Cepisi «CinbcbkorocnofapcbKi HayKu» ISSN 3154-8059
Bunyck 3(115) 2026 p.

YOK 633.34:631.461:631.53.02  https://doi.org/10.31713/vs3202618

eriH 0. M. [1; ORCID ID: 0009-0002-0710—5852]'

3000yBay cTyneHs goktopa ¢inocodii (Ph.D.),
BinH“Ha I. 0. [1,2; ORCID ID: 0000-0001-8351-2519]

K.C.-T.H., C.H.C.

"IHCTUTYT KNIMaTUYHO OPIEHTOBAHOIO CiNlbCbKoro rocrnogapctsa HAAH, m. Kuis
2lncTuTyT BOoaHux npobnem i meniopauiir HAAH, m. Knis

B3AEMO3B'AI3KU MIXK ®OPMYBAHHAM CUMBIOTUYHOIO AMAPATY
TA NMPOAYKTUBHICTIO COPTIB COI 3A KOMMJIEKCHOI IHOKY nfauli
HACIHHS

Y cTarTi y3aranbHeHo pe3ysibTaTv NosiboBuX gocnigxeHb 2023-2025 pp.
wopao peakuii coptiB coi Cogin i MoHapx Ha nepeaNnoOCiBHY iHOKY AL HAaCiHHA
pusobianbHuM npenapatoM Pu306iHK Ta #horo KoMnosuuiamMm 3
pictctTuMynioBanbHUMM 6aKkTepisMu. BctaHoBNEHO, WO NPOAYKTUBHA peaKLis
coptiB BM3Ha4anacs He MaKCMMaJbHUM 3HA4YeHHSAM  napameTpiB
6ynbO0YKOYTBOPEHHA, a Y3rom)XeHiCTIo pPo3BUTKY Oynb6oukoBoro anapary,
AKTMBHOCTI LleNN030pyMHIBHOI MiKkpobGiotn pusocdepu Ta ¢opMyBaHHS
eJIeMEeHTIB CTPYKTYpu BpoxKar. Y copty Codis yporxxanHicTb HauTicHiwe Byna
noB’si3aHa 3 KinbKicTio i Macolo 6ynb60uok y pasy yrBopeHHs 606iB (r = 0,97 i
0,95), Toni Ak y copty MoHapx oQHaKOBO TiCHWIA 3B’SI30K YCTaHOBJIEHO 3
KinbKicTio O6ynbbo4oK i cepegHbOK HUCENIbHICTIO LEJI030PYNUHIBHUX
mikpoopraHisMis (r = 0,87). Komno3uuii 3 Pseudomonas sp. 6 Ta Bacillus
megaterium YKM B-5724 nocunioBanu oKkpeMi reHepaTUBHI MOKa3HUKMK, NpoTe
IX MaKcUMManbHi 3Ha4YeHHA He 3abe3neyyBanu HaMBULLOI YPOXKANHOCTI.
Hanbinbw 36anaHcoBaHy 6ionoro-npoaykuinHy peakuito B 060x coprTiB
cpopmyBana komnosuuia Pu3o06iHK + Bacillus velezensis IMB B-8134:
ypo)auHictb copTty Codia craHoBuna 3,73 t/ra 1a 2,50 1/ra — copty MoHapx, a
iHTerpanbHa ouiHka - BignoBigHo 85,6 i 80,4 6ann. Opep)kaHi pe3ynbTaTu
OOGrpyHTOBYIOTb  AOWUiNbHICTL copTtocneumdiyHoro Aobopy MiKpoOGHMX
KOMMO3MLiIN 32 KOMMJIEKCOM CUMBiOTUYHMX, MiKpo6ionoriYyHMX i NpoAyKUiMHNX
KpUTepiiB.

Knrwo4oBi cnoBa: cos; KoiHoKynsauisa; 6ynbbouku; pusocdepHa MikpobioTa;
YPOXKaUWHICTb; KOPensLuis; COpToBa peakuis.

MoctaHoBKa npo6nemu. Cost HaneXXnTb 00 KYNbTyp, NPOAYKTUBHICTb
AKMX 3HAYHOK MIpPOK BU3HAYAETLCA QYHKUIOHANBbHOK B3AEMOLIELD
POCAMHN 3 a30TPiKCYyBaslbHUMM Ta aCoOUIMOBAHMMU pusochepHUMU
MiKpoopraHiamamn. ®opmyBaHHs edekTMBHOro 6060BO-pr306ianbHOrO
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cnMmbio3y 3abe3nevye HaAXoOXKeHHs OionoriyHoro asoTy, BMJIMBAE Ha
nepebir pocToBMX nMpouUEeciB, 3aKNaAaHHA reHepPaTUBHUX OPraHiB i
HakonuM4yeHHA 6inKa B HaciHHI. BopgHouac pe3ynbTaT nepeanociBHOI
IHOKYNALIT He MOXXHA KOPEKTHO OLIHIOBATU ML e 3a KiJibKicTio 6ynbbo4ok
abo BeNMYMHOK OKPEMOro efieMeHTa CTPYKTypu Bpoxkaw. KiHuea
NMPOAYKTUBHICTE €  HACNIQKOM  Y3rog)eHoi  poboTM  KinbKoX
B3aEMOMOB'A3aHNX NAHOK CUCTEMU «POCSIMHA — CUMOIOTMYHI BaKTepil —
pn3ocdepHa MikpobioTa — FpyHT».

3a o0OHAKOBOI TEXHOJIOTIYHOT Ail COPTM MOXYTb Bigpi3HATMCSA
BMXIOHOK  IHTEHCMBHICTIO  HOAYNAUil, pPeaKuield Ha  A0A4aTKOBI
PICTCTUMYJIOBAJNIbHI  MIKPOOPraHiaMuM Ta 34aTHICTIO TpaHchOpMyBaTH
NONIMWEHHA a30THOr0 XXMBMEHHS Yy npupict ypoxaw. Came TOMY
NpakTUYHUN Job6ip MiKpobHUX npenapaTiB noTpebye He i30/1bOBAHOr0
NMOPIBHAHHS OKPEMMX MOKA3HMWKIB, @ BCTAHOBJIEHHS XapaKTepy 3B'A3KiB
MiXK CMMBIOTUYHUMMN, MIKPOBIONOriYHMMM Ta NPOAYKUIMHUMU O3HAKaMM.
Takun nipxig oa€e 3Mory BU3HaA4YnUTK, aKi 6ionoriyHi napamMeTpn Hankpawe
BinoOpa)alTb MNPOAYKUINHY peaKLilo KOHKPETHOro CopTy, a TaKOoX
BigOKpeMutn cTtabinbHuM edekT KoMno3uuil Big copTocneundpivHmnx
nposB.iB.

AHanis ocraHHix gocnigkeHb i nybnikauin. CyyacHi gocnigXeHHs
NiATBEPAXYKOTb, WO IHTEHCUMBHICTb HOZynauil col Ta eQdeKTUBHICTb
6ionoriyHol ¢ikcauil a30Ty NOB'A3aHi 3 YPOXKAMHICTIO | BMICTOM BinkKa,
OOHAK CUMa UMUX 3B'A3KIB 3aNeXWUTb Big reHoTUny POC/IMHU Ta YMOB
BupowyBaHHa [1; 2]. 3okpema, Maca 6ynb604oK  MoOXe
BUKOPUCTOBYBATUCA K iIHPOPMATUBHUN HENPAMUN NOKA3HUK aKTUBHOCTI
6ionorivyHol ¢ikcauil a3oTy, ane camMa no cobi He BM3HAYAE KiHUEBUN
piBEHb 3epPHOBOI MPOAYKTMBHOCTI [2].

NMoepoHaHHSa pu306in 3 b6akTepiaMu, 30aTHUMU CTUMYJIIOBATU PICT
POCNNH, PpO3rNafalTb $SK MNEepCnekKTUBHUM  HanpaMm  bionorizadil
TEXHOJNIOMN  BUPOLLYBAHHA 3epH0B0060BMX KynbTyp. 3MiHM CcKnagy
6aKTepianbHOl cninbHOTM  pu3ocdepu nicna  iHOKynauil  MOXyTb
CynpoBOAXKYBaTUCA MNiABULLEHHSAM MNPOOYKTMBHOCTI, npoTe edeKT
3anexuTtb Big arpodoHy, YMOB ['PyHTOBOrO cepefoBulla Ta eTany
oHTOreHesy [3; 4]. JocnigykeHHs pu3ochepHOro MikpobioMy coi TakoxK
3acBigYylOTb 3HAYHY QYHKUiIOHANbHY PIi3HOMAHITHICTL OaKTepiasbHUX
YrpynoBaHb i IX MOTEHWIMHMW BMJIMB HA XXUBJMEHHA Ta afdanTMBHICTb
pocnuH [5].

B ymMoBax cTpecoBuX FPYHTOBMX YNHHUKIB KEPOBAHE BUKOPUCTAHHSA
pn30cPepHMX MIKPOOPraHi3MiB MOXe CMpUATU pPoCTy U POpPMYBAHHIO
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BpoXkato coi [6]. BogHoyac edeKTUMBHICTb 6ioNoriYyHUX NPUNOMIB He €
YHIBEPCAaNIbHOW: Pe3yNbTaT BU3HAYAETLCA CYMICHICTIO MIKPOOPraHi3MiIB i3
POC/INHOI-TOCNOA4APEM Ta B3AEMOAIEID 3 iHLWNMMKN e/iIeMEHTAaMWN TeXHONOTil
[7; 8]. Moka3aHo TaKoX, WO CTPYKTypa pu3ochepHUx GakTepianbHUX
yrpynoBaHb MnoB'si3aHa i3 CcMMOBIOTUYHO e¢peKTUBHICTIO pu3obin, a
reHOTMN COI 34aTHUM MoandiKyBaTU peakLito MiKpobioMy Ha IHOKYNsALiO
[9; 101.

OT>ke, HasiBHI HaAyKOBi [aHi O0OrpPYHTOBYHTb MEPCNEKTUBHICTb
KOMMNEKCHOI [HOKynauil, npoTe He p[awTb nNigCctaB BBaXaTwn, WO
MaKCuMManbHa Hogynauis abo Hanmbinblwa KiNbKiCTb reHepaTUBHMX
OpraHiB aBTOMaTU4YHO 3ab6e3nevyyoTb MAKCUMasbHY YypoXauHicTb. [ns
ymoB [liBgHs  YKpalHM  0cob6AMBO  aKTyallbHUM  3aULIAETLCS
BCTAaHOBJIEHHA copTocneundiyHol  Y3roAXXeHOoCTi MiXK  PO3BUTKOM
cMMBIiOTMYHOrO anapaTty, aKTUBHICTIO pusocdepHol MikpobioTn Ta
peani3aui€r NPOAYKTUBHOIO NOTEHLiany col.

MeTa, 3aBAaHHA | MeTopoONOrIA Aocnig)XeHHA. MeTa gocnigXeHHs —
BCTAaHOBUTM copTocneundiyHi 3aKOHOMIPHOCTI B33aEMO3B'A3KIB MiX
dOpMyBaHHAM CMMOIOTMYHOrO anapaTty, aKTUBHICTIO LE0N1030PYNHIBHOT
MIKP0ObioTH, efleMeHTaMn CTPYKTYPU BPOXKAD, YPOXKAMHICTIO Ta SAKICTHO
HaciHHA copTiB coi Codgis i MoHapx 3anexHo Big KOMMNEKCHOI
nepennociBHOI iIHOKYNALiT HAaCiHHS.

[Ons pocarHeHHs MeTu nepepnbavanocs: NOPIBHATU GIONOriYHI ¢
NPOAYKUINHI NOKAa3HUKM COPTIB 3@ Pi3HMX BAPIAHTIB IHOKYNALIT; OLIHUTHK
HanpsaM i TICHOTY 3B'AA3KiB OCHOBHWUX 03HAaK 3 YPOXAaWHICTIO; BU3HAUYNTU
BIQHOCHY peakKLilo NOKA3HMKIB OO0 KOHTPONK; 3LINCHUTUN KOMMJIEKCHEe
PaHXXYBaHHS BapiaHTIB 33 iHTerpajbHMM 6i0/10ro-nNPOAyKUINHNM
iHOEKCOM.

MonboBi focnig)XeHHs NpoBeaeHo B XepCOHCbKiM 061acTi BNpoOoBXK
2023-2025 pp. ABodakTopHa cxema gocnigy BK4Yana gesa CopTu col —
Cogisa i MoHapx — Ta N'ATb BapiaHTiB NepeAnociBHOT 06p06KKN HaCiHHSA: 1)
KOHTpoJib 6e3 06p0obKM HaciHHS; 2) Pu3ob6iHK; 3) Pu3o6iHK + Bacillus
velezensis IMB B-8134; 4) Pu3o6iiK + Pseudomonas sp. 6; 5) Pn3o6inK +
Bacillus megaterium YKM B-5724. 3aknagaHHs nonboBOro gocnigy Ta
06MiKM BWKOHYBaNWM BiANOBIAHO A0 3arajibHOMNPUUHATUX METOAUYHUX
niaxoAiB NoNboBOro ekcnepumenTy [11].

Ina aHaniTM4HOro y3aranbHeHHS BUKOPUCTAHO cepepHi 3a 2023-
2025 pp. 3Ha4YeHHS KiNnbKOCTi Ta Macu 6ynbboyoK y pa3y yTBopeHHs 606iB
COl, cepenHbOl YUCENIbHOCTI UE030PYNHIBHMX MIKPOOPraHi3miB y
wapax rpyHTty 0-20 i 20-40 cm 3a Tpn Mixkdas3Hi nepiogu, KinbKocTi 606iB
i HACiHMH Ha POCJIMHI, MAacu HaciHHA 3 pocaunHu, macu 1000 HaciHuH,
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YPOXXanHOCTIi, BMICTY Ta 360py Binika i xupy. [115 KOXKHOro cCOpTy OKpeMo
3@ N'ATbMa BapiaHTaMM iHOKynsAUil po3paxoBaHO KoedilieHTM Kopenauil
MipcoHa MiX gocnigXyBaHMMM 03HAKAMU Ta YPOXKaWHIcTo. 3 ornsgy Ha
HeBeJIMKY KiNnbKicTb BapiaHTiB (n = 5) ogep»kaHi KoedilieHTU BUKOPUCTAHO
SIK  OMWCOBY XapPaKTEpPUCTMKY HanpsaMmy i TiCHOTM 3B'A3Ky, 6es3
eKCTPanoNALUIl Ha WWPLWIi CTAaTUCTUYHI CYKYMHOCTI.

KoMnnekcHe paHXXyBaHHA NPOBOAMAM  NiCNs  MiHIMaKCHOro
HOPMYBAHHS NMOKAa3HUKIB Yy MeXax KOXHoro copTty go wkanu 0-100 6anis.
IHTerpanbHMM 6ioNOro-NPOAYKUINHMA HOEKC BU3HAYanuM SIK CepepnHe
HOPMOBAHMX 3Ha4YeHb KIiNbKOCTI W Macu 6ynbboO4YOK, YUCENbHOCTI
Lesi1I030PYNHIBHOI MiKpobioTu, KinibKOCTI 606iB | HACiHWMH, MAacK HACiHHS
3 pocaumHn, macu 1000 HaciHuH, yporkanHocTi, 360opy binka Ta xupy.
Takun anropnT™M 3aCTOCOBAHO AJ151 NOPIBHANIbHOIO PaHXYBaHHS BapiaHTIB
ycepeauHi AoCnigXyBaHOI CYKYNHOCTI, @ HE K YHiBepPCaJslbHY HOPMAaTUBHY
WwKany.

Pe3ynbTtaTtu pocnipykeHnb. [lepegnociBHa iHOKysLia 3yMOB/lOBana
HEeoOAHAaKoBE TMOEAHAHHA CUMBIOTUYHUX | NPOAYKUIMHUX O3HaK Yy
LOCNIAXYBaHUX COPTIB col. HaBMpa3Hiwa y3rog)XeHiCTb MiXK PO3BUTKOM
6ynb604KOBOro anapaTy, aKTUBHICTIO LeSto/I030pyMHIBHOI MiKpobioTn Ta
YPOXKANHICTHO CnocTepiranacs 3a BUKOPUCTAHHA Komno3uuil Pn3obiHK +
B. velezensis IMB B-8134 (ta6n. 1).

Tabnuus 1
BionoriyHi Ta NpoAyKUiMHI NOKAa3HUKKN COPTIB COI 33 Pi3HUX BapiaHTIB
iHokynsauii (cepeaHe 3a 2023-2025 pp.)

. Maca
Copr, BapianT Maca HaciHHA |Ypoxkan
nepepnnocisHol|Bynbbouku, MikpobioTa,|bobun,|HaciHHs, .
0ynbbouoK, 3 HIiCTb,
06p0o6KHM LT, MnH KYO/r | wr. LT,
. r pocnuHn,| T/ra
HaCiHHSA .
Copt Codis
KoHTponb (6e3
06p0o6KHU 22 0,45 2,76 19 41 7,3 3,08
HaCiHHs)
Pn306iHK 31 1,06 2,89 20 41 7,3 3,47
Pn3o06iHK + B.
velezensis IMB 41 1,21 2,93 21 49 8,2 3,73
B-8134
Pn306iHK +
Pseudomonas 36 1,10 2,73 24 55 8,6 3,47
sp. 6
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NPOAOBXKEeHHA Tab. 1

Pn306iHK + B.
megaterium 34 1,08 2,79 23 54 8,4 3,49
YKM B-5724

CopT MoHapx

KoHTponb (6e3
06pobKuU 31 1,03 2,63 31 61 8,3 2,05
HaCiHHA)

Pun3o6inK 41 1,32 2,78 31 62 8,5 2,19

Pn306iHK + B.
velezensis IMB 49 1,45 2,94 32 75 10,3 2,50
B-8134
Pn3o6iHK +
Pseudomonas 42 1,36 2,69 35 78 12,5 2,27
sp. 6
Pun306inK + B.
megaterium 47 1,43 2,69 35 77 11,7 2,24
YKM B-5724

Y copty Codis uen BapiaHT 3abe3neumB 41 6ynbboUKy Ha POCAMHY
3a ix Macu 1,21 r, cepegHi0 YNCENBHICTb LEs030PYNHIBHOI MiKpobioTH
2,93 mnH KYO/r ta ypoxkanHictb 3,73 1/ra. Y copty MoHapx BignoBigHi
3Ha4yeHHs cTaHoBunu 49 wTt., 1,45 r, 2,94 mnn KYO/r i 2,50 t/ra.
lMopiBHAHO 3 KOHTPOJSIEM YpPOXaWHicTb nigBuwmnnaca Ha 21,1% y copty
Codia ta Ha 22,0% y copty MoHapx, To6TO BiGHOCHMN MNPOAYKUINHWUN
edeKT 6yB 61M3bKNM, X04a cPOPMOBAHMM CUMBIOTUYHMIA anapaT COpTIB
Pi3HUBCA.

CopToBa cneyndiyHicTb 0C06MBO HiTKO NPOSBMIACSA 338 KOMNO3MUL,iN
i3 Pseudomonas sp. 6 i B. megaterium YKM B-5724.Y copty Codis BapiaHT
i3 Pseudomonas sp. 6 3abe3neunB HanbinbLwy KiNbKicTb 606iB i HACIHUH —
BiANOBIAHO 24 i 55 WT. HA POC/INHY, @ TAKOX MaKCMMaJibHY Macy HaCiHHSA
3 pocnanHn — 8,6 r. lNpoTe ypoxkauHicTb cTaHoBuna 3,47 T1/ra, wo Ha
0,26 T/ra ™MeHwe, HixX 3a B. velezensis. [llogibHa 3aKOHOMIpHICTb
npocTexkyBanacsa y copty MoHapx, oe 3a iHokynsauil Pseudomonas sp. 6
ogep)aHo 78 HaciHWH i 12,5 r HAciHHA 3 POC/IMHW, ane YPOoXKaWmHiCTb
2,27 t/ra 6yna Ha 0,23 T/ra HuxK4ol Big Hamkpaworo BapiaHTa. OTxke,
NMOCUNEHHA OKPEMUX KOMMOHEHTIB reHepaTMBHOI CTPYKTypu He Oyno
AOCTaTHbOK YMOBOI OJ19 MAaKCUMI3aLil BpOXKalo.

KopenauinHunm aHania niarBepamvs, WO 3HAYYLWICTb OKPEMUX
6ionoriyHnx o3HaK y GopMyBaHHI NPOOYKTUBHOCTI BiAPi3HANACA 3a51eXXHO0
Big, copty coi. Y copty Codis HaWTICHIWMMA ONUCOBUN 3B'A30K 3
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YPO>KaWMHICTIO BCTAHOBMIEHO ANA KiNbKocTi 6ynsbouok (r = 0,97), ix Macu
(r = 0,95) Ta BMicTy 6inka (r = 0,93). 36ip 6inKa i XMpy, 3aKOHOMIpPHO
NoB'A3aHUM i3 piBHEM YPOXAaWHOCTI Ta KOHUEHTPAUIEw BigNOBIAHUX
KOMMOHEHTIB, XapaKkTepun3lyBascsa KoediuieHTamm r = 1,00 0,99.

Y copTty MoHapx YypoOXaWHICTb TaKOX TICHO Yy3rog)yeanacsa 3
KinbkicTio (r = 0,87) i macotw 6ynbboyok (r = 0,82), ogHak, Ha BiAMIHY Bif
copty Codis, HacCTiNbKK X TiCHUM OyB 3B'130K i3 CepeaHbOo YMUCENBHICTIO
Lenno30pynHiBHoI Mikpobiotu (r = 0,87). Kopensauia 3 KinbkKicTio 606iB
6yna cnabkoto (r = 0,22), a 3 Macol HaciHHA 3 POC/INHM — NOMipHOM (r =
0,44). Ue popaTkoBOo cBigunThb, WO ¢GOPMyBaHHA bBiNblIOT KiNbKOCTI
reHepaTUBHUX OPraHiB Y LbOro COpTy He 060B'A3KOBO TPAaHCPOPMyBaNoCs
y nponopuinHe NigBULLEHHSA BPOXXAaNHOCTI.

MopiBHAHHA BIOHOCHMX 3MIiH LWIOAO0 KOHTPONK [ano 3Mory
AeTanisyBaTy COPTOBY peakuito. 3a BUKOPUCTaHHSA B. Velezensis Ha copTi
Codist KinbKicTb 6ynbboyok 36inbwmnacs Ha 86,4 %, ix Maca — Ha 168,9%,
TOAI SIK YpOXKaunHicTb — Ha 21,1%. Y copTy MoHapx BignoBiaHi npupoctu
ctaHoeunu 58,1, 40,8 22,0% (tabn. 2).

Tabnuusa 2

BigHOCHa peaKuia KIY0BUX NOKA3HUKIB Ha iHOKYNALUito, % 40 KOHTPOIO

Bap|a|-|.T .. L Maca

nepeanociBHoOI KinbKicTb Maca . . . ..
Mikpo6ioTa |HaciHHA 3| YpoxalHicTb
06pobOKHU 6ynbboyok | bynbbo4voK
) POC/INHM
HacCiHHA
Copt Codis
Pn306iHK 40,9 135,6 4,8 0,0 12,7
Pun306iHK + B.
velezensis IMB 86,4 168,9 6,1 12,3 21,1
B-8134
Pun306iHK +
Pseudomonas 63,6 144,4 -1,1 17,8 12,7
sp. 6
Pun306iHK + B.
megaterium YKM 54,5 140,0 1,0 15,1 13,3
B-5724
CopT MoHapx

Pn3o6inK 32,3 28,2 5,6 2,4 6,8
Pn306iHK + B.
velezensis IMB 58,1 40,8 1,7 24,1 22,0
B-8134
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NPOAOBXKEHHA Tabn. 2

Pun306iHK +
Pseudomonas 35,5 32,0 2,2 50,6 10,7
sp. 6

Pun306inK + B.
megaterium YKM 51,6 38,8 2,1 41,0 92,3
B-5724

TakuM 4YuHOM, ONN3bKUA BIGHOCHMW MNPUPICT YpPOXKaWHOCTI OyB
OOCAMHYTMA 32 Pi3HOT IHTEHCMBHOCTI nepebynoBnm CcUMBIOTUYHOIO
anapary.

KoMmnosuuia 3 Pseudomonas sp. 6 y MoHapxa nigBuwmna macy
HacCiHHA 3 pocnnHu Ha 50,6%, ane ypoxanHictb — nuwe Ha 10,7%. Onsa B.
megaterium YKM B-5724 signosigHi npupocTtu ctaHosunm 41,01 9,3%. Y
Codii ui KomMno3umuil Takox 3abesnedyyBanu BMpasHe 36iblIEHHS Macu
6ynbb04YOK | Macum HaCiHHA 3 POC/AWHKW, OOHAK 3a YPOXKAWHICTIO
noctynanucsa BapiaHTy 3 B. velezensis. Taka HeBIignoBIigHICTb MiX
PeaKLUIE OKpPeMMX O03HAK i KiHLEBOK MNPOAYKTUBHICTIO MNiOTBEPLXKYE
AOUINTBHICTb KOMNIEKCHOMO OLHIOBAHHS IHOKYNSAHTIB.

IHTerpanbHe paHXXyBaHHA, Yy $SKOMYy 0OHOYAaCHO BPAX0OBaHO
CUMOIOTMYHI, MIKpPObIoONOriYHi Ta NPOAYKUiNHI napaMeTpu, BU3HAYWUIIO
cTabinbHy nepeary komno3uuii Pu3o6iHK + B. velezensis IMB B-8134. [i
ouiHKka ctaHoBuna 85,6 6ana gna Codii ta 80,4 6ana gpna MoHapxa, a
cepepnHin 6an — 83,0. [Jpyre Micue nocina komno3unuisa 3 Pseudomonas sp.
6, TpeTe — 3 B. megaterium YKM B-5724 (ta6n. 3).

Tabnuuga 3
IHTerpanbHa 6ionoro-npPoAyKLUiMHA OLIHKA BapiaHTIB iIHOKY ALl HACiHHA
copTiB col, 6anis

BapiaHT nepepgnociBHol 06pobku HaciHHA| Cogis | MoHapx |CepegHin 6an|Micue
Pn3o6iHK + B. velezensis IMB B-8134 85,6 | 80,4 83,0 1
Pn306iHK + Pseudomonas sp. 6 74,8 71,7 73,3 2
Pn306iHK + B. megaterium YKM B-5724 | 70,7 | 67,0 68,8 3
Pn306iHK 40,2 | 29,9 35,0 4
KoHTponb (6e3 06po6KM HACiHHA) 1,6 0,0 0,8 5

OpeprkaHi pe3ynbTaTh Y3roaXylTbCs i3 CYy4aCHUM YSIBJIEHHAM MpPoO
Te, W0 NPOAYKTUBHUN edeKT HOAYNALUII BUSHAYAETLCA HE NNLE KiNbKICTHO
cpopmoBaHux Bynbbo4yoK, a 1X PYHKULIOHANbHOK eQPEeKTMBHICTIO Ta
30aTHICTIO POC/IMHU BUKOPUCTOBYBATM [,04aTKOBO GiKCOBAHMM a30T OJid
dopMyBaHHA Bpoxato i 6inka [1; 2].
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BcTtaHoBneHa copToBa BIAMIHHICTb TAaKOX BIiQMNOBIAAE AAaHMM MNpoO
reHOTUN-3aN1eXHYy opraHisauito pusocdepHux bakTepiaNbHUX yrpynoBaHb
Ta Ix peakuito Ha iHokynsauito [9; 10].

BogHoyac pe3ynbTaTM UbOr0 [A0CAiQYy YTOYHKOKTb 3a3HayeHi
NMONOXKEHHSA ANA KOHKPETHMX COPTIiB i BaKTepianbHUX KOMMO3MLUIN Yy
I'PYHTOBO-KNiMaTUYHUX YyMOBax XepcoHCbKOl 0bnacTi. HaneuLli 3Ha4YeHHS
KinbkocTi 606iB, HAaciHMH abo Macu HaACiHHA 3 POCAIMHWU He 3aBXAu
3biranucs 3 MakcMManbHUM piBHEM ypoxanHocTi. OTXKe, OUiHIOBaHHSA
ePEeKTMBHOCTI KOIHOKyNnauil nuvwe 3a O0OHUM TOKAa3HWUKOM MOXKe
CNPOLLYBATU peasibHy peaKLUilo CUCTEMU «COPT — CUMBIOTUYHMI anapaT —
pun3ocdepa — yporxkam». [pakTnyHo Binbw iHPOPMATUBHUM € NOEAHAHHSA
MOKAa3HMKIB HOAYNsAUil, MiKpobionoriYyHOI aKTUMBHOCTI Ta KiHUeEBOI
NPOOYKTUBHOCTI.

BMCHOBKM Ta nepcneKTUBM NOAaNbLIMX AOCHAIAKEHb Y LbOMY
HanpaAMKy. KoMnnekcHa nepeanociBHa IHOKYNAUWIA HACiHHA  col
dopMyBana coptocneumdivyHi Mogeni B3aEMO3B A3KY MiX CUMBIOTUYHUM
anapaTtoM, pu3ocepHO MiIKpPobIOTOK Ta 3€PHOBOK NPOAYKTMBHICTHO COI.
Y copty Codis ypoxKauHIiCTb HaWTICHiWe 6yna noB's3aHa 3 KINbKICTIO |
Macol 6ynbb6oyoK y ¢asy yteopeHHsa 606i8 (r = 0,97 i 0,95), a y copTy
MoHapx - i3 KinbKicTio 06ynbbo4oK | cepedHbOK YMCESNbHICTHO
LeNnN030pynHiBHOI MikpobioTu (r = 0,87 B 060x BMNaaKax).

MaKcuMManbHi 3Ha4YeHHS OKPEMUX FeHEPATMBHMX O3HAK He 3aBXOu
CYNpPOBOAXKYBANNCA HAMBULLOK ypoXKawnHicTio. Hanbinbw 36anaHcoBaHe
NOEOHAHHS PO3BUTKY 6ynb604KoBOIO anapary, aKTUBHOCTI
LesnN030PYNHIBHOT  MIiKpob6ioTM Ta NpPOAYKTMBHOCTI 3abe3neunna
komno3uuisa Pn3o6iHK + Bacillus velezensis IMB B-8134. 3a iHTerpanbHum
6ionoro-nNpoAyKLUiMHUM iHOEKCOM BOHA MNocCigae neple Micue B 060X
copTiB — 85,6 6ana y Codii Ta 80,4 6ana y MoHapxa.

Ons npaktuyHoro pobopy enemeHTiB 6ionori3oBaHoOl TeXHONOTII
BUPOLLUYBAHHA COI OOUIIbHO BPaxoByBaTM He MaKCUMaslbHE 3HAYEHHS
OKpPEMOro MnOKa3HWKa, a Y3romXKeHiCTb Hoaynsauil, MikpobionoriyHmx
npouecis pnsocdepun ta dopMyBaHHSA BpoxKato. Moganbwi gocnigxeHHs
OOUIIBHO  CNpsIMyBaTM  HA  NepeBipKy CTabinbHOCTI  BUSABNEHUX
B33aEMO3B'A3KIB Yy LIMPLIOMY HAbopi COPTIB i KOHTPACTHUX MNOrOAHUX
YMOBaX, @ TAaKOX Ha OUiHIOBAHHA QYHKLIOHANbHOI aKTUBHOCTI Bynbbo4voK
i CTPYKTYpyY pr3ocdepHoro Mikpobiomy.
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RELATIONSHIPS BETWEEN SYMBIOTIC APPARATUS FORMATION AND
PRODUCTIVITY OF SOYBEAN CULTIVARS UNDER COMBINED SEED
INOCULATION

The study aimed to determine cultivar-specific relationships among the
formation of the symbiotic apparatus, the abundance of cellulolytic
rhizosphere microorganisms, yield components, grain yield, and seed quality
of soybean under combined pre-sowing seed inoculation. Field experiments
were conducted in the Kherson region of Ukraine during 2023-2025 using two
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soybean cultivars, Sofiia and Monarkh. Five seed-treatment variants were
compared: an untreated control, RyzobinK alone, and RyzobinK combined with
Bacillus velezensis IMV B-8134, Pseudomonas sp. 6, or Bacillus megaterium
UCM B-5724. Mean three-year values of nodule number and weight at pod
formation, the abundance of cellulolytic microorganisms in the 0-20 and 20-
40 cm soil layers, yield components, grain yield, and protein and oil indicators
were used for the analytical assessment. Pearson correlation coefficients
were calculated separately for each cultivar across the five inoculation
treatments; because of the limited number of treatment points, the
coefficients were interpreted descriptively rather than as a basis for broad
statistical inference. In Sofiia, grain yield showed the closest relationships
with nodule number and nodule weight (r = 0.97 and 0.95, respectively),
whereas in Monarkh yield was closely associated with both nodule number
and the mean abundance of cellulolytic microorganisms (r = 0.87 for each
trait). The combinations containing Pseudomonas sp. 6 and B. megaterium
increased several reproductive traits, but the largest numbers of pods or
seeds and the greatest seed weight per plant did not necessarily correspond
to the highest grain yield. The most balanced biological and productive
response in both cultivars was obtained with RyzobinK + B. velezensis IMV B-
8134. This treatment produced 3.73 t ha-1 in Sofiia and 2.50 t ha-1 in
Monarkh, corresponding to yield increases of 21.1% and 22.0% over the
untreated control. After min—-max normalization of symbiotic, microbiological,
yield-component, yield, protein, and oil indicators, the integrated biological-
productivity score reached 85.6 points for Sofiia and 80.4 points for Monarkh,
ranking this bacterial combination first for both cultivars. The results
demonstrate that the effectiveness of combined inoculation should be
evaluated through the consistency of nodulation, rhizosphere biological
activity, and crop productivity rather than through the maximum value of a
single trait. Cultivar-specific evaluation of microbial combinations can
therefore improve the biological substantiation of inoculant selection for
soybean production in southern Ukraine.

Keywords: soybean; co-inoculation; nodules; rhizosphere microbiota;
grain yield; correlation; cultivar response.
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