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Maxap O.0O. ®1310710T14HI OCHOBH MPOYKTUBHOCTI 1 SIKOCT1 3€pHA SPOi MIIEHUIIT —
KBamidikamiitHa HayKoBa Mparis Ha paBax pyKOIUCY.

Hucepranist Ha 3100yTTS CTyneHs Joktopa ¢imocodii 31  CHemiaJlbHOCTI
091 «bionoris» (ramy3s 3HaHb 09 «bionoris»). — JIbBIBChKHMI HAIlIOHATBHUA YHIBEPCUTET
imMeHi IBana ®panka. — JIbBIBCbKHMII HaIllOHANBFHUN yHiBepcuTeT iMeHi IBana ®panka,
JIpBiB, 2023.

Hucepraimiiina poboTa NpUCBIYEHA JOCTIDKEHHIO (i310JOTIYHUX OCHOB
(dopMyBaHHs sIKICHOTO 3epHa 24 reHoTHIB spoi mimenuri (Triticum aestivum L., T.
durum Desf., T. turgidum subsp. dicoccum) ykpainchKoi cenekiii, 30kpeMa IIiB4acTol
MIIEHUIll 1Moa0u, 3 akiieHToM Ha BmicT ®epymy (Fe), Hunky (Zn), Kynpymy (Cu) Ta
11eHTU(IKyBaHHS OaKTepi-eH10(ITIB MIICHUI[l 1 BUBYCHHS iX MOTEHIIMHOTO 3B 3Ky 3
BPOKAMHICTIO Ta SIKICTIO 3€pHa.

[Murenuts (Triticum spp.) € ofHI€rO 3 HAMOUTBII KYJIbTHBOBAHUX KYJIBTYP B YKpaiHi
Ta 'y CBITI 3arajyioM. B mociimkeHHi BukopucTano 15 copris mmenwuiti M’sikoi (T. aestivum
L.), amxe came BOHAa HaWOLIbII YaCTO BUKOPUCTOBYETHCS K OCHOBHUW KOMITOHEHT
XJOHUX BHPOOIB; 8 copTiB mmieHuii TBepaoi (T. durum Desf)) i3 BHCOKHM BMiCTOM
O1ITKIB, KIITKOBUHHM 1 MiHepaiB; 1 copt mmenwui mosoa (T. turgidum subsp. dicoccum),
OJIHI€T 3 HAWJIaBHIIIUX TJIIBYACTUX MIIEHUIIb 13 BUCOKUM BMICTOM MikpoesnemeHTiB (Fe,
Zn) Ta BITaMiHIB, HU3bKMM BMICTOM KJIEHKOBUHU. Bcl AOoChipKyBaHi COpPTH € HOBI,
BHECEHI 70 Jlep»aBHOT0 peecTpy COpPTIB MPUAATHUX JJI1 BUPOILyBaHHA B YKpaini 3 2000
o 2017 pp..

HaitOommkuyuMu pokaMu HEOOXI1THO IMIJBHIMUTH SKICTh 3€pHA MIICHUINl Ta il
BUPOOHUIITBO Yy JOCTATHIN KUIBKOCTI JIJIs1 HaceleHHs, sike 10 2100 poky 3011bIIUTECS HA
36 %. BomHouac, GaraTopiuHa CeNeKIlis MIICHMII MONEPEIHIX POKIB, CIIPSIMOBaHA HA
NIJBUILIEHHSI BPOXKaWHOCTI, CYMPOBOJKYBalacs 3HMKEHHSM SIKOCTI 3€pHa BHACIIIOK
3MEHIIEHHS] BMICTY OUIKIB, MIKpOEJIEMEHTIB Ta BiTaMiHiB. CaMe TOMY MOKpallEeHHs
XapyoBOi IIHHOCTI 3€pHA TMIICHUII € OJHUM 13 MPIOPUTETHUX HAIPSMKIB CydaCHUX

JOCITI)KEHb TeHETUKIB, (D1310JI0TIB Ta CEICKIIIOHEPIB.



“IlpuxoBaHui TOJOA~’, COPUYMHEHUN HECTA4yCI0 BITAMIHIB 1 MIKPOEJIEMEHTIB €
aKTyaJbHOIO TPOOJIEMOI0 XapuyBaHHS 1 370pOB’S Uil 2 MIIpJ. JIOACH Yy CBITI, 1€
HalmommpeHima dopma HeIoinaHHsI, 0COONMBO Bim3Ha4aroTh Aedinutu [{unaky (Zn),
®epymy (Fe), Mony (I), Biraminy A Ta dosieBoi KHCIOTH. BHBUCHHS CKIIaIHHX
G1310JIOTIYHAX MEXaHI3MIB TOTJIMHAHHS 1 MIATPUMKHA HEOOXITHOT KOHIICHTpAIIii
MIKpOEJIEMEHTIB B POCIMHHUX TKaHWHAX, MOUIYK 1 JOCIIDKEHHS COPTIB MIICHMI 3
IIJIBUIIICHOIO 3JaTHICTIO JI0 1X HAKOMHMYEHHS B 3€pHI — HEOOXiJHA IMepeayMoBa IS
pO3po0OKH eeKTUBHUX CrOCcOO1B GiodopTHdikallii, eKOJOTIYHO OE3MEYHNX TEXHOJOTIH,
Kl OM JTOMOBHIOBAJIM ()EHOTUIOBY IUIACTUYHICTH 1 aJamnTailiiiHy 3JaTHICTh POCIIHUH.
bakrepianbHi eHAODITH MOXYTh CIHYKUTH IHCTPYMEHTaAMHU ISl PO3POOKH HOBHUX
cTparerii OiodopTtudikamii Ta npomoBonbuoi Oe3neku. Llei miaxig mnepeadayae
BHUBYCHHSI B3a€EMO/II MK OAKTEPIsIMU Ta POCIMHAMM, IX POJI1 Y MiABUIICHH]I POIIOUOCTI
Ta 30arayeHHl MWOro JOCTYMHUMH MIKpOEJIEMEHTaMU BHACIIIOK COJIF0O1I3alli,
MOOUTI3ali Ta MNEPEeMIIIEHHS NOTPIOHMX EJEMEHTIB JI0 PI3HUX OpraHiB POCIUHHU.
[Tpo6GsieMa cbOroH1 € HeAOCTATHBO IOCIIKEHA, IPOTE MEPCIEKTUBHA, PO 110 CBITYUTH
3pOCTaHHSl KUIBKOCTI HAYKOBHX IyOJIKalid OCTaHHIMU pOKaMH, TOMY L€ CTallo
T1JICTABOYO ISl BAKOHAHHS JOCTIDKEHB 32 TEMOIO JUCEepTaIlii.

[IpoBeneHo aHaIi3 OCHOBHUX (PI3UKO-XIMIYHUX BIACTUBOCTEHN I'PYHTIB JBOX PI3HUX
3a OlOJIOCTYIHICTIO MIKPOEJIEMEHTIB JOCHIAHUX JUISTHOK, OCKUIbKH, OOMEXKEHY
010/TOCTYITHICTh MIKPOEJIEMEHTIB BBAKAaIOTh OCHOBHOIO MMPUYUHOIO 1X HU3BKOTO BMICTY B
3epHI MIIEHUll. BUsIBIEHO HU3BKY O10JIOCTYMHICTh MIKPOEJIEMEHTIB Ha KapOOHATHUX
rpyatax auisHkd - JmutpiB  (50°13'26.6"N  24°36'50.5"E). JlepHOBO-III30UCTI
CyrauHKOBI rpyHTH AUTSHKY []. JTyxkok (49°27'17.5"N 23°23'02.6"E) xapakTepu3yBainuch
cnabo-kucauM pH, HUWXKYMM, MOPIBHSAHO 3 AUIAHKON J[MHUTpIB, BMICTOM OpraHiqyHOI
pedoBunH 1pyHTY (OPI') Ta BHIIOI0 61010CTYMHICTIO MIKPOEJIEMEHTIB.

Buiii MoppomeTpruyHi NOKa3HUKH, 30KpeMa, JOBKHHA KOPEHs 1 BUCOTa IMaroHa Jijis
BCIX JIOCJIIJIPKYBaHUX COPTIB MILIEHUIII IPOi CIIOCTEPIrajivi Ha YOPHO3EMHHUX CJIA00TyKHUX
rpyHTax mainsHku JImutpis. [lokazaHo iCHyBaHHS TO3WTUBHHUX KOPEJSIIMHUX 3B’SI3KIB
MDXK IJIOLIEI0 MPAropIeBOro JUCTKA Ta BPOKAMHICTIO 3epHa Ha AUTSHIN JIMuUTpiB (r =

0,23**) ta cnabki mo3uTuBHI Kopemsiii Ha ausHI M. JTyxok (r = 0,07*%).



B ymMoBax moJjibOBOro €KCIepuMEHTY BPaXxOBAHO MOCYXOCTIMKICTh TOCITIIKYBaHUX
COpTIB MIIEHUIN 3a pe3yjbTaTaMu BU3HAYEHHS MOKa3HMKIB BoaHoro aediuuty (WD),
BigHOCHOTO BMicTy Boau (RWC), BogoyTpumMHOi 31aTHOCTI Y iepepaxyHKy Ha macy (EL
WLW) 1 oy (EL WLA) npanopiieBux JHUCTKIB BIPOJOBXK BEreTAIlIHHOTO CE30HY
2018 p. 13 HU3BKUM PIBHEM OMaJiB 1 BUCOKUMHU TemrepaTypami. [lokazuuku EL WLW
ta EL WLA MoxHa peKOMeHIyBaTu SK JOJATKOBI MOKAa3HUKHU CTIMKOCTI MIIEHHUIIl 0
BOJIHOTO cTpecy. [TinTBepIKeHo BIIMIHHOCTI B peaklIiii Ha IOCYXY cepe/l COPTIB IMIIESHHUII
m’sikoi 1 TBepmoi (T. aestivum i T. durum). Big3HaueHO BHCOKY TOCYXOCTIHKICTh COPTY
MIII Paiimy>xHa Ta BUOKPEMIICHO COPTHU 3 BUCOKOIO BPOXKANWHICTIO Ta TTOCYXOCTIMKICTIO:
XKizens (TBepaa), ['omikoBcrka (1mosbda) 1 CiMkoaa MUPOHIBChKaA (M’ sIKa).

[TinTBEpAKEHO, O OKPIM YMOB HAaBKOJIMIIHBOTO CEPEAOBHINA Ta arpOTEXHIYHUX
3aXO0/iB, 3HaYHUHN BIUIMB Ha BPOXKAWHICTH Ta 1 CTPYKTYypy Ma€ BHUJ 1 COPT MIICHUIL.
Cepenns BpoxaiiHicth nmenunl y 2017 p. va punsHul mutpiB Oyna Ha 67 % BULIO0
HDK Ha AusHl . JIyxoxk, Ta ctanoBuia 51,57 i/ra ta 16,91 1/ra BinnosiaHo. Y 2018 p.
Ha JUISHI JIMUTPIB OTpMMAaHO BUIIY BpOKaiHICTh 3epHa Ha 53 %. BcTaHoBieHo Buili
MOKA3HUKHU BPOKAUHOCTI SISl M’ IKUX COPTIB MIICHUII].

3arayibHUN BMICT O1IKa B 3€pHI MIIEHUIN CTaHOBUB Bix 8,65 mo 17,21 %. Bumuii
BMICT OUIKIB B 3€pHI CIOCTEpIrajud Ha JAEPHOBO-OYpPO3EMHHMX CYTJIMHKOBHX IPyHTax
ninsakn [, Jlyxkok 13 cmaGo-xkucnum pH, Huwxuum Bmictom OPIT ta BHIIOIO
01010CTYITHICTIO MiIKpoesieMeHTIB. COpTH 3 BUCOKOIO 3JIaTHICTIO O HAKOMTMYEHHS O1JIKIB
B 3€pHI 3a PI3HUX yMOB MiHepainbHOTO >KuBjieHHs: Etton, KomektuBna 3, JlunHacTis,
[30mp1a Ta ['0TiKOBCBHKA.

B pesynbrari a”amizy OTPUMaHMX HaMU JIaHUX, 30KpeMa, BPOXKAWHOCTI Ta
CTPYKTYpPH BpPOYKaro, MPHUIYIIECHO, 10 COPTH M sikoi mmeHuni — JlyopaBka, OkcamMuT
MUPOHIBCBKHM, Ta TBepaoi — UYamo, Jlunacrtis, € cridkimmmu 10 ¢GakTopiB
HABKOJIMIITHBOTO CEPEIOBUINA, 13 BJIACTHUBOIO M BHIIOK aaNTaIIfHOIO TIACTUYHICTIO
JI0 YMOB BHUPOIIYBaHHS, 32 YMOB PI3HOr0 3a0e3MeUeHHsI MIHEPAJIbHUMU €JIEMEHTaMHM.
[IpoBeneHO KOpeNsmMiMHUN aHali3 MK BPOXAWHICTIO Ta €JIEMEHTaMHU ii CTPYKTYpPH;
HaWOUIbIlIE TO3UTHUBHUX KOpEJALIA BHSBICHO MDK BpoKaiHicTiO 3epHa (B3) Ta

KimbKicTiO 3epeH B kKosoci (K3K), macoro 1000 3epen (MT3), Bucotoro kosoca (BK).



[TinTBepIKEHO 3aJIeKHICTh KOoHIEeHTpalii Fe, Zn ta Cu B opraHax MIIEHUII BiJ
BMICTY iX JOCTYmHHUX (popM B IpyHTI. BUSABIEHO COpPTOBI OCOOIMBOCTI HAKOMHWYEHHS
CJIEMEHTIB.

JlocnikeHo 3/1aTHICTh COpTIB akyMmynoBaHHd Fe, Zn ta Cu B mpamopueBHx
JUCTKAaX Ta KOJOCax 3 MOJAJBIINM 1X 3aBaHTAKEHHSM B 3¢pHO. BcTaHOBIEHO KOpEmsIil
M1 KOHIIEHTPALIIMHA MIKPOEJIEMEHTIB, [0 MOKE BKa3yBaTH Ha ICHYBaHHS OJTHOTO abo
KUTBKOX CIUJIBHUX T'eHETHYHMX 1 (P1310JI0TTYHUX MEXAHI3MIB, 3AIyUYCHHX JI0 TTOTJIMHAHHS
MiIHEpaJIbHUX €JIEMEHTIB KOPEHEBOIO CHCTEMOIO, iX MEpeMIIeHHsI Ta MEePepo3Moail B
TKaHUHAX POCIIMH, 3 MOJAIBIINM 3aBAaHTAXKEHHSAM Ta HAKOIMYEHHSM B 3€pHI. 3T1IHO 3
OTpUMaHUMHU JaHUMHU, HaiOUTbIe Fe Ta Cu Hakonmu4yBasiocsl B MPAnopIeBUX JIUCTKAX, a
Zn B 3epHI. 32 YMOB PI3HOIO MIHEPAJIBHOTO >KUBJICHHS TBEPJl COPTH HAKONHMYYBAJIU
Ounbie Zn, HiX M’ skl coptu. Ha ginstai 1. JIy»oxk TBepai cOpTH HaKOMMUyBau Maibke
BJIB141 OLibIIe Zn, HixXK M’sKi. 32 yMOB BuIl0i 0iog0ocTynHOCTI Fe Ha mpurstain JI. JIyxok
HOro KOHIIEHTpaIlisl B OpraHax mniieHui 0yna B cepenabomy Ha 30 % Bumioro. [Ipote, He
BCTAHOBJICHO PI3HMINI B po3moaun Fe MDK M’ SKUMH Ta TBEpAHUMH cOpTamMHu. Takum
YUHOM, BUIII KOHIIEHTpAIlli Zn B 3€pHI OTPUMAHO 32 YMOB POCTY Ha IPYHTax 3 BHUILOIO
010JI0CTYIHICTIO JaHoro enemeHTa. Bummit Bmict Fe Ta Cu BuUsSBIEHO B 3€pHI
orpuMaHomMy 3 aAUAHKA [JI. JIy»KOK, IO TOSICHIOETbCA BUCOKOIO O10JOCTYIHICTIO.
[Tokazano, mo coptu T. turgidum nHakonmuuyBaau Outbine Cu, Hix T. aestivum. CuabHi
MO3UTHBHI 3aJIGKHOCTI BUSBIEHO MK KoHIeHTparieo Fe ta Cu B 3epHi s 000X
MOCIIIIHUAX IITISHOK.

3’sicOBaHO, 110 BUIIA BPOXKAWHICTh BJIACTHUBA JIJII COPTIB 32 YMOB BUPOIIyBaHHS Ha
YOpHO3eMax KapOOHATHUX TOPIJl 3 BUCOKUM BMICTOM OPTaHIYHOI pEUYOBHMHU IPYHTY Ta
HU3bKOIO O1070cTynHICTIO Fe, Cu ta Zn, poTe, sSIKICTh 3€pHa B IIUX YMOBAX HIXK4a: BMICT
MIKpOEJIEMEHTIB Ta OLIKIB 32 TAKMX YMOB OYB HU3BKHUM.

Po3paxoBanuii koedirieHT O10JIOTIYHOTO HAKOMUYEHHS JO03BOJIMB TMOPIBHATH
COPTOBY 3/IaTHICTh KOXXHOTO T'€HOTHITY TIOTJIMHATH €JIEMEHTH 3 TIPyHTY Ta
TPAHCTIOPTYBATH 1X JI0 3epHA. Y pe3ybTaTi KJIACTEPHOTO aHATI3y BUOKPEMIICHO COPTH 31
CXOXHUMHU JOCIITHUMU O3HaKaMu. TBepal Ta M’sKI COPTH MILEHHMI spoi (popmyBanu

OKpeMi KJIacTepu Ha 000X MOCTIAHMX AUISHKAaX 13 pi3HUM piBHEM 3a0€3Me4YeHOCTI



eJIEeMEHTaMH MIHEPAJIbHOTO KUBJICHHSI.

BpaxoByroun  pe3yiabTaTH  BpPOKaWHOCTI, 3JaTHOCTI [0  aKyMYJIIOBaHHS
MIKpPOEJIEMEHTIB, KOPESLIMHOIO Ta KJIACTEPHOr0 aHaj3y BiA10paHo 4 KOHTPACTHI COPTH
nieHuii: OkcaMuT MUpOHIBChkUM, CTpyHa MHpOHIBChKa, JlyOpaBka Ta ['omikoBChKa.
Jlnst oOpaHuX cOpTiB po3paxoBaHo BenmuuHy ¢aktopa Tpanciaokamii (DT). Bumr
BenuunHU DT Fe ta Cu — 3epHO/KOJIOC HIXK 3€PHO/TIPATIOPIICBUI JTUCTOK, CBITUYATH TIPO
O1IbIITy 3aJIexKHICTh KOHIeHTpailii Fe Ta Cu B 3epHi BiJl iX BMICTY B KOJIOCI HiK BiJl BMICTY
B IIPANOPIIEBOMY JIUCTKY Ha JAHOMY €Talll OHTOTE€HE3Y.

B pesynbTaTi KopessuiiiHoro ananizy rojoBHux kommoHeHT (biplot PCA) ms
oOpaHuX COPTIB BCTAHOBJICHO MO3UTUBHY 3aliexHicTh B3 3 K3K, MT3, koHueHTpali€io
Cu 1 Fe, Ta HeratuBHy 3 KOHIIeHTpauiero Zn. 3rigHo 3 ganumu biplot PCA copt nonba
["onikoBCchbKa HAKOMIMYYE BUCOKI KOHIIEHTpaIlii Zn Mpu HEBUCOKINA BpoxkaiHOCTI. CopTu
HyOpaBka Ta OkcaMUT MUPOHIBCbKUN BUAUISIIUCH BUCOKUMU KOoHIIeHTpaiisimu Cu ta Fe
B 3€pHi, Ha BiAMIHY Big copTy CTpyHa MupoHiBcbka. OkpiM Toro, copT OkcamuT
MUPOHIBCbKHI BHUpPI3HABCS HaWBUIIMMH KOHUeHTpauisMu Fe, Zn ta Cu B 3apoaxax
YOPOJOBXK JIBOX POKIB JOCIIIKEHHS.

B po0GoTi Brepiie iieHTrdikoBaHo O6akTepiaibHI eHJ0(ITH 3epHA Ta 3 OTPUMAHUX
in Vitr0 BereTaTMBHUX OpraHiB MPOPOCTKIB TIIEHHI spoi copTiB OKcaMuT
MUpOHIBCbKHM, CTpyHa MuUpoHiBCbKa, JlyOpaBka Ta ['OJiKOBCbKa, SIKI PI3HWIHCH 3a
3natHicTiO HakonmayBatu Fe, Zn ta Cu 3a iX HU3bKO1 0107J0CTYITHOCTI. 3 3epHa MIICHHUIII
Apoi 1301b0BaHO, KYJIbTUBOBAHO Ta i1eHTH(IKoBaHO 20 mTamiB OakTepiid eHIoPITIB, K1
npeacramsuin poau  Staphylococcus, Pantoea, Sphingobium, Bacillus, Kosakonia,
Micrococcus, Kocuria Ta Corynebacterium. BusHadeHi HYKJICOTHAHI MOCITOBHOCTI
OakTepianbHUX eHAO(]ITIB BHeceHO B 0a3y GenBank min nHemepamu MT302194 —
MT302204, MT312840 Ta OP445710 — OP445717. KynpTuBOBaHI LITaMU
MPOJIEMOHCTPYBAJIM 3/1aTHICTh CUHTE3yBaTH Ta BUAUISATH B KyJbTYpajbHE CEPEIOBUIIE
aykcuH-nioq110H1 cnosyku (IRCs makc.: 16,57 mxr/min). IRCs, npoaykoBaHi 6akTepisiMu
poay Pantoea spp. ta Bacillus spp. i3 3epHa BHCOKOBpOXalHHX COpTIB OKCaMUT
MUPOHIBCHKHMI Ta ['0lIKOBCbKa, MOXHA BBa)XaTH OJHUM 13 BU3HAYAJIbHUX (PAKTOPIB

dbopMyBaHHS BpOXKANHOCTI 3€pHA TIICHUIIl Ta HOTO TOXWBHHUX XapaKTEPUCTHUK.



OOroBoprOETLCA UMOBIPHA POJIb OKPEMHX IITaMiB eHI0(MITHUX OaKTepiil y HAKOTTUYEHHI1
MIKPOEJIEMEHTIB y 3€pHIi PI3HUX COPTIB MIIICHUIII Ta IX MOXJIMBUM BIUTUB HAa BPOKAHHICTh
Ta OCHOBHI 11 KOMIIOHCHTH.

B pe3ynbrari METareHOMHOTO aHaji3y TKaHWH KOPEHIB Ta JHMCTKIB IPOPOCTKIB
NIICHUI[, OTPUMAHUX B CTEPHWIBHIN KynbTypi IN Vitro, imentudikoBano 14 pomis
oaktepi: Propionibacterium, Bacillus, Staphylococcus, Lactobacillus, Leuconostoc,
Streptococcus, Veillonella, Bradyrhizobium, Paracoccus, Variovorax, Oxalobacter,
Enterobacter, Erwinia ta Acinetobacter. [loBeneHo, O CTEpWIBHI 3apOJKU CTalU
MOYAaTKOBOIO TOYKOI (OpMyBaHHS €HIO(MITHOTO MIKpOOIOMY MPOPOCTKIB MIIECHUII
BUPOIIICHOT B CTEPWJILHUX YMOBax IN Vitro. BcranoBieHO GakT BepTUKAIBHOI mepenadi
eanmoditTHux Oakrtepii poniB Staphylococcus Ta Bacillus. Bmepmie Bumineno Ta
imeHTrU(iKOBaHO OaKkTepiaabHi eHA0(ITH 3epHa 1 TKAHUH JMCTKIB Ta KOpeHiB T. turgidum
subsp. dicoccum.

OTpuMaHi pe3yJbTaTH Jal0Th HOB1 3HAHHS MPO B3a€EMO3B’S3KU MK €HAO(PITHUMHU
OakTepisiMu 3epHa, KoHIeHTpamisiMu Fe, Cu Tta Zn B 3epHi Ta BpOXKANHICTIO MIIIEHUII
sapux coprtiB T. aestivum i T. turgidum subsp. dicoccum, y moiboBUX yMOBax 3a
00MeXeHOT 0610/I0CTYITHICTIO IUX €JIEMEHTIB.

JlaH1 11010 KOHILIEHTpAllli MIKPOEJIEMEHTIB B 3€pHI, 13 BpaxyBaHHSIM MIHEPAIbHOTO
CKJIaJly TPYHTY TOPIBHSHO 3 BUJOBUM CKJIQJIOM OakTepiaibHUX eHAodiTiB. OTpuMaHi
pe3ynbTaTH JO3BOJISIOTH MPUITYCTUTH WMOBIPHHM BIUIMB eHA0(ITHOI KOJOHI3aIlli Ha
Jiana3oH HAIXOHKCHHS MIKPOCIEMEHTIB y POCIHHY, X JOCTaBKY J0 PEHPOIYKTHBHUX
OpraHiB Ta 3aBaHTAXKECHHSI B 3€PHO.

baktepii poxy Pantoea Bunineni 3 3epHa copty OKcaMUT MHPOHIBCHKUN
XapaKTepUu3yBaJUCh BUCOKOKO 3JaTHICTIO JO CHHTE3Y ayKCHHIB, OKPIM TOTO, LI COpT
BHUPI3HSBCS BHCOKOIO BPOKaMHICTIO Ta KoHIeHTpamieto Fe, Cu B 3epri. CopT monba
['onmikoBcbka TMpU  HU3BKIA  BPOXKAWHOCTI, BUIUISBCA BUCOKUM  KOE(ILIEHTOM
010akyMyJsIli ZN Ta BUCOKOIO KOHLEHTPAIIIEIO IIOTO MIKpOEJIeMEHTa B 3€pHi, a 0akTepii
poay Bacillus orpumani 3 115010 cOpTy MpPOAEMOHCTPYBAIM BHUCOKHI PIBEHb CHHTE3Y
ayKCUHIB. AYKCHHHM, ULI0 BHUPOOJSIIOTECA €HAO(PITHUMU OaKTepisiMU CHPUSIOThH

MIJKUCIIEHHIO pu3ocepu 1Mo B CBOIO YEpry TMOKpaIlye TMOTIMHAHHS Ta TPAHCHOPT



enemeHTiB. OpepkaHi pe3yibTaTH CBiIYaTh MNpO HWMOBIPHY IMEPCIEKTUBHICTD
BUKOpHUCTaHHA mTaMiB Pantoea spp. U.MO2, U.MO3 Ta Bacillus spp. U.H2 3 meroro
MIIBUIIEHHS BPOXKAWHOCTI Ta TOKPAIIEHHS MIKPOSJIEMEHTHOTO CKJIaay 3€pHa.
[IpencraBiena poOoTa sBAsS€ COOOK I1HHOBAIIMHWMNM MIAXIA JO aHami3y BIUIUBY
MikpoOiomy pociuH (¢piToMiKpoOioMy) Ha XapyoBY IIHHICTh 3€pHA MIICHHUIl SPOi.
Ennoditauit Mikpo6ioM MOxke BUOIPKOBO BIUIMBATU HA HU3KY (DAaKTOPiB, HEOOX1THUX IS
OTPUMAaHHsI BUCOKOTO BPO’KAO MPHU BITHOCHO HU3BKUX BUPOOHHYMX TMOTYKHOCTSX, 1 B
TOM >K€ Yac MOXKE CIPHUSITIMBO BIUIMBATH HA XapyoOBY IIHHICTh 3€pHA MIICHHUIII.
JetanbHuil aHami3 ckiany Ta GyHKIIH eH10(pITHOrO MIKpOOIOMY MIIEHUIN SIPOi MOXKE

CIpUATH po3po0iil HOBO1 Ipymnu OiornpenapariB — GiTONpoOIOTUKIB.

Knrwwuosi cnoea: Triticum spp., ctpec, mocyxa, IOCyXOCTIHKICTh, MIKPOCICMEHTH:
Fe, Zn, Cu, 6inok, BpOKaiHICTh, TMPOAYKTUBHICTh, OakTepii-eHm0(iTH, KOJIOHI3aIlis
KOpPEHS, PpICT-CTUMYJIIOBAJIbHI ~ BJIACTUBOCTI, OlocuHTeTHUHHI moteHmian, [OK,

oiodoprudikarris, in vitro.



SUMMARY
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The dissertation is focused on the study of the physiological bases of the formation
of the quality grain of 24 genotypes of spring wheat (Triticum aestivum L., T. durum
Desf., T. turgidum subsp. dicoccum) of Ukrainian selection, including flaky spelled
wheat, with an emphasis on the content of Iron (Fe), Zinc (Zn), Copper (Cu) and the
identification of wheat endophyte bacteria and the study of their relationship with grain
yield and quality.

Wheat (Triticum spp.) is one of the most cultivated crops in Ukraine and the world.
Fifteen varieties of soft wheat (T. aestivum L.) were used in the study because it is the
most often used as the main component of bread products; 8 varieties of durum wheat (T.
durum Desf.) with a high content of proteins, fiber and minerals; 1 variety of spelled
wheat (T. turgidum subsp. dicoccum), T. dicoccum, one of the oldest durum kinds of
cereal with high content of trace elements (Mg, Fe, Zn) and vitamins, low gluten content.
All studied varieties are new and entered into the State Register of varieties suitable for
cultivation in Ukraine from 2000 to 2017.

In the coming years, it is necessary to improve the quality of wheat grain and its
production in sufficient quantity for the population, which will increase by 36 % by 2100.
At the same time, the multi-year selection of wheat in previous years, aimed at improving
the yield, was accompanied by a decrease in the quality of the grain due to a reduction of
the content of proteins, microelements, and vitamins. That is why improving the
nutritional value of wheat grain is one of the priority areas of modern research by
geneticists, physiologists, and breeders.

“Hidden hunger” caused by a lack of vitamins and microelements is an urgent
problem of nutrition and health for 2 billion people worldwide. It is the most common

form of malnutrition, especially deficiencies of Zinc (Zn), Iron (Fe), lodine (1), vitamin,



and folic acid. The study of complex physiological mechanisms of absorption and
maintenance of the necessary concentration of trace elements in plant tissues, the search
and research of wheat varieties with the increased ability to accumulate them in the grain
Is an essential prerequisite for the development of effective methods of biofortification,
environmentally safe technologies that would complement the phenotypic plasticity and
adaptability of plants. Bacterial endophytes can serve as tools for developing new
strategies for biofortification and food security. This approach involves the study of
interactions between bacteria and plants, their role in increasing fertility, and enriching it
with available trace elements as a result of solubilization, mobilization, and movement of
the necessary elements to various plant organs. Today, the problem is insufficiently
researched, but it is promising, as evidenced by the increase in scientific publications in
recent years, so this became the basis for researching the dissertation topic.

An analysis of the main physicochemical properties of the soils of two experimental
plots with different bioavailability of microelements was carried out since the limited
bioavailability of microelements is considered the main reason for their low content in
wheat grains. The low bioavailability of trace elements on the carbonate soils of the
Dmytriv area (50°13'26.6"N 24°36'50.5" E) was revealed. On the other hand, sod-
podzolic loamy soils of the D. Luzhok site (49°27'17.5"N 23°23'02.6" E) were
characterized by a slightly acidic pH lower compared to the Dmytriv site, the content of
soil organic matter (SOM) and higher bioavailability of trace elements.

Higher morphometric indicators, in particular, root length and shoot height, for all
studied spring wheat varieties were observed on black earth, slightly alkaline soils of the
Dmytriv site. The existence of positive correlations between the area of the flag leaf and
grain yield at the Dmytriv plot (r = 0,23**) and weak positive correlations at the D.
Luzhok plot (r = 0,07**) were shown.

In the conditions of the field experiment, the drought resistance of the investigated
wheat varieties was taken into account based on the results of determining the indicators
of water deficit (WD), relative water content (RWC), excised leaves water loss weight
(EL WLW) and excised leaves water loss per area (EL WLA) of flag leaves during the
2018 growing season, with low rainfall and high temperatures. Indicators EL WLW and



EL WLA can be recommended as additional indicators of wheat resistance to water stress.
Differences in response to drought among soft and hard wheat varieties (T. aestivum and
T. durum) were confirmed. The high drought resistance of the MIP Raiduzhna variety
was noted, and the varieties with high yield and drought resistance were singled out:
Zhizel’ (hard), Holikovs’ka (emmer), and Simkoda myronivska (soft).

It has been confirmed that, in addition to environmental conditions and agrotechnical
measures, the type and variety of wheat significantly impact yield and its structure. For
example, the average yield of wheat in 2017 on the Dmytriv plot was 67 % higher than
on the D. Luzhok plot and was 51.57 gt/ha and 16.91 qt/ha, respectively. In 2018, a 53 %
higher grain yield was obtained at the Dmytriv site. In addition, higher grain yields were
established for soft wheat varieties.

The total protein content in wheat grain ranged from 8.65 to 17.21 %. The higher
content of proteins in grain was observed on sod-brown loamy soils with slightly acidic
pH, lower SOM content, and higher trace elements’ bioavailability. Varieties with an
increased ability to accumulate proteins in grain under different conditions of mineral
nutrition: Etiud, Kolektyvna 3, Dynastiia, 1zol’da, and Holikovs’ka.

As a result of the analysis of the data we received, in particular, the yield and
structure of the crop, it was assumed that the varieties of soft wheat — Dubravka, Oksamyt
myronivs’kyi, and hard — Chado, Dynastiia, are more resistant to environmental factors,
with their inherent higher adaptive plasticity to conditions cultivation, under the
conditions of a different provision of mineral elements. Therefore, a correlation analysis
was conducted between yield and elements of its structure; the most positive correlations
were found between the grain yield (GY) and the number of grains per spike (GPS),
thousand-grain weight (TGW), and spike height (SH).

The dependence of the concentration of Fe, Zn, and Cu in wheat organs on the
content of their available forms in the soil was confirmed. In addition, varietal features of
the accumulation of elements have been revealed.

The ability of varieties to accumulate Fe, Zn, and Cu in flag leaves and spikes with
their subsequent loading into grain was investigated. Correlations between concentrations

of microelements were established, which may indicate the existence of one or more



common genetic and physiological mechanisms involved in the absorption of mineral
elements by the root system, their movement, and redistribution in plant tissues, with
subsequent loading and accumulation in grain. According to the obtained data, most Fe
and Cu accumulated in the flag leaves and Zn in the grain. Under conditions of different
mineral nutrition, hard cultivars accumulated more Zn than soft cultivars. At the site of
D. Luzhok, hard cultivars collected almost twice as much Zn as soft cultivars. Under
conditions of higher bioavailability of Fe at the D. Luzhok site, its concentration in wheat
organs was, on average, 30 % higher. However, no difference in Fe distribution was found
between soft and hard varieties. Thus, higher concentrations of Zn in grain were obtained
under growth conditions on soils with higher bioavailability of this element. A higher
content of Fe and Cu was found in the grain obtained from the site of D. Luzhok, which
is explained by high bioavailability. It was shown that T. turgidum cultivars accumulated
more Cu than T. aestivum. Strong positive relationships were found between the
concentration of Fe and Cu in grain for both experimental plots.

It was found that the higher yield is characteristic of the varieties under the
conditions of cultivation on chernozems of carbonate rocks with a high content of soil
organic matter and low bioavailability of Fe, Cu, and Zn. However, the grain quality is
lower under these conditions: microelements and protein content need to be improved.

The calculated coefficient of biological accumulation made it possible to compare
the varietal ability of each genotype to absorb elements from the soil and transport them
to the grain. As a result of the cluster analysis, varieties with similar research
characteristics were singled out. Hard and soft varieties of spring wheat formed separate
clusters at both experimental sites with different levels of provision of elements of mineral
nutrition.

Considering the yield results, ability to accumulate trace elements, correlation, and
cluster analysis, four contrasting wheat varieties were selected: Oksamyt myronivs’kyi,
Struna myronivs’ka, Dubravka, and Holikovs’ka. The translocation factor (FT) value was
calculated for the selected varieties. Higher values of FT of Fe and Cu — grain/spike than
grain/flag leaf indicate a greater dependence of the concentration of Fe and Cu in the grain

on their content in the spike than on the content in the flag leaf at this stage of ontogenesis.



As a result of the correlation analysis of the main components (biplot PCA) for the
selected varieties, a positive dependence of GY with GPS, TGW, Cu, and Fe
concentration and a negative with Zn concentration was established. According to biplot
PCA, emmer Holikovs’ka spelled variety accumulates high concentrations of Zn with low
yield. Dubravka and Oksamyt myronivs’kyi were distinguished by high concentrations
of Cu and Fe in the grain, in contrast to Struna myronivs’ka. In addition, the Oksamyt
myronivs’kyi variety was characterized by the highest concentrations of Fe, Zn, and Cu
in the embryos during the two years of the study.

Bacterial endophytes of grain and vegetative organs of spring wheat seedlings
obtained in vitro were identified for the first time in the work. Their ability to accumulate
Fe, Zn, and Cu differed due to their low bioavailability. From spring wheat grain, 20
endophytic bacteria strains were isolated, cultivated, and identified, representing the
genera Staphylococcus, Pantoea, Sphingobium, Bacillus, Kosakonia, Micrococcus,
Kocuria, and Corynebacterium. The determined nucleotide sequences of bacterial
endophytes are included in the GenBank database under the names MT302194 —
MT302204, MT312840, and OP445710 — OP445717. Cultivated strains demonstrated the
ability to synthesize and secrete auxin-like compounds into the culture medium (IRCs
max.: 16.57 ng-mL™?). IRCs produced by bacteria of the genus Pantoea spp. and Bacillus
spp. from the grain of the high-yielding Oksamyt myronivs’kyi and Holikovs’ka varieties
can be considered one of the determining factors in the formation of wheat grain yield
and its nutritional characteristics. The potential role of certain strains of endophytic
bacteria in the accumulation of microelements in the grain of various wheat varieties and
their possible influence on yield and its main components are discussed.

As a result of the metagenomic analysis of the tissues of roots and leaves of wheat
seedlings obtained in sterile in vitro culture, 14 genera of bacteria were identified:
Propionibacterium,  Bacillus,  Staphylococcus,  Lactobacillus,  Leuconostoc,
Streptococcus, Veillonella, Bradyrhizobium, Paracoccus, Variovorax, Oxalobacter,
Enterobacter, Erwinia, and Acinetobacter. It has been proven that sterile embryos became
the starting point of formation of the endophytic microbiome of wheat seedlings grown

in sterile conditions in vitro. The fact of vertical transmission of endophytic bacteria of



the genera Staphylococcus and Bacillus have been established. Bacterial endophytes of
grain and tissues of leaves and roots of T. turgidum subsp. dicoccum was isolated and
identified for the first time.

The presented results provide novel insights into the relationships between the
grainendophytic bacteria, the Fe, Cu, and Zn concentrations, and the yield in the T.
aestivum and T. turgidum subsp. dicoccum spring wheat varieties grown with limited bio-
availability of these microelements in the field.

Data on the concentration of trace elements in grain, taking into account the mineral
composition of the soil compared to the species composition of bacterial endophytes. The
obtained results allow us to assume the likely influence of endophytic colonization on the
range of microelements entering the plant, their delivery to the reproductive organs, and
loading into the grain.

Bacteria of the genus Pantoea isolated from the grain of the Oksamyt myronivs’kyi
variety were characterized by a high ability to synthesize auxins; in addition, this variety
was distinguished by a high yield and concentration of Fe and Cu in the grain. The variety
emmer Holikovs’ka with low yield was characterized by a high Zn bioaccumulation
coefficient and a high concentration of this microelement in the grain, and bacteria of the
Bacillus genus obtained from this variety demonstrated a high level of auxin synthesis.
Auxins produced by endophytic bacteria contribute to the acidification of the rhizosphere,
which in turn improves the absorption and transport of elements. The obtained results
indicate the probable perspective of using strains of Pantoea U.MO2, U.MO3 and
Bacillus spp. U.H2 to increase yield and improve the trace element composition of grain.
The presented work is an innovative approach to analyzing the influence of the plant
microbiome (phytomicrobiome) on the nutritional value of spring wheat grain. The
endophytic microbiome can selectively influence several factors necessary for obtaining
high yields at relatively low production capacities and, at the same time, can favorably
influence the nutritional value of the wheat grain. A detailed analysis of the composition
and functions of the endophytic microbiome of spring wheat can contribute to developing

a new group of biological preparations — phytoprobiotics.
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