Plant Breeding & Seed Production 2026: 129:4-17
doi: https://doi.org/10.30835/2413-7510.2026.129.01

OPUTTHAJIBHI CTATTI | ORIGINAL ARTICLES

VJIK 633.11+633.14:631.527
C.B. Uepnooaii*, B.C. Menbuuk, B.K. Psa6uyn, T.b. Kamycrina, I'B. [Ilunak,
O.€. llleuenxo, P.A. Uepno6ab, 3.B. Ycona

CTBOpEHHS ceJIeKUiHHOro MaTepiajgy TPUTHKAJE 3 JIETKMM 00M0JI0TOM K0JI0Ca
Inemumym pocrunnuymea im. B.A. I0p'esa HAAH Yxpainu Xapkis, Ykpaina
*E-mail: chernobai257@gmail.com

UDC 633.11+633.14:631.527
S.V. Chernobai*, V.S. Melnyk, V.K. Riabchun, T.B. Kapustina, H.V. Shchypak,
O.Ye. Shchechenko, R.A. Chernobab, Z.V. Usova

Development of Triticale Breeding Material with Easy Threshability
Yuriev Plant Production Institute, NAAS of Ukraine, Kharkiv, Ukraine
*E-mail: chernobai257@gmail.com

Pedepar: BuxmameHo pe3yiasTaTé IOCHTIKEHb CENEKIIHOTO Marepialy O3WMOTO Ta SpOro
TpPHUTHKaJE, cTBOpeHoro B [HctuTyTi pocnuuaunTBa iM. B.S. FOp’eBa HAAH Vkpainu. Meroro pobotu
OyNio CTBOPEHHSI KOMIUIEKCHO-I[IHHUX JIiHIH SPOTO Ta 03MMOTO TPUTHKAJE 3 JIETKUM O0OMOJIOTOM KOJIOCY,
MiBUIEHOI0 BpoxaiHicTio. Y 2024-2025 pp. mpoBeneHO AOCTIIKCHHS CEJNeKIiHOTO MaTepiaiy
03WMOTO Ta SIPOTO TPUTHKAJIE, BUILIEHO TOCMOJAPCHKO MiHHI JiHil 3 1erkuM 0O0MonoToM konocy. Cim miHik
siporo tputukaie — ATX 37-25, ATX 92-25, ATX 157-25, ATX 159-25, ATX 174-25, ATX 179-25, ATX
183-25 Ta yorupwu JiHii o3umoro tputukaie TX3 168-25, TX3 194-25, TX3 215-25 ta TX3 216-25 3
JIETKUM 0OMOJIOTOM KOJIOCA iICTOTHO TIEPEBBEPIIYIOTh CTaHAapT Boust XapkiBChKa Ta Kpalili COPTH-ETaIOHU
CobOona xapkiBcbka Ta IP JleriT 3a BposkalfHICTIO Ta OKPEMHMH LIHHUMH TOCHOAAPCHKUMHU O3HAKAMH —
KPYITHICTIO Ta BHIIOBHEHICTIO 3€pHAa, BMICTOM KpOXMaiio Ta OilKy, TBepAo3epHicTIo Ta iH. 3a
pe3yiabTaTaMi TEXHOJIOTIYHOTO aHalily JiHI BCTaHOBJEHO, IO 3arajlibHa XiTiOomnekapchbka OIliHKa
BU/IIJICHUX JIIHIH APOr0O Ta 03UMOTO TPUTHKAJIE JOCUTh Bucoka (7,8—8,6 Oasa). AHaJli3 poJOBO/IIB ITOKA3aB,
mo JiHii OylM CTBOPEHI NUIAXOM BHYTPIIIHBOBHIOBOI riOpuam3arii i3 3aiydeHHSIM OaThKiBCHKHX
KOMITOHEHTIB 3 O3HaKaMH JIETKOTO OOMOJIOTY KOJIOCAa Ta BHCOKOI ypokaiiHocTi. Bupmineni minii €
MEPCIIEKTUBHUM BHUXITHUM MaTepialioM JUIsl CeNIeKI[il TpUTHKAIE.

KurouoBi ciioBa: X Triticosecale, nerkuii 0OMOIIOT, CeNEKIIisl, TiOpUan3aIis, yporKaiHiCTh

Abstract: The article presents results on winter and spring triticale breeding material developed at
the Yuriev Plant Production Institute of NAAS of Ukraine. The purpose of the study was to develop
complex-valuable lines of spring and winter triticale characterized by easy threshability and increased
yield capacity. In 2024-2025, winter and spring triticale breeding material was investigated, and
economically valuable, easily threshable lines with were identified. Seven spring triticale lines — ‘YaTKh
37-25°, ‘YaTKh 92-25°, ‘YaTKh 157-25°, ‘YaTKh 159-25°, ‘YaTKh 174-25°, ‘YaTKh 179-25’, and
‘YaTKh 183-25’ — as well as four winter triticale lines — ‘TKhZ 168-25", “‘TKhZ 194-25°, ‘TKhZ 215-25°,
and ‘TKhZ 216-25’ — with easy threshability significantly outperform the chek cultivar, "Volia Kharkivska',
and the best reference cultivars, 'Svoboda Kharkivska' and 'IR Lehit' in terms of yield and specific valuable
economic traits, including grain size and plumpness, starch and protein contents, kernel hardness, etc.
Technological analysis of the lines demonstrated that the overall bread-making scores of the selected
spring and winter triticale lines were quite high (7.8-8.6 points). Pedigree analysis showed that the lines
were developed through intraspecific hybridization involving parental components with the “easy
threshability” and “high yield capacity” traits. These lines are promising source materials for triticale
breeding.
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Beryn

Buxopucranns tputukane (x Triticosecale) y
CLTBCHKOTOCTIONAPCHKOMY BHPOOHUIITBI CTaHOBHUTD
BOXJIMBE 3HAYCHHS JUIA MPOMOBOJNEIOI Oe3reKH,
OCKIJIBKH ISl KyJbTypa XapaKTepH3y€eThCs BHCOKOIO
QIANTUBHICTIO O PI3HUX YMOBax BHPOIILYBaHHS:
HEBUOATIIMBICTIO IO THITY TPYHTY, TOJIEPAHTHICTIO 10
HeOakaHUX MOTNEPETHHKIB, Oyp’sHIB, MiIBHILECHOIO
CTIWKICTIO 10 XBOp0O, xomomocTiikicTio. IloTyxHa
KOpeHeBa cHCTeMa Ta 1 IHTCHCHBHUH pO3BHUTOK
3a0e3MeYyIOTh BUIILY CTIHKICTB 0 IPYHTOBOI IOCYXH.
OcobnmrBocTi Oy10BH KOJIOCA, SIKi TIOJIATAIOTH y OLTBIIT
LIJIbHOMY TPUIISITaHHI 3epHAa A0 KBITKOBUX JTYCOK Ta
BEIMKAM Ta0ITyCOM 1 JKOPCTKICTIO KBITKOBHX Ta
KOJIOCKOBHX JIYCOK 3a0€3MeUyIOTh BUCOKY CTIHKIiCTh
JI0 OCHIaHHS. AJie yepes 1l BIaCTUBOCTI TPUTHKAJIE
Ma€ TYTIMUA 0OMOJIOT KOJIOCa TTOPIBHSIHO 3 M’ SIKOIO
MIISHHUICI0, [0 MOXE YCKIAIHIOBaTH IPOIeC
30MpaHHS Ta OYNCTKH 3€pHa Ta MOTpeOyBaTh
JONAaTKOBUX  €HEepreTHYHuMX  BuTpar.  Oxpemi
COPTOTUNM TPUTHUKAIC CXHWIbHI JIO JIAMKOCTI
KOJIOCOBOTO CTPIKHS, OCOOJIMBO BEPXHBOI TPETUHU
Kosoca. BHacnimok 1poro cepen 3araipHoOl 3i0paHoi
MacH 3epHa IeBHY YaCTKy CKJIaJIal0Th HEOOMOIOYEH]
YaCTMHKM  KOJOCa, SIKI  3MEHINYIOTh  BHUXIiA
KoH/MIIIHHOTO 3epHa micis ounctku (Tesfaye et al.,
2015). Orxe, CTBOpPEHHS COPTIB 3 JIETKUM
0OMOJIOTOM KOJIOCA KPUTHYHO BAaXKIIUBE 3aBJIaHHS B
CEJIEKIIiT TPUTHKAJIE.

OOMoOIIOT KoJIoca — CKJIaiHa O3HAKa i PiBEHb ii
MPOSIBY B OCHOBHOMY 3aJISKUTh BiJl JBOX MPOCTHX
O3HaK: MIIIHOCTI YTpPUMaHHS 3€PHIBKA IJIyCKaMH
KOJIOCA 1 TAMKOCT1 KOJIOCOBOTO CTPHIKHSI.

BaxnuBumu QakTtopamu, 110 BIUIMBAIOTH Ha
JAMKICTh  KOJIOCOBOTO  CTPIDKHS, € T€HETHYHI
0CO0IMBOCTI copTy, (haza opMyBaHHS KOJIOCOBOTO
CTpWXHS (KUIBKICTh WIEHHKIB) Ta HOTO IIJIBHICTH
(ximpKicTh KoMOCKiB Ha 10 cM), 5IKi, B CBOIO Hepry,
(hOpMYIOThCSI TMiJ] BIUIMBOM YMOB HaBKOJHIIHBOTO
CepeIoBHINA, 30KpeMa TeMIIEpaTrypy IPYyHTY i1 4ac
¢dasy  KyuniHHS. Y TpUTHKane ICHYE UIMPOKe
MopdosoriuHe pi3HOMaHITTs 3a OyZOBOIO KOJIOCa.

3a mpupatHicTIO 10 0oOMONOTY  3epHa
BUJIUISIOTH TPU OCHOBHI MOpP(MOTHIN:  JIETKHHA
oomonor (JIO), xopommit odmonor (XO) i Tyruit
oomonor (TO). Jlimii 3 TO xapaxrepusyroThCs
BUPA3HOIO apXiTEKTOHIKOIO KOJIOCa, JIyCKU JKOPCTKi,
MILIHO IPUTHCHEHI J0 3epHIBKH; KOJIOC, B OCHOBHOMY,
BWJIOBXKEHHI, JIMIFOBA YAaCTHHA BYX4Ya 3a OiuHY.
3epHiBka  g00pe  BHUIIOBHEHa,  alie  BAXKO
BUMOJIOUY€EThCSI 3 Kojoca. Mopdorumu 3 XO
BiZIPI3HSIOTHCA Bi/I HABEAEHOTO BUILE THITY KPYITHUM
konocoM; sik i Qopmu 3 JIO, BOHM MarOTh M’SIKi
KOJIOCKOBI 1 KBITKOBI JIyCKH, ajie 3epHIBKa He
MIpoTIIsiAae Mix Jryckamu kojoccs. Jlinii 3 XO maroTh
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Introduction

Triticale (x Triticosecale) in agricultural
production is of great importance for food
security, as this crop is highly adaptable to
various growing conditions: low requirements
for soil type, tolerance to unfavorable forecrops
and weeds, increased resistance to diseases, and
cold resilience. A vigorous root system and its
intensive development ensure higher resistance
to soil droughts. Features of the spike structure,
i.e. a tighter fit of the caryopsis to the palea and
lemma as well as a large habitus and rigidity of
the floral and spikelet glumes, confer high
resistance to shattering. However, due to these
properties, triticale is more difficult to thresh
compared to bread wheat, which can complicate
the grain harvesting and cleaning procedures
and require additional energy costs. Certain
triticale morphotypes have fragile rachises,
especially in the upper third of the spike.
Consequently, a certain proportion of the total
harvested grain mass consists of unthreshed
spike parts, which reduce the yield of
conditioned grain after cleaning (Tesfaye et al.,
2015). Therefore, the development of easily
threshable cultivars is a critically important task
in triticale breeding.

Spike threshability is a complex trait, and
its expression level mainly depends on two
simple traits: the strength of caryopsis retention
by the glumes and rachis fragility.

Important factors influencing rachis
fragility include the genetic characteristics of a
cultivar, rachis formation phase (number of
segments), and its density (number of spikelets
per 10 cm), which, in turn, are formed under the
influence of environmental conditions,
particularly soil temperature during the tillering
phase. Triticale exhibits a wide morphological
diversity in spike structure.

Three main morphotypes are
distinguished based on grain threshability: easy
threshing (ET), good threshing (GT), and
difficult threshing (DT). DT lines are
characterized by a distinct spike architectonics;
glumes are rigid and firmly pressed against the
caryopsis; the spike is generally elongated, with
the frontal part narrower than the lateral part.
The caryopsis is plump but difficult to thresh
from the spike. GT morphotypes differ from the
aforementioned type by large spikes; like ET
forms, they have soft glumes and paleae, and
lemmas, but the caryopsis is not visible between



BUTIOBHEHE KPYITHE 3€PHO, SIKE J0OpE BUMOIOYYETHCS
3 Kostoca. 3 TOYKH 30py TOCMoAapCchKoi IIHHOCTI JTiHIT
3 XO e naiibinpm npusadmuBumu. Popmu 3 JIO
MarOTh LIiJIbHE, 3 M SKUMHU KOJOCKOBHMH 1
KBITKOBUIMH JIyCKAMH KOJOCCS;, INUpWHA OIYHOT
YaCTHHH KOJIOCa MPAKTUYHO JOPIBHIOE JUIBOBIH; y
(hazi 30mMpanbHOI CTUINIOCTI Ha JWMIBOBIA YaCTHHI
KOJIOCY MOJKHA TIOMITHTH 3€pHIBKH, 10 TPOTIISAAI0T
MDK KBITKOBHMH JIyCKaMmHu. 3€pHO y TakuX (opm
JIETKO BHMOJIOYYETHCS, ajieé He OOCHIIA€ThCA IPHU
mepectoi, B TOH ke Yac, JiHIi TaKoOro THITY
XapaKTepHU3yIOThCS OCUTHh HIYIUIOI abo ApiOHOIO
3€pHIBKOIO, III0 3HIKYE IX TOCIOAAPCHKY IIHHICTB.
Kpim Toro, icHye nBa pizHOBUIM MopdoTHmiB 3 JIO:
3 JIy)e JIETKUM BHMOJIOTOM 3€pHIBKH (KOJOCCS
BKOpOYCHE, 3epHiBKa ApiOHa i 1ryrma, 1o00pe momMiTHa
MIX KBITKOBIMH JYCKaMH, SIK Y KHUTa) i 0coOnMMBUit
JIO Tum (kxomoc KpymHUWH, 3epHIBKAa BWUIIOBHEHA,
JMYCKH HeUuUibHi, M’saki). [lepmmii pi3HOBH]I
TOCTIOIAPCHKOTO 3HA4YEeHHS He Mae 1 Moxke OyTu
BUKOPUCTAaHUH B CXpEUIyBaHH:IX, sK mkeperno JIO;
JPYTHIA TUT € O1IBII MEPCIEKTUBHUM JIJIsl BUPIIIICHHS
po0IeMr OOMOIIOTY Y TPUTHKATIE.

Jnst yemimHOi cenekuii TpUTHKale SpuX Ha
JIETKICTh OOMOJIOTY HEOOXiTHO CTBOPIOBATH (POPMH 3
MII[HUIM  KOJIOCOBUM CTPW)KHEM 1  CepemHbOl
HIJTBHOCTI KOJIOCKOBUMH JTyCKaMH. Y TpUTHKAIE, K
1y MIIeHUTIi M’ SIKO1, MIITHICTh KOJIOCOBOTO CTPIIKHA 1
JIETKICTh 0OMOJIOTY KOJIOCA 3yMOBJIOIOTHCS PI3HIMHU
CHCTEMaMM TEHIB 1 YCNAIKOBYIOTHCS HE3aJICKHO
(Lisnychyi et al., 2009; Bernard et al., 2025).
HasiBHicTh y TpuTHKale MOPQOTHIIB 3 JIETKHM
0OMOJIOTOM KOJIOCY NOB’s3aHa 3 XPOMOCOMHHMH
saminiennsiMu D/R B renomi (Bernard et al., 2025).

3 JjiTepaTypHUX JKepen BilOMO, IO MepIi
COPTH TPUTHUKAJIE 3 IETKUM 0OMOJIOTOM MOXOISTh BiJT
3amimennx 2D/2R niHif TpuTHKane, CTBOPEHUX Yy
MeKCHKaHCHKOMY LEHTpI MOKpAaIeHHs MIIEHHI Ta
kykypymsu CIMMYT. Li coptu Manmu urymie Ta
oyxe JnedopMOBaHE 3€pHO, HHU3bKY HaTypy Ta
BpoKaifHicTh 3epHa (Magds, 2004). Y 1988 p.
XapKiBCHKUMH CeJIeKI[ioHepaMu Oyiia BiTiOpaHa JiHis
3 JISTKUM 0OMOJIOTOM KoJIoca Ta J00pe BUIIOBHEHUM
3epHOM TIIEHUYHOTO TUMY 3 TiOpWIHOI MOITYIISIii
siporo TputHKaie Xapkiscekuid 41/D77/75 (Shechipak
et al., 2018).

Cernexiiisi, cipsiMOBaHa Ha TIOKPAIICHHSI STKOCTi
3epHa Ta JIErKicTb 0OMOJIOTY, 103BOJIHIIA CTBOPUTH B
VkpaiHi cydacHi KOHKYpEHTOCIIPOMOXKHI COpPTH 3
nerkuM obmosoroM. llepmM  3apeecTpoBaHUM
COPTOM 3 JIETKUM 00MOJI0TOM OYyB sipuii copT Boms
xapkiBcbka y 2017 p. Ha ceoromni g0 JlepkaBHoro
peeCTpy POCIIMH 3aHECEHO HOBI OUTBIN ypoXaiiHi Ta
QIANTUBHI COPTH SIPOTO TPUTHKAJIE 3 JIETKHM
0OMOII0TOM Kosoca Ta MOKPaLICHUMHU
rOCIIOAAapChbKUMH  BiacTuBOCTSIMH  —  CBoOona

the glumes. GT lines have plump, large grain
that is threshed well. From an economic
perspective, GT lines are the most attractive. ET
forms have dense spikes with soft glumes,
paleae and lemmas; the width of the lateral part
of the spike is nearly equal to the frontal part; in
the harvest maturity phase, caryopses can be
seen protruding between the paleae and lemmas
on the frontal part of the spike. The grain in such
forms is easily threshed but does not shatter
during the dead-ripe stage; at the same time,
lines of this type are characterized by rather
shriveled or small caryopses, which reduces
their economic value. Furthermore, there are
two varieties of ET morphotypes: those with
very easy grain threshing (spikes are shortened,
caryopses are small and shriveled, clearly
visible between the paleae and lemmas, as in
rye) and a special ET type (spikes are large,
caryopses are plump, glumes are loose and
soft). The first variety has no economic
significance and can be used in crosses as a
source of ET; the second type is more promising
for resolving threshing issues in triticale.

For successful breeding of spring triticale
for easy threshing, it is necessary to develop
forms with strong rachises and medium-dense
glumes. In triticale, as in bread wheat, rachis
strength and spike threshability are determined
by different gene systems and are inherited
independently (Lisnychyi et al., 2009; Bernard
et al., 2025). ET in triticale is associated with
D/R chromosomal substitutions in the genome
(Bernard et al., 2025).

It is known from literature sources that the
first ET triticale cultivars originated from
substituted 2D/2R triticale lines developed at
the International Maize and  Wheat
Improvement Center (CIMMYT) in Mexico.
These cultivars had shriveled and highly
deformed caryopses, low test weights, and low
grain yields (Magés, 2004). In 1988, Kharkiv
breeders selected an ET line with plump, wheat-
type grain from a spring triticale hybrid
population, 'Kharkivskyi 41/D77/75' (Shchipak
etal., 2018).

Breeding aimed at improving grain
quality and threshability has allowed for the
development of modern, competitive ET
cultivars in Ukraine. The first registered ET
cultivar was the spring cultivar 'Volia
Kharkivska' in 2017. Currently, new, more
productive, and adaptable spring triticale ET
cultivars with improved economic properties—

6 ISSN 1026-9959. Plant Breeding and Seed Production. 2026. 129



xapkiBcbka (2024 p.) ta IP Jlerir (2025 p.)
(https://me.gov.ua/view/64d3121e-1fae-4913-a832-
e5a3110191de). Amamiz pomoBoAiB HOBHX JIiHIK
SIPOTO Ta O3MMOTO TPUTHKAJIE 3 JISTKHM O0OMOJIOTOM
KoJIO0Ca IOKa3aB, 0 MDKITiHIHHA T10pHAN3aIIis JTiHii
3 JISTKUM OOMOJIOTOM SIK OIHOTO 3 OaThKIBCHKHX
KOMIIOHEHTIB Ta JiHIA 3 BHCOKHM PIBHEM MPOSIBY
BPOKaWHOCTI Ta SKOCTI 3epHa SIK JIPyroro 3
0aThKIBCHKUX KOMITOHEHTIB, a TAKOX T0JIhOBA OLlIHKA
Ta CHpsIMOBaHI IHAWBIMyadbHI JOOOPH 32 O3HAKOIO
JIETKiCTh OOMOJIOTY Ta MPOSIB IIIHHUX TOCTIONAPChKUX
O3HAaK € Pe3yJIETaTHBHUM METO/IOM TIO€THAHHS O3HAK
JIETKICTh OOMOJIIOTY, BPOXAWHICTh Ta SIKICTh 3€pHA.
TakuM MeTo710M OyJI0 CTBOPEHO HOBUM CENEKITIHHUI
Marepiaja Sporo Ta O3WMOTO TpHUTHKane. BumimeHi
JIHIT TpPUTHKANEe 3 ONTHMAJIBHUM TIO€IHAHHSIM
O3HAKH JIETKWH 0OMOJIOT KOJIOCa 3 iHIIMMH [[IHHUMHU
TOCTIIONAaPCHKAMHU O3HAKAMU — BPOXKAIHICTIO 3€pHA,
JIOBTUM KOJIOCOM, KPYITHICTIO Ta BHIOBHEHICTIO
3epHa TEpPEeBEepIIyIOTh ICHYIOUi COPTH 3 JIETKUM
00MOJIOTOM KoJloca.

Mera po0OoTH — CTBOpPEHHS KOMILIEKCHO-
LIHHKX JIHIA SPOTO Ta 03UMOTO TPUTHKAIIE 3 JTETKUM
00OMOJIOTOM KOJIOCa, MiJBUIIEHOI0 BPOXKAHHICTIO Ta
A/TalITHBHICTIO.

MeTtonuka

Y 2024-2025 pp. Oymo mpoBeOeHO OLIHKY
CENIeKI[IHHOTO ~ Marepialy sporo Ta  O3MMOTO
TPUTHKAJE y PO3CaTHUKY KOHKYPCHOTO
coprosuripoOyBaHHs (350 JiHIH) MUITXOM MMOTHOBUX
Ta 5abOpaTOpHUX JIOCHIPKEHh 33 KOMILIEKCOM
LIHHUX TOCHOJAPCHKUX O3HAK Ta 3a MOP()OJIOTiEr0
KOJIOCA JUTS BUUIEHHS JIIHIN 3 JIETKUM 0OMOJIOTOM.

IlonpoBi ~ AOCHiIKEHHS  BUKOHYBalH B
CEJICKIIINHIN CIBO3MIHI eKCIIepUMeHTabHOI Oa3u [P
HAAH, sixa po3ramoBana 3a 15 kM Big M. XapkoBa
(cxigHa yacTvHA JicocTeny YKpaiHu). XapkiBcbka
00JIaCTh HAJNIEKHUTH 0 30HU HECTIHKOTO 3BOJIOXKEHHS
3 HEPIBHOMIPHHUMH OMaJaMH, IO [EPIOIUIHO
OPU3BOAUTH 10 TI0CYX. IpyHTOBHMH  IOKpUB
MPE/ACTaBICHUHA TOTYXKHUM cJ1abo  BHITY)KEHUM
YOPHO3EMOM Ha MHJIOBAaTO-CyIJIMHUCTOMY Jieci 3
TOBIIMHOIO TYMYCOBOTO Iiapy 75 cM 1 Oijblie i
BMicTOM rymycy 5,5-7,3%; XapakTepusyeTbcs
arpoOHOMIYHO  IIHHOK  3E€PHUCTO-KOMKYBATOIO
CTPYKTYPOIO, ONTHMAJIbHUMHU (PI3UKO-MEXaHIUHUMH
BJIACTUBOCTSIMM, BEJIMKMMH 3allacaMd JOCTYITHHUX
JUIT  POCIMH  TOXHBHUX  pEYOBHH. Peakuis
IPYHTOBOTO po3unHy ciabokucna (pH=5,7-6,0).

CiBOy Aporo TpUTHKaJIEC MPOBOAMIH Y TEPILIii
JIeKaJli KBIiTHS, O3UMOTO — TIEPIIiA AeKasi >KOBTHS
ciaikoro CCOK-7 craHmapTHUM METOAOM 3
HOPMOIO BHUCIBYy 5 MIIH. CXOXKHX 3€peH Ha Tra.
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'Svoboda Kharkivska' (2024) and 'IR Lehit'
(2025)—have been included in the State
Register of Plant Varieties
(https://me.gov.ua/view/64d3121e-1fae-4913-
a832-e5a3110191de). Pedigree analysis of new
spring and winter ET triticale lines showed that
interline hybridization of ET lines as one of the
parental components and lines with high yield
and grain quality as the second parental
component, combined with field assessments
and targeted individual selections for easy
threshing and valuable economic traits, is an
effective method to consolidate easy threshing,
high yield, and top grain quality. New breeding
materials of spring and winter triticale were
developed using this method. The selected
triticale lines with optimal combinations of ET
with other valuable economic traits—high grain
yield, long spike, large and plump kernels—
outperform existing ET cultivars.

The purpose of this study was to develop
complex-valuable lines of spring and winter
triticale with easy threshing, increased yield
capacity, and adaptability.

Methods

In 2024-2025, the spring and winter
triticale breeding materials were evaluated in a
competitive variety trial nursery (350 lines). The
lines were screened through field trials and
laboratory analyses across a suite of
economically valuable traits and spike
morphological features to identify ET lines.

The field assessments were carried out in
the breeding crop rotation at the Yuriev Plant
Production Institute of NAAS. The experimental
field is located 15 km from Kharkiv (eastern part
of the Forest-Steppe of Ukraine). The
Kharkivska Oblast is in a a zone of unstable
wetting with uneven precipitation, which
periodically leads to droughts. The soil is thick,
slightly leached chernozem on silty-clay loess
with a humus layer of 75 cm thick or thicker and
a humus content of 5.5-7.3%. It has an
agronomically valuable granular-crumb
structure, optimal physical and mechanical
properties, and large reserves of nutrients
available to plants. The soil solution is slightly
acidic (pH = 5.7-6.0).

Spring triticale was sown in within the first
10 days of April, and winter triticale — within the
first 10 days of October by a standard method,
using an SSFK-7 seeder, with at a seeding rate of



O6mixoBa mioma austHoK 10 M2 y 9oTHPHPa30BOMY
noBTopeHHi. CopToBUIPOOYBaHHS TPOBOAMIN 32
METOAMKOIO KBai(iKaliiiHOI eKCIepTU3n COpTiB
pOCIIHH (https://sops.gov.ua/psp). [IpoTsrom
BereTamii pOCIHH BH3HAYAIH TPUBATICTH
BEreTaliifHOro TMepioAy, OLIHIOBAIM TYCTOTY Ta
BHPIBHSHICTH CTE€OJIECTO0, CTIHKICTD IO BEUISATAHHS
Ta MOophoOioNmoriuHi O03HAKM: BUCOTY POCIHH,
JOBXHUHY Kojoca. HasBHICTh y CeNeKIiMHUX JiHil
MOP(QOOTiuyHOT O3HAKH JIETKH OOMOJIOT KoJjoca
BH3HAYAJIN 32 METOAMKOIO, po3podireHoro B IP HAAH
y a3l TOBHOI CTUINIOCTi, MUIIXOM OKOMipHOL
izeHTudikanii MOpQOTHIIIB 3 BHUKOPUCTAHHIM
3pasKiB-eTajoHiB. JIaMKiCTh KOJIOCOBOTO CTPYDKHS
BU3HAYa 32 9-0albHOI0 MIKaow, ae 1 — myxke
naMkuii (< 25°); 3 — namkuii (25-45°); 5 — cepeHbo
namkuii (50—-60°); 7 — minauii (65-90°); 9 — rHyuKuit
(> 90°) (Lisnychyi et al., 2010). lineHicTH KOMOCA
BU3HAYaIM y Oajax 3a METOIUKOK BU3HAUCHHS
BiAmoBigHOCTI copTiB TpuTukane (Triticosecale
Witt.) kputepisiM BiIMIHHOCTi, OJHOPITHOCTI Ta
crabimpHOCTI  (Kostenko, Vaskivska, 2015). 3a
CYKYIHICTIO  TIOKa3HMKIB  HIUIBHOCTI  KOJIOCa,
JIAMKICTIO KOJIOCOBOTO CTPHIKHSI, BIITIOBITHICTIO 3a
MOpP(OTHUIIOM 0 3pa3KiB-€TAIOHIB YCi TOCIKyBaH1
TiHii po3MOAUSUIT Ha MOPQOTHITU: TYTHH OOMOJIOT
(TO), xopommit oomonor (XO) ta nerkuii 0OMoIoT
(J10).

VY 3i0paHuX JiHIH BU3HAYAIN YPOXKAHHICT Ta
Macy 1000 3epeH BaroBUM METOJOM, BHIIOBHEHICTb
3epHa IUIIXOM OKOMIPHOI OINHKH 32 9 OaibHO0
IIKJIO0 3riTHO METOMKN MPOBEICHHS
kBami(ikamiiHOT eKCIIepTH3U COPTIB POCIMH Ha
NpUAATHICTE OO0  NOWMpeHHs B YKpaiHi
(https://sops.gov.ua/uploads/page/5a5t413bb9be6.pd
f). Bmict Oifka Ta KpoXMaiio B 3epHI BU3HAYAIN
srigao 3 JICTY 4117:2007 (BU3HAUCHHS [TOKA3HUKIB
SIKOCTI METOZIOM iH(pa4epBOHOI CHEKTPOCKOITii) Ha
npunaai [agpalllOM OT-10M 09495. Teepuictb
3epHa BH3HA4YalW Ha TBepaoMipi mpsimoi nii YPD-
300D (Yarosh et al., 2014). Bumiuky Ta OLIHKY
napaMmeTpiB xJ1i0a BUKOHYBaJIH 3T1JHO 3 PELEeNTypPOIO
1 mkanoro s tputukaie (Tkachyk et al., 2016;
https://zakon.rada.gov.ua/rada/show/v0496609-
09#Text). Jnst TOpiBHSHHSA TPOSIBY  LIHHUX
TOCIIOZIAPCHKUX O3HAK Y BUAUICHUX sipuX JiHiK JIO
BHUKOPUCTOBYBAIIM SIK CTAHAApPTH COPT 3 JIETKHM
obmonoToM Kosoca Boms xapkiBcbka Ta COpT 3
xopomuM  obmonotoM  kojocy  bopusitep
XapKiBCHKUM, Y BUILICHUX 03uMHuX JiHil JIO — copr
3 xopommMm oOmonorom  komoca  Ilim3umok
XapKiBCHKHI.

[oronni ymoBu y 2024 p. mig yac Bereraii
TPUTHKAJE XapaKTepU3yBaJIHCS TPUBAITUMU
MOBITPSHUMH Ta IPYHTOBUMH IIOCYXaMH Ta BUCOKOIO

5 million germinable seeds per hectare. The plot
area was 10 m2 in four replications. The trials
were conducted in compliance with methods for
the qualifying examination of plant varieties
(https://sops.gov.ua/psp). During the vegetation,
the growing period length, plant density,
uniformity of the haulm stand, lodging
resistance, and morphobiological traits (plant
height, spike length) were measured. The
presence of the morphological ET trait in the
breeding lines was determined by a method
developed at the Yuriev Plant Production
Institute of NAAS during the full maturity phase,
through visual identification of morphotypes
using reference accessions. Rachis fragility was
determined on a 9-point scale, where: 1 — very
fragile (< 25°); 3 — fragile (25-45°); 5 — medium
fragile (50-60°); 7 — strong (65-90°); 9 — flexible
(> 90°) (Lisnychyi et al., 2010). Spike density
was determined in points in accordance with a
technique for determining the conformity of
triticale (Triticosecale Witt.) cultivars with the
criteria for distinctness, uniformity, and stability
(Kostenko, Vaskivska, 2015). Based on the
aggregate parameters of spike density, rachis
fragility, and morphotype similarity to reference
accessions, all studied lines were classified into
DT, GT, and ET morphotypes.

Yield and thousand-kernel weight were
determined for the harvested lines; grain
plumpness was assessed visually on a 9-point
scale according to a method for the qualifying
examination of plant varieties for suitability for
dissemination in Ukraine
(https://sops.gov.ua/uploads/page/5a5f413bb9be
6.pdf). Protein and starch contents in grain were
determined in compliance with DSTU 4117:2007
(determination of quality indicators by infrared
spectroscopy) using an InfraLUM FT-10M
09495 device. Kernel hardness was determined
using a YPD-300D direct-action hardness tester
(Yarosh et al., 2014). Baking and evaluation of
loaf parameters were performed using the recipe
and scale for triticale (Tkachyk et al., 2016). To
compare the expression of valuable economic
traits in the identified spring ET lines, the ET
cultivar 'Volia Kharkivska' and the GT cultivar
'‘Boryviter Kharkivskyi' were used as the check
cultivars; for the identified winter ET lines, the
GT cultivar 'Pidzymok Kharkivskyi' was used as
the check cultivar.

The weather in 2024 during the triticale
growing season was characterized by prolonged
air and soil droughts and high air temperatures
with a significant amplitude of fluctuations. For
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TEMIEpaTyporo MOBITPS 31 3HAYHOIO aMILTITYIO0 il
KonuBaHb. Bech mepiog Bereramii TpUTHKaie
CYNpOBOIKYBaBCA ~ JKOPCTKOIO  TIOCYXOI0  Ta
MBUIEHOI0  Temreparyporo  moBitps.  lLle
HECTIPUATIANBO BIUIMHYJIO HAa PO3BUTOK POCIMH Ta
(hopMyBaHHS ypOKaHHOCTI, aJie JO3BOJIMIIO OL[IHUTH
CEJIeKITIHMIA MaTepiaj 3a CTIHKICTIO T0 BECHSIHOI Ta
JMTHBOI TOCYXW 1 BHIUINTH HAWOLIBIN CTiiiKi 3a
MOCYX0- Ta JkapocTilikicTio 3pa3ku. [loronHi ymoBu
2025 p. Oyau CPUATAMBUMH IJISI POCTY 1 PO3BUTKY
03MMOI0 TPHUTHKAJE Ta 3aJ0BUIBHUMM [UI SIPOTO
TputHKaie. CrocTepiraaucs NOCYIUIHBI MIEpioAn Ha
MOYaTKy YepBHS Ta CEpEeIHI JIUIMHS, 110 HEraTHBHO
BIUIMHYJIO Ha (POPMYBAaHHS BPOXKAIO SPOTO TIOCIBY.
Poxu pocimimkeHs 3HaYHO PI3HWIKCH 32 ITOTOXHUME
yMOBaMHU TIiJi Yac BereTamii sAporo Ta O3UMOIO
TPUTHKAJIE, IO IO3BOJIAJIO OI[IHUTH aIalITUBHICTh Ta
CTaOUTBHICTP ~ TPOSIBY  JOCHIDKYBAaHHX  O3HAaK
TPUTHKAJIE B PI3HUX YMOBaXx.

Pe3yabraTu Ta 00roBOpeHHs

3a pe3ynbTaTaMy MOJILOBOI OLIHKY TPUTHKAJIE
32 MOPQOJOTIYHUMHU O3HAKaMHM KOJIOca, SKi
KOHTDOJIIOIOTh  PiBeHb €(EKTHBHOCTI OOMOJIOTY
3epHa, BunineHo 20 diHIA Aporo Ta BiCIM JiHIH
03UMOTO TpUTHKaJE. [3 HUX JiHIT Aporo TpuTHKaIe
ATX 37-25, ATX 92-25, ATX 157-25, ATX 159-25,
ATX 174-25, ATX 179-25, ATX 183-25 Ta minii
o3umoro tputukaie TX3 168-25, TX3 194-25, TX3
215-25 ta TX3 216-25 nepeBuiyBaid CTaHAApTH
Bopusitep xapkiBcbkuii (XO) Ta Bons xapkiBcbka
(JIO) 3a piBHeM BpokaiiHOCTI 3epHa (Tabm. 1).

BigiObpani  miHii  sporo  TpUTHKaie B
CepeaHbOMY 33 pOKaMH JIOCTIDKCHb  MaJld
BpoXxaitHicTh 3epHa 2,60-3,21 1/ra, M0 nepeBuIye
crannapt Bomns xapkiBcrka Ha 0,26-0,87 1/ra. Born
TaKOX JIOCTOBIPHO IEPEBHIILYBAIIN 32 BPOXKAWHICTIO
Kpallli 3apeecTpoBaHi COPTH 3 JIETKUM OOMOJIOTOM
konmoca CBoOoma xapkiBceka Ta [P Jlerit. 3a
BHCOTOIO POCIIMH ycCi BUJICHI JIiHIT Hanexarb 10
cepenHbpopociux (Bucora pociaud 90-93 cm).

Jlinig ATX 159-25 mana BUCOKy BpoXkaiiHiCTh
— 3,21 T1/ra, mo mnepeBepiiye cTraHmapt Bois
xapkiBcbka Ha 0,87 T/ra. Bona wmae rycruii
BUpIBHAHUII cTeOnecTiit (9 6aniB), cepeqHbOCTHIIIA,
3epHO KpymHe Ta n00pe BumoBHeHe (Mmaca 1000
3epeH 42,8 1), MiJIBUICHNH BMICT KPOXMAJIFO B 3€pHi
(68,8 %). CTtBOpeHa MeTOIOM MapHOT MKJIIHIHHOT
riopuanzarii JHiT
X10IMT'CeT66/ITpox//X10TAC2/C46T'X8/3/C52XT
X3/MJ121 Ta IM11AATS8//X10ITI'CBT66/4/
K3PAC29I'TI2/3/  X6IICAC/ XI10II'CeBT66 3
HACTYIIHUM 1HIMBiAyadbHUM J00OPOM POCIHMHH 3
JIETKUM OOMOJIOTOM KOJIOCa.
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the entire vegetative period, triticale experienced
severe drought and increased air temperature.
This negatively affected the plant development
and yield formation but allowed for the
evaluation of the breeding materials for
resistance to spring and summer droughts and the
identification of the most drought- and heat-
resistant accessions. The weather in 2025 was
favorable for the growth and development of
winter triticale and satisfactory for spring
triticale. Dry periods were observed in early June
and mid-July, which negatively impacted yield
formation in spring crops. The study years
differed considerably in meteorological factors
during the growing season of spring and winter
triticale, which allowed us to evaluate the
adaptability and stability of the studied triticale
traits under different conditions.

Results and Discussion

Based on the results of the field screening
of triticale for spike morphological traits that
control the grain threshing efficiency, 20 spring
triticale lines and winter triticale eight lines were
identified. Among these, the spring triticale lines
'YaTKh 37-25', 'YaTKh 92-25', 'YaTKh 157-25',
"YaTKh 159-25', 'YaTKh 174-25', 'YaTKh 179-
25', and "YaTKh 183-25' and the winter triticale
lines 'TKhZ 168-25'", 'TKhZ 194-25'",'TKhZ 215-
25', and '"TKhZ 216-25' outyielded the check
cultivars 'Boryviter Kharkivskyi' (GT) and 'Volia
Kharkivska' (ET) (Table 1).

The selected spring triticale lines yielded
on average 2.60-3.21 t/ha of grain across the
study years, being superior to 'Volia Kharkivska'
by 0.26-0.87 t/ha. They also significantly
outperformed the best registered ET cultivars
'Svoboda Kharkivska' and 'IR Lehit' in terms of
yield. Regarding plant height, all identified lines
are classified as medium-tall (90-93 cm).

Line 'YaTKh 159-25' yielded 3.21 t/ha,
outperforming 'Volia Kharkivska' by 0.87 t/ha. It
features a dense, uniform stand (9 points), is
medium-ripening, and possesses large, plump
grain (the thousand-kernel weight is 42.8 g),
with an increased starch content (68.8%). This
line was developed via paired interline
hybridization of the lines
'Kh10PGSvT6b/Prokh//Kh10HAS2/S46HKhS8/3
/S52KhHKh3/ML21' and 'BP11AIT58//
Kh10PHSvT6b/4/ZhZRAS29HP2/3/Kh6PSAS/
Kh10PHSvT6b', followed by individual
selection of ET plants.



Taémauus 1. YpoxaiHICTb Ta ITPOsIB LIHHUX I'OCIOAAPCHKHUX O3HAK Y JIIHIN Sporo TpuTHKaie, cepente 3a 2024-2025 pp.
Table 1. Yield and expression of the valuable economic traits in the spring triticale lines, mean for 20242025
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Bopusitep xapKiBChKHIA, CT.
(XO) / Boryviter Kharkivskyi, | 2.51 0.17 89 93 8 40.5 8 12.3 | 64.8 138
check cultivar (GT)
Boust xapkiBcbka, ct. (JIO) /
Volia Kharkivska, check 2.34 - 87 86 8 39.6 8 12.9 | 65.8 97
cultivar (ET)
CBobopna xapkiBchka /
Svoboda Kharkivska 2.71 0.37 84 81 8 39.9 9 119 | 67.7 129
IP Jlerit / IR Lehit 2.62 | 0.28 77 81 9 40.2 9 122 | 66.9 106
ATX 37-25/ YaTKh 37-25 297 | 0.63 89 92 9 38.5 9 104 | 69.1 119
ATX 92-25 / YaTKh 92-25 2.60 | 0.26 89 93 9 37.8 8 114 | 679 116
ATX 157-25/ YaTKh 157-25 3.17 | 0.83 89 96 8 38.0 8 12.1 67.5 97
SATX 159-25/ YaTKh 159-25 3.21 0.87 84 94 9 42.8 9 10.9 | 68.8 126
ATX 174-25 / YaTKh 174-25 297 | 0.63 89 93 9 43.7 9 13.0 | 66.6 102
ATX 179-25/ YaTKh 179-25 3.10 | 0.76 89 90 9 39.7 9 11.0 | 685 114
ATX 183-25/ YaTKh 183-25 3.03 | 0.69 90 90 9 41.8 9 124 | 67.6 121
Cepenne / Mean 2.87 - 87 90 8.7 40.2 8 11.8 | 67.6 113
HIP 05/ LSDg.05 0.18 - - 0.7 - 0.8 - - - -
Jlimis ATX 157-25 w™ana migBumIeHy Line 'YaTKh 157-25" exhibited an

BpoxaitHicTb — 3,17 1/ra, 10 nepeBepirye cranaapT
Bons xapkiceka nHa 0,83 T/ra. BingpisHseTbes
M’SKUM 3epHOM. CTBOpeHa METOAOM CKJIaJHOI
MDKITiHIHHOT TiOpuamM3amii sSporo Ta O3MMOTO
TPUTHKAJIE 3 JIETKUM Ta XOPOIIUM OOMOJIOTOM
C52XT'X3/MJ121(110)/3/Cn/X28//X10TAC29
[Ip70C58R/4/C52I'X3/MJ121/3/A/K3PA11//C46X
8PM/ XS8InCJ123-25CJ14-3//X8 InbIl12(;0) 3
HACTYITHUM 1HJIMBITyalbHAM JIOOOPOM 3 TiOpHIHOT
nomyssiii F2.

Jlinis ATX 179-25 mnoenHye migBUIICHY
BpoxaitHicTh (3,10 T/ra, 1o nepesepiyae craHaapT
Bonst xapkiceka Ha 0,79 T/ra) 3 migBUIIEHUM
BMiCTOM KpoxMmamo B 3epHi (68,5 %). 3epHo
CepeaHbOi KPYIHOCTI, cepeHboM siko3epHe. JliHis
Mae BHPIBHSIHUN TycTuil crebnectiid (9 Oami) Ta
nosruii konoc (11 cm). CTBOpeHa METOIOM HapHOi
ribpuausamii  miHii  gporo Tputukane Hanx3/
C29BCI'X8//C52XTX3/MJ121/4/X8PM18-15//

10

increased yield of 3.17 t/ha, surpassing "Volia
Kharkivska' by 0.83 t/ha. It has soft grain. This
line was developed through complex interline
hybridization of spring and winter triticale with
the ET and GT traits:
'S52KhHKh3/ML21(10)/3/SI/Kh28//Kh10HAS2
9 Pr70S58R/4/S52GKhZ/ML21/3/A/ZhZRA11//
‘S46Kh8RM/Kh8InSL.23-25SL.4-3//Kh8
InBP12(lo)', followed by individual selection
from an F2 hybrid population.

Line "YaTKh 179-25' combines increased
productivity (3.10 t/ha, exceeding 'Volia
kharkivska' by 0.79 t/ha) with an increased starch
content in grain (68.5%). Its kernels are of
medium size and medium-soft. The line features
a uniform, dense stand (9 points) and long spikes
(11 cm). It was developed by paired hybridization
of  the ET spring triticale line
"Nadkh3/S29VSHK8//S52KhHKh3/ML21/4/K
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[IpUMAC29TJI/CJIIIp 3 7derkuM  OOMOJIOTOM
KoJOca 3 BHCOKOBPO)KaHHOIO JIHIEIO  SIPOTO

tputukane  Conuenap/3/XKaitBopoHok/Censiaka//
X10I'AC29/ IIp70C58R Ta JIBOPa30BUM
IHAMBITyaIbHUM Io6opoM B TiOpuIHUX
TOMYJISLISX.

Jlimia ATX 174-25 mana HaliBumy cepen
BuaiieHnx JiHiA macy 1000 3epen (43,7 1) Ta
BumIMi BMicT Oinka B 3epHi (13,0 %). YpoxaiiHicTb
2,97 1t1/ra, mO TmeEpeBUINyE CTaHAAPT Bomus
xapkiBcbka Ha 0,63 T/ra. CTBOpeHa METOIOM MTapHOL
ribpuauszamii  sAporo  TpUTHKale 3  JIETKUM
oomonorom komoca XI10III'CBT66/ X6X8CJI4-
3(7m0) Ta o3umuM Tputukane Kap54 3 HacTymHnMm
JBOPA30BUM 1HIUBITyaTHHAM JOOOPOM.

Jlinii SATX 37-25 Bigpi3HAETHCS MiABUILIEHUM
BMicTOM Kpoxmaimo (69,1%) ta mnepesepiiye 3a
BpoXxaifHicTIO cTtaHmapt Boms xapkiBceka Ha 0,63
T/ra. CTBOpeHa METOAOM MapHOi MDKIIHIHHOT
ribpuausamii miHii 3 JerkuM oOMONOTOM Kojoca
C46BCIIX8PM2/X8InCJI123//C46BCCB38-S1/3/
Jo6pononsckas/4/X6X8CJI4-3  (10), omepkaHOi
BHACJIIIOK MIXPOJIOBOI TiOpuaM3alii TpUTHKAIIC 3
TMIIICHATIEIO, Ta BHCOKOBPOXKaHOT TiHii
38n/bop5/3/5-311123/X2T’'A11//X10T'AC70/Kp4,
OTPHMaHOI BHACIIZIOK CXpEIlyBaHHS O3MMOTO Ta
SIPOTO TPUTHKAJIE.

Jlinis ATX 92-25 Takox NOEAHYE MiBUIICHY
BPOXAMHICTh 3 MiJBUIICHUM BMICTOM KPOXMAJIIO B
3epHi. CepeqHs BpOXKalHICTh 3a POKHU JOCIIKCHb
craHoBmia 2,60 T/ra, IO TEPEBHINYE CTaHAAPT
Bons xapkiBceka Ha 0,26 T/Ta. BMicT kpoxmairo
67,9 %. CrBopeHa MeTOAOM MapHOI MIKIIHIHHOT
riopuanzarii SPOTro TPUTHKAIIC
X10I'AC21/C46I'X8//ITpox/3/XKaiiBopoHok (J10) Ta
C46BCII/X8PMBKIICBXS// ObGepir 3 HacTymHUM
IHIMBIIyaIbHUM J000POM 3 TIOPHIHOI MOIYJISIii
F2.

Jlimis SATX 183-25 mnoemHye migBUIICHY
BpoxaiiHicTh (3,03 1/ra, mo Ha 0,69 T/ra nepeBuIye
crannapt Bons xapkiBcbka), MiJBUIIEHUH BMICT
Oinka B 3epHi (12,4 %) ta migBumeny macy 1000
3epeH (41,8 r). 3a TBEpAICTIO 3epHA HAJCKUTH 0
TPYIH CepelHhOM IKOo3epHUX. Mae BUPIBHSHUH Ta
rycruii crebnecrtiit (9 6amniB), nopruii xonoc (9—10
cMm). CTBOpeHa METOIOM IMOTPIHHOT MDKIIHIAHOT
riopuau3anii JHIHA ApOro TPHUTHKAJIE
XKaitBoponox/3/CJI4-3+8p1/BI112// BIIpCg22/
X10TAC29 (o), 473-4/n7/Xnibomap (x0) Ta
X2MTAC29T1p4//CJ14-3+8/X8UMC1 (710) 3
HACTYIHUM 1HIMBIyalbHUM J00OPOM 3 riOpuaHOi
nomyssiii F2.

Cepen cenekIiifHoro marepially 03UMOTO
TPUTHKAJIE BWIJICHO JIHIT 3 JIETKUM OOMOJIOTOM
KOJOCa, SIKi 3HAYHO MepeBeplUIyBald CTaHAAPT
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h8RM18-15//PrIMAS29HL/SLPr' with the high-
yielding spring triticale line
'Sontsedar/3/Zhaivoronok/Selianka//Kh10HAS2
9/Pr70S58R', followed by double individual
selections from hybrid populations.

Line 'YaTKh 174-25' showed the highest
thousand-kernel weight (43.7 g) among the
selected lines and the highest protein content
(13.0%). The yield reached 2.97 t/ha, exceeding
'Volia Kharkivska' by 0.63 t/ha. The line was
developed through paired hybridization of the ET
spring triticale 'Kh10PHSvT6b/Kh6Kh8SL4-
3(lo)' and the winter triticale 'Kar54', followed by
double individual selections.

Line "YaTKh 37-25' is distinguished by an
increased starch content (69.1%) and outperforms
'"Volia Kharkivska' in yield by 0.63 t/ha. It was
developed by paired interline hybridization of the
ET line
'S46VSPKh8RM2/Kh8InSL23//S46VSSv38-
S1/3/Dobropolskaya/4/Kh6Kh8S1.4-3 (lo),
which was derived through intergeneric
hybridization of triticale with wheat, and the
high-yielding line '38p/Bor5/3/5-
3Sh23/Kh2GA11//Kh10HAS70/Zhr4',  derived
from a winter and spring triticale cross.

Line 'YaTKh 92-25' also combines
increased yield with high starch content. The
mean yield across the study years was 2.60 t/ha,
or by 0.26 t/ha more than that harvested from
"Volia Kharkivska'. The starch content is 67.9%.
It was developed through paired interline
hybridization of spring triticale
'Kh10HAS21/S46HKh8//Prokh/3/Zhaivoronok
(lo)' and 'S46VSP/Kh8RMBKPSvKh5//Oberih’,
followed by individual selection from an F2
hybrid population.

Line 'YaTKh 183-25' combines increased
yield (3.03 t/ha, which is 0.69 t/ha more than that
from 'Volia Kharkivska'), increased protein
content (12.4%), and an increased thousand-
kernel weight (41.8 g). As to kernel hardness, it
belongs to the medium-soft group. It has a
uniform and dense stand (9 points) and long
spikes (9-10 cm). It was developed by triple
interline hybridization of the spring triticale lines
'Zhaivoronok/3/SL4-
3+8p1/BP12//BPrSv22/Kh10GAS29 (lo)', '473-
4/d7/Khlibodar (ho)', and 'Kh2PHAS29Pr4//SL4-
3+8/Kh8IMS1 (lo)', followed by individual
selection from an F2 hybrid population.

Among the winter (triticale breeding
material, ET lines were identified that
significantly outperformed the check cultivar,
'Pidzymok Kharkivskyi', in terms of yield: "TKhZ
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[Tim3umMok xapKiBCbKUI 3a BpoxaiHicTiIo — TX3
168-25, TX3 194-25, TX3 215-25 ta TX3 216-25
(Tabm. 2).

168-25', 'TKhZ 194-25', 'TKhZ 215-25', and
'"TKhZ 216-25' (Table 2).

Taoauus 2. YpoxxaifHICTb Ta MPOSB IIHHUX TOCMOAAPCHKUX O3HAK Yy JIHIH 03MMOTO TPUTHKANE, cepente 3a 2024 —

2025 pp.
Table 2. Yield and expression of the valuable economic traits in the winter triticale lines, mean for 2024-2025.
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Ilig3uMoK XapKiBCBKHUH, CT. /
Pidzymok Kharkivskyi, 5.83 - 276 113 8 7 8 48.2 8 150
check cultivar
TX3 168-25 / TKhZ 168-25 6.88 | 1.05 | 274 110 9 8 9 42.1 9 138
TX3 194-25 / TKhZ 194-25 6.86 | 1.03 | 276 110 9 8 9 46.2 9 178
TX3215-25/ TKhZ 215-25 7.86 | 2.03 | 276 112 9 9 9 453 9 120
TX3 216-25 / TKhZ 216-25 6.50 0.67 273 110 9 9 9 45.0 9 117
Cepenne / Mean 6.79 — 275 111 9 8 9 45.4 9 141
HIP ¢,0s/ LSD ¢.05 0.32 - — 1.2 - — - — — —
Y cepeaHboMy 3a pOKaMH JOCIHIDKEHb On average, across the study years, the

BUJIIJICHI JIHIT 03MMOTO TpHUTHKaJIE (HOPMYBaIU
BpoxaitHictb  6,50-6,88 T/ra, moO mNepeBUIIyE
crannapt [lim3umoxk xapkiBchkuit Ha 0,67-2,03 1/Ta.
Bumy Bpokaitnicts mana minis TX3 215-25. Vei
JiHIT MPOSIBUIM BUCOKY CTIMKICTh /10 BUIISITaHHS (9
0aiiB) Ta OIIHKY CTEONECTOI0 3a TYCTOTOIO Ta
BupiBHAHICTIO (9 OainiB). 3a BHCOTOIO POCIHH
BITHOCATBCS 10 Tpynu cepeanbpopocaux (110-112
CM), 3a BeTeTaliiHUM TMepPioIoM CEepPEeTHbOCTHII
(273276 ni6) Ta 3a piBHEM NPOSBY IUX O3HAK
Ommu3bKi 10 cranaapty. JIiHil popmyBanu kpyrHe Ta
nobpe BurmoBHeHe 3epHO (Maca 1000 3epen 42,1—
46,2 r) ane Npu UBOMY MOCTYHAIUCh CTAHAAPTY 32
piBHeM mi€i o3Haku. Kpalny 3uMOCTIHKICTh Maiu
minii TX3 215-25 ta TX3 216-25 (9 6anis). Jlinis
TX3 194-25 Bigpi3HANach BHUCOKOK TBEPAICTIO
seppga (178 H), w0 BignoBigae  rpyri
HaIiBTBEPAO3EPHHUX.

Jlinii TX3 215-25 ta TX3 216-25 crBopeHi
LUISIXOM  IHAMBIAYalbHOTO J000pY 32 O3UMHM
THUTIOM PO3BUTKY, IPOJIYKTHBHICTIO KOJOCA, JIETKHM
00OMOJIOTOM Ta KOPOTKOCTEONICTIO 3 TiOpuaHOl
nomyysiii NOTPiHUX TiIOPHUIIB SIPOTO Ta O3MMOTO
TPUTHKAIE Xmiboxap/3/3X8PM7//
C46BCII/X8PM18  (110)/4/Hapxniba (x0) /5/

selected winter triticale lines yielded 6.50—6.88
t/ha, being superior to the check cultivar,
'Pidzymok Kharkivskyi', by 0.67-2.03 t/ha. Line
'"TKhZ 215-25' exhibited the highest yield
capacity. All lines showed high lodging resistance
scores (9 points) and high haulm stand scores in
terms of density and uniformity (9 points). As to
plant height, they belong to the medium-tall
group (110-112 cm); in terms of the growing
period, they are medium-ripening (273-276 days)
and are close to the check cultivar in these traits.
The lines formed large and plump grain (the
thousand-kernel weight was 42.1-46.2 g) but
were inferior to the check cultivar in this trait. The
lines 'TKhZ 215-25' and 'TKhZ 216-25' showed
the best winter hardiness scores (9 points). The
line 'TKhZ 194-25' was distinguished by high
kernel hardness (178 N), which corresponds to
the semi-hard group.

The lines 'TKhZ 215-25' and 'TKhZ 216-
25" were developed through individual selections
for winter growth habit, spike productivity, easy
threshing, and short stems from a hybrid
population of triple spring and winter triticale
hybrids: 'Khlibodar/3/3Kh8RM7//
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Kap54/Hikanop (xo0). Jlinii TX3 168-25 (pomoBin
JI5/Bons pl2-7) T1a TX3 194-25 (pomosin
Bons/Amoc  p24-8) cTBOpeHI LUIAXOM HapHOI
riopuan3amii 03UMOTO TPHUTHKAJIEC 3 SIPUM COPTOM
Boms  xapkiBcbka,  SKMH ~ XapaKTEPU3YETHCS
MOpGOTHUIIOM <«JIETKUH  0OMOJIOT KoJOcCay», Ta
HACTYITHUM JBOPA30BHUM 1HIWBITyadbHIM JT000pPOM
O3UMHX pOCIIMH 3 TIiOpHUAHWX TOMyNAIid 3a
MPOIYKTUBHICTIO KOJIOCA Ta JIETKICTIO OOMOJIOTY.

VYci BupgineHi NiHil SAporo Ta 03UMOTr0 MajH
BMICT KJICHKOBHHH HIDKIHI TTOPIBHIHO 3 MIITEHUTICIO
—16,0-22,0 % (Tabmn. 3).

S46VSP/Kh8RM18 (lo)/4/Darkhliba (ho) /5/
Kar54/Nikanor (ho)'. Lines 'TKhZ 168-25'
(pedigree 'L5/Volia r12-7') and 'TKhZ 194-25'
(pedigree 'Volia/Amos 124-8') were developed
through paired hybridization of winter triticale
with the spring cultivar 'Volia Kharkivska', which
has an ET spike morphotype, followed by double
individual selections of winter plants from hybrid
populations for spike productivity and easy
threshing.

All selected spring and winter lines had a
gluten content lower than that of wheat — 16.0—
22.0% (Table 3).

Taoauus 3. TexHONOTIYHI BIACTUBOCTI OOPOIIHA Ta AKICTH XJIi0a BUAIICHUX JiHIA TPUTHKAIIE,
cepenHe 3a 2024-2025 pp.
Table 3. Flour technological properties and bread quality of the selected triticale lines, mean for 2024-2025
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Spe TputHkane / Spring triticale
bopusitep xapkiBcekuii, cr. (XO) /
Boryviter Kharkivskyi, check cultivar | 24.0 75 95 52 64 0.8 458 8.0
(GT)
Boms xapkiepka, ct. (JIO) / Volia
22. 2 44 4 . 4 .
Kharkivska, check cultivar (ET) 0 8 %8 6 0.7 57 83
ATX 37-25/ YaTKh 37-25 19.3 78 112 48 72 0.7 438 8.3
ATX 92-25 / YaTKh 92-25 20.2 75 116 51 69 0.7 410 7.8
ATX 157-25/ YaTKh 157-25 19.6 71 110 62 60 1.0 452 8.0
ATX 159-25/ YaTKh 159-25 17.5 64 108 56 62 0.9 468 8.2
ATX 174-25/ YaTKh 174-25 17.7 70 92 50 48 1.0 480 8.4
ATX 179-25/ YaTKh 179-25 17.9 75 95 54 63 0.9 420 7.9
ATX 183-25/YaTKh 183-25 18.8 72 110 68 56 1.2 465 8.1
HIPo,05/ LSDo.05 1.1 4 16 7 5 0.2 24 0.3
Osume tputukane / Winter triticale
MMigzumok xapkiBcbkuit, cr. (XO) /
Pidzymok Kharkivskyi, check cultivar 17.0 60 59 46 44 1.0 480 7.9
(GT)
TX3 168-25 / TKhZ 168-25 17.5 70 79 40 42 1.0 540 8.5
TX3 194-25 / TKhZ 194-25 19.6 75 73 41 46 0.9 520 8.0
TX3215-25/TKhZ 215-25 16.0 70 76 37 44 0.8 510 8.6
TX3216-25/TKhZ 216-25 19.0 75 85 40 53 0.8 520 8.2
HIPo,05/ LSDo.05 0.8 5 12 4 5 0.1 20 0.2
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Byno BcraHOBiEeHO, MmO 3a MMiIBUIIEHOTO
BMICTY KJIEMKOBHHU B OOpOIIHI i SKICTh YacTiIie
BiANOBiAaNa HWK4id rpymi. HalOimpmmii BMiCT
KJICHKOBHHM y OOpPOIIHI MaB COPT cTaHmapT Boms
xapkiBcbka — 22,0 %, noka3HHK iHIAeKe nedopMarlii
kneiikoBuan (IJIK) cranoBuB 82 om. (kielikoBuHA
3aJI0BLIBHO cllabka), 1o Bixnosigaio 11 rpymi skocTi.
Jlemo HmKYUA BMICT KIICHKOBUHU MaJIH JIiHIT SPOro
tputukane JTX 92-25, ATX 157-25 ra ATX 183-25
— 20,2, 19,6 ta 18,8 % BigmoBigHo, mokasHuk 1JIK
cragoBuB 75, 71 Ta 72 on. BIAHOBIAHO, IO
Bignosigamo | rpymi sikocTi, KieldkoBuHa A00pa. Y
O3UMHX JIIHIA TpPUTHKANE BMICT KICHKOBUHU B
O6opomrHi Oy Ha piBHI 17,0-19,6%, mnpuaomy
HallMEHIIMM JaHWHA TIOKa3HUK OyB y COpTYy
cranmapty [liq3uMOK XapKiBCBKH 1 CTaHOBUB
17,0%. HalOiapIiuii BMICT KIICHKOBUHU MajId JiHiT
TX3 194-25 Ta TX3 216-25 — 19,6 Tta 19,0 %
BiAmoBigHO, moka3HUK 1JIK 000X iiHili craHOBUB 75
of., IO BiAMoBigano | rpymi SKOCTI, KIICHKOBHHA
noopa.

BumiproBanHst Qi3MYHUX BIACTHBOCTEH TicTa
Ha anpBeorpadi nokasalo, 110 JIiHii Sporo TPUTHKAIE
BiZpi3HsIIHCS 3a cuilot0 OoporHa. [laHuii MoKa3HUK
y BHIUICHHMX JIiHIM BapitoBaB Biag 92 mo 116 o.a.
Haii6inpoto cuna 6opomna Oyna y ninid ATX 92-
25 ta ATX 37-25 - 116 ta 112 0.a. BigmosinHo. JIinii
siporo Tputukane ATX 157-25, ATX 183-25 manu
cuy 6opomHa 110 o.a., minii ATX 179-25 ta ATX
159-25 — na pieni 95-108 o.a. HaiiMeHmmm naHwii
roka3Huk OyB y miHil ATX 174-25 i cranoBus 92 o.a.
(muB. Tabm. 3). Jlimii 03UMOrO TpPHUTHKANE MaiH
MEHIITy CHUTy OOpOIITHA TIOPiBHSHO 3 SIPUM TPUTHKAJIE
1 TaHWH TIOKa3HUK cTaHoBUB 73—85 o.a. Halibinbury
cuity OoporiHa Maja BuiiieHa jiinigs TX3 216-25 —
85 o0.a., HalimeHmy — copt cranaapt Ilig3uMok
xapKiBchkuii (59 0.a.).

30a1aHCOBaHICTh TPYXKHOCTI U PO3THKHOCTI
ticra (P/L) € oqHuM 13 HallBayKJIMBIIINX TOKA3HUKIB,
SIKMH BU3HAUYA€ XJ1100MEKapChKi SIKOCTI TPUTHKAIIE. 3a
MIPY)KHICTIO Ta PO3TSHKHICTIO JOCHTI/DKYBaHi JiHIT
SPpOTO  Ta O3WMOTO TPUTHKAJE pPI3HOMAHITHI.
30kpema, MpPYXHICTb JIHIH ApOro TPUTHKaje
BapiroBaiu Big 44 10 68 MM, po3TKHICTE — Bi 48 10
72 mm. HaiiGinemmMm cmiBBigHomeHHs P/L Oymo y
minii ATX 183-25-1,2 (P =68 mm, L =56 mm). Jlinii
siporo Tputukane ATX 157-25 ta ATX 174-25 mamn
nmokasHuk 30anancosaHocti P/L Ha pisHi 1,0 (P = 62
ta 50 MM, L = 60 Ta 48 MM BianosigHo). [lemio
HIDKYUM ToKa3HKK 30anancosaHocTi P/L (0,9) OyB y
miniid ATX 159-25 ta ATX 179-25 (P =56 Ta 54 Mm,
L = 62 Ta 63 MM Bignosiauo). CrisignomeHHs P/L
HalMeHIMM OYI10 Y JTiHil sporo Tputrkaite ATX 37-
25, SITX 92-25 ta copty cranaapty Bosist xapkiBchka
i cranoBwio 0,7. T[lpyxHicTh IiHIH 03UMOTO
TpUTHKae BapitoBana BiJ 37 10 46 MM, PO3TSLKHICTD
— Bix 44 1o 53 mM. HaliGiapImuM CIiiBBIIHOIIEHHS
P/L 6yno y minii TX3 168-25 Ta copry craHmapry

It was found that frequently the more gluten
flour contained, the worse quality the gluten had.
"Volia Kharkivska' had the highest flour gluten
content — 22.0%; the gluten deformation index
(GDI) was 82 (satisfactorily weak gluten), which
corresponded to quality group II. Slightly lower
gluten content was observed in the spring triticale
lines 'YaTKh 92-25', 'YaTKh 157-25', and
"YaTKh 183-25' — 20.2, 19.6, and 18.8%
respectively; the GDI values were 75, 71, and 72,
respectively, corresponding to quality group I
(good gluten). In the winter triticale lines, the
flour gluten content ranged from 17.0% to 19.6%,
with the lowest value recorded in 'Pidzymok
Kharkivskyi' (17.0%). The highest gluten content
was detected in the lines 'TKhZ 194-25' and
"TKhZ 216-25' — 19.6% and 19.0%, respectively;
the GDI for both lines was 75, corresponding to
quality group I (good gluten).

Measurements of the physical properties of
dough on an alveograph showed that the spring
triticale lines differed in flour strength (W). This
indicator in the selected lines varied from 92 to
116. The highest flour strength was observed in
the lines 'YaTKh 92-25' and 'YaTKh 37-25'— 116
and 112, respectively. The spring triticale lines
"YaTKh 157-25" and "YaTKh 183-25' had a flour
strength of 110, while the lines "YaTKh 159-25'
and "YaTKh 179-25"'had W of 95-108. The lowest
flour strength (92) was recorded for the line
"YaTKh 174-25' (Table 3). The winter triticale
lines had lower flour strength compared to spring
triticale, with values ranging within 73—85. The
highest flour strength among the winter lines was
observed in '"TKhZ 216-25' (85), and the lowest —
in 'Pidzymok Kharkivskyi' (59).

The balance between dough elasticity and
extensibility (P/L) is one of the most important
indicators determining the bread-making quality
of triticale. The studied spring and winter triticale
lines were diverse in terms of elasticity and
extensibility. Specifically, the elasticity (P) of the
spring triticale lines varied from 44 to 68 mm, and
the extensibility (L) — from 48 to 72 mm. The
highest P/L ratio was observed in the line 'YaTKh
183-25'-1.2 (P =68 mm, L = 56 mm). The spring
triticale lines "YaTKh 157-25' and "YaTKh 174-25'
had a P/L ratio of 1.0 (P =62 and 50 mm, L = 60
and 48 mm, respectively). A slightly lower P/L
ratio (0.9) was recorded for the lines 'YaTKh 159-
25" and 'YaTKh 179-25' (P = 56 and 54 mm, L =
62 and 63 mm, respectively). The P/L ratio was
lowest (0.7) in the spring triticale lines "YaTKh
37-25' and 'YaTKh 92-25', as well as in '"Volia
Kharkivska'. The elasticity of in the winter
triticale lines varied from 37 to 46 mm, and the
extensibility — from 44 to 53 mm. The highest
P/L ratio was observed in the line 'TKhZ 168-25'
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[Tim3umoxk xapkiBcekuit — 1,0 (P =40 ta 46 mm, L =
42 ta 44 MM BiAmoBigHO). JIiHisS 03MMOTO TPUTHKAIIE
TX3 194-25 mana noka3Huk 36anancosanocti P/L na
pieai 0,9 (P = 41 MM, L = 46 mm). Jlemo HIDKIIM
nokaszHuk 306amancoBanocti P/L (0,8) OyB y mniHii
TX3215-251aTX3216-25 (P=371a 40 MM, L=44
Ta 53 MM BIJIMIOBITHO).

O6’em xmiba miHINA siporo TpUTHKalE OYyB
pisHoMaHiTHMM 1 BapitoBaB Big 410 mo 480 cm3.
Kpamuii 00’emanii Buxin xiyiba OyB y BUAUICHHX
miniid ATX 174-25 (480 cm3), ATX 159-25 (468 cm3)
Ta ATX 183-25 (465 cM3). HmkxanM naHwii TOKa3HUK
Oy y miniit ATX 157-25 ta ATX 37-25 — 452 ta 438
cM3 BinnosiaHo. Haiimeninm 06’ eMHuii Buxin xiida
Oy y minii ATX 92-25 i cranosus 410 cm3. O6’em
XJ1i0a 03UMHUX TpHUTHKAE OyB OUTBIINM, HiXK Y SIPOTO
Tputukane, i craHoBuB 480-540 cm3. Kpamwuit
00’ eMHWMIA BUXiJ XJT1i0a cepel 03UMHX TpUTHKaIE OyB
y minii TX3 168-25 — 540 mu. demro MeHIM qaHUi
nokaszHuk OyB y miHiit TX3 194-25, TX3 216-25 Ta
TX3 215-25 i1 cramosuB 520, 520 ta 510 cMm3
BiAmoBigHo. Haiimenimm 06’eM xmmiba OyB y copty
cranaapty [lig3umok xapkiBcbkuil i craHOBUB 480
cM3.

Y npoBemeHHMX JIOCHTIUKEHHSIX —3arajibHa
xJibonekapcbka OIiHKA JIHIA SpOro Ta O03UMOTO
TpUTHKaNe OyJia TOCUTh BHCOKOIO 1 CTaHOBHIA 7,8—
8,6 Oama. Y sporo TpUTHKale HAWBHIIWNA PiBEHb
3arajibHOI XJTi00TmeKkapchKoi OIiHKY OyB v miHii ATX
174-25, AATX 37-25, ATX 159-25 ta ATX 183-25 —
8,4, 83, 82 Tta 8,1 OamB BignosigHo. JlaHwmit
MOKa3HUK Ha piBHI 7,8—8,0 GaniB OyB y miHiit ATX
92-25, ATX 157-25 ta ATX 157-25. 3aranbHa
XJII0OTNeKapChka OIIHKA COpPTYy craHaapry Boms
XapKiBChbKa cTaHOBWIA 8,3 OaiiB. Y 03UMMX JIiHIH
TPUTHKAJIC 3arajibHa XJIi00MeKapchka OIiHKA COPTY
CTaHapTy Oyjia HIKYOKO, HIXK Y BUALJICHUX JIHIN 1
cranoBwia 7,9 OaniB. HaiiBuiuii piBeHb JaHOTO
nokazHuka manu JiHii TX3 215-25 (8,6 6anis), TX3
168-25 (8,5 OamiB) ta TX3 216-25 (8,2 Oani)
(tabm. 3).

3 JiTepaTypHUX JOKEpel BiAOMO, MO Y
TPUTHKAIIE CIIOCTepITaeThCs TUQepeHIiaris
TEHOTHUIIB 3a 3JaTHICTIO [0 JIETKOTO OOMOJIOTY
konoca.  Ilpm  1mpoMy,  TeEpCHEeKTMBHI  3a
TOCIIOAAPCHKOI0  IIHHICTIO  JIiHII ~ TpUTHKaie
MOCTYNAIOThCA COpTaM M SIKO1 MIIEHMI 3a L€l
BinacTuBicTio.  [IOpiBHSIHHS ~ CEMH  T'CHOTHIIIB
TPUTHKAJE 3 TBOMA KOHTPOJIHHUMH COPTaMH M’SIKOi
IIICHUIl B PI3HUX 3a 3BOJIOKEHHSAM yMmMoBax IHmil
MOKa3aJlo  CYTTEBy TiepeBary TpUTHKane 32
BpoKaitHicTio, Macoto 1000 3epeH Ta CTIHKICTIO JIO
XBOPOO, aje 3pa3Kd TPUTHKAJIC MaJld TYTinui
OOMOJIOT ~ KOJIOCY ~ TIOPIBHSIHO 3 TIICHHIICIO
[NoBinomisieTbcsi TIPO  HEOOXiJAHICTh TOKpPAIICHHS
0OMOJIOTY KOJIOCY TPHUTHKAJe LUISIXOM IOLIYKY Ta
3amydeHHsl 10 TiOpuau3aiii HOBOTO CENEKIiHHOTOo
Marepiany 3 Jerkum oomonioroM (Samadashvili et al.,
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and 'Pidzymok Kharkivskyi' — 1.0 (P =40 and 46
mm, L = 42 and 44 mm, respectively). The
winter triticale line "TKhZ 194-25' had a P/L
ratio of 0.9 (P =41 mm, L = 46 mm). A slightly
lower P/L ratio (0.8) was documented for the
lines 'TKhZ 215-25' and 'TKhZ 216-25' (P = 37
and 40 mm, L = 44 and 53 mm, respectively).

The loaf volume in the spring triticale lines
varied from 410 to 480 cm3. The best loaf
volume was recorded for the lines 'YaTKh 174-
25' (480 cm3), "YaTKh 159-25' (468 cm3), and
"YaTKh 183-25' (465 cm3). This parameter was
lower in the lines "YaTKh 157-25' and 'YaTKh:
37-25'" — 452 and 438 cm3 respectively. The
lowest loaf volume (410 cm3) was recorded in
line 'YaTKh 92-25'. The loaf volume in winter
triticale was higher than that of spring triticale,
ranging 480 to 540 cm3. The best loaf volume
among the winter triticale lines was documented
for the line 'TKhZ 168-25" — 540 cm3. This
parameter was slightly lower in the lines 'TKhZ
194-25', 'TKhZ 216-25', and 'TKhZ 215-25"
520, 520, and 510 cm3, respectively. The lowest
loaf volume (480 cm3) was observed in
'Pidzymok Kharkivskyi'.

The overall bread-making scores of the
spring and winter triticale lines were quite high,
ranging 7.8 to 8.6 points. Among the spring
triticale lines, the highest overall bread-making
scores were observed in the lines 'YaTKh 174-
25','YaTKh 37-25', "'YaTKh 159-25', and "YaTKh
183-25" 8.4, 8.3, 8.2, and 8.1 points,
respectively. This indicator amounted to 7.8—8.0
points in the lines "YaTKh 92-25' and "YaTKh
157-25'. The overall bread-making score of
'Volia Kharkivska' was 8.3 points. In winter
triticale, the overall bread-making score of the
check cultivar was lower (7.9 points) than those
of the selected lines. The highest values of this
indicator were recorded for the lines "TKhZ 215-
25' (8.6 points), "TKhZ 168-25' (8.5 points), and
'"TKhZ 216-25' (8.2 points) (Table 3).

Published data indicate that triticale
exhibits differentiation of genotypes in terms of
spike threshing. Nevertheless, triticale lines with
promising economic characteristics are inferior
to bread wheat cultivars in this property. A
comparison of seven triticale genotypes with
two control bread wheat cultivars under various
wetting conditions in India showed a significant
advantage of triticale in terms of yield,
thousand-kernel weight, and disease resistance;
however, the triticale accessions were more
difficult to thresh compared to wheat. The need
to improve triticale spike threshing by searching
for and involving new breeding materials with
easy threshing in hybridization has been
reported (Samadashvili et al., 2016). An analysis
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2016).  Amamiza  MOXIMBOCTEH  ONTHMI3aIlii
BHPOOHUIITBA TPHUTHKAJIC B ABCTpaNii IUITXOM
CEJIEKIIIMHAX Ta arpOHOMITHHX 3aXO[IiB TTOKa3aB, 1110
mpobiema TYTOTO obmoIoTy TIepEBAKHO
3anumaeThes He BUpinieHor (Roake et al., 2009).
3HAYHUM JIOCATHEHHSM B CEJCKIii TpUTHKalle Ha
MOKpalleHHs: OOMOJIOTy Kojloca OylI0 CTBOPEHHS
copriB Bobcat (Kanmanma), Endeavour, Tobruk,
Kokoda, Waratah (Asctpanis), Indian, Kortego,
Tricolor, Galtjo, Trimaran, Ampiac (®panuis) 3
MOKPAIIEHO 3aTHICTIO 10 oOomornoTy (Roake et al.,
2009; Baron et al., 2015). 3 orsany Ha 1€, BUIUICH] B
HAIIUX JTOCII/DKEHHSAX JIHIIT MOXYTh CTaHOBUTH
CENIeKIIIHY MIHHICTh SIK BUXITHHNA MaTepian It
TTOKPAIEHHS 3IaTHOCTI 10 0OMOJIOTY TPHUTHKAJIC.

BucHoBxku

[[InsxoM BHYTPIIITHBOBUAOBOI Ti0puu3antii i3
3aJTy4eHHSIM 0aThKIBCHKMX KOMITOHCHTIB 3 O3HAKOKO
JeTKuid 0OMOJIOT KOJIOCAa Ta BUCOKOI YPOXKaiHOCTI
CTBOPEHO HOBUH CeNeKIliitani Marepian. BumineHno
cim miHii gporo Tputukane — ATX 37-25, SATX 92-
25, ATX 157-25, ATX 159-25, ATX 174-25, AATX
179-25, ATX 183-25 Ta 4Hormpu IiHII 03UMOTO
tputnkane TX3 168-25, TX3 194-25, TX3 215-25
ta TX3 216-25 3 MopdoTumnoM nerkuid oOMoJIOT
KO0JIOCa, SIK1 ICTOTHO MepeBepUIYIOTh CTaHIapT Bous
XapKiBChbKa Ta Kpami coptu-etasionn CBoOoxa
xapkiBcbka Ta [P Jlerit 3a BpoXaifHICTIO Ta
OKpEMHMH IL[IHHAMH TOCTIOIAPCHKUMH O3HaKaMH —
KpyIHICT, Ta BUIOBHEHICTh 3€pHA, BMICT
KpOXMallto, BMIiCT Oisika, TBepao3epHicTh Ta iH. Lli
JIHIT € MIEPCIIEKTUBHUM BUXIJTHUM MaTepiajioM s
CeJIeKIii TPUTHKAIE.

3asBa mpo gocTynHicTh xanmx: JlaHi BKJIHOUEHI
0e3nocepeHbO B CTATTIO.

Buxopucranns mry4ysoro inreaekry (LLI): ITpu
BUKOHAHHI  pOOOTH TeHEpPATUBHUN  MITyYHHN
IHTEJIeKT He BUKOPHCTOBYBABCSL.

BinnoBignicTs eTnunuM crangapram: Crarts He
MICTHTD OyIb-SKMX JIOCTIKEHb 3 BUKOPHUCTAHHSIM
JIfOfiel 1 TBApHUH K 00'€KTIB.

Konduiikt inTepeciB: ABTOpPH 3asBIAIOTH PO
BiJICYTHICTh KOH(IIIKTY iHTEpECIB.

®dinancyBanns: I{s poboTa € 4aCTHHOIO MPOEKTY
«KoMrutekcHe HayKoBe OCIiJIKEHHS MEXaHi3MiB
CTIMKOCTI CLIIBCHKOTOCIIONAPCHKUX KYIBTYp 10 0i0-,
abiOTHYHOTO  Ta  aHTPONOTEHHOTO  CTpecy,
BUKODHCTaHHA TICHETUYHOIO PI3HOMAHITTI Ta
CTBOPEHHS CTPECOCTIHKUX COpTiB 1 riOpuaiBy, mo
¢dinancyerbcst MIHICTEPCTBOM OCBITH 1 HayKH
VYxpainu (peectpaniitauii Homep 0125U003530).

of possibilities for optimizing triticale
production in Australia through breeding and
agronomic measures showed that the difficult
threshing challenge remains largely unresolved
(Roake et al., 2009). Significant achievements in
triticale breeding for improved spike threshing
included the development of cultivars such as
'Bobcat' (Canada), 'Endeavour', 'Tobruk’,
'Kokoda', 'Waratah' (Australia), 'Indian',
'Kortego', 'Tricolor', 'Galtjo', 'Trimaran', and
'Ampiac’ (France) with improved threshing
(Roake et al., 2009; Baron et al., 2015). Given
this, the lines identified in our study may hold
breeding value as sources for improving triticale
threshing.

Conclusions

New breeding material has been developed
through intraspecific hybridization involving
high-yielding and easily threshed parental
components. Seven spring triticale lines—'YaTKh
37-25', "YaTKh 92-25', 'YaTKh 157-25', "YaTKh
159-25', 'YaTKh 174-25', 'YaTKh 179-25', and
"YaTKh 183-25'—and four winter triticale lines—
'TKhZ 168-25', 'TKhZ 194-25', 'TKhZ 215-25',
and 'TKhZ 216-25'—with easily threshed spikes
were identified. These lines significantly
outperform 'Volia Kharkivska' (check cultivar)
and the best reference cultivars, 'Svoboda
kharkivska' and 'IR Lehit', in terms of yield and
specific valuable economic traits, including grain
size and plumpness, starch and protein contents,
kernel hardness, etc. These lines can serve as
promising sources for triticale breeding.

Data Availability Statement: Data included
directly in the article.

Use of Artificial Intelligence (AlI): The
generative Al was not used in the research
execution.

Compliance with Ethical Standards: The study
does not involve research on human participants
or animals.

Conflict of Interest: Authors declare state that no
conflicts exist.

Funding: This work is part of the project
“Comprehensive scientific study of mechanisms
of resistance of crop plants to biotic, abiotic, and
anthropogenic stress, use of genetic diversity, and
creation of stress-resistant cultivars and hybrids,”
funded by the Ministry of Education and Science
of Ukraine (registration number 0125U003530).

16 ISSN 1026-9959. Plant Breeding and Seed Production. 2026. 129



References

Baron, V. S., Juskiw, P. E., & Aljarrah, M. (2015). Triticale as a forage. In M. Mergoum & H. Gémez-Macpherson
(Eds.), Triticale (pp. 119—137). Springer. https://doi.org/10.1007/978-3-319-22551-7 8

Bernard, M., Bernard, S., Badaeva, E., & Schlegel, R. (2025). Creating new forms of hexaploid triticale associating
complete R and D genomes. Biology (Basel), 14(11), 1632. https://doi.org/10.3390/biology14111632

Bishnoi, O. P., Suresh, & Behl, R. K. (2019). Comparative performance of triticale genotypes in North Western
Plain Zone of India for grain yield and its attributes. Ekin Journal, 5(1), 1-6.

DSTU 4117:2007. (2007). Grain and products of its processing: Determination of quality indicators by infrared
spectroscopy. Derzhspozhyvstandart Ukrainy. [in Ukrainian]

DSTU 4960:2008. (2009). Triticale grain flour: Technical specifications. Derzhspozhyvstandart Ukrainy. [in
Ukrainian]

Kostenko, N. P., & Vaskivska, S. V. (2025). Methods for determining conformity of triticale varieties (Triticosecale
Witt.) with the criteria of distinctness, uniformity and stability. Tsyfrove vydavnytstvo Ukrainskoho instytutu
ekspertyzy sortiv roslyn. https://doi.org/10.21498/978-617-8743-16-1 [in Ukrainian]

Lisnychyi, V. A., Riabchun, V. K., & Shatokhin, V. I. (2010). Expression and inheritance of spike threshing traits
in spring triticale. Selektsiia i Nasinnytstvo, 98, 97—105. https://doi.org/10.30835/2413-7510.2010.70237 [in
Ukrainian]

Lisnychyi, V. A., Riabchun, V. K., & Shatokhin, V. I. (2009). Methodological approaches to solving the spring
triticale spike threshing problem through breeding. In State and prospects of plant production development
under climate change: Proceedings of the international conference (pp. 47—-49). Kharkiv. [in Ukrainian]

Magas, B. (2004). Triticale in Portugal. In M. Mergoum & H. Gémez-Macpherson (Eds.), Triticale improvement
and production (pp. 139-144). FAO. https://www.fao.org/4/y5553¢/y5553e.pdf

Ministry of Agrarian Policy and Food of Ukraine. (2016). Methods for qualifying examination of plant varieties for
suitability for dissemination in Ukraine: General part (4th ed.). Ukrainian Institute for Plant Variety
Examination. https://sops.gov.ua/psp [in Ukrainian]

Ministry of Agrarian Policy and Food of Ukraine. (2016). Methods for qualifying examination of plant varieties for
suitability for dissemination in Ukraine: Methods for determining crop quality indicators. Ukrainian Institute
for Plant Variety Examination. https://sops.gov.ua/uploads/page/5a5f413bb9be6.pdf [in Ukrainian]

Roake, J., Trethowan, R., Jessop, R., & Fittler, M. (2009). Improved triticale production through breeding and
agronomy: Final research report. https://www.porkcrc.com.au/1A-102_Final Research Report .pdf

Samadashvili, T. (2023). Triticale breeding in Georgia and the prospects for its use. Journal of Biotechnology and
Its Applications, 2(1), 1-5. https://doi.org/10.58489/2836-2322/010

Shchipak, G., Svyatchenko, S., Shchipak, V., Nychyporuk, O., Wo$, H., Brzezinski, W., & Boguslavskyi, R. (2018).
Breeding hexaploid triticale (x Triticosecale Wittmack) with high bread making quality. Modern Concepts &
Developments in Agronomy, 3(1), 276-283. https://doi.org/10.31031/MCDA.2018.03.000555

Ministry of Agrarian Policy and Food of Ukraine. (2026). State register of plant varieties suitable for dissemination
in Ukraine for 2026. https://me.gov.ua/view/64d3121e-1fae-4913-a832-e5a3110191de [in Ukrainian]

Tesfaye, T., & Dibaba, T. (2015). Evaluation of existing threshers for threshing triticale crop. Journal of
Multidisciplinary Engineering Science and Technology (JMEST), 2(7), 1847-1850.

Tkachyk, S. O., Kyienko, Z. B., Prysiazhniuk, L. M., et al. (2016). Methods for qualifying examination of plant
varieties for suitability for dissemination in Ukraine: Methods for determining crop quality indicators (4th ed.).
Vinnytsia. [in Ukrainian]

Bouguennec, A., Bernard, M., Jestin, L., et al. (2004). Triticale in France. In M. Mergoum & H. Gémez-Macpherson
(Eds.), Triticale improvement and production (pp. 109—114). FAO. https://www.fao.org/4/y5553e/y5553e00.pdf

Waratah Seed Company. (2021). Triticale: Variety guide.
https://www.waratahseeds.com.au/Portals/0/ThemePluginPro/uploads/2024/1/30/Triticale -guide-varieties.pdf

Yarosh, A. V., Riabchun, V. K., & Leonov, O. Yu. (2014). Method for assessing grain hardness in winter common
wheat. Genetic Resources of Plants, 15, 120—131. https://genres.com.ua/ua/arxv-vidan/vipusk-15/metodologya-
ocznki-tverdost-zerna-u-pshenicz-myako-ozimo [in Ukrainian]

ISSN 1026-9959. Cenexkiist 1 HaciHaunTso. 2026. 129 17



