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Ilonnomexcmoswtii 0030p

TEHETHYECKAS 3AIIUTA NIIEHUIBI OT JUCTOCTEBEJBHBIX BOJE3HEN
B IIOBOJI’KBE — ITPOBJIEMBI U IIEPCIIEKTHUBbI

O.A. bapanoBa'*, H.B. Muponenko', 3.A. KoubkoBa®

!Bcepoccutickuti HayuHo-uccnedoeamenvbekull uncmuniym sawumul pacmenuti, Canxm-Ilemep6ype
‘@edepanvuviii azpapuvlil Hayunvlil yeump FOeo-Bocmoxa, Capamos

*omeemcmeennwlil 3a nepenucky, e-mail: baranova_oa@mail.ru

B YCIOBUAX MCHAIOMICIOCA KJIIMMaTa W IMOABJICHUS HOBBIX BUPYJICHTHBIX IATOTUIIOB IIATOICHOB, OIICpEKAroIas
CeNeKIYs Ha YCTOMUMBOCTh UMEET MepBOCTENeHHOE 3HaueHne. OHa OCHOBaHA KaK Ha M3yYEHWHM MaToreHa Mo MPHU3HAKY
BUPYJIEHTHOCTH, OTCJI)KMBaHHH HOBBIX NTATOTHIIOB, ITyTE€H MUTPALMH, ONIpeaeieH!H 3()(EeKTHBHBIX TEHOB YCTOHYMBOCTH,
TaK U Ha aHAJIN3¢C yCTOﬁ‘iHBOCTI/I COpTOB J'll/IHPIﬁ, I/I[leHTl/I(l)l/IKaIlI/II/I U3BCCTHBIX I'€HOB yCTOPI‘-IPIBOCTH, ITIONCKE HOBBIX 'CHOB
U BBeICHUH 3(P(PCKTUBHBIX T¢HOB YCTOWYHMBOCTH B aJaTHPOBAHHYIO 3apojbliieByto mwiasmy. [lmenuna (Triticum spp.)
SIBIIICTCS OIHOM M3 HauboJee BaKHBIX AT YeJIOBEeKa 3epHOBBIX KyabTyp. B Poccun oCHOBHBIMHU 3epHONPOU3BOISAIIUMHU
perroHamu siBisiercs 3amannas Cubupb, KpacHomapckuii kpail u, xoHeuHo, [ToBomkbe. B IloBomkbee k Hambomee
OKOHOMHWYECKH 3HaA4YMMBIM 6OHC3HHM MNIICHUIIBI, CHOCO6H]:IM BbI3bIBATh CYHICCTBCHHBLIC IIOTEPU YpOKasi, OTHOCAT
crebneByro (Bo30yaurtens Puccinia graminis f. sp. tritici) u Oypyto (P. triticina) p>KaB4uHY, My4HHCTYIO pocy (Blumeria
graminis f. sp. tritici) v KenTyro IATHUCTOCTH (Pyrenophora tritici-repentis). B HacTosiieM 0030pe CHCTEMAaTH3UPOBAHBI
COBPEMEHHbIE IAHHBIE O BPEJOHOCHOCTH 3TUX ITIaTOI€HOB, 0COOEHHOCTSIX MX OMonoruu 1 akropax naroreHHocT. Ocodoe
BHUMaHHE YAEJIEHO aHAJIM3y MHUPOBBIX W POCCHHCKUX WCCIEIOBAaHUI NOMYJSIIMOHHOW CTPYKTYpPbI (DPUTONATOTEHOB HA
ocHose BupyseHtHocTH U JIHK-Mapkepos. [IpuBeneHs! JaHHbIE 110 PACOBOMY COCTaBY TOBOJDKCKUX MOMYJISIIUNA TPHOOB,
3 }eKkTHBHBIM R-TeHaM, yCTOHYMBOCTH COPTOB MIICHHIIBI, JOMYIIEHHBIX K BO3/IEJIBIBAHHIO HAa TeppUTOPHU [10BOIIKbSI.
O606H_leHI)I CBCICHHA 110 TCHETHUKE }’CTOI‘/II'-II/IBOCTI/I MSATKOH MIIIECHUIbI K pacCMaTprBacMbIM 336OJ'ICB3HI/I)1M, JaHO OIIMCAaHUEC
U3BECTHBIX I'CHOB yCTOﬁHHBOCTM U UX HCTOYHHUKOB. PaCCMOTpeHbI np06neM1>1 1 NCPCHEKTUBLI UCIIOJIB30BAHU 3TUX I'CHOB
B CCJICKIHMOHHBIX IMpOoTrpaMMax jisl CO31aHus yCTOIZ‘lHBbIX COpPTOB.

KinrwueBnie ciioBa: credieBas p’KaBUrHa, 6ypa$1 PrKaBUMHA, XKCJITad NMATHUCTOCTb, MYYHHUCTas pocCa, pachbl, I'CHbI

YCTOﬁQHBOCTH, HUCTOYHUKHN YCTOﬁQHBOCTH, CCIICKIUA YCTOfIQHBLIX COpTOB

Hocmynuna 6 pedakyur: 15.09.2025

IHpunama k newamu: 08.12.2025

BBenenue

[Mmennna (Triticum spp.) — OoHA U3 OCHOBHBIX 3€pPHO-
BBIX KynbTyp B Mupe. OHa Bo3/eibIBaeTCA Ha BCEX KOHTHU-
HeHTax Kpome AmnTapkruapl. [lo nmanaeiM DPAO (https://
openknowledge.fao.org/server/api/core/bitstreams/82c6db80-
df51-4£39-ab95-1f77¢2191b6e/content) B 2023 1. MupoBOE
MPOU3BOACTBO MIIEHUIIBI JOCTUIVIO 777 MWUINOHOB TOHH. B
CBSI3U C yBEJIMUEHHEM POCTa HaceNleHHs ITUIaHeThl HeoOXOoau-
MOCTbH B IOBBIIICHHU YPOXAWMHOCTH COPTOB M MHTEHCHUBHOM
HCTIONB30BaHUM MTaXOTHBIX 3eMeNb TOJIbKO Bo3pacraeT (Frona
etal., 2019).

[MoBomxkbe Bkoyaer 16 obnacteil u pecnyOIMK U OTHO-
CUTCSI K OCHOBHBIM 3€pHOIPOM3BOAALINM pernoHam Poccun.
Ecnu panbiie B Cpennem u Bepxaem [ToBomkbe Bo3ienbIBaIn
B OCHOBHOM SIPOBYIO MSTKYIO IIIIEHHILY, TO B MOCIIEIHEE Bpe-
Ms PacUIMPSIOTCS IMOCEBHBIE IJIOMIATN MOA O3MMOW MIIEHU-
1eil, KpoMe TOTo, B perHOHE BO3JIEIBIBAIOT TBEPAYIO MIICHHUILY.
3HAYNUTENIFHOMY CHIDKEHHIO YpOXKas 3epHa CIIOCOOCTBYIOT JIH-
cTocTeOeNnbHbIe OONIE3HH TMIISHUIIbI, BEI3bIBAEMbIE TPHOHBIMU
MaToreHaMu — BO30y/INTEIsIMU CTEONeBO 1 Oypoii pikaBUMHBL,
JKENTOW MATHUCTOCTHU, U MYYHUCTOM pockl. B xone skcnenu-
Ui, TIPOBEJICHHBIX HAMH B pa3HbIX 30Hax [loBowkes, B 2022
2023 rr. u 2025 1., 6BIT0 TOKA3aHO BHICOKOE PACIIPOCTPAHEHUE

U pa3BUTHE 3TUX 3a0oneBanuii (puc. 1).

Crparerus omnepexaroniei CeleKInu CellbCKOX03iCTBEH-
HBIX KYJBTYp, W MIIEHHUIIB B TOM YHCIE, HA YCTOMYMBOCTH K
¢uronaroreHam Oa3upyercsi Ha HECKOJIbKHX (yHIaMEHTalb-
HBIX NPUHLIKTIAX.

1. ®uronaronornueckuif MOHUTOPHUHT, KOTOPBIH BKIIFOUET
aHaJIM3 PacIpOCTPaHEeHHUs OOJNE3HU He TOJBKO B IIEIIEBOM ape-
ajie BO3/€JBbIBAaHNS KyJIBTYpBl, HO U Ha CONPEENbHBIX TeppH-
TOPHSIX TSI TPOTHO3UPOBAHUS BO3MOXKHBIX YTPO3.

2. IlocTOsIHHBIN aHaAJNN3 MOMYJISIIMN HaTOTeHOB IO TpH-
3HaKy BHUPYJICHTHOCTH, HalpaBJIEHHBIN Ha BBISBIEHHE HOBBIX
MaToTHIOB (pac), CIOCOOHBIX MPEO0JIEBaTh CYIIECTBYOIIHE
TeHeTHYecKre Gapbepbl yCTOWIMBOCTH cOpTOB. CBOEBPEMEH-
Hasl UISHTU(HUKAIMS TAKUX MAaTOTUIIOB MO3BOJISIET ONepaTHB-
HO OIpeAENATh YPPEKTUBHBIE K HUM I'eHbI YCTOHYMBOCTH.

3. MonekynspHO-TeHeTUYECKUIl CKPUHUHT BO3/EJbIBac-
MBIX B PETMOHE COPTOB JJIs1 YCTAHOBJICHUS CIIEKTPA UCIIONIb3Y-
€MBIX T€HOB YCTOHUMBOCTU M UX KOMOMHAITHIA.

4. IMouck u BHeApeHne 3(QGEKTUBHBIX TEHOB YCTOHYHBO-
CTH ¥ MX KOMOMHAIUI B MPOXYKTUBHBIE, alallTHPOBAHHbBIE K
arpoKJIMMaTHYeCKUM YyCJIOBHSIM MecTHble copra (Mclntosh,
1992; Mclntosh, Brown, 1997).

© Bbapanosa O.A., Muponenko H.B., KonbkoBa O.A. Crarbksi OTKPBITOTO A0OCTYIIA, MyOauKyeMast BecepoccuiickuM HHCTUTYTOM
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Pucynoxk 1. Crebnesas (A) u Oypas pxaBunHa (B), sxentas nsitauctocts (C) m MyunucTas poca nieHuIs (D)
Ha ITPOM3BOJICTBEHHBIX 1oceBax B [ToBomkbe

iy , A% TS N e 1
| d . { (N

Figure 1. Stem rust (A), leaf rust (B), tan spot (C) and powdery mildew (D) on production wheat crops in the Volga region

JIucrocredebHbIEe 00J1€3HU MIIEHUIIBI.
Buosorusi 1 BUPYJIEHTHOCTb BO30YyIUTeI€ii, FeHbl YCTOHYMBOCTH PACTEHUA-X035IMHA

CrebJ1eBasi pAKaBYMHA

CrebneBast p)kaBuMHa BBI3BIBACTCSI OMOTPO(HBIM Ga3uu-
aNbHBIM TpubOM Puccinia graminis Pers. f. sp. tritici Eriks. &
Henn. [Ipu3Haku Gone3Hu B BUJE YPEAMHHOILYCTYI ITPOSIBIISI-
I0TCSI Ha CTEOJISIX, JINCTOBBIX BIIAarajMINax, HHOT/IA Ha JINCTBAX,
OCTSIX U KOJOCKOBBIX uelrysix. I[Ipu cuiIpHOM MOpaXXeHUH ITy-
CTYJIbI CIIMBAIOTCS MEXKAY COOOM, BBI3BIBAIOT Pa3pBIBBI AIIUAEP-
MHCa, 9TO MOKET IPUBECTH K ITOJIETAHNIO PACTEHHUA-XO3MHA.
Ypeaunuocnopsl P. graminis f. sp. tritici (ciopsl 6ecroaoro
Pa3sMHOXKEHHMST) SIUTUIITHUECKOH (POPMBI M IMEIOT XapaKTepHY
KUPIHYHO-KPACHYIO 00 OYpYyIO0 OKPACKYy.

ITox nmeficTBueM rpuba MPOUCXOAWT YCHUIIEHHE TPAHCIIH-
panuy ¥ HapyIIeHHE BOZHOTO OanaHca, CHIBHOE 3apaKCHHUE
cTebiell mpephIBaeT MOTOK MUTATENBHBIX BEIIECTB K pa3BH-
BAIOIIMMCSI KOJIOCHSIM, YTO NPHBOAUT K CMOPIIMBAHUIO 3€p-
Ha (Leonard, Szabo, 2005). [lotepu ypoxxasi npu nopaxeHHu
BOCIIPUMMUUBBIX COPTOB MOTYT cocTaBisiTh OoT 50 go 100 %
(Ashagre, 2022). [ToceBbl NIICHALBI, BRIVIIAIIAE 3T0POBHI-
MU 32 3 Hezienu 70 cOopa ypoxasi, MOTYT OBbITh YHHUYTOXKEHBI
CHJIBHBIM Pa3BUTHEM IIaTOTCHA, €CIHM AOCTATOYHOE KOJHMYE-
CTBO MHOKYJIIOMa ITPWJIETHT C BO3ILYLIHBIMH MacCcaMH C 3apa-
skeHHbIX copToB (Leonard, Szabo, 2005). BosnukHOBeHHE B
VYrange B 1999 roxy HOBO# pacel narorena — Ug99 (TTKSK)
(Pretorius, 2000) BbI3BajI0 KPUTHYECKUH MTEPECMOTP II00AIb-
HON CHCTEMBI 3alIWUTHI MIICHUNBI OT CTEOIEBOH PrKaBUMHBL
KiroueBast 0COOEHHOCTD JIAHHOTO ITaTOTUIIA — CIIOCOOHOCTH
MH(UIIPOBATH COPTa, HECYIINE IHUPOKO PacIpoCTPaHESHHBINA
B MHUPOBBIX COpPTax MIIEHUIBI U JI0 TOTO MOMEHTa BBICOKO-
3¢ (GeKTHUBHBIN TeH YCTOWYMBOCTH Sr3/, JOKaIW30BaHHBIA B
pxanoi Tpancnokammu 1RS.1BL, Hecymeld KOMIUIEKC TeHOB
YCTOWYMBOCTH K P)KaBYMHHBIM 3a00JI€BaHUSIM U MYYHHCTOH
poce. Brictpoe sBomonmonmnposanune Ug99 (TTKSK) mpu-
BeJo K ToMy, 4To K 2020 roxy ObLIO 3a)UKCUPOBAHO CyIlie-
CTBOBaHHUE YK€ 15 pasnuyHbIX OMOTHIIOB B paMKax JTaHHOU
pachl, 4TO CO3/IAET MOCTOSHHYIO YIpO3y JJIsl HPOAOBOIBCTBEH-
HOHN 0€30IaCHOCTH M YCIIOXKHSET CEJIEKLIMOHHBIC IIPOrPaMMBbl
(mcrounumk: https://rusttracker.cimmyt.org/?page id=22).

Ora BBICOKOBpPEIOHOCHAs paca Bo30yautelnst credieBoi
p)KaBUMHBI, Ha9aB CBOE NBIKEHHE W3 Bocrownoit Adpukw,
oxBaTHia Bech AQpHKaHCKHII KOHTHHEHT U CTpaHbl biivkHe-
ro Bocroka. Beposten 3aHoc ypeauHuocnop rpuda ¢ Bo3ay-
HBIMH Maccamu Ha Tepputopuio Poccuiickoit @eneparum. C
MOSIBJICHHEM YTaHJUICKOM packl rpuda A1t IPOTHBOACHCTBHS

P)KaBUMHHBIM 3a00JICBaHUSM M TIOBBIIMICHHUS YPOXaWHOCTH
MIeHuIBl Obia yupekneHa [mmobOanpHas mporpaMma Imo
pxaBunne nuieHunbl WRDGP (Wheat Rust Disease Global
Program). Ona o0benuHseT ycwiaus crpaH — uieHoB FAO
(Food and Agriculture Organization) u 3xcrieproB Io6ans-
HoW mHuIMaTuBel bopnoyra no pxkaBunne (BGRI — Borlaug
Global Rust Initiative) (https://www.fao.org/agriculture/crops/
thematic-sitemap/theme/pests/wrdgp/en/).

C npyroii ctopoHsl, Ha EBpa3suiickoM KOHTHHEHTE pacIpo-
cTpaHwuch pacel P. graminis f. sp. tritici, Takue kak TKKTP,
TKTTF, TTTTF, ve otHOCsammecs k Ouorunam Ug99, aBu-
PYJIEHTHBIE K cOpTaM, 3aIlWIICHHBIM Sr3/, OOHAKO BBHI3BIBA-
IolIMe CHJIbHEHIee MOpaXXeHHE BOCIPHUUMYHUBBIX COPTOB.
Paca TKKTP BupynentHa k nuHHAM ¢ TeHamu Sr24, SrTmp
u SrlRSAmigo (Olivera et al., 2017), a paca TKTTF B 2014 .
BbI3BaJIa CHIIbHEHIIYI0 snu¢uroruio B Dduonuu (Olivera et
al., 2015) u mo3gHee OpuTa OOHApyXeHa B cTpaHax bimxHero
Bocroka u EBponsbl, B ToM uncie B Benukoopuranuu (Lewis
et al., 2018). Paca Bo3Gymurens crebmeBoii pxxaBunasl TTTTF
BbI3BaJIa MOPAKCHUE HECKOJIBKUX THICSY T'€KTapoB TBEPAOW
nmenuns! B Cumnu B 2016 m pacnpoctpanunack no Es-
pa3uiiCKOMy KOHTHHEHTY, IpUYeM ObLIO MOKa3aHo, YTO H30-
narel pacel TTTTF 2016 ropa u3 3anagnoit Cubupu uMeror
MecTtHOoe npoucxoxaeHue (Patpour et al., 2022). B xone nHa-
LIMX HMCCIICNIOBAHUN TAaKKEe BBIACISIIMCH M30JISATH C (DEHOTH-
oM TTTTF u3 moBOIDKCKUX MOIMYISIIAN Tprba, OTIAMIHBIE OT
CHULuIHACKON pacskl BUPYJICHTHOCTBIO K TeHy Sr25 (Baranova
et al., 2023; bapanosa u ap., 2024). B 2016 roxy smudwuro-
THIHOE pa3BUTHE MaToreHa Hadmonaanock B Poccun Ha moce-
Bax nmeHunp! B 3anaanoid Cubupu u [loBomwkbe, ¢ Tex 1mop
¢uTOmaToNIOTHYECKasl CUTYyaIlusl N0 CTeOIeBOI prKaBUMHE B
9THUX PErHoHax ToNbko ycyryonsercs (ILlamanun u ap., 2020;
Kenp6us u np., 2020; Skolotneva et al., 2020; Baranova et al.,
2023).

B 2022 roxy 6bu10 OIMyOIMKOBAHO 3HAKOBOE MacIITabHOE
HCCIIEJOBAaHNE EBPOIICHCKUX MOy BO30yuTens crebe-
Boii pkaBunHbl (Patpour et al., 2022). B pabote 6bu10 MOKa-
3aHO, YTO PACIpPOCTPaHEHHOCTh TpeX pa3inuHbix pac TTRTE,
TKTTF u TKKTF Bo MHOrux paiioHax, BEpOSTHO, CBs3aHa
C MHTpalyeil maToreHa M KJIOHAIBHBIM PAa3MHOKCHHEM TI'pH-
0a. ABTOpPBHI I0Ka3ali, 9YTO pacCIpOCTPAHEHHBIE €BPOTECHCKIE
copra BOCIPHUMYMBBI K cTeOneBoll prkaBuuHe. B pabote
OBbIT cAeTaH BBIBOZ O PONHM albTEPHATHBHOTO XO35IMHA rpuda
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— Oapbaprca, Ha KOTOPOM IIPOHMCXOUT ITOJIOBOW MpOIECC, B
KayecTBe (DYHKIIMOHAIBHOTO KOMIIOHEHTA JIUAEMHOJIOTHU
cTebneBoil pxaBumHbl HiueHHB B EBpone. Taxke ObuIO
ycTaHOBIIeHO, yTo momymsiinu u3 Poccun (Omckoit 1 HoBo-
cHOMpCKoil o0nacTeil) MMENN BBICOKOE TEHETHUECKOE Pa3HO-
o0pasue M SIBHO OTIMYaJIHCh OT COBPEMEHHBIX €BPONEHCKUX
norryssiuid. Y, camoe 1imaBHOE, B 3TOW paboTe BIIepBBIE OBLTH
BBIJICJICHBI M30JIATHI Tprba u3 Mcmanuu u 3amagnoit Cubupu
BHPYJCHTHBIC K TeHy S73 /. YdeHbIe HaITIsqHO IIPOIEMOHCTPHU-
POBaJIM, YTO BUPYJACHTHOCTD K JIMHUSIM M COPTaM IILECHUIIBI C
reHoM Sr3/ He sBrseTcst yHUKaIbHOH st pacel Ug99. Kpo-
M€ TOTO, BCE M3O0JISTHI UCIIAHCKHX TOIYIIALUHA, COOpaHHbIE ¢
BUJIOB IIICHUIIBL, PXKHU U APYTUX 3JIAKOB, OBUTH YCIICIIHO pa3-
MHOJXCHBI Ha ITIICHHLIE, YTO TOBOPUT O BO3MOXXHOM pacIIHpe-
HHUHM CIIENMANN3alMY NaToreHa. Jra paboTa uMela CBOe Mpo-
IoJpkeHue — M3oiAT P. graminis f. sp. tritici n3 Vicmaauu ObL1
onpezeineH kak paca TKHBK, kotopas BUpyIeHTHA K TMHUAM
nieHunbl ¢ redamu Sr3l, Sr33, Sr53 u Sr59 (Olivera et al.,
2022). Takum obpazom, B EBporne nosiBuinacs HoBast yrposa —
paca TKHBK, ve otHOCsmasics k rpymnme pac Ug99, Ho ¢ BH-
pyJeHTHOCTBIO K Sr3] W nepBasi U3BECTHAs paca C BUPYJECHT-
HOCTEIO K Sr59. U ecniu Sr59 — 3T0 TeH, HE BCTPEUAIOIINIACS
B KOMMEPUYECKHUX COpTaxX MUIEHULBI, TO Sr3/ — 3T0 MocieaHui
«py0ex 000pOHBDY POCCUHUCKUX COPTOB, B KOTOPBIX YCTOWUH-
BOCTh K IaTOTeHy 00ecnednBanach JI0 MOCIECAHETO0 BPEMEHN
resamu Sr3/ u Sr25. Ognaxo Ha Tepputopun IloBomxes Sr25
Hapsany ¢ Sr6Agi norepsn apdexruBHOCTE (BapanoBa u map,
2021; Baranova et al., 2023), a OOJBIIUHCTBO POCCUHCKUX CO-
PTOB BOCHPHUMYHBO K CTEOIEBO prkaBunHE. Takum oOpazom,
pacrpocTpaHeHHe eBpOIIEHCKUX pac MaToreHa |/Wix MosBIie-
HHUE POCCHHCKUX Pac C BUPYJICHTHOCTBIO K COPTaM IIIICHHIIBI
c reHoM Sr31 OyneT karacTpo(UUHO B YCIOBUSX SIH(DUTOTHII-
HOTO pa3BHUTHUS OOJIE3HU.

Ha Tepputopuro I[ToBomKbs ypenuHNOCTIOPH! BO30YAUTEINS
cTeOIeBO PXKABYMHBI MOTYT 3aHOCHUTBCS C TEPPUTOPHH 3a-
nansoit Esponel, CeBepHoro Kaskasa, Cpenneit Asun, Cesep-
HOW Adpuku yepe3 bmkuuii Boctok (Mpan) u Kacnuiickoe
MOpE, YTO CHJIBHO IOBBIIIAET BEPOSITHOCTh 3aHOCA KaK Pachl
Ug99, Tak 1 HOBBIX eBponeickux pac, Takux kak TKHBK.

B Poccun nmomyssirum Bo30yauTenst cTe01eBoi piKaBIMHBI
U3y4yaroTCsl IO NMPHU3HAKy BUPYIEHTHOCTH U SSR Mapkepawm.
Cpenu MONEKyISIPHBIX MapKEPOB MUKPOCATEIUTUTHBIE JTOKYCHI
(SSR) 3aHMMAIOT KIIIOYEBYIO TIO3UIIMIO B MOMYJSIIMOHHO-TE-
HETUYECKUX HCCIEIOBaHUAX (pUTOMATOreHHbIX rpudos. IIu-
pOKasi IPEeACTaBICHHOCTh B TEHOME IPUOOB, BBICOKAs CTEIIEHb
nonuMopdu3mMa M KOJXOMHHAHTHBIA XapaKTep HACICIOBaHMS
JIeNaloT MX MCKIIOYUTENFHO HH(OPMATHBHBIM HHCTPYMEH-
ToM. COINIaCHO COBPEMEHHBIM MPEICTABICHUSIM, MHKpOCa-
TEJUTUTHBIE TIOBTOPBI XapaKTEpU3YIOTCS HauOoJee BBICOKOH
cxkopocteio sBomrormu (Ellegren, 2004). K HeocmopumbiM
MPaKTHYECKUM ITpeuMyIecTsaM SSR-aHamn3a OTHOCSTCS BbI-
COKasi BOCIPOU3BOAMMOCTh PE3YJIBTATOB, TEXHUYECKAs MpPO-
CTOTa MOCTAHOBKH 3KCIIEPUMEHTOB U BO3MO>KHOCTH JIETEKIHH
3HAYUTEJILHOTO YPOBHSI FEHETHYECKOT0 pazHooOpasusi.

Hns P. graminis f. sp. tritici SSR mapkeps! Ob11H pa3pado-
TaHbl B AMEPHKAHCKOH J1aboparopuu 1o 3a00J1eBaHMsIM 3J1a-
koB (Cereal Disease Laboratory, Minnesota) (Szabo, 2007).
C wucnons3oBanreM 3THX SSR MapkepoB ObLIO TPOBEICHO
UCCIIEZIOBAHNE T€HETUYECKON CTPYKTYpHI MOMyNALUH DPuo-
K — OBLT CZIeTaH BBIBOJ O BBICOKOM YPOBHE I'€HETHUYECKO-
ro pa3sHOOOpas3us BHYTPH TPEX reorpapuuecKy pasaeiaeHHBIX

TOMYJISIUKA M OTCYTCTBHM T'€HETHYECKOH nuddepeHnuaniu
Mexny HuMEH (Admassu et al, 2010). C ucmomns3oBaHreM
SSR mapxkepos (Szabo, 2007), a takxxe AFLP mapkepos, Obl1a
IpoBeicHa paboTa IO T'€HETUYECKOMY CPABHEHMIO H30JIITa
UVPgt55 (paca TTKSF) ¢ Ug99 (TTKSK) u ¢ apyrumu uzo-
naramu P. graminis u3 FOxHoit AQpuku U clenad BBIBOA O
ero uHTpoxyKuuu Ha Teppuropuio FOAP (Visser et al., 2009).
Hcnonb3oBanue SSR MapkepoB MO3BOJISIET OMPEACTIUTh HAJIK-
YHe MTOJI0BOTO MpoIiecca B MOMYIISIMN, YTO KpaifHe BaXKHO JUTS
BO30yAMTENCH PIKABUMHHBIX OOJIE3HEH, KaK Pa3sHOXO3SIMHBIX
rpuOOB, MOMYJISAIUK KOTOPBIX MOTYT CYIIECTBOBATh B Oecrio-
no#t opme. B pabore A. Bepnun ¢ coaBropamu ¢ UCTIONB30-
BaHueM SSR MapkepoB OBUIO JOKa3aHO HalMYWE TIOJOBOTO
npouecca B nonyisiusix P. graminis Tamxukucrana (Berlin et
al., 2015). C ucnons3oBarneM SSR MapkepoB mpoBezicH aHa-
JIN3 TEHETHYECKOW CTPYKTYpbl momynsauuii P. graminis f. sp.
tritici n3 IloBomxbs u LlenTpansHoro peruona Poccun, ycra-
HOBJIEHAa BBICOKAsl CTEIICHb I'€HETHYECKOl nuddepeHuanim
Mexay nomymsuusmu maroreHa (CkojoTHeBa u ap., 2023).
[IpoBeneno cpaBHEHHE MOBOJDKCKUX, 3aMaJHOCHOMPCKUX H
nonysiiuid Pgt w3 LlentpansHoro peruona Poccun mo SSR
nokycam. [loka3aHo pasneneHue HOmynasnuid rpuba Ha 1Be
KJIaJIbl «EBPOIIEHCKYIO» U «a3uaTckyio». HecMoTpst Ha To, 4TO
VYpansckue ropsl paznemnsator [Topomkse 1 CHOUpPD, 3TH peru-
OHBI BOILIM B OZIHY («a3MaTcKyro») Kiajy, a reorpaduiecku
6oee 6mm3kuil LleHTpanpHEIN pernoH 00pa3oBai OTASIBHYIO
(«eBpomeiickyro») kmamy. Takum oOpa3oMm, TOKa3aHO, YTO
Ypasibckuie TOphI He SBISIOTCS OapbepoM, a pasaelieHue 00-
YCIIOBJIEHO JIpyTrUMH (paKTOpaMH, TAKHMH KaK HalpaBJCHHUE
BETPOB U HCTOYHMKHU HHOKYIoMa (Skolotneva et al., 2023).
OmpeneneHa BUPYJICHTHOCTb CEBEPOKABKA3CKOM IOITYIIs-
1y rpuda 2008—2011 rr. (Bonkosa u np., 2010, Cunsik u mp.,
2013, Sinyak et al., 2014), BriaeneHbl BBICOKOI(D()EKTHBHBIC
(Sr5 u Sr3l) usdpdexrusnsie (Sri, Sro, Sr9a, Sr9e, Sri3, Sr24,
Sr27, Sr32, Sr35, Sr36) nus 3TOTO peTHOHA TeHBI YCTOMIUBO-
ctu (BonkoBa, Cunsik, 2011). AKTHBHO M3y4aroTcs 3arajiHo-
CHOHMPCKHE TOMYNIALNK martoreHa. 1o mpu3HaKy BUpYJIEHT-
HOCTH NPOAHAIN3UPOBAHBl OMCKHE W aJTaliCKUE IOIYIISIHH
BO30yauTeNs cTeOneBor pkaBuuHEIL. [lokasaHo, 94T0 K 06eUM
momynsusM 3 dexTuBeH Toabko Sr37. K anraiickoit momy-
ssiun rpuda 3¢ dexrusasl reust Sr24, Sr30 (Ulamanus u ap.,
2020), BBISBIEH PacOBBIH COCTAB HOBOCHOMPCKHX TMOIYJIs-
it natoreHa ¢ pomuHupyooummu pacamu TKRPF, QCRSF,
QCHSF (Cxonotresa u ap., 2020). B Hammx uccrienoBaHUsIX
3a BpeMst peann3aiui npoekra PHD Ne No22-26-00172 65110
MOKa3aHo, YTO KO BCeM, B3ITHIM B aHaim3 B 2022 u 2023 T
nomyJsiusM rpuda osutu 3 dexTuBHbI rensl Sr2 compl, Sri 3,
Sr26, Sr3l1, Sr32, Sr35 u coueranus renos Sr24+31, Sr36+31,
Sr 26+9g u Sri17+13. UccnenoBaHus MOBODKCKUX TOMYJs-
uuit P. graminis f. sp. tritici TOCIIEAHUX JIET TTOKA3alld, 9TO B
HUX TOCTOSTHHO IPUCYTCTBYIOT arpecCUBHbIE N30JIATHI TpHoda,
takue kak TTTTF, TTSTF u TTTTP (bapanosa u np., 2024).
B Hacrosimee Bpemst u3BectHo Oosee 60 reHOB ycTOHUM-
BOCTH K CTEOJICBOH prkaBUMHE, YacTh U3 HHUX YK€ IOTEPsIIH
sddexruBaOCTh. CornacHo nanHBIM FAO, K HacToseMy Bpe-
MeHHU 3¢ pekTuBHOCTD K pace Ug99 coxpaHsoT Kak cOOCTBEH-
HBIE TIICHWYHBIE TCHBI, TaK W TEHBI, HHTPOLYLUPOBAHHEIC
U3 APYTHX POICTBEHHBIX BUIOB 31akoB: Sr28, Sr29, SrTmp
(T aestivum), Sr2, Sri3, Sri4 (T turgidum), Sr22, Sr35 (T.
monococcum), Sr37 (I timopheevii), Sr32, Sr39, Sr47 (Ae.
speltoides), Sr33, Sr45 (Ae. tauschii), Sr40 (T. araraticum),
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Sr25, Sr26, Sr43 (Ag. elongatum), Sr44 (Ag. intermedium),
Sr27 u SriA. IR (S. cereale) (http://www.fao.org/agriculture/
crops/ rust/stem/stem-pathotypetracker/stem-effectivesrgenes/
en). ['en SrSatu (ot copra Tputukaie Satu) Toke dPdeKTu-
BeH mpotuB packl Ug99 (Olivera et al., 2013). Ha tekymmit
MOMEHT 3()(eKTHBHOCTh TPOTHB HAWOOJNBIIEr0 YKcia pac
cTeOIeBOM pyKaBYMHEI MTOKa3aHa s TeHoB Sr22, Sr35, Sr26,
Sr50, KoTOpBIE, YTO BAXKHO, HE ACCOLIMMUPOBAHBI C HETaTUBHBIM
BIIMSTHUEM Ha XO3SHCTBEHHO-IICHHBIE IPU3HAKHU. B TO e Bpe-
M, TeHbl, 00eCIIeunBaOLINE YCTOHYMBOCTh KO BCEM H3BECT-
HBIM Omnotumnam pacel Ug99 (Sri3, Sr25, Sr28, Sr45, SrTmp,
Sr1A.1R), yacto Hea((HEeKTUBHBI IIPOTHB MHBIX pac MaroreHa.
Tem He MeHee, HEKOTOpble HEI((HEKTUBHBIE TEHBI, HANpPH-
mep, Sr36/Pm6, TIpencTaBiIsSioT 3HAYNTEIBHBIA HHTEpEC JUIs
ceneknuu. X 1emecoodpa3Ho MCIONb30BaTh B KOMOHHAIIMU
(mmpamunax) ¢ ApyruMu Sy TeHaMu JUIs paCIIMPEHUs! CIIEKTPa
ycTounBoctH copta (Bomyesuu, 2013).

OnHako HaIO TMOHMMAaTh, YTO W3 BCEX MNEPEUHCICHHBIX
BhilIe 3pdexTrBHBIX K pace Ug99 reHoB yCTOHYMBOCTH TOJIb-
KO HEKOTOPBIE BCTPEYAIOTCSI B KOMMEPYECKHX COpTax IIIe-
HULBL B 3apy0exxHbIX coprax ucnonssytorest Sr2, Sr26, Sr28
u SriA.IR. B OTEe4eCTBEHHBIX SPOBBIX COPTaxX MSTKOHW IIIIe-
HUIBL, B TOM YHCJIE PEKOMEH/IOBAaHHBIX K BO3/CIIBIBAHUIO Ha
tepputopuu [ToBOMXKBS, pacpocTpaHeH Toidbko Sr25, B He-
KOTOpBIX coprax BcTpeuaercst Sr28 (Baranova et al., 2023).
Kpaitne penko ncnonb3yercsa Sr2, KOTOPBIH WACHTUDHIIUPO-
BaH B cOpTe sIpOBOil MArkoi niueHuubl Huea 55 1 HecKkoIbKUX
muaugx cenekuud @I'BOY BO «Omckuii rocyqapcTBEHHBIN
arpapubiii yHEBepcuTeT uMeHd [1.A. Crompmunay (Kelbin et
al., 2022).

st 50 n3BECTHBIX I€HOB YCTOMYMBOCTH MILEHUIBI K CTeE-
OrneBoii prkaBUMHE pa3pabOTaHBl COOTBETCTBYIOIINE MOJIEKY-
JsipHBIE MapKepbl. OHAKO JHIIb OTPAHUYEHHOE YUCIIO U3 HUX
BJIMIPOBAHO ¥ PEKOMEHIOBAHO JIJIsl ITMPOKOT'O UCIIOIb30Ba-
HUS B MapKep-OpHEeHTHPOBaHHOU cenekunu (marker assisted
selection — MAS). Hcnonp3oBaHne MOJEKYISIPHO-TEHETHYE-
CKHX MapKepoB MPEJOCTABIsIET BO3MOKHOCTh TOYHOM M paH-
Hel uaeHTUPUKaK 3(Q(GEKTUBHBIX T€HOB yCTOHYUBOCTH Y
coptoB U ruOpunHbIX (Gopm. [laHHBII MOAXOA CYIIECTBEHHO
MHTEHCH(HUIUPYET 0TOOP LIEIEBBIX TEHOTHUIIOB HA CEJIEKIOH-
HBIX 3TalaX, YTO B KOHEYHOM MTOIC IOBBIIIACT OO0 3(-
(heKTHBHOCTBH M CKOPOCTH CENEKIMOHHOTO nporecca (Koxme-
ToBa, Atuimosa, 2012; Letta et al., 2013).

MonekysipHble MapKephl HCIIOJIB3YIOTCSI B OCHOBHOM IS
TeHOTHITUPOBAHUS PACTHTEILHOTO MaTepraa, HHTPOTrPEeCCHU
W NMUPaMUANPOBAHUS TEHOMHBIX PalOHOB, COAEPXKAILIUX JIO-
KyChl XO3SHICTBEHHO BaXKHBIX IPH3HAKOB, KOHTPOJIUPYEMBIX
raBHeIMU TeHamu (JIeoHoBa, 2013; Miedaner, Korzun, 2012).
CoBpeMeHHbIE TTOAX0Abl K WICHTU(HUKALUY TeHOB YCTONYH-
BOCTH IIIICHUIIBI K CTEONIEBOM piKaBUMHE C MCIOIB30BAHUEM
JIHK-mapkepoB akTHBHO HNPHUMEHSIOTCS B IIIOOATBHOM Mac-
wrade. [IpoBeneHHble MCCIENOBaHUS BBISBIIN CHenU(Iye-
CKyI0 TeorpaMuecKylo M COpPTOBYIO An(depeHInaniio B
pacnipoctpaneHuu Sr reHoB. Tak, B reHETHYeCKOM IyJie JIOMH-
HUpYIOIIee MOJI0KEHHE B copTax o3uMoil mmeHumsl B CHIA
3aHUMAIOT TeHwl Sr2, Sr6, Sri7, Sr24, Sr31, Sr36 u SrTmp,
TOTAa Kak y SPOBOH MIICHUIBI HanOOJee PacCHpOCTPAHCHEI
Sr6, Sr9b, Sril n Sri7 (Kolmer et al., 2007). ['enotumnmpo-
BaHME KHUTAHCKUX COPTOB BBISBMIO HAJIWYHME TAaKUX T'E€HOB
ycroituuBoctH, Kak Sr2, Sr31, Sr25, Sr38 (Xu et al., 2018),
a Taxxe Sr28 (Li et al., 2016). AHaJIOTUYHbBIE UCCIISTOBAHI

MaKHUCTAaHCKUX COPTOB IMOATBEPAWIN NPUCYTCTBHE B HHUX Ie-
HOB Sr2, Sr24, Sr25, Sr31, Sr38 u Sr57 (Rehman et al., 2020).
B eBpomeiickux copTrax Takxke HaONIOTAeTCs XapaKTEpHOE
pacIpeseneHe TeHeTHYECKUX JETEPMUHAHT YCTOWYHBOCTH.
Hampumep, y xopBarckux 00pa3loB NIIEHUIB WAECHTU(DH-
[IUPOBAHbI TEHBI YCTOMYMBOCTH K CTeOIeBON pxaBunHe Sréa,
Sr31, Sr36 u Sr38 (Spani¢ et al., 2015). B cBoto ouepesp, B
I'epmanuu Hanbonee MUPOKO pacmpocTpaHed red Sr38, Torna
kak Sr31 u Sr24 BcTpevatorcs ¢ MeHbIei gactoToit (Flath et
al., 2018).

B mammx uccnenoBaHusx ObUTO U3ydeHO 126 copToB Tie-
HuIs! (B ToM uucne 23 copra TBEpAOH u 103 copra MArkoi
MIIEHNIBI), JOMYLICHHBIX K BO3JCNbIBaHHIO B IloBOIIKBE,
KOTOpbIE OBUIN OLIEHEHBI Ha YCTOWYHMBOCTB K JIByM 0Opasnam
norryisiuid P graminis f. sp. tritici n3 pazHeIx paiioHoB Ilo-
BOJDKBSI Ha CTaJHMU MPOPOCTKOB. BBUIN BBISIBICHBI BBHICOKOY-
croituuBbie copta (30 u3 126). Y copTOB MSATKOH MIIICHHUIIBI
6buTH naeHTHduIpoBankl reusl Sr3/ (y 19 copros), Sr24 (y
onHOTO copta), Sr25 (y 15 copToB sipoBOii mieHUIs), Sr28
(y mectu coptoB), Sr38 (y mByx coprtoB), Sr57 (y 15 copToB)
u ux komOuHaumm — Sr31+Sr25, Sr31+Sr38, Sr31+Sr28,
Sr31+S8r57, Sr31+Sr28+Sr57 n Sr31+Sr24 (Baranova et al.,
2023). 13 3Tux reHoB TOJBKO Sr3] MOKa COXpaHsEeT CBOIO
3¢ PEKTUBHOCTh MPOTUB CTEONEBOI pKaBUMHBI (OAWH WIH B
koMOuHauKu ¢ Hea(p(HEeKTHBHBIMU T€HaMH YCTOMYMBOCTH K
P. graminis f. sp. tritici), Torga xak Sr25 u Sr6Agi notepsnu
s¢dexruBHOCTS HA TeppuTopun [loBomxes (bapaHosa u ap.,
2021; Baranova et al., 2023). I'er Sr24 gactuuno 3ppeKTuBeH
— K HEMY B HEOOJBIIOM KOJIWYECTBE BBIABIISIINCH BHPYJICHT-
HBIE M30JISThI pr0a 13 MoBOJDKCKUX nonyssinuii (bapaHosa u
Ip., 2024), omHAKO OH CIEIIICH ¢ 3PPEKTUBHBIM I'€HOM yCTOM-
YUBOCTH K Oypoil prkaBumHe Lr24, 4To Jenaer ero LeHHBIM
JUTSL CETEKINH.

Hamu Obuin mpoBeneHbI UCCIIEAOBAHUSI YCTOHUUBOCTH K
OMOTHYECKIM W aOWOTHYEeCKHM (haKTOpaM HHTPOTPECCHUB-
HBIX JIMHUH SIPOBOM MATKOH MIIEHUIb, nomyueHHbIX B DAHI]
IOro-BocTtoka. Beigenens! ycToH4nBEIE K TOBOJDKCKHAM TIOIY-
JSIIMSAM BO30YIUTENsT CTeONeBO prKaBUMHBI WHTPOTPECCHB-
HBIE JINHUU C UICHTH()UIIMPOBAHHBIMH T€HAMH yCTOHYHUBOCTH.
VY u3yueHHbIX 92 UHTPOTPECCUBHBIX JIMHUI SPOBOH MSTKON
MIICHUIBl UACHTU(UIpoBaHsl TeHbsl Sr3/ (45.6%), Sr25
(56.7%), Sr57, Sr38 n Sr39. Hanbonee gacroil koMmOMHaIeH
apisierca Sr31+Sr25 (31.1%), Takke BBISABICHBI COYETAHUS
TeHOB ycroiuuBoctu Sr25+Sr38, Sr25+Sr39 u Sr22+Sr25.
JIuHUM ¢ ATUMH KOMOHMHAIMSMH HEPCIIEKTHBHBI JUIsl HCIIOJIb-
30BaHUS B CENEKIMOHHBIX mporpammax (CubukeeB u mp.,
2021; Bapanosa u ap., 2023). Iloka3zana Bbicokas 3¢ dek-
TUBHOCTH NPOTUB CTEOIECBON PrkaBUMHBI KOMOWHAIIMKM TEHOB
Sr22+Sr25 kak Ha ecTeCTBEHHOM MH(EKIMOHHOM (OHE, TaK
u B 1a0OPaTOPHBIX YCJIOBHSX, IIPU 3aPAKEHUH CAPATOBCKOU
U OMCKOH momyisnusiMu Tpuba, a Taike nsoisramu PgtZ1
(TKSTF) u PgtF18.6 (TKSTF+Sr33). Onnako i JTUHUH C
KoMOmHarue reHoB Sr22+Sr25 ObUIO OTMEYEHO HEKOTOPOe
cHmwkenne maccel 1000 3epeH Mo OTHOIIGHHUIO K CTaHAAPTy U
YBEIMUYCHUE TIEpHoJa «BCXOIbI — KojomeHne» (Cnubnkees u
ap., 2021).

Kpome »3T0Tr0, MHTPOTpECCHUBHBIEC JIMHUM M COPTA IIICHH-
LIbl, PEKOMEH/IOBaHHbIC K BO3/ICNIbIBaHHIO B ycioBusx [ToBoi-
Kbs1, OBUTH OLIEHEHBI Ha YCTOIUMBOCTE K pace Ug99 B moie-
BBIX YCIIOBUSX Ha 0aze KeHHICKOro cenbcKOoX03SHCTBEHHOTO
nccienoBarensekoro nHeTHTyTa (KARI) B 2018 1 B 2023 T
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Amnanus npoBoawiIcs Ha (poHE CHIIBHOTO Pa3BUTHS O0JIe3HH (Ha
BOCIIPUUMUUBBIX copTax — 10 90S). B cocraB nomyssaiuu BXo-
i takue pacsl kak TTKSK (Ug99), TTKST (Ug99+Sr24),
TTTSK (Ug99+Sr36), TTKTK (Bupynentnocts x SrTmp),
TTKTT (Sr24 wn SrTmp). V3 128 MHTPOrpeCcCUBHBIX JIMHUNA
MIIeHuIpl, u3ydyeHHbx B Kennu B 2018 1., 10 muHMii ObLTH
uMMYHHBIME (THn peaknuu 0), a 16 nuHUI — cpegHeycTon-
yuBbl (SMR). KomOuHanmy reHoB, naeHTH(OUINPOBAHHBIX B
9TuX JHUSIX — Sr25/Lrl19+LrKuk/SrKuk, Sr25/Lr19+Sr31/
Lr26+S8r28, Sr25/Lr19+Sr38/Lr37 v Sr25/Lr19+Sr35. 13 139
muHAN, n3ydeHHbIX B Kernu B 2023 1., 19 ObUIM HMMYHHBIMA
k pace Ug99, 13 nuHuii ObUIH YyCTONYMBEI U 48 MTUHMIA ObLTH
cpenneycrorynBbl kK Ug99. KomOuHanuu reHoB, uaeHTH(U-
MUPOBAHHBIX B 3TUX JHUHUAX, — Sr25/Lri19+Sr31/Lr26, Sr25/
Lri19+Sr38/Lr37, Sr25/Lr19+Sr36 v Sr25/Lr19+Sr39+Srd7.
W3 54 mpoananu3upoBaHHBIX B KeHHH COPTOB MIIEHMIIBI
YCTOIYMBEI OBUIH TONBKO cOpTa AJEKCaHApUT u TyrmalKoB-
ckast 10. Copra J{oOpeins, Xasuns n Oxanga 113 Obun cpen-
HeycToituuBel k Ug99. Bee atu copra — Hocutenu reHa Sr25
(bapanoBa, CubukeeB HeomyOIMKOBaHHbIE JaHHbBIE; bapaHoBa
u 1p., 2024). Takum obpazom, xoTs Sr25 morepsn 3pdekTus-
HOCTb K IIOBOJDKCKHM MOMYJISIIASIM I'prda, oH Bce ere dpdek-
THUBEH MpoTuB packl Ug99.

Takum obOpazom, ucxoxs u3 Toro, auro CIMMYT pexo-
MEHJYET /ISl CeNeKIIMN YCTOWYMBBIX K CTEOIEeBON prKaBUMHE
COPTOB MHMPaMHUIUPOBAHHWE TI'E€HOB BO3PAaCTHOM YCTOMYMBO-
CTH U IOBCHWIBHON YCTOMYMBOCTH, MOJKHO 3aK/IIOYUTh, UTO,
Juts ycnoBuii [10BOMDKBS TTOIXOMUT COUETaHUE T'eHa BO3pacT-
HOW yCTOWYMBOCTH Sr2 ¢ OTAEIbHBIMU F€HaMU HOBEHMIIBHOMN
YCTOWYMBOCTH, TAKUMU Kak Sr22, Sr24, Sr25, Sr26 win Sr31.

Bypas p:xxaBuuHa

Bypas pxapunHa (CHHOHHM — JINCTOBAsI pXKaBIMHA) (BO3-
Oymurens Puccinia triticina Erikss) Hanbonee pacrpoctpa-
HEeHHOe 3aboJieBaHue MiIeHHIBl B [IoBOIDKBE W APYrUX pOC-
CHICKMX pernoHax. ONMU(PUTOTHHHOE pa3BUTHE OONE3HU
orMmedaeTcs pa3 B 3—4 roja; morepu ypoxkas MOTYT JIOCTH-
rate 20-30% (CroxoB, 2016). CumnToMsl Oypoi prKaBYMHBI
MPOSBIIACTCS HAa JINCTBSAX W JINCTOBBIX BIIATaIMINAX B BUAE
OKPYIVIBIX, OypBIX ITyCTYJ, COJACPKAIUX IIAPOBHIHBIE ype-
JUHUOCTIOPH! Tpuda. HdumpoBanue niueHuusl P, triticina
MMPUBOAUT K CHUCTCMHBIM HETAaTUBHBIM TIOCJICACTBUAM [UIA
pacTeHns-xo3siHA. IlatoreH cHMXaeT (POTOCHHTETHYECKYIO
AKTMBHOCTB, YTO CIIY)KUT OCHOBHOW NPHYMHOW OOILEro yr-
HETCHUA pPa3BUTHA pPACTCHUA. B PE3YNbTATC KOMIIJICKCHOT'O
BO3JCHCTBHA OOJIE3HH ITPOHCXOANT HE TOJIBKO 3HAUYUTEIHHOE
CHIDKEHHUE MPOAYKTHUBHOCTH, HO M CYIIECTBEHHOE YXY/IIICHHE
kauectBa 3epHa (Cremanos, 1975; Jlebener, 1998; Koitmuba-
eB, 2012).

BpenoHocHoCTs Oypoi prkaBuMHBI ompeaensercs (azon
BEreTalMl PACTCHUH W arpecCHBHOCTBHIO (PU3MOJIOTHYECKUX
pac, a Taike BIMsSHHEM a0uoTnueckux (axropoB (Uymakos,
1969; MapxkenoBa, 2007). Ilotepu ypoxast OT p>KaBUHHBI 3aBU-
CSIT OT MHTEHCHBHOCTH €€ PAa3BUTHS U CPOKA MEPBUYHOTO I10-
paxenus pactenuit (ITapmromus u ap., 2015). B uccnenopanu-
SIX BPEIIOHOCHOCTH OypO pKaBUYMHOM B yCinoBusAX 110BOIKbS,
npoBenéuapx CagpiroBoit M.K. (1994), 6pu10 MOKa3aHO, 9TO
Yy HOpa)XKEHHBIX PACTEHUH YKOpauMBaeTCs JUINTEIbHOCThH Be-
TEeTAllMOHHOTO MEepPUOIa, CHHXKAETCSI BBICOTA, Macca THICSYU
3€peH, YCUIIMBAETCS OPAXKEHNE MyYHHUCTOW POCOM, a MOTEPH
ypoXasi BOCHPUUMYMBBIX COPTOB 110 CPABHEHHUIO C yCTOWYH-
BbIMU pocTuraot 40 %.

B kpyr pacrenumii-xo3seB P triticina, TOMUMO MATKOU
nmeHutsl (7riticum aestivum) BXOIST MHOTOYHCIIEHHBIEC BUJIbI
pona Triticum, rakue xax T. durum, T. polonicum, T. cartlicum,
T turgidum, T. timopheevi, T. dicoccoides, T. compactum,
T. spelta, T. vavilovii, T. sphaerococcum, T. thaoudar,
T. macha, T. dicoccum, T. orientale, T. urartu, a TaKxe mpes-
crasurenu pona Aegilops (Aegilops cylindrica, Ae. squarrosa,
Ae. biuncialis, Ae. triuncalis, Ae. crassa) (Auapees, [1n0THE-
koBa, 1989; KonbkoBa, 2018). JlmuTebHAs KOABOJIONMUS I1a-
TOT€HA C KYJIBTYPHBIMU 3J1aKaMH B IPOLIECCE IOMECTHKAIIIH
TMIICHUIIB] CTala KIIFOYEBBIM (PaKTOPOM T€HETHIECKOH TUBEp-
reHIuu u Bunoodpaszosanust P, triticina (Liu et al., 2014). lan-
HBIIl TIpoliecc MpuBeNl K (GOPMHUPOBAHUIO CHEIUATM3UPOBaH-
HBIX TATOT€HHBIX Tpymi. Tak, MOJEKyIsSpHO-TCHETHYECKUE
WCCIIeJOBaHMS BBISIBUIIN 3HAUUTEIbHBIC PA3THYHS MEXKY H30-
JIATaMU, BUPYJIEHTHBIMU K Ae. speltoides, TBepnoit (1. durum)
u marko#t (7. aestivum) TIIEHAUIIE, YTO MOATBEPIKIACT TUBEP-
TEHTHOE pa3BHTHE MATOreHa B paMKax pa3HbIX (HIOreHETH-
YeCKUX JIMHUH pacTeHnii-xo3sgeB (Ordofiez, Kolmer, 2007; Liu
etal., 2014).

M3BecTHO, 4YTO [Jis YCHEUIHOM T€HETHYECKOW 3allluThl
MMIICHUIBl TpeOyeTcs pa3HooOpasue COPTOB C Pa3TMYHBIMHU
reHamMu ycroWdmBoctu (Lr-reHamu) K Bo30Oyaurento Oypoid
pkaBunnsbl (Gultyaeva et al., 2021).

OyHIaMeHTalbHBIE HCCICIOBaHUS BUPYICHTHOCTH BO3-
Oynutens Oypoil pykaBumHbl, mpoBoaumble Cereal Disease
Laboratory B CIIIA (mrar Munnecora) ¢ 1930 roma, mo3Bo-
JIWIA BBIIBUTH TPYIIIBI MOMYJISAIHN, HOPMHPOBAHUE KOTOPBIX
OBUIO MPOJMKTOBAHO TEHETHUYECKH Ppa3IMYaIOIIUMHUCS TI0
YCTOWYMBOCTH K Oypoii prkaBUrHE BBIPAIIBAEMBIMA COPTAMHU.
CxoznHast nH(pOpMaNXs I POCCUHCKUX TOIYIISLUA BO30YIH-
Tens Oypoi pkaBumHbl monydena B BU3P B 2000-2020 rr.
(Gultyaeva et al., 2020). Ha ocHOBaHWH TTPOBEICHHBIX HCCIIE-
JIOBaHUIl ¢ UCMONB30BaHMeM 52-x Lr-munmii (Lri—Lr52) Bo
Bcex pernoHax Poccum BeIABICHBI HanOoee 3¢ EeKTHBHEBIE K
BO30yuTENMO Oypoil prkaBUMHE TeHBI, K KOTOPHIM OTHOCSTCS
Lr24, Lr28, Lr29, Lr39 (Lr41) u Lr47 (I'ynsrsieBa, bapaHosa,
2010; I'ymersiesa, 2018).

Ha teppuropun P® Opumn nuddepeHunpoBansl yeTsipe
W30JIMPOBAaHHbIE MOMYJSIMUA Tpuda: eBpomneickas, 3amaji-
HOAa3MaTCKasl, KaBKa3CKas W JanbHeBocTouHas (Mruxaiinosa,
Bacunbes, 1985; MuxaiinoBa, 1995; Copokuna u ap., 1990;
Muxaitnosa, 2006; I'yasrsieBa, Anmarsea, 2011; KoBanenko
u ap., 2012). B pesynbrare MHOronerHero usyuenus (2000—
2015) BOIKCKOW MOMYJISIIMK BO3OyAUTENS Oypoil prKaBYMHBI
OBLIO YCTaHOBIICHO, YTO OHA MMea OOJIbIIee CXOICTBO C IIECH-
TPaJbHOEBPOIEHCKOM, UeM C 3araJH0a3uaTCKoON nmomysuuei
narorerna (Gultyaeva et al., 2020).

CornacHO MHOTOJICTHHM HCCIEOBAHUAM, IIPOBOTUMBIM B
®AHI] IOro-Bocroka (. CaparoB) B 1aboparopuu UMMYHH-
TeTa PaCcTCHUH, BUPYJICHTHOCTh HIDKHEBOJDKCKOM MOITYIISIIIAN
P triticina ¢ xaxapIM romoM TONBKO Bo3pacrtaet (VBaHOBa,
Mapxkenosa, 2011; Konbkosa, 2018). B pernone nabmtonaer-
cs 3aHOoC MHQekmu u3 3amaxHoit EBpomer, Cpenneit Azum,
CesepHoro Kaskaza (MuxaiinoBa, 1996), u3 peciyonuku Ka-
3axctad (Gultyaeva et al., 2018). CiegyeT oTMETHUTh, YTO B
uccienoBannax E.W. I'ymerseBoit ¢ coaBropamu (Gultyaeva
et al., 2018) oOHaApPYKEHO CXONCTBO POCCUHCKUX HU30JIATOB M3
3aIaHO-a3uaTCKOTO PETHOHA C CEBEPO-Ka3aXCTaHCKUMH M30-
JSATaMA NOMYJISIUN Tpuoda.



10 bapanosa O.A., Muponenxo H.B., Konvkosa 3.A. / Becmuux 3awumol pacmenuit, 2026, 109(1), c. 5-28

B pesynbrare ucronp30BaHus yCTOWYMBBIX K Oypoil pkas-
YHHE COPTOB, a TAK)KE MYyTalMii TEHOB BUPYJICHTHOCTH Tpubda,
B NOMyJsIUK P. triticina HaYMHAIOT HAKAIUTMBATHCS HOBBIC
BHpPYJICHTHBIE MATOTUIIBL. BereacTsue yero, MpoOUCXOIIT U3-
MEHEHHS B CTPYKTypE IMOIMYIALNH MIaTOreHa, MPUBOASIIINE K
MOTepe YCTOHYMBOCTH K Oypoil p>KaBYMHE COPTAMH IMIIESHHIIBI
(BanoBa, Mapxkenosa, 2011; Banosa, 2013).

Haubonee pacnpocTpaHeHHBIMU F€HaMU B COpTaxX poCCUii-
CKOH 1 3apyOexHO# cenekiuu apistorcst Lr9 u Lrl9. Ten Lr9
JIO HEIaBHETO BPEMEHHU ObUI OTHUM M3 caMbIX 3()(EKTHBHBIX
B P®, ogHako mMpoKoe BO3/EIBIBAHUE COPTOB — HOCUTENEH
atoro rea B 3anagHoit CuOupy 1 Ha Ypalie IpUBENIO K yTpaTe
ero apexruBHOCTH (MemikoBa u jip., 2008). Ho oH coxpanuin
3¢ dexTuBHOCTE Ha Tepputopun [loBomkbs. ['en Lr]9 yacTnd-
HO ytpatui 3¢ ¢exTuBHOCTh B [l0BOKBE M3-32 MaccOBOrO
BBIPALIMBAHNS COPTOB, 3AIIMIIEHHBIX 3TUM TeHoM (Cubuke-
eB, Kpymnnos, 2007; KoBanenko u ap., 2012; KonskoBa, 2018).
OpHako CTOUT OTMETUTH () (eKTUBHOCT TeHa Lrl9 mpu ero
WCIIOJIb30BaHWHU B KOMOWHAIMHK ¢ reHamu Lr26 nnm Lr37 (Cu-
Oukees u np., 2011, I'yasrsesa u gp., 2020).

B xonne 20-ro cronmetust Ha Teppuropuu CapaToBcKoH
obmactu B monynsuu P, triticina OblTi 0OHApY)KEHBI paHee
OTCYTCTBOBAaBIINE BHUPYJIEHTHbIE Harotunsl — ppl9, pp23,
pp24 (Mapxkenosa, 2007), B To BpeMsl Kak Ha BCel OCTaTbHON
teppuropun Poccuu renst Lr9, Lrl19, Lr23 u Lr24 octaBa-
nuck dhdexruBabiMu (Beneneesa, 1981; Onunnosa, [lemya,
1984). Yacrora Bcrpeuaemoctu ppl9 B CaparoBckoii obnactu
nocturna 85.7 % B 2000-2006 rr. uccnenoanuit (Mapkenosa,
2007), a ¢ 2008 roxma ue mpessiana 60 % (VMsanoBa, Mapke-
noBa, 2011).

OpHako, JadbHEUIIMN aHAU3 CApaTOBCKOHM ITOMYIISIINH
Oypoii pxapumHbl B 2014-2018 TT. mokas3ai, 4TO TOJNBKO B
momyssimun 2014 1. OpuM 3apUKCHPOBAHBI M30JSTHI, BHPY-
JIeHTHBIe K nuHun Telrl9. B ocranbHble rofasl red Lrl9 Obin
3¢ eKTUBHBIM. BbUTH TakKe BBISBICHBI BHICOKOA()()EKTHBHbIE
B PErHOHE TeHBI M KOMOWHAIMH TeHOB Lrdl, Lr42, Lr43+24,
Lr47, Lr53 (Konbkoga, 2018).

B wmccrienoBaHUAX BUPYJIEHTHOCTH CapaTOBCKOM IOIYJIs-
nuuu P, triticina I'ynsrsaeBoit E.U. ¢ coaBropamu (2020) B 2017
un 2018 rr. Oputa ycTaHoBIeHa 3PQPEKTUBHOCTH TeHOB Lr9,
Lr24, Lr28, Lr29, Lr39, Lr42, Lr45, Lr47, Lr50, Lr51, Lr53,
Lr6Agi. YactoTa BCTpEYaeMOCTH U30JISITOB, BUPYJIEHTHBIX K
nuuuu TcLrl9, e npessimana 20 %.

ITpn mocnemyromux MCCICAOBAHUSAX BHPYICHTHOCTH Ca-
PaTOBCKOM MOMyJsIMK BO30ynuTens P, triticina, MIpOBOJMMBIX
B 2017-2019 rr, reust Lr4l, Lr42, Lr43+24, Lr53 npomoin-
JKaJll IEMOHCTPHUPOBATh CBOIO 3¢ dekTuBHOCTh. OnHAKO Cile-
JIyeT TOAYEPKHYTh, YTO B CapaToBCKUX momyisamusax 2018 u
2019 rr. 6bUIM OTMEYEHBI HOBBIE BUPYJIEHTHBIC U30JISATHI pp47
(CubuxkeeB u ap., 2020). Torma kak B ycioBusix TarapcraHa,
K NpHUMeEpY, BUPYJICHTHBIX MATOTUIIOB Ha TeH Lr47 He ObuIo
BBISBIICHO (AcXaay/uiuH U ap., 2023).

Ha teppuropun Pecrryonuku Tarapctan BBEICOKOH dddek-
TUBHOCTBIO XapakTepu3ytoTcs reHsl Lrl19, Lr38, Lr47, Lr49,
LrAg(i) n LrKu. BaxxHo oTMeTHTb, 9TO 3(h(hEeKTHUBHOCTE TeHA
Lr19 noBelmaercs B KOMOMHAUMsAX ¢ reHamu Lr26, Lr23,
Lri4aw LrBz (Acxamynmus u ap., 2023).

Jnst pa3paboTku 3QQeKTHBHOW CTpaTeruu CEeNeKINOH-
HBIX TPOTPaMM B PETHOHAX HEOOXOAMMO HM3ydYCHHE PacOBO-
ro cocrtaBa Bo3Oyaurenst P. friticina i AMHAMUKU BUPYJIECHT-
HOCTH TOMymAUuH. B pesymprate Murpamuu ypenuHHOCIOP

BO30yHTENsT BO3BMOXKHO IOSIBJIEHHE HOBBIX (DEHOTHIIOB, HE
XapakTEepHBIX I MECTHBIX momyisiiuid (I'ymersea, 2018).

B niepuon ¢ 2000 o 2017 rr., HabIFOAI0CH BApPHUPOBAHUE
pa3Ho00pa3usl HIKHEBOJDKCKUX MOMYISIIA Bo3OyauTens Oy-
poit pxasunHbl 1o Togam (I'yneraesa, 2018; I'ynprsesa u 1p.,
2020). B pesynsrare nccienoBaHnil TOKa3aHa BBICOKAs Tpe-
craBneHHOCTH peroturioB FGTTT, RGTTT, TGTTS, TGTTT
B oTAenbHbIe Tonbl. B 2013 . B nmonynsitiuu P. triticina Boep-
BEIc OBLTH OOHAPYKEHBI H30JIATHI BUPYICHTHBIC K Lr9 (heHo-
tunn TQTTR). B 2017 1. B capaTtoBckoii MOMyIAIUK ITaTOT€HA
osuta BeimeneHs! eHotunel MHTKH, TGTTT, THTTR, a B
2018 . — TGTTT u THTTR. Croutr oTMeTHTB, 4TO ()EHOTHII
THTTR o0HapyxuBaeTcsi MpakTUYECKH €KETOOHO Ha BCEH
teppuropun Poccun (I'yasrseBa u np., 2020). Bapsuposanue
npencrasiaeHHoctn penoruna TGTTT B capaTtoBckoil momy-
JSIIMU TI0 TOAAM HCCIIEN0BaHUM, BO3MOXHO, OOBSCHSIET pas-
HYIO CTETIeHb HOPaKEHHOCTH copToB ¢ TeHoM L7/ 9 (I'ynbprseBa
u ap., 2017, 2020).

B pesynbrare u3ydeHns: CpeIHEBOIDKCKON CyOIOMyIISINN
P. triticina Taxxe OOHApYKEHO CYIIECTBEHHOE BapbHUpOBa-
HUe €€ pa3sHoOoOpasus IO rogaM HcciieaoBaHuNA. DEHOTHUIIBI
PGTTT, TGTTT, MGTTT, MGTKT u npyrue BupyieHTHbIE
K Lr19 ¢ pa3HOi 4acTOTON NMPEICTABICHHOCTH BBIABIISUINCH B
peruoHe exerogHo. ExxeronHo BcTpedanucy GEHOTHUIIBI TPyII-
mel T. C 2010 . B CpEAHEBODKCKUX CYOTOMYIIAUIX HaOII0-
Janack 3aMeHa ¢eHoturoB rpynmnsl F Ha derotunsr M u P
(T'ynbrsiesa, 2018).

B pernoHanbHBIX CENEKIMOHHBIX yupexaeHusx IloBom-
KbsI CEJICKIMS Ha yCTOHYMBOCTh K Oypod piKaBUMHE ycCHell-
HO TIpoBOAUTCS ¢ 70-X TOIOB MPONLIOTO CTONEeTHs. MHorue
copTa, BO3/IeJIbIBaEMbIe B PETHOHE, UMEIOT pacocrenudude-
CKYIO YCTOHYMBOCTD M 3allMIICHBI OJMroreHamu. ViameHneHue
TIOMYJISIN PACTEHHUSA-XO35MHA B CTOPOHY YBEIWYEHHS 4YHC-
JICHHOCTH YCTOWYMBBIX (OPM IPHUBOJHUT K OTBETHOMY OTOOPY
BUPYJIEHTHBIX (opM (HOBBIX pac) B MOMYJSIIUSX MaToreHa.
CoriacHo McCIIeJOBaHUSIM Psifia aBTOPOB, Ha Tepputopun Poc-
cur OonbIIas 4acTh Lr-TeHOB B KOMMEPYECKHX COpTax MOTe-
psna coro addexruBHocTs (Leonova et al., 2020; Gultyaeva
et al., 2021). [IpoBemeHme mnepMaHEHTHOTO MOHHTOPHHIA
nomyJsiuid Bo30yaurenst Oypod pKaBUMHBI, a TaKkXKe I'eHe-
TUYECKOTO Pa3HOOOpa3usi HOBBIX COPTOB M IEPCIEKTHBHOIO
Marepuasa IIEHHUIB! TT03BOJISET OLIEHUTh ANHAMUKY M3MEH-
YUBOCTHU CTPYKTYPBI IIATOTCHA U OLIEHUTh CUTYAIHIO ¢ Oypoi
PKaBUMHOM B MOCIEYIOMINHA IEPHOA.

B naboparopuu reneruxu u ruronorun @AHII Oro-Boc-
TOKa BEAETCSI MHOTOJICTHSISL paboTa M0 CO3JaHUI0 MOYTH H30-
TeHHBIX JIMHUH Ha OCHOBE caparoBCKHX muieHun. Co3naHsl
JIMHUY C PA3INYHBIMH KOMOMHAIMAMHI T€HOB yCTOHYHBOCTH
K Oypoit pxaBunne Lrl9+Lr26, Lri19+Lr37. Ilonyuens! ce-
pUY JUHUM, YCTOWYMBBIX K MECTHBIM MONYJISAUUAIM Puccinia
triticina u Erysiphe graminis. Co31aHbl TpaHCIoOKarus 7Age
— 7D ¢ reHamMH YCTOIYMBOCTH K BO30yaHTeNI0 Oypoil pxKaB-
YHHBI, @ TAK)KE OPUTMHAIBHBIE 3aMEICHUS] XPOMOCOM MSTKOH
MIIEHUIBI XpOMOcOMaMH TibIpest yanmuHeHHoro 3Age (3D),
3Age (3B) (Cubukees u ap., 2018).

Crenyer nMoquepKHyTh, YTO, HECMOTPSI Ha BHYIIUTEIbHBIN
00BbeM IIepeHOCOB B TeHO(OH T MATKON MIICHAIBI MEKBUIOBO-
TO ¥ YyXXEPOIHOI'0 FeHHOr0 MaTepHaia ¢ FeHETHYECKUMH Jie-
TEPMHHAHTAMH yCTOHYMBOCTH K Oypoi p)KaBU4MHE, OHU TTOKa
PEIKO YCTIEHIHO UCIIONIB3YIOTCS B KoMMepueckux copTax (Cu-
Oukees u 1p., 2018).
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Ha teppuropun Cpennero I[loBomkbsi B NpPOU3BOJACTBE
UCTONB3YIOTCSI COpPTa APOBOM MSTKOW MIIEHUIBI, KOTOPHIE
cozxepxar dQQeKTHBHBIE B PErOHE T'eHbl YCTOWYNBOCTH K P,
triticina: Lr9, Lr13, Lr19, Lr23, Lr24, Lr25, Lr31, L36, Lr37,
Lr38, Lr39, LrAg2. bonpline miaomagy NOCEBOB B PETUOHE
3aHUMAIOT COPTA IPOBOM MATKOM muIeHuIsl: TynalikoBckas-1,
TymaiikoBckast crennasi, [Tupamuna (ren Lr23); Tymaiikos-
ckag-108, Dxana-6, Okana-113, Bonroypanbckas, Camcap,
Omus, (ren Lr19); TynaiikoBckas-5, TymaiikoBckas-10, Ty-
nmaiikoBckas 3omotucTas, TymaiikoBckas-100, Tymaikos-
ckas-110 (ren LrAg2, pesynbrar 3amernenus 6D Ha 6] xpo-
mocomy Thinopyrum intermedium (Host) (Salina et al., 2015;
CrokoB 1 1p., 2018).

B Camapckom HUMCX B cenekmuro 03uMoN MATKOH Tie-
HULBl NPUBJIEKAIOTCS AOHOPBI TeHoB Lr3, Lr9, Lri0, Lr26,
Lr34, Lr39(41). B ckpemnBaHUSIX aKTUBHO MCIOJIB3YIOTCS
copTa sipoBoi Msrkod mmieHuisl TynaiikoBckas 3010THCTast
n TynaiikoBckas 10, KOTOpBIE SBISAIOTCS JOHOPAMHU 3aMEIIEH-
HOH XpOMOCOMBI TIBIpest MPOMEKYTOUHOTO 6Agi2 (JlomKkeHko
u np., 2022).

Wnenrnduxanus renor ycroitunBocty k 6ypoii pkaBunHe
B HOBBIX COpPTax O3UMOH MATKOH MIIEHUIBI TIOKa3aaa OTCYT-
CTBHE B X reHorurne 3pQekTuBHBIX Lr-reHoB. OHaKko HE0O-
XOIUMO OTMETHTH, YTO YOBIETBOPUTENIBEHBINA YPOBEHB 3allH-
TBHI O3UMOH MSTKOH IIEHHIBI K Oypoil prkaBYMHE MO3BOJISIET
obecrieunTs reH Lr34 B KOMOMHAIMAX ¢ MaJIod(HEKTHBHBIMA
TeHaMH I0BEHWIBbHOU ycToituuBoctu Lr3, Lri0 u Lr26, xoto-
pBII MIUPOKO NMPEACTABICH B T€HOTHIAX U3yYEHHBIX COPTO-
o6pasoB (I'ynersesa u np., 2022).

HecMoTpst Ha akTHBHYIO CEIEKIIMOHHYIO pabOoTy, IPOBOJIH-
MYIO B Pa3NM4YHBIX Toukax [10BOIKBs, pazHOOOpa3ue COpToB
10 TeHaM YCTOHYMBOCTH K Oypod piKaBUMHE HEIOCTaTOY-
Hoe. OTMeuaeTcd BapbHUPOBAHUE COPTOB MSATKOM MIIEHUIIBI
OT YCTOMYMBBIX K TAaTOTeHy J10 BocnpuuMumBbIX (KoHbKOBa,
2018).

Kearas naTHUCTOCTD (MMpPeHOdoOpo3)

JKenras mATHUCTOCTD, WM MUPEHOPOPO3 — IKOHOMHYE-
CKHM BayKHOE 3a00JICBaHHE MIIEHUIBI BO BCEM MHpE, BKIIOYast
[MoBomxre. Bo3Oymutens Oone3HH — acKOMHUIICTHBIA TPHO
Pyrenophora tritici-repentis (Drechslera tritici-repentis). [ pn0
obnazaeT GOMBIINM NOTEHIINATIOM I'€HETHIECKOH N3MEHIHBO-
CTH, Pa3MHOXKAETCs ITOJIOBBIM ITyTEM C 00pa30BaHNUEM IICEBJIO0-
TEIMEB C aCKOCIIOpaMu M OecHoyIbIM — KOHUAWAMHE. [laToren

COXpaHseTCs Ha 3apaKEHHOW COJIOME B BUJI€ MULIENUS U IJIO-
JIOBBIX Tell. Monoasle IpOpPOCTKU O3MMOM MIIEHHIBI 3apa-
JKATCA BECHOM aCKOCIOpaMH, KOTOPBIE «BBICTPEIIUBAKOTCS
3peNbIMU NICEBAOTELUAMU. J{OMONTHUTEIbHBIMI HCTOYHUKAMU
WH(EKINH SBIIOTCS 3apaKeHHbIE CEMEHA M KOHHJIUH C 3apa-
JKEHHBIX OCTaTKOB KYJIBTYphI MPEABIAYILEr0 BEreTallHOHHOIO
C€30Ha WX AUKOPACTYIIHUX 3/1aKOB, KOTOPBIE TAKXKe SBIISIOTCS
xo3sieBaMu ISt P. tritici-repentis. 3aboleBaHNE TPOSIBISETCS
B BUJE IISITEH HA JIUCTHAX HIIeHUIbl. CHauana MOSBISIOTCS
OKpPYTJIbIE CBETJIO-KOPUYHEBBIE MATHA, KOTOPhIE CO BPEMEHEM
YBEIMUYUBAIOTCS, NMPHOOPETAIOT TEMHO-KOPUYHEBBIN IBET H
KENTYIO KaliMy, HallOMHMHAs «IIa3a». B TeueHue BereranuoH-
HOTO CE30HA Ha IATHAX 00pa3yloTcst KOHU/MH, KOTOPBIE JIETKO
MEPEHOCSTCA BETPOM U JIOKAEM Ha APYrHe PACTEHHUS, TAKKE
BBI3bIBast OOJIC3Hb.

Ha BpenoHOCHOCTB XeNnTOH MATHUCTOCTH BIMAIOT B MEp-
BYIO OU€pelb FEHOTUI PACTEHUSA-X034MHA U PACOBBIN COCTaB
TIOMTYJISIIIK BO3OYUTEIIs, & TaKXKe WHBIE (PaKTOPBI, TaKHe KaK
COCTaB TOYBBI, KIMMAaTHYECKUE YCIOBUS M HCIIOIb30BAHUE
arporexHu4Yeckux npuemMos. [IposBieHue Gone3Hu Ha ypoB-
He Snu(UTOTHH HaOIIOAaeTCsl NEPHOIMUECKH B PA3HBIX 3€p-
HOCEIOIUX PErHOHAX U MPHUBOAUT K IoTepe ypoxkas 10 65 %
(Hirrell et al.,1990; Rees et al., 1982) u yxyameHuro kauecTsa
3epHa (Ciuffetti et al., 1997).

Xo3suH-crienn(uIHbIe TOKCUHBI P, tritici-repentis, Ha3bl-
BaeMble Takxke dpdexropamu, — PtrToxA, PtrToxB u PtrToxC,
HHAYLUPYIOLINE HEKPO3 U XJIOPO3 HA JIUCTBSIX BOCHPUUMYHU-
BBIX COPTOB IIIIEHHUIBI, OTHOCAT K (PaKTOpaMm NMaTOTeHHOCTH.
IMatocucrema «mmenuna — P. tritici-repentis» BCECTOPOHHE
akTHBHO m3ydaercs 6omnee 30 ner. [Tomymsiuu sToro marore-
Ha m3y4anu Kak B Poccun, Tak u 3a pyOe oM 1O IpH3HaKaM
BupyneHTHOoCcTH (MuxaiinoBa u ap., 2015), o Hamuuuro re-
HOB T0xA u ToxB, xonupytouux Tokcubl PtrToxA u PtrToxB
(Muponenko u 1p., 2015, 2019, 2024a) 1 10 MOJIEKYISIPHBIM
Mmapkepam — RAPD (Mironenko et al., 2007) u SSR (Gurung et
al., 2013; Mironenko et al., 2016).

Pacr1 P, tritici-repentis uIeHTH(GUIUPYIOT IO CHOCOOHOCTH
W30JSITOB  TIAaTOTE€Ha IPOAYIHPOBATh XO3IWH-CHEIU(PUIHbIE
tokcuHbl — PtrToxA, PtrToxB u PtrToxC, unayumpyromue
CHUMITTOMBI HEKpO3a WM XJIOpo3a Ha JINCTBSIX JIMHUHA/COPTOB
mddepeHnnaTopoB mueHUNbl. B HacTosmee BpeMst puHsTA
cucrema u3 8 pac (tabdm. 1). Bee pacsl 3apaxaror copt TBeproi
muennisl Coulter ¢ 0Opa3oBaHueM HEKPO3a W HE BBHI3BIBAIOT

Taonmua 1. Onucanue pac Pyrenophora tritici-repentis (mo Ramos et al., 2024, ¢ ©3MCHEHUSAMH )

Table 1. Description of Pyrenophora tritici-repentis races (modified from Ramos et al., 2024)

Homep O0o3HaYeHHEe TOKCHHOB, Jlunuu/copta nudpppeHnHaToOpoB ¢ OTBETHHIMH PeaKIUSIMHU HA 3apakeHue
pacol/ NPOIyHPYEMBIX pacoii OTAeJbHBIMHU pacaMu
Race Identification of toxins produced Lines/varieties of differentiators with responses to infection by individual races
number by the race Hexkpos / Necrosis Xnopos / Chlorosis
1 Ptr ToxA, Ptr ToxC Glenlea, Katepwa 6B365
2 Ptr ToxA Glenlea, Katepwa -
3 Ptr ToxC -k 6B365
4 HET - -
5 Ptr ToxB - Katepwa, 6B662
6 Ptr ToxB, Ptr ToxC - Katepwa, 6B662, 6B365
7 Ptr ToxA, Ptr ToxB Glenlea, Katepwa Katepwa, 6B662
8 Ptr ToxA, Ptr ToxB, Ptr ToxC Glenlea, Katepwa Katepwa, 6B662, 6B365

* OTCYTCTBHE CHMIITOMA HEKPO3a WK XJIOPO3a.
* Absence of symptoms of necrosis or chlorosis.
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CHUMIITOMOB Ha COpTE MATKOH MIIeHUIBI Salamouni 1 oOpasiie
TBepao mmeHnnsl 4B1149 (Ramos et al., 2024).

Bcero y mimeHuIsl HACHTU(UITUPOBAHO M KAPTHPOBAHO
BOCEMb T'€HOB, aCCOIIMHMPOBAHHBIX C IPH3HAKOM €€ yCTOU-
YUBOCTH K BO3OYIUTEINIO JKEITON MATHUCTOCTU. B mporecce
X OOHapyKCHHs aBTOPHI JaBajil pa3HbIC HA3BaHUS OIHUM
W TE€M JX€ TeHaM: IOMUHAHTHBIC T€HBl UyBCTBUTEIFHOCTH K
OTOCIIBbHBIM TOKCHHAM HWJIAU BOCHpI/II/IM‘II/IBOCTI/I K H30JI1TaM,
MPOIYIHPYIOMIMNM STH TOKCHHEI. PellecCHBHBIC alield 3THX
K€ TEHOB Ha3BbIBAIM PEIICCCHBHBIMH T€HAMH YCTOHYHMBOCTH.

UroObl yHHUHUIIPOBATh 0003HAYEHUS STHX TeHOB B 2013 T
uM OBLT IPUCBOEH cuMBOJ 157 (tan spot resistance) (Mclntosh
et al., 2013). Cemb TeHOB 00eCrIeUnBaIOT pacocnenupuIHyo
BOCHPHUMYHBOCTE/yCTOMYMBOCTD, 2 BOCBMOI — TeH 1577 OT-
HECEH K JJOMMHAHTHBIM F'€HaM YCTOWYHMBOCTH, KOHTPOJIHUPYIO-
MM YCTOWYHMBOCTh K YETHIPEM PA3IMYHBIM pacaM IaToreHa
(tabm. 2). KpomMe OCHOBHBIX T€HOB BOCTIPHIMYHBOCTH/YCTOH-
YMBOCTH K BO3OYAMTEIIO KENTOW MATHUCTOCTH U3BECTHO 0O-
siee 100 JI0KyCcOB KOMMYECTBEHHBIX PU3HAKOB YCTOMYHBOCTH,
Tak Ha3eiBaeMbix QTL (0030p Faris et al., 2013).

Taoauua 2. [eHpl BOCIPUUMYNBOCTH, PEIIECCHBHON U JOMHUHAHTHOM YCTOMYMBOCTH K Pyrenophora tritici-repentis
(mo Ramos et al., 2024, ¢ 3MeHEHUSIMU)

Table 2. Genes of susceptibility, recessive and dominant resistance to Pyrenophora tritici-repentis
(modified from Ramos et al., 2024)

I'en Pacel narorena
The gene Races of the pathogen

DyHKIUS FeHa
The function of the gene

Tsnl (=Tsrl)

Tsn2 (=T512)

............. B (<Tys) | My

........... Bn3(=0r3)

........... Bnd (=Brd)

........... Bn6 (=15r6) | S
tsn2 (=tsr2) 3.5

tsnS (=tsr5)

JloMUHaHTHBII T'eH BOCIPHUMYHBOCTH/9yBCTBUTENBHOCTH K Ptr ToxA

Dominant gene of susceptibility/sensitivity to Ptr ToxA

PeneccuBnblii reH ycroifuuBoctu k Ptr ToxA
Recessive gene of resistance to Ptr ToxA

JIOMUHAHTHBII T€H BOCTIPHMMYHBOCTH/9yBCTBUTENbHOCTH K Ptr ToxB

Dominant gene of susceptibility/sensitivity to Ptr ToxB

JloMUHaHTHBII TeH BOCIPUUMYUBOCTH/9yBCTBUTENBEHOCTH K Ptr ToxC

Dominant gene of susceptibility/sensitivity to Ptr ToxC

I'eHBI BOCIPHUMYHBOCTH/9yBCTBUTEIEHOCTH
Genes of susceptibility/sensitivity

PelteccuBHbBIE TE€HBI YCTOWIUBOCTH
Recessive genes of resistance

)IOMI/IHaHTHbII/I I'CH YCTOUYUBOCTHU
Dominant gene of resistance

B Poccuiickoii @enepanuu sxenras ISITHUCTOCTh BIIEPBbIE
obuta oOHapyxeHna Ha Ceeprom Kakasze B 1985 1. (I'panun
u np., 1989), 3arem 60se3HL pacpoOCTPAHUIACH TIO TEPPUTO-
puu Kpacnogapckoro n CTaBpomosibekoro kpaeB (AHAPOHOBA,
2001) u B nenom Ceepo-Kaskasckoro pernona (Kpemuesa,
Bonkoga, 2007). OqHaxo B I0XKHBIX pETHOHAX HAaIleW CTpaHbI
He OBbLJIO OTMEYEHO BCIIBIIIEK 3TOit Oone3nu. Jpyras curyanms
Habmomaercs B ycioBusix Huxaero IloBomkes (CapaToBckast
001.). 3neck ¢ 2000 r. oTMe4aeTCsi MacCOBOE paclpocTpaHe-
HUE U CUJIBHOC Pa3BUTHC 60J'I63HI/I BIIJIOTH A0 ypOBHeﬁ OIIU-
¢uroruit (Mapkenosa u ap., 2012). Tak, B 2018 . B Caparos-
CKOM 00JacTH AMU(DHUTOTHIO JKEITOW MATHHCTOCTH OICHHIN
KaK CpeqHIOI (TOpaXeHHWE PACTeHHUH MIIEHHUIB! JOCTHralo
30-40%), a B 2019 1. — kak clIbHYIO (TIOPAXKEHUE TOCTUTAIIO
80%) (KonbkoBa, JIsmesa, 2020). JlanHas cUTyanus HHTepec-
Ha TEM, 4YTO O3TH I'OJbI 6I)IJ'II/I 3aCyllJIMBBIMU B HOBOH)KBC, C MU-
HUMAaJIbBHBIM BBIIIAICHUEM OCAaJIKOB. Tem He MCHEEC, OTOT (baKT
HE TOBIMAT Ha pa3BuTHE Oone3Hu. J[aHHOE ABICHHE MOXHO
O0OBSICHUTH CYIIECTBOBAHMEM B MOMYNSIUAX P, tritici-repentis
H30JIATOB, OTIIMYAOIINXCS aAallITUBHBIMHA CBOﬁCTBaMH, II03BO-
JIAOIIUMHA BBDKUBATh B OKCTPEMAJIBHBIX YCJIIOBUAX, U TCHOTHU-
[IOM COpPTOB, palloHMpPOBaHHbBIX B [10BOJIKbE, HECYIIIUX TE€HBI
BOCIIPUUMUYHUBOCTH K BO30OYAUTEIIO OOJIE3HH.

Hambonee mepcrieKTHBHBIN COBPEMEHHBIN METO YiIydIle-
HUSI CEJIeKIIMU MIIEHHUIBI Ha YCTOWYMBOCTh — OTOOp HCTOY-
HUKOB YCTOHYMBOCTH C MIOMOIIBIO MOJICKYJSIPHBIX MapKepOB,
CIEIUIEHHBIX C TeHaMH YyCTOHYMBOCTH/BOCIPHUMYUBOCTH.
Tokcun PtrToxA — ocHOBHOM (hakTop maroreHHOCTH P, tritici-
repentis (Strelkov, Lamari, 2003; Ciuffetti et al., 2010) — B3a-
HMOJICUCTBYET C MPOXYKTOM TI'€Ha BOCHPUUMYHUBOCTH 7T¥n/
(Faris et al., 2010), uTo BbIpa)kaeTcsi B OSBICHUN CUMIITOMOB
HEKpo3a Ha o0pasnax MIICHUIB, 00JaJaloIIiX 3TUM T€HOM.
I'en Tsnl xopo1io u3yueH, KIOHUPOBAH U JJIsl €r0 TUarHOCTH-
ku metonoM [1IIP B oOpa3max mmieHUIsl pa3padoTaHbl mpai-
mepsl (Faris et al., 2010; Nuzhnaya et al., 2023).

Bo BceMm Mupe npakTHKyeTCsl HeraTUBHasl CEJIEKILUSI MsT-
KO IIMIICHUIIBI TPOTHB JOMUHAHTHOU ajuienu reHa 7snl, cHu-
kKasi, TAKUM 00pa3oM, BEPOSITHOCTh OPAXKEHUsI COPTOB U30J1s1-
Tamu P, tritici-repentis, npogyuupyromumu Tokcud PtrToxA.
Ocobyro 3(h(heKTHBHOCTH 3TOT HOAXO AAaeT B PETHOHAX, TIe
B MOMYJALUSIX HaroreHa MnpeolsafialoT M30JSThI, MPOLYLH-
pytomue TokcuH PtrToxA, nampumep, B ABctpamuu (See et
al., 2018; See, Moffat, 2021). Kpome Toro, orcyrcreue Isnl
B COpTax HIICHUIBI yMEHBUIAET UX IOPAXKECHUE JIPYTUMHU
JIHcTOCTEOEIbHBIMI TTIaTOTeHaMu — Parastagonospora no-
dorum wu Bipolaris sorokiniana (Virdi et al., 2016; Liu et al.,
2015), xortopele, kak u Pyrenophora tritici-repentis, AMEIOT
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uaeHTuuHsle reusl JoxA. Ecnu natoren Parastagonospora no-
dorum cumtaercs «xo3suHoM» reHa ToxA, To B. sorokiniana
IpUOOpeIT 3TOT T'eH IyTeM IOpU30HTaIbHOTO nepeHoca (Mc-
Donald et al., 2018), taxxe kak Pyrenophora tritici-repentis
(Friesen et al., 2006). MHOrMMU HCCIIEOBaHUSIMH TIOKa3aHO,
YTO JUIsl TETPAIUIOWAHON MINEHUIIBI B3aumoaeicTeue T3nl u
PtrToxA He acconnupyeTcs ¢ pa3BUTHEM OOJIE3HH U 3aBHUCHT
ot renorumna xo3suna (Virdi et al., 2016; Chu et al., 2010; See
et al., 2020).

CrnemyeT OTMETHTh «IIONBOJHBIC KaMHM» HETaTHBHOU
cenieKy npotuB Isnl. B HEKOTOPBIX HCCIENOBaHUAX OT-
MeEUeHBI CIIyYaH, KOIZla COpTa HEUYBCTBUTEIBHBIE K TOKCHHY
PtrToxA u He uMeroMe JOMUHAHTHON ajienu Tsnl, BCE ke
MTOKA3ald BBICOKYIO CTEIEHb BOCIHPUUMYHMBOCTH K XKEMTOM
msatHucroct (Dinglasan et al., 2017). Y HaobopoTt, copTa He-
YyBCTBUTEIbHBIE K TOKCHHY UMEIOIINE TeHOTHII fsnlisnl oKa-
3aJIMCh BOCIIPUUMYMBBI K BO30YIUTEIIIO JKENITOH IS THUCTOCTH,
9T0 OOBSICHSAETCS CYIIECTBOBAHWEM IPYTUX HEHW3BECTHBIX
elle MHAYLUPYIOUUX HEKPO3 TOKCHHOB, IPOLYLUPYEMBIX
P. tritici-repentis.

C npyroii CTOpOHBI, B HONyIsiuuAx P. tritici-repentis ¢ BbI-
COKOM 4acTOTO# BCTpEYaroTCA M3O0JISIThI, KOTOPbIE, HECMOTPS
Ha IIPUCYTCTBHUE B HUX TeHa ToxA, He CIOCOOHBI 3apakarh CO-
pTa c AOMUHAHTHOH ajuiejieM TeHa BOCIPUUMUINBOCTH Tsnl. U,
Hao00pOT, BCTpeyaroTcst n30isIThl TOXA, He IpoAyIHpyoLIHe
TokcuH PtrToXA, HO COCOOHBIE 3apa)kaTh COpTa IMIICHHUIIBI
reHotuna tsnltsnl. OObSICHEHUEM JaHHBIX «IIPOTHBOPEUUI
B OTHOIICHUSIX “ToxA-Tsn1” MOTYT CITy’KUTb IBE TUIIOTE3HIL: 1)
reHsl 3P (EKTOPOB MOTYT MOABEPTaThCS CYIPECCHH B PE3YiIb-
TaTe aKTHBHOCTH TPAHCIIO30HOB TpHba B MPOIECCe KOIOHH-
3aruu pactenus (Fouche et al., 2021) u He 3KcHpeccHpoBaTh-
Csl TIPH 3apaKCHWW PACTEHHUS M 2) B M30JIATaX CYIIECTBYIOT
JIpyTue UHIYLUPYIOIIUE HEKPO3 TOKCUHBI, KPOME U3BECTHOTO
PtrToxA, KOTOpPBIM COOTBETCTBYIOT HEHW3BECTHBIC €Ie TCHBI
BOCIIPHUMYHUBOCTH B FeHOME MILICHUIBI. B 3TOM HarpaBneHnn
Ha4yaThl MOJIEKYJISIPHO-TEHETUICCKIE HCCIEIOBAHMS 110 UACH-
TU(QUKAIMA HOBBIX I'€HETHYECKHX JIOKYCOB BUPYJICHTHOCTH
P. tritici-repentis. BbIsIBIIEH HOBBII JIOKYC BUPYJIIEHTHOCTH Vi-
rOslerl, KOTOPBIA KapTUPOBaH Ha BTOPOH XpomMocome Tpuda,
00yCITaBIMBAIONTNI BUPYJIEHTHOCTh mTaMMa 86-124 x muHUN
mmrenutsl CDC-Osler (Guo et al., 2025).

Taxum 06pazoM, MOKHO yTBEP>KAATh, YTO B3aHMOOTHOIIIE-
HUS MapasuTa U XO3siMHA B marocucteMme «Iriticum aestivum
— Pyrenophora tritici-repentis», He yKIAQABIBAIOTCA B PAMKH
W3BECTHBIX OTHOIICHUH KOMIUIEMEHTApHBIX T€HOB BOCIIPUUM-
quBOCTH U 3 dexropoB — Tsnl/ToxA, Tsc2/ToxB u Tsc2/ToxC
TIO TUITY TeH-Ha-TeH «B 3PKaJIbHOM OTPaKCHUMU», T.€. HHBEPC-
HOMY THILY.

Cernekuus MPOTUB JOMUHAHTHBIX ajviesnei reHoB 15c2 u
Tscl Taxoke IpU3HASTCS MOJIE3HOM, TaK Kak copTa 0e3 3THX aj-
nenei OyayT B MEHbIIEH CTENICHN 3apa)kaThesl pacamu rpuoa,
npoxyuupytomuMu TokCHHBI PtrToxB u PtrToxC, naaymmpy-
IOIIME XJI0PO3 Ha BOCIPUUMYUBBIX copTax. OAHako, Mo mpu-
YHHE MaJOi PacHpOCTPAaHEHHOCTH H30JIATOB rpuda ¢ TeHOM
ToxB npakTU4YeCKHU BO BCEX PETMOHAX MHpPa U HEIOCTATOYHOU
H3yYEeHHOCTH BOTPOCA TCHETHUECKON IeTepMUHALINY CHHTE3a
TokcuHa PtrToxC, KOTOpBIH SBNISIETCS BTOPUYHBIM METa0O0IH-
TOM B OTIIMYHE OT JABYX JIPYTUX OEIKOBBIX TOKCHHOB, T€HBI
BOCIIpUUMYHUBOCTH 75¢2 u T5c] ObUIM M3ydeHBl B MEHbBIICH
creneHu. B HacTosmiee Bpemst 006a reHa kiioHHpoBaHbI (Run-
ning et al., personal commun., ur. mo Szabo-Hever et al.,

2023) u 6naronaps ucronb3oBanuio Metona GWAS (genome-
wide association studies) MOryT ObITh pa3pabOTaHbl MapKePbI
JJIsT UCIIOJIB30BAHUSA B MapKep-OpI/IeHTI/IpOBaHHOﬁ CCIICKIIUU
MUIIEHUIBl HA YCTOMYMBOCTb K W3osATaM P. tritici-repentis,
HHIyIUpyommM xyopo3 (Szabo-Hever et al., 2023).

He[[aBHO B TCTPAIJIONAHBIX U I'CKCAIJIOMAHBIX MIIICHUIIaAX
ObLT OOHAPYKEH TOMUHAHTHBIN TeH 7577, NeTepPMUHUPYFOIITHI
YCTOHYMBOCTh K YETHIPEM pacaM BO30YOHUTEINs KEITOW IIAT-
uwucroctu (Faris et al., 2020). [yns 3toro reHa Obutd paspa-
6otansl MonekyssipHble Mapkepsl THia STARP (semi-thermal
asymmetric reverse PCR). [ momcka HOBBIX MCTOYHHKOB
YCTOWYUBOCTH K P. tritici-repentis IPOBOMAT OIICHKY 00Pa3IioB
Ha IOBEHWJIBHYIO YCTOWYHMBOCTH B JIAOOPATOPHBIX YCIIOBHSIX
(Kosasrenko u nip., 2022; Muponenko u ap., 2023, 2024b) 1 na
«B3pOCIYI0» YCTOWYHMBOCTH B MOJEBHIX ycioBusx (Dinglasan
et al., 2016; Kremneva et al., 2021). Tak, B pabore KoxmeTo-
Boii A.M. ¢ coaBTOpamu ObITH OTOOpPaHbI 27 00pa3loB TIle-
HUIB! YCTOHYMBEIX K PtrToxA, KoTOpBIe Takke OBIIH yCTOM-
YMBBI B IMOJIEBBIX YCIOBHSX Ha CTaJWU B3POCIBIX PAaCTEHHH
(Kokhmetova et al., 2019).

OTMeueHBl CIy4ad OTCYTCTBHSI KOPPEISALUH YCTOWUH-
BOCTH OOpA3IOB IIIECHHIBI B FOBEHWJIBHOH (aze M cTaguu
B3pocinbix pactenuit (Dinglasan et al., 2016; Kokhmetova et
al., 2021; Kremneva et al., 2021). B moieBbIx omeHKax A0St
YCTOHYMBBIX COPTOB OOBIYHO CYIIECTBEHHO HIDKE, YeM B Jia-
6oparopubix (Mapkenosa, MBanosa, 2012). Tak, B moseBbsIxX
OIIbITaX, BBIMTOJHECHHBIX B YCJIOBUAX Hwxuero HOBOJ’[)KBH, u3
obmreit BeIOOpKH 6oee 1000 00pa3moB OBLTO BEISIBICHO TOJb-
KO0 4% BBICOKO YCTOMYMBBIX U 6% yMEpPEHHO YCTONYUBBIX
(Mapkenosa, lBanoBa, 2012). [Torck HCTOYHHUKOB yCTOHUH-
BOCTH K BO3OYIMTEIIO JKEJITOH IMATHUCTOCTH OCTACTCS aKTy-
QIBHBIM. VICTOYHMKM yCTOWYMBOCTH OBUTM HalAEHBI Cpean
00pa31oB MIIEHMIB U3 KOJUIEKIMH Bcepoccuiickoro MHCTH-
TyTa FeHETUYECKUX pecypcoB pacTeHuid um. H. 1. BaBuiosa
(BUP) (Dinglasan et al., 2019; Muponenko u np., 2024b) u
CTapOMECTHBIX COPTOB ITIIEHHIIB! M3 KOJUIEKIIMU MSATKOH ITIie-
nuusl CIMMYT u BUP (Gurung et al., 2011; MupoHeHko u
ap., 2023).

MyuHucrasi poca

MyuHucTass poca emie OJHa HIMPOKO paclpoCTpaHeH-
Hasl B 30HE BO3JEJIbIBAHMS MIICHHUIbI 00J€3Hb, BhI3bIBAEMast
CyM4aThIM Tpubom Blumeria graminis f. sp. tritici (CHHOHUM
Erysiphe graminis). bonesnp mnposiBiseTcs B BHIE 0enoro
MYYHHCTOTO HajleTa KOHMJHMH M KOHWJMEHOCIIEB CHadaia Ha
JIUCTBhSIX HWKHETO fIpyca, a 3aTeM Ha BCEM BETe€THPYIOIIEM
pacTeHNH BIUIOTH 70 (DIIArOBBIX JIUCTHEB U KOJIOCHEB B CTAIHIO
MOJIOUHOH crenocTd. K KOHIy BereTanuu pacTeHHs-X03suHa
Ha CTaperollleM MHLEIUH TOSBISIOTCS MEJNKHE TEeMHOOKpa-
LIEHHBIE TIJI00BbIC Tea (KJISHCTOTEN ), B KOTOPBIX CO3PEBa-
10T acKH ¢ ackocnopamu. I pud 3uMyeT B BHJIE KJICHCTOTEIHEB
Ha PacTUTEJIbHBIX OCTaTKaX WIIM B BUJIE MULEJIUS HAa BCXO/AX
03MMOM MIIEHHUIIBI ¥ Tafanuilbl. BecHolt ackocnopbl co3peBa-
10T W Pa3JeTaloTcs, CTAHOBSICH NEPBHYHBIM NCTOYHUKOM WH-
¢exnuu i HoBbIX noceBoB (Koiimpibaes, 2018). 3apaxenne
rpUOOM MPUBOAUT K CHUIKEHHIO (POTOCHHTE3a U YMEHBIIICHHIO
ACCUMWIALIMOHHOW TIOBEPXHOCTH JUCThEB. [loTepu ypoxast
Ha BOCIPHUMMUYHBBIX COpTax MOryT cocTaBisATh oT 10-40 mo
50% (Lalosevi¢ et al., 2022; Mapuranga et al., 2022). Myu-
HHUCTasi poca MOXKET pa3BUBAThCSA KaK HAa O3UMOM, Tak W Ha
SIPOBOH TIIEHUIIE Ha JIIOOBIX CTaausIX pocTa pacTeHud. Pac-
MIPOCTPaHEHHE [TATOT€Ha MOXKET IIPOUCXOUTh KaK KOHUIUSIMH
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Y MUIIEJIHEM, TaK ¥ aCKOCIIOpaMH. 3a BpeMsI BEreTallui MOXKET
passutbes ot 10 g0 20 reHeparyii KOHUIUATHHOTO CITIOPOHO-
HICHUS, TIPUYEM TPHO OTIMYAETCS BHICOKOM a/lamlTaIl[MOHHON
CHOCOOHOCTBIO K Pa3IMYHBIM KIMMAaTHUYECKUM YCIOBUSAM U
KpaifHel BpelOHOCHOCTHIO (AcXamay/utiH U 1p., 2022a).

MyyHuCTast poca MIIEHUIBI OTHOCHUTCS K YHCIY JKO-
HOMHMYECKH 3HA4MMBIX 3a00JIeBaHMH, YTO OOYCIIOBIMBAET
I00aNbHBIN MHTEpPEC K H3YYCHHIO YCTOHUYMBOCTH COPTOB,
uAeHTH(UKAIUK Pm TE€HOB W aHAIM3y IOIYJIALHUI Iarore-
Ha. I OIIEHKH €HeTHYECKOro pa3HooOpas3us M MaToreHHO-
ro NoTeHuuana B. graminis IMUPOKO MPUMEHSIOTCS METOJBL,
OCHOBaHHbBIC Ha aHanu3e BupyiaeHtHoctd u JIHK-mapkepax.
SIpkuM mpHMEpoOM TaKoro MOAXOAA SBIAETCS HCCIEOBaHHE
Liu u coaBropoB (2015), B xoTopoM Oblia MpoaHaIU3UPO-
BaHa BHpYJIEHTHOCTh W mosmmop¢usm ISSR nokycos y 109
H30JIATOB I'prba, MPEACTABIIIOMIUX MOMYISIHIO BO3OYIUTEISA
MY4YHHCTOH pocsl npoBuHIMK Chiuyans B Kurtae. beutu Beiie-
JICHBI JIBE TPYIIIBI U30JIATOB C BBICOKOM (92 n30maTa) M HU3KOH
(17) BupynentHoctsio. [TokaszaHo, 4To MHOTHE TE€HBI OTEPSI-
1 sddektuBHOCTh. [eH ycroiunBocti Pm21 6bu1 3ddex-
THBEH KO BCEM MOMYISAIusAM rpuda, a Pml3, Pm5b, Pm2+6
u PmXBD coxpanunu 3¢pdexruBHocts. B pesynsrare ISSR
aHa3a OBUTO BEISBIEHO OOJIBIIOE TEHETHYECKOE pa3HOOOpa-
3ue cpenu nonymsiuuii rpuda B Cerayanu (Liu et al., 2015).
IIpoananu3upoBaHa CTPyKTypa BUPYIEHTHOCTU U TEHETHYE-
CKoe pa3HooOpa3ue nonysiuuit B. graminis f. sp. tritici (Bgt),
BBIJICJICHHBIX U3 ceBepo-BocTouHOro (JIstonuH, XoimyHI3saH)
n ceBepo-3anagHoro (I'anscy) Kuras, Ha 37 coprax mimeHu-
I1BI, KQJKIBIH M3 KOTOPBIX HECET U3BECTHBII I'€H YCTOHYMBOCTH
K My4dHHCTOH poce (Pm). Ilokasano, uto Pm2] oGecrneunin
100 % ycTOHYMBOCTB KO BCEM M30JIATaM U3 BCEX TPEX IPOBHH-
Ui, B TO Bpemst kak Pmli3, Pml16, Pml8 n Pm22 noka3anu
YacTHYHYIO ycToitunBocTb. [lomymsiuu rpuba Oblm mpoana-
nu3upoBaHbl ¢ ucnons3oBaHneM EST-SSR mapxepos. [oxa-
3aHO, YTO MOMYJSIHUH U3 Pa3HBIX PETHOHOB AEMOHCTPHPYIOT
CUIIbHYIO TeHeTH4YecKyto nuddepenimanuto (Wu et al., 2019).
D¢ dexrnBHOCT TeHa Pm2 1 U1 KUTAHCKUX MOIYIIALUH 11aTo-
reHa OblTa TaK)Ke MOATBEpXkKAcHa B pabore Zhang ¢ coaBTOpa-
mu (Zhang et al., 2022).

OO6umpHOE MCCleTOBaHNE TOMYIIAINI BO30yAUTEN Myd-
HUCTOM POCHI U3 MHOTHX CTpaH MHpa, B ToM uucie u3 Poccun,
6but0 omyOnukoBano B 2022 1. rpynmnoi y4ensix (Kloppe et
al., 2022). [Tpu ananmu3ze 346 uzonsatoB B. graminis f. sp. tritici
U3 HECKOJIBKUX CTpaH OBUIM OIIEHEHBI YacTOTHI BUPYJICHT-
HOCTU. BBUIO MOKa3aHO, YTO MHOTHE U3 HCIOJb30BABIIUXCS
JUTUTENIEHOE BpeMst TeHOB Pm (Pmla—Pml7) notepsuia 3¢-
(exTrBHOCTH. MacmTabHOE HCCleOBaHWE BHPYJICHTHOCTH
B. graminis f. sp. tritici B Cepobun Ha 1013 n3omsatax rpuda
6but0 TpoBeneno B mepuon 1995-2013 rr. (LaloSevié et al.,
2022). Ha nabope u3 20 nunuii — nuddepeHnmaTopoB ¢ u3-
BECTHBIMH Pm TeHaMH YCTOHYMBOCTH K MYYHHCTOH poce
66110 MAEHTU(GUINPOBAHO 862 YHUKAJIBHBIX MATOTHIA TPUOA.
YacToTsl BUPYIACHTHOCTH Ut Pm6, Pm7 u Pm5+8 ObLH BBI-
COKHMMH B TeueHue 19-jeTHero nepuona. BrisBiaeHo OobIoe
KOJIMYECTBO TEHOB BUPYJICHTHOCTH Y U30JIATOB Iprda 1 00Jb-
II0€ TeHETHYEeCKOoe pa3HooOpa3ue MOy aToreHa, 4To
SBJISIETCSI HanOoJee BIMATENBHBIM (PaKTOPOM JUIsl BOSHUKHO-
BEHHMSI SMUPHUTOTHI MyYHHCTON POCHI.

VY nmreHUnsl B HaCTOSIIEE BpeMs MICHTU(GHIMPOBAaHO 92
amtenss B 62 nmokycax (Pml — Pm6)5), NeTepMUHHUPYIOIMINX
YCTOMUMBOCTE K MYUYHHUCTOH poce. bonee monoBuHBI reHOB

YCTOWYHMBOCTH K MyYHHCTOH POCE MPUBHECEHBI B TEHOM MSIT-
KOU MIIIEHUIBI OT POJICTBEHHBIX €il BUA0B U pojoB (Paguenko
u ap., 2020). K renam ycroitunBocTH pa3paboTaHBl MOJIEKY-
nspHble Mapkepbl. C UCHONB30BaHUEM MOJEKYISPHBIX Map-
KEpOB, B KUTAHCKHX COpTax ObUIM WACHTU(HUINPOBAHBI [CHBI
Pm3, Pm8, Pmi6 n Pm21 (Wu et al., 2021). B mpyrom uc-
CEJJOBaHUM B KOJUIEKIMHU U3 137 MUKUX BHUIOB MIIEHUIBI U
ATWJIOTICOB OBLTH UACHTU(DHUIIUPOBAHEI TeHbl P2, Pm4, Pmo6,
Pm58 u Pm68 (Wang et al., 2024). Cpenu HUX, TpH aJIems
Pm4 (Pm4a, Pm4b v Pm4f) Obinu naenTudunmpoBansi B 4 00-
pasuax 1. aestivum subsp. spelta. B aTom ncciaenoBanum ObUH
BBIJICICHB] 1ICHHBIE UCTOYHUKU YCTOMUMBOCTU K MYYHUCTOH
poce, HeoOXoAMMBIE A cenekuuu. Hemb3st 3a05I1BaTh, 4TO OT-
CYTCTBHE T€HETHUYECKOTO Pa3HOOOpa3usi, OMHOPOIHOCTh BO3-
JIeJIbIBAEMBIX COPTOB IO F€HaM YCTOWYMBOCTH K B. graminis
f. sp. tritici co3maeT ycnoBHs AJs aHalTHBHONH MHUKPOIBOJIIO-
muu rpuda (Paguenko u mp., 2020). TIpoBomsaTcs paboThl mo
KapTUPOBaHMUIO HOBBIX T'€HOB YCTONUMBOCTH K BO30OYIUTEIIO
My4HHCTOH pockl. C ucnons3oBanueM nomynsauun F, kapTu-
poBaH HOBBIH TeH — KaHOunmar (PmSN15218) yctoitunBocTr
K MYYHHUCTOW poce Ha JUIMHHOM Iulede XpomMocombl 2A (Sun
et al., 2022). B pe3ynprare reHETHUECKOTO aHAIIN3a KapTUPY-
tomed nomynsAnuk F, OBbUTO J0Ka3aHO, 9TO OIWH JOMHHHpY-
IO TeH, MpeABapuTenbHo obo3HaueHHbIH PmCG15-009,
JETePMUHUPYET YCTOWIMBOCTh K M30IATY B. graminis f. sp.
tritici E09. beuto nokazano, yto PmCG15-009 nokanu3oBaH
Ha xpomocome 2BL u ¢pnmankupoBan mapkepamu XCINAU130
n XCINAU143 (Zhang et al., 2023).

B nameii crpane OONbIION BKJIAA B U3y4YE€HHE TE€HETHKU
YCTOWYUBOCTH K MYYHHCTOH poce BHeCHH padoThl JIeoHOBOMH
U. H. (Jleonora, 2019). B pe3ynsrate aHanm3a yCTOMIUBOCTH
97 copToB MIIEHHIBI OBUIO MOKa3aHO, YTO K 3araJHOCHOUp-
CKOH MOMyNAMN BO30YIUTEN MYyYHHCTOH POCHI TOYTH BCE
IIPOaHAIN3UPOBAHHbIE cOpTa ObLIN ycTOW4MBEL. C HCHONB30-
BaHHMEM aCCOIMATHBHOIO KaPTUPOBAHUS OBUIM HIICHTU(HIIH-
POBaHbBI BOCEMb JIOKYCOB, IETEPMUHHUPYIOIINX yCTOHYHUBOCTD
K maroreny B xpomocomax 1AL, 1DS, 2BL, 5AS, 5DS, 6AL,
6DL u 7AL. B pabore ObumH cenaHbl BBIBOALI O TOM, UYTO
QTLs, mokanu3oBaHHble Ha xpomocomax 1DS, SAS u 6AL
SIBIIIIOTCSL HOBBIMHU JIOKyCaMM ycToiuuBocTH. bombiioe 3Ha-
yeHne UMeroT u pabotsl Jlebeneroit T. B. mo renermueckoi
JeTepMUHAINN YCTOWYMBOCTU K B. graminis f. sp. tritici,
npoBodIIrecs BO BcepoccuiickoM HHCTUTYTE T€HETHYECKHUX
pecypcoB pacrenuit um. H. . Basunosa (BUP). Ha o6mmp-
HOM Marepuaje B pe3ylbTaTe I€HEeTUYEeCKOro aHalu3a T'H-
OpuaHbIX HomynsAui F, ObLI MOKa3aH MOHOTE€HHBIH KOHTPOIIb
YCTOWYUBOCTH K MATOT€HY COPTOB POCCUICKON U 3apyOekHON
cenexkumu (JleGenmera, 3yes, 2015; 2021). B pesynsrare mc-
CJeI0BaHUi 00pa3loB MIICHUIBI W3 Kosutekiuun BUP Obutn
UAECHTH(UINPOBAHBI IEPCIIEKTHBHBIE HCTOYHUKN YCTOHIHBO-
CTH K MYYHHUCTOH poce. B pabore JlebeneBoii ¢ coaBTOopamMu
(2019) nponemoHcTpUpoBaHa BhICOKast 3(H(HEKTUBHOCTH TeHA
Pm2 x neruHTpanckoit nomynasuuu B. graminis f. sp. tritici.
OheKTHBHOCTh JAHHOTO T€HA IPOTHB POCCUICKUX MOIYJIs-
LU BO3OyAMUTENS TaKXKe MOATBEPXKIEHA B CEPUHU UCCIIENOBa-
HUH OTEYECTBEHHBIX YUYCHBIX, B XO€ KOTOPBIX IPOBOIHICS
CKPHHMHI COPTOB U KOJUIEKLIIMOHHOTO MaTepHuaia 10 yCTOH-
YUBOCTH K IATOT€HY, MO3BOJIMBLIMK OTOOpaTh IIEHHBIE JUIA
CeJIeKIINU Pe3UCTEeHTHBIC TeHoTHnHl (Bacumosa u np., 2016;
Couanosa u ap., 2019, 2021).
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Myunnucrast poca ocobo BpemponocHa st Cpennero Ilo-
BOJDKb. B cenekuMoOHHBIX yupexiaeHusx IIpuBoikckoro
pPETHOHA BEMYTCA LENIEHANIPABIECHHBIE UCCIIEN0BAHUS TI0 CO3-
JTAaHWIO TEHOTHUITOB MATKON IIIEHHUIIBI, 00IaJafoNNX yCTONYH-
BOCTBIO K B. graminis f. sp. tritici. Tak, B Camapckom HUNCX
nM. H.M. TynaiikoBa Ha NPOTSKEHUU MHOTHX JIET BEIETCS
paboTa 1Mo CO3MAaHUIO YCTOWYHMBBIX K MYYHHCTOH poce co-
PTOB sipoBOH M 03MMOM mmeHubl. [Ipumepom 310l pabOTHI
MOXKET OBITh COPT SIPOBOM MSITKO# mineHuupl TynaikoBcKas
108 ¢ rpynmoBoif yCTOWYHBOCTRIO K MYYHHCTOH poce u Oy-
po#i, crebnesoit n xénroi prkaBunHam (Croxos, 2017). B Ha-
crosimee Bpemst B UL KasHI[ PAH nposoxutcst pabora mo
BBIBEJICHUIO YCTOMUYMBBIX K MYYHHMCTOM poce copToB. Takue
HOBBIE copTa, kKak 100 et TACCP, bankeim, Xa3und, Yncro-
nonbckast, bynsak, Curapa u bapakaT ycTOH4YHMBEI K My4HUCTON
poce. Kpome Toro, BhIlIenepeYHCIIEHHBIE cOpTa O0JalatoT
TPYNIIOBOM YCTOMYMBOCTBIO K JIHCTOCTEOEIBbHBIM OOJIE3HIM
nuennnsl — copra 100 ner TACCP, bankeiu, Xasuns, Yu-
CTONOJIbCKAsA, Bynsk ycTOWYMBEI KpoMe MYYHHCTOH pPOCHI K
cTebneBoil U Oypol pikaBUMHAM M TEMHO-Oypod MSATHUCTO-
ctr; copT CuTapa KpoMe BBICOKOH IOJIEBOM yCTOWYMBOCTH K
MYUYHHCTOH poce yCTOHUUB K TBEPJOH ronoBHe, a copT bapa-
Kar — Kk Oypoii pxaBunHe (AcxanymiuH u ap. 2022b, 2024). K
HECOMHEHHBIM JOCTHXKEHUSM IOCIEIHHX JIET CIIEUAIUCTOB
OI'BHY OHI JIK OIT «Ilenzenckuit HUMCX» otHOCHTCS
COPT 03UMOM MATKOH NIIeHULb J[apro — BEICOKOYCTOMYUBBII
K My4JHHCTOH poce u Oypoii p>kaBunHe (Kocenko, 2025).

Jlnkue BUABI — HCTOYHUKHU FeHOB YCTOHYHMBOCTH

OueBHIHON MPOOIEMOH, Kacarolielcss He TOJNBKO OTede-
CTBEHHBIX, HO U 3apyOEKHBIX COPTOB, SIBISIETCS] OETHOCTD Tre-
HO(OH[A MIICHUIIBI T0 MHOTUM IIPU3HAKaM, B TOM YHUCJIe, ¥ 110
YCTOMYMBOCTH K OMOTHIECKUM (paKTOpaM. DITOMY CITIOCOOCTBO-
BaJIa HANpPaBIEHHOCTh CEJECKINH MIICHUIB UCKIIOUYUTENBEHO
Ha MPOAYKTUBHOCTh U KaUueCTBO 3€pHA, JOMUHHPYIOILAs 101
rue roasl Bo BceM mupe (Wulff, Matthew, 2014). Pemennem
9TOW MPOOJIEMBI SBISETCS MPUBJICUCHUE MaTepuala U3 reHe-
TUYECKUX OaHKOB, TaKMX, HAIPUMEp, KaK KOJUIEKLUs T'eHe-
THYECKUX pecypcoB pactenuil BIP, a Taxkke ncnosnp3oBaHue
B CEJIEKIUH JUKUX POICTBEHHHWKOB IIICHHIBL. Buapl pomoB
Aegilops, Secale, Agropyron, a Takke AUKUE BHIbI MIIEHUI]
MIPENICTaBIISIOT COOON IIEHHBIH M MPAKTUYECKH Hewmcyepriae-
MBIl HICTOUHUK aJUleNiel yCTOMUNBOCTH K IUUPOKOMY CHEKTPY
rpubHbIX 3a0oneBanuii (Olivera et al., 2018; Johansson et al.,
2020). Pa3Butne METOIOB KIETOYHOM M XPOMOCOMHON HHXKe-
HEPUH MTO3BOIMIIO TIPEOAOIIETH PSI OMOIOTUIECKIX Oapbepos,
TaKMX KaK HECKPEIIMBAeMOCTb W CTEPHIBHOCTH THOPUIOB,
YTO OrpaHMYMBAJIO BO3MOXKHOCTH MEXBHJOBOW T'MOpHIU3a-
nuu. brnaromapst 3ToMy ctan ITOCTyIeH OOIUPHBIN pe3epBy-
ap TeHETHYECKOTo Pa3HO0Opasusi MOCPEICTBOM OTHAIEHHOU
THOpUIN3alMH TIICHUIBI C JUKOPACTYIIUMH U KyJIBTYpHBIMA
BU/IaMH 3JIaKOB. YCIICIIHBIMH MTPUMEPAMH CITyXKaT paboThl MO
MHTPOTPECCUH LICHHBIX T€HOB OT BU/IOB CIIEAYIONINX POZIOB:
. Pon Agropyron: A. intermedium, A. bessarabicum,

A. junceum, A. elongatum (Xu et al., 2012; Zheng et al.,

2012);

. Pon Secale: S. cereale (poxp KyiIbTypHas);
. Pon Leymus: L. racemosus, L. mollis (Rahmatov et al.,
2012).

[ToxazarenbHO, YTO OOJNBIIE MOMOBHHEI T€HOB YCTONYH-
BOCTH K cTeONeBoil pxxaBuuHe Puccinia graminis AHTporpec-
CUpPOBAaHbI OT JUKUX BHJIOB, a U3 69 IeHOB yCTOMYMBOCTH

IIIISHUIIBI K BO30yauTeNo Oypoil p>kaBuuHsl P, triticina 29 re-
HOB IIEpEHECEHO B Iriticum aestivum OT IPYTUX BUJOB 3J1aKOB
(Kunpuesckuii, Xotsuiena, 2008). D dekTHBHOMY HCIONB30-
BaHMIO MHTPOTPECCUBHBIX T€HOB YCTOMYMBOCTH B KOMMepUe-
CKHUX COpTax IIICHHIIBI TPEISITCTBYIOT IBE OCHOBHbIE IPO0JIe-
MBI — 3TO OJJHOBPEMEHHOE BBEJICHNE arPOHOMHUYECKH BPEIHBIX
MIPU3HAKOB, CLEIUIEHHBIX C TEHAMH YCTOWYMBOCTH M OBICTpOE
MIPEoJI0JICHNEe MaTOTeHOM MOHOTE€HHON ycroiuuBocTH. Pabo-
THI M0 W3YYEHHIO MHTPOTPECCHUBHBIX JIMHUHA M HCIIOJIB30Ba-
HUIO UX T€HETHYECKOrO MOTEHIHANIa B CEJICKIIMOHHOM IIpO-
mecce mpoBosTes BO BceM mupe (Rawat et al., 2011; Wulff,
Matthew, 2014; Singh et al., 2016; Ali et al., 2016; Rakszegi
etal., 2017; Wang et al., 2020; Donget et al., 2020). Cenexrust
Ha UMMYHHTET C UCIIOIb30BAHUEM MHTPOTPECCHBHBIX JIMHUH
aKTUBHO BEJETCS B CEJEKIMOHHBIX LIeHTpax Pocculickoit ®e-
nepamyn. Tak, B 3amagaoit Cubupu (Omckuii [AY) Hauara
paboTa 110 CO3/1aHHI0 COPTOB SIPOBOH MIICHHUIIBI, YCTOHYMBBIX
K CTEONEeBOIl prKaBYMHE C NMPUBJICYEHUEM HCTOYHUKOB, CO3-
naaabeix B CIMMYT (Illamanud u ap., 2012). B MockoBckom
HUHNCX «HemMunHOBKa» NOITY4YEHBI O3UMBIE U SIPOBBIE HHTPO-
I'PECCHUBHBIE JIMHUU MATKOW MIIEHUIBI C Yy)KEPOJHBIM I'€He-
THYECKUM MaTepuajoM BHIOB Ae. speltoides, Ae. triuncialis,
S. cereale, ycroitauBsie kK Oypoii u cTebneBoit prkaBanHam. C
UCIIONIB30BAaHUEM ITHX JIMHUH CO3/IaH OPUIMHAIIBHBIN UCXOM-
HBII CEJIEKLIUOHHBII MaTepuai SpoBOM MIIEHULbI C HECKOJIb-
KHMH T'€HaMU YCTOWYHMBOCTH K pace BO30ynuTens crediaeBon
pxaBunabl Ug99 (Baranova et al., 2016; Lapochkina et al.,
2017, JlanouxkuHa u ap., 2021). Hanuuue nimeHNYHO-pKaHON
Tpanciokanuu 1RS.1BL, Hecymeit KOMITIEKC CIeTIEHHBIX Te-
HOB YCTOMYMBOCTH K OOIE3HIM — Oypoi, cTeOIeBO 1 KenToH
pKaBUYMHAM M My4dHHCTOH poce (Lr26, Sr31, Yr9 u PmS), 6bu10
BbIsIBJIEHO B coprax cenekiun KHUMUCX (becnanosa u ap.,
2012; bapanosa, 2020; Baranova et al., 2023). CorpygHuKaMu
OI'BHY Ulul" CO PAH npoBoasiTcs vccnenoBaHusi COPTOB U
JIMHUH MIIEHUIBI ¢ TEHETHYECKUM MaTepHalioM OT AUKUX BHU-
JIOB, TAaKHX Kak Ae. speltoides (Anonuna, Camuna, 2007; Ano-
HUHA U Ap., 2012, [lerpam u ap., 2016), T. timopheevii (Mainb-
YHUKOB U JIp., 2015; Jleonosa, bynamkuna, 2016), Thinopyrum
intermedium (Salina et al., 2015). Pe3ynbsrarom ycremHo# ko-
onepamuu mexay ®PI'BHY «CubHUNCX» u ®TBHY Ullul’
CO PAH crano coznanue ans yciouid 3amagnoit Cubupu n
Ypasna HOBOTO TTOKOJIEHUSI KOMMEPYECKHUX COPTOB IPOBOM MsT-
KOW TIIEHHIBI, 00IaTafonX KOMILIEKCHON YCTOMYMBOCTBIO.
Crparernveckoe IpHUBICYCHUE JTOHOPOB UY)KEPOIHBIX T€HOB
B CKpEIIMBaHUs IMMO3BOMWIO cenekiuonepam CuOHUUCX
BBIBECTH Takue copra, kak Omckas 37, Omckas 38, Omckas
41 u psAng KOHKYpPEHTOCHOCOOHBIX JWHUHA. Hakorenne 00-
LIMPHOW KOJJIEKIWY JIMHUH C Pa3IMYHBIMH HHTPOTPECCHSIMH,
B CBOIO OdYepelb, CO3/al0 OCHOBY MAJs MUPAMUIUPOBAHUS
T€HOB, KOHTPOJIUPYIOUIMX YCTOWYMBOCTh K OMOTHYECKUM H
abnotnuecknm crpeccam (bexan m mp., 2017). B mabopato-
puu revetuku u uuronoruu ®AHI] IOro-Bocroka nonydena
KOJUJICKIINSI OPUTHHANIBHBIX HHTPOIPECCUBHBIX JIMHUIL SIPOBOMA
MSTKOH HIIEHUIBI C YCTOWIMBOCTHIO K KOMIIJIEKCY [TaTOT€HOB
(BO30YyIMTENSIM MYYHHCTOH POCHI, KENTOH MATHUCTOCTH, Oy-
PO, xenToil 1 cTebseBoi prkaBUMHEI), B TOM YHCIE U K pace P,
graminis f. sp. tritici Ug99 (bapanosa u np., 2023; Cubukees
u 1p., 2011; Cubuxees u ap., 2018; Cubuxees u ap., 2021).

CoBpeMeHHBIE NOAXO0bI B CCJIeKIHMH MIICHULIBI
B ycioBusix conpsKeHHON 3BOJIOLUM NATOIEHOB U pac-
TEHUS-X03MHA, KOTIa MOSBIAIOTCS HOBBIE PAa3HOBUIHOCTH
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B030yauTeneil Oone3Hel, a TeHbl YCTOMYMBOCTH TEPSIOT -
(bekTMBHOCTh W, KpOME TOTO, T€HETHYECKOE pazHooOpasme
110 TeHaM YCTOMYMBOCTH B KOMMEPUYECKHX COPTaX IMIICHHIIBI
KpaiiHe HM3KO, MOSBIAETCS OCTpas HEOOXOAUMOCTh B HJICH-
TU(QUKAMKA U KapTUPOBAaHUU HOBBIX T€HOB YCTOWYHMBOCTH K
6omnesmsim. CeromHs pa3paboTka MOJIEKYISIPHBIX MapKepOB
JUIE  MapKep-OpHEHTHPOBAHHOW CEJIEKIMH, KapTHPOBAaHUE
QTL, mouck MHTPOTpECCH TIPH OTAAICHHON THOpUAN3ALNH,
IFCHOMHAsl CEJICKLMs, IIOJIHOICHOMHBI IIOMCK accoluanuil
(Genome-Wide Association Study (GWAS)) u 1.0, 3Ha4H-
TEJILHO YIPOILAIOTCS C TOSBJICHUEM IOJHBIX U IPABHIBHO
AQHHOTHUPOBAaHHBIX COOPOK T'€HOMOB CEIILCKOXO3SIHCTBEHHBIX
pactenuil. Bce 310 cTanmo BO3MOXXHBIM Onarofapsi pa3BUTHIO
TEXHOJIOTHH BBICOKOIIPOU3BOJUTEIFHOIO CEKBEHHPOBAHUSL.
OpHonykiIeoTHaHBIe TTonUMOpdm3Mel (SNP), maenTHHIN-
pOBaHHBIE C ITOMOIIBIO ITOJJHOTCHOMHOTO CEKBEHHUPOBAHHS
(Whole Genome Sequencing (WGS)), ciy:xat MapKkepamu s
CBSI3M MEXIly TeHOTUIIaMU U (eHoTUNaMu. [lomHOreHOMHOE
CEKBCHHUPOBAHNE MOXKET HICHTU(PHUIINPOBATh MIIIHOHEI SNP,
HO JUIsl BBINOJHEHHS OOJBUIMHCTBA NPUKIIAJHBIX 3a/1a4 TaKas
BBICOKas INIOTHOCTh SNP Ha reHeTHYecKux Kaprax He TpeOy-
ercs. Ilonxoabl ¢ HU3KMM TOKPBITHEM IIPU CEKBEHUPOBaHHUU
BKJIIOYAIOT CEKBEHHUPOBAHHME IOAMHOXKECTBA MECT, pacIpe-
JICNICHHBIX MO0 BCEMY T'€HOMY, Ul YMEHBILCHHUS CIOKHOCTH
TeHoMa M OBICTPOTO TeHOTHIMPOBAHUS O0Opa3IOB C HCIOJb-
3oBanneM MapkepoB SNP. 'eHoTHUpoBaHHE C MOMOIIBIO
cexBeHupoBanust (Genotyping-by-Sequencing (GBS)), LP-
WGS meTon ceKBEHHPOBaHHMS C HU3KUM HOKPHITHEM T'€éHOMa
(Low-Pass Whole Genome Sequencing) (Elshire et al., 2011),
aKTHBHO IIPUMEHSIOTCA B TEHOMHOM CEIEKIUH, KapTHPOBa-
HHUH T€HOB ¥ ITOVCKE aCCOIMAIMHI 110 BCEMY T'€HOMY Y pa3HbIX
BHJIOB CEIIbCKOXO03siicTBeHHBIX KyabTyp (Poland et al., 2012;
Liu et al., 2014; Sonah et al., 2015; Wu et al., 2016; Furuta
et al., 2017). HemaBHO pa3paboTaHHBI METON TEHOTUITHPOBA-
Hus myTeMm cekBeHupoBaHus (GBS) mpumensiercsa s rene-
THUYECKOTO KapTUPOBAHMS, BBISIBICHHUS MOJEKYISIPHBIX Map-
KepoB U reHoMHO# cenekiuu (Pronozin et al., 2023). Tak, ¢
ucnons3oBanueM Merona GBS Ha xapTupyromed nomynsanuu
F, OT cKkpemmBanus yCTOHYMBOTO M BOCIPHUMHYUBOTO POJIH-
Tesieil ObLIM BBIABIEHBI 8 'EHOB-KaHJUIATOB, AETCPMUHHPY-
IOIINX YCTOWYMBOCTh Brassica oleracea x pace 1 Gakrepun
Xanthomonas campestris pv. campestris (Lu et al., 2023). Tak-
e ¢ ucrnosb3oBanueM Mertona GBS umnauiickuMu ydeHbIMU
BIIepBHIe ObUTH KapTupoBaubl Tpu QTL mokyca, oTBeyaromue
3a YCTOHYMBOCTH KUTAWCKOM TOPBKOH THIKBBI K BHPYCY JKell-
toit mo3auku (YMD) (Kaur et al., 2021) Yro xacaercs mpu-
MEHEHHS JaHHOTO IMOAXOJa K I'€HOTHITMPOBAHHIO MIICHHIIBI

U KapTUPOBAHUIO HOBBIX F€HOB, TO C UCHONb30BaHUEM 28644
GBS mapkepoB OblTa TIOCTpOEHa KOHCEHCYCHAs! KapTa IIIie-
HU4YHBIX XpomocoM (Li et al., 2015). B 2020 r. BeImIIa CTaTHs,
TIOCBSIIIEHHAs! KAPTHPOBAHUIO TEHOB YCTOWYMBOCTH K cTeOe-
Boii pxaBumae (Edae et al., 2020). Beero 6su10 omeneno 250
JIMHUM CeBEpOaMEpPUKAHCKOM SIpOBOM NIIEHHUII HA CTaIUU
MIPOPOCTKOB Ha YCTOHYMBOCTH K CEMU n3oisitaM P. graminis f.
sp. tritici: TKKTP, TKTTF, TKTTF, TRTTF, TTRTF, TTKSK
u TTKTT. Jluauu 6putu reHOTHIMpOBaHBI MeTonoM GBS, u
9042 SNP ObuM MCHONB30BaHBI YIS HICHTU(PUKAIIMN ydacT-
KOB XPOMOCOM, CBSI3aHHBIX C YCTOWYHMBOCTBIO K CEMHU H30JIs-
Tam Tpuba. CUIIbHBIE CUTHAJBI accolanuu ObUIM OOHApY-
XeHbl Ha XxpoMocoMax 6BL (ycroiunBocth k pace TTRTF) n
4BS (ycroitunBocTs kK pace TTKSK u TTKTT). Matepecuoe
ncclefoBanue ObII0 omyonuKoBaHo B 2023 . — KapTHPOBaHUE
reHa yCTOWYMBOCTH MIIeHHIBI Ghl K OOBIKHOBEHHOH 3J1aKo-
Boit e (Schizaphis graminum) (Xu et al., 2023). B pabore
aMEpPUKAHCKUX YYCHBIX, C HCIIOIB30BAHHEM KapTHPYIOUIECH
momynsiiuid RIL nweuMi, meromom GBS ObLio KapTHpOBaHO
Heckombko QTL, meTepMUHHPYIOMIUX YCTOHYHBOCTB K CTe-
6neBoii pxkaBunne (Bajgain et al., 2016). Tak ke, y MATKo#
meHnIs! ¢ momouipio GBS 6bmn o6Hapyxkens HoBole QTL
U TeHBl KaHTUIAThl YCTOMYMBOCTH K kento (Yr) m mmcro-
Boii (Lr) pxaBunHaMm M (y3apuo3y koinoca (Saleem et al.,
2022; Mir et al., 2023), kpome Toro, GBS no3Bossier kapTu-
pOBaTh HHTPOTPECCUHU B TEHOME IIICHUIIBI IIPU MEXBHI0BOM
THOPHUIU3AIIH.

HenocpencTBeHHBIM MPUTOXKEHUEM AO0CTHKEHUH T€HOMU-
KM CTaja MapKep-OPHEHTHPOBAHHAS CEJIEKIHA. DTOT ITOIXO/
MTO3BOJISIET BECTH OTOOP HEMOCPEICTBEHHO 110 TeHOTHITY — Ha-
JIMYUIO LENEBBIX T'€HOB, C UCIONb30BAaHHEM MOJECKYIISIPHBIX
MapkepoB. Kak yrmoMuHanocs BeIlIe, MOJIEKYIISIPHBIE MapKEePhI
paszpaboTaHbl JUIsi MHOTHX T€HOB ycToHumBOCTH. J[mst mme-
HUIBI CymiecTByeT calT https://maswheat.ucdavis.edu/, rae
MIPE/ICTaBIECHBl MAapKEPhl TCHOB YCTOHYMBOCTH K CTEOIEBOM,
Oypoii U JKENTOW prKaBUYMHAM, a TaKKe K (y3apro3y Kojoca,
BalIUAMPOBAHHbBIE U pEKOMEHA0BaHHbIe uist MAS. AHanoruu-
werid caiit (https://masrusplants.ru) Kk HacTosIIeMy BpeMEHH
paspabotan B Poccun — 8 ®I'BHY Ullul" CO PAH. Ha caii-
T€ NPEJACTABICHBI HE TONBKO MAapKephl T€HOB YCTONYMBOCTU
TIIEHAIB! K OOJE3HSAM, HO M IPUBEAEHBI COpTa M THOPHUIHBIE
JUHUH, B KOTOPBIX HACHTH(UIIMPOBAHBI COOTBETCTBYIOIIHE
reHbl. Mapkep-OpUeHTHPOBaHHAs CENEeKIMs aKTUBHO NpHMe-
HSETCS B MHpE, C €€ HCIIOIb30BAHUEM CO3/aHbI, HAIpUMeED,
HHAUNACKUE COpTa, YCTOHYMBBIC K PKaBYMHHBIM 3a00JI€BaHU-

sm HD2967, HD2733 u HD2932 (Mallick et al., 2021).

3akiaouenne

B cBsi3u ¢ ycuiieHHeM BPENOHOCHOCTH U PaCHpOCTpaHe-
HHEM TaKUX 3HAYMMBIX MAaTOr€HOB, KaK BO30yauTenu credie-
BOM M Oypoii pKaBUMHBI, JKEJITON MATHHUCTOCTH U MYYHHCTOMH
POCBHI, BO BCEM MHpPE MPOBOIATCS PaOOTHI IO aHAIN3Y TOIY-
Jsinuii TpHOOB TI0 MPU3HAKY BUPYIEHTHOCTH, OIPEAEICHHIO
pPacoBOrO COCTaBa, ONPEAETICHUI0 T€HEeTHUUECKOH CTPYKTYphI
moryJsiuid kak Ha ocHoBe SNP monmMopdnima, Tak 1 mo SSR
noxycaMm. IIpoBoauTcsa aHanu3 COPTOB U CEIEKIIMOHHBIX JIH-
HHUH 110 yCTOHYMBOCTH K MAaTOT€HaM U MICHTU(HKAIINH T€HOB
YCTOMUMBOCTHU C HCIIOIB30BAHUEM MOJEKYISPHBIX MapKepOB.
Benytcst paboThl 10 MOMCKY M KapTHPOBAHUIO HOBBIX T'€HOB
YCTOWYMBOCTH. AKTUBHO BEJIETCS CEJeKIMOHHas padora Io

BBIBEJICHUIO YCTOMYMBBIX COPTOB. B ycnoBusX conpsiKeHHOR
SBONIOLMM IIaTOT€HAa M PAaCTEHUSA-XO35MHA, OIepeKaronias
CeJIeKIMsl Ha YCTOMYMBOCTH Bceria OyleT UMETh MepBOCTe-
nenHoe 3HaueHue (Basunos, 1986). Co3nanue W BO3aEibI-
BaHHE YCTOMYUBBIX COPTOB — 3TO HAMOOJIEe IKOJOTHUHBIN U
paIMOHANIbHBIN CIOCO00 OOPHOBI C OOJIC3HIMU U BPEAUTEIISIMU
(Pamaenko u mp., 2020; Konecosa u ap., 2020, Randhawa et
al., 2018; Basnet et al., 2022) u ycioBue 00ecrie4eHus MPOIo-
BOJIbCTBEHHOM 0€30MACHOCTH HAIIICH CTPAHBI.

Co3nanue UCXOMHOTO Marepuaa Juisi CeJIeKIMU Ha YCTOM-
YUBOCTBH SIBISIETCS OCTPOH HeoOxommmocThio s Poccum.
OpHO¥ U3 00IIeMHUPOBBIX MPOOIIEM, BO3HUKIIINX B PE3yIIbTaTe
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JUINTEIBHON CEJIEKIMOHHOM paboThl, chOKyCHpOBaHHOU HC-
KITIOUUTENIFHO Ha MPOAYKTUBHOCTH M Ka4decTBE 3epHa, CTalo
3HAYUTENIFHOE CHIKEHHE TeHETHUECKOTO PasHoo0pasns miie-
HUIBL. JTO MPUBEJIO K yTpare TaKUX IIEHHBIX MPU3HAKOB, KaK
YCTOMUYMBOCTh K OMOTHYECKMM M aOMOTHYECKUM (haKTopam,
B YaCTHOCTH, YCTOWYMBOCTH K TpHOHBIM Oone3msm (Wulff,
Matthew, 2014). Tak, yCTOHYMBOCTb COPTOB POCCHICKOM ce-
JIEKIMU K BO30YIUTENIO CTEOICBOM PiKABUMHBI B OCHOBHOM
JneTepMuHUpoBaHa reHamu Sr3/ u Sr25. I'en Sr25 B Hacrtos-
mee Bpems coxpanseT 3()(EKTHBHOCTh MPOTUB 3amaHOCU-
OMpCKHUX MOMYNSAIMN NAToreHa, OJHAKO, KaK YIOMHHAIOCh
BBIIIE, OH yTpaTwi 3((GEeKTUBHOCTD MPOTHB ITOBOJIKCKUX T10-
Mynsauuii rpuba.

Pacmmpenne TeHETHYECKOH OCHOBBI COPTOB, IIONTyYe-
HUE CEJICKIIMOHHOTO Marepualia, pasHOOOpa3HOro 0 reHaM
YCTOMYMBOCTH SBIISIECTCA YpEe3BbIUAiiHO akTyaabHBIM. [Ipobite-
Ma TIOMCKa HOBBIX T€HOB YCTOHYHMBOCTH YCIICITHO PEIIaeTCs
HCIIOJIB30BAHUEM B CCJICKIMU POACTBCHHBIX BUAOB IMIICHHUIL, a
TaKKe IpeacTaBuTeneit ponos Aegilops, Secale n Agropyron.
Hcnonp3oBaHne COBpPEMEHHBIX METOJIOB, TAKMX KaK MapKep-o0-
PUCHTUPOBaHHAA Y TCHOMHas CCJICKIMA, BCTPOCHHBIX KaK WH-
CTPYMEHT B KJIACCHICCKHUI CETICKIIMOHHBIH MpoIiece, HapsLy ¢
W3y4YEeHUEM MOMYJIIIUii rpHOOB MO MPU3HAKY BUPYJICHTHOCTH,
pacimpsAT Haimuy 3HaHusI 00 APPEKTUBHBIX TeHaX YCTONIHBO-
CTH, YTO TIO3BOJIUT CO3/IaBaTh YCTOHYMBBIC COPTA, TAK HEOOXO-
JAUMBIC 1A Poccun B COBPEMCHHBIX YCJIOBUAX.
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In the conditions of changing climate and emergence of new virulent pathotypes of pathogens, advanced breeding for
resistance is of primary importance. Its strategy includes both studying the pathogen by virulence, tracking new pathotypes,
migration routes, determining effective resistance genes; and analysis of resistance of varieties and lines, identification
of known resistance genes, search for new genes and introduction of effective resistance genes into adapted germplasm.
Wheat (Triticum spp.) is one of the most important grain crops for humans. In Russia, the main grain-producing regions
are Western Siberia, Krasnodar Krai and, of course, the Volga region. Stem and leaf rust, powdery mildew and tan spot are
dangerous diseases of wheat, common in the Volga region, causing crop losses and reducing grain quality. The causative
agents of the diseases are basidiomycetes Puccinia graminis f. sp. tritici tstem rust), P. triticina (leaf rust) and ascomycete
fungi — Pyrenophora tritici-repentis (Drechslera tritici-repentis) (tan spot) and Blumeria graminis f. sp. tritici (Erysiphe
graminis) (powdery mildew). This review systematizes modern data on the harmfulness of these pathogens, the features
of their biology and pathogenicity factors. Particular attention is paid to the analysis of world and Russian studies of the
population structure of phytopathogens based on virulence and DNA markers. Data on the racial composition of the Volga
region fungal populations, R-genes effective against them, and the resistance of wheat varieties approved for cultivation
in the Volga region are presented. The article summarizes information on the genetics of resistance of bread wheat to
the diseases under consideration, including a description of known resistance genes and their sources. The problems and
prospects of using these genes in breeding programs to create resistant varieties are considered.
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The tomato Solanum lycopersicum ranks among the top three most produced vegetables worldwide, yet it remains
vulnerable to various diseases, pests and abiotic stresses. Climate change exacerbates disease severity and abiotic
impacts, increasing the demand for adaptive varieties and hybrids. Interspecific hybridization expands genetic diversity
via introgression of target trait genes, potentially reducing reliance on chemical protectants, enhancing plant adaptive
potential and improving abiotic stress tolerance. Recent studies focus on wild Solanum species as a source of valuable
traits for tomato breeding. This review addresses the reproductive barriers between cultivated and wild species, which
are of critical significance for plant breeding and examines the methodologies developed to overcome these barriers.
Currently, wild species are most actively involved in breeding programs and in the introgression of traits into the cultivated
tomato include S. cheesmaniae, S. habrochaites, S. pennellii, S. pimpinellifolium. Species S. peruvianum, S. chmielewskii,
S. corneliomulleri, S. sitiens, S. ochranthum, S. lycopersicoides, S. sisybrifolium are difficult to hybridize with cultivated
tomato, and have not yet contributed substantially to the introgression of valuable traits. The success of interspecific
hybridization with wild relatives largely depends on the choice of compatible tomato genotypes, the utilization of cultivated
tomato as the maternal parent, and the application of embryo culture techniques to rescue hybrids in cases of embryo
abortion. Somatic hybridization offers an alternative approach for overcoming interspecific crossing barriers. However, its
effectiveness in facilitating the introgression of desirable traits into tomato remains insufficiently evaluated.
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Introduction

The tomato Solanum lycopersicum L. is among the most
economically valuable vegetable crops worldwide. The global
tomato market was valued at approximately USD 207.17 billion
in 2024 and is projected to reach USD 261.41 billion by 2029
(Lopes Sobrinho et al., 2024). Russia ranks 12th globally in
tomato production. Tomato crop is highly susceptible to a wide
range of pathogens and stresses, including late blight, viral
mosaics, root and stem rot, fusarium and verticillium wilts,
various insect pests, as well as several abiotic stress factors
(Sarwar et al., 2022). To mitigate crop losses, a combination of
agronomic practices, chemical control measures, and integrated
pest management strategies is employed, particularly the use
of resistant varieties and hybrids, along with biological control
methods, which collectively help to reduce dependence on
chemical pesticides (Abbas et al., 2024).

The principal approach to developing genetically resistant
tomato genotypes involves the creation of interspecific hybrids
and the introgression of resistance genes from wild relatives
into cultivated varieties (Ajaharuddin et al., 2024). The genus
Solanum, comprising approximately 1,500 species, is the
largest in the Solanaceae family; however, the domestication of
S. lycopersicum resulted in the retention of less than 5 % of the
genetic diversity present within the Lycopersicon section (Bai,
Lindhout, 2007). This genetic erosion has led to the loss of
several important characteristics such as fruit flavor and aroma,
color variability, shelf life, and resistance to biotic and abiotic
stresses (Almeida et al., 2023). Interspecific hybridization has

a long and successful history in tomato breeding and continues
to serve as an effective strategy for crop improvement (Menda
et al., 2014; Pyshnaya, Dzhos, 2021).

To date, numerous disease-resistance genes from wild
Solanum species have been successfully introgressed into
cultivated tomato (Zamir et al., 1994; Merk et al., 2012; Rubio
et al., 2016; Chunwongse et al., 2002; Hanson et al., 2006;
Seah et al., 2004; Barham, Winstead, 1957; Yerasu et al.,
2023). However, due to the high variability and adaptability
of pathogens, many of these resistance genes gradually lose
their effectiveness as new virulent strains emerge (Jewehan,
2022a). Moreover, diseases that were previously of minor
importance have become economically significant, such as
tomato brown rugose fruit virus, which has recently caused
severe damage in greenhouse production systems (Karimova
etal., 2023). Both wild species within the Lycopersicon section
and those belonging to other sections of the Solanum genus
serve as valuable sources of resistance genes. Nevertheless,
their utilization in breeding programs remains limited (Foolad,
2007), primarily due to pre- and post-zygotic incompatibility
barriers that restrict gene transfer and practical exploitation
of the available genetic diversity (Abbas et al., 2024). In this
article, we review the genetic resources of the Solanum genus
as sources of resistance to biotic and abiotic stresses, the
reproductive barriers between the tomato and its wild relatives,
and the outcomes of interspecific hybridization research.
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Adaptive Strategies and Reproductive Mechanisms

Wild tomatoes (section Lycopersicon) and their related
Solanum species from the sections Lycopersicioides and
Juglandifolia share a common center of origin in the Andean
region of South America and the Galapagos Islands. These
species occupy diverse ecological niches, which underlie
their remarkable adaptive potential to a wide range of
environmental conditions. Currently, twelve species of
wild tomatoes are recognized: Solanum arcanum Peralta,
Solanum cheesmaniae (L. Riley) Fosberg, S. chilense
Dunal, S. chmielewskii (C. M. Rick, Kesicki, Fobes, and
M. Holle) D. M. Spooner, G. J. Anderson and R. K. Jansen,
S. corneliomulleri J. F. Macbride, S. galapagense S. C. Darwin
and Peralta, S. habrochaites S. Knapp and D. M. Spooner,
S. huaylasense Peralta, S. neorickii D. M. Spooner, G. J.
Anderson and R. K. Jansen, S. pennellii Correll, S. peruvianum
L., and S. pimpinellifolium L.. Additionally, four closely
related species from two phylogenetically allied sections —
Juglandifolia and Lycopersicoides — include S. juglandifolium
Dunal, S. ochranthum Dunal, S. Iycopersicoides Dunal,
and S. sitiens 1. M. Johnston (Peralta et al., 2008). Solanum
sisymbriifolium Lam., which originates from the Southern
Cone of South America (Biswas et al., 2023), is also regarded
as a promising sources of valuable traits for introgression

into cultivated tomato. This has been confirmed through the
successful production of viable hybrid progeny (Piosik et al.,
2019).

For the effective utilization of wild species in breeding
programs, it is essential to have comprehensive information
on their ecological requirements, pollination systems, self-
compatibility, and cross-compatibility with the cultivated
tomato (Table 1).

A study by Ramirez-Ojeda et al. (2021) reported that
Solanum species such as S. habrochaites, S. arcanum,
S. ochranthum, and S. juglandifolium exhibit a high degree of
adaptability to diverse climatic conditions. In contrast, species
such as S. sitiens, S. lycopersicoides, S. corneliomulleri,
and S. chmielewskii display more restricted ecological
preferences. Based on median elevation data, S. cheesmaniae,
S. galapagense, and S. pimpinellifolium occur within a
relatively narrow altitudinal range, whereas S. lycopersicoides,
S. sitiens, and S. ochranthum are distributed across a much
broader range of elevations.

Thermophilic  species such as S. cheesmaniae,
S. galapagense, and S. pimpinelifolium are typically distributed
in regions with mean annual temperatures above 20°C;
whereas S. lycopersicoides and S. sitiens are adapted to cooler

Table 1. Biological characteristics of wild Solanum species

. s Pollination Crossability . Y
Species Compatibility system with tomato Ecological distribution (Peralta et al., 2008)
S cheesmaniae sC S 043 Endemic to the Galapagos Islands. It inhabits dry, open,
...................................................................................................................................................... androckyslopes .
Endemic to the Galapagos Islands; coastal lava flows
5 galapagense | o A i, e andvolcamicslopes
S pimpinellifolium | SC e ES il I . From southern Ecuador to northern Chile; coastal areas, plains
S- lycop ersicum SC S Q43 Found worldwide in tropical and subtropical regions
yar cerasiforme | e e e
S arcanum SI, rarely SC S. C. FC ) Northern'Peru in inter-Andean dry Valley§ and coastal ecosystems
.......................................................................................................................... with seasonal fog. Generally dry sites, rocky slopes
. .. Southern zone of Peru and the northern zone of Bolivia.
S chmiclewskt | il i S . Wet and well-drained rocky slopes
S.neorickii | SC o S ST Southern Ecuador to southern Peru, in inter-Andean dry valleys
S corneliomulleri | S 1 Gl S Southern Peru, western slopes of the Andes, dry and rocky slopes
S. peruvianum SI, rarely SC a Central region of Peru to northern Chile. Dry coastal deserts
.................................................................................................................................................................. andslopes o
S chilense S c ) Coastal zone of Chile and nofchern Pem, on dry rocky slopes,
et e And occasionally saline
S habrochaites SI, rarely SC FC a Andean region of .Ecuador and I_’eru in montane forests and dry
.............................................................................................................................. slopes, occasionally found in seasonal fog ecosystems
S. pennellii SI FC g North of Peru to the north of Chile, in areas of dry slopes,
.................................................................................................................................................. generally in flatareas
S ochranthum S C ) Andean region of Colombia, Ecga.dor, and Peru, areas of mountain
................................................................................................................................................... mesophilic forest .
S. Iycopersicoides SI c g Southern area of Peru and northern Chile. In ravines
............................................................................................................................................................. androckyslopes .
Sositiens S Co o S N Endemic to the Atacama Desert, hyper-arid areas
S. juglandifolium SI C ) Andean region of Colombla, Ecuz.ld.or, and Peru in areas
.......................................................................................................................................... of mountain mesophilic forest
S. sisymbriifolium SI C 3% Areas with tropical, subtropical, and temperate climates

Note: SC — self-compatible, SI — self-incompatible; S — self-pollinator, C — cross-pollinator, FS — facultative self-pollinator,
FC — facultative cross-pollinator; Q& — hybrid seeds may be produced when acting as both the paternal and maternal
components of the cross; & — hybrid seeds may be produced when acting as the paternal component of the cross, &* — hybrid
seeds may be produced when acting as the paternal component of the cross, but the hybrid origin of the seeds without the use
of embryo culture has not been proven; «-» — does not produce hybrid seeds without the use of additional techniques.
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Taoauua 1. bruomorndeckne 0coOEHHOCTH TUKOPACTYIIUX BUIOB Solanum

Tun CkpermmnBaeMocTh [IponcxoxaeHue 1 yCIOBHS IPOU3PACTAHHS
Bun CoBMECTUMOCTh
OIBUICHUS C TOMaToOM (mo Peralta et al., 2008)
. OHaemuk ['ananarocckux 0CTPOBOB, CyXHE, OTKPHITHIC
S. cheesmaniae cC C 3 POBOB, CyXHe, OTKp ’
KaMEHHCTBIE CKJIOHBI
DHpieMuK ["ajanarocckux oCTpoBOB, MPUOPEKHBIE JTaBOBBIE
S. galapagense cC C Q3 POBOB, TIPHOD
MIOTOKH Y BYJIKAHUYECKHE CKIIOHBI
L. s Ot IOxHOrO0 DKBagopa 1o cesepa Yun. [IpuOpexHble palioHbI
S. pimpinellifolium cC ®C Q3 P P pHop p ’
i PaBHUHEI
S. lycopersicum
yeop CC C QJd PacripoctpaHeH 1o BceMy MHpY B TPOIIUKAX U CyOTPONHUKAX

var. cerasiforme

S. sisymbriifolium CH I 3%

Cesep [lepy. [IpubpeskHbIC 30HBI C CE30HHBIMU TYMaHAMH U
BHYTPCHHUE JOJUHBI AHJI, HA CYXHX KAMEHHUCTBIX CKJIOHAX

IOr Ilepy u ceBep bonmBun. Braxusie n xoporo
JIPEHNPOBAHHBIC KAMEHHCTHIE CKIIOHBI

IOxnoe Ilepy, 3ananHbie CKJIOHBI AHJ, CyXHe KAMEHUCTbBIE
CKJIOHBI

Hentpansuenii peruo [lepy, ceBep Ynmu. Cyxue npuOpexHbie
ITyCTBIHU U CKJIOHBI

IIpubpesxnas 3ona Ynnu u ceseproro Ilepy, Ha cyxux
KaMEHHCTBIX CKJIOHAX, HHOT/IA Ha COJTIOHYAaKaX

Pernon Aun OkBagopa u [lepy. [opHble neca, cyxue CKIOHBI U
HMHOT/Ia DKOCUCTEMBI C CE30HHBIMU TyMaHaMHU

Ot cesepa [lepy 1o ceBepa Unim, Ha paBHUHHBIX CyXHX
KaMEHHCTHIX CKIIOHAX M IECUYAHBIX yJacTKaX

Pernonsr ¢ TPONMUYECKUM, Cy6Tp01'[I/I'-IeCKI/IM 1 YMEPECHHBIM

KJIMMaTOM

Hpumeuanne: CC — camocoBmecTuMocTh, CH — camonecoBmecTiMOCTh; C —CcaMoOIbIIHTENb, I1 — IepexpecTHHK,

®C — (axynIBTaTUBHEIA CaMOONBUIATEND, DIT — (haKyIETaTHBHBIM IEPEKPECTHHK; 3 — BO3MOXKHO MOTyYEHHE THOPUIHBIX
CEMSIH, KOT/Ia BHICTYTIAET KAK B KA4ECTBE OTIIOBCKOTO, TAK M MATEPUHCKOTO KOMIIOHEHTA CKPEIMBAHUSA, & — BOSMOKHO MOJTyYe-
HHE TUOPU/THBIX CEMSIH, KOT/IA BHICTYTIAET OTIOBCKAM KOMITOHEHTOM CKPEIIMBAHUS; 3 * — BO3MOXKHO MOIyYEHHE CEMSH, KOT/Ia
BBICTYIAET OTIOBCKUM KOMITOHEHTOM CKPEIMBAHHS, OHAKO THOPHIHOE IPOMCXOXKICHNE CEMSTH 0€3 TPUMEHEHUS SMOPUOKYITb-
TYpBI HE IOKA3aHO; «-» — HE 3aBSA3bIBACT THOPHIHBIX CEMSH 0€3 MPUMEHEHHS TOTIOTHUTEIBHBIX METOHK.

environments. S. peruvianum occurs in habitats characterized
by relatively stable daily temperatures, in contrast to
S. chilense, which thrives under conditions of high diurnal
temperature variation. S. juglandifolium and S. ochranthum
are associated with humid regions, while S. lycopersicoides
and S. sitiens are characteristic of arid zones. S. pennellii

exhibits exceptional drought tolerance, attributed to efficient
regulation of transpiration, high water-use efficiency, and
salinity tolerance (Ramirez-Ojeda et al., 2021). Additionally,
S. sisymbriifolium demonstrates broad adaptive capacity
and has become widely established across multiple regions
globally (Biswas et al., 2023).

Genomic research and chromosomal characteristics

All species listed in Table 1 possess a diploid chromosome
complement of 24 (2n = 24), whereas natural tetraploid
populations have been reported only in S. chilense. In wild
tomatoes and related species, gene order is highly conserved
despite the presence of some chromosomal rearrangements,
which facilitates trait introgression (Kole, 2011). Although
successful hybridization between S. sisymbriifolium and tomato
has been reported (Piosik et al., 2019), this species remains
poorly studied. No genetic map has yet been constructed,
although high-quality karyotyping has been performed and
chromosome morphology has been described (Biswas et al.,
2024).

A set of genomes from wild tomato species, including

S.  pimpinellifolium, S.  habrochaites, S. pennellii,
S. galapagense, S. chilense, S. arcanum, S. peruvianum,
S.  corneliomulleri, S. neorickii, S. chmielewskii, and
S. Iycopersicoides, has been successfully sequenced, thereby
providing a foundation for the identification and mapping of
valuable traits (Du et al., 2025). To date, tomato researchers
have identified thousands of QTLs and hundreds of genes
associated with key agronomic traits, including disease
resistance. In this review, we focus specifically on the major
biotic stress-resistance genes identified in wild tomato

relatives.
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Resistance to biotic and abiotic stresses

Over the past decade, research interest in wild tomato
species and several related Solanum species as sources of
resistance to tomato diseases has increased markedly. When
considering wild species as donors of valuable traits, it is
important to note that different accessions within the same
species may exhibit substantially different levels of resistance,
as shown by Grushetskaya et al. (2010), Jewehan et al. (2022b),
Solankey et al. (2017), and Arafa et al. (2017). Therefore, prior
to their inclusion in hybridization programs, the target trait
should be carefully evaluated in the selected material. Table 2
summarizes wild species and the valuable resistance traits to
biotic and abiotic stresses identified in them.

When considering sources for improved tomato tolerance to
abiotic stresses, particular attention should be given to species
such as S. sitiens, which exhibits resistance to soil salinity,
drought, and sub-zero temperatures (Rick, 1988; Chetelat
et al.,, 2009). Foolad (2004) identified S. pimpinellifolium,
S. peruvianum, and S. pennellii as important genetic sources
of salinity tolerance. S. habrochaites carries genes conferring
resistance to chilling injury, and successful introgression of
these genes into cultivated tomato has been reported (Dolstra
et al., 2002).

An important research priority is the transfer of insect
resistance genes, given that insects serve as primary vectors of
tomato viral diseases. This resistance is primarily conferred by
a high density of glandular trichomes (Almeida et al., 2023).
Among wild species, S. pennellii, S. habrochaites var. hirsutum,
and S. galapagense exhibit resistance to whiteflies attributable
to these traits. Low susceptibility to the tomato leafminer Tuta
absoluta (Meyrick, 1917) has been observed in S. pennellii,
S. chmielewskii, S. habrochaites, and S. galapagense,
associated with the production of allelochemicals, glandular
trichome density, and specific leaf morphology; notably, high
heritability of both trichome density and allelochemical content
has been demonstrated, including in interspecific crosses
(Almeida et al., 2023). S. sisymbriifolium is distinguished
by its resistance to the carmine spider mite Tetranychus
cinnabarinus Boisduval; although the heritability of this trait
remains unstudied (Piosik et al., 2019).

In uncontrolled field conditions, particularly in protected
and open-ground cultivation in southern Russia, root-knot
nematodes Meloidogyne spp. cause substantial damage to
tomato crops. Resistance to these nematodes is primarily
conferred by Mi genes, several of which have been
successfully introduced into cultivated tomatoes. These genes
were originally identified in S. peruvianum (Mil-Mi8) and
S. arcanum (Mi-9), with the latter mapped to chromosome
6 and notable for retaining activity at elevated temperatures
(Jiang et al., 2023). Additionally, S. sisymbriifolium represents
a promising alternative source of nematode resistance that is
employed as a trap crop (Hajihassani et al., 2020; Perpétuo et
al., 2021).

Bacterial diseases of tomato cause significant yield losses
and have a worldwide distribution. Genetic resistance to the
bacterial canker, caused by Clavibacter michiganensis subsp.
michiganensis (Smith) Davis et al., has been identified in
S. chilense, S. habrochaites, and S. pimpinellifolium (Khazaei,
Madduri, 2022). Resistance to the bacterial spot, induced
by Xanthomonas spp., occurs in S. habrochaites (Almeida
et al., 2023), S. pennellii, and S. pimpinellifolium (Khazaei,

Madduri, 2022). Finally, resistance to the bacterial wilt,
provoked by Ralstonia solanacearum (Smith) Yabuuchi et al.,
has been reported in S. pimpinellifolium (Khazaei, Madduri,
2022) and S. sisymbriifolium (Collonnier et al., 2003). In wild
and related tomato species, resistance to bacterial diseases is
predominantly polygenic, with QTLs mapped in only a limited
number of species. For example, resistance to bacterial spot is
controlled by the Pto/Prfgene cluster from S. pimpinellifolium,
which has been successfully introgressed into several modern
tomato varieties (Hassan et al., 2024).

Among the most dangerous viral diseases of tomato
classified as quarantine pathogens in Russia are Pepino
mosaic virus (PepMV), Tomato spotted wilt virus (TSWYV),
and tomato brown rugose fruit virus (ToBRFV) (“Dangerous
Quarantine Diseases of Tomatoes,” 2024), for which no
effective control measures currently exist. Resistance to
PepMV has been identified in S. habrochaites (Ling, Scott,
2007) and in S. lycopersicoides (Soler et al., 2011). However,
successful introgression of this trait into cultivated tomato has
not been reported. Tolerance to TOBRFV has been reported in
S. pimpinellifolium, S. penellii, and S. chilense (Kabas et al.,
2022), with highly resistant accessions specifically identified
among S. pimpinellifolium (Jaiswal et al., 2024).

Qi et al. (2021) identified eight resistance genes against
tomato spotted wilt virus (genus Tospovirus) in wild tomato
species, including S. pimpinellifolium, S. peruvianum and
S. chilense, of which only the dominant Sw-5 gene, originally
derived from S. peruvianum, confers high-level resistance.
This gene also provides resistance to tomato chlorotic spot
virus (Shahriari, 2023). Additional sources of Tomato spotted
wilt virus (TSWV) resistance have been identified by Kabag
et al. (2021) in accessions of S. pennellii, S. chmielewskii,
S. habrochaites, S. peruvianum, and S. sitiens.

Tobacco mosaic virus, tomato mosaic virus, and tomato
brown rugose fruit virus belong to the genus Tobamovirus.
The principal defense against tobamoviruses in tomato
is provided by three mapped resistance genes: 7m-/ on
chromosome 2 of S. habrochaites, which is inherited in an
incompletely dominant manner and confers partial resistance,
and the dominant genes 7m-2 and Tm-2? on chromosome 9 of
S. peruvianum, of which Tm-2? is the most effective (Shahriari
et al., 2023). In addition, Jewehan et al. (2022b) detected high
resistance to tobacco mosaic virus and tomato mosaic virus in
two S. ochranthum accessions.

Tomato yellow leaf curl disease, caused by begomoviruses
of the family Geminiviridae, severely impacts tomato yield
and fruit quality. To date, six major independently inherited
resistance genes Ty-1, Ty-3, Ty-4, and Ty-6 from S. chilense;
Ty-2 from S. habrochaites; and Ty-5 from S. peruvianum,
along with several QTLs, have been identified and mapped in
wild tomato species (Dhaliwal et al., 2020). The Ty-1, -2, Tj-
3, Ty-4, and Ty-6 genes are dominantly inherited, whereas 7y-5
is recessive; notably, 7y-/ and Ty-5 exhibit broad-spectrum
activity, while 73-4 and 7)-6 genes merely enhance the
resistance conferred by 7y-3 and 7y-5 (Shahriari et al., 2023).

Resistance to Tomato chlorosis virus (ToCV) has been
identified in accessions of S. peruvianum and S. chmielewskii
(Garcia-Cano et al., 2010, Mansilla-Cérdova et al., 2018);
subsequent studies confirmed the quantitative nature of this
resistance inheritance (Gao et al., 2025).
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Among the fungal diseases affecting tomato cultivation
in Russia, late blight (causal agent Phytophthora infestans de
Bary), Alternaria blight (4/ternaria spp.), and leaf mold (Fulvia
fulva (Cooke) Cif.) are particularly destructive. Sources of late
blight resistance have been identified in S. chilense (Solankey
et al., 2017; Arafa et al., 2017), S. peruvianum (Solankey et
al., 2017), and S. habrochaites (Ph-4 gene; Khazaei, Madduri,
2022). S. sisymbriifolium exhibits hypersensitivity response to
several European isolates of P. infestans pathogenic to potato
(Flier et al., 2003). Several late blight resistance genes have
been mapped, including the Ph-2 gene from S. pimpinellifolium,
located on the long arm of chromosome 10 and conferring

partial resistance that effectively slows disease progression.
The Ph-3 gene from the same species, mapped to the long arm
of chromosome 9, provides more reliable resistance (Zhi et
al., 2021). The Ph-5, also derived from S. pimpinellifolium, is
mapped to the long arm of chromosome 1 (Foolad et al., 2014).

Resistance to the F fulva has been identified in
S. neorickii (Grushetskaya et al., 2010), S. Ilycopersicum
var. cerasiforme (Khazaei, Madduri, 2022; Grushetskaya et
al., 2010), and S. cheesmaniae (Grushetskaya et al., 2010).
Among the leaf mold resistance genes, Cf-9 first identified in
S. pimpinellifolium, and Cf-4 from S. habrochaites have been
most extensively characterized (Kahlon et al., 2020).

Table 2. Genetic sources of resistance to biotic and abiotic stresses in the genus Solanum
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Tomato spotted wilt orthotospovirus, TSWV
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Cepas IATHUCTOCTH TUCThEB Stemphylium solani G. F. Weber,
S. lycopersici (Enjoji) W. Yamam., S. botryosum Wallr.

Genetic resistance to Alternaria pathogens has been
identified in S. pennellii, which carries the Asc gene conferring
resistance to Alternaria stem canker, and in S. pimpinellifolium,
which harbors the EB-5 and EB-9 genes for resistance to
Alternaria blight (Khazaei, Madduri, 2022). Additionally,
resistance to Alternaria spp. has been documented in
S. peruvianum, S. habrochaites, and S. arcanum, where

multiple QTLs contributing to this resistance have been
mapped (Adhikari et al., 2017).

Resistance to powdery mildew has been detected in
multiple wild tomato species, including S. pimpinellifolium and
S. peruvianum (Emelina et al., 2010), S. habrochaites (Emelina
et al., 2010; Khazaei, Madduri, 2022), S. lycopersicum var.
cerasiforme, S. chilense, and S. arcanum (Khazaei, Madduri,
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2022). Among the characterized resistance genes, O!-/ and Ol-3
were mapped from S. habrochaites, Ol-4 from S. peruvianum,
three QTLs were identified in S. neorickii, and a recessive ol-2
gene was detected in S. lycopersicum var. cerasiforme (Bai et
al., 2005).

Three major genes conferring resistance to Fusarium
wilt (causal agent Fusarium oxysporum Schltdl) — I, I-2,
and /-3 — have been successfully introgressed into cultivated
tomato varieties. The dominant genes / and /-2, originating
from S. pimpinellifolium, confer resistance to races 1 and 2
of the pathogen, respectively, while /-3, introgressed from
S. pennellii, provides resistance to races 1 through 3 (Shamshin
et al., 2022).

Two dominant genes Ve-/ and Ve-2, conferring resistance
to Verticillium wilt induced by Verticillium dahliae Kleb. and
V. albo-atrum Reinke & Berthold, have been introgressed
into cultivated tomato from S. pimpinellifolium. These
genes, mapped to the short arm of chromosome 9, have been
extensively characterized using molecular genetic approaches
(Robb and Nazar, 2021). Ve-1 provides resistance to race 1
strains of both pathogens but offers no protection against
race 2 (Fradin et al., 2009). Additionally, S. sisymbriifolium
represents a promising novel source of Verticillium wilt
resistance (Piosik et al., 2019).

Cultivated tomato exhibits high susceptibility to gray
mold, caused by Botrytis cinerea Pers. Resistance identified
in wild species such as S. neorickii and S. pimpinellifolium
is predominantly quantitative in nature (Khazaei, Madduri,
2022). Partial resistance has also been documented in
S. habrochaites, associated with a QTL locus (Finkers et al.,
2007).

Tomato septoria leaf spot (causal agent Septoria [ycopersici
Spreng.) is widespread throughout Russia, particularly in
the southern regions, Siberia, and the Far East. Wild tomato
species serve as important sources of resistance, with
S. chilense, S. habrochaites, S. peruvianum, and S. cerasiforme
demonstrating high levels of disease resistance (Pandey et
al., 2024). Although resistance loci have been successfully
transferred from S. habrochaites and S. peruvianum (Pandey
et al., 2024), no commercial tomato varieties currently offer
resistance levels satisfactory to vegetable growers.

Gray leaf spot poses low risk in Russia, primarily
affecting open fields and plastic greenhouse cultivation. A
single dominant resistance gene Sm from S. pimpinellifolium
has been introgressed into tomato. Reis and Boiteux (2020)
additionally identified resistant accessions in S. lycopersicum,
S. peruvianum, and S. habrochaites; however, it remains
unclear whether this resistance represents Sm alleles or novel
genes.

Reproductive barriers and optimal strategies for interspecific hybridization between S. lycopersicum and wild relatives

Information on reproductive relationships between
Solanum species is critical for effective breeding strategies
(Bukharova, Bukharov, 2009). Most Solanum species
exhibit S-RNase-based gametophytic self-incompatibility
(GSI), controlled by the S-locus. This system is based on
the interaction of S-RNases in the pistil and S-locus F-box
proteins in pollen, which form an SCF-type ubiquitin ligase
complex that mediates the recognition and degradation of
incompatible S-RNases via the ubiquitin-proteasome pathway.
Self-compatibility (SC) in S. lycopersicum, S. cheesmaniae,
S. galapagense and S. pimpinellifolium results from disruption
of this system that occurred due to the loss of functional
S-RNase alleles and key pollen factors, including the SpSLF-23
protein (encoded by the uil./ gene) and Cullinl (ui6.7) (Li
and Chetelat, 2015). In addition to the aforementioned species,
S. chmielewskii and S. neorickii are self-compatible; however,
they exhibit unilateral incompatibility (UI) when crossed with
cultivated tomato. Ul represents a post-mating reproductive
barrier that restricts hybridization between related species, in
which pollen from a self-compatible species is rejected by the
pistil of a self-incompatible species, whereas the reciprocal
cross typically succeeds. The molecular basis of Ul is closely
associated with self-incompatibility (SI). Core components of
the SI pathway, including S-RNase, the CUL1 protein (encoded
by the ui6.1 locus), and the HT protein, have been shown to
play critical roles in mediating Ul responses (Li and Chetelat,
2015). Within the tomato clade, several wild species such as
S. corneliomulleri, S. chilense, S. pennellii, S. ochranthum,
S.  lycopersicoides, S. sitiens, S. juglandifolium, and
S. sisymbriifolium are characterized by self-incompatibility.
Conversely, self-compatible forms have been identified in
S. arcanum, S. peruvianum, and S. habrochaites (Table 1).

Interspecific hybridization within the genus Solanum is
governed by prezygotic and postzygotic incompatibility barriers

(Bedinger et al., 2011). Several wild and semi-domesticated
species, including S. cheesmaniae, S. galapagense,
S. pimpinellifolium, and the ancestral form S. lycopersicum var.
cerasiforme, exhibit minimal reproductive barriers and readily
hybridize with cultivated tomato in both direct and reciprocal
crosses (Kole, 2011). Crosses between S. lycopersicum and
certain wild relatives, such as S. habrochaites and S. pennellii,
tend to produce hybrid seeds; however, a substantial
proportion of these seeds remain underdeveloped, reflecting
partial postzygotic incompatibility (Bukharova, Bukharov,
2009). Moreover, interspecific hybridization involving
S. habrochaites displays unilateral incompatibility when this
species serves as the maternal parent (Hogenboom, 1972).

Crosses between S. lycopersicum and S. peruvianum are
typically characterized by unilateral incompatibility and
frequent embryo abortion (Kole, 2011). Nonetheless, recent
studies by Zeist et al. (2023) have reported successful seed
set in reciprocal crosses between these species. In earlier
work, Bukharova and Bukharov (2009) observed a fruit set
of approximately 40% in S. Iycopersicum % S. peruvianum
hybrids, although seed germination remained relatively low
(27 %). Among the resulting progeny, only 3 % were confirmed
hybrids, while the majority were determined to be of apomictic
origin. These findings indicate that judicious selection of
S. lycopersicum cultivars can facilitate hybridization with wild
Solanum species and enhance the efficiency of interspecific
hybrid production.

All wild species hybridized with S. lycopersicum possess a
diploid chromosome number of 2n = 24; thus, manipulations
involving polyploidization or chromosome doubling—
techniques commonly employed in interspecific potato
hybridization (Jansky, 2006)—are not required.

To address incompatibility barriers related to impaired
pollen tube growth and fertilization in various dicotyledonous
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plants, including members of the Solanaceae family, in vitro
pollination has been successfully combined with ovule, ovary,
or isolated embryo culture techniques (Tomiczak et al., 2022).
However, to date, no reports describe the application of such
approaches to overcome reproductive barriers within the genus
Solanum.

To promote pollen tube germination, fertilization, and
hybrid embryo development, various pre- and post-pollination
treatments with phytohormones have been employed (Jansky,
2006; Pershina, Trubacheeva, 2016, Vishnyakova et al.,
2024). Another effective technique involves pollination using
a mixture of pollen from cultivated and wild relatives (Pico
et al., 2002). Within the genus Solanum, Picéd et al. (2002)
applied these methods to facilitate hybridization between
S. Ilycopersicum and the wild species S. peruvianum and
S. chilense. Pretreatment of tomato stigmas with boric acid
followed by pollination with S. peruvianum pollen, combined
with gibberellic acid application to prevent fruit abscission,
yielded globular embryos with low seed set, some of which
were successfully regenerated into plants via embryo culture.
Additionally, the use of mixed pollen proved beneficial in
overcoming the limited growth of S. chilense pollen tubes
within tomato stigmas, resulting in a small number of hybrid
plants, with S. chilense crosses producing approximately 0.1—
0.6 hybrid seeds per fruit.

The classical bridge method developed by 1.V. Michurin
has been employed to overcome incompatibility between
S. Iycopersicum and wild species such as S. sitiens and
S. pennellii (DeVerna et al., 1990, 1991). In many cases,
incompatibility could only be bypassed through somatic
hybridization, which enables the fusion of protoplasts from

distinct species to produce viable heterokaryons and hybrid
plants (Handley et al., 1986; Kochevenko et al., 1996;
Kobayashi et al., 1996; Gavrilenko et al., 2001).

A promising direction for overcoming interspecific
incompatibility in Solanum hybridization involves genetic
engineering approaches that target the modification or
suppression of genes responsible for reproductive barriers.
Such genes include S-locus genes encoding S-RNases and
HT-B proteins (Bedinger et al., 2011). Alternatively, once
these barrier-associated genes are identified and characterized,
marker-assisted selection could be used to identify genotypes
from natural populations that lack undesirable genes and to
incorporate them into hybridization programs (Bedinger et al.,
2011).

Postzygotic incompatibility barriers associated with
defects in embryonic development in the genus Solanum can
generally be overcome successfully through the in vitro culture
of immature embryos. This approach has been successfully
applied to facilitate the introgression of resistance genes
from S. peruvianum (De Nettancourt et al., 1974; Sohrab et
al., 2015) and has proven effective even in relatively distant
crosses, such as S. lycopersicum x S. sisymbriifolium (Piosik
et al., 2019) and S. lycopersicum x S. sitiens (Chetelat, 2016).

In some instances, postzygotic incompatibility is expressed
as sterility in the hybrid progeny, as observed in crosses
between S. lycopersicum and S. peruvianum (De Nettancourt et
al., 1974), and between S. lycopersicum and S. sisymbriifolium
(Piosik et al., 2019). Fertility restoration in sterile interspecific
hybrids has been achieved through chromosome doubling with
colchicine treatment during hybridization involving S. sitiens
(DeVerna et al., 1990).

Conclusion

Tomato breeding relies heavily on the introgression of
beneficial traits from wild Solanum species. The incorporation
of these species into breeding programs is often prompted by
the emergence of new diseases, virulent pathogen strains, or
environmental stresses associated with climate change. Wild
tomato relatives have served as important genetic donors,
contributing resistance and adaptive traits to cultivated
S. lycopersicum. The most frequently utilized species
include S. cheesmaniae, S. pimpinellifolium, S. habrochaites,
S. pennellii, and S. peruvianum. Using genes from these
taxa, both Russian and international breeding programs have
developed cultivars such as Gardemarin and Linkor, which
carry powdery mildew resistance derived from S. cheesmaniae
(Emelina et al., 2010), as well as Plum Regal containing the
Ph-3 gene and Mountain Merit with Ph-2 and Ph-3 genes
from S. pimpinellifolium (Coomber et al., 2025). Species
such as S. chmielewskii, S. corneliomulleri, S. ochranthum,
S. Iycopersicoides, S. sitiens, and S. sisymbriifolium are
difficult to cross with cultivated tomato, which has limited

their use in breeding to date. In interspecific hybridization,
unilateral incompatibility is frequently observed, with higher
success rates achieved when S. lycopersicum serves as the
female parent. Numerous studies have demonstrated that
hybridization efficiency and trait introgression are highly
dependent on the selection of the S. lycopersicum genotype
employed.

A recurrent phenomenon in distant hybridization of
tomatoes is apomixis; therefore, the use of cultivated forms
carrying marker traits — such as the potatoleaf type — can
facilitate the identification and selection of true hybrid plants.
To overcome prezygotic barriers, approaches including
pollination with pollen mixtures, phytohormone treatments,
the bridge-cross method, and somatic hybridization have
proven effective. In cases of postzygotic barriers, in vitro
embryo culture and chromosome doubling using colchicine
are the primary methods for rescuing hybrid embryos and
restoring fertility in sterile progeny.
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Ionnomexcmoswtii 0030p
TEHETUYECKHWU ITOTEHLMAJI JUKUX POJCTBEHHUKOB TOMATA
B CEJIEKLIMH HA YCTOUYMUBOCTD SOLANUM LYCOPERSICUM

A.B. Bumasikosa*, A.3. Maprupocss, C.I. Monaxoc

Poccuiickuii cocyoapemeennviil acpapusiii ynusepcumem — MCXA umenu K. A. Tumupsszesa, Mockea
*omeemcmeennwlil 3a nepenucky, e-mail: a.vishnyakova@rgau-msha.ru

Tomar Solanum lycopersicum BXOIUT B TPOMKY CaMbIX IIPOU3BOANMBIX OBOILEH B MUPE, IPH STOM SIBIISIETCS KyJIBTYPOH,
VSI3BUMON K pasziIHYHBIM 3a00J€BaHUSAM, BPEOUTENIM M aOHOTHUECKHM cTpeccaM. B HacTosimee BpeMs BCIECICTBHE
M3MEHEHHsI KIIMMaTa IOBBIIIACTCS BPEIOHOCHOCTh 3a0OJICBaHUM, YCHUIIMBACTCSl BIMSHHE aOMOTHYECKHX (HaKTOPOB,
MOATOMY BO3pacTaeT MOTPeOHOCTh B CO3JaHNH a/IalITUBHBIX COPTOB U THOPUI0B. MeXBUI0BAst THOPUIM3AIIHSI TO3BOJISIET
paclIMpUTh TeHETHYECKOE Pa3HO00pasne 3a CYET HHTPOTPECCHH T€HOB 1I€JIeBBIX MPH3HAKOB U B IEPCICKTUBE MO3BOJISET
CHHU3UTh 3aBHCUMOCTDH ITPOU3BOJCTBA TOBAPHOM MPOAYKIIUH OT XUMHUYCCKUX CPEICTB 3allUTHI, IOBBICUTH aIallTHBHBIN
MOTEHIMAJ PACTEHUH 1 YCTOHYMBOCTh K a0MOTHUECKUM cTpeccaM. B mocieHue rosl MpoBOANTCS MHOTO UCCIIEIOBAaHUM
JMKUX BUNOB Solanum Kak WCTOYHHUKOB LIEHHBIX TPH3HAKOB JUIs CEJIEKIMM ToMmara. JIaHHBIH 0030p akKyMyJIHpyeT
WCCJICZIOBAHUS TI0 U3YYEHHUIO JUKUX BUJOB poa Solanum B KOHTEKCTE UCTOYHHUKOB YCTOHYMBOCTH K OMOTHYECKHM U
abuornueckuM (axkropaMm JJisi TOMara, ¢ OOCYKACHHEM BHJOB, TMOpPHIM3ALUs C KOTOPHIMH IO3BOJIMIIA TIOJNYYHTh
XKU3HECTIOCOOHOE MOTOMCTBO. OOCYXKIaeTcsl HaIM4IKe 0apbepOB HECKPEIUBAEMOCTH 1 TIOAXOBI K UX MPEOI0JICHUIO, YTO
BaXHO JIJIsl MpaKTUUYecKor ceneknuu. Ha coBpemMeHHOM oTame BUIBI S. cheesmaniae, S. habrochaites, S. pennellii, S.
pimpinellifolium, S. peruvianum Han0Ooiee aKTUBHO BOBJICUCHBI B CEJICKIIUIO U MHTPOIPECCHS MPU3HAKOB B TOMAT ObLIa
OCYIIIECTBJICHA B OCHOBHOM M3 3THUX BUAOB. S. chmielewskii, S. corneliomulleri, S. sitiens, S. ochranthum, S. lycopersicoides,
S. sisymbriifolium cloXHO CKPEIIMBAIOTCS C KYJIBTypHBIM TOMAaroM, II03TOMY ITOKa HE BHECIH 3HAYMTENILHOTO BKIIA/IA B
MHTPOIPECCUIO IICHHBIX MPHU3HAKOB. YCIEX THOpUAM3alMK C TUKMMH BUJIAMH CBs3aH C MOAOOPOM I'€HOTHIIOB TOMara
Juiss THOpUAM3AIMH, WCIOJIb30BaHUM KYJIBTYPHOTO TOMara B KayeCTBE MATEPHHCKOIO KOMIIOHEHTa CKpEIIMBaHHS, a
TaK)Ke HCIOJIb30BAaHUU SMOPHOKYIBTYPHI MpH adopTauuu 3apopbiiield. OTAeNbHbIM HalpaBlICHUEM IPEOOJICHHS
HECKPEIIUBAEMOCTH BUJIOB SIBIISIETCS COMAaTHYECKasi THOPUAM3AIHSL, OHAKO e S(PPEKTUBHOCTD B MHTPOTPECCHH IIEHHBIX
MIPU3HAKOB B TOMAT MPAKTHYSCKH HE OLICHUBACTCS.

KaioueBbie cioBa: aukue BUIBI TOMara, MCTOYHHKH YCTOWYHMBOCTH, aOMOTHYECKHI CTpecc, yCTOHUMBOCTH K
3a00JIeBaHUsIM, MEKBUIOBAs TNOPHUIU3aLIUs, HECKPEIBAEMOCTb
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Ilonnomexcmosas cmamosn

SHJIOPUTHAA KOJIOHU3ALIUS PACTEHUM TPUBOM AKANTHOMYCES MUSCARIUS

N EE BIUAHUE HA IIEPCUKOBYIO TJIIO MYZUS PERSICAE

I.B. Mutuna*, A.A. YorsiokoBa, M.A. YUepenanoBa

Bcepoccuiickuti nayuno-ucciedosamenvckui uncmumym sawumel pacmenuti, Cankm-Ilemepoype
*omeemcmeennwlil 3a nepenucky, e-mail: galmit@rambler.ru

N3yueHa cHnocoOHOCTH TpeX IITaAMMOB JHTOMOIATOreHHOro rpuba Akanthomyces muscarius X 3HIOGUTHON
KOJIOHM3AIMU KYJBTYPHBIX pacTeHHH — 0000B, ToMara U akaHTta. B orHoueHnn 6000B oOHapyxeHa (GUTOperyIsTopHas
aKTHBHOCTh IITAaMMOB. BHeceHue B mouBy cnopoBoii cycnien3un mraMmoB V1 21 u VI 61 npuBonuiio K yBeIHYEHHUIO
3€JIeHOM Macchl, JJIMHBI pacTeHuil u maccel kopHs (g V1 61). Hanbonee s3pdekTHBHO KOJIOHM3UPOBa 000BI MITaMM
I'-033 BU3P onpricKkuBaHUEM JIHCTHEB, BCTPEUAEMOCTh cocTaBuiia 66 %, a B crebisix — 40 %. Berpeuaemocts mramma V1
61 B mucThsX U crebsix coctaBmia 11-16 %. 31oT mwtaMm Takxke OblT 0OOHAPYIKEH B KOPHSIX H JIMCTBSIX PH 3aMaunBaHUH
CEMsIH B CIIOPOBOH CYCIIEH3MH B OTIIMYHE OT APYTHUX IITAMMOB, KOTOPbIE KOJIOHU3UPOBAJIN TOJILKO cTeOH. BeTpeuaemocts
V1 21 Obia Hauboee BBHICOKOH B JIMCThsX NpH onpbickuBanuu (15 %). Kononuzanus 60008 mrammamu 4. muscarius
HEraTMBHO BJIMsJIa Ha 0COOEH MEepCHKOBOM TJIH, IHMTAIOIIMXCS HAa ATUX PACTEHHSX: IUIOJOBUTOCTD TJEH, MOJCaKEHHBIX
Ha JIMCThSl PAaCTEHHH, KOJIOHM3UpoBaHHBIX VI 21, Obuia Hmke Ha 26 % 1O CPAaBHEHHIO C KOHTPOJEM, CMEPTHOCTH TIIU
cocraBuia 19%. O6paborka mrammoM VI 61 BbI3biBajia TEHISHLUUIO K CHIXKEHHUIO IUIOJOBUTOCTH, CMEPTHOCThH TIIU
coctaBuia okono 50%. Hltamm I'-033 BU3P He BnuAN HA MIOAOBUTOCTH TJIM, HO BBI3BIBAI A0 57 % ee CMEPTHOCTH.
OTMeueHbI eIMHUYHbBIE CIy4au MPOSIBICHUS] CHMITOMOB MHUKO30B TieH. [Ipy KOJOHHM3alKu TOMAaTOB BHECEHHEM B TIOUBY
CHOPOBBIX CYCIICH3HH YCTaHOBJIEHO, YTO CTE€OJIHM KOJIOHM3UPOBAIMCH JIy4llle BCEro, KOJIOHU3AIMs JINCTHEB U KOPHEH He
npessbimana 8 %. [y MedeHHBIX 3e1eHbIM (urtoopecteHTHBIM OenkoM mTaMMoB V1 61* u VI 72* nokazana criocoOHOCTh
K 9H10(DUTHOI KOJIOHM3aI[M MHOTOJIETHHUX pacTeHni akanTa. O0a mTaMMa BBIISISUIMCH U3 BCEX YacTel akaHTa, Hanbosee
4acTO rpUObI BCTPEYAIIMCh B JIUCTHSIX U CTEONSX.

KiaioueBble cjI0Ba: JHTOMOIIATOICHHEIC FpI/I6I)I, (bHTOperJ'IS[TOpHaH AKTUBHOCTb, KOPMOBBLIC 606BI, TOMarThblI,
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Hocmynuna 6 pedakyur: 14.11.2025

Hpunama k neuamu: 01.04.2026

BBenenue

WHTepec K HKONOrMYECKOMY 3HAUEHHIO IHTOMOIATOTEH-
HBIX Tpuo0oB (DI1I') 3HaYUTETHHO BO3POC B CBA3H C OTKPHITHEM
UX CHOCOOHOCTH K 3HAO(QHUTHOI KOJMIOHU3AINHU TKaHEeH pacre-
HU, KOTOpasi 4acTo MPOUCXOIUT B €CTECTBEHHBIX YCIOBHUSIX
(Barelli et al., 2016; Vega, 2018). B nocnensue rofpl yBeIu-
YHUIIOCHh YUCIIO COOOMIEHUIT 00 SHAODHUTHBIX U30JIATaX TPHOOB
ponoB Lecanicillium n Akanthomyces, pencTaBUTEIH KOTO-
PBIX SBJISIFOTCS BO3OYAUTENSIMA MUKO30B HACEKOMBIX U yCIIEIl-
HO WCIIOJIB3YIOTCSl B KaueCTBE IPOIYLIEHTOB OHOIpenaparos.
Beinenenne 3tux rpuboB Kak 3HIO(GUTOB OmNMCcaHO aist 54
BUJIOB pacTeHui, oTHocsmuxcs kK 35 cemeiictBam (Nicoletti,
Becchimanzi, 2020).

[pu uckyccTBeHHOI SHIO(DUTHON KOJIOHN3AIMN pa3HBIMU
Bupamu JIII" npogeMoHCTpHpOBaHa UX CIIOCOOHOCTh K CTH-
MYJIMpOBaHHIO pocTta pactenuii (Garcia et al., 2011; Sasan and
Bidochka, 2012; Liao et al., 2014; Lopez and Sword, 2015;
Jaber and Enkerli, 2017; Dash et al., 2018; Hu, Bidochka,
2021). Ycunenue pocta pacTeHUI MPUBOIUT K CHHXKEHHUIO TIO-
CJIE/ICTBHI Pa3IMYHBIX a0MOTHYECKUX U OMOTHYECKUX CTpEC-
COB, a TaKXe K IojAaBlIeHH0 OonesHell pactenuit (Akram et
al., 2023). MHOTOYHCIEHHBIMH HCCICIOBAHUSIME TTOKAa3aHO,
yto 3ug0(uTHasE komonusanus I urpaer ocoOyo pojb B
(dbopMUpOBaHMM UMMYHHBIX cBOWCTB pacteHuit (Vega, 2008;
Ownley et al., 2010; Sasan, Bidochka, 2013; Quesada-Moraga

et al., 2023). {na psma OIII, nposiBistomux 3HA0MUTHBIE
CBOICTBA, BBISBIICHA aHTATOHHUCTHYECKAass aKTUBHOCTH B OT-
HOIIICHUH (DUTOMATOTCHHBIX MHKPOOPTaHU3MOB B OIBITAX inl
vitro (AmMapuna u np., 2021; Saidi et al., 2023 Akram et al.,
2023; Ahsan et al., 2024). B psge uccienoBanuii coo0Ianoch
0 OMOJIOTHYECKOM KOHTPOJIE€ (PUTOMATOTEHOB C IOMOILBIO JH-
nodutHeIX Lecanicillium spp. (Hirano et al., 2008, Ownley
et al., 2010; Vega, 2018; Jaber and Ownley, 2018).

OcoObIil UHTEpeC MPEACTABISIOT CBEACHUS O CHIDKEHUHU
NPUBJICKATEILHOCTH pacTeHuil i (uTodaroB B pesysbra-
Te 3HA0(GUTHON Komoumzanuu pactenuit DI (Dash et al.,
2018; Jaber and Ownley, 2018; Manoussopoulos et al., 2019;
Yuningsih al., 2022). Beuto npoaeMOHCTPUPOBAHO HETaTHB-
Hoe BozjelicTBre dHA0GUTHBIX D" Ha OHTOreHeTHYECKHE U
PETPOAYKTHBHBIE TTAPAMETPBI Pa3IMYHBIX BUIOB et (Akel-
lo, Sikora, 2012; Jaber, Araj, 2018).

Jist rammos DIIT Buga Akanthomyces muscarius (Petch)
Spatafora, Kepler & B. Shrestha (=Lecanicillium muscarium)
YCTaHOBJICHO, YTO OHH MOTYT OBITH HCIOJIB30BAHBI B Kade-
CTBE areHTOB KOHTPOJISl M BpeauTelnei, u Oonesnei (Saidi et
al., 2023). OroOpaHs! mTaMmbl A. muscarius, TPOSBIISIONINC
BBIPQKCHHBIC AHTATOHHCTUYECKHE CBOWCTBA B OTHOIICHUH
BO30OyaMTeNel onacHeIX Ooie3Hed pactenuil. [lokazana ux
3¢ PEeKTUBHOCTH B OTHOIIEHUH BO30yaUTENEi Cepol THWIN U

© Mutuna I'B., YorokoBa A.A., UepennranoBa M.A. Ctarbsi OTKPBITOTO AOCTYIIa, yOaukyemMas BeepoccuiickuM HHCTUTYTOM
3amuThl pactennit (Cankr-IletepOypr) u pacnpocrpansiemas Ha ycnoBusix Creative Commons Attribution License 4.0
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pxaBunHbl (Choglokova et al., 2024). OnHako crocoOHOCTb
3THX IITAMMOB K SHIO(DUTHON KOJIOHHU3AIUN PACTCHUH, POCT-
CTHMYIIUPYIOLIAs aKTUBHOCTh SHIOMUTOB M TOCIEAYyoLIee
BJIHSIHUC HAa BpEOUTENICH HE M3yYeHBL B HacrosmieM wmccie-
JIOBAHUU B KAa4€CTBE MOJCIBHBIX OOBEKTOB OBUIM BBIOPAHBI

pacteHnsi 6000B, TOMaTOB M aKaHTa, a B Ka4YECTBE OMACHOTO
BpEIMTEIsl TOMATOB — IIepCcuKoBast st Myzus persicae Sulzer.

Ilens paOoTHI: M3y4UTh 3HAOPHUTHBIC CBOWCTBA IITAMMOB
BUJA A. muscarius ¢ aHTaTOHUCTUYECKON aKTUBHOCTBIO U OLle-
HUTH UX BIHsHUE Ha ¢putodara M. persicae.

Marepuajbl M1 MeTOAbI

M rammel Akanthomyces muscarius

Jist TecTpoBaHMsl OBIIM WCIIONB30BaHBI IITAMMbI BHZA
A. muscarius (V1 21, V1 61, I'-033 BU3P), oroOpanHbie U3
TocynapcTBeHHON KOMJIEKIIMM MHMKpPOOPTraHM3MOB, IATOTEH-
HBIX JUIsl pacTEHMM W UX BpEAUTENeil, MOAJIepKUBaeMOM B
OI'BHY BU3P (WFCC WDCM Ne 760, YHO) u o6nanaro-
Y€ BBIPAXEHHBIMH AHTATOHUCTHYECKUMH CBOMCTBAMH B
OTHOIIEHWN (PUTONMATOTEHHBIX MHKpOOpraHusmoB. Lltamm
VI 21 BrizeneH u3 opamkeperHon Oenokpeuiku Trialearodes
vaporariorum Westwood (MockoBckasi oomacts, Pamenckoe),
V1 61 BbIeNEH U3 yPEIUHNOYCTY BO30OYIUTEINS PrKaBUMHEI
Phragmidium sp. (KpacHomapckuii kpaii, MocToBCKOH paii-
on), I'-033 B13P u3onrpoBaH 13 )KUMOJIOCTHON OEIOKPBUIKH
Aleurodes lonicerae Walker (MockoBckast o0macTh, Jlonro-
npyasbii). ramm -033 BU3P obnamaeT WHCEKTUIMTHOM,
aKapULUAHON U aHTarOHUCTUYECKOH akTMBHOCTHIO (MuTHHA
u 1p., 2016). Bugoas mpuHaaIe)KHOCTh BCEX IITAMMOB OIpe-
JIelleHa METOJOM MYJBTHIOKYCHOTO TEHOTHIIMPOBAaHHUS IIO
nokycam ITS, NADI u TEF (Mitina et al., 2017). Jlns reHo-
TUIHPOBaHUS mTamMMa V1 61 TOMONHUTENHHO HCIOTH30BAHBI
nmokycsl RPB1 RPB2, LSU, SSU.

B pabore ObUIM MCTIONB30BAaHEI Takke MWTaMMBI V1 72* u
VI 61%*, noydeHHBIE AIIEKTPOIOPALEH MPOPACTAIONINX KO-
Huni npupoAHbx mrammoB [-033 BU3P u VI 61 cootset-
CTBEHHO M MedeHHble QuyopecueHTHbIM Oenkom (GFP) mo
pa3paboranaomy B BU3P meromy. DTu mramMMbl o0iamanu
AQHTAarOHUCTUYECKON aKTHBHOCTBHIO B OTHOIIEHHH (DUTOINATO-
T'€HOB I10 IIPE/IBAPUTENBHBIM JaHHBIM ¥ IIPOSIBIISUIA BUPYJICHT-
HOCTb Ha ypoBHe ncxonHbix mrammoB (Timofeev et al., 2019).

Konuauu rpuba asst ”HOKYISILMK PACTEHUH MOTy4alu Imy-
TeM BblpaliuBaHus B yamikax [lerpu Ha cpene Yaneka ¢ Apox-
KEBBIM 3KCTPAKTOM (COCTaB, I/JI TUCTWIIMPOBAHHON BOJBI:
caxapoza 20, apoxokeBoit akcrpakr 1.0, arap 20, KCI 0.5,
KH,PO, 1.0, MgSO, 0.5, NaNO, 2.0) B Teuenne 10 cyTok npu
27°C. Ins nony4eHus CHOPOBOH CyCIIEH3UH C OTIPEACICHHBIM
tutpoM KoHuIuH cMmbiBanu 0.01 %-apmM pactBOpoM TBHH-80,
(huIETpOBaNM Yepe3 OBOWHOW CIOH Mapiv W MOACYUTHIBAIN
TUTP crop B Kamepe [ opsesa.

Ouenka 3HA0GUTHON KOJTOHU3ALUM IITAMMAMHU
A. muscarius pactenuii 60060B 1 TOMATOB

Jls BBISBICHUS CIIOCOOHOCTH K KOJOHU3AIMH PACTCHUH
HCTIONB30BAIA METOJ], Pa3pa0OTaHHBIA I M3YYCHHUS SHIO-
¢utHBIX cBoiictB OIII' BumoB Beauveria bassiana, Isaria
fumosorosea w L. lecanii (Dash et al., 2018). B kadectBe
TECT-paCTEHUs MCIOJIh30BaIM KOPMOBBIe 000bI Vicia faba L.
(Fabaceae), copt «Pycckuii yepHbIiiy. [lepes moceBoM cemeHa
crepunuzoBanu 1 % runoxmoputoM Hatpus U 70 % STUIOBBIM
CHHUPTOM 10 2 MHUH C HOCHEAYIOUIeH TPEeXKpaTHOW MPOMBIB-
KOW B TUCTWIITUPOBAHHOMN Bosie. boObI BeipamuBamu B 200 M
CTEePWIILHOW TIOYBEHHO-TIECUYaHO cMmecu (cooTHomeHue 1:1)
mo 2 pacteHus B cocyne, 10 cocynoB Ha BapuaHT. Brocnen-
cTBUH Oonee craboe pacteHne ymamuin. Cocymsl comepika-
Ju npu temmeparype 22—25°C, OTHOCUTENIBHON BIaXXHOCTU

—40-60% u 12-qacoBoM cBeTOBOM HE. OOPaOOTKY pacTeHUH
CIOPOBOI1 CYCIEH3MEH MITAMMOB ITPOBOMIIN TTOJIMBOM IIOUBBI
W ONPBICKMBAHUEM JIUCTHEB, a TAK)KE 3aMavynBalld ceMeHa 00-
60B (Parsa et al., 2013). I'pu® BHOCHIHN Yepe3 OMHY HENEIIO
TI0CJIe TOSBJICHHUS BCXOZ0B KOPMOBBIX 0000B B KOHLICHTPALIMH
1x10% xornamii/mn B pactBope 0.01 % TeuH-80 mpu BHece-
HUM B 1o4By 1o 10 M1 CrIOpOBOW CyCIIeH3MM Ha pacTeHHE,
NIPU ONPBICKMBAaHMU — IO 2 MiI/pacTeHue. B KOHTpOIbHOM
BapuaHTe MoYBy Win pacteHus obpadareBamu 0.01 % Teun-
80. Cemena 3aMaunBalu B CIOPOBOM CyCHEH3UH Ha 24 uaca.
J11s1 oLleHKH BAMSIHUS SHAO(UTHOW KOJIOHM3AUH rpubamMu Ha
mapaMeTphsl pocTa pacTeHnit 0000B OMOMETpHUYECKHe MOKa-
3aTeny pacTeHni yuuThiBasM Ha 10 cyTku nocie o0paboTKu:
BBICOTY M MaccCy HaJ3eMHOM yacTu (cTebenb ¢ JUCThIMH), a
TaKXK€ Maccy KOpHS.

Jns onpeneneHust ypoBHS 3HAOMUTHON KOJIOHU3ALUHU U
BcTpedaeMoctd mraMMoB OIIIT B pa3nuyHBIX 4acTAX pacte-
HUS JIUCTHS, cTeOeNb 1 KOPSHDb BRIPAIIICHHBIX 0000B MOCTe KO-
nonnzanun OIIT" crepunusoBanu 1% runoxiaopuTroM HaTpUs
u 70% 53TaHOJOM MO 2 MHH C HOCIeXyromeil TpexKpaTHOH
MPOMBIBKOH B CTCPHIIBHOW IHUCTHIUIMpOBaHHOHN Bome. OO-
pasibl pazpe3aiy cKajbliesieM Ha GparMeHTHl ¥ OMEIIaIN B
yamku [letpu (auamerpom 90 mm) no 4-5 ¢parmMeHTOB 01-
HOTO pacTeHHs Ha Jamky Ha cpexy Calypo ¢ mobaBieHneM
antubnoruxos (0.35 /1 OpoMuaa HETHITPUMETHIAMMOHHS,
0.05 r/n nuknorekcumuaa, 0.05 r/n terpauukiuba u 0.6 /1
CTPENTOMHIIMHA) Il WHTHOMPOBAHUS CanpoOTPO(HBIX TpH-
60B u Oaxrepuil. [[ns KOHTpoONs KadecTBa MOBEPXHOCTHON
CTEpUIM3aLUK JIUCTHEB HCIIOJIb30BAIM METOJ OTIIEYaTKOB
(McKinnon et al., 2017). Yamku wakyoupoBamm mpu 27 °C u
ocMarpuBaiy Kaxaele 2—3 qHs B TeueHue 20 AHEH, yuuThIBas
KOJIMYECTBO PACTEHHIA, U3 (PparMeHTOB KOTOPBIX (hOPMHPOBa-
JUCh KONOHUHU A. muscarius (JONS KOJTOHU3WPOBAHHBIX pac-
TeHni, %). OOpasipl, NMoKa3aBIIMe POCT JaHHOTO Ipuda Ha
oTnevyaTKax, ObLIH UCKIIIOYCHBI U3 aHau3a. [IpoueHT KomoHu-
3aIlM OT/AENBHBIX YacTEH pacTeHUS YYUTHIBAIH MO OTHOIIC-
HUIO KOJIMYECTBA KOJIOHM3UPOBAHHBIX (PparMeHTOB K 00LIeMy
YHCITy KyJIBTHBUPYEMbIX (parmMeHToB pactenus (Parsa et al.,
2013). Berpewaemocts mraMMoB DI B pa3mudHBIX YacTIX
pacTeHus u3ydJalld B 3aBUCHMOCTH OT c1tocoba 00paboTKH.

Cemena Tomara copT «benblif HaIUB» CTEPHIIN30BAIU U
BBICEBAJIM B PACCagHbIC AIIMKHA CO CTEPHIBLHOM CMECHIO I10-
YBBI U NecKa B cooTHomeHuH 2:1 u BelpamuBanu mnpu 25°C
u 12-yacoBom cBeTOBOM JHE. Uepe3 2 Helenu paccaay ToMa-
TOB MMMKMPOBAIH B MHIUBHUIyaJIbHBIE eMKOCTH 00bemMoM 0.5 1,
ele yepes 2 HeJelH MOCIIe ePecaIKy MPOBOANIN 00paboTKy
pacTeHui myTeM noiuBa 1mouBbl 10 MJI CycCrieH3MH KOHUIU
OIT B xonnenrpaunn 1x10% kornauii/mn B pacteope 0.01 %
TeunH-80. OOpaboTKy MOYBHI TpHOaMH IO TOMaTaMH HPOBO-
JJIA TPUXKABL C UHTEPBAIOM 7 IHEH. B KoHTpoIe B IOUBY O]
pacrernne BHocuu 0.01 % pactBop Teun-80. Kaxkasie 2 Hene-
JIM TOMATBI YI00PSUTN KOMIUIEKCHBIM YIOOpEHHEM, Cllenys pe-
KOMEHJIALUSIM Uil JaHHOM KyJbTypbl. TOMarsl BhIpalMBaIn
1o 1 pacreHuto Ha cocyq, o 10 cocyqoB Ha BapHaHT.
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Jlnist BBISIBIIEHUSI SHAOPUTOB A. muscarius B TOMaTax pac-
TEHUsI BBIHUMAJIHA U3 COCYIOB M IPOMBIBAJIM OT ITOYBHI Yepe3
10 mHeit mocne Tpethelt 00paboTku. [ToBepxHOCTE 00pa3oB
TOMAaTOB CTEPHJIM30BAJIH 10 paHee OMMCAaHHOHN a1 6000B Me-
TOIMKE U packiajpiBany B yaky Iletpu Ha cpeny Cabypo ¢
aHTuOnoTrkamu. Yauku uHKyouposanu rpu 27 °C B TeueHue
20 nHe# u onpeneNsud JOII0 KOJTOHU3UPOBAHHBIX PaCTEHUH U
MIPOLICHT KOJIOHU3AIUH OTAEJIBHBIX YacTel pacTeHHMSI.

HN3yuenune npouecca 3HI0(PUTHON KOJOHU3AUMHI
A. muscarius MHOTOJIETHUX PacTeHUH

HccnenoBanne MPOBOMMIN C IOMOIIBIO OTOOPaHHBIX
mrammoB OJIII, meuennsix GFP, Ha pacreHusx akaHTa
Acanthus mollis L. B opamxkepee boranuueckoro cazna [lerpa
Bemukoro BUH um. Komaposa (Cankr-IlerepOypr). JIuctbs,
cTeOIM ¥ KOPHU aKaHTa OTOMPAJIM TIOCIIE MTOJIMBA MTOYBHI O
pacTeHUSIMH CIIOPOBBIMH CYCIIEH3MSAMH mTaMMOB VI 61* u
V1 72* ¢ tatpom 5%10° criop/mit uepe3 14 cytok u uepes 1
MecSI] U packiansBain Ha cpexy Cabypo ¢ aHTHOMOTHKaMHU
JUIsl BBISIBIICHUSI SHAO(QUTOB. BhIpociine KOJOHHH M3ydaiu C
MOMOIIBI0 (MITYOPECIICHTHOTO MHKpockoma Axiolmager M1
JUTSL TIONTBEP>KACHHS BBIZCTICHUS BHECEHHBIX ITamMmoB DI

H3yyenue BIMSAHUA SHIOPUTHOH KOJOHU3ALUN
A. muscarius pactennii 6000B Ha MEPCUKOBYIO TJII0
Mpyzus persicae
Bo06bI BEIpanBaid O OMMCAHHOW BBINIE METOIUKE (10
3 pacteHus Ha cocyn). Uepe3 ofHy HEAENto Tocie BCXOI0B B
Mo4By 1oz 600amMK BHOCHIIM CYCIIEH3UIO KOHUAMH IITaMMOB

OIII" ¢ Tutpom 1x10® cmop/mi o 10 mn Ha cocyn, yepes 2
HEJIeNU TIePBbIE HACTOSIINE JINCThS OTACISUIM M PacKiia/bIBa-
JIM B TUTACTHUKOBBIE Kamepsl oobeMoM 50 cm® Ha 1% arap. Ha
ncThs 6000B orcakuBaim no 10 camok . Ha cnenyrommue
CYTKH CaMOK YJaJISJId U YYUTHIBAIH KOJMYECTBO OTPOXK/ICH-
HBIX JIMYMHOK, PACCUMTHIBAIM CpPEHEE KOJMUECTBO JIMINHOK
Ha caMKy (TUTOZIOBUTOCTH). KaMepsl ocTaBisuid IpH THEBHOM
cBete U 25°C, y4eTsl MpoBOAWIN Ha 3 M 7 CYTKH IMOCIe yaa-
JICHUS CAMOK, TIO/ICYMTHIBASI YMCIIO KUBBIX TMYMHOK Ha JIUCTE,
a TaKk)Ke JMYMHOK C BHEUIHWMH NPHU3HAKAMH MHKO3a B BHUJIE
6e1oro MHIENHATBFHOTO HaJleTa M OEIBIX MyIIHUCTHIX KOJOHHN
Ha HUX. VcTibITaHWs TIPOBOAMIIN JBXIBI B 6 TIOBTOPHOCTSIX.
Bupynentaocts JIII" B OTHOIIEHUH TN ONPEACISUIN 110 Me-
tomuke (MutnHa 1 1p., 2021). Pacdyer 6mnonormdeckoit apdex-
THUBHOCTH TPOBOJIMIIN 110 CHIKEHUIO YHCIEHHOCTH TIIEH C I10-
MIPaBKOM Ha KOHTPOJIb OTHOCHUTENIBHO HCXOIHOTO KOJIMYECTBA
OTPOXX/ICHHBIX JIMYMHOK TIOCIIE YJaJIeHUs] CaMOK.

CraTucTuyecKuii aHaIn3
CrarucTHyecKkuil aHaTN3 MOIYYEeHHBIX NAaHHBIX C MTOMO-
mpio Merona ogHodakropHoro anammsa ANOVA (SigmaPlot
Bepcusi 12.5 Systat Software). HopmaneHOCTE pacmpenerne-
HUS JAaHHBIX NpOBEpsM ¢ nomoupto Tecta lanupo-Bunka
(Shapiro-Wilk). HopmanbsHo pacrpeielicHHBIC TaHHBIC aHAU-
3MpOBaJIH ¢ oMol t-kputepusi Cteionenrta. HenopmanbHo
pacmpeneneHHbIe JaHHbIC OBUTH MPOaHATU3UPOBAHEI C TOMO-

ubio Tecta ManHa-Yutau (Mann-Whitney).

Pe3yJ'l])TaTI)I u oﬁcyslc,z[elme

Ouenka 3HA0PUTHONH KOJTOHU3ALUM IITAMMAMHU
A. muscarius pactenuii 6000B 1 TOMaTOB

Kononmszamnmst pacrenuii 6000B 3HTOMOIIaTOTeHAMH OKa-
3bIBajia CYIIECTBEHHOE BIMSHUE HA TapaMeTpbl pocTa pac-
TEHUH U 3aBHcena ot crnocoda BHecenus DIII. Tlpu nponuse
TIOYBHI CIIOPOBOM cycnen3uer mrammoB VI 21 u V1 61 Ha 10
CYTKH TI0CJI€ MHOKYJISIIMU CTaTUCTUYECKN 3HAYMMO YBEIHYH-
JIach Macca HajzemMHon dacty Ha 43.8% u 60.7 %, coorBeT-
CTBEHHO JJIMHA pacTeHuil ysBenuuunack Ha 47.7% u 40.7%
(puc. 1 A, B). [Ipu onprickuBannu 0000B cITIopamMu MMTaMMOB

_ A B

, 9 b = 60 b b

= = e

5 8 b d 6 & 50 -

o 7 I 5 g

34 e a2 g% 40 a

I

=g O I W 2 2230

85 4 Qs

38 3 g2 20

=0 2 o5

8 £3 10

S = E

= 0 =g 0
Mponue noyBbl  OnpbICkMBaHUe [Mponus nousbl
Watering the soil Spraying Watering the soil

KoHTporb M-033 KoHTporb
B Control A U G-033 = Control e

CYIECTBEHHBIX N3MEHEHHH 110 Macce HaJ[3EMHOM YacTH He OT-
MEYEHO, HO BBIIBIICHO YMEHbLICHHE JUTHHBI PACTCHHS IIPH 00-
pabotke ciopamu V1 21. Taxxe 0OHapyKEHO CYIIECTBEHHOE
yBenMUeHNE Macchl KOpHs Ha 37.4% mpu 0oOpaboTKe MOUYBBI
ciopamu V1 61 u Ha 35.2% u npu ONPBHICKUBAHUK PaCTEHHUIN
mrammoM V121 (puc. 1 C). DunodurHas kononuzamus 600008
criopamu I'-033 B3P ne Bnusiia Ha pocT pacTeHUi. 3amMaqn-
BaHME CeMsiH 000OB B CIIOPOBOM CYCIEH3UH ITAMMOB TaKXKe
HE OKa3aJlo BIMSHMS HU Ha OJWMH U3 M3yYCHHBIX IIapaMETPOB
6000B.
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Pucynoxk 1. Biustane Akanthomyces muscarius Ha mapaMeTpsl pOCTa KOPMOBBIX O000B MPH MTOJIMBE TTOYBBI U IPH
OTIPBICKMBAHHUH CYCIICH3MEH CTop: A — Macca HaJ3eMHON 9acTH pacTeHus; B — BpICOTa HaA3EeMHOI YacTh pacTeHNUS;
C — macca kopHsi. Pa3HpIME OyKBaMU HaJl CTOJIOI[AMH OTMEUEHO HAJIMYUE CYIIECTBEHHBIX Pa3JIninii,
CcpaBHEHHE 110 crocoldy 00padoTku (p<0.05)

Figure 1. The effect of Akanthomyces muscarius colonization on the growth parameters of the broad beans when watering
the soil and when spraying with the suspension of spores: A — green mass; B — height of the stem; C — mass of the root.
Different letters above the bars indicate the presence of significant differences, comparison by method of inoculation (p<0.05)
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[TomyueHHble AaHHBIE MOATBEPXKIAIOTCS MPEIBLAYIIIMA
UCCIEOBaHUsAMH O ToM, uTo sHnopuTHEIe DI U3 pomos
Lecanicillium n Akanthomyces cnocoOHBI yCWIMBAaTh POCT
pacrenuii, nanpumep, ¢aconmn (Dash et al., 2018) u xmon-
yarauka (Lopez, Sword, 2015). IIpeamonararor, 4ro pocr-
crumynupytommit dgdexr sanopuTHEIX O cBsA3an ¢ 0Opa-
30BaHUEM (PUTOTOPMOHOB W YITyUIICHHEM YCJIOBHH MHUTAHMS
pacTeHuit npu SHIO(DUTHONW KONOHM3AUMHU. [ OTHENBHBIX
mramMmoB Lecanicillium psalliotae (Treschew) Zare & W.
Gams ycTaHOBIEHO 00pa30BaHWE MHIOJIMII-3-YKCYCHOW KHC-
JOTBI ¥ CHAEPO(POPOB, YTO MPUBOAWIO K YBEIHUCHHUIO CO-
Jiep>KaHus XJIOPO(GIIUIA B JTUCTHIX KaplaMOHa M YITy4IICHHIO
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JOCTYITHOCTH IIMHKA ¥ Heopranmdeckoro ¢ocdara (Kumar et
al., 2018). BricBobokaeHme cuaepoopoB TakKe OBUIO OTME-
4eHo y dHnodutHOro mramma Akanthomyces lecanii (Zimm.)
Spatafora, Kepler & B. Shrestha u3 Pistacia vera (Dolatabad
etal., 2017).

Honst SHAOGUTHO KOJOHMW3UPOBAHHBIX YacTeH pacTEHHH
60008 ObIITa Pa3MUYHO IS HCCIIEyEeMbIX ITAMMOB M 3aBH-
cea ot criocoba obpabotku. Hanbonee 3dhpexTnBHO KOMOHU-
3uposan pactenus mramMm [-033 BU3P nytem onpeickuBaHus
JIHCTBEB — OH BBLACISJICA M3 JIMCTHEB M CTeOJIeH, BCTpedae-
MocTh coctaBuia 66.7 % u 40.3 %, coorBeTCTBEHHO (pHC. 2).
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Pucynoxk 2. YactoTa KOJOHH3AKHU OTICIBHBIX YacTel pacTeHuit 00008 mramMmamu Akanthomyces muscarius:
A — 1Ipu BHECEHHU B I0YBY; B — pu onpeicknBanny qucTheB; C — py 3aMaunBaHuy ceMstH. PasHpIMu OykBaMu
HaJl CTOJIOIAMHU OTMEYEHO HAJIMUME CYIIECTBEHHBIX pa3inunii, CpaBHEHHE 10 JIoKanu3auu sunodura (p<0.05)

Figure 2. Frequency of occurrence of Akanthomyces muscarius in different parts of the broad beans after: A — watering the soil;
B — spraying; C — treatment the seed. Different letters above the bars indicate the presence of significant differences,
comparison by endophyte localization (p<0.05)

Tamm V1 61 Takxke yarie BBIACISIICS U3 JHCTHEB U CTe-
Oneii mpu onpbICKMBaHUK JTHCTHEB (10 11-16 %). DTOT IWITamMM
TaKke ObUT 0OHApPYKEH B KOPHAX U JINCTHSIX TIPH 3aMauuBaHUH
CEMsIH B OTIIMYHUE OT JPYTHX IITaAMMOB, KOTOpbIE OBbLIH BBIJIE-
JICHBI TOJIbKO U3 cTeOieit. Berpewaemocts V1 21 6buta Hanbo-
Jiee BBICOKOW B JIMCThSIX HPU ONPBICKUBAHWH, HO HE TPEBbI-
maina 15%. [Ipu onpbICKMBaHUY JUCTHEB HU OIMH IITAaMM HE
661 BeIIenieH n3 kopHed. [Tomumo DIIIT u3 pactenuii 60608
BBIJICIISUTICH PA3IMUHBIE MUKPOMHIIETHI, 0COOEHHO OOMIIBHO —
13 KOpHEH.

U3BecTHO, uTo pacnpoctpanenue DI B pacTeHUN MOXET
OBITH JIOKAJBHBIM HJIM CHCTEMHBIM, BBISBICHBI IITAMMOBBIC
pazmuuust 1T mo cnocoOHOCTH K 3HAODUTHON KOJIOHU3ALUH
(Bamisile et al., 2018). Hanpumep, mramm Buna A. lecanii
MIPOJIEMOHCTPUPOBAN CHOCOOHOCTb KOJIOHW3UPOBATh pacTe-
HUSI IIICHUIIBI, KyKYpy3bl, TOMara, (acoii M THIKBBI IyTeM
WHOKYJISILIUY JINCTHEB, TOT/A KaK MHOKYJISIIMS B [TOYBY OKa3a-
nack HeadexTuBHOM (Gurulingappa et al., 2010). Paznuunsie
pe3yabTarhl, OJYyYEHHBIE TIPU OI[EHKE METOJ0B MHOKYJISLINY,
CBUJICTEIBCTBYIOT O TOM, YTO MOMHMO T'€HOTHIIa BHOCUMOTO
rpuba Ha 3p(HEeKTHBHOCTh HHOKYJISILIUK BIHSIOT PACTEHHUE-XO0-
3siMH M Jpyrue ¢aktopsl okpyxkaromieid cpensl (Landa et al.,
2013).

H3yuenune npouecca IHI0PUTHON KOJOHUZAUMHI
A. muscarius MHOTOJIETHUX PACTeHUH
B pesynbrare s3HI0(GHUTHON KOJIOHU3AlMU PACTEHUH aKaHTa
B opamkepee BMIH mytem monuBa modYBbl KOHUIUSIME IITaM-
MoB VI 61* u V1 72*, meuennbix GFP, uepes 14 cyTok mocie
BHECEHUs criop 00a mramma ObUTH BBIJIENICHBI U3 BCEX YacTel

akaHTa, Ho Hambosee yacto OIII" BcTpeuanucer B JUCTBAX U
crebnsx (puc. 3).

BI)I)ICJ'ICHI/Ie N3 aKaHTa BHCCCHHBIX IITAMMOB B KauC€CTBC
SHIO0(UTOB TONTBEPKACHO (IyOPECIEHTHOH MHKPOCKOITH-
eit. Uepes mecsi nocie BHeceHust DIIIT ObUTH BBIAETEHBI U3
KopHe#l u nucTheB A. mollis, a yepe3 2 mecsa — TOJIBKO U3
JINCTBCB. HOJ’Iy‘IeHHLIe JaHHBIC TMTOATBEPKIAAIOT CIIOCOOHOCTH
OIII" k HAOPUTHON KOJOHHM3ALMH PACTEHUH W BBDKHBAEMO-
CTU B YCJIOBUAX TCIIIUIIL.

OueHnka YHA0(PUTHBIX CBOWCTB IITAMMOB
B OTHOIIEHHH TOMATAa

B pesynbrare monuBa IOYBBI CIIOPOBBIMU CYCHEH3USIMU
OIII" mox pacTeHUsIMU TOMATOB BBISIBJICHA pa3jiMuHasl CTEIICHb
KOJIOHM3allMM OT/ENIbHBIX 4YacTel pacteHuid. Bce mramMel
JIy4Ille BCEro KOJOHHM3MpoBaiM crebmu Tomara: ot 20% s
V121 no 55% nnst V1 72%*, xonoHU3anus JUCTHEB M KOPHEH He
npesbimana 8 % (puc. 4).

[NonyueHHble HaMU pe3yNIBTAThI 10 HU3KOH CTENEHH KOJIOo-
Huzaruu D[II" TMCTheB TOMATOB IO CPABHEHHUIO CO CTEONEM U
KOPHSIMH HaxoJsIT IOATBEpKAeHHe B ymTeparype. Komonusa-
LSl PAaCTEHHI TOMATOB SHIO(DUTHBIMU U STIU(DUTHBIMU Iprba-
MU npourcxoania HepaBHoMepHo (Dong et al., 2021). ABTopsI
OOBSICHSIOT 3TO (PU3NUECKUMU U XUMHUYECKHMH CBOMCTBaAMHU
pa3JIMuHBIX OPraHOB TOMaTa, B YaCTHOCTH aHTHMHUKPOOHBI-
MH COCIMHEHHSMH, KOTOPHIE HAKAaIUIMBAIOTCS B JIUCTBSX.
Tak, B cocTaBe JIMCTbEB TOMaroB OOHAPY)KEHO IMOBBIILICHHOE
[0 CPaBHEHHUIO CO CTEOISIMU M IIOJIAMH COZIEPYKaHUE TaKUX
COE/IMHEHUH KaK JIMHOJICHOBAsi U Ko(eitHas KUCIOTHI, 00ia-
naroumx ¢yHrununaeivMu cBoiictBamu (Kim et al., 2019). B
JIUTEpaType TakxKe BcTpedaercs: HH(opmaryst 00 yaydleHuu
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YCBOCHHS MUTATEIBHBIX BEIIECTB PACTCHUSIMH M CHIDKCHUH
XJIOPO30B JIUCTBEB 07 BozaelcTBueM sHIo¢uTHBIX I
(Sanchez-Rodriguez et al., 2015). B Hammx sKcriepuMeHTax
pacTeHunst ToMaToB, MHOKyMpoBaHHbIe JI1I, oTnuanuce 60-
nee ApKoil OKpacKow.

H3zyyenue BJMAHMA FJHA0O(PUTHON KOJOHU3 AU
A. muscarius pactennii 6000B Ha MEPCUKOBYIO TJII0
Mpyzus persicae

Kononuzarus 6000B mramMmaMu A. muscarius HEraTUBHO
BIIMSUIA Ha YMCIEHHOCTD TJIM, MUTAIOMICHCS HA 3TUX PACTCHH-
ax. I1010BUTOCTD TIIEH, MOJCAXKEHHBIX Ha JIMCThSI HHOKYIIHU-
POBaHHBIX PACTEHUil, Yepe3 CYTKH ObLIa JIOCTOBEPHO HIKE
MoCIie BHECEHHUS B IMOYBY IMOI pacTeHue mTamma VI 21 mo
cpaBHeHuIo ¢ KoHTposieM (p<0.05) (tabn. 1). [Ipu BHeceHun
mraMMa V1 61 BeIsBIEeHA TEHAEHIMS K CHIDKEHUIO IIJIOJOBHU-
toctn M. llpu sHMOPUTHON KoNMOHU3anu 0000B TprOOM
I'-033 B3P m10q0BUTOCTh TJIM HE OTAMYANACh OT KOHTPOJIS,
OJHAKO Ha 7-€ CYyTKH CMEPTHOCTH TIH ObLIa BBICOKOH M CO-
craBuna 56.5%. B ombiTe ¢ V1 61 cmepTHOCTH Takke Oblia
IOBOJILHO BBICOKOM U cocTaBuia 49.3 %. Ha oTnenabHBIX 0CO-
01X TIen 6BIJ'II/I BBISABJICHBI BHCIITHUE MTPU3HAKHU MUKO30B, YTO
CBHUJICTENBCTBYET O 3apXCHUU TN TPH MMUTAHUH PACTCHUS-
MU, 3HI0¢UTH3NpoBaHHBIMU DIIT.
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OTH pe3ynbTaThl COMNACYIOTCS ¢ JaHHBIMH, ITOTyYeHHBIMU
JIPyTHMH HCCIIEA0BATENSIMA. BBIIO POIeMOHCTPUPOBAHO He-
raTiuBHOE BozzaeicTBue d3HN0GUTHBIX DIl Ha oHTOTrEeHeTHYE-
CKH€ U PeNpOAyKTUBHbIE TapaMeTpPhl Pa3INYHbIX BHIOB TiICi
(Akello, Sikora, 2012; Jaber and Araj, 2018). /loka3ana nepe-
nada sHI0(uTHOTO rprbda A. lecanii OT pacTEHHIA XJIOIKA K TIIE
Aphis gossypii Glover u ee 3apaxxenue (Anderson et al., 2007).

Ji1st oTnenpHOro ITaMma Bua A. lecanii ycTaHOBIIEHO, 4TO
B pe3ynbrare 3HJI0(MHUTHON KOJOHM3HM3ALUH PACTeHHH Tabaka
MPOUCXOAWIIO CHW)KEHHUE IUIONOBUTOCTH M COKpAIlleHHue Ipo-
JIOJDKUTEIIBHOCTH KU3HH M. persicae (Yuningsih al., 2022).
BBIsSIBJIGHO CyIIECTBEHHOE CHW)KEHHE KOJIOHM3al[MM pacTe-
HUH ciankoro mepma U 0000B mepcukoBoil Tielt M. persicae
B pe3ynbTare SHA0(UTHON KOJIOHU3AaNHU pacTeHuil Beauveria
bassiana (Tomilova et al., 2022). 3amuTHbIi 3ddext mocie
CHUCTEMHOW KONOHM3anuu ¢acomn rpudoM A. lecanii Obu1
MIPOJIEMOHCTPUPOBAH MPOTHB KPACHOTO MAayTHHHOTO KJella
Tetranychus urticae Koch. B 3Tom ciydae cooOrianochk, 4to
A. lecanii pactipocTpaHIIICS B TKaHSIX PACTCHHUS IIOCIIE UCKYC-
CTBEHHOH MHOKYIISILIMN CEMSIH, COCOOCTBYSI POCTY PacTEHHH
U CHMXasl BBDKUBAGMOCTh U IUIOAOBUTOCTH Kitereil (Dash et
al., 2018).

Pucynok 3. Hacrora BcTpewaemocTs mramMmoB V1 61* u V1 72* B pa3ubIx uactsix akanta Acanthus mollis mocne NHOKYISIIAN
MOYBEI (cIeBa) U GIyopecleHTHAs MUKPOCKOIIHS JINCThEB 4. mollis mocie nHOKy suuu mrammoM VI 72* (cnipasa)

Figure 3. Frequency of occurrence of the strains V1 61* and V1 72* in different parts of Acanthus mollis after soil inoculation
(left) and fluorescence microscopy of A. mollis leaves after inoculation with strain V1 72* (rigth)
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Pucynok 4. UactoTa KoJIOHU3aIIMHU OTAEIBHBIX YacTel pacTeHHH TOMATOB ITaMMaMu Akanthomyces muscarius py TIOJIUBE
nouBkl (cieBa) u BoieneHue V1 61 u3 credneit Tomara (cripaBa). PasHpiMu OykBamu Haj CTONOLAMH OTMEUEHO HAIUYKe
CYIICCTBEHHBIX Pa3IM4Kid, CPABHCHHE 110 JIoKanu3aiuu sHaodura (p<0.05)

Figure 4. Frequency of occurrence of Akanthomyces muscarius in different parts of the tomato plants after watering
the soil (left) and isolation V1 61 from tomato stems (rigth). Different letters above the bars indicate the presence
of significant differences, comparison by endophyte localization (p<0.05)
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Taonauuna 1. Bausare sH10pUTHON KONMOHM3auyu 00008 mrammamu Akanthomyces muscarius Ha TUIOAOBUTOCTb M CMEPTHOCTh
NepcUKoBoOl T Myzus persicae

HIramm | [110g0BUTOCTS TN, THYNHOK Ha caMKy | CMEpTHOCTH TH C ydeToM rubenu B koHTpoe (7 cyt), % | Jdons el ¢ Mmuko3zamu, %
KonTponn 2.7+0.2* - -
V121 2.0£0.2° 18.6+7.5° 4.6+4.2
V16l 2.340.3% 49.3+7.7° 3.842.6
I'-033 BU3P 2.7+0.4% 56.5£8.0° 5.5+4.5

[Tpumeuanue: pa3HbIMH OyKBaMHU OTMEUYEHBI BApHAHTbI, JOCTOBEPHO OTIIMYAIOIIMECS MexXay co0oit mpu p < 0.05,

TMOapHO€ CpaBHCHUC.

Table 1. The effect of endophytization of broad beans with Akanthomyces muscarius strains on the fecundity and mortality
of peach aphid Myzus persicae

Strain Fecundity, larvae per female Control-corrected mortality (7 days), % Rate of aphids with mycoses, %
Control 2.7+0.2° - -
V121 2.0+0.2° 18.6+7.5° 4.6+4.2
V161 2.3+0.3 49.3£7.7° 3.8+2.6
G-033 VIZR 2.74£0.4* 56.5+8.0° 5.544.5

Note: Variants that are significantly different from each other at p < 0.05 are marked with different letters, pairwise comparison.

Taxum 06pa3oM, B pe3ynbTare YHI0(PHUTHONH KOJOHU3AINH
pacTteHuit 6000B TpeMs U3y4EeHHBIMU [ITaAMMaMHu 4. muscarius
BBISBJICHBl TTOOOYHBIC IOJOKUTENBHBIE S(PQEKTH: CTHMY-
JSIIUs pocTa pacTeHri (yBeTMUeHHE Macchl HaJl3eMHOH da-
CTH ¥ BBICOTBI pacTeHHii 0000B) U CHW)KEHHE IIIOIOBUTOCTH
MEPCUKOBOM TIM, MHUTAIOMIEHCS Ha SHAO(DUTH3UPOBAHHBIX
pacTeHusIX. ITH 3()(PEKTHl OTKPHIBAIOT HOBBIE BO3MOKHOCTH
B pa3paboTke OuoIpenaparoB Ha OCHOBE SHTOMOIIATOT€HHBIX
rprOOB KOMIUIEKCHOTO JI€HCTBHSI B OTHOLICHUH BpeAWTEICH

u OonesHell. BaxkxHoe 3HaueHMe mMeeT BEIOOp crocoba oOpa-
OOTKH pacTeHH TprOaMu, KOTOPBIH BIUSET HA YPOBEHB YHIO-
(UTHOI KOJOHU3AINH OTACIBHBIX YacTell pactenuii. Cienyer
YUUTHIBATh TAKIKE M OCOOCHHOCTH IITAMMOB A. muscarius 1o
CIIOCOOHOCTH K 3HAOGHUTHON KOJOHM3AIUH ONPEACICHHBIX
pactrenuii. [lampHeimie wccineqoBaHUsS TODKHBI OBITH Ha-
MIPaBJICHEI Ha U3y4eHNEe dPPEKTHBHOCTH 3TUX IITAMMOB TIPO-
TUB BpEJUTEICH U 0OJIC3HEH B OIECBBIX YCIOBUX.

BaarogapuocTu

Pabota BrmonHeHa npu moanepxkke Poccuiickoro Hayaroro ¢orna u Cankr-IletepOyprekoro HaygHOro poHIa
(rpanT Ne 23-26-10052).
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ENDOPHYTIC COLONIZATION OF PLANTS BY THE FUNGUS AKANTHOMYCES
MUSCARIUS AND ITS EFFECT ON THE PEACH APHID MYZUS PERSICAE

G.V. Mitina*, A.A. Choglokova, M.A. Cherepanova
All-Russian Institute of Plant Protection, St. Petersburg, Russia

*corresponding author, e-mail: galmit@rambler.ru

The ability of three strains of entomopathogenic fungus Akanthomyces muscarius to endophytic colonization was
studied in beans, tomato and acanthus. In beans, phytoregulatory activity of the fungus was revealed. Watering soil with
spore suspensions of strains V1 21 and V1 61 resulted in increase of green mass, plant length, and root mass (for VI 61).
Strain G-033 VIZR colonized beans most effectively when sprayed on leaves, occurrence in leaves and stems was 66 %
and 40 %, respectively. Occurrence of V1 61 in leaves and stems was 11-16 %. It was also found in roots and leaves after
seed soaking in spore suspension, unlike other strains, which only colonized stems. The occurrence of VI 21 was highest
in leaves when sprayed (15%). Colonization of beans with A. muscarius negatively influenced aphids feeding on these
plants. On VI 21-colonized plants, aphid fecundity was 26 % lower than in control and mortality reached 19%. V1 61
showed a fecundity decreasing trend and 50 % mortality of aphids. Strain G-033 VIZR didn’t affect aphid fecundity but
caused 57 % mortality. Occasional aphid specimens displayed cases of mycoses. When the soil under tomato plants was
watered with fungal spore suspension, the isolates predominately colonized the tomato stems, while colonization rate of
leaves and roots did not exceed 8 %. The ability of green fluorescent protein-labeled strains V1 61* and V1 72* to colonize
perennial acanthus plants was shown. Both strains were isolated from all parts of the acanthus, most frequently from leaves
and stems.
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Ilonnomexcmosas cmamosn

MOJIEKYJISAPHO-TEHETUYECKHW AHAJIM3 U U3YUYEHUE
IATOTEHHBIX CBOMCTB HOBBIX IIPUPOJHBIX H30JISITOB
LECANICILLIUM-TIOAOBHBIX 'PUBOB (ASCOMYCOTA: HYPOCREALES)

M.A. YepenanoBa*, I.B. Mutuna, A.A. Yornoxkosa

Bcepoccuiickuti nayuno-ucciredosamenvckui uncmumym sawumel pacmernuti, Cankm-Ilemepoype
*omeemcmeennwiil 3a nepenucky, e-mail: CherepMA@mail.ru

MaccoBoe NpUMEHEHHE XUMHYECKHX HMHCEKTUIMIOB B CEIIbCKOM XO3SHCTBE COMNPSIKEHO C PSJAOM HETraTUBHBIX
MOCJIEACTBUM, YTO aKTyaJIU3UpyeT pa3paboTKy OMOIOrMYECKHX METOIOB 3alUThl PACTCHUH. DHTOMOIATOTeHHBIE TPHOBI
paccMaTpuBaroOTCs Kak IepCIEeKTHBHBIE areHThl OMOKOHTPOJISE MHOTHX Bpeauteneil. Llenbro qanHo#i paboThl ObLI MOUCK U
XapaKTepUCTUKA HOBBIX NPUPOAHBIX U30JSITOB Lecanicillium-nonoGHbIX rpuboB, 0OHAPYKEHHBIX Ha TeppuToprn Poccun
U OIIEHKa MX BHPYJICHTHOCTH B OTHOIIECHHH JIBYX ONACHBIX COCYIIMX BPEAUTEIEH — MEPCUKOBOM T Myzus persicae n
opamxkeperiHol 6ernokpbutke Trialeurodes vaporariorum. Tpunuars U30J5TOB, COOPAHHBIX B pa3IHYHBIX peruonax Poccun
B 2019-2022 rr., 6buUIM UAEHTH(OUIMPOBAHBI MOJIEKYISIPHO-TeHeTHYeCKMMHU MeTtoaamu 1o Jiokycam ITS, TEF u NADI.
YCTaHOBIIEHO, YTO BBIJCICHHBIE U30JIATHI MIPUHAUIEKAT K BuaaM Akanthomyces lecanii, A. muscarius, A. attenuatus,
A. uredinophilus, Flavocillium bifurcatum w Simplicillium lanosoniveum. Ha teppuropun Poccuu F. bifurcatum naiinexn
BriepBble. JIabopaTopHbIe MCIBITAaHHUS BBISBUIIM BBICOKYIO BapHaOEIbHOCTh BHPYJIEHTHOCTH H30IISITOB. B oTHOIIEHHMH
M. persicae 22 w3onsata nokasanu Ouosiorudeckyro 3ddexkruBHOCTh Bhiie 90% Kk 7-M cyTkam, npudeM 16 H3054TOB
nocruran 100 %-Ho#t ¢ dextnBHOCTH. [IsTHaNNaTh U3 22 UCHBITAHHBIX HM30JSITOB MPOSBHIM 3(PQPEKTUBHOCTH BBILIE
80% mpotus 7. vaporariorum. Haubornee nmepcreKTUBHBIC H30JISIThI OTHOCATCS K BUIAM A. uredinophilus, A. muscarius,
A. attenuatus, a taxoxe F. bifurcatum, BuepBble HCIBITaHHBII NPOTHB 000MX 00bekToB. Takum oOpasom orobGpaHo 15
BBICOKOBUPYJIEHTHBIX U30JISITOB, IIEPCIEKTUBHBIX B KAUECTBE areHTOB KOHTPOJISl YUCIEHHOCTH T/IH M OEJIOKPBUIKH.

KaioueBbie ciaoBa: OuoJOrnyeckuii KOHTpPOJb, DHTOMONATOTCHHBIE TpHOBI, Akanthomyces, Myzus persicae,
Trialeurodes vaporariorum, MoaeKyIapHas HACHTH(GUKAINS

Hocmynuna 6 pedakyur: 26.01.2026

B ycnoBusix MaccoBOro BIpaIiMBaHuUs KyJIbTypHBIX pacTe-
HHUH OCTPO CTOUT BOIIPOC OOPHOBI ¢ BpeauTensiMu. Pazinndnere
¢urodaru MPUBOIAT K OTPOMHBEIM TIOTEPSM YpOXKasi M, COOT-
BETCTBEHHO, SKOHOMHYECKHUM moTepsiMm. [yt 60pe0BI ¢ Bpe-
JIUTEJISIMU arpOX03sIiCTBa NMPUMEHSIOT WHCEKTHUIMIBI, Yalle
Bcero xumuueckue. B coorBercTBum ¢ qanueiMu Poccenbxos-
Ha/30pa 3a nepsblil kBapTan 2025 r. B Poccun npuMeHnnu ToH-
HBI IECTUIUI0B ¢ MakcuMyMoM B 600 ToHH B KpacHogapckom
kpae (Poccenmpxo3Hamzop coobmaer 00 obObemax..., 2025).
OpnHako 00pabOTKM XMMUYECKUMH CPECTBAMHU 3alUThl pac-
TEHWH TMPUBOAAT K HETaTUBHBIM ITOCIEICTBUSAM: Pa3BUTHIO
PE3UCTEHTHOCTH Y HACEKOMBIX-BpeUTEIeH, HAaKOILUICHHIO TIe-
CTHIIUJIOB B ITOYBE, CMEPTHOCTH CPEIH HEIIEJIEeBhIX OOBEKTOB,
a TaKke K HapyIIEHUSM 3710pOBbs NTHII, MIEKOIUTAIOIINX, B
ToM umcie u uyenoseka (Cyxopydenko, 2001; bopucosa u 1p.,
2022; Khan et al., 2023; Cyxopy4eHko u ap., 2024).

Jnst pemieHnst 3TUX TPOOJIEM NPEIUIOKEHBI Pa3IMdYHbIC
TIO/IXO/IBI, OJHUM M3 KOTOPBIX SIBISAETCS NPUMEHEHHe OWo-
JIOTHUECKUX CPEACTB 3alllUTHl PACTEHHUH, MPEIoararolux
UCTIOJNIb30BaHUE OPraHU3MOB, B €CTECTBEHHBIX YCIOBUSIX KOH-
TPONUPYIOIIMX YHUCIEHHOCTh BpenuTeneil. B cmmcox Taxux
€CTECTBEHHBIX areHTOB 3alIUThl PACTCHUIN BXOAAT SHTOMOIA-
toreHHsle rpuosl (JI1I7), BeI3bIBaronIEe B Mpupose 3aboseBa-
HUSI HACEKOMBIX, KOTOPbIe MOTYT IPHUBOAUTH K SMU300TUsM. B
MHUPOBOM MPAKTUKE HA JAHHBIH MOMEHT OOJBIINHCTBO OMOWH-
CEeKTHLMJO0B co31aHO Ha ocHoBe OIII, oTHOCSIMXCS K TpeM
ponam otnena Ascomycota: Beauveria, Metarhizium n Isaria

Ipunama x neuamu: Accepted: 27.03.2026

(=Paecilomyces). Taxxe pa3paboTaHbI pemapaTsl HA OCHOBE
IITaMMOB U3 poioB Akanthomyces, Tolypocladium, Hirsutella
u p. (de Faria et.al., 2007; Aptromkuna u 1p. 2023). B Poccun
B HACTOSIIIEE BPEMs B COOTBETCTBHH ¢ «[ 0CYIapCTBEHHBIM Ka-
TaJIOTOM MECTULIUIOB M arpOXUMHUKATOB. .. 2025%» K mpuUMeHe-
HUIO pa3penieHo 6 MpenapaTtoB Ha OCHOBE YHTOMOMATOTEHHBIX
rpubos: 3enensiit 6aprep CII u buocaun BB, K Ha ocHoBe
Beauveria bassiana (Bals.-Criv.) Vuill, Buocrom, XX Ha ocHo-
Be B. bassiana, Bacillus thuringiensis u Streptomyces sp, buo-
Bept CII — Akanthomyces lecanii (Zimm.) Spatafora, Kepler
& B. Shrestha (=Lecanicillium lecanii), Metapusus, X Ha oc-
HoBe Metarhizium anisopliae (Metschn.) Sorokin u MeTaBair,
7K Ha ocHOBe cMecu mTaMMoB B. bassiana v M. anisopliae. B
CBSI3U C TAKUM TIOJIOKEHHEM MOSBIISETCS HEOOXOAUMOCTD T10-
HCKa HOBBIX BBICOKO3()()EKTUBHBIX IITAMMOB-IIPOLYIIEHTOB. B
YAaCTHOCTHU, MEPCHEKTUBBI UMEIOT YHTOMOIATOT€HHbBIE TPUOBI
u3 pona Akanthomyces u apyrux Onuskux emy Lecanicilli-
um-1oJ00HBIX TPHOOB.

I'puds1 pona Akanthomyces — aHaMOpQHBIE KOPANUIUITUTO-
uaHBIe TPUOBI U3 OTAeTa Ascomycota. B mpupoae oHu BeTpe-
YAIOTCSI Ha KECTKOKPBUIBIX, MOJIYXECTKOKPBUIBIX, KJIEMIaXx,
naykax  T. . MHOTHE BUIBI POJia UMEIOT Y3KYIO CIelHain3a-
U0, OJIHAKO BHYTPH POJIa €CTh rPyIia OJU3KUX BUIOB C IITH-
POKHM CIIEKTPOM XO03sI€B, & UX CIOCOOHOCTD Mapa3UTUPOBATH
Ha OTAETBHBIX BUJIAX HACEKOMBIX OMPEAEISETCS MTAMMOM B
Gonbinieit crenenu, ueM BugoM rpuda. K atoit rpymme oTHoCST
Takue BUIBI Kak A. lecanii, Akanthomyces muscarius (Petch)
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Spatafora, Kepler & B. Shrestha, Akanthomyces uredinophilus
(ML.J. Park, S.B. Hong & H.D. Shin) P.F. Cannon & P.M. Kirk,
Akanthomyces attenuatus (Zare & W. Gams) Spatafora, Kepler
& B. Shrestha, Akanthomyces dipterigenus (Petch) Spatafora,
Kepler, Zare & B. Shrestha, Akanthomyces sabanensis (Chir.-
Salom., S. Restrepo & T.I. Sanjuan) Chir.-Salom., T.I. Sanjuan
& S. Restrepo u ap. (Wang et al., 2024). Ho yaie Bcero 3HTO-
MOIIaTOr€HHBIE TPUOBI ATOTO POJia BCTPEYAIOTCSI HA IOy KECT-
KOKPBUIBIX, B YaCTHOCTH Ha COCYIIMX BPEAUTEISIX PACTCHUMH,
MIO3TOMY ITOUCKH aKTHBHBIX W30JIITOB BHYTPH IpyInbl Lecan-
icillium-nonoOHBIX TPUOOB BELYT HMEHHO ISl KOHTPOJIS YKC-
JICHHOCTH 3TUX HAaCEKOMBIX. TaK, pa3iiyHble ITaMMbl IPHOOB
pona Akanthomyces yXxe NaBHO IOKa3ajdH CBOIO d(PQPEKTHUB-
HOCTb B OTHOILICHUH OEJOKPBIJIOK, TPUIICOB U TIIEH KaK B J1a00-
PaToOpHBIX, TaK U B MEJKOJEIIHOYHBIX U TEINIMYHBIX OIBITaX
(Cuthbertson, Walters 2005; Askary H., Yarmand H., 2007).
Hexoropsle mTaMMBbl yke KOMMEpLHATN3MPOBaHbl B KaUECTBE
OMOMHCEKTUIM/IOB, ITpUYeM OOJNBIIMHCTBO MPENapaToB 3ape-
THCTPUPOBAHO B CTPaHaX C TEIUIBIM M BJIAXHBIM KIMMAarOM.
HauGonee wsBecTHbl mpenaparbi Mycotal® (4. muscarius),
3¢ QEKTUBHBIN B OTHOILIEHUH OEJIOKPBIIOK, TPUIICOB H KIICILECH
u Vertalec® (4. dipterigenus), npeaHa3HauyeHHbIN 1711 60PHObI
C pa3JIMYHBIMH BUJIaMH TIIEH.

Hecmotpst Ha cyniecTBOBaHHE OTAEIBHBIX KOMMEPUECKHX
NPOIYKTOB, noTeHuman Lecanicillium-nogoOHBIX TpHOOB He

ucuepraH. Takue mTaMMBl MOTYT CTaTh OCHOBOW IS pa3pa-
6otkn Oomee 3dpdexkTHBHBIX U crenudUUHBIX Onompenapa-
TOB, PACHIMPSIOMINX CYIICCTBYIONINI OTpaHUYCHHBIH apce-
HaJ TPUOHBIX CPEACTB OMONOTHYCCKON 3alllUTHl PacTCHHUHA B
Poccun.

OtaenbHOl Tpobnemoit m3yuenust Lecanicillium-mono6-
HBIX TPUOOB SBIACTCS CIOKHOCTh MX BUAOBOW MICHTH(HKA-
ouU M0 MOP(OJOTHYSCKUM TIPH3HAKAM BBUAY HUX KpaifHEro
cxonctBa. EnuncrBennoro peruona ITS, npumensiemoro B ka-
YEeCTBE YHHBEPCAIbHOTO Oapkojia, Ha JaHHBIH MOMCHT HEIO-
CTaTOYHO TSI TOYHOTO OTIPENICICHUS BUOB, IIO3TOMY UCIIONb-
3YIOT MYNBTHIIOKYCHBIH moaxox (Mitina et al., 2017; Zhou et
al., 2020; Di Sora et al., 2025). Kpome Toro cucremMarnka JaH-
HOW TPYIIITBI OPTaHU3MOB TIOCTOSTHHO YTOYHSICTCS, BBIICIISIFOT-
cs1 HOBBIC BHJBI 1 poja (Zare, Gams, 2001; Kepler et al., 2017,
Zhang et al., 2020; Khonsanit et al., 2024), 9T0 3HAYUTEITHHO
YBEJIMYHUBACT TPESOOBAHMSI K TIOJHOTE MOJICKYJISIPHBIX TAHHBIX
JUTS pa3feneHust BUIoB Lecanicillium-mmoqoOHBIX TPHOOB.

B HacTtosmieli paboTe HOBBIC TPUPOTHBIC H3OJSTHI
Lecanicillium-nogoO0HBIX TprOOB OBUTH HICHTU(HUIIMPOBAHBI
C TIOMOIIBI0 MOJICKYJIIPHO-TCHETHYECKAX METOJIOB, OIICHECHA
WX BUPYICHTHOCTh B OTHOIICHHWW IBYX OIACHBIX COCYIIHX
BpenuTeNneil — nepcukoBoil ™n Myzus persicae N OpaHXKepen-
HoW 0enokpwUIKY Trialeurodes vaporariorum v M3y9eHBI 0CO-
OCHHOCTH MHKO30B Ha 3THX HaCEKOMBIX.

MaTepna.nbl H METObI

H3041TBI 3HTOMONIATOreHHBIX TPHOOB

Jns wccnenoBanuii ObUTH UCTONBE30BaHB! 30 MPUPOIHBIX
n3onatoB Lecanicillium-ionoOHBIX TpuOOB, COOpaHHBIX B
Poccuiickoit ®eneparuu B 2019-2022 rr. U nenoHUpPOBaH-
HBIX B «[OCyIapcTBEHHON KOJIEKLIMM MUKPOOPTaHMU3MOB, Ta-
TOTEHHBIX ISl pacTeHuidd u ux Bpeautenein ®I'BHY BU3P»
(WFCC WDCM Ne 760, YHO). IIpenmy1iecTBEHHO H30JITHI
Obutn oOHapyxeHbl B KpacHomapckoM kpae 1 MocCKOBCKOH
obnactu. U3omstel, o6o3HaueHHble «SNP» Obutn coOpaHbl B
CounHCKOM HaumoHalbHOM napke (tadm. 1). Kymsrypsl moa-
JIep >KUBAIIMCh HA arapu3oBaHHOM cpene Yamneka ¢ IpoxoKeBbIM
9KCTPAKTOM (COCTaB, I'/JI JUCTHIUIMPOBAHHOM BOJBI: caxapo3a
20, mpoxokesoit axctpakt 1, arap 20, KCI 0.5, KH PO, 1.0,
MgSO, 0.5, NaNO, 2.0).

Moaexynsipaas uaentupuxaums Lecanicillium-
MOA00HBIX H30JIATOB

Hns Beigenenus JHK ucnonb3oBanu munenuit 7-cyTod-
HBIX KyJBTYp W30JIATOB I'pHOOB, BRIPAIIEHHBIX Ha MMUTATEIb-
HOH cpene Yameka ¢ JpOXOKEBBIM HKCTPAKTOM. JKCTPAKIIHIO
JHK npoBomumm mo meroauke 0e3 ¢peHona u mporenHassl K
(Malysh et al., 2019).

st uaeHTHUKAIMN H30MITOB OB aMIUTH (UM POBAHBI
(haxrop smonranuu Tpancusmuu (tef) (mpaiimepbr [F1a983F
(5'-GCY CCY GGH CAY CGT GAY TTY AT-3' m [F1al567R
5'-ACH GTR CCR ATA CCA CCS ATC TT-3'), yuacrok JJHK
Oompmoit pubocomansHON cyObenuaunbl [TS (mpaiimMeps
VLITS1 5°-GTC CCT GCC CTT GT A-3" u VLITS2 5'-CCT
GGT GGT TTC TTT TCC-3"), y4aCTOK MUTOXOHAPHAITEHOTO
rera nadl (mpatimepsr nad1A 5'-ATG GCS*AGT ATG CAA
AGA AGA-3" m nad1B 5’-GCA TGT TCT GTC ATA AAS*
CCA CTA AC-3") (Rehner et al., 2006; Kouvelis et al., 2008).

IMponecc aMmMduKayA NPOBOJMIN B COOTBETCTBHH C
MIPOTOKOJIOM, BKJIIOYAIOIIUM IEPBHUYHYIO AEHATYPAIHIO MPH
95 °C 2 muH, 30 uuknoB geHarypauuu npu 95 °C 30 ¢, omxura

npu crienGUYHBIX 1S TpaliMepa TemIieparype 2 MUH, 370H-
raiuu 30 ¢ npu 72 °C, a Takke 3aKII0YaIOUIyI0 JOHTalHio
npu 72 °C B Teuenue 5 MuH. Temneparypa oTxura Juis JIoKyca
ITS cocrasuna 50 °C, a ans noxycos TEF u NADI — 52 °C.

Iocne TP npooanmu 3meKTpodhOpEeTHICCKOE paselie-
HUE aMILIUKOHOB B 1 % arape, ocie 4ero NpoBOIUINA OUUCTKY
¢ nomompto GITC u ocaxnenus [JHK Ha wactunax nuokcu-
na xpemHusi. CexBeHupoBanue ountienHoi JJHK nposogunu
no CoHrepy ¢ MOMOUIbIO TreHeTHueckoro aHanuzaropa ABI
Prism 3500 B cOOTBETCTBHMHM € yKa3aHHSMH ITPOM3BOIUTEIS
(«Applied Biosystems»). CekBeHHpOBaHHE ITPOBOIMIIN C HC-
nionb3oBanueM obopynosanus LIKIT «'eHoMHBIE TeXHONTOTHH,
poTeoMHuKa ¥ kierodnast ononorus» ®I'BHY BHUNCXM.

[TonmyuyeHHbIE TOCIIEAOBATENBHOCTH IPOCMATPUBAIIHN U pe-
naxtupoBany B BioEdit (Hall, 1999). BeipaBHuBanue npoo-
JITU ¢ TIoMoIbio omnaiiH-cepsrca MAFFT Bepcun 7 (Katoh
et al., 2019). IMocnenosarensHocTn TEF u ITS Obutn 00Be-
JUHEHBbl Ui JanbHeimero ananu3a. IlocnemoBarensHOCTH
NADI1 ananmusupoBanu otaensHo. [ ¢uiioreHeTHIeCcKoro
aHaJM3a WCIIOJIb30BAIM MeETOJ 0alieCOBCKOrO 3aKIIIOYeHUs
¢ momouiplo nporpamMmel MrBayes 3.2.7. (Ronquist et al.,
2012). lnst onpeneneHns: HauayqIInX MOJIeNIeH HCI0JIb30BaIH
MrModeltest v 2. [lns naptunuii o0beAMHEHHON MOCIIe10Ba-
tensHOCTH [TS 1 TEF 6b1n ncnionb3oBansl mogenu GTR+G u
GTR+G+I cooTBETCTBEHHO, 11 TOCIEN0BATEABHOCTH JIOKYCa
NADI — monens GTR+G.

OnpeneieHne BUPYJIEHTHOCTH H30/I5TOB

BupyneHTHOCT H30JISTOB ONPEAEISIIN B OTHOLIEHUH TIep-
cuKOBOW T Myzus persicae Sulzer m opamkepeiHoH Oeno-
KpeUIKH Trialeurodes vaporariorum Westwood.

HcnbiTanns W30NATOB Ha MEPCHKOBOW Ti€ TPOBOAWIN
o MeToanke, pazpadoranHoit B8 BU3P (Mitina et al., 2021).
JlaGopaTopHyI0 MO SN0 TN TOEPKUBAIN Ha KOHCKHX
000ax Vicia faba L. (Fabaceae) mpu KOMHaTHOU TeMIIeparype
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Tadmuna 1. Mecra oOHapy)XeHHsI 1 HICTOYHUKH HUCCIIEYyeMbIX H30JI5TOB

Table 1. Places of detection and sources of the studied isolates

W3zonar X03sIMH / HICTOYHUK Mecto oGHapyKeHHs

Isolate Host / Source Location of detection
SNP 2 Ilycryner Bo3OyauTens pxaBauubl Phragmidium sp. CounHckuit HanoHaIbHEIH napk (CHIT),

Ha e)KEBUKE Marpocckas mens (I'onoBunka)
SNP 3 Koxkmna (Hemiptera, Coccoidea) CHII, Marpocckas mens (I'onoBunka)
SNP 10 IMTayk Aranei Ha obxe CHII, KarkoBa meins (I'onoBrHKa)
SNP 17 [l{urosxa (Hemiptera, Coccoidea) na kiere CHII, 3y6osa lllens «Kanbon npoxnanusli» (Jlazapeckoe)
MEJTKOIIBETKOBOM
SNP 24 HeupentuduiupoBanHoe HaceKOMOe Ha OOSIPBIITHUKE CHII, Pyueii B 3 kM o1 33 Bononaznos (noc. bon. Kuumait)
SNP 40 IMuroBka (Hemiptera, Coccoidea) CHII, Csupckoe ymense (JIazapeBckoe)
SNP 43 Trast (Hemiptera, Aphididae) CHII, Cupckoe yuiense (JlazapeBckoe)
SNP 44 HHOHCK,M BO,CKOBM JIOMHOTIHTOBKA CHII, Cupckoe yuiense (JlazapeBckoe)
Ceroplastes japonicus (Hemiptera, Coccoidea)
SNP 45 [{utoBka (Hemiptera, Coccoidea) CHII, Ceupckoe ymienbe (JlazapeBckoe)
Bl HeunnentupununpoBaHHBII MUKCOMHLIET Heussectno
B2 Tns Ha rpaBusare MockoBckas 0011., PameHckoe, mosisiHa B Jiecy
B3 Komap-nonronoxka (Diptera, Tipulidae) Anpiresi, okpyr nocenka Kamennomoctckoro, Bogonaasl Pydadro
B4 Komap-nonronoxka (Diptera, Tipulidae) Appires, noc. Hukens, y p. Clok, Ha kKaMHe
B6 I'ycennua HenaeHTU(HUIIMPOBAHHOTO YEITyEKPBLIOTO Kpacnonapckwuii kpaif, AIIEPOHCKUH p-H,
Ha KaMHe Kampiranosa nonsiaa, y Bogonana llkomasHoro.
B7 Beroxpuuika Aleyrodes lonicerae Pecn. Anpires, okpecTHOCTH Mfu?ncona, 3a BOCHHBIM FOPOJKOM
MuxaiinoBo
B8 Benokpeuika A. lonicerae CHII, Arypckoe ymense
B10 Mensnuna (Hemiptera, Psyllinea) Pecn. Anpires, okpecTHOCTH MuaﬁKona, 3a BOGHHBIM TOPOIKOM
MuxaiinoBo
Akl [{utorka (Hemiptera, Coccoidea) KpacHomapckuii kpait
Ak2 MutoBka (Hemiptera, Coccoidea) Kpacnonapckuit kpait, CHIT
A3 SnoHckas BOCKOBas JIOXHOIATOBKA KpacHonapexit kpai, . Coun
Ceroplastes japonicus
Ak4 Kpanusnslit uepsen Orthezia urticae MockoBckast 0011., Pamenckuii paiion
Ak6 Huxanka Metcalfa pruinose Pecn. Anpiresi, okpectHocTH Maiikora
Ak7 Wwmaro 3enénoii nukanku Cicadella viridis MockoBckast 0011., Pamenckuii paiion
Ak8 AxanueBas JOXHOIMTOBKA Parthenolecanium corni r.bearopon, neconapk « Apmsuuii 10r»
Ak9 Benokpsuika A. lonicerae na naba3nuke MockoBckast 0011., OTUHIIOBCKHIA paiioH,
Ak10 Benokpeuika Aleyrodes asari MockoBckast 0011., OMUHIIOBCKHIA paiioH
Akll Boxws kopoBka Harmonia axyridis MockoBckast 0011., Pamenckuii paiion
Akl12 YpeUHHONY CTy IbI P 036yHH.T ST PARABTHMHEL MockoBckas 061., OTUHIIOBCKHI paitoH
Coleosporium tussilaginis
Ak13 YPCAHHHONYCTY NI B03.6)./,I(I/IT6J'I$[. PAABIHHEL Applres, okpecTHOCTH Ioc. KaMeHHOMOCTCKOrO
Melampsoridium alni
Akl15 ¥p eHHHHOHyCTyHFI ,BO36yHHTeJ,I,H PPRaBiHHbL Benropozckas 0611., neconapk «Jy6oBoex»
Puccinia aegopodii

W3omnstel, o603naueHHbIe «SNP», 06Ut coOpans! 1 BeLAeeHs! MutnHol [.B. 1 UepenranoBoit M.A., ocTanbHBIE H30JISTHI
cobOpansl 1 BeiieneHs! bopucossiM B.A. (MockBa, « ATpoOHOTEXHOIOTHS);
n3omatel B3, B7, B10 u Ak6 panee 0pun naentudunupoBansl Kak 4. uredinophilus (Uepenanosa u ap., 2025).

Isolates indicated «SNP» are collected and isolated by Mitina G.V. and Cherepanova M.A., other isolates — by Borisov B.A.
(“Agrobioteknologiya”, Moscow); isolates B3, B7, B10, and Ak6 were identified previously as A. uredinophilus

(Cherepanova et al., 2025).

n 16-4yacoBoM cBeTOBOM jHE. [l SKCIIEPUMEHTA IMOTyqan
JMYMHOK IIEPBOTO BO3PACTa HA M3OJIHMPOBAHHBIX JIMCTBIX BO
BIIQXKHBIX Kamepax ¢ 1% arapom (mpumepro 15-30 nuanHOK
Ha TOBTOPHOCTH). JIMCThsSI C TMYMHKAMH TN OKYHAJIH B CY-
CIICH3HIO M30JIATOB C THTPOM KOHUAui 1x107 cmop/mit.

B orHOmeHMH OEIIOKPBUIKM TECTUPOBAaHHE H30JISATOB
MpOBOAMIH 10 pa3paboranHoit B BU3P metonuke (MutHHa,
CoxopHoBa, 2013). ITomynsauuio opaHxepeiHON OENOKpBLI-
ku T. vaporariorum MONAEPKUBAJIH Ha PACTCHUSIX (acoiH.
W3omupoBaHHbIC JTHCThS ¢ TUUMHKamMu 2—3 Bo3pacrta (25-50

JUYUHOK Ha JIFICT) OKYHAIU C CYCIICH3HIO H30JIATOB C TUTPOM
koHumui 5x10° ciop/mit. JIMCThS OACYIIMBAIN U PACKIIAbI-
BaJIM HA IUIOTHUKH. YaIlIKK ¢ MIIOTHKAMHM 3aTATUBAIN ILUICHKOM
C MHKPOOTBEPCTHSIMU ISl BEHTHIISIIH.

Bce skcniepuMeHThI IPOBOAWIN B 6 TOBTOPHOCTSIX. Y YEThI
MIPOBOAMIM Ha 3 U 7 CyTKH MOCJIE 3apa)KeHUs HACEKOMBbIX Iy-
TEM MOJCYCTa MEPTBBIX, JKUBBIX 0COOCH M MEPTBBIX 0COOCH C
MPU3HAKAMH MUKO30B. bronorndyeckyro 3¢ GheKTHBHOCTD H30-
JISITOB OMpPENEIsuTH 1o popmylie XeHaepcoHa- TunroHa.
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Jlnist onpernienieHnst TOCTOBEPHOCTH Pa3IMuUi UCTIONIbh30Ba-
1 0JHO(AKTOPHBIN ucniepcuoHHbIH anamu3 (ANOVA) (Sig-
maPlot 12.5 Systat Software). IIpu HOpManbHOM pacipese-
JICHUH 3HA4YEHMH MCHONIB30BaIH t-KpuTepuii CThIONCHTA, ITPU
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HEHOpMAaJIbHOM pacmipeneneHun — kputepuit Kpackena-Yon-
nuca. [lng onpeneneHus: HOPMAIbHOCTU PACHpEeNICHUsT HC-
nonb3oBanu Tect llanupo-Yuxka.

Pesyabrarsl

MonexynsapHasi HIeHTHQUKALTUSA
Lecanicillium-nono0ubIx rpudos

B pesynbrare peakTHpOBaHHS M BBIpAaBHUBAHMUS MOJTyUeH-
HBIX HYKJICOTHIHBIX TOCIEIOBATEIbHOCTEH OBUTH TOMY9IEHBI
cukBeHcH ITS, TEF u NAD1 mmunoit B 538, 389 u 513 m.H.
COOTBETCTBEHHO. [Ipn 0OBEqMHEHHMH MOCIEe0BaTEIFHOCTEN
ITS u TEF nonydeno 927 n.H. Bce nomyuenHsle nocienosa-
TEJILHOCTH IO KaXKIOMY JIOKYCY JICTIOHHpPOBaHbI B [ eHOaHKe,
HOMepa JOCTyTIa mpeacTaBieHsl B Tabmmie 2. [Tockombky co-
BpeMeHHBIC naHHbIe [erbanka mo nokycy NADI mocrarouno
MaJIOYHCIICHHBI, OBLIO PEIICHO aHAJIM3UPOBATh €r0 OTAEIBHO
B KaueCTBE BCIIOMOTaTeIbHOTO.

B cooTBeTcTBHU € (DHMIIOTEHETHIECKUM JEPEBOM, MOCTPO-
€HHBIM 10 00benuHeHHon nocienoBareabHocTh ITS u TEF,
n3onatT SNP3 oxHo3HauHO 00BENMHEH B KiIAAy C pedepeHT-
HeIM mTamMmmoM Bupa Simplicillium lanosoniveum (J.F.H.
Beyma) Zare & W. Gams, Ak 13 — co mtammamu Buna Fla-
vocillium bifurcatum Hong Yu bis, Y.B. Wang, Yao Wan, Q.
Fan & Zhu L. Yang co 100%-HbIM ypOBHEM HOIIEPKKH.
Cewmb m3omsaroB (Akl, Ak2, Ak3, SNP2, SNP17, SNP24 u B8)
00BEIMHMWINCH CO ITaMMaMu Buaa A. lecanii, 2 wzonsra (B1,
B2) — co mrrammamu Buna A. uredinophilus. V3omnater B4 u

SNP40 oOpazoBaiy MOHOGHUIMTHYECKYIO TPYIILY C H30JIs-
tamut A. uredinophilus. Vzonsater Ak7 n Ak10 3ausnu Hau-
Oosiee OMM3KOE MOJOKEHUE K IITaMMy BHAa A. attenuatus.
Hessats m3onsatoB (Ak4, Ak8, Ak9, Akll, Akl2, AklS5, B6,
SNP10, SNP44) o0bequHMWINCE B OAHY TPyMITy ¢ pedepeHT-
HBIMH IITAMMaMH BUIOB A. muscarius, Akanthomyces pisso-
dis (Kope & I. Leal) Wan H. Chen, Y.F. Han & Z.Q. Liang,
A. attenuatus, B TOM YHCJI€ ¥ C TUITOBBIMH. M3051TeI SNP43 1
SNP45 pacmonoXuiaich OTACTHHO Ha JaHHOM (HUIIOTCHETHYe-
CKOM JIepeBe U TPeOYIOT JOIOJHUTENBHBIX HCCIIEI0BAHUI 1S
uneatudukanmu. SNP43 okasancs Hauboee OIU30K K IITaM-
Mam Buna A. lecanii (puc. 1).

B coorBercTBUM ¢ (pHIIOTEHETHYECKUM JIEPEBOM, ITOCTPO-
eHHbIM 10 JIoKycy NAD1 mzomsater B2, SNP40 o6pazosamu
MOHOQWINTHYECKYIO Tpymmy co mrammamu V1 5, Ak6, B3,
B7 u B10 Buna A. uredinophilus. N3onsater Akl, Ak3 u SNP2
00pa3oBany MOHODMIMTHYECKYIO TPYIITY CO IITAMMaMH BUIa
A. lecanii. BONBIINHCTBO ke H30JATOB, U1l KOTOPBIX YAAIOCh
aMITH(HUIUPOBATH MOCIeN0BaTeTHbHOCTH TIoKyca NADI, 00b-
eMHIINCH CO ITaMMaMH, OTHECEHHBIMHU K BULY A. muscar-
ius (puc. 2).

Taoauna 2. Homepa gocrymna B ['eHOAHKE HCIIONB30BAaHHBIX B TAHHOM HCCIICIOBAHHH H30JISTOB

Table 2. Accession numbers in the Genebank of isolates used in this study

Bz Il Fram/vsomss Monelcynﬂpﬂo—reﬂemqe.cme.noxycm
Species Strain/isolate Molecular genetic loci
ITS TEF NADI
KACC 44082 TYPE - KM283806 -
KACC 47756 - KM283807 ;
KUN 101466 MG948305 | MG948315 -
KACC 44066 - KM283808 ;
CEP 054 (ARSEF 7460) MHO013232 | MH062184 -
CEP 057 (ARSEF 7207) MHO013506 | MH062186 -
CEP 108 (ARSEF 7462) MHO13508 | MH062188 -
o Vi5 - ; KF562152
Akanthomyces uredinophilus Ak6 PQ608619 | ON059122 | PQ610593
B1 PQ590478 | PQ610578 | PQ610561
B2 PQ590479 | PQ610579 | PQ610562
B3 PQ608616 | PP680SO1 | PQ610590
B4 PQ590480 | PQ610580 -
B7 PQ608617 ; PQ610591
BI0 PQ608618 - PQ610592
T SNP4O | POSIM4T4 | PQEI0SE | PQSINSSS
CBS 101247 TYPE= IMI 304807R IN049836 | 'DQ522359 | 'EF512952
CBS 102067 = IMI 338019R MHS862778 | KM283818 | EF513094
Akl PQ590458 | PQ610566 | PQ610547
AK2 PQ590459 | PQ610567
A. lecanii AK3 PQ590460 | PQ610568 | PQ610548
SNP2 PQ590469 | PQ610583 | PQ610556
SNP17 PQ590472 ; -
SNP24 PQ590473 - -
T B |- | pQoioss | PQeI0ses
L. dipterigents CBS 102072 (IMI 179172 = ATCC 46578 VERTALEC) ; KM283819 | "EF512914
.................................................................. CBS 126,27 TYPE (IM1 021167 ~ATCC 46578) | OP756342 | KMs3e20 | -
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IIponon:xenne Taduuusl 2 // Table 2 continued
CBS 143.62 TYPE (IMI 068689 = ATCC 28300) MHS858126 KM283821 -
MYCOTAL (CBS 102071) EF512971 - EF512913
CBS 318.70K (KV56) - - EF512920
VI21 - - KF562153
Ak4 PQ590461 PQ610569 PQ610549
Ak8 PQ590463 PQ610571 PQ610551
A. muscarius Ak9 - PQ610572 PQ610552
Akl11 PQ590465 PQ610574 -
Ak12 PQ590466 PQ610575 PQ610554
Ak15 PQ590468 PQ610577 PQ610555
SNP10 PQ590471 PQ610585 -
SNP44 PQ590476 PQ610588 -
T W B6 o don | PQ610S8I | PQ610563
A, pissodis CBS 118231 TYPE - KM283822 -
..................................................................................................... BBCT it | MTO27503 |
CBS 170.76 TYPE MH872739 OP762607 -
A attenuatus CBS 402.78 AJ292434 EF468782 -
AK7 PQ590462 PQ610570 PQ610550
S A AKIO PQS90464 | PQ610ST3 | PQ6I0SS3
A lepidopterorum e GZACSDOSISL oo MT705971 |......... T T
A neocoleopterorum o JOZACGYLIALTYPE ] MN093295 | .MNO97813 1 .
Paracorniculantispora psalliotae CBS 367.86 - KM283823 -
GL psalliotae) | ARSEE 2332 . eeoeeeeesseessssnssmsses|sssnesns RSSO S EF312963
Neogamszarella antillana CBS 350.85 TYPE MHS61888 | DQ522350 -
L GRUHANUI | e | e |
L JUSISPOIUM. e CBS 16470 .| AJ292428 | KM2838IT | o
YFCC 6101 TYPE MNS576833 MNS576951 -
Flavocillium bifurcatum ARSEF 14694 OR582994 | OR602802.1 -
..................................................................................................... AKIZ | PQsovder | PQe0sTE | -
CBS 101267 (IMI 317442) EF513003 DQ522357 -
Simplicillium lanosoniveum IMI 303103B - - EF512950
R R SNP3 | PQS90470 | PQ610S84 | PQ60SST
Beauveria bassiana |, ARSEF 1564 TYPE o HQ880761 | HQ880974 | . ...
Akanthomyees sp. SNP45 PQ590477 | PQ610589 | PQ610560
SNP43 PQ590475 | PQ610587 | PQ610559

[Momy>xupHBIM MIPUGTOM BEIAETICHBI H30IATH, HACHTH(OUIMPOBAHHBIC B JAHHOM HCCIICIOBAHUH.

Isolates identified in the current study are in bold.

BupyJieHTHOCTH B OTHOIIEHUH MEPCHKOBOM TJIH
Mpyzus persicae

BeisiBiI€HO, YTO OOJBLIMHCTBO H30JSATOB 0O0JIAAIOT Ma-
TOTEHHBIMU CBOMCTBaMHU B OTHOIIEHUU M. persicae, v Ha T
CYTKH 22 M305151Ta TIOKa3aJu OHOIOrHYecKy o 3 PEeKTHBHOCTh
6onee 90 %, MOCTOBEpHO OTIMYAIOILYIOCS OT 3PQEKTHBHO-
CTH OCTaJIbHBIX M30JsITOB. [1pu 3TOM 16 M30M14TOB Ha 7 CyTKH
nmocturu 3¢ dextuBrocta 100 %, wzonsater B1, B3, B7, B10,
SNP40, Ak8 u Ak10 yxe Ha 3 cyTtkn nposiBuin 3¢dhexTrB-
HocTh Oonee 50 %. W3omsarer SNP2 u Ak2 He mposiBuiM mna-
TOTEHHBIX CBOWMCTB B OTHOIIEHMH M. persicae, TOKa3bIBas
sddexrrBHOCTh HMXE 0 %. Bronormyeckas 3¢ GpeKTHBHOCTH 6
M30JITOB Ha 3 CyTKU BapbupoBana ot -3.9 % no 38.8 %, noctu-
rast Ha 7 cyTku 12—60 % (Tadmn. 3). CMepTHOCTh B KOHTPOJIC HE
npessbimana 25 %, HaOoaanoch HapacTaHUe YUCICHHOCTH.

CMEpTHOCTH ONBITHBIX HACEKOMBIX COINPOBOXKAATACH Ha-
JIMYMEM BHEITHHUX IPU3HAKOB MUKO30B. J{01s1 Tiei, o6pocimx
rpubom, it psiaa uzoistoB gocturana 90-100% (tabn. 3).
Bce naroreHHbIe M30JISITHI BBI3BIBAIM Y TIICH MHUKO3bI, Xapak-
TEPU3YIOMINECS Pa3BUTHEM BO3AYIITHOTO MHIIENIHUS HA MTOBEPX-
HOCTH HacEKOMOTO C MOCIIEAYIOIINM CIOPOOOpa30BaHUEM.

Y OONBUIIMHCTBA U30JIATOB HA TPETHH CYTKH HaOJII0NaIOCh
HavyaJbHOE 0OpacTaHne rpuOOM ¢ HIbKHeH yacTH Tena. Hanbo-
Jiee TUNMYHON ObliTa KapTHHA 0OpPOCIINX TPHOHBIMU TH(paMH
JIAITOK HAaCEKOMBIX, XOPOLIO Pa3INuUMBbIX 110]] OMHOKYJISIPHBIM
MukpockorioM (puc. 3A, B). OOpacTtanne anok gamie Bcero
perucrpupoBaiock y nzoniaroB Ak6, SNP3, SNP10 u SNP40.
[Tpu 3TOM HaceKOMBIE YaCTO OCTABAIKCH )KUBBIMH, HO TE€PSIIH
CIIOCOOHOCTH TepeaBHUraThcs. B ciydasx, korna obpacranne
HaYMHAJIOCH HETIOCPEIICTBEHHO C HIDKHEW 4acTH Teja, THOenb
TJIM HACTyTIaJIa, Kak pasuio, osictpee (puc. 3C). st nzomns-
Ta Ak6 ObIIa TakKe OTMeYeHa creruduueckas nedopManus
Tena 3apaXEHHBIX TIEH, BbIpakaBIIascs B CKPYYMBAaHHU B
cropony Optomika (puc. 3E), uTo, BeposTHO, CBA3aHO C Hapy-
meHueM mnpouecca JuHbkU. U3onarel B1, B3 u B10 nposiBunu
Hanboee BBHICOKYIO BHPYJICHTHOCTH: K TPETHHM CyTKaM OHH
BBI3BIBAJIH [IOJIHOE IIOKPHITHE TEJIa TIIEi MULIEIHEM, TIPH 3TOM
JI0JIsL TIOTHOIINX 0Cco0eil ¢ IMpU3HAKaMH MHKO3a ITPEBBIIIAA
85%.

K 7 cyrkam OompmmHCTBO 0co0eil Tim morubano, a Joist
MEpTBBIX HAaCEKOMBIX C NPH3HAKAMH MHKO3a, BBI3BAHHOTO
MaTOreHHbIMU U30JisiTaMu, gocturana 75—100%. Makpocko-
IMYecKass KapTHHA MHKO3a Yy OOJBIIMHCTBA M30JIATOB Oblia
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Akanthomyes uredinephilus KACC 47756

OEFAkanthmmycs uredinophilus KACC 44082 TYPE
Akanthomycs uredinophilus KACC 44066

() G e 5 1
L Akanthomyes uredinophilus KUM 1014689
FAKS
FB10
054l 3o
—B3

F Akanthomycs uredinophilus CEP 054
I Akanthemyces uredinophilus CEP 057
071 FAkenthomycs uredinophilus CEP 108
— Akanthomycs uredinephilus KUN 101466
B4
SNP40
Akanthomyces neocoleopterorum GZAC GY11241 TYPE
Akanthomyces lepidoptercrum GZAC SD05151
064 Ak10
AkT
Akanthomyces attenuatus CBS 402 78
F AKT
F Ak12
F Ak1S
F Akd
0,82k AkS
I A9
—B8&
F SNP10
—-SNP44
— Akanthomycs pissodis CBS 118231 TYPE
I Akanthomycs muscarius CBS 143 62 TYPE
I Akanthomyes pissedis BBC7
- Akanthomyces attenuatus CBS 170 76
Ak2
SNP17
SNP2
SNP24
Akanthomycs lecanii CBS 101247 TYPE

0,67

066 Akanthomyes lecanii CBS: 102067
: SNP43

10 ~Akanthomycs dipterigenus CBS 102072
0,68 Akanthomyes dipterigenus CBS 126 27
Paracorniculantispora psalliotae 367 86

Lecanicilium fusisporum CBS 164 70

0.74 ——SNP45

erk‘IS

—t— Flavocilium bifurcatum ARSEF 14694
085 L Flavocilium bifurcatum YFCC 6101 TYPE
- Neogamszarella antillana CBS 350 85

10— SNP3
ﬂl be—————— Simplicillium lanosoniveum CBS 101267
Beauveria bassiana

ooa

Pucynok 1. dunoreHeTnyeckoe IepeBo it 00beAMHEHHBIX HYKICOTHAHBIX nocienoBarenbrocTed reHoB ITS u TEF,
HOCTPOEHHOE MeTo/I0M OaiiecoBckoro 3akimoueHus (BI). Konuebie BeTBH moMedeHbl 0003HaY€HUSMH POJia, BUA U
mramma; “TYPE” yka3bIiBaeT Ha TUIIOBBIE ITAMMBI JAHHBIX BUJIOB. Pa3zMepHas 11kana cOOTBETCTBYET 3 % pacXoXKACHUS
MOCIIeIOBATEIBHOCTEH M0 [UTHHE BeTBeH (uorpammel. B kadecTBe BHENIHEH IPyMITbl ObLTa HCITIONB30BaHA KOHKATCHALIHSI
MOCJIEIOBATEILHOCTEH SHTOMOIIATOreHHOTO Tpuba B. bassiana v rpuda Simplicillium lanosoniveum (Hypocreales:
Cordycipitaceae)

Figure 1. The phylogenetic tree for the combined nucleotide sequences of ITS and TEF genes, constructed by Bayesian
inference (BI). Terminal branches are labeled by genus, species and strain designations; “TYPE” indicates specific type strains.
The size bar corresponds to 3 % sequence divergence with respect to phylogram branch lengths. The concatenation of sequences
of the entomopathogenic fungus B. bassiana and the fungus Simplicillium lanosoniveum (Hypocreales: Cordycipitaceae) has
been used as the outgroup

Tadnuua 3. BupyneHTHOCTh IPUPOAHBIX H30MATOB Lecanicillium-monoOHBIX TpuOOB B OTHOIIEHUHN Myzus persicae

Table 3. Virulence of natural Lecanicillium-like isolates towards Myzus persicae

Buonoruyeckas adppexruBHOCTD, %0 Jons moru6uieit Tiu ¢ mpu3HakaMu MUK03a, %
No Wzonsat Corrected mortality, % Proportion of dead aphids with signs of mycosis, %
- Isolate 3cyr 7 cyt 3cyr 7 cyT
3 days 7 days 3 days 7 days
1 B1 83.4+7.5a 92.1+6.5 a 86.3+5.2 93.9+5.4
2 B2 4.5+6.3 ¢ 100 a 7.1£7.8 85.8+3.6
3 B3 67.5£11.9 ab 100 a 85.0+6.9 91.7+4.9
4 B4 3724430 100 a 88.0+8 100
5 B6 58+£72¢ 96.1+1.8 a 14.3+9.9 86.9+4.1
6 B7 72.8+2.9 ab 100 a 47.8+7.5 89.8+4.5
7 B8 5.0+8.0 b 100 a 38.948.5 89.3+4.3




Yepenanoea M.A., Mumuna I'B., Yoenoxoea A.A. / Becmnuux 3awumor pacmenuii, 2026, 109(1), c. 49—-62 55

IIponon:xenne Tadmuunl 3 // Table 3 continued

8 B10 88.5+4.9 a 100 a 94.9+£1.7 96.943.1
9 SNP2 -119.2+89 d -88.9+80.9d 12.5+9.4 46.1£17.9
10 SNP3 15.4+5.0 be 59.5£9.6 b 0 17.1+4.8
11 SNP10 38.9+11.3b 100 a 47.9+12.2 89.7+4.7
12 SNP17 2.6£5.6¢ 5.2£143 ¢ 0 4.2+4.6

13 SNP24 38.8+11.3 b 51.8+11.3b 2.8+3.04 22.3+12.1
14 SNP40 51.749.3 b 100£0 a 58.0+11.1 98.2+2.0
15 SNP43 -7.42+6.0 ¢ 56.5+15.3b 0 68.7+5.4
16 SNP44 29.17+£7.7b 100+0 a 26.3+7.8 92.5+4.0
17 SNP45 39.2+£10.6 b 94.5£6.0 a 27.3£11.0 56.0+14.7
18 Akl 16.7+6.2 be 11.8+13.8 ¢ 0 0

19 Ak2 -3.9+15¢ -3.3+6.2 ¢ 0 38.5+8.3
20 Ak3 -7.0£5.8 ¢ 14.6+12.0 ¢ 0 31.3£23.6
21 Ak4 -6.5¢42b 95.6+4.4 a 0 86.1+4.5
22 Ak6 30.1£8.3 b 100 a 0 73.5+£5.0
23 Ak7 39.9+15.2b 100a 65.8+£2.1 97.1+£2.9
24 Ak8 53.8+11.8b 100 a 79.2+8.3 98.4+1.6
25 Ak9 16.0+£3.3 be 99.0+0.8 a 26.7£17.6 90.7+1.3

26 Ak10 61.4+13.6 ab 100 a 66.9+£13.4 89.8+5.3

27 Akll 36.8£7.3b 100 a 42.2+12.9 95.9+1.6
28 Ak12 23.5+6.5 ¢ 100 a 50+20.4 91.7+£3.9

29 Ak13 37.2+43 Db 100 a 30.0+£23.8 76.2+2.7

30 Akl15 40.7£8.5b 100 a 43.7£19.7 87.945.6

VYka3aHo cpeHee 3HaYeHNE U CTaHIapTHas OIMOKa; pasHBIMU OyKBaMU OTMEUYEHBI BApHUAHTHI, TI€ Pa3In4us MEXy HUMH J0-
ctoBepHbI ipu P<0.05 (momapHoe cpaBHEeHHE).

Mean value and standard error are indicated; different letters indicate the variants where the differences between them are reli
able at P<0.05 (paiwise comparison).
B2
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- B7

[— SNP40

AkB

—— Akanthomyces uredinophilus VI 5

10— SNP2
1

o

Akanthomyces lecanii CBS 102067
10 Akl
- Al3

Akanthomyces lecani CBS 101247 TYPE
|- SNP3

[— SNP45

069 |- B8

= Akd

= A8

= AkS

- Ak12

- Ak15

= Akanthomyces muscarius CBS 318 70K KVS56

- SNP43
052 g

L Ak7

091 - Ak1D

- Akanthomyces muscarius vl 21

SNP10

Akanthomyces dipterigenus CBS 102072

-1 Paracomiculantispora psalliotae ARSEF 2332

Simplicillium langsoniveum IMI 303103b

0.08
Pucynok 2. @uioreneTnyeckoe 1epeBo I HyKJICOTHAHON MocienoBaTenbHOCTH JIokyca NAD1, mocTpoeHHOE MeTo10M
GaiiecoBckoro 3axmtoueHus (BI). Konuesbie BeTBM noMeueHbl 0003HaYEHUSIMU pojia, Byuja u mramma; “TYPE” ykaspiBaer
Ha THIOBBIE [ITAMMBI JaHHBIX BUJIOB. PasMepHas 1kana cooTBeTCTBYeT 6 % pacxoxkeHHs MOCIIeJ0BaTeIbHOCTE! 110
JulMHe BeTBell (uiiorpamMmebl. B kauecTBe BHELIHEH Ipymbl OblIa HCIONB30BaHa MOCIIEI0BATeILHOCTD Tpuda Simplicillium
lanosoniveum (Hypocreales: Cordycipitaceac)

Figure 2. Phylogenetic tree for the nucleotide sequence of the NAD1 locus, constructed by Bayesian inference (BI).
Terminal branches are labeled by genus, species and strain designations; “TYPE” indicates specific type strains. The size bar
corresponds to 6 % sequence divergence with respect to phylogram branch lengths. The NAD1 sequence from the Simplicillium
lanosoniveum (Hypocreales: Cordycipitaceae) has been used as the outgroup
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CXOJTHOHM: IOTEMHEBILIEEe MM MOCEPEBIIee TEJO0 HACEKOMOTO
OKpY>KaJ OeJblii BO3LyITHBIH MULIETIHHA, OT KOTOPOTO paraiib-
HO OTXOJWJIM TU(BI C KOHUIUEHOCIAMH W OOMINEM KOHHMIUH
(puc. 3D). Ilpu 3ToM Ui psAna W30JIATOB OBUTH XapaKTEPHBI
cieyronue Mopdoaoruueckue ocoOeHHOCTU: y u3oiaTa B8
rudbl OBUTM MPUIIOAHSATHI HA/T IOBEPXHOCTBIO CyOCTpaTa U B
psizne cirydaeB 3aKpy4MBaJIUCh B criupains (puc. 3F), munenuii
n3oiiTa B4 mioTHO omuteTa Teso T, COXpaHss ero KOHTYD,
OJIHAaKO CIIOPOHOIICHHE Y ITOTO M30JISITa HE HAOIIOAATIOCh 32

yuetHsli nepuon (puc. 3C), U3onsar B1 ¢popmuposan nsa Tumna
KOJIOHUH: KPYIHBIE, KIYIIUCTHICY, 0€3 BUIUMBIX KOHHIUATb-
HBIX CTPYKTYp, & TaK)Ke KOJOHHH C PaJUaibHO PACXOJSIIH-
Mucs TadamMu, OOWIBHO TMOKPBHITEIMU KoHUIUAME (puc. 3G).
Jliis u3onsita B2 ObUIM XapakTepHbI MEJIKHE, CI1ab0pa3BUThIC
KOJIOHUH C KOPOTKUMH U PEAKUMH TH(aMu, HE CKPhIBABIIUMHU
moTeMHeBIee Tesio Hacekomoro (puc. 3H). ¥V m3omsara SNP3
(S. lanosoniveum) tugsl 00pa30BBIBATH HEIDIOTHOE CILIETE-
HUE HETTOCPEICTBEHHO BOKPYT Tena TH (puc. 3I).

Pucynok 3. Bueuinuit Bua Myzus persicae nipu 3apak€HUN pa3inuHbIMU u3onatamu Lecanicillium-nono6Hbix rpuoos: A) Ak6
3 na cyt; B) Ak6 Ha 7 cyT; C) B4 Ha 7 cyt; D) B10 Ha 7 cyT; E) Ak6 Ha 3 cyt; F) B8 Ha 7 cyT;
G) Bl ma 10 cyt; H) B2 5a 10 cyT; I) SNP3 Ha 7 cyT
Figure 3. Morphology of Myzus persicae infected with various isolates of Lecanicillium-like fungi: A) Ak6 on 3 days; B) Ak6
on 7 days; C) B4 on 7 days; D) B10 on 7 days; E) Ak6 on 3 days; F) B8 on 7 days; G) B1 on 10 days;
H) B2 on 10 days; I) SNP3 on 7 days
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BupyJIeHTHOCTH U30JISITOB B OTHOLIIEHNH OpaHIKepeiHoit
oenoxpbliku Trialeurodes vaporariorum

Ha nuunHKax opaHkepeiHoi 0eI0KpbUIKY ObUIN HCITBITA-
HbI 22 u3onara Lecanicillium-nonoOGHbIX rpuOOB, MOKa3aBIINX
01OIOTHYECKYI0 3((EKTHBHOCTh B OTHOIICHUH MEPCUKOBOM
u 6onee 90 % Ha 7 CyTKH.

Bce ucnbiTanHble U30JTH, 32 UCKItodeHneM B1, mpos-
BWJIM TaTOTEHHBIE CBOWCTBA B OTHOWICHUM 1. vaporaruorum.
buonorndeckas 3¢ GeKTUBHOCTD N30JSITOB Ha 3 CYTKH BapbH-
posaia ot -1.6 % (Ak6) 10 56.7 % (B2), ana 7 cytku — ot 27 %

(Ak6) mo 97.1% (SNP40). beito BbIsIBIEHO 15 BBICOKOBUPY-
JICHTHBIX H30IIATOB C Omonorndeckoi 3¢pdekruBHOCTRIO 00-
nee 80 % Ha 7 CyTKH, HE OTIIMYAOIIEICs APYT OT APyra CTaTH-
crrnaeckd. Y 11 n3 HUX cpenuss 3¢pQEeKTUBHOCTD MPEBbICUIIA
90%. Cpenu Hux y 9 momsatoB (Ak10, Akl1, Ak12, SNP40,
SNP44, SNP45, B2, B6 u B10) 6uonorunueckas 3¢¢pexrus-
HocTh npeBbicuia 30 % yxe Ha 3 cyTku (Tabmn. 4). CMepTHOCTD
JIMYMHOK B KOHTpoJie He mpesbimana 20 %.

Taoauua 4. BupyneHTHOCTD IPUPOAHBIX M30IATOB Lecanicillium-monoOHBIX TprOOB B OTHOIIEHUH Trialeurodes vaporariorum

Table 4. Virulence of natural Lecanicillium-like isolates towards Trialeurodes vaporariorum

Buonoruyeckas 3phexkTUBHOCTD, % Jlonst MepTBBIX IMUMHOK C MPU3HAKAMH MUKO3a, %o
N Wsonsr Corrected mortality, % Proportion of dead larvae with signs of mycosis, %

h Isolate 3 cyTku 7 cyTku 3 cytkn 7 cyTKn

3 days 7 days 3 days 7 days

1 Ak 4 15.4£7.3 b 71.514.5¢ 39.8+13 61.2+7.6
2 Ak 6 -1.6£2.1a 27.4+7.70b 100+0 28.942.2
3 Ak 7 13.8+9.6 ab 90.2+6.7 d 78.7+14.3 79.6+6.9
4 Ak 8 6.9£11.1 ab 94.1+3.1d 70.8+13.1 74.1£6.7
5 Ak 9 17.9+6.4 b 90.9+2.3 d 55.1£12.3 87.3+5.2
6 Ak 10 44.3+8.8 ¢ 95.6+£3.3d 37.4+9.4 76.9£16
7 Ak 11 32.9+13.6 be 91.4+5.2d 52.6+10.7 78.7+£9.3
8 Ak 12 32.5+6.7 be 87.7£5.9d 79.8+8.2 88.3+5.9
9 Ak 13 23+4.2b 89.8+6.2d 46.3£7.8 79.6+5.8
10 Ak 15 26.2+12.6 b 96.5+2.4 d 67.3£13.7 97.1+£2.9
11 SNP 10 -0.8459a 82.9+4.4 ¢ 50.2+15.4 75.4+10.7
12 SNP 40 34.4£6.6 b 97.1£2d 41.1+4.9 38.5+6.3
13 SNP 44 41£10 ¢ 87.4+7.2 cd 28.6+4.9 54.1+7.7
14 SNP 45 51.2459 ¢ 90.6+9.1 d 29.2+6.8 58.6+7.4

15 Bl -6.849.2 a -34+23a 0+0 1.1£1.1
16 B2 56.7£8.5 ¢ 94.9+4.4 d 39.3+7.2 68.1+4.7
17 B3 18.3£2.6 b 80.8+11.3 cd 49.3£9 49.4+12.7
18 B4 20.6£8.3 b 91.4+3.2d 72.1+7.6 83.3+7.8
19 B6 32+6 b 92.3+2.4d 26.248.5 53.8+8.3
20 B7 17.3£89b 73.1£6.1 ¢ 88.5+7.1 45.9+8.4
21 B8 -1.843.3a 76.2+3.6 ¢ 70.9+18.7 58.5+12.9
22 B10 34.7+10.0 be 76.5+6.4 c 85.4+£5.5 41.3£8.5

VYka3aHO cpesHee 3HaYeHNE U CTaHIapTHas OIIMOKa; pasHBIMU OyKBaMU OTMEUEHBI BApUAHTHI, [I€ Pa3In4us MEXy HUIMH J0-
ctoBepHbI 1ipu P<0.05 (monapHoe cpaBHEHNE); TOIYXUPHBIM IIPU(TOM BBIJEICHBI H30JITH, HACHTH(UINPOBAHHbBIE B JaHHOM

HUCCIICJOBAaHUM.

Mean value and standard error are indicated;.different letters indicate the variants where the differences between them are
reliable at P<0.05 (paiwise comparison); isolates identified in the current study are in bold.

CMEpTHOCTh HAaCEKOMBIX OT Ipuba MOATBEPIAJI Hall-
YHeM BHEIIHUX MMPU3HAKOB MUK030B (Tabi. 4). M3omsater dhop-
MHUPOBAIN MOP(OIOTUUECKH CXOKUE MYLIMCTHIE WM MaJo-
nymmcTeie Oenbie Kosonuu (puc. 4 A-D). Co BpeMeHeM Telno
JUYNHOK YCBIXaJlo, OCTaBIAS MaJlo3aMETHBIN OeJblii Hajer
rpuba (puc. 4B). B HEeKoTOpBIX cilydasiX JMYMHKA BbDKHBAJIN
W Pa3BUBAIUCH B UMAro, OJHAKO OTJEJIbHBIC B3POCIIbIe 0CO0U
ObUIM HE CIIOCOOHBI BBIMTH U3 MyNapusl WK UMEIH JeQeKThI

pa3Butus kpeutseB (puc. 4E, F). V BppkuBmunx nmaro Habmro-
JIalINCh HadalbHbIE MMPU3HAKHM 3apa)KeHHsI B BUJE OEJoro Ha-
néTa Ha HOTaX M KpbUIbsiX. HacekoMble MpOSBISUTN MTOBEICH-
YECKYI0 PEaKIINio, MBITAsACh yAAIUTh KOHUAWH C MOMOIIBIO
IPYMHHI'a, OTHAKO BIOCJEACTBHU OHH 00pacTaid MHILEIUEM
u oru6banu (puc. 4F).
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Pucynok 4. OcobeHHOCTH MUKO30B JIMIMHOK ¥ uMaro Trialeurodes vaporariorum mpy 3apakxeHUH Pa3IMIHBIMA U30JISTaAMU
Lecanicillium-nono6usix rpudos: A) Ak7 va 7 cyt; B) B10 Ha 7 cyt; C) B7 Ha 7 cyt; D) B3 Ha 7 cyt; E) B7 Ha 7 cyT;
F)B10 Ha 7 cyT
Figure 4. Features of mycoses of larvae and imago of Trialeurodes vaporariorum when infected with various isolates
of Lecanicillium-like fungi: A) Ak7 on 7 days; B) B10 on 7 days; C) B7 on 7 days; D) B3 on 7 days; E) B7 on 7 days;

F) B10 on 7 days

Oobcy:xaenune

B pesynsrare MoNeKyIsIpHONW HICHTU(GHUKAIIMA B COOT-
BETCTBUH C TOJyYCHHBIMH (HIOTEHETHYECKUMH JIEPEBBSIMA
m3onaT Ak13 omHOo3HauHO OoTHeceH K BuUAy Flavocillium bi-
Sfurcatum, 7 M30m4TOB OTHECEHO K BHAY A. lecanii, 1 n3omsT
B2 — x A. uredinophilus. Tlockonbky m3onsatel B4 n SNP40
OpuH HamOonee OMM3KHU K knaxe A. uredinophilus, a Taxxe,
nockonbKy u30maT SNP40 o nokycy NAD1 o6bpenunuics B
TPYIIIY C M30JISTaMH JJaHHOTO BHJa, 00a H30J5Ta OBUTH OTHE-
ceHbl K BUNY A. uredinophilus. B 3Tol xe rpyrie HaXOAAT-
cs monatel B3, B7, B10 u Ak6, panee maeHTH)HIIMPOBAH-
HBIC KaK A. uredinophilus (Yepenanosa u np., 2025). JleBsaTs
H30JSITOB TIPEIBAPUTENIEHO OTHECEHBI K BUAY A. muscarius.
M3omsarer SNP43 u SNP45 unenrudurmpoBasst 10 pona Ak-
anthomyces sp., X0Tsl COTTIACHO JepeBy 1o Jokycy NADI1 stu
H30JSITHl BOIIUIM B OJHY TPYMITy C IPEACTaBHTENSIMH BHAA
A. muscarius. I yTOUHEHUS] MX BUIOBOW NMPHHAUIC)KHOCTH
HEOOXOANMO TIPOBECTH HCCIECAOBAHUS IO JOIOIHUTEIBHBIM
nokycam RPB1, RPB2, LSU u np., ucnons3yemsle sl 3TOH
rpymmsl Tpu6oB. M3omatsr Ak7 u Ak10 oTHeceHBl K BHIY
A. attenuatus o noxkycam TEF u ITS. ITo nokycy NAD1 onn
OKa3almch B rpymme co mrammoM V1 21 Buma A. muscarius,
OJTHAKO BBHIY MaJIOYHCICHHOCTH NaHHBIX 0 ToKycy NADI o
HOBBIX BBIICTICHHBIX BHJIaX, K 3THM PE3yJIbTaTaM CTOUT OTHO-
CHUTBCSI C OCTOPOXKHOCTBIO.

Bun Flavocillium bifurcatum, npencTaBIeHHBIA H30JITOM

Ak13, BeposiTHO, OBLI BIEpPBBIC HalJIeH Ha TeppuTOpun Poc-
cuiickoit @eneparn. Parnee M3058T 3TOro BUAa OBLT BRIICIICH
13 THYUHKA HEUICHTH(PHUINPOBAHHON COBKH M OITICAH KUTal-
ckuMu uccnenoBarersiMu B 2020 . Aramopda JaHHOTO BHIIA
XapaKTepU3yeTCs HATMIHEM JIByX TUIIOB KOHUIWHN: CEPIIOBU-
HBIX MaKpOKOHHIHMHA W BHITSHYTHIX MHKpOKOHHIUH (Wang et
al., 2020). [Tozaree npencrasurenu F. bifurcatum 6pun 00HA-
pyxensl Ha Tepputopun Kopen, CILIA, Mekcuku u CiioBakui.
[Ipu >TOM BO BCcex ciydasx TpHOBI JAaHHOTO BHIA BBIICISITH
WIN W3 TTOYBHI, WK U3 HacekoMbix (Goh et al., 2022; Hajek
et al., 2023; Pérez-Anzurez et al., 2024; Nosalj et al., 2024).
B Hamem xe cirydae poccuiickuii u3zonsat Ak13 BeigeneH u3
PYKaBYMHHBIX TPHOOB, YTO PACIIMPSET MOTCHIMAIBHBINA KPyT
X035€B ATOTO BHIA U JeJaeT ero Oojee MepCreKTUBHBIM B
MIPaKTUYECKOH 3aIUTE PACTEHUH.

B nmannoi#t padote moxyc NAD1 ObUT HCIIOTB30BaH TONBKO
B Ka4eCTBE YTOYHSIOUIECTO, OMHAKO MO JAHHOMY JIOKYCY yaa-
JIOCh YETKO pa3fenuTh Kianbl A. uredinophilus u A. lecanii ¢
monnepkkoi BetBeit 100%. Taxke BHYTpH TaHHOTO JiepeBa
mpemnonaraeMas Kaga A. muscarius pazelieHa Ha 2 YacTH.
Panee mpencraBneHHbIE 3eCh peepeHTHBIC IITAMMBI OTHO-
CHIIA K TPEM pa3HBIM TamiotunaMm Bupa A. muscarius (Mu-
THA U Ap., 2015), HO HegaBHO OBUTO BEISIBICHO, YTO H30JIAT
V15, panee otHeceHHbI k ramtotuny C, okas3aics mpencra-
BUTeNeM Buna A. uredinophilus. Bo3MOXHO, TaHHAS CUTYyaIUs]
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pacipocTpaHeHa M ISl IpyTHX JIOKYCOB, TIOCKOJIBKY MHOTHE
BU/IbI OBUTH OTIMCAHBI TOJIBKO B TocsieHue rozapl. Tak Manfri-
no ¢ coastTopamu B 2022 1, cpaBHHUB MOCNEJOBAaTEIbHOCTH U3
I'enGanKka, MPEITONOXIIIN, YTO HEKOTOPBIE IITAMMBI, HJICHTH-
¢unmposanusie B 2000-x ronax kak A. muscarius n Akantho-
myces sp., OTHOCATCS K BULY A. uredinophilus, KOTOpbIA ObUT
BriepBbie onmcad B 2015 1. (Park et al., 2015). Takum o6pazom,
MO>KHO TIPEJITIONIOKNTD, YTO IITaMMBI, Pa3INYatoInecs 1o ra-
TUTOTHIIAM, TaKKe OKaXYTCs IPECTAaBUTEISAMH JPYTOro BHIA.
[Tpn HaKOIIIIEHUH TOCTATOYHOTO KOJIMYECTBA TAHHBIX O HOBBIX
BEIJICIICHHBIX BUAAX U poaax Lecanicillium-momoOHBIX TPHOOB
1o 1okycy NAD1 3TOT yuacTOk MUTOXOHAPHAIBHOIO T'€Ha MO-
JKeT OBITh MH(pOPMAaTUBHBIM. Panee ObUTO MPEIOKEHO MYIIb-
TUJIOKYCHOE F€HOTUIIUPOBAHUE 110 TpeM JIokycam, mo NADI1
B TOM YHCIIE, KaK JIOCTATOYHOE JUIS BHIOBOTO ONPEIEIICHHS
Lecanicillium-nogo6usix rputdos (Kouvelis et.al., 2008; Miti-
na et al., 2017).

Bce m30maTHl OBIIM MCTIBITAHBI B OTHOLIEHHH OIACHOTO
BpeIUTENs pacTeHUIl MepcukoBoil T M. persicae. BoisiBie-
HBI 22 BBICOKOBHPYJCHTHBIX HM30JI5ITa C OMOJIOTHYECKOH -
¢exruBHOCTBIO Oostee 90 %. Cpenn HUX €CTh NMPEACTaBUTEIN
BUIOB A. muscarius, A. attenuatus, F. bifurcatum, A. lecanii n
A. uredinophilus. Tlocne UCTBITAHUS STHX M30JIITOB HAa OpaH-
JKepelHoH Oenokpeiike 1. vaporariorum BBISBICHO 15 BBICO-
KOBUPYJICHTHBIX W30JIATOB BUNOB A. muscarius, A. attenuatus,
A. uredinophilus n F. bifurcatum c Gnonorndeckoi 3pdexTns-
HocThio Oonee 80 %.

U3 7 uzonsatoB Buga A. lecanii 1ecTh H30IATOB, a TaK-
Ke OMM3KoponcTBeHHBIH m30maT SNP43 mokazanu Ononoru-
geckyro 3¢dexruBHOCTS HIDKE 60 %. [Ipruem uzomsar SNP2
Buna A. lecanii oxa3an OTpHIATENBFHYIO OHOIOTHYECKYTO 3(-
(heKTUBHOCTH B OTHOIICHHUH TJIN M3-32 3HAYUTEIHLHOTO IPHPO-
CTa YHCIICHHOCTH HACEKOMBIX B OTBITE, T.€. HM30JISIT, BO3MOX-
HO, CTHUMYJIMpOBaJ pa3MHOXeHHe. Tonbko m3ossaT B8 Toro
K€ BHIA, BBIZCTICHHBIN M3 OENOKPBUIKH, ObIT 3((EeKTUBEH B
OTHOIIICHHUH TIEPCUKOBOH TIIM U OpPAH)KEPEIHON OEIIOKPBUIKH.

B nwuTeparype BBICKa3BIBAIOCH MPEATIONOXKEHHE 00 y3-
KOH crienanu3anuu Buga A. lecanii B OTHOUIEHUH IIUTOBOK
(Gams, Zare, 2002), 9TO IOATBEPKAAIOCH MOCIEAYIOIUMHA
uccnenoBanusmu (Kouvelis et.al., 2008; Lopes et al, 2023).
OpnHako OBUTH JaHHBIE O BBIACICHUH M30JSITOB 3TOTO BUAA U3
OEJIOKPBIIOK, TIEH M JaXke MPeICTaBUTENEeH KEeCTKOKPBUIBIX.
BmMecTe ¢ TeM ecTb HEKOTOpBIE COMHEHHS B ACHCTBUTEIBHON
NIPUHAUIC)KHOCTH HAWJEHHBIX aBTOpaMH H30JIATOB K BHIY
A. lecanii, TOCKOIBKY MJICHTU(QHKAIMS TPOBOIAMIACH WIH TI0
onHoMy Jokycy ITS, yTo Ha HaHHBIH MOMEHT HEIOCTATOUYHO
JUISl TOYHOW BUAOBOM MICHTU(HUKALIIH, WK 110 MOp(OoToTHYe-
CKHUM IIpU3HaKaM, 4TO BeChMa 3aTPYJHUTEIILHO BBUY KpaiiHe
CXO)KMX BHEIIHUX NPU3HAKOB Y Lecanicillium-1monoOHBIX TpH-
6oB (Lu et al., 2022; Mejia, Espinel, 2022; Kushiyev et al.,
2022; Di Sora et al., 2025). B nameii pabore ueTbipe n3oisTa
A. lecanii ObUN BBIJETICHBI U3 IUTOBOK, HO OCTABIIMECS TPU
— W3 p>KaBUMHBL, OCTIOKPBUTKH U T/H (Tabu. 1), moaToMy Bee e
HE CTOMT Cy’KaTh CIIEKTP XO035€B UCKIIOUMTEIHFHO JI0 IIUTOBOK
u 4epBeloB. PaccMOTpeHHBIE B JaHHOM HCCIIEI0BAaHUH H30-
natel Buia A. lecanii okazanuch Hed((EKTUBHBIMH TIPOTHB
TIEPCUKOBOW TIIM, YTO TAK)XE€ COOTHOCHUTCS C HEKOTOPBIMH CO-
BPEMEHHBIMH JINTEPATYPHBIMU JAaHHBIMH, MOKA3bIBAIOIIUMHU
HU3KYI0 3()()EeKTHBHOCTH MIPEACTaBUTENCH BU/Ia B OTHOIICHUN
pasnmuuHbIX Bpemureneil (Broumandnia et al.,, 2021; Lopes
et al., 2023). O6b1uHO A. lecanii cunTaeTcst NEPCIEKTHBHBIM

areHToM OOpBOBI ¢ HACCKOMBIMH, IITAMMBI BH/a B Pa3ldd-
HBIX FCCIIEIOBAHMUIX TTOKA3EIBAN BHICOKYIO BUPYICHTHOCTD B
OTHOIICHUH TPHUIICOB, Tiiel, Oemokprutok (Hong et al., 2007,
Diaz et al., 2009; Hanan et al., 2020). Ha ocHOBe mTamMMOB
JTAHHOTO BHJIA CYIICCTBYIOT 3apeTUCTPUPOBAHHEIC OHOIpera-
paThl IPOTHB TICH B TOM YHCIIEC, OJJHAKO BUIOBAS MPHHAIIICK-
HOCTB ATHX INTaMMOB-TIPOYIICHTOB BHI3BIBACT COMHCHHS.

Bce u3onstTel, oTHECEHHBIE K BUgaM A. muscarius u A. at-
tenuatus, OKa3aJIuCh MEPCICKTHBHBIMA areHTaMu OOpBOBI C
000MMH BHJaMH BPETHBIX HACEKOMBIX, IMOKa3bIBas OWOIO-
rudeckyro 3d¢pexTuBHOCTh Oonee 70% Ha 7 CyTKH OIBITOB.
A. muscarius akTUBHO MICCIECIYSTCS HA MPOTSHKCHUH JCCSATH-
JIETHHA W TIOKAa3bIBACT BBHICOKHE 3HAYCHUS BUPYICHTHOCTH B
OTHOIICHAH MHOTHX BHUJIOB COCYIINX BPEIAHUTENCH pacTCHUN:
OCTIOKPBUIOK, TJICH, MyYHUCTHIX YepBeIioB, TpurcoB (Lopes et
al., 2023; Di Sora et al., 2025). Bun A. attenuatus 3Ha9ATEIb-
HO PEKE CTAHOBWJICS OOBEKTOM HCCIICHOBAHHMA HECMOTpPS Ha
TO, 4TO OBUT BechMa 3(P(EKTUBHBIM B JTa0OPATOPHBIX M Mell-
KOJICTITHOYHBIX OIBITaX. Yare Bcero mraMMbl BUAA HCIBITHI-
BaJIM MPOTHUB PA3TUYHBIX BUAOB TeH u TpuncoB. (Kim, Kim,
2008; Kim et al., 2008; Du et al., 2019; Yang et al., 2020). Pe-
3YABTATHl OICHKH OMOJIOTHYECKOH Y(PPEKTUBHOCTH M30JATOB
9THX IBYX BHIOB B JJAHHOM HCCIICIOBAHWHU TAaKKE MOKA3alld
MIEPCIICKTHUBEI TSI OOPHOBI ¢ BPEAHBIMH HACCKOMBIMH.

W3onsat SNP3 Buna S. lanosoniveum mokasan Ouojgoruye-
ckyto dpdpexTuBHOCTh 60% B oTHOmEHUU M. persicae. XoTs
0OBIYHO O TIPEACTABUTEIAX ITOTO BHJA YIIOMHHAIOT B KOHTCK-
CTEe KOHTPOJIS (PUTOMIATOTCHHBIX TPUOOB, KaK MOKA3aIl HAIH
HCCIICIOBAHUS, OHM MOTYT MPOSBISITE CeOs KaK YHTOMOIIATO-
reHbl. [Ipu BBISBICHUH BRICOKOBUPYJICHTHBIX U30JIATOB Y HIUX,
KaK U y IpeJicTaBuTeNei pona Akanthomyces, MOTYT TTOSIBUTB-
Cs1 IEPCIICKTUBHI PUMEHEHHS B KAUECTBE OMOTICCTUITNIa KOM-
IUIEKCHOTO JCUCTBHSI MPOTHB HACEKOMBIX W (YUTOMATOTCHOB
(Wei et al., 2019).

Bun A. uredinophilus manonsyuen. [lepBbie H301THI BUIA
Obutn Halzens! Ha pxaBumHe (Park et al., 2015), Ho 3arem
OBUTH CceTaHbl HaXONKWA W Ha HacekoMbix (Wei et al., 2018;
Manfrino et al., 2022; YUepemanosa u ap., 2025). Ects nanHbIe
0 BBICOKOW BUPYJICHTHOCTH MTaMMOB A. uredinophilus B 0oT-
HOUICHHUH JIBYX BHIOB TIeii Sitobion avenae F. n Aphis citrico-
la van der Goot (Meng et al., 2022). B Hamem nccieoBaHuN
BCE M30JIATHI OBUTH BBICOKOBHPYIICHTHEIMH B OTHOIIICHUH TIEP-
cuKkoBoOi T M. persicae, HO 3(p()EeKTHBHOCTH B OTHOIIICHUU
opamxepeHol OemoKphUTKUA 1. vaporariorum 3HAYUTEIHHO
BapbHpoOBaa. YacTHYHO 3TO COOTHOCHUTCS C JaHHBIMU Manfri-
NO C COaBTOPaMH, TJIC¢ IIPU UCTIBITAHWH IITAMMOB BHUIA A. ured-
inophilus CMEPTHOCTh TUYMHOK OpaH)XKEPEHHOU OETOKPBHUIKH
OblIa CYIIECTBEHHO HI)KE cMepTHOCTH M. persicae (Manfrino
et al., 2022). Ho ms uzonstoB B3, B4 u SNP40 mannoro mc-
CJIeJIOBAHUS 3HAYCHHUS OMOTIOTHUYECKON I(PPEKTHBHOCTH B OT-
HOIIICHUU TJTU ¥ OCIIOKPBUTKA OBUTH COITOCTABUMO BBICOKHMHU,
T.€. UIMEIOTCSI PAa3JINYUs U30JISITOB BHYTPH BHUIA A. uredinophi-
lus 110 BUPYJICHTHOCTH B OTHOIIICHUH Pa3HBIX XO35CB.

Wzonsater Bunma F. bifurcatum paHee ObUIM HAaWICHBI Ha
MPEJCTABUTEISAX YCITYCKPBUIBIX M TMOTYKECTKOKPBUIBIX, HO
MpPOBEpKa WX IMAaTOreHHBIX CBOMCTB He mpoBoamiack (Wang et
al., 2020; Hajek et al., 2023). B qaHHOM HCClIeIOBaHUH TPUO
F. bifurcatum ObUT BHEpBBIC WCIBITAH MPOTHUB COCYIINX Ha-
CEKOMBIX, TI0Ka3aB BEICOKYIO BUPYJICHTHOCTB, YTO JETacT €ro
MEPCIICKTHBHBIM MPOIYIIEHTOM OHOIPENapaToB, MPEACTaBIII-
FOIIMM WHTEPEC I JaTbHEHIIIETO U3y ICHUS.
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Takum 06pazom, 0110 HIeHTUGHUITMPOBAHO 30 TPUPOTHBIX
H30JITOB, OTOOpaHo 15 M30IATOB uYeThIpeX BHUIOB (A. mus-
carius, A. attenuatus, A. uredinophilus n F. bifurcatum),
MPOSIBUBILUX BBICOKYIO BHPYJIEHTHOCTh B OTHOIIEHUH JBYX
OMAaCHBIX COCYIIUX BpPEAMUTENEH pacTEeHUil: opaHxkepeiHOI
6eoxpbuIKy 1. vaporariorum M IEpCUKOBOH T M. persicae.

Bun F. bifurcatum BriepBble HaiiieH Ha TeppuTopun Poccuu u
BIIEPBBIC UCTIBITAH HA JAHHBIX BUJaX HACEKOMBIX-BPEIUTEICH.
B nanpHelieM Hy>KHO YTOYHUTH BUIOBYIO IIPHHA/IICKHOCTD
aByx u3onsatoB SNP43 n SNP45 u nporectupoBats oToOpaH-
HBIC M30JIATHI Ha IPYTUX BPEIUTEISX PACTCHHH.
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MOLECULAR GENETIC ANALYSIS OF NEW NATURAL ISOLATES OF LECANICILLIUM-
LIKE FUNGI AND STUDY OF THEIR PATHOGENIC PROPERTIES
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The widespread use of chemical insecticides in agriculture is associated with numerous adverse effects, which
substantiates the necessity of biological plant protection development. Entomopathogenic fungi are considered as
promising biocontrol agents against arthropod pests. This study aimed to isolate and characterize new natural isolates
of Lecanicillium-like fungi discovered in Russia and to evaluate their virulence against two dangerous sucking pests:
the peach aphid Myzus persicae and the greenhouse whitefly Trialeurodes vaporariorum. Thirty isolates collected
from various regions of Russia in 2019-2022 were identified using molecular genetic methods targeting the ITS, TEF,
and NADI loci. The isolates were identified as Akanthomyces lecanii, A. muscarius, A. attenuatus, A. uredinophilus,
Flavocillium bifurcatum, and Simplicillium lanosoniveum. Flavocillium bifurcatum being recorded in Russia for the first
time. Laboratory bioassays revealed high variability in isolate virulence. Twenty two isolates demonstrated over 90 %
biological efficacy on the 7 day against M. persicae, among them 16 isolates achieved 100 % efficacy. From 22 tested
isolates 15 showed over 80 % efficacy towards 7. vaporariorum. The most promising isolates belong to the species A.
uredinophilus, A. muscarius, A. attenuatus, and F. bifurcatum. The latter was tested against both target pests for the first
time. Consequently, 15 highly virulent isolates were selected as promising agents for the control of aphids and whiteflies.
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VccnenoBanusi HampaBlieHbl Ha OLIEHKY BO3MOKHOCTH COBMECTHOTO MNpPUMEHEHHs (UTOCEHHIHBIX Kiemed u
HCOHHUKOTUHONIOB COCYIIHX Bpe)mTeneﬁ B NPOU3BOACTBCHHBLIX YCJIIOBUAX. ,21.]'151 9TOTO B na6opaTopr1x yCI0BUAX
CMOJICTTUPOBAHO BO3JCHCTBHE MHCEKTHIMIOB Ha ¢utoceiinn. OObeKThl UCCIICAOBAHUNA — MHOTOSIHBIC BHJIBI XHIHBIX
kiemei Neoseiulus californicus u N. agrestis, KOTOpble IHUPOKO MCIOJb3YIOTCA IJIS 3aIMUTHI OBOLIHBIX U IIBETOYHBIX
KyJIbTYp B TEIUIMIIAX OT TAKUX BpEIUTENcH, Kak OOBIKHOBEHHBIN MAayTHHHBIA Kiell. B Xxozie 1abopaTopHBIX OIBITOB
BBISIBJICHO, 4TO MPSIMOE ONPHICKMBAaHHE HEOHMKOTHHOUAHBIMU TpenaparamMu Akrapa u KoHpuaop B mpor3BOICTBEHHBIX
KOHIEHTpALUAX HE OKa3bIBA€T HETaTUBHOI'O BIIUAHUA HA IPOAO/KUTCIIBHOCTD KU3HU U MTJIOAOBUTOCTD B3POCIIbIX 0COo0€i.
le/l o6pa60T1<e Ha IOBCHUWJIbHBIX CTaIUAX PA3BUTHS BbISIBJICHA BHICOKAsA KOHTAKTHAsA TOKCUYHOCTD IIperiapaToB, 0CO0EHHO
B OTHOILIEHHH IPOTOHUM (), CMEPTHOCTB KOTOPBIX AocTturaia 70 %. J{jis nuunHOK U 1eiiToHuM 3TOT IIOKa3arelb B CpeJHEM
cocrasisut 30—40 %. [Ipu 00paboTke Ha CTaguH Siila KU3HECIIOCOOHOCTD Y TECTUPOBAHHBIX (PUTOCEHH]I COXpaHsIach Ha
KOHTPOJIBHOM YypoBHE. Pa3BuTHe 10BeHWIBHBIX 0co0eit N. californicus MpuXxoaniIo B KOHTPOJbHBIE CPOKU. Pe3ynbrarsl
UCCJIEIOBAaHUI TOCITY)KaT METONOJIOTHUECKOH OCHOBOW Ul ONTUMM3ALMM COBMECTHOIO MpHUMEHEHHs (QuTOceiHn] u

HCOHHUKOTHHOHUJIOB B CUCTEMAX MHTerMpOBaHHOﬁ 3alIUThbI paCTeHI/lﬁ B TCILIMLIAX.
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BBenenue

Bopsba ¢ BpeauTesiMM B TEIIMIIAX BCerna 6asnpoBajach
Ha KOMIUIEKCHOM HCTIOJIb30BAHUU OMOJIOTHYECKUX U XUMHUYe-
CKHX CPEJCTB 3all[UThl PACTEHUH, HO B COBPEMEHHBIX yCJO-
BUSIX aKTyaJbHOCTh MHTETPAIMU TIECTUINAOB M SHTOMO(paros
CYIIECTBEHHO BO3pOCIIa. ITO 00YCIOBIEHO TEM, YTO CHCTEMBI
MHTETPUPOBAHHOHN 3aIllUTHl PACTEHUIl CHIBHO HM3MEHWINCH
3a TOCNEIHHUE NECATUIIETHSA, B OCHOBHOM H3-3a IOSBICHUS
TEIUTUI] TIOCJEHETO MOKOJICHHUS, a TaK)Ke MHOXECTBAa HOBBIX
COPTOB M T'MOPHUJIOB CEIbCKOXO3HCTBEHHBIX KYIBTYp. Beren-
CTBHUE M3MEHEHHI TEXHOJIOTHIA BO3/ICIbIBAHHS PACTCHUI HE00-
XOJMMa MOCTOSTHHAS! KOPPEKTHPOBKA METOAOB U CPEACTB KOH-
TPOJISi BpeUTEINeH, 0COOEHHO UX PE3UCTEHTHBIX OIS,
TpeboBanus K 3PEKTUBHOCTH ¥ 0€30MACHOCTH TIECTUIUIOB
pactyT. OT0 00yCIaBIHBAET yBEIMUCHHE MACIITA00B MPOU3-
BOJICTBA M NMPUMEHEHHUsI SJHTOMO(AroB Kak cpeiacTsa 00pbObI
C PE3UCTEHTHOCTHIO MyTEM YAaCTUYHOM WJIM MOJHOW 3aMEHBI
00paboTOK BBIITyCKaMH XUIIHUKOB U Mapa3zutonzioB (van Len-
teren et al., 2021; Morales-Ramos et al., 2022).

B mpenpinymux cucreMax HHTETPUPOBAHHOW 3allUThI
pacTeHuii OCHOBOM TEXHOJIOTUH OBUIO YepenoBaHue 00pado-
TOK M BBIITYCKOB 3HTOMO(AroB ¢ y4eToM CPOKOB OXXHJaHUs,
KOTOpBIE ONPEAESUINCh NMEePCUCTEHTHOCTRIO NMEeCTULHAOB. B
HaIlli JTHU TEIUIMYHbBIE XO3SMCTBa IMEpellId Ha MOCTOSHHYIO
KoJIOHM3aImIo SHToMO(aroB (standing army strategy) W mu-
pPOKO€ IPUMEHEHUE IIMEIEH-ONbUINTENEH, YTO IOApa3yMe-
BaeT MOCTOSHHOE NMPHUCYTCTBHE MOJIE3HBIX HACEKOMBIX M KIle-
e B arporieHo3ax. XuMHUYECKHe 00pabOTKH HCIOJB3YIOT

SMM30[JMYECKH, KaK CPEACTBO 3aIUTHl B YPE3BBIYANHBIX CH-
TyalusxX, B TOM YHCIIE PH BCIIBIIIKaX 0CO00 OITaCHBIX BPEIH-
TeJed WM MOSIBJICHWM HOBBIX mHBaiinepoB (Pijnakker et al.,
2020; Jiao et al., 2025; Guedes et al., 2026).

JlaHHBIII TEXHOJOTMYECKUN IIEPEXOl, IMPOU3OLIEAIINN B
TEIIMYHBIX XO3SMCTBAaX MO BCEMY MHUpY, B TOM uuciie B Poc-
cu, TpebyeT CyleCTBeHHON NepeCcTPONKH HHTETPHPOBAHHOM
3alIUTHI PACTEHUH. AKTyaJIeH Iepexo/l OT MOCIeI0BaTeILHOTO
MIPUMEHEHHS IECTUIIUIOB U SHTOMO(AroB K COBMECTHOMY (B
OyKBaJBHOM CMBICJIE 3TOTO CJIOBA) HCIIOJIB30BAHHIO XUMHYE-
CKHUX M OMOJIOTUYECKUX CPEACTB KOHTpOJIA Bpeauteneit. s
COBPEMEHHBIX CHCTEM 3alllUThl PACTEHUH Iesecoo0pasHo
BBIOMpATh DHTOMO(AroB, BBDKHMBAIOIIUX I0J] 00paboTKamH,
4TOOBI MOSIBIIEHIE HOBOTO MHBaMIepa 1, Kak CIIEICTBAE XHUMH-
yeckasi 00paboTKa ero 04aroB, He NMPEPHIBAJIH KOJIOHU3AIHIO
9HTOMO(}AroB, KOTOPBIE MPUCYTCTBYIOT B TEILIUIIAX B TEUCHHE
BCEro KyJibTypobopora. OnHUM M3 0c000 OMAaCHBIX MHBaIe-
POB B 3alMIIIEHHOM TPYHTE SIBIIsieTCs TabauHast OeOKphUIKA,
MIPOTUB KOTOPOH NMPUMEHSIOT HEOHHMKOTHHOH B! (Abubakar et
al., 2022; Kavallieratos et al., 2024). Dto ObLT0 0JHOI U3 TIPH-
YHH, TIOYeMY JaHHas IpyIa rnpenaparos Obuia BEIOpaHa Iuis
OIICHKHA TOKCHYECKOTO JCHCTBHsI Ha dHTOMOGaroB. BTopoii
MIPUYMHOM SBISIETCS MaciTad U JTUTENFHOCTh UX HCIONB30-
BaHUs1. HEOHNKOTHHOW/IBI BHEAPEHBI B IPAKTHKY 3aIUTHI pac-
TeHwuii 6onee 40 et Ha3am, 10 CUX MOP aKTUBHO HCIIOIB3YHOT-
cst Juist OOpbOBI C COCYLIMMH BPEIUTENISIMH B TEIUIMIAX. JTO

© baokuna 0.B., Cyxopyuenko [.11., Ipanosa I".I1., Ko3znosa E.I"., BensikoBa H.A. CtaThst OTKPBITOrO IOCTYyIA,
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TIOBBIIIACT IAHCHI HAWTH MOIYIISAIMHA SHTOMO(pAroB yCTOHIH-
BbI€ K JIAHHOU T'PYIIe HHCEKTULINIOB.

ITepexon OT moCnEe0BAaTENFHOTO K COBMECTHOMY ITpHUMeE-
HEHHUIO SHTOMO(DArOB M IECTHIIMIOB ATO HE NMPOCTO MONBITKA
YBEIIMYUTh CHHEPreTHdecKuii 3((GEKT OT MHTErPUPOBAHHOM
3amuThl pacteHuid. Ha coBpemeHHOM 3Tame pasBUTHS Te-
TUIMYHOTO PACTEHUEBOJICTBA — 3TO HACYIIHAS HEOOXOIUMOCTb.
Jlnst ycremHoro moiaBieHHUsl BpeAWTeNed B COBPEMEHHBIX
TEIUTMLAX HEOOXOANMBIMH YCIOBHSMH SIBJISIFOTCSI TTOCTOSIH-
HOE TIPUCYTCTBUE SHTOMO(DATOB B BO3MOKHOCTH 0€3011acHOTO
NPUMEHEHHS TIECTHLUA0B. JTH YCIOBHS AOCTHKHUMBI, €CIIU
YCTOWYMBOCTh 3HTOMO(AroB K HecTUIMAAM OyleT Kak MH-
HUMYM HE HIDKE, YeM Y BPEIUTEIICH, KOTOPbIE SIBISIOTCS MH-
LIEHbIO XUMUYECKUX 00paboTok. M3BecTHO okono 600 BUIOB
WICHUCTOHOTUX, UMEIOIINX PE3UCTEHTHOCTh KaK MHHAMYM K
OJIHOMY TIeCTHIUAY. Pe3HCTEeHTHOCTD BhIpabaThIBaeTCs MpaK-
THUYECKH CO BCEMHM KIIACCAaMM WHCEKTHIMIOB, BKIIOYAsl HEO-
HUKOTUHOMIBI. [lone3Hble HaceKOMbIE M KIICIIN COCTABIISIOT
6.4% oT uncIa WIEHNCTOHOTUX C PE3UCTEHTHOCTHIO K TIECTH-
nunam (APRD, 2015; Bielza, 2016).

OnHOM M3 KIIFOYEBBIX TPy SHTOMO]AroB sSBISIOTCS QUT-
celiuaHble KIemy. B 3amuTe pacTeHuil UCIONB3YyeTCsl OKOJIO
50 npencraButeneii ceM. Phytoseiidae. 13 Hux 10 BunoB npo-
M3BOJAT U IPUMEHSIOT B 00beMax He MeHee 1—10 mitH. ocobeit
B Hezneno (van Lenteren et al., 2018). B uncno nanbonee mu-
POKO UCIOJNIb3YEeMbIX SHTOMO(AroB BXoAUT 4 Buna: Phytoseu-
lus persimilis, Amblyseius swirskii,Neoseiulus californicus n
N. cucumeris (Knapp et al. 2018).

ITpoBeneH MeTa-aHaNM3 HAKOIUIEHHBIX 3a IIOCIECIHHE
JIECSTWICTHS. TAaHHBIX O BIIMSHUM TIECTHIUAOB Ha (UTOCEH-
WUJHBIX KJelled. YCTaHOBJIEHO, YTO MNPSIMOM TOKCUYECKHUH
apdexT Ha 00paboTaHHBIX OCOOeH OOBIYHO CHIIBHEE, YeM
OIOCPEJOBAaHHOE BJIMSHHE Ha PENPOAYKTUBHBIC MOKA3aTEIH.
Sitna puroceiny okazanuce Hanbollee YCTOMIUBON cTamuen
Pa3BUTHUS K IIMPOKOMY CHEKTPY TECTUPOBAHHBIX IPETIapaToB
(Schmidt-Jeffris et al., 2021). Ha oTaensHBIX BUaxX mpoBene-
Ha OIIeHKa BIIMSHUS ECTUIIMIOB Ha MO/ (PUTOCeHna B
HECKOJIbKHX MoKojeHusX. CyOneraibHble KOHIEHTPALUH T1e-
CTHIUIOB CHIDKAJIM CKOPOCTh POCTA MOMYJISIIUN ¥ KOHEYHYIO
CKOPOCTh yBEJIMYCHUS YnclieHHOCTH. [lon nelicTBueM mecTtH-
IUJI0B M3MEHSIINCh MapaMeTpbl (YHKOIMOHAIBHON peakIuu
(UTOCEHNTHBIX KIJICIIEH, a MMEHHO CHIDKallach IOMCKOBAs
aKTHBHOCTB, YBEJIMYMBAJIOCH BPEMsI TIOKOSI U HAapyIIaach pe-
aKIMs Ha 3arax >KepTBBI. ABTOPHI JETAl0T BBIBOJ O TOM, YTO

Jaxe 0e3 MaccoBOW CMEPTHOCTH Iociie 00pabOTKU MOIMyJIs-
LUK XUIHBIX KIENeH MOTYT MOCTENEHHO AErpajupoBaTh H
TepsATh IPPEKTUBHOCTD B 3amuTe pacteHuit (Zou et al., 2023;
Sharma et al., 2026; Nguyen et al., 2026).

OlleHKY BIMSHHS HEOHHKOTHHOMJOB Ha (PUTOCEHHIHBIX
KHeHleﬁ MMpOBOAMIIM HAa HECKOJBLKHUX BHAAX, B TOM YHUCIIC
N. californicus u P. persimilis (Poletti et al., 2007; Bostanian et
al., 2010; Argolo et al., 2013; Glinushkin et al., 2019). Cneny-
€T OTMETUTb, YTO B OOJBIIMHCTBE SKCIEPHUMEHTOB Ipenapar
HaHOCWJIM Ha TOBEPXHOCTh CPE3aHHBIX WM BEreTHPYIOIINX
JIMCTHEB WM Ha MTPEAMETHOC CTCKIIO. B pAA€ ONBITOB XHUIITHU-
KU TIONyYalii 703y Mpenapara npu moeaaHun 00paboTaHHOM
UL — J1a00paTOpHOi >KepTBbI, MbLIbLI, HekTapa (Sharma
et al., 2026). laHHBIH METOOMYECKUN MOAXOM HE YUUTHIBACT
TOTO, YTO B arpoleH03ax KJICIIN KOHTAaKTHPYIOT C Ipernapara-
MU HENOCPEACTBEHHO: NPH MPSIMOM OINPBICKMBAHUU TOJ 00-
paboTKy MOMaaaT 0COOU Ha BceX CTaausx pa3Butus. [1o3ro-
My TpEICTaBISIOT UHTEPEC JaHHbIE O TOKCHYECKOM 3 dexTe
[IPY MPSIMOM MOTAaHUHK Kallellb pernapara Ha KIelei, B ToM
YHCIIe Ha IOBEHWIIBHBIX 0COOCH, YTO SIBISICTCS OHOU M3 3a1ad
HAIIETO HCCIICOBAHUSL.

B kauecTBe 0gHOrO M3 OOBLEKTOB HMCCIIENOBAHUN OBLI BBI-
Opan N. agrestis, KOTOPBI PacCMaTPUBACTCS KaK IMEPCIICK-
TUBHBIH B 7151 OUOJIOTHYECKOTO KOHTPOJISI OOBIKHOBEHHOTO
nayTuHHOTO KItema (AxkumoB, Komogouka, 1991; Moradi et al.,
2023). Bux nHTEpECEH TEM, YTO Pa3MHOXKACTCS 110 TUITY TEJIH-
TOKHMHU. DTO pezKoe siBneHne cpeau ¢uroceiinn. OTcyTcTBue
CaMIIOB B TIOMYJISILIMH JIeJIa€T MacCOBOE Pa3BeICHHE ITOTEH-
UabHO 00JIee MPOCTHIM M SKOHOMHUYHBIM IO CPABHEHHIO C
JABYIOJILIMU BHUJIaMU. 9KCHepI/IMeHTaHBHO JOKa3aHa BO3MOXK-
HOCTh MCIOJIB30BaHUsI aMOapHBIX Kiellei pona Tyrophagus B
Ka4eCcTBE KOpMa IPHU MacCOBOM pasBencHuu N. agrestis (Memi-
KoB, 1996; Moradi et al., 2023).

[IpoBenena oleHKa TOKCHYHOCTH HECKOJIBKHUX IECTHIH-
JIOB B OTHOILEHUU CAMOK N. agrestis, KOHTAKTUPOBABILUX C
MTOBEPXHOCTHI0, 00paboTanHo# mpemaparamu (Chang et al.,
2025). IlenecooOpa3HO MPOBECTH OLEHKY KOHTAKTHOH TOK-
CHUYHOCTH HEOHUKOTHHOHUJIOB TPH TMPSIMOM OIPBHICKUBAHUH
caMoK N. agrestis.

BTopbiM 00BEKTOM HAIIMX SKCIIEPUMEHTOB SBJISIETCSI 000-
€TIOJIBIA MHOTOSIITHEIN BUI N. californicus, KOTOPBIN BXOINT B
4uciIo Hanbolee BOCTpeOOBAaHHBIX (PUTOCEHHUTHBIX KIelel B
00pp0e ¢ COCYIIMMH BPEOUTEISIMHA, B TOM YHCIE ¢ OOBIKHO-
BEHHBIM Ay THHHBIM KJIEII[OM.

Marepuajbl M1 MeTOAbI

Jlaboparopuas momynsiius Neoseiulus agrestis (Karg)
3aJI0KeHa OT BBIOOPKH Kilemel, coopanHsix B 2021 . B Au-
taiickoM kpae A.A. XaycroBeiM (Tiom['Y). B maGoparopun B
Ka4uecTBe KOpMa UCTOib30Bau Thyreophagus entomophagus
(Laboulbéne & Robin).

Jlaboparopuas  momymsiuust  Neoseiulus — californicus
(McGregor) 3ao)xeHa OT BBIOOPKH KJIEMIeH, COOpaHHBIX Jie-
ToM 2016 1. B okpectHOCcTsIX Anekcanapuu (Erumner). Kopm B
nmabopaTopuu — OOBIKHOBEHHBIN Ay THHHBIHN KIIETII.

JlabopatopHsle nonmynsuu GuTocena conepxKaiy B K-
MaTHYECKUX Kamepax mpu Temmeparype 25-27°C, oTHOCH-
TEJIbHOH BIaXHOCTH 85 % 1 16-yacoBoM cBeToBOM 1HE. Kyiib-
TYpY XHUIHOTO Kiteta N. californicus pa3BOANIN 110 U3BECTHOM
METONWKE BBIpAUIMBAHUS P persimilis Ha BETETHPYIOIINX

pactenusix ¢dacomnu, N. agrestis — 0 CTAaHTAPTHONH METOIMKE
pa3BeeHNUS XUIIHBIX KJICIIEH Ha CBITydeM cyocTpare.

[TpoBomui OLIEHKY KOHTAKTHOM TOKCHYHOCTH JIBYX IIpe-
[1apaToB U3 KJIacCa HEOHUKOTHHOHUIOB

1.  Axrapa, BAI' (n.B. Tnametokcam 250 r/m) mpowms-
BoxacTBa Kommaunu OOO «Cunrenray. MHCEKTHLIMI KHIIEY-
HO-KOHTAKTHOTO JI€HCTBUS JJIs1 3aIIHUTHI 36PHOBBIX, OBOIIHBIX,
TUTOJIOBBIX U IPYTHX KYJBTYpP OT KOMILIEKCA COCYIIUX HACEKO-
MBIX, B TOM YHCJIE€ TPUIICOB U OETIOKPBLIOK.

2. Kon¢wunop, BAI" (.. nmunaxmonpuz 200 1/71) mpo-
m3BoncTBa kommanuu baiiep KponCaitenc A (I'epmanmus).
CucTeMHBIH HMHCEKTUIHMJ KOHTAKTHO-KHMIIEYHOTO IEHCTBUS
KJ1acca XJIOPHUKOTHHHIIOB ITPOTUB COCYLIMX U IPHI3YIINX Bpe-
JUTEIEH, B TOM 9HCIIE TPUIICOB U OETTOKPBUIOK.
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JlabopaTopHble HCCleIOBaHNS TIPOBE/ICHBI C COOMIONECHH-
eM cienyromux mnpaBui: (1) WCmoNb30BaHbl KOHIIEHTPAIUH,
PEKOMEHIOBaHHBIE JUISI IPUMEHEHH B TEIUTUIAX; (2) obecte-
YEeHO paBHOMEPHOE pacHpeselieHHe Tpernapara; 3) HCHOJb-
30BaHbl XWIIHBIC KJICHIX OAHOI'O BO3pacTa U d)a?)]:l pPa3BUTHA;
obecrieueHa OIMHAKOBAs AKCIO3HIMSI M BOIAHBIH KOHTPOJb
(obpabotka Bomoit) (Cyxopydenko, u np., 2018).

JlabopaTopHble OIBITHI HAa B3pOCIBIX 0CO0SMX (hUTOCEHU
MPOBOIMIN B TPEX MOBTOPHOCTAX JUIA KaXIOTro IIpernapara
W UL KOKJIOTO BHJIA KJIEIIA C JIBYMsI KOHTPOJSIMU (CyXOH M
BIQXHBIN) ipu Temmeparype 26°C u Bnaxxnoctu 85 % u 16-ti
4acoBOM CBeTOBOM jaHE. OOpaboTKy MpOBOAMIM JIabopaTop-
HBIM ITyJIbBEPHU3aTOPOM B NPOM3BOACTBEHHOI KOHICHTpPAIMN
0.1%.

B3spocineix ocobeit puToceitnn odpadaTeIBaiu B MpOCesH-
HBIX OTPYOSX BMeCTe ¢ KOPMOBBIMHM KJIeIIamMH B 4amikax Ile-
Tpu nuaMeTpoM 6 cM (00beM 3 mul B KaxaoW yamike). [Ipu
00paboTke MPOBOAMIN 2 HaXKaTWs KHOMKH ONPBICKUBATEISA
¢ paccrostHus 20 cM, 9TO COOTBETCTBOBaJ0 357 j/ra Hero-
Cpe/ICTBEHHOTo KOHTaKTa. [Ipon3Bo/ICTBEHHAS KOHIICHTPALIMS
co3/aBaia B JJaOOPaTOPHBIX YCIOBUAX KECTKUH TOKCHUECKUH
(hOH, YTO MO3BOJISIIO BBISBISATH BO3MOXKHOE YTHETAIOIIEE BIIH-
SAHUE€ HUHCCKTUIIUIOB. B KOHTPOJIbHBIX BapUaHTaxX IMOAOIBIT-
HBIX 0CO0EH OMpPBICKUBAIN BOJIOW, BO BTOPOM KOHTPOJIE KIIe-
el OCTaBISUTH B MCXOTHOM COCTOSIHUM (CyXOH KOHTpOIb). B
3TOT ke JCHb (cpasy mocie 00paboTKH) OTCAIIIIH 10 8§ CaMOK
u 2 camma (y N. agrestis 8 caMOK) B OTAEJIbHBIC apeHsl (aua-
MmeTp 2 cM). B apensl momemany rycro3aceiaeHHbIH MayTHH-
HBIM KJICIIOM JIUCT (hacoiu. YUeThl IPOBOIUIN KAXKIbIC CYTKU
B OJTHO U TO € BpeMs Ha NPOTSKEHUH 7 THEU.

JlabopaTopHble OSKCIEPUMEHTHl Ha IOBEHHJIBHBIX OCO-
0sIX MPOBOAWJIM B 5 MOBTOPHOCTSX ISl KaXJOrO BapHaHTa
OTBITa B KIMMAaTHYECKUX Kamepax Ipu temmeparype 26 °C,
BJIQXXHOCTU Bo3ayxa 85% u 16-T 4yacoBOM CBETOBOM JIHE.
O0paboTKy MPOBOAMIM JIa0OPATOPHBIM IYJILBEPH3ATOPOM B

npon3BoACTBeHHOW KoHIeHTpamuu 0.1 %. OkcrnepuMeHTHI
TIPOBOJMIIM JIIsL TIPEHMAariHaNbHBIX cTaauii B 4 BapuaHTax
ombITa. B mepBom BapuaHTe Ha JUCT (acoly C HayTUHHBIM
KJIEIOM MIEPEHOCHIIN MTKOM KucTouko o 10 sui XuHuka,
BO BTOpoM — 110 10 nmmunHOoK; B TpeTheM — 1o 10 Hum¢ 1 Bo3-
pacra; B 4erBepToM — 1o 10 HuM(} 2 Bozpacta. Ueperiok yu-
cTa (acoiy MpeABapUTEIbHO OOMAaThIBAIN MOKPBIM BAaTHBIM
TaMIIOHOM JUIsl COXpaHeHHs Typropa jucra. Jlucr ¢aconu c
ITOMEIIEHHBIMU Ha HEero KJelamMy MoMeIaiy B yamky [lerpu
IraMeTpoMm 6 cM i oOpabaTeiBau npemaparoM. [Ipu o6padot-
K€ MPOBOAWIN 2 Ha)KaTUsl KHOIKU OMpPBICKUBATEINS C PacCTO-
staust 20 €M, 9TO COOTBETCTBOBAIO 357 Jji/ra HEMOCPEACTBEH-
HOTO KOHTaKTa. [Ipon3BOICTBEHHAsI KOHLIIEHTPALMS CO3aBaja
B JIaDOPATOPHBIX YCIIOBUSX KECTKHUH TOKCHYECKHUH (OH, 4TO
MTO3BOJISUIO BBISBIATH BO3MOXKHOE YTHETAIOIIEEe BIMSHUE MH-
CEKTHILUIOB. B mepBoM KOHTPOJILHOM BapHaHTE MOAOMBITHBIX
oco0eil onphICKUBaN BOAOH (BOAHBIA KOHTPOJIb), BO BTOPOM
KOHTpOJIE KJICIIEH OCTABISUIN B HCXOJHOM COCTOSHUH (CyXOH
KOHTPOJIB).

VY4eTsl IPOBOAUIH KaXKble CYyTKH B OHO M TO K€ BpEMsI
JI0 TIOSIBJIGHUSI B3POCHBIX 0COOeH. YUWTBHIBAIU KOIMYECTBO
BBDKHBIIHMX OCOOEH Ha BceX CTaausx pasButus. Ha kaxmyro
JlaTy y4eTa pacCUUTHIBAIU CPEJHEB3BEIIEHHYIO TOI0 BEDKUB-
X 0cobeit o cymme 5-tu moBropHOCTe# (n=50) 1 OMIUOKY
CPEAHEB3BEIICHHOTO.

Pacuer cmeprHOCTH 00pabOTaHHBIX 0CO0EH NPOBOAMIH
C MOIIPABKOM Ha BOAHBINA U CyXOW KOHTpOJIb. PaccumThiBanu
WHAYIIMPOBAHHYIO CMEPTHOCTH o popmyne AbbOora (Abbott,
1925) n1s KOppEeKTUPOBKM HA THOENb B KOHTPOJIBHOW TpyTIIIE:

0—K
=¥X100 %,
K

rae C — unaynMpoBanHas cMepTHOCTE (%); O — cMepTHOCTH
B ombITe (%); K — cMepTHOCTE B KOHTpOIIE (%).

Pe3yJ'[l)TaTbI H oﬁcymelme

OneHka KOHTAKTHOH TOKCHYHOCTH HEOHMKOTHHOH/IOB B
otHowmeHuu Neoseiulus californicus n Neosiuelus agrestis

OnprickuBanue npenaparamu Akrapa u Kongumop B3poc-
JeIX ocobelt N. californicus u N. agrestis He OKa3ayia BIIHs-
HUSI Ha X XKHU3HECTIOCOOHOCTh U JePTUIILHOCTD SIHII, KOTOPhIE
OBLTH OTIIOXKEHEI ITocIie 00padboTku (puc. 1).

Ha 7 nenp mocne o6pabotku BepKUIo 74—-80% ocobeit
N. californicus u 51-58 % N. agrestis, 9TO COOTBETCTBYET KOH-
TPOJILHOMY YPOBHIO.

Yepes aeHb TOCIe 00paOOTKU CAMKU HAauaId OTKJIa [bIBATh
siia. Ha 3 meHp cyToYHas MJIOMOBUTOCTH BBIILIA HA MAKCH-
MAaJIbHBIA YpOBEeHb — 3—4 stita B ieHb y N. californicus n 2-3
siiia y N. agrestis (puc. 2). Ha 6—7 nenp mocie o0paboTku
BO BCEX BapHaHTaX OMbITA, BKJIFOUasi KOHTPOJIbHBIN, OTMEYEHO
najieHue CyTOYHOM TUIOJOBUTOCTH, YTO OOYCIIOBJICHO, [0-BH-
JTMMOMY, METOANYECKUMH OCOOCHHOCTSIMH OIIbITa, KOTOPBIH
MPOBOJIUIIM Ha OrPaHMYEHHOM IUIOLIAJU JIUCTOBOM MOBEPX-
HOCTH, JOCTYIHOU JJIsI OTKIAIKH siull. Kpome TOro K KOHILY
OIBITA Ha SKCIIEPUMEHTAILHON apeHe HaXOAWINCh HE TONBKO
o0OpaboTaHHBIE 0COOH, HO U FOBCHHJIBHBIE OCOOH CIIEAYIOIIETO
MOKOJIEHHS, YTO MOIVIO MHTHOMPOBaTh Kiaaky. He uckioueH
KaHHMOAJIM3M HUM( B OTHOIICHHH SIUI YPOBEHb (hepTHIHHO-
CTH SIUI, OTJIIOXKEHHBIX 00pPa0OTaHHBIMU CAMKAaMH, COCTABHUII
60-70% y N.californicus n 42-48 % y N. agrestis (puc. 1).

[To pesynbraram ABYX()aKTOPHOTO JWCIIEPCHOHHOTO aHa-
Jn3a BIUsHUE 00pabOTKH MECTUITUAAMH Ha CYTOYHYIO TIOJ0-
BHUTOCTB He BBIsSBIEHO (Tabm. 1). Bumer mocroBepHO oTimda-
I0TCSI TIO TIOABUTOCTH

OTnM4Mii OT KOHTPOJS HE BBISBICHO 32 MCKIIOYEHHEM
OHOTO BapHaHTa OIBITa — mociie 0opabotku N. californicus
Axrapoii. [IpuyeM (epTHIBHOCTE B OIBITE OBLIA JOCTOBEPHO
(p<0.05) BBIIIE KOHTPOJBHOTO ypoBHS. CleayeT OTMETHUTH,
9TO (aKTHIECKUE 3HAYCHUS XOTS U JOCTOBEPHBI, HO pa3iinyia-
IOTCSl He3HAUHUTENNBHO (Ha 12 %).

OO6cyxnasi ToMydYeHHBIC Pe3ylbTaThl, MOXHO OTMETHUTH,
YTO TECTHPOBaHHBIE Momymauuu N. californicus u N. agres-
tis OBUIM MCXOJHO YCTOMYMBBI K HEOHHMKOTHHOWIAM, HECMO-
Tpsl Ha TO, YTO OCOOM-OCHOBATENILHUIIBI OBUIM OTOOpaHBI M3
MIPUPOAHON Cpenbl. 3HAUYUTETbHAS YCTOHINBOCTD (PUTOCEHHT
K HEOHHMKOTHHOMJIaM OTMedaJlach paHee IpH 00paboTKe Io-
BEPXHOCTEH, C KOTOphIMHM KOHTakTHpoBaiu kienu (Poletti et
al., 2007; Bostanian et al., 2010; Argolo et al., 2013). Hamm
OTIBITHI MTOKA3aJIH, YTO MPSIMOE ONPBICKUBAHUE TOXE Oe3orac-
HO JUTSL B3POCIBIX 0cobeit N. californicus u N. agrestis.

B mpenpiaynix uccienoBaHUAX 110 OLIEHKE BIUSHUS TIpe-
naparoB Ha N. agrestis HOOHUKOTUHOH/]] HA OCHOBE MMHUIAKJIO-
npuaa 6buT Ha 6 MecTe 10 TOKCHYHOCTHU U3 10 TeCTHPOBaHHBIX
mpenapatoB (Chang et al., 2025). B Hammx nccieqoBaHHUIX
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Pucynok 1. CoxpaHeHne XH3HECIIOCOOHOCTH U PepTHIBHOCTE Neoseiulus californicus (A) u Neosiuelus agrestis (B)
MOCTIE OIPBICKUBAHUS B3POCIBIX 0cobeit HeornkotnHOMAaMu Akrapa u Konunop. [IpuBeneHs! mokasarenu Ha 7 I€Hb
mociie oopabotku. [Lmanky morpemrHocTeil 0TOOpakaloT CTAHAAPTHYIO OIIHUOKY CPEIHETO

Figure 1. Survival rate and fertility of Neoseiulus californicus (A) and Neoseiulus agrestis (B) after treatment of adults with the
neonicotinoids Actara and Confidor. The figures are given for the 7th day after treatment.
Error bars show the standard error of the mean
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Pucynok 2. Jlunamuka cyToqHOM TutonoButoctd Neoseiulus californicus (A) u Neoseiulus agrestis (B)
TIOCJIC ONMPBICKUBAaHKS HEOHHKOTHHOMAaMH AkTapa U Kondumop

Figure 2. Daily fecundity dynamics of Neoseiulus californicus (A) and Neoseiulus agrestis (B)
after treatment with the neonicotinoids Actara and Confidor

Ta6auuna 1. PesynsraTs! 1Byx(hakTOpHOTO TUCTIEPCHOHHOTO aHan3a. BimsHie 00paboTKy mpenapaTraMi Ha CpEIHECYTOUHYIO
WI0NOBUTOCTE Neoseiulus californicus n Neoseiulus agrestis

IIpenapar DakTopsl 3HaunuMocTs (p) Cuna BiusiHEA (akTopa
00OpaboTka mpenaparom 0.573 0.012
Akrapa BUJI KJTEIa 0.001 0.309
.......................................... Bsanvonelicteue gaktopos | 09603 b O3
006paboTKa mpernapaTomMm 0.741 0.008
Kondumop BUJI KJI€Ia 0.002 0.572
B3auMoeHcTBUE (PaKTOPOB 0.573 0.029

Bennuunsl CpCaAHUX IJid BLI60pOK, Ha CHOBAHUU KOTOPBIX MPOBEACHBI CTATUCTUYCCKUE PACUCThI, IPCACTABJICHBI HA PUCYHKE 2.



babkuna O.B. u dp. / Becmuux 3awumot pacmenuit, 2026, 109(1), c. 63-70 67

Table 1. Results of two-way ANOVA analysis of the treatment effect with the neonicotinoids on the mean daily fecundity
of Neoseiulus californicus and Neoseiulus agrestis

Preparation Factors Probability (p) Statistical power
Preparation treatment 0.573 0.012
Aktara Mite species 0.001 0.309
.................................................. Interaction of factors 0903 e Q03R
Preparation treatment 0.741 0.008
Konfidor Mite species 0.002 0.572
Interaction of factors 0.573 0.029

Average values for samples used for statistical calculations are indicated on Figure 2.

nmupakionpun (Konpumop) He okazana HETaTHBHOTO BIUSHUS
Ha COXpaHCHHE XHU3HECIIOCOOHOCTH OOpaOOTaHHBIX CaMOK
N. agrestis, TNIONOBUTOCTH U ()EPTHUIILHOCT OTI0KEHHBIX UMH
stutl. He MCKITFOYeHBI MEKITOMY/ISIIMOHHBIC PA3JIUYKS 10 YPOB-
HIO YCTOMYMBOCTU K UMUIAKIONpURY y N. agrestis
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Pucynok 3. Jlunamuka rudenu Neoseiulus californicus mociie onpbICKUBaHUS HCOHUKOTUHOUIOM AKTapa
Ha FOBCHWIBHBIX CTaausX (A - siifio, B - muunnuka, C — npotonumda, D — aumpa)

Figure 3. Mortality rate of Neoseiulus californicus after treatment with the neonicotinoid Actara
at juvenile stages (A — egg, B — larva, C — protonymph, D — deutonymph)
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Tabauna 2. Pe3ynbrarsl AByX()aKTOPHOTO AMCIEPCHOHHOTO aHaJIM3a BINSHUS 00pabOTKH mpenaparoM AKTapa
Ha UTOTOBYIO MHIYIIUPOBAHHYIO CMEPTHOCTb Neoseiulus californicus

®DakTopbl F 3HaYUMOCTH (D) Cuia BiustHUSA (aKTopa
IIpemapar 55.855 0.000000 0.466
Cranust pa3BUTHS, HA KOTOPOH IPOBOAMIM 00paboTky | 19.846 0.000000 0.482
BzaumoneiictBue pakropos 0.614 0.608 0.028

BenunuuHe! CpCaAHUX IJId BI)I60p0K, Ha CHOBAaHUHW KOTOPLIX NPOBCACHBI CTATUCTUYCCKUEC PACUETEI, ITPEACTABJICHBI HA PUCYHKE 3.

Table 2. Results of two-way ANOVA analysis of the treatment effect with the neonicotinoid Actara
on the final induced mortality of Neoseiulus californicus

Factors F Probability (p) Statistical power
Preparation 55.855 0.000000 0.466
Treated developmental stage 19.846 0.000000 0.482
Interaction of factors 0.614 0.608 0.028

Average values for samples used for statistical calculations are indicated on Figure 3.

K TIpenapary crajueil pa3BUTHs ObLIH IPOTOHUMQBI, y KOTO-
peIx AkTapa mHIynuposana rudens oxono 70% obpaboraH-
HBIX 0co0el. [ TMurMHOK ¥ HUM(} 3TOT MOKAa3aTesb B Cpe-
HeM coctaBisit 30—40 %. Haubosnee ycroituus N. californicus
K TIperapaTy Ha CTaIuu Sima.

OOcyxnast TIOJNyYeHHBIE PE3yNbTaThl, CleayeT 00paTHTh
BHUMAaHHE Ha METOAMYECKHE 0COOCHHOCTH MPOBEICHHS OIBI-
TOB, 2 IMEHHO Ha TWHAMHKY THOEIH 0coOel 00pabOTaHHBIX
BOJIOI (BOIHBIM KOHTPOJIB). B WacTHOCTH y NMYMHOK HaOIIr0-
maercs Tudens 50 % ocobeit yxe Ha IepBBIi A€Hb TTOCIIe 00pa-
6oTku. Ha HUM@anbHbIX cTamusx pa3BUTHS THOEb B BOIHOM
koHTpoJie coctaiseT 20-35 % (puc. 3). IloaToMy npu oreHKe
NIEHCTBUS Tpenapara MBI OTIUPATUCH UCKITFOUUTEIHHO Ha ypO-
BEHb WHJIyLIUPOBAaHHOH CMEPTHOCTH, KOTOPBIH ITO3BOJISIET BbI-
JIEIUTh JOJTI0 0cO0el Morudmux oT 00paboTKH mpenaparoM,
a HE BOJOW WJIM WHBIMU NPUYMHAMH (HAIpUMEp, TOBPEXK/Ie-
HUEM FOBEHWJIBHBIX 0COOCH MpH OTCAKe).

Crnemyer OTMETHTH, YTO JUYWHKHA OTIMYAIOTCS MOBHI-
IIEHHOH YyBCTBHUTEIFHOCTBIO K JI0OOMY (prznueckomy BO3-
JICHCTBHIO, HANPUMEP B «CyXOM» KOHTpOJE HaOIroIaeTcs
3HaUNTENbHAsl THOCNb Ha CIEAYIOUINA IEHb IOCIE OTCaIKU
OITHOBO3PACTHBIX 0COOEH MpH MMOCTaHOBKE ONbITA. Pemenuem
3TOi MpOoOIEMBI BOSMOXKHO IyTE€M H3MEHEHHS METOAMKH, a
MMCHHO HCTIOB30BaHUEM JIIsi 00paOOTKH HE OTCaKCHHBIX OJI-
HOBO3PACTHBIX 0COOCH, a KOJIOHUH XHIIHKKA, KOTOpBIEe chop-
MHPOBAINCH €CTECTBCHHBIM ITyTeM. DTOT MTOAXOA IPUMEHSIET-
s B OKCIICPUMEHTAX Ha JIMUCTHSIX, KOTOPBIE COXPAHSIOT TYProp
B TeUEHHE JJINTEIHHOTO BpeMeHHU (SOJOHS, HAmpuMmep), HO

HCIPUMCHUM Ha CPC3aHHBIX JIUCTbAX (baCOJ'II/I. KpOMe TOTO

00paboTKa KOJIOHMH, a HE OTCAXEHHBIX 0co0el 3aTpymHUT
yUYeT CMEPTHOCTH Yy KJICNIeH Ha pa3HbIX CTAAUAX PA3BUTHSI.

Cremyer OTMETUTh, 4YTO JIMYMHOYHAs CTagusi Yy
N. californicus npu ONTHMaJIBHBIX TEMIIEpaTypax JUIATCS
MeHee CyToK. COOTBETCTBEHHO HOJIS JTHYMHOK B ITOMYJISIUH
YpEe3BBIYAHHO MaJa U MO3TOMY MOXKHO IPEIIONIOKNTH, YTO UX
rubesib B pe3ynbTare 00pabOTKH HE OKa)XeT CYIICCTBEHHOIO
BIIUSIHUS HA CKOPOCTB POCTA ITOMYJISAINY B LICJIOM.

OO6paborka HeoHMkoTHHOMAAMHU Akrtapa U Kondumop B
MIPOM3BOJICTBEHHBIX KOHLIEHTPALUSIX HE OKa3bIBACT IPSIMO-
T'O TOKCHYECKOTO JEHCTBHS Ha JKU3HECIIOCOOHOCTh M IIONO-
BUTOCTH B3POCIJIBIX OCOOEH TECTHPOBAHHBIX (DUTOCEHHIHBIX
kiemeid. [Ipn 06paboTke Ha IOBEHUIIBHBIX CTAAMAX PAa3BUTHA
BBISIBJIEHA BBICOKAsi TOKCHYHOCTD IIPETIapaToB, 0COOEHHO B OT-
HOUIEHUH MPOTOHUM{], CMEPTHOCTh KOTOPBIX gocturaia 70 %.
JU1st TMYIUHOK U HUM( 3TOT MOKa3aTeNb B CPEIHEM COCTaBIISLII
30-40%.

B mpeapiiymux uccaeqoBaHUsX MO BIMSHHIO MTPENaparoB
Ha (uToceina ObLIO BBHIABICHO 3aMEIJICHHE Pa3BUTHA Y 00-
paboTaHHBIX IOBEeHWIBHBIX ocobOell (Sharma et al., 2026). B
gactHOCTU Y N. californicus mocie Bo3aeicTus (peHazakBuHa
U CIMpOIUKIIO(eHa YBETMUUBAIIach MPOJOIKUTEILHOCTD pa3-
BUTHSA sila, TnunHKA 1 HUMQbI (Maroufpoor et al., 2016). B
ciydae ¢ HeoHUKoTHHOMIaMH Aktapa u Kondumop passurne
I0BEHWJIBHBIX cTamuil N. californicus IpuXoamuiao B KOHTPOIIb-
HBIE CPOKH.

Haubonee ycroituns N. californicus Kk HCOHUKOTHHOUAM
Ha CTaguM siina u B3pocioil ocodu. KOBEeHWIBHBIC CTanuU
Ootee yA3BHMEI, Ye€M B3pOCIBIE OCOOH, MO-BUIANMOMY, H3-3a
Oornee TOHKOW KYTHKYJIBI B 0COOCHHOCTEH 0OMEeHa BEIIECTB.
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TOXICITY OF NEONICOTINOIDS TO PHYTOSEIID MITES
(MESOSTIGMATA, PHYTOSEIIDAE)
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The study aimed to evaluate the possibility of the combined use of phytoseiid mites and neonicotinoids in agricultural
production. To answer this question, laboratory tests were performed. The research objects were the polyphagous phytoseiid
species Neoseiulus californicus and N. agrestis, which are widely used for the protection of vegetable and ornamental
crops in greenhouses. Laboratory experiments showed that treatment with the neonicotinoids Actara and Confidor at
recommended field concentrations had no negative effect on the longevity or fecundity of adult mites. However, when
treatments were applied to juvenile developmental stages, high contact toxicity of the preparations was observed, especially
toward protonymphs, whose mortality reached 70 %. For larvae and nymphs, this mokasarens averaged 30—40%. When
treatment was applied at the egg stage, viability of the tested phytoseiids remained at the control level. The obtained results
will serve as a methodological basis for optimizing the combined use of phytoseiids and neonicotinoids in integrated pest
management systems in greenhouses.
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Ilonnomexcmosas cmamopsn

TEHOTUIIMPOBAHHUE COPTOB 3EMJISIHUKH CAJJOBOM ITO JIOKYCAM
YCTOMYUBOCTHU K AHTPAKHO3Y, BBI3BIBAEMOMY COLLETOTRICHUM SPP.

A.C. JIbtkun*, U.B. JIlykbsiHUYK
Dedepanvhoiil Hayunwii yeump umenu U.B. Muuypuna, Muyypunck

*omeemcmeennwlil 3a nepenucky, e-mail: Ranenburzhetc@yandex.ru

ITpoBeneHo MoJEKyIIpHOE MapKHpoBaHHE 54 COPTOB 3EMIITHUKM CaloBOH Fragaria X ananassa TO JOKycam
ycroitunBoctu K Colletotrichum acutatum (FaRcal, Rca2) u C. gloeosporioides (FaRCgI). XoTs OB OIHMH U3 N3yJaeMbIX
JIOKYCOB PE3UCTEHTHOCTH NPHUCYTCTBYET y 74 % M3ydeHHBIX COPTOB. Amienu pe3ucteHTHocTH K C. acutatum 1-i Tpymiisl
naroreHHOCTH (FaRcal) n 2-i rpynmsl naroreHHOCTH (Rca?) BoisiBieHsl y 40 % u 12 % npoaHalTu3MpOBaHHBIX COPTOB,
COOTBETCTBEHHO. Bce maeHTHMIMpoBanHble HOCHTENH amnened FaRcal w Rca? WMEIOT T€TEPO3UTOTHBIM T'€HOTHII.
Jloxyc FaRCgl ycroitunBoct k C. gloeosporioides npucytctByeT y 40 % 006pa3oB. OTMEUEHO CTAaTUCTUIECKU 3HAIUMOE
npeobnagaane nokyca FaRCgl y OTEU4eCTBEHHBIX COPTOB 3eMIISTHUKH. BhIssBIeHHBIC HOocuTenu amiens FaRCgl moryt
MMETh TOMO3UTOTHBIA WJIM TE€TEPO3UTOTHBIM TeHOTHH. J[Ba JOoKyca M3 TpEX B TPEX BapHaHTax KOMOWHALMM ayuieiel
pesucrentHocTH (FaRcal +FaRCgl, FaRcal+Rca2, FaRCgl+Rca2)BoisiBneHsl y 16 % 00pa3os, mpu4éM B OOIBIIMHCTBE
cnyqaeB (78 %) »1o komOmHarms JoKycoB FaRcal m FaRCgl. Cpenu oOpa3ioB OTCUCCTBEHHOW CEJCKIMH JTaHHAS
aJteNbHast KOMOMHAIS HACHTH(QHUIMPOoBaHa y copToB 3eHuT, Hesnakomka, Ypoxaitaas L{IJI, @iopa; cpenn 3apyOexHBIX
00pasnoB — y coproB Korona, Salsa, Vicoda. Kombunauusmu FaRcal+Rca2 u FaRCgl+Rca2 xapakTepu3ylOTCs copTa
Aprica n CynapyIka, COOTBETCTBEHHO. TpH aieNi pe3UCTEHTHOCTH BhIsBICHHI y copTa boposuikas (1.7 % ot obmero
KOJIMYeCTBa 00pa3IioB). YKa3aHHbIEC COPTa 3eMIITHIKH IIPEJICTABIIAIOTCS HEPCTIEKTHBHBIMH KOMITJIEKCHBIMH T€HETHUECKIMU
WCTOYHUKAMH aJulesieil pe3sUCTEHTHOCTH K aHTpakHO3y Bb3biBaeMoMy C. acutatum n C. gloeosporioides.

KuaroueBble cnoBa: Fragaria X ananassa, copt, ycrowumBocTs, Colletotrichum acutatum, Colletotrichum

gloeosporioides, MmonexynspHble MapKepbl, MapKep-OIIOCPEIOBaHHAS CENIEKIIHA

Hocmynuna 6 pedakyur: 12.11.2025

Ilpunama x newamu: 30.03.2026

BBenenue

K unciy 3aboseBaHui, BpeIsIMX HACAKICHUAM 3eMIITHH-
KH BO BCEX PErHOHAX BO3IENBIBAHUSA, OTHOCUTCS aHTPAKHO3,
BO30YIUTEJIEM KOTOPOTO CITyKaT Iapa3UTHYeCKue TpUOBI posia
Colletotrichum spp. (Smith, 2008, Nam et al., 2023).

®wuronarorensl poga Colletotrichum pacnpocTpaHEeHBI MO
BCEMY MUY M ITOPAXKAIOT IIHPOKHUH KPYT IPEBECHBIX U TPaBs-
HUCTHIX pacternit (Zhang et al., 2020, Jian et al., 2021). 3em-
JSIHUKY CaJlOBYIO MOpaXKaloT Takue BUIbl Kak: C. acutatum,
C. aenigma, C. boninense, C. changpingense, C. fioriniae,
C. fragariae, C. fructicola, C. gloeosporioides, C. godetiae,
C. miaoliense, C. nymphaeae, C. karstii, C. salicis,
C. simmondsii, C. siamense, C. theobromicola (Jian et al.,
2021). Cpenn HHX SKOHOMHYeckH 3Haummble C. acutatum,
C. fragariae u C. gloeosporioides(Chen et al., 2020). Ilpu-
4éM 10 COBpPEeMEHHbIM mpexactaBieHusM C. acutatum W
C. gloeosporioides TpeAcTaBIAIOT COOOW BUAOBBIE KOM-
IUIEKCHI M BKIIFOYAIOT B ce0s ciexyromue Bunpl: C. acutatum
— C. acutatum s.s., C. fioriniae, C. godetiae, C. miaoliense,
C. nymphaeae, C. salicis n C. simmondsii; C. gloeosporioides
— C. aenigma, C. alienum, C. changpingense, C. fructicola,
C. gloeosporioides s.s., C. kahawae, C. siamense, C. viniferum
u C. theobromicola (Ji et al., 2022). B yMmepeHHOM KIHMaTH-
YecKoM rosice (B ToM umcie u B Poccrun) 0CHOBHBIM BO30yAH-
TeJleM aHTPaKHO3a 3eMJITHHKH CalIoBOH BBICTYIAeT BUAOBOU
xomiuteke C. acutatum (Damm et al., 2012). ITo HekoTopsIM
onenkaMm (Rose, Damm, 2024, Morkelitiné et al., 2025), mo
80 % mocamo4HOTO MaTeprata 3eMISTHUKA CaI0BOH 3apa)KeHo

AaHTPAKHO30M B JIATEHTHOH (opme, a pacmpocTpaHEHHE Ma-
TOT€HA B IUIOJIOHOCSAIINX HACAXKICHUAX CHOCOOHO NMPHUBECTH
k morepe 50% ToBapHOro ypoxas. OCHOBHBIM CIIOCOOOM
OOpBOBI C aHTPAKHO30M B HACAKICHUAX 3EMJIIHUKH /IO Ha-
CTOSIIIETO BPEMEHH OCTAETCSl HMCHONB30BAHHE XMMHYECKUX
¢yarunnnos (Santos Garcia de Paredes, Muiioz, 2002, Zhang
et al., 2020), ogHaKO WX MPUMEHEHHUE MPUBEIIO K TTOSBICHIIO
pe3uCTeHTHHIX m30isATOB maTtoreHa (Han et al., 2009, Smith,
2013, Forcelini et al., 2016), mo3ToMy Bc€ Oonpliee BHUIMaHUE
OTBOANTCS OMOIOTHYECKHUM, arPOTEXHUIECKUM H CEJICKIIOH-
HO-TEHETHYECKUM MeToaM 3amuTh (Aljawasim et al., 2023).

YCTONYMBOCTh OKTOIJIOUJHOW 3€MIISHUKM K aHTPaKHO3Y
KoHTponmpyercst cnennpuiaecknmu (Denoyes-Rothan et al.,
2005, Anciro et al., 2018, Salinas et al., 2019) u Hecmneru-
¢uaecknmu (MacKenzie et al., 2006) reHeTnyeckumu ¢ax-
TOpaMH, IPUIEM BCIIEACTBHE BBICOKOTO YPOBHS IJIOHIHOCTH
HaOJIIOAfOTCsl CIIOXKHBIE TCHHBIE B3aWMOJACHCTBUS, M TEHe-
THYECKUH KOHTPONb YCTOMYMBOCTH Y Pa3HBIX COPTOB MOXKET
ormnuarecs. Bmecte ¢ TeMm, maeHTH()UIMPOBAHEI HECKOIBKO
KPYIHBIX JIOKYCOB, BKJaJl KOTOPHIX B peaJM3aluio (peHOTH-
MIIYECKOTO MPOSIBICHHUA YCTOWYNBOCTH HanOOJEe CyIIecTBe-
HeH. B wactHOCTH, ycTOoMuMBOCTE K Komruiekcy C. acutatum
BO MHOTOM OIpeaemnseTcs AByMs Jokycamu: FaRcal n Rea?2,
U3 KOTOPBIX HEPBBI AETEPMUHHUPYET yCTOHUYMUBOCTD K U30TISI-
TaM MEPBOM IPyIBI MaToreHHocTH (He MeHee yeM 50 % ce-
HOTHITHYECKOM M3MEHYMBOCTH IO MPHU3HAKY yCTOHYHUBOCTH)
(Salinas et al., 2019), a BTopoit — K H30JIATaM BTOPO TPYTIIIEI

© JIepxun A.C., JlykpsHuyk W.B. Ctarbst OTKpBITOTO JIO0CTyNa, IMyOnuKyemas BcepoccuiickuM HHCTUTYTOM 3allUThl paCTEHUH
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naroreHHocTH (Lerceteau-Kohler et al., 2005). ITo pe3ynsra-
TaM aHajdu3a MYJIBTHIOKYCHOH IOCIIeN0BaTeIbHOCTH, H30-
JSATHl TIEPBOM TPYyNIBl MAaTOTCHHOCTH HIACHTH(UIIMPOBAHEI
kak C. nymphaeae, a n301atsl Bropoil — xak C. simmondsii
(Salinas et al., 2019). B 3T0i#f CBSI3u MOXXHO TOBOPHUTH, YTO
B Y3KOM cMblcne FaRcal onpepensier yCTOHYMBOCTB K
C. nymphaeae, a Rca2? — x C. simmondsii, TOTJa KaK BIUSHHIC
YKa3aHHBIX TeHETHYECKHUX (PaKTOPOB HA yCTOHYNBOCTH 3EMIIS-
HUKH K ApYruM BHIaM KoMrutekca C. acutatum TpeOyeT naib-
Helfmero usydenus. FaRCgl — KpynHBIA JIOKYyC yCTOMYUBO-
ctu k C. gloeosporioides, KoTopblii feTepMuHHUpyeT oT 17 1o
30% denorunmyueckoii BapnadensHocTH. OH OBUT HICHTUDH-
IIMPOBaH ¢ ucnonb3oBanueM moisita C. gloeosporioides s.s.
97-15A (Anciro et al., 2018). CBenenwuii o ero 3¢pQpeKTHBHOCTH

OTHOCHTENBHO JPYTrux BUIOB Komiuiekca C. gloeosporioides
HET.

JJis yka3aHHBIX JIOKYCOB pa3paboTaHbl TUATHOCTHICCKUE
JHK-Mapkepsl, 94TO MO3BOJISICT UX UCIIONB30BATh B IPOTPaM-
MaX MapKep-OIOCPETOBAHHON CeNeKIUU: reH Rcal — Mapke-
pot STS-Rca2 240 u STS-Rca2 417 (Lerceteau-Kohler et al.,
2005) msa nerexkuuu metonoM kinaccuueckoi [THP; FaRcal —
ID3F/ID1R (UFCalHRMO02) (Salinas et al., 2020, Jang et al.,
2024), FaRCgl — TIFY-1A (UFCglHRMO1), RLK-1A (Chan-
dra et al., 2021, Jang et al., 2024) — a1 JETEKIUUN METOJIOM
aHaJIN3a KPUBBIX TUIABICHUS C BRICOKUM Pa3peIICHUEM.

Lenp uccnenoBanus — MOJCKYIIPHOS MapKUPOBAHUE CO-
PTOB 3eMIITHUKH CaJI0BO IO JIOKycaM ycToitunBoctr K Col-
letotrichum acutatum (FaRcal, Rca2) n C. gloeosporioides
(FaRCgl).

MaTepnanbl U METOABbI

buonornueckumMu 00bEKTaMH HCCIEIOBAHUN  CITY KN
copra 3eMIISIHUKU CaJl0BOM, IOJyYeHHbIE B Pa3JIMuHbIX Ha-
YYHO-HMCCIIEIOBATEIbCKUX U CEJCKIMOHHBIX OpraHu3alHsX.
Cpenu Hux 28 poccuiickux o0pa3uoB (Anbda, beperuns,
bopoBunikasi, beumnanas, Butasp, ['upnsuaaa, Enuzasera 2,
3enut, Koxunckas 3aps, Kpeimuanka 87, Kybara, Jlactouka,
Hesnakomka, ITamstu 3y6oBa, IlpuBnexarensHasi, PyOuHO-
BbIN Kackan, CnaBytud, ComoBymika, Ctynendeckas, Toprie-
na, Tpouukas, Ypoxaitnas L{IJ1, @eitepeepk, Onopa, Llapuna,
Hapckocennckas, FOumon, Spkas); 23 eBponeiickux odpasia
(Amy, Antea, Aprica, Arosa, Asia, Brilla, Clery, Cory, Flamen-
co, Florence, Kimberly, Malwina, Murano, Ostara, Quicky,
Rubino CIV, Rumba, Salsa, Sonata, Verona, Vicoda, Vima Tar-
da, Vima Zanta) u 3 amepukanckux oopasiia (Cabrillo, Porto-
la, Selva). B kauecTBe 3TaOHHBIX 00pa3LOB il KOHTPOJIEM
HaJIMYUsl LEJIeBbIX ajuleNieil Pe3UCTEeHTHOCTH HCIONb30BaHbI
coptra Korona (FaRcal) (JIspxun, Jlykbsaauyk, 2024a; Zurn
et al., 2022), Cynapymka (Rca2) (JIspxus u ap., 2019) u Sym-
phony (FaRCgl) (Zurn et al., 2022).

Oxerpaxkuuio reHoMHo JIHK mpoBoammm w3 MomompIx
JIUCTBEB ¢ UCTONb30BaHueM MoauduuupoBanHoro CTAB me-
tona (Lukyyanchuk et al., 2018). KoHeHTpanuio 1 kauecTBo
skcrparupoBannoii JIHK ompenensin criekrpodoromerpuye-
CKUM METOJIOM C UCIIOJIb30BaHHEM MajO00BEMHOIO CIIEKTPO-
dorometpa Ez Drop 1000 (Blue-Ray Biotech, Taiisausb).

JUis uneHTH(UKAIK JTOKyCOB YCTOMYMBOCTH 3EMIISTHUKH
K aHTPaKHO3Y UCIIOJIb30BAIH aJUIelb-ClIeHn(HUIHbIE MapKEPhI
STS-Rca2 240, ID3F/ID1R u RLK-1A (tabmn. 1).

Awmimukonsl  auarHoctudeckoro JIHK-mapkepa STS-
Rca2 240 nerextupoBanu meromom kiaccudeckoit IILP. ITo-
JIMMEPa3HYIO LENHYI0 PEaKIHI0 POBOJUIN B TEPMOLMKIIEpE
T100 (Bio-Rad, CIIIA) mo mporpamme, OIMHCAHHOW paHee
(JIbokuH 1 1p., 2019). Pazaenenue nponykToB amiuindukanum
MIPOBOJUIIA METOZIOM 3JIeKTpodopesa B arapo3Hom rene. Jms
OIpesiesieHUs] pa3Mepa aMIUIMKOHOB HCIIOJIb30BAM MapKep
MouekyisipHoro Beca Step 100 (buonadbmukce, Poccus). Lene-
Bbie pparmentsl MapkepoB ID3F/ID1R u RLK-1A BeisiBisum
MECTOOM aHaJIM3a KPUBBIX IJIABJICHHS C BBICOKUM Pa3pCIICHU-
eMm (HRM-PCR). Ananu3 npoBOAMIM C UCIIOIB30BAHUEM aM-
wmdukaropa C1000 ¢ cucremMoil 1eTeKUUH B peallbHOM Bpe-
menu CFX96 Real-Time System (Bio-Rad, CIIA). Ycnosus
ammunukanun s Mapkepa ID3F/ID1R nonoGpansl panee
(JIepxus, Jlyxpanayk, 2024a). [ILP c npaiimepamu RLK-1A
MIPOBOJUIIM TIO CIEAYIOLIEH MporpaMMme: HadallbHas JIeHaTy-
parust: 95°C — 5 mun; nanee 50 muxion: 95°C — 20 ¢, 65°C
—20c¢,72°C 20 c; mamee 95°C — 1 mun; 40°C — 1 muH. AHa-
JIN3 KPUBBIX TUIABIICHUS: IpU Temmeparype ot 65 °C mo 95°C
(mar 0.5 °C). B kagectBe kpacurens st HRM-PCR ucnosns-
3oBasics Eva488 (Lumiprobe, Poccus). ['paduueckuit ananus
KPHUBBIX IUIaBJICHUA MPOAYKTOB aMHJ’[I/I(bI/IKaHI/II/I BBIITIOJIHAJIN B
nporpamme CFX Mananger TM (Bio-Rad, CILIA).

Taonnna 1. Xapaxrepuctuka JIHK-mMapkepoB, HCTIONb3yeMBbIX JUIsS aHAIN3a

IIpusnax Jlokyc JIHK-mapkep IlocnenoBarensHOCTE NpaiiMepos 5°-3° Hcrounux
For gccacgtcactagtcaaattcaa Lerceteau-Kohler et
Yeroiiumsocte k| e S Rey teatggacagtggteteage | al.2005
C acutatum FaRcal ID3F/IDIR For tgtictgegagecetet Salinas et al., 2020
e e e ReV glotgggttctctaaaaggagagT | T
YCTOI/I‘{I/IBOC”.FL.K FaRCgl RLK-1A For tgctctttctcgetgcatatt Chandra et al., 2021
C gloeosporioides Rev ccaccaagaagaatctcgttca

Table 1. Characteristics of DNA markers used for analysis

Trait Locus DNA marker Primer sequence 5°-3’ References
For gccacgtcactagtcaaattcaa Lerceteau-Kohler et
Resistanceto | S st Rey teatggacagtggteteage | al, 2005
¢ acutatum FaReal ID3F/IDIR For tgttctgegagecctt Salinas et al., 2020
............................................................................................................................. Rev gtetgggttctotaaaaggagagl | T L
Resistance tq . FaRCgl RLK-1A For tgctctttctcgetgeatatt Chandra et al., 2021
C gloeosporioides Rev ccaccaagaagaatctcgttca
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Pesyabrarsl

B pesynbrare npoBeEHHBIX UCCIIET0BaHUN MOITYYECHBI TH-
IIMYHbIE JUIS [IEJIEBhIX aJuleNeil TeHoB, 0e3 HecrenupUIecKuX
1 (POHOBBIX NPOAYKTOB aMIUTM(HKAINH, 3JIeKTpodopeTHye-
ckue cnekrpsl (Mapkep STS-Rca2 240) u kpuBble MIaBiIeHus
(mapkepst ID3F/ID1R u RLK-1A), npeacrasieHHsie Ha puc. 1.

Annenu pesuctentHocTd K C acutatum 1-i rpynmnsl na-
ToreHHocTH (FaRcal) u 2-i rpynnsl matoreHHOCTH (Rca?)
BoIsABIIEHB! Y 40.3% u 12.3 % npoaHann3UpOBaHHBIX COPTOB,
nokyc FaRCgl ycroitunBocti Kk C gloeosporioides —y 40.3 %
00pasioB (Tabm. 2).

a Melt Peak

T T T T
reTepo3nUroTHbIN ;
rOMO3UIOTHbIN

150 T resistance heterozygous [} |~ Bocnpunmmnii ]
. genotype WY ‘: reHotun /
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60 70 80 90
Temperature, Celsius

Cc

YacToThl BCTPEUAaEMOCTH aHAJIM3UPYEMBIX JIOKYCOB pe-
3UCTEHTHOCTH K aHTPAKHO3y BBHIOOpPKAax COPTOB OTEUECTBEH-
HOH M 3apyOexHOU cenekuuu coctaBuwin: 37.9% u 42.9% —
FaRcal, 6.9% n 17.9% — Rca2, 58.6% n 21.4% — FaRCgl.
IIpu sToM ecnu At 10KycoB FaRcal u Rca2 pa3nuuus Mex-
JIy BEIOOpPKaMH CTaTUCTHYECKU HEeOCTOBEPHHI (t e 0-304 1
1.237 <t = 1.96 mpu p <0.05), To noxyc FaRCgl npeobnaznan
Y OTE€YECTBEHHBIX COPTOB 3€MIISTHUKH (t et 3.144 >t =196
npu p < 0.05).

Melt Peak
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100.-..5 .......... ..........

-d(RFUYdT

50 1y
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annenb yctonumBocTu / resistance allele

Pucynoxk 1. a — xpussle miasiaenust HRM-mapkepa ID3F/ID1R (iokyc FaRcal);
b — kpussle aBnennss HRM-mapkepa RLK-1A (stoxyc FaRCgl);
¢ — anexTpodopernueckuii npoduib mapkepa STS-Rca2 240 (okyc Real)

Figure 1. a — melt curves of the HRM marker ID3F/ID1R (FaRcal locus);
b — melt curves of the HRM marker RLK-1A (FaRCg! locus);
¢ — electrophoretic profile of the marker STS-Rca2 240 (Rca2 locus)

Tabauna 2. Copra 3eMIISIHAKY ¢ UISHTU(HHULIMPOBAHHBIMI aJUICJISIMH yCTOHYMBOCTH K aHTPAKHO3Y

FaRcal

Rca?2

FaRCgl

Boposuuikas, ['upnsuna, Ennzasera 2, 3enur,
Kokunckas 3apsi, Hesnakomka, PyGunoBEIH

kackan, Tpounkas, Ypoxaiinas LI'JI, ®nopa, | Boposunkas, Cynapymika (koHTpoIs), Aprica,
Florence, Malwina, Portola, Selva

Slpkas, Aprica, Arosa, Asia, Clery, Kimberly,
Korona (korTposns), Murano, Ostara,
Rumba, Salsa, Verona, Vicoda

Anboda, Beperunsi, Boposuikas, Butsiss,
3enut, Kybara, Hesnakomka, [Tamstu
3y6oBa, [IpuBnekarenbHas, CnaByTuy,
Conosynika, Ctynenueckas, Cynapyuika,
Vpoxaiinas LIJI, ®nopa, Llapuua,
Hapckocensckas, Amy, Korona, Salsa,
Symphony (koHTposs), Vicoda, Vima Zanta

Table 2. Strawberry varieties with identified anthracnose resistance alleles

FaRcal

Rca?2

FaRCgl

Borovitskaya, Girlyanda, Yelizaveta 2, Zenit,
Kokinskaya zarya, Neznakomka, Rubinovyy
kaskad, Troitskaya, Urozhaynaya TSGL,
Flora, Yarkaya, Aprica, Arosa, Asia, Clery,
Kimberly, Korona (control), Murano, Ostara,
Rumba, Salsa, Verona, Vicoda

Borovitskaya, Sudarushka (control), Aprica,
Florence, Malwina, Portola, Selva

Alfa, Bereginya, Borovitskaya, Vityaz, Zenit,
Kubata, Neznakomka, Pamyati Zubova,
Privlekatelnaya, Slavutich, Solovushka,

Studencheskaya, Sudarushka, Urozhaynaya
TSGL, Flora, Tsaritsa, Tsarskoselskaya,
Amy, Korona, Salsa, Symphony (control),
Vicoda, Vima Zanta
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Oobcy:xnenue

MapkupoBaHH€ JTOKYyCOB PE3UCTEHTHOCTU K IAaTOreHaM U
HaIlpaBJIEHHOE CO3/1aHUE Ha ATOM OCHOBE yCTOMYMBBIX K BpEJl-
HBIM OopraHu3Mam (opM pacTeHHH (MapKep-onocpe1oBaHHas
CeNeKLUsl) — Ba)KHOE HaIlpaBJI€HHE COBEPIIEHCTBOBAHMS CO-
PTUMEHTA CENbCKOXO3SICTBEHHBIX KYJBTYp. YCTOWYMBOCTH
3eMJISSHUKH K BO30Y/INTEISIM Pa3IniHbIX 3a00J€BaHI B O0JIb-
IIMHCTBE CIIy4aeB KOHTPOJIUPYETCS MOIUTCHHO, OHAKO K Ha-
CTOSIIIEMY BPEMEHH BBISBICHBI U MAapKHPOBaHBI HEKOTOPHIE
T€HBI U JIOKYCBHI KOJMYECTBEHHBIX NMPH3HAKOB, [TO3BOJISIONINE
HCTIONB30BaTh UX B CENEKIIMOHHON pabore.

Mapxep ID3F/IDIR pa3paboTaH OTHOCUTENHHO HEAABHO,
MTO3TOMY IIUPOKOTO PACIIPOCTPAHEHHS B CEIECKIIMOHHOM TIpak-
THKE TIOKa He Tonydni. VcciiemoBaHus B OCHOBHOM OITHCHI-
BaIOT MapKUpPOBaHUE JOKyca FaRcal B TeHOIIIa3Me 3apy0esk-
HBIX COPTOB 3eMiTHUKH (Zurn et al., 2022, Jang et al., 2024).
[lepBo€ reHOTUIIMPOBAHKE COPTOB 3EMJIIHUKH OTE€UE€CTBEHHOM
cenekuuu 1o Jokycy FaRcal npoBeaeHo Hamu B 2024 roxy.
boun ontumusupoBansl coctaB [IIP-cMecu u ycnoBust am-
mwmpukaun (JIspkuH, Jlykbpsaaayk, 2024a). Hacrosmmee mc-
clIeZIoBaHME MPOIOIDKACT HaYaTylo paboTy. B wacTHOCTH MONT-
TBEPXKACHO Hanuuue ajiens FaRcal y copToB 0T€4eCTBEHHON
cenekuuu boposuiikas, 3enut, Kokunckas 3aps, Hesnakomka,
Tpounkas, Ypoxkaitnaa L{I'JI, ®nopa, Apkas. Taxke uaeHTu-
(unmpoBaHbl HOBBIE HCTOUYHHKH JIOKyca FaRcal — copra ['mp-
nsaaa, EnnzaBera 2 u PyOuHOBEIN Kackan. Bee BBISIBICHHBIC
HocuTenu amenst FaRcal UMeIOT TeTepO3UTrOTHBIN TeHOTHII.

Mapkep STS-Rca2 240 (ren Rcal) BanunupoBaH Ha re-
HOTHIIAX 3EMIISTHUKU Pa3IM4HOIO JKOJIOTO-reorpaduuecKoro
MIPOUCXOXKICHUS U IIUPOKO aKTUBHO MPUMEHSETCS IS U3yde-
HUSI TEHETUYECKUX KOJJIEKIIMHA M CKPUHHUHTA CEJICKIMOHHOTO
marepuana (Lyzhin, Lukyyanchuk, 2021a, Sturzeanu et al.,
2021, Tapacosa u mp., 2024, Keldibekova et al., 2024, JIsi-
xuH, Jlykpsuayk, 2025). B npencrasineHHON BEIOOpKE HaNH-
4yre MapKepHOro (parMeHTa ajuieis pe3UCTeHTHOCTH Rcal
y coproB boposuikas, Aprica, Florence, Malwina, Portola,
Selva moaTBep)kaaeTcs JTUTEPATYPHBIMH JaHHBIMH MOJIEKY-
nspHoro ckpuHuHTa (Kemaubexora, 3yoxosa, 2023, JIsnkuH,
Jlyxwsaayk, 2025, XymskoBa, MapkoBa, 2025), a Takxe aHa-
m3oM TuOpuaHoro moromctea (JIsnxwH, Jlykpsaayk, 2023,
2024b). Kpome Toro, HEOOXOOUMO OTMETHTH, YTO TPH OT-
CYTCTBUH CTaTUCTHYECKU JTOCTOBEPHBIX pa3W4wii, TeH Rcal
OTHOCHTENBHO 0oJiee MIMPOKO PACIpPOCTPaHEH B TCHOILIA3ME
COPTOB 3apYOeKHOH CENEeKIHU U PsI OTCUYECTBEHHBIX COPTOB
¢ ammteneM Rca2, B yactHOCcTH copT Cymapymika, IOIydeH ¢
UCTIONIb30BAaHNEM 3apyOeXHBIX pOmUTeNbCKux (opm. Xots
mapkep STS-Rca2 240 He nozBossier naeHTHGUIMPOBATH aj-
JIEIBHOE COCTOSIHME IeHa Rca2, mpoBeAEHHBIE paHee Hccie-
noBauus (JIepkun u ap., 2019, Lyzhin, Lukyyanchuk, 2021b,
JIsoxun, JIykbsauyk, 2024b), nokasanu, yto copra boposuil-
kasi, Cynapyuika, Aprica, Florence 1 Malwina xapakrepusy-
IOTCSI T€TEPO3UTOTHBIM COYETAHUEM aJuIeNeH.

Mapxkep RLK-1A (10xyc FaRCgl) mupoKkoro pacupocrpa-
HEHUsI B CEJICKI[HOHHO-TEHETUYECKIX HCCIIENOBAHUAX TAKKE
MOKa He MOJIydmsl. B nutepatype mpeacTaBleHbl pe3yabTaThl
MOJIEKYJIIDHOTO CKPHHUHIa COPTOB M ()OPM 3EMJISIHUKU ame-
PUKaHCKOM HAIIMOHAJIBHOW KOJIJIEKIIMH 3apOJIbIIIEBOM MJ1a3Mbl
(NCGR) (Zurn et al., 2022), a Taxke JaHHbIE MHOTOJICTHCH
paboTel B 007acTH MapKep-ONMOCPEIOBAHHOW CEJEKINH B

Yausepcurere @nopuast (CIIA) (Jang etal., 2024). B nanHbIX
HCCIIEJOBAaHMAX M3ydallich 3apyOeKHbIE COpTa 3eMIISTHUKH, U
4acTOThl BcTpedaeMocTH Jokyca FaRCgl cocraBumu 14.5%
1 27.8 % COOTBETCTBEHHO, YTO COMOCTABUMO C MOTY4YEHHBIMU
Hamu pesynbratamu (21.4%). OtedecTBeHHBIE COpTa 3eMIIS-
HUKU 10 JIoKycy FaRCgl 0 HacTOSIIEro BpeMEHU HE TE€HO-
TUIMPOBAJIMCH, OTOMY OOBSICHUTH IpeoliagaHue JIOKyca
FaRCgl y oTeuecTBEeHHBIX COPTOB MOXKHO KaK I€HETUYECKH-
MU OTJIMYUSIMH, TaK U CyObEKTHBHBIMH OCOOCHHOCTSIMU aHa-
JIU3UPYEeMOii BEIOOpKH. BMecTe ¢ TeM HeoOXOAMMO OTMETHUTD,
4TO y psiZia OTEYECTBEHHBIX COPTOB C MIACHTH()UIIMPOBAHHBIM
amneneMm FaRCgl monydeHbIX C MPUBJICUYECHUEM Te€HOIIa3MbI
3apybexxHbix coptoB (beperunst (Conosyiuka x Induka), bo-
posuiikas (Hagexxaa x Red Gauntlet), Kybara (Kybenckas x
Holiday), I{apckocensckas (ITanosuanka X Holiday)), 3apy-
6exHbie poauTesbekue Gopmer — copra Induka, Red Gauntlet,
Holiday cormacHo JaHHBIM MOJIEKYJISIPHOTO CKpHHUHTA (Zurn
et al., 2022) mo moxycy FaRCgl nMeIoT BOCIIPUUMYHBEIH Te-
HOTHII X HE MOTYT OBITh HICTOYHHKOM QJIJIETISI PE3UCTEHTHOCTH.
OTnenbHO cienyeT yoMsIHyTh copTa 3eHuT, Ypoxaitaas L{[J],
®rnopa u Llapuna, momydeHHbIE B KOMOMHAIMSIX CKPEIINBAHNS
3apyOexHbIX coproB Senga Sengana X Redcoat (3enur, Ypo-
xaitaas LIJI, ®nopa) u Venta X Red Gauntlet (L{apuma) y ko-
TOPBIX TaKXke He BhIsiBIeH amens FaRCgl (Zurn et al., 2022).
[onyduennsle pe3ynbTaThl MOAPAa3yMEBAIOT CYIIECTBOBAHHE
TEHETHYECKN Pa3IMYaronmxcs (GopM OIHHUX U TEX )K€ COPTOB
B Pa3HBIX T€HETHYECKUX KoJuleKIusx. [lomoOHbIe pazmmuus
OTMEYEHBI TaKOKe Apyrumu uccienosarensimu (Njuguna, 2010,
Zurn et al., 2022). BrisBnennsie Hocutenn amienst FaRCgl
MOTYT UMETh TOMO3UTOTHBIH WJIM T'€TepO3UTOTHBIN TeHOTHII,
JUIL yTOYHEHMs B JalbHEWIIeM IUIAHUPYETCS NpPOBEACHHE
AQHAJM3HUPYIOLINX CKPELIMBAHHH.

Tak Kak aHTPaKHO3 3EMIISIHHKH, BBI3BIBAIOT HECKOJIBKO
¢utonarorenoB poma Colletotrichum, TO Ui JOCTHKEHUS
CTaOMJIbHOW JIOJITOBPEMEHHOW YCTOMYMBOCTU JKEJaTeNIbHO
o0beIMHEHNE B OJJHOM I'€HOTHUIIC PA3IMYHBIX T'€HETHUECKUX
nerepmuHadt. Jlokycel FaRcal u FaRCgl pacnonoXeHbl
Ha LG 6B (55-56 ¢cM u 69-72 cM cooTBeTcTBEHHO) (Anciro
et al., 2018, Salinas et al., 2019), Rca? — va LG 7B (Lerce-
teau-Kohler et al., 2005), mo3ToMy BO3MOYKHO HX 00BETUHEHUE
B OHOM I'CHOTHUIIE METOJAMHU KJIACCHYECKOW M MapKep-OIlo-
CpEelOBaHHOM CeJeKLIUH. XOTs Obl OAMH U3 U3YIaeMbIX JIOKY-
COB PE3UCTEHTHOCTH IIPUCYTCTBYET y 73.7 % aHaIM3UpPyeMbIX
coproB. JIBa JoKyca u3 TpEX B TPEX BapHaHTaX KOMOMHAIIUN
amneneit pesuctentHoctd (FaRcal+FaRCgl, FaRcal+Rca?2,
FaRCgl+Rca?) BoeisaBneHsl y 15.8% o0pa3moB, mpuiém B
GonpinuHCTBE citydaeB (77.8 %) — 3T0 KOMOMHANHMS JIOKYCOB
FaRcal n FaRCgl. Cpenn o0pa3IioB OTEYECTBEHHOH CEJeK-
LUK JaHHas aJjelbHas KOMOWHauus WICHTH(UIMpOBaHA Y
coproB 3enut, He3nakomka, Ypoxaitnas L{IJI, ®nopa; cpe-
I 3apyOeKHBIX 00pasnos — y coproB Korona, Salsa, Vicoda.
Kombunamusimu FaRcal+Rca2 n FaRCgl+Rca2 xapakrepu-
3yrorcsi copta Aprica u CynapyIika cOOTBEeTCTBEHHO. Tpu ai-
JIeNsl pe3UCTEHTHOCTH BBLABIICHB! y copTa boposuitkast (1.7 %
OT 00I11Iero KoJmuecTBa 00pasLoB). YKa3aHHbIE COPTa 3eMIIs-
HUKH SIBJISIFOTCS] IEPCIIEKTHBHBIMY KOMIUIEKCHBIMHU T€HETHYE-
CKUMH MCTOYHUKAMH aJulesieil pe3UCTEHTHOCTH K aHTPaKHO3Y
BeI3siBacMomy C. acutatum u C. gloeosporioides.
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BaarogapHocru

HUccrenoBanne nposeneHo B pamkax [ocymapcrsennoro 3aganus « OHI] umenn 1.B. Muaypuna» mo npoekty FGSU-
2025-0021 «Pa3paboTka TEXHOJIOTHH TEHOTUITUPOBAHUS M MOJIEKYJIIPHOU MACHTH(PHUKAIIH JIOKYCOB, IETEPMUHUAPYIOIIUX
Ba)kKHeHIIMe arpobuosnoruueckue npusHaky. Co3gaHue CUCTEMbI TACOPTU3AIUH [UIOOBBIX U SITOAHBIX KYJIBTYpP».
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GENOTYPING OF STRAWBERRY VARIETIES FOR LOCI OF RESISTANCE
TO ANTHRACNOSE (COLLETOTRICHUM SPP.)
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Molecular marking of 54 strawberry varieties (Fragaria * ananassa) for resistance loci to Colletotrichum acutatum
(FaRcal, Rca?2) and C. gloeosporioides(FaRCgl) was carried out. At least one of the studied resistance loci is present in
73.7% of the analyzed strawberry varieties. Resistance alleles to C. acutatum of the pathogenicity group 1 (FaRcal) and
the pathogenicity group 2 (Rca?2) were detected in 40.3 % and 12.3 % of the analyzed varieties. All identified varieties —
carriers of the FaRcal and Rca? alleles have a heterozygous genotype. The FaRCg! resistance locus to C. gloeosporioides
is present in 40.3% of samples. A statistically significant predominance of the FaRCgl locus was noted in Russian
strawberry varieties. The identified varieties — carriers of the FaRCgl allele can have a homozygous or heterozygous
genotype. Two loci out of three in three variants of the combination of resistance alleles (FaRcal+FaRCgl, FaRcal+Rca?,
FaRCgl+Rca2) were detected in 15.8 % of samples, and in most cases (77.8 %) this is a combination of the FaRcal and
FaRCgl loci. Among Russian strawberry samples, this allelic combination has been identified in the varieties Zenit,
Neznakomka, Urozhaynaya TSGL, and Flora; among foreign samples — in the varieties Korona, Salsa, and Vicoda. The
combinations FaRcal+Rca2 and FaRCgl+Rca? characterize the varieties Aprica and Sudarushka, respectively. Three
resistance alleles were identified in the strawberry variety Borovitskaya (1.7 % of the total number of samples). The
indicated strawberry varieties are promising complex genetic sources of alleles of resistance to anthracnose caused by C.
acutatum and C. gloeosporioides.
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EVALUATION OF A HYPERSPECTRAL IMAGING DATA PROCESSING PIPELINE
FOR EARLY RUST DISEASE DIAGNOSIS IN GRAIN CROPS
APPLIED TO WHEAT, RYE, AND BARLEY PHENOTYPING
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Hyperspectral sensing data processing pipeline, originally developed for the early diagnosis of rust diseases in grain
crops, was assessed for its applicability for the task of phenotyping of healthy plants of wheat Triticum aestivum, barley
Hordeum vulgare, and rye Secale cereale. Hyperspectral images of healthy plants, obtained under laboratory conditions
using a Cubert Ultris 20 camera (450—874 nm range, 106 channels), were utilized. The effectiveness of various preprocessing
schemes was compared: full (including normalization, smoothing, calculation of derivatives, and identification of extreme
features), reduced, and minimal. Machine learning models were exploited for classification: logistic regression, support
vector machine, and gradient boosting, trained on averaged spectra. It is shown that the use of a full pipeline optimized for
phytopathological diagnostics leads to reduced classification accuracy in phenotyping tasks. The best results (F1 =0.97 =
0.025) were achieved using the original averaged spectral curves without additional transformations. It is concluded that
for healthy wheat, barley, and rye phenotyping, absolute reflectancelevels are informative, whereas for disease diagnostics,
changes in the shape of the spectral curve are more important. The obtained results clarify the applicability limits of
pipelines developed for phytosanitary purposes and can inform the development of remote monitoring and phenotyping
systems for cereal crops.

Keywords: rye, barley, wheat, hyperspectral imaging, data processing pipeline, phenotyping, plant disease diagnostics

Introduction
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Wheat Triticum aestivum L., barley Hordeum vulgare L.,
and rye Secale cereale L. are the key cereal crops in Russian
agriculture. Collectively, they occupy the largest sown area
within the national cropping structure and form the basis of the
country’s food security (Guzenko et al., 2024; Sysuev et al.,
2025; Zimnyakov et al., 2020). Given the scale of cultivation
of these crops and their high sensitivity to biotic and abiotic
stresses, the development of technologies that ensure prompt
monitoring of their condition is of particular importance
(Lysov and Pavlyushin, 2022; Yakushev et al., 2022).

Plant phenotyping is the quantitative description of
morphological, physiological, and biochemical properties
reflecting plant responses to genetic factors and environmental
conditions (Mishra et al., 2016; Pieruschka and Schurr, 2019).
Phenotyping using high-throughput automated systems with
various sensors plays an important role in plant protection. It
enables the identification of pathogen resistance in varieties
based on specific spectral traits. This supports breeding
programs and facilitates the detection of early-stage diseases,
allowing timely application of protective measures (Gavrilenko
et al., 2021; Danilov et al., 2024).

Traditional visual and laboratory methods, although
remaining the basis of phytopathological analysis, are
characterized by high labor intensity and limited applicability
to large areas (Mahlein, 2016). Therefore, modern plant
production requires the implementation of new, automated

methods for crop diagnostics and monitoring, enabling rapid
assessment of plant physiological status and prediction of
stress development (Farber et al., 2019; Zhang et al., 2019).
In this regard, there is growing interest in remote and optical
methods for assessing plant condition, ensuring objective and
reproducible measurements with minimal time requirements
(Bock et al., 2022; Terentev and Dolzhenko, 2023). In recent
years, the development of phenotyping has significantly
accelerated thanks to non-invasive optical technologies
such as RGB imaging, multi- and hyperspectral imaging,
thermography, and chlorophyll fluorescence measurements.
These methods provide objective and reproducible data,
complementing traditional imaging and molecular approaches
(Li et al., 2014; Mabhlein, 2016).

One of the most promising areas is the use of hyperspectral
imaging methods (Terentev et al., 2022; Wan et al., 2022).
These methods allow the identification of even small spectral
differences in the objects under study, caused by both stress
and other factors. They are particularly well suited for solving
plant phenotyping tasks, including those within the same
taxonomic group (Mishra et al., 2020; Sari¢ et al., 2022).

Hyperspectral imaging (HSI) records the reflectance of
the plant canopy over tens or hundreds of narrow spectral
ranges, enabling the detection of subtle differences in plant
physiological states that are otherwise invisible to the naked
eye (Cheshkova et al., 2022; Khan et al., 2022). The potential

© Kuznetsova D.V., Baranova O.A., Emelyanov D.A., Eremenko D.Yu., Fedotov A.A., Terentev A.B., published by All-
Russian Institute of Plant Protection (St. Petersburg). This is an open access article distributed under the terms of the Creative
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of this method has been confirmed by numerous studies
demonstrating the possibility of early detection of biotic and
abiotic stresses in various agricultural crops (Lowe et al., 2017;
Terentev et al., 2022). However, when applied to phenotyping
tasks, the data often have high dimensionality. This can lead to
feature redundancy, complicate analysis, and increase the risk
of model overfitting (Sari¢ et al., 2022). Nevertheless, HSI has
been effectively applied in laboratory, greenhouse, and field
conditions to create spectral portraits of plants and perform
their further classification (Mishra et al., 2020; Sari¢ et al.,
2022).

Globally, the greatest attention has been paid to research on
cereal crops, primarily wheat, for which a variety of approaches
to spectral diagnostics of diseases and stress conditions
have been developed and tested (Terentev et al., 2022). In
Russian research, this area has been actively developing in
recent years and is considered a promising monitoring tool
(Yakushev et al., 2022; Zolotukhina et al., 2023; Terentev et
al., 2023; Zolotukhina et al., 2024). However, the applicability
of hyperspectral data processing algorithms developed
for phytopathological diagnostics specifically in Russian
conditions to a wide range of crops and phenotyping tasks
remains insufficiently studied—constituting a methodological
gap addressed in this study.

The authors previously developed an algorithmic scheme
for preprocessing and analyzing hyperspectral data aimed at
solving the problem of early diagnosis of rust diseases of grain
crops, in particular stem rust of wheat and barley (caused by
Puccinia graminis f. sp. tritici) and leaf rust of wheat (caused
by Puccinia triticina) (Terentev et al., 2023; Terentev et al.,
2025; Fedotov et al., 2025). The developed data processing
pipeline was optimized for the early detection of physiological

abnormalities associated with pathological tissue changes.
When switching to tasks unrelated to the detection of disease
symptoms, such as species phenotyping of healthy plants, the
accuracy of the algorithm’s prediction could decrease. In such
tasks, spectral differences between crops are significantly less
pronounced than between healthy and diseased plants, and
the use of a full range of pre-treatments can lead to the loss
of informative features associated with absolute reflectance
levels.

This study aims to evaluate the portability and generality
of a previously developed toolkit. Specifically, we aim to
test the applicability of a data processing pipeline, including
pixel-, curve-, and channel-level preprocessing strategies, as
well as first derivatives and categorical derivatives, developed
for disease diagnostics (Fedotov et al., 2025; Terentev et al.,
2025), to the problem of classifying healthy plants of three
crops—wheat, barley, and rye—based on hyperspectral data.

To achieve this goal, the following objectives were set:

1. To evaluate classification performance using the full
preprocessing pipeline and its abbreviated versions, as well as
minimal processing of the original hyperspectral data.

2. To compare the information content of different feature
types—original spectral curves, first derivatives, categorical
derivatives, and extreme features extracted from them.

3. To determine which processing stages have a positive or
negative impact on the classification accuracy of healthy
plants and to formulate recommendations for their application.

Thus, this work aims to evaluate the applicability of
a hyperspectral data preprocessing pipeline, originally
developed for automated diagnosis of rust diseases, to the task
of automated phenotyping of healthy plants of three cereal
crops.

Materials and Methods

The study was conducted on spring soft wheat (variety
“Saratovskaya 74”), spring barley (variety “Lyuboyar”), and
winter rye (variety “Volkhova”). In each experiment, wheat,
rye, and barley were cultivated in six plastic containers (320
x 220 x 160 mm), with 75 seeds sown in each container.
The sowing density was adjusted to correspond to the
recommended field seeding rates for the respective varieties,
recalculated according to the container area and official varietal
descriptions. Each experiment included three independent
biological replicates. The plants were grown under controlled
conditions with regular irrigation and fertilization in a phytotron
at a temperature of 23-25°C, a 16-hour photoperiod, and a
photosynthetic photon flux density of 202.5-270 umol m™
s7! (15,000-20,000 lux), with relative humidity maintained at
60-70% (Terentev et al., 2023).

Hyperspectral imaging took place in a dedicated light-
isolated chamber. The camera was mounted horizontally on
a tripod at a distance of 0.5 m above the plant canopy. The
samples were illuminated by two 500 W halogen light sources
positioned at an angle of 45° relative to the imaging plane.
A dark background was utilized to minimize background
reflectance and enhance segmentation of plant material. The
frame covered an area of 20 X 20 cm. The configuration of the
imaging system was developed in accordance with previously
published experimental setups (Zhu et al., 2016; Wang et al.,
2018; Gu et al., 2019).

The experiments employed an Ultris 20 hyperspectral
snapshot camera (Cubert GmbH, Ulm, Germany), which
acquired reflectance data within the 450-874 nm spectral
range, distributed over 106 narrow bands with a spectral
resolution of 4 nm. The image resolution amounted to 410
x 410 pixels. Camera calibration included white reference
calibration using certified reflectance panels and dark current
correction by covering the lens with a light-blocking cap.
Geometric calibration was also performed. Data were then
exported to a personal computer via Cubert-Pilot proprictary
software (version 2.8.1, Cubert GmbH, Ulm, Germany)
supplied by the manufacturer (Terentev et al., 2025).

Images were acquired daily at 12:00 PM from the 13th to the
18th day after sowing, corresponding to growth stages BBCH
12—13. Each daily data set (control + infected) comprised 144
images. The complete data set for each experiment consisted
of 432 images. The data were stored in multichannel TIFF
format (106 channels, 16-bit depth).

The following machine learning models were applied for
spectral curve classification: support vector machine (Cortes
and Vapnik, 1995), logistic regression (Hosmer et al., 2013),
and gradient boosting (Friedman, 2002) implemented in
LightGBM (Ke et al., 2017). A detailed description of the
machine learning algorithms and the explored hyperparameter
ranges can be found in (Terentev et al., 2025; Fedotov et al.,
2025). All computations were performed in Python 3.10 using
scikit-learn, Optuna, SciPy, Pandas, and Matplotlib/Seaborn.
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The following metrics were used to evaluate the
performance of machine learning models: recall, precision,
and F1-score (Powers, 2011). Recall measures the proportion
of correctly identified positive samples:

TP
TP + FN '

where TP is the number of true positives and FN is the number
of false negatives. Accuracy measures the proportion of
predicted positive samples that are actually positive:

Recall =

TP
TP + FP

where FP is the false positive rate. The F1 score, utilized as the
primary evaluation metric in this study, is the harmonic mean
of precision and recall:

Precision =

Prescision X Recall
F1 =2 x

Precision + Recall.

Results

Data Processing

The general scheme of hyperspectral data processing
is presented in Figure 1. In the first stage (Fig. la), pre-
processing of hyperspectral images was performed, which
included sequential smoothing of spectral curves using the
Savitzky—Golay method (Savitzky and Golay 1964), pixel-
by-pixel normalization (curve standardization) to eliminate
the influence of illumination and shooting geometry, and pixel
clustering using the k-means method (K-Means) (Hartigan and
Wong, 1979) to highlight homogeneous areas of the plant and
eliminate the background. After clustering, the mean spectrum
value was calculated for each specimen. The final operations—
curve-wise and channel-wise standardization—ensure data
comparability between samples. Curve standardization was
performed in the form of a z-transformation. This statistical
normalization converts each data element into the number of
standard deviations from the mean. As a result, the standardized
reflectance in some spectra took negative values. The result
of this stage was pre-processed average spectral curves used
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for feature construction; the full pre-processing pipeline is
described in detail in (Fedotov et al., 2025).

In the second stage (Fig. 1b), feature spaces were formed.
First derivatives characterizing local changes in slope and
spectrum shape were calculated from the processed spectral
curves. In addition, extreme features reflecting the position
and amplitude of key reflectance maxima and minima were
extracted.

Thus, three types of input data were formed: the original
average curves (Xmean), the derived spectra, and the extreme
features applied in solving the problem of classifying plant
species.

Figure 2 shows the averaged spectral curves for the three
studied crops—wheat, rye, and barley at different stages
of preprocessing. In Fig. 2a the curves are presented before
normalization. At this stage, different classes spectral profiles
appear highly similar in shape, which indicates that overall
reflectance patterns are close and may hinder reliable class
separation. After applying variance normalization (Fig. 2b),

b

Preprocessed mean
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\ 4 A 4

Curves finite
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Figure 1. Diagram of the stages of processing and feature extraction from hyperspectral images: a — preliminary processing
of the raw hyperspectral data; b — feature construction based on the obtained curves: calculation of derivatives, extrema, and
formation of categorical features
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which reduces noise and scale differences influence, the curves
become more comparable. As a result, subtle local differences
between the classes start to emerge, particularly in specific
wavelength regions.

After calculating the first derivatives (Fig. 2c), the spectral
curves exhibit characteristic local extrema in the regions
around 500 and 700 nm. At the same time, although the
general shape of the curves remains similar, the derivative
representation further enhances local variations between the
classes, making class-specific features more distinguishable.

Figure 3 presents the results of an analysis of extreme
features calculated from the derivatives of the spectral curves.
These features reflect differences in the curves’ minima and
maxima, their number, and their locations along the wavelength
range. Similar ranges of extreme points are observed for all
three crops—around 500 nm and 750-800 nm. Minor shifts
in extreme points between crops indicate minor differences
in the optical properties of the leaves; however, no significant
structural differences in the spectral shapes are observed.

Cross-validation
In this study, a Logistic regression model was employed as
the baseline classifier for the three-class problem (wheat, barley,
and rye). Logistic regression belongs to the class of linear
probabilistic models and estimates posterior class probabilities
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Figure 2. Average spectral reflectance curves of leaves of
three crops: a — before preprocessing; b — after preprocessing,
c — after first derivatives calculating

Pucynoxk 2. Cpegnue cieKTpalbHble KPUBBIE OTpa)kaTeIbHOMN
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based on a linear combination of input features followed by a
normalization procedure. In the multiclass setting, the model
simultaneously discriminates between all classes, providing a
consistent probabilistic interpretation of predictions. Due to
its linear structure, logistic regression offers a high degree of
interpretability, allowing direct analysis of the contribution of
individual spectral features to the decision function.

To assess the generalization ability of the models and select
optimal hyperparameters, a nested cross-validation strategy
was used. The dataset included nine independent subsamples
grouped into three crop classes: three for wheat, three for
barley, and three for rye. This data organization allowed
the validation procedure to be implemented on completely
independent data.

A cross-validation scheme was implemented. For each
crop, pairs of training and validation sets were formed from
the three available subsamples such that each set was ud as
a validation set exactly once. A total of three independent
partition combinations were obtained.

Ateach optimization step for a given set of hyperparameters,
the model was trained on the combined data from one
subsample of each class and validated on the corresponding
paired subsample of the same classes. For each hyperparameter
combination, the Fl-score (averaged across classes) was
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Figure 3. Distribution of spectral extremum coordinates
for three crop species: a — average spectral curves after
preprocessing; b and ¢ — distribution of wavelengths
corresponding to minima and maxima of the spectral curves
for wheat, barley, and rye
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calculated, and the final score was the average metric value
across all three partition combinations. Optimization was
performed using the Bayesian method with the objective
function of maximizing the average F1-score.

After determining the optimal hyperparameters, a final
evaluation of the model was conducted on independent test
sets. For this, two data sets from each class were combined
into a training set, with a third set retained for testing. This
procedure was repeated so that each of the nine data sets was
in the test set exactly once.

The model with optimal hyperparameters was trained on
the combined training set and tested on the corresponding
independent data set. The final model performance metrics
(F1-score, precision, recall) were calculated as the average
values across all three testing configurations.

Classification results

In a study on the classification of diseased and healthy
plants, differences in the shape of spectral curves were a
key factor in separating the classes (Terentev et al., 2025).
Therefore, when constructing feature spaces, the primary focus
was on analyzing the morphological features of the spectra,
using first derivatives, local extrema, and other characteristics
sensitive to shape changes. This approach allowed for the
effective identification of differences associated with the
physiological state of the plants.

As Figure 4 shows, the situation is fundamentally different
in the current problem of classifying different crop species:
wheat, rye, and barley. The average spectral curves of the
studied classes exhibit high shape similarity, which reduces
the information content of feature spaces based primarily on
waveform analysis. When using such features, a significant
portion of the spectral information associated with absolute
reflectance and characteristic wavelength ranges may be lost,
negatively impacting classification accuracy.

As a result, the best accuracy is achieved when using
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Figure 4. Classification results using different feature sets.
F1-score values on the test data are presented for three

types of features: mean — original averaged spectral curves,
dI(mean) — first derivatives, and extr feats — extreme features
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original or averaged spectral curves without extracting derived
features, where full information on spectral amplitude is
preserved. This confirms that absolute differences in spectral
characteristics, rather than variations in curve shape, are
decisive for plant classification.

Table 1 shows the values of the F1-score metric on the test
data (test f1) for three independent partitionss.

Table 1. Final classification results of three crop species
according to F1-score, Precision, and Recall metrics on test
data across three independent partitions

Taéauna 1. Mtorossie pe3ynbsrarhl Kiaccuukauu Tpéx
BUJIOB KYJIBTYp 110 MeTpuKaMm F[-score, Precision n Recall Ha
TECTOBBIX JIJAHHBIX ISl TPEX HE3aBUCUMBIX pa30OueHui

Partition F1-score (test) Precision Recall
1 0.964 0.967 0.9629
2 0.998 0.998 0.998
3 0.940 0.943 0.938

The average F1-score across all experiments was 0.967 +
0.025. The small variation between partitions indicates model
stability and the absence of overfitting. The best results were
observed for the second partition (F1 = 0.998), which may be
due to a more even distribution of samples across classes in the
training and test sets.

Figure 5 shows the normalized confusion matrix,
combining the results for all partitions. The diagonal elements
of the matrix reflect the proportion of correctly classified
samples for each class, while the off-diagonal elements
indicate misclassifications between classes.

The classifier demonstrates a high degree of accuracy in
recognizing all three plant classes. The diagonal elements of
the matrix have values close to one: 0.98 for wheat, 1.00 for
barley, and 0.96 for rye. Minor errors were observed in the
classification of rye and wheat: approximately 2% of wheat
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Figure 5. Normalized confusion matrix for classifying three
cereal crop species. Diagonal values represent the proportion
of correctly classified samples in each class

Pucynok 5. HopmannzoBanHas MaTpuiia ommoox
JUISL KiTacCU(HUKALUK TPEX BUJIOB 3JIaKOBBIX KYJIBTYP.
3Ha4eHus N0 JUArOHAIH OTPAXKAIOT JOMIO IPABUIBHO

Kaccu(UIMPOBaHHBIX 00PA3IOB KaXKI0T0 Kilacca



Kuznetsova D.S. et al. / Plant Protection News, 2026, 109(1), p. 78-88 83

samples were mistakenly classified as rye, and 4% of rye
samples were mistakenly classified as barley.

Spectral Bands Contribution for Mean Curves
and First-Derivative Curves

To interpret which spectral regions were primarily
exploited by the classifier for decision-making, the best-
performing logistic regression (LR) model was analyzed,
which was selected according to the highest macro-F1 score.
The analysis was restricted to the mean spectral representation,
corresponding to the averaged spectral curve, as this feature
space yielded the best classification performance among the
considered representations.

For linear models, the informativeness of each
wavelength was quantified using the absolute value of the
model coefficient (jw|). In the multiclass setting, importance
values were computed separately for each class based on the
corresponding class-specific coefficientvector. The coefficients
were subsequently normalized so that their sum across all
wavelengths equaled 1, enabling interpretation of the values
as proportional contributions of individual spectral regions.
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Figure 6. Profiles of the normalized feature importance [wA|
as a function of wavelength for the logistic regression (LR)
model using mean spectral curves: a — wheat; b — barley;
¢ —rye. The vertical dashed lines indicate the boundaries
of the predefined spectral ranges: blue (440—470 nm),
blue-green (470-500 nm), green (500—-560 nm), orange
(560590 nm), red (590760 nm), and infrared (760-874 nm)
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The boundaries of predefined spectral bands are indicated
by vertical dashed lines in the importance profiles (Fig. 6).
Aggregated contributions per spectral band are summarized as
heatmaps (Fig. 7).

Figure 7 presents the normalized absolute coefficients of
the logistic regression model for each class, reflecting the
relative importance of individual spectral channels. The results
demonstrate that the classifier relies on different spectral
regions for distinguishing between the considered crops.

For the wheat class, the importance is distributed across
a wide range of wavelengths, with pronounced contributions
in the red and near-infrared regions (approximately 600—750
nm and above 800 nm). In contrast, the barley class exhibits
a more localized importance profile, with a dominant peak in
the green spectral region (approximately 520-560 nm) and
moderate contributions in the red edge range (around 600-700
nm). The importance rapidly decreases in the near-infrared
region, suggesting that barley is primarily distinguished by
reflectance characteristics in the visible spectrum. The rye
class demonstrates a mixed importance pattern, with notable
contributions in both the green region (around 500-540 nm) and
the red edge (approximately 600—-650 nm), as well as moderate
importance in the near-infrared range. This distribution
suggests that rye shares spectral characteristics with both
wheat and barley, leading to a less distinct importance profile.

A quantitative summary of band-wise contributions is
shown in Fig. 7. For the logistic regression model using the
mean spectral representation, the red band dominates across all
classes (0.458-0.496), followed by the infrared region, whose
contribution varies substantially between classes (from 0.054
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Figure 7. Distribution of the aggregated normalized feature
importance [wA| across predefined spectral ranges
for the logistic regression (LR) model based on mean
spectral curves for each class (wheat, barley, rye).
Spectral ranges: blue (440—470 nm), blue—green (470—
500 nm), green (500-560 nm), orange (560—-590 nm),
red (590-760 nm), and infrared (760—-874 nm)
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for barley to 0.325 for wheat). The green band also provides
a notable contribution, particularly for barley (0.255) and rye
(0.209), while its impact is smaller for wheat (0.071). The
remaining spectral regions, including blue, blue—green, and
orange, contribute relatively little to the overall importance
(all below approximately 0.10).

Overall, the results demonstrate a consistent pattern across
classes. The red region (5§90-760 nm) represents the primary
source of discriminative information for all crops, while the
contribution of the near-infrared range (760-874 nm) varies
depending on the class. In particular, wheat exhibits a strong
reliance on the infrared region, whereas barley is characterized

by a much weaker infrared contribution and a more pronounced
dependence on the green spectral range.

The analysis showed that, despite observable differences
in spectral importance profiles, the spectral curves of the
three crops remain similar in shape and exhibit comparable
characteristics in both the visible and near-infrared ranges.
As a result, class discrimination is achieved through subtle
differences in the relative contributions of spectral regions
rather than through large structural differences in the spectral
signatures. The best classification performance was obtained
using the original averaged spectral curves, indicating that
absolute reflectance values contain sufficient discriminative
information without the need for additional transformations.

Discussion

The obtained results revealed significant differences
between hyperspectral data preprocessing  strategies
traditionally utilized in phytopathological diagnostics. For
phenotyping healthy plants, minimal preprocessing proved
superior. Various classification methods based on hyperspectral
imaging have firmly established themselves as promising
tools for the early detection of diseases, as they enable the
identification of biochemical and structural changes in leaves
long before visible symptoms appear (Mahlein et al., 2018;
Nalepa, 2021). Such effects are associated with chlorophyll
degradation, tissue damage, and changes in water balance,
which manifest as localized alterations in spectral curve shapes
(Jacquemoud, Ustin, 2019; Cheshkova et al., 2022; Tanner et
al., 2022; Szechynska-Hebda et al., 2025).

Disease detection studies often employ a standard
preprocessing pipeline which includes smoothing (Savitzky—
Golay filters), scatter/scale correction (MSC, SNV), continuum
removal, and first- or second-derivative calculations—to
reduce the influence of illumination and imaging geometry
artifacts and highlight spectral features related to pigment
composition and tissue structural changes during infection.
These methods have been widely described in reviews and
empirical studies and have demonstrated practical utility in
plant pathology diagnostics (Zhang et al., 2020; Witteveen et
al., 2022; Xu et al., 2022). The exploitation of such methods is
particularly justified in stress analyses, where the informative
signal is expressed primarily in the form of the spectral curve.

At the same time, studies focused on phenotyping and
interspecies/varietal classification indicate that optimal
preprocessing depends on the nature of the discriminatory
information. In problems where key information is embedded
in the spectral amplitude (reflectance level), aggressive
normalization and differentiation can diminish the informative
content. Comparative studies demonstrate that no preprocessing
scheme is universally applicable, and in some cases, minimal
processing or the use of raw spectra yields superior results for
interspecies classification (Grzybowski et al., 2021; Wu et al.,
2022; Cushnahan et al., 2024).

The impact of modern approaches on preprocessing
requirements is particularly noteworthy. While -classical
machine learning methods benefit from carefully chosen
preprocessing, modern deep neural network architectures
can automatically learn robust representations and partially
offset the need for manual preprocessing. Several studies have
shown that deep learning methods can reduce the importance
of traditional preprocessing steps; however, testing and

comparing strategies for each specific application remains
necessary (Paoletti et al., 2019; Bock et al., 2020; Helin et al.,
2022).

In our experiments with wheat, rye, and barley, the full
preprocessing scheme, previously optimized for early rust
detection, offered no advantage when phenotyping healthy
plants. Minimal preprocessing preserved absolute reflectance,
which proved decisive for classification. These observations
align with generalizations in the literature, where the impact of
preprocessing on classification quality depends on the analysis
objective, wavelength range, and sensor characteristics (Li et
al., 2021; Witteveen et al., 2022; Cozzolino et al., 2023; Ram
et al., 2024).

Our results indicate that spectral differences among the
studied crops are less pronounced than those between healthy
and diseased plants. Close phylogenetic relationships and
similar leaf structures contribute to overlapping spectral
curves, limiting interspecies discriminability (Rocchini
et al.,, 2022; Thornley et al., 2022). In our data, spectra of
diseased plants exhibit more significant shifts compared to
interspecific differences within Triticeae (Terentev et al.,
2025). Phytopathological processes alter not only absolute
reflectance but also the wavelength distribution of reflectance,
consistent with the concept of a disease-specific “spectral
fingerprint,” which reflects changes in absorption, scattering,
and fluorescence (Mahlein, 2016). Reviews emphasize that
the diagnostic value of hyperspectral data arises from spectral
patterns rather than individual amplitude values (Sari¢ et
al., 2022). Studies on feature selection and interspecies
classification further confirm that informative signals are
associated with local variations, gradients, and the position
of characteristic inflections in the spectral curve. However,
for closely related crops, absolute reflectance dominates over
spectral shape differences for classification. Thus, the role
of spectral curve shape aligns with the general principle of
phenotyping: pathological processes alter the spectrum as a
holistic structure, providing stronger class separability than
interspecific differences. Consequently, in the system studied,
the influence of the crop factor is subordinate to the influence
of the phytopathological state, which should be considered
when developing spectral diagnostic methods.

A more detailed interpretation of band-wise importance
further clarifies the physiological basis of interspecific
discrimination. From a physiological standpoint, the dominance
of the red region (590-760 nm) for the mean spectral curves
can be attributed to differences in pigment composition among
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crop species. Reflectance in the red range is strongly governed
by chlorophyll absorption, and even moderate interspecific
differences in chlorophyll concentration or pigment ratios
(chlorophyll a/b, carotenoids) may lead to measurable
variations in reflectance (Jacquemoud and Baret, 1990;
Gitelson et al., 2003). Such pigment-related differences likely
explain why the red band provides the highest discriminative
contribution when using the original mean spectral curves. In
contrast, the increased importance of the near-infrared (760—
874 nm) region for the first-derivative representation reflects
structural differences between leaves of the studied crops. NIR
reflectance is primarily controlled by internal leaf structure,
including mesophyll organization, cell size, and intercellular
air spaces (Slaton et al., 2001; Ustin et al., 2009). Wheat,
barley, and rye exhibit species-specific anatomical traits that
influence scattering properties in this spectral domain. The first
derivative enhances subtle changes in spectral slope, making
structural differences more pronounced and shifting the center
of informativeness toward the infrared domain. Thus, the
transition from red-dominated importance in mean spectra to
infrared-dominated importance in first-derivative spectra is
consistent with the complementary roles of pigment-related
and structural features in interspecific crop discrimination.
These mechanisms fundamentally differ from stress-induced
spectral alterations. Pathogen-induced stress primarily affects
biochemical and physiological processes, including chlorophyll
degradation, chloroplast disruption, changes in water status,
and modifications of cellular reflectance properties. Such
processes generate localized variations in spectral shape and
shifts in absorption features within the 550-750 nm and 950-
1300 nm ranges (Carter, Knapp, 2001; Mahlein et al., 2018;
Zhang et al., 2020). In contrast, interspecific morphological
differences are largely determined by epidermal structure,
leaf thickness, and internal air-space architecture, which
mainly influence reflectance amplitude in the near-infrared
region (Gitelson et al., 2002; Jacquemoud, Ustin, 2019). In
phenotyping tasks, where discriminative information resides
primarily in reflectance amplitude rather than localized
spectral deformations, derivative-based transformations and
intensive normalization may attenuate the informative signal
and amplify noise. This explains the decrease in classification
accuracy observed when applying the full phytopathology-
oriented preprocessing pipeline to healthy crop discrimination.

Therefore, designing hyperspectral data processing
pipelines should involve comparing multiple preprocessing
options and selecting the optimal strategy based on empirical
evaluation (e.g., cross-validation and holdout test sets). No
single preprocessing scheme guarantees optimal results;
empirical testing remains essential. In practice, researchers
routinely evaluate preprocessing combinations and choose
the best option based on validation metrics, making the
approach empirically justified. Accordingly, when developing
a hyperspectral pipeline, it is recommended to: (1) design
several alternative preprocessing schemes, (2) assess their
impact using cross-validation and a holdout test set, and (3)
select and fix the optimal strategy for the specific problem and
sensor (Li et al., 2021; Witteveen et al., 2022; Xu et al., 2022;
Ram et al., 2024; Terentev et al., 2025).

The scientific novelty of this work lies in demonstrating,
for the first time using experimental data from three major
grain crops, that preprocessing efficiency strongly depends
on the nature of the classification task. The results highlight
the need for systematic domestic research to develop adaptive
hyperspectral processing pipelines based on empirical
observations and datasets from national research programs
and grant projects. Such developments will ensure the
independence and reproducibility of domestic solutions in
phytosanitary monitoring and crop phenotyping. Although
hyperspectral preprocessing and disease detection have been
extensively studied internationally, most research focuses on
early stress detection or single-species phenotyping. This study
addresses the gap by systematically comparing preprocessing
strategies across multiple major grain crops, highlighting task-
dependent efficiency and providing empirical guidance for
domestic crop phenotyping.

Despite the high accuracy achieved in classifying wheat,
barley, and rye using raw spectral curves, this study has
several limitations. First, the experiments were conducted
under controlled laboratory conditions, which may not fully
represent field variability. Second, only three crop species
were considered, and further testing is needed to evaluate the
generalizability of the preprocessing pipeline to additional
cereals or varieties. Future work will focus on extending the
approach to field conditions, exploring additional crop species,
and integrating deep learning models to potentially reduce
manual preprocessing requirements while maintaining high
classification accuracy.

Conclusions

The study showed that the effectiveness of hyperspectral
data processing algorithms is determined not by fixed
preprocessing rules, but by the specific characteristics of the
task at hand. For classifying healthy barley, rye, and wheat
plants, using raw or minimally processed spectra is optimal,
as the absolute reflectance values contain key discriminatory
information. In contrast, for the early diagnosis of diseases,

where changes are physiological and biochemical in nature,
methods based on spectral curve shape analysis and derived
features prove to be most effective. Therefore, when designing
applied hyperspectral data processing pipelines, it is important
to consider the study objective and sensor properties, to test
multiple preprocessing strategies and select the one that
performs best according to empirical metrics.
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INFECTION AND LONG-TERM CULTIVATION OF THE MICROSPORIDIUM
NOSEMA BOMBYCIS IN SF9 INSECT CELL CULTURE
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The microsporidium Nosema bombycis is economically important as a causative agent of silkworm pebrine, and also as
a potential biological control agent for lepidopteran pests such as Dendrolimus sibiricus. In this study, N. bombycis spores
were isolated from diseased Bombyx mori larvae. After artificial stimulation in 0.1 M KOH, they were inoculated into the
S19 cell line to initiate continuous proliferation of the parasite. After 7 days of initial infection, fresh Sf9 cells were added,
establishing a long-term persistently infected culture. We quantified the percentage of infected cells and the dynamics of
spore accumulation during primary infection and long-term cultivation, and determined the limits of cell survival and
infectivity in the infected culture. Our studies enabled us to propose key parameters for utilizing this host-parasite system
as a model for studying nosematosis and resistance mechanisms, as well as for the mass-production of spores for plant

protection.

Keywords: microsporidia, in vitro, insect cell line, spore accumulation, infection rate

Submitted: 15.11.2025

Accepted: 10.12.2025

Introduction

Microsporidia are a large group of fungi-related spore-
forming obligate intracellular parasites (Becnel, Andreadis,
2014). They are widespread in the environment, infecting
representatives of almost all large groups of animals. The
highest diversity of parasitic species is found among arthropods,
most notably insects (Solter et al., 2012; Bjernson, Oi, 2014).
The entire life cycle of microsporidia takes place inside the
host cell, except for the spore, through which the infection
spreads from one host to another with zoonotic, foodborne and
water-borne ways of transmission (Cali, Takvorian, 1999).

Since microsporidia cannot be cultivated outside of the
host cell and working with a whole host organism is not always
feasible, the field of microsporidia research relies heavily
on cell culture techniques. In vitro cultivation is generally
focused on species of economic and clinical importance
and historically started with Nosema bombycis infection of
Bombyx mori primary ovarian tissue culture (Trager, 1937).
With the development of continuous insect cell lines, it has
become possible to cultivate many species of microsporidia
for extended periods. Among them there is a large group
of biological control agents of agricultural pests such as
Paranosema locustae (Khurad et al., 1991), Vairimorpha
necatrix (Kurtti et al., 1990), Nosema furnacalis (Kurtti et al.,
1994) and Nosema mesnili (Gupta, 1964). Microsporidia of
clinical interest as pathogens of human (e.g. Encephalitozoon
cuniculi, E. hellem, E. intestinalis, Vittaforma corneae,
Anncaliia algerae, and Trachipleistophora hominis) are
succesfully maintained in vitro in various mammalian cell
lines (Visvesvara, 2002; Molestina et al., 2014).

Some microsporidia from insects can be grown in
mammalian cells including Tubulinosema ratisbonensis
(Lowman, 2000) and Anncaliia algerae (Undeen, 1975).

The latter was propagated also in insect and fish cell cultures
(Monaghan, 2011; Visvesvara, 2002; Undeen, 1975). In
general, heterologous cell lines, differing in origin from
the natural hosts, are widely used for in vitro cultivation of
insect microsporidia. For example, Paranosema locustae, a
parasite of grasshoppers has been successfully propagated in
heterologous fat body cell line from a moth Mythimna convecta
(Khurad et al., 1991) and honeybee-pathogenic microsporidia
Vairimorpha ceranae cell culture model was developed using
heterologous lepidopteran cell line IPL-LD-65Y, established
from the ovaries of the gypsy moth Lymantria dispar (Gisder
etal., 2011).

The microsporidium N. bombycis is a highly destructive
pathogen in the sericulture industry, known for causing a fatal
disease called pébrine (Hukuhara, 2018). In fact, the history
of in vitro studies of microsporidian biology started with this
pathogen (Trager, 1937). After the first experiments involving
cultivation in primary tissue explants of Bombyx mori, it was
subsequently maintained in different cell lines. Spodoptera
frugiperda Sf21 and Antheraea eucalypti cell lines were first
used to study basic biology and life cycle of N. bombycis
(Kawarabata, Ishihara, 1984; Kawarabata, 2003). Recently,
preference has been given to cell lines derived from Bombyx
mori (like BmE-SWUI1 and BmN-SWU1), a natural host of
the microsporidium. Bombyx mori cell lines provide the most
biologically relevant context for studying molecular infection
mechanisms and host immune responses (Dong et al., 2021;
Yu et al., 2021; Dong et al., 2022).

In this study we established a Sf9 cell line consistently
infected with N. bombycis. We characterized the main
parameters of infection process and long-term cultivation. Sf9
cell line, derived from the fall armyworm S. frugiperda, was
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chosen due to its availability, ease of cultivating and ability
to support propagation of N. bombycis and other pathogens
(Huang et al., 2018a; Zheng et al., 2021). We quantified the
percentage of infected Sf9 cells and the dynamics of parasite
spore accumulation during the initial acute phase and long-
term cultivation. Furthermore, we assessed the time necessary
for the parasite to achieve complete colonization of the host
cell culture and subsequent developing of its infectivity.
Characterizing these infectious properties of N. bombycis
within a long-term culture system provides a foundation for
establishing microsporidia-resistant cell lines. Such resistance
could be achieved through genetic modification using RNA
interference, single-chain antibodies, or CRISPR/Cas9

Materials

Infection of Sf9 cells with Nosema bombycis spores

S19 cell line was obtained from ECACC General Collection
(ECACC 89070101). Cells were cultured in Sf-900 III serum-
free medium (SFM) (Thermo Fisher Scientific, MA, USA)
in the adhesive culture at 27°C and routinely maintained
according to the manufacturer’s instructions. For infecting
with microsporidia spores, we used cells in the mid-log phase
growth with viability of over 90 %. Viability of insect cells was
estimated in the presence of an equal volume of 0.4 % Trypan
Blue solution with Luna II automated cell counter (Logos
Biosystems, South Korea).

Nosema bombycis spores were obtained from the Uzbek
Research Institute of Sericulture (UzNIISh) in Tashkent,
Uzbekistan. Small subunit ribosomal RNA gene sequencing
showed 100% identity to the type isolate of N. bombycis
(Genbank accession # D85503) (Tokarev et al., 2019). Spores
were isolated from infected B. mori larvae, purified and treated
with antiseptic Multicide (Sante Pharm, Russia) as it was
described previously (Dolgikh et al., 2022). To initiate primary
cell infection spores were activated with 50 pl of 0.1M KOH
water solution for 30 min and added to Sf9 cell suspension
in SF-900 III SFM. Polar tube extrusion was observed within
5 min in 90% of spores. Infection efficiency was ensured by
mixing insect cells with parasite spores on an orbital shaker
at 50 rpm for 30 min at 27 °C till no more extrusions of polar
tubes were observed in a light microscope.

In all experiments, except for the primary infection, the
infectious material was not the spores themselves, but a certain
volume of the infected cell culture containing the calculated
number of N. bombycis spores. Spores for most experiments
were taken at a ratio of 10 spores per living cell, except for
long-term infections and survival experiments, in which
additional ratios of 1, 2.5, 5, and 7.5 spores per cell were taken.

For primary and long-term infections 6-well tissue culture
treated plates were used with 1 ml suspension of 5x10° viable
Sf9 cells in SF-900 IIT SFM in a well. For the survival and
infectivity experiments, we used T25 tissue culture-treated
flasks seeded with 5 x 10° viable cells, in addition to 6-well
plates. Total volume of SFM was 4 ml. For primary infections,
cells were detached from the wells of a 6-well plate every day

technologies—methods that are currently under investigation
for the development of resistant silkworm strains (Huang et
al., 2018a; Huang et al., 2018b; Dong et al., 2019).

Also, a persistent cellular infection of this parasite in an
insect cell culture can provide mass spore production under
sterile conditions for research purposes. Since N. bombycis
exhibits high virulence against such a dangerous forest
defoliator as Siberian moth, Dendrolimus sibiricus and infects
crop pests Spodoptera litura and Helicoverpa armigera (Pei
et al., 2021; Rumiantseva et al., 2024), the development of a
technological method for generation of spore biomass of this
parasite may be in demand in plant protection systems.

and methods

for a week (7 time points) after infection, in other cases only
after one week.

The following parameters of the infected culture were
used: a number of viable cells, percentage of infected cells
and spore accumulation. Volumes of cell suspensions were
measured to calculate actual numbers of cells and spores.
Concentrations of viable cells were measured using a Luna
IT automated cell counter (Logos Biosystems, South Korea).
To determine the infection rate, smears of infected cultures
on glass slides were fixed with absolute methanol and stained
with Giemsa’s solution. Infected cells were counted under Carl
Zeiss Axiolmager M1 microscope.

Total number of spores accumulated in the culture (spore
accumulation) was quantified, as following: Sf9 cells were
detached from the culture surface by pipetting, disrupted by
sonication at 50 kHz for 15 sec, and released spores were
counted using a hemocytometer. Identification of the spore
type and measurement of the size of spores was carried out
using phase-contrast and DIC optics of Carl Zeiss Axiolmager
M1 microscope with an Axiocam 712 mono camera and Zen
3.2 blue edition software.

Immunoblotting and immunofluorescence microscopy
The process of heterologous expression of N. bombycis
B-tubulin in bacteria, production and purification of
polyclonal antibodies against N. bombycis B-tubulin, as well
as methodology of immunofluorescent and immunoblotting
assays were previously described (Senderskiy et al., 2021;
Dolgikh et al., 2022).

Statistical analysis

Primary infection experiments were repeated seven times.
Long-term infections were performed in 5 replicates and the
infectivity experiment in triplicates. Results were provided as
mean + standard deviation.

ANOVA, followed by the Tukey Honestly Significant
Difference post hoc test for pairwise comparisons, was used
to detect changes between different variants. Statistical
significance was set at p < 0.05. The number of viable cells in
the control and infected cultures was compared using t-test (p
<0.05). T-test (p < 0.05) was also used to compare spore sizes.

Results

Primary infection of Sf9 cell culture
S19 cell culture in 6-well plates with 5x10° viable Sf9 cells
in each well was initially infected with N. bombycis spores that
have been artificially activated in a solution of 0.1 M KOH

according to Ohshima (Ohshima, 1964). The spore-to-cell ratio
was 10:1, as it was found to be optimal for the establishment
of microsporidia in cell culture (Trager, 1937). The spread of
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infection was studied every day for a week with a reference to
control (uninfected) cells.

In the control culture, cell density increased slowly during
the first 3 days after seeding. Next 3 days cells proliferated
rapidly each day significantly increasing cell density until
they reached 100% confluence. Cell density on day 6 did
not statistically differ from day 7, which indicated that the
cell culture has entered the stationary phase. On day 8 the
decreasing of viable cell quantity occurred due to depletion of
one or more nutrients (Fig. 1A).

The growth pattern of infected culture resembled the
uninfected one. First 3 days there was a slow propagation of
cells, then on days 4-5 it accelerated and on day 6 it reached
its maximum. A statistically significant difference between the
infected and uninfected cell cultures was observed only on day
1 and day 7. In the first case, this can be explained by increased
cell mortality at the onset of infection with microsporidia.
Subsequently, on day 2 post infection, this effect disappeared,
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and the number of living cells is restored to a level that was not
statistically different from the control cell culture. Starting on
day 7, a clear divergence between the infected and uninfected
cultures was evident, reflecting the impact of parasitic growth
on host cell viability (Fig. 1A).

The total spore accumulation remained relatively stable
over a week (Fig. 1B). In the first 3 days, the spore count was
approximately half of the amount used for infection (5x10°).
This is probably due to difficulty of counting empty spore
shells. The majority of spores were initially located inside
or attached to the surface of Sf9 cells. Only on day 6 post-
infection the spore count exceeded the number of spores in
initial inoculum. The total increase in spore number on day 7
was only 1.1-fold.

During first 3—4 days after initial infection, the number
of infected cells increased, as intracellular stages actively
developed, becoming more visible in a microscope (Fig. 1C).
The percentage of infected cells (Fig. 1D) peaked on day 3 and

10 4
9 4
Ty 8
X% 7 A
=
25 6 [
w =
= O
E2 51
3T
8% 4
© 2 3 T
K] 1
28 L :
ST 21 L J_ |
1 4
0 ‘
B 1 2 3 4 5 6 7
days post infection / gH¥ nocne 3apaxeHus
18 1
16 1
14 1

Percentage of infected cells
[MpoueHT 3apaxeHHbIX KNeToK

o N A O ©
)
—_—
'—

D 1 2 3 4 5 6 7
days post infection / aHu nocne 3apaxeHus

Figure 1. Sf9 cell culture over the first 7 days post-infection with Nosema bombycis artificially activated spores at a ratio 10
spores per cell: A — number of viable cells in the infected and uninfected cultures; B — total spore accumulation; C — number
of infected cells; D — percentage of infected cells. Mean value and standard deviation are indicated. In histogram (A), different
letters indicate significant differences between groups analyzed by one-way ANOVA, followed by the Tukey Honestly
Significant Difference post hoc test (p < 0.05): Latin letters for the control culture and Greek letters for the infected culture.
Asterisks denote statistically significant differences between control and infected cells compared using t-test (p < 0.05)

Pucynoxk 1. Sf9 xierounas Ky/eTypa nepBble 7 JHEH 1ocie 3apa)xeHHst ICKYCCTBEHHO aKTHUBUPOBAaHHBIMU criopaMu Nosema
bombycis B cooTHomeHun 10 criop Ha KJIETKy: A — KOJIMYECTBO JKMBBIX KJIETOK B 3apa)KEHHOI U He3apa)KEHHOH KyJbType;
B — obuiee HaxoruieHue criop; C — KONMYECTBO 3apaKeHHBIX KJIETOK; D — MpoLeHT 3apakeHHBIX KJIETOK. YKa3aHO cpeHee

3HaYEHHE U CTaHJapTHOE OTKIoOHeHHe. Ha rucrorpamme (A) pasHbIME OyKBaMHU OTMEYEHBI BAPHAHTHI, TI€ PA3INUUs MEXKITY
HUMH JIOCTOBEPHO YCTaHOBJIEHBI C ITIOMOIIIBIO 0IHO(aKTOpHOro AucrepcuonHoro ananuza (ANOVA) u arocrepuopHoro

tecta ThIOKH JJIs1 ONIpeeIeHUs JOCTOBEPHO 3HAUYMMBIX pasnuuuii (p < 0.05): natuHCKUE OYyKBBI U1l KOHTPOJIBHOM KYJIBTYPHI,
rpedeckue — AJs 3apakeHHON. 3Be30UKOIH OTMEUEHbI CTATUCTUUECKU 3HAYMMBbIE Pa3Indus MEXy KOHTPOIbHBIMU
1 3apaKeHHBIMH KJIETKAMH, BBIIBIICHHBIE € TIOMOIIbIO t-Kputepus (p < 0.05)
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then decreased, remaining relatively stable from day 4 to day
6. This plateau may be due to the high rate of uninfected cell
proliferation during this period. Subsequently, after completion
of sporogony, the parasite was able to colonize neighboring
cells, and therefore the infection began to spread rapidly.

Immunoblotting of Sf9 cultures infected with N. bombycis
spores demonstrated that immunochemical methods with
antibodies specific to parasite B-tubulins may be applied to
assess microsporidia growth (Dolgikh et al., 2022). These
antibodies were shown to have cross-reactivity with insect
and microsporidia B-tubulins since these proteins have more
than 70% identity. To visualize accumulation patterns of
N. bombycis B-tubulin during 7 days of the culture growth,
whole protein samples were prepared from infected cells,
separated by electrophoresis and blotted against anti-f-tubulin
antibodies (Dolgikh et al., 2022).

The host and parasite tubulins could be differentiated on
Western blots. They produced two parallel bands corresponding
to slightly heavier, the host, and lighter, the parasite tubulin
molecules (Fig 2). Western blot analysis revealed gradual
increase in host protein from the day 1 to the day 7, propotional
to the cell culture growth (Fig. 2). N. bombycis B-tubulin
became slightly noticeable on the day 3 and continuously
accumulated until the end of the investigated period.

22 66 kDa
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Figure 2. Western blot analysis of Sf9 cell culture over the
first 7 days post-infection with Nosema bombycis spores
using antibodies against the parasite B-tubulin. Specific
staining of the microsporidian protein is indicated by thick
arrows. Unspecific cross-reactivity of antibodies with
Spodoptera frugiperda B-tubulin is indicated by thin arrows.
Numbers correspond to days after infection

Pucynoxk 2. Bectepu-06or-ananu3 Sf9 KynsTypsl KICTOK,
3apaxxeHHOU ciopamu Nosema bombycis, ¢ aHTUTEIaMU
MIPOTHUB TapazutapHoro B-tyOynmuna. Criennduyeckoe
OKpaliBaHie 0eka MUKPOCIIOPUINI yKa3aHO TOJNICTBIMU
crpenkamu. Hecrienuduaeckas nepekpecTHas peaxius
anTHTen ¢ B-tyOynuHoM Spodoptera frugiperda yxa3zaHa
TOHKUMH cTpesikamu. L{udpsl COOTBETCTBYIOT THSIM HOCIIE
3apaxKeHust

Long-term microsporidian infection

Nosema bombycis can persist in Sf9 insect cell culture
following primary infection. In this study, the parasite was
successfully subcultured for 6 months by weekly addition
of healthy Sf9 cells to support its continuous propagation.
Infected cell suspension, containing the counted number of
spores was passaged to 5x10° fresh viable Sf9 cells in a well
of 6-well plate at five different ratios: 1, 2.5, 5, 7.5 and 10
spores per cell.

At 7 days post-inoculation, higher infectious doses (5,
7.5 and 10 spores per cell) resulted in decrease in cell counts
(Fig. 3A). Lower infection doses (1 and 2.5 spores per cell) had
a minimal impact on viable cell counts, with no statistically
significant differences from the control. After infection with
the dose of 10 spore per cell, the number of viable cells did not
differ between primary and long-term cultures. This suggests
that activated spores and naturally fired spores from long-
term culture had comparable effects on host cell viability. The
total spore accumulation per well increased with increasing
infectious dose from 1 to 7.5 spores per cell (Fig. 3B). At the
dose of 10 spores per cell, the spore count was slightly lower.
For infection dose 1 spore/cell, the number of accumulated
spores increased 14.31-fold per week, whereas the higher dose
(10 spores/cell) resulted in only a 6.47-fold increase (Fig. 3C).
In contrast, during primary infection with 10 spores per cell,
the spore count increased only 1.1-fold by day 7.

In long-term cultivation, the percentage of infected cells
depended directly on the infectious dose (Fig. 3D). At the
dose of 10 spores per cell, it was 2.591 times higher than
in the primary infection. Thus, we can say that the parasite
multiplied faster during long-term cultivation than during the
primary infection.

Survival of infected cell culture

This experiment aimed to determine the fate of an infected
culture in the absence of new host cells and to measure the
time to complete host colonization by N. bombycis. For this
purpose, 5x10° viable Sf9 cells in a T25 flask were inoculated
with long-term-infected culture, containing 50x10° spores
(spore-to-cell ratio 10:1). The suspension with 5x10° viable
S19 cells from infected culture was passaged weekly in a new
culture flask until the number of viable cells fell below this
threshold.

The parasite was shown to almost completely suppress the
growth of insect cell culture in the third week after infection
(Fig. 4A). From this moment until the end of the experiment,
the number of living cells remained at approximately the same
low level. The percentage of infected cells (Fig. 4B) and the
total number of spores (Fig. 4C) showed rapid growth in the
second week of the experiment, reaching maximum values by
week 5. In general, by week 3 the parasite almost completely
mastered the host cells under these conditions.

The effect of the infectious dose on the survival of the cell
culture was studied in 6-well plates seeded with 5x10° viable
S19 cells in a well at five spore-to-cell ratios: 1, 2.5, 5, 7.5
and 10 spores per cell. The infected cultures were passaged
three times at weekly intervals using 5x10° viable Sf9 cells.
The results showed that a lower infectious dose slowed the
decrease in the host cell growth rate (Fig. 4D). Furthermore,
it also reduced the rate of spore accumulation (Fig. 4E) and
percentage of infected cells (Fig. 4F). However, even at a
minimum dose of 1 spore per cell, N. bombycis did not allow
the survival of the cell line.

The infectivity of the microsporidium
in long-term culture
Infected cultures were routinely maintained by weekly
subculture with fresh viable cells to ensure continuous parasite
propagation. Here we assessed changes in parasite infectivity
when cultures were deprived of fresh host cells. An infected
culture was maintained for 4 weeks without addition of viable
cells in T25 culture flasks. Each week, an aliquot from this
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Figure 3. Effect of infectious dose on long-term Nosema bombycis culture parameters: A — number of viable cells; B — spore
accumulation; C — fold increase of spore number; D — percentage of infected cells. Mean value and standard deviation
are indicated

Pucynoxk 3. DddexT pa3HbIX 103 Ha HapaMeTpbl JOITOBPEMEHHON KIIETOYHOI KynbTypsl Nosema bombycis: A — KonnuecTBO
KMBBIX KJIETOK; B — o01iee HakoruieHue crop; C — KpaTHOCTh YBENWYEHHs KOJIMUeCTBa criop; D — MpoeHT 3apakeHHbIX
KJIETOK. YKa3aHO CpeJjHee 3HAYCHUE U CTAHAAPTHOE OTKIOHEHHUE
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without addition of viable Sf9 cells: A, D — number of viable cells; B, E — spore accumulation; C, F — percentage of infected cells

Pucynok 4. Sf9 kynerypa xiietok, uHpuuupoBannas Nosema bombycis B cooTHomeHnu 10 criop Ha KIETKY B TCUCHUE 6 HEICTb
0e3 mobaBiieHU KU3HECTTOCOOHBIX KIIeTOK (A—C), 1 BIUsSHIE HAYaIbHOU MH(EKIIMOHHON TO3bI Ha BEBDKUBACMOCTD KYJIBTYPHI
(D-F). Bce xynbTyphI MOqAEPKUBAIHCEH Oe3 JOOAaBICHHUS )KU3HECITOCOOHBIX KIeTOK Sf9: A, D — KOMM4ecTBO KHUBBIX KICTOK;
B, E — nakonnenue cnop; C, F — npoieHT 3apakeHHbIX KJIETOK
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aging culture (source culture) was used to inoculate fresh  culture, spore production and the percentage of infected cells
Sf9 cells (acceptor culture) in 6-well plates at a standard  in the acceptor culture approximately doubled, compared to
multiplicity of infection (10 spores per cell). infection with a younger one-week culture (Fig. 5B, C). In
Following infection, the number of viable cells remained  contrast, three- and four-week source cultures appeared to
approximately at the same low level, regardless of the age  lose infectivity. The number of spores and the percentage of
(1-4 weeks) of the original infectious inoculum (Fig. 5A).  infected cells in the acceptor culture dropped sharply. This
Statistically significant differences were observed only  value never reached zero, probably because a significant
between the uninfected control and all infected variants. It  number of pre-infected cells were carried over with the
was found that N. bombycis from a two-week source culture  inoculum, as the source culture was nearly 100% infected at

exhibited peak infectivity. When infected with this two-week  the time of sampling.
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Figure 5. S9 cell culture parameters following infection with Nosema bombycis from cultures maintained without fresh viable
cells for 1-4 weeks: A — number of viable cells; B — spore accumulation; C — percentage of infected cells. Mean value and
standard deviation are indicated. In histogram (A), different letters indicate significant differences between groups analyzed by
one-way ANOVA, followed by the Tukey Honestly Significant Difference post hoc test (p < 0.05)

Pucynoxk 5. [Tapamerpst Sf9 xiieTouHo# KynbTypsl ocie 3apaxenust Nosema bombycis N3 KyJabsTyp, COAepiKaBIINXCs 0e3
JI00aBIEHMS CBEXKUX JKU3HECTIOCOOHBIX KJIETOK 1—4 Hemenu: A — KOJIMYECTBO JKMBBIX KIETOK; B — o0Iiee HaKoTuieHne Crop;
C — IPOLEHT 3apaXKEHHBIX KJIETOK KOJMUYECTBO JKUBBIX KJIETOK. YKa3aHO CpelHEe 3HaUE€HUe U CTaHJapTHOE OTKIOHeHue. Ha

ructorpamme (A) pasHbIMH OyKBaMH OTMEUEHBI BAPUAHTBI, TII€ PA3IUUIUsI MEKAY HUMH JOCTOBEPHO YCTAaHOBIICHBI C IIOMOIIBIO
onHodakTopHoro mucnepcronHoro ananmsa (ANOVA) n anocrepropHoro tecta ThbIOKH AT ONIpeeIeH s JOCTOBEPHO
3HaYUMBIX pasznuuwnii (p < 0.05)

Spores dimorphism very similar to each other. The differences become clearly

Sporogonial dimorphism is known to exist in the life cycle ~ visible only at high microscope magnifications using phase
of N. bombycis (Iwano, Ishihara, 1991). In our study, we also  contrast optics, or DIC.
observed the parallel formation of two types of spores, one The sizes of the spores are given in the table (Table 1). A
with a thin wall and the other with a thicker one (Fig. 6). These  statistically significant difference is observed only in width.
spore types appear to correspond to the previously described  Primary spores are more pyriform, while environmental
primary and environmental spores, respectively (Kawarabata,  spores are more ellipsoidal. Under phase-contrast microscopy,
2003). Thin-walled spores were observed on the second day  primary spores appeared dark, which may indicate that
of primary infection, whereas thick-walled spores appeared  they had already germinated (polar tube extruded), while
only after the third day, which is consistent with published  environmental spores appeared bright, suggesting they were
data. At later stages of primary infection, as well as during  undischarged.
long-term infection, these spores occurred simultaneously in Spores from a long-term culture were isolated, purified, and
approximately equal quantities. It is difficult to accurately  successfully used to infect healthy Sf9 cells after activation.
estimate the proportion of these spore types because they are

Table 1. Nosema bombycis spore sizes

Number of spores examined length width
Primary spores (thin-walled) 35 3.943 +£0.522 2.284 +0.348
Environmental spores (thick-walled) 37 3.796 £ 0.279 2.138+0.159

Taoauua 1. Pasmep cniop Nosema bombycis

KonuuectBo U3MEPCHHLBIX CIIOP JUIHHA HIMpUHa

Criopsl U1 iepenad HPEKIUH OT KIETKU K KIIETKe (TOHKOCTEHHBIE) 35 3.943 +£0.522 | 2.284 + 0.348
Cnopsl, nepenaromye HHOEKIHIO Yepe3 BHELIHIOK Cpey (TOJICTOCTEHHbIC) 37 3.796 £0.279 | 2.138 £ 0.159
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Figure 6. Spores of Nosema bombycis: environmental spores are indicated by thick arrows; primary spores are pointed
by thin arrows. Spores are visualized in differential interference contrast (DIC) (A—C) and phase-contrast optics (D—F).
Scale bars 5 um

Pucynok 6. Ciopsl Nosema bombycis: TONCTOCTEHHbIE CIIOPEI 0003HAYEHBI TOJICTBIMH CTPEIKaMH, TOHKOCTCHHbIE
(mepBUYHBIE) — TOHKUMH CTpenkamMy. Cropsl BU3yaIH3UPOBaHbl B TU(epeHIaIbHOM HHTEPPEPEHIINATHHOM KOHTPACTE
(AUK) (A—C) u ¢pa3oBo-koHTpactHoii ontrke (D-F). MacmraOuble TUHEHKH 5 MKM

Discussion

In this study it was demonstrated that the Sf9 cell line not
only can be successfully infected with N. bombycis spores,
as previously known, but is also suitable for continuous
propagation of the parasite. This system can serve as a model
for studying cellular mechanisms of resistance to nosematosis.
It can also be promising for mass-production of spores of such
insect pests as Dendrolimus sibiricus, Spodoptera litura and
Helicoverpa armiger, to be used as biological control agents
in plant protection.

As result of our studies, the dynamics of host cell
reproduction was clarified, which is important for establishing
parameters of culturing. Cell growth in the infected culture
stopped on the day 6 after seeding, a day earlier than in the
control, despite the fact that only 12 % of'the cells were infected.
We believe that this occurs due to accelerated depletion of the
nutrients in infected cultures, and that one week would be an
optimal period for subculture.

In long-term infection experiments, the use of small
infectious doses (1 and 2.5 spores per cell) did not have
a pronounced effect on the proliferation rate of host cells,
which reached 100 % confluency 7 days after inoculation and
also required subculture. Regardless of the infectious dose,
the need to introduce healthy cells into the culture during
passaging remains. Otherwise, the population of viable Sf9
cells decreased sharply over the next 2 weeks, and the parasite
itself lost its infectivity after the third week. With weekly

subculturing a long-term cell culture, the percentage of
infected cells and spore accumulation remained approximately
the same, corresponding to the dose of infectious material (a
volume of infected culture containing a calculated titer of
spores).

It was found out that the life cycle of this microsporidium
includes production of 2 types of spores, environmental
spores, and the ones, called “primary spores”, that are used
for infection of neighboring cells (Iwano and Ishihara, 1991).
We also recorded the presence of these two spore types.
Environmental and primary spores differ slightly in shape
and size, which makes the task of their separate counting in a
hemocytometer very labor-intensive, so we did not differentiate
these spore types. However, the question of whether cultured
cells can be infected by environmental spores, requires further
investigation.

As an alternative indicator of infection development, we
assessed changes in N. bombycis B-tubulin concentration.
Tubulin levels increased significantly during primary infection,
while the total number of spores increased only a little bit,
suggesting that this increase is associated with proliferation of
intracellular stages, not spores.

While primary infection of Sf9 cell line with N. bombycis
is convenient for testing susceptibility of genetically modified
cells to this parasite over a short period, long-term cell culture
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can provide a controlled model of microsporidian spread
throughout the host body.

Basing on the data obtained, we can recommend the use of
minimal infectious doses of 1 and 2.5 spores per cell, which
provide relatively high rates of the parasite multiplication
while having the least impact on the viability of host cells.

To maintain the infection, researchers often use a spore-
to-cell ratio of 10:1 or greater to maximize infection rates
(Jaronskiy, 1984). According to our data, the maximal
accumulation of spores was observed at the ratio of 7.5 spores
per cell. Furthermore, when infecting healthy Sf9 cells, it

is preferable to use a two-week-old cell culture as the most
infectious. An essential advantage of producing N. bombycis
spores in cell cultures is sterility of the resulting infectious
material.

In conclusion, our study has established the optimal
conditions for the long-term maintenance of N. bombycis in
S19 cells. By determining the baseline parameters for culture
viability and infectivity, and by carefully optimizing the
infectious spore dose, this model can serve as a versatile and
reliable tool for both the mass production of spores and for
molecular studies of host-parasite interactions.
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3APAXXEHUE N JOJITOBPEMEHHOE KVYJIBTUBUPOBAHUE MUKPOCIIOPU /NN
NOSEMA BOMBYCIS B SF9 KVJIBTYPE KIIETOK HACEKOMBbIX

W.B. Cennepckuii'*, B.B. Jlonrux', JI.A. Ucmarynnaesa?, b.A. Mup3axomxkaes?
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Muxkpocnopuaus Nosema bombycis nMeeT BaXXHOE SKOHOMUYECKOE 3HaYEHHE KaK BO30yANTEIb TEOPHHBI IIEIKONPsIa,
a TaKk)Ke Kak NOTEHIMAJIbHBIN areHT OMOIOTHYeCcKOi OOPHOBI ¢ YEeNIyeKPBUIBIMU BPEIUTEISIMH, TaKUMHU Kak Dendrolimus
sibiricus. B naHHOM HccienoBanuu ciopsl N. bombycis ObUTN BBIIEIEHBI U3 3apayKeHHBIX T'ycenun Bombyx mori. Ilocne
nckyccrBeHHoH crumyisiimu B 0.1 M pactBope KOH nx nHOKynupoBainu B Ki1eTouHYIO JTUHHIO SO U1 MHUIMUPOBaHUS
HETIpephIBHOM nponudepanun napasura. Yepes 7 el mocie NepBUYHOTO 3apakeHUs] B MHOUIMPOBAHHYIO KYJIBTYpY
Obutn n00aBieHb! CBeXXME KiIeTKH SfY, 4To mpHBeENno K CO3AaHHIO JIOJTOBPEMEHHOW, MOCTOSHHO WH(UIMPOBaHHON
KyJIBTYpbl. MBI KOJIMUECTBEHHO OLICHWIN MPOLEHT 3apaXEHHBIX KJIETOK M JMHAMHKY HAKOIICHUs CHOp KakK B TEUCHHE
TIEPBBIX CEMH JTHEW IOCie 3apaKeHUs] aKTUBUPOBAHHBIMH CIIOPaMH, TaK M MPU JJIUTEIFHOM KyJIbTHUBHPOBAHUH, & TAKKE
OTIPEEIHMIN TPeJIeTbl BBDKHBAEMOCTH KJIETOK M MH(EKIIMOHHOCTH 3apa)kKeHHOH KynbTyphl. [IpoBesieHHbIe nccie0BaHns
TIO3BOJIMJIM TIPEIUIOKHUTH KIIFOUEBBIE MapaMeTphl sl MCIIOIb30BaHUS JaHHON CHCTEMBI «XO3SMH-TIApasHT» B KauyecTBE
MOJIENU Il U3yYEHHUs] HO3EMaTo3a U MEXaHU3MOB YCTONUMBOCTHU, a TAKXKe AJS MacCOBOTO MOIYYEHHUs CIOp B IENSX

3alIUThI paCTeHI/Iﬁ.
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MONITORING OF THE CITRUS GREENING DISEASE (HUANGLONGBING)
IN RELATION TO ENVIRONMENTAL FACTORS IN PAKISTAN
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The environment plays a crucial role in disease development and their outbreaks. Understanding the pattern of disease

progression requires close examination of environmental factors, which are strongly associated with disease severity. This

study aimed to investigate the relationship between severity of the citrus greening disease, also known as Huanglongbing,

and ecological variables specifically maximum and minimum temperatures, rainfall, and relative humidity using

correlation and regression analysis. The analysis showed a significant correlation between the disease severity and these

environmental factors. Correlation and regression equations were employed to develop a predictive model for disease

progression. Results indicated that environmental conditions significantly influenced symptom expression, contributing

to disease severity. The coefficient of determination (R?) values in regard to temperature dependence for the three citrus

varieties i.e. Kinnow, Feutrell’s Early, and Mosambi were 75 %, 82 %, and 83 %, respectively. These findings confirm that

environmental factors play a substantial role in the progression of Huanglongbing. The developed model can be applied to

guide effective disease management strategies.
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Introduction

The remarkable role of the citrus greening disease, also
known as Huanglongbing (HLB), in citrus decline was noticed
in major citrus-growing states of the USA in recent years where
HLB has significantly damaged citrus plantations, leading
to substantial losses in production (Mubeen et al., 2024).
HLB is caused by a non-culturable, gram-negative bacterium
that is transmitted through citrus psyllids as vectors and
vegetative propagation. Environmental conditions influence
the prevalence of various isolates of the HLB-associated
bacterium and the corresponding strains of citrus psyllids in
citrus-growing regions worldwide. The disease has caused
considerable losses in both fruit quality and yield (Iftikhar et
al., 2024, Hassan et al., 2025) and the average lifespan of citrus
plantations has been reduced to 7-10 years (Jia et al., 2017).
HLB continues to be a major concern for citrus production in
key citrus-producing countries. In the USA, Florida the largest
citrus-producing state has suffered economic losses exceeding
$5 billion due to HLB (Li et al., 2020). Once established in
orchards, disease outbreaks are largely driven by abiotic
factors; since 2005, the Florida citrus industry has experienced
a 74 % decline in production due to HLB outbreaks. Predicting
the progression of disease incidence and severity is crucial
for forecasting conditions conducive to outbreaks. A case

study in Florida showed that, after a slow initial progression,
the disease spread at twice the rate and reached nearly 100 %
infection within 5 years (Singerman, Useche, 2016). This
highlights the need to consider environmental factors when
developing management strategies for HLB. The correlation
between environmental factors and HLB incidence and
severity has also been reported under Pakistani conditions
(Iftikhar et al., 2017). Environmental factors significantly
influence the development and transmission efficiency of
citrus psyllid populations (Manjunath et al., 2008). Spatial
and temporal assessments have been used to track HLB spread
(Bashir et al., 2023). Understanding the relationship between
environmental conditions and both disease progression
and vector populations is essential for designing effective
management strategies (Li et al., 2020). Several studies have
highlighted these correlations in Sargodha (Punjab), Pakistan
(Sajid, 2022). However, no published literature exists on HLB
severity progression in newly established citrus plantations in
southern Punjab, particularly in Layyah district. Therefore,
this study offers novel insights into disease progression under
the prevailing environmental conditions of Layyah, with the
aim of developing a disease predictive model.

© Bashir S., Mubeen M., Iftikhar Y., Zeshan M.A., Safdar H., Shabbir M.A., Shahzad U., Sajid A.,
published by All-Russian Institute of Plant Protection (St. Petersburg). This is an open access article distributed under the terms
of the Creative Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Materials and Methods

Field Surveys

A field survey was conducted in District Layyah to
monitor severity of HLB and associated environmental
factors in three citrus varieties: Kinnow, Feutrell’s Early, and
Mosambi, referred to as variety 1, 2, and 3, respectively. The
geographical coordinates of Layyah are 30.964750° N latitude
and 70.939934° E longitude. The city of Layyah is located
approximately 120 km northwest of Multan and 125 Km north
of Dera Ghazi Khan. Disease incidence and disease severity
were recorded and affected citrus plants were marked for
future observations (Bashir et al., 2025).

Disease Severity Index
Disease severity on selected citrus trees in District Layyah
was assessed over 2 years (2021-2022) using the rating

scale (Table 1) proposed by Akhtar and Ahmed (1999). The
observations were made from January 2021 to December
2022 at 30 days interval, recording both disease severity and
environmental conditions.

Data analysis

Environmental data, including maximum and minimum
temperatures, rainfall and relative humidity were obtained
from the Meteorological Section of Agriculture Department in
District Layyah. Disease severity and environmental factors
were analyzed using correlation and regression analysis to
develop a disease predictive model for HLB progression.
The analysis was performed by using Statistix 8.1 and SPSS
software.

Table 1. Rating scale of Huanglongbing severity (Akhtar, Ahmed,1999)

Description

Rating scale
0 No symptoms
1
2
3 51 to 75 % tree dieback
4 Over 75 % tree dieback

Up to 25% of twigs and leaves with blotchy mottle symptoms
25 to 50% of canopy with color inversion and lopsided fruit symptoms

Taosmuna 1. [llkana olieHKH cTerneHr NopakeH s UTPyca mo3esieHeHueM uTpycoBbix (Akhtar, Ahmed, 1999)

Bbann onenkn

Omwcanue

0 Hert cumntoMoB

1 Jlo 25 % nucTheB 1 TOOETOB C CHMITOMaMH KPaT4aTOCTH

2 Ot 25 10 50% mocajok ¢ CHMIITOMaMH UHBEPCHH [BETA U OHOOOKOTO IIIONA
3 Ot 51 no 75 % oTmupaHus AepeBHEB

4 Bonee 75 % ormupanus nepeBbeB

Results

The effect of weather variables on HLB development in
citrus plantations was assessed using regression analysis,
which quantified the influence of temperature, rainfall and
relative humidity on disease. The analysis compared the
responses of 3 citrus varieties to differentenvironmental factors
associated with HLB. According to the regression results, all 3
cultivars showed a significantly negative relationship between
maximum temperature and HLB (Figure 1).

The regression graphs clearly showed that HLB severity
tends to decrease with an increase in maximum temperature
and the varietal response followed the same trend. The slopes
of regression lines indicate the relative response of varieties to
maximum temperature; variety 3 exhibited strongest response,
with the steepest slope (-2.93) and coefficient of determination
(R?) of 83%. A strong relationship was also observed in
varieties 2 and 1, with slope values of (-2.77 and -2.63) and R?
values (80 and 77 %), respectively. The steep slope of variety
3 is indicates a pronounced decrease in HLB as temperature
increases. Overall trend of increasing temperature was similar
for declining in HLB severity either for maximum and
minimum temperature. There was consistency in all 3 cultivars
with steep, steeper and steepest slopes, respectively showing
strongly negative relationship for disease development with
increase in minimum temperatures (Figure 2).
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[ Variety2 y=-2.7731x + 132.62
— — — A Variety 3 y=-2.8972x + 142.4
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Figure 1. Relationship between maximum temperature
and Huanglongbing severity in three citrus varieties
Pucynok 1. CBs3p Mexly MaKCUMaJIbHOW TEMIEpaTypoi
1 CTETIEHBI0 MOpaXEHHs TPEX COPTOB LUTpyca
MI03€JIEHEHNEM IIUTPYCOBBIX
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Figure 2. Relationship between minimal temperature
and Huanglongbing severity in three citrus varieties

Pucynoxk 2. CBsi3p MeK1y MUHAMAJIBHON TEMIIEPATYpOil
1 CTETIEHBIO ITOPAXKEHUS TPEX COPTOB LIUTpPyca
103€JIEHEHNEM [IUTPYCOBBIX
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Figure 3. Relationship between relative air humidity
and Huanlongbing severity in three citrus varieties

Pucynoxk 3. CBs13p MeXIy OTHOCHTEIBHOHN BIAYKHOCTBIO
BO3/yXa M CTEIIEHBIO IIOPaXKEHHs TPEX COPTOB LIUTPyCa
MI03eJICHEHHEM IIUTPYCOBBIX
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The respective values for R? indicate the fitness of the
relationship with 75, 82 and 83 %, respectively for varieties
1,2 and 3.

The relationship between HLB and relative air humidity
(RH) was illustrated using regression trend lines for 3
cultivars. A positive relationship was observed between RH &
HLB; with the disease severity elevating with the increase in
RH. The more responsive variety was 3 followed by 1 and 2,
respectively. The fitness of the regression model was moderate
for RH as R? values ranged from 0.31-0.35, for 3 varieties.
The steepness values were positive for all varieties; with the
steepest slope depicted by variety 3. The slope values indicate
the relative increase in HLB severity with 1 unit increase in
RH. The correlation coefficient (r) values range from 0.56—
0.59, indicating increasing trend with observations in red color
with rise in relative humidity (Figure 3).

Rainfall negatively influenced HLB severity, as evident
from the regression trend lines that a relative increase in rainfall
leads to a decrease in severity of the disease. The fitness of
the model was week showing R? values 0.16, 0.17 and 0.19,
respectively for 3 varieties. The strongest varietal response
was given by variety, 3 followed by 2 and 1, respectively.
There were negative values of coefficient correlation for
rainfall and HLB severity (-0.40, -0.44 and -.042) (Figure 4).
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Figure 4. Relationship between rainfall and Huanglongbing
severity in three citrus varieties
Pucynok 4. CBs3bp MEXIy OCaTKaMH U CTEIICHBIO TOPAKEHUS
UTpyca TPEX COPTOB MO3EICHEHHEM LIUTPYCOBBIX

Discussion

The outcomes of the present experiment signify the
influence of weather variables i.e. temperature (maximum and
minimum), relative humidity, rainfall and wind speed on
Huanglongbing (HLB) development and severity. Both
maximum and minimum temperature had a significantly
negative impact on HLB severity. The strongly negative
correlation indicated decrease in disease severity with increase
in temperature. These findings are in line with earlier studies
depicting that weather conditions influence activities of the
pathogen and its vector. Godefroid (2023) found the highest

psyllid population infestation and subsequent incidence of
HLB during winter, early and late summer seasons which have
moderate temperatures. Temperature plays a vital role in
symptom expression of citrus greening disease which is more
obvious with decreasing temperature (Tipu et al., 2021). The
areas with elevated temperatures exhibited more disease
intensity of HLB because of high transmission efficiency of
the vector and pathogen colonization ability in the host (Li
et al,, 2021). Hussain et al. (2022) recorded the psyllid
population from HLB affected orchards, pointing out that there
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was a reduced number of insects at temperature extremes due
to increase in mortality. Due to a limited number of insect
vector, the transmission efficiency also decreased; the ability
of the pathogen Candidatus liberibacter asiaticus (CLas) to
multiply also decreases inside the host plant at high
temperature (Hosseinzadeh and Heck, 2023). Huanglongbing
was decreased due to increase in temperature because it has
significant impact on CLas, vector and plant behavior
(Thakuria et al., 2023). The causal organism of HLB is affected
at raised temperature as the bacterial ability to multiply seems
to be inhibited above 35°C; consequently, interruption with
plant physiology decreases that results in less disease incidence
(Zheng et al., 2024). Prolonged exposure at higher temperature
for longer time causes loss in bacterial viability and its capacity
for colonization in phloem of the host plant (Mishra and
Ghanim, 2022). It was noted from the phloem studies that
movement of photosynthates in phloem portion of vascular
bundle increases result in low persistence of the bacterial
pathogen inside the phloem that ultimately reduces the
incidence of HLB (Raiol-Junior et al., 2021). High temperature
boosts the underlying resistance mechanism of host plant and
restricts the CLas movement by triggering the heat-shock
proteins and enhancing quantity of secondary metabolites
(Shelake et al., 2024). The metabolism of host plants gets
faster with increase in temperature that helps in healing of the
phloem tissues destructed due to pathogen invasion that leads
to mitigation of HLB (Limayem et al., 2024). CLas latent
period inside the vector is reduced at high temperature which
disrupts its lifecycle and extent of transmission (Ammar et al.,
2020). Layyah has hot dry summer where high temperature
not only reduces the bacterial multiplication but also increasing
insect mortality. Both factors; low insect population and
limited multiplication of the pathogen resulted in decreased
HLB severity with increasing in temperature. The optimum
temperature for CLas multiplication is almost 25°C while
Layyah exceeds 40°C during peak summer months. The
relationship between relative humidity and HLB determines
directly proportional trend in all varieties. There was a
significantly positive relationship i.e. HLB increased with high
relative humidity. Relative humidity facilitates CLas for its
interaction with citrus plant and insect vector. It increases the
movement of the pathogen and its ability to survive and
colonize within host plant resulting in enhanced disease
severity (Duan et al., 2021). Being an obligate pathogen, CLas
depends on the insect vector for entry into citrus plants. The
elevated levels of humidity pave the easiness for its survival
and growth inside and above the host (Andrade et al., 2020).
The increase in HLB severity at high humidity can be attributed
to the enhanced chances for bacterial persistence in saliva of
insect vector (Ma et al., 2022). Orbovi¢ et al., (2023) described
the more active states of psyllid in humid conditions and
probed the improved reproducibility of the insect with
enhancement in humidity. The increased population
infestation results in a more successful transmission and
higher disease severity. The increment in humidity has
significant impact on plant defense response, i.e. plants
experience stress conditions and predispose towards stresses.
Such conditions may favor the bacterial invasion and contribute
to the increased disease severity (Chowdhury et al., 2021). In
humid environment stomata remain open for extended period
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of times facilitating the establishment of more moisture in
phloem of the plants that provides favorable environment for
the bacterial residence (Maciag et al., 2024). Naz et al. (2024)
unveiled the mechanism of plant defense, disclosing that the
humidity levels affect the plant genes encoding for expression
of salicylic acid biosynthesis upon the invasion of the biotic
stress. These genes are down regulated during high humidity
conditions that reduce the formation of pathogenesis-related
(PR) proteins leading to decreased defense and increased
severity of the disease. The increased disease severity at high
relative humidity was observed because it suppresses the
callose formation in phloem that is used by the host plant to
block the movement of the pathogen (Gricar et al., 2022).
Vayabari et al., (2023) concluded that plants availing ample
quantity of water prefer the promotion of growth factors rather
than production of lignin and suberin which are defense
substances against stresses. This deficiency pushes the plants
in a situation with reduced production of defense substances
causing increased HLB severity. A decreased production of
volatile organic compounds (VOCs) was observed under high
humidity conditions. These VOCs attract natural predators
towards plants that check the insect vector population within
limits. Because of high infestation of insect vectors, more
transmission and disease severity are recorded during humid
conditions (Midzi et al., 2022). There was negative effect of
rainfall (RF) on HLB severity despite rainfall contributes the
moisture development. RF removes the insect vectors from
host surface thus minimizing their infestation in plant
microclimate reducing the chances for CLas transmission and
minimum disease severity (Leong et al., 2022). Rainfall
reduces the activities of the insects by restricting the chances
for feeding and reproduction rate (Gaire et al., 2022). Although
rainfall causes a temporary increase in relative humidity but it
indirectly reduces the HLB severity by washing off insects
from the plant surface, reducing insect population and
interrupting with transmission of CLas. Rainfall events reduce
the chances for insect landing on plants, its feeding capacity
and reproduction ultimately lowering the severity. The lower
R?values for rainfall and RH determine that HLB prediction is
dependent upon multiple factors rather than these. Both rainfall
and RH influence HLB disease but these are not sole
determining factors. Prediction can be improved by considering
multiple factors of host and pathogen along with weather
conditions as a whole. This predictive model was developed
by considering the local conditions of District Layyah, which
is necessary for understanding of disease dynamics in specific
environmental conditions. It provides a baseline to devise area
wise management strategies particularly for new plantations.
However, future models would be developed by incorporating
disease scenario from varied areas and over longer time for
better applicability. The overall relationship of HLB with
environmental conditions was well explained by using linear
models and the residuals fall within acceptable limits. As far as
the multicollinearity is concerned, we have used separate
regression analysis for each environmental variable so
multicollinearity is not applicable. However, for a predictive
model covering more spatio-temporal data; non-linear models
would be more beneficial to explain the relationship between
weather and HLB.
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Conclusions

The study focused on the complex interaction of
environmental conditions on citrus huanglongbing disease.
The effect of maximum temperature, minimum temperature,
relative humidity and rainfall was studied on the development
of HLB. Elevated temperature (both maximum and minimum)
inhibits CLas bacteria growth, reduce psyllid population,
limit bacterial colonization within phloem and enhance plant
defense mechanisms, thereby slowing disease progression. The

effect of humidity on HLB disease was positive and enhanced
disease development with every unit increase in RH. Rainfall,
although having direct relation with moisture suppressed the
disease development through insect disruption and reducing
its reproducibility. Acquaintance with local weather conditions
would be beneficial in devising sustainable management
decisions.

Acknowledgements

The first author acknowledges the cooperation of Department of Plant Pathology, College of Agriculture,
University of Sargodha, Sargodha, Pakistan for helping to completion the part of Ph.D. research.

References

Akhtar MA, Ahmad I (1999) Incidence of citrus greening
disease in Pakistan. Pak J Phytopathol 11(1):1-5

Ammar ED, George J, Sturgeon K, Stelinski LL, Shatters RG
(2020) Asian citrus psyllid adults inoculate Huanglongbing
bacterium more efficiently than nymphs when this bacterium
is acquired by early instar nymphs. Sci Rep 10:18244

Andrade M, Li J, Wang N (2020) Candidatus Liberibacter
asiaticus: virulence traits and control strategies. Trop Plant
Pathol 45:285-297

Bashir S, Iftikhar Y, Mubeen M, Zeshan MA, Shafiue T, Jahan
MA, Sajid A (2025) Inspection of citrus orchards in multiple
populations for its health assessment against greening
disease. Sarhad J Agric 41(4)

Bashir S, Iftikhar Y, Zeshan MA, Ghazanfar MU, Mubeen M
(2023) Mapping the geospatial distribution of citrus greening
disease in District Layyah, Pakistan. Int J Phytopathol
12(3):327-334

Chowdhury M, Kiraga S, Islam MN, Ali M, Reza MN, Lee
WH, Chung SO (2021) Effects of temperature, relative
humidity, and carbon dioxide concentration on growth and
glucosinolate content of kale grown in a plant factory. Foods
10(7):1524

Duan J, Li X, Zhang J, Cheng B, Liu S, Li H, Chen W (2021)
Cocktail therapy of fosthiazate and cupric-ammonium
complex for citrus Huanglongbing. Front Plant Sci
12:643971

Gaire S, Albrecht U, Batuman O, Qureshi J, Zekri M,
Alferez F (2022) Individual protective covers to prevent
Asian citrus psyllid and Candidatus Liberibacter asiaticus
from establishing in newly planted citrus trees. Crop Prot
152:105862

Godefroid M (2023) Species distribution models predicting
climate suitability for the psyllid Trioza erytreae, vector of
citrus greening disease. Crop Prot 168:106228

Gricar J, JevSenak J, Hafner P, Prislan P, Ferlan M, Lavri¢
M, Eler K (2022) Climatic regulation of leaf and cambial
phenology in Quercus pubescens and their impact on xylem
and phloem conduits. Sci Total Environ 802:149968

Hassan MU, Zeshan MA, Iftikhar Y, Ghani MU, Shabbir MA,
Bashir S, Saleem S, Ambreen K (2025) Investigation of
citrus melanose disease in Silanwali, Sargodha (Pakistan).
Pak J Phytopathol 37(1):73-79

Hosseinzadeh S, Heck M (2023) Factors regulating interaction
between Diaphorina citri and Candidatus Liberibacter
asiaticus, vector and pathogen of citrus Huanglongbing.
Curr Opin Insect Sci 56:101025

Hussain M, Bano S, Qasim M, Gao J, Arthurs SP, Wang L,
Qiu D, Mao R (2022) Association between temperature
and reproductive fitness of Diaphorina citri infected with
Candidatus Liberibacter asiaticus. Agronomy 12(4):815

Iftikhar Y, Haq IU, Raza W, Ullah MI, Ali S, Khoso FN,
Mubeen M (2017) Seasonal fluctuation of Asian citrus psyllid
population in citrus orchards infected with Huanglongbing
in Sargodha, Pakistan. Pak J Phytopathol 29(1):175-179

Iftikhar Y, Mubeen M, Shakeel Q, Lalarukh I, Ali A, Aasim
M, Zeshan MA, Zulfigar T, Alhag SK, Al-Shuraym LA
(2024) Spatial distribution and molecular characterization
of Huanglongbing and its vector in citrus cultivars. Pak J
Agric Sci 61:685-694

Jia H, Zhang Y, Orbovi¢ V, Xu J, White FF, Jones JB, Wang
N (2017) Genome editing of the disease susceptibility gene
CsLOBI in citrus confers resistance to citrus canker. Plant
Biotechnol J 15(7):817-823

Leong SS, Leong SC, Beattie GA (2022) Integrated pest
management strategies for Asian citrus psyllid Diaphorina
citri and Huanglongbing in citrus. /nsects 13(10):960

Li S, Wu F, Duan Y, Singerman A, Guan Z (2020) Citrus
greening: management strategies and economic impact.
HortScience 55(5):604—612

Li X, Ruan H, Zhou C, Meng X, Chen W (2021) Controlling
citrus Huanglongbing: green sustainable development route.
Front Plant Sci 12:760481

Limayem A, Martin EM, Shankar S (2024) Citrus greening
disease: current challenges and novel therapies. Microb
Pathog :106688

Ma W, Pang Z, Huang X, Xu J, Pandey SS, Li J, Wang N
(2022) Citrus Huanglongbing as a pathogen-triggered
immune disease mitigated by antioxidants and gibberellin.
Nat Commun 13(1):529

Maciag T, Koziet E, Otulak-Koziet K, Jafra S, Czajkowski
R (2024) Resistance to soft rot disease of potatoes under
environmental hypoxia. Int J Mol Sci 25(7):3757

Manjunath KA, Halbert SE, Ramadugu C, Webb S, Lee RF
(2008) Detection of Candidatus Liberibacter asiaticus in
Diaphorina citri and its importance in citrus Huanglongbing
management. Phytopathology 98(4):387-396

Midzi J, Jeffery DW, Baumann U, Rogiers S, Tyerman SD,
Pagay V (2022) Stress-induced volatile emissions and inter-
plant communication. Plants 11(19):2566

Mishra S, Ghanim M (2022) Interactions of Liberibacter
species with psyllid vectors. Int J Mol Sci 23(7):4029



Bashir S. et al. / Plant Protection News, 2026, 109(1), p. 98—103

Mubeen M, Ali A, Iftikhar Y, Shahbaz M, Ullah MI, Ali
MA, Fatima N, Seelan JS, Tan YS, Algopishi UB (2024)
Innovative strategies for characterizing and managing
Huanglongbing in citrus. World J Microbiol Biotechnol
40:342

Naz M, Zhang D, Liao K, Chen X, Ahmed N, Wang D, Chen
Z (2024) Plant activators targeting salicylic acid signaling:
past, present, and future. Genes 15(9):1237

Orbovi¢ V, Ravanfar SA, Achor DS, Shilts T, Ibanez-Carrasco
F, Banerjee R, Bonning BC (2023) CrylBal-mediated
toxicity of transgenic Bergera koenigii and Citrus sinensis
to Asian citrus psyllid. Front Insect Sci 3:1125987

Raiol-Junior LL, Cifuentes-Arenas JC, de Carvalho EV,
Girardi EA, Lopes SA (2021) Movement of Candidatus
Liberibacter asiaticus toward new tissue growth in citrus.
Plant Dis 105(1):34-42

Shelake RM, Wagh SG, Patil AM, Cerveny J, Waghunde RR,
Kim JY (2024) Heat stress and plant biotic interactions.

103

Singerman A, Useche P (2016) Florida citrus growers’
perceptions of genetically modified trees. AgBioForum
20:67-83

Thakuria D, Chaliha C, Dutta P, Sinha S, Uzir P, Singh SB,
Hazarika S, Sahoo L, Kharbikar LL, Singh D (2023) Citrus
Huanglongbing: diagnostic and management options.
Physiol Mol Plant Pathol 125:102016

Tipu MMH, Masud MM, Jahan R, Baroi A, Hoque AA (2021)
Visual symptom-based identification of citrus greening
disease. Heliyon 7(11): e08387

Vayabari DA, Ilham Z, Saad MN, Usuldin SA, Norhisham
DA, Abd Rahim MH, Wan-Mohtar WI (2023) Cultivation
strategies of kenaf (Hibiscus cannabinus L.) in Malaysia.
Horticulturae 9(8):925

Zheng D, Armstrong CM, Yao W, Wu B, Luo W, Powell
C, Hunter W, Luo F, Gabriel D, Duan Y (2024) Towards
completion of Koch’s postulates for Candidatus Liberibacter
asiaticus. Hortic Res 11(3):uhae011

Plants 13(15):2022

Bectauk 3amuTsl pactennit, 2026, 109(1), c. 98—-103
OECD+WoS: 2.08+DB (Biotechnology & Applied Microbiology)

https://doi.org/10.31993/2308-6459-2026-109-1-17195

Ilonnomexcmosas cmamus
MOHUWTOPHUHI ITO3EJIEHEHUA LIUTPY COBBIX
C YYETOM BJIMSHUS ®AKTOPOB OKPYKAIOILEN CPEJIbl B IAKMCTAHE
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OxpyKarolias Cpefa HWrpaeT pelIalollyl0 poib B pPa3BUTHM 3a0ojeBaHMH M WX Benblmek. /Ui moHMMaHus
3aKOHOMEPHOCTEH 3TOTO Tpoliecca HEOOXOANMO TIIATENEHOE N3ydeHue (pakTOpOB OKPYKAIOIIEH Cpebl, KOTOPhIE TECHO
CBSI3aHBI CO CTEINEHBIO MOopakeHHs. Llenblo maHHOTO MccinenoBaHUS OBUIO M3y4YEHHE B3aWMOCBSI3HM MEX]IY CTEHCHBIO
MOpaXXEHHsI IUTpyca OaKTepHaIbHBIM 3a00JICBAHUEM — IT03€JICHEHHEM IIUTPYCOBBIX, H 3KOJIOTUYECKUMHU NIEpPEMEHHBIMH,
B YaCTHOCTH, MaKCUMaJIbHOM ¥ MUHHMAJIGHON TeMIlepaTypaMH, KOJIMUYECTBOM OCAJIKOB U OTHOCHUTEIBHON BIaXKHOCTEIO,
C MCIOJIB30BaHUEM KOPPEISIIMOHHOTO U PETPECCHOHHOTO aHalIn3a. AHAJIN3 ITOKa3al 3HAYUTEIFHYIO KOPPEISILUI0 MEXITY
CTETICHBIO MOPAXXEHHSI PaCTeHUI M 3TUMH (pakTopaMu OKpy»Xaromiei cpeasl. [y pa3paboTKy MPOrHOCTHYECKONH MOJIENH
pas3BuTHs 3a00J€BaHNs OBUIN MCIIONB30BaHbEl YPABHEHUS KOPPEIALUH U perpeccuu. Pe3ynbTarsl MOKa3aiu, 4To yCIOBHS
OKpY’KaloIIeH Cpeibl 3HAYMTENBHO BIMSIOT Ha TNPOSBIECHHE CHMIITOMOB, YCWIHMBAas CTENCHb IOPAXCHMS. 3HaUCHUS
koaddurrenta aerepmuHanyy (R?) B OTHOIIEHWH TEMIIEPAaTypHOI 3aBUCHMOCTH Ul TPEX COPTOB IIUTPYyca, a UMEHHO
Kunnoy, ®eiirpennc Opmm u Mocam6u, cocraBuiu 75 %, 82 % u 83 %, cOOTBETCTBEHHO. DTH PE3y/bTaThl OATBEPKIAIOT,
4TO (haKTOPHI OKPY)KAIOIIEH Cpelbl UTPaloT CYIIECTBEHHYIO PONIb B Pa3BUTHHU MO3EIEHEHUS! IUTPYCOBBIX. Co3naHHas
MOJIENIb MOXKET OBITh HCIONIB30BaHa ISl pa3paboTKy 3 GEKTUBHBIX cTpaTeruii 00pbOBI ¢ 3200ICBAHUEM.

KaioueBble ciioBa: mo3eneHeHne IUTPYCOBBIX, (PAKTOPHI OKPY>KarOLIEH Cpebl, KOpPEIIsILHst, perpeccust
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Kpamxkoe cooouwenue

CBEJEHHUS O PACIPOCTPAHEHUHU MOJIUTPA®A YCCYPUHUCKOI'O
POLYGRAPHUS PROXIMUS B HACAXKJIEHHUSIX CBEPIJIOBCKOM OBJIACTH,
O PE3YJBTATAM OBCJIEJOBAHMU 2025 TOJA

B.J. ITonomapes'*, T.B. Kopabixanosa', O.E. Cymenuos!, A.M. MambITOB?

!bomanuuecxuii cao YpO PAH, Examepurnbype, Poccus
2Ouickuii eocydapemeennviil ynugepcumem, Out, Pecnybnuka Kvipevizcman

*omeemcmeenHwill 3a nepenucky, e-mail: v_i_ponomarev@mail.ru

PacnipocTpaHeHre OmacHOrO BpEIWTENsl XBOWHBIX pacTeHuid, nonurpada yccypuiickoro Polygraphus proximus,
3a MpejeslaMi CBOEro MEPBHYHOTO apeaia, MPeACTaBsIeT CepPhe3HYI0 yIrpo3y Ul NMUXTOBBIX HAaCAXKICHUH B perHOHAaX
WHBa3uu. B naHHOI paboTe mpeacTaBieHbl CBEICHHs O paclipoCTpaHEeHHH Buia Ha Tepputopun CBepaioBckoi obactu
TI0 pe3yJibTaTaM 00Cie0BaHuiA, TpoBeneHHBIX B 2025 . YBennueHue ynciia JoKaluii, Ha KOTOPBIX 0OHAPYKEH Mmoaurpad
YCCYPUICKUM, CBUACTEILCTBYET O TOM, YTO AAHHBIM BUJ YCIELIHO aJalTHUPOBAJICSA IIPAKTUYECKU HA BCEM TEPPUTOPUU
CaepuiioBckoit obOnactu. B Hacrodiee BpeMs OCHOBHBIE O4Yard COCPEIOTOYEHBI B IOTO-3alaJHOM YacTH IaHHOTO
peruoHa. Pe3ynberarsl HCClIeIOBaHUN CBUAETEIBCTBYIOT O TOM, UTO C MOMEHTA OOHapyKeHUs MHBaliiepa Ha TePPUTOPHU
CeepiioBckoit obmacti B 2023 T. yBeTUUCHHE TUIONMIAAN OYAroB ¢ THOENBIO MMXTOBBIX HACAXKICHUH MPOMCXOIUT OYCHB

UHTCHCUBHO.

KaioueBnie ciioBa: nHBasust, nonurpad yccypuiickuii, CBepaigoBckas 001acTh, MUXTa CHONPCKas, MOHUTOPHHT

Hocmynuna 6 pedakyur: 29.01.2026

Ilpunama k newamu: 27.03.2026

BBenenue

[Monurpad yccypuiickuii Polygraphus proximus Bland-
ford (Coleoptera, Curculionidae, Scolytinae) — HHBa3HOHHBIN
CTBOJIOBOW BpPEIUTEIb, MPEICTABISIOIINN CEPhE3HYIO YIpo-
3y JId NMUXTOBBIX JIECOB U Haca)K}IeHI/Iﬁ C Y4aCTUEM ITUXTHI.
EctecTBennslii apean Buna — SInoHus, ceBepo-BOCTOUHbIH Ku-
tait, Kopes, 1oxxnas yacte [lanbaero Bocroka Poccun (Takagi,
2022), rae oH NepHOIUYECKH MOopakaeT U MPUBOJUT K Macco-
Boii rubenu nepeBbeB pona Abies (Takei et al., 2021; Takagi et
al., 2018, 2021; Chiba et al., 2020). OGHapy>KeHHBIH BriepBbIe
3a TIpeJIesIaMU CBOETO €CTeCTBEHHOTO apeaia BHadaite 2000-x
TOJIOB, BUJI IPOJIOJIKAET PETUCTPUPOBATHCS Ha HOBBIX TEPPH-
topusix. K 2024 r. nHBa3noHHBIN apean nonurpada yccypuid-
ckoro Bkiroyain 18 cyowsextoB Poccuiickoit denepaunu (Kpu-
Bell, bapanunkos, 2024), or MockBbl 1 MOCKOBCKO# 001acTH
Ha 3amnane 1o Upkyrckoit odnactu u PecyOnuku Bypsitun Ha
BOCTOKE.

Ha teppuropun CeeputoBckoit obnactu nonurpad yccy-
puiickuii akTuBHO nposBUI ceds B 2023 I. 1 ObIT 0OHApYXKEeH
cnenuamucramu borannueckoro caga YpO PAH cpasy B He-
CKOJIBKHX JIOKaIUsX: B jecax 6mu3 . Hmwxuaue Cepru, B mpu-
ponrom mapke «OneHbr pydsn» (Ponomarev et al., 2024) u

B uepre ropoaa ExarepunOypra, B boranndeckom cagy YpO
PAH, tae 3TOT BUJ MOBpeIn KOJUIEKIIMOHHBIC TIOCAIKH TTHX-
ThI cubupckoit Abies sibirica Ledeb. n muxThl caxaquHCKOH A.
sachalinensis (F. Schmidt) Mast. (bapanuukoB u np., 2024).
B ocenne-3umumii nepuon 2023-2024 rr. nonurpad yccypuii-
ckuii O6bu1 BhIsIBIIEH B ExarepunOyprckom (CeBepckom) Jec-
HUYECTBE, B ONBITHBIX JIECHBIX KYJIBTypax MUXThl CHOUPCKO,
saniokeHHBIX H.H. YepHoBbIM B 1975 T. U B HacaKIeHUS X~
ThI CHOUPCKOM HA TEPPUTOPUU BHITMMOaeBCKOTO y4acTKOBOTO
necHu4ecTBa bunnmmbaeBckoro ecHu4YecTBa. Pe3ynbrarsl 00-
cJieIoBaHMS B BeTeTallMOHHBIN ce30H 2024 T. moka3aiu akTUB-
HOE paclpoCTpaHeHUe WHBalIepa B 3aMaIHON YacTH 00IacTH
U B CCBCPHOM HalpaBJICHWUHU, BILIOTH 10 HaC&)KI[eHI/Iﬁ C yua-
CTHEM MUXTHI Ha mupote 59°39°16.7” ¢. 1. (paiton 1. Ceposa)
(ITornomapes u nip., 2025).

Lens naHHOTO COOOIIEHUSI — TPEICTABUTH PE3YJBTaThI
MOHUTOPHHIA PaclpOCTpaHeHHsl Mojurpada yccypHicKoro
B HacaxaeHusx CrepanoBckoi oomactu 2025 . 1 0000IIUTh
UHGOPMAIIUIO O COBPEMEHHOM apeajie U HanboJiee HHTCHCUB-
HBIX 0Yarax MacCcoOBOTO Pa3MHOXKEHUS STOTO BHJIa B PETHOHE.

MarepuaJjbl M1 MeTOAbI

MOHHUTOPHHT pacrpocTpaHeHus moaurpada yccypuicko-
ro Ha tepputopuu CBepiuioBckoi obmactu B 2025 1. Mapmi-
PYTHBIM METOIOM OBUI MPOBENEH CeBepHee OOHApPyKEHHBIX
B 2024 1. mokanuii MPUCYTCTBHUS 3TOTO BUAA (HACAXICHUS B
patione 1. CepoBa o Tpacce I. CepoB-CeBepHBI MTUPOTHBIN
kopugop (ot r. CepoBa 0 TpaHUIIBI ¢ XaHTHI-MaHCHIICKUM
ABTOHOMHBIM OKPYTOM).

Taxoke MPOBOAMIOCH HATYpHOE OOCIEIOBaHHE B OKpPECT-
HocTsax T. ExarepunOypra m Ha 3eMisix jJiecHoro (oHma B
Bunmvbaesckom, KpacHoypumckom u [loneBckoM mecHmde-
CTBaX, Ha JIECHBIX YYacTKaxX, MPEeIBAPUTEIHHO TOT0OPaHHBIX
10 MaTeprataM JIECOyCTPOICTBa, B HACAKACHUAX C HATHINEM
ITUXTHI CHOMPCKON B COCTaBE IPEBOCTOSL.

[IpucyrcrBue momurpada ycCypHIICKOTO ONpPENesuIn o
XapakTepPHBIM BHEITHUM IPU3HAKAM YCHIXAIOIIUX W YCOXIITHX

© INonomapes B.U., Kopnrixanosa T.B., Cymennos O.E., MambiToB A.M. CTaTbs OTKPBITOTO JOCTYTIA,
nyonukyemas Beepoccuiickum nHCTUTYTOM 3amuthl pacreHuii (CankT-IlerepOypr) n pacrpocTpaHnsemast Ha yCIOBHAX
Creative Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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JIEPEBBEB MTUXTHI B 3aCEICHHOM KOPOEIOM HACaXJICHHU: TI0-
KpacHEHUE KPOHBI JICPEBbEB, HAUUHAIOIIEECS C HUKHEH 4acTu
W 3aTeM OXBaThIBAaIOIEe BCIO KPOHY, HAUINYNE MHOTOUHCIICH-
HBIX MEJKHX BBIJIETHBIX OTBEPCTHH M OOMIBHBIX CMOJISTHBIX
MOTEKOB Ha CTBOJIAX IMHUXTHI OT arak Xyka. [Ipum BckpwITHH
KOPBI ONPEASISIOCh HAMYKE cennUIHbIX Uil monurpada
MaTOYHBIX XO/IOB W IOTPYKEHHBIX B 3a00JI0Hb KyKOJOUHBIX
KOJIBIOETIEK, OLCHMBAJICSI MX BHI M PACIOJIOKEHHE, a TaKXKe
NpUCYTCTBUE KyKoB. OOHapyKEHHbIE 10J] KOPOi MMaro co-
XpaHsJIM B MPOOUpKax ¢ pacTBOpoM crupTa 95 % mis yTou-
HEHHsI BUZIOBOH MPUHAIC)KHOCTH B Ta0OPAaTOPHBIX YCIOBHUAX
o BunocnenuduanpM npusHakam (Kpuser u ap., 2015).
®dakTbl 00HApYKEHHS Kopoesia (GUKCHPOBAIIHCH C yKa3aHH-
€M KOOpJIMHAT IMyHKTa HaOmrogeHus, ¢ nomomsio GPS HaBu-
raropa moaenb Garmin 62, 60 ObUIM MPUBSA3aHKI K ONFKai-
IIeMy HacelIeHHOMY IYHKTY (KapTorpaduyeckas mmporpamma

SASplanet). Benack potodukcarus HaOmonaeHuit Ha UG po-
BYIO KaMepy, BCTPOCHHYIO B CMapT(OH.

Takoke U OLIEHKH MacIITa0OB PacHpOCTPaHEHUs IOJIH-
rpada Ha TEPPUTOPHUH PETHOHA YIUTHIBAIACH HH(OPMALIUS 13
Oq)I/II_[I/IaJ'[I)HI)IX HNCTOYHUKOB CIICHHUAJIU3UPOBAHHBIX OpraHu3a-
it (Poccenmpxoznanzop, ®BY Pocnecozamura, JlenaprameHt
necHoro xossiictBa CBepanioBckod obOmactu). Jlns amanmuza
HaCaXJICHUH C Y4acTHEM IHXThl CHOMPCKOM Ha TEPPUTOPHH
CBepasIoBCKON 00J1aCTH MCTIONB30BaIach HH(OPMAIIUS U3 TO-
cynapctBeHHoro jecHoro peectpa (IJIP), ¢dopmer Ne 2-IJIP
«Pacmpenenenne miomaay JeCOB W 3aIIaCOB JAPEBECUHBI IO
npeoOyaaroM IOpoJaMu IpyIinaM Bo3pacTa». BeneHue
[JIP mpexycmotpeno ct. 93.1-93.8 Jlecnoro xomekca P® ot
04.12.2006 Ne 200-®3 (pex. ot 29.12.2025). dopmbl BeeHUS
I'JIP yTBepxaeHsl mpukazoM MUHUCTEPCTBA IPUPOIHBIX pe-
cypcos skosioruu P® ot 24.02.2021 Ne 1007.

Pe3yJ'll)TaTbI )/ oﬁcymz[elme

Ecnu B nepBuuHOM apeane, Ha Teppuropuu JlaibHero
Boctoka Poccun, 0OCHOBHBIMM KOPMOBBIMU PAcTEHUSIMHU KO-
poena cmyxuT nuxta Oenmoxopasi Abies nephrolepis n nmuxrta
nenbHonucTHas A. holophylla, To B peruoHax MHBa3UU KOPO-
€/l TIOBPEXIAET U NMPHUBOJNUT K YCHIXaHUIO ITUXTYy CHOUPCKYIO
A. sibirica.

OcHOBHas! J0JIS1 TUXTOBBIX HACAKICHUH COCPEIOTOUCHA B
3arnaHoON YacTH PEerroHa, 0 TOPHOMY XpeOTy U B BOCTOUHBIX
npenropbsx. [1o ganuev [JIP o coctosinuio Ha 01.01.2025 .
Ha 3eMJisiX JiecHoro ¢oHga B CBepasioBCKoW obmact, Ape-
BOCTOU C TpeollialaHueM MHUXTHl CHOMPCKOH B COCTaBe CO-
cTaBistioT 167 ThIC Ta — 310 1.3 % OT 001Ieit TOKPHITOH JTecoM
wromaau 1 2.5 % oT HacaxIeHu# ¢ npeobiajaHueM XBOWHBIX
nopoz. IIpenMymiecTBEHHO, MUXTOBBIE IPEBOCTOM, CMEIIAH-
HBIE 110 COCTaBY U pa3HOBO3pacTHbIC. CpeaHUIt BO3pACT MUX-
THI B HacaxaeHmsx 60 set. [Ipu aToM, crienble U epecTolHbIe
cOCTaBISIOT 35 % OT 001ei momany, npucnesatomme 11 %,
cpenHeBo3pacTHbIe — 25 %, MONOIHSAKH — 28 %. 3HauuTEIbHAas
4acTh TEMHOXBOMHBIX JIECOB pacrojiaraercsi Ha 0cobo oxpa-
useMbix Teppuropusx (OOIIT), rakux kak, 3amoBeqHuK «/le-
HEXKUH KaMeHb», «BucuMckuil 3amoBeHUK», MPUPOIHBIN
napk «OJeHpH pydybM» M Jp. Takue TeppuUTOpUH TPeOyroT
0COOEHHO BHUMaHMUs, IIOCKOJIBKY Pa3BUTHE OYaroB yCCypuil-
CKOTO mojurpada Ha STHX TEPPUTOPHSX B CHITY 3aKOHOATEIb-
HBIX OTPAaHUYCHHH OOpHOBI C HACEKOMBIMH BPEIUTEISAMHU Ha
OOIIT (B HanOOMBILEH CTETIEHN ATO KAcaeTCsl 3all0BEIHIKOB)
MOXKET MMPUBECTH K HAKOIUICHUIO KPUTHIECKONH MacChl MHBAi-
Jiepa ¥ 3HAYUTENbHOMY PACIIUPEHUI0 04aroB €ro MaccOBOTO
Pa3MHOXKEHHS.

Jlecuoit dounm CrepayioBckoit obnactu pasmeicH Ha 31
necHn4ecTBo. HacaxxaeHust ¢ npeobnaganueM MuXThl CHOMp-
CKOM pacmoNOKeHbl Ha TEPPUTOPHUH 25 JecHUUECTB. bonblie
Bcero ux B UBnenbckoM, Kapnunckom u Huxne-Cepruackom
JIECHAYECTBAX, IJI€ TaKMe HacakaeHus 3aHuMmaroT Oojee 20
TBIC I'a, 9YyTh MeHee okoJio 19 Teic ra, B KpacHoydumckom sec-
HugecTBe (pucyHoK 1 (A)).

[Tpn MapmpyTHOM MOHUTOPHUHIE B BEr€TallMOHHBIH CE30H
2025 1. ceBepHee paHee 3aUKCHPOBAHHBIX JIOKALINI O0HAPY-
JKeHMs MHBaiinepa no tpacce I. CepoB-CeBepHBIN MIUPOTHBIN
kxopunop (ot . CepoBa 10 TpaHHUNbI ¢ XaHTH-MaHCHHCKAM
ABTOHOMHBIM OKPYT'OM) OH ObLIT 0OOHapy>keH BONIU3M c. Beeso-
nono-brarogarckoe, Ha rpaHMIIE 3aITOBEAHUKA «J|€HEXKHH Ka-
MeHb» (59°93°62.1” ¢. m1.60°49°50.2” B. 1.) U B HACAKICHUAX

C yJacTheM IUXTHI B paiioHe MOcTa uepe3 peky Maisiii Oyc
(60°93°15.3” ¢. m1. 61°55°14.3” B. 11.) (pucynok 1 (b), Tabmu-
ua 1). 3nech HEOOX0AMMO OTMETHTH, 4YTO . BeeBonono-bia-
TOJIaTCKOE HAXOIWTCSl HECKOJBKO B CTOpoHE OT CeBepHOTo
LIMPOTHOTO KOpHIOpa M MOCEICHUS WHBainepa OblIM OOHa-
PY’KEHBI TOJIBKO Ha BETPOBAJILHBIX JIEPEBbSIX, BHIBAI KOTOPBIX
MIPOU3OIIIEI BECHOH TEKyIIero rofa (ImokpacHeBmas xBos). Ha
JICPEBBSIX, BBIBAJ KOTOPBIX MPOM3OIIEI MO3KE (3eeHas WiH
YaCTUYHO MTOKPACHEBIIAs XBOs ), TIOCEICHNI WHBaliepa oOHa-
pyxeHo He Obu10. He ObL10 Takke 0OHAPYKEHO U aTaK >KUBBIX
nepeBbeB. Ha MoMeHT oOcienoBanms (13 aBrycra) )KyKu B 1IO-
ceneHusIX cocraBmiin okosio 40% ot oOHapykeHHBIX 0co0eid,
OCTaJbHBIE — KyKOJIKH, TH00 JIMIMHKH CTAapLIero Bo3pacTa. B
paiione MocTa uepes p. Mainsiif Oyc Ha CeBepHOM IIUPOTHOM
KOPHJOpPE TaKXe MOCENICHNI Ha BETPOBAIBHBIX AE€PEBbSX, BbI-
BaJI KOTOPBIX IPOM3OILEI M03)KE BECHbI TEKyIlero roxaa (3e-
nieHast 100 YacTHYHO ITOKpPAcHEBINasi XBOsI) OOHAPY>KEHO He
ObLIO, OHAKO OBUIM OTMEUCHbI MHOTOYHCIICHHBIE aTaku Ha
JKMBBIE IEPEBBS C IOTEKaMH CMOJIBI Ha CTBOJIAX, a )KYKH ObIIH
cOOpaHBI C )KUBOTO JIepeBa C YACTUIHO MTOKPACHEBIIEH XBOCH.
Ha momenT obcnenoBanust (14 aBrycra) )KyKd B IIOCENICHUSX
cocraBm okono 10 % ot Bcex ocobeit. Jokanus nHBainepa B
paiione pexu Mansiit Oyc okazanach caMOi CEBEPHOU B peru-
oHe. Jlajee 1o Tpacce pacroioKeHbl COCHOBBIE HACAXKACHHSA
Ha NMMECYaHbIX NMOYBAX C OTCYTCTBHUCM IMUXThHI B COCTABE.

OOcetoBaHme JIECHBIX YYacTKOB Ha fore CBepIUIOBCKON
o0JacTi Mo3BOJINIIO 3a(KCUPOBATh paHee He 0OHApYKEHHbIE
o4yark MaccoBOTO Pa3MHOXKEHHMsl MHBaiinepa. [lomurpad yc-
cypuiickuii oOHapykeH Ha 3eMJIsIX JiecHoro ¢oHaa B Ilones-
CKOM YYacTKOBOM JiecHH4ecTBe CBICEPTCKOIO JECHHYECTBA
1o HampasieHuto K A. Kenuypka. B nanHoM HampasieHuu
HaOJIIOIaeTCsl MAaCCOBOE YCHIXaHUE JIEPEBHEB IHMXTHI CHOMP-
CKOM, OBIIIM BBISBJICHBI ITUXTOBBIE HACAXKICHUS, MOITHOCTHIO
YCOXILIE OT BO31eicTBUs Kopoena. HoBble JoKkauu Macco-
BOTO Pa3MHOKEHHS BHJA C OONBIINM KOJIMYECTBOM YCOXIINX
MTUXTOBBIX HACAKACHUH ObUTH Taroke 3adukcupoBanbl B Hik-
He-CapaHHHCKOM YYacTKOBOM JiecHH4YecTBe KpacHoydumcko-
TO JISCHUYECTBA.

Taxxe oTMeueHO Haimuue nosmrpada yccypuiHcKoro Ha
1oro-BocToke obnactu B I. Taxmna. I1o cBeneHusM, mpegocTas-
JICHHBIM HMH)XXEHEPOM-JIECOINaTooroM jaenapramenta Ceepi-
JoBCcKo# obmactu, 3manoBckuM C.A. ot 11 urons 2025 r, mo-
mrpad yccypuiickuii 0OHapy>KeH B TOPOJICKOM JICHApONapKe
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A

Ne JlecHuyecTtBO Mnowagb, ra. || Ne JlecHnyecTtBoO Mnowaasb, ra. || Ne JlecHuyecTtBO Mnowags, ra.
1 | Ananaesckoe 6368 12 | KapnuHckoe 26941 23 | CoTpuHckoe 1020
2 | bankanosckoe 258 13 | KpacHoydumckoe 18576 24 | Cyxonoxckoe 0
3 | Bepesosckoe 26 14 | KywiBnHckoe 4646 25 | CbicepTckoe 4412
4 | bunnmbaesckoe 970 15 | HeBbsiHCKOE 1281 26 | TabopuHckoe 7201
5 | Bepx-Ucetckoe 11 16 | HmwkHe-CepruHckoe 27453 27 | TaBaonHcKkoe 2221
6 | BepxoTtypckoe 7383 17 | HwkHe-Tarunbckoe 3524 28 | Tanuukoe 0
7 | FapuHckoe 4058 18 | HoBo-JlanuHckoe 4713 29 | Tyrynbimckoe 0
8 | EropLumnHckoe 65 19 | PexxeBckoe 0 30 | TypuHckoe 930
9 | MiBaenbckoe 25886 20 | CeepanoBckoe 0 31 | WanuHckoe 6811
10 | NpbuTtckoe 457 21 | CepoBckoe 1501

1 Ké’IDMbILIJJ'IOBCKoe 0 22 CVIEFILWIXVIHCKOG 2662 Viroro 167474

Pucynoxk 1. Pacnpocrpanenue nomurpada yccypuiickoro no reppuropun CBepIIIOBCKON 001acTH.
A — TeppuTOpHS, Ha KOTOPOiIl 00HapysxeH nonmrpad yccypuiicknii B CBEpAIOBCKOH 001acTH, C yKa3aHUEM TUIOMIAAN
HaCaXJICHUH ¢ peoOIagaHueM IMUXTHl CHOMPCKO B COCTaBe B pa3pese 10 JIECHUIECTBAM.
B — Touku ob6HapyxeHUs moaurpada ycCypHiicKoro B pernoHe 1o pesyasraraM oocienoBarnit 2023-2025 rr.

Figure 1. Distribution of the four-eyed fir bark beetle in the Sverdlovsk region
A — The territory where the beetle was discovered in the Sverdlovsk region, indicating the area of plantations
with a predominance of Siberian fir in the composition by forestry.
b — detection points of the beetle in the region based on the results of surveys in 2023-2025

U SBJIAETCS MPUYMHON ycbhIXaHWs NUXThHL. Ha HacTosmmid Mo-
MEHT, 3TO IepBasi JOKalus oOHapy KeHHsI WHBalHaepa Ha BOC-
TOKe o0macTH, a Ay . Tannna n Tanunkoro JeCHUYECTBA 3TO
€IMHCTBEHHAs JIOKAIMS, IOCKOJIbKY Ha TEPPUTOPHH JIECHIYE-
CTBa MMUXTa CHOMPCKas He pacnpocTpaHeHa (pucyHokK 1 (A)).
OO0HapyxeHHBIC Ha ceBepe O0NacTH JOKAI[MH MHBaiaepa
MO3BOJISIFOT KOHCTAaTHPOBaTh, 4TO monurpad yccypuilckui
yenentHo npubmmsmwics K 61°00° ¢. mr. [lo cux mop ObUIO H3-
BECTHO O PacIpPOCTpPaHEHUH 3TOro Buma 1m0 59°09° c. m. B
Kpacuosipckom kpae, B Tomckoit obmactu — 1o 59°00° c. .,
B [Tepmckom kpae — mo 58°31° c. m. (Kpusen u np., 2014). B
TO K€ BpeMsl, 0OHapyKEHHE ITOCETICHHUI TOJIBKO Ha BETPOBAJIb-
HBIX JIEPEBbSX, YMABIINX JMOO B KOHIIE 3UMBI, JTHOO BECHOU
(TTOTHOCTBIO TIOKPACHEBIIIAsl XBOSI), U OTCYTCTBHE MOCEIECHUN
Ha BETPOBAJIBHBIX JEPEBbSIX, YIABIINX MO3KE (3eTeHas, T1H00

YaCTHYHO IOKPACHEBIIAs XBOS), KOCBEHHO CBUAETEIHCTBYET
0 TOM, YTO Ha 3THX IIMPOTaxX WHBAHAEp MMEET TOJIBKO OIHO
TIOKOJIEHHE B TOJI.

Hns cpaBHenms, Ha 1ore obOmactn (HmxHecepruHCKuUit
paiioH, mpupoHbIi mapk «OneHpH Pydpn») oTMedeHoO Hamu-
YyHe IBYX MOKOJIEHUH BUa. B Xoze skcniepuMenTa Ha oTpe3ax
CTBOJIOB THXTHI CHOMPCKOH, BBHICTABICHHBIX Ha 3aceineHue 24
Mas 2024 1, x 11 wrons B HUX ObUTH OOHAPYXKEHBI HE TOIBKO
KyKOJIKH ¥ JINYMHKH CTapIIero BO3pacTa, HO M 3HAUYUTEIBHOE
KOJIMYECTBO MOJIOZBIX KyKOB. OOcIenoBaHue MOCEISHUH O/
KOpOi1 IOKa3aJ10, YTO OCHOBHYIO YaCTh COCTABIISIIIN KYKOJIKH H
JMYUHKY CTapIIero Bo3pacTa, mopsiaka 60 % n 20% cootsert-
CTBEHHO, Ha JIOJTI0 MOJIOZIBIX JKyKOB MPUXOIMIIOCH OKoito 20 %
ot obmiero yncia ocodei B ceMbe. K Hagamy aBrycra HaOIto-
JaJicst aKTUBHBIHN JIET HOBOTO MOKOJICHHS.
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CpenHsisi MHOTOJIETHSSL TEMIIEpaTypa BO3AyXa Ha CeBepe
obracTé B BEreTalMOHHBIN ce30H mpuMepHo Ha 2 °C HuKe,
uyeM Ha tore. Tak B I. IBaene cpefHEMHOTONETHSS TeMIIepary-
pa mast —+ 9°C, utonst — + 14.9°C, urons — + 17.6 °C, aBrycra
—+ 14°C, cenrsi0ps — + 8.2°C. Cpenssist 32 BETeTallMOHHBIN
nepuon — + 12.7°C. B . KpacHoydumcke cpeaHeMHOToNeT-
Hss TeMreparypa Mast — + 11.6°C, utons — + 16.3 °C, urons

—+ 18.2°C, aBrycra — + 15.9°C, cents6ps — + 9.8 °C. Cpexn-
HsIs 32 BereTannoHHEIH nepuox — + 14.4 °C (Iloroma u kmumar,
2025).

[IpoBenenHble HMCCIEAOBAHUSI CBUAETENLCTBYIOT O TOM,
YTO TONUTpad YCCYpHUCKUH YCHCITHO aTaNTHPOBAJCS U aK-
TUBHO paclIMpseT BTOPUUHBIN apean Ha Teppuropun Ceepa-
JIOBCKOW 00nacTu. B HacTosmiee Bpems HanOoiee aKTHBHO

Tadsmumna 1. ['eorpaduueckas npuBsi3Ka 1 KOOPANHATHI YIAaCTKOB, HA KOTOPBIX OOHApYXKEH Moiaurpad ycCcypuicKui
B CBepITOBCKOiT 001acTH 1Mo pesynbTaram oocnenosanuit 2023-2025 rr.

Table 1. Geographical reference and coordinates of the sites where the Ussuriysky polygraph was discovered in the Sverdlovsk
region based on the results of surveys in 2023-2025

Ne myHkTa
HaOroneHMUs/ Mecto oOHapyxeHust/ place of discovery Koopaunare/ Coordinates
Observation point #

2023 ron
o 59°47°45.5” c. m.
1 r. ExarepunOypr, borannueckwuii can ypanbckoro otaenenus PAH 60°36°04.1” B. 1.
2 IMpuponnstit napk «Onensn pydsn» (Hmka TMHCKHUI MYHHUIMITAIBHBIA paiion) 56730°57.07 ¢. .
pupox pK «Onenbi py CCCPrUHCKHMH MYHHIL pato 59°14°53.9” 8. 1.
3 ExarepunOyprckoe (CeBepckoe) jgecHudecTBo [lapkoBoe y4acTKOBOE JIECHUUECTBO 59°52°59.2” ¢. 1.
kBaprai 28, Beizen 16, 10 kM. Ha ceBepo-3amnaj ot I. EkarepunOypra 60°17°45.9” B. 1.

2024 rox

ABtomoOmpHast Tpacca ExarepunOypr-Cepos
4 BunnmvbaeBckoe necHn4ecTBO brmnmbaeBckoe y4acTKOBOE JIECHHIECTBO KBapTai 157 59°55°35.8” c. m.
Boiaen 11 59°39°32.9” B. 1.
5 BunnMbaeBckoe necHrnuecTBO brmnmbaeBck YaCTKOBOE JIECHUYECTBO KBapTai 64 >7°08°0.5” c. .
aEBCKOE JIECHUYECTBO AEBCKOE YYaCTKOBOE JIECHUUECTBO KBApPTa. 60°06°00.5” B. 1.
N 57°36°07.4” c. 1.
6 BIIIT Nel 102 kM. CepoBcKoii Tpaccs 60°09°55.2” B. 1.
N 57°51°15.5” c. 1.
7 BIIIT Ne2 XKenesznomopoxnas cranuus «pyx6a», oxono r. Hukamii Tarnn 50954°03.0" B, 1.
58°27°31.7” c. m.
8 BIIIT Ne3 210 kM. CepoBckoro Tpakra, nocie I. Kaukanapa 59°52°00.5” B. 1.
59°00°31.5” c. m.
9 BIIIT Ne4 100 kM. o r. KpacHoTypbhHHCKA 60°30°19.7” B. 1.
59°39°16.7” c. 1.
10 BIIIT No5 Ha moawesne k T. CepoBy 60°23°27.0” B. 1.
ABromoOuibHas Tpacca Exarepuntypr-Ilepms

56°52°22.8” c. m
11 BIIIT Nel na Boctounom Bbe3fe B 1. HikHenpruackoe 57°28°15.3” B. 1.
56°46°13.6” c. 1.
12 BIIIT Ne2 11 kM. BocTouHee 1. AYUT 58°05°47.3” B. n.
56°47°13.0” c. 1.
13 BIIIT Ne3 1. Tromr 58°22°40.9” B. 1.
56°49°56.7” c. m.
14 BIIIT Ne4 5 km. 3anannee r. bucepts 58°56°48.0” B. 1.
56°49°46.6” c. m.
15 BIIIT Ne5 noBopot ¢ Tpaccel Ha I. bucepTh 59°04°23.6” B. 1.

2025 rox
16 r. Tanuua roposzckoii Jlenapomnapk ST°00°33.17 c. .
. 11a TOpoJ Jponap 63°44°01.1” B. 1.
17 Ceiceprckoe necandectBo [loneBckoe yuacTkoBoe gecHuuecTBo Kenuypckuit 56°16°48.2” c. m.
y4acTok kBaprtai 71 Beiaen 5 59°59°17.9” B. 1.
18 Kpacnoypumckoe necanuectBo Himxae-CapaHHHCKOE yYaCTKOBOE JIECHUYECTBO 56°27°59.6” c. m.
Huxne-Capanunckuil yyacTok kBaptai 58 Biaenls 57°43°54.1” B. 1.

ABToMoOMIBEHas Tpacca CeBepHBIN IMUPOTHBIN KOPHIOP

19 Ha rpanwue 3amoBenuuka «JleHexKuH KaMeHby 11. BeeBonomo-6marogarckoe 39°93°62.17 ¢. .
paHiL A ' A " 60°49°50.2” B. 1.
. 60°93°15.3” c. 1.
20 Mocrt uepe3 p. Mansriii Oyc 61°55°14.3” B. 1.




108 Ionomapes B.U. u Op. / Becmnux sawpumor pacmenuti, 2026, 109(1), ¢. 104109

oyard MacCOBOTO PAa3MHOXEHHUsS PaCIIUpPSIOTCSA B HOTo-3amaj-
HOW yacTu peruoHa, B KpacrHoypumckom n Himkue-Ceprun-
CKOM JIECHMUYECTBAX, I7ie HanOoJee BHICOKA JOJIST HACAKACHUN
¢ TpeobnajaHueM MUXThI CHOMPCKON B COCTaBe APEBOCTOSI.
Takxe BBICOKa MO HACAXJICHUH C MpeoOiaJaHueM IHXTHI
CHOMPCKOM B IByX CEBEpHBIX JIECHHUECTBaX — KapmuHCKOM U
WBnensckoM (pucynok 1 (A)). OnHako, y9uThIBasi, YTO B 3TUX
JIECHUYECTBAX, CY/S [0 IMEIOLINMCS B HACTOAIIEE BpeMs JaH-
HBIM, BUJI, CKOPEE BCETO, TAET TOJIbKO OJHO MOKOJEHUE B IO,
OBICTPOTO Pa3BUTHUS OYATOB B 3TOM paifOHE OKUAATH HE CTOUT.

[Tomyuennsie B pesynsrare obcnenoBanus 2023-2024 rr.
(pucynok 1 (b), Tabnuma 1) cBeaeHUs MOATBEPXKIACHBI JAaH-
HeIMU Poccenbxo3nansopa. Ha ocHoBaHuM nepegaHHOM HaMu
B BEIOMCTBO MH(oOpManuu 00 oOHApYyKEHWU WHBa#aepa 1o

pesynbraram obcienoBanuit 2023-2024 rr, mo oduuaIbEHON
nadopmanmu Poccenbxo3zHanzopa B utone 2024 r. BBEICHBI
kapaHTHHHBIE 30HBI B borannueckom caay YpO PAH (1. Exa-
TepuHOypr) u B npupoaHoM napke «Onensu Pyusn». B Ho-
siope 2024 1. KapaHTHHHAs 30HA YCTAHOBICHA B AYHTCKOM
paitone Kpacuoydumckoro necauyectsa. B 2025 r. 6butn BBe-
JeHbl emie 13 KapaHTHHHBIX 30H Ha 3eMJISIX JIECHOTO (hOHAA
B Kpacnoypumckom, HeBpsackom, KymBunckom, Hmxne-Ta-
THILCKOM M brnmmMOaeBckoM stecandecTBax. O0Iast Iiomnanb
04aroB 1o o(UIHaNEHON HHPOpManuK cocTasiser 2926.4 ra.
OnHaxo, NOJTyYeHHBIE HAMH JIaHHBIE TI0 UTOTY 00CIIeIOBaHUN
Ha 2025 I. ITOKa3bIBAaIOT, YTO IUIOMIAJHM OYaroB C MAaCCOBBIM
YCBIXaHHUEM IMMUXTOBBIX HaC&)KI[eHI/Iﬁ 3HAYUTCIIBbHO 6OHI)LHC.

3akiarouenmne

YunTeIBasg pe3yNnbTaThl HMCCIACIOBAaHWHN, IPOBEICHHBIX
B 2023-2025 rr, a Takxke nHpopManuio u3 OQHUIHAIBEHBIX
WCTOYHUKOB CIEIHATN3NPOBAaHHBIX OPraHU3aNi, MOXKHO 3a-
KJIFOYHUTh, YTO B HACTOsIIEE BpeMs Mojurpad yccypuucKui

MIPUCYTCTBYET HAa TEPPUTOPHH 13 JIECHUYECTB OT FOKHOH 10
ceBepHOil rpaHuIbl CBEpATIOBCKOW 00NacTH B 3alajHON ee
YaCTH, TJ€ COCPEIOTOYCHBI HACAXKICHUS C IpeolbrIagaHueM
MTUXTHI CHOUPCKOH.

Baarogapuoctu

Pabora BeimonHeHa B pamkax ['oc3amanus boranmueckoro caga YpO PAH, Homep npoekra 225013105657-5.
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INFORMATION ON THE DISTRIBUTION OF THE FOUR-EYED FIR BARK BEETLE
POLYGRAPHUS PROXIMUS IN THE PLANTINGS OF THE SVERDLOVSK REGION,
BASED ON THE RESULTS OF SURVEYS IN 2025
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The spread of the dangerous pest of coniferous plants, the four-eyed fir bark beetle Polygraphus proximus, beyond its
historical range, poses a serious threat to fir plantations in the regions of invasion. This research provides information on
the distribution of the species in the Sverdlovsk Province based on the results of surveys conducted in 2025. The increase
in the number of locations where the four-eyed fir bark beetle was found indicates that the species has successfully adapted
almost to the entire territory of the Sverdlovsk Province. Currently, the main foci are concentrated in the south-west of the
region. The research results indicate that since the discovery of the invader in the Sverdlovsk region in 2023, the increase
in the area of foci with the death of fir plantations has been very intense.
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MbI MAMSTH Ob YUYUTEJIE XPAHUM!

WE KEEP THE MEMORY OF THE TEACHER!

21 mas 2026 roma ucmomHseTrcs 125 met co pHs poxaeHus yHnra Muxamina CeMEHOBHYA — HAIIETO YUYHUTEIS C
MHUpOBBIM nMeHeM, akaaemrka BACXHWJI u PACXH, upine PAH, noxropa cenbckoxo3siCTBEHHBIX HayK, npodeccopa,
3acmyxenHoro aesitens Hayku PCOCP, kaBanepa nsyx opaenos Jlennna, opaenos Tpynosoro Kpacuoro 3namenu, JIpyx0bt
HapozoB, «3Hak [Tou€ray, «Kupumn u Medoauii» 1-oii crenenn Haponuoii Pecriyonuku bonrapun, menaneit CCCP, B Tom
gucne»3a 1o0necTHEIN Tpyn B Benmkoii oredecTBeHHOI BoitHe». Biran yuénoro ¢uromaronora, HIMMYHOJIOTa B HayKy U
BOCTINTAHHUE CIEIUAIIICTOB I10 3aIIUTE PACTCHUH BBICIIETO 3B€HA OTPOMEH.

M.C. lynun

Ham BrImama yaa4a Y4YUTBCA MU paGOTaTI) oA Hay4YHBIM
pykoBoacTBoM akagemuka M.C. JlyanHa B mepuon ¢ 1965 no
1989 rr.

Msl OnarofmapHbl HalleMy YUUTENIO, 3aBEyIOIIeMy Ka-
denpoit ¢uronaronoruu, 3aB. OtaenoM ummyHureta Mo-
ckoBckoro otaenennss BUP mm. H.W. BaBunosa (e THY
BCTUCII) akanemnky BACXHWJI u Poccenpxo3akamemun
Muxanry CemenoBnuy JlynnHy. IMeHHO OH OKa3asl HAMOOIb-
Iee BIMSHHME HA CTAaHOBJEHHE HAIIMX NPO(PEeCCHOHATBHBIX
B3MJIAA0B WU IIPUBUIL J'IIO6OBI) K Hay‘-IHOﬁ JACATCIIBHOCTH. On
OIIPE/IeNIII U TTIOCTOSTHHO Pa3BHBAJI HAIM CKIOHHOCTH K TIPO-
OneMe WCIONB30BaHUS YCTOMYMBOCTH PACTCHUH B WX 3allld-
T€, 3TOr0 BaYKHOTO HAyYHOTIO HAMpAaBJIEHUs, KOTOPOE, HApAILy
C BUpYCOJIOTHEH, Bceraa ObUIO B LIEHTPE HAyYHBIX HHTEPECOB
Muxauna CemenoBru4a. He BceM cTylaeHTaM BBINANIO CUACTHE
«TIOTIACTh B PYKH» TAKOTO YUHUTENsI, HO HaM C 3TUM IIOBE3JIO.

MBI TOBOPHM O CUACTHE, TaK KaK MPU BCEM HAJIMYHMH YCEPIUs U
TaJaHTa, Pa3BUTHE UX 3aBHCUT B OOIBIIION CTETICHN OT aKaje-
MUYECKUX YUUTENEH.

Metoa «HayyHOro BOcmHUTaHUsA» JlyHHWHA CTpOWJICS Ha
oOpa3ax mpeanecTBeHHUKOB. OH 4acTO MPHUBOIWI B MPUMEP
uctoputo FO.H. ®aneesa. Momnonoit yuéHslii ObIT HampaBIeH
st paboter Bo BHUU ®uronaronoruw, rae mo3xe padboTaa B
JIOJKHOCTH 3aMECTUTENIS IUPEKTOpa U Jupekropa MHcTuTyTa.
Iox ero pykoBOACTBOM ObLiIa MOATOTOBIICHA BCS METOJIOOTH-
Yyeckas, MeTOJUYeCKasl U OpraHu3alMoHHas 0asa, MCIONIb30-
BaHHE KOTOPOU MO3BOIMIIO IPOTUBOCTOSTH (DUTOCAHUTAPHBIM
OMOIIOTHYECKUM HKCITAHCHUAM; TaKke HadaThl paboTHI 1O M3-
YYEHHIO PA3IUYHBIX aCIIEKTOB MMMYHHUTETa PACTEHUH, B TOM
YHCIIe U MOJICKYIIIpHO-OHoornyeckoro. VccienoBanus npo-
nomkarorcs 3o BHUM®, BU3P, BHUU cenbckoXxo3sHCTBEH-
HOW OMOTEXHOJIOTHH U JIP.
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Axanemuk M.C.[lynun (cnea), akagemuk FO.H.®@anees (cripasa)

[MokazareneH npuMep elle OJHOTO U3 HAIIMX CTYIEHTOB,
Jutepa Illmaapa: ero aumuiomMHas padoTa Oblla BBITOJHEHA
HACTOJIBKO TIpodeccroHansHo, uTo ' IK cpa3y mpucBonia emy
CTCITIeHb KaHAWaTa HayK. B UTOre BEIMYCKHUK THUMHUPSI3CBKU
BEPHYJICSI Ha POJIMHY C ABYMSI TUIUIOMaMu: 00 OKOHUAHHH By3a
1 O NIPUCYXKJCHHUU CTCIICHU KaHAuJaaTra 6I/IOJ'IOFI/I‘-ICCKI/IX HayK.

Y cebs vHa Ponune, B 1P, rie on 601 akagemukoM u [1pe-
3UJCHTOM aKaJIeMHUH CeIhCKOXO3SHCTBCHHBIX HAyK, TOA €ro
PYKOBOJICTBOM OBLIH Pa3BEPHYTHI UCCIICIOBAHUS ITO COPTOBOU
YCTOMYMBOCTH, KaK OCHOBHOTO JJICMCHTa MHTCTPHPOBAHHOU
3aIUTHI PaCTCHUH, (HPUTOCAHUTAPUH U KCIIOIL30BaHN0 DBM.

IIpe3uneHT akaneMuu cenbcKoxo3siiicTBeHHbIX HayK [JIP,
akagemuk BACXHWJI qutep Illmaap (1933-2010)

Ha nexuusax M. C. [lyHuH morpysxan Hac B MUPOBOH KOH-
TEKCT: OH HE IPOCTO OMUCHIBAMI OOJIE3HN PACTEHUI, a pacCKphI-
BaJI HCTOPHIO UX U3Y4EHHS depe3 cynpObl yueHbIX. Pacckaspl-
Basi O MMOJICOJTHEUHUKE, OH CBSI3bIBAJI CEJICKIIMOHHBIE TTPOPBIBBI
B. C. IlycroBoiiTa ¢ y3KOcCHeUUaIbHBIMU HCCIEAOBAHUSIMU
€ro J04epH, co3AaBasi y Hac IeJIOCTHYIO KapTUHY COBpPEMEH-
HOM HayKH.

W3 nmexkumit MBI y3HaBamum 00 WHTEpeCHHIX paboTax
[LII. JIlykesHEHKO B COApYXeCTBE C QuromaTororoM A.A.
BoponkoBoii.

C oco0oii TemoToi 1 M060BbI0 Muxaun CeMeHOBHUY OT-
HOcwJICS K cinaBHOMY KoiuiektuBy BU3P. On nenwnics ¢ Hamu
00 OpraHn3aTopPCKUX CIIOCOOHOCTSIX TaJIAHTINBOTO, HHTEILIH-
rentHoro aupektopa BU3P K.B. HoBoxxkunosa, akagem. BA-
CXHWJI u Poccenbxo3akafieMun, 0 IOCTAHOBKE UM HayUHBIX
uccienoBaruii B BU3P.

On mro6un Bu3posies: M.K. Xoxpskosa, B.W. [ToTnaiuyk,
T.M. ®enorory, M.E. Bnagumupckyro, A.E. Uymaxosa, 10.1.
BiiacoBa, M.M. JleButuna u T.M. XoxpsikoBy, b.b.-O. I'pomo-
By, H.H. I'yceBy, H.A. Bunkosy, 1./I. Illanupo, C.JI. Trotepe-
Ba, O.B. [lonoBy u np. yuensix BU3P.

Ha nexusix y4eHslil BIOXHOBIISUI HAC IOCTIKEHUSIMH KOJI-
ner n3 BU3P, mprobmas x Gonpmioll Hayke depes3 MpUMEPHI
BBIJIAFOIIMXCS IMYHOCTEH. DK3aMEeHBI OH ITPEBpalliajil B MHTEI-
JIEKTyaJIbHBIN JUAJIOr: KOPOTKMMHU BOIIPOCAMH MIPOBEPST 3HA-
HUS TI0 BCEMY KypCy, TAKTHYHO JOMOTHSISI OTBETHI CTY/ICHTOB.
OTOT HEOOBIYHBIN METOA BOCIMTAHUS TOMOTAJ HaM HaiTh
CBOH MyTh B Hayke!

Muxann CemeHoBud JlyHHH ObUT yYEHBIH-IATPHOT CBOEH
POIMHBI, HO BMECTE C TeM OH OBbUI OTKPBIT I HayKH BCETO
mupa. OH MOHHMMaJI, YTO B HAYKe HE MOXKET OBITBIPAHUIL, U
MHOTO CIeJal ISl N3/1aHHus BaXKHOW MHOCTPaHHON JIMTEpaTy-
pl B obonactu ¢uronaronorun B CoBerckom Coroze. B namm
CTy/I€HYECKHE TO/IbI OH KaK pa3 u3/ajl IepeBoj GpyHaaMeHTalb-
HOW paboThI MIBEHIApCKOro ¢uromaronora JpHcra [oitmMana
«H}pexmonHble 0ONIE3HW paCcTEHUI», KOTOPBIA 0000IIHIT
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(uTonaronornueckue Hay4dHbIE 3HAHHS TOTO BPEMEHH. OJTa
KHUTA CTaJIa [yl HaC HaydHOH «Onommei».

B T0 Bpemst Muxann CemeHoBn4 JlyHHH ObIT OTHUM M3 ca-
MBIX M3BECTHBIX (puromaronoros He Toiapko B CoBerckoMm Co-
103€, HO W 3a pyOexoM. Y Hero ObUIM KOHTAaKThI, €T0 3HAIN IO
BBICTYIUICHUSIM Ha KOHIPECcaX, €ro COBETHI ObUIM IICHHBIMH.
CBOMM HMEHEM OH OTKpPBUI HaM €IIe BO BpeMsl yueObl ABEpH U
B JIpyTH€ HHCTUTYTBI, KOTOPBIE MBI IOCETUIH. 3BAHUE YUECHUK
JlyH1rHa» MOMOIIIO HaM YCTAHOBUTh MHOTHE HAayUHBIE CBS3H.

Kak omuH M3 OCHOBHBIX OpraHM3aTOpPOB IUIAHUPOBAHUS U
BBITIOJTHEHUS TPOTPaMM M HAyIHO-HCCIIEZIOBATENILCKUX pa3pado-
TOK B 00JIaCTH MHTETPUPOBAHHOM 3aIIUTHI PACTEHUH, 1 0COOEH-
HO UIMMYHHUTETa PaCTeHUH K OOJIE3HAM 1 BPEUTEISIM, aKaIeMHK
M.C. JlyHUH aKTHBHO y9acTBOBaI B pabote OTaeeHHs 3aIuThl
pacrennit BACXHWIJI, sBnsisick wiieHOM O10pO 1 pYKOBOIHTEIEM
KOMHCCHU 110 UMMYHUTETY pacTeHuil. Ero akTuBHas mo3uius,
BBICTYIUICHHSI HA BCECOIO3HBIX COBEIIAHMAX, Ha [OMMYHBIX 00-
mux cobpanusx Axagemun ¥ OTneneHnst Kacanuch oOIMMX
npo0OJIeM 3aIUTHl PACTEHUH B CTpaHE W OCOOEHHO BOIIPOCOB
nMMyHHTETa pacTeHuid. braaronaps aesrensnoctd M.C.[AyHu-
Ha, B CEJIEKLIUOHHBIX [IEHTPaX HAYyYHO-UCCIEJOBATENIbCKUX HH-
CTUTYTOB M YUPEXJICHHUAX ObIIIM OpraHH30BaHBI J1aO0OpaToOpHn
UMMYHHUTETa pacTeHUH K OOJE3HSAM WM BPEIAMTEINSM, KOTOpPhIE
yCIIemHo paboTaroT 1 ceronHs. bonbmmoil naTEepec B mocnen-
HHE TOJIbI OH MPOSIBISUI K Tpo0IeMe SH3MMO-MHKO3HOTO HCTO-
IIEHUS CeMsH («MCTEKaHHUE 3epHa»), KOTOPYIO TETeph yCIel-
HO pa3pabaThIBAIOT €r0 yUYCHUKH.

ITepron pabotsl YueHOro ¢ MHPOBBIM MMeHeM Muxamnna
CemenoBuua [lyHHHa 3aB. OTIEJIOM MMMYHUTETa HA MOCKOB-
ckom otaencaun BUP (MOBUP) B 1973—1989 rr. 6511 miepro-
JIOM HanOOJIBIIIETO pacrBeTa — 00pa3Ho TOBOPSL, 3TO OBLIO 30710~
TO€ «TpUALATUIETHE» B UcTopuH Hamero OTaeneHus 3a BCIO
€ro MOYTH MOIYBEKOBYIO UCTOpHUIO. Bo3rmasnseMslil UM oTaen
ctan oqHuM 13 kpynHeix B MOBUPe. HccnenoBanus B otaene
MMMYHHTETA BEJIMCh B KOMIUIEKCE C PECYPCHBIMH J1aboparo-
pusMH, ObIIM pa3paboTaHbl yHUKAJIBHBIC 3KCIPECC-METOBI
oneHkH reHooHa n3 MupoBoi Komutekiuu BUP Ha ycToii-
YUBOCTb K KOPHEBBIM THUIISIM, KWJIE KallyCThI, UCTEKAHUIO
(BMHUC), BupycHBIM Oone3HsSM, HeMaTonaM. ODKCHpecc-Me-
TOZBI, UCTOYHUKH YCTOMYMBOCTH K OOJIE3HSIM OIEPAaTHBHO
HNepeAaBaauch CeNeKIUOHepaM. 3a 3aciIyTd M0 H3yYeHHIO
reHo)oHIa MHPOBOH KOJJIEKIMH BCEcoro3HOro MHCTHTYTa

pacrenuneBoactsa (BUP) um. H.W. BaBuiiosa, on 6611 ynocro-
er Opnenom [lpyxObl HaponoB. Bcerna mpusbiBan «BBICOKO
Jiep>KaTh 3BaHHE HaydHoro corpynHuka BUP». UmmyHonoru-
Yyeckue paboThI IPOIOIKAFOTCSI.

OH Takke cyMTall, YTO Y4YECHBIH-HCCIEA0BATEND, KPOME
CBOEH CIENUATbHOCTH, JOJKEH YMETh BOAUTH MAIIUHY, 3HATh
WHOCTPaHHbIE S3BIKN (TIPOYUTATH XOTh OJJHY CTPAHHILYy HA HHO-
CTpPaHHOM SI3bIKE B JICHb), TIe9araTh Ha MallIHKE (110 COBPEMEH-
HBIM MepKaM — paboTarh Ha KoMIIbIoTepe) 1 (poTorpadmpoBars.
B uccnenoBarene oH HEHUI BHUMATENBHOCTb U YMEHHUE 3aMe-
YaTh TO, YTO KaXXETCsI OOBIICHHBIM, YAUBIATHCS U PAIOBATHCS
OOBIYHBIM BEIIAM.

AHanu3upys pa3HOCTOPOHHIOIO cdepy JesTeNbHOCTH
akazemuka M.C. [lyHuHa, MOKHO IPUITH K BBIBOAY, YTO €r0
OCHOBHBIM M HamOoJjee JIIOOMMBIM JIeJIOM Oblila TperoaaBa-
TeJIbCKasi paboTa, HaleleHHAs Ha BOCHHTaHWE, OOyueHHE W
TIOATOTOBKY Oy/lyIMX CHEUAINCTOB T10 3aIUTE PaCTEHHH, MO-
JIOABIX YYEHBIX — KAaHIUIATOB U JOKTOPOB HayK.

Y Muxauna CemeHoBHYa ObUT CBOM OCOOBIN MOAXOA K
TIOATOTOBKE M OOYYECHHIO MOJIOABIX CHELHAINCTOB U YUCHBIX,
9TOMY HANpPAaBICHUIO AEATEIBHOCTH YAENAIOCh MHOTO CHIL,
BpeMeHHU M 3a00T. [IpenbsBiss BeIcOKHe TpeOoBaHUS K cebe,
OH OBUI JOCTaTOYHO TPEOOBATEIHHBIM K CBOUM IIO/IOTICUHBIM.
B Tex ciyuasx, korga JOBOAMIOCH OTCTaMBaTh CBOE HAyUHbBIE
B3UIAABI, uaen U (akrbl, Muxamn CeMEeHOBHY MpOSBIST B
Mepy TBEPAOCTh, YIIOPCTBO U HEMPEKIOHHOCTb.

MBI npucoenuHseMcs K OT3bIBAM U MHEHUSAM JIOIEH, 3HAB-
mux Muxanna CemeHoBu4a. OTMeuaeTcs, pexkae BCEro, TTy-
OOKMi yM, SpyIunus, 3HaHHE TPOOIeM OMOJIOTHYECKON HayKH,
yYMEHHE BHIOpaTh caMoe INIaBHOE U HYXXHOE B HayKe M MpOU3-
BOJCTBE, COCPEJOTOUUTH BHHMAHHE Ha MEPENOBBIX HAYYHBIX
MO3HULUAX, C POBHBIM BHHMAHHMEM OTHOCHUTBHCS K PEIICHUIO
TIPUKIIAAHBIX ¥ GyHIaMEHTaNbHBIX 33/1a4. B cBoMX BhICTYIIIE-
HUSIX W JIGKIMSX €ro SpKuil TajaH ydeHoro, ¢uromarosnora,
nMmyHosnora orMmedanu: pektop PTAY-MCXA umenun KA.
Tumupszesa, akagemuk W.C. Ilarunos, Ipesunentr BACX-
HWJI, akanemuk I1.I1 BaBunos, akagemuku B.A. 3axapenxo,
B.1. domxenko u ap.

B psiny Beinarommxcst ¢puronaronoros XX Beka MMs Hallle-
ro Yuurens Muxauna CemenoBuya [lyHuHa 3aHSJIO JOCTOH-
HOe MecTo!

Temupbexosa C.K. (OI'FPHY BHUHU®D), Iocanunos @. C.-Y. (PIAY-MCXA umenu K.A. Tumupszesa),
Hlunvyosa M.A. OOQO («Aepoxum XXI»), Anow Monnap (Benepus)

HayuHoe usnanue

IMoanucano k nmeyatu 8 urons 2026 r.
®opmat 60x84/8. Oobem 14 n.a1. Tupazk 200 3k3.
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