
(photo by A.O. Plisko)
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Il TPYIHOOTAEIMMBIX OT CEMSH ITIIEHUIIBI COP-
HSIKOB — OBciora (Avena fatua L.) v TPeYUXU TaTapCKOM
(Fagopyrum tataricum (L.) Gaertn.) — 6bLa pacCumTaHa
BCTPEYAaeMOCTh B X035¥cTBaxX (IPOIEHT YncIa X0-
349UCTB, B 06pa3iiax KOTOPbIX ObLIU 06HAPYKEHEI ce-
MeHa JTaHHbIX COPHAKOB, OT OGIIEro YKCJIa X03AHCTB)
¥ B o0pasiiax MIIeHuIbl (TPOIEHT urcyia 06pasiios,
B KOTOPBIX ObLIM 06HAPYXEHBI CEMEHA JAHHBIX COP-
HSIKOB, OT 001Iero uucja o6pasiios).

PE3VJIBTATBI U OBCYKIEHHNE

O6Ien3BECTHO, YTO CTAOMIIBHOCTD YPOXKAEB U Kaue-
CTBO 3epHAa SIPOBOY MIMTEHUIIbI 3aBUCAT MIPEX]e BCe-
T'0 OT TUJPOTEPMUYECKUX YCIOBUIT (06ECTTIEUEHHOCTD
TEIJIOM ¥ BJIar0¥) BereTaruoHHOro mepuoza (Py6er,
u 1p., 2021; IllocTak u gp., 2023).

CrnenyeT OTMETUTH, UTO HAa (hOpMUPOBaHUE TI0-
KasaTeJiell KauecTBa 3epHa SPOBOM MATKON MIITEHUIIbI
B GOJIbIIIEl CTETIEHU BJIUSIET TEMIIEPATYPHBIN PEXUM
¥ KOJIMYECTBO OCAJIKOB B KOHIIE Beretanuu (B dasy
MOJIOUHO-BOCKOBOH criesocTn) nineHunilsl ([laTannHa
u np., 2025).

[To JaHHBIM MOHUTOPUHTA, B TOMCKOI obJiacTu
Ha IIOKa3aTeJid KauecTBa 3epHa SPOBOU MIMEHUIIbI
B 2024 I. MOBNUSIY HEGIATOIIPUATHBIE TIOTOIHbIE yC-
JIOBUS, CJIOKUBILNECS B Ieprof, yoopku ypoxas. Cym-
Ma 0CaJIKOB B aBTyCTe cocTaBuia 142 MM (cM. TabJr. 1),
4TO0 cocTaBmyio 209% OT HOPMBI. [Tpu 3TOM GoJIbINasa
yacTb ocazkos (90,9 MM) BhIIlaJia B TPEeThel meKaze
MecsIa. ITO MPUBEJIO K CUJIbHOMY IlepeyBJlaKHe-
HUIO TIOYBBI BO BCEX 3€PHOCEIIINX palioHax 06acTu
U rubeJiv TT0CEBOB CEJIbCKOX03SIUCTBEHHBIX KYIbTY]P
Ha riomany 3,5 ThIC. ra. B ¢BA3U ¢ 9TUM Ha BCEH Tep-
putopuu TOMCKOM o6sacTy B 1-1 AeKasie CeHTAOpS
OBL BBeZeH PEXXUM UPEe3BbIUaTHOYM CUTyalluU Peruo-
HaJIbHOTO XapakTepa («I'ybepHaTop Bragumup Masyp
YCTaHOBUIIL...», 2025).

Pesynvmamot onpedenenus noxasamesnet
Kayecmea u 6e30nacHOCmu 3epHa

Pe3ynbTaThl, IOJIy4YeHHEIE B XOJle IPOBELEHUA
HuccaefoBaHMM IoKa3aTelael KauecTBa 1 6e30I1acHO-
CTU 3epHa, IIPeJICTaBJIeHbI B TAa6JI. 2.

[IpencTaBiieHHbIE B TabJI. 2 JaHHbBIE TTO3BOJIMIN
cIejlaTh BBIBOJI O COOTBETCTBUM 3€PHA IPOBOM IIIIe-
HUIBI yposkas 2024 1. TpeboBarusam 'OCT 9353-2016.

OIHUM 13 BaXXHEUIINX ITOKa3aTejell KauecTna,
OIpemenaouuM xjJeboneKapHble CBOMCTBA 3€pHA,
SIBJIIETCS COZeprKalasics B 9HAOCIIEpPMe KIeHKOBUHA
(KapxkoBa, 2020). Tak>ke Ba)KHbIM II0KA3aTeJIEM SIBJIS-
eTCs YUCJIO MTaJleHN s, KOTOPOe OTPakaeT yPOBEHb aK-
THUBHOCTH COZiepXKallerocs B 3epHe pepMeHTa ajibda-
aMuJjiassl. [1py mpopacTaHUM 3epHa aKTUBHOCTb 3TO-
ro ¢pepMeHTa MHOTOKPATHO BO3PacTaeT, a YMCJIo Ta-
nenus cHmkaetcs (KpymnHos, KpymHosa, 2015). Uem
HIDKE UMCJIO NTaIeHUd, TeM Xy>Ke Kjiacc 3epHa. lj1g 5-ro
KJlacca 3epHa OrpaHMYXTeNbHAS HOpMa JJIs YKcJa Ia-
IeHUsd OTCYTCTBYET, AJis 4-T0 KJIacCca 3TOT [TOKA3aTENb
IOJDKeH ObITh He MeHee 80 CeKyH[I, IJisl 3-T0 — He Me-
Hee 150, 1-11 u 2-# KJacc XxapaKTepPU3yeTCs YHUCIOM
nazenus He MeHee 200 cekyHz. Haubojee 1leHHBIM
10 Ka4eCTBY CUUTAETCS 3€PHO MIIEHUIBl C YUCIOM
nazenud He MeHee 200 CeKyH[, a B KaueCTBe yJyu-
LIUTENSI IPYU MPOU3BOACTBE MYKM UCHOJb3YIOT 3€PHO
¢ TaHHBIM ToKazaTesieM oT 220 cexyHg (TOCT 34702).
Kak BugHO 13 TabJj. 2, HauboJee BhICOKUE 3HAUEHUST

wheat samples (the percentage of the number of sam-
ples in which the seeds of these weeds were detected,
out of the total number of samples).

RESULTS AND DISCUSSION

It is well known that the stability of yields and the qual-
ity of spring wheat grain depend primarily on the hy-
drothermal conditions (heat and moisture supply) of
the growing season (Rubets et al., 2021; Shostak et al.,
2023).

It should be noted that the formation of grain
quality indicators of spring soft wheat is largely influ-
enced by the temperature regime and the amount of
precipitation at the end of the growing season (in the
milky-wax ripeness phase) of wheat (Shatalina et al.,
2025).

According to monitoring data, in Tomsk Oblast,
the quality indicators of spring wheat grain in 2024
were affected by unfavorable weather conditions that
developed during the harvesting period. The amount
of precipitation in August was 142 mm (see Table 1),
which was 209% of the norm. Moreover, most of the
precipitation (90.9 mm) fell in the third ten-day period
of the month. This led to severe waterlogging of the soil
in all grain-growing areas of the region and the death
of agricultural crops on an area of 3.5 thousand hect-
ares. In connection with this, a regional emergency re-
gime was introduced throughout Tomsk Oblast in the
first ten days of September (Governor Vladimir Mazur
established..., 2025).

Results of determining the indicators of grain
quality and safety

The results obtained during the research of grain
quality and safety indicators are presented in Table 2.

The data presented in Table 2 allowed us to con-
clude that the spring wheat grain of the 2024 harvest
complies with the requirements of GOST 9353-2016.

One of the most important quality indicators that
determines the baking properties of grain is the gluten
contained in the endosperm (Zharkova S.V., 2020). An-
other important indicator is the falling number, which
reflects the activity level of the alpha-amylase enzyme
contained in the grain. When grain germinates, the
activity of this enzyme increases many times, and the
falling number decreases (Krupnov, Krupnova, 2015).
The lower the falling number, the worse the grain class.
For the 5™ class of grain, there is no limiting standard
for the falling number, for the 4™ class this indicator
must be at least 80 seconds, for the 3 — at least 150,
the 1st and 2™ classes are characterized by a falling
number of at least 200 seconds. Wheat grain with a
falling number of at least 200 seconds is considered
the most valuable in terms of quality, and grain with
a falling number of 220 seconds is used as an improv-
er in the production of flour (GOST 34702). As can be
seen from the table. 2, the highest values of the falling
number were recorded for wheat grain grown in areas
of the IT soil and climate zone. However, on average in
the region, the level of this indicator was low, which is
due to unfavorable conditions that arose in the region
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Ta6J1. 2. Pe3yabTaThl, IIOJIyY€eHHbIE IIPU OIIpeiesIeHUN KauecTBa
¥ 6€e30MaCHOCTH 3epHa MIIeHUIIbI ApoBoii (2024)

Table 2. Results obtained
in determining the quality
and safety of spring wheat grain

IMouBeHHO-KJINMAaTHUYECKas 30HA U paiioH 0TGopa 06pa31i0B
Soil-climatic zone and sampling area

(2024) I I 111
Ne Kpus Kox Tomc Iller AcuH 3bIp Ileps
n/u INoka3aTeyu Indicators Kriv Kozh Toms Sheg Asin Zyr Perv
1 [ILBetr Color C C C C C C C
2 3amax Smell C C C C C C C
3apakKeHHOCTh . .
3 BpemuTenaMH, 208 _mfestatlon, 0 0 0 0 0 0 0
B specimens/kg
4 . infestation, 0 0 0 0 0 0 0
31123}11" ’ specimens/kg
5 CopHas npuMech, % Weed impurity, % 0,44 1,10 1,74 0,68 1,33 0,95 1,55
3epHoBas npuMech, Grain impurity, 3,53 5,79 6,35 4,99 5,93 6,61 5,36
6 % %
B T. 4. mpopocmue including sprouted 2,34 3,92 3,06 1,57 2,80 4,96 3,84
7 BuiaxHOCTb, % Moisture, % 11,14 13,78 14,49 14,68 13,18 13,53 13,81
8 Harypa, r/nm? Nature, g/dm? 714,5 709,5 687,1 712,2 688,3 695,1 676,3
CTeKJIOBUAHOCTb, % Vitreousness, % 40,0 43,3 42,5 44,8 41,5 40,2 36,9
10 TUIIOBOIi coCTaB Typical 11 11 11 11 11 11 111
composition
1 M. 1. chIpot M.f. of raw gluten, 24,46 25,98 25,02 23,72 23,79 24,78 22,63
KJIEMKOBUHEI, % % (22,4-28,6) (18,5-32,4) (19,7-29,0) (20,4-31,3) (19,7-26,7) (17,8-30,7) (17,4-30,2)
Kauecrso Quality of gluten
12 KJIEeMKOBUHBI, €]]. . yolg ! 83 79,5 76,1 86,5 68,7 79,6 70,3
VK units of GDI
M. 1. 6esika Protein content
13 B mepecueTe in terms of dry 14,79 14,97 13,77 14,68 13,75 14,37 13,19
Haa.c.B., % matter, %
*1uCII0 IafeHus Falling number
14 (cpennee (averageand range 122,8 136,1 94,7 90,0 66,2 78,2 67,12
1 puarasoH fval 8 g (61-166) (61-442) (61-248) (62-310) (61-124) (61-158) (61-119)
3HAYEHUI) of values)
Hanuuue Presence of
15 ¢dysapuosHbIx grains infected by 0,0 0,04 0,06 0,05 0,0 0,03 0,03
3epeH, % fusarium, %
Hanmuuue Presence of grains
16 rosoBHeBbIX 3epeH, infected by smut, 0,0 0,29 0,0 0,12 0,0 0,0 0,35
% %
Hanuuue 3epeH, .
A —— Presence of grains
17 KHOEOM{: damaged by corn 0,0 0,0 0,0 0,0 0,0 0,0 0,0
. bug, %
yeperamkou, %
1g [OHHK, Tonnage, 6,6 68,2 25,0 29,0 6,17 23,9 5,0
TBIC. T thousand tons.

MpuMeuaHue: I — Talira HUISMEHHOCTH,

II - nopTavira npegropwii, 111 — nograira HU3MEHHOCTWY;
Kpus — KpuBowweunHckuit, Kox — KoXKeBHUKOBCKUA,

Tomc — Tomckui, LWer — LWerapckui,
ACUH — ACMHOBCKII, 3bIp — 3bIPAHCKNUIN,

Meps — MepBoMarickuii parioHbl oTbopa 06pasLoB;

C — 3HayeHMe noKasaTenisi CBOMCTBEHHO
3[0,0POBOMY 3ePHY COrTaCHO HOPMATUBHOMY
nokymeHTy (TOCT 9353); III — TunoBoW cocTaB
COOTBETCTBYET MArkon aposoi nwexuue (FOCT 9353);
M. A. — MaccoBas pons; WK — nHaekc pecopmanmn

KNTEMKOBUHBI; a. C. B. — abCONOTHO CyX0e BELLECTBO.

Note: I - lowland taiga, II — foothill subtaiga, III — lowland subtaiga; Kriv —
Krivosheinsky, Kozh — Kozhevnikovsky, Toms — Tomsky, Sheg — Shegarsky,
Asin — Asinovsky, Zyr — Zyryansky, Perv — Pervomaysky sampling districts;
C - the value of the indicator is characteristic of healthy grain according

to the normative document (GOST 9353); III — the typical composition
corresponds to soft spring wheat (GOST 9353); m.f. — mass fraction; GDI —
gluten deformation index; a.d.m. — absolutely dry matter.
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Ta6.1. 3. Kj1acchl KauecTBa IMIIEHHUIIbI B paiioHax ToMcKoii o6j1acTu B 2024 T.
Table 3. Wheat quality classes in Tomsk Oblast districts in 2024

KosuuecTBO J1oJis e HuIbl, %

uccjaegoBaHHbIX Share of wheat, %

06pa31oB

Studied samples  3-ii Kj1acc 4-ii KJ1acc 5-i1 KJ1acc
PaiioH o6JacTu District number 3rd class 4th class 5th class
ACUHOBCKUH Asinovsky 25 0 0 100
3bIPSIHCKUH Zyryansky 60 2,1 10,9 87,0
Ko’>xe BHUKOBCKUI Kozhevnikovsky 144 15,2 23,3 61,4
KpuBoIIenHCKUH Krivosheinsky 14 0 68,2 31,8
[TepBOMaMiCKUA Pervomaysky 26 0 14,0 86,0
ToMCKUM Tomsky 55 2,0 10,0 88,0
[lerapckuit Shegarsky 60 6,5 11,3 82,1

4yucia rnajieHrs 3aMKCUPOBaHbl y 3epHa MIIEeHUIIHI,
BBIPAIlEHHOT'0 B PalioHax Il mMOYBEeHHO-KJINMaTHYe-
CKOM 30HBI. OHAKO B CpPeIHEM I10 006J1aCTy YPOBEHbD
IaHHOTO MOKa3aTeJsis okasajicd HU3KUM, UTO CBs3a-
HO ¢ HEGIArOMPUSITHBIMU YCJIOBUSIMY, BOSHUKIIUMU
B PervoHe C CepeluHbI aBTycTa (MepeyBiaKHeHUe
MIPUBEJIO K TPOPACTAHUIO 3€PHA MIIEHUIIBI B KOJIOCE).
VIMeHHO NO3TOMY HPU NPOBELEHUUN MOHUTOPUHTA
3epHa IoKasaTesb «4YUCJIO NaZleHusI» CTaJl KJIacco-
06pa3yoIyM, HeCMOTPS Ha TO YTO YPOBEHb MacCOBOMU
JIOJIV CBIPOY KJIEUKOBUHBI B CDEJJHEM COOTBETCTBOBAJI
3—-4-My KJiaccy.

B Tabs. 3 mpuBeieHO pacipeesieHre 3epHa Iiie-
HUIIBI SPOBOI 110 KjaaccaM B 2024 I. B 3aBUCUMOCTH
OT palioHa BhIpAIIUBAHUS.

B HenpoCThIX KIUMaTUYeCKUX YCIOBUAX 2024 T.
B KoxeBHUKOBCKOM, IllerapckoM, ToMCKOM M 3BbIPSIH-
CKOM paliOHax yAajioch BBIPACTUTh 3€PHO MIIEHUIIBI
3-ro kJyiacca. OgHAKO OCHOBHAasg Macca yopaHHOTO
3epHa 6blJIa OTHECEHA K 5-My KJIaccy. YUUTBIBas, YTO
B CTPYKType ITPOU3BO/ICTBA CEJIbCKOX03SCTBEHHON
nponykiuu ToMcKoii o6acTy mpeobiasiaeT )KUBOTHO-
BOJICTBO, MOXXHO C YBEPEHHOCTbBIO TOBOPUTH O TOM, UTO
OCHOBHAs Macca 3epHa MIIeHuIIbI 6b11a TepepaboTaHa
Ha KOPM >KMBOTHBIM.

Pesynomamuot 2epbonouuecKo2o
aHaUu3a 3epHa

[To maHHBIM repboJOrUYeCcKOro aHaausa, B 06-
pasiiax 3epHa SPOBOM IMIIEHUIIBI BBISIBJIEHO 46 BUIOB
COPHBIX pacTeHuit (cM. TabI. 4).

Hawubojee pacripocTpaHeHHbIMU BUIAMU, JHUAC-
TIOPBI KOTOPBIX OTMEeUYEeHbI B 06pasiiax 60JIbIlell 4acTu
palioHOB, SIBJISIOTCS OBCIOT (Avena fatua), KOHOILIS T10-
ceBHas (Cannabis sativa), mapb 6emas (Chenopodium al-
bum), e3KOBHUK OOBIKHOBEHHBIU (Echinochloa crus-galli),
eipelt mos3yuntii (Elytrigia repens), rpeunxa TaTapcKas
(Fagopyrum tataricum), TpeYUINKa BbIOHKOBas (Fallopia
convolvulus), MUKYJIbHVKY AByHAJpPe3aHHbIN U Kpacu-
BBIH (Galeopsis sp.), mogMapeHHUK Bariana (Galium vail-
lantii), mpoco copHoe (Panicum miliaceum ssp. ruderale),
ropell pasBecucThIi (Persicaria lapathifolia s.1.), meTuH-
HUKY HU3KuK (Setaria pumila) u 3eneubint (S. viridis),
yucTen, 60JI0THBIN (Stachys palustris), TOPOLIEK MBIIIN-
uoii1 (Vicia cracca).

Boabumiasgs 4YacTh II€PEYMCIEHHBIX BHIOB
ABIAITCS OGBIUHBIMM COPHIKaMH B IIoceBax

from mid-August (over-moistening led to the germi-
nation of wheat grain in the ear). That is why, when
monitoring grain, the “falling number” indicator be-
came class-forming, despite the fact that the level of
the mass fraction of raw gluten on average correspond-
ed to class 3-4.

Table 3 shows the distribution of spring wheat
grain by class in 2024 depending on the growing re-
gion.

In difficult climatic conditions of 2024, in
Kozhevnikovsky, Shegarsky, Tomsky and Zyryansky
districts, it was possible to grow wheat grain of the 3
class. However, the bulk of the harvested grain was
classified as the 5" class. Considering that livestock
farming predominates in the structure of agricultural
production in Tomsk Oblast, it can be said with confi-
dence that the bulk of the wheat grain was processed
for animal feed.

Results of herbological analysis of grain

According to the herbological analysis, 46 species
of weeds were identified in the spring wheat grain sam-
ples (see Table 4).

The most common species, diaspores of which
were noted in samples from most areas, are Avena
fatua, Cannabis sativa, Chenopodium album, Echinochloa
crus-galli, Elytrigia repens, Fagopyrum tataricum, Fallopia
convolvulus, Galeopsis sp., Galium vaillantii, Panicum mil-
iaceum ssp. ruderale, Persicaria lapathifolia s.1., Setaria
pumila and S. viridis, Stachys palustris, Vicia cracca.

Most of the listed species are common weeds in
agricultural crops in Tomsk Oblast. Thus, the occur-
rence of Chenopodium album, Echinochloa crus-galli,
Fallopia convolvulus and Galeopsis sp. in crops reaches
56-73%, Avena fatua, Galium vaillantii, Persicaria lapa-
thifolia and Setaria viridis — 31-47% (Ebel et al., 2021).

In accordance with the Order of the Ministry of
Agriculture of the Russian Federation dated Septem-
ber 8, 2021 No. 611, when monitoring spring wheat,
special attention is paid to the presence of such easily
confused species in seed samples as Avena fatua and
Fagopyrum tataricum. The results of our examinations
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Ta6J1. 4. BUI0BOIi COCTAB COPHBIX PACTEHUI, 3aCOPSIONIUX CEMEHA APOBOIi MIIEHUILI
B ToMmcKkoii o6J1actu (2024)

Table 4. Species composition of weeds ITouBeHHO-KJIUMAaTHUYECKasa 30HA U paiioH 0TGopa 06pa31oB

contaminating spring wheat seeds Soil-climatic zone and sampling area

in Tomsk Oblast (2024) I 1I 1

N2  Buzasl Kpus Kox Tomc Iler AcuH 3bIp IlepB
n/mn Species Kriv Kozh Toms Sheg Asin Zyr Perv
1 Amaranthus retroflexus L. - - — = L + _
2 Arctium tomentosum Mill. - - - - — + _
3  Avenafatual. + + + + + o +
4 Brassica napus L. + + + + + + +
5  Brassica campestris L. - - = + + _
6 Cannabis sativa L. + + + - + _
7 Centaurea cyanus L. - - - = i + +
8 Centaurea scabiosa L. - - - + _ _ _
9 Chenopodium album L. - + + + + + +
10 Cirsium arvense L. - - - - - + _
11  Conium maculatum L. - = = = L + _
12 Convolvulus arvensis L. + + - - - + _
13 Echinochloa crus-galli (L.) Beauv. + + + + +
14  Echium vulgare L. - - + - - — _
15 Elytrigia repens (L.) Nevski + + + + + +
16  Eriochloa villosa (Thunb.) Kunth + + + - - + +
17  Euphorbia virgata Waldst. et Kit. - = = - L + _
18  Erodium cicutarium (L.) L'Hér. - - - - + + +
19 Fagopyrum tataricum (L.) Gaertn. - + + +
20  Fallopia convolvulus (L.) A. Love + + + + + + +
21 Fumaria officinalis L. - - - = + + +
22 Galeopsis sp. + + + + + + +
23 Galeopsis ladanum L. - +

24 Galium vaillantii DC. - + + + + + +
25  Lappula squarrosa (Retz.) Dumort. - + -
26 Lycopsis arvensis L. - - - - + _ _
27  Malva pusilla Sm. - + = _ _
28  Melandrium album (Mill.) Garck + - - + - _ +
29  Neslia paniculata (L.) Desv. - + + = L + —
30 Oberna behen (L.) Ikonn. - + - - + + _
31  Panicum miliaceum ssp. ruderale (Kitag.) Tzvelev + +

32 Persicaria lapathifolia (L.) Delarbre s.1. + + + + + + +
33 Pisumarvense L. - - = = = + _
34 Plantago sp. - - - - - + _
35  Polygonum aviculare L. - + + + L + _
36  Raphanus raphanistrum L. - - - - - — +
37  Setaria pumila (Poir.) Schult. + + + + + + +
38 Setaria viridis (L.) P. Beauv. +
39 Spergula arvensis L. = = = - L - +
40  Stachys palustris L. - + + - + + +
41  Stellaria media (L.) Vill. - = + = i +
42 Thlaspi arvense L. - - + - + _
43  Vicia sp. - + = + L — _
44 Vicia cracca L. + + - +

45 Vicia hirsuta (L.) Gray - = = “+ + + +
46  Viola arvensis Murray - - + _ _

Bcero BuzoB Total species 15 24 23 21 22 37 25
MpumMeuaHue: pacwMdpoBKa yCIOBHbIX Note. The explanation of the symbols for soil-climatic zones

0603HayYeHNN NOYBEHHO-KNMMaTMYecknx 304  and administrative regions is given in the note to Table 2;

M aAMUHUCTPATUBHbIX PANOHOB NpMBeaeHa + species identified in samples, — species not identified.

B MpuMevaHun K Tabs. 2; + BUZ BbiBMEH
B 0bpasuax, — B He BbISiB/EH. Aeryct N2 3 (24) 2025 51
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Ta61. 5. BctpeuaemMocThb ceMsH Avena fatua v Fagopyrum tataricum

B 3epHe IPOBOI mmeHuIbl B ToMcKkoii o61actu (2024)

Table 5. Seed occurrence of Avena fatua and Fagopyrum tataricum

in spring wheat grain in Tomsk Oblast (2024)

BcTpeuaeMoCTb B X03AicTBax, %
Occurrence in farms, %

BcTpeuaeMocTh B o6pa3uax, %
Occurrence in samples, %

Avena fatua Fagopyrum tataricum Avena fatua Fagopyrum tataricum
PaiioHbI Districts Avena fatua Fagopyrum tataricum Avena fatua Fagopyrum tataricum
I130HA IZONE
KpuBomenHckuir  Krivosheinsky 50,0 0 30,8 0
II 30HA II ZONE
KoxxeBHMKOBCKUIT  Kozhevnikovsky 71,4 14,3 28,3 11,6
ToMCKUI Tomsky 83,3 11,1 23,4 2,1
lerapckuti Shegarsky 66,7 33,3 35,8 12,9
III 30HA III ZONE
ACUHOBCKUU Asinovsky 60,0 20,0 38,5 11,5
3bIPIHCKUH Zyryansky 86,7 6,7 69,8 2,9
[TepBOMaMiCKUA Pervomaysky 100,0 33,3 65,2 17,4

CeJIbCKOXO03SIMCTBEHHBIX KYJIbTYP Ha TEPPUTOPUU
TomMckoit o6aacTu. Tak, BCTpe4aeMOCTh B IIOCeBax
Chenopodium album, Echinochloa crus-galli, Fallopia con-
volvulus v Galeopsis sp. nocturaeT 56—73%, Avena fatua,
Galium vaillantii, Persicaria lapathifolia v Setaria viridis —
31-47% (36enb u mp., 2021).

B cooTrBercTBUM c [Ipukazom MuHuUCTEpCTBaA
CeJbCKOTO Xo03gKucTBa Poccuiickon demepanuu
oT 8 ceHTs6pg 2021 1. N2 611, TpU MOHUTOPUHTE
SIPOBOY TIIIeHUIbI 0cob60e BHUMaHUe yIOeJadi0T Ha-
JIMYUIO B 00pasilaX CeMAH TaKUX TPYAHOOTIETUMbBIX
BUJIOB, KaK OBCHOT (Avena fatua) v rpedyrxa TaTapckas
(Fagopyrum tataricum). Pe3yabTaThl HAlIUX 06CIEeI0Ba-
HH 00pasIioB 3epHa MIIeHUIIbl Ha HaJIuune JaHHbBIX
BUJIOB IIPEJCTABJIEHbI B TabJ. 5 1 CBUIETENIbCTBYIOT
0 IOBOJIBHO YaCTOM 3aCOPEHHOCTY OBCIOIOM BhIpaIIlH-
BaeMoU B paioHax TOMCKOI 06JIaCTH MIIEHUIIBI.

Penkre o6HaApPYKEHUS XapaKTEPHbI IJIsT TaKUX
CereTaJbHO-PYyIepPaibHbIX BUIOB, KaK JIOIIYX TTayTH-
HUCTBIN (Arctium tomentosum), BaCUJIeK cKab1030BbIN
(Centaurea scabiosa), 6G0IUTOJIOB HATHUCTLIN (Conium
maculatum), CUHIK OObIKHOBEHHBIN (Echium vulgare),
KOTOpBI€ Yallle BCero IIPOU3PacTaioT 10 KpasgM I1oce-
BOB. M3pe/iKa IonagaTcs BULBI, IMACIOPhl KOTOPHIX
ropaszmo MeJjibue, UeM CeMeHa IIIeHuIlbl (Amaranthus
retroflexus, Euphorbia virgata, Galeopsis ladanum, Plantago
Sp., Spergula arvensis), nnu KpyitHee ux (Pisum arvense).
Takue BUbI, KAK CUHAK 00bIKHOBEHHBIN (Echium vul-
gare), Monovail npyTheBULHBIN (Euphorbia virgata)
¥ KPUBOIIBET MoJieBo# (Lycopsis arvensis) (CM. puc. 6)
He OTMedaJuch HaMU paHee Ha TeppuTopuu ToM-
CKO¥ 06JIaCTH B COCTaBe COPHOU (JIOPhI arPOLIEHO30B
CEeJIbCKOX03STMCTBEHHBIX KYJIbTYP, BKJIIOUAs MIIEHUILY
(96enb u mp., 2021, 2024). 1o HAIIKUM JaHHBIM, Euphor-
bia virgata — OGBIYHBIN COPHSIK Ha TTOJISTX 60JIee FXKHBIX
cocelHUX peruoHoB. CeMeHa STOTO BU/ia PETYISIPHO
Cc HeOOJIBIIMM 00MJIMEM BCTPEUYAIOTCSI B 3€PHOIIPO-
IYKIIMY, BhIpaluBaeMol B KeMepoBckoii, HoBocubup-
cKoit, OMcKoM obJtacTsax, AnrarickoM u KpacHospckoM
Kpasix. Lycopsis arvensis ©3peiKa BCTPEYAETCS B ITOCe-
Bax OMckoi 1 KeMepoBCcKo#i obyacTel, AITalicKOTo

of wheat grain samples for the presence of these spe-
cies are presented in Table 5 and indicate a fairly fre-
quent contamination of wheat grown in Tomsk Oblast
with Avena fatua.

Rare detections are typical of such segetal-rud-
eral species as Arctium tomentosum, Centaurea scabiosa,
Conium maculatum, Echium vulgare, which most often
grow along the edges of crops. Occasionally, there are
species whose diaspores are much smaller than wheat
seeds (Amaranthus retroflexus, Euphorbia virgata, Galeop-
sis ladanum, Plantago sp., Spergula arvensis), or larger (Pi-
sum arvense). Such species as Echium vulgare, Euphorbia
virgata and Lycopsis arvensis (see Fig. 6) have not been
previously reported by us in Tomsk Oblast as part of
the weed flora of agrocenoses of agricultural crops, in-
cluding wheat (Ebel et al., 2021, 2024). According to
our data, Euphorbia virgata is a common weed in the
fields of more southern neighboring regions. Seeds
of this species are regularly detected in small abun-
dance in grain products grown in the Kemerovo Oblast,
Novosibirsk Oblast, Omsk Oblast, Altai Krai and Kras-
noyarsk Krai. Lycopsis arvensis is occasionally reported
in crops of Omsk Oblast and Kemerovo Oblast, Altai
Krai, and its diaspores are sometimes detected in grain
products from the Kemerovo Oblast and Omsk Oblast.

Of particular interest is the presence in the grain
of wheat of diasporas invasive for Tomsk Oblast (black
book ..., 2016) species: Conium maculatum, Echinochloa
crus-galli, Echium vulgare, Vicia hirsuta. One of the main
contaminators of agricultural agriculture is Echinochloa
crus-galli. Its occurrence is very high: this invasive
weed is noted in 73 % of agricultural-specifics previ-
ously investigated, with an abundance from average to
high (3-5 points) (Ebel, Mikhailov, 2021).

In samples of 5 districts located in different
soil-climatic zones, the fruits of an annual cereal weed
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Kpas, a ero JUacropbl MHOTIA 06HAPYKMBAIOTCS B 3€P-
Hompoaykiuu 13 KemepoBckoii 1 OMcKO# obacTeii.

Oco6bIil MHTEpEC MPEeICTaBIIAEeT HAIUYNE B 3ep-
He TIIeHUITbI AUACTIOP UHBA3WBHBIX AJi11 TOMCKOMH 06-
sactu (YepHas kuwura... 2016) Bunos: Conium macula-
tum, Echinochloa crus-galli, Echium vulgare, Vicia hirsuta.
OIHUM M3 OCHOBHBIX 3aCOPUTEJIEN arpoleH030B pe-
TUOHA ABJISIETCS €XKOBHUK 00bIKHOBEHHbIN (Echinochloa
crus-galli). ETo BCTpeYaeMOCTb OUeHb BBICOKA: 3TOT UH-
Ba3UBHBIN COPHSIK OTMeUeH B 73% MCCIeL0BAHHBIX
HaMu paHee arpolleHO30B, C OGUJIMEM OT CPEIHETO
o BbIcOKOrO (3—5 6asios) (36eib, Muxaiiona, 2021).

B o6pasiiax 13 5 palioHOB, PACIIOJIOKEHHBIX B pPa3-
HBIX ITOYBEHHO-KJIUMATUYECKNX 30HAX, BbISIBJIEHBI
TIJIObI OJTHOJIETHETO 3JIAKOBOI'0 COPHSIKA — IIEPCTHSI-
ka MoxHaTtoro (Eriochloa villosa). 9TOT BUJ, ABJISIETCSI
TPYAHOVMCKOPEHUMBIM COPHSIKOM B arpolieH03axX IToJie-
BBIX KyJIBTYD Ha JlajibHEM BOCTOKe U 10Te eBPOITENCKOM
yacTtu Poccuu. B riocsiefHYE TOBI IEPCTHSAK OTMEUEH
B IIOCEBAX Pa3JIMYHBIX CEJIbCKOX03IMUCTBEHHBIX KYJIb-
Typ B ToMckoii o6sactu (36enb u ap., 2024). B xozme
MOHUTOPUHTA YCTAHOBJIEHO, YTO B psAle PalioHOB
IaHHBIN BUJ, BCTPEYaeTCs B IIIIEHUIIE, BbIPAIIEHHON
B PasHbIX X03akcTBax. Harmpumep, B KO)XKeBHUKOBCKOM
patioHe mpu o6cieoOBaHUY MITEHUIIBI, BRIPAIeHHOMN
B 14 x03s11icTBax, Eriochloa villosa o6Hapy>xeH B 06pas-
1IaX 13 YeThIPeX X03UCTB. [IprueM 10kl ePCTHAKA
MOXHATOT0 OOHAPY’KEHBI B 06pasIlax IIIeHUIIb, IT0-
CTYIIUBIIVX HE TOJIBKO U3 I0KHBIX PAOHOB IO TANTH,
HO 1 60JIe€ CeBEPHBIX, OTHOCALIUXCS K TA€XKHOI 30HE.

[Ipy nmpoBefleHUY TepbOJOTUUECKOTO aHAIN3a
06pasIloB 3epHa APOBOM MINEHUIIBI ypoxkas 2024 T.
He OBbLJIO BhISIBJIEHO IMACIIOP KAaPaHTUHHBIX COPHSIKOB,
TIePEYrCIEHHBIX B €UHOM ITepeueHe KapaHTUHHBIX
06beKTOB EAJC, a TaK)Xe COPHSIKOB, PETYIUPYEMbIX
B 3epHe MNIIeHUIbl PUTOCAHUTAPHBIMU TPeboBaHU-
amu Kuratickoit HapomHoit Pecry6ivKy — OCHOB-
HOM CTpaHbl — UMIIOPTEPA TOMCKOTO 3€pHa.

were revealed Eriochloa villosa. This species is a re-
sistant weed in agricultural crops in the Far East and
south of the European part of Russia. In recent years,
Eriochloa villosa has been noted in crops of various ag-
ricultural crops in Tomsk Oblast (Ebel et al., 2024).
During the monitoring, it was found that in some areas
this species occurs in wheat grown in different farms.
For example, in the Kozhevnikovsky district during
a survey of wheat grown in 14 farms, Eriochloa villosa
was detected in samples of 4 farms. Moreover, its fruits
were detected in samples of wheat received not only
from the southern regions of Podtygi, but also more
northern ones belonging to the taiga zone.

When conducting a herbological analysis of grain
samples of spring wheat of the crop of 2024, there were
no diaspores of quarantine weeds listed in the Com-
mon List of Quarantine Pests of the EAEU, as well as
weeds regulated in the grain of wheat grain of the Chi-
nese People’s Republic-the main country of Tomsk
grain.

During the monitoring, additional information
about weeds accompanying the main culture was ob-
tained. Along with the development of modern meth-
ods of studying the phytosanitary state of crops, for ex-
ample, remote sensing (Shumilov et al., 2018; Shpanev,
2019), the data of herbological examinations of seeds
of agricultural crops should be used more (Sukholozo-
va et al., 2022; Ebel, 2023; Chaplygin, etc., 2024.).

CONCLUSION

During the monitoring conducted by the specialists of
the Tomsk branch of VNIIKR, it was found that most of
the crop grown in 2024 of the spring wheat belongs to
the 5™ class and is suitable only for animal feed. This
result is due to adverse weather conditions (excessive
soil moisture by harvesting the time led to the partial
death of wheat crops and the spike grain germination
in the remaining crops).

Puc. 6. lnacnopbl COPHAKOB, BbISIBIEHHbIX

ToMcKol 061acTu: a — CUHAK 06bIKHOBEHHbI
(Echium vulgare), b — monouai npyTbeBUAHbIN
(Euphorbia virgata), c — KpuBoLBET NONIEBOWA
(Lycopsis arvensis) (¢oTo: T. B. 36enb)

Fig. 6. Weed diaspores detected during monitoring for the first
B XO[,e MOHUTOPUHra BnepBble A8 arpoueHo3oB  time for agrocenoses of Tomsk Oblast: a — Echium vulgare,

b — Euphorbia virgata, c — Lycopsis arvensis (photos by T.V. Ebel)
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B xo/ie MpOBEJIEHHOTO MOHUTOPUHTA TTOJIyYE€HbBI
JIOTIOJTHUTEJIbHbIE CBeIEHUS O COPHSIKAX, COITyTCTBY-
OLUX OCHOBHOM KyJbType. Hapsazmy ¢ pa3sBUTHUEM CO-
BPEMEHHBIX METOA0B UCCIEN0BaHUSA QUTOCAHUTAPHO-
T'O COCTOSIHMS TIOCEBOB, HAIPUMEP AUCTAHIIMOHHOTO
3ouupoBanus (IIlymMuioB u ap., 2018; llinanes, 2019),
clielyeT IUpe UCII0JIb30BaTh JaHHBIE Tepbosoruyde-
CKUX 00cJieOBaHUM CeMSIH CeJIbCKOX03IUCTBEHHBIX
kynbTyp (Cyxosio3oBa u fp., 2022; 36enb u ap., 2023;
YaruieITUH U Ap., 2024).

3AKJIIIOYEHUE

B xozme mpoBeneHHOro crenuaanucraMu TOMCKOTO
¢punuana BHUMKP MOHUTOPUHTA YCTAaHOBJIEHO, UTO
GoJibIiast YacTh yPOXKas BbIpalleHHOU B 2024 T. po-
BOW ITIIIE€HUIIBI OTHOCUTCS K 5-My KJIacCy ¥ ITPUTOHA
TOJIBKO Ha KOPM >KMBOTHBIM. Takoil pe3ynbTaT 06y-
CJIOBJIEH HEBJIATOTIPUATHBIMY ITOTOJHBIMY YCIOBUSIMU
(mepeyBiakHeHVEe TTOUYBbI KO BpeMEHU YOOPKY yposKast
MPUBEJIO K THOEJIN YacTy ITOCEBOB MITEHUIIbI U IIPO-
pacTaHMtIoO 3epHa B KOJIOCE B OCTABIINXCS ITOCEBAX).

PesynbTaThl NPOBEAEHHBIX B X0Jle MOHUTOPUHTA
repb0JOTUYECKUX aHAJNIM30B MapTUN CEMIH IPOBOU
NUIeHUIBl AAIOT OOMOJHUTENbHYI0 UHPOPMALUI0
0 BU/IOBOM COCTaBe COPHBIX PACTEHUH arpolleH030B
TomMcko# 06J1aCcTy U MOTYT GbITH UCTIOJIb30BAHBI JIJIs
paspaboTKy IpaKTUUYECKUX PEKOMEH AN KOHKPET-
HBIM X031 CTBAM O pacIpocTpaHeHnu HauboJjee Bpe-
IOOHOCHBIX COPHBIX BUJIOB.
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AHHOTALIUA
CTaThs MOCBSIIEHA UAeHTU(DUKAIIMY BUIOB poxa Ty-
rophagus dbayHbsl Poccuu, UMeIux GUTOCAaHUTAPHOE
3HaueHUe, mpexae Bcero, T. putrescentiae (Schrank,
1781), T. longior (Gervais, 1844), T. vanheurni Oude-
mans, 1924, T. perniciosus Zachvatkin, 1941, koTophbie
TIOBPEXIAIT PACTUTENbHYIO ITPOAYKIIUIO B ITIEPUO],
XpaHeHUs: 3ePHO, KOPHEILJIO I, IYKOBUI[bI, CEMEHA
CeJIbCKOXO03SMCTBEHHBIX KYJIBTYD, apaxuc U IIp.; IPO-
SABJISIOT cebs B KAUeCcTBe BPeIUTeeH OBOIIHbBIX KYJIb-
TYP 3aIIMIIEHHOTO TPYHTA, B TOM YKCJIE IPU UCITIOIb-
30BaHUU B KauecTBe TpoduUeckoro cybcTpara Ajis
XUIHBbIX KJENel — areHTOB 6MOKOHTPOJIS, U (pesxe)
OTKPBITOTO TPYHTA, TPOMBIILIEHHBIX KYJIbTYP 'PUGOB;
B DUTOIMATOJIOTUYECKUX JIAOOPATOPUSAX MOTYT YHUY-
TOXKATh MUKOJIOTUYECKUNE KYJIbTYyPbl, HAHOCS yIIepo
OMOKOJLIEKIIVISIM IPUOHBIX OPTaHM3MOB. B HacTos e
pab6oTe o6o6mmena nHdopmalusa 1o dhayHe Kielnei
poxna Tyrophagus, paciipoCTpaHeHHbIX Ha TEPPUTOPUU
Poccuu, IpuBeIeHbl HOBbIE CBEIEHUS O HaxOomKax
T. fanetzhangorum Klimov & OConnor, 2009 Ha Teppu-
Topuu EBpometickolt uactu Poccun. [TpoBeieHa OlleH-
Ka M3MEHYMBOCTHU OTJIEJIbHBIX IMaTHOCTUUYECKUX IPH-
3HaKkoB T. putrescentiae U3 Pa3HbIX reorpa@ruyecKux
JIOKAQJIMTETOB: TTIOKa3aHa BapuabeIbHOCTb IPU3HAKOB:
¢opMa BepIIMHLI COJIEHUAUA wl Ha Jankax [; hopma
$CX; PACIIONIOKEHVE Tap3aJIbHBIX KOTYJISTUBHBIX IPU-
COCOK Ha Jianke [V caM110B; IIpeiCTaBJIEHbI JUATHOCTU -
YyecKue IIPU3HaKY, II03BOJIAIONIE OTINUNTD JaHHBIN
BU/[I OT IPOYUX BUIOB pona Tyrophagus ayHsr Poccumn.
B xoze vcciemoBaHUsA BbIIBIIEHO, UTO ITPU3HAK «OTCYT-
CTBUE TJIA3HbBIX MSITEH» XapaKTEPEH [IJIST CJIEIYIONIUX
BunoB: T. formicetorum, T. molitor, T. mixtus. [IpuBeneHa
oIpefieNIMTeIbHASA Ta0IUIa BAXKHENIIMX B GUTOCAHU-
TAaPHOM OTHOLIEHUYW BUIOB pona Tyrophagus dayHbl
Poccuu ¢ y4eToM MpeIIeCTBYIOUIUX UCCIeJ0BAHUN
110 TAKCOHOMUY 1 HOMEHKJIaType 00Cy»X1aeMoTo Poia.
CTaThsd COLEPXXUT OPUTHHAJIbHBbIE MUJJIIOCTPAIlUU
KJIFOUEBBIX IMATHOCTUYECKUX ITPU3HAKOB. [Ipencras-
JieHHas nHMOpPMAaIMg MOXKeT ObITH ITOJIe3Ha B MpPaK-
THYECKOU paboTe CIIENaNiCTOB B 00J1aCTU 3alUThI
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ABSTRACT
The article is devoted to the identification of phytosa-
nitary important species of the genus Tyrophagus in the
fauna of Russia, primarily, T. putrescentiae (Schrank,
1781), T. longior (Gervais, 1844), T. vanheurni Oude-
mans, 1924, T. perniciosus Zachvatkin, 1941, which
damage plant products during storage: grain, root
crops, bulbs, seeds of agricultural crops, peanuts, etc.;
vegetable crops in protected ground, including when
used as a trophic substrate for predatory mites — bio-
control agents, and (less often) open ground, industri-
al fungi crops; in phytopathological laboratories they
can destroy mycological cultures causing damage to
biocollections of fungal organisms. This paper sum-
marizes information on the fauna of mites of the ge-
nus Tyrophagus common in Russia, and provides new
records on T. fanetzhangorum Klimov&OConnor 2009
from the European part of Russia. An assessment of
the variability of some diagnostic characters of T. pu-
trescentiae from different geographic localities is made.
The variability of the characters is shown: the shape
of the apex of the solenidium w1 on tarsi I; the shape
of scx; the location of the suckers on tarsi IV of males.
Diagnostic characters are presented that allow distin-
guishing T. putrescentiae from other Tyrophagus species
in the fauna of Russia. The study revealed that the “ab-
sence of eyespots” is typical of the following species:
T. formicetorum, T. molitor, T. mixtus. A key to the phy-
tosanitary important species of the genus Tyrophagus
in the fauna of Russia is provided, taking into account
previous studies on the taxonomy and nomenclature
of the genus under discussion. The article contains
original illustrations of key diagnostic characters. The
information presented may be useful in the practical
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pacTeHui, B TOM 4yucje 6MOMeTo/ia, COTPYIHNUKOB Ka-
PaHTUHHBIX QUTOCAHUTAPHBIX JIAG0PATOPUIL, aTPOHO-
MOB-PaCTEHUEBOIOB U .

Knrwuesvle croea. 3amyTa pacTeHWU, OUATHO-
CTUMKAa, BPEIUTEJIU 3aI1aCOB, BPEIUTENU 3alIUIIEHHO-
T'0 I'PYHTA, aKaPOUIHbIE KIIEIIHU.

BBEJEHUE

THEeJbHbIE BUIBI Kiellei poga Ty-
rophagus Oudemans, 1924 umerwT
tutocanuTapHoe 3HaueHue (3a-
XBaTKWUH, 1941; BoaruH, 1953; Rob-
ertson, 1959; Jlupmuii, 1990; JIus-
muiL u ap., 2011 u np.). B ycimoBusx
xpanenus T. putrescentiae (Schrank,
1781), T. longior (Gervais, 1844)
u T. vanheurni Oudemans, 1924 moBpeXx1a0T 3epHO,
KOPHEILJIO/BI, TYKOBUIIbI, CEMEHA CEJIbCKOX03MCTBEH-
HBIX KYJIBTYD, apaxuc u Aap. Cpeiy BpeuTesiel OBoIl-
HBIX KYJIbTYP 3al[AIEHHOTO U (PEXKE) OTKPHITOTO TPYH-
Ta oTMeueHbl T. putrescentiae, T. longior u T. perniciosus
Zachvatkin, 1941 (KomaueBa, 1982; AxaTtos, VxeB-
ckuit, 2004; Oliveira et al., 2007). Kpome Toro, T. putres-
centiae MOXKET Pa3BUBAThCS B MacCe M HAHOCUTD yIep6
MIPOMBIIIJIEHHBIM KyJbTypaM TPUOOB, HANIPUMED
maMnuHaboHaM (Jlusmui u gp., 2011), B putomaTo-
JIOTUYECKUX JIJaboPaTOPUAX ITPU HEKOHTPOJIUPYEMOM
Pa3BUTUU MOXET MOEJATh U LAXKe MTOJTHOCTHI0 YHUUTO-
JKaTh MUKOJIOTUYECKYE KyJIbTYPhl, HAHOCS HeIloIpa-
BUMBIN YPOH GMOKOJIEKIIUSAM IPUGHBIX OPTaHU3MOB
(cMm. puc. 1). B pszie caydyaeB OTMEYAETCs, YTO ITOT BU[L
KJIeIla UCIT0JIb3yeTCs B KauecTBe TPOhUUeCcKor 6a3bl
[IJIsl areHTOB 0MOJIOTUYECKOT0 KOHTPOJISA — XUITHBIX
kyemnieit (Pirayeshfar et al., 2020; KpacaBuHa, Tparies-
HUKOBa, 2022), TO3TOMY MOXKET ITPOHUKATh BMECTE
C TTOCJIeAHVUMHU B 3alUIIEHHBIN IPYHT, TOBPEX1as
OBOIIIHbIE KYJIBTYPHI, B TOM YHMCJIE alTUKAJbHbIE MEPU-
creMbl (mepc. coobir.). [Tomumo storo, T. putrescentiae
peryjupyeTcs B KaueCcTBe KapaHTUHHOTO 00beKTa
B Pecniybsiuke VIHIMOHE3MS U yKa3aH B (huTocaHUTAD-
HBIX TpeboBaHUusAX HapomHot Pecrrybavuky BaHriament
B OTHOIIEHWHU 3ePHa IIIeHUIIbI Ha CEMEHHbIE LeJIN.

B mesoM BumoBas WAeHTUDUKAIIUSA KIellei
pozna Tyrophagus TpeiCTaBJIIeTCsI HEITPOCTOM 3aavueit
(Stejskal et al., 2025), B ToM umciie u3-3a Bapuabesib-
HOCTH pAa AUAarHOCTUYECKUX NIPU3HAKOB. Kpome
TOT0, IPEJICTABJIEHNS O TAKCOHOMUY U HOMEHKJIAType
TPYIIThI HEOJLHOKPATHO IMepecMaTpruBaIucCh (3axBaT-
Ku1H, 1941; Boarus, 1949; Robertson, 1959; Samsinak,
1962; Fan, Zhang, 2007a,b): B YyaCcTHOCTHU, IpuMeYa-
TeJieH cjydall ¢ BUAOM-ABOWHUKOM T. putrescentiae
(Fan, Zhang, 2007a,b; Klimov, OConnor, 2009, 2010,
2015). Heo6xomuMo TaK)Xe OTMETUTH, UTO, CIeLys
tpamzunuy A, A. 3axBaTkuHa (1941), B 0Te4eCTBEHHOMH
JINTEPATypPe 10 CeTbCKOX03AMCTBEHHOUN aKapoJIOTUn
(Komauesa, 1982; Jlusmuli, 1990; AxaToB, VI)KeBCKUH,
2004; JuBmwuIl u Ap., 2011) UCIOIB3YeTCSI YaCTUUHO

1 B pycckossbluHon nutepatype (BonruH, 1975; Nlvswwy,
n ap., 2011) yacTo NPMBOAMTCS MNAALWNA CUHOHUM 3TOrO
Bupa — T. palmarum Oudemans, 1924 (Fan, Zhang, 2007b)

work of specialists of plant protection, including bio-
control, quarantine phytosanitary laboratories, agro-
nomists, etc.

Key words: plant protection, diagnosis, storage
pests, greenhouse pests, acaroid mites.

INTRODUCTION

ertain mite species of the genus Tyrophagus

Oudemans 1924 have phytosanitary signifi-

cance (Zachvatkin, 1941; Volgin, 1953; Rob-

ertson, 1959; Livshits, 1990; Livshits et al.,

2011, etc.). In storage conditions, T. putre-
scentiae (Schrank 1781), T. longior (Gervais 1844) and
T. vanheurni Oudemans 1924! damage grain, root
crops, bulbs, seeds of agricultural crops, peanuts,
etc. Among the pests of vegetable crops in protected
and (less often) open ground are noted T. putrescenti-
ae, T. longior and T. perniciosus Zachvatkin 1941 (Kopa-
neva, 1982; Akhatov, Izhevskiy, 2004; Oliveira et al.,
2007). Besides, T. putrescentiae can develop massively
and cause damage to industrial fungi crops, such as
champignons (Livshits et al., 2011); in phytopatho-
logical laboratories, if uncontrolled, it can feed on
and even completely destroy mycological cultures,
causing irreparable damage to biocollections of fun-
gal organisms (Fig. 1). In some cases, it is noted that
this mite species is used as a trophic base for biologi-
cal control agents — predatory mites (Pirayeshfar et
al., 2020; Krasavina, Trapeznikova, 2022), therefore,
it can be transmitted into protected soil together with
the latter, damaging vegetable crops, including apical
meristems (pers. comm.). In addition, T. putrescenti-
ae is regulated as a quarantine species in the Repub-
lic of Indonesia and is listed in the phytosanitary re-
quirements of the People’s Republic of Bangladesh for
wheat grain for seed purposes.

In general, species identification of the ge-
nus Tyrophagus is a challenging task (Stejskal et al.,
2025), including due to the variability of some diag-
nostic characters. In addition, conceptions about the
taxonomy and nomenclature of the group have been
repeatedly revised (Zachvatkin, 1941; Volgin, 1949;
Robertson, 1959; Samsindk, 1962; Fan, Zhang, 2007a,
b), in particular, the case of the cryptic species of T.
putrescentiae is noteworthy (Fan, Zhang, 2007a, b;
Klimov, O’Connor, 2009, 2010, 2015). It should also
be noted that, following the tradition of A.A. Zachvat-
kin (1941), in the Russian literature on agricultural
acarology (Kopaneva, 1982; Livshits, 1990; Akhatov,
Izhevsky, 2004; Livshits et al., 2011) a partially out-
dated nomenclature of setae is used, which can cause

1 In Russian-language literature (Volgin, 1975; Livshits et al.,
2011) a junior synonym of this species is often given —
T. palmarum Oudemans, 1924 (Fan, Zhang, 2007b)
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ycTapeBIIas K HaCTOSIIEMY Bpe-
MEHM HOMEHKJIaTypa IEeTUHOK,
YTO MOXKET BbI3BATh CJI0XKHOCTH
Yy HETOATOTOBJIEHHOTO CITEIU-
anucra npu paboTe C coBpe-
MEHHBbIMU UCTOYHUKaAMU. Eciin
XapaKTepu30BaTb M3BECTHHIE
TEeXHUYECKUE JOKYMEHTHI,
TO B METOAUYECKUX YKA3aHUAX
MVYK 4.2.1479-03 (2003) maHa
ompenenuTesibHasg Tabauiia
TOJIBKO JI0 POJIOBOTO YPOBHS,
a uMmewmuecsa 'OCTsI (Hampu-
mep, 'OCT 13586.4-83; I'OCT
13586.6-93; I'OCT 34165-2017)
CcolepIKaT JIUIIb KPATKYIo CIIpa-
BOYHY MH(MOPMAIIUIO U HE I10-
3BOJISIOT IIPOBECTHU JOCTOBEP-
HYI0 BUZOBYIO UIeHTU(GUKAIIAIO

aKapOUJHBIX Kilelell. C y9eTOM  pyc. 1. YanuHeHHbli (FHUAOCTHBI, 3sepHoeoi)  Fig. 1. The mite T. putrescentiae
BCEr'0 BBIMIEM3JIOXKEHHOTO OJIS  knew, T. putrescentiae nutaetca nabopatopHoit  feeds on a laboratory fungal

MPaKTUKU 3alUTHI M KAPAHTU-  KynbTypol rpuboe (hoto: M. O. Kamaes)

Ha PacTeHW UMeeT 3HAUEeHUe

aKTyaJau3alus CBeIeHun 1o MOp(MOIOrunuecKoi ueH-
TudUKaAIMY BUIOB Kielei poma Tyrophagus, BCTpeva-
oUUXcs Ha TeppuTtopum Poccuu. Hacrosias my6Jiu-
Kallys B U3BECTHOU CTEIIEHU MOCBAIIeHa PENIEHUT0
JIAaHHOTO BOITPOCA.

MATEPUAJIBI U METO/1bI

Brlnu mccnemoBaHbl cienywiiue BuAbl poga Tyro-
phagus, pactipocTpaHeHHbIe Ha TEPPUTOPUU Poccum
¥ CONpeNebHbIX CTPaH, U3 KOJIJIEKIINN 300JI0THYe-
ckoro uHcTtuTyTa PAH (3UH, cM. puc. 2) u ®TI'BY «Bce-
POCCHUMCKUI IEHTP KapaHTUHA pacTeHuii» (BHUMKP):

— T. formicetorum Volgin, 1948. 3H: 29, Poc-
cus, CMoJieHcKas o6acTb, 1939 1., ¢6. B. 1. Boarus,
14, 19, Poccus, JleHuHTpaackas obaacts, 1959 r.,
c6. B. I1. Bosrus,

— T. longior (Gervais, 1844). 3VIH: 74, 39, Poccus,
JlenmHrpaackas obaactb, 1954-1959 rr.; 14, Poccus,
Kuposckas obyacts, 1944 1.%;

— T. mixtus Volgin, 1948. 3VIH: 1J, 39, Poccus,
Tomckas objiacTb, 19391,

— T. molitor Zakhvatkin, 1941. 31H: 37,109, Asep-
6anmkan (HaxuueBaHb), pacT. ocTaTky, 5.XI11.1967 r,,
c6. I. III. Kamxas; 14, 29, I'pysus, pacT. OCTaTKH,
5.V.1966 1., c6. I. I1I. Kamxas;

— T. perniciosus Zakhvatkin, 1941. 3WH: 17, 12,
Poccusg, CMmoneHckada obnacTb, 1940 r.; 19, Poccus,
Kuposckag ob6yacTb, 1944 1.3; 13, 42, Poccus, Capa-
TOBCKasg ob6JiacThb, 1955 .;

— T. putrescentiae (Schrank, 1781). 3IH: 19, Cmo-
JeHckag ob6sacTs, 1939 r.; 14, 19, BopoHexckag
obsacTb, 1954 1.; 24, 29, JleHuHrpaackas o6JacTh,
1959-1960 rr.; 24, 29, AsepbaliixaH, KapToheb,

2 KoMMeHTapwuii k MaTepuany no T. longior v T. perniciosus.

B 1938-1939 rr. B Op1yeBCcKoOM parioHe KnpoBckoi obnactu
(kak yKasaHo B 3TUKeTKe K MUKponpenapary, CM. puc. 2)

no akapougHblM knewam pabotan C. B. CopokuH (1940),
onpepeneHve matepuana npoBOAMIOCH NOA, PYKOBOACTBOM
A. A. 3axBaTKMHa. B aTvKeTKe nocrnegHUin ykasaH B KavyecTee
nuua, onpefenuBLLEro MaTepuan, Ho ¢ npuseaeHnem 1944 r.
(BO3MOXXHO, 3aMu1caH rof, NpoBeaeHUs naeHTUduKaumum,

a He cbopoB).

3 CM. npefbloyLnin KOMMEHTapWIA.

culture (photo by I.0. Kamayev)

difficulties for an untrained specialist when working
with modern sources. If we characterize the known
technical documents, then the methodological guide-
lines MUK 4.2.1479-03 (2003) provide a key only to
the generic level, and the existing national standarts
(for example, GOST 13586.4-83; GOST 13586.6-93;
GOST 34165-2017) contain only brief reference infor-
mation and do not allow for reliable species identifi-
cation of acaroid mites. Taking into account all of the
above, for the practice of plant protection and quaran-
tine, it is important to update the information on the
morphological identification of the mite species of the
genus Tyrophagus recorded in Russia. This publication
is to a certain extent devoted to solving this issue.

MATERIALS AND METHODS

The following species of the genus Tyrophagus com-
mon in Russia and neighboring countries were stud-
ied from the collections of the Zoological Institute of
the Russian Academy of Sciences (ZIN, Fig. 2) and the
All-Russian Plant Quarantine Center (VNIIKR):

T. formicetorum Volgin 1948. ZIN: 29, Russia, Smo-
lensk Oblast, 1939, coll. V.I. Volgin; 15, 19, Russia,
Leningrad Oblast, 1959, coll. V.I. Volgin.

T longior (Gervais 1844). ZIN: 73, 39, Russia, Len-
ingrad Oblast, 1954-1959; 14, Russia, Kirov Oblast,
19442,

T. mixtus Volgin 1948. ZIN: 14, 39, Russia, Tomsk
Oblast, 1939.

2 Comment on the material on T. longior and T. perniciosus.
In 1938-1939, in the Orichevsky district of the Kirov Oblast
(as indicated in the label to the microscope slide, see Fig. 2),
S.V. Sorokin (1940) studied acaroid mites, the identifica-
tion of the material was carried out under the supervision

of A.A. Zachvatkin. In the label, the latter is indicated as

the person who identified the material, but with the year
1944 (possibly, the year of identification is indicated,

not the year of collection).
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1969 1.; 14, 29, Y3bekucTaH, jjab. GUTOMNATOJOTUHU:
KoJL1. Tpu6oB, 1960 1.; 24, 29, TagKUKUCTaH, THU-
o1, 16JI0KO, pacT. ocTaTku, 1969-1971 rr.; BHUUKP:
433,609, MockoBckas obmacTs, BHUMKP, mabopaTop-
HblEe KyJIbTypbl HACEKOMBIX U rpubos, 2019-2023 rr.,,
coopmuk (manee — c6.) Y. O. Kamaes; 14, 29, MockBa,
6uomabopaTopus, 2017 r., c6. A. K. AxaTos; 19, Huxe-
ropojckas ob6iacts, 2018 1., ¢6. A. K. Axartos; 14, 12,
KapauaeBo-Uepkecus, 2018 ., ¢6. A. K. Axatos; 15,29,
HoBocubupckas o6y1acTb, TETINIIA, Ha orypile, 2017 1.,
cb. A. K. AxaToB;

— T. similis Volgin, 1949. 3UH: 24, 49, Poccus,
CMmoseHcKas obyracth, 1939 1.

— T. vanheurni Oudemans, 1924. 3UH: 57, 79,
Poccus, CaukT-IleTepbypr (Jlenunrpan), 1940-e rr.,
¢6. B. V. Bonrus;

— T. zachvatkini Volgin, 1948. 3VIH: 19, Poccus,
CMoJsieHCKasg obsacTb, 1939 r., ¢6. B. Y. Boaruu; 34,
29, Poccus, JleHuHTpaackas objaacTtb, 1958-1965 rr.,
c6. B. V. BosiruH.

HomeHkJIaTypa WEeTUHOK Teja NPUBeJeHa
o Griffiths et al. (1990), Hor — mo Grandjean (1939).

MuxkporipenapaTsl UCCIEI0BAIY B IIPOXOIAIIEM
CBeTe C MOMOIIbI0 MUKPOoCcKomoB Olympus BX53, ocHa-
1eHHOro JuddepeHIIaIbHO-UHTEP(PEPEHIIMOHHBIM
KOoHTpacToM u orokaMepoit Olympus U-TV0.63XC
(3VIH PAH), u ZEISS Axio Imager 2, ocHalieHHOTO ha-
30BbIM (PH) u guddepeniiuanbHo-uHTEPhEPEHIIN-
ouHbIM (DIC) KOHTpacTamu (J1abopaTopUs SKOJIOTUM
U TeHeTUKU HaceKOoMbIX U Kienieid ®I'BY «BHUUKP»).
B nocnenueM ciydae poTorpadupoBaHME U IOCIENY-
1o11as1 06paboTKa UIIIOCTPAIIUY OBLIIU OCYIECTBIIEHbI
C TIOMOIIbIO MPOTPAaMMHOTO obecrneueHus Zen 2.3.
duHanbHasa o6paboTka daiiia n306paKeHUs ITPOBO-
nuiach B mporpamme GIMP 2.10.

PE3VJIBTATBI

YTOUYHEHUE CBEJIeHUIl M0 BUOBOMY COCTaBY KJle-
meii poga Tyrophagus dayusr Poccun. VizBecTHas
dayna kiereit poga Tyrophagus Tepputopuu Poccuu
K HACTOSIIEMY BPEMEHM HACUUTBIBAET 110 MEHBIIEH
Mepe 10 BumoB (3axBaTkuH, 1941; Boarun, 1948,
1949, 1975; KomaueBa, 1982; IMuBenub, 1983; Kli-
mov, Tolstikov, 2011; Jlupmu, u ap., 2011). Hapsay
c obHapyxeunbiMu T. longior u T. putrescentiae’, axa-
pogsoramu A. A. 3axBaTkuHbiM (MI'Y) u B. Y. Boaru-
HbIM (3VH) 0bL1M onicaHbl 7 BumoB: T. molitor Zach-
vatkin, 1941; T. perniciosus Zachvatkin, 1941; T. silvester
Zachvatkin, 1941; T. formicetorum Volgin, 1948;
T. mixtus Volgin, 1948; T. zachvatkini Volgin, 1948;
T. similis Volgin, 1949.

B kauecTBe JOTTOTHUTEBHOI'0 KOMMEHTaPU YKa-
JKeM, 4TO cylnecTByeT pa6ora CopokrHa (1952), B Ko-
TOPOY KPaTKO OITMCcaHbI 2 Buna — Tyrophagus vjatskensis
Sorokin, 1952 u T. vjatscheslavi Sorokin, 1952 u3 my-
PaBbUHBIX I'HE3], BOJIOTOACKOM 06J1aCTU. ITH BULOBBIE
Ha3BaHUS IPUBOAATCS B HECKOJIBKMX PaboTax 3TOTO JKe
aBTopa (CopokuH, 1953, 1960), a TakKke B paszee
species incertae sedis crarsu Robertson (1959) c yka-
3aHVEM O CXOICTBE C TEMU WJIV UHBIMU U3BECTHBIMU
BUJIaMHU, B TOM YMCJIe OIIMCAaHHBIMY BoaruubiM (1948)

4 Klimov, Tolstikov (2011) ykasbiBatoT, YTO HAXOAKMN

T. putrescentiae, cpenaHHble Ha TeppuTopun Poccum

00 2007 r., HyxpatoTca B Bepudmkauum (no-sMammomy,
13-3a BUOa-0BONHNKA).

T. molitor Zachvatkin 1941. ZIN: 34,109, Azerbai-
jan (Nakhichevan), plant remains, December 5, 1967,
coll. G.Sh. Kadzhaja; 1, 29, Georgia, plant remains,
May 5, 1966, coll. G.Sh. Kadzhaja.

T. perniciosus Zachvatkin 1941. ZIN: 14, 19, Rus-
sia, Smolensk Oblast, 1940; 19, Russia, Kirov Oblast,
19443, 14, 49, Russia, Saratov Oblast, 1955.

T. putrescentiae (Schrank 1781). ZIN: 19, Smolensk
Oblast, 1939; 14, 19, Voronezh Oblast, 1954; 24, 29,
Leningrad Oblast, 1959-1960; 24, 29, Azerbaijan, po-
tato, 1969; 14, 29, Uzbekistan, phytopathology lab:
fungi collection, 1960; 24, 29, Tajikistan, rotting apple,
plant remains, 1969-1971; VNIIKR: 437, 609, Mos-
cow Oblast, VNIIKR, laboratory cultures of insects and
fungi, 2019-2023, coll. 1.0. Kamayev; 143, 29, Moscow,
biolaboratory, 2017, coll. A.K. Akhatov; 19, Nizhny
Novgorod Oblast, 2018, coll. A.K. Akhatov; 14, 19, Ka-
rachay-Cherkessia, 2018, coll. A.K. Akhatov; 13, 29,
Novosibirsk Oblast, greenhouse, on cucumber, 2017,
coll. A.K. Akhatov.

T. similis Volgin 1949. ZIN: 24, 49, Russia, Smo-
lensk Oblast, 1939.

T. vanheurni Oudemans 1924. 3UH: 54, 79, Russia,
Saint Petersburg [Leningrad], 1940s, coll. V.I. Volgin.

T. zachvatkini Volgin 1948. ZIN: 19, Russia, Smo-
lensk Oblast, 1939, coll. V.I. Volgin; 34, 29, Russia,
Leningrad Oblast, 1958-1965, coll. V.I. Volgin.

The nomenclature of the body setae is given ac-
cording to Griffiths et al. (1990), the legs — according
to Grandjean (1939).

The slides were examined in transmitted light
using an Olympus BX53 microscope equipped with
differential interference contrast and an Olympus
U-TVO0.63XC camera (ZIN RAS), and a ZEISS Axio
Imager 2 equipped with phase (PH) and differential
interference (DIC) contrasts (Laboratory of ecology
and genetics of insects and mites, VNIIKR). In the lat-
ter case, photography and subsequent processing of
illustrations were carried out using Zen 2.3 software.
The final processing of the image file was carried out
in GIMP 2.10.

RESULTS

Clarification on the mite species composition of the
genus Tyrophagus in the fauna of Russia. The known
fauna of mites of the genus Tyrophagus in Russia cur-
rently includes at least 10 species (Zachvatkin, 1941;
Volgin, 1948, 1949, 1975; Kopaneva, 1982; Piven,
1983; Klimov, Tolstikov, 2011; Livshits et al., 2011).
Along with the detected T. longior and T. putrescentiae®,
acarologists A.A. Zachvatkin (Moscow State Universi-
ty) and V.I. Volgin (ZIN) described 7 species: T. molitor
Zachvatkin 1941, T. perniciosus Zachvatkin 1941, T. sil-
vester Zachvatkin 1941, T. formicetorum Volgin 1948,
T. mixtus Volgin 1948, T. zachvatkini Volgin 1948, T. si-
milis Volgin 1949.

3 See previous comment

4 Klimov, Tolstikov (2011) indicate that T. putrescentiae
reports made in Russia before 2007 need to be verified
(apparently due to a cryptic species).
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I. WW. Kapgykasa; 3 — T. zachvatkini,
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Cco6paHHbIVi C UMMOPTUPYEMbBIX

nnogos 6aHaHa us MBrHen B 1961 T.

1 BNOCNeACTBUM ONpeaeneHHbln

C. B. MupoHoBbiM (choTto: U. O. Kamaes)

Fig. 2. Slides of mites of the genus
Tyrophagus from the collection

of the Zoological Institute of the
Russian Academy of Sciences, from
bottom to top: 1 — T. longior from Kirov
Oblast, identified by A.A. Zachvatkin
in the 1940s as T. tenuiclavatus;

2 - T. molitor from the collections of
G.Sh. Kadzhaja; 3 - T. zachvatkini,
collected and identified by V.I. Volgin;
4 - T. putrescentiae, collected from
imported banana fruits from Guinea in
1961 and subsequently identified by
S.V. Mironov (photo by I.0. Kamayev)

As an additional comment, we
note that there is a work by Sorokin
(1952) that briefly describes 2 spe-
cies — Tyrophagus vjatskensis Sorokin,
1952 and T. vjatscheslavi Sorokin, 1952
from ant nests of Vologda Oblast (Eu-
ropean Russia). These species names
are given in several works by the same
author (Sorokin, 1953, 1960), as well
as in the section “species incertae se-
dis” of the article by Robertson (1959)
with an indication of the similarity
with certain known species, including
those described by Volgin (1948) from
collections from ant nests of Leningrad
Oblast. In the revision by Sams§inak
(1962), nomenclatural changes were
quite justified (with the use of material
from the ZIN collection): T. vjatskensis is
ajunior synonym of T. zachvatkini, while
T. vjatscheslavi is a junior synonym of
T. formicetorum.

Later, T. curvipenis Fain & Fauvel
1993 was detected on imported fruits
in Siberia (Murillo et al., 2018), indicat-
ing the possibility of this species being
introduced in Russia.

It should be noted that most of
the mentioned works, except Klimov,
Tolstikov (2011), do not take into ac-
count data on the cryptic species
of the widespread mite T. putrescen-
tiae — T. fanetzhangorum Klimov&OCon-
nor 2009°. The latter species was previ-
ously unknown in the fauna of Russia,
here is information about its records:

Tyrophagus fanetzhangorum
Klimov & OConnor 2009

Material: 24, 29, VNIIKR: Russia,
Moscow, on cucumber (Cucumis sati-
vus), 10.1.1999, coll. A.K. Akhatov; 44,
3%, VNIIKR: Russia, Chuvashia, village
Yurakovo. 9.11.2022, coll. A.K. Akhatov.

Morphological characters of the
male and female are shown in Fig. 3
and 4, respectively.

The diagnostic character - eye-
spots on the propodosoma in species
of the genus Tyrophagus in the fauna
of Russia. This character in Tyropha-
gus was described in the work of Lynch

1o c6opaM U3 MypaBeHUKOB JIeHUHI'PAJCKOi 06Ja-
ctu. B peBusuu SamsSindk (1962) BriosiHe 060CHOBaHO
MIPOBENEHBI HOMEHKIIATYPHbIE U3MEHEHUS (C IPUBIIE-
YyeHreM MaTepuasia u3 Kojutekiuu 3VH): T, vjatskensis —
mitagmuii cuHoHuM T. zachvatkini, Torna kak T. viatsche-
slavi — mpammuit cuHoHuM T. formicetorum.

[To3nHee B Cubupy HA UMITOPTUPYEMBIX IJIOIaX
6B BRIsIBIIEH T. curvipenis Fain & Fauvel, 1993 (Murillo
etal., 2018), YTO CBUIETEIBCTBYET O BOBMOXKHOCTH Ha-
XOXKIEHUS 3TOTO BUIa Ha TeppuTopuu Poccum.

Heo6xX0oouMO OTMETUTb, YTO OOJBUIMH-
CTBO YHOMSAHYTBHIX paboT, kpome Klimov, Tols-
tikov (2011), He yYUTHIBAIOT CBEJEHUS II0 BULY-
IBOMHMKY IIMPOKO PACIPOCTPAHEHHOTO KJella

(1989). Fain, Fauvel (1993) compiled an identification
key for species of the genus Tyrophagus that have eye-
spots on the propodosoma. Subsequently, the state of

5 Fan and Zhang (2007b) first demonstrated the existence

of two cryptic species under the single name T. putrescentiae.
Klimov and O’Connor (2009, 2010, 2015) convincingly
argued that T. putrescentiae is the valid name for the
common species, while the cryptic species was named

in honor of the first two authors.
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Puc. 3. Tyrophagus fanetzhangorum, camel,
(BHUUKP), pnarHoctuyeckune npusHaKku, pumckume
LMpbl MAapKUPYIOT COOTBETCTBYIOLLME HOTH,
MHOEeKcaMu 0603HaYeHbl LWEeTUHKU:

1 - nponofocoMa, Kpy>XKOM noKasaHo rnasHoe
NATHO, MHAEKCOM 0603HaYeH laTepPOKOKCaIbHbIN
opraH scx, DIC; 2 — nogocoma BEHTpasibHO: crpasa
MHOEKCOM MoKasaH Tasuk II, nuHus nogyepkusaeT
BOTHYTYt0 hopMy cknepoTusaumu, PH;

3 —4acTb A0opCcoLEeHTpanbHOro xetoma, DIC;

4 — yacTb BEHTPasbHOWM NOBEPXHOCTU Tena, Kpyrom
BblAeneH apearyc (pasmelLeH He NOTHOCTbIo
natepanbHo), o603HaueHa weTuHka 4a, DIC;

5 - coneHnpun w1 Ha nankax I n II, DIC;

6 — nanka IV, ctpenoykamu nokasaHbl Tap3asbHble
KonynsaTuBHble npucocku, DIC (hoTo: U. O. Kamaes)

Fig. 3. Tyrophagus fanetzhangorum, male (VNIIKR), diagnostic
characters, Roman numerals mark the corresponding legs, indices
indicate the setae: 1 — propodosoma, circle shows eyespot,

index indicates supracoxal setae scx, DIC;

2 — podosoma ventrally: on the right, the index shows coxa II,

the line emphasizes the concave shape of the sclerotization, PH;

3 - part of the dorsocentral chaetome, DIC;

4 - part of the ventral surface of the body, the aedeagus is highlighted
around it (not completely located laterally),

the seta 4a is indicated, DIC; 5 - solenidia w1 on legs I and II, DIC;
6 — tarsus IV, arrows indicate suckers, DIC (photos by I.0. Kamayev)
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Puc. 4. Tyrophagus fanetzhangorum, camka (BHUUKP),
AmnarHoctuuyeckume npusHaku: 1 — nponogocoma, DIC;

3 —vacTb LOPCOLEHTPANIbHOIO XeToMa, UHAEeKCaMu
o0603HaueHb! weTtnHku, DIC (doTo M.0. Kamaes)

Fig. 4. Tyrophagus fanetzhangorum, female (VNIIKR),
diagnostic characters: 1 — propodosoma, DIC;

2 - nopocoMa BeHTpanbHO: cnpaBa MHAEKCOM nokasaH Tasuk II, 2 — podosoma ventrally: on the right, the index shows
JINHUSA NogYepKMBaEeT BOrHYTYH hopMy cknepoTusauum, PH; coxa II, the line emphasizes the concave shape

of the sclerotization, PH; 3 — part of the dorsocentral
chaetome, indices indicate setae, DIC (photos by I.0. Kamayev)

Puc. 5. ®opma cknepoTtusaumm nesbix Tasukos II n eé
BapuabenbHocTb y ocobeit Tyrophagus fanetzhangorum
(2-3, PH, BHUUKP) u T. putrescentiae (4-5, PH, BHUUKP;
6-8, DIC, 3UH) (¢hoTo: U. O. Kamaes)

T. putrescentiae — T. fanetzhangorum Klimov & OConnor,
2009°. lTocaenHUM BUJL IO HACTOSIEeTO0 BpeMeHU
He 6bLT M3BeCTeH A1 hayHb Poccuu, MPUBOIUM CBe-
JIeHUS O eT0 HaXOJKe:

Tyrophagus fanetzhangorum
Klimov & OConnor, 2009

Marepuain: 24, 29, BHUUKP: Poccusi, MockBa,
Ha oryp1ie (Cucumis sativus), 10.1.1999, cb. A. K. AxaTos;
44, 39, BHUUKP: Poccus, Yysaius, nep. lOpakoso.
9.11.2022, c6. A. K. AxaToB.

Mopdosornyeckre IpU3HaAKK caMIila U CaMKU
IpeAcTaBjeHbl Ha PUC. 3 U 4 COOTBETCTBEHHO.

XapaKTepHUCTHKAa JUAarHOCTHUYECKOro IpH-
3HaKa — IJIa3Hble MISATHA HA MPOIMO0/0COMe Y BUJOB
poaa Tyrophagus daynbl Poccuu. JITaHHBIN ITPU3HAK
y KJteren pona Tyrophagus 6L onrcaH B paboTe Lynch
(1989). Fain, Fauvel (1993) cocTaBuiu OTIPEIeINTEb-
HBIN KJII0Y BUI0B poja Tyrophagus, y KOTOPBIX UMEOT-
cs rJasHble MISITHA Ha MTPOTO0CoMeE. BIIOCIeCTBUY

5 Bnepsble Fan 1 Zhang (2007b) nokasanu cywecTBoBaHne
[BYX BUAOB-ABONHMKOB, MOHNUMAEMbIX MOL, OAHUM
HasBaHueM T. putrescentiae. Klimov n OConnor (2009, 2010,
2015) ybeputenbHo obocHoBanu, uto T. putrescentiae
SIBNSIETCSH BaIMAHbBIM Ha3BaHWEM A15 LUIMPOKO MOHUMAeMOro
BMAQ, TOrAa Kak BUAY-ABOMHUKY ObiN0 AaHO HasBaHve

B UECTb NEPBbIX ABYX aBTOPOB.

Fig. 5. Sclerotization shape of left coxae II and its
variability in Tyrophagus fanetzhangorum (1-3, PH, VNIIKR)
and T. putrescentiae (4-5, PH, VNIIKR; 6-8, DIC, ZIN)
(photos by I.0. Kamayev)

the feature — the presence or absence of eyespots — was
included in the identification keys in the works of Fan,
Zhang (2007b), Fayaz et al. (2016), Masoudian et al.
(2018).

Among the species of the genus Tyrophagus in the
fauna of Russia, the presence of eyespots has been
shown for T. putrescentiae and T. fanetzhangorum (Lynch
1989; Fain, Fauvel 1993; Fan, Zhang 20074, b; Klimov,
O’Connor, 2009; Fayaz et al. 2016; orig.), as well as for
T. curvipenis (Fain, Fauvel 1993; Fan, Zhang 2007b; Mu-
rillo et al., 2018).

Among the species of the genus Tyrophagus in the
fauna of Russia, the absence of eyespots is known for
T. longior, T. perniciosus, T. similis, T. vanheurni, T. zachvat-
kini (Fan, Zhang, 2007b; Fayaz et al., 2016; Masoudian
et al., 2018), which is also confirmed by the material
from the ZIN collection.

Based on the results of the study of the the ZIN
collection material, it was established that eyespots are
absent in the following three species: T. formicetorum
(Fig. 6.1), T. molitor, T. mixtus (Fig. 6.2).
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COCTOSIHME TIpM3HAaKa — HaJIWYKUe WU OTCYTCTBUE
IJIa3HbIX IITEH ObLIO BKIIOUEHO B OIpeAeuTeIbHbIe
Tabsmiel B paborax Fan, Zhang (2007b), Fayaz et al.
(2016), Masoudian et al. (2018).

Cpenu BunoB poza Tyrophagus dayHsl Poccuu Ha-
JMune IIas3HbIX I9TeH moKasaHo ajs I, putrescentiae
u T. fanetzhangorum (Lynch 1989; Fain, Fauvel
1993; Fan, Zhang 2007a, b; Klimov, OConnor, 2009;
Fayaz et al. 2016; opur.), a Takxe gy T. curvipenis (Fain,
Fauvel 1993; Fan, Zhang 2007b; Murillo et al., 2018).

Cpenu BunoB poma Tyrophagus dayHsl Poccuu
OTCYTCTBUE TJIa3HBIX TATEH uU3BecTHO nusa T. lon-
gior, T. perniciosus, T. similis, T. vanheurni, T. zachvatkini
(Fan, Zhang, 2007b; Fayaz et al., 2016; Masoudian et
al., 2018), uTo Tak)Xe MOATBEPXKAEHO Ha MaTepuaje
n3 KoJuiekuumy 3MH.

[To pesynbTaTaM HCCJeNOBaHUS MaTepuaJia
u3 KoJumekiuy 3VH ycTaHOBIIEHO, UTO TJIa3HbIe TATHA
OTCYTCTBYIOT Y TPEX CIENYIOUUX BULOB: T. formicetorum
(cmM. puc. 6.1), T. molitor, T. mixtus (cM. puc. 6.2).

OLeHKAa M3MEHUYHBOCTH OTAEJIbHBIX JUATHO-
cTUYeCcKux npusHakoB T. putrescentiae 3 pa3HBIX
reorpa(puuecKux JIOKaJIUTETOB. AHAJIN3 NCTOUHIKOB
(BaxBaTkuH, 1941; Robertson, 1959; Boaruu, 1975;
Samsindk, 1962; Johnston, Bruce, 1965; KomnaHesa,
1982; Lynch, 1989; Jlupmuii, 1990; Fain, Fauvel, 1993;
Klimov, OConnor, 2009; Fan, Zhang, 2007b; JiuBuIuij,
u 1p., 2011; Fayaz et al. 2016; Masoudian et al., 2018;
Murillo et al., 2018) 1103BOJIMII BBIIEIUTb HA60P OCHOB-
HBIX JUAaTHOCTUYECKHUX ITPU3HAKOB, KOTOPbIE BKIIIOUEHbI
B Pas3JIUvHbIe CXeMbI uaeHTUUKauu 1. putrescentiae.
Iajee ObLIa IIPOBeIeHa OlleHKA N3MEHUNBOCTU STUX
TIPU3HAKOB y 0c00e} JJaHHOTO BU/IA M3 Pa3HBIX reorpa-
(rueckux sokanuTeToB (Bcero 5443, 769 us Poccun
(8 peruonoB), Azepbaiimxana, Y3bekucraHa, TamKu-
KUCTaHa); C y4eTOM HepaBHOMEPHOTO 06beMa BhIOOPOK
CBSI3b TIPU3HAKOB C JIOKAJUTETAMU HE OIMPEIeIISIN:

— HaJIM4UMe TJIa3HbIX IaTeH (cM. puc. 7.1 u 8.1) —
XapaKTepHO [IJII BCeX UCCIeL0BaHHbBIX 0CO6ei’;

— GoJIbllIag AJMHA IeTUHOK d] 10 OTHOIIEHUIO
K cI u ronensam IV (cM. puc. 7.3) — XapaKTePHO IJIs BCeX
HCCJIeLIOBAaHHBIX 0COOEH;

— cOMMKEeHHOEe PACIIOJIOKeHe EeTUHOK d1 oT-
HOCKUTEeJbHO ¢1 (cM. puc. 7.3) — XapaKTepHO [IJIs BCeX
HCCJIeIOBAaHHBIX 0COOEH;

— BepIlINHA CoJleHnaud wl Ha jiankax [ pacmupe-
Ha (cM. puc. 7.5 u 8.5) — 1) sBHO: 477, 649; 2) HESIBHO
(B CTpyKTypa MUINHAPUYECKAS UIU eTUKOM YTOJI-
menHas): 73, 129;

— (dopma scx: 1) HOpMaJabHasaA — JAHIETOBUI-
Hag, T.e. C IIMPOKUM OCHOBAHKEM, MCTOHYAIOIINMCS
B IJIMHHYIO OCTh (CM. puc. 7.1 u 8.1): 4973, 719; 2) ab6-
HOpMaJIbHas — IMETUHKOBUHAS, B TOM 4Yucjie Qiyk-
Tyupylomas accumerpus (PA), T. e. KOT[Ia C OJHOMU
CTOPOHBI TeJIa SCX JAHI[eTOBUAHBIN, C APYTOy — Ie-
TUHKOBUAHBIN: 5(DA:1)T, 5(DA:3)?;

— IJIVHA e TUHOK 40 OTHOCUTEJILHO JJIMHBI TeHU-
TaJIbHOT'O OTBepcTud (cM. puc. 7.4 u 8.3) — 1) 6oblie:
534, 739; 2) mpuMepHo paBHa: 13, 39;

— caMIIbl: pPacCIoJIOXKeHHue Tap3albHBIX KO-
MyJASTABHBIX MPUCOCOK Ha Janke IV: 1) HopMalib-
HOe — JIeJIAT JIATIKY Ha TPU IPUMEPHO PaBHbIE YaCTHU
(puc. 8.6): 51 5K3.; 2) abHOPMAJIbHOE — PACITOJIOKEHBI

© [laHHbIN NPU3HaK XOPOLLO 3aMeTeH flaxe Ha CTapbIX
MuKkponpenapatax (1930-1950-x rr.).

Evaluation of variability of individual diag-
nostic characters of T. putrescentiae from different
geographic localities. The analysis of following sour-
ces (Zachvatkin, 1941; Robertson, 1959; Volgin, 1975;
Samsinak, 1962; Johnston, Bruce, 1965; Kopaneva,
1982; Lynch, 1989; Livshits, 1990; Fain, Fauvel, 1993;
Klimov, O’Connor, 2009; Fan, Zhang, 2007b; Livshits
et al., 2011; Fayaz et al. 2016; Masoudian et al., 2018;
Murillo et al., 2018) made it possible to identify a set of
basic diagnostic characters that are included in vari-
ous identification schemes for T. putrescentiae. Next, an
assessment was made of the variability of these traits
in individuals of this species from different geographic
localities (a total of 547, 769 from Russia (8 regions),
Azerbaijan, Uzbekistan, Tajikistan); given the uneven
sample size, the relationship of characters with locali-
ties was not determined:

— the presence of eyespots (Fig. 7.1 and 8.1) is
characteristic of all the individuals studied®;

— longer setae d1 in relation to c¢I and tibiae IV
(Fig. 7.3) — characteristic of all studied individuals;

—the close arrangement of the setae d1 relative to c1
(Fig. 7.3) is characteristic of all the studied individuals;

— the apex of the solenidium w1 on the legs I is
expanded (Fig. 7.5 and 8.5) — 1) clearly: 473, 649; 2)
implicitly (the structure is cylindrical or entirely thick-
ened): 74,129;

— supracoxal setae scx — 1) normal — lanceolate,
i.e. with a wide base, thinning into a long spine (Fig. 7.1
and 8.1): 494, 719; 2) abnormal — setiform, including
fluctuating asymmetry (FA), i.e. when on one side of
the body the scx is lanceolate, on the other — setiform:
5(FA:1) 3, 5(FA:3) ¢;

— the length of setae 4a relative to the length of
the genital opening (Fig. 7.4 and 8.3) is 1) greater: 534,
739; 2) approximately equal: 13, 39;

— males: arrangement of suckers on tarsus IV: 1)
normal — divide the tarsus into three approximately
equal parts (Fig. 8.6): 51 ex.; 2) abnormal — located in
the proximal part of the tarsus: 3 ex., including fluctu-
ating asymmetry: 3 ex.

Express diagnosis of Tyrophagus putrescentiae.
Taking into account the phytosanitary significance
of T. putrescentiae, based on the analyzed data and the
studied material, stable characters were identified, by
the combination of which this mite species (by females
and males, Fig. 7-8) differs from all known species of
the genus Tyrophagus in the fauna of Russia:

— eyespots present (Fig. 7.1 and 8.1);

— scx usually lanceolate (Fig. 7.1 and 8.1);

—setae d1 longer than c1 (Fig.7.3);

—setae 4a equal to or longer than the genital open-
ing (Fig. 7.4 and 8.3)7;

— sclerotization of coxae II with a straight or sin-
uous (but not concave) posterior margin (Fig. 5.4-8,
7.2 and 8.2).

® This character is clearly visible even on old slides
(1930-1950s).

7 Setae 4a become very thin towards their apex (in Fig. 7.4
and 8.3 their end is shown by arrows), so their length is easi-
er to assess using phase-contrast microscopy.
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B [IPOKCUMAJIbHOM YaCTH JIAIKY: 3 9K3., B TOM YHCIIe Identification key of phytosanitary

(bIyKTyUpyIOImAsT acCCUMETPUS: 3 HK3. important species of the genus Tyrophagus
JKCIpecc-IUarHOCTHKA YJHHEHHOT0 KJIema in the fauna of Russia

Tyrophagus putrescentiae. C yaeToM (prTOCAaHUTAPHO- The table was compiled using the works of Vol-

ro 3HaueHud T. putrescentiae Ha OCHOBe MIPOaHAIU3U- gin (1975), Klimov, OConnor (2009), Lynch (1989),

POBAHHBIX JAHHBIX M U3YUYEHHOI'0 MaTepuaja GbLIn Fain, Fauvel (1993), Murillo et al. (2018), Fan, Zhang

BbIJIEJIEHBI CTAOUJIbHbIE ITPU3HAKY, [T0 COUETAHUIO (2007a,b), taking into account information from the

Puc. 6. YacTb fopcasibHOlM NOBEPXHOCTY Tena
BupoB popa Tyrophagus (3VIH), nipekcamm
NoKasaHbl HEKOTOPbIE WETUHKW; WETUHKMU Vi, ve, Sci
1 Sce pa3MelLLeHbl Mo KPasiM LWuUTa NponoaocoMmbl,
Ha KOTOPOM OTCYTCTBYIOT rnasHble naTHa. DIC,
wkana: 100 pym: 1 - T. formicetorum, cameu;

2 - T. mixtus, camka; 3 — T. vanheurni, cameu,;

4 - T. longior, camew,; 5 — T. perniciosus, camMKa;

6 - T. zachvatkini, cameu, (poTo: U. O. Kamaes)

Fig. 6. Part of the dorsal body surface of species of the genus

Tyrophagus (ZIN), some setae are shown by indices; setae vi, ve, sci and sce
are located along the edges of the prodorsal shield, without eyespots.

DIC, scale: 100 um: 1 — T. formicetorum, male; 2 — T. mixtus, female;

3 - T. vanheurni, male; 4 - T. longior, male; 5 — T. perniciosus, female;

6 — T. zachvatkini, male (photos by I.0. Kamayev)
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KOTOPBIX STOT BUJ, KJjelna (I0 caMKaM M caMIiaM,
CM. puc. 7—-8) OTJINYaeTCs OT BCEX U3BECTHBIX BUIOB
poxa Tyrophagus dayHubl Poccum:

— rJasHble IITHA uMerTcs (cM. puc. 7.1 u 8.1);

— JIaTEPOKOKCAJIbHBIN OPTaH $CX, KaK IPaBuUJIO,
JIaHIIETOBUIHBIN (CM. puc. 7.1 u 8.1);

— meTuHKY d1 nnunHee cI (cM. puc. 7.3);

Puc. 7. Tyrophagus putrescentiae, camka (BHUUKP,
KpoMme 6), [MarHocTuyeckue NpusHaKu, pumMckue
LMhpbl MAPKUPYIOT COOTBETCTBYHOLLME HOTU,
MHOeKcaMu 0603HaueHbl WeTUHKK: 1 — npornogocoma, the oval highlights scx, DIC; 2 — propodosoma ventrally: on the right,

KPYXXKOM NOKa3aHo rnasHoe naTHoO, 0OBaJsiOM BbigeneH

works by Zachvatkin (1941), Robertson (1959), John-
ston, Bruce (1965)8.
1(2) Eyespots present (Fig. 3.1,4.1,7.1and 8.1).... 3

8 For a detailed morphological description of some species,
including T. putrescentiae, with characteristics of the chae-
tome, see Fayaz et al. (2016) and Masoudian et al. (2018);

aedeagi are illustrated in Volgin (1975).

Fig. 7. Tyrophagus putrescentiae, female (VNIIKR, except 6), diagnostic
characters, Roman numerals mark the corresponding legs, indices
indicate setae: 1 — propodosoma, the circle shows the eyespot,

the index shows the coxa II, the line emphasizes the shape of the

naTepoKOoKCanbHbIi opraH scx, DIC; 2 — nponogocoma sclerotization, PH; 3 — part of the dorsal chaetome, PH; 4 — genital

BEHTpasibHO: CNpaBa MHAEKCOM NnoKasaH Tasuk II,

NVHWA noa4vepKmnsaeT hopmy cknepoTtusaumm, PH;

3 — yacTb JopcasbHOro XeToMa onMcTocomsbl, PH;

4 - reHuTanbHas o6nacTb, CTPENIOYKON NOKA3aHO
OKOHuYaHue weTuHku 4a, PH; 5 — coneHnpgmmn wl Ha nankax
Inll, DIC; 6 — cnepmateka (3UH), DIC (choTo: U. O. Kamaes)

opening, the arrow shows the end of the seta 4a, PH; 5 — solenidia w1 on
tarsi I and II, DIC; 6 — spermatheca (ZIN), DIC (photos by I.0. Kamayev)
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— MIeTUHKY 44 PAaBHBI WIH IJINHHEE TeHUTAIbHO-
ro orBepctus (cM. puc. 7.4 u 8.3)7;

— CKJIEPOTHU3aLKg Ta3uKoB Il ¢ IPAMBIM WMIU
M3BUIKUCTBIM (HO HEBOTHYTBHIM) 3aJHUM KpaeM
(cM. puc. 5.4-8,7.2u 8.2).

OmnpeaenuTesbHadA Ta6JaUIIa BUAOB

KJieneii poga Tyrophagus dbayns: Poccun,

MMeINuX (UTOCAHUTAPHOE 3HAUEHUE

Tabaulla cocTaBjieHa C UCI0Jb30BaHUEM PaboT
Bosruna (1975), Klimov, OConnor (2009), Lynch (1989),
Fain, Fauvel (1993), Murillo et al. (2018), Fan, Zhang
(2007a,b), ¢ yueToM cBemeHUlt U3 paboT 3aXBaTKUHA
(1941), Robertson (1959), Johnston, Bruce (1965)8.

1(2) I'masuble nIATHA ecTh (cM. puc. 3.1, 4.1, 7.1

2(1) I'ma3HbIX IATEH HeT (CM. PUC. 6) ..................... 7

3(4) JlaTepOKOKCAJIbHBIN OpraH (scx) IMeTUHKO-
BUIHBIN, T. €. 6€3 pacIIMPEeHHOTO OCHOBaHUS (Kak
Ha puc. 6). Comennauii wl Ha jankax I u II IIMHHBIN,
TOHKUH, HECKOJIBKO CY>KAIOIIUMICS K BEPIIUHE ... ... .
. T curvipenis
l'lppmeqa}me: OIlMCaHMEe OUArHOCTUYECKUX IIPM3HAKOB CM.
B pa6oTax Fain, Fauvel (1993), Fan, Zhang (2007b), Murillo et
al. (2018). PacrmpocTpaHeHre 3TOT0 BUia B Poccuu Hy»XgaeTcs
B YTOUHEHUH, T.K. K HACTOAIIEMY BPEMEHU €ro HaXo/jKa 6bLIa
cIesaHa B MMITOPTHBIX mIogax (Murillo et al., 2018).

4(3) JlaTepoKOKCcaIbHBIM OpraH (scx), Kak MpaBu-
JIO, TAaHIIETOBUIHBIH, T. €. C paCIIMPEHHBIM OCHOBAaHU-
eM, ICTOHYaIoIMcs K BepimuHe (cM. puc. 3.1, 4.1, 7.1
u 8.1). Conenupuii wl Ha jankax [ u Il yTOJIEeHHbBIN
WY MUJINHAPUYECKUN C SBHBIM WJIY HESIBHBIM aIlu-
KaJIbHBIM paciiupenueM (cM. puc. 3.5, 7.5u 8.5) ... 5

5(6) CryiepoTusanus Ta3nWKoB Il mOCTepUOpPHO
C IIPSIMBIM MJIM U3BUJIKCTHIM KpaeM (cM. puc. 5.4-8,
7.218.2) . T. putrescentiae
IIpumeuanue: [Togpo6HOEe MOP(GOIOrnUecKoe orrcaHue Bujga
mpuBeneHo B pabore Fayaz et al. (2016). Buj mimpoko pacrpo-
crpaneH B Poccuu (EBpometickas yacTtb, CeBepHbIil KaBkas,
Cubupb, JanbHuil BOCTOK).

6(5) CryepoTusamnus TasukKoB Il TOCTEPUOPHO
¢ IBHO BOTHYTBHIM KpaeM (puc. 3.2,4.2u 5.1-3)
T. fanetzhangorum
IIpuMeyaHue: IOTOJHUTENbHbBIE ArbdePEHITUPYIONITE TTPU-
3HaKU IPUBEJIEHBI ¥ TTPOUJLIIOCTPUPOBaHbI B padoTe Klimov,
OConnor (2009). Buz L0CTOBEPHO U3BECTEH TOJIBKO M3 3alIU-
LIEHHOTO rPyHTa B EBpomnelickol yacTu Poccuu (OpUr. [aHHbBIE).

7(8) CaMKu: MeTUHKY dI 9BHO IJIUHHee ¢ U ro-
snened IV (kak Ha puc. 6.1) ... 9

8(7) CaMku: MmeTUHKU dl TPUMEPHO paB-
HBI 110 IJWHe ¢l ¥ 3aMeTHO KOopoue rojeHeu IV
(Y0 o) () Ipyrve BU/bI
Ipumeuanue: uneartuduxanusa T. molitor, T. mixtus, T. similis,
T. silvester mpuBeieHa B Kyitoue Bonruua (1975).

9(10) JlaTepOKOKCaAJNbHBIN OPTaH METUHKOBUI-
HBIN (KakK Ha puc. 6.2). CaMKu: 4a IPUMEPHO PaBHBI
WIN AJINHHEE TeHUTaJbHOTO OTBEPCTUS 11

7 LLleTUHKM 4a CUNbHO MCTOHYATCS K CBOEW BEPLUNHE

(Ha puc. 7.4 n 8.3 nx OKOHYaHKe NoKa3aHOo CTPesiovKamum),
No3TOMy UX ANIMHY Nerye oLeHuBaTb Npu hasoBo-
KOHTPACTHON MUKPOCKOMUN.

8 NMonpobHoe MoponorMyeckoe onvcaHne oTAENbHbIX BULOB,
BKJItOYas T. putrescentiae, C XapaKTEPUCTUKOWN XeTOMa CM.

B pabotax Fayaz et al. (2016) n Masoudian et al. (2018),
3[earycbl NPOWITICTPUPOBaHbI B paboTte BonruHa (1975).

2(1) Eyespots absent (Fig. 6) 7

3(4) scx is setaceous, i.e. without an expand-
ed base (as in Fig. 6). The solenidium w1 on tarsi I
and II is long, thin, and somewhat tapering toward
the apex. T. curvipenis
Note: For a description of diagnostic characters, see Fain, Fau-
vel (1993), Fan, Zhang (2007b), Murillo et al. (2018). The distri-

bution of this species in Russia needs to be clarified, since to
date it has been found in imported fruits (Murillo et al., 2018).

4(3) scx is usually lanceolate, i.e. with an expanded
base, thinning towards the apex (Figs. 3.1, 4.1, 7.1 and
8.1). The solenidium wI on tarsiIand Il is thickened or
cylindrical with an obvious or indistinct apical expan-
sion (Figs. 3.5, 7.5and 8.5) ..........cccooovvvvemmmrereceeereerecesenens .5

5(6) Sclerotization of coxae II posteriorly with a
straight or sinuous edge (Fig. 5.4-8,7.2and 8.2) ...
........................................................................... T. putrescentiae
Note: A detailed morphological description of the species is giv-

en in the work of Fayaz et al. (2016). The species is widespread
in Russia (European part, North Caucasus, Siberia, Far East).

6(5) Sclerotization of coxae II posteriorly with

.................. T. fanetzhangorum

Note: Additional distinguishing characters are given and
illustrated in the work of Klimov, OConnor (2009). The species
is reliably known only from protected ground in the European
part of Russia (orig. data).

7(8) Females: setae d1 clearly longer than cI and
tibiae IV (as in Fig. 6.1) ..........cccooooovvveerrvceerrcesrnnn. .9

8(7) Females: setae d1 are approximately equal in
length to ¢ and are noticeably shorter than tibiae IV
(Fig. 6.2) other species
Note: Identification of T. molitor, T. mixtus, T. similis, T. silvester is
given in key by Volgin (1975).

9(10) scx setiform (as in Fig. 6.2). Females: 4a ap-
proximately equal to or longer than genital opening ...

..................................................................................................... 11
10(9) scx lanceolate (as in Fig. 3.1). Females: 4a
distinctly shorter than genital opening .................... 15

11(12) On the tarsus I, the solenidium w1 is thick-
ened or club-shaped with a noticeable apically wid-
ened part (Fig. 9.1) ... T. zachvatkini

12(11) On the leg I, the solenidium w1 is thin, cy-
lindrical or tapering before the apex (Fig. 9.2) .........

13(14) Males: setae d1 are noticeably longer than
c1 (2 or more times; Fig. 6.3); aedeagus is short, thick-
ened, slightly curved .................ccoocoovverrnnneee. T. vanheurni

14(13) Males: setae d1 almost equal to c1 or
slightly longer (but less than 2 times, Fig. 6.4); aedea-
gus elongated, with a thin terminal part, slightly
CUTVEA oo T. longior

15(16) The setae c¢I do not reach the bases of d1,
and are noticeably shorter than the distance between
c1 and d1 (Fig. 6.5). The setae ps3 of the male and ad2
of the female are shorter than the length of the anal
opening . . T. perniciosus

16(15) The setae c¢I reach the bases of d1 or extend
beyond them (Fig. 6.1). The setae ps3 of the male are
approximately equal in length to the anal opening, ad2
of the female are longer than the genital opening. .......
T. formicetorum
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10(9) JlaTepoKOKcaJbHBIM OpPraH JaHIETOBUI-
HBIM (Kak Ha puc. puc. 3.1). CaMku: 4a IBHO KOpoUe
TE€HUTAJbHOT'O OTBEPCTUS 15

11(12) Ha mamnke I coneHUANYN wl yTOMIEHHBIH
wiy GylIaBOBUIHBIN C 3aMETHOM allMKaJbHO PACIIU-
PEeHHOI YacThio (CM. puc. 9.1) T. zachvatkini

Puc. 8. Tyrophagus putrescentiae, camev, (BHUNKP),
OMarHoCTMYeCKMe NPU3HaKKU, UHOEKCaMu
o603HaueHbl WeTUHKKU: 1 — Nponogocoma,
KPY>KKOM NMOKa3aHo rnasHoe NsATHO, BbigeneH
naTepoKoKcanbHbIi opraH scx, DIC; 2 — nponopgocoma  of the sclerotization, PH; 3 — part of the ventral surface of the body,

BEHTPasibHO: cnpaBa MHAEKCOM nokasaH Tasuk II,
NMHUA noguepkmeBaeT (hopMy cknepoTusauum, PH;

3 — yacTb BEHTPasibHOM NMOBEPXHOCTU TENA, XOPOLIO
3aMeTHbI KpyMHble KONYNATUBHbIE MPUCOCKMU,
KPacCHOW JIMHUEN NOKa3aHOo reHUTaNbHOE OTBEPCTME,
CTPEeJIoUKOI — OKOHUYaHMe WeTUHKK 4a, PH;

4 - 3pearyc, natepanbHo, DIC;

5 - coneHnpun wi Ha nankax II n I, DIC;

6 — nanka IV, cTpenoykaMu nokasaHbl Tap3asibHble
KonynaTuBHbIE npucocku, DIC (doTo: U. O. KamaeBs)

CONCLUSION

The article summarizes information on the fauna of
mites of the genus Tyrophagus spread in Russia, and
provides a key to species of this genus that have phy-
tosanitary significance, and diagnostic characters for
express identification of the T. putrescentiae.

Fig. 8. Tyrophagus putrescentiae, male (VNIIKR), diagnostic characters,
setae are indicated by indices: 1 - propodosoma, the eyespot is shown
by a circle, scx is highlighted, DIC; 2 — propodosoma ventrally: the coxa
IT is shown by an index on the right, the line emphasizes the shape

large anal suckers are clearly visible, the genital opening is shown by
ared line, the end of seta 4a is shown by an arrow, PH; 4 — aedeagus,
laterally, DIC; 5 - solenidia w1 on tarsi IT and I, DIC; 6 — tarsus 1V,
the suckers are shown by arrows, DIC (photo by I.0. Kamayev)
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Fig. 9. Solenidia w1 on the tarsi of the first two pairs
of legs of Tyrophagus zachvatkini (1) and T. longior (2),
camku (3UH). Hpekcbl naTUHCKUMK uudpamu ykasbiBatoT  females (ZIN). The indices in Latin numerals indicate
cooTBeTcTBytoWMe Horu; DIC, wkana: 1 gpeneHune = 10 pm the corresponding legs; DIC, scale: 1 division = 10 pm

Puc. 9. ConeHngnm wl Ha nankax aByXx nNepBbIX
nap Hor Tyrophagus zachvatkini (1) n T. longior (2),

(choTo: U. O. KamaeB) (photos by I.0. Kamayev)

12(11) Ha nmanke I coneHuauil wl TOHKUN, IU-
JIVHIPUYECKUH WY TIePe] BEPIINHON CYKAIOUNIC
(cM. puc. 9.2) 13

13(14) CaM1pl: IMeTUHKY d] 3aMEeTHO IJINHHee
c1 (B 2 u 6osiee pasa; cM. puc. 6.3); sHearyc KOpOTKUH,
YTOJIIIEHHBIN, UyTh UBOTHYTBIMN .. .............. T. vanheurni

14(13) CaMipl: MEeTUHKY dl ITOYTHU PaBHBI ¢l
WU HEMHOTO JJinHHee (HO MeHee 4eM B 2 pasa,
CM. puc. 6.4); aHearyc yIJIUHEHHBIN, C TOHKOU TEPMU-
HaJIbHOM YacCThI0, CJ1a60 UBOTHYTHIN ... ........ T. longior

15(16) lleTuHKU ¢l He OSOCTUTAKT OCHOBAa-
Hul d1, 3aMeTHO KOpoue pacCTOSHUS Mexay ¢l u di
(cM. puc. 6.5). llleTnHKY ps3 caMIia U ad2 caMKU KOpode
JJIAHBI aHANBHOM WEJH ............oooeeeenn. T. perniciosus

16(15) IlleTnHKU ¢l HOCTUTAIOT OCHOBAHUU dI
WJIY 3aXOIAT 3a HUX (cM. puc. 6.1). llleTuHKY ps3 caM-
11a TPUMEPHO PaBHBI I10 IJIWHE aHAJIbHON ey, ad2
CaMKU IJIMHHEE TeHUTAJIbHOTO OTBEPCTHS....................
T. formicetorum

3AKJ/IIOYEHUE

B cTaTbe 06061IeHbl CBeleHU 10 (hayHe Kielnen
pona Tyrophagus, pacIipOCTPaHEHHBIX HA TEPPUTO-
puu Poccuu, u MPUBENEHBI ONIPeAeUTEIbHAS Ta-
GauIla IJi BUAOB MAaHHOTO Poa, MMeIIuxX GuToca-
HUTapHOE 3HaUeHMe, U JUarHOCTUYECKUe ITPU3HAKY
LISt GBICTPOM UAEHTU(GUKAIIUY YAJUHEHHOTO KJlela
T. putrescentiae.

Pa6oTa mpe/cTaBIsSeT UHTEPEC AJIs CIIelaJlu-
CTOB B 00JIACTY KapaHTUHA U 3aIUThI PACTEHUH, B TOM
Yucye COTPYAHUKOB (pUTOCAaHUTAPHBIX JIabopaToOpui,
arpoOHOMOB, CIIEIUAJIMCTOB 10 6MOMETOZY.
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Torpaduil Ha 6a3e 300JI0TUUYECKOTO MHCTUTYTa PAH
B paMKax COTJIALlIeHUS 0 HAYyYHOM COTPYIHUUYECTBE,
K. 6. H. 1. B. KmuMOBY 32 KOMMEHTapPUY OTHOCUTEIBHO
T. fanetzhangorum u T. curvipenis, a Taxoke A. K. AxaToBy
u cnenuanucrtam ®I'BY « BHUUKP»: A. A. Ky3He1o-
Boi, 10. B. LIBeTkOBOH, H. K. KocTugy, C. 0. MyxaHOBYy
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AHHOTALIUA
TTacaeH IpUIOPOXKHBIN Solanum viarum Dunal. — r1aH-
TpPOIIMYecKoe pacTeHue I0KHOAMEePUKAHCKOT0 MMPo-
HWCXO0XIEHUs. DTO MHOTOJIETHEE TPABSIHUCTOE BEreTa-
TUBHO-TIO/IBM)KHOE PACTEHUE C MOIIHBIMY HIUIIAMU.
E>xxeromHo 06pasyeT MHOXECTBO KPYITHBIX KOXKMCTBIX
MJIOZIOB, comep Kamux 10 50 ThIC. CEMSH Ha OLHOM
pacTeHUuH, YTO TTO3BOJIUJIO MY PACCEIUThCS Ha 3HA-
YUTeJbHbIe TEPPUTOPUY TEILJIbIX 6€3MOPO3HBIX pe-
TMOHOB 3eMJu. [IpeAInounTaeT 3acejsaTh OTKPhIThIE
CBETJIbIE MeCcToobuTaHus, GOPMUPYSI HEITPOXOAMbIE
KOJIIouue 3apociu. 3acopsieT macTbuina, KOpMOBBIE
YTOJlbsl, TIOCEBBI, Heo6pabaTbIBaeMble 3eMJIU, TOPO/I-
ckue Teppurtopuu. COpHIK Upe3BbIYAWHO 3aCyX0-
YCTOMYUB 3a CUET TOJICThIX KOPHEBUII, TJIYOOKO MPO-
HUKAKIIUX B TI0YBY, HO IIPU 3TOM YyBCTBUTEJbHBIX
K HU3KUM TI0JIOKUTENbHBIM TeMIIepaTypaM. MoxeT
pacTu Ha Pa3INUHBIX TUTAX ITOYB. CUUTaeTCd NHBA3U-
OHHBIM BUJIOM BO MHOT'X CTpaHax Mupa. OCHOBHBIMU
WCTOUYHUKAMU pPacCeIeHUs TacjieHa ABJISITCS ceMe-
Ha, TTepeHOCUMbIe JIIJAbMU, )KUBOTHBIMU U ITUILAMU.

B nociegnue rogsl Bo PpaHIIMY 3apPErUCTPUPO-
BaHbI cJTyyay 00HapPYKeHUS TacjaeHa IPUI0POKHOT0
B oxpaHseMbix TeppuTopusx (Christians and Maglio,
2020). ITpoBegenusbIii B 2024 1. aHanu3 GpuToCcaHuU-
TapHOro pucka njg crpad EOK3P rmokasaj, 4To nHBa-
3UBHBIN MOTEHIIVAJ JAaHHOTO BUa JJisl TEPPUTOPUU
EOK3P peanmayeTcs ITOKa He B TIOJTHOU Mepe, U BUT,
OBLJ ITPEIBAPUTEJIBHO ITOMEIeH B CIIUCOK JIJIS Najlb-
Henmux Habawogenui (EPPO... 2022). TeM He MeHee
9Ta nH(OPMAIKI He MOXKET He BhI3bIBAaTh ONaCeHUN
C TOUKM 3PEHMS BO3MOXKHBIX (DUTOCAHUTAPHBIX YT'PO3.

Solanum viarum BecbMa TOIYJISIPEH B JeKopa-
THBHOM CaJOBOJICTBE HAIlEel CTPaHbl, O YeM CBUE-
TEJIbCTBYIOT TIPEAJIOKEHUS O TIPOJakaX ero CeMsH
pasNuUHBIMU UHTEPHET-peTeliepaMu. Kak HeomHO-
KPaTHO 3aMeYeHO, BHAUUTEIbHOE YK CJIO0 Uy>KePOJHBIX
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ABSTRACT
Solanum viarum Dunal. is a pantropical plant of South
American origin. It is a perennial herbaceous vegeta-
tively mobile plant with powerful thorns. Every year
it forms many large leathery fruits containing up to
50 thousand seeds on one plant, which allowed it to
spread over large areas of warm frost-free regions of
the Earth. It prefers to populate open light habitats,
forming impassable thorny thickets. It contaminates
pastures, forage lands, crops, uncultivated lands, ur-
ban areas. The weed is extremely drought-resistant
due toits thick rhizomes that penetrate deeply into the
soil, but are sensitive to low positive temperatures. It
can grow on various soil types. It is considered an inva-
sive species in many countries. Its main pathways are
seeds dispersed by people, animals and birds.

In recent years, cases of S. viarum detections
along roadside have been reported in protected ar-
eas in France (Christians and Maglio, 2020). The pest
risk analysis for EPPO countries conducted in 2024
showed that the invasive potential of this species for
the EPPO area has not yet been fully realized and the
species was provisionally placed on a list for further
observations (EPPO..., 2022). However, this informa-
tion cannot but raise concerns in terms of possible
phytosanitary threats.

Solanum viarum is quite popular in ornamental
gardening in Russia, as evidenced by offers to sell its
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BUJOB M3HAYAJIbHO KYJIbTUBUPOBAJIOCH B KaUeCTBeE
JIeKOPaTUBHBIX PACTeHUHN, ¥ TOJbKO HAMHOTO IT03Ke
MIPOSIBUJINCH CBOMCTBA, CBUIETENbCTBYONME 06 UX
WHBa3MOHHOM ITOTeHIInaie. Y XOTS MOIMYJIAIUN 3TOT'0
BU/Ia, BEPOSITHEE BCETO, IIOKA OTCYTCTBYIOT HAa TEPPU-
Topuu Poccutickoit demepaliuu, OCTPO BOSHUKAET BO-
TIPOC, MOXKET JIX IAaHHBIN BUJ, aKKJIUMATU3UPOBATHCS
B OTIpe/leJIEeHHBIX TPUPOSHO-KIUMATUUECKUX YCIOBU-
SIX HaIlle} CTPaHbl, 0COGEHHO B CBA3Y C IPOUCXOIAIH-
MU TJIOGAIbHBIMY KIMMaTUYEeCKUMY U3MEeHEHUSIMU.

Knrwuesvte crosa. KapaHTuH pacTeHU, puToca-
HUTapHble PUCKU, MHBA3WOHHBIN Bu, Solanum, de-
HOJIOTHSI, CeMeHHAas MPOIYKTUBHOCTb.

BBEJIEHUE

olanum viarum — MHOTOJIETHEE TPaBSIHU-
cToe pacTteHue 1o 150 cM BbIcOTOH. Ofu-
HOUHBIE 9K3eMILIIPHI S. viarum obpasy-
0T MOILIHbIE KYCThI ITOJIYIIaPOBULHOMN
¢opmbl. KopHeBuiia 1-2 ¢M B fuaMeTpe
HaXOMSATCS B IPUKOPHEBOM CJIOE TTOUBBI
U MOTYT OTXOLUTH B CTOPOHBI OT MaTe-
puHckoro pactenus mo 1-2 M (Ferrell
and Mullahey, 2006; Medal et al., 2012). KopH: ©MeIoT
YTOJI[EHUS B BUJle KOPDHEBBIX II0YEK, KOTOPBIE JAI0T
Hayvajo HOBBIM rmoberaM. CTebGesb MPSIMOCTOSUN,
BETBUCTHIHU, T'YCTO TTOKPHIT OTOTHYTBHIMU Haszall KO-
JIFOUKaMU 70 5 MM JIJIMHOM, OMyUIEHHBIMU B OCHOBA-
HUU. JINCTbS MIUPOKO AUTeBUAHBIE 10 20 CM IJIUHOMN
u 15 cM WIKUPUHOK, TYIIOJIONIAaCTHBIE, C 3aMETHO BOJI-
HUCTBIM KpaeM, 3eJIeHble, HA BEPXHEN CTOPOHE IJISTH-
1IeBbIe, CHU3Y MaTOBbI€. [10 IIeHTPaIbHBIM 1 60KOBBIM
JKUJIKaM UAYT PSabl 60Jiee JJIMHHBIX TTPSIMBIX )KECTKUX
IIWUTIOB ¥ KOJIFOYEK /10 2 CM AJIMHOMU. [IBETKM C JBOM-
HBIM OKOJIOIIBETHHUKOM, 1,5 CM B lmaMeTpe, COOGPaHbI
rpymnmnamu 1o 1-5 mryk. YaueaucTuky 3—5 MM [JIU-
HOU. BeHUYMK GeJbli, C y3KMMU OTOTHYTBIMU JIETIECT-
KaMU; TBIYMHKY GJIeHO-XKETTHIE.

[T104Bl KPYIIHBIE, OKOJIO 2—3 CM B LUaMeTpe,
OKDYTJble, TJIaJIKie, MaTOBbIE C TOJICTBIM OKOJIOILJIO/ -
HUKOM, cofieprxaijue okojo 400 KOPUYHEBBIX YILJIO-
meHHbIX ceMsaH (Mill, 2001; Weber, 2003). B He3peioM
COCTOSITHUY SITOZBI 3€JIEHbIE, C 6eJIBIMU TI0JIOCKAMU, Ha-
TIOMMHAIIe OKPacKy apOys3a; TPy CO3PEeBaHUU IILJIO-
IbI IPUOOPETAIOT XKEIThIN 1IBeT. Ha 0JTHOM pacTeHUuU
MoxeT (popMupoBaThesa OT 40 ThiC. 10 50 ThIC. CEMSIH
(Akanda et al., 1996).

PopuHOU macieHa NPUILOPOXKHOTO SIBISETCS
0xuag AMepuka. Hau6oJjiee 4acTo OH BCTpeEYaeTCs
B Bpasunuu, [Naparsae, Apreatune (Mullahey, 1996).
B 80-x rojax mpoILIoro BeKa 3TOT BUJ, CTaJl PETU-
CTPUPOBATH U B IPYTUX cTPaHax. Ho BriepBhie Solanum
viarum 6511 06HApPYXeH Ha TeppuTopuy CIITA B 1988 T.
Bo ®nopupe (I'petin Kautpu) (Mullahey et al., 1993,
1998). ICTOYHMK 3apakeHUsI He ObLJI OKOHYATEJIbHO
yCTaHOBJIEH. BO3MOXXHO, ceMeHa COpHAKa HAaXOJUJINCh
B IIOCEBHOM MaTepuaje WK IPOHUKIIU C TIepeBO3U-
MBIMU JOMaIIHVMMHU KUBOTHBIMU. BHauajie oH mpu-
CyTCTBOBAJI JINIIb Ha I0TE LITaTa B BUJIE HEOOJBIINX
0YaroB Ha TEPPUTOPUIX, PACIIOJIO)KEHHBIX BOKPYT
o3epa Oku4u06m. Ho IOBOJIbHO GhICTPO K 1990 T. obmI1as

seeds by various online retailers. As has been repeat-
edly noted, a significant number of alien species were
initially cultivated as ornamental plants and only much
later did characters indicating their invasive potential
were known. And although this species populations
are most likely not yet present on the territory of the
Russian Federation, the question arises whether it can
adaptin certain natural and climatic conditions of Rus-
sia, especially in connection with the ongoing global
climate change.

Key words. Plant quarantine, pest risks, invasive
species, Solanum, phenology, seed productivity.

INTRODUCTION

olanum viarum is a perennial herb up to

150 cm tall. Single S. viarum specimens form

powerful hemispherical bushes. Rhizomes

of 1-2 cm in diameter are located in the root

layer of soil and can extend up to 1-2 m to
the sides from the mother plant (Ferrell and Mullahey,
2006; Medal et al., 2012). The roots have thickenings
in the form of root buds, which give rise to new shoots.
The stem is erect, branched, densely covered with re-
curved prickles up to 5 mm long, pubescent at their
base. The leaves are broadly ovate up to 20 cm long
and 15 cm wide, bluntly lobed with markedly undulate
edges, generally dark green, glossy above, duller be-
low. Along the central and lateral veins there are rows
of longer, straight, rigid spines and prickles up to 2 cm
long. Flowers with double envelope, 1.5 cm in diame-
ter, collected in clusters of 1-5 pieces. Sepals 3—5 mm
long. Corolla white, with narrow reflexed petals; an-
thers pale yellow.

The fruits are large, about 2—-3 cm in diameter,
round, smooth, matte with a thick pericarp, containing
about 400 brown flattened seeds (Mill, 2001; Weber,
2003). When unripe, the berries are green with white
stripes, reminiscent of the color of a watermelon; when
ripe, the fruits turn yellow. One plant can form from
40,000 to 50,000 seeds (Akanda et al., 1996).

S. viarum originates from South America. It most
often occurs in Brazil, Paraguay, Argentina (Mullahey,
1996). In the 1980s, this species began to be reported
in other countries. S. viarum was first detected in 1988
in Florida (Grade Country), the United States (Mulla-
hey et al., 1993, 1998). The pathway was not finally
recognized. Perhaps the weed seeds were present in
the seed material or got introduced with transported
domestic animals. At first, it was present only in the
south of the state, in the form of small outbreaks in
the areas located around Lake Okeechobee. However,
quite quickly the total S. viarum contamination area
in the state of Florida was 10 thousand hectares by
1990 and in the following years it sharply increased.
Thus, in 1993 the area under the weed increased to
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MJIOIIA/Ib 3apPaXKeHMS IMacjeHoM B mraTe diopunza
cocTtaBujia 10 ThIC. ra U B IIOCJEAYIOLUIME TOJbl PE3KO
Bo3pocia. Tak, B 1993 r. miowmans 10 COPHAKOM yBe-
JAYniIach y>xe 10 162 teic. ra, B 1995 1. — 10 0,5 MJIH ra
(Mullahey, 1996; Mullahey et al., 1998). CTosb 6bICcTpPOE
pacrnpocTpaHeHUe IlacjeHa CTaJio MPOUCXOAUTh
HeIpeaHaMEPEHHO ITOBCEMECTHO [0 BCEMY IOT0-BOC-
Toky CIIIA Yepe3 pa3BUTUE XUBOTHOBOAUECKOU OT-
paciu MeXJy 9TUMU ITaTaMu. Jlake BBICOKME TeM-
nepaTypsl ¥ POTONMEPUOAM3M He TIPENSITCTBOBAJIY €T0
pacnpocTpaHeH1Io Ha TEPPUTOPUIO0 COCETHUX IIITAaTOB
(Patterson et al., 1997), a B majbHelIIeM 1 Ha TEPPU-
TOPUHU APYTrUX MTAaTOB (Anadama, [Kopaxus, Jlynsua-
Ha, Muccucurnu, CeBepHasa KaposvHa, [leHcuibBaHU,
I0OxHas KaposnmHa, TerHeccu u [Tyapto Puko (Bryson
etal., 1994; Akanda et al., 1996; Mullahey et al., 1998)).

B HacTosIee BpeMs S. viarum BCTPedaeTcs I10-
BCEMECTHO Ha ITacTOMINAX, B eCTECTBEHHbBIX IIeH03aX,
MJIAHTALUSIX [IUTPYCOBBIX U CAXapHOTO TPOCTHUKA,
Ha 3aJiekax, BI0JIb KaHaB M JIOPOT He TOJIbKO CeBe-
poaMepuKaHCKOr0o KOHTUHEHTA, HO PACIPOCTPaHMII-
Ccs ¥ Ha Jpyrve KOHTUHEHTHI, HAIIPUMEP B CTPaHbBI
JlaTuHCKOU AMepuku, A3uu, AQpuku, ABCTpaIuu
(Chandra, 2012; Coile, 1993; Wunderlin et al., 1993).

B 2019 1. HeGOJBIIYIO 3apPOCb ITacjeHa IIPUI0-
POXXHOTO OOHAPYXWUJI 60TaHUK-TI0OUTENb BIOJb Oe-
pera peku B yiiesabe ['0Op0oH HA TEPPUTOPUU HALIWO-
HajbHOTO nMapka CeBeHHBbI Bo ®paniuu (Christians
and Maglio, 2020).

Byny4u B sKCIefUIIVSAX B PA3JIMYHBIX CTPaHAX
mupa, corpyaauku ®I'bY « BHUMKP» Takke oTMedanu
LIMPOKOE ITPUCYTCTBUE ITOrO BUZA B MeKcuKe, BoeT-
HaMe, ApreHTuHe, aguu, MpaHe.

Ha coBpemenHOM aTarie Solanum viarum BCTpeyva-
eTcd B TaKUX CTpaHax MUpa, Kak ABcTpanausd, ApreH-
TuHa, benbrug, bonusug, Bpasunud, Byray, BbeTHaw,
Tounypac, uagusa, Vpad, KamepyH, Kurta#, Komym-
6us, Kouro, Mekcuka, MbgHMa, Hemaui, [Taparsai,

162 thousand hectares, in 1995 to 0.5 million hectares
(Mullahey, 1996; Mullahey et al., 1998). Such a rapid S.
viarum spread began unintentionally throughout the
southeastern United States due to the development of
the livestock industry between these states. Even high
temperatures and photoperiodism did not prevent
its spread to the territory of neighboring states (Pat-
terson et al., 1997), and later to the territory of other
states (Alabama, Georgia, Louisiana, Mississippi, North
Carolina, Pennsylvania, South Carolina, Tennessee and
Puerto Rico (Bryson et al., 1994; Akanda et al., 1996;
Mullahey et al., 1998).

Currently, S. viarum occurs everywhere in pas-
tures, natural communities, citrus and sugar cane
plantations, fallow lands, along ditches and roads not
only on the North American continent, but has also
spread to other continents, such as Latin America,
Asia, Africa, and Australia (Chandra, 2012; Coile, 1993;
Wunderlin et al., 1993).

In 2019, a small S. viarum brushing was detected
by an amateur botanist along the bank of a river in the
Gordon Gorge in the Cévennes National Park in France
(Christians and Maglio, 2020).

While on expeditions to various countries, spe-
cialists of FGBU “VNIIKR” also noted the widespread
presence of this species in Mexico, Vietnam, Argentina,
India, and Iran.

At the present stage, S. viarum occurs in the follow-
ing countries: Australia, Argentina, Belgium, Bolivia,
Brazil, Bhutan, Vietnam, Honduras, India, Iran, Camer-
oon, China, Colombia, Congo, Mexico, Myanmar, Nepal,
Paraguay, Puerto Rico, Peru, USA (Alabama, Florida,
Georgia, Louisiana, Mississippi, North Carolina, Okla-
homa, Pennsylvania, South Carolina, Texas), Taiwan,
Uruguay, France, Eswatini, South Africa (see Fig. 1).

S. viarum prefers to populate open, light habitats.
In its natural range, it grows in the undergrowth of
tropical rainforests, on forest edges, in shrub thickets

Puc. 1. PacnpocTpaHeHue
Solanum viarum Dunal B Mupe
(no paHHbIM https://gd.eppo.int/taxon/

0603HaYeHbl MECTOHAXO0XAEHUs BUaa

B NPUPOOHOM apeasie; XXeNTbIMU —
yCTOVI‘-IVIBbIe caMonopnep>xusarwuimeca
nonyndauuu suga BoO BTOPMYHOM apeare,
nnnoBbiMU — 3cpeMepr|e nonynauuu

Fig. 1. Worldwide spread of Solanum viarum Dunal

(according to https://gd.eppo.int/taxon/SOLVI/distribution).

Green circles indicate the locations of the species in its natural range;
SOLVI/distribution). 3eneHbiMu kpyxxkamm  yellow circles indicate stable self-sustaining populations of the species

in a secondary range; purple circles indicate ephemeral populations.
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Tao6.1. 1. [Toka3aTeu TeMIIEPATYPbI M 0CAZKOB Ha TeppuTopu I. IlaTuropcka B 2023 1.

Table 1. Temperature
and precipitation indicators

CpeHsisi MHOT0JIETHSAS
cyMMa TeMIlepaTyp
Average long-term

in the city of Pyatigorsk temperature sum Cymma CyMMa 0ca/IkoB
in 2023 TeMnepaTyp 3a IepHoj,

OTKJIOHEHUE t>+10°C* ct>+10°C, Mmm

OT HOPMBI” Temperature Total precipitation

Deviation from sum for the period from TI'TK*™
Mecsig, Month t>+5°C thenorm?® t>+10°C * t>+10 °C, mm HTC*™
Mait May 434 -0,7 450 50 0,1
WioHb June 549 +4,6 714,5 61,6 0,9
Nionb July 657,2 +3,4 796,5 30,3 0,4
ABrycT August 657,2 +2,8 740,9 48,1 0,6
CeHTsI6pb September 480 +1,9 573,4 11,3 0,2
B uenom 3a ceson  Overall for the season 2777,4 3275,3 201,3 0,6

* PaccuMTaHo Ha OCHOBE JaHHbIX https://www.meteoblue.com.

*) calculated based on data https://www.meteoblue.com.

** PaccunTaHO Ha OCHOBE AaHHbIX SIorrepa, BbiBeLWeHHOro Ha yyactke. **) calculated based on data from a logger posted on the site

*¥**[TK - ruppotepmumyeckuin koaduumeHT no CensHuHosy (1928)

ITyapTo-Puko, Ilepy, CIIA (Ana6ama, ®iopupna,
Ibxoppyxusd, Jlynsauana, Muccucunu, CeBepHas Kapo-
auHa, Okynaxoma, [leHcunbBaHud, KOxHag KapoJsnHa,
Texac), TaitBaHb, Ypyreay, ®paninus, IcBaTuHU, I0XK-
Hasg Adpuka (cM. puc. 1).

[TaciaeH IpUIOPOXKHbBIN IIPEAIOUNTAET 3aCeISITh
OTKPBITHIE CBETJIbIE MECTOOOUTAHMS. B CBOEM IIPUPO/I-
HOM apeaJie OH PacTeT B MOIJIECKe BIAKHO-TPOIINYE-
CKUX JIECOB, Ha OMYIIKaX, B KYCTAPHUKOBBIX 3aPOCIIAX
CYXUX JIECOB. BO BTOPDMYHBIX MECTOOOUTAHUSX Solanum
viarum 49acTo 3aHMMAaeT OKYJIbTypPEeHHbIE MTacCTOUIIA
(ocobenHO TaM, rae moAceuBaloT Paspalum notatum),
pacTeT I10 Kpalo MOJIEH C caXxapHbIM TPOCTHUKOM, IT0-
KpbIBaeT ypbaHM3MPOBaHHbIE TYCTBIPU, TOPOJICKUE
CBaJIKW, UPPUTAIIMOHHbBIE KAHABbI U JIPYTUe PACTU-
TeJIbHBbIE CcO00ImecTBa pyaepanbHoro Tuma (Medal
et al., 2012). OTMeUYeHbI CIyyau BHEIPEHUS COPHS-
Ka B arpoileH03bl, 0CO6EHHO YaCcTO PacTeT Ha II0JIIX
¢ 3epHO606GOBBIMU U OBOILHBIMU KYJbTYPaMU, COEH
(Medal et al., 2008; 2012).

YumuThiBasg y4aCTUBIIKUECS CIyYar 0OHAPYKEHUS
3TOTO BUJa B 6€3MOPO3HBIX PErMoHaX MUpA U YCU-
JIMBaoIeecs BINIHYE KINMaTUUYECKUX U3MEeHEHU
HAa COCTaB PACTUTEJIbHBIX COOGIIECTB, IIPOrHO3UPYET-
¢ pacmupenue apeana S. viarum. ODHUM 13 Ba)KHel-
X AaHTPOIIOTEHHBIX (P)AKTOPOB PacIIpOCTPaHEeHU
rnacjieHa IIPUI0POXKHOr0 ABJISETCS ero mpegHaMe-
PEHHOE KyJIbTUBMPOBAHUE B KAUECTBE JEKOPATUBHOTO
pacTtenus. KoMMepuecKoe caIoBOJICTBO BBICTYITIAET CY-
LIEeCTBEHHBIM JpaliBepOM II106aIbHOM JUCCeMUHAIINY
3TOr0 BUJA.

Llesbi0 JaHHOTO UCCJIeIOBaHMs ObLJIO TIPOBee-
Hue peHoJornuyecKux HabJIAeHNY 3a PACTEHUSIMU
Solanum viarum Dunal B yCJIOBUSIX UHTPOAYKIIMOHHO-
ro omneita I. [Taturopcka. Cpesiyv mocTaBjieHHBIX 3a4a4
OBLJIO U3yUeHYe ero 6UoJOruIecKux 0CO6eHHOCTeH,
MOPO30yCTONYMBOCTH, OTIpeZiejieHue 06Ieil ceMeH-
HOI MPOAYKTUBHOCTU U KM3HECIIOCOOHOCTU CEeMSIH
IAHHOTO BUA.

MATEPUAJIbBI U METO/IbI

Ilnsg vcciemoBaHus ObLIM B3ATHI ceMeHa Solanum
viarum, cobpaHHble B MeKkcuke mrate HyeBo-JleoH

**%) HTC - hydrothermal coefficient according to Selyaninov (1928)

of dry forests. In secondary habitats, S. viarum often oc-
cupies cultivated pastures (especially where Paspalum
notatum is sown), grows along the edges of sugar cane
fields, covers urban wastelands, city dumps, irrigation
ditches and other ruderal plant communities (Medal et
al., 2012). Cases of the weed’s introduction into agro-
cenoses have been noted; it especially often grows in
fields with leguminous and vegetable crops, soybeans
(Medal et al., 2008; 2012).

Given the increasing frequency of detections of
this species in frost-free regions of the world and the
increasing impact of climate change on the composi-
tion of plant communities, the range of S. viarum is pre-
dicted to expand. One of the most important anthropo-
genic factors in the spread of S. viarum is its deliberate
cultivation as an ornamental plant. Commercial gar-
dening is a significant driver of the global dissemina-
tion of this species.

The aim of this study was to conduct phenologi-
cal observations of Solanum viarum Dunal plants in the
conditions of the introduction experiment in Pyatig-
orsk. The objectives included studying its biological
characteristics, frost resistance, determining its over-
all seed productivity and viability.

MATERIALS AND METHODS

The study was performed on S. viarum seeds collected
in the Mexican state of Nuevo Leon and stored in the
carpological collection of the Research and Methodolo-
gy Department of Invasive Plant Species (No. S-01128).
Introduction tests were carried out at the Pyatigorsk
branch of FGBU “VNIIKR” in 2023-2024. Site coordi-
nates: 44.031754, 43.027212.

The city of Pyatigorsk is located in the foothills
of the Main Caucasian Range. The climate is moder-
ately continental, steppe with mild winters and hot
summers. The temperature in winter ranges from 0
to -4 ° C with rare frosts down to -20 ° C. The average
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¥ XpPaHAIIUeCs B KapIloJOTUYeCKON KOJIIEKIIUY Ha-
YUYHO-METOAUUYEeCKOTr0 OTJleJia UHBAa3UBHBIX BUI 0B
pactenu#t (N2 S-01128). IHTPOALYKIIMOHHBIE UCIIBI-
TaHUSI TPOBOAUIU Ha 6ase [IaTuropcKoro guanaia
OTBY « BHUVIKP» B 2023-2024 rT. KoOpAVHATHI y4acT-
Ka: 44.031754, 43.027212.

[TaTUTrOpCK PACIIOJIOKEH B IIPEATOPhIX [T1aBHOTO
KaBkasckoro xpebra. KnumaT yMepeHHO KOHTUHEH-
TaJIbHBIM, CTEITHOM, C MSITKOM 3MMOU 1 )KapPKUM JIETOM.
TeMmepaTypa B 3SMMHUI TTePUO, KOJiebIeTcs B [uara-
30He oT 0 10 -4 °C ¢ pegkumu Mopozamu g0 —20 °C.
Cpenuaq TeMieparypa utig +22 °C, Ho MOXeT I10J-
HuMaTtbeqa 1o +40 °C u Beille. CpeHETOLOBOE KOJIU -
YecTBO 0CaKOB — 0KoJio 550 MM/rog. Haubosbliee
KOJIMYECTBO OCAJIKOB IMMPUXOAUTCS Ha Mall — UIOHbD.
B cpenneM 145 coiHeUHBIX AHEH B romy («KmumaTu-
Yeckue 0CO6eHHOCTH...», 2025). [ToromHbIE YCIOBUS
3a BETEeTAIlMOHHBIN Imepuoy B I. [Iaturopcke B 2023 I.
TpesCcTaBJIeHbl B Ta6JI. 1.

[TpuBeneHHBIN B TabJ. 1 TUAPOTEPMUYECKUIL KO-
sddunment Censuuaona (['TK) xapakTepusyeT cTe-
MEeHb YBJIAKHEHUS TEPPUTOPUU C TOUKYU 3PEHNS COOT-
HOIIIeHUS TeIlla U BJIaTU U OTIpefesigeTcs 1o popMyJie:

I'TK =Rx10/ Zt,

roe R — cyMMa ocaZikoB B MUWJIJIMMETPAaXx 3a MepPUo/,
¢ TeMIiepatrypamu Bolie +10 °C;

2t — cymMMa TemmepaTtyp B rpagycax lleabcusa
3a TOT ke TIEPUO],.

BeimengioTca cienyoolire 30HBI YBIAKHEHUS
B COOTBETCTBMU CcO 3HaueHusamu ['TK: BiaaxHas
(T'TK 1,6-1,3); ciabozacymusas (1,3—1,0); 3acyuiu-
Bag (1,0-0,7); ouens 3acymnuBas (0,7-0,4) u cyxas
(T'TK < 0,4) (MonoBa u gp., 2019).

Vicxomst U3 JaHHBIX, IIPUBEAEeHHbBIX B Tabm. 1,
BereTallMoHHbIN mmepuon 2023 I. MOXKHO OXapaKTe-
PU30BaTh KaK TEILIbI (CyMMa aKTUB-
HBIX TeMIleparyp Bbie +10 °C ¢ Mag
o ceHTs6pb cocTaBuaa 3275,3 °C)
¥ CyXO# (cyMMa 0CaJIKOB 3a DTOT Ie-
puog —201,3 MM, 'TK = 0,6).

Takoe KOJMYECTBO OCaAIKOB
OBILJIO TIPU3HAHO KpaliHe HEeJIOCTATOY-
HBIM [IJId pa3BUTUA Solanum viarum.
K nipumepy, B OKpeCTHOCTAX XaHo4,
rle aBTOPbI HAGJIOLANY TIJIOTHBIE
3apoCjy STOT0 BUIA, KOJUYECTBO
ocagkoB B nioHe 2019 r. cocTaBUJIO
300 MmM. TakuM o6pa3oM, GbLJIO TPU-
HSTO pelleHure O JOIIOJHUTEIbHOM
TI0JINBE yUYacTKa B XOJle IPOBEeHUS
ombiTa (IBa pasa B HeMeN0 C Masgd
10 CeHTAOPb).

deHoJOrNYECKre HAOIIOLeHN
OPOBOAUJIU C KOHIIA alIpesis [0 cepe-
IUHBI OKTI0ps 2023 I. ¢ UHTEPBAJIOM
B 7—10 mHel cOrjiacHO OOIIENpPUHSI-
TBIM MeTonuKaM («MeTomuka heHo-

TPYHT y4yacTKa IipoBefieHa 24 anpesd  (coto J1. E. AeMylwKkuHomn)

2023 1. Bpio BeicaXkeHo 125 pacrTe-
HUM, HaXOOAImuxcsa B hase 2—3 map HACTOSIIUX JIU-
CTBEB.

PeructpupoBaau AaThl U IIPOLOKUTEIbHOCTh
MIPOXO0XKJIEHNST OCHOBHBIX (Da3 pa3sBUTUSA PACTEHU:

Puc. 2. MpopocTku Solanum
JIOTUYEeCKUX...», 1975; KyIPUIHOB, yjgrum Dunal B hasze 2-3 nap

2013). Beicaika paccasibl B OTKPBITBIA  HacTOAWMX TUCTbER (anpenb 2023r.) of true leaves (April 2023)

July temperature is + 22 ° C, but can rise to + 40 ° C
and higher. The average annual precipitation is about
550 mm / year. The greatest amount of precipitation
occurs in May-June. On average, 145 sunny days a year
(Climatic features ..., 2025). Weather conditions for the
growing season in Pyatigorsk in 2023 are presented
in Table 1.

The Selyaninov hydrothermal coefficient (HTC)
given in Table 1 characterizes the degree of humidifi-
cation of the territory from the point of view of the ratio
of heat and moisture and is determined by the formula:

HTC = Rx10/ xt,

where R-theamount of precipitation in millimetres
for the period with temperatures above +10°C, 3t — the
sum of temperatures in degrees Celsius for the same
period. The following humidification zones are dis-
tinguished in accordance with the HTC values: humid
(HTC 1.6-1.3); slightly arid (1.3-1.0); arid (1.0-0.7); very
arid (0.7-0.4) and dry (HTC<0.4) (Ionova et al., 2019).
Based on the data presented in Table 1, the veg-
etation period of 2023 can be characterized as warm
(the sum of active temperatures above +10 °C from
May to September was 3275.3 °C) and dry (the sum of
precipitation for this period was 201.3 mm, HTC=0.6).
This amount of precipitation was considered ex-
tremely insufficient for the development of S. viarum.
For example, in the vicinity of Hanoi, where the authors
observed dense thickets of this species, the amount of
precipitation in June 2019 was 300 mm. Thus, it was
decided to additionally water the site during the exper-
iment (twice a week from May to September).
Phenological observations were carried out
from the end of April to mid-October 2023 at in-
tervals of 7-10 days according to generally accep-
ted methods (Methodology of phenological..., 1975;

g

Fig. 2. Solanum viarum Dunal
seedlings in the phase of 2-3 pairs

(photo by L.E. Demushkina)
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Puc. 3. PacteHus Solanum viarum Dunal B ¢hase BeretatusHoro  Fig. 3. Solanum viarum Dunal in the vegetative growth phase -
pocTa — man (cneea), utoHb (cnpasa) (oto J1. E. OemywkuHoi)  May (left), June (right) (photo by L.E. Demushkina)

Puc. 4. OnvHHbIE NpsIMble KONMIOYKK Ha Yepellkax U nuctbsix  Fig. 4. Long straight prickles on petioles and leaves

Solanum viarum Dunal (choTo J1. E. leMyLKNHO) of Solanum viarum Dunal (photo by L.E. Demushkina)

oTpacTaHus, BereTanuu, OyTOHU3ALWY, I[BETEHNS,
TIIOJIOHOIIEHYS 1 (ha3bl OTMUPAHUS HAI3€MHBIX T06e-
roB. OrrpezeseHue 06Iel cCEMeHHOM MPOIyKTUBHOCTHA
TPOBOAUIY BECOBBIM MeTOAOM. YKM3HECIIOCOOHOCTD
CEeMSH OIIpeeisyiv TTOCPECTBOM OKpAIIUBAaHUS 3a-
ponbiiieii 1%-M pacTBOPOM XJIOPUCTOTO TETPA3OIUS
(«MeTomuueckue...», 2014).

PE3VJIBTATBI U OBCYXKIEHHNE

Knumatuueckue ycaoBus 2023 1. oKazaauch 6Jyaro-
MIPUATHBIMY [IJI5 POCTA ¥ Pa3BUTHUS ITacjieHa IIPUJ0-
POXXHOTO. Brica)keHHBIe 24 allpesis Ha y4yacTke . I14-
TUTOPCKa MOJIOZble PACTEHUS ITOJTHOCTHIO IPYYKUIIUCD
1 XOPOILIO Pa3BUBAJIUCH B YCIOBUSIX COJTHEUHOU IIOT0-
IIbI ¥ YMEPEHHO TETLJION TEMIIEPATYPHI (CM. puc. 2).

K xoHIly Mag Bce pacTeHUsI HapacTUJIU 3HAUU-
TeJIbHYI0 6roMaccy. Y)ke K HauaJly UI0HS 3TO GbLIN
IPSIMOCTOSIUNE KYCTUKU C OLUHOUHBIMU CTeOIS-
MU, TIOKPBITBIMU MOUIHBIMU KPENIKUMU KOJIIOUKAMU
U IPKO-3€JIEHbBIMU JIUCTbIMU (CM. pUC. 3, 4).

[TepBble GYTOHBI HA OMNBITHBIX PACTEHUIX
S. viarum TIOSIBUJIVCH 7 UIOHS, TO eCTh Uuepe3 1,5 Mecsiia
TocJie BhICAJIKK paccajbl B TPYHT (cM. puc. 5 (cyiesa)).
19 uioHA pacKphIIUCH TIEePBble IBETKY, a MacCcoBOe
¥ 06UJIbHOE IIBeTEHVE HABJII0AJIOCH C UFOJIS 110 aBTYCT
(cMm. puc. 5 (cipaBa)).

PacTeHus GbLIN yCBhIMAaHbI IIBETKAMU, BOKPYT
KOTOPBIX KPY>KUJIU MHOTOUYUCJIEHHBIE ONBIIUTENN

Kupriyanov, 2013). Seedlings were planted in the
open ground of the site on April 24, 2023. 125 plants
were planted, which were in the phase of 2—-3 pairs of
true leaves.

The dates and duration of the main phases of plant
development were recorded: regrowth, vegetation, bud-
ding, flowering, fruiting and the phase of dying off of
above-ground shoots. The total seed productivity was
determined by the weight method. The viability of seeds
was determined by staining the embryos with a 1% solu-
tion of tetrazolium chloride (Methodological..., 2014).

RESULTS AND DISCUSSION

The climatic conditions of 2023 turned out to be fa-
vorable for the growth and development of S. viarum.
Young plants planted on April 24 in a plot of land in
Pyatigorsk took root completely and developed well in
sunny weather and moderately warm temperatures
(see Fig. 2).

By the end of May, all the plants had grown signif-
icant biomass. By the beginning of June, they were up-
right bushes with single stems covered with powerful,
strong thorns and bright green leaves (see Fig. 3, 4).
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Puc. 5. ®opmupoBaHue 6yToHoB y Solanum viarum Dunal
(cneBa) n uBeteHue (cnpasa) (choto J1. E. JeMyluKkuHomn)

(mmeniu, 6a60YKY, XKYKU U 1p.). OKOHYAHWE IIBETEHUS
MIPUILIOCH Ha ITEPBYIO AeKaly CeHTSA6pPs. TakuM obpa-
30M, TTACJIEH TIPUIOPOKHBIN OTIANYAJICS PACTIHYTHIM
IEPUOMIOM IBETEHUS (OKOJIO 3 MECSTIER), CHHXPOHU-
3MPOBAHHBIM C )XaPKUMU TIOTOJHBIMU YCIOBUAMU
(cMm. puc. 6).

[TepBble NI0ABI ObLIN 3a(UKCUPOBAHBI 3 UIOJIS.
dTO0 GBIV KPYIHBIE IAPOBULHBIE SITObI C YePeIo-
BaHMEM TEMHBIX ¥ CBETJIBIX 3€JIEHBIX [10J0C. C 5TOro
MOMEHTA U [0 KOHIIA CEHTSI0PS 110 (hOPMUPOBaHUE
HOBBIX IIOOB (CM. puc. 7). BricoTa cTebieil mmacie-
Ha TIPUL0POXKHOTO MTPU TJIOIOHOIIEHNY BaphUPOBa-
ga oT 120 mo 165 cM, a ToaIuHa cTebJIs CoCTaBIIsIa
1,8-3 cmM (cM. puc. 8).

Co BTOPO TTOJIOBUHBI CEHTSIOPS MOJIOUHO-3€eJIe-
HbI€e IIJI0AbI S. Viarum Dunal HayaJiy IIOCTEIIeHHO XKeJI-
TeThb (cM. puc. 9, 10). PacTeHUs OTOJIUIKUCh, COPOCUB
JINCThSI.

Hab6usrogeHus 3a mocajgkaMu IacjeHa MpUo-
POXXHOT'O TIPOJIOJIKAJIMCH L0 HACTYIIJIEHUS MEPBBIX
OCEHHUX 3aMOPO3KOB, KOTOPbIe HAYAJUCh C 17 OKTS-
6ps 2023 1. [ToJ, BO3/ieliCTBUEM HU3KUX TEMIIePaTyp
y GOJBIIMHCTBA PACTEHUN OTMEYAJIOCh TOXKEITeHE
HaJ3eMHOU 6moMacchl, MMOIBUINCh HEKPO3bI. BOJIb-
Y10 YaCTh U3 HUX MPHUIILJIOCH BHIKOPUEBATD U YTUJIU-
3MPOBaTh, COOPaB IIPEIBAPUTEILHO BCE UMEIOIUECS
TJI0MBI. T1JI0/IBI COmep KAy GOJIBIIOE YMCJIO CEeMSH
(cMm. puc. 11). lllecTb pacTeHUH ¢ II0fAMU Ha IToberax
OBLIN OCTABJIEHBI 3MMOBATh Ha yYaCTKe, YTOOBI Ha CJIe-
OYIOMIUY TOJ OLIEHUTh MOPO30CTONKOCTD MX KOPHEH
Y KU3HECTIOCOOHOCTh CeMSIH.

Ha ocHOBaHUU 1ojy4dyeHHBIX B 2023 I. JaHHBIX
OBLJI TIOITOTOBJIEH (DEHOJIOTUUECKUY CITEKTP CE30H-
HOro pasButu4 S. viarum Dunal. TIpogoxkuTesb-
HOCTb BereTaluy cocTaBuJa Imopanka 160 mHel
(cM. Tabu. 2).

CoryjacHO TMOJYyUYeHHBIM pe3yJbTaTaM, Berera-
IIMOHHBIN [TEPUOJ, UCCIIeIYEMBIX PACTEHUN OTINYAT -
Cs1 3HAUUTENbHOU TTPOJOJIKUTENIbHOCTBI0O U TTPOX0-
IWJI C TPETbel JeKabl alipesis 0 KOHIIa CEeHTSIOpS
(159 mren). IMUTEeIbHOCTD JAHHOTO MePHUoIa MOTJIa
ObI ObITH GOJIbINIE B CIydae IoceBa pacTeHUY ceMeHa-
Mu. [[BeTEeHME ITPOXOAMIIO TTPAKTUYECKU HETIPEPHIBHO
BCE JIETO — ¥ JIUIIb CHI)KEHUE TEMIIEPATypP K KOHILY
ce30Ha 3aMeJINJI0 3TOT Ipoliecc. [IIoLoHOIIeHe
PaCTSAHYJIOCH C UIOJISI U BILJIOTH IO HACTYIIEHUS T1ep-
BBIX 3aMOPO3KOB (10 CepelMHbI OKTIOPST).

Fig. 5. Solanum viarum Dunal buds formation (left)
and flowering (right) (photo by L.E. Demushkina)

The first buds on the experimental S. viarum
plants appeared on June 7, i.e. 1.5 months after the
seedlings were planted (see Fig. 5 (left)). The first
flowers opened on June 19, and mass and abundant
flowering was observed from July to August (see Fig. 5
(right)).

The plants were covered with flowers, around
which numerous pollinators (bumblebees, butter-
flies, beetles, etc.) were circling. The end of flower-
ing occurred in the first ten days of September. Thus,
S. viarum was distinguished by an extended flowering

Puc. 6. ®asa 6ytoHusauum  Fig. 6. Solanum viarum

Solanum viarum Dunal Dunal budding phase
(koHew, ntoHa 2023 1.) (late June 2023)
(cpoTo J1. E. eMyLikmHoON) (photo by L.E. Demushkina)
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Puc. 7. ®a3a nnopgoHoweHns Ha Pa3HbIX

(vtonb — aBryct 2023 1.)
(choTo J1. E. JleMyLIKUHOM)

B xoze BeIpamuBanus S. viarum Dunal mpoBogu-
JI1 U3MEPEHUS U MOJICUETh] BETETaTUBHBIX U TeHepa-
TUBHBIX YacTel pacTeHUiil. Y B3POCJIbIX IJIOJLOHOCS-
X PAaCTEHUH YMCJI0 60KOBBIX I06ETOB BAPhHUPOBAJIO
oT 5 10 10 MITYK, AJIMHA JIUCTOBOU IJIACTUHKY JI0XO-
nouiaa o 17 cM. JIauHa MUIIOB Ha cTebsdIx JocTura-
Jla 10 7 MM, a Ha 4yepelikax U IeHTPaJbHbBIX KUJI-
Kax JIMCTOBBIX ILJIACTUHOK — 110 2 CM. Bce pacTeHuda
OBLIM Ype3BBIYANHO MJIOLOBUTHI. Ha omHOM mobere
dopmupoBanock oT 46 1o 182 KPYNIHBIX IIJIOLOB, UTO

T 1.‘I]r I} Irrflﬂu';!;

Puc. 8. TonwuHa ctebnen
Solanum viarum Dunal

Ha MHTPOAYKLUMOHHOM yyacTKe
(choTo J1. E. AeMyLIKUHOM)

Fig. 7. Solanum viarum Dunal fruiting
cTapusax cospeBanus Solanum viarum Dunal  phase at different ripening stages
(July-August 2023)

(photo by L.E. Demushkina)

Fig. 8. Solanum viarum Dunal stem thickness
at the introduction site (photo by L.E. Demushkina)

period (about 3 months), syn-
chronized with hot weather con-
ditions (see Fig. 6).

The first fruits were record-
ed on July 3. These were large
spherical berries with alternat-
ing dark and light green stripes.
From this moment until the end
of September, new fruits were
formed (see Fig. 7). The height
of S. viarum stems during fruit-
ing varied from 120 to 165 cm,
and the thickness of the stem
was 1.8-3 cm (see Fig. 8).

From the second half of
September, the milky-green
fruits of S. viarum Dunal began to
gradually turn yellow (see Fig. 9,
10). The plants became bare,
shedding their leaves.

Observations of S. viarum
plantings continued until the
first autumn frosts, which began
on October 17, 2023. Under the
influence of low temperatures,
most plants showed yellowing
of the above-ground biomass,
and necrosis appeared. Most of
them had to be uprooted and
disposed of, having previously collected all the avail-
able fruits. The fruits contained a large number of
seeds (see Fig. 11). Six plants with fruits on the shoots
were left to overwinter on the site in order to assess the
frost resistance of their roots and the viability of the
seeds the following year.

Based on the data obtained in 2023, a phenolo-
gical spectrum of seasonal development of S. viarum
Dunal was prepared. The duration of the growing sea-
son was about 160 days (see Table 2).

According to the obtained
results, the vegetation period of
the studied plants was distin-
guished by a significant duration
and lasted from the third week
of April to the end of September
(159 days). The duration of this
period could have been longer
in the case of sowing the plants
with seeds. Flowering took place
almost continuously throughout
the summer and only a decrease
in temperatures towards the end
of the season slowed down this
process. Fruiting stretched from
July until the onset of the first
frosts (until mid-October).

During cultivation of
S. viarum Dunal, vegetative
and generative parts of plants
were measured and counted.
In adult fruit-bearing plants,
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Puc. 9. 3penbie nnogbl Solanum viarum Dunal (cneBa)

M pacTeHus C Co3peBLIMMYU Nnodamm (KoHew, ceHTAa6psa 2023 T.)

(cnpaBa) (choTo J1. E. [eMyLKNHO)

B cpegHeM cocTaBjsyio 114 miaomoB. [1nombl GbLIN
kak mMesikoro (0,9 cM), Tak 1 60JIee KPyITHOTO pasMepa
(3 u6osee cM B muameTpe). CpeHUY BEC TLJI0/A IOCTH-
raj 8,2 1, IIpu 9TOM 3Ha4YeHUs BapbupoBaiu oT 4,12
0o 12,23 r. Yucio ceMsH B ILI0Ae HaCcUMThIBAJIO OT 201
o 572 mrTyk (cpemumii mokasaresb 421 urr/miomn). Ta-
KUM 00pa3oM, CpeJHEeCTaTUCTUUYECKOe PACTeHUE MO-
JKeT IIPOAYLIMPOBATh ITOPIAKa 48 ThIC. CEMSH 3a CE30H.
JlaHHbIe 0 CeMeHHOU MPOAYKTUBHOCTHU S. viarum Dunal
MpeCcTaBJIeHbl B TabJI. 3.

Puc. 10. Ypoxaii nnonos
B ceHTabpe 2023 .
(choTo J1. E. AemMyLikmHoON) L.E. Demushkina)

Fig. 10. Fruit harvest in
September 2023 (photo by

Fig. 9. Ripe fruits of Solanum viarum Dunal (left)
and plants with ripe fruits (late September 2023) (right).
(photo by L.E. Demushkina)

the number of lateral shoots varied from 5 to 10, the
length of the leaf blade reached 17 cm. The length of
the prickles on the stems reached 7 mm, and on the
petioles and central veins of the leaf blades — up to
2 cm. All plants were extremely fertile. From 46 to 182
large fruits were formed on one shoot, which aver-
aged 114 fruits. The fruits were both small (0.9 cm)
and larger (3 cm or more in diameter). The average
weight of the fruit reached 8.2 g, while the values
vary from 4.12 to 12.23 g. The number of seeds in
the fruit amounted to 201 to 572 pieces (the average
figure is 421 pcs. / fruit). Thus, the average plant can
produce about 48 thousand seeds per season. Data
on seed productivity of S. viarum Dunal are presented
in Table 3.

Such high seed productivity rates certainly indi-
cate the enormous potential of the seed type reproduc-
tion in this plant, which dominates over vegetative re-
production. Seed viability tests showed that they were
not viable at the time of collection in September 2023.
Due to frosts that occurred in mid-October 2023, the
seeds did not ripen, although they looked ripe and had
a formed seed coat. A repeat test carried out 3 months
later showed that seed viability had reached 53%. The
seeds were stored at room temperature in a dry labo-
ratory room all this time. Thus, the lack of heat in the
autumn period is critical for the maturation of seed
embryos.

In the spring of 2024, the viability of seeds left
on the shoots of plants that had overwintered on the
site was tested. The test showed that the seeds were
completely non-viable. This indicates that the sum of
active temperatures during the vegetation period of
Pyatigorsk is insufficient to obtain viable seeds from
S. viarum.

Observations of the process of spring awakening
of renewal buds showed the absence of a viable root
system in overwintered specimens.
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TaKue BbICOKUE TTOKAa3aTe I CEMEHHOU TTPOIYyK-
TUBHOCTU 6€3yCJIOBHO CBUIETEHCTBYIOT 06 OTPOMHOM
TIOTEHI[MaJIe CEMEHHOTO TUTIA PA3MHOXXEHUS Y 3TOTO
pacTeHus, KOTOPbIY JOMUHUPYET HaJl BETeTATUBHBIM.
TecThl Ha KM3HECIIOCOOHOCTb CEMSH MOKa3aJii, YTO
Ha MOMEHT uXx cbopa B ceHTsa6pe 2023 I. OHU GbLIU
HEXU3HECITOCOOHBI. 3-3a 3aMOP0O3KOB, HACTYITUBIINX
B cepenuHe oKTs6ps 2023 I., ceMeHa He BbI3PeJIr, XOTS
BBITJISIIENIN KaK 3peJible U uMeu chOPMUPOBAHHYIO
CeMEeHHY0 KOXYypy. [TOBTOPHO MpPOBeIeHHasa yepes
3 Mecslla IpPOBepKa IToKasaja, YTo KM3HECI0co6-
HOCTb CeMSH [OCTUTrJIa IToKasaTeae B 53%. CeMeHa
BCE 5TO BpeMs XPaHWJIVCh ITIPY KOMHATHON TeMIiepa-
Type B CyXOM MoMeleHnu JabopaTopuu. Takum 06-
pasoM, HEXBATKa TeIljIa B OCEHHUI IIePUO], SIBJISETCS
KPUTUYECKOU [IJIs JO3PEeBAHMS 3aPOIbIIIEH CEMSH.

BecHott 2024 1. 6b1y1a IPOBeieHa ITPOBEePKa KU 3-
HECIIOCOOHOCTH CEMSH, OCTaBJIEHHBIX Ha ITo0erax 3u-
MOBABINMX Ha y4acTKe pacTeHUl. TecT mokasaJi, 4To
ceMeHa ObIJIM TTOJHOCTHIO HEXM3HECIIOCOOHEBI. ITO
CBUJIETEJIBCTBYET, UTO CyMMa aKTHUBHBIX TEMIIEPATYD
3a BereTallMOHHBIN ITepuoy, I. [IaTUropcka HeJlocTa-
TOYHA JIJISI TIOJIyUYeHUS )KM3HECTIOCOOHBIX CEMSH y T1ac-
JIeHa TIPUI0POXKHOTO.

Hab6mroeHus 3a MPOIleccoOM BECEHHETO ITPO6YIK-
IeHUs TToUuek BO306HOBIEHUS TTOKAa3aJau OTCYTCTBUE
’KM3HECIIOCOOHON KOPHEBOW CUCTEMBI y ITEPE3UMO-
BaBIIUX 9K3EMILISIPOB.

3AKJ/IIOYEHUE
[TpoBenmeHHble B 2023-2024 I'T. HAa KAPAHTUHHOM UH-
TPOLYKIIMOHHOM y4acTKe I. [TaTUropcka ucciaenoBa-
HUS Ce30HHOU NUHAMUKU PAa3sBUTULA Solanum viarum

Puc. 11. CemeHa
nacneHa npuaopoXHOro
(choTo J1. E. AeMyLIKUHOM)

Fig. 11. Solanum viarum
Dunal seeds (photo
by L.E. Demushkina)

CONCLUSION

The studies of the seasonal dynamics of Solanum
viarum Dunal development conducted in 2023-2024
at the quarantine introduction site in Pyatigorsk un-
der controlled conditions showed that this aggres-
sive rhizomatous perennial plant goes through its
life cycle in one growing season as an annual plant,
blooms abundantly and for a long time, forms a large

Ta6J1. 2. PeHOCNEeKTP Ce30HHOTr0 Pa3BuTuA S. viarum Dunal
B YCJIOBMSIX BereTalluoOHHOro onbiTa Ilaturopckoro punuana ITBY « BHUVKP»

Table 2. Phenospectrum of seasonal development of S. viarum Dunal in the conditions
of vegetation experiment of Pyatigorsk branch of FGBU “VNIIKR”

2023 mecan, month
Anpesnb  Maii HioHb Hroanb Asrycr CeHTSA6pb OKTAOPH
theHodassl enophases April May June July August September October

Bricagka paccager  Planting of seedlings

Beretanusa Vegetation
ByToHuU3amus Budding
IIBeTeHne Flowering
Tl1omoHOIIEHIE Fruiting | | |
OTMupaHue Dying off

Ta6.1. 3. CeMeHHas MPOAYKTUBHOCTS S. viarum Dunal
Table 3. Seed productivity of S. viarum Dunal

CpenHee K0JI-BO IUI0ZIOB  [luameTp CpeznHee KOJI-BO
Ha 1 moGer, mT IJI0ZI0B, CM ceMsH B 1 miozge, mTt
Top, Average number Fruit Average number Bec 1000 cemsH, ©

Year of fruits per shoot, pcs. diameter, cm of seeds in 1 fruit, pcs. Weight of 1000 seeds, g

2023 114 0,9-3,3 421 4,47 +0,01
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Dunal B KOHTPOJIMPYEMBIX YCIOBUIX ITOKA3aJIU, YTO
3TOT arpPeCCHUBHBIN KOPHEBUIIHBIM MHOTOJIETHUK
TIPOXOAUT CBOM KM3HEHHBIN IIUKJI 3a OAUH BereTa-
IUOHHBIN CE30H IO TUITY OJHOJETHEr0 pacTeHus,
00MJIbHO W MPOJOJKUTENBHO IIBETET, GOpMUPYET
6oabiroe umcyo mionoB (114 mTyk / 1 pacTeHue),
OTJINYAETCS BHICOKOM CEMEHHOM MPOAYKTUBHOCTHIO
(48 ThIC. ceMsH / 1 pacTeHMe) U BLIMEP3aeT B 3SMMHUY
nepuoj. HecMOTPS Ha BHICOKME ITOKa3aTe/ N 3aBsI3bI-
BaHUS CEMSH, HEJOCTATOK TEILJIa He IT03BOJISIET CeEMe-
HaM IOJIHOCTbhIO BhI3PEeTh. BereTaTuBHOE BO30GHOB-
JIeHVEe KOPHEBBIMU OTIIPBICKAMU Ha CJIEYIOMIUH TOT,
OTCYTCTBYET.

Ha ocHOBaHMY TIOJIYYEHHBIX JaHHBIX ObLIN BbI-
IBJI€HBbI BaXKHEHIIe OM0JOTUYEeCKe 0COOEHHOCTU
racjieHa IIPUI0POXKHOTO, TTIOATBEPIKAAIOIIYE €TO HU3-
KUl QUTOCAHUTAPHBIN CTATyC HA CETONHAIIHUN NeHb
B CIydyae HellpeJHaMepPeHHON MHTPOLYKIIUYU PacTe-
HUU B YCJIOBUSIX T. [IaTUTOPCKA.
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number of fruits (114 pcs. / 1 plant), has high seed
productivity (48 thousand seeds/ 1 plant) and freezes
out in winter. Despite the high rates of seed setting,
the lack of heat does not allow the seeds to fully ripen.
Vegetative renewal by root shoots the following year
is absent.

Based on the data obtained, the most important
biological characters Solanum viarum were identified,
confirming its low phytosanitary status today in the
case of unintentional introduction of plants in the con-
ditions of Pyatigorsk.
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AHHOTALIUA
KapaHTVUHHBIE 06BEKTHI TIPEACTABISIOT TJI06ATbHYIO
YIpo3y [LJISI CeIbCKOTO X035SMCTBA, BhI3bIBASI IIOTEPU
yporkad 1o 30% exxerogHo. B cBg3U ¢ KJIMMaTU4eCKUMU
W3MEHEHUSIMY U Pa3BUTON MEX/IYHAPOAHOM TOPrOB-
JIeH, TIOSIBJIEHVEM HOBBIX KPYITHBIX TIOCTaBIIUKOB Ce-
MEHHOTI0 M II0CaJIOYHOT0 MaTepurasa, a TakXe rOTOBOM
MIPOAYKIIUY TPebGyeTcss CBOEBPEMEHHO PearupoBaTh
Ha HOBBIE BBI30BBI — COBEPIIEHCTBOBATD CYIECTBYIO-
mye TTOAX0 bl ¥ pa3pabaThIBaTh HOBbIE PEIIEHUS IS
obecrieueHus IIPOOBOJILCTBEHHOUM 6€30I1acHOCTH,
aHajaus3a QUTOCAHUTAPHBIX PHCKOB MaKCHMaJbHO
TOYHBIMU U GBICTPBIMU MeToAaMu. TpaauIMOHHbIE
METOIbI JeTEKIINH, TaK1e KaK MUKPOOMOJIOTNUECKU M
TI0CEB U CEPOJIOTUYECKYE TECTHI, TPEOYIOT 3BHAUNTEb-
HBIX BPEMEHHBIX 3aTpart (1o 14 mHel) U 4acTo HEJO-
CTaTOYHO Crieru(UUHBL. MOJIEKYISIPHO-TEHETUUECKIE
TIOJIX0IbI, OCHOBaHHBIEe Ha aHayu3e JHK/PHK, 1mo3Bo-
JITIOT PEIIUTD 3TU MPoO6JIeMbl, obecrieurBas paHHee
o6HapYy’)KeHUE TTaTOTEHOB M0 MTOSIBJIEHUS CUMIITOMOB,
nuddepeHIINANIO MITAMMOB Ha YPOBHE T€HOMa, MO-
HUTOPWHT PE3UCTEHTHOCTY K aHTUOUOTUKAM U TIe-
CTUIIXZAaM, BO3MOXKHOCTD OILIEHKHU 5(D(HEeKTUBHOCTU
CPeICTB 3allUThl, OOHAPYKEeHUE JAaTEHTHBIX ITaTOTe-
HOB P OTCYTCTBUY BHENIHUX NPOsBiIeHMni. CoBpe-
MEHHBIE MOJIEKYISIPHO-TeHETUYECKNE TEXHOJIOTUY
PEBOJIIIMOHUBUPYIOT AUATHOCTUKY KaPaHTUHHBIX
OpraHm3MoB, 6aKTepuil, Tpr60OB, OOMUIIETOB U BUPY-
COB. B cTaThe IpeAcTaBjeH aHaJIN3 METOIOB, BKJIIO-
Yyasi MeTOoJ, IOJUMePa3HOU menHoi peakiuu (ITLIP),
n30TepMuYecKyo ammindukamnuo (LAMP), cekBeHU-
poBaHue HoBoro nmoxojeHus (NGS) u CRISPR-cucTe-
MBI, C aKIIEHTOM Ha MX YHUKAJIbHBIE IPEUMYIIECTBA,
CYIIECTBYIOIIE OTPAHNYEHNUS U TPAKTUYECKOe ITPU-
MeHeHue. Ocob0e BHUMaHUe yIeleHO UHTerpaluu
9TUX TEXHOJIOTUH B (PUTOCAHUTAPHBIA MOHUTOPUHT
JLJIS TIPeNOTBPAllleHUs PAcIIPOCTPAaHEHUST KapaHTUH-
HBIX Y CeJIbCKOXO03SIHICTBEHHO 3HAUNMbIX OPTaHN3MOB.
[IpaKTHUUeCcKUe Pe3ysbTaThl, [IOJIyYaeMble C UCIIOJb-
30BaHUEM MOJIEKYISIPHO-TEHETUYECKX METO/IOB, Jie-
MOHCTPUPYIOT, YTO KOMOMHAIIVS METOJIOB 3HAUUTEb-
HO IIOBBIIIAET TOUHOCTh AUArHOCTUKU, a Pa3BUTUE
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ABSTRACT
Quarantine pests pose a global threat to agriculture,
causing annual crop losses of up to 30%. Due to cli-
mate change and developed international trade, the
emergence of new large suppliers of seeds and plant-
ing material, as well as finished products, it is neces-
sary to promptly respond to new challenges — to im-
prove existing approaches and develop new solutions
to ensure food security, analyze pest risks with the
most accurate and rapid methods. Traditional detec-
tion methods, such as microbiological culture and se-
rological tests, require significant time (up to 14 days)
and are often not specific enough. Molecular genetic
approaches based on DNA / RNA analysis can solve
these problems, providing early detection of pathogens
before symptoms appear, differentiation of strains at
the genome level, monitoring resistance to antibiotics
and pesticides, the ability to assess the effectiveness of
protective equipment, and detection of latent patho-
gens in the absence of external manifestations. Mod-
ern molecular genetic technologies are revolutioniz-
ing the diagnosis of quarantine pests, bacteria, fungi,
oomycetes and viruses. The article presents an analy-
sis of methods, including the polymerase chain reac-
tion (PCR), isothermal amplification (LAMP), next-gen-
eration sequencing (NGS) and CRISPR systems, with an
emphasis on their unique advantages, existing limita-
tions and practical applications. Particular attention is
paid to the integration of these technologies into phy-
tosanitary monitoring to prevent the spread of quar-
antine and agriculturally significant organisms. Prac-
tical results obtained using molecular genetic methods
demonstrate that a combination of methods signifi-
cantly improves the accuracy of diagnostics, and the
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NOPTAaTUBHBIX IJIATHOPM pacUiMpsgeT BO3MOXHOCTU
TI0JIEBBIX UCCIIEIOBAHUIA.

Knrouesvte cnoséa. KapaHTUHHBIE OPTaHU3MBbI, (QU-
Tornatorensl, [P, LAMP, CRISPR-Cas, NGS, muarsHo-
CTHKa.

BBEJEHUE

eTIPEePBIBHBIN POCT HaceJeHUsl 3eM-
JIY ¥ TIOCTOSIHHO BO3pacTalolee 1o-
TpebeHre CeIbCKOX03IMCTBEHHOMN
MIPOJYKIIVU CTaBUT IepeJ, IPOU3BO-
IUTENSIMU CePbe3Hble IJI06aJbHbIE
3aauu. Mcrosib30BaHNE UHTEHCUB-
HOTO METOJa Pa3BUTHUS CEJIbCKOTO
X035MCTBA OTPAaHUYEHHO HELOCTaT-
KOM JIOCTYTIHBIX TIOCEBHBIX ITJIOIIAZell BO BCEM MUPE.
Ha tepputopuu P® OCHOBHBIMU IIPUUYUHAMU CHUXKE-
HUS TIOCEBHBIX MJIOIIA/IEN B IMOCHENHUE JECATUIETUS
SIBJISTIOTCS B TIEPBYIO OUepeib SKOHOMUYecKre (haKTo-
pbI (oTpaHnYeHre GUHAHCUPOBAHYS, PEOPTaHU3AIIUs
KOJIJIEKTUBHBIX XO3SIMICTB, HEXBaTKa KBaJIU(MUIIUPOBAH-
HBIX KaJIPOB), TIEPEBO/I TLIOIIAJIEN B APYTHe KaTeropuu
3eMJIETIONIb30BaHNS, HELOCTaTOUYHbIE MEPOTIPUSATUS
o 6opbbe c aposueil mouB. [IpuHATaAsA MporpamMma
10 BO3BPAIIEHUI0 3aJIEXKHBIX 3€MeJib B CEBOOOOPOT T10-
Ka3bIBAET BBICOKYI 3P (HEKTUBHOCTDh ITPUMEHSIEMBIX
TOCyIapCTBOM Mep pPeryJupoBaHUs, CIIOCOGCTBY-
€T BO3BPAIleHUI0 3aJIe)KHbIX 3eMeJib B CEBOOGOPOT
(Barsukova et al., 2021).

[TOBBIIIEHUIO YPOXKAWHOCTY HAXOASAIUXCS B CEBO-
060pOTe 3eMeJTb yIensieTcs 3HaUUTeJIbHOe BHUMAaHUE.
HemnpepsIBHO pa3pabaThIBalOTCsS HOBbIE BHICOKOYPOXKAL-
HbIE KYJIbTYPBI, 06JIa1aI0IIE PSLOM IIeJIEBBIX CBOHCTB,
TaKUX KaK YyCTOMYMBOCTB K 3acyXe, TeMreparypam u hu-
ToIaToreHaM. Vcroyib30BaHKE S3KCTEHCUBHOI'O METOIa
Pa3BUTHUS TAa€T 3HAYUTEIbHBIM TIPUPOCT U SIBJISIETCS
OCHOBHBIM WHCTPYMEHTOM [IJIsl YBEJINYEeHUSI 06'bEMOB
IIPOM3BOJICTBA TOTOBOU NPOAYKIIMU. OCHOBHBIM BBI30-
BOM [IJISI XO3STUCTB, BHE 3aBUCHUMOCTH OT IPUMEHSIEMO-
T'0 METO/IA 3€MJIETIONIb30BAHUS, IBJISIOTCS TTaTOTeHHbBIE
ILJISI pacTeHUY 6aKTeprM, BUPYCHI, IPUOBI I OOMUIIETHI.
CBoeBpeMeHHad AVMATrHOCTUKA U NIPUHATHE 3P PEeKTUB-
HBIX MeD 11 60pb6BI ¢ huTOMaTOreHaMu TPebyIoT ce-
PbE3HBIX 3aTPAT U BbICOKOM KBasuduKanuu. HecMoTps
Ha 3HAYUTEJIbHbBIE YCUJIUS, B HACTOSIIIee BpeMs (huToIIa-
TOT€HBI ITPOZJOJIKAIOT SIBJISATHCS OCHOBHOU YIPO30H A JIsT
CeIbCKOX03SMCTBEHHON oTpacyu. ExxerogHo n3-3a Gpu-
TOIIATOTE€HOB U BpefuTeiell pacTeHuit TepsieTcs 10 40%
TOTOBOY MPOAYKIINY SKOHOMUYECKY 3HAYNMBIX KYJIBTYD
(FAO, 2019).

3a60JieBaeMOCTb PACTEHUH, CBSI3aHHAas C ITIOT0JI-
HBIMHU YCJIOBUSIMU U 06IIMM (hPUTOCAHUTAPHBIM COCTO-
AHMEM II0CEBOB, MOYKET COCTaBJIATD 10 80% OT BCel Io-
MMy, TIPY 3TOM YPOXKANWHOCTb — CHMKAThCS 6ojiee
yeM Ha 80%. Yalre Bcero momo6HbIe UG PhI ABISIOTCS
UCKJIFOUEHUEM M3 ITPABUJI, HO Jla)ke 3HAUYUTEbHO MEHbB-
1IIe 3HAYEeHUS TOTePh IMTPUBOJST K KaTaCTPO(PUIECKUM
nocaencTeuam (Hazapos u ap., 2020).

Tem He MeHee, 110 OLleHKaM, yKa3aHHbIM B FAO
3a 2017 1., moTepu OT (PUTOIATOTEHOB €XKETO/IHO TIpe-
BoIIarT 220 Miupa gosnapos CIIA (FAO, 2017).

development of portable platforms expands the pos-
sibilities of field research.

Key words. Quarantine pests, phytopathogens,
PCR, LAMP, CRISPR-Cas, NGS, diagnosis.

INTRODUCTION

he continuous growth of the world’s pop-

ulation and the ever-increasing consump-

tion of agricultural products pose seri-

ous global challenges for producers. The

use of intensive agricultural development
methods is limited by the lack of available sown ar-
eas worldwide. In the Russian Federation, the main
reasons for the decline in sown areas in recent de-
cades are primarily economic factors (limited fund-
ing, reorganization of collective farms, lack of quali-
fied personnel), the transfer of areas to other land use
categories, and insufficient measures to prevent soil
erosion. The adopted program for the return of fallow
lands to crop rotation demonstrates the high efficien-
cy of regulatory measures applied by the state, and
contributes to the return of fallow lands to crop rota-
tion (Barsukova et al., 2021).

Considerable attention is paid to increasing the
productivity of crop rotation lands. New high-yield-
ing crops with some target properties, such as resis-
tance to drought, temperatures and phytopathogens,
are continuously developed. The use of an extensive
development method provides a significant increase
and is the main tool for increasing the volume of fin-
ished product production. The main challenge for
farms, regardless of the land use method used, are
plant-pathogenic bacteria, viruses, fungi and oomy-
cetes. Timely diagnosis and effective measures to
control phytopathogens require significant costs and
high qualifications. Despite significant efforts, phyto-
pathogens currently continue to be the main threat
to the agricultural sector. Up to 40% of finished prod-
ucts of economically significant crops are lost an-
nually due to phytopathogens and plant pests (FAO,
2019). Plant diseases associated with weather condi-
tions and the general phytosanitary condition of crops
can be up to 80% of the entire population, while yields
can decrease by more than 80%. Most often, such fig-
ures are an exception to the rule, but even significant-
ly lower loss values lead to catastrophic consequences
(Nazarov et al., 2020).

Nevertheless, according to estimates provided by
the FAO for 2017, losses due to phytopathogens ex-
ceed US$220 billion annually (FAO, 2017).

The spread of phytopathogenic organisms is ac-
tively facilitated by the globalization of world trade
relations, which expands the geography of the pres-
ence of invasive pathogens and leads to a significant
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PacnpocTpaHeHUI0 (DUTONATOTEHHBIX OPraHMU3-
MOB aKTMBHO CITOCOGCTBYET IJI06aan3arus MUPOBBIX
TOPTOBBIX B3aMMOOTHOUIEHUH, YTO PACIIUPSET I'eorpa-
(uiro IpPUCYTCTBUS UHBA3VBHBIX IATOT€HOB U IIPUBOJIUT
K CYIIECTBEHHOMY YBEJIMUEHUIO TIOCTIENCTBUM 3apaske-
HUS ¥, KaK CJIeICTBUE, YBEJIMUYNBAET IIOTEPU yPOXKas.
KynbTypbl, 06/1a/1a101 1€ BBICOKUMU ITOTPEOUTETbCKY-
MU KaueCTBaMU, BBITECHSIIOT MeHEe ITPUBJIEKATENbHBIE,
YTO IPUBOJUT K COKPAIEHNI0 CEMEHHOT0 (hOHIA U ellle
60JIbllle YBEJINUMBAET CKOPOCTh pacrpocTpaHeHus du-
TOITATOTEHOB.

Heob6xomuMo UCIoab30BaHME KOMILJIEKCHOM CTpa-
TETUU ¥ COBPEMEHHBIX METO/IOB /1JI1 YMEHbIIEHUS 110-
clenCcTBUN BO3JelcTBUSA (PUTOMATOreHOB, KOTOPhIe
TIOMOTYT TIPEAYNPeNuTh 60JIe3HU, KOHTPOJUPOBATH
KauyeCcTBO MOCAJJOYHOr0 MaTepuajua, SP(PeKTUBHOCTD
¥ CBOEBPEMEHHOCTD UCITOJIb30BAHUS IPETTAPATOB U Me-
TOZIOB, HAaITPaBJIEHHBIX HA 60pBOY ¢ BO3OymuTensamu 60-
JIe3HEHW U IepeHOCUYUKAMMU.

YT0OBI COOTBETCTBOBATH 1e/IsIM 3(PPEKTUBHOCTH,
JIOCTaTOYHOCTHU U 6€30TIaCHOCTH, IPUMEHSIeMbIE METO-
JIbI IOJDKHBI COOTBETCTBOBATh KPUTEPUSIM CIIEL(DUYUHO-
CTH, TOYHOCTH, TIOBTOPSIEMOCTH, CKOPOCTH, IOCTYITHOCTH
u 06J1a5aTh HEOO6XOAVMMON UyBCTBUTENBHOCTHI0. METOZbI
JIOJKHBI 06ecIieuyrnBaTh BO3MOXXHOCTD NeTEKIIUY Opra-
HU3MOB ITPAKTUYECKY BO BCEX BO3MOXXHBIX BHIaX 06pas-
1I0B, BKJIIOYAsi PACTEHUS, TIOYUBBI, [TI0CALOYHbBIN MaTepu-
aJI, BKCTPaKThI U kugkoctu (Marc Venbrux et al., 2023).
JOTIOJTHUTEJIbHOE TIPaKTUYECKOe TPe6OBaHME, TTPEbSIB-
JisieMOe K MeTO/IaM JeTEeKIUH, — CIIOCOOHOCTh PaboTaTh
¢ o6pasiaMy, COGPaHHBIMY 32 HEKOTOPOE BPEMS JI0 C-
CJIEIOBAHUS U TEPEHECITUMY TPAHCIIOPTUPOBKY.

Bu3syaJjibHbI€, OIITUYECKHE, MAaTHUTHbIE
U CIIEKTPAaJIbHbI€ ME€TO/AbI 1JId TOUHOI'O
orpeaeJieHus Cl)HTOl'IaTOI'EHOB

st movicka ¥ uzieHTudUuKauu TpaguIuoHHO UC-
T0Jb3yeTCs BU3YaJIbHbIN MeTOH 00HapyKeHUs QUTO-
MIaTOreHOB. ITOT METOJ, UMEeT KaK PSJI TPENMYIIECTB,
TaK ¥ PsiJi CYIeCTBEHHbBIX HEJOCTAaTKOB. HECOMHEHHBIM
MIPEUMYIIECTBOM SIBJISIETCS CTOMMOCThH METO/IA U €T0
OTHOCUTEJIbHAS ITPOCTOTA. HO 1IeJIbIil Sl CyIleCTBEH-
HBIX HEJIOCTATKOB 3aCTaBJIIeT UCIIOJb30BaTh 6oJjiee
TOUYHBbIE METOAUKM HeTeKiuu. K HegocTaTkaM MOXKHO
OTHECTH He0OXO[LUMOCTb ITPAKTUYECKOT0 OIThITA Ha-
GromaTesis v TIyOHBI 3HAHUM B 06J1aCTH (DUTOITATOJIO-
T'Y, BO3MOXXHBIE OMUOKY TPU OTIPENESIEHUY U HEBO3-
MOKHOCTb OTipeziesieHus 60jie3Hel, He TIPOSBISIOMINX
cebs1 B MOMEHT ocMOTpa (CKPBIThIE, JaTEHTHBIE 3260-
sneanus) (Riley et al., 2002). /locTaTOYHO TIPOCTHIM,
HO 3HAYUTEJIBHO 60J1€€ GBICTPHIM PEIIeHUEM SIBISIOTCS
ONTHYeCKUEe MeTObI. [1pU MIaHUPOBaHUN MEePOTIPUS-
TUM o 60pnsbe ¢ puTonaTOreHaMU MPUHSTO CUUTATh,
YTO PAaBHOMEPHOE BHECEHUE MpernapaToB Ha eIUHU-
1y TIomaay obecrmeuynBaeT HauboabIIy0 3(hPeKTuB-
HOCTb. OITUYECKU METO/I, HATIPOTUB, OCHOBAH Ha He-
PaBHOMEPHOCTU ITPOSIBJIEHU T 3a60I€BAHNH U BIUSHUS
(akTOPOB OKPY’KaOIIel Cpeibl Ha 3I[0POBbE PACTEHUN.
ONTUYECKUE U CITIEKTPAJIbHBIE METOJ bl MOHUTOPUHTA
TTO3BOJISIOT LOCTATOYHO TOYHO OTIPEJeNIATh U3MeHe-
HUS, BbI3BaHHbIE 3a60JI€eBaHUSIMU, U ONITUMU3UPOBATh
WCIIOJIb30BaHUE CPECTB MJisI 60PbhOBI C HUMU. BO3MOX-
HOCTb MCIIOJIb30BaHU IJIg 06pabOTKY JaHHBIX TAKOTO
MOHUTOPUHTA, CIIELNAIN3UPOBAHHBIX IIPOTPAMM I10-
3BOJISIET OBICTPO aHAJIU3UPOBATh 3HAUUTEbHBIE T1JI0-
a1V TI0CEBOB, OOHAPYKUBATh 0YarOBbIE IIPOSBIIEHUS

increase in the consequences of infection and, as a re-
sult, increases crop losses. Crops with high consumer
qualities displace less attractive ones, which leads to a
reduction in the seed fund and further increases the
rate of spread of phytopathogens.

It is necessary to use an integrated strategy and
modern methods to reduce the effects of phytopatho-
gens, which will help prevent diseases, control the
quality of planting material, the effectiveness and
timeliness of the use of drugs and methods aimed at
controlling pathogens and vectors.

To meet the objectives of efficiency, adequacy
and safety, the methods used should meet the criteria
of specificity, accuracy, repeatability, speed, availabil-
ity and have the necessary sensitivity. The methods
should be able to detect pests in almost all possible
types of samples, including plants, soils, planting ma-
terial, extracts and liquids (Marc Venbrux et al, 2023).
An additional practical requirement for detection
methods is the ability to work with samples collect-
ed some time before the study and having undergone
transportation.

Visual, optical, magnetic
and spectral methods
for accurate detection of phytopathogens

The visual detection method is traditionally used
for searching and identifying phytopathogens. This
method has both advantages and significant disad-
vantages. The undoubted advantage is the cost and
its relative simplicity. However, some significant dis-
advantages force the use of more accurate detection
methods. The disadvantages include the need for the
observer’s practical experience and profound phy-
topathology knowledge, possible errors in detection
and the impossibility of detecting diseases that do not
manifest themselves at the time of inspection (hid-
den, latent diseases) (Riley et al., 2002). Optical meth-
ods are a fairly simple but much faster solution. When
planning measures to control phytopathogens, it is
generally accepted that uniform application of prepa-
rations per unit area provides the greatest efficiency.
The optical method, on the contrary, is based on the
unevenness of disease manifestations and the influ-
ence of environmental factors on plant health. Optical
and spectral monitoring methods allow for fairly ac-
curate determination of changes caused by diseases
and optimization of the use of means to control them.
The ability to use specialized software to process the
data from such monitoring allows for rapid analysis
of large areas of crops, detection of focal manifesta-
tions of diseases, and timely action to prevent the de-
velopment of diseases (Anne-Katrin Mahlein, 2016).
The article by Martinelliin 2015 and Zubler and Yoon
in 2020 present data on objective monitoring of the
condition of plants exposed to external factors, such
as diseases and adverse environmental factors. The
spectral characteristics of plants differ significant-
ly from those of healthy plants, making it possible to
use the method to detect phytopathogens (Martinelli
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3a60JieBaHUM 1 CBOEBPEMEHHO IPUHUMATh MEPHI JIJIs
npenoTBpallleHus pasBuTua 3abojeBaHuil (Anne-
Katrin Mahlein, 2016). B ctatbe Martinelli 3a 2015 1.
u Zubler and Yoon 3a 2020 T. IpUBOASATCS LaHHBIE
00BEKTUBHOTO MOHUTOPUHTA COCTOSHUS PACTEHUMH,
HaXOAAIIUXCS IO, BO3LeHCTBEM BHEITHUX (DaKTOPOB,
TaKUX Kak 3a601eBaHMs 1 HebJIaronpusaTHbie (PaKTOPBI
OKpYy’Karouiel cpebl. ClieKTpaibHbIE XapaKTEPUCTUKYA
PacTeHWH 3HAUYNUTEJbHO OTJIMYAIOTCS OT XapaKTepu-
CTVK 3JJ0POBBIX PACTEHU U U ITO3BOJISIOT IPUMEHSITH Me-
TOJ IJis BhIABJIeHUs puTornaToreHos (Martinelli et al.,
2015; Zubler and Yoon, 2020). PaHee B uccjeLoBaHUN
Tanner 6bL1a OTIMCAaHA PeakKI[Ms PACTEeHUH Ha CTPECCHI
B BUJe U3MEHEHU XxapaKkTepa JIBKEeHNH, a TaKXKe 13-
MeHeHUe CoIep KaHus XJI0poduIa B 60JIbHBIX pacTe-
HUSX, IeTEKTUPYyEMOEe TETJIOBBIM U3IydeHueM. CoBpe-
MeHHbIe JaTUYMKY [T03BOJISIOT aKTUBHO HCII0JIb30BaTh
CIIEKTPaJIbHbIE METOMbI IJIs ONpeaeeHUus U3MeHe-
HUI B BJIEKTPOMArHUTHOM U3JIYUEHUU, OTPAKaeMOM
WJIY UCIIYCKaeMOM KMBbIMU opraHuzMamu (Tanner et
al., 2022). Brarogapsi pa3BUTUI0 UCKYCCTBEHHOT'O WH-
TeJJIEKTa ¥ BO3MOXKHOCTH €ro 06yUYeHUsI B peajbHbIX
YCJIOBUSAX CIIEKTPAJIbHBIN aHAINS TIOJIYYUJI HOBBIE BO3-
MOXXHOCTH Pa3BUTUSA. 3HAUUTEJIbHO TOBBICUIACH TOU-
HOCTB 3a CUeT 00yUeHUs IIPoTrpaMM Ha reorpadmuecKu
CXOKMX WU UIEHTUYHBIX TIJIOIIAISIX, 4 TAK)KE YBEJIU-
YMJIUCh MacIITa6bl 06CIelyeMbIX TEPPUTOPUL 38 CUET
YBEJINYEHUS CKOPOCTY 06paboTKM AaHHBIX. [IpaKkTUKa
KCIIO0JIb30BaHMs OECIIMIOTHBIX JIETATEJbHBIX allmapa-
TOB IOKAa3bIBAET, UYTO METO, 3(h(HEKTUBEH U IT03BOJISI-
eT YKOHOMUTh 3HAUUTENbHbIE (PUHAHCOBBIE CPENICTBA
Gaaromapsi CBOEBPEMEHHOCTH JEeTeKIIMU U MUHUMU-
3allUY BJIUSHUSI YeJIOBeYeCKOro (haKTopa Ha TOUHOCTh
MOHUTOPHWHTA U IIOJTy4aeMble pe3ysibTaTbl. HakoTIeH-
Hble 6a3bl JaHHBIX Ha CEeTONHAIHUN JeHb I03BOJSIIOT
IOCTAaTOYHO OBICTPO BHEIPSATDH METOJ Ha Pa3IMYHbIX
TEPPUTOPUAX U OBICTPO CIIEIUANN3UPOBATH METOIUKY
IIJIsI KOHKPETHOM MECTHOCTH.

VIMMyHoOJIOTMY€eCKue
HWJIY CEPOJIOTMYECKHE METObI

I omnpeneseHUs CJIOXHOKYJIbTUBUPYEMBIX
U HEeKyJIbTUBUPYEMBIX OPTAaHMU3MOB OblIU paszpabo-
TaHbl CEPOJIOTUYECKME METOMbl. BakTepuu, rpubbl
¥ BUPYCHI MOXXHO OGHApPYXUBaTh 6€3 KyJbTUBUPOBA-
Hus 6Jaromaps UCIOJb30BAHUI0 MOHOKJIOHAJNbHBIX
¥ TIOJIMKJIOHAJbHBIX aHTUTEJN. [IpoAyIupyeMble MU-
KPOOPraHW3MaMU aHTUTE€HHbIE MOJIEKYJIBI MOTYT GbITh
KCII0JIb30BAHBI JIJIS cielu(UUEeCcKO peaKkuu «aHTU-
TeH — aHTUTEJIO». CBA3bIBAHUE aHTUTEJ C aHTUTeHAMU
OTIpeziesisieTCs KOCBEHHO, C TIOMOIIBI0 CIIeIU(DUUECKUX
AHTUTEJI, KOTOPbIE KOHBIOTUPOBAHBI C QJIyopodopom
uau HaHodacTuiiamu. HauboJiee 4acTO UCIIOIb3yeMbIt
MeTon uMMyHOo(epMeHTHOro aHanu3za (MPA) cran Ta-
KUM TOMYyJIPHBIM 6Jaromapst JOCTATOYHO BBICOKOU
TOYHOCTHU. Pexe MCIIOJb3yI0TCSI OJOTTUHT U CEPOJIO-
ruyvecku crenuduyueckas 3JeKTPOHHAS MUKPOCKO-
nus (SSEM). [oCTOBEPHOCTDb ¥ TOUHOCTh UMMYHO(DEP-
MEHTHOTO aHaJiu3a 3aBUCUT OT MHOTUX (PaKTOPOB:
YCJIOBUU XpPAaHEHUS aHTUTEJI, CBEXKECTU UCCIEyeEMOU
npobel U crienupUIeCKUX 0COOGEeHHOCTEN Ucceye-
MoTOo opranuama. CUCTEeMbI, OCHOBAHHbIE HA UCIIOJIb-
30BAHUU TOJUKJIOHAJIBHBIX AaHTUTEJ, OJYUYNBIINE
M3HA4vaJIbHO UIMPOKOE pPaclpoCcTpaHeHUe, YacTo Ja-
BaJIX JIO)KHOTIOJIOXKUTEJIbHBIE PE3YIbTATHI, [IO3TOMY
BO3HUKJA HEOOXOAMMOCTh B COBEPIIEHCTBOBAHUU

etal., 2015; Zubler and Yoon, 2020). Earlier, Tanner’s
study described the response of plants to stress in
the form of changes in the nature of movements, as
well as changes in the chlorophyll content of diseased
plants, detected by thermal radiation. Modern sen-
sors make it possible to actively use spectral methods
to determine changes in electromagnetic radiation re-
flected or emitted by living organisms (Tanner et al.,
2022). Thanks to the development of artificial intel-
ligence and the ability to train it in real conditions,
spectral analysis has received new development op-
portunities. Accuracy has increased significantly
due to training programs on geographically similar
or identical areas, and the scale of the surveyed ar-
eas has increased due to increased data processing
speed. The practice of using unmanned aerial vehi-
cles shows that the method is effective and allows sav-
ing significant financial resources due to the timeli-
ness of detection and minimization of the influence of
the human factor on the accuracy of monitoring and
the results obtained. The accumulated databases to-
day make it possible to quickly implement the method
in various territories and quickly specialize the meth-
odology for a specific area.

Immunological or serological methods

Serological methods have been developed to de-
tect difficult-to-cultivate and non-culturable organ-
isms. Bacteria, fungi, and viruses can be detected
without culturing using monoclonal and polyclonal
antibodies. Antigenic molecules produced by micro-
organisms can be used for a specific antigen-antibody
reaction. Binding of antibodies to antigens is deter-
mined indirectly using specific antibodies conjugated
to a fluorophore or nanoparticles. The most common-
ly used method is enzyme-linked immunosorbent as-
say (ELISA), which has become so popular due to its
relatively high accuracy. Less commonly used are
blotting and serologically specific electron microsco-
py (SSEM). The reliability and accuracy of ELISA de-
pends on many factors: storage conditions of antibod-
ies, freshness of the sample, and specific features of
the organism being studied. Systems based on the use
of polyclonal antibodies, which were initially widely
used, often gave false-positive results, so there was
a need to improve the method. Monoclonal antibod-
ies specific to individual parts of antigen macromole-
cules — epitopes — have significantly increased the ac-
curacy of tests. Today, there are systems that use both
monoclonal and polyclonal antibodies. Both individu-
al tests and ready-made commercial kits for detecting
groups of organisms are used. The use of polyclonal
antibodies allows detecting multiple epitopes, unlike
monoclonal ones, and therefore this approach seems
economically justified, despite the existing disadvan-
tages. In addition, the sensitivity of polyclonal anti-
bodies is higher than that of monoclonal ones. The
sensitivity of ELISA tests is increased by additional
thermal preparation of the sample or by treatment
with an enzyme that destroys bacterial cell walls by
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MeToma. MOHOKJIOHAJIbHbIE aHTUTEJNA, CIIeU(DUIHbIE
K OT[IeJIbHBIM YacTsIM MaKpPOMOJIEKYJ aHTUTeHa — 3TN~
TOIIaM, IO3BOJIMIN 3HAUUTEIbHO ITIOBBICUTD TOUHOCTD
TeCTOB. Ha CeTOMHSINUIHUY JeHb CYIIECTBYIOT CUCTEMBI,
UCTIOJb3YI0IYie ¥ MOHOKJIOHAJIbHBIE, U TOJUKJIOHAJb-
Hble aHTHUTeJa. [[pUMEeHAI0OTCSA KaK OTIeJbHbIE TECTHI,
TaK ¥ TOTOBbIE KOMMepUeCcKre HAOOPhI IJId AeTEeKITUU
TPYIII OPraHu3MOB. VICTI0Ib30BaHME TTOJIUKIOHATbHBIX
QHTUTEJI II03BOJISET AJeTEKTUPOBATh MHOYKECTBO DIIU-
TOTIOB, B OTJINYME OT MOHOKJIOHAJIbHBIX, ¥ TTIO3TOMY Ta-
KO IIOAXO[, BBITJIAAUT SKOHOMUYECKU OIPaBIaHHbBIM,
HEeCMOTPS Ha CYIIeCTBYIIVe HeJocTaTKu. Kpome Toro,
YYBCTBUTEJNbHOCTD MOJUKJIOHATbHBIX AHTUTEJ BBIIIE,
4yeM y MOHOKJIOHAJIbHBIX. YyBCTBUTEJIbHOCTL VIDA-Te-
CTOB ITOBBIIIAIOT 34 CUET JOIIOJHUTEJIbHOU TepMUuUe-
CKOU IMOATOTOBKY ob6pasila mjiu 3a cueT 06paboTKu
(pepMeHTOM, pa3pylamniiuM KJIeTOUHble CTeHKU 6aK-
TEePUN TUAPOJU3OM IMENTUILOTINKAHA — JIU30IMMOM
(Martinelli et al., 2015; Mehetre et al., 2021). Cymie-
CTBYET ellle PSJ, METOLOB, TPUBOASAIINX K YBEJIUYEHUIO
YyBCTBUTEJbHOCTY TECTA C TIOMOIIbI0 TPEABAPUTEIb-
Horo oboramnieHus (MHKy6aIlys AJIs MOBBIMIEHUSI KOH-
LEeHTpalluy IIaToreHa). JJoNoJHNUTEeIbHOE pasieieHre
C IpUMeHeHNeM MarHUTHBIX YaCTUII, IIOKPBITHIX CIIEIl-
UPUUHBIMYA K MUIIEHU aHTUTEJaMU, LOIOJHUTEb-
HO OuHUIaeT MPOOYy U TakXKe YBeJIUUNWBAeT TOUHOCTh
(Kohn, 1999; Vilimaa et al., 2015). U®A-MeTO HaIIE
IIXPOKOe IMTPUMeEHEeHYE B KIMHUYECKOU JUarHOCTHUKE
13-3a CPAaBHUTEJIbHO HEBBICOKOU CTOMMOCTH U BBICO-
KOM CKOPOCTHU HCCemoBaHua. Huxe mompo6bHo pac-
CMOTPUM METO/IbI, KOTOPbIE UCTIOJb3YIOTCS JIJI UCCIIe-
OBaHUS pacTeHUM.

UccaemoBaHus
Ha OCHOBeE HCII0JIb30BaHUS aliITAMEPOB

OmHOI M3 CaMbIX YIAYHBIX aJIbTEPHATUB ITPUMEHe-
Huo aHTuTen u [P B fuarHocTuKe 1aToreHoB IPUHI-
TO CUUTATh MCIIOJIb30BaHue antamMmepos. 1P — mocTa-
TOYHO TOUHBIA W GBICTPBIA METOJ HeTeKIINY, HO IIPU
WCCJIeIOBAHUY 3aTrPSI3HEHHBIX 06Pa3I[0B BO3MOXXHO
CHUXeHVe YyYBCTBUTEJbHOCTU U MHTUOWPOBaHUE pPe-
aknuu. VMcrnoyib30BaHUE allTaMEPOB B KAUeCTBE ajib-
TEPHATUBbI MTO3BOJISET MOBBICUTh UYyBCTBUTEJIBHOCTD
110 CPaBHEHMIO C aHTUTEJaMU 3a CUeT 60jiee BhICOKOM
TJIOTHOCTY MMMOOMIN3AIINY, IIPOCTOThI BBEIEHUS Me-
TOK ¥ HU3KOM CTOMMOCTH CuHTe3a. CHHTe3MPOBaHHbIE
anTaMepbl MOTYT ObITh HalleJeHbl Ha 1leJible OPraHu3-
MBI, Ha OIIpezieiIeHHbIe TOKCUHBI U TIPOoYue Crienuduyd-
Hble, TIPOAYIIMPYyEMbIE 1IeJIeBBIMU OpPraHu3MaMu 6uo-
MOJIEKYJIbL. BO3MOXXHO OLHOBPEMEHHO KCIIOJIb30BaTh
HECKOJIbKO MUIIIEHEH 13-3a BBICOKOU CIEeU(PUIHOCTHI
arTaMepoOB, UTO MMO3BOJISIET 3HAUUTEIBHO YBEJIUYUYUTH
TOUYHOCTD HCCJIefO0BaHUS. ATITaMephl, IPeCTaBJISIO-
1rve co60ii CpPaBHUTEIBHO KOPOTKUE OJIUTOHYKJIEOTU b
pasmepom oT 10 mo 100 GyKB, ITPOIIE CIIeUaTU3UPO-
BaTh K QHAJIN3Y LIeJIbIX OPTaHU3MOB, UEM K OTAEJIbHBIM
6romosieKysaM. Tak Kak MCII0JIb30BAaHUE allTAMEPOB
OCHOBAHO Ha TOM >Ke IIPUHIIUIIE, YTO U UCIIOJIb30BAHUE
QHTUTEJI, OHU MOTYT ObITh IPUMEHEHBI IJis aHaJIu3a
(U®A). K HemoCTaTKy CUCTEM JIeTEKIIUY, OCHOBAHHBIX
Ha UCIIOJIb30BAHUU AlITAMEPOB, MOKHO OTHECTU UyB-
CTBUTEJBHOCTD K BAI3KOCTU, U3MEHEHUIO KMCJIOTHOCTH
U TeMIlepaTypbl. AKTUBHO BEeLyTCS pa3paboTKU CUCTEM
JIeTeKI[MY MaTOTeHOB PAaCTEHW U Ha OCHOBE allTaMepPOB,
HO Ha IaHHBIM MOMEHT OHU ITPUMEHSIOTCS He TaK YacTo
Kak VA wiau I[TLP (KojleCHUKOB U Ap., 2012).

hydrolysis of peptide glycan — lysozyme (Martinel-
li et al., 2015; Mehetre et al., 2021). There are other
methods that increase the sensitivity of the test us-
ing preliminary enrichment (incubation to increase
the concentration of the pathogen). Additional separa-
tion using magnetic particles coated with target-spe-
cific antibodies further purifies the sample and also
increases accuracy (Kohn, 1999; Vilimaa et al., 2015).
The ELISA method has found wide application in clin-
ical diagnostics due to its relatively low cost and high
speed of research. Below we will consider in detail the
methods used for plant research.

Aptamer-based detection systems

One of the most successful alternatives to the
use of antibodies and PCR in pathogen diagnostics is
considered to be the use of aptamers. PCR is a fairly
accurate and fast detection method, but when study-
ing contaminated samples, sensitivity may decrease
and the reaction may be inhibited. The use of aptam-
ers as an alternative allows for increased sensitivity
compared to antibodies due to higher immobiliza-
tion density, ease of labeling, and low cost of synthe-
sis. Synthesized aptamers can be targeted at whole
organisms, certain toxins, and other specific bio-
molecules produced by target organisms. It is possi-
ble to use several targets simultaneously due to the
high specificity of aptamers, which allows for a signif-
icantincrease in the accuracy of the study. Aptamers,
which are relatively short oligonucleotides ranging
from 10 to 100 letters in length, are easier to special-
ize in the analysis of whole organisms than in individ-
ual biomolecules. Since the use of aptamers is based
on the same principle as the use of antibodies, they
can be used for analysis (ELISA). The disadvantage
of detection systems based on the use of aptamers is
their sensitivity to viscosity, changes in acidity and
temperature. Aptamer-based plant pathogen detec-
tion systems are being actively developed, but at the
moment they are not used as often as ELISA or PCR
(Kolesnikov et al., 2012).

Nucleic acid detection assays

The use of modern equipment for first- and
next-generation sequencing has made it possible to
read the nucleotide sequences of many bacteria, vi-
ruses, fungi, and oomycetes. The data obtained is ac-
cumulated, and based on a large number of sequences
studied, global databases with free access have been
created. There are also highly specialized databases
focused on target pest groups. Having free access to
such databases allows us to constantly improve the
storage facilities themselves, data processing meth-
ods, expand the databases at the expense of users,
and create software to simplify the work of creating
microorganism detection systems based on targets
focused on nucleic acid sequences — DNA and RNA.

This method has many advantages, but also
some disadvantages: it is quite difficult to deter-
mine the concentration of the microorganisms being
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AHaJsIu3bI Ha OCHOBeE JIeTeKIIUU
HYKJIEMHOBBIX KUCJIOT

Vicrioib30BaHYEe COBPEMEHHOT'0 060PYIOBAHUS JIJIST
CEeKBEHUPOBAHUS IIEPBOTO U CJIEAYIOMIETO TTIOKOJIEHUS
TTO3BOJIAJIO TIPOYUTATh HYKJIEOTUIHbBIE [TOCIEI0BATEb-
HOCTU MHOXXeCTBa 6aKTepHUii, BUPYCOB, 'PUOOB 1 OOMULIE-
TOB. [ToJTyuyeHHbIe JaHHbIEe aKKYMYJIUPYIOTCS, ¥ Ha OCHOBE
GOJIBIIIOr0 KOJIMUECTBA UCCIeI0BAHHBIX I0CJIEN0BATEIb-
HOCTEM co3maHbI 06LUIeMUPOBBIE 6a3bI CO CBOGOIHBIM
mocTymoM. TakyKe CYHIIEeCTBYIOT Y3KOCTIEIIMaJu3upPo-
BaHHbBIE 6a3bI JaHHBIX, OPMEHTUPOBAHHbIE Ha IIeJIeBblie
TPyINIbl OpraHu3MoB. Hajmndyve cBOGOLHOTO AOCTyTIA
K TakuM 6az3aM M03BOJISIET IIOCTOSIHHO COBEPINEHCTBO-
BaTb CaMM XPaHMUJINIIA, METOIbl 00PabOTKM JAaHHBIX,
pacuupaTh 6a3bl 3a CUET IT0JIb30BATEJIEN U CO3aBaTh
IporpaMMHOe obeclieueHre AJIs YIPOUIeHUS PaboThl
10 CO3MaHMI0 CUCTEM AETEeKIIMM MUKPOOPraHMU3MOB,
OCHOBAHHBIX Ha MUIIEHSIX, OPUEHTUPOBAHHBIX HA I10-
CJIeI0BATEJIbHOCTY HYKJIEeMHOBBIX KucyioT — JHK u PHK.

Y maHHOTO METO/a MHOXXECTBO ITPEUMYIIECTB,
HO €CTb ¥ HEKOTOPbIe HeJOCTATKM: JOCTATOUYHO CJIOXK-
HO OIIpPeNeJUTh KOHIIEHTPAIUI0 HCCIeqyeMbIX MU-
KPOOPraHu3MOB, HEBO3MOXXHO B paMKax JaHHOU Me-
TOOUKY ONPENENUTh KOJIUYECTBO JKM3HECIOCOOHBIX
U HEXXV3HECTIOCOOHBIX MUKPOOPTraHW3MOB B 06pasiie.
OCHOBHOM IIPUYNHOMN SBJISIETCSI pa3Has CKOPOCTb Ha-
pacTanus GIyopecueHIINY JJIsT Pa3JIMYHBIX MUKPOOP-
TaHMW3MOB B COUYETAHUY C PA3HBIMU OIPEAENITEMbIMU
y4YacTKaMU U TO, UYTO HYKJIEMHOBBIE KHUCJIOTHI HEXU3HE-
CIIOCOOHBIX MUKPOOPTAHU3MOB CIIOCOOHBI COXPAaHSITh-
¢ IIMTEeNIbHOE BpeMs 6e3 CyleCTBEeHHBIX U3MEeHEeHU
B o6pasiie (Lievens ans Tomma, 2005; Lopes et al., 2009;
Narayanasamy, 2011).

Kaaccuueckas ITIIP 1 ee BapuaHTbI

Ipunuiu TP 6611 oTKPHIT B 1980 1. 3a paspabo-
TaHHBIN B 1983 . MeTox uepes 10 jeT ero aBTop K. MioJi-
Jauc 6w11 ymoctoeH HobGeseBckoii mpeMuu. B ocHOBe
MeToza Kiaccuueckoi TP JeXUT IPUHIIUIT YTeHUS
HYKJIEMHOBBIX KMCJIOT. [Tom6mparoTcs IpaiiMephl U3 UC-
KyCCTBEHHO CUHTE3UPOBAHHOU M0CJIeI0BATEIbHOCTU
HYKJIEOTUJIOB TaKMM 06pa30oM, 4TOOBI B pe3yJIbTaTe pe-
aKIIUY MOYXHO OBIJIO JOCTOBEPHO aMIIIU(PUIIUPOBATH
1eseBoit pparmenT JHK. Kaxxabiii 13 ripaliMepoB KOM-
TJIEMeHTapEeH O HOM U3 LIeTIe} ABYIeTIOUeYHON MaTPU-
1Bl ¥ OTTPEAEISET HauaJio M KOHEL aMININ(PUILLUPYEMOTO
yudacTka. Heloporoii, 6bICTPbIN U JOCTATOYHO TOUHBIN
MeTOJ, OCHOBAH Ha BOCIIPOM3BEIEHUY 11eJIEBOr0 y4acTKa
B TEPMOIIUKJIEPE I10 3aJJaHHOI ITPOTrpPaMMe C UCITOJIb30-
BaHueM (epmeHTa JHK-mmonmuMepasbl. OUueHb BaXKHA
TOYHOCTB I10700pa IIpaliMepPOB, UMEIONUINX, KaK IPaBu-
Jio, pazMep oT 15 10 40 I1.H. ¥ CTIeI[UaJIbHO ITOA00PaHHBIX
TakK, YTOOBI COOTBETCTBOBATh yuacTkaM JHK-MutieHn.
O6Hapy’xeHMe yJyacTKa I1eJIEBOr0 pa3Mepa oA TBePIK/a-
eT HaJIMuyVe MUIIeHU B 00pasiie.

Peakiusg NpoxXoauT B TPU dTama:

1. JenaTtypanud. B mponecce peakjuu geHarypa-
uuu nBe enu JIHK, cBg3aHHbBIE BOOOPOLHBIMU CBA3SIMU
U ABIFI0IIECSd KOMIJIEMEHTAPHBIMU IDPYT APYTY, pas-
eS0T Ha Mapy OGHOLLEIIOYEeYHBIX TOJIMHYKIEOTULHBIX
MOJIEKYJ 3a CUET HarPeBaHUS [0 TEMIIEPATYP B AUaria-
30He oT 94 10 96 °C.

2. OTxwur. Ha BTOpoM aTamne IMpoOUCXOLUT CBA3BI-
BaHUE CUHTE3UPOBAHHBIX TPAWMEPOB C MOJTYUeHHBIMU
onHoueueunsiMu JJHK. Ha aToM 3Tame TeMIiepaTypbl
B aMIiudukaTope cHKawTcs 10 45-60 °C.

studied, it is impossible to determine the number of
viable and non-viable microorganisms in the sample
within the framework of this method. The main rea-
son is the different rate of fluorescence increase for
different microorganisms in combination with differ-
ent areas being determined and the fact that nucle-
ic acids of non-viable microorganisms can persist for
a long time without significant changes in the sam-
ple (Lievens ans Tomma, 2005; Lopes et al., 2009;
Narayanasamy, 2011).

Classical PCR and its variants

The principle of PCR was discovered in 1980. For
the method developed in 1983, its author K. Mullis
was awarded the Nobel Prize 10 years later. The clas-
sical PCR method is based on the principle of reading
nucleic acids. Primers are selected from an artificial-
ly synthesized nucleotide sequence in such a way that
the target DNA fragment can be reliably amplified as a
result of the reaction. Each of the primers is comple-
mentary to one of the strands of the double-stranded
matrix and determines the beginning and end of the
amplified region. An inexpensive, fast and fairly ac-
curate method is based on reproducing the target re-
gion in a thermal cycler according to a given program
using the DNA polymerase enzyme. The accuracy of
primer selection is very important; as a rule, they are
from 15 to 40 bp in size and are specially selected to
correspond to the target DNA regions. Detection of a
region of the target size confirms the presence of the
target in the sample.

The reaction has three stages:

1. Denaturation. In the denaturation reaction,
two DNA strands, linked by hydrogen bonds and com-
plementary to each other, are separated into a pair of
single-stranded polynucleotide molecules by heating
to temperatures in the range of 94 to 96 °C.

2. Annealing. At the second stage, the synthe-
sized primers bind to the obtained single-stranded
DNA. At this stage, the temperature in the amplifier
is lowered to 45-60 °C.

3. Synthesis. The final stage involves the synthe-
sis of a new DNA chain at a temperature of 72 °C. Syn-
thesis begins from the primer along the DNA chain.

Then all three stages (cycles) are repeated.

At each cycle, the target site is doubled, thus gen-
erating the reaction product (Antonova et al., 2011).

When performing classical PCR, the presence
or absence of the target site can be assessed by per-
forming electrophoresis in an agarose gel due to the
separation of reaction products. The two main disad-
vantages of the method are the duration of electro-
phoresis and the possibility of cross-contamination
of reagents and materials with amplification products
(Maurer, 2011, Kralik, Ricchi, 2017). Despite the addi-
tional time required for electrophoresis, the method
is faster than traditional cultivation. Ready results can
be obtained within a few hours.

The sensitivity and specificity of PCR are as-
sessed separately for each new primer system. Due
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3. CunrTes. Ha nocyiegHeM aTare nporucXogUuT CUH-
Te3 HoBoOU 1eniu JIHK nipu TemmniepaTtype 72 °C. CunTe3
HauyMHaeTCs OT ITpaiiMepa BaoJib enu JHK.

3aTeM Bce Tpu dTara (I1KJa) TOBTOPSAIOTCS.

Ha xa)x[1oM 1IMKJIe TIPOUCXOLUT Y BOEHME 11eJIeBO-
r'0 y4acTKa, TaKUM 06pa3oM HapabaTbIBAaETCS IPOLYKT
peakmuu (AHTOHOBA U Ap., 2011).

[Ipu ripoBeleHNY Kaaccruueckoi ITIIP MOXHO olie-
HUTB HAJINYWE UJIU OTCYTCTBUE LIeJIEBOr0 YUYacTKa C 10~
MOIIIbI0 MPOBEAEeHUS 3IeKTPodopesa B arapo3HoOM rejie
3a cuUeT pas3fiesieHus NPOLYKTOB peakluu. JIByMd oc-
HOBHBIMU HeJIOCTaTKaMU MeToJa CUUTAIOTCS JJIUTEb-
HOCTB IIPOBEMIEeHUS 3JEKTPOPOpPe3a U BO3MOXKHOCTD
IepeKpPecTHOTO 3arpsa3HeHUs PeaKTHBOB U MaTepua-
JIOB mpomyKkTamMu amrindukanuu (Maurer, 2011; Kra-
lik, Ricchi, 2017). HecMOTps Ha IOTIOJHUTEbHOE BpeMs
Ha IIpoBeJieHYie BJIeKTpodopesa, MeTo I, ABJIsIeTcs 6oyee
OBICTPBIM, UEM TPAIUIIMOHHOE KyJIbTUBUPOBaHME. ['0TO-
BbI€ Pe3yJIbTAaThl MOT'YT ObITH ITOJIyUYE€HbI B TeUEHUE He-
CKOJIbKMX YaCOB.

UyBCTBUTEIBHOCTD U crieliuruuHocTh [11IP otieHu-
BaeTCs B KAXKIOU HOBOM ITpaliMepHOI CUCTEME OTIEeJb-
HO. MI3-3a TOT'0 UTO ITPU IIPOBEIEHNY KjlaccruuecKkoi ITLIP
MOXXET BO3HUKHYTbh MHTUOUPOBaHUE PeaKIuu, B HEKO-
TOPBIX CJAy4YasdX BO3MOXXHBI JOKHOOTPHUILATEJIbHBIE
pesyabTaThl. K HeocTaTKaM MeTOLa OTHOCAT: HEBO3-
MOYXHOCTD Pas3jIMUUTD KU3HECIIOCOOHBIE U HEXU3HE-
CcTIocOOHbBIE KJIETKY, HEBO3MOXXHOCTh O HOBPEMEHHOT'O
MOVCKa HECKOJIbKMX aTOTeHOB U, YTO caMOe Ba)KHOE,
HEBO3MOXXHOCTb aMIITU(DUIIUPOBATH I1eJIEBbIE YUACTKY,
obmue ajis Bcex PHK-Bupycos. [To 3TOM IpuYrHEe BO3-
HUKJIa He0OXOLUMOCTh YCOBEPIIEHCTBOBAHUS MEeTOAa
ns uneHTuguKauy maroreHoB pactenuii (Lopes et
al., 2009).

IIIIP B peaJibHOM BpeMeHU

TP B peanbHOM BpeMeHnwu, [1IIP-PB (qPCR), uc-
TI0JIb3YET Te JKe caMble TIOAX0bI, UTO U B KJIACCUYECKOM
[11IP. I]esleBOY yUacTOK aMIIN(MDULIMPYETCS 38 CUET U3-
MeHEeHUS TeMIIepaTypbl pabouell cMecH, BKIIIOUAOIIel
nojauMepasy u mpaliMepsl K I1eJIeBOMYy yUacTKy. Pas-
HULIA MEeXAY 3TUMU MeTOlaMU 3aKJII0UaeTcd B TOM,
4YTO 3a cUeT M06aBJIEHUS B PeaKIINi0 KPaCUTeNsI UIUu
30HJIOB TTOSIBJISIETCS BO3MOXXHOCTh PETHUCTPUPOBATH
€ero cBeueHue B rpoliecce nposefeHus [11IP. B otnuyue
OT KJIACCUYECKOT'0 METO/Ia, TTI03BOJIAIONIETO OIleHBATh
pes3yJbTaThl TOJBKO O KOHEUHOUN TOUKeE, TIOSIBJISIETCS
BO3MOXHOCTb OIIPEJIEIUTD KOJINYECTBO IIPOAYKTA I10CIe
Kaxxgoro nukjaa (Shen, 2019). B kauecTBe KpacuTes
yaiie Bcero ucnoybayeTcsd SYBR green, HaJle)KHBIN U [10-
CTYITHBIY 10 CTOUMOCTH. TaKXe MOXXHO JOTIOJTHUTEIb-
HO OLIEHUTB MPOIIECC, JOTIOJHUB IPOrpaMMy aHaJIM30M
KPUBBIX TLJIaBJeHUs. [IpUHIUIBI ¥ METOMAbI ITombopa
npauMepoB njs nposemeHusd [NLIP-PB, a Tak)ke MeTO-
IIbI OIIeHKY Io06paHHbIX TIPaliMepPOB Ha CETOIHSIII-
HUM IeHb MIUPOKO U3BECTHBI M aKTUBHO IIPUMEHSIOTCS
B 00J1acTU JeTeKIny (UTOIIaTOreHOB, HallpuMep s
OIpe/ieJIEHNs TaTOTEHOB 3JaKOBBIX KyJIbTYp (Slovareva
et al., 2024). 3HaUUTEJIbHBIM IPEUMYIIECTBOM JJAHHO-
T0 METOJA SIBJISIETCS BO3MOXXHOCTDb IIPUMEHEHUS MYJIb-
TUTLJIEKCHOU peakIivy, OCHOBAHHOM Ha mob6aBIeHUU
K mpaiiMepaM (payopeciieHTHBIX 30HI0B. I[locTaHOBKA
MYJIBTATIJIEKCHOY PeaKI My M03BOJISIET NEeTEKTUPOBATh
OJITHOBPEMEHHO HECKOJIbKO OPTaHMU3MOB, Pa3fieadaTh
OGJIM3KOPOACTBEHHBIE BUIBI W/WUIU MITaMMBI. JIJIS TIPO-
BeJIeHUS MYJIbTUILJIEKCHON PEaKIIUM CYIIEeCTBYET DS,

to the fact that inhibition of the reaction may occur
during classical PCR, false negative results are pos-
sible in some cases. The disadvantages of the meth-
od include: the inability to distinguish between viable
and non-viable cells, the inability to simultaneously
search for several pathogens and, most important-
ly, the inability to amplify target regions common to
all RNA viruses. For this reason, there was a need to
improve the method for identifying plant pathogens
(Lopes et al., 2009).

Real-time PCR

Real-time PCR, qPCR, uses the same approach-
es as classical PCR. The target region is amplified by
changing the temperature of the working mixture,
which includes polymerase and primers to the tar-
get region. The difference between these methods
is that by adding a dye or probes to the reaction, it
becomes possible to record its glow during the PCR
process. Unlike the classical method, which allows
you to evaluate the results only at the end point, it
becomes possible to determine the amount of prod-
uct after each cycle (Shen, 2019). SYBR green is most
often used as a dye, it is reliable and affordable. You
can also further evaluate the process by supple-
menting the program with melting curve analysis.
The principles and methods of selecting primers for
real-time PCR, as well as the methods for evaluat-
ing the selected primers, are now widely known and
are actively used in the field of phytopathogen detec-
tion, for example, to determine pathogens of cereal
crops (Slovareva et al. 2024). A significant advantage
of this method is the ability to use a multiplex reac-
tion based on the addition of fluorescent probes to
primers. Setting up a multiplex reaction allows you
to simultaneously detect several organisms, sepa-
rate closely related species and / or strains. There
are limitations for carrying out a multiplex reac-
tion: in the amplified region, the objects of study
must have differences in nucleotide composition or
length. Probes, due to their greater specificity com-
pared to SYBR Green and other dyes, release a fluo-
rophore only when binding to the target fragment.
TagMan probes are most often used to create multi-
plex systems. Modern devices allow you to simulta-
neously determine 4-6 glow variants and record data
in real time. For example, the method was adapted
for the detection of Erwinia amylovora and allows for
high-precision differentiation of several target ob-
jects with similar symptoms or having common host
plants (Svircev et al. 2009).

The main obstacle to the use of probes is their
cost and complexity of selection. The more probes are
added to the test tube, the higher the probability of a
non-specific reaction (Mirmajlessi et al., 2015). An-
other important advantage of the method is the ability
to determine the number of amplified regions initially
present in the sample. Their number in the sample is
determined mathematically, based on the deviations
of the obtained curve from the standard (reference
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OrpaHMYeHUN: Ha aMIIU(UIITPOBAHHOM YYaCTKe 00b-
€KThI CCJIeIOBAHUS JOJKHBI MMETh Pa3Indys B HyKJIe-
OTHUIHOM COCTaBe WJIM OJINHE. 30HIbI 3a CUET OOJIBbIIEH
crieu(MIHOCTH 10 cpaBHeHUIO ¢ SYBR Green u gpyru-
MU KPaCUTEISIMU BbICBOOOXKIAIOT (PJIF00POdOP TOJHKO
TIPY CBSI3BIBAHUM C IIeJIEBBIM (pparMeHTOM. Yalie BCETO
LIS CO3MAHUS MYJIbTUILJIEKCHBIX CUCTEM ITPUMEHSIIOT-
¢ 30HAbI TagMan. CoBpeMeHHbIe TPUOOPHI IT03BOJISIOT
OOHOBPEMEHHO OIIPENeNITh 4—6 BApUAHTOB CBEUEHUSI
U B peXXUMe peajbHOTO BpeMeHU (UMKCHUPOBATh JaH-
Hble. Hampumep, MeTo, ObLI afalTUPOBAH I LETEK-
uum Erwinia amylovora u 103BOJISIET C BBICOKOM TOY-
HOCTBIO IV dePEHIIMPOBATh CPa3y HECKOJIbKO IeJIEBBIX
00BEKTOB CO CXOAHBIMU CUMIITOMaMU WX UMEUIUX
obmue pacteHus-xo3sena (Svircev et al. 2009).

[JIaBHBIM MIPETITCTBUEM [JIJIST MCTIONb30BaHUS 30H-
IIOB SIBJISIETCSI X CTOMMOCTD U CJIOXKHOCTB IToz0opa. YeM
6oJIbIIIe 30HIOB L00ABJISIETCS B IPOGUPKY, TEM BhIIIE Be-
POSTHOCTB Heclenuduyeckon peakiuy (Mirmajlessi et
al., 2015). Enie oqHUM Ba)KHbIM ITPENMYIIIECTBOM METO-
Ila SIBJISIeTCS BO3MOXKHOCTB OIIpeeJIeHNS KOJIMYeCcTBa
aMIIUDUITUPYEMBIX YUaCTKOB, HAXOAAIIUXCSA B 06pas-
1le M3HavaJIbHO. VX 4ncjo B 00paslie oIpeaessieTcs
MaTeMaTU4YeCKU, OCHOBBIBASICh HA OTKJIOHEHUSX TIOJTY-
YEeHHOU KPUBOM OT CTaHJAPTHOM (3TAJIOHHON KPUBOM).
TOYHOCTH PACUETOB IIOATBEPXKIAETCS KIACCUUECKUMU
MeTomaMu pasBemeHuit (Simon G. et al., 2002; Shen,
2019; Rajagopal et al., 2019).

Iudposas IILIP

PaccmoTpeHHasa paHee konuvecTBeHHad 1P gaB-
JISIeTCS OCTAaTOYHO COBEPIIEHHBIM METOJIOM, HO CyIlle-
CTBYET €T0 MOJIEPHU3UPOBAHHAS BEPCUS, TOJy YN BIIAS
HasBaHUe «Iupposas KaneabHas [TLIP» (ddPCR). 9ToT
MEeTOJ, 3a CUeT pa3BeleHUl, pa3lesdiiux obpaserl]
Ha 6GOJIbIIIOE KOJMYECTBO OTAEIbHBIX 00pa31ioB (0KO-
J0 20 000 kameJib), ITIO3BOJISET CHeJaTh aHaJau3 6ojee
TOYHBIM 10 CpaBHEeHMIo ¢ oO0biuHOu ITIIP (Hindson et
al., 2011; Zhao et al.,, 2016). ;g pasmesieHus peak-
IIMOHHOM CMecH, TaK)Ke Ha3bIBA€MOU 3MYJIbCHUOHHOU
nudposoti I[P, ucmoib3yeTcs MPUHITUII CO3LaHUSI MO-
HOJIVMCIIEPCHBIX KarleJb Boja/Macyo. s moaydeHus
KarleJib MOYXHO MCITOJIb30BAaTh MPUHIUIT T-06pasHOM
WHBEKIIUY, METOJ, CTPYU WU METOJ] UCIIOJIb3YIOIIUI
ILJIs paszesieHus obpasila mapuku rumgporens (Jlebeme-
Ba 1 Ap., 2024). MeToz, ITOJIyYMJI CBOE Ha3BaHUE 33 CUET
IeTeKIINU HaJUYUs WM OTCYTCBUS CUTHAJA, pe3ysbTa-
ThI KOTOPOTO CXO0XKM C JBOMYHBLIM KOZOM. PazBemeHue
o6pasiia AOJIKHO OBITH IMOJ06PaHO TakKMM o6pasom,
4yTOOBI B TUelike oKasajiach omgHa JHK-MaTpuiia. Eciau
IOHK-MaTpuIia okazajach B sYeiiKe He OfHA, TO PE3YIIb-
TaThl MOTYT OBITh CKOPPEKTUPOBAHBI CTATUCTUUYECKUM
meTtozmoM Ilyaccona (Hayden et al., 2013). Jlo6aBieHre
WHTEPKATUPYIIIUX KpacuTenaed u GpayopecueHTHBIX
30HI0B TI03BOJISIET OITPEEATh HAJIMUYYE Y UHTEHCUB-
HOCTb peakiiuu. duyopecueHug ukcupyeTcs npu
ITOCJIEIOBATEJIBHOM ITPOITYCKAHUY KalleJib Yepe3 Mu-
KpodronaHyio cuctemy rmprbopa (Hoshino and Inagaki,
2012; Chen et al., 2021).

CyliecTBEHHBIMY MTPEUMYIIECTBAMU METOMA SIB-
JITIOTCS: 9KOHOMUYHBIN PAcXol, peaKTUBOB 1 MaJjioe KO-
JINYECTBO IMOCTYIAIOIEro Ha UCcleJoBaHue ob6pasiia,
YCTOMYMBOCTD K IIPUMECSIM, KOTOPbIe MOTEHIIUAIBHO
MOTYT MHTrHO6MpPOBaTh peakiiuio 1P, oTcyTcBUe HEOO-
XOJIVMOCTHU CTaHIAPTHOM KPUBOM [IJIsI IPOBEIEHUS KO-
JryecTBeHHOro a”anu3sa (Taylor et al., 2017).

curve). The accuracy of the calculations is confirmed
by classical dilution methods (Simon G. et al. 2002;
Shen, 2019; Rajagopal et al., 2019).

Digital PCR

The previously discussed quantitative PCR is
a fairly advanced method, but there is a modern-
ized version called digital droplet PCR (ddPCR). This
method, due to dilutions that divide the sample into
a large number of individual samples (about 20,000
droplets), allows for more accurate analysis compared
to conventional PCR (Hindson et al., 2011; Zhao et al.,
2016). To separate the reaction mixture, also called
emulsion digital PCR, the principle of creating mono-
disperse water/oil droplets is used. To obtain droplets,
you can use the T-shaped injection principle, the jet
method, or a method using hydrogel beads to separate
the sample (Lebedeva et al., 2024). The method got its
name due to the detection of the presence or absence
of a signal, the results of which are similar to a binary
code. The sample dilution should be selected in such
a way that one DNA matrix is in the cell. If there is
more than one DNA template in the cell, the results
can be corrected using the Poisson statistical meth-
od (Hayden et al., 2013). The addition of intercalating
dyes and fluorescent probes allows one to determine
the presence and intensity of the reaction. Fluores-
cence is recorded by sequentially passing droplets
through the microfluidic system of the device (Hoshi-
no and Inagaki, 2012; Chen et al., 2021).

The significant advantages of the method are:
economical consumption of reagents and a small
amount of sample received for study, resistance to im-
purities that can potentially inhibit the PCR reaction,
no need for a standard curve for quantitative analysis
(Taylor et al., 2017).

Isothermal amplification of nucleic acids

Diagnostic solutions used to detect pathogens
using molecular methods are in high demand, but
there is an even greater need for solutions that can
be used in non-laboratory settings, in fields, and in
protected soil conditions. The effectiveness of plant
disease control directly depends on the ability to di-
agnose on-site and its speed. The use of isothermal
amplification of nucleic acids allows us to reduce the
requirements for DNA quality and conduct research
without the use of bulky amplifiers used for gPCR. In
the field, it is enough to use heating elements, sim-
ple devices that are much less bulky than an amplifier
(Ivanov et al., 2021; Lau and Botella, 2017).

The use of the isothermal amplification method,
despite the existing limitations, allows you to quickly
and accurately identify phytopathogens, which helps
not only to control them, but also prevents the spread
of pests.

LAMP isothermal amplification

The principle of loop-mediated isothermal am-
plification (LAMP) has found wide application in
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H3oTepMuUecKas aMIuInpuKaIus
HYKJIEMHOBBIX KHCJIOT

JlmarHocTuYecKre pelleHus, NCII0JIb3yeMble AJIs
IeTeKIMY TaTOTeHOB MOJEKYIIPHBIMU METOLaMH,
IIKXPOKO BOCTpPeboBaHbI, HO ellle 6ojiee ocTpas He0b-
XOIVMOCTh BOBHUKAET B PENIEHUAX, KOTOPbIE MOXXHO
PUMEHSATb BO BHEJIAO0PATOPHBIX YCIOBUAX, HA TTOJISIX
U B YCJOBUSX 3alUIEeHHOTr0 rpyHTa. OT BO3MOXXHO-
CTU NIUArHOCTUKYM HA MECTE U €€ CKOPOCTY HAIIPSIMYIO
3aBUCHUT 3(pPeKTUBHOCTEL 6GOPBHOBI C 6OJIE3HAMU pacTe-
HUU. Vcoib30BaHUS U30TEePMUUYECKON aMIlIuduKa-
UM HYKJEUHOBBIX KUCJIOT TTO3BOJISET CHU3UTH TPe-
6oBaHUS K kKauecTBY JHK 1 TpOBOAUTH MCCIEIOBAHUSI
06e3 MCIIOJIb30BAHUS IPOMO3IKUX aMIIN(UKATOPOB,
ucnonb3yeMbIx ajig gPCR. B m1oyieBbIX yCIOBUAX LOCTA-
TOYHO MPUMEHSITh HarpeBaTeJIbHbIEe 3JI€MEHTHI, ITPO-
CThIE YCTPOMCTBA, TOPa30 MeHee TPOMO3KIeE, YUeEM aM-
miadukaTop (MBaHOB 1 ip., 2021; Lau and Botella, 2017).

Vicrob30BaHME METOIA U30TEPMUUECKON aMIIIU-
¢ukanuu, HeCMOTPS Ha CYIeCTBYIOIIe OTPAHUYEHNUS,
TI03BOJISIET OBICTPO ¥ TOUHO OMIPEIENIATh (DUTOIIaTOTEHBbI,
YTO IIOMOTAET He TOJbKO 60POTHCS C HUMU, HO U TIPE-
yIIpeXxaaeT pacIpocTpaHeHe BpeqHbIX OPTaHU3MOB.

LAMP u3zoTrepMuueckasi aMIIu(puKanusa

[TpUHIIUT eTJIeBON U30TepMUUYECKON aMIInudu-
kanuu (LAMP) Hamiea mIMpoKoe MpUMeHeHNe B CEJlb-
CKOM XO034MCTBe U MeIUIINHEe KaK HaJe)KHbIX U JJoCcTa-
TOYHO YYBCTBUTEJIbHBIN IM0JeBOU U JlabopaTOPHBIML
meTon (3y6uk u ap., 2021). lnsg mpo6omonroToBKY,
TaKXe KaK U JJid IPYruX PacCMOTPEHHBIX METO OB,
obGpasell JoJKeH ObITh 0TOOpPaH, TOMOTEHU3UPOBAH
¥ JU3UPOBAH IJisg BeicBOOOXKmeHMs JHK. ToMoreHu-
3alUs BIIOJIHE YCIENIHO MOYKET IIPOXOIUTh B OJIEBBIX
YCJIOBUSX C TIOMOIIbI0 MEXaHUUECKOTO pa3pylieHus
KJIETOK B o6pa3siie. [Tociie Uero >kejiaTeJIbHO JOIIOJIHU-
TEJIbHO JU3UPOBATD KJIETKU IJIS YBEIUUEHUS UTOTOBOM
KOHIIEHTPAIlUU HYKJIEWHOBBIX KUCJOT. [I[puMeHeHUe
TOTOBBIX KOMMEPYECKUX HAaGOPOB TTO3BOJISIET ITOJYIUTh
JHK, npurogHyoo 4J4 peaklMy B TEUeHUHU Yaca, cama
peaxiius Toxe 3aHUMaeT OKOJIO Yaca, UTO SIBJIeTCs J10-
CTAaTOYHO GBICTPBIM U IPUEMJIEMBIM JJIs aHaJIMU3a pac-
TEeHVH Ha (QUTOMATOTeHbI B TTOJIEBBIX YCI0BUSX ([vanov
et al., 2021). OCHOBHO€E OTJIMUYME COCTOUT B TOM, YTO
IIPY UCIOJb30BaHMUU MeToga LAMP TpebyeTcs yeTbipe
npaiiMepa: IBa rpaliMepa, B pe3ybTaTe peaKkiuu 06-
pasylolye meTiio (UTo Jaji0 Ha3BaHUEe STOMY METO.LY),
¥ 1apa mnmpanuMepoB, KOTOPble OYAYT UCIIOJIb30BATHCS
JIJIsT BBITECHEHUS TI0JIyYaeMbIX IeIleil, a TakoKe TOJIN-
Mepasbl. Hanpumep, Bst JTHK-mosinMepa3sa — 60JIbI0H
¢parment JHK-nonumepasst Bacillus stearothermophilus
(monmunenTtun pasMepom 67 klla). ®epMeHT obJyiagaeT
5’-3’ moJiMMepa3HoO aKTUBHOCTbIO, HO He UMeeT 5’-3’
u 3’-5’ 9K30HYKJIEa3HBIX AaKTUBHOCTEHN. 3a CUET CUJIb-
HOI BBITECHSAIONEN akTuBHOCTHU Bst JIHK-mmosimmepa-
3a MOXeT ObITh UCIOJb30BaHA [IJig TIPOBEeHUS U30-
TepMaJbHON aMILIN(PUKAIIUY, B TOM YKCJIe IIeTIEBOM
n30TepMaibHOU amMIiudukanuy LAMP. TTonuMepasa,
6iaromaps moJimMepasHoll akKTUBHOCTU, GOPMUPYET
onpHouenoueunyw JHK. 3a cueT KOMINIMMEHTAPHOCTU
BHYTPEHHUX ITPaiiMepoB 06pa3yeTcs MeTaeBast CTPYKTY-
pa, o hopMe HarloOMUHAOAs raHTelb. BHOBb 06pa30-
BaHHBIE CTPYKTYPHI B OpMe TAHTENU CITY>KAT YIOOGHBIM
00BEKTOM [IJIg TIPOBEeAeHUS aMIIIupuKaumu. Pesynb-
TaTOM Ipollecca aMIIUuPUKAIUN IBJISIOTCS IJIUHHbIE
KOHTUTHU, KOTOPbIE MO3BOJISAIOT UAEHTUPUIINPOBATH

agriculture and medicine as a reliable and sufficient-
ly sensitive field and laboratory method (Zubik A. et
al., 2021). For sample preparation, as well as for oth-
er methods considered, the sample must be collect-
ed, homogenized and lysed to release DNA. Homog-
enization can be quite successfully carried out in the
field by mechanically destroying the cells in the sam-
ple. After which, it is advisable to additionally lyse
the cells to increase the final concentration of nucle-
ic acids. The use of ready-made commercial kits al-
lows you to obtain DNA suitable for the reaction with-
in an hour, the reaction itself also takes about an hour,
which is fast enough and acceptable for analyzing
plants for phytopathogens in the field (Ivanov et al.,
2021). The main difference is that the LAMP method
requires four primers: two primers that form a loop
in the reaction (which gives the method its name), a
pair of primers that will be used to displace the result-
ing strands, and a polymerase. For example, Bst DNA
polymerase is a large fragment of Bacillus stearother-
mophilus DNA polymerase (a 67 kDa polypeptide). The
enzyme has 5’-3’ polymerase activity, but lacks 5’-3’
and 3’-5’ exonuclease activities. Due to its strong dis-
placement activity, Bst DNA polymerase can be used
to perform isothermal amplification, including looped
isothermal amplification (LAMP). The polymerase,
due to its polymerase activity, forms single-stranded
DNA. Due to the complementarity of internal prim-
ers, a loop structure is formed, resembling a dumb-
bell. The newly formed dumbbell-shaped structures
serve as a convenient object for amplification. The
result of the amplification process are long contigs,
which allow for the identification of microorganisms
and the detection of pathogens (Craw and Balachan-
dran, 2012; Becherer et al., 2020). The reaction is car-
ried out at a constant temperature of 60—65 °C, usual-
ly for 30 to 40 min, and varies slightly depending on
the primers used and the size of the region. Also, the
analysis time can be reduced by selecting two addi-
tional primers for the dumbbell loops, creating addi-
tional sites for the polymerase to work. The results of
the loop amplification are assessed using tradition-
al electrophoresis, the fluorescence method of dyes,
probes, or by assessing turbidity (Mori et al., 2001;
Craw and Balachandran, 2012).

Recombinase polymerase amplification

Recombinase polymerase amplification (RPA) is
another alternative to classical PCR developed in the
UK. This method involves the use of DNA recombi-
nase, primers, single-stranded DNA binding proteins,
and strand-displacing polymerase (Piepenburg et al.,
2006). The main advantage of the method is that the
reaction occurs at temperatures of 37—-42 °C. Formal-
ly, the reaction can be carried out at normal ambient
temperature, but this will require significantly more
time. Another significant advantage is the ability to
detect not only DNA but also RNA when adding re-
verse transcriptase directly to the reaction mixture,
eliminating the need for cDNA synthesis. The ability
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MUKPOOPTAaHU3MBI U OTIPeNeNIUTh rmaToreHs! (Craw and
Balachandran, 2012; Becherer et al., 2020). Peaxius
IIPOBOAUTCS IIPU MOCTOSTHHOU TeMnepaType 60-65 °C,
Kak npasuiio oT 30 7o 40 MUH, U HE3HAUUTEJILHO Ba-
pbUPYeTCs B 3aBUCUMOCTU OT UCIIOJb3yEMBIX IIpaiiMe-
POB 1 pa3Mepa yJyacTKa. Takyke BpeMs aHaIM3a MOXKET
OBITH YMEHBIIEHO ITPY T0A60PEe MBYX MOMOJHUTEIbHBIX
npaniMepoB AJis TeTeNIb TaHTeJIu, CO3/IaBas JOIIOJIHU-
TeJIbHbIe YYAaCTKU PaboThl TTOIUMepasbl. Pe3yabTaTsl
TIPOBENIEHHOM TeTJIeBON aMIIIM(pUKAIIUY OI[€HUBAIOT-
Cs C UCTIOJIb30BAaHUEM TPAIUIIMOHHOTO0 3JIeKTpodope-
3a, MeTo/I0M (hJTyOpPeCIeHIINY KPACUTeJIeH, 30H/I0B UJIX
C TTOMOIIbIO OLleHKM MyTHOCTH (Mori et al., 2001; Craw
and Balachandran, 2012).

PexoMOUHa3Hasa MOJIUMEPa3HAS
ammInukanus

PexoMbuHa3Has MoJauMepasHas aMILIN(UKALIISI
(RPA) mipexncTaBiisieT cob0U ele OfHY albTePHATUBY
kjlaccuueckoi TP, pa3paboTaHHyio B Belukoopura-
HUU. ITO METO/I, KOTOPhIHM BKJIIOUYAET UCI0JIb30BaHUE
IOHK-pexoM6uHa3bl, IpaliMepoB, 6€JIKOB, CBI3bIBAIO-
mux ogHoLenovyeunyw JHK, u nmomumepassl, cMela-
oulelt nenouku (Piepenburg et al., 2006). OCHOBHBIM
MPEenMYyIIeCTBOM METO/Ia ABJISIETCS IIPOTEeKaHWe pea-
nuu 1pu TeMieparypax 37-42 °C. ®opMajabHO MOXHO
ITPOBOJUTH PEAKIINIO U TIPY HOPMAJIBHOM TeMIIepaTy-
pe oKpy’karolnel cpeibl, HO JIJIs 3TOr0 MoTpebyeTcs
3HAUYUTEJIbHO 60Jibllle BpeMeHU. Ellle OJHUM Cylie-
CTBEHHBIM MPEUMYIIECTBOM SBJISIETCSI BO3MOXXHOCTh
npu no6aBieHUY 06pPaTHON TPAaHCKPUIITA3bl HEIIO-
CPEJICTBEHHO B PEaKIIMOHHYIO CMECh IeTEKTUPOBATH
He Tosibko JHK, HOo u PHK, uTO n36aBiseT OT Heo6X0-
numocTu cuHTesa KIHK. BoaMoxxHOCTb pa6oThl ¢ PHK
OuYeHb Ba)KHa IIpU paboTe C pacTUTEJIbHBIM MaTepua-
JIoM. B rrpoiiecce aMIinuKauy peKkoMOHa3bI B3au-
MOJIEMCTBYIOT C IpaiiMepaMu, COBMEMIASCH C IIeJIeBOM
MTOCJIEIOBATEJIbHOCTBI0. [I1p1 06GHAPY)XEHUU 11€JIEBOTO
y4YacTKa CBSI3aHHbIE TIpaiMep U peKoMOMHAa3a coeu-
HATCS C KOMILJIEMEHTAPHBIM y4acTKoM. [TonuMepasa
IpU CMelleHUU LellyX HapalluBaeT rumOpUIu30BaH-
HBIU nipatiMep. [Ipolecc MpoTeKaeT B ABYX HAIIPBIeE-
HUSAX, 32 CUET Yero MPOoUCXOAUT ObicTpasd aMIIudu-
Kaius meyeporo yuactka (Li et al., 2018; Lobato and
O’Sullivan, 2018). AMIIn(UKAIINA IIPOUCXOIUT OUEeHb
OBICTPO U JOCTAaTOUYHOE KOJMUYECTBO ITPOAYKTA MOXKET
OBITh HapaboTaHo B TeueHune 20 MUH. [IJIs OLIEHKU pe-
3yJIbTATA 110 KOHEYHOU TOUKE TPALUIIMOHHO UCIIOJb3Y-
eTcs MeToJI 3JieKTpodopesa B arapo3HoM reje. Takxe
MO’KHO HCITO0JIb30BaTh (QJIYOPECII€HTHBIE 30HIbI JJIs
OlLleHKM B peayibHOM BpeMenu (Li et al., 2018; Lobato
and O’Sullivan, 2018).

T'uGpuaAN3aIMOHHbIE MATPUILBI

B ocHOBe MeTo/ia TMOPUAM3AIIUY JIEXKUT CBI3bI-
BaHue omHolenoyeunout JHK/PHK c koMmieMeHTap-
HOM TIOCJIeZIOBATEJbHOCTHI0 (30HIOM) I10 TIPUHIIUITY
Yotcona-Kpuka (A-T, G-C). EC/u UCIIOJIb3YIOTCS 30HIbI,
nomobpaHHble TAKUM 06pas3oM, UTOOBI CBSA3bIBAThCS
C LIeJIeBBIM YYaCTKOM IaToreHa, To (pyopodop BEICBO-
60oKIaeTcs, T03BOJISIS OTIPEIEIUTD HAJIMUKe ITaToreHa
WUJIU €T0 OTCYTCTBUE, ECJIA PEAKIIWS He IIPOUCXOLUT.

V3BeCTHBI HECKOJIBKO TUIIOB METO/IOB, UCIIOJIb3YI0-
IUX YKa3aHHbIE TPUHIIUIIBI TUOPUIN3ATINH.

CayszepH-6sotunr (JHK) — meTeknus crenudu-
yeckux ¢pparmeHToB JIHK mocine amekTpodopesa.

to work with RNA is very important when working
with plant material. During the amplification pro-
cess, recombinases interact with primers, combining
with the target sequence. Upon detection of the tar-
get region, the bound primer and recombinase will
combine with the complementary region. The poly-
merase extends the hybridized primer during strand
displacement. The process occurs in two directions,
resulting in rapid amplification of the target region (Li
etal., 2018; Lobato and O’Sullivan, 2018). The amplifi-
cation occurs very quickly and a sufficient amount of
product can be produced within 20 min. Agarose gel
electrophoresis is traditionally used to evaluate the
endpoint result. Fluorescent probes can also be used
for real-time evaluation (Li et al., 2018; Lobato and
O’Sullivan, 2018).

Hybridization matrices

The hybridization method is based on the bind-
ing of single-stranded DNA/RNA to a complementa-
ry sequence (probe) according to the Watson-Crick
principle (A-T, G-C). If probes are selected in such a
way as to bind to the target site of the pathogen, the
fluorophore is released, allowing the presence of the
pathogen to be determined or its absence if the reac-
tion does not occur.

There are several types of methods using the
above hybridization principles.

Southern blotting (DNA) is the detection of spe-
cific DNA fragments after electrophoresis. Northern
blotting (RNA) is the analysis of gene expression via
RNA. Dot blotting is the point application of samples
to a membrane without electrophoresis. Microarrays
(DNA chips) allow high-throughput analysis of thou-
sands of genes simultaneously.

But the most interesting for the purposes of
working with plant material are hybridization matri-
ces. The matrix is a solid-phase support (for example,
anylon membrane or a glass chip) onto which probes
are applied. This design allows for the simultaneous
detection of many pathogens, the possibilities are
practically unlimited (Thies, 2015).

Array-based methods, such as the Luminex sys-
tem, a high-tech platform for the simultaneous detec-
tion of multiple biomolecules (DNA, RNA, proteins,
antibodies) in a single sample, involve the immo-
bilization of multiple probes to capture specific se-
quences on a solid support. The system is based on a
combination of hybridization arrays and coded bead
cytometry (Narayanasamy, 2011). These assays use
the principle of reverse hybridization, in which the
target DNA is labeled instead of the probes. The tar-
get can be labeled using enzymes, radioisotopes, or
fluorescence. The sample DNA is isolated and ampli-
fied with universal genes, and the recognized regions
are labeled using one of the specified methods. The
amplification products are then hybridized on a solid
support with oligonucleotides. The amplicon-labeled
regions indicate the sequences of which pathogens
were detected in the sample.
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HozepH-6moTunr (PHK) — aHaau3 3KCIIpeccuu TeHOB
yepes PHK. IoT-6JIOTUHT — TOUeUHOEe HaHeceHue 00-
pas1ioB Ha MeMGpaHy 6e3 ayeKTpodopesa. MUKPOUUTIBI
(OIHK-YMITBI) TTO3BOJISTIOT OCYIIECTBJISITh BHICOKOITPOU3-
BOIUWTEJIbHBIN aHAJIM3 ThICSIY F€HOB OJHOBPEMEHHO.

Ho mamGojiee MHTEPECHBIMU IJIs Iejiell paboThl
C PACTUTEJIbHBIM MaTEPUAJIOM ABJISIOTCS rU6pUAN3aII-
OHHbIe MaTPUIIbI. MaTpuila — TBepHodasHas IOIJI0KKa
(mampumep, HelJIOHOBasA MeMOpaHa WKW CTEKJITHHBIA
YUII), Ha KOTOPYIO0 HaHeCeHbl 30Hbl. Takas KOHCTPYK-
1IYsI TI03BOJISIET OLHOBPEMEHHO OGHAPYKUBATh MHOXKE-
CTBO ITIaTOT€HOB, BO3MOXKHOCTY MPaKTUYECKU He orpa-
Huuens! (Thies, 2015).

MeToabl, OCHOBaHHbLIE Ha MaTpPUIAX, HAIIPUMED
cucteMa Luminex — BBICOKOTEXHOJIOTMYHAS IIJaT-
¢opmMa AJisT OMHOBPEMEHHOTO IeTEKTUPOBAHUS MHO-
skecTBa 6uomosiekysn (JJHK, PHK, 6esiKOB, aHTUTEJ)
B OOHOM 00pasile, IpeAIoarailoT UMMOOUIN3aIINI0
MHOYXeCTBa 30H/IOB /JI 3aXBaTa CIEIUQPUUHBIX I10-
clenoBaTeIbHOCTEN Ha TBEPIOU IOIJI0XKeE. B ocHOBe
CHCTEMBI JIEXKUT KOMOMHAIUSA THOPUAU3aIIMOHHBIX Ma-
TPUIL ¥ IUTOMETPUM C KOJMPOBAHHBIMY MUKpPochepa-
mu (Narayanasamy, 2011). B Takux aHaInU3ax UCIIOIb3Y-
eTCs IPUHITUII 00paTHOM r'ubpuau3aui, IPU KOTOPOM
IoMeyvarwTcs He 30HA4bI, a HeaeBag JHK MuinieHb. Mu-
IIeHb MOXET ObITh IIOMeYeHa C IIOMOIIbI0 (DEPMEHTOB,
panmounsoToroB unu Gayopecnennuu. JHK obpasia
BBIZIEJIIETCS U aMILTU(PUITMPYETCS C YHUBEPCAJIbHBIMU
reHaMu, paCcrOo3HaHHbIE YYACTKY [IOMEYAKTCS OJHUM
13 YKa3aHHBIX CIIOCOO0B. 3aTeM MTPOAYKTHI aMILIUpU-
Kalluy Ha TBEPIOU IOJI0XKKe TMOPUAN3YIOTCS C OJIU-
TOHYKJIEOTUIAaMU. MeueHHble aMILINKOHOM YYaCTKU
YKa3bIBaIOT IOCJIEL0BATEIbHOCTH, KaKUe MaTOTEHbI
OITpeIeINIVCh B 00pasiie.

CucteMbl 06Hapy keHUs Ha ocHoBe CRISPR-Cas

CuCTeMBI IeTeKIINY, OCHOBAHHbBIE Ha ITPUIIEIIEM
U3 reHOMHOr0 pegaktupoBaHud Mmetonie CRISPR-Cas,
06J1a/1a10T BBICOKOM YyBCTBUTEJIBHOCTHIO U crieriuhuy-
HOCTBI0. B 0CHOBe ITpUHIIUIIA Pab0OThI CUCTEMBI 06HAPY-
skeHMd Ha ocHOBe CRISPR-Cas jie)xuT crioco6HocTh Cas
HyKJIeas HallPaBJIEHHO PACIIETISATh HyKJIENHOBBIE KUC-
JIOTBI. [IPUHIIUTI TEHOMHOTO PelaKTYPOBAHY I, OCHOBAH-
HbI Ha cucTteMe CRISPR-Cas, aKTUBHO MPUMEHSIETCS
IIJI peLaKTUPOBAHUSA OPTaHU3MOB B PA3JINYHBIX I1EJIX
(BomkoB u zp., 2022; Doudna and Charpentier, 2014).
Hawubojee MUpoKoe IpUMeHEHNE METO/, HAIIeJ B pe-
IaKTUPOBAHUU C/X KYJIBTYP IJI TIPUAAHUS PACTEHUSIM
HOBBIX CBOMCTB, TaKMX KaK YCTOMYMBOCTh K TeMIlepa-
TYPHBIM U3MeHEeHUIM, BpeIUTEJIM, 3aCyxe, ITOBbIIIe-
HYE CPOKOB XPaHEHUS IJIOZOB, YBEIUUYEHUIO0 YPOXKANHO-
CTH, YIYUYII€HUI0 OPTaHOJIEIITUYECKUX CBOMCTB TOTOBOM
TPOAYKIIUY U OPYTUX TOJE€3HbIX XaPaKTEPUCTUK. YHU-
KaJibHasg crenu(PUUYHOCTb U IIPOCTOTA IMPUMEHEHUS
npuBoAAT K ToMy, uTo CRISPR-Cas Bce yaiiie ucriosibay-
eTcs I MPUMEHEHNUSI CUCTEMBI B 00JIaCTU JeTEKIIUN
¢urtonarorenos (Kaminski et al., 2021; Huang et al.,
2022). CyiiecTByeT IIeJbll Pl TTOAX0M0B IJis paspa-
6OTKU CUCTEM JeTeKIINU, UCIIOJb3YIOUUX Pa3InUHble
Cas mabopsl. B mporiecce Beigensgercs IHK, crienmduy-
Hble Cas HaGOPBI CBA3BIBAIOTCS C II€JIE€BBIMU yUacCTKa-
mu JHK. TTomob6panubie 3 HeKTOPHBIN U afjanTalu-
OHHBIA MOZYJb BHEJPSIOT B MAaCCUB HOBBIE CII€HCEPBI
¥ PaCUIETISIOT 1eJIEBYI0 MUIeHb. Yalle BCero mepBhIit
MOZYJIb COCTOUT U3 HyKJieas3, CIIOCOOHBIX PaCIIeNUTh
MUIIEHb, & BTOPO# cocTouT u3 6enkoB Casl u Cas2.

CRISPR-Cas-based detection systems

Detection systems based on the CRISPR-Cas tech-
nique, which came from genome editing, have high
sensitivity and specificity. The operating principle of
the CRISPR-Cas-based detection system is based on
the ability of Cas nucleases to specifically cleave nu-
cleic acids. The principle of genome editing based on
the CRISPR-Cas system is actively used to edit organ-
isms for various purposes (Volkov et al., 2022; Doud-
na and Charpentier, 2014). The method has found the
widest application in editing agricultural crops to im-
part new properties to plants, such as resistance to
temperature changes, pests, drought, increasing the
shelflife of fruits, increasing yields, improving the or-
ganoleptic properties of finished products and other
useful characteristics. The unique specificity and ease
of use lead to the fact that CRISPR-Cas is increasing-
ly used for the application of the system in the field of
detection of phytopathogens (Kaminski et al., 2021;
Huang et al., 2022). There are some approaches to
the development of detection systems using different
Cas sets. In the process, DNA is isolated, specific Cas
sets bind to target DNA regions. The selected effec-
tor and adaptation modules introduce new spacers
into the array and cleave the target. Most often, the
first module consists of nucleases capable of cleaving
the target, and the second consists of Cas1 and Cas2
proteins. When the target is destroyed, it becomes
possible to detect the emitted signal, the presence of
which indicates the presence of pathogen DNA. Detec-
tion can be done using a fluorescence, electrochemi-
cal, colorimetric or visual method (Wang et al., 2020).
A sufficiently detailed review of various methodolo-
gies based on CRISPR-Cas technology cannot be in-
cluded within the scope of this review article. Some
of the methods are well presented and described in
detail in works on the analysis of diagnostic systems
(Kaminski et al., 2021). The need for preliminary am-
plification to increase the sensitivity of diagnostics at
low DNA concentrations in the sample or the possibil-
ity of avoiding an additional step at concentration val-
ues close to 6 x 10°is also described in detail. Human
matrix, genomic and micro RNA also do not require
additional amplification.

CRISPR-Cas-based techniques are sensitive and
specific enough for use in the field. The method does
not require the use of complex equipment, which fur-
ther reduces the cost of the study, allowing it to be car-
ried out in 2 hours (Wang et al., 2020). The possibility
of multiplexing and the above-mentioned advantages
make CRISPR-Cas a promising technology for rap-
id, accurate and inexpensive detection of phytopatho-
gens, especially in conditions where speed and ease
of analysis are important (farms, quarantine services,
field studies).

Nucleic acid sequencing methods

One of the most accurate and popular methods
for screening and accurate detection of microorgan-
ism DNA today is rightfully the method of nucleic
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[Ipu paspyuIeHnHA 1ieJIeBOY MUIIEHU TTOSIBJISIETCS BO3-
MOXXHOCTbD JIeTEKTUPOBATh UCITyCKAaeMblil CUTHAJI, HAJIV-
4ne KOTOPOro roBopuTt o npucyrcteuu JHK natoreHa.
I neTeKIuY MOXET ObITh TPUMeHeH (PIIyopeCcIleHT-
HBIN METOJI, BJIEKTPOXUMUNUYECKU, KOJIOPUMETpUuUe-
CKU¥ niay Bu3yasibHbIN (Wang et al., 2020). locTaTouHO
TOPOOHBIN 0630P PA3IUUYHBIX METOOJIOT UM, 6a3UPy-
omuxcsa Ha TexHoyoruu CRISPR-Cas, He MOXeT ObITh
BMeIlleH B PaMKH 9TOU 0630PHOIL CTaTh. YaCTb METOIOB
XOPOIIIO ITpeicTaBlieHa ¥ MoAPO6HO omKrcaHa B paboTax
10 aHAJIU3y AuarHocTudyeckux cucreM (Kaminski et al.,
2021). Taxxxe Mogpo6HO OMMKChIBAETCSI HEOOXOIMMOCTD
IpenBapUTENbHON aMITU(MDUKAIIUY IJI TTOBBIIIEHUS
YYBCTBUTEJBHOCTU LUATHOCTUKY IIPU MaJIbIX KOHIIEH-
Tpanuax JHK B o6pasiie Uiy BO3MOXXHOCTD U30€XKaTh
IOTIOJTHATEJIbHOTO 3Talla NPy 3HAaUEeHUIX KOHIEHTpa-
Iy 6JIM3KUX K 6 x 10°, MaTpruuHas, TeHOMHas U MUKPO
PHK yenoBeKa Tak)xe He TPEGYIOT LOMIOJIHUTEIBHOM aM-
nanuUuKaIun.

MeTonuKM, OCHOBaHHBIe HAa mpuMeHeHuu CRIS-
PR-Cas, 1OCTaTOYHO YyBCTBUTEJBHEI U cHeUPUU-
HBI IJid IPUMEHEHUS B MOJIEBBIX YCIAOBUAX. MeTog,
He TpebyeT UCTI0Jb30BAHUS CJIOXKHOT0 060PyAOBAHYS,
YTO JOIIOJIHUTENbHO CHMXKAET CTOMMOCTb MCCJIE0-
BaHWUS, TTO3BOJISAIS MPOBOAUTH ero 3a 2 u (Wang et al.,
2020). BO3MOXXHOCTb MYJIbTUILIIEKCUPOBAHUS U BhIIIE
IepeuyrciieHHble ITpeuMylnecTBa genaoT CRISPR-Cas
MePCNeKTUBHOM TEXHOJIOTHEH /)11 ObICTPOM, TOUHOMK
U [ellleBOY AeTeKIuu (pUTonaToreHoB, 0CO6eHHO B yC-
JIOBUSIX, T7Ie Ba)KHBI CKOPOCTh U ITPOCTOTA aHam3a (hep-
MepCKUe X035UCTBa, KapaHTUHHBIE CIY)XObI, ITOJIeBbIe
HUCCIIEOBAHNA).

MeToabl CEKBEHUPOBAHUSA
HYKJIEMHOBBIX KUCJIOT

OmHMM M3 CaMbIX TOYHBIX ¥ BOCTPEOOBAHHBIX Me-
TOMIOB JJISI CKPUHUHTA U TOYHOU meTeKnuu JHK mu-
KPOOPraHU3MOB CETOLHY II0 IIPAaBy ABJISIETCI METOZ,
CEeKBEHUPOBAHUS HYKJIENHOBBIX KUCIOT. C IOMOIIbIO
CEeKBEHUPOBAHUS I[eJIEBBIX IOCJENLO0BATEIbHOCTEN
U CpaBHeHUS MOJIYYeHHBIX IMOCJeloBaTeJibHOCTeU
HYKJIEMHOBBIX KHUCJIOT C DTAJIOHHBIMU II0OCJEJ0Ba-
TEJIbHOCTAMY, HAalIpUMeD C II0CJIeL0BaTEJIbHOCTIMY,
pasMenieHHbIMHY B 6a3e NCBI, MOXXHO IOCTOBEPHO JIETEK-
TUPOBATh MOJYYEHHBINM MUKpoopranusM (Barghouthi,
2011; Beye et al., 2017). TakuM 06pa3oM, B OTIUYUNE
ot I11IP, cekBeHUpPOBaHNE HE TOJIBKO OIIpeeideT Ha-
JIMuvie MUIIEHY KOCBEHHBIM METOZOM, HO U II03BOJISIET
HaXOJWThb HOBBIE U UBMEHEHHbBIE YyUaCcTKU. CEKBEHUPO-
BaHUe — 3HAUUTEJIbHO 60Jiee TOUHBIY MeTOM, UJIeHTU-
pukanuy MUKPOOPTAaHM3MOB I10 CDAaBHEHUIO C TPALU-
MOHHBIMU BU3yaJbHBIMU METOLAMU, OCHOBAHHBIMU
Ha ornpenesieHnn Mopdosioruy 06beKkTa ¥ PeHOTUIIUPO-
Bauuu (Reller et al., 2007; Tewari et al., 2011). McmoJyb30-
BaHUE CEKBEHNPOBAHMA CBOJUT K MUHUMYMY BIIMSIHUE
yeJIoBeuecKoro hakTopa Ha pe3yJibTaThl ONIpeeIeHu .
CTOMMOCTB OJHOTO UCCIeN0BAHUS HEYKJIOHHO CHUIKAET-
cs Ha IPOTSIKEHUU BCEU UCTOPUU MCIIOJIb30BaHUS Me-
TOJA. A IPOCTOTa UHTEPIIPETALIMU JaHHBIX [103BOJIIET
OTIePUPOBATh BCE OONBIIMMY 06beMaMu MHGOPMAIIUKT
U OTKPBIBAET IlepeJi HaMY HOBbIE BO3MOXKHOCTH.

CamMoe 60JbllIOe TIpPYMEHeHYe B IMarHOCTUKe Ta-
TOT'€HOB HAIILJIO CEKBEHMPOBaHYE ITIEPBOT0 ITOKOJIEHUS —
cekBeHMpOBaHUe 1o CoHrepy. MeToarKa o6ecrieunBaeT
IOCTATOUYHO BBICOKYI0 CKOPOCTH U MPU HU3KOU CTOU-
MOCTHY TIPEebSIBJISIET HE OUEHb BBICOKME TPeGOBaHUS

acid sequencing. By sequencing target sequences
and comparing the obtained nucleic acid sequences
with reference sequences, for example, with sequenc-
es posted in the NCBI database, it is possible to reli-
ably detect the obtained microorganism (Barghouthi,
2011; Beye et al., 2017). Thus, unlike PCR, sequencing
determines not only the presence of the target by an
indirect method, but also allows you to find new and
modified areas. Sequencing is a much more accurate
method for identifying microorganisms compared to
traditional visual methods based on determining the
morphology of the object and phenotyping (Reller et
al., 2007; Tewari et al., 2011). The use of sequencing
minimizes the influence of the human factor on the
results of the determination. The cost of one study has
been steadily decreasing throughout the history of the
method’s use. And the simplicity of data interpreta-
tion allows us to operate with ever larger volumes of
information and opens up new opportunities for us.

The most widely used method in pathogen di-
agnostics is first-generation sequencing — Sanger se-
quencing. The method provides a fairly high speed
and, at a low cost, does not impose very high require-
ments on the sample being studied. Sanger sequenc-
ing allows generating relatively long reads of up to
1.5-2 thousand letters, but with a limited amount of
generated data. Second-generation sequencers (for
example, Illumina and IonTorrent) generate relative-
ly short reads (150-600 nucleotides), but with a huge
throughput and a large amount of data obtained. Gen-
erating long reads on second-generation sequencers is
a technically challenging task; most sequencers work
well with lengths of up to 200 nucleotides; longer reads
lead to a decrease in the quality of the obtained data.

There are a number of promising domestic
developments in the field of NGS sequencing, but
such solutions have not yet been widely adopted.
Third-generation sequencers, such as minION, Grid-
ION, and PromethION from Oxford Nanopore or Pac-
Bio sequencing sequencers from Pacific Biosciences,
allow you to obtain individual molecules at the output
and generate ultra-long reads quite quickly. Sequenc-
ing using PacBio devices is a highly accurate system,
but the cost of the equipment is quite high, as is the
cost of organizing a specialized laboratory. Nanopore
sequencing can be a promising solution for detecting
phytopathogens. The portable MinION system is easy
to use and requires virtually no initial investment
(Loit et al., 2019). The cost of one study is neverthe-
less significantly higher than the cost of Sanger se-
quencing due to the cost of consumables. Also, there
is a domestic device on the Russian market — Nanopo-
rus, which is not inferior in quality and provides full
compatibility with MinION flow cells, adapter and
Flongle flow cells. The interface displays the number
of readings, their length, the percentage of working
pores and additional statistics. The data obtained on
Nanoporus allows you to determine the sequence of
nucleic acids (DNA, RNA), as well as obtain informa-
tion about modifications.
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K uccienyeMoMy o6pasiry. CekBeHrpoBaHUe 110 CeHrepy
TI03BOJISIET TEHEPUPOBATh OTHOCUTEIbHO JJIMHHBIE CUM-
TBIBAHUSA 10 1,5—2 ThIC. GYKB, HO C OTPAHUYEHHBIM KO-
JINYECTBOM reHepUpPyEeMbIX JaHHBIX. CeKBEHATOPHI JKe
BTOPOIrO IToKoJieHud (HarnpuMep, Illumina u lonTorrent)
TeHEepUPYIT OTHOCUTEJbHO KOPOTKWE CUYUTHIBAHUS
(150-600 HYKJIEOTHIOB), HO C OTPOMHOU MTPOITYCKHOM
CIIOCOOHOCTBIO U GOJIBIINM KOJIUUECTBOM I10JIyUaeMbIX
IaHHBIX. [eHepHpOBaHNE Ha CEKBEHATOPaX BTOPOTO I10-
KOJIEHUS AJIMHHBIX IPOUTEHUN — TEXHUYECKU CJI0)KHAST
3a7iaua, 60JIBUIMHCTBO CEKBEHATOPOB XOPOIIO PaboTaoT
¢ pauHamMu 1o 200 HyKJIeOoTUm0B, 60jiee OJIUHHBIE TIPO-
YTEHUS IMPUBOLAT K CHIYKEHWIO KauecTBa MMOJIyYaeMbIX
IaHHBIX.

Cy1ecTByeT Pl IIePCIIeKTUBHBIX 0T€YEeCTBEHHBIX
paspaboTok B 06acTu cekBeHupoBaHus NGS, HO Macco-
BO€ pacIpocTpaHeHNe TaKye pPellleHNd IT0Ka He TI0JIyuu-
Jn. CeKBeHaTOPhI TPETHETO ITOKOJIEHN, TaKKe KaK min-
ION, GridION u PromethION ot Oxford Nanopore uiau
cexBeHaTophl PacBio sequencing oT komnanuu Pacific
Biosciences, MO3BOJISIOT ITOJyYaTh HA BBIXOJE€ OTHEIb-
HbI€ MOJIEKYJIbI I TEHEePUPOBATh CBEPXIJIMHHbBIE CUUTHI-
BaHUS JOCTATOYHO ObICTPO. CeKBEHUPOBAHUE C VICTIONb-
30BaHmeM Ipru6opoB PacBio ABIsgeTCS BHICOKOTOUHOMU
CHCTEMOU, HO CTOMMOCTDb 060PYI0BaHUS JOCTAaTOUYHO
BBICOKA, KAK ¥ CTOMMOCTh OPTaHU3aIUY CIIeLaInu3upo-
BaHHOU JabopaTopuy. HaHOIIOPOBOE CEKBEHUPOBAHE
MOXKET ObITh ITePCIIEKTUBHBIM PeIeHNEM IS e TEKIIUY
¢uTonarorenos. [TopraTuBHas cuctreMa MinlON yzo6Ha
B MCITOJIb30BAHUY U IIPAKTUUECKU He TpebyeT ImepBo-
HavaJIbHBIX BiIoxkeHni (Loit et al., 2019). CTOMMOCTB Of-
HOTO MCCJIeJOBAaHNS TeM He MeHee 3HAaUUTEJIbHO BhIIIE,
YyeM CTOMMOCTb CEKBEHUPOBAHUS 110 CIHTEPY 3a CUeT
CTOVMMOCTY PAaCXOAHBIX MaTepuaioB. Tak)ke Ha PhIHKE
P® mogBuics oTeueCcTBeHHBIN mpubop — HaHomopyec,
He YCTYIAIIIU 110 KaYeCTBY U 06€CTIeUNBAIOIINA TTOJI-
HY0 COBMECTUMOCTD C IIPOTOUHBIMU suerikaMul MinION,
aZanTepoM U NMpPoTouHbIMU sueiikamu Flongle. HTep-
(etic oTo6parkaeT KOIUYIECTBO IMPOUTEHUH, UX AJIUHY,
TIPOIIEHT PA6OTAIOIIUX TIOP U JOTIOJHUTENbHYO CTATH-
cTuKy. JlaHHbIe, TIOJIyUYeHHble Ha HaHomopyce, 03BO-
JISIIOT OTIPEJIeJIUTD TI0CJIeL0BAaTEIbHOCTDh HYKJIEMHOBBIX
kucyot (JHK, PHK), a Takxe moay4yuTh NHGOPMAIINIO
0 MOIU(pUKAIINIX.

MeTareHOMHO€e ceKBeHHupoBaHue Shot-Gun

MeTareHoMuKa IIpenIiojaraeT KCIIOJb30BaHUE
rmapaielbHOTO CEKBeHUPOBAaHUSI KOPOTKUX ()parMeH-
TOB HYKJIEMHOBBIX KMCJIOT METOJOM Apo6oBuKa (Shot-
gun) BceX MUKPOOPraHU3MOB B IP0o6e OJlTHOBPEMEHHO
(Venbrux et al., 2023). MeToa 1po60oBUKa HaIIEJ IITHPO-
KOe MIpUMeHeHNe B MeIUIIMHE (UTEHME TTOJIHBIX FeHO-
MOB, 9K30MOB, MUKPO6MOMOB, aHAJIN3 GHOJIOTUUECKUX
JKUIKOCTEMN), B TTOCHeIHEE BPEMS Yallle UCITOJIb3yeTCsa
B BeTepuHapuu (UTeHVe MUKPOOUOMOB, aHAIU3 6U0-
JIOTUYECKUX JKUAKOCTEH). JJaHHBIM METO[ II03BOJIsIeT
5 (PEeKTUBHO BBISBJIATH ITaTOTeHHbIe GaKTePUU, IPUOBI
u BupychI (Nikitinskaya et al., 2025). B paMkax MeTozia
CHauaJia BBIJIEJISIETCS BCS IIPUCYTCTBYOIIas B ITpobe
IOHK, nanee oHa o6pabaTbiBaeTcsa pparMeHTa3oun Ajs
TIOJy4eHus 0oJiee MEJIKUX [EMoYeK HyKJIeoTUmoB. Tak-
’Ke I parMeHTalluu MOTYT TIPUMEHSITHCS TPUGO-
PBI, UCTIONB3YIOMKME YIbTPA3BYK. V3aUIIHE JJIMHHbIE
¥ CIMIIKOM KOPOTKHE (pparMeHThl OTOPaChIBAIOTCS.
[Tocjie 3TOro MPOUCXOAUT MapajljieIbHOE CEKBEHUPO-
BaHue HapaboTanHoro MaTepuaja (Sharpton, 2014).

Shot-Gun Metagenomic Sequencing

Metagenomics involves the use of parallel se-
quencing of short fragments of nucleic acids using
the shot-gun method, all microorganisms in a sam-
ple simultaneously (Venbrux et al., 2023). The shot-
gun method has found wide application in medicine
(reading of complete genomes, exomes, microbiomes,
analysis of biological fluids), and has recently been
used more often in veterinary medicine (reading of
microbiomes, analysis of biological fluids). This meth-
od allows for the effective detection of pathogenic bac-
teria, fungi, and viruses (Nikitinskaya et al., 2025).
Within the framework of the method, all DNA present
in the sample is first isolated, then it is treated with
fragmentase to obtain smaller nucleotide chains. De-
vices using ultrasound can also be used for fragmen-
tation. Excessively long and too short fragments are
discarded. After that, parallel sequencing of the accu-
mulated material occurs (Sharpton, 2014). Due to the
fact that each such region is read multiple times, it
becomes possible (with multiple overlap) to assemble
contigs —long sections of DNA. The resulting metage-
nome of the sample is used to identify organisms and
/ or to analyze functional genes (Quince et al., 2017).
The use of the metagenomic sequencing method al-
lows you to obtain high-quality contigs due to the
overlap and multiple reading of all fragments. The re-
sulting contigs make it possible to assemble and an-
alyze the genomes or sections of the genomes of new
plants that were previously absent from the databas-
es; high-quality contigs and a large number of reads
allow you to identify bacteria, fungi, oomycetes and vi-
ruses down to the subspecies, strain; there is no need
to sequence each organism separately — all organ-
isms are detected simultaneously; the ability to an-
alyze seed and planting material for latent infections
is especially relevant; it is not necessary to rely on ex-
ternal manifestations and signs of diseases; you can
track the state of target organisms in samples (Piom-
boetal.,2021). In the case of virus analysis, it is quite
difficult to create test systems based on amplicons,
so Shot-Gun sequencing helps to avoid additional la-
bor-intensive studies and detect new viruses (Adams
etal., 2009; Roossinck et al., 2009). The use of metag-
enomics can be of particular importance for screen-
ing seed and planting material. The method allows
one to determine the pathogenic load in seed, plant-
ing material, fruits, and soil and water samples. This
allows one to determine the suitability of seeds and
material for use, select the best samples, determine
the routes of spread of phytopathogens, and identi-
fy diseases in the absence of external manifestations.
Today, the scope of metagenomics has expanded sig-
nificantly, but this method is rarely used in the field of
identifying plant pathogens. Along with the tradition-
al reasons mentioned by Sharpton (the need to obtain
alarge number of coatings, high cost, the need for ad-
ditional expensive equipment to get rid of the DNA
of the plant being studied, the difficulty of detecting
pathogen species present in small concentrations),
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3a cyeT TOTO, YTO KaXKABIN TAKOM YYaCTOK MHOTOKPATHO
CUNTBIBAETCSH, IOIBJISIETCS BO3MOXKHOCTD (C MHOTOKPAT-
HBIM IIEPEKPBITHEM) COOPATH KOHTUT'Y — ITIPOIOJIKUTEb-
Hble yuacTku JHK. TTolyueHHBIN MeTareHoM o6pasiia
WUCIIOJIb3YETCS IJIsT UIeHTU(DUKAIIUY OPTaHU3MOB U/
Uy OJis aHanusa GYHKIMOHAJIbHBIX reHOB (Quince
et al., 2017). Vicmoanb30oBaHue METareHOMHOI'O MeToa
CEKBEHVPOBAHUS MO3BOJISIET TTOJIyUYaTh KOHTUTH BICO-
KOT'O KaueCcTBa, 3a CUET NePEKPHITHUSI U MHOTOKPATHOTO
pouTeHMUs BceX (pparMeHTOB. [TogyuyeHHbIE KOHTUTH
IaI0T BO3MOXKHOCTh COOMPAaTh ¥ aHAJIU3UPOBATh I'€HO-
MBI WJIM YYaCTKU I'eHOMOB HOBBIX PACTEHU, IO 3TOTO
MOMEHTa OTCYTCTBYIOIIVX B 6a3ax JaHHBIX; BEICOKOE
Ka4yeCcTBO KOHTUIOB U OOJIbIIOE KOJHUYECTBO IIPOUTe-
HUY MO3BOJISIOT UAEHTUDUITUPOBATD GaKTEePUH, FPUOHI,
OOMMIIETHI ¥ BUPYCHI [I0 ITOJIBUA, IITAMMa; He TpebyeT-
Csl CEKBEHUPOBATh OTHEJbHO KaXKIbIM OPTaHU3M — BCe
OPraHM3MBbl JeTeKTUPYITCS OJJHOBPEMEHHO; 0COGEHHO
aKTyaJibHa BO3MOXXHOCTDb aHAJIM3a CEMEHHOI0 1 I10ca-
IOYHOTO MaTeprajia Ha CKPBIThie MH(MEKIIuY; He 06s-
3aTeJIbHO OITMPAThCS Ha BHEIIHNE TPOSBICHUSI U IIPU-
3HaKM 3a60JIeBaHUM; MOXKHO OTCJIEKMBATh COCTOSTHIE
LeJIeBbIX OPraHM3MOB B o0pasiiax (Piombo et al., 2021).
B ciryyae aHasu3a HAa BUPYCHI LOCTATOYHO 3aTPYIHU-
TEJIbHO CO3/aBaTh TECTOBBIE CHCTEMBI Ha OCHOBAHUU
aMIIJINKOHOB, MO3TOMY CEKBEHMPOBAHUE METOIOM
Shot-Gun nmomoraeT nu36exaTh JOTIOJHUTEIbHBIX TPY-
IIOEMKUX HCCJIeIOBaHUY U 00HAPYKVBATh HOBbIE BUPY-
cbl (Adams et al., 2009; Roossinck et al., 2009). Ocobyto
3HAUMMOCTD MCIIOJb30BaHNE METAareHOMUKU MOXKET
UMETh JIJIST CKPUHUTA CEMEHHOT'0 U TTI0CaJOYHOr0 MaTe-
puaJjia. MeTo/] TI03BOJISIET ONPENEIUTD TAaTOTEHHYIO Ha-
TPy3Ky B CEMEHHOM, MOCaZJ0YHOM MaTepuaie, IIofax
¥ o6pasIax MoYB U BOAbI. ITO ITO3BOJISIET OIIPENEIUTh
MIPUTOJHOCTh CEMSH ¥ MaTepraJia IJis KCII0JIb30BaHN,
BBIGPATH JIyulive 06pasiibl, OTIPEIEUTD IIYTU PACIIPO-
cTpaHeHUs (UTOMNATOTEHOB, BHITBUTH 3a00JI€eBaAHUS
MIPpY OTCYTCTBWU BHEIIHUX IPOSABJIeHU. Ha cerop-
HAIIHUY JeHb cephbl UCI0JIb30BAHNSI METaT€HOMUKY
3HAYMTEIbHO PACHIMPUINCD, HO B 06JIACTY BBISIBIICHUS
MMaTOTEHOB PACTEHUU MAaHHBIM METO[ MCIIOJIb3yEeTCS
HedvacTo. Hapsaay ¢ TpaguIIMOHHBIMU MPUYNHAMY,
0 KOTOpPBbIX ynoMuHaeT Sharpton (HE06XOJMMOCTBD II0-
JIydeHUs GOJIBIIOTO KOJIMYECTBA ITOKPBITUHM, BHICOKAS
CTOMMOCTb, HEOOXOJUMOCTh B JOIIOJHUTEIbHOM JIO-
porocroguieM obopymoBaHuu AJsd nsbasienus ot JJHK
€aMOoro MCCJIEyEMOI0 PACTEHUS, CIIOXKHOCTb OGHaPYIKe-
HUS BUJIOB ITATOTEHOB, IIPUCYTCTBYIOIINX B HEGOIBIITNX
KOHIIEHTPAISX), CYIIIeCTBEHHO BJIUSIET Ha UCII0JIb30Ba-
HYEe MeTOJla HEXBAaTKa JOCTYITHBIX STAJIOHHbIX TEHOMOB
(Sharpton, 2014). Ha camoM [ieJie yxe cerofiHs 60JIbIIoe
KOJIMYECTBO ITPOUTEHUH B 6OJIbIIMHCTBE CJTyYaeB He SB-
JITeTCsI KPUTUYHBIM [I0Ka3aTeJIeM, CTOMMOCTb CEKBEHU-
POBaHMS 3HAUNUTENBHO CHU3MJIACH U CPABHUMA CO CTO-
WMOCTbBIO MCCJIEIOBAHUS JPYTUMU MOJIEKYIIPHBIMU
MeToHaMU, MOSIBUJINCH Gojiee COBeplieHHbIe HabopPhI
s Beimenenus IHK u cuntesa kIHK, a MupoBbie 6a3bl
TeHOMOB ITOCTOSTHHO PAaCIIUPSIOTCS U JOTIOJHAIOTCS.
Hapsy ¢ ©CIio/ib30BaHMEM B MEIUIIMTHE METATEHOMUKA
IIPOYHO BXOAUT B IIPAKTUKY OGHAPYKeHUs (DUTOIIATO-
TeHOB, 60JIe3HEH )KMBOTHBIX I HAYUYHbBIX MCCIIeNOBAHNY
BO MHOTHUX 00JIaCTSX.

CeKBeanOBa}me OTAEJIbHBIX YYAaCTKOB

CeKBEeHMPOBAHUE OTIENbHBIX yUaCTKOB, 06JIaIat0-
IIYX JOCTaTOYHOMN BaprabeIbHOCTBIO [IJIst OIIPeleIeH s

the use of the method is significantly affected by the
lack of available reference genomes (Sharpton, 2014).
In fact, today a large number of reads in most cases
is not a critical indicator, the cost of sequencing has
significantly decreased and is comparable to the cost
of research using other molecular methods, more ad-
vanced Kkits for DNA extraction and cDNA synthesis
have appeared, and the world’s genome databases are
constantly expanding and supplemented. Along with
its use in medicine, metagenomics is firmly entering
the practice of detecting phytopathogens, animal dis-
eases and scientific research in many areas.

Sequencing of individual regions

Sequencing of individual regions with sufficient
variability to identify the target organism is one of
the most popular methods for detecting phytopatho-
gens. The principle of the method is based on the fact
that microorganisms have variable regions along with
conservative ones. Having detected such variable re-
gions and selected oligonucleotides for the adjacent
conservative regions, we can amplify the target frag-
ments. Having an insignificant size compared to the
genome, such regions allow us to distinguish micro-
organisms to the genus, to the species, significantly
saving resources. The barcoding method allows us to
reliably differentiate microorganisms based on exist-
ing databases (Hugerth and Andersson, 2017; Bush
et al., 2019). There are universal regions suitable for
sequencing by the barcoding method. For prokary-
otic organisms, the 16S rDNA region is used, its size is
suitable for reading by devices that provide a reading
length of 500 nucleotides. For fungi and oomycetes,
the internal transcribed spacer ITS rRNA is most of-
ten sequenced (Abdelfattah et al., 2018; Piombo et al.,
2021). Modern databases provide accurate identifica-
tion of organisms by comparing the obtained reading
with the same reference from the database. However,
there are closely related organisms that require read-
ing additional regions, since they cannot be identified
by reading the considered standard targets.

Biosensor systems

Biosensors are devices that use enzymes, an-
tibodies, DNA, or even whole cells as a detection el-
ement. The elements bind either to cells and cell
fragments, or to nucleic acids, or to the resulting am-
plification products present in solution in combina-
tion with a signal transduction mechanism. A biosen-
sor system, including electrochemical sensors, mass
sensors, or optical sensors, converts the detected sig-
nal into selective quantitative or semi-quantitative
analytical information. Due to their low cost, simplici-
ty, and speed of operation, biosensors are widely used
in medicine (Fang and Ramasamy, 2015; Hameed et
al., 2018; Bridle and Desmulliez, 2021). The main dis-
advantages of biosensor systems are the instability of
materials in the field and insufficient standardization.
Various methods can be used to detect plant patho-
gens, for example, immunosensors with antibodies
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11€JIEBOT'0 OPraHu3Ma, IBJISIETCS OJJHUM U3 CAMBIX [TOITY-
JITPHBIX METOMOB AETEKITUU (PUTONATOTeHOB. [TPUHIIUII
METOMIa OCHOBAH Ha TOM, YTO MUKPOOPTaHU3MBI 06JIa-
AT BaprabeIbHbBIMU yUaCTKaMU HAPSy C KOHCEePBa-
TUBHBIMU. O6HAPYXKUB Takue BapuabesbHble yUaCTKU
¥ IT000paB K rpaHMYaIlM ¢ HUMU KOHCEPBAaTUBHBIM
y4aCTKaM OJIUTOHYKJIEOTUbI, MbI MOXKEM alIMIUDUIIN-
poBaTh 1lejieBble (hparMeHThl. O6samas He3HAUUTEb-
HBIM Pa3MePOM I10 CDABHEHUIO C TEHOMOM, TaKue y4acT-
KU MO3BOJISIOT PA3JIUYUTh MUKPOOPraHMW3MBI J0 PoJia,
10 BUZA, 3HAUUTEJIbHO 9KOHOMS pecypchl. MeTo[ 6ap-
KO UPOBaHMS MO3BOJISIET JOCTOBEPHO Au(GepeHIIIPO-
BaTh MUKPOOPTaHU3MBbI, OTTUPAsICh Ha UMeIoecs 6a3bl
mauuberx (Hugerth and Andersson, 2017; Bush et al.,
2019). Cy1ecTByOT YHUBEPCAJIbHbIE YUACTKY, TIOIXO S~
e IJisi CEKBEHUPOBAHUS METOJIOM 6apKOAUPOBAHUS.
[ TpOKapUOTUUYECKUX OPTraHW3MOB MCIIOJb3yeTCs
yuacTok 16S p/IHK, ero pasMepsnl IIOAXOOAT AJII YTeHUI
npubopamMu, o6ecrneuynBaAIIUMY AJUHY TPOUYTEHUS
oT 500 HyKJIEOTUIOB. [IJisg TPr6GOB U OOMUILIETOB Uallle
BCETr'0 CEKBEHUPYIOT BHYTPEHHUN TPAHCKPUOUPYEMBbI
cmeticep ITS pPHK (Abdelfattah et al., 2018; Piombo et
al., 2021). CoBpeMeHHbIe 6a3bl JaHHBIX 06€CIIeYBAIOT
TOYHOE OTIpeJlejieHre OPTaHU3MOB IIPU CPaBHEHUU T10-
JIVUEeHHOTO IIPOUYTEHUS C TAKVM YK€ DTAJIOHHBIM U3 6a3bI
IaHHbIX. Ho eCcThb 6JIM3KOPOICTBEHHbBIE OPTaHU3MBbI, KO-
TOpbIe TPEOYIOT MIPOUTEHUS NOTIOJTHUTEIbHBIX YU4aCT-
KOB, TaK KaK He MOTYT ObITh OTIpeeJIeHbI IIPOUTEHUEM
PaccMOTPEHHBIX CTAHAAPTHBIX MUIIIEHEN.

BuoceHCOpHbIE CUCTEMBI

BroceHCOPHI — 3TO YCTPOMCTBA, UCIOJb3YI0L[e
depMeHTHI, aHTUTeNA, JJHK unm gaxe 1ejble KJIETKU
KaK 3JIEMEHT JeTEeKIIWH. DJIEMEHTHI CBI3bIBAIOTCS JINOO
C KJeTKaMu U )parMeHTaMU KJIETOK, Jub0 C HyKJIeu-
HOBBIMU KHUCJIOTaMU, JTUGO C MOJYYEHHBIMU TTPOIYK-
TaMu aMIJUPUKAIIWMU, TIPUCYTCTBYIOIIMMU B PAaCTBOPE
B COUETAaHUU C MEXaHU3MOM MPeobpa30BaHUsI CUTHA-
Ja. BuoceHcopHasa cucTeMa, BKJIKUAIIasg 3JIEKTPO-
XUMHUYECKrEe JaTUYMKU, JaTUMKU MacChl UJIX OIITHYE-
CKMe JaTuuKy, IpeobpasyeT pacrio3HaBaeMblil CUTHA
B CEeJIeKTUBHYIO0 KOJIMUYECTBEHHYI0 WU IOJyKOJINYe-
CTBEHHYI0 aHAJIUTUYECKYI0 MH(popMalnio. biarogapsa
HEBBICOKOM CTOMMOCTH, IIPOCTOTE 1 CKOPOCTU PabOThI
6MOCEHCOPBI aKTUBHO MMPUMEHSITCS B MeauivHe (Fang
and Ramasamy, 2015; Hameed et al., 2018; Bridle and
Desmulliez, 2021). OCHOBHBIMU HEIOCTATKAMHU CHUCTEM
OG1OCEHCOPOB ABJISIOTCSI HECTAOMIBHOCTD MaTEPHAJIOB
B MIOJIEBBIX YCJIOBUAX U HEJIOCTATOYHASA CTaHAApTU3a-
nud. Iasg obHapy>KeHUs ITaTOTeHOB PACcTEeHUI MOTYT
WCII0JIb30BaThCS Pa3JIMUHbIE METOMbI, HAIPUMED IJIs
neteknuu BupycoB (TMV, PVY) — UMMYHOCEHCOPHI
C aHTUTEeJaMHU, IJisl IeTeKIINY 6aKTepraJibHbIX ITaTOTe-
HOB — JHK-rubpuausaliioHHbIe CEHCOPDI, OJI TETEeK-
Y I'PUOKOBBIX ITATOTE€HOB IPUMEHSIOTCS (DEPMEHTHbBIE
OGmoCeHCOpHI Ha OCHOBe xuTnHa3 (Buja et al., 2021).

PE3VJIBTATBI U OBCYKJIEHUE
EJXeroJlHbIE TTOTEPU yPOXKas 13-3a (puronaToreHos (6ax-
TePUi, BUPYCOB, TPUOOB, HEMATOJ, U JP.) OLIEHUBAIOTCS
B nuarmazoHe oT 20 1m0 40% ri106aJIbHOTO TPOU3BOACTBA
CeJIbCKOX035IMCTBEHHBIX KYJIbTYP, UYTO B IEHEXXHOM BK-
BUBAJIEHTE COCTaBJISIET COTHU MUJIJIMApPAOB JoJLjIa-
poB. [ToTepu B A3uu U AprKe 3HAUUTEJIBHO BBIIIE
13-3a OrPaHWYEHHOT'0 IPUMEHEHNSI METOIOB paHHEeN
IUarHOCTUKHU, MaJIOT0 YKCJIa CIeIMaIUuCTOB U CJI1aboTo

are used to detect viruses (TMV, PVY), DNA hybrid-
ization sensors are used to detect bacterial pathogens,
and chitinase-based enzyme biosensors are used to
detect fungal pathogens (Buja et al., 2021).

RESULTS AND DISCUSSION

Annual crop losses due to phytopathogens (bacte-
ria, viruses, fungi, nematodes, etc.) are estimated to
range from 20 to 40% of global agricultural produc-
tion, which in monetary terms amounts to hundreds
of billions of dollars. Losses in Asia and Africa are
significantly higher due to the limited use of early di-
agnostic methods, a small number of specialists, and
weak use of pesticides. In North America and Europe,
losses are lower and amount to 15 to 30%, but due to
the higher cost of finished agricultural products, they
exceed them in monetary terms. This situation leads
to the threat of famine in developing countries and
contributes to the global growth in the cost of agri-
cultural products. An obvious way to reduce losses is
early diagnostics of pathogenic microorganisms. The
most effective in terms of the methods considered
is monitoring of seed and planting material, as well
as selective monitoring of outwardly healthy plants
that do not show signs of infection. In addition, it is
possible to indirectly assess the effectiveness of the
drugs and methods used to control phytopathogens.
This will increase the effectiveness of measures and
reduce the burden of using chemical pesticides. Cor-
rectly selected and implemented methods for detect-
ing phytopathogens are a significant part of a com-
prehensive approach to reducing the use of chemical
pesticides, ensuring increased sustainability of agri-
culture. Another important method for reducing loss-
es is the use of phytosanitary measures in organized
monitoring of imported and exported products. The
use of only one of the methods for detecting phyto-
pathogens will not be effective enough and may lead
to unnecessary costs. The only possible solution is
a combination of field control methods, laboratory
methods and remote sensing methods.

Concluding observations

An analysis of modern diagnostic methods for
plant pathogens, including viruses, bacteria, fungi
and oomycetes, demonstrates significant advances in
molecular genetic technologies. Traditional methods
such as microbiological culture and serological tests,
although still important, are gradually giving way to
more accurate, rapid and sensitive approaches based
on nucleic acid analysis. Methods such as PCR, isother-
mal amplification (LAMP), next-generation sequencing
(NGS) and CRISPR systems are revolutionizing diagnos-
tics by enabling early detection of pathogens, differenti-
ation of strains and detection of latent infections.

The use of modern molecular methods has unde-
niable advantages. One of the most important criteria
is the early detection of pathogens before the appear-
ance of visible symptoms, which is especially import-
ant for preventing the spread of diseases.
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WUCTIOJIb30BAaHMS MeCTUIINA0B. B CeBepHOU AMepuKe
u EBporIle 1oTepu HUXKe U COCTaBJIAKT 0T 15 1o 30%,
HO 13-3a 60Jiee BBICOKOHM CTOMMOCTY I'OTOBOM CEJIbCKO-
XO3SIMCTBEHHON MPOAYKIINY ITPEBOCXOASAT UX B IEHEXK-
HOM BbIpa)keHUHU. Takasi CUTyaI[usi IPUBOLUT K yIPO3e
roJIoZa B Pa3BUBAIOIIMXCS CTPAHAX U CITIOCOGCTBYET 06-
EMUPOBOMY POCTY CTOMMOCTH CEJIbCKOX03INCTBEHHOMN
IpoayKIuu. OYeBUIHBIM CITIOCOGOM [IJIsT CHUYKEHUS T10-
TePb SBJISETCS PAHHSS NIUAarHOCTHUKA MaTOreHHBIX MU-
KpoopraHuaMoB. Haubosiee 3¢ heKTUBHBIM B paspese
PacCMOTPEHHBIX METOI OB IPEICTABISETCS MOHUTO-
PUHT CEMEHHOT0 U [I0CaJI0OYHOT0 MaTepuasa, a Takxe
BbIGOPOYHBIY MOHUTOPUHT BHEIIHE 3JOPOBBIX pacTe-
HU, He TPOSIBJISIONIUX TTPU3HAKOB WHMEKIINHU. J[0TI0JI-
HUTEJIbHO MOKHO KOCBEHHO OIIeHUTH 3((PEKTUBHOCTH
HCIIOJIb3YEMBIX TIPETIapaToOB ¥ METO/IOB, IPUMEHSIEMBIX
IJist 60pbOBI C (puTOmaTOreHaMM. ITO ITO3BOJIUT ITOBBI-
cuThb 3(PHEeKTUBHOCTh MEPOTIPUSITUYN U CHU3UT HATPY3KY
OT UCII0JIb30BaHUS XUMUUEKUX NTECTULUI0B. [IpaBuib-
HO MOJ06paHHBIE U PeaU3yeMble METOMbI IETEKIIUU
(huTomaToreHOB COCTABISIOT 3HAUMMYIO YaCTh KOM-
TJIEKCHOT'O TI0/IX0/la COKPAIlleHY s UCII0JIb30BaHUS XM MU-
YeCKUX MMECTUIUI0B, 06eCTIeUnBast IOBBIIIEHNE YCTOM-
YMBOCTHU CEJIbCKOTO X035 CcTBa. Tak)Kke HEMAJIOBAXKHBIM
METOJIOM CHVW)KEHUS I0TEPD ABJISIETCS IPpUMeHeHUe u-
TOCAHUTAPHBIX MEP IPU OPTaHM30BaHHOM MOHUTOPWH-
re UMIIOPTUPYEMOU U SKCIIOPTUPYEMOM IIPOYKIINM.
[IpuMeHeHMe TOJbKO OJLHOTO U3 METOJIOB JeTeKIUU
¢uTonaToreHoB He OyIET NOCTATOUHO 3D (HEKTUBHBIM
¥ MOJKET IIPUBECTU K UBJIUITHUM 3aTpaTaM. EfuHCTBeH-
HO BO3MOJKHBIM DeIlEHUEM IIpeCcTaBiIsIeTcss KoMbu-
HaIUs TOJIEBBIX METOJ0B KOHTPOJISA, JIJaGopPaTOPHBIX
METOZOB 1 METOZOB AUCTAHIIMOHHOTO 30HIMPOBAHUS.

BbIBO/IbI

AHanu3 cCOBpeMeHHBIX METOJ0B AMAarHOCTUKY I1aTo-
TeHOB pacTeHUU, BKJIIOUAas BUPYChI, 6aKTEPUM, TPUOBI
Y OOMUIIETHI, JEMOHCTPUPYET 3HAUUTEbHBIN ITPOrpecc
B 06J1aCTY MOJIEKYJISIPHO-TE€HETUYECKUX TEXHOJIOTUH.
TpaauIIuOHHBIE METOMbI, TAKKE KaK MUKPOOMOJIOTTUE-
CKIU TTOCEB U CEPOJIOTUUECKYE TECTHI, XOTS ¥ OCTAIOTCS
BaXHBIMU, TIOCTETIEHHO YCTYITAI0T MECTO 60JIee TOUHBIM,
OBICTPBIM U YYBCTBUTEJIBHBIM IT0JIX0/IaM, OCHOBAHHBIM
Ha aHaJu3e HYKJIEMHOBBIX KUCJIOT. MeTOAbI, TaKue KaK
TILIP, m3oTepMmuueckas amruingukamnus (LAMP), cekBe-
HUpoBaHMe HOBOro rmokoyieHus (NGS) u CRISPR-cucre-
Mbl, PEBOJIIIUOHUBUPYIOT LUATHOCTUKY, [103BOJIAI
BBISIBJISITH [1aTOTeHbl HA PAHHUX CTaAusaIX, fuddepeH-
IUPOBATh MITAMMBI ¥ O6HAPYXUBATh JJATEHTHbIE MH-
dexun.

Vicrionb30BaHUE COBPEMEHHBIX MOJEKYJISIPHBIX
MEeTOA0B MMEET HEOCIIOPUMBIE TpenuMyllecTBa. OJHUM
U3 BaOXKHEUIINX KPUTEPUEB SABJISIETCS PaHHee 00HaApY-
’KeHUe IaTOreHOoB ellle 10 IOSBJIeHUS BUIMMbIX CUM-
TITOMOB, UTO 0COGEHHO Ba)KHO JJISI IPEeOTBPalleHUsI
pacripocTpaHeHus 3a60JeBaHUN.

Bricokas crenu(UYHOCTb U UYBCTBUTEJIBHOCTD
Takux TexHoJyioruit, kak NGS, gPCR u CRISPR, ob6ecrie-
YMBAKT TOYHOCTb U BOCIIPOM3BOLUMOCTE PE3YJIbTAaTOB
Iake TIPU HU3KUX KOHIIEHTPAIUIX [1aTOTeHOB.

B03MOXXHOCTB CO3/IaHUS U JIETKOCTh IIPUMEHEHU S
MYJIBTUIIJIEKCHBIX CUCTEM, & TAKXKe UCII0JIb30BaHUE '~
OpUAM3AIMOHHBIX MAaTPUL, 1 NGS 103BOJISIET OTHOBPE-
MEHHO 06HAPYXUBATh MHOXXECTBO MTaTOTE€HOB, UTO 3HA-
YUTENIbHO MOBbIMAaeT 3 (PEeKTUBHOCTD NTUAaTHOCTUKMU.
Pa3BuTHe MOPTATUBHBIX IJIaTHOPM, TaKux Kak LAMP

High specificity and sensitivity of technologies
such as NGS, qPCR and CRISPR ensure the accuracy
and reproducibility of results even at low concentra-
tions of pathogens.

The possibility of creating and easy to use mul-
tiplex systems, as well as the use of hybridization
matrices and NGS, allows for the simultaneous de-
tection of many pathogens, which significantly in-
creases the efficiency of diagnostics. The devel-
opment of portable platforms such as LAMP and
CRISPR expands the possibilities for field diag-
nostics, which is especially important for rapid re-
sponse to threats. The possibility of field application
of tests allows for the detection of phytopathogens
directly on site, quickly and without sending them
to a laboratory.

Limitations and Prospects:

The widespread use of molecular genetic meth-
ods in the detection of quarantine objects today still
has a number of limitations. Sequencing of nucleic ac-
ids requires complex bioinformatics processing and
the availability of reference sequences, as well as the
ability to interpret the obtained data. Some methods,
such as PCR, do not allow distinguishing viable mi-
croorganisms from non-viable ones. This can lead to
false positive results.

Some methods, such as NGS and metagenomics,
have become much more affordable, although they re-
quire specialized equipment and skills, which some-
what limits their mass application.

However, in the future, the mass integration of
molecular genetic methods will lead to a significant
increase in the accuracy and speed of diagnostics,
and will allow timely detection of pathogenic organ-
isms in seed and planting material. The mass use of
these methods will further reduce their cost per sam-
ple. The development of the NGS method, including
metagenomic sequencing, in diagnostics will contrib-
ute to further cost reduction, expansion and develop-
ment of databases, and will open up new opportuni-
ties for monitoring plant diseases in real time. And
the development of artificial intelligence will allow
for quick and accurate interpretation of data. The re-
quirements for server capacity and data storage will
be reduced. The processes of developing diagnostic
methods will be automated, which will save resourc-
es and reduce time costs.

CONCLUSION

Modern methods of plant pathogen diagnostics
based on molecular genetic approaches are a pow-
erful tool for controlling crop diseases. Their imple-
mentation in phytosanitary monitoring and integra-
tion with traditional methods will reduce economic
losses associated with pathogens and contribute to
sustainable agricultural development. However, for
the widespread use of these technologies, the issues
related to their cost, availability and data interpre-
tation need to be addressed. Further research and
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u CRISPR, pacmupseT BO3MOXXHOCTH IJs ITOJEBOH
JUaTHOCTUKY, YTO OCOOEHHO BaYKHO JJIsT OTIEPAaTUBHO-
T'0 pearupoBaHUs Ha YTPO3bl. BO3MOXHOCTD I10JIEBOTO
PUMEHEHUS TECTOB IT03BOJISIET BIABJISATH (DUTOIIATO-
TeHbI TIPSIMO Ha MecTe, ObICTPO 1 6e3 OTIIPaBKM B J1abo-
paTopuio.

OrpaHUYeHUS ¥ EPCIIEKTUBBI

[IIupokoe MpUMeHEHUE MOJEKYJISIPHO-TEHETU-
YeCKUX METOJIOB B IETEKIINY KaPAHTUHHBIX 06 BEKTOB
Ha CeromHSIIHUY OeHb BCE JKe MMeeT P OrpaHuve-
HuM. CEeKBEHUPOBaHUE HYKJIEMHOBBIX KUCJIOT TpebyeT
CJIOKHOM 6romHpOopMaTUUecKkoi 06paboTKY ¥ HATMUMST
pedepeHCHBIX MTOCJIEIOBATENBHOCTEM, a TAK)KE YMEHUST
WHTEPIPETUPOBATh IOJyYeHHbIe JaHHbIe. HEKOTO-
pble MeTOnbl, TaKMe Kak [P, He TO3BOJIAIOT OTJIMYUTh
JKM3HECIIOCOOHbIE MUKPOOPTraHMU3Mbl OT HEXH3He-
CITIOCOGHBIX. 9TO MOXET IPUBOLUTH K JIOKHOTIOJIOXKM -
TEeJIbHBIM pe3yJabTaTaM.

HekoTopble MeTOMbI, TaKue Kak NGS 1 MeTareHo-
MUKa, CTaJIM 3HAYUTEJIBHO JIOCTYITHEE 10 CTOUMOCTH,
XOT$ 1 TPeOYIOT CIIelnaIn3uPOBaHHOTO 000PYIOBaHUS
¥ HaBBIKOB, UTO HECKOJIBKO OFPaHNUYMBAET UX MacCOBOEe
IpUMeHeHNe.

OnHaKo B MEPCIIEKTHUBE MaccoBasg MHTerpalius
MOJIEKYJISIPHO-TEHETUYECKUX METOHOB TPUBENET
K 3HAUUTEJbHOMY ITOBBIIIEHUI0 TOYHOCTU Y CKOPOCTH
IUaTHOCTUKH, TIO3BOJIUT CBOEBPEMEHHO OIPeNesaTh
aToreHHble OPraHM3Mbl B CEMEHHOM U MOCAJ0YHOM
MaTepuae. MaccoBoe NprUMeHEHMWEe TaHHBIX METO-
JIOB elle 60JibIllle CHUBUT UX CTOMMOCTD B IIepecueTe
Ha obpaserll.

PasButue metoma NGS, B TOM uncjie METareHoOM-
HOT'0 CEKBEHUPOBAHMS, B IUAaTHOCTUKE OYIeT CII0co6-
CTBOBAThH JaJIbHENIIEMY CHU)KEHUIO CTOMMOCTH, pac-
MUPEHWI0 ¥ Pa3BUTHUI0 6a3 JaHHBIX, OTKPOET HOBLIE
BO3MOXXHOCTH JIJISI MOHUTOPWHTA 3a601€BaHUU pacTe-
HUU B peaJibHOM BPEMEHU. A Pa3BUTHE UCKYCCTBEHHO-
T'0 MHTEJJIEKTA IT03BOJIUT GbICTPO ¥ TOUHO NHTEPIIPETH -
poBaTh maHHble. CHU3SITCA TPe6GOBaHUSI K CEPBEPHBIM
MOIIHOCTSM U XPaHWJIKILAM JaHHBIX. ABTOMaTU3UPY-
IOTCSI IPOIIECCHI Pa3paboTKY AUATHOCTUYECKUX METO-
JIVIK, YTO TTO3BOJIUT SKOHOMUTD PECYPCHI U CHU3UT Bpe-
MEHHBIE 3aTPATHI.

3AKJIIOYEHUE

CoBpeMeHHbIe MEeTObl JUAaTrHOCTUKU IIaTOTE€HOB pac-
TEeHUI, OCHOBAHHbIE HAa MOJIEKYIAPHO-TeHETUYECKUX
TIOJIXOMAaX, TPEICTABJISIOT COO0M MOIIHBIN MHCTPYMEHT
IJ1s1 60PBOBI C 3a060JIEBAHUSIMU CEJIbCKOX035ICTBEHHbBIX
KynbTyp. X BHeApeHue B GUTOCAHUTAPHBIM MOHUTO-
PUHT ¥ UHTETPaIlUs C TPAAUIIMOHHBIMU METO/IAMHU T10-
3BOJIAT CHU3UTh SKOHOMUYECKYE II0TePHU, CBA3aHHbIE
¢ TIaToreHaMu, U CII0CO6CTBOBATh YCTOMUYMBOMY pas-
BUTHUIO CEJIbCKOTO X035cTBa. OJHAKO IJIs MIUPOKOTO
NPpUMEHEHU STUX TEXHOJIOTUHN HeoO0XOLUMO PEIIUTh
Pz Ipo6iIeM, CBI3aHHBIX C UX CTOMMOCTBIO, TOCTYITHO-
CTBIO M UHTEPIpeTaluel JaHHbIX. labHeNIe uccie-
IOBaHUS U pa3paboTKu B 3TOU ob6iacTu 6yayT Crioco6-
CTBOBATh CO3TaHMI0 6osiee 3HHEKTUBHBIX U TOCTYITHBIX
pelteHunt AJg 3alMThl PACTEHUH U 06ecIieueHu s IJ10-
6aJIbHOM MPOIOBOJIbCTBEHHO 6€30TTIacCHOCTH.
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JKumo cmoum auws moada, ko2da pabomaeuls,
a ecaiu He pabomamo, mo He CIOUN U ¥Umeo.

AAxoBy bopucoBuuy
MopakoBUuy —

90 1em!

B 1962 2. (6onee 63 nem nHa3ad) 8 LleHMPATLHYI0 KAPAHIMUHHYTO
Jaaéopamopuro (UKJI) Ha doncHOCIb a2POHOMA 0Mdena MOKCUKo0102Ul
061 npuHam 6binycKkHuK MoCK06CKOTL CeNbCK0X03TiCMBEHHOT
arxademuu umenu K. A. Tumups3zesa SAxoe bopucosuu Mopdxosuu.

C Tex 1Iop MeH4JIUCh Ha3BaHud u craryc LIKJI, Tenneps oHa cTajna
BcepoccuiickuM 1IeHTPOM KapaHTHHa pacTeHuit (PI'BY «BHUMKP»). Ho
SlkoB BOpMCOBUY He MEHSIJI HU MeCTO PaboThl, HU BhIGPAHHOM CIIelira-
nu3anuy — 06e33apa’kuBaHMe TTOAKAPAHTUHHOM IPOLYKIIUY U TTO/IKA-
PAHTUHHBIX 00BEKTOB CTAJIO JeJIOM ero XXusHu. OH u ceriyac paboraeT
BO BcepoccuiickoM 1IeHTpe KapaHTHWHA PacTeHUU B IOJKHOCTY BeJly-
IIero HayYHOTr'0 COTPYAHUKA OTAea 06e33apakuBaHus.

SIKOB BoprCcOBUY — TaJaHTJIMBLINA yUeHbIN. Bce paspaboTkuy, CBS-
3aHHBIE C COBEPIIEHCTBOBAHUEM TEXHOJIOTUY 06e33apaKMBaHUs, UC-
MIBITAHUS TIPETIapaToB, BHEAPEHUS METOH0B KOHTPOJIS, 00eCTIeueH s
6e30T1aCHOCTH, OCYIIECTBIISJIUCE IIPY €T'0 aKTUBHOM YUaCTUMN.

Ero nepy npuHaajiexaT geCITKU PYKOBOICTB U MHCTPYKIINI, MHO-
’KECTBO ITAaTEHTOB, KHUT, COTHU cTaTel. OH yYaCTHUK PSfa 3apyOesKHbIX
SKCITeAUIUH, B X0Jle KOTOPBIX B YCJIOBUSAX MOPCKUX ITEPEBO30K ITPOBE-
PSIMCh PEXXUMBI 00e33apakKBaHUS OIKAPAHTUHHBIX IPY30B.

C 1964 r. flxoB BopucoBuu IipernofaeT Ha Kypcax [IOBBILIEHUI KBa-
NMUGUKALIUY CIEIUAIVCTOB B chepe KapaHTUHHOTO (PUTOCAHUTAPHOTO
obeszapakuBaHus. ETo yueHUKM paboTaloT Ha BCel TeppuTopuu Poc-
curickoy ®enepanyu. OHU MO-TIPEXHEMY 06paIalOTCa K CBOEMY YUu-
TEJII0 B CIydae KaKux-J1ub0 3aTpyAHEeHUH.

SIkoB BOpUCOBUY OIMHAKOBO YBJIEKATEJIbHO U JJOXOJUNMBO MOXET
pacckasaTh ¥ 0 CEpPbe3HOM HayYHOU ITPobJieMe, ¥ 0 CBOUX BIIEYATIEHUSIX

| TPRAHCTIOPT

HACE
B HAWEM AOME

H. H. BypgeHko

0 [10€e3/IKe B NHTEPEeCHYIO0 CTpaxy. [Tu-
1IeT CTUXU, YMeET ObITh MYIIOHN KOJI-
JIeKTHBA. Ml He BepUTCH, UTO 3TOMY
JHEPrUYHOMY UejioBeKy yoke 90 JeT.

Hosdpasnsem Axosa Bopucosuua
¢ ro6unieem, yxcenaem emy 300po6vs
u meopueckozo donzonemus!

Konnexmus ®I'BY « BHUUKP»

OBE3IAPAMMBAHWE
NPOAYKLAW

KOAeenn
ORI
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Pepakuus xypHana «dutocaHu-
Tapusa. KapaHTUH pacTeHnin» paga
npennoXuTb BaM BO3MOXHOCTb
nybnvkaumm Bawmnx ctaTem Ha cTpa-
HMLAX )XypHana. Hawa uenb — npu-
BJieYeHMe BHMMaHUA K Hanbonee
aKTyasibHbIM NpobnemMaM KapaHTu-
Ha pacTeHWU cneunanncToB Cefb-
CKOr0O X035ICTBA M BCEX 3aMHTEpe-
COBaHHbIX B 3TOM JIHOAEN.

B »xypHane paccmartpuBaroTcs
OCHOBHbIE HanpaB/ieHUst Pa3BUTUS
HayKu 1 MepepoBoro onbiTa B 0bna-
CTU KapaHT1HA M 3aLL1Tbl PACTEHWUIA,
nybnukyeTcs BaxxHas MHopmaLms
0 HOBbIX MeTofax W cpencTsBax,
npuMmeHseMbIx Kak B Poccuun, Tak
n 3a pybexxom, a Takxe o uTto-
CaHUTapHOM COCTOSIHWUM TEPPUTO-
pun Poccuinckom depepaumn.

Mbl LOHOCVMM [0 LMPOKOro
Kpyra yntatenen o6beKTUBHYHO
Hay4HO-MPOCBETUTENIbCKYH U aHa-
JINTUYECKYH MH(OPMALLUIO: MHEHUS
BeOyLLMX CneLmnanncToB no Hambo-
fiee NpUHUMNManbHbIM BONpocam
KapaHTWHa pacTeHWN, AaHHble
0 3HAUYMMbIX HOBENLIMX 3apybex-
HbIX 1 OTEYECTBEHHbIX MCCNefoBa-
HUSIX, MaTepuanbl TEMaTUYECKNX
KOH(epeHLNN.

Pepakuus xypHana «®uto-
caHuTapusl. KapaHTUH pacTeHuin»
npurnawaeTr K COTPYAHUYECTBY
KaK BblOAMOLLMXCA AeaTene Hayku,
TakK U MoMofbIX YYeHbIX, cneuma-
JINCTOB-NPaKTMKOB, paboTatoLmx
B obnacTtu cmtocaHuTapum, Ans
obmMeHa onbiToM, obecnevyeHns
YyCTOMYMBOro (hUTOCAHUTAPHOrO
61arononyyuns U Ans HOBbIX Hayu-
HbIX AMCKYCCUNA.

Your article can be here!

The journal “Plant Health
and Quarantine” invites
authors to publish

their research papers

Scan for further
information —

3AO0AYU XXYPHAJIA

* /I3yyeHne OCHOBHbIX TEHOEHLMIA PAa3BUTUS HAYKM B 061aCTN KapaHTUHA PacTEHNI

» AHaNU3 WMPOKOro Kpyra nepemfoBbiX TEXHOMOIMA B 061aCTV MOHUTOPUHIA
1 NabopaTopHbIX UCCNER0BAHNUI MO KAPAHTUHY PACTEHUI

» O6CyxaeHWe akTyanbHbIX BOMPOCOB KapaHTUHA PacTeHW

OBLWLME TPEBOBAHUA K NPEQOCTABJIAEMbIM CTATbSIM

K nybnmkaumm npuHUMAOTCS CTaTby Ha ABYX S3bIKaX: PYCCKOM U @HITIMICKOM, CO-
Lepxaline pesynbraTbl COBCTBEHHbIX HayYHbIX UCCNefoBaHUin, 06bemMoM o 15 cTpa-
HULL, HO He MeHee 3 (MpY 0oMHAPHOM NHTepBase 1 pasmepe WpnugTa 12). ONTUManbHbIN
06beM ctatbn — oT 1500 cnoB. CtaTtbu 6onbluero o6bema MoryT 6biTb MPUHATLI MO COrna-
COBAHMIO C pefaKLmel XXypHana.

CTPYKTYPA NPEOOCTABNISEMON CTATbU*

1. YK, Ha3BaHue cTaTbu.

2. Hnumanel, hamununs astopa.

3. MecTo paboTbl aBTOpPa, ropod, ctpaHa, ORCID ID, agpec 3NeKTPOHHOM NOYTbI.

4. AHHOTaums (KpaTKoe TOYHOEe M3MOXKEHVE COLEePXKaHUs CTaTbu, BKIOYalOLLee
thaKTUYeCKune cBeaeHNs 1 BbIBOAbI onucbiBaemMor pabotsl): 200—250 cnos, Ho He 6onee
2000 3HaKoB c npobenamu.

5. KntoueBble crnosa (5—10 cnos, cioBocoveTaHuin), Hanbonee TO4HO 0TobpaXkaro-
e cneunduky ctaTbm.

6. BeBepeHue.

7. MaTepuanbl U MeToAbl.

8. PesynbTathl 1 0bcyxoeHus.

9. BbiBOAbl/3aKtOUEHME.

10. Cnvcok nuTepaTypsl (T. €. CMMCOK BCEI NCMOSIb30BAHHOM IUTEPATYPbI, CCbIIKM
Ha KOTOPYIo AKTCS B CaMOM TEKCTe CTaTbM): MpaBuia COCTaBAEHMS HAMPaBASOTCS aB-
TOpY MO 3anpocy.

11. MHdopmaums o6 aBTopax: NPUBOLAUTCS NOMHAS MHDOPMAaLLMS O KaXX0M U3 aB-
TopoB (MecTo paboThkl, ropoa, ctpaHa, ORCID ID, agpec aNeKTPOHHOW NoYThl).

12. nntocTpaTrBHble MaTepuanbl (hoTorpadum, pUCyHKM) LOMYCKAKTCSH XOPOoLUel
KOHTPACTHOCTK, C paspelieHnem He Hmke 300 Touek Ha atonm (300 dpi), opurnHanbi
NMPUKNaAblBalOTCS K CTaTbe OTAeNbHbIMU hainamu B hopmare .tiff unu .jpeg (unntoctpa-
LK, He cooTBeTCTBYHOLWME TpeboBaHUSAM, ByayT NCKOUYEHBI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOEe MX BocrnpounsBeneHne Tunorpadckmm cnocobom HeBo3MoXHO). Heobxonnumo
yKasaTb aBTOPCTBO Kaxkaon dotorpacum (. . O. hoTorpada nnm ccoinky).

13. B pepakumio HeobxogMmo NpefoCcTaBUTh OBE PELLEH3UN Ha CTaTbio («BHELL-
HIOH0» U «BHYTPEHHIOH»).

* B TaKoM e nopsioke U CTPyKType npedoCcTaBsIeTcs AHI053b14HbIU nepeBod CTaThuU.

PaboTa pomxkHa 6biTb NpegocTasneHa B pegaktope WORD, dopmat DOC, wpudT
Times New Roman, pasmep wpudta — 12, MEXCTPOUHBIN MHTEPBA — OOWHAPHbIN, pas-
Mep nosielt — no 2 cM, OTCTyn B Hayasne ab3aua — 1 cm, choopMaTMpoBaHme No LWUPUHE.
PucyHku, Tabnuubl, cxeMbl, FpaunKm 1 Np. [oXHbl 6bITb 0693aTeNIbHO MPOHYMEpPOBaHbI,
MUMETb MCTOYHMKMN 1 MOMEeLLaTbCsA Ha MeYaTHOM MnoJsie CTpaHuLbl. HaseBaHue Tabnuubl —
Hap Tabnuuen; HasBaHWe pucyHKa/rpadvka — nog pUcyHKom/rpacmkom.

BOJIEE NOAPOBHBIE YC/I0BUA NYBJIUKALUN CTATEN Bbl MOXKETE
Y3HATb B HALLUEU PEOAKLUUNU:

Appec: 140150, Poccusa, MockoBckas obnacTb, . 0. PaMeHckui,

p. n. bbikoBO, yn. lNorpaHuyHas, g. 32

KoHTakTHOE nuuo: 3nHoBbeBa CBeTnaHa leoprnesHa

TenedoH: +7 499 707-22-27, e-mail: zinoveva-s@mail.ru



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

— Hay4Hoe 1 MeToguyeckoe obecrnevyeHune
pesTenbHocTu PoccenbxosHapsopa,
ero TeppMTopUanbHbIX yNpaBieHUn
1 NOABEAOMCTBEHHbIX EMY
yupexaeHui B chepe KapaHTUHA
M 3aLWUTbl PacTEHUN

— YcTaHOB/IEHNE KapaHTUHHOIO
thuTocaHUTapHOro COCTOAHUSA
NnoAKapPaHTUHHbIX MaTepunanoB
u TeppuTopun Poccuinckon Gepepavum
nyTem npoBefeHuUs nabopaTopHbIx
3KCNepTn3 " MOHNTOPUHIOB

- HayuyHoe coTpyaHU4YecTBO
€ HaUMOHaNbHbIMU
N MeXXAyHapoOHbIMM
opraHusauusiMu B 06n1acTtu
KapaHTUHA pacTeHui

Bepyluee yupexpeHue B Poccuiickor depepaumm no CUHTE3Y U MPUMEHEHUIO
thepoOMOHOB AN19 BbIIBNIEHUS KapaHTUHHBIX U HEKapaHTUHHbIX BpeguTene
1 60pbbbl C HUMMK

®rey «<BHUNKP» — napTHEp MeXAyHapoAHOW NPOrpaMMbl MO KOOPAVHALLUN
Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO II
(EUropean PHytosanitary RESearch COordination)

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

Begnyuiee HayuUHO-MeTOAUUYECKOE yupeXkaeHue B cocTaBe KoopanMHaLMOHHOro
CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

CeTb thunmanos Ha Tepputopum Poccuiickoin degepaumm

lfonoBHOe HayyHO-MeToaMUYecKoe yupexageHue no peanusauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a

140150, Poccus,

MockoBcKkag 00JIaCTh,

I. 0. PameHCKUM, p. 11. BRIKOBO,
yi. [TorpanuuHagd, g. 32

Te./daxc:

8 (499) 707-22-27

e-mail: vniikr@fsvps.gov.ru
http://www.vniikr.ru



