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UCTIOJIb30BaHbl paszpaboTaHHble GOPMBI BBOJLA U
3arpoca nHpopmaluu. B utore ucciefoBaHui 66110
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ABSTRACT

This article presents the results of the
biomorphological structure study of wheat and
oilseed flax cenofloras in Penza Oblast and Samara
Oblast of the Middle Volga region. A comparative
analysis of the weed life forms structure in the
agrocenoses of these crops was conducted using the

®dutocaHuTapus. KapaHTuH pacteHuin 2



BA3bl JAHHbIX  DATABASES

BBISIBJIEHO 3HAYUTEJIbHOE CXOACTBO GMOMOPMOJIOTH-
YEeCKOU CTPYKTYPhl COPHOTO KOMITIOHEHTa B ITOCEBAxX
TIIeHUIIbl U JbHA. B 06eux 1meHodmopax abcog0THO
ITOMUHUPYIOT TPAaBIHUCThIE PACTEHUS C IIPAKTUYEC-
KY PaBHBIM COOTHOIIEHUWEM TOJUKAPIUKOB U
MOHOKapIUKOB. CpeJi MHOTOJIETHUX TIOJIMKaPIIuyUec-
KUX pacTeHu# Hambojiee mMpeJICTaBJIeHbl KOpPHE-
BUIIIHbIE Y CTEPXXHEKOPHEBLIE XXV3HEHHbIE Cl)OpMI)I, a
cpeny MOHOKAapIHUYECKUX TPABAHUCTBIX PACTEHUM
npeobyialal0T IJUTENbHO BETETUPYIOIIUE SPOBbIE
ONHOJIETHUKU. B moceBax 06eux KyJbTYp MIPUCYT-
CTBOBAJIM JIPEBECHBbIE PACTEHUS HAa PAHHUX CTAAUIX
OHTOTEHE3a, UYTO OTPA’KAeT COBPEMEHHYI0 arpoTex-
HUKY BO3JIeJIbIBAaHUS KYJIbTYP U 6JIM3KOE PaCIIOIoXKe-
HUE TI0JIEM K TEPPUTOPUSIM C €CTECTBEHHBIMU U
MCKYCCTBEHHBIMU JPEBECHBIMU HACAXKIEHUIMU.
ABTODPBI TIPU3HAKT 3GOEKTUBHOCTh MIPUMEHEHUS
CTIeIMATN3UPOBAHHbBIX 6a3 JAHHBIX JJIT HAJEKHOTO
XpaHEeHUs 3HAYUTEIbHOTO 00beMa MHOOPMAIUU O
IIPOBEIEHNY MHOTOJIETHUX HCCHGHOB&HHﬁ, oIrrepa-
TUBHOTO K HeUW JocTymna nyteM (OpMUPOBaHUSI
3aMpoCcoB IO pasHBIM ITapaMeTpaM, a TaKXe ee
MIPUMEHEHU 1)1 TPOBeIeHUI aHaI13a.

Knroueevie cno6a: COpHbIE DACTEHUS, )KU3HEHHAS
(opma, nueHnIa, MacJAUYHbIN JIeH, IIPOrPaMMHBbIN
MIPOLYKT.

BBEJEHUE

eHodopa — o0beaMHEHNE MOJHBIX
TEePPUTOPUATBHBIX COBOKYITHOCTEH
BUJIOB pacTeHUU (IOPUCTUYECKU U
5KOJIOTUYECKU OJHOTHUITHBIX CO06-
mecTB (IOpues, Kamenun, 1991).
VccnemoBaHue pPa3HOOOPas3HBIX
AQCIIEKTOB CTPYKTYPHI 1eHODIIOPHI
MMOCEBOB Pa3JUUYHBIX KYJAbBTYP
(TaKCOHOMMUYECKOTO U 6MOMOPGOIOTUUECKOTO
CIIEKTPOB, UyXEPOJHOTO U aGOPUreHHOr0 KOMIIO-
HEHTOB) MMeeT GOJIbIIOE HAyYHOE 3HAUEHUE [JIsT
MO3HAHUSA OGIMX 3aKOHOMEPHOCTEW PasBUTHUSI
cereTaibHOM (hJIOPHI™.

B moceBax 4ejloBeK CO3LaeT YCIOBUA LI
npouspacTaHugd He TOJbKO KYJbTYPHBIX, HO U
CODHBIX BUJIOB PACTEHUMN. ITU YCIOBUS BJIATONPUSIT-
HBI JIJIS CYLIECTBOBAHUS OIpenesieHHOro Habopa
JKM3HEHHBIX ()OPM pacTeHuit. VMicxonss m3 3TOTO, IO
KOJIMYECTBEHHOMY COOTHOLIEHWI0 TeX WJIU WHBIX
JKM3HEHHBIX (POPM, BCTPEUEHHBIX B IIO0CEBE, MOXKHO
CYyOUTh, HATIPUMED, 06 UCTOPUM CEIbCKOX03INUCTBEH-
HOI'0 UCIIOJIb30BaHUA 3€MeJIbHOI'O yU4acTKa, arpoTex-
HUKe BO3[eJIbIBAHUA KYJbTYPHI, O LJIUTEJIbHOCTU
HEUCII0JIb30BAHUS/NAaBHOCTY BO3BpallleHNs B CEBOOGO-
POT 3eMeJib CeJIbCKOX039ICTBEHHOI'0 Ha3HAYeHU4.

[IpencraBiieHHada CTaTbs IIOCBALIEHA Pe3yJibTa-
TaM U3y4YeHUsI CTPYKTYPhI )KM3HEHHBIX (DOPM IIeHO(]-
Jopbl moceBoB. [To muHeHuio M. I. Cepebpsakosa,
9K0JIOTO-MODP(DOJOTUYECKH XKU3HEeHHad dhopMa

1 [leHO(JIOPHI PA3IUYHBIX IOCEBOB BXOZAT B COCTAB CETE€TAIbHON
(hy1OpBI — NCTOPUYUECKY U HKOJIOTUUECKU CIIOKUBILIENCS
COBOKYITHOCTY BUJIOB COCYZVCTBIX PACTEHUH, ITPOM3PACTAIOIIX
Ha 06pabaThIBAEMBIX CEJIbCKOX03MCTBEHHBIX YTOIbIX
He3aBUCKUMO OT XXeJlaHus yesioBeka (TpeThsikoBa u Ap., 2020).

tools of the "Weed Database of Agricultural Crops of
the Middle Volga Region," developed by the All-
Russian Plant Quarantine Center. The data was
collected from field surveys of 123 fields from 2019 to
2024. Developed input and query forms were used to
store, organize, compile lists based on specified
parameters, and analyze the information. The
study revealed significant similarities in the bio-
morphological structure of the weed component in
wheat and flax crops. In both cenofloras, herbaceous
plants are completely dominant, with a nearly equal
ratio of polycarpic and monocarpic plants. Among
perennial polycarpic plants, rhizome and taproot life
forms are most represented, while among monocarpic
herbaceous plants, long-growing spring annuals
predominate. Both crops included woody plants in the
early ontogenesis stages, reflecting modern agricul-
tural practices and the proximity of fields to areas with
natural and artificial tree plantings. The authors
acknowledge the effectiveness of specialized data-
bases for reliably storing significant amounts of
information on long-term research, quickly accessing
it by generating queries based on various parameters,
and using it foranalysis.

Key words: weeds, life form, wheat, oilseed flax,
software.

INTRODUCTION

enoflora is "the unification of complete

territorial communities of plant species of

floristically and ecologically uniform

communities" (Yurtsev, Kamelin, 1991).

Research into various aspects of the

cenoflora structure of various cultures
(taxonomic and biomorphological spectra, alien and
native components) is of great scientificimportance for
understanding the general development patterns of
segetal flora.

In crop fields, humans create conditions for the
growth of not only cultivated but also weed plant
species. These conditions are favorable for specific
plant life forms. Based on this, the quantitative ratio of
various life forms found in crops can be used to assess,
for example, the agricultural history of the land, the
cultivation practices used, and the length of time since
theland was abandoned orreturned to crop rotation.

This article presents the results of a study of the
life form structure of crop cenoflora. According to L.G.
Serebryakov, "an ecological-morphological life form
in higher plants is a unique general appearance
(habitus) of a certain group of plants (including their
above-ground and underground organs—underground

1 The cenofloras of various crops are part of the segetal flora —
“a historically and ecologically established set of vascular plant
species growing on cultivated agricultural lands regardless of
human desire” (Tretyakova et al., 2°2°),

®despanb N2 1 (26) 2026 3



BA3bl JAHHbIX  DATABASES

Yy BBICIIMX PACTEHUH — 5TO CBOEOOPA3HBINA O6MIMI
06JIMK (raGUTyC) OINpPENENIEeHHON T'PYIITbl PaCTEHUMR
(BkJIIOYas WX HaJ3eMHBbIE U TO/3€MHbBIE OPTaHBI —
oJi3eMHbIe TTOGETY ¥ KOPHEBbBIE CUCTEMBI), BOBHUKA-
IO B UX OHTOTEHe3e B Pe3yJibTaTe POCTa U Pa3BU-
TUS B OTIPEIEJIEHHBIX YCIOBUAX CPEMbl. ITOT TabUTYC
WCTOPUYECKU BO3HUKAET B JAHHBIX MTOYBEHHO-
KIIMMAaTUYEeCKHUX YCJIIOBUAX KaK BbIPpaXeHUEe ITPUCIIO-
coGJIEHHOCTU PacTeHuil K 3TuM ycuoBusaM (Cepebpsi-
KO0B, 1962:69).

MHOTOJIeTHUE UCCIeNOBaHUA CTPYKTYPHI
1eHO(JIOPBI TTOPA3yMEBAIOT PETYIIPHOE aKKyMy-
JUPOBaHME 3HAUYUTEJIHHOTO MacCHBA IOJEBBIX
MaTepuasioB. OnudpoBKa, CTPYKTYpPHUpPOBaHUE,
WHTETPUPOBAHUE U TIOCIENYIOUIUN aHaJIU3 JaHHBIX
TPYALOEMKUU U TpebyeT 3HAYUTEJbHBIX 3aTpaT
BpeMeHHU. B 5TOM ciyuae MCIIOJb30BaHUEe 0asbl
JMaHHBIX MMO3BOJIUT XPAaHUTh U OIEPATMBHO o6Gpaba-
TBIBATh OOJIBIITHE 00 BEMbI MH(OPMAIIU.

MATEPUAJIBI UMETO/bI

B ocHOBY paboThl MOJOXEHBI CBeAeHUT TI0
1eHodJopaM IOCEBOB IBYX KyJbTyp (MINEHUIBI U
MaCJIUYHOTO JIbHA) B IPeJesaX NBYX MOJEJbHBIX
peruonoB CpenHero IT0BOJIXXKbsS — [IeH3EHCKOU U
Camapckoii obacteii (cMm. Ta6i. 1).

BunoBoii cocTaB COPHBIX PacTEHUU IIOCEBOB
usyvau 1o meroauke (CyxosyozoBa u gp. 2022, 2023),
IpeyCcMaTPUBAKINEl y4eT BCEX COPHBIX PAaCTEHUU
Kak Ha Kpaw, TaK U B OCHOBHOU YaCTH ITIOCEBOB.
[TepumMeTp 1oJsg 06CyIeIOBANN TIENIKOM WUJIU MeAJIeH-
HO IlepeJiBUrasich Ha MallyHe, IZle 3TO GbIJI0 BO3MOXK-
Ho. VcceoBaHre OCHOBHOM YaCcTX MacCuBa IPOBO-
IUJIY TTyTEM MTPOKJIaAbIBAHUS BIJIYOb ITOJIS OT ABYX JI0
HECKOJbKUX TPaHCEeKT AJuHON oT 20 mo 100 M
(B3aBUCMMOCTM OT IJIOIIAAY TTOJIEH). [ToceBbI M3yydaau
C KOHIIA MIOHS 110 Ha4aJio CEHTSA6PS B OJIHY 13 (peHOoJI0-
rudyeckux (a3 pocTa KyJbTYPhI B OOIIEN CJIOKHOCTH C
2019m02024T.

st 6uoMopdOTIOTUYECKOTO aHaIr3a eHo(II0-
PbI IPUMEHSIN KJIacCU(DUKAIIUIO KU3HEHHBIX (DOPM
WN.T. CepebpskoBa (CepebpsakoB, 1962) c HEKOTOPBIMU
JIOTIOJTHEHUSIMU.

VIHCTPyMeHTOM 00paboTKU aBTOPCKUX MaTepu-
aynoB 6bu1a paspaboranHas B ®I'BY «Bcepoccutickui
IIEHTP KapaHTWHA pacTeHui» «baza maHHBIX 1O
COPHBIM PACTEHUSM CEJIbCKOXO3IHUCTBEHHBIX KYJIbTYD

shoots and root systems), arising during their
ontogenesis as a result of growth and development
under specific environmental conditions. This habitus
historically arises in given soil and climatic
conditions as an expression of the plants' adaptability
tothese conditions" (Serebryakov, 1962: 69).

Long-term studies of cenoflora structure require
the regular accumulation of a significant amount of
field data. Digitizing, structuring, integrating, and
subsequently analyzing the data is labor-intensive and
time-consuming. In this case, using a database will
allow for the storage and rapid processing of large
volumes of information.

MATERIALSAND METHODS

The work is based on data on the cenofloras of two
crops (wheat and oil flax) within two model regions of
the Middle Volga region — Penza Oblast and Samara
Oblast (see Table 1).

The weed species composition of crops was
studied using the method (Sukholozova et al. 2022,
2023), which involves counting all weeds both at the
edges and in the main part of the plantation. The field
perimeter was surveyed on foot or by slow vehicle,
where possible. The main part of the field was explored
by laying two to several transects, 20 to 100 m long
(depending on the field area), into the field. Crops were
studied from late June to early September during one of
the phenological phases of crop growth, for a total of
2019t02024.

For the biomorphological analysis of the
cenoflora, the classification of life forms by I.G.
Serebryakov (Serebryakov, 1962) was used with some
additions.

The tool for processing the authors' materials was
the "Database of Weeds of Agricultural Crops in the
Middle Volga Region to Ensure the Region's Export
Potential" (No. 2025623377, dated August 15, 2025)
(Certificate ..., 2025), developed at the All-Russian
Plant Quarantine Center. It contains consolidated
information on weeds in crops and finished products
intended for export from the selected region. While
making the database, information entry forms were
developed, and dictionaries with formalized terms,
value scales, and other features were prepared,
simplifying the processing of field data and allowing for
increased speed of new data entry. The development of

Ta6s1. 1. YKCJIo UccieJOBAHHBIX MOJIEi MIIEeHUIbI ¥ JIbHA MacJIUYHOro B CpeaHeM ITOBOJKbE
Table 1. Number of studied wheat and oil flax fields in the Middle Volga region

YKCJ10 UCCIIEI0BAHHBIX IT0JIEH

Peruox ucciefosanuii Number of studied fields

Study region O3uMas nueHuna fApoBas nueHUIA MacJIuuHbIii JIeH
Winter wheat Spring wheat Oilseed flax

IleH3eHCKasa 06JI1aCTh

Penza Oblast 46 26 &

Camapckas 06J1acTh
26 25 31

Samara Oblast

B 72 51

cero 102

Total
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CpenHero TIOBOJKbA IJI ODECIIeUe- oA s bas s

HUS SKCIOPTHOILO IIOTEHI[Mala rrmmm
peruona» (N2 2025623377 oT Patit Masasans otecn. | Moo passeck
15.08.25 1)) (CBUIETEIBCTBO ..., 2025), | et

PAITeeE Adebain 0N ded 8 B

KOTOpAas COLEPXUT KOHCOJULUPO-
BaHHYI MHGOPMAIUI0 O COPHBIX
PacCTeHUNAX B IIOCEBAX W TOTOBOM 1. mws
MPOAYKIIUY, TIPeIHa3HAuYeHHON Ha AL
SKCIIOPT M3 BBIOPAHHOTO PETHOHA.

Mpu co3maHuu 6as3bl JAaHHBIX
paspaboTaHbl GOPMBI 110 BBOAY
nHGOpPMal UK, MOATOTOBJEHBI

caoBapu ¢ GopManu30BaHHBIMU
TepMUHAMU, IKaJaMu 3HAaYEHUH U

T.II., yOpomamimue 06paboTKy

TOJIEBOr0 MaTepuajia M I03BOJISTIO-

Iyie YBEJIUYUTh CKOPOCTb BHECEHUS

HOBBIX JaHHBIX. Biarozapsi paspa-

0OTKe 3aIpOCHON (DOPMBI «AHAIU3
JKU3HEHHBIX (GOpPM» peasn3oBaHa
BO3MOXXHOCTh GBICTPOTO ZOCTyIa K
60JIBIIOMY MAacCCHBY Pa3HOPOIHBIX

Fare: 8 nooees -

OAHHBIX U ONEpaTUBHOMY Iojyde- Puc. 1. ®parMeHT npumepa

HUI0 YHUQULUPOBAHHON 1 KOHCOJIH- thopmMupoBaHusa 3anpoca (yctaHoBKa
napameTpoB CEKL i)

IVpoBaHHOUW mHGpoOpMamuu. [lapa-
MeTpBI 3alpoca B JaHHOU (Gopme
CTPYIIIIXPOBAHBI B CEKITUY «YCIIOBUSI»,
«O6BEKTBI», «YKM3HEHHbIE (QOPMBbI».

[Ipu 3aTOJITHEHUU CBENEeHUU O XU3HEHHBIX
(opmax B 6ase JaHHBIX UCII0JIb30BaJIU UH(POPMAIUIO0
13 Pa3HbIX UICTOYHUKOB:

a) co6CTBEHHBbIE MaTepualibl, MTOJyYeHHbIE B
XOJle IIOJIeBbIX HAOJIOMeHMI Y aHajau3a repbapHbIX
00pa3110B, COOPAHHBIX B X0/Ie KCCIeJOBAHUIT;

6) CpaBHUTEJIbHbIE JaHHbBIE, TTOJYUYEeHHBIE B
uTore aHajiu3a repbapHBIX MaTEPUajOB M3 OTKPbI-
TBIX 623 JaHHBIX (LI1hPOBOIi ..., 2025);

B) nH(poOpMaNuio, B3ATYI0 U3 JUTEPATYPHBIX
UCTOUHUKOB (DJjiopa ..., 1934-1964; MaeBckuii, 2014;
OHTOTreHeTUYEeCKU ..., 1997-2013; Bacroxkos, 2003;
fAHuypkuHa, 1976).

[Tpy moATrOTOBKE MH(MOPMAIUM 0 KaXKAOM BUIE
IIPUHMMAJIOCh BO BHUMaHMeE, YTO B PA3HbBIX YCIOBUSIX
TOT WJIX WHOMW BUJ CIOCOOEH pa3BUBATh pa3HbIe
JKM3HEHHBIE (DOPMBI, ITI0STOMY IIPU aHAJIU3€e JUTEPa-
TYPHBIX CBEIEHUH )1 yKa3aHU y BUIa BEIOMPAJINCh
Te, KOTOPbIE OH CITOCOGEH pPa3BMBAThb B arpolleHO3ax
WIN YCJIOBUSAX, Hambojiee MPUOIMIKEHHBIX K TIOJISIM
(cM. puc. 1).

B cexnum «O6bEKTBI» IYyTEM YCTAHOBKYU TaJIoueK
B YeK-60oKcax MOXKHO yKasaThb 6O BCe, MO0 TOJBKO
VHTEPEeCyIoIye TAKCOHbI (CM. puc. 1).

B cekium «YCJIOBUS» IJis MIOBBIINIEHUSI CeleK-
TUBHOCTY BBIBOJUMBIX PE3yJbTATOB, TOMUMO
006s13aTENIbHBIX TapaMeTpoB «Peruon» u «KynbTypa»,
MPeAyCMOTPEHO YKa3aHWe JOIMOJHUTENbHBIX:
UCTOYHMKA JaHHBIX (06CIemoBaHUs [I0JeH, MCCaemo-
BaHUS 006pasIlOB MPOAYKIMU, repbapHble cOOPHI,
JIUTEpaTypHbIEe JLaHHBIE WUJU BCe), a TaKXe roja
(HecKoJbKUX JIeT). [Ipu BbIOOPE 06CIeIOBaHU ITOJIeH
B KayeCTBe MCTOYHMHKA JAaHHBIX JOMIOJHUTEIBHO
TTOSIBJISIETCSI BO3MOXKHOCTDb yKa3aTb JIOKAJU3AIlUI0 B
rocese (Ha Kpalo 1 BOCHOBHOM YaCTK MaCCHBa).

HenocpencTBeHHO B ceKuuu «KU3HeHHBbIE
(hopMBI» MOXKHO YKa3bIBATh MJIV KOHKPETHBIE, UJIU BCE
3HAUYEHUS KaTEeTOPUM B JepeBe JKMU3HEHHBIX (hopM,
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Fig. 1. A fragment of an example of query
formation (setting section parameters)

the "Life Form Analysis" query form allowed for quick
access to a large array of heterogeneous data and the
prompt retrieval of standardized and consolidated
information. The query parameters in this form are
grouped into the sections "Conditions", "Objects", "Life
forms".

When filling in the information about life forms in
the database, information from various sources was
used:

a) original materials obtained through field
observations and analysis of herbarium specimens
collected during research;

b) comparative data obtained through analysis of
herbarium materials from open databases (Digital...,
2025);

c) information taken from literary sources
(Flora..., 1934-1964; Mayevsky, 2014; Ontogenetic...,
1997-2013; Vasyukov, 2003; Yanchurkina, 1976).

When preparing information about each species,
it was taken into account that under different condi-
tions a particular species is capable of developing
different life forms, therefore, when analyzing literary
information for indications about a species, those that
itis capable of developing in agrocenoses or conditions
closest to fields were selected (see Fig. 1).

In the “Objects” section, by checking the
checkboxes, you can specify eitherall or only the taxa of
interest (see Fig. 1).

To improve the selectivity of the displayed
results, in addition to the mandatory "Region" and
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s s Bei Rropes Sege Cgeee Demas ias e

"Culture" parameters, the "Conditions"

" T section now allows for additional
=4 parameters: data source (field surveys,

product sample studies, herbarium
moom collections, literature data, or all), as well
= as year (multiple years). When selecting
field surveys as the data source, you can
also specify the location within the crop
- (at the edge or in the main part of the
e — array).

Directly in the "Life Forms" section,
— you can specify either specific values or
— all category values in the life form tree by
checking the checkboxes. To run the
query, click the "OK" button (see Figure
1). After running the query, a worksheet
opens in Excel containing information
about the life form assignments of
objects, as well as the number of
. detections according to the specified

: criteria (see Figure 2).
The Latin names of plants are given
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Puc. 1. NlucTt Excel ¢ pesynbtatom

3anpoca (pparmMeHT) (fragment)

YCTAHOBUB TaJIOUKU B YeK-O0Kcax. JIJIs BBITIOJTHEHUS
3arpoca Hy)»XHO HakaTb KHONKY «OK» (cM. puc. 1).
[Tocyie BBITIOJIHEHMS 3allpoca B IIpMIoKeHuu Excel
OTKPBIBAETCS JIMCT, COAep KAyl MHPOPMAIIUI0 O
IPUHAJIEKHOCTY 06bEKTOB K KU3HEHHBIM (hopMaM, a
TaK)Xe O KOJINYECTBE CJIyYaeB BBIABJIEHUS B COOTBET-
CTBUU C 3aJJAaHHBIMHU YCJIOBUSIMU (CM. pHC. 2).

JlaTMHCKYe Ha3BaHUs PaCTeHUI NPUBENEHBI I10
World Checklist of Vascular Plants (WCVP) (Govaerts,
2025). [l1s 11ej1eii cocTaBIeHUs KOHTPOJIbHOI'O CIIKCKA
TaKCOHOB 00'b€M CEMENCTB IMPUHSAIT 10 cucteMe APG IV
(Chaseetal., 2016).

PE3VJIBTATBI 1 OBCYXKJEHUE

[ToslyyeHHbIE TaHHBbIE PE3YJIBTATOB 3aIIPOCOB I10
KaXJIOM WCCJIeIOBAHHON KyJbType B [IeH3€HCKOU U
CaMapcKo# o6jacTax ObLIM MCIIOJb30BAHBLI B IIEHO-
(JIOPUCTUYECKOM aHAJIU3E.

CpaBHEHME CTPYKTYpP >KM3HEHHBIX (DOPM II€HO-
(hJIOp TTOCEBOB MINIEHUITBI X MACJTUYHOT0 JibHa CpenHe-
ro [TOBOIKbS BBIIBUJIO UX 3HAUUTEIHHOE CXOICTBO
(cM. Tabus. 2). B cocTaBe COPHOTO KOMITIOHEHTa 00eux
KyabpTyp m Camapckoi, u [IeH3eHCKOU obGJyacTelt
obHApPY)KEeHO OXKUZaeMoe ITpeobiasaHue TPaBsSHUC-
THIX PACTEHUH, CPey KOTOPBIX MPaKTUYECKU PAaBHOE
yJacTre IPUHUMAIOT TPaBIHUCThIE MTOJUKAPIIUKY U
MOHOKapnuky (B rmeHuiie CpegHero IT0BoJKbsI — 152
1 142 Bupa coOTBETCTBEHHO, B MaCJIMYHOM JibHe — 119
u 115 BUJOB COOTBETCTBEHHO) (CM. Tabus. 2). Cpemu
TPaBSIHUCTBIX ITOJUKAPTINYECKUX PACTEHUN HAMO0JIb-
1ee U IMPUMEPHO pPaBHOE y4yacTUe B CJIOXeHUU
CTPYKTYpPhI 6roMOopd MPUHUMAIOT KOPHEBUIIHbBIE (58
BU/IOB B ITIIIEHUIIE, 44 — BO JIbHE) U CTEP)KHEKOPHEBbIe
(53 Buma — B mmuenute u 40 — BO JibHe) pacTeHus (CM.
Tabs. 2). B rpymnmne MOHOKAPIUYECKUX TPABIHUCTHIX
pacTeHu# abcoyiloTHOE GOJBIIMHCTBO 3aHUMAIOT
onHoJieTHUME pacTeHus (113 BUIOB B MIIEHUTIE, 92 — BO
JIbHE), HO TaK)Ke OTMeueHbl 60j1ee 20 BUIOB JBYJIETHUX
MOHOKApPIIMKOB (TPEMMYIIeCTBEHHO U3 CeMeUCcTBa

Fig. 2. Excel sheet with query result

according to the World Checklist of
Vascular Plants (WCVP) (Govaerts,
2025). For the purposes of compiling the
taxon checklist, the family size is
adopted according to the APG IV system
(Chaseetal.,2016).

RESULTS AND DISCUSSION

The obtained data from the query results for each
studied crop in Penza Oblast and Samara Oblast were
used in the cenofloristic analysis.

A comparison of the life form structures of the
cenofloras of wheat and oilseed flax crops in the Middle
Volgaregionrevealed significant similarities (see Table
2). The expected prevalence of herbaceous plants was
found in the weed component of both crops in Penza
Oblast and Samara Oblast, with herbaceous polycarpic
and monocarpic plants accounting for an almost equal
share (152 and 142 species, respectively, in wheat in
the Middle Volga region, and 119 and 115 species,
respectively, in oilseed flax) (see Table 2). Among
herbaceous polycarpic plants, rhizome (58 species in
wheat, 44 in flax) and taproot (53 species in wheat and
40 in flax) plants account for the largest and approxi-
mately equal share in the formation of the biomorph
structure (see Table 2). In the group of monocarpic
herbaceous plants, the absolute majority are annual
plants (113 species in wheat, 92 in flax), but there are
also more than 20 species of biennial monocarpic
plants (mainly from the families Apiaceae, Asteraceae,
Boraginaceae and Brassicaceae) and 2 species of
perennial monocarpic plants from the family Apiaceae
(Libanotis sibirica (L.) C.A.Mey. and Pastinaca sativa
subsp. sativa) (see Table 2).

Among annual monocarpic plants, long-growing
spring annuals predominate (63 speciesin wheat, 53 in
flax) (see Table 2).

®dutocaHuTapus. KapaHTuH pacteHuin 6



BA3bl JAHHbIX  DATABASES

Ta6J1. 2. CoOTHOIIEHME *KU3HEHHBIX (hopM 11eHOoGJIOP IMOCEBOB MIIIEHUIIbI 1 JIbHA
CpepHero IToBOJI:KbS
Table 2. Ratio of life forms of cenoflora of wheat and flax crops in the Middle Volga region

C.IL C.0. I1.0. C.II C.0. I1.0.

M.V. S.0. P.O. M.V. S.0. P.O.
#Ku3HeHHbIE POpMEL . 0. LI 0. SO JieH JIeH JIeH
Life forms w. WW. S.w. WW. S.w. flax flax flax

AGCOJIIOTHOE UK CJIO BUZIOB
Absolute number of species

JIpeBecHbIE pacTeHuUs
Woody plants 21 8 13 8 6 11 6 8
U3 HUX:
of which:
AepeBbsa
trees 10 4 7 3 4 8 4 6
KYCTapHUKH
shrubs 11 4 6 5 2 4 2 3
IMosyapeBecHbIE
Semi-woody
pacTeHus 3 1 9 1 9 9 0
plants
TOJIyKYCTAPHUKY 9 1 7 q
semi-shrubs
U3 HUX:
of which:
MPSMOCTOSTYHIA 1 1 1 1
erect
JINAHOBUHBINA
. . 1 1
liana-like
U3 HUX:
of which:
MOJIyKyCTapHUYKHA
dwarf subshrubs 1 1 2 2 0

TpaBIHUCTbIE ITOJTUKAPIUKHA

C acCCUMIIMPYIOHIVIMU 1ToGe-

raMy — HECYKKYJIEHTHOTO

THOA 152 61 96 102 79 119 91 83
Herbaceous polycarpic plants

with assimilating shoots - non-

succulent type
M3 HUX:
of which:
CTep:KHEKOPHEBbIe
taproot 53 24 33 30 27 40 29 28
KHCTEeKOpPHeBbIe
racemose “ L i s 2 . 2
KOpPHEBHMIIHbIE
A, 58 19 35 41 31 44 36 29
Toszyaue 1 1 1 2 1 )
creeping
CTOJIOHOOGpa3yloniye 5 1 1 5 1 5 0 9
stolon-forming
ACPHOBHUHHbIE g 6 10 13 7 13 12 7
tussock-forming
KJIyOHeoOpa3yonue 3 1 3 2 5 1 1 1
tuberculate
JIyKOBUYHBIE
bulbous ! 0 !
KOPHEOTIPbICKOBbIE 9 6 8 8 7 11 9 9
root-sprouting
- CYKKYJIEHTHOTI'O THUIa: 1 0 1
- succulent type:
- JINAaHOBU/IHbIE 5 5 9 9 9 1 1 1
- liana-like
- mapasuTHbIE 5 1 9 1 1 0
- parasitic
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C.II C.0 I1.0. C.IL. C.0. I1.0.
M.V. S.0 PO. M.V. S.0. PO.
#Ku3HeHHbIe hopMbI L. o.mm. .. 0.1l AT JIeH JIeH JieH
Life forms w. W.W. S.W. W.W. S.W. flax flax flax
AGCOJIIOTHOE UK CJIO BUI0B
Absolute number of species
TpaBsSHUCTbBIE MOHOKapIUKU 149 83 86 95 70 115 91 95
Herbaceous monocarpic plants
U3 HUX:
of which:
MHOTO0JIETHUE . ! 1 . 1 . . 1
perennial
AByJI€eTHUE
biennial 27 16 17 17 11 21 16 18
O HOJIETHUE
i 113 66 68 76 58 92 73 76
U3 HUX:
of which:
- IJINTEJbHO BEreTUPYIOLLHe
ApoBBIE 63 36 39 37 33 53 41 36
- long-growing spring crops
- IJINTEJbHO BEreTUPYIOLLHE
03UMbI€e 42 25 25 33 20 34 28 28
- long-growing winter crops
- IUaHOUIHbIE
T — 4 2 2 4 3 3 2 2
- MOJIynapasuTHbIE 3 9 1 1 1 1 1 0
- semi-parasitic
- mapa3uTHBIE
- parasitic 1 2 1 1 1 1 1 1

IIpumeuanme: C.I1. — CpenHee [ToBoswkbe; C.0. — Camapckast obsacTs; [1.0. — [TeH3eHCKas 06JIaCTh; M1, — ITIIEHNUIIA B 11eJIOM; O.ITII. — 03UMas

INIIeHunna; 4.1111. — ApoBad IMIIeHnIa

Note: M.V. — Middle Volga region; S.0. — Samara Oblast; P.O. — Penza Oblast; w. — wheat; w.w. — winter wheat; s.w. — spring wheat

30HTUYHBIX, CJIO0XHOIIBETHBIX, OYPAaUYHUKOBBIX U
KPEeCTOIBETHBIX) 1 JIBa BUJA MHOTOJIETHUX MOHOKAap-
MUKOB U3 ceMelcTBa 30HTUYHBIX (Libanotis sibirica (L.)
C.A.Mey. u Pastinaca sativa subsp. sativa) (cM. Ta6J1. 2).

Cpenu OOHOJIETHUX MOHOKApPIIMUYECKUX pacTe-
HUM MpeobiagaioT OJAUTENbHO BETeTUPYION[HeE
SIPOBBbIE OJHOJIETHUKY (63 BHIA B IIIEHUIIE, 53 — BO
JbHe) (cM. Tab. 2).

CTOUT OTMETUTH, UTO aHAJOTUUYHYIO 61OMOPdO-
JIOTUYECKYI0 CTPYKTYPY arpodUTOIIEHO30B MaCIny-
HOTO JibHA C IIpeobiafaHueM SPOBBIX ONHOJETHUX,
KOPHEBUITHBIX ¥ KOPHEOTIIPHICKOBBIX TPYTITI BBIABUIN
Py U3YUEeHUW MHOTOJIETHEN AUHAMWUKU COPHOTO
KOMITOHEHTa arpoQUTOIEHO30B JIbHA MaCIUYHOI0 Ha
0Te HeUYepHO3eMHOU 30HbI Poccuu — B MOpPAOBUU
(BoukapeBu 1p., 2023).

B cocTaBe KaK MHOTOJIETHUX IIOJIUKAPINUYECKUX,
TaK ¥ OLHOJETHUX MOHOKAPIMUYECKUX PACTEHUM
3a(MKCUPOBAHbBI MMapasUTUUECKUE pacTeHUs (BUIbI
Orobanche n Cuscuta campestris COOTBETCTBEHHO) (CM.
TabII. 2).

B rmoceBax nmeHu1bl M JibHA CpenHero [ToBoJKbe
oTMeueHO 21 IpeBecHOEe pacTeHHue B IIIIeHUIle U
11 — Bo JbHe (cM. Tabi. 2, puc. 3, 4,). OHU IIpeacTaBie-
HBI fAepeBbsaMu — Acer negundo L., Ulmus minor Mill.,
Fraxinus pennsylvanica Marshall, Prunus padus L., Malus
domestica (Suckow) Borkh., Bumamu Torosie#r u Jp.,
KycTapHUKaMu — Prunus spinosa L., Rubus idaeus L. u
Rubus caesius L., Chamaecytisus ruthenicus (Fisch. ex
Wot.) Klask., Caragana arborescens Lam., Genista
tinctoria L. u ap. lpeBecHble pacTeHUs Yalle oTMeue-
HBI Ha PaHHUX CTAJUSIX OHTOreHesa B BUE IIPOPOCT-
KOB, I0OBEHUJIbHBIX PACTEHUU UJIM BEereTaTUBHOU
TIOPOCJIM B OCHOBHOUW M KpaeBOM 4UacTU ITOCEBOB.
JI1000IIBITHO, UYTO B pab0TaX M3BECTHBIX HCCIIe0BaTeIeH

It is worth noting that a similar biomorphological
structure of oilseed flax agrophytocenoses with a
predominance of spring annual, rhizome and root-
sprouting groups was revealed when studying the long-
term dynamics of the weed component of oil flax
agrophytocenoses in the south of the non-chernozem
zone of Russiain Mordovia (Bochkarevetal.,2023).

Parasitic plants (species Orobanche and Cuscuta
campestris, respectively) were recorded in both
perennial polycarpic and annual monocarpic plants
(see Table 2).

In the wheat and flax crops of the Middle Volga
region, 21 woody plants were noted in wheatand 11 in
flax (see Table 2, Figs. 3, 4). They are represented by the
trees — Acer negundo L., Ulmus minor Mill., Fraxinus
pennsylvanica Marshall, Prunus padus L., Malus domestica
(Suckow) Borkh., Bumamu Tormosei u p., KycTapHUKa-
MU — Prunus spinosa L., Rubus idaeus L. and Rubus caesius
L., Chamaecytisus ruthenicus (Fisch. ex Wot.) Klask.,
Caragana arborescens Lam., Genista tinctoria L. etc.
Woody plants are most often observed in the early
stages of ontogenesis as seedlings, juvenile plants, or
vegetative shoots in the main and marginal parts of
crop fields. It is curious that in the works of renowned
weed researchers in the USSR, the life form of woody
plants was not distinguished at all (Maltsev, 1936; Kott,
1955; Nikitin, 1957; Fisyunov, 1984). In later
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Puc. 3. UMmmaTypHoe pacTeHue Fig. 3. Immature Fraxinus
Fraxinus pennsylvanica pennsylvanica plant in flax
B nocese NibHa Camapckom crops in Samara Oblast
obnacTu (choTo aBTOPOB)

pactenuit CCCP xusHeHHasd (popMa JgpPeBeCHBIX
pacTeHull He BbIgejasaach coBceM (MaJjbIles,
1936; KotT, 1955; Hukutud, 1957; ®ucioHos, 1984).
B Gosiee mo3puux pa6orax B. B. Hukutun (Hukutus,
1983) oTrmeuas, 4YTO A0 MOABJIEHUS TPAKTOPHOU
MaxoThl B IMOCEBAaX MPUCYTCTBOBAJNY TaKWe BUIBI
KyCTapHMKOB, KaK MUHJIaJIb HU3KUI, €)KEBUKA CU3as,
KpylIvHa ciabuTenbHas. Ha yBesnuyeHUE BULOBOTO
COCTaBa IPEeBECHbBIX PACTEHNI B JaJIbHENIIIEM ITOBIUAIO
BHEIpPEHMNE CHUCTEMBbI 3aIIUTHBIX JIECOMOJIOC U
HEeCOOTIIeHE PEXKMMOB OTTaXMBAHMSI/0OKAIIMBAHUST
060umH 110CceBOB. OfHAKO, BO3MOXKHO, ITPU aHAJIM3e
COPHBIX PACTEHUU MMOCEBOB B COBETCKOE BpPEMS
06oUYMHA MOCEBOB HE YUYMUTHIBAJach COBCEM.
[IpUCyTCTBUE JPEBECHBIX PACTEHUHM B OCHOBHOU
YacTU IOCEBOB M Ha UX 0604YMHAX 06YCJIOBJIEHO
OJIU3KUM COCEICTBOM HEKOTOPBIX MCCJIEIOBAHHBIX
TI0JIel ¢ 3eMJIIMM JiIeCHOTO (DOHIA.

HeszHauuTesbHOE OTAUYME B CTPYKType
1eHO(JIOPHI TTOCEBOB [IBYX KYJbTYD BBIPA’KEHO B
MIPUCYTCTBUU B TIOCEBaxX IMIIEHUIbl XU3HEHHOU
(hopMBI MONYKYyCTaPHUKU, KOTOPBIE MIPECTABJIEHBI
NPSIMOCTOSIUYMM TOJYKYCTapHUKOM Artemisia
abrotanum L. ¥ TUAHOBUAHBIM MOJIYKYCTapPHUKOM
Solanum dulcamara L., a BTI0CeBax JibHA — TPABSIHUCTO-
ro TOJIMKapIMKa ¢ moberaMu CyKKYJIEHTHOTO THUITA —
Allium rotundum L. (cMm. Tabua. 2). Tak Kak HaxOLKU
BUJIOB DTUX JKM3HEHHBIX (DOPM ObLIV €IVHUYHBIMU U
clejaHbl Ha 060YMHE TT0CEBOB, TO, BEPOSITHEE BCETO, B
CUCTEME CEBOOOOPOTOB IIPY OTCYTCTBUU 06PabOTKU
00604V H 110JIel OHM MOTYT ObITH OTMEUEHBI B IIOCJELY-
I01IeM B 06€UX KyJIbTypax.

Puc. 4. Genista tinctoria Fig. 4. Genista tinctoria in

B NoceBe MweHuLbl wheat crops in Penza Oblast
MeH3eHcKol obnacTtu (hoTo

aBTOPOB)

works, V.V. Nikitin (Nikitin, 1983) noted that before the
advent of tractor plowing, such shrub species as low
almond, blueberry, and cathartic buckthorn were
present in crop fields. The introduction of shelterbelt
systems and failure to observe plowing/mowing
regimes on crop margins subsequently influenced the
increase in the species composition of woody plants.
However, it's possible that during the Soviet era, weed
analysis of crops completelyignored the edges of crops.
The presence of woody plants in the main part of crops
and on their edges is due to the close proximity of some
of the studied fields to forest lands.

Aslight difference in the structure of the cenoflora
of the two crops is expressed in the presence of a
subshrub life form in the wheat crops, which is
represented by the erect subshrub Artemisia abrotanum
L. and the liana-like subshrub Solanum dulcamara L.,
and in the flax crops - a herbaceous polycarpic plant
with succulent shoots - Allium rotundum L. (see Table 2).
Since the detections of these life forms were single and
made on the margins of crops, then, most likely, in a
crop rotation system in the absence of field margin
cultivation they can be noted subsequently in both
crops.
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3AKJIOYEHUE

ViccnenoBaHus, IPOBeleHHBbIE B [IeH3eHCKOU U
CamMapckol 06JacTAX, BBIIBUJIYU 3HAUUTEIbHOE
CXOACTBO 6UOMOP(OJIOTUUECKON CTPYKTYPhI 1EeHO-
(yop moceBOB MIIEHUIBI U JibHA HAa TEPPUTOPUU
Cpenuero IToBoKbS. [IJist 06emX IeHO (IO XapaKTep-
HO mpeo6JjiafilaHre TPaBIHUCTBIX PAacTeHUU, cpeau
KOTOPBIX MPAKTUYECKU PABHOE yYaCTHE COCTABJISIOT
TPaBSIHUCTBIE TIOJIMKAPTIIUKYA ¥ MOHOKapTuku. Cpenu
MOHOKaPIIUYECKVX TPABIHUCTBIX PaCTeHU TpeobJia-
JIal0T OJHOJIETHUE JJIUTEJIbHO BETETUPYIOIINE SIPOBbIE
MOHOKaPITUYECKUE PACTEHUS.

[Togo6Has 6uoMopdosoruyeckas CTPYKTypa
IIOCEBOB BBISIBJIEHA W APYTUMU MCCIENOBATENSIMH,
U3YyYaBIIMMM MaCJIWYHBIN JIEH HA I0T€ HEYEPHO3EM-
HOU 30HBI Poccuu — B Mopposuu (Boukapes u [Zp.,
2023).

B moceBax MIIEHUIBI U MAaCJUYHOTO JibHA
CpenHero [T0BOJKbS BBISIBJIEHBI IDEBECHbBIE PACTEHUS
IPEUMYIIeCTBEHHO HAa PAHHUX CTaAUSIX OHTOTEHEe3a.
VX mpucyTcTBUEe OOBSICHSIETCS HEZOCTAaTOUHOU
06paboTko# 060UYMH, GAM3KUM PACIIOJNIOKEHUEM
HEKOTOPbIX oJen K APEeBECHBIM HaCaXIeHUAM
(;recam, KoJIKaM, JIeCOMOJOCAaM), COCEJICTBOM C
3aJIEKHBIMM YYaCTKaMU, HaXONAIIUMUCS Ha 3Tare
BOCCTAHOBJIEHUS JIECHOU PACTUTEJIbHOCTU. ITU
(hakTOpbI CIIOCOGCTBYIOT TTPOHUKHOBEHUIO HA TI0JIS
IVACIIOP I PEBECHBIX PACTEHUH.

s BBoja 1 GOPMUPOBAHUS TapaMeTPUUECKUX
3amIPOCOB 6bLIM MCITOJIb30BaHb! )OPMBbI,-Pa3zpaboTaH-
HbIe B «Ba3e JaHHbIX TT0 COPHBIM PACTEHUSAM CEJIHCKO-
XO39UCTBEHHBIX KyJIbTyp CpenHero ITOBOJIKbS OJIsS
obecrieueHUsT SKCIIOPTHOTO IOTEHI[Maja peruoHa»
(CBUmETENbCTBO ..., 2025).

dunancuposarue. ViccienoBaHs BbITIOJHEHBI B
paMKax peaju3alliyi TEM IrOCyIapCTBEHHBIX 3aJaHUMK
BcepoccuiCKOTO IleHTPa KapaHTWHA PAaCTeHUN:
N2 1022040900012-7-4.1.1 «PaspaboTka 6a3bl
IAHHBIX 10 COPHBIM pacTeHudaM CpenHero [T0BODKbS
(ma mpumepe [NeHszeHckoi u CamMapcKoy obyiacTeit) Iy
obecrieueHUsT SKCIIOPTHOTO TIOTEHIIUANA TIIIEHUITBI»,
N2 1022060500004-4-4.1.1 «PazpaboTka 6a3sbl
IIAHHBIX 10 COPHBIM PACTEHUSIM B TIOCEBAX MaCJIUYHO-
ro sibHa CpenmuHero [ToBoOMKbA (Ha mpuMepe [leH3eH-
ckoit u CamMapcko¥ obGJyacTeit) s obecredyeHUs
SKCIIOPTHOTO [TOTEeHIIMajla PETYOHA».
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CONCLUSION

Research conducted in Penza Oblast and Samara
Oblast revealed significant similarities in the
biomorphological structure of wheat and flax crop
cenofloras in the Middle Volga region. Both cenofloras
are characterized by a predominance of herbaceous
plants, with anearly equal proportion of polycarpic and
monocarpic herbaceous plants. Among the
monocarpic herbaceous plants, annual, long-season,
spring monocarpic plants predominate.

A similar biomorphological structure of crops was
also identified by other researchers who studied
oilseed flax in the south of the non-chernozem zone of
Russiain Mordovia (Bochkarevetal.,2023).

Woody plants were detected in wheat and oilseed
flax fields in the Middle Volga region, primarily in the
early stages of development. Their presence is
explained by insufficient roadside cultivation, the
proximity of some fields to woody stands (forests,
groves, shelterbelts), and the proximity to fallow areas
undergoing forest restoration. These factors facilitate
the introduction of woody plant diaspores into the
fields.

To enter and generate parametric queries, forms
developed in the “Database on weeds of agricultural
crops of the Middle Volga region to ensure the export
potential of the region” (Certificate ..., 2025) were used.

Financing. The research was carried out within
the framework of the implementation of the topics of
state assignments of the All-Russian Plant Quarantine
Center: No.1022040900012-7-4.1.1 "Development ofa
database of weeds in the Middle Volga region (case of
Penza Oblast and Samara Oblast) to ensure the export
potential of wheat", No. 1022060500004-4-4.1.1
"Development of a database of weeds in oil flax crops in
the Middle Volga region (case of Penza Oblast and
Samara Oblast) to ensure the export potential of the
region".
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AHHOTAIUA

Tpurcer (Insecta, Thysanoptera), Kak u gpyrue
COCYIIVe YWIEHUCTOHOTYE, TIPUOOPEIU CTAaTyC BaXKHBIX
BpeAuTeNiel CeJbCKOX03AMCTBEHHBIX KYJIbTYP,
0COOEHHO B 3alllUIEHHOM I'DYHTE. BeiencTBre upes-
BBIYAHO MEJIKMX Pa3zMepPOB STU HACEKOMbIE JIETKO
pacmpocTpaHgTCcsa C MPOAYKIIUelN, TPAHCIOPTOM,
a TakKe IMOTOKaMU BO3TyXa Ha GOJIbINME PACCTOSHUS.
[TomaB B HOBBIE MeCTa OOUTAHWS, MHOTHME M3 HUX CTa-
HOBSITCS OITAaCHBIMY BPEAHBIMY OPTraHU3MaMU. ITOMY
CIIOCOOCTBYIOT KOPOTKUE CPOKU PA3BUTUSL TPUIICOB,
MIPOXOXKIEeHWE HEKOTOPHIX CTaJUNW B YKPBITUIX,
a Tak)ke CIIOCOOHOCTH Pa3MHOXAThCSl MapTeHOTeHe-
TUYECKU B TeUEHUE PsSfia TTOKOJIEHUN. XapaKTePHBIN
IIpuMep — 3aIaJHbIA IIBETOUHbBIN, NI KaJIU()OPHUA-
ckuir, Tpurc Frankliniella occidentalis (Perg.). 3TOT BUJ,
aMEepPUKAHCKOTO IMPOUCXOXKIEHUS PACIIPOCTPaHUIIC
Ha BCeX KOHTWHEHTAX U Be3Jlle SABJSETCS SKOHOMU-
YecKU 3HAUUMBIM BpeAuTesieM GOJIBIIOr0 Yucja ce-
JIbCKOXO3SIUCTBEHHBIX KYJIBTYP B OTKPHITOM U 3allu-
IIEHHOM T'PYHTE, a TaKXe MMePeHOCYNKOM ITaTOTeH-
HBIX BUPYCOB pacTeHmMU. PacmpocTpaHeHUe MHBA3U-
OHHBIX BUJIOB TPUIICOB IIPOJIOJKAETCS U B HACTOS-
mee BpeMs. AsuaTckuil tabauHbléi Tpunc Thrips
parvispinus (Karny) BriepBble ObLI BBISIBJIEH Ha EBpO-
MercKOM KOHTHHeHTe B 1998 I. B 'peniuu (Ipu mepso-
HavaJIbHOU HEBEPHON MIAEHTU(UKAIINM), €T0 aKTUB-
HO€ pacIpoCTpPaHeHue 10 CTPaHaM EBPOIIBI TIPOA0JI-
skmJtoch B 2010-2020 rr. 3TOT Iosiudar crrocobeH Impo-
HUKHYTb Ha Teppuropuio Pocculickoit denepanuu
CPasJIMYHOM ITPOJYKIIMEN, HO B CBSI3HU C TEM, UTO MHBA-
3us B EBpOIle Tpou3onLIa HeJaBHO, Y CIIeIUajuc-
TOB (DUTOCAHUTAPHBIX U CEJIbCKOXO3IUCTBEHHBIX
OpraHm3anuil OTCYyTCTBYeT WH(MOPMAIUs O BPeLUTe-
Jie. PaHee BuJ He ObLI BKJIOUYEH HU B POCCHUIUCKUE,
HU B €BPOTIENiCKYEe OTIPeeSIUTEIU TPUTICOB, UTO IeIaeT
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Thrips parvispinus

(Karny, 1922), an invasive
pest of vegetable and
ornamental crops new

for European countries
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ABSTRACT

Thrips (Insecta, Thysanoptera), like other sucking
arthropods, have become important pests of agricul-
tural crops, especially in protected areas. Due to their
extremely small size, these insects are easily spread by
produce, transport, and air currents over long dis-
tances. Once in new habitats, many of them become
dangerous pests. This is facilitated by their short
development time, the development of some stages in
shelters, and the ability to reproduce parthenogeneti-
cally over several generations. A typical example is
Frankliniella occidentalis (Perg.). Native to the United
States, this species has spread to every continent and is
an economically significant pest of many agricultural
crops in both open and protected areas, as well as a
vector of plant pathogenic viruses. The spread of
invasive thrips species continues today. Thrips
parvispinus (Karny) was first detected on the European
continent in 1998 in Greece (after an initial misidenti-
fication). Its active spread across Europe continued in
2010-2020. This polyphagous pest can be introduced
into the Russian Federation with various products, but
duetotherecentinvasion of Europe, phytosanitary and
agricultural specialists have no information about the
pest. Previously, the species was not included in
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MHBA3UMN  INVASIONS

OYEHb CJIOXKHOMU eT0 UIAeHTU(GUKAIIUI0 HA MECTaX TIPU
BBISIBJIEHUM. B maHHOU paboTe IpejicTaBjieHa IT0J-
Hasg nH(OPMAIX 0 AMaTHOCTUUYECKUX TPU3HAKaX a3y~
aTckoro tabauHoro Tpurca T. parvispinus, COIIpPO-
BOXKJlaeMasl OPUTMHAJbHBIMU MUKPOQOTOrpadusaMu
9TUX IIPU3HAKOB, & TAKXKe IIPUBEIEHbI CBeJIeHNs 0 610-
JIOTWY, BpDEOHOCHOCTHY Y MePax KOHTPOJIS BpEUTEN,
TTOJyYeHHbIE U3 IOCTYITHBIX UCTOYHUKOB.

Knrwuesvte cnoea. OTCyTCTBYIONIUY BUJ, UIEH-
TU(UKALUSA, LUAaTHOCTUYECKUEe TIPU3HAKYU, MUKPO-
doTorpaduu, Mepbl KOHTPOJIS.

BBEJEHUE

purmcel, ujiu 6aXxpoMUYaTOKPHIJIbIe
HacexkoMble (Insecta, Thysanoptera),
pacmnpocTpaHeHbl BCECBETHO — OT
apPKTUYECKOW 30HBI IO TPOIUYECKUX
JecoB. B HacTodlee BpeMd Ha 3eMie
obuTtaer He MeHee 20 000 BMIOB
tpurcoB (Lewis, 1997), u3 KOTOPBIX
ToKa 3aperucTPUPOBAHO U OIUCAHO
6osee 6000 BumoB (Mound, Morris, 2007). B kauecTBe
BpenuTeNel KyJbTYPHBIX pacTeHUU B EBpore
OTMeYeHO 0Kojio 70 BumOB TpuiicoB (Moritz, 1994).
BcesiencTBue Upe3BblUaiHO MEJIKUX PA3MEPOB — JJINHA
TYJOBUINA OOBIYHO OKOJIO 1 MM WJIM MeHee — TPUIICEI
JIETKO PACIIPOCTPaHSAIOTCSI HAa HOBBIE TEPPUTOPUU
o6UTaHUS C PA3HOOOPA3HOU IPOAYKIIMEH, TPAHCIIOP-
TOM, IIOTOKaMM BO37yXa U WHBIMU IIyTAMU. B Hauase
XXI Beka B cTpaHax EBPOITBI GbLJIO 3aPEeTUCTPUPOBAHO
yKe 52 yy)KepOAHBIX BUJIA TPUIICOB, IIPUHAJIEKAILNX K
4JeThIpeM ceMelcTBaM. B mepBoll mojioBrHe XX Beka
Ccpeiy WHBA3WOHHBIX BUIOB B EBpore mnpeobiamanu
BBIXO/IIBI C aMEPUKAHCKOTO KOHTUHEHTA, 3aTEM CTAJIX
nmpeobyasaTh BULBI a3UATCKOTO MTPOUCXOXKIEHUS
(Reynaud, 2010).

VIHBa3uu TPUIICOB OCYU[ECTBIAIOTCI U Ha
Teppurtopuio Poccuiickon demeparnuu. XopoIro
U3BECTHBIN TIpUMeP — 3alafHbIi I[BETOUHBIN, WU
kanudopHuiickuii, rpunc Frankliniella occidentalis
(Perg., 1895) — KapaHTUHHBIN BPEIHBIN OPTraHU3M
aMepUKAHCKOT0 MPOUCXOXJeHUs. VICXOoHO Bpenu-
TeJib OBIT pacrpocTpaHeH Ha 3amagme CIIIA, mocie
1970 r. 3aBe3eH BO MHOTHWE CTPaHbl A3uu, AQpPUKH,
llenTpanbHo! u HXHOU AMepuku, EBponsl u
Oxeanuu. B 3amagHoii EBpomne Tpumc 6bl1 o6HaApPY-
JkeH B 1983 1., B HAcTosIlee BpeMs PacIIpOCTPaHMIICS
MMPaKTUYECKU BO BCEX €BPOIEUCKMX CTpaHax. B
Poccuu BuUJ, BIIepBbie ObLJI BBISIBJIEH B TEIJIMIAX
JlenmHrpaackoy obmactu B 1989 r. B 2024 1. 3amaz-
HBIU IIBETOYHBIN TPUIIC ObLI 0QUIIMAJIbHO 3aperuc-
TpUpoBaH yxe B 35 cybpekTax Pocculickoir denepa-
WU, MJoIMaAb YCTAHOBJIEHHBIX KapPaHTUHHBIX
(hutocanuTapHbIX 30H cocTtaBuaa 1080,471 ra, uiu
okojyio 30% Bcel MJOmAanW 3alUIeHHOTO TPYyHTa
KPYTJIOTOAUYHOM sKcIuTyaTanuu («HarmoHaabHBIN
IOKJaz...», 2025). Bo Bcex MpeanpUsITUAX 3alUIIeH-
HOTO TPYHTA, B KOTOPbIE€ OH IIPOHUK, TPUIIC ABJISIETCS
ONHUM U3 [JIaBHBIX BpeAuTeJiell OBOIIHBIX U JIeKopa-
TUBHBIX KYyJbTYpP. JPYyrol MHBA3UOHHBINA BUJ,
TPUIICOB aMePUKAHCKOTO IIPOUCXOXKAEHUS, DXUHO-

TPUIIC aMepUKaHCKuM Echinothrips americanus Morgan,
1913 B mocjiegHUE TOAbl TaK)Xe HayvaJl HOSIBJISATHCS

either Russian or European thrips identification
guides, making it very difficult to identify on-site when
detected. This paper presents comprehensive
information on the diagnostic characters of T.
parvispinus, accompanied by original microphoto-
graphs ofthese characters. It also provides information
on the biology, harmfulness, and control measures of
the pest, obtained from available sources.

Key words. Absent species, identification,
diagnostic characters, microphotographs, control
measures.

INTRODUCTION

hrips, or fringed-winged insects (Insecta,
Thysanoptera), are distributed worldwide,
from the Arctic zone to tropical forests.
Currently, at least 20,000 species of thrips
inhabit the Earth (Lewis, 1997), of which
more than 6,000 have been recorded and described
(Mound and Morris, 2007). About 70 thrips species
have been recorded as pests of cultivated plants in
Europe (Moritz, 1994). Due to their extremely small
body length (usually about 1 mm or less), thrips easily
spread to new habitats through various products,
transport, air currents, and other means. By the
beginning of the 21st century, 52 alien thrips species
belonging to four families had already been reported in
European countries. In the first half of the 20th century,
invasive species in Europe were dominated by those
originating from the American continent, then species
of Asian origin began to predominate (Reynaud, 2010).
Thrips invasions also occur in the Russian
Federation. A well-known example is Frankliniella
occidentalis (Perg., 1895), a quarantine pest of Ameri-
can origin. Originally distributed in the western United
States, after 1970 it was introduced into many coun-
tries in Asia, Africa, Central and South America,
Europe, and Oceania. Thrips was detected in Western
Europe in 1983 and has now spread to all European
countries. In Russia, the species was first reported in
greenhousesin the Leningrad Regionin 1989. By 2024,
Frankliniella occidentalis had been officially reported in
35 constituent entities of the Russian Federation, with
the area of established quarantine phytosanitary zones
amounting to 1,080,471 hectares, or approximately
30% of the total area of protected soil used year-round
("National Report...", 2025). In all greenhouses where it
has invaded, thrips are one of the main pests of
vegetable and ornamental crops. Another invasive
thrips species of American origin, Echinothrips
americanus Morgan, 1913, has also been reported in
greenhouses in Russia in recent years, primarily in
rose greenhouses. Other invasive thrips should also be
expected to appearin the country.
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MHBA3UN  INVASIONS

B 3aIUI[€EHHOM IPyHTe Poccuu, B OCHOBHOM B
TETINIIAX, TIe BhIPAIIWBAIOT PO3bl. CIemyeT 0KUIaTh
TIOSIBJIEHMS HAa TEPPUTOPUU CTPAHBI ¥ APYTUX NHBA3U-
OHHBIX TPUIICOB.

AsmaTckuli TabauHbIl TpUIric Thrips parvispinus
(Karny, 1922) (Asian tobacco thrips, https:/www.
cabidigitallibrary.org/doi/10.1079/cabicompendium.
53744) m3HavyaJbHO OBII pacrpocTpaHeH B IOro-
BocTouHol Asuu, oT SIBbI 1 TariBaHg 0 BocTOUHOTO
Tumopa (Mound, Masumoto, 2005). 3aTeM 3TOT
BU/J| TPUIICOB PacUINPUI CBOM apeas Ha KuTaii, UH U0
U Ipyrue asuvaTCKue CTPaHbl, a Takke ObLI obOHa-
PYXeEH B HECKOJbKUX a)pUKAHCKUX CTPaHaX.
B EBporme T. parvispinus Gbl BIIEpBble O0OHAPYXeH
B I'periuu B 1998 1. (Mound, Collins, 2000), mo3xe oH
6b11 BbIIBJIEH B Micrtanuu B 2017 1., Bo @pannuu 2018
r.,, B Humepnanzgax B 2019 1. 1 B 'epMaHuU K KOHILY
2021 r.,, B Benbruu B 2022 r. A3uaTCKUM TabauHbIN
TPUIIC TaK)Xe ObIJ BHIIBJIEH Ha aMEPUKAHCKOM
KOHTHHeHTe B Bap6amoce u B CIIA (mtat ®aopuza)
B2020T., ¥ C TEX IIOP TPHUIIC HaUaJI PaCIIpPOCTPaHATHCI
umno reppuropur CeBepHON AMEPUKH.

T. parvispinus ocoOGeHHO OTlaceH AJiS BbIpalluBa-
HUS CEJIbCKOX03SIMCTBEHHBIX KYJIBTYP B TEILIUIIAX, I7le
BBICOKME TeMIIepaTypa U BJIAXKHOCTb CO3JAI0T
UAeanbHble YCIOBUS MJI GBICTPOTO PAa3MHOXEHUS
HACEeKOMOTO. TOT BUJ] TPUIICOB ABJISIETCS CEPhE3HBIM
BpeouTeJIeM MHOTUX KYJbTYPHBIX PAacTeHUH
https://gd.eppo.int/taxon/THRIPV. KopoTkuii >ku3HeH-
HBIN IIMKJ ¥ BBICOKAas CKOPOCTh PasMHOXKEHUS, IPU
KOTOPOI CaMKHU CIIOCOOGHBI OTKJIaIbIBATh GOJIBIIOE
KOJIMYECTBO UL, JeJIat0T 60pbOY C TPUTICOM CIIOKHOM.

B ¢BS3M ¢ IMPOIOJIKAILUMCS pacliupeHueM
apeana T. parvispinus BIIOJIHE BEPOSITHO OOHAPY)KeHe
5TOTr0 BPENUTENS U B 3alIUINEHHOM I'PyHTe Poccuii-
ckoui denmepaliuu, oco6eHHO B I0KHBIX pPermoHax
cTpaHbl. Mop(doJIOTUYECKN a3UaTCKUN TabauyHbIN
TPUIIC, KaK ¥ HEKOTOpPble APYyrue IPeACcTaBUTEIUN
5TOTO POJIA a3MAaTCKOTO IIPOUCXOXKIEHYS, OTINYAETCS
OT BCEX eBPOIENCKUX U POCCUUCKUX MPENCTaBU-
Tenel poga Thrips L., 1758 mpesx/ie BCero HeIIPePhIB-
HBIM PSIIOM LIETUHOK Ha IepegHel XKIIKe IepegHero
Kpblia (paHee B3TOTO TPUIICA OTHOCUJU K POAY
Isoneurothrips Bagnall, 1915). B cBgI3u Cc HeJaBHUM
nosiBjieHueM T. parvispinus B cTpaHax EBPOMBI 3TOT BU/,
He GbLJT paHee BKJIIOUEH HU B OTeUeCTBEHHbIE OITpe/ie-
JIUTEeJN, HU B COOTBETCTBYIOIIUE €BpOIleiicKkue
pykoBozcTBa (SIXOHTOB, 1964; Memepsakos, 1986;
Mound, Kibby, 1998; zur Strassen, 2003).
B manno# pa6oTe mpencTaBiieHa mHGopManus 00
aszmaTckoM TabauyHOM TPUIICE U HAHO MIOAPOOHOE
omucaHue ero MOPGOJOTUUYECKUX TTPU3HAKOB,
MTPOUJIIIOCTPUPOBAHHOE OPUTMHAJBHBIMU MUKPO-
oTorpaduamu.

MATEPUAJINMETO/1bI

il BBISIBJIEHUS NUATHOCTUYECKUX ITPU3HAKOB
asnMaTckoro TabavyHOTO TPUIICA MCII0JIb30BaNU
9K3eMIJIpbl T. parvispinus, 13 KOTOPBIX W3TOTaBJIU-
BaJIM MUKpOIIpernapaThl B cpefie Xoliepa (Hoyer's
medium) (Bosikos, 2014). IIpemapaTbl MCCIeL0BaIN
u ororpadupoBau, UCTIOIB3YS IPIMbIE MUKPOCKO-
el AxioScope. Al (Zeiss), Axiolmager. Al (Zeiss) u
cTepeoMuKkpockon Stereo Discovery V12 (Zeiss),
MIPUMEHSST METObl CBETJIOTO TOJA U AudhepeHIu-
aJIbHO-MHTEP(HEPEHIIMOHHOTO KOHTpacTta. MUKpo-
doTorpaduu mojydaau ¢ MOMOILbI0 IUPPOBBIX

Thrips parvispinus (Karny, 1922) (Asian tobacco thrips,
https://www.cabidigitallibrary.org/doi/10.1079/
cabicompendium.53744), was originally spread in
Southeast Asia, from Java and Taiwan to East Timor
(Mound, Masumoto, 2005). This thrips species then
expanded its range to China, India, and other Asian
countries, and was also reported in several African
countries. In Europe, T. parvispinus was first detected in
Greece in 1998 (Mound, Collins, 2000), later it was
reported in Spain in 2017, in France in 2018, in the
Netherlands in 2019, and in Germany by the end of
2021, inBelgiumin 2022. Asian tobacco thrips was also
detected in the Americasin Barbados and in the United
States (Florida) in 2020, and since then the thrips has
begun to spread throughout North America.

T. parvispinus is particularly dangerous to green-
house crops, where high temperatures and humidity
create ideal conditions for rapid reproduction. This
species is a serious pest of many cultivated plants
(EPPO). Its short life cycle and high reproductive rate,
with females capable of laying large numbers of eggs,
make control difficult.

Due to the ongoing T. parvispinus range expansion,
itis quite possible that this pest will also be detected in
protected ground in the Russian Federation, especially
in the southern regions. Morphologically, the Asian
tobacco thrips, like some other representatives of this
genus of Asian origin, differs from all European and
Russian representatives of the genus Thrips L., 1758,
primarily by a continuous row of setae on the anterior
vein of the forewing (previously this thrips was
classified as Isoneurothrips BAGNALL, 1915). Due to the
recent report of T. parvispinus in European countries,
this species was not previously included in either
Russian identification guides or the corresponding
European manuals (Yakhontov, 1964; Meshcheryakov,
1986; Mound and Kibby, 1998; zur Strassen, 2003).
This paper presents information about the Asian
tobacco thrips and provides a detailed description of its
morphological characters, illustrated with original
microphotographs.

MATERIALAND METHODS

To identify diagnostic characters of the Asian
tobacco thrips, T. parvispinus specimens were used,
from which microscopic slides were made in Hoyer's
medium (Volkov, 2014). The slides were examined
and photographed using upright microscopes
AxioScope. Al (Zeiss), Axiolmager. A1l (Zeiss) and a
stereomicroscope Stereo Discovery V12 (Zeiss), using
bright field and differential interference contrast
methods. Microphotographs were obtained using
digital cameras installed on the microscopes: AxioCam
MRc with AxioVision software (Zeiss), Canon
PowerShot G9 and Canon PowerShot A640. The
resulting digital microphotographs were processed, if
necessary, in various versions of Helicon Focus and
ACDSee software.
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doToKkaMep, YCTAaHOBJEHHBIX Ha MUKPOCKOIAX:
AxioCam MRc ¢ mporpaMMHBIM obGeclieueHHUEeM
AxioVision (Zeiss), Canon PowerShot G9 u Canon
PowerShot A640. TToixyyeHHbIe TUPPOBBIE MUKPO-
doTorpaduu npu HeobxoAMMOCTU o6pabaThiBaJil B
nporpammax Helicon Focus u ACDSee pa3iuyYHBIX
BEpCHUI.

PE3YJIBTATbBI UCCJIEJOBAHMII

U OBCYXKJEHUE

1.InarHocTU4YecKue NIpu3HaKku

[IpyHaOJIEeXHOCTh MMaro TPHUIICA, CAMKU HJIU
camiia, k oTpsaxy Thysanoptera, cemeiicTBy Thripidae u
pony Thrips MOATBEPXXAaeTCsI COBOKYIHOCTBHIO
npusHakoB (zur Strassen, 2003; Mound, Masumoto,
2005, Mound, 2010). /luarHocTUYeCKNE TPUBHAKU
Buza Thrips parvispinus (Karny, 1922) onucaHsl gajee
(Mound, Collins, 2000; Mound, Azidah, 2009, c
U3MEeHEeHUSIMU U JOIOJTHEHUIMU).

Puc. 1. Camka Thrips

Fig. 1. Thrips parvispinus
parvispinus — BHewHu Bup, female appearance (photo by

(cpoTo: O. T. Bonkos) 0.G. Volkov)

Jl1rHa TeJia cCaMOK OK0JIo 1 MM, caMIIOB — 0K0Ji0 0,6 MM.
O6a moJia IoJHOKPBLIbie. OKpacka: camMka (cM. puc. 1)
PaBHOMEPHO KOPUYHEBAs, TOJIOBA W TPYyAb OjelHee
OPIOIIKA; TOJI0BA OOBIYHO CO IeKaMU, KOTOPbIE TEMHEE
cpenHel o6jlacTU; HOTM B OCHOBHOM JKeJIThle, YCUKU
TeMHble, Il yleHUK yCUKOB U ocHoBaHug IV u V
OJemHble, IIepeaHee KPbIJIO TEMHOE CO CBETJIOU
TI0JIOCOM y OCHOBAHMSI, caMell, 6yPO->KeJIThIN (CM. puC. 2).

TonoBa (cM. puc. 3): TIomepevHas, yCuKu 7-dje-
HUKOBBIE, IJIa3KU Y IJIa3KOBBIM ITMTMEHT MMEIOTCH,
JIBe TIaphbl TJIa3KoBbIX IeTUHOK (II u III), riaskoBbie
weTuHKA Il kopoue meTnHOK 11, 0CHOBaHMA 1IETUHOK
III pacmojoxeHbl IO 60KaM IIepegHEero riaska, Ha
IepesHUX Kpasgx rJ1a3koBOT0 TPEYroJIbHUKA NIV CPasy
3a ero rnpepeysiaMu, 3arjia3dHble LWETUHKU S1 1 S3
TIPUMEPHO TaKOH ke JJIVHBI, KaK IJIa3KoBble MeTUHKMA 111,
3arjia3Hble METUHKU S2 MeJIKHe.

RESEARCHRESULTS AND DISCUSSION

1.Diagnostic characters

The adult thrips, male or female, belonging to the
order Thysanoptera, family Thripidae and genus
Thrips is confirmed by a combination of characters
(zur Strassen, 2003; Mound, Masumoto, 2005, Mound,
2010). The diagnostic characters of the species Thrips
parvispinus (Karny, 1922) are as follows (Mound,
Collins, 2000; Mound, Azidah, 2009, with amendments
and additions):

Puc. 2. Cameu, Thrips Fig. 2. Thrips parvispinus
parvispinus — BHewWwHu Bup, male appearance (photo
(¢hoTo: O. T. Bonkos) by 0.G. Volkov)

The body length of females is about 1 mm, males -
about 0.6 mm. Both sexes are macropterous.
Coloration: female (Fig. 1) is uniformly brown, with the
head and thorax paler than the abdomen; the head
usually has cheeks darker than the central area; legs
are mostly yellow, antennae are dark, the third
antennal segment and bases of the fourth and fifth
segments are pale; the forewing is dark with a light
stripe at the base; the male is brownish-yellow (Fig. 2).
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[lepenuerpyab (cM. puc. 4) ¢ AByMs mapaMu
IJIMHHBIX 3aJJHEYTOJIbHbBIX IIEeTUHOK, MEXIY KOTOPbI-
MU PAaCIIOJIO’KEHbI TPU-UYEThIPE Mapbl 00Jiee MEJTKUX
IIETUHOK.

§ )

Puc. 3. TonoBa camku Thrips Fig. 3. Thrips parvispinus
parvispinus. 1 — rnaskosble female head. 1 — ocellar
weTuHkun I, 2 — rnaskoBble  setae II, 2 — ocellar setae III,
weTuHkm III, 3 — 3arnasHble 3 — postocular setae S1, 4 —
weTuHkn S1, 4 — 3arnasHole postocular setae S2,5 —
WweTuHKK S2, 5 — 3arnasHole postocular setae S3
WeTUHKN S3 (photo by O.G. Volkov)

(choTo: O. I. Bonkos)

[TTepoTropakc (ciuTble cpelHe- M 3aLHETPYAb):
3aJHErpyab (CM. pucC. 5) B IIEHTPE C PAaBHOYTOJIbHOMU
CeTYaTON CTPYKTYPOU, TUEHUKU BapbUPYIOT 10 hopMe
U WHOTZA CO CJIabbIMU BHYTPEHHUMU CKYJIbITYPHbI-
MU OTMETWHAMU; I[eHTPaJbHble METUHKU IJINHHEe
6OKOBBIX, OCHOBAHUS IeHTPAJbHBIX IETUHOK
PACIIOJIOKEHBI Ha PAaCCTOSHUU OT TEPENHEr0 Kpas
3aHETPYLU; KOJOKOJOBUJLHbIE CEHCUJIJIBI OTCYT-
CTBYIOT.

Puc. 5. 3apHerpyab caMku  Fig. 5. Thrips parvispinus

Thrips parvispinus. female metathorax.

1 - ueHTpanbHble WeTuHku, 1 - central setae, 2 — lateral
2 — 6OKOBbI€ LWETUHKN setae (photo by 0.G. Volkov)
(¢hoTo: O. T. Bonkos)

[TepBas 1 BTOpas >KWUJIKa MEPEJIHETO KPbLia (CM.
puc. 6) C IOJHBIMU PSAJAMHU IMETUHOK; KJIABYC C MSTHIO
KpaeBbIMU I[eTHHKaMU, TePMUHANbHASI IEeTUHKA
KJIaByCca [JIMHHEe CyOTEPMUHAJbHOU IMETUHKU (CM.
puc. 7), Ilepenuuii Kpaii mepegHero Kpbiia (KOCTalb-
Has JKUJIKA) C NMETMHKaMU U BOJIOCKAaMU 0axpOMBI,

Head (Fig. 3): transverse, antennae seven-
segmented, eyes and ocellar pigment present, two
pairs of ocellar setae (II and III), ocellar setae II shorter
than setae III, bases of setae III located on the sides of
the anterior ocellus, on the front edges of the ocellar
triangle or just beyond its limits; postocular setae S1
and S3 approximately the same length as ocellar setae
111, postocular setae S2 small.

Puc. 4. NepepHerpyab caMku Fig. 4. Thrips parvispinus
Thrips parvispinus female prothorax
(cpoTo: O. I. Bonkos) (photo by O.G. Volkov)

The prothorax (Fig. 4) has two pairs of long
posteroangular setae, between which there are 3—-4
pairsof smaller setae.

Puc. 6. MepepHee n 3apHee  Fig. 6. Thrips parvispinus

Kpbino camku Thrips female forewing and
parvispinus hindwing
(choTo: O. T. BonkoB) (photo by 0.G. Volkov)

Pterothorax (fused mesothorax and meta-thorax):
the metathorax (Fig. 5) has a centrally located
equiangular reticulate structure, with cells varying in
shape and sometimes showing faint internal sculptural
marks; the central setae are longer than the lateral
ones, the bases of the central setae are positioned at a
distance from the anterior edge of the metathorax;
campaniform sensilla are absent.
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Puc. 7. KnaByc kpbina caMku Fig. 7. Thrips parvispinus
Thrips parvispinus. female wing clavus.

1 - knaByc, 2 — cyb6Tep- 1 - clavus, 2 — subterminal
MWUHaNbHaA WETUHKa seta of the clavus,

KnaByca, 3 — TepMuHanbHas 3 — terminal seta of the
LeTUHKa knaeyca (¢oTo: clavus (photo by 0.G. Volkov)
O.T. Bonkos)

PECHUUKY IJIMHHEe MEeTUHOK. BOIoCKy 6aXpoMbl Ha
3aZHEM Kpae TepeaHero Kpbljla OKOJO BepPIINHBI
KPBLIbEB OTUETIMBO BOJTHUCTHIE (CM. PUC. 8).

/ :

1

Puc. 9. 11 Teprut 6ptowka Fig. 9. Thrips parvispinus
caMku Thrips parvispinus. female abdomen II tergite.
1 - 6okoBble (NaTepanbHble) 1 - lateral setae (photo by
weTuHku (poto: O. I. Bonkos) 0.G. Volkov)

Bpiomko: Teprut Il ¢ yeThipbMa 60KOBBIMU
(maTepasbHBIMU) METUHKAMU (CM. puc. 9) (YUUThIBASA
6oJiee MEJIKYI BEPXHKI IETUHKY, OCHOBaHUE
KOTOPO¥ OOBIYHO PACIIONIOKEHO Ha IIJIEBPOTEPTUTE).

Puc. 11. CtepHuTbl bptowika  Fig. 11. Thrips parvispinus
caMmku Thrips parvispinus. female abdomen sternites.
II-VII HomMepa cTepHUTOB II-VII sternites (photo by
(poTo: O. I. Bonkos) 0.G. Volkov)

[ToriepeyuHbIl rpebeHb MUKPOTPUXUM Ha TEPTUTE
VIII 1160 MOJTHOCTBIO OTCYTCTBYET, OO0 IpefcTaBIeH
HEMHOTOUUCJIeHHBIMY, OUYeHb MEJKUMU MUKPOTPU-
XUAMU 110 60KaM (cM. puc. 10).

Puc. 8. KoHey, nepepgHero
Kpblna camku Thrips female forewing tip. Wavy
parvispinus. BonHuctas fringe on the hind edge
6axpoMa Ha 3agHeM Kpae (photo by O.G. Volkov)
(choTo: O. I. Bonkos)

Fig. 8. Thrips parvispinus

The first and second veins of the forewing (see Fig.
6) have complete rows of setae; the clavus has 5
marginal setae, with the terminal seta of the clavus
longer than the subterminal seta (see Fig. 7). The
leading edge of the forewing (costal vein) is covered
with setae and fringe hairs, with the hairs being longer
than the setae. The fringe hairs on the hind edge of the
forewing near the wing apex are distinctly wavy (see
Fig.8).

Puc. 10. VIII Teprut 6ptowka Fig. 10. Thrips parvispinus
camku Thrips parvispinus. female abdomen VIII tergite.
1 - VIII Teprur, 1 - VIII tergite, 2 — spiracle,
2 — pbixanbue, 3 — KteHuguii 3 — ctenidia (photo by

(choTo: O. I. Bonkos) 0.G. Volkov)

Abdomen: tergite II has four lateral (marginal)
setae (Fig. 9), (including a smaller upper seta whose
baseisusuallylocated on the pleurotergite.)

The transverse comb of microtrichia on tergite
VIIIis either completely absent or represented by a few
very small microtrichia on the sides (Fig. 10).
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Ha crepruTax (c III mo VI) y caMOK MMeeTcs I10
6-13 OUCKAJIbHBIX L[ETUHOK, PaCIIOJOXXEeHHBIX
II0TIePEK CePelHbI CTEPHUTA B HEIIPABUJIBHOM PALY.
CrepHurtsl II u VII guCKaJlbHBIX IIETUHOK HE UMEIT
(cM. puc.11).

On the sternites from III to VI, females have 6-13
discal setae arranged transversely across the middle of
the sternite in an irregular row. Sternites II and VII do
nothavediscal setae (Fig.11).

Puc. 12. Teprutbl Fig. 12. Tergites and

u nneBpoTepruTbl 6ptowka  pleurotergites of the Thrips
caMku Thrips parvispinus. parvispinus female
CTpenku ykasbiBatoT abdomen. Arrows indicate
Ha NNeBpOTEepPruThbl pleurotergites (photo by
(choTo: O. I. Bonkos) 0.G. Volkov).

Ha mjeBpoTepruTax AUCKaJbHbIE NETUHKU
OTCYTCTBYIOT, TIJIEBPOTEPTUTHI HE MMOKPHITHI MUKPO-
TpuxusIMu (CM. puc. 12).

"

Puc. 14. CtepHuTbl 6ptowka  Fig. 14. Thrips parvispinus
camua Thrips parvispinus. male abdomen sterna. 1 -
1 — pUcKanbHag WeTUHKa, discal seta, 2 - glandular

2 —KenesucToe nose field (photo by O.G. Volkov)
(choTto: O. I. Bonkos)

¥ camioB Ha crepHuTax c Il mo VI umerTca mo
IIBE AVCKAJIbHbBIE METUHKY, OGBIYHO PACITOJIOKEHHBIE
mo 6okam crepHuTa (cM. puc. 14), Ha Teprute IX
MEeTUHKY S1 HEMHOrO AJNHHee S2, OCHOBAHUS DTUX
LIETUHOK HAaXOAATCS Ha OLWHA-KOBOM PaCCTOSHUU
IPyr OT Ipyra, OCHOBAHUS LIETUHOK S1 PaCIIOI0KeHbI
HEMHOT'O BBbIIIE JIMHUU, COEIUHSAIONIEN OCHOBaHUS
mEeTUHOK S2 (cM. puc. 13), cTepHUTEI 3—7 C HEGOIBITUM
TIOTIePEYUHBIM JKeJIE3VCTBIM I10JIeM (CM. puc. 14).

Puc. 13. Teprut IX 6ptowka  Fig. 13. Thrips parvispinus
camua Thrips parvispinus. male abdomen IX tergite.
1 - weTuHkm S1, 1 - setae S1, 2 — setae S2
2 — WeTUHKM S2 (photo by 0.G. Volkov)
(choTo: O. I. BonkoB)

On the pleurotergites, discal setae are absent, and
the pleurotergites are not covered with microtrichia
(Fig.12).

In males, sternites from III to VI each have 2 discal
setae, usually located on the sides of the sternite (see
Fig. 14). On tergite IX, the setae S1 are slightly longer
than S2, with the bases of these setae positioned at
equal distances from each other, and the bases of setae
S1 are located slightly above the line connecting the
bases of setae S2 (see Fig. 13). Sternites III-VII have a
small transverse glandular field (see Fig. 14).
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2. UHdopmaliusa o pacrnpocTpaHeHuu, 6U0JI0-
TMM ¥ BPEJOHOCHOCTH a3HaTCKOr0 I[BETOYHOIrO
TPUIICA M MEPAX KOHTPOJISA

B HacTosiee BpeMs T. parvispinus 3aperucTpupo-
BaH B cieaywimux crpanax (https:/gd.eppo.int/
taxon/THRIPV; https://www.cabidigitallibrary.org/
doi/10.1079/cabicompendium.53744) (maHHbIEe 3a
deBpanb2025T.):

— Adpuxka: l'aHa, PetonboH, TaH3aHUs, YraHza,
MaBpuku, BypyHauy;

—Amepuka: Kanaza, CIIIA, Mekcuka, Bap6agoc;

— Asug: Baurnagem, Kurtait, Manus, UHIOHE3W,
Manatisus, MbguMa, dununnuael, CHUHTAMyp,
Taunaung;

— EBpona: beabrus, ®pannug, I'penusa, Hunmep-
naupapl, Vicnanus, TepMaHus (BpeMeHHbIe O4daru);

— Oxeanusd: Ascrtpanud, CosoMOHOBBEI OCTpOBa.

AzuaTckuil TabauHbIA TPUIC BPENUT MHOTUM
CeJIbCKOXO3AMCTBEHHBIM KyJbTypaM (Sartiami,
Mound, 2013): myky perrgatomy (Allium cepa L.), peme
(Brassica rapa L.), oBomHOMY T1epity (Capsicum annuum
L.), katieHckoMmy riepity (Capsicum frutescens L.), oTypILy
roceBHOMY (Cucumis sativus L.), MopkoBu (Daucus carota
L.), daconu (Phaseolus vulgaris 1.), Tomary (Solanum
lycopersicum L.), 6aknaxany (Solanum melongena 1.),
kaproderto (Solanum tuberosum L.), KyKypy3e (Zea mays
L.), Tabaky (Nicotiana tabacum L.), xiouky (Gossypium
spp.), xpuszaureme (Chrysanthemum spp.), TEOPTUHY
(Dahlia pinnata Cavanilles), pose (Rosa spp.), 6apxat-
aM (Tagetes Spp.) ¥ APYTUM KyJabTypaMm. T. parvispinus
MTOBPEXIAET IIPAaKTUUYECKN BCE OCHOBHbBIE OBOLIHBIE U
JleKOpaTUBHbIE KYJIbTYPbI, BeIpPallBaeMble B Poccuii-
ckoit deseparuy B OTKPLITOM U 3AIUAIIEHHOM TPYHTE,
Y, CJIeIOBAaTeJIbHO, B 3aIUIIeHHOM I'PYHTE CIIO0CO6eH
CTaTb OJHUM M3 3HAYUMBIX Bpe,uHTeneﬁ 2TUX
KYJIBTYDP.

Kak u gpyruve gimeKJaLHble TPUIICHI,
T. parvispinus TIPOXOOUT B CBOEM PAa3BUTUU IIECTh
CTaIWH: U0, IBa IMUYMHOYHBIX BO3PACTa, TPOHUM-
da, HuMa 1 B3pocoe HacekoMmoe (uMmaro). ITpoo-
JKUTEJIbHOCTD IIPerMarmHaJIbHbIX CTa,Z[I/Iﬁ B I/IH,ELOHe-
3UU IIPU Pa3BUTHUM Ha Ieplie cocTaBidia 4,79, 1,36,
3,54, 1,08 u 1,96 nHA COOTBETCTBEHHO. SiiIla caMKa
HauMHaJa OTKJIAJbIBAaTh B CPeIHEM Uepes CYTKHU,
JKM3HEHHBIN IMUKJ TTpojospKanca 13,68 nusa (Hutasoit
et al., 2017). d#a caMKka OTKJIaJbIBaeT B JIMCThSI,
JIETIECTKM IIBETOB U MIATKUE YacTu cTebjied mpu
TIOMOINY TIUJsIIero sniekaaga. CpeaHsas IJIOI0BU-
TOCTb caMOK cocTaBygeT 50-70 gauil. B UHAUU CpPOK
PasBUTHS BCeX CTAAUI TaKXKe cocTaBisgeT 13—-15 gHeit
(Singh et al., 2025). HuMdasbHbIE CTaAUU OOBIYHO
IIPOXOAAT Ha II0YBE, HO TaKXE MOIYT IPOXOOUTH B
[BeTKaX WJIM LPYrUX 3al[UIJeHHBIX MecTaX Ha
pacTeHuu.

Ha SIBe T. parvispinus 0bLI 3apeTrUCTPUPOBAH KaK
OCHOBHOM BpeauTesb Iepia Capsicum annuum, a B
TannaHIe — KaK BPeAUTENb PAla JAPYTUX OBOUTHBIX
KynbTyp. B Manaiizuu Bu/J, 6bL1 OTMeYEeH KaK [IepeHocC-
unk rpuba Cladosporium oxysporum Berkeley & Curtis
Ha oAbl mamnain. OH Tak)ke ObLI 3aperucCTPUPOBaAH
Kak TepeHOoCUYUK Bupyca tobacco streak ilarvirus,
epenamnIiui BUPYC OT MHDPUIIMPOBAHHOM IIBLIBIILI
TOMATOB K paccajie OBOIIHOTO pacTeHHUs Mapu
ruraHTcKoi Chenopodium giganteum D.Don, (Mound,
Collins, 2000).

2. Information on the distribution, biology, and
harmfulness of the Asian tobacco thrips and
control measures

Today, T. parvispinus is reported in the following
countries (https://gd.eppo.int/taxon/THRIPV;
https://www.cabidigitallibrary.org/doi/10.1079/cabico
mpendium.53744) (maunHble 3a ¢deBpanb 2025 T.) :

Africa: Ghana, Reunion, Tanzania, Uganda,
Mauritius, Burundi;

America: Canada, USA, Mexico, Barbados;

Asia: Bangladesh, China, India, Indonesia,
Malaysia, Myanmar, Philippines, Singapore, Thailand;

Europe: Belgium, France, Greece, Netherlands,
Spain, Germany (temporary outbreaks);

Oceania: Australia, Solomon Islands.

T. parvispinus harms many agricultural crops
(Sartiami, Mound, 2013): Allium cepa l.., BrassicarapaL..,
Capsicum annuum L., Capsicum frutescens L., Cucumis
sativus L., Daucus carota L., Phaseolus vulgaris L., Solanum
lycopersicum L., Solanum melongena L., Solanum
tuberosum L., Zea mays L., Nicotiana tabacum L.,
Gossypium spp., Chrysanthemum spp., Dahlia pinnata
Cavanilles, Rosa spp., Tagetes spp., etc. T. parvispinus
damages almost all major vegetable and ornamental
crops grown in the Russian Federation in open and
protected ground and, therefore, in protected ground it
canbecome one of the significant pests of these crops.

Like other ovipositing thrips, T. parvispinus goes
through six developmental stages: egg, two larval
instars, propupa, pupa, and adult (imago). In Indone-
sia, when developing on pepper, the durations of the
preimaginal stages were approximately 4.79, 1.36,
3.54,1.08, and 1.96 days, respectively. Females began
laying eggs on average after one day, and the total life
cycle lasted about 13.68 days (Hutasoit et al., 2017).
Females deposit eggs in leaves, flower petals, and soft
stem parts using a saw-like ovipositor. Average
fecundity ranges from 50 to 70 eggs. In India, the total
development time for all stages is also about 13-15
days (Singh et al., 2025). Nymphal stages usually
develop in the soil but can also occur in flowers or other
protected plant parts.

InJava, T. parvispinus has been reported as a major
pest of Capsicum annuum, and in Thailand as a pest of
othervegetable crops. In Malaysia, the species hasbeen
noted as a vector of the fungus Cladosporium oxysporum
Berkeley & Curtis on papaya fruit. It has also been
reported as a vector of tobacco streak ilarvirus,
transmitting the virus from infected tomato pollen to
seedlings of the vegetable plant Chenopodium giganteum
D.Don (Mound and Collins, 2000).
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Puc. 15. Mepew, NoBpeXaeHHbIN
Thrips parvispinus (poTo:
https://gd.eppo.int/taxon/THRIPV)

parvispinus (photo:

OnHVUM U3 TIPU3HAKOB 3apa)KeHUs a3uaTCKUM
TabauHbIM TPUIICOM SBJIIETCS e opMalis MOJIOIbIX
Mo6GeroB M JUCTbeB (CM. puc. 15). TTuTasich TKAHIMU
pacTeHUi, TPUIICHI BBIAEISIIOT TOKCHHBI, KOTOPhIE
BBI3BIBAIOT CKpyuMBaHUe U AedOpMAIlUi0 JIUCThEB.
9TO MOBPEXIEHIE MOXKET CEPbEe3HO ITOBIUATH Ha POCT
pacTeHus W ero ob6Ilee COCTOSHUE, CHUXAas CIT0CO0-
HOCTb K 3G GeKTUBHOMY (DOTOCUHTE3Y U 3aMeJss
pasBuTHe. [1pu 60jiee BBICOKUX YPOBHSAX 3apaKEHUS
JIUCTHSI MOT'YT UMETb 060XK)KEeHHBIN BUJL, U3-3a TIOBPEXK-
IeHUs JIMCTOBOM TKAHU. DTO IIPUBOLUT K BhIOPAKOBKE
IIeKOPAaTUBHBIX PACTEHUM U CHIKAET YPOXKAWHOCTh
BCeX CeJIbCKOXO03IMCTBEHHBIX KyJbTyp. Takxe
asuaTckuil TabavyHbI® TPUIIC MOXET HAHOCHUTHh
3HAUMTEJbHBIN yiIep6 rmiogaM. B pesynbraTe mura-
HUs TPUIICOB Ha IIOBEPXHOCTU IIJIOJOB OCTAIOTCS
IIpaMbl ¥ MISTHA, YTO CHUIKAET UX KauecTBO M TOBap-
HBbIM Buz. KpoMe TOTO, yYaCTKH, IMOBPEXIEHHbIE
TPUIICAMU, MOTYT CJIYKUTh MECTOM MPOHUKHOBEHUS
IaTOTEHHBIX MUKPOOPTaHU3MOB. T. parvispinus
SIBJIIETCS BUIOM C 6GoJjiee BBICOKMM YPOBHEM JIETHOM
aKTHUBHOCTH B TEILINIIAX, UeM E. americanus.

Insg 60pb0OBI C a3MAaTCKUM TabauyHBIM TPUIICOM
penJjiaraT pa3jivuyHble Mephl. B UHAUY IPUMEHSI0T
GaKTepuaJibHbIE TIpeIapaThl HA OCHOBe Pseudomonas
fluorescens Migula (iperrapat BAIRPFDWD @, 20 r/1) u
Bacillus albus Liu et al. (mpemapatr NBAIR-BATP @, 20
/) B BUJIE CTIPEEB, TAK)KE MCIIOJIb3YIOT IPErmapaThl Ha
OoCcHOBe MacJia HuMa Azadirachta indica A.Juss. (Singh et
al., 2025). Taxyke MOTYT GbITh UCIIOJIb30BAHBI XUIIIHbBIE
KJIelu, Takue Kak Neoseiulus cucumeris (Oudemans,
1930), Amblyseius swirskii (Athias-Henriot, 1962),
Iphiseius degenerans (Berlese, 1889), Transeius
montdorensis (Schicha), Anystis baccarum n
Amblydromalus limonicus (Garman & McGregor, 1956),
XUIHbIE KJIOIbI poma Orius U Ipyrue sHTOModaru
(https://cabi-stag.literatumonline.com/
doi/10.1079/cabicompendium.53744). duToModaros
paccemnsoT B TPOPUIAKTUIECKUX HEJISIX KaK C JOTOJIHY -
TeJIbHBIMY UCTOYHNKAMMY TUTAHYS, TAKUMY KaK IIbLIbIIA
WJIV ICKYCCTBEHHBIE KOpMa (KOPMOBbIE KJIEIIH, ITUCThI
apremumu, giuna Ephestia kuehniella ZELLER, 1879),

Fig. 15. Pepper damaged by Thrips

https://gd.eppo.int/taxon/THRIPV)

One of the infestation signs by the
Asian tobacco thrips is the deformation
of young shoots and leaves (see Fig. 15).
By feeding on plant tissue, thrips secrete
toxins that cause leaf curling and
deformation. This damage can seriously
affect plant growth and its overall health,
reducing the ability to photosynthesize
efficiently and slowing development. At
higherinfestation levels, leaves may have
a scorched appearance due to damage to
the leaf tissue. This leads to the culling of
ornamental plants and reduces the yield
of all agricultural crops. Asian tobacco
thrips can also cause significant damage
to fruit. Thrips feeding results in scars
and spots on the fruit surface, reducing
its quality and marketability. Further-
more, areas damaged by thrips can serve
as introduction points for pathogenic
microorganisms. T. parvispinus is a
species with a higher level of flight
activity in greenhouses than
E. americanus.

To control the Asian tobacco thrips,
various measures are recommended. In India,
bacterial products based on Pseudomonas fluorescens
Migula (product BAIRPFDWD @, 20 g/L) and Bacillus
albus Liu et al. (product NBAIR-BATP @, 20 g/L) are
used as sprays, along with neem oil-based products
from Azadirachta indica A.Juss. (Singh et al., 2025).
Predatory mites such as Neoseiulus cucumeris,
Amblyseius swirskii, Iphiseius degenerans, Transeius
montdorensis, Anystis baccarum, and Amblydromalus
limonicus, as well as predatory bugs of the genus Orius
and other entomophagous insects, are also employed.
Entomophages are released prophylactically, some-
times supplemented with additional food sources such
aspollenorartificial diets (feeding mites, Artemia cysts,
Ephestia kuehniella eggs) to promote their reproduction
and establishmentin crops before pestappearance.

To eliminate pronymphs and nymphs of T.
parvispinus, predatory soil mites like Gaeolaelaps
aculeifer, Macrocheles robustulus, and Stratiolaelaps
scimitus, as well as entomopathogenic nematodes such
as Steinernema carpocapsae and Heterorhabditis indica,
are used. Synthetic pesticides approved for thrips
control in protected cultivation are also applied. For
maximum efficacy, thorough coverage of leaves is
required, achievable by applying 1000-2000 liters of
aqueous solution (emulsion or suspension) per
hectare.
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Tak 1 6e3 HUX, YTOOBI CIIOCOGCTBOBATD UX Pa3MHOXKE-
HUI0 ¥ YKOPEHEHUIO B ITI0CEBAaX J0 MOSBJIEHUS BPeU-
Tens. a9 YHUUYTOXEHUSI NPOHUMGP U HUMOD
T. parvispinus UCIIOJIb3YIOT XUIIHBIX ITOUYBEHHBIX
KJelne, Takux Kak Gaeolaelaps aculeifer (Canestrini,
1883), Macrocheles robustulus (Berlese, 1904) u
Stratiolaelaps scimitus (Womersley, 1956), a Takxe
SHTOMOIIATOTeHHBIX HEMATOJ, TAKUX Kak Steinernema
carpocapsae (Weiser, 1955) unu Heterorhabditis indica
Poinar, Karunakar, & David, 1992. TIpuMeHSIOT U
CUHTETUYECKMHE IMeCTULIMIabl, Pa3pelleHHblIe IJId
KOHTPOJS TPUIICOB B 3al[UI[EHHOM TPYHTE.
I [mOCTW)KEeHUS MaKCUMaJibHOU 3G (GeKTUBHOCTHU
TpebyeTcsl TIOJTHOE TIOKPBITUE JIUCTHEB, UTO MOXKET
ObITh HOCTUTHYTO MyTeM BHeceHus 1000-2000 x
BOZHOTO PAacTBOPA (3MyJIbCUY, CYyCITEH3MM) HA TeKTap.

3AKJIOYEHUE 1 BbBIBO/1bl

VIHBa3WOHHBIE BUMBI KUBOTHBIX W PACTEHUU
TIOCTOSIHHO TIPOHUKAIT HA HOBbIE TEPPUTOPUHU, TZie
OHU HEpPeLKO MOTYT CO3JaBaTb d3KOHOMUYECKUE
npo6JeMbl U OKa3blBaTh BJIWSHME HA CJIOXKMBIIEECST
6uopasHoo6pasue abOpPUTreHHBIX OPTraHU3MOB.
TpuUIiChl, BCIEACTBUE OUYEHb MEJKUX Pa3sMeEpPOB U
CIIOCOGHOCTY IIEPEHOCUTHCSI KaK PasHO0Opa3sHOU
MPOAYKIMEN, TaK U C TPAHCIIOPTOM U TIOTOKaMU
BO3/IyXa, GBICTPO PacCeNIIIOTCS BO BCE HOCTYITHbIE
OGUOTONBI, TPOIIMYECKUE U CYOTPOIIUYECKHE BUIIBI
MUTPUPYIOT JAJeKO 32 Mpeesbl eCTECTBEHHOTO
apeaja, MCIIOJb3Ys YCJOBUS 3aLUIEHHOT0 I'PYHTA.
[Ipu o6HapyXeHUY WHBA3MOHHOTO BUJA CITEI[HAJIKC-
Thl (PUTOCAHUTAPHOU CJIY)KOBI HEPEJKO HE MMENT
BO3MOXXHOCTHU TNPaBUJbHO UAEHTUDUIIUPOBATH
00BEKT M3-32 OTCYTCTBUS COOTBETCTBYIOIIUX ITOCOOMIA
U CIIPABOYHBIX MaTepuajioB. TakuM 06pa3oM yIycka-
eTcsl BpeMs, HeobXomuMoe IJsd NMPUHATUS Mep
pearvpoBaHus.

AzmaTckuil TabauHbBIN TpuUIc T. parvispinus
HavaJl aKTUBHO paccCessiThCs B CTpaHax EBPOIBI B
2010-2020-e rogpl. OTOT TPUIIC YKe IIPUCYTCTBYET
B KaueCTB€ OOHOI'O M3 OCHOBHBIX BI/I,HOB-MI/I].HGHGIZ
B TIPOCITEKTaX €BPOIeNCKUX (QUpM, Mpenjiararlnux
CpelCcTBa 3alUThl PaCTeHUHN, 0COGEHHO B 3alUIIEH-
HOM rpyHTe. OmHaKo nHGOPMAIUS, TO3BOJISIONIAS
UNEHTUQUIIUPOBATH 3TOT 06BEKT, CONEPKUTCS
B OCHOBHOM B ITy6IMKanusax 06 azauaTckux, ahpukaH-
CKUX WJIM aBCTPAJMUCKUX TPUIICAX. B CBSI3U C 3TUM
aBTOP IOJIFOTOBUJI ITOIPOGHOE OMMCaHNe JUAarHOCTH-
YeCKUX IPU3HAKOB T. parvispinus, MpOUJLITIOCTPUPOBAB
UX CITeIMaJIbHO M3TOTOBJIEHHBIMU MUKpPOdoTorpadu-
samu. Kpome Toro, fo6aBieHa KpaTkas uHdopmaius o
6uosoTuY, BPELOHOCHOCTU U Mepax KOHTPOJISI
a3zuaTcKoro TabauHOTO TPUIICA, TMOJyueHHas u3
JINTEPATYPHBIX UICTOUHUKOB.

B cOoBpeMeHHOM MUpe BO3pacTaeT Heob6XOomu-
MOCTbh TIPEBEHTUBHO IOJyYaTh MHMOPMAIIUIO O
MIOTEeHLIMAJbHBIX YTPO3ax, B TOM UYMCJIE O PacIIpoCcTpa-
HAKNIIUXCA MHBA3MOHHBIX OPraHMU3MaX — BPEeAUTEJIAX
pacteHu#. [Jyis CIIELUAJNCTOB B 06JIACTU 3AIIUTHI
pactenuit B Poccutickoit demepaliu B HacTosIlee
BpPeEMS B CBSI3U C WU3MEHUBIIENCS TeOIOJUTUUYECKON
06CTaHOBKOM BO3POCJO 3HAUEHUWE HAIpaBJIEHUS
VHBa3W# 3 crpaH I0ro-BocTtounoi u KOxxHON A3y u
Adpuku. OcobeHHO Ba)XKHO I0JIy4aTh HEOOXOLUMYIO
vHpopManno 0 BUIAaX, KOTOPbIE Y)KE€ JOCTUTJIU
VPOBHS CTaTyca BpeJUTeNs B palioHe CBOEro IIPOUC-
XOKAEHUS M HAUMHAKT ITPOHUKATD B PYTUE PETUOHBI.

CONCLUSION

Invasive animal and plant species are constantly
get introduced into new territories, where they can
often create economic problems and impact the
established biodiversity of native organisms. Thrips,
due to their extremely small size and ability to be
transmitted by various products, vehicles, and air
currents, quickly spread to all available biotopes, while
tropical and subtropical species migrate far beyond
their natural range, exploiting the conditions of
protected soil. When an invasive species is discovered,
phytosanitary specialists are often unable to correctly
identify it due to a lack of relevant manuals and
reference materials. This wastes valuable time to
initiate response measures.

T. parvispinus began to actively spread across
Europe in the 2010s and 2020s. This thrips is already
listed as a key target species in the brochures of
European companies offering crop protection
products, particularly for protected cultivation.
However, identification information is primarily
contained in publications on Asian, African, or
Australian thrips. Therefore, the author has prepared a
detailed description of the diagnostic characters of T.
parvispinus, illustrating them with specially prepared
microphotographs. Additionally, brief information on
the biology, harmfulness, and control measures of the
Asian tobacco thrips, drawn from literature sources,
hasbeen added.

In today's world, there is a growing need to
proactively obtain information about potential threats,
including spreading invasive plant pests. For plant
protection specialists in the Russian Federation, due to
the changing geopolitical situation, the importance of
invasions originating from Southeast and South Asia
and Africa has increased. It is especially important to
obtain the necessary information about species that
have already reached pest status in their area of origin
and arebeginningto spread tootherregions.
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AHHOTALIUA

Phytophthora — 3To Tpubomomo6HbIE OPTraHM3-
MBI, OTHOCSIIVECS K 00MUIleTaM. BUIbl JaHHOTO posa
BBI3BIBAIOT 3ab0jieBaHUS, NPUBOAAIINE K DKOHO-
MUYECKUM ITOTEPSIM U OKa3bIBAIOIIME DKOJIOTUUECKOE
BO3JelicTBUE B MUTOMHMKAX, JieCaXx U MPUPOJ-
HBIX 9KOCHCTeMaX. Poji BKJIFOUaeT MHOTO BUIOB, KOTO-
pble BBI3BIBAIOT KOPHEBBIE W TIPUKOPHEBBIE T'HUJIH,
YBSIaHUE, 0KOTH JINCThEB U CTEOIEH, I3BbI, 1 OTMUPA-
HUe cTebJiel, YTO MPUBOAUT K DKOHOMUYECKUM II0-
CJIEICTBUAM I10 BceMy Mupy. HekoTopble BUbI ABJIs-
I0TCSI OCOOEHHO Pa3pyIIUTENbHBIMU (DUTOIIATOTEeHA-
MU U MO3TOMY BKJIIOUEHBI B KapPaHTUHHBIE TIEPEYHU
Pa3JIMUYHBIX CTPaH. B cTaThbe NpeACTaBIeH KPaTKUUN
0630p mHpOPMAIIMKU O KAPAHTUHHBIX BUAAX pPOJa
Phytophthora, accCOIIMUPOBAHHBIX C JPEBECHBIMU, KyC-
TAPHUKOBBIMU M JE€KOPATUMBHBIMU PACTEHUAMU.
[IpyBeeHbl BUIbI JAaHHOTO POZA, PETYJIUPYEMbBIE B
PaBJIMYHBIX CTPaHaX MUPa. JJaHO OTIMCaHKe PACTEHM -
X035€B U MOPGOJOTUYECKUX ITPU3HAKOB IJis BO30Y-
nuTenaen GuTodTOpPo3a MEeKOPATUBHBIX M KyCTapHU-
KOBBIX pacTeHuul Phytophthora kernoviae Brasier,
Beales & S.A. Kirk, Phytophthora ramorum Werres, De
Cock & Man in't Veld u Bo36ymuTensa dutodToposa
osibxu Phytophthora alni Brasier & S.A. Kirk. OnucaHo
pacmpocTpaHeHVe JAaHHBIX MTATOTEHOB B MHUpE, a
Tak)Xe UX QUTOCAHUTAPHBIN CTATYC U BPEJIOHOCHOCTD.
[TpuBeJieHbI WIIOCTPALIUY CUMIITOMOB U OCHOBHBIX
MOpq)O.HOI‘I/I"IeCKI/IX JAUAarHOCTUYECKUX IIPHM3HAKOB.

Knrouesvte cnosa. PutodTopos, ApeBecHbIe
pacTeHus, JeKOpPaTUBHBIE PACTeHUS, AUATHOCTUKA,
KapaHTUHHBIYN Bum, Phytophthora.
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ABSTRACT

Phytophthora are fungi-like organisms belonging
to the oomycetes. Species of this genus cause diseases
that lead to economic losses and have ecological
impacts in nurseries, forests, and natural ecosystems.
The genus includes a lot of species that cause root and
basal rots, wilting, leaf and stem blight, cankers, and
stem dieback, leading to economic consequences
worldwide. Some species are particularly harmful
plant pathogens and are therefore included in quaran-
tine lists of various countries. This article provides a
brief overview of quarantine species of the genus
Phytophthora associated with trees, shrubs, and
ornamental plants. Species of this genus regulated in
various countries are listed. It gives a description of the
host plants and morphological characters of the
pathogens that cause late blight of ornamental plants
and shrubs — Phytophthora kernoviae Brasier, Beales &
S.A. Kirk, Phytophthora ramorum Werres, De Cock &
Man in't Veld, as well as Phytophthora alni Brasier & S.A.
Kirk. The global distribution of these pathogens, as well
as their phytosanitary status and harmfulness, is
described. Illustrations of symptoms and key morpho-
logical diagnostic characters are provided.

Key words. Late blight, trees, ornamental plants,
diagnostics, quarantine species, Phytophthora.
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BBEJEHUE

hytophthora — 3TO POJI, OTHOCSIIMUCS K
ooMuIleTaMm, QUJIOTEHETUUECKOH
TPYIIIe SYKapUOT, ITOX0XKUX Ha TPUOBHL.
Pop, Phytophthora 6oJjiee TECHO CBsI3aH
¢ 6ypbIMU ¥ JUATOMOBBIMH BOJIOPOC-
JIIMH, YeM C HAaCTOAIUMU I'PrubaMu, 1
TT03TOMY ObLI TTOMEIIEH B TTOIIIAPCTBO
Heterokonta, uau Stramenopiles.
MHOrYe TeTEePOKOHTHI SIBJISIOTCS OJHOKJIETOUHBIMU
JKTYTUKOHOCIIAMU, @ HEKOTOPbIe, BKJOUAs
Phytophthora, SBISIOTCS MHOTOKJETOYHBIMU CO
JKTYTUKOHOCHOU OJTHOKJIETOUHOM CTaiuel B )KMU3HEH-
HOM IIMKJie, Ha3blBaeMOU 300cmopoii. HasBaHue
reTepOKOHT OTHOCHUTCS K XapaKTepHOU ¢dopme
3o00cmop ¢ aupepeHMPOBAHHBIMU XI'YTUKAMU,
OJIHUM TJIQJIKUM M OJHUM TMOKPBITHIM TPeXpasieiib-
HBIMHU IIeTUHKaAMMA.

[Tomo6HO rpubaM, OOMUIIETHI — 9TO HUTEBUHEIE
MUKPOCKOIIMYECKNEe OPraHm3Mbl, KOTOPhIE Pa3sMHO-
JKQI0TCS KaK TTOJIOBBIM, TaK M 6GECIIOJIbIM MYTEM U
[IOTJIOIAI0T MUTATEJIbHbIE BEUeCTBA U3 CBOErOo
cybcTpaTa Kak carpouTe! 160 mapasuTbl. OoMuile-
Thl OTJIMYAIOTCS OT I'PUOOB TEM, UTO UX KJIETOUYHBIE
CTEHKU COCTOST U3 LIeJIII0JIO3bI 1 6eTa-TJII0KAHOB, a He
13 XUTHHA, TU(BI He UMEIOT IIOIIePEeYHbIX IIePEeropo-
ok (cemT), a UX >XM3HEHHBIN IIUKJ B OCHOBHOM
IOUIJIONAHBIN, a He rarjION HbIH.

MHorue InpencTtaBuTenau poma Phytophthora
BBI3BIBAIOT 3a00JieBaHUS, OKa3bIBaloIIVe HKOHOMMU-
YeCcKoe 1 SKOJIOTUYECKOe BO3IeMCTBYE B MTUTOMHUKAX,
CaZloOBOJICTBE, JiecaX M IMPUPOIHBIX BKOCHCTEMAaX, U
MHOTYE U3 HUX BbI3bIBAIOT 06€CTIOKOEHHOCTD I10 BCEMY
Mmupy. Phytophthora ctana omHuUM U3 HauboJee
U3YYEHHBIX POZOB (PUTOTIATOTEHOB. POJ BKJIIOUAET
MHOTO BU/OB, KOTOPble BBI3BIBAKT KOPHEBBIE,
KOPOHKOBbIEe Y BOPOTHUKOBBIE THUJIU, YBSILaHUE,
0XKOTU JIUCTbEB U cTebJiel, THUIU IIJION0B U KITyOHEH,
sI3BBI, KPOBOTOYAIIME I3BBI M OTMUPAHUE CTEBIIEH, UTO
MPUBOAUT K DSKOHOMUYECKUM IOCIENCTBUAM [JIs
CeJIbCKOX03SIUCTBEHHBIX KYJIBTYDP, JEKOPATUBHBIX
pacTeHUN U JIECHBIX DKOCHUCTEM II0 BCEMY MUDY.
HeKoTopble BUBI SIBJISIIOTCS 0COGEHHO Pa3PyIINTEb-
HBIMM (UTOIIATOTEHaMU, KOTOPblE OKa3bIBAIOT
3HAUMTEJIbHOE BJIUSHUE Ha CEJIbCKOE X03IUCTBO MUJIN
MIPUPOAHBIE DKOCUCTEMBI U TIO3TOMY BKJIFOUEHBI B
KapaHTUHHBIE [IEPEYHY PAa3INYHbIX CTPaH (CM. a6 1).

VipenTtuduranus Bo3bynuteneit GuTodTopo30B
KJIaCCUYEeCKUMU METOLAaMU TPOBOJUTCS 110 KOMIIJIEK-
Cy TIPU3HAKOB, BKJOUYAIOIIUX CUMIITOMBI 3aboJieBa-
HUs, XapaKTep KOJOHWM Ha MUTATEJNbHbIX CPeJax u
mopdosornveckue npusHaky (Cypuna, 2024).

B EQuHBIN MepedyeHb KapaHTUHHBIX 0GBEKTOB
EBpasuiicKoro SKOHOMUWUYECKOTO COH03a B CIUCOK I
«KapaHTUHHBIE BPEHbIE OPTraHU3MBI, OTCYTCTBYIO-
1ve Ha TeppuTopuu EBpasmiickoro SKOHOMUYECKOTO
CcOo3a» BXOAAT TPU BUZA, aCCOL[MMPOBAaHHBIE C
IPEBECHBIMU U KYCTAPHUKOBBIMU PACTEHUSIMU
Phytophthora kernoviae Brasier, Beales & S.A. Kirk,
Phytophthora ramorum Werres, De Cock & Man in't Veld
u Phytophthora alniBrasier & S.A. Kirk.

MATEPUAJIBIMMETO/bI

CraTbd OCHOBaHa Ha aHaJu3e JIUTEPATYPHBIX
VCTOYHHMKOB, YKa3aHHBIX BOCHOBHOM pa3JeJie.

INTRODUCTION

hytophthora is a genus belonging to the

Oomyecetes, a phylogenetic group of fungi-

like eukaryotes. The genus Phytophthora is

more closely related to brown algae and

diatoms than to true fungi and has there-
fore been placed in the subkingdom Heterokonta or
Stramenopiles. Many heterokonts are unicellular
flagellates, and some, including Phytophthora, are
multicellular with a flagellated, unicellular stage in the
life cycle called azoospore. The name heterokont refers
to the characteristic shape of the zoospore, with
differentiated flagella, one smooth and one covered
with tripartite setae.

Like fungi, oomycetes are filamentous micro-
scopic organisms that reproduce both sexually and
asexually and absorb nutrients from their substrate as
saprophytes or parasites. Oomycetes differ from fungi
in that their cell walls are composed of cellulose and
beta-glucans rather than chitin, their hyphae lack
transverse septa, and their life cycle is primarily
diploid rather than haploid.

Many members of the genus Phytophthora cause
diseases with economic and ecological impacts in
nurseries, horticulture, forests, and natural ecosys-
tems, and many are of concern worldwide. Phytoph-
thora has become one of the most studied genera of
plant pathogens. The genus includes many species that
cause root, crown, and collar rots, wilt, leaf and stem
blight, fruit and tuber rots, cankers, bleeding cankers,
and stem dieback, resulting in economic conse-
quences foragricultural crops, ornamentals, and forest
ecosystems worldwide. Some species are particularly
harmful plant pathogens that have a significant impact
on agriculture or natural ecosystems and are therefore
included in quarantine lists of different countries
(Table1).

Identification of late blight pathogens using
classical methods is carried out based on a set of
characters including: disease symptoms, the nature of
colonies on nutrient media, and morphological
characters (Surina, 2024).

The Common List of Quarantine Pests of the
Eurasian Economic Union, List I “Quarantine Pests
Absent on the Territory of the Eurasian Economic
Union,” includes three species associated with trees
and shrubs Phytophthora kernoviae Brasier, Beales &
S.A. Kirk, Phytophthora ramorum Werres, De Cock &
Manin't Veld u Phytophthora alniBrasier & S.A. Kirk.

MATERIALSAND METHODS

This article is based on the analysis of the litera-
ture cited in the main section.

For each species described, the following are
provided: primary host plants, distribution,
phytosanitary status, harmfulness, pathways, symp-
toms, and morphological characters.
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Ta6. 1. Buasl poaa Phytophthora, peryiupyeMbie pa3JuUHbIMU CTPAHAMHU
Table 1. Species of the genus Phytophthora regulated as quarantine organisms in different

countries

Bup,
Species

PacTeHHe-X03AuH
Host Plant

Craryc
Status

Phytophthora austrocedri
Gresl. & E.M. Hansen (2007)

Austrocedrus chilensis, Callitropsis
nootkatensis, Chamaecyparis lawsoniana,
Juniperus communis, Juniperus horizontalis,
Cupressus sempervirens, Fitzroya
cupressoides, Pilgerodendron uviferum

Besmko6putanusa PHKO 2020
UK, regulated non-quarantine pest (RNQP)
2020

Phytophthora xalni Brasier &
S.A. Kirk (2004)

Alnus glutinosa u npyrue Buasbl Alnus,
BKJIIOUad A. incana u A. cordata, A. viridis
Alnus glutinosa and other Alnus species,
including A. incana, A. cordata, A. viridis

EA3CA12016
EAEU A1 2016

Phytophthora hoehmeriae

Citrus spp. (Rutaceae) u gpyrue

Mapoxko KO 2018, AprenTuna Al 2019,

Sawada (1927) cemelMcTBa YpyrBaii A1 1995, COSAVE A2 2021
Citrus spp. (Rutaceae) and other families Morocco QP 2018, Argentina A1 2019,
Uruguay Al 1995, COSAVE A2 2021
Phytophthora cactorum 154 poga B 54 cemeiicTBax Erunet PHKO 2018, lliseitnapusa PHKO

(Lebert & Cohn) J. Schrot.
(1886)

Phytophthora cactorum (Lebert
& Cohn) J. Schrot. (1886)

154 genera in 54 families

2019, Besmmko6putanus PHKO 2020, EC
PHKO 2019

Egypt RNQP 2018, Switzerland RNQP 2019,
UK RNQP 2020, EU RNQP 2019

Phytophthora capsici Leonian
(1922)

Phytophthora capsici Leonian
(1922)

51 poz B 28 cemeiicTBax
51 genera in 28 families

Mekcuka KO 2018, Baxpeiin A2 2003,
IAPSC A1 1989

Mexico QP 2018, Bahrain A2 2003, IAPSC Al
1989

Phytophthora cinnamomi
Rands (1922)

266 poioB B 90 ceMeiicTBax, B OCHOBHOM
JINCTBEHHBIE JePeBba

266 genera in 90 families, mostly deciduous
trees

Mapoxkko KO 2018, Tynuc KO 2012,
Mekcuka KO 2018, Baxpeiin A1 2003,
Hpan Al 2018, N3pauiab KO 2009,
IBeiinapus PHK02019,
Besmmko6putanusa PHKO 2020

EU PHKO 2019

Morocco QP 2018, Tunisia QP 2012, Mexico
QP 2018, Bahrain A1 2003, Iran A1 2018,
Israel QP 2009, Switzerland RNQP 2019, UK
RNQP 2020

EU RNQP 2019

Phytophthora citricola
Sawada (1927)

75 ponos B 38 ceMeiicTBax
75 genera in 38 families

Eruner PHKO 2018
Egypt RNQP 2018

Phytophthora citrophthora
(R.E.Sm. & E.H. Sm.)
Leonian (1925)

88 posioB B 51 cemeiicTBe
88 genera in 51 families

Erunet PHKO 2018, lliBeitunapusa PHKO
2019, Beaxuko6putauus PHKO 2020, EU
PHKO 2019

Egypt RNQP 2018, Switzerland RNQP 2019,
UK RNQP 2020, EU RNQP 2019

Phytophthora cryptogea
Pethybr. & Laff. (1919)

141 pop B 49 ceMeiicTBax
141 genera in 49 families

Mexkcuka KO 2018, llIBeiinapusa HKO
2019, Beaxuko6putanus HKO 2020, EU
PHKO 2019

Mexico QO 2018, Switzerland NQP 2019, UK
NQP 2020, EU RNQO 2019

Phytophthora xcambivora
(Petri) Buisman (1927)

30 pozoB B 19 cemeiicTBax, BKJIOUAas
Castanea (kamrTaHoBble, Fagaceae)

30 genera in 19 families, including Castanea
(Fagaceae)

Yuu Al 2019, KuTaii KO 2021,
IIBeiinapusa PHKO 2019,
Besmmko6putanua PHKO 2020, EC PHKO
2019"

Chile A1 2019, China QP 2021, Switzerland
RNQP 2019, UK RNQP 2020, EU RNQP 2019

Phytophthora gonapodyides
(H. E. Petersen) Buisman
(1927)

13 pozxos B 11 cemeiicTBax
13 genera in 11 families

AprenTuHa Al 2019
Argentina A1 2019
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Bup, PacTeHue-X03AUH Crartyc
Species Host Plant Status
Phytophthora hibernalis 11 pozos B 9 cemeiicTBax Kwuraii KO 2021

Carne (1926)

11 genera in 9 families

China QP 2021

Phytophthora kernoviae
Brasier, Beales & S.A. Kirk
(2005)

ITopaxaeT pacTeHuda us 23 poaoB
Affects plants of 23 genera

Eruner Al 2018, Mapoxkko KO 2018, Yniu
A12019, Cep6us A1 2015,
BesmmkoG6putanua A2 2020, EA3C A1 2016,
EOK3P A2 2013

Egypt A1 2018, Morocco QP 2018, Chile A1
2019, Serbia A1 2015, UK A2 2020, EAEU Al
2016, EPPO A2 2013

Phytophthora lateralis Tucker
& Milbrath

Callitropsis nootkatensis Chamaecyparis
lawsoniana Chamaecyparis obtusa
Chamaecyparis pisifera Juniperus communis
Microbiota decussata Petunia Sp.
Pseudotsuga menziesii Rhododendron sp.
Taxus brevifolia Thuja occidentalis Vinca sp.

Erumnet Al 2018, Mapokko KO 2018,
KuTaii KO 2021

Hoppanus A2 2013, BesinkoGpuTaHusa
PHKO 2020 EOK3P A2 2011

Egypt A1 2018, Morocco QP 2018, China QP
2021

Jordan A2 2013, United Kingdom RNQP
2020 EPPO A2 2011

Phytophthora megasperma Fabaceae Bpasuaua Al 2018, Uzpauabckuii KO
Drechsler (1931) 2009

Brazil A1 2018, Israel QP 2009
Phytophthora nicotianae 255 poaoB B 90 cemMeiicTBax Eruner PHKO 2018, I'suness PHKO 2022
Breda de Haan (1896) 255 genera in 90 families Egypt RNQP 2018, Guinea RNQP 2022

Phytophthora palmivora (E.J.
Butler) E.J. Butler (1919)

PasinuHbIe cemMelicTBa
Different families

Eruner PHKO 2018, I'Buness PHKO 2022,
Mapoxkko KO 2018, Yunu Al 2019,
Baxpeiin A1 2003

Egypt RNQP 2018, Guinea RNQP 2022,
Morocco KO 2018, Chile A1 2019, Bahrain
A1 2003

Phytophthora pluvialis Larix decidua Larix kaempferi Larix x EOK3P CurHaJjibHbIi nepeueHsb 2022
Reeser, W. Sutton & E.M. marschlinsii Notholithocarpus densiflorus EPPO Alert List 2022
Hansen (2013) Pinus patula Pinus pinea Pinus radiata Pinus
strobus Pseudotsuga menziesii Tsuga
heterophylla
Phytophthora ramorum IlnpoKuii KPyr X03s€B; 0K0JI0 90 POOB Erumnet Al 2018, Mapokko KO 2018,

Werres, de Cock & Man in 't
Veld (2001)

Wide host range; about 90 genera

Bpasuiua Al 2018, Kanaga KO 2019,
Yuau Al 2019, Mekcuka KO 2018, KuTtaii
KO 2021, N3pauasb KO 2009, Kopesa KO
2018, Cep6usa Al 2015, HiBeiinapusa Al
2019, Typuusa Al 2016, Be1ukoGpuTaHus
KO 2020, EA3C A1 2016, EOK3P A2 2013,
EC PHKO 2021

Egypt A1 2018, Morocco QP 2018, Brazil A1
2018, Canada QP v2019, Chile A1 2019,
Mexico QP 2018, China QP 2021, Israel QP
2009, Korea KO 2018, Serbia A1 2015,
Switzerland A1 2019, Turkey A1 2016, UK
QP 2020, EAEU A1 2016, EPPO A2 2013, EU
RNQP 2021

Phytophthora syringae (Kleb.)
Kleb. (1909)

29 poaoB u3 14 ceMeicTB, BKIOYasa
Syringa vulgaris

29 genera in 14 families, including Syringa
vulgaris

Bpasuaua Al 2018, Kuraii KO 2021
Brazil A1 2018, China QP 2021
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Iig KaXJOTO OMMCAHHOTO BUMA TPUBEIEHBI
OCHOBHBbIE PACTEeHUA-X03s59€Ba, PaclpoCcTpaHeHue,
(buTOoCaHUTAPHBIN CTATyC, BPEIOHOCHOCTD, CIIOCOOBI
pacmpocTpaHeHus, CUMIITOMBI M XapaKTEePUCTUKA
MOpP(}OJIOrMUeCKUX TPU3HAKOB.

KAPAHTUHHBIE BUJbl POJOA PHYTOPH-
THORA, IOPAXKAIIMWE APEBECHBIE U
KYCTAPHUKOBBIE PACTEHUA

Phytophthora alni Brasier & S.A. Kirk — Bo36yau-
TeJib (puTohTOPO3a 0JIBXU

CunoHuMBL: Phytophthora alni subsp. alni Brasier &
S.A. Kirk, Phytophthora x alni (Brasier & S.A. Kirk)
Husson, Ioos & Marcais.

OCHOBHBIE pacTeHUsI-Xo03sieBa: ojbxa (Alnus),
onbxa ceppaueBunHas (Alnus cordata), onbxa 4yepHas
(Alnus glutinosa), onbxa cepas (Alnus incana), onbxa
sesieHad (Alnus viridis).

Pacrnipoctpanenme: ABCTpus, benbrus, Beaukoo-
putanud, ®pannus, l'epmanud, Benrpug, Vpnangusd,
Wcnanuga, Utanug, JlatBug, JlutBa, Humgepiauael,
[Tosbmia, [Mopryranuga, Cinosakus, Ciosenus, CIIA,
Yemnickas Pecirybiinika, llIBetitiapud, llIBerus.

BpemonocHOCTb: PUTOPTOPO3 OJbXU OBLJI
obHapyxeH B 1993 romy Ha 1ore AHIJINY, BBI3bIBAs
JIETAJIbHYI0 KOPHEBYI0 M BOPOTHUKOBYI THUJb Y
onbxu. BriociencTBun 60Jie3Hb GbLiIa 3aPEerucTPUpPO-
BaHa BO MHOTUX €BPOTIENCKUX CTPaHaX 1 CO BpeMeHEM
pacripocTpaHumiIach 1o Bceit EBporie. B coobIeHUIx
J. Gibbs c coaBTopamu (2003) ykazaHO, YTO Ha HEKOTO-
PBIX NPUOGPEXHBIX yyacTKaxXx rubeib JlepeBbEB,
MOopaXKeHHbBIX QUTONTOPO30M, MOKET AOCTUTATH 70%.
CoryacHo 3apy6e)XHBIM MCCIEJOBAHUSIM, B HEKOTOPBIX
obsactsax dpaHuuu M 'epMaHUU OTMedYeHbl 3HAUU-
TeJbHbIe COKpallleHUs HACAKAEHUMN OJIbXU B PE3YJib-
TaTe mopakeHus ¢purodToposzom (Webber, 2004). B
FOJKHOI YacTu AHTJINY U YaJbca 60JIe3Hb IIPUBEia K
rubenn 0koJio 10% oJIbXU, U KadKable 2% OT OCTaBIINX-
cq HacaxXJeHnH norubarT exxeromHo (Gibbs, 2003). B
Benrpuu cpenHss 3a60/ieBaeMOCTh JI€PEBLEB OJIbXU
cocraJistia 1-5%, HO co BpeMeHeM focturia 30-60%
B HEKOTOPBIX ciryuasax (Koltay, 2007).

C11oco6bI pacIpoCTpaHEHUS: PaCcIpOCTpaHeH e
B030ynuTenss puTopTOpO3a OJbXU B HOBbIE PAVOHBI
TIPOUCXOAUT B OCHOBHOM C 3aPaK€HHBIM IT0CALOUHBIM
MaTepuaJioM pacTeHui poja Alnus. B ecTeCTBEHHBIX
1leHo3ax 3abojieBaHME BO3HUKAET B OCHOBHOM IIO
OeperaM pek, B cajaX, IOJIE3AIIUTHBIX U JIECHBIX
HacaXXJeHUIX. ITO 00BhICHSIETCSI BO3MOXKXHOCTHIO
TIaToreHa PacIpoCTPAHIThCS C ITOTOKaMU MHPUITUPO-
BaHHOM BOJbI, B TOM YMCJE U IOJ3E€MHBIMU BOJAMU
Heray60Koro 3ajieTaHus, B pe3ybTaTe IO TOTIIEHU .

CUMIITOMBI: ITOpPa)keHHbIe PacTeHUSI 0JbXU
MPUBJIEKAIOT BHUMAaHNE B IIEPUOJ, C CEPEIUHbBI NI
10 KOHEIl aBTYCTa, OHU BBITJISIIAAT HU3KOPOCIBIMHU, C
TIOXKEJITEBIIUMMY JIUCThAMUY, PA3PEKEHHBIMU. JIUCThSI
CTAHOBSATCS MEJIKUMU U MPEeXIEeBPEMEHHO OTaIatoT,
OCTaBJisId BETBU TOJBIMU. Y JepPeBbeB C CUJbHBIM
TIPOSIBJIEHEM CUMIITOMOB B KPOHE Ha HIKHeH YacTu
cTBOJIA (2—3 MeTpa OT 3eMJI1) 06Pa3yTCS CMOJIUCThIE
YepHbIe WM PIXKaBble IIATHA — «CMOJITHASA TISITHUC-
TOCTb ZIepeBbEB» (CM. puc. 1).

Ha moBepXHOCTU HEKPOTU3WPOBAHHOU KOPHI
TIePUOAVYECKN OTMEeYaeTCsl BhIZieIeHVe CMOJISTHUCTOTO
9KccymaTa. BuauMble MsATHA yKa3bIBAalOT HAa TO, YTO
HaXOIAIIASICS IOJT KOPOI ApeBecruHa HEKPOTHU3POBaHa

QUARANTINE SPECIES OF THE GENUS
PHYTOPHTHORA AFFECTING TREES AND SHRUBS

Phytophthora alni Brasier & S.A. Kirk — root
disease of alder

Synonyms: Phytophthora alni subsp. alni Brasier &
S.A. Kirk, Phytophthora x alni (Brasier & S.A. Kirk)
Husson, Ioos & Marcais.

Main host plants: Alnus, Alnus cordata, Alnus
glutinosa, Alnus incana, Alnus viridis.

Distribution: Austria, Belgium, United Kingdom,
France, Germany, Hungary, Ireland, Spain, Italy,
Latvia, Lithuania, Netherlands, Poland, Portugal,
Slovakia, Slovenia, United States, Czech Republic,
Switzerland, Sweden.

Importance: root disease of alder was detected in
1993 in the south of England, causing lethal root and
collar rot in alder. Subsequently, the disease was
recorded in many European countries and eventually
spread throughout Europe. Reports by J. Gibbs et al.
(2003) indicate that in some coastal areas, the mortal-
ity of trees affected by this disease can reach 70%.
According to foreign studies, significant reductions in
alder stands due to root disease have been noted in
some areas of France and Germany (Webber, 2004). In
southern England and Wales, the disease hasled to the
death of about 10% of alder trees, and every 2% of the
remaining stands die annually (Gibbs, 2003). In
Hungary, the average incidence of alder trees was 1-
5%, but over time it reached 30-60% in some cases
(Koltay, 2007).

Pathways: The spread of the root disease of alder
to new areas occurs primarily through infected plants
for planting of Alnus species. In natural communities,
the disease occurs primarily along riverbanks, in
gardens, shelterbelts, and forest plantations. This is
explained by the pathogen's ability to spread through
contaminated water flows (including shallow
groundwater) and through flooding.

Symptoms: Affected alder trees become notice-
able between mid-July and late August. They appear
stunted, with yellowed, sparse leaves. The leaves
become small and fall prematurely, leaving bare
branches. Trees with severe symptoms develop
resinous black or rusty spots on the lower part of the
trunk (2-3 meters above the ground) in the crown (Fig. 1).

The surface of necrotic bark periodically exhibits
resinous exudate. Visible spots indicate that the
underlying wood is necrotic as a result of late blight.
When the bark is removed, elongated red-purple-
brown spots are visible, contrasting sharply with
healthywood (Fig. 2).

Morphological characters: Colonies on V8 agar,
potato dextrose agar, and malt extract agar show no
distinctive pattern. Sporangia are not papillary;
indehiscent; spherical, ovoid, or inversely pyriform
(22-65x19-46 um), with nested and extended internal
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Puc. 1. CuMNTOMBI Fig. 1. Phytophthora symptoms
tutohToposa (hoto aBTOpa) (photo by the author)

Puc. 2. HekpotusupoBaHHaa Fig. 2. Necrotic wood

npeBecuHa (oTo: (https://gd.eppo.int/taxon/PHY
https://gd.eppo.int/taxon/PHY TAL/photos)
TAL/photos)

Puc. 3. Moptonorus konoHum Ha KIA (a) n arape V-8 (b);
cnoparuu (c, d), nonosas hasa c roMoTaINIMYHbIMU
raMeTaHrusamMu, NoKasblBaloLWMMIU aM(UTMHHbIE aHTEPUANUN U
TunuuHble ooroHuu (e-l) (choto: Gloria Abad, USDA-APHIS-PPQ)

B pesyibTaTe mopakeHus GurodToposoM. [Ipu
CHSITUY KOPbI BULHBI BBITSHYThIE KPaCHO-(DHOJIETOBO-
KOPUYHEBBIE MATHA, KOTOPbIE KOHTPACTHO OTINYAK0T-
Cs10T 3/I0POBO I PEBECUHBI (CM. pHC. 2).
Mopdosornueckre NpU3HAKNA: KOJOHUU Ha
arape V8, kapTo(eabHO-IeKCTPO3HOM arape 1 arape ¢
COJIOIOBBIM 3KCTPAKTOM 63 OTIIMYUTEIbHOTO PUCYHKA.
CrnopaHruy He HMaNUJJgPHBIE, HeomamawIllue;
IIapOBUIHbBIE, AMIEBULHBIE, 00PATHO IPYLUIEBULHbIE
(22-65%19-46 MKM), C THE3JIOBOM M pPacCIIMPEHHOMN

Fig. 3. Colony morphology on (a) CGA and (b) V-8 agar; (c, d)
sporangia, (e-l) sexual phase with homothallic gametangia
showing amphigynous antheridia and typical oogonia (photo
by Gloria Abad, USDA-APHIS-PPQ)

proliferation. Internal proliferation occurs when the
sporangiophores continue to grow through the empty
sporangium. Sporangiophores are simple sympodial.
Hyphal swellings are absent. Chlamydospores are
absent (Fig. 3).
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BHYTpeHHeU mposudepariveii. BHYTpeHHSIS MPOJIU-
dbepanusg MpouUCXOaUT, KOTJA CIIOPAHTUEHOCET]
MIPOJOJIXKAEeT PaCTH Uepe3 MIYCTOW CIIOPAaHTUMH.
CHOpaHI‘I/IeHOCL[bI IIPOCTbhIe CHUMIIOAMAJIbBHBIEC.
TudanbHble B3LYTUS OTCYTCTBYIOT. XJIaMUIOCIIOPBI
OTCYTCTBYIOT (CM. puc. 3).

Phytophthora kernoviae Brasier, Beales & S.A.
Kirk — Bo36yauTeab putodTOpo3a JeKOPATUBHBIX
W IPEBECHBIX KYJIBTYP

OCHOBHBIE PACTEHUsI-X035€Ba: KOHCKUI KallTaH
oO0bIKHOBeHHBIN (Aesculus hippocastanum), araTuc
WXHBIU (Agathis australis), yepuMmons (Annona
cherimola), 6ap6apuc (Berberis), KallTaH ITOCEBHOMU
(Castanea sativa), npumuc BuHTepa (Drimys winteri), 6yK
eBponetickuil (Fagus sylvatica), aBeJITaHCKUU Opex
(Gevuina avellana), Tinom; o6bIKHOBeHHBIN (Hedera
helix), mazy6 octponucTHbli (Ilex aquifolium), 1eyKOTO3
nedbontena (Leucothoe fontanesiana), TUPUOJEHIPOH
TIONbOAaHOBLIN (Liriodendron tulipifera), moMmaiius
(Lomatia myricoides), marunonus (Magnolia), uepuc
(Pieris), momokapn uBoBbIM (Podocarpus salignus),
JIABPOBUIINHS JieKapcTBeHHas (Prunus laurocerasus),
ny6 (Quercus), pomoneHnpoH (Rhododendron), cekBois -
IEeHIPOH TUTaHTCKUM (Sequoiadendron giganteum),
ymbenntonsapus (Umbellularia californica), yepHUKa
(Vaccinium myrtillus).

PacnpocTpaHeHue: ApreHTuHa, Benukobpura-
Hud, Upnangud, HoBas 3enangud, Yuau.

BpemoHOCHOCTD: BU, ObLI BbIIeJIeH 13 60JIbHBIX
POIOMEHIPOHOB U €BPOIIelicKoro 6yka B KopHyoste,
Benukob6puranusg, B 2003 1. B mepuom ¢ 2002 110
2008 r. 6bLI0 66 BCHBIINIEK 3a00J€BaHUS B JIECHBIX
MacCCHBaXx U IIATh BCIIbINIEK B IMTOMHUKAX B AHIJIUU U
Yanbce. B 2006 1. P. kernoviae 6bl1 06Hapy’XeH B
3a0poIIeHHOM cany B peruoHe Hoptienna B Hosoit
3elaHAUY Ha THUIMKX IIJOLAaX YepPUMOUU
(Braithwaite et al, 2007). Tak)Xe OH COOTBETCTBYET
60J1ee paHHI/IM IIOUYBEHHBIM U30JIITaM, HO.]'Iy‘-IEHHI)IM B
HoBoil 3eaHAuu C TUIAHTALIUU JIYYUCTOW COCHBI U
MECTHOT0 Jieca Kaypu. B mae u nekabpe 2012 r. Ha 1ore
Yuiu MPOBOAUINCH O6CIeNOBaHUSA Ha MPUCYTCTBUE
BUIOB Phytophthora Ha JIeCHBIX IepeBbsX. Haimume
P, kernoviae 6bLJIO0 TOATBEPKIEHO B OMIABIINX JUCTHSIX
D. winteri, cOGpaHHBIX C IIOBEPXHOCTHOM IO CTUJIKHU.

Crioco6bI pacIpoCTpaHeHUs: PACIIPOCTPaHEHNE
TaToreHa B HOBbIE PAMOHBI IIPOUCXOIUT B OCHOBHOM C
3apaXeHHBIM II0CAJ0YHBIM MaTepHUajioM PacTeHUM-
X035€eB. B eCTECTBEHHBIX YCJIOBUAX HCTOUHUKOM
pacrpocTpaHeHus SBJISIOTCS XJIaMUI0CIIOPEI B BOJIE U
TIOYBE, a TAK)KE 300CIIOPAHTUH, COZIEPrKAlIecs B BOJIE,
TIOYBE Y TIEPEHOCUMbIE BETPOM U IOKIEM.

CUMIOTOMBI: CUMIOTOMBI, BbI3bIBaeMBbIe
P. kernoviae, MOXXHO B 11eJIOM KjaacCU(PHUIIMPOBATH Kak
KpPOBOTOYAIIMe I3BbI, 0KOT'U JINCTbEB W OTMUPaHUE.
[py 3apa)XeHUU JUCTheB POJOJEHILPOHA YaCTO
HabJomaeTcss MOYEepHEeHUE CPeHeN XKUJIKU U
yepelika. 3apakeHHble JUCThSI U CTe6JU MOXXHO
HAWTH 110 BCEMY KYCTapHUKY (CM. puc. 4).

VudbeKIuy Ha MaTHOJUU XapaKTepU3yITCT
KalJeBUAHBIMU MMOPAXEHUIMU KOHUMKOB JIMCTHEB,
KOTOpbIe PacIpoOCTpPaHSIITCS Ha Kpas JHUCThEB.
HerOTI/I‘-IeCKaH TKaHb JIUCTHEB OGBI‘-IHO uMmeerT
TEMHBIN YePHO-KOPUYHEBBIN 1BET. JIUCThS 3apakeH-
HBIX Pieris Spp. JeMOHCTPUPYIOT YBsSJaHWE CBETJIO-
KOPUYHEBOr0 MJM PXKaBO-KOPUMUYHEBOIO I[BeTa U
HEKPOTHUUYECKYI CpeIHI0I XUJIKY. Ha miamwile

Phytophthora kernoviae Brasier, Beales & S.A.
Kirk, —late blight of ornamental plants and trees

Main host plants: Aesculus hippocastanum, Agathis
australis, Annona cherimola, Berberis, Castanea sativa,
Drimys winteri, Fagus sylvatica, Gevuina avellana, Hedera
helix, Ilex aquifolium, Leucothoe fontanesiana, Lirioden-
dron tulipifera, Lomatia myricoides, Magnolia, Pieris,
Podocarpus salignus, Prunus laurocerasus, Quercus,
Rhododendron, Sequoiadendron giganteum, Umbellularia
californica, Vaccinium myrtillus.

Distribution: Argentina, United Kingdom, Ireland,
New Zealand, Chile.

Harmfulness: The species was isolated from
diseased rhododendrons and European beech in
Cornwall, UK, in 2003. Between 2002 and 2008, there
were 66 outbreaks in woodlands and five outbreaks in
nurseries in England and Wales. In 2006, P. kernoviae
was detected in an abandoned orchard in the North-
land region of New Zealand on rotting cherimoya fruit
(Braithwaite et al, 2007). It also matched earlier soil
isolates obtained in New Zealand from a radiata pine
plantation and a native kauri forest. Surveys for the
presence of Phytophthora species on forest trees were
conducted in southern Chile in May and December
2012. P. kernoviae was confirmed in leaf litter of D.
wintericollected from the surfacelitter.

Pathways: The pathogen spreads to new areas
primarily through infected plants for planting from
host plants. In natural conditions, the source of spread
is chlamydospores in water and soil, as well as
zoosporangia contained in water and soil and carried
bywind and rain.

Symptoms: Symptoms caused by P, kernoviae can
generally be classified as oozing cankers, leaf blight,
and dieback. When rhododendron leaves are infected,
blackening of the midrib and petiole is often observed.
Infected leaves and stems can be found throughout the
shrub (Fig. 4).

Infections on magnolia are characterized by
teardrop-shaped lesions on the leaf tips that extend to
the leaf margins. Necrotic leaf tissue is typically dark
black-brown. Leaves infected with Pieris spp. exhibit
light brown or rusty-brown wilting and a necrotic
midrib. On ivy, only stem infections are described.
Infected blueberries exhibit symptoms of early leaf
drop, multiple stem infections, and streaks of healthy
green and black necrotic areas on the stems (Fig. 5).

Trees infected with P. kernoviae may develop
oozing lesions with dark mucus on the trunk, from
groundlevel t0 9-12 m above ground. Oozing may occur
from cracks between the bark ridges and from underly-
inginfected tissue (Fig. 6).

Morphological characters: Colonies after 7 days
on potato dextrose agar, malt extract agar, and V8 agar
with a light rosette pattern. Sporangia papillary;
deciduous with medium to long stalks (3—-28 um);
ellipsoid, ovoid, inversely pyriform, lemon-shaped
(19-62 x 12-31 um), some irregularly shaped and

®despanb N2 1 (26) 2026 31



ONATHOCTUKA  DIAGNOSTICS

Puc. 4. CuMnTOMbI Ha nucTe  Fig. 4. Symptoms on a

popopeHapoHa (oto: rhododendron leaf (photo:
https://gd.eppo.int/taxon/PH https://gd.eppo.int/taxon/PH
YTKE/photos) YTKE/photos)

OITMCBIBAIOT TOJIBKO MH(peKIIMU cTebieti. MHDUIUpo-
BaHHasg YepHUKA MMEET CUMIITOMbI paHHEro oIraje-
HUS JTUCThEB, MHOXKeCTBEeHHbIe NH(PEKIUU cTebyieil u
MOJIOCHI Ha CTEeOJISIX 3I0POBBIX 3€JI€HBIX W UEePHBIX
HEKPOTUUYECKUX YUaCTKOB (CM. puc. 5).

IlepeBbs, 3apakeHHble P. kernoviae, MOTYT
06pa30BBIBATh KPOBOTOYAIME TTOPAXKEHUS C TEMHOU
CJIM3BI0 Ha CTBOJIE, OT YPOBHA 3eMJiu 10 9-12 M Ha[J
3eMiieit. KpoBoTeueHUEe MOXET MPOUCXOAUTH U3
TPEIIUH MEXAY TPeGHSMM KODPbI U3 IOJJIealnei
H(PUIIMPOBAHHON TKaHU (CM. puC. 6).

Mopdosiorudyeckrue MPU3HAKU: KOJOHUU 4Yepes
ceMb JHel Ha KapTodelabHO-IEKCTPO3HOM arape,
arape C COJIOLOBBIM 3KCTpakKTOM u arape V8 co
CBETJBIM PO3ETOYHBIM PUCYHKOM. CIIOpaHTuUU
NanuJsgpHble; omamalilie cCO CPeIHUMU UIU
IJIVHHBIMUA HOXKaMU (3—-28 MKM); 3JIIUIICOBUIHBIE,
AUIEeBUAHBIE, 00PAaTHO-TPYUIEBUIHbIE, JIUMOHOBU -
Hble (19-62 x 12—-31 MKM), HEKOTOPbIE HETIPaBUIbHOMK
(opMBbI, @ HEKOTOPbIE C KOHUYECKUMU OCHOBAaHUSIMU;
GOJIBIIMHCTBO C 3aMETHOH BaKyOJIbI0; KOHUUEHOCIIBI
MPOCThie CUMIIONVAJbHbIe UJU Hepa3BeTBJEHHBIE.
WHorma o6pasyloTcs KOpPaslJIoBble/TOPYJIOBUIHBIE
B3Oy TUS TU(. XJ1aMUL0CIIOPBI OTCYTCTBYIOT.

ToMOTaINYHBINA B, OOTOHWMU TJIaJKOCTEHHBIE,
YacTo C KOHMYECKUM OCHOBaHMEM (muameTpom 22-30
MKM); aHTepUAuY aM(GUTMHHBIE; 00CIIOPHI chepuyec-
kue (muaMeTpoM 18-28 MKM), IJIEPOTHUYECKUE WU
cJierka ariepoTudeckue (CM. puc. 7).

Phytophthora ramorum Werres, De Cock & Man
in't Veld — Bo36yguTenab hutodTOpo3a ApeBeCHBIX
M KYCTapHUKOBBIX KYJIbTYP

OCHOBHBIE pacTeHUs-X03geBa: noaudar,
ropakaeT pPacTeHus U3 CHENYIOU[UMX POIOB — IMUXTa
(Abies), xnen (Acer), aguauty™m (Adiantum), KOHCKUM
KamrraH (Aesculus), onbxa (Alnus), 3eMITHUYHOE TEPEBO
(Arbutus), ToloKHSIHKA (Arctostaphylos), appusus
(Ardisia), 6apbapuc (Berberis), 6epesa (Betula), Bepeck
(Calluna), xanukauT (Calycanthus), kamenus (Camellia),
kamTaH (Castanea), kactaunorncuc (Castanopsis),
KpacHOKOpeHHUK (Ceanothus), 6arpsuuaux (Cercis),
kunapucoBuk (Chamaecyparis), nBan-uait (Chamerion),

Puc. 5. CuMnTOMbI Ha nucTe  Fig. 5. Symptoms on a
marHonuu (choto: magnolia leaf (photo:
https://gd.eppo.int/taxon/PH https://gd.eppo.int/taxon/PH
YTKE/photos) YTKE/photos)

Puc. 6. KpoBoToualyume
nopakeHus Ha 6yke (choto:  beech (photo:
https://gd.eppo.int/taxon/PH https://gd.eppo.int/taxon/PH

Fig. 6. Oozing lesions on

YTKE/photos) YTKE/photos)

some with conical bases; most with a prominent
vacuole; conidiophores simple sympodial or
unbranched. Coral/torulose hyphal swellings occa-
sionally form.Chlamydospores absent.

Homothallic species. Oogonia smooth-walled,
often with a conical base (22-30 um in diameter);
antheridia amphiginous; oospores spherical (18-28
um in diameter), plerotic or slightly aplerotic (Fig. 7).

Phytophthora ramorum Werres, De Cock & Man
in't Veld - late blight of trees and shrubs

Main host plants: Polyphagous, affects plants from
the genera: Abies, Acer, Adiantum, Aesculus, Alnus,
Arbutus, Arctostaphylos, Ardisia, Berberis, Betula, Calluna,
Calycanthus, Camellia, Castanea, Castanopsis, Ceanothus,
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Puc. 7. ®opma konoHuM Ha arape V8 (a), kapTochenbHo-
OeKcTpo3HoM arape (b); cnopaHrum Ha cnopaHrueHocuax (c, d);
(e—f) nanunnapHblie cnopaHrumn ¢ KOPOTKOM HoXKol (e), (f)
cpenHen pnnHbl; (8—e) rMmafKoCTeHHbIE 0OFOHUU C
aM(UrMHHBIMU aHTePUAUSMY, (g) TONCTOCTEHHAS
nnepoTuyeckas oocnopa, (e) cpegHe-ToNCcToCTeHHas
nnepoTtuyeckas oocnopa (¢poto: Gloria Abad, USDA-APHIS-PPQ)

mryasust (Choisya), xpusosenuc (Chrysolepis), KODUIHUK
(Cinnamomum), knuaTOHU (Clintonia), kuswuiu (Cornus),
kopusotncuc (Corylopsis), nemuna (Corylus), KU3UITbHUK
(Cotoneaster), xpunitomepus (Cryptomeria), BOTIEJNC-
THUK (Daphniphyllum), nuctunuym (Distylium), IpuMuc
(Drimys), mutoBHUK (Dryopteris), kunpeii (Epilobium),
sBranunt (Eucalyptus), 6epeckyer (Euonymus), 6yK
(Fagus), xpymuHa (Frangula), aceub (Fraxinus), rappus
(Garrya), raynbrepus (Gaultheria), TpU3eIUHUSI
(Griselinia), ramamenuc (Hamamelis), TeTepoMeiec
(Heteromeles), many®6 (Illex), kanbmus (Kalmia), nucTBeH-
uuna (Larix), naBp (Laurus), neykotos (Leucothoe),
kaMHeriogHuK (Lithocarpus), sxumosocThb (Lonicera),
nodpocremon (Lophostemon), nopomeTanym
(Loropetalum), marHonusa (Magnolia), MaiHUK
(Maianthemum), oneaunp (Nerium), Hotodaryc
(Nothofagus), xamuenaonuauk (Notholithocarpus),
ocMauTtyc (Osmanthus), ocmopusa (Osmorhiza), mappo-
Tus (Parrotia), bopameuapoH (Phoradendron), GoTuHUS
(Photinia), mysbiperionuuk (Physocarpus), enb (Picea),
nukepunrust (Pickeringia), nuepuc (Pieris), cMooce-
MAHHUK (Pittosporum), cnuBa (Prunus), TICEBIOTCYTa
(Pseudotsuga), irepuc (Pteris), nupakanurTa (Pyracantha),
ny6 (Quercus), pomoneunpoH (Rhododendron), cMoponu-
Ha (Ribes), posa (Rosa), manuna (Rubus), uBa (Salix),
CapKOKOKKa (Sarcococca), muma (Schima), CEKBOUS
(Sequoia), cupeunb (Syringa), Tuc (Taxus), Toppes
(Torreya), TokcukomeHApoH (Toxicodendron), cemmMud-
Huk (Trientalis), Tcyra (Tsuga), yMOennwOIIPUSI
(Umbellularia), BakiuauyM (Vaccinium), BaHKyBepus
(Vancouveria), xanuna (Viburnum), 6apBunok (Vinca)
[https://gd.eppo.int/taxon/PHYTRA].

Fig. 7. Colony shape on (a) V8 agar, (b) potato dextrose agar;
(c, d) sporangia on sporangiophores; (e-f) papillary sporangia
with short stalk (e), (f) medium length; (g—e) smooth-walled
oogonia with amphigynous antheridia, (g) thick-walled plerotic
oospore, (e) medium-thick-walled plerotic oospore (photo:
Gloria Abad, USDA-APHIS-PPQ)

Cercis, Chamaecyparis, Chamerion, Choisya, Chrysolepis,
Cinnamomum, Clintonia, Cornus, Corylopsis, Corylus,
Cotoneaster, Cryptomeria, Daphniphyllum, Distylium,
Drimys, Dryopteris, Epilobium, Eucalyptus, Euonymus,
Fagus, Frangula, Fraxinus, Garrya, Gaultheria, Griselinia,
Hamamelis, Heteromeles, Ilex, Kalmia, Larix, Laurus,
Leucothoe, Lithocarpus, Lonicera, Lophostemon,
Loropetalum, Magnolia, Maianthemum, Nerium,
Nothofagus, Notholithocarpus, Osmanthus, Osmorhiza,
Parrotia, Phoradendron, Photinia, Physocarpus, Picea,
Pickeringia, Pieris, Pittosporum, Prunus, Pseudotsuga,
Pteris, Pyracantha, Quercus, Rhododendron, Ribes, Rosa,
Rubus, Salix, Sarcococca, Schima, Sequoia, Syringa, Taxus,
Torreya, Toxicodendron, Trientalis, Tsuga, Umbellularia,
Vaccinium, Vancouveria, Viburnum, Vinca [https://
gd.eppo.int/taxon/PHYTRA].

Distribution: Argentina, Belgium, Great Britain,
Vietnam, Germany, Guernsey, Denmark, India, Ireland,
Canada, Luxembourg, Netherlands, Norway, Poland,
Slovenia, USA, Finland, France, Croatia, Japan
[https://gd.eppo.int/taxon/PHYTRA].

Harmfulness: In the United States, tree mortality
due to this disease has increased recently. Oak
mortality has doubled, and that of Saxony densiflora
has quadrupled (Swiecki and Bernhardt, 2002;
McPherson et al., 2002). The costs of removing dead
trees and disposing of infected waste have also
increased. The need for sanitation measures is an
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Puc. 8. KposoTouaiime Fig. 8. Oozing lesions on beech
nopaxxeHus Ha byke (cpoTo: (photo: https://gd.eppo.int/
https://gd.eppo.int/taxon/PHY taxon/PHYTRA/photos)
TRA/photos)

PacnpocrpaHeHue: ApresTuHa, benbrug,
Benuko6puranus, BbeTrHaMm, l'epmanus, I'epHcH,
HNanusa, Uupus, Upnaupus, Kanazga, JIrokceMoOypr,
Hupepnannel, Hopserud, Ilonbma, CioBenus, CIIA,
SuHngHgUG, PpaHuua, XopBaTud, ANoHUA
[https://gd.eppo.int/taxon/PHYTRA].

BpenoHocHOCTB: B mocyefHee BpeMs B CIIA
(ukcupyercs yBenuueHme rubesn epeBbeB M3-3a
3TOoro 3abojseBaHus. ['mbeab Ay60B yABOUIACH, a
rubesib KaMHEIUIOLHUKA T'YCTOIIBETKOBOTO YBEJIMYU-
Jack B yeThIpe pasa (Swiecki and Bernhardt, 2002;
McPherson et al., 2002). Pacxonbl Ha ymajieHue
MOTUOIINX JepPeBbeB U YTUIM3AINI0 WHDUITUPOBAH-
HBIX OTXOJIOB TaK)Xe YBEeJIWYMIUCh. HeoGX0IMMOCTh
CAaHUTAPHBIX MeEP SBJSIETCS AOIOJHUTENbHBIMU
KOCBEHHBIMU pacxomamu. B 2009 romy 661710 TTIOATBED-
JKIEHO, 9TO P. ramorum SIBIISIeTCS TIPUYNHOMN OOITMPHO-
0o OTMUPAHUS U TUOEJIN 3PEJION 1 MOJIOZOM SITTOHCKOM
nuctBeHHUIsI (Larix kaempferi) Ha psifie y4acTKOB Ha
oro-zanane Aurnuu. B 2010 romy P. ramorum ObLI
BBIJEJIEH U3 HaCaXKIEeHWH JMCTBEHHUIBI B I0XHOM
Vaabce. Becero 6b110 mopakeHo 2400 ra, niu okoJio 0,6
MJIH B3pocibix juctBeHHuI] (Webber et al., 2010).
HekoTophlie oTpacau 0COGEHHO IMOCTpamaju OT
P. ramorum, BKJIIOUasi WHAYCTPUIO JeKOPaTUBHBIX
pacrenu# (Linderman et al., 2002; Parke et al., 2002),
WHAYCTPUK KoMmocTupoBauus (Garbelotto, 2003) u
uHIycTpuio mpsaHocTeii (Harnik etal., 2004).

Crioco6bI pacIpoCTpaHEeHUs: IaTOTeH PacIipoc-
TpaHsgeTCs Ha 3HAUYMTEJIbHbIE PACCTOSHUS C 3aparkeH-
HBIM I10CAJIOYHBIM MaTEpPUAJIOM PACTEHUI-X035eB U
MOYBOH. [TOMUMO 3TOTO, IMYTEM PACIIPO-CTPAHEHUS
MOXET OBITh KOpa, cybCTpaT [Jisi PACTEHUU, JIUCTh,
npeBecuHa. EcTecTBEeHHOE pacIipoCTpaHeHUe
P, ramorum TTPOWCXOAUT C IIOMOIIbI0 PACTUTEIHLHOTO
MaTepuraya ¢ XJaMUAOCIIOpaMu, IepeMelaeMoro
BOZOW uJM IOuBOU. Tak)ke pacIpocTpaHeHUE

Puc. 9. Oxor nucTbeBs Fig. 9. Rhododendron leaf
ponoaeHapoHa (oto: blight (photo:
https://gd.eppo.int/taxon/PHY https://gd.eppo.int/taxon/PHY
TRA/photos) TRA/photos)

additional indirect cost. In 2009, P. ramorum was
confirmed to be the cause of extensive dieback and
mortality of mature and young Japanese larch (Larix
kaempferi) at several sites in southwest England. In
2010, P ramorum was isolated from larch stands in
South Wales. A total of 2,400 ha, or approximately 0.6
million mature larches, were affected (Webber et al.,
2010). Some industries have been particularly affected
by P ramorum, including the ornamental plant industry
(Linderman et al., 2002; Parke et al., 2002), the
composting industry (Garbelotto, 2003), and the spice
industry (Harnik etal., 2004).

Pathways: The pathogen spreads over consider-
able distances via infected host plant material and soil.
Other possible routes of spread include bark, planting
media, leaves, and wood. Natural spread of P. ramorum
occurs via plant material containing chlamydospores
transported by water or soil. Spread also occurs via
sporangia carried by wind and rain. There are no
known vectors of the disease other than humans, but
any animal that can transport soil is a potential vector.

Symptoms: Cankers on the trunk resemble those
caused by other Phytophthora species. Discoloration
can be seen in the inner bark, cambium, and the first
few rings of sapwood; in some hosts, the pathogen
causes blockage or disruption of the vascular system
(Parke et al., 2007). Wood discoloration varies from
dark brown, almost black lesions to slight discoloration
of the infected tree tissue. Typical symptoms of 0ozing
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Puc. 10. ®opma konoHuu Ha arape V8 (a), kapTtothenbHo-
nekctposHom arape (b); cnopanrum (c, d); xnamugocnopsl (e-f);  (c, d) sporangia; (e—f) chlamydospores; (g, h) gametangia and

Fig. 10. Colony shape on (a) V8 agar, (b) potato dextrose agar;

plerotic oospores (photo: Gloria Abad, USDA-APHIS-PPQ)

ramMeTaHrum u nnepoTtuyeckue oocnopel (g, h) (oto: Gloria
Abad, USDA-APHIS-PPQ)

ITPOUCXOAUT C TIOMOIIbIO CITOPAHTHEB, TIEPEHOCUMBIX
BETPOM U JOXZeM. HeT M3BECTHBIX MEPEHOCUYUKOB
3aboJieBaHMsI, KpoMe 4eJIoBeKa, HO JII000e )KUBOTHOE,
KOTOpO€e MOXXET TepeMelaTh MOYBY, ABJISETCH
MIOTEHIIMaJIbHBIM [IEPEHOCUYUKOM.

CUMIITOMBI: I3Bbl Ha CTBOJIe HAIIOMUHAIOT
Te, KOTOPbl€ BHIBBIBAKTCS APYTUMU BUIAMU
Phytophthora. VI3MeHeHUe IIBETa MOXXHO YBUIETH BO
BHYTpPEHHEU Kope, KaMOUY U B TEPBbIX HECKOJIbKUX
KOJIbITaX 3a60JI0HU, y HEKOTOPBIX X03S€B IMaTOTEeH
BBI3BIBAET 3aKYIIOPKY WM HapyIIEHUE COCYLUCTOM
cuctembl (Parke et al., 2007). LIBeT mopaXeHU
IPEBECUHBI BAPbUPYET OT TEMHO-KOPUYHEBBIX, [TOUTHU
YEepHBIX JI0 CJEerka 3aMeTHbIX Ha WHOUIIMPOBAHHOU
TKaHU JepeBa. Ha BHeIIHel CTOPOHE 3B MOXHO
VBUZETb TUMUYHBIE CUMIITOMbBI KDOBOTEUEHUSA C
3ammaxoM 6poxeHUS (MJAU COMPTOBBIM 3aIIaXOM).
VIHTEHCUBHOCTD U BSI3KOCTb KPOBOTEUEHUSI MEHSIETCS
coBpeMeHeM (CM. puc. 8).

CUMITOMBI Ha JIUCThIX PA3BUBAIOTCS JOBOJBHO
OBICTPO, MPU STOM IIOPaXeHUI Pa3BUBAIOTCS B
OCHOBHOM BJI0JIb CPeIHEN >KUJIKU JIUCTA U MOTYT
MIPUBECTHU K OTMUPAHUI0 JUCTa. Y BEPECKOBBIX
pacTeHu# C MEJIKMMU JIUCThSIMU CUMIITOMBI HE CTOJIb
BBIpaKeHbL. [ToBpexenusa Ha Umbellularia californica
00BIYHO TEMHOTI0 IIBETA, YaCTO Ha KOHUMKE JINCTA, TIe
CKaTlJIMBaeTCs BOMA, HO TaK)Ke MOTYT GbITh Ha JILCTO-
BOW ILJIACTHMHE WJIKM OKOJIO uepemika. [TopakeHus
00BIYHO OTpaHMWYEHbl HEPOBHBIM KpaeM, 4acTo
COTIPOBOXKJAEMBIM XJIOPOTUYHBIM OPeoJioM. [1pex-
IIeEBPEMEHHBIN XJIOPO3 BCETO JIMCTA, 3@ KOTOPHIM
cJelyeT ero omnajieHue, pacopocTpaHeH B GoJjiee
3aCyILJIMBBIX paioHax (CM. puc. 9).

Mopdogoruueckue IMpU3HAKU: MOPGOJIOTUS
koyioHuY Ha KT'A, V8 1 cOJI0IOBOM arape ¢ HeUeTKUM
pucyHkOoM. MuHUMaJIbHag TeMIliepaTtypa pocra 9 °C,
onTtumMmanbHag 15-21 °C u MakcuMaabHasg 27 °C.

with a fermented (or alcoholic) odor can be seen on the
outer surface of the cankers. The intensity and
viscosity of the oozing varies over time (Fig. 8).

Leaf symptoms develop quite rapidly, with lesions
developing primarily along the midrib and may lead to
leaf dieback. Small-leaved ericaceous plants exhibit
less severe leaf symptoms. Lesions on Umbellularia
californica are typically dark, often at the leaf tip where
water accumulates, but may also occur on the leafblade
or near the petiole. Lesions are typically limited to a
jagged margin, often accompanied by a chlorotic halo.
Premature chlorosis of the entire leaf, followed by leaf
drop,iscommonindrierareas (Fig.9).).

Morphological characters: Colony morphology on
PDA, V8 and malt agar with an unclear pattern.
Minimum growth temperature 9 °C, optimum 15-21 °C
and maximum 27 °C. Sporangia semipapillary; early
deciduous with short stalks; ellipsoid, ovoid (22-71 x
15-40 pum). Sporangiophores unbranched or simple
sympodial. Hyphal swellings are absent. Coralloid
mycelia are observed. Chlamydospores are spherical,
subspherical (24-58 pm in diameter), usually formed
terminally or intercalarily and sometimes laterally.
Heterothallic appearance. Oogonia are smooth-walled,
spherical (23—-38 um in diameter), some with conical
bases; antheridia are amphiginous, spherical, ovoid,
clavate, sometimes with finger-like projections.
Oospores are plerotic or slightly aplerotic (20-33 um in
diameter) (Fig. 10).
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CriopaHruy moJynanuiigapHble; PaHO Ollajarliue
C KOPOTKMMM HOXXKaMU; JIIUIICOBUIHbBIE, ANIIEBUI-
Hble (22-71 x 15-40 mMkxM). CriopaHTHeHOCIIbl Hepas-
BETBJIEHHBIE UJIX TPOCThIE CUMITOAMaJIbHBIE. ['ndaib-
HbIE€ B3IYTUS OTCYTCTBYIOT. HaburomaeTcss KOpaJiio-
BUIHBIN MuUlleauil. XJIaMUILOCIIOPHl IIapOBUAHEIE,
IMouTy IapoBuUAHbIe (24-58 MKM B guaMeTpe),
06pasyTCcs 06BIYHO TEPMUHAIBHO WJIU UHTEPKAJISIP-
HO M MHOT[A JIaTepaJibHO. [eTepoTaJINYHbIA BU/I.
OoroHMY TIaAKOCTEHHBIE, IMTAPOBUIHbIE (I1aMeTPOM
23-38 MKM), HEKOTOpPbIe C KOHUUYECKUMM OCHOBAHUS-
MHU; aHTepupuu aMOUruHHbE, chepudecKkue,
gaiitleBUIHbIe, OyJIaBOBUIHbIE, NHOTZIA C TAJbIEBUT -
HBIMU BbICTyIIaMu. OOCIIOPHI MJepPOTHYECKUEe WU
cjierka amieporuueckue (muamerpom 20-33 MKM),
(cm. puc.10).
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AHHOTALIUA

Bupyc xapaukoBocTu mmieHuiibl (Wheat dwarf
virus, unu Mastrevirus hordei; akpouum — WDV)
SIBJISIETCS BPEJLOHOCHBIM MMAaTOTEHOM IINIeHUIBI,
JUMeHsd, PXKU, TPUTUKAJEe, 0BCA U MHOTOUMCJIEHHBIX
BUJIOB MHOTOJIETHUX 3JIaKOBBIX TPaB. [loTepu yporkas
MIIEHUIbl B Pe3yJibTaTe 3apakeHUs STUM BUPYCOM
moryT pocturatb 100%. ITepenocuukom WDV
aBJIeTCS IIojocaTas IIMKazka (Psammotettix striatus
L.), IIXPOKO pacIpoCcTpaHeHHAS Ha TeppUTOpun PO.

JIs pa3paboTKU METOAMYECKUX PeKOMEeH Al
IO BBIIBJIEHUI0 U ugeHtuduxkamuu WDV 6bljIo
MPOBEJEHO UCIbITAHWE TecT-cucTteMbl AJasa MDA
¢upmer Loewe Biochemica GmbH (FepmaHus), IByX
TecT-cucTteM aid [P B peanbHOM BpeMmenu ([TLIP-PB)
U ceMU ITap IpariMepoB A1 Kitaccuuecko ITIP.

YCTaHOBJIEHO, UTO MCIIBITyeMas TecT-cucTeMa
ninga UPA k WDV xapakTepusyeTcd LOCTAaTOUYHO
BBICOKOU CIeIM(UYHOCTBI0 K IIeJIEBOMY OGBEKTY U
MOXXeT OBITh PEKOMEHJOBaHa [IJig IIPOBEAEeHUS
CKPUHUHTOBBIX TECTOB HAa HAJIMUME 3TOr0 BUpPYCA.
AHaornyHoe 3aKJIroueHre CAeIaHo Takke B OTHOIIIEHUY
npatimepoB u 30HAa RTIC-F/ RTIC-R/ RTIC-Probe
(Wang et al., 2016), KOTOpPbIe MTO3BOJISIIOT IUATHOCTH-
poBaThb n30JThI ITaMMOB WDV-B 1 WDV-W ¢ BBICOKOH
CrIeu(YMYHOCTHI, YYBCTBUTEJIbHOCTBIO M BOCIIPOU3-
BOJIMMOCTBIO TECTOB. YCTAHOBJIEHO, UTO MpaliMepsl
WDV-40F/WDV-806R u WDV-WFh/WDV-WRb
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ABSTRACT

Wheat dwarf virus (WDV), or Mastrevirus hordei, is
a harmful pathogen of wheat, barley, rye, triticale, oats,
and numerous species of perennial cereal grasses.
Wheat yield losses due to infection by this virus can
reach 100%. WDV is transmitted by Psammotettix
striatus L. Widely spread in the Russian Federation.

To develop guidelines for the detection and
identification of WDV, a test system for ELISA by Loewe
Biochemica GmbH (Germany), two test systems for
real-time PCR and 7 pairs of primers for classical PCR
were tested.

The WDV ELISA test system tested was found to be
characterized by a sufficiently high specificity for the
target and can be recommended for screening tests for
this virus. A similar conclusion was reached regarding
the RTIC-F/RTIC-R/RTIC-Probe primers and probe
(Wangetal.,2016), which enable the diagnosis of WDV-
B and WDV-W isolates with high specificity, sensitivity,
and reproducibility. It was established that the WDV-
40F/WDV-806R and WDV-WFb/WDV-WRb primers
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MO3BOJIAIOT AUATHOCTUPOBATh M3O0JATHI IITAMMOB
WDV-W u WDV-B, Torga kak rmpaiimepbsl WDV-F/WDV-
R, WDV-T-F/WDV-T-R u WDV-1F/WDV-WRb xapaxkTe-
pusyTCcd CHelluPUIHOCThI0 K mTamMmy WDV-W, a
npatimepsl WDV-H-F/WDV-H-R 1 WDV-WFh/WDV-4R
— cnenuUUHOCTLIO K mTamMmy WDV-B. JI151 ipoBefie-
HUY TOATBEPXOAWIINUX TECTOB Ha Hamuuuve WDV
oTpaboTaHbl MPOTOKOJIBI Kjaccuueckoi IILIP c
nparimepamMu WDV-WFbh/WDV-WRb u WDV-F/WDV-R,
obecrmeuymBalIe BbICOKYI0 DKCKJII3WUBHOCTD,
WHKJIFO3UBHOCTb U YyBCTBUTEIBHOCTb TECTOB.

Knrouesoie cnoea. UmmynogepmeHmublii aHaaU3,
MONEKYAIPHas OUaeHOCTUKA, NOJUMEPA3HASL UETHASL
Deaxyus, npaiimepol, CEK6EHUPOBAHUE.

BBEJEHUE

€pHOBbIE KYJIbTYPBhI MMEIT Ba)KHEMH-
Imee 3HadyeHue IJig obecHedyeHUs
IIPOJIOBOJIbCTBEHHON 6e30MacHOCTU
Halel cTpaHsbl. [To gaHHbBIM PoccTara,
ypoxxal 3epHOBBIX B Poccuu B 2022,
2023 u 2024 rT. cOCTaBMUJ COOTBET-
CTBEHHO 157,67 MJIH TOHH, 144,96 MIH
TOHH U 124,96 MJaH TOHH. B 2024 1.
OBLJIO TTPOM3BeNeHO 82,4 MJIH TOHH 3epHAa IIIEeHUIIHI,
16,7 MJIH TOHH 3epHa 94MeH4, 13,2 MJIH TOHH 3epHa
KYKypy3bl ¥ 12,6 MJIH TOHH 3epHa IPOUYUX KYyJIbTYP. [To
utoram 2025 I. oxxumaeTcss c6op ypoxkasi 3ePHOBBIX He
MeHee 135 MJIH TOHH, B TOM YMUCJIe IIIIEHUIIbI — He
MeHee 93,5 MJIH TOHH.

OmHOW W3 NMPUYUH CHUKEHUS YPOXKANUHOCTU
3€PHOBBIX KYJIbTYP SBJISIOTCSI BUPYCHbIe 60Jie3HU. B
HacToslIlee BpeMs Ha 3ePHOBBIX KYJIbTypPax U3BECTHO
He MeHee 128 (UTOMATOreHHBIX BUPYCOB, OTHOCS-
muxca K 36 pomaM 19 TaKCOHOMUUYECKUX CEMENCTB.
PacTeHud nuIeHUIbl 3apakarT He MeHee 62 BUPYCOB,
a pacTeHUs KyKypPy3bl, SYMEHS U PXKU — COOTBETCTBEH-
HO 52, 37 u 28 BupycoB (CABI, 2025). B ®I'BY
«BHUVKP» npoBoauinch MHOTOJIETHUE UCCIIEeNOBa-
HUS 3apaXeHHOCTU ITOCEBOB 3€PHOBBIX KYJIbTYP
BUpPYCAMU U JPYTUMU (PUTOMMATOTEHHBIMU OPTaHU3-
MaMHM, a TakXe COpPHbIMM pacTeHusMmu (KysmakoBa u
op., 2022, Xopuna H.A. u gp., 2023, [IpuxonbKko 1 ap.,
2024, XuBaeBa T.C.u ip., 2025).

OnHVM M3 Hambojee BPEMOHOCHBIX ITaTOTEHOB
TIIIEeHUIBI ABJISIETCS BUPYC KAPJIUKOBOCTH TIIIEHUIIBI
(Wheat dwarf virus, unu Mastrevirus hordei; akpOHUM —
WDV). WDV 3apaxaeT NIIeHUILY, SUYMEHb, POXb,
TPUTHKAJE, OBeC U He MeHee 25 BUL0B MHOTOJIETHUX
3JIaKOBBIX TpPaB, BKJIYAsd TaKUe ITOBCEMECTHO
pacmpocTpaHeHHbIE PACTEHMS, KaK KocTep 6e30CThIH
(Bromus inermis Leyss.), MeTJauIla OOGBIKHOBEHHAs
(Apera spica-venti (L.) P.Beauv.), MaT/IuK Jyrosoii (Poa
pratensis L.), MITIUK omHOJeTHUU (Poa annua L.),
oBcHoT (Avena fatua 1..), paiirpac nactoumaeiii (Lolium
perenne L.), TuMeHb MbIUHBIN (Hordeum murinumL.),)
(Nygrenetal.,2014; Pfriemeetal.,2023).

Bupyc pacnpocTtpaneH B 17 cTpaHax EBpoIibl,
BKJIIOUAs COIpenebHble ¢ Poccutickoit ®enepaliuein
[MTonbury, Ykpauny, PUHITHANIO ¥ ICTOHUIO, 2 TAK)Ke B
Upake, Npane, Kurae, Cupuu, Typuuu, Erunre,

enable the diagnosis of isolates of the WDV-W and
WDV-B strains, while the WDV-F/WDV-R, WDV-T-
F/WDV-T-R and WDV-1F/WDV-WRb primers are
characterized by specificity to the WDV-W strain, and
the WDV-H-F/WDV-H-R and WDV-WFb/WDV-4R
primers are specific to the WDV-B strain. To conduct
confirmatory tests for the presence of WDV, classical
PCR protocols with the WDV-WFb/WDV-WRb and
WDV-F/WDV-R primers have been developed, ensur-
ing high exclusivity, inclusiveness and sensitivity of
tests.

Key words. Enzyme-linked immunosorbent assay,
molecular diagnostics, polymerase chain reaction, primers,
sequencing.

INTRODUCTION

rain crops are crucial for ensuring Russia's

food security. According to Rosstat, the

grain harvest in Russia in 2022, 2023, and

2024 amounted to 157.67 million tons,

144.96 million tons, and 124.96 million
tons, respectively. In 2024, 82.4 million tons of wheat,
16.7 million tons of barley, 13.2 million tons of corn,
and 12.6 million tons of other grains were produced. By
the end of 2025, the grain harvest is expected to be at
least 135 million tons, including at least 93.5 million
tonsofwheat.

One of the reasons for the decline in grain crop
yields is viral diseases. Currently, at least 128
phytopathogenic viruses belonging to 36 genera of 19
taxonomic families are known to infect grain crops.
Wheat plants are infected by at least 62 viruses, and
corn, barley, and rye plants by 52, 37, and 28 viruses,
respectively (CABI, 2025). FGBU "VNIIKR" has con-
ducted long-term studies of the infestation of grain
crops by viruses and other phytopathogenic organ-
isms, as well as weeds (Kulakova et al., 2022, Khorina
N.A.etal., 2023, Prikhodko et al., 2024, Zhivaeva T.S. et
al.,2025).

One of the most harmful pathogens of wheat is the
wheat dwarf virus, or Mastrevirus hordei. WDV infects
wheat, barley, rye, triticale, oats, and at least 25 species
of perennial grasses, including such common plants as
Bromusinermis Leyss., Apera spica-venti(L.) P.Beauv., Poa
pratensis L., Poa annua L., Avena fatua L., Lolium perenne
L., Hordeum murinum L. (Nygren et al., 2014; Pfrieme et
al.,2023).

Thevirusiswidespreadin 17 European countries,
including Poland, Ukraine, Finland, and Estonia, which
border the Russian Federation, as well as in Iraq, Iran,
China, Syria, Turkey, Egypt, Zambia, and Tunisia (CABI,
2025). It is included in the list of quarantine pests in
Egypt.
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3ambuu u Tynwuce (CABI, 2025). BXoguT B IiepeyeHb
KapaHTUHHBIX BpeIHBIX OpraHu3MoB ErumnrTa.

HasBaHme Bupyca ITPOUCXOIUT OT €T0 OCHOBHBIX
XapaKTEePUCTUK: HAPYIIEHUS pocTa 1Mo6eroB u
HeHOpPMaJibHOTO 06pa30BaHUsI MHOTOUYUCTEHHBIX
c1abopa3BUTHIX ITOGETOB, UYTO MIPUBOAUT K PA3BUTHUIO
CUMIITOMOB KapJINKOBOCTH. YK€ 0CEHbIO IIOPa’keHHbIe
WDV pacTeHUs 03UMOT0 SUMEHS ¥ 03UMOI ITIIeHUITbI
BBIZEJITIOTCS Ha IT0Jie JKEeJIThIM IIBETOM M OYeHb
BBICOKOM CTEIeHbI0 KYIIeHUs. B TedeHUEe 3UMBI
UHQUIIMPOBAaHHbIE OCEHBIO PAaCTeHUS MOTYT IOru6-
HYTb, UTO NMPUBOAUT K U3PEXKEHHOCTU IIOCEBOB.
BBDKUBIINE PACTEHMS YaCTO MMEIOT KapJIUKOBBIM BU,
UX KOJIOChSI MOTYT ObITh CTE€PUJIBHBIMY MU 06Pa3yoT
ITYTIJIOE 3€PHO.

CUMNOTOMBI CHauajia TOSIBJSIOTCS HAa CaMbIX
MOJIOJIBIX JIUCTBHSIX, @ 3aTeM MepexonsaT Ha 6ojiee
cTapble JIUCThsI. Ha JIMCThSIX pa3BUBaeTCS XJIOPO3
HauyMHas ¢ KOHYMKOB 1 KPaeB JINCTheB. XapaKTePHbIM
MIPU3HAKOM SIBJIIETCS AedopMalius CaMOT0 MOJIOIOTO
JucTa. BepXHas9 4acTh JUCTbEB ITIIEHUIILI WHOTIA
mpuobpeTaeT KPacHOBATHIM OTTEHOK.

CuUMNOTOMBI Ha PaCTEHUIX O3UMOTO SUMEHS
aHaJIOTMYHBI CUMIITOMAaM Ha 03MMOM MIIIeHN’Ile, HO 6e3
o0pas3oBaHUsg KPacHOM OKpacku. IpoBoll TUYMEHb
pearupyeT MeHbIIEe! CTEIeHbI0 KapJUKOBOCTHU U
TTOXKEJITEHUST JINCTheB. Ha pacTeHMIX O3WMOU PKU
YaCcTO Pa3sBUBAETCS ITIOKPACHEHUE JIUCThEB. Y IPOBOM
XU HaOJTI0aeTCs JINITb He3HAUUTEIbHAS JeTIPeCcCUst
Pas3BUTHS, HEMHOTOUNCJIEHHbBIE TIITHA Ha JUCTHIX U
OTCYTCTBME HaAPYyIIEHWMN TreHepaTUBHBIX OPTaHOB. Y
pacTeHuil oBca HabJromaeTcsa He3HAYUTeJbHAM
IeIIpeccys Pa3BUTHS, TIOXKEJITEHNE U CBETJIO-KpacHas
OKPaCKa JINCThEB.

BriseiBaemble WDV CUMIITOMBI BU3yaJIbHO OY€Hb
CXO)KV C CUMITTOMaMMU, BbI3bIBAEMBIMU BUPYCOM XKEJITOM
KapJUKOBOCTU ssuMeHs (BYDV). [IBa 3TUX BUpyca MOTYT
ObITh JU(HePEHITMPOBAHbI JIUIIIH C TOMOIIHI0 CEPOJIOTH -
YEeCKUX U/WJIYA MOJIEKYISPHBIX METOIOB IMArHOCTUKU
(Manurung et al. 2004; Nygren et al., 2014; Mishchenko
etal.,2022; Pfriemeetal.,2023).

Bupyc KapJAMKOBOCTHU MIIEHUIbI SBISETCS
IpencTaBUTeNieM poma Mastrevirus ceMmencTBa
Geminiviridae.

Kak u y Ipyrux reMuHUBUPYCOB, BUPUOHBI WDV
COCTOSAT M3 JBYX HEITOJIHBIX MKOCA3JIPOB Pa3zMepoM
30x18 M. Hykjeokancum B o6IIeil CJIOXHOCTU
COCTOUT 13 22 KaliCOMEPOB, B CBOI0 OUepelb COCTOSI-
myx u3 110 6eIKOBBIX CyObeUHUI], KOTOPbIE (GOPMU-
PYIOT TUNIUYHBINA OJiS TEMUHUBUPYCOB BUPUOH
KBa3UM30METPUUYECKON (POPMBI, COCTOSIIIUN U3
CIIBOEHHBIX BUPUOHOB. BUPMOHBI SHKATICUIUPOBAHBI
€IUHCTBEHHBIM 0eJIKOM 000JIOUKM C MOJIEKYJISIPHOU
maccoii 28 k/la (Bruntetal., 1996).

T'erom WDV COCTOUT M3 eSUHCTBEHHOU MOJIEKY-
JIBI OHOIIEIIOYeYHOH KoablleBol JHK, cocTodIel us
2733-2749 nykaeotunon. 'enomHada JHK comepxut
YeThIpe OTKPBIThIE paMKu cunThiBaHUs (OPC), Kavkmast
13 KOTOPBIX KOAUPYET 110 ogHoMy 6esiky. OPC V1 u V2
C TIJIIOC-CMBICJIOBOM TIOCJIENOBATEIbHOCTBI0 HYKJIEO-
TUIOB KOJIUPYIOT, COOTBETCTBEHHO, 6eJ10K 060510uky (CP)
¥ TPaHCITOPTHBIN 6esiok (MP). OPC C1 u C2 ¢ aHTHC-
MBICJIOBOM TMOCJIEeI0BaTEJIbHOCTbI0 HYKJIEOTUIOB
KOJIMPYIOT, COOTBETCTBEHHO, ACCOIMUPOBAHHBIN C
pennukanuei 6emok (RepA) u 6eJIOK MHUIIUAIIUYU
penaukanuu (Rep). OPC ¢ mao0Cc-CMbICTIOBBIMU
Y aHTUCMBICJIOBBIMHU MOCJEI0BATENIbHOCTAMU

The virus's name derives from its primary characteris-
tics: impaired shoot growth and the abnormal forma-
tion of numerous underdeveloped shoots, leading to
the development of dwarfing symptoms. Already in the
fall, winter barley and winter wheat plants infected
with WDV are noticeable in the field by their yellow
colorandvery high tillering rate. During the winter, fall-
infected plants may die, resulting in sparse crops.
Surviving plants often have a dwarfed appearance,
with sterile ears or shrunken grain.

Symptoms first appear on the youngest leaves and
then progress toolder leaves. Chlorosis develops on the
leaves, beginning at the tips and margins. A character-
istic sign is the youngest leaf deformation. The upper
surface of wheat leaves sometimes takes on a reddish
tint.

Symptoms in winter barley plants are similar to
those in winter wheat, but without the red coloration.
Spring barley responds with alesser degree of dwarfing
andyellowing of leaves. Winter rye plants often develop
reddening of leaves. Spring rye exhibits only minor
developmental delay, a fewleaf spots, and no damage to
reproductive organs. Oat plants exhibit minor develop-
mental delay, yellowing, and light red leaf coloration.

The symptoms caused by WDV are visually very
similar to those caused by barley yellow dwarf virus
(BYDV). These two viruses can only be differentiated
using serological and/or molecular diagnostic methods
(Manurungetal.2004; Nygren et al., 2014; Mishchenko
etal.,2022; Pfriemeetal., 2023).

WDV is a member of the Mastrevirus genus of the
Geminiviridae family.

Like other geminiviruses, WDV virions consist of
two incomplete icosahedra measuring 30 x 18 nm. The
nucleocapsid consists of a total of 22 capsomeres,
which in turn consist of 110 protein subunits, which
form the quasi-isometric virion typical of
geminiviruses, consisting of double virions. The
virions are encapsidated by a single envelope protein
withamolecular massof28 kDa (Bruntetal.,1996).

The WDV genome consists of a single molecule of
single-stranded circular DNA, consisting of 2733-2749
nucleotides. Genomic DNA contains four open reading
frames (ORFs), each encoding one protein. ORFs V1
and V2, with a plus-sense nucleotide sequence, encode
the coat protein (CP) and the transport protein (MP),
respectively. ORFs C1 and C2, with an antisense
nucleotide sequence, encode the replication-
associated protein (RepA) and the replication initiation
protein (Rep), respectively. ORFs with plus-sense and
antisense sequences are separated by a large (LIR) and
short (SIR) non-coding intergenic sequences (Weietal.,
2024).

WDV is characterized by two groups of isolates —
WDV-W and WDV-B - that specialize in infecting wheat
and barley, respectively. The identity of the whole-
genome nucleotide sequences of these strains does not
exceed 84%. There are only a few reports of the
detection of barley strain isolates on wheat, while the
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paszenennl 6ousbinoi (LIR) m kopoTkoi (SIR) HeEKo-
IUPYIOUIUMU MeXTE€HHBIMU II0CTIEeL0BAaTEIbHOCTSIMU
(Weietal.,2024).

Onga WDV xapakKTepHO HajJuuue ABYX TPYIII
n3onAToB — WDV-W 1 WDV-B, crieniuanusupyoluxcs,
COOTBETCTBEHHO, Ha 3apPaKeHUU IIIEHUIIbl U TUMEHS.
VneHTUYHOCTh TTOJHOTEHOMHBIX II0CJIef0BaTeIbHOC-
Tel HYKJIEOTUIOB 3TUX IITAMMOB He IpeBbImaeT 84%.
VIMelTCs JIUIIh HEMHOTOUYMCIJIEHHbIE COOOUIEHUS O
BBISIBJIEHVU U30JISITOB STYMEHHOTO ITaMMa Ha IIIeH’-
11le, TOTJA KaK IMIIeHUYHbBIN IITaMM JOCTATOYHO YaCTO
BcTpeuaeTca Ha suMeHe (Tobias et al., 2011; Pfrieme et
al.,2023; Weietal.,2024).

VIeHTUYHOCTh TIOCJIEIOBATEIBHOCTEN HYKJIEO-
TUIOB BHYTPU rpyIibl WDV-W 0GbIYHO COCTABJISIET HE
MeHee 98%. V3ossaTel TpyIiiel WDV-B saBistoTcs 6oee
BapuabeJbHBIMU U MOTYT OTJIMYATHCS TI0 TIOCJIef0Ba-
TEJIbHOCTHU HYKJIEOTHUZOB Ha 6% u OoJiee. Haubosee
BapuabebHBIMU yUyacTKaMu reHoMa WDV SBJISIOTCS
6osbuion (LIR) 1 KopoTkuii (SIR) Me)XXTeHHBIE yUaCTKU
(Kundu et al., 2009; Pfrieme et al., 2023; Wei et al.,
2024).

[Tlepenocuukom WDV gBigeTcd ImmoJjiocaras
nukagka (Psammotettix striatus L.). B 3apy6GexHO
JIMTepaType 3TOT BUJ, 4acTo QUTYPUPYeT O, CUHOHU-
MUYECKUMU HaszBaHUAMU Psammotettix alienus Dahlb.
u Psammotettix provincialis Rib.

Psammotettix striatus NpeAcTaBJisgeT co60u
roJIapKTUYeCKUU BUJ, 0OUTAIOIIUY Ha Jyrax, IaxoT-
HBIX 3eMJISIX U 3aJIe)KHBIX yyacTKaxX. B EBpometickoi
vyacTtu Poccuiickoii ®demepanyuy pacnpocTpaHeHa
IIOBCEMECTHO, KpoMe paiioHOB Kpaitnero Cegepa.
PacnpocTpaHeHa Takxe B Kamuarckas objgacTu,
XabapoBckoM u IIpuMOpPCKOM Kpasix. Psammotettix
striatus sIBJISIeTCS TOAU(MaroM U MUTAeTCS Ha MHOTO-
YMCJIEHHBIX PacTeHUusx ceMelictBa Poaceae. Coobira-
JIOCh TaK)Ke O BOBMOXXHOCTHU ITUTAHUS 3TOU IIUKATKU
Ha HEKOTOPBIX [ABYLOJBHBIX DPACTEHUIX, TaKHUX Kak
JIFOIIePHA, MOPKOBb M aMOpPO3Us TTOJBIHHOJIMCTHAS.
3uMyeT B CTaauu gifiia. B yMepeHHOM KauMaTudec-
KOM TI0siCe pa3BUBAETCS OT JABYX JI0 UeThIPeX ITOKOJIe-
HUU T0JIOCAaTOM IUWKAAKU B TOJ B 3aBUCUMOCTHU OT
yCJIOBUM OKpyXatoieit cpexabl (Beii-Buenko, 1972;
OpJios, 2006).

Psammotettix striatus pacrnpocTtpaHseTr WDV
TIOJIYTIEPCHUCTEHTHBIM CIIOCO60M, T. €. BUPYC IMTPOHUKA-
€T B CJIIOHHBIE JKeJie3bl 0cobel IUKALKU, AJUTEIbHOe
BpeMsd COXpPaHSETCsd B HUX, HO He TlepelaeTcs ITI0TOM-
cTBy uepes siira. WDV crmioco6GHBI epefiaBaTh Kak
uMaro, Tak U BCe IMUMHOYHBIE CTAAUU UKAIKU. Kak
NpaBuUJIO, TTIEPBUYHOE 3apaxeHue WDV pacTeHUH
03UMOT'0 TUMEHSI U O3WMOM ITIIEHUIIbI ITPOUCXOAUT
B3POCJIBIMU 0COOSIMU IWKAAKU, MUTPUPYIOUIMMU Ha
T0JIsI C MHOTOJIETHUX 3JIaKOBBIX TPaB B OCEHHUU
nepuog (Bruntetal., 1996).

Haburomaroieecs TOTEIJIeHNe KIUMaTa CIIoco6-
CTBYET YAJUHEHNUIO IEPUOA aKTUBHOCTU Psammotettix
striatus, yCTIELITHOM TIepe3UMOBKE U PacIIPOCTPAHEHNUIO
9TOT0 BUJIa B HOBble MeCTa OOUTAHUS, UTO TIPUBEJIO K
yBenmueHnto 3HaumMocT WDV Ha 6oJibllled yacTu
EBpormsl (Pfriemeetal., 2023).

WDV He mepemaeTcs IIPU MeXaHUYECKOU
VHOKYJISILINY, He IepefaeTcsd KOHTAKTHBIM MHyTeM
MEX/ly PacTeHMSIMU, He PacIIpoCTpaHsIeTcs ceMeHa-
MU ¥ ITBLIBIION, He coxpaHseTcs B mouBe (CABI, 2025).

WDV xapakTepusyeTcs Upe3BbIUaliHO BBICOKOU
BPEIOHOCHOCTBI0. Ha YKpauHe GbIJIO YCTaHOBJIEHO,

wheat strain is quite common on barley (Tobias et al.,
2011; Pfriemeetal.,2023; Weietal.,2024).

The nucleotide sequence identity within the WDV-
W group is typically at least 98%. Isolates of the WDV-B
group are more variable and can differ in nucleotide
sequence by 6% or more. The most variable regions of
the WDV genome are the large intergenic region (LIR)
and short intergenic region (SIR) (Kundu et al., 2009;
Pfriemeetal., 2023; Weietal.,2024).

The vector of WDV is Psammotettix striatus L. In
international literature, this species often appears
under synonymous names Psammotettix alienus Dahlb.
and Psammotettix provincialis Rib.

Psammotettix striatus is a Holarctic species that
inhabits meadows, arable lands, and fallow lands. In
the European part of the Russian Federation, it is
widespread, except for the regions of the Far North. It is
also widespread in Kamchatka Oblast, Khabarovsk
Krai and Primorsky Krai. Psammotettix striatus is
polyphagous and feeds on numerous plants of the
Poaceae family. It has also been reported that this
leathopper can feed on some dicotyledonous plants,
such as alfalfa, carrots, and common ragweed. It
overwinters in the egg stage. In the temperate climate
zone, two to four generations of Psammotettix striatus
develop per year, depending on environmental
conditions (Bei-Bienko, 1972; Orlov, 2006).

Psammotettix striatus spreads WDV semi-
persistently, meaning the virus enters the salivary
glands of leafthoppers, persists there for a long time,
and is not transmitted to offspring via eggs. Both adult
and all larval stages of leafhoppers are capable of
transmitting WDV. Typically, primary WDV infection of
winter barley and winter wheat plants occurs through
adult leafthoppers migrating from perennial cereal
grassesinto fieldsin the fall (Bruntetal., 1996).

The observed warming of the climate contributes
to the extension of the active period of Psammotettix
striatus, successful overwintering and the spread of this
species to new habitats, which hasled to an increase in
the importance of WDV in most of Europe (Pfrieme et
al.,2023).

WDV is not transmitted by mechanical inocula-
tion, is not transmitted by contact between plants, is
not spread by seeds and pollen, and does not persist in
soil (CABI, 2025).

WDV is characterized by extremely high harmful-
ness. In Ukraine, it was found that infection of wheat
plants with this virus leads to a 3.3-fold decrease in the
number of grains per ear, 3.4-fold decrease in ear
weight, and 1000-grain weight by 1.9-3.3 times. In
heavily infested fields, the proportion of plants without
heading varied from 50% to 100% (Mishchenko et al.,
2021). In Sweden, during the WDV epiphytotic
outbreak of 1997, wheat yield losses averaged 35%,
but reached 90% in some fields (Lindblad,
Waern, 2002). In 2004, in Finland, winter wheat yield
losses due to WDV infection varied from
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UTO 3apakKeHue 3TUM BUPYCOM PACTEHUU IIIEHUIIBI
NPUBOAUT K CHUIKEHNMIO KOJIMUECTBA 3€PEH B KOJIOCE B
3,3 pasa, Macchel KoJocheB B 3,4 pa3a u maccel 1000
3epeH B 1,9-3,3 pasa. Ha cuyibHO 3apakeHHbIX I10JIIX
KOJIMUECTBO PACTEHUU C OTCYTCTBUEM KOJIOIIEHUS
BapbupoBajio ot 50 10 100% (Mishchenko et al., 2021).
B IlIBeruu Bo BpeMs snudutroruu WDV B 1997 T.
IOTEPU ypOoXKad IIIEeHUIbI B CpefHeM cocTaBuiu 35%,
HO Ha OTIEJIbHBIX mojiax jJocturanu 90% (Lindblad,
Waern, 2002). B 2004 1. B PUHISHIUY ITOTEPU YPOXKAST
03UMOU TIIIEeHUIIbl B pe3yJsibTaTe 3apakeHuss WDV
BapbupoBaiu B rpegenax 20-40%, HO Ha OTAEJIbHBIX
noJisgx gocturanu 100% (Lemmetty, Huusela-Veistola,
2005). B Yexum 1ocjie MCKYCCTBEHHOI'O 3apakKeHUSs
WDV pacTeHuil 25 COPTOB TIHIEHUIIBI HAGJIIIAIOCh
CHU)XeHUEe UX ypoxkaliHocTu oT 87,3% jJo 100%
(Sirlova et al., 2005). BBUy CTOJIb BBICOKO! BpeJOHOC-
HocTtu, WDV B HacTosIee BpeMs CUNTaeTCsa Hanuboyee
9KOHOMUUYECKN 3HAUYMMBIM BUDPYCOM MIUIEHUIIBI B
EBpomne (Pfriemeetal., 2023).

[Tomumo WDV, 3 u3BeCTHBIX MacCTPEBUPYCOB
pacTeHud MIIEHUIIBI 3apPakatoT TaKKe BUPYC KapJiu-
KoBOCTH mimeHmunbl u3 WMugum (Wheat dwarf India
virus, WDIV), BupyC IojocaToCcTu KyKypy3sl (Maize
streak virus, MSV) u BUpPyC IT0OJOCATON MO3aUKU
xyopuca (Chloris striate mosaic virus, CSMV; cuHo-
HuM: Wheat striate mosaic virus). MSV u CSMV
3apakarT TaK)XKe PAaCTEHU SUMEHS, OBCA U KYKYPY3HI.
MSV npeuMyleCTBEHHO PACIIPOCTPAHEH B CTpaHax
Adpuku, a Takxe B Hauu, VIHIOHE3UU U VeMmete.
PacmpoctpaneHHoctb WDIV orpanuyeHa VHpuedn, a
CSMV pacrnipocTpaHeH Jiullb B ABCTpajiuu. Takum
obpazom, WDV gBiyisgeTcsl eIMHCTBEHHBIM MaCTpPEBU-
PyCcOM, pacIipoOCTPaHEHHBIM Ha 3€ PHOBBIX KYJIbTYPax B
EBpone (Pfrieme et al., 2023), uTo objeruaer paspa-
6OTKY METOJIOB €r0 IUaTHOCTUKU.

MATEPUAJIBI 1 METO/1bI

O6GBEKTAMHU UCCIIENOBAHUMI SIBJISIJINCD:

- pedepenTHbIll M3ogIT WDV PV-0840 (DSMZ,
l'epmanus) u WDV +K (Loewe, [epMaHU);

- n3oa49Tbl WDV BeigBIIeHHBIE B 2024-2025 IT. B
rmoceBax TIIEHUIIBI HA TEPPUTOPUU AJTANCKOTO,
KpacHogapckoro, CTaBpOIIOJbCKOTO Kpaes, BoJsro-
rpajickoii 1 BopoHeKcKo obyiacTeil.

- pedepeHTHBIE U30JITHI 6UMOBUpPYyca cyaboi
Mo3auku guMeHs (BaMMV), 6uMoBupyca XeaTon
Mozauku ssuMeHs (BaYMV), 6uMoBUpyca BepeTe-
HOBUJHOH ITOJIOCATOM MoO3amky mnmeHulsl (WSSMV),
6pomMoBmpyca Mo3amku Koctpa (BMV), joTeoBUpyca
JKEJITOM KapJIMKOBOCTH stuMeHst (BYDV-MAV, BYDV-PAV),
nmouBoobuTaiuero GypoBupyca Mo3auku 3J1aKOB
(SBCMV), mouBoobuTawmero ¢GypoBupyca MO3aukKu
nmeHuI sl (SBWMV), TPUTUMOBHUPYCA MOJIOCATOMN
MozauKu TmieHuIlbl (WSMV), TpuTuMOBHUpYCa I10JI0ca-
TOM MO3arKy KocTpa (BStMV), XopZienBUpyca IITPUX0Ba-
TOU MOo3auku TuMeHs (BSMV), KOTOpbIe UCITOTb30BaJIN B
9KCIIePUMEHTAaX I10 OlleHKe CIel-(QUYHOCTY UCIIBITY-
€MBbIX TECT-CUCTEM.

O6ctemoBaHMS TIOCEBOB MIIEHUITHI B KpacHOIAPCKOM
Kpae MPOBOAWIIM COBMECTHO C COTpygHUKaMu OI'BHY
«HarmoHaIbHBIA TeHTP 3epHA UMEHU [ 1. IT. JIyKbTHEHKO».

Iy TIpoBeleHUsT CEPOJOTUUYECKUX TECTOB
UCIBITBIBAJIN TeCT-cucTeMy AJjig DA k WDV pupMbl
Loewe Biochemica GmbH (l'epmaHus). 9TU TeCT-
CUCTEMBI MCIIOJIb30BaJIM COTJIACHO TPUJIATaeMoOu K
Ha60py MHCTPYKIIUU QUPMBI-TIPOU3BOSUTEIS.

20-40%, but reached 100% in some fields (Lemmetty,
Huusela-Veistola, 2005). In the Czech Republic, after
artificial infection of 25 wheat varieties with WDV, yield
reductionsranging from 87.3% to 100% were observed
(Sirlova et al., 2005). Due to its high severity, WDV is
currently considered the most economically signifi-
cantwheatvirusin Europe (Pfriemeetal.,2023).

In addition to WDV, other known mastreviruses
that infect wheat plants include Wheat dwarf India
virus (WDIV), Maize streak virus (MSV), and Chloris
striate mosaic virus (CSMV; synonym: Wheat striate
mosaic virus). MSV and CSMV also infect barley, oats,
and maize. MSV is predominantly detected in African
countries, as well as in India, Indonesia, and Yemen.
WDIV is limited to India, and CSMV is found only in
Australia. Thus, WDV is the only mastrevirus common
in cereal crops in Europe (Pfrieme et al., 2023),
facilitating the development of diagnostic methods.

MATERIALSAND METHODS

Theobjects of the research were:

- reference isolate WDV PV-0840 (DSMZ, Ger-
many) and WDV +K (Loewe, Germany);

- WDV isolates detected in 2024-2025 in wheat
crops in the Altai Krai, Krasnodar Krai, Stavropol Krai,
Volgograd Oblast and Voronezh Oblast.

- Reference isolates of Barley Mild Mosaic Virus
(BaMMV), Barley yellow mosaic virus (BaYMV), Wheat
Spindle Streak Mosaic Virus (WSSMV), Brome mosaic
virus (BMV), Barley Yellow Dwarf Virus (BYDV-MAV,
BYDV-PAV), Soil-borne cereal mosaic virus (SBCMV),
Soil-borne wheat mosaic virus (SBWMV), Wheat Streak
Mosaic Virus (WSMV), Brome Streak Mosaic Virus
(BStMV), Barley stripe mosaic virus (BSMV), which
were used in experiments to assess the specificity of
the tested test systems.

Surveys of wheat crops in Krasnodar Krai were
carried out jointly with specialists of the P.P.
Lukyanenko National Grain Center".

For serological testing, we used the WDV ELISA
test system by Loewe Biochemica GmbH (Germany).
These test systems were used according to the manu-
facturer'sinstructionsincluded with the kit.

DNA extraction for polymerase chain reaction
(PCR) was performed using commercial reagent Kits
“Proba-NK” (Agrodiagnostika, Russia) and “FitoSorb-
M” (Synthol, Russia) according to the manufacturers'
instructions.

The diagnostics of WDV using the PCR method was
carried out with the primers and probes presented in
Table 1.

Real-time PCR tests were performed with Russian
reagent kits: 2.5x reaction mixture for RT-PCR in the
presence of ROX (Synthol), gPCR mix HS (Evrogen), 5x
Genta qPCR master mix and 5x Genta Taq-AB qPCR
master mix (GenTerra), and tests in the classical PCR
format were performed with reagent kits 5x Genta PCR
PRIZM (GenTerra) and 5x Mas” TagMIX -2025 (Dialat)
with the development of thermal cycling modes,
primer concentrations and templates.

The resulting amplicons were sequenced using a
modified Sanger method on an AB-3500 genetic
analyzer (Applied Biosystems, USA). BioEdit 7.0.5.3
software (Hall, 1999) and the BLASTN and Needleman-
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Ta6.1. 1. [IpaiiMepsbl U 30HbI, HCIIOJIb3yeMbIe IJIA 0OTPa6oTKu AuarHocTuku WDV meTtozom ITLIP
Table 1. Primers and probes used for WDV diagnostics using PCR

HaspaHue IleneBoit
nparimepa IIocyepoBaTesbHOCTD 5’3’ y4acToOK reHoMa Ipoaykr (11.0.) ABTOP
Primer Sequence 5’3’ Target genome region Product (bp) Author
RTIC-F AAGCTTGTTCTGCACGAGAACGTGC
I'eH Rep Wang et al.,
RTIC-R CCATGGCCTCTTCATCTACACCCAG (T . 206 2016
RTIC-Probe FAM-ATCCATCTTCGTGGAGCTC-BHQ
WDV-For CCCCGGGTCGATCTGATT
WDV-Rev CGGTCTGATTTGTATGCCGATT Ten CP 70 Hao etal,
Gene CP 2021
WDV-T FAM-CCTGTTTTGCTCAGGGTAAGG
CCGAT-BHQ1
WDV-1F GAGGCGAACGAGTAGTTGAT Ten Rep Abt et al.
346 S
WDV-WRb GGAAAGACTTCCTGGGCAAG Gene Rep 2020
WDV-WFhb CCACTGACATCTTTACGATGC Fen CP+SIR o3 Abt et al
5 o
WDV-WRb GGAAAGACTTCCTGGGCAAG Genes CP+SIR 2020
WDV-WFb CCACTGACATCTTTACGATGC Tert CP+SIR Abtetal
610 @
WDV-4R AGGGTGAATCATTCTTCG Genes CP+5SIR 2020
WDV-40F TGAGTGCGCGGAGGCTTTTGG Tenpl CP+MP Wu et al.
767
WDV-806R TCTGGCATTGCCTGTTTCGG Genes CP+MP 2008
WDV-F ATGGTGACCAACAAGGACTCC Fen CP Zhang et al
783 @
WDV-R TTACTGAATGCCGATGGCTTTG Gene CP 2017
WDV-H-F CAAGGGGCGAGATCACACA Trzmiel,
SIR 385 Klejdysz, 2018
WDV-H R CCACAACTACTACAACAGCC ’
WDV-T-F CGAGTAGTTGATGAATGACTCG TeRRen Trzmiel
735 L
WDV-T-R GGCTGTTTCAACTCCAGGTCG Gene RepA Klejdysz, 2018

JkcTpakuu OJHK mig npoBemeHUs mojuMe-
pasHo 1enHOY peakiuy (T[1LIP) mpoBoguIu KOMMEP-
yecKuMu Habopamu peareHTOB «[Ipo6a-HK» (Arpo-
nuarHoctuka, Poccust) u «dutoCop6-M» (CuHTOJ,
Poccust) coriacHO MHCTPYKIUAM (hUPM-TTPOM3BOIUTEIEN.

Orpa6oTky muarHoctuku WDV metomom IILIP
MIPOBOAMJIN C ITpaiMepaMu W 30HIAaMU, ITPECTaB-
JIEHHBIMM BTa0J1. 1.

Tectsl B hopMmarte IILIP B pealbHOM BpeMeHU
ITPOBOAUJIY C OTeUeCTBEHHbIMU HabopaMu peareHTOB:
2,5x peakuonHasa cMech a4 [TIIP-PB B mpucyTcTBUU
ROX (CunToi), gPCR mix HS (EBporewn), 5x Genta gPCR
macTtep-MukKC u 5x Genta Taq-AB qPCR macTep-Mukc
(TeuTeppa), a TecThl B hopMaTe Kyaccuueckou [P —c
Habopamu peareHToB 5X Genta PCR PRIZM (I'euTeppa)
n 5x Mas”™TaqMIX -2025 (IuanaT) ¢ 0TpaboTKOM
TEPMOIUKINUECKUX PEXUMOB, KOHIIEHTpaIl Ui
IIpariMepoB ¥ TEMILIATHL.

[TomyyeHHBIe aMILJIMKOHBI ITOJIBEPrajii CeKBe-
HUPOBAHUI MO MOAUMQPUILMPOBAHHOMY METOAY
CoHrepa Ha re"etruyeckoM aHasausatope AB-3500
(Applied Biosystems, CILA). [l aHaau3a I0JydeH-
HBIX HYKJEOTUIHBIX TTOCIEN0BATEIbHOCTEN UCIIOJb-
30BaJi IIporpaMMHoe obecrieuenme BioEdit 7.0.5.3
(Hall, 1999) u anroput™mbl BeipaBHuBaHUSI BLASTN u
Needleman-Wunsch Global Align Nucleotide
Sequences (blast.nchi.nlm.nih.gov). ®unaoreneruuec-
KUY aHaJIU3 TPOBOLUIU C TIOMOIIbI0 IIPOTrPaMMBbl
MEGA11 (Tamuraetal.,2021).

Wunsch Global Align Nucleotide Sequences
(blast.nchi.nlm.nih.gov) alignment algorithms were
used to analyze the resulting nucleotide sequences.
Phylogenetic analysis was performed using the
MEGA11 program (Tamuraetal., 2021).

RESULTS AND DISCUSSION

The analytical specificity of the Loewe WDV ELISA
test system was determined for 21 isolates of 16 cereal-
infecting viruses that can occur in mixed infections
with WDV, taxonomically belonging to the genera
Bromovirus (BMV), Bymovirus (BaMMV, BaYMV,
WSSMV), Furovirus (SBCMV, SBWMV), Hordeivirus
(BSMV), Luteovirus (BYDV-MAV, BYDV-PAV),
Emaravirus (HPWMoV), Nepovirus (ArMV),
Polerovirus (CYDV), Tobamovirus (TMV), and
Tritimovirus (BrSMV, WSMV). The WDV reference
isolate PC-0840 (DSMZ) was used as an additional
positive control sample.

In the experiment, a positive signal was observed
not only for the positive control and reference isolate of
the target, but also for the barley streak mosaic virus
isolate BSMV PC-0330 (DSMZ). BSMV is known to
belong to the Hordeivirus genus and is serologically
unrelated to WDV, which belongs to the Mastrevirus
genus. Therefore, it can be assumed that the freeze-

®espanb N2 1 (26) 2026 43



OWATHOCTUKA  DIAGNOSTICS

PE3YJIBTATBI Y OBCY3K/JEHUE Ta6. 2. OnpeaeneHue cnenuGpuUHOCTH TECT-
cucTeMbl 1J11 UPA K BUPYyCY KapJIMKOBOCTHY MIIEHUIIBI
(WDV) hupmsi Loewe Biochemica GmbH (FepmaHuis)
Table 2. Specificity of the ELISA test system for wheat

AHanuTUYECKyl0 CIeUu(UYHOCTh TECT-
cucteMbl nag DA k WDV ¢pupmbl Loewe
onpenendanu B OTHoweHUU 21 m3onugra 16

BUDYCOB, 3apaKAIOUINX 3eDHOBbIE KYJIbTYPbI, dwarf virus (WDV) by Loewe Biochemica GmbH
KOTOpPBbIE MOTYT BCTPeYaThCd B CMEIIaHHOU (Germany)
vnHpekuuu ¢ WDV, B TAaKCOHOMUUYECKOM Ne OGpa3zer, WDV (Loewe)
OTHONEHUMN OTHOCAMUXCI K pogaM Sample X Ao Ao/Ak o
Bromovirus (BMV), Bymovirus (BaMMV, 1 BMV PV-0194 DSMZ 0,024 1,08 -
BaYMV, WSSMV), Furovirus (SBCMV, SBWMYV),
Hordeivirus (BSMV), Luteovirus (BYDV-MAV, 2 BMV PV-0178 DSMZ 0,030 1,38 .
BYDV-PAV), Emaravirus (HPWMoV), 3 BSMV PC-0330 DSMZ 0,192 8,86 +
Nepovirus (ArMV), Polerovirus (CYDV), 4 BSMV +K Loewe 0,023 1,04 -
Tobamovirus (TMV) u Tritimovirus (BrSMV, 5 BYDV-MAV +K Agdia 0,025 1,13 B
WSMV). B kauecTBe JONOJHUTEJbHOTO ;
6 BYDV-PAV +K Agdia 0,024 1,08 -

ITOJIOKUTEJIbHOTO KOHTPOJIbHOTO ob6pasiia
WCTIONb30BaIu pedepeHTHbIi u30aaT WDV 7 CYDV-RPV +K Agdia 0,025 1,13 S
PC-0840 (DSMZ). 8 BrSMV PC-1052 DSMZ 0,025 1,13 -

B mpoBeseHHOM IKCIHEDUMEHTE 9 BaMMV PC-0329 DSMZ 0,023 1,06 -
[IOJIOKUTEJbHBIN CUrHAJ HabJogajca He 10 BaYDV +K Loewe 0,022 102 i
TOJIBKO [IJIST TIOJIOKUTEJBHOI0 KOHTPOJS U
pedepeHTHOT0 M30JIATa IeJIEBOTO 0GBEKTA, 1 WSMV PC-0356 DSMZ 0,029 1,32 -
HO ¥ JJIs W30JIsITa BUPyca HITPUXOBATOU 12 WSMV +K Loewe 0,022 1.00 -
MO3auKy suMeHss BSMV PC-0330 (DSMZ). Kak 13 WSMV +K Agdia 0,024 111 B
u3BeCcTHO, BSMV oTHOCUTCHA K pony 14 WSSMV PC-0541 DSMZ 0.025 115 i
Hordeivirus u cepojIoTU4eCKy HEPOACTBEHEeH ’ ’
WDV, oTHOcamerocs K pony Mastrevirus. 15 SBCMV PC-0552 DSMZ 0,023 1,04 -
[To5TOMY MOKHO MHPEIII0JOXUTh, UTO B 16 SBWMV PC-0748 DSMZ 0,026 1,18 _
o6pasiie TUODUIN3UPOBAHHBIX JIUCTHEB, 17 SBWMV +K Agdia 0,027 122 )
copmepxameMm usongar BSMV PC-0330,
COLEPXKUTCA TaKKe Ipumech muzongara WDV. 18 TMV PV-1195 DSMZ 0,024 1,08 -
KocBeHHBIM NOLTBEDPXKAEHUEM 3TOMY 19 ArMV +K Agdia 0,025 1,15 -
ABJIAETCA TOT (baKT, YTO CO BTOPBIM UCIIOJIb3Y- 20 WDV PC-0840 DSMZ 0,359 16,32 +
eMbIM U30JIITOM BSMV (I10JI0OKUTEJIbHBIM 21 HPWMoV +K (CPC) Agdia 0.034 155 B}
KOHTpoJieM K BSMV ¢upmbl Loewe) mepe-
KpecTHOH peakuuy He Habmomanock. Js OTpUIATeIbHbI KOHTPOJbL 0,022
BCEX OCTAJIbHBIX U30JIATOB HelleJIeBbIX I10J103KUTEeJIbHBIN KOHTPOJIb 0,559
BUPYCOB MMEJ MECTO OTPUIlATEeNbHBIHN
CHTHAJ Ha YPOBHE OTPULATEIbHOIO KOH- dried leaf sample containing the BSMV PC-0330 isolate
TPOJBHOTO 06pasa (M. Tabt. 2). also contained an admixture of the WDV isolate.

Indirect confirmation of this is the fact that no cross-
reaction was observed with the second BSMV isolate
used (the positive control for BSMV from Loewe). For all
other non-target virus isolates, a negative signal was
observed at the level of the negative control sample
(Table2).

This test system was subsequently used to screen
grain samples collected during surveys. Many wheat
plants that tested positive for WDV exhibited typical
symptoms of this virus. Combined infections of WDV
and brome mosaic virus (BMV) resulted in more
intense symptoms (Fig. 1).

Real-time PCR diagnostics of WDV were tested
using RTIC-F/RTIC-R/RTIC-Probe (Wang et al., 2016)
and WDV-For/WDV-Rev/WDV-T (Hao et al., 2021)
primers and probes, complementary to the target Rep
and CP gene regions, respectively. Experiments were
performed with WDV isolates KrWD-1, KrWD-2
(Krasnodar Krai), VolWD-1, VolWD-2, VolWD-15,
VolWD-19, VolWD-20, VolWD-22 (Volgograd Oblast),

B mocnenytomeM JaHHY TECT-CUCTEMY UCIIOJb-
30BaJiv [Jid NPOBELEHUS CKPUHUHTOBBIX TECTOB
06pa3IoB 3epPHOBBIX KYJAbTYpP, OTOOPAHHBIX TIPU
npoBefeHuM obcienoBaHuii. Ha MHOTUX pacTeHUSIX
MIIEHUIIbI C CEePOIIOJIOKUTEIbHON peakiyein k WDV
HaAGJIOIANIUCh TUIIUYHBIE CUMIITOMBI 3TOr'0 BHpYycCA.
[pu HAMMUYMN KOMOMHUPOBaHHOYN nHMeKImu WDV u
BUpyca MosaukKu Koctpa (BMV) pasBuBaiuch Goyiee
WHTEHCUBHBIE CUMITTOMBI (CM. puC. 1).

OtpaboTky muarHoctuku WDV merozom IIIIP B
peasibHOM BPeMeHU IMPOBOAMJIM C IpaiMepaMu U
3oamamMmu RTIC-F/RTIC-R/RTIC-Probe (Wang et al.,
2016) u WDV-For/WDV-Rev/WDV-T (Hao et al., 2021),
KOMIIJIEMEHTAPHBIX COOTBETCTBEHHO y4acTKaM I'eHOB
Rep u CP 11e/1eBOT0 00'beKTa. IKCIIEPUMEHTHI ITPOBO-
OWJIA C BBISIBJEeHHBIMU B 2024 r. usongramu WDV
KrwD-1, KrWD-2 (KpacHomapckuii xKpaii), VolWD-1,
VolWD-2, VolWD-15, VolWD-19, VolWD-20, VolWD-22
(Bonrorpanckas o6iactb), VorWD-8 (BopoHeXxckas
obmacte) m AIWD-1 (AnTalickuil Kpai), a Takxe C
pedepenTHBIM n30J9TOM WDV PV-0840 (DSMZ).

[Ipu ucHbBITAaHUU ITpaliMepoB u 30Hma RTIC-
F/RTIC-R/RTIC-Probe B skcmepuMeHTe ¢ HabopoMm
peareHToB 2,5x PeakuuonHas cmech njg I11[P-PB B
rpucyTcTBuY ROX (CUHTOJI) MOJIOXKUTETbHBIN CUTHA
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a) Wheat, Torba variety, WDV
monoinfection (KrwD-13)

b) Wheat, Hermitage variety,
monoinfection with WDV
(KrwD-16)

Puc. 1. PacTeHne 03MMOM MILEHWLbI C CUMITOMaMM 3apaXkeHus

BUPYCOM Kap/IMKoBOCTU nweHuubl (WDV) 1 KOMMIeKcoM
Bupycos WDV+BMV (choTo aBTOpOB)

HabJIF0IAJICS [IJIST BCEX MB0JISITOB IeJIEBOTO 0O'bEKTA Ha
MIOPOTOBBIX IIMKJIAaX, He mpeBblmapmux Cp=28,4. B
9KCIIepUMEHTe ¢ HabopoMm peareHToB Genta Taq AB
UDG (T'enTeppa) MOJIOKUTENbHBIA CUTHAJ OTCYTCTBO-
BaJI IJis 060MX U30JISITOB 11€JIeBOTO 0OBbeKTa U3
KpacHozapckoro kpasi 1 OLHOTO 130Ji9Ta 13 BopoHex-
cKoli obJstacTu. B TecTe c HabopoM peareHToB qPCR mix
HS (EBporeH) Tak)ke He ObLIN BBISIBJIEHBI TPU U3yUae-
MbIX n3oJsisiTa WDV (M. prc. 2).

B mociemyommx sKCIiepuMeHTax ObIJI0 yCTaHOB-
JIEHO, UYTO JaHHBbIe IpaliMephl ¥ 30H, XapaKTePU3yIOT-
Cs1 OUeHb BBICOKOU CHeIM(UUHOCTBIO K IIeJIeBOMY
06beKkTy. B Tectax ¢ HabopaMu peareHTOB 2,5%
PeaknuonHag cMecs aJis [T P-PB B npucyrctBuu ROX
u Genta Taq AB UDG He HabJroaioch Hecmenuduy-
HOM peakUWM STUX NpaliMepoB U 30HJA CO BCEMU
UCIIBITYeMbIMU U30JSTaAMU HelleJieBbIX BUPYCOB,
3apaXkalolInX 3€PHOBBIE KYJIBTYPhI U OTHOCSILIUXCS K
pomam Bromovirus, Bymovirus, Furovirus, Hordeivirus,
Luteovirus, Polerovirus v Tritimovirus. B TecTe c HaGopoM
pearenToB qPCR mix HS HecrienmpUIHBIN CUTHAJ HA
BBICOKOM ITOPOroBoM Imkje (Cp=35,6) ©MeT MeCTo
JIVIIBL JIJIg U30JI9Ta BUPyca KapJWKOBOCTU STUMEHS
(BYDV-PAV) (cM. puc. 3).

Ha mpumepe pedepenHTHOro uzonsgta WDV PV-
0840 (DSMZ) yCTaHOBJIEHO, UTO IIPU KCITOJb30BAHUU
HabopoB peareHTOB 2,5X PeakIlMOHHAs CMECH IS
[MLP-PB B npucyTtcTBun ROX (CuHTOM) 1 PCR mix HS
(EBpOTeH) aHAJIUTUYECKAs YYBCTBUTEIbHOCTh TECTOB
¢ ipaiMepamu u 30HIOM RTIC-F/RTIC-R RTIC-Probe
coctasigeT 10° co 100%-1 MOBTOPAEMOCTBIO PE3YIlb-
TaTOB. UyBCTBUTEIBHOCTDb TECTOB C HAGOPOM peareH-
ToB Genta Taq AB UDG (T'euTeppa) ABIsIeTCI MeHee
BBICOKOM 1 cocTasisgeT 10° co 100%-ii moBTOpseMocC-
THI0 Pe3yJILTATOB (CM. puc. 4).

[To pe3ynbTaTaM MPOBEEHHBIX SKCIIEPUMEHTOB
KOHCTaTHUPOBAHO, UTO ITpariMeps! ¥ 30H1 RTIC-F/RTIC-
R/RTIC-Probe (Wang et al., 2016) xapaKTepu3yoTCsI
BBICOKOHM CHEIU(MUUYHOCTHIO K II€JIEBOMY OOBEKTY —
BUPYCY KapJauKoBOCTHM mineHuIpl (WDV). YeTaHo-
BJIEHO Tak)e, UYTO 3TU IIpaliMephl U 30HI, BBULY
BBICOKOU MHKJ3WUBHOCTU W YYBCTBUTEJbHOCTU

¢) Wheat, Hermitage variety,
co-infection with WDV + BMV  coinfection WDV + BMV
(KrwD-6)

d) Wheat, variety Helmet,

(KrwD-12)

Fig. 1. Winter wheat plant with symptoms of infection by
wheat dwarf virus (WDV) and the WDV+BMYV virus complex
(photo by the authors)

VorWD-8 (Voronezh Oblast), and AIWD-1 (Altai Krai),
identified in 2024, as well as with the reference isolate
WDV PV-0840 (DSMZ).

When testing the RTIC-F/RTIC-R/RTIC-Probe
primers and probe in an experiment with the 2.5x
Reaction Mix for real-time PCR in the presence of ROX
(Synthol), a positive signal was observed for all target
isolates at threshold cycles not exceeding Cp=28.4. In
an experiment with the Genta Tag AB UDG reagent kit
(GenTerra), a positive signal was absent for both target
isolates from the Krasnodar Krai and one isolate from
Voronezh Oblast. In the test with the gPCR mix HS
reagent kit (Evrogen), three studied WDV isolates were
alsonotdetected (Fig. 2).

Subsequent experiments revealed that these
primers and probe are highly specific to the target. In
testswith the 2.5x RT-PCR Reaction Mix in the presence
of ROX and Genta Taq AB UDG reagent kits, no non-
specific reaction was observed between these primers
and probe and all tested isolates of non-target viruses
infecting grain crops and belonging to the genera
Bromovirus, Bymovirus, Furovirus, Hordeivirus, Luteovirus,
Polerovirus u Tritimovirus. In the test with the gPCR mix
HSreagentkit, a non-specific signal at a high threshold
cycle (Cp=35.6) was observed only for the isolate of
barley dwarfvirus (BYDV-PAV) (Fig. 3).

Using the reference isolate WDV PV-0840 (DSMZ)
as an example, it was established that when using the
2.5x Reaction Mix for real-time PCR in the Presence of
ROX (Synthol) and gPCR mix HS (Evrogen) reagent Kits,
the analytical sensitivity of tests with primers and the
RTIC-F/RTIC-R RTIC-Probe probe is 10-5 with 100%
repeatability of results. The sensitivity of tests with the
Genta Taq AB UDG reagent kit (GenTerra) is lower and
is10-3 with 100% repeatability of results (Fig. 4).
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a) 2,5x PeaknuoHHas cMech a1 [IIIP-PB B npucyTcTBuu ROX (CHHTO.I)
a) 2.5x Real-time PCR Reaction Mixture in the presence of ROX (Synthol)

Homep snynku | Uaentuduxkarop npo6upku | Cp, Fam | Pe3yabTaT
Hole number | Test tube identifier Cp, Fam Result

Al KrwbD-1 28,4
A2 KrwD-2 27,6
A3 VolWD-1 18,2
A4 VolWD-2 22,0
A5 VolWD-15 20,4
A6 VolWD-19 24,3
A7 VolWD-20 17,2
A8 VolWD-22 24,6
A9 VorWD-8 23,5
A10 AIWD-1 26,5

N
N
N
N
N
N
N
N
N
N
A1l K- F
A12 K+_(WDV-PV-0840, DSMZ) | 13,4 +

6) Genta Taq AB UDG (T'eHTeppa)
b) Genta Taq AB UDG (GenTerra)

2000

%Jsm
Em:—

S

{ & 1t 1 ;m MW N M

Hotep wana

Homep snynku | UaenTuduxkarop npo6upku | Cp, Fam | Pe3yabTaT
Hole number | Test tube identifier Cp,Fam | Result
Al KrwbD-1
A2 KrwbD-2
e
A3 VolWD-1 19.3 +
A4 VolWD-2 24.2 + g e
55 [vowps .
A6 VolWD-19 28.1 +
A7 VolWD-20 19,7 + e
A8 VolWD-22 27.7 + -
A9 VorWD-8 26.4 + ; . N R R TR
A10 AIWD-1 30.5 + Heomepn wwna
All K-
A12 K+_(WDV-PV-0840,_DSMZ) 13.5 +
B) gPCR mix HS (EBporeH)
¢) gPCR mix HS (Evrogen)
Homep nynku | UpenTudukarop npooupku | Cp, Fam | Pe3ysnbsTaT
Hole number | Test tube identifier Cp, Fam Result
Al KrwbD-1 3
A2 KrwbD-2 28.1 e
A3 VolWD-1 i
e
A4 VolWD-2 21.0 § P
A5 VolWD-15 20
A6 VolWD-19 23.9 + o
A7 VolWD-20 17.7 + x
A8 VolWD-22 24.1 + &
A9 VorWD-8 22.6 * i d IF I M a3 e
A10 AIWD-1 26.3 + Hossep Lbetb
Al1l K-
A12 K+_(WDV-PV-0840,_DSMZ) 12.5 +
Puc. 2. BoigasneHue nsonatos WDV metoaom MLP-PB B Tectax Fig. 2. Detection of WDV isolates by real-time PCR in tests with
¢ npaviMepamu n 3oHpom RTIC-F/ RTIC-R/ RTIC-Probe (Wang et primers and probe RTIC-F/RTIC-R/RTIC-Probe (Wang et al.,
al., 2016) n Tpemsa Habopamu peareHToB ans MLP-PB 2016) and three reagent kits for real-time PCR
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Homep Homep
JyHKHN | UpenTudukarop npo6upku |Cp, Fam | Pe3ynprar JYHKH | UpenTudukarop npo6upku | Cp, Fam | Pe3ynbraT

Hole Test tube identifier Cp, Fam | Result Hole Test tube identifier Cp, Fam | Result
number number
Bl BMV_PV-0194 Bl BMV_PV-0194
B2 BMV_PV-0178 B2 BMV_PV-0178
B3 BSMV_PC-330 B3 BSMV_PC-330
B4 BSMV_Loewe B4 BSMV_Loewe
B5 BYDV_MAV_Agdia B5 BYDV_MAV_Agdia
B6 BYDV_PAV_Agdia B6 BYDV_PAV_Agdia
B7 CYDV_RPV_Agdia B7 CYDV_RPV_Agdia
B8 BrSMV_PC-1052 B8 BrSMV_PC-1052
B9 BaMMV_PC-0329 B9 BaMMV_PC-0329
B10 | BaYMV_Loewe B10 | BaYMV_Loewe
B11 | WSMV_PC-356 B11 | WSMV_PC-356
B12 | WSMV_Loewe B12 | WSMV_Loewe
C1 WSMV_Agdia C1 WSMV_Agdia
C2 WSSMV_PC-0541 C2 WSSMV_PC-0541
C3 SBCMV_PC-0552 C3 SBCMV_PC-0552
C4 SBWMV_PC-748 C4 SBWMV_PC-748
C5 SBWMV_Agdias C5 SBWMV_Agdias
C6 -K C6 -K
C7 K+_WDV-0840,_DSMZ) 12,1 + Cc7 K+_WDV-0840,_DSMZ) 12,0 +
- 1 003+
e |
©e Fron i
i- i
ol
i
- £
b
pro |
155 o
ks =
1 | LII. !1-! 1’! ::‘! 3 38 L ] 11 1} 2’1 n il
Howmen Liwns Horep wena
Homep 1
JYHKU | Upentudukarop npooupku | Cp, Fam | Pe3ynbraT -
Hole Test tube identifier Cp, Fam | Result
number £ 408
Bl BMV_PV-0194
1000
B2 BMV_PV-0178
B3 | BSMV_PC-330 -
B4 BSMV_Loewe 3
B5 BYDV_MAV_Agdia B ]
ena
B6 BYDV_PAV_Agdia 35,6
B7 CYDV_RPV_Agdia
B8 BrSMV_PC-1052
B9 BaMMV_PC-0329 Puc.v3. OnpepeneHne aHaNUTUUYECKON CneuntuyHoCTU
nparimepoB u 3oHaa RTIC-F/ RTIC-R/ RTIC-Probe
B10 | BaYMV_Loewe (Wang et al., 2016) B TecTax ¢ TpeMsl Habopamu
B11 | WSMV_PC-356 peareHToB ans MNLP-PB
B12 | WSMV_Loewe Fig. 3. Analytical specificity of primers and probe
c1 WSMV_Agdia RTIC-F/'RTIC-R/RTIC-Prol?e (Wang et gl., 2016) in
tests with three reagent kits for real-time PCR
Cc2 WSSMV_PC-0541
C3 SBCMV_PC-0552
C4 SBWMV_PC-748
C5 SBWMV_Agdias
C6 -K
C7 K+_WDV-0840,_DSMZ) 13,4 +
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a) 2,5x PeakiinonHada cmech aJi ITI[P-PB
B ipucyTcTBuH ROX (CUHTOJT)
a) 2.5x Real-time PCR Reaction Mixture
in the presence of ROX (Synthol)

6) Genta Taq AB UDG (T'euTeppa)

b) Genta Taq AB UDG (GenTerra)

Homep Homep
JYHKU | Upentudukatop npooupku | Cp, Fam | Pe3ynbraTr JAYHKH | UneHTudukarop npoéupku | Cp, Fam | Pe3yabsraT
Eg}gber Test tube identifier Cp, Fam | Result Elgllgber Test tube identifier Cp, Fam | Result
Al WDV_0840_xoHII,. 13,3 + D1 WDV_840_KOHII. 13,4 +
A2 WDV_0840_xoHII. 13,1 + D2 WDV_840_xoHII,. 13,4 +
A3 WDV_0840_xoHII. 13,7 A D3 WDV_840_xoHII. 13,5 +
A4 PaszBemenue B 10-* 17,1 + D4 PaszBemenue B 10-* 18,4 +
A5 PasBemenue B 10-* 16,8 + D5 PasBenmeHue B 10-* 17,9 +
A6 PasBenenue B 10-* 16,9 i D6 PasBenmenue B 10-* 17,8 +
A7 PasBemenue B 10-2 20,8 + D7 PasBemenue B 10-2 23,4 +
A8 PasBenmenue B 10-2 20,9 + D8 PasBenmeHue B 10-2 24,2 +
A9 PasBenenue B 10-2 21,0 + D9 PasBenenue B 10-2 23,3 +
A10 | PasBemenHwue B 10-2 24,9 + D10 | PasBemeHwue B 10-2 30,5 +
A1l | PasBegmenmue B 10-* 24,9 + D11 | PasBepmeHme B 10-2 30,5 i
A12 | PasBemeHwue B 10-3 24,9 + D12 | PasBemenwue B 10-2 -
Bl PaszBemenue B 10-4 29,0 + El PaszBemenue B 10-4 -
B2 PasBenmenue B 10-* 28,7 + E2 PasBenmenue B 10-* =
B3 PasBenenue B 10-* 29,0 + E3 PasBenmenue B 10-4 =
B4 PaszBemenue B 10-° 32,4 + E4 PaszBemenue B 10-° -
B5 PasBenmenue B 10-° 33,1 + E5 PasBenmenue B 10-° -
B6 PasBenenue B 10-° 33,0 + E6 PasBenenue B 10-° =
B7 PaszBemenue B 10-° - E7 PaszBemenue B 10-° -
B8 PasBenmenue B 10-° = E8 PaszBemenue B 10-° -
B9 PaszBemenue B 10-° - E9 PaszBenmenue B 10-° -
Cc1 K- = F1 K- =
1000
2 ) &
g:m ’ -,_:'#- H L
% 50 4 H_F,-—F’_”':t E a
s o I 300

i 4 It 1e

i a8 1t 1.3

Hosep wsona

Puc. 4. OnpepeneHne aHanMTUUYECKON YyBCTBUTENbHOCTHU
TecToB ¢ npaiimepamm n 3oHaoM RTIC-F/RTIC-R/RTIC-Probe

Fig. 4. Analytical sensitivity of tests with primers and probe
RTIC-F/RTIC-R/RTIC-Probe (Wang et al., 2016) and three

(Wang et al., 2016) n Tpema Habopamu peareHToB ans MNLP-PB

reagent kits for real-time PCR

TecToB, HauboJiee 11ejIecO06pPa3HO MCITOJIb30BaTh C
HabopoM peareHTOB 2,5x PeakIMOHHAas CMeCh IJis
[TLIP-PB B mpucyTcTBuu ROX (CuHTOJI). YCTaHOBJIEHO,
yTo npaumMepsl u 30HI RTIC-F/RTIC-R/RTIC-Probe
(Wang et al., 2016) MOTYT GbITh PEKOMEHIOBAHBI LIS
IIPOBEJIEHUS CKDUHUHIOBBIX TECTOB Ha Hasiuuue WDV
B dopmaTe ITI]P B peasbHOM BDEMEHU.

VicribITaHMe TpatiMepoB u 30H1a WDV-For/WDV-
Rev/WDV-T (Hao et al.,, 2021) 6bLJIO HIPOBELEHO C
4yeThIpbMs HabopamMu msa I1IIP-PB oTeueCTBEHHBIX
(upM-ipousBogUTENEH. BO BCEX UeThIpeX ITPOBEIEH-
HBIX DKcIepuMeHTax Habsomanoch 3hHeKTUBHOE
BBIgBJIEHUE 130J19T0B WDV KrWD-2, VolWD-1, VolWD-2,
VolWD-15, VolWD-19, VolWD-20, VolWD-22
u VorWD-8 Ha HeBBICOKHX MOPOTOBBIX IMKJAX.
HabGiogajncd TakXe CTabUIbHBIN ITOJIOKTEJbHBIN

Based on the results of the experiments, it was
established that the RTIC-F/RTIC-R/RTIC-Probe
primers and probe (Wang et al., 2016) are character-
ized by high specificity to the target object — wheat
dwarf virus (WDV). It was also established that these
primers and probe, due to the high inclusiveness and
sensitivity of the tests, are most appropriate to use with
the 2.5x Reaction Mix for real-time PCR in the Presence
of ROX (Synthol) reagent kit. It was established that the
RTIC-F/RTIC-R/RTIC-Probe primers and probe (Wang
et al., 2016) can be recommended for screening tests
forthe presence of WDV in the real-time PCR format.
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B) PCR mix HS (EBporeHn)

The WDV-For/WDV-Rev/WDV-T primers and
probe (Hao et al., 2021) were tested with four real-time
PCR assays from domestic manufacturers. All four

¢) gPCR mix HS (Evrogen) gxperiments demonstrated effective detection of WDV
isolates KrwWD-2, VolWD-1, VolWD-2, VolWD-15,
Homep - - - -
JYHKU | UpenTudukarop npooupku | Cp, Fam | Pe3yabraT Vl’(l) IWE }3’ VOIIW D iO’ V(ﬁ;/v D 22.’ .a nd VOI‘V\;D 8at l{) W
Hole Test tube identifier Cp, Fam | Result thresho cycles. stable posmve signal was also
number observed with the reference isolate PV-0840 (DSMZ).
D1 WDV_0840_KOHII. 11,8 + The differences were in the detection of KrwD-1 and
D2 WDV_0840_KoL. 11,7 N AlWD—l isolates, which were.c'hara.cterlzed by lowtiters
in the tested samples. A positive signal for the KrwD-1
D3 | WDV_0840_KoHL, 11,9 + isolate was observed in tests with the Genta Taq AB
D4 | PasBeneHue B 10-* 16,0 + UDG reagent kit and 5x Genta gPCR master mix (both
D5 | Paspemenme B10-! 15,7 + GenTerra), but was absent in tests with the 2.5x
D6 PassexeHme 5 101 157 N Reaction Mix for real-time PCR in the presence of ROX
: (Synthol) and qPCR mix HS (Evrogen) reagent kits.
D7 | PasBezenue B10-2 20,5 it Detection of the AIWD-1 isolate was achieved
D8 PasBenenue B 10-2 20,5 +
D9 PasBeseHue B 10-2 20,6 + Jlynka  dayop. IIpoGa Cq
D10 | PasBezenue B 10-° 24,2 + Hole Fluor. Sample Cq
D11 | Passezmenue B 10-? 25,3 + BO1 FAM KrWD- 24 15,80
D12 | Passemenue B 10-° 24,4 + B02 FAM KrwD --37 16,43
El Passezenuve B 10-* 29,3 + B03 FAM KrWD- -45 18,18
E2 | Passezenwe B10- 29,6 + BO4 FAM KrWD - 54 37,49
E3 Passenenue B 10-* 29,1 + BO5 FAM KrWD- -55 15,79
E4 Passezenuve B 10-° 34,0 + B06 FAM KrWD- 57 18,19
E5 Passezenue B 10-° 35,0 + BO7 FAM KrWD- 66/5 13,31
E6 PasBenenue B 10-° 34,8 + BOS FAM KrwD- -68 10,93
E7 Passezenuve B 10-° - B09 FAM KrWD- 77 12,13
E8 Passegenue B 10-° . B10 FAM KrwD- 2 25,08
E9 Passemenue B 10-¢ - B11 FAM KrwbD- 3 38,30
F1 K- . B12 FAM -K H/O
- —
— A
L
§ se .
i 20
§ a0 -
s i
100 i
L=

curHasl ¢ pedepeHTHBIM u3oaaToM PV-0840 (DSMZ).
Pasznuuuga 3akI04YaIuCch B BBIIBJIEHUU H30JIITOB
KrWD-1 u AIWD-1, XapakKTepu3ymIUXcsI HU3KUM
TUTPOM B TECTHUPYEMBIX 00pasiiax. [T0JI0KUTENTbHbBIN
curHai nisg nsondara KrwWD-1 Habamomajcs B TecTax ¢
Habopamu pearenToB Genta Taq AB UDG u 5x Genta
PCR macTep-mMukc (06a—T'enTeppa), HO OTCYTCTBOBAJ
B TecTax c HabopaMu peareHTOB 2,5X PeaKIIMOHHAsI
cmech s TTHP-PB B mpucytcTBuu ROX (CuHTOMN) U
gPCR mix HS (EBporeH). BrisiBieHue nsomnsara AIWD-1
OBIJIO JOCTUTHYTO JIIIBb B TECTax ¢ HabopaMu peareH-
TOB 2,5x PeakiimonHaa cmech nJjig [111P-PB B nipucy-
tcTBuM ROX 11 5% Genta gPCR MacTep-MuKc (pesynbTa-
THI HE TTOKA3aHbI).

B TecTe ¢ JaHHBIMM IIpaliMepaMy U 30HIOM U
HabopoM peareHTOB 2,5X PeakilmoHHAas CMeCh IJIsS
[TLIP-PB B npucyTrcTBur ROX 1eneBoii 06BEeKT OBLI
IUarHOCTUPOBAaH Takxe B 11 mpyrux obpasiiax u3
KpacHOIapCcKOTo Kpas C CEePOIOJIOKUTENIbHONR
peaxmuei K WDV (cM. puc. 5).

Puc. 5. BoisBneHvie WDV B o6pasiiax nieHuubl U3
KpacHopapckoro kpas metogom MNMUP-PB B Tectax ¢
npariMepamu u 3oHpom WDV-For/WDV-Rev/WDV-T (Hao et
al., 2021) n Habopom peareHToB 2,5x PeakLMoHHas cMecb
ana NUP-PB B npucytcTBumn ROX (CuHTON)

Fig. 5. Detection of WDV in wheat samples from Krasnodar
Krai by real-time PCR in tests with primers and probe WDV-
For/WDV-Rev/WDV-T (Hao et al., 2021) and a 2.5x reagent
kit. Reaction mixture for real-time PCR in the presence of
ROX (Synthol)
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a) 5x Mas""MIX-2025 b) 5x Genta PCR PRIZM

Puc. 6. BoisiBneHue BMpyca KapJIMKOBOCTU nieHuubl (WDV)
MeToA0M Knaccuueckoi MLUP ¢ ucnonbsoeaHveM npanmMepos
WDV 40-F/WDV 806-R (Wu et al. 2008) u gByx Habopos

Fig. 6. Detection of wheat dwarf virus (WDV) by classical PCR
using primers WDV 40-F/WDV 806-R (Wu et al. 2008) and two
reagent kits

peareHTOB

AHaUTUYECKYI0 CIIelu(UIHOCTD ITPAaiMepPOB U
3012 WDV-For/WDV-Rev/WDV-T omnpepnensiu B
SKCIIEPUMEHTAX C UYEeThIPbMS Pa3INUHBIMU HabopaMu
pearenToB gxas IIIIP-PB. B Tectax ¢ HabopaMu
peareHToB 2,5X PeakiimonHasa cmechb gJd I1LIP-PB B
npucyTtcTBun ROX (CunaTou), gPCR mix HS (EBporeH) u
Genta Taq AB UDG (TeaTeppa) 66110 3apeTucTprupoBa-
HO HaJlu4yue HeCHellu(PUUHOTO MOJOXKUTEJIbHOTO
CUTHaJa C U30JIATaMU HelleJieBbIX BUPYCcOB — BYDV-
MAYV, BYDV-PAV u CYDV-RPV, a B TecTax Cc OByMd
nocjeIHUMHU HabopaMu peareHTOB, KPOME TOTO,
OTMeYeH HecHelU(MUUHBINA CUTHAJ C U30JITaMU
HenesneBblX Bupycos BSMV PC-0330 u SBCMV
PC- 0552 (06a-DSMZ). B To ke BpeMs B TecTe C Ha6OopoM
pearenToB 5x Genta qPCR macTtep-mukc (TernTeppa)
HeclenUPUUHBIX CUTHAJIOB C M30JISTaMU BCEX
HeIleJIEBBIX BUPYCOB He HABJI01aI0Ch (Pe3yIbTaThl He
[IOKa3aHBbl).

M3onsarel BYDV-MAV, BYDV-PAV, BSMV, CYDV-
RPV u SBCMV cozepxaTcs B JUOPUIN3UPOBAHHBIX
UHQPUIIMPOBAHHBIX JIUCThSIX PACTEHUN TUMEHS, TOTIA
KaK U30JISIThI BCEX IPYTUX BUPYCOB, aHAJIN3UPYEMBIX B
SKCIIEPHMEHTaxX I0 OIleHKe aHaJIMTHUYeCKOM CIIellu-
¢uruuHOCTH, comepKaTcsad B JUODUIANBUPOBAHHBIX
JIUCTBhAX PACTEHUU INIeHUIIbl. B CBSI3W C 3TUM He
UCKJIIOUEeHA BO3MOXKHOCTB, UTO ITpPaiMepbl M 30H[
WDV-For/ WDV-Rev/ WDV-T pearupyoT He C y4acTKa-
MV reHOMa HelleJIeBbIX BUPYCOB, a C TeHaMU PacTeHU!
SUMEHS.

BBlJI0 yCTAaHOBJIEHO TakKXXe, YTO YyBCTBUTEJIb-
HOCTb TecTa C IIpaiMepamMu u 30HL0M WDV-For/WDV-
Rev/WDV-T gaBisgeTcs JOCTATOYHO BBICOKOU. BhIsIBIIE-
Hue pedepenTHOro nzoagra WDV PV-0840 (DSMZ) B
JKcIlepruMeHTe ¢ HabopoM peareHToB 5X qPCR mix HS
(EBporeH) HabJII0aJI0Ch BILUIOTh 0 pa3BefeHnd B 10°
BKJIFOUUTENBHO cO 100%-¥ MOBTOPSIEMOCTBI0 PE3YITh-
TaTOB.

TakuM 006pasoM, B OTHOIIEHUM MPANMEPOB U
soma WDV-For/WDV-Rev/WDV-T (Hao et al., 2021)
OBLIY TTOJIyUYeHbl HEOJAHO3HAUHbIE Pe3ylIbTaThl. BBIIO
YCTAHOBJIEHO, YTO 3TU OJUTOHYKJIEOTUMABI TTO3BOJISI-
I0T IMarHOCTHUPOBATh MHOTOYKCJIEHHBIE POCCUI-
ckue u3onaTbel WDV, HO BOCIIPOU3BOAUMOCTD
BBISBJIEHUS M30JIITOB C HU3KUM TUTPOM B OIpee-
JIEHHOU CTeIeHY 3aBUCHUT OT UCIIOJIb3yeMOoro Habopa

only in tests with the 2.5x Reaction Mix for RT-PCR in
the presence of ROX and 5x Genta gPCR master mix
reagentkits (results not shown).

In a test with these primers and probe and a 2.5x
reagent Kkit, the real-time PCR reaction mixture in the
presence of ROX, the target object was also diagnosed
in 11 other samples from the Krasnodar Territory with
aseropositive reaction to WDV (Fig. 5).

The analytical specificity of the WDV-For/WDV-
Rev/WDV-T primers and probe was determined in
experiments with four different RT-PCR reagent kits. In
tests with the 2.5x real-time PCR reaction mixture in
the presence of ROX (Synthol), gPCR mix HS (Evrogen),
and Genta Taq AB UDG (GenTerra) reagent Kkits, a
nonspecific positive signal was recorded with isolates
of non-target viruses — BYDV-MAV, BYDV-PAV, and
CYDV-RPV. In tests with the latter two reagent kits, a
nonspecific signal was also noted with isolates of non-
target viruses BSMV PC-0330 and SBCMV PC-0552
(both DSMZ). At the same time, in the test with the 5x
Genta gPCR master mix reagent kit (GenTerra), no non-
specific signals were observed with isolates of all non-
target viruses (results not shown).

Isolates of BYDV-MAV, BYDV-PAV, BSMV, CYDV-
RPV, and SBCMV were found in lyophilized infected
barley leaves, while isolates of all other viruses
analyzed in the assay specificity experiments were
found in lyophilized wheat leaves. Therefore, it cannot
be ruled out that the WDV-For/WDV-Rev/WDV-T
primers and probe react not with regions of the non-
target virus genome, but with barley plant genes.

The sensitivity of the WDV-For/WDV-Rev/WDV-T
primer-probe assay was also found to be quite high.
Detection of the reference isolate WDV PV-0840 (DSMZ)
in an experiment using the 5x gPCR mix HS reagent kit
(Evrogen) was observed up to a dilution of 10-5, with
100% repeatability.

Thus, inconclusive results were obtained with the
WDV-For/WDV-Rev/WDV-T primers and probe (Hao et
al., 2021). These oligonucleotides were found to be
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- - - - - -

M 13 14 1516 17 18 M 18 20 21

M 25 26 27 28 2830 M 3132 33 -K+K +K

5§ 6 M 7 8 910 1112

B M 19 20 21 22 2324

a) IIpaiimepst WDV-WFb/ WDV-WRb (reusi CP+SIR
mrammoB WDV-B u WDV-W, 939 11.0.)

b) IIpaiimeps: WDV-1F/ WDV-WRb
(rex Rep mramma WDV-W, 346 11.0.)

Puc. 7. BoisBneHne WDV meTonom knaccuueckoi MLP Fig. 7. Detection of WDV by classical PCR using primers

¢ ucnonbsoBaHuem npanmepos WDV-WFb/WDV-WRb, WDV- WDV-WFb/WDV-WRb, WDV-1F/WDV-WRb, WDV-WFb/WDV-
1F/WDV-WRb, WDV-WFb/WDV-4R (I.Abt et al., 2020) u Habopa 4R (I.Abt et al., 2020) and the 5x Mas™TaqMIX-2025 reagent
peareHToB 5x Mas™TaqMIX-2025 (Ouanart) kit (Dialat)

pearenToB naJjig [TIIP-PB. UyBCTBUTEJIBHOCTb TECTA C
9TUMU IIpaiiMepaMu U 30HJOM SIBJISETCS BBICOKOM.
OnHaKO B OKCIIEPUMEHTAX 110 OTIpe/ieJIeHUI0 aHATUTH -
YecKol criellu(PpUUHOCTHU ObLJIO YCTAHOBJIEHO HATUUIe
HecrneU(DUUHOU peaKIuU LAaHHBIX OJIUTOHYKJIEOTHU-
JIOB C U30JIATaMM HelleJeBBIX BUPYCOB 3€PHOBBIX
KyJIbTYpP, COLEPXAIIUXCI B JIUODUIN3UPOBAHHBIX
JINCTBSIX PACTEHU Y TUMEHS.

OtpaboTky nuarHoctuku WDV MeTOZoM KJlaccu-
yecko [TLP mpoBOAUIIN C CEMbIO ITapaMu ITpaiMepoB,
crnenuUUHBIX K Pa3JIMYHBIM ydacTKaM TreHoMa
1IeJIeBOT0 06bEKTA.

Bria mpoBelleHa cepusl 3KCIIEPUMEHTOB C
npatiMepamu WDV 40-F/WDV 806-R (Wu et al., 2008),
MO3BOJNIAIMUMU aMIJIUPUIIUPOBATH TOJHYIO
MOoCJeNOBaTENbHOCTh OJIMTOHYKJIEOTULOB TeHa
TPAHCIOPTHOTO OeJiKa U IIPUJIerailnii 5 -KOHIIeBOK
y4acTOK reHa 6eka 060Ji0uky reHOMHOM JITHK WDV. B
9KCIIEPUMEHTE C ABYyMsd HabopaMu peareHTOB
OTEeYeCTBEHHBIX (UPM-IIPOUBBOIUTENEN BGBIIO
YCTAHOBJIEHO, YTO 3TU IIpPaliMephl MO3BOJIIOT AUar-
HOCTHUPOBATh M30JATbI WDV pasauyHoro reorpadu-
YECKOT'0 TIPOMCXOXK/IEHUS C BBICOKOW BOCIIPOM3BOIU-
MOCTBIO Pe3yIbTaToB (CM. puc. 6).

capable of detecting numerous Russian WDV isolates,
but the reproducibility of detecting low-titer isolates
was somewhat dependenton thereal-time PCRreagent
kit used. The sensitivity of the test with these primers
and probe was high. However, experiments to deter-
mine analytical specificity revealed a nonspecific
reaction of these oligonucleotides with isolates of non-
target cereal viruses contained in lyophilized barley
plantleaves.

The diagnostics of WDV using the classical PCR
method was carried out with seven pairs of primers
specifictodifferentregions of the target genome.

A series of experiments were conducted with WDV
40-F/WDV 806-R primers (Wu et al., 2008), which allow
amplification of the complete oligonucleotide
sequence of the transport protein gene and
the adjacent 5-terminal region of the coat
protein gene of WDV genomic DNA. An experiment
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O6pasuer: 1 — uzonar KrWD-1; 2 — 3mopoBoe
pacTrenue OImeHUIbl; 3 — 130J9T VOIWD-1; 4 — u3oaT
VolWD-2; 5 — uzonat VolWD-15; 6 — u3oast VolWD-19;
7 — nsonat VolWD-20; 8 — usonar VolWD-22; 9 —
3JI0POBOE pacTeHue TIeHUIbl; 10 — OTpuIlaTeIbHbIN
KOHTPOJIb (Boma); 11 — msosar WDV PV-0840 DSMZ.
Crrenin(pUIHBIN ITPOLYKT — 746 11.0.

CekBeHUPOBAHUE MOJIYyYEHHBIX NPOLYKTOB
aMIIUOUKAIIUY TT03BOJIUIO YCTAHOBUTD, UYTO U30JIAT
KrWD-1 orHocurca k mwrammy WDV-B, a npouue
usyvyaemble U30JIAThl — K TaMMy WDV-W.

B sKcIlepuMeHTe ¢ JaHHBIMU IpaliMepaMu U
HabopoM peareHToB 5x Mas™TaqMIX-2025 (Jluajat)
OBIJIO YCTAHOBJIEHO, UYTO BBISIBJIEHUE I[€JIEBOTO
06beKTa BO3MOXKHO BILIOTh O pasBemeHud B 10°
BKJIFOUMTEIBHO cO 100%-1i TOBTOPSIEMOCTHIO (PE3YITh-
TaThl He [IOKa3aHBbI).

OnpepeneHne aHAIUTUYECKON CIIeIIM(PUIHOCTU
npatimepoB WDV 40-F/WDV 806-R mpoBoguiu B
9KCIIEPUMEHTAX C ABYMs HabopaMu PeareHTOB IJIs
TILIP. B oboux sKcrepuMeHTaxX HabJjomamach HecIle-
nuduruuHasg peakiius M3ydyaeMbIX MpPaliMepoB C
u30JgTaMyu OGPOMOBHpyca Mo3auku Koctpa (BMV) u
TPUTUMOBUMPYCA HMITPUXOBATOM MO3aMKU KOCTPA
(BrSMV). TIpoayKThl aMIIn(pUKAIINY 3TUX 00PasIioB
OBIJIW TIOABEPTHYTHI CEKBEHUPOBAHUIO. [IPOAYKT
ammumpukanuu obpasna BrSMV PC-1052 Ha 66,93-
68,09% COOTBETCTBOBAJI YyYacTKy IeHa LIUTOKUHUH
OKCHIa3bl/IeruLporeHasbl pacTeHUN SUYMeHd.
Ananu3s npoaykTa aMmrumdukanum obpasma BMV PV-
0194 He BBIIBUJI HAJIUYNE 3HAYNMOMN UAEHTUUYHOCTH C
Y4acCTKOM TeHOMa KaKoro-jaubo opraHmsMma. Takum
06paszoM, OBII0 YCTAaHOBJIEHO, UTO ITpaiiMepsl WDV 40-
F/WDV 806-R He B3auUMOZENCTBYIOT C TEHOMOM
HelleJleBbIX BUPycoB BMV u BrSMV, HO MOT'yT pearupo-
BaTh C y4acTKOM reHOMa S4YMeHs, BCIELCTBUE YEero
IaHHBIE OJIUTOHYKJIEOTU/IBI 11€JIeCO00Pa3HO UCIIONb-
30BaTh JINIIb JJISI TECTUPOBAHMS PACTEHUH ITIITEHUITBI.

B mocnenyiomieM 6bLIO TTPOBEEHO UCITbITaHUIE
Tpex paspaboTaHHBIX BO dpaHIIUU Map IparMepos,
TO3BOJIAIOIINX BBISABALATD U OuddepeHIIMpPOBaTh
n3oaaTbl mrTammoB WDV-B u WDV-W. CormacHo
cneruPUKAIIMYI aBTOPOB-Pa3paboTUYNKOB, TpariMepPhI
WDV-1F/WDV-WRb aMmmuduIiiupyoT y4acTOK reHa
Rep usonsaToB mramma WDV-W, npaiiMmepsr WDV-
WFb/WDV-4R — yuacTok reHa 6eska o6osouku (CP)
ns3oagaros mramMma WDV-B, Torma Kkak KOMOMHAIINSA
npaiimepoB WDV-WFb/WDV-WRb 1m03BoJIIeT aMILIu-
¢bunupoBaTs yyacTtok reHa CP u mpuierawomui
MeXXTeHHBIN yuacTok (SIR) M30/19TOB 060MX IIITAMMOB
(Abtetal., 2020).

[IpoBeneHHbIEe DKCIEPUMEHTHI HOATBEPIUIUA
cnenuPUKAIINI0 9TUX HparMepoB. [Tpatimepsr WDV-
WFb/WDV-WRb pearupoBanu ¢ usonsToM KrWwD-1,
oTHOcgIMMcd K mraMmmy WDV-B, u ¢ 19 uzongaramMmu
mramMma WDV-W. IIpatimepst WDV-1F/WDV-WRb
u36MpaTesbHO PearupoBaii ¢ U30JITaMU IITaMMa
WDV-W (cm. puc. 7). I[Ipatimepbst WDV-WFb/WDV-4R
pearupoBaau Juillb ¢ u3ongaroM KrWD-1 mrTamma
WDV-B (pesysnbTaTbl He MOKas3aHbl). COOTBETCTBUE
MOJIyYeHHBbIX MPOAYKTOB aMIIU(UKAIIUN 3asBJIEH-
HBIM y4yacTkKaM resHoma mramMmmoB WDV-B u WDV-W
OBLJIO ITOITBEPXKIEHO CEKBEHMPOBAaHUEM.

O6pa3siibl: 1 —uzonat KrwWD-24; 2 —u3ousat KrwD-
37; 3 — uzoaar KrwbD-45; 5 — uzonar KrwWD-55; 6 —
usondart KrWbD-57; 7 — uzonar KrWD-66/5;

with two sets of reagents from domestic manufacturers
showed that these primers allow the diagnosis of WDV
isolates of different geographic origins with high
reproducibility of results (Fig. 6).

Samples: 1 — Isolate KrWD-1; 2 — healthy wheat
plant; 3 — isolate VolWD-1; 4 — isolate VolWD-2; 5 —
isolate VolWD-15; 6 — isolate VolWD-19; 7 — isolate
VolWD-20; 8 — isolate VolWD-22; 9 — healthy wheat
plant; 10 — negative control (water); 11 — isolate WDV
PV-0840 DSMZ. Specific product—746b.p.

Sequencing of the obtained amplification
products made it possible to establish that the KrWwD-1
isolate belongs to the WDV-B strain, and the other
studied isolates belong to the WDV-W strain.

In an experiment with these primers and the 5x
Mas”TaqMIX-2025 reagent kit (Dialat), it was found
that detection of the target object was possible up to a
dilution of 10° inclusive with 100% repeatability
(results not shown).

The analytical specificity of the WDV 40-F/WDV
806-R primers was determined in experiments with
two PCR reagent kits. In both experiments, a nonspe-
cific reaction of the studied primers with BMV and
BrSMV isolates was observed. The amplification
products of these samples were sequenced. The
amplification product of BrSMV PC-1052 matched
66.93-68.09% of the barley cytokinin
oxidase/dehydrogenase gene region. Analysis of the
amplification product of BMV PV-0194 did not reveal
significant identity with the genome region of any
organism. Thus, it was established that the WDV 40-
F/WDV 806-R primers do not interact with the genome
of non-target viruses BMV and BrSMV, but can react
with a region of the barley genome, as a result of which
these oligonucleotides should be used only for testing
wheat plants.

Subsequently, three pairs of primers developed in
France were tested to detect and differentiate isolates
of the WDV-B and WDV-W strains. According to the
specifications of the developers, the WDV-1F/WDV-
WRbD primers amplify the Rep gene region of WDV-W
isolates, the WDV-WFb/WDV-4R primers amplify the
coat protein (CP) gene region of WDV-B isolates, while
the WDV-WFb/WDV-WRb primer combination
amplifies the CP gene region and the adjacent
intergenic region (SIR) of isolates of both strains (Abt et
al.,2020).

The experiments confirmed the specification of
these primers. Primers WDV-WFb/WDV-WRb reacted
with the KrWD-1 isolate, belonging to the WDV-B
strain, and with 19 isolates of the WDV-W strain.
Primers WDV-1F/WDV-WRb reacted selectively with
isolates of the WDV-W strain (Fig. 7). Primers WDV-
WFh/WDV-4R reacted only with the KrWD-1 isolate of
the WDV-B strain (results not shown). The correspon-
dence of the obtained amplification products to the
declared regions of the WDV-B and WDV-W genomes
was confirmed by sequencing.

Samples: 1 — isolate KrWD-24; 2 — isolate KrWD-
37;3—isolate KrWD-45; 5 —isolate KrWD-55; 6 —isolate
KrWD-57; 7 — isolate KrWD-66/5; 8 — KrWD-68; 9 —
isolate KrWD-77; 16 — isolate VolWD-1; 17 — isolate
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8 —KrWD-68; 9 — uzomnat KrWD-77; 16 — u3omnst VolWD-
1; 17 — usonat VolWD-2; 18 — usosuar VolWD-15; 19 —
n3044T VolWD-19; 20 — uzoagat VolWD-20; 21 — u3074T
VolWD-22; 22 —uzonat VorWD-8; 27 —usojiat KrWD-1;
28 —KrWD-2; 30 —usonat AIWD-1;4,10,11,12,13,14,
15, 23,24, 25, 26, 29, 31, 32, 33 — 300POBbIE PAaCTEHU
MIIEeHUIIbI, KYKYPY3bl, TPUTUKAJE U TuMeHs; -K (Boma);
+K (m3oaat WDV PV-0840 DSMZ); +K (u3osat WDV +K
Loewe)

B mocemyoommux 5KCIIepruMeHTaxX ObIJI0 YCTaHOB-
JieHo, uto npadimepst WDV-1F/WDV-WRb u WDV-
WFb/WDV-WRb xapakTepusylTcd O4eHb BBICOKOU
crenuUIHOCTDIO K 11eJIeBOMY 06beKTy. He HabJr01a-
JIOCh HecHenupUUHON peakIuy 3TUX MIPaliMEpPOB C
us3ongaTamu 12 HelleJIeBbIX BUPYCOB, KOTOPhIE 3apaka-
0T 3ePHOBBIE KYJBTYPbl U MOTYT BCTPEUYaThCS B
cMmenanHoN uH(pekuu ¢ WDV. YCTaHOBJIEHO TaKXe,
4TO IIPU UCII0JIb30BaHNM Habopa peareHToB 5x Genta
PCRPRIZM (T'euTeppa) mpaitmepst WDV-1F/WDV-WRb
TMO3BOJISIOT AMATrHOCTUPOBATH IIeJIeBOH O0GBEKT
(m3osaT WDV PV-0840 DSMZ) BIIJIOTH [I0 Pa3BEIEHNS B
10”° BKRIHOUUTENbHO cO 100%-i IOBTOPAEMOCTbHIO
pesynbTaToB. YYBCTBUTEIBHOCTD TECTOB C TIpaiiMepa-
mMu WDV-WFb/WDV-WRD sgBJIsIeTCS HECKOJIBKO MeHee
BBICOKOM 1 cocTaBjgeT 10, uTo, BepoaTHO, 06yCIIOB-
JIEHO OYeHb OOJIBIION BETUYUHOUN TTPOAYKTA, aMILIU-
puIImpyeMoro sTUMU IpaiMepaMu.

Paspab6oranubsie B Kutae nparimMmepsr WDV-
F/WDV-R (Zhang et al., 2017) mo3BOJSOT aMILTUGUITA-
pOBaTh MpPaKTUYECKU IIOJIHYIO II0CJIe0BATEeIbHOCTh
HYKJIEOTHU/IOB reHa 6eJika 060JI0YKY 11eJIEBOT0 06 BEKTA
3a UCKJIoYeHreM 14 5'-KOHIIeBbIX HYKJIeOTULOB 1 11
3’-KOHIIEBBIX HYKJIEOTUIOB. [10 pe3ynbTaTaM MCIIbITA-
HUH 6BLIO YCTAHOBJIEHO, YTO BTU ITPaiMephl XapaKTe-
pusytorcad 100%-1 cneuUUIHOCTbIO K I1€JIEBOMY
06BbEKTY U TTI03BOJISIIOT AUATHOCTUPOBATH BCE BBISIBJIEH-
Hble U30/AThl ITaMMoB WDV-B 1 WDV-W ¢ uyBCcTBU-
TeAbHOCTHIO 4O 10° BKIIOUUTENIBHO co 100%-it
TIOBTOPSIEMOCTBIO PE3YyJbTAaTOB. JJaHHbIE ITPaliMephI
HamboJiee 11eJ1eCO06Pa3HO UCITOJNB30BATh C HAGOPOM
peareHToB 5x Genta PCR PRIZM ¢pupmbl 'eHTeppa.

[TpoBelleHO TaK)Xe UCIIbITaHue ITpaliMepoB WDV-
H-F/WDV-H-Ru WDV-T-F/WDV-T-R (Trzmiel, Klejdysz,
2018), pa3paboTaHHBIX, COOTBETCTBEHHO, K MEXXT€H-
HOMy y4acTkKy (SIR) msongaroB mramma WDV-B u
y4dacTKy reHa RepA y uzongaroB mrtamma WDV-W. Tlo
pesynbTaTaM IIPOBEeIeHHbIX YKCIIEPUMEHTOB KOHCTA-
THUPOBAHO, UTO mparimepsl WDV-T-F/WDV-T-R MoryT
OBITh PEKOMEHIOBAHbI AJI MPOBeNeHUs IOMIOJHU-
TeJbHBIX ITIOATBEPKIAIONIMX TECTOB HA Hajnuuue WDV
C IEeJIbI0 M3Yy4YEeHUSI TEeHEeTUUYECKUX OCOOEHHOCTEHR Y
BBISIBJISIEMbIX U30JISITOB.

3AKJIOYEHUE

[IpoBemeHHble UCCIELOBAaHUSA MO3BOJIUIU
paszpaboTaTh MeTOAWYECKHEe PEKOMEHAIlUuu I10
BBISIBJIEHUIO U UAeHTU(DUKALIMY BUPyCca KapJInKOBOC-
Ty nmeHubl (WDV), B KOTOPBIX [JIsT TIPOBEIEHUS
0TGOPOYHBIX (CKPUHMHTOBBIX) TECTOB PEKOMEHYeTCS
KUCIIOJIb30BAaTh ONUH M3 CIELYIOILIUX TEeCTOB: METOL
W®A c TecT-cuctemoii K WDV ¢upmel Loewe (Fepma-
Hus) niu Metoz [P B peaJlbHOM BpeMeHU C Impaiime-
pamu u 30HA0M RTIC-F/RTIC-R/RTIC-Probe (Wang et
al., 2016). lyis IpoBeIeHNs TTOATBEPIKIAIOIINX TECTOB
Ha Hajuuue WDV peKOMeHJyeTCd KCIIOJIb30BaTh

VolWD-2; 18 — isolate VolWD-15; 19 — isolate VolWD-
19; 20 — isolate VolWD-20; 21 — isolate VolWD-22; 22 —
isolate VorWD-8; 27 —isolate KrWD-1; 28 — KrWD-2; 30
—isolate AIWD-1;4,10,11,12,13,14,15,23, 24, 25, 26,
29, 31, 32, 33 — healthy plants of wheat, corn, triticale
and barley; -K (water); +K (isolate WDV PV-0840 DSMZ);
+K (isolate WDV +K Loewe)

Subsequent experiments revealed that the WDV-
1F/WDV-WRb and WDV-WFb/WDV-WRb primers
exhibited very high target specificity. No nonspecific
reaction was observed between these primers and
isolates of 12 non-target viruses that infect grain crops
and can occurin mixed infections with WDV. It was also
found that, when used with the Genta PCR PRIZM 5x
reagentkit (GenTerra), the WDV-1F/WDV-WRb primers
enabled detection of the target isolate (WDV isolate PV-
0840 DSMZ) down to a dilution of 10° with 100%
repeatability. The sensitivity of tests with WDV-
WFb/WDV-WRb primers is somewhat less high and
amounts to 10, which is probably due to the very large
size of the product amplified by these primers.

The WDV-F/WDV-R primers developed in China
(Zhang et al., 2017) amplify almost the entire nucleo-
tide sequence of the target virus coat protein gene,
excluding 14 5-terminal nucleotides and 11 3-terminal
nucleotides. Testing showed that these primers are
100% specific for the target virus and enable the
diagnosis of all identified isolates of WDV-B and WDV-
W strains with a sensitivity of up to 10° and 100%
repeatability. These primers are best used with the
GenTerra 5x Genta PCRPRIZM reagentkit.

The WDV-H-F/WDV-H-R and WDV-T-F/WDV-T-R
primers (Trzmiel, Klejdysz, 2018), developed respec-
tively for the intergenic region (SIR) of WDV-B isolates
and the RepA gene region in WDV-W isolates, were also
tested. Based on the results of the experiments, it was
concluded that the WDV-T-F/WDV-T-R primers can be
recommended for additional confirmatory tests for the
presence of WDV in order to study the genetic charac-
teristics of the detected isolates.

CONCLUSION

The conducted studies allowed the development
of methodological recommendations for the detection
and identification of wheat dwarf virus (WDV), which
recommend using one of the following tests for
screening tests: the ELISA method with the Loewe
(Germany) WDV test system, or the real-time PCR
method with primers and probe RTIC-F/RTIC-R/RTIC-
Probe (Wangetal., 2016). For confirmatory tests for the
presence of WDV, it is recommended to use the
classical PCR method with WDV-WFb/WDV-WRb
primers (Abt et al., 2020) or WDV-F/WDV-R primers
(Zhangetal.,2017), developed for the target object coat
protein gene. To conduct additional confirmatory tests
and study the genetic characteristics of the identified
isolates, it is advisable to use the primers WDV-T-
F/WDV-T-R (Trzmiel, T.Klejdysz, 2018), WDV-1F/WDV-
WRb (Abt et al., 2020) and WDV-40F/WDV-806R (Wu et
al., 2008), complementary to the regions of the RepA,
Rep genes and the transport protein of the WDV
genomic DNA, respectively.
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MeToZ, Kjaccuueckou TP c mpaiiMmepamu WDV-
WFh/WDV-WRb (Abt et al., 2020) unu mpaimMepamMu
WDV-F/WDV-R (Zhang et al., 2017), pazpaboTaHHbBIMU
K TeHy 6Geyika 000JIOUKU IIeJeBOT0 o6bekTa. s
MIPOBEeJIeHUS NONOJHUTEIbHBIX TOATBEPKIAOIIUX
TECTOB U U3Y4YeHUS] reHeTUYEeCKUX OCOOEHHOCTEH y
BBISIBJIEHHBIX U30JIITOB Il€JIeCO06Pa3HO UCITOJIb30-
BaTh nmpauMepbl WDV-T-F/WDV-T-R (Trzmiel,
T.Klejdysz, 2018), WDV-1F/WDV-WRb (Abt et al., 2020)
u WDV-40F/WDV-806R (Wu et al., 2008), koMIIJIeMeH-
TapHbIE COOTBETCTBEHHO yyacTKaM IreHOB RepA, Rep u
TpaHCIOPTHOTO 6esika reHoMHOU JHK WDV.

MccnenmoBaHUSA BBINIOJHEHBl B paMKax
locymapcTtBeHHOTro 3amaHud (Per. N© HUOKTP
123022100120-4).
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AHHOTALINA

Tabaunas GeyiokpbuiKa (Bemisia tabaci Genn.) —
OJIVIH W3 KJIIOUEBBIX TIEPEHOCUNKOB (DUTONIATOTEHHBIX
BUPYCOB, MpeXje BCero 6eroMoBUPYCOB (CeM.
Geminiviridae), K KOTOPBIM U OTHOCUTCS BUPYC XKEJITOM
KypuaBocTuJuCcTheB ToMaTa (TYLCV).

B cBsg3u ¢ TeM, uTo TYLCV umeeT putocanuTap-
HBIW CTaTyC U PEryJupyeTrcs B COOTBETCTBUU C
Pemenuem CoBeTa EBpasmiiCKOM SKOHOMUYECKOH
komuccuu oT 30 Hog6ps 2016 r. N2 158, ocobeHHO
Ba)XKHO 00€CIIeUUTh eT0 paHHEee BhISIBJIEHVE U UTeHTU-
(ukamuro. B paMKax HACTOSIIETO MCCIIELOBAHUS OBLIO
MIPUHATO pellleHUe ONpPeLeJUuTh BO3MOXHOCTh
Boigenenus JHK TYLCV u3 ocobeil TabauHOU 6ejo-
KPBLIKY, XPAHANIIUXCS Pa3HbIMY criocobamMu — B 70%-M
pacTBope 3TUJIOBOTO CIMPTA U B 3aMOPOXEHHOM
cocTosgHUU. [IUTaHWe HaHHBIX 0COOEM MPOUCXOMUIIO
Ha pacTeHudax Tomara, 3apakeHHbIX TYLCV. CpaBHU-
BaJiu BeifeneHue [JHK pasHbIMU KOMMeEPUYECKUMU
HabopaMu, TOCJie Yero NMPOBOAUJIMN M3MepeHUe
KoHIleHTpauuu JHK. 3aTeM ocCylleCTBJLJIM I1OCTa-
HOBKY I1LIP B pexxuMe peasbHOrO BDEMEHMU.

JIOTIOJTHUTENIBLHO C 11eJIbI0 aHaIN3a TeHeTUUeCcKon
T0CJIeI0BAaTeIbHOCTU y4YacTKa reHa LIUTOXPOMOKCHU-
masbel B. tabaci mociie BblIeJeHUda ToTajJbHOU HK
cTaBUJIM Kjlaccudeckyto [T P Kk uckoMmoMy hparMeHTy.
Kak mokasaio ucciemoBanue, JHK-IpOayKT GbII
IeTeKTUpPoBaH Ipu o6oux crocobax BbIIEJNEHUS,
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ABSTRACT

Silverleaf whitefly (Bemisia tabaci Genn.) is one of
the key vectors of phytopathogenic viruses, primarily
begomoviruses (family Geminiviridae), which include
tomato yellowleaf curl virus (TYLCV).

Since TYLCV has phytosanitary status and is
regulated in accordance with Decision No. 158 of the
Council of the Eurasian Economic Commission dated
November 30, 2016, it is particularly important to
ensureits early detection and identification. This study
aimed to determine the feasibility of isolating TYLCV
DNA from silverleaf whitefly individuals stored in
different ways —in a 70% ethanol solution and frozen.
These individuals fed on TYLCV-infected tomato
plants. DNA extraction using different commercial kits
was compared, after which DNA concentrations were
measured. Real-time PCRwas then performed.

Additionally, to analyze the genetic sequence of
the B. tabaci cytochrome oxidase gene fragment after
total NC isolation, classical PCR was applied to the
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yKa3aHHbIe METO[bl IPUMEHUMbI Ha TIpaKTuKe. Tak
Kak B ciydae c obpasmaMu TabauHOI OEJIOKPBIIKH,
xpaHamumucs B 70%-M pacTBope 3TaHoJa, HabJroma-
Jn I/IHI‘I/IGI/IpOBaHI/Ie peaKnuu IIPpU BbIOACIEHUU
HabopoM «ITpoba-HK», K UCTI0JIb30BAHNI0 PEKOMEH/TY-
eTcsa HaGop «PuToCopo».

Knrouesuole cnoea. Bemisia tabaci, 6eTOMOBUPYCHI,
TIEPCUCTEHTHO-IIUPKYIITUBHAS TIeperada, UIeHTU-
(ukanus, kKapaHTUH pacTeHui, ITIP.

BBEJEHUE

abaunasa GesokpbuiKa (Bemisia tabaci
Genn.) — oguH 13 HauboJjiee OITaCHbIX
BpeauTesiell CeJbCKOX03IMCTBEHHbBIX
KyJbTYD, SABJSETCS MEPEHOCUYUKOM
IIXPOKOTO0 CIeKTpa (PUTOIaTOTEHHbBIX
BUPYCOB, BKJIIOUAS BUPYCHI cCEMeNCTBa
Geminiviridae. BOAIBIMIUHCTBO
6EeTOMOBUPYCOB IepenanTcs 0eJo-
KPBIJIKOW B MEPCUCTEHTHO-IIUPKYJIITUBHOM, HO
HEMPOHUKAINEM pPEXMUMe: BUPYCHbIE YaCTUIIBI
MIPOXOASIT KUIMEYHUK, TeMoNuM®dy U CIIOHHBIE
JKeJie3bl HaceKOMOTO, B3aMMOIENCTBYsS C GeJKaMu-
NPOBOJHUKAMHU, UTO OmpenesnseT 3hGHEeKTUBHOCTb U
crnenuduuHOCTh nepemauu. Cpeau BUPYCOB CEMEN-
crtBa Geminiviridae Beizenserca Tomato yellow leaf
curl virus (TYLCV) (Ghanim, 2014), BbI3bIBAIOLIUK
cepbe3HbIE TTOBPEXIEHUS PACTEHUM-X035€B, IIPUBO-
IAIIYe K 3HAYUTENbHBIM SKOHOMUYECKUM ITOTEPSIM.
Ero pacnpocTpaHeHUe TIPEICTABJISIET CEPhEe3HYI0
YI'PO3Y JJIsI CEJIbCKOTO XO3SIMCTBA, TOCKOJIBKY CHU)KAET
YPO’KaWHOCTD ¥ KAYECTBO TPOLYKITU Y.

Oco6eHHO OCTPO CTOUT HEOBXOAMMOCTH paspa-
00TKM 5D PEeKTUBHBIX METOLOB AUATHOCTUKU U
PaHHETro BBIIBJIEHUS MAaTOTEHOB, ITO3BOJISIONINX
CBOEBPEMEHHO PearupoBaTh HA BCIIBIIIKYA BUPYCHBIX
nHpEeKIIUN ¥ NPefoTBPallaTh UX AalibHeUIIee
PacrIpoCcTpaHEeHMEe B OTKPBITOM M 3allVII€EHHOM
TPYHTE.

OmHUM U3 KJIFOUEBBIX aCIIEKTOB UAEHTUDUKAITUYN
SIBJIIETCSI BBIJIEJIEHNE HYKJIEMHOBBIX KUCJIOT BHpycCa
13 OpraHu3Ma HaceKOMBbIX-BpenuTeyei. MeTombl
BBIZIEJIEHYST HYKJEWHOBBIX KHCJIOT Pa3JIMYAIOTCSA 10
9 HEKTUBHOCTHU, HAEKHOCTU U IIPOCTOTE UCIIOJHE-
Hud. [T03TOMy BBIOOD ONTHMMAaJIbHOTO METO/ia BaXKEH
ILJIST TIOBBIIIEHUS TOYHOCTM W CKOPOCTY JIMArHOCTU-
YyeCcKOTo IIpoliecca.

LleJib HACTOSIIEro MCCIEeIOBaHUS COCTOSJIA B
CpaBHEHUU JIByX KOMMepUeCKUX HabOpOB [IJs
Boigenenusa JHK TYLCV u3 ocobeil TabauHOI 6eJio-
KPBLIKY, XPAHUBIIVXCS Pa3IMUHBIMU CIIOCOOAMU: B
3aMOPOXXEHHOM COCTOAHUU U B 70%-M CIIMPTOBOM
pacTBope. O1ieHuBasach 3(PHEKTUBHOCTD BbIIEJIEHNI
HK, KOHIIEHTpAaIus MOJyYEHHOTO MaTepuajga U ero
MIPUTONHOCTD IJIS AAaJIbHEUIIEero MOJIEKYISIPHO-
reHeTUYEeCKOTO aHaJiu3a METOJOM IIOJIMMepPa3Hou
nerrHo# peakmuu (TILP).

target fragment. The study demonstrated that the DNA
product was detected using both isolation methods,
and these methods are applicable in practice. Since
inhibition of the reaction was observed with the Proba-
NK kit for silverleaf whitefly samples stored in 70%
ethanol, the FitoSorb kitis recommended for use.

Key words. Bemisia tabaci, Begomoviruses,
persistent circulating transmission, identification,
plant quarantine, PCR.

INTRODUCTION

ilverleaf whitefly (Bemisia tabaci Genn.) is
one of the most dangerous agricultural
pests, it is a vector of a wide range of
phytopathogenicviruses, including viruses
of the Geminiviridae family. Most
begomoviruses are transmitted by whiteflies in a
persistent-circulating, but non-penetrating mode:
viral particles pass through the insect's intestines,
hemolymph, and salivary glands, interacting with
carrier proteins, which determines the efficiency and
specificity of transmission. Among the viruses of the
Geminiviridae family, Tomato yellow leaf curl virus
(TYLCV) stands out (Ghanim, 2014), causing severe
damage to host plants, leading to significant economic
losses. Its spread poses a serious threat to agriculture,
asitreducescropyields and product quality.

There is a particularly pressing need to develop
effective methods for diagnostics and early detection of
pathogens, allowing for a timely response to outbreaks
of viral infections and preventing their further spread
inopenand protected ground.

One of the key aspects of identification is the
isolation of viral nucleic acids from insects. Nucleic
acid extraction methods vary in efficiency, reliability,
and ease of implementation. Therefore, choosing the
optimal method is important for improving the
accuracy and speed of the diagnostic process.

The aim of this study was to compare two com-
mercial kits for the extraction of TYLCV DNA from
silverleaf whiteflies stored in different ways: frozen
and in a 70% alcohol solution. The efficiency of DNA
extraction, the concentration of the resulting material,
and its suitability for subsequent molecular genetic
analysis using polymerase chain reaction (PCR) were
assessed.
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Ta6J1. 1. CocTaB peaKI[IMOHHOI cMecHu
JJI IPOBeeHUA aMILIuuKaIun
Table 1. Composition of the reaction
mixture for amplification

PeareHT 06BeM, MKJI
Reagent Volume, ul

PeakiimoHHasa cmech TYLCV BIIK

TYLCV vPK reaction mixture Y

SynTaq (BIIK-mosiumMepasa) 05

SynTaq (VPK polymerase) :

Boga Beicokoounuiennasa (DNA-free) 17

Water, highly purified (DNA-free)

IHK

DNA 2.0
MATEPUAJIBIUMETO/bI

In4a Beigenenva JHK u3 aHanusupyeMbIX HACEKO-
MBIX WCIIOJIb30BAJIN CJIEAYIOle Habophl PeareHTOR:

— «IIpo6a-HK» (OO0 «ArpommarHOCTHKa»,
Poccust) — Habop peareHTOB IS BBIAEJIEHUS TOTAJIb-
Ho¥t JHK it o6pasiioB pacTUTENbHOTO MaTepuala,
HauboJiee YacTO MIPUMeHIeMblil 1715 BeifeseHus JHK
BUPYCOB. MeTOJi, OCHOBaH Ha 9KCTPAKIIUU HYKJIENHO-
BBIX KMCJIOT C TIOMOIIbI0 XUMUYECKUX COeIUHEeHNH 6e3
COpOEHTOB;

— «®utoCopb» (000 «CuHTOI», Poccust) — HAGOP
pearenToB 14 Beigenenud JHK u PHK u3 pactuTesns-
HOTro MaTepuaJjia (Ha MarHUTHBIX YaCTHUIIAX). MeTou-
ka Boimenenusa JHK u PHK ocHoBana Ha copbiiuu JTHK
u PHK Ha TOKPBITBIX CUJKMKaArejgeM MarHUTHBIX
YacTUIAX C MOCTeAYIONINM OCaXAeHUEM IPEUTUTHA-
PYIOIIUM peareHToM.

Boipenenue HK npoBoguiu 1o npujiaraeéMbIM K
HabopaM UHCTPYKLUAM GUPM-TIPOU3BOAUTENEN.

CMBIB c ocoGeii Bemisia tabaci

Bpanu ocoGeli TabauHO¥ GEJIOKPBLIKM, ITUTAIO-
LMXCSI Ha PacTeHusAX ToMarta, 3apaxeHHoro TYLCV,
4TO GBbLJIO MOATBEPXKIEHO METOJAMU, YKa3aHHbIMU B
MeTonYeCKUX PEeKOMEHAAIUIX AJIS BhIIBIEHUS U
uneHTUUKALINY JaHHOrO Bupyca (MP BHUMKP 39-
2015). ITomemanu ocobelt B Ipobupky o6bemom 1,5
MJI, 06aBIsIIM B Tpo6upKy 500 MKJI 9KCTParupyrolie-
ro 6ydepa, uaky6upoBasu B TeueHue 40 MUH C
MePUOIVYECKUM BCTPSIXMBAHUEM.

[MTocnenyioiee BhifesieHre Habopamu «IIpoba-
HK» 1 «®utoCop6» 0CyIeCTBIILIN COTIIACHO UHCTPYK-
WY TPOU3BOILUTENS.

[Tocne sTamna BbIJeJeHUS KOHIEHTPAIUI U
YUCTOTY dKCTparupoBanHou [JHK ompemensnu Ha
crekTpodoTomeTpe NanoDrop 2000 (Thermo Fisher,
CIIIA) mjisi KOJIMUecTBeHHOTO ompenenenuss JHK B
TPeXKPaTHOU MOBTOPHOCTH.

Il TIpoBeIeHU S aMIIM(DUKAIIUY UCTIOJb30BaJIU
Habop peareHTOB AJs quarHoctuku JHK 6eroMmoBupy-
coB komnaHuu «CuaTON» (JIo3oBag E.H. u ap., 2023).
CocTaB peakIIMOHHON CMeCcH MpeACcTaBJieH B Tabu. 1.

AmrmuuKauo MPOBOAWIY Ha TEePMOIUKIEPE
BioRad CFX 96 (CIIIA). YciaoBus IpuBeIeHbl B Ta0JI. 2.

IIOTIOTHUTEJIbHO B KauecTBe KOHTPOJISI BbIZee-
Hug IHK TYLCV u3 HaceKOMBIX KCIToJib30oBaJiu [T1IP ¢
ImpaiMepaMm K y4acTKy TeHa I[UTOXPOMOKCUIIA3bI
(COI) TabauHOM 6€JTOKPBIIKY. [IPOBOIMIIN ITIOCTAHOBKY
kjaccuyeckoyt TP ¢ yHuUBepcalbHOU IpaliMepHOU
cucteMo#r S1859/A2191 (Garner, Slavicek, 1996;
Schreiberetal.,1997) (cM. Tabi. 3, 4).

MATERIALS AND METHODS

The following reagent kits were used to extract
DNA from the analyzed insects:

— Proba-NK (Agrodiagnostika LLC, Russia) — a
reagent kit for the extraction of total DNA from plant
material samples, most commonly used for the
isolation of viral DNA. The method is based on the
extraction of nucleic acids using chemical compounds
without sorbents;

— "FitoSorb" (Synthol LLC, Russia) is a reagent kit
for the extraction of DNA and RNA from plant material
(using magnetic particles). The DNA and RNA extrac-
tion method is based on the sorption of DNA and RNA
onto silica-coated magnetic particles followed by
precipitation with a precipitating reagent.

The isolation of NA was carried out according to
the instructions supplied with the kits by the manufac-
turers.

Washing from Bemisia tabaci

Silverleaf whitefly individuals were collected
feeding on TYLCV-infected tomato plants, which was
confirmed using the methods specified in the
Methodological Recommendations for the Detection
and Identification of this virus (MR VNIIKR 39-2015).
Individuals were placed in a 1.5 ml test tube, 500 pl of
extraction buffer was added to the tube, and the tube
was incubated for 40 minutes with periodic shaking.

Subsequent isolation using the Proba-NK and
FitoSorb kits was carried out according to the manufac-
turer'sinstructions.

After the extraction step, the concentration and
purity of the extracted DNA were determined using a
NanoDrop 2000 spectrophotometer (Thermo Fisher,
USA) for DNA quantificationin triplicate.

For amplification, a "Synthol" reagent kit for
diagnostics of begomovirus DNA was used (Lozovaya
E.N. et al.,, 2023). The composition of the reaction
mixtureis presentedin Table1.

Amplification was performed on a BioRad CFX 96
thermal cycler (USA). The conditions are given in Table 2.

Additionally, PCR with primers to the cytochrome
oxidase (COI) gene region of the silverleaf whitefly was
used as a control for the extraction of TYLCV DNA from

Ta6.1. 2. YeaoBua aMITuGUKALIMH OJ1s
Jetexkuuu TYLCV Ha6opom Tomato yellow
leaf curl disease-PB («CuHTOJI», Poccusa)
Table 2. Amplification conditions for
detection of TYLCV using the Tomato
yellow leaf curl disease-PB kit (Synthol,
Russia)

VYesioBus aMILIU hUKanu
Amplification conditions

JTarnbl ToC t, MUH HuKJIbI
Stages t, min Cycles
IlepBUYHAA JeHATypaLUsa 95 5:00 1
Primary denaturation ’
eHaTypanusa
Aenarypan 95  0:15
Denaturation
50

OT:KHT IPaiiMepoB

i lel 60 0:40

Primer annealing
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Ta6.1. 3. [TocjieoBaTEJIbHOCTD IIpaiiMepHoii crcTeMbl S1859/A2191
Table 3. Sequence of the S1859/A2191 primer system

IIpaiiMepsl ITocsiegoBaTeJIbHOCTD IIpaiiMepa Pa3mep NpoAiyKTa, M.0.  MICTOYHHUK

Primers Primer sequence Product size, p.b. Source

S1859 5’-GGAACIGGATGAAC(A/T)GTTTA(C/T)CCICC-3’ Garner, Slavicek,
350 1996; Schreiber

A2191 5-CCCGGTAAAATTAAAATATAAACTTC-3’ etal.,, 1997

Ta6. 4. CocTaB peakIlUOHHOI cMecH

JIJIS IPOBEIeHUd aMILINpUKaIUN

c mpaiiMepHoii cucTemoii S1859/A2191

Ha (pparmeHT reHa COI (1Ha 25 MKJI peaKI1m)

Table 4. Composition of the reaction mixture
for amplification with the S1859/A2191
primer system for the COI gene fragment

(per 25 pl of reaction)

PeareHT 06 BbeM, MKJI
Reagent Volume, pl
5x Screen mix HS 50

5x Screen mix HS ’

S1859 npaiimep, 10 pmol 05

S1859 primer, 10 pmol !

A2191 npaiimep, 10 pmol s

A2191 primer, 10 pmol ’

Boga

Water 17

JHK

DNA 2

[TLIP mpoBomuau B aMmiaudurarope ProFlexTM
PCR System (Cmuramyp, Thermo Fisher Scientific).
YcioBUS TPUBEIEHBI B TAOJI. 5.

[Tocne amnnudukanuu 5 Mg [MIP-npoaykTa
packanbeiBajau B JyHKU 1,5%-T0 arapo3HOro rejd ¢
6pomucTeiM aTUAUEM B 0,5x TBE-6ydepe, pazmesnsiiu c
IIOMOIIbI0 BJIeKTpodopesa, paccMaTpUBaIuU U
doTorpadupoBanu mom YP-cBeToM. ITosydueHHBIN
npoaykKT [TIP ncnosip30oBaiu 4Ji1 CEKBEHUPOBAHM .

[Tepen cekBeHMPOBAHUEM IIPOBOJNUIUA OUYUCTKY
AMIJINKOHOB C KCIIOJIb3OBAHUEM KOMMEPUYECKOTO
Habopa DNA Purification Kit komnanuu Thermo Fisher
(CIIIA). CekBeHUPOBaHME OCYNIECTBIISIIN COTJIacHO MP
BHVUWKP 116-2018 Ha reHeTUYECKOM aHaJIU3aTOPE
Genetic Analyzer AB-3500 (Applied Biosystems, CIIIA).

Ilns m3ydeHus BUIOBOY MpuHazjexxHoctyu JHK
ob6pasiia MpoBOAUIY TIEPBUYHOE CPaBHEHUE TTOJTyUeH-
HBIX TIOCJIeIoBaTEeJIbHOCTEH ¢ 6a30¥ JaHHbIX [eHBaH-
Ka Cc nmomoublo MHTepHeT-pecypca NCBI BLAST.
[Tocnepyoulyio IPOBePKYy, peJaKTUPOBAaHUE U
BBIPAaBHUBaHUE I10 pehepeHCHOU MoceloBaTeNbHOC-
TU 13 'eHBaHKa II0CJIeN0BATEIbHOCTEHN BBIIIOJHSIIN B
penakTope «BioEdit version 7.0.5.3».

PE3VJIBTATBI 1 OBCYKJIEHUE

CpelHue 3HAUeHUs OIpeesieHUusI KOHIeHTpa-
nuu u kKospdurunreHTa KavyecTBa BhIJEJIEHHOU
ToTanbHOU HK TpuBeieHbI B Ta61. 6. OI[eHKY KauecTBa
9KcTparvpoBaHHol JIHK mpoBoauau Ha OCHOBAHUU
U3MEPEHUs OMNTUUYECKOHN IJIOTHOCTU pacTBopa JHK
npu 280 u 260 HM. I9 KaueCTBEHHO OUYMILEHHBIX
06pas1oB JITHK cooTHOIIEHNE ONTUYECKUX INIOTHOCTEH,

Ta6J. 5. YejioBusa aMmiin(pukamuu
t¢parmenTa resa COI ¢ mpaiimepHoii
cuctemoii S1859/A2191

Table 5. Conditions for amplification of the
COI gene fragment with the S1859/A2191
primer system

VYesoBus aMiugukanuu
Amplification conditions

JTamnsl ToC t,Mua  IIuKJIBI
Stages t, min Cycles
ngnnqﬂaﬂ p,ena'.rypaunﬂ 95 10:00 1
Primary denaturation

(S
Alenatypauus 95 0:15
Denaturation
OTx aliMmepo

et 55 0:30 35
Primer annealing
JJoHranua 79 1:30
Elongation ’
PDuHAJIbHAA 3JIOHTalUsA

72 3:00 1

Final elongation

* Tlpumeuanue: T, °C — TeMmmepatypa B rpamycax
Llenbcus; t, MUH — BpeMs B MUHYTaX

*Note: T, °C — temperature in degrees Celsius; t, min —
time in minutes

insects. Classical PCR was performed with the univer-
sal primer system S1859/A2191 (Garner and Slavicek,
1996; Schreiberetal., 1997) (see Tables 3 and 4).

PCR was performed in a ProFlexTM PCR System
(Singapore, Thermo Fisher Scientific). The conditions
arelisted in Table 5.

After amplification, 5 pl of the PCR product was
pipetted into wells of a 1.5% agarose gel containing
ethidium bromide in 0.5x TBE buffer, separated by
electrophoresis, examined, and photographed under
UV light. The resulting PCR product was used for
sequencing.

Before sequencing, amplicons were purified
using a commercial DNA Purification Kit from Thermo
Fisher (USA). Sequencing was performed according to
MR VNIIKR 116-2018 on a Genetic Analyzer AB-3500
(Applied Biosystems, USA).

To determine the species identity of the DNA
sample, an initial comparison of the obtained
sequences with the GenBank database was performed
using the NCBI BLAST online resource. Subsequent
verification, editing, and alignment with the GenBank
reference sequence were performed using BioEdit
version 7.0.5.3.
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Tab6J1. 6. CpaBHEeHUE METOI0B BbiziesieHus JJTHK
Table 6. Comparison of DNA extraction methods

o}

o

4 «IIpoGa-HK» «®urtoCop6»

£ Proba-NK FitoSorb
g gcéo KoH1eHTpanus, IToka3saTeJb KoHIleHTpauus, Ioka3aTesb
55 Nem/m HI/MKJI 260/280 HM Ne n/m HI/MKJI 260/280 HM
=da N Concentration, ng/ul  Indicator 260/280 nm N2 Concentration, ng/ul  Indicator 260/280 nm
EE’ 1 34,7 2,01 1 22,3 1,88
E 3 2 29,1 2,04 2 25,4 1,96

(0]
E_‘gi 3 31,6 1,95 3 34,3 2,07
EE 4 33,7 2,00 4 21,5 2,00
Q
&2 5 26,3 1,93 5 32,5 2,08

« 6 39,2 1,80 6 23,2 1,89
- QO
ég 7 41,3 2,03 7 31,7 1,98
Q
£ 8 43,5 2,05 8 34,8 2,13
2 c
g “S’ 9 37,4 2,04 9 27,8 1,95
5]
o & 10 34,2 1,89 10 41,3 2,02
- L

. - xf /
= _p._;/ — e =

a

Puc. 1. Pesynbtatsl MLP-PB c uccnepyembiMu obpasuamm
TabayHoI 6enoKpbINKKU: cneBa — BblaeneHne Habopom «Mpoba-
HK», cnpaBa — «®uTtoCop6», roe FAM — TYLCV (cneumduuHbli
reH) (cuHun); HEX — BHYTPEHHMI NOJIOXKUTENbHbIA KOHTPOJIb
(3eneHbin)

MoJIly4eHHBIX NIpu 260/280 HM, AOJXXHO OBITH B
uHTepBase 1,8—-2,2. Bojiee HU3KUY TOKa3aTeIb MOXKET
yKa3bpIBaTh Ha HaJU4Me 3HAUYUTEJIbHOTO KOJIWYECTBA
6eJIKOBBIX TpUMece, (heHOJIOB WJIM JPYTUX KOHTaMU-
HAQHTOB, KOTOPble CUJIBHO IMOTJOIIAIT CBET IIpU
280 HM, UTO TOBOPUT O BO3MOKHOM 3aTrpPsi3HEHNY 06pasiia
OCTaTKaMU BEIeCTB I10CJIE ITPOLeCCa SKCTPAKIUU.

PesynpraTs! [1LP-peaknuu ¢ MCHOJIb30BaHUEM
Habopa «duToCopb» TTOKA3aJIU YCIIEIIHOE BhISIBIEHTE
neyieBoil mociaepmosareabHocTu JHK TYLCV, uTo
MOATBePXKAaeT 3(PPeKTUBHOCTh METO/IA SKCTPAKIUU.
HanpoTtus, nmpuMeHeHue Habopa «IIpo6a-HK» He
[10Ka3aJio pe3yJibTaTa B OTHOIIEHUU 3aCIIUPTOBAHHBIX
06pa31i0B, UTO yKa3bIBaeT HA BO3MOXXHOE UHTUOUPO-
BaHve peakuuu [P uny HELOCTAaTOUHYIO OYUCTKY
06pa3s1oB (cM. Tab. 7, puc. 1).

[To pesynbTaTaM ITOCTAaHOBKY KJIacCUUecKoi [TLIP
c rmpariMepHol cucteMoit S1859/A2191 Ha hparMeHT
resa COI JHK npoiyKT aMIIupUIIIPOBaJICS YCIIEITHO
U B ciyudae BbiIejeHUus Habopom «IIpo6a-HK», u B
cirydae BhIZiesieHus HabopoM «durocopb (cM. puc. 2).
Jnunra nonydyeHHoro npogykra [1IIP cocTaBiger
npuMepHO 350 11.0.

Fig. 1. Results of RT-PCR with the studied silverleaf whitefly
samples: on the left — isolation by the Proba-NK kit, on the
right — by the FitoSorb kit, where FAM is TYLCV (specific gene)
(blue); HEX is the internal positive control (green)

RESULTS AND DISCUSSION

The average values for the determination of the
concentration and quality factor of the isolated total NA
are presented in Table 6. The quality of the extracted
DNA was assessed by measuring the optical density of
the DNA solution at 280 and 260 nm. For high-quality
purified DNA samples, the ratio of optical densities
obtained at 260/280 nm should be in the range of
1.8-2.2. A lower value may indicate the presence of
significant amounts of protein impurities, phenols, or
other contaminants that strongly absorb light at 280
nm, indicating possible contamination of the sample
with residues from the extraction process.

The PCR results using the FitoSorb kit demon-
strated successful detection of the target TYLCV DNA
sequence, confirming the effectiveness of the
extraction method. In contrast, the Proba-NK kit failed
to detect alcohol-preserved samples, indicating
possible inhibition of the PCR reaction or insufficient
sample purification (see Table 7, Fig. 1).
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Ta6.1. 7. Pe3yabTaTsl [IL[P-PB c HcciIieAyeMbIMH 06pa3iaMiu Ta6auHoi 6eJTOKPhLIKH: CJIEBA —
BbIZieJieHMe Ha6opoM «IIpo6a-HK», ctipaBa — «®@utoCopo»

Table 7. Results of RT-PCR with the studied samples of silverleaf whitefly: on the left -
isolation by the Proba-NK kit, on the right — by the FitoSorb kit

Ne /it OGpa3ser, Cp, FAM Cp, HEX Ne i/m OGpa3ser, Cp, FAM Cp, HEX

Ne Sample Av, FAM Av, HEX Ne Sample Av, FAM Av, HEX
E 3 1 1 N/A 31,95 1 1 11,60 32,45
E 3 2 2 N/A 33,15 2 2 11,85 33,57
55 qé 3 3 N/A 32,54 3 3 12,13 33,20
Eig 4 4 N/A 32,82 4 4 12,10 33,45
5\?% 5 5 N/A 33,81 5 5 12,35 32,21
g , 6 6 11,72 34,36 6 6 11,77 32,42
£ Ex 7 7 10,65 33,14 v 7 12,58 33,48
%E z 8 8 11,45 34,20 8 8 12,07 32,77
%é 2 9 9 15,08 32,89 9 9 12,19 32,62

S

Mo & 10 10 11,87 33,88 10 10 12,26 32,49
E ! K+ 32,82 33,69 11 K+ 33,97 33,73
&% 12 K N/A N/A 12 K N/A N/A
58 13 X N/A N/A 13 K N/A N/A

[Tpumeuanue: FAM — ¢pparmenT reHa (TYLCV) (1o kanamy dayopectieHiuu FAM/Green); HEX — BHYTPEHHUH ITOJIOXKY -
TeJIbHBIN KOHTPOJIb (BIIK) (110 Kanamy diyopeciieniiuyu R6G/HEX)
Note: FAM is a gene fragment (TYLCV) (using the FAM/Green fluorescence channel); HEX is an internal positive control

(IPC) (using the R6G/HEX fluorescence channel)

M o 011

Puc. 2. nekTpocoperpamma knaccuueckom MNLP

c npaiMepHon cuctemon S1859/A2191, roe 1-10 -

BuAbl Bemisia tabaci: ¢ 1-ro no 5-i — BbigeneHHble HAa6opom
«Mpob6a-HK», c 6-ro no 10-i1 — BblaeneHHble HabopoM
«®@utoCopb», 11 — NONOKUTENBHbIA KOHTPONb, K™ —
oTpUuATENbHbIV KOHTPOJb, M — MapKep MOJIEKY/IIPHOIO Beca

Fig. 2. Electropherogram of classical PCR with the
S1859/A2191 primer system, where 1-10 are Bemisia tabaci
species: 1-5 isolated with the Proba-NK kit, 6-10 isolated
with the FitoSorb kit, 11 is the positive control, K is the
negative control, M is the molecular weight marker
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Tao6J1. 8. Pe3ybTaThl CEKBEeHUPOBaHUA yuacTka reHa COI BugoB Bemisia tabaci
Table 8. Results of sequencing of the COI gene region of Bemisia tabaci species

Nen/m  Pe3yJabTaT MccjiefOBaHUS (MCIIBITAHUS) IokpbiTHE HNaeHTUYHOCTDh
N2 Study (test) result Coverage Identity
1 Bemisia tabaci isolate 100% 99,06%
2 Bemisia tabaci isolate 98% 99,08%
3 Bemisia tabaci isolate 100% 99,08%
4 Bemisia tabaci isolate 94% 92,72%
5 Bemisia tabaci isolate 100% 99,08%
6 Bemisia tabaci isolate 100% 99,38%
7 Bemisia tabaci isolate 99% 98,77%
8 Bemisia tabaci isolate 98% 99,08%
9 Bemisia tabaci isolate 99% 98,43%
10 Bemisia tabaci isolate 98% 99,04%

ITo pesysibTaTaM CEKBEHUPOBAHUS ObLIN TOJTyYe-
HBI [I0CJIeIOBaTEJIbHOCTU ydyacTka reHa COI BumoB
Bemisiatabaci. laHHbIE TIPeICTABIEHBI B TA6JI. 8.

Kak nokasajso uccuaeposanue, JHK-IponykT
BBIJIEJIUJICS aHAJIOTUYHO B 060UX CIrioco6ax 3KCTPak-
1uu, 06a Habopa IPUMEHUMBI Ha ITPaKTUKe. Tak Kak B
cirygae ¢ obpasiamMu TabavyHOM GeJOKPBIIKY, XPaHS-
mumucsa B 70%-M pacTBOpe 5TaHOJA, HAGIIIAIOCh
UHrubrUpoOBaHME PeaKIUyW MPU BblJejieHUuU HabopoM
«ITpob6a-HK», K UCIIOJIb30BaHUID PEKOMEHJYETCI
Ha6op «®uToCopb».

3AKJ/IIOYEHUE

[To pesynbraTam uccienoBanusd JJHK HaceKOMbIX
U BUpYyCa BBIAEJNUJINCH OLUHAKOBO, 06a Habopa
MMPUMEHUMBI Ha MpakTuKe. OMHAKO MPU BbIIEJIEHUN
HabopoM «IIpoba-HK» B cBA3U ¢ MHTUOMPOBAHUEM
[IIIP ¢ mpaliMepaMu [OJis BBIIBJIEHUS TabauyHOU
OEJIOKPBIIKA TIPU TECTUPOBAHUM 00pasIloB, XpaHs-
muxcs B 70%-M pacTBOpeE 3TaHOJIA, K UCII0JIb30BAHUI0
pexomeHayeTcs Habop «PuToCop6».
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According to the results of classical PCR with the
S1859/A2191 primer system on the COI gene fragment,
the DNA product was successfully amplified in the case
ofisolation with both the Proba-NK kit and the Fitosorb
kit (Fig. 2). The length of the obtained PCR product is
approximately 350 bp.

Based on the sequencing results, the sequences of
the COI gene region of Bemisia tabaci species were
obtained. The dataare presentedin Table 8.

The study showed that the DNA product was
isolated similarly using both extraction methods, and
both kits are applicable in practice. Since inhibition of
the reaction was observed with the Proba-NK kit for
tobacco whitefly samples stored in 70% ethanol, the
FitoSorb kitisrecommended for use.

CONCLUSION

Based on the study results, insect and viral DNA
extraction was identical, and both kits are applicable.
However, due to inhibition of PCR with silverleaf
whitefly primers when testing samples stored in 70%
ethanol, the FitoSorb kit is recommended for use with
the Proba-NK Kit.
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POCTPETyIUPYIOUUX BEIIEeCTB UCITOIb30BaIN «[TaHy»
(amuHOKMCHOTHI), «['ymMaT Kanus» (TyMUHOBBIE
BelllecTBa), «Amacui» (KpeMHUi), «AxkBamMukc, CT»
(MUKPOYIOOPEHUST) U «ITIUH IKCTPa» (PUTOTOPMOHBI).
BBlJIO yCTaHOBJIEHO, YTO MPUMeHeHUEe TepOUIIUIOB
BBI3BIBAJIO CHIU)KEHMNE aKTUBHOCTU (DOTOCHHTE3a
pacTeHmii BcpenHeM Ha 43 efl., wiu 13%, B cpaBHEHUU
¢ KOoHTpoJieM. Uepes IeHb 11ocyie 06paboTKY yCTaHOB-
JIEH KPUTUYECKU TIEPUOZ, IJIST KYJIbTYPhI B YCIOBUIX
repOUIIMIHOTO CTPecca, 0 YeM CBUMIETEJIbCTBYIOT
CcaMbl€ HYM3KME 3HAYECHUI N-TeCTepa, IIOJIy4Y€HHBIE Ha
MIPOTSKEHUH BCETO OITbITA. BBISIBIIEHO, UTO Uepes IeHb
mocyie 06paboTKM aKTUBHOCTH (POTOCUHTE3A ¥
pacTeHuil Ha repbunumge cHu3mgach Ha 20% 1O
CPaBHEHMIO C BapuaHTOM 6e3 06paboTku. JJobaBieHme
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ABSTRACT

The aim of this study was to evaluate the effects of
tank mixtures of herbicides and various growth-
regulating agents on spring wheat plants during the
growing season. The pot experiment was conducted at
the Moscow Timiryazev Agricultural Academy. The
spring wheat variety Lyubava was chosen as the object
of the study. The test crop was treated with tank
mixtures of herbicides and growth-regulating agents
during the tillering stage. The herbicides used were
Bomba, SE, and Ballerina, as well as VDG, which inhibit
the formation of acetolactate synthase, an enzyme
involved in the synthesis of essential amino acids.
The growth-regulating agents used were Panch
(amino acids), Potassium Humate (humic substances),
Apasil (silicon), Aquamix, ST (microfertilizers),
and Epin Extra (phytohormones). Herbicide applica-
tion was found to reduce plant photosynthetic
activity by an average of 43 units, or 13%,
compared to the control. A critical period for the
crop under herbicide stress was established one day
after treatment, as evidenced by the lowest N-tester
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K TepOuIumaM POCTPETYIUPYIOIIUX IPernapaToB Ha
OCHOBE TYMUHOBBIX BEIIIECTB, KPEMHUS U (PUTOTOPMO-
HOB CYIIECTBEHHO He TIOBJIUSJIO Ha CTAOMIU3AIIUIO
MTPOJYKIITMOHHOTO TIPOIlecca pacTeHui. VCcroab30Ba-
HUEe MUKPOYNOOpPEeHWIl M aMUHOKMUCJIOT B CMECSX C
repOUIIIaMy IIOJIOXKUTENBHO BIMSJIO Ha IIOKasaTe-
JIM Ka4yecTBa ypoxXkas. B BapuaHTe ¢ NIpUMeHeHUeM
aMMUHOKUCJIOT coflepkaHue Gesika B 3epHE OoTMeda-
JIOCh Ha YPOBHE KOHTPOJIbHBIX 3HAYEHUH, B TO BpeMs
KaK B BapuaHTax C JAPYTUMU POCTPEryJIUPYyOIIUMU
npernapaTaMu OHO ObLIO HMke Ha 1,8-2,3%. Takum
o6pasoM, AJs MOAAepPXKaHUS MPOAYKIIMOHHOTO
rmpolecca ¥ COXpaHeHWs MOTeHIIrajla PacTeHWU B
YCJIOBUSX HEOJIArONMPUATHBIX (PaKTOPOB PEKOMEHIY-
eTcsd K repbunmaHbeiM 06paboTKaM m06aBISATH
POCTpErylnupymooIue MMpernapaTbl Ha OCHOBE aMWHO-
KUCJIOT U MUKPOYA0OPeHN B XeJIaTHOU (hopMe.

Knrouesoie cnosa. DUTOTOKCUUYHOCTD, FepPOUIIII-
HBIM CTpecc, 3acyXa, aMUHOKMCJIOThI, TYMUHOBBIE
BeIlleCTBa, KPEMHUM, MUKPOYZOOpeHus1, putoropmo-
HBbI, BeFeTaHI/IOHHbIﬁ OIIBIT.

BBEJEHUE

epOUIIUAHBIN CTPECC — 3TO OTPHUIIA-
TeJIbHOE BO3AEHCTBUE TePOUIINIOB Ha
POCT ¥ pasBUTHE BO3IEJbIBAEMOK
KYJIbTYPbl, KOTOPOE MOXET IIPUBECTU
K CHVDKEHUIO YPOXKAHOCTU U Kavec-
TBa NPOAYKIUU. [I[puuuHamMu
rep6UNIUAHOTO CTpecca MOTYT
CITY’KUTb HEBEPHBIN BBIOOP ITperapa-
Ta ¥ HOPM ero IMpUMeHeHUs, HapylleHue CPOKOB
06paboTku, HebJATONPUATHBIE KJIUMaTUUYeCKUe
yCJIOBUS OJis PAacTeHUU, UCTOJib30BaHUEe 6aKOBBIX
cMecel U3 HECOBMECTUMBbIX KOMIIOHEHTOB U PeaKIIus
repbuIiuga ¢ OCTaTOYHBIMU BeIlleCTBAMU B IOYBE.
OUTOTOKCUYHOCTD repbuiinga, 0CO6eHHO B CUHEPTUU
C TaKUMU HETaTUBHBIMU a6MOTUYECKUMU (DaKTOPaMHU,
KakK 3acyxa WM MepeyBJa)KHEHUe, BIeUYeT 3a coboi
pa3sBUTHE MIPOSBIEHUS OKMCIMTEJIbHOTO CTpPecca.
YpesMepHOe 06pasoBaHre aKTUBHBIX (DOPM KUCIIOPO-
na (A®K) mpuBoAuT K AucOaiaHCy MEeXIy KOJUdec-
TBOM ADK 1 HEUTPAIM3YIOIIUX UX AHTUOKCUAAHTAMMU.
[ToBpeXXIeHNE KJIETOUHBIX KOMITOHEHTOB ITOCPEICTBOM
A®DK ByieueT 3a c0601i rubesb KIETKU U BCETO OPTaHU3-
Ma (XozeeBa u 1p., 2020). Ciayuyau repOUIIUIHOTO
cTpecca GbLINM OMHCAHBI B PA3TUYHBIX MTyOJUKAIIUAX.

BhIIBIEHO, YTO XuUMHUUYeckas o6paboTka B
COBOKYIHOCTU C abUOTUYECKUMU (paKTopaMu
[OJlaBJisijia POCT U PasBUTHE CEIbCKOXO3IMCTBEH-
HBIX KYyJbTYp U CHUXAJa UX MPONYKTUBHOCTD.
(UruaTenko, 2005; IBopsaHKUH, 2019). [IJ15 CHU)XKEHUS
HEraTUBHOTO JEeUCTBUS OT TepPOUIUIO0B MOTYT
MIPUMEHATHCSI POCTPETyJUpPYyIoliKe MMpemapaTh
PaBINYHON XUMUYECKOW MpUpoAbl. OTMEUYeHO, UTO
06paboTka CEMEHHOr0 MaTepuansa GMOCTUMYJISITOPa-
MU TIPUBOAUT K CHM)KEHUIO YPOBHS TOKCUYHOCTHU OT
TIpUMEHeHUs CPEeJCTB 3allUThl pacTeHu (Gugata, M.
et al., 2018; Motamedi, M. et al., 2022). JIOIIOJIHUTEIb-
HOe TIpUMeHeHUe PEeryJsaToOpoB pocTa B paMKax
TIPOM3BOZICTBA OBIBAET 3aTPYAHUTEIHHO W 3aTPATHO.
PellieHreM IIPOOBJIEMbI MOXKET ITOCTYKUTh MCIIOIb30-
BaHue 6akoBbIX cMecell (BapkoB, EdpeliTopoBa,

values obtained throughout the experiment. It was
found that one day after treatment, photosynthetic
activity in plants treated with the herbicide decreased
by 20% compared to the untreated control. Adding
growth-regulating agents based on humic substances,
silicon, and phytohormones to the herbicides did not
significantly affect the stabilization of plant produc-
tion. The use of micronutrient fertilizers and amino
acids in mixtures with herbicides had a positive effect
on crop quality. In the amino acid treatment, grain
protein content was observed at the control level, while
in treatments with other growth-regulating agents, it
was 1.8-2.3% lower. Thus, to support the production
process and preserve the potential of plants under
unfavorable conditions, it is recommended to add
growth-regulating preparations based on amino acids
and micronutrients in chelated form to herbicide
treatments.

Key words: phytotoxicity, herbicide stress,
drought, amino acids, humic substances, silicon,
micronutrients, phytohormones, pot experiment.

INTRODUCTION

erbicide stress is the negative impact of

herbicides on the growth and development

of a cultivated crop, which can lead to

reduced yield and product quality.

Herbicide stress can be caused by
improper product selection and application rates,
improper application timing, unfavorable climatic
conditions for plants, the use of tank mixtures of
incompatible components, and the reaction of the
herbicide with residual substances in the soil. Herbhi-
cide phytotoxicity, especially when combined with
negative abiotic factors such as drought or
waterlogging, leads to the development of oxidative
stress. Excessive formation of reactive oxygen species
(ROS) leads to an imbalance between the amount of
ROS and the antioxidants that neutralize them.
Damage to cellular components by ROSleads to cell and
organismal death (Khozeeva et al., 2020). Cases of
herbicide stress have been described in various
publications. It was found that chemical treatments in
combination with abiotic factors suppressed the
growth and development of agricultural crops and
reduced their productivity (Ignatenko, 2005;
Dvoryankin, 2019). To reduce the negative effects of
herbicides, growth-regulating preparations of
various chemical natures can be used. It has been
noted that the treatment of seed material with
biostimulants leads to a decrease in the level of
toxicity from the use of plant protection products
(Gugata, M. et al., 2018; Motamedi, M. et al., 2022).
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2025; KpouioBa, KpoLios, 2024). B kauecTBe aHTUIO-
TOB B Pa3JIUYHBIX ITyOJUKAIIMAX U3YUEHO BIIUSHUE
MOMUDYHKIITMOHAJBHBIX PEryJsSITOPOB POCTa pacTe-
HUM. OHU BBITIOJHSAIOT KOMIIEHCATOPHY0 (DYHKITUIO 38
cueT CTUMYJIUPOBAHUS KOMILJIeKCa OGUOXuMUUec-
KMX TIPOIECCOB, KOTOpPhIe OBbIJIM HAapyUIeHbl IO,
BIMSHUEM repbunupmHoro crpecca (Haymos, 2019).
AHTHCTpPECCOBOE IEeWCTBUE PETYJNSITOPOB POCTa B
6aKOBO CMeCHU OTIPeiesIIeTCsI KOMILIEMEHTaPHOCTHIO
KOMIIOHEHTOB, TT03TOMY BaXXHO U3YUUTH MHOXECTBO
BapMaHTOB KOMOMHAIIU BEIECTB.

IleJib JaHHOTO HMCCJEAOBAaHUSA — OlleHKa
BIUSHUS POCTPETYIUPYWIIUX MPernapaToB Ha
NMposBJeHNEe PUTOTOKCUUYHOCTU TepOUIIUI0B Ha
SIPOBOMU TTIIIEHUIIE.

MATEPUAJIBI U METO/bI

OmnbIT 6BLI TPOBENEH B BETETAIIMOHHOM JIOMUKE
Kadeapbl arPOHOMUYECKOM, GMOJIOTNIECKON XUMUY U
panuosioruu MHCTUTYTa arpobuoTrexHosoruu PTAY-
MCXA um. K. A. TumupszeBa. B kauecTBe 06beKTa
KCCIIe[oBaHKs OblIa BbIOpaHa MIIeHNIa SpoBasi COpTa
Jlro6aBa (PC 1). MeTtop, uccienoBaHusa — BereTaluoH-
HBIN OIBIT. [IOBTOPHOCTh OMbITA — YEThIPEXKpaTHasl.
[Toces B cocynbl MuTuepJivxa mpoBoauiv 26 masa 2024 1.
1o 30 ceMsH MIIEHUIIbl B KaXXIbIM cocyn. O6paboTka
pacTeHWU MPOBOAUJIACH IIPU MMOMOIIKW PYYHOTO
TIIOMIIOBOTO ompbickuBaTend «['puH banaT». B ombiTe
KCITOJIb30BANIUCh repbunuanl «bamepuna, CI» (2,4-1
(410 r/n) + dmopacynam (7,4 r/m) — 0,5 i/ra u «<Bom6a,
BAT» (Tpubenypon-metun (563 1/KT), dJiopacyiam
(187 r/xr)) — 0,03 Kr/ra. B kauecTBe POCTPETYIUPYIO-
IIUX BellecTB 6bLIM BhIOPAHBI Cledylollre mpernapa-
ThI: «[TaHY» (CBOOOIHBIE aMUHOKMCIOTH 30-31%);
«T'ymat kanus, BP» (75% KaIneBbIX COJIed TYMUHOBBIX
KHCJIOT); MUKPO-ymobpeHus — «AkBaMukc CT»
(Fe(OTTIA) — 1,74%, Fe(3OTA) — 2,1%; Mn(3[TA) —
2,57%; Zn(3OTA) — 0,53%; Cu(34TA) — 0,53%;
Ca(dOTA) — 2,57%; B — 0,52%; Mo — 0,13%); ¢purorop-
MOHBI — «IIIHUH DKCTPa» (3MUOPACCUHOIIN); KpEMHECO-
nepxainue yno6peHus — ApaSil (amopdHbIN JuoKcuza
KPEeMHUS).

Cxema orbITa:

—KOHTPOJIb (63 06paboTKM);

—repburunsl («<bajgepuna, C9» 0,5 j1/ra + «bomoba,

BJII'» 0,03 kr/ra);

—TepOouIUabl + aMUHOKKUCIIOTHI (1 J1/Ta);

—TepouIuabl + T'YMUHOBBIE BemecTsa (1 j1/ra);

—repbutuae! + KpeMuuii (50 r/ra);

—repOUIUIBI + MUKPOYIoOpeHus (1 Kr/ra);

—repounumbl + huroropmMous (50 Mit/ra).

O1leHKY aKTUBHOCTH XJIOPOTILJIACTOB OIPENEsIn
C TIOMOIIBIO TTOKa3aHWM N-TecTepa, UCIIOJIB3YIO-
mero GOTOMETPUUYECKUN METOJ AMAaTrHOCTUKU
pacTeHn#, OCHOBAHHBIN Ha BBIYMCJIEHUUW BEJIMYMHBI
MTOTJIOIIEHHOT0 KPACHOTO CIEKTPa M OTPa’KeHHOTO
OIM)KHEro KpacHoro. MaMepeHUs: IPOBOAUIN Uepes
1 gac mocyie o6paboTKH, Yepes JeHb rocjae o6paboT-
KU, Yepes IBa JHS ITocjie 06paboTKy 1 Yepes Helelo
nocyie o6pa6oTku B 30-KPaTHOM IOBTOPHOCTU B
KaxaoM cocyne. VisMepeHre MOPHOMETPUUECKUX
mokasaTeJjiell MPOBOJUJIOCh MPU HACTYIIJEHUU
TIOJTHOM 3PEJIOCTU SIPOBOY IIIIEHMIIBI ¥ BKJIIOYAJIO B
cebs yuyeT KOJMYEeCTBA KOJOChEB, AJUHY KOJOCHEB,
KOJINYECTBO CEMSH, MacCy COOpPaHHBIX CEMSAH C
KaXkIoro cocyzma. KauecTBeHHBIE MMOKA3aTeNU 3epHa
onpependgnu npu nomomu bBUK-amanusatopa

The additional use of growth regulators in production
can be difficult and costly. The use of tank mixtures can
serve as a solution to this problem (Barkov,
Efreitorova, 2025; Krylova, Krylov, 2024). The effect of
polyfunctional plant growth regulators as antidotes
hasbeen studied in various publications. They perform
a compensatory function by stimulating a complex of
biochemical processes that were disrupted by herbi-
cide stress. (Naumov, 2019) The anti-stress effect of
growth regulators in a tank mixture is determined by
the complementarity of the components, so it is
important to explore a variety of combinations.

The aim of this study is to evaluate the effect of
growth-regulating preparations on the herbicides
phytotoxicity on spring wheat.

MATERIALS AND METHODS

The experiment was conducted in the vegetation
house of the Department of Agronomic, Biological
Chemistry and Radiology of the Agrobiotechnology
Institute of the Russian State Agrarian University -
Moscow Timiryazev Agricultural Academy. Spring
wheat of the Lyubava (RS 1) variety was chosen as the
object of the study. The research method was a pot
experiment. The experiment was replicated four times.
Sowing in Mitscherlich vessels was carried out on May
26, 2024, 30 wheat seeds in each vessel. Plants were
treated using a Green Belt hand pump sprayer. The
herbicides used in the experiment were Ballerina, SE
(2,4-D (410 g/ 1) + florasulam (7.4 g /1)) - 0.51/ ha and
Bomba, VDG (tribenuron-methyl (563 g / kg),
florasulam (187 g / kg)) - 0.03 kg / ha. The following
preparations were chosen as growth-regulating
substances: Punch (free amino acids 30-31%);
Potassium Humate, VR (75% potassium salts of humic
acids); microfertilizer: Aquamix ST — (Fe (DTPA) -
1.74%, Fe (EDTA) - 2.1%; Mn (EDTA) — 2.57%; Zn (EDTA)
- 0.53%; Cu (EDTA) - 0.53%; Ca (EDTA) — 2.57%; B -
0.52%; Mo - 0.13%); phytohormones: Epin Extra
(epibrassinolide); silicon-containing fertilizer: ApaSil
(amorphoussilicon dioxide)).

Experiment scheme:

1) Control (no treatment);

2)Herbicide (Ballerina, SE 0.51/ha + Bomba,

WDG 0.03 kg/ha);

3) Herbicides + Amino Acids (11/ha);

4)Herbicides + Humic Substances (1 1/ha);

5)Herbicides + Silicon (50 g/ha);

6) Herbicides + Microfertilizers (1 kg/ha);

7) Herbicides + Phytohormones (50 ml/ha).

Chloroplast activity was assessed using N-tester
readings, a photometric plant diagnostic method
based on calculating the absorbed red spectrum and
reflected near-red light. Measurements were taken 1
hour after treatment, 1 day after treatment, 2 days after
treatment, and 1 week after treatment, with 30
replicates in each vessel. Morphometric parameters
were measured when the spring wheat reached full
maturity and included the number of ears, ear length,
seed count, and the weight of the collected seeds from
each vessel. Grain quality parameters were deter-
mined using a NIR analyzer: moisture, ash content,
protein, fat, gluten deformation index, and
vitreousness.
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Puc. 1. 3MeHeHus coaepxkaHuns xnopodunna B IMCTbAX
SIPOBOW MLWEHULbI B 3aBUCUMOCTU OT cnocoba 06paboTku
(nokasaHus npubopa N-Tectepa)

(BJTAXXHOCTB, 30JIBHOCTH, OEJIOK, KUPBI, MHIEKC
nedopMaliuy KIEUKOBUHBI U CTEKJIOBUHOCT).

PE3VYJIBTATBI 1 OBCYKJEHUA

[IpoBeeHHbIE U3MEPEHUS JIUCThEB SIPOBOU
IIIIIEeHUIIbI C ITOMOINbI0 N-TecTepa IToKaszajiu, 4YTO
06paboTka pacTeHUY TepOoUUAaMy B 3HAUUTENbHOMN
CTeNeHU CHMXXaJla colepkaHue xjopoduiia B
JIUCTBSIX PACTEHUU TIIEHUIIbI. V3 TIpefcTaBIeHHOTO
rpaduka (cM. puc. 1) BULHO, yTO uepes 1 yac u 24 yaca
rocJje IIPoBeIeHHOM 00paboTKy repOuiIugaMuy Kak B
YKMCTOM BUJIE, TAK I B CMECH C PETYIISATOPAMU ITPOUCXO-
U0 pe3koe HapyleHWe (OTOCUHTE3a B JIUCTBHIX
SIPOBOM IIIMIEHUIIbI. YCTAHOBJIEHO, UTO 4yepe3 1 dYac
rocyie 06paboTKM aKTUBHOCTH (DOTOCHMHTE3a CHU3U-
Jach Ha 25—-35 1o, a uepes 24 yaca — Ha 20—-60 ef. 10
OTHOIIEHMIO0 K KOHTPOJII0. CTOUT OTMETUTD, UYTO Uepes
24 vaca rtocjie 06pab0TKY B BapUaHTaX «repPOUIIHIBI»,
«repbunuabl + GUTOTOPMOHBI», «TePOUIUIBI +
KPEeMHUN» paCTEeHUS SPOBOM ITIIEHUIIbI HAXOIUJINUChH B
KPUTUYECKOU CTafuu «TepOUulluAHON aMbl». Yepes
48 4acoB 1ocje 06paboTKM B BapuaHTaXx, IJie ObLIU
WUCIIOJb30BaHbl POCTPETYJUPYIOILUE TIPernaparsl,
0TMeYaJioCh yBeJIMYeHre CUHTEe3a XJIOPohUILIa U, Kak
clle/ICTBME, BOCCTAHOBJIEHNE OMOXUMUUYECKUX
TIPOIIECCOB B PACTEHUSIX.

CTOMT OTMETUTh, UTO B BapuUaHTaX OIbITA
«TepOULUABI + PETYIITOPBI» IOKAa3aTeab BAPbHUPOBAJ
BuHTepBaje 304—324 i101I., B TO BpeMs KaK B KOHTPOJIe
cocTaBJysAa 328 en., a B BapuaHTe IIPU NIPUMEHEHUU
TOJIBKO repbuiiuioB — 283 ef. [Ipu OIleHKe TTOKa3aHU
npubopa N-TecTep Ha celbMbIe CyTKU ITOCJIe 06paboT-
Ku Ob1JIa BBISIBJIEHA Pa3HUILA B 5% MeX Iy KOHTPOJIEM U
BapuaHTaMU «TepOUIUIbl + PETyasATOpPbI». OMHAKO
pasjauyuve MeXAy KOHTPOJIbHBIM BapPUAaHTOM U
06paboTaHHBIMU TepOUIIMIaMU COCTaBJISIO 36 ef.,
nian 11%, 94ToO MOXKET CBUIETEJIbCTBOBATH O HAJINYNU
cTpecca y pacTeHUU OT MPUMeHeHUs TepOUuIluoB.

Fig. 1. Changes in the chlorophyll content in spring wheat
leaves depending on the treatment method (N-tester
readings)

RESULTS AND DISCUSSION

The measurements of spring wheat leaves carried
out using an N-tester showed that treatment of plants
with herbicides significantly reduced the chlorophyll
content in the leaves of wheat plants. The graph
presented (Fig. 1) shows that 1 hour and 24 hours after
treatment with herbicides, both in pure form and in a
mixture with regulators, a sharp disruption of photo-
synthesis in the leaves of spring wheat occurred. It was
found that 1 hour after treatment, the activity of
photosynthesis decreased by 25—-35 units, and after 24
hours by 20-60 units, compared to the control. It is
worth noting that 24 hours after treatment in the
variants: herbicides, herbicides + phytohormones,
herbicides + silicon, spring wheat plants were in the
critical stage of the "herbicide pit". 48 hours after
treatment in the variants where growth-regulating
preparations were used, an increase in chlorophyll
synthesis was noted and, as a result, the restoration of
biochemical processesin plants.

It should be noted that in the herbicide + regulator
treatments, the indicator ranged from 304 to 324 units,
while in the control treatment it was 328 units, and in
the herbicide-only treatment it was 283 units. When
assessing the N-tester readings on the 7th day after
treatment, a 5% difference was found between the
control and herbicide + regulator treatments. However,
the difference between the control and herbicide-
treated treatments was 36 units, or 11%, which may
indicate stressin plants from the use of herbicides.

Treatment of plants with herbicides mixed with
silicon, phytohormones, and humic substances
significantly reduced overall plant height by 2.2-4.3
cm compared to the control. Wheat plant height in the
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Ta6J1. 1. BIuMsgHNE POCTPETYJIHUPYIOUINX MPENapaToB U repouIiuioB
Ha MopdoMeTpUUeCKHe MTOKa3aTeJ 1 APOBO e HULIbI
Table 1. The influence of growth-regulating preparations and herbicides on the morphometric

parameters of spring wheat

KoJi-Bo Koji-Bo 3epeH Macca ceMsiH
B K0J1100beB 1 a B KoJioce, IT. ¢ 1KoJjoca,r
bIcOTa Halcocyzn, miT.  /AJIMH Number of Weight of seed
Bapuau’r pacTeHui, cm Number of ears ~ KOTOCBEB, CM oot Sorenr peerlgar,?g seeds
Variant Plant height,cm pervessel, pcs.  Earlength,cm pcs.
KoHTpoJib (6e3 06paGoTKM)
51.4+0.5 27.6+0.2 7.6+0.2 17.3+0.2 0.62+0.03
Control (no treatment)
TepGuuuar 47.1:0.5 27.0£0.4 6.0£0.3 13.240.2 0.41+0.02
Herbicides
L AEEORERONAC g e g 27.7+0.3 7.5£0.1 16.420.3 0.58+0.02
Herbicides + Amino Acids
TepOULMIBI + TYMUHOBbIE
BelecTBa 47.6+0.6 27.5+0.2 6.3+0.2 14.1+0.2 0.46+0.05
Herbicides + Humic Substances
TepOULNABI + KPEeMHUI
. . . 48.2+0.5 27.2+0.2 7.2+0.2 14.3+0.3 0.47+0.02
Herbicides + Silicon
TepOUIIMABI + MUKPOYA00pPEHNI
POMUHADL * MIKPOYAOOD 51.140.6 27.140.3 7.4+0.3 15.540.4 0.53+0.04
Herbicides + Micronutrients
Tep6uuuabI + GUTOrOPMOHBI
. . 49.2+0.4 27.7+0.2 7.0+0.2 14.7+0.2 0.49+0.03
Herbicides + Phytohormones
HCP 5 26 0.14 0.41 021 0.04

Least significant difference (L.SD)

O6paboTKa pacTeHU¥ repOUIIMIaAMU B CMeCHU C
KpeMHUEM, PUTOTOPMOHAMU ¥ TYMUHOBBIMU BelecC-
TBAaMU JIOCTOBEDHO IIpHUBeJia K CHIWKEHUI 00Imei
BBICOTBI pacTeHuu Ha 2,2-4,3 CM II0 CPaBHEHUIO C
KOHTPOJIEM. BbICOTA PACTEHU ITIIEeHUIIbI B BApUaHTaX
¢ MUKpOyZmo6peHusaMu cocTaBuia 51,1 ¢cM, aMUHOKUC-
goTraMu — 50,8 ¢M, JaHHbBIE [TOKa3aTeJX HaXOAWUJINCh
Ha ypOBHE KOHTPOJIS.

KosnuecTBO KOJIOChEB B CPelHEM IIO OIIBITY
cocraBumiio 27,4 mT. Ha 1 cocyn (cM. Tabi. 1). Hau6oJib-
niee KOJMYECTBO 3epPeH B KOJIOCE OTMeuajioch B
KOHTPOJIbHOM BapuaHTe — 17,3 IIT., a HauMeHbIllee
pU KUCIIOJb30BaHUU TrepburumoB — 13,2 mT. Ha
BapUaHTax C MPUMEeHEeHNEeM TepOouuIoB U B KOMOU-
Hauu ¢ UTOrOpMOHAMU, KpeMHUEM U TYMUHOBBIMU
BEIECTBAaMU CeMeHa ObLIM 3aMETHO LIYILJIble, a WX
Macca c ogHOoro KoJjoca cocranisiaa 0,41-0,49 r, uTo Ha
0,13-0,21 r MeHbIIle KOHTPOJIbHBIX 3HaUeHU (0,62 T).
Ha BapmaHTax «repbuiluabl + aMUHOKHUCJIOTBI» U
«repObuIubl + MUKPOYIOOpPEeHUsI» Macca CeEMSH C
OIHOTO KoJjioca Oblja MeHbllle KOHTPOJIbHBIX 3Haue-
HuiiHa 0,05-0,08T.

JlocToBepHOE BIUSHME HCCIeLyeMbIX (PaKTOPOB
Ha 30JIbHOCTH, MIK 1 CTEKJIOBUIHOCTh HE OTMEYEHO.
Comeprxkanue Genka 12,1-12,4% Ha BapmaHTe «KOH-
TPOJIb» W «TePOUIUAbI + aMUHOKUCIOTHI» COOTBE-
TCTBOBAJI 3-My KJlaccy 3epHa. B ocTajibHBIX BapraHTax
OmbITa COomeprxaHue Geska GbIJIO HA YyPOBHE
10,1-10,6%, uTO XapaKTepus3oBajJoCh 4-M KJIaCCOM
KauecTBa 3epHa. CaMoe HMU3KOe 3HadYeHue 6Geyka
YCTAHOBJIEHO Ha BapuaHTe «repboutiuabi» (10,1%). To
JKe caMOe MOYXHO OTMETHUTD I10 COZIEPXKAHUIO )KUpPa B
3epHe. HauboJblllee cofiep’kaHue )KUpa YCTaHOBJIEHO
Ha BapuanTe «6e3 06paboTku» (1,9%), a HauMeHbIIIEE C
obpaboTkoi repourumamMmu —1,4%. Cpequ BapuaHTOB C
POCTPEryIupPYIIIMMU MpelapaTaMy COJepKaHue
J)KMpa B 3epHE BapbupoBajio B uHTepBajie 1,4-1,8%,
rIe HamboJIbIllee 3HAUEHE YCTAHOBJIEHO Ha BAPUAHTE
CaMMWHOKHUCJIOTaMU.

micronutrient-treated variants was 51.1 cm, while that
in the amino acid-treated variants was 50.8 cm, which
was consistent with the control.

The average number of earsin the experiment was
27.4pcs. per 1 vessel (see Table 1). The highest number
of grains per ear was noted in the control variant—17.3
pcs., and the lowest when using herbicides — 13.2 pcs.
In the variants using herbicides and in combination
with phytohormones, silicon and humic substances,
the seeds were noticeably shriveled, and their weight
per 1 ear was 0.41-0.49 g, which is 0.13 - 0.21 g less
than the control value (0.62 g). In the variants herbi-
cides + amino acids and herbicides + microfertilizers,
the weight of seeds per 1 ear was less than the control
values by 0.05-0.08 g.

No significant effect of the studied factors on ash
content, gluten deformation index (GDI), and grain
vitreousness was noted. The protein content of
12.1-12.4% in the control and herbicides + amino
acids variants corresponded to grain quality class 3. In
the other experimental variants, the protein content
was at the level of 10.1-10.6%, which was character-
ized by grain quality class 4. The lowest protein value
was found in the herbicide variant (10.1%). The same
canbe noted for the fat content in the grain. The highest
fat content was found in the untreated variant — 1.9%,
and the lowest — with herbicide treatment — 1.4%.
Among the variants with growth-regulating prepara-
tions, the fat content in the grain varied in the range of
1.4-1.8%, where the highest value was found in the
aminoacidvariant.

CONCLUSION

The results of the studies showed that herbicide
treatment of plants resulted in a decrease in their
productivity. Chloroplast activity, on average,
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IToxasaTenu
Indicators
Biaxk- CTexJio-
BapuaHT HOCTbh,% 3oJa, % BeJiok, % Kup, % NaK BHUJHOCTbD, %
Variant Humidity, %  Ash, % Ash, % Fat, % GDI Vitreousness, %
KoHTpoJb
14,3 1.8 12.4 1.9 74 51
Control
CepOUIIMbI
POMILHA 141 1.7 10.1 1.4 72 49
Herbicides
TepOUIMABI + AMUHOKUCIOTHI G T ol oy . =6
Herbicides + Amino Acids g : : :
TepOUIMABI + TyMUHOBBIE
BellecTBa 14,4 1.8 10.4 1.6 71 50
Herbicides + Humic Substances
Tep6uuast + xpeMunH 14,2 1.7 103 1.4 72 50
Herbicides + Silicon
T
epuuHADL + MUKPOYAOGPERuA | o 1.8 10.6 1.8 73 51
Herbicides + Micronutrients
TepOuIuabI + GUTOrOPMOHBI
Herbicides + Phytohormones B 148 e L e 20
HCP 0,68 0.02 0.64 0.06 0.01 0.06
Least significant difference (LSD) ’ ’ ’ . :
Baask- CTekJjio-
BapuaHT HOCTb,% 3oJ1a, % BeJsok, % Kup, % UAK BUJHOCTD, %
Variant Humidity, %  Ash, % Ash, % Fat, % GDI Vitreousness, %
KoHTpoJsb
9,6 1,8 11,2 1,9 74 51
Control
CepOULIMbBI
Herbicides 9,6 1,7 10,1 1,5 71 49
TepOUIMABI + AMUHOKMCJIOThI
Herbicides + Amino Acids 2 L 10,9 L & el
TepGUIMABI + TyMUHOBBIE
BellecTBa 9,8 1,8 10,4 1,6 71 50
Herbicides + Humic Substances
TepGrumast + kpeMuuit 10,2 1,7 10,3 1,4 72 50
Herbicides + Silicon
TepGuuuast + MukpoyAoGpenus | 1,8 10,5 1,8 73 51
Herbicides + Micronutrients
TepOoUIKMABI + (PUTOrOPMOHBI
e ® P 9,0 1,8 10,3 1,4 73 50

Herbicides + Phytohormones

3AKJIIOYEHUE

B pesynbTaTe MPOBEAEHHBIX MCCIENOBAHUU
MOY>XHO OTMETHUTh, YTO 00Pab0TKa PaCTEeHUN TepOuIiu-
IaMU MpUBeJia K CHW)KEHUI) WX TPOJYKTUBHOCTU.
AKTUBHOCTH XJIODOTLJIACTOB B CPEJHEM 3a MEPUOT,
HabJOmeHnE cHMXXajsach Ha 15%, mMacca 3epHa C
OZLHOT'O KOJIOCa YyMeHblInach Ha 34%, U cofepxaHue
6eJika CHU3UJIOCh Ha 2,3% I10 OTHOIIEHWIO K 3HaUeHU-
SIM, TIOJTyY€HHBIM B KOHTPOJIE.

CoBMeCTHOE MCII0JIb30BaHWE TEePOUIUTOB U
POCTPEryNIMPYIINX BEIIECTB HA OCHOBE aMUHOKWC-
JIOT ¥ MUKPOYZIOOPEHUN CITOCOOHO CTabMIN3MPOBATh
(DOTOCI/IHTGTI/I‘—IGCKyIO AKTHMBHOCTb B JIMCTbSAX pPacTe-
HU ¥ TTOAAEPKATh IPOLYKIIMOHHBIH ITPOIIECC IPOBOM
MIIEeHUIbl Ha (DOHEe HeOJAarOTPUATHBIX TOTOIHBIX
YCJIOBUH. BRIIFOUeHNEe B GAKOBYI CMECh I'YMUHOBBIX
BeIecTB, GUTOTOPMOHOB U KPEMHUS SIBJISIETCS
Hed(DDEeKTUBHBIM MPUEMOM IJIT PACTEeHUH SPOBOU
TIIIEeHUIIBI B YCJIOBUSX TePOUIIUIHOT0 CTPecca.

decreased by 15% over the observation period, grain
weight per spike decreased by 34%, and protein
contentdecreased by 2.3% compared to control values.

The combined use of herbicides and growth
regulators based on amino acids and micronutrients
can stabhilize photosynthetic activity in plantleaves and
support the production process of spring wheat under
adverse weather conditions. Adding humic substances,
phytohormones, and silicon to the tank mix is ineff-
ective for spring wheat plants under herbicide stress.

The amino acid-based product (Panch) demon-
strated the greatest stress-protective effect among
growth-regulating agents. The results indicate that
treating plants with herbicides in combination with
amino acids minimizes the loss of chlorophyll in plant
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HambosbImuM CTPeCcCIIpoTeKTOPHBIM 3 GEKTOM
cpeu POCTPEryJupyIIUX MpernapaToB obJamait
IIPOJIYKT Ha OCHOBE aMMHOKUCJOT ([TaHy). [Tosry4yeH-
HbIe Pe3yJIbTaThl CBUIETENbCTBYIOT, UTO ITPOBE/IEHIE
00paboTKM pacTeHWH repOuIlMmaMy COBMECTHO C
aMUHOKMCJIOTAMHU MO3BOJITET MUHUMU3UPOBATH
CHU)XeHUE XJopoduaia B JUCThIX PACTEHUH,
COXPaHUTD BBICOTY PACTEHMS M MaccCy 3epHa, a TakxKe
obecIieunTh cofiepkaHue 6esika B 3epHe Ha ypPOBHE
KOHTPOJIbHBIX 3HAYEHUH.
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K 120-jgeTHu1o

Anekceda KysbMuua MapKuHa

.

Anexcett KyspMuu MapKyuH — OCHOBOIIOJIOXKHUK
KapaHTUHHOU dymMuranuu B Hamel crpaHe. OH
B TeueHUe 15 JieT 3aBe[l0BaJl OTZIEJIOM TOKCUKOJIOTUY
LleHTpaJIbHOM HAy4YHO-MCCJIEN0BATENIbCKON Jabopa-
TOpUU IO KapaHTUHY pacteHuit (LIHWJIK). dTa
nmabopaTtopusa cTaja npenmecTBeHHUIle OPI'BY
«BHUWKP».

Anexcelt Ky3pMuu BIIEpBbIEe TIPOBeJ 06Ge33apa-
’KMBaHME MMOJKaPAHTUHHBIX TPY30B B TPIOMAaX CyZAHA,
TI0cJie Uero 9Ty MPoIeAypy CTaIU IPOBOLUTH BO BCEX
noptax CoBeTckoro Coioza. Ha ocHoBaHUU ero paboT
6BLIa MTOATrOTOBIEHA VIHCTPYKIUS 110 06e33apakuBa-
HU TOJKapaHTUHHBIX I'DYy30B B TPIOMaXxX CY[OB,
coryjiacoBaHHasg ¢ MUH3JIpaBOM UM yTBEPXIeHHAasd
MuHcesnbxo3oM CCCP.

A. K. MapkuH paspaboTaj ¥ BHEAPUI B IIpak-
TUKY PaboT pyMUTAIIMOHHBIX OTPSOB BAaKyyMHOE U
6e3BakyyMHOe o6Ge3zapakuBaHue (PYKTOB, OBOIIEH
U IUTPYCOBBIX OT KAPAHTUHHBIX BPELUTENEH,
a TakKe KapaHTUHHOe (uTocaHuTapHoe obeszapa-
JKMBaHME TOAKAPAHTUHHOM MPOAYKIIUMY B HITAGESIX
W IO, TTAJIATKaMU U3 CHHTETUYECKUX IIJIEHOK.

B nmpakTuKy paboT KapaHTUHHBIX (QyMUTAIINOH-
HBIX OTPSNOB UM OGBIJIO BHEAPEHO MPUMEHEHUE
dopmynbl 5PPEKTUBHOCTU — IMPOU3BEJIEHNE KOH-
LeHTpauuu pyMuraHTa Ha BpeMsl BO3JelcTBud. JTa
bopmyna mpuMeHsAIach BO BCeX (YMHUTallMOHHBIX
oTpsAmax nmpu paborax mo KapaHTUHHOMY o6es3apa-
JKMBaHUI0. B HacTosIee BpeMs 3Ta hopMysia IpuMe-
HSEeTCS B ONMMCAHUSAX PEXMMOB KapaHTUHHOTO
¢uTocaHUTAPHOTO 00€e33apakUBaHUs, ITPUBEIEH-
HBIX B PeecTpe nmecTuLI0B, pa3pelleHHbIX K TpuMe-
HeHuio B Poccutickoii depepanuu.

Anexkcelr Ky3sbMuY OpraHM30BaJ U MUPOKO
MIPOBOAUJI KYPChI IOBBIIMEHUST KBAJU(PUKALUY
CIIeIUaIMCTOB (PyMUTAILIMOHHBIX OTPSIZ0B B MOCKBe,
Jleaunrpagne, Onecce, baky. MHOTUX PaboOTHUKOB
KapaHTUHA PacTeHUU OH 06y4yus ocHoBaM (ymwura-
Y ¥ XUMUYECKOHM GOPbOBI C OTTACHBIMU BPEIUTENISIMU.

A. K. MapKuH SBJISIETCS aBTOPOM 0K0J10 100 o11y6-
JINKOBAHHBIX HAYYHBIX Pab0T, KOTOPbIE He TTOTEPSLIN
AKTyaJIbHOCTU CETOIHA.

4. b. MopgkoBudY,
BeIyUIUN HAYYHBIN COTPYIHUK
PI'BY «BHUHNKP»,
BeTepaH KapaHTUHHON CITY>KObI
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Pepakums xxypHana «@utocaHu -
Tapus. KapaHTUH pacTeHnin» paga
npensoXnTb BaM BO3MOXHOCTb
nybavkaumm Balnx ctatei Ha cTpa-
HULAXx XypHana. Hawa uenb — npu-
BieYeHne BHMMaHUA K Hanbonee
aKTyasibHbIM NpobnemMam KapaHTu-
Ha pacTeHWUN CNeLnanmncToB Cefb -
CKOro XO35MCTBa U BCEX 3aUHTEPE -
COBaHHbIX B 3TOM JIIOLEN.

B >xypHane paccMatpmBaroTcs
OCHOBHblE HanpaB/ieHWsa PasBUTUS
HayKu 1 nepenoBoro onbiTa B 0bn1a-
CTU KapaHTMHA 1 3aLLUTbl PAaCTEHUN,
nybnukyeTca BaxkHas MHgopmaLms
0 HOBbIX MeTofax M cpencTsax,
NpPMMeEHSAEMBbIX Kak B Poccuu, Tak
n 3a pybexom, a Takxe o hUTO-
CaHUTaPHOM COCTOSIHUW TEPPUTO -
pun Poccuiickon depepaLinn.

Mbl 0OHOCUM 4O LUMPOKOFO
Kpyra ynTtatenem obbEKTUBHYO
Hay4YHO-MPOCBETUTENbCKYIO 1 aHa-
JIUTUYECKYH MH(hOPMaLMIO: MHEHUS
BeayLLMX CneumnanncToB no Hambo-
niee NpUHLMUNManbHbIM BOMpocam
KapaHTMHa pacTeHWUMn, OaHHble
0 3HAYUMbIX HOBEeMLWMNX 3apybex -
HbIX N OTEYECTBEHHbIX UCCNIef0Ba-
HUSIX, MaTepuabl TEMATUYECKUX
KOH(hepeHLMI.

Pepakuus >xypHana «®uTo -
caHuTapus. KapaHTuUH pacTteHuimn»
npurnawaeT K COTpygHWUYeCTBY
KaK BblLaKLLNXCS [eaATeNen HayKu,
TaK U MONOAbIX YY€EHbIX, crneLna -
JINCTOB-NPaKTUKOB, paboTatomx
B obnactu utocaHuTapum, ons
obmeHa onblToM, obecneyeHus
YCTOMYMBOro (hUTOCAHUTAPHOTO
6narononyyms U Ans HOBbIX Hayu -
HbIX AMCKYCCUN.

Your article can be here!
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* /I3yyeHne OCHOBHbIX TEHAEHLMIA Pa3BUTUS HAyKM B 0611aCTV KapaHTUHA PacTeHUI

» AHaNM3 WKUPOKOro Kpyra NepenoBbIX TEXHONOrMiA B 061aCTU MOHUTOPUHTA
1 nabopaTopHbIX UCCNER0BAHMI MO KAPaHTUHY pacTeHUi

» ObcyxaeHWe aKkTyasnbHbIX BOMPOCOB KapaHTUHA PACTEHUI

OBLWME TPEBOBAHUA K MPEAOCTABNIAEMbIM CTATbAM

K nybnvkauuv npuH1MatoTcs cTaTby Ha ABYX Si3blKaX: PYCCKOM M aHIUINCKOM, CO -
Oepxaline pesynbsratbl COBCTBEHHbIX HayYHbIX UcCnepoBaHuii, obbemom fo 15 ctpa -
HUL,, HO He MeHee 3 (Mpu oaMHApPHOM MHTepBase 1 pasmepe WwpudTta 12). ONTUManbHbIi
ob6bem ctatby — o1 1500 crno.. CtaTby 6onbluero o6bema MoryT 6bITb MPUHSATBI MO Corna-
COBaHUIO C pefakLmen XxypHana.

CTPYKTYPA NMPEOOCTABJISEMOM CTATbU*

1. YIK, Ha3BaHWe cTaTbu.
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4. AHHOTauuA (KpaTKoe TOUHOe U3MOXKEHNE COAepPXaHMa CTaTby, BKJIOYatoLee
thakTnyeckme cBegeHusa 1 BbIBOAbI onuncbiBaemMoi paboTsl): 200—-250 cnoB., Ho He bornee
2000 3HakoB ¢ npobenamu.

5. KntoueBble cnosa (5—10 cnoB, cioBocoYeTaHuit), Hanbosee TOUHO oTobpakato-
e cneungurky ctatbu.

6. BBepgeHue.

7. MaTepuanbl 1 MeTOAbI.

8. Pesynbrathl U 06CyxaeHus.

9. BblBOAbI/3aKkNtoUEHME.

10. Cnvcok nuTepatypsl (T. €. CMMCOK BCei UCMOJIb30BAHHOW NNTEPaTYPbl, CCbITKK
Ha KOTOPYH [at0TCs B CAMOM TEKCTE CTaTbW): MpaBuMia COCTaBeHUS HanpaBstoTCs aB -
TOPY MO 3anpocy.

11. MHdopmauus 06 aBTopax: NMPUBOAUTCS MNOMHAS MH(OPMaLMS O KaXK40M U3 aB-
TopoB (MecTo paboThbl, ropog, ctpaHa, ORCID ID, agpec aNeKTPOHHOW NoYThl).

12. inntocTpatuBHble MaTepuanbl (poTorpadum, pUucyHKK) OMYCKATCS XOPOLLEein
KOHTPACTHOCTK, C paspelueHnem He Hmxe 300 Touek Ha groirm (300 dpi), opurmnHabi
NpuKNaablBatOTCs K CTaTbe OTAeNbHbIMUY thalinamu B chopmare . tiff unu .jpeg (unntoctpa-
LK, HEe COOTBETCTBYOLLME TpeboBaHMUAM, ByayT UCKOUYEHbI U3 CTaTel, MOCKOJSIbKY A0 -
CTOWMHOEe UX BOCNpounsBeaeHne Tunorpad)Ckum cnocobom HeBO3MOXHO). Heobxoanmo
yKasaTb aBTOpPCTBO Kaxkzon hotorpadum (. U. O. hoTorpaca nnm ccoinky).

13. B pepakumto HeobxooMMo NpefoCcTaBUTb ABE PeLleH3MM Ha CTaTbio («BHeL -
HIOH0» U «BHYTPEHHIO»).

* B TakoM #e nopsioke U CTPYKTYpe npedoCcTaBaSeTcs aHosa3bi4HbIl nepeBod CTaTbU.

PaboTta pomkHa 6biTb NpepoctaBneHa B pegaktope WORD, dopmat DOC, wpnudt
Times New Roman, pasmep wpnudta — 12, MEXCTPOUHbIV MHTEPBa — OAUHAPHbIN, pas-
Mep nonier — no 2 cM, OTCTyN B Hayasne ab3aua — 1 cM, hopMaTMpoBaHme Mo WUpUHe.
PucyHku, Tabnuubl, cxeMbl, Fpadukm 1 Np. BomxHbl 6biTb 0693aT€1bHO NPOHYMEPOBaHbI,
MMEeTb UCTOYHUKM U MOMELLLATbCS Ha MeYyaTHOM MnoJie CTpaHuLbl. HasBaHme Tabnuubl —
Hap Tabnuuen; HasBaHMe pUcyHKa/rpaduka — nom, pucyHKom/rpacmkom.

BOJIEE NOAPOEHbIE YCJIOBUSA NYBJINKAL UK CTATEW Bbl MOXKETE
Y3HATb B HALUEU PEOAKLLUN:

Appec: 140150, Poccusi, MockoBckas obnactb, M. 0. PaMeHckoe,
nrt boikoBo, yn. MorpaHuyHasg, g. 32

KoHTakTHOe nuuo: 3MHoBbeBa CeBeTtnaHa leoprnesHa

TenedoH: +7 499 707-22-27, e-mail: zinoveva-s@mail.ru



deepaJIbHOE rOCyAapCTBEHHOE
O0I0ZKEeTHOE yUpe:KJeHue
«BcepocCUCKUM IIEHTP KapaHTHUHA
pacTenuii» (PIrBY «BHUUKP»)

— HayuHoe n MmeTopguyeckoe obecneueHue

neaTtenbHocTu Poccenbxo3Hagsopa,
ero TeppUTOpUabHbIX YNpaBieHUN
nnopgBenoMCTBEHHbIX eMy
yupexpeHun B cipepe KapaHTUHA

M 3aLUUTbl pacTeHUN

,III

Hf
e

— YctaHoBneHune KapaHTUHHOIo

thuTocaHuTapHOro cocTosHUA
NopKapaHTUHHbIX MaTepPManoB

n TeppuTtopumn Poccuiickon depepauun
nyTem npoBefeHus nabopaTopHbIx
3KCMepTM3 U MOHUTOPUHIOB

1Y

— HayuyHoe coTpyAHN4ecTBO

C HauMOHasNbHbIMU
M MeXOYHapPOAHbIMM
opraHusauusamu B obnactu
KapaHTMHA pacTeHui

« Bepylee yupexpaeHue B Poccuiickoin depepaunm no CUHTE3Y U NPUMEHEHUIO
(hepOMOHOB A11s BbISIBNIEHUSI KAPAHTUHHbIX U HEKapPaHTUHHbIX BpeauTesien

1 60pb6bl C HUMHU

» ®IbY «<BHUMNKP» — napTHep MexayHapoaHoW NporpaMMbl N0 KOOpAUHaLUU
Hay4HbIX nccnepoBaHui B obnactu kapaHTuHa pacteHuin EUPHRESCO II
(EUropean PHytosanitary RESearch COordination)

* B dIrbY «<BHUUKP» co3paH n pencTByeT TeXHUYECKUIA KOMUTET
no ctaHpgaptTusaunmn TK 42 «KapaHTUH 1 3almMTa pacTeHUn»

- Begylee Hay4yHO-MeToAUYECKOE yupeXkaeHue B cocTaBe KoopanMHaLMoOHHOro
COBeTa Mo KapaHTUHY PacTeHUI rocygapcTe — y4acTHUKoB CHI

« 12 comnumanos Ha TeppuTtopumn Poccuiickon depepaumm

« [oNloBHOE Hay4YHO-MeTopMUYecKoe yupexaeHue no peanmsauum MnaHa
nepBooyepenHbIX MePONPUATUIA, HANPABNEHHbIX HA FAPMOHU3ALLUIO
KapaHTUHHbIX (hUTOCaHUTAPHbIX Mep rocyfapcTB — YNeHOB TaMOXXeHHOro co3a

140150, Poccus,

MocKoBCKasi 00J1aCThb,

M. 0. PaMmeHCKoe, IT'T BBIKOBO,
yi. [Torpanu4yHad, g. 32

TeJ./pakc:

8 (499) 707-22-27

e-mail: vniikr@fsvps.gov.ru
http:/ www.vniikr.ru



