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@y Xao. llepenyMOBH I'eHETUYHOI0 NOJIIMIIECHHS NMIICHUIb OJHO3EPHSAHOK. —
KBamigikarriiina HaykoBa pob60Ta Ha MpaBax PYKOIIUCY.

Jluceprartist Ha 3100y TTs HAYKOBOTO CTYTIEHA TOKTOpa Pinocodii y ramy3i 3HaHb
09 bionoris 3a cnemianbHicTIoO 091 Biomoris — XapkiBChkuil HalllOHAIBHUAN
yHiBepcuteT imMeH1 B.H. Kapasina, Xapkis, 2024.

PoGoty BukoHaHo Ha kadenpl TeHETUKHM Ta [uUToJIorii XapKiBChKOTO
HalloHanbHOro yHiBepcuteTy imeHl B.H. Kapaszina ta B mabopaTopii IHTpoIyKLii Ta
30epiraHHsi ~ T€HETUYHUX  pEecypciB  pOCIMH  [HCTUTYTY  POCIMHHULTBA
imeni B.A. FOp'eBa.

[Tmennns oxHO3epHSHKA Triticum monococcum L. e omHiero 3 meprux
OJIOMAllTHEHUX 3€PHOBHUX KYJbTYp, KYyJIbTUBYBAaHHA SKOI JOHEJAaBHA Maiike
npunuauiocs. OJHaK, B OCTaHHI KUIbKa JECSITUIITh 1 KyJbTypa IpUBEpTac Aeaai
OUIBIIY yBary BUCHHUX 1 criokuBayiB. OJHO3EepHAHKA — JKEPEIIO 3/1I0poBoi i>ki. BoHa
CTIKa 0 O10TMYHMX Ta ablOTMYHMX YMHHHUKIB CEPEIOBHINA, HE MOTpedye 3aco01B
XiMIYHOro 3axucTty. Lle poOuTh ii 0COOMMBO LIHHOK 3 TOYKH 30py €KOJIOTIl — JUIs
OpPraHiYHOro 3eMJIEpOOCTBa Ta 3 OIJISAY Ha €KOHOMIIO BUTPAT HA BUPOLIYBaHHS, Ta
OOyMOBIIIOE JTOIIIBHICTh BIAPOKEHHS 11€1 KYyJIbTYpU B CUIBCHKOTOCIOAAPCHKOMY
BUPOOHUIITBI. [lepemkoao0 [0 MIHUPOKOTO BIPOBAKEHHS OJHO3EPHSIHKU € il
OJIM3BKICTh /10 JUKHUX MpaulypiB: HU3bKA BpPOKAMHICTh, BaXKKUM BUMOJIOT 3€pHA,
JAMKICTh KOJIOCA, 110 MPU3BOAMTH JI0 BTPAT BpPOXKAlO, CXWIBHICTh O BWJISITAHHS

cTeben, 10 YTPYAHIOE MEXaH130BaHe 30upaHHs.



['eHeTryHE pO3MAITTS OJHO3EPHSHOK MPEICTABICHE YOTHPMA BUAAMU: BOMA
mukumu — T.urartu Thum. ex Gandil. i T.boeoticum Boiss., nBoma kynbTypHUME — T .
monococcum L. i T. sinskajae A. Filat. et Kurk. i mictuth HH3KY Qopm i3
MOJIMIICHUMH XapaKTEepPUCTUKaMU TOCTIOAApChKO IHIHHUX o3Hak. lle mae 3mory
3MIMCHATH TCHETHYHE TOJINIICHHS WX MIIEHUIh MIJITXOM T10puan3alii Ta ceneKiii.
EdexTruBHICTh BUKOPUCTAHHSI TEHETUYHOTO PO3MAITTS KYJIbTYPHOI OJTHO3EPHSHKH Ta
JTUKHUX CIIOPIAHEHUX BUIB JUISl 11 MOMIMIIECHHS BU3HAYAETHCA CTYIIEHEM (PEHOTHUIIOBOI
Ta TEHETUYHOI BHBYEHOCTI POCIHWHH, IO POOUTH AKTyaJIbHUM IPOBEICHHS
BIJIMOBIIHUX JOCIIIKEHbD.

VYV 3B'\I3Ky 3 UM MeTa JOCHIDKCHHS TOoJISiTa€ B OIIHIN (PEHOTHUIIOBUX
XapaKTEPUCTHK 3pa3KiB MILIEHUL OJHO3EPHSHKH Ta 3'ICyBaHHI 3aKOHOMIPHOCTEU
yCHAJAKyBaHHS 1 PIBHS yCHAaJKOBYBAHOCTI TOCIOAAPCHKO 3HAYYIIMX O3HAK 3aJIEKHO
BIJl CTPOKY BHCIBaHHS Ta HalpsIMy CXPELIyBaHHS 3 METOI0 T€HETUYHOTO MOJIIMIIEHHS
11€1 KYJIbTYpPH.

BianosigHo 10 moctaBiieHOi MeTH 0YJ10 chOpMYJILOBAHO TaKi 3aB/IaHHS:

— OUIHUATU (PEHOTHUIOBI XapPaKTEPUCTUKU 3pa3KiB MILIECHUIb OJHO3EPHAHOK SIK
BUXIJTHOTO Marepiajgy il TeHETUYHOTO IMOJIMIIeHHS KyJIbTypU Ta BCTAaHOBUTHU
3aKOHOMIPHOCTI, MOB'sI3aH1 31 CTYIIEHEM OKYJIbTYpPEHOCTI;

— Ha OCHOBI 0araTOBHMIPHOIO aHami3y AU(PEPEHIIIOBaTH 3pa3Ku MIICHUIb
OJIHO3EPHSHOK 3a BOJAOYTPUMYBAJIBHOIO 3/IATHICTIO JJUCTKIB 1 KOJIOCA Ta TapaMeTpaMu

L[MX OpPTaHiB Ha PIBHI BUAIB 1 TEHOTHIIIB;



— 3a JIONOMOT 010 T1OPUAOIOTIYHOTO aHalli3y 3'ICYBaTH XapaKkTep yCHaJKyBaHHS
O3HAaKU «THUI PO3BUTKY» (O3UMICTH/APICTh) y NPEICTABHUKIB BUIIB TMIICHUIb
OJTHO3EPHSHOK;

— 3'ICyBaTHM XapaKTep YCHAAKyBaHHS BHUCOTH pOCIUH, HPOLYKTUBHOI
KYIIMCTOCTI Ta 3a0apBlIEHHS KOJIOCA B TOpU/IB KyJIbTYPHOI OJTHO3EPHSIHKHU 332 YMOB
O3MMOI Ta ApOi KYJIbTYpPHU.

VY pesynbTati 10CHiKEHb BCTAHOBJIECHO HACTYITHE.

VY mpoueci AOMecCTUKAIli OJHO3EPHSHKH 3MEHIIMIACA BHCOTa cTebja Ta
JIOBKMHA BEPXHHOTO MIXKBY3JIs, 30UIBIIMIKNCS MOKAa3HUKUA «Maca 3€pHa 3 KOJIOCay,
«maca 1000 3epen», Ta «KUIbKICTh JIHIB JI0 KOJOCIHHS; HE 3MIHUJIUCS MOKa3HUKU
MOTEHIIMHOI MPOAYKTUBHOCTI «Maca KOJIOCa» Ta «KIJIbKICTh KOJOCKIB Yy KOJOCI»,
MPOTE MOKA3HUK pealtizallii [bOro MOTeHIIaNy (KIJIBKICTh 3€pEH Y KOJI0C1) 3MEHIIIUBCS.
VY KyAbTYpHOI OAHO3EPHSHKA O3HAKH CUJIBHILIE CKOpPEIbOBaHI, HIK Yy AMKOI, IIO
CBIIYUTH MpO OuIbIIy (Pi310JIOTIYHY TOMEOCTATHYHICTh JIMKOI MPEAKOBOI (QopMu
MOPIBHSHO 3 KYJIbTYPHOIO.

3a koediieHTaMu BOJIOTOBIA/1a4l IEPILIOTO Ta APYTOro JUCTKIB Y MEPEPAXYHKY
Ha OJIMHHUIIO TUIOIII, a TAaKOX BOJIOIOBIJIa4l KOJIOCA HA OJUHMIIO HOro JOBKHHH
BIJIHOCHO TOCYXOCTIMKMMHU € 3pa3Kd KyJbTYpHOI OJHO3EpHSHKM [.MONOCOCCUM
UA0300113 (Cupist) Ta UA0300282 (YropumnHa). IHmii BHBYEHI 3pa3Kh BCIX
YOTUPHOX BHUJIIB HE € MOCYXOCTIMKMMHM. 31 30UIBIICHHSIM PO3MIPIB MParopIeBOro
JIMCTKA B OJTHO3EPHIHOK CIIOCTEPITa€ThCsl TEHACHIIS O 3MEHIIIEHHS BOJIOTOB1/1/1aul Ha

OJIMHMITIO TUIONIl JIUCTKA, TOOTO A0 30UIBIICHHS BOJOYTPUMYBAJIBbHOI 31aTHOCTI.



Boanowac y mexxax BUIy, HaBMaKH, 30UTbIIEHHS IJIOLI MPAMOPIEBOro JINCTKA Mae
MO3UTUBHUI 3B'A30K 13 BOJIOTOBIAIaYEIO.

Jukum (opMaM BIACTUBUN O3UMHI THIT PO3BUTKY, KyJIbTypHUM — sIpuil. 3a
ribpuaun3anii IUKOi OJHO3EPHAHKH 3 KYJIbTYPHOIO JOMIHYE O3UMHUN THUIl PO3BHUTKY.
BimMiHHOCTI MK UMMH TpyHamMH BHJAIB  OJHO3EPHSHKH  KOHTPOJIOIOTHCS
OJTHUM-/IBOMA T€HaMU 13 CUJIbHUM €(DEKTOM.

BiamiHHOCTI MIX 3pa3KaMu OJHO3EPHSHKH 32 BHUCOTOK POCIMHHM 3yMOBJICHI
OJTHUM TOJOBHUM TI'€HOM 13 PI3HUM CTYIIEHEM JOMIHYBaHHS, a TaKOXX aJUTHUBHUM
e(eKTOM TeHIB. YCHaJKOBYBaHICTb BHUCOTH POCIMHH Y MOJENl TOJOBHOTO TI'eHa
ctaHoBUTh 97—-100 %, HE BUSABISE€ PELUNIPOKHOTO €PEKTY 1 MPAKTUYHO HE 3AJIEKUTH
B1JI CE30HY IOCIBY.

PiBeHb NposiBy NPOJYKTUBHOI KYIIMCTOCTI 3aJieKUTh Bl YMOB Bererauii Ta
y TOpUAiB JEMOHCTPYE PEHUNPOKHUN eQeKT ycmaakKyBaHHS. BiIMIHHOCTI MiX
3pa3kaMu KOHTPOJIIOIOTHCS JBOMa TOJIOBHHUMHU TE€HaMHU 13 CEpI€0 TIOJITEHIB.
YcnagkoByBaHICTh KYIIMCTOCTI B PELMIPOKHMX KOMOIHALISIX CTaHOBUTH 68—71 1
84-92 % BiAMOBIAHO.

BiaMmiHHOCTI MK 3pa3KaMu KyJbTYPHOI OJHO3EPHSHKM 32 3a0apBJICHHIM
KOJIOCA KOHTPOJIFOIOTHCS JBOMA T'€HAMHU 3 CHJIbHUM €()EKTOM 1 CUCTEMOIO MOJIITeHIB.
VYcnankoByBaHIiCTh 3a0apBIEHHS KOJOCa B MOJIEN TOJOBHOTO T'€HAa 3aJ€KHUTh BiJl
CE30HYy CIBOM: 3a OCIHHBOI CiBOM cTaHOBUTH 97-99 %, 3a BecHsHOI 67-72 % 3a

B1JICYTHOCTI PELUNPOKHOTO €(EeKTY.



VY knactepHOMy aHali3l SIK TEHETUYHY BiJICTaHb BUKOPUCTOBYBaiM EBKIiIOBY
BiJicTaHb. 3 BUKOopucTaHHAM Metony Bapaa (Ward-Method) 3a remetnunoi BifcTaHi,
KpaTHOI I'ITH, 3pa3Ku PO3TUTHIIUCS Ha TP KIACTEPH.

Jlo mepiroro kiacTepa yBIMILIM BCl BUBYEHI 15 3pa3KiB IMKUX OJHO3EPHSHOK,
o Hajexath o T.boeoticum i T.urartu. 3a cepenHiM 3HaYSHHSIM JIOBXHHH KOJIOCA
(10,9 cm.) 1 xiBKICTIO 3epeH y Kojoci (54) mei kimactep € HavkpammM. [Toka3HuK
MacHl THUCSYl 3epeH Mae HaiimeHmry BenumuuHy (14,2 1) cepen ycix. IlnmiBuactictsb
(41,2 %) y upboMy Kitactepi HaliBuia. Bucora crebiia, KiUIbKICTh KOJIOCKIB Y KOJIOCI,
Maca OJHOr0 KOJ0ca, Maca 3€peH 3 OJHOT0 KOjoca Ta Maca TUCAYl 3€pEeH, SKI
€ TOJIOBHUMH €JIEMEHTaMU MPOAYKTUBHOCTI, MAIOTh HAHOIBIIHKA KOe(DILiEHT Bapiallli.
TakuM 4uHOM, 3pa3KH IILOTO KJacTepa Cij 3alydaTH SIK BUXITHUNW maTtepian aJis
M1JBULLIEHHS TPOTyKTUBHOCTI.

Jlo npyroro KiacTepy yBiMILIM equauii 3pa3ok mrenuili Cincbkoi (T.sinskajae
var. sinskajae, UA0300224) Tta komepuiitauii copr MV Alkor (T. monococcum),
nopsia 13 yorupma 3paskamu 13 Cupii: UA0300115, UA0300116, UA0300112,
UAO0300113 Ta omaum 3 Yropumaun UA0300634. Lleit knacTtep XapakTepu3y€eTbCs
HAalHWKYMMHU CEPEeIHIMU 3HAYEHHSMH JIOBKMHU BEPXHbOro MDKBY31Is (51,4 cwm),
Bucotu credna (118 cm), maiBuacrocti (30,6 %) 1 HAWOUIBIIMM 3HAYEHHSM MAacHu
tucsiui 3epeH (33,2 r). 3pa3ku 1bOro KiacTepa PEeKOMEHIYIOTHCS i CTBOPEHHS
COPTIB 31 3HUKEHOIO BUCOTOIO CTE0JIa, KPYMHO3EPHHUX 1 3 MOJIETIIEHUM BUMOJIOTOM.

Pemra 3pa3kiB KyJIbTYpHHX MIIEHHUIb OJHO3EPHSIHOK YBIMILIN O TPETHOTO
Kiacrepa. BiH BHUpI3HAEThCS HAWOUIBIIMMH CEPEIHIMU 3HAUYEHHSIMU KIJIBKOCTI

KOJIOCKIB Yy KoJ10ci (32), macu oHOro Kojoca (1,6 ), Mmacu 3epeH 3 ojgHoro koJjoca (1,1



r). KibKicThb 3€peH y KOJ0C1 XapaKTepHU3y€eThCsl HAMIIIMPILIUM /11a11la30HOM MIHJIMBOCTI.
3pa3ku 1aHOTO KjacTepa CIiJi BUKOPUCTOBYBATH JIJIsl CTBOPEHHSI COPTIB 13 KPYIHUM
IPOAYKTHBHUM KOJIOCOM.

3a pesynapTaTaMu JOCTIDKEHHS 3pOOJICHO TPAKTHUYHI PEKOMEHIAIli Jis
cenekiii. 3okpeMa, AN MiJBUIICHHS MPOIYKTUBHOCTI POCIUH COPTIB JAOIIIBHO
BUKOPUCTOBYBATH 15 3pa3KiB JMKHX OJHO3CPHSIHOK, sIKi HajexkaTh 10 1. boeoticum
i T.urartu: UA0300290, UAO0300307, UAO0300251, UAO0300336, UA0300253,
UA0300535, UA0300536, UA0300400, UA0300441, UA0300645, UA0300333,
UA0300332, UA0300402, UA0300401, UA0300445).

JIist CTBOpPEHHSI COPTIB 31 3HMXKEHOIO BHUCOTOIO CTeOJ1a, 301IBIICHUM 3E€pPHOM
1 IOJIETIIICHUM BHMOJIOTOM TE€PCIEKTUBHO BHKOPHUCTOBYBAaTH 3pa30K TIIECHUII
Cuncekoi (T. sinskajae var. sinskajae, UA0300224) i komepmiitamii copt MV Alkor
(T. monococcum), mopsi i3 wotupma 3paskamu i3 Cupii: UA0300115, UA0300116,
UA0300112, UA0300113 i oganm 3 Yropmman — UA0300634.

JUist CTBOpEHHSI COpTIB 13 30UIBIIEHMM 1 MPOJYKTUBHUM KOJOCOM CIIIJ
BUKOPHUCTOBYBATH 3pa3Ku KyJIbTypHOI oaHO3epHsSHKK 1. monococcum UA0300313,
UA0300223, UA0300439, UA0300623, UA0300440, UA0300221, UA0300222,
UA0300254, UA0300282, UA0300537, UA0300117, UAO300311.

J1s1t 30UIBIIICHHS] MacH 3€pHa 3 KoJIoca Ta 1 CKIIaJJOBUX €JIEMEHTIB — KUIBKOCTI
KOJIOCKIB y KOJIOCI, KIJTBKOCTI 3€pEH y KOJIOCI 32 JIErKOI BUMOJIOUYBAHOCTI JOILIJIBHO
BUKOPUCTOBYBaTH TiOpuaHi KomOiHarii 3a yuacti T. sSinskajae UAQ0300224:
UA0300224 < UA0300400, UA0300400 < UA0300224, UA0300224 < UA0300253,

UA0300222 <UA0300224.



JInst BUBENEHHS TMOCYXOCTIMKMX COPTIB CJIiJi BUKOPHUCTOBYBAaTH 3pa3Ku
KyJbTypHOI omHo3epHsHKH T. monococcum UA0300113 (Cupis) Ta UA0300282
(Yropuuna).

VY HaBUagbHOMY TMpOIECI TMPH BHUBYCHHI TEHETUKH BUKOPHUCTOBYBATH SIK
MOJEIBbHUIA O00'€EKT PEIMIPOKHI CXPEIIyBaHHS OJHO3EPHSIHOK OLIOKOI0COT spoi
T. monococcum var. monococcum UA0300282 3 YOPHOKOJOCOI O3UMOIO
T. monococcum var. nigricultum UA0300311.

KurouoBi cjioBa: niieHuIs oqHO3epHsIHKaA, (inoreHiss, MOpdosioriyHa o3Haka,
IJIO/IIOYICTh, O3€PHEHICTh KoJiockiB, Maca 1000 3epeH, KiacTepHUM aHaI3,
NOPIBHSUIBHUI aHalli3, PICT 1 PO3BUTOK POCIWH, IIBHJAKICTH PO3BUTKY, SAPICTb,
dboTonepioaMUHa YYTIUBICTh 1 HEUYTJUBICThH, aJamnTailisi, TEHOTUIIHI BIIMIHHOCTI,

MIHJIUBICTD.



ABSTRACT

Fu Hao. Prerequisites for genetic improvement of einkorn wheat —
a qualifying scientific work on the rights of a manuscript.

Dissertation for the degree of Philosophy Doctor in the field of knowledge
09 Biology, speciality 091 Biology — V.N. Karazin Kharkiv National University,
Kharkiv, 2024.

The work was carried out at the Department of Genetics and Cytology of
V.N. Karazin Kharkiv National University and at the Laboratory of Plant Genetic
Resources Introduction and Storage of the Plant Production Institute named after
V.Ya. Yuriev of National Academy of Agrarian Sciences of Ukraine.

The einkorn wheat Triticum monococcum L. is one of the first domesticated
cereals, and its cultivation has almost ceased until recently. However, in the last few
decades, this crop has been attracting more and more attention of scientists and
consumers. The einkorn is a source of healthy food. It is resistant to biotic and abiotic
environmental factors and does not require chemical protection. This makes it
particularly valuable environmentally and economically, and makes it advisable to
revive it in agricultural production. An obstacle to the widespread adoption of the
einkorn crop is its proximity to its wild ancestors: low yields, difficult threshing, brittle
rachis which leads to yield losses and a tendency to stem lodging which makes
mechanised harvesting difficult.

The genetic diversity of einkorn is represented by four species: two wild ones —

T. urartu Thum. ex Gandil. and T. boeoticum Boiss., two cultivated species —



T. monococcum L. and T. sinskajae A. Filat. et Kurk. and contains a number of forms
with improved characteristics of economically valuable traits. This allows for genetic
improvement of these wheat through hybridisation and selection. The effectiveness of
using the genetic diversity of cultivated einkorn wheat and wild related species for its
improvement is determined by the degree of phenotypic and genetic study of the plant
which makes it relevant to conduct this research.

In this regard, the aim of the study is to evaluate the phenotypic characteristics of
einkorn wheat accessions and to find out the patterns of inheritance and the level of
heritability of economically important traits depending on the sowing time and
crossing direction for the purpose of genetic improvement of this crop.

In accordance with this aim, the following objectives were formulated:

— to evaluate the phenotypic characteristics of einkorn wheat accessions as
a source material for genetic improvement of the crop and to reveal the regularities
associated with the degree of cultivation;

— based on multivariate analysis, to differentiate einkorn wheat accessions by
water-holding capacity of leaves and ears and parameters of these organs at the level of
species and genotypes;

— to find out the nature of inheritance of the trait "growth habit" (winter/spring)
in representatives of einkorn wheat species using hybridological analysis;

— to find out the nature of inheritance of plant height, productive tillering and
colour of the ear in hybrids of cultivated einkorn wheat under conditions of winter and
spring crop.

As a result of the research, the following was found.



In the process of the einkorn wheat domestication, the stem height and length of
the upper internode decreased, the indices "grain weight per ear", "weight of 1000
grains" and "day number before heading" increased; the indices of potential
productivity "ear weight" and "spikelet number per ear" did not change, but the
indicator of this potential realisation (the grain number per ear) decreased. The traits of
the cultivated einkorn wheat are more strongly correlated than those of the wild one
which indicates a greater physiological homeostasis of the wild ancestral form
compared to the cultivated one.

In term of the moisture loss coefficients of the first (flag) and second leaves per
unit area, as well as water transfer of the ear per unit of it length, the accessions of
T. monococcum UAO0300113 (Syria) and UA0300282 (Hungary) are relatively
drought-resistant. The other studied accessions of all four species are not drought
resistant. With the increase in the size of the flag leaf in einkorns, there is a tendency to
decrease the moisture loss per unit of the leaf area, i.e. to increase the water holding
capacity. At the same time, within the species, on the contrary, an increase in the flag
leaf area has a positive relationship with moisture loss.

Wild forms are characterised by winter growth habit while cultivated ones are
characterised by spring growth habit. In hybridisation of wild einkorn with cultivated
ones, the winter growth habit dominates. The differences between these groups of
species are controlled by one or two genes with a strong effect.

The differences between the einkorn accessions in plant height are due to

a single master gene with different dominance degrees as well as the additive effect of



genes. The heritability of plant height in the model of the main gene is 97-100 %, does
not show a reciprocal effect and is practically independent of the sowing season.

The level of productive tillering depends on the growing conditions and
demonstrates in hybrids a reciprocal inheritance effect. Differences between the
accessions are controlled by two main genes with a series of polygenes. The
heritability of tillering in reciprocal combinations is of 68—71 % and 84-92 %,
respectively.

Differences between cultivated einkorn accessions in ear colour are controlled
by two genes with a strong effect and a polygene system. The heritability of ear colour
in the model of the main gene depends on the sowing season: in autumn sowing it is
97-99%, in spring sowing 67—72 % in the absence of reciprocal effect.

In the cluster analysis, the Euclidean distance was used as the genetic distance.
The Ward-Method was used to divide the accessions into three clusters with a genetic
distance of a multiple of five.

The first cluster included all 15 studied accessions of wild einkorn wheat
belonging to T. boeoticum and T. urartu. This cluster is the best in terms of the average
ear length (10.9 cm) and the grains number per ear (54). The thousand grains weight is
the lowest (14.2 g) among all the clusters. The hullness (41.2 %) is the highest in this
cluster. Stem height, spikelets number per ear, ear weight, grain weight per ear and
thousand grains weight which are the main elements of productivity, have the highest
variation coefficient. Thus, accessions of this cluster should be used as starting

material for productivity improvement.



The second cluster includes a single accession of the Sinskaja wheat
(T. sinskajae var sinskajae, UA0300224) and the commercial variety MV Alkor
(T. monococcum), along with four accessions from Syria: UA0300115, UA0300116,
UA0300112, UA0300113 and one from Hungary, UA0300634. This cluster is
characterised by the lowest average values of upper internode length (51.4 cm), stem
height (118 cm), hullness (30.6 %) and the highest value of thousand grain weight
(33.2 g). The accessions of this cluster are recommended for the development of
varieties with reduced stem height, large grains and easy threshing.

The rest of the einkorn accessions were included in the third cluster. It is
characterised by the highest average values of the spikelet number per ear (32), weight
of one ear (1.6 g), and grain weight per ear (1.1 g). The grain number per ear is
characterised by the widest variability range. The accessions of this cluster should be
used to create varieties with large productive ears.

Based on the results of this study, practical recommendations for breeding were
made. In particular, it is advisable to use 15 samples of wild einkorn accessions
belonging to T. boeoticum and T. urartu to increase the plant productivity of a varieties:
UA0300290, UA0300307, UA0300251, UA0300336, UA0300253, UA0300535,
UA0300536, UA0300400, UA0300441, UA0300645, UA0300333, UA0300332,
UA0300402, UA0300401, UA0300445).

To create varieties with reduced stem height, increased grain size and easier
threshing, it is promising to use the Sinskaja wheat accession (T. sinskajae var.

sinskajae, UA0300224) and the commercial variety MV Alkor (T. monococcum),



along with four accessions from Syria: UA0300115, UA0300116, UA0300112,
UA0300113 and one from Hungary — UA0300634.

To create varieties with a larger and more productive ear, it is necessary to use
the accessions of cultivated einkorn T. monococcum UA0300313, UA0300223,
UA0300439, UA0300623, UA0300440, UA0300221, UA0300222, UA0300254,
UA0300282, UA0300537, UA0300117, UA0300311.

To increase the grain weight per ear and its components — the spikelet number
per ear, the grain number per ear with easy threshing, it is advisable to use hybrid
combinations with T. sinskajae UA0300224: UA0300224 < UA0300400, UA0300400
xUA0300224, UA0300224 < UA0300253, UA0300222 < UA0300224.

For the development of drought-tolerant varieties, the accessions of cultivated
einkorn T. monococcum UA0300113 (Syria) and UA0300282 (Hungary) should be
used.

In the educational process, when studying genetics, use reciprocal crosses of
spring white spike T. monococcum var. monococcum UA0300282 with winter black
spike T. monococcum var. nigricultum UA0300311 as a model object.

Keywords: einkorn wheat, phylogeny, morphological trait, fertility, ear grain
count, weight of 1000 grains, cluster analysis, comparative analysis, plant growth and
development, developmental rate, springness, photoperiodic sensitivity and

insensitivity, adaptation, genotypic differences, variability.



