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Kaprommst 3aiimae omHy 3 TPOBITHUX TO3WINK  cepell OCHOBHUX
CLIbCHKOTOCTIOAAPChKUX KYJIbTYp B YKpaiHi uepe3 ii BayKJIMBE CTpaTeriyHe 3HaYCHHH,
a BaJIOBUU ypoKail KyJbTYpH J03BOJISIE YTPUMYBATH JIIyI0U€ MICIIE CepeJl CBITOBUX
BUpOOHUKIB. 3a nanumu [IpooBobyOi Ta clibehbKoTOCOAapchkoi opranizaiii OOH,
VYkpaina B OCTaHH1 POKH 3MIIHHJIA CBOT MO3UIIIT Cepe]] CBITOBUX BUPOOHHKIB KapTOILTL
Ta BXOJUTh 0 TPIUKK JiJepiB 3 yacTkoro Ouibiie 5% ii BupoOHmiTBa. OaHaK,
HE3Ba)XAIOYM Ha HASBHICTh POJIOYUX IPYHTIB Ta CHPUATIMBUX arpoKIiMaTHYHHUX
YMOB, ypOXalHICTh KapToIull B YKpaiHli Oulblie HDK y 3 pa3d MNOCTYHNAEThCS
aHAJIOTIYHUM MOKa3HUMKaM po3BHHYTUX kpaiH €Bpormu Ta CIIA. Cepen 6aratbox
YUHHUKIB, 110 BIUIMBAIOTh HA KUIBKICHI Ta SIKICHI MOKAa3HWUKH YPOXKal KapTOIUTi,
¢iTonaToreHHi OakTepii 3ailiMarOTh OJHE 3 MPOBILAHUX MICIb, Y€pe3 CHPUYMHEHI
BTpaTH, MO MOXYTh nocsiratu 10 50% y crpustinuBi poku. Cepen OCHOBHHUX
30yAHUKIB OakTepiadbHUX 1H(EKIIA KapTOml BUOKPEMIIOIOTh KOMIUIEKC BH/IIB
Ralstonia  solanacearum, mpeACTaBHHMKIB TMEKTOJITHYHHX  OakTepii  poOIiB
Pectobacterium i1 Dickeya ta npencraBuuka kopunedopmuux Oakrepiri Clavibacter
sepedonicus. Kommuieke BumiB R. solanacearum 3rpymyBaB y coOi HEIIOIaBHO
BHOKPEMJICH] BU/IH, 1110 BUKJIUKAIOTh THUJII IIMPOKOTO CIIEKTPY POCIMH-TOCIIONAPIB Ta
BimHeceH1 €Bpomnelickkoro Opranizamieto 3axucty 1 Kapantuny Pocnun 10 nmepeniky
KapaHTUHHUX OPraHi3MiB, II0 HAHOCSTh 3HAYHMX EKOHOMIYHMX 30UTKIB SIK 4epes
mpsiMi  BTpaTH BpOXKaro, TaK 1 dYepe3 JKOPCTKI KapaHTHUHHI 3aX01u, IO
YHEMOKJIUBIIIOIOTh ~ BUpOOHUITBO  Kaprtoruil. [lektomitmyHi  OakTepii  pojiB
Pectobacterium i Dickeya, Bonomiroun oOmIMpPHUM IyJIOM (DaKTOpiB MATOTCHHOCTI,
MOIIMPEH] Y BChOMY CBIT1 Ta MPHU3BOASTH 10 3aTHUBAHHS IIMPOKOTO CIEKTPY LIHHUX
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€IMHUM, €T10JI0TTYHUM 30yTHUKOM M’ K01 THIJII OyJih0 Ta YOPHOI HIKKHU y MOJI1 1 10C1
sanumaetbest Pectobacterium atrosepticum, o Ha BiiMiHY BiJl iHIIUX TPEACTaBHUKIB
JaHOI TPYIH, ypaxye 3HAYHO MEHIIE KOJIO POCIHMH-TOCIOMAApPIB, Cepell AKX YibHE
micie nocigae kapromuit. Kopuaedopmua Gakrtepisi Clavibacter sepedonicus, mio
BUKJIMKA€E KIJIBIIEBY THWUJIb, K 1 MPEJCTABHUK MEKTOJITHUYHUX OaKTepiii- 30y THUKIB
1H(eKIii KapToIii, MOIIUPEHUH Yy CBITI, OJHAK B OCHOBHOMY HPH3BOJUTH MO
HENpsIMUX BTpaT, IO CIOPUYMHEHI BUOPAKOBYBAaHHSM YpPaKEHOIO BpOXKAIO Ta
BIIPOBA/DKEHHSIM KapaHTHMHHUX 3aXO[iB, IIO 3aCHOBaHI Ha 3a00pOHI BUPOIIYBaHHS
Kkaprorut. JlOCHiIKeHHs] TMOMIMPEHOCTI OaKTepialbHUX 30YJHUKIB Ta BOJIOJIHHS
1H(OpMAIIEI0 CTOCOBHO €TI0JOTIYHOI CTPYKTYPH 1H(EKIII B1IIrpae BaXKIUBY POJIb Y
PO3yMIHHI €IiJIEMIONIOTIYHOI CUTYyalli Ta BUOOpI HEOOXIMHMX (PITOCAHITAPHUX Ta
KapaHTUHHUX 3aXOJMiB JJIg MiHIMI3aIli iX PO3BUTKY Ta TMOLIMPEHHS IOCIBHUMHU
TIOIIAMH.

Came TOMy wMeTo0 pobotu Oyna JIETEKIlis JAaTeHTHOrO IOIIUPEHHS
¢iTonaToreHHux OakTepiii - 30ymHuKiB M’sikoi Pectobacterium atrosepticum ta
kierieBoi Clavibacter sepedonicus rawielt y pi3HHX KIIMATUYHAX YMOBAX B3a€MOIIi
rocrojiap : napasuT Ta YJOCKOHAJEHHS METOJIB iX MIarHOCTUKU. /[ BUKOHAHHS
MOCTaBJIEHOI METH OYJIM BUKOPUCTaH1 MIKpOO10JI0T1YH1 (KYJIbTUBYBAHHS KOJIEKI[IHHUX
mTamiB (PITOMATOTEHHUX MIKpOOpraHi3miB), (ITOMATOJIOTIUHI (MITYyYHE ypaKeHHS
Oynb0 KapTOIUIL AJIsl OIIHKH CTIMKOCTI COPTIB KapTOIUTI A0 30y THUKIB OaKTeplaabHUX
rHUIeH kapTorui), gpizuko-xiMiuHi (BuauieHHs [JHK, enekrpodopernune po3aiieHHs
IPOAYKTIB amrutidikaiiii), MonexkyisipHo-renetnuri (nposeaends [1JIP Tta TIJIP y
peallbHOMY daci), IMyHOXiMiuHi (TIpoBeZicHHS ceHzaBid-Bapianty ELISA) Ta
CTAaTUCTUYH1 METOAU JOCIIKEHb.

Ha mepmomy ertami Hamoi poOOTH MPOBOIUIU JOCHIHKEHHS TMOIIMPEHOCTI
30yAHUKIB M’SKOi Ta KIJbLEBOI THWJIEH B ypokai KapTOIUll Ha TEpUTOpii YKpaiHw,
BUKOPUCTOBYIOUM cepTudikoBani tect-cuctremu [DA. Jlns mporo Oynu BimiOpasdi
O0ynb0ou kapToruti ypoxai 2020 ta 2021 pokiB 3 8-mu o6sacteit YkpaiHu, BKIIOYAIOYH:
Onecbky, KwuiBceky, JloHenpky, XepcoHcbKy, Uepkacbky, MMUKOIaiBChKY,
JHinponeTpoBchKy Ta JKUTOMUPCHKY 007acTi. 30yAHUKU M’ AKOi Ta KUIbLIEBOI THUJIEH

OyJu BHSBIICHI y BpoKal MPAKTUYHO BCIX obsactei, okpiM Onecbkoi, 1€ 30yIHUK



M’sIKO1 THWJI1I He OyB BHUSIBICHUM, Ta XepcoHChbKOI 1 JKuTtomMupchkoi oOnactel, ne
30yIHUK KUTBIIEBOI THUJII HE IeTeKTyBaBca y Bpoxai 2020 poxy. HaliBuuii moka3zHuk
ypaXXeHHsI M’sIKOI0 THIILTIO P.atrosepticum Oyo BusiBiieHo y MukoIaiBCehKiit 001acTi,
y TOH 4vac sk 30yaHuK KinbleBoi ramni C. sepedonicus gominyBaB y KuiBchkiil Ta
JIHinponeTpoBChKil o0xacTax. 3Mimana iH(ekIis Oyna momupena cepes MoJOBHHU
JOCIIKYBaHUX 00JIacTel, OIHAK He TepeBuliryBaa 5%.

Y 2021 pori po3nofain 30yIHHUKIB OakTepiadbHUX 1H(OEKIH B yCiX 00JacTax
XapaKTepu3yBaBcsl 301IbIICHHAM YPa)KEHHS MEKTONITUYHMMH OaKTepisiMU BIBIYl Y
nopiBHsiHHI 3 2020 pokoMm, okpiM JIHIIPONETPOBCHKOI 00JacTi, M€ MOKa3HUKH
nomupeHHs Oynau moAiOHuMu. HalBuini NOKa3HUKU BUSBICHHS 30yJHUKIB SK
KUIBLIEBO, TaK 1 M’SIKO1 THUJII OyJi0 3apeecTpoBaHo y JloHelbKii 00J1acTi, e TaKOX
CIIOCTEpIraBcs HaWBUINUNA MTOKA3HUK 3MIIIAHOIT 1HOEKIT cepel IHITUX JOCIHIIKYBAHUX
oOnacted. TakuM YMHOM, Y XOJA1 HAWIOro JOCIIIKEHHS 30yJHUKH OakTeplalbHUX
THWICH BUSIBJISUTMCH Y JIOCIIPKYBAaHUX OO0JIACTSIX 3 PI3HOIO 1HTEHCUBHICTIO. O/HAK,
CHiJ BIAMITUTH, IO HAa OOCTEKEHHX BUPOOHUYMX IUISTHKAX CIEKTP BUPOLIYBaHUX
COPTIB KapTOIUIl MPOTATOM 2-X POKIB MPAKTUYHO HE 3MiHIOBaBcs. Biarak, Marouu
no/1i0HI COPTH KapTOIUIl HA THUX K€ TEPUTOPISLX, 3HAUHUNA TIEPEPO3NOILT MOIMTUPEHHS
M’siKOi THUJ Kapromti y 2021 pomi Mir OyTH COPUYUHEHUA 3MIHAMM KIIMaTUYHUX
YMOB, SIKI BIJOYBaJIMCh MPOTSATOM POKY Ta CTadM OUIBII CHOPUSTIUBUMHU JUIS
ONTHMAJILHOTO PO3BUTKY MMAaTOTEHIB.

3 oSy Ha BUINE 3a3HAYCHE, HA JPYTroMy eTari JOCTIKEHHS JJis IepEeBIpKU
JAHOTO TPUITYIIIEHHS OYJI0 310paHo MmoMicsaYH1 0a30B1 KJIIMAaTHYHI MOKa3HUKH, TaKl K
TeMIIepaTypa MOBITPs Ta KIJIbKICTh OMA/IiB y MEp10]] BUPOOHUIITBA KapToruti. Ha ocHOBI
BXKE€ HAsIBHUX MOKAa3HUKIB OyJIM po3paxoBaHi JOJATKOBI KJIIMAaTUYHI 1HAEKCH a caMe:
CepellHI 3HAYEHHS TeMIIEpaTypHu Ta BOJOTOCTI JJISI OKPEMHUX TEPioJiB BUPOOHUIITBA
KapTOIIl, CEpPEeAHBOPIYHY TEMIEparypy Ta KUIbKICTb ONAAIB, aMIUITYAH
TEMIIEpaTypHUX TIOKA3HUKIB Ta OMajiB, a TaKOX TIAPOTEPMIUHHN Koe]iIlieHT
CensiHiHOBa, 1110 00’ €AHY€ B COO1 SIK TEMIIEpaTypHI MOKa3HUKU TaK 1 KUIbKICTh OMa/iB.

Jlis  BWSIBICHHS B3a€MO3B’SI3Ky MK ONMUCAaHUMH BHINE KIIMAaTUYHUMU
MOKa3HUKAMH Ta TMOMIMPEHHSM THHJIEH KapTOILII BUKOPUCTOBYBAIHM KOPEJSAIINHUIMA

ananiz CnipmeHa. Pe3ynbraTu KOpeNALIMHOTO aHami3y BKa3ajdd Ha CHJIbHUHN



MO3UTUBHUMN 3B’SI30K MK JJATEHTHUM 1H(IKYBaHHIM OyiIb0 30y THUKOM M’SIKOi THHUJI1
P.atrosepticum Ta TOKAa3HMKOM CyMH ONaiB 1 TiAPOTEPMIYHUM KOE(illiEHTOM
CensHiHOBa, y BereTaliiHuil mepion KyiabTypu. Takok Oyna BHsBIEHA CHIIbHA
HEraTUBHA KOPEJIIIiS MDK CEepelHbOJ0O0BOIO TEMIIEpATypor0 Yy Iepioj; 30UpaHHS
BpOXaro Ta mommpenictio P.atrosepticum. V Bumaaky 30yaHuKa KinbieBoi ramii C.
sepedonicus Oyyia BHSIBICHA JIMINE IIOMipHA KOPEIALis MK TMOMIMPEHHAM Ta
CepeHbOJ000BOI0 TEMIIEPATYPOIO MPOTITOM MepioAy caainHsa. OTpuMaHi pe3yiabTaTH
BKa3ylOTh Ha T€, 0 YMOBU HaBKOJHUIIHHOTO CEPEJOBHUIIA, a caMe TeMIlepaTrypa Ta
BOJIOTICTh BIAITPalOTh ICTOTHY pOJb Yy MOIIMPEHHI 30yaHWKA M’SKOi THWI P.
atrosepticum, y mopiBHsIHHI 31 30y THHKOM KiJiblieBoi THuIi C. sepedonicus.

Sk 3a3HayeHO B OMKCI TPUKYTHHUKA XBOPOO y (hITOMATOJIOTII, JIUIIE HASBHICTh
BIPDYJICHTHOTO TIATOT€HY, OINTUMaJbHUX YMOB 30BHIIIHBOIO CEpPEIOBHINA Ta
COPUMHATIMBOI POCIMHU-TOCIIOAAPS MOXKYTh FapaHTYBaTH PO3BUTOK 1H(EKIIHHOIO
nporiecy. 30UIbIICHHST MOMMUPEHOCTI 30y HuKa M’ sikoi rHIITI P. atrosepticum cepen
JTOCHIDKYyBaHUX o00nacTed, A€ KyJbTUBYBAIUCH TMOJIOHI COPTH KapTOIUI, Jis
O1IBIIOCTI 3 SIKUX BUPOOHUKOM OyJia 3a3Hau€Ha BUCOKA CTIMKICTh JI0 YOPHOI HIXKKH,
aKTyajiidyBaja HEOOXINIHICTh JOCHIIUTA YYTIUBICTh TMOIIMPEHUX HA TEPUTOPIi
VYkpainu cOpTiB KapTOIUIl A0 MY3€HHOr0 mTamy TUIOBOTrO 30y/IHUKA M’ SKOi THUI1 P.
atrosepticum B-1084T. V xoxi eKcepMMEHTY MOBEPXHEBO CTEPHIIi30BaHi OyianOH
MOIIUPEHUX  COPTIB  KapTOIUIl  1H(IKyBaTu CTaHJAPTU30BAHOIO  CYCIECH3IEI0
OakTeplalbHUX KIITHH Ta 1HKYOyBaJld MPOTIrOM BiABeAEHOro uacy. s OIiHKH
ypaKEHHS aHaNi3yBalM IUJIONIy Marepaiii Ta Macy MallepoBaHUX TKaHUH OyJb0
KapTorwii. Y pe3yiabTaTi HaMu OYJIO BUSBJICHO, 110 HAWUOLIBII YyTIUBUM J0O
BUKOpHcTaHoro mrTamy P. atrosepticum B-1084" sussucs copr Riviera, mis sikoro
BUPOOHHKOM 3a3HAYEHO CepPeIHbO-BUCOKY CTIHKICTh 10 4opHOl Hixkku. Copt Picasso,
AKUH, 3T1JTHO JAHUX CEJICKI[IOHEPA, MA€E HU3bKY CTIMKICTh O YOPHOI HIKKHU, MPOSIBUB
BUIIMM CTYIHB CTIHKOCTI y IOpiBHsAHHI 3 copTamu Bellarosa 1 Queen Anne, siki, 3r11HO
JaHUX BUPOOHHUKA, MAIOTh BUCOKY CTIMKICTh 1O HOPHOI HIXKKU. Takok 0yJi0 BiAMIYEHO,
PI3HMIIIO Y CTYNEHI Ypa)K€HHS OAHHUX 1 TUX CAMHUX COPTIB, KyJIbTUBOBAHUX Y PI3HUX
arpoKJIIMaTUYHUX pErioHax, 3 BHUIIMMHU IMOKa3HMKaMH IUIONII Malepaumii Ta macu

MallepOBaHUX TKAaHUH JIg Oyian0, BHUpOIIEHUX Ha MiBAHI YKpainu. Buspnenuit



B32€MO3B’ 130K MK IMOITUPEHHAM IMEKTOITUYHUX OaKTepiil 1 KIIIMaTUYHUMH YMOBaMHU
Ta HAyKOBl MyOJikamii IIOAO NMUTaHb BIUIMBY 3MIH KJIIMaTy Ha LUPKYJSIIO Ta
MATOTEHHICTh 30yTHUKIB 1H(QEKIIHHUX TMPOIECIB Yy CUIbCHKOTOCIOIAPCHKUX
KyJbTypax CHOHYKAJIM JI0 MPOBEACHHS JOJATKOBOIO E€KCHEPUMEHTY IIOAO BIUIMBY
nigsumienoi temneparypu (30°C) Ha cTidikicTh 0OpaHHMX COpTIB Kaprtomum o P.
atrosepticum. V nmaHoMy BHINAIKy, JUIS BCIX aHAJTI30BaHUX COPTIB OYyJIO BHSBICHO
30UTbIIEHHS! CTYNEHIO YpaXX€HHs B cepeHboMy y 1,5 pas3u, 3a BUKIIIOUEHHSM COPTY
Queen Anne, sikuif HE MPOJAEMOHCTPYBaAB 3MiH B ypakeHH1 Oynp0. OTpuMaHi HaMu
JlaH1 BKa3yIOTh Ha Te, 1110 TeHETUYHUHN MOTEHII1aJl CTIMKOCTI COPTY KapTOILIi O YOPHOL
HDKKM HE € BHM3HAaYaJlbHUM (AKTOpPOM, IIO BIUIMBAE HA PO3BUTOK XBOPOOH.
JliteparypHi JaHi BKa3ylOTh, IO KIIMATHYHI YMOBH Ta KUIBKICHI 1 SKICHI
XapaKTEPUCTUKHU CKJIAJIOBUX I'PYHTY CUIbCBKOIOCIOJAPCHKUX YT1/lb, Y T.Y. [PYHTOBOI
MIKpOO10TH, TaKOK MOKYTb B1IIrPaBaTH BayKJIMBY POJIb Y IPOTIKaHH1 1H(EKIIH.
JliteparypHi AaHi IOAO TNOIIMPEHHS HA TEpUTOPil YKpaiHu, 37aTHICTh
BUKIIMKATH M’ SIKy THIJIb KapPTOILUTI Ta IIMPOKE KOJIO JOJATKOBUX POCIHH-TOCTIOAAPIB Y
CYKYITHOCTI CIIPHYMHHIIM HEOOXiIHICTh po3poOKu Meromy nerekiii Pectobacterium
carotovorum subsp. carotovorum. Ha mo4atkoBoMy eTarmi migiOpaiu Ta po3poOuiu
cnenudivyai mpaiiMepu [0 BHYTPIIIHBOTO TpaHCKpHOOBaHOTO credicepy 16S-23S
pPHK, sxi npu tectyBanni 3 ToransHoto JJHK ¢itomarorennux 6akrepiit yrBoproBaiu
aMILTIKOHH JIMIIE 3 I[IJIbOBOIO MaTpHIIeo mTtamiB Pectobacterium carotovorum subsp.
carotovorum. IHIIUM BIAKPUTUM MUTAHHAM Yy BUSBJICHHI OakTepiaJbHUX THHIIEH
KapTorLi 3aiuimascs mpotokon I[1JIP gerexkmii kommiekcy BuaiB R. solanacearum,
10 BUKJIUKAIOTh OYpYy I'HWJIb KAPTOILIL. Y HAIIOMY AOCIIKEHHI pEKOMEHI0BaHa napa
npaiMepiB I AeTeKIii koMmiuiekey BuaiB R. solanacearum sanpononosana Seal at al.
JaBaja 3HAYHO MEHIIMA TPOMYKT amIutidikaimii, HDK ONHCAHWK y HaJaHOMY
MPOTOKOJI, IO CIOHYKaJlO J0 PO3pOOKH BJIACHUX TpaliMepiB /10 KOHCEHCYCHOI
nocmiaoBHocTi 16S pPHK. Po3pobneni mpaiiMmepu mipu mepexpecHoMy JOCTIKEHHI
CUHTE3YBaJIM aMIUTIKOHM 3 TEOPETUYHO PO3PAXOBAHOIO KUIBKICTIO Map HYKJIEOTUIIB
JUIIe 3 TEHETUYHUM MaTepiajoM IiIboBUX OakTepiil. Po3poOka BucokocnenudiuHux
nap npaimepiB s gerekiii P. carotovorum subsp. carotovorum ta KOMILIEKCY BHIIB

R. solanacearum po3Bonmina Hagam po3pooutr JIHK-30HmM 1715 KiJIbKICHOTO



BU3HAUEHHs OakTepiaibHUX maToreHiB wmetoaom IIJIP y peambHOMy uaci,
BUKOPHUCTOBYIOUH KaniOpyBallbH1 KpUBI 3 Cepiii JECATUKPATHUX PO3BEIEHBb TOTAIBHOI
JHK tinsoBoro natoreny. Po3pobnenuii mpotokon nerekii [IJIP y peansnomy waci
mis P. carotovorum subsp. carotovorum OyB BHKOpPUCTaHHMH y Ja0OpPaTOpPHOMY
nocaipkeHHl Oynb0 ypoxaro 2021 poky Ha HasBHICTH JIATEHTHOI 1HQeEKIi. AHai3
MOIIMPEHOCTI aHaII30BaHOrO 30yJAHUKA Yy JOCHKyBaHUX OynpOax 3 KuiBchbkoi Ta
Opnecpkoi oOyacTelt, BKa3ye Ha TepeBaKaHHS MaTOreHy Oulble HiXK y 3,5 pasu mis
Opnecrkoi 007acTi y MOPIBHSAHHI 3 JTaHUM TMOKa3HUKOM y KwuiBchkiii obmacti. Taka
BIZIMiHHICTh y momupeHHi P. carotovorum subsp. carotovorum y pi3Hux o0iacTsax
Ykpaiam Moke OyTH CHpHYMHEHA TOTOJHO-KIIMAaTUYHUMHA YMOBAaMH Ha JIaHUX
TEPUTOPISAX, 0 HAMU OYyJIO BHUSBJICHO JIsi 1HIIOTO MPEICTAaBHUKA MEKTOJITUYHUX
Oakrepiit P. atrosepticum.

TakuM YUHOM, y XOJ1 JUCEPTALIMHOTO JOCIIKEHHsS OYyJI0 OHOBJICHO J1aHi
MOIIUPEHOCT] 30y THUKIB OaKTepiallbHUX THUJIEH Ha Teputopii Ykpainu. Bnepiie B
VYkpaiHi, BCTAaHOBJICHO 3B’S30K MiX momupeHHsM Pectobacterium atrosepticum Ta
Clavibacter sepedonicus i kaiMaTHYHUMH YMOBaMH, III0 PEECTPYBAIHCH Y IEPioJ
MOCaJIKH, BereTarlii Ta 300py ypoxaro. Y 1a00paTOpHUX €KCTIEPUMEHTAX JTOCIIIKEHO
CTIMKICTh MOIIMPEHUX HAa YKPATHCBKUX TEPUTOPISIX COPTIB KAPTOIUIl JO THIIOBOIO
30y JHMKA YOPHOT HI’KKHU Ta M’SKO1 THUJI1 KapPTOILI1 1 TOKA3aHO MiABUIIIEHY Yy TIUBICTh
Oyne0 kaptoruti mo Pectobacterium atrosepticum 3a miABHIIEHOT TemmepaTypu
1HKyOarrii. OnTUMI30BaHO Ta PO3pOOJICHO MPOTOKOJIM JIETEKII METOJaMH KJIaCUYHOT
[TJIP Ta TIJIP y peanpHOMY Haci /s koMiuiekcy BuaiB Ralstonia solanacearum ta

Pectobacterium carotovorum subsp. carotovorum.

KitouoBi crioBa: 6akTepiajibHI XBOpOOH, KapTOILIs, OaKkTepii, MOToIHI YMOBH,
KiblleBa THWIb, cTpec, Clavibacter sepedonicus, xmimaT, MikcT-iH(EKIIis,
imentudikamis, M’sKa THWIb, KoMIUIeKC BuaiB Ralstonia solanacearum,

Pectobacterium atrosepticum, Solanum tuberosum.
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Potatoes are one of the leading crops in Ukraine due to their strategic importance,
and the gross harvest of the crop allows Ukraine to maintain a leading position among
global producers. According to the Food and Agriculture Organisation of the United
Nations, Ukraine has strengthened its position among global potato producers in recent
years and is among the top three with a share of more than 5% of its production.
However, despite having fertile soils and favorable agro-climatic conditions, potato
yields in Ukraine are more than 3 times lower than in developed countries in Europe
and the US. Among the many factors affecting the quantitative and qualitative
performance of the potato crop, phytopathogenic bacteria are one of the leading causes
of losses, which can reach up to 50% in favorable years.

Ralstonia solanacearum species complex, pectolytic bacteria of the genera
Pectobacterium and Dickeya, and the pleomorphic bacteria of Clavibacter sepedonicus
are the main causative agents of bacterial infections in potatoes. R. solanacearum
species complex includes recently identified species that cause rotting in a wide range
of host plants, and the complex has been assigned by the European and Mediterranean
Plant Protection Organization as quarantine organisms resulting in significant
economic losses, both through direct and indirect crop damage that hinder potato
production. Pectolytic bacteria of the genera Pectobacterium and Dickeya, possessing
a wide pool of pathogenicity factors, are widespread throughout the world and cause
decay of a wide range of valuable crops. Among the pectolytic bacteria,
Pectobacterium atrosepticum remains the main, but not the only, etiological agent of
soft rot of tubers and blackleg in the field, which, unlike other members of this group,
affects a much smaller range of host plants, among which potatoes are the most

important. The coryneform bacterium Clavibacter sepedonicus, which causes ring rot,



as well as a representative of pectolytic bacteria causing potato infections, is
widespread in the world, but mainly leads to indirect losses caused by the rejection of
the affected crop and the introduction of quarantine measures based on the ban on
potato cultivation. The study of the prevalence of bacterial pathogens and the
knowledge of the etiological structure of infections plays an important role in
understanding the epidemiological situation and selecting the necessary phytosanitary
and quarantine measures to minimize their development and spread through the crop
area.

Therefore, the work was aimed to study the prevalence of the main causative
agents of bacterial potato rots in Ukraine and to develop the methods of their molecular
detection. To conduct the study, we applied microbiological (cultivation of
phytopathogenic microorganisms), phytopathological (artificial infection of potato
tubers to assess the resistance of potato varieties to causative agents of bacterial rot),
physicochemical (DNA isolation, electrophoretic separation of amplification
products), molecular (PCR and real-time PCR), immunochemical (conducting ELISA
in a sandwich format), and statistical methods.

In the first stage of the research, the prevalence of the causative agents of soft
and ring rot in potato harvests in Ukraine was explored using certified serological test
systems. For this purpose, potato tubers from the 2020 and 2021 harvests from 8
regions of Ukraine, including Odesa, Kyiv, Donetsk, Kherson, Cherkasy, Mykolaiv,
Dnipropetrovsk, and Zhytomyr regions, were sampled. The causative agents of soft
and ring rots were detected in the tubers from all regions, except the Odesa region,
where the causative agent of soft rot was not detected, and the Kherson and Zhytomyr
regions, where the causative agent of ring rot was not detected in the 2020 potato
harvest. The highest incidence of soft rot caused by P. atrosepticum was detected in
the Mykolaiv region, while the ring rot pathogen C. sepedonicus dominated in the Kyiv
and Dnipropetrovsk regions. Mixed infection was prevalent in half of the analyzed
regions, but didn’t exceed 5%. In 2021, the distribution of bacterial infection agents
was characterized by a double increase of pectolytic bacteria compared to 2020, except
for the Dnipropetrovsk region, where the distribution of bacteria was similar to

previous year. The highest rates of detection of both ring and soft rot pathogens were



recorded in Donetsk region, which also had the highest rate of mixed infection among
the other regions studied.

Thus, in the course of our study, bacterial rot pathogens were detected in the
surveyed regions with varying intensity. However, it should be noted that the range of
potato varieties grown in the surveyed production plots has not changed over the past
2 years. Therefore, having similar potato varieties in the same areas, a significant
redistribution of the spread of soft rot in 2021 could be caused by changes in climatic
conditions that occurred during the year and became more favorable for the optimal
development of pathogens.

In view of the above, at the second stage of the study, monthly climatic
indicators, such as air temperature and precipitation during the potato production
period, were collected to test this assumption. Additional climatic indices were
calculated using these basal indicators, such as mean temperature and humidity for
specific periods of potato production, annual average temperature and rainfall,
temperature, and rainfall amplitudes, and the Selyaninov hydrothermal coefficient,
which combines temperature and rainfall indicators.

A Spearman correlation was conducted to examine the relationship between the
aforementioned climatic indicators and the spread of causative agents of potato rots.
The results of the analysis revealed a strong positive correlation between latent
infection of potato tubers with the soft rot pathogen P. atrosepticum and the sum of
rainfall and the Selyaninov hydrothermal coefficient during the potato growing season.
A strong negative correlation was detected between the average daily temperature
during the harvest season and the prevalence of P. atrosepticum. A moderate
correlation was also found between the ring rot pathogen C. sepedonicus prevalence
and the average daily temperature during the potato planting season. These results
indicate that environmental conditions, particularly temperature and humidity, play
more significant role in the spread of the soft rot pathogen P. atrosepticum as compared
to the ring rot pathogen C. sepedonicus.

According to the disease triangle - a commonly accepted paradigm in plant
pathology - only the presence of a virulent pathogen, optimal environmental conditions

and a susceptible host plant can guarantee the development of the infection process.



The increase in the prevalence of the soft rot pathogen P. atrosepticum among the
studied regions where similar potato varieties were cultivated, most of which were
reported by the manufacturer to be highly resistant to blackleg, necessitated
Investigating the sensitivity of potato varieties common in Ukraine to the museum
strain of the typical soft rot pathogen P. atrosepticum B-1084". During the experiment,
surface-sterilised tubers of common potato varieties were infected with a standardized
suspension of bacterial cells and incubated for the allotted time.

To assess the damage, the area of maceration and the weight of macerated tissues
of potato tubers were analyzed. As a result, we found that the variety Riviera, which is
reported by the manufacturer to have medium-high resistance to blackleg, was the most
sensitive to the P. atrosepticum B-1084" strain. The Picasso variety, which according
to the breeder has low resistance to blackleg, showed a higher degree of resistance
compared to the Bellarosa and Queen Anne varieties, which according to the
manufacturers have high resistance to blackleg. There was also a difference in the
degree of damage of the same varieties cultivated in different agroclimatic regions,
with higher maceration area and macerated tissue weight for tubers grown in southern
Ukraine. The identified relationship between the spread of pectinolytic bacteria and
climatic conditions along with literature data concerning the impact of climate change
on the circulation and pathogenicity of infectious agents in crops prompted an
additional experiment to investigate the effect of elevated temperature (30°C) on the
resistance of selected potato varieties to P. atrosepticum. In this case, for all the
analyzed varieties, an increase in the degree of damage was found by an average of 1.5
times, with the exception of the Queen Anne variety, which did not show any changes
in tuber damage under elevated temperature. Our data indicate that the genetic potential
for resistance of a potato variety to blackleg is not a determining factor in the
development of the disease. Literature data indicate that climatic conditions as well as
quantitative and qualitative characteristics of soil components, including soil
microbiota, can also play an important role in the course of infections.

The literature data on the prevalence of Pectobacterium carotovorum subsp.
carotovorum in Ukraine, its ability to cause soft rot of potatoes, and a wide range of

additional host plants necessitated developing methodology for the detection of this



pathogen. At the initial stage, specific primers were selected and developed for the
internal transcribed spacer of 16S-23S rRNA, which, when tested with total DNA of
phytopathogenic bacteria, formed amplicons only with the target matrix of
Pectobacterium carotovorum subsp. carotovorum. Another unresolved issue in the
detection of bacterial potato rots was the PCR protocol for the detection of the
Ralstonia solanacearum species complex, which causes brown rot in potato. In our
study, the recommended pair of primers for detection of the R. solanacearum species
complex proposed by Seal et al. gave a significantly lower amplification product than
that described in the provided protocol, which prompted us to develop our own primers
for the consensus 16S rRNA sequence. The developed primers synthesized amplicons
with the theoretically calculated number of base pairs only with the genetic material of
the target bacteria during the cross-validation. The development of highly specific
primer pairs for the detection of P. carotovorum subsp. carotovorum and R.
solanacearum species complex allowed further development of DNA probes for the
guantitative detection of bacterial pathogens by real-time PCR using calibration curves
from a series of tenfold dilutions of total DNA of the target pathogens.

The developed real-time PCR detection protocol for P. carotovorum subsp.
carotovorum was used in the laboratory testing of tubers from the 2021 harvest for the
presence of latent infection. The analysis of the prevalence of the pathogen in the tested
tubers from Kyiv and Odesa regions indicates that the occurrence of the pathogen is
more than 3.5 times higher in Odesa region compared to the same indicator in Kyiv
region. Such a difference in the distribution of P. carotovorum subsp. carotovorum in
different regions of Ukraine may be caused by different weather conditions in these
areas, which we found for another representative of pectolytic bacteria P. atrosepticum.

Thus, in the course of the dissertation research, the data on the prevalence of
bacterial rot pathogens in Ukraine were updated. For the first time in Ukraine, a link
was established between the spread of Pectobacterium atrosepticum and Clavibacter
sepedonicus and climatic conditions recorded during planting, vegetation and
harvesting seasons. In laboratory experiments, the resistance of potato varieties
common in the Ukrainian territories to the typical pathogen of blackleg and soft rot of

potatoes was investigated and the increased sensitivity of potato tubers to



Pectobacterium atrosepticum at elevated incubation temperature was shown. The
detection protocols by classical and real-time PCR were optimized and developed for
the Ralstonia solanacearum species complex and Pectobacterium carotovorum subsp.

carotovorum.

Key words: bacterial diseases, potato, bacteria, weather conditions, ring rot,
stress, Clavibacter sepedonicus, climate, mix-infection, identification, soft rot,
Ralstonia solanacearum species complex, Pectobacterium atrosepticum, Solanum

tuberosum.
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