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Physiological basis of productivity and grain quality of spring wheat

Pedepar (YKxp.)

JucepTauiiiHa po60Ta NPUCBSYEHA AOCiAXKEHHIO (i3i00TiYHMX OCHOB (DOPMYBaHHS! SIKICHOTO 3€pHa 24 T€HOTHUIIB SIPOi MIIEHUI
(Triticum aestivum L., T. durum Desf., T. turgidum subsp. dicoccum) ykpaincbkoi cenexiiii, 3 akiieHToM Ha BMicT Fe, Zn, Cu Ta
inenTudikyBaHHs 6aKkTepiii-eHn0PiTiB NIeHNL i BUBYEHHS iX MOTEHLIHOTO 3B'I3KY 3 BPOXKAIHICTIO Ta SIKICTIO 3epHa. [TmeHus e
OJIHi€I0 3 HANGIiNbLI KyJIbTUBOBAHMX KyJbTYP B YKpaiHi Ta y CBiTi 3aranom. HailoimXuuMu poKaMu HEOOXiTHO MiJBUIIUTU SKiCTb
3epHa MiIeHuli Ta ii BUpOGHUILITBO Y AOCTATHIN KijIbKOCTI IJ1s1 HaceseHHs], ke Ao 2100 poky 36inbmuTbest Ha 36 %. “IIpuxoBaHui
rosjop’, CIpUYMHEHNN HecTauyero BiTaMiHiB i MIKpOe/lIeMEHTIB € aKTyasbHOIO MIPO6JIEMOI0 Xap4yyBaHHS i 3M0POB’sl Al 2 MIIPA.
JIIofiel y CBiTi, 1le HalinomupeHima popma HesoinaHHs. BuByeHHS CKIaAHUX (Pi3iooriyHNX MexaHi3MiB OrJIMHAHHS 1 NiATPUMKU
HeoOXiIHOI KOHIEeHTpalii MiKpOeJeMEeHTiB B POCIMHHUX TKAHWHAX, NOMYK i JOCJIIPKEHHS COPTIB NUIEHWIi 3 MifBUIIEHOI0
3IATHICTIO [0 iX HaKoNWYeHHs B 3€pHi — HeoOXigHa IepeaymoBa JJis1 PO3POOKU e(dEeKTUBHUX CIOCO6iB Giodoprudikariii,
€KOJIOTIYHO 0e3MeYHUX TEXHOJIOTIH, sKi 6M MOINOBHIOBaJM (EHOTUIIOBY IJIACTUYHICTh I ajanTalifiHy B34aTHICTb POCIMH.
BakTepianpHi €eHOO(PITH MOXYTh CIYKUTH {HCTPYMEHTaMU [Jisl PO3POOKM HOBUX cCTpareriil 6iopoprudikarii ta nMpomoBosb4oi
6e3neku. IIpoBesieHO aHai3 OCHOBHUX (Pi3MKO-XIMIUHUX BJIACTMBOCTEN I'PYHTIB JBOX Pi3HMX 3a GiOIOCTYIHICTIO MIKPO€JIEMEHTIB
JocmigHux ginsHok: JImutpiB (50°13'26.6"N 24°36'50.5'E) Ta . Jlyxkok (49°2717.5'N 23°23'02.6"E). B ymoBax I0JbOBOTO
€KCIIEPMMEHTY BPAaxOBaHO MOCYXOCTIMKICTb NOCHIIXyBaHMUX COPTIB numeHuli. ITinTBepaKeHO BiIMiHHOCTI B peaklii Ha MOCYXy
cepej, copTiB mmeHuIi M'sKoi i TBeppoi. CepenHs BposkaiHicTy nmenunti y 2017 p. Ha pinsgHui JImutpis 6ysa Ha 67 % BUIIOIO HiK
Ha ginsgHui 1. JIysxok. V 2018 p. Ha pingHui IMUATPIB OTPUMAaHO BUILY BPOKAMHICTh 3epHa Ha 53 %. BCTaHOB/IEHO BUIIi TOKa3HUKHU
BPOKaHOCTI [IJIsI M'IKUX COPTIB MIIEHULli. 3araJbHU BMICT 6iika B 3epHi MIIeHuIli cTaHOBUB Bin 8,65 mo 17,21 %. Bumuit BMicT
6isIKiB B 3epHi criocTepiranu Ha IepHOBO-6YPO3€MHUX CYIJIMHKOBUX I'PYHTax HingHKu [I. JIyskok. COpTH 3 BUCOKOIO 3[JaTHICTIO 1O
HaKONHWYEHHS GiJIKiB B 3€PHi 3a Pi3HMX YMOB MiHepasbHOrO XuBjeHHs: ETion, KonekrusHa 3, JlnHacris, [3ospaa Ta ['osnikoBcbKa. B
pe3yJbTaTi aHaji3y BpOXANWHOCTI Ta CTPYKTypU BpOXKalo, NMPUIYLIEHO, o copTu ybpaBka, OKCaMUT MUPOHIBCbKUIL, Yamo Ta
JuHacTid, € CTilikimumu A0 (PakTopiB HABKOJMUIHBOTO CEPENOBUIIA, i3 BJIACTUBOIO iM BUINOO aaNTalifHOI TJIACTUYHICTIO 10
YMOB BUPOIIYBaHHS, 32 YMOB Pi3HOTO 3a6e3leYeHHs] MiHEpaJIbHUMHU efleMeHTaMu. [linTBepaKeHo 3a/leXHiCTh KoHLeHTpalii Fe,
Zn ta Cu B opraHax NIIEHUL BiJ BMIiCTy iX JOCTyNHUX (OpM B I'PYHTI. JOCTiIKEHO 30aTHICTb COPTIB 4O aKyMyJitoBaHHs Fe, Zn Ta
Cu B NpanopLeBUx JIMCTKAX Ta KOJIOCAX 3 NOJANbIINM iX 3aBaHTRXXEHHSIM B 3€pHO. BCTaHOB/IEHO KOpeJIALii MK KOHLLEHTPaLisIMU
MiKpoeJIeMEHTiB. 3'1COBaHO, 10 BUIA BPOKAMHICTb BJIACTUBA [JIs1 COPTIB 32 YMOB BUPOILYBaHHSI Ha YOPHO3eMaX KapOOHATHUX
Nopiz, 3 BUCOKMM BMiCTOM OPraHiuHOi pe4OBMHM I'PYHTY Ta HU3bKOWO GiomoctymnHicTio Fe, Cu Ta Zn, npore, SIKiCTb 3€pHA B LIUX
yMOBaxX HW)X4a: BMiCT MiKpO€JIEeMEHTIB Ta OiJIKiB 3a TakuxX YMOB OyB HU3bKUM. B po6oTi Bnepuie imeHTHdiKOBaHO 6aKTepiasbHi
eHpgodiTu 3epHa Ta 3 OTPUMAHHUX in Vitro BereTaTUBHUX OPraHiB NPOPOCTKIB MuIeHUL spoi copTiB OKCaMUT MUPOHIBCHKUM,
CTpyHa MUPOHIBCBKA, JlyOpaBKa Ta ['ojikoBCbKa. 3 3epHa IIIEHULI] sIpoi 130J1bOBaHO, KyJIbTUBOBAHO Ta ifeHTudikosaHo 20 mramis
6akrepill eHnodiTiB, sKi pencTasasanu poau Staphylococcus, Pantoea, Sphingobium, Bacillus, Kosakonia, Micrococcus, Kocuria
ta Corynebacterium. BusHaueHi HyKJI€OTUIHI [TOCTiJOBHOCTI 6aKTepiasbHUX eHnoQiTiB BHeceHO B 6a3y GenBank mnin Hemepamu
MT302194 - MT302204, MT312840 Ta OP445710 - OP445717. KyipTUBOBaHi ITaMU IIPOJEMOHCTPYBAJIHN 30ATHICTh CUHTE3YBaTH Ta
BUZI/NATY B KyJbTypajbHe cepefoBulle ayKcuH-Togi6Hi criomyku (IRCs makc.: 16,57 MKr/mi). B pesysnbTaTi MeTareHOMHOTO
aHasi3y TKAaHMH KOPEHIB Ta JIMCTKIB IPOPOCTKIB MIIEHUI]i, OTPUMAHUX B CTEPUJIBHINA KyJbTypi in vitro, inenTudikosano 14 ponis
Gakrepiil. Bnepme BuzineHo ta imeHTudikoBaHo 6akTepiaspHi eHJ0QiTH 3epHa i TKaHMH JMCTKIB Ta KopeHiB T. turgidum subsp.
dicoccum. OTpuMaHi pe3ysbTaTy JAIOTh HOBi 3HAHHS [IPO B3AEMO3B'SI3KM MK eHAO(ITHUMU 6aKTepisMU 3epHA, KOHIIEHTPALiSIMU
Fe, Cu Ta Zn B 3epHi Ta BPOXKaiHICTIO MIIEHUI]i SIPUX COPTIB y MOJIbOBUX YMOBAX 32 OOMEXXEHOI GiOIOCTYIHICTIO LIUX €JIEMEHTIB.
JeranbHnil aHamiz ckmagy Ta QYHKLiH eHmodiTHOro Mikpob6iomy mmeHuni spoi MoOXe CHPUSITH Ppo3po6Ii HOBOI rpymnu

6iompemnapatiB — GiTOIPOGIOTHKIB.
Pedepar (aHrJ1.)

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, with an emphasis on the
content of Fe, Zn, Cu and the identification of wheat endophyte bacteria and the study of their relationship with grain yield and
quality. Wheat is one of the most cultivated crops in Ukraine and the world. 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. “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. 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. An analysis of the
main physicochemical properties of the soils of two experimental plots with different bioavailability of microelements: Dmytriv
area (50°13'26.6"N 24°36'50.5" E) and D. Luzhok (49°27'17.5"N 23°23'02.6" E). The drought tolerance of the studied wheat varieties
was taken in the field experiment. Differences in response to drought among soft and hard wheat varieties were confirmed. The
average yield of wheat in 2017 on the Dmytriv plot was 67 % higher than on the D. Luzhok plot. 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 the D. Luzhok plot.
Varieties with an increased ability to accumulate proteins in grain under different conditions of mineral nutrition: Etiud,
Kolektyvna 3, Dynastiia, Izol'da, and Holikovska. As a result of the analysis of the yield and structure of the crop, it was assumed
that the varieties Dubravka, Oksamyt myronivskyi, 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.
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. 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. 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. 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 pgmL-1). 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. 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. 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 spring wheat
varieties grown with limited bio-availability of these microelements in the field. 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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