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1. Incepraniiiny po60Ty IPUCBSIYEHO AOCHITKeHHI0 Gi3iosoriyHnx Ta GyHKIIOHANBHUX BIACTUBOCTEN HOBUX
eHJI0DITHUX MITaMiB, BUMIJIEHUX 3 [IOBEPXHEBO CTEPUJIi30BaHUX 0yIbO0YOK coi. HaykoBa HOBU3HA POOOTHU MOJISITAE Y
BMBYEHHI BJIACTMBOCTEN HOBOBU/INIEHUX €HAOQITHUX IITaMiB Ta BCTAHOBJIEHHI iX BIJIUBY Ha CUMOIOTUYHY CUCTEMY
«pu3o6ianbHi 6akTepii — cos». [TokasaHo, o JOCHiIKyBaHi eHgo¢iTHI 6akTepii OyIn CTIMKUMU IO GiIBIIOCTI
CY4aCHUX (PYHTILMIHUX Ta IHCEKTULMAHUX MIPEMNaparTiB, 0 POOUTh MOXJIMBUM iX CyMiCHEe BUKOPUCTAHHS 32 YMOB
MacoBOr'0 IIOIIMPEHHS WIKiTHUKIB Ta ¢iTonaroreHis. JlocaimkysaHi enpoditsi mramu Bacillus sp. 4, Bacillus sp. 5 Ta
Pseudomonas sp. 6 6y;1 3gaTHUMHU POCTH 3a BIIMBY TeMIepaTyp y fianasoHi 20°C - 42°C, mo cBiguuTh Ipo ix
CTIMKICTb 10 TEMIIEPATYPHUX KOJIMBAHb 38 BUKOPUCTAHHS fIK IHOKYJISHTIB Y Pi3HUX KJIIMAaTUYHUX 30HAX. byo

BUSIBJIEHO 3HAYHUI GiOKOHTPOJIIOIOYUI MOTEHI[iajl eHI0(ITHMX MTaMiB MPOTH SIK 6aKTepiabHUX, TaK i TPUOHUX



¢ironarorenis. llltamu Ochrobactrum sp. 2 ta Paenibacillus sp. 3 iHri6ysanu picT natoreHiB 6060BUX KyJIbTYP —
Xanthomonas axonopodis pv. phaseoli YKM B-1066 Ta YKM B-1065, a Bacillus sp. 5 - X. axonopodis pv. glycines
YKM B-1162. HaticunbHimi aHTaroHiCTU4YHi BacTuBOCTiI mpotu X. vesicatoria 7790 nposiBuiu mramu Ochrobactrum
sp. 2 ta Pseudomonas sp. 6, a npotu X. cucurbitae YKM B-1063 - Paenibacillus sp. 3. Pict Clavibacter michiganensis
subsp. michiganensis 102 HalteekTuBHile npurHiyysas Ochrobactrum sp. 2. Eno@iTtHi mramu npossisam
aHTaroHi3M i 0 NaTOreHHUX MiKpPOMILIETiB, iHrOyI0UM IPOPOCTAHHSI CIIOP Ta CIIPUYMHSIOUN 3MiHU Y Mopdoorii ix
minesnito. HaiiBuiy iHri6yrouy akTuBHiCTb mopo Alternaria alternata 150721 nposiBunu cynepHaTaHTy LITaMiB
Bacillus sp. 4 Ta Pseudomonas sp. 6, a mono Fusarium oxysporum 080721 - Ochrobactrum sp. 2 Ta Paenibacillus sp.
3. Y mocnimpkeHHSX ex vivo Oyia migTBepipkeHa epeKTUBHICTh eHIopiTHIX 6aKTepill poTH (PiTOnaToreHHUX
MiKpoMileTiB. 3acTocyBaHHs eHI0QITHO-prU306iabHOI IHOKYJISILIl HACIHHS 3a LITYYHOTO 3apa>kKEHHS
¢ditonaroreHamu A. alternata 150721 ta F. oxysporum 080721 cripusisio 3Ha4YHOMY 3MEHIIEHHIO IO YPasKeHHS
JINCTKOBUX IIACTUH. Y TOH Ke 4ac, JOJaTKOBE OOIIPHCKYBaHHS BEreTyl0YnX POCJIMH CyliepHaTaHTaMu eHgoQiTiB
3a0€31e4yunsIo 3aX1UCHU eeKT MPOTU Miko3iB Ha piBHi 81,2% - 95,9%. [TokazaHo, 110 yci ennodiTHi wramu
IpoAyKyBajnu cugepodopu rizpokcamaTHoro Tuily, a mramu Paenibacillus sp. 3, Bacillus sp. 4 ta Bacillus sp. 5
CHHTE3yBaJIA TaKOX i KaT€XOJIaTHI THIN. 3a KiJIbKiCHOTO BU3HAYE€HHS MPOAYKIii cuiepodopiB eHgodiTHIMU
IITaMaMu OyJI0 BCTAaHOBJIEHO, 1110 HAaaKTHUBHIINMU NpoxyLeHTamu 6ysu Paenibacillus sp. 1(75,9%), Bacillus sp. 4
(57,7%) ta Pseudomonas sp. 6 (78,3%). 3a komIsiekcoM MOPQOJIOTiYHMX 03HaK, (i3i0710r0-6i0XiMiYHMX
BJIACTMBOCTEM, pe3yJIbTaTaM/ TIOBHOT€HOMHOI'O CEKBEHYBAHHSI Ta (PiIOr€HETUYHOTO aHaJIi3y aKTUBHI €eHJI0(IiTHI
izonsTy Bacillus sp. 4 ta Bacillus sp. 5 6yno inentudikosano sk Bacillus velezensis IMB B-8134 Ta B-8135 Ta
3agenonoBaHo y DDBJ /ENA /GenBank 3a Homepamu GCA_051550635.1 Ta GCA_052976605.1 BifnoBifHO. AHOTALIis
reHOMIB JaHUX IITaMiB Ta aHajli3 6i0CMHTETUYHUX F€HHUX KJIacTepiB IPOJEeMOHCTPYBAIN 3HAYHUN
6i0TexXHOJIOTIYHMI NTOTeH1Lias. Bys0 BUSBIE€HO reHy, BiIOBifabHi 32 CUHTE3 aHTUO6IOTUYHUX CIOJYK (6aluli3uHy,
MaKpOJIaKTUHY, 6anniaeny, GeHrinuny, nnpinuauny) Ta cunepodopis (6aunni6akTUHY). ¥ OJIbOBUX AOCTIIKEHHIX
[TI0Ka3aHO, 10 KOMILJIEKCHA MePeIIOCiBHA iIHOKYJIALS HACIHHSA COi CIIpusia aganTalii pOCJUH 0 HECIIPUSTIMBUAX
YMOB LIJIIXOM aKTUBYBaHHS (PEPMEHTATUBHUX Ta He(EPMEHTATUBHUX MEXaHi3MiB aHTUOKCUJIAHTHOT'O 3aXUCTY.
Byso BigMiueHO MifBuIleHHS KaTaJaa3HOi aKTUBHOCTI Ha 52,2% IOPIBHSAHO 3 KOHTPOJIEM, IO CBiTYUTD IIPO
aKkTuBalio pepMeHTaTUBHOrO MKy HelTpanizalii Hagumky nepokcuny Bogso (H202). OgHouyacHO
CIIOCTepirainy, 10 aHTUPAAMKaJIbHA aKTUBHICTb €KCTPAKTIB KOPEHIB Ta JIMCTS iHOKYJIbOBAaHUX POCJIMH COi Oysa
HIDKYOI0, HiX Y KOHTpOoJIi Ha 10,0% Ta 39,06% BinnosigHO, 10 3yMOBJIEHO 3HUXKEHHSIM OKCULATUBHOIO CTPECY.
Oxpim 1pOro, iHOKyJIALis CIIpUsiyIa MiABUILEHHIO BOJ03abe3l1euyeHHs Ta BOLOYTPUMYIOUOi 30aTHOCTI POC/IVH.
BaxxsMBO 3a3HauYMTH, 110 ONKCaHi edpeKTU 36epirajncs i y pocjivH COi Ipyroro NoKoJliHHS, BUPOLIEHUX 3 HAaCiHHS,
iHOKYy/IbOBaHOTO MUHYJIOTO POKY. Takuil peHOMEH pO3IJISHAETHCS SIK IPOSIB OiONPANMIHTY, KU, IMOBIpHO,
BKJIIOYA€ BEPTUKAJIbHY Ilepeiavy eHI0QiTiB HACTYITHOMY MOKOJIIHHIO POCJIMH 3 HAaCiHHSM. Y MOJIbOBUX JOCTiIaX, y
nocymnrsux ymonax I[liBnenHoro Crerny Ykpainy, 6ys10 Bil3Ha4Y€HO MO3UTUBHUIN BIIJIMB KOMIIJIEKCHOI iHOKYJISILIi
HACiHHY COi Ha [IPeJICTaB/IEHICTh MIKPOOPraHi3MiB OCHOBHUX €KOJIOT0-(QYHKIIOHAJIBHUX IPYII TA arpoXiMiuyHMN
CKJIaJi, IPYHTIB, 110 CIPUSIIO MiABUIIEHHIO CTIMKOCTi Ta MPOLYKTUBHOCTI POCIUH coi. [loegHaHHSI KOPUCHUX e(PEeKTiB
3a06e31e4yunso cTabisibHe 3pOCTaHHS yPOXKalHOCTI, npupicT ckias 19,4-40,4%, MOpiBHSAHO 3 HEOOPOOJIEHUM

KOHTPOJIEM.

2. This thesis is devoted to the study of the physiological and functional properties of newly isolated strains
isolated from surface-sterilized soybean nodules. The scientific novelty of this work consists in studying the
properties of newly isolated endophytic strains and determining their effect on the “rhizobial bacteria-soybean”
symbiotic system. It has been shown that the studied endophytic bacteria were resistant to most modern
fungicides and insecticides, that allows for the combined use under conditions of widespread pest and
phytopathogen infestation. Strains Bacillus sp. 4, Bacillus sp. 5, and Pseudomonas sp. 6 were capable of growing
under suboptimal temperatures ranging from 20°C to 42°C, indicating their resistance to temperature fluctuations
when used as inoculants in various climatic zones. Significant biocontrol potential of endophytic strains against
both bacterial and fungal phytopathogens has been revealed. Strains Ochrobactrum sp. 2 and Paenibacillus sp. 3
inhibited the growth of legume pathogens —Xanthomonas axonopodis pv. phaseoli UCM B-1066 and UCM B-1065



-while Bacillus sp. 5 inhibited X. axonopodis pv. glycines UCM B-1162. The strongest antagonistic properties
against X. vesicatoria 7790 were exhibited by strains Ochrobactrum sp. 2 and Pseudomonas sp. 6, and against X.
cucurbitae UCM B-1063 - by Paenibacillus sp. 3. The growth of Clavibacter michiganensis subsp. michiganensis 102
was most effectively inhibited by Ochrobactrum sp. 2. In addition, the endophytic strains exhibited antagonism
toward pathogenic microfungi, inhibiting spore germination and causing changes in the morphology of their
mycelium. The supernatants of Bacillus sp. 4 and Pseudomonas sp. 6 exhibited the highest inhibitory activity
against A. alternata 150721, while the supernatants of Ochrobactrum sp. 2 and Paenibacillus sp. 3 were the most
effective against F. oxysporum 080721. Ex vivo studies have confirmed the efficiency of endophytic bacteria against
phytopathogenic fungi. The endophytic-rhizobial seed inoculation following artificial infection with the
phytopathogens A. alternata and F. oxysporum contributed to a significant reduction in the area of leaf damage. At
the same time, additional spraying of growing plants with endophyte supernatants provided a protective effect
against fungal diseases ranging from 81.2% to 95.9%. Our studies confirmed that all endophytic isolates were
capable of producing hydroxamate-type siderophores, while the strains Paenibacillus sp. 3, Bacillus sp. 4, and
Bacillus sp. 5 were capable of synthesizing both hydroxamate- and catecholate-type siderophores. Quantitative
determination of siderophore production by endophytic isolates revealed that Paenibacillus sp.1 (75,9%), Bacillus
sp. 4 (57,7%) and Pseudomonas sp.6 (78,3%) were the most active producers. Based on a complex of morphological
characteristics, physiological and biochemical properties, whole-genome sequencing results, and phylogenetic
analysis, the active endophytic isolates Bacillus sp. 4 and Bacillus sp. 5 were identified as Bacillus velezensis IMV B-
8134 and IMV B-8135 and deposited in DDBJ /ENA/GenBank under the accession numbers GCA_051550635.1 and
GCA_052976605.1, respectively. Genome annotation of the strains and analysis of biosynthetic gene clusters
demonstrated significant biotechnological potential. Genes responsible for the synthesis of antibiotic compounds
(bacilysin, macrolactin, bacillaene, fengycin, difficidin) and siderophores (bacillibactin) have been identified. Field
studies have demonstrated a significant adaptogenic effect of endophyte-rhizobial inoculation on soybean plants
under drought conditions by activating enzymatic and non-enzymatic mechanisms of antioxidant defense. It was
observed, that catalase activity increased by 52.2% compared to the control, indicating the activation of the
enzymatic pathway for neutralizing excess hydrogen peroxide (H202). At the same time, the antiradical activity of
root and leaf extracts from inoculated soybean plants was 10.0% and 39.06% lower than in the control,
respectively, due to a reduction in oxidative stress. In addition, inoculation helped increase the water supply and
water-holding capacity of plants. It is important to note that the described effects persisted in second-generation
soybean plants grown from seeds inoculated the previous year, indicating the likely vertical transmission of
endophytes to the next generation of plants. In field experiments, in the arid conditions of the Southern Steppe of
Ukraine, a positive effect of complex inoculation of soybean seeds on the representation of microorganisms of the
main ecological-functional groups and the agrochemical composition of soils was noted, which contributed to
increasing the resistance and productivity of soybean plants. The combination of beneficial effects ensured a
stable increase in yield, the increase was 19.4-40.4%, compared to the untreated control.
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CorniasibHO-€KOHOMIYHA CIIPSIMOBAHICTb: NOJIINIIEHHS CTaHY HABKOJIMIIHBOTO CEPELOBUIIA

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagykeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH T€MaMH: 0120U000220 0125U000938

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Iyruncbka 'annna OsekcangpiBHa

2. Halyna O. Iutynsoka

KBasidikawis: 1. 6. u., npodecop, unen-kop. HAH Vkpainu, 03.00.07
I,T.LeHTI/I(l)iKaTop ORCID ID: 0000-0001-6692-2946

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI OPHUAUYHOI 0COOH: IHCTUTYT MiKpOGioorii i Bipycosorii im. 1. K. 3a6osnoTHOrO

HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417087

Micue3HaxoaKeHHS: ByJI. AKaziemika 3a6osiotHoro, Kuis, 03143, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odinifiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. KormnsioB €Brexin [1aBioBu4



2. Yevhenii P. Kopylov

KBasigikamis: 1.6.1., crapumnii HaykoBuii criiBpo6iTHUK, 03.00.16
ImenTudikarop ORCID ID: 0000-0001-5463-8761
JonaTkoBa iHdopmalist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0COOH: [HCTUTYT CilbCHKOTOCTIOAPCHKOI MiKpOGioorii Ta

arpoIpoMuCJIOBOTO BUpoOHUITBA HanlionanbHOi akagemii arpapHuxX Hayk YKpaiHu

Kopg 3a €IPIIOY: 00497360

Micue3HaxoaKeHHS: By [llesuenka, UepHiris, UepHiriBchkuil p-H., 14027, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: HanjonanbHa akazeMis arpapHUX HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. [Tupa Ceitnana BacuiiBHa

2. Svitlana V. Pyda

KBasigikamnis: n. c.-r. 1., npodecop, 03.00.12
ImenTudikarop ORCID ID: 0000-0002-7858-104X
JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,uH‘{HOi 0CcoOoM: TepHOIINbCbKMI HALLIOHAIbHUM [1€1arOriYHM YHIBEPCUTET

imeHi Bosiopumupa I'naTioka

Kopg, 3a €APIIOY: 02125544

Micue3HaxoaKeHHS: By M. KpuoHoca, TepHorinb, TepHOMinbChKUil p-H., 46027, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ckopoxog Ipuna OnexkcaHzpiBHA

2. Iryna O. Skorohod

KBasigikanis: x.6.1., c.1., 03.00.07
Inentudikarop ORCID ID: He zacrocoyerbcs
JonaTkoBa iHdopmaris:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [HCTUTYT MiKpOGioorii i Bipycosorii im. JI. K. 3aGosotHoro

HanionanbHOI akasemii Hayk YKpainu

Kopg 3a €IPIIOY: 05417087



Micue3HaxoaKeHHS: ByJI. AKaziemika 3a6osiotHoro, Kui, 03143, Ykpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kypauu IBan Kupunosuy

2. Ivan Kurdish

KBasigikamis: 1. 6. u., npodecop, 03.00.07, 03.00.20
InenTudikarop ORCID ID: He 3acrocosyerncs
JoparkoBa iHdopMmamnist: Scopus ID: 6701494949

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [HCTUTYT MiKpOGioorii i Bipycosorii im. JI. K. BaGosotHoro

HanionansHOI akamemii Hayk YKpainu

Kopg 3a €IPIIOY: 05417087

Micue3HaxoaKeHHS: ByJI. AKaziemika 3a6osiotHoro, Kuis, 03143, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IlpisBuie Im's ITo-6aTbKOBI [aciunuk Jlizis AnarosniisHa
rOJIOBH pagu

Bnacue IpizBume Im's [10-6aTbKOBI [aciunuk Jlizis AnarosniisHa
rOJIOBYIOYOrO Ha 3acigaHHi

BiamoBiganbHUH 32 MiITOTOBKY lllepuyk Hapis BonogumupisHa
00JIIKOBHX JOKYMEHTIB

PeecTparop IOpuenko TeTssHa AHaTOJiIBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




