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MOHWUTOPUH

MUHHCTEPCTBO CEJIbCKOT0 X03HCcTBA
Poccuiickoii dengepaiiuu

depepaibHAs CIyK0a 10 BETEPUHAPHOMY
¥ GUTOCAHUTAPHOMY HA/I30py

HAHMOHAHbeﬁaﬂOKHAH
0 KapaHTUHHOM (pUTOCAHUTAPHOM COCTOSITHUU
TeppuTopun Poccuiickoii degepanyu

B 2021 roany

MockBa, 2022

BBEJEHUE

aIMOHAJIbHBIN JOKJIAJ, 0 KapaHTUH-
HOM (DUTOCAHHUTAPHOM COCTOSIHUU
Tepputopuu Poccutickoit demepa-
nuu B 2021 romy nonroTosiieH Poc-
CeJIbX03HAa/I30PpOM B COOTBETCTBUU
co cratbelr 12 demepalibHOTO 3a-
KoHa oT 21 uroJis 2014 r. N2 206-$3
«O KapaHTHHE pacTeHui» (majgee —
OdenepalibHBIN 3aKOH «O KapaHTWHE PAaCTeHUi») Ha
OCHOBAHWU JAaHHBIX 00C/IEOBAaHUM M MOHUTOPUHTA
KapaHTUHHOI'0 (PUTOCAHUTAPHOI'O COCTOSHUS TEPPU-
Topuu Poccutickoit ®enepaiiuu.

B cooTBeTCcTBUU CO cTaThel 2 demepaibHOTO 3a-
KoHa «O KapaHTHHE pacTeHU» KapaHTUHHOE (pUTOo-
CaHUTAPHOE COCTOsTHUE TeppuTopuu Poccutickoit de-
Iepaluy — HaJIn4yre UKW OTCYTCTBUE Ha TEPPUTOPUU
Poccuiickon demepaiiny KapaHTUHHBIX 00BEKTOB.

TTopsAmOK OpraHW3aIluy MOHUTOPWHTA KapaH-
TUHHOTO (DPUTOCAHUTAPHOrO COCTOSIHUS TEPPUTO-
puu Poccuiickoit demepanuu yTBEPXKIeH IPUKA30M
MuHcenbxo3a Poccuu oT 23 guBapg 2018 1. N2 23
«0O6 yTBEPXKIEHUU TIOPSIIKA OPraHm3alii MOHUTO-
PUHTa KapaHTUHHOTO (UTOCAHUTAPHOI'0 COCTOTHUS
Tepputopum Poccutickou demepanuu» B COOTBET-
CTBUU C 4yacThbio 2 ctaTbu 10 denmepaibHOrO 3aKOHA
«O KapaHTUHE PAaCTEeHUMN».

Ioxyan comepkuT nHGOpPMAaIIMI0 O pacHpocTpa-
HEHUM KapaHTUHHBIX 00BEKTOB (BPEIHBIX OPTaHU3-
MOB, OTCYTCTBYIOIIVX WJIV OTPAHUYEHHO PacIIpoCcTpa-
HEHHBbIX Ha Tepputopuu Poccuiickoit demeparnuu
Y BHECEHHBIX B €JJMHBbIN IepeueHb KapaHTUHHBIX
00beKTOB EBpPa3suiicKOTO0 YKOHOMUYECKOTO COI03a,
yTBepPXIeHHbIN Pemenuem CoBeTa EBpasuiickoii sKo-
HoOMUYeckol komuccuu oT 30 Hos6ps 2016 . N2 158
«06 yTBEPXAEHNUY eLUHOTO TePevYHs KapaHTUHHBIX
06beKTOB EBPa3sMUCKOr0 3KOHOMUYECKOTO COM0-
3a»), 006 yCTAaHOBJIEHUU U yIpa3fHeHUU B 2021 roxy

KapaHTUHHBIX (QUTOCAHUTAPHBIX 30H M0 KAXAOMY
OTPAaHUYEHHO PACMPOCTPAHEHHOMY KapaHTUHHOMY
00BEKTY.

B Poccutickoii denepaliuu oxpaHy TepPPUTO-
puU CTPaHbl OT IPOHUKHOBEHMS Y PACIIPOCTPaHEHUS
KapaHTUHHBIX 06bEKTOB 0becIieunBaeT PocceabXos-
HaA30p. B COOTBETCTBUY C TTIOCTAHOBJIeHNEM [IpaBu-
TeJbcTBa Poccuiickoit demepanuu ot 29 masg 2006 T.
N2 329 «06 ouImasbHON HAIIMOHAJIbHON OpraHu-
3allM¥ 110 KapaHTUHY U 3allUTe pacTeHui» Poccelb-
X03HAA30pP ABJIAETCS 0pUIINAIbHON HAIIMOHAJIbHON
opraHu3salyel Mo KapaHTHHY U 3allUTe PACTEHUH, OT-
BETCTBEHHOMU 3a BBINIOJIHEHME 0093aHHOCTEMN, IpeLy-
CMOTPEHHBIX CTaThel IV MexXIyHapOgHON KOHBEHIIUU
110 KapaHTUHY U 3alIUTe PAaCTEHUH, IePeCMOTPEHHbBIN
TEKCT KOTOPOi oo6peH Ha 29-1i ceccuu KoHpepeHITUU
[TpOmOBOJIbCTBEHHOM U CEJIbCKOX03SIMCTBEHHOM Oopra-
Husanuu O6beguHeHHbIX Hatuii B HOst6pe 1997 roza.

Yalie Bcero KapaHTUHHbIE BpeJHble OPraHU3Mbl
MIPOHMKAIOT Ha TEPPUTOPUI0 Poccuiickoit demepanuu
C UMIIOPTUPYEMBIMU MaPTUAMU PA3JIUUYHBIX BUIOB
CeIbCKOX03IUCTBEHHOU ITPOAYKITUU.

B 2021 rozmy Poccenbx03HaL30pOM IIPOKOHTPO-
JUpoBaHo 6ojyee 12,8 MJIH TOHH U 2,4 MJPZ HITYK
pasinyHON MoAKapPaHTUHHOU NpoAyKInn. ITpu 3ToOM
B MMIIOPTUPYEMOU U3 64 CTPaH IOAKAPAHTUHHOM IIPO-
OVKIIVY BBIIBJIEHO 53 BUJa KapaHTUHHBIX AJigd Poc-
cuiickol denepaiiuu 06beKTOB B 7937 caydasax.

BB03 3apa’keHHOU TMOJKAPAHTUHHOU MTPOJYK-
WY B CTPAHy BO3MOXEH TaK)Xe B PYYHOU KJagu
TacCakMpoB U MIPOLOBOJLCTBEHHOM 3ariace CyIOB.
Taxk, B 2021 rozmy B 6arake macca>xupoB U IIPO0BOJIb-
CTBEHHOM 3ariace CyoB, MPUOBIBIINX B POCCUICKYIO
depnepanuio u3 10 cTpaH, Poccebx03HaA30pOM ObLIO
BBIABJIEHO 10 KapaHTUHHBIX 06bEKTOB B 660 ciryya-
aX, BKIOUYad TaKye BUIbI, KaK 3anaJHbIA 1IBETOUHBIN
(xamudopHUIICKNIT) TPUIIC, BOCTOUHAS ILJIOL0XKOPKa,

dutocaHuTapus. KapaHTuH pacteHui



MOHUTOPUHT

TabauHas GeJIOKPBLIKA, KaaudopHUNCKasa IMUTOBKA,
KpacHas ToMepaHIleBas IUTOBKA, 30JI0TUCTAsT Kap-
TodhesbHAsA HEMATO/IA, IIEHXPYC AJIMHHOKOJIIOUKOBBIH,
aM0OPO3ud ITOJIBIHHOJMCTHAS, TOPYaK ITOJI3yYrH, yepe-
Jla BOJIOCUCTAs U JPyTHE.

VuTpomyKiius (MPOHUKHOBEHUE, PACIIPOCTPaHe-
HYE ¥ aKKJINMaTU3aIK1sa) KAPAaHTUHHBIX BPEIHBIX OP-
raHM3MOB Ha TeppuTopuio Poccutickoit demepaiinu
TIPUBOJUT K 3HAYNUTENbHBIM ITOTEPSIM YPOXKast CeNbCKO-
X035 CTBEHHBIX KYJIBTYP, OOJBIINM 3aTpPaTaM Ha Me-
porpusaTys 1o 60pbbe C HUMU, a TAK)XXEe K KOCBEHHbBIM
TIOTEPSIM — CHIDKEHUIO KaueCcTBa YPOoyKast, COKpaIleHUI0
BO3MOKHOCTEM DKCIIOPTA U T. [I.

PA3EJI 1. PacnpocTpaHeHUe KaPaHTUHHbBIX
00'bEKTOB Ha TeppuTopuu Poccuiickoii
denpepauuu B 2021 rony

KapaHTUHHBIN 00BEKT — BPEIHBIN OPTaHNU3M, OTCYT-
CTBYIOIIUY UJIW OTPAHUYEHHO PACIIPOCTPaHEHHbIN
Ha TEPPUTOPUU CTPAHBI, UMEIOUIUN TTOTeHIINATbHOE
5KOHOMUWYECKOe 3HAaUeHUEe U CIYXAIui 06 beKTOM
ouruantbHOM 60PHOHI.

Ha TeppuTopuu rocymapcTs, BXOOAMUX B EB-
pasuiCKUM SKOHOMUYECKUU cor3 (mamee — EASC),
¢ 1 urong 2017 roga meliCTBYeT eLUHBIN ITepedeHb
KapaHTUHHBIX 00beKTOB EBPa3miicKoro aKoHOMUYe-
CKOTO COl03a, YTBEPXKAeHHbIH PemenueM CoBeTa EB-
pasuiickol SKOHOMMUYECKON KoMyccuu oT 30 HOs6pS
2016 1. N2 158 «O6 yTBEPXKIEHUU €AUHOTO ITIePeuHs Ka-
PAHTUHHBIX 00BEKTOB EBPa3nuiiCKOro 5KOHOMUYECKO-
r'0 co3a» (majee — ENUHBIN ITepedeHb KapaHTUHHBIX
06bexToB EASC).

ITo cocTostHmio Ha 31 mexabps 2021 roga EquHbI
rnepedyeHb KapaHTUHHBIX 06beKTOB EAJC BKIIIOUAET
237 xapaHTUHHBIX 00beKTOB. B pasnen [ «KapaHTuH-
Hble BpeHbIE OPraHU3MBbl, OTCYTCTBYIOIIVE HA TEPPU-
Topuy EBpasuiicKOTo 5KOHOMMYECKOT'0 CO03a» BXOJIUT
180 BUI0B BpeHBIX OPraHKU3MOB, B paszel II «KapaH-
THWHHBIE BpeJHble OPTaHU3MbI, OTPAHUYEHHO PaciIpo-
CTpaHeHHbIe HA TEPPUTOPHY EBPa3UiCKOTO D9KOHOMU-
YeCKOro cowsa» — 57.

ITo cpaBHeHUIO ¢ 2020 rogoM ENVHBIN ITepeueHb
KapaHTUHHBIX 06bekTOB EAJC yBenmumics Ha 3 BUIA:
Ha OCHOBAHUY Pe3yIbTaTOB aHa/IM3a QUTOCAHUTAPHO-
ro pucka B paszen [ «<KapaHTUHHbBIE BpelHbIE OPTaHN3-
MbI, OTCYTCTBYIOIIVE HA TEPPUTOPUU EBpasuiickoro
9KOHOMMYECKOI'0 COX3a» BHECEHBI BUPYC MO3aUuKU
nenuHo (Pepino mosaic virus) u BUpyc KOpuYHeBOU
MOPIIMHUCTOCTH ILJIOHOoB ToMmaTa (Tomato brown ru-
gose fruit virus), a B pasgen Il «<KapaHTUHHBIE BPE-
Hble OpraHu3Mbl, OTPAHUYEHHO PaclIpoCTPaHeHHbIE
Ha TeppuTopuM EBpaszuiickoro 3KOHOMUYECKOTO CO-
103a» — BUPYC MMATHUCTOTO yBsiaHus Tomara (Tomato
spotted wilt virus).

Bupyc KOpuuHEBOU MOPIIMHUCTOCTU IIJIOLOB
TOMaTa BIlepBble onucaH B 2015 roxy B MopmaHuu.
B 2018-2020 rogax mpou30IIJ0 CTPEMUTEJIbHOE
pacuirpeHme ero apeasa. B HacTosInee BpeMs OH 06-
Hapy>XeH B psfe cTpaH EBporbl, AMepuku, AQpuKu
U A3uu, MHOTHUE U3 KOTOPBIX SBJISIOTCS 3KCIIOPTE-
paMu ceMsH U IUIOOB ToMaTa B Poccutickyio ®efme-
panuio. OCHOBHOM IyTh pacrpoCTpaHeHUsI JaHHOTO

BUPYycCa — MeXJIYHAPOJHasi TOPTOBJSA 3apa’keHHbIMU
pacTeHUsIMU, CeMeHaMU U MJioflaMyu ToMaTa U Mep-
11a. YCTaHOBJIEHO, UTO IIOTEPU YPOXKas IJI0JI0B TOMA-
Ta MoryT gocturatb 70%. PacueT moTeHIMaJibHO-
r0 YKOHOMUMYECKOro yinepba Mmoka3blBaeT, UTO MIPU
3apakeHUU OT 5 0 25% MJomamsel IpeaIpusaTui,
3aHUMAIMXCSI TPOMBILIJIEHHBIM IIPOU3BOJICTBOM
naonoB ToMaTa B Poccutickoit denepaninu, mpsiMbie
TIOTEPU MOTYT GbITH HA YPOBHE OT 1,77 MJIpA pyo6Jeit
10 9,4 mupa py6Jiet.

ITo crioco6aM pacmpocTpaHeHUsI U 6UOJIOTU-
YeCKUM CBOMCTBaM K BUPYCY KOPUUHEBOU MOPIIU-
HUCTOCTH TIJIOJIOB ToMaTa O6JU30K BUPYC MO3aUKU
enuHo. BriepBble 3TOT BUPYC omucaH B [lepy, B Ha-
cTosIee BpeMs OH BBISIBJIEH HA ToMaTe B 32 cTpaHax
EBpomnel, A3uu, AMepuku u Adppuku. Kpome Tomara
BUPYC MO3auKM MeTNHO criocobeH 3apakaTh 6akJia-
JKaHBI ¥ KapTodess. [ToTepu yposkas IJIOLOB TOMAaTa
B pe3yJbTaTe 3apakeHUsl JaHHBIM BUPYCOM MOTYT J0-
cturaTh 15% u 6oJjiee. IIPOMCXOOUT TaK)Ke CHUXKEHUE
TOBAapHOTO KAa4eCTBa IJIO/IOB B Pe3yJIbTaTe YMeHbIIIe-
HUS UX BEIMYUHBI, Pa3BUTHS MPAMOPHOCTH U MSATHU-
CTOCTH.

BOJbUIYI0 TOTEHIIUAIBHYIO YT PO3Y AJIS CEIbCKO-
ro xo3s1¥icTBa Poccutickoit demepaliny mpencTaBiIseT
¥ BUPYC ONATHUCTOTrO yBAmaHUs (Myiu 6POH30BOCTH)
ToMaTa. JlaHHBIN BUPYC PACIIPOCTPAaHEH HA BCeX KOH-
TUHEHTaX U cr1ocobeH 3apakaTh 60see 800 BUIOB pac-
TEHUU Pa3inuHbIX 60TaHWUYEeCKUX ceMelcTB. K uuciy
OCHOBHBIX PACTEHUH — X035€B 3TOT'0 BUPYCa OTHOCSTCS
MIPaKTUYECKU BCe OBOIHBIE KYJIbTYPbI, 6OJIBIIMHCTBO
6060BbIX U 3epHO6060BBIX KyIbTYD, 6071€e 100 BHI0B
IIBETOYHBIX KYJBTYP, a TAKXKE IMOJCOTHEYHUK, KAPTO-
(esnb, XJIOMTUaTHUK, BUHOT'PA/J, Tabak U gpyTUe.

Bupyc HauboJjiee BpeLOHOCEH AJig KYJIbTYpP TOMa-
Ta, IepIia, cajaTa U [eJIoTo PSAa MOMyJISIPHBIX IIBETOY-
HBIX PACTEHUH.

Ha MHOTUX BOCHPUUMUUBBLIX CEJIbCKOXO3ii-
CTBEHHBIX KYJIbTyPaX BUPYC MATHUCTOTO YBINAHUS TO-
MaTa BBI3BIBAET CUJIbHOE YTHETEHME POCTA PACTEHUN
BILJIOTH IO UX OTMUPAHUS, CYIleCTBEHHOe CHIDKEHUE
yPOXKasi 1 ero KauecTBa. [loTepu yposkas IIJI0/I0B TOMa-
Ta MOryT focturarb 100%. YCTaHOBJIEHO, UTO €XXET0/I-
HbIe DKOHOMUYECKNe IOTEPU AJII MUPOBOTO CEJIbCKOTO
X034CTBa OT JAHHOTO BUPYCa COCTABJISIOT He MeHee
1 mappg mossapos CIHIA.

B 2021 rony ykasaHHbIe BUPYCHI BbIABJIEHBI Poc-
CeJIbX03HA[30POM B MaPTUSAX CBEXUX IIJIOLOB TOMATA
U TIeplia, CTPaHaMU NIPOUCXOXKIEHUS KOTOPBIX SBJIS-
jauchk 14 cTpaH.

KapaunTuHHBIE 06BEKTHI EAMHOTO TEepevHs Ka-
PaHTUHHBIX 06beKTOB EASC OTHOCSATCS K CIEIYIONIUM
TaKCOHOMUUECKUM I'PyIIIIaM:

— HaceKoMble U KJemu — 132;

— rpubsl — 37,

— BUPYCBI U BUPOULEI — 23;

— pactenud — 20;

— 6akTepuu U QUTOILIA3MBbI — 16;

— HeMaTonbl — 9.

HacekoMble 1 KJleIu — HanboJjiee MHOTOYMCIIEH-
Had TpyIna BpeJHbIX OpraHu3MOB EAVHOTO TTepevuHs
KapaHTUHHBIX 06beKTOB EAIC (55,7%).
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MOHUTOPUHT

Ha TeppuTtopuu Poccutickoit denepaliiuu o co-
crosiHUIo Ha 31 mekabps 2021 rofia ycTaHOBJIEHBI Ka-
paHTUHHBIE PUTOCAHUTAPHBIE 30HBI 110 49 KAPAHTWH-
HBIM 00bekTaM (21% 00IIero yucjaa KapaHTUHHBIX
06beKTOB EIMHOTO TepevyHs KapaHTUHHBIX 00BEKTOB
EA3C):

— 27 BUJAM HACEKOMBIX;

— 8 BUIaM COPHBIX PACTeHUl;

— 6 BUIAM rpubOB;

— 5 BusmaM 6aKTepull ¥ QUTOINIA3M;

— 2 BUJaM HEMATO[I,;

— 1 Bupycy.

V3 57 06beKTOB EMMHOTO ITepevyHs KapaHTUHHBIX
00bexToB EAJC, BXomsamux B pasze [ «KapaHTUHHBIE
BpeIHbIE OPTAaHU3MBbI, OTPAHNYEHHO PACIIPOCTPAHEH-
Hble Ha TeppuTopuu EBpasuiickoro 3KOHOMUYECKOT0
COI03a» yKa3aHHOTO IepeyuHs, B Poccuiickoit denepa-
IIMU paclpocTpaHeHbl TOJIbKO 38 BUZOB. [10 19 KapaH-
TUHHBIM 060bEKTaM KapaHTUHHBIE PUTOCAHUTAPHBIE
30HBI Ha TeppuTOopuu Poccuiickoit demepaliiv OTCYT-
CTBYIOT.

HawuboJsiblllee KOJIUYECTBO BBISIBJIEHHBIX Ha TeP-
putopuu Poccuiickoit ®enepaliviy KapaHTUHHBIX 00b-
€KTOB OTHOCUTCS K BPEJIUTENIIM PAaCTeHUN — 27 BUIOB
u3 132 BUJOB BpeAuTeNIel, BKIIOUEHHBIX B ENVHBIN
repeyeHb KapaHTUHHBIX 00beKTOB EASC.

Ilns mpemoTBpalneHns GUTOCAHUTAPHBIX PUCKOB
U CBOEBPEMEHHOT0 BbISIBJIEHUS KADAaHTUHHBIX BUIOB
BpenuTeieil Pocceabx03HAL30POM €XXEerofHO IIPOBO-
nuTcs hepOMOHHBIN MOHUTOPUHT TeppuTopuu Poc-
cuiickoy demepaiiuu.

®epOMOHHBIN MOHUTOPUHT ((PePOMOHUTOPUHT)
SIBJISIETCS. OTHUM U3 OCHOBHBIX CIIOCOGOB MOJIyUEeHUS
JIOCTOBEPHBIX JJAaHHBIX O PACIIPOCTPaHEHUU BpeLu-
TeJjieli pacTeHul. OH OCHOBBIBAeTCS Ha MIPUMeHeHUU
CUHTEeTUYeCKUX (DePOMOHOB HaCEKOMBIX-BPeAUTENeN
(bepoMOHBI HACEKOMBIX — 3TO BUOJIOTUYECKY AKTUB-
Hble XMMUUYecKue BellleCTBa, BbipabaThiBaeMble UMU
Ias mepemauyu nHGOpPMAIUU 0co6IM CBOEro BUZA
¥ BBI3bIBAIOIIME Y BOCIIPUHUMAKUIUX OPraHU3MOB
crnenuduyeckye MoBeJleHUecKre Uau Gu3nojgoruye-
CKMe€ PeaKIium).

B Hacrosiniee BpeMs (EPOMOHUTOPUHT — 3TO
HauboJiee TOUHBIN cr1oco6 06HAPYKEeHUS BpeauTeel
¥ OII€HKY WX YMCJIEHHOCTHU 110 CDABHEHUIO C APYTUMU
U3BECTHBIMU METOJaMU, TaK KakK JlaeT BO3MOXXHOCTb
OLIEHUTH MaCUITA0bI 1 JIOKAJIM3AII1I0 OUaroB BpeAuTe-
JIel, UBYUYUTh CE30HHYI0 aKTUBHOCTh BPEUTENIS U Ta-
KM 06pa3oM OIPeIeIUTh CPOKU U 00beMBI UCTPEOU-
TeJIbHBIX MEPOTIPUITHYN, UTO 3aMEeTHO MOBBIIIAET UX
3 HeKTUBHOCTb.

Ec/iy IJIOTHOCTD BBISIBJIEHHOM MOMYJNSAIUYU Bpe-
IUTeJs HeBbICOKas, HO BbIllle 9KOHOMUYECKOTO T10-
pora BpeZoHOCHOCTH, C ITOMOIIbI0 ()ePOMOHOB TaKXKe
BO3MOXHa 6opbba ¢ HUM IIyTEM MacCOBOTO OTJIOBA
HACeKOMBIX B JIOBYIIKY MJIW MCIIOJIb30BAaHUSI MeTojia
Jle30pUEeHTALIVH.

B HacTosilee BpeMsl IIpu NpoBeneHuu depo-
MOHHOTO MOHMUTOpPHUHTA B Poccuiickoit demepanuu
UCTIONBb3YITCS (DePOMOHHBIE JIOBYUIKU [IJISI BBISB-
Jnenusa 20 KapaHTUHHBIX BUJIOB BpeqUTesell, cpeau
HUX TaKue BUZbI, KaK aMepruKaHckas 6eyag 6abouka,

BOCTOYHAa4 IJOJ0KOPKA, MEPCUKOBAs MJIOL0KOPKA,
KapTogesbHasi KOPOBKA, TOMaTHAas MOJIb, KOPUUYHE-
BO-MPaMOPHBIN KJIOI, 9XUHOTPUIIC aMePUKaHCKUH,
KJIOTI 1y60Bast KPY»KEBHUIIA U I PyTHE.

Kpome Toro, Ipu MpoBeeHUN 06caeloBaHUMN
HUCTIOJb3YI0TCS (DEPOMOHEI HEe TOJIbKO KapaHTUHHBIX
BUJIOB BpenuTeieir, Ho 1 6ojiee 30 OIMacHBIX BpeauTe-
Jiel HeKapaHTUHHOI0 3HaYeHMs, TAKUX Kak I0JI0HHAasS
MJIOZOKOPKAa, CJIMBOBAY IIJIOM0KOPKa, KalllTaHOBAad
MUHUPYROILAs MOJib, TPO3J€Basi JIMCTOBEPTKA, MEJIb-
HUYHas OTHEBKA, TPOToJiepMa YepHas, Tporojepma
U3MeHYUBas U Jpyrue.

B 2021 romy B Poccuiickoit ®emepanuy HavyaTo
TIPOU3BOJICTBO U MCIIOJIb30BaHUE (DEPOMOHHBIX JIO-
BYILIEK JIJI51 BBISIBJIEHUT KaPAaHTUHHOI'O BUJA — a3UaT-
CKOI ATOMHOM Apo30(UiIbl, a TaK)Ke HeKapaHTUHHBIX
BUJIOB — aKalleBOM OTHEBKHU, I'PaHATOBOM OTHEBKU
¥ KaITyCTHOU MOJIU.

KonuuecTBO IpuMeHsaeMbIX B Poccuu epoMOH-
HBIX JIOBYILIEK 3a 10 JieT BBIPOCJO B 7 pa3 u B 2021 roxy
pocturio 150 Teic. WTYK AJid 20 BUL0B KAPDAaHTUHHBIX
BPEIHBIX OPraHM3MOB.

B 2021 rony o cpaBHeHU0 ¢ 2020 rogoM 3Ha4Yu-
TenbHO (Ha 4 430 055 ra, uiu Ha 38%) yBEIUYUIIUCH
monaay obcjaenoBaHmui C UCIIOJb30BaHUEM (epo-
MOHHBIX U IIBETHBIX JIOBYIIIEK. 3aMETHO YBEJIUUUINCH
Ioma sy o6eeJOBaHUM Ha ITOoceBax KyKypys3bl, B Jiec-
HBIX YTOIAbSIX U JIECOLEKOPATUBHBIX HACAXKIEHUIX,
Ha rmocagkax KkapTogens.

B pesynbTate npoBefieHHOro B 2021 romy depo-
MOHHOTO MOHUTOPWHTA TEPPUTOPUM CTPAHBI OBIIN
BBISIBJIEHBI 16 KapaHTUHHBIX BUJOB HACEKOMBIX
B 5828 ciyuaqx, cpeiy HUX TaKue OllacHble BpeLuTe-
JIV PacTeHUH, KaK CUOMPCKUY MIEIKOIIPS, a3uaTcKas
XJIOTIKOBasl COBKa, BOCTOUHAs ILJIOI0XKOPKa, Kaaudop-
HUMCKad IUTOBKA, KapTodeabHas MOJIb U JPyrue
BU/bI. BriepBbIe C ITOMOIIbI0 JIOBYILIIEK BBISIBJIEHBI KJIOTT
ny6oBas Kpy>KeBHUIIA, 9XUHOTPUIIC aMepPUKAHCKUN,
KapTodenbHasg KOPOBKA.

BTopoii rpymmoi 1mo KOJMYEeCTBY BbISIBIEHHBIX
Ha TeppuTtopuu Poccuiickoi demepaliuy KapaHTUH-
HBIX OOBEKTOB SIBJIIOTCSA COPHbIE PACTEHUS — UX BbI-
aBJeHO 8 BUJOB 13 20 BUJIOB, BKIIOUEHHbBIX B ELVHBIN
epedyeHb KapaHTUHHBIX 06beKTOB EADC.

Vi3 76 BumoB rpuboB, BUPYCOB, 6aKkTepUit  HUTO-
TJ1a3M, BXOOAIMUX B EQUHBIN MmepeyeHb KapaHTUH-
HBIX 00beKTOB EAJC, 110 cocTogsHMUIO Ha 31 mexabps
2021 roma KapaHTUHHBbIE QUTOCAHUTAPHBIE 30HBI
Ha TeppuTopuu Poccuiickot ®emepaliuu yCTaHOBIIE-
HBI TOJIBKO 110 12 BugaM. Kpome TOTo, Ha TEPPUTOPUU
Poccutickoir ®enepaliuy OTCYTCTBYIOT 7 U3 9 KapaH-
TUHHBIX BUJIOB HEMATO[,

PA3JEJI 2. YcTaHOBJIEeHUE KAPAHTUHHbBIX
huTOCAHUTAPHBIX 30H HA TEPPUTOPUU
Poccuiickoii ®enepanuu B 2021 roay

Ha TeppuTopuu Poccuiickoit demepaliuu 1o COCTOS-
Huio Ha 31 mexabps 2021 roma ycTaHOBJEHBI Ka-
paHTHUHHBIE (UTOCAHUTAPHbIE 30HBI B OTHOIIEHUU
49 BUIOB KapaHTUHHBIX 00BbEKTOB U3 237 BUIOB,
BKJIIOUEHHBIX B ENVHBIN IepeyeHb KapaHTUHHBIX 00b-
extoB EA3C.

dutocaHuTapus. KapaHTuH pacteHui
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MOHUTOPUHT

BrigBIIeHHBIE Ha TeppuTopuu Poccuiickoir de-
Jepaluy KapaHTUHHbIE 00bEKThI BPEIAT PasInuHbIM
CeJIbCKOX03AHCTBEHHBIM, JIECHBIM U JeKOPaTUBHBIM
KyJIbTypaM.

HawubGosbllee KOJHUYECTBO BUOOB, 110 KOTOPHIM
YCTAHOBJIEHBI KADAHTUHHBIE (DUTOCAHUTAPHbBIE 30HBI,
OTHOCUTCS K BpeIMUTeNsIM pacTeHuu. [Io cpaBHe-
HUI c gekabpem 2020 roja ux KOJIUUECTBO BHIPOCIIO
Ha 3 BUJla — YCTAHOBJIEHO IO 1 KapaHTUHHOU 30HE
B OTHOIIEHUU KapTodenbHOU KOpoBKU (Epilachna
vigintioctomaculata), TabauHO 6eJOKPLIIKY (Bemisia
tabaci) ¥ SXUHOTPUIICA aMepPUKaHCKOro (Echinothrips
americanus).

HawmboJiee pacrpoCTpaHEHHBIMY 110 KOJIMYECTBY
¥ TIJIOIIAISIM YCTAaHOBJIEHHBIX (DUTOCAHUTAPHBIX 30H
SABJIAIOTCS 14 BUIOB BpeAuTesell JeCHbIX U Jiecoe-
KOPaTUBHBIX KyJbTYp. Cpeau SaHHBIX BUJOB HanbO-
Jiee pacIIpoCTPaHEHBI CJIeAYI0IIe BpeJUTeIU Jieca:
YepHBIN COCHOBBIHN ycau (Monochamus galloprovincia-
lis), MaJIBIY YEPHBIH eJIOBbIN ycay (Monochamus sutor),
60JIBIITION YePHBIN eJIOBBIN ycau (Monochamus urusso-
vi), cubupckuit menkonpan (Dendrolimus sibiricus),
a3uaTCKUY MOJBUJ, HETIAPHOTO IIeJKoIpsazna (Lyman-
tria dispar asiatica), YepHbIN 6apXaTHO-ISITHUCTHIN
(xBotiHbIl) ycau (Monochamus saltuarius). B pesynib-
TaTe IMPOBEAEeHHbIX 00CIeJOBaHNN 1 MOHUTOPUHTA
B 2021 ronmy mo 7 BUIgaM BpenuTeiel (a3maTCKOMy
TMOABUIY HETIAPHOTO IIEeJKONPAAa, 60JbIIOMY UYep-
HOMY €JIOBOMY ycaudy, MaJloMy YepPHOMY €JOBOMY
ycady, 4epHOMY 6apXaTHO-TIATHUCTOMY ycauy, 4ep-
HOMY KparrgyaToMy ycauy, 4epHOMY COCHOBOMY ycauy
¥ CUGHMPCKOMY IIETKOITPS/LY) YCTAHOBJIEHO 516 HOBBIX
KapaHTUHHBIX (DUTOCAHUTAPHBIX 30H Ha 001Iel MJ10-
manu 6osee 98,1 MJIH ra.

HauMeHee pacHpoCcTpaHeHbl TaKKe BUIbI, KaK
COCHOBBIN ceMeHHOU Ko (Leptoglossus occidentalis),
KJIOTI TITaTaHoBas KpyxeBHuila (Corythucha ciliata),
kJon ny6oBast kpykeBuuta (Corythucha arcuata), sice-
HeBas u3yMpyaHas 3matka (Agrilus planipennis), sSToH-
ckuii )KyK (Popillia japonica), BOCTOUHAs KallTaHOBas
opexoTBopka (Dryocosmus kuriphilus).

CocHOBBIY ceMeHHOU K0T (Leptoglossus occiden-
talis) BTIepBbIE BBISIBJIEH HA TEPPUTOPUN PoccuiicKo
denepanuy B 2019 roay. JlaHHBIN BpeuTeNb IOpa-
J)KaeT TIPEeUMYIIeCTBEHHO Pa3juYHble BUIbl COCEH
¥ HEKOTOPbIE APyrre XBOWHbIe pacTeHus. VI3BeCTHO,
4yTOo B cTpaHax CeBepHOUM AMepPUKU COCHOBBIN ce-
MEHHOU KJIOII BPEAUT JIECHOMY XO3SIUCTBY, CHUXKAS
BCXO0XKECTb CEMSH XBOMHBIX pacTeHuit 1o 41%. Kpome
TOTO, OH CITOCOOEH IMepeHOoCUuThb rpub Sphaeropsis sapi-
nea, BbI3BIBAIOIINY JUILIOAM03 COCHBI — HEKPO3 XBOU
¥ KOPBI TTOGETOB, a TAK)XXE YChIXaHWeE CETHIIEB U MOJIO-
IBbIX pacTeHuil. Ha TeppuTopuu eBpoIeickon u as3u-
aTcko¥ vacTel Poccuiickoit ®enepanuy yKazaHHBIN
KJIOTI crtoco6eH 3aHATh apeaJ L0 CEBEPHOM I'PaHUIIbI
JIECOCTEITHOM 30HbI CTPaHbI, a TAK)KE B TOPHOM JIECHOM
nogce Kaskasa. B 2021 romy apeas 3T0ro BpeLuresid
He YBEJIMYUJICS.

HoBwiMu aJis1 TeppuTopuu Poccutickoit depepa-
LIUY BPELUTENSIMU JIECHBIX KYJIBTYP SBJISIOTCS TaKXKe
4 KapaHTUHHBIX 00bEKTA: KJIOM Ay00Bas KPy)>KeBHUIIA
(Corythucha arcuata), KJIOII TLIATaHOBAasI KPY)KEBHUIIA

(Corythucha ciliata), yccypuiickubt nonurpad (Polygra-
phus proximus), iceHeBast U3yMpyAHas 3ymaTka (Agrilus
planipennis). BuepBble 0Yaru 3TUX BUIOB OOHAPYKEHBI
B pe3yJbTaTe IpoBefeHHBIX B 2018 rony Poccesibxos-
HaA30pOM 00CIeIOBaHUI 1 MOHUTOPHUHTA.

K OCHOBHBIM pacTeHUSIM, [IOBPEXIaeMbIM KJIO-
oM Ay6oBas KPY)>KeBHUILA, OTHOCSATCS Pa3JIUUHbBIE
BUIbI ny6a (Quercus). JJaHHBIN BUJ, CIIOCOOEH HE TOJIb-
KO CYIIECTBEHHO OCJIa6JISATh TTIOBPEXKIAaeMbIe TePEBBS,
HO Y BBI3BIBATh UX TMbE/Ib. JKOHOMHUYECKYE ITOTEPH,
CBsI3aHHBIE C peajin3aluell MEPONPUITUH 10 MeXa-
HUYECKOM, XUMUUYECKON 1 OMOJIOTUUYECKON 3allUTe
Iy6OBBIX HACAXKIEHUN OT BPENUTENS, a TAKXKe I10 UX
BOCCTaHOBJIEHUIO, MOTYT U3MEPSITHCS COTHAMU MUJI-
JroHOB py6uieli. ITo pesysbTaTaM MOHUTOPHUHTA,
npoBeseHHOro B 2021 rozy, apeaJ JaHHOI'O BUJla BbI-
pOC — YCTAHOBJIEHO 9 HOBBIX KAPAHTUHHBIX (DUTOCAHU-
TapHBIX 30H Ha 00Iel miomany 6oyee 19,1 ThIC. ra.

OCHOBHBIMU PACTEHUSIMU — X035g€BaMM KJIOIIA
TJIaTaHOBAasI KPYXKEBHUIIA SIBJISIFOTCS PACTEHUS Poza
[Tnatau (Platanus). BpeguTeb HAHOCUT 3HAUYUTEIbHbBIA
yinep6 HacaXXIeHUSIM ILIaTaHa, BIUIOTH JI0 TU6eJ U I10-
BPEeXXIEeHHBIX JepeBbeB. Ha TeppuTopuu Poccuiickoi
denepalluy JAaHHBIN KaPAaHTUHHBIA 00BEKT CII0CO6EeH
3aCceIUTh BCe PaiOHbI, B KOTOPBIX ITPOMU3PACTAET ETO
OCHOBHOE PacTeHUe-X0391UH. 3aMeTHbBIN yIepo MoXKeT
MPOSIBUTHCS B HACAXKIEHUIX IIJIaTaHa B 03€JIEHUTEb-
HBIX MMocazkax KpbIMa ¥ OTHEeNbHBIX PEermoHax mra
eBpornetickol yactu Poccuu. [To JaHHOMY BPEUTENIO
B 2021 romy ycTaHoBJeHa 1 HOBad KapaHTUHHAasA Gu-
TOCAaHUTapHAas 30Ha IJIOWa b0 2,96 ra.

KopMOBBIMU PACTEHUSIMU [IJIST YCCYPUMCKOTO T10-
gurpada IBISIOTCS Pa3IMYHble BUAbI IIUXT, COCEH,
B TOM YMCJIe Keap Kopekckuii (Pinus koraiensis), a Tak-
’Ke eJIb U JINCTBEHHHUIIA. YCTaHOBJIEHO, UTO B Cubupu
3acejIeHHbIe KOPOEIOM ITMXThI IOTrUOAI0T B TEUEHUE
4-5 JIeT 11ocJie 3aceleHus.

BoJibliast 4acTh IIMXTOBLIX JIECOB B PocCUIICKOM
demepalluy IPOU3PaCcTaeT BHE eCTECTBEHHOTO apea-
Jla yccypuiickoro moyurpada. IMeHHO B 3TUX Jiecax
MOXKET PacCeJIUThCs JaHHbIM KapaHTUHHBINA 00BEKT.
BoJibille BCeTo IMUXTHI IIpou3pacTaeT B KpacHOIpCKOM
Kpae, Tlle B HACTOsIIee BPeMs y)Ke BbISIBJI€HBI O4aru
ycecypuiickoro nonurpada. B 2021 rogy no yccypuii-
ckomy mourpady ycTaHoBJIeHO 10 HOBBIX KAPAHTUH-
HBIX DUTOCAHMUTAPHBIX 30H Ha 06IIEH MIJI0IaI1 OKOJIO
19,52 ThIC. Ta.

BTOpO# rpymIioy 1Mo KOJMYECTBY BbISIBJIEHHBIX
Ha TeppuTtopuu Poccuiickoit demepanuy KapaHTUH-
HBIX BPEIHBIX OPTaHU3MOB SIBJISIOTCS 8 BUILOB COPHBIX
pactenuii. [To cocTosuuio Ha 31 mekabpsa 2021 roma
HamboJiee pacpocTpaHeHbl moBuiauky (Cuscuta spp.),
aMbpo3us MmoJbIHHONUCTHASA (Ambrosia artemisiifo-
lia), ropuak monsyuuit (Acroptilon repens) u am6po3us
TpexpasaenbHas (Ambrosia trifida).

[To JaHHBIM MOHUTOPUHTA TEPPUTOPUY CTPAHBI,
B 2021 romy yctaHoByieHa 371 HOBasi KapaHTUHHAI Qu-
TOCAaHWTapHAas 30HA Ha 06u1el momany 19,57 Teic. ra
o 5 BUIaM COPHBIX PACTEHUI — aMOPO3UU TIOJbIH-
HOJMCTHOM, aMOpPO3uM TpexpasIelbHOol, aMOpo3un
MHOTOJIETHEH, TOpYaKy Mmojsydyemy u rosusimkam (Cus-
cuta spp.).
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Biaromaps poBeieHHBIM MepaM 60pb0ObI, B 0Ua-
rax KapaHTUHHBIX COPHBIX pacTeHui B 2021 romy
110 cpaBHeHM10 ¢ 2020 rogoM yMeHbIIUIINC IIOLA IV
KapaHTUHHBIX (DUTOCAHUTAPHBIX 30H 110 5 KapaHTHUH-
HBIM BUJAaM COPHBIX pacTeHui. He usMeHuscs apea
racjieHa TPEXIIBETKOBOTO U IIeHXPyca AJIMHHOKOJII0Y-
KoBoro. O6IIas IJI0IAlb KaPaHTUHHBIX (UTOCAHUTAP-
HBIX 30H YBeJIMUUJIACh TOJIBKO Y aMOpO3UU TOJIBIHHO-
JINCTHOM.

Kpome kKapaHTUHHBIX BU/IOB COPHBIX PACTeHUN
C 3ePHOBBIMU KyJbTypPaMU CBSI3aHbl U JPyTUe orpa-
HUYEHHO PaclIpOCTpaHeHHbIe BPEIHbIE OPTaHU3MbI
TIepevHs: coeBas IMcToo6Opasywoilas HeMaTona (Hete-
rodera glycines); rpub Cercospora kikuchii, BbI3bIBaIOII WA
3a60JieBaHME COM — ITyPITyPHBIN IIEPKOCIIOPO3; BO36Y-
IVTeJb 6aKTEePUaAIbHOTO YBITaHYS (BUJITA) KYKYPY3bl
Pantoea stewartii subsp. stewartii.

BriepBble KapaHTUHHbBIE DUTOCAHUTAPHbBIE 30HbI
10 COeBOM HeMaTojle Ha TEPPUTOPUU Poccuiickou
denepanuu yctaHoBJieHbI B 2018 romy B CBSI3U € 06-
Hapy’KeHUEM MOMYIAIUY JaHHOT0 BPEeIUTEIIS Ha Tep-
putopuu 1 MyHUIUITAJIBHOTO palioHa. B mmocienyio-
mue 2 rojla HeMaToZa BhIIBJIeHA HA TEPPUTOPUU yoKe
12 patioHOB B 2 cybbekTax Poccutickoit ®epeparium.

Kpome Toro, ¢ coeli cBI3aHbl 2 BIIEePBble yCTa-
HOBJIEHHBIE Ha TeppuTopuu Poccuiickoit demepaiiuu
B 2019 romy KapaHTHUHHBIE (PUTOCAHUTAPHBIE 30HBI
10 MyPITypPHOMY 1epKocIoposy. O6ciieoBaHUSI U MO-
HUTOPUHT, IpoBeZieHHbIe B 2020 rozy, BEIIBUJIY HOBBIE
oyaru 3Toro 3aboJjieBaHUs, [0 KOTOPOMY ObLIO yCTa-
HOBJIEHO 8 HOBBIX KapaHTUHHBIX (PUTOCAHUTAPHBIX
30H Ha mouanu 5345 ra. B 2021 rogy apeas LaHHOTO
BU/IA B CTPAHE He U3MEHUJICH.

Bo36yauTenb 6aKTepUATbHOTO YBIJaHUS (BUJITA)
KyKypy3bl Pantoea stewartii subsp. stewartii BiepBble
BHISIBJIEH Ha Teppuropuu Poccuiickoit demepaiiuu
B 2019 rony. Kykypys3a gBiisieTcs e JUHCTBEHHBIM KYJIb-
TYPHBIM pacTeHUeM, IOpakaeMbIM JaHHOU OaKTepu-
el (copTa u TMO6PUIBI caxapHOU, 3y0OBULHOM, KPEM-
HUCTOU KYKYPY3bI U KYKYPY3bI IJIs MPOU3BOJICTBA
mornKopHa). OCHOBHBIM CITOCOG0M MHTPOAYKIIUY 3a-
00JieBaHUS B HOBbIE€ PETHOHBI SIBJIAIOTCS 3apaKeHHbIE
ceMeHa KyKypyabl. [ToTepy ypoykas BOCIPUUMUUBBIX
COPTOB KYKYPY3blI B FObI STUDUTOTUN MOTYT LOCTU-
ratb 100%.

B 2021 roay xapaHTUHHOe (DUTOCAHUTAPHOE
coCcTossHUE Teppurtopum Poccuiickoit demepanuu
T10 COeBOM ITUCTOO6PA3YIOIIEeN HEMATOZE, Ty PITyPHOMY
1IEPKOCIIOPO3y U GaKTePHUaIbHOMY YBIJaHUIO (BUJITY)
KyKypy3bl He U3MEHUJIOCh — HOBbIe 0Uary He BhISBIIE-
HBI.

B pesynbTaTe MOHUTOPUHTA, TPOBEIEHHOTO
B 2021 rony, He BBIIBJIEHBl MHOTME KapaHTUHHbIE
BUbI, CBSI3aHHbIE C 3€PHOBBIMU 1 3€PHOO060BBIMU
KyJIbTYpaMu. ITO UMeeT OUeHb BaXKHOE 3HAUEHNe, TaK
Kak Poccutickas demepalus B HACTOSIIee BpeMs SIB-
JITETCS OMHWM M3 OCHOBHBIX MUPOBBIX ITPONU3BOILUTE-
Jieli ¥ 3KCIIOPTEPOB 3epHa. BMecTe ¢ TeM coxpaHseTcs
U MMIIOPT JaHHOU NPOAYKIUINY U3 IPYyTux cTpaH. C 3ep-
HOBBIMU KYJIbTyPaMU CBSI3aHbI MHOT'MIE€ BPEIHBIE Opra-
HU3MBbI, BKJIIOUEHHbBIE B ENVHBIN ITepeueHb KapaHTUH-
HBIX 00beKTOB EASC. [ToTeHIInaJIbHOE BO3JEeHCTBUE

IaHHBIX BUJOB I TeppuTopuu Poccutickoi deme-
paluu olleHeHOo Kak 6osbiioe — 60jee 1 Mapg pybient
B rog.

Bbicokuit (UTOCAHUTAPHBIN PUCK IIPU UMIIOPTE
3€PHOBBIX KYJIBTYP CBSI3aH C TAKUMY OTCYTCTBYIOIIUMU
B Poccuiickoii ®emepaiiny KapaHTUHHBIMU 06bEKTA-
MU, KaK BO3GYIUTEb NHANUCKOMN TOJIOBHY ITIIEHUITBI
(Neovossia indica), BO3GYAUTENYN TUILIOAN03a KYKYPY3bl
(Stenocarpella macrospora, Stenocarpella maydis), 6akTe-
puanbHOro oXkora puca (Xanthomonas oryzae pv. ory-
zae), bakTepraJbHOM [10JIOCATOCTH prca (Xanthomonas
oryzae pv. oryzicola), )XeJITOT0 CIM3UCTOTO 6aKTepro3a
nmeHunsl (Rathayibacter tritici), KarpoBbii xyK (Tro-
goderma granarium), 3aNIaAHBIN KYKYPY3HBIN XKYK LU-
abpotuxka (Diabrotica virgifera). BBICOKUY PUCK CBSI3aH
C UHTPOAYKIIMEN KapaHTUHHBIX BUIOB COPHBIX pac-
TEeHUI — yepenbl BoJiocucTou (Bidens pilosa), umiomeu
amuaTton ([pomoea lacunosa), NTIOMEN TIIIOIIEBUIHOMN
(Ipomoea hederacea), 6y3smHHMKA TazyirHoro (Iva axil-
laris) v BPyTUX BUIOB.

Kpome Toro, c UMIOPTUPYEMBIMU B POCCUIICKYIO
denmepaliio 3epHOBBIMU KYJIbTypaMU Ha TEPPUTO-
PHI0 CTPaHBbI MOTYT ITOTIACTh WM HOBBIE BUIbI KapaH-
TUHHBIX 00bEeKTOB, BHECEHHbIe B ENUHbBIN ITepeueHb
KapaHTUHHBIX 06beKTOB EASC, cBI3aHHBIE C JaHHOU
MIPOAYKIIMEeN U OTCyTCTBYIOIKME B Poccuiickoil defe-
panuu, — NIIeHUYHbIN K0Tl (Blissus leucopterus), mu-
POKOX060THBIN aMbapHbIX moaroHocuk (Caulophilus
latinasus), kykypy3ubiii Tpurc (Frankliniella williamsi),
aMepuKaHCKas KyKypy3Has coBka (Helicoverpa zea).

K urciy Takvux BUIOB OTHOCUTCSI U KYKypy3Has
JIUCTBEHHAsT COBKa (Spodoptera frugiperda), mposiBJIsi-
oIas B IMOCJeqHWEe TOIbl BBICOKYI0 MHBA3UOHHYIO
AKTUBHOCTh. DTOT BPEIUTENb, IIUPOKO PaCIpoCTpa-
HeHHBIU B cTpaHax CeBepHOUl U HOkHOU AMepuUKH,
TIOBpPEXIaeT MHOTYIE 3€PHOBbIE, OBOIIIHbBIE K TEXHUYE-
ckue KyJbTypel. B 2016 romy Buj IpoOHUK 3a IIpene-
JIbI CBOEI'0 eCTECTBEHHOI'0 apeajia — OH ObLI BbISIBJIEH
B Hurepuu (Buepsbie Ha AQpPpUKAHCKOM KOHTUHEHTE).
3a KOpOoTKOe BpeMsl KyKypy3Has JUCTBEHHAas COBKa
pacmpocTpaHujach MpakTUUYecKu 1Mo Bcelr Adpu-
Ke — oT ErunTa no I0xH0-AdprKaHCKON Pecrry6auku.
B 2018 romy Kykypy3Has JIUCTBEHHAs COBKA IIOSBU-
Jlachk B MlHIMU. B HacTosIIee BpeMsi OHa oOHapyXeHa
BO MHOT'UX cTpaHax Oro-BocTtouHou Asuu.

B pesynbTaTe rpoBefeHHOro PoccesibXxo3Han30-
poM mocmoTpa B 2021 roxy B 185 mapTuaxX 3epHa, M-
mopTUpPyeMbIX B Poccutickyto deneparuio u3 18 cTpaH,
BBISIBJIEHO 13 BUJOB KapaHTUHHBIX BPeIHBIX Opra-
HU3MOB, B TOM YKCJIE TaKV€ OTCYTCTBYIOIIME B CTPaHe
BUBI, KaK Opa3uibckas 6060Bas 3epHOBKa (Zabrotes
subfasciatus), 3epHOBKU poma Callosobruchus, nmmomest
noiesunHas ([pomoea hederacea), umoMes ssMyaTas
(Ipomoea lacunosa), uepena nBaxkabinepuctas (Bidens
bipinnata), uepena Bosocuctas (Bidens pilosa) n [pyTue.

V3 KapaHTUHHBIX 00bEKTOB, CBI3aHHBIX C IIJIO-
IIOBBIMU U ITOLHBIMY KYJIbTypaMu, HamboJjiee pacipo-
cTpaHeHbl B Poccuiickoit ®enepaliuu:

— aMepuKaHcKas 6ejas 6abouka (KapaHTHUHHBIE
(huTocaHUTAapHBIE 30HBI YCTAHOBJIEHBI B 215 MyHUIIU-
TaJIbHBIX patioHax 16 cy6bekToB Poccutickoit demepa-
UM Ha IIomanu 423,4 ThiC. ra);

dutocaHuTapus. KapaHTuH pacteHui
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— KanudopHuUiickas MUTOBKA (KapaHTUHHbBIE
(uTocaHUTApPHBIE 30HBI YCTAHOBJIEHBI B 199 MyHUIIN-
MaJbHBIX patioHax 15 cybbekToB Poccutickoit denepa-
LAY Ha IJIoAAU 25,6 ThIC. Ta);

— BOCTOYHAas ILJIOLOXKOPKa (KapaHTUHHBIE (DUTO-
CaHWTapHbBIE 30HBI YCTAHOBJIEHBI B 84 MyHUIIUITAJb-
HBIX palioHax 16 cy6bekToB Poccutickoit demepaniuu
Ha ILUIOmALY 36 ThIC. Ta).

Cepbe3HYI0 yrpo3y IJis CaZoBOACTBA U ITUTOM-
HUKOBOJICTBA, a TaK)Ke JIECHOTO X03IMCTBa U JeKopa-
THUBHOTI'0 ca/ioBoZicTBa Poccutickoit denmepaliuu mpe/-
cTaBJsgeT 6aKTePUaIbHBIM 0XKOT IJIOOBBIX KYJIBTYD
(Erwinia amylovora). 3TO KapaHTUHHOE 3a00JIeBaHUE
BIepBbie 0UIIMAJIbHO 3aPETUCTPUPOBAHO Ha TeEP-
putopuu Poccuiickoit ®enepanuu B 2003 roxy B Ka-
JIMHUHTPAJICKOM o6jiacTy, a ¢ 2007 rofa CTaJio BHISB-
aaTbed B LleHTpanbHOM, FO)xkHOM, CeBepo-KaBkasckom
u [IpuBOKCKOM (eJlepalbHBIX OKPYTaX, eXeroqHO
pacuIupss IIomaay 04aros.

B Poccutickoit demepanuu 6aKTepraibHbIN 0XKOT
BBISIBJISIIICSI B OCHOBHOM Ha KYJIbTYPHBIX, JE€KOPATUB-
HBIX ¥ JUKOPACTYUIUX PACTEHUSAX PONoB A6soHg (Ma-
lus), Tpymua (Pyrus), AtiBa (Cydonia), BosipeItnHUK (Cratae-
gus), a TakXXe B OT/IEJIbHBIX CJIyYassx Ha PACTEHUSIX POJA
Cnusa (Prunus) v poma Vpra (Amelanchier). Viccnenosa-
HUS, TPOBeJeHHbIe (eflepalibHbIM TOCYLapCTBEHHBIM
OI0/I)KETHBIM YUpeXxeHnueM «Bcepoccuiickuii eHTp
KapaHTHHA pacTeHuii» B 2020 romy, mokasajau, 4To
BO30yAUTENb HAUaJl BHEIPATHCS B MUKPOOHBIE CO006-
1ecTBa pacTeHUy pomaa PabuHa (Sorbus), IMHUPOKO pac-
TIPOCTPaHEHHBIX B JIeCaX, JIECOITOJIOCAX U JeKOPaTUB-
HBIX HaCaXIeHUIX HaCeJIeHHbBIX ITYHKTOB CTPaHBbI.

B 2021 romy BeISIBJIEHBI HOBbIE OUaTy 6aKTEPUAITh-
HOT'0 0K0Ta IJIOZOBBIX KYJIBTYP U YCTaHOBJIEHE! 13 HO-
BBIX KAPaHTUHHBIX (DUTOCAHUTAPHBIX 30H Ha ILJIOIIA-
1 OKOJIO 46 ThIC. ra. [To cocTosgHMIo Ha 31 mekabps
2021 roma o6mias Ionagb 30H M0 JaHHOMY 3aboJie-
BaHMIO cOCTaBuMIa 6oJiee 276,7 ThIC. Ta.

B 2020 rony BIepBble Ha TEPPUTOPUU CTPAHBL
BBISIBJIEHBI 2 KAPAHTUHHBIX BUIa (GUTOILIA3M — (UTO-
miasma ucrouienus rpymu (Candidatus Phytoplasma
pyri) u ¢puTtorazma npoaudepanuu 16aouu (Candi-
datus Phytoplasma mali).

Ob6a Buma uTomaasM orpaHUYEHHO Paclpo-
CTpPaHEeHBl B PIle aMepuKaHCKUX, appUKaHCKUX
¥ a3uaTCKUX CTPaH, HO Yallle BCEro BCTPEUAIOTCH
B €BPOIIENCKUX CTPaHax. B HacTosIee BpeMsI maTore-
HBbI BBISIBJIEHBI B 27 CTpaHaxX — 4jeHax EBpomelicKou
u Cpenu3eMHOMOPCKOM OpraHu3alluy 110 KapaHTUHY
U 3allliTe PacTeHNH, BKII0Uas CTPaHbl — DKCIIOPTEPHI
mocaZiouHoTo MaTepuana B Poccutickyio denepaliuio:
T'epmanuio, Utanuio, Humepaauael, [Toabury, Cepburo,
dpaHIUIO.

OCHOBHBIM ITyTEM PACIPOCTPAHEHUS TaTOTEHOB
SABJISIETCS MEXIYHAPOAHASI TOPTOBJISA 3apakKeHHBIM
TIOCaZ0UYHBIM MaTePUAaIOM — IIPUBUTHIMY CaXKEHITAMU,
TIOJBOSIMM U YePEHKAMU, B KOTOPBIX BO3GYAUTEIN MO-
TyT B TeUEHUE ITPOIOJIKUTEIbHOTO ITEPUOIa BDEMEHU
COXPAaHSIThCS B JJaTEHTHOM COCTOSIHUU. B cajax maTo-
TeHbl PAaCIIPOCTPAHIIOTCS Yepes cpacTaHue KOpHen
3[IOPOBBIX U MHDUITMPOBAHHBIX JEPEBHEB U HACEKO-
MBIMU-TIEPEHOCUNKAMHU.

OCHOBHBIM PaCTEHUEM — XO3IMHOM (QUTOTIIIA3 MBI
UCTOIEHUS TPYIIN SIBJISIETCS IPyIIa AJoMaInHss (Pyrus
communis), GOJILIIMHCTBO COPTOB KOTOPOU SIBJISIIOTCS
BOCIIPUMMYMBBIMU K 3apakeHuto, u aiiBa (Cydonia ob-
longa).

BpemoHoCHOCTh 3a60JieBaHUS 3aKJOYaETCs
B BHAUUTEJBHOM CHW)XEHUU ypOo’kas IJIO/0B U B OT-
MUPAHUU JepeBbeB. [Ipu CUIbHOM 3aceleHUuU cajia
HaCeKOMBIMU-TIEPEHOCUNKAMU CHU)KEHUE ypOoxKas
nocturaet 80-95%, a oTMUpaHue JepeBbeB MOXET
TIPOU30UTU B TeUEeHNEe HECKOJIbKUX Hellelb.

[Iponudepanusa g6J0HU CUUTAETCS ONHOU
13 HanboJsiee BpeLOHOCHBIX 60JIe3HEN TIIONOBBIX KYJIb-
Typ B EBporie. Bo36ynuTesb mopa)kaeT IIOUTH BCe COPTA
s16J10Hb. KpOMe TOT0, ITaTOTeH BBISABJISJICS U HA TAKUX
KyJIbTypaX, KaK BULIHS OObIKHOBEHHAs, YepEeIlHs,
rpylia eBporieiickas, abpukoc, ciauBa, Iepcuk, alisa,
60spPBINTHUK, BUHOTPaZ, U Apyrue. 3a6ojeBaHue Bbl-
3bIBa€T CHUKEHUE COJIEP)KAHUS CaxapoOB U aMUHO-
KUCJIOT, yMeHbIIIeHNWe pa3Mepa IIoLoB 10 50%, a Tak-
JKe Beca IJIOZIOB Ha 63—-74%. O61me IoTepu yposkas
TIPYU Pa3BUTUM STUDUTOTUN MOTYT NPEBBIMATL 60%,
a KoMMepuecKas IIeHHOCTD IIJION0B MOXKET CHIKAThCS
Ha 30-100%. B HEKOTOPHBIX CiIydasax 3apaXeHHble MO-
JIOZbIE IePEBBS MOT'YT ITOJTHOCTHIO ITOTUOHY Th.

B 2021 rony HOBBIE 04aru (UTOIIA3MBbl UCTO-
eHUs rpyuu u GUTOIIa3Mbl ITposudepanuu s16J10-
HU Ha Tepputopuu Poccuiickoit demepalluu He BbI-
SIBJIEHBL.

B pesysnbraTe AesATeabHOCTH PoccerbXo3Ham30pa
B 2021 romy npenoTBpaleH BB0o3 B Poccuiickyio de-
Jepanuio 5261 mapTuu MJIOOBBIX U TIJIOOBO-SATO/I-
HBIX KyJIBTYD, 3apa’KeHHBIX 18 BuaMu KapaHTUHHBIX
06BEKTOB, 60Jiee yeM u3 30 cTpaH MUpa.

Ba)kHoe 3HaUueHUeE IJis 9KCIIOPTHOTO MOTEHIU-
ajia CTpaHbl B OTHOIIEHUYW CEMEHHOTO U TIPOJ0BOJIb-
CTBEHHOro KapTodess UMeeT paclpocTpaHeHUe
Ha ee TEPPUTOPUU KapPaHTUHHBIX OOBEKTOB, CBSI3aH-
HBIX C TAHHOU KyJbTypoii. [To cocTosiHuIo Ha 31 fge-
kabps 2021 roma B Poccuiickoyt ®emepaliiy yCTaHOB-
JIeHbI KapaHTUHHbIe (PUTOCAHUTAPHbBIE 30HBI TOJHKO
110 4 13 34 06beKTOB ELMHOTO IepeyvHs KapaHTUHHBIX
006bexToB EASC, cBA3aHHBIX C KapTodeaeM: KapTo-
denbuoit Monu (Phthorimaea operculella), kapTodeib-
HOU KopoBKe (Epilachna vigintioctomaculata), paky
Kaprodens (Synchytrium endobioticum) ¥ 30JI0TUCTOUN
kapTodenbHoi Hemartoge (Globodera rostochiensis).

Hawubombiiee pacripocTpaHeHre B CTpaHe UMEET
30JI0TUCTAsl KapTodesbHask HEMATO/Ia: 10 COCTOSTHUTO
Ha 31 mexabps 2021 roja KapaHTUHHBIE QUTOCAHU-
TapHbIE 30HBI YCTAHOBJIEHBI B 494 paiioHax 51 cy6b-
ekTa Poccutickoii Pemepanuu Ha 06Ul IJIOMIALN
653,2 ToIC. ra. [1o jaHHOMY BUAy B 2021 rozy ycTaHOB-
JIeHO 27 HOBBIX KaDaHTUHHBIX (DUTOCAHUTAPHBIX 30H
Ha TIoIaau 6ojee 62 ThIC. ra.

B pesysibTaTe NpoBeeHHOTO MOHUTOPWHTA BIIEP-
Bble B 2021 rony Ha TEPPUTOPUU CTPAHBI YCTaHOBJIE-
Ha 1 kapaHTUHHas GUTOCAHUTAPHAS 30HA 110 KapTo-
(enbHOM KOPOBKE IJIONAIbI0 2,3 ra HA TEPPUTOPUU
Amypckoii obaacTtu. KaprodenbHas KOpOBKa — Bpeu-
TesTb-TIoNM(ar, KOTOPBI ToBpeXxaaeT 6oiee 30 muKopa-
CTYIIUX U KyJIbTYPHBIX BUJIOB PaCTeHU 13 13 ceMelCTB.
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HawubosnbImmii Bpesi HAHOCUT KyJIbTypaM M3 CeEMeMCTBa
[TacseHoBoie. PactipocTpaHeHa Ha [lajibHeM BoCTOKe,
B Kutae (18 nmpoBuHIINii), Anonuu, CeBepHOU u IO)KHON
Kopee, Henasne, Uagvu 1 Bo BbeTHaMe. B KuTae kap-
TohesbHasg KOPOBKA SIBJISIETCSI Hanbojee 3HAUUMbIM
BpenuTesieM kapTodess. B Poccuu orpaHmyeHHO pac-
mpocTpaHeHa B XabapoBCKOM Kpae, AMypPCKoOii 06J1acTu,
ITpuMoOpCKOM Kpae, Ha ocTpoBax CaxanuH u KyHauup.
Ha JlanpaeM BocToke Poccuu kapTodebHas KOPOBKa
TaK)XXe SBJISIETCS TJIaBHBIM BpeNUTeIeM KapTodess.
B3apociibie 0cobu U JIUUUHKYU TTOBPEXAAIOT JIUCTh,
cTe6JIu U I[BETKY, BBI3bIBas r'MOesb pacTeHuil. IloTepu
ypoxxas gocturarot 30%.

PesynbTaThl aHaIu3a PUTOCAHUTAPHOTO PUCKa
TTOKa3bIBAKT, YTO CEPHE3HYI0 YTPO3Y MJIs IIPOU3BO/I-
cTBa KapTodeJis, ToMaToOB, IIepiia, MOPKOBU, CeJibJie-
ped nipexacTtaBiageT 6aktepuda Candidatus Liberibacter
solanacearum — OTCYTCTBYWIIWIN Ha TEPPUTOPUU
Poccutickoit deneparivu Bo36yAUTEND TTOJIOCATOCTHU
YUIICOB KapTodens, unu «3ebpa uum». B ctpanax Ce-
BepHO 1 IO)xHON AMepuKy, B HOBOM 3eaHauu yObIT-
ku oT 6akTepuu Candidatus Liberibacter solanacearum
TIpU MIPOU3BOJICTBE KapTodessd U TOMAaTOB COCTABJIS-
0T MUJJIMOHBI IOJIJIapOB. B cTpaHax EBPOIIbI JaHHBIN
B0O30yAuUTENb 3a60JI€BaHNS MOXKET BbI3bIBATh I1OJIHYIO
TIOTEPIO0 YPOXKasi MOPKOBU.

3a mocjenHre HECKOJIbKO JieT 6akTepus Candida-
tus Liberibacter solanacearum 3HaYXUTEeIbHO PACIIUPY-
Jia CBOi apeaJi 1 6bLyIa BhISIBJIEHA Ha IPYTUX PACTEHUSIX
(B M3pamne, Benbruu, ScToHUU U [lopTyraanu — Ha I10-
JIIX MOPKOBY, B BeMKOOGpUTaHUU — B CEMeHax Iie-
TPYILIKU, HAa ocTpoBe HopdoJik — Ha ToMaTax, B KaHa-
Ile — B KIIyOHAX KapTodesis).

[TocnemHMe uUcciief0BaHUS 0Ka3alu, YTO rarl-
Jotunsl Bo3bypuTens Candidatus Liberibacter sola-
nacearum, IIopakawuxe MOPKOBb, MOTYT TaK)Xe 3a-
paxkaTb kKapTodesb. B cBS3U C 3TUM BO3pacTaeT
OITaCHOCTH TPOHMKHOBEHN TTaToreHa B Poccuiickyio
depmepalnnio Mpyu UMIIOPTe KapTodess U3 cTpaH pac-
pocTpaHeHus 6aKTepuU, B YaCTHOCTHU M3 OUHIIIH-
nuu, ®panuuu, Beaukobputanuu. [IyTeM IPOHUK-
HOBEHUS TIaTOTEHA SBJISIETCS TaKXe UMIIOPT CEMSH
MOPKOBU U cesibZiepes u3 ABctpuu, benbrum, dpan-
nuu, PUHAIHIUY U pafia IPYruX cTpaH. Tak, TOJIbKO
B 2021 rozmy 3TOT IaToreH GbLJI BBISBJIEH B 6 UMIIOPTHU-
PYEMBIX [TAPTUSIX CEMSIH MOPKOBU U MTETPYIIKU, [TPOU3-
BeJleHHBbIX BO ®panuuu, lepManuu u Vtanuu.

VI3 KapaHTUHHBIX 06BEKTOB 3aKPBITOTO TPYHTA
Ha TeppuTtopuu Poccutickoit ®emepanium Hanboee
pacmpocTpaHeH 3amafHbIi I[BETOYHbIN (Kamudop-
Hutickuit) tpuic (Frankliniella occidentalis): miomanb
YCTAHOBJIEHHBIX KapPAaHTUHHBIX (PUTOCAHUTAPHBIX
30H B 41 MyHUIIUIIAJIbHOM paiioHe 29 cy6bekToB Poc-
cuiickoit demepanuy yBeJINYUIACH [0 CDABHEHUIO
c 2020 rogoMm Ha 11,9 ra u coctaBuaa 567,2 ra.

B 2019 rony BriepBhI€ B CTPaHE BBIIBJIEH KapaH-
TUHHBIA BPeIUTENb 3aKPBITOTO TPYHTA — OBOL[HOM
aucTtoBoyu mMuHep (Liriomyza sativae). JaHHBIA BU]L
CII0COO€eH TTOBPEXIaTh MHOTHE BUJIbI OBOIIHBIX U 3€-
JIEHHBIX KyJIBTYDP, 0OCOGEHHO BPEIUT TOMAaTaM, OTyp-
1IaM M paccajie Pa3jiMuyHbIX BULOB pacTeHUM, 3HAUU-
TEeJIbHO CHMXaeT UX ypoxkaliHoCTb. B 2021 rony, kak

u B 2020-M, apeaJs yKa3aHHOTO BpeJUTeJis He u3Me-
HUJICS.

B 2021 rozmy BbIAABJIEHO 110 1 ouary HOBBIX BUZ0B
BpeIUTeNIel 3aKPBITOTO I'PYHTA — TabauHOM 6eJTOKPBLII-
Ku (Bemisia tabaci) 1 5XMHOTPUIICA aMEePUKAHCKOTO
(Echinothrips americanus). JJaHHbIe BUIbI — IINPOKUE
nonudary, MoBpexagaminue 60JblII0e KOJUIECTBO
CeJIbCKOX03SIUCTBEHHBIX U JIEKOPATUBHBIX PACTEHU
W3 MHOTHX CEMEHNCTB. BpeJoHOCHOCTb TabauHo 6e-
JIOKPBLJIKM CBSI3aHa TaK)Xe C ee CIIOCOOHOCThIO pac-
npocTpaHaTh 6oJiee 100 ormacHBIX BUPYCOB PaCTEHUM.

IlBe HOBBbIE KapaHTUHHbIE 30HbI 00LIEl IIJIO0IIa-
Ibi0 1662 ra ycraHoBjeHbI B 2021 rozy 1o oriacHOMY
ILJISE MHOTUX CEeJIbCKOXO3SIMCTBEHHBIX KYJIbTYP KapaH-
TUHHOMY O0BEKTY — KOPUYHEBO-MPAMOPHOMY KJIOILY
(Halyomorpha halys). BnepBble Ha TeppuTOpun Poccuii-
ckolt ®enepaliiu 3TOT BUJ BbIsABIIeH B 2018 rofy. B Me-
CcTaxX CBOEro IIPUPOILHOro OOUTAaHUA B CTPaHaX A3uu
yKasaHHBIN K0T nuTaeTcd Ha 300 BUmaxX pacTeHUM,
MIPEeNNoYnTas IJIOAOBbIE, ITOAHBIE U OBOIIHbBIE KYJIb-
TYPBI, B OCHOBHOM sI6JIOHIO, CJIUBY, BUIITHIO, YEPEIIHIO,
TPYIIy, BUHOT'Pa, IIIUTIOBHUK, 06JIETINXY, TOMAT, OTyP-
1IbI, Tiepel], 6akJiaXkansbl, pacosib. KpoMe TOro, KJiom
TTOBPEXIAeT 3€PHOBbIE U 36 PHOGOO0BBIE KYJIBTYPHI —
KyKypy3y, OIIeHUILY, COI0, IUMEHb, TOPOX, a TaK)Xe Jie-
KOpaTUBHBIE IPEBECHBIE KYJIbTYPhl — MAarHoOJIMIO, T1a-
Iy6, TIaTaH u gpyTrue.

o rmoscuyeTaM CIIEIUAIMCTOB, IOTEHIIMAbHbIE
MOTEePU NIPU PaCCeeHUU KOPUYHEBO-MPAMOPHOTO
KJiomna ToabKo B KpacHomapckoM 1 CTaBPOIIOJIbCKOM
Kpasax, PocToBckolt o6nactu 1 Pecniybiuke JlJarectaH
MOTYT COCTaBUTh OKOJIO 2 MJIPJA, py6Jiel B To/I.

ViHpopMaIys o pacIpoCcTpaHeHNY KapaHTUHHBIX
00bEKTOB Ha TeppuTtopuu Poccuiickoit ®emepaiiuu
pencTasiieHa B Tabnuile 1.

PA3/EJI 3. Ynpa3gHeHNe KapaHTUHHBIX
thuTOCAaHUTAPHBIX 30H HA TEPPUTOPUH
Poccuiickoii ®eaepanuu B 2021 rogy

B cooTBeTCcTBUU cO cTaThel 19 demepasbHOTO 3aKOHA
«O KapaHTWHE pacTeHUM» pelileHre 06 OTMeHe KapaH-
TUHHOTO (pUTOCAHUTAPHOTO pexxuMa (yrnpasgHeHuU
KapaHTUHHBIX GUTOCAHUTAPHBIX 30H) IPUHUMAETCS
Poccenbx03Ha30pOM [IOCIIE IUKBULALIUU [TOMYJIALUNA
KapaHTUHHOTO 06bEeKTA.

B pesynbTaTe npuMeHeHNS KADAaHTUHHBIX (QUTO-
CAaHUTAPHBIX MEP U MEPOIMPUATUN 110 JIOKAJIU3AIIUN
0YaroB U JUKBUJAIAY MO KAPAaHTUHHBIX 00b-
ekToB B 2021 rogy yrnpasgHEHbI KapaHTUHHbBIE (PUTO-
caHUTapHbIe 30HBI 110 30 OrPaHUYEHHO PaclpocTpa-
HEeHHBIM BUZaM u3 49 BUAOB, 3aPETUCTPUPOBAHHBIX
1o coctosHUIo Ha 31 mexabpsa 2021 roga Ha TEPPUTO-
puu Poccuiickoit demepaliiuu.

Bcero B 2021 rony ynpasgHeHbl 6952 kapaH-
TUHHbIE QUTOCAHUTAPHBIE 30HBI 00IIEH IJIOIMIAbI0
599,486 MJIH ra, U3 HUX:

— 4625 KapaHTUHHBIX PUTOCAHUTAPHBIX 30H —
10 30JI0TUCTOM KapTodeIbHON HEMATOAE;

— 1531 xapaHTUHHasA GUTOCAHUTApPHAS 30HA —
110 5 BUZIaM COPHBIX PACTEHU;

— 763 KapaHTHUHHBbIE (QUTOCAHUTAPHBIE 30HBI —
o 18 Bumam BpenuTesel;

dutocaHuTapus. KapaHTuH pacteHui
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MOHUTOPUHT

Tao6auna 1

YcTaHOBJIEHHBIE KapaHTHHHBIE (hriTOCaHHUTAPHbIE 30HBI HA TEPPUTOPUU
Poccuiickoii ®emeparnu (1o cocTosHuio Ha 31 geka6psa 2021 roaa)

KoanuectBo  KosmuecTBo MyHH- Iljomjazb ycTaHOB-
Ccy0'beKTOB IUNAJIBHBIX Paiio- JIEHHBIX KAPAHTUH-
Poccuiickoii  HOB M TOPOACKMX  HBIX hUTOCAHUTAP-
Ha3BaHue KapaHTUHHOTO 06 beKTa depepanul  OKPYroB HBIX 30H, Ta
I. Hacexombie
1. ABuaTCKUU OABU], HEIIAPHOTO MIEJIKOIPsAia 8 118 56 744 703,18
(Lymantria dispar asiatica)
2. AMepukaHckas 6enas 6a6ouka (Hyphantria cunea) 16 215 423 443,469
3. BoJibIIOY YepHBIN eJI0BBIN ycau (Monochamus urussovi) 43 506 229 955 834,467
4. BocrouHas riogokopka (Grapholita molesta) 16 84 36 033,386
5. BocTouHag KalTaHOBask OPEXOTBOPKA 1 1 22 351,2
(Dryocosmus kuriphilus)
6. 3amaHbIN 11BeTOUHBI (KaiudOopHUNCKUN) TPUIIC 29 41 567,22966
(Frankliniella occidentalis)
7. Kanudopuuiickas mutoska (Quadraspidiotus perniciosus) 15 199 25597,32
8. KapTtodenbuas Mok (Phthorimaea operculella) 8 41 10 056,269
9. Ko my6oBas kpy>keBHuIa (Corythucha arcuata) 4 9 70 149,35
10. Kyromt mmaTaHoBas kpy»xeBHuta (Corythucha ciliata) 3 4 10 889,963
11. KopuuHeBO-MpaMOpHbI# kot (Halyomorpha halys) 4 10 244 600,537
12. Kaprodenbnas kopoBka (Epilachna vigintioctomaculata) 1 1 2,3
13. Masnblii YepHBIH eJI0BbIY ycau (Monochamus sutor) 48 568 219 247 102,789
14. OBouHOI TUCTOBOM MUHED (Liriomyza sativae) 1 1 17,4
15. TlepcukoBas IiIomoxopka (Carposina sasakii) 3 9 122,01
16. Cubupckuii menkonpsz (Dendrolimus sibiricus) 22 272 122 558 732,38
17. CocHOBBIH ceMeHHOWM Kot (Leptoglossus occidentalis) 1 1 2440
18. Tabaunas 6esokpbLIKa (Bemisia tabact) 1 1 0,2629
19. Yecypuiickuii monurpad (Polygraphus proximus) 7 54 43 764 354,16
20. dunnoxcepa (Viteus vitifoliae) 5 20 4324,98
21. YepHblil 6apXaTHO-MATHUCTBIN (XBOMHBIN) ycayu 6 83 29 787 604,3
(Monochamus saltuarius)
22. YepHblil kpamuaTeiit ycau (Monochamus impluviatus) 3 28 48 393 057
23. YepHBblil COCHOBBIN ycau (Monochamus galloprovincialis) 44 544 186 925 598,315
24. DXUHOTPUIIC aMepuKaHcKuii (Echinothrips americanus) 1 1 17,74847
25. IO)kHOaMepuKaHcKas ToMaTHas MoJtb (Tuta absoluta) 8 16 11 479,823
26. sinouckutii sxxyk (Popillia japonica) 1 1 2000
27. SlceHeBas u3yMpynHas 3maTka (Agrilus planipennis) 4 7 165 297,500
I1. HemaToabl
1. 3omoTucTas kapTodeabHas HeEMaToma 51 494 653 222,938
(Globodera rostochiensis)
2. CoeBas ucToobpasyolas HeMaToza 2 12 78 288,93
(Heterodera glycines)
III. I'pu6sI
1. AckoxuTo3 xpusanreM (Didymella ligulicola) 1 1 0,05
2. AHTPaKHO3 3eMJISHUKU 2 2 33,42
(Colletotrichum acutatum) (= C. xanthii)
3. Beyag p)xaBurHa xpusanrteM (Puccinia horiana) 1 2 0,08
4. IlypmypHbI# Lepkociiopos (Cercospora kikuchii) 1 3 7200,4
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MOHUTOPUHT

Ta6auma 1. [IpomoskeHue

KosmmuectBo KosmuecTtBo MyHu- Ilnomazb ycTaHOB-
Cy6bEeKTOB LUIIAJIBHBIX Paiio- JIEHHBIX KAPaHTUH-
Poccuiickoii  HOB M FOPOACKHUX  HBIX (pUTOCAaHHTAP-
Ha3BaHue KapaHTHMHHOI0 06’beKTa depepanuu OKpyros HBIX 30H, ra
5. Pak kapTodens (Synchytrium endobioticum) 4 10 695,776
6. domoricuc rogcoHeuHuka (Diaporthe helianthi) 8 116 92 632
IV. BakTepuu 1 GUTONIA3MBI
1. BakTepuasibHbIN 0XKOT TIJIOLOBBIX KYJIBTYP 18 58 276 671,838
(Erwinia amylovora)
2. BakTepuasbHOe yBsaJaHUE BUHOIPaza 2 3 741,33
(Xylophilus ampelinus)
3. BakTepuaiabHOE yBAgaHUE (BUIT) KYKYPY3bI 1 1 234,3
(Pantoea stewartii)
4. duToriazMa UCTOLEHU I'PYIIU 2 3 5118
(Candidatus Phytoplasma pyri)
5. duToriazma nposudepanuy 16J0HI 1 3 17 590,74
(Candidatus Phytoplasma mali)
V. Bupycsl 1 BUPOUBI
1. IToTuBupyc mapku (ocmel) cauB (Plum pox potyvirus) 20 41 12 220,243
VI. Pactenusa
1. AM6po3us MHOrOJIeTHASA (Ambrosia psilostachya) 6 11 3792,764
2. AM6Gpo3us roJbIHHOIUCTHasS (Ambrosia artemisiifolia) 31 469 7262 210,913
3. AM6po3us TpexpaszaenbHas (Ambrosia trifida) 18 106 2549 908,91
4. Topuak nosizyuuit (Rhaponticum repens) 18 202 1295722,3
5. [Nacyen xoiounii (Solanum rostratum,) 4 30 48 551,22
6. ITacyieH Tpex1BeTKOBbIM (Solanum triflorum) 3 8 428 536,27
7. TloBunuky (Cuscuta Spp.) 59 686 2 806 436,887
8. LleHXpycC OJUHHOKOIIOUKOBLI (Cenchrus longispinus) 4 13 617,481

— 26 KapaHTUHHBIX (pUTOCAHUTAPHBIX 30H —
10 4 BUAaM rpubHbIX 60J€3HEN pacTeHUN;

— 3 KapaHTUHHBbIe QUTOCAHUTAPHBIE 30HBI —
110 6aKTePUATBHOMY 0XKOT'Y TIJIOJIOBBIX KYJIbTYD;

— 4 KapaHTUHHBIE PUTOCAHUTAPHBIE 30HBI —
10 TIOTUBUPYCY MapKu (OCIThI) CIUB.

HaubGonbllee KOJWYECTBO yIpa3mgHEHHBIX
B 2021 rony KapaHTUHHBIX QUTOCAHUTAPHBIX 30H,
Kak u B 2020 rozy, HpULLJIOCH Ha 30JIOTUCTYI0 KapTO-
(enpuyro HEMaTOmy. B 2021 romy ux obImas IIomagb
cocraBwia 142,76 ThIC. ra.

Ha BTOpOM MecTe IO KOJIMYECTBY yIIpa3iHeH-
HbIX KAPAHTUHHBIX (QUTOCAHUTAPHBIX 30H HAXOSAT-
cs1 5 BUIIOB COPHBIX pacTeHud — 1531 30Ha. [Tpu aTOM
Ha 2 BUJa — aMGPO3UI0 TTOJIBIHHOJUCTHYO (883 30HBI)
u moBuiuKY (400 30H) — mpuxonuTcs 84% yrnpasiHeH-
HbIX 30H. OCTaJIbHOE KOJIMYECTBO YIIPA3JHEHHBIX 30H
MIPUXOAUTCS Ha aMOPO3UI0 TPexpasiesibHy (220 30H),
ropuak mojsyuui (21 30Ha) u aM6pO3U0 MHOT0JIET-
Hi010 (7 30H). O61Ias MJIONUALh YITPa3JHEHHBIX I10 TaH-
HBIM BUJIaM 30H cOCTaBJseT 6oJiee 316,1 ThIC. ra.

B 2021 romy xapaHTHUHHBIE (QUTOCAHUTAPHBIE
30HBI yIIPa3gHEHbI B OTHOIIEHNY 18 BpeuTenei pac-
TeHui. [Ipu 3ToM 61% ynpa3gHeHHBIX KapaHTUHHBIX

30H MIPUXOAUTCSA Ha 4 BUJA BpeauTesell MIOI0BbIX
KyJIbTYP — KaTUuDOPHUMUCKYIO IUTOBKY, aMepUKaH-
ckyio 6enyio 6a6ouky, GUIIOKCEPY U TIEPCUKOBYIO
TLIOJI0’KOPKY.

[To obmiei myomazu yrnpasgHEHHBIX KapaH-
TUHHBIX (PUTOCAHUTAPHBIX 30H JUAUPYIOT BPELU-
TeJIW JIECHBIX KYJIbTYD — GOJIBIION YepPHBIN eJIOBBIN
ycau (155,5 MJIH ra), MaJiblii YePHBIN €J0BBIN ycau
(136,6 MJIH ra), YepHbBIM COCHOBBIN ycay (88,5 MJIH ra),
YepHBIN KpamyaTeIil ycau (66,4 MJIH ra), CUOUPCKU
menkonpsy (58,2 MITH ra), YepHBIN 6apXaTHO-IATHU-
CTBIH (XBOWHBIN) ycau (51,1 MJIH ra).

B 11es10M B pesysibTaTe 0GHAPYKEHMS HOBBIX OYa-
TOB KapaHTUHHBIX BPeIHbIX OPTAHU3MOB U JINKBU-
Januu paHee BBISBJIEHHBIX ITonynsaiuii B 2021 rogy
o cpaBHeHMIO ¢ 31 mexabps 2020 romga ob6IIMe Mo-
maay KapaHTUHHBIX GUTOCAHUTAPHBIX 30H HE U3-
MEHMUJIUCH 110 11 OrpaHUYEeHHO PaCIpPOCTPaHEHHBIM
BUJIaM, YMEHBIIWINUCH — 110 25 BUJaM, YBEITUIUIIUCH —
1o 10 BuziaM, yCTaHOBJIEHBI KAPAHTUHHBIE (DUTOCAHU-
TapHbIe 30HBI 110 3 HOBBIM BUIAM.

Viadopmanus o6 ynpasgHeHUU KapaHTUHHBIX
(GuTOCAaHUTAPHBIX 30H HA TEPPUTOPUU Poccuiickoi
denepanuu B 2021 roxy nipeficTaBiaeHa B Tabulie 2.

dutocaHuTapus. KapaHTuH pacteHui
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MOHUTOPUHT

Ta6Juia 2
VipasgHeHHe KapaHTHHHBIX (DUTOCAaHUTAPHBIX 30H Ha TeppuTopuu Poccuiickoii ®emepamuu
B 2021 rony
KoauuectBo KoauuecTBo II1omwaab ycTaHOB-
CyGbEeKTOB MYHULMIIQJIBHBIX  JIEHHOM KapaHTHH-
Poccuiickoii  paiioHOB uTOpoA- HOIl huTOCAaHUTAp-
Ha3BaHue KapaHTUHHOI0 06beKTa demepalluil  CKHUX OKPYroB HOI 30HBI, Ta
I. Hacexombie
1. A3uaTcKkuii OABU/]L HETTAPHOI'O MIEIKOIPALA 3 18 13 805 940,62
(Lymantria dispar asiatica)
2. Amepukanckas 6eytast 6abouxa (Hyphantria cunea) 2 24 11 728,993
3. BOJIBIION YEPHBIN €JIOBBIN ycad (Monochamus urussovi) 22 105 155484 116,53
4. BoctouHas tutogoskopka (Grapholita molesta) 3 24 1346,35
5. 3amaZHeIN IIBETOYHBIH (KaInhOPHUICKUI) TPUIIC 16 22 106,338
(Frankliniella occidentalis)
6. Kanmudopuutickas mutoBka (Quadraspidiotus perniciosus) 6 32 20662,119
7. KapTtodenbuas mosb (Phthorimaea operculella) 3 5 1127,3
8. Kiomt rutatanoBas kpykeBHuta (Corythucha ciliata) 1 2 35,782
9. MaJbllt UepHBIN eJI0BBIN ycau (Monochamus sutor) 25 109 13 6602 609,41
10. [TepcukoBas II0moXXopKa (Carposina niponensis) 3 19 1022,82
11. Cubupckuii menaxonpsm (Dendrolimus sibiricus) 13 64 58192 247,8
12. Yecyputickuii moiurpad (Polygraphus proximus) 1 28 835 784
13. dunnoxcepa (Viteus vitifoliae) 4 39 1078,438
14. YepHblil 6apxXaTHO-TISITHUCTDIN (XBOMHBIN) ycay 4 50 51124830
(Monochamus saltuarius)
15. YUepHbIii KpamuaTeiil ycau (Monochamus impluviatus) 3 5 66 399 475
16. YUepHbIi COCHOBBIN ycau (Monochamus galloprovincialis) 28 105 88518 066,574
17. IO)xHOaMeprKaHCKasa ToMaTHas MoJib (Tuta absoluta) 2 2 349,216
18. SIceneBas usympynHas anatka (Agrilus planipennis) 4 6 19 574,762
II. HemaToAbI
1. 3onoTucTag KapTodeabHas HEMATO A 33 223 142 760,855
(Globodera rostochiensis)
IIL. T'pu6bI
1. AuTpakHos semasuuku (Colletotrichum acutatum) 2 2 38,926
(= C. xanthii)
2. Benasg pxxaBurHa xpusanrteM (Puccinia horiana) 1 1 0,5
3. Pak kaprodens (Synchytrium endobioticum) 1 1 0,6
4. domoricuc nogcoHeuHuKa (Diaporthe helianthi) 4 13 7439,01
IV. BakTepuu 1 GUTONIA3MBI
1. BakTepraIbHbBIHN 0KOT IIJIOIOBBIX KYJIBTYD 1 1
(Erwinia amylovora)
V. Bupycsl 1 BUPOHUIBI
1. [TotuBupyc mapku (ocmbl) caus (Plum pox potyvirus) 3 4 95,56
VI. PacTeHus
1. AMGpo3us MHOTONIeTHSS (Ambrosia psilostachya) 3 7 137,07
2. AM6po3ud noabIHHOAUCTHAS (Ambrosia artemisiifolia) 9 34 4746,913
3. AMGpo3us TpexpaszaenbHas (Ambrosia trifida) 6 15 14 085,58
4. TToBunuku (Cuscuta spp.) 31 102 45 714,182
5. Topuak noJisyuuii (Acroptilon repens) 7 10 251 431,02
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MOHUTOPUHT

3AKJ/IIOYEHUE

Bcero B 2021 rogy ynpasgHeHbl 6952 KapaHTUH-
Hble (UTOCAHUTApPHBIE 30HBI 06IIell TJOILAlbI0
599,486 MJIH ra, U3 HUX:

— 4625 KapaHTUHHBIX PUTOCAHUTAPHBIX 30H —
10 30JI0THUCTOM KapTodelbHON HEMATOAE;

— 1531 KapaHTuHHAag puTOCAaHUTApPHAas 30HA —
10 5 BUIaM COPHBIX PACTEHUH;

— 763 KapaHTUHHbIE (PUTOCAHUTAPHBIE 30HBI
1o 18 BuziaM BpefuTesei;

— 26 KapaHTUHHBIX (PUTOCAHUTAPHBIX 30H —
110 4 BUaM rpubHbIX 60JIe3HeN pacTeHul;

— 3 KapaHTUWHHBIEe (QUTOCAHUTAPHBIE 30HBI —
110 6aKTePUATBHOMY 0’KOT'Y TIJIOJIOBBIX KYJIBTYD;

— 4 KapaHTUHHBbIe QUTOCAHUTAPHBIE 30HBI —
10 TIOTUBUPYCY MapKu (OCIThI) CIUB.

B 2021 rony B pesyJsibTaTe IIPUMEHEHUS KapaH-
TUHHBIX (PUTOCAHUTAPHBIX MEP U MePONPUATUN
T10 JIOKAJIM3AIMY OYaroB U JIMKBUAIIUY TTOTYIAIUI
KapaHTUHHBIX 060BEKTOB yIIpa3HEHbI KapaHTUHHBIE
¢uTocaHuTapHbIe 30HHI 110 30 OTPAaHUYEHHO PACIIPO-
CTpaHeHHBIM BUuJaM u3 49 BU0B, 3aPETUCTPUPOBAH-
HbIX Ha 31 mexabpsa 2021 roga Ha TeppuTopum Poccuii-
ckoit demepaliun.

HaubGonbllee KOJWYECTBO YIpa3gHEHHBIX
B 2021 rony KapaHTUHHBIX QUTOCAHUTAPHBIX 30H,
Kak 1 B 2020 rofy, IpUILJIOCH Ha 30JIOTUCTYIO KapTO-
(enpuyto HeMaTOmy. B 2021 romy ux ob6Imas IIomab
coctaBuia 142,76 ThIC. ra.

Ha BTOpOM MecTe IO KOJIMYECTBY yIIpa3fHeH-
HBIX KAPAHTUHHBIX (PUTOCAHUTAPHBIX 30H HAXOIAT-
cs1 5 BUIOB COPHBIX pacTeHud — 1531 30Ha. [Tpu aTOM
Ha 2 BUJa — aMGPO3UI0 TTOJIBIHHOJUCTHYO (883 30HBI)
u noBusimku (401 30Ha) — mpuxoguTcs 84% yrpasp-
HEHHBIX 30H.

B 2021 rony KapaHTUHHBIE PUTOCAHUTAPHBIE
30HBI yIIPa3AHEHbI B OTHOIIEHWY 18 BpemuTese pac-
TeHul. [Ipu 5ToM 61% ynpasgHEeHHBIX KapaHTUHHBIX
30H MPUXOAUTCS Ha 4 BUJA BpeAuTesel MI0OBbIX
KYJBTYpP — KaJu(DOPHUNCKYI0 MUTOBKY, aMepPUKaH-
cKyio Genyio 6a60uKy, GUIIOKCEPY U IIEPCUKOBYIO
TIJI0[I0XKOPKY.

[To obuiel mjomany ynpas3gHEeHHbIX KapaH-
TUHHBIX (QUTOCAHUTAPHBIX 30H JULUDPYIOT BPELU-
TeJIV JIECHBIX KYJbTYP — OOJIbIION UepHBIN eJIOBbIN
ycau (155,6 MJIH ra), MaJiblii YePHBIA eJIOBBIN ycay
(136,6 MJH ra), YepHBIN COCHOBBIN ycay (88,5 MJTH Ta),
YepHBIN KpamuaTelii ycau (66,4 MJIH ra), CUOMPCKUN
menkonpsz (58,2 MJIH ra), YepHbIM 6apXaTHO-TIATHU-
CTBIN (XBOMHBIN) ycad (51,1 MJIH ra).

Biiaromaps rpoBeieHHbBIM MepaM 60pb06bI, B oua-
rax KapaHTWHHBIX COPHBIX pacTeHu# B 2021 romy
110 cpaBHeHU0 ¢ 2020 rogoM yMEHBbIIUJIUCH IJIOLA LU
KapaHTUHHBIX (QUTOCAHUTAPHBIX 30H 10 5 KapaHTUH-
HBIM BUJIAM COPHBIX pacTeHUH. He n3MeHMIICS apeaJt
racjeHa TPeX1BETKOBOTO U LIeHXPyca JJINHHOKOII0Y-
KoBoro. O6I1as TJI0Ialb KaPaHTUHHBIX QUTOCAHUTAP-
HBIX 30H YBEJIMUMJIACH TOJIBKO Y aMOPO3UY TTOJIBIHHO-
JINCTHOM.

B 2021 ropy He M3MEHUJIOCh KapaHTUHHOE Qu-
TOCAaHUTAPHOE COCTOSIHWE TEPPUTOPUU POCCUIICKOM
denepalyy IO COEBOM IUCTO0OPa3y0IIell HeMaToe,

MIypPIIyPHOMY LI€PKOCIIOPO3Y U 6aKTEPUATbHOMY YBSI-
IaHuio (BUJITY) KYKYyPY3bl — HOBBIE OYary He BbISIBJIEHBI.

Ha TeppuTtopuu Poccuiickoit demepaliuu 1o co-
crosHUI0 Ha 31 mekabpsa 2021 rojma ycTaHOBJIEHBI Ka-
paHTUHHBbIE GUTOCAHUTAPHBIE 30HBI 110 49 KapaHTUH-
HBIM 00beKTaM (21% ob1Iero yncjaa KapaHTUHHBIX
00BbeKTOB ENMHOTO MTEPevyHs KapaHTUHHBIX 00BEKTOB
EA3C):

— 27 BUJaM HaCeKOMBIX;

— 8 BU/IaM COPHBIX PACTEHU;

— 6 BUsaM rpubos;

— 5 BumaM 6aKTepuil ¥ QUTOIIa3M;

— 2 BUJaM HEMATOJ,;

— 1 Bupycy.

Hawmbousblliee KOJIUYECTBO BBISIBJIEHHBIX Ha TeP-
puTtopuu Poccuiickoi ®enepaliiy KapaHTUHHBIX 06Db-
€KTOB OTHOCUTCS K BPeAUTEJISIM PAacCTeHU — 27 BUL0B
u3 132 BUIOB BpeauTeIel, BKIIOUEHHBIX B ETUHBIN
epeveHb KapaHTUHHBIX 06beKTOB EASC.

BTopoti rpyImmnoii 1mo KoJnu4ecTBY BbISIBJIEHHBIX
Ha TeppuTtopuu Poccuiickoit demepanuy KapaHTUH-
HBIX 06'BEKTOB SBJISIOTCS COPHbIE PACTEHNS — UX BBISIB-
JieHO 8 Bui0B u3 20, BKJIIOUEeHHbIX B EXVHBIN ITepeueHb
KapaHTUHHBIX 00beKTOB EASC.

V3 76 BumOB IpuboB, BUPYCOB, OakTepuil u Gpu-
TOTLJIa3M, BXOOAIIUX B ENVHBIN ITepeueHb KapaHTUH-
HbIX 06beKTOB EAJC, Mo cocTosHUIO Ha 31 mekabps
2021 roma KapaHTUHHBIE PUTOCAHUTAPHBIE 30HBI
Ha TeppuTtopuu Poccuiickoit ®enepaliuu ycTaHOBIe-
HBI TOJIBKO 110 12 Bumam. KpoMe Toro, Ha TeEppUTOPUU
Poccutickoit demepanuu OTCYTCTBYIOT 7 13 9 KapaH-
TUHHBIX BUJOB HEMATO,

Hawu6oJsbiee KOJIMYECTBO BUJIOB, TI0 KOTOPHIM
YCTaHOBJIEHBI KAPAHTUHHBIE QUTOCAHUTAPHBIE 30HHI,
OTHOCUTCS K BpenuTeaaM pacTeHuil. Ilo cpaBHe-
HUIo ¢ gexadbpeM 2020 roma uxX KOJIUYIECTBO BBIPOCIIO
Ha 3 BUJA — YCTAHOBJIEHO IO 1 KAPAaHTUHHOU 30HE
B OTHOIIIEHUU KapTodesbHOM KOPOBKY, TabauHOM Oe-
JIOKPBUIKM M 9XUHOTPUIICA aMEPUKAHCKOTO.

Hawubosnee pacipocTpaHeHHBIMU I10 KOJIMYECTBY
U TJIOMIAIIM YCTAaHOBJIEHHBIX (PUTOCAHUTAPHBIX 30H
SIBISIOTCS 14 BUJIOB BpeIUTEJIEH JIECHBIX U JIECOIEKO-
paTUBHBIX KyJAbTYp. Cpenu JaHHBIX BUOB Haubosee
pacmpocTpaHeHBI cliefyollrie BpeIUTeNU jeca: uep-
HBIU COCHOBBIH ycady, MaJIblii YePHBIN eJIOBBIN ycady,
6O0JIbIION YepHBIN €JIOBBIN ycay, CUOMPCKUY IEeJIKO-
TIPS, a3MaTCKUY MOABUM, HEIIapHOTO LIeJKOIIPsia,
YepHBIN 6apXaTHO-TIATHUCTBIN (XBOMHBIN) ycay.

B pesysibTaTe MpoBeAeHHBIX 06CIEI0BAHNH U MO-
HuTopuHra B 2021 rogy 1mo 7 BUzaM BpeauTeeii (a3u-
aTCKOMY ITOZBULY HETITAPHOTO IIEJIKOTIPSLA, 60JIBIIOMY
YEepHOMY eJIOBOMY ycauy, MaJloMy YePHOMY eJIOBOMY
ycauy, 4epHOMY 6apXaTHO-IISITHUCTOMY ycauy, uep-
HOMY Kparr4aToMy ycady, YepHOMY COCHOBOMY ycady
¥ CUOVPCKOMY IIEJIKOIIPSY) YCTaHOBIEHO 516 HOBBIX
KapaHTUHHBIX (QUTOCAHUTAPHBIX 30H Ha 0611Iel 1J10-
magu 6oJiee 98,1 MJIH ra.

BTopoti rpymmoi 1mo KOJMYeCTBY BbISIBJIEHHBIX
Ha TeppuTtopuu Poccuiickoit demepanuu KapaHTUH-
HBIX BPEJHBIX OPTaHU3MOB IBJISIIOTCS 8 BULOB COPHBIX
pacTteHnuii. [To cocTosuuio Ha 31 mexkabps 2021 roma
Haubojiee pacrpoCcTpPaHeHbl MOBUJINKU, aMbpo3usd

dutocaHuTapus. KapaHTuH pacteHui
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MOHUTOPUHT

TOJILIHHOJIMCTHA, TOpYaK IOJ3yuYnuil u aMm6po3us
TpexpaszaesibHasd.

[To JaHHBIM MOHUTOPWHTA TEPPUTOPUU CTPAHBI,
B 2021 romy ycTaHoBJeHa 371 HOBas KapaHTUHHAA Qu-
TOocaHMTapHas 30Ha Ha ob1el rmomaau 19,57 Teic. ra
0 5 BUJAaM COPHBIX PACTEHUH — aMOPO3UHU IOJIBIHHO-
JINCTHOM, aMOPO3UU Tpexpas3aebHON, aMOPO3UY MHO-
rojieTHel, TopUuaKy MoJI3yyeMy 1 ITOBUJIMKaAM.

V3 KapaHTUHHBIX 00bEKTOB, CBI3aHHBIX C ILJIO-
JIIOBBIMY U ITOIHBIMU KYJIBTypPaMu, HaruboJjee pacipo-
CTpaHEeHbI:

— aMepuKaHcKasa 6enas 6abouka (KapaHTHUHHBIE
duTOCaHUTAPHBIE 30HBI YCTAHOBJIEHHI B 215 MyHUIIU-
TaJIbHBIX patioHax 16 cy6bekToB Poccutickoit denepa-
1y Ha mioianu 423,4 ThiC. ra);

— kajaudopHUiicKasg MUTOBKA (KapaHTUHHbIE
(uTocaHUTapPHBIE 30HBI YCTAHOBJIEHBI B 199 MyHUIIN-
MaJbHBIX patioHax 15 cybbekToB Poccutickoit denepa-
LAY Ha IJIOAAU 25,6 ThIC. Ta);

— BOCTOYHAas IJIOJOXKOPKa (KapaHTUHHBIE (DUTO-
CaHWUTapHBIE 30HBl YCTAHOBJEHBI B 83 MyHUIUIIAIb-
HBIX palioHax 16 cy6bekToB Poccutickoit demepaniuu
Ha ILUIOmALY 36 ThIC. Ta).

BbIgBJIEHBI HOBBIE OUaru U yCTaHOBJIEHE!I 13 HO-
BbIX KAPAHTUHHBIX QUTOCAHUTAPHBIX 30H OMACHOTO
3aboneBaHUs — 6aKTEePUANIbHOTO 0XKOTa IIJI0OBBIX
KyJIBTYD — Ha ILIOWaLu OKOJIO 46 ThIC. ra. [To cocTog-
HU0 Ha 31 mexabpsa 2021 roma obmiasg muommanb
30H TI0 JaHHOMY 3aboJieBaHMIO cocTaBuja OoJiee
276,7 TBIC. Ta.

ITo cocTtosiHmio Ha 31 mekabps 2021 romga B Poc-
cutickoii demepanuu yCTaHOBJEHbl KapaHTUHHbBIE
¢uToCcaHMTAPHBIE 30HBI TOJIBKO IT0 4 U3 34 06HEKTOB
EnuHOTrO mepevHs KapaHTUHHBIX 06bekTOoB EASC,
CBSI3aHHBIX ¢ KapTodeseM: KapTohelbHON MOJIN, Kap-
To(esbHOM KOPOBKE, PaKy KapTo(eJsis U 30JI0TUCTOU
KapTodeNbHOM HEMATO/IE.

Haubosblllee pacrpocTpaHeHle B CTpaHe UMe-
€T 30JI0THCTas KapTodeabHas HeMaTOHa: 10 COCTOS-
Huo Ha 31 mekabpsa 2021 roma KapaHTUHHBbIE (Gu-
TOCAHUTApPHbIEe 30HBI YCTAHOBJIEHBI B 494 paiioHax
51 cybbekTa Poccuiickoit ®enepaiiny Ha o6IIel IIo-
mwanu 653,2 Teic. ra. B 2021 roxy 1no jaHHOMY BULY

YCTAHOBJIEHO 27 HOBBIX KAPDAHTUHHBIX UTOCAHUTAP-
HBIX 30H Ha IOy 6ojee 62 ThIC. Ta.

B pe3synbTaTe NpoBeleHHOTO MOHUTOPUHTA BIIEP-
Bble B 2021 rogy Ha TEPPUTOPUU CTPaHbl yCTAHOBJIEHA
1 xapaHTUHHas GUTOCAHUTAPHAS 30HA 10 KapTOdeib-
HOM KOPOBKe IIOMIA b0 2,3 ra Ha TEPPUTOPUU AMYP-
CKOM o6JiacTu. V3 KapaHTUHHBIX 06bEKTOB 3aKPBITO-
ro TPyHTa Ha TeppuTtopuu Poccuiickoit demepanuu
HauboJjiee pacIpoCTpaHeH 3allaJHbIN 1IBETOUYHBIHN
(xanMOPHUMCKMIT) TPUIIC: IJIOMA/Lh YCTAHOBJIEHHBIX
KapaHTUHHBIX (PUTOCAHUTAPHBIX 30H B 41 MyHUIU-
naJibHOM patioHe 29 cy6beKTOB Poccuiickoir depe-
pauuu yBeJIMUMUJIaCh 10 cpaBHeHUw ¢ 2020 rogoMm
Ha 11,9 ra u cocraBuia 567,2 ra.

EnvHbIN IepeyeHb KapaHTUHHBIX 06beKTOB EASC
0 cocTosSHUI0 Ha 31 mekabps 2021 roga BKJIOYAET
237 xapaHTUHHBIX 00beKTOB. B paznen I «KapaHnTuH-
Hble BpeHbIEe OPraHU3Mbl, OTCYTCTBYIOLIYE HA TEPPU-
Topru EBpa3uiickoro SKOHOMUYECKOT'0 COI03a» BXOIUT
180 BUOB BpeJHBIX OPraHMU3MOB, B paszel 1 «Kapas-
THHHBIE BpeJHble OPraHU3Mbl, OTPAHNUYEHHO PACIPO-
CTpaHeHHbIe Ha TeppUTOpUM EBPasuiickoro 3KOHOMU-
YeCKOoro cowsa» — 57.

ITo cpaBHeHUIo ¢ 2020 rogoM EAVHEBIN ITIepedyeHb
KapaHTUHHBIX 06beKTOB EAJC yBenmuuuicsa Ha 3 BUZA:
B paszen [ «KapaHTUHHbIE BpeJHble OPTaHU3MBbI, OT-
CYTCTBYIOIIE HA TEPPUTOPUU EBPa3miicKOro 3KOHO-
MUYECKOr0 COX3a» BHECEHBI BUPYC MO3aNKU IIEIUHO
(Pepino mosaic virus) u BUpyC KOpUUYHEBOW MOPIILU-
HUCTOCTH 1I0/10B ToMarta (Tomato brown rugose fruit
virus), a B pasgei Il «KapaHTUHHBIE BpelHbIE OPTraHU3-
MBI, OTPAaHNUEHHO paclIpoCTpaHeHHbIe Ha TEPPUTOPUN
EBpPasuiiCKOro SKOHOMUYECKOI'0 COI03a» — BUPYC IIAT-
HHUCTOro yBsmanus TomaTa (Tomato spotted wilt virus).

B 11€J10M B pe3ysibTaTe 06HaAPYy’>KeHM I HOBBIX OUa-
TOB KapaHTUHHBIX BPeLHBIX OPTAHU3MOB U JINKBU-
JaInuy paHee BBISIBJIEHHBIX ITonynainui B 2021 rogy
1o cpaBHeHUIO ¢ 31 mekabps 2020 roga ob1Ivie IJI0IIa-
IV KapaHTUHHBIX QUTOCAHUTAPHBIX 30H HE U3MEHU-
Juchb 110 11 orpaHUYEeHHO PacIpOCTPaHEHHBIM BUIaM,
10 25 BUIaM — YMEHBIIUJIUCE, 10 10 BUZaM — yBeJIUdu-
JIVCh. YCTAHOBJIEHBI KAPAHTUHHBIE (UTOCAHUTAPHBIE
30HBI [10 3 HOBBIM BUJZIAM.
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AHHOTALIUA
[IpencTaByieHbI PE3YIbTATHI TPEXTOAUUYHOTO MOHU-
topuHra (2019-2021 rT.) T0CceBOB 1 06pa3IloB 3epHA
OIeHuIsl [TeH3eHcKo obnacTu. [Ipu ob6eiieqoBaHuMT
27 moJIed MIIeHUIbl MOJOYHOM, MOJIOUHO-BOCKOBOH
¥ BOCKOBOM CIIEJIOCTH, PACITOJIOKEHHBIX Ha TEPPUTO-
puu 10 palioHOB, oTMeueHOo 147 BUAOB pacTeHuil. [Ipu
5TOM GOJIBIIMHCTBO M3 HUX IIPOM3PACTAJIO 10 KpasaM
ToJIeH, HO BCTPEYaJINCh U CUJIbHO 3aCOPEHHbBIE B OC-
HOBHOM CBO€I YacTW MOCEBBI, CO 3HAUUTEJbHBIM
0o6uIreM COPHBIX BUIOB. HeymoBJIEeTBOPUTENbHAS
arpoTexXHMKa IMPUBOAUT K 3HAUNUTEIbHOMY PETYJISAP-
HOMY ITOITOJTHEHUIO TOYBEHHOTO OaHKa CEMSIH COPHBIX
pacTeHui, KOTOPbIE COXPAHAIOT KU3HECIIOCOOHOCTD
B TeUueHUe NPOLOJIKUTEJbHOTO BpeMeHu. CienyeT
OTMETHUTB, UTO CEMEHA U TIJI0/Ibl MHOTHMX ITPUCYTCTBO-
BaBUIMX Ha ITOJIAX IIIEHUIIBI BUJOB COPHAKOB HE OT-
MeUeHbI B UCCJIeIOBAaHHBIX 00pasiax 3epHa. [IJiss Toro
YTOGKI TPOTHO3UPOBATH BEPOSITHOCTH O6HAPYKEHUS
TIJIOJIOB WJIU CEMSIH COPHBIX BUOB B IPOAYKIIVHY, HE-
06X0IUMO TIPY OTIMCAHUHU TT0JIEX YIUTHIBATH (heHO(Dasy
Pa3BUTHSI COPHBIX PACTEHUM, CTAIUI0 CIIEJIOCTH IIIIe-
HUIIBI U TIPEeATIoaraeMyio JaTy yOopKu yporkas.

[MpoaHanu3upoBaHbl 475 06pa310B 3epHa IIIIe-
HUIIBI ypoXkass 2018-2020 rr. u3 15 palloHOB 06Jia-
cTu. B mccimemoBaHHBIX 06pasilaxX 3epHa BbISIBJIEHBI
TIJIOAbI ¥ ceMeHa 84 COpHBIX BUAOB. V13 HUX HanboJjee
YacTo BCTpevaJuch IJIOAbI 1 ceMeHa Fallopia convol-
vulus (L.) A. Love u Convolvulus arvensis L. Cpenu pac-
TeHUM, OOHAPY)KeHHbIX KaK B [IOCEBAX, TaK U B 3epPHeE,
MIPUCYTCTBYET KapaHTUHHBIYA BUJ, Cuscuta campestris
Yunck.; TOJIbKO B 3epHE IIIEHUIbI ObIIN HANIEHBI
ceMsaHku Ambrosia trifida L. CBeleHUs, ITOJTyUeHHbBIE
O COPHBIX PACTEHUIX MIIEHUIIBI M3 KOHKPETHHIX
parioHoB [TeH3eHCKOU 06J1aCTH, MOTYT GBITH UCITOJb-
30BaHbI JJIg IIPeIBapUTEIbHON OIeHKU COOTBET-
CTBUS MIIEHUIbl (DUTOCAHUTAPHLIM TPeGOBaHUIM
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ABSTRACT
The results of a three-year monitoring (2019-2021)
of wheat crops and grain samples in Penza Oblast are
presented. When examining 27 fields of wheat of milk,
milk-wax and wax ripeness, located on the territory
of 10 districts, 147 plant species were noted. At the
same time, most of them grew along the edges of the
fields, but there were also crops heavily contaminat-
ed in their main part, with a significant abundance
of weed species. Unsatisfactory agricultural practices
lead to a significant regular replenishment of the soil
bank of weed seeds, which remain viable for a long
time. It should be noted that the seeds and fruits of
many weed species present in wheat fields were not
observed in the studied grain samples. In order to
predict the probability of detecting fruits or seeds of
weed species in products, it is necessary to take into
account the phenophase of development of weeds, the
stage of wheat ripeness and the expected date of har-
vest when describing the fields.

475 samples of wheat grain harvested in
2018-2020 were analyzed from 15 districts of the re-
gion. Fruits and seeds of 84 weed species were detect-
ed in the studied grain samples. Of these, Fallopia con-
volvulus (L.) A. Léve and Convolvulus arvensis L. fruits and
seeds were the most common. Among the plants de-
tected both in crops and in grain, there is a quaran-
tine species, Cuscuta campestris Yunck.; Ambrosia trifi-
da L. achenes were found only in wheat grain. The data
obtained on wheat weeds from specific areas of Pen-
za Oblast can be used for a preliminary assessment

dutocaHutapus. KapaHTuH pactenunin = 14
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KOHKPETHBIX CTPaH-UMIIOPTEPOB IIPU paccMaTpuBa-
HUMU ITOTEHIIVAJIbHbBIX PHIHKOB CObITA PACTEHUEBOIYE-
CKOU IIPOJIYKITUN.

Knrouesvte cnosa. ObcnenoBaHue II0CEBOB, YKC-
MOPT 3epHA, GUTOCAHUTAPHOE COCTOSHUE.

BBEJIEHUE

UeHUNa 3aHUMaeT JUAUpylollee
TIOJIOKEHYE B POCCUNCKOM DKCITOP-
Te TPOAYKIIMU PacTeHUEeBOJICTBA.
B 2021 r. P® mocraBuia 6oJee
32 MJIH TOHH IIIeHUIBI B 89 cTpaH
mupa (ACIH «Joctyn-TCBT»). Kak
SKCIIOPTEP Hallla CTpaHa [JOoJIKHA
cobaromath TpeboBaHus (uTroca-
HUTapPHOM 6e30I1acHOCTM IOCTaBJIIEMON €10 pacTe-
HUEBOJUECKON MPOAYKIWU. [IpU 3TOM B IepevyHe
KapaHTUHHBIX 00BEKTOB CTPAH-UMIIOPTEPOB MOTYT
MIPUCYTCTBOBAThH XapaKTePHBIE IIPeJICTAaBUTENN COP-
HO¥I (hJIOPBI CTPAHBI-OTIIPaBUTENA. Tak Kak IImie-
HUILy BBIPAI[MBAKT BO MHOTUX peruoHax Poccuwu,
BUAUTCS aKTyaJIbHOU 3ajaueil u3yueHUE Peruo-
HaJIbHBIX 0COGEHHOCTE! COPHOTO KOMITOHEHTA IIIe-
HULl P® [Jig OLleHKU SKCIOPTHOrO IIOTeHIIrajia
9TOU KYJIbTYPHI.

Ha TeppuTopuu [IeH3eHCKON 00J1acTU MIIeHUIIA
SIBJIIETCS TIPeobiialaroInel celbCKOX03ICTBEHHON
KyJIbTYpPOH, 3aHUMAlOIIel TTepBOe MeCTO IO ITOCEB-
HBIM IIoIagsaM (TeppuTopuanbHbIi..., 2022), a TaK)Ke
skcnopty npoaykuuu (AC «JlocTyrn-TCBT»). B 2021 .
B peruoHe cobpanu 6ojyee 1,5 MJIH TOHH ITIIEHUILbI
(MuHUCTEPCTBO..., 2022), 13 KOTOPBIX 0KOJIO 60 ThIC.
TOHH OBLJIY OTIIPaBJIEHBI HA DKCITOPT B A3epbaiimxaH,
Kasaxcran, JlaTBuio (ZaHHbIe [TeH3eHCKOTO (puanaia
OT'BY «BHUVIKP»). B CBSI31 C 9THM IIPEACTABIISIETCS aK-
TyaJIbHBIM 1 HEOOXOAUMbIM YCTaHOBJIEHNE (DUTOCAHU-
TapHOT'0 COCTOSHUS BhIpallliBaeMOl Ha TEPPUTOPUU
[TeH3€eHCKOM 06JIaCTH IIEHUIIBI B YaCTU ITPUCYTCTBUS
KapaHTWHHbBIX COPHBIX PACTEHUU U BBIBJIEHIE MaKCH-
MaJIbHO TIOJIHOTO CIIMCKA BO3MOXXHBIX HE PeTyiIupye-
MbIX B Poccuy BUIOB PACTEHUH, BCTPEUAIONIUXCS B €€
IoceBax U 3epHE.

MATEPUWAJIBI U METO/1bI

B 2019-2021 rr. 66114 06CIeIOoBaHbI 27 TI0JEH MIle-
HUIBI 06IIeH Iomanbio 4977 ra, pacioyioKeHHbIX
B 10 pationax [lenseHcKoi obmactu (puc. 1, Ta6ia. 1).
BoJibIIast 4yacTh MCCIIEOBAHHBIX II0CEBOB MIITEHUILbI
pacrioyiarajiach B I0TO-3aIIalHOM 1 I0XKHOM YacTaX 00-
Jgactu (puc. 1), rme cocpegoTOYeHbl OCHOBHBIE ITOCEB-
HbIE TIJIONIA/IY 3€PHOBBIX KYJIbTYP PErUOHA.

TToceBBI MIIEHUIIBI MCCIIE0OBAJIM C KOHIIA UIOHS
[0 KOHEIl aBTycTa B OfHY U3 heHONIOTNYeCKUX a3
pocTa: MOJIOYHOM, MOJIOUHO-BOCKOBOI MJIX BOCKOBOM
criesioctu. O6ciegoBaHye MOJEN ITPOBOAUIIY 110 CJie-
IYIOIIEN cXeMe:

1. YuuTbsiBaJau BCe COPHbIE PaCTEHUA 110 KpadaM
T10JIS1.

2. TIpokJyiafplBaIn BIJIyOb TOJS OT ABYX IIO He-
CKOJIBKUX TPAHCEKT AJimHOoN oT 20 10 100 M (B 3aBU-
CUMOCTH OT TIJIONIA/IY TIOCEBOB) ¥ YUUTHIBAJIX COPHbIE
BU/bI B OCHOBHOM YaCTH IIOCEBOB.

of wheat compliance with the phytosanitary require-
ments of specific importing countries when consider-
ing potential markets for crop products.

Key words. Crop inspection, grain export, phy-
tosanitary condition.

INTRODUCTION

heat occupies a leading position in Rus-

sian crop exports. In 2021, the Russian

Federation supplied more than 32 mil-

lion tons of wheat to 89 countries of

the world (ASD “Dostup-TSVT”). As an
exporter, Russia must comply with the phytosanitary
safety requirements of the crop products it supplies.
At the same time, typical representatives of the weed
flora of the sending country may be present in the list
of quarantine objects of the importing countries. Since
wheat is grown in many regions of Russia, it seems an
urgent task to study the regional characteristics of the
weed component of wheat in the Russian Federation in
order to assess the export potential of this crop.

On the territory of Penza Oblast, wheat is the pre-
dominant agricultural crop, ranking first in terms
of sown area (Territory..., 2022), as well as product
exports (ASD “Dostup-TSVT”). In 2021, more than
1.5 million tons of wheat were harvested in the region
(Ministry..., 2022), of which about 60,000 tons were
exported to Azerbaijan, Kazakhstan, and Latvia (data
from the Penza Branch of FGBU “VNIIKR”). In this re-
gard, it seems relevant and necessary to establish the
phytosanitary status of wheat grown in Penza Oblast
in terms of the presence of quarantine weeds and to
identify the most complete list of possible plant species
not regulated in Russia detected in its crops and grain.

MATERIALS AND METHODS

In 2019-2021, 27 wheat fields with a total area of
4977 ha, located in 10 districts of Penza Oblast, were
surveyed (Fig. 1, Table 1). Most of the studied wheat
crops were located in the southwestern and southern
parts of the region (Fig. 1), where the main sown areas
of grain crops in the region are concentrated.

Wheat crops were studied from the end of June to
the end of August in one of the phenological phases of
growth: milky, milky-wax or waxy ripeness. The fields
were surveyed according to the following scheme:

1. All weeds along the edges of the field were tak-
en into account.

2. From 2 to several transects from 20 to 100 m
long were laid deep into the field (depending on the
area of crops) and weed species were taken into ac-
count in the main part of the crops.

Standard inspection schemes were not used due to
the complex configuration of most of the studied fields.

Phenophase was noted in all the detected weeds in
order to assess the likelihood of their seeds maturing
by the time of harvesting.
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Puc. 1. UccnepoBaHHble NONAS NWeHUUbl.

Puc. 2. Mecta oT60pa o6pasuoB nuweHuubl:  Fig. 2. Wheat sampling sites:

1-2019r.;2-2020r.;3-2021r.

CraHIapTHBIE CXEMBI OCMOTPa He IPUMEHSINCH
10 TIPUYMHE CJI0KHON KOH(GUTypaIuu 60JbIINHCTBA
UCCJIeOBAaHHBIX TI0JIEN.

Y Bcex BCTPEYEHHBIX COPHBIX PACTEHUI OTMeyYa-
s peHodasy, YTO6b! OIIEHUTDh BEPOSITHOCTh CO3PEBa-
HUS UX CEMSH KO BpeMeHU YOOPpKU yposkas.

3. Buzbl onipesesisiyiv B MOJIEBBIX YCIOBUSIX BU3Y-
aJIbHO U B JJabopaTopuu 110 MOPMOJIOTUYECKUM ITPU-
3HaKaM C IIOMOIIbI0 cTepeoMuKpockoria Stemi 2000 C,
UCIIONb3Ys onpenenuTesnu Gaopsl [leH3eHCKOH 06-
JIaCTH, SJIEKTPOHHBIE pecypchl (BaciokoB, CaKCOHOB,
2020; MaeBckuii, 2014; HukutuH, 1983; CoJIsHOB,
2001; ®ucroHOoB, 1984; [TnanTapuym; AgroAtlas; GBIF).

Bce copHble BUIBI PAaCTEHUN, HaXOLUBIINECS
B CTaAUU IIBETEHUS U IMJIOAOHOUIeHN s, O6blin repba-
pusoBanbl. Co6paHHBIN TakKuM 06pa3oM MaTepua
UCIIOJIb30BAJIY JJIsi OKOHYATEJIbHOU UAeHTU(GUKAIIUN
TIJIOZIOB U CEMSH, HaliZleHHBIX B 06pa3iiax 3epHa.

L1 TOHMMaHU 4, KaKoe YUCIIO ¥ KaKye BULBI COP-
HBIX PacTeHUM, BCTPEUEHHBIX B ITOCEBAX IIIEHUILHI,
TI0TIaIaf0T B TOTOBYI0 3€PHOBYI0 ITPOAYKITUIO, ObLyIa 13-
YeHa 3aCOPeHHOCTb 475 06pasoB MIIEHUITBI YPOXKAS

Fig. 1. Studied wheat fields.
O3umasg nwenuua: 1 —2019r.; 2-2020r.; Winter wheat: 1 —2019; 2 — 2020;
3 -2021r. posas nweHnuya: 4 — 2020 . 3 - 2021. Spring wheat: 4 — 2020

1-2019;2-2020; 3 -2021

3. Species were identified in
the field visually and in the labo-
ratory by morphological features
using a Stemi 2000 C stereomi-
croscope, using Penza Oblast flora
determinants, electronic resour-
ces (Vasyukov and Saxonov, 2020;
Mayevsky, 2014; Nikitin, 1983;
Solyanov, 2001; Fisyunov, 1984;
Plantarium; AgroAtlas; GBIF).

All weed species of plants
that were in the stage of flower-
ing and fruiting were herbarized.
The material collected in this way
was used for the final identifica-
tion of fruits and seeds detected
in grain samples.

To understand how many
and what weed species detected
in wheat crops get into finished
grain products, we studied the
infestation of 475 samples of
wheat harvested in 2018-2020,
which arrived at the testing labo-
ratory of the Penza Branch of the
FGBU “VNIIKR” from 15 districts
of Penza Oblast (Fig. 2).

The samples were exam-
ined manually, carefully pouring
the grain onto a parsing board
in small portions and sorting it
with a spatula using a forehead
magnifier. Weed fruits and seeds
were identified by morpholo-
gical characters using a Stemi
2000 C stereomicroscope using
literary sources and electronic
resources (Volkova et al., 2007;
Dobrokhotov, 1961; Maisuryan
and Atabekova, 1978; Moskalen-
ko and Yudin, 1999), and also
previously identified own her-
barium collections in the fruit-
ing phase of 2019-2021.

©-1,0-2,0-3,A-4

RESULTS AND DISCUSSION

Comparative analysis of wheat grain harvest

2018-2020
475 wheat samples were studied: 2018 harvest —
81 samples, 2019 harvest — 197 samples and 2020 har-
vest — 197 samples.

As a result of a herbological study of wheat sam-
ples from the 2018 harvest, fruits and seeds of 51 weed
species were identified, 64 species from the 2019 har-
vest, and 67 species from the 2020 harvest (Table 2).
Thus, the total list of species, the fruits and seeds of
which were noted in wheat grain for 3 years, includes
84 species (Table 2).

The analysis of the data obtained showed that most
often and in large quantities in wheat samples of the
2018-2020 harvest, there were fruits and seeds Seta-
ria pumila (Poir.) Roem. & Schult., Fallopia convolvulus (L.)

duTtocaHutapusa. KapaHTtuH pacteHuin 16
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2018-2020 rr., IOCTYNUBIINUX B UCIBITATEJIbHYI0 Jia-
6opatopuio [TenseHckoro punrana PIrBY «BHUVIKP»
n3 15 paiioHoB [IeH3eHCKOM obyacTu (puc. 2).
O6pa3sIbl MCCIIeIOBAIL METOJOM PYYHOTO pa36o-
pa, aKKypaTHO BbIChINIasg 3¢pPHO Ha pa3bopouHyo JoC-
Ky HeOOJIbIIMMU [TOPIUAMU U Nlepebupas unaTenieM

A. Love and Convolvulus arvensis L. (Table 3). The occur-
rence of seeds and fruits of other species varied greatly
over the years. So, for example, in the harvest of 2018,
Elytrigia repens (L.) Nevski fruits were found in approxi-
mately 30% of the studied samples, while more than
70% of grain samples from the 2020 harvest contained

C UCMOJb30BAHUEM HAJOOHOM JIYITHI.
VimeHTU(UKAIMIO IIJIOA0B U CEMSH COP-
HBIX PacTeHUN IIPOBOIMIIN 110 MOP(DO-
JIOTUYECKUM IIPU3HaKaM C MOMOIIbI0
cTepeoMukpockomna Stemi 2000 C
C UCIIOJIb30BaHUEM JIUTEPATYPHBIX
WCTOYHUKOB U BJIEKTPOHHBIX Pecyp-
coB (BoakoBa u aip., 2007; Io6pOXOTOB,
1961; MaiicypsaH, ATabekoBa, 1978;
Mockanenko, IOguH, 1999), a Takxe
MIpeABapUTEIbHO UAEHTU(DUIIMPOBAH-
HBIX COOCTBEHHBIX TepbapHBIX COOPOB
B (paze miomoHoImeHus 2019-2021 rr.

PE3VYJIbTATbI
N OBCYXJEHUE

CpaBHUTEJIbHBIM aHAJIN3 3€epHA

NUIeHUIIbI ypoxkasa 2018-2020 rr.
VccaemoBaHo 475 06pa3lioB MIIeHNU-
11l yposkas 2018 1. — 81 obpaseri, ypo-
skag 2019 . — 197 06pasiioB u ypokas
2020 1. — 197 06pasIioB.

B pesynbTaTe rep60og0ormuyecko-
ro uccleoBaHNUsI 00pa3oB MIIeHN-
116l ypoxkasg 2018 I. BBIABJIEHEI [1JIOLbI
1 ceMeHa 51 BUJla COPHBIX PAaCTEHUH,
ypoxada 2019 1. — 64 BULOB, ypoxas
2020 1. — 67 BumosB (Ttabia. 2). Takum
o6pasoM, CyMMapHBIYN CITMCOK BU/IOB,
TIJIONIBI ¥ ceMeHa KOTOPBIX OTMEUEHbBI
B 3epHE MIIEHUIIbI 3a 3 TOa, BKIIOYAEeT
84 Bupa (Tabi. 2).

AHanu3 oJydYeHHBIX JaHHBIX 110-
KasaJ, 4YTo HauboJiee 4acTo 1 B 60JIb-
IITOM KOJTUYECTBE B 00pasIiax MIIeHUIIbI
ypoxad 2018-2020 rT. Ha IPOTSXKEHUNU
BCEX TpeX JIET BCTPEYAJUCh IIJIOIbI
u ceMeHa Setaria pumila (Poir.) Roem. &
Schult., Fallopia convolvulus (L.) A. Love
u Convolvulus arvensis L. (trabm. 3).
BcTpeyaeMoCTh CeMSH ¥ TIJOJOB
OCTaJIbHbIX BU/IOB CUJIbHO MeEHAJIACh
o romaM. Tak, HaIpUMep, B ypoXkae
2018 r. ol Elytrigia repens (L.) Nevs-
ki BcTpeuanuchk npuMepHo B 30% uc-
CJIeI0OBaHHBIX 00Pa3IlOB, B TO BPeMs
Kak 6osiee 70% o6pasIloB 3epHa ypo-
skasg 2020 I. cofieprKaiu ero 3epHOBKU
(tabu. 3). 1 mHaobopot, cemeHa Cheno-
podium album L., momagasiivecs 6ojiee
4eM B 60% 06pas1ioB MIIeHUIIBI yPOXKa-
eB 2018 1 2019 rT., B 06pa3siiax MiIeHn-
1bl ypokas 2020 I. BCTpevaJiuch B 1Ba
pasa pexxe (tabi. 3).

B TeueHMe BCeX Tpex JIEeT uccie-
IOBaHUM B 00pasilax 3epHa MIIeHU-
IIbI HaXOIMJIX CeEMEeHa KapaHTUHHOTO
nys EASC Buma — Cuscuta campestris

Tao6auna 1
HccaemoBaHHbIE I10JIS MIIEHUIIBI
Table 1
Studied wheat fields
Paiion IInomaab
Tog wcciieoBaHUiA N2 mosisi* KoopauHaAThI oJjisg, ra
Year Area of study Field N2* Coordinates Field area, ha
2019 TaMaJuHCKHi 1 52.793800, 43.533050 293
Tamalinsky 2 52.794480,43.541114 498
3 52.756430, 43.544510 237
4 52.756590, 43.555340 232
Ceprobckuii 52.778050, 43.886540
5 54
Serdobsky
BexoBCcKui 52.486245,43.552130
6 189
Bekovsky
KysHuenkui 52.976224,46.732462
7 56
Kuznetsky
KomplnieicKui 8 52.820720, 44.450500 251
Kolyshleysky 9 52.812740, 44.464130 161
2020 KosbliwieiicKuit 10 52.803357, 44.493202 221
Kolyshleysky 1 52.800996, 44.511333 111
12 52.813050, 44.467390 408
BekoBckuit 13 52.698760, 43.794010 2
Bekovsky
Ceprmo6exuit 14 52.397250, 44.081680 178
k
Serdobsky 15 52.395780, 44.08060 203
I[IeH3eHCKUI 16 53.036166,44.771721 238
Penzensky 17 53.033895, 44.779172 363
MasnocepmobuHckuii 18 52.474446, 45.206296 255
Maloserdobinsky ¢ 52.474352, 45.209792 423
HapoBuaTckui 20 53.73107,43.67059 130
Narovchatsky 21 53.93202 , 43.60084 113
22 53.767513,43.641062 65
23 53.766680,43.644632 127
KysHerkuit 24 53.092770, 46.312259 50
Kuznetsky
2021 BammakoBCKuil 25 53.216426, 43.066862 55
Bashmakovsky 26 53.219568, 43.110786 37
BaguHcKui 27 53.628441, 43.290695 27
Vadinsky

* ||BeTOM BblAeneHbl U3y4eHHble NoJis SPOBOM NWEHWLbl, He BblAeNeHbl LLBETOM Noss

03UMOW MLEHNLLbI.

* The studied fields of spring wheat are highlighted in color, the fields of winter wheat

are not highlighted in color.

Yunck. (ta6u. 2). EZVHOX/IbI B 3epHE IIIEHUIIbI YPO-
skasg 2019 . 6b11u HalileHbl ceMaHKU Ambrosia trifida L.

(Tabu. 2). laHHOE eqUHUYHOE OOGHAPY)KeHUEe TPedyeT

Mionb N2 2 (10) 2022
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Ta6auia 2

BPIJIOBOﬁ COoCTaB paCTeHPlﬁ, IJ101bl U CEMEHA KOTOPbIX BbIABJICHDI B 3€PHE INIIEHUILbI

ypoxkasa 2018-2020 rr.*
Table 2

The species composition of plants the fruits and seeds of which were found in wheat grain

of the 2018-2020 harvest*

VYposkaii mueHnIbI

Ypo:kaii mueHuLbI

0 0
N Wheat harvest N Wheat harvest
n/on Bup n/u Bup,
N2 Species 2018r. 2019r. 2020T. N2 Species 2018r. 2019r. 2020T.
1 Agrimonia eupatoria L. + + + 23 Conyza canadensis (L.) Cronquist — + +
2 Amaranthus albus L. + - - 24 Convolvulus arvensis L. + + +
3 Amaranthus retroflexus L. + + + 25 Cuscuta campestris Yunck. + + +
4 Ambrosia trifida L. - + - 26  Cyclachaena xanthiifolia + - -
. . (Nutt.) Fresen.
5 Apera spica-venti (L.) P. Beauv. — + 3
- 27 Delphinium consolida L. + + +
6  Arctiumlappa L. + - -
- - 28 Draba nemorosa L. + - -
7 Arctium tomentosum Mill. - + +
29  Echinochloa crus-galli + + +
8  AvenafatuaL. + + + (L.) P. Beauv.
9  Brassica juncea (L.) Czern. + - - 30  Echium vulgarel. + + +
10  Brassica napusL. - - + 31  Elytrigia repens (L.) Nevski + + +
11 Bromus arvensis L. B + + 32 Euphorbia virgata Waldst. & Kit. + + +
12 Bunias orientalis L. + + - 33 Falcaria vulgaris Bernh. - + -
13 Buglossoides arvense (L.) + + + 34 Fallopia convolvulus (L) A. Love + + +
[.M. Johnst.
- - 35 Fumaria officinalis L. - + +
14  Camelina microcarpa + + +
Andrz. ex DC. 36 Galega orientalis Lam. — + +
15 Camelina sativa (L.) Crantz + + + 37 Galium aparine L. + + +
16 Capsella bursa-pastoris (L.) — — + 38 Galium verum L. — + +
Medikus .
39  Galeopsis ladanum L. + + +
17  Cannabis sativa L. + + - .
40  Galeopsis bifida Boenn. + + +
18 Chenopodium album L. + + + T
41  Heracleum sibiricum L. - - +
19 Centaurea cyanus L. + + + ;
42 Hypericum perforatum L. = = +
20  Cichorium intybus L. + + + -
43 Lactuca serriola L. — 4 4
21 Cirsium setosum (Willd.) Besser + + +
44 Lappula squarrosa + + +
22 Conium maculatum L. — — + (Retz.) Dumort.

MPOBEIEeHNS NONOJHUTENIbHBIX 06CIeIOBaHUM ITOCe-
BOB ITIIEHUITbI [TeH3€HCKOM 06/1aCTU Ha TPUCYTCTBUE
5TOTO BUZA.

CoOTHOIIIEeHE PAa3HBIX TPYIII COPHBIX PACTEHUH,
ceMeHa KOTOPBIX HAUeHbl B 3epHE MIIeHUIIbI, OCTa-
JIOCh HEM3MEHHBIM B TeueHue Tpex JeT. Tak, mpeoba-
IAIOIIMMU B COCTaBE COPHOI IIpruMecHu GbLIM ceMeHa
IBYIOJbHBIX OJJHOJIETHUX BUIOB pacTeHu# (56—-66%
OT 0011ero o6'beMa BCTpeUeHHbIX BUIOB) (puc. 3). Ca-
MYI0 HE3HAUUTEJbHYI0 T'PYIITY COCTAaBUIN OJHOML0Jb-
HbIe MHOTOJIETHUE pacTeHus (2—3% oT 0611ero o6bemMa
BCTPEYEHHBIX BUOB), IPE/ICTaBIEHHbIE TIPEUMYIIIE-
CTBEHHO ITbIPEEM ITOJI3YYUM.

CpaBHUTEJIbHBIH aHAJIN3 COCTaBa COPHBIX
pacTeHUil B 3epHe U IoCeBax MIIE€HUIIbI
B cBS3U C T€M, UTO MBI HE MOXXEM TTPOBECTHU TIPSIMO-
IO CpaBHEHUS BUJOBOTO COCTAaBa COPHBIX PACTEHMI
KOHKPETHOTO MOJIT ¥ COGPaHHOTI0 HEITOCPEICTBEHHO

its grains (Table 3). And vice versa, Chenopodium al-
bum L. seeds detected in more than 60% of wheat
samples of 2018 and 2019 harvest, in wheat samples
of the 2020 harvest were twice as rare (Table 3).

During all three years of research, seeds of a qua-
rantine species for the EAEU were detected in wheat
grain samples — Cuscuta campestris Yunck. (Table 2). Am-
brosia trifida L. achenes were detected once in the wheat
grain of the 2019 harvest (Table 2). This single detec-
tion requires additional surveys of wheat crops in Pen-
za Oblast for the presence of this species.

The ratio of different groups of weeds, the seeds
of which were detected in the grain of wheat, re-
mained unchanged for three years. Thus, seeds of

dutocaHutapus. KapaHtuH pactenunii = 18
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Ta6auia 2
IIpopoxkenue
Table 2
Continuation
Ne VYposkaii mueHuIbI o Vposkaii mueHUIbl
Wheat harvest Wheat harvest
n/m Bup n/n Bupg
N2 Species 2018r. 2019r1. 2020T. N2 Species 2018r. 2019r. 2020T.
45 Lathyrus tuberosus L. + + + 69  Silene dichotoma Ehrh. - - +
46  Lathyrus pratensis L. = - + 70  Silene noctiflora L. - + +
47 Linaria vulgaris Mill. + + + 71  Sinapis alba L. + - -
48  Lycopsis arvensis L. = + + 72 Sinapis arvensis L. + + +
49  Malva pusilla Sm. - + + 73 Stachys annua (L.) L. + + +
50 Medicago lupulina L. - - + 74  Stachys palustris L. - - +
51  Medicago sativa L. = 4 i 75  Stachys recta L. = + =
52 Melandrium album (Mill.) Garcke + + + 76  Stellaria graminea L. - - +
53  Melilotus albus Medikus - + - 77  Thiaspi arvense L. + + +
54  Melilotus officinalis (L.) Pallas — i 3 78  Tripleurospermum inodorum + + +
; : . (L.) Sch. Bip.
55  Myosotis arvensis (L.) Hill - - +
79  Verbascum nigrum L. — 4 —
56  Oberna behen (L.) Ikonn. - + +
- - - 80 Vicia angustifolia Reichard + + +
57  Onobrychis arenaria (Kit.) DC.  + - -
- - 81 Vicia cracca L. - + +
58  Neslia paniculata (L.) Desv. + + +
- — 82  Vicia hirsuta (L.) Gray + + +
59  Panicum miliaceum var. ruderale + + +
Kitag. 83  Vicia villosa Roth - + -
Persicaria scabra (Moench) + + + 84  Viola arvensis Murray + + +
60 Moldenke
61  Plantago major L. + - - *[__]- UBETOM BblAe/eHbl BUAbI, MA0AbI 1 CEMEHA,
62 Poa pratensis L. _ _ " BbISIBMIEHHbIE B 3epHe NwweHuLbl ypoxas 2019 r.,,
KOTOpble He NMPUCYTCTBOBasM B 3epHe ypoxasa 2018 r.;
63 Polygonum aviculare L. + + + [ 11— uBeTOM BblaeneHbl BUAbl, N104bl U CEMEHA,
- BbISIBMIEHHbIE B 3epHe nwweHuLbl ypoxas 2020 r., KoTopble
64 Polygonum hydropiper L. + + B He NpPUCYTCTBOBaNM B 3epHe ypoxkas 2018 n 2019 rr.
65  Raphanus raphanistrum L. + + + *[ - the color highlights the species, fruits and seeds
66  Rumex crispus L. + + + detected in the wheat grain of the 2019 harvest,
which were not present in the grain of the 2018 harvest;
67 Setaria pumila (Poir) Roem. & + + + 1 - the color highlights the species, fruits and seeds
Schult. detected in the wheat grain of the 2020 harvest, which were not
68  Setaria viridis (L.) P. Beauv. N N N present in the grain of the 2018 and 2019 harvests.

c Hero o6pasiia 3epHa, IIPUBOAUM TOJIbKO HEKOTOPEIE
ob1IMe TeHIeHIIUN.

B 2020 r. HamboJiee yacTo (B 75% KUcciaeLoBaHHbIX
IoJjieli) B IIOCEBax IIIEHUIIbl BCTPeYasoch 8 BUIOB
COPHBIX pacTeHuit: Tripleurospermum inodorum, Sonchus
arvensis L., Artemisia vulgaris L., Cirsium setosum, Convol-
vulus arvensis, Delphinium consolida, Cichorium intybus,
Tanacetum vulgare L. (Ta6i. 4). I3 3TUX BUJ0OB TOJHKO
BBIOHOK IT0JIEBOM TaK)Ke YacTO OTMeYaJiCs 1 B o6pas-
I1axX 3epHa mieHuIs! ypoxkas 2020 1. (87,8%).

IMomo6Has cuTyallus oTMeuvajach u B 2019 T.
[To HalIeMy MHEHUIO, OHA MOXKET OBITh 0O'bSICHEHA PS-
JIOM IPUYMH.

1. CeMeHa u MJI0AbI HEKOTOPBIX BUMOB, IIPEUMY-
IIECTBEHHO JIBYI0JIbHBIX MHOTOJIETHUX WJIY ABYJIETHUX
pacrenuti (Lactuca serriola, Cichorium intybus, Cirsium Se-
tosum, Euphorbia virgata, Sonchus arvensis), 4acTo BCTpe-
YaBIIKXCS Ha IIOJISIX 03MMOM ITIIEeHUIIbI, MO0 He Ioma-
JIV B MICCJIEIOBAaHHOE 3€PHO BOOOIIIE, 1160 BCTPEYAICh

dicotyledonous annual plant species were predo-
minant in the composition of the weed admixture
(56—-66% of the total volume of species encountered)
(Fig. 3). The smallest group consisted of monocotyle-
donous perennial plants (2-3% of the total volume of
species encountered), represented mainly by Elytrigia
repens (L.) Nevski.

Comparative analysis of the composition

of weeds in grain and wheat crops
Since we cannot make a direct comparison of the spe-
cies composition of weeds in a particular field and a
grain sample collected directly from it, we present only
some general trends.
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Taoauna 3

BubI COPHBIX PACTE€HUIi, CEMEHA U ILJIOZbI KOTOPBIX HanGoJiee YacTO BCTPEYAJINCh
B o0pa3iiax 3epHa NIeHMuIbI ypoxkas 2018-2020 rr.

Table 3

The species composition of plants the fruits and seeds of which were found
in wheat grain of the 2018-2020 harvest

INuenuna yposxasa 2018 r. INmenuna ypoxasa 2019 r. IImeHnuna ypo:xas 2020 r.
2018 wheat harvest 2019 wheat harvest 2020 wheat harvest
BceTrpeuae- Bcerpeuae- BcTpeuae-

Ne MOCThb, % N¢ MOCThb, % N2 MOCTB, %

n/n Bup Occur- n/n Bup Occur- n/n Bup Occur-

N2 Species rence,% N2 Species rence,% N2 Species rence, %

1  Setaria pumila (Poir.) 91,4 1 Fallopia convolvulus 99,0 1  Convolvulus arvensisL. 87,8
Roem. & Schult. (L.) A. Love

2 Convolvulus arvensis L.~ 88,9 2 Convolvulus arvensis L.~ 95,9 2 Fallopia convolvulus 79,2

(L.) A. Love
3 Chenopodium albumL. 69,1 3 Setaria pumila 81,2 3 Elytrigia repens 72,1
(Poir.) Roem. & Schult. (L.) Nevski

4 Fallopia convolvulus 66,7 4 Avena fatua L. 76,7 4 Setaria pumila 65,0
(L.) A. Love (Poir.) Roem. & Schult.

5  Echinochloa crus-galli 60,5 5  Lappula squarrosa 62,4 5 Galium aparine L. 62,9
(L.) P. Beauv. (Retz.) Dumort.

6  Delphinium consolida L. 51,2 6  Chenopodium albumL. 60,4 6 Galeopsis bifida Boenn. 51,8

7 Galium aparine L. 48,2 7  Delphinium consolida L. 49,2 7  Echinochloa crus-galli 39,6

(L.) P. Beauv.
8  AvenafatuaL. 48,1 8  Setaria viridis 39,1 8 Thlaspi arvense L. 39,1
(L.) P. Beauv.

9  Persicaria scabra (Mo- 39,5 9 Galeopsis ladanum L. 36,0 9  Delphinium consolida L. 34,5
ench) Moldenke

10 Tripleurospermum inodo- 35,8 10  Persicaria scabra (Mo- 34,0 10  Persicaria scabra (Mo- 34,5
rum (L.) Sch. Bip. ench) Moldenke ench) Moldenke

11 Euphorbia virgata 34,6 11  Amaranthus retroflexus L. 32,5 11  Galeopsis ladanum L. 32,5
Waldst. & Kit.

12  Elytrigia repens 33,3 12 Galeopsis bifida Boenn. 32,0 12 Tripleurospermum inodo- 32,5
(L.) Nevski rum (L.) Sch. Bip.

13  Chenopodium albumL. 30,5
14  Lappula squarrosa 29,9

(Retz.) Dumort.

sl =203 /4

sl e2 a3 .2

sl 22 w3

A
4

2018

Puc. 3. Tpynnbl BUA0B pacTeHWi, Niofbl U ceMeHa KOTOpbIX
BbISIBNIeHbl B 3epHe nweHunubl ypoxkasa 2018-2020 rr., %:

1 — ogHOA0/bHbIE OfHONETHUE pPacTeHus; 2 — ABYAOJbHbIE
ofiHONeTHMe pacTeHus; 3 — 0AHOAO/NbHbIEe MHOTONEeTHNe
pacteHus; 4 — ABYAONbHbIE MHOFONIETHME pacTeHus

2019~

2020 r.

Fig. 3. Groups of plant species, the fruits and seeds of which
were found in the wheat grain of the 2018-2020 harvest, %:
1 - monocotyledonous annuals; 2 — dicotyledonous annuals;
3 — monocotyledonous perennials;
4 — dicotyledonous perennials

dutocaHuTapusi. KapaHTUH pacTeHuii
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Tao6una 4

Bupbl COPHBIX pacTeHUii, KOTOPbIe HAN60JIe€ YaCTO BCTPEUATUCH

Ha I10JISIX U B 3epHe nueHuinsl B 2020 1.
Table 4

Weed species most often detected in fields and in wheat grain in 2020

ITossa nmmeHubl, 2020 1.

3epHO NIIeHUIbI yposxaa 2020 1.

Wheat fields, 2020 r. 2020 harvest wheat grain
Ne BcTpeuae- Ne BcTpeuae-
no/m Bup MOCTb, % n/m Bupg MOCTb, %
N2 Species Occurrence, % N2 Species Occurrence, %
1 Tripleurospermum inodorum (L.) Sch. Bip. 100 1 Convolvulus arvensis L. 87,8
2 Sonchus arvensis L. 91,7 2 Fallopia convolvulus (L.) A. Love 79,2
3 Artemisia vulgaris L. 83,3 3 Elytrigia repens (L.) Nevski 72,1
4 Cirsium setosum (Willd.) Besser 83,3 4 Setaria pumila (Poir.) Roem. & Schult. 65,0
5 Convolvulus arvensis L. 83,3 5 Galium aparine L. 62,9
6 Delphinium consolida L. 83,3 6 Galeopsis bifida Boenn. 51,8
7  Cichorium intybus L. 75 7  AvenafatuaL. 39,6
8 Tanacetum vulgare L. 75 8  Echinochloa crus-galli (L.) P. Beauv. 39,6
9  Euphorbia virgata Waldst. & Kit. 66,7 9 Thlaspi arvense L. 39,1
10 Bromopsis inermis (Leyss.) Holub 58,3 10 Delphinium consolida L. 34,5
11  Bromus arvensis L. 58,3 11  Persicaria scabra (Moench) Moldenke 34,5
12 Chenopodium album L. 58,3 12 Galeopsis ladanum L. 32,5
13  Plantago major L. 58,3 13 Tripleurospermum inodorum (L.) Sch. Bip. 32,5
14 Polygonum aviculare L. 58,3 14 Chenopodium album L. 30,5
15 Viola arvensis Murray 58,3 15 Lappula squarrosa (Retz.) Dumort. 29,9
16 Agrimonia eupatoria L. 50
In 2020, 8 species of weeds were most often de-
17  Amaranthus retroflexus L. 50 . ’ . .
/! tected in wheat crops (in 75% of the studied fields):
18  Carduus acanthoides L. 50 Tripleurospermum inodorum, Sonchus arvensis L., Artemi-
— » sia vulgaris L., Cirsium setosum, Convolvulus arvensis, Del-
19 Elyirigiarepens (L) Nevski o phinium consolida, Cichorium intybus, Tanacetum vulgare L.
20 Galeopsis ladanum L. 50 (Table 4). Of these species, only Convolvulus arvensis has
- : also been frequently observed in 2020 wheat grain
21  Galium aparine L. 50 samples (87,8%).
29 Lactuca serriola L. 50 ' A sirpilar situatiog was observed in 2019. In our
opinion, it can be explained by a number of reasons.
23 Fallopia convolvulus (L.) A. Love 50 1. Seeds and fruits of some species, mainly di-
24 Rumex crispusL. 50 cotyl.edor?ous_perennlgls.or biennials (Lactucq ser."rw—
la, Cichorium intybus, Cirsium setosum, Euphorbia virga-
25  Setaria pumila (Poir.) Roem. & Schult. 50 ta, Sonchus arvensis), were often detected in the fields of
; i winter wheat, either did not get into the studied grain
26  Taraxacum officinale F.H. Wigg. 50

B 06pas1lax peJIKo 13-3a HECOBMIAIeHNS CPOKOB I1JI0Z0-
HOIIIEHUSI COPHBIX BUIOB CO BpEMEHEM YOOPKHU ypOXKas.

2. 3HAYUTENIbHAS JIETYyYECTh HEKOTOPHIX IIJIO/IOB
pacTeHMit, YacTO BCTPEYABIIMXCS HA TTOJIAX (HATIPU-
MeD, Lactuca serriola v Sonchus arvensis), Tak>xe 06yCJIOB-
JINBAET UX PEJIKOe TIPUCYTCTBYE B 3€PHE.

3. HekoTopeie COpHBIE BUBI, TaKUe Kak Arte-
misia vulgaris, Cichorium intybus, Tanacetum vulgare
U Ip., PETYJSIPHO BCTPEYAITCS B IIOCEBAX IIIEHU-
IIbI, HO IPOU3PACTA0T B OCHOBHOM I10 Kpalo I0JIeH,
He ToTaiasd B OCHOBHOUM MaCCUB 3epHA, TaK KakK Mpu
COBJIIOIEHUY TEXHOJIOTUY BO3IEJIbIBAHUS KPal 10JIs

at all, or were rarely found in the samples due to the
discrepancy between the timing of the fruiting of weed
species and the time of harvesting.

2. Significant volatility of some fruits of plants of-
ten found in the fields (for example, Lactuca serriola and
Sonchus arvensis), also accounts for their rare presence
in grain.

3. Some weed species, such as Artemisia vulga-
ris, Cichorium intybus, Tanacetum vulgare, etc., are re-
gularly detected in wheat crops, but grow mainly along
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MIpeBapUTENbHO 06KANINBAETCS MTepel OCHOBHOM
ybopKoit ypoxas (puc. 4d).

HTOru TPEXroguyHoro nuccjaegoBaHusA

TIO0CEBOB ITIITEHUIIbI
B Xoze TpexXroguyHOT0 MOHUTOPUHTA T10Jiell TIIIeHN-
IIbI BBISIBJIEHO 147 BUIIOB COPHBIX PACTEHUM, KOTOPBIE
OBLIY COCPEIOTOUEHBI ITPEXK/IE BCETO B KPaeBOU YacTu
UCCJIeNOBAHHBIX T0Jiell. B CUIbHO 3aCOPEHHBIX MT0Ce-
BaxX 3HAYMTEJNbHOE YKCJIO COPHBIX BUIOB IIpOU3pac-
TaJIO ¥ B KPaeBOM, 1 B OCHOBHOM YacCTsIX arpoIlleHo3a
(puc. 4b). ITocaeguuii haKT rOBOPUT O HEHAIJIEXKAIIEM
BO3/IeJIBIBAHUY TTI0JIEN, OTCYTCTBUU TepOULIMIHOMN 06-
paboTKU, OTKa3e OT UCITOJIb30BAHYS YUCTOTO CEMEHHO-
ro MaTepualia U T. [I. 3HaUUTeJIbHOE YUCJIO BUJIOB COP-
HBIX PACTEHUN 1 UX 00WJIKE Ha TI0JISIX BO3IEJIbIBAEMbBIX
KyJIbTYP, B TOM YKCJIe U TIIIEHUIIBI, TPUBOMSAT U K PETY-
JISPHOMY TTOTIOJTHEHUTO TIOUBEHHOI'0 OaHKa CEMSIH COP-
HSKOB. [Ipu 9TOM ceMeHa MHOTUX BU/IOB, B TOM YHCJIE
KapaHTUHHBIX, MOTYT COXPAHATHCS B IIOUBE JIECITKU
JIET, He TePsisl XKU3HECIIOCOOHOCTH.

B 2019-2020 rr. B uccJef0oBaHHbBIX IMOJISIX IIIIe-
HUIIBI BBISIBJIEHBI W OITMCAHBI 04aru Cuscuta campestris.
B 2021 r. kapaHTUHHBIE BU/Ibl HA U3YUYEHHBIX ITOJISAX
He 06Hapy>KEeHBI.

TToMUMO TPaBIHUCTBIX PACTEHUH, B COCTaBE COP-
HOUW PACTUTENbHOCTU IIIEHUYHBIX ITOJIEU TIPUCYT-
CTBOBAJIY 1 IpeBeCHbIe BUIbI (HAIIPUMED, IIPOPOCTKY

the edge of the fields, not getting into the main mass of
grain, since, if the cultivation technology is followed,
the edge of the field is pre-mowed before the main har-
vest (Fig. 4d).

Results of a three-year study of wheat crops
During the three-year monitoring of wheat fields,
147 species of weeds were identified, which were con-
centrated primarily in the marginal part of the stud-
ied fields. In heavily contaminated crops, a significant
number of weed species grew both in the marginal and
in the main parts of the agrocenosis (Fig. 4b). The lat-
ter fact speaks of improper cultivation of fields, the ab-
sence of herbicide treatment, the refusal to use pure
seed material, etc. A significant number of weed spe-
cies and their abundance in the fields of cultivated
crops, including wheat, also lead to regular replenish-
ment of the soil seed bank weeds. At the same time,
seeds of many species, including quarantine ones, can
be stored in the soil for decades without losing viability.

In 2019-2020, outbreaks of Cuscuta campestris
were detected and described in the studied wheat
fields. No quarantine species were detected in the stud-
ied fields in 2021.

In addition to herbaceous plants, weeds in wheat
fields also included woody species (for example, seed-
lings of Acer negundo L., Rubus caesius L., Corylus avellana L.,
Fraxinus excelsior L., etc.) (Fig. 4c). Woody plants in the

Puc. 4. Pa3Hble N0 3aCOPEHHOCTM NOCEBbI MNLEHULbI
MNeHseHcKow obnactu:

a — noJsie nweHuLbl C MUHUMasbHbIM KOJIMYECTBOM COPHbIX
BUAOB; b — none nweHuybl ¢ 601blIMM 06UIINEM COPHBIX
BUIOB; C — MoJie MweHuLbl ¢ NpucyTcTBueM Rubus caesius L.;
d — none nweHULbI C NPUCYTCTBUEM COPHbIX pacTeHUN
TOJIbKO MO KpasiM nocesBoB (hoTo aBTOPOB)

Fig. 4. Wheat crops of different contamination

in Penza Oblast:

a — wheat field with a minimum number of weed species;

b — afield of wheat with a large abundance of weed species;
¢ — wheat field with the presence of Rubus caesius L.;

d —wheat field with the presence of weeds only along

the edges of the crops (photos by the authors)

dutocaHuTapusi. KapaHTUH pacTeHuii
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Acer negundo L., Rubus caesius L., Corylus avellana L.,
Fraxinus excelsior L. u gp.) (puc. 4c). [[peBecHble pacTe-
HUS Ha TEPPUTOPUY IIOCEBOB CO3AI0T JOIIOJIHUTEIb-
Hble TPYIHOCTY MIPU YOOPKe Ypo’kasa U TaK)Ke CBUJE-
TEJbCTBYIOT O HECOOTBETCTBYIONIEH arPOTEXHUKE.

3ARKJIIOYEHUE

B pesysibTaTe MPOBENEeHHbBIX UCCIeIOBAHUM COCTAB-
JIEHBI ITPeBaPUTEIbHBIE CITUCKY COPHBIX PACTEHUH,
BcTpevamIuxcsa B noceBax (147 BUIOB) U 3epHE
(84 Bupa) mmeHulbl [TeH3eHCKON obaacTu. IIpucyT-
CTBHE 3TUX PACTeHUH Ha pacCMaTPUBaeMOM TEPPUTO-
puu, OTMEeUYeHHOE B TeUeHUe IJIUTEJbHOTO BpeMeHH,
obecrieurBaeTCcs IIOYBEHHBIM OaHKOM CeMSIH. B cBsI3U
C 9TUM MOJIyUYeHHbIe JaHHbIe MOTYT ObITh UCIIOJIb30Ba-
HBI IJI OII€HKY SKCIIOPTHBIX PUCKOB ITPY pealn3aliuiu
pacTeHVeBOIUECKOH ITPOIYKIIUY PeruoHa B KOHKPET-
HbI€ CTPaHbI-UMIIOPTEPHI U ITPENOCTABIISIOT BO3MOX-
HOCTb IIPOBEIEHN KOMILJIEKCA IPEBEHTUBHBIX arpo-
TEXHUYECKUX M (PUTOCAHUTAPHBIX MEPOITPUATHH.

3a 3 roga ucciiefoBaHUN yCTaHOBJIEHO, UTO KaK
B IIOCEBAX, TaK U B 3ePHE IIIEHUIIbI TI0 YHUCJIY BUJOB
B COPHOM KOMIIOHEHTE ITpeobiiafiaeT IPyIIrna IBYI0/b-
HBIX OJIHOJIETHUX COPHBIX PacTeHul. BumoBoil cocTaB
9TOU TPYIIIBI MOXKET BAPbUPOBATh HA PA3HBIX TIOJIAX,
4TO 06YCJIOBJIEHO HE CTOJIBKO reorpaduieckuM paKTo-
POM, CKOJIBKO JIOKAJbHBIMU ITOUBEHHO-KJINMATUUECKHU-
MM YCJIOBUSIMU, [TOYBEHHBIM HAHKOM CEMSH U CEBO060-
POTOM KOHKPETHBIX MOJIEH. B CIICKe COPHBIX BUJIOB,
oO6HapyKeHHbIX B UCCJIeJOBAHHBIX TTIOCEBAaX U 3epHE
TMIIIEHUIIBI, IPUCYTCTBYET KapaHTUHHBIN 111 EASC BU
Cuscuta campestris. B cBI3u ¢ 06HapYy>KeHNEM CEMSIHOK
Ambrosia trifida B o6pa3siiax 3epHa He06X0JMO TIPOBe-
CTHU LOTIOJHUTEJIbHbIE UCCIeL0BaHM [IOCEBOB ITIIeH-
1161 [TeH3€HCKOM 06/I1aCTY Ha ITPHUCYTCTBUE STOTO BUA.

Bbnazodaprnocms. ABTOPBI BBIPAXKAIOT MCKPEH-
HIOI0 IpusHaTeabHOCTD [0.10. KynakoBoii (kaHAUIaTY
610JIOTMUYECKUX HAYK, BeAyIleMy HaydYHOMY COTPY/I-
HUKY — HavaJIbHUKY Hay4HO-MeTOLUYECKOr0 OTLe-
Jla UHBA3UBHBIX BUMOB pacTeHuy ®I'BY «BHUUKP»)
1 B.A. T'ymuHOU (JOKTOPY CEJIbCKOX03IMCTBEHHBIX
HayK, 3aBefymolieli kadenpoi pacTeHUEeBOICTBA U JieC-
Horo X03gicTBa ®I'BOY BO INeuseHckuil [AY) 3a KOH-
CTPYKTUBHOE 00CYy’XIeHle CTaThU B XO/ie €€ ITOAT0TOB-
KU Y pelaKTUPOBaHUI.
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area of crops create additional difficulties in harvesting
and also indicate inappropriate agricultural practices.

CONCLUSION

As a result of the research, preliminary weed lists de-
tected in wheat crops (147 species) and grain (84 spe-
cies) in Penza Oblast were compiled. The presence of
these plants in the area under consideration, noted for
a long time, is provided by the soil seed bank. In this
regard, the data obtained can be used to assess export
risks when selling crop products of the region to spe-
cific importing countries and provide an opportunity
to carry out a set of preventive agrotechnical and phy-
tosanitary measures.

For 3 years of research, it has been established
that both in crops and in wheat grain, in terms of the
number of species in the weed component, a group of
dicotyledonous annual weeds predominates. The spe-
cies composition of this group may vary in different
fields, which is due not so much to geographical factors
as to local soil and climatic conditions, soil seed bank
and crop rotation of specific fields. The list of weed spe-
cies detected in the studied wheat crops and grains in-
cludes Cuscuta campestris, a quarantine species for the
EAEU. In connection with the detection of Ambrosia tri-
fida achenes in grain samples, it is necessary to con-
duct additional studies of wheat crops in Penza Oblast
for the presence of this species.
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AHHOTAIIUA
[TacMo sIBAsETCS OMMacHbIM 3a60JIeBaHUEM JJIS KYJIb-
TYPHBIX U JUKOPACTYLIUX BUJIOB JIbHA, U €ro BO30y-
nutenb, Mycosphaerella linicola Naumov (Septoria lini-
cola (Speg.) Garass.), *MeeT KapaHTHUHHBIHM CTaTyC IJIs
psiza cTpaH, 3aKyIalollux JbHOIPOAYKIIUIO B Poccum.
Jlyist TOTO UTO6BI AKCTIOPTUPYyEMast u3 Poccuu ceMeHHas
MIPOAYKIIVS JIbHA COOTBETCTBOBAJIa COBPEMEHHBIM (hU-
TOCAHUTAPHBIM TPEOOBAHUIM, OHA JIOJKHA OBITH CBO-
60/lHA OT OMACHBIX PACTUTEJbHBIX IIATOTEHOB, B TOM
yuciie u oT Mycosphaerella linicola, KOTOPBIN, HECMOTPS
Ha IMPOKOE pacIIPOoCTpaHeHUe, BXOAUT B KapaHTUH-
HbIe CIIUCKU TaKWX CTPaH, Kak Erumet, Y36eKucTaH,
Pecrry6onuka Kopes, Kurtait u Benapycse. [ToaToMy mo-
HUMaHWe 6MOJIOTUYECKUX ITPOLIECCOB KUBHEIEATENb-
HOCTY BO36YIUTEJIS TTACMO JIbHA U CBSI3aHHbIE C 3TUM
BOIIPOCHI OOHAPYKEHUS U UAeHTU(DUKAIINY Tprobpe-
TawT ocoboe 3HaveHure. COBpeMeHHast [UarHOCTUKa
(huTOoMmaTOreHOB BKJIIOUAET B ce6S1 KOMILJIEKC Mep, OC-
HOBAHHBIX Ha COYETAHUU MOJIEKYJISIPHO-TEHETUYE-
CKUX Y KJIACCUYECKUX METO/MIOB. B cTaThe paccMaTpu-
BAKTCS BOTIPOCHI, OTHOCSIIMECS K OMOJIOTUIECKOMY
MeTONly UeHTU(DUKALMY BO30OYIUTEIISI, OCHOBAHHOMY
Ha 3HaHUIX 6U0JIOTMUeCKUX 0COOEHHOCTEN Pa3BUTUS
3a60JIeBaHUS U KYJIbTYPaJbHO-MOP(OIOrnIecKoro
aHaju3a. B ncciaemoBaHUgX, IPOBEJNEHHBIX aBTOPaA-
Mu B 2021 1. Ha 6a3e ®TI'BY «BHUUKP», BbIsIBJI€HbI
Y HaTJISLHO MTPOUJIIIOCTPUPOBAHBI BaXKHbBIE aCIIEKTHI
MTPOXOXKIEHUS KU3HEHHOTO IuKJa Septoria linicola
Ha araprns30BaHHBIX ITMTAaTEJIbHbBIX CPpemax, IT03BOJIA-
0lYe naeHTU(UIMPOBATh BO30YAUTES [TaCMO JbHA
B J1abOPaTOPHBIX YCIOBUSX B KOPOTKUE CPOKU. TakxKe
B CTaThe PACCMAaTPUBAIOTCS BOITPOCHI UCTOPUM pac-
pocTpaHeHus 3a60eBaHUS U U3BMEHEHUN TaKCOHO-
MUYECKOTO CTaTyca BO30OYAUTES.

Knrowuesste cnosa. Mycosphaerella linicola, ctamus
Septogloeum, cmopoHouieHue Tuna Melanconiales, TUK-
HUJUAJbHOE CIIOPOHOIIEHUE, KYIbTyPajibHO-MOP)O-
JIOTUYECKUU METO[I, YrcTasd KyJbTypa, IICEBOTELNH,
ackocropsl, usuosiornueckas Gopma, UHOKYJISIINS,
JIVMarHOCTUKA.
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ABSTRACT
Pasmo is a dangerous disease for cultivated and wild
flax species, its pathogen, Mycosphaerella linicola Nau-
mov (Septoria linicola (Speg.) Garass.), has a quaran-
tine status for some countries importing flax products
from Russia. For flax seed products exported from Rus-
sia to meet modern phytosanitary requirements, they
must be free from dangerous plant pathogens, includ-
ing Mycosphaerella linicola, which, despite its wide distri-
bution, is included in the quarantine lists of countries
such as Egypt, Uzbekistan, the Republic of Korea, Chi-
na and Belarus. Therefore, understanding the biologi-
cal processes of the vital activity of the pasmo flax di-
sease pathogen and the related issues of detection and
identification are of particular importance. Modern
diagnostics of phytopathogens includes a set of mea-
sures based on a combination of molecular genetic and
classical methods. The article considers issues relat-
ed to the biological method of pathogen identification,
based on knowledge of the biological characteristics of
the disease development and cultural and morpholo-
gical analysis. In the studies conducted by the authors
in 2021 on the basis of FGBU “VNIIKR”, important as-
pects of the life cycle of Septoria linicola are identified
and clearly illustrated on agar nutrient media, allow-
ing identification of the causative agent of flax pasmo
disease in the laboratory in a short time. The article
also discusses the history of the spread of the disease
and changes in the taxonomic status of the pathogen.

Key words. Mycosphaerella linicola, Septogloeum
stage, Melanconiales sporulation, pycnidial sporulation,
cultural morphological method, pure culture, pseudo-
thecia, ascospores, physiological form, inoculation,
diagnostics.
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BBEJEHUE

HcTopus oGHapPYKEeHUIt
U pacnpocTpaHeHue
abojieBaHMe MacMo JIbHA, MIUPOKO pac-
ITPOCTPAaHEHHOE BO BCEX JIbHOCEIIIUX
permoHax Mupa, UMeeT HECKOJIbKO He-
OOBIUHYI0 ¥ [0 CUX MOP JO0 KOHIIA He
BBISICHEHHYI0 UCTOPUI0. BriepBbIe 3a60-
JleBaHUe 6bLIO 0OHApPY>XeHO B ApTeH-
TrHe B 1909 r. uccaepoBateynem Crie-
rariyHy Ha JibHE, COGPAaHHOM B TOM
JKe ToZy B OKpecTHOCTsX Jla-Tlnars! (Spegazzini, 1911,
series II1, series V). OmHaKo, BpSI i ApTeHTHUHA ABJISI-
eTcsl poIMHOM 3a60JieBaHMs, TIOCKOJIBKY KYJIbTyPHBIE
BU[IbI JIbHA B OTOW CTpPaHe M3HAYaJIbHO UMEJU WHO-
3eMHO€E MPOUCXOKIEeHNE, a Ha TUKUX BUIAX JIbHA, 10
yTBepXXIeHuo [apaccuHy, 3a60eBaHre OTMEUEHO He
6n1710 (Garassini, 1938). B 1916 1. 3a6oieBaHue o6Ha-
pyxusaror B CIIIA, B 1928 1. B Kanaze, B 1930 1. B Ho-
Boi 3emaHguu v Ha JlJanbHeM BocTtoke CCCP, B 1938 .
B EBpomne, B 1941 1. B Adpuke u B 1958 1. B Kurae.
3a 50 jeT 3aboJjieBaHUE PACIIPOCTPAHSIETCS II0 BCe-
My MUPY, ¥ Be3le, IIe OHO IOSIBJISIETCS, €r0 CUUTAIOT
OIHUM M3 CaMbIX BPEJOHOCHBIX Ha KYJIbType JbHa
(puc. 1).

TTepBOoHAYAJIbHO BO36GYAUTENb ObLI orTrcaH Crie-
raguuau B 1911 1. mox uMeHeM Phlyctaena linicola
Speg., Ipu 3TOM XapaKTePHbIMU TaKCOHOMUYECKUMU
MpU3HaKaMU YKa3blBaJUCh TaKWe, KaK HaJuvdue T0]
STUIEPMUCOM He BIIOJIHE CDOPMUPOBAHHBIX TUKHU]T
C MIUPOKUM YCTbUILEM U HaJIUYUE OJHOKJIETOUHBIX
crop (Spegazzini, 1911, series III). [IpuMepHO B 3TO e
BPEMSI T10 TPUYNHE XapaKTePHOTO HEMMUKHUAUATbHO-
T'0 CIIOPOHOIIEHUS DTOT JKe TPub ObLI OTIMCAH STUM XKe
aBTOpOM Kak Septogloeum linicola Speg. (Spegazzini,
1911, series V). B 1938 r. l'apaccuHU JOKa3bIBAET OILIN-
GOYHOCTD TAKOT'O CCTEMATHUUYECKOI0 ITOJIOXKEHUS BO3-
OynuTeJis Ha OCHOBAHWM TOTO, YTO B Pa3BUTUU Irpuba
OITHOBPEMEHHO MOXKHO OBLIO HAUTH NIMPOKO PACKPHI-
Thle TUKHUABI, TUKHUMILI ¢ HEOOJBIIUM YCThUIIEM
W YYACTKM CIIOPOHOIIEHUs, HATTOMUHAION[ME JIOXKa
MeJIaHKOHUEBBIX IpuboB. K TOMY e 6bLJI0 TTOKa3aHo,
YTO IIOMHMO OJHOKJIETOUHBIX CIIOP, XapaKTEePHBIX
s pona Phlyctaena, y BO3GYIUTENST UMEIOTCSI MHOTO-
KJIETOUHbIEe CIIOPHI, Yallle BCETO C TPeMsI IepPeropos -
KaMu. Bce 3TO ITO3BOJIMIIO MCCJIEL0BATENI0 OTHECTH
BO30yIMTENs ITacMo JibHA K ITPEeICTaBUTEISIM pojia
Septoria moa uMeHeM Septoria
linicola (Speg.) Garass. (Garas-
sini, 1938). B ToMm ke roxay Boui-
JleHBebOep HalleJ Ha JbHIHOU
cojioMe u3 APreHTUHBI cyMya-
TYI0 CTaIUI0 BO3OYIUTEJS Tac-
MO M omwucal ee Kak Sphaerella
linicola (Wollenweber, 1938).
EMy ymajsock U3 CyMKOCIIOP I10-
JIVUYUTD KyABTYPY Septoria linicola,
puyeM B ero pabore o6pasoBa-
HU0 TUKHUAUATBHOTO CIIOPOHO-

Septogloeum. TakuM 06pasoM, (https://betaren.ru/harmful/bolezni/

OblJIa yCTAHOBJIEHA reHeTHUdec- bolezni-lna/pasmo/)
Kas cBs3b Sphaerella linicola c He-

COBEpPIIEeHHbIMU CIOPOHOIIeHUuIMU Septoria linicola
u Septogloeum linicola. Boyee MO3IHNE UCCIELOBAHUS
TI03BOJIMJIM TIepyaHCKOMY MuKoJory I'apcua-Pajne
nmepenMeHoBaTh rpub B Mycosphaerella linorum (Woll.)

Puc. 1. CaMNTOMbI NAcMo JSibHa

INTRODUCTION

History of detections and spreading

he pasmo disease of flax, which is wide-

spread in all flax-growing regions of the

world, has a somewhat unusual and still

not fully clear history. The disease was first

detected in Argentina in 1909 by the re-
searcher Spegazzini on flax collected in the same year
in the vicinity of La Plata (Spegazzini, 1911, series III,
series V). However, Argentina is unlikely to be the
birthplace of the disease, since cultivated flax species
in this country were originally of foreign origin, and
according to Garassini, the disease was not observed
on wild flax species (Garassini, 1938). In 1916, the di-
sease was detected in the USA, in 1928 in Canada, in
1930 in New Zealand and the Far East of the USSR, in
1938 in Europe, in 1941 in Africa and in 1958 in China.
For 50 years, the disease has been spreading all over
the world, and wherever it appears, it is considered
one of the most harmful on flax culture (Fig. 1).

The pathogen was originally described by
Spegazzini in 1911 under the name of Phlyctaena lini-
cola Speg., with characteristic taxonomic features being
the presence of incompletely formed pycnidia with a
wide stomata under the epidermis and the presence of
unicellular spores (Spegazzini, 1911, series III). Around
the same time, due to the characteristic non-pycnidi-
al sporulation, the same fungus was described by the
same author as Septogloeum linicola Speg. (Spegazzini,
1911, series V). In 1938, Garassini proves the fallacy of
such a systematic position of the pathogen on the basis
that in the development of the fungus one could simul-
taneously find widely opened pycnidia, pycnidia with
a small stomata, and areas of sporulation resembling a
lodge of melanconium fungi. In addition, it was shown
that in addition to unicellular spores characteristic of
the genus Phlyctaena, the pathogen has multicellular
spores, most often with three septa. All this allowed
the researcher to attribute the causative agent of pas-
mo disease to representatives of the genus Septoria un-
der the name of Septoria linicola (Speg.) Garass. (Garas-
sini, 1938). In the same year, Wollenweber detected the
ascigerous stage of the flax pasmo disease pathogen on
flax straw from Argentina and described it as Sphaerella
linicola (Wollenweber, 1938). He managed to get Septoria
linicola culture from ascospores, moreover, in his work,
the formation of pycnidial sporulation was preceded by

Fig. 1. Symptoms of pasmo disease of flax
HmeHNns [IPENMECTBOBANIA CTALUA  ya nuctbax (a) u ctebnsax (b) pactenns  on leaves (a) and stems (b) plants

(https://betaren.ru/harmful/bolezni/
bolezni-lna/pasmo/)

dutocaHuTapusi. KapaHTuH pacteHuii = 26
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Garcia-Rada (TIpo1enko, 1964).
OIHaKO BIIOCHELCTBUU BBI-
SICHIUJIOCh, UYTO caMOe paHHee
omucaHWe CyMYyaTOH cTamuu
BO30YyIUTEJS [TAaCMO JibHA ITPU-
HaJIJIEXXUT COBETCKOMY MUKOJIO-
'y, OCHOBATEJII0 OTeYEeCTBEHHON
(utonatonmorum H.A. HaymoBy,
onucasiiemy 6osee 200 HOBBIX
BUIOB TrpuboB m3 25 pPOIOB.
I'pub 6b1T BeIeeH HayMOBBIM
BCCCP B 1926 . u3 1iceBAOTEI M-
eB, 00Hapy)XeHHBIX Ha PAaCTeHU-
ax jgbHa (Linum usitatissimum L.),
U omnuicaH kak Mycosphaerella lini-
cola Naumov (1926) (ITpo1eHKo,
1964). B HacTosIIee BpeMS BO3-
OynouTesb ITacMo JIbHA U3BECTEH
MMEHHO 10, 9TUM UMeEHEM.
Cuuraercsd, YTO BIEPBbIe -
B CCCP 3aboJieBaHMe 1acMoO JIbHa AT

B oceHHe-NIeTHUIA Nepuog,
BMeCTe C MMKHUAAMU
obpasytoTcs neputeumu

are formed with pycnidia

BonbHoe pacteHue
Affected plant

6b1J10 OGHAPY)KEHO U 3aperu- =R G
cTpupoBaHo Ha JlaixbHeM BocTo- 5%
ke B 1930 I. Ha pacTeHUsIX JbHa, :
BBIPAIEHHbIX U3 aPTreHTUHCKUX

cemsn (HarambuHa, 1931). Ho  3500080e
TOTrJa BO3HMUKAET BOIIPOC, UTO pacTeHns

omuchiBam HaymoB B 1926 r.  Hedlthyplants

Ha JIbHEe OOBIKHOBEHHOM, €CJIHU
CHUMIITOMAaTKUKa, 0OUYeBUAHO, ObLIa
Ta xe? 3HauUT, 3ab0jJeBaHUe

6p1110 B Poccun yxke 110 3Tor0? 1o pyc. 2. KusHeHHbIi Lk

(nceemoTeunm) c cymkocnopammu
In the summer-autumn period,
pseudothecia with ascospore

3apakeHHble BCX0Abl
Infected seedlings

3apakeHHble ceMeHa,
pacTuTesnibHble OCTaTKnN

Infected seeds, plant residues PackpbiBLumiics

ncespoTeLmin
Opened pseudothecium

Cymkocnopbl

% Ascospores

MukHoCnopbI
Pycnospores %
=

MNepesapaxeHue.
BTtopuuHas uHdekums

Secondary infection

MNMukHocnopsbl

Pycnospores MukHMAab!
& Pycnidia
3 = Th !
e g A
=
Qa:mﬁﬁh

Fig. 2. Life cycle of development

ucCleNOBaHUM, OIYOJMKOBAH-  passutus Bo3byauTens nacmo ibHa  of the flax pasmo disease pathogen

HBIX (ppaHIy3ckUMU yuyeHbIMU ([.H. QyoueHko)
B 2020 r., onucaBUIUMU cyMya-
TYI0 CTaZUI0 TacCMO Ha COJIOMe
JibHA BO PpaHIIMM, YaCTO MOXXHO OBIJIIO BCTPETUTh
B JIUTEPATyPeE YTBEPXKIEHNE, UTO BO3OYAUTETDb ITaCMO
JibHa B EBpOIIe B eCTECTBEHHBIX YCIOBUAX He 06pasy-
€T CyMYaTOl CTaJuM, Pa3BUBASICh 110 COKPAIEHHOMY
nukiay (Paumier et al., 2020). 9To OATBEPKIAIOT U KC-
cinenoBanus T.E. BaxpyiieBoii, ipoBeeHHble B 1985 T,
KOTOPbIEe MOKa3aJid, YTO Ha TePPUTOPUU OBIBIIETO
CCCP maToreH B cyMuaTOl CTaauy He 61T 06HAPYKEH
(Baxpyuiera, 1985). Ho HayMOB OMUMCHIBAJ CyMYaTyIo
cranuio M. linicola Ha OCHOBAHUU IICEBIOTEIINEB, HA-
IEeHHBbIX Ha JibHe B Poccuu B 1926 T., oniepeiuB ppaH-
1y3CKUX uccjenoBaresieii Ha 100 jeT. XoTg Torma
He OblLjIa T0OKa3aHa reHeTruvecKas cBsI3b M. linicola c eTo
aHaMopdaMu U He ObljIa Ope/iesieHa POJIb CyMYaTol
CTaJUU B paclpocTpaHeHUU UHPEKIIUN.

Kak 3TO yacTo 6bIBa€T B MUKOJIOTUU, TPYILHO-
CTU B UJEHTU(PUKAIIUY U CUCTeMAaTHKe BO3HUKAIOT
13-3a TOT'0, UTO ITaTOTeH, 00J1aast MU POKUM CIIEKTPOM
MeXaHW3MOB JIJIS1 BBDKUBAHUS, B PA3JIMYHBIX YCIOBUSX
ITPOSIBJISIET CBOM CBOMCTBA TaK, UTO MCCJIEIOBATENSIM
Ka)keTcsl, YTO OHU MMEIOT JIeJIO C Pa3HbIMU BUIAMMU.
JTO B IIEPBYI0 OUEPElb KACAETCS TAKUX BO3OYIUTETEN,
Kak M. linicola.

BuoJiornyeckue 0CO6eHHOCTH
LIukJI pasBuTUA rpuba uMeeT 3 CTaAUY, OTINYAION-
ecst MeXJly co60l xapaKTepoM CIIOPOHOIIEHUS Y MOP-
tosmorueii cnopoHocsmux cTpykTyp (IIporieHko, 1964;
[TpumakoBckas, 1971) (puc. 2):

I cTagus — nukHuguanabHasa (Septoria linicola),
B 9TOM CTaAWU B IIEHTPAJbHOM YaCTU ITOPa’KEHHBIX

(G.N. Dudchenko)

the Septogloeum stage. Thus, the genetic relationship of
Sphaerella linicola with imperfect sporulation of Sep-
toria linicola and Septogloeum linicola was established.
Later research allowed the Peruvian mycologist Gar-
cia-Rada to rename the fungus to Mycosphaerella lino-
rum (Woll.) Garcia-Rada (Protsenko, 1964). However,
later it turned out that the earliest description of the
ascigerous stage of the flax pasmo pathogen belongs
to the Soviet mycologist, the founder of Russian phyto-
pathology N.A. Naumov, who described more than 200
new species of fungi from 25 genera. The fungus was
isolated by Naumov in the USSR in 1926 from pseudo-
thecia found on flax plants (Linum usitatissimum L.), and
was described as Mycosphaerella linicola Naumov (1926)
(Protsenko, 1964). At present, the causative agent of
flax pasmo disease is known under this name.

It is believed that for the first time in the USSR, the
pasmo disease of flax was detected and reported in the
Far East in 1930 on flax plants grown from Argentin-
ean seeds (Natalina, 1931). But then the question aris-
es, what did Naumov describe in 1926 on common flax,
if the symptoms were obviously the same? So, the dis-
ease was present in Russia already before that? Prior
to the studies published by French scientists in 2020,
which described the ascigerous stage of flax pasmo
disease on flax straw in France, it was often possible
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Puc. 3. ChopmupoBasLumecs NMKHMAbI U NCEBAOTELMUN Fig. 3. Formed pycnidia and pseudothecia

Ha nopaxeHHoM cTebne nbHa (hoTo aBTOPOB).

on the affected flax stalk (photo by the authors).

Morpy»keHHble B anuagepmuc, ninockue v 6onee ceetnble  Immersed in the epidermis, flat and lighter formations

06pa3oBaHusl — NUKHUObI. BbinykJible, OKpyrbie
1 6onee TeMHble obpasoBaHua — ncesdoTeyuu.

y4acTKOB 06pasyTCs XOPOIIO BUAUMBIE TTMKHUJIBI
(puc. 3,19);

Il cTragys — KOHUAVAIbHAS, B 9TOM cTaguu hopMu-
pyeTcs CIIOPOHOIIEHYE B BUIe MaJI03aMETHBIX HEG0JIb-
X JIOXK Tutia Melanconiales/Septogloeum, OT KOTOPBIX
OTAEJSAIOTCS CITOPBI, ToXoXkue Ha S. linicola (puc. 12);

III crapus — cymuaTas cragus M. linicola nipen-
CcTaBJieHA ILJIOLOBBIMY TeJIaMU IICEBIOTEIINSIMU, KO-
TOpble 06pa3yI0TCs Ha CTEeOJIIX OOJBHBIX PACTEHUN
B JIETHE-OCeHHul repuos (puc. 3, 21).

B cBOeM pa3BUTHH, B 3aBUCUMOCTY OT BHENTHUX
YCJIOBUH, rpub MOXKET MPOXOJUTH BCe 3 CTAUU JKU3-
HEHHOTO IIMKJIa II0CJIeI0BATEIbHO, & MOXKET BHIOOPOU-
HO — B Pa3JINYHOM COYeTaHUU. [Ip1 3TOM KOHUIMATb-
Has CTaJusl MOXKET ITPEIeCTBOBATh TUKHUIUATbHOM.
Tak, BosseHBe6ep B CBOMX UCCIENOBAHUSIX YKA3hIBAJ
Ha o6pa3oBaHMe CBOOOIHBIX KOHUIUY rTepe] 06pa3oBa-
"ueMm nukHug (Wollenweber, 1938). A AucenbM (1960)
Ipu 3apakeHUM pacTeHui Habsiogana obpa3oBaHUe
MIYyYKOB MUIIEJIVS, BBICTYITAIIYX Yepe3 YCThbUILA JIN-
CThEB JibHA Ha 8- IeHb [0CJie 3apa’keHUsI U OTAEsII0-
mux KoHuanuy (Anselme, 1960). B TOfyCTbUYHBIX KaMe-
pax o6pa30BBIBATIUCH CKOTIEHUS TI€PETIIETAIOIIUXCS
MUIEINAJIbHBIX HUTEH, KOTOPbIe aBTOP CUMTAJ 3a4aT-
KaMu TTUKHUJ, WY CIIOPOHOIIeHUeM Tuma Septogloeum
(Anselme, 1960). CymuaTas cTafius B IUKJIe PA3BUTUS
rpuba 06pasyeTcs PeJIKO U He BCET/Ia MTOIaJaeT B IoJie
3peHUs UCCeoBaTeNel, HO, TI0 YTBEPXKIeHN0 (DpaH-
Iy3CKUX YUYEHBIX, 3TA CTAJIVS UTPAeT 3HAUNTEJIbHYIO
POJIb KaK B afialiTaliuy BO36YAUTES K BHEITHUM YCJIO-
BUSM, TaK ¥ B pacIpocTpaHeHny nHpeKiuy Bo dpaH-
uuu u EBporte (Paumier et al., 2020).

Paraii K. B cBOeli pa6oTe, JaTupoBaHHOM 1953 1.,
yKasbIBaJ Ha CyLleCTBOBaHUE ABYX (pu3uojoruye-
cKkux hopM BO36YIUTES ITACMO JIbHA, OTJIANYAIOIIUXCS
110 arPeCCUBHOCTY U TeorpaduueckoMy pacrpocTpa-
Henuio (Rataj, 1953). I1o ero yTBepxAeHUI0, HU3UO-
Joruyeckas ¢opma «A» IMUPOKO pacIIpocTpaHeHa
B EBpore, A3uu 1 AMepuKe, OHa MeHee arpecCuBHa
u o6pasyeT IUKHUABL. ITa hopMa XapaKTepusyeTcs
6oJiee AIMHHBIM MHKYOAIIMOHHBIM ITIEPUOAOM U (a-
KyJIbTaTUBHO 06JiaziaeT caripo@UTHLIMY CBOMCTBAMU,
KOTOPBIE TTIO3BOJISIOT €1 TOJIbIIIe COXPAaHIThCS Ha pac-
TUTEJIbHBIX OCTaTKaX. boJjiee arpeccuBHasg popma «b»
pacmpocTpaHeHa B ApreHTUHE U Ha TEPPUTOPUY ObIB-
med YexocmoBakuu. OcobeHHOCThIO (OPMBI «Bb»

are pycnidia. Convex, rounded and darker formations
are pseudothecia.

to find in the literature the assertion that the caus-
ative agent of flax pasmo disease in Europe does not
form the ascigerous stage under natural conditions,
developing according to a shortened cycle (Paumier
et al., 2020). This is also confirmed by the studies of
T.E. Vakhrusheva, carried out in 1985, which showed
that the pathogen in the ascigerous stage was not de-
tected on the territory of the former USSR (Vakhrushe-
va, 1985). But Naumov described the ascigerous stage
of M. linicola on the basis of pseudothecia detected on
flax in Russia in 1926, ahead of French researchers by
100 years. Although the genetic relationship of M. lini-
cola with its anamorphs was not shown at that time,
and the role of the ascigerous stage in the spread of
infection was not determined.

As is often the case in mycology, difficulties in
identification and taxonomy arise from the fact that the
pathogen, having a wide range of mechanisms for sur-
vival, manifests its properties in different conditions
in such a way that it seems to researchers that they are
dealing with different species. This primarily applies to
pathogens such as M. linicola.

Biological characteristics
The development cycle of the fungus has 3 stages,
which differ in the nature of sporulation and the mor-
phology of spore-bearing structures (Protsenko, 1964;
Primakovskaya, 1971) (Fig. 2):

I stage — pycnidial (Septoria linicola), at this stage,
clearly visible pycnidia form in the central part of the
affected areas (Fig. 3, 19);

II stage — conidial, at this stage sporulation is
formed in the form of inconspicuous small lodges of
the type Melanconiales/Septogloeum, from which spores
similar to S. linicola extract (Fig. 12);

I1I stage — ascigerous stage of M. linicola 1t is rep-
resented by fruiting bodies of pseudothecia, which are
formed on the stems of diseased plants in the sum-
mer-autumn period (Fig. 3, 21).

In its development, depending on external con-
ditions, the fungus can go through all 3 stages of the

dutocaHuTapusi. KapaHTuH pactenuii = 28
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SABJIIeTCs 00pa3oBaHue KOHUIUAIBHOTO CIIOPOHOIIe-
Hus tTuna Septogloeum. TIMKHUIBI TIPY 9TOM He GOpPMU-
PYIOTCSI, BMECTO HUX 00Pa3yITCS JIOXKA C KOHUIUAMU
B BUJIE TToAyIIeueK. Ita (hopMa IIoxo pacTeT B YUCTOUN
KyJIbTYPE, XapaKTepusyeTcs 60Jiee KOPOTKUM MHKY0Oa-
IIMOHHBIM [TEPUO/IOM U GBICTPON r'6GEIbI0 MHOKYJIUPO-
BaHHBIX PACTEHUH.

Kak oTMeualT MHOTHE aBTOPbI, OTIUUYUTETbHOMN
0COOEHHOCTHI0 BO3BYAUTEJNS TACMO JbHA SBJISIETCS
TO, UTO B IIPOLECCEe PA3BUTUSI aHAMOP(HBIX CTAIUM
rpub MOXXeT 06pPa30BbIBATH KAK HACTOSAIIE KOHUIY-
aJIbHbIE CIIOPOHOLIEHUS, TaK U IEJIbIN CIIEKTP Iepe-
XOJIOB OT CBOOOMHBIX KOHUIUEHOCIIEB 0 OTKPBITHIX
¥ B PasHOI CTEIIEHU 3aKPbITHIX JIOXK, TPOU3BOISAINX
xouupuu (Kypuakosa, 2009; [TponeHko, 1964; Rataj,
1953; Wollenweber, 1938). 3To HOATBEPXKIAIOT 1 HAIIY
UCceloBaHus, TpoBeeHHbIe B 2021 I. B paMKax pabo-
TBI 110 U3YUEHUIO GMOJIOTUY BO3OYIUTEIIS TTACMO JIbHA
U 110 pa3paboTKe 6MOJOrMYeCKOro METOLA ero uaeH-
TU(UKAIIUY Ha OCHOBE KYJIbTypaIbHO-MOPQOJIoruyie-
CKIX CBOIMCTB ITaTOreHa.

MATEPUAJIBI U METO/1bI

B pa6oTe MCII0JIb30BAJIUCH CIEAYIONINE MaTePUAJIbI:
repbapHble 00pas3iibl PACTEHUH JIbHA C CUMIITOMaMU
rmacMo, cobpaHHbIe B IPOBUHITMK MaHuTob6a (KaHa-
na) B 1957 r. u B Kutae B 1958 I., 13 MUKOJIOTUYECKOM
kosuteknuu ®I'BY «BHUVKP»; Beretupyoumue, 350-
pOBBIE pacTeHusd JibHA; 2 u3oagTa S. linicola (TICKOB-
CKUM 1 KUTAUCKUIT) 13 MUKOJOTUUYECKOU KOJIEKIIUHN
OI'BY «BHUUKP».

[IpUMeHSANUCH CIENYIOIIEe METObI: METO/, BbI-
JleJIeHUS YUCTBIX KyJIbTYP C MCIIOJIb30BAHUEM Cpef, —
2%-r0 KapTodeabHO-TII0K03Horo arapa (KI'A), coio-
IOBO-IIPOXIKEBOTO arapa, arapa
C KycOuKaM{U MOPKOBHU, 2%-TO
KapTodeabHO-MOPKOBHOTO ara-
pa (KMA); MeToJ, ICKYCCTBEHHOM
VHOKYJISAIMY C HAaHECEHUEM CyC-
TEeH31HU CIIOP B KOHIIEHTpPaluu
25-50 criop B Karujie Ha aBTOKJIa-
BUPOBaHHbIE KyCOUKU cTebieil
JIbHA, TIOMellleHHbIe Ha COJIOZ0-
BBIM arap; MeTOJl CBETOBOM MU-
Kpockonuu (Mukpockor Olympus
BX53, Mmukpockor Axio Imager A2,
cTepeoMUKpOCKoI Discovery V20)
npu 20-, 40- 1 50-KpaTHOM yBe-
JUYEeHUU; MeToJi MophoMeTpuu
C UCIT0JIb30BAHUEM ITPOTPAMMBI
CellSens standard; meTtog, poTo-
¢ukcanym (Canon 5D u IITaTHbLIE
KaMepbl MUKPOCKOTIOB).

PE3YJIBTATBI

N OBCYXXJEHUE
B mpotiecce paboThbl YUCThIE KYJTb-
TypsI S. linicola 06pa3oBbIBAIN
XapaKTePHBIE [IJIST CEITTOPUO30B

BBINYKJIblEe KOJOHUM CKIamda-  (1-i1, 2-it pap, — 2%-i KIA; 3-it pap, -
TOr'O TUIIA C HAJIMUMEM IIPUIIOL-  conoAoBbil arap (choTo aBTOpoB))

HATOTO 60JIEe TIIIOTHOTO I[eHTPA.

OKpacka KOJIOHHH cO BpeMeHeM

MeHsJIach. BHauae oHa OblIa cBeTJasd, II0UTHU beJiad;
TIOTOM TIOCTETIEHHO TEMHEJIA M B KOHIIE BapbUPOBaJa
OT TEMHO-CEPOH 10 MOUTH YepPHOH (puc. 4).

Puc. 4. ®usnonoruyeckune hopmbl

life cycle sequentially, or selectively — in various com-
binations. In this case, the conidial stage may precede
the pycnidial stage. Thus, Wollenweber in his studies
pointed to the formation of free conidia before the for-
mation of pycnidia (Wollenweber, 1938). And Anselme
(1960), when infecting plants, observed the formation
of mycelium bundles protruding through the stomata
of flax leaves on the 8™ day after infection and separat-
ing conidia (Anselme, 1960). In the stomatal chambers,
clusters of intertwining mycelial filaments are formed,
which the author considered the rudiments of pycnidia
or sporulation of the type Septogloeum (Anselme, 1960).
The ascigerous stage in the development cycle of the
fungus is rarely formed and does not always fall into the
field of view of researchers, but, according to French
scientists, this stage plays a significant role both in the
adaptation of the pathogen to external conditions and
in the spread of infection in France and Europe (Paumi-
eretal., 2020).

Rataj K. in his work, dated 1953, pointed out the
existence of two physiological forms of the causative
agent of pasmo disease, differing in aggressiveness
and geographical distribution (Rataj, 1953). Accord-
ing to him, the physiological form “A” is widespread
in Europe, Asia and America, it is less aggressive and
forms pycnidia. This form is characterized by a lon-
ger incubation period and optionally has saprophytic
properties that allow it to survive longer on plant de-
bris. A more aggressive form “B” is common in Argen-
tina and in the territory of the former Czechoslovakia.
A feature of form “B” is the formation of conidial spo-
rulation of the Septogloeum type. In this case, pycnidia
are not formed, instead of them a lodge with conidia
in the form of pustulations is formed. This form does

Fig. 4. Physiological forms
OKpyIJIble, MENJICHHOPACTYIMNEC,  Septoriq linicola Ha nuTaTenbHbix cpegax  of Septoria linicola on nutrient media

(2%, 2" row — 2% PDA; 3" row — malt agar
(photos by the authors))
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Komonuw S. linicola 3aMeTHO OTIIMYAIOTCS OT KOJIO-
HUY APYTUX [TaTOTE€HOB, BCTPEYAIOIIVXCS HAa PAaCTeHU-
X JIbHA, U 9TO obJieryaeT paboTy 10 uaeHTUUKaIuu
BO36GYZUTENS 10 KYJbTYPaJIbHOMY IPU3HaKY (puc. 5).
TPYOHOCTH MPU MOJYUEeHUN YUCTON KYJbTYPHI S. lini-
cola oT 06Pas1oB, B3SATHIX U3 PACTUTEJIbHOIO MaTePU-
ajia, 3aKJIF0YAITCS B TOM, UTO KOJIOHUU BO3OYAUTES
macMo JbHa 06J1aJal0T OYeHb MeIJIEHHON CKOPOCTHIO
pOCTa ¥ TIPY BBICEBE HA TUTATEIbHYIO CPEY OHU JIETKO
3a6uBaOTCS OGBICTPOPACTYIIUMYU KOJOHUSIMU APYTUX
TIaTOTEHOB.

JvHaMuKa pocTa KOJIOHWH BO36yIuTesd Ha pas-
JIMYHBIX TTUTATEJIbHBIX CPeZax OueHb HU3Kas (puc. 6).
Ha 3-#1 meub pa3BuTus KojoHus S. linicola Ha 2%-M KTA
JIOCTUTAET BCETO 2—3 MM B IMaMETPE U IIPEJICTABIISIET
€060 OKPYTJIOe, BBIMTYKJIOe 06pa3oBaHue IOUTH 6ejIo-
ro IIBeTa. B 9T0 BpeMs KOJIOHUS ellle He o6pazoBaa
HUKaKUX CIIOPOHOCHBIX CTPYKTYP, TEM He MeHee Mpu
MUWKPOCKOTIMPOBAHUHU YKE MOXKHO HAOJII0IATh PEIKUE,
eIVHUYHbIe KOHUUY, OTIEJUBIINECS OT MUIEIUS
(puc. 7). K14-M cyTKaM B 3aBUCUMOCTHU OT THUITA CPEJBI
IyaMeTp KOJIOHUY yBeIMUniCS 0 14 MM, HO He Tpe-
Bbimaja 22 Mmm. K 20-M CyTKaM pOCT KOJIOHUY TIPaKTU-
YeCKU ITPEKPATUIICS, XOTS caMa KOJIOHUS B JaJIbHEN-
1eM IpeTeplieBajia U3MeHEeHUs B CBOEH CTPYKType
U OKpacke (puc. 4).

Ha 4-5-i#1 1eHb pa3BUTUS B HUIXKHEN YacTU KO-
JIOHWU HUTY MUIEJNNS HAUUHAIOT YTOJIIIATHCS U TEM-
HETbH, B TO BPEMSI KaK BEPXHSS YaCTh MULIEJIVS OCTAET-
cs cBeTJION. Ha pucyHKe 8 X0po1io BUuLHO o6pa3oBaHue
TeMHOU rudsl Ha poHe 6ojiee TOHKOTO, CBETJIOTO MU-
HeJivs ¥ HavaJio 06pa30BaHUs CIIOPOreHHOM ITOJIOCTH.
Ha HayaJIbHOM 3Tare Pa3sBUTHUS KOJOHUY HUXKHUYM MU-
LeJIUHM MeCTaM¥ OKPaIlBAETCS B KDACHOBATO-0yPhIT
1IBET, U3-3a Uero BCs KOJIOHUS ITpUobpeTaeT po30Ba-
TBIN OTTEHOK (puc. 9).

Ha pucynke 10 noka3aHo, Kak B OTZEJIbHBIX 'Y~
(hax HauMHAIT 06PA30BBIBATHCS OKPYTJIble BKJIIOUE-
HUS TEMHO-KUPIIUYHOTO IBeTa. [Tocyie TOTO, KaK 3Tu
BKJIIOUEHWS, CIUBASCh, 3ATIOJHSIOT TU(bI, MULIEJIUN
CTaHOBUTCS 6YPHIM U BIIOCJIEACTBUY — [TIOYTU YEPHBIM.
Ecnu 1o 3TOro KOHUAMY 06pa30BbIBANIUCH HA OTAEb-
HBIX KOHUJIVEHOCIIaX, TO MOSBJIEHNE TaKOTO MUIle-
JIVisE TOBOPUT O HavaJie (POPMUPOBAHUS CIIOPYIUPYIO-
X CTPYKTYP.

I'vdbl TEMHOTO MUILLETUS
VILUIOTHSIIOTCS, ¥ Ha HUX 00pasy-
FOTCSI CTPOMBI M KaMEPBI B BUJIE
TEMHBIX OYTOPKOB, B KOTOPBIX
opmupytoTes ciopsl (puc. 11a).
VIHTEHCUBHOCTD CITOPOHOIIEHUS
YBEJIMYMBAETCS, HO TPYLHO yCTa-
HOBUTb €ro UCTOUYHUK. PopMa
KOJIOHUU TIPUOOpeTaeT KOMKO-
BATOCTh U CKJIAAUATOCTh. YacTo
BOKDPYT KOJIOHUM CTAaHOBUTCS
3aMeTHbBIM TEMHBIN 000/I0K, 00-
Pa30BaHHBIN GYPBIM MUILIEIUEM
(puc. 11b). PeBep3yM KOJIOHUU
TeMHO-6ypbIii (puc. 11c).

B 5TOT mepuoj MOXXHO Ha-
6101aTh KOHUJMAJNBHYO CTa-
nui Septogloeum ¢ obpasoBa-
HUEM CIIOPOHOIIEHUS B BUJE
MeJIaHKOHUAJbHBIX JIOX (puc. 12). CrTophl Ha KOPOT-
KUX KOHUJHUEHOCIaX PaCIOoJaraiTcs MepreHuKy-
JISPHO WJIW TI0J, HEGOJBIIUM yIJIOM I10 OTHOIIEHUIO

/

Puc. 5. KonoHuu (cnesa HanpaBo) Septoria
linicola, Fusarium spp., Alternaria spp.

Ha 2%-M KTA, BblgeneHHble U3 pacTUTENbHbIX
o6pasuoB. nbHa ((hoTo aBTOPOB)

not grow well in pure culture, is characterized by a
shorter incubation period and rapid death of inocu-
lated plants.

As many authors note, a distinctive feature of the
flax pasmo disease pathogen is that during the develop-
ment of anamorphic stages, the fungus can form both
true conidial sporulation and a whole range of transi-
tions from free conidiophores to open and, to varying
degrees, closed lodges that produce conidia (Kurcha-
kova, 2009; Protsenko, 1964; Rataj, 1953; Wollenwe-
ber, 1938). This is also confirmed by our studies con-
ducted in 2021 as part of the study of the biology of the
flax pasmo disease pathogen and the development of
a biological method for its identification based on the
cultural and morphological properties of the pathogen.

MATERIALS AND METHODS

The following materials were used in the work: herba-
rium samples of flax plants with pasmo disease symp-
toms, collected in the province of Manitoba (Cana-
da) in 1957 and in China in 1958, from the “VNIIKR”
mycological collection; vegetative, healthy flax plants;
2 isolates of S. linicola (Pskov and Chinese) from the
“VNIIKR” mycological collection.

The following methods were used: the method
of isolating pure cultures using media — 2% potato
dextrose agar (PDA), malt yeast agar, agar with carrot
pieces, 2% potato carrot agar (PCA); the method of ar-
tificial inoculation with the application of a suspension
of spores at a concentration of 25-50 spores per drop
onto autoclaved pieces of flax stems placed on malt
agar; light microscopy method (Olympus BX53 mi-
croscope, Axio Imager A2 microscope, Discovery V20
stereomicroscope) at 20x, 40x and 50x magnification;
morphometry method using the CellSens standard pro-
gram; photofixation method (Canon 5D and standard
microscope cameras).

RESULTS AND DISCUSSION

In the course of work, pure cultures of S. linicola formed
typical of Septoria rounded, slow-growing, convex fold-
ed-type colonies, with an elevated, denser center. The
color of the colonies changed over time. At first, it was
light, almost white; then gradually darkened and at the
end varied from dark gray to almost black (Fig. 4).

/®)

"W

o

Fig. 5. Colonies (left to right) Septoria
linicola, Fusarium spp., Alternaria spp.
on 2% PDA, isolated from plant
samples of flax (photo by the authors)
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3-ncyTkn 8-e cyTkm 14-e cyTkn The colonies of S. linicola are
3“day 8" day 14t day clearly different from the colo-

— : nies of other pathogens found
on flax plants, and this makes it
easier to identify the pathogen
by the cultural character (Fig. 5).
Difficulties in obtaining a pure
culture of S. linicola from sam-
ples taken from plant material
are due to the fact that the colo-
nies of the pasmo disease of flax
have a very slow growth rate and,
when sown on a nutrient medi-
um, they are easily contaminat-
ed with fast-growing colonies of
other pathogens.

The growth dynamics of
pathogen colonies on various nu-
trient media is very low (Fig. 6).
D konorn 3 mm 10 mm 20 mm On the.3.rd day of development,
D colonies the S. linicola colony on 2% PDA

= reaches only 2-3 mm in diame-

ter and is a round, convex, almost
white formation. At this time, the
colony has not yet formed any
spore-bearing structures; ne-
vertheless, under microscopy,
one can already observe rare,
- . d single conidia that have separat-
D KONOHUU 3mm 8 mm 20 mm ed from the mycelium (Fig. 7). By
D colonies the 14™ day, depending on the
— — type of medium, the diameter of

the colonies increased to 14 mm,
but did not exceed 22 mm. By the

KrA
PDA

D KonoHumn 2mm 8 mm 16 mm
D colonies

KMA

MopkoBHas
cpepa

Carrot me-
dium

g?;; AoseIM 20™ day, the growth of the colo-
Malt agar ny practically stopped, although

the colony itself subsequently

underwent changes in its struc-

e . ture and color (Fig. 4).

D konoHun 2 mm 10 mm 14 mm On the 45" day of deve-
D colonies lopment, in the lower part of
Puc. 6. Paseutue konoHuin Septoria  Fig. 6. Development of Septoria linicola the colony, the mycelium fila-
linicola Ha pasnnuHbIX NUTaTeNbHbIX  colonies on various nutrient media ments begin to thicken and dark-
cpepax (hoTo aBTOPOB) (photos by the authors) en, while the upper part of the

K JIOXKY, 06pa3soBaHHOMY rudamMu TEMHOTO MUIIENIHU.
Jloxa Maj03aMETHBI, U UX HEITPOCTO YBU/IETh.

B 3aBUCUMOCTH OT BHEIIHUX YCJIOBUU U TIPOUC-
XOXKJIEHUS U30JIITa PA3BUTHE CIIOPOHOIIEHUS B KO-
JIOHUU MOXET ITONTH II0 TUIly, onucanHoMmy H.M. Ba-
cunbeBckuM (1924) nua S. ribis (BacuabeBcKul, 1924).
B aTOM cityuyae rudanabHbIN KITy6ouek, 06pa3oBaHHbIHN
crieTeHueM TUd, pa3pacraeTcs, 4 ero TKaHb, PaCTBO-
psIsCh, 3aMeHseTCs criopamu. Miu )xe BO3MOXKHO pas-
BUTHUE TI0 TUITY, ONTMcaHHOMY Xappucom (1935) auis
S. lycopersici (Harris, 1935). B 3ToM ciyuyae rudaabHbIN
KJIy604uek rmpeobpasyeTcs B 3aMKHYTYI0 TUKHUIVAJb-
HYI0 KaMepy, B KOTOPO#H 3aKJIaZbIBAalOTCS ¥ Pa3BUBAIOT-

Csl IMKHOCTIOPBI (CUM(OreHHbIN TUII PA3BUTHSA). Puc. 7. EGBUHUYHbIE KOHUAuKN  Fig. 7. Single conidia of
Ha pucynke 13 Ha HECKOJbKUX NMUKHUAAX, Ha- Septoria linicola Ha 2%-m Septoria linicola on 2% PDA
XOIAIIUXCS B Pa3HOM CTENEHU CO3PeBaHMs, TOKa3a- KTA (cpoTo aBTOpOB) (photo by the authors)

HO pa3BUTHE ITMKHUJBI OT 3aPOXAEHUA OO0 3PEJIOCTHU.
[MukaUAb S. linicola IpeaCcTaBiasOT cO60M TOHKOCTEH-
HbI€, OKPYTJIbIE BMECTHJIHIA CIIOpP, OKpalleHHbIE
B TEMHO-KOpI/I‘IHeBbIﬁ IIBET. HonynpospaquIe BHa4va-
Jie MIMKHU OBl CO BDEMEHEM TEMHEIT U YBEJIMUYMBAKTCA MioHb N2 2 (10) 2022 31




HAYYHbIE UICCNEOOBAHUA  SCIENTIFIC RESEARCH

Puc. 8. O6pasoBaHue Fig. 8. Formation of a dark
TeMHoro Muuenua n Hayano mycelium and the beginning of
ob6pasoBaHusa cnoporeHHol the formation of a sporogenous
nonocTu (choTo aBTOPOB) cavity (photo by the authors)

B pasmepe (puc. 13). PasMephl TUKHUJ, BAPbUPYIOT
oT 60 10 125 MKM B IMaMeTpe.

[To Mepe co3peBaHUS CIIOP JaBJieHUE BHYTPU
MUKHUAIUATbHON KaMepPbl YBEJITUYUBAETCS, ¥ TTPU TI0JI-
HOM WX CO3PEBAHUU CIIOPHI BEIOPACHIBAIOTCS HAPYXKY
HampaBJeHHbIM IOTOKOM uYepe3 o0pas3oBaBIleecs
B MUKHUZE oTBEpcTHE (puc. 14).

Cnops!l S. linicola, HeCMOTPS Ha Pa3JIUYHbIE UCTOY-
HUKM X 06pa30BaHUs — OT EAUHUYHBIX KOHUAUEHOC-
1IeB 10 TUKHUJ, — UMEIT OJJUHAKOBBIE, B TIPEeax

Puc. 9. KonoHusa npuobpetaet Fig. 9. The colony

po30BaTblii OTTEHOK
(thoTo aBTOPOB)

acquires a pinkish hue
(photos by the authors)

mycelium remains light. Figure 8 clearly shows the for-
mation of a dark hypha against the background of a thin-
ner, lighter mycelium and the beginning of the formation
of a sporogenous cavity. At the initial stage of colony de-
velopment, the lower mycelium turns reddish-brown in
places, due to which the entire colony acquires a pink-
ish hue (Fig. 9).

Figure 10 shows how rounded inclusions of a dark
brick color begin to form in individual hyphae. After
these inclusions, merging, fill the hyphae, the myceli-
um becomes brown and subsequently almost black. If
prior to this, conidia were formed on individual coni-
diophores, then the appearance of such a mycelium in-
dicates the beginning of the formation of sporulating
structures.

The hyphae of the dark mycelium become denser,
and stromas and chambers in the form of dark tuber-
cles are formed on them, in which spores are formed
(Fig. 11a). The intensity of sporulation increases, but
it is difficult to establish its source. The shape of the
colony becomes lumpy and folded. Often, a dark rim
formed by brown mycelium becomes visible around the
colony (Fig. 11b). The reversum of the colony is dark
brown (Fig. 11c).

During this period, one can observe the conidial
stage of Septogloeum with the formation of sporulation
in the form of melanconial lodges (Fig. 12). Spores on
short conidiophores are located perpendicular or at a
slight angle to the lodge formed by hyphae of the dark
mycelium. Lodge is subtle and not easy to see.

Depending on the external conditions and the ori-
gin of the isolate, the development of sporulation in the

Puc. 10. Hauano Fig. 10. The beginning of
obpasoBaHus byporo the formation of brown
muuenus. NMokpacHeHme  mycelium. Redness of
OTAENbHbIX Tng individual hyphae

(¢hoTo aBTOpPOB) (photos by the authors)

dutocaHuTapusi. KapaHTuH pactenuii -~ 32
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Puc. 11: a — TeMHble 6yropku (aLepBysibl) Ha MULLENTUK
(nokasaHbl cTpenkoit); b — konoHus Septoria linicola;
¢ — obpaTHasa cTopoHa KosloHuu (peeep3yM) (choTo aBTOpOB)

IIOTPEIIHOCTH, MOP(OJOruUecKre XapaKTepUuCTH-
KU, 4YTO obJyierdaeT UAeHTU(DUKAIINI0 BO3OYIUTES.
9To GeclBeTHLIE, [TAJIOUKOBUIHbIE, IIPIMbIe MJIN He-
CKOJIbKO M30THYTBIE CIIOPHI, C 3aKPYTIEHHBIMU KOH-
IIaMU, C OJTHOM-TPEeMs XOPOIIIO Pa3IMYUMbIMU TIepe-
ropogkaMu. B HalleM ucciaeloBaHUM Pas3sMep CIIOP
coctaBua 16,8-28 (40) x 1,8-3,1 MkM (puc. 15). Mop-
(osornueckrie XapakKTePUCTUKY KOHUIUH STBJISIOTCS
OCHOBHBIM JMAarHOCTUYECKUM IIapaMeTPOM IIPU UIeH-
TUUKALIMY [TACMO JIbHA.

CIIOpHI B TETLJIOH BOJiE JIETKO
IIpopacTaioT, 00pasyst poraTko-
ob6pasHbIe CTPYKTYPHI (puc. 16a).
Tak’Ke MOXXHO BCTPETUTD J1ehop-
MY POBaHHbIE CIIOPHI, KOTIa OfHAa
13 HECKOJIbKUX KJIEeTOK CIIOPHI
paspacraeTcs, o0pasys CTPyK-
TYpPYy HaIo06ue XJIaMUI0CIIOPBI
(puc. 16b).

Bo BpeM4 BeIXOJa U3 MUK-
HUJIBI TTMKHOCIIOPBI OKPYKEHbI
MacCJISIHUCTOM BA3KOM XUIKO-
CTbI0, ¥, UYTOOBI OCBOGOIUTHCSA
0T Hee, cIlopaM HeobXommMma

KaIleJIbHO-)XKMIKad Bjlara B BUE  Puc. 12. MenaHKOHWaNbHbIN TUN

o

Fig. 11: a — dark tubercles (acervuls) on the mycelium (shown
by the arrow); b — colony of Septoria linicola; c - the reverse
side of the colony (reversum) (photos by the authors)

colony can proceed according to the type described by
N.M. Vasilevsky (1924) for S. ribis (Vasilevsky, 1924). In
this case, the hyphal glomerulus, formed by the plexus
of hyphae, grows, and its tissue, dissolving, is replaced
by spores. Or development according to the type de-
scribed by Harris (1935) for S. lycopersici (Harris, 1935)
is possible. In this case, the hyphal glomerulus trans-
forms into a closed pycnidial chamber, in which pyc-
nospores are laid and develop (symphogenous type of
development).

Fig. 12. Melanconial type of sporulation

noJuBa Uiu Hoxas. C KarJigaMu  cnopoHoweHus Septoria linicola (poto aBTopoB)  of Septoria linicola (photos by the authors)

BOJ bl MMKHOCIOPHI IIOIIaZA0T
Ha 370pOBble pPacTeHUs JbHA,
ITPOPACTAIOT U 3apakatoT ux. [1o-
9TOMY pacnpocTpaHeHue 3a60-
JIEBAHMS B I10JI€ HOCUT 0YaTrOBbIN
xapakTep. Ha Bo3zmyxe skccymaT
CO CIIOpaMU 3aCThIBAaeT B BUJE
KareJib, CIIMPaJIeK WU YCUKOB
(puc. 17). BboIaemBIIMHACS 9KCCY-
IaT u3naeT caabbiii PPyKTOBBIN
apoMar, KOTOPbIM IIpUBJIEeKaeT
NUTAKIIUXCSI UM HaCEeKOMBIX.
[Tocyie muTaHUsA Ha OOJBHOM
pacTeHUU HaceKOMbIe IepeJe-
TAalOT Ha COCEJHUE 3/I0POBbIE
pacTeHusd U 3apa’kaioT UX IPU-

JUNIMKAMHA BO BPEMS TTUTAHUSA  Puc. 13. CumcporeHHbivi Tun passutus  Fig. 13. Symphogenous type of pycnidia

cIIopaMu BO36yIUTes.

06 u36upaTebHOCTHU IIPO-
XOXKIEHUS )KU3HEHHOT0 ITUKJIa
B 3aBHMCUMOCTHU OT BHEUIHUX YCJIOBUI FOBOPUT U He-
OOJIBIIION OIBIT, TPOBEJEHHBIN B paMKax UCCIeL0-
BaHUS. 3a BpeMs HAOJI0JIeHUs 338 POCTOM KOJIOHUH

nukHKUAbI (hoTo aBTOpPOB)

development (photo by the authors)
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Puc. 14. NMukHocnopsbl, BbIxoasuue
13 NUKHUADbI (hoTo aBTOPOB)

Fig. 14. Pycnospores emerging

B TeyeHue 20 JHeH ObLIO OTMEUEHO, UTO KOJOHUU
He 00pa30BbIBAJIM ITMKHU, XOTS CIIOPOHOIIEHNE IIPHU
5TOM OBLIO OGMJIBHBIM, YTO CBUJIETEJIbCTBYET O JI0-
CTATOUYHOM JKM3HECIOCOOHOCTH KOoJIoHUM. Kycouku
crebJiell TbHA OBV MHOKYJIMPOBAHBI CITOPaMU UCCJIIE-
JIyeMbIX 00Pas1i0B U TTIOMEIEHBI B Yallky [leTpu Ha co-
JlomoBhIi arap (puc. 18). Yke Ha 4-1 leHb Ha KyCOUKax
cTebsiett 06pa3oBaICh XOPOIIO 3aMeTHbIE TUKHUbI
C KameJibKaM1 BRIXOAAIINX cIiop (puc. 19), B To BpeMs
KakK Ha arapy30BaHHBIX CPeax MUKHU/IBI OTCYTCTBO-
BaJIX B TeUeHHUe IJINTEeJIbHOro BpeMeHu. O0pa3oBaHue
MUKHUJ, HapSaay ¢ ApyruMu hakTopaMu IO TBEPXK/a-
€T, UTO HCCJieJlyeMble M30JIAThl OTHOCITCS K MeHee
arpeccuBHOU HU3MOTI0OTNUeCcKOn hopMe «A», IIUPOKO
pacnpocTpaHeHHOH B MUpe, ¥ B YaCTHOCTHU B Poccumu.

Kaxk y’xe yka3bIBaJOCh BBIIIE, CyMUuaTas CTaaus
pasBuTusg rpuba oTMedaeTcs peaKo. B KOHIle JeT-
He-OCeHHero eproa Ha 60JIbHBIX PACTEHUIX BMECTE
C MUKHUAAMU 06Pa3yI0TCs IICEBIOTEINHY C aCKOCIIOPa-
MU B CyMKaX. B oTJin4me OT MOJIyIIPO3PayvHbIX, IIOTPY-
JKEHHBIX B CYyOCTPAT MUKHU/I, TICEBIOTEIIUY HAXOMST-
Cs1 Ha TIOBEPXHOCTU U UMEIT 60jiee TEMHBIH, TOUYTHU
YepHBIN 1IBeT (puc. 3). BecHOoMH, Ipu 61arolpUsaTHBIX
YCJIOBUSX, aCKOCIIOPHI BBIXOJAT M3 IICEBIOTEI[MEB
¥ BMECTE C BBINENIINMU U3 IIePe3UMOBABIINX ITUK-
HUJ IUKHOCIOPAaMM 3apa’kaloT B3OIIEAIINE PaCTe-
Hus JbHa. [Ipy ucciaemoBaHNuM repbapHbIX 06pas3IioB
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Puc. 15. Cnopsl Septoria linicola (hoTo aBTOpOB)

from the pycnidia (photos by the authors)

Figure 13 shows the development of a pycnidia
from inception to maturity on several pycnidia at dif-
ferent stages of maturation. The pycnidia of S. linico-
la are thin-walled, rounded spore receptacles, colored
dark brown. Translucent at first, pycnidia darken with
time and increase in size (Fig. 13). The size of pycnidia
varies from 60 to 125 microns in diameter.

As the spores mature, the pressure inside the
pycnidial chamber increases, and when they are ful-
ly mature, the spores are ejected outward in a directed
flow through the hole formed in the pycnidia (Fig. 14).

Spores of S. linicola, despite the different sources of
their formation — from single conidiophores to pycnidia —
have the same morphological characteristics, within the
margin of error, which facilitates the identification of
the pathogen. These are colorless, rod-shaped, straight
or slightly curved spores, with rounded ends, with one
to three well-defined septa. In our study, the spore size
was 16.8-28 (40) x 1.8-3.1 um (Fig. 15). Morphological
characteristics of conidia are the main diagnostic pa-
rameter in the identification of pasmo disease of flax.

Spores germinate easily in warm water, forming
slingshot structures (Fig. 16a). Deformed spores can
also be seen, where one of several spore cells grows
into a chlamydospore-like structure (Fig. 16b).

During the exit from the pycnidia, the pycno-
spores are surrounded by an oily viscous liquid, and in

f#

5

i I

Fig. 15. Spores of Septoria linicola (photos by the authors)
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Puc. 16: a — npopacTatoLme cnopbl Septoria linicola;

b — neopmupoBaHHbie cnopbl Septoria linicola (hoTo aBTOPOB)

Puc. 17. Cnupanu v ycukun

3apakeHHBIX cTebJiell IbHA HaM yZajoCch BbIIENUTD
1 HaGJII0IATD BRIMIEIINE U3 IICEBAOTEINERB ACKOCIIO-
pBI. OTO 6BIIM GeclIBETHBIE, IIPSIMble UJIU HEMHOTO
W30THYTHIE CIIOPHI, C OJTHOM TIONEPEUHON ITEPETOPO/I-
KOU 1 HECKOJIbKUMHU KaIJIIMU MacJjia B KaXKI0H KJIeT-
Ke. PasMmepsl cnop coctaBuau 12-18 x 3—-4,7 MKM.
PasMephsl IIceBAOTeIlMeB Ha repbapHbIX obpas-
1max — npuMmepHo 130 MkM B mmametpe (puc. 21 a, b).

Puc. 18. UHokynupoBaHHble  Fig. 18. Inoculated
KYCOYKM cTebnen nbHa pieces of flax stems
Ha CofI0f,0BOM arape on malt agar

(choTo aBTOPOB) (photo by the authors)

Fig. 17. Spirals and antennae of the sporoid
crnopoupanbHoi Maccel (choTto aBTopoB)  mass (photos by the authors)

Fig. 16: a — germinating spores of Septoria linicola;
b — deformed spores of Septoria linicola (photos by the authors)

order to get rid of it, the spores
need drop-liquid moisture in the
form of irrigation or rain. With
drops of water, pycnospores
fall on healthy flax plants, ger-
minate and infect them. There-
fore, the spread of the disease in
the field is focal. In the air, the
exudate with spores solidifies
in the form of drops, spirals or
antennae (Fig. 17). The released
exudate emits a faint fruity odor
that attracts insects that feed on
it. After feeding on a diseased
plant, insects fly to neighboring
healthy plants and infect them
with spores of the pathogen adhering during feeding.

The selectivity of the life cycle, depending on ex-
ternal conditions, is also evidenced by a little experi-
ence conducted in the framework of the study. During
the observation of the growth of colonies for 20 days,
it was noted that the colonies did not form pycnidia,
although sporulation was abundant, which indicates
sufficient viability of the colony. Pieces of flax stems
were inoculated with spores of the studied samples
and placed in Petri dishes on malt agar (Fig. 18). Al-
ready on the 4™ day, clearly visible pycnidia with drop-
lets of emerging spores formed on the pieces of stems
(Fig. 19), while pycnidia were absent on agar media for
along time. The formation of pycnidia, along with other
factors, confirms that the studied isolates belong to the
less aggressive physiological form “A”, which is wide-
spread in the world and, in particular, in Russia.

As noted above, the ascigerous stage of develop-
ment of the fungus is rarely observed. At the end of
the summer-autumn period, pseudothecia with as-
cospores in bags are formed on diseased plants along
with pycnidia. Unlike translucent pycnidia immersed
in the substrate, pseudothecia are located on the sur-
face and have a darker, almost black color (Fig. 3). In
spring, under favorable conditions, ascospores emerge
from pseudothecia and, together with pycnospores
that have emerged from overwintered pycnidia, infect
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Fig. 19. Pycnidia formed on infected (in vitro)
plant material of flax (left) with conidial
exudate (right) (photos by the authors)

Puc. 19. ChopmupoBaslumecs Ha UHULUPOBaAHHOM (in vitro)
pacTuTeNbHOM MaTepuarne NibHa NUKHUAbI (CNneBa)

C KOHMAManbHbIM 3KkccypaToMm (cnpasa) (oTo aBTOPOB)

Puc. 20. MukHMAbl Ha 28-0HEBHON KyNbType
Septoria linicola (2%-i KrA) (choTo aBTOPOB)

B cuity TOTOo, YTO CyMyaTas CTaLUs Pa3BUTHUsS ITaTOTeHa
tuxcupyetcsa kpatine pefko, MOPHOJIOTUUECKUE Xa-
PaKTEPUCTUKY ACKOCTIOP B IMATHOCTUKE 3a60JI€BaAHUS
MIPaKTUYECKH He UCIIONb3YIOTCS.

3AKJ/IIOYEHUE

[IpoBeleHHbIe MCCIEAOBAHUS IIOATBEPIUIN BO3-
MOYXHOCTb TOUHOU uuaeHTuuKanuu S. linicola 6uo-
JIOTUUYECKUM METOJIOM IyTEM aHaJii3a e€ro KyJbTy-
pPaJIbHO-MOP(OJIOrnUecKux XxapakTepUCTuK. KpaTko
OCHOBHbIE MOMEHTHI UAEHTUGUKAIIUY BO3OYIUTEIST

B o

Puc. 21: a — ncespoTteunii
Mycosphaerella linicola; b — ackocnopbl
Mycosphaerella linicola (choTo aBTOPOB)

.

Fig. 20. Pycnidia on a 28-day culture of Septoria linicola
(2% PDA) (photos by the authors)

emerging flax plants. When studying herbarium sam-
ples of infected flax stems, we were able to isolate and
observe ascospores emerging from pseudothecia. They
were colorless, straight or slightly curved spores, with
one transverse septum and a few drops of oil in each
cell. The spore sizes were 12—-18 x 3—-4.7 um. The di-
mensions of pseudothecia on herbarium specimens are
approximately 130 um in diameter (Fig. 21 a, b). Due to
the fact that the ascigerous stage of pathogen develop-
ment is recorded extremely rarely, the morphological
characteristics of ascospores are practically not used in
the diagnosis of the disease.

e R
s CONCLUSION
The conducted studies confirmed
2= ‘ the possibility of accurate identi-
' fication of S. linicola by biological
0 = method by analyzing its cultural
& R4 ‘: and morphological characters.

¥ J Briefly, the main points of patho-
gen identification by this method
can be characterized as follows:
1. Pure cultures of S. linicola
have characteristic features and

Fig. 21: a — Mycosphaerella linicola
pseudothecium; b — Mycosphaerella linicola
ascospores (photos by the authors)
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9TUM METOJIOM MOXKHO 0XapaKTePHU30BaTh CIEAYIOIINM
obpasom:

1. YucTble KynbTypshl S. linicola 1MelOT XapaKkTep-
Hble 0COOEHHOCTY U OTJIMYAITCSH CBOUM BHEIIHUM
BUJIOM U IMHAMUKOU POCTa OT KYJIbTYP APYTUX BO3-
OymuTesield, KOTOpble MOXXHO BCTPETUTDh Ha ceMeHax
Y PACTEHUSIX JIbHA.

2. OTINYUTENIbHOY OCOGEHHOCTDhIO PAa3BUTUSI
3TOro rpuba SIBJISETCS COBOKYITHOCTh HECKOJIBKUX TH-
TI0B CIIOPOHOUIEHUS — OT CBOGOLHBIX KOHUAVMEHOCIIEB
IO OTKPBITBIX U B Pa3HOU CTEIEHU 3aKPBITHIX JIOXK,
ITPOU3BOAAIINX KOHUIVY, BKJIFOUAst MEJIAaHKOHUAJb-
HbIE JIOKA U MUKHUIBI. B 3peJIbIX KOJIOHUSX 3TU TUIIbI
CIIOPOHOUIEHNS, B PA3JIMUHBIX COUETAHUIX, MOTYT
IIPUCYTCTBOBATb OHOBPEMEHHO, 06pasysi CMeNIaHHbI
THII CIIOPOHOIIEHUSI.

3. BHe 3aBUCUMMOCTU OT THUIIA CIIOPOHOLIEHUS KO-
Huauu S. linicola MeIOT OJIMHAKOBbIE ITapaMeTPhI 1 OT-
JINYAIOTCS 110 CBOUM XapaKTEPUCTUKAM OT CIIOP JIPY-
TUX BO30yAUTENeH, TOpa)kaloIIuX PACTEeHN JIbHA.

4. EpUHUYHbIE KOHUAUU, TI0 KOTOPBIM MOXKHO
UneHTU(UIMPOBATh BO3OYIUTENS, TIOSBIISIIOTCS YXKe
Ha 3-U leHb pa3BUTUA KoJIoHUU. Ha 5-# meHb, Korga
TIOSIBJIIETCS TEMHBIN MULIEJINY 1 06pa3yloTcs MeJlaH-
KOHUAJIbHBIE JIOXKA, MHTEHCUBHOCTH CIIOPO06Gpa3oBa-
HUS 3aMETHO YBEJINUMBAETCH.

5. Pa3BUTUE KOJIOHWU MOXKET MPOTEKATh He-
ONHO3HAYHO. [ITMKHU/BI Ha arapu30BaHHBIX cpefax
MOTYT 06pa30BbIBATHCS B PA3JIMUHbIE CPOKHU — OT 10
1o 30 mHel pa3BUTHS KoJioHUY (puc. 20), a MOTYT He 06-
Pa30oBBIBAaTHCS BOBCE. HO CITOPBI KAaK IMAarHOCTUYECKU
MaTepuaJ 6yIyT IPUCYTCTBOBATh B JIDGOM ciTydae.

[Ipu KyJbTypasibHO-MOP(OJIOTUUYECKOM HCCIIE-
IOBaHUM pas3BuUTHUA S. linicola Ha pa3JIMYHBIX [THUTA-
TEJIbHBIX CPelaX HaWJIyulllne Pe3yJabTaThl B ITOJIyYe-
HUY HEOOXOIMMBIX LUAaTrHOCTUYECKUX TPU3HAKOB
IOKa3aJiu TaKue CPefbl, KaK COJIOJIOBO-IPOXKIKEBOH
arap u 2%-1 KT'A.

HecoMHEHHBIM ILJII0COM 6MOJIOTMUYECKOT'0 METO/A
SIBJISIETCS TO, YTO OH ITO3BOJISIET OXBATUTh U YBUJIETH
BCIO LIMPOTY HI0AHCOB, KOTOPbIe OBIBAIOT HEJOCTYII-
HBI TIPY UCII0JIb30BAHUY JIPYTUX METONOB. Harpumep,
ornpeneseHre GU3NOJIOTUUECKON (HOPMBI U30JIATA,
oIpesiesieHre XU3HECITOCOOHOCTHU KOJIOHUU U CTa-
Iuu ee pa3BuTUs. CJI0XKHOCTb METO/IA 3aKJII0UAETCS
B HEOOXOAMMOCTY HAJIMUUS OTIBITA PAOGOTHI C TaHHBIM
00BbEKTOM U 3HAHUS €ro OMOJOTUYECKUX 0COOEHHO-
cTell. B mepBy0 oYepezb 3TO CBSI3aHO C HEOJHO3HAY-
HOCTBIO TIPOXOXKIEHUS ITUKJIa PA3BUTUS BO3OYAUTEINS
Y He COBCEM OOBIUHBIMU JJI MUKHUMATBHBIX TPU6OB
TUIIaMU CITOPOHOIIEHY . CIIOXKHOCTD BOBHUKAET TaK)Ke
[IPY TIOJIyYEHU Y U3 PACTUTEIBHOTO MaTepuasia YuCTOn
KYJIbTYPbI BO3OYAUTENS, TaK KaK, UMesI HU3KUE TEMITbI
pocTa, KojoHud S. linicola erko 3abuBaeTcs IPyTUMU,
OBICTPOPACTYIIUMY BULAMU.

[IpuMeHss 3TOT METO/] B HallleM UCCJIelOBaHUMY,
MBI [TOJTYYMJIX BO3MOXKHOCTD 60JI€€ HATJISTHO U3YUUTh
¥ TIPOJIEMOHCTPUPOBATh HEKOTOPBIE ACHEKTHI 610-
Joruu ¥ MOop(GOJIOTUY JaHHOTO OpraHu3Ma, Ha Hall
B3TJISI]], HEJIOCTATOYHO TIPE/ICTaBJI€HHbBIE U OCBEIIEH-
HbBIE B IPYTUX MCTOYHUKAX.

Baazodaprnocms. 3a comeiicTBre B paboTe BhI-
paXkaeM MCKPEHHIOI 6JarolapHOCTb COTPYLHUKAM
dI'BY « BHMUKP»: KongpaTtbeBy MakcumMmy OJieroBuyy,
IToranuHo# Cobe OnerosHe, lIBeTKoBOM 0nuu Bia-
IUCJIaBOBHE.

differ in their appearance and growth dynamics from
cultures of other pathogens that can be found on flax
seeds and plants.

2. A distinctive feature of the development of this
fungus is the combination of several types of sporulation —
from free conidiophores to open and to varying degrees
closed lodges that produce conidia, including melanco-
nial lodges and pycnidia. In mature colonies, these types
of sporulation, in various combinations, can be present
simultaneously, forming a mixed type of sporulation.

3. Regardless of the type of sporulation, S. linicola
conidia have the same parameters and differ in their
characteristics from spores of other pathogens that in-
fect flax plants.

4. Single conidia, by which the pathogen can be
identified, appear already on the 3™ day of colony de-
velopment. On the 5™ day, when dark mycelium ap-
pears and melanconial lodges are formed, the intensi-
ty of sporulation increases sharply.

5. The development of a colony can be ambiguous.
Pycnidia on agar media can form at different times,
from 10 to 30 days of colony development (Fig. 20), or
they may not form at all. But disputes as diagnostic ma-
terial will be present in any case.

In a cultural and morphological study of the de-
velopment of S. linicola on various nutrient media, the
best results in obtaining the necessary diagnostic cha-
racters were shown by such media as malt-yeast agar
and 2% PDA.

The undisputable advantage of the biological
method is that it allows you to capture and see the full
range of nuances that are not available when using
other methods. For example, determining the physio-
logical form of the isolate, determining the viability of
the colony and the stage of its development. The com-
plexity of the method lies in the need for experience
with this object and knowledge of its biological cha-
racteristics. First of all, this is due to the ambiguity of
the development cycle of the pathogen and the types
of sporulation that are not quite common for pycnidial
fungi. Difficulty also arises when obtaining a pure cul-
ture of the pathogen from plant material, since, having
a low growth rate, the colony of S. linicola is easily con-
taminated with other, fast-growing species.

By applying this method in our study, we were able
to more clearly study and demonstrate some aspects of
the biology and morphology of this organism, which, in
our opinion, are insufficiently presented and covered
in other sources.
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AHHOTALIA
To6amMoBUpyChI Mo3auku ToMaTa (ToMV), TabayHOM MO-
3auky (TMV), KOpUYHEBOM MOPIIMHUCTOCTH ILJIOHOB TO-
mata (ToBRFV), citaboit kpamuaTtoctu nepiia (PMMoV),
cJiaboii 3eJeHol Mo3auku Tabaka (TMGMV) aBs0TCS
OITaCHBIMU IIaTOT€HAMMU I1aCJIEHOBBIX OBOIIHBIX KYJb-
TYP B OTKPBITOM U 3alUIIEHHOM I'PyHTe. [ToTepu ypo-
’kasg ToMaTa U Ieplia B pe3yJbTaTe 3apakeHUs 3TUMU
raroreHamu MoryT gocturatb 100%. PaHHee BbigBIe-
HYe€ 3apaKeHHBIX TapPTUH CEMSH 1 09aroB 3TUX BUPY-
COB UMeET BaXkHelIlee 3HaUeHNe JJIS [TPEIOTBPallleHUsT
X OBICTPOTO PacIpocTpaHeHus. B Xo/ie rcciiefoBaHni
BBIIIOJIHEHA OLIEHKA CHELM(PUUYHOCTU CEMU TECT-CUC-
TeM i UMMyHO(MepMeHTHOro aHanausa (MdDA) k TMV,
ToMV, TMGMV u PMMoV Bepymiux (pupM-Iponu3BOLY-
Tesnei. [IpoBemeHa 0TpaboTKa ITOJIUMEPa3HOH IIeITHON
peaknuu (TTLP) ¢ 21 mapoil yHUBEPCATbHBIX U BUIO-
crennUIHBIX ITpaliMepoB. OnpeneseHbl IpaliMepsl,
[MO3BOJISIOILE TIPOBOAUTD YHUBEPCAJIBbHOE BBISIBIEHUE
KOMILIekca To6aMOBUPYCOB Ha MaCJI€HOBBIX OBOIIHbBIX
KyJbTypax. [IpoBesieHa 0TPaboTKa ABYX METOIUK MYJIb-
TuriekcHou TP 1Jis BRIABICHUS U NOeHTUDUKAITUN
HECKOJIbKUX BUPYCOB OLHOBpPeMeHHO. OcyllecTBIeH
CKPUHUHT ITPAaMepPOB B OTHOUIEHUY WX CIETU(PUIHO-
ctu K TMV, ToMV, TMGMV u PMMoV. Pazpa6oTaHbl co6-
CTBEHHbIe TpaliMephl, XapaKTepU3yIolrecs BbICOKON
crenu@uyHOCThI0 K TMV u ToMV.

Knrowueevte cnosa. To6aMOBUPYCHI, BBIIBIEHUE
U uzeHTuduUKausg, UMMyHO(GEpPMEeHTHBIM aHaJu3,
rnmojuMepasHas IellHasg peakiusl, TeCT-CUCTEMBI,
IIpanMepshl.

BBEJEHUE

on Tobamovirus B HaCTOSIIee BpeMs
obbenuHsieT 39 BupycoB (Adams et
al., 2012). B cOOTBETCTBUU C T'eHETU-
YeCcKOW CTPYKTYpPOM, KPyroMm pacre-
HUN-X03€B U (PUIOreHEeTUUYeCKUM
POZACTBOM, 3TW BUPYCHI TIO[PA3LENs-
I0TCd Ha 8 MOATPYIII, 3apakarwlux
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ABSTRACT
Tomato mosaic virus (ToMV), Tobacco mosaic virus
(TMV), Tomato brown rugose fruit virus (ToBRFV),
Pepper mild mottle virus (PMMoV), Tobacco mild green
mosaic virus (TMGMV) are serious pests of Solanaceae
in open and protected ground. Yield losses of tomato
and pepper as a result of infection with these patho-
gens can reach 100%. Early detection of infected seed
lots and outbreaks of these viruses is essential to pre-
vent their rapid spread. In the course of the research,
the specificity of seven test systems for enzyme immu-
noassay (ELISA) to TMV, ToMV, TMGMV and PMMoV
of leading manufacturers was evaluated. The poly-
merase chain reaction (PCR) was tested with 21 pairs
of universal and species-specific primers. Primers have
been identified that allow universal detection of the to-
bamovirus complex on Solanaceae crops. Two meth-
ods of multiplex PCR were tested to detect and iden-
tify several viruses simultaneously. The primers were
screened for their specificity for TMV, ToMV, TMGMV
and PMMoV. Proprietary primers with high specificity
for TMV and ToMV were developed.

Key words. Tobamoviruses, detection and identi-
fication, enzyme immunoassay, polymerase chain re-
action, test systems, primers.

INTRODUCTION

t present, Tobamovirus genus involves 39 vi-
ruses (Adams et al., 2012). According to the
genetic structure, range of host plants and
phylogenetic relationship, these viruses are
divided into 8 subgroups that infect plants
of the families Solanaceae, Brassicaceae, Cactaceae,
Apocynaceae, Cucurbitaceae, Malvaceae, Legumino-
sae and Passifloraceae, respectively (Li et al., 2017).

Wionb N2 2 (10) 2022 39



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

pacTteHus ceMeMcTB Solanaceae, Brassicaceae,
Cactaceae, Apocynaceae, Cucurbitaceae, Malvaceae,
Leguminosae u Passifloraceae coorBercTBeHHO (Li et
al., 2017).

CorjlacHO JUTEPATYPHBIM JaHHBIM, PACTEHUST
nepia 3apaxatT Bell pepper mottle virus (BPeMV),
Obuda pepper virus (ObPV), Paprika mild mottle virus
(PaMMV), Pepper mild mottle virus (PMMoV), Ribgrass
mosaic virus (RMV), Tobacco mild green mosaic virus
(TMGMYV), Tomato brown rugose fruit virus (ToBRFV),
Tobacco mosaic virus (TMV) u Tomato mosaic virus
(ToMV) (Smith, Dombrovsky, 2019; Hancinsky et al.,
2020).

PacTenusa tTomara 3apaxarwT TMGMV, ToBRFV,
TMV, ToMV u Tomato mottle mosaic virus (ToMMV),
13 KOTOPBIX HauboJiee BaXXKHOE DKOHOMUYECKOE 3Ha-
yeHue nuMmerT TMV, ToMV, ToOBRFV u ToMMV.

PacTrenus 6akja)kaHa 3apaxaioT TMGMV, TMV,
ToMV 1 ToMMV (Smith, Dombrovsky, 2019; Han¢insky
et al., 2020).

ToBRFV gBisgeTcd KapaHTUHHBIM O00BeKTOM
IJs cTpaH EBPa3sMiCcKOTO SKOHOMMYECKOrO COI03a
u EBporietickoii 1 Cpen3eMHOMOPCKOYM OpraHu3anuu
10 KapaHTUHY 1 3auuTe pactenuit (EOK3P), a ToOMMV
BKJIIOUeH B CUTHAJIbHBIN ITepedeHb EOK3P.

Bce To6aMOBUPYChl UMEIOT CXOJHbIE OUOJIOTH-
yeckue cBouicTBa. IPPEeKTUBHO PACIPOCTPAHIIOTCS
¢ TH(GUIIMPOBAHHLBIMY CEMeHaMU, BOIOH, IIOUBEHHbI-
MU cybCcTpaTaMu, MUTATEIbHBIMU PACTBOPAMU M T. II.
Biiaromapst yHUKaJIbHOM CTPYKTYPE BUPUOHOB TO6aMo-
BUPYCHI B TEUEHNE MHOT'UX JIET COXPAHSIOT MH(PEKIU-
OHHOCTb BHE PACTEHUI-X035EB, B TOM YMCJIe Ha Kap-
TOHE, CTEKJIE, TJIACTUKE, METAJJIaX, MOAJOHAX IJIs
OBOIIleH, YIIAaKOBOYHOM MaTepuajie, THCTPYMEHTAaX,
TPAHCIOPTHBIX CPEACTBAX, CEIbCKOX03IMCTBEHHOM
obopymoBaHUM, OfeXxae pabouux u T. ;. (Broadbent,
Fletcher, 1963; Reingold et al., 2016; Smith, Dom-
brovsky, 2019). TMV coxpaHseT XU3HEeCIIOCOOHOCTD
B TabauHoM geiMe (Lucas, 1975). ToOMV BBISIBIIAIN
B JenHukax I'pennanguu (Castello et al., 1999), 06-
snakax u tymase (Castello et al., 1995), MopcKoii Bojie
(Kegleretal., 1994) u T. 1.

3apaxeHre TO6aMOBUPYCAMU TTPOUCXOAUT KOH-
TaKTHBIM CIOCOOOM, KOTJla BO3HUKAIOT Maljlelline
MeXaHWYeCKye MOBPEXIEeHUs] KOPHEN U KYTUKYJIbI
JINCTbEB, HeN36e)KHO MTOABJIAIONINECS 10l BIUIHIEM
Pa3IUYHBIX OMOTUYECKUX ¥ a6UOTUUYECKUX (DaKTOPOB,
HO 0COGEHHO YacTO B XO/Ie TIPOBEIEHUS CEJTbCKOX03SI -
CTBEHHBIX PaboT.

To6amoBupychkl Mo3auku tomarta (ToMV) u Ta-
6auHoi Mo3auku (TMV) MUPOKO pacrpoCTPaHEeHbI
B Poccuiickoii ®emepanuu (Yaur, 2013). B cBa3u
C e)XXerofHbIM 3HAUUTEJIbHBIM 06bEMOM MMITOPTA Ce-
MSH ¥ TJIOAOB 6akja)kaHa, ToMaTa U Ieplia u3 3apy-
OEXXHBIX CTPaH BHICOKA BEPOSITHOCTD IIPOHUKHOBEHUS
B PO u apyrux To6aMOBUPYCOB, 3apaykaroIiyX Macie-
HOBBIE KYJIbTYPBI.

JmarHocTuka T06aMOBUPYCOB IO BULA COITPSIIKE-
Ha CO 3BHAUUTEJIbHBIMU CJIOXKHOCTSIMHU, 00YCIIOBJIEHHBI-
MU BBICOKOM aHaJIOTHeHN X 6MOJIOTUUYECKUX, CEPOJIO-
TMYEeCKUX U TeHeTuUYecKux cBoicTB. ToMV, TMGMYV,
PMMoV 1 HECKOJIBKO APYTUX TOOAaMOBUPYCOB ITIEPBO-
HavajJbHO GBLIM OIMCAHI JINIIb B KAYECTBE IIITAMMOB
TMV u 6bLIY BBIIEJIE€HbI B BAJIMIHbBIE BUIbI TOJIBKO I10-
cJie IeTaIbHOTO U3YYEeHUSI UX TEHOMOB.

XapaKTepHO! 0COGEHHOCTDHIO IMUAEMUOJIOTUN
TO6aMOBUPYCOB SIBJISETCS BO3MOXXHOCTH HAJNIMYUS

According to the literature, pepper plants are in-
fected by Bell pepper mottle virus (BPeMV), Obuda pep-
per virus (ObPV), Paprika mild mottle virus (PaMMV),
Pepper mild mottle virus (PMMoV), Ribgrass mosaic vi-
rus (RMV), Tobacco mild green mosaic virus (TMGMV),
Tomato brown rugose fruit virus (ToBRFV), Tobacco
mosaic virus (TMV) and Tomato mosaic virus (ToMV)
(Smith, Dombrovsky, 2019; Hanéinsky et al., 2020).

Tomatoes are infected with TMGMV, ToBRFYV,
TMV, ToMV and Tomato mottle mosaic virus (ToMMV),
of which the most important economic value have TMV,
ToMV, ToBRFV and ToOMMV.

Eggplants are infected with TMGMV, TMV, ToMV
and ToMMV (Smith, Dombrovsky, 2019; Hanéinsky et
al., 2020).

ToBRFV is a quarantine object for the countries of
the Eurasian Economic Union and the European and
Mediterranean Plant Protection Organization (EPPO),
and ToMMV is included in the EPPO Alert List.

All tobamoviruses have similar biological pro-
perties. They efficiently spread with infected seeds, wa-
ter, soil substrates, nutrient solutions, etc. Due to the
unique structure of the virions, tobamoviruses remain
infective outside of host plants for many years, includ-
ing on cardboard, glass, plastic, metals, vegetable trays,
packaging material, tools, vehicles, agricultural equip-
ment, workers’ clothing, etc. (Broadbent, Fletcher,
1963; Reingold et al., 2016; Smith, Dombrovsky, 2019).
TMV remains viable in tobacco smoke (Lucas, 1975).
ToMV were detected in the glaciers of Greenland (Cas-
tello et al., 1999), clouds and fog (Castello et al., 1995),
sea water (Kegler et al., 1994), etc.

Infection with tobamoviruses occurs by contact,
when the slightest mechanical damage to the roots and
cuticle of the leaves occurs, which inevitably appears
under the influence of various biotic and abiotic fac-
tors, but especially often during agricultural work.

Tobamo mosaic viruses (ToMV) and tobacco mo-
saic viruses (TMV) are widespread in the Russian Fe-
deration (Chang, 2013). Due to the significant annual
import of seeds and fruits of eggplant, tomato and pep-
per from other countries, there is a high probability of
introduction into the Russian Federation of other to-
bamoviruses infecting Solanaceae.

Diagnosis of tobamoviruses to species level is as-
sociated with significant difficulties due to the high
similarity of their biological, serological, and genet-
ic properties. ToMV, TMGMV, PMMoV and several oth-
er tobamoviruses were originally described only as
strains of TMV and were isolated into valid species only
after a detailed study of their genomes.

A characteristic feature of the epidemiology of to-
bamoviruses is the possibility of both their mixed in-
fection and the ability to infect plants together with
viruses of other taxonomic groups. Therefore, the ge-
nerally accepted approach in the diagnosis of viruses
in vegetable crops is the use of universal primers at the
first stage, which allows the detection of all viruses of
the genus, followed by the use of species-specific prim-
ers at the second stage for their identification. In addi-
tion, an important element in the diagnosis of tobamo-
viruses is the differentiation of closely related TMV,
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KakK X CMeIlaHHOW MH(EeKIINY, TaK U CIIOCOOHOCTH
3apa)kaTh PAaCTEHUS COBMECTHO C BUPyCaMU JPYTUX
TaKCOHOMMUECKUX TPYIIIL. I103TOMY 00IIenpUHSATHIM
II0JIXO/I0M B UAaTHOCTUKE BUPYCOB HA OBOIIHBIX KYJIb-
Typax SIBJSETCS UCIIOJb30BaHKWE HA MEPBOM 3Talle
YHUBEPCAJIbHbBIX ITPaliMepPOoB, ITO3BOJISAIOIIVX OCYIIECT-
BJISITH BBISIBJIEHNE BCEX BUPYCOB POJA C IOCIENYIOMIUM
MIpUMEeHEHWEM Ha BTOPOM 3Talle BUAOCHEu(DUIHBIX
npaiMepoB IJig ux uaeHTudukanuu. Kpome Toro,
Ba)XHBIM 3JIEMEHTOM AUATHOCTUKYU TOGAMOBUPYCOB
aByseTcsa qudpdepeHInanysa 6Ju3KOPOICTBEHHBIX
TMV, ToMV, TMGMV u ToBRFV, B ¢cBSI31 C 9TUM Bce 60-
Jlee KUPOKO IpuMeHdaeTcd MyabTuriekcHad TP, rmo-
3BOJISIONIAS B OLHOM TECTE OCYIIECTBIISITD BbISIBJIEHUE
IByX U 60j1ee 06bEeKTOB. [IJ19 KOPPeKTHON uneHTUudU-
Kaluy To6aMOBUPYCOB JI0 BULAa HEOOXOLMMA HeTalb-
Has OlleHKa clellM(PUUYHOCTU UCIIOJIb3yEMBIX JUATHO-
CTUYECKUX aHTUChIBOPOTOK U IIPaliMepoB.

MATEPUAJIBI U METO/1bI

ViccnenmoBaHUs TPOBEEHBI Ha 6a3e HayYHOTO Mo pas-
nenenus ®IrbY «BHUVKP» B 2020-2021 rr. OCHOBHBI-
MU 06bEKTaMU UCCIIeLOBAHUN ABJISIUCH BUPYCHI Pojia
Tobamovirus, 3apa)kalolliyie OBOILHbIE KYJIbTYPbl: MO-
3auku Tomara (ToMV), Tabaunoii mozauku (TMV), ko-
PUYHEBOI MOPUIUHUCTOCTH ILIoA0B ToMaTa (TOBRFV),
ciaboit (Mau MATKOM) KpamuaTocTu mnepiia (PMMoV),
cyaboii KkpamyaTocTu nanpuky (PaMMV), kpamyaTo-
ctu 6esioro nepiia (BPeMV), ciaboii 3eJIeHO MO3anuKy
tabaka (TMGMV), 3eJieHOIT KpaIrr4aTol MO3auKU OTyp-
11a (CGMMV) u 3eJ1eHOM Kparm4aToi MO3auKy IIyKUHU
(ZGMMYV). SKCTIEpUMEHTHI TTPOBOUIIY CO CIENYIOIINMU
pedepeHTHBIMY U30JIATaMU TOGAMOBUPYCOB 13 KOJI-
nexnuu DSMZ (Tepmanus): TMV PV-0107, PV-0055,
PV-1199u PV-1195, ToMV PV-1180, PV-0141, PV-0143
u PV-0846, CGMMV PC-0375, TMGMV PV-0124,
PV-0110 u PV-1112, PMMoV PV-0093 u PV-0166,
ToBRFV PV-1244, PaMMV PV-0606 u BPeMV PC-0170,
a Tak)Ke C IMOJIOKUTEJbHBIMU KOHTPOJIIMU i1 VDA
Kk TMV, ToMV, TMGMV, PMMoV u ZGMMYV ¢upm Adgen
(Benukobpurtauus) 1 Loewe (TepMaHus).

JJ1sT cepoJIOrUecKoro MeToAa IMarHOCTHUKY ObLIa
IIpOBeeHa OIleHKa CIelln(UUHOCTH JUarHOCTHUYe-
ckux Ha6opoB it UPA k TMV, ToMV, TMGMV, PMMoV,
ToBRFV u CGMMYV Benymux GupM-IIPON3BOAUTEIEH.
OneHKyY cienu(UIHOCTY ITPOBOAMIIA CO BCEMU UMEI0-
ITUMUCS U30JIITaMU TO6aMOBHPYCOB. TECTHI TTPOBOIM-
JIV COTJIACHO TIPUJIaraeMbIM K Ha60opaM UHCTPYKITUSIM
(bupM-npousBOgUTEIIEH.

I BeIZeIeHUS HYKJIENHOBBIX KUCJIOT UCIIOJb-
30Basu Ha6op «ITpoba-HK» (000 «Arpo/luarHoCTuKa»,
Poccus).

1t mpoBeeHUS peaKuy 06paTHOM TPAHCKPUII-
IIUK OJIsT CUHTE3a nepBoi nenu kJHK ucciaemyeMbrx
BUPYCOB HCIIOJIb30BAJIU CIEAYIONe KOMILIEKTHI pea-
Te€HTOB, COTJIACHO ITPUJIaraeMbIM NHCTPYKIIUSIM:

1) «<cMMLV RT Kit» (3AO «EBporen», Poccus);

2) «KoMIJIeKT peareHToB IJist 06paTHOUW TpaHC-
Kpunium» («Arpo/luarHoctuka», Poccust).

Jngnposenenuda [P ucriosb3oBaiu ciuenyonie
Habops! peareHToB: «Multiplex PCR Kit» (Qiagen, CIIIA);
«Screen Mix-HS» («kEBporen», Poccus); «5x MasPP Taq-
Mix-2025» (3A0 «Iuanat JITHa.», Poccust) u mpaniMepsl,
yKazaHHbIe B Tabnute 1.

TepMOUKINYECKNE PEXUMBI UCITOJIb30BaIU
B COOTBETCTBUU C MHCTPYKUIUIMU GUPM — IPOU3BO-
nuTesell HabopOoB.

ToMV, TMGMYV, and ToBRFV; therefore, multiplex PCR
is increasingly being used, which makes it possible to
detect two or more objects in one test. For the correct
identification of tobamoviruses to the species level, a
detailed assessment of the specificity of the diagnostic
antisera and primers used is required.

MATERIALS AND METHODS

The studies were carried out on the basis of the re-
search department of VNIIKR in 2020-2021. The main
objects of research were viruses of the genus Tobamo-
virus infecting vegetable crops: Tomato mosaic virus
(ToMV), Tobacco mosaic virus (TMV), Tomato brown
rugose fruit virus (ToBRFV), Pepper mild mottle virus
(PMMoV), Paprika mild mottle virus (PaMMV), Bell pep-
per mottle virus (BPeMV), Tobacco mild green mosa-
ic virus (TMGMYV), Cucumber green mottle mosaic vi-
rus (CGMMYV), and Zucchini green mottle mosaic virus
(ZGMMV). The experiments were carried out with the
following reference tobamovirus isolates from the DSMZ
collection (Germany): TMV PV-0107, PV-0055, PV-1199
and PV-1195, ToMV PV-1180, PV-0141, PV-0143
and PV-0846, CGMMV PC-0375, TMGMV PV-0124,
PV-0110 and PV-1112, PMMoV PV-0093 and
PV-0166, ToBRFV PV-1244, PaMMV PV-0606 and
BPeMV PC-0170, as well as with positive controls for
ELISA to TMV, ToMV, TMGMV, PMMoV and ZGMMYV by
Adgen (Great Britain) and Loewe (Germany).

For the serological diagnostic method, the spe-
cificity of diagnostic kits for ELISA for TMV, ToMV,
TMGMYV, PMMoV, ToBRFV and CGMMYV of leading ma-
nufacturers was evaluated. Specificity assessment was
performed with all available tobamovirus isolates. The
tests were carried out according to the manufacturer’s
instructions supplied with the kits.

For the isolation of nucleic acids, the Proba-NK kit
(AgroDiagnostica, Russia) was used.

To carry out the reverse transcription reaction for
the synthesis of the first strand cDNA of the studied vi-
ruses, the following reagent kits were used, according
to the attached instructions:

1) MMLV RT Kit (Evrogen, Russia);

2) Reagent kit for reverse transcription (AgroDi-
agnostica, Russia).

For PCR, the following reagent kits were used:
Multiplex PCR Kit (Qiagen, CIIIA); Screen Mix-HS (Ev-
rogen, Russia); 5x MasP® TaqMix-2025 (Dialat Ltd., Rus-
sia) and primers listed in Table 1.

Thermal cycling modes were used in accordance
with the instructions of the manufacturers of the Kkits.

The primers ToMV-2PF/ToMV-1PR developed by
the authors are complementary to the ToMV coat pro-
tein gene region and amplify the 433 bp product. The
analysis carried out using the Primer-BLAST program
showed that these primers are complementary to the
genome regions of 90 ToMV isolates deposited in the
GenBank NCBI database, which makes it possible to
identify a larger number of isolates of Russian origin.

To carry out the amplification reaction, a C1000
Touch thermal cycler (Bio-Rad, USA) was used.

PCR results were detected by electrophoresis in
1.5% agarose gel. The magnitude of the amplification
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Ta6auna 1

XapakTepHuCTHKa IIPaiiMepoB, UCTIBITAHHBIX JIJIF MpoBeAeHusd ITIIP
Ha HAJINUMe BUPYCOB OBOIHBIX KYJIbTY]P

Table 1

Characteristics of the primers tested for PCR for the presence of vegetable viruses

Ha3sBaHue mpaiimepa

IlocyiegoBaTeILHOCTD 5° >3’

JovHa npoaykra (1. H.) ABTOp

Primer Sequence 5’3’ Product length (bp) Author
TobamoF GCWAAGGTKGTWYTBGTRGAYGG

880 Li et.al., 2014
TobamoR GTAATTGCTATTGDGTWCCWGC
TobRT upl GAR TAY SCIGCIYTI CAR AC

568 Dovas et al., 2004
TobRT do2 BGC YTC RAARTT CCA
Tob-Uni2 F GTYGTTGATGAGTTCRTGGA

804 Alishiri et al., 2013
Tob-Unil R ATTTAAGTGGASGGAAAAVCACT
TOBAMO-S1 GGGAATCAGTTTCAAACRCA

560 Menzel et al., 2019
TOBAMO-AS1 GGGGGGATTCGAACCYCT
Tobamo-CP(F) GWCGCSGATCBGATTCGT WTTAAATATG

750 Sharma et al., 2014
Tobamo-CP(R) TGGGCCSCTACCSGSGG
Tob F-5476 GAAGAAGTTGTTGATGAGTTCAT

808 Levitzky et al., 2019
Tob R-6287 GATTTAAGTGGAGGGAAAAACAC
ToMV-F CATCTGTATGGGCTGAC

421 Chen et al., 2011
ToMV-R GAGGTCCARACCAAMCCAG
ToMV-F1 CTC CAT CGT TCACACTCGTTACT

508 Gumus, Paylan, 2013
ToMV-R1 GATCTGTCAAAG TCT GAGAAACTTC
ToMV-F3 CGAGAGGGGCAACAAACAT

318 Kumar et al., 2011
ToMV-R3 ACCTGTCTCCATCTCTTTGG
ToMV FM GTTTCATTGTGCTGTTGAGTAC

362 Yan et al., 2021
ToMV RM AGAAGTACCCATATTGCTTCTTG
ToMV-2PF TCTGTATGGGCTGACCCTGT 433 B pamkax gaHHOi pa6oThI
ToMV-1PR AAGATGCAGGTGCAGAGGTC As part of this work
TMV-F3 CGACATCAGCCGATGCAGC

880 Kumar et al., 2011
TMV-R3 ACCGTTTTCGAACCGAGACT
TMV-F2 ATTAGACCCGCTAGTCACAGCAC

84 Yang et al., 2012
TMV-R2 GTGGGGTTCGCCTGATTTT
TMV-MP-F ATGGCTCTAGTTGTTAAAGG

807 Zhu et al., 2020
TMV-MP-R TTAAAACGAATCCGATTCGG
TMV 8PF-1 GTTCTTGTCATCAGCGTGG e B paMKax JaHHOU PaGoThI
TMV 3PR ACCTCAAGTTGCAGGACCAG As part of this work
TMV FM TGTGCAACACTCCGCRAAT

999 Yan et al., 2021
TMV RM CGGTTCGAGATCGAAAC
ToBRFV FM CTTCCAAACGTGTACGCAC

604 Yan et al., 2021
ToBRFV RM GTCGAGAGATATGTCGAATAGA
TMV-spec CGGTCAGTGCCGAACAAGAA 690
ToMV-spec CGGAAGGCCTAAACCAAAAAG 694 Letschert et al., 2002
TMGMV-spec AARTAAATAAYAGTGGTAAGAAGGG 720
Tob-Unil R ATTTAAGTGGASGGAAAAVCACT
TMGMV CPTMF-F TCGAGTACGTTTTAATCAAT 525 Kim et al., 2006
TMGMV CPTMG-R ATTTTAGGAAATCTCACAAC
PMMV-FP1-rev GAGTGGTTTGACCTTAACGTTTG 65 Haramoto et al., 2013

PMMV-RP1

TTG TCG GTT GCA ATG CAA GT
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Ta6auia 2

OmnpegpesieHue crieu(PUIHOCTU TeCT-cucTeM AJid UPA k TMV,
ToMV, TMGMV, PMMoV pa3HbIX hUPM-IIPOU3BOAUTEIEH

Table 2

products was measured using
GeneRuler™ 100+ bp DNA mo-
lecular weight markers. and Fast
Ruler™ (both from Thermo Fisher
Scientific, USA).

Determination of the specificity of test systems for ELISA to TMV,

ToMV, TMGMV, PMMoV from different manufacturers

TecT-cucremsl ajaa NDA
Test systems for ELISA

RESULTS OF THE RESEARCH

While studying the serological di-
agnostic method, a high specificity

TMV ToMV

of the test system for ELISA for TMV
TMGMV PMMoV  from Loewe (Germany) was estab-

To6aMOBMPYCHI

Tobamoviruses Loewe DSMZ DSMZ Adgen Agdia

lished. This test system reacted with
all test isolates of the target object

Loewe Loewe

TMV + + +/— + +/— +/= - (TMV) with high extinction values.
ToMV Ny . . . Ny No cross-reaction of this test sys-
° tem with all isolates of closely re-
TMGMV - - +/— + +/— + +/— lated tobamoviruses was observed
(Table 2).
ToBRFV - - - + + - - According to the results of the
PMMoV B _ B + /- + N tests, it was found that most of the
test systems for ELISA for tobamo-
PaMMV - - - - - - - viruses are non-specific, which is
why it is advisable to use them only
BPeMV - +/- - + + + +/- ..
for preliminary tests for the pres-
CGMMV - - - +)— - - +/- ence of these pathogens, followed
by analysis of seropositive samples
ZGMMV - - - - - - +/-

by PCR with species-specific prim-

«+» — [10CTOBEPHbI CEPONONOXUTENbHbI CUrHATT;
«+/=» = cnabblil HE[,O0CTOBEPHBIV NONOXUTENBHbBIN CUrHAN;
«=» — OTCYTCTBME CEPONONOXMUTENBHOIO CUrHana.

“,

“_»

— no seropositive signal.

PazpaboTaHHble aBTOpaMu mpatiMepsl TOMV-2PF/
ToMV-1PR koMILJIeMeHTapHbI yUaCTKY reHa 6ejika 060-
Jiouky TOMV 1 aMmiuuIupyoT NPOAYKT BEJTUYUHOM
433 1. H. AHaJIM3, IPOBEIEHHBIH C TTOMOIIBIO ITPOTPaM-
MbI Primer-BLAST, rmokasaJi, UYTO 3TH IIpaMephbl KOM-
[IJIeMeHTapHbl yyacTkaM resoma 90 usonaros ToMV,
JIeTIOHUPOBAHHBIX B 6a3y maHHbIX GenBank NCBI, uTo
TI03BOJISIET BBIABJATD 60JIbIIee KOJTUUYECTBO U30JISITOB
POCCHUICKOrO ITPOUCXOXKIEHIUSA.

I IpoBeleHUS PeaKuu aMIJIn(pUKaIlum 1uc-
nmoab3oBanu Tepmoruukiaep C1000 Touch (Bio-Rad,
CIIIA).

Hetexknuw pesynabraToB [IIIP ocyuecTBadAIU
C MMoMOIb0 3aekTpodopesa B 1,5%-M arapo3HoM
reje. BeInunHy OPOAYKTOB aMIIU(PUKALIUY U3Me-
psAu, UCII0JIb3yd MapKepbl MOJIeKyJIsgpHoro Beca JHK
GeneRuler™ 100+ 1. H. 1 Fast Ruler™ (o6a — Thermo
Fisher Scientific, CIIIA).

PE3YJIBTATBI UCCJEJTOBAHUM

B mpoiiecce m3y4eHUs CEPOJIOTUYECKOT0 METO/IA IV-
arHOCTUKU ObIJIa YCTAHOBJIEHA BbICOKAs CIlelupuyd-
HOCTb TecT-cucTeMbl 1Jss MDA k TMV pupmbl Loewe
(TepMaHU). ITa TECT-CUCTEMA pearupoBajia Co BCeMU
HCITBITYEMBIMU M30JIATaMU 1leJieBOro 06bekTa (TMV)
C BBICOKMMMU 3HAUEHUSIMU SKCTUHKIINU. [lepeKkpecT-
HOM peaKIuy STOUM TEeCT-CUCTEMBI CO BCEMU M30JIITa-
MU 6JIM3KOPOICTBEHHBIX TO6aMOBUPYCOB He HabJro1a-
Joch (Tabi. 2).

[To pe3yabTaTaM MPOBEAEHHBIX WCIBITAHUHN
OBIJIO YCTAHOBJIEHO, UTO GOJIBITUHCTBO TECT-CUCTEM
nys MDA k TobamMoBupycaM HecnelluuUuHbl, BBU-
[y YeTo UX [eJIeco00Pas3Ho UCII0JIb30BaTh JIUIIb IS

+” —reliable seropositive signal; “+/-" — weak unreliable positive signal;

ers. An exception is the TMV ELISA
test system from Loewe (Germany),
which can be used both for screen-
ing tests and for TMV identification.

Towork out the diagnosis of to-
bamoviruses to the genus level, the
universal primers Tobamo-CP(F)/
Tobamo-CP(R) (Sharma et al., 2014), Tob-Uni2 F/
Tob-Unil R (Alishiri et al., 2013), TobamoF/TobamoR
(Li et al., 2014), TobRT upl/TobRT do2 (Dovas et al.,
2004), TOBAMO-S1/TOBAMO-AS1 (Menzel et al.,
2019), Tob F-5476/Tob R-6287 (Levitzky et al., 2019)
and primers included in the “Tobamovirus Group PCR
Primer Mix” diagnostic kit (Agdia, USA) were tested.

Based on the results of the experiments, it was
found that to detect the complex of tobamoviruses on So-
lanaceae crops, it is advisable to use the universal prim-
ers TobRT upl/TobRT do2 (Dovas et al., 2004), which are
characterized by the widest spectrum of action.

Universal primers Tob-Uni2 F/Tob-Unil R (Ali-
shiri et al., 2013), TobamoF/TobamoR (Li et al., 2014),
and TOBAMO-S1/TOBAMO-AS1 (Menzel et al., 2019), as
well as diagnostic kit “Tobamovirus Group PCR Prim-
er Mix” allow to effectively diagnose TMV, ToMV and
TMGMV. Primers Tob F-5476/Tob R-6287 (Levitzky et
al., 2019) require additional experiments.

For the primers TobRT up1/TobRT do2 (Dovas et
al., 2004), the optimal test procedure was determined
with RNA isolation using the Proba-NK kit (AgroDiag-
nostica), cDNA synthesis with the MMLV RT Kit (Evro-
gen) and PCR with the 5x MasDD TagqMix-2025 kit (Di-
alat Ltd.) (Fig. 1).

Studies were performed using duplex PCR for the
simultaneous detection of TMV and ToMV using a com-
bination of primers TMV-F3/TMV-R3 and ToMV-F3/
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peaBapUTENbHBIX TECTOB Ha HAJIUYME DTUX IIaTOTe-
HOB C TIOCJIEAYIOIIMM aHAJIN30M CEPOTIOI0KUTENbHBIX
o6pas1ioB MeTonoM 1P ¢ BumocIieiu(uUHbIMU ITpai-
MepaMu. VICKIII0OUeHVEeM SIBJISIeTCs TeCT-CHUcTeMa s
V@A k TMV dupmel Loewe (TepMaHust), KOTOpas MO-
JKeT OBITh MCIIOJIb30BaHa KakK JIJIs IIPOBENIEHUS CKPU-
HUHTOBBIX TECTOB, TaK U i uleHTUuukauu TMV.

Ilas Toro 4To66I 0OTPaboTaTh AUATHOCTUKY TOGA-
MOBHUPYCOB 0 POZa, 6bLJIO TPOBeZeHO UCIThITAHWE YHU-
BepcaJIbHBIX ITpaiMepoB Tobamo-CP(F)/Tobamo-CP(R)
(Sharma et al., 2014), Tob-Uni2 F/Tob-Unil R (Alishi-
ri et al., 2013), TobamoF/TobamoR (Li et al., 2014),
TobRT upl/TobRT do2 (Dovas et al., 2004), TOBAMO-S1/
TOBAMO-AS1 (Menzel et al., 2019), Tob F-5476/
Tob R-6287 (Levitzky et al., 2019) u mpaiiMepoB, BXOZ -
X B [UarHOCTUYECKUi Habop «Tobamovirus Group
PCR Primer Mix» (Agdia, CIIIA).

[To pe3yabTaTaM MIPOBEJEHHBIX 9KCIIEPUMEHTOB
YCTaHOBJIEHO, UTO JIJISl BhISIBJIEHUS KOMILIEKca Toba-
MOBHPYCOB Ha ITacJI€HOBBIX OBOUTHBIX KYJIbTypax Iieje-
co06pa3Ho MCII0JIb30BaTh YHUBEPCAJIbHEIE TTpaiMePhl
TobRT upl/TobRT do2 (Dovas et al., 2004), xapakTepu-
3yroIrecs HanboJiee MUPOKUM CIIEKTPOM JIeHCTBYS.

YHUBepcasbHble ITpaiiMepbl Tob-Uni2 F/Tob-Unil R
(Alishiri et al., 2013), TobamoF/TobamoR (Liet al., 2014)
n TOBAMO-S1/TOBAMO-AS1 (Menzel et al., 2019),
a Tak)Xe AuMarHOCTUUYecKMM Habop «Tobamovirus
Group PCR Primer Mix» m03BOJISIOT 3QHEKTUBHO I1-
arHoctupoBarb TMV, ToMV u TMGMV. [l TpaiiMepoB
Tob F-5476/Tob R-6287 (Levitzky et al., 2019) Heo6xo-
IVIMO IIPOBeEeHYE NOTIOJHUTEIbHbIX DKCIIEPUMEHTOB.

Ins npaiMmepoB TobRT upl/TobRT do2 (Dovas
et al.,, 2004) onpemeneHa ONTUMaJbHas METOIMKA
MPOBEIEHMS TECTOB ¢ BhimesneHueM PHK Habopom
«[Tpob6a-HK» («Arpo/luarHocTuKa»), CMHTe30M KJIHK
HabopoMm «MMLV RT Kit» (<kEBpOTeH») 1 TIPOBENEHUS
IIIIP c Habopom «5x MasDD TagMix-2025» («[Iua-
qat Jitn.») (puc. 1).

[IpoBeeHbI UCCIeNOBAHUS C TIPUMEHEHNEM [Iy-
mekcHoi I[P mjs ogqHOBPEMEHHOIO BLISIBIEHUS
TMV u ToMV ¢ ucroib30BaHreM KOMOWHAIIWY TTpaki-
MepoB TMV-F3/TMV-R3 u ToMV-F3/ToMV-R3 (Kumar
et al,, 2011) (puc. 2). [Tocjie UCTIBITAHUSA HECKOJIbKUX
HabopOoB peareHTOB AJ1s [P BRISBIIEH OIITUMAJIbHBIN
BapuaHT C UCII0JIb30BaHMEeM Habopa peareHTOB «Multi-
plex PCR Kit» (Qiagen) muist mpoBemeHus IT1P. laHHBIH
TeCT OB YCITENTHO alpobMPOBAH /IJI BhIIBIEHUSI TMV
v ToMV Ha TOMaTe B HECKOJIbKKUX OBOIIEBOJUYECKUX XO-
3gicTBax PO.

TIpoBeZeHbI UCITBITAHUS MYJbTUIIIIEKCHOTO Te-
CTa IJid OLHOBPEMEHHOTIO BBIABIeHUA TMV, ToMV
u ToBRFV. YcTaHoBJieHa BbICOKas BUAOCHeIUPUY-
HOCTb MCIIOJIb3YeMBIX B 3TOM TECTe NpaiMepoB
TMV FM/TMV RM, ToMV FM/ToMV RM u ToBRFV FM/
ToBRFV RM (Yan et al., 2021), KOTOpble pearupoBaiu
JINIIB C M30JIITAMU IleJIeBbIX 06beKTOB. OnpeeneH
OIITUMAaJIbHBIM BapHaHT IPOBEIEHUS 9TOT'0 TECTA C UC-
rmoJib3oBaHMeM Habopa «Multiplex PCR Kit» (Qiagen)
nys mpoBenenus 1P u Habopa AJsg 06paTHOM TpaHe-
Kpuniuu GupMsl «ArpoluarHocTuKa».

B ¢popmarte kimaccuueckoit OT-TILIP' 661710 IpOBeE-
JIeHO UCTbITAHWE TPeX map IpaiiMepoB, pa3paboTaH-
HBIX JJIS BBISBJIEHUS TO6GaMOBUPYyCa MO3aUKM TOMATa:
ToMV-F3/ToMV-R3 (Kumar et al., 2011), ToMV-spec/

1OT-MNLP — nonumepasHas LenHas peakuus ¢ obpaTHom
TpaHCKpUMLMen.

9 10011 12 12 14

15 16 17 18 19 20 21 ™

Puc. 1. Peakuusa npaimepos ToBRT upl/ToBRT do2
(Dovas et al., 2004) c n3onsaTamu pasnnuyHbIX T06aMOBUPYCOB.
O6pasupl: 1 - TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 - TMV PV-1195; 5 — ToMV PC-0135;

6 — ToMV PV-1180; 7 — ToMV PV-0141; 8 — ToMV PV-0143;
9 - ToMV PV-0846; 10 - CGMMV PC-0375;

11 -TMGMV PV-0124; 12 - TMGMV PV-0110;

13 -TMGMV PV-1112; 14 - PMMoV PV-0093;

15 - PMMoV PV-0166; 16 — PaMMV PV-0606;

17 — BPeMV PC-0170 (Bce — DSMZ);

18 - ZGMMV PC07167 (Loewe);

19 - CGMMV 07022 PC (Loewe);

20 - PMMoV 07096 PC (Loewe);

21 - TMGMV 07176 PC (Loewe);

22 - TMV 1065-11 (Adgen); 23 — ToMV 1070-11 (Adgen);
24 — TMV (MrY); 25 — ToBRFV PV-1244 (DSMZ);

26-28 - K (Bopa); M — MapKepbl MOJIEKYJIIPHOW Macchbl.

Fig. 1. Reaction of primers ToBRT up1/ToBRT do2

(Dovas et al., 2004) with isolates of various tobamoviruses.
Samples: 1 - TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 - TMV PV-1195; 5 - ToMV PC-0135;

6 — ToMV PV-1180; 7 — ToMV PV-0141; 8 — ToMV PV-0143;
9 — ToMV PV-0846; 10 - CGMMV PC-0375;

11 -TMGMV PV-0124; 12 - TMGMV PV-0110;

13 -TMGMV PV-1112; 14 - PMMoV PV-0093;

15 - PMMoV PV-0166; 16 — PaMMV PV-0606;

17 - BPeMV PC-0170 (all - DSMZ);

18 - ZGMMV PC07167 (Loewe);

19 - CGMMV 07022 PC (Loewe);

20 - PMMoV 07096 PC (Loewe);

21 - TMGMV 07176 PC (Loewe); 22 — TMV 1065-11 (Adgen);
23 - ToMV 1070-11 (Adgen); 24 - TMV (MSU);

25 - ToBRFV PV-1244 (DSMZ); 26-28 - K (water);

M — molecular weight markers.

ToMV-R3 (Kumar et al., 2011) (Fig. 2). After testing se-
veral PCR reagent Kkits, the best option was identified
using the Multiplex PCR Kit (Qiagen) for PCR. This test
has been successfully tested to detect TMV and ToMV
on tomato in several vegetable farms in the Russian Fe-
deration.

A multiplex test was tested for the simultane-
ous detection of TMV, ToMV and ToBRFV. The primers
TMV FM/TMV RM, ToMV FM/ToMV RM, and ToBRFV FM/
ToBRFV RM (Yan et al., 2021) used in this test were
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Tob-Unil R (Letschert et al., 2002) u ToMV-2PF/
ToMV-1PR (HMOBE BHUUNKP?).

[To pe3yabTaTaM IIPOBEIEHHBIX YKCIIEPUMEHTOB
YCTaHOBJIEHA HEOCTATOUYHO BBICOKAS BUAOCIIEIU(UY-
HOCTB mpaiMepoB ToMV-F3/ToMV-R3 (Kumar et al.,
2011), 4TO oTrpaHUYNBAET BO3MOKHOCTDb X MCIIOJIb-
30BaHMd IJIS IPOBEIEHUS OATBEPXKIAIOIINX TECTOB
Ha Hajmuue ToMV.

Onsg npaiimepoB ToMV-spec/Tob-Unil R (Let-
schert et al., 2002) 1 paspaboTaHHBIX HAMU ITpaii-
MepoB ToMV-2PF/ToMV-1PR ycTaHOBJIeHa BbICOKAs
crennuGuUHOCTb K TOMV (puc. 3), YTO MO3BOJISIET pe-
KOMEH0BAThb 3TU MpalMephl IJisd IPOBEeAeHUS IO~
TBEPXKAAIOIIUX TeCTOB Ha Hajimyue ToMV.

s pa3paboTKU ITOATBEPXKAAIOINETO TECTA HA Ha-
Juunre TobaMoBupyca Mo3anku Tabaka (TMV) mpose-
JIeHO UCIThITAHUE IIECTH ITap IpaliMepoB, KOMIIJIEMEH-
TapHBIX PA3JIMUHBIM yyacTKaM reHOMa 3TOT0 BUpyca:
TMV-F2/TMV-R2 (Yang et al., 2012), TMV-spec/Tob-
Unil R (Letschert et al., 2002), TMV-F3/TMV-R3
(Kumar et al., 2011), TMV 8PF-1/TMV 3PR (HMOBB
BHUUKP), TMV-MP-F/TMV-MP-R (Zhu et al., 2020)
u TMV FM/TMV RM (Yan et al., 2021) (puc. 3). YcTa-
HOBJIEHO, UTO HauboJjiee BHICOKOU CIeIM(UUHOCTHIO
K 11esieBOMYy 06beKTy (TMV) XapakTepusyrTcs Ipan-
Mepesl TMV-F2/TMV-R2 (Yang et al., 2012), TMV 8PF-1/
TMV 3PR (HMOBE BHUUKP) (puc. 3), TMV-MP-F/
TMV-MP-R (Zhu et al., 2020) u TMV FM/TMV RM (Yan
et al., 2021), KOTOpbIe HE pearTMPOBAJIN CO BCEMU U30-
JIITaMU HelleJIeBbIX TO6aMOBUPYCOB.

I nuarsoctuku TMGMV npoBeZleHO UCIIbITa-
Hue mpaiMepoB TMGMV CPTMF-F/TMGMV CPTMG-R
(Kim et al., 2006) 1 TMGMV-spec/Tob-Unil R (Letschert
et al., 2002). YcTaHOBJIEHA BO3MOXXHOCTD 3(D(DEKTUB-
HOTO MCMO0Jb30BaHUA npaiiMepoB TMGMV CPTMF-F/
TMGMV CPTMG-R (Kim et al., 2006) 1j1g BbICOKOCIIE-
udUYHOrO BhIIBIeHUI TMGMV.

KoHcTaTupoBaHa BbICOKASd CHEIU(PUIHOCTD
K PMMoV npaiiMmepoB PMMV-FP1-rev/ PMMV-RP1 (Ha-
ramoto et al., 2013). YcTaHOBJIeHa BO3MOXKHOCTD 3()-
(beKTMBHOTO UCITOJIb30BAHNS STUX ITPaiMepoB B hop-
MaTax 2-3TanHoi kjtaccuyeckoi OT-TILIP 1 2-3TarrHon
Eva Green OT-ITLIP-PB3.

BbIBO/IbI

[To pesynbTaTaM MNPOBENEHHBIX UCIIBITAHUN CEMU
TecT-cucteM nJig MPA k TMV, ToMV, ToBRFV, TMGMV
1 PMMoV HeCcKOJbKUX (PUPM-TIPOU3BOAUTENIEN yCTa-
HOBJIeHAa HEJIOCTATOYHO BbICOKAs CHEU(PUUHOCTD
OOJIBIIMHCTBA M3 HUX K IIeJIeBbIM 00beKTaM. VMCKIIIo-
YyeHUEM SgBJSeTCd TecT-cucrtema najag MPA k TMV
upmbr Loewe (FepMaHus), KOTOpas MOXET ObITh
KCIIOJIb30BaHa KaK AJisI MPOBEJEHUSI CKPUHUHTOBbBIX
TECTOB, TakK U IJsg ugeHTudukaiuu TMV. OcTajabHbIe
TECT-CHUCTEMBI 1IeJIecCO00Pa3H0 HCII0JIb30BAaTh JIUIIb
IJiS TPeBapUTEIbHBIX CKPDUHMHTOBBIX TECTOB Ha Ha-
Juuyre To6aMOBUPYCOB C MOCHEAYIONUM aHaJIN30M
CEepPOMOJIOKUTEIbHBIX 06pa31oB MeTonoM I1LIP ¢ Bu-
JIocTieln(pUIHBIMY ITpaiMepaMu.

YCTaHOBJIEHO, UTO [JIS1 BBISBJIEHU S KOMILJIEKCA TO-
6aMOBUPYCOB Ha OBOIIHBIX KYJIbTYPax 1IeJeco06pasHo
KCIT0JIb30BAaTh YHUBEPCAIbHbIE ITpaiiMepsl TODRT upl/
TobRT do2 (Dovas et al., 2004), xapaKTepU3y0Iecs

2 HMOBBE BHUUKP — Hay4HO-MeToaMYeCcKuii oTaen
Bupycosnorum n 6aktepuonorun Orey «BHUNKP».

3 PB — B peasilbHOM BpPEMEHMU.

6 M7 8 9 10 11 12

Puc. 2. 3nektpocoperpamma. BoisseneHmne ToMV

1 TMV MeTopoM 2-3TanHon MynbTunniekcHou OT-MUP

C Ucrnonb3oBaHMeM KOM6MHaUUK NpaiMepoB
TMV-F3/TMV-R3 n ToMV-F3/ToMV-R3 (Kumar et al., 2011).
O6pasupl: 1 — TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 — ToMV PC-0135; 5 - ToMV PV-1180;
6 — TMGMV PV-0124; 7 - TMV PV-0107 + ToMV PC-0135;
8 - TMV PV-0107 + ToMV PV-1180;

9 - TMV PV-0055 + ToMV PC-0135;

10 - TMV PV-0055 + ToMV PV-1180;

11 - TMV PV-1199 + ToMV PC-0135;

12 - TMV PV-1199 + ToMV PV-1180; 13 - K (Boga);

M — MapKkepbl MONEKYNSPHOro Macchbl.

Fig. 2. Electropherogram. Detection of ToMV and TMV by
2-step multiplex RT-PCR using a combination of primers
TMV-F3/TMV-R3 and ToMV-F3/ToMV-R3 (Kumar et al.,
2011). Samples: 1 - TMV PV-0107; 2 - TMV PV-0055;

3 -TMV PV-1199; 4 - ToMV PC-0135; 5 — ToMV PV-1180;
6 - TMGMV PV-0124; 7 - TMV PV-0107 + ToMV PC-0135;
8 — TMV PV-0107 + ToMV PV-1180;

9 - TMV PV-0055 + ToMV PC-0135;

10 - TMV PV-0055 + ToMV PV-1180;

11 - TMV PV-1199 + ToMV PC-0135;

12 - TMV PV-1199 + ToMV PV-1180; 13 - K (water);

M — molecular weight markers.

found to be highly species-specific and reacted only
with isolates of the target objects. The optimal variant
of this test was determined using the Multiplex PCR
Kit (Qiagen) for PCR and the reverse transcription kit
(AgroDiagnostica).

Three pairs of primers designed to detect tobamo
mosaic virus were tested in the classical RT-PCR for-
mat: ToMV-F3/ToMV-R3 (Kumar et al., 2011), ToMV-
spec/Tob-Unil R (Letschert et al., 2002) and ToMV-
2PF/ToMV-1PR (VBRMD VNIIKR)*.

According to the results of the experiments, the
insufficiently high species specificity of the primers
ToMV-F3/ToMV-R3 (Kumar et al., 2011) was estab-
lished, which limits the possibility of their use for con-
firmatory tests for the presence of ToOMV.

The primers ToMV-spec/Tob-Unil R (Letschert et
al., 2002) and the primers ToMV-2PF/ToMV-1PR deve-
loped by us showed a high specificity for ToMV (Fig. 3),
which makes it possible to recommend these primers
for carrying out confirmatory tests for availability of
ToMV.

*VBRMD VNIIKR - Virology and Bacteriology Research and
Methodology Department, FGBU “VNIIKR”.
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a) npanmepbl ToMVspec/Tob-Unil R
a) primers ToMVspec/Tob-Unil R

b) npaimepbl TOMV-2PF/ToMV-1PR
b) primers ToMV-2PF/ToMV-1PR
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c¢) nparimepbl TMV-MP-F/TMV-MP-R
c) primers TMV-MP-F/TMV-MP-R

d) nparimepbl TMV FM/TMV RM
d) primers TMV FM/TMV RM

Puc. 3. AnekTpochoperpamma. MLP c npaiimMepamu:

(a) ToMVspec/Tob-Unil R (Letschert et al., 2002),

(b) TOMV-2PF/ToMV-1PR (HMOBB BHUWKP),

(c) TMV-MP-F/TMV-MP-R (Zhu at al., 2020) u (d) TMV FM/TMV RM (Yan et al., 2021)
C U3onaTaMu pasnmnyHbix TO6aMOBUPYCOB.

O6pasupbl: 1 — TMV PV-0107; 2 - TMV PV-0055;

3 - TMV PV-1199; 4 - TMV PV-1195; 5 - ToMV PC-0135; 6 — ToMV PV-1180;

7 - ToMV PV-0141; 8 - ToMV PV-0143; 9 — ToMV PV-0846; 10 - CGMMV PC-0375;
11 - TMGMV PV-0124; 12 - TMGMV PV-0110; 13 - TMGMV PV-1112;

14 - PMMoV PV-0093; 15 — PMMoV PV-0166; 16 — PaMMV PV-0606;

17 - BPeMV PC-0170 (Bce — DSMZ); 18 - ZGMMV PC07167 (Loewe);

19 - CGMMV 07022 PC (Loewe); 20 — PMMoV 07096 PC (Loewe);

21 - TMGMV 07176 PC (Loewe); 22 — TMV 1065-11 (Adgen);

23 - ToMV 1070-11 (Adgen); 24 — TMV (MI'Y); 25 - ToBRFV PV-1244 (DSMZ);
26-28 - K (Boga); M — MapKepbl MOJIEKYyNSIPHOrO Beca.

Fig. 3. Electrophoregram. PCR with primers:

(a) ToMVspec/Tob-Unil R (Letschert et al., 2002),

(b) ToMV-2PF/ToMV-1PR (VBRMD VNIIKR),

(c) TMV-MP-F/TMV-MP-R (Zhu at al., 2020)

and (d) TMV FM/TMV RM (Yan et al., 2021) with isolates of various tobamoviruses.
Samples: 1 - TMV PV-0107; 2 - TMV PV-0055; 3 = TMV PV-1199; 4 - TMV PV-1195;
5 -ToMV PC-0135; 6 — ToMV PV-1180; 7 — ToMV PV-0141; 8 — ToMV PV-0143;

9 — ToMV PV-0846; 10 - CGMMV PC-0375; 11 - TMGMV PV-0124;

12 - TMGMV PV-0110; 13 - TMGMV PV-1112; 14 - PMMoV PV-0093;

15 — PMMoV PV-0166; 16 — PaMMV PV-0606; 17 — BPeMV PC-0170 (all - DSMZ);
18 - ZGMMV PC07167 (Loewe); 19 - CGMMV 07022 PC (Loewe);

20 - PMMoV 07096 PC (Loewe); 21 — TMGMV 07176 PC (Loewe);

22 -TMV 1065-11 (Adgen); 23 — ToMV 1070-11 (Adgen); 24 - TMV (MSU);

25 - ToBRFV PV-1244 (DSMZ); 26-28 — K (water); M — molecular weight markers.

To develop a confirmatory test
for the presence of tobacco mosaic vi-
rus (TMV), six pairs of primers com-
plementary to different regions of
the genome of this virus were tested:
TMV-F2/TMV-R2 (Yang et al., 2012),
TMV-spec/Tob-Unil R (Letschert et al.,
2002), TMV-F3/TMV-R3 (Kumar et al.,
2011), TMV 8PF-1/TMV 3PR (VBRMD
VNIIKR), TMV-MP-F/TMV-MP-R (Zhu
etal., 2020) and TMV FM/TMV RM (Yan
et al., 2021) (Fig. 3). It has been estab-
lished that primers are characterized
by the highest specificity to the tar-
get object (TMV) are TMV-F2/TMV-R2
(Yang et al., 2012), TMV 8PF-1/TMV
3PR (VBRMD VNIIKR) (Fig. 3), TMV-
MP-F/TMV-MP-R (Zhu et al., 2020) and
TMV FM/TMV RM (Yan et al., 2021),
that did not react with all non-target
tobamovirus isolates.

To diagnose TMGMYV, the primers
TMGMV CPTMF-F/TMGMV CPTMG-R
(Kim et al., 2006) and TMGMV-spec/
Tob-Unil R (Letschert et al., 2002)
were tested. The possibility of effec-
tive use of primers TMGMV CPTMF-F/
TMGMV CPTMG-R (Kim et al., 2006)
for highly specific detection of TMGMV
has been established.

The primers PMMV-FP1-rev/
PMMV-RP1 were found to be high-
ly specific for PMMoV (Haramoto et
al., 2013). The possibility of effective
use of these primers in the formats of
2-stage classical reverse-transcrip-
tion PCR and 2-stage Eva Green re-
verse-transcription RT-PCR was es-
tablished.

CONCLUSION

Based on the results of testing seven
test systems for ELISA for TMV, ToMYV,
ToBRFV, TMGMV and PMMoV from
several manufacturers, insufficient-
ly high specificity of most of them to
target objects was established. An ex-
ception is the TMV ELISA test system
from Loewe (Germany), which can be
used both for screening tests and for
TMV identification. The rest of the test
systems should be used only for pre-
liminary screening tests for the pres-
ence of tobamoviruses with subse-
quent analysis of seropositive samples
by PCR with species-specific primers.

It has been established that
to detect the tobamovirus complex
on vegetable crops, it is advisable
to use the universal primers TobRT
upl/TobRT do2 (Dovas et al., 2004),
which are characterized by the widest
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HauboJiee MUPOKUM CIIEKTPOM JeUCTBUS. [IJIs BbISIB-
nenusa TMV, ToMV u TMGMV Ha macjieHOBbIX OBOILILHbBIX
KyJIbTypax Ilejieco06pa3Ho MCIIOJb30BaTh YHUBEP-
caJibHbIe TTpariMepbl Tob-Uni2 F/Tob-Unil R (Alishi-
ri et al., 2013), TobamoF/TobamoR (Li et al., 2014)
1 TOBAMO-S1/TOBAMO-AS1 (Menzel et al., 2019),
a Tak)Xe gmarHocTudeckuit Habop «Tobamovirus
Group PCR Primer Mix».

[TpoBeneHa oTpaboTKa AYIJIEKCHOTO TecTa AJis
OJHOBpeMeHHOTr 0 BrIgBJIeHUd TMV u ToMV, a Takxe
MYJIBTUIIJIEKCHOTO TECTa JJis OJHOBPEMEHHOTO BBI-
aBjeruda TMV, ToBRFV u ToMV. IIpoBezieHHEBIE 3KCITE-
PUMEHTHI C UCIIOJIb30BaHUEM MYJIbTUILIEKCHOU TTI[P
CBUETEJIbCTBYIOT 0 HECOMHEHHOU ITePCIIEKTUBHOCTY
MYJIBTUILIEKCHOTO TecTa 1o MeToguke Yan et al. (2021)
U 11eJ1eCO00Pa3HOCTH ITPOBENEeHUS JOTIOJHUTEIbHbBIX
UcCcaeIOBaHUMN.

I o6beKTUBHOU AuarHocTuku TMV, ToMV
1 TMGMV n1ipoBefeHO UCHIbITaHNe ECTU, IIATUA U [ BYX
rmap BUAOCTEIN(PUUHBIX ITPAaiMEPOB COOTBETCTBEH-
Ho. OTIpesesieHbl BICOKOCTEIIM(PUUHbBIE TIPaliMepHhI,
pearupymoue JUIb C U30JITaMU 11eJeBbIX 06beK-
TOB. K X 4MCJly OTHOCATCA ImpanimMmepsl TMV 8PF-1/
TMV 3PR u ToMV-2PF/ToMV-1PR, pa3paboTaHHbie
B ®I'BY «BHUUKP».

Bnrazodaprnocms. ABTOPHI BBHIPa’XXarmwT CBOIO
MIPU3HATEeJbHOCTh COTPYLHUKAM HAay4YHO-METOLU-
YeCcKOT0 OTJeJia BUPYCOJIOTUM U GaKTEPUOJIOTUU
dI'BY «BHUWKP» 3a ToMOIIb B ITPOBEIEHUU NCCIIEN0-
BaHUU.
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spectrum of action. To detect TMV, ToMV and TMGMV
on Solanaceae, it is advisable to use universal prim-
ers Tob-Uni2 F/Tob-Unil R (Alishiri et al., 2013), To-
bamoF/TobamoR (Li et al., 2014) and TOBAMO-S1/
TOBAMO-AS1 (Menzel et al., 2019), as well as the diag-
nostic kit “Tobamovirus Group PCR Primer Mix”.

A duplex test for the simultaneous detection of
TMV and ToMV, as well as a multiplex test for the simul-
taneous detection of TMV, ToBRFV and ToMV, were de-
veloped. The experiments performed using multiplex
PCR indicate the undoubted promise of the multiplex
test according to the method of Yan et al. (2021) and the
feasibility of additional research.

For an objective diagnosis of TMV, ToMV, and
TMGMYV, six, five, and two pairs of species-speci-
fic primers, respectively, were tested. Highly specific
primers that react only with target object isolates have
been determined. These include primers TMV 8PF-1/
TMV 3PR and ToMV-2PF/ToMV-1PR, developed at
VNIIKR.
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AHHOTALIUA
Pseudomonas syringae pv. maculicola sBnsieTcst puTora-
TOT€HOM, TI0PaXKalIUM KPECTOIBETHbBIE PACTEHUS
BO BceM Mupe. P. 5. pv. maculicola perynupyetcs ¢u-
TOCAaHUTAPHBIMU TPeGOBAHUSIMU CJIENYIOIIUX CTPAH:
Kuraii, spaunb, Mekcuka, Erunet, Cyman u VHIO-
He3ud. TakuM o6pa3oM, BO3HUKJIA HEOOXOLUMOCTD
B YCTAHOBJIEHUW COOTBETCTBUS MECT IIPOU3BOJICTBA
¥ BKCTIOPTHOM MPOAYKIIUY TPEGOBAHUSIM CTPAH — TOP-
TOBBIX MapTHEPOB Poccuu MeTomamu j1abopaToOpHOU
IVAarHOCTUKU. B CBSI3U C BBICOKMM T€HETUYECKUM
CXOJICTBOM I1aTOBapoOB BUzaA P, syringae, Ipu MpOBeie-
HUM JabopaTOPHON NMAarHOCTUKU OCOOBIN MHTEPEC
MIpenCcTaBisIeT HEOOXOJUMOCTb OTJIMYUTH IaTOBAP
maculicola oT ITaTOBapa tomato. JJaHHbIE OAKTEPUU MO-
r'yT OLHOBPEMEHHO IIPUCYTCTBOBATh HA PAaCTEHUAX
cemeiictBa KpecTorBeTHbie (KamycTHBIE) Y BHI3BIBATh
6akTepuos. TakKe TPYLHOCTU B YCTAHOBJIEHUU BO3-
OyznuTess 6akTepro3a Ha KPECTOLBETHBIX PACTEHUIX
npencrapisgeT baktepusa P cannabina pv. alisalensis.
JTOT BUJ, UMEET IMUPOKUYA KPYT PACTEHUU-X035€EB,
BKJTIOYASI KPECTOIIBETHBIE. KpOMe TOr0, apeaJibl X0351eB
¥ CUMIITOMBI TIPOSIBJIEHUS 3a60JieBaHus P, 5. pv. macu-
licola v P, c. pv. alisalensis COBIIaal0T, YTO TAKKXE MOXKET
MIPUBECTHU K ITyTaHUIIE B OTIPEIeJIEHUY BO30OYAUTEIS.
C 1esib0 aHAIN3a FTeHEeTUYECKUX OTIUYNN HEKOTO-
PBIX IaTOBAapOB Pseudomonas syringae, a TaK>Xe TIOMCKA
cnenuUUHBIX TEHETUYECKUX MapKepOB, KOTOPhIE
MOTYT GBITH MCIIOJb30BAaHbI TIPU IIPOBENEHUHN J1abo-
PaTOPHOY IMATrHOCTUKYU P, 5. pv. maculicola, HaMu ObLIT
TIPOBEIEH TTOUCK ITPEATIONOXUTENbHON MUIIIEHN I1Y-
TeM U3y4yeHus OeJIKOB, COOTBETCTBYIOIIUX 293 obuie-
JIOCTYITHBIM F'eHOMHBIM c60pKaM HEKOTOPBIX [1aTOBA-
poB Buza P. syringae, a Takxe 43 reHOMHBIM c60pKaM
6JIM3KOPOACTBEHHBIX BUAOB P. cannabina u P. savasta-
noi. AHaJI3 TT0Ka3aJl BBICOKOE CXO/ICTBO 6OJIBITMHCTBA
aHAJIU3UPYEMBbIX [TOCIEN0BATEIbHOCTEN C ITOCIe0Ba-
TeJbHOCTAMU ITaToBapa P c¢. pv. alisalensis.

Knrouesvte cnosa. TeHeTUUECKUN TECT, TEHOMHbIE
c6opku, 6esIoK, huiioreHeTUYECKOE A PEBO.
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ABSTRACT
Pseudomonas syringae pv. maculicola is a phytopathogen
affecting cruciferous plants worldwide. P. s. pv. macu-
licola is regulated by the phytosanitary requirements
of the following countries: China, Israel, Mexico, Egypt,
Sudan and Indonesia. Thus, there was a need to estab-
lish the compliance of the places of production and ex-
port products with the requirements of the countries,
Russia’s trading partners, using laboratory diagnostics
methods. Due to the high genetic similarity of P. syrin-
gae pathovars, when conducting laboratory diagnostics,
of particular interest is the need to distinguish macu-
licola pathovar from tomato pathovar. These bacteria
can simultaneously be present on plants of the Cru-
ciferous (Cabbage) family and cause bacteriosis. It is
also difficult to identify the causative agent of bacte-
riosis on cruciferous plants, the bacterium P. cannabi-
na pv. alisalensis. This species has a wide range of host
plants, including cruciferous plants. In addition, host
plants areas and symptoms of P. s. pv. maculicola and
P, c. pv. alisalensis coincide, which can also lead to con-
fusion in the identification. In order to analyze the ge-
netic differences of some Pseudomonas syringae patho-
vars, as well as the search for specific genetic markers
that can be used in laboratory diagnosis of P, s. pv. ma-
culicola, we searched for a potential target by studying
proteins corresponding to 293 available genomic as-
semblies of some P, syringae pathovars, as well as 43 ge-
nomic assemblies of closely related species P. cannabina
and P, savastanoi. The analysis showed a high similarity
of most of the analyzed sequences with the sequences
of P c. pv. alisalensis pathovar.

Key words. Genetic test, genomic assemblies, pro-
tein, phylogenetic tree.
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BBEJEHUE

aKTepuu poga Pseudomonas oTHOCSTCS
k kjaccy Gammaproteobacteria, ce-
MelicTBy Pseudomonadaceae u 6buIN
BIIEpBbIe omumcaHbl Migula (1894 T1.).
BriocjencTBUM PasBUTHE MOJIEKYJISIP-
HBIX METOZOB UCCJIENOBAHUMN IIPUBEJIO
K 3HAUUTEJbHOMY IE€PECMOTPY KJjac-
cuUKalMY TICEBIOMOHAM. [PYIIIbI
TICeBIOMOHA, ObLIM chOPMUPOBAHBI HA OCHOBE WC-
CJIeZlOBAaHUM TIocjieoBaTeibHOCTEeN reHa 16S pPHK
(Anzai et al., 2000). Ha cerogHamHNN TeHb Poa Pseu-
domonas cauTaeTcs HauboJiee CJIIOKHBIM B TIJIaHE Ara-
THOCTUKY. HeKOTOpbIe BUIbI TICEBJOMOHA/, SBJISIOTCS
BO30OynuTeasIMU 3ab0JieBaHUN CeIbCKOXO03IUCTBEH-
HBIX U JIEKOPAaTUBHBIX pacTeHui. Hambosee pacrpo-
CTPaHEHHBI MPeCTaBUTENDb (DUTOIIATOTEHOB JaHHO-
ro poga — Bun P, syringae (https:/www.cabi.org, 2021).
BakTepuu 3TOTO BHUJA CIIOCOGHBI KOJIOHU3WPOBATH
(hunochepy MUPOKOro Kpyra KaK KyJIbTYPHBIX, TakK
U IUKOpacTyIux pacreHust (Morriset al., 2007). Cum-
IITOMBI 3a60JIeBaHUY, BBI3BIBAEMBIX P, Syringae, pa3Ho-
00pasHbl U MPOSIBIAIOTCS B hopMe THUJIEH, MATHU-
CTOCTEeH, raJuloBbIX obpasoBaHuil (Sarkar, Guttman,
2004).
Bup P, syringae monpasiesisieTcs Ha IaTOBapPhI
B 3aBMCUMOCTHU OT PACTEHUS-X03sI1HA. TeM He MeHee
HEOJHOKPATHO 6BLIN YCTAHOBJIEHBI CIyYau MOpaXxe-
HUS OJHUM 6aKTepraIbHBIM U30JIITOM ITaTOBapa pas-
HBIX PACTEHUM-X035I€B, YTO ITPUBEJIO UCCJIeIOBaTENIel
K HeOOXOIUMOCTH ITepecMoTpa KiaccuduKauy BUIa.
CnoxHocTb B guddepeHMalMU TaTOBAPOB TaKXe
COCTOUT B UX GJIU3KOM (PUIOTEHETUYECKOM POZACTBE
(Hwang et al., 2005; Gironde, Manceau, 2012). Ha ce-
FOOHAIIHUM JeHb Ha ocHOoBe romojioruu JTHK BeIgesnd-
10T 9 reHOMOBUIOB P, syringae (Gardan et al., 1999; Ilic¢i¢
etal., 2016).

Pseudomonas syringae pv. maculicola TiopakaeT pac-
TeHUus ceMelicTBa KaryCTHBIE U IBJISIETCS TIPUYNHON
CIIOPaJAUYeCKUX SNUMUTOTUHN 6aKTepHUaATbHON IATHH-
CTOCTH B ITOCEBAX PA3JINYHbBIX KDECTOIBETHBIX KYJIb-
TYP BO BCEM MUPE, B TOM YUCJIE U HAa TeppuUTOpuu Poc-
cun. Heo6xoauMoCThb B IuarHocTuke P, s. pv. maculicola
BO3HUKJIA B CBSI3U yBeJIUYEHUEM 06bEMOB DKCIIOPTA
MaCJIMYHOTO parica. MecTa IIpoM3BOCTBa SKCIIOPTHOMN
MIPOAYKIIUY TOJKHBI 6bITH CBOGOILHBI OT BPEIHBIX OP-
TraHM3MOB, DETYIMPYEMBIX CTPAHON-UMIIOPTEPOM. J1JIst
YCTAHOBJIEHUS COOTBETCTBUS TaKUM TPEGOBAHUSIM
IIPOBOASATCS MOHUTOPUHTY PACIIPOCTPAHEHUS BPEI-
HBIX OPTaHU3MOB, a TAKXKE UCCIEeN0BaHNS IPOAYKIINH,
mpenHasHadeHHOM Ha 3KCHopT. P. 5. pv. maculicola pe-
rynupyeTcs GUTOCAHUTAPHBIMU TPEGOBAHUSIMHU CJIe-
nyromux ctpaH: Kutai, Mekcuka, Eruret, Vispaub,
CymaH u MagoHe3us (I[Tpuxombko u ap., 2021). Ipu
IIPOBEeIEeHUM OUATHOCTUKY B JabopaTOPUMU 0COOBIH
WHTEePEC MPEACTABISET HEOOXOIUMOCTb OTJIUYUTD T1a-
ToBap P, s. pv. maculicola oT tomato, TOCKOJIBKY 9TU Gak-
TePUU MOTYT OJTHOBPEMEHHO ITPUCYTCTBOBATh HA pac-
TEeHUSX U BBI3bIBATh 6akTepuro3 (Cuppels, Ainsworth,
1995; Gironde, Manceau, 2012). Takxe OJIU3KUN BUT
P. cannabina pv. alisalensis nMeeT MMUPOKUHN KPYT pac-
TEHUI-X035€B, BKJIYasi KPECTOIBETHBIE. ApeaJibl
xo3s1ieB P, s. pv. maculicola u P. cannabina pv. alisalensis
coBIamaiT. P, cannabina pv. alisalensis BbI3bIBAeT Oak-
TepUaJIbHYIO ITIATHUCTOCTD 1 0XKOT PACTEHU CEMENCTB
Brassicaceae u Poaceae. CXOLHBIN KPYT TOPa’kaeMbIX
pacTeHW ¥ CUMIITOMATHUKA TPOSIBJIEHUS 3a60JI€BaHUS

INTRODUCTION

acteria of the genus Pseudomonas belong

to the class Gammaproteobacteria, fami-

ly Pseudomonadaceae and were first de-

scribed by Migula (1894). Subsequent-

ly, the development of molecular research
methods led to a significant revision of the classifi-
cation of pseudomonads. Pseudomonas groups were
formed on the basis of studies of the 16S rRNA gene
sequences (Anzai et al., 2000). Today, the genus Pseu-
domonas is considered the most difficult to diagnose.
Some species of pseudomonas are causative agents of
diseases of agricultural and ornamental plants. The
most common representative of phytopathogens of
this genus is the species P. syringae (https://www.cabi.
org, 2021). Bacteria of this species are able to colo-
nize the phylosphere of a wide range of both cultivat-
ed and wild plants (Morriset al., 2007). Symptoms of
diseases caused by P, syringae are varied and manifest
in the form of rot, spots, gall formations (Sarkar, Gut-
tman, 2004).

P syringae is subdivided into pathovars depend-
ing on a host plant. Nevertheless, cases of damage by
one bacterial isolate of pathovar to different host plants
have been repeatedly established, which led research-
ers to the need to revise the classification of the spe-
cies. The difficulty in differentiating pathovars also lies
in their close phylogenetic relationship (Hwang et al.,
2005; Gironde, Manceau, 2012). To date, based on DNA
homology, 9 genomospecies of P, syringae have been iso-
lated (Gardan et al., 1999; Ili¢i¢ et al., 2016).

Pseudomonas syringae pv. maculicola infects plants
of the Cabbage family and is the cause of sporadic epi-
phytoties of bacterial spotting in crops of various cru-
ciferous crops throughout the world, including in Rus-
sia. The need for diagnosis of P. 5. pv. maculicola arose
due to the increase in exports of oilseed rape. Places
of production of export products must be free from
pests regulated by the importing country. To estab-
lish compliance with such requirements, monitoring
of the pests spread is carried out, as well as studies of
products intended for export. P. 5. pv. maculicola is re-
gulated by the phytosanitary requirements of the fol-
lowing countries: China, Mexico, Egypt, Israel, Sudan
and Indonesia (Prikhodko et al., 2021). When conduct-
ing diagnosis in the laboratory, it is necessary to dis-
tinguish the pathovar P. s. pv. maculicola from tomato,
since these bacteria can simultaneously be present
on plants and cause bacteriosis (Cuppels, Ainsworth,
1995; Gironde, Manceau, 2012). Also, the closely relat-
ed species P. cannabina pv. alisalensis has a wide range
of host plants, including cruciferous. Host plants
areas of P s. pv. maculicola and P. cannabina pv. alisalen-
sis coincide. P. cannabina pv. alisalensis causes bacteri-
al blotch and blight on plants of the families Brassica-
ceae and Poaceae. A similar range of affected plants
and symptoms of the manifestation of the disease of-
ten lead to confusion in identifying the pathogen only
by classical microbiological and biochemical methods
(Sakata et al., 2021). The aim of our research was to
analyze the genetic differences of some Pseudomonas
syringae pathovars.
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YacTOo MIPUBOJAT K ITyTaHUIIE B OTIpeieIeHUY BO36yau-
TEJISI TOJBKO KJIACCUYECKUMU MUKPOOUOJIOTUUECKUMU
u 6uoxuMuueckumu Meromamu (Sakata et al., 2021).
Llenbio HANIUX UCCIENOBAHUM IBISJICS aHAJIU3 TeHe-
TUYECKUX OTJIMYNY HEKOTOPBIX IaTOBapoB Pseudomo-
nas syringae.

MATEPUAJIBI U METO/IbI

IMoaG6op reHOMHBIX C6O0POK GaKkTepuii poaa Pseudo-
monas. AHaJIU3 TEHETUYECKUX OTJINUYNN HEKOTOPBIX
maToBapoB Pseudomonas syringae OCyUIeCTBIISAIN IIy-
TEeM MCCJeloBaHUSI aHHOTUPOBAHHBIX OEJIKOB, CO-
OTBETCTBYIIMUX 293 061IeL0CTYIIHBIM T€HOMHBIM
c6opkam u3 6a3bsl NCBI Reference Sequence Data-
base (NCBI RefSeq), a Takxxe 43 TeHOMHBIM c60pKaM
OJIM3KOPOICTBEHHBIX BULIOB P. cannabina u P. savastanoi
(Tabm. 1).

KiacTepusaiusa 6eJIKOBBIX IT0CJIE/I0BATEJIbHO-
cTeii maToBapoB. BejIKoBbIe [IOCIEeN0BATEIbHOCTH,
COOTBETCTBYIOI[MEe TEHOMHBIM c6opKaM, moMevaan
B COOTBETCTBUU C BUJIOM M IIaTOBApPOM, 3aTeM IIPO-
W3BOAUJIN KJIACTEePU3aIlNI0 IOCIeI0BaTeIbHOCTEN
P OMOIIY 6MOonHMOPMATHYECKOTO NHCTPYMEHTA
CD-HIT (v. 4.1). JlaHHBI UHCTPYMEHT MTPOU3BOJUT
TPYNIUPOBKY ITOCJENOBATENBHOCTEN B KJIACTEPHI
110 3aJJaHHOMY IIOPOTy CXOJICTBA Ha OCHOBE COOTBET-
CTBUS pacrpeleeHnii KOPOTKUX ITOII0CIEI0BATEb-
HOCTEH-TIEeIITUI0B («CJIOB»).

VIcTIo/Ib30BAJIMCH CIEeAYIOIIE TIOPOTH CXOACTBA
IIJIST KaXKJIOM 13 TI0CIeN0BaTEeIbHOCTEM, TTonagarolleit
B KjacTep: He MeHee 70% UIOEHTUUYHOCTU LPYTrUM
II0CJIeIOBATEeJIbHOCTIM KJjacTepa u He MeHee 70%
OT AJINHBI Hambojiee NJUHHON IOCJeI0BaTEIbHO-
CTU KJIacTepa. ITO YCJIOBHBIN MTOPOT, TO3BOJISIONU
He OTGpaChIBATh ITOCJEN0BATEIbHOCTHY, CIeTKa pas-
JIMJamlnuecs Mexay coboil 1Mo AJinHe, UTO SIBJISIETCS
JIOITyCTUMBIM, U B TO JKe BpeMs u36eXKaTh IormaJaHus
B KJIaCTeP KOPOTKUX ITOCIEI0BATEIbHOCTEN C YaCTUY-
HBIM CXOJICTBOM C aHAJIU3UPYEMbBIMU — TaKKe TIOCIIEI0-
BaTEJIbHOCTU 3aTPYNHSAIOT aHaIM3. TaKoi OPoT AJIu-
HBI ITO3BOJISIET AHAJM3UPOBATh IIPUMEPHO «PaBHbIE»
TI0CJIeI0BATEIbHOCTY U MUHUMU3UPOBATH KOJIUYe-
CTBO «IIIyMa».

JlJIVHA UCII0JIb3yEeMOTO «CJIOBa» COCTaBUJa 5 aMu-
HOKMCJIOTHBIX OCTaTKOB. Takas IJrHa SIBJISETCS XKe-
JIATEeJIbHOY AJIMHOM MPU JaHHOM IIOPOTe CXOMICTBA CO-
rJIaCHO peKOMeHalusaM aBTopoB ajropurma CD-HIT.
Takast UIEHTUYHOCTD SIBJISIETCS MUHUMAaJbHBIM I10-
POTOM CXOJICTBA, HA KOTOPOM paboTaeT «beysKoBas»
Bepcuga anroputrma CD-HIT. Tako# mTopor MO3BOJIUI
MpoaHaJIUu3UPOBaATh MaKCUMaJbHOE KOJIUYECTBO KJIa-
cTepoB. [TOBBIIIEHNE TIOPOTA IPUBOIUT K ITOTEPE JaH-
HBIX, 4 CHI)KEHME €T0 HEBO3MOXKHO.

BoipaBHUBaHUE 0EJIKOBBIX U HYKJIEOTHUJHBIX
MOCJIeJ0BAaTEIbHOCTEM N30 paHHbIX KJIACTEPOB U I10-
CTpOeHue JepeBbeB. )15 KaXXIoro 13 12 n3bpaHHbIX
OGEJIKOBBIX KJIACTEPOB ObLIO IIPOBEIEHO MHOXKECTBEH -
HOe BbIpaBHUBAHUE IT0CJIEI0BATEIbHOCTEH C CIIOIb-
30BaHMEeM mHcTpyMeHTa MUSCLE (v. 3.8.31) (https://
drive5.com/muscle/downloads_v3.htm). Ha ocHoBe
TTOJIyYeHHBIX BBIPAaBHUBAHUU OBLIN TTOCTPOEHBI (hu-
JIOTEHETUYECKUE IEPEBDBS C MCIIOJIb30BaHNEM METO-
JI0B MaKCHMAaJIbHOT'O IIPaBI0II0L00Ms ¢ TTIOMOIIBIO TIa-
keta PhyML (v. 3.0) (Guindon et al., 2010). B kauecTBe
MOJeJIM 3aMeH HcIoJab3oBajiack mogeab JTT. JaHHasa
MoOJieJib 6bIJIa BeIOpaHa aBTOMATUYECKU UHCTPYMEH-
ToM PhyML kak HauboJsiee oAxonsInas AJis JaHHOTO

MATERIALS AND METHODS

Selection of genomic assemblies of bacteria of
the genus Pseudomonas. The analysis of genetic differ-
ences of some Pseudomonas syringae pathovars was per-
formed by examining annotated proteins correspond-
ing to 293 available genomic assemblies from the NCBI
Reference Sequence Database (NCBI RefSeq), as well as
43 genomic assemblies of the closely related species
P. cannabina and P. savastanoi (Table 1).

Ta6auma 1

VicnoJjib30BaHHbIE HITAMMBI ¥ H30JISIThI
Pseudomonas syringae pv. maculicola
(https://www.nchi.nlm.nih.gov/refseq/)

Table 1

Used strains and isolates

of Pseudomonas syringae pv. maculicola
(https://www.nchi.nlm.nih.gov/refseq/)

leHomHasd c6opka  IllTamm/

P.s. pv. maculicola  n3onar IIpoucxoxpaeHue/
2  Genomic assembly Strain/ pacreHue
n/n P s. pv. maculicola  Isolate Origin/Plant
1 GCF_000145845.2 ES4326 CIIA USA/

Raphanus sativus L.

2 GCF_000935725.1 CFBP 1657 HoBas 3enaHnus
New Zealand/
Brassica oleracea
var. botrytis L.

8 GCF_001293575.1 YM7930 dnonus Japan/
Raphanus sativus L.

CIIIA USA/
Brassica oleracea
var. hotrytis L.

4  GCF_001293855.1 90_32

5 GCF_001293925.1 H7608 slmonus Japan/
Brassica rapa
subsp. pekinensis

(Lour.) Hanelt

6 GCF_001294165.1 M6 Benukobpuranusa
UK/
Brassica oleracea

var. botrytis L.

7 GCF_001294185.1 KNO91 —/Raphanus sativus

Iy,

CIIIA USA/
Raphanus sativus L.

9 GCF_001400855.1 ICMP 3935 HoBag 3enaHaus
New Zealand/
Brassica oleracea
var. hotrytis L.

8 GCF_001294305.1 M4a

3umbabse
Zimbabwe/
Brassica oleracea
var. botrytis L.

11 GCF_003700765.1 ICMP 2744 BenukoOpUTaHUS
UK/
Brassica nigra (L.)
W.D.J. Koch

12 GCF_003702755.1 ICMP 11281 Kwuraii China/
Brassica rapa L.

10 GCF_003699635.1 4981
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Habopa IoCae0BaTeIbHOCTelH. MOIeb UCIIONb30Ba-
Jlach JIJIsI TIOCTPOEHUS BCEX IEPEBBEB.

Busyanuzaiius MoJIyUeHHBIX IePEBbEB MPOBO-
Iujach ¢ UCIIOJb30BaHMEM MHCTpyMeHTa TreeDyn
(v. 198.3) (http://phylogeny.lirmm.fr/phylo_cgi/one_
task.cgi?task_type=treedyn).

BhIpaBHUBaHNE PeIIPe3eHTAaTUBHBIX 6EJIKOBBIX
IIOCJIeIOBATENbHOCTEN KaXXJOT0 M3 OTOOPAHHBIX
B XOZle aHaJIK13a 8 KJIACTEPOB IIPOBOIMIIY IIPU IIOMOIIN
anropurma BLASTP (NCBI).

BrIpaBHUBaHME HYKJIEOTUSHBIX TIOCIEN0BATEb-
HOCTEU ITPOBOIUIIOCH TP ITOMOIIY MHCTPYMeHTa Mus-
cle (v. 3.8). Busyanusaius pe3yibTaTOB BhIPaBHUBA-
HUA ITpou3BoAuiIack B MView (v. 1.20.1) (https:/www.
ebi.ac.uk/Tools/msa/mview/).

PE3VYJIbTATBI U OBCYKJEHUNE

B pesynbTaTe kiactepusanuu 1 760 372 6eIKOBBIX
IOCJIeIOBATEJIbHOCTEM C MOMOINbI0 MHCTPYMEHTA
CD-HIT 6bwu10 110JTyUYeHO 38 498 K1acTepoB, ComepIKa-
mux oT 1 10 920 aMUHOKMCIOTHBIX [10CJIEI0BATEIBHO-
CTel pa3IuyHOM AJIUHBIL. [ToTyUyeHHbIE KJIacTePhl aHa-
JIN3UPOBAJIU C TTIOMOIIbI0 CKPUIITA HA 93bIKe Python,
TI03BOJISIIOIIEr0 HAXOAUTD KJIACTEPHI C 3aJaHHBIMU T1a-
paMeTpaMu B GOJIBIIIOM MaCcCHBE TEKCTOBBIX JJAHHBIX.

AHann3 NoJy4YeHHBIX KJIACTEPOB I10KAa3aJ OTCYT-
cTBUE OEJIKOBBIX ITOCJIEIOBATENILHOCTEMN, cIieluduy-
HBIX TOJIBKO IJis TIaToBapa P, s. pv. maculicola. YacTo
6eJIKOBbIE TIOCJIe/IOBAaTEIbHOCTU ITaToBapa P. syringae
pv. maculicola KiacTepu30BaJIUCh BMECTE C TaTOBAPOM
P s. pv. tomato. BBuny 6J130CTH JaHHBIX TTaTOBAPOB,
a TaKXe CJOXHOCTU ux AudhepeHuPOBaHUS, UTO
MOTJIO TIPUBECTU K OMMOO0YHOMY aHHOTUPOBAHUIO
nmaroBapoB B NCBI RefSeq, MbI ITpOu3BOAUIN TOKUCK
KJIaCTEPOB, COJep XalluxX MaKCUMaJlbHOE KoJuude-
cTBO 6eJIKOB maToBapoB P s. pv. maculicola u P. 5. pv. to-
mato ¥ MUHUMAJIbHOE KOJIMYECTBO GEJIKOB APYTruX
[1aToOBApOB. B pesynbTaTe TaKOro aHANIW3a HaM yha-
JIoch OOHAPYXKUTH 2 KjacTepa, comepxaliue 6ejiko-
BBIE TIOCJIEIOBATENIBHOCTU TOJBKO P, 5. pv. maculicola
u P, s. pv. tomato 1 He cofieprkanire 6eJIKOBBIX ITOCTIe-
I0BaTeJbHOCTEYN APYrUX IIaTOBApoOB. B kjacTepax,
coepXKaluIuX MMocjefoBaTeIbHOCTH P, 5. pv. maculicola
U P s. pv. tomato, TaxKe 4aCTO BCTPeYaJIuCh I10Ce0Ba-
TeJIbHOCTY ITaTOBapOB P, 8. pv. lachrymans v P. cannabina
pv. alisalensis. [aHHble aHaIU3a N36PAHHBIX OEJIKOBBIX
KJIaCTEPOB NIPUBENIeHbI B Tabulle 2.

Kak BUHO 13 JAHHBIX, IPEICTaBIEHHBIX B Tab-
Jmie 2, n36paHHbIe 6eJIKOBbIE KJIACTEPHI PA3EIUINCH
Ha II Tuna. Kimacrteps! | Tuna npucyrcrBoBaau B 10
13 12 npoaHaJu3UpPOBAHHBIX WITAMMOB P. 5. pv. ma-
culicola, B 5 3 20 mMpoaHaJIU3UPOBAHHBIX IIITAMMOB
P s. pv. tomato, BO Bcex 4 IpoaHaJIM3UPOBAHHBIX LITaM-
Max P, c. pv. alisalensis v B 2 u3 11 nmpoaHaJIn3upPOBaH-
HBIX WITAaMMOB P. 5. pv. lachrymans. Knacteps II Tuna
IIPUCYTCTBOBAJIX B 7 U3 12 mpoaHaJu3UuPOBAHHBIX
mraMMoB P, s. pv. maculicola, B 9 u3 20 ipoaHaau3u-
POBaHHBIX MITAMMOB P, 5. pv. fomato ¥ OTCYyTCTBOBAaJIU
B ITPOAHAJU3UPOBAHHBIX MTaMMax P, ¢. pv. alisalensis
u P, s. pv. lachrymans. Tlogo6HbBIe Pe3yIbTaThl CTABST ITOT,
BOIIPOC KOPPEKTHOCTb aHHOTAIIUY UCITOJb30BAHHBIX
TeHOMHBIX CO0POK, AenmoHnpoBaHHBIX B NCBI RefSeq.

B kauecTBe mpuMepa HUXe IpeIcTaBJlieHbl
4 3 12 punoreHeTUUYECKUX IePEBbEB, IOCTPOEHHBIX
JIJIs KJTacTepoB 060uX TUTIOB (puc. 1).

[To pe3yabTaTaM aHajliuza (QuJOTeHeTHUUe-
CKUX JlepeBbeB HaMU ObLJIM MCKJIIOUEHBI KJIACTEPHI,

Clustering of pathovars protein sequences. Pro-
tein sequences corresponding to genomic assemblies
were labeled according to species and pathovar, then
the sequences were clustered using the bioinformat-
ics tool CD-HIT (v. 4.1). This tool groups sequences into
clusters according to a given threshold of similarity
based on the correspondence of distributions of short
peptide subsequences (“words”).

The following similarity thresholds were used for
each of the sequences in the cluster: at least 70% iden-
tity to other cluster sequences and at least 70% of the
length of the longest cluster sequence. This is a condi-
tional threshold that makes it possible not to discard
sequences that slightly differ in length from each oth-
er, which is acceptable, and at the same time to avoid
getting into the cluster of short sequences with partial
similarity to the analyzed ones — such sequences make
analysis difficult. Such a length threshold allows us to
analyze approximately “equal” sequences and mini-
mize the amount of “noise”.

The length of the used “word” was 5 amino acid
residues. This length is the desired length for a given
similarity threshold, as recommended by the authors
of the CD-HIT algorithm. This identity is the minimum
similarity threshold on which the “protein” version of
the CD-HIT algorithm works. This threshold made it
possible to analyze the maximum number of clusters.
Raising the threshold results in data loss, but lowering
it is not possible.

Alignment of protein and nucleotide sequenc-
es of selected clusters and construction of trees. For
each of the 12 selected protein clusters, multiple se-
quence alignments were performed using the MUSCLE
tool (v. 3.8.31) (https://drive5.com/muscle/downloads_
v3.htm). Based on the resulting alignments, phyloge-
netic trees were constructed using maximum like-
lihood methods using the PhyML (v. 3.0) package
(Guindon et al., 2010). The JTT model was used as a
substitution model. This model was automatically se-
lected by the PhyML tool as the most suitable for this
set of sequences. The model was used to build all trees.

The resulting trees were visualized using the Tree-
Dyn tool (v. 198.3) (http://phylogeny.lirmm.fr/phylo_cgi/
one_task.cgi?task_type=treedyn).

Alignment of representative protein sequences of
each of the 8 clusters selected during the analysis was
performed using the BLASTP algorithm (NCBI).

Alignment of nucleotide sequences was carried
out using the Muscle tool (v. 3.8). Alignment results
were visualized in MView (v. 1.20.1) (https:/www.ebi.
ac.uk/Tools/msa/mview/).

RESULTS AND DISCUSSION

As a result of clustering 1,760,372 protein sequences
using the CD-HIT tool, 38,498 clusters were obtained
containing from 1 to 920 amino acid sequences of vari-
ous lengths. The resulting clusters were analyzed using
a Python script that allows finding clusters with given
parameters in a large array of text data.

Analysis of the resulting clusters showed the ab-
sence of protein sequences specific only for the patho-
var P, s. pv. maculicola. Often the protein sequences of
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Tao6auna 2
Vi36paHHbIE KJIACTEPHI C II0CJIEI0BATEJIbHOCTSIMY IIATOBaPa
P. syringae pv. maculicola

Table 2
Selected clusters with P. syringae pv. maculicola pathovar sequences

Kinactep AHHOTanus JJauHa

Cluster Annotation Length N.mac N.tom N.ali N.lach

1415 TonB-dependent receptor 785 10/12 5/20 4/4 2/11

9438 DJ-1/Pfpl family protein 333 10/12  5/20 4/4 2/11

11492 MBL fold metallo-hydrolase 296 10/12 5/20 4/4 2/11

12691 DJ-1/PfpI family protein 276 10/12 5/20 4/4 2/11

17663 putative natural product 208 10/12 5/20 4/4 2/11
biosynthesis protein

18924 putative natural product 193 10/12 5/20 4/4 2/11
biosynthesis protein

19719 OsmC family protein 184 7/12 9/20 0/4 0/11

21897 copper chaperone PCu(A)C 162 10/12 5/20 4/4 2/11

22842 DUF2946 domain-containing 154 10/12 5/20 4/4 2/11
protein

26276 DUF2946 domain-containing 127 10/12 5/20 4/4 2/11
protein

28504 carboxymuconolactone 110 7/12 9/20 0/4 2/11
decarboxylase family protein

30723 cytochrome c5 family protein 95 10/12 5/20 0/4 2/11

«KnacTtep» — HoMep Knactepa. «kAHHOTALMS» — aHHOTaL WS pernpe3eHTaTUBHON
nocneposatenbHocTy B NCBI RefSeq. «AnnHa» — MakcMManbHas aavHa
nocnefoBaTeslbHOCTM B KJlacTepe B aMUHOKMUCIOTHbIX ocTaTkax. «N. mac (tom/ali/lach)» —
KOSIMYecTBO WTaMMoB natoBapa maculicola (tomato/alisalensis/lachrymans), B KOTOPbIX
NPUCYTCTBYET AaHHas 6enok-kogupytoLLas nocrenoBaTesibHOCTb, OT 0bLLero KonnyecTsa
NPOaHaNM3NPOBAHHbIX LUITAMMOB fAHHOMO NaTtoBapa.

“Cluster” - cluster number. ‘Annotation” is an annotation of a representative sequence in NCBI
RefSeq. “Length” - the maximum length of the sequence in the cluster in amino acid residues.
“N. mac (tom/ali/lach)”- number of pathovar maculicola (tomato/alisalensis/lachrymans) strains,
containing this protein-coding sequence, from the total number of analyzed strains of this

the pathovar P, syringae pv. maculi-
cola were clustered together with
the pathovar P, 5. pv. tomato. Due to
the proximity of these pathovars, as
well as the complexity of their dif-
ferentiation, which could lead to er-
roneous annotation of pathovars in
NCBI RefSeq, we searched for clus-
ters containing the maximum num-
ber of proteins of the pathovars P s.
pv. maculicola and P. s. pv. tomato,
and the minimum number of pro-
teins of other pathovars. As a result
of this analysis, we were able to de-
tect 2 clusters containing protein
sequences only of P. s. pv. maculicola
and P, s. pv. tomato and not contain-
ing protein sequences of other pa-
thovars. In clusters containing se-
quences of P, s. pv. maculicola and
P, s. pv. tomato, there were often se-
quences of the pathovars P, s. pv.
lachrymans and P. cannabina pv. alisa-
lensis. Analysis data for selected pro-
tein clusters are shown in Table 2.
As can be seen from the data
presented in Table 2, the select-
ed protein clusters were divid-
ed into two types. Type I clusters
were present in 10 of the 12 ana-
lyzed strains of P. s. pv. maculico-
la, in 5 of the 20 analyzed strains
of P.s. pv. tomato, in all 4 analyzed
strains of P. ¢. pv. alisalensis and
in 2 of the 11 analyzed strains of
P s. pv. lachrymans. Type II clusters
were present in 7 of the 12 ana-
lyzed strains of P. s. pv. maculico-
la, in 9 of the 20 analyzed strains
of P s. pv. tomato and absent in the

pathovar.

He II03BOJISIONME OTJUYATh II0CIEL0BATENbHOCTHU
naToBapoB maculicola v tomato oT TIaToBapa alisalensis.
Bo3MOJKHbIE IIepeceueHnss MapKepHbIX II0CIeI0Ba-
TEJbHOCTEN C TOCIef0BaTENbHOCTSIMY JaHHOTO Ma-
TOBapa HEXeJIaTeJbHbI BBU/LY CX0XKECTH CITIEKTPA I10-
pa’kaeMbIX KyJIbTYP ¥ CUMIITOMOB MIOPaskeHus. TaKuM
obpasoM, 66110 0TOGPaHO 6 KiIacTepos: 9438, 12691,
11492,19719, 28504 u 30723.

[pu aHanu3e Pe3yjabTaTOB BbIPAaBHUBAHUS
TMOCJIeIOBAaTEbHOCTEN 3TUX KJACTEPOB OBIJIO
YCTAHOBJIEHO BBICOKOE CXOJACTBO OOJIBIIMHCTBA
aHaIM3UPYEMBbIX TIOCTIEI0OBATENbHOCTEHN C TIOCTIE0-
BaTEeJIbHOCTSAMM ITaToBapa P, ¢. pv. alisalensis, a Taxxe
BO3HUK BOTIPOC O KOPPEKTHOCTY aHHOTAIIUY T1aTOBAa-
POB HCIIOJIb30BAHHBIX TEHOMHBIX CO0POK, JEIIOHNPO-
BaHHBIX B NCBI RefSeq.

C 1eJibI0 TIOMCKA CTPATETUM PEIleHUs HaHHbIX
npo6ieM HaMu 6blIa MIpOBeAeHa IIepelpoBepKa
KUCIOJIb30BaBIINXCS B aHaJlM3e TEHOMHBIX COOPOK
P s. pv. maculicola u P s. pv. tomato. B pe3ysibTaTe 13 aHa-
JIn3a ObLIM MCKJIIOYEHBbI 3 c6opKu P 5. pv. maculicola,
umetomue cratyc “Taxonomy check: Inconclusive”.
Takoii cTaTyc 03HAYaEeT, YTO CPENHSA HYKJIEOTULHAS
uneHTUYHOCTD (Average Nucleotide Identity, ANI) mis

analyzed strains of P, c. pv. alisalen-

sis and P, 5. pv. lachrymans. Such re-

sults call into question the correct-
ness of the annotations of the used genomic assemblies
deposited in NCBI RefSeq.

As an example, 4 out of 12 phylogenetic trees con-
structed for clusters of both types are presented below
(Fig. 1).

Based on the results of the analysis of phylogenet-
ic trees, we excluded clusters that did not allow us to
distinguish the sequences of the pathovars maculicola
and tomato from the pathovar alisalensis. Possible inter-
sections of marker sequences with sequences of this
pathovar are undesirable due to the similarity of the
spectrum of affected crops and the symptoms of the
disease. Thus, 6 clusters were selected: 9438, 12691,
11492,19719, 28504 u 30723.

When analyzing the results of alignment of the se-
quences of these clusters, a high similarity of most of
the analyzed sequences with the sequences of the pa-
thovar P, c. pv. alisalensis was found, and also there was
a question about the correctness of the annotation of
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IAHHOM COOPKM He COOTBETCTBYET OXujaeMou. Ta-
KUM 00pa3oM, U3 aHaau3a ObLIN UCKJIIUYEHbI T€HOM-
Hble coopku GCF_001293575.1, GCF_001294185.1
1 GCF_000145845.2 (Tab6a. 1). Beaku UMEHHO 3TUX
TeHOMHBIX COOPOK ITPOSBIISIIN HanubOIbIIee CXOACTBO
C rocyieioBaTeNIbHOCTAMMU P, ¢. pv. alisalensis.

HaMu OblIM mepecTpoeHbl (QUIoTeHeTuYeCcKue
JlepeBbs njg 12 paHee oTOOpaHHBIX KJIACTEPOB C 06-
HOBJIEHHBIMHY TI0CJIEZOBATEIbHOCTIMU. Ha pucyHKe 2
IIpencTaBieHbl 4 U3 12 QUIoreHeTUYECKUX TePEeBbEB
Cc 0GHOBJIEHHBIMU ITOCJIEOBATEIbHOCTSIMU.

CpaBHUMBAas NpUBeNeHHbIEe HA PUCYHKaxX 1 U 2
IepeBbsi, MOXKHO CIIeJIaThb BBIBOJ, YTO (PUIbTPAIIUS
reHOMHBIX COOPOK C HEIIOATBEPXIEeHHON aHHOTA-
IIMEeN II03BOJIMJIA UCKIIUUTD II0CIeL0BaTeIbHOCTH
P, c. pv. alisalensis 13 Kjaz, B KOTOPBIX HAXOIATCS I10-
cienoBaTesibHOCTHU P, 5. pv. maculicola v P, s. pv. tomato,
JIMIIb [IJI YaCTU KJjlacTepoB. TakuM o0pasoMm, U3 aHa-
Jin3a 6bLIY UCKJIIOUEHBI IT0CJIeJOBAaTEIbHOCTY KJlacTe-
poB 22842, 21897,18924,17663.

Ilas ocTaBIIMXCS KJIacTepoB Habjmomagach Ba-
prabesbHOCTDh MOCIe0oBaTeIbHOCTEMH P, 5. pV. macu-
licola. HecMOTps Ha TO, YTO HaMu ObljIa MPOBeIeHa

mac3_WP_08
100 macl_WP_08
ali_WP_007
L WP_057_4
o ali WP_057 3
ali_WP_057
om286_Wp
tom287_WP
tom7?7_WP_0
toml_WP_04
tom285_Wp
macd_WP_01
lach_WP_00_2
macll_WP_0
macld_Wp_0
macl2_Wp_0
g5 lach_WP_00
macS_WFP_00
mac6 WP_08
4E_lmac9_WP_04
mac2_WP_04
3] T
toml_WP_01
macd_WP_01
tom77_WP_0
tom285 Wp
25l lom286_ WP
o| 'tomzs7_we
pjmacl0_Wp_0_4
94 100 I‘| mac5_WP_05_3
|_ Imac12_wp_0_2
macl_WP_00
macll_WP_1
tom273_WP
mach_WP_02
100 |tom103_WP
om280_WpP
om2T9_WP
macs_WP_05
macl0_WP_D
macl2_Wp_0
0.05

Puc. 1. ®unoreHeTnyeckme aepeBbs 6enkoBbIX nocnenoBaTenbHOCTEN

ons knactepos 1415 (a), 18924 (b), 19719 (c), 28504 (d)

[4]

pathovars of the used genomic assemblies deposited
in NCBI RefSeq.

In order to find a strategy for solving these prob-
lems, we rechecked the genomic assemblies of P s. pv.
maculicola and P, s. pv. tomato used in the analysis. As a
result, 3 assemblies of P, 5. pv. maculicola were excluded
from the analysis with the status “Taxonomy check: In-
conclusive”. This status means that the average nucleo-
tide identity (ANI) for this assembly does not match the
expected. Thus, genomic assemblies GCF_001293575.1,
GCF_001294185.1 and GCF_000145845.2 were exclud-
ed from the analysis (Table 1). The proteins of these ge-
nomic assemblies showed the greatest similarity to the
sequences of P, ¢. pv. alisalensis.

We rebuilt phylogenetic trees for 12 previously se-
lected clusters with updated sequences. Figure 2 shows
4 out of 12 phylogenetic trees with updated sequences.

Comparing the trees shown in Figures 1 and 2, we
can conclude that the filtering of genomic assemblies
with an unconfirmed annotation made it possible to ex-
clude sequences of P. ¢. pv. alisalensis from the clades
containing the sequences of P. s. pv. maculicola and
P s. pv. tomato, only for some clusters. Thus, sequences

macl2_WP_0
i macl0_WP_0
macll_WP_0
§lach_WPpP_03 5
macs_ WP_03
mach_WP_03
lach_WP_03
a ]maCS_W'P_lE
mac2_WP_16
tom77_WP_1
om287 _WPp
ali_WP_007_4
ali_WP_007_3
ali_WP_007_2
33 ali_WP_007
macl_WP_00
mac3_WP_00
macd_Wp_00
wml_WP_00
om2Bs_Wp
tom286_WP
0.009
macd_WP_01
toml_WP_01
Jlom103_Wp
mact WP _05
1om273_WP
tom279_WP
20 tom280_WP
macll_WP_0
macl_WP_00
35 o Ima.clﬂ WP 03
1mac12_W'P_0_2
macs_WP_02
macld_Wp_0
macs_WP_00
maclZ_Wp_0
tom286_WP
tom287_WP
tom285_WP
tom77_WE_D
macll_WP_1
0.08

Fig. 1. Phylogenetic trees of protein sequences
for clusters 1415 (a), 18924 (b), 19719 (c), 28504 (d)
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Puc. 2. dunoreHeTnyeckue gepeBbs 6enkoBbix nocneposatenbHocTei  Fig. 2. Phylogenetic trees of protein sequences for selected

Ons oto6paHHbIX kKnactepos 1415 (a), 18924 (b), 19719 (c), 28504 (d)

¢ yueToM 06HOBNEeHHOro Habopa nocnepoBaTeNbHOCTEN

(upTpaI Mg UCMOIB30BABUINXCS TEHOMHBIX COOPOK,
TI0CJIeIOBATENbHOCTY JAHHOT'O TIATOBAPAa BBIZIENSIINCH
B PasJIMUHbBIE KJIa/Ibl, YTO ITIOCTABUJIO T10]] BOIIPOC BO3-
MOXXHOCTB CO3/IaHUSI YHUBEPCAIbHOU TECT-CUCTEMBI,
obJaatonieil YyBCTBUTEIbHOCTBIO0 KO BCEM IITAMMaM
natoBapa. [To-BuguMoOMYy, JIJis JaHHOTO IaToBapa Xa-
pakTepHa BbIcOKas BapuabebHOCTh IT0CJIeN0BaTEb-
HOCTEH.

PesynbTaThl BEIpABHMBAHUS BOChbMU OTOGpAaH-
HBIX KJIACTEPOB MPUBELEHBI B Tabuuile 3. JlaHHbIE
BBIPDABHUBAHUS OBLIU MTPOBEIEHBI [IJIST YCTAHOBJIEHUS
UX CXO/ICTBA C [10CJIEOBATENbHOCTSIMHU APYTrUX GUTO-
MMaTOTeHHBIX BUJIOB, HE MCII0JIb30BaBIINXCS Ha ITpe-
IBIAYIIEM 3Tare paboTsl. [Ipyu 3TOM He OlleHMBAJIACh
TOYHOCTh aHHOTAIIUU T€HOMHBIX COOPOK JPYTrux
BUIOB pona Pseudomonas. V13 Bcex BU0B, CXOJICTBO
C TIOCJIEIOBATENBHOCTSIMU KOTOPBIX 00HAPYKMBAJIOChH
10 pe3yJbTaTaM BbIDAaBHUBAHUS aHAJIU3UPYEMBIX I10-
CJIe0BaTEIbHOCTEN, MPUBEAEHBI TOJHKO 3HAYNMbIE
(butomaToreHHble U MUPOKO PACIIPOCTPAHEHHBIE
BU/IBL.

Il paibHEHUIIero aHajausa Mbl BbIGPAJIA TOJb-
KO T€e KJIACTePHI, B KOTOPBIX 6EJIKOBAas UI€HTUYHOCTD
rocjemoBaTeabHOCTIM Pseudomonas fluorescens, P, viri-
diflava u P. cannabina pv. alisalensis He TIpeBbILIAET
95%. TakuM yCJI0BUAM COOTBETCTBOBAJIY 2 KjacTepa:
11492 u 9438 (BbIZEJIeHBI 3€JIeHbIM). 19 KaXkaoi
u3 GEJIKOBBIX MMOCJE0BATEIbHOCTEHN, BXOMASIIUX
B KJIACTEpPHI, OBIIU 3aTrPy’KEeHbI COOTBETCTBYIOIIME

clusters 1415 (a), 18924 (b), 19719 (c), 28504 (d) taking
into account the updated set of sequences

of clusters 22842, 21897,18924, 17663 were excluded
from the analysis.

For the remaining clusters, variability was ob-
served for the sequences of P, s. pv. maculicola. Despite
the fact that we filtered the used genomic assemblies,
the sequences of this pathovar were allocated to differ-
ent clades, which questioned the possibility of creating
a universal test system that is sensitive to all pathovar
strains. Apparently, this pathovar is characterized by
high sequence variability.

The results of the alignment of 8 selected clusters
are shown in Table 3. These alignments were carried
out to establish their similarity with the sequences of
other phytopathogenic species that were not used at
the previous stage of work. At the same time, the ac-
curacy of the annotation of genomic assemblies of oth-
er species of the genus Pseudomonas was not evaluated.
Of all the species, the similarity with the sequences of
which was found by the results of the alignment of the
analyzed sequences, only significant phytopathogenic
and widespread species are shown.

For further analysis, we selected only those clus-
ters in which the protein identity for the sequences of
Pseudomonas fluorescens, P. viridiflava and P. cannabina
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Ta6auuna 3
Pe3y.]'leaTbI 6e.mc030r0 BbIPaBHHBaAHUA aHAJIN3UPYEMbIX KJIaCTEPOB
C II0CJIeJOBATEJIbHOCTAMU APYruX (U TONATOr€HHBIX IICEBAOMOHA],

Table 3
Results of protein alignment of the analyzed clusters with sequences
of other phytopathogenic pseudomonads

MaxkcuMaJjibHas UAeHTU4Y- MakcuMaJjibHas UIeHTU4Y- MakcuMajibHasi UIEeHTUYHOCTD C

HNpentudukarop HocTsb c P, fluorescens HocTb ¢ P, viridiflava P. cannabina (B T. 4. pv. alisalensis)
Kiactep O6eJska Maximum identity Maximum identity Maximum identity with P. cannabina
Cluster  Protein ID with P, fluorescens with P, viridiflava (including pv. alisalensis)
11492 WP_044392274.1 94,59% 94,93% =
12691 WP_005771418.1 91,67% 91,30% 97,46%
1415 WP_080898718.1 88,46% 97,77% 96,56%
19719 WP_029290780.1 99,46% 97,28% -
26276 WP_080898717.1  79,53% 89,76% 98,43%
28504 WP_053481123.1 100% - -
30723 WP_005764646.1 56,84% 95,89% 96,84%
9438 WP_005770349.1  77,99% 92,55% 92,55%

IOCJIeIOBATEJIbHOCTY KOAVPYIOIIUX UX T€HOB. [lys
Ka’kJIoro M3 6eJIKOB ObLila OCTaBJieHa TOJbKO 1 COOT-
BETCTBYIOLIAs €My PENPE3eHTATUBHASA HYKJIEOTUIHAS
II0CJIEIOBATENBHOCTbD.

B xone nmasipHellero aHanusa KOPPEKTHOCTH
QHHOTAIIMY F'eHOMHBIX C60POK He GhLIM 06HAPYKEHbI
II0CJIeIOBATEJIbHOCTY T€HOB, COOTBETCTBYIOIIUX 6eJi-
kam P, fluorescens u P, viridiflava, 9T0 MOXeT GbITh 06BsIC-
HEHO MPUMEHEHHBIM HaMU (WUJIBTPOM KOPPEKTHOCTH.
TakuM 06pa3oM, HyKJIEOTULHBIE [TOCIEJ0BATEIbHOCTU
reHoB P. fluorescens u P, viridiflava B aHaJIu3 BKJIFOYEHBI
He 6bLIN.

Ha pucyHkax 3 u 4 nipefcTaBlIeHbl Pe3ylbTaTbl
BbIPABHMBAHUS HYKJIEOTUHBIX I10OCJIEN0BATEIbHO-
CTeli, COOTBETCTBYIOIIUX KjacTepaM 11492 1 9438.

Ha pucyHKe 3 BUJHO, YTO B PA3JIUYHBIX IITAM-
Max martoBapa P s. pv. maculicola monuMoppr3Mbl

pv. alisalensis does not exceed 95%. Two clusters cor-
responded to these conditions: 11492 and 9438 (high-
lighted in green). For each of the protein sequences in-
cluded in the clusters, the corresponding sequences of
the genes encoding them were loaded. For each of the
proteins, only 1 corresponding representative nucleo-
tide sequence was left.

In the course of further analysis of the correctness
of the annotation of genomic assemblies, no sequenc-
es of genes corresponding to proteins P, fluorescens and
P viridiflava were found, which can be explained by the
correctness filter applied by us. Thus, the nucleotide
sequences of the genes of P. fluorescens and P, viridiflava
were not included in the analysis.

Figures 3 and 4 show the results of the alignment
of the nucleotide sequences corresponding to clusters
11492 and 9438.

e o | | wef ocf acf o] | o

Puc. 3. BolpaBHMBaHMeE HYKNEOTUOHbIX NOC/Ief0BaTeNIbHOCTEN,

COOTBETCTBYHOLWMX 6enkaM us knactepa 11492.

KpacHbIM 0603HaueHbl NONMMOPdHbIE YUYacTKU, 6eNbIM — «raMbl».

Fig. 3. Alignment of nucleotide sequences corresponding
to proteins from cluster 11492.
Polymorphic areas are marked in red; “gaps” are marked in white.
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Puc. 4. BolpaBHMBaHWeE HYKNEOTUOHbIX NOC/Ief0BaTeIbHOCTEN,

CcoOoTBeTCTBYHOLWMX 6enkam us knactepa 9438.

KpacHbIM 0603HaueHbl NONMMOPdHbIE YYacTKU, 6eNbIM — «r3Mbl».

Fig. 4. Alignment of nucleotide sequences corresponding
to proteins from cluster 9438.
Polymorphic areas are marked in red; “gaps” are marked in white.
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reHoB kJjlactepa 11492, XOTb U OTJIMYAKOTCSI OT COOT-
BETCTBYIOIIEY TTOCIeoBaTeNbHOCTY P, ¢. pv. alisalensis,
BapuabeTbHbBI M HE UMEIOT KOHCEeHCyca. XapaKTep pac-
peneaeHus IToIUMOP(GU3MOB pas3IelisaeT I0CIeI0Ba-
TEJIbHOCTY TIaToBapa Ha 3 pasjIMYHbIX TUIIA, OTJINYA-
ouuxcs Kax ot P, ¢. pv. alisalensis, Tak ¥ gpyT OT Ipyra.
ITO He MMO3BOJISET MOA06PATh YUACTOK JIJI51 pa3paboTKu
YHUBepPCaJIbHBIX ITPaiMepoB Ha ITATOBAap C UCITOJb30-
BaHMUEM JaHHBIX II0CJIEeI0BATEJIbHOCTEMH.

AHaJIoTMYHOE paclpeeeHne 6bLI0 TTOJyUYeHO
ILJIsI TIOCJIeIOBaTeNIbHOCTEN KitacTepa 9438 (puc. 4):
MTOCJIeOBaTENbHOCTY BapuabesibHbI BHYTPU I1aTO-
Bapa ¥ pasfesiioTcd Ha 2 TUIAa, YTO HE II03BOJISIET
nomobpaTh Ha JaHHBIE TTOCTIEL0BATEIbBHOCTY Mpaki-
MEPHI JIJI BCEX U3YUEHHBIX CETOAHS I'PYIII IITaMMOB
P s. pv. maculicola.

3AKJ/IIOYEHUE

AHanu3 reHeTUYeCKUX OTJINYNY HEKOTOPHIX ITaTOBAa-
PpoB Pseudomonas syringae, TpOBeIeHHbBIN IIyTEM HCCIIe-
JIOBaHUS aHHOTUPOBAHHBIX OEJTKOB, COOTBETCTBYIOIIUX
293 0611Ie[O0CTYITHBIM T€HOMHBIM C60PKaM HEKOTOPBIX
nmaToBapoB Buga P syringae (Bkjawdas 12 mTaMMOB
natosapa P, s. pv. maculicola), a Takxe 43 TeHOMHbBIM
cbopkaM GJIM3KOPOIACTBEHHBIX BUAOB P. cannabina
u P, savastanoi, ToKa3aJl BLICOKOE CXOJICTBO GOJIbINMH-
CTBa aHAJIM3UPYEMBIX TTOCIEN0BATEIbLHOCTEH C ITOCIEe-
IIOBaTeJbHOCTAMU aToBapa P ¢. pv. alisalensis.
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Figure 3 shows that in various strains of the pa-
thovar P s. pv. maculicola, the polymorphisms of genes
of cluster 11492, although they differ from the corre-
sponding sequence of P, c. pv. alisalensis, are variable
and have no consensus. The pattern of distribution of
polymorphisms separates pathovar sequences into
3 different types, different both from P, c. pv. alisalensis
and each other. This makes it impossible to select a site
for the development of universal primers for the patho-
var using these sequences.

A similar distribution was obtained for sequenc-
es of cluster 9438 (Fig. 4): sequences are variable with-
in pathovar and are divided into 2 types, which does
not allow selecting primers for these sequences for all
strain groups of P. 5. pv. maculicola studied today.

CONCLUSION

Analysis of genetic differences of some Pseudomonas
syringae pathovars conducted by examining annotat-
ed proteins corresponding to 293 available genom-
ic assemblies of some P, syringae pathovars (including
12 strains of the pathovar P, s. pv. maculicola), as well
as 43 genomic assemblies of closely related species
P. cannabina and P, savastanoi, showed a high similarity
of most of the analyzed sequences with the sequences
of the pathovar P, c. pv. alisalensis.
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AHHOTALIA
B HEKOTOPBIX TIPUMOCETKOBBIX KEJPOBBIX JiecaxX 3a-
nagHou Cubupy B 2017-2018 IT. GbLT BbIIBIIEH HOBBIN
WHBalJlep eBPOIENCKOT0 IIPOUCXOKIEHUS — COF03HBIH,
VIV MHOT'OXOJIHBIN, KOPOe, [ps amitinus. ITOT BCEJIEHEI]
K HaCcTosIIeMy BpeMeHM c(hOPMUPOBAJI 04aru MacCoOBO-
ro pa3MHOXXeHU B KeJpadax Ha rowanu 1,3 Teic. ra
B ToMcKOIi M Ha Itomany 1,5 Teic. ra B KeMepoBcKou
obiactax. B Poccruu OH paHee BCTPEYaJICS TOJIBKO B JIe-
cax caMbIX 3allaiHbIX PETruOHOB. B cTrpaHax EBpomnsbl
9TOT Kcujiodar CBsA3aH ¢ eJibio Picea abies v Picea omorika,
C cocHO Pinus cembra, Pinus heldreichii, Pinus mugo, Pinus
peuce v Pinus strobus. OH Tak)Xe OTMeUeH Ha ITuXTe 6eJioi
Abies alba m TUCTBEHHUIIE eBpomeickol Larix decidua,
HO He IPUYUHSIET 3aMeTHOro Bpega. OgHaKo B 3ama/-
Hov Cubupu OH pa3MHOXKaeTCsd Ha Kefipe cubupcKoM Pi-
nus sibirica © GOpMUpPyeT UHTEHCUBHO Pa3BUBAIOIUECT
ovaru. O4aroB Ha JIpyTUX XBOWHBIX ITOPOJIaX, IUPOKO
pacrpocTpaHeHHbIX B 3anagHol Cubupu, He OTMEUEHO.

B ouarax cor3HOT0 KOpoeJla B Macce pa3MHOXa-
0TCSI Tak)Xe Kopoex-tunorpad Ips typographus n 1ie-
CcTU3yOuaThIY Kopoen, Ips sexdentatus. VIMeIOTCS Topaxke-
HUS IepeBbeB KOPHEBOU I'yOKOU (BO30yAUTENb — IPUO
Heterobasidion annosum). Ha XBoe 3acejIeHHBIX CTBO-
JIOBBIMU BPENUTEJISIMU AePEBbEB Pa3BUBAETCS I1aTO-
TeHHBIN rpub Lophodermium pinastri, BbI3bIBAIOIINH ee
rubesb. Mephbl 3alUTHI KeJpavell B TAKUX ovarax elie
He paspaboTaHbl, 1 GOPMUPOBAHNE OUAroB B IIPUIIO-
CEeJIKOBBIX KeJPOBBIX 60pax, KOTopbie B TOMCKOII 06-
JIACTH SIBJSIOTCS 0c060 OXPaHSIEMBIMU TIPUPOAHBIMU
TEPPUTOPUIMU, 3aTPYAHIET UX ITpoBeeHue. Takoe
TTOJIOXKEHME CITIOCOGCTBYET PACIIMPEHNI0O NHBA3WOH-
HOTO apeaJia COI3HOro Kopoeza B 3amagHoy Cubupu.

Knroueevie cnosa. TIpurioceskoBblie 60pbI, CTBO-
JIOBBIE BPENUTENU, MHBA3UBHBIN Kcuyiodar, Keap cu-
OUPCKUM.
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ABSTRACT
In 2017-2018, there was detected a new invader of Eu-
ropean origin, eight-toothed spruce bark beetle Ips ami-
tinus, in some Siberian pine forests near settlements in
Western Siberia. This invader has by now formed out-
breaks in Siberian pine forests on an area of 1.3 thou-
sand hectares in Tomsk Oblast and on an area of
1.5 thousand hectares in Kemerovo Oblast. In Russia, it
was previously detected only in the forests of the most
western regions. In Europe, this xylophage is related to
spruces Picea abies and Picea omorika, pines Pinus cem-
bra, Pinus heldreichii, Pinus mugo, Pinus peuce and Pinus
strobus. 1t was also detected on Abies alba and Larix de-
cidua, without causing great damage. In Western Sibe-
ria, though, it propagated on Pinus sibirica and forms in-
tensively developing outbreaks. No outbreaks on other
conifers widespread in Western Siberia were detected.

In Ips amitinus outbreaks, there is a massive breed-
ing of Ips typographus and Ips sexdentatus. Some trees are
damaged by root rot of conifers (causative agent — fun-
gus Heterobasidion annosum). On the needles of trees in-
habited by stem pests, pathogenic fungus Lophodermi-
um pinastri, causing its death, develops. Measures to
protect Siberian pine forests in such outbreaks have
not yet been developed, and the formation of outbreaks
in Siberian pine forests near settlements, which are
specially protected natural areas in Tomsk Oblast,
makes their implementation difficult. This situation
contributes to the expansion of the invasive range of
Ips amitinus in Western Siberia.

Key words. Forests near settlements, stem pests,
invasive xylophage, Siberian pine.
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BBEJJEHUE

OI03HBIM, WJIU MHOTOXONHBIM, WU
MaJIbIi eJIOBBIM, Kopoexn Ips amitinus
(Eichhoff, 1872) (Coleoptera, Curcu-
lionidae, Scolytinae) — eBporencKuit
BU/I, CBSI3aHHBINM C HECKOJIbKMMU XBO-
HBIMU TIOPOJAMU U He IIPEICTaBJISIO-
MUY CKOJbKO-HUOYAb CYIIEeCTBEHHOU
yIpo3bl [IJIST JIECOB B MECTax CBOETO
abopureHHoOro obuTaHus. EcTecTBeHHBIN apeas BUIa
OXBaTbIBAae€T PABHUHHbBIE U TOPHBIE Jieca EBpPOMBI OT
HupepiaHZoOB Ha 3amafie A0 BpsHCKoi o6jacTu Ha
BOCTOKe M OT ['epMaHuu mo WMrtanuu u Bankan (Ap-
HOJNIBOU U 1P., 1955; Ctapk, 1952; Lubojacky, 2012;
Mazur, Kuzminski, 2013).

B XX Beke OH HayaJl pacIupaTh apeasi: B 30-X
romax GbLT 0O6HAPY)KeH B ICTOHUM, a B cepefuHe BeKa
u B ®uungaguu (Annila, Nuorteva, 1977; Biermann,
Thalenhorst, 1977; Grodzki, 1998; Koponen, 1975;
@kland, Skarpaas, 2008; Voolma et al., 2004). Bupx
OBLJ CJIyUyaliHO 3aBe3€eH C [ peBecUHOM Ha BpuTaHcKue
0CTpPOBa, B [lIBenuto, CIIIA u HoByto 3emanauio (Jkland
etal., 2019).

PacmupeHue apeaJjia COI03HOIr0 Kopoeia B Poccuu
OBLJI0 OTMeueHO B HadaJie XXI Beka. JIo 3TOro BpeMeH!
IOaHHBIA BUJ, ObLI OTMEYEH TOJIbKO Ha caMOM 3amaje
eBpoIierickoit yactu Poccuu (Ctapk, 1952), 1 OH 10-
CTOBEPHO OTCYTCTBOBAJ B JIEHUHTPAICKOU 061acTu
(durenTxkoBCcKmMH, 1930; MaHngeabiiTaM, 1998).

B HacTosiiee BpeMs L. amitinus OTMeUeH B Jecax
KanuHuHrpamckou, BpsHcKoi, [TckoBCcKoi, HoBro-
pozckoti, JIeHMHTpaAcKol objacTeit m Ha 1ore Myp-
MaHcKkou obyactu (Mandelshtam, 1999; Voolma et al.,
2004); Ha TeppuTOPUU MOCKOBCKOM 06JacTU U APY-
rUX PETVMOHOB I[€HTPa €BPOMeNCKON YaCTU CTPAHBI
He o6HapyxeH ([TeTpos, 1998). B Hauaje XXI Beka BU/L
6bL1 06HapyxeH B Kapenuu (SkoBines, 2003), mpuyem
IIpu ero o6HAPYKEeHUU OH OBbLJI OMKUO0UYHO TPUYUKC-
JIEH K YKCJTy BCEJIEHIIEB a3MaTCKOTO IIPOUCXOXKIEHNUS.
MHOTr04YMCIEHHBIE SHTOMOJIOTUYECKIE UCCIeI0BAHMS
B Cubupy Takxe paHee He BBIIBUJIU IPUCYTCTBUSI
B Jlecax 3Toro kopoena (Kpuposyiikas, 1983; dHOB-
ckui, 1999).

TToBpeXIeHMsI, HaHeCEeHHbIE COI03HBIM KOPOEeIoM
B Cubupu, BIiepBbie ObLIN BISIBJIEHBI B KEIPOBLIX 60-
pax Ha ceBepe KeMepoBckoii o6iactu B 2014 1. (Kep-
4eB U 1p., 2019), a3ateM B 2018 I. B coceIHUX paioHax
ToMckoli 061acTu. B eBpOIIeliCKOM YacTU CBOET0 ape-
aJjla KOpoeJ CBsI3aH C eibio Picea abies u Picea omorika,
COCHOI Pinus cembra, Pinus heldreichii, Pinus mugo, Pinus
peuce u Pinus strobus. OH Tak)Xe BCTpevyaeTcs Ha TIUXTe
Gestoit Abies alba v TUCTBEHHUIIE €BPOIIEHCKOM Larix
decidua, HO 3aMETHOTO Bpea HUTIE He MPUUYNHSIET.
Ha ceBepe eBpomelickoil yactu Poccun (ApxXaHTelb-
CKas 06J1aCTh) )KyK OTMEUEeH Ha COCHe O6bIKHOBEHHOMU
P. sylvestris (Maupenbmitam, 1998). [Tonas B 3amnam-
Hy0 CuOUPbH, COI03HBIN KOPOE/ CTAJ 3aCeNIATh ITPEI-
TIOYTUTEIBHO COCHY CUGUPCKYIO P. sibirica M CUIIBHO
BPEIUTD €.

MATEPWAJIBI U METO/1bI

PaboTa BbIIOJIHEHA B K€ POBBIX Jiecax KeMepoBCKOH
1 ToMcKoO¥ o6J1acTel MeTOOM CHelaibHbIX ob6cie-
IOBaHUH. 3aceJleHHbIe COI3HBIM KOPOEIOM JePeBbhs
OIpeeNsiii TJIa30MEPHO M0 XapaKTePHOMY MpU3Ha-
KY — YChIXaHUIO XBOW Ha BEPUINHAX JIepeBbeB. Bumo-
BYI0 IPUHAJJIEKHOCTh COGPaHHBIX KYKOB OMPEEIN

INTRODUCTION

'ps amitinus (Eichhoff, 1872) (Coleoptera, Curcu-

lionidae, Scolytinae) is a European species as-

sociated with several conifers and does not pose
=%=_ any significant threat to forests in its native ha-

bitats. The natural area of the species covers the
plain and mountain forests of Europe from the Neth-
erlands in the west to Bryansk Oblast in the east and
from Germany to Italy and the Balkans (Arnoldi et al.,
1955; Stark, 1952; Lubojacky, 2012; Mazur, Kuzmins-
ki, 2013).

In the 20™ century, it began to expand its area: in
the 1930s it was detected in Estonia, and in the middle
of the century in Finland (Annila, Nuorteva, 1977; Bi-
ermann, Thalenhorst, 1977; Grodzki, 1998; Koponen,
1975; @kland, Skarpaas, 2008; Voolma et al., 2004).
The species was accidentally introduced with wood to
the British Isles, Sweden, the USA and New Zealand
(Pkland et al., 2019).

The expansion of the range of Ips amitinus in Rus-
sia was noted at the beginning of the 215t century. Un-
til that time, this species was recorded only in the very
west of the European part of Russia (Stark, 1952), and it
was reliably absent in Leningrad Oblast (Yatsentkovsky,
1930; Mandelshtam, 1998).

At present, I amitinus is reported in the forests
of Kaliningrad Oblast, Bryansk Oblast, Pskov Oblast,
Novgorod Oblast, Leningrad Oblast and in the south of
Murmansk Oblast (Mandelshtam, 1999; Voolma et al.,
2004); on the territory of Moscow Oblast and other re-
gions of the center of the European part of the country
it was not detected (Petrov, 1998). In early 215t century,
the species was detected in Karelia (Yakovlev, 2003),
and upon its discovery, it was erroneously classified
as an invasive Asian species. Numerous entomologi-
cal studies in Siberia also did not previously reveal the
presence of this bark beetle in the forests (Krivolutska-
ya, 1983; Yanovsky, 1999).

Damage caused by I amitinus in Siberia was first
identified in Siberian pine forests in the north of Ke-
merovo Oblast in 2014 (Kerchev et al., 2019), and then
in 2018 in neighboring areas of Tomsk Oblast. In the
European part of its area, I amitinus is associated with
Picea abies and Picea omorika, Pinus cembra, Pinus heldre-
ichii, Pinus mugo, Pinus peuce and Pinus strobus. It is also
detected on Abies alba and Larix decidua, without caus-
ing great damage. In the north of the European part of
Russia (Arkhangelsk Oblast), the beetle is present on
P, sylvestris (Mandelshtam, 1998). Once introduced in
Western Siberia, I amitinus started invading mainly
P, sibirica causing considerable damage.

MATERIALS AND METHODS

The work was carried out in the Siberian pine forests of
Kemerovo Oblast and Tomsk Oblast by the method of
special surveys. The trees inhabited by L. amitinus were
determined visually by a characteristic feature — the
drying of the needles on the tree tops. The species af-
filiation of the collected beetles was determined in the
laboratory by morphological features, the correctness
of the determination was confirmed by N.B. Nikitsky
and A.V. Petrov.
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B JtaGopaTopuy 1o MOP(MOJOrMYeCKM IIpU3HaKaM,
IIPaBUJILHOCTD OIlpeneseHud noareepauau H.b. Hu-
KuTckuii u A.B. [TeTpoB.

B KayecTBe CIIyTHUKOBBIX CHUMKOB UCII0JIb30BAJIN
KaJIpbl, HAXOAAIIVECs B OTKPBITOM JOCTYIIE «STHIeKca».
HemndpupoBaan UX M0 COCTOIHUIO KPOH KeIPOoB, KO-
TOPOE YTOYHSIN IIPY ITPOBEJIEHNY HA3eMHOT'0 06CJIe 10-
BaHU4. [lepeBbsl, UMEBIIIVE KPOHbI CJIa60 BHIPAXKEHHOTO
JKEJITOTO I[BETA, OTHOCUJIM K YMCJTy IEPEBLEB, CBEXKE-
3aceJIeHHBbIX COI03HBIM KOPOEIOM; IePEBDS C OPaHIKe-
BO-0ypO¥ OKPACKOW OTHOCWJIV K YUCJY 3aCeJIEHHBIX;
a lepeBbs, 06J1a/IaBIIe KPOHOU ¢ XBOEU TeMHO-0yPOTo
1IBeTa MJIV BOBCE He UMEBIIIME XBOU Ha KPOHE, OTHOCH-
JIV K YMCJIY OTPAb0TaHHBIX KOPOemaMU.

PE3VYJIBTATBI 1 OBCYKJEHUE

Pa3BuTHeE 04aroB COI03HOro Kopoejia B Cubupu
ITomaB B Cubupb, COIO3HBIN KOPOE, Halllesa AJsa cebs
6JIarONPUSATHBIE YCIOBUS B IMIPUIIOCETKOBBIX KeJPO-
BBIX 60pax M CTaJ OIAaCHBIM BpeAUTENIEM Kefpa, Uln
COCHBI cubUupCKOu, Pinus sibirica. HecMOTpPS Ha TO, UTO
B €BPOTIENICKOI YaCcTyU apeajia OH 3acessieT U IpyTue
XBOWHBIE TTOPOABI, B Cubupy Mmoka He HaWIEHbI ero
MaCCOBbI€ TTOCEJIEHUS HM Ha KaKUX UHBIX XBOUHBIX,
KpoMe KeZpa. Bei6Op UMEHHO 3TOU COCHBI B HOBOM
VHBa3MOHHOM apeajie, BOBMOXHO, 00bSICHIETCS TEM,
YTO CpeNU eT0 KOPMOBBIX JIEPEBbEB B EBPOITE M3BECTEH
POICTBEHHBIN BUJ, — €BPOIIEHCKas KeJIpoBas COCHA
Pinus cembra. OgHaK0, HECMOTPS Ha TO, YTO B MeCTax
WHBa3WU KOPOeza MPoM3PacTaioT 1 JPyTue XBOWHbIE
TIOPOJIBI, B YaCTHOCTHU €Jib cubupckas Picea obovata,
JINCTBEHHUIIA cubupcKas Larix sibirica ¥ COCHa 00BIK-
HOBeHHas Pinus sylvestris, eTo mocejieHus 06HapyKeHbI
KpoMe KeJipa JINIIh CIIOPagUIecKy Ha eJd CUOUPCKOM
(Kerchev et al., 2019).

Bce npeBocTOM KeZpa, B KOTOPBIX CMOT 3aKpe-
MIUTHCS COI03HBIN Kopoe, b1y B 2017-2018 rT. B TOU
WY UHOM CTEIIeHY TTOBPEXIEHbI I'YCEeHUIaMU CUOUP-
ckoro menkonpsazna Dendrolimus sibiricus, a B HEKOTOPBIX
6opax B Hauajie XXI BeKa oTMedajach ITOBbIIIEHHAS
YKCJIEHHOCTb PIKET'0 COCHOBOT'O MUJIMJIbIUKA Neodi-
prion sertifer, TMYUHKYA KOTOPOT'O0 HAHECJIU TTOBPEX/IE-
HYS KPOHAM B Psfie JIECHBIX MaCCUBOB.

[ToBceMecTHO B 06cJie[JOBAaHHBIX HAMU KeJPO-
BBIX I PEBOCTOSIX UMeETCs Wiu fuddy3Hoe, I 0Yaro-
BOe TTOPakeHue JIePeBbeB KOPHEBOU Ir'y6KOi (BO36y -
Tenb — Tpub Heterobasidion annosum), v G0JBIITUHCTBO
IIePEBbBEB B JIPEBOCTOSX IMOBPEXKIEHBI OKOJIOTOM MIPU
cbope muinek. [I[pryeM HarboJiee UHTEHCUBHO Pa3BU-
BaeTcs oyar B JlyuaHoBo-KmaToBckoM 60py (ToMckas
06J1aCTh), KOTOPBI OBLII CUJIBHO TTIOBPEXKIEH I'yCEHUIIA-
MU cubUpCKOTo meakonpsana B 2017 1. KpoHbI JepeBb-
€B Ha YacTH IJIONIA/IY 3TOr0 JIECHOTO MacCcuBa OKasa-
JINCh HACTOJIBKO TIOBPEXEHHBIMHY, UTO HAYAJICS OTIIA,
Haubosiee CUIBHO MTOCTPALaBIINX JePeBbeB. VIMEHHO
B 3TOM yacTu 60pa HAYaJIOCh U Pa3MHOXKEeHYE COI03HO-
ro xopoeza (puc. 1).

B ynoMmauyTom jecHoM mMaccuse B 2010-2012 rr.
A.Il. Macj0BBIM OBLIY TTPOBENEHBI UCIIBITAHUSI (hepo-
MOHOB IIeCTU3y6YaToro Kopoeza U Kopoeaa-TuIiorpa-
(ha. MaTepuasbl COXPAHUINCH, U TIPU WX U3yYEeHUU
OBLIIO YCTAHOBJIEHO OTCYTCTBUE B HUX DK3EMILISIPOB
COI03HOTO KOPO€ia, UTO KOCBEHHO CBUJIETEIbCTBYET
0 TOM, YUTO B T€ I'OJIbl BDEAUTEJD ellle He GbLI Pacipo-
CTPaHEH B ITaHHOM PETMOHE.

[TepBBIE OUYATU CON3HOTO KOpoezna B KeMepos-
CKO# ob6yacTu GbLIM OGHAPYKEHbI HA TEPPUTOPUU

As satellite images, images from the public do-
main of Yandex were used. They were deciphered ac-
cording to the condition of the Siberian pine crowns,
which was specified during a ground survey. Trees that
had crowns of a slightly pronounced yellow color were
attributed to the number of trees newly populated by
I amitinus; trees with an orange-brown color were clas-
sified as inhabited; and trees that had a crown with dark
brown needles or did not have needles on the crown at
all were classified as worked out by bark beetles.

RESULTS AND DISCUSSION

Development of I. amitinus outbreaks in Siberia
Once introduced in Siberia, I amitinus found favourable
conditions in Siberian pine forests near settlements
and became a serious Siberian pest of Siberian pine,
Pinus sibirica. Despite the fact that in the European part
of its area, it also inhabits other coniferous species, its
mass colonizations have not yet been detected in Sibe-
ria on any other coniferous trees, except for Siberian
pine. The choice of this particular pine in the invasive
area is perhaps explained by the fact that among its
host trees in Europe, the related species Pinus cembra
is known. However, despite the fact that other conifers
also grow in places of bark beetle invasion, in parti-
cular, Picea obovata, Larix sibirica and Pinus sylvestris, its
colonies were detected, except for Siberian pine, only
sporadically on Siberian spruce (Kerchev et al., 2019).

In 2017-2018, all Siberian pine stands which L ami-
tinus could colonize, were damaged to some extent by
Dendrolimus sibiricus caterpillars, and at the beginning
of the 21s'century in some pine forests, an increased
number of Neodiprion sertifer were reported, the larvae
of which caused damage to the crowns in some forests.

Everywhere in the Siberian pine stands surveyed
by us, there is either diffuse or outbreak damage to trees
by root rot of conifers (causative agent — fungus Hete-
robasidion annosum), and most of the trees in the stands
are damaged near the cones when they are harvest-
ed. Moreover, the outbreak develops most intensive-
ly in Luchanovo-Ipatovsky pine forest (Tomsk Oblast),
which was severely damaged by Siberian silkworm ca-
terpillars in 2017. The tree crowns in some areas of this
forest were so damaged that the most severely affected
trees began to fall off. It was in this part of the forest that
the breeding of I. amitinus began (Fig. 1).

In the mentioned forest area in 2010-2012,
A.D. Maslov tested the pheromones of the six-toothed
bark beetle and the eight-toothed spruce bark beetle.
The materials were preserved, and during their study
it was found that there were no specimens of I. amitinus
in them, which indirectly indicates that in those years
the pest was not yet common in this region.

The first I amitinus outbreaks in Kemerovo Oblast
were detected on the territory of the Yashkinsky Siberi-
an pine forest in 2014 (Kerchev et al., 2019; Kerchev et
al., 2021). This forest is located less than 100 km south
of Luchanovo-Ipatovsky pine forest in Tomsk Oblast,
where the pest was first detected in 2018.

It is also important to establish as accurately as
possible the reason for the appearance of a new invad-
er in Western Siberia. It has already been suggested
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Puc. 1. Ouar B JlyuaHoBo-MnatoBckom 6opy:  Fig. 1. Outbreak in Luchanovo-Ipatovsky

a-—2018r.; b - 2019 r. («<SAHpekc.KapTbi»,
n. MnatoBo)

SMKUHCKOTO KefpoBHUKA B 2014 1. (Kepues u 1p.,
2019; KepueB u mp., 2021). ITOT JieC PACIIOJIOXKEH Me-
Hee ueM B 100 kM K 1ory oT JlyuaHoBo-M1aTOBCKOr0O
6opa B ToMcKO¥M 06J1acTH, I7ie BPEeIUTENb BIIEPBbhIe ObLI
BbIsIBJIeH B 2018 T.

BakHoe 3HaUYeHMNE MMEET TaK)Ke MaKCHUMaJbHO
TOYHOE YCTaHOBJIEHNE ITPUYUHBI ITOSIBJIEHUS HOBOTO
MHBalIepa B 3ananHoi Cubupu. Yxe Boickazano (Op-
JioBa-BeHbpKoBcKas, 2016) 1 oAmepKaHO IPYTUMU UC-
cienoBaTenamu (Kepues u fp., 2021) TIpeIoioxKeHTe
0 TOM, UTO COI3HBIN KOPOes, ObLII 3aBe3€H B HOBbIE Me-
CcTa 00MTaHMS 10 JKeJIE3HOH Topore. OTO IMPEAIIoIoxKe-
HUe cJelyeT IPU3HaTh HETOUHBIM, TaK KaK SICHO, YTO
WHBaMIep He MOT IPe0JI0JIeTh PACCTOSIHIE B HECKOJIb-
KO ThICSY KMJIOMETPOB 6€3 «MCIO0JIb30BAHUA» CPENCTB
TpaHcIopTa. Y, ¢ TOUKM 3peHus pes3yabTaTa, COBep-
IIIeHHO HEBa)KHO, KaKMM TPAHCIIOPTOM OH «BOCIIOJIb-
30BaJICSI»: 9TO MOXKET OBITh 1 aBTO-, 1 aBUa-, U JKeJIe3-
HOIOPOXKHBIN TPAHCIIOPT. ECiIu Bce JKe TPEeII0I0KUTD,
4TO 3aB03 ObLJI OCYIIECTBJIEH TI0 XKeJe3HOU Jlopore,
TO OCTAeTCs HESICHBIM, [I0YEMY Ha BCEM IIPOTSIXKe-
HUU KeJIEe3HO! TOPOTH OT 3allaJHbIX I'paHul] Poccuu
(a TO, UTO KOpOE[ 3aBe3eH NMEHHO 13 EBPOIIbI, HUKTO
He OCIIapMBAaeT) 40 MEeCTa ero IepBOTo O0HAPYKEHUS
B KeJlpayue BOKPYT II. T. T. AKnHO KeMepoBCcKoi 0b6Jia-
CTU OH HUTJIE HE CMOT 3aKPEIUThCS. B CBSA3U C 3TUM
€CTh OCHOBaHMeE I10JIaraTh, YTO OH NPUOBLI B SIIIKUHO
C TPy30M, KOTOPBIH ITpelHa3HavYaJICsI UMEHHO IJIS 3TO-
ro HaceJIeHHOTO MyHKTa. VI rpy3 MOT ObITh IlepeBe3eH
JITO6BIM BUJIOM TPaHCIIOpTa. HO Kakoii e rpys3 MOT
OBITh 3aBE3€H B OTOT ITOCEJIOK 13 3amagHol EBponbr?
O6paiiaeT Ha cebs1 BHMMaHUe TOT (PaKT, UTO B IIEPBOM
necatuieruu XXI Beka B AIMIKMHO aKTUBHO ITIEPe060-
pynoBajicsa 60JbINON KOHAUTEPCKUM kKoMbuHAT. Ha
ero ouIinaabHOM caiiTe JIeTKo HalTu nHGOPMAIUio
0 TOM, UTO OH 3aKymaj B ABcTpuu, Mrtanuu, laHuu
U IPYrUX CTpaHax COBpeMeHHOoe 060pyLoBaHUE I
MOJIepPHU3AIIUY CBOETO MPOU3BOACTBA. 10 HalIeMy
MHEHWI0, MMEHHO ¢ TaKUM 060pyZoBaHNEM U ObLI 3a-
BE3€eH BTOT UHBaMIep. ECTb BEPOSITHOCTD, UYTO 3aB0O3
MOT TIPOM30UTHU C JIePEeBIHHON Tapou, Ha KOTOPOM
OCTaJIMCh YUYaCTKU KOPHI. B pesynpTaTe 3TOTO B 3a-
nmagHyo Cubupb MOrIu 6BITH 3aBe3eHbI He 1-2 ocobu,
4TO He MT03BOJIUJIO ObI KOPOeAy 3aKPENUTHCSI B HOBOM
MecTe, a HeboJbIas MOMyAAluI. ITO 06eCIeunio
YCIIENTHOCTDb BCEJIEHUS, M OTCI0Zla MHBAUIep HavaJl
y>Ke CaMOCTOSITEbHO PaCcIPOCTPAHAThCA TI0 JiecaM
3amagHou Cubupu.

pine forest: a—2018; b - 2019
(Yandex.Maps, Ipatovo)

(Orlova-Benkovskaya, 2016) and
supported by other researchers
(Kerchev et al., 2021) that L. ami-
tinus was introduced to new ha-
bitats by rail. This assumption
should be recognized as inaccu-
rate, since it is clear that the in-
vader could not cover a distance
of several thousand kilometers
without “using” means of trans-
port. And, from the point of view
of the result, it doesn’t matter
at all what kind of transport he
“used”: it can be auto, air, and
rail transport. If, nevertheless,
we assume that the introduction
was carried out by rail, then it re-
mains unclear why along the en-
tire length of the railroad from
the western borders of Russia (and no one disputes that
the bark beetle was imported from Europe) to the place
of its first detection in the Siberian pine forest around
settlement of Yashkino, Kemerovo Oblast, it could not
settle anywhere. In this regard, there is reason to be-
lieve that it was introduced in Yashkino with a cargo that
was intended specifically for this settlement. And the
cargo could be transported by any mode of transport.
But what kind of cargo could be brought to this village
from Western Europe? It is noteworthy that in the first
decade of the 215t century a large confectionery facto-
ry was actively refurbished in Yashkino. On its official
website, it is easy to find information that it purchased
modern equipment in Austria, Italy, Denmark and oth-
er countries to modernize the production. In our opin-
ion, this invader was introduced with such equipment.
There is a possibility that the delivery could have taken
place with wooden containers, on which sections of the
bark remained. As a result, not 1-2 individuals could be
brought to Western Siberia, which would not allow the
bark beetle to settle in a new place, but a small popula-
tion. This ensured the success of the introduction, and
from here the invader began to independently spread
through the forests of Western Siberia.

The appearance of I amitinus was immediate-
ly adequately assessed, which was not done at the
time when Polygraphus proximus appeared (Baranchi-
kov, Krivets, 2010). First attempts were made to apply
measures to protect Siberian pines from a new pest al-
ready 2 years after its first detection. However, deci-
sions to carry out the first protection measures were
taken in the condition of many uncertainties. First-
ly, many important features of the biology of the bark
beetle in new habitats were not known. Secondly, both
drugs approved for use against the pest and technolo-
gies for their use were completely absent. Therefore, an
attempt was made to use those measures that, without
guaranteeing success, allowed us to hope for some re-
duction in the number of pests. We placed pheromone
traps with pheromones of Ips typographus and Ips sexden-
tatus, which are non-target for I. amitinus. The experi-
ment was considered unsuccessful, since a very small
number of individuals of I. amitinus were caught.
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Puc. 2. OuHaMuka hopMupoBaHusa ovaros cotosHoro  Fig. 2. Dynamics of the I. amitinus outbreaks formation

Kopoefda B KeApoBbIX siecax tora ToMmckoi obnactu:
a—-2019r;b- 2021r.

[TosiBieHME COI3HOIO KOpoena cpasy e GbLIo
aJIeKBaTHO OIIeHEHO, YTO He GbIJIO CIeIaHO B CBOE Bpe-
Ms IIPU TMTOSIBJIEHUU yccypulickoro mosurpada (Ba-
panumkoB, Kpugertr, 2010). U yxe uepes 2 roza rmocjie
€T0 IIePBOT0 BBISIBIIEHUS ObLIY TIPEATIPUHSITHI IIEPBbIE
TIOIIBITKYU IPUMEHUTD MEPHI 3alUThI Keipavyeil OT HO-
BOTO BpenuTesisd. Ho peleHus o MPOBENEHUN TIEPBBIX
MEPOIPUSATUN I10 3aIIUTE MPUHUMAJIUCH B YCIOBUSX
MHO)XECTBa HeOTpeleIeHHOCTEH. BO-TIepBbIX, He ObLIN
W3BECTHBI MHOTME Ba)KHbIE OCOGEHHOCTU GUOJIOTUU
KOpOoeZia B HOBBIX JIJIT HET'O MecTaxX obuTaHus. Bo-BTo-
PBIX, TIOJTHOCTBI0 OTCYTCTBOBAJIM KaK paspelleHHbIe
K IPUMEHEHUI0 IPOTUB BPEAUTENS IPeraparsl, Tak
Y TEXHOJIOTUMU WX UCIOJb30BaHUS. [lo3TOMY 6BLIA
MIpeNIpPUHSITA MOIBITKA UCIIOJNb30BaTh T€ MEPHI, KO-
TOPBIE, HE TAPAHTUPYS yCIIeXa, TTO3BOJISJIN HaleIThCS
Ha HEKOTOPOE CHIDKEHVE YPOBHS YUCIEHHOCTU 0CO6el
BpenuTesieil. HaMu GBI BhIBEIIEeHbI ()ePOMOHHbBIE
JIOBYIIKY C HelleJIeBbIMU AJid I amitinus hepoMoOHaMuU

Puc. 3. Mornbwas yactb
Basolickoro 6opa u ovaru
COH3HOro Kopoega
(«siHpekc.KapTbi», c. Bason)  village of Bazoy)

Fig. 3. Dead part of Bazoysky
pine forest and I. amitinus
outbreak (Yandex.Maps,

of in the Siberian pine forests of the south of Tomsk Oblast:
a-2019; b-2021

The outbreaks in Tomsk Oblast developed rath-
er quickly, and already in 2020, they were identified
in other Siberian pine forests. Figure 2 shows the de-
velopment of outbreaks in the southern part of the
region. In addition, an outbreak of I amitinus and its
accompanying species is also formed in the south-
eastern part of the region (Bazoysky pine forest),
where the Siberian pine also previously suffered
from the feeding on the crowns by Siberian silkworm
caterpillars (Fig. 3).

Over the years since the first discovery of these
outhreaks, their area has increased significantly (see
Table). All of them were detected only in the so-called
village forests and have not yet been found in the taiga
massifs of Siberian pines. Apparently, such localization
of outbreaks can be explained by the fact that people
in Siberia created their settlements in the warmest,
well-heated areas, which were occupied by Siberian
pine forests, often mixed with deciduous species. It was
in such conditions that . amitinus found the most favor-
able conditions for itself.

Since the first detection, the outbreak area in
Kemerovo Oblast has increased by 4.3 times, and in
Tomsk Oblast — by 6.3 times. The more intensive de-
velopment of Siberian pine drying in Tomsk Oblast, as-
sociated with the reproduction of I. amitinus, indirectly
confirms that the forest stands damaged by the Sibe-
rian silkworm caterpillars are more intensively deve-
loped by this invader, since the forests near the settle-
ments of Tomsk Oblast were more severely damaged
by this phytophage.

Satellite images show that single trees showing
signs of damage by this bark beetle are detected in
many Siberian pine stands in the south of Tomsk Oblast
and north of Kemerovo Oblast up to the borders of No-
vosibirsk Oblast (Fig. 4).
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Tao6auna
Pa3BuTHE 0UaroB COI03HOr0 Kopoe/a
B KeMepoBckoii u ToMCKOI 06J1aCTIX

IIoka3aTeau 2017 2018 2019 2020 2021

Table
Development of I. amitinus outbreaks
in Kemerovo Oblast and Tomsk Oblast

Indicators 2017 2018 2019 2020 2021

KemepoBckas 06J1acTh

Kemerovo Oblast

[lnomane ouaros, ra 300,6 619,6 1033,4 1228,0 1307,3

Outbreaks area, ha  300.6 619.6 1033.4 1228.0 1307.3

Yucio mecHuyects 1 1 1 2 2 Number of forest 1 1 1 2 2
c ouaramu areas with outbreaks
TomcKast 06J1acTh Tomsk Oblast
[Mnomanp ouaros, ra 0 0 238,5 1207,5 1512,9 Outbreaks area, ha 0 0 238.5 1207.51512.9
Yuciao mecHuyects 0 0 1 3 3 Number of forest 0 0 1 3 3
c ouaramu areas with outbreaks

Kopoena-tumorpada u mectusyouyaToro kopoezga. Ho
OTIBIT OBL TPU3HAH HEYIAYHBIM, TAK KaK 6bLJIO BBLIOBJIE-
HO OUYeHb HeBOJIBITIOE YMCJIO 0co6el COI03HOTO KOpoea.

Ouaru B ToMcKO# o6jiacTy pa3sBUBAJUCh JI0-
BOJIBHO OBICTPO, U yKe B 2020 I. 0OHU O6BLIN BBISBIIEHbI
B IPYIUX KeIPOBHUKAX. Ha puCyHKe 2 OTpa’keHo pas-
BUTHE 0YaroB B I0XKHOM yacTu obyiactu. KpoMe aTOrO,
hopmMupyeTcs oyar COI3HOTO KOPOeJa M COITyTCTBY-
IONUX €My BUJIOB U B I0TO-BOCTOYHOI YaCcTU 006JacTU
(Basoiickuii 60p), Irme Keap TakxKe paHee IIOCTPama
oT 06'beZlaHUs KPOH I'yCEeHUI[aMU CUOUPCKOTO LIEJTKO-
npsza (puc. 3).

3a IpolIeIIre TObI ITOCe TIEPBOTO OGHAaPYIKe-
HUS 3TUX 0YaroB UX IJIOIIA b CYIIIECTBEHHO BO3POCIa
(cm. Tabamiry). Bce OHU BBISIBJIEHBI TOJIBKO B TaK HA3BI-
BaeMBbIX ITPUTIOCETKOBBIX 60pax U ellle He 06HaPYKEHbI
B Ta€XXHbBIX MacCuBax Kezpaven. [10-BUAUMOMY, TAKYIO
JIOKaJM3aIMI0 0YaroB MOXHO OOBSICHUTDH Te€M, UTO
Jiony B Cubupuy co3maBajiy CBOY IIOCEJIeHUsT B Hanbo-
Jiee TEeTJIbIX, XOPOIIIO ITPOTPEBAEMBIX YUaCTKaX, KOTO-
pbie OBIIY 3aHATHI KEJPOBBIMY, YACTO CMEIIaHHBIMU
C JUCTBEHHBIMU IIOPOLAMU, JecaMiu. IMEHHO B TaKUX
YCJIOBUSX COIO3HBIN KOpOe, Halles HauboJsiee 6yaro-
MIPUATHBIE 1151 ce6sI YCIOBUSA.

C MOMEHTAa TIEPBOT0 OGHAPYKEHUS TIIOIA/Lh Oda-
roB B KeMepOBCKOU 06/I1aCTU K HACTOSIIEMY BpeMEHU
Bo3pocJia B 4,3 pasa, a B ToMckol obyiacTul — B 6,3 pasa.
BoJiee MHTEHCUBHOE Pa3BUTHE YChIXaHUI KeZipa B TOM-
CKOI1 06J1aCTH, CBI3aHHOE C Pa3MHOXKEHMEM COI03HOTO
KOopoe[ia, KOCBEHHO MOITBEPIKIAET, UTO JPEBOCTOMU, T10-
BPEXIEHHbBIE TYCEHUIIAMYU CUOUPCKOTO MIEJKOTIPSIA,
60Jiee MHTEHCUBHO OCBAMBAIOTCS 3TUM MHBANIEPOM,
TaK KaK ITPUITOCEIKOBbIE 60PbI TOMCKOI 06/1aCTH OBLIN
60Jiee CUJIbHO TTOBPEXAEHBI JaHHbBIM (huTOo(haroM.

CnyTHUKOBBIE CHUMKU TIOKA3bIBAIOT, UTO €I U-
HUYHBIE IIePEBbsI, UMEINe TPU3HAKY ITOBPEXIEHUS
STUM KOPOEI0M, UMEIOTCS BO MHOTUX KeIPOBBIX IIpe-
BOCTOsX fora ToMcKoi 1 ceBepa KeMepoBckoii o6Jia-
creii 1o rpaHull HoBocubupckoi obactu (puc. 4).

OcoGeHHOCTH hOPMUPOBAHKSA 0UaroB
COT03HBIHM KOPOE], 3aCeNIsIeT JEPEBDS 10 BEPIIUHHOMY
tury (puc. 5). [Tocje 3aceyieHrUs UM BEPIIUHBI JIEPEBA,
B OCTAJIbHBIX YACTSIX CTBOJIA TTOCEJISIIOTCS IPYTUE CTBO-
JIOBbIE HACEKOMBIE, B TOM UMCJIe KOpoeA-Turorpad Ips
typographus v mectusybuaThiil Kopoe[ Ips sexdentatus.
Takoe cMelaHHOE 3acejieHre TPUBOIUT IePEBO K TH-
6esiut B TeueHue 1-2 jeT. Ouaru pasBUBaIOTCSA GbICTPO,
1 Bce 3 BUZA KCUJI0(aroB BhI3bIBAIOT I'UGEb JPEBO-
cToq (puc. 6).

Features of outbreaks formation
I amitinus populates trees by vertex type (Fig. 5). After
it populates the top of the tree, other stem insects settle
in other parts of the trunk, including Ips typographus and
Ips sexdentatus. Such mixed populations lead the tree to
death within 1-2 years. The outbreak develops rapid-
ly, and all 3 xylophagous species cause the death of the
stand (Fig. 6).

In forest areas that have been weakened by
damage to Siberian silkworm caterpillars, I. amitinus
primarily destroys heavily damaged trees and gradu-
ally expands the outbreak, populating the trees around
the primary outbreak (Fig. 1).

In other forests, when populating, I. amitinus also
chooses, first of all, weakened trees, and then gradually

Kemeposs

Puc. 4. Apean cot3Horo Fig. 4. I. amitinus area
Kopoepa B 3anagHou in Western Siberia
Cubupu («AHpekc.Kaptol», (Yandex.Maps, settlement
n.r. T. AWKKHO) Yashkino)
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Puc. 5. 3aceneHHble COIO3HbIM KOpoeaoM AepeBbs (hoTo aBTOpPOB)

B JIeCHBIX yYacTKaX, KOTOPbIE GbLIY 0CIa6IeHbBI
TTOBPEXAEHUSIMHU I'yCEeHUI, CUGUPCKOTO IMeJKOTIPS-
Jla, COI03HBIN KOPOE] B IEPBYI0 OUEPElb YHUUTOXKAET
CUJIBHO TIOBPEXXI€HHbIE JIEPEeBb U ITOCTETIEHHO pac-
IUPSET 0Yar, 3aceysis AepPeBbs BOKPYT MEPBUUHOTO
ouara (puc. 1).

B npyrux 6opax COW03HBIM KOPOE[ P 3acele-
HUU TaK)Xe BBIOMPAET B MEPBYI0 ouepenb yeM-1ubo
octabJieHHbIE JIEPEBbs, a 3aTEM ITOCTETIEHHO HAUMHAET
3aceNiaTh APYTrHUe, B TOM YKCie 3M0poBbie. OH MocTe-
TIeHHO 0CJIabJISIET UX, TIOKA He TI0JyYaeT BO3MOXXHOCTh
3aceyieHUs1. He UCKIJIFOUEHO, UTO ITIEPBbIE JEPEBDS, 3ace-
JisseMble KOPOeIOM B HOBBIX OUarax, IopakeHbl KOpHe-
BOU T'yOKOM MJIM CUJIBHO OCJIabJIeHbI TOCEeACTBUIMU
MHOT'OJIETHETO OKOJIOTA MTPY c60Pe MINIIEK MECTHBIM
HaceJeHUEM.

[Tocye Havaja 3aceieHUs BEPXHEHN YacTy CTBOJIA
COIO3HBIM KOPOEJIOM, XBOSI Ha BEPIIMHAX ITPUOOpETaEeT
GYpBIiL IIBET. ITO IPOUCXOIUT U3-3a €€ UHTEHCUBHOTO
TTOPa’KeHMS MaTOTeHHBIMU MUKPOMUIIETAMH, B TTEPBYIO
ouepenb rpuboM Lophodermium pinastri — BO36ymuTeIeM
O0BBIKHOBEHHOTO IIIOTTE. ITOT Ipub mopakaeT XBOIO
Ha BCEX YacTIX KPOHbI B MECTaX 3aCeJIeHUs KaK COr03-
HOT'0 KOPO€Ja, TaK U JPYTUX CTBOJIOBBIX BPEAUTEIEH.

[To-BUAMMOMY, €CJI¥ ObI B KeIPOBHUKAX JIEHCTBOBA-
JIV OYaT¥ TOJIBKO COIO3HOTO KOPOEa, TO HEKOTOPHIE Jie-
PEBBS TI0CJIE TTOTEPU BEPIIMHHON YaCTU KPOHBI MOTJIN
ObI OITPABUTHCS, HO TIPOYE CTBOJIOBBIE BPEIUTENIY 3ace-
JISIOT IPyTHe YacTy CTBOJIA, a Tpub Lophodermium pinast-
7l yHUYTOXXAET XBOIO Y 3aCEJIEHHBIX CTBOJIOBBIMU BPEIU-
TEJIIMU IEPEBBEB, UTO U IPUBOIUT K TUOEIY JIEPEBLEB.

JanbHelilee BO3MOKHOE Pa3BUTHE UHBA3UM

¥ MePBhI 3alUTHI
[TepBOHAYaJIbHO B 3artagHoi CuOUPY COI03HbBIN KOPOeT,
HayvaJl (GOPMUPOBATH OUATH MAaCCOBOI'0 PA3MHOKEHUS
B ITPUTIOCENTKOBBIX K€ POBhIX 6opax. Kak ykas3aHo BHIIIIE,
BEPOSATHO, 3TO CBSI3aHO C TEM, UTO TaKue GOPBI TPOMU3-
pacraioT Ha 6oJiee ITpOrpeBaeMbIX dJIeMEeHTaX pesibeda,
KOTOPbIE JIIOA Y BbIOUPANU JJIT CBOMX TTOoCeeHu. [1of

L ‘_ e My e I g . . j

Fig. 5. Trees populated by I. amitinus (photo by the authors)

begins to colonize others, including healthy ones. It
gradually weakens them until getting the opportuni-
ty to populate. It is possible that the first trees colo-
nized by the bark beetle in new outbreak are affected
by the root rot of conifers or are severely weakened by
the consequences of long-term beating when collecting
cones by the local population.

After the beginning of the colonization of the up-
per part of the trunk with I. amitinus, the needles on the
tops become brown. This is due to its intense damage
by pathogenic micromycetes, primarily by the fungus
Lophodermium pinastri. This fungus infects needles on
all parts of the crown in places of population of both
I amitinus and other stem pests.

Apparently, if there were only L. amitinus outbreaks
in the Siberian pine forests, then some trees could re-
cover after the loss of the top part of the crown, but oth-
er stem pests inhabit other parts of the trunk, and the
fundus Lophodermium pinastri destroys needles from
trees inhabited by stem pests, which leads to the death
of trees.

Further possible development of invasion

and protection measures
Initially, in Western Siberia, I amitinus began to form
outbreaks in the Siberian pine forests near the vil-
lage. As mentioned above, this is probably due to the
fact that such forests grow on warmer relief elements
that people chose for their settlements. Under the in-
fluence of human economic activity, these forests
gradually turned into almost pure Siberian pine fo-
rests, which were exploited for many years to obtain
pine nuts. Weakened by many years of beating, damage
by needle-eating pests, and the development of root
rot of conifers, such forests became available for the
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BO3MIEHCTBUEM X034 CTBEHHON OeaTeJIbHOCTHY JI0Lel
9TU GOPBI TTOCTETIEHHO MPEBPATUINCH TPAKTUUECKU
B UMCThIe KeJpauu, KOTOPhIe B TeUeHNe MHOTHUX JIET
9KCILTYaTUPOBAJIUCH AJIs TIOJIyUYEeHUS KeJJPOBOTO Ope-
xa. OcjabyieHHbIe MHOTOJIETHUM OKOJIOTOM, TIOBPEXX-
IEeHUSIMU XBOETPBI3YIIUX BPEeNUTEJel, Pa3BUTHUEM
KOPHEBOU Ir'y6KY, TaKue Jieca CTAJU JOCTYITHBIMU JIJIS
BCeJIEHUS B HUX HOBOTO, UYXK/IOTO JIJIs HUX, Kcuaoda-
ra. Panee [1Jig TOro 4TOGbI TIPELOTBPATUTh BhIPYOKY
IIPUITOCEJIKOBBIX KEJIPOBBIX IPEBOCTOEB, B HUX OBLIO
3aIIpelnreHo IIPoBe/ieHUe JTI0bIX BUAOB Py6OK. TakuM
06pas3oM, COI3HBIN KOPOel B MecTaxX CBOeH MHBa3UU
B IIEPBYI0 OYEPEb 3acessaeT MPUIIOCEIKOBbIE KEJIPO-
BBIE Jieca. [TocJie Toro, Kak 3TOT Kcuioar CyIiecTBeH-
HO YBEJIMYUJI YUCJIIEHHOCTD B TIEPBBIX OCBOEHHBIX UM
MECTOOOMTAHMIX, OH HauaJl PaCUIUPSATh CBOM (hopMu-
pylomuiics MHBa3WOHHbBIN apeaJj He TOJIbKO Ha APyTue
IIPUIIOCEJIKOBBIE JIECA, HO TAK)Ke, TI0 HAIIUM HabJioie-
HUSIM, YK€ TIPOHUKAET B TaeXHbIe Kempayu. [10-Bumu-
MOMY, B TAKMX JiecaX OUaru MOsSIBATCS MPEX]e BCEeTO
Ha ITPOTPeBaeMbIX yYyacTKaxX B PABHUHHOM YacTu 3a-
nmagHou CubupwH, a Tak)Ke B TOPHBIX jJecax CasgH u All-
Tas. [ToKa TaKkye oYary He BBISIBJIEHBI, HO 3TO, CKOpee
BCET0, SIBJISIETCS J€JIOM BPEMEHU U CJIEJICTBUEM HEJO-
CTAaTOYHOM 00CIeI0BAHHOCTY TEPPUTOPUH.

PazBuTHME MHBA3UY JleJIaeT KpaliHe HeoOX0AMOM
pa3paboTKy CUCTEMBI MEP 3aIUThI Kepa OT COI3HOT0
Kopoeza. Takas cucTeMa JOJDKHA COCTOSITh KaK MUHM-
MYM U3 IByX BaXKHbBIX COCTABJISIONIVX: 3aIIUThI PEBO-
CTOEB OT CTBOJIOBBIX BPEIUTEJIEH, BKIIIOUAs YKa3aHHO-
ro kcuyogara, 1 ot 60J1e3HeN 1 3alUThI CO3TaBa€MbIX
MOJIOJTHSIKOB Ha MEeCTe MOTUOIIX JIECOB.

B HacTosee BpeMs MePHI 110 3alIUTE KeJPa OT CO-
I03HOTO KOPO€Ia ¥ COITyTCTBYIOUIUX €My BUJIOB CTBO-
JIOBBIX BpeAuTeiel, a Takxe 60JIe3HEN OTCYTCTBYIOT.
[TOCKOJIBKY IJIsT BBIJIOBA JKYKOB B KeJipauax M3-3a 3a-
KOHOZATEJbHbBIX OTPaHUYEHUN HEeJIb3s UCI0JIb30BaTh
JIOBUUE IePEeBbs, ObLJIO PEIIeHO IPUMEHSATDh JIOBUME
mrabenbku. VX co3maBaiv M3 TOPYOOUYHBIX OCTATKOB,
coOpaHHBIX Ha JilecoceKax B JJPYTUX JIECHUUECTBaX,
¢dopmupysa mrabesbky U3 BETOK U BEPIIWH Keapa
¥ IPYTUX XBOWHBIX TTOPOJ (puc. 7). Takue mTabeabKu

Puc. 7. loBune
wrabenbkn

Puc. 6. Nornbwun  Fig. 6. Dead tree

stand (photo by
the authors)

LpeBocTomn
(choTo aBTOPOB)

(thoTo aBTOPOB)

introduction of a new xylophage alien to them. Previ-
ously, in order to prevent the felling of Siberian pine
stands near the village, it was forbidden to carry out any
kind of felling in them. Thus, . amitinus in the places
of its invasion primarily inhabits the Siberian pine fo-
rests near the village. After this xylophage significantly
increased in numbers in the first habitats it mastered,
it began to expand its emerging invasive area not only
to other near-village forests, but also, according to our
observations, is already penetrating into taiga Siberi-
an pine forests. Apparently, in such forests, outbreaks
will appear primarily in warmed areas in the flat part
of Western Siberia, as well as in the mountain forests
of the Sayan and Altai. So far, such outbreaks have not
been detected, but this is most likely a matter of time
and a consequence of insufficient examination of the
territories.

The development of invasion makes it extremely
necessary to develop a system of measures to protect
Siberian pine from I amitinus. Such a system should
consist of at least two important components: protec-
tion of forest stands from stem pests, including the
indicated xylophage, and diseases and protection of
young stands created in the place of dead forests.

At present, there are no measures to protect Si-
berian pines from I amitinus and associated species
of stem pests, as well as diseases. Since trapping trees
cannot be used to catch beetles in Siberian pine forests
due to legal restrictions, it was decided to use trapping
piles. They were created from logging residues collected
at cutting areas in other forest areas, forming stacks of
branches and tops of Siberian pine and other conifers
(Fig. 7). Such piles were laid out before the beginning
of the flight of beetles (at the end of April), and after the
colonization by bark beetles, they were taken out of the
forest. This method is just beginning to find application
and still needs a detailed evaluation of its effectiveness.

This method of reducing the number of stem pests
can be included in a set of measures aimed at limiting
their numbers (Mukhamadiyev et al., 2020).

Currently, studies have begun on the possibili-
ty of applying various protective measures, including
the point application of chemical
pesticides, the use of entomo-
pathogens and entomophages.

However, the development
of the phytosanitary situation
in these forests makes it urgent
to develop not only measures to
protect against stem pests, but
also measures to restore dead
forests, young Siberian pine fo-
rests from diseases.

It is also necessary to con-
duct a detailed study of the cha-
racteristics of the biology of
L amitinus, since at present such
important features of its biology
in new habitats as the choice of
wintering places and the fauna
of its parasitic entomophages re-
main unstudied.

Fig. 7. Trapping
piles (photo by
the authors)
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BBIKJIQIBIBAJIY TI€PE]] HauajaoM JIETA XKYKOB (B KOHIIE
atpe’is), a mocjie 3aceeHrsT KOPoelaMy UX BbIBO3WIIN
13 60pa. ITOT METOJ, TOJIbKO HAUMHAET HaXOIUTh IIPH-
MeHEHUE U elle HyXXJaeTCs B TIPOBEeIEeHUH IeTAIbHOM
OLIEHKU ero 3(p(PeKTUBHOCTH.

JlaHHBIN METOJ, CHUIKEHHUS YNCJIEHHOCTY CTBOJIO-
BBIX BpeIUTeJell MOXET ObITh BKJIIOUEH B KOMILJIEKC
MEPOTIPUATHH, HAITPaBJIEHHBIX Ha CHEePXUBAHUE PO-
cTa ux yucjeHHocTu (Myxamagues u gp., 2020).

B Hacrogdmee BpeMs HadaThl MCCJIEIOBAHUSI
10 BO3MOXXHOCTHY TIPUMEHEHUS Pa3HbIX MeP 3alIUTHI,
B TOM YMCJIE TOUEUHOTO IIPUMEHEHNS XUMUUECKUX I1e-
CTUIIMIOB, UCII0JIb30BaAHUS SHTOMOIIATOTE€HOB 1 DHTO-
Modaros.

OnHaKo pa3BuTUe (PUTOCAHUTAPHOU CUTyallUU
B 9TUX 60pax fejaeT akTyaJbHOM pa3paboTKy He TOJIb-
KO Mep 3al[UThI OT CTBOJIOBBIX BPEIUTENEH, HO U Mep
110 BOCCTaHOBJIEHUIO MMOTUOIINX JIECOB, KEPOBBIX MO-
JIOLHAKOB OT 60JIe3HeH.

Heob6xomMo TaKk)Xe MPOBECTH AeTaJIbHOE U3yUe-
HUe 0cOOeHHOCTel OMOJIOTHUH COI3HOTO KOpoeza, Tak
KaK B HACTOsIIee BpeMs HeM3y4eHHBIMU OCTAI0TCS Ta-
KHe Ba)XHbIe 0COOEHHOCTH €T0 6MOJIOTHY B HOBBIX Me-
cTax o6uTaHMs, Kak BbI6OP UM MeCT 3UMOBKHY, (hayHa
€ro Imapa3suTUUYEeCKUX SHTOMO(aros.

3AKJ/IIOYEHUE

[TosiBJIeHME HOBOI'O OIIACHOr0 MHBaliIepa B XBOMHBIX
Jlecax 3amagHol Cubupy MMpuUBeJio K rubesn Kegpo-
BBIX IPEBOCTOEB B MECTaX €ro MHBa3Wu u (popMuUpo-
BaHMIO CJIOXKHBIX 0UaroB BpeuTeiel u 6oe3He B 3a-
CeJIeHHBIX JiecaX. @OpMUPOBaHUE BTOPUYHOIO apeaja
COI03HOTO KOPO€e/Ia B XBOMHBIX Jiecax CUOMPU TOJTBKO Ha-
YaJioCh, II03TOMY HEOGXOIMMO COCPEIOTOUNUTD YCUIUS
JIECOBOJIOB, 3alIUTHUKOB Jieca M Hay4YHOTr0 COOBIIecTBa
Ha pa3paboTke 3PHEKTUBHBIX MeP 3alUThI OT HOBOTO
BCeJIeHIIa 1 Mep I10 BOCCTAHOBJIEHUIO ITOTUOIINX JIECOB.

Bnazodaprocms. ABTOPBI BRIPaXalT CBO HC-
KPEHHIO 6J1arojlapHOCTh KoJjuteraM H.B. Hukutrckomy
(r. MockBa) u A.B. TTeTpoBy (WJI PAH, c. YcrieHckoe Mo-
CKOBCKOI1 00J1.) 3a IIOATBEPXKIeHNE UAeHTU(DUKAIINYT
¥Maro CO3HOT0 Kopoea.

Pa6oTa ocyllecTBlieHa B paMKaX BBITIOJTHEHUS
TJIAHOBBIX UCCJIENO0BAHUY 10 TOCYAaPCTBEHHOMY KOH-
TpakTy N2 037310003222100027 «PazpaboTka Ha-
YYHO 000CHOBAHHBIX METOIMUYECKUX PEKOMEeHaIIni
110 6e30MacCHOMY ITPUMEHEHUI0 COBPEMEHHBIX CUCTEM-
HBIX ¥ TPaHCJIAMUHAPHBIX IIECTUIIUIOB C IIeJIbI0 3aIY-
ThI KEJIPOBBIX HACAXKIEHUY OT CTBOJIOBBIX BPEIUTEIEH,
B TOM YMCJIe MHOI'OXOJHOT0 (COI03HOI0) Kopoeaa».
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CONCLUSION

The appearance of a new dangerous invader in the co-
niferous forests of Western Siberia led to the death of
Siberian pine stands in the places of its invasion and
the formation of complex outbreaks of pests and di-
seases in the inhabited forests. The formation of the
secondary area of I. amitinus in the coniferous forests
of Siberia has just begun, so it is necessary to focus the
efforts of foresters, forest defenders and the scientific
community on the development of effective measures
to protect against the new invader and measures to re-
store dead forests.
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BUOTEXHOJIOINU

X0TUTE MOJIyYUTh BEICOKUM ypoxKau?

IIIMeJsiu MoMOryT BaM!

oJiee 500 BU0B BO3/€eJbIBAEMBIX pac-
TEeHUM 3aBUCAT OT OITBLINTENLHOMN Jes-
TEJIbHOCTY HACEKOMBIX, ITPEXKIE BCETrO
Pa3IMYHBIX BUIOB ITUej. B mocienHme
IecaTUJIeTUusl, B CBSI3W C pPa3BUTHUEM
MPOMBIILIEHHOTO pa3BeIeHMus ceMel
mMejiel, aKTUBHO BHeZpseTcs 6uo-
JIOTUYECKOe OIbLJIeHWe Pa3IudHbIX
CEeJIbKOXO3SIMCTBEHHBIX KYJIbTYD B TEIIMIIAX, a TaK-
’Ke B OTKPBITOM T'PYyHTE. [T4eJI00IbLIsIeMbIE KYIbTYPbI
AT okoJjio 1/3 mpolykTOB pacTeHUeBoicTBa. Celiuac
TPyIHO cebe TPeICTaBUTh MOJIyYeHNE BBICOKUX yPO-
’)KaeB Ha HEKOTOPBIX KYyJIbTypax 6e3 MCIOJIb30BaHUS
mMesnen.

Buosiornyeckas jabopaTopus M0 KPYTriIOTOmLUY-
HOMY KyJbTUBUPOBAHUIO IIMeJiell OopraHu3oBaHa
B VIBaHOBCKOM (unuane ®Iby «BHUVKP» B 2018 r.
B ma6opaTopuu BHIPANIMBAIOT IIMEJNNHbIE CEMbU
0 OPUTUHAJBbHON TEXHOJOTUU, pa3paboTaHHOU
B Arpo6uolrieHTpe VIBaHOBCKOTO TETIJIMYHOTO KOMGU-
HaTta (1995-2015rr.).

OCHOBHBIE HAIIPABJIEHU A PABOTBI
BUOJIOTUYECKOW JIABOPATOPUU:

« obecIieueHne TeIIMUHbBIX X035 CTB KaUeCTBEH-
HBIMU IIMEJIMHBIMYU CEMbSIMU JIJIST OTIBLIIEHYS KYJIbTYP
3alUIEHHOT0 IPyHTa (TOMAT, OTypell, Imepel], bakJja-
JKaH 1 Ip.);

« obeclieueHne X031 CTB IIMEJIMHBIMUA CEMbSIMU
JLJIST OTIBLIEHUS KYJAbTYP OTKPBITOTO TPyHTa (IJI00-
BO-SITOJIHBIE KYJIBTYPBI, IIOCOJTHEUHUK, KIEBED, JIH0-
LepHa U 1p.);

+ IIPOM3BOMICTBO MHBEPTHUPOBAHHOTO CHUPOIIA s
KOPMJIEHUS IIMeJIel;

+ MIPOBEZEHVE HAYYHBIX UCCIEIOBAHUYN U TEXHO-
JIOTUUECKHUX Pa3spaboTOK B 06JIaCTU IMEJIEBOLCTBA,;

« IIPOBe/IEHUE CEJEeKIIMOHHON PaboThI C 1eIbI0
TTOJIyYEHUS [ITMEJIMHBIX CEMEU BBICOKOTO KauecTBa.

Illimesiu, BhIpallleHHbIE B GHUo0JIaGopaToOpUu
NBaHoBcKoro dunuana ®IrBY «BHUUKP», GIU3KU
M0 XapaKTePUCTUKAM U KaYeCTBY K IIMEJIAM JIy4-
IINX €BPOIEHCKUX MTPOU3BOIUTEIEI.

BaskHBIM (haKTOPOM SBJISIETCS TO, UTO KYJIbTUBUPY-
eMbIll HaMu BUJ, Bombus terrestris (6OJIBIION 3€MISHON
IMeJIb), 06UTaeT B IPUPOZE eBpolielickoi yacTu Poc-
cuu. TakuM 06pa3oM, IPUMEHSS IIMesiel JaHHOTo BUIa
JLJISI OTIBIJIEHUST, MBI HE HAHOCUM BpeJ; GUOIIeHO3Y, T. €.
He MIPUBHOCUM YTO-JIM60 HOBOE U HEXeJIaTeJIbHOe JIJIS
TIPUPOJIBI €BPOIIeiicKoit yacTu Poccuu.

KynbTUBUpPYyEMbIE CEMbU IIIMEJIEH TTOTHOCTHIO JTU -
IIeHbI TaPa3UTOB U UHDEKIIMOHHBIX 3a60JIeBaHNUN, UTO
TIOTBEPXKIAETCSA BETEPUHAPHBIM CBULETEIbCTBOM
U JOCTUTAETCS CUCTEMOU MPOPUIAKTUUECKUX U Jie-
4eOGHBIX MEPOIIPUATH, TPOBOAVMBIX B JIAG0PATOPUH.

BrIpamuBaHue IIMeJiell B Halllell 1jabopaTopuu
MIPOBOJUTCS C MAKCUMAaJIbHBIM YUYETOM UX €CTECTBEH-
HOTO Pa3BUTUSA. B 4aCTHOCTY, MAaTKU-0CHOBATEJIbHU-
1Bl TIPOXOISAT KOHTPOJUPyeEMOe CllapuBaHue, OIITU-
MaJIbHYIO 110 CPOKaM XOJIOZOBYIO AUATiay3y U BBITYJIBI,
YTO MO3BOJISET JOMYyCKaTh HanuboJiee KaueCTBEHHbBIX
MaTOK K opraHusanuu cembu. lIMennHbIe CEMbU
Ha BCEX CTAAUSIX Pa3BUTUS IIPOXOAT KECTKYH Gpa-
KOBKY [IJIST TIOBBINIEHUS TIOTEHI[MAJa JaJbHENIIero
pas3BUTHS, BOCIIPOU3BO/ICTBA U BbIZauu. VcIioyib3ye-
MBI HAaMU CTAHIAPT IIMEJUHON CEMbU IJIS BhIIAYN
(omHa akTMBHag penpomyKTuBHas martka, 100-120
KPYMIHBIX pabouux-(ypakupoBs, pacIuiof, B JOCTaTOU-
HOM KOJIMUECTBE Ha Pa3HBIX CTAAMIX) TaeT BO3MOXK-
HOCTB ITPOTUBOCTOSTh HEGJIATOTIPUSATHBIM YCIOBUAM
TEIUIUI] U OTKPBITOTO IPYHTA U ITPOI0JIKATh Pa3BUTUE
B TeueHUe 2-2,5 Mecana. [Ipy onTUMalbHbIX YCIOBU-
SIX ¥ XOPOIIleli KOPMOBOM 6a3e ceMby MOTYT COXPAaHSTD
paboTOCIIOCOGHOCTD JI0 3 MECSIIIER.

Ha BpeMs AJIuTeIbHOM TPAHCIIOPTUPOBKY IIIME-
JINHAS CeMbsI KOMILJIEKTYETCSI TPAHCIIOPTUPOBOYHOM
TIOUJIKON C MHBEPTUPOBAHHBIM CUPOTIOM U 3aIl1acoM
IBETOYHOM IBLIbIIEI. [10 MPpUOBITUY HEOOXOAUMO OT-
KPBITb OCHOBHYIO KAHUCTPY C CUPOTIOM, COIEPKHIMOTO
KOTOPOI XBAaTUT Ha BeCh CPOK BKCILJIyaTal[uU CEMbMU.
VIHBEpPTUPOBAHHBIN caxapHbIN CUPOII IPEICTaBIISAET
co6oii cMech MOHOCaxapoB (TJII0K03a, GPyKTo3a U Ip.)
¢ nobaByieHreM KOMILIEKCA BUTAMIHOB.
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BMOTEXHOJ1IOTN

Taxoke 151 CTAaGUIIBHOCTY CUPOIIA B YCJIIOBUSIX I10-
BBIIIEHHBIX TEMIIEPATYP B TEMJIUIIAX MU OTKPBITOM
IpyHTe J06aBJIeH IUIIEeBOY KOHCEPBAHT B 6€30I1aCHOM
[LJIST IIMeJiel KoJimyecTBe. VIHBEPTUPOBAHHBIM CUPOIT
OTITUMAJIEH JJis TUTAaHUS, HE caXapUTCs U He 6pOUT.
[ITMeJiy TIOJIHOCTHIO IT0EJal0T CUPOII K KOHILY SKCILIya-
Tanuu ceMbu. TakuM o6pas3oM, IMycTas KaHUCTPa
U3-TI0Z, CUPOTIa CBUAETENIbCTBYET O TOM, UTO LIIMEJIH-
Has CeMbsI ObLJIa aKTUBHA, XOPOIIIO TUTAJIACh U BBITIOJ-
HSLJIa OTIbIJIEHYE PACTEHUH.

B 6uosmabopaTtopruu IIMeJW BBIPAIIMBAITCS
Ha HauboJiee KAUYeCTBEHHOU CBEXEMOPOXKEHOH 11Be-
TOYHOU TIBLJIbIIE, COOPAHHOU ITYeJIaMU C IEPBOIIBETOB.
Taxkas ITbLIbIIa UMEET HauIyulllve TUTaTeJIbHblE CBOM-
CTBA JIJIs1 BBIKapMJIMBaHUS IMYWHOK IMeJieit. B utore
MBI TIOJIy4aeM KPYIHYI JUYUHKY U KPYITHBIX IIMe-
Jiei-(pypa’kupoB, KOTOPbIE MOTYT YCITENTHO COOUPaTh
MTBLIBILY C PACTEHUI B YCJIOBUSX TEILIUIL U OTKPBITOTO
TPYHTA. 9TO OYEHb BaXKHBIN TEXHOJOTUYECKUN MO-
MEHT, T. K. €CJIU B CeMbe OYIyT TOJIbKO MEJIKUE IIMEJIH,
TO MM ITPOCTO He GYZEeT XBaTaThb (DU3UUECKUX CUJI JIJIsS
c60pa MBLIBILBL, 1 B UTOTE CEMbBS ITOTUGHET.

BHeNTHMY KapTOHHBIY yiIei BbITIOJTHEH U3 Kallly-
poBaHHOTO ropokapToHa Mapku T-23B (3-CJIOHHBIH
ropokapToH + KapToH-1aiiHep Multicolor 230) ¢ oT-
JIIeJIKOY TJITHIIEBOU JJaMuHalvel. Ha repenHel cTeH-
Ke yJIbsl HaHEeCeHa MHCTPYKILUS TTOJTb30BAHUS JIETKOM
Y KpaTKasg MHCTPYKIUS pasMelleHUs IMMeJUHOTO
VIIbSL.

PeKoMeH1yeMble HOPMbI IIOCTAHOBKU
ceMel mmesiei

KosmmuecTBO
CellbCKOX0351iCTBEHHBIE KYJIbTYPBI yabeB/ra
ToMaThl, IEPITHI, GaKIa kaHbI 6-8
3aKPBITOrO FPyHTA
[TuesioomnbLIsIEMble OTYPLIbI 10-12
3eMJIsTHMKA 3aKPBITOTO IPYHTA oT 4

CeMEeHOBOZCTBO 3aKPBITOTO IPYHTA 1-2 Ha 1000 M?

ManuHa, 3eMJISHUKA OTKPBITOI'O TPyHTa OT 4

JKuMoJI0CTB, Tos1y61Ka, KOCTOUKOBbBIE 6-8

ThIKBa, KabauoK, ITATUCCOH 4-6

KueBep, paric, JoLepHa, MOACOJTHEUYHUK 4-6

'He3moBas KaMepa JIJIs IIMEJIMHOM CEMbY 1 KAaHU-
CTpa [IjI CUPOTIa U3TOTOBJIEHBI U3 MHUIIEBOTO TLIACTHU-
Ka. Bce MmiIacTUKOBbIE DJIEMEHTHI YJIbsS MOTYT OBITh BO3-
BPaTHBIMH, T. €. OBOIIEBOJAM U ATOAHUKAM HE HY>KHO
UX YTUIU3UPOBATD.

ATpOHOMAM XO3SUCTB MbI OKa3bIBae€M OIlepa-
TUBHYI KOHCYJIbTAIIMOHHY ITOMOIIb IT0 BOIPOCAM
MpUMEHEHUs IMmMeJell Ha pasIMUYHBIX KyJIbTypax
CeJIbCKOX03SHMCTBEHHBIX pacTeHn. CreluagucTamM
X034UCTB OyZeT OKazaHa KOHCYJIbTAl[MOHHAS TOMOIIb
10 BOIIPOCAaM I1eJ1eCO00Pa3HOCTY IPUMEHEHUS IMe-
Jiel Ha OTIpeeJIEHHbIX CEeJIbCKOX03SIMCTBEHHBIX KYJIb-
Typax (JIroriepHa, royiybuka, JeH U Ap.).

0Oco60 Ba)keH BOTIPOC OIbLIEHYS CEMEHHBIX pac-
TEeHWI Ha HeOOJbIINX ILJIONALIX.

[1pu UCIIOJIB30BAHUU NIMEJIeN He06X0qUMO T10-
CTOSTHHO KOHTPOJIMPOBATD U OIIEHNBATh YPOBEHD OIThI-
JIEHUs, T. K. TIEPEOITbIJIEHNE IIBETKOB PACTEHUI MOXKET
TIPUBECTY K HETaTUBHBIM TTOCTIENCTBUIM.

KOHTAKTHBI:

10.A. TpeGyKkoBa,

nupekTop ViBaHoBckoro ¢unuaiia ®TBY «BHUVKP»,
e-mail: vniikr-ivanovo@rambler.ru,

Tes: 8-906-512-93-39,

+7 (499) 707-22-27 (mo6. 2601)

B.A.IloHOMapeB,

JIIOKTOP 6MOJIOTMUECKUX HAYK, 3aBey O
6rosabopaTopueii ViBaHOBCKOrO (hryimaia
OI'BY «BHUVIKP»,

e-mail: corvus-37@yandex.ru,

TeJt: 8-905-106-39-44,

+7(499) 707-22-27 (106. 2606)

Agnpec IBanoBckoro punuana ®IbY « BHUNKP»:
153012, r. iBaHOBO, yi1. Mosonbpix Pabouux, 1. 1
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Pepakuunsa xypHana «PutocaHu-
Tapus. KapaHTUH pacTeHuii» paga
npenfoXmnTe BaM BO3MOXHOCTb
nybnunkawumm BalLmx cTaTein Ha cTpa-
HUUAX XypHana. Hawa uenb — npu-
BlleYeHne BHUMaHUSA K Hanbonee
aKTyasibHbIM NpobsieMam KapaHTu-
Ha pacTeHU CneunanncToB Cesb-
CKOro X035M1CTBa 1 BCEX 3aMHTEpe-
COBaHHbIX B 9TOM NtoAeMn.

B >KypHane paccmatpuBaroTCs
OCHOBHbI€ HamnpaB/eH1sa pasBUTUS
HayKu 1 NepenoBoro onbiTa B 0bna-
CTW KapaHTMHA 1 3aLLUTbl PaCTEHWN,
nybnukyeTcs BaxkHas MH(opMaumns
0 HOBbIX MeTofax W CpencTBax,
npuMeHsaeMbIxX Kak B Poccuu, Tak
n 3a pybexxoMm, a Takxe o hutoca-
HUTAPHOM COCTOSIHUM TEPPUTOPUN
Poccuiickon @epepauun.

Mbl OOHOCMM [0 LMPOKOro
Kpyra untatene 06bEeKTUBHYHO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JNIUTUYECKYHO MH(OPMALLUIO: MHEHMS
BeAYLLMX CNELNanCcToB Nno Hambo-
iee NpUHLMUNManbHbIM BOMpOCcam
KapaHTMHa pacTeHUN, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX M OTEYECTBEHHbIX MCCNedoBa-
HUSIX, MaTepuanbl TeMaTUYECKUX
KOHhepeHLUN.

Pepakuns xxypHana «®duto-
caHuTapusa. KapaHTUH pacTeHun»
npurnawaetr K COTPYLHWUYECTBY
KaK BbIOAKLMNXCA OeaTenein HayKu,
TaK M MOMOAbIX YYeHbIX, cneyma-
JINCTOB-MPaKTUKOB, paboTaroLmx
B obnactn cmtocaHuTapuu, ans
obmMeHa onbiToM, obecnevyeHus
yCTONYMBOro (hUTOCAHUTAPHOrO
6narononyyunst U Ans HOBbIX Hayu-
HbIX AMCKYCCUN.

3A0A4YU XXYPHAJA

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

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHONOrMI B 061aCTM MOHUTOPUHIa
1 NabopaTopHbIX UCCER0BAHNI MO KAPAHTUHY PaCcTeHUI

« O6CyxKaeHWe akTyasbHbIX BOMPOCOB KapaHTMHA PacTeHMi

OBULME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npMHNUMatoTCs CTaTby Ha ABYX S3blKax: PYCCKOM M aHIIMNCKOM, CO-
Lepaline pesynbraTbl COBCTBEHHbIX HayYHbIX KccnenoBaHuin, obbemom o 15 ctpa-
HWLL, HO He MeHee 3 (Mpu ogMHApPHOM UHTEpBase 1 pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbu 6onbLuero obbema MoryT 6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. VI1K, Ha3BaHMe cTaTbu.

2. MHnumanel, hamunms aBTopa.

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

4. AHHOTauMa (KpaTKoe TOUHOE U3MOXKEeHMe CoaepKaHMa CTaTbu, BKIOUatoLLee
thakTMueckme cBeneHnsa 1 BbIBOA4bI onuncbiBaemon paboTsl): 200—250 cnoB., Ho He 6onee
2000 3HakoB c npobenamu.

5. KntoueBble cnosa (5—10 cnoB, cioBoco4veTaHuin), Hanbonee ToOUHO oTobpaxkato-
Lwne cneundurKky ctatbu.

6. BBegeHue.

7. MaTepuasbl U METOAbI.

8. Pesynbrathl U 06CyKOeHNS.

9. BbiBOAbl/3aKNtOYEHME.,

10. Cnucok nutepaTypsl (T. €. CNNCOK BCEWN MCMONb30BAHHOW NUTEPATYPbI, CCbIIKM
Ha KOTOPYIO Aal0TCs B CaMOM TeKCTe CTaTbM): MpaBuia COCTaBEHMS HANpPaBAsSoTCS aB-
TOPY MO 3anpocy.

11. MHdopmauums 06 aBTopax: NPUBOAUTCS NOMHAsS MHOPMALLMS O KaXXgoM U3 aB-
TopoB (MecTo paboThbl, ropof, cTpaHa, ORCID ID, agpec aNeKTPOHHOW NMoYThl).

12. inntocTpaTrBHble MaTepuansbl (hoTorpadumm, pUCyHKM) LOMYCKATCSH XOPOLLEN
KOHTPACTHOCTK, C paspeLlieHneM He Hke 300 Touek Ha awonm (300 dpi), opurnHabl
NPVKNaAblBalOTCA K CTaTbe OTAeNbHbIMU hainamu B hopmare .tiff unu .jpeg (unnoctpa-
LK, He cooTBeTCTBYOWME TpeboBaHNSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOE UX BoCnpou3BeeHne Tunorpadckm cnocobom HeBo3MoXHO). Heobxoaonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (d. U. O. hoTorpada mnm ccoiiky).

13. B pepakuuto HeobxoaAMMo NpefocTaBUTb ABE PEeLEeH3UN Ha cTaTbio («BHELL-
HIOH0» U «BHYTPEHHIOD»).

* B TakoM e nopsioke U CTPYKType npedoCcTas/sieTcsl aHr/1053bi4HbIl hepeBod CTaTbU.

PaboTa gonxHa 6biTb NnpepocTaBneHa B pegaktope WORD, opmat DOC, wpudt
Times New Roman, pasmep wpudta — 12, MEXCTPOUHbIN UHTEpPBa — OAMHAPHbIN, Pa3-
Mep nosieit no 2 cM, OTCTyn B Hayane absaua 1 cMm, hhopmMaTMpoBaHme Mo WupuHe. Pu-
CYHKM, Tabnuubl, CXeMbl, rpaduKm 1 Np. [OMXKHbI 6bITb 06583aTENBHO NPOHYMEPOBaHbI,
MUMETb UCTOYHMKM U NOMEeLLATbCsA HA MeYaTHOM Mnosie CTpaHuLbl. HasBaHue Tabnuubl —
Hapn Tabnuvuen; HasBaHWe pUcyHKa/rpacmka — Nog pUCyHKOM/rpadnKoM.

BOJIEE NOAPOEHbIE YCJI0BUA NYBNKALUU CTATEW Bbl MOXKETE
Y3HATb B HALUEW PEOAKLLUN:

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

p. n. BoikoBo, yn. lNorpaHnyHas, a. 32

KoHTakTHOE nuuo: 3nHoBbeBa CBeTnaHa leoprnesHa

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



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

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

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

-

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

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

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

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

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

19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

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

140150, Poccus,
MockoBcKkag 00J1aCTh,

r. PaMeHCKOg€, p. I1. BEIKOBO,
yii. [TorparuuHagd, g. 32

Te./daxc:
8 (499) 707-22-27

e-mail: office@vniikr.ru
http://www.vniikr.ru



