CEJIbCKOXO3SMCTBEHHAS BUOJIOTUS, 2023, Tom 58, Ne 3, c. 429-446

VIIK 579.64.635.21 doi: 10.15389/agrobiology.2023.3.429rus

YPOXKAHHOCTD 1 TIOPAXKAEMOCTH KAPTO®EJA
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st 6opsobI ¢ huTOdhTOPO30M M PU3OKTOHNO30M KapTodens (Solanum tuberosum L.) ucnosib-
3yl0T Xummdeckue ¢GyHrumuabl. OIHAKO B CBSI3M ¢ MHOTOKPATHBIME 00pa0oTKaMu (yHrmumunamm pesu-
CTEHTHOCTh (PUTOMATOr€HOB K HAM MOBBINIAETCA. AJIbTEPHATHBOIH XUMHYECKHAM (hyHIIIMIam cryKat 0mo-
¢yurunuasl. cnonb3oBanne mraMMoB 3HIO(MUTHBIX OakTepuii pona Bacillus nepcneKTuBHO AJs pa3pa-
OOTKH HAa MX OCHOBE HOBBIX OMOYHIHIMIAOB. DHAODUTHI, HAXOAACH BHYTPH PACTEHHil, HMEIOT MPEUMY-
HIECTBO BO B3aMMOJEHCTBUAX C HAMH MO CPABHEHHMIO C OAKTEPHSMH, 3aHUMAIONIMMH IPyrue 3KOJIOrHue-
ckue Humi. B HacToseii padore Bnepsbie ycTanoaeHa 3¢ ¢eKTHBHOCTh IKCIEPUMEHTAbHBIX 00pa3LoB
npenapaToB HA OCHOBE INTAMMOB HIO(MUTHBIX OaKkTepuii poaa Bacillus npu BhIpaNIMBAHUK COPTOB Kap-
To(esis, Pa3IMYAOIMMXCSA N0 YCTOWYMBOCTH K (uTO(hTOpPO3y, B YyCI0BHAX ceBepo-3amana Poccuiickoii
®enepanun. Ilensio padoThl 0bLI0 M3yYeHHE BIMSHUS IKCHEPUMEHTAJBHBIX 00pPA3lOB MPENapaToB HA
OCHOBe ITaMMOB 3HA0(UTHBIX 0akTepuii Bacillus thuringiensis W65 w Bacillus amyloliquefaciens P20 na
YPOXKAMHOCTh KapTodess U NOpaKaeMoCTb PACTEHHIl PU3OKTOHHO30M M (HUTO(TOPO30M. DHAO(PHUTHBIE
mramMmbl  Bacillus 0buin BblIesieHbl W3 BHYTPEeHHMX TKaHeii Kaprodens (Solanum tuberosum L.) copra
Cynapbinsi, yCTORYMBOro K paky kaprodesns. [Ipu pocte Ha arapu3oBaHHBIX Cpelax OHM 00 AHTA-
TOHMCTHYECKOW AKTHBHOCTBIO K (puromaroreHam — Bo3Oymurensm ¢urodroposa Phytophthora infestans
(Mont. de Bary) u puzokronuosa Rhizoctonia solani (Kiihn.). IToaeBbie MeJIKOIeISAHOYHDbIE ONBITHI ObLIH
npoBeaeHsi B 2020-2021 rogax Ha onbitHoM nosie ®T'BHY Jlenunrpaackuit HUU cenbckoro xo3siicTea
«Benoropka» (a. Benoropka, Jlenunrpaackas 06.a., FaTunHckuii p-u). Cxema ombiTa BKJIIOYAJA CJeay-
IOll[e BAPUAHTBI: YMCTBIA KOHTPOJb (0e3 00padoTOK); XHMMYECKHiA KOHTPOJIb — 00pPadOTKM XUMHUYe-
cknvm (pyarummaamu Cenect Ton, KC («Cunrenrta», Poccust), Mankoue6, CIT («Arpopyc n Ko», Poc-
cus), Pamun Jyar, CII («Arpopyc u Ko», Poccust), Mupunuro, KC («Bayer Crop Science», I'epmanus),
3ymmep, KC («O00 «KPOIIDKC», Poccus) u aecukantom I'onnen Punr («Arpo Dkenepr I'pyn», Poc-
cust); onosormyeckuii KoHTpoJab» — BucoaonCan, K («<bBUCOJIBU UHTEP», Poccus), ouodynrummn
Ha OCHOBe mTamMMa pusocepnsix 0akrepuii Bacillus subtilis Y-13; skcnepuMeHTajbHbIe 00pa3bl Mpe-
napara Ha ocHoBe mTamMMoB B. thuringiensis W65 u B. amyloliquefaciens P20. BoipammuBanum copra kap-
To(ess ¢ pa3IMYHOI yCTOHYMBOCTBIO K uTodToposy — Yapout (ycroiuuseiii) u I'ycap (Bocnpuumum-
Bblii). OUEHUBAIM TUHAMHUKY POCTA U PA3BUTHS PACTEHHMiA, YPOKANHOCTb M MOPAKAEMOCTh PU3OKTOHHO-
30M U ¢urodropozom. CTaTUCTHYECKYI0 00pPAOOTKY MOJTYyYeHHBIX Pe3yJbTATOB (PacueTbl CPeAHUX U MX
CTAHIAPTHBIX OMIMOOK, aAucnepcronnbiii anamm3 ANOVA, tect /lyHKaHa) npoBOIWIN C WCTOJIb30BAHNEM
nporpammbi Statistica 10 («StatSoft, Inc.», CIIIA). ITpu MHOKY.ISIMH SKCIEPUMEHTAIbHBIMH 00pa3aMu
npenapaToB Ha ocHoBe mTamMMoB B. amyloliquefaciens P20 n B. thuringiensis W65 npoao/zKuTeIbHOCTH
LBeTeHUs1 pacTeHuii Kaprodens yseanunaach Ha 8-13 cyT no cpaBHEHMIO ¢ KOHTpOJIeM. YPOXKAHHOCTh
KJIyOHeil Takke yBenmumiach Ha 7,9-14,6 % (p < 0,05). HauOosbmas npudaBka ypoxKaiflHOCTH ObLia
3apeructpuposana y copra I'ycap B 2020 roxy. IIpn MHOKYISAIMHA KCIEPUMEHTAILHBIMA 00pa3uamMu mpe-
napatoB Ha ocHoBe B. amyloliquefaciens P20 w B. thuringiensis W65 uamMeHun1ach CTPyKTypa ypoxKas,
yBEJIMYMJICA BbIX0/ (DpaKUMH KPYMHbIX KiayoHeii Ha 22,5-30,6 % (p < 0.05) y kaprodens copra Yapour.
IIpuMeHeHNe 3KCIEPUMEHTAJIBHBIX 00pPA3LOB NpenapaTosB Ha ocHoBe B. amyloliquefaciens P20 n B. thur-
ingiensis W65 He 0Ka3ajio 10CTOBEPHOTO BJIMSIHAS HA PA3BUTHE PU30KTOHMO32 B MEJIKOAEISTHOYHBIX OIBI-
tax. OaHako Obuia oTMedyeHa 3¢ eKTHBHOCTH NpenapaTta Ha ocHoBe B. amyloliquefaciens P20 (42,8 %)
B CHIKeHMH pa3Butus (urodropo3a na copre kaprodens Yapour. Ilpenapar 3nn0puTHBIX OakTepuii HA
ocHoBe mramma B. amyloliquefaciens P20 mMoxeT ObITh PEKOMEHIOBAH ISl JAIbHEHININX HMCIBITAHWA B
MPOM3BOICTBEHHBIX MOJIEBBIX ONMBITAX NMPH BHIPAIMBAHMK KapTodesisi B MHTErPUPOBAHHOM CHCTeMe 3a-
HIMTHI COBMECTHO ¢ XMMHYECKMMH (DYHTHIMIAMH W MHAYKTOPAMH CUCTEMHOI YCTOWYMBOCTH PACTEHHid.

KimoueBblie ciioBa: aHnopuTHbie 0akTepuu, Bacillus thuringiensis W65, B. amyloliquefaciens
P20, ouodyHrunuapl, ypoxkaii KiyoHeii, kKaprodenb, pu30KTOHHO3, (huTOodhTOpPO3.

* PaboTta BbINnojHeHa Mpy (hpMHAHCOBOM MoAIepXKe NMpoekTa «Pa3BUTHe celeKIMU U CEMEHOBOACTBA KapTtodess: B
Poccuiickoit Penepatnn» PemepanbHON HAYIHO-TEXHUUECKON MMPOrPaMMbI Pa3BUTHSI CEJIBCKOTO XO3SICTBA Ha
2017-2025 ronpl.



®dutohTOPO3 U PU3OKTOHMO3 — HambOJIee PaclpoOCTPaHEHHBIE U arpec-
CHBHbIE MUKO3bI Cpeau 3a0osieBaHU KapTodens (Solanum tuberosum 1.), KOoTO-
pbie MOTYT HNpUBOAUTH K motept 30-50 % ypoxkasi, 4TO IMPENsITCTBYET pealr3aliu
MNOTeHLMAJIbHOM TPOAYKTUBHOCTU KyJabTyphl (1). Bo3oymutens ¢dutodroposa
oomulieT Phytophthora infestans (Mont.) de Bary nipu GecrniosioM pa3aMHOXEHUU
pacnpocTpaHseTcs 3a cueT 0oO0pa3oBaHUs CIOPAHTUMEB, KOTOPhIE MPOpPACTAIOT U
00pa3yIoT MOIBUKHBIE 300CTIOPHI IPU HU3KUX TeMIIepaTypax Bo3myxa oT +4 1o
+15°C, a 3aTeM UHLUCTUPYIOTCS U MPOHUKAIOT POCTOBOI TpyOKOIi B TKAHU pac-
teHus. [Ipu noBbilieHHBIX TeMnepaTypax (20-25 °C) 3o0o0cnopsl He 00pa3yloTcsl.
ITonoBoli mpoliecc BO3MOXKEH TOJBKO IMPY HAIMYMM B TOIMYJSLMMU OBYX TUIOB
crapuBaHus. B pe3yibTate capuBaHuUs TMOSIBISIIOTCS OOCIOPHI, KOTOPHIE TMOCTe
Mepe3uMOBKM MPOpacTaloT POCTOBbIMU TpybKamu. Ha KoHIlE poCTOBBIX TPyOOK
obOpaszytorcs crnopaHruu (2). IlpeuMylliecTBEHHO UCTOYHUKOM MHMEKIIUU CITyKaT
OoJIbHBIE KIYOHM M 3apaxkeHHble pacTuTeSibHble octaTku (3). Bo BpeMst uHdu-
LIMPOBAHMSI TAaTOreH CUHTE3UpPYET OEIKOBbIe MOJEKYIbI-3(deKTophl (amoruia-
CTUYECKME Y LIMTOIUIa3MaTUYECKHe), KOTOpble BO3INEHCTBYIOT Ha CTPYKTYpY M
¢ynkunu xietku pacrenus (4-7). EPIC1 — oguH u3 HanboJliee XOpollo oXapak-
TEPU30BAHHBIX ANOIIACTUIECKNX 3(PDEeKTOPOB, KOTOPHII HAIleIeH Ha CBSI3aHHbBIC
¢ 3almToi mpoTeasbl xo3siuHa (7-9). lluromnazmatuuyeckue 3¢hGEKTOpbl 00-
muleToB BkouamT Kiacc RXLR, conmepxxailiuii KOHCEpBAaTUBHBINA MENTUAHBIN
MOTUB Arg-nobas amuHokuciota-Leu-Arg (RXLR), koTopsliit HeoOXxonuMm st
JIOCTaBKU 3TUX OeNKOB B pactutenbHble KieTKu (10). I'eHeTnueckas ycTOMUM-
BOCTb pacTeHUit K P. infestans peryaupyeTcsl HOCPEICTBOM paclio3HaBaHUS CIie-
uupuueckux sapdexkropoB RXLR Genkamu yctoitunBoct NB-LRR xo3suHa
BHYTPU pacTUTEIbHBIX KieTok (10).

3a TocaemHNe MECSITUICTHSI OTMeJaeTcs YCUJICHHE arpecCUBHOCTH BO3-
oyaurens utodtoposa P. infestans (11, 12). OHO CBSI3aHO C MOJIOBBIM IpOLIEC-
COM pPa3MHOXEHHS U CIapMBaHWEM, IPU KOTOPOM IPOUCXOIUT PEKOMOMHAIIMS
T€HOB BUPYJIEHTHOCTU M O00pa30BaHME BBICOKOATPECCUBHBLIX pac matoreHa (13,
14). ArpeccuBHOCTb P. infestans MOXeT ObITh CBSI3aHa C MpeobJyiajaHeM arpec-
CUBHON KJIOHaJbHOM uHuu 13_A2 B nonyasuuu (12).

I'emOnoTpodHwiii rpud Rhizoctonia solani Kiihn — Teneomopda, nim 1mo-
JoBast cranusi, Thanatephorus cucumeris (A.B. Frank) Donk — ciy>xut Bo30ynu-
TeJeM PU30KTOHMO3a Kaptodens. ['pub mopaxaeT KiyOHU, CTEOJM, CTOJIOHBI U
KOPHU B3pOCIBIX pacTeHui. [lopaxkeHne BU3yaTbHO MPOSIBISIETCS 00pa3oBaHHEM
OYypbIX ISITEH M U3bS3BJICHUI Ha POCTKax, CTOJIOHAX M KOpHsX kaptodens. Ha
KITyOHsIX 00pa3yloTcs 4YepHble cKiepouuu. Teireomopda IPOSIBIASETCS B BHUIC
IPSI3HO-0€710r0 BOMJIOYHOIO HajeTa Ha HMXKHEH 4acTu cTeOjieil IMpU BHICOKOM
BJIAXKHOCTA M oITuMaibHOU Temmneparype 15-21 °C. Cxiiepounyd MOTYT OCTa-
BaTbCS B COCTOSIHMM TTOKOSI B T€UEHME MHOTHX JIET B TTOYBE M OTMEPIINX pacTH-
TeJbHBIX ocTaTKax (15, 16). DddexTophl, onmrcanHbie LI R. solani, THAYIUPYIOT
HEKpo3 y pasnmuyHbiXx pacreHuit (17, 18). M3Becten takke adpdekrop RsRplA,
KOTOPBIA CIYXXUT aKTMBHBIM WHTMOMTOPOM MpOTea3bl M MONABISIET WHIYKLUIO
peaxkiMi CBEpXUyBCTBUTEIbHOCTU pacteHuit (19).

B HacTosiiiee BpeMst XUMUUECKMI METO 3alUThl KapTodeasi OT MUKO30B
Hauboee apdexktuseH (20, 21). PeaucTeHTHOCT (PUTONATOTEHOB K (DYHTMLIMIAM
BO3pacTaeT B CBSI3M C MHOTOKpaTHbIMU oOpaborkamu (22-24). Ha pasBurue
YCTOMYMBOCTH TATOTEHOB K (DYHTHLIMIAM BIUSIOT TaKKe pPa3MHOXCHHE I1aTO-
TeHa, CTeNeHb 3aIlUTHl QYHTUIINIOM, MEXaHW3M IeWCTBUS Ha IMaTOTeH, JWHA-
MuKa nomnyiasiuuy natoreHa (25). Ilocne 1mMpokoro BHeAPEeHUs] B MPAKTUKY CU-
CTEMHBIX TpernapaToB ¢ U30MpaTeJbHbIM MEXaHU3MOM IEWCTBUSI BO3pocia 4ya-
CTOTa OOHAapy:XeHUsI YCTOMYMBBIX pac MaTOTEHOB, ITOpaXKaloLIMX pa3IuYHbIe
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CEJIbCKOXO3SMCTBEHHBIE KYJIBTYpPhI, B TOM uucie Kaprodenasb (26-29). Ycroitun-
BOCTb K BBICOKOA(®dEKTUBHOMY CUCTeMHOMY GyHruuuay medeHokcamy (R-
SHAHTUOMEPY MeTallokcwia) y P. infestans HabGmoganach mocjae BO3AEHCTBUS Ha
paHee YYBCTBUTEIbHBIC M30JIATHI CyOIeTaTbHBIX 103 (5 Mr/Min) ¢yHTHIIAA (27).
V ycroiiunBbIX K Me(heHOKcaMy U30JSITOB P. infestans ObL1 OTMEUEH MEIJICHHBIN
POCT IO CPaBHEHUIO C YyBCTBUTEIbHBIMU H30asiTamu (30).

B o6pazoBaHuu ycroituuBoctu P. infestans K MedeHOKCaMy/MeTalaKCUIy
3ageiictBoBaHbl ABC-TpaHcroprepbl U (hepMEHThI-IETOKCUKATOPHI (LIMTOXPOM
P450) (31, 32). B masmanemme P. infestans IpOUCXOOSIT U3MEHEHMSI, KOTOPHIE
MPENITCTBYIOT MonaaaHuio siaa B kKietku (33). Tak, mpu UCHONb30BaHUN MeTa-
JIoOKcuIa B MUHUMaJIbHBIX KoHLIeHTpausx (0,1 u 1 MKr/mMi1) MHTMOUpOBaHUE PO-
cra P. infestans W3 TIpUIYKCKOM mormynssunu B bemapycu mpessimrano 50,0 %.
IIpu aTOM MOBBIlIEHWE KOHLEHTpauuu A0 10 MKr/mi yBeJIMYMBaIO YYBCTBU-
TeJIbHOCTh IIaToTeHa 10 75,2 %, a Ipu UCIIOJIb30BaHUM BHICOKOM KOHIIEHTPAIIMI
(1000 MKr/mM1) pocT MULIEIMUs OB MIOJTHOCTBIO TToAaBieH (34).

B kayecTBe anbTepHATUBBI XUMMYECKUM (YHTMLMAAM IIpeasaraeTcs
LLIMPOKOE BHEIPEHME HOBBIX OMojornyeckux GyHruuuaos (23, 35). Ilpu koMm-
OMHMPOBAHHOM HCIIOJIb30BAHUU XMMUUYECKUX (PYHTULUIOB U OMODYHTUILIMIOB
YMEHBIIIAETCS PE3UCTEHTHOCTD MTATOTEHOB M CTUMYJIMPYETCSI MMMYHHTET pacTe-
Huit (23, 36). Taxoke ISt 3aIIATHI OT MUKO30B B CETbCKOXO3SICTBEHHOM TTpaK-
THKE HEOOXOAMMO BHEIPSTh HOBbIE copTa KapTodessl ¢ yCTOMYMBOCThIO K Ma-
toreHaMm (14, 37).

Hau6o1ee appeKTUBHBL B ITOJABICHUM Pa3BUTUSI MUKO30B OaKTepuU U3
ponoB Pseudomonas, Bacillus, Lysobacter, Enterobacter u Paenibacillus (38). boina
M3yyeHa aHTaroHUMCTUYecKasi akTUBHOCTh OakTepuil poaa Bacillus npoTUB MUKO-
30B Pa3JIMYHBIX CEJIbCKOXO3SMCTBEHHbIX KyAbTyp (39-42). bauuiabl cnocoOHbI
MPOJYLIMPOBATh META0OJIUTHI, 0OJIagatoIe GYHIMLIUAHONM aKTUBHOCTBIO (43-45).
Tak, xomOuHalusa deHruuuHa B u cypdaktuHa, nponmyuupyeMbix B. pumilus,
Obuta 6osiee Haubosee a(pdekTBHA NpU 3aluTe Kaptodenas oT ¢purodpToposa,
4yeM JII000I M3 3TUX META0OJIUTOB, MPUMEHSIEMBIX pa3aebHO (46).

PexomOuHaHTHBIE 3HAO0GUTHBIE B. subtilis 26DCryChS ¢ renom Bterylla,
konupytomnM Crylla, o6naganyn KOMIUIEKCHBIM (YHTULIMIHBIM U MHCEKTUIINI-
HbIM AeiicTBueM (47, 48).

B nutepatype obcyxknmaercs MepCcrneKTUBHOCTb MPUMEHEHUS I 3aLIUThI
pacTteHuit 9HAOGUTHBIX OaKTepuii BUna B. thuringiensis, 00JagalolINX KOMILIEKC-
HbIM jaeiicTBueM (49-51). Iltammbl B. thuringiensis, TpoayuUpPYIOLIUE XUTUHA3Y,
cnocoOHbl 3(Pp(PeKTUBHO MHIMOMPOBAThH (PUTOMATOreHHbIE I'PUOLI Fusarium ox-
ysporum, F. graminearum, Pyricularia grisea w Physalospora piricola (49-51). Xu-
TUHA3bl TAKXKE MOTYT ObITh MCITOJb30BaHbI AJIsl TOBBIIEHUS MHCEKTULMIHON aK-
TUBHOCTU B. thuringiensis (52).

OHIopUTHBIE O0aKTepUu — TEePCHEKTUBHBIM O0BEKT B 00JlacTUM OMO3a-
IIWATHI, TTOCKOJIBKY HAaXOIOSATCS BHYTPU PACTCHUSI-XO3IMHA W HETOCPEICTBEHHO
B3aUMOACUCTBYIOT ¢ HUM (53-55). DHO0(PUTHI CHOCOOHBI CHUXATh YUCIEHHOCTh
(uTOmaTOreHOB 3a CYeT KOHKYPEHIIMU 32 3KOJIOTMYECKYI0 HUIIY M CUHTE3a OMO-
jorndyecku akTuBHBIX BelecTB (BAB) (56). B BeretalimoHHBIX M TOJIEBBIX 3KC-
MIEpUMEHTAX U3yJau AeUCTBUE OaKTepuil S3HA0(PUTOB Ha pa3BuTue ¢GuTodPTOopo3a
(57-59) 1 pusokronmnosa kaprodens (60, 61). I[NokazaHo, uTo 3G HEKTUBHOCTD
MPUMEHEHUsI 3TUX OaKTepuil pasiauyalach B MOJIEBBIX YCIOBMSX, a 3DGhEKTHUB-
HOCTb CUHTETUYECKMX XUMUUYECKUX (PYHTUIIUIOB Obuta BhIlIe (59).

AHTaroHUCTUYECKYI0 aKTUBHOCTb YeThbIpeX IUTaMMOB B. subtilis —
MTCC-2422 (T-3), KU936344 (T-4), KU936345 (T-5) u KY936341 (T-6) nipo-
TUB (puTOodTOpPO3a UCCAEMOBAIM B MOJEBBIX ONbITAX MPU BbIpAIIUBAHUU KapTO-

431



(ensa copra Kadbpu JIxoru. B KauecTBe MOJOXUTEIBHOTO KOHTPOJISI MCHOJIb30-
B pyHruumn mMankoied M 45 (CURZATE®) (59). Obpaborka GakTepusMu
3HAYNUTEIHLHO CHIDKAJa 3a00JIeBacMOCTb (UTO(PTOPO3OM IO CPaBHEHMIO C KOH-
TpoJieM, OTHAKO MX 3(P(PEKTUBHOCTh ObIJIa 3HAYUTEIHLHO HIDKE, YeM Y XUMUYe-
cKoro (pyHTUIIMIA: THTEHCUBHOCTD Pa3BUTHS 3a00JIeBaHUS COCTaBIsia 65 % mpu
MpUMEHEeHNN MaHKolleba m Goiee 74 % mipm UCIOIb30BaHUM GakTtepuit (59).
CHuXeHue 3a00JieBaeMOCTU KapTodesiss pU30KTOHUO30M MPY TPUMEHHUU KYJIb-
TypajibHOro unsrpata B. subtilis HussainT-AMU B BereTallMOHHBIX OIBITaX CO-
crasisio 71 %, B mosieBbIX yeaoBusax — 50 %, 4TO CBHIETENBCTBYET O BBICOKOM
OMOKOHTPOJIbHOI aKTMBHOCTU 3TOro IuTamma npotus R. solani (60). O6paboTka
KIIyOHel KapTodest PUTOCITOPUHOM (IKCIIEpUMEHTAIBHBIM TIperiapaToM Ha OC-
HoBe Oaktepuit Bacillus subtilis 26; «bamtMHKoM», Poccust) B KamuaTckoMm Kpae
He TpuBesa K 3(pHEeKTUBHOMY CHIKEHHUIO 3a00JIeBaHMSI PU3OKTOHUO30M: CTe-
MeHb pa3BUTUS 3a00J1eBaHMs Nepea YOOPKO# ypoxkasi CHU3UIach Ha 7,5, pacnpo-
CTpaHEHHOCTh Ooyie3HU — Ha 8,6 %, ypoxkailHOCTh yBemuuiach Ha 4,7 1/ra (61).
OnHako IpHu COBMECTHOI 00padoTke KiyoHeit ¢pyHruuuaom TMTIL (AO dupma
«ABryct», Poccus) B mo3e 1,7 JI/T 1 ONIPBICKUBAaHUM CITOPOOAKTEPUHOM CTEIIEHB
pa3BUTHUSI U PACIPOCTPAHEHHOCTh 0OJIE3HU CHM3MJIACh COOTBETCTBEHHO Ha 11,6
u 48,5 % (61).

OOpaboTka pacteHMii Kaptodesst (QIyonmMMOMHMIOM B MWHMMAJILHOMN
Jo3e 85 r/ra B couetaHuu ¢ B. velezensis SDTB038 3HauuTeNbHO CHU3UIIA T10-
paxaeMocTb GUTOOTOPO30M U MOBbICHUIIA YpOKaliHOCTb. PesynbTaT 00paboTKu
(cpenHsia 3¢ dexTBHOCTD 3a 2 Tona — 69 %) GbUI COMOCTaBUM C ACHCTBHEM
MaKcuMasbHOU m03b1 ¢pyHTHIMaa (170 v/ra) (cpenuss 3hHeKTMBHOCTD 3a 2 TO-
na — 68,6 %). Ucnonb3oBanue 1utamma B. velezensis SDTB038 no3BoJisieT CHU-
3UTh KOHLIEHTpalMO QYHIMLMAA B MOJEBBIX ycaoBUsx (57). M3yueHue HOBBIX
LITAMMOB OaKTepuil SHAO(MUTOB, KOTOPbIE MOXHO MPUMEHSTb JUISl 3alLMThl Kap-
TO(EJIs1 B MOJEBBIX YCIOBUSIX, aKTYaJIbHO JISI COBPEMEHHOTO CEILCKOT0 XO35MCTRA.

B Hacrosiieii pabote Mbl BiepBble YCTAaHOBWIN 3((EKTUBHOCTh IIPUME-
HEHUS SKCIIEPUMEHTAIBHBIX 00PAa3IloB IPErapaToB Ha OCHOBE IIITAMMOB 3HIO-
utHBIX GakTepuii B. thuringiensis W65 u B. amyloliquefaciens P20 B ycimoBusix
ceBepo-3amanga Poccuiickoii Penepaliiy Ipy BeIpallIMBAaHUKM COPTOB KapToheJis,
Pa3IMYHBIX IO YCTOMUMBOCTU K (pUTODTOPO3Y.

Lenpo pa®oThl ObLIa OLIEHKA BIMSHUS 3KCIIEPUMEHTAJbHBIX 00pa3lioB
npenapaToB Ha OCHOBE IUTAMMOB 3HIOMUTHBIX OakTepuil Bacillus thuringiensis
W65 u B. amyloliquefaciens P20 Ha ypoxXaitHOCTb KapTodelss M IopaxkaeMoCTh
pacTeHUi PU3OKTOHHO30M U (UTO(DTOPO3OM.

Memoduxa. DugodutHbie WTaMMbl Bacillus OblTA BBIACIEHBI U3 BHYT-
peHHUX TKaHel Kaptodens (Solanum tuberosum L.) copta CygapbIHs, YCTOHYU-
BOTO K paky Kaptodens. bakrepun naeHTUOULIMPOBAIN HA OCHOBAaHMHM HYKJIEO-
TUOHBIX ITOceaoBaTeibHocTel TeHa 16S rRNA kak B. thuringiensis (intamMm W65)
u B. amyloliquefaciens (1utamm P20). HykiaeoTuaHble mMociieqoBaTeIbHOCTA ObLIU
JernoHupoBaHbl B 0a3y gaHHbIXx GenBank (https://www.ncbi.nlm.nih.gov) nox Ho-
Mepamu cooTBeTcTBeHHO OP537151 u OP537150. LlltamMmbl B. thuringiensis W65
u B. amyloliquefaciens P20 Oblnv Takke AeroHMpoBaHbl B CeTeBoi OMopecypcHOM
KOJIJIEKIIMM B OO0JACTM TEHETWYECKUX TEXHOJOTHI IS CETbCKOTO XO3STCTBA
®I'BHY BHUHUCXM.

It BblaeAeHUS] SHIOMUTOB UCIOIL30BAIM CIASOYIONIYI0 METOIUKY.
KnyoHu xapTodenss npoMbIBaIM BOIOIIPOBOAHON BOAOH, CTEPUIM30BAIA 5 MUH
B 70 % stanone u 10 mun B 15 % H202. [ocne crepununzaiiuy Ux MpOMbIBAIU B
CTEepPWILHON BOAE MATHh pa3 IOCIemoBaTebHO B TedeHMe 2 MMH. [locmemnwmit
cMbIB (40 MUKPOJUTPOB) MOBEPXHOCTHO BBICEBAJM Ha KapTOpelbHO-AeKCTPO3-
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Heiit arap (PDA, «Difco», CIIIA), nuakyouposanu 2 cyt npu 28 °C U IIpH OTCYT-
CTBMM POCTa OaKTepHUii MCITOIb30BaIN CTCPUIbHBIC KIIYOHU 1T BBIACICHUS SH-
nodurtoB. B 1 1 PDA conepxanoch 4 T cyoJUMUPOBAHHOTO KapTogheabHOIo OT-
Bapa, noinydeHHoro u3 200 r kaprodens, 20 r gekcrpossl, 20 r arapa, pH 5,6. B
CTEPUJIbHBIX YCJIOBUSIX KIYOHU pa3pesaiu CKajblleJieM, BbIpe3aad BHYTPECHHUE
TKaHU U MOMEUIAIM UX B CTYMKY C MECTUKOM, TOOABISUIM 5 MJI IUCTUJLIUPOBAH-
HOM BOIBI U PACTUPAIU JO TOMOT€HHOCTU. 3aTeM FOMOI€HHYIO TKaHb KJIyOHel
MCIIOJIBb30BAIN U1l CEPUU TIOCIIEN0BATENLHBIX pasBeaeHuii (1o 1073), U3 KOTOphIX
Jenanyd BbiceB Ha 4vamiku IleTpu ¢ arapuzoBaHHOW cpenoil PDA B 3-kparHoii
noBTopHocty. Yamku IleTpu momemanm B TepmMocTar Ha 5 cyT rpu 28 °C, nocie
YEero M30JUPOBaHHbBIE KOJOHMU OaKTepuii BbiceBaId B IMpooupku ¢ PDA.

DKcrepuMeHTalbHble 00pa3lbl MpernapaToB dHIAOMPUTHBIX OaKTepuil Ha
OCHOBE LITaMMOB B. thuringiensis W65 u B. amyloliquefaciens P20 ¢ 4ucieHHO-
ctbio 500 MmaH KOE (konoHueoOpasyommx equHui) B 1 M ObLIM TTPOU3BEAeHbI
C HCIoJb30BaHUMEM yHUBepcalbHOro ouopeaktopa RALF («Bioengineering»,
IIIBeitapust). B xauyecTBe 3TanoHa ucnoiab3oBanu omodyHruuua buconduCanx,
X (xmokocts) (OO0 «bucondou-Untep», Poccust), 3apernctpupoBaHHEI B PO
IIIsT OOpPHOBI ¢ PU3OKTOHMO30M, (PUTO(GTOPO30M M aJbTePHAPHO30M KapTodes
(TF'ocynapcTBeHHBI KaTajor MEeCTMLUMIOB M arpOXMMMUKATOB, pPa3pelIeHHBIX K
MpuMeHeHnIo Ha Tepputopnu Poccuiickoit ®enepanum, 2022). buodpyHrummzg
BbuconouCan, K npousBoauTcs HA OCHOBE LITaMMa PU30CPEpPHBIX OaKTEpUIi
B. subtilis U-13 (tutp xnerok 500 mun KOE/mn)

st KynbTUBUPOBAHMS OaKTepHii HCIOJNB30BAIM TMTATEIbHYIO Cpemy
CIIEYIOLIETO cOCTaBa (B I/AM3 IMCTMIUIMPOBAHHOM BOIBI): Menacca — 235, KyKy-
py3HbI 3KkcTpakT — 12,5, MgSO04 - 7H20 — 0,2, CaCl2 — 1,0, MnSO4 — 0,01.

YucneHHOCTh OakTepuil B 9KCIEPUMEHTAIbHBIX 00pasliax OIpeaeisuiv
METOJIOM MpeAe/bHBIX pa3BefeHui (62) ¢ OC/IeayIOIMM BhIpallliBaHUEM Ha ara-
pusoBaHHol cpege 'M® cnenyroiiero cocraBa: IM®-ocHoBa — 15,0 r, xiopun
Hatpust — 9,0 T, Mukpobuogornyeckuii arap — 13,5 (HUL D, Poccust). ®yrrn-
HUIHYI0 aKTUBHOCTBH IITAMMOB M3yYaJMl METOIOM KOJIOAIEB Ha KapTodelbHO-
nekctpo3HoM arape PDA (63). CycrieH3nn KOHUAWH M3y4aeMBIX IITaAMMOB (Du-
TOMATOTeHHBIX IPUOOB (5 MJI ¢ KOHLEeHTpauuei 1 X100 KoHuanit/min) n1o6aBsIu
K 250 M terioro (45 °C) kaprodenbHO-AeKCTpo3HOro arapa. Cpeny nepeMelm-
BaJin M pa3nuBaiM B yamku [letpu. [Tocie 3acThIBaHMS B KaXXIOM YallKe IIpoO-
OOYHEIM CBEpPJIOM OBUIM CHIEJIaHBI KOJOAIBI THMaMeTpOM 8 MM U TJIyOMHOM Ha
BCIO TOJIIMHY arapa (4 ILUT. Ha OAHY yYallKy). TecTupyemble OakTepuabHbIE
IITaMMbl BbIpallMBajiu CTAallMOHAPHO Ha KapToheIbHO-IeKCTPO3HOM OYyJIbOHE
PDB («Difco», CIIIA) B Teuenue 5 cyt rpu 28 °C. 3arem 100 MK 6akTepuab-
HOW CYCITeH3WH JO0ABJISUIA B TIPUTOTOBJICHHBIE KOJOMIIBI B TPEXKPATHOM TTOBTOP-
HOCTH. AHTU(QYHTAIbHYI0 aKTMBHOCTh TECTUPYEMBIX INTAMMOB OIIEHWBAIU IO
30HE WHTUOMPOBAHUSA pocTa (DUTOMATOTeHHBIX I'PHOOB BOKPYT KOJIOAIIEB 4epe3
3-5 cyT MHKyOMpPOBaHUSI MHOKY/IMPOBaHHLIX yaiiek Iletpu npu 28 °C.

s M3y4eHUs pOCTCTUMYJIMPYIOIIEH aKTMBHOCTH CTEPUJIbHBIE CeMeHa
kpecc-canara (Lepidium sativum L., 1753) copta JlykaT 3amMauuMBajav B MOJTYYEeH-
HBIX CYCIIEH3USAX KJIETOK GakTepuii ¢ TuTpom 5% 105 KOE/Mn B Teuenue 30 muH,
3aTeM 30 ceMSH BBHIKJIAILIBAIM B CTepMJIBHBIC YallKK [leTpn Ha MOBEPXHOCTH
BJIaXKHOI (bUJIBTPOBAJIbHOM OyMaru. B KOHTpOJIbHOM BapHaHTE ceMeHa 3aMayu-
BaJlU B CTEPWIHLHOM (DU3MOIOTUIECKOM pacTBope. IIpopocTKu BhIpalvBaIn
5 cyt nipu 28 °C. TToBTOPHOCTb OMBITOB 3-KpaTHasl.

B mosieBbIX MEJNKOAEASTHOUYHBIX OMbITaX BbIpALIMBAIM PAaiOHMPOBAHHBIC
K ycinoBusiMm CeBepo-3amaga HOBbIE cOpTa KapTogessl CTOJIOBOTO Ha3zHAYeHUS
Yapout u I'ycap, pazauuamoniyecs: yCTOMUMBOCTbIO K (DUTODTOPO3Y.
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Yapout (opuruHatopbl CeBepo-3anagHoe HITO mo cenexkuuu u pacte-
HueBoacTBy benoropka, OOO CenekimonHas ®upma «Jlura», Ounuan OBI'Y
Poccenbxo3uentp mo HoBropoackoii o6jiacTi) — paHHUU CKOPOCTIENbI COPT,
CPEIHEYCTOMIMBLBIN K (pUTOPTOPO3Y, Tapile OOBIKHOBEHHON M PU3OKTOHUO3Y.
VYpoxaitHocTb Ha ceMmeHHble Lenu — 20-30 T/ra, Ha ToBapHble Leau — 40-
60 1/ra. [lepron OT MOJHBIX BCXOMOB 10 ypoxas — 50-60 cyT.

I'ycap (opurunatop OOO CenexkuuonHas @upma «Jlura») — cpegHecre-
JIBIA COPT, YMEPEHHO BOCHPUUMYUBLIA K (PUTOGTOPO3Y, CPEeAHEYCTOMUUBBINA K
rmapiie oOBIKHOBEHHOM. YpoxKaifHOCTh Ha ceMeHHbIe e — 25-30 T/ra, Ha TO-
BapHble Lenu — 40-60 T/ra. BererallMOHHBIN MEpPUOI OT ITOJHBIX BCXOIOB 10
yoopku — 75-80 cyT.

MenkoaenssHouHble OIBITEI TpoBoauiau Ha nojie ®I'BHY Jlenunrpan-
ckoro HUM cenbckoro xossiictBa «benoropka» (a. benoropka, JIeHuHrpaackast
00J1., laryuHckuit p-H). [louBa — AepHOBO-MOA30JUCTASI JIETKOCYIJIMHUCTAS
CPENHEOKYJbTYpEHHasd CO CJIEAYIOIIMMU arpoOXMMHUYECKMMU TOKa3aTelsiMU Ta-
XOTHOTO CJIOSI: cofepkaHue moaBmxkHoro gocdopa P20Os — 20,2 mr/100 1, 00-
meHHoro KoO — 7,7 mr/100 r mouBbl, opraHM4Yeckoro Beuiectsa — 2,6 %,
pHcon. 5,1. I'panyoMeTprYecKmii COCTaB MOYBBI OIMBITHOTO YYacTKa OBII OTI-
TUMaJieH ISl Bo3aesbiBaHUsl KapTodens. [IpeaiecTBeHHUK — 03UMasli pOXb,
CceBOOOOPOT IOJIEBOIA.

MuHepanbHble ynoopenust B Buae azodocku (NPK 16:16:16) BHOCHIM
repen Hape3Koii rpebHeit n3 pacyera 500 kr/ra (rmo 80 xr/ra a.8.). [Tocanky kap-
todens nposoauan 8§ mas 2020 u 2021 roma. Yxon 3a mocagkaMM COCTOSIT U3
JBYX MEXIypsiAHBIX 00paboTok — goBcxomoBoro (12 utonst 2020 roga u 10 utoHs
2021 ropma) u mocneBcxomoBoro okyunBaHus (28 uwoHs 2020 roma u 25 utoHs 2021
rona). Jlo yoopku Oblja mpoBeAeHa XUMUUecKasl Aecukaius npenaparoM [ongeH
Punr («Arpo Okcnept I'pyn», Poccust) B HopMe 2,0 j1/ra. OnpbiCKMUBaHUE Bere-
TUPYIOIINX PACTEHWI BHITTONHSIIA C TIOMOIIBIO aKKyMYJISITOPHOTO PaHIIEBOTO
onpeickuparenst Solo («SOLO Kleinmotoren GmbH», I'epmanust), pacxon pado-
yeii xxugkoct — 500 n1/ra.

BapuaHTBI pa3Melnaam MeTOIOM paHIOMU3AlINK ¢ 3-KpaTHOM TTOBTOPHO-
cTbio. Ilnomans y4yeTHON HEeJTHKM Ha BCeX coprax cocrasisuia 11,2 M2, mm-
puHa — 2,8 M (4 rpebHs1), namHa — 3 M. Ypoxaii cobupanu 15 ceHTIOps B
2020 romy u 10 centsa6pss B 2021 roay. PazButue 3aboseBaHMii onpeneasiiu B
2021 roay. Ilpu olieHKe 3a00J1€Ba€MOCTM PU3OKTOHMO30M YYET MPOBOAMIN IO
CTeOJISIM M CTOJIOHAM Ha 24 KycTax B KaXIOM BapuaHTe OIbITa, MPH OLEHKE
pacnpoctpaHeHus1 purodropo3za — 1o 45 KycTaM B KaXXJIOM BapHaHTE OIIBITA.
CremneHb pa3BUTUS PU30KTOHMO3a U (PUTO(PTOPO3a OIMpEneIsiiA COrIACHO Me-
TOAVMYECKUM YKa3aHHMSIM TI0 PETUCTPAIIMOHHBIM WCITBITAHUSIM (YHTHIIMIOB B
CEJIbCKOM Xo03s1iicTBe (64).

PazButue durodroposa oueHUBAIM MO §-O0aNIbHON IIKajae CO CIAEAyIO-
MU rpagauusMu: 0 — IpU3HAKOB MOpakeHUs HeT; 1 — IopaXeHO MeHee
2,5 % TIOBEPXHOCTH JIMCTHEB; 2 — MopaxeHo 2,5-5 % auctoes; 3 — 6-10 % nu-
ctheB; 4 — 11-15 % nmucTheB; 5 — MOYTH KaXXIbIil JIMCT TopaxeH, 16-25 % 3a-
ChIXaHUeE JINCThEB; 6 — 26-50 % 3achIxaHWe JIMCTHEB, HAYAJIO MOPAXKEHUST CTED-
neit; 7 — 51-75 % 3ackixaHWe JTUCTBEB, IIPOTPECCUPYET TMTOpakeHNe CTebJIei;
8 — pacrteHme 1ornoIIo.

Pa3BuTre pu30KTOHMO3a Ha CTOJIOHAX OLIEHUBAJIM T10 3-0aJIJIbHOM ILIKaJIe:
0 — MPU3HAKOB MOpPAXeHUs HET; | — MmopaxeHo 10 !/3 cTo10HOB; 2 — MopaxeHo
1/3-2/3 crononos; 3 — mopaxeHo cBbIlLIe 2/3 cToNOHOB. Ha pocTkax u cTe6isx
IJIS1 OLIEHKW Pa3BUTUSI PUBOKTOHMO3a MPUMEHSIN 4-0auibHyto 1miKany: 0 — npu-
3HAKOB MOPakKeHUS HEeT; 1 — IITHA (SI3BBI) HA POCTKAX WJIM CTEOJISIX eMIMHUIHEIC,
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MOBEPXHOCTHBIE, PACIIPOCTPAHEHLI HE GoJsiee 4eM Ha !/4 JUIMHBI POCTKA W TOJ-
3eMHOM Y9acTH CTeOJIsI; 2 — SA3BBI OXBATBHIBAIOT BCIO OKPYKHOCTH, JO TTOJIOBUHBI
pOCTKa M MOA3EMHON 4YacTu cTebsisg; 3 — sI3Bbl INIyOOKME, OXBaTbIBAlOT BCIO
OKPYXHOCTh 1 00JIce TTOJIOBUHBI POCTKA M TTOM3EMHOM YacTu cTeOIIst, CTeOMM Ja-
CTUYHO 3aBSUIA, JIUCThSI CKPYTWJIMCh M MOXENTeJu; 4 — TMOJHOE 3arHUBaHUE
pOCTKa, HUXXHEH YyacTu CTeOJIsl U KOpHE, rMbesib pacTeHUsI.

Buonoruyeckyio 3¢p@GeKTUBHOCTh PACCUMTHIBAIM MO (hopmyie:

BD = (K - b)/K x 100 %,
rae b® — 6uonoruyeckas apdekTuBHOCTH Npemnapara, K — MHTEHCUBHOCTh pa3-
BUTHS 0OJIE3HM B KOHTpoJie (0aia), b — UHTEHCUBHOCTb pa3BUTUSI OOJIE3HU B
BapuaHTe ombiTa (0as).

CraTucTuyeckyo 00paboTKy MOJyYeHHbBIX Pe3yabTaTOB MPOBOAUIN C UC-
MmoJib30BaHMeM mporpaMmbl Statistica 10 («StatSoft, Inc.», CILIA). Beruuciasim
cpeaHue apudpmeTnyeckue 3HayeHus (M) M cTaHOApPTHbIE OILIMOKU CpeaHMX
(£SEM), a Tak:Ke HAaUMEHBIIYIO CYLIECTBEHHYIO Pa3HOCTh — BEJIMYMHY, YKa3bl-
BAIOIIYIO TPAHMILY CIIyYaHBIX OTKJIIOHEHU B SKCIIEPUMEHTE TIPU YPOBHE 3HAUM-
Moctr 95 %. 151 OLlEHKM CTaTUCTUYECKON 3HAYMMOCTH Pa3IN4uil MEXIY Cpei-
HUMHM BapHaHTaMHM OITBITOB MCITOJIL30BaIM TeCT JIyHKaHa.

Pezyasvmamei. Tlepen npoBeaeHUEM MOJEBbIX MEJIKOJAEASIHOYHBIX OIBbITOB
MbI OLIEHUJIM POCTCTUMYJIHUPYIOLIYIO U QYHTUIIMAHYIO aKTUBHOCTb 9KCITEPUMEH -
TaJbHBIX OOpPA3LIOB INTAMMOB SHAO(MUTHBIX OakTepuil B. thuringiensis W65 u
B. amyloliquefaciens P20. Kak mokazanm pe3yiabTaThl JAOOPATOPHBIX OIBITOB,
IITaMMBI 00J1amany KakK POCTCTUMYIMpYIOlIeil (YBeIndeHne IIMHB KOpHEH ca-
JlaTa OTHOCUTEJIBHO KOHTPOJISI COOTBETCTBEHHO Ha 12,3 u 18,9 %) (p < 0,05), Tak
U (YHTULIMAHOW aKTMBHOCTBIO (Tabia. 1, puc. 1).

A

Puc. 1. ®yurunuaHas akTuBHOCTh mramMma B. amyloliquefaciens P20 no oTHOLMIEHHI0 K MUKPOMHMIIETAM
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Rhizoctonia solani Kithn (A) u Phytophtora infestans (Mont.) de Bary (b): cneBa — KoHTpoJsib (cTe-
pwiIbHas Boja), clipaBa — OaKTepuayibHas cycneH3ust B. amyloliquefaciens P20.

1. Pocrcrumysmpyiomas u (DyHIMIUIHAS AKTHBHOCTD KCIEPUMEHTAIBHBIX 00pPa3IoB
mTamMMoB SHAOGUTHBIX OakTepuii poga Bacillus, BbiAeIEHHBIX U3 BHYTPEHHHX TKA-
Heii kaprodens (Solanum tuberosum L.) copra Cynapeing (M+=SEM)

YBenuueHue MivHbI | luaMeTp 30H MHTMOMpPOBaHMSI pocTta rpuba, MM (n = 3)

KOpHeit, % otHocu- |Phytophtora in- . . . . |Fusarium co-
BapuaHt Rhizoctonia |Fusarium solani .
TeJIbHO KOHTposs  |festans (Mont.) solani Kihn (Mart.) Sacc eruleum (Lib.
(n = 100) de Bary ’ " lex Sacc.)
B. amyloliquefaciens P20 18,911,3 17,5£1,0 25,1£1,9 19,9+1,5 21,5t1,7
B. thuringiensis W65 12,31£0,9 13,5%0,3 18,710,5 8,7+0,7 13,1£1,1

Illpumeuanue. [lpu oueHKe POCTCTUMYIMPYIOIIE AaKTMBHOCTM WCIOJIb30BATM DPACTEHMsS] Kpecc cajara
(Lepidium sativum L., 1753) copra Jlykar.

Takum 06pa3oM, o6passl SHIODUTHEIX 6akTepuit B. thuringiensis W65 n
B. amyloliquefaciens P20 6bu11 oTOOpaHbI AJIS1 TIPOBEASHUS TTOJEBBIX MEJKOAEIS -
HOYHBIX OITBITOB.

A b
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Puc. 2. Cpennsis Temneparypa Bo3ayxa (A) u cymma ocankos (B) mo mecsimam B roapl HaOJ0aeHHMIi:
1 — 2020 rom, 2 — 2021 ron, 3 — cpennue MHoOroJieTHUE maHHbIe 3a 1990-2020 roasl (10 JaHHBIM
O0benuHeHHON ruapoMeteoposiorndeckoit craHiuu OI'MC «benoropka», n. benoropka, JleHnMH-
rpanackasi 00:1., laTuymHCKuit p-H).

2. CxeMa npuMeHEeHHs XMUMHYECKMX M MHKDPOOMOJIOTMYECKHX CPEACTB 3aIUThI pac-
TEHHid B N0JIEBOM MEJIKOAEISIHOYHOM OINbiTe Ha coprax Kaprodens (Solanum
tuberosum L.) Yapout u I'ycap (onbiTHoe mosie @TBHY Jlenunrpanckoro HUU
celIbcKOoro xo3siicTBa «bemoropka», n. bemoropka, Jlenunrpanackas o6:., I'aT-
yuHCcKui p-H, 2020-2021 roxasr)

Hopwma
BapuanTt IMpenapaTsr pacxoa Jlata 00paboTKMN

Yuctslit KoHTposib OOpaboTKa KITyOHEl M ONPBICKMBAaHUE BOIOM

XuMnaeckuit Cenecr Ton, KC («Cunrenra», Poccust) 0,4 n/T 28 mast

KOHTPOJTh 3ymmep, KC (000 «KPOTIBKC», Poccust) 0,3 1/ra 05 wmtons
Nudunuto, KC («Bayer Crop Science», I'epmanust) 1,2 n/ra 13 uronst
Parmun dyst, CIT («Arpopyc u Ko», Poccust) 2,0 xr/ra 22 wionst
HNudunuto, KC («Bayer Crop Science», ['epmaHust) 1,4 n/ra 02 aBrycra
Manxkoue6, CIT («Arpopyc u Ko», Poccust) 1,2 xr/ra 10 aBrycra

Tonpen Punr, BP («Arpo Dkcniept I'pym», Poccust) + 3ym- 2,0 + 0,3 si/ra 19 aBrycra
mep, KC (000 «KPOITBKC», Poccus)
buonornyeckuit  buconouCan, XK (OOO «bucondu-Uurep», Poccus) 4,0 1/t 28 mast
3TaJIOH 10 1/ra 01 wions, 05 urons,
13 wtonst, 22 wions,
02 aBrycra, 10 aBrycra
Tommen Punr, BP («Arpo Okcriepr ['pym», Poccust) + 3ym- 2,0 + 0,3 1/ra 19 aBrycra
Mep, KC (000 «KPOITBKC»,, Poccust)
B. thuringiensis W65 DxcriepuMeHTaIbHBIN 00pasel] rpernapara - -
Bacillus sp. X20 DKCcrnepuMeHTaIbHBIN 06pasel] mpernapara - -
IMpumeuanue. [Tpouepkr 03HAYAIOT, YTO CXeMa MPUMEHEHUS] aHATOTMYHA TAKOBOW Ul OMOJOTMYECKOTO
JTajJoHa.

OCHOBHBIE MCTCOPOJIOTMYCCKUE IMOKA3aTCJIM BCIr€TallMOHHOIO II€pHuoaa
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2020 1 2021 romos, 1o gaHHLEIM O0bEeAMHEHHOM TMAPOMETEOPOJIOTMYECKON CTaH-
uuu «benoropka», mpencTaBieHbl Ha PUCYHKE 2.

CxeMa MoJieBbIX MEJIKOAEISTHOUYHBIX OMBITOB Ha ABYX COpTax KapTodess
NpeAcTaBieHa B Tabaule 2.

Ce3soH 2021 roma xapakKTepHu30BaJiCsl CHJILHOI ITOYBEHHOM 3aCyxoii, n3-3a
KOTOpOI BCXOMbl ObUIM OYeHb HEPABHOMEPHBIMU, C BbIMAAAMU U yYaCTKaMU, OT-
cTalollMMU B pocTe. B mepuos ¢ Havana uioHs 10 KoHua | qekanbl uiojiss ocaakoB
Ha OIBITHBIX YYacTKax ITOJIsI He Habmogaaock. B atux ycinoBusx copt I'ycap mo-
Kazajl YCTOMYMBOCTh K 3acCyxe, YpOXKaiHOCTh B KOHTpOJie ObLia Ha 27 % BBlllie
no cpaBHeHUIO ¢ 2020 rogom (tabia. 3). B To ke Bpemsi ypoxkaiiHOCTb KapTodest
copra Yapout cHusmiack Ha 4,7 %. B 2021 rogy u3-3a 3aCylLIMBBIX YCIIOBUI B
Mepuoj, UBeTeHUs KapTtodensi HabMoAaIoCh CKYIHOE LIBETEHUE OOOUX COPTOB C
MaccoBbIM omnageHueM OyToHOB y copTa I'ycap. Ocaaku aBrycra 2021 roma npu-
BEJIM K POCTY HaJA3eMHON MacChl paCTeHUI U YCUJIEHUIO BETBJIEHUSI Y 000UX COp-
ToB Kaptodensa. OrmeueHHas B 2020 roay TeHASHLMSI YBEJIWYEHUS MTPOAOJIKU-
TEJbHOCTH LIBETEHUs] MPU NPUMEHEHUM MUKPOOUOJOTUYECKHUX IpernapaToB Co-
xpaHunachk B 2021 rony.

AHanu3 pe3yJbTaTOB 2-JIETHUX MOJEBbIX MEJKOAEISIHOYHBIX OIMBITOB MO~
Kazasl, YTO MPU MHOKYJSILIMKA 9KCIEPUMEHTAIbHBIMU 0Opa3laMu mpernapaToB He
Ha0J/II0Aa/I0Ch JOCTOBEPHOTO YBEJIUUEHHUS! BBICOTHI pacTeHuit (cM. Tabiu. 3). DTtu
JAHHBIE COMIACYIOTCS C pe3yabTaTaMU IPYruX McciaemnoBaHuii (65).

3. buomerpnyeckue mapametpsl pactenuii Kaprodenst (Solanum tuberosum L.) nByx
COPTOB, BBIPAIEHHBIX B YCJIOBUSAX MEJIKOIEJISTHOYHBIX MOJIEBBIX ONMBITOB C MpHMe-
HeHHEeM XUMHYEeCKMX (DYHIMIMIOB M IKCHEPUMEHTAIBHbIX 00pa3IoB MpenapaToB
sHnohuTHBIX OakTepuii poaa Bacillus, BbieJeHHbIX U3 BHYTPEHHUX TKaHei KapTo-
thens copra Cymapems (n = 45, MESEM; onbitHoe nonie PI'BHY Jlenunrpan-
ckoro HUU cenbckoro xo3siictBa «benoropka», 1. benoropka, JlennHrpaackas
001., latunnHckuit p-H, 2020-2021 romas)

Bricota CpenHsist macca |Yucno kiryOHeit ¢ YpoxaitHOCTb,
BapuanTt pacTeHuii, cM KJIyOHs, T OJIHOTO KycCTa, UIT. r/KycT
2020 | 2021 2020 | 2021 2020 | 2021 2020 | 2021
YapouT (ycTOHYMBBIi COPT)
YuCThIii KOHTPOJIb 51,244,823 50,1+4,62 79,8+5,43b 70,0+4,7> 8,1+0,4> 8,8+0,4b 6474+28> 617+32¢
Xumuueckuit KOHTposib 54,314,632 52,4+4,82 78,6+5,2> 83,746,228 9,040,52 8,840,4> 708+363b 7324512
Bucon6uCan, K 56,1£7,02 53,6+4.42 85,545,828 79,545,423 9240,78 9,240,438 7874542 727+482
B. amyloliquefaciens P20 58,416,62 53,744,683 79,115,028 75,645,03 8,640,430 9,040,33> 625+£30¢ 681434b
B. thuringiensis W65 55,245,282 51,14£4,02 85,5+5,42 70,3+4,0b 7,9+0,3b 9,840,628 7361502 686136
HCPos 7,3 4,8 3,9 4,3 0,8 0,6 32,3 40,6
F'ycap (BOCIpUUMUUBEII COPT)
YKCTBIl KOHTPOJTH 52,314,228 44,5+4,0b 42,3+3,42 454+3,82b 12,0+0,7° 14,240,9> 508+31> 645+32b
XuMudeckuit KOHTporb 53,3+4,02 50,9+4,62 40,643,638 44,5+3,6> 12,240,760 15,5+0,82 496428 689+302b
bucon6ouCan, XK 56,316,82 49,9+4 42 40,3+4,22 49,6+4,020 13,0+0,8 14,3+1,0b 524432b 709+342
B. amyloliquefaciens P20 56,016,22 48,2+4.23 40,0+2,82 450+3,8% 14,140,982 16,1+1,18 564+303b 7024402
B. thuringiensis W65 55,44+4,62 47,1+4,02 39,5+3,0b 43,242,8> 14,740,92 15,6+0,6b 5814+252 695+362
HCPos 6,4 4,2 2,4 2,8 0,6 0,4 25,4 34,2

a, b, ¢ PazHple GYKBbI O3HAUYAIOT, YTO CPEIHUE BEJIMUMHBI MOKA3ATENS Il BADUAHTOB B CTONOLIE CTATUCTUYECKU
3HAYMMO pa3nuyaroTcs mo tecty dyHkana nipu p < 0,05.

B cpenHeMm mpu npuMeHEHUHU Tperapara Ha ocHoBe B. amyloliquefaciens
P20 ypoxaitHocTh KapTodesisi 3a BeretralluoHHbIN ce30H 2020 roma rnmoHu3uWIach
Ha 3 % 10 CpaBHEHUIO C KOHTPOJBHLIM BaprMaHTOM, a B 2021 roay nmoBBICWIACH
Ha 10,3 % y ycroituuBoro K ¢purodroposy copra Yapour. YpoxkaitHOCTb BOCIIPU-
WMYMBOro copta I'ycap moBbIcWIach MPU MPUMEHEHUM TpernapaTta Ha OCHOBe B.
amyloliquefaciens P20 Ha 11 u 8,8 % cootBerctBeHHO B 2020 1 B 2021 romax. I1pu
WCIIOIb30BaHMU TIpeTiapaTa Ha OCHOBe B. thuringiensis W65 ypoxkaliHOCTb KapTo-
densa oboux mzyyaeMbix coptoB goctoBepHo (p < 0,05) moBslanack ot 7,7 10
14,4 %. HauGombliee MOBHIIICHUE YPOXANHOCTH IPY IIPUMEHEHUH IIperapaTa
Ha OCHOBe B. thuringiensis W65 ormeuanoch B 2020 romy u cocrasisuio 13,7 % y
copra Yapout u 14,4 % y copra I'ycap.
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Poct ypoxkaitHoctn kaptogensi coptra Yapout npu obpaboTKe MUKPO-
OMOJIOTMYECKUMHU TIperiapaTaMy MPOMCXOAMJI B OCHOBHOM 3a CYET ITOBBIIICHUS
cpemHeit Macchl KiyoHs, y copta ['ycap — Giaromapsi yBeJITWUEHHIO YHCIIa KITyO-
HEW Ha OJTHOM KYCTE.

O06paboTKM XMMHWYECKUMU (DYHTUIMIAMU HE OKa3alud CTaTUCTUUYECKH
3HAUMMOTIO BJAMSIHUSI HA M3MEHEHUE CpeAHEeil Macchl KIyOHS y 00oux u3yyae-
MBIX COPTOB, 3a McKiItoueHueM copta Yapout B 2021 rogy. IlonyyeHHble HaMU
Pe3YJIbTaThl COINIACYIOTCS C JAHHBIMU IPYrUX UccienoBatesieid. M3BecTHO, 4To
3HAO(GUTHBIE IITAMMEI MOTYT CTUMYJIMPOBATh POCT PACTEHMI, TIPOAYLHPYS Pur-
TOTOPMOHBI, YBEJIMUMBAsA JOCTYITHOCTb 3JIEMEHTOB ITUTAHUS, TIOBBIIIASI CTPECCO-
YCTOMYMBOCTh pacteHuii (53, 66). baktepuu pona Bacillus, nmponyuupys pasainy-
HbIe METa0OJMTHI, TPOSBISIOT (UTOIPOTEKTOPHEBIE CBOMCTBA B 3aCYIIIUBBIX
ycnoBusx (67). Tak, adpdekTuBHOCTD ITamMMa B. velezensis AFB2-2 ipotu ¢u-
ToTOopo3a KapTodeiss B YCIOBUSIX 3aKPBITOrO I'pyHTa cocTamisuia 85,7 % 3a
cyeT OWocuHTe3a OamwmoMuiuHa D, utypuHa u cypdakruna (58). pyroit
wramM, B. velezensis SDTB038, obecneunBan 3((EeKTUBHBIA KOHTPOJIbL (PU-
TopTOpO3a KapTodeas B TeIJIMLAX M Ha MOJISIX M CIIOCOOCTBOBAJI POCTY pacTe-
HuUil kapTodens (57).

IIpy mpuMeHEeHNM SKCIEPUMEHTAIBEHBIX 00pa3IloB IIpeIapaToB Ha OC-
HoBe B. amyloliquefaciens P20 u B. thuringiensis W65 B HalIMX ONBITaX BBIXOI
(pakuuu kyoHel pasMepoM Oosiee 55 MM yBeaUuMIcs y Kaptogenss copra Ya-
pout Ha 22,5-30,6 % (p < 0,05) (tabn. 4). Takoe Xe BIMSIHME Ha CTPYKTYpYy
ypoxasl KIyOHeld 3TOro copTa okKaszajo IpuMeHeHue omodyHruuuaa bucoadu-
Can. OnHako Ha copte 'ycap momoOHBIX U3MEHEHUI He oTMedanu (Tabi. 4).

4. MpakuuoHHbIii cocTaB KiyoHeil kaprodens (Solanum tuberosum L.) nByx coprtos,
BbIPAIEHHDbIX B YCIOBUSAX MEJKOEIIHOYHBIX MOJIEBbIX ONBITOB ¢ MPUMEHEHHEM XH-
MHYeCKHUX (DYHTHIIMIAOB W IKCIEePUMEHTAIBHBIX 00Pa3I0B NMPenapaToB 3HA0(GUTHBIX
OakTepmii pona Bacillus, BbineNeHHBIX M3 BHYTPEHHMX TKaHeii Kaprodeis copra
Cymapems (n = 30, MESEM; onwitHoe Ttoste ®TBHY Jlenunrpanckoro HUU
cenbekoro xossiictea «benoropka», a. benoropka, JleHuHrpaackas oos., at-
YUHCKUI p-H, 2020-2021 rozasl)

Brixos KiyOHel no gppakuusm, %
BapuaHt <35 MM 35-45 mm 46-55 MM > 55 MM
2020 [ 2021 2020 [ 2021 2020 [ 2021 2020 [ 2021
YapouT (ycTOHUMBHIi cOPT)
YucThIi KOHTPOITH 22,2+1,1b 20,5+0,8b 37,0+1,42 38,6+1,4% 34,6+1,6 38,6+1,22  6,2+0,4¢ 2,310,1¢
Xumunueckuit koutponb 21,610,830 14,8+0,4d 355+1,2ab 39.8+1,38 36,7+1,82 37,5+1,63 6,7+0,3¢ 8,040,3v
BbuconouCan, XK 19,440,6° 17,4+0,4c 32,6+0,8¢ 34,8+1,8> 38,0+2,72 39,1£1,62 10,0+0,67 8,710,22
B. amyloliquefaciens P20 24,1+1,08  23,5+0,92 32,9+0,6¢ 34,74+0,8> 354+143b 36,7+1,80  7,61+0,5° 5,110,1b
B. thuringiensis W65 19,8+0,4¢ 20,0+0,4b 34,940,5> 41,1+1,62 37,242,020 333+14c 8,1+0,6b 5,610,1b
HCPos 1,2 0,9 1,1 1,4 1,9 1,8 0,8 0,3
['ycap (BocHpMMMYMBBIA COPT)
YYCTBIl KOHTPOITh 41,642,70 29,6+0,80 43,34+2,2a 45,8+2,73b 15,040,682 22,6+1,2b 0,080,004 0
XuMudecknit KOHTposb 46,412,82  36,8+1,82 38,5+1,43b 47,243 12 15,0+0,82 15,5+0,6¢ 0,13+0,01¢ 0
BbuconouCan, XK 44,542,4% 27 3+1,1¢ 38,5+1,6% 46,8+3,02b 15,0+0,42 25,2+1,42 0,13+0,01¢ 0,7+0,0
B. amyloliquefaciens P20 47,3+2,42 38,5+2,02 39,8+1,4b 44,8+24b [1,140,4c 16,7+0,8¢ 1,80+0,122 0
B. thuringiensis W65 46,743,020 34,8+0,9b 38,1+1,5b 50,3+3,22 13,6+0,7> 14,9£0,49 1,60%0,10b 0
HCPos 2,7 1,3 1,5 3,1 0,7 1,3 0,02 0
a, b, ¢, d PagHple GyKBbI 03HAYAIOT, YTO CPEAHUE BEIMUYMHBI TIOKA3ATENsA Il BADMAHTOB B CTONOLIE CTATUCTHYECKU
3HAYMMO paznnuatorcs mo tecty Jlynkana mpu p < 0,05.

MakcumanbHast ypoxaiiHOCTb (T/ra) Kaptodens copta Yapout Oblia 1o-
aygeHa B 2020 romy B BapuMaHTE C NPUMEHCHMEM OMOJOIMYECKOIO 3TaJloHa
buconouCan (tab6n. 5). B 2020 rogy nmpu KCIOIb30BAHUM DKCIIEPUMEHTATbHBIX
00pa3sLoB IIpenapaToB Ha ocHOBe B. amyloliquefaciens P20 u B. thuringiensis W65
ObUIM TIOJy4YeHbl JocToBepHble paznuuus (p < 0,05) B ypoxkae kapTodenst coprta
I'ycap 1o cpaBHEHMIO C XUMUYECKUM KOHTpoJjeM, ogHako B 2021 romy 3Tu pas-
JU4Yus He BbiaBUAU. CleayeT OTMETUTh, UTO MpuOaBKa ypoXKaifHOCTH B BapuaH-
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Tax C 9KCIIEpUMEHTAJIbHBIMK OOpa3laMu Oblla COMOCTaBMMa WU BBILIE, YeM
npudaBKa, MOJyYeHHas B Cilydae XMMWYECKUX (DYHTULIMAOB (CM. Tadd. 5).

5. Ypoxaiinocts Kaprodens (Solanum tuberosum L.) nByX cOpTOB, BbIPALIEHHBIX B
YCJIOBHSIX MEJIKOAEJIIHOYHBIX MOJIEBBIX ONMbITOB C MPUMEHEHHMEM XUMHYECKUX (yH-
TANUIOB W JKCIEPAMEHTAJIBHBIX 00pa3loB mpenapaToB SHAOGHUTHBIX OaKTepwii
pona Bacillus, BbiaejeHHbIX U3 BHYTPEHHUX TKaHell kaprodeins copra Cynapbins
(n = 45, MESEM; onbitHoe noje ®TBHY Jlenunrpaagckoro HUU cenbckoro
xo3siicTBa «benoropka», . bemoropka, JleHuHrpaackast ooi1., ['aTYMHCKUIA p-H,
2020-2021 romasl)

2020 ron 2021 ron
. npubaBka, % . npubaska, %
Bapuanr ypoxami- ypoXam-
K KOH- |K XMMWYECKOMY K KOH- | K XUMUYECKOMY
HOCTb, T/Ta HOCTb, T/Ta
TPOJIO | KOHTPOJIIO TPOJIIO | KOHTPOJIIO
Yapourt (yCTONUUBBIN COPT)
YucThlii KOHTPOJIb 39,3t1,1b - - 35,2+1,7¢ - -
Xumudeckuit KoHtponb 43,0410 9,4 - 41,7+1,62 18,4 -
Bucon6uCan, 2K 47,8+2,02 21,6 11,2 41,4+1,42 17,6 -
B. amyloliquefaciens P20 38,0+1,0b¢ - — 38,8+1,5b¢ 10,2 —
B. thuringiensis W65 44,742 2ab 13,7 4,0 39,1£1,20 11,1 -
HCPos 1,9 1,8

IF'ycap (BOCIpUMMYMBLIIA COPT)
YHCTBIiT KOHTPOITb 30,8+1,5b - - 36,7+0,3b - -
Xumuueckuit Koutposin  30,2+3,00 - 39,241,23b 6,8 -
BuconouCan, 2K 31,9+1,520 3,5 5,6 40,4%1,72 10,1 3,1
B. amyloliquefaciens P20 34,3+212 11,4 13,6 40,0+1,42 9,0 2,1
B. thuringiensis W65 35,3+1,52 14,6 16,9 39,6+1,52 7,9 1,0

HCPos 1,5 1,7

[Ipumeuanue. [Ipouepkn 03HAYAIOT OTCYTCTBME CTATMCTUYECKM JTOCTOBEPHOU MPHOABKM IO OTHOLIEHUIO K
KOHTPOJIIO.

3, b, ¢ Paznple GyKBbl O3HAYAIOT, YTO CPEIHUE BEJMYMHBI T10KA3aTeNsl [js BAPUAHTOB B CTONGLIE CTATUCTUYECKU
3HaYMMO pasinyaroTcst o Tecty JdyHkana npu p < 0,05.

6. PacnpoctpanendHocts (P) u passurue (R) pusokronuo3a u dutodroposda (1o
wkane Beepoccuitckoro HUW 3amuTsl pacteHuit) B ¢a3y OyToHu3auum KapTo-
tdena (Solanum tuberosum L.) nBYX COPTOB, BBIPAIEHHBIX B YCJIOBHSAX MeJIKOJE-
JISHOYHBIX MOJIEBBIX ONBITOB C MPUMEHEHHEM XHMHYECKHX (PYHIHIMIOB M IKCHEepH-
MEHTAJIbHBIX 00pa3LOB NpenapaToB 3HAO(MUTHBIX Oakrepmii pona Bacillus, Bbine-
JIEHHbIX M3 BHYTPEHHHMX TKaHeii Kaprodes copra Cynapsinsa (MESEM; onbiTHOE
nojne ®OI'BHY Jlenunrpagckoro HUU cenbckoro xossiictBa «benoropka»,
1. benoropka, Jlenunrpanckas o6:., I'atunnckuii p-H, 2021 rom)

Pusokronmnos durodropos
Bapuant crebnu CTOJIOHBI
P, % ‘ R, Gt P, % ‘ R, Gt 59, % P, % R, ban 59, %
YapouT (YyCTOWYMBBINA COPT)

YHCTBINE KOHTPOJIb 100 1,0 100 2,6+0,32 100 2,1£0,302
Xumudeckuii KoHTpoiab 100 1,0 100 2,5+0,32 3,8 6,7 0,1+0,01¢ 95,2
BuconouCan, 2K 100 1,0 100 2,5+0,32 3.8 88,9 0,9+0,1b 57,2
B. amyloliquefaciens P20 100 1,0 100 2,310,32 11,5 90,5 1,240,070 42,9
B. thuringiensis W65 100 1,0 100 2,610,442 - 100 2,1£0,22 -

HCPos 0,6 0,8

F'ycap (BOCIpUMMUUBEII COPT)

YuCThIii KOHTPOJTb 100 1,0 100 2,910,12 100 7,210,22
Xumuaeckuit KoHtposib 100 1,0 100 2,440,20 17,2 28,9 0,710,04¢ 90,3
BuconouCan, K 100 1,0 100 2,610,230 10,3 100 6,910,22 4,2
B. amyloliquefaciens P20 100 1,0 100 2,540,136 13,7 98,0 6,240,1b 13,8
B. thuringiensis W65 100 1,0 100 2,9+0,32 - 100 7,1+0,52 1,4

HCPos 0,5 0,8

Mpumeuvanne. bBD — Guonornyeckast appekTnBHOCTb. UMCIIO YUTEHHBIX pacTeHHl PU OLIEHKe 3abosieBa-
€MOCTH PU30KTOHMO30M B KaXJIOM BapuaHTe — 24, ipu 3aboseBaeMocTu ¢utodroposom — 45. BD — Guonoru-
yeckast 3¢deKTUBHOCTb Tpenapara. [Ipouepkr 03HAYAIOT OTCYTCTBUE CTATUCTMYECKH JOCTOBEPHOU MPUOABKH MO
OTHOILEHHIO K KOHTPOJIO.

a, b, ¢ PagHple OYKBbI O3HAYAIOT, YTO CPEIHME BEIMYMHBI TOKA3ATENs 11l BADUAHTOB B CTOJIOLE CTATUCTHYECKU
3HAYMMO pas3ynyaroTcs no tecty dyHkana npu p < 0,05.

ITorogHbie yciioBus BereTallMOHHBIX ce30HOB 2020-2021 romoB He crio-
COOCTBOBAJIM Pa3BUTUIO PU3OKTOHMO3a. YKCIIO MOpakeHHBIX pacTeHUl (cTedneit
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U CTOJIOHOB) BO BCEX BapuaHTax OIbiTa B (pa3y OyTOHM3ALMKM Ha 00OUX COpTax
Kkaptodensa cocrabmio 100 %, onHako mopaxeHue ObIJIO OYeHb CIabbiM — 1 Gasut
IO LIKaJIe pa3BUTHUSI pPU3OKTOHMO3a (Tabu. 6). HecMoTpst Ha GyHIMUMOHYIO aK-
TUBHOCTh M3y4YaeMbIX IIperapatoB Ha OCHOBe B. thuringiensis W65 u B. amy-
loliquefaciens P20, BbISIBICHHYIO B JJaOOPATOPHBIX SKCIIEPUMEHTAX, OHU HE OKa-
311 9 GEKTUBHOTO AEMCTBUSI HA Pa3BUTUME PU3OKTOHMO3a B MOJIEBbIX YCIOBMSIX
(Tabn. 6). OmHako Ha copre YapouT Ipemapar Ha OCHOBe IUTamMma B. amy-
loliquefaciens P20 6b11 0osee 3¢ GeKTUBEH MTPOTUB PU3OKTOHMUO3a, YeM XUMUYE-
CKMe CpeACTBa 3allluThl, a Ha copte I'ycap uMen comocTaBUMBbI 3¢ dekT (cMm.
Tabi. 6, puc. 4).

120
100
80
60
40

20

Bronornueckan >ddekTHBHOCTE, %

Yapour Cycap Yapout T'ycap
PuzoxkTonnos Durodropos

Puc. 4. Buonornyeckas 3()(eKTHBHOCTh XUMHYECKHX (DYHTHIMIOB M IKCHEPUMEHTAJIbHBIX 00Pa3loB
npenapaToB Ha OCHOBE LITAMMOB SHIO(MMUTHLIX OakTepuii poaa Bacillus, BblIeJEHHBIX M3 BHYTPEHHHX
TKaHeil Kaprodens copra Cynapbins, npoTuB pu3oKToHHo3a u ¢utodropo3a Ha Kaprodene (Solanum
tuberosum L.) NBYX COPTOB, BBIPAIEHHBIX B YCJOBHSIX MEJIKOAEISHOYHBIX MOJIEBBIX OMBITOB: a — XU-
MUYECKUI KOHTPOJIb, 6 — BuconouCan, X, B — B. thuringiensis W65, r — B. amyloliquefaciens P20
(n = 24, MESEM; onbitHoe nosie PI'BHY Jlenunrpagckoro HUW cenbckoro xossiiictBa «beso-
ropka», 1. bemnoropka, Jlenunrpanckas ooi., latunHckuit p-H, 2021 rom).

Takum o6pa3oM, cnadboe pa3BUTHUE PU3OKTOHMO3a U (pUTOMTOPO3a B I10-
JieBbIX ycaoBusix 2021 roma He NMO3BOJMIIO MOJHOLIEHHO OLEHUTb (DYHTMLIMAHbIN
3 PEKT KaK XMMUIECKMX, TaK M OMOJIOTMYECKNX CPEACTB 3alUThl pacTeHuit. Oue-
BUIHO, YTO OLEHKY (pyHruiuaHoro sddexkra mpenapaToB Ha OCHOBe B. thurin-
giensis W65 n B. amyloliquefaciens P20 HeoOXoaMMO MPOBOIUTH B MOAETBHBIX
OIbITaX C MCIMOJb30BaHMEM MH(EKIMOHHOIO (hoHa (UTOIMATOreHHbIX TPUOOB B
YCI0BUSIX (PUTOTPOHA.

M3BecTHO, UYTO Ha CeTOMHSIIHUM neHb B Poccuiickoit denmepaninm He 00-
Hapy>XeHO HU OJHOro coprta Kaptodess ¢ UMMYHUTETOM K PU3OKTOHUO3Y (24).
AHanM3 JaHHBIX JIUTEpaATyphl MOKa3aj, 4To wuTaMM B. subtilis SR22 mposiisn
BBICOKYIO aHTarOHUMCTUYECKYIO aKTUBHOCTb MPOTUB Rhizoctonia solani n cHUXa
pasBuTHe 3a00j1eBaHus Ha 53,8 % Ha pacTeHusix Tomara. O0paboTKa 3TUM IIITaM-
MOM yBeuumia oflee comepxaHue ¢eHoioB (Ha 76,8 %) 1 aKTUBHOCTb aHTH-
OKCHIAHTHBIX (PepMEHTOB Mepokcuaasbl (Ha 56 %) u noaudeHosoKcuaasbl (Ha
29,2 %) B xopHusx toMatoB (40). Bacillus subtilis HussainT-AMU, uzonupoBaH-
HBII M3 KIyOHel KapTodess, TTpomyIupoBan cyp@akTUH M CHIKAJI pa3BUTHE
pusokToHMO3a KapTodens Ha 50 % B nojeBbIX yciaousx (60).

AHanu3 3a60€BaeMOCTU pacTeHUl KapTodens putopTopo3oM nmokasai,
YTO XUMHMUYECKHE (YHTUIIUIBI MAKCUMAJIBHO COKPATUIN Pa3BUTHE U PacIIpoCTpa-
HEHHOCTh 3a00JIcBaHMsS, TOTHA KaK TIperapaThl Ha OCHOBE INTaMMOB B. amy-
loliquefaciens P20 w B. thuringiensis W65 He3HaUNTETLHO MOBIUSIIA Ha €ro pac-
npocTpaHeHue (tabdj. 6). Ilom BIMSHMEM IMOTOAHBIX YCIOBUI BTOPOIi ITOJOBUHBL
aBrycTa, BBI3BAaBIIMX IMOYBEHHYIO 3aCyXy, 3allliTa MUKPOOUOJIOTUYECKUMU TIpe-
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rnapataMm He ObLia gocTaToyHO 3(pdexkTuBHOM. PacnpocTpaHeHHOCTh 00JI€3HU
Mpu TIpuMeHeHuU 3TtajoHa buconouCan u npenapara B. amyloliquefaciens P20
cocTaBmiIa cooTBeTcTBEHHO 89 1 90 % Ha copre Yapout. OgHaKO GHMOJIOTMYECKIE
CPEICTBA 3aIUTHI TTO3BOJIMIIM CHU3UTH pa3BuTHe GuTodTOopo3a Ha copte Yapout
Ha 57,1 u 42,9 % B BapuaHTax ¢ npuMeHeHrueM bucon6uCaH U mpemapata Ha
ocHOBe B. amyloliquefaciens P20 (cM. puc. 4, 5). Haiiu naHHble TTOATBEPXAAIOT
pe3yabTaThl APYTMX aBTOPOB. Tak, MpUMeHEHNEe MUKPOOMOJIOTMIECKOTO TIpera-
pata Ha ocHoBe Bacillus velezensis SDTB038 mo3Bosio CHU3UTH 3a00/IEBAEMOCTH
dutodToposom Ha 40,79 u 37,67 % B 2018-2019 romax (57). Kak momaraior
HEKOTOphIC MCCIeO0BATe/IM, IIPOTPecC B MHPUMEHEHUM OSHAO(PUTOB IIPOTUB
dutodTopo3za MoxXeT OBITH AOCTUTHYT B cCllydae WHTETPUPOBAHHON CXEMBI
3aIMTHI, COBMECTHOTO HCITOJIb30BaHMSI OMOIIperiapaToB ¢ HEOOJBIIUMU T03aMU
(YHTMIIMIOB M WHAYKTOPAaMU CUCTEMHOM ycToMImBOCTH pactenuit (57, 68-70).

Puc. 5. Pasutune durodroposa na copre kaprodens (Solanum tuberosum L.) Yapout Ha naTy nmpose-
JleHds1 (PUTONMATOJIOrMYECKOT0 yyeTa: cjieBa — YMUCThIl KOHTPOJb, ClIpaBa — 00paboTKa MpernapaTtom
Ha ocHoBe Bacillus amyloliquefaciens P20 (onbiTHoe none @®I'BHY Jlenunrpaackoro HUU cenbckoro
xo3siictBa «bemoropka», n. Bemoropka, Jlenunrpanckast o6n., atumHckuit p-H, 29 aBrycra 2021
roma).

HTak, B moyieBbIX MEJKOAEISIHOYHBIX OIbITaX MOKa3aHO, YTO MPU MHOKY-
JISIUUM pacTeHuil kaptodens coptoB Yapout u ['ycap sKkcnepuMeHTaIbHbIMU 00-
pasuaMu IIperapaToB Ha OCHOBE IUTaMMOB SHIOMUTHBIX OakTepuit Bacillus
amyloliquefaciens P20 u B. thuringiensis W65 poaoJKUTeJIbHOCTb LIBETEHUSI pac-
TeHUI KapTodesss 000MX COPTOB yBeIMYMIach Ha 8-13 cyT Mo cpaBHEHUIO C KOH-
TPOJIEM, a YPOKAMHOCTh KIyOHeil — Ha 7,9-14,6 %. M3aMeHuIach CTpYKTypa ypo-
Kasi, y Kkaprodenss copta YapouT BbIXOA MAKCMMaJIbHOU (hpakiMM yBEIUUUIICS
Ha 22,5-30,6 %. Ilpn 3TOM MCIOJIB30BAHUE 3KCIIEPMMEHTAIBHBIX 00pa3loB HE
0Ka3aJio IOCTOBEPHOTO BIWUSHUS Ha pPa3BUTHE PU3OKTOHMO3a. OQHAKO YCTAaHOB-
JieHa Ouosiornyeckas 3¢h@GeKTUBHOCTh Mpernapata Ha OCHOBE lUTaMMma B. amy-
loliquefaciens P20 (42,8 %) nna cHmXeHUs pa3BUTHS ¢puTodTOopo3a Ha copte Ya-
pour. IIpenapar Ha ocHoBe wWTamma B. amyloliquefaciens P20 MoxeT ObITh PeKO-
MEHIOBaH IJIs1 AJAIbHEHIIUX MCIBITAHUI B MTPOU3BOJCTBEHHBIX MOJIEBBIX OIMbITAX
Kak OMOGYHIMLIMI, a MperapaT Ha OCHOBe IUTaMMa B. thuringiensis W65 B Kaue-
CTBE CTUMYJIATOpa poCTa.
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Abstract

Chemical fungicides are chemicals used to combat late blight and potato rhizoctoniosis.
However, due to repeated treatments, the resistance of plant pathogens to fungicides increases. Bio-
fungicides serve as an alternative to chemical fungicides. The use of strains of endophytic bacteria of
the genus Bacillus is promising for the development of novel biofungicides. Endophytes, being inside
plants, have an advantage in interactions with the plant compared to bacteria occupying other ecolog-
ical niches. In this work, for the first time, the effectiveness of experimental samples of preparations
based on strains of endophytic bacteria of the genus Bacillus was established when growing potato
(Solanum tuberosum L.) varieties differing in resistance to late blight in the conditions of the North-
West of the Russian Federation. It is known that the effectiveness of the use of endophytes with
biocontrol activity differed in the field when growing potatoes, while the varietal responsiveness of
potatoes to biocontrol agents has not been sufficiently studied. The aim of the research was to study
the effect of experimental samples of preparations of endophytic bacteria B. thuringiensis W65 and
B. amyloliquefaciens P20 on the yield and infection of potato plants with rhizoctoniosis and late blight.
Strains of endophytic bacteria B. thuringiensis W65 and B. amyloliquefaciens P20 isolated from potatoes
had antagonistic activity to phytopathogens-pathogens of late blight Phytophthora infestans (Mont. de
Bary) and rhizoctoniosis Rhizoctonia solani (Kuhn.) when growing on agar media. Small-scale field
experiments (2020-2021) were conducted at the experimental field of the Leningrad Research
Agriculture Institute Belogorka. The experiment scheme included the following options: clean
control — no treatments; chemical control — treatment with chemical fungicides: CELEST® Top,
SC (Syngenta, Russia), Mankoceb, WP (AgroRus and Co., Russia), Rapid Duo,WP (AgroRus and
Co., Russia), Infinito, SC (Bayer Crop Science, Germany), Buzzer, SC (CROPEX, Russia) and des-
iccant Golden Ring (Agro Expert group, Russia); biological control — BisolbiSan (BISOLBI INTER,
Russia), the biofungicide based on rhizospheric bacteria Bacillus subtilis Ch-13; experimental sample
of the preparation B. thuringiensis W65, experimental sample of the preparation B. amyloliquefaciens
P2. Two potato varieties, Charoit (resistant to late blight) and Gusar (susceptible to late blight), were
used. In the experiments, the dynamics of plant growth and development, yield and infection of potato
plants with rhizoctoniosis and late blight were evaluated. Statistical treatment of the obtained results
(calculations of averages and their standard errors, ANOVA analysis of variance, Duncan’s test, was
carried out using the Statistica 10 program («StatSoft, Inc.», USA). When inoculated with experimental
samples of B. amyloliquefaciens P20 and B. thuringiensis W65, the duration of flowering of potato plants
increased by 8-13 days compared to the control. The potato tuber harvest also increased by 7.9-14.6
% (p < 0.05). The largest increase in yield was registered on the Gusar variety in 2020. It was found
that responses of potato varieties to inoculation with experimental samples of B. amyloliquefaciens P20
and B. thuringiensis W65 preparations differed. The yield of potato tubers of the Charoit variety mainly
increased due to an increase in the average weight of one tuber while the yield of the Gusar variety
increased due to an increase in the number of tubers per plant. When inoculated with experimental
samples of B. amyloliquefaciens P20 and B. thuringiensis W65, the crop structure changed, the yield of
the large tuber fraction increased by 22.5-30.6 % (p < 0.05) in Charoit variety. The use of experimental
samples of B. amyloliquefaciens P20 and B. thuringiensis W65 did not have a significant effect on the
development of rhizoctoniosis in small-scale experiments. The B. amyloliquefaciens P20-based prepa-
ration showed 42.8 % biological efficacy in reducing the development of late blight on the potato
variety Charoit. Preparation of endophytic bacteria based on B. amyloliquefaciens P20 can be rec-
ommended for further testing in commercials field trials when growing potatoes in an integrated
protection system together with chemical fungicides and inducers of systemic plant resistance.

Keywords: endophytic bacteria, Bacillus thuringiensis W65, Bacillus amyloliquefaciens P20,
biofungicides, tuber harvest, potatoes, rhizoctoniosis, late blight.
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