AHOTAIIS

llesuyyx H.B. ®i3ionoriuHa akTHBHICTh 1 BIUIMB €HAO(DITHUX OakTepiii Ha
cum0Oi03 Bradyrhizobium japonicum — Glycine max. — KsamidikariiiHa HaykoBa mparis
Ha TMpaBax pPyKOIMHCY.

Huceprariss Ha 3400yTTS HAYKOBOTO CTyIleHs JokTopa (dimocodii 3a
cretianpHicTIO 091 «bionoria ta 6i0xiMisi». — [HCTUTYT MIKpOOi0JIOTii 1 BIpycCoJIOTii
im. JI.K. 3a6omotnoro HAH Vkpainu, Kuis, 2026 p.

HuceprarniiiiHy po0OOTy NPUCBAYEHO JOCIIKEHHIO  (hi310JIOTIYHUX  Ta
(yHKL10HATBHUX BJACTUBOCTEN HOBUX EHAO(PITHUX IITAMIB, BUIUIEHUX 3 TOBEPXHEBO
CTEpUIII30BaHUX OYJIHOOYOK COi.

[ToB’s13aH1 3 pocaMHAMU MIKpOOpraHi3MH, 30kpema, puzochepHi Ta eHa0(}iTHI
OakTepli, 34aTHI KOJOHI3yBaTH (QiTtocdepy, CHUHTE3yBaTH META0OJITH, SIKI
CTUMYJIIOIOTh PICT KYJIbTYPHUX POCIUH, CHPUSIIOTH MiJIBUILEHHIO X CTPECOCTIMKOCTI
Ta IPOJYKTUBHOCTI. Y 3B’SI3KY 3 LIUM 3pOCTa€ 1HTEpeEC 10 OaKkTepiii-eH10(ITIB, iX pol
y ¢opmyBaHHI €(EKTUBHUX POCIMHHO-MIKDOOHUX CHUCTEM 13 HaJaHHSAIM 1M
JOJIATKOBUX aManTUBHUX (QYHKIIM 1 cTabumpHOCTI. Han3BuyaliHO akTyallbHUM €
CTBOPEHHSI HOBITHIX OlompernapaTiB Ha OCHOBI €HI0(ITHUX OakTepii 3 MIABUIIEHUMU
CTPECOMPOTEKTOPHUMH BJIACTUBOCTSAMHU 1 €KOJIOTIYHOIO TIACTUYHICTIO ISl CTaJoro
pPO3BUTKY pociauHHUITBA. EHmodiTHI OakTepii MaroTh CTIHKI MYTyaJiCTHYHI
B3a€EMOBIJIHOCUHHU 3 POCJIMHAMH, MPOTE IiX i Yy KOMIUIEKCI 3 pu3001aJbHUMU
OakTepisiMU MaJio JTOCIiIKEHa.

HaykoBa HOBH3HA POOOTH MOJSTAE Y BUBYEHHI BIACTUBOCTEH HOBOBUIIJICHUX
eHAO(ITHMX IUTaMIB Ta BCTAaHOBJIIEHHI IX BIUIMBY Ha CHUMOIOTUYHY CHCTEMY
«pu3obianbHi 6akTepii — cos». [Tokazano, o gociaKyBaHl eHa0(iTHI OakTepii Oynu
CTIMKMMH 70 OUIBIIOCTI Cy4acHMX (PYHTIUMIHUX Ta 1HCEKTULUIHUX IMpernaparib, 3a
3aCTOCYBAaHHA IX Yy J103aX, PEKOMEHIOBaHUX BHpPOOHUKOM. lle poOuTh MOXKINBUM
CyMICHE BUKOPHUCTAHHS JaHUX TMECTUIUIIB 3 eHAOMITHUMHU Ta PU300iaTbHUMHU

OakTepisiMU 32 YMOB MacOBOTO MOIIMPEHHS HIKITHUKIB Ta (ITONATOTEHIB.



HocmimkyBani  enpoditai  mramu  Bacillus  sp. 4, Bacillus sp.5 Ta
Pseudomonas sp. 6 Oymiu 37aTHUME POCTH 32 BILTHUBY CYIPAONITUMAIEHUX TEMIIEPATYP
y miana3oHi 20°C - 42°C, m0 CBITYUTH MPO iX CTIMKICTH 10 TEMIIEpaTypPHUX KOJIUBAHb
3a BUKOPUCTAHHS K THOKYJISIHTIB Y PI3HUX KJIIMATHYHUX 30HAX.

Y ekcrmepuMeHTax in VIVO Ta ex VIVO Oyno BHSBICHO 3HAYHUUN
O10KOHTPOJIFOIOUNM TOTEHITIA €HA0(ITHUX MITaMIB MPOTH SIK OaKkTeplaJbHUX, TaK 1
rpubHux (dironatoreniB. Illtamu Ochrobactrum sp.2 Ta Paenibacillus sp. 3
iHTiIOYBaNM picT maroreHiB 6000BUX KyIbTyp — Xanthomonas axonopodis pv. phaseoli
YKM B-1066 Ta YKM B-1065, a Bacillus sp. 5 — X. axonopodis pv. glycines YKM B-
1162. HaiicuipHilm aHTaroHICTWYHI BJIACTUBOCTI mpoTm X. vesicatoria 7790
nposieriin mTamu Ochrobactrum sp. 2 ra Pseudomonas sp. 6, a npotu X. cucurbitae
YKM B-1063 — Paenibacillus sp.3. Pict Clavibacter michiganensis subsp.
michiganensis 10, — 30yaHuKa paKy TOMariB ab0 XBOpPOO TOMATiB HalepEKTHUBHIIIIE
npurdiayBas Ochrobactrum sp. 2. Omke, He3BaKalOud Ha Te, IO TOCIIKYBaHi
mTaMu Oy BUAUICHI 13 OyJIbOOYOK CO1, BOHU MPOSIBJISIIM aHTaroHi3M JI0 MaTOreHIB
aK 0000BHX, TaK 1 OBOYEBHUX KYJbTYp, IO MIIKPECIIOE iX MOTEHIIaJl SIK arcHTIB
OIOKOHTPOJTIO /IS PI3HUX arpOKYJIbTYP.

OxkpiM 1bOro, eHAO0(ITHI ITaMU MNPOSBISUIM AHTAroOHI3M 1 10 MaTOT€HHHUX
mitemro. HaiiBumry iHriOyrouy akrtuBHIiCTH momo Alternaria alternata 150721
nposiBwM cynepHarantd mramiB Bacillus sp. 4 ta Pseudomonas sp. 6, a momo
Fusarium oxysporum 080721 — Ochrobactrum sp. 2 ta Paenibacillus sp. 3.

Y nmocnmimpkeHHsX €X VIVO Oyia miaTBep/pKeHa CSPEeKTHBHICTh €HAOMITHHX
OakTepii mpoTH (PITOMATOrEHHUX MIKPOMILETIB. 3acTOCYBaHHS €HAO(]ITHO-
pu300ianbHOI 1HOKYJISIII HACIHHS 3a IITYYHOTO 3apakeHHs (QiTomaToreHaMu
A. alternata 150721 Ta F. oxysporum 080721 cripusijio 3HQaUHOMY 3MEHIICHHIO IO
ypa)Ke€HHS JIMCTKOBUX IUIACTUH. Y TOW € dac, JO0JaTKOBE OOMPHUCKYBaHHS
BETETYIOUUX POCIIMH CyllepHAaTaHTaMU €H10(ITIB 3a0€3MeUmII0 3aXUCHUN €(eKT IPOTH

Mik03iB Ha piBHI 81,2% - 95,9%.



OnmHuM 13 MOMIMPEHUX MeEXaHI3MIB OakTepiaJbHOr0 OIOKOHTPOJIO € CHHTE3
cuaepodopiB. Y HAMUX TOCHTIHKEHHIX 0YyJIO MiITBEPHKEHO, M0 yCi eHI0(ITHI IITaMA
npoayKyBaym cunepodopu TigpokcamatHoro tuiy, a mramu Paenibacillus sp. 3,
Bacillus sp.4 Ta Bacillus sp.5 cunTesyBanmu TakoX 1 KaTeXoJlaTHI THMH. 3a
KUTBKICHOTO BHM3HAUEHHS MPOAYKIIl cuuepodopiB eHAO(DITHUMHU MITaMamMHu OyJio
BCTaHOBIJICHO, 1110 HallaKTUBHIIIMMH TIpoaylieHTamu Oysu Paenibacillus sp. 1 (75,9%),
Bacillus sp. 4 (57,7%) ta Pseudomonas sp. 6 (78,3%).

3a KoMIUIeKCOM MOP(OJIOTIYHUX O3HAK, (P1310J10T0-010XIMIYHIX BJIACTUBOCTEH,
pe3yibTaTaMu TOBHOTEHOMHOTO CEKBEHYBaHHS Ta (DUIOTE€HETUYHOTO aHali3y aKTHUBHI
enpoditai i3omatu Bacillus sp. 4 Ta Bacillus sp. 5 Oyno inenTudikoBano sk Bacillus
velezensis IMB B-8134 ta B-8135 ta 3amenonoBano y DDBJ/ENA/GenBank 3a
Homepamu GCA_051550635.1 ta GCA_052976605.1 BinmoBigHo. AHOTAIis TEHOMIB
JAHUX IITaMIB Ta aHalli3 OlOCMHTETUYHUX TE€HHHUX KJIAcTepiB MPOJAEMOHCTPYBAIU
3HAYHUN O10TEXHOJIOTTYHUN TMOTEHIla. Bylo BUSBICHO TeHH, BIJANOBIIAbHI 3a
CUHTE3 aHTUOIOTUYHHUX CHONYK (OalMITI3UHY, MAKPOJIAKTUHY, OalluiIaeHy, (PEHTIUHY,
mudiuuauay) ta cunepodopi (OaunmibakTuHy). BiACyTHICTH 3aKOJOBaHUX TI'EHIB
TOKCHMHIB Ta CYNEPAaHTUTEHIB CBIIYUTh TMPO IX HemaToreHHictb. Lle Oymo
HiATBEP/KEHO y T0ciaax in Vivo (TOKCHKOJIOTO-TIrEHIYHMIA BUCHOBOK JIOJIAETHCH).
O6uaBa mTamMu OyiM YYTIUBUMH A0 OUIBIIOCTI MPOTECTOBAHMX AHTHUOIOTUYHUX
CronyK  (aMIHOTJIIKO3HU/IIB, (GhTOPXIHOJIOHIB, MaKpOJIiIiB, TJTIKOTNIETITH/IIB,
TeTPalUKIiHIB, IedaocnopuHiB, aM(PEeHIKOJIIB, Ta KapOaneHeMiB), 110 JT03BOJISE iX
BUKOPHUCTAHHS SIK IHOKYJISTHTIB y CUTBCHKOMY TOCIIOAAPCTBI 0€3 PU3UKIB MOIIMPEHHS
T€HIB aHTUO10TUKOPE3UCTEHTHOCTI Y €KOCUCTEMAX.

Y noaboBUX JOCHIDKCHHSX BHSBJICHO 3HAYHWN aManTOTCHHUHA BIUIMB
eH10(ITHO-pN3001aTbHOT THOKYJIAIIIT Ha pOCIIMHM COi B yMOBax nocyxu. [lokazaHo, 1o
KOMIUIEKCHA TEPEe/NOCIBHA 1HOKYJISLIS HACIHHS COI CIpusijia afanTallii poCiauH 0
HECIIPUSATINBUX YMOB IIIJITXOM aKTUBYBaHHS (D€PMEHTATUBHUX Ta HEPEPMEHTATUBHUX
MEXaHI3MIB aHTUOKCUIAHTHOTO 3axuCTy. Byso BiAMideHO MiABUIICHHS KaTajla3HOi
akTUBHOCTI Ha 52,2% TOPIBHSAHO 3 KOHTPOJEM, IO CBIIYUTH MPO aKTHUBAIlIIO

(epMeHTaTUBHOrO INLISAXY HeHTpamizamii Hamaumky mnepokcuay Boauio (Hz0y).



OpnHouyacHO crocTepiraiy, 10 aHTUPAJIMKallbHa aKTHUBHICTh €KCTPAKTIB KOPEHIB Ta
JIMCTSI IHOKYJIbOBAaHUX POCIIMH COi Oyiia HIKUOI0, HIX Y KoHTpoii Ha 10,0% ta 39,06%
BIJIMTOBITHO, IO 3yMOBJICHO 3HIDKCHHSIM OKCHIATUBHOTO cTpecy. OKpiM IIhOTO,
eH10(hITHO-PU3001JIbHA THOKYJIALIS COpHsIIA MOKPAIIEHHIO BOIHOTO PEXKUMY POCIIHH
coi, a caMe MiJIBHIIlyBaJia BO/103a0€3MEUCHHS Ta BOAOYTPUMYIOUY 37aTHICTh POCIIHH.
BaxnuBo 3a3HaunTH, 1Mo omucaHi edekTu 30epiraaucs 1 y pOCIWH COi JPyroro
MIOKOJIIHHSI, BUPOIICHHUX 3 HACIHHSA, 1HOKYJIbOBAHOTO MUHYJIOTO POKY. Takuil (heHOMEH
pPO3TISAAETbCA AK MPOSB OlompaliMiHTy, SIKUW, WMOBIPHO, BKJIIOYA€ BEPTUKAIBHY
nepeaavdy eH10(}iTiB HACTYITHOMY MTOKOJIIHHIO POCIIMH 3 HACIHHSIM.

VY nospoBUX I0CHIAAX, NPOBEAECHUX Y TocyuuinBux yMmoBax IliBnennoro Cremy
VYkpaiHu Ha 3pOlLIyBaHUX 3eMJISIX, OYJI0 B1I3HAUEHO MO3UTHUBHUMN BIJIUB KOMIUIEKCHOI
eHI0(ITHO-PU3001IBHOI 1HOKYJIALII HACIHHSA COi Ha puszocepHy MIKpOOIOTy Ta
arpoXiMIYHMM CKJIaJ IPYHTIB, 1110 CIIPUSIIO MIABUIIEHHIO CTIMKOCTI Ta MPOyKTUBHOCTI
pOCIIMH cOi. 3aCTOCYyBaHHSA 1HOKYJIAIII aKTHUBI3yBajlO PO3BUTOK MIKPOOPTaHi3MIB
OCHOBHHMX €KOJIOTO-()YHKIIOHAJBbHUX Tpyn y puszochepHoMy IpyHTI coi. bymo
B1JIMIY€HO 301JIBIIEHHS YUCENBHOCTI aMOH1(iKyBaabHUX (y 2,7 pa3u), aMIJIOIITHYHUX
(y 2,2 pasu), dpocharmobinizyBansuux (y 3,1 pasu), nemorpodnux (Ha 20,9%),
osirorpopHux (2,3 pa3u) Ta HiTporeHPikcyBanbHux (Ha 42,2%) MIKpOOpraHi3miB
MOPIBHSTHO 3 KOHTPOJIBHUM BapiaHTOM 0e3 1HOKYJIsIii. BMICT MOXUBHUX €JIEMEHTIB
IPYHTY TaKOXX 3pOCTaB 3a BUKOPHUCTAHHS 1HOKYJAMii. Tak, 30UIbIIEHHIO BMICTY
MIHEpAJIbHOTO HITPOT€HYy Ta OOMIHHOTO Kajlil0 CHPHSUIO 3aCTOCYBAHHS 1HOKYJISIII
Puso6inom<+ B. velezensis IMB B-8135, a HaiiGinemmii BMicT pyxomoro ¢ochopy
Oy7n0 BimmiueHo y BapianTax Pu3o6i®+ B. velezensis IMB B-8135 Ta Puzo6ink+
Pseudomonas sp. 6. IligBuIeHHS MOKA3HUKIB TOJHOBOI CXOXKOCTi, BHIXKHBAaHHS Ta
T'YCTOTH CTOSIHHSI POCIIMH, TIOKPAIICHHS CTPYKTYpPU ypOxkKaro 3a0e3meumnii cTabiibHe
3pOCTaHHS ypoOKaHOCTi, TpupicT ckiaB 19,4-40,4%, mopiBHSIHO 3 HEOOPOOICHUM
KOHTPOJIEM.

I[IpakTuyHe 3HAYEeHHS OTPUMaHUX pe3yabTariB: Ha mifcrtaBi pe3ynbTaTiB
JIOCITIIKCHB CTPECOCTIHKOCTI, O10KOHTPOJIIOIOYHX, aJlalTOrCHHUX,

(1TOCTUMYITIOBAIBHUX BJIACTUBOCTEN €HAO(DITHUX IITaMIB Ta iX MO3UTUBHOTO BILUIUBY



Ha CO€BO-PU300IaIbHUM CUMO103 PO3POOJICHO MPAKTUYHI PEKOMEHJAIlll 11010
3aCTOCYBAHHSA KOMIUIEKCHOI €HI0(ITHO-pU3001IbHOI 1HOKYJAIII HACIHHA COi, SKI
oImy0JIIKOBaHI B «YJIOCKOHAJ€Ha €HEProollagHa TEXHOJIOTiA BHUPOIIYBaHHSI COi B
ymoBax 3pouieHHs [liBnennoro Creny Ykpainu: HayKOBO-METOAUYHI PEKOMEH/IAIIi».
EdexktuBHiCTh eHA0(DITHO-PU3001aMbHOT 1HOKYJIALD HACIHHS €Ol MiATBEPAKEHO
aKTaMH BIPOBA/KEHHS HAyKOBO-TEXHIUHOI PO3poOKu y XepcoHChbkilt Ta Opechkii
obmactax ([omatok B). AxtusHi enpoditai mramu Bacillus velezensis IMB B-8134
ta IMB B-8135 momoBHWIM KOJEKIII0 MIKPOOPTaHi3MiB JEMO3UTapii0 [HCTHUTYTY
Mikpo6ioiorii 1 Bipycosorii im. J[. K. 3a6onornoro HAH Ykpainu, a ix moBH1 TeHOMHI
MOCJIJOBHOCTI 3a/IeMOoHOBaHo y 0a3i GenBank.

Kaw4oBi caoBa: engoditu, puszobii, cos, CTIMKICTh A0 TECTUIIUIIB,
AHTaroHICTUYHA aKTUBHICTb, O10KOHTPOJIb, cusiepodopu, iieHTudikaiis, GpijaoreHis,
OlompaliMyBaHHS, aHTUOKCHJIAaHTHA aKTUBHICTb, BOJHUI PEKUM, POAIOYICTH IPYHTY,

YpOXKANHICTB.



ABSTRACT

Shevchuk N.V. Physiological activity and influence of endophytic bacteria on the
Bradyrhizobium japonicum—Glycine max symbiosis. — Qualification scientific work in
the form of a manuscript.

The thesis for the degree of Doctor of Philosophy in specialty 091 “Biology and
Biochemistry”. — D. K. Zabolotny Institute of Microbiology and Virology of the NAS
of Ukraine, Kyiv, 2026.

This thesis is devoted to the study of the physiological and functional properties
of newly isolated strains isolated from surface-sterilized soybean nodules.

Plant-associated microorganisms, particularly rhizosphere and endophytic
bacteria, are capable of colonizing the phytozone, synthesizing metabolites that
stimulate the growth of cultivated plants, and enhancing their stress tolerance and
productivity. In this regard, there is growing interest in endophytic bacteria and their
role in forming effective plant-microbial systems, endowing them with additional
adaptive functions and stability. The development of novel bioformulations based on
endophytic bacteria with enhanced stress-protective properties and ecological
plasticity is of critical importance for the sustainable development of crop production.
Endophytic bacteria maintain stable mutualistic relationships with plants; however,
their interaction with rhizobial bacteria has been poorly investigated.

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 when applied at the doses
recommended by the manufacturer. This allows for the combined use of these
pesticides with endophytic and rhizobial bacteria under conditions of widespread pest
and phytopathogen infestation.

The endophytic strains Bacillus sp. 4, Bacillus sp. 5, and Pseudomonas sp. 6

studied 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.

In vivo and ex vivo experiments revealed significant biocontrol potential of
endophytic strains against both bacterial and fungal plant pathogens. 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 10,, which infects tomato plants, was most effectively inhibited by
Ochrobactrum sp. 2. Thus, despite the fact that the studied strains were isolated from
soybean nodules, they exhibited antagonism toward pathogens of both legume and
vegetable crops, highlighting their potential for use as biocontrol agents for various
agricultural crops. 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%.

One of the common mechanisms of bacterial biocontrol is the synthesis of
siderophores. 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
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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.
The absence of encoded toxins and superantigens indicated that they are
nonpathogenic. This was confirmed in in vivo experiments (toxicological and hygienic
conclusion attached). Both strains exhibited sensitivity to most of the tested antibiotic
compounds (aminoglycosides, fluoroquinolones, macrolides, glycopeptides,
tetracyclines, cephalosporins, amphenicols, and carbapenems), allowing their use as
inoculants in agriculture without the risk of spreading antibiotic resistance genes in
ecosystems.

Field studies have demonstrated a significant adaptogenic effect of endophyte-
rhizobial inoculation on soybean plants under drought conditions. It was shown that
complex pre-sowing inoculation facilitated plant adaptation to adverse 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
(H20,). 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, endophyte-rhizobial
inoculation improved the water regime of soybean plants, specifically increasing water

supply and water-holding capacity. It is important to note that the described effects
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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 conducted under arid conditions in the Southern Steppe of
Ukraine on irrigated lands, a positive effect of complex endophytic-rhizobial
inoculation of soybean seeds on the rhizosphere microbiota and the agrochemical
composition of the soil was observed, which contributed to increased resistance and
productivity of soybean plants. The application of inoculation stimulated the number
of microorganisms belonging to the main ecological-functional groups in the soybean
rhizosphere soil. An increase was observed in ammonifying (2.7-fold), amylolytic (2.2-
fold), phosphate-mobilizing (3.1-fold), pedotrophic (20.9%), oligotrophic (2.3-fold),
and nitrogen-fixing (by 42.2%) microorganisms compared to the control variant
without inoculation. The content of soil nutrients also increased with the use of
inoculation. Thus, the application of inoculation with Ryzobin + B. velezensis IMV
B-8135 contributed to an increase in the content of mineral nitrogen and exchangeable
potassium, and the highest content of available phosphorus was observed in the
variants with Ryzobink + B. velezensis IMV B-8135 and RyzobinX + Pseudomonas
sp. 6. Improved field germination, survival, and plant density, as well as the positive
effect of endophytic-rhizobial inoculation on crop structure, ensured a stable increase
in yield, with a gain of 19.4-40.4% compared to the untreated control.

Practical significance of the results obtained: Based on the results of studies
on the stress tolerance, biocontrol, adaptogenic, and phytostimulatory properties of
endophytic strains and their positive effect on the soybean-rhizobial symbiosis,
practical recommendations have been developed for the use of a complex endophytic
-rhizobial inoculation of soybean seeds, which are published in “Advanced Energy-
Efficient Technology for Soybean Cultivation under Irrigation Conditions in the
Southern Steppe of Ukraine: Scientific and Methodological Recommendations”. The
efficiency of endophyte-rhizobial inoculation of soybean seeds has been confirmed by
reports on the implementation of scientific and technical developments in the Kherson

and Odesa regions (Appendix B). The active endophytic strains B. velezensis IMV B-
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8134 and B-8135 have been deposited in the Depository at the D. K. Zabolotny
Institute of Microbiology and Virology of the National Academy of Sciences of
Ukraine, and their complete genomic sequences have been deposited in the GenBank
database.

Keywords: endophytes, rhizobia, soybean, pesticide resistance, antagonistic
activity, biocontrol, siderophores, identification, phylogeny, biopriming, antioxidant

activity, water regime, soil productivity, yield.
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AHTAroOHICTUYHI BIACTUBOCTI Ta 3/1aTHICTh €HI0(DITIB CHHTE3YBaTU CUIepodopH,
MPOBEICHO aHaJli3 OTPUMAHMX JIaHUX, OPOPMIICHHS Ta HANUCAHHS PO3JLIIB

pe3yabTaTH Ta OOTOBOPEHHS)
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HAciHHS eHIO(PITHUMHU Ta OyJIbOOYKOBHUMH OakTepisiMH, MPOBEIACHO aHai3
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300. (popma yuacti — 3a09Ha)
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