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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—
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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//
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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.
Ll EE|. E s
S I B 8 S < E|
Py - - — ~ et o
- =S| . |8 5 £ 2 = o) 2 5 & 5
o S| 5,5 |E€F|Bg|ES|= |C | ¥
= | 53|55z |£4|/3El 84l |£8|=
Copr, ninist / Cultivar, line O | 5 ¢ = < | 5 § © 3: 5 :é az w| 3 % g
o A - -~
sS|EZ|EE|E |C2Z|55| oz 82Es5
S@"EO mao DQ';% X3RS e 'EE 8 =z
ES| 2 e|E % &5 58| 2|22 88ElEs
So| 8 | 5|2 2| BE| 285 B2t
= 2 5 ©
SO | E+|ad|ag 0| SfE|03| L8| ag|E 8
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.
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Pedepar: Tputnkane o3umMe Bifirpae 3HauHy poJib y 36pHOBOMY BUPOOHHUIITBI YKpainu. Lls kymbTypa
MOETHY€ BICOKY BPOXKAMHICTB Ta SKIiCTh 3€pHA 3 HEBHOATIIMBICTIO 10 YMOB BUpOIIyBaHHs. {1151 cTabinpHOTO
(opMyBaHHSI BHCOKMX BPOXKAiB TPUTHKAJIEC O3MMOTO aKTyaJbHHM € BHUKOPHUCTaHHSI COPTiB 3 BHCOKOIO
aJIaNTUBHICTIO JIO PI3HUX YMOB BUPOIIYBaHHs. METOI JOCIIPKEHb Oy/JI0 BA3HAYUTH aIallTUBHI BJIACTUBOCTI
12 copTiB TpUTHKAJIE O3UMOIO Ta BUIUINTH COPTH 3 ONTUMAIBHUM MOEAHAHHSIM IMiABUIIEHOI YPOXKaiHOCTI
3 1i cTabiNBHICTIO 3aJIE)KHO BiJl TIOTOJJHUX YMOB Ta O3 a30THUX AOOPHB. 3a pe3ylbraTaMu AUCIEPCiitHOTO
aHaJlizy BCTaHOBIICHO, L0 HAa MIHJIUBICTh ypOKaWHOCTI 1CTOTHO BIUTUBAJIU YCi1 JOCTIKYBaHi (hakTopH:
TeHOTHII, yMOBH HABKOJIUIITHHOTO CEPENOBUINA, 1032 a30TY, a TAKOXK B3aeMois ux (akropiB. HaitOinpmrmit
BIUIMB Maiu yMoBH cepenoBuina (63 %) ta renotun (11 %), B3aemoaist reHOTUI/YMOBU CEpeIOBHIIA Ta
B3aeMoIis ycix Tprox (hakropi (8 %). Copru XAJ] 650, 3naroyct Ta Tumodili MalOTh BUCOKY 3arajbHy
aJlanTUBHY 37aTHiICTh. BoHU QopMyBanu BUIY BpOXKaHHICTh y cepeqHbOMY y ociifgax (BiAmoBimgHO 5,79
T/ra, 5,71 1/ra Ta 5,45 T/ra). Haitbinem ctabinpbHIMU 32 (pOPMYBaHHSIM YPOXKAHHOCTI B Pi3HUX YMOBax
BUPOIIyBaHHS Ta a30THOTO >KMBJICHHS 32 BapiaHCOO crienudivyHOi aJanTHBHOI 37aTHOCTI Ta BIJHOCHOIO
cTabutbHICTIO TeHoTHITy Oyinu coptu XA/l 45, Tpudon, Parne Ta JleonTiit. HaiGinpn miacTHYHUMH 3a
NOKa3HUKOM KoediuieHTa perpecii Oynu coptu 3nmaroyct, Anam Ta Papurer. Lli coptu mMaioTh BHCOKHI
MOTEHIIAN YPOXKAWHOCTI Ta 3JIaTHI MaKCHMaJbHO pEali30ByBaTH MO0 Yy CHPHUATIMBHX yMOBaX. 3a
MOEHAHHAM CTa0IIbHOCTI, TJIACTUYHOCTI Ta BPOXKAHHOCTI HAWBHUII MOKA3HUKHU CEJICKIIMHOI IIHHOCTI
reHotuny Manu coptu XA 45, 3naroyct, Tpudon ta XA 650. Lli coptu Bigpi3HSAIOTHCS BHCOKUM
MOTEHLIATOM YPOXaWHOCTI, SIKUH MPOSIBISIIOTH 332 CHOPUSTIMBUX YMOB 1 MalOTh 3JaTHICTh IPOTHUCTOSTH
HECTIPUSTIMBAM YMOBaM POKY, TOMy MOXKYTh 3a0€31edyBaTH BUCOKY CTabiIbHICTh (HOPMYBaHHS BPOXKAIO 32
PI3HUX YMOB BUPOLYBaHHS.

Kuro4oBi ci10Ba: TpuTHKane o3uMe, COPT, BPOXKANHICTh, aAalTUBHICTh, CTa0IIBHICTB, a30THI JOOpHUBA.

Abstract: Winter triticale plays a significant role in grain production in Ukraine, combining high
yield and grain quality with high resilience to adverse growing conditions. To ensure stable high yields, it is
crucial to grow winter triticale cultivars with high adaptability to various environments. The purpose of this
study was to evaluate the adaptability of 12 winter triticale cultivars and to identify genotypes with an
optimal combination of high yield and yield stability across different weather conditions and nitrogen
fertilizer doses. Analysis of variance revealed that yield variability was significantly influenced by all studied
factors: genotype, environmental conditions, nitrogen dose, and their interactions. The greatest contributions
were made by environment (63%) and genotype (11%), followed by genotype-environment interaction and
genotype-environment-fertilization interaction (8%). 'KhAD 650", 'Zlatoust', and '"Tymofii' exhibited high
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general adaptability, producing higher average yields (5.79 t/ha, 5.71 t/ha, and 5.45 t/ha, respectively). Based
on the variance of specific adaptability and relative stability, 'KhAD 45', "Tryfon', 'Ratne', and 'Leontii' were
identified as the most stable across different growing environments and nitrogen fertilization levels.
According to the regression coefficient, 'Zlatoust', 'Adam’, and 'Rarytet' were the most plastic cultivars,
demonstrating high yield potential and the ability to maximize it under favorable conditions. Considering
the combination of stability, plasticity, and yield, the highest breeding value was recorded for 'KhAD 45',
'Zlatoust', '"Tryfon', and 'KhAD 650'. These cultivars are noticeable for high yield potential, which is
mamifested under favorable conditions, and the ability to withstand adverse environmental factors, ensuring

stable crop performance across diverse growing systems.

Key words: winter triticale, cultivar, yield, adaptability, stability, nitrogen fertilizers.

Beryn

Tputnkane o3mMe Bifirpae 3Ha4Hy pOJb Y
3epHOBOMY BHUpOOHUITBI Ykpainu. Lls kymbrypa
MOENHYE BHCOKY BpPOXKAHHICTh Ta SKICTh 3epHa 3
HEBUOANIMBICTIO JI0 YMOB BHPOIIYBaHHS. 30KpeMa,
BUPI3HAETHCSA BHCOKOK 3MMOCTIMKICTIO, CTIHKICTIO
JI0 TIOCYXH, XBOPOO Ta aganTUBHICTIO 1O O1IHUX,
KHACIIUX TPYHTIB, IO JO3BOJISIE BUPOLIYBAaTH ii B
pi3HEX KIiMaTHYHHX 30HaX. B VYkpaini Ta cBiTi
TPUTHKAJIE O3UME Ma€ CTpaTeriyHe 3Ha4eHHS SIK
BUCOKOOLTKOBUII KOPMOBHUH pecypc, a TaKoxX
MepCIEeKTHBHA XapyoBa Ta TEXHIYHA KyJIBTYpa,
3[aTHA JaBaTH CTaOlTbHI BpoXkal Ha OiTHUX TPyHTaX.

Ha nanmii wac JlepkaBHUiI peecTp coOpTiB
pOCIWH, TPHUIATHUX [0 MOMIMPEHHS B YKpaiHi,
BKkJro4ae 40 copTiB 03UMOro TpUTHKAJIE, 3 IKUX 23 %
crBopeni B IHcTHTYTI pocnmHHMITBa iM. B. Sl
IOp’esa, M. XapkiB (Ip HAAH)
(https://me.gov.ua/view/2957b803-f25b-4abf-810c-
892e8754f3ad). B  VYkpaiHi BIpOBaIKEHO Y
CLIBCHKOTOCTIONAPChKE BUPOOHUIITBO CIICIiaTi30BaH1
32 MPHU3HAYCHHSM KOPMOBI Ta MPOAOBOJIBYI COPTH
TPUTHKAJIE TIPU3HAYEHHS, SIKI ICTOTHO Pi3HATHCA 3a
rOCIONapChKO-IIIHHUMK O3HaKamMu. KopMoBi copru
tputukaie AJl 256, apue, byker, lllananna HaOynu
MOLIMPEHHS B yCiX arpOeKOIOTYHUX 30HaX YKpaiHu.
3a CHOpUsSTIMBUX YMOB BHUPOLIYBaHHS TOTEHIIAT
YPOXKAMHOCTI IIUX COPTIB MOXKE jJocsraru noxan 10
t/ra (Kyrychenko et al., 2022). CyuacHa cenekuist
CIpsIMOBaHA Ha CTBOPEHHS BHCOKOBPOXKAMHHUX
COpPTIB, sIKi BIANOBIIAIOTh 3MiHAM KIIMAaTHIHHUX
YMOB. Y TIOCYIUIMBHX YMOBaX yPOXKaiHICTb COPTIB
Tumodiit, [Tynix i €nanp gocsrana 9,94-10,36 1/ra
(Yakymchuk et al., 2022).

Ha crabinpHicTh BpokaifHOCTI BIDIMBa€E Oararo
(daxkTopiB, OCHOBHMMH 3 SIKHX € TE€HETHYHi
0COOJIMBOCTI COPTY, IIOTOIHI YMOBH Ta TEXHOJOTIUHI
3axou. Ane, y OUTBIIOCTI BUMA/IKIB, Y BAPOOHUYNX
YMOBaX COPTU TPUTHUKAJIE HE TPOSIBISIOTH B IOBHOMY
o0cs3i cBill moTeHmian ypoxaiiHocTi. Lle mos’s3aHo 3
THM, 10 OUIbIINA YacTWHA IOCIBIB pO3TAllIOBaHA Y
30HaX PH3MKOBAHOTO 3EMJIEpPOOCTBA 1 4acTO TOCIBH
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Introduction

Winter triticale plays a significant role in
grain production in Ukraine. This crop
combines high yield and grain quality with high
resilience to growing conditions. Notably, it
stands out for its high winter hardiness, drought
tolerance, resistance to diseases, and
adaptability to poor, acidic soils, allowing for its
cultivation across various climatic zones. In
Ukraine and globally, winter triticale holds
strategic importance as a high-protein fodder
resource, as well as a promising food-grade and
industrial crop capable of providing stable
yields on marginal lands.

Currently, the State Register of Plant
Varieties Suitable for Dissemination in Ukraine
includes 40 winter triticale cultivars, 23% of
which were developed at the Yuriev Plant
Production Institute of NAAS, Kharkiv (YPPI
NAAS) (https://me.gov.ua/view/2957b803-
f25b-4abf-8f0c-892e875413ad). Specialized
fodder and food-grade triticale cultivars have
been implemented in Ukrainian agricultural
production, differing significantly in their
economically valuable traits. Fodder cultivars
such as ‘AD 256°, ‘Harne’, ‘Buket’, and
‘Shalanda’ have become widespread across all
agro-ecological zones of Ukraine. Under
favorable growing conditions, these cultivars
can yield over 10 t/ha. Current breeding is
focused on creating high-yielding cultivars that
can meet changing climatic conditions. In arid
environments, ‘Tymofii’, ‘Pudik’, and ‘Yelan’
yielded up to 9.94-10.36 t/ha.

Yield stability is influenced by many
factors, with the genetic characteristics of a
cultivar, weather conditions, and technological
measures being the primary ones. However, in
most cases, triticale cultivars do not fulfill their
yield potentials. This is attributed to the fact that
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3a3HAlOTh ~ HETAaTUBHOTO  BIUIMBY  aOlOTHMYHHX
yuHHMKIB. KpiM Toro, 3 ypaxyBaHHSIM MiJBHIICHOI
CTIHKOCTI TpHTHKaje [0 HECHPUSITIMBUX YMOB
CEepeIOBHUINA, TIOCIBH YaCTO PO3TANIOBYIOTh Ha MEHII
NPUIATHUX JUIA BHUPOLIYBAaHHS IHIIMX 3EPHOBUX
KyNbTyp 3eMiIsx. J{JIsi 3HWKEHHSI pU3HUKIB HEMOoOOpy
BpOXKaiB BiJ] HETaTHBHOTO BIUIMBY a0lOTHYHHUX
CTpeciB nepeBara BiJIIA€THCS JIOKAJTEHO-
amantoBanuM coptam (Riabchun et al., 2017).
OmHrM 3 HaAWBAXIMBIIIMX AarpoOTEXHIYHUX
3axO0MiB, IO BIUTMBAIOTH HAa BPOYKAWHICTH TPUTHKAJIC
03UMOTO € BHECEHHS MiHepaJbHUX JOOpUB,
ocobmuBo aszory (Ostapchuk, Liubych, 2015). 3
JTepaTypHUX JDKEpeNl BiOMO, IO ONTHMajbHa
HOpMa a30THOTO YKMBJICHHS JUTS TPUTHKAJIE 03UMOTO
3a3Buyaii crtaHoBuTh N60-120 kr na.p./ra, 1O
3a0e3nedyye CcraOUTbHY BpoKaiiHicTh. HatiBuima
e(eKTHBHICTh 30Ty AOCATAETHCS TPU OCTATHHOMY
3BOJIOKCHHI Ta MO€NHAHHI 3 (ochHOpPHO-KATIHHUMH
nobopusamu. bimitiok A. II., Hoeumpka H. B.
(Bilitiuk, Novytska, 2025) moBimoMiIsfOTh, IO Ha
JIEPHOBO-ITiA30JTUCTOMY CyTIIIaHOMY TPYHTI
3axigHoro [omiccst ONTUMAaNBHOO 103010 TSI COPTY
tputukane osumoro Ilomicekmit 7 € NI120 y
moeaHaHHi 3 (GoOcPOpHUMH Ta  KaNiHUMH
nobopuBamu.  Jlocmimpkenns Jlroonua B. B,
Ocramuyka B. B. 110710 BIIMBY a30THOTO KUBJICHHS
Ha BpPOXKAHHICT TpPUTHKAJE O3MMOTO B YMOBax
npaBoOepexnoro JlicocTeny mokazand, MO cepen
BapianTiB N30, N60, N90 ta N120 na ¢oni P60K60
ontuMmanbHIMU € 1o3u N60 — N90 (Liubych,
Ostapchuk, 2025). dpo6iteko A. B., Kauanosa T. B.
3a3Ha4yaloTh, 10 B yMoBax mieiaeHHoro Cremy
VYKpaiHu BHECEHHS MiHepalbHUX JOOpPHB y [103i
N45P45K45 cytreBo 30iNbIIyBaio BpOXKAaWHICTH
COpTiB TpuTHKaje o3umMoro Tumodiii, JloHelns Ta
[Mnactyn BonmuHChkui# (Drobitko, Kachanova, 2023).
B nocmimxennsax ['B. lunaka nokazaHo, mo npu
BUKOPUCTaHHI MakcMMalbHOI J103u a3oTy N240 3a
CIPHUATIMBAX YMOB POKY BpPOXKaHHICTH COpPTY
Tumoddiit mimeummyBamace a0 11,74 1/ra, xomm y
Bapianti 0e3 moOpuB BoHa craHoBmia 9,40 T/ra
(Shchypak, 2021). TIlpu upomy B VYkpaini
BiJI3HAYAE€ThC  HU3BKUA  00CAT  BHKOPUCTAHHS
MiHepaJbHUX J00pUB. AHali3 CTPYKTYpH BHECEHHX
MiHEpaJbHUX €JIEMEHTIB JKWBICHHS  JIO3BOJIHB
BUSIBUTH  CYTTEBY  HEBIANOBIJHICTH  HAyKOBO
0OIPYHTOBAaHUM HOpMaM yIOOpEHHs Yepes3 3MilleHHs
y OIK a30TOBMICHHMX PEYOBMH. Taka TEHICHIlS HE
BIJIMOBI/Ja€ YMOBaM iHTEHCHBHOTO 3eMJIEpOOCTBA Ta
He 3a0e3rnedye IMOBHOLIHHOT NOTpeOM POCIHH B
enemeHTax >xuBneHHs (Bereziuk, Zubar, 2019). Tomy
aKTyaJbHUM € JOCII/PKSHHsI BIUIUBY JIMIIIE a30THOTO
JKMBJICHHS Ha MIHJIMBICTh YPO)XKaHOCTI TPHUTHUKAJE
JUIs HAOMIKEHHS TPOTHO3IB LIBOTO IOKAa3HUKA Y

a large portion of the winter triticale acreage is
located in risky farming zones, where crops are
frequently exposed to abiotic stressors.
Furthermore, given triticale’s increased
resilience to unfavorable environments, it is
often sown on lands less suitable for other
cereals. To reduce the risk of yield losses from
abiotic stresses, preference is given to locally
adapted cultivars.

One of the most critical agrotechnical
measures affecting winter triticale yield is the
application of mineral fertilizers, particularly
nitrogen. Published data indicate that the
optimal nitrogen fertilizer dose for winter
triticale typically ranges from N60-120 kg
a.i./ha, ensuring stable performance. The
highest nitrogen efficiency is achieved with
sufficient moisture and in combination with
phosphorus-potassium fertilizers. Bilitiuk and
Novytska (2025) reported that on sod-podzolic
sandy loam soil in the Western Polissia (mixed
forest zone), the optimal dose for the winter
triticale cultivar ‘Poliskyi 7° was NI120
combined with P and K fertilizers. Liubych and
Ostapchuk (2025) studied the effect of nitrogen
fertilization (N30, N60, N90, and N120 on
P60K 60 background) on winter triticale yield in
the Right-Bank Forest-Steppe and showed that
N60-N90 were the optimal doses. Drobitko and
Kachanova (2023) noted that in the Southern
Steppe of Ukraine, mineral fertilization at
N45P45K45 significantly increased the yields
of “Tymofii’, ‘Donets’, and ‘Plastun Volynskyi’.
A study by H.V. Shchypak (2021) demonstrated
that using a maximum nitrogen dose of N240 in
a favorable year increased the yield of ‘Tymofii’
to 11.74 t/ha, compared to 9.40 t/ha in the
unfertilized variant. At the same time, mineral
fertilization is little used in Ukraine. An
analysis of the mineral fertilization structure
revealed a significant discrepancy with
scientifically grounded fertilizer doses due to a
shift toward nitrogen-containing substances.
This trend does not meet the requirements of
intensive farming and does not provide plants
with necessary nutrients (Bereziuk, Zubar,
2019). Therefore, it is relevant to study the
impact of nitrogen fertilization alone on triticale
yield variability to align yield forecasts with
real production conditions. Organic and
ecological production requires limited use of
chemicals and fertilizers. In such cases,

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



peasbHUX yMmoBax BupoOHuWITBAa. OpraHiuHe Ta
EKOJIOTIYHE BUPOOHHUIITBO MOTPEOYIOTH 0OMEKEHOTO
BUKOPUCTAHHS XIMIYHHX TpenapariB Ta I00puB. Y
IIbOMY BHIIAJKy IlepeBara HAaJaeTbCd COpTaM,
3maTHUM (pOopMyBaTH MiIBHUINEHY BPOXKaWHICTH Ha
Hu3bKoMY arpodoni (Muhova, Kirchev, 2020).

VY cenekuiiiHii TpakTHIll BIIOMi COPTH 3 IIyXKe
BHCOKOIO aIanTHBHICTIO, T ITBEPIHKCHOIO
BUPOOHHUIITBOM Yy IIMPOKOMY TreorpadiqHoMy Ta
yacoBoMy nmiamazoHi. Y 1982 p. y Ilonmpmi Ha
reHeTnyHii ocHoBI Amdimummoiny 206 Oyio
CTBOpEHO o03uMHUil copT Tputukaie Lasko, sxwuii
XapaKTepHU3yBaBCsl JIy)Ke BUCOKUMH MOKa3HUKAMH
aIalnTUBHOCTI 1O HECHPHUATIMBHX OIOTHYHUX 1
abioTMYHMX YWHHUKIB. BiH OyB 3apeecTpoBaHmii y
Honpmi, Himeuunni, Actpii, HIseiiapii, CILIA Ta
CTaB HaHOULIBII PO3MOBCIOIHKEHUM COPTOM Yy CBITI
(Wolski, Tymieniecka, 1983). Copt TpuTHKae sporo
AicT XapKiBChKHH, SIKHH TIOEAHYBaB  BHCOKI
rOCHONapChKO-010JIOTIUHI  03HAKM 3  BIIMIHHOIO
XapuoBOIO SIKICTIO 3€pHA, BUPOIIYBaBCS Ha BCii
TepuTopii Ykpaiau monaz 20 pokiB Ta YBIHIIOB 10
POMOBOMIB 0ararbOX CydYaCHHX BHCOKOAIANTHBHHX
copti (Riabchun et al., 2012). Copr BG Goran,
3apeecTpoBaHuil y Xopsarii y 2004 p., Mae BiaMiHHI
rocronapchko-0iosoriuni  BinactuBocti. Iledi copt
JOTenep 3aJMIIAEThC Yy BHPOOHHITBI. 3aBIsKu
BHCOKIH aJaliTUBHOCTI BiH nomupuBcst y CiioBeHii Ta
Bocnii Ta I'eprierouHi (https://bc-
institut.hr/en/tritikale-2/). v Hinepnanmax
cenekmiiiga cradmis Lantminnen SW Seed BV
3aCTOCOBY€E €(EKTHBHY CXEMy CEJEeKIli TpUTHKaie
03MMOT0 y TIO€JHAHHI 13 3arallbHOEBPONEHCHKOIO
CHCTEMOIO EKOJIOTIYHHX BHIIPOOYBaHb. 3aBISKU il
cucTeMi OUTBIIICTh HilepIaHACEKUX COPTIB MPH/IATHI
70 BHUpOIIYBaHHS Ha Bcid Tepuropii €Bporu.
HaiiGinpioro momupenHs y €Bporni HaOylld COPTH
Lombardo, Agostino, Barolo Ta  Kaulos
(https://www.lantmannenseed.nl/triticale-breeding).

TakuMm YMHOM, JUT CTaOUTBHOTO (OPMYBaHHS
BHCOKHX BPOJKaiB TPHTHKAJIE O3UMOTO aKTyaJbHHM €
migdip COpTIB 3 BUCOKOIO aJIaNTHBHICTIO 10 Pi3HUX
YMOB BUPOIITYBaHHSI.

Meroto  jmocnmipkeHb  Oylo  BHU3HAYUTH
aaNTUBHI BJIACTHBOCTI COPTIB TPUTHKAJE O3UMOTO
cenekuii [P HAAH B ymoBax cximHoro Jlicocremy
VkpaiHu Ta BUIUIMTH COPTH 3 ONTUMAaJbHUM
MOENHAHHAM  MiABUIIEHOI  ypokaiHocTi 3 1i
CTa0UIBHICTIO 3aJIEKHO Bijl TOTOJHUX YMOB Ta HOPMHU
A30THHX JT00PHUB.
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preference is given to cultivars capable of
yielding a lot under low-input conditions
(Muhova, Kirchev, 2020).

In breeding practice, cultivars with very
high adaptability, confirmed by production
across a wide geographical and temporal range,
are well-known. In 1982, the winter triticale
cultivar 'Lasko' was developed from
‘Amphidiploid 206’ in Poland; it was noticeable
for very high adaptability to unfavorable biotic
and abiotic factors. It was registered in Poland,
Germany, Austria, Switzerland, and the USA,
becoming the most widespread cultivar in the
world (Wolski, Tymieniecka, 1983). The spring
triticale cultivar 'Aist Kharkivskyi', which
combined high economic and biological traits
with excellent food-grade grain quality, was
cultivated throughout Ukraine for over 20 years
and has been included in the pedigrees of many
modern highly adaptable cultivars (Riabchun et
al., 2012). 'BG Goran', registered in Croatia in
2004, possesses excellent economic and
biological characteristics. This cultivar remains
in production to this day. Due to its high
adaptability, it has spread to Slovenia and
Bosnia and  Herzegovina  (https://bc-
institut.hr/en/tritikale-2/). In the Netherlands, a
breeding station of Lantménnen SW Seed BV
employs an effective winter triticale breeding
scheme in combination with a pan-European
system of environmental trials. Owing to this
system, most Dutch cultivars are suitable for
cultivation throughout Europe. The most
widespread cultivars in Europe are 'Lombardo’,
'Agostino’, 'Barolo’, and 'Kaulos'
(https://www.lantmannenseed.nl/triticale-
breeding).

Thus, to consistently harvest high yields
of winter triticale, the selection of cultivars with
high adaptability to various growing conditions
remains relevant.

The purpose of this study was to evaluate
the adaptability of winter triticale cultivars bred
at the YPPI NAAS in the Eastern Forest-Steppe
of Ukraine and to identify cultivars with an
optimal combination of increased yield and its
stability depending on weather conditions and
nitrogen fertilizer doses.
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MeToauka

JociikeHHsl TPOBOAMJIMCH Yy CE30HAX
2022-2023, 2023-2024 Ta 2024-2025 pp. Ha nonsx
CEJICKITIMHOI CIBO3MiHI €KCIIepUMEHTaIbHOI 0a3u [P
HAAH, sxa posramoBana B 15 kimomerpax Bix
M. XapkiB (cximHa dactunHa Jlicoctemy Ykpainm).
[pyHTOBHII TOKPHB NPEACTABIEHHN MOTYKHHM
cnabo BHIY)KEHHM 4YOPHO3EMOM Ha MHIyBaro-
CYDIIMHUCTOMY JIECi 3 TOBIIMHOIO TYMYCOBOTO LIapy
75 cm. Kimimar y 30HI TIpOBeAEHHS IOCIHITKEHb
MOMipHO-KOHTHHEHTAIbHHH. HepiBHoMmipHuit
PO3MOMiN OnaaiB MPOTITOM BETeTaliiHOTO Mepioay
B CYKYITHOCT] 3 BUCOKHMH TE€MIIEpaTypaMH IOBITPs
4acTO MPU3BOJIATE J0 BECHIHO-IITHIX mocyX. CiBOy
TPUTHKAJIE O3MMOTO TPOBOAMIN y TPETid neKami
BepecHs ciBankoo CCDOK-7 Ha AifsHKAX MJIOMICIO
25 M? y TpupaszoBomy nosropenni. Hopma Bucisy 5
MJIH. 3epeH Ha rektap. [lonepeanuk — nap.

BuBuanu uricte (QOHIB JKHUBIECHHS a30TOM:
06e3 n00puB (KOHTPOIB), Neo, Noo, Nizg — 5K
ONTUMAaJbHI 32 METOOUYHHUMH DPEKOMEHIALISIMU
InctutyTy 3emiepobctBa HAAH mns Tputukane
o3umoro (Kostenko et al., 2012), Niso Ta Noag — mi1s
BU3HAYEHHS MOXJIMBOIO BIUIMBY Ha IIOTEHIal
ypokaiiHocTi.  JloOpuBa  BHOCWIM  IUISXOM
MiPKUBICHHS POCIIUH y CTafil KyIEeHHsI aMiaqHOIO
cemtporo (N34). Marepian gociimkers — 12 copriB
03UMOro TpHuTHKane, cTBopeHux B [P HAAH:
kopotkocTeOnoBi — Tumodin, XA/ 45, XAl 650;
cepenHpocTeOnoBi — Apam, 3naroyct, Papurer,
Parne, Tpudon; Bucokoctedbnoi — bykert, JIeoHTiii;
anbTepHatiBHI — Onekcannp, €1aHb. 3a KOXKHAM
BapiaHTOM JOCJTiZy BH3HaYalll ypOXKAWHICTH
BaroBUM MeTofoM. il BU3HAYEHHs CyTTEBOCTI Ta
JIOCTOBIPHOCTI PI3HHUIb YPOXKAHHOCTI, a TaKOXK
edpexTiB BIMBY (akTopiB Ta ix B3aeMofii Ha
(¢opMyBaHHS  BpPOXKaHOCTI ~ BUKOPHUCTOBYBAJIU
OararoakTOpHUH  AWCHepCciiiHME  aHami3  3a
(dakTOpaMu TEHOTHII, YMOBH POKY, 1032 a30Ty
(Rozhkov et al., 2016).

BusHauanu 3arajbHy aganTHBHY 3aTHICTbH
(3A3), K CepeaHI0 Peakilil0 I'eHOTUIY Ha 3MIiHY
yMOB poky Ta go3 gobpus. 3A3 copry,
pPO3paxoBYeTbCS  SIK  BIAXWJIEGHHS  CEPEIHBOTO
3HAUCHHS 03HAKH KOHKPETHOTO T€HOTHITY B IIEBHUX
YMOBax CepelloBHINA BiJ] 3arallbHOTO CEPeIHBOTO
MOKa3HUKA O BCil IPyTIi JOCTIIKYBaHHUX 3pa3KiB 3a
hopmynoro:

3A3i = Xi—p,
ne: Xi — cepeaHs BpOKaiiHICTh i-r0 COpPTy 3a BCiMa
pOKaMu Ta BapiaHTaMH,

[ — 3arajbHa cepeqHs BpOXaWHICTH  yCiX
JOCII/DKYBAaHUX COPTIB Y IaHOMY JTOCIII.

Methods

The study was conducted in the breeding
crop rotation experimental fields of the YPPI
NAAS, which are located 15 kilometers from
Kharkiv (Eastern Forest-Steppe of Ukraine), in
2021-2022, 2022-2023, and 2023-2024 seasons.
The soil is deep, slightly leached chernozem on
silty-clay loess with a humus layer of 75 cm thick.
The climate in the study location is moderate con-
tinental. Uneven precipitation during the growing
season combined with high air temperatures often
leads to spring-summer droughts. Winter triticale
was sown between September 21 and September
30 using an SSFK-7 seeder on 25 m? plots in three
replications. The seeding rate was 5 million ger-
minable seeds per hectare. The predecessor was
black fallow.

Six nitrogen fertilizer doses were tested:
no fertilizers (control), Neo, Noo, Ni2o — as opti-
mal doses in compliance with the methodological
guidelines of the Institute of Agriculture of
NAAS for winter triticale (Kostenko et al., 2012),
and Nigo and N»4o — to assess the possible impact
on yield. Fertilizers were applied as top-dressing
at the tillering stage using ammonium nitrate
(N34). Twelve winter triticale cultivars developed
at the YPPI NAAS were investigated: short-
stemmed — 'Tymofii', 'KhAD 45', and 'KhAD
650'; medium-stemmed — 'Adam', 'Zlatoust',
'Rarytet’, 'Ratne', and 'Tryfon'; tall-stemmed —
'Buket' and 'Leontiy'; with alternate growth habit
— 'Oleksandr’, 'Yelan'. Yield was determined by
weighing in each experiment. To determine the
significance of differences in yield and the effects
of factors and their interactions on yield, a multi-
factor analysis of variance (ANOVA) was used.
The evaluated factors were genotype, year condi-
tions, and nitrogen dose (Rozhkov et al., 2016).

General adaptability (GA) was deter-
mined as the average response of a genotype to
changes in environmental conditions and ferti-
lizer doses. The GA of a cultivar was calculated
as the deviation of the mean value of a trait for a
specific genotype under certain environmental
conditions from the overall mean value for the en-
tire sample of studied accessions using the fol-
lowing formula:

GAi =Xi—u

where: Xi — mean yield of the i cultivar
across all years and experiments; y — overall
mean yield of all studied cultivars in the given
experiment.

Specific adaptability (SA), which reflects
the deviation of the observed value in a specific
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Crnemmdiuny amantuBHy 3aaTtHICTE (CA3),
siKa BijoOpakae BiMXUICHHS (PaKTHYHOTO 3HAUCHHS
B KOHKPETHOMY CEpPElOBHIII BiJ] TEOPETHYHO
OYiKyBaHOTO (CyMH 3arajipHOTO CEpPEeIHBOTO Ta
edexriB 3A3 1 cepemoBwmia), pO3paxoBYBaIH 3a
(dhopmynoro:

CA3ij = Xij — (X + 3A3i + di),

Je: Xij — paxTrnuHa BpOXKaWHICTH 1-TO COPTY
B i-My cepeJOBHII,

X — sarambHa cepelHs BPOKAMHICTH MO
TOCIITY,

3A3i — edexr 3arampHOI agaNTHBHOL
3[aTHOCTI 1-TO TEHOTHITY,

di— edexT j-ro cepenoBuiia (HACKIIBKU
YMOBH TIEBHOTO POKY Kpalili abo TipIii 3a cepeHi).

BigHocHy cTabinbHICTh TeHOTHITY (Sgi), K
BiTHONIICHHS CEepeNHBOI BPOXKAWHOCTI COPTY B
OKPEMOMY BapiaHTi 10 cepeTHbOI BpPOXKaHOCTI BCiX
COPTIB y IbOMY K BapiaHTi, BU3HAYECHE Yy BiJICOTKaX,
PO3paxoByBaH 3a GOPMYIOI0:

. 8 CA3i
Sgi = ——"100 %,
ne:d CA3i — cepeaHbOKBaApaTUYHE BiIXHICHHSI

cnenudiuHol aJanTUBHOI 31aTHOCTI i-T0 TCHOTHITY,
Xi — cepesHst BposKaitHiCTh i-To COPTY 3a BciMa
pOKaM¥u Ta BapiaHTaMH JTOCIi[)KEHb.

[MnactuunicTh copty (bi) BU3HAYAIM SIK
peakiiro TeHOTHWIy Ha  BapilOBaHHS  YMOB
CepeoBHILA, IIJISIXOM PErpeciiHOro aHaizy.

Cenexuiiny mianicts reHotumy (CLI) —
rapamerTp, KU XapakTepu3ye MOe€AHAHHS BUCOKOI
MPOAYKTUBHOCTI Ta CTaOiTBHOCTI B  OMHOMY
TeHOTUII1, PO3pPax0OBYBaJH 3a (HOPMYIIOIO:

CUTi =Xi—t- & CA3i,
ne t — TabnuvHe 3HadeHHs Kputepito CThIOneHTa
s 95 % iimoBipHocTi (Bazalii et al., 2007).

Hus MaTeMaTU4YHUX PO3paxyHKiB
BUKOPUCTOBYBAJIM MporpamHe 3abesneueHHs MS
Excel.

Pe3yabTaTtu T2 00roBOpeHHS

[oromHi yMOBH 3HAYHO Pi3HWIIUCH 32 POKaMHU
JOCHIKEHb, 110 JO3BOJIMIO OLIHUTH X BIUIMB Ha
dhopMyBaHHSI  BpPOXAWHOCTI  COpPTIB  O3UMOTO
Tputhkane. YmoBu 2023 p. XapaKTepu3yBaIHCS
HaJMIDHUM 3BOJIOKEHHSIM Yy KBIiTHI Yy mepion
BimHOBNIeHHs Bereranii ta kyminas (I'TK 2,15),
Jly’Ke CHIILHOIO TIOCYXO0 Y TPaBHi, Ha Ky MPHITAIN
¢a3u Buxony B TpyOky — kojocinus (I'TK 0,11),
CHWJIBHOIO TIOCYXOI y YEpBHI MiJ 4Yac IBITIHHS,
3aB’si3yBaHHs HaciHHs Ta HanMBy 3epHa (I'TK 0,62)
Ta BOJIOTOIO MOTOAOI0 Y JIMIHI il Yac AOCTUTaHHS
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environment from the theoretically expected one
(the sum of the overall mean value, GA and envi-
ronment effects), was calculated using the follow-
ing formula:

SAij = Xij — (X + GAi + di)

where: Xij — harvested yield of the i cul-
tivar in the j™ environment;

X — overall mean yield across all experi-
ments;

GAi — general adaptability effect in the i
genotype;

di — effect of the j™ environment (how
much the conditions of a particular year are better
or worse than the average conditions).

The relative stability of a genotype (Sgi),
as the ratio of the mean yield of a cultivar in an
experiment to the mean yield of all cultivars in the
same experiment, was calculated using the fol-

lowing formula and expressed as a percentage:
8 SAi

Sgi =——-100%,

where: § SAi — standard deviation of the
specific adaptability of the i genotype;

Xi — mean yield of the i cultivar across
all years and experiments.

The plasticity of a cultivar (bi) was deter-
mined as the response of a genotype to environ-
mental variations using regression analysis.

The breeding value of the genotype
(BVG) — a parameter characterizing the combi-
nation of high performance and stability in a sin-
gle genotype — was calculated using the follow-
ing formula:

BVGi=Xi—t- § SAi,

where t = tabular Student's t-test value for
the 95% significance level (Bazalii et al., 2007).

Mathematical calculations were performed
in MS Excel.

Results and Discussion

The weather varied significantly across the
study years, allowing for an assessment of its
impact on the winter triticale cultivars’ yields.
2023 was characterized by excessive wetting in
April — during spring regrowth and tillering (HTC
=2.15), a very severe drought in May — during the
period from stem elongation to heading (HTC =
0.11), a severe drought in June — during anthesis,
seed setting, and grain filling (HTC = 0.62), and
wet weather in July — during grain maturation
(HTC = 1.81). Overall, 2023 was unfavorable for
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3epra (I'TK 1,81). V minomy ymoBu 2023 p. Oynu
HECTIPUATIAMBAMH U POCTY 1 PO3BUTKY POCIIHH,
OCKIJIBKM TIOCYIUIMBI YMOBH PIi3HOTO CTYyTIECHA
MpUIAIK Ha BCl KpUTHYHI a3y pO3BUTKY POCIIHH,
0 TIPU3BEIIO 10 3HIDKCHHS BpOKaHOCTI (pHc. 1).
Y 2024 p. Bechb mepiom BereTarlii TpPHUTHKAIIC
CYIPOBO/XKYBABCS TIOCYXO0, yV T.4. Y TpaBHI Ayxke
cunpHOIO (I'TK 0,31), a y numHI ekcTpeMaIbHOIO
(I'TK 0,43) Ta miOBUIICHOI TEMIIEPATyPOIO
noBiTps. lle Bkpail HeraTMBHO BIUIMHYJIO Ha
PO3BUTOK poCIMH Ta (OpPMYyBaHHS BPOXKAHHOCTI,
ajge JO03BOJMIIO OITIHUTH COPTH 3a CTIMKICTIO JIO
BECHSHOI Ta JIITHBOI IIOCYXY Ta BUAITUTH HAHOLIBII
CTiHiKi 32 TIOCYXO- Ta XKaPOCTIHKICTIO.

plant growth and development, as arid conditions
of varying severity occurred during all critical
developmental stages, reducing yields (Fig. 1). In
2024, triticale suffered from droughts during the
entire vegetation period, including a very severe
drought in May (HTC = 0.31) and an extreme
drought in July (HTC = 0.43), which were
accompanied by elevated air temperatures. This
had an extremely negative impact on plant
development and yield, but it allowed us to
evaluate the cultivars for tolerance to spring and
summer drought and to identify the most drought-
and heat-tolerant genotypes.

2.5
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2,0 1,8
1.5
1,2
y o M
: 1.0 0
2 0,6 0 4 0’6
0.5 o 03 : I
2023 p. 2024 p. 2025 p.
mKBITEH:E = TPABEHL ®=YEPBEHb JIMIIEHDb

Puc. 1 I'inporepmiunuii koedinient Censsnunona (I'TK) y nepioa Bererauii putnkaie,
2023 — 2025 pp.
Fig. 1. Selyaninov's hydrothermal coefficient (HTC) during the triticale growing season, 2023-2025.

IToromni ymoBu 2025 p. Oynu CIpUSATIUBUMHE
JUTSL POCTY 1 PO3BUTKY TPUTHKAJIE 03UMOTI0 y TIepIIiit
MOJIOBUHI BereTamii Ta 3aJ0BUILHUMU Yy JPYyTid
MOJIOBMHI BereTamii, OCKUIBKM CHOCTEpIrajnch
MOCYIIUTHBI ITEPi0JTU HA ITOYATKY YEPBHS Ta CEPE/IHHI
JIUITHS.

YpoxkaiiHicTb COPTIB TPUTHKAJE O3MMOTO Y
CepeaHbOMY 3a POKaMH Ta BapiaHTaMu J00pUB
cranoBmwia 4,21-5,74 T/ra 3aMeXHO BiJl COPTY.
Haii0inem ypoxaiinumu Oynu coptu XAl 650,
3naroycrt, Tumodiit Ta €nanp (Tadm. 1).

The weather in 2025 was favorable for
winter triticale growth and development during
the first half of the growing season and
satisfactory in the second half, as there were dry
periods in early June and mid-July.

The yield of winter triticale cultivars,
averaged across the years and fertilization
variants, ranged from 4.21 to 5.74 t/ha, depending
on the cultivar. The greatest yields were harvested
from 'KhAD 650', 'Zlatoust', 'Tymofii', and "Yelan'
(Table 1).
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Tabauus 1. YpoxaitHicTe COPTIB TPHTHKAIE O3MMOTO 3aJIEKHO Bil YMOB POKY Ta HOPM a30THHX T00OpwuB, T/Ta, 2023 — 2025 pp.
Table 1. Yield of the winter triticale cultivars depending on the year conditions and nitrogen fertilizer doses, t/ha, 2023-2025.

Hopwma azory / Nitrogen dose Cepemns 3a
. Bes pen Cepenns
Copr / Cultivar gm / 106pHB / MPOKaMH / 3arajbHa /
car N 6o N oo N 20 Niso N 240 Can across | yerall mean
No the years
fertilizers
2023 0.26 4.07 4.68 4.74 4.79 4.86 4.59
XA145/
KhAD 45 2024 3.45 3.18 3.66 3.70 3.74 3.80 3.59 4.21
2025 4.60 4.56 4.62 4.59 4.34 4.02 4.46
2023 4.79 4.86 5.35 4.92 4.79 5.40 5.02
Parne / Ratne 2024 3.74 3.80 4.18 3.84 3.74 4.22 3.92 4.92
2025 4.24 5.74 5.40 6.20 7.26 6.10 582
2023 4.07 5.35 5.48 4.92 5.56 4.99 5.06
byker / Buket | 2024 3.18 4.18 4.28 3.84 4.34 3.90 3.95 5.05
2025 5.96 3.24 6.80 6.20 7.14 7.42 6.13
2023 4.34 422 4.66 4.89 5.20 4.97 4.71
Jleonriii /
Leontii 2024 3.39 3.30 3.64 3.82 4.06 3.88 3.68 4.82
2025 6.77 5.86 6.16 6.00 5.82 5.84 6.08
2023 4.25 4.48 4.76 4.61 5.02 4.85 4.66
Papurer /
Rarytet 2024 3.32 3.50 3.72 3.60 3.92 3.98 3.67 5.07
2025 5.96 7.10 7.16 6.92 7.02 7.15 6.89
2023 5.05 5.73 532 6.35 6.02 6.48 5.83
XAl 650/
KhAD 650 2024 3.63 4.48 4.16 4.96 4.70 5.06 4.50 5.79
2025 6.93 7.42 7.50 6.98 6.64 6.72 7.03
2023 4.13 5.22 4.68 4.45 3.84 3.96 4.38
Anam / Adam 2024 3.23 4.08 3.66 3.48 3.00 3.15 3.43 491
2025 6.88 7.06 6.42 7.10 7.02 7.02 6.92
2023 4.28 4.99 5.02 4.15 4.71 4.04 4.53
Onexcannp /
Oleksandr 2024 3.34 3.90 3.92 3.24 3.68 3.16 3.54 4.66
2025 6.96 4.60 5.12 5.88 6.56 6.40 592
2023 4.61 5.04 5.56 6.05 6.12 4.66 534
€nanb / Yelan | 2024 3.46 3.94 3.56 3.96 4.00 3.64 3.76 5.24
2025 6.16 6.04 6.10 6.90 6.90 7.54 6.61
2023 5.44 4.94 5.88 6.35 7.14 4.76 575
3naroyct /
Zlatoust 2024 3.47 3.86 4.12 4.12 4.16 3.72 391 5.71
2025 7.07 6.72 7.00 8.08 7.40 8.46 7.46
2023 4.68 5.12 5.04 6.35 5.88 4.86 532
Tpudon /
Tryfon 2024 3.34 4.00 3.94 4.18 3.90 3.80 3.86 4.88
2025 5.25 6.44 4.60 5.40 5.66 5.32 5.45
2023 5.42 4.79 6.08 6.51 5.85 5.85 575
Tumodiii /
Tymofii 2024 3.99 3.74 3.72 4.44 3.90 3.90 3.95 5.45
2025 6.03 6.26 7.20 6.62 6.90 6.90 6.65
C‘]’\F/’[eﬂ“e / - 4.72 488 | 509 | 523 | 530 | 5.13 -
ean
3araipHa / Overall 0.32
HIP .05/ (axrop copr / Cultivar factor 0.08
LSD 05 ¢axrop pix / Year factor 0.04
¢axrop noodpusa / Fertilizer factor 0.05
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Copt XAJl 650 MaB cepenHio 3a poKaMH Ta
BapiaHTaMH BpoOXaiHicTe 5,79 T/ra. 3a peakuieto
LBOTO COPTY Ha BHECEHHS OOPUB y BCi TPH POKH

JOCITIIKEHB CIIOCTEPITamocs T TBUTIICHHS
BpoKaifHocTi. Y mocymumBux ymoBax 2023 p.
BHECEHHS A30THUX JI0OpUB 301JIBIITYBaJIO

BpokaiHicTh copry XAl 650 ma 0,27-1,43 T1/ra
3anesxHo Bix 1o3u N. Y mocynumBrx ymoBax 2024 p.
crioctepiraigacs mofiOHa JauHaMika. BHeceHHs
A30THHX JOOPHB 30UTBITYBaJIO BpoKaiHicTh Ha 0,53—
1,43 1/ra. Y cupustiuBux ymoBax 2025 p. BIUMB
a30THUX JoOpuB OyB MeHmmM. [linBuieHHS
BpokaitHocTi Oyno MeHm 3HaynuM (Ha 0,49-0,57
T/ra) mume y Bapiantax N60 ta N90. Ilpu mpomy
copT moOpe pearyBaB Ha IOKPAILIEHHS HOTOAHUX
YMOB, 301IbIIYF04YH BpOKarHICTB 10 7,03 T/ra. Takum
grHOM, copT XAJ[ 650 Mae migBHINEHY CepemHro
BPO)KaWHICTh Ta BUCOKWH TMOTEHIIAT ypPOXKAWHOCTI,
SIKHUH TPOSIBISIETHCS 33 CHPUSTIUBUX YMOB POKY.
BHecenHst a30THUX JOOpPHB MOXE CTaOLTI3yBaTH
MPOsIB YPOXKaWHOCTI y TOCYNUIMBI POKH. B Takmx
yMoBax 7103a a3oTy N180 HaiiOunble miBHIIyBaia
BPO)KaWHICTh, aj¢ EKOHOMIYHO JOIUIBHIIIUM €
BHECEHHA a30Ty y mo3i N120, sixka Takok 3HA9HO
TTi IBHIITyBaJIa BPOXKAWHICTD 1 HEICTOTHO MOCTYTIANIACh
Bapianty N180.

Bucoky cepemHro BpOXaiHICTP MaB COPT
3naroycr (5,71 1/ra). Lleii copt MaB HalBULLHI ceper
JOCII/PKYBaHUX COPTIB IOTEHIall yPOXKaHHOCTI,
KM BUSIBUBCS 32 CIPHSATIMBAX YMOB POKY Ta
BHECEHHS BHUCOKOI 1103 azoty N240 — 8,46 T/ra.
BHeceHHst  a30oTHUX ~ J00OpMB Yy HaMOUIBII
nocyunimBomy 2024 p. MigBUILYBaIO BPOXKAHHICTH
Ha 0,25-0,69 Tt/ra. bBinemoro  IiABHMILEHHS
BpokaiiHOCTI Oynmo mocsrHyTo 3a 103 N90-N180,
Opyd  I1BOMY PI3HHI MK [HMMH BapiaHTaMH
HEICTOTHA, TOK ONTHMAaIbHOO € 103a N90. Y meHmn
mocynommBax — ymoBax 2023 p.  miIBUIIEHHS
BpOXKaifHOCTI crocTtepiranoch y BapiaHTax N90O—
N180 mpu 301IbIICHH] BPOXXaWHOCTI BIAMOBIIHO J10
30impmenHs no3u azory Ha 0,44-1,70 T/ra. Y
cnpuaATIMBUX  ymoBax 2025 p. miABUILEHHS
BPOXKAHOCTI COPTY 3JIATOYCT CIOCTEPIralioch JIHIIIe
IIPU BUCOKMX n03ax a3oTy N120-N240, mo moxe
MarH 3HAYECHHS TUIBKHU JUTA IHTEHCUBHUX TEXHOJOT1H
JUIE  MaKCHMaJIbHOI — peastizaiiii CoOpToM  CBOIO
MOTEHIIIATY.

Koporkoctebnmmit  copr  Tumodii  maB
MiIBUIIEHY CEPEJHI0 YPOKAMHICTh 332 pOKaMH Ta
BapiaHTaMu JIOCTiKeHb (5,45 T/ra). MakcuMaibHOT
BpOXKaifiHOCTI Oylno JOCATHYTO Y CHPHUSTIMBUX
ymoBax 2025 p. npu BHeCEeHHI a30THHX 100puB N0
— 7,02 T/ra, M0 CBIAYUTH PO MOXJIMUBICTH O1IBIIOT
peamizauii MOTEHLialdy BpOXAaWHOCTI  LUISXOM

'KhAD 650' yielded on average 5.79 t/ha
across the years and fertilization variants.
Regarding its response to fertilization, an
increase in yield was observed in all three study
years. Under the dry conditions of 2023,
nitrogen application increased the yield of
'KhAD 650' by 0.27-1.43 t/ha, depending on the
nitrogen dose. Similar patterns were observed in
the dry 2024, where nitrogen application
increased the yield by 0.53—1.43 t/ha. In the
2025, the effect of nitrogen fertilizer was
weaker, as the yield increase was smaller (by
0.49-0.57 t/ha) and recorded only in the N60 and
NO90 experiments. At the same time, the cultivar
responded well to weather improvement,
increasing its yield up to 7.03 t/ha. Thus, 'KhAD
650" showed an increased mean yield and high
yield potential, which is fully realized under
favorable environmental conditions. Nitrogen
application can stabilize yield performance in
dry years. Under such conditions, the N180 dose
resulted in the maximum yield increase, but
N120 is an economically more viable dose, as it
also significantly increased the yield and was
only slightly inferior to N180.

The mean yield of 'Zlatoust' was high
(5.71 t/ha). This cultivar exhibited the highest
yield potential among the studied genotypes,
amounting to 8.46 t/ha under favorable
conditions with a high nitrogen dose of N240. In
the most arid year, 2024, nitrogen application
increased the yield by 0.25-0.69 t/ha. Greater
yield gains were achieved with N90-N180;
however, since the difference between these
variants was insignificant, N90 is considered the
optimal dose. Under the less arid conditions of
2023, the yield increased in the N90-N180
experiments by 0.44—1.70 t/ha; the higher dose
of nitrogen fertilizer was applied, the greater
gain in the yield was recorded. In the 2025,
'Zlatoust' increased its yield only at high
nitrogen doses (N120-N240), which may be
relevant only for intensive technologies aimed at
maximizing the cultivar's potential.

The short-stemmed cultivar 'Tymofii'
produced an increased mean yield across the
years and fertilization variants (5.45 t/ha). The
maximum yield of 7.02 t/ha was harvested under
the favorable conditions in 2025 when N90 was
applied, indicating a possibility of greater yield
potential  realization through agronomic
measures. In terms of response to nitrogen
fertilization under varying weather conditions,
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TEXHOJIOTIYHUX 3aXOMdiB. 3a pEaKIi€el0 Ha a30THE
JKUBJICHHS TTiJ1 BIUIMBOM TIOTOJTHMX YMOB, Ha BiJIMiHY
Bix coptiB XA/] 650 Ta 3naroyct, copt Tumodiit MmaB
OUTBIIMI BIATYK Ha 1OOpHBa MPH MOKPAIIEHHI YMOB
poky. Y HaitOLmbI mocynuuBux ymMoBax 2024 p. copt
Maifke He pearyBaB ITO3UTHBHO Ha BHECEHHS a3o0Ty.
Jlume y BapianTi N120 crioctepiraioch miBUAIIIEHHS
BpokaiiHOCTI Ha 0,45 T/ra. Y MEHII MOCYIIIMBHAX
ymoBax 2023 p. a30oTHI A0OpHBA IiJBUIIYBaIH
BpoKaifHicTh y BapianTax N90 i Bume Ha 0,33—1,09
T/ra. Y crnpusmimBux ymoBax 2025 p. ypoxaitHicTh
MiIBUIIyBaach y BCiX BapiaHTax 103 a3oTy Ha 0,23—
1,17 T/ra.

Copr nBopyuka €maHp y cepemHbOMY 3a
pOKaMU Ta BapiaHTaMH MaB ITiABHUIICHY BPOXKaHICTh
(5,24 T1/ra). MakcumanbHUIl TIPOSB  TOTEHIATy
BPOXKAHOCTI CIIOCTEPIraBcsl y CIPUSTIANBAX YMOBaX
poky 3a BucOKOi no3u azory N240 (7,54 1/ra). ¥V
mijiomy copt €naHp J00pe pearye Ha BHECEHHS
a30oTHUX n00puB. [liABUIEHHS ypOKalHOCTI TpH
BHECEHHI a30Ty CIIOCTEPITranoch K y OCYIUTNBI, TaK
1 y CHOpUATINBI POKH, 3a BHHSATKOM OKPEMHUX
BapiaHTiB. Buiy BpokaiiHicTh 3a0e3neuyBaiy 1031
N120 ta NI80, 3a sKHX cepemHs 3a pOKaMHU
BpPOXKalHICTh TIepPEBHIITyBaIa KOHTPOJE (0e3 T0OpHB)
BignosiaHo Ha 0,90 Ta 0,93 T/ra. 3 ypaxyBaHHIM
HE3HAYHOI PI3HMIII MDK IIMMH  3HAYCHHSIMH,
ONTHUMAJIBHOIO MOYKHA BBaXKatu 103y N120.

VY cepenHpoMy 3a BCiMa COpTaMH Ta POKaMH
JOCITiJKEHb crioctepiranocs MOCTYTIOBE
MIiBHUINEHHS BPOXKAWHOCTI 13 3O0LIBIICHHSM JI03U
asory Bin 4,72 T/ra y BapiaHTi 6e3 mobpus 1o 5,30
T/ra y Bapianti N120, Ta 3amkenns npu N240 — 5,13
T/Ta. Ale Taka IWHAMIKA HE € 3arajbHoI 1
BIJIPI3HSAETECA TPU CIIOCTEPEKEHHI 32 OKPEMUMHU
copTaMH Ta pOKaMH JOCTI/DKEHb, IO MOXHA
MOSICHUTH 1HAMBIyaJbHOIO PEaKIi€l0 TeHOTHITY Ha
JI03U a30Ty, B3AEMOIIEI0 (haKTOpPiB TEHOTHII, YMOBH
POKY Ta JI03H a30Ty MiX COOOIO Ta BIUIMBOM IHIIHMX
O3HAK Ta YWHHUKIB (BWJISITAHHS, YpaKEHHS
30yIHHKaMU XBOpOO Ta iH.), IO MalOTh BIUTUB HA
BpoKaifHicTh. Hampukian, B yMoBax I0CTaTHHOTO
3BosiokeHHsT 2025 p. coprm XAl 45, XAl 650,
Paputrer Ta  Tumodii  QopmyBamu  BHUILY
BpOKaiHICTh 3a HIDKIUX 1103 AoOpuB: N60 Ta N90, a
coptu Ornekcanap Tta JleoHrtid — y BapianTi 0e3
TOOpHB.

IIpo cyTTeBy pIi3HUIIO 3a peakIli€rd Ha
BHECEHHsSI JTOOpHB Y COpPTiB TpPHUTHKale O3UMOTO
MOBIIOMIISIEThCS. Y JOCHI/DKEHHSIX, IMPOBEICHUX B
IHIIMX arpoKJIIMarMuHUX YMOBaX Ta Ha copTrax
pizHoro noxomkeHHs (Lalevic et al., 2022; Neykov et
al., 2024).

Pesynmerarn  TpUQaKTOPHOTO TUCTIEPCIHHOTO
aHaJ i3y MOKa3ajlk, LI0 BCl TpW JOCIHiIKyBaHi
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unlike 'KhAD 650' and 'Zlatoust', 'Tymofii'
showed a more pronounced response to
fertilizers as year conditions improved. Under
the most arid conditions of 2024, the cultivar
showed a negligible positive response to
nitrogen application, with a yield increase of
0.45 t/ha observed only in the N120 experiment.
Under the less arid conditions of 2023, nitrogen
fertilizers increased the yield in the experiments
N90- N240 by 0.33-1.09 t/ha. In the favorable
2025, the yield was increased by 0.23—1.17 t/ha
in all experiments with nitrogen fertilization.

'Yelan' (cultivar with alternate growth
habit) had an increased mean yield (5.24 t/ha)
across the years and experiments. The maximum
realization of yield potential (7.54 t/ha) was
observed under favorable conditions with N240.
Overall, 'Yelan' responded well to nitrogen
application. Nitrogen-attributed gain in the yield
was observed in both dry and favorable years,
except for some experiments. Higher yields were
harvested with N120 and N180, where the mean
yield across the years exceeded the control
(without fertilizers) by 0.90 and 0.93 t/ha,
respectively. Given the negligible difference
between these values, N120 can be considered
the optimal dose.

On average, across all cultivars and
study years, a gradual increase in yield was
observed as the nitrogen dose increased—from
4.72 t/ha in the control (without fertilizers) to
5.30 t/ha in the N120 experiment, followed by a
decrease at N240 to 5.13 t/ha. However, this
pattern is not universal and varies between
cultivars and years. This can be explained by the
genotype’s individual response to nitrogen
fertilization, interaction between factors
(genotype, year conditions, and nitrogen doses),
and the influence of other traits and factors
(lodging, diseases, etc.) that affect yield. For
example, under the sufficient wetting in 2025,
'KhAD 45', 'KhAD 650', 'Rarytet', and 'Tymofii'
gave higher yields at lower fertilizer doses (N60
and N90), while 'Oleksandr' and 'Leontii'
performed best in the control.

Significant inter-cultivar differences in
response to fertilization were reported for winter
triticale in studies conducted under other agro-
climatic conditions and on cultivars of different
origins (Lalevi¢ et al., 2022; Neykov et al.,
2024).

The three-factor analysis of variance
(ANOVA) showed that all three studied factors,
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(hakTopr, a TakoXK IX B3aEMOIiS MAlOTh iCTOTHHI
BIUIMB Ha MiHJIUBICTh ypOskaiiHOCTI (Tab1.2).

as well as their interactions, made significant
contributions to yield variability (Table 2).

Tadauns 2. Jucniepciiinuii anami3 ypoxxaitHOCTI COpTIB TpUTHKaJe o3umMoro, 2023-2025 pp.
Table 2. ANOVA of winter triticale cultivars yield, 2023-2025.

Cyma Cryniae Cepenniit
. . HIPys
Hucnepcis / KBajgpatiB / | cBobomu, n-1/ KBaJIpar, Fopaxm. ! Foi/ F t/ra/LSD
Variance Sum of Degree of s?/ Mean square Fobs. pEE0 0
5 t/ha
squares freedom n-1 N
3arampHa Cy /
Total C, 1039.54 647 - — — —

ITosTopens C,/

Replications C, 0.29 2 - B B -
Copry Ca / 115.14 11 10.47 116.31 1.92 0.08
Cultivar C,

Poky Cy/ Year Cy 658.22 2 329.11 3656.79 3.09 0.04
Ho6pus C./

Fertilization C. 25.94 5 5.19 57.64 2.30 0.05

Baaemonii Cap/ 85.46 22 3.88 43.16 1.63 0.13

Interaction Cyp

Baaemonif Cac / 41.17 55 0.75 8.32 1.48 0.19

Interaction C,e

Baaemonii Cyc/ 9.17 10 0.92 10.19 1.92 0.09

Interaction Cp,

Bsaemonii Cave/ 86.63 110 0.79 8.75 1.39 0.32

Interaction Cjpe

Sammmiky C,/
Residual C, 17.51 427 0.04 — — —

HaiiGinpimnii BIUIMB MaJli yYMOBH POKY
(63 %), renorur (11 %). Epexru BrummBy B3aemomii
(daktopie  Oyiu OUIBIIMMH HDK  B3aEMOJIi€s
TCHOTHIT/YMOBUA POKY Ta B3aEMOJIS yCIX TPhOX
thaxropis (8 %) (puc. 2).

[TepeBaxkaroumii BILTUB YMOB CEPEJOBHUIILIA HA
(dbopMyBaHHST BPOXKAWHOCTI MiJITBEP/IKYEThCS 1
OaraTtpMa iHITUMU JTOCITIDKEHHSIMU, ITPOBEICHUMHU
B pi3HHX KpaiHax cBiTy. B [HCTHTYTI reHeTHYHHX
pecypciB pociun «Koctsatun Mainkosy (Canoro,
Bonrapis) nmpu BUBUEHHI BOCBMH COPTIB TPUTHKAIE
03MMOTO BIUTUB (PAKTOPY CEPEOBHINA CTAHOBUB
onmu3pko 70%, BILMB (aktopy reHorun 10%, a
B3aemonii nmx Qaxropie 18% (Neykov et al.,
2024). B mocymnmBHX yMOBax 3 €pOJOBAaHUMHU
rpyaTamu Bucokorip’st [liBgennoi Ediomii Brimus
(akTopa yMOB POKY Ha MIHJIHMBICTH YPO)KaHOCTI
II’ITH COPTIB TPUTHKANE cKianaB 64,6 %, a BIIIUB
¢dakrtopa reHOTHMI ~Ta B3aemMoxii  (axropis
reHotun/cepenoBuiie Bignosigao 13,2 % Ta
11,7 % (Tariku et al., 2024). B m’sTupiyaux
JOCIIIDKEHHSIX aalTHBHOCTI 12 COpPTIB TpUTHUKAIIS
03UMOT0 y 58 JoKawlifx, sKi OXOIUIIOITH YCi
MPUPOJHO-KIIMAaTH4HI  30HM [lombiy, BILTUB
(dakropin cepenoBuIIa Ha MIHJIUBICTh
ypoxkaitHocti ctanoBuB 73% (Derejko et al., 2020).

The greatest contributions were made by
year conditions (63%) and genotype (11%). The

contributions of factor interactions were
significant, with the genotype-environment
interaction and the genotype-environment-

fertilization interaction each contributing 8% to the
total variance (Fig. 2).

The predominant influence of
environmental conditions on yield is confirmed by
many other studies conducted worldwide. At the
Institute of Plant Genetic Resources "Konstantin
Malkov" (Sadovo, Bulgaria), a study of eight
winter triticale cultivars showed that the
environmental factor accounted for approximately
70%, the genotype factor — for 10%, and the
interaction of these factors — for 18% (Neykov et
al., 2024). Under the arid conditions and on eroded
soils of the Southern Ethiopian highlands, the
contribution of the year factor to the yield
variability of five triticale cultivars was 64.6%,
while the contributions of the genotype and
genotype-environment interaction was 13.2% and
11.7%, respectively (Tariku et al., 2024). In a five-
year study on the adaptability of 12 winter triticale
cultivars across 58 locations covering all agro-
climatic zones of Poland, the contribution of the
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environment factor to yield variability was 73%
(Derejko et al., 2020).

A; 11%

B; 63%

Puc. 2. Yactka BBy (pakTOpiB Ha MIiHIMBICTh YPOXKAHHOCTI 3epHA 03UMOTO TPUTHKaJE, Ae A — (hakTop reHorun, B
— ¢axrop ymoBHu poky, C — hakTop 1032 azoty, A/B - B3aemogmis reHOTHT/YMOBH pOKy, B/C - B3aemoniss yMoBH
poky/mo3a azoty, A/C - B3aeMoist TeHOTHII/ 032 a30Ty, A/B/C — B3aeMogist Bcix (akTopis.

Fig. 2. Contributions of the factors to the winter triticale yield variability, where: A — genotype factor; B — year factor;
C — fertilization factor; A/B — genotype-year interaction; B/C — year-fertilization interaction; A/C — genotype-
fertilization interaction; A/B/C — interaction of all factors.

B ymoBax Jlicocreny YkpaiHu mpu OLIHII
BIUIMBY (DaKTOpiB TEHOTHII Ta YMOBH pOKY Ha
BpoxaitHicTh 40 CeNneKmiHHUX JiHIH TPHUTUKaJe
o3umoro (MIIT im. Pemecna) Bucokuii BB Maina
B3aeMoOlliss  (aKTOpPiB  IEeHOTHUI/CEPENOBHUIIEC —
39,3 %, a Takox Qakrop cepenosuma — 35,4 %.
BB ¢dakropa renorun cranoBuB  13,8%
(Voloshchuk, Kharchenko, 2017). BpaxoByroun
3HQUHUA  BIUIMB ~ YMOB  BHPOIIYBaHHA  Ha
(hopMyBaHHSI BpOKaiHOCTi, BUPOILLyBaHHS COPTIB 3
BHCOKOIO aJIAITUBHICTIO MOXKE 3HAYHO 3MEHIIUTH
pU3UKH  Hemobopy — BpoXkaiB,  CHPUYMHEHHX
HECTIPUSTIMBUMHU YMOBaMH IIiJ1 4ac BereTarii.

3aranpHa ajanTHBHA 3AaTHICTh TCHOTHITY
(3A3) xapakrepusye cepeaHE 3HAUCHHS O3HAKUA B
pi3HUX yMoBax cepenoBuina. Bumi edexru 3A3
Manu coptu XAJl 650 (0,73), 3maroyct (0,65) Ta
Tumodiit (0,39) (Tabm. 3).
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In the Ukrainian Forest-Steppe, where the
impacts of genotype and year conditions on the
yield of 40 breeding lines of winter triticale (V.M.
Remeslo Myronivka Institute of Wheat) were
assessed, a great contribution was made by
genotype-environment interaction (39.3%) and
environmen (35.4%). The contribution of the
genotype factor was 13.8%  (Voloshchuk,
Kharchenko, 2017). Given the significant
influence of growing conditions on yield,
cultivating highly adaptable cultivars can
substantially reduce the risks of yield losses caused
by unfavorable conditions during the growing
season.

General adaptability (GA) characterizes the
mean value of a trait across different environments.
Higher GA effects were detected in 'KhAD 650'
(0.73), 'Zlatoust' (0.65), and 'Tymofii' (0.39)
(Table 3).
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Table 3. Adaptability and breeding value of the winter triticale cultivars, 2023-2025.

VYpoxaiiHicTs, T/ra / | ATanTHBHA 31aTHICTH / f B A g

Yield, t/ha Adaptability 2 . 5 o m

E 0\ (] T~
~ = .0 o Tz o~
) S < B & 3 =
Coprt / Cultivar ﬁ E n g = = 2 e}
. =< S o g =3

min-max RG] E[ 1) E L i=1 a =)

o) 5 < 3 &0 o= o =

= =R ®) z g 58

s S = = g 3 =

) e . ©p

XA 45/ KhAD 45 3.18-4.86 -0.85 0.47 11.14 0.34 3.81
Parne / Ratne 3.74 -7.26 -0.14 3.43 69.81 0.79 2.00
byker / Buket 3.18-7.42 -0.01 4.83 95.74 0.97 0.94
Jleonrtiii / Leontii 3.30-6.77 -0.24 3.79 78.51 0.94 1.60
Papuret / Rarytet 332-7.16 0.01 5.43 106.98 1.27 0.46
XA 650 / KhAD 650 3.63-7.50 0.73 4.26 73.64 1.00 2.16
Anam / Adam 3.00-7.10 -0.15 6.05 123.13 1.34 -0.23
Omnekcanp / Oleksandr 3.16 — 6.96 -0.39 4.24 90.89 0.96 1.06
€ianb / Yelan 3.46 —-7.54 0.18 4.90 93.51 1.19 1.07
3naroycrt / Zlatoust 3.47-8.46 0.65 6.30 110.45 1.47 2.35
Tpudon / Tryfon 334-644 -0.18 2.98 61.10 0.66 2.34
Tumodiii / Tymofii 3.72-7.20 0.39 4.58 84.10 1.09 1.55

Bkazani copTd Manu BUILYy BpPOXKalHICTH B
cepemHbOMY y jociigi. BoHM Marote BHCOKHMit
MOTEHINal  ypOXKaWHOCTI, MJ0OpWiA BIATYK Ha
BHECEHHsI a30THUX JIOOPWB Ta CHPHUSTIUBI MOTOIHI
ymoBu. [1pu 1boMy, HaBeJIeHI COPTH MaJIK CepelTHI Ta
BHACOKI  TOKAa3HWKW  CHEeMU(iYHOi  aJanTHBHOL
3JIATHOCTI, 10 CBIYUTh HPO HECTAOIIBHUN TPOSB
BHCOKOI BPOXKAMHOCTI B Pi3HUX BapiaHTax JOCIIAY.
3a TOKa3HUKOM BiHOCHOI CTaOiIBbHOCTI TE€HOTHITY
kpaummu Oymu coptu XAl 650 (73,64 %) Ta
Tumodiit (84,10 %). bimemr crTabimbHUME 32
(hopMyBaHHAM ypOXKaWHOCTI B PI3HUX YyMOBax
BUPOIyBaHHS ~ Ta  A30THOTO  JKMBJIEHHS 32
nokazaukom CA3 Oymu copru XAl 45 (0,47),
Tpudon (2,98), Parue (3,43) ta Jleowntit (3,79).
CrabuIpHICTh IUX COPTIB MiATBEPAXKYETHCS TaKOXK 1
HIDKYUMH ~ 3HAUCHHSIMH  TIOKa3HUKA  BIiJIHOCHOT
CTaOLIBHOCTI ~ TCHOTHITY, SKUH  XapaKTEepPU3ye
3[0aTHICTh TEHOTUIy B PE3YNbTaTi PEryIaTOPHUX
MEXaHi3MIB MATPUMYBaTH TMeBHUH (eHOTUN B
PI3HHX yMOBaX cepeioBHIIIA.

KoedimienT miniiHoi perpecii (bi) Bkazye Ha
PEeaKIilo COpTiB HA 3MiHY YMOB BHPOIILyBaHHsI, TOOTO
XapaKTepPHU3y€e EKOJIOTIYHY IUIACTUYHICTh IeHOTHIIIB.
Uum Bumie 3HadeHHst koedimienty (bi > 1), Tum

OiMBIIMM  BIATYKOM Ha  TOKpalleHHS  YMOB
XapakTepu3yeTbcss JaHui  copT. Taki coprtu
30

The aforementioned cultivars gave the
highest mean yields in the experiments. They
possess high yield potentials and respond well to
nitrogen fertilization and favorable weather. At
the same time, these cultivars showed medium to
high SA values, indicating their high yields were
unstable  across  different  experiments.
According to the genotype’s relative stability,
the best cultivars were 'KhAD 650' (73.64%) and
"Tymofii' (84.10%). Based on SA, 'KhAD 45'
(0.47), 'Tryfon' (2.98), 'Ratne' (3.43), and
'Leontii' (3.79) were more stable cultivars in
terms of yield across different growing
conditions and nitrogen fertilization levels. The
stability of these cultivars is also confirmed by
lower values of relative stability, which
characterizes the ability of a genotype to
maintain a certain phenotype in different
environments through regulatory mechanisms.

The linear regression coefficient (bi)
measures the cultivars’ responses to changes in
growing conditions, thereby characterizing the
environmental plasticity of genotypes. The
higher the coefficient is (bi > 1), the stronger the
response to improved conditions is. Such
cultivars are demanding regarding
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BUOAIIMBI [0 YMOB CEpEelOBHINA, TLTBKH 3a
HasBHOCTI TaKMX YMOB BOHH MAaKCHMAJIbHO
peani3ytoTh cBiii notenmian. Y Bunaaxy (bi < 1) copt
pearye ciabiie Ha 3MiHY yMOB, HIX B CEPEIHbOMY
Bech Hallp MOCTiHKyBaHMX TeHOTHHIB. Taki copTh
Kpalle BUKOPHUCTOBYBAaTH Ha €KCTEHCHBHOMY (OHI,
ne BOHM 3abesrmedarp MaKCHMyM Bifaadi TIpH
MiHiMyM1 BuTpat. Skmio bi = 1 BimOyBaeTbcs OBHA
BIZIMOBIHICTh 3MiHU YPOXKAHHOCTI COPTY A0 3MiHU
YMOB cepenoBumia. HalOumbin miacTuuyHUMU Oyau
coptu 3maroyct (1,47), Amam (1,34) ta Papurer
(1,27). Li copt MaloOThb BHCOKHH TOTEHIiA
YPOXKaHHOCTI Ta 37aTHI MAKCUMAIILHO Peati3oByBaTh
Woro y cropusnMBHX yMoBax. JlOMTEHEM €
BUPOIIYBaHHS IIHX COPTIB B YMOBaxX IHTEHCHUBHOTO
3emiiepoOCTBa Ta  OUIBII  CTaOUIBHMX 34
arpoKJIiIMaTHYHUMHA YMOBaMH 30HaX.

CenexmiitHa miHHicTh reHoTHy  (CLID)
XapaKTepU3ye TIOETHAHHS cTablIBHOCTI,
TUIACTUYHOCTI Ta BpPOXaWHOCTI TeHoTHITy. Bucoka
CUI' cBimunTh TPO BIiZHOCHO BHUCOKI piBHI
mapaMeTpiB  aJanTHBHOCTI Ta ONTHMAalbHE iX
MOENHAHHS 3  TIJBHUIICHOI  YPOXKaHHICTIO.
Haiummit  piBers CLI' cepen mocmimkyBaHUX
copriB MmaB XAJ[ 45 (3,81). Xoua 1ieif copTt mposiBIIsiB
cepemHii  piBeHb  ypoXaWHOCTi, Big  OyB
MaKCHMAaJIbHO CTaOlILHUM 3a POKaMHU JOCITIDKEHb Ta
3a Pi3HHUX J103 BHECEHHs a30Ty. Tomy copt XAJ] 45
EKOHOMIYHO JIOIITEHO BHPOIILYBaTH y
HECTIPUSTIMBAX YMOBAaxX Ta HH3BKOMY arpogoHi,
HampuKiIag, y  30HaX, HENpUAATHUX Ui
BupolryBanHs muenuni. Bucoky CLI' Takox maB
copt 3mnaroyct (2,35), 1m0 3yMOBIIEHO BHCOKOIO 3A3,
IUIACTUYHICTIO Ta MOTeHUianoM ypoxaiHocti. Copt
Tpudon BusiBuB Bucoky CLI (2,34), saxa 3ymoBiIeHa
MiIBUIIEHOIO CEPEHBOI0 BPOXKAMHICTIO 32 Pi3HUX
YMOB BHPOIIYBaHHS Ta BUCOKOIO ii CTaOUIBHICTIO.
Takox 3a migBuieHnM mmokasHukoM CLIIT Bumineno
copt XA/l 650 (2,16), 1110 3yMOBITIOETHCS HAMBUIITUM
y mochimi  mokasHukoM 3A3  Ta  BiTHOCHOIO
cTabuIbHICTIO TeHoTHImy. Lli copTi MaroTh BHCOKHIA
MOTEeHLIa]l ypOXKAaHHOCTI, SKWM BHUABISAIOTH 32
CTIPUATIMBUAX YMOB 1 MarOTh 3/IaTHICTh IPOTHCTOSTH
HECTIPHUSTINBAM YMOBaM POKY.

BucHoBkn.

BusnadeHo piBeHb ypokaiiHOCTi 3epHa, i
CTaOUIBHICTD Ta aJalTHBHICTH 12 COPTIB TpUTHKaiE
03MMOTO0 32 PI3HHX YMOB  HABKOJHIIHBOTO
CepeJIOBUINA Ta JI03 a30THOTO KHUBJICHHS.

3a pesynsraraMHM JUCIIEPCIHHOTO — aHaJi3y
BCTaHOBJICHO, 1110 HA MIHJIMBICTh YPOXKaHHOCTI MaJId
ICTOTHMH BIUIMB yCi JIOCHI/DKYBaHI  (haKToOpH:
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environmental conditions; they fully realize their
potential only under favorable conditions. In the
case of bi < 1, the cultivar responds more weakly
to changing conditions than the average of the
entire sample of studied genotypes. It is better to
grow such cultivars by extensive technologies,
where they will provide maximum return with
minimum costs. If bi = 1, the change in the
cultivar's yield fully corresponds to the change
in environmental conditions. The most plastic
cultivars were 'Zlatoust' (1.47), 'Adam' (1.34),
and 'Rarytet' (1.27). These cultivars have high
yield potentials and are capable of maximizing it
under favorable conditions. It is advisable to
grow these cultivars using intensive farming
techniques and in zones with more stable agro-
climatic conditions.

The breeding value of the genotype (BVG)
characterizes the combination of stability,
plasticity, and yield of a genotype. A high BVG
indicates relatively high adaptability and its
optimal combination with increased yield. The
highest BVG among the studied cultivars was
recorded for 'KhAD 45' (3.81). Although this
cultivar gave a medium level, it was maximally
stable across the study years and different
nitrogen doses. Therefore, it is economically
viable to grow 'KhAD 45' under unfavorable
conditions, using low-input agronomic
measures—for example, in zones unsuitable for
wheat cultivation. 'Zlatoust' also showed a high
BVG (2.35) due to its high GA, plasticity, and
yield potential. 'Tryfon' exhibited a high BVG
(2.34), resulting from a consistently increased
mean yield under various growing conditions.
Additionally, 'KhAD 650' stood out because of
its increased BVG (2.16), which is driven by the
highest GA in the experiments and the relative
stability. These cultivars have high yield
potentials, which they realize under favorable
conditions, while also possessing the ability to
withstand adverse conditions.

Conclusions.

The grain yields, stability, and adaptability
of 12 winter triticale cultivars were determined
under varying environmental conditions and
nitrogen fertilizer doses.

According to the ANOVA results, all
studied factors — genotype, environment,
nitrogen fertilization, and their interactions —
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T€HOTHII, YMOBH HAaBKOJIMIITHHOTO CEPEIOBHIIA, /1032
a30Ty, a TakoX B3aeMofis IMX  (aKTOpiB.
Haii6inpmmii BriMB Manu yMoBH cepefoBuima (63
%) Ta  TEHOTHI (11 %), B3a€MOIIA
TEHOTHUII/CEPEIOBUIIIE Ta B3AaEMOMIS YCIX TPHOX
(haxropis (8 %).

Copru XAJI 650, 3naroyct Ta Tumodiit MaroTh
BHCOKY 3arayibHy QJaNTHBHY 3/aTHICTE. Bonu
(dopMyBany BUILYy BPOKAHHICTH Yy CEpEeTHBOMY Y
nociini (BiamosinHo 5,79 T/ra, 5,71 T/ra Ta 5,45 1/ra).
Haitbinpm  crabimpHEIMH 32 (OpPMyBaHHSIM
YpO)KalHOCTI B PIi3HHX YMOBax BHPOLIYBaHHS Ta
A30THOTO J>KMBJICHHS 3a BapiaHCOO crenugiqHoi
aalTUBHOI 3[aTHOCTI Ta BIJHOCHOIO CTAOLIBHICTIO
rerotuny Oymu copta XA/l 45, Tpudon, Parne ta
JleonTiit. HalOinpIll MIacTHYHUMHU 32 TTOKa3HUKOM
koeimieHTy perpecii Oyau coptu 3naroyct, Ajam Ta
Papurer. 1li copTi MarOTh BHCOKHU ITOTEHIial
YpOXKalHOCTI Ta 3[aTHI MAKCHMAJILHO Peajli3oByBaTH
WOro y CHPUATIMBUX YyMOBaX. 3a IMOETHAHHIM
CTaOUTBHOCTI, IDIACTUYHOCTI Ta  BPOXKAHHOCTI
HaNBHII TOKA3HUKH CETEKITIIHOI IIIHHOCTI TEHOTHITY
Manmu coptu XA/l 45, 3naroyct, Tpudon ta XAJ]
650. IIi copru MarOThb BHCOKHH TMOTEHIIIANT
YPOXKAHHOCTI, SKAN TPOSBISIIOTH 33 CHPUSTIHBHX
YyMOB 1  MaloThb  3AaTHICTh  IMPOTUCTOSTH
HECTIPDUSATIMBAM yMOBaM DPOKY, TOMYy 37aTHi
3a0e3MnedyBaTd BHCOKY CTaOUTBHICTH (OpMyBaHHS
BPOJKAI0 32 Pi3HUX YMOB BHUPOIIYBaHHSI.

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

Buxopucranns mry4Horo inrenaexry (LI): TIpu
MIJrOTOBIII 1 HATUCAHHI CTATTI IITYYHUH 1HTCICKT
HE BHKOPHCTOBYBABCSI.

Konduikr inTepeciB: ABTOp 3asBisie 1po
BIJICYTHICTh KOH()IIKTY iHTEPECIB.

dinancyBanHs: PoOora BUKOHYyBajiacs B paMKax
3aBganHg  13.00.04.01.® «JlocmiakeHHS OCHOBH
0lOXIMIYHOTO ~ Ta  MOJEKYISIPHO-T€HETHYHOTO
noJiiMop(hisMy TPHUTHUKAJIEC TPU CTBOPEHHI COPTIB
PI3HOTO THITY PO3BUTKY 3 BUCOKHMH aJIalITHBHUMH,
YpOXKaWHUMH, XJIiOOMEKApChKUMH 1 KOPMOBUMH
BJIACTUBOCTSIMID.
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Pedepar: HaBeneHO KOMIUICKCHY CEJIEKIIHHO-TEHETUYHY XapaKTEPUCTHKY COPTY O3UMOI MIICHHULI
Bononapka Hocismuan (Hociecska CAC HAAH VYkpainm). BcraHoBIeHO, IO COPT HANEXUTHh 0O
aJalTUBHOTO THUIY YHIBEpCaJbHOTO NpPU3HAYEHHS, MOEJIHYIOUM pallioHAlbHY apXiTEKTOHIKY POCIHH
(MIIHICTE COJOMWHHU, BKOPOYEHE MiKOJIOCOBE MIXKBY3IS, HAIliBEPEKTOIMHHIA TaliTyC MpParopieBoro
JUCTKA, BUPAXKEHA OCTUCTICTh KoJloca) Ta (OTONEpioANYHY TUIACTHYHICTh. 3a pe3yJibTaTraMu TPUPIYHUX
nociipkens (2022—-2025 pp.) ypoxaiiHicTh copTy cranoBuia 5,65-9,10 1/ra, mo Ha 8—10 % nepesuiiye
NOKa3HUKHU BUCOKOIHTEHCHBHUX COPTIB OPiBHAHHS, 30KpeMa B yMOBax Ae(inuTy BOJIOTrH. 32 KOMIUIEKCOM
TEXHOJIOTIYHHUX TapameTpiB 3epHa (Harypa 790 r1/;, Ginok go 14-16 %, kneiikoBuna 22-27 %, cuna
OoopomHa 138—178 0.a.) reHoTHN ieHTH(]IKOBAHO SK IiIHHY TpoxoBonbay merunro (II rpymna skocTi, 3a
TEXHOJIOTIYHOIO Kiacupikaiieo — cuiIbHUN ¢inep). Y MOpiBHAHHI 3 eTaJoOHHUME copTaMu (CMyTIIsTHKa,
besocra 1, Tpizo), Bomomapka HociBuimam JIeMOHCTpYE MOETHAHHS BHCOKOI MPOIYKTHBHOCTI,
aJJalTHBHOCTI Ta CTaOUIBLHOI SIKOCTI 3epHA, MO0 BH3Ha4ae€ ii I[iHHICTh IS HAIIOHAIBHOI MPOJOBOIBYO]
Oe3mexu Ta iHTerparii y Mi>kHapOIHi CeNeKIiiHi miarhopmu.

KuarouoBi cioBa: Triticum aestivum L., copt, Bonogapka Hocismuau, Mmopdonoriano-¢isionoriai
XapaKTePUCTUKH, BPOKAWHICTS 1 SIKiCTh 3€pHA, CTIMKICTh TPOTH HECTIPUATINBUX OI0THYHUX 1 a010THUHUX
YUHHHKIB.

Abstract: The article provides a comprehensive breeding and genetic characterization of the winter
common wheat cultivar 'Volodarka Nosivshchyny' (Nosivska Breeding and Research Station of the V.M.
Remeslo Myronivka Institute of Wheat of NAAS of Ukraine). It was established that this cultivar belongs
to an adaptive, universal-purpose type, combining rational plant architecture (culm strength, shortened
peduncle, semi-erect flag leaf, and pronounced spike awnedness) with photoperiodic plasticity. A three-
year study (2022—-2025) showed that the grain yield of the cultivar ranged from 5.65 to 9.10 t/ha, which is
8—10% higher than that of high-intensity check cultivars, particularly under moisture deficit. According
to the set of technological grain parameters (the test weight is 790 g/L; the protein content is 14—16%; the
gluten content is 22-27%; and the flour strength is 138—178), the genotype was identified as valuable
bread wheat (Quality Group II; according to technological classification — a 'strong filler'). Compared to
reference cultivars ('Smuhlianka', 'Bezosta 1', '"Trizo"), "Volodarka Nosivshchyny' demonstrates a
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combination of high productivity, adaptability, and stable grain quality, which determines its value for
national food security and integration into international breeding platforms.

Key words: Triticum aestivum L., cultivar, 'Volodarka Nosivshchyny', morpho-physiological traits,
grain yield and quality, resistance to adverse biotic and abiotic factors.

Beryn

YV XXI cr. mmenuns M’sika o3uma (7Triticum
aestivum L. 3aJIUIIAETHCS KITIOYOBOIO
TPOZIOBOJIEIOI0 KYJIBTYPOIO, IO 3a0e3mnedye ITOHa
20%  Kanopilf, CHOKMBAHMX  JIIOACTBOM. i
BUPOOHUIITBO  JeAalli  OUIbIIE  3aJCKUTh  BiJ
3[IATHOCTI COPTIB aAaNTyBaTUCs 10 HOBUX BUKJIHKIB:
KIIIMaTW4HOi TypOYJIEHTHOCTI, Jerpajalii IPyHTiB,
HecTabiIbHOCTI arpo()OHIB, EHEPreTUUHUX KPH3 Ta
reonomitiaHoi  Hanpyru. Jma  Ykpaiam, ska
nepedyBae B yMOBaxX IIOBHOMACIITAOHOI BilHH,
MUTaHHS  [POJOBOJNBYOI  Oe3mekn  HalyBae
KPUTHYHOTO 3HAYCHHS, a COPTOBHI pecypc crae
CTpaTeriyHuM iHCTPYMEHTOM CTabiIbHOCTI.

OcTaHHIMH pPOKaMH Yy CBITI PO3BHUBAETHCS
IHTETpaTMBHA CEJICKIlis, IO TMOEIHYE KJIACHYHI
MAXOMM 3 MOJEKYJISIPHUMH IHCTpyMeHTaMH. Tak,
Lama et al. (2023) moka3asu, IO IIiJABUIICHHS
TEMIIepaTypu TMiJ 4Yac penpoAyKTHBHOI ¢azu Ta
BomHMK nmediUT Ha erami TMpOpPOCTaHHS €
OCHOBHUMHU UYMHHHKaMH 3HIDKCHHS BPOXXaHHOCTI
mrenuri. Waites et al. (2025) migkpecnuiu poiib
TexHomnorii peaarysanasa reHomy (CRISPR/Cas9) y
CTBOPEHHI KJIIIMaTHYHO CTIHKHUX copTiB. Abiola et al.
(2024) HarojmocuiIM Ha BaXJIMBOCTI TE€HETUYHOL
cTabinpHOCTI OiikoBOrO criekrpa. Bomnouac Nature
Climate Change (2024) 3a3Hauae, mo TpauIiiHI
CEJISKIIIfHI cTpaTerii He BCTHralOTh 3a TEMIIAMHU
KIIIMaTW4YHUX 3MiH, 1 TOMY MOTpiOHI IHHOBaLiiHI

mozneni COPTOTBOPEHHS
(https://www.nature.com/articles/d41586-025-
02321-3).

B Vkpaini hopMyBaHHS aJIaNTUBHUX COPTIB €
MPEAMETOM AaKTHBHUX JOCHi/KEHb Yy MPOBIJHUX
ycranoBax HAAH Ta arpapHux yHiBepcHTeTax
(Holodna, Holyk, 2022; Tyshchenko et al., 2023;
Demydov et al., 2024; Khoroshun, Nazarenko, 2024).
Li po6oTH miATBEPAKYIOTh AKTyaIbHICTh CTBOPEHHS
COPTIB 3 BHCOKOIO CKOJIOTIYHOK IUIACTHYHICTIO,
CTaOUIbHOIO BpPOKAWHICTIO Ta ONTHUMIi30BaHUMU
010XIMIYHUMH TTOKa3HUKaMH.

Y 1bOMy KOHTEKCTI OCOOJHMBY  yBary
NPUBEPTAIOTh TEHOTUIH IIHHOT  TPOJOBOJBIOL
mmenni  (pinepHuit TMH) — Ti, SKI He JMIIe
JIEMOHCTPYIOTh CTa0UIbHICTh y BHUPOOHHIITBI, a |
CIYI'YIOTh I1aTGOpPMOIO JUIS CTBOPEHHS HOBHUX
ananTuBHMX (OpM. IXHA WiHHICTH moONATaE y
MOETHAHHI ONTUMAJILHOI Mopdomnoriyaoi
ApXITEeKTOHIKH, (OTONMEPIOANYHOI  TUIACTUYHOCTI,
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Introduction

In the 21* century, common winter wheat
(Triticum aestivum L.) remains a pivotal food
crop, providing over 20% of the calories
consumed by humanity. Its production
increasingly depends on the ability of cultivars
to adapt to new challenges: climate turbulence,
soil degradation, variable farming practices,
energy crises, and geopolitical tensions. For
Ukraine, amid a full-scale war, food security
issues have become critical, and cultivar
resources have turned into a strategic tool for
stability.

In recent years, integrative breeding has
been developing globally, combining classical
approaches with molecular tools. For instance,
Lama et al. (2023) demonstrated that
temperature increases during the reproductive
phase and water deficit during germination are
the main factors reducing wheat yields. Waites
et al. (2025) highlighted the role of genome
editing technologies (CRISPR/Cas9) in
developing climate-resilient cultivars. Abiola et
al. (2024) emphasized the importance of the
genetic stability of protein composition.
Meanwhile, Nature Climate Change (2024)
notes that traditional breeding strategies are
failing to keep pace with climate change,
necessitating  innovative  cultivar-creation
models
(https://www.nature.com/articles/d41586-025-
02321-3).

In Ukraine, the development of adaptable
cultivars is a subject of extensive research at
leading NAAS institutions and agricultural
universities (Holodna & Holyk, 2022;
Tyshchenko et al., 2023; Demydov et al., 2024;
Khoroshun & Nazarenko, 2024). These studies
confirm the relevance of creating cultivars with
high environmental plasticity, stable yields, and
optimized biochemical parameters.

In this context, genotypes of valuable
food-grade wheat (filler type) attract particular
attention — those that not only demonstrate
production stability but also serve as a platform
for developing new adaptable forms. Their
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CTabUTEHOCTI O1JIKOBOTO podisro Ta
CTpecOCTiHKOCTi, IO  J03BOJsE€  (hOpMyBaTH
CeNeKiHHO TpHUIaTHI pilleHHs 11 MaiOyTHIX
TTOKOJTiHb COPTIB.

Mertoto  JOCHiDKEHHS €  KOMIUICKCHA
CeNeKliiHa 1 TEeHeTMYHa XapaKTepHCTHKa COPTY
o3uMoi mmieHUNi  Bomomapka HociBommHM 5K
(biepHOTO THITy CTPATETIYHOTO MPU3HAYEHHS, IO
MOKJIMKaHa 3allOBHUTH NPOTAMHYy Y CYYacHHX
NOCIIPKEHHSAX aJallTUBHOCTI Ta 1HHOBAIIWHOTO
COPTOTBOPEHHS B YMOBaX KJIIMaTHIHHUX 3MiH.

Jnst mOoCSTHEHHS MOCTaBJIeHOI METH y poOOTi
BUPIIIYyBaJIH TaKi 3aBIAHHS:

—  BU3HAYUTH  PiBeHb  MOPQOJIOTIIHOT
CTPYKTYpH, (oTorIepioqMYHOI  TIACTUYHOCTI,
CTabIBHOCTI OLTKOBOTO podiTro Ta

CTPECOCTIHKOCTI COPTY;

— TOpIBHATH 3 ICHYIOUUMH COpPTaMH, IO
KyJABTHBYIOTbCS B YKpaiHi, Ui BU3HAYCHHS
cTpareriuHoi poii copry Bomomapka Bomomapku
HociBuuan y ¢opmyBaHHI COPTIB MalOyTHBOTO
TTOKOJIHHS.

Metoauka

HocnimxeHHs 3AilCHIOBal HA CTallioOHapax
Hociscekoi CEJEKUIHHO-10CIIi THOT CTaHIii
MUpOHIBCHKOTO 1HCTUTYTY mimeHuIi iM. B. M.
Pemecna HAAH VYkpainu y 1998-2012 pp. ta B
2020-2025 pp. HocmimHe mone po3TamioBaHe B
MeXax EKOTOHY JIHipOBCHKOI HU3OBHHHM, SKUN
nepeOyBae  miJ  BIUIMBOM  JIBOX  (pi3UKO-
reorpadiuanx 30H — Ilomiccs Tta Jlicocremy.
[liBnenna wyactmHa Hanexuts g0 Jlicocremy,
miBHiuna — g0 Ilomiccsa. ITlpupomHa Mexa
MIPOXOMNTH JiHi€I HaceleHux MyHKTIB KoOumia —
Hociska — HixuH.

[pyHTH [OCHIAHOI IiISAHKM — YOPHO3EMH
BHJTYTYBaHI MaJOTYMYCHI JIETKOCYTJIMHKOBi. BoHHM
XapaKTepU3yIOThCA TAKUMU NokasHukamu: pH 5,0—
5,5; rigponiTHyHa KMUCIOTHICTD — 4,3 Mr-eke/100 T
IPYHTY; BMICT TymMycy — Onm3bko 2,5%; a3or, mo
JIETKO Tiapoji3yeTrbest — 119 Mr/kr; HiTpaTHUN Ta
aMOHIHHMI a30T — 14 Ta 26 Mr/kr BianosigHo; P20s
— 109 mr/kr; K20 — 75,5 Mr/kr; cyma moriauHyTUX
ocHoB — 11,2 wmr-eks/100 T TpyHTY; CTyHiHb
HACHYEHOCTI OCHOBaMH — 72,4%.

Kiimar mepexinnoi Ilomiceko-JlicocTemoBoi
arpoeKoJIOTiYHOT 30HU MIOMipHO
KOHTHMHEHTAJIbHUW, TEIUIUH, 13 JOCTaTHIM PiBHEM
3BoJiokeHHS. CepenHbOpiuHA KiNBKICTh OMNaAiB
CTAHOBUTH Onm3pk0 575 MM, TpuUBaiCTh

value lies in combinations of optimal
morphological  architecture, photoperiodic
plasticity, protein profile stability, and stress
resistance, which allows for breeding-suitable
solutions for future generations of cultivars.

The purpose of this study was to provide
a comprehensive breeding and genetic
characteristics of the winter wheat cultivar
'"Volodarka Nosivshchyny' as a strategic filler
wheat intended to fill the gap in current research
on adaptability and innovative cultivar
development under climate change.

To achieve this goal, the following
objectives were addressed:

e To describe the morphological struc-
ture, photoperiodic plasticity, protein profile
stability, and stress resistance of the cultivar;

e To compare it with existing cultivars
grown in Ukraine and to determine the strategic
role of "Volodarka Nosivshchyny' in shaping
next-generation cultivars.

Methods

The study was conducted at the long-term
experimental sites of Nosivka Breeding and
Research Station of the V.M. Remeslo Myronivka
Institute of Wheat of NAAS of Ukraine (NBRS
RMIW NAAS) in 1998-2012 and 2020-2025. The
experimental field is located within the ecotone of
the Dnieper Lowland, which is influenced by two
physiographic zones: the Polissia (mixed forests)
and the Forest-Steppe. The southern part is the
forest-steppe, and the northern part is mixed
forests. The natural boundary runs along the line of
the following settlements: Kobyshcha — Nosivka —
Nizhyn.

The soils of the experimental plot are
leached, low-humus, light-loamy chernozems.
They are characterized by the following parame-
ters: pH 5.0-5.5; hydrolytic acidity — 4.3 meq/100
g of soil; humus content — approximately 2.5%;
easily hydrolyzable nitrogen — 119 mg/kg; nitrate
and ammonium nitrogen — 14 and 26 mg/kg, re-
spectively; P.Os — 109 mg/kg; K:O — 75.5
mg/kg; total exchangeable bases — 11.2 meq/100
g of soil; and base saturation degree — 72.4%.

The climate of the transitional mixed forests-
forest-steppe agroecological zone is temperate
continental, warm, with sufficient wetting. The av-
erage annual precipitation is about 575 mm, the
frost-free period lasts 200-205 days, and the hy-
drothermal coefficient is 1.5-1.6.
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O0eamoposHoro  mepiogy —  200-205  #i0,
rizporepMignnii koedirient — 1,5-1,6.

Jns mopiBHANBHOI OIIHKH HOBOTO COPTY
Bononapka HociBmuan y 2018-2025 pp. Oynu
3aJIy94eHi KOHTPOJIbHI COPTH O3WMOI MINEHUII, SKi

MAalOTh IMOMIOHI MOPQOJOTIYHI Ta TEXHOJIOTIUHI

xapakrepuctuku. Jlo  rpymu  BITUM3HSHHX
HaJIe)Kan CMyrsHKa (opurinaropu -
MupoHiBCBKHH IHCTUTYT mmieHuri iM. B.M.

Pemecna HAAH ta Iacturyt ¢isionorii pocius i
redetukn HAH  VYkpaimm) Ta  KysansHuk
(Cenmexmnienrp  Opmeca). Jlmg  MiKHApPOTHOTO
MOPIBHSHHS BHKOPHCTOBYBallM COpTU JIBOpSHKA,
Tpizo Ta bBesocra. Ix 3amydemns mo3BommiIO
00’€KTHBHO OIL[HUTH CEJEKIIMNHUNA IOTEHIal
HOBOTO COPTYy B yMOBaX IEPEXiJHOI EKOTOHHOI
3o0uU [lomices ta Jlicocremy (tabm. 1).

To comparatively assess the new cultivar
"Volodarka Nosivshchyny' in 2018-2025, winter
wheat check cultivars with similar morphological
and technological characteristics were included in
the study. Ukrainian cultivars  included
'Smuhlianka' (originators — V.M. Remeslo My-
ronivka Institute of Wheat of NAAS and the Insti-
tute of Plant Physiology and Genetics of NAS of
Ukraine (IPPG NAS)) and 'Kuialnyk' (Plant
Breeding & Genetics Institute — National Centre of
Seed & Cultivar Investigation (PBGI-NCSCI)).
For international comparison, the cultivars 'Dvor-
yanka', 'Trizo', and 'Bezosta' were used. Their in-
clusion allowed for an objective evaluation of the
breeding potential of the new cultivar in the mixed
forest-forest-steppe ecotone (Table 1).

Tadauns 1. CepenHi NOKa3HUKH TPOAYKTUBHOCTI Ta SKOCTI 3epHa copTiB 03uMoi mireHuni (2018-2025 pp.) y

nepexinHiit nixzoi Jlicocren—Ilomices

Table 1. Mean yield and grain quality indicators of the winter wheat cultivars (2018-2025) in the transitional forest-

steppe—mixed forest subzone.

Coprt / Cultivar
Opurinatop, kpaina / Origi-
nator, country

Bucora pocnu, cM / Plant

height, cm

YpoxalHiCTh 3epHa, T/Ta /
Grain yield, t/ha
Bwicr 6inka, % / Protein
content, %

Bwmicr xireiikoBunu, % /
Gluten content, %
CrifikicTb 110 ipki (6ai) /
Rust resistance score,
points
CTIHKICTh IO CENTOPiO3y
(6am) / Leaf blotch re-
sistance score, points

MIIT HAAH + I®PT
HAH, Vkpaina / RMIW
NAAS + IPPG NAS,
Ukraine

Cwmyrsgaka / Smuhlianka

102.5

Bononmapka Hocipurusau /
Volodarka Nosivshchyny

Hociecrka CJIC HAAH,
VYkpaina / NBRS RMIW
NAAS, Ukraine

82.7

6.4

13.5

27.5

Kysunpauk /
Kuialnyk

CTI-HIIHC / PBGI-
NCSCI, Ukraine

88.5

6.2

13.8

27.2

JBopsHKa /
Dvoryanka

MixHapoaHa cenexIis /
International breeding

97.3

6.1

13.5

23.8

Tpizo / Trizo

KWS, Himeuunna /
KWS, Germany

92.5

5.7

14.7

24.6

Besocra / Bezosta

MixHapoaHa cenexIis /
International breeding

96.6

59

12.9

26.5

HIPy.05/ LSDo.05

2.5

0.28

0.22

0.25

[potsrom 19992025 pp. Big3Hauanucs pizHi
TiIpOTEpMiuHI MOKa3HUKH. Yrponmosxk 1999, 2003,
2008, 2011 Ta 2013-2014 pokiB crnocrepiraiucs
AQHOMAJIbHI IIOTO/IHI YMOBH, II0 CYTTEBO BiJPi3HSUTHCS
BiJl cepeAHpOOaraTopiuyHUX MOKa3HUKiB. OciHHI
MOCYXH Ta HECTaOlIbHA BOJIOTICTH MPHU3BOIWIN JIO
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Different hydrothermal indicators were
recorded in1999-2025. Throughout 1999, 2003,
2008, 2011, and 2013-2014, anomalous weather
conditions occurred, which significantly
deviated from the long-term averages. Autumn
droughts and unstable wetting led to sparse
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3pIKEHNX CXOMIB, CTaOKOTO KYIIEHHS Ta 3HMYKEHHS
rycrotd mociBiB. CTaH POCIMH TMIICHHUII O3UMOI
MPOTATOM BHINIE3a3HAYEHUX POKIB OLIHIOBABCS HA
piBHI 4-5 OamiB, 10 BiANOBiTae cepeaHbOMY abo

HIDKYOMY BiJI CEPETHBOTO PIBHIO PO3BHUTKY (Ta0II. 2). of development (Table 2).

seedlings, weak tillering, and reduced crop
density. During these years, the condition of
winter wheat plants was rated at 4-5 points,
corresponding to a medium or even worse level

Taommus 2. [Torogui aHoMatii Ta 0i0J0TIUHI peakiii mimeHuIi 03uMoi copty Bomomapka Hocismuau, 1999-2025 pp.
Table 2. Weather anomalies and biological responses of the winter wheat cultivar 'Volodarka Nosivshchyny'

(1999-2025)

Cran pociuH
copty Bononapxka
Biomoriuanii BINIMB Ha MOCIBH MIIICHUIT Hocismim
. Knimarnuni ocobnuBocti / Weather R . CHHLL (mkana 1-9) /
Pik / Year . o3umoi / Biological Impact on Winter o
Anomalies Wheat Crops Condition of
p "Volodarka
Nosivshchyny'
Plants (1-9 scale)
- o HepiBHOMipHa TOsiBA CXOMIB, PEAYKILs
1999 AHOMAbHI TIIOTECPMIH yMoBH / npoayktuBHocTi /  Uneven seedling 5
Anomalous hydrothermal conditions Lo o
emergence, reduction in productivity
laporepmiuna HecTabinbHICTh, | Ociabnene KyILeHHS, 3HHUKCHHSA
2003 aedinur  Bomorm / Hydrothermal | mineHOCTi crebnocroro /  Weakened 5
instability, moisture deficit tillering, reduced culm density
ArtMmoctepHa Ta IpyHTOBa rocyxa B | YCKJIaJHEHa MOsBAa CXOJIB, 3PiKEHICThH
2008 xoBTHI (6—15 mMm) / Atmospheric and | arporienosy /  Impeded  seedling 4
soil droughts in October (6—15 mm) emergence, thinned agrocenosis
. . 3HIKEHHS IPYHTOBOI
OCiHHE TiIBUILCHHS TEMIIEPATypH Ha . .
o BOJIOr03a0e3MeYeHOCTi, HpodieMu i3
2011 3-5 °C, cyxoBii / Autumn temperature | . . . . 4
increase by 35 °C. hot drv winds ciBboro / Reduction in soil water
y ’ vy availability, sowing challenges
Ocinni nocyxu (6-24 MM omaniB) / | HemocrarHe KyIieHHs, peayKIis TyCTOTH
2013-2014 | Autumn droughts (6-24 mm of | nocisiB / Insufficient tillering, reduction 4-5
precipitation) in crop density
TpuBana 3uma (110 ni6), Hagmumok | CropusiiMBa NEpPE3UMIBIs,  BHUCOKHIi
2018/2019 | omanis / Prolonged winter (110 days), | piBens 30epexenus pociun / Favorable 8
excess precipitation overwintering, high plant survival rate
2019/2020 Kopotka 3uma (100 ni6) / Short winter | [lepe3umiBnst  6e3 icToTHUX BTpar / 7
(100 days) Overwintering without significant losses
Tpusana 3uma (134 no6wu) / Prolonged | 3arpumka BecHsHoi Beretauii / Delay in
2020/2021 . ; 6
winter (134 days) spring regrowth
Cepennst TpuBamicts 3umu (112 ni6) / | Hopmamsna mepesumiBns /  Normal
2021/2022 ; . . S 7
Medium winter duration (112 days) overwintering
. . JoOpuit ctaH MOCIBIB HaBITh TPH ITi3HIX
2022/2023 Cl.-IpHHTHHBI. SUMOB ymosu / Favorable cTpokax ciBom / Good crop condition 8
winter conditions .
even after late sowing
BoJora BecHa, cyxe JiTO, IOCYIUTHBA Jlpysii cxom, ane crabie KymeHms /
2023 ocinp / Wet spring, dry summer, arid Py U yuer 6
Uniform emergence, but weak tillering
autumn
N . PiBHOMIipHI CX0[Iy, IHTCHCHBHUH
Teruia it Bonora BecHa, CIIEKOTHE JIITO . :
2024 . po3sutok / Uniform emergence, vigorous 7-8
/ Warm and wet spring, hot summer
development
Becnsina armocgepHa mnocyxa, JiTHI | YacTKoBe MOIIKODKEHHS TUION, CEPeaHii
2025 cyxoBii / Spring atmospheric drought, | piBers ypoxaitHocti / Partial crop 6
summer hot dry winds damage, medium yield
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Y 2018/2019 ta 2022/2023 pokax MOTOAHI
yMOBU OyNH CHPUATIMBAMH: HAJUIMIIOK OMAJIIB 1
ONTHUMaJbHa  TPUBAIICTH 3MMOBOTO  TEPioAy
3abe3meuny JoOpy mepe3umiBiio. Pocnnan mMammn
BHCOKHH DIBEHb PO3BHUTKY, IO OIIHIOBAaBCS y 8
OaniB. Lle Oynu poku 3 HaKpalIMMK YMOBaMH AJIs
(hopMyBaHHS TIPOILYKTUBHOCTI Ta YPOXKaHHOCTI.

Y 20192022 pokax ymoBH  Oymu
KOHTPAaCTHUMH. TpHBAJiCTh 3MMOBOTO TMEPiOAy
BapitoBana Bim 100 mo 134 ni6, mo mo-pizHOMY
BIUIMBAJIO Ha BECHAHUM PO3BUTOK POCIHH. Y POKH 3
KOPOTKOIO 3UMOIO B1AHOBIICHHSA BereTarii
BiIOyBaNOCSA INBH/IIC, TOMI SK TpHUBala 3UMa
3arpuMyBaia pict 1 po3BuTok. CTaH TMOCIBIB
OIIIHIOBAaBCS Ha piBHI 6—7 0aiiB, MO BiAMOBigac
3aJJ0BIJILHOMY PiBHIO, aji¢ HE ONTUMAaIbHOMY.

Becna 2023 poky Oyna MpPOXOJOAHOK 3
HaJMIpHAM 3BOJIOKCHHSIM Yy KBITHI—TpaBHi, IO
3a0e3MeYnio PiBHOMIpHE BiJHOBICHHS BECHSHOI
BereTaiii mics MePe3UMIBJIL. Jlito
XapakTepu3yBasocs neinmuToM OmMaiiB, a OCiHb —
CYXICTIO, IO YCKJaIHWIO CciBOy HOBOTO COPTY.
VYoponosxk 3umu 2023/2024 pp. cnocrepiraBes
M’SIKH TEeMIIepaTypHUN pPexuM, M0 3a0e3rneqnB
30eperkeHHsI TOCiBiB MIIeHUI 03uMoi. CTaH pocITuH
OIIHIOBABCS y 6 OaltiB.

Y 2024 pomi Temia BeCHa Ta JOCTAaTHS
KIUIBKICTh OmafiB 3a0e3Meuniiy piBHOMIPHI CXOaH i
no0puii pO3BUTOK POciuH. JIiTO Oy/I0 CIIEKOTHUM, 3
nepiogaMu TMOCYXH y CEpIHi, MPOTe OCiHb Maia
ONITUMaJIbHI YMOBH 1151 ciBOH. 3uma 2024/2025 pp.
Oyna  KOpOTKOK, aje  COPHSITIMBOK  JJIst
nepe3umiBm. CraH TOCIBiB OIliHIOBaBCA y 7—8
OautiB.

Y 2025 pormi BecHa po3novanacs 3 nedinutoMm
OMaJiB, M0 3aTPUMAJI0 aKTHMBHHUU PICT pOCIMH. Y
YepBHI—JIMITHI CIIOCTEPITaJiCs BUCOK] TEMIIEpaTypu
Ta CYXOBil, sIKi HETaTWUBHO BIUIMHYJIH Ha
(dhopMyBaHHsI KoJioca. TakuM YWHOM, CTaH TMOCIBIB
copty Bomonapka HociBiipHu Ha IOYaTokK JiiTa
OLIIHIOBABCS SIK 33JOBUTHHUMN, X04Ya YACTHHA TLIOM]
MaJia 03HaKH CTPECY BiJl MOCyXH. 3arajbHa OL[iHKa —
6 Oauis.

OTxe, MOTrOoAHI YMOBHM Yy 30HI JOCIIPKEHb
Majgl BUPKEHY MIHJIHMBICTh: BiJ] aHOMAJbHUX
MOCYX JO CHPUATIMBUX 3WMOBHX  IEPIOIIB.
Haii0inpm HeraTuBHUI BIUTMB MaJlM OCIHHI IMOCYXU
Ta TpuBaji O€3IO0LIOBI Mepionu, SIKi 3HMKYBAIN
TYCTOTY CXOHiB 1 piBeHb KylleHHs. HaiOinpim
MO3UTUBHHUH BIUIUB Malli 3UMH 3 JIOCTaTHIM PiBHEM
omnajis, mo 3a0e3nevyBain 100py Nepe3UMIBIIIO Ta
3aJJOBIJIBHUN CTaH POCIIHH.

BuxigHuii marepiaji MIICHHI CTBOPIOBAIN
METOJIOM BHYTPIITHBOBUIOBOI TiOpuau3amii Gopm
MIISHHII M’ K01 PI3HOTO EKOJIOTO-reorpaghivHoro
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In 2018/2019 and 2022/2023, the weather
was favorable: excessive precipitation and
optimal winter length ensured successful
overwintering. The plants exhibited a high level
of development, rated at 8 points. These years
provided the best conditions for plant
performance and grain yield.

In 2019-2022, the conditions were
contrasting. The winter period lasted from 100 to
134 days, which differently affected spring plant
development. In years with short winters,
vegetation resumed earlier, whereas prolonged
winters delayed growth and development. The
crop condition was rated at 6—7 points,
corresponding to a satisfactory but non-optimal
level.

The 2023 spring was cool with excessive
wetting in April-May, which ensured uniform
resumption of spring vegetation after
overwintering. There was a precipitation deficit
in the summer, and the autumn was dry, which
complicated the sowing of the new cultivar.
During the 2023/2024 winter, mild temperatures
were documented, ensuring the preservation of
winter wheat fields. The plant condition was
rated at 6 points.

In 2024, a warm spring and sufficient
precipitation  favored  uniform  seedling
emergence and good plant development. The
summer was hot, with droughts in August;
however, the autumn conditions were optimal
for sowing. The 2024/2025 winter was short but
favorable for overwintering. The crop condition
was rated at 7-8 points.

In 2025, the spring began with a
precipitation deficit, which delayed active plant
growth. In June—July, high temperatures and hot
dry winds occurred, negatively affecting spike
formation. Thus, the condition of the "Volodarka
Nosivshchyny' fields at the beginning of summer
was rated as satisfactory, although some areas
showed signs of drought stress. The overall
rating was 6 points.

Consequently, the weather in the study
location was markedly variable: from anomalous
droughts to favorable winters. The most negative
impact was caused by autumn droughts and
prolonged rainless periods, which reduced
seedling density and tillering. The most positive
impact was recorded during winters with
sufficient  precipitation, = which  ensured
successful overwintering and a satisfactory plant
condition.

The initial wheat material was developed
through intraspecific hybridization of common
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TTOXOKEHHS 3 aJallTOBAHUMH MiCIIEBUMH (HhOpMaMHU
Ta TIOAAJBIIMM IHAMBITyaqTbHUM J00OpPOM 3a
UiHHUMH ~ TOCTIOJApChKUMH  O3Hakamu. J{oOip
eNITHUX POCIMH TIPOBOAWIM 32 KOJIOCOM Yy
nokomiaaax F2, mosropao —y F3—F4 Tta F6-F12.
3aragbHa  IDIOMIA  JOCHIAHOI  OUISHKH
craHoBmina 12 m?, obmikoBa — 10 M?, BHUpOoOHMUI
IIISHKA — TIOHAm 2 Ta; PO3MIMIEHHS IUITHOK —
paHIOMi30BaHE, MOBTOPHICTH — IMIECTHPa30Ba.
[NonepeanukamMu 03UMOI NILIEHULT Oy OZHOPIUHI
3epHOBI Ta 3epHOO000BI KynbTypH (TIPOCO, TpedKa,
ropox, cos). TexHonoriss BHUpPOLIYBaHHI —
3araipHONpUiHsTa A7 yMoB JlicocTemy.

Bwmict Oinka B 3epHI BH3HAYaId Ha
aHajizaropi skocti He30upanoro 3epua Infratec ™
Ha HociBebkili  cenexmiiiHo-I0CHiaHii  cTaHIli,
XJIIOONEeKapchKi  BIACTHBOCTI — B [HCTHTYTI
pocmuuHUNTBa iM. B. . FOp’eBa HAAH VYkpainn.

MaremMaTiHyHO-CTaTHCTHUHY OOpOOKYy AaHuX
BUKOHYBaJIM 3a JONOMOrow mporpam Microsoft
Excel 2019 Ta Statistica 6.0.

Pe3yabraTti T2 00roBOpeHHs

VY cydvacHiil cenekuii MImeHnIi M’ IKoi 03UMOT
(Triticum aestivum L.) ocoOnmBY yBary IpuAiUISIOTH
CTBOPEHHIO COPTIB i3 KOMIUICKCHOIO aJalTHBHICTIO,
CTaOUTBHOIO TIPOAYKTHBHICTIO Ta TapaHTOBAaHOIO
SIKICTIO 3epHA. B yMOBax mmo0albHUX KIIMaTHIYHUX
TpaHchopmMalliid, 3pOCTaHHS YaCTOTH a0lOTHYHHUX
CTpeciB 1 HecTaOUTbHOCTI arpoOHiB, KIFOYOBUMH
CENIeKI[IMHMH ~ KPUTEPIsIMH  CTAlOTh  €KOJIOTidHA
IUIACTHYHICTh,  TEXHOJOTNIYHA  HATIAHICTE  Ta
CTIHKICTh JI0 TIOCYXH, MOpO3y 1 IeperpiBaHHs
(Reynolds et al., 2022; Zhang et al., 2025). YV usomy
KOHTEKCTI OCOONMBY pOJIb BimirparoTh 06a30Bi
TEHOTHITH — COPTH, SKi CIYTYIOTh CENEKIIHO0
iaropMor0 ISl CTBOPEHHSI HOBUX aJalTHBHUX
¢dbopMm, moemHyrouM cTabinmeHY — MopdooriuHy
apXIiTeKTOHIKY 3 BHCOKHMMH OIOXIMIYHUMH Ta
TeHETUYHUMH MTOKa3HUKAMH.

Copr Bomomapka HociBinmwan (3asBka Ne
22012049), crBopenuit y HociBcpkiil cenekuiitHo-
JOCIILIHIA cTaHmil HAAH Ykpainu, €
pETpe3eHTaTUBHIUM TPHUKJIaJOM HEPCIEKTUBHOTO
TeHOTHITYy IHTEHCHBHOTO THILY, IO Ma€ CTpaTeriuyHe
3HAYEeHHS ISl OHOBJICHHS COPTOBHX pECypciB
Vpainu. Moro cenekuiitna mMoznens GasyBanacs Ha
iHIUBIyanbHOMY a000pi 3 TiOpuaHOi KoMmOiHawii
[[Monceka HamiBkapnukoBa X K-6477/91 (Kwurait)],
110 JIAJIO 3MOTY 1HTETPYyBaTH a/IalITUBHUI TTOTEHITIaI
MiBICHHUX (OPM JI0 CTPECOBHX YMHHHKIB JITHHOTO
Mepiofy Ta TEHOTUIIOBY CTIMKICTh JIOKAJIEHOTO
Marepiaay 10 HECHPHUSITIMBUX YMOB IEPE3UMIBIIL.
BiniOpana ninis B F2 o kosnocy 3 omgHi€i pociuau

wheat forms of different eco-geographical
origins with adapted local forms, followed by
individual selection for valuable economic traits.
Elite plants were selected by spike in F, and
repeatedly in F3—F4 and F¢—F1».

The total experimental plot area was 12 m?;
the harvest area was 10 m?; the production plots
were larger than 2 ha. The plot layout was
randomized, with six replicates. The preceding
crops for winter wheat were annual cereals and
grain legumes (millet, buckwheat, pea,
soybean). The cultivation technology followed
the standard practices for the Forest-Steppe.

The grain protein content was determined
on an Infratec™ whole grain analyzer at
Nosivka Breeding and Research Station; the
bread-making properties were analyzed at the
Yuriev Plant Production Institute of NAAS of
Ukraine. Data were statistically processed in
Microsoft Excel 2019 and Statistica 6.0.

Results and Discussion

In modern common winter wheat (Triticum
aestivum L.) breeding, particular attention is
paid to developing cultivars with integrated
adaptability, stable productivity, and guaranteed
grain quality. Given global climate transfor-
mations, the increasing frequency of abiotic
stresses, and the instability of agricultural back-
grounds, key breeding criteria include environ-
mental plasticity, technological reliability, and
resilience to drought, frost, and heat (Reynolds
et al., 2022; Zhang et al., 2025). In this context,
basic genotypes play a crucial role—they serve
as a breeding platform for creating new adapta-
ble forms, combining stable morphology with
high biochemical and genetic indicators.

'Volodarka Nosivshchyny' (application
No. 22012049), developed at Nosivka Breeding
and Research Station of NAAS of Ukraine, is a
representative example of a promising intensive
genotype, which is of strategic importance for
updating Ukraine's varietal resources. Its breed-
ing design was based on individual selection
from a hybrid combination [‘Donska Napiv-
karlykova’ x ‘K-6477/91° (China)], which al-
lowed for the integration of the adaptive poten-
tial of southern forms to summer stressors with
the genotypic resistance of local material to un-
favorable overwintering conditions. The line se-
lected in F2 by spike from a single plant proved
to be constant as early as Fs and underwent
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BUSIBUJIACSl KOHCTAHTHOIO Bxke B Fs i mpotsarom 2-3
POKIB MPOXOAMIA CeJIeKIiiHe po3MHOKeHHs. Taka
cxema pealtizyBajia MoZeNb CTa0lmi3alii o3HaK yepes
PaHHIO TOMO3HTOTH3AIIII0, IO BIAIOBIAa€ CYy4aCHUM
MaXomaM 1O CeJeKIli CcaMO3amrIbHUX KYJIBTYP
(Mujeeb-Kazi et al., 2019).

Mopdornoridyaa cTpykTypa COpPTY BiIOBigae
KpHUTEPISIM KOPOTKOCTEOTNX OpPM: BHCOTA POCITHH —
79,5-84,5 cM, KimbKICTh By31liB — 45, NOBXKHUHA
MDKBY3TIB — Big 5 70 21 cm. [Ipanopuesunii mucTok —
BEPTHKAJILHO OPIEHTOBAHMM, MOBKHHOIO 13,7-25,5
CM, TUTOLIA JIMCTKOBOI moBepxHi — 23,5 cm?. Konoc —
OpU3MaTHYHUY,  WIJIBHUH, 3 ~ KOMIIAKTHUM
po3MimeHHssM 54 KBITOK. 3epHIBKA — KpYyIHA,
BUIIOBHEHa, HE CXWIbHA JIO OCHIIAHHSA Ta
MPOPOCTAHHS B KOJIOCI. OHnroreHeTn4Ha
apXITEeKTOHIKa COPTY — YKOpOUYCHE BEPXHE MIXKBY3IIS,
MOTOBIIEHE CTEOI0, CHHXPOHHHUN PO3BUTOK ITaroHiB
— (opMmye ONTUMAaJBbHY CTPYKTYpPY POCIWHU JUIs
iHTCHCI/IBHOFO TUITY BUPOIITYBaHHA.

ATpOHOMIYHY cTabLIBHICTh copty
3YMOBITIOIOTH BHCOKa MOpO030- Ta JKapOCTIHKICTB,
a/lanTHBHA ¢boronepiognyna Yy TIIMBICTB,
TTOJOBKEHHH repion SPOBHU3AIi1, BHCOKa
PE3UCTEHTHICTH J0 JTUCTKOBOI ip>Ki Ta OOPOITHUCTOT
pocu (9 GaiB), a TaKOXK CTIHKICTh A0 BHJISITaHHS. 3a
yMOB  iHTeHcHBHOro arpodony (N90) copt
3abe3nedye BpoxaiHicTh Ha piBHi 9-11 T/ra,
(hopmyroun 3epHO 3 Bucokoro Macoro 1000 3epen (J1o

55r).

3a SIKICHUMH ITOKa3HUKaMU 3epHa (BMicT Oijika
— 1o 14%, xnetikoBuan — 27,5%) «Bomomapka
HociBumuam»  craOUTbHO — BiAMOBifae  Kareropii

«CUIIBHHX» TieHuIb 3rigao 3 JICTY 3768:2019. 3a
MIDKHApOIHUMHI CTaHIapTaMu TeHOTHIT
1IeHTUQIKYETBCS  SIK  BHCOKOSIKICHA TIPOIOBOJIBYA
mmeHnn (knacu E/A 3a eBpomeiichkoro CiTKOIO Ta
Hard Red Winter/Spring 3a knacudikariero USDA),
IO MiATBEPIUKYE MOTO BHCOKY XJIiIOOTEKAPCHKY
LIHHICTG.

Copr Bomomapka HociBmman  (3asBKa
Ne22012049) mnpoHmIOB JepikaBHY —pEECTpaLito
maitHoBux mpaB [B 08.10.2025 (marent Ne250219;
cBimorrrBo Ne250448) 3 piopurerom Big 28.11.2022.

AmHamiz  pe3ynbTaTiB  COPTOBHIIPOOYBaHHS
(tabm. 1) cBiguuts, 1o copt Bonomapka HociBuunu
XapaKTepU3y€eThCsl  ONTUMAJBHUM  TIOEJHAHHSIM
OlOMeTpHYHMX  TapaMeTpiB Ta  aJalTUBHOTO
MOTeHIiamy. 30KpeMa, TeHOTHIl  JAEMOHCTPYE
HaMBHIIYY Y JOCIII CTIMKICTh 10 30yAHUKIB ipKi (9
0axniB) Ta cenropiosy (8 OamiB), mo Ha 1-3 Oamu
MEpEeBUILYE  TOKA3HUKH  COPTiB  MOPIBHSHHSA
(Cmyrnsnka, Tpizo, Besocra).

3a ypokaiiHocTio (6,4 T/Ta) Ta BMICTOM OljKa
(13,5 %) HOBHMIA COPT BiANOBiZA€E PIiBHIO KpalluX
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breeding reproduction for 2-3 years. This
scheme implemented a trait stabilization model
through early homozygosity, consistent with
current approaches to breeding self-pollinating
crops (Mujeeb-Kazi et al., 2019).

The morphological characteristics of the
cultivar meet the criteria for short-stemmed
forms: the plant height is 79.5-84.5 cm; the
number of nodes is 4-5; and the internode length
ranges from 5 to 21 cm. The flag leaf'is vertically
oriented, 13.7-25.5 cm long, with a leaf area of
23.5 cm?. The spike is prismatic and dense, with
a compact arrangement of 54 flowers. The cary-
opsis is large and plump, resistant to shedding
and pre-harvest sprouting. The ontogenetic ar-
chitectonics of the cultivar—a shortened upper
internode, thickened stem, and synchronous
shoot development—form an optimal plant
structure for intensive cultivation.

The cultivar’s agronomic stability is driven
by high frost and heat tolerance, adaptive photo-
periodic sensitivity, an extended vernalization
period, high resistance to leaf rust and powdery
mildew (9 points), and lodging resistance. Under
intensive farming techniques (Noo), the cultivar
yields 9—11 t/ha, forming grain with a high thou-
sand-kernel weight (up to 55 g).

In terms of grain quality indicators (the
protein content amounts to 14%; the gluten con-
tent is 27.5%), 'Volodarka Nosivshchyny' con-
sistently meets the "strong wheat" category ac-
cording to DSTU 3768:2019. According to inter-
national standards, the genotype is rated as top-
quality food-grade wheat (classes E/A by the Eu-
ropean classification and Hard Red Win-
ter/Spring according to the USDA classifica-
tion), confirming its high bread-making value.

'Volodarka Nosivshchyny' (application
No. 22012049) underwent state registration of
property rights on October 8, 2025 (patent No.
250219; certificate No. 250448) with priority
from November 28, 2022.

The analysis of trial results (Table 1)
indicates that 'Volodarka WNosivshchyny' is
characterized by an optimal combination of
biometric  parameters and  adaptability.
Specifically, the genotype demonstrates higher
(by 1-3 points) resistance to rust pathogens (9
points) and Septoria leaf blotch (8 points) than
the check cultivars (‘Smuhlianka', 'Trizo',
'Bezosta').

In terms of yield (6.4 t/ha) and protein
content (13.5%), the new cultivar meets the
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BITYM3HAHUX Ta 1HO3EMHHUX CTaHAAPTIB, MPH EOMY
JOCTOBIPHO BHUIEPEIKAE COPT HIMEIBKOI CeeKii
Tpizo 3a mpomykruBHicTio (+0,7 T/ra). Baxmusoro
MopdoIToriyHOI0 OCOOITHBICTIO Bomnonapku
Hocismman € BropoueHa coiiomuHa (82,7 ¢M), 10
3a0e3rneyye BHCOKY CTiHKICTh /IO BWJISTaHHS
nopiBHsHO 31 CMymstHKOTO (102,5 cm) Ta J{BopsiHKOIO
(97,3 cm).

Takum uumHoM, Bonomapka HociBmuau
MOENHYE palliOHANBHY  apXiTEeKTOHIKY pPOCIHH
(HEBBKOPOCIICTD), CTAOUTbHI O10XIMIYHI MTOKA3HUKH
(xnetikoBuHa 27,5 %) Ta BUCOKY CTIHKICTH J0
XBOpOO, 110 BU3HAYA€ il IHHICTh SK BUXITHOTO
Marepiay Ajsl CeNeKIii aJaliTUBHUX COPTIB HOBOTO
MOKOJiHHSL.

Hdna punky 2024-2026 pp. KIIOYOBUMH
KpHUTEPisIMA BiJOOPY € YpOXKalHICTh Y CTPECOBHUX
YMOBaX, UNIACTHYHICTh, IOCYXO0- Ta MOPO30CTIHKICTh,
CTIHKICTh 10 XBOpOO i TEXHOJOTIYHA SKICTh 3€pHA.
HemoHnctpauiiini  momironn 2025 p. ¢ikcyBanu
cepenHi BpoxaiiHocTi 8,6 T/ra 3 migepamu >9,0 T/ray
BITUM3HAHUX CEJICKIIMHUX JIHIAX.

Pociuaa mae mpsmmii  rabityc  (KyT
BimxomKeHHs1 cTeben 85-90°), cepeHro MOBXKHHY
crebma i xojoca (82,7 cM), MO 3HWKYE PHU3HK
BWISITAaHHS Ta 3a0e3reuye piBHOMIPHE OCBITICHHSL.
lenotnmm  XapakTepu3yeTbCsl  O3MMHUM  THIIOM
PO3BHTKy Ta ONTUMAIBHOIO JJIsI  MiBHIYHOTO
Jlicocremy TpuBamicTio Beretamii (253-268 ni6).
Taxuit pUAT™ OpraHOIeHE3y 3abe3nedye
CHUHXPOHI3AIlII0 KPUTHYHUX (Pa3 PO3BUTKY POCIHH 3
arpoKJIIMaTHYHIMH MTApaMETPaMHU NEPEXiJHOI 30HH,
HIBENIIOIOYM  BIUIMB  TIIPOTEPMIYHHX  CTpECiB
MOMipHO-KOHTHHEHTAILHOTO KJiMary. SIkmo copt
Bomonapka HociBuuam y  3omi  Jlicoctermy
JIEMOHCTPY€E TPUBAJICTh Beretarii 253264 ni0, a y
Momicci —266-270 ni6, To y epexiHiii eKoIoTuHIi
30H1 Mix [TomicesaM 1 JlicocTernoMm 1ieil MOKa3HUK Mae
MPOMIXKHI 3Ha4eHHS — 260268 11i0, 1110 3yMOBJICHO
MOEMHAHHIM PaHHBOCTHIVIOCTI (paHHIA TOYaToOK
KOJIOCIHHS Ha 3-5 ni0 paHimie Bix craHmapry),
CHJIBHOTO BOCKOBOTO HaJIbOTY Ha MiXBi Ta IJIACTHHLI
mpamnopieBoro Jjuctka (7 0OamiB), sKi pa3oMm
3a0e3MevyIoTh aJIANTUBHICTh copty b1 (o)
BOJIOr03a0e3MeYeHHs] Ta TEMIIEPaTypHOIO PEXUMY
exokutiny. ConomuHa crabko BUTIOBHEHa (TOBIIMHA
ctinku 10 1,0 MM), anie TOMipHHH BOCKOBUIT HAJIT Ha
BEPXHBOMY MDKBY3JI 1 CHJIBHHMH Ha NMpanopLeBOMY
JIMCTKY CTBOPIOIOTH Oap’ep MPOTH TpaHCHiparii.
JluctkoBa cucremMa Mae cinabKe aHTOI[IaHOBE
3a0apBieHHs]  BYLIOK  IPAlopLEeBOrO  JIMCTKA
(inreHcuBHiCcTh <10%), aste CHIIbHHUI BOCKOBHUIA HAJIIT
Ha mixsi (7 OamiB) Ta ractuHii (7 OajiB), 10 €
03HAKOIO MOCYXOCTIHKOCTI.

highest domestic and foreign standards,
significantly outperforming the German cultivar
"Trizo' (+0.7 t/ha). A key morphological feature
of '"Volodarka Nosivshchyny' is its shortened
culm (82.7 cm), which ensures high lodging
resistance compared to 'Smuhlianka' (102.5 cm)
and 'Dvoryanka' (97.3 cm).

Thus, 'Volodarka Nosivshchyny' combines
rational plant architectonics (short stems), stable
biochemical parameters (gluten 27.5%), and
high disease resistance, defining its value as a
staring material for breeding a new generation of
adaptable cultivars.

For the 2024-2026 market, the key
selection criteria are yield under stressful
conditions, plasticity, drought and frost
tolerance, disease resistance, and technological
grain quality. In 2025 demonstration plots, the
mean yield of 8.6 t/ha was harvested, with
leaders among domestic breeding lines
yielding > 9.0 t/ha.

The plant has an erect habit (stem angle
85-90°), medium stem and spike length (82.7
cm), which reduces the risk of lodging and
ensures uniform illumination. The genotype is
characterized winter growth habit and an optimal
vegetation period for the Northern Forest-Steppe
(253-268 days). This rhythm of organogenesis
ensures the synchronization of critical
development phases with the agro-climatic
parameters of the transition subzone, mitigating
the impact of hydrothermal stresses in the
temperate continental climate. While "Volodarka
Nosivshchyny's vegetation lasts 253-264 days
in the forest-steppe zone and 266—270 days in
the mixed forest zone, it has an intermediate
vegetation length of 260—268 days in the ecotone
between the mixed forests and forest-steppe.
This is attributed to a combination of early
maturity (heading onset 3—5 days earlier than in
the check cultivar) and a strong waxy bloom on
the flag leaf sheath and blade (7 points), which
together provide adaptability to the wetting and
temperature regimes of the ecocline. The culm is
weakly filled (wall thickness up to 1.0 mm), but
a moderate waxy bloom on the upper internode
and a strong bloom on the flag leaf create a
barrier against transpiration. The flag leaf
auricles demonstrate weak (intensity <10%)
anthocyanin coloration, but strong waxy bloom
on the sheath (7 points) and blade (7 points)
serves as a marker of drought tolerance.
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Mopdomnoriuna apxiTeKToHiKa copty
Bononapka HociBmyan BiZIpi3HAETHCS
HAariBEPEKTOiTHUM THIIOM HParopIeBOro JIMCTKA, IO
€ CYTTEBOIO TIEPEBAarol0 Haj  MOIIMPEHHUMH
TeHOTHIIAMH 13 3IFHYTOO IUIACTUHKOIO (moHan 70%
TOTTYJISILIT). Takuit radityc 3a0e3rneuye
pamioHampHUKA  po3MoniT  (DOTOAKTUBHOI  pamiarii
BIIMO TIOCIBY Ta TMOKpAIIye aeparito cTebIoCTOoro.
Szuyok cepenniii (1,5-2,0 Mm), Bymika roctpi (KyT
3aroctpeHns 40—45°). Bincythicts abo ayxe ciabke
OIlyLIEHHsSI BEpXHBOIO By3na (<5%) y mmieHuLl €
aIaNITUBHOIO O3HAKOIO, 1110 3HWKYE PU3HK 3aTPHUMKHU
BOJIOTHY Ta YTBOPEHHS MiKpOKparielb KOHJICHCATY, sKi
CHPUSIIOTh PO3BUTKY TPUOHMX XBOpoO. Y copry
Bononapka HociBmuHam 151 03Haka BUpa)keHa came
TaKk — OIyIIEHHS BEPXHBHOTO BYy3/a BiACYTHE abo
Ioyke ciabke, 10 MiATBEPIXKYE HOro CTIHKICTh Y
BOJIOTHIX yMOBax. LIst 3aKOHOMIpHICTE MiATBEpHKEHA
HU3KOK BITYM3HIHUX Ta 3apyOiKHUX TOCHTIKEHD 3
Mopdosorii Ta aJanTUBHOCTI O03UMOI  IIIICHUIII
(Liubych et al., 2022).

Konoc ¢opmyetbest paHO (IIOYaTOK KOJTOCIHHS
Ha 3-5 ni0 paHilme cCTaHAapTy), Mae ITHIPUIHY
tdopmy (momxmuHa 8-10 cm, miamerp 1,0-1,2 cm),
cepenHto miinmeHICTh (18—20 KomockiB Ha 10 cM) Ta
cepentto jgomkuHy (9-10 cm). Bockopuii HamiT
Kosoca nomipauit. Komoc mumiHapuiHuii, cepeaHboi
JOBKHMHM 1 INUJILHOCTI, 3 OiMMM abo COJI0OM’STHO-
JKOBTUM 3a0apBiieHHsIM. OCTIOKH HHXHIX KBITKOBHUX
JYCOK HasiBHI (ioBxuHa 15-25 MM), 3yO11i BepXiBKH
KOpOTKi (2-3 MM), L0 BiANOBiZa€ BUMOTaM [0
nerkoro oomMonoty (puc. 1).

r T T i
h ',1,’-"1,"",’

3%

f?’-‘. .

7 g e

Puc. 1. ITociBu o3umoi nuienuni copry Bonogapka HociBiunan y ¢asi monounoi cruriocti, Hocieebka CIIC, 2025 p.

The morphology of  'Volodarka
Nosivshchyny' is distinguished by a semi-
erectoid flag leaf, which is a significant
advantage over common genotypes with a bent
blade (over 70% of the population). This feature
ensures a rational distribution of photoactive
radiation deep into the crop and improves
canopy aeration. The ligule is medium (1.5-2.0
mm), and the auricles are acute (angle 40—45°).
No or very weak pubescence of the upper node
(<5%) in wheat is an adaptive trait that reduces
the risk of moisture retention and formation of
condensate  micro-droplets, which create
favorable conditions for fungal diseases. In
'Volodarka Nosivshchyny', this trait is expressed
exactly this way—pubescence of the upper node
is absent or very weak, confirming its resistance
under humid conditions. This pattern is
supported by several domestic and foreign
studies on the morphology and adaptability of
winter wheat (Liubych et al., 2022).

The spike forms early (heading begins 3—5
days earlier than in the check cultivar); it is
cylindrical (length 8-10 cm, diameter 1.0-1.2
cm), medium-dense (18-20 spikelets per 10 cm),
and medium-long (9—10 cm). The waxy bloom
on the spike is moderate. The spike is whitish or
straw-yellow. There are awns (15-25 mm long)
on the lemmas; the apical teeth are short (2-3
mm), meeting the requirements for easy
threshing (Fig. 1).

Fig. 1. A field of the winter wheat cultivar 'Volodarka Nosivshchyny' in the milk-ripe stage, Nosivka BRS, 2025.
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3y0enp HWKHBOI JTyCKH AOBrUi (6—8 mMMm) i
nyKe 3irHyTH# (KyT BUTMHY moHaz 45°), mo nonae
(YHKIIOHANBHOI ~ OCTHCTOCTI  Ta  MiACHIIOE
(hOTOCHHTETHYHY aKTHBHICTH KoJloca. BepxiBkoBuid
CETMEHT CTPIKHS Ma€ CHIIbHE OIMYyIIEeHHS (IycToTa
moHan S50 BOJNIOCKIB/MM?), IO y TOETHAHHI 3
BHCOKOIO BOCKOBICTIO JIICTKAa CTBOPIOE TOABIHHUIA
IIUT BiJl IEpErpiBy Ta KOHAEHCAIT.

HwxkHs xomockoBa Jycka OBaJIbHOI (OpMH,
xapakrepusyerbesi  ByzpkuM  (0,5-0,7  mm)
MiJHECEHNUM TuIedeM. 3yOelb KOJOCKOBOi IJTyCKH
noMipHo  BUrHyTHid. OmnymeHHS  30BHIIIHBOT
MOBEPXHI Bapiloe BiJ Ccl1abKoro A0 TMOMipHOTO,
BHYTpIMIHKOI — ciabke. HikHA KBiTKOBa Iycka
Mae JieqBe OMITHUH 3y0enpb (abo ocTroKonoaiOHuH
BIZIPOCTOK), IO € XapaKTePHOI O3HAKOI0 JaHOTO
TeHOTHUIY. 3epHiBKa YepBOHA, KPYIIHA, 13 cepeHiMU
TOBXUHOIO (5,5-6,0 MM) Ta mpuHOTO (3,0-3,5 MM),
CHIBBiIHOIIICHHSIM ~ JTOBXKHUHA/IIUPHUHA  CEPEAHIM
(1,6-1,8) (puc. 2).

The lower glume tooth is long (6—8 mm)
and strongly curved (bending angle over 45°),
which adds functional awnedness and enhances
the photosynthetic activity of the spike. The
apical segment of the rachis has dense pubescence
(density over 50 hairs/mm?), which, combined
with the high waxiness of the leaf, creates a
"double shield" against overheating and
condensation.

The lower glume is oval-shaped, with a
narrow (0.5-0.7 mm) elevated shoulder. The
glume tooth is moderately curved. The
pubescence of the outer surface varies from weak
to moderate, while the inner surface is weakly
pubescent. The lemma has a barely perceptible
tooth (or an awn-like process), which is a
characteristic feature of this genotype. The
caryopsis is red and large, with a medium length
of 5.5-6.0 mm and width of 3.0-3.5 mm, and a
medium length-to-width ratio of 1.6—1.8 (Fig. 2).

5 6 7 8 9 10 11

Puc. 2. Hacinnsg mmennni M’sikoi o3umoi copty Bononapka HociBumau
Fig. 2. Seeds of the common winter wheat cultivar 'Volodarka Nosivshchyny'

BincyTHicTs 3a0apBineHHs y (peHOM CBITUNTh
PO HHU3bKY AKTHUBHICThH MONI(EHONOKCHIA3H, IO
Ba)KJIMBO JUISI TEXHOJIOTIYHOI MepepoOKH: 3epHO He
TeMHie, OopomHO Mae cTalinpHUil Komip. Maca
1000 3epen craHoBUTH Onm3bko 50,7 1, 10
3abe3neuye CTablIbHY HATypy Ta  BHCOKHIA
MOTEHIiaJ] MPOLYKTUBHOCTI.

Ilepexin Big Mopdonorii 10 rocnogapchKoi
MPUIATHOCTI JIOTIYHUU: PaHHIN CTapT KOJIOCIHHS,

The absence of phenol coloration indicates
low polyphenol oxidase activity, which is crucial
for industrial processing: the grain does not
darken, and the flour maintains a stable color. The
thousand-kernel weight is approximately 50.7 g,
ensuring a stable test weight and high yield
potential.

The transition from morphology to
economic suitability is logical: the early heading
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BHCOKa BOCKOBICTh JIMCTKA, (PyHKI[IOHATHHA
OCTHCTICTh 1 CHJbHE OIIyIICHHS BEPXiBKOBOTO
CerMEHTa CTPWKHS Koyioca (OPMYIOTh «CTpec-
aIanTHBHUI (DEHOTHII, IKUH MPSIMO KOHBEPTYETHCS
y cTabUIbHICTh ypokaio Ta sikocti. Y Jlicocremy
copt nemoHcTpye 8,18 T/ra, mo Ha 0,77 T/ra
(+10,4%) mepeBuIye cepeqHiil MOKa3HUK 3a 1’ ATh
poxkiB (7,41 1/ra); y llomicei — 7,31 1/ra (+0,57 1/ra;
+8,5% mo cepennboro); y Cremy — 5,65 1/ra, Ha
piBHI cepennboro (Tabdm. 3).

start, strong waxy bloom of leaves, functional
awnedness, and dense pubescence of the apical
rachis segment form a stress-adaptable
phenotype. This phenotype directly translates into
yield stability and grain quality. In the forest-
steppe, the cultivar yields 8.18 t/ha, which is 0.77
t’/ha (+10.4%) higher than the five-year average
(7.41 t/ha). In the mixed forests, the yield reached
7.31 t/ha (+0.57 t/ha; +8.5% above the average),
and in the steppe, it was 5.65 t/ha, remaining at
the average level (Table 3).

Tadomuus 3. CepenHi MOKa3HUKH TOCTIONAPCHKOI IPHIATHOCTI COPTIB 03MMO] ITIIICHHUIII 32 PE3yIbTaTaMH JIepKaBHOTO

coproBunpoOyBanHs (http://sort.sops.gov.ua/cultivar/view/23148)

Table 3. Average economic suitability indicators of winter wheat cultivars based on state variety trial results

(h

ttp://sort.sops.gov.ua/cultivar/view/23148)

IToka3uuk / Parameter Cren / Steppe Jlicocren / Forest-steppe Iomicest / Mixed forests
YcepenHena ypoxxanHICTh 3a 5
pokiB, T/ra / Five-year mean yield, 5.77 7.41 6.74
t/ha
VYpoxaiiHicts (14% Bosorocri),
1/ra / Yield (14% moisture), t/ha 365 8.18 7.31
+ 70 cepeanboi, T/Ta / £ to the 012 077 057
mean value, t/ha ) : i
+ 10 cepeanboi, % / + to the mean 91 10.4 85
value, % : i ’
JoBipuwmii inTepBa, T/ra /
Confidence interval, t/ha 0.08 0.05 0.04
Tpusamnicts Bereraii, 0i6 /
Vegetation length, days 253 264 268
Bucora pocnunu, cM / Bucora 906 88.9 91 .4
POCIIHHH, CM ) ) )
Maca 1000 3epeH, r / 1000-kernel 44.6 50.7 50
weight, g ) )
Bwmicr 6inka, % / Protein content, % 13.5 13.4 13.5
Bwict cupoi kielikoBunu, % / 278 26.1 26.2
Crude gluten content, % : : :
Anpeeorpad (W), o.a. / Flour
strength (W) 156 178 138
006’em xiba 31 100 r GopomrHa,
MmJ1 / Loaf volume from 100 g of 510 573.3 540
flour, cm?

Taka  nudepeHmianiss  y3TOIKYeTbCS 3 Such differentiation aligns with the

MopdoioriyHuM npoigeM: PpaHHbOCTHUIVIICT 1
BOCKOBICTh 3MEHIIIYIOTh BTPATH BiJl TETJIOBUX XBUIIb
y Jlicocteny, a ONymieHHs CTPHXXHS Ta CEPEIHs
LIJIBHICTE ~ KOJIOCA — MOKPAIIyIOTh — aepamilo 1
3HWKYIOTHh pU3UK KoHAeHcanii y [lomiccei.

Bapro 3a3HaunTH, 1110 HOBHUI COPT MAa€ BUCOKY
cTilikicTh f0 BunsiranHs (9 6aniB) Ta oOcumanHs (9
6aniB). CTilKiCTb 10 IOCYXH OLliHEHa Ha PiBHI 6—8
0aJtiB, 110 MIATBEPIXKYE POJIb BOCKOBOT'O HAJIBOTY Ta
OCTHCTOCTI y 30€peKEHHI BOMIH.

Peakuis TEHOTHUILY Ha ypakeHHs
¢itomaTroreHaMu B poO3pi3i ekojoro-reorpadiaHux
30H:
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morphological profile: early maturity and waxy
bloom reduce losses from heat waves in the
forest-steppe, while rachis pubescence and
medium spike density improve aeration and lower
the risk of condensation in the mixed forests.

It is worth noting that the new cultivar is
highly resistant to lodging (9 points) and shedding
(9 points). Drought tolerance is rated at 6—8
points, confirming the role of the waxy bloom and
functional awnedness in water conservation.

The genotype's response to phytopathogen
infection across different eco-geographical zones
is as follows:
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- 6opomamcTa poca (Blumeria graminis): copt
XapaKTepPU3y€EThCSI BUCOKOIO TOJLOBOIO CTIMKICTIO
(7-9 ©OaniB), MmO 0OCOOIMBO BUPAKEHO B YMOBAaxX
Creny; y 3omi llomiccsa, 3a crnpusTIMBHX IS
MaToreHesy TIAPOTEPMITHUX ITOKa3HHKIB,
PE3UCTEHTHICTh 3aJMINAEThCSI Ha CTa0LIbHOMY
cepenHpoMy piBHI (6 OamiB).

- ©Oypa ipxa (Puccinia  recondita):
IMYHOJIOTIYHHMI BIATYK CTaHOBUTH 5—8 0OaliB;
HaMBHIIY aJalTUBHICTH COPT JEMOHCTPYE B yMOBax
Jlicocremy, Tomi SK Ha YKOPCTKOMY iH(EKIitHOMY
¢oni mepexigHoi 30HH [lomiccst cmoctepiraeTbes
MOMipHE YpasKeHHSI.

- (y3apio3 xomoca (Fusarium spp.): Bucoka
TonepaHTHICTh (7-9 0OamiB) € CTpaTerivHoOo
MepeBarold TEeHOTUIY, IO MiHIMI3ye pPHU3HKH
Jerpafamii  SKOCTI  3epHAa Ta  HAKOIMMYECHHS
MIKOTOKCHHIB Yy perioHax i3 Ha/JTUIIKOBUM
3BOJIOKCHHSM Y (pasy HBITiHHS.

- CTIMKICTH MPOTH JIETIOUOT Ta TBEPIOI CAKKU
— 8-9 Oauis.

- CTIWKICTP TPOTHM IIKITHWKIB (Myxa
HIBEJChKa, KJIOMN-yepemnamka) — 9 OamiB, mio
BIJIMTOBiTa€ BUMOTaM Cy4acHOTO BUPOOHHUIITBA.

3UMOCTIHKICTh i MOPO30CTIHKICTh MOCIBIB — 7
OamiB, 1m0  3abesneuye  CTaONBHICTH Y
KOHTHHCHTAIHMUX YyMOBaX. Taka KOMIUIEKCHA
OITiHKA MopdoorigHmx Ta aJlanTHBHUX
BiaactuBocTeil copty Bomomapka HociBuuHu
JI03BOJISIE Y3arallbHUTH HOTO MPodisib y MOPIBHIHHI
3 CydYaCHUMH YKpPAiHCBKUMH Ta 3apyOLKHUMHU
copramu (Tabm. 4).

AHaniz  (eHOJOTiYHHX  XapaKTePUCTHK
MOKa3ye, IO PaHHIM MOYaTOK KOJOCIHHS Yy COPTY
Bononapka HociBuman 3a0e3nedye yHHKHEHHS
JITHBOI CIIEKHM Ta 3HWXKYE PHU3UK (y3apio3HOro
ypaXXeHHS Kojioca B Ii3HI TepMmiHu. Taka
0COOJIMBICTB Y3rOKYETHCS 3 II00AIEHIM TPEHIOM
CKOPOUYECHHSI TPUBAJIOCTI BETETAILlIHHOTO MEpioay Y
CTPECOBHUX pErioHax i CTaBUTb COPT Yy psa i3
panabocturiuMu  JiHisimu CIHA, 3o0kpema Hard
Red Winter, TAM 114, SY Monument, a Takox
Himeuuman — Julius, RGT Reform, Patras.
BomHowac BiH JleMOHCTpYeE Kpally aJanTaiiio 1o
KOHTHHEHTaJabHOI Bojsiorocti Ilomices, 1o €
BaYKJIMBUM YHMHHUKOM CTaOUILHOCTI BpOXKaw. Y
KOHTEKCTI YKpalHCHKOTO COpPTHMEHTY Bomomapka
HociBuman ctoiTh nopyu i3 copramu CMyIisSHKa,
MIIT Bizepynok, lLlapiBHa, sKi TakoXX MarOTh
CKOPOYCHHUH Iepioj BEereTallii ajis BUXOAY 3 JITHBOT
CIIEKH, ajJie HOBHW COPT BHPI3HSETHCS J0JATKOBUM
3aXMCHUM MEXaHI3MOM — CHJIBHUM OITyIICHHSAM
CTPWKHS KOJIOCA, IO TIOCHITIOE HOTO aJalTHBHICTh
y 30Hi [Tomiccs.

e Powdery mildew (Blumeria graminis):
The cultivar is highly resistant in the field (7-9
points), which is particularly pronounced in the
steppe. In the mixed forest zone, where the hydro-
thermal conditions are favorable for pathogene-
sis, resistance remains at a stable medium level (6
points).

e Leaf rust (Puccinia recondita): The im-
munological response ranges from 5-8 points.
The cultivar demonstrates the highest adaptability
in the forest-steppe, whereas moderate infection
is observed on severe infectious backgrounds of
the Polissia transition zone.

e Fusarium head blight (Fusarium spp.):
High tolerance (7-9 points) is a strategic ad-
vantage of the genotype, minimizing the risks of
grain quality degradation and mycotoxin accumu-
lation in regions with excessive wetting during
anthesis.

e Resistance to loose smut and common
smut: 8-9 points.

e Pest resistance (frit fly, Sunn pest): 9
points, which meets the requirements of modern
production.

Winter hardiness and frost tolerance are
rated at 7 points, ensuring stability under
continental conditions. This comprehensive
evaluation of the morphological and adaptive
features of the 'Volodarka Nosivshchyny' allows
for its profile to be generalized in comparison
with modern Ukrainian and foreign cultivars
(Table 4).

Analysis of phenological characteristics
shows that the early heading onset in 'Volodarka
Nosivshchyny' ensures avoidance of summer heat
and reduces the risk of Fusarium head blight in
late stages. This feature aligns with the global
trend of shortening the growing season in stress-
prone regions and places the cultivar alongside
early-ripening lines from the USA (specifically
‘Hard Red Winter’, ‘TAM 114°, ‘SY Monument”)
and Germany (‘Julius’, ‘RGT Reform’, ‘Patras’).
At the same time, it is better adapted to the
continental humidity of Polissia, which is a key
factor in yield stability. Within the Ukrainian
assortment, 'Volodarka Nosivshchyny' stands
alongside cultivars such as 'Smuhlianka', 'MIP
Vizerunok', and 'Tsarivna', which also have
shortened vegetation periods for heat escape;
however, the new cultivar is distinguished by an
additional protective mechanism—dense
pubescence of the rachis, enhancing its
adaptability in the mixed forest zone.
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Tadauns 4. Mopdonoro-texHonoriyauii npodisas copty Bononapka HociBumHu y cucTeMi Cy4acHHUX CENIEKIIHHUX

TEHACHLIN

Table 4. Morphological and technological profile of the 'Volodarka Nosivshchyny' within the framework of modern

breeding trends.

O3Haky Ta
BiactuBocTi / Traits
and Features

Bomnonapka HociBumiau /
Volodarka Nosivshchyny

Tpena cydyacHUX yKpaiHCbKUX
copri / Trend of Modern
Ukrainian Cultivars

Tpena cydacHux
3apyOiKHHUX COpTIB /
Trend of Modern Foreign
Cultivars

Pannp0-/cepennpocTurIi

IS onTuMizarii
CepemHpopaHHi, alalTOBaHi 10 | BUKOPHCTAHHS  BOJIOTH
Buxoay 3 JiTHboi cneku (Bexa, | (Benchmark, LG
PaHHBOCTHUIITICTB /| Panwni#t moyarok konocinus / | Kusokna, Kammra) / Medium- | Skyscraper, Toborzo) /
Early maturity Early heading onset early, adapted to summer heat | Early- to  medium-
escape (‘Vezha’, ‘Kniazhna’, | ripening for optimal
‘Kalyta’) moisture utilization
(‘Benchmark’, ‘LG
Skyscraper’, ‘Toborzo”)
Bucoka 'y octuctux
ITigBuiena JUIA | JTHISX Ui CTPECOBHX
' CrtbHa (MCTOK), MoMipHa nocyxocriiikocti  (L{eHTnniBka, | ymoB (Agapuma, Geni‘us,
BockoBicts /  Waxy ? CnasHa, Conoxa) / Increased for | RGT Kilimanjaro) / High
(komoc) / Strong (leaf), . . .
bloom moderate (spike) drought resistance | in awned lines for
(‘Tsentylivka’, ‘Slavna’, | stressfull conditions
‘Solokha’) (‘Anapurna’,  ‘Genius’,

‘RGT Kilimanjaro®)

HasBHi; 3ybenp moBruii,
sirHyTuit / Present; glume
tooth is long and curved

OcrTroku / Awns

YacTo ocCTHCTI IJIsi CTPECOBUX

cezoniB (/mkanpka, [oBepma,
Bexa) / Often awned for
stressful seasons (‘Dykanka’,

‘Hoverla’, “Vezha’)

[epeBaxaroTh OCTUCTI Y
NOCYLUTMBHX  perioHax
(Patras, Apache, Julius) /
Predominantly awned in
arid regions (‘Patras’,
‘Apache’, ‘Julius’)

OmymeHHs CTPYXHS /

Rachis pubescence Cumbne / Strong

Bapiroe, iHOm moemHaHE 3
BHCOKOIO BockoBicTiO (KHsDKHa,
Kanura, XapkiBcbka CraBHa) /

Varies, sometimes combined
with  high waxy  bloom
(‘Kniazhna’, ‘Kalyta’,

‘Kharkivska Slavna’)

3ycTpivaerscs, ane He
3aBXKIU cTallIbHE
(Genius, RGT

Kilimanjaro) / Occurs,
but not always stable
(‘Genius’, ‘RGT
Kilimanjaro’)

Bamanc mig iHTEHCHUBHI

Bamanc gms cridikocti W

. . texHouorii (Benchmark,
HNpOAYKTUBHOCTI  (XapKiBchKa KWS Livius LG
Bucora/minsHicts /| Cepennsi/cepenns / Medium 118, . Xapxipceka 120, Skyscraper) / Balance for

. . . Hentunika) / Balance for | . . .
Height / Density / Medium . . intensive  technologies
stability = and  productivity (‘Benchmark’ KWS

(‘Kharkivska 118°, ‘Kharkivska L ’ .
120°, “Tsentylivka’) Livius’, LG

’ Skyscraper’)
. . . Bucoka mpomyKTHBHICTH
K . OpieHTanis Ha SKiCTh (HaTypa, ..
pyIHEe, 4YepBOHE; HH3bKa | . . 3a HaJIeKHOT TEXHOJOTIi
. Oinok, kneiikoBuHa) (CrnaBHa, . .
aKTUBHICTh Kamira, Bexa) / Focus on (Apache, Julius, Genius) /
3epHo / Grain MOTi(peHOTOKCHAA3H / . . . High productivity under
) quality (test weight, protein, .
Large, red; low polyphenol . s ,. | appropriate technology
. . gluten)  (‘Slavna’, Kalyta’, | /; ) R
oxidase activity “Vezha) (‘Apache’, Julius’,
‘Genius’)
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CunbpHUE BOCKOBHI HANIT JMCTKA BHUCTYHA€e
MapKepoM  IOCYXOCTiMKocTi. Y  3apyOiKHHX
OCTHCTHX JIHIAX, Takux ik TAM 304 1 SY Ovation
y CIHA yn KWS Emil ta RGT Reform y
Himeuunni, msg o3HaKa IIpamioe CHHEPTiHHO 3
OCTHCTICTIO, (OPMYIOUM [TOJATKOBHH MeXaHi3M
30epexkeHHst  Boau.  Bomomapka — HociBmimaum
JOTIOBHIOE el KOMIUIEKC mie W CHIBHUM
OIYIIEHHSM BEPXIBKOBOTO CEIMEHTA CTPWOKHS
KOJIOCa, L0 PiAKO 3yCTPIiYaeThCSl y €BPOMEHCHKUX
COPTIB 1 CTBOPIOE IONATKOBUIT Oap’ep TPOTH
KOHJIEHCAIIil Ta meperpiBy. 3a BOCKOBICTIO JTUCTKA
BiH crHiBCTaBHHWI 13 ykpaiHchbkumu copramu MIIT
Huinpssaka ta MIII Bexa, ski Big3Ha4aroThCA
BHUCOKOIO MOCYXOCTIHKICTIO, TPOTE HOBUM COPT MA€
JOJIaTKOBHIA Oap’ep — IMOEIHAHHS BOCKOBOCTI Ta
ONyIICHHS, IO MiJCWII0E HMOrO CTIWKICTh ¥y
CTPECOBHX YMOBaX.

OcCTHCTICTh COPTYy BHpaKeHa JOBIHM 1
3ITHyTHM 3yOIleM IOBXKHHOI 6—8 MM MpH KyTi
BUTHHY MOHAJ 45°, M0 MiICUITIOE POTOCUHTETHUHY
AKTUBHICTh Kojoca. 3a (PYHKIIOHAJIBHICTIO Iis
O3HaKa TIOPIBHIOBaHA 3 YKPaiHCBKUMH COpPTaMHU
Cmyrnsaka, MIII  Bizepynok, ILlapiBHa Ta
amepukancbkumu TAM 114 1 SY Monument, ane
Bomnonapka HociBuman mae Oinbpin 30amaHcOBaHy
BEPXIBKOBY OCTHCTICTh 3aBIOBKKHA 2—3 MM, IIO
MOJIETTIIY€ OOMOJIOT 1 3MEHIIIYE TPaBMYBaHHS 3epHa.

Kpynmna 4depBoHa 3epHiBKa 3 HH3BKOIO
aKTHBHICTIO  TomideHoNoKkcHaa3u  3abesmeuye
CTaOUIBHICTh KOJIBOPY 1 HATypu 3€pHa, IO €
B)XJIMBOIO TEXHOJIOTIYHOIO IEPEBarorw. 3a IUMHU
MOKAa3HUKAMH COPT KOHKYpPYE 3 HIMEIbKUMH
ninissmu RGT Reform i Patras Ta ameprkaHchKuMu
HRW copramu TAM 114 i SY Ovation,
JIEMOHCTPYIOUH BHCOKHI piBEHb MPHUAATHOCTI YIS
XJ1I00MEeKapChKOi 1 KOHAUTEPCHKOT MPOMKCIOBOCTI.
BonHouac BiH cmiBcTaBHHH 13 YKpalHCBKUMH
copramu MIIT Bexa ta MIIT [QuinpsHka, ski
OpieHTOBaHI Ha cTabiNbHY SKICTH OOpOIIHA, ale
Bomogapka  HociBuiMHM — JeMOHCTpYE — BHILY
CTaOUIBHICTh KOJbOPY 3aBISKU HU3bKiil aKTUBHOCTI
oJTi(heHOIOKCHUIa3H.

3 oLy Ha CeNeKUiiHy LIHHICTb COpTY,
ocoOnuBy yBary Oyi0 TPHIUICHO BHBUYCHHIO HOTO
(hoTonepioquuHOI peakIlii — 03HaKH, 110 BU3HAYAE
TEMITH PO3BUTKY, QJIallTaIlif0 JIO0 CTPOKIB CiBOM Ta
MOTEHIIia ypoxxaiHOCTI. JloCmiIKEeHH s, TPOBECHI
y croiBnpauni 3 C.B. Ye6otap Ta in. (Bakuma et al.,
2020), mO3BONMIM JETaJbHO OXapaKTepu3yBaTH
copr Bomomapka HociBuman 3a  03HaKOIO
(oTornepioguuHOI 4yTIMBOCTI. [ eHOTHI copTy Hece

The strong waxy bloom of the leaf serves
as a marker for drought resistance. In foreign
awned lines, such as ‘TAM 304’ and ‘SY
Ovation’ in the USA or ‘KWS Emil’ and ‘RGT
Reform’ in Germany, this trait works
synergistically with awnedness to form an
additional water conservation mechanism.
'Volodarka Nosivshchyny' complements this
complex with dense pubescence of the apical
rachis segment—a trait rarely found in European
cultivars—which creates an extra barrier against
condensation and overheating. In terms of leaf
waxiness, it is comparable to the Ukrainian
cultivars 'MIP Dniprianka' and 'MIP Vezha',
known for high drought resistance, but the new
cultivar  provides a dual barrier—the
combination of waxy bloom and pubescence,
strengthening its stability under stressful
conditions.

The awnedness of the cultivar is expressed
by a long and curved tooth (6—8 mm) with a
bending angle exceeding 45°, which enhances
the photosynthetic activity of the spike.
Functionally, this trait is comparable to that in
the Ukrainian cultivars 'Smuhlianka', '™IP
Vizerunok', and 'Tsarivna' and the American
cultivars ‘TAM 114> and ‘SY Monument’;
however, 'Volodarka Nosivshchyny' features a
more balanced apical awnedness (2-3 mm),
facilitating threshing and reducing grain
damage.

The large red caryopsis with low
polyphenol oxidase activity ensures color
stability and high test weight, representing a
significant technological advantage. According
to these indicators, the cultivar competes with
the German lines ‘RGT Reform’ and ‘Patras’ and
the American HRW cultivars ‘TAM 114’ and
‘SY Ovation’, demonstrating better suitability
for the baking and confectionery industries. At
the same time, it is comparable to the Ukrainian
cultivars 'MIP Vezha' and 'MIP Dniprianka’,
which focus on stable flour quality, yet
"Volodarka Nosivshchyny' demonstrates higher
color stability due to its low polyphenol oxidase
activity.

Given the breeding value of the cultivar,
particular attention was paid to its photoperiodic
response—a trait determining development
rates, adaptation to sowing time, and yield
capacity. A study conducted in collaboration
with S.V. Chebotar et al. (Bakuma et al., 2020)
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ramiotun VII rena Ppd-D1, o 3ymoBiIroe nomipHy
(hotonepioguaHy peaxIIiro - KIJTFOUOBHI
aJanTHBHUN MeEXaHi3M, SKAW TPSAMO BIDIMBAE Ha
TPUBAJICTh  Bereramii, dYac KOJOCIHHA Ta
MPOAYKTUBHICTh. PeHonoriunuii mpodine copry
JEMOHCTPY€E TIi3HIIIEe KOJOCIHHS TMOPIBHIHO 3
HEUYTIMBUMH TEHOTHUNIAMHU: CepeAHs Aara — 23
no0u, UBITIHHS — 27 mobwu Bix movarky TpaBHi. Lle
JO3BOJISIE KYNBTypi €(EeKTUBHO BHUKOPHUCTOBYBAaTH
3aacu 3MMOBOI T4 PAaHHBOBECHSHOI BOJIOTH, IO €
KPUTUYHO BaXIMBUM A1 (OPMYBAaHHS BHCOKOI
Oiomacu. Y mompoBHXx ymoBax Jlicoctemy Ta
[omicesa-Jlicocreny ~ Bonomapka  HociBuiuaun
3a0e3revye BpOXKAWHICT, Ha piBHI 623-624 1/M2.
BomHowac, came momipHa  QoTomnepionuuHa
YyTJIUBICTh JIGKUTH B OCHOBI BHCOKOI JHcCIepCii
BpPOXAHOCTI, IO MATBEPUKYE 3aJIKHICTh COPTY
BiJl MET€OPOJIOTIYHMX YMOB CE30HY.

[Ipotre, came momipHa QoTonepioanyHa
YyTIUBICTh JIKUTH B OCHOBI BHCOKOI AmcIiepcii
BPOXKaHOCTI, 110 MiATBEPAXKYE 3aJEKHICTh COPTY
BiJl METEOPOJIOTIYHUX YMOB C€30HY. Taka peakiris Ha
JIOBXMHY CBITJIIOBOTO AHS BIUIMBAa€E HE JHIIE Ha
TEMIH PO3BHTKY POCIMHM, a i Ha (HOpMyBaHHS
0iloXiMIYHOTO CKJaay 3epHa, 30KpeMa Ha BMICT
OisKa Ta SKiCTh KIIEHKOBHHH, SIK1 € KpUTHYHUMH IS
XJ1100NeKapChKOTO BUKOPUCTAHHSI.

KommekcHa OLIIHKA TEXHOJIOTTYHUX
BrnactuBocTeil copty Bomomapka HociBmuau
MiATBEPKYE  HOTO  BHCOKHHA  MPOIOBOJIBIHI
noteHiian. Harypa 3epHa Ha piBai 790 /11 CBiTUUTH
PO BUCOKY BHIIOBHEHICTH Ta MOTEHLIHHO BUCOKHUI
BUXiJl OopomHa BuUmUX copTiB. [lokazHuk
ckionoaionocti (46 %) y THO€AHAHHI 3 BMICTOM
KieikoBuHN (22-27 %) 3abe3neuye (opMyBaHHS
€IIaCTHYHOTO TicTa 3 JOOPHMH  CTPYKTYypHO-
MEXaHIYHHUMH BJIACTUBOCTAMH. 3a CYKYIHICTIO
noka3uukiB (IJIK — 75 on., cuma 6opormaa — 138—
178 o.a.) copr kmacu(ikyerbcs sk mineHuns 11
rpynu sKocTi (I[iHHA), IO Bi/MOBIIA€ BUMOTaM JI0
cTalinbHUX (IIEpHUX COPTIB  YHiBepCaIbHOTO
npuszHaueHHs. [Hnekc emactuuHocTi (42 %) Ta
cTabinmpHUI 00 eMHMI Buxig xiida (450-510 cm3)
MiATBEPKYIOT e eKTUBHY peauizanito
TeHETHUYHOTO IOTEHI[ially TeHOTUITY HaBITh 32 YMOB
BapiaTHBHOTO T1IpOTEepPMIYHOTO Ta
¢doronepioquuHoro  pexkumy. Lle  Bu3Hauae
CTpareriuHy IrepeBary cOpTy JUis BHPOIIYBaHHS B
HecTaOlIbHUX arpoKJITiMaTHYHHUX yMOBax
nepexigHuxX 30H Ykpainu (Tadam. 5).
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allowed for a detailed characterization of
"Volodarka Nosivshchyny' regarding
photoperiodic sensitivity. The genotype carries
haplotype VII of the Ppd-DI gene, which
determines a moderate photoperiodic
response—a key adaptive mechanism directly
influencing vegetation length, heading time, and
performance. The phenological profile of the
cultivar shows later heading compared to
insensitive genotypes: an average of 23 days for
heading and 27 days for anthesis from the
beginning of May. This allows the crop to
effectively utilize winter and early spring
moisture reserves, which is critical for high
biomass formation. Under the field conditions of
the forest-steppe and the mixed forest/forest-
steppe  transition  subzone, 'Volodarka
Nosivshchyny' yields 623—624 g/m?. However, it
is the moderate photoperiodic sensitivity
underlies the high yield variance, confirming the
cultivar's  dependence on the season's
meteorological conditions. Such a response to
day length affects not only the plant
development rate but also the grain biochemical
composition, particularly protein content and
gluten quality, which are critical for bead-
making.

The comprehensive evaluation of the
technological ~ properties  of  'Volodarka
Nosivshchyny' confirmed its high food-grade
potential. A test weight of 790 g/L indicates good
grain filling and a potentially high yield of
premium-grade flour. The vitreousness index
(46%) combined with the gluten content (22—
27%) ensures the formation of elastic dough
with desirable structural and mechanical
properties. Based on the aggregate indicators
(GDI = 75, flour strength (W) = 138—178), the
cultivar is classified as Group II quality wheat
(valuable wheat), meeting the requirements for
stable, multipurpose "filler" cultivars. The
elasticity index (42%) and stable loaf volume
(450-510 cm?) confirm the effective realization
of the genotype's genetic potential even under
variable hydrothermal and photoperiodic
regimes. This determines the strategic advantage
of the cultivar for cultivation in the unstable
agro-climatic conditions of the Ukrainian
transition subzones (Table 5).
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Tadauns 5. XapakTepHCTHKH SKOCTI 3epHa Ta XJi0OIeKapChKUii oTeHian copty Bononapka HociBumau
Table 5. Grain quality characteristics and bread-making potential of 'Volodarka Nosivshchyny'

TToxa3uuk / Parameter

3uauenss / Value

IHTepnperanis / 3Ha4eHHS 11 TexHOJori1 / Interpretation /
Technological Significance

Harypa 3epna / Test
weight

790 r/n/ g/L

Buricoka BHITOBHEHICTh Ta MIUIBHICTH CHIOCIEPMY; 3a0e3reduye
cTabiIpHO BHCOKHMI BUXiz OopomrHa Bumux coptiB / Good grain
filling and dense endosperm; consistently high yield of premium-
grade flour

CxonromiOHICTE /
Vitreousness

46%

Y nmoemHaHHI 3 BHCOKMM BMICTOM OiNMKOBHX  (hpaxmiif
(xneiixoBuHa 22-27 %) 3abe3neuye (HOpMyBaHHS €IaCTHYHOTO
TicTa 3 JOOPHMH CTPYKTYypHO-MEXaHIYHIMH BIACTUBOCTSIME / In
combination with a high content of protein fractions (gluten 22—
27%), it ensures the formation of elastic dough with desirable
structural and mechanical properties.

Knetikosuna / Gluten

22-27%

Bucokwuii BMicT, 3a6e31medye enacTuaHicTh Ticta / A high content
ensures dough elasticity

I'pyma sixkocTi / Quality
group

II

CraOinmpHHI  Qimep  yHiBepcadbHOTO Tpu3HadeHHA. Lle
XapaKTepU3y€e COPT sK CTabiibHy (iUIepHY OCHOBY JUIs
(GopMyBaHHS IIOMOJNBHHX HAapTii Ta BHKOPUCTAHHA B
VHIBepCANbHUX XJIIOOMEKapChKUX TEeXHONOTiAX. / A stable
multipurpose filler. The characteristics make the cultivar a stable
filler base for producing milling batches and using in universal
bread-making technologies.

BJIK (BamopumerpudHa
ominka) / GDI

75

KneiikoBuna Bianosigae 1 rpymi sKocTi, 10 TapaHTye
ONITHUMAJIBHI IPY)KHO-EIaCTHYHI XapaKTePUCTHKH Ta 3anodirae
HAJIMIPHOMY PO3PiMKEHHIO TicTa mif 9ac pepmenTamii. / Gluten
corresponds to Quality Group I, guaranteeing optimal resilience
and elasticity while preventing excessive dough softening during
fermentation.

Cua 6opomrHa / Flour
strength

138-178 o0.a.

Kateropist «dinepHoi» (cepeanpoi 3a crmoro) mmennti. / "Filler"
category (medium-strength) wheat

Tnaexce enacTUyHOCTI /
Elasticity index

42%

30anancoBana enactuuHicTh Ticta / Balanced dough elasticity

OO0’ eMHMI BUXig XJ1i0a /
Loaf volume

540 M / 540 cm?

KOHKYypEeHTOCIDOMOXKHHIT ~ PIBEHb  SKOCTI 3epHa, M0 €
PETIPE3eHTATHBHUM MOKa3HUKOM ISl BHCOKOIPOMYKTHBHHX
NIIEHWIb  JaHoi  Kkareropii Ta  MIATBEPIKYE  BHCOKY
XJIIOOTIEKapChKy AKicTh copTy. / A competitive level of grain
quality that is representative of high-yielding wheats in this
category and confirms the high bread-making quality of the
cultivar.

Ha puc. 3 HaBeneHo 3pa3ok xJ1i0a, BUIIEUSHOTO
3 3epHa IBOrO COpPTY, WIO JIEMOHCTPY€E MHOro

TEXHOJIOT1YHY NPHUIATHICTh AJS XJ10OmeKapchKoi

MIPOMHCIIOBOCTI.
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Fig. 3 shows a loaf of bread baked from the
grain of this cultivar, demonstrating its
technological suitability for the baking industry.
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Puc. 3. X110, BurieueHui i3 mreHUI M’ kol copty Bomomapka HociBmuau
Fig. 3. Bread baked from the common winter wheat cultivar ‘Volodarka Nosivshchyny’

VY KOHTEKCTI BUIE3a3HAUYCHUX CEJICKIiHHNX
XapakTepUCTHK  0co0aMBOi  Barm  HaOyBaroOTh
pe3ynbraTd  BHpPOOHMYOI  ampobamii  copry
Bomogapka HociBuan, mnpoBeneHoi Ha  0asi
Hociscbkoi CJIC npotsrom 2022-2025 pokiB (Tada.
6). Jlanuii eran JIOCIHIPKEHb JIO3BOJIUB HE JIUIIC
BepH(DiKyBaTH MOTEHIIIHY BPOXalHICTh TCHOTHUITY
3a Pi3HUX CUCTEM OCHOBHOTO OOPOOITKY IPYHTY, a i
MpoaHali3yBaTH HOPMYy peakmii Horo Mopdo-
TEXHOJIOTIYHMX O3HaK Ha 3MIHYy arpoTeXHIYHUX
(hakropis.

OTrpuMaHi  AaHi  MIATBEPIKYHOTh, IO
apXITEKTOHIKA POCIUH Ta CTAOLIBHICTh SKICHUX
MMOKa3HUKIB 3€pHA COPTY MOBHICTIO KOPEIIOIOTH i3
CYy4acHUMH IMI00aJbHUMH TPEHIAMH CeJeKlii Ha
BHCOKY QJIalITHBHICTh Ta PECYPCHY OIIAJUINBICTb.
e  no3Bomsie  mo3uiioHyBaTH  Bomomapky
HociBuian K IUIACTUYHUN TE€HOTHUII, 3JaTHUN
e(eKTHBHO peallizyBaTH CBili OioeHEepreTHYHHUN
MOTEHIla)l SK 3a IHTEHCMBHMX, TakK 1 3a
MiHIMI30BaHUX TEXHOJIOT1H BUPOILyBaHHSI.

Pesynbraru  GararopidyHux — BUIPOOYBaHb
(20222025 pp.) cBim4arh, 110 CHCTEMa OCHOBHOTO
00pOOITKYy TPYHTY € KPUTHYHHM UYHUHHHUKOM Y
peanizanii MOTeHLiady NPOAYKTHUBHOCTI COpPTY
Bonmogapka HociBmunu, oco0muBo B ymoBax
HapOCTaK4oro ae(iluTy BOJOTH.
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In the context of the aforementioned
breeding characteristics, the production trial
results on ‘Volodarka Nosivshchyny’ obtained at
Nosivka BRS in 2022-2025, are of particular
importance (Table 6). This stage of the research
allowed not only for the verification of the
genotype's potential yield under different
primary tillage methods but also for the analysis
of the reaction norm of its morpho-technological
traits to changes in agronomic factors.

Our findings confirmed that the plant
architecture and the stability of the grain quality
indicators of the cultivar fully correlate with
current global breeding trends focused on high
adaptability and resource efficiency. This allows
for positioning ‘Volodarka Nosivshchyny’ as a
plastic genotype capable of effectively realizing
its bioenergetic potential under both intensive
and minimized cultivation technologies.

Results of multi-year trials (2022-2025)
indicate that the primary tillage method is a
critical factor in realizing the yield potential of
‘Volodarka Nosivshchyny’, particularly under
increasing water deficits.
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Tadmuns 6. Ypoxaiinicts i maca 1000 3epeH muenuii o3umoi copty «Bonogapka HociBiuHNY 32 pi3HUX CHCTEM
ocHOBHOTO 00po0iTKy IpyHTYy (HociBebka CIIC, 20222025 pp.)
Table 6. Yield and thousand-kernel weight of the winter wheat cultivar ‘Volodarka Nosivshchyny’ under different

rimary tillage methods (Nosivka BRS, 2022-2025)

Crnoci6 06po6iTky rpynry / Tillage method
Diski .
S nuckysants / Disking Opanka / Plowing
o . . . Maca 1000 3epen, T
VYpoxaitHicTs 3epHa, T/Ta Maca 1000 3epeH, T / YpoxaitHicTh 3epHa, /1000-kernel
/ Grain yield, t’/ha 1000-kernel weight, g T/ra / Grain yield, t/ha .
weight, g
2022 9.8 53.0 7.6 46.4
2023 8.5 51.5 6.6 45.1
2024 10.7 54.0 83 47.3
2025 7.5 51.0 5.8 44.7
Cepenue / 9.1 52.4 7.1 45.9
Mean
HIP0s /
LSDoos 0.7 0.6 1.2 1.0
Bcranosneno, 110 3aCTOCYBaHHS It was found that surface tillage (disking)
HIOBEPXHEBOTO 00poOITKY (nMCKyBaHH) ensured a maximum yield of 9.1 t/ha with a
3a0€e31eYmIo (bopmyBaHHs MaKCHUMaJIbHOI consistently high thousand-kernel weight (52.4

BpokaiiHOcTi Ha piBHI 9,1 T/ra mpu crabimTbHO
Bucokii Maci 1000 zepen (52,4 r). Takuit edekr
MTOSICHIOETHCST 30€pPEeKEHHAM IUTICHOCTI TPYHTOBUX
KalJIsIpiB Ta CTBOPEHHSM MYJIBIYBJILHOTO MIApy
MOXHUBHUX PEUITOK, IO MiHIMi3y€ BUIIAPOBYBaHHS

BOJOTM 3 BepxXHiX rTopu3oHTiB. lLle crano
BUpIIIANEHUM  (DAKTOPOM  BIDKMBAaHHA  Ta
MPOIYKTUBHOCTI TOCIBIB Y TOCTPONOCYIINBI

niepiogn 2023 ta 2025 pokiB, koau AeilUT onamiis
y ¢a3u KylIeHHS Ta HaJIWBY 3epHa OyB HaWOLIbII
Biq4yTHUM. HaTtomicTh 3a yMOBH MTONHUIIEBOT OPaHKH
crocTepiranocs CyTTEBE 3HKEHHS
poayKTUBHOCTI 110 7,1 T/ra, a Mmacu 1000 3epern —
10 45,9 r. ['mnboke po3MyIIeHH IPYHTY MPHU3BEIIO
0 HajaMipHOI aepallii Ta MIBUAKOI BTpPaTH
3aJIMIIKOBUX 3alaciB MPOXYKTUBHOI BOJOTH, IO B
YMOBaXx BOJIHOTO CTpeCy CIPHYMHMIIO MepeqyacHe
MIPUITUHEHHS BereTallii Ta "3anan" 3epHa.

Takum unHOM, copT Bonomapka HociBmuau
JNEeMOHCTPYE  BUCOKY  QJalTHBHY  3[aTHICTb
HIBEJIFOBATH HETaTUBHUH BIUIMB e (IlIUTY BOJIOTH 3a
YMOBH 3aCTOCYBaHHS eHepro- Ta
BOJIOr030€epirarounx TEXHOJIOTIH. IlepeBara
nuckyBaHHs (+2,0 T/ra) migTBEpIDKYE TCHETHUYHY
CXWJIBHICTD COpTY bi (4] e(eKTHBHOT
BOJOCIIOXKHBAIOYO] 3aTHOCTI, W0 POOUTH HOTO
CTpaTeriyHo Ba)KIMBUM JUIA MOCYLUIMBUX PETiOHIB
VYkpainu B yMOBax TIOOIGHUX KITIMATHIHUAX 3MiH.

g). This effect is explained by the preservation
of soil capillary integrity and the creation of a
mulch layer of crop residues, which minimizes
water evaporation from the upper horizons. This
became a decisive factor for the crop survival
and performance during the severely arid periods
of 2023 and 2025, when precipitation deficits
during the tillering and grain-filling stages were
most pronounced. Conversely, under moldboard
plowing, a significant reduction in the yield to
7.1 t/ha was observed, with the thousand-kernel
weight dropping to 45.9 g. Deep soil loosening
led to excessive aeration and rapid loss of
residual productive moisture reserves, causing
premature termination of vegetation and grain
shriveling under water stress.

Thus, ‘Volodarka Nosivshchyny’
demonstrates a high adaptive capacity to
mitigate the negative impact of water deficit
when energy- and water-saving technologies are
applied. The advantage of disking (+2.0 t/ha)
confirms the genotype's genetically determined
ability to efficiently absprb water, making it
strategically important for the arid regions of
Ukraine amidst global climate change.
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BucHoBku.

Coprt o3umoi mrenuii Bonogapka HociBiman
BU3HAYCHO SIK IUIACTUYHUI TEHOTHIT YHIBEPCAITHLHOTO
NpU3HAYEHHS, [0  TOETHYE  ONTUMI30BaHY
MopdoIoriuny ApXiTEeKTOHIKY, BUCOKY
(hororepionnuHy cTabLIBHICTh Ta KOHCEPBATHBHICTD
OimkoBoro mpodinro, MmO 3abe3nedye CTaOLIbHY
peatizaltito MpoayKTUBHOCTI B IIUPOKOMY Jliana3oHi
arpoeKoJIOTiYHUX YMOB.

Bupobrnui BumpoOysanas (2022-2025 pp.)
MiATBEPIUIA BHCOKHIA TOTCHIIANT MPOXYKTUBHOCTI
COpPTY: CcepelHs BpokaklHiCcTh cTtaHoBWiIa 5,65-9,10
1/ra, mo Ha 8—10 % mepeBuiIye cepenHi Obararopiusi
MOKA3HUKH  PETiOHYy, TPHYOMY  MaKCHMaJlbHa
BPOKaWHICTh JIOCATAEThCS 32 YMOB MiHIMi3allil
00poOITKy TIpyHTY (AMCKYBaHHS), IO CIPUSE
HiBETIOBaHHIO JIEDIIUTy BOJIOTH.

INokasHuku sikocTi 3epHa (Harypa — 790 1/7,
oinok — 1o 14 %, xueiikoBuna — 22-27 %, cuia
oopomma —  138-178 o0.a)  JO3BOMNSIOTH
krmacu(ikyBaTd COpT SK IIHHY TPOAOBOJIBIY
menuiro (I rpyma sikocTi), a HU3bKAa aAKTHBHICTh
normieHomokcuaa3n  3abaesnedye  cTabiBHICTH
KOJIbOPY OOPOIITHA, IO € KOHKYPEHTHOI TIepEeBaroko
MOPIBHSHO 3 €BPOINEHCHKUMH Ta aMEPUKAHCHKUMHU
aHaJIOTaMH.

HasBHicte xwutHBOI Tpancnokamii 1BL/1RS
(mapkep Gli-R1) 3abesnedye copTy KOMILIEKCHY
PE3UCTEHTHICTH /10 Oypoi ipiKi Ta OOPOITHUCTOT pocH,
IpH I[bOMY TIOTEHITIHA IECTPYKTUBHA JIisl CEKaJIiHIB
Ha  SKiCThP TicTa  e(eKTHBHO  HiBEIIOETHCS
CHHEPIiYHOK JI€I0 IIIOTCHIHOBUX aJelliB  Ta
BHUCOKHUM OLTKOBHM ITOTEHIIIAJIOM.

CopT BHUPI3HIETHCSA ONTUMATIBHOIO JIOBKHHOIO
BEPXiBKOBHUX OcTeit (2—3 MM), sika 3a0e31edye BUCOKY

TEXHOJIOTIYHICTh oOMonoTy  Ta MiHIMi3y€
MIKpOTpaBMYBaHHsI 3€PHIBKH.
CyKynHiCTh IIeHTU(IKAIIIHHIX O3HaK

MO3UIIIOHYE COPT SIK CTPATETIUHO BaXKIIMBUH pecypc
JUISL  HaliOHAJIbHOI NPONOBOJNEYOI  Oe3rmexu Ta
MepcrekTuBHy IuiargopMmy Juid  iHTerpauii  y
CeJIeKIIilHI TIporpamu.

Kondguikt inTepeciB: ABTOpH 3asBISIOTH PO
BiJICYTHICTh KOH(IIIKTY IHTEpECIB.

dinaHCyBaHHS: JOCIII)KEHHS HE OTPHUMYBaJIO
30BHIIIHBOTO (DiHAHCYBAaHHSI.

JocTynHicTh JaHWX: yCi JlaHI HaBeleHI B TEKCTi
CTarTi.

Bnecok aBTOpiB: yci aBTOpH 3p00HIN
PIBHO3HAYHUWI BHECOK y JTOCIJDKEHHS Ta
MiZTOTOBKY PYKOIIUCY.
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Conclusions.

The winter wheat cultivar ‘Volodarka
Nosivshchyny’ is recognized as a plastic,
multipurpose genotype that combines optimized
morphology, high photoperiodic stability, and a
stable protein profile, ensuring consistent
performance across a wide range of
agroecological conditions.

The production trials (2022-2025)
confirmed the high yield potential of the cultivar:
the mean yields ranged from 5.65 to 9.10 t/ha,
exceeding the regional multi-year average values
by 8-10%. It is noteworthy that maximum yields
were achieved under minimized tillage (disking),
which helps mitigate moisture deficits.

The grain quality indicators (the test weight
is 790 g/L; the protein content amounts to 14%;
the gluten content is 22-27%; the flour strength
is 138—178) allow the cultivar to be classified as
valuable food-grade wheat (Quality Group II).
Low polyphenol oxidase activity ensures flour
color stability, providing a competitive
advantage over FEuropean and American
counterparts.

The 1BL/IRS rye translocation (marker
Gli-R1) confers comprehensive resistance to leaf
rust and powdery mildew. Potential negative
effects of secalins on dough quality are
effectively mitigated by synergistic action of
glutenin alleles and high protein potential.

The cultivar boasts an optimal length of
apical awns (2—3 mm), ensuring easy threshing
and minimizing micro-damage to the caryopsis.

The combination of identifying traits
positions the cultivar as a strategically important
resource for national food security and a
promising platform for integration into breeding
programs.
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Pedepar: IIpoBeneHo OLIHKY IIECTH COPTIB JIIOUEPHU Y EKOJOTIYHOMY COPTOBHIIPOOYBaHHI
BHSIBIICHO ITiIBUIIIEHY KOPMOBY MPOAYKTUBHICTH copTiB CuHioxa, PamocnaBa, Antane ta Birute mopiBHSHO
3 iHmuMu. OcoOauBoO ciifl Big3Hauut coptu Pamocnara (12,99 1/ra) ta Birute (12,67 1/ra). 3a 18a poku
BUKOPUCTAHHS 32 HACIHHEBOIO MPOAYKTUBHICTIO BUALIWIKCH copTu Pagocnara (0,477 1/ra) Ta Antane
(0,502 1/ra +8% abo 0,038 1/ra no crannypry Cunroxa ta 5% abdo 0,025 1/ra go ctannapry Panocnasa).
[TigBumeHuM BMICTOM MNpoTeiHy xXapakrepusyBanuch coptd Cunroxa (19,13%), Pagocnasa (19,29),
Malvina (19,89) ta Antane (19,05), a HaliMeHIINH pe3yabTaT BUIBIEHO y copTy Birute, nmume 16,24 %. Y
copriB Cunroxa, PagocmaBa, Antane 30ip Oinka cknas 2,14, 2,51 Ta 2,22 1/ra BignoBigHo. TuMm gacoM y
copty Birute, 3a BiTHOCHO BHCOKOI KOpMOBOi mponyKTuBHOCTI (12,67 T/ra) 30ip Oinka CTaHOBUB JIHIIE
2,06 T/ra.

KawuoBi caoBa: Medicago L., mpomyKTHBHICTB, 30ip CyXoi pPEUYOBWHH, ypoXKail HaciHHS,
KHCJIOTHICTB IPYHTY

Abstract: Six alfalfa cultivars were evaluated in an environmental trial. Increased fodder
productivity was revealed in 'Syniukha', 'Radoslava’, 'Antane', and 'Birute' compared to others. 'Radoslava’
(12.99 t/ha) and 'Birute' (12.67 t/ha) should be particularly noted. Over two years of use, 'Radoslava' (0.477
t/ha) and 'Antane' (0.502 t/ha; +8% or 0.038 t/ha to the check cultivar 'Synyukha' and 5% or 0.025 t/ha to
the check cultivar 'Radoslava') stood out in terms of seed productivity. 'Syniukha' (19.13%), 'Radoslava’
(19.29%), 'Malvina' (19.89%), and 'Antane' (19.05%) were characterized by an increased protein content,
while the lowest protein content was found in 'Birute’ (only 16.24%). In 'Syniukha', 'Radoslava’, and
'Antane', the protein yield amounted to 2.14, 2.51, and 2.22 t/ha, respectively. Meanwhile, in 'Birute’,
despite a relatively high fodder productivity (12.67 t/ha), the protein yield was only 2.06 t/ha.

Key words: Medicago L., productivity, dry matter yield, seed yield, soil acidity.

Betyn Introduction

AKTYaNbHICTh TPOBEJCHHS JOCTIJDKEHb 3 The relevance of research to determine the
BU3HAYCHHS KOPMOBOI Ta HACIHHEBOT fodder and seed productivity of alfalfa in
OPOAYKTUBHOCTI ~ JIIOLEPHU B EKOJOTIYHOMY environmental trials is determined by the need
COPTOBHIPOOYBAaHHI  OOyMOB/ICHA ~HEOOXINHICTIO to identify high-yielding cultivars adapted to
BHLUICHHSI BHCOKOTIPOMYKTUBHHX copTiB specific pedo-climatic conditions for further use
aaNTOBAaHUX JI0 TEBHUX IPYHTOBO-KIIMAaTHYHHX in breeding and production.

YMOB 3 METOI MOJAJbIIOr0 BHUKOPUCTAHHS B
CEJIEKIIITHOMY TIPOIIeCi Ta BUPOOHUIITBI.
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Jlroniepna (Medicago L.) € HalO1MBIT TIAPOKO
KyJBTHBOBAaHOI KOPMOBOIO 000OBOIO KYJIBTYpPOK Y
CBITI Ta BupoulyeTbes y moHan 80 kpainax. [lnoma
rociBiB craHoBUTh 30-40 MiNBHOHIB TEKTapiB i3
3arajJbHAM PIiYHAM BUPOOHHUIITBOM Onm3pko 450
MJH. T. Sk OararopiuHa 6000Ba POCIMHA JIOIICPHA
MOJKe 30epiraTé CBOXO MPOAYKTHBHICTB BIIPOAOBXK 3-
7 pokiB (Tedesco et al., 2022), BoHa Mae CHILHO
po3BHHEHY (3a3BMYaii  CTPW)KHEBY) KOpPEHEBY
CHCTEMY, sIKa 37aTHa IPOHUKATH B IPYHT Ha IITHOUHY
4-6 M, o 103BOJSE €(PEeKTUBHO BHKOPHUCTOBYBATH
BoJsiory 3 Oinmbin mmbokux 3amaciB (Carlini et al.,
2024); 30arauye IpyHT a30TOM, LIO JO3BOJISE
3MCHIIIUTH HOPMH BHECEHHS MiHEpaIbHUX JTOOpPHB
Ha 30-70 % (Desta et al., 2026); nomimmye #oro
cTpyktypy # pomtodicts (Chen et al., 2022) ;
3arobirae eposiiauM mporecam (Qin et al., 2025);
AKTHBHO BHUKOPHCTOBYEThCS K KOPMOBa KYJIBTypa
(Mielmann, 2013).

Pocnuuu mioniepHr 1oOpe BiIpoOCTalOTh Ha
JOCTAaTHRO MIMPOKOMY CHEKTpi IpyHTiB 3 pH 5,5-8,5
3a THOKYIIATLI T ITAMaMH BIIITOBITHUX
a30T(iKCyBaIbHUX MiKpOOpraHi3MmiB, poTe
HaWOUTBII ONTUMANBHUMH € 100pe JIpeHOBaHi
cyrmuHaku 3 pH 6,5-7,5 (Zhang et al., 2024) . Kucni,
MEePEe3BOJIOKEHI Ta BaKKI IIMHUCTI IPYHTH CHIIBHO
3HWKYIOTh MPOAYKTUBHICTH onepau (Du et al.,
2025), mo moB’A3yI0Th 3 aKTUBHICTIO aIFOMIHIIO Ta
obMexeHHsM focTynHocTi hocdopy (Oztiirk et al.,
2022), npunuHEeHHAM a30Tdikcalii abo CHIbHUM Ti
oomexxeHHsM  (Mendoza-Soto et al.,, 2015).
HeratuBHuii BIUIMB  MiABUIIEHOT KHCJIOTHOCTI
IPyHTy B Tepuly 4Yepry BiJJOOpakyeTbCsl Ha
HACiHHEBIM TMPOAYKTUBHOCTI JIIOLEPHU, CYTTEBO
smenmytoun ii (Ferreira et al,, 2012). 3nauna
yactuHa (Oimbme 24 %) TpyHTiB B YKpaiHi €
kuciaumu. 3okpema B 30Hi [lomiccs ix 48,4%, y
Kurtomupcekiit, BinHuNpKif, YepHIriBCchkiid Ta
3akapnarchkiit oonactsx Big 57 mo 66% (Romanova
et al., 2023). VYV cBiTi mioma TakUX TIPYHTIB
ctaHoBuTh Omu3bko 50% (Liatukiené, Skuodiené,
2024). TakuMm YMHOM, MiAOIp COPTIB HaWOINIBII
aJanToBaHUX  JO0  KOHKPETHHX  IPYHTOBO-
KJIIMaTHYHUX YMOB € OJIHUM i3 OCHOBHUX YHHHUKIB,
IO J03BOJIsIE MAKCUMAJIBHO peajli3yBaTy MOTEHIial
HACIHHEBOI Ta KOPMOBOI MPOIYKTUBHOCTI JIFOIEPHH
(Tkachyk et al., 2015; Shi et al., 2017; Laki¢ et al.,
2022).

Metoro poboTu Oyna OIiHKa KOPMOBOI,
HACIHHEBOI MPOJYKTUBHOCTI Ta XiMiYHOTO CKJIany
Cyxoi pEuOBHMHH JIIOLEPHU MOCIBHOI B PO3CaIHUKY
€KOJIOTIYHOTO COPTOBUIIPOOYBaHHS.

Alfalfa (Medicago L.) is the most widely
cultivated fodder legume in the world and is
grown in over 80 countries. Its acreage is 30—40
million hectares, with a total annual production
of about 450 million tons. As a perennial
legume, alfalfa can maintain its productivity for
3-7 years (Tedesco et al., 2022). It has a highly
developed (usually taproot) root system capable
of penetrating the soil to a depth of 4-6 m,
which allows plants to effectively use moisture
from deeper reserves (Carlini et al., 2024); it
enriches the soil with nitrogen, allowing for a
reduction in mineral fertilizer application doses
by 30-70% (Desta et al., 2026), improves soil
structure and fertility (Chen et al., 2022),
prevents erosion (Qin et al., 2025); and is
extensively used as a forage crop (Mielmann,
2013).

Alfalfa plants grow well on a fairly wide
range of soils with a pH of 5.5-8.5 when
inoculated with strains of appropriate nitrogen-
fixing microorganisms; however, well-drained
loams with a pH of 6.5-7.5 are the most optimal
soil types (Zhang et al., 2024). Acidic,
waterlogged, and heavy clay soils significantly
reduce alfalfa performance (Du et al., 2025),
which is associated with aluminum activity and
limited phosphorus availability (Oztiirk et al.,
2022), as well as the cessation or severe
limitation of nitrogen fixation (Mendoza-Soto
et al., 2015). The negative impact of increased
soil acidity is primarily reflected in the seed
productivity of alfalfa, significantly reducing it
(Ferreira et al., 2012). A significant portion
(over 24%) of the soils in Ukraine are acidic.
Specifically, in the Ukrainian Polissia (mixed
forest zone), they account for 48.4%, and in the
Zhytomyrska, Vinnytska, Chernihivska, and
Zakarpatska Oblasts, from 57 to 66%
(Romanova et al., 2023). Globally, the area of
such soils is about 50% (Liatukiené, Skuodiené,
2024). Thus, the selection of cultivars most
adapted to specific pedo-climatic conditions is
one of the main factors allowing for the
maximum realization of the seed and forage
productivity potentials of alfalfa (Tkachyk et
al., 2015; Shi et al., 2017; Laki¢ et al., 2022).

The purpose of this study was to assess the
fodder and seed productivity of alfalfa and to
determine the chemical composition of alfalfa
dry matter of, in an environmental trial nursery.
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MeTtoauka

Hocnimkenns nposoawm y 2021-2023 pp. Ha
momsix  [HCTUTYTY  KOpMIB  Ta  CLIBCHKOTO
rociogapctea Ilomimis HAAH. Ipyntu — cipi
OITiI30JICHI 3 TOKa3HUKOM pH cOh0oBOT BUTSKKY 5,2-
5,3 Ta TiIPONITHIHO KHCIOTHICTIO 2,1-2,4 MI/eKkB.
Ha 100 t 1pyHTY. SK Marepiam mns JOCHIKEHB
BUKOPUCTAHO LIICTh KOJEKUIHHMX 3pa3KiB JIOLEPHU
nmociBHOI Ta  MiHnuBOi:  craHmaptr  CuHroxa
(UJ0700134), crammapr Pagocmasa (UJ0700798),
Pogena (UJO700800) (VYkpaima) Ta Malvina
(UJO700641), Antane (UJO700669), Birute
(UJ0700670) (JImrea). 3akmamaHHS CEICKITIHIX
po3cagaukiB mpoBomunu B 2021 p. miTHIM
0Ee3MOKPUBHUM CIIOCOOOM CiBOM MHMPOKOpsiAHO (45
cM) Uil OONIKy HAaCIHHEBOI MPOMYKTHBHOCTI Ta
cyuineHo (15 cm) must obmiky kopmoBoi. Ilnormra
00MTiKOBO1 AITSIHKKA 24 M? TIOBTOPHICTH JIBOPA30Ba.
[lonboBi JOCIHIIKEHHS, OOMIKH, CIIOCTEPSIKCHHS Ta
BHMIPIOBaHHS TIPOBOIMIIN 3T1THO 3 PEKOMEHAAIISIMHU
(Andriushchenko et al., 2004; Tkachyk et al., 2022)
(Liatukiené, Skuodiené, 2018; Xu et al.,, 2025.
lmporepmiuni yMOBM 32 PpPOKH TPOBEACHHS
JOCTIKEHb XapaKTepU3yBAIUCS HEOTHOPITHUMHU
PO3MOALIOM OMajiB Ta TEMIIEPATypHUM PEKUMOM
MOPIBHIHO 3 CEPeAHLOOAraTOPIYHUMH 3HAYCHHSIMHU

(puc. 1).

Methods

The study was conducted on the fields of the
Institute of Feeds and Agriculture of Podillia of
NAAS in 2021-2023. The soils are gray podzolic
with a salt extract pH of 5.2-5.3 and a hydrolytic
acidity of 2.1-2.4 meq per 100 g of soil. Six
collection accessions of alfalfa (Medicago sativa
L. and Medicago varia Martyn) were investigated:
the check cultivar 'Syniukha' (UJ0700134), the
check cultivar 'Radoslava' (UJ0700798), 'Rodena’
(UJO700800) (Ukraine), 'Malvina' (UJ0700641),
'Antane' (UJ0700669), and 'Birute' (UJ0700670)
(Lithuania). The breeding nurseries were
established in 2021 using a summer coverless
sowing method: wide-row (45 cm) for seed
productivity recording and continuous (15 cm) for
fodder productivity recording. The plot area was
24 m? with two replications. The field
observations,  assessments, records, and
measurements were carried out in compliance with
the quidelines (Andriushchenko et al., 2004;
Tkachyk et al., 2022: Liatukiené, Skuodiené, 2018;
Xu et al., 2025). The hydrothermal conditions
during the research years were characterized by
uneven precipitation distribution and temperature
regimes compared to the long-term average values

(Fig. 1).
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Fig. 1. Precipitation amount and temperature in 2022-2023.
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bimpm ontuManpHUMH I QOpPMYBAaHHS
KOPMOBOI1 MPOJIYKTUBHOCTI POCIHH JIIOIICPHU
BusiBuBcsa 2023 p., a mis HaciHHeBoi — 2022 p. 3a
OCHOBHMII Tiepiof] BereTallii (TpaBeHb-BEPECEHb) Y
2022 p. cmocrepiraimcs Taki YMOBHU: HEBEIIHKA
nocyxa y tpaBHi (I'TK — 0,87), a 3 uepBHsS m0
BepeCHSI — KUIBKICTh OIamiB  BiAmoBimasa
HaJUIUIITKOBUM yMoBaM 3BosioskeHHs (I'TK — 2,07,
1,34, 1,97, 2,52) (tabxa. 1).

2023 proved to be more optimal for alfalfa
forage productivity, while 2022 was more
favorable for seed productivity. In 2022, during the
major part of the growing season (May—
September) of 2022, the following meteorological
events were documented: a minor drought in May
(HTC = 0.87), whereas from June to September,
the precipitation amount corresponded to
excessive wetting (HTC = 2.07, 1.34, 1.97, and
2.52, respectively) (Table 1).

Taomuust 1. OCHOBHI 3Ha4YEHHS TAPOTESPMIYHUX pecypciB 3a mepion nociimkens (2022-2023 pp.).
Table 1. Key parameters of hydrothermal resources during the research period (2022-2023).

IMokazHuk / Tpasenn / | Uepsens /
Parameter May June

JIuneus /

Ceprnens /
August

Bepecens / | 3a Bech nepion /
September Entire period

Cepenns
TemIeparypa
moBitps, “C/

Average air
temperature, "C

14.7/15.4* 20/19.2

19.6/21.3

20.8/22.8 12.7/17.8 17.6/19.3

Cyma omnani, MM /
Precipitation 38/2.8
amount, mm

124/74.8

81.6/64.8

127/31.5 96/64.4 466.6/238.2

CyMa akTUBHHX
temneparyp, ‘C /
Sum of active
temperatures, ‘C

455.7/477.4 | 600/576

607.6/660.3

644.8/706.8 381/534 2689.1/2954.5

I'TK CenstuusoBa /

Selyaninov’s HTC 0.83/0.06 2.07/1.3

1.34/0.98

1.97/0.45 2.52/1.21 1.74/0.81

IMpumitka * —- 2022 p./2023 p.
Note: * — 2022 /2023.

B minomy 3a 2022 p. I'TK cranosus 1,74, mo
BIZIMOBiJa€ HaAMiIpHOMY 3BOJIOKeHHIO. Y 2023 p. 3
ONTUMAJIbHUM Ta JIEI0 HaUTAIIIKOBUM
BOJIOT03a0€31IeYeHHSIM OyITH TUTHKH YePBEHbB, JIUTICHb
ta Bepecenb ('TK — 1,3, 0,98 ta 1,21 BiamoriaHo) a
B HACTYIHI MICsIIi CIIOCTEpiraigach mocyxa pi3HOi
inrencuBHOCTI (I'TK — 0,06, 0,45), B 11i;10MY 32 Bech
nepion Bim3Haweno I[TK wa pieai 0,81, 1mo
BIZMIOBIZIae yMoBaM cJiaOkoi mocyxu. CraTrucTuuHe
OTIPAIIOBAaHHs JIaHUX BHKOHYBAJH 32 JOIIOMOTOIO
porpaMHOTO 3a0e3reueHHs “Agrostat”, “Microsoft
Excel”.

Pe3yabTaTtu T2 06roBOpeHHs

3a pesyibpTaraMM OIHKA IIIECTH COPTIB
JIOIEPHU Y EKOJIOTIYHOMY —COPTOBHUIPOOYBaHHI
BIIPOJIOBX JIBOX POKIB BUKOPHUCTAHHS BHSBJICHO
JIe1I0 MiABUIEHY KOPMOBY NMPOXYKTHBHICTH COPTIB
Cuntoxa, Pamocnara, Antane ta Birute mopiBHsHO 3
iHImMMH (Tabs. 2). OCOOIUBO CIIiT BIAMITUTH COPTH
Pagocmasa (12,99 1/ra) ta Birute (12,67 t/ra). ¥
cranaaptHoro copty Cunroxa 30ip cyxoi peqyOoBHHU
BUsABHMBCS B Mexax 11,21  T/ra, cepenHiit

Overall, in 2022, the HTC was 1.74, which
corresponds to excessive wetting. In 2023,
optimal or slightly excessive wetting was
observed only in June, July, and September (HTC
= 1.3, 098, and 1.21, respectively), while
droughts of varying intensity occurred in the
following months (HTC = 0.06, 0.45). Overall,
for the entire period, the HTC was 0.81, which
corresponds to a mild drought. Data were
statistically processed in Agrostat and Microsoft
Excel.

Results and Discussion

The two-year evaluation of six alfalfa
cultivars in the environmental trial demonstrated
a slightly increased fodder productivity in
'Syniukha', 'Radoslava', 'Antane', and 'Birute'
compared to the others (Table 2). 'Radoslava’
(12.99 t/ha) and 'Birute' (12.67 t/ha) should be
particularly noted. For the check cultivar
'Syniukha', the dry matter yield was 11.21 t/ha,
while the mean interpopulation level (MIL) was
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MDKIIONYJALIHHMA piBeHb cTanoBuB — 11,08 T/ra. 11.08 t/ha. The studied cultivars exhibited a

JlocmipKyBaHi  COPTH  IIPOJEMOHCTPYBAIIM  JEILO slightly decreased fodder productivity in the first
3MEHILCHUH piBeHb KOPMOBOI MPOXYKTUBHOCTI B year of use (except for 'Synyukha' and
TepLImii pik BUKopHCTaHHs (OKpiM copriB CuHioxa 'Radoslava') and significantly increased it in the
Ta PamocnaBa) Ta iCTOTHO MIOBUINMIM HOTO Ha second year (except for 'Malvina'). In our
JpYTHii pik BUKOPUCTaHHs (Kpim copTy Malvina), mo opinion, this is related to the better development

Ha HaIly AYMKY IIOB’S3aHO 3 KpaIlM PO3BUTKOM
POCTIHH qpyTOTo POKYy Y MOPIiBHAHHI 3 iepmM. [Ipu
UbOMY CIIL BIA3HAYUTH, 1[0 YMOBH
BOJIOr03a0e3eyeHHsl TIEPILIOTro poKy Oyl KpalluMH
HDK HacTymHOro. OKpeMo CIiJ BiA3HAYUTH COPT
JoNepHu Antane, KM B MICITi TTOXO/PKECHHST TAKOXK
JICMOHCTPYBAB IiIBUIIICHY KOPMOBY IPOAYKTHBHICTh
(Liatukiené, Skuodiené, 2022). B  ymoBax
HEIOCTaTHBOTO 3BOJIOKEHHS 30ip Cyx0i pedoBHHU
JIIOLIEPHU MOXKe cKiangaru 3-6 1/ra (Xu et al., 2025),
MPU AOCTaTHROMY 3BOJIOJKEHHI MOXKe CTaHOBUTH 10-

of second-year plants compared to the first-year
ones. It should also be noted that the wetting
conditions in the first year were more favorable
than those in the next year. Specifically, 'Antane’'
stood out, as it also demonstrated increased
fodder productivity in its place of origin
(Liatukiené,  Skuodien¢,  2022).  Under
insufficient wetting, the dry matter yield of
alfalfa can range from 3 to 6 t/ha (Xu et al.,
2025), whereas under sufficient wetting, it can

15 1/ra, a mpu 3pomenni — 18-20 /ra (Ili¢, 2025). reach 10-15 t/ha, and under irrigation — 18-20
BcTaHoBIEeHO, IO caMe BONOra B YMOBAX t/ha (Ili¢, 2025). It was reported that moisture,
MI00ABHUX 3MiH KIIIMary € OJHUM i3 BU3HAYAIBLHUX under global climate change, is one of the
YUHHHKIB TpoaykTuBHOCTI JronepHu (Liatukieé, determining factors of alfalfa productivity
Skuodiené, 2023; Xu, 2025). (Liatukiené, Skuodiené, 2023; Xu, 2025).

Taéauus 2. KopMoBa MPOAyKTHUBHICTE 3pa3sKiB JIIOLEPHH MOCIBHOI y PO3CaJHUKY €KOJOTIYHOTO COPTOBUIIPOOYBAaHHS y
2022-2023 pp. (2021 p. mocisy, pH 5,2-5,3)

Table 2. Fodder productivity of the alfalfa cultivars grown in the environmental trial nursery in 2022—2023 (sown in
2021, pH 5.2-5.3)

306ip cyxoi pedounu / Dry matter yield
HOC(;IT}?II:;ZP/TY JI0 CTaHJAPTY 10 CMP /
Hassa 3paska, kpaina 1/Ta / t/ha Relati Panmocnasa Related to
noxomkenns / Cultivars, . N aFlve t(,) /Radoslava' MIL
country of origin Syniukha
Cepenne o N o
2022p. | 2023p. | L ST % + % + %
St Cunroxa (UKR) / Syniukha,
check cultivar (UKR) 10.18 12.23 11.21 - - -1.78 86 0.13 101
St Pagociasa (UKR) /
Radoslava, check cultivar 10.88 15.11 12.99 1.78 116 - - 1.91 117
(UKR)
Ponena (UKR) / Rodena (UKR) 8.24 10.75 9.50 -1.71 85 -3.49 73 -1.58 86
Malvina (LTU) / Malvina (LTU) 9.21 7.70 8.46 -2.75 75 -4.53 65 -2.62 76
Antane (LTU) / Antane (LTU) 8.15 | 15.15 11.65 044 | 104 | -134 | 90 | 057 | 105
Birute (LTU) / Birute (LTU) 9.43 15.90 12.67 1.46 113 -0.32 98 1.59 114
CMP* / MIL* 9.35 12.81 11.08
HIP 0,05/ LSD ¢.05 0.53 0.73
Note: * AIL = mean interpopulation level.
Ha BigMiHy Bif KOpMOBOI MPOXYKTHBHOCTI AJIs In contrast to fodder productivity, a
(opmyBaHHS JOCTaTHEO BUCOKOTO PiBHS HACIHHEBOI, sufficiently high level of seed productivity on
3  TOYKH 30py 3a0e3MeueHoCTi  eJeMEHTaMH acidic soils requires a higher supply of
KUBIICHHA, Ha KUCIUX IPyHTaX 3pocTae .HOTPEGa y phosphorus, potassium, boron, and calcium
BHCOKOMY 3abesreucHHI pocdopom, Kaiem, 60pom (Baidoo et al., 2025). This is because, under such
Ta kajbiieM (Baidoo et al., 2025). Ockinbku 3a TAKUX conditions, their mobility in the soil and
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YMOB Pi3KO 3MEHIITY€ThCS IX MOOLITBHICTD B IPYHTI Ta
JOCTYIHICTB JUIsl POCIIWH, BHACIIOK YOTO HACIHHEBA
MPOAYKTHUBHICTH pi3ko 3MmeHmryeThest (Liatukiené et

al., 2025).
3a  JBa pOKM  BHKOPHCTaHHS  cepej
JIOCTIIKYBaHHX 3pasKiB 3a HACIHHEBOIO

MPOMYKTUBHICTIO BHUIUIMINCH copTé Pamocmasa
(0,477 1/ra) Ta Antane (0,502 1/ra +8 % abo 0,038
T/ra mo St Cunroxa ta 5% abo 0,025 t/ra St
PagocnaBa) (tabm.  3). VYpoxkalHICTh HACiHHS
cTaHoBmia y cragapty Cuntoxa — 0,464 1/ra, CMP
— 0,434 t/ra. Cnist 0KpeMO BiJJ3HAYHTH, 1110 MaXe BCl
JOCIiIKyBaHi copTu ¢dbopmyBanu CBOIO
MaKCHMaJIbHO BHCOKY HACIHHEBY MPOMYKTUBHICTH y
MIepIIviA, OUTBII ONTUMANBHUA PIK BHKOPHUCTAHHS
TPaBOCTOI, & HACTYITHOTO BOHAa 3MEHIIYBAJIACh
OUThII HIX ynIBiYl. CIUHAM BUHITKOM MOXHA
BBa)KaTH cOpT Birute, skuii B IiIOMy 3a JIBa POKH
chopMyBaB ypokaii HAaCiHHS HE TaKHi BHUCOKHI
MOPIBHSHO 3 iHIIMMH, MPOTe BiH OyB BiJIHOCHO
ctanmii 3a pokamu (2022 p. — 0,443 1/ra Ta 2023 p. —
0,371 T1/ra). CrBopeHHWH 3a YMOB TIiIBHIIEHOL
KHUCIIOTHOCTI  IpyHTy copT Birute # Hapmami
3aJIMIIAETHCS OHUM 13 HAHOUTBII MPOXYKTUBHUX Y
Jlutei (Skuodiené et al., 2023), a orpumanmit
JOCTaTHLO BHCOKWI BpOXKall HACiHHSA 1 y HaIIUX
JOCIHIPKCHHSIX MATBEPIUKYE e(DEeKTHBHICTh BEICHHS
cenekilii B Takux ymoBax (Lorenzo et al., 2020).

availability to plants decrease sharply, leading to
a significant reduction in seed yield (Liatukiené
et al., 2025).

Over two years of use among the studied
cultivars, 'Radoslava' (0.477 t/ha) and 'Antane'
(0.502 t/ha; +8% or 0.038 t/ha related to
'Synyukha' and 5% or 0.025 t/ha over
'Radoslava') stood out in terms of seed
productivity (Table 3). The seed yield from
'Synyukha' was 0.464 t/ha, while the MIL was
0.434 t/ha. It should be separately noted that
almost all studied cultivars had their maximum
seed productivity in the first, more optimal year
of sward use, while in the following year, it
decreased by more than half. The only exception
was 'Birute', which, while yielding fewer seeds
than the other cultivars, remained relatively
stable across the study years (0.443 t/ha in 2022
and 0.371 t/ha in 2023). Developed on increased
soil acidity, 'Birute' remains one of the most
productive cultivars in Lithuania (Skuodiené et
al., 2023), and the sufficiently high seed yield
harvested in our study confirms the effectiveness
of breeding under such conditions (Lorenzo et
al., 2020).

Ta6auns 3. HaciHHeBa NpoAyKTHBHICTB 3pa3KiB JIIOIEPHHU ITOCIBHOI Y PO3CaJHUKY €KOJIOTIYHOTO COPTOBUIIPOOYBaHHS

y 2022-2023 pp. (2021p. nocisy, pH 5,2-5.3)

Table 3. Yield and expression of the valuable economic traits in the winter triticale lines, mean for 2024-2025.

VYpoxaiiHicts Hacinns / Seed yield
Hasga 3pa3ka, /o cTaniapry /IO CTanapTy no0 CMP /
KpaiHa MOXO/IKEHH 1/ra / t/ha CuHroxa / .Relatlve PanmocnaBa Related to MIL
/ Cultivars, country to 'Syniukha' /'Radoslava'
of origin Cepenne
2022 p. | 2023 p. 2022- + % + % + %
2023 pp.

St Cunroxa (UKR) / i
Syniukha, check 0.612 0.317 0.464 - - 0.013 97 0.030 107
cultivar (UKR) :
St Pagocnasa
(UKR) /Radoslava, | 703 | 9251 | 0477 | 0013 | 103 i - | 0043 | 110
check cultivar
(UKR)
Ponena (UKR) / -
Rodena (UKR) 0.433 0.274 0.354 -0.110 76 0.123 74 -0.080 81
Malvina (LTU) / -
Malvina (LTU) 0.594 0.205 0.400 -0.064 86 0.077 84 -0.034 92
Antane (LTU) /
Antane (LTU) 0.744 0.260 0.502 0.038 108 0.025 105 0.068 116
Birute (LTU) / -
Birute (LTU) 0.443 0.371 0.407 -0.057 88 0.070 85 -0.027 94
CMP* / MIL* 0.588 0.280 0.434
HIP 0,05/ LSD .05 0.03 0.014
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3 Meror0 O00’€KTHMBHOI OIIHKH  SKOCTI
KOPMOBOi MacH Ta KiJIbKOCTI POCIMHHOTO OiIKY,
SIKOTO MOYKHA OTPUMATH 13 3a3HaYCHUX 3pa3KiB, Oyno
MPOBEJICHO XIMIYHAK  aHaji3 CKIaAy CcyXoi
pedoBuHM (Tabmuis 4). IligBUmeHUM BMICTOM
nporeiny XapakrepusyBaiuch coptu CHHIOXa
(19,13%), Pamocmasa (19,29), Malvina (19,89) Ta
Antane (19,05), a HaliMeHIIIHIA pe3yIbTaT BUSIBICHO
y copry Birute mume 16,24 %. lle BiamoBigHuM
YHHOM BioOpa3miiocs Ha 300pi Oinka 3 rekrapy. Tak
y coptiB Cunioxa, PamocnaBa, Antane 36ip cyxoi
pedoBuHM ctanoBuB 11,21, 12,99 Ta 11,65 1/ra npu
JOCTaTHBO BUCOKOMY BMIiCTy pOTEiHY ix 30ip OinKy
cknaB 2,14, 2,51 Ta 2,22 T1/ra BigmosigHo. Tum
gacoM y copTy Birute, mpm BiZHOCHO BHCOKiit
KOpMOBI# poxykTuBHOCTI (12,67 T/ra), 3a0e3mneuns
30ip Oinka Jyimmie Ha piBHi 2,06 T/ra, 10 MEHIIE
cragmaptoro copry PamocmaBa nHa 0,45 T/ra.
HocrarHbo 3HayHMMH Oynu  po30OiKHOCTI 1 3a
PEIITOI0 O3HAK.

In order to objectively evaluate the fodder
mass quality and plant protein amount obtainable
from these cultivars, we conducted a chemical
analysis of the dry matter composition (Table 4).
An increased protein content was intrinsic to
'Syniukha' (19.13%), 'Radoslava’ (19.29%),
'Malvina' (19.89%), and 'Antane' (19.05%), while
the lowest protein content wad recorded for
'‘Birute' (16.24%). This was correspondingly
reflected in the protein yield per hectare. For
'Syniukha', 'Radoslava’, and 'Antane', the dry
matter yield was 11.21, 12.99, and 11.65 t/ha,
respectively; with a sufficiently high protein
content, their protein yield reached 2.14, 2.51,
and 2.22 t/ha, respectively. Meanwhile, 'Birute',
despite its relatively high fodder productivity
(12.67 t/ha), provided a protein yield of only 2.06
t/ha, which is 0.45 t/ha less than from the check
cultivar ('Radoslava'). Significant differences
were also observed for the other traits.

Taomuuss 4. XiMiyHHHA aHami3 CyX0i PEYOBHMHM 3pa3KiB IIONEPHH IMOCIBHOI Yy pO3CATHHUKY EKOJOTIYHOTO

coproBunpoOyBanHs y 2022-2023 pp.

Table 4. Chemical analysis of the dry matter in the alfalfa cultivars grown in the environmental trial nursery in 2022—

2023.
H .. Ii Macosa yacTka, % y nepepaxyHKy Ha 30ip Oinka, T/Ta
a3pa spasia, Kp/alHa P (;30/1101“;1, abCoIIOTHO cyXy pedoBuHY / Mass fraction, (cepemne 2022-2023
HTOXOILHCHIT ° . % on a dry matter basis pp.) / Protein yield,
Cultivars, country of Hygroscopic t/ha (mean for 2022
origin moisture, % [ yporein | xup/ | kinitkoBusa/ | 301a/ 2023)
/ Protein Fat Fiber Ash
St Cunroxa (UKR) /
Syniukha, check 8.04 19.13 5.04 26.08 10.94 2.14
cultivar (UKR)
St Pagocnasa (UKR) /
Radoslava, check 7.96 19.29 5.58 24.90 12.00 2.51
cultivar (UKR)
Ponena (UKR) /
Rodena (UKR) 7.93 18.70 4.83 23.75 10.75 1.78
Malvina (LTU) /
Malyina (LTU) 8.55 19.89 5.39 24.92 12.40 1.68
Antane (LTU) / Antane
(LTU) 8.27 19.05 4.89 24.89 10.40 2.22
Birute (LTU) / Birute
(LTU) 8.19 16.24 5.70 24.62 9.96 2.06
CMP / MIL 8.16 18.71 5.24 24.86 11.07 2.06
HIP 005/ LSD .05 0.43 0.99 0.28 1.32 0.59 0.11

3a paxyHOK cuMOioTHYHOI a3oTdikcarrii
JIIOLIEpPHA 3/1aTHAa HAKONWYyBaTu B Mexax 15-22 %
nporeiny (Lorenzo et al., 2020). HocmimkyBaHi
COPTH BUJUISUIMCH CEPENIHIM PiBHEM HAKOIMYCHHS
npoTeiny B Mexax 16,24-19,29 %, mo € minkom
OYIKyBaHO B YyMOBax IiJABHINEHOI KHCJIOTHOCTI
IPYHTOBOTO  CEpeloBUINA, J€  CHUMOIOTHYHA
a3orgikcais gemo oomMexxeHa. Ha ocHOBI BiZTHOCHO
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Due to symbiotic nitrogen fixation, alfalfa
is capable of accumulating 15-22% of protein
(Lorenzo et al., 2020). The studied cultivars
were characterized by a medium protein
accumulation within 16.24-19.29%, which is
entirely expected on increased soil acidity,
where symbiotic nitrogen fixation is somewhat
limited. Based on the relatively low fiber content
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HEBHUCOKMX 3HA4YeHb BMICTYy KIITKOBHHHU (23,75-
26,08 %) moniOHO A0 iHmMX mocmimpkeHs (Muir et
al., 2025), MoxHa 3pOOWTH BHCHOBKH, WIO
KJIITKOBUHA (K 1 IHINI TIOKa3HUKHA SIKOCTi) €
TUHAMIYHAMH Ta 3aJIeXaTh Bijl peakIlii poCIIMH Ha
a010THYHI Ta 010TUYHI YUHHUKH YMOB CEPEIOBHIIA.

BuchoBku.

TakuM 4uHOM, IPOBEICHA OLlIHKAa KOPMOBOI Ta
HACiHHEBOi TPOAYKTHBHOCTI COPTIB JIOIEPHA B
EKOJIOTIYHOMY COPTOBUIPOOYBaHHI ~ MiITBEPIKYE
CKJIaTHICTh BEICHHS CeNeKIii IIi€i KyasTypH Ha
TTi TBATIICHHS HACiHHEBOI Ta KOPMOBOI
MPOAYKTUBHOCTI B TOEAHAHHI 3 BHUCOKOIO SIKICTIO
KOPMOBOI MacH Ta MEBHUM PiBHEM aJalTUBHOCTI JI0
KOHKPETHHUX TPYHTOBO-KIIIMaTHYHUX YMOB. Buineni
coptu PamocnmaBa (3a KOpMOBOIO Ta HACiHHEBOIO
MPOAYKTUBHICTIO, BMICTOM TMpPOTEiHY Ta XHUDY),
Cunroxa (3a KOPMOBOIO TIPOXYKTHUBHICTIO, BMICTOM
mpoteiny Ta XHupy), Antane (32 KOpPMOBOIO Ta
HACIHHEBOIO TPOIYKTHBHICTIO, BMICTOM MpOTEiHY),
Birute (3a KOPMOBOIO MPOAYKTUBHICTIO, BMiCTOM
KHUPY), K JTOHOPU IIHHUX TOCIMOAAPCHKUX O3HAK,
MOXXYTb OyTH 3aJTy4eHi JI0 CETIEKIIHHOTO MpoIIecy.

3asBa nmpo aoctynHicTh ganmx: OnyOnikoBaHi B
CTaTTi JaHi 3HAXOAATHCS Y BIIKPUTOMY AOCTYII JUIst
BCiX HAyKOBIIiB.

Buxopucranasa mryuHoro intesaexkty (LI): [Tpu
(hopMyBaHHI MaTepiaiiB CTATTI IITYYHUH IHTEICKT
HE BUKOPHCTOBYBABCSI.

BinnoBinnicts ermunum crangapram: Crarts He
MICTUTh OyIb-SIKUX JOCIIKCHb 3 BUKOPUCTAHHSIM
Jofiel 1 TBApUH K 00'€KTIB.
Kondguaikr inTepecis:
BiJICY THiH.
®inancyBanHs: JlocmimkeHHs (iHAHCYBaJIHNCh 3a
paxyHOK OIOMKETHHX KOIITIB B MeKaX BHKOHaHHSI
3apmanHsa  25.01.01.01.® «lIpoBeneHHs OIIHKH
reHooHy JIOLEPHH MOCIBHOI PI3HOTO €KOJIOro-
reorpagiyHOro MOXO/PKEHHS 3a O10JOriYHUMHU Ta
TOCTIONAPCHKO-IIIHHUMHM ~ O3HakaMH B YMOBax
MiABHUILEHOI KUCIOTHOCTI IpyHTiB [IpaBobepexHoro
Jlicocreny, BUIUIEHHS BUXIIHOTO Marepiany s
CTBOPEHHSI COPTiB-CHUHTETHKIB 3 PIBHEM IeTEPO3UCY
15-20  %» (Homep nepxaBHOI  peecTpauii
0121U107539).

Kondumikr  iHTepeciB

(23.75-26.08%), similar to findings in other
studies (Muir et al., 2025), it can be concluded
that fiber content (as well as other quality
indicators) is dynamic and depends on the plants'
response to abiotic and biotic environmental
factors.

Conclusions.

Thus, the assessments of fodder and seed
productivity of the alfalfa cultivars in the
environmental trial confirmed the complexity of
breeding this crop for increased seed and fodder
productivity in combination with high forage
quality and a sufficient adaptability to specific
pedo-climatic conditions. 'Radoslava’ (due to
fodder and seed productivity, protein and fat
contents), 'Syniukha' (fodder productivity,
protein and fat contents), 'Antane' (fodder and
seed productivity, protein content), and 'Birute’'
(fodder productivity, fat content) are identified as
donors of valuable economic traits and can be
involved in breeding programs.
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Pedepar: MeToro gocmimkeHHs Oyl0 KOMIUIEKCHO OI[IHUTH TPOSB TEeTEpO3UCy Ta CTYIIiHb
JOMIHYBaHHSI 33 OCHOBHMMH I[IHHHUMH TOCHOJapCHKUMHU O3HAKaMH y MapTeHOKapmiyHux Tiopunis F1
OTipka Ta BH3HAUUTH HAWOUIBII TEpCIEeKTHBHI KOMOIHAIl [N CeNeKIiHOTO BHUKOPHUCTAHHS.
Hocmimkerns nmpopoawmau Brponox 2021-2025 pp. B [HcTutyTi oBouwiBHMITBA 1 OamTanHUITBa HAAH
B YMOBaX 3aXHIICHOTO IPYHTY. BcTaHOBIIEHO, IO yposKaiiHicTh riOpuaiB BapiroBaina Bif 14,6 no 22,8 xr/m?,
TOBapHicTh — Bix 76 mo 90 %, cepemHs Maca rmony craHoBuia 82-91 r. Bim3HaueHo mepeBaxkaHHS
HeaauTUBHUX reHeTnyHux edekriB (hp > 1) 3a o3Hakamu ypoxaitHOCTi. PiBeHb rereposmcy 3a
yposkaiiHicTio BapitoBaB B Mexax 84—120 %. HaiiBummii edext (120 %) i Bupaxkene Hannominysanus (hp
=17,3) Busineno y riopuna F1 (Kyss / Ilapk). Ilokasauku retepo3sucy 3a toBapHicTio (X = 91-106 %) Ta
ckopocturicTio (X = 94-106 %) cBimuaTh PO NEPeBaKaHHS aJUTUBHOIO a00 YAaCTKOBO JIOMIHAHTHOIO
XapakTepy cHaakyBaHHS IuX o3Hak. PCA-aHanmi3 miATBEpIMB JIOMIHYIOUMH BHECOK ITOKa3HHUKIB
ypOKaHOCTI y (hOpMyBaHHI 3arajibHOT EHOTUIIOBOT BapiaOeIbHOCTI AOCIPKYBaHUX TeHOTUIIB. [licis
CTaHJapTU3allil MOKa3HUKIB (Zi) Y MeXKaX SKCIIEPUMEHTY OOYMCIICHO 1HTeTPaIbHUN 1HIACKC CENEKIIHHOT
LIHHOCTI fIK CyMy 3Ba)XCHHX CTaHAAPTH30BaHUX BeaWuyuH. HaliBuile 3HaueHHS iHAEKCY BCTAHOBIIEHO Y
riopunis F1 (Ilapk / Ky3s) — 0,948 Ta F1 (Ky3s / [1apk) — 0,936, 1110 cBiT4UTh NPO TX BUCOKY KOMILIEKCHY
uiHHicTh. BonHouac xom6GiHamii 3a yuactio miniid Ky3s, Nell ta [lapk xapakrepusyBanncs HaAMBHIIUMH
MOKa3HUKAMH T€TePO3HMCy Ta HAJJOMIHYBaHHs 3a JIOCHIDKYBAaHUMH O3HAKaMH, L0 MiATBEPIKYE iX
JIOIUTBHICTB SIK JDKEpesia BUCOKOI KOMOIHAIIHHOT 31aTHOCTI y CEJICKIIIT IHTEHCUBHUX TEIUTMUHUX T1OpU/IIB.
TakuM 4YMHOM, KOMIUIEKCHE 3aCTOCYBaHHsS IOKa3HHMKIB T€TEPO3UCY, CTYNEHS IOMiHYBaHHS, iHACKCY
CeJIeKINIITHOT IIHHOCTI Ta 0araTOBUMIPHOTO aHali3y J03BOJIsE€ OOIPYHTOBAHO BHIIISATH IMEPCIEKTHBHI
TEeHOTHIIN IJI1 CTBOPEHHS KOHKYPEHTOCHPOMOXKHUX TriOpuaiB oripka. IloegHanHst miHil 13 BHCOKHUM
IHJIEKCOM KOMIUIEKCHOT I[IHHOCTI Ta JPKEpeNl IHTEHCHBHOI'O TeTEPO3HMCY CTBOPIOE TMEPEAYMOBH IS
MOJIANIBIIIOTO YJIOCKOHAICHHS CENIEKIIHHUX MPOorpam.

Kurouosi ciioBa: Cucumis sativus, cenekiisi, ypoxaiHicTb, TOBApHICTb, CKOPOCTHIIIICTh

Abstract: The purpose of the study was to comprehensively evaluate heterosis and dominance degree
for the main valuable economic traits in parthenocarpic F; cucumber hybrids and to identify the most
promising combinations for breeding practice. The study was conducted in a greenhouse of the Institute of
Vegetable and Melon Growing of NAAS in 2021-2025. Hybrids yielded 14.6-22.8 kg/m?; the marketability
ranged from 76 to 90%; and the average fruit weight was 8291 g. The predominance of non-additive genetic
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effects (hp > 1) for yield traits was noted. The heterosis level for yield varied within 84—120%. The highest
effect (120%) and pronounced overdominance (hp = 7.3) were found in the F; hybrid ‘Kuzia / Park’.
Heterosis for marketability (X = 91-106%) and earliness (X = 94—106%) indicate the prevalence of additive
or partially dominant inheritance of these traits. PCA confirmed the dominant contribution of yield to the
overall phenotypic variability of the studied genotypes. After standardizing the indicators (Z;) within the
experiment, the cumulative index, i.e. breeding value, was calculated as the sum of weighted standardized
values. The highest index was recorded for Fy ‘Park / Kuzia’ (0.948) and F; ‘Kuzia / Park’ (0.936), indicating
their high complex value. Combinations involving the lines ‘Kuzia’, ‘No. 11°, and ‘Park’ had the highest
heterosis and overdominance for the studied traits, confirming their usefulness as sources of high combining
ability in the breeding of intensive greenhouse hybrids. Thus, the complex application of several parameters
(heterosis, dominance degree, and breeding value) and multivariate analysis allows for the justified
identification of promising genotypes for developing competitive cucumber hybrids. The combination of
lines with a high complex value and sources of intensive heterosis creates prerequisites for further

improvement of breeding programs.

Key words: Cucumis sativus, breeding, yield, marketability, earliness.

Beryn

Oripok (Cucumis sativus L.) e omniero 3
OCHOBHHUX OBOYEBHUX KYIBTYP SIK BiJKPHTOTO, TaK i
3aXWIIEHOTO TPYHTY. Y Cy4acHOMY OBOYiBHHIITBI
3HaYHy pOJb BIAIrpaloTh TiIOPUAM TEPIIOTO
mokoiinHsA (Fi), CTBOpeHI 3 BHKOPHCTaHHIM
e(ekty rereposucy, mo 3abesneuye iX mepeBary
Haj OaTbKiBCBKUMH (QOpPMaMH 3a KOMIUIEKCOM
MIHHUX Tocmomapchkux o3Hak (Serhiienko et al.,
2022; Dhall et al., 2025). Ominka mposBy
TeTepo3ncy 3a KIIOYOBHMH HPOJYKTUBHHMHU
03HAKaMH € BOKIUBUM IHCTPYMEHTOM ITiJIBUIIICHHS
BpPOXKAMHOCTI, SIKOCTI Ta OIXHOPITHOCTI TiOpUAIB y
KOMEPIIHHOMY BHPOOHHUIITBI.

Pazom i3 THM, TreTepo3uc Ma€ TEHOTHII-
cenuivyHUN  XapakTep 1 3HAYHOK  MIipoo
3alie)KUTh Bl MOEIHAHHS OaThbKiBChKHX (hopMm. Y
OripKka BiJ3HAYAa€ThCA ICTOTHA BapiaOENIbHICTh
MposIBy TiOpUAHOTO edeKTy, MO0 3aJeKUTh Bij
TeHEeTHYHOI BiJaneHoCTi 0aThKiBChKUX (HOpM, X
KOMO1HAIIHOT 3IaTHOCTI Ta HampsIMy
cxpemyBanns (Kumari et al., 2021; Serhiienko et
al., 2025). Ile 3yMoBm0OE€  HEOOXIIHICTH
KOMIUISKCHOTO BUBUYCHHS €(EKTy TeTepO3UCY Ta
CTYIICHS JOMIHYBaHHS 32 OCHOBHHUMH O3HAaKaMH
MPOAYKTUBHOCTI JJIsi HAayKOBO OOTPYHTOBaHOTO
1000py BUXITHOTO Marepiaiy.

YucieHHl JOCIHIIKEHHS BITYM3HSIHUX Ta
1HO3eMHHMX aBTOpiB cCBif4aTh, IO TETEPO3UC
3aJIMIIAE€TBCS OCHOBHUM (DaKTOPOM CTBOPEHHS
BHCOKONPOIYKTHBHUX TiOpUAIB OTripKa, 0COOIMBO
B yYMOBax TEIUIMYHOTO  BHPOIIYBaHHS, Jie
Te€HETHYHNN MOTEHLIal F1 MaKCUMaJIbHO
nposiBiisieThes . 3a nanumu Kaur & Dhall (2017),
reTepo3nuC CHpUSE MiABUIICHHIO 3arajbHOi Ta
paHHBOI BPOXKAHHOCTI, a TaKOX MOKPAILIEHHIO
SIKOCTI TUIO/IB.

Introduction

Cucumber (Cucumis sativus L.) is a major
vegetable crop cultivated both outdoors and
indoors. In current olericulture, first-generation
(F1) hybrids play a pivotal role. These hybrids are
developed by exploiting heterosis, which ensures
their superiority over parental forms in a complex
of agronomically important traits (Serhiienko et
al., 2022; Dhall et al., 2025). Evaluating heterosis
for key performance components is an essential
tool for enhancing yield, quality, and uniformity
of hybrids in commercial production.

However, heterosis is genotype-specific and
largely depends on the combination of parental
forms. In cucumber, significant variability in the
hybrid effect is observed; it is determined by
genetic distance between parents, their combining
ability, and crossing direction (Kumari et al.,
2021; Serhiienko et al., 2025). This necessitates
comprehensive research into heterosis and
dominance degree for primary yield traits to
ensure a science-based selection of starting
materials.

Numerous studies by domestic and foreign
researchers indicate that heterosis remains the
fundamental factor in creating high-yielding
cucumber hybrids, particularly under greenhouse
conditions where the genetic potential of F; is
maximized. According to Kaur & Dhall (2017),
heterosis contributes to increased total and early
yield, as well as improved fruit quality. Some
hybrids were reported to demonstrate significant
heterobeltiosis—exceeding the best parent's yield
by up to 68.22%, especially when using
monoecious or inbred lines (Dhall et al., 2025;
Simi et al., 2018). Preethi et al. (2019) achieved a
6-27% increase in the number of fruits per plant
in hybrids compared to their parents. At the same
time, negative heterosis for the period until the
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[oBigomisiocs, Mo AedKi riOpuau 1eMOHCTPYIOTh
3HAUYHUH reTepo6ensTios — 10 68,22 % mepeBuIeHHs
BPOKaWHOCTI TIOPIBHSHO 3 HaWKpaIiuM OaThKOM,
0COONTMBO TIpM BHUKOPHCTAaHHI ONHOMOMHHUX YH
iHOpemuux iHid (Dhall et al., 2025; Simi et al.,
2018). Preethi et al. (2019) BcTraHoBHIN
MEPEeBUIICHHS KUTBKOCTI IUIOAIB HAa POCIHHI Y
ribpunaiBe Ha 627 % TOPIBHAHO 3 OaThKiBCHKUMH
¢dopmamu. BonHouyac HerarTMBHHMH TeTepo3uC 3a
TPHUBAJICTIO TIEPIOAY 1O MEpIIOro 300py BPOXKaIo
PO3IISNAETHCS K CEJICKIIIHHO IiHHA O3HAaKa, 0
3abe3nedye  PaHHBOCTUIIICTH 1  IIiABUIICHHS
PUHKOBOT MPUBAOIUBOCTI MPOMYKITii.

PiBeHp TeTEpo3WCy CYTTEBO BapilO€ 3ajeKHO
Bi TeHOTHNy OarpKiBCbkHX (GopM 1 yMOB
BUPOIIYBaHHS. Y TEIUIMYHUX YMOBaX PEryibOBaHi
(akTopu cepenoBuina (Temmeparypa, BOJIOTICTb,
OCBITIICHHS) MIHIMI3YIOTh EKOJIOTIYHY
BapiabeNbHICTh 1 CTBOPIOIOTH CIIPUSITIIMBI YMOBH JIJISI
ouninkn reHetnuHux edektiB (Kravchenko et al.,
2008; Serhiienko et al., 2026).

Cryminb nominyBaHHSA (Ap) € iHQOpPMATHBHEM
MOKAa3HUKOM JIISI XapaKTepUCTHKH [il TeHiB, IO
JeKaTh B OCHOBI TeTepo3ucCy. 3HaueHHA hp > 1
BKa3yI0Th Ha HaJMipHe JIOMiHYBaHHS
(magmoMiHyBaHHS), TOAl SK 3HAYEHHS, ONU3BKI N0
HYJIS, BijoOpakaroTh aauTUBHI eekTH. BussneHHs
ribpuaiB i3 BHpPaXEHHM HAIAOMIHYBAHHSIM Mae
BaXKJIMBE 3HAYEHHS JUTSL CTBOpPEHHS
BHCOKOITPOMYKTUBHUX 1 CTAaOUThHUX TEIDTHYHHUX
¢dopm. Pazom i3 THM, B JiTeparypi HasBHi
CynepewIuBi JaHi WIOAO BIUIUBY PEIUIPOKHUX
CXpellyBaHb 1 TEHOTUITHUX OCOOJIMBOCTEH OAaThKIB Ha
MPOSIB  TETEPO3UCY, M0 OOMEKYE MOXKIUBOCTI
MPOTHO3YBaHHS — ceJekuidHoro edekry. Oxpemi
ABTOPH BKa3ylOThb Ha TIEPEBKAHHS MO3UTUBHOTO
HQIIOMIHYBaHHSA 32 YpPOXKaWHICTIO, TOMI SK iHIII
BiJ[3HAYAIOTh BUIIAJIKH YACTKOBOTO JIOMiHYBaHHS a00
HaBiTh TETEpO3WCHOI Jempecii, o0OcoOmMBO 3a
TOBApHICTIO Ta sKicTio wiofdiB (Lytun & Proskurnyn,
1992; Herath et al., 2021).

VY 3B’513Ky 3 UM aKTyaJIbHUM € JOCIIDKEHHS
CTyTeHsI IOMiHYyBaHHS Ta €()EKTy TeTePO3UCY HOBUX
ribpumiB  oripka Ui BiOOpy — HaHOLIBII
MEPCIEKTUBHUX KOMOIHAITIH 17151 ITOIANTBIIOT CEITEKITi
Ta BIIPOBAJKEHHS Y BUPOOHHIITBO.

Mera nmocmipkeHHS — OIHHTH  TIPOSIB
reTepo3ucy Ta CTYIiHb JAOMIHYBaHHS 3a O3HAKaMH
BpOXKaifHOCT] y riOpuaiB MapTeHOKapIOBOrO OripKa
F| B yMOBax 3axuIIeHOTO TPYHTY.

Metonuka
HocaimxenHss npoBoauwnu npotsrom 2021-—
2025 pp. Ha 0a3i I[HCTHUTYTY OBOYIBHHIITBA 1

Oamranannrea HAAH (XapkiBcbka 00MacTh).
006’ extoM pociipkeHb Oyau ribpuau F1 oripka, siki
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first harvest is considered a valuable breeding
trait, as it ensures earliness and enhances the
market appeal of the produce.

Heterosis level varies significantly
depending on the parental genotypes and
growing conditions. In greenhouses, controlled
factors (temperature, humidity, illumination)
minimize environmental variability, creating
favorable conditions for evaluating genetic
effects (Kravchenko et al., 2008; Serhiienko et
al., 2026).

The dominance degree (hp) is an
informative indicator for characterizing the
gene action underlying heterosis. Values of hp >
1 indicate overdominance, while values close to
zero reflect additive effects. Identifying hybrids
with pronounced overdominance is crucial for
developing high-yielding and stable greenhouse
forms. However, the literature contains
conflicting data regarding the impact of
reciprocal crosses and the genotypic
characteristics of parents on heterosis, which
limits our ability to predict breeding effects.
Some authors point to the predominance of
positive overdominance for yield, while others
note cases of partial dominance or even
heterotic depression, particularly regarding
marketability and fruit quality (Lytun &
Proskurnyn, 1992; Herath et al., 2021).

Therefore, investigating the dominance
degree and heterosis in new cucumber hybrids
is highly relevant for selecting the most
promising combinations for further breeding
and commercial introduction.

The purpose of this study was to evaluate
the heterosis and dominance degree for yield
traits in parthenocarpic F1 cucumber hybrids
grown in a greenhouse.

Methods

The study was conducted at the Institute of
Vegetable and Melon Growing of NAAS
(Kharkivska Oblast) in 2021-2025. We studied
Fi cucumber hybrids derived by crossing six
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Oynu OTpHUMaHi NIISIXOM CXpellyBaHHs 6 iHOpeTHIX
minii cenexuii IOb HAAH: Ky3s, [Tapk, Nell, Jlop,
Apr, 3enennit morok (cenekuii IOb HAAH). fAx
CTaHJapTH BUKOpUCTOBYBanu riopuau Jlipuk F1 Stl
(I0b HAAH) Ta Ki6pis F1 St2 (Hinepnammm).

TexHomnorist  BHpOLIyBaHHS  BifMOBigana
3araJbHONIPUIHATHM pPEKOMEHALISIM
(Chernyshenko et al., 2017). 306ip mmoniB
MPOBOAWIIM BPYy4HY 4epe3 n00y 3riHO 3 YHHHHUMU
Bumoramu ctarmapty ACTY UNECE FFV-15:2012
(2012).  Owminky TriOpuaiB  37iiicHIOBaIM 32
MMOKa3HUKaMH ypoxaitHocTi (Kr/m?), ToBapHOCTI (%)
Ta cepemHbOi Macu Iuiony (T) BIAMOBITHO [0
METOIMKM  BUNPOOYBaHHS  Ha  BiAMIHHICTb,
ofHOpimHICTh 1 cTabinpHicTs (BOC) (2004).

Edexr rerepo3rcy BU3HAUANH SIK BiIXUICHHS
moka3HukiB TiOpuaiB F1 BimHOCHO Kpamoro 3
OarpkiB Ta craHmaptiB (Acquaah, 2012). Crymiab
noMminyBanHs (hp) po3paxoByBalid 3a (OPMYJIOO
Griffing nns xinpkicHux o3Hak (Criffing, 1956).

JI1st OIIIHKU CTPYKTYpPH B3aEMO3B’S3KIB MiX
[IHHUMH TOCHOIAPCHKUMHU 0O3HAKaMH Ta BUSBICHHS
OCHOBHHUX JKepen (DeHOTHUIIOBOI BapiabembHOCTI

3aCTOCOBAaHO  aHaji3  TOJIOBHUX  KOMIIOHEHT
(Principal Component Analysis, PCA).
[HTepnperanito  3milicHIOBaNIM 32  BEITUYHWHOIO

BJIACHUX 3HAueHb Ta (HAKTOPHUX HaBAHTAKCHb.
I'pacdiuny Bi3yamizarito pe3ynbTariB MpeaCTaBICHO
y BUDNSAI OIMUIOTY mepmoi Ta ApYyroi TOJOBHUX
KOMIIOHEHT.

3 METOI KOMIUIEKCHOI OI[IHKM TEHOTHIIIB
pO3paxoBaHO IHTErpajbHUN 1HJEKC CEJICKIIHHOT
migaocti (ICLL). IHmekc BU3HAYaIM Ha OCHOBI
CTaH/IApPTU30BaHUX 3HAYCHb MOKA3HUKIB (Z-score),
OTPUMAaHHUX Yy MEXax JOCHiHDKYBaHOI BHOIpKH.
BaroBi koedilieHTH BCTaHOBIIEHO 3 ypaxXyBaHHSIM
CEJICKIIHHOT 3HAYYNIOCTI O3HAK 1 CTAaHOBWIIH
BimmoBimno 0,4 —  ypoxaitmicte; 0,3 —
nponyktuBHicts; 0,2 — ToBapmicth Ta 0,1 —
ckopocturticte. ICLl o0uuciroBamu SIK  Cymy
JNOOYTKIB CTaHAApPTU30BAaHMX 3HAYCHb IMOKA3HUKIB
Ha BiAMOBiHI BaroBi koedinientu (Mendes et al.,
2009).

Craructuynay 00poOKy pe3ynbTaTiB
3MIACHIOBAIM METOJIOM JIUCIIEPCIHHOTO aHallizy
(ANOVA). 3HauuMicTh pi3HUIb OLIHIOBAJIH 3a
KpUTepieM HaliMeHInoi ictotHoi pizauii (LSD) mpu
piBHsX 3HaudymocTi p < 0,05 ta p < 0,01.

Pe3yabTaTu T2 06roBOpeHHs

Pesynbratu  coproBuIlpoOyBaHHsS CBiZ4aTh
po 3Ha4YHUH po3nofin riopuais F1 3a komriekcom
[MIHHAX TOCIOJAPCHKUX O3HAK, IO 3YMOBJICHO
TE€HETUYHOIO creundikoro 0aTbKIBCHKUX

inbred lines from the Institute's breeding
program: ‘Kuzia’, ‘Park’, ‘No. 11°, ‘Lor’, ‘Art’,
and ‘Zelenyi Potok’. The hybrids ‘Liryk F/’
(Ukraine) and ‘Kybria F;” (Netherlands) were
used as check hybrids (CH; and CHo,
respectively)

The cultivation technology followed
conventional guidelines (Chernyshenko et al.,
2017). Cucumbers were harvested manually
every 1 day in accordance with the current
requirements of DSTU UNECE FFV-15:2012
(2012). The hybrids were evaluated for yield
(kg/m?), marketability (%), and average fruit
weight (g) according to the methods for testing
for Distinctness, Uniformity, and Stability
(DUS) (2004).

The heterosis effect was determined as the
deviation of F; hybrid performance relative to
the better parent and the check hybrids
(Acquaah, 2012). The dominance degree (hp)
was calculated using Griffing's formula for
quantitative traits (Griffing, 1956).

To evaluate relationships  between
agronomically important traits and to identify
the primary sources of phenotypic variability,
Principal Component Analysis (PCA) was
applied. Interpretation was based on eigenvalues
and factor loadings. Results were visualized as a
biplot of the first and second principal
components.

For a comprehensive assessment of
genotypes, the integral index, i.e. breeding value
(BV), was calculated. This index was based on
standardized values (Z-scores) obtained within
the studied sample. Weighting coefficients were
established according to the breeding
significance of the traits: 0.4 for yield; 0.3 for
productivity; 0.2 for marketability; and 0.1 for
earliness. The BV was calculated as the sum of
the products of standardized trait values and
their corresponding weighting coefficients
(Mendes et al., 2009).

Statistical processing was performed using
Analysis of Variance (ANOVA). The
significance of differences was evaluated using
the Least Significant Difference (LSD) test at
significance levels of p <0.05 and p <0.01.

Results and Discussion

The trial results indicate a significant
distribution of F; hybrids across several
agronomically important traits, driven by the
genetic specificity of the parental components
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KOMITOHEHTIB (Tabin. 1). PesynsraTn aucmepciitHOTO
aHaJizy  3acBiMYIJIN  HAsSBHICTh 3HAYNMUX
BIIMIHHOCTEH MiX TOCIIPKyBaHUMHU Tiopuaamu F1
3a nmocmimxyBaHUMH o3Hakamu (p < 0,05), mo
MiATBEP/UKYE CYTTEBUI BIUIMB TEHOTHIY Ha
(hopMyBaHHS IPOAYKTUBHOCTI.

(Table 1). ANOVA results revealed significant
differences among the studied F; hybrids for the
evaluated traits (p < 0.05), confirming the
substantial  influence of  genotype on
performance.

Tadomuus 1. Xapakrepuctuka riopuniB F1 oripka 3a miHHAM rocrionapChbKIMH 03HAKaMH B COPTOBUIIPOOYBaHHI (CepeaHe

3a 2021-2025 pp.)

Table 1. Important agronomic traits of the F1 cucumber hybrids in trials (average for 2021-2025)

Ypoxaiinicts / Yield
Cepenns maca
% 1o St/ % 1o Sty / T e TOBAPHOTO
i i % related to | % related to OBAapHICTD, 7o
T'iopun / Hybrid Kr/m? / ° . ) o Marketability, % IOy, T / Meap
kg/m? marketable fruit
check check weight, g
hybrid-1 hybrid-2
Jlipuk F; (St1) /
Liryk F; (check hybrid-1) 204 100 - 85 83
Ki6pist F; (St2) /
Kibriia F; (check hybrid-2) 16.1 - 100 80 83
Fi (Tlapk / Ky3s) /
F| (Park / Kuzia) 19.3 95 120 88 87
F1 (Ky3s / Iapx) /
F| (Kuzia / Park) 22.1 109 138 89 86
Fi(Nell / Ky3s) /
F| (Nell / Kuzia) 22.6 111 140 87 84
F1(Ky3s/ Nell)/
Fi (Kuzia / Nel1) 228 112 142 90 82
F1 (JIop / Apt) /
F, (Lor / Art) 15.6 7 97 76 89
Fi (Apt/ Jlop) /
Fi (Art/ Lor) 14.6 72 91 77 91
Fi (Jlop / 3en. mor.) /
F) (Lor / Zel. pot.) 16.1 79 100 80 87
F1 (Bem.mot. / Jlop)/
F| (Zel.pot. / Lor) 19.3 95 120 85 84
V. % 8.2 - . 5.6 6.4
HIP(),()5 / LSD(),()s 1.6 _ _ 4.5 58

[MpumiTka: BiporigHo nipu p < 0.05.
Note: significant at p < 0.05.

VYpoxaiinicte y cranmapry Jlipik F1 (Sty)
cranosuina 20,4 kr/m2, Toxi sik Kiopis F1 (Sty) — 16,1
kr/M2. HaliBuii 1MOKa3HUKH OTPUMAHO y TiOpUJIiB:
F1 (Ky3s/Nell) —22,8 kr/m?, F1 (Nell / Kyss) — 22,6
kr/M®> ta F1 (Kysa / Tlapx) — 22,1 xr/m?, mo
nepesuntyBaio cranaapt Jlipuk F1 na 9-12% (p <
0,05) Ta Kiopiro F1 —na 3842 % (p <0,01). CyTTeBO
HalHWKYl TOKa3HUKK ypoxaiuHocti (p < 0,05)
BiZI3HaUEeHO y Ti0puiB 3a yuacTio Jinii Jlop Ta Apt.

Bincotok TOBapHOCTI IUTOAIB BapiloBaB B
Mexax 76-90% y mopiBHsHI 31 ctaHgapracMu 80—
85 %. Makcumainbue 3HadeHHs (90%) BUSBIECHO y
riopuga F1 (Ky3s / Nell), mo mninrBepmkye
MOEHAHHS BHCOKOI BPOXKAWHOCTI 3  BHCOKOIO
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The yield of ‘Liryk F;” (St;) was 20.4
kg/m?, while ‘Kybria F;’ (St2) yielded 16.1
kg/m?. The highest yields were harvested from
the F; hybrids ‘Kuzia / No. 11’ (22.8 kg/m?),
‘No. 11 /Kuzia’ (22.6 kg/m?), and ‘Kuzia / Park’
(22.1 kg/m?). They outyielded ‘Liryk Fi’ by 9—
12% (p <0.05) and ‘Kybria F;” by 38-42% (p <
0.01). Significantly lower yields (p < 0.05) were
harvested from hybrids originating from ‘Lor’
and ‘Art’.

The fruit marketability ranged from 76% to
90%, compared to 80-85% for the check
hybrids. The maximum marketability (90%) was
documented for ‘Kuzia / No. 11°, confirming the
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YacTKOIO CTaHAapTHOI mpoxaykiii. BomHowac y
riopunie F1 (Jlop / Apr) ta Fl1 (Apr / Jlop)
TOBApHICTh 3HIKYBanacs 10 76—77% (p < 0,05), o
MOEAHYBAJIOCA 3 HU3BKOIO ypoxkaiHictio (14,6—15,6
KT/M?).

Cepenns Maca IOy BapiroBajia y Mexax 82—
91 r. HaitO11b111i TOKa3HUKH XapaKTepHi TSI TIOpHIiB
3a yvactio JinHii Apr (mo 91 1), mo mo3BomsE
posmisamard ii SIK TOTCHIIIHHE JOKEPENOo O3HAKU
KPYHHOILTi THOCTI. Bonnouac riopuan 3
MaKCHMaJIbHOIO BPOXKAMHICTIO (HOPMyBaIM TUIOTH
82-84 1, WO BIANOBINAE BHUMOTaM TOBAapHOTO
KOPHIIIOHHOTO THITY.

TakuM  YMHOM,  CTATHCTHMYHMI  aHai3
MATBEPAUB  ICTOTHHH  BIUTMB TEHOTWIy Ha
(hopMyBaHHS TPOAYKTUBHOCTI Ta SIKOCTI TUIOIIB.
Kom0inarii 3a yuactto miniit Ky3s ta Nell ictotHO
MIEPEeBUIIYBAIM CTAaHAAPTH 32 YpOKalHICTIO 0e3
3HIDKEHHS TOBAPHOCTi, IO OOIPYHTOBYE  iX
BUKOPUCTaHHS SIK OaThKiBCBKMX KOMIIOHEHTIB IpH
CTBOPEHHI  BHCOKOMPOAYKTHBHMX Tibpumie F1
IHTEHCUBHOTO THITY.

ITicyist KOMIUTIEKCHOT OIIHKK TPOBEJCHO aHaJIi3
mposiBy  eekTy  Terepo3mcy 1 Xapakrepy
YCHaaKyBaHHS OCHOBHHMX IIHHUX TOCHOAAPCHKHUX
o3Hak y riopuzis F1 oripka (Tabm. 2).

combination of high yield with a high proportion
of standard produce. Conversely, in ‘Lor / Art’
and ‘Art / Lor’, the marketability decreased to
76-77% (p < 0.05), which was associated with
low yields (14.6-15.6 kg/m?).

The average fruit weight varied between
82 and 91 g. The highest weights were intrinsic
to hybrids derived from ‘Art’ (up to 91 g),
allowing it to be considered a potential source of
the large-fruit trait. At the same time, the hybrids
with maximum yields formed fruits weighing
82-84 g, which meets the requirements to
commercial gherkins.

Thus, statistical analysis confirmed the
significant influence of genotype on fruit
productivity and quality. Combinations with
‘Kuzia’ and ‘No. 11’ were significantly superior
to the check hybrids in terms of yield without a
decline in marketability, justifying their use as
parental components in creating high-yielding
intensive F; hybrids.

Following the comprehensive evaluation,
the heterosis effect and inheritance patterns for
the main agronomically important traits in the F;
cucumber hybrids were analyzed (Table 2).

Tadauns 2. Edexr rereposucy Ta crymninb goMiHyBaHHs riopuniB F1 oripka 3a rocrionapchbKo-LiHUMHU 03HAKaMH

(cepemne 3a 2021-2025 pp.)

Table 2. Heterosis effect and degree of dominance of F1 cucumber hybrids based on agronomic traits (average for

2021-2025)

VYpoxaitnicts / Yield ToapHicTs / Marketability CKOpOCmHiCTB /

I'i6pun / Hybrid Earliness

hp X% hp X% hp X%
F%E?;Ei//lgs;i)a; 1.4 101 -1.6 98 1.0 101
Fi:(llély(?z:ar;af?;g 1.3 120 1.2 101 0.3 100
F%EJZIJ\H 1/ §<1y<iﬂz)1;) 2.5 114 -3.3 96 -0.8 94
T ot ol 1) 25 114 3.6 102 03 o5
Fi?fjgfgr//?rg : -1.5 90 -3.0 91 1.5 103
Fi???git/&o(i)) / 2.7 84 -0.7 97 0.9 101
Fi?fj(Ifgr//:;;:lr;ooTt; / -1.6 88 -0.3 95 24 106
" el por. /L) 22 107 22 106 02 9

[pumitka: Biporigno nipu p < 0.05.
Note: significant at p < 0.05.
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BcranoBneno  cyrreBy  nudepeHIialito
KOMOIHAIM 3a HAmpsSIMOM 1 CHJIOIO TETEPO3UCHOI
peaxii 3amexHo Bix o3HaKu. OTpUMaHi pe3yabTaTH
MiATBEPKYIOT 3arajabHy 3aKOHOMIPHICTb,
BCTaHOBJICHY Cy4aCHUMH JOCTIKEHHSIMH
TeTepo3ncy Oripka, 3rigHo 3 sKor riopumu Fl
3[aTHI CYTTEBO MEPEBUILYBaTH OATHKIBCHKI (OpMH
32 KOMIUIEKCOM TPOAYKTHBHHMX IIOKa3HHKIB. 3a
maauMu Bhutia et al. (2017), Kumari et al. (2017),
Simi et al. (2018), rereposuc y oripka Haifgacrimre
MPOSIBIISIETHCS 38 BPOXKaHHICTIO, CKOPOCTUTITICTIO Ta
Macor IUTOAY, IO TIOBHICTIO Y3TOKYETHCA 3
pe3yiabpTaTaMy HAIIUX JTOCIIIKEHb.

3a MOKAa3HUKOM YPOXKaHHOCTI OiibLIICTH
MEPCIEeKTUBHUX KOMOIHAIM XapakTepu3yBajacs
MO3UTHBHAM  HaagoOMiHyBaHHAM (Ap > 1), 1m0
CBITYUTH PO BUPAKEHUH reTepo3ucHui eekt (X =
107-120%). HaiiBuimuii  piBeHb  TeTEPO3UCY
(X=120%, hp=773) BcraHoBieHO Yy ribpuna
Fi (Kyzs / [lapk), 1mo mMOE€QHYBaIoOCS 3 BHCOKOIO
ypoxaitnictio (22,1 kr/m?) Ta BKasye Ha CyTTEBY
nepepary TiOpHIHOTO TOTOMCTBAa HaJ KpaliuMm i3
OarpkiB.  IlomiOHi  3Ha4eHHS  BiAIMOBIAAIOTH
pesyapraram Kumari et al. (2024, 2025), ne
reTepo3uc 3a BpoKaifHicTio mepeBuinyBa 100%.
Bucoknii  mo3uTHBHHMIA  epEeKT  TeTepo3nucy
BigzHauyeHo y riopuais: Fi (Nell / Kyss) (X = 114%;
hp =2.5), F1 (Ky3s / Nell) (X = 114%; hp = 2,5) Ta
Fi (Ben.mot. / Jlop) (X = 107%; hp = 2,2). Bucoki
3HAYEeHHS CTYIEHS JIOMIHYBaHHS CBiI4aTh TIPO
MepeBaYKaHHSI HEATUTHBHOI TEeHETHYHOI [ii, 10
miaTBeprKye BUcHOBKH Patil et al. (2024) ta Ene et
al. (2019) momo pom HaIIOMIHYBaHHA Y
(¢hopMyBaHHI TMPOAYKTUBHOCTI oripka. Haromicthb
ribpuan 3a ywactio Jinid Jlop Ta ApT BUSBISUIH
rerepo3ucHy aemnpecito (X = 84-90%; hp < 0). Hami
BHCHOBKH Y3TOIDKYIOTECS 3 pe3ynbraramu Bisht et
al. (2025), sixi OB’ SI3yI0Th HETATUBHHUI I'€TEPO3UC 13
HEJOCTAaTHBOI0 TEHETHUYHOK [UCTAHINEID MiXK
0aThKiBCBKUMH (opMaMu ab0 HECIPHUSITINBUMHU
ajenpHUMM  B3aemopisimu.  [lomiOHuiT  po3max
BapifOBaHHS BiNoOBigae pesynpratam Malav et al.
(2018) Tta Kumari et al. (2025), sxi Big3Hauanu
3HAYHI KOJIMBAHHS IreTepOOebTio3y B OTipKa.

3a MOKa3HUKOM TOBApHOCTI XapakTep MPOsiBY
rerepo3ucy OyB pisHOCHpsMOBaHUM. [103WTHUBHHI
edekT TeTepo3Wcy  BiA3HAYCHO |y  TiOpHIiB
Fi (Ky3s / lapk) (X = 101 %; hp = 1,2), F; (Ky3s /
Nell) (X =102 %; hp = 3,6) ta F, (3eun. nor. / Jlop)
(X = 106 %; hp = 2,2). Y uactuHu ribpunis
CTHIOCTepirajgocss 4YacTKOBE JIOMiHYBaHHS  a0o
He3HadHa fienpecis (X = 91-98%), mo cBimuuTh npo
CKJIaJHy HOJIr€HHY NPHPOAY O3HAKU Ta 3HAYHUN
BIUIMB  aJMTUBHOTO XapakTepy YCHajKyBaHHS.
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There was a considerable differentiation of
combinations based on the direction and strength
of the heterotic response depending on the trait.
The results confirm a general pattern established
in recent studies on heterotic cucumbers, stating
that F1 hybrids can significantly exceed parental
forms in several performance indicators.
According to Bhutia et al. (2017), Kumari et al.
(2017), and Simi et al. (2018), heterosis in
cucumber most often manifests in yield,
earliness, and fruit weight, which is fully
consistent with our findings.

In terms of yield, most promising
combinations were characterized by positive
overdominance (hp > 1), indicating a
pronounced heterotic effect (X = 107-120%).
The highest level of heterosis (X = 120%, hp =
7.3) was recorded for ‘Kuzia / Park’ and was
combined with a high yield of 22.1 kg/m2,
indicates a substantial superiority of the hybrid
over the better parent. These results are in
agreement with those of Kumari et al. (2024,
2025) who reported about heterosis for yield
exceeding 100%. A strong positive heterotic
effect was also noted in ‘No. 11 / Kuzia’ (X =
114%; hp =2.5), ‘Kuzia/ No. 11’ (X =114%; hp
= 2.5), and ‘Zelenyi Potok / Lor’ (X = 107%; hp
= 2.2). High dominance degree indicates the
predominance of non-additive genetic action,
confirming the conclusions of Patil et al. (2024)
and Ene et al. (2019) regarding the role of
overdominance in cucumber performance. In
contrast, hybrids originating from ‘Lor’ and
‘Art’ exhibited heterotic depression (X = 84—
90%:; hp < 0). Our findings align with the results
of Bisht et al. (2025), who link negative
heterosis to insufficient genetic distance
between parents or unfavorable allelic
interactions. Such a range of variation is
consistent with the results of Malav et al. (2018)
and Kumari et al. (2025), who noted significant
fluctuations in heterobeltiosis in cucumber.

As to fruit marketability, the heterosis
manifestation was multidirectional. There was a
positive heterotic effect in ‘Kuzia / Park’ (X =
101%; hp = 1.2), ‘Kuzia/No. 11’ (X = 102%; hp
= 3.6), and ‘Zelenyi Potok / Lor’ (X = 106%; hp
= 2.2). In some hybrids, partial dominance or
minor depression was observed (X = 91-98%),
indicating a complex polygenic nature of the
trait and the significant influence of additive
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3arajgoM TOBapHICTh BUSBHIIACS OLIBIN CTAOUTLHOO
03HAKOIO 3 MCHILIMM PO3MAaxOM BapitOBaHHS CTYIIECHS
JOMiHYBaHHS MOPIBHSHO 3 ypoxaiiHicTio. [lonioHi
pesynbratu BigzHauanu Thapliyal et al. (2023), ski
BCTaHOBWJIM BAapilOBaHHS CTAaHAAPTHOTO TE€TEPO3UCY
3a BpOKalHICTIO 10 +45,9%, Tomi sk 3a SKICHUMH
o3HaKamu e(peKT OyB MEHIITIM.

3a CKOPOCTUDITICTIO OLIBIIICTh TIOPUAIB Mall
HE3HAaYHUH MO3WTHBHUH edekT rereposucy (X =
100-106%), saxwii 3meOiLTPIIOT0 MaB XapakTep
gactkoBoro nominyBanHs (hp = -0.,8...2,4).
Haiikpami mnokasamku otpumaHo y TiOpumiB Fl
(JIop / 3en. mot.) (X = 106%; hp =2.4;) ta F1 (Jlop
/ Apt) (X = 103%; hp = 1,5), mo cBiguute mpo
mprckopeHe GopMmyBaHHS Bpoxaro. Y TiOpuAiB 3a
yuacTio JiHiT Nell cmocrepiranacs TEHACHIIS 0
JESTKOTO 3HIKEHHS CKOpocTHrITocTi (X = 94-95%),
10 MOYKE BKa3yBaTy Ha HASBHICTh AHTArOHI3MY MiX
PAaHHBOCTHUIIIICTIO Ta BHCOKOK TPOAYKTHUBHICTIO.
[lomiO6HI mepeBaru >KiHOYOTO THUIY MBITIHHSA IS
(hopMyBaHHST pPaHHBOTO BPOXKAIO0 BCTAHOBJIEHI Y
po6ori Bhutia et al. (2017) .

BusBiene nmepeBaxaHHs HaJAOMiHYBaHHS 3a
YPOXKaHHICTIO i MPOAYKTUBHICTIO, 10
OIIOCEPEIKOBAaHO CBIAYUTH MPO BUCOKHI piBEHb
cnenudiuHol B3aEMOJii TEHOTHUIIB 1 BiANOBIAAE
pesyasraram Abd Rabou (2020) ta Ene et al. (2019).
Hoemuanns miniit Kyzs, Nell i Ilapk y wHammx
JOCII/DKEHHSAX — 3a0e3eUniio  BHUCOKHH  PIBCHb
cnenudigHoi B3aeMOJIil, IO BiAMOBiAa€ KOHIIETIIIi
OINTUMAIBLHOT T€HETUYHOT IUCTaHIIT MIX
0aTHKIBCHKUMH (POPMaMH.

IIpoBenenunii PCA-anani3 nokasas, 1o repiia
ronoBHa komroHeHTa (PC1) nmosicHroe 6mu3bko 80%
3arajpHOi  Bapiamii Ta TICHO TIOB’s3aHa 3
MOKAa3HUKAMH YPOXXAHHOCTI H piBHEM TeTepO3uCY,
ToAi sk ipyra komioneHTa (PC2), Ha sy npunanae
6mu3bko 14 % MIHIUBOCTI, acoIliiioBaHa IMepeBayKHO
i3 cepenHpor0 Macoro Mmoay (puc.l). Takuii
po3momiNl  MATBEPKYE  JOMIHYIO4y  pOIb
TeTepPO3UCHOT MPOAYKTUBHOCTI y (OpMyBaHHI
3arajibHOi  MIHJIIMBOCTI Ta  Y3TODKYEThCS 3
KJIaCUYHUMHU  YSBICHHSAMH TPO  IEepEeBa’KaHHSA
HEAJUTUBHUX T'€HETHYHUX €(EKTIB y KOHTPOII
BpoxaitHocti (Kumari et al.,, 2024; Patil et al.,
2024). Pesynbsratu aHajizy HOKa3yoTh, 0 TiOpuan
3 BUCOKHM CTYINIEHEM JIOMiHYBaHHA Ta €(pEeKTOM
rereposucy (Kyss / Nell; Kyss / [lapk) po3mirieni y
npaBomy cextopi PC1, mo miaTBepaxye, o nepiia
rOJIOBHA KOMIIOHEHTa BizoOpaxkae came
rerepo3ucHy npoxykrusHicte. [10pug F1 (Jlop /
ApT) po3TanoBaHuii y MPOTUIEKHOMY CEKTOPI, IO
Y3TOIKY€ETBCSI 3 1X  HEraTUBHUM  CTYIIEHEM
JIOMIHYBaHHS Ta MPOSIBOM I'eTEPO3UCHOT Jenpecii.

Takum YHHOM, PCA-anami3 PCA
MIPOJAECMOHCTPYBaB  y3rO/PKCHICTh  BapialliiHOl

inheritance. Overall, marketability appeared to
be a more stable trait with a narrower range of
dominance degree variation compared to yield.
Similar findings were reported by Thapliyal et
al. (2023), who found that standard heterosis for
yield varied up to +45.9%, while the effect on
quality traits was less pronounced.

Regarding earliness, most hybrids
exhibited a slight positive heterotic effect (X =
100-106%), which primarily took the form of
partial dominance (hp = —0.8...2.4). The best
results were recorded for ‘Lor / Zelenyi Potok’
(X=106%; hp=2.4) and ‘Lor / Art’ (X = 103%;
hp = 1.5), indicating accelerated crop formation.
In hybrids derived from ‘No. 11°, there was a
downward trend in earliness (X = 94-95%),
which may suggest an antagonism between early
maturity and high productivity. Similar
advantages of female flowering for early yield
formation were noted by Bhutia et al. (2017).

The  identified  predominance  of
overdominance for yield and performance
indirectly indicates a high level of specific
genotype interaction and aligns with the findings
of Abd Rabou (2020) and Ene et al. (2019). In
our study, the combinations of ‘Kuzia’, ‘No. 11°,
and ‘Park’ ensured a high level of specific
interaction, corresponding to the concept of
optimal genetic distance between parents.

The PCA showed that the first principal
component (PC1) accounts for about 80% of the
total variation and is closely related to yield and
heterosis levels. Meanwhile, the second
component (PC2), accounting for approximately
14% of the variability, is primarily associated
with average fruit weight (Fig. 1). This
distribution confirms the dominant role of
heterotic productivity in shaping overall
variability and is consistent with classical views
on the predominance of non-additive genetic
effects in yield control (Kumari et al., 2024; Patil
et al., 2024). The analysis results show that
hybrids with a high dominance degree and
heterosis effect (‘Kuzia / No. 11’; ‘Kuzia / Park’)
are located in the right sector of PC1, confirming
that the first principal component reflects
heterotic productivity. ‘Lor / Art’ is situated in
the opposite sector, consistent with its negative
dominance degree and heterotic depression.

Thus, PCA demonstrated consistency
between the variation structure of the traits and
heterosis levels in yield formation, a clear
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CTPYKTYPH O3HaK i3 IMOKa3HUKAMHU TE€TEPO3HCY Y
(hopMyBaHHI BPOXKAaWHOCTI, YITKy KIACTEPHU3AIIIO
ribpuaiB 3a piBHEM TeTEpPO3UCY Ta PO3MEKYBaHHS
BHCOKOIPOAYKTUBHHUX 1 ACMPECUBHUX KOMOIHAIIIMH.

clustering of hybrids by heterosis level, and a
distinct differentiation between high-yielding
and depressive combinations.

2.0 1 &1 (Nop/ApT) FruitWeight
1.5 A
§ 1.0 4
l
o Xperc
— g |
] &1 (Fy3aMapx)
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Puc. 1. Bimor-anasi3 ronoBHux koMnoHeHT (PCA), 110 BioOpaxae B3a€M03B’ 130K MK rOCHOAAPCHKO-LIHHUMH
03HaKaMU Ta MPOCTOPOBe po3mitients riopumais F1 oripka (2021-2025 pp.)
Fig. 1. Principal component analysis (PCA) biplot visualizing the relationship between economically important traits
and the spatial distribution of F1 cucumber hybrids (2021-2025)

Omxe, pe3yiabTard  aHamizy  3acBIIYUIIN
CHCTEeMHHMI  XapakTep TMposiBy TeTepo3ucy y
MIEPCIEKTUBHUX TMO€AHaHHAX. HaitOinpmn 1miHHIMEU
nofaIbInoi /s cenekii € Tiopuan: Fi (Kyzs / Nell),
Fi (Nel1 / Ky3s), Fi (Ky3s / [Tapk), o cBigauth po
BUCOKY crienn(idHy KOMOiHaIiiHy 31aTHICTh JIiHII
Ky3s Tta Nell. 3aramoM BCTaHOBIEHO, WIO
YPOXKaHHICTh 1 TMPOAYKTHBHICTh KOHTPOJIIOIOTHCS
MePEeBaKHO HEAIMTUBHAMH TeHETHIYHUMH e(DEKTaMH,
TOAI SIK TOBApHICTH 1 CKOPOCTUIIIICTD MArOTh OLIbLI
AIMTUBHHMN XapaKTep YCIaaKyBaHHS.

Jani 11010 ypOXKaWHOCTI, TOBapHOCTI Ta
CKOPOCTHIVIOCTI ribpuais Fi Oy
CTaHAapTH30BaHi (Z;j) y MeXax JIOCHiHKyBaHOI
BuOipkn. Ha OCHOBI CyMH CTaHAapTH30BaHUX
3HaYeHb 3 YypaxyBaHHSIM BaroBux KoeQilieHTiB
pO3paxoBaHO IHTETPABHUN 1HJEKC CeNEKIIIHOT
minHocti  (ICL]) (ta6mn. 3). BcraHoBieHO, 1110
OTPUMAaHHH IHIEKC JI03BOJISIE e(hexTuBHO
izeHTHGiKyBaTH Ta BiAOMpaTH HAKOUIBII WiHHI
TEHOTHITH 33 KOMIUIEKCOM TOCIHOAAPCHKO-I[IHHUX
o3Hak. HaiiBuiii 3Ha4eHHS 1HAEKCY BCTAHOBJICHO Yy
ribpuaiB 3a yuactio miHid Ky3s Ta Nell, mo
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Thus, the analysis results demonstrated the
systemic nature of heterosis manifestation in
promising combinations. The most valuable F1
hybrids for further breeding are ‘Kuzia/ No. 11°,
‘No. 11 / Kuzia’, and ‘Kuzia / Park’, indicating
the high specific combining ability of ‘Kuzia’
and ‘No. 11°. Overall, it was established that
yield and performance are primarily controlled
by non-additive genetic effects, while
marketability and earliness exhibit a more
additive inheritance pattern.

Data on the yield, marketability, and
earliness of the F1 hybrids were standardized (Z-
scores) within the studied sample. Based on the
sum of standardized values and considering the
weighting coefficients, the integral index
(breeding value, BV) was calculated (Table 3). It
was established that this index allows for the
effective identification and selection of the most
valuable genotypes based on a set of
economically important traits. The highest index
values were detected in hybrids obtained from
‘Kuzia’ and ‘No. 11’, confirming their high
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M ATBEPIKYE ix BHCOKY CEJIeKITIHY
MEPCICKTUBHICTh Ta JIONUIBHICT  TOAAIBIIOIO
BUKOpUCTaHHs y TiOpuamzauii. ['iopuau F; (Jlop /
3emrnor.) 1 Fi (3en. mot. / Jlop) Manm MiHIManbHE
3HAYEHHS IHJCKCY, 1110 Y3TO/KYEThCS 3 pe3yIbTaTaMu
aHaiizy rereposucy ta PCA-aHami3zy i CBIUUTH PO

HU3BKWH  piBeHb  peawizamii  IpOAYKTHBHOTO
MTOTEHITiaTY.
OtpumaHi  pe3yabTard  MiATBEPDKYIOTh

CUCTEMHUM XapaKTEp BUABJIICHUX SaKOHOMipHOCTGfI i
Y3roKyroTbCsl 3  JaHUMH T€TEPO3UCHOIO Ta
6aFaTOBI/IMipHOI‘ 0 CTaTUCTUYHOI'O aHaﬂi3y.

breeding potential and the feasibility of their
further use in hybridization. ‘Lor / Zelenyi
Potok’ and ‘Zelenyi Potok / Lor’ had the
minimum index values, which aligns with the
results of the heterosis and PCA analyses and
indicates a low level of productive potential
realization.

The obtained results confirm the systemic
nature of the identified patterns and are
consistent with the data from the heterosis and
multivariate statistical analyses.

Taomuus 3. [HTerpanpHuil iHACKC CeNEKIiNHOI IiHHOCTI TidpuniB Fi oripka (2021-2025 pp.)

Table 3. Breeding value for F1 cucumber hybrids (2021-2025)

I'opun / Hybrid ICI1/ BV Paunr / Range
Fi (ITapx / Ky3st) / Fi (Park / Kuzia) 0,948 1
Fi (Ky3s / ITapk) / Fi (Kuzia / Park) 0,936 2
Fi (Nell / Ky3s) / Fi (Nel1 / Kuzia) 0,389 3
Fi (Ky3s/ Nell) / Fy (Kuzia / Nel1) 0,156 4
Fi (JIop / Apt) / F1 (Lor / Art) 0,038 5
Fi (Apt / Jlop) / Fi (Art / Lor) —0,752 6
F1 (JIop / 3en.mmot.) / Fi (Lor / Zel. pot.) —0,806 7
Fy (3en. mor. / Jlop) / F1 (Zel.pot. / Lor) -0,910 8
BucHoBkn Conclusions

Y pesynbrari  JIOCHIPKEHb  BCTaHOBJICHO
3HauHy mudepennianiro TiOpuaie F; oripka 3a
piBHEM MpPOSBY IIHHUX TOCMOJApCHKUX O3HaK 1
XapakTepoM X YCIaAKyBaHHs. 3a BPOXKaWHICTIO Ta

MPOAYKTUBHICTIO  OIBIINICTE  MEPCICKTHBHUX
KOMOIHAIiii BUSBWIM  BHpPaXKEHUH  TeTEpO3UC
(X=107-120%) i3 NepeBaKaHHIM

Ha/IJOMIHYBaHHs, IO CBITYUTH PO TPOBITHY POJIb
HEaJUTUBHUX TCHETUYHHUX C(PEKTIB.

PCA-anani3 niaTBepauB, 110 OCHOBHY YaCTKY
Bapiauii (80%) bopmye reTepo3rcHa
MPOIYKTUBHICTB, YiTKO PO3MEKOBYIOUH
BHCOKONIPOIYKTHBHI Ta JENpecuBHI KOMOiHAIl.
PamxyBaHHs ~ 3a  IHTErpaIbHUM  1HIEKCOM
CEJICKIIIHHOT I[IHHOCTI JIO3BOJIMJIO BHOKPEMUTH
HaHOLIBII MEePCIIEeKTUBHI riopumu -
Fi (Kyzs / [lapk), Fi (Ky3s / Nel1), Fi (Nell / Kyzs).
BceranoBneno, mo BpOXaWHICTh KOHTPOIIOIOTHCS
MEPEeBAKHO HEAIUTUBHUMHU edekramMu, TOIi sK
TOBAapHICTb 1 CKOPOCTHIVIICTH MAarOTh  OiIbII
AJIMTUBHUHN XapakKTep yCIaaKyBaHHs.

Jlinii Ky3st ta Nell pexomeHoBaHi SIK IiHHI
JDKepena Uil CTBOPEHHSI BHCOKOIIPOIYKTHBHHUX
riOpuaiB iHTEHCUBHOIO THUIY, OCKUIBKH BHSBWIN
BHCOKY KOMOIHALIHHY I[IHHICTh 3a OUIBIIICTIO
03HaK, OCOOJMBO y MOEIHAHHIX MiX COOOK Ta 3
niniero Ilapk. ['iGpuam 3a yuactio niniit Jlop i Apt

The study demonstrated a significant
differentiation in  the  expression  of
agronomically important traits and their
inheritance patterns among F1 cucumber
hybrids. For yield and performance, most
promising combinations exhibited pronounced
heterosis (X = 107-120%) with a predominance
of overdominance, indicating the leading role of
non-additive genetic effects.

The PCA confirmed that the major portion
of the variation (80%) is attributed to heterotic
productivity, clearly distinguishing between
high-yielding and depressive combinations.
Ranking by the cumulative integral index
(breeding value) allowed for the identification of
the most promising F1 hybrids ‘Kuzia / Park’,
‘Kuzia / No. 11°, and ‘No. 11 / Kuzia. It was
found that yield is primarily controlled by non-
additive effects, while marketability and
earliness exhibit a more additive inheritance
pattern.

The lines ‘Kuzia’ and ‘No. 11’ are
recommended as valuable sources for developing
high-yielding intensive hybrids, as they
demonstrated high combining ability across most
traits, especially in combinations with each other
and with the line ‘Park’. The hybrids derived
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BUSIBIJIM  TETEPO3HMCHY JEHpECiIo Ta MaroTh
00OMEKeHY CeNleKLiHHY NepCIeKTUBHICTb.

TakuM 4YWHOM, pe3yabTaTd HE JIMIIC
MiATBEPKYIOTh JIaHI CBITOBHX JOCIHIIKEHB, a U
JIOTOBHIOIOTH  iX Y  KOHTEKCTI  TEIIMYHOTO
BHUPOILIYBaHHS NapTeHOKApMiYHUX  TiOpHIiB,
dbopMyroun  TpaKTHYHI  pEeKOMEHIAIii I
TTOAJTBITIOL CEeNEKITIIHOT pOOOTH.

3asBa mpo aocrymHicte aanmx: OCHOBHI maHi
BKIIIOYeHI 10 crarTi. [laHi, mo maTBepIHKyIOTh
pe3yNbTaTH LBOTO JTOCHIKECHHS, OOCTYIHI TpH
3BEPHCHHI 10 aBTOpa IS KOPECITOHICHITI].
Bukopucranasa mryusoro inrenaexkrty (LLI): [Tpu
BUKOHAHHI pOOOTH TeHEpaTUBHUHN ITYYHUH
IHTEJICKT He BUKOPHCTOBYBABCSL.

Binnmosinnicte etnunum crangapram: CrarTs He
MICTHTh OyIb-SKUX JOCIHiIPKEHb 3 BUKOPHCTaHHIM
JIFOfIel 1 TBApUH SIK 00'E€KTIB.

Konduikr inTepeciB: ABTOpH 3asBISAIOTH TIPO
BIJICYTHICTh KOH(IIKTY 1HTEpPECIB.

®dinancyBanns: Pobora Bukonana B pamkax [THJ]
HAAH 20 «OBO4YiBHHALIITBO 1 OAamITaHHUIITBO» 34
3apmanHsaM  20.00.01.06. @  «Po3pobneHHS
METOJAMYHUX MiAXOIB JJI1 BUKOPUCTAHHS CTIHKUX
JI0 CTpecoBUX (haKTOPIB 30BHIIIHLOTO CEPEAOBHUIIA
JHIA Ta CTBOPEHHS TOJEPAHTHOTO TETEPO3UCHOTO
ribpugy oripka 3  BHCOKOKW  aJaNnTHBHOIO
3[aTHICTION.

from ‘Lor’ and ‘Art’ showed heterotic depression
and have limited breeding potential.

Thus, the results not only confirm the
global findings but also complement them in the
context of greenhouse cultivation of
parthenocarpic hybrids, providing operational
recommendations for further breeding practice.
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Pedepar: Cenekmiro cydacHUX TiOpHIiB COHSITHUKY CITPSIMOBAHO HA TIOETHAHHS B OTHOMY T€HOTHIII
KUTBKOX TOCIONAPChKUX O3HAK. Y CTarTi BUKIAJCHO pE3ylbTaTH JOCHIIKEHb OCOOIMBOCTEH TPOSBY B
MepIIoMy TiOpHIHOMY TTOKOJIHHI COHSIIITHUKY TaKUX IIIHHAX O3HAK, SK BUCOKA BPOXKAMHICTh Ta KPYITHICTh
HACiHHS, BUCOKHMI BMICT OJil B HAciHHI, BUCOKHH BMICT OJIETHOBOi KHCIIOTH B OJIiil, PaHHbOCTHIIICTB,
CTIWKICTh IO BOBYKA. BHBUECHO MIHJIMBICTH JOCHIDKCHHUX O3HAK 3aJCKHO BiJ] TCHOTHILy Ta DPOKY
BUNpoOyBaHp ribpuniB. Bumineno riOpuani koMOiHaIil, MO0 MOEAHYIOTh BUCOKHAH 1 MiJBUINEHHHA BMICT
OJICTHOBO1 KHCJIOTH B OJIii 3 iHIIMMH TOCIIOJAPCHKAMH O3HAKaMH. 3a MOKA3HUKOM «CTYIiHb (D€HOTHUTIOBOTO
JIOMIHYBaHHS» BHU3HAYCHO OCOOJMBOCTI YCHAJIKyBaHHsS I[IHHMX TOCIHOJAPCHKUX O3HAK Yy TMEPIIOMY
riOpHIHOMY TTOKOJiHHI.

Kmarouosi caoBa: Helianthus annuus, 1idpun, Orobanche cumana, CTIHKICTh 10 BOBYKAa,
YKUPHOKHCIIOTHHH CKJIaJ( OJIi1, TOCTIOAAPCHKI O3HAKH, CTYIIHb ()eHOTUIIOBOTO IOMiHYBaHHS.

Abstract: Modern sunflower hybrid breeding is focused on combining multiple economic traits within
a single genotype. The article presents results on the expression of valuable traits in the first hybrid
generation of sunflower, such as high yield, large seeds, high oil content, high oleic acid content, early
maturity, and broomrape resistance. The variability of these traits was examined in relation to the genotype
and the year of hybrid testing. Hybrid combinations were identified that combine high oleic acid content
with other economic traits. Based on phenotypic dominance degree, inheritance patterns for valuable
economic traits in the first hybrid generation were determined.

Key words: Helianthus annuus, hybrid, Orobanche cumana, broomrape resistance, fatty acid
composition of oil, economic traits, phenotypic dominance degree.

Betyn Introduction

COHSIHMK € TPOBITHOIO TEXHIYHOW 1
peHTabenbHOI0 KYJIBTYpOIO, KA 3aliMae B HamIii
kpaini Oumeme 70% Bixm 3aranpHOI TUTOIII  ITiJ
OJIIMHUMU KyabTypamu. He3paxkaroun Ha 1ie, CTpIMKE
PO3IIUPEHHS TJIONI Ta HEAOTPUMAHHS CiBO3MIH IIiJ
COHSIIIIHUKOM TPHU3BEJI0O JO HHU3KH HETaTUBHUX
HACIIZKIB, 30KpeMa, JI0 3HIKEHHS POJFOYOCTI
IPYHTIB, 3pOCTaHHs Je(ilUTy JOCTYIHOI BOJIOTH Ta
MMOCHJICHHS JIerpalallifHuX MPOIIECiB Y YOpHO3eMaX,

Sunflower is a leading industrial and
profitable crop, occupying more than 70% of the
total oilseed acreage in our country. Despite this,
the rapid expansion of its acreage and non-
compliance with crop rotations have led to several
negative consequences, including decreased soil
fertility, an increasing deficit of available
moisture, intensification of degradation
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MOIIMPEHHS MIKiTHHUKIB, XBOpoO, Oyp’sHiB Ta
pocnmHu-apa3uta BoBuka (Sydiakhina et al., 2023;
Shevchenko et al., 2024). BoBuOK COHSIITHUKOBHIA
NPUENHYETbCA 10 CYAUHHOI CHCTEMH KOpPEHS
POCIIMHU-Xa35iHa, BUKOPUCTOBYIOUH 11 SIK JOKEPENO
BOAM Ta IOKUBHUX PEUOBUH, IO IPHU3BOIUTH IO
(i31010TIYHOTO BHUCHaKEHHS POCIWH. BHacmizok
LBOI'O YTBOPIOETHCS LIyIJI€ HACIHHSA, 3MCHIIYEThCS
BPOXKaHHICTB, 301TBIIY€THCS YPaKEHICTh
30yoJHHKaMU XBOpPOO, a BTpAaTH BPOXAr0 B KpaifHIX
BUMagKax MOXyTh nocsarta 100 % (Velasco et al.,
2012).

BrpoBamkeHHST HOBHX — BHCOKOBPOXKaWHHX
CTIMKMX TIOpHIOiB Ta IHTEHCHUBHHX TEXHOJOTIH
BUDOLIYBaHHSI € OIHIEI0O 3 OCHOBHHUX YMOB
PO3LIUPEHHS BHUPOOHUIITBA HACIHHS COHSIITHUKY
(Alberio et al., 2015; Akkaya et al., 2018; Alberio et
al., 2018). Cenexkuito cydacHUX TiOpHUIIB COHAIITHUKY
CTIPSIMOBAaHO Ha MOEAHAHHS I[IHHUX TOCIIOAAPCHKUX
O3HaK — BHCOKOi ypOXXAaWHOCTI Ta il CKIIAQJIOBHX,
PaHHBOCTUIIIOCTI, BUCOKOTO BMICTY OJIii B HAaCiHHI,
BHACOKOTO BMICTy OJETHOBOi KHCIOTH B OIii,
HU3BKOPOCJIOCTi, CTIHKOCTI JI0 OIOTUYHUX Ta
abiotmyamx  (hakTOpiB. Ha  BiTumsasaOMY
CCJISKIIIHHOMY Marepiaji JOBEICHO MOXKIIMBICTh
MOEHAHHS CTIMKOCTI [0 BipYJIEHTHHX pac BOBUKA
COHSIIHUKOBOTO 3 I[IHHUMH  TOCIOAAPCHKUMH
o3rakamu (Kurylych, Makliak, 2024).

COHSIIHMKOBA OJisl 3 BHUCOKUM BMICTOM
oneiHoBoi kucinotn Owmera 9 (MOHOHEHacWYEHHi
THIT) BB2YKAETHCSI KOPUCHOIO ISl 31I0POB’ S JIIOIUHU.
Taxka osis TOBUIBHIIIE OKUCITIOETHCS Ta MA€ TOBIIUI
tepmiH 30epiranns (Rauf et al., 2017; Askin et al.,
2020). 3a BHUKOPUCTAHHS CHCTEMH OPTaHIYHOIO
3eMJIepoOCTBa  BHPOILYBAHHS BHCOKOOJIETHOBOTO
COHSIITHUKY 3a0e3MeYnTh EKOJOTIYHY pPIiBHOBary B
CTPYKTYypi MNOCIBHMX IUIOLI, AOTPHUMAaHHS HAayKOBO
OOTpYHTOBaHHX OOCSTIB TIOCIBY COHSIIHUKY 0€3
3MEHIIIeHHs eKOHOMIuHOI edexruBHOCTI (Yurkevych
et al., 2022).

B Incrutyti pocnuaannTea iM. B.fA. FOp’eBa
HAAH mnporpaMy 3 MOJiMIIeHHS SKICHOTO CKIIAJy
ONii  COHSIIHUKY  CENIEKI[IOHEpH  3IHCHIOIOTH
Brpomopx ocranHix 30 pokie (Kyrychenko et al.,
2000; Kyrychenko et al., 2004; Kyrychenko et al.,
2011). OCHOBHUMH >KUPHUMH KHCJIOTaMH B OJIii
COHSIIHMKY € HEeHacH4eHi KUCJIOTH — oJieiHOBa Ta
JIIHOJIEBA, CITIBBIHOIIECHHS IKMX MOKE 3MIHIOBATHCS
B IIMPOKUX MEXKAaX 3aJIeKHO BiJI TEHOTHITY, [IOTOJHUX
1 TpyHTOBUX YyMOB. /[lisi oTpuMaHHS TiOpuiB
COHSIIHMKY HaluacTillle 3alydaloTb y CeJIEKIilo
miHii  JTiHONEBOrO  THIY. Ae HUHI  OUIbII
MEPCIIEKTUBHIMHU BBa)KAIOTh T1OpUAM COHSIIHUKY 3
BHUCOKHM BMIiCTOM OJIETHOBOI KHCJIOTH. 3aJTyUeHHs B
CEeNeKIil0  OBOX  OarbKiBCBKMX  KOMIIOHEHTIB
OJIETHOBOTO THUIy TIPU3BOJUTH JIO OTPHMAaHHS
riOpuaHUX KOMOIHAIIH, HACIHHS SIKHX MICTHTh

processes in chernozems, and the spread of pests,
diseases, weeds, and the parasitic plant
broomrape (Sydiakhina et al., 2023; Shevchenko
et al., 2024). Sunflower broomrape attaches to
the vascular system of the host plant's root, using
it as a source of water and nutrients, which leads
to physiological depletion of the plant.
Consequently, shriveled seeds are formed, yield
decreases, susceptibility to pathogens rises, and
in extreme cases, yield losses can reach 100%
(Velasco et al., 2012).

New high-yielding, resistant hybrids and
intensive cultivation  technologies are
prerequisites for expanding sunflower seed
production (Alberio et al., 2015; Akkaya et al.,
2018; Alberio et al., 2018). Current sunflower
breeding aims to combine valuable economic
traits: high yield and its components, early
maturity, high seed oil content, high oleic acid
content in oil, short stature, and resistance to
biotic and abiotic factors. On domestic breeding
material, it was proven that combining resistance
to virulent races of sunflower broomrape with
valuable economic traits is possible (Kurylych &
Makliak, 2024).

Sunflower oil with a high content of
Omega-9 oleic acid (monounsaturated) is
considered beneficial for human health. Such oil
oxidizes more slowly and has a longer shelf life
(Rauf et al., 2017; Askin et al., 2020). In organic
farming, the cultivation of high-oleic sunflower
will ensure ecological balance in the acreage
structure and adherence to scientifically based
sunflower planting volumes without reducing
economic efficiency (Yurkevych et al., 2022).

At the Yuriev Plant Production Institute of
NAAS, breeders have been striving to improve
sunflower oil quality for the past 30 years
(Kyrychenko et al., 2000; Kyrychenko et al.,
2004; Kyrychenko et al., 2011). The major fatty
acids in sunflower oil are unsaturated ones—
oleic and linoleic—the ratio of which can vary
within wide limits depending on the genotype,
weather, and soil. Linoleic lines are most
commonly involved in breeding to develop
sunflower  hybrids. = However, high-oleic
sunflower hybrids are currently considered more
promising. Involving two oleic parents in
breeding results in hybrid combinations whose
seeds contain top-quality oil with the highest
oleic acid content.
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BUCOKOSIKICHY OJIit0 3 HAHBHIIUM BMiCTOM OJICTHOBOT
KHCIIOTH.

Mertot0 NOCHIIKEHb CTAI0 BH3HAYCHHS PiBHS
MIPOSIBY Ta MiHJIMBOCTI IIHHUX O3HAK, 1[0 BKJIFOYAIOTh
MOKpalIeHNWH  JKUPHOKHUCIOTHUH  CKJajg o,
CTIMKICTh 0 BOBYKA, PAHHbOCTHUIIIICTh T4 BHCOKHH
PiBEeHB MPOsIBY 03HAK NPORYKTUBHOCTI Y F1 ribpuais
COHSIIIHUKY; JOCITI JKEHHS ocobiMBOCTEN
MOETHAHHS B MEPIIOMY TiOpUAHOMY TOKOJIHHI IHX
BO)XJIMBUX TOCHONAPCHKUX O3HAK Ta BCTAHOBJICHHS
3aKOHOMIPHOCTEH  yCHaJKyBaHHS  JTOCHIKECHHX
O3HaK.

MeToauka

[lonpoBi mOCHiIKEHHS TPOBEICHI MPOTATOM
2023-2024 pp. Ha nocmimHUX TOMAX IHCTHTYTY
pocmuaaunTBa iM. B.S. HOp’ea  HAAH vy
nmaboparopii celeKiii Ta TeHeTHKH COHSIIHUKY. Sk
cragaapt (ct.) y Tpymi riOpuaiB 3 cepedHiMm Ta
BUCOKMM BMICTOM OJICTHOBOI KHCJIOTH B Ol
BUKOpHCTOBYBau Tiopu Kaner.

YV nos1p0BUX JOCITIIaX MPOBOAMIH (DEHOJIOT1YHI
crioctepexkeHHsl. BinzHauanu ¢asy cxodiB pociuH
Npy TIOsIBI HA TOBEPXHI IPYHTY cim’simonb. Dazy
MOBHOI CTUIJIOCTI BH3HAYaJM 32 KOJILOPOM KOIIWKA,
KOJM Ha AUIAHLI 3anumanock npubmusHo 10-15 %
POCIIHH 3 JKOBTUMH KOIIMKaMHM, a perTa HaOyBaia
YKOBTO-0yporo Ta Oyporo KoJapopy Ta Oyiia CyXoro.

J1s BU3HAa4YeHHsI BMICTY OJIii B HACIHHI Ta Macu
1000 wnaciHMH, IICJIS OYMINEHHS HACIHHSI BIJ
JIOMIIIIOK 1 BUCYIITYBaHHS JI0 CTaHAapPTHOI BOJIOTOCTI
BigOupanmu pobody mpoldy 3 KOKHOI OOIiIKOBOT
ninstaky. Macy 1000 HaciHMH BU3HAYaji M 3TiTHO 3
JCTY 4138-2002. BMict oii B HaCiHHI BU3HAYAIH
METOJIOM SIIEPHO-MArHITHOTO PE30HAHCY Ha MPUIIaIi
Oxford instruments MQC-5 srigao 3 ACTY ISO
10565. [y aHami3y BMICTY OdIii BiIOMpaIn HACIHHS 3
BUJIbHO 3aITWJICHUX POCIIHH.

Cknag KHPHMX KHCJIOT BH3HA4Yald Ha
razoBomy xpomarorpadi «Cemmixpom 1» 3a
MO (iKOBaHOIO METOIMKOIO Ietickepa
(Prokhorova, 1982). [y aHami3y »KUPHOKUCIIOTHOTO
ckiaay omii BigOupasm HAciHHS 3  POCIHHH,
i30JIbOBaHMX IMiJ] Yac [BITIHHI OJMHAPHUMH
130J15ITOpaMy, BUTOTOBJIGHHMH 3 arpOBOJIOKHA.

Jns  Bu3HaueHHA BPOXKAWHOCTI, HACIHHA
30Mpaiy Ha KOXHIH OUIAHII LUIIXOM CYLJIBHOTO
3pi3yBaHHsI KOIIMKIB 3 HACTYITHUM 0OMoIioToM. Bary
HACIHHS 3 JUISHKH TIepepaxoByBaM HAa TOHHU 3
reKkrapa Ta nNpUBOIUIH 10 Bosorocti 10%.

OmiHKy 3pa3KiB Ha CTiHKICTh JI0 BOBYKA
npooain B ymoBax terumii (Kupudenko Tta iH.,
1987). Hacinus 3pa3kiB BHCIBaJIM B ILIACTHKOBI
crakanu 06’emom 0,5 J1 3 1H(IKOBAHOK IPYHTOBOKO
cyMmimmo (2 r cyMiln HaciHHA BOBYKAa Ha 5 Kr
IpyHTY). 7151 HOCTiI’KeHb BUKOPHUCTOBYBAJIN HACIHHS
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The purpose of this study was to determine
levels of the expression and variability of
valuable traits, including improved fatty acid
composition of the oil, broomrape resistance,
early maturity, and performance in F1 sunflower
hybrids; to study the patterns of combining these
important economic traits in the first hybrid
generation and to establish inheritance patterns
of the traits under investigation.

Methods

The field investigations were conducted
during at the experimental fields of the Yuriev
Plant Production Institute of NAAS in the Labor-
atory of Sunflower Breeding and Genetics in
2023-2024. 'Kadet' was used as the check hybrid
for the group of hybrids with medium and high
oleic acid content in the oil.

Phenological observations were performed
during the field experiments. The emergence was
recorded when the cotyledons appeared on the soil
surface. Full maturity was determined by head
color, when approximately 10-15% of the plants
in the plot retained yellow heads, while the rest
turned yellow-brown or brown and were dry.

To determine the oil content and thousand-
seed weight, a sample was taken from each record
plot after the seeds were cleaned of impurities and
dried to standard moisture levels. The thousand-
seed weight was determined in accordance with
DSTU 4138-2002. The seed oil content was deter-
mined by nuclear magnetic resonance on an Ox-
ford Instruments MQC-5 analyzer in accordance
with DSTU ISO 10565. For oil content analysis,
seeds were collected from open-pollinated plants.

The fatty acid composition was determined
using a Selmikhrom-1 gas chromatograph by the
modified Peisker method (Prokhorova, 1982). For
analysis of the fatty acid composition of the oil,
seeds were harvested from plants isolated during
anthesis under individual agrofiber bags.

To determine the yield, seeds were har-
vested from each plot by head-to-head cutting,
followed by threshing. The seed weight from the
plot was converted to tons per hectare and ad-
justed to 10% moisture.

Broomrape resistance was assessed in a
greenhouse (Kyrychenko et al., 1987). Seeds were
sown in 0.5 L plastic cups filled with an infected
soil mixture (2 g of broomrape seed mixture per 5
kg of soil). For the research, broomrape seeds
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BOBUKa, 310paHe B TOMYIIAIil BUAY HAa IPOMHUCIIOBHX
MOCiBaX COHSIIHUKY B XapKiBCBKOMY paiioHi
XapkiBcbkoi 00MacTi, Ha TOMAX 3 CYTTEBUM
YPOKEHHS Iapa3uToM, J€ CTYIIHb YpPa)KeHHS
cTaHOBUB § 1 Oinblire OynTH0040K Ha POCIIUHY.

HeoOxigni mapameTpu A1t pO3BUTKY BOBUKa:
Temmeparypa ToBiTps +24..+28 °C; BimHOCHa
Bosoricte moBiTpss 70..80 %; 16-TM rOmMHHUI
Mepiof OCBITIEHOCTi; perymsipHuii monuB. OOmiK
KiJIbKOCTi Oynb00YOK mapa3uTa mpoBoauin yepes 40
0 micns ciBOM HaciHHS COHSIIHMKY. s 1poro
POCIMHY BUIMAJH 3 TPYHTYy W TPOMHUBAIIA Y BOZI.
VYpaxeHHS BOBYKOM BH3HAYAIU Bi3yaJbHO, LIUISIXOM
MiApaxyHKy KUTBKOCTI OylmbOOYOK TMapasura Ha
KOpIHHI ~ KO)KHOI ~ pPOCIMHH, IO  OIIIHIOBAJIH.
OOuncioBa M CTYIiHb ypPaKEHHS MUITXOM TTOILTY
cymu OyIE00UYOK IMapa3uTy Ha BCIX POCIMHAX 3pa3ka
Ha 3arajbHy KIUIBKICTh POCIHMH 3pa3ka, 10
OLIIHIOBAJIH.

Y Fl BuzHauasm CTymiHb (DEHOTHUTIOBOTO
nominyBaHHs (hp) MIHHMX TOCMOAAPCHKUX O3HAK 3a
CTIMKICTIO JIO0 BOBYKa, BPOKAWHICTIO HACIHH,
TPUBAIIICTIO TEPIOAY «CXOOU-TIOBHA CTHIVICTHY»
(TIICIIC), macoro 1000 HacinwH, BMicTOM Ofii B
HACIHHI, BMICTOM OJICIHOBOI KHCJIOTH B Ol
(Grifting,1950).

Yopomosx 2023-2024 pp. nmocmimkero 22
ribpumai KoMOiHarii Ta 20 miHil — 1X 0aTHKIBCHKIX
KOMIOHEHTIB. Iyt OUTBIIOCTI O3HAK 3a Kparuit
piBeHb TPOSBY BBakaslu Oinblne 3HaueHHA. [lis
CTYNEHs Yypa)KCHHS BOBYKOM KpAIIUM IPOSBOM
BBa)KaJIM OINTBIIY CTIMKICTh, TOOTO MEHIIHA CTYIIiHb
ypaxeHns. ma TIICIIC 3a kpame BHpaXeHHS
BBAKAIM MEHIIE BHPAXEHHS O3HAKH, TOOTO
PaHHBOCTHUIIICTB.  [HTepmpeTamito 3HaueHb hp
snivicHroBam 3a Beil et al. (1965). 3rigno 3i
3HaYEeHHSIMHU hp, BUIUSUIA TaKi TUIH YCTIAIKyBaHHS
O3HaKW: To3uTuBHEe  HajgmoMminyBanHs  (ITH);
YacTKOBe  TO3UTMBHe  jgominyBanHs  (UITH),
npoMikHe yenankysanHas (I1Y); yacTkoBe HerarueHe
nominyBanns (YHJI); HerarnBHEe HaIOMiHYBaHHS
(HH).

JocroBipHicTh  pi3HHII MK BapiaHTaMu
Jnociimy BU3Ha4anu Ha 5% piBHI 3HAYMMOCTI.
Craructrnuanii napamerp HIP0.05 oGunciroBanu 3a
3arajpHOIpUiiHATOI0 MeToaukoto (Rozhkov et al.,
2016).

Pe3yabTaTu T2 06roBOpeHH

3 METO BH3HAYEHHS OCOOIMBOCTEW TPOSIBY
BMICTy OJIETHOBOI KHCJIOTH B OJil Ta CTIHKOCTI 10O
BOBYKa B TIEPLIOMY TiOpHIHOMY MOKOJIiHHI, 10 T€CT-
CXpeIllyBaHHs 3ajy4eHO JIiHii, pI3HOMaHITHI 3a
BMICTOM OJICTHOBOI KUCIIOTH B 0odii (Tadi. 1).

were used that had been taken from a population
in commercial sunflower fields in the Kharkivskyi
District of the Kharkivska Oblast, specifically in
fields with significant parasite infestation where
the infection intensity was 8 or more tubercles per
plant.

The necessary parameters for broomrape de-
velopment included: air temperature +24...+28
°C; relative humidity 70...80%; a 16-hour photo-
period; and regular watering. The number of par-
asite tubercles was recorded 40 days after sowing
the sunflower seeds. For this purpose, the plants
were removed from the soil and washed in water.
Broomrape infection was determined visually by
counting the number of parasite tubercles on the
roots of each evaluated plant. The infection inten-
sity was calculated by dividing the total number of
parasite tubercles on all plants of the sample by
the total number of evaluated plants in the sample.

In Fy, the phenotypic dominance degree (hp)
for valuable economic traits—broomrape re-
sistance, seed yield, length of the "emergence-full
maturity" period (EFMP), thousand-seed weight,
seed oil content, and oleic acid content in the oil—
was determined (Griffing, 1950).

In 2023-2024, 22 hybrid combinations and
20 lines (their parental components) were studied.
For most traits, a higher value was considered the
better level of expression. For broomrape infec-
tion intensity, better expression meant higher re-
sistance, i.e., a lower degree of infection. For
EFMP, a weaker expression of the trait, indicating
early maturity, was considered better. The inter-
pretation of hp values was performed according to
Beil et al. (1965). Based on hp values, the follow-
ing types of inheritance were identified: positive
overdominance (POD); partial positive domi-
nance (PPD); intermediate inheritance (II); partial
negative dominance (PND); and negative over-
dominance (NOD).

The statistical significance of differences
between experimental variants was assessed at a
5% level. LSD 0.05 was calculated by the tradi-
tional method (Rozhkov et al., 2016).

Results and Discussion

To determine expression patterns of the
“oleic acid content” and “broomrape resistance”
traits in the first hybrid generation, lines with
various oleic acid content in the oil were involved
in test crosses (Table 1).
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Taoauust 1. BMicT 051eTHOBOT KHCJIOTH B OJIiT HACIHHSI JiHIH-0aThKIBCHKUX KOMIIOHCHTIB TiOPHUIIB COHAIIHUKY, % 10

cyMmu kuciot, 2023-2024 pp.

Table 1. Oleic acid content in the seed oil of the parental lines of sunflower hybrids, % of total fatty acids, 20232024

Tinisn /Line | 2023 2024 Cepenie/ | i / Line 2023 2024 | Copeane/
Mean Mean
R IO Al ass 275 265 o 19.0 210 20.0
) 19.3 227 210 SDSoL | 250 29.0 27.0
A 25.0 311 80 | XDEB 240 27.4 257
RN 85.5 87.2 864 | D000 | 210 235 223
X IBL L 190 18.3 186 | PR 403 52.9 511
e |10 18.9 i85 | POPIS 1 104 27.0 232
DI 24.3 26.2 252 | ORI 20 27.0 238
DI 28.9 338 sia | PR aas 56.5 50.6
AT IR 24.6 28 | WU g6 84.9 85.9
S 203 30.4 253 | ROPIEN L 250 26.9 26.0

Y cepenaboMy 3a 11Ba pokH, JiHisiM Cx 83 A Ta
IU 075138 Oy mnpuTaMaHHWI BHUCOKHH BMICT
oJieiHoBoi kmcaotu (86,4 Ta 85,9%, BiAMoBiAHO),
minism [U 075136 Tta IU 075137 — cepeaniit BMicT
oneinoBoi kmcaota (51,1 Ta 50,6%, BiAIIOBIAHO).
[Hmmi Jstinil, 3a1y4eHi 10 cXpellyBaHb, BIIHECEHO JI0
TpyNy JIiHIH HU3BKOOJIETHOBOTO (JIIHOJIEBOTO) THITY.
CepenHiii 3a 7iBa POKH BMICT OJICTHOBOT KMCJIOTH B X
omii BapitoBaB Bix 18,5% (X3Y 39 B) no 31,4 % (X
1817 B).

3 nopiBHsIHHA Aanux 3a 2023 i 2024 pp. BuaHO,
[0 BMICT OJICTHOBOI KMCIIOTH 332 POKaMH BapitOBaB
HecyTTeBO. He3HauHi BapiroBaHHS IIOTO MMOKAa3HUKA
32 pOKaMH JIOCTIJDKEHb MiITBEP/DKYIOTh BiJJTHOCHY
CTaOUTBHICTh O3HAKHU B PI3HUX YMOBAX CEPEIOBHIIA,
IO Y3TOKYETHCS 3 TAHUMH LIOJI0 KOHTPOIIIO BMIiCTY
ONe{HOBOI ~ KHCIOTH B  COHSIIHHUKOBIA Ol
TeHeTHYHUMH (akTopamMu. BomHouac BCTaHOBJIEHO
MIEBHY TEHJICHIIIO JIO ITiIBUIIEHHS BMICTy OJETHOBOI
kuciaotTn B ymoBax 2024 poky, mo Moxe OyTu
MOB’si3aHE 3  OCOOJMBOCTSMH — TEMIIEPATYPHOTO
peKUMYy B TIepioll HAlWBYy HACiHHS, a came 3
3aJIEKHICTIO MDK MiABUIIEHUMH TeMIlepaTypamMu
MOBITPST Ta IHTEHCHUBHICTIO CHHTE3y OJETHOBOI
kucioru (Makliak et al., 2014).

He BusBneno minidd, sKi B OAMH DIk
BUNIPOOYBaHb MOXKHA BiIHECTH JI0 TPYIIH BUCOKO- 200
CepeTHbOOJICTHOBHX, Y JAPYTUH piK — A0 TpynH
HU3bKOOJIETHOBHX. Cepen TiHIN rpynu
HU3BbKOOJIETHOBHX, 3aJI€)KHO BiJl IOTOJIHUX YMOB POKY
HalOIMBIIOID MIPOI0 BMICT OJIETHOBOI KHCIJIOTH
BapitoBaB y niHii X3V 23 B — Bin 20,3 % y 2023 pomi
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On average across two years, the lines ‘Skh
83 A’ and ‘IU 075138’ were characterized by a
high oleic acid content (86.4% and 85.9%,
respectively), while the lines ‘IU 075136 and
‘IU 075137 showed a medium oleic acid content
(51.1% and 50.6%, respectively). Other lines
involved in the crosses were classified as low-
oleic (linoleic) lines. Their two-year mean values
of oleic acid content in the oil varied from 18.5%
(‘KhZU 39 V’) to 31.4% (‘Kh 1817 V).

A comparison of the 2023 and 2024 data
shows that the oleic acid content varied
insignificantly across the years. Minor variations
in this parameter confirm the relative stability of
the trait under different environmental
conditions, which 1is consistent with data
regarding the genetic control of oleic acid
content in sunflower oil. At the same time, there
was an upward trend in oleic acid content in
2024, which may be related to the specific
temperature regime during the seed filling
period, namely the correlation between elevated
air temperatures and oleic acid synthesis
intensity (Makliak et al., 2014).

No lines were identified that could be
classified into the high- or medium-oleic groups
in one year of testing and into the low-oleic
group in the other. Among the low-oleic lines,
depending on the weather, the oleic acid content
varied most significantly in ‘KhZU 23 V’ — from
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10 30,4% y 2024 pori, To6T0 301nbmHMBCs Ha 10,1%.
Y cepemnnooneinoBoi minil [U 075137 BM™MicT
0J1€THOBOi KHCJIOTH 3aJIE)KHO BiJ] TOTOAHHX YMOB
PpoKy BapitoBas Bizx 44,6 y 2023 poui o 56,5% y 2024
poui, TOOTO 30iMBmIMBC Ha 11,9%. MinnuBicth
BMICTY OJITHOBOi KHCJIOTH B ONii HACiHHS I1HIIIMX
JIiHIH OyiTa MEHII ITOMITHOIO, HOTO 3pocTanHs y 2024
poti BapitoBao Bix 0,9% y miuii X3Y 39 B no 7,6%
y minii [U 075135.

OrmiHKa ycraaKyBaHHS HIHHUX TOCTIONAPCHKUX
O3HaK Yy TepumoMy TriOpuIHOMY TOKOJNiHHI 32
MTOKa3HUKOM «CTYIIiHb ()EHOTUTIOBOTO TOMiHYBaHHSD»
Oyla YCHIIIHOIO HAa COHSIIHUKY SK Ui O3HAaK
mponykruBHOcTi (Hocams Ta in., 2017), Tak 1 mns
O3HaK CTiHKOCTI A0 30yaHMKIB XBopoO (JIeBuIbKa Ta
i, 2023). Bimomocti mpo  0OCOOIHMBOCTI
YCIaJKyBaHHS Pi3HHUX IIIHHUX TOCIOAPChKUX 03HAK
y riopunie F1 MoxyTe OyTH BHUKOpHUCTaHI B
CeNeKIiHHOMY TMIpoLeci MpHU CTBOPEHHI TiOpuiB
BiJITIOBITHO /IO PUHKOBUX BUMOT.

BMicT o51eTHOBOT KUCIIOTH B 0111 12-TH CTIHKHX
IO BOBYKA TiOpHIHUX KOMOIHAIl COHSIIHUKY,
CTBOPEHUX 3 YyYacTIO HAaBEACHUX BUINE JIiHIH
oneinoBoro Tuiry, y 2023 pori BapitoBas Bifg 45,0 1o
86,5% Ta y 2024 poui Bix 48,8 no 86,9% (Tabdm. 2).
Cryniap  (peHOTHUNOBOTO  JTOMIHYBaHHS  O3HAKH
BapitoBaB y 2023 pomi Big —0,01 mo 1,04, a y 2024
poui Bim —0,23 mo 0,74. T'iOpuam miei rpymnu
MOPIBHIOBAJIM 3 BUCOKOOJICTHOBUM riopumoM Kager,
i3 cepenHiM 3a JIBa POKU BMICTOM OJIETHOBOI KUCIIOTH
B onii 83,9% Ta cryrneHeM ypakeHHs BOBYKOM 3,60
ta 11,3 Oynp6ouku Ha pocmuHy y 2023 1 2024 porti,
BIIIOBIHO.

3a BMICTOM OJICTHOBOI KHCJIOTH TEPEBUINNIIA
CTaHIapT ofHa riOpuaHa koMOiHaris — Cx 83 A x [U
075138, i3 BMicTOM 071€THOBOT KMCIIOTH 86,5 1 86,9%.
OCKIIBKM ~ CTYIiHb ~ Yp@XEHHS BOBYKOM  Ili€i
kombOiHartii cranosus 0,00 Ta 0,23 Oyap00uku y 2023
i 2024 pomi, BimmoBigHo. llfo KomOiHalirO
0XapakTepH30BaHO SIK BHCOKOOJIETHOBY Ta CTIHKY IO
BOBuKa. BusiBieHHs1 noniOHOT Ti0puaHOT KoMOiHaIIii
MIATBEP/DKYE MOXKIIMBICTh OJHOYACHOTO IMOEIHAHHS
SKICHUX Ta QJIAlITHBHUX O3HAK B OMHOMY T€HOTHII
COHSIIHMKA, 10 € OJHWUM 13 KIIIOYOBHX 3aBJIaHb
CYYaCHOI TeTepO3UCHOI CEIEKITI.

CryniHb ()EHOTUIIOBOTO JIOMIHYBaHHS O3HAKU
CTIMKOCTI JI0 BOBYKa JOCHipKeHHX 12 TiOpumiB
BapitoBa y 2023 poui Bix 0,77 no 2,51, a'y 2024 pori
Bix 0,30 mo 1,03, To0OTO 32 cTyTNIeHeM Ti0puan MOXKHA
BITHECTH JI0 THIIIB BiJl IMPOMIKHOTO YCIaJIKyBaHHS
O3HaKH  JI0  TIO3UTHBHOTO  HAJJIOMIHYBaHHSI
(reTeposucy).

OcobnuBy yBary mpuBepHyia JiHisg Cx 83 A,
BUKOPUCTAHHS SIKOT Y CXpEIIyBaHHAX 3a0€3MeumIio
(dopmyBaHHs TiOpUIHHX KOMOiHamiid i3 CTabLIBHO
BHUCOKHUM a00 cepe/HiM BMICTOM OJIETHOBOT KHUCIIOTH.
e Moxe CBIUMTH MPO HASBHICTH Yy TEHOTHUII

20.3% in 2023 to 30.4% in 2024, i.e., it increased
by 10.1%. In the medium-oleic line ‘IU 075137’
the oleic acid content varied from 44.6% in 2023
to 56.5% in 2024, meaning an increase of 11.9%.
The variability of oleic acid content in the seed
oil of the other lines was less noticeable: in 2024,
the increase in this parameter ranged from 0.9%
in ‘KhZU 39 V’ to 7.6% in ‘IU 075135".

The evaluation of the inheritance of
valuable economic traits in the first hybrid
generation using phenotypic dominance degree
was successful in sunflower both for
performance traits (Nosal et al., 2017) and for
resistance to pathogens (Levytska et al., 2023).
Information on the inheritance patterns of
different valuable economic traits in F1 hybrids
can be utilized in breeding to create hybrids that
meet market requirements.

The oleic acid content in the oil of 12
broomrape-resistant sunflower hybrids, which
had been originated from the aforementioned
oleic lines, varied from 45.0 to 86.5% in 2023
and from 48.8 to 86.9% in 2024 (Table 2). The
phenotypic dominance degree (hp) for the trait
varied from —0.01 to 1.04 in 2023 and from —0.23
to 0.74 in 2024. The hybrids of this group were
compared with the high-oleic hybrid 'Kadet',
which had a two-year mean oleic acid content of
83.9% and a broomrape infection intensity of
3.60 and 11.3 tubercles per plant in 2023 and
2024, respectively.

One hybrid combination - ‘Skh 83 A x [U
075138 — was superior to the check cultivar in
terms of oleic acid content, with values of 86.5%
and 86.9%. Since the broomrape infection
intensity in this combination was 0.00 and 0.23
tubercles in 2023 and 2024, respectively, it was
classified as high-oleic and broomrape-resistant.
Such a hybrid combination confirms that it is
possible to combine qualitative and adaptive
traits within a single sunflower genotype, which
is a key objective of current heterosis breeding.

The phenotypic dominance degree (hp) for
the “broomrape resistance” trait in the 12 studied
hybrids varied from 0.77 to 2.51 in 2023 and
from 0.30 to 1.03 in 2024. Thus, based on the
dominance degree, the hybrids can be
categorized into groups ranging from
intermediate inheritance of the trait to positive
overdominance (heterosis).

Particular attention was drawn to ‘Skh 83
A’, crossing of which resulted in hybrids with
consistently high or medium oleic acid content.
This may indicate the presence of effective
alleles in this genotype controlling the “oleic acid
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e(eKTHBHUX aJIelliB, 1[0 KOHTPOJIIOIOTh BiIIOBIIHY
O3HAaKy, a TaKkoK Mpo iX JOMIHAHTHHW XapakTep
yChaiKyBaHHs. |OcrmomapchKi O3HAKM Kpamux 3a
BpOXKAMHICTIO TIOpMAHUX KOMOIHAIK 3 JIiHIE0
Cx 83 A masezeHo B Tabnuii 3.

content” trait and their dominant inheritance. The
economic traits of the hybrids derived from ‘Skh
83 A’ that performed best in terms of yield are
presented in Table 3.

Taoauus 2. BmicT 051€iHOBOT KHCIOTH B OJii HACIHHS CTIHKUX JI0 BOBYKA TOPHIHUX KOMOIHAIINH COHSINHUKY, % 10

CYMH KHUCJIOT, i CTYIiHb ypa)KeHHS BOBYKOM, 1IT., 20232024 pp.

Table 2. Oleic acid content in the seed oil of broomrape-resistant sunflower hybrids (% of total fatty acids) and

broomrape infection intensity (tubercles/plant), 2023-2024

Bwict oneinoBoi kucnory, % 10 cymn CTymiHb ypaXeHHS BOBYKOM, IIT. /
. . kuciot / Oleic acid content, % of total Broomrape infection intensity,

ggggﬁiﬁﬁggﬁiﬁm / fatty acids tubercles/plant

2023 hp 2024 hy 2023 hp 2024 hp
glfhl ?(())86AAXXI}JUO(Z755113377/ 45.0 1.04 48.8 0.47 0.00 1.40 0.34 0.84
gﬁhl?g&AAXXIEUOg;Sll}?S/ 57.6 0.05 60.9 0.16 0.00 2.51 0.56 0.74
gﬁhgéAAXXXKlgllgl}Z (, 65.5 0.35 71.4 0.48 0.26 0.77 0.78 0.30
gﬁhgéAAXXXKlEll;l}; (, 64.7 0.27 68.4 0.30 0.00 1.12 0.22 0.88
gﬁhgéAAXXXé:Z%}z /V 65.2 0.39 67.2 0.40 0.00 1.02 0.12 0.89
gﬁhgéAAXXXI?XZ%%/V 61.0 0.19 63.0 0.17 0.00 1.04 0.22 0.80
glfhséAAXXXI?zZ{?E)/V 70.4 0.53 69.8 0.44 0.34 0.86 0.00 1.03
glfhgéAAXXXI?XZ%zsz/V 68.0 0.43 69.1 0.40 0.26 0.77 0.56 0.50
glfh8§3AAXXI§JUOg755113;14/ 61.0 0.19 62.3 0.17 0.00 1.20 0.22 0.80
glfh8§3AAXXI§JUOg755113377/ 71.9 0.34 77.8 0.39 0.00 2.25 0.00 1.01
glfh8§3AAXXI§JUOg755113§8/ 86.5 0.43 86.9 0.74 0.00 1.41 0.23 0.83
gﬁh8§3AAXXI§JUOg755113399/ 52.6 —-0.01 50.1 -0.23 0.17 1.19 0.56 0.58
EZEZI_cgeTcli hybrid 85.4 - 824 |~ | 3.60 - 113 -
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Tabauns 3 ['ocomapcbki 03HAKH Kpamux 3a BposkaiHICTIO Ti0pHAiB COHSITHUKY 3 JdiHiero Cx 83 A, 2023-2024 pp.

Table 3. Economic traits of the top-yielding sunflower hybrids derived from ‘Skh 83 A’, 2023-2024

Note 1. V- significantly higher than the mean value in the experiment (p<0.05).
Ipumitka 2. ¥ — 3HAYMMO HMXKUE 3a CepeNHE 3HAYEHHA 3a gociigoM (p<0.05). /
Note 2. ¥ — significantly lower than the mean value in the experiment (p<0.05).

VYpoxaiiHicTh HaciHHS, T/Ta / . BwicT omnii B HaciuHi, % /

I'iopumHa komOiHaIis / Seed yield, t/ha TIICIIC, 1i6 / EFMP, days Seed oil content, %

2023 hp 2024 hp 2023 hp 2024 hp 2023 hp 2024 hp
Cx 83 AxX1814B/ 1) 1)
Skh 83 A x Kh 1814 V 2.27 1.51 2.31 2.81 111 -3.33 110 -0.33 49.4 5.46 53.6 —0.57
Cx83AxX3Y10B/ 2) 2)
Skh 83 A x KhZU 10 V 1.61 4.04 2.11 2.16 106 -0.33 105 1.52 47.8 25.0 52.9 0.75
Cx 83 AxX3Y22B/ 2) 2) 2) 2)
Skh 83 A x KhZU 22 2.19 1.43 2.23 2.37 104 -1.00 103 15.0 44.6 0.90 48.9 0.49
Cx 83 AxX3Y30B/ 2) 2) 2) 2)
Skh 83 A x KhZU 30 V 2.08 1.29 2.12 2.00 104 -0.94 103 0.28 473 2.08 51.6 —6.50
Cx 83 AxX3Y37B/ 2) 2)
Skh 83 A x KhZU 37 V 2.07 1.37 2.11 2.31 103 —0.88 102 -0.08 49.5 2.00 53.7 1.57
Cx 83 AxX3Y39B/ 2) 2)
Skh 83 A xKhZU 39 V 1.98 1.42 2.02 2.09 104 —-0.95 103 -0.02 50.4 3.04 54.6 1.68
Cx 83 A x1U 075136/ 2) 2)
Skh 83 A x IU 075136 2.06 1.35 2.10 2.72 108 -2.85 107 0.72 46.9 1.64 51.2 0.30
Cx 83 A x1U 075137/ 2) 2) 2)
Skh 83 A x IU 075137 1.75 0.76 1.97 1.50 102 -0.15 106 0.18 40.6 -3.00 52.9 0.88
Cx 83 A x1U 075138/ 2) ) 2) 2)
Skh 83 A x IU 075138 1.91 1.04 2.08 2.32 101 -0.10 112 -3.60 45.7 1.14 50.2 -59.0
Kaner ct. /
Kadet, check hybrid 2.30 - 2.35 - 108 - 113 - 49.4 - 57.5 -
HIPg 0s mOpiBHSHHS 3 CepeHIM
sraueHHsM / LSDg o5 in comparison 0.31 - 0.27 - 1.8 - 1.2 - 2.7 — 2.1 -
with the mean value
HIP 05 momapHOro mopiBHSHHS / 0.44 _ 038 B 25 B 1.7 _ 39 _ 3.0 _
LSDy o5 for pair comparisons ) ) ’ ' i i
IpumiTka 1. D — 3HauMMO TEpeBHILYE cEepenHe 3HAYEHH 3a gociinoM (p<0.05). /




3a BMmicTOM OJii B HACiHHI, BCl HaBeIeHI
ribpugHi koMOiHanii Oynu Ha piBHI CEpeaHBOTO
3HAYEHHS a00 MaJIk BMICT OJIii B HACIHHI HIDKYHI 32
Take 3HAYCHHS.

Yotupu TiOpuaHi KoMOiHAMil 3 HaBEACHUX 3
MaTepUHCHKOIO JiHier0 Cx 83 A 3a naHuMH JBOX
POKIB AOCIIKCHb BITHECCHO IO PaHHBOCTUTIINX:
Cx83AxX3Y22B,Cx83AxX3Y30B, Cx 83
A x X3V 37 B, Cx 83 A x X3V 39 B. Takox BoHU
JOCTHUTANIA paHinie, Hixk crangapt Kaxger, y sikoro
TIICIIC cranoBuna 108 i 113 nmi6 y 2023 i 2024
pomi, BimnosimHo. Y 2023 pomi Oymu Oinmbin
Mi3HPOCTUTIIMMH MOPIBHSIHO JI0 CTaHAAPTY TiOpuaHi
kombOiHamii Cx 83 A x X 1814 B (111 xi6) Ta Cx 83
A x IU 075136 (108 ni6). Iami cim ridpumHAX
xomb6iganiii Mmasmm TIICIIC Big 101 no 106 xi6. V
2024 pomi Bci riopuaHi komOiHamii manu TIICIIC
Big 102 mo 112 nid.

3rigHo 3 MOKa3HUKOM «CTYTIHb
(EHOTHIIOBOTO ~ JIOMIHYBaHHSI» 32  O3HAKOIO
«CTIWKICTH 70 BOBYKa», TiOpumHi KoMOiHAImii
pO3MOAIEHO HA  W'ATh  TPYI:  TO3UTHUBHE
HaJIOMiHYyBaHH:I, YaCTKOBE MTO3UTHBHE
JOMIHYBaHHS, MPOMDKHE YCMAaJKyBaHHS, YaCTKOBE
HETraTUBHE JOMIHYBaHHS Ta HETraTUBHE

HajmoMinyBaHHs. OTXKe, IIOJI0 CTIMKOCTI 10 BOBYKA,
BCTaHOBJIICHO INUPOKHMU [iama3oH BapilOBaHHS
MMOKa3HUKa (PEHOTHIIOBOTO JMOMiHyBaHHS. Taka
Bapia0eNbHICTh CBIUYUTH MPO CKIAIHY T'CHETHYHY
MPUPONY IIi€i O3HAKH Ta MOXJIMBY Y4acTh KITBKOX
TEeHIB 13 PI3HUM THIIOM B3a€EMOII].

Jam BcepenuHi KOXXHOI TPYIH MU PO3ILTHIN
riOpuaHi KoMOiHAIII HA TPYNH 3aJIe)KHO BiJl TUITY
yCHaJKyBaHHS 32 KOXKHOIO 3 IIIHHUX TOCTOAaPChKAX
O3HaK: BMICT OJIETHOBOI KHCJIOTH B  OJIil,
ypokaiHicTh HaciHHs, maca 1000 HaciHHMH, BMICT
omii B Hacinui Ta TIICTIC.

Jnst mociipkeHHS yCHaaKyBaHHS CTIHKOCTI
JI0 BOBYKa BH3HAYAJIH CTYIICHI JOMiHYBaHHS O3HAKU
TIJIBKH Yy TIOpUAHUX KOMOIHAIIH OJIETHOBOTO THITY.
YcmankyBaHHS CTIMKOCTI /IO BOBYKAa 3a THIIOM
MMOBHOTO HAJJOMIHYBaHHS OyJ10 TpUTaMaHHE
27,3 % riOpugHuX KOMOIHAIIN OJIETHOBOIO THITY
(tabm. 4, Tabm. 5). YacTkoBe TIO3UTHBHE
JIOMiHyBaHHS CTIHKOCTI o BOBUKa
poaeMoHCTpyBaiu 45,5% riOpuaHux KoMOiHaIlii
OJICTHOBOTO THITy, NPOMDKHE YCHAJAKyBaHHSI —
9,09%, yacTkoBe HeratuBHe JAOMiHyBaHHS — 4,55%,
HeratuBHe HaanominyBaHHS — 13,6%. lle cBimuuTh
mpo Te, 10 OUIBIIOCTI TIOPHIHUX KOMOIHAIiH
OJIETHOBOTO THUMY OyJI0 TpUTAMaHHE MO3UTHBHE
HaJJIOMIHYBaHHS  Ta  YacTKOBE  IIO3UTHUBHE
JIOMIHYBaHHSI O3HAKH CTIHKOCTI 10 BOBYKA.

BinbIricTs riOpuaHUX KOMOIHALIIH 0I€THOBOIO
TAIy MaJd TOPOMDKHHH THI  YCHAJKyBaHHS
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Regarding seed oil content, all the listed
hybrids were at the level of the mean value or
had an oil content lower than the mean.

Based on two-years data, four of the
presented hybrid combinations with the maternal
line ‘Skh 83 A’ were classified as early-
maturing: ‘Skh 83 A x KhZU 22 V’, ‘Skh 83 A
x KhZU 30 V’, ‘Skh 83 A x KhZU 37 V’, and
‘Skh 83 A x KhZU 39 V’. They also matured
earlier than 'Kadet' (check hybrid), which had an
EFMP of 108 and 113 days in 2023 and 2024,
respectively. In 2023, the hybrid combinations
‘Skh 83 A x Kh 1814 V’ (111 days) and ‘Skh 83
AxTU075136° (108 days) matured later than the
check hybrid. The other seven hybrids had an
EFMP ranging from 101 to 106 days. In 2024,
all hybrid combinations had an EFMP from 102
to 112 days.

According to the phenotypic dominance
degree for the "broomrape resistance" trait, the
hybrids were divided into five groups: positive
overdominance, partial positive dominance,
intermediate  inheritance, partial negative
dominance, and negative overdominance. Thus,
regarding broomrape resistance, there was a
wide range of variation in the phenotypic
dominance degree. Such variability indicates a
complex genetic nature of this trait and possible
involvement of several genes with different
types of interactions.

Furthermore, within each group, we
divided the hybrids into subgroups depending on
the inheritance type for each of the valuable
economic traits: oleic acid content in the oil,
seed yield, thousand-seed weight, seed oil
content, and EFMP.

In the investigation of the inheritance of
the “broomrape resistance” trait, the dominance
degrees for this trait were determined only for
oleic hybrids. The inheritance of broomrape
resistance by complete overdominance was
intrinsic to 27.3% of the oleic hybrid
combinations (Table 4, Table 5). Partial positive
dominance of broomrape resistance was
demonstrated by 45.5% of the oleic hybrids,
intermediate inheritance — by 9.09%, partial
negative dominance — by 4.55%, and negative
overdominance — by 13.6%. This indicates that
the majority of oleic hybrid combinations
exhibited positive overdominance and partial
positive dominance of the “broomrape
resistance” trait.
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BHCOKOTO BMICTY OJI€IHOBOI KHCIOTH B omii. B
ymoBax 2023  poKy TakoX  yCTaHOBIIEHO
yClaAKyBaHHA BMICTYy OJ€THOBOi KHCIOTH 3a
TUIIAMH YacCTKOBOTO IIO3UTHBHOTO JIOMiHYBaHHS,
MPOMDKHOTO  yCNMAAKyBaHHS 1  YacTKOBOTO
HETaTHMBHOTO JIOMiHYBaHHA. 3a yCHaAKyBaHHS
CTIMKOCTI 1O BOBYKA 3a THUIIOM IO3UTHUBHOIO
HaamoMminyBaHHsS, 16,7% TiOpumHUX KOMOIHAIIIHI
MOKa3aly MO3UTUBHE HAIJAOMIHYBaHHS BMICTY

0JIETHOBOI KuCIOTH B omi, 16,7% — uyacTkoBe
MO3UTUBHE JoMiHyBaHHA, 50% — mpoMixHe
yCHaJKyBaHHS, i 16,7%  —  HeraTuBHe

HaJJOMIHYBaHHS O3HAaKH. 3a THIIOM YacTKOBOTO
MMO3UTHBHOTO JIOMIHYBaHHS CTIMKOCTI /O BOBYKa,
10% riOpugaux KomOiHaumii MamM YacTKOBE
MO3UTUBHE JIOMiIHYBaHHS BMIiCTY 0JIETHOBOT KHCIIOTH
B omii, Toxi sk iHmI riOpumHi koMOGiHamii (90%)
MaJy IPOMDKHE YCHaaKyBaHHs O3HAKH.

3a BpoxaiHicTIO HaciHHA B ymoBax 2023
POKy, KpiM ycCHaJKyBaHHS 33 THIIOM YacTKOBOTO
MO3UTUBHOTO  HAJJOMIHYBaHHS,  YCTaHOBJICHO
MEepPEeBAYKHO TIO3UTHBHE HAIOMiHyBaHHA. | i0puaHi
KOMOIHAIlT TPYNU MO3UTHBHOTO HAJIOMiHYBaHHS
CTIMKOCTI 0 BOBUYKA ITOKa3aidu 83,3% MmO3UTHBHOTO
HaaaoMiHyBaHHA 1 16,7% 4acTKOBOrO MO3UTHBHOTO
JOMiHYBaHHA BpoOXaliHOCTi HaciHHsA. [10puaHi
KOMOiHaIii TpymM  YacTKOBOTO  MO3UTHBHOTO
JOMiHYyBaHHSA CTIMKOCTI 10 BoBuka nokasaiu 80,0%
MO3UTHBHOTO HajaaoMinyBaHHs, 10,0% 4acTKOBOTO
Mo3UTUBHOTO JoMiHyBaHHs i 10,0% mpomixkHOTO
yCIagKyBaHHs ypOXKaWHOCTI HACIHHSL.

B ymoBax 2023 poky ycnaakyBaHHSI Macu
1000 HaciHMH y OLIBIIOCTI TIOPUIHUX KOMOIHAILIIH
CTOCTEpiraiy MO3UTHBHE HAJIOMIHYBaHHS BUCOKOT
Macu 1000 HacinuH. Bunsitkom Oyinu ridpuay, sKi 3a
yCHaJIKyBaHHSIM CTIMKOCTI JI0 BOBYKA BITHECEHO JI0
TUIYy HETaTHMBHOTO HAJJIOMIHYBaHHS O3HAKH, BOHH
Malyd MPOMIKHE YCIaJKyBaHHS O3HAKH BHCOKOI
macu 1000 HaciHuH.

3a BMicTOoM onii B HaciHHI y OLIBIIOCTI
riopuaHIX KOMO1HaIi crioctepiramu
yCIIaAKyBaHHS 3a TUTIOM MO3UTUBHOTO
HaJJIOMiHYBaHHS BUCOKOI'O BMICTY.

The majority of oleic hybrid combinations
exhibited intermediate inheritance of oleic acid
content in the oil. In 2023, inheritance of oleic
acid content was also inherited by partial
positive dominance, intermediate inheritance,
and partial negative dominance. In the group of
inheritance of broomrape resistance by positive
overdominance, 16.7% of hybrid combinations
showed positive overdominance for oleic acid
content in the oil, 16.7% — partial positive
dominance, 50% — intermediate inheritance, and
16.7% —negative overdominance for the trait. In
the group of partial positive dominance of
broomrape resistance, 10% of hybrid
combinations  exhibited  partial  positive
dominance for oleic acid content, while the other
hybrid combinations (90%) showed intermediate
inheritance of the trait.

As to seed yield, in 2023, in addition to
inheritance by partial positive overdominance,
positive overdominance was predominantly
recorded. Hybrid combinations in the positive
overdominance group for broomrape resistance
showed 83.3% positive overdominance and
16.7% partial positive dominance for seed yield.
Hybrid combinations in the partial positive
dominance group for broomrape resistance
showed 80.0% positive overdominance, 10.0%
partial positive dominance, and 10.0%
intermediate inheritance for seed yield.

In 2023, the inheritance of thousand-seed
weight in the majority of hybrid combinations
was defined as positive overdominance for high
thousand-seed weight. The exceptions were
hybrids classified by broomrape resistance
inheritance as negative overdominance; they
exhibited intermediate inheritance for high
thousand-seed weight.

As to seed oil content, the majority of
hybrid combinations inherited high oil content
by positive overdominance.
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Tadauns 4. KinpkicTs ribpunHux koMOiHaLIN 3a THIIOM YCIIaAKyBaHHS 03HAK, %, 2023 pik
Table 4. Number of hybrid combinations by trait inheritance type, %, 2023

Cryneni BwMicT 011€iHOBOT KHCTIOTH B . . . . L
floMiHy BaHHs omii / Oleic acid content in YPO)KaI/IHICTL‘HaCIHHH/ Maca 1000 HaCIHI/IH/ 1000- | Bwmict onii B HACiHHI / Seed TICIIC / EFMP
.\, . . Seed yield seed weight oil content
CTIHKOCTI J10 the oil
BOBUKa /
Dominance
IH/ qrig / YHJ / IMH / 4qrig / H/ IH / 4qrig / HH/ YHJT / HH/
degree for pop | ppp | /I pxp | pop | ppp | TY/M | pop | MY/ pop | pep | Nop | ™Y/I| pND | NOD
broomrape
resistance
ITH / POD 16.7 16.7 50.0 16.7 83.3 16.7 0.00 100.0 0.00 83.3 0.00 16.7 333 0.00 66.7
Iyl / PPD 0.00 10.0 90.0 0.00 80.0 10.0 10.0 100.0 0.00 80.0 20.0 0.00 10.0 30.0 60.0
ny/u 0.00 0.00 50.0 50.0 100.0 0.00 0.00 100.0 0.00 50.0 50.0 0.00 50.0 0.00 50.0
YHJT / PND 0.00 0.00 100.0 0.00 100.0 0.00 0.00 100.0 0.00 100.0 0.00 0.00 0.00 100.0 0.00
HH /NOD 0.00 66.7 333 0.00 100.0 0.00 0.00 0.00 100.0 100.0 0.00 0.00 0.00 66.7 333
Tadauns 5. KinbkicTs riOpuHux koMOiHALIN 32 THIIOM YCIaAKyBaHHs 03HaK, %, 2024 pik
Table 5. Number of hybrid combinations by trait inheritance type, %, 2024
Cryneni Bwicr oseinoBoi o .
i ii / Ypoaitict Maca 1000 nacinus /
HOI.VIVIHYB?HH;[ KHCHOT.H B (.)ml b HACiHHA / . Bwict omii B HacinHi / Seed oil content TIICIIC / EFMP
CTIMKOCTI 110 Oleic acid . 1000-seed weight
. . Seed yield
BOBYKa / content in the oil
Dominance degree
qri / MH/ | 41mg/ MH/ |41/ |11y / HH/ | IIH/ | 411/ HH/
for br.oomrape PPD Iy /11 | TIH/POD POD PPD ny/u poD | PPD | 1l YH/L NOD | PoD | PPD ay/1 | 4HA NOD
resistance
IIH / POD 333 66.7 100.0 100.0 0.00 0.00 | 333 | 16.7 |[33.3| 0.00 16.7 0.00 16.7 50.0 16.7 16.7
Y11 / PPD 0.00 100.0 100.0 30.0 50.0 20.0 | 30.0 | 20.0 [30.0| 20.0 0.00 60.0 | 20.0 10.0 0.00 10.0
ny/u 50.0 50.0 100.0 100.0 0.00 0.00 | 0.00 | 50.0 [0.00| 0.00 50.0 0.00 | 0.00 0.00 50.0 | 50.0
YHJ1 / PND 0.00 100.0 100.0 0.00 100.0 | 0.00 | 0.00 | 0.00 |0.00 | 0.00 100.0 | 0.00 | 0.00 100.0 0.00 | 0.00
HH /NOD 66.7 333 100.0 66.7 333 0.00 | 100.0 | 0.00 |0.00 | 0.00 0.00 333 0.00 66.7 0.00 | 0.00




B ymoBax 2023 poky BCTaHOBIIEHO
YCHagKyBaHHS BMICTY OJii TakoK 3a THIAMH
9aCTKOBOTO MO3UTUBHOTO JOMiHYBaHHS 1
HEraTUBHOTO HaJIOMiHYBaHHSI.

3a ycmaakyBaHHS CTIHKOCTI 10 BOBUKa 32
TUNIOM  TIO3UTHUBHOTO  HajioMiHyBaHHs, 83,3%
riopugHux  KOMOIHAIii  BUSBWIM  MO3UTHUBHE
HQIJIOMiHYBaHHS BMICTy oJii B HaciHHi, a 16,7%
NPOSBUIIM HAaBIIAKK HEraTWBHE HAAJOMiHyBaHHS
O3HaKH. 3a ycHaaKyBaHHSI CTIHKOCTI J0 BOBYKa 3a
TUIIOM YacTKOBOTO TO3WTHBHOTO JIOMiHYBaHHS,
80,0% TiOpumHuX KOMOIHAIIAH Majld TIO3UTHUBHE
Ha/IIOMiHYBaHHS BMICTy OJIii B HACiHHI, B TOW Yac SIK
20,0% ™manu 4YacTKOBE IIO3UTUBHE JOMiHYBaHHS
O3HAKHU.

Hnst TIICTIC kpamuM MOKa3HUKOM BBa)Kajd
MEHIINI TPOsIB 03HAKH, TOOTO PAaHHBOCTHUIIICTH. B
ymoBax 2023 poOKy YCTaHOBIIEHI TpH THIH
ycnagkyBanast TIICIIC: mpomixkHe ycmaaKyBaHHS,
YaCTKOBE HETaTWBHE JIOMIHYBaHHS 1 HeraruBHE
HQIJIOMIHYBaHHS Mi3HBOCTUIJIOCTI, SIKI BHUSBIICHI
BCEpPENIUHI TPAKTUYHO BCiX Tpym, chopMOBaHMX 3a
TUIIOM  YCHaAKyBaHHS CTiHKOCTI /IO BOBYKA.
[lepeBakana KiJIBKICTh TiOPUIHUX KOMOIHALT 3
yenankyBanasiM  TTICIIC 3a TUmoM HeraTWBHOTO
HaanominyBanas (Bim 0,00 no 66,7%), TOOTO
TPUBANICTH iX BETeTaIlifHOTO Tepiogy Oyna
OUTBIIOI0, HIK TPHBATICTh BETETAIIHOTO TEpiomy
OUThII Mi3HBOI OaThKiBCHKOI MiHil. s TiOpmmHMX

KOMOIHAIN  HAWOLIBIN  I[KAaBUX 34  THUIIOM
yCNaJKyBaHHS  CTIMKOCTI 70  BOBYKA  IpyI
(MO3UTHBHOTO ~ HAJJOMIHYBaHHS 1  YacCTKOBOTO

MO3UTUBHOTO JIOMiHYBaHHS), YyCHAaJIKyBaHHS 3a
TUIIOM HETaTUBHOTO HaJIOMiHYBaHHS
Mi3HBOCTUTIIOCTI BUSIBIIEHO Y 66,7 1 60,0% ribpuaHnx
koMmOiHamiii. Ili JBI TpynmM BKIIOYAM TaKOX
koMOiHamii 3 nmpomixanM ycrnankysanasm TIICIIC
(33,31 10,0%). Y rpymi 3 4aCTKOBUM TO3UTUBHUM
JIOMIHYBaHHSIM CTIHKOCTI 10 BoBuka npucyTHi 30,0%
KOMO1HaITi#1 3 YaCTKOBUM HET'aTHBHUM JIOMiHYBaHHSIM
TTi3HFOCTHUTIIOCTI.

Pa3om i3 TUM yCTaHOBIICHO, 110 YCTIAAKyBaHHS
TPUBAJIOCTI  BETETAIlfHOTO  TEpiofy  4YacTo
BigOyBaiocs 3a THTIOM HETaTHBHOTO
HaJIOMiHYBaHHS, IO TPHU3BEIO 10 MOAOBKEHHS
nepiony Bererauii. Lle Moxke Oyt 0OMeXyBaIbHUM
(haxTOpPOM NPU CTBOPEHHI PAHHBOCTUIIINX TiOPHAIB 1
noTpedye JOMATKOBOTO CENEKIIHHOTO KOHTPOITIO.

B ymoBax 2024 poky  yCTaHOBJICHO
YCHaIKyBaHHS BMICTy OJICTHOBOI KHCJIOTH 32 TUTIAMHU
YaCTKOBOTO MTO3UTUBHOTO JIOMiHYBaHHS i
MPOMDKHOTO  yCHaJKyBaHHS. 3a  yCHaJKyBaHHS
CTIMKOCTI 7O BOBYKA 34 TWIIOM ITO3UTHMBHOIO
HajagominyBaHHs, 33,3% TiOpuaHUX KOMOIHAIii
MaJTi TIO3UTUBHE HAJJIOMiHYBaHHsI BMIiCTy OJeTHOBOT
KHACJIOTH B Ofii, B TOW 4ac sk y pemtu 66,7%
CIIOCTepirajad MpOMiXKHE yCIaJKyBaHHS O3HaKW. 3a

In 2023, oil content was also inherited by
partial positive dominance and negative
overdominance.

In the group of inheritance of broomrape
resistance by positive overdominance, 83.3% of

hybrid  combinations  exhibited  positive
overdominance for seed oil content, while
16.7%, conversely, showed negative

overdominance for the trait. In the group of
partial positive dominance for broomrape
resistance, 80.0% of hybrid combinations
exhibited positive overdominance for seed oil
content, while 20.0% showed partial positive
dominance.

As to EFMP, a weaker expression of the
trait (early maturity) was preferable. In 2023,
three types of EFMP inheritance were recorded:
intermediate  inheritance, partial negative
dominance, and negative overdominance of late
maturity; these types were identified within
almost all groups formed by the type of
broomrape resistance inheritance. The majority
of hybrid combinations inherited EFMP by
negative overdominance (from 0.00 to 66.7%),
i.e. their growing seasons were longer than that
of the later-ripening parental line. In the hybrids
of the most interesting groups in terms of
broomrape resistance inheritance (positive
overdominance and partial positive dominance),
late maturity was inherited by negative
overdominance in 66.7% and 60.0% of
combinations, respectively. These two groups
also included hybrids with intermediate EFMP
inheritance (33.3% and 10.0%). In the group of
partial positive dominance for broomrape
resistance, 30.0% of combinations exhibited
partial negative dominance of late maturity.

At the same time, it was found that growing
season length was often inherited by negative
overdominance, leading to an extension of the
vegetation period. This may be a limiting factor
in creating early-ripening hybrids and requires
additional breeding control.

In 2024, oleic acid content was inherited by
partial positive dominance and intermediate
inheritance. In the group of broomrape resistance
inheritance by positive overdominance, 33.3% of
hybrids exhibited positive overdominance for
oleic acid content in the oil, while the remaining
66.7% showed intermediate inheritance. In the
group of partial positive dominance for
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TUTIOM YacTKOBOTO TIO3UTHBHOTO JIOMiHYBaHHS
CTIiKOCTI 1O BOBYKA BCi TiOpumHi KoMOiHAmii
BUSIBUJIM TIPOMIKHE YCIIaIKyBaHHS BMICTY OJI€THOBOT
KHCJIOTH B OJIii.

VY 1poMy X poli BCTAHOBJICHO YCNaJKyBaHHS
BUCOKOT  BpPOXKAHOCTI  HAciHHS 32  THUIIOM
MO3UTUBHOTO HaJIZIOMiHyBaHHs. | 10puTHI KOMOiHAITiT
BCIX THIIIB YCHaJKyBaHHS CTiHKOCTI J0 BOBUKa
mokazamu  100% TO3UTUBHOTO HAUIOMiHYBaHHS
BPOXKaHOCTI HACIHHSI.

Takox y 2024 poui  YCTaHOBJICHO
ycmangkyBanas Macu 1000 HaciHWH 3a THITaMu
MTO3UTUBHOTO Ha/ITOMiHYBaHHS, YacTKOBOTO
MMO3UTUBHOTO  JOMIHYBaHHA 1  IPOMDKHOTO
YCHagKyBaHHA. 3a YCMAAKyBaHHS CTIHKOCTI /0
BOBUKA 32 THIIOM TO3WTHBHOTO HAIIOMiHYBaHHS,
100,0 % riOpunHUX KOMOIHAIIN BUSBHIN TO3UTHBHE
HaanoMmiHyBanHs wmacu 1000 HaciHmH. 3a
YCIagKyBaHHS CTiHKOCTI /O BOBYKA 3a THIIOM
YaCTKOBOTO TO3UTHBHOTO noMinyBanHs y 30,0 %
riOpuaHUX KOMOIHAIM cHocTepiraiu IO3UTUBHE
HajnominyBanHs Macu 1000 wHacimuh, y 50,0% —
YaCcTKOBE TO3MTHUBHE JIOMiHyBaHHs, a y 20,0% —
MPOMDKHE yCaIKyBaHHS O3HAKH.

B  ymoBax 2024 poky  yCTaHOBJICHO
yCIaJKyBaHHS BMICTy ONii B HACiHHI 3a THIIaMHU

MO3UTUBHOTO HaJIOMiHyBaHHS, YaCTKOBOTO
MTO3UTUBHOTO JIOMiHYBaHHS, MTPOMI>KHOTO
ycIaJKyBaHHSI, YaCTKOBOTO HETaTHBHOTO

JOMIHYBaHHSI 1 HETaTHMBHOTO HAJJIOMiHYBaHHS. 3a
YCNaJKyBaHHA CTIHKOCTI 10 BOBYKA 3a THUIIOM
MMO3UTUBHOTO HIOMiHyBaHHA, ¥ 33,3% TiOpuaHnx
KOMOIHAI criocTepiranu O3UTHBHE
HaJIJIOMIHYBaHHS BMICTY OJIiT B HACIHHI, B TOW Yac SIK
16,7% w™anu dacTkoBe TIO3UTHUBHE JOMiHYBaHHS
o3HakH, 33,3% BUSBISUIM MPOMDKHE YCTIaAKyBaHHS,
a 16,7% - HeraruBHe HAJJIOMIHYBaHHS O3HAKH
BMiCTy omii B HaciHHi. 3a THIIOM YacCTKOBOTO
MMO3UTUBHOTO JIOMIHYBaHHS CTIMKOCTI JIO BOBYKA Yy
30,0% riOpuaHuMX ~ KOMOIHAI  CHOCTEpIraau
MMO3UTUBHE HAJJIOMIHYBaHHS O3HAKW BMICTYy OJIii B

HacimHi, y 20,0% — uyacTkoBE TIIO3UTHBHE
noMmiHyBaHHsS o3Hakd, y 30,0% — mnpomixHe
yenaakysaHHa 1y 20,0% — uacTKoBe HerarvuBHE
JIOMiHYBaHHSI.

Takox 3a ymoB 2024 poKy yCTaHOBIJEHI IT'SITh
tuniB ycraakyBanHs TIICIIC. I'iopunai koMOiHamii
TPyI¥ TIO3UTUBHOTO HAJJIOMIHYBaHHS CTiHKOCTI 11O
BOBYKa Mokazanu 16,7% YacTKOBOTO ITO3HTHBHOTO
nominyBaHHs, 50,0% TPOMIKHOTO yCIaJKyBaHHS,
16,7% 4acTKOBOrO HETaTHMBHOTO JIOMIHYBaHHS i
16,7% weratuBuoro HajmoMinysanus TIICIIC.
Cepen T1iOpuaHMX KOMOIHAIIi 3  YaCTKOBHM
MMO3UTUBHUM JIOMIHYBaHHSM CTIHKOCTI /10 BOBYKA
60,0% wmanu no3utuBHe HaioMinysanus TIICIIC,
20,0% — yacTkoBe MO3UTUBHE JAoMiHyBaHHs, 10,0% —
npoMikHe ycmankyBanHsi 1 10,0% — HeraruBHe
HajiominyBanus TIICIIC.
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broomrape resistance, all hybrid combinations
exhibited intermediate inheritance for oleic acid
content in the oil.

In the same year, high seed yield was
inherited by positive overdominance. Hybrid
combinations across all categories of broomrape
resistance inheritance exhibited 100% positive
overdominance for seed yield.

Also, in 2024, thousand-seed weight was
inherited by positive overdominance, partial
positive dominance, and intermediate
inheritance. In the group of broomrape resistance
inheritance by positive overdominance, 100.0%
of hybrids exhibited positive overdominance for
thousand-seed weight. In the group of broomrape
resistance inheritance by partial positive
dominance, 30.0% of hybrids showed positive
overdominance for thousand-seed weight, 50.0%
showed partial positive dominance, and 20.0%
showed intermediate inheritance.

In 2024, seed oil content was inherited by
positive  overdominance, partial  positive
dominance, intermediate inheritance, partial
negative dominance, and negative
overdominance. In the group of broomrape
resistance inheritance by positive
overdominance, 33.3% of hybrids exhibited
positive overdominance for seed oil content,
while 16.7% showed partial positive dominance,
33.3% [ intermediate inheritance, and 16.7% [
negative overdominance for seed oil content. In
the group of partial positive dominance for
broomrape resistance, 30.0% of hybrid
combinations showed positive overdominance
for seed oil content, 20.0% — partial positive
dominance, 30.0% - intermediate inheritance,
and 20.0% — partial negative dominance.

In 2024, five types of EFMP inheritance
were detected. 16.7% of hybrid combinations in
the group of positive overdominance for
broomrape resistance showed partial positive
dominance, 50.0% - intermediate inheritance,
16.7% — partial negative dominance, and 16.7%
— negative overdominance for EFMP. Among
hybrids with partial positive dominance for
broomrape resistance, 60.0% exhibited positive
overdominance for EFMP, 20.0% showed partial
positive dominance, 10.0% intermediate

inheritance, and 10.0% —  negative
overdominance.
Analysis of the phenotypic dominance
degree demonstrated that positive
89



AmHami3 cTymneHsi (peHOTHITIOBOTO JOMIHYBaHHS
TOKa3aB, IO IS OLIBIIOCTI IIHHUX TOCIIONAPCHKUX
O3HAK XapaKTepHUM € MO3WTUBHE HAIJOMiHYBaHHS
abo YacTKOBE IMO3UTHBHE [IOMIHYBaHHS, OCOOINBO
0710 BpoxkaiHOCTI HaciHug Ta Macu 1000 HaciHuH.
Lle BKazye Ha 3HAYHMH MOTEHLIiAN MPOSBY EQEKTY
TeTepO3UCy B MOCIIKCHUX TiOpUIHUX KOMOIHAINISIX
1 TmaTBEpIKYyE  JOLUIBHICTD  BUKOPUCTAHHS
riopuausaiii SK TPOBITHOTO METONY CEJCKIIil
COHSIIHMKY. Y MLIOMYy pe3ylbTaTd JOCHTiIKeHb
CBiTYaTh MPO MOXJIMBICTh €(DEKTUBHOTO TIO€THAHHS
B OJHOMY TEHOTHINI BHCOKOTO BMICTy OJI€IHOBOT
KHCJIOTH, TIPOMYKTUBHOCTI Ta CTIHKOCTI JO BOBUKA.
OnHak peaizallisi IIbOTO IMOTEHIATy 3aJIEXKHUTh Bif
TIPaBMIILHOTO JOOOPY O6aThKiBCHKIX KOMIIOHEHTIB.

BucHoBxku

YcTaHOBIIEHO, 1110 BMICT 0JIETHOBOI KHCJIOTH B
oJIii HACiHHS JOCIIPKEHUX TIOPUIB COHSIIHUKY
Ma€ TeHETHYHY 3YMOBICHICTh 1 XapaKTepU3yeThCs
BiTHOCHOIO CTaOUTBHICTIO 32 POKaMH JTOCIIIPKEHB, 3
HE3HAYHOIO 3aJIEXKHICTIO BiJg IOTOAHUX YMOB.
Bunineno ninii Cx 83 A ta IU 075138 sk mxepena
BHCOKOTO BMICTy 0JIeTHOBOI kucioTu (oHan 85%),
a takox JiHii [U 075136 ta [U 075137 — i3 cepennim
piBHEM IIi€l O3HAKH, AKi TaKOX MOXYTb OyTH
BUKOPUCTaHI B CEJICKIIMHUX MporpaMax st
CTBOpPEHHS TiOpWIIB COHSIIHUKY 3 IOKPAIEHUM
YKUPHOKUCIIOTHUM CKJIaJIOM OJIil.

Bunineno minito Cx 83 A 3 JOHOPCHKUM
BIIAaCTUBOCTSIMU 32 BHCOKMM BMICTOM OJICTHOBOT
KHCIIOTH B ouii, ska 3abe3meuye QopMyBaHHS
rioOpumiB i3 MIABUINEHUM BMICTOM  OJIETHOBOT
KHACIIOTH B ONl HE3IeXKHO BiJ] TCHOTUILY
0aThKiBCHKOTO KOMITOHEHTA.

BceTBHOMEHO, 1O yCMajKyBaHHS —IIHHUX
TOCTIOIaPChKHUX O3HAK (YpOXKaiHICTh HACIHHA, Maca
1000 HaciHmH, BMICT OJIii B HACiHHI) BiIOyBa€ThCS
MePEBAXKHO 3a THUIIOM MIO3UTUBHOTO
HaJJIOMIHYBaHHS, 1110 CBITYUTH ITPO BUCOKUH PIBEHB
rerepo3ucHoro edekrty. BcraHoBieHO 3HauHY
Bapia0eNbHICTh TUIMIB YCIAAKyBaHHS CTIHKOCTI 10
BOBUKA — BiJl TNPOMIKHOTO YCHAJKyBaHHS JO
Ha/IJOMIHYBaHHS, 110 BKa3y€ Ha CKJIQJHY TeHETHUHY
OpUPOLYy O3HAKH. YCHNAJKyBaHHS  TPHUBAJIOCTI
Mepiofy  «CXOAM-TIOBHA  CTHUDJICTB»  MOXKeE
BiiOyBaTHCS 3a TUTIOM HEraTUBHOTO
HaJJOMiHYBaHHS, 110 NMPHU3BOAUTH O MOAOBKEHHS
TPUBAJIOCTI BETETIIIHHOTO Tepiomy Ta moTpedye
BpaxyBaHHs B CEJEKIiHIH poOOTi.

Bupaineno HalOinbIn mepcreKTHBHI Ti0pUAHI
KOMOIHaIil COHSIIHKUKY, SIKi TOEIHYIOTh KiJlbKa
LIHHUX Trocrmogapchkux o3nak: Cx 83 A x IU
075138 (BMiCT OJIETHOBOI KHCJIOTH B OJii 86,5—

overdominance or partial positive dominance is
intrinsic to most valuable economic traits,
particularly seed yield and thousand-seed weight.
This indicates a significant potential for heterosis
manifestation in the studied hybrid combinations
and confirms the expediency of using
hybridization as the leading method in sunflower
breeding. Overall, our findings support a
possibility of effectively combining high oleic
acid content, performance, and broomrape
resistance within a single genotype. However,
the realization of this potential depends on the
proper selection of parental components.

Conclusions

It was found that oleic acid content in the
seed oil of the studied sunflower hybrids is
genetically determined and relatively stable across
the study years, with minor dependence on
weather conditions. ‘Skh 83 A’ and ‘IU 075138’
were identified as sources of high oleic acid
content (over 85%), while ‘IU 075136’ and ‘U
075137’ — a s sources of a medium level of this
trait; these can also be used in breeding programs
to create sunflower hybrids with improved fatty
acid composition.

‘Skh 83 A’ was distinguished due to its
donor properties regarding high oleic acid content,
as it produces hybrids with increased oleic acid
content regardless of the genotype of the paternal
component.

It was revealed that valuable economic traits
(seed yield, thousand-seed weight, and seed oil
content) are inherited mainly by positive
overdominance, indicating a strong heterosis
effect. Significant variability in the types of
broomrape resistance inheritance—ranging from
intermediate inheritance to overdominance—was
observed, indicating the complex genetic nature of
the trait. The "emergence — full maturity" period
can be inherited by negative overdominance,
leading to extended growing seasons, which must
be taken into account in breeding practice.

The most promising sunflower hybrids that
combine several valuable economic traits were
identified: ‘Skh 83 A x IU 075138’ (the oleic acid
content in the oil is 86.5-86.9%; the broomrape
infection intensity is 0.00-0.23 tubercles/plant),
‘Skh 83 A x IU 075137’ (the oleic acid content is
71.9-77.8%; the broomrape infection intensity is
0.00 tubercles/plant), ‘Skh 83 A x KhZU 22 V’
(the EFMP is 103—104 days; the oleic acid content

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



86,9%, cryninp ypaxxerss BoBakom 0,00-0,23 mit.),
Cx 83 A x U 075137 (BmicT 01eiHOBOI KHUCIOTH
71,9—77,8%, cryninb ypaxenns BoBukoM 0,00 1mr.),
Cx 83 A x X3V 22 B (TIICIIC 103—-104 no6u, BMicT
oneiHoBoi kucinotun  68,0-69,1%, ypokaiHICT
Hacinag 2,19-2.23 1/ra), Ta Cx 83 A x X3Y 10 B
(BMmicT omeiHoBOi kuciaotu 69,8—70,4%, TIICIIC
105-106 nmi6). Ha#Oimpm TEpCIeKTHBHOIO €
riopumna xkombOinanis Cx 83 A x IU 075138, sxa
MOETHYE BHUCOKUH BMICT OJICTHOBOI KHCIOTH Ta
CTIHKICTP 1O BOBYKA, IO POOWTH ii IIHHAM
MaTepianaoM JUIsl MOAIbIIOT0 BUKOPUCTAHHS.

3asiBa mpo goctynHicTh manmx: [lani BKIrOUeHi
0e31oCcepeIHbO B CTATTIO.

Buxopucrannsa mryqHoro intejaexty (III): npu
HaIMCaHHI CTaTTi ITYYHUH 1HTEJIEKT HEe
BUKOPHCTOBYBAJIH.

BinnoBinnicTs ermunum crangapram: Crarts He
MICTUTh OyIb-SIKUX JOCHIDKEHb 3 BHKOPHUCTAHHIM
JofIeH 1 TBApHH K 00'€KTIB.

Konduiikt inTepeciB: ABTOpH 3asBISAIOTH PO
BIJICYTHICTh KOH(Q)IIIKTY iHTEPECIB.

®inancyBanHs: Jlochmi/KeHHS BHKOHYBAJIOCS 3a
mporpaMor0  HaykoBux nociimkenp [IHJ[ 16
HamionansHoi akagemii arpapHux HayK YKpaiHu
«COHSIIHUK: OCHOBHM YHPaBJIiHHS HPOXYKLIHHUM
MPOLIECOMY, 3aBIAHHS 16.00.00.01.®
«Po3po0iieHHsI TEOPETUYHUX OCHOB BUKOPHCTAHHS
edexty rerepo3ucy B F1 TiOpuIiB COHSIIHUKY,
a/IaTITOBaHUX JI0 3MiH KJIiMary, CTBOPEHUX Ha OCHOBI
pPI3HUX 3apOAKOBUX TUIAa3M, 3 MOMIMIIEHUMH
KOMOIHAI[IIMK  I[IHHUX TOCIIOJAPCHKUX  O3HAK»
(Ne mepxpeectpauii 0121U100556)

is 68.0-69.1%; the seed yield is 2.19-2.23 t/ha),
and ‘Skh 83 A x KhZU 10 V’ (the oleic acid
content 1s 69.8-70.4%; the EFMP is 105-106
days). ‘Skh 83 A x IU 075138’ is the most
promising hybrid, as it combines high oleic acid
content and broomrape resistance, making it
valuable material for further use.
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Pedepar: HameneHo pe3yabraTé KOMIUICKCHOTO JOCIIPKEHHS BIUIMBY IEPEINOCIBHOI OOpOOKH
HACiHHS CTUMYJSATOPAMH POCTY, aHTHCTPECAaHTAMH Ta MIKpOJOOpHBaMH Ha TOCIBHI SKOCTI Ta BIDKUBAHICTh
POCIMH CaMO3aNMJICHHUX JiHIH COHAMIHUKY. JlocmiKeHHs mpoBoavn yrponosk 2022-2024 pp. B ymoBax
Incruryty pocnunaunra iM. B. f. FOp’eBa HAAH Vkpainm Ha yopHozemax tumnoBux. O0’exTamu
JOCITiKeHb Oynu cTepruibHi aHanord JiHid Cx808A, Cx51A ta Cx17A. OniHroBaiM eHeprito MPOpOCTaHHS,
mabopaTopHy 1 MOJIBOBY CXOXKICTh, & TAKOK BIKHBAHICTh POCIIHH 32JIEXKHO BiJl BapiaHTiB 0OpOOKH HACIHHS
pi3HUMH MpenapaTaMy Ta ix komOiHamisiMu. BetaHoBieHO, 10 BCi JOCTIKYBaHi (akKTOpu — FEHOTH JiHil,
PiK BUpPOILyBaHHS Ta BapiaHT 00pOOKH — MaH CTaTUCTHMYHO 3HAYMMHUHN BIUIMB Ha ()OPMYBAHHS MOCIBHUX
SAKOCTeH HaciHHs. HaliBuIIi moka3HUKH eHeprii MpopoCTaHHS Ta Ia00OPaTOPHOI CXOXKOCTI BiI3HAYEHO Y JiHIT
Cx17A, Toni six niHist Cx51A xapaxkrepusyBajiacsi HAHHIKYMMY 3HAYSHHSAMH Ta O1IbILIOI0 BapiaOeIbHICTIO.
3acToCyBaHHS OKpEMHUX MperapariB Ta iX KOMOIHAIM CIPHSUIO IMiJBUIICHHIO NMOKA3HUKIB TMOPIBHIHO 3
KOHTPOJIEM, OTHAaK e()eKTUBHICTh 3HAYHOIO MipOIO 3aJIexKasa Bij reHotuIry. [lonpoBa cxoxicTh HAaCiHHS Oyia
BHCOKOIO B yCiX BapiaHTax i gocsrana 90-96%, npuyomy HaiiOiabl eh)eKTHBHUMH BUSBIIINCS] KOMOIHOBaH1
00poOKHU mpenaparamMu. BkuBaHICTh POCIMH 3aJIMIIANIACS CTa0IBHO BUCOKOIO (95-98%) He3anekHO Bij
BapiaHTa 00poOKH, O 00YMOBJIEHO BUCOKMM 0a30BHUM piBHEM I1i€l o3HaKu. Halbinbmmii BHECOK y Bapiailito
BM)KMBAHOCTI MaB reHoTuI (10 35 %), Toai siK BIJIMB NpenapariB OyB oOMexeHNUM. TakuM YHHOM MOKa3aHo,
IO MepenociBHa 00poOKa HACIHHS CTUMYJISTOPAMH POCTY Ta MIKpOJOoOpruBaMHu € e()eKTHBHUM €JIeMEHTOM
TEXHOJIOTii BHPOIIYBaHHS COHSIIHUKY, a 1 pe3yJbTaTUBHICTh BU3HAYAETHCS B3AEMOJIEI0 «TEHOTHIT X
npenapar.

Kuio4oBi cioBa: COHSIIHUK, JTiHII, BUXKUBaHICTh, CXOXICTh HACIHHS, MPOTPYWHUKH, CTUMYIIATOPH
pocTy, MiKpoZI0OpHBa, HACIHHHIITBO.

Abstract: The article presents results of a comprehensive study on the impact of presowing seed
treatment with growth stimulants, antistress agents, and microfertilizers on the sowing quality and plant
survival of self-pollinated sunflower lines. The study was conducted at the Yuriev Plant Production Institute
of NAAS in 2022-2024. The soil is typical chernozems. The sterile analogs of the lines ‘Skh808A’, ‘Skh51A’,
and ‘Skh17A’. The evaluation included germination energy, laboratory germination, field emergence, and
plant survival rates depending on the treatments with different compounds and their combinations. It was
found that all studied factors—Iline genotype, year of cultivation, and treatment—had a statistically
significant impact on the seed sowing qualities. The highest germination energy and laboratory germination
rates were observed in ‘Skh17A’, while ‘Skh51A’ was characterized by the lowest values and higher
variability. The application of some compounds and their combinations increased performance compared to
the control; however, the effectiveness was largely determined by the genotype. The field germination rate
was high across all experiments, amounting to 90-96%, with combined treatments proving most effective.
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The plant survival remained consistently high (95-98%) regardless of the treatment, due to the high baseline
level of this trait. Genotype made the largest contribution to the variation in survival (up to 35%), while the
agents influence was limited. Thus, the study demonstrated that presowing seed treatment with growth
stimulants and microfertilizers is an effective component of sunflower cultivation technology, and its
efficacy is governed by the genotype x preparation interaction.

Key words: sunflower, lines, survival, seed germination, seed dressings, growth stimulants,

microfertilizers, seed production.

Beryn
BuxopucrtanHs  CTUMYNSTOpiB  POCTY Ta
MIKpOIOOpHB ~y  TEXHOJOTii  BUPOIILyBaHHSI

COHSITHUKY pO3DISAAAETBCS SIK  MEPCIICKTUBHUN
HaMpsM IiABUIICHHS MPOMYKTHBHOCTI KYJIBTYpH Ta
MOJIITIIICHHS SIKOCTI BpoXaro. Perymsaropu pocty — ie
OpraHiyHi PEYOBMHH, SKi HaBiTh y HE3HAYHUX
KOHIIGHTpAIliIX 3JaTHi 3MiHIOBaTH ()i3i0J0TiuHI
MpOIIECH B POCIMHAX, BIUIMBAIOYM Ha iX PiCT,
posBuTok 1 Oioximiunmii ckman (Chuiko, 2021).
3acTocyBaHHS ~TaKMX CIIONYK CIpUsi€  OLIbII
e()eKTUBHOMY BUKOPHCTaHHIO POCITUHAMU
MMOXKMBHUX EIIEMEHTIB, M0 JIO3BOJSIE TIOBHIIIE
peamizyBath iX TeHeTHYHWH 1 Qizionoriyauit
MoTeHIia] 0e3 HEeraTMBHOTO BILUTUBY Ha POCIMHH Ta
noBkiuts (Marenych et al.,, 2018; Chuyko, 2022;
Buriak et al., 2014; Sendetskyi et al., 2018).

Cy4JacHi CTUMYJSITOPH Ta PETYISATOPH POCTY
POCTIH XapaKTepU3YIOTHCS KOMIUIEKCHOIO Mi€l0 1
BUKOHYIOTh HE JHIIe (YHKIIIO CTUMYIIOBAHHS
poctoBux mporneciB (Chuyko, 2022). IIpenaparu
HOBOTO TIIOKOJNIHHS TOEMHYIOTh KiJbKa e(]eKTiB:
aKTUBYIOTH OIOJIOTIUHI TpolecM B  POCIIMHAX,
MiZIBUIYIOTh X CTIHKICTh JI0 HECHPHUSTIMBUX
(hakTopiB cepeIoBHIIa Ta MOCUJIFOIOTh
HecnenupiaHui IMYHITET. Baxxausoro X
OCOOJMBICTIO € Te, IO BOHH HE 3aMIHIOIOTh
TpaauIiiHi 0OpYWBa, a JOMOBHIOKOTH IX IilO,
MiABHUINYIOYM KOe(DiIlliEHT 3aCBOEHHS ITOXXUBHHUX
PEYOBHH i3 IPYHTY Ta BHeCeHUX 100puB (Gruznova et
al., 2018; Santini et al., 2021).

MikpomoOpriBa  0iOJOTIYHOTO — TTOXOIKEHHS
TaKoXK HaOyBalOTh IIIUPOKOTO 3aCTOCYBaHHS SIK
EKOJIOTIYHO ~ Oe3leyHa  ajbTepHaTMBa  YaCTHHI
XIMIYHMX TOOPHB. Ix mis moB’s3aHa 3 aKTHBAIED
POCTOBHX TIPOLIECIB 3aBASKH MPSMHUM 1 HEIPSIMUM
MeXxaHi3MaM, cepell AKX Oiooriyna ¢ikcarlis a3ory,

CHHTE3 (biTOropMoHiB Ta MIPOIYKyBaHHS
PI3HOMaHITHHX T1IPONITUYHIX (bepMeHTiB.
BukopucraHHs ~ TakMx ~— TperapariB  CIpUseE

MIZBMIICHHIO JIOCTYITHOCTI JKUTTEBO HEOOXiTHHX
€JIEMEHTIB KUBJICHHS Ta CTBOPIOE MEPEAYMOBH IS
301IBILIEHHST BPOXKalHOCTI 0€3 HEraTUBHOTO BILIMBY
Ha noBkinist (Chuyko et al., 2022).

Pesynbrarn YUCIACHHUX JOCTiIKEHb
i ATBEPIUKYIOTh e(heKTHBHICTh 3aCTOCYBaHHS
010NIOTIYHO aKTHMBHUX PEYOBHH Yy TEXHOJIOTIi
BUPOIIYBaHHS  COHSIIHMKY. DiToropmMoHu Ta

Introduction

The use of plant growth regulators and
microfertilizers in  sunflower cultivation
technologies is considered a promising approach
for increasing crop productivity and improving
yield quality. Growth regulators are organic
substances that, even in trace concentrations, can
modulate physiological processes in plants,
influencing their growth, development, and
biochemical composition (Chuiko, 2021). These
compounds facilitate more efficient nutrient
uptake, allowing plants to more fully realize their
genetic and physiological potentials without
adverse effects on the plants or the environment
(Marenych et al., 2018; Chuyko, 2022; Buriak et
al., 2014; Sendetskyi et al., 2018).

Modern biostimulants and plant growth
regulators feature multifaceted actions that
extend beyond simple growth stimulation
(Chuyko, 2022). New-generation preparations
combine several effects: they activate biological
processes, enhance resilience to adverse
environmental factors, and bolster non-specific
immunity. A key feature of these agents is that
they do not replace traditional fertilizers but
rather complement them by increasing the
utilization coefficient of nutrients from both the
soil and applied fertilizers (Gruznova et al.,
2018; Santini et al., 2021).

Biological microfertilizers are also gaining
widespread use as an environmentally safe
alternative to certain synthetic chemicals. Their
action is attributed to the activation of growth
processes  through direct and indirect
mechanisms, including biological nitrogen
fixation,  phytohormone  synthesis, and
production of various hydrolytic enzymes. Such
formulations enhance the bioavailability of
essential nutrients and create the prerequisites for
increasing  yields without a  negative
environmental footprint (Chuyko et al., 2022).

Numerous  studies  confirmed  the
effectiveness of applying biologically active
substances in sunflower cultivation technologies.
Phytohormones and plant growth regulators
facilitate a more comprehensive realization of
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PETYIATOPH  POCTYy CHPHUSIOTH OIBII  MTOBHIN
peamizariii TEHETHYHOTO TIOTEHINANy KYJIBTYPH,
MiABHUINYIOTh CTIMKICTh POCIMH A0 CTPECOBHX
(hakTOpIB 1, SIK HACIIOK, 3a0€3MeUyIOTh 3POCTAHHS
BPOKaWHOCTI Ta MOKPAIICHHS SKICHUX TOKa3HUKIB
HACiHHSL. HoseneHo, 1o BUKOPUCTaHHS
MiKpoOioJorivHux J00puB, O1O0CTUMYISTOPIB Ta
IMYHOCTUMYJISITOPIB TIO3UTUBHO BIUIMBAE HA PICT 1
PO3BUTOK POCIIMH COHSIIHUKY, Iporiec GopMyBaHHS
HACiHHSI Ta OCHOBHI €JIEMEHTH CTPYKTYypH BpPOXalo
(Gruznova et al., 2018; Chuiko, 2021; 2022;
Yuldasheva, Karabayeva, 2023; Hussain et al., 2025).

Crumynstopu  pocTy Ta  MIKpomoOpuBa
JEMOHCTPYIOTh CYTT€BUM MO3UTUBHUU BIUIMB Ha
pi3HI Mopdooriuni Ta (i3iooriuHI MMapaMmeTpu
pOCIMH COHSAIMHWKY. Yac Ta cmocid0 BHECEHHS
CTUMYJIATOPIB pOCTy Ta MIKPOIOOPHUB CYTTEBO
BIUTMBAIOTh Ha iXHIO €(EKTHBHICTh Y BHUPOIIyBaHHI
COHSIIHUKY, TPUYOMY KOHKPETHI cTafii pocTy €
ONITUMAJILHUMHU JIS Pi3HUX MiAX0iB 00pooku (Ali et
al., 2024; Zapletalova et al., 2024).

MerTor0 Hamoro AOCIHiKEHHS Oyna OIliHKa
BILTUBY TIEPEANIOCIBHOT 00poOKH HACIHHS
CTUMYJSITOPAaMH POCTY Ta MiKpOAOOpHUBaMHU Ha
MOCIBHI SIKOCTi 1 BIKMBAHICTh JIHIA COHSAIIHUKY Ta

BU3HA4YCHHs  €(EeKTHBHOCTI  PI3HMX  BapiaHTIB
00pOoOKH.

MeTtoauka

ExcnepuMenTansHa JacTHHA pobotu

BUKOHYBajacs Ha 0a3i [HCTUTYTy POCIIMHHUIITBA M.
B.A. IOp’eBa HAAH. [locninu 3akianany y nepion
2022-2024 pp. HA TUIIOBOMY CEPEIHBLOTYMYCHOMY
CNIa0OBUWITY)KEHOMY 4opHO3eMi. [losboBi  poboOTH
BKJIFOYAJIM CiBOY B TEpIy JeKaly TPaBHS CiBaJIKOIO
«Knen-2,8» (rycrora — 60 Trc. Hac./ra). Metoauka
MOJBOBUX  JIOCHI/DKEHb TPOBEAEHA 3TiIHO 3
periamenTamu  Jlep>kaBHOTO ~ COPTOBUIIPOOYBaHHS
(Volkodav, 2000). OOGmik mpoBOMWIIM HA IUISHKAX
wiomeo 25 M?> y 4-pa3oBoMy IOBTOPEHHI i3
3aCTOCYBaHHSIM CHCTEMAaTH4IHOTO METOIY
po3mirenHs. JIabopaTtopHy OIIHKY SIKOCTI HAaCiHHS
3MIMCHIOBATIN BIAMOBIAHO 10 unHHMX BuMor JICTY
4138-2002 (2003).

OO’ekTaMM  JIOCHIJDKEHb  BUCTYNAIU  TPU
CTEpWIbHI  aHAJIOTHM  CaMO3allWICHWX  JIHIN
consrHUKy (Cx808A, Cx51A ta Cx17A), cTBOpeHi
B [HCTHTYTI pocnaaMITBA iM. B. 1. FOp’eBa HAAH.

st 00poOKyM HACIHHSA JiHIN COHSLIHUKY OyiH
BUKOPHUCTaHI MPOTPYHHUKH, CTUMYJSITOPH POCTY,
AQHTUCTPECAHTH  Ta  MIKpOJOOpUBA  PI3HOIO
MOXOJDKEHHS 1 HanpsIMy iX 3acTocyBaHHs (Tadi. 1).

Hpompyuinuxu:
bapion — wmictute: Meramakcwia-m, 350 r/m.
CucremHmit byHrimHIN IIPOTPYIHUK.
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the crop's genetic potential, enhance resilience to
stressors, and consequently ensure increased
yields and improved seed quality. It was
demonstrated that microbial  fertilizers,
biostimulants, and immunostimulants positively
impact the growth and development of sunflower
plants, seed formation, and key yield
components (Gruznova et al., 2018; Chuiko,
2021; 2022; Yuldasheva, Karabayeva, 2023;
Hussain et al., 2025).

Plant growth regulators and
microfertilizers exert significant beneficial
effects on different morphological and
physiological parameters of sunflower. The
timing and method of application significantly
influence their efficacy, with specific growth
stages being optimal for different treatments (Ali
et al., 2024; Zapletalova et al., 2024).

The objective of our study was to evaluate
the effect of presowing seed treatment with
growth stimulants and microfertilizers on the
sowing quality and survival of sunflower lines
and to evaluate the effectiveness of various
treatments.

Methods

The experiments were conducted at the
Yuriev Plant Production Institute of NAAS. The
experiments were carried out on typical me-
dium-humus leached chernozem in 2022-2024.
The field operations included sowing between
May 1 and May 10 using a Klen-2.8 seeder
(seeding rate: 60,000 seeds per hectare). The
field experiments followed the regulations of the
State Variety Trials (Volkodav, 2000). Data
were recorded on plots of 25 m? in four replicates
using a systematic plot layout. Laboratory as-
sessment of seed quality was performed accord-
ing to the current requirements of DSTU 4138-
2002 (2003).

Three sterile analogues of inbred sun-
flower lines (‘Skh808A’, ‘Skh51A’, and
‘Skh17A’) developed at the Yuriev Plant Pro-
duction Institute of NAAS were studied.

For seed treatment, various seed dressings,
growth stimulants, antistress agents, and micro-
fertilizers of different origins and functional pur-
poses were utilized (Table 1).

Seed Dressings:

Barion — contains metalaxyl-M (350 g/L).
A systemic fungicidal seed dressing used for
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BuKopuCTOBYETBCS I 3aXUCTY COHSIIHHKY Ta
pimaky Big HeCHpaBXHBOI OOpPOLIHHUCTOI pOCH Ta
KOpPEHEBUX THUJICH Ha paHHIX eTamnax.

Exzop — wmicture: Tiametokcam 600 1/
THcexkTuIMIHUMA NPOTPYHHUK Ha OCHOBI
TiaMETOKCaMY. Hapniitno 3axXUIIAE CXOH

BiIrPYHTOBUX IIIKiTHHKIB, TTOTIENUITH TA IIUKAIOK.

Pezynamopu pocmy pociun ma mikpooobpuea
07151 nepeonocieHoi 06pooOKu:

Asanrapn [poy Amino — MictuTb: BinbHI L-
aMiHOKHCITOTH — He MeHme 120 r/m, OypIITHHOBY
KHCJIOTY — 3 T/71, KapOOHOBI KUCJIOTH, MOJTiCaxapu/iy,
0araToaTtoMHi CIIMPTH, COJIi TYMIHOBHX 1 (DYJTBBOBHX
KHCJIIOT, (iToropMOHATEHIT KOMITJICKC,
MikpoereMenTH: B — 89 mr/kr, CaO — 7912 mr/kt, Co
— 3,4 mr/kr, Cu — 64 wmr/xr, Fe — 73 mr/xr, K20 —
54153 mr/kr, MgO — 805 mr/kr, Mn — 223 mr/kr, Mo
—<0,41 mr/kr, P,Os — 901 mr/kr, SO; — 11656 mr/xr,
Si — 181 wr/kr, Zn — 177 wmr/kr. Komiiekc
aAMIHOKHUCIIOT Ta aJanToreHiB. PekoMeHayeThes is
3MEHIIIEHHSI HACII/IKIB CTPECOBOTO CIUIMBY (ITIOCYyXa,
3aMOpO3KH, TepOIUIHUA OMIK) Ta CTUMYIIOE
IMyHITET.

Paiikar Crapr — MICTUTHh: UHUTOKIHIHA Ta
aykenau — 0,05 %; momicaxapumam — 15,0 %; N —
4,0 %; P,Os5— 8,0 %; KO —3,0 %; Fe — 0,1 %; B —
0,03 %; Zn—0,02 %. CTUMYJISITOp KOPEHEYTBOPEHHS.
3aBsKHU [IUTOKIHIHAM Ta aMiHOKHCIIOTaM 3a0e3nedye
AKTUBHHUH CTapTOBUH PIiCT KOPEHEBOi CHCTEMH Ta
BHCOKY €HEPTil0 IPOPOCTAHHS.

Hepryc IlmanTtamer — wmictute: IIE[-400 i
[IEI-1500, 800 r / m;; dQyapBOKKCIOTH 1 comi
ryMIiHOBUX KHCIOT, 4 T1/n. Perymsrop pocty-
kpionpotektop. CTBOpIOE 3aXHCHY OOOJIOHKY Ha
HACiHHI, 3a1100iraro4y BUMEP3aHHIO Ta ITOKPAITyI0ur
TOTIMHAHHSI BOJIOTH 3 TPYHTY.

AKM - wmictute:  ioHom, 25  1/7,
TUMETHICYITbGOKeHA, 37,5 T/11, mOoNieTHIEHIITIKOITb-
400, 230 r/n, momierunaeHnTikonb-1500, 540 r/m.
HamiBcuHTETHYHUI aHTHOKCHIAHTHUI CTUMYJISTOP.
JloroMarae pociiMHaM BUTPUMYBATH BIUTUB HU3bKUX
Ta MOKPAILYE SKICTh BPOXKAIO.

Asanrapn Crapr — mictutb: N — 100 1/11, P2Os
—70 /1, K20 — 20 r/nm, CaO — 10 1/, SOs — 15 1/11, B
—51/m,Fe—10t/m, Mn — 51/, Cu—2 1/, Zn — 5
r/in, Mo — 0,5 /i, Co — 0,1 1/n. KoHueHtpoBane
I00OpuBO  JuIs  OOpOOKM  HaciHHA.  3abe3neuye
pociuH napocTKr(ochopoM, IUHKOM Ta OOpOM Yy
HaOimpIl  JocTynHid  GopMi IS IIBHIKOTO
BKOPiHEHHSI.

Hepryc Crapt — mictuts N, 10 r/m; P205, 85
r/n; KO, 50 r/m; SO3, 45 r/n; Fe, 12 r/a; Mn, 12 1/1;
Zn, 4 v/m; Cu, 4 r/m; B, 1 r/m1; Mo, 0,3 /i1; Co, 0,1 1/11.
Crieriali3oBaHuii  KOMIUIGKC JJIi  3€PHOBUX Ta

early-stage protection of sunflower and rapeseed
against downy mildew and root rot.

Exor — contains thiamethoxam (600 g/L).
A thiamethoxam-based insecticidal seed dress-
ing that reliably protects seedlings against soil
pests, aphids, and leathoppers.

Plant Growth Regulators and Microferti-
lizers for Presowing Treatment:

Avangard Grow Amino — contains free L-
amino acids (at least 120 g/L), succinic acid (3
g/L), carboxylic acids, polysaccharides, polyhy-
dric alcohols, humic and fulvic acid salts, a phy-
tohormone complex, and micronutrients: B (89
mg/kg), CaO (7,912 mg/kg), Co (3.4 mg/kg), Cu
(64 mg/kg), Fe (73 mg/kg), K»0 (54,153 mg/kg),
MgO (805 mg/kg), Mn (223 mg/kg), Mo (<0.41
mg/kg), P05 (901 mg/kg), SO; (11,656 mg/kg),
Si (181 mg/kg), and Zn (177 mg/kg). This amino
acid and adaptogen complex recommended for
mitigating the effects of stress (drought, frost,
herbicide burn) and stimulating immunity.

Raykat Start — contains cytokinins and
auxins (0.05%), polysaccharides (15.0%), and
essential nutrients: N (4.0 %), P05 (8.0 %), K,O
(3.0 %), Fe (0.1 %), B (0.03 %), and Zn (0.02
%). A rooting stimulant that, due cytokinins and
amino acids, ensures active initial root system
growth and high seedling vigor.

Nertus Plantapeg — contains polyethylene
glycol (PEG)-400 and PEG-1500 (800 g/L); ful-
vic acids and humic acid salts (4 g/L). A growth
regulator and cryoprotectant. It creates a protec-
tive film on the seeds, preventing freezing dam-
age and enhancing water absorption from the
soil.

AKM - contains ionol (25 g/L), dimethyl
sulfoxide (37.5 g/L), PEG-400 (230 g/L), and
PEG-1500 (540 g/L). A semi-synthetic antioxi-
dant stimulant. It assists plants in withstanding
low temperatures and improves yield quality.

Avangard Start — contains N (100 g/L),
P,0s (70 g/L), K,0 (20 g/L), CaO (10 g/L), SOs3
(15 g/L), B (5 g/L), Fe (10 g/L), Mn (5 g/L), Cu
(2 g/L), Zn (5 g/L), Mo (0.5 g/L), and Co (0.1
g/L). A concentrated seed fertilizer. It provides
seedlings with phosphorus, zinc, and boron in
highly bioavailable forms for rapid rooting.

Nertus Start — contains N (10 g/L), P»Os
(85 g/L), K20 (50 g/L), SOz (45 g/L), Fe (12
g/L), Mn (12 g/L), Zn (4 g/L), Cu (4 g/L), B (1
g/L), Mo (0.3 g/L), and Co (0.1 g/L). A special-
ized complex for cereals and industrial crops. It
enhances field seedling emergence and ensures
uniform crop density.
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TEXHIYHUX KynbTyp. [ligBHIIy€ MOTBOBY CXOXKICTH T
BUPIBHIOE TYCTOTY MOCIBIB.

Puro Tech Seeds — mictuts: N —20,0 — 40,0 r/11,
P,Os — 15,0 — 30,0 /1, K2O — 15,0 — 35,0 1/m,
aMiHokucaoTd — 84,0 — 96,0 r/1, Mn — 0,3 — 0,6 1/,
Mo - 0,1-0,4 r/n, SiO; — 4,0 — 8,0 r/n. InHoBariiHe
mo0puBO 3 (piTOrOpMOHAMH Ta  KPEMHIEM.
CrpsMoBaHe Ha 3MIITHEHHS KIITHHHUAX CTIHOK Ta
AKTHUBI3allil0 POCTY KOPEHEBUX BOJIOCKIB.

Tadmuus 1. Bapianti 00poOKy HaCiHHS JIHINA COHALIHUKY
Table 1. Treatments of sunflower inbred line seeds

Puro Tech Seeds — contains N (20.0—40.0
g/L), P,Os (15.0-30.0 g/L), KO (15.0-35.0
g/L), amino acids (84.0-96.0 g/L), Mn (0.3-0.6
g/L), Mo (0.1-0.4 g/L), and SiO> (4.0-8.0 g/L).
An innovative fertilizer enriched with phytohor-
mones and silicon. It is designed to strengthen
cell walls and activate the growth of root hairs.

Bapiant 00po0ku (npemnapar) / Treatment i%%?i:ggﬁii?é’ﬂg t/
Kontpons (Etanon): bapion + Exzop / 30+6.0
Control (Standard): Barion + Exor ) )
Eranon + ABanrapa Crapt / 20
Standard + Avangard Start )
Etanon + Asanrapza ['poy Amino / 10
Standard + Avangard Grow Amino )
Eramon + ABanrapa Crapt + ABanrapn [poy / 20+1.0
Standard + Avangard Start + Avangard Grow Amino ) )
Eramon + Heptyc Crapt / 08
Standard + Nertus Start )
Eramon + Heptyc [lmanramer / 06
Standard + Nertus Plantapeg )
Eramon + Heptyc Crapt + Hepryc [Inanramner / 08+06
Standard + Nertus Start + Nertus Plantapeg ) )
Etamon + Puro tech seeds / 15
Standard + Puro tech seeds )
Eranon + AKM / 0.2
Standard + AKM )
Etanon + Paiikar Crapt / 25
Standard + Raykat Start )

Ilorogri yMoBM 3a mTepiof IOCIHiHKEHHS

2022-2024 pp. XapaxkTepu3yBaJIUCA  3arajom
THUTIOBUM TIOMIpHO KOHTHHEHTAIFHUM KIIIMaroM 3
YiTKO BUPAXEHOIO CE30HHICTIO, mpore

CYIIPOBOJIKYBAJIHCS TIiIBUIIICHOI0 MiHJIHMBICTIO. Y
JMTHI MICSIl CcHocTepiramics XBHJIi CIEKH 3
MiABUICHHSAM TEMIIEPATYPH TOBITPS 10 KPUTHIHUX
3Ha4YEHb. Po3zmoxin omnasiB 3aJIMIIaBCs
HEPIBHOMIPHUM, i3 MAKCHMYMOM Y JIITHIU 1epiof Ta
MEPIONUYHIUMH  TMOCYIUIHBUMH  SIBUIAMH, IO
HETaTHBHO BIUIMBAJO HAa BOJOro3ale3neyeHHs
IPYHTY MiJ Yac PO3BUTKY POCIMH COHSIIHHUKY. Y
LIJIOMY JIJIS TOCJII/DKYBAHOTO NP0y XapaKTePHOO
Oyna TEHJEHILIsl 10 MiABUIIEHHS CEepelIHbOPIYHUX
TeMIeparyp i1 3pOCTaHHA YaCTOTH EKCTPEMAaJIbHUX
MTOTOIHMX SIBMIIL, 1110 BiMOBIAAa€ CydaCHUM ITPOsiBAM
KJIIMaTHYHUX 3MiH y PETioHi.

CratucTnyny 00pOOKyOTpUMaHUX
pe3yNbTaTiB MOJbOBUX Ta IJAOOPAaTOPHHUX JTaHUX
MIPOBOJIMIIM Y TIPOTpaMHOMY cepenoBumli Past 5.3.
(Hammer, Harper. 2001).
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The weather during the study period
(2022-2024) generally corresponded to a typical
temperate continental climate with distinct
seasonality, = though  with  considerable
fluctuations. Heatwaves with air temperatures
rising to critical levels were documented during
the summer months. Precipitation was
distributed unevenly, with a maximum amount
and periodic droughts in the summer, which
negatively affected soil moisture availability
during key stages of sunflower development.
Overall, there was an upward trend in the
average annual temperatures and the frequency
of extreme weather events during the study
period, consistent with current signs of regional
climate change.

The field and laboratory data were
statistically processed in Past 5.3 (Hammer &
Harper, 2001).
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PesyabraTtn T2 00roBOpeHHs

Enepriss mpopocTaHHS HAaCiHHS 3HAYHOIO
MIpOI0 3aiexana SIK BiJ TEHOTHITy JIiHil, Tak i BiX
YMOB pOKY, a TaKOX BapiaHTa TMepearociBHOI
00poOku (Tabnm. 2). BimnmoBigHO 1O pe3yibTaTiB
JMCIEPCIHOTO aHaNi3y, CTATUCTHYHO 3HAYMMUM OYyB
BIUIMB YCIX IOCIHi/KyBaHUX (paKkTOpiB: IiHisA, PiK
TOCITIIKEHHS Ta BapiaHT 00pOOKH.

HaiiBrii noka3HUKM eHeprii MpopoCTaHHA Y
CEPETHLOMY 3a POKHU JIOCTIIKEHb CIIOCTEPIraIuCs y
niHii Cx 17A, ne BoHm BapiroBaym Bix 68,1 mo 84,2%
3aJIeKHO BiJ BapiaHTa 0OpoOKH. MakcumalnbHe
3Ha4YEHHs 1IHOTO MOKa3HHWKa Oysio 3agiKcoBaHO MpU
3acTOCyBaHHI BapiaHTa etanoH + Hepryc [lnanTamer
y o3 0,6 w/t — 84,2 %, mo mnepeBHIIyBaso
KOHTpOJIbHMI BapianT (79,5 %) Ha 4,7%. Hdocuthb
BACOKI  3Ha4YeHHS  TAaKOXK  BIA3HAYEHO  TIPH
BUKOPHCTaHHI KOMIUIEKCHUX 00pobok i3 Hepryc
Crapt + Hepryc Ilnanraner (82,0%) ta ABanrapa
Crapt + ABanrapa ['poy Amino (81,8%).

Hma  miuii Cx 808A piBeHp eHeprii
MPOpOCTaHHS OyB HIDKYUM 1 B CEPEAHBOMY
3MiHIOBaBCI y Mexkax 59,1-66,8%. HaiiBumii
MOKAa3HWKM BI3HAYEHO Yy BapiaHTaXx eTaloH +
Asanrapn Crapt — 66,8 % T1a etamon + AKM —
65,7 %, sIKi TepeBUIIYBaJIH KOHTPOJBHHUI BapiaHT
a0o Oy Onu3bKUMH 110 HEOTO. HaliMeHIIe 3HaueHHS
CcriocTepirajocs Mpu 3acToCyBaHHI npemnapary Puro
Tech Seeds — 59,1 % Tta xkomb6inanii Hepryc Crapt +
Hepryc [Tnaaramer — 60,5 %.

Jlinis Cx ST1A XapakTepH3yBajacs
HaWHWKIAMU TIOKa3HUKAMHU EHEprii MpOpPOCTaHHS
cepe TOCIiKYBaHUX TCHOTUIIIB. Y CepeIHbOMY 3a
POKH JIOCII/PKEHb 3HAUYSHHS TOKAa3HMKA BapiroBan
Big 41,4 npo 48,7% sBignosigHo. HaiiOinbm
e(eKTUBHAM BHSBUBCS BapiaHT eTanoH + Paiikar
Craprt (2,5 11/T), 3a IKOTO CepeJIHi OKA3HUK J0CATaB
48,7%, mo Ha 7,3% NEpeBUIyBAIO KOHTPOIb.
[o3uTHBHMIA edeKT TakoXK CcHocTepiraBcs Ipu
3actocyBaHHi ABaHrapn [poy AwmiHo (46,2%) Tta
Aganrapyn Crapt + ABanrapn [poy Amino — 45,5%
(tabm. 2).

BaxxnuBo Big3HaunTH, 0 IOMITHHI BIUIMB HA
BEJIMUMHY IOKAa3HMKAa MajlM IOTOIHI YMOBU POKIB
JIOCIILKEHHS. Jns OLIIBIIIOCTI BapiaHTIB
XapaKTepHUM OyJI0 ICTOTHE 3HIDKCHHS eHepril
npopoctanHs 'y 2024 poii, o0 CBUIYHTH TIPO
HEraTUBHUH BIUIMB YMOB ()OpMYBaHHSI HaciHHS a0bo
Horo 30epiraHHs y ueil mepiog. HaitGinmpim piske
3HWKEeHHs crioctepiranocst y minid Cx 808A ta Cx
51A, ne 3HaueHHs mokasHuka y 2024 pomi Oymm
3HAQYHO HWKYMMH TIOPIBHAHO 3 IONEpEIHIMU
poKamu.

Results and Discussion

Germination energy was significantly
dependent on the line genotype, annual weather
conditions, and presowing treatment (Table 2).
Analysis of variance showed that the
contributions of all studied factors—Iline, year of
study, and treatment—were statistically
significant.

The highest mean germination energy
across the study years was observed in
‘Skh17A’, with values ranging 68.1% to 84.2%
depending on the treatment. The maximum
germination energy was recorded when the
combination Standard + Nertus Plantapeg at a
dosage of 0.6 L/t was used: 84.2% versus 79.5%
in the control (increase by 4.7%). High
germination energy was also noted for combined
treatments with Nertus Start + Nertus Plantapeg
(82.0%) and Avangard Start + Avangard Grow
Amino (81.8%).

In ‘Skh 808A’, the germination energy was
lower, ranging on average from 59.1% to 66.8%.
The highest germination energy was recorded in
the experiments with Standard + Avangard Start
(66.8%) and Standard + AKM (65.7%), where it
was either hither than or close to the control
values. The lowest germination energy was
observed in the experiments with Puro Tech
Seeds (59.1%) and Nertus Start + Nertus
Plantapeg (60.5%).

‘Skh 51A’ had the lowest germination
energy among the studied genotypes. On average
across the study years, it varied from 41.4% to
48.7%. The most effective treatment turned out
to be Standard + Raykat Start (2.5 L/t), where
the mean germination energy amounted to
48.7%, exceeding the control by 7.3%. A
positive effect was also observed with Avangard
Grow Amino (46.2%) and Avangard Start +
Avangard Grow Amino (45.5%) (Table 2).

It is important to note that the weather
during the study years had a marked influence on
this parameter. A significant decrease in
germination energy was observed in most
experiments in 2024, suggesting a negative
impact of the environmental conditions during
seed formation or storage during this period. The
most pronounced decline was observed in ‘Skh
808A’ and ‘Skh 51A’, where the 2024 values
were substantially lower compared to previous
years.
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Taomumsa 2. Brutue BapiaHTiB 00pOOOK HACIHHS HA 03HAKY €HEprii IpopocTaHHs, %o
Table 2. Influence of seed treatments on germination energy, %

Cx 808A / Skh 808A Cx 51A /Skh 51A Cx 17A / Skh 17A

Bapiant ~ >~ >~
oopobn/ | N |z | % | Ef| 8| s | x| E§| 8| 9| x| Es
Treatment S S S % = S S S ;:.; < S S S (% <
1 86.0 | 74.0 | 38.8 66.3 358 | 62.5 | 26.0 41.4 843 | 755 | 78.8 79.5
2 86.3 | 75.5 | 38.8 66.8 46.5 | 62.0 | 16.3 41.6 86.3 | 78.0 | 70.3 78.2
3 80.3 | 72.0 | 35.0 62.4 51.5 | 63.5 | 235 46.2 78.5 | 86.0 | 74.5 79.7
4 87.5 | 76.5 | 28.8 64.3 50.0 | 66.5 | 20.0 45.5 89.0 | 87.0 | 69.5 81.8
5 74.8 | 75.0 | 29.5 59.8 46.0 | 68.0 | 21.0 45.0 84.8 | 83.5 | 63.8 77.3
6 83.5 | 740 | 32.0 63.2 440 | 645 | 173 41.9 81.8 | 96.0 | 74.8 84.2
7 72.8 | 74.5 | 343 60.5 423 | 61.0 | 24.8 42.7 81.0 | 955 | 69.5 82.0
8 71.8 | 73.0 | 32.5 59.1 458 | 62.0 | 21.0 42.9 83.0 | 95.0 | 66.0 81.3
9 87.0 | 75.0 | 35.0 65.7 533 | 62.0 | 19.3 44.8 87.0 | 92.5 | 543 77.9
10 70.5 | 745 | 37.8 60.9 55.0 | 66.5 | 24.5 48.7 40.8 | 94.5 | 69.0 68.1

HIPys paxrop A (minis) — 3.59; HIPos dpakTop B (pik) — 3.59; HIP¢s daktop C (Bapiant 06poOku) — 6.55 /
LSDys factor A (line) — 3.59; LSDys factor B (year) — 3.59; LSDys factor C (treatment) — 6.55.

1. IIporpyenns Hacinaa bapion, 3 w/t + Ex3op, 6 1w/t (erenon); 2. Etamon + Amanrapa Crapt, 2 n/t.; 3. Etanon +
Aganrapp I'poy Amino, 1 1/T. 4. Etanon + ABaurapn Crapr, 2 i/t + ABanrapn I'poy Awmino, 1 i/T.; 5. Eranon + Heptyc
Crapr, 0,8 5i/t.; 6. ETamon + Heptyc ILnanraner, 0,6 1n/1.; 7. Etanon + Heptyc crapr, 0,8 i/t + Hepryc [Inantamer, 0,6
1/1.; 8. Etamon + Puro tech seeds, 1,5 1/1.; 9. Etanon + AKM, 0,2 n/1.; 10. Etanon + Paiikar Crapr, 2,5 /1.

1. Control (Standard): Barion (3.0 L/t) + Exor (6.0 L/t); 2. Standard + Avangard Start (2.0 L/t); 3. Standard + Avangard
Grow Amino (1.0 L/t); 4. Standard + Avangard Start (2.0 L/t) + Avangard Grow Amino (1.0 L/t); 5. Standard + Nertus
Start (0.8 L/t); 6. Standard + Nertus Plantapeg (0.6 L/t); 7. Standard + Nertus Start (0.8 L/t) + Nertus Plantapeg (0.6 L/t);
8. Standard + Puro Tech Seeds (1.5 L/t); 9. Standard + AKM (0.2 L/t); 10. Standard + Raykat Start (2.5 L/t).

BcraHoBiieHO, 1110 HAWBHUIN  MOKa3HUKHU It was found that the highest laboratory

saboparopHoi cxoxocti Oynmu y jiHii Cx 17A, ne
cepenHi  3HadeHHs  ctaHoBwiaM  85,8-93,0%.
MaxkcumanbHui piBeHb 3aikcoBaHO y BapiaHTI
etanoH + Hepryc IlnanTaner (0,6 1/1) — 93,0%, o
nepeBuIye KOHTPoib (92,3%) i BKasye Ha BHCOKY
e(eKTUBHICT, ~ JaHOTO  Tpemapary.  Bucoki
MOKAa3HUKM TAKOX CIIOCTEpirajucst y BapiaHTax 3
BUKOpHCTaHHAM ABanrapz [poy Amino (90,0%) ta
KoMOiHawiil crumyssitopis (89,4-89,8%).

VY nminii Cx 808A nabGoparopHa CXOXICTH Y
cepenHboMy 3MiHIOBanacs B Mexkax 71,6-79,2%.
HatiBuiiuii moka3HUK BiJ3HAUYEHO Y KOHTPOJbHOMY
Bapianti (79,2%), a Takox Yy BapiaHTax i3
3acrocyBanHsAM ABanrapg Crapr (78,3 %) ta AKM
(77,1 %). HaiimeHile 3HA4YeHHs BiJ3HAYEHO 3a
BUKOpHCTaHHS MikponoOpuBa Hepryc Crapr —
71,6 %, 1O MOXE CBIIYMTH MPO OCOOJHUBOCTI
B3a€MO/Iii TEHOTHITY JIiHiI 3 JaHUMHU TOOPUBAMH.

Jliniz Cx 51A xapakrepusyBanacsi CepeaHiM
piBHEM J1abOpaTOPHOI CXOXKOCTI, SIKMH BapiloBaB y
Mexax 59,2-74,7 %.Haii6inmemn  edexTUBHEM
BUSIBUBCS BapiaHT etajioH + Hepryc Crapr (0,8 11/T),
e TOKa3HUK JnocsaraB 74,7%, TepeBUILyIOUU
KoHTpoNb (67,9%) Ha 6,8%, IO € CTaTHCTHYHO
3HAYUMHUM. Takox MO3UTUBHUN edekr
criocTepirascsi mpu 3actocyBaHHi Paiikar Crapr —
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germination rates were intrinsic to ‘Skh 17A’,
with mean values ranging from 85.8% to 93.0%.
The maximum laboratory germination rate was
recorded in the Standard + Nertus Plantapeg (0.6
L/t) experiment: 93.0% versus 92.3% in the
control, indicating the high efficacy of this
formulation. High rates were also observed in the
Avangard Grow Amino (90.0%) experiment and
in experiments with various stimulant
combinations (89.4—89.8%).

In ‘Skh 808A’, the laboratory germination
rate averaged between 71.6% and 79.2%. The
highest values were noted in the control (79.2%),
as well as the experiments with Avangard Start
(78.3%) and AKM (77.1%). The lowest rate was
recorded in the Nertus Start (71.6%) experiment,
which may suggest specific genotypextreatment
interactions for this line.

‘Skh 51A’ was characterized by a moderate
laboratory germination rate, which varied
between 59.2% and 74.7%. The most effective
treatment was Standard + Nertus Start (0.8 L/t),
where the rate amounted to 74.7%, which was
statistically significantly higher (by 6.8%) than in
the control (67.9%). Positive effects were also
observed with Raykat Start (72.7%) and
Avangard Grow Amino (71.3%) (Table 3).
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72,7 % Tta Amamrapm Ipoy Amino — 71,3 %
BiAMmoBimHO (Ta0MI. 3).

OTrpumaHi  pe3yabTaTH  CBig4aTh, IO
e(heKTUBHICTh BIUTUBY TIEPEANOCIBHOI 0OpOOKH
HaCiHHS Ha JIAOOPATOPHY CXOXKICTh € crienu(ivHOI0
U KoxkHOIT miHii. HaiOlnem ctabiinbHl Ta BHCOKI
MOKa3HUKHU criocTepiranucs y niHii Cx 17A, Toxni sk
st Cx 51A xapakrepHa Haii01bI1a BapiabebHICTh
i 4uymmBicTh [0 [Oii  mpenapariB.  3araiom
3aCTOCYBaHHS OKPEMHUX CTUMYISTOPIB POCTY Ta
MiKpOZOOpHB 03BOJISAE MiIBUIIUTH J1aOOpaTopHY
CXOXICTh, TPOTE €(PEKT 3ICIKUTH Bl TOETHAHHS
rpernapary Ta FTeHOTHITY JIiHii.

Our results indicate that the efficiency of
presowing seed treatment on laboratory
germination is genotype-specific. The most stable
and highest rates were observed in ‘Skh 17A’,
while ‘Skh 51A’ exhibited the greatest variability
and sensitivity to the applied formulations. In
general, the use of some growth stimulants and
microfertilizers allows for an increase in
laboratory germination; however, the effect
depends on the particular combination of the
agents and the line genotype.

Tabauns 3. Brnus BapianTiB 00p00OK HAaCIHHS Ha 03HAKYy J1a00PaTOPHOI CXOXKOCTI, %
Table 3. Influence of seed treatments on laboratory germination, %

Cx 808A / Skh 808A Cx 51A /Skh 51A Cx 17A /Skh 17A
Bapiant > > 3
oopon/ | & | g | % | ES| o | g | 3 |Es5| 9| g | & |Es
Treatment < S & :’c)h § & & & % § S S & % é)
@) O O
1 95.0 78.5 64.0 79.2 83.0 71.0 49.8 67.9 96.0 94.5 86.3 92.3
2 92.5 79.5 63.0 78.3 86.0 73.5 453 68.3 94.0 95.0 78.8 89.3
3 96.5 77.0 59.3 77.6 85.5 71.0 57.3 71.3 94.5 94.5 81.0 90.0
4 94.3 81.0 50.8 75.3 82.8 75.5 48.0 68.8 95.0 95.5 78.8 89.8
5 94.0 79.0 41.8 71.6 93.0 76.0 55.0 74.7 92.8 96.0 76.0 88.3
6 92.3 71.5 52.0 73.9 80.5 74.5 47.0 67.3 93.8 99.5 85.8 93.0
7 96.5 79.5 51.8 75.9 51.0 75.5 51.0 59.2 93.5 97.5 77.3 89.4
8 93.8 80.5 56.0 76.8 74.8 71.0 53.0 66.3 91.8 98.5 77.0 89.1
9 92.8 80.0 58.5 77.1 91.3 72.0 52.5 71.9 95.3 98.0 64.0 85.8
10 923 78.5 62.0 77.6 87.3 77.0 53.8 72.7 51.8 97.5 76.8 75.3
HIPys paxrop A (nminis) — 2.81; HIPos akrop B (pik) — 2.81; HIPys pakrop C (Bapiant 06poOku) — 5.12 /
LSDys factor A (line) — 2.81; LSDys factor B (year) — 2.81; LSDys factor C (treatment) — 5.12.

1. Ipotpyenns Hacinag bapioH, 3 w/t + Ex3op, 6 m/T (erenon); 2. Etanon + Apanrapn Crapr, 2 1/T.; 3. Etanon +
Asanrapn ['poy Amino, 1 /1. 4. Etanon + Asarrapa Crapr, 2 /T + ABarrapa ['poy Amino, 1 i/1.; 5. Etamon + Hepryc
Crapr, 0,8 /T.; 6. Etanon + Hepryc Ilmanrarer, 0,6 i/1.; 7. Etanon + Hepryc crapr, 0,8 /T + Hepryc Ilnanrarer, 0,6
1/1.; 8. Etanon + Puro tech seeds, 1,5 n/1.; 9. Eranon + AKM, 0,2 n/1.; 10. Etamon + Paiikar Crapr, 2,5 n/t.

1. Control (Standard): Barion (3.0 L/t) + Exor (6.0 L/t); 2. Standard + Avangard Start (2.0 L/t); 3. Standard + Avangard
Grow Amino (1.0 L/t); 4. Standard + Avangard Start (2.0 L/t) + Avangard Grow Amino (1.0 L/t); 5. Standard + Nertus
Start (0.8 L/t); 6. Standard + Nertus Plantapeg (0.6 L/t); 7. Standard + Nertus Start (0.8 L/t) + Nertus Plantapeg (0.6
L/t); 8. Standard + Puro Tech Seeds (1.5 L/t); 9. Standard + AKM (0.2 L/t); 10. Standard + Raykat Start (2.5 L/t).

OTpumaHi HaMH pe3yJbTaTH CBig4aTh, IO
OJIbOBA CXOXKICTh OyJ1a BIJIHOCHO BUCOKOIO JIJIS BCIX
JOCIIDKYBAaHUX JIHIH 1 3Ha4YHO TIepEeBHINyBasa
MOKa3HUKN J1a0OpaTopHOI CXOXKOCTI, IO MOXKHA
MOSICHUTH (hITOTOKCHYHICTIO MpOTpyIHUKA.
BcraHoBiieHO CTaTHCTUYHO 3HAYMMHUN BILTHB YCiX
¢akTopiB gocmigy (JiHis, pik, BapiaHT 00poOKH).

HaiiBumii 3Ha4YeHHS NONBOBOI CXOXKOCTI B
CepeIHbOMY 32 POKH JIOCII/DKEHb BiJI3HAYEHO Y
minii Cx 808A, Je¢ NOKa3HHMK BapifoBaB y MeEXax
90,5-96,1%. MakcumanbHU# piBeHb 3a0e3neuyBaB
Bapiant eramon + Hepryc Crapr + Hepryc
[Inanaramner (96,1%), Mo nepeBUIIyBaJI0 KOHTPOIb
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Our results indicate that field seedling
emergence was relatively high across all studied
lines and significantly exceeded the laboratory
germination rates. This phenomenon can be
attributed to dressing phytotoxicity. Statistical
analysis confirmed the significant influence of
all experimental factors (line, year, and
treatment).

The highest field emergence values,
averaged across the study years, were recorded
for ‘Skh 808A’: from 90.5% to 96.1%. The
maximum field emergence was achieved in the
Standard + Nertus Start + Nertus Plantapeg
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(90,5 %) Ha 5,6 % 1 € CTaTUCTHYHO BipOTiTHHUM.
Bucoki pe3ynsraTi Tako)K OTpUMAaHO y BapiaHTax i3
3acTtocyBaHHsAM ABanrapa Ipoy Amino — 95,8%,
Hepryc [Inanramner — 94,7% ta AKM — 94,6%.

VYV mnii Cx 51A cepenniii piBeHb MHOIHOBOI
cxokocTi  craHoBuB  87,2-92,7%. HaiiOinbin
edektuBHUM OyB BapiaHT e€TajJoH + ABaHTapa
Crapr + Asmanrapn [poy AMiHO, 1€ TOKa3HUK
nocsiraB 92,7%, mo Ha 5,5 % mnepeBHIyBaio
KOHTpOJIb. TakoX BHCOKI 3HAUCHHS BUSBICHO Y
BapianTax i3 3actocyBanHaM Puro Tech Seeds —
92,3 %, Hepryc Ilnanramer — 91,8 % ta AKM —
91,6 %.

Jimis Cx 17A xapakrtepusyBayiacsi JIeIio
HIDKYUMH, ajie cTa0iIbHO BUCOKHMH MTOKa3HUKAMHU
moyikoBoi  cxoxkocti  (y Mexax  85,0-90,3%).
MaxkcuManbHe 3Ha4eHHS 3aQiKCOBaHO Y BapiaHTi
etanoH + ABanrapn Crapt + ABanrapn [ poy AmiHo
(90,3%), o mepeBuIyBaio KOHTPOJb (85,0%) Ha
5,3%. llozutuBHMH edeKT TakoX crHocTepiraBcs
mpu BukopuctanHi Hepryc Crapr + Hepryc
[InanTaner — 89,3% ta ABanrapa Crapt — 89,2%
(tabmn. 4). [lo meBHOI Mipu CXOXi pe3yabraru Oynu
orpumadi B iHmmx gocuimkerasx (Klymenko etal.,
2025; Pokoptseva et al., 2015; Sendetskyi, 2017;
2018).

experiment (96.1% vs. 90.5% in the control; a
5.6% statistically significant increase). High
values were also obtained with Avangard Grow
Amino (95.8%), Nertus Plantapeg (94.7%), and
AKM (94.6%).

In ‘Skh 51A’, the mean field emergence
ranged from 87.2% to 92.7%. The most effective
treatment was Standard + Avangard Start +
Avangard Grow Amino (92.7%, which was 5.5%
higher than in the control). High values were
also recorded for Puro Tech Seeds (92.3%),
Nertus Plantapeg (91.8%), and AKM (91.6%).

‘Skh 17A’ was characterized by slightly
lower but still consistently high field emergence
(85.0-90.3%). The maximum emergence was
recorded in the Standard + Avangard Start +
Avangard Grow Amino experiment (90.3% vs.
85.0% in the control; a 5.3% increase). A
positive effect was also observed in the
experiments with Nertus Start + Nertus
Plantapeg (89.3%) and Avangard Start (89.2%)
(Table 4). Similar results were reported by other
researchers (Klymenko et al., 2025; Pokoptseva
et al., 2015; Sendetskyi, 2017; 2018).

Tadauns 4. Briue BapianTiB 00po0OOK HACIHHS Ha O3HAKY IOJIBOBOI CXOXKOCTI, %
Table 4. Influence of seed treatments on field seedling emergence, %

Cx 808A / Skh 808A Cx 51A /Skh 51A Cx 17A / Skh 17A
Bapiant > 3 3
reatmen Q Q Q §~ b Q Q Q g p= Q I Q S,* =
1 86.9 | 919 | 92.7 90.5 73.4 | 933 | 95.1 87.2 80.3 | 82.8 | 92.0 85.0
2 89.3 | 94.7 | 94.8 92.9 775 | 97.7 | 97.3 90.8 85.7 | 85.7 | 96.4 89.2
3 947 | 953 | 975 95.8 79.5 | 96.3 | 98.3 91.3 832 | 84.4 | 96.7 88.1
4 92.6 | 93.1 | 97.8 94.5 81.1 | 984 | 98.7 92.7 86.1 | 87.7 | 97.1 90.3
5 93.0 | 93.6 | 952 93.9 79.5 | 99.6 | 96.0 91.7 82.8 | 84.4 | 956 87.6
6 91.0 | 956 | 97.5 94.7 80.7 | 97.7 | 97.0 91.8 844 | 857 | 955 88.5
7 934 | 96.7 | 98.1 96.1 79.9 | 96.5 | 96.5 91.0 85.2 | 86.1 | 96.5 89.3
8 934 | 94.0 | 948 94.1 80.7 | 98.6 | 97.7 923 82.8 | 84.8 | 96.0 87.9
9 89.8 | 96.6 | 97.3 94.6 79.5 | 97.6 | 97.6 91.6 844 | 852 | 96.2 88.6
10 959 | 942 | 959 95.3 76.6 | 93.7 | 96.9 89.1 83.6 | 84.4 | 96.6 88.2
HIPys daxrop A (iinist) — 1.37; HIPos dpakrop B (pix) — 1.37; HIPgs dpaxrop C (Bapiant 06pobku) — 2.50 /
LSDys factor A (line) — 1.37; LSDys factor B (year) — 1.37; LSDys factor C (treatment) — 2.50.

1. Ilporpyenns nacinuas bapioH, 3 n/t + Ex3op, 6 /T (erenon); 2. Eranon + ABanrapn Crapr, 2 n/t.; 3. Etanon +
Aganrapna ['poy Amino, 1 /1. 4. Etanon + Asanrapn Crapr, 2 11/t + ABarrapa I'poy Amino, | n/T.; 5. Eranon + Hepryc
Crapr, 0,8 n/1.; 6. Etanon + Hepryc [Tnanraner, 0,6 1/1.; 7. Etanon + Hepryc crapr, 0,8 i/t + Hepryc [Tnanrarer, 0,6
a/1.; 8. Etanon + Puro tech seeds, 1,5 a/t.; 9. Eranon + AKM, 0,2 5i/1.; 10. Etanon + Paiikat Crapr, 2,5 j1/T.

1. Control (Standard): Barion (3.0 L/t) + Exor (6.0 L/t); 2. Standard + Avangard Start (2.0 L/t); 3. Standard + Avangard
Grow Amino (1.0 L/t); 4. Standard + Avangard Start (2.0 L/t) + Avangard Grow Amino (1.0 L/t); 5. Standard + Nertus
Start (0.8 L/t); 6. Standard + Nertus Plantapeg (0.6 L/t); 7. Standard + Nertus Start (0.8 L/t) + Nertus Plantapeg (0.6
L/t); 8. Standard + Puro Tech Seeds (1.5 L/t); 9. Standard + AKM (0.2 L/t); 10. Standard + Raykat Start (2.5 L/t).
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VY mizoMy BCTaHOBIEHO, IO 3aCTOCYBaHHS
CTUMYJIATOPIB ~ pOCTY Ta  MIKpOAOOpHB Y
TIepeIIoCiBHII 00po0ITi HACIHHS CIIpHsie
MiABHUINEHHIO TIONFOBOI  CXOXKOCTI  COHSIITHHIKY,
NpUIOMYy HaWOUIbIl eQEeKTHBHUMH € KOMOIHOBaHi
BapiaHTH TpenapariB. Peakuis miHiii Ha 00poOKy
BIZIpI3HSETBCS, OAHAK Y BCIX BHUMAAKaX HaMu
BiZI3HAUCHO MO3UTHBHY TEHJCHIIIO O TMOKpaIICHHS
(hopMyBaHHSI CXOMIB Y TIOJIbOBUX YMOBAX.

AmHaii3 mokasye, 1o JOCTiIKyBaHUH TOKa3HUK
OyB cTabiIbHO BUCOKHM Y BCiX BapiaHTax i BapiroBaB
repeBaykHO B Mexkax 95,0-98,6 %, 110 CBiTIHTH TIPO
n00py aJanTHBHICTE POCIMH Ta BHCOKY SIKICTb
HaciHHeBoro Marepiany. Bmmme ¢dakropiB mocmimy
(mimis, pik, BapiaHT 00poOKM) OyB CTaTHCTHYHO
BipOTiTHIM.

Cepen mociipKyBaHUX TE€HOTHITIB HAWBUIIIAN
PiBeHb BIDKMBAHOCTI Bim3HaueHo y miHil Cx 17A, ne
cepemHi  3HadeHHA  craHOBWIM  97,8-98,6%.
MakcumanbpHUi TIOKa3HUK OTPUMaHO Y BapiaHTi
eraion + Paiikar Crapr (2,5 /1) — 98,%, mo
MepeBHIIYBajI0 KOHTPoib (97,8%) 1 cBimunTh Tpo
BUCOKY €(EeKTUBHICTh [IAaHOTO Mpemnapary. Takox
BUCOKI pe3ylbTaTH 3a0e3ledyBald BapiaHTH i3
3actocyBanHsiM Puro Tech Seeds (98,5 %) Ta AKM
(98,3%).

V ninii Cx 51A moka3HUKH BIKHBAHOCTI OyIn
JIeLI0 HIDKYMMH, TIPOTE TAaKOXK CTaOlIbHO BUCOKUMU
— y mexax 95,7-97,9%. Haiikpammii pesynsrar
3a0e3meuyBaB BapianT etaioH + Hepryc Crapr
(97,9 %), mo nHa 2,2 % mnepeBHUILyBaJIO KOHTPOIIb.
Bucoki 3Ha4eHHS TaKoX ITOMIYEHO MPH 3aCTOCYBaHHI
Hepryc Ilnamraner (97,1 %), AKM (97,4 %) Ta

Paiikar Crapt (97,4%).
Jlinis Cx 808A xapakrepusyBajiiacs cepeHiM
piBiem  BwxkmBaHocTi  95,0-96,7%.  Hatigumi

3HAUCHHS OTPUMAHO y BapiaHTaX €TajoH + ABaHrap]
I'poy Amino (96,7%), a TakoX NPH BHKOPUCTAHHI
Puro Tech Seeds Ta AKM (mo 96,6 %), 1o
MIePEBUIYBAIA KOHTPOIIB (95,0%).

BrivB MOrofHUX YMOB POKIB JTOCHIKEHHS Ha
BW)KMBAHICTh  POCIUH  OyB  HE3HAYHUM, IO
MOSICHIOETHCSI BUCOKOHO TUIACTUYHICTIO
JOCII/PKYBaHOTO Marepiany. He3pakaroun Ha meBHe
3HIDKEHHS! TOKa3HWKiB y 2024 powmi, piBeHb
BIKMBAHOCTI 3aJIMIIABCS BUCOKUM Y BCiX BapiaHTax

(tabm. 5).
Omxe, BCTAaHOBICHO, IO MEPENOCIiBHA
0o0poOKa  HACIHHS  CTUMYJSTOPaMH  POCTY,

AQHTUCTPECAHTaMH Ta MIKPOIOOpUBaMH  CHIpHSIE
MIZBMIICHHIO BH)KMBAHOCTI POCIIMH COHSIIHHKY,
OIHAK BeJIMYMHA e(EeKTy € BiJHOCHO HEBEIUKOIO
4yepe3 I0YaTKOBO BHCOKHI pIiBEHb ITOKAa3HUKA.
Haii6inpin eekTMBHUMU BHSBWIMCS BapiaHTH 13
3actocyBaHHsiM Paiikar Crapt, Hepryc Crapr Ta
KOMIUIEKCHHX ITPEeTapariB, MPUIOMY PEaKIlis pOCIUH
3HAYHOIO MIpPOFO 3aJIeKaa Bijl TeHOTHUITY JIiHii.

In summary, the application of growth
stimulants and microfertilizers in presowing seed
treatment improved field emergence in sunflower,
with combined formulations being the most
effective. Although the response of the lines
varied, a positive trend, i.e. improved seedling
establishment wunder field conditions, was
observed in all cases.

Analysis shows that this parameter was
consistently high across all experiments, ranging
primarily between 95.0% and 98.6%. This
indicates good plant adaptability and high quality
of seeds. The effects of all experimental factors
(line, year, and treatment) were statistically
significant.

Among the studied genotypes, the highest
survival rate was recorded in ‘Skh 17A’, where
mean values ranged from 97.8% to 98.6%. The
maximum survival rate was achieved in the
Standard + Raykat Start (2.5 L/t) experiment,
reaching 98.6%, exceeding the control (97.8%)
and confirming the high efficacy of this
combination. High survival rates were also
documented in the Puro Tech Seeds (98.5%) and
AKM (98.3%) experiments.

In ‘Skh 51A’, the survival rates were
slightly lower but remained consistently high,
within 95.7-97.9%. The best result was achieved
in the Standard + Nertus Start experiment (97.9%
or 2.2% higher than in the control). High survival
rates were also observed with Nertus Plantapeg
(97.1%), AKM (97.4%), and Raykat Start
(97.4%).

‘Skh 808A’ showed medium survival rates
of 95.0-96.7%. The highest survival rates were
obtained in the Standard + Avangard Grow
Amino (96.7%), Puro Tech Seeds, and AKM
(96.6% with each formulation) experiments (all
these values were higher than the control survival
rate of 95.0%).

The effect of the weather during the study
years on plant survival was minor, which is
explained by high phenotypic plasticity of the
studied lines. Despite a slight decrease in the 2024
survival rates, the survival level remained high
across all experiments (Table 5).

Thus, it was proven that presowing seed
treatment with growth stimulants, anti-stress
agents, and microfertilizers increases sunflower
plant survival. However, the magnitude of this
effect is relatively small due to the initially high
baseline level of this parameter. The most
effective treatments were those involving Raykat
Start, Nertus Start, and combined formulations,
with the plant response largely depending on the
line genotype.
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Ta6auns 5. Bninus BapianTiB 00po0OOK HACIHHS HA BHXXKMBAHICTh POCIIMH COHSIIHKKA, %
Table 5. Influence of seed treatments on sunflower plant survival, %

Cx 808A / Skh 808A Cx 51A /Skh 51A Cx 17A / Skh 17A

Bapiant 3 3 3
oopoorn/ | | g | F | E§| 8| 9| 5| E5| 8| g| 8| £%
Treatment ;4 ;4 < § s ;4 N N § s ;N ;N I §_ s
1 97.0 | 96.8 | 91.2 95.0 97.2 | 96.8 | 93.0 95.7 98.0 | 97.0 | 98.5 97.8
2 96.8 | 98.8 | 92.5 96.0 96.9 | 974 | 953 96.5 97.6 | 97.6 | 99.0 98.1
3 96.9 | 98.3 | 94.8 96.7 97.5 | 97.3 | 95.7 96.8 98.1 | 98.1 | 98.2 98.1
4 98.2 | 98.3 | 92.7 96.4 97.5 | 97.9 | 95.0 96.8 97.6 | 97.7 | 98.8 98.0
5 96.9 | 97.9 | 94.7 96.5 97.5 | 98.0 | 98.3 97.9 98.0 | 98.1 | 98.0 98.0
6 96.9 | 98.1 | 94.3 96.4 96.9 | 974 | 97.1 97.1 98.6 | 97.6 | 98.5 98.2
7 974 | 98.2 | 93.6 96.4 974 | 97.7 | 97.1 97.4 98.1 | 97.2 | 98.5 97.9
8 98.2 | 98.1 | 93.6 96.6 97.0 | 97.3 | 975 97.3 99.0 | 98.1 | 98.5 98.5
9 98.7 | 97.8 | 93.3 96.6 974 | 979 | 96.9 97.4 98.6 | 97.6 | 98.7 98.3
10 975 | 97.6 | 91.7 95.6 979 | 984 | 958 97.4 99.0 | 97.1 | 99.6 98.6

HIPos paxrop A (miHist) — 0.62; HIPos daxrop B (pix) — 0.62; HIPos dakTop C (Bapiant 06podkm) — 1.14 /
LSDys factor A (line) — 0.62; LSDys factor B (year) — 0.62; LSDys factor C (treatment) — 1.14.

1. Ipotpyenns Hacinag bapioH, 3 /T + Ex3op, 6 m/T (eTenon); 2. Eranon + Asanrapn Crapr, 2 1/tT.; 3. Etanon +
Asanrapn ['poy AmiHo, 1 /1. 4. Etanon + Asanrapa Crapr, 2 i/t + ABanrapn I'poy Amino, 1 1/1.; 5. Etanon + Hepryc
Crapr, 0,8 5/T.; 6. Etanon + Hepryc Ilnanraner, 0,6 /1.; 7. Etanon + Hepryc crapr, 0,8 1/t + Hepryc Ilnanraner, 0,6
1/1.; 8. Etanon + Puro tech seeds, 1,5 n/1.; 9. Eranon + AKM, 0,2 i/1.; 10. Etanon + Paiikat Crapr, 2,5 /1.

1. Control (Standard): Barion (3.0 L/t) + Exor (6.0 L/t); 2. Standard + Avangard Start (2.0 L/t); 3. Standard + Avangard
Grow Amino (1.0 L/t); 4. Standard + Avangard Start (2.0 L/t) + Avangard Grow Amino (1.0 L/t); 5. Standard + Nertus
Start (0.8 L/t); 6. Standard + Nertus Plantapeg (0.6 L/t); 7. Standard + Nertus Start (0.8 L/t) + Nertus Plantapeg (0.6
L/t); 8. Standard + Puro Tech Seeds (1.5 L/t); 9. Standard + AKM (0.2 L/t); 10. Standard + Raykat Start (2.5 L/t).

3a pesysibraTaMH CTAaTHCTUYHOT OOpOOKH Ta
moOy/IoBM MeEiaHu HOPMAJIbHOTO PO3MOIUTY IS
BCIX  JIOCH/DKYBaHMX  BapiaHTiB Hamu  OyB
BCTAQHOBIIEHUI  XapakTepHUI BUCOKHH piBEHb
MeJliaH BIKUBAHOCTI, SIKi 30CEepeKEeH] MepeBayKHO
B Mexkax 96-98 %. Lle moxe Bka3yBaTu Ha 3arajbHy
CTaOUTBHICTh O3HAKM HE3aJIeKHO BiJl BapiaHTa
00poOKu. AJie BiJI3HAYa€ThCs MTeBHA nu(epeHItiaris
MDK JOocTipKyBaHuMH JiHisMu. Tak, mis minii Cx
17A xapaktepHi HaWBUWII MeIiaHHI 3HAUEHHS Ta
HalMeHIa BapiaOeNbHICTh, 110 CBIMYUTH TPO il
TCHETUYHO 3YMOBJIGHY CTa0UIBHICTH 1 BHCOKY
aJaNTUBHICTh Ta BIJICYTHICTH 3MIiH BIXKHBAHOCTI
3aJIeKHO Bia BapianTy o0poOku. Jlimis Cx S51A
XapaKkTepU3yBayiacs MPOMDKHUM IOJIOKEHHSM SIK 32
piBHEM MejiaHW, Tak 1 3a UIMPHHOIO Bapiaii
BapianTiB 00poOku. [dis minii Cx 808 A Hamu Oyna
BCTAHOBJIEHO BIJANOBIIHO HaWHWK4Yl 3HAYEHHS
BIDKUBAHOCTI TIO JIOCHTIZy, @ TaKOX HaWCHIIBHIIIE
BIOIXMJIEHHS 3HAYeHb BIDKMBAHOCTI BiJ MeIiaHu
HOpPMAaJIBHOTO po3noauty (puc. 1).

3anexxHO Bix BapiaHTa OOpPOOKHM HACiHHS
CIIOCTEPIraloThCsl TIEBHI BIIMIHHOCTI y MOJIOXKEHH]
Meniad. HaiiGineIn BHCOKI Ta CTaOlIbHI 3HAYEHHS
¢dopMylOTbCSL Yy BapiaHTax 13 3acTOCYBaHHSIM
KOMOIHOBAaHHUX IMpenapaTiB Ta CTUMYIISTOPIB POCTY
(3okpema Paiikar Crapt, Hepryc Crapr, Puro Tech
Seeds), me MeniaHu 3MillIEHI y BEPXHIO YAaCTHHY
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From the statistical processing and
construction of the normal distribution medians
for all studied treatments, it is seen that the
survival medians were consistently high,
concentrated primarily within the 96-98%
range. This may indicate the general stability of
the trait regardless of the treatments. However,
there was a certain differentiation between the
studied lines. Specifically, ‘Skh 17A’ had the
highest median values and the lowest variability,
suggesting its genetically determined stability,
high adaptability, and the absence of significant
survival fluctuations across the treatments. ‘Skh
51A’ occupied an intermediate position in terms
of both its median values and variation range
across the treatments. For ‘Skh 808A’, we
recorded the lowest survival rates and the most
pronounced deviations from the normal
distribution median (Fig. 1).

Depending on the seed treatment, there
were certain differences in the median positions.
The highest and most stable medians were noted
in the experiments with combinations
(specifically Raykat Start, Nertus Start, and Puro
Tech Seeds), where the medians were shifted
toward the upper part of the range and exhibited
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Jiama3oHy 1 MaroTh BY3bKi iIHTEpBaIH PO3CiIOBaHHS.
Ie cBiMIUTE PO HE JIHIIIE TMiABUIICHHS CEPEIHBOTO
piBHS  O3HaKM, ajme W TpO  3MEHIICHHS
BapiabeNbHOCTI, TOOTO CTadLmi3alIlil0 MpOIECiB
(hopMyBaHHS POCITHUH.

narrow dispersion intervals. This indicates not
only an increase in the average level of the trait
but also a reduction in variability, representing a
stabilized plant development.
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Puc. 1. MeniaHa HOPMaJIbHOTO PO3MOALTY O3HAKH BIYKUBAHOCTI POCIIHH 32 JOCIIHKYBAHUMH JITHISIMH 3aJIKHO BiJ
BapiaHTa 0OPOOKH HACIHHS
Mpumirka: [IpsiMaMH JTiHISIMU TO3HAYEH] TEOPETHYHI MEiaHu Il HOPMaJIbHOTO PO3IOALITY; TOYKaMH MO3HAYEH1
CIOCTEPEKYBaHI MEIiaH! BIDKUBAHOCTI [T KOXKHOT JIHIT
Fig. 1. Normal probability plot of plant survival across studied sunflower lines.
Note: Straight lines represent the theoretical medians for a normal distribution; dots represent the observed survival
medians for each line.

Hamu BcraHoBIIeHO, 1m0 BiHMB (DaKTOPIB HA
BWKMBAHICTh POCIIMH OyB Pi3HUM Ta HaHOLTBIIHIA
BHECOK y Bapiailifo IMOKa3HUKa MaB T'CHOTHII JIiHil
(pakrop A) y mexax 35 %, mo BKazye Ha
BHU3HAYAJIbHY POJIb CIIAJAKOBUX OCOOIMBOCTEH JIiHIM
y  QopmyBaHHi  piBHS  BmkuBaHOCTI.  lle
Y3TOIKY€EThCSI 3 TONEPENHIMH pe3yJibTaraMu, e
miHist Cx 17A crabinpHO mepeBuIlyBaja iHII 3a
JAHUM TTOKa3HUKOM.

®dakrop poky (¢paktop B) maB nomitHuii, ane
MEHIHH BIUMB y Mexax — 21%, mo BimoOpakae
pOJb TOTOJHMX YMOB Yy peami3auii MOTeHLialy
pocnuH. BomHowac BIZHOCHO HEBeNMKa YacTKa
1poro (¢axkropa MOXKE CBITYMTH MPO JAOCTATHIO
€KOJIOTIYHY IIJIACTUYHICTh AOCIDKYBaHHUX JIHIH,
OCKUILKM HaBiTh 3a PI3HHX YMOB POKiB piBEeHb
BMYKMBAHOCTI 3QJIMIIABCS IOCHTh BUCOKUM.
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We established that the effects of the
investigated factors on plant survival differed
significantly, with the largest contribution to the
total variance made by the genotype (Factor A) at
approximately 35%. This indicates the decisive
role of hereditary characteristics in determining
survival levels and aligns with previous findings
where ‘Skh 17A’ consistently outperformed the
others in this regard.

The year factor (Factor B) made a notable
but smaller contribution of 21%, reflecting the
role of weather in the realization of the plants'
biological potential. At the same time, the
relatively low share of this factor suggests
sufficient environmental plasticity of the studied
lines, as survival levels remained high despite
varying annual conditions.
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Bapiant 00poOku HaciaHsa (daktop C)
MiHIMaJbHO BIUIMBaB Ha (pOpMyBaHHS O3HAKH Ta
CTaHOBMB Ha piBHI 6%, HOTr0 YacTKa € HalIMEHIIIOO
cepen oCHOBHUX (akTopiB. Lle mosSCHIOETBCS THM,
IO BUXIJIHUHN piBEHb BIKUBAHOCTI OyB OJNIM3BKUM
710 MAaKCUMaJIbHOTO, TOMY IOTEHIIiall I CyTTEBOTO
MIJBUIIICHHS TIOKa3HHWKA 3a paxyHOK 0OpoOku OyB
O0OMEKEHHUM Ta HE MIT 3MiHIOBATHCA.

Pazom 3 THM, TEBHy poONb BiJirparwTh i
B3aemonii ¢dakropie (AxB, AxC, BxC), mo
CBIIYMTD PO HEOAHAKOBY pEaKIiio pi3HUX JiHii Ha
YMOBH POKY Ta 3aCTOCOBaHi mpemnaparu (puc. 2).

The seed treatment (Factor C) had a
minimal impact on the trait, accounting for only
6% of the variance—the smallest contribution
among the factors. This is explained by the fact
that the baseline survival was near-maximal; thus,
the potential for significant further improvement
through treatment was inherently limited.

Furthermore, a certain role was played by
inter-factor interactions (AxB, AxC, BxC),
indicating that different lines react uniquely to
annual conditions and formulations (Fig. 2).

YacTka BIVIHBY Y 3arajbHiil qucnepcii, %

Inme
38%

dakTop

(BapianT

00pooOKm)
6%

dakrTop A
(Vimist)
35%

daxktop B (Pik)
21%

® ®aktop A (Jlinig) ™ ®axrop B (Pik) ® dakrop C (Bapiant 06pookn)  [nme

Puc. 2. YacTtka BruBy (hakTOpiB HA BIXKMBAHICTH POCIINH JiHIN
Fig. 2. Contribution of factors to the total plant survival variance in sunflower lines

BucnoBxku

BcranoBneno, mo mnepeanociBHa 00poOka
HACIHHS CTUMYJISITOpPAaMH POCTY Ta MiKpOIoOpHuBaMu
JIOCTOBIPHO BILJIMBAE HAa EHEPril0 IMPOPOCTaHHS,
1ab0opaTOPHY 1 MOJILOBY CXOXICTh Ta BH)KHUBaHICTh
pocnuH JiHiM coHsmHuKy. Haibinpmuil BriuB Ha
(dbopMyBaHHSI JOCHTIDKYBAaHUX O3HAK MaB TEHOTHII
JIHIT, TOJI SK BapiaHT 0OPOOKHU MPOSBIISB MEHIIIHA,
ajie CTaTUCTUYHO 3HAYMMUH e(PeKT.

HaiiBumi DOKa3sHMKHM ITOCIBHHX SKOCTEH
crabuieHo ¢opmyBana minis Cx 17A, Tomi sk
peakuist iHmMX JiHik Oyna Oinb BapiaGenbHOIO i
3aJiekana Bijl 3aCTOCOBaHMX Ipemnaparis. HaiOinpm
e¢(heKTUBHUMH BUSBUINCS KOMOIHOBaHI BapiaHTH
00pobOku (ABanrapay Crapr + Asanrapa Ipoy
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Conclusions

It was proven that presowing seed treatment
with growth stimulants and microfertilizers
significantly influences germination energy,
laboratory germination, field emergence, and
survival of sunflower lines. The genotype had the
greatest influence on the studied traits, while the
treatment exhibited a smaller but statistically
significant effect.

The line ‘Skh 17A°  consistently
demonstrated the highest sowing quality
indicators, whereas the response of the other lines
was more variable and depended on the
formulations. The most effective treatments
turned out to be combinations (Avangard Start +
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Awmino, Hepryc Crapr + Hepryc Ilnanramer) Ta
okpemi mpemapatu (Paiikar Crapr, AKM), sxi
3a0e3reuyBay IiIBUIICHHS TOKa3HUKIB BiJHOCHO
KOHTpOITI0. BcTaHOBIICHO, 1110 BIXKHUBAHICTh POCITHH
Oyra BHCOKOIO y BCix BapiaHTax (95-98%), a BrumB
00poOKM HACiHHS Ha L0 O3HaKy OyB OOMEKEHHM
gepe3 1i BUCOKHA 0a30BUI PiBEHb.

TakuM YMHOM, MOXKHA TOBOPHUTH, IO
e(EKTHBHICTh 3aCTOCYBAaHHS CTHMYJATOPIB POCTY
Ta MiKpOI0OPHB BU3HAYAETHCS B3a€MOJII€10 TEHOTHIT
X Tpemapar, M0 HEOOXiIHO BpaxoByBaTH TpPH
OTITUMi3alii TEXHOJIOTi# BUPOILyBaHHS COHSIIHUKY.

3asiBa mpo goctynHicTh manmx: [lani BKIrOUeHi
0e31oCcepeIHbO B CTATTIO.

Buxopucranasa mryuHoro inresaexkty (II): [Tpu
TiTOTOBIII 1 HATTMCAHHI CTATTI IITYYHUH 1HTEJIEKT
HE BUKOPHCTOBYBABCSI.

Konduiikt inTepeciB: ABTOpH 3asBISAIOTH PO
BIJICYTHICTh KOH(Q)IIIKTY iHTEPECIB.

®inancyBanHsi: JloCHiKeHHS BHKOHaHO 3a
3aBJIaHHIM 16.00.00.03.© «BcranoBnenHs
3aKOHOMIPHOCTEH MIHJIMBOCTI  PEMPOAYKIIHHAX
MPOIIECIB COHANIHUKY TiJ BIUIMBOM PETYISATOPIiB
pocTy i MiKpoJ0OpUB Ta po3pOOJICHHS Ha TX OCHOBI
CHOCOOIB MiABUINEHHS HACIHHEBOT MPOXYKTUBHOCTI
OaTbKIBCHKUX  KOMIIOHEHTIB riopumiB» (Ne
nepxkaBHoi peectpauii 0121U100557).

Avangard Grow Amino, Nertus Start + Nertus
Plantapeg) and individual formulations (Raykat
Start, AKM), which increased the measured
parameters compared to the control. It was noted
that plant survival was high in all experiments
(95-98%), and the impact of seed treatment on
this trait was limited due to its high baseline level.

Thus, the efficacy of rowth stimulants and
microfertilizers is determined by the genotype
treatment interaction, which must be considered
when  optimizing  sunflower  cultivation
technologies.
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Impact of Desiccation and Growth Regulators on Viral Infection Seed Potatoes
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Pedepar: PosmisiHyTO pesynpraTh JOCHIKEHb BIUIMBY peTyasTopiB pocty Paiikar, Pamidapwm,
mpernapary 3 QyHTiOUAHUMHA 1 aHTHBIpyCHUMH BacTUBOCTIMH Dapmaiion Ta gecukaiii Ha piBeHb BipyCHOL
iH(dekmii B HaCIHHEBOMY Marepiaiti kapTorwii copty Kutauns B ymoBax Jlicoctemy Ykpainu. BctaHoBieHo,
110 BUJAJCHHS KAapTOIUNIMHHSA Ha 15-Ty 100y micis UBITIHHS Yy TO€IHAHHI 3 PiCTCTUMYIIOBAIbHUMH
npenaparaMu MiHiMi3ye peiHdikyBaHHS Oynb0 BipycamH.

Kuro4oBi ciioBa: KapTormis, peryiasTopu POCTy POCIHH, HACIHHHUIITBO, BIpYCH, JTECHUKAILis.

Abstract: The article presents results on the influence of plant growth regulators (Raykat, Radipharm),
a preparation with fungicidal and antiviral properties (Farmayod), and desiccation on viral infection in seed
potatoes ‘Zhytnytsia’ in the Ukrainian Forest-Steppe. It was found that the removal of potato haulms on day
15 after anthesis, in combination with growth-stimulating preparations, minimizes the reinfection of tubers

with viruses.

Key words: potatoes, plant growth regulators, seed production, viruses, desiccation.

Beryn

OpnHie€ro 3 HAWOUIBII 1ECTPYKTUBHUX MPOOIeM
Y CeNeKIlii Ta HaCIHHHUIITBI KapTOILTI 3aJIHIIAIOTHCS
BipycHi xBopoOu. [lorpu 3HauHy yBary A0 ceneKii
Ha PE3UCTEHTHICTh, ACOPTUMEHT CTIHKMX COPTIB
3aJINIIAETHCS OOMEKEHUM. [MixTpumanus
0e3BipyCHOTO0 CTaHy HACIHHEBOTO MaTepiany €
CKJIQJIHM 3aBJaHHSIM HaBiTh 32 YMOBH CyBOPOTO
JNOTPUMAHHS KOMIUIEKCY AHTUBIPYCHHUX 3aXOJIiB
(Vishnevskaya et al,, 2021). OcHOBHUM
nectabii3ylouiM  YMHHUKOM €  OJHOYacHe
BUPOILIYBaHHS COPTIB 13 PI3HUM CTyIEHEM
CIPUIHATIMBOCTI: BHCOKOYYTIIUBI TEHOTUIIN HAaBITh
3a MPOCTOPOBOI 130JIALIIi aKyMYJIIOIOTh 1H(EKIIIO,
CTAalOYM JDKEPEJIOM BTOPHMHHOTO 3apaskKeHHS JUIs
011l CTIMKKMX copTiB. Uepes BereTaTUBHUI CIIOCiO
PO3MHOKEHHS BipyCH TIEPCUCTYIOTH y Oyib0ax, 110
3yMOBJIIOE MPOTPECyroue BHUPOKEHHS Ta IIOBHE
ypaxeHHs copty (Matskevych et al., 2002).

Introduction

Viral diseases remain one of the most
destructive problems in potato breeding and seed
production. Despite significant attention to
breeding for resistance, the assortment of
resistant cultivars remains limited. Maintaining
the virus-free status of seed material is a complex
task, even with strict adherence to a complex of
antiviral measures (Vishnevskaya et al., 2021).
The primary destabilizing factor is concurrent
cultivation of  cultivars with  varying
susceptibility: highly susceptible genotypes,
even provided spatial isolation, accumulate
infection and become sources of secondary
infection for more resistant cultivars. Because of
vegetative reproduction, viruses persist in tubers,
leading to progressive degeneration and total
infection of cultivars (Matskevych et al., 2002).
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He3sBaxxaroun Ha e(heKTUBHICTh
010TEXHOJIOTIYHUX METOIIB Y CHCTeMi OE3BipyCHOIO
HACIHHMITBA KapTOILUI, IIMPOKE BHPOBAIKECHHS
Takoro Marepially OOMEXKYeTbCS HOTO BHCOKOIO
Baprictio. lle akryamizye momyk —croco0iB
iHTeHcuiKalii BUKOPUCTaHHS PENPOAYKTUBHOIO Ta
MPOAYKTHBHOIO HOTEHIIaTy 0310POBICHUX POCIIHH.

3rigHO 3 CydaCHUMHU JOCHTIKEHHAMHI Araujo et
al. (2019) BuKopHCTaHHS PETYISATOPIB POCTY POCIHH
€ TEpCICKTUBHHM  HANpsIMOM  JUIA  KOPEKIii
izionoriyanx mpomuecis kapromii. Ix 3actocysanns
HE JMIIe MiJBHIIYE NPOAYKTUBHICTb, a W CIpHUSE
(OpMyBaHHIO PE3UCTEHTHOCTI /0 HECHPUSTINBUX
TiIPOTepMIYHIX YMOB Ta iH(EKIIHHIX areHTiB, MO0 €
KPUTHYHO BAXIIMBUM JUIA cTalimi3amii HaciHHEBOT
YPOXKAMHOCTI Ta AKOCTI.

CyyvacHuii cTaH iTocaHITapHOTO MOHITOPUHTY
CBIIYNTH PO LIMPOKE PO3MOBCIOMKEHHS CIIEKTPY
BipycHHUX maroreHiB Ha kaptorut (Mockovets et al.,
1975; Melnychuk, 2005). Jlo ckmaxy mOMiHYHO4O1
Bipotmopu (Bimrew, Abera, 2023) BxomaTs: Bipyc
ckpyayBaHHs JwucTkiB kapTtorni BCJIK  (Potato
leafroll virus, PLPV); Bipycu kapromti Potato virus Y
(PVY), Potato virus X (PVX), Potato virus S (PVS),
Potato virus M (PVM), Potato virus A (PVA), a Takox
Bipycu aykyOa-mo3aiku (Potato aucuba mosaic virus,
PAMYV), 4opHOi KiNbLIEBOI IUIIMHCTOCTI TOMATiB
(Tomato blackring virus, TBRV) Ta xoBroi
kapimkoBocTi kaproruti, BXXKK (Potato yellow dwarf
virus, PYDV). Cnig 3a3Hayutd, 1m0 B
arpoKJIiMaTHYHUX YMOBax YKpaiHH HaiOumbIry
emiieMionoriyey HeOe3neKy Ta IIKOJAOYHHHICTb
cranoBisath X-, Y-, M-, S- ta L Bipycu, ski
3yMOBJIIOIOTh 3HAYHI BTPATH BPOXAIO Ta MOTiPLICHHS
COPTOBHX SIKOCTEI HACIHHEBOTO Marepiary KapTOILTi.

[TkomO4YMHHICTH OCHOBHUX BipyCiB KapTOILTi B
VYkpaiHi XapakTepu3yeThCs IIUPOKUM Jialna30HOM
3aJIe)KHO BiJl CTYNEHs MaToreHHOCTi 30yqHuKa. 3a
JMaHuUMHU JociqHuKiB (Abbas,2021) 3a pyiHIBHUM
BIUIMBOM BIPYCHI XBOPOOW TOIUISIOTh HA JIETKI
¢dopmu (nedinur ypoxatro 10-15%) Ta TSDKKI, 110
NpU3BOAATH A0 BTparu 10 90 % mpoxykuii. 30kpema,
ypaxkeHHs1 HacajpkeHb YBK ta PLPV 3ymoBiroe
KpUTHUYHE 3HWKEHHS BpoxkaiiHOCTi (110 90 %), Toji sk
BiumB PVM Ta PVS € ™menm arpecuBHuM i
craoButh 2540 Ta 10-20%  BiANOBiAHO.
Bcranosneno (Abbas et al., 2016) npsiMy Kopesiiio
MDK piBHeM iHQekuiiiHoro ¢oHy Ta BTparamu
BpOKaro: 3OUIBIIEHHS YacTKH POCIMH KapTOILIi,
YPaXKEHUX TMaTOreHaMH 3 TPYIH TSDKKUX BipyciB Ha
1%, cnpuuuHsE 3HWKEHHS 3arajbHOi BpOXXaHHOCTI
Ha 0,5-0,6%, mo miAKpecIoe  KPUTUUHY
HEOOXIIHICTh YIOCKOHAJICHHS €JIE€MEHTIB TEXHOJIOTIT
MO0  BUPOLIYBAHHS  3JI0POBOIO  ITOCAJIKOBOTO
Marepiaiy.
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Despite effective biotechnological methods
in virus-free potato seed production, the
widespread implementation of such material is
limited by its high cost. This highlights the need
to find ways to intensify the use of the
reproductive and productive potentials of
sanitized plants.

According to a recent study by Araujo et al.
(2019), the use of plant growth regulators (PGRs)
is a promising direction for correcting
physiological processes of potatoes. Their
application not only increases performance but
also improves resistance to unfavorable
hydrothermal conditions and infectious agents,
which is critical for stabilizing seed yield and
quality.

The current phytosanitary monitoring
indicates a widespread spectrum of viral
pathogens in potatoes (Moskovets et al., 1975;
Melnychuk, 2005). The dominant viroflora
(Bimrew, Abera, 2023) includes: Potato leafroll
virus (PLRV), Potato virus Y (PVY), Potato virus
X (PVX), Potato virus S (PVS), Potato virus M
(PVM), Potato virus A (PVA), Potato aucuba
mosaic virus (PAMV), Tomato black ring virus
(TBRYV), and Potato yellow dwarf virus (PYDV).
It should be noted that in the agro-climatic
conditions  of  Ukraine, the  greatest
epidemiological danger and harmfulness are
posed by X, Y, M, S, and L viruses, which cause
significant yield losses and deterioration of the
varietal qualities of seed potatoes.

The harmfulness of major potato viruses in
Ukraine is highly variable, depending on the
virulence of the pathogen. According to
researchers (Abbas, 2021), viral diseases are
categorized by their destructive impact into mild
forms (yield deficit of 10—15%) and severe forms
(leading to an up to 90% loss of production). In
particular, the infection of crops with PVY and
PLRYV causes a critical decrease in yield (up to
90%), while PVM and PVS are less aggressive,
resulting in a 25-40% and 10-20% loss,
respectively. There was a direct correlation
between infectious background and yield losses:
a 1% increase in the proportion of potato plants
infected with severe viruses causes a decrease in
total yield by 0.5-0.6%, highlighting the critical
need to improve technological elements for
growing healthy planting material (Abbas et al.,
2016).
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Cepen KOMITIEKCY TaKHUX 3aXOMIB € JIEeCHKaIlis
a00 paHHE BUAAJCHHS KapTOIUIMHHSA, LIO JO3BOJISIE
mepepBaTH  LUIIX TEpPEeMillleHHS BipyciB  Bix
ACHMUMIKHOTO amapary Ao [ovipHiX Oyms0 Ta
3aCTOCYBAaHHS CyYaCHHX PEryJsTOpiB POCTY POCIHUH,
mo mnepenbadae Kopekuito MopdodizionorivHux
MIPOIIECiB Ha eTarax OHTOTeHe3y KapTOILIi, 30KpeMa
M Yac TMepearnocaaKoBOi MiAroToBKH Oyrms0 Ta
nuIsxoM — mo3akopeHeBux — 00po6ok  (Tischenko,
Yuzyuk, 2017).

ExcriepuMeHTansHo JIOBEZICHO, 110
MPEBEHTHBHA eJiIMiHAllil KapTOIUIMHHS CYyTTEBO
3HI)KY€ BIPDyCHE HABaHT&KCHHS Ha HACIHHEBHH
Marepial TIOTOYHOTO CE30HY, OCKIIbKH 3HadHa
YacTMHA TATOTeHIB HE BCTUTAE MIrPyBaTH M0
CTONIOHIB. 30KpeMa, T[0Ka3aHO, M0 BUIAJICHHS
KapTOTUTMHHS Ha 65-Ty 100y Micis caaiHHs MiHIMi3ye
HMOBIpHICTB TIepeiadi BipyciB adiTHUMH BEKTOpaMHU
(TomeNnuMIAMH), MO0 € BKIWBUM JUI OTPHMAaHHS
ceprudikoBaHOr0 HaciHHeBoro Mmarepiany (Mandal,
Das, 2020). EdextuBHicTh KOHTpOmo adimHmx
BektopiB  (Awasthi, Verma, 2017), 3okpema
MEPEeHOCHUKIB ~ BIpyCy  CKpy4YyBaHHS  JIUCTKIiB
kapromti (PLPV) ta xaprorusiHOi MOi, 3HaYHOIO
MIpOI0  JIeTepMiHOBaHA BYACHUM BHUJIAJICHHSIM
KapTOIUIMHHA.  BcraHoBneHO, 10  JeCHKAIli0
KapTOTUTMHHS HEOOXiZTHO MPOBOJUTH HETAHO Micis
JOCSATHEHHSI KPUTHYHOTO TIOPOTY  YHCENBHOCTI
Mmonenunb, skl craHoButh 20 ocobun Ha 100
CKJIQ/THUX JIUCTKIB. 3HMKEHHS YpayKeHHS HACaPKEHb
Bipo3aMu (CKpy4YyBaHHS JIUCTKIB, TSDKKa Mo3aika)
JOCSTAETBCA 32 YMOBH IPEBEHTHBHOTO BHIAJCHHS
KapTOIUTMHHSA J0 MOMEHTY MacOBOTO  JIbOTY
nepeHocHukiB (Khurana, 1999).

PamionanmbHe ~ BUKOPHCT@HHS — PETYJIATOPIB
pocty pociua (PPP) cnpuse He numie 3pocTaHHIO
BPOKaWHOCTI Ta TMOJIIIICHHIO SKICHUX MOKa3HUKIB
Oynb0, a ¥ ICTOTHO i IBUIITY€E aalTUBHANA TOTEHITial
pociuH 110 OiOTHMYHMX (XBOpPOOW, IIKIJIHUKH) Ta
abiotmuHux  cTpecopiB.  Tak,  BCTaHOBJIEHO
e(eKTHBHICTh 3aCTOCYBaHHS (Di310JIOTIYHO AaKTHBHUAX
CIIONYK B OOME)KEHH1 MOMIMPEHHS Ta MIKOIOYMHHOCTI
Phytophthora infestans de Bary ta Alternaria solani
(Ell. et Mart.) (El-Khair H.A., Wafaa M., Haggag L.,
2007).

HesBakaroun Ha JoBelieHy eQEKTUBHICTD
JICCHKaIlll KapTOIUIMHHS Ta BUKOpUCTaHHS PPP st
KOHTPOJIIO BIPYCHOTO TIaTOTEHE3y, 3aJIMIIAETHCS

HEJIOCTaTHbO  BUBYCHUM  CHHEPIiYHHH  e(eKT
MOEMHAHHS ~ TEXHOJNOTIYHUX  3aXOmiB  (CTpOKH
BUJIAJICHHA  KapTOIUIMHHS) 13  3aCTOCYBaHHSIM

CYYaCHHX PErySITOPIB POCTY JUIS MaKCUMAJIbHOI
peaitizaiiii IPOAYKTHBHOCTI Ta SKOCTI HACIHHEBHX
Oynp0. lle 3ymMOBMIO HEOOXIAHICTH NPOBEACHHS
KOMITJICKCHUX ~ JIOCTI/DKEHb,  CIOPSMOBAHUX  HA

Such measures include desiccation or early
haulm removal, preventing the migration of viral
particles from the foliage to the newly formed
tubers, and the application of modern PGRs,
which involves the correction of
morphophysiological processes during potato
ontogeny, particularly during pre-planting tuber
preparation and via foliar treatments (Tischenko,
Yuzyuk, 2017).

It was experimentally proven that
preventive haulm elimination significantly
reduces the viral load on the current season's seed
material, as a significant portion of pathogens
does not have time to migrate to stolons.
Specifically, it was shown that removing haulms
on day 65 after planting minimizes the
probability of virus transmission by aphid
vectors, which is important for obtaining
certified seed material (Mandal, Das, 2020). The
effectiveness of controlling aphid vectors
(Awasthi, Verma, 2017), particularly carriers of
PLRV and potato tuber moth, is largely
determined by timely haulm removal. It was
established that haulm should be desiccated
immediately after reaching the critical threshold
of aphid population, which is 20 individuals per
100 compound leaves. A reduction in crop
infection with viral diseases (leaf roll, rugose
mosaic) is achieved through preventive haulm
removal before the mass flight of vectors
(Khurana, 1999).

The rational use of PGRs not only increases
yields and improves tuber quality but also
significantly enhances plants’ adaptability to
biotic (diseases, pests) and abiotic stressors. For
instance, the effectiveness of physiologically
active compounds in limiting the spread and
harmfulness of Phytophthora infestans de Bary
and Alternaria solani (Ell. et Mart.) J. et Gr. Was
demonstrated (El-Khair H.A., Wafaa M., Haggag
L. 2007).

Despite the proven effectiveness of haulm
desiccation and PGRs for controlling viral
pathogenesis, the synergistic effect of combining
technological measures (timing of haulm
removal) with the application of modern PGRs
for maximizing the productivity and quality of
seed tubers remains insufficiently studied. This
necessitated comprehensive research aimed at
optimizing the elements of growing basic seed
potatoes.
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ONTHMI3alil0 eJEMEHTIB BHPOIIyBaHHS 0a30BOi
HACIHHEBOI KapTOILTI.

Metoro pobotu  Oyla0 EKCIepHUMEHTAIBHE
T ITBEPIHKCHHS e(eKTHuBHOCTI TTOETHAHHS
pErynaTOpiB pOCTy 1 ONTHUMI30BAaHOTO TEPMiHY
JICCHKAIlil KapTOIUIMHHS SK (DaKTOPiB ITiJIBUIIICHHS
CTifikocTi Ta (hiTOCAHITAPHOI SKOCTI HACIHHEBOTO
MaTepiaixy KapTOILi.

MeToauka

Hocmimxenus TIPOBOJIMITU Ha 0azi
KanuniBcrko-KopAemiBChbKOTO  OMOPHOTO  ITyHKTY
IrctutyTy KapTomsipctea HAAH (Binautpka o6.).
[pyHT MOCHIAHOI UIAHKM — YOPHO3EM JIy4HHMI
CEPETHHOCYTIMHKOBUH. ArpoximiuHa
XapaKTEePUCTHKA OPHOTO LIapy IPYHTY CBIIYUTH PO
WOr0 TPWUAATHICTH AJIsl BHPOIIYBaHHS HACIHHEBOT
KapToIuti: BMicT rymycy (3a Tropiaum) — 3,1-4,0 %;
pH 5,1-5,5; nerxorimpomizoBammii a3or (3a
Kopudinmgom) — 20 mr/100 T rpyHTY, pyXOMHI
¢dochop (P.Os) 3a UYupikoBum -10,1-15,0 Ta
oominami kanii (K,O) 3a YupikoBum — 8,1-12,0 mr
Ha 100 r rpyHTY BiAIOBIAHO.

TexHomnorist BUPOIIYBaHHS KapToILTi
0azyBajacsi Ha TaTy3eBHX PEKOMEHAALSIX ISl 30HH
Jlicoctery, amanToBaHMX IO BHMOT BHpPOOHHIITBA
0a3oBoro HaciHHEBOTO Matepiamy. Jms miHimizarii
PH3HKIB BIpYCHOTO ypaxKeHHsI 3a0e3MeYeHO CYBOpY
MIPOCTOPOBY  130JIAIIIO: OCHIMHI AUITHKH OyIn
PO3MiIlleHi BCEpEeNMHI MAaCHBIB O3MMHUX 3E€PHOBHX
KyJIbTYp 3a BiJICYTHOCTI IHIIMX HAacaJHKEHb
MacIbOHOBHX y  paziyci, nepedaueHOMY
HopMatuBamu HaciHHuNTBa (Bondarchuk et al.,
2019).

Enementu TEXHOJIOTI1 BHUPOILYBaHHS:
TMOTIEPETHHK — IMIISHUIIS 03UMa; 0OPOOITOK IPYHTY —
3s0eBa  OpaHKa, BECHSHa  MEPEeANocaIKoBa
KyJlbTUBaIlis, Hapi3aHHs OOpO3H 3 HACTYIHUM
JIMCKOBUM 3arOpTaHHAM; cucmema YOOOpeHHs —
JIOKaJIbHE BHECEHHSI HITPOaMO(MOCKH TIiJT Yac caliHHs
(5 wra y ¢iznunuii Baszi a0o NgoPsoKgo kr a.p./ra, y
da3i MOBHMX CXOMIB II/DKUBJICHHS aMia4HOO
cemtporo N 345 «xr g.pJ/ra; pomism  3a
HacapKeHHSIMA  —  JBOPA3OBHM  MIDKpSAHUM
00po0iTok  (KyapTuBalis 3 OOpPOHYBaHHSIM Ta
MiATOPTaHHA); CHUCTEMa 3aXUCTy — IMPOTPYIOBAHHS
HaciHHEBOrO Marepiany mnpenaparamu: Emecto-
Ksantym, 0,25 i/t Ta Cenec Tom, 0,5-0,7 /T — mst
KOHTPOJIO  IIKIHWUKIB Ta  XBOpOO;  1HCEKTO-
apimIHU  KOHTPOJIb: CUCTEMaTU4Hi 00pOOKH
incekruiaoM Emxio 247 SC — 0,18 ni/ra, Big da3u
MOsSIBM  CXOfiB3  iHTepBajoM 8-10 mi6 (s
HEJIONYIIEHHS MacOBOIO 3acelieHHS aiuuIHUMU
BEKTOpaMu); (QYHTIUIHAN 3aXHUCT. NpodiTakTHUHI

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

The purpose of this study was to experi-
mentally verify the effectiveness of combining
growth regulators with optimized timing for po-
tato haulm desiccation as factors for increasing
the resistance and phytosanitary quality of seed
potato material.

Methods

The study was conducted at Kalynivka-
Kordelivka Support Station of the Institute of Po-
tato Growing of NAAS (Vinnytska Oblast). The
soil in the experimental plots is a leached me-
dium-loamy chernozem. The agrochemical char-
acteristics of the arable layer indicate its suitabil-
ity for seed potato production: the humus content
(by Tyurin’s method) is 3.1-4.0%; pH is 5.1-5.5;
the easily hydrolyzable nitrogen content (by
Cornfield’s method) is 20 mg/100 g of soil; the
mobile phosphorus (P»Os) content (by
Chyrikov’s method) is 10.1-15.0 mg/100 g; and
the exchangeable potassium (K»>O) content (by
Chyrikov’s method) is 8.1-12.0 mg/100 g of soil.

The potato cultivation technology was
based on industry guidelines for the forest-steppe
zone, adapted to the requirements for basic seed
material production. To minimize the risks of vi-
ral infection, strict spatial isolation was ensured:
the experimental plots were placed within winter
cereal massifs, with no other solanaceous plant-
ings within the radius stipulated by seed produc-
tion standards (Bondarchuk et al., 2019).

The technological elements were as fol-
lows: winter wheat was sown as the forecrop; the
tillage included autumn plowing, spring pre-
planting cultivation, furrowing followed by disk
covering; fertilization included local application
of complex NPK fertilizer during planting (500
kg/ha or NgoPsoKso kg a.i./ha); top-dressing with
ammonium nitrate (N_34.5 kg a.i./ha) at the full
emergence phase; the crop maintenance was dou-
ble inter-row cultivation (tilling with harrowing
and hilling); the plant protection included seed
treatment with Emesto Quantum (0.25 L/t) and
Celest Top (0.5-0.7 L/t) for pest and disease con-
trol, systematic treatments with Engio 247 SC
(0.18 L/ha) starting from the emergence phase at
8-10 day intervals for insecticide and aphid con-
trol to prevent mass colonization by aphid vec-
tors, preventive and curative anti-fungal
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Ta JKyBaJdbHI 00poOKkm mpemaparoMm Nativo 75 WG
BI" 0,05 xr/ra mpotu itodTOpo3y Ta anbTepHapiosy;
repOIlMAHNE  KOHTPOJIb: 3aCTOCYBaHHS OaKOBOI
cymimmi  Ksin Crap Make, KE 1 n/ra + Tisitryc BI'
0,05 kr/ra. )1 mITYIHOTO IPHUITHHEHHS BETETAIii Ta
MPUCKOPEHOTO /103piBaHHS Oynb0 3aCTOCOBYBaJH
necukant Permon Cymep, B.p.K. (A.p. IUKBar
munpomin, 150 r/m). O6poOKy TPOBOMMIH IUITXOM
JpiAOHOKpANeNbHOTO OOMPUCKYBAaHHS BEreTaTUBHOL
MacH 3 HOpMOIO BHTpatu mpenapary 2,0 i/ra. Tepmin
BHECCHHSI BH3HAJYalM 3a JOCSTHEHHsS ITHOBOT
CTPYKTYpH BpOXKar0 HACIHHEBOI (ppaxiiii.

O6’exkt pocmimkeHHs: 0a30BUil HaCiHHEBHIN
Marepian Kapromtn copry JKWTHHIA, MOTepeTHbO
O3JIOPOBJICHUI METOJIOM  KYJBTYpPH  aliKaJbHUX
MEPUCTEM in Vifro 3 HACTYIIHUM PO3MHOXXEHHSAM Y
PO3CaTHHUKY 100a30BOT0 HACIHHUIITBA.

Hdns  BusBieHHs  BipycHOi  iHQeKmii y
BereTalliiHuii  mepiog  Ta  micias30upanbHUN
BUKODHCTOBYBAIM  METOA  TBepmo  (hazHOTro

iMmyHO(pEpMEHTHOTO aHalizy (TMOABIHHWMIA CaHABIY-
BapianT DAS-ELISA), xoMepuidHHX TeCT-CHCTEM
¢ipmu LOEWE Himeuunna, 3 peectpartieto Ha pigepi
Termo Labsystems Opsis MR (CIHA) 3a
mporpamHoro 3abe3neuenHs Dynex Revelation
Quicklink 3a gomxunu xBuib 405/630 um. [Toporose
3HAQUCHHS ONTHYHOI TYCTHHH, SIKE BIJPi3HSE
MTO3UTUBHI Pe3yNbTaTh (PepMEHTATUBHOI PEaKIlii Bif
3HAuYCHHS (OHY, BU3HAYAIIM ISl KOXKHOTO TUTAHIIEeTa
OKpEMO.

Y TeXHONOT14YHIl cXeMi BUBYAJIN €()EKTUBHICTD
3aCTOCYBAaHHS KOMIUIEKCY PEryJIATOpiB pOCTy Ta
6ioctumynsitopis: Pagidapm ra Paiikar — cripsimoBasi
Ha iHTeHCH(DiKaIlil0 KOPEHEYTBOPEHHS, CTUMYJISIIIIO
BETeTaTHBHOTO POCTY Ta MiJBHUIICHHS aallTHBHOTO
noreHmiaiay pociuH; ®Dapmaiion — mnpemnapar i3
(YHTIIUIHAMH, OaKTePUITUTHUMH Ta
AHTHBIPYCHUMH BIIACTHBOCTSAMH, 3aCTOCOBAHMH IS
crabimizamii QitocanitapHoro QoHy Ta 0OMEKEHHS
MONIMPEHHS TATOTeHIB Y HACAJKEHHSIX.

Po3mimeHHs BapiaHTiB METOIOM HAKJIAJCHHS Y
TPUPa30Bii MOBTOPHOCTI. 3arajbHa IUIOINA IIiJ
nociinom — 0,28 ra, obmikoBa — 22,5 m>. Cxema
caxinns — 70x35 cM, 3a TYCTOTH CTOSIHHSI POCIIUH 55
THC/Ta.

Jlocmit 3aKiaiam 3a CXeMoro:

1. Kotposns — 06nprcKyBaHHS BOJIOIO.

2. Paiikat — 00poOka Oynp0 + mo3akopeHeBe
(cxomm).

3. Pagidapm — 0OpoOka Oysis0 + mo3akope-
HeBe (CXO0.u).

4.  dapmaiion — 0OpoOka rpyHTY + M03aKo-
peHeBe JiBa pasu y (a3u OyTOoHI3allil Ta KBITYBaHHSL.

5. Paiikar+®apmaiion (moeaHaHHS
00poOOK).

treatments with Nativo 75 WG (0.05 kg/ha)
against late blight and early blight; and herbicide
control with tank mix of Queen Star Max (1 L/ha)
+ Titus WG (0.05 kg/ha). For the artificial cessa-
tion of vegetation and accelerated tuber ripening,
the desiccant Reglone Super, SL was applied (ac-
tive ingredient: diquat dibromide, 150 g/L). The
treatment was performed via fine-droplet spray-
ing of the foliage at a rate of 2.0 L/ha. The appli-
cation timing was based on reaching the target
structure of the seed fraction yield.

The study object was basic seed material of
potato ‘Zhytnytsia’, previously sanitized via in
vitro apical meristem culture followed by propa-
gation in a pre-basic seed nursery.

To detect viral infection during the growing
season and post-harvest period, the double-anti-
body sandwich enzyme-linked immunosorbent
assay (DAS-ELISA) was used. Commercial test
kits from LOEWE (Germany) were employed,
with results registered on a Thermo Labsystems
Opsis MR reader (USA) using Dynex Revelation
Quicklink software at wavelengths of 405/630
nm. The optical density threshold distinguishing
positive enzymatic reaction results from the
background was determined separately for each
plate.

The effectiveness of a complex of growth
regulators and biostimulants was evaluated: Ra-
difarm and Raykat (aimed at intensifying root
formation, stimulating vegetative growth, and
boosting adaptability) and Farmayod (a prepara-
tion with fungicidal, bactericidal, and antiviral
properties used to stabilize the phytosanitary
background and limit pathogen spread in the
plantings).

The experimental variants were arranged
using the overlay method in three replications.
The total area of the experimental plot was 0.28
ha, with the record area of 22.5 m?. The planting
scheme was 70 x 35 cm, with a plant density of
55,000 plants/ha.

The experiment had the following design:

1. Control — spraying with water.

2. Raykat — tuber treatment + foliar appli-
cation (emergence phase).

3. Radifarm — tuber treatment + foliar ap-
plication (emergence phase).

4. Farmayod — soil treatment + foliar appli-
cation twice during budding and anthesis.

5.Raykat + Farmayod (combined treat-
ments).
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6. Pamidbapm+dapmaiion (moeHaHHS
00po0OK).
Hpyruii  ONOK  IOCHIPKEHb  TPOBOIMIIH

BIJIMIOBIZTHO /IO CXEMH 13 3aCTOCYBAHHSM JIECHKAIIi{ —
Pernon Cymep, 2 n/ra.

OniHIOBaHHS ¢iTocaniTapHOTO CTaHy
Haca/[UKeHb KapToIUli 0Oa3yBaJiocs Ha IO€IHAHHI
Bi3yaJIbHIX Ta abopaTOpHUX METO/IIB.

BcranosieHo, mo Bi3yasilbHa JiarHOCTHKA € Ti€BOIO
JIMIIIE 33 HASIBHOCTI 9iTKO BUPAKEHOT CHMITOMATHKH.
OpnHak, 3BayKal04d Ha 3JaTHICTH BIPYCiB MEPEXOAUTH
y JaTeHTHy (QOpMy MiJ BIJIMBOM 30BHIIIHIX YMOB
(30Kpema, TeMIepaTypHHUX PEKUMIB) 200 BHACIIIOK
3MimIannX iH(QEKIiH, e MeTo ] He TapaHTy€e IMOBHOT
nocToBipHOCT.  JImst  oTpumaHHS 00’ €KTHBHOI
KapTUHUA BHJOBOTO CKJIaay BIpYCiB Ta BHSBICHHS
MPUXOBAHOTO 3apaKEHHsI OYJI0 3aCTOCOBAHO METOJ
DAS-ELISA. Ile m03BOIMIIO HIBETIOBATH PHU3IUKU
HEKOHTPOJILOBAHOTO PO3MHOKEHHS XBOPOi
KapToILT, $IKi BHUHHUKAIOTh 32 BUKOPHUCTAHHS
BUKJIFOYHO BizyanisHOI oriHku (Furdyha et al., 2024).

Pe3yabraTu Ta 00roBOpeHHs

3rilHO 3 pe3yiabTaTaMu IOCHiKeHb 2024-
2025 pp., cOpsIMOBaHUX HA BU3HAYECHHS CTYIECHS
YpaKeHHS  HacaJykeHb  0a30BOi  HACIHHEBOI
KapTOILTi, Bi3yaJbHUI MOHITOPUHT BIPOJOBXK
BereTailii He BUSBUB XapaKTepHUX MOP(OIOTiuHIX
CUMIITOMIB BipycHUX XBOp00. [yis oTpuMaHHS
00’ €KTHBHHMX AaHMUX OyJ0 MMPOBEIECHO TECTYBAaHHS
pocimua Mertomqom DAS-ELISA y munamini: ¢aszu
moBHux cxomiB (BBCH 10-19), Oyronizamii
(BBCH 50-59), usitinas (BBCH 60-69).
BceraHoBneHo, MO y JIOCHIKYBaHUX 3pa3Kax
30ynHuku BipyciB PVM, PVS, PLPV Tta PVY 6ynu
Bi/ICyTHI.

Pesynpratu micnsa30upanbHOTO TECTYBaHHS
METOJIOM  IHJeKkcalii Oyas0 3  HACTyHHUM
MpoBeACHHSAM iMyHOpepMeHTHOTO aHanizy (IDA)
HaciHHeBOI  (pakmii kiacy cynmepernita  (y
nicisi3oupanbHuil nepion 2024 p. 6e3 mecukanii
KapTOIUIMHHA) HaBeieHo B Tabm. 1. VY
KOHTPOJIHHOMY  BapiaHTI pIiBEHb JIATEHTHOTO
ypaxenHs Bipycom PVM cranoBuB 2,5%.
3acrocyBaHHsl perynsTopiB pocty Paiikar Ta
Pagidapm copusio 3HMKEHHIO HBOTO MOKa3HUKA
1o 1,0-1,3%.
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6. Radifarm + Farmayod (combined treat-
ments).

The second block of the study had the same
design plus desiccation with 2 L/ha of Reglone
Super.

The phytosanitary condition of the potato
plantings was assessed visually and by
laboratory methods. It was established that visual
diagnostics are effective only in the presence of
clearly expressed symptoms. However, given the
ability of viruses to transition into a latent form
under the influence of environmental conditions
(particularly temperature) or as a result of mixed
infections, this method is not very reliable. To
obtain an objective picture of the virus species
composition and detect hidden infection, DAS-
ELISA was applied. This allowed for the
mitigation of risks associated with the
uncontrolled propagation of infected potatoes
that arise when only visual assessment is used
(Furdyha et al., 2024).

Results and Discussion

According to the results of the 2024-2025
research aimed at determining the infection rate of
basic seed potato plantings, visual monitoring
during the growing season did not reveal
characteristic morphological symptoms of viral
diseases. To obtain objective data, plants were
tested using DAS-ELISA over time: at full
emergence (BBCH 10-19), budding (BBCH 50—
59), and anthesis (BBCH 60-69). It was found
that there was no PVM, PVS, PLRYV, or PVY in
the studied samples.

The results of post-harvest testing using
tuber indexing followed by DAS-ELISA of the
super-elite seed fraction (in the 2024 post-harvest
period, without haulm desiccation) are
summarized in Table 1. In the control, the level of
latent PVM infection was 2.5%. Raykat and
Radifarm reduced this parameter to 1.0-1.3%.
The highest efficiency was recorded for Farmayod
applied both alone (—1.5% infection) and in
combination with PGRs (-1.5-1.7%). Regarding
PVS, with a control value of 1.5%, the studied
preparations reduced the infection level by 1.0—
1.3%. Notably, PLRV and PVY were not detected
in the studied samples.
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Tadmuus 1 ITicna36upanbHe TecTyBaHHSA 0a30BOr0 HACIHHEBOTO MaTepially Ha 3apaskeHICTh 30yIHUKaMHU BIpyCHHX XBOp0O, %o.
Table 1. Post-harvest testing of basic seed potato material for viral pathogen incidence, %.

Bipycu kaprormti / Potato viruses

MBK + 1o SBK / + 1o MBK/ + 1o + mo Bapianty | SBK/ + 10 KOHTPOJIIO / + 1o
/PVM | xoHtpomo/+ | PVS | xontpomo/+ | PVM | xourpomo / 6e3 PVS + to the control BapiaHTy
Bapianr / Treatment to the control to the control + to the BHUIAJICHHS /+ 0e3
control no haulm BUJIAJICHHS
removal /4 no haulm
removal
0e3 BunaneHHs kaprominHHs / No haulm removal 3 BujiasieHHAM KaprominHHs / Haulm removal
Cymepenita, 2024 pik / Superelite, 2024
KOHTpO.HI) / Control 2.5 - 1.5 - 1.5 '1.0 1.2 '0.3
Paiixar / Raykat 1.5 -1.0 0.5 -1.0 1.0 -0.5 -0.5 0.3 -0.9 -0.2
Pamidgapm / Radifarm 1.2 -1.3 0.5 -1.0 0.8 -0.7 -0.4 0.2 -1.0 -0.3
q)apMaﬁOH / Farmayod 1.0 -1.5 04 -1.1 0 0 0 0
Paiikar+®apmaiion / Raykat+ 1.0 -1.5 0.2 -1.3 0 0 0 0
Farmayod
Pamipapm+dapmaiion / 0.8 -1.7 0.2 -1.3 0 0 0 0 0 0
Radifarm+ Farmayod
HIPo,05 /LSDo 05 0.48 0.84 0.91 0.83
KOHTpO.HI) / Control 3.0 2.0 - 2.5 '0.5 1.0 '1.0
Paiixar / Raykat 2.8 -0.2 0.8 -1.2 1.3 -1.2 -1.5 0.1 -0.9 -0.7
Panidapm / Radifarm 2.2 -0.8 1.1 -0.9 1.0 -1.5 -1.2 0.4 -0.6 -0.7
®apmaiion / Farmayod 2.0 -1.0 0.5 -1.5 0.1 2.4 -1.9 0 0 0
Paiikar+®apmaiion / Raykat+ 2.0 -1.0 0.5 -1.5 0.2 2.3 -1.8 0 0 0
Farmayod
Panidapm+dapmaiios / 1.5 -1.5 0.4 -1.6 0.1 -2.4 -1.4 0 0 0
Radifarm+ Farmayod
HIPo,05 /LSDo 05 0.98 1.05 1.63 0.71




HaiiBumry edekTHBHICTE TPOAEMOHCTPYBaB
Tperapar 3 (hyHTIIHAHO-0aKTEPUIIUAHUMHI
BiacTUBOCTIMH DapMalion: AK y YUCTOMY BUTIISAI (-
1,5% ypakeHHsI), TaK 1 B IOETHAHH] 3 PETYISITOPaAMH
pocty (-1,5-1,7%). Ilomo Bipycy SBK, mnpu
KOHTpOJNBbHOMY 3HaueHHi 1,5%, BUKOpHCTaHHS
JOCIHIIKYBAaHHUX TIperapariB A03BOJMIO 3MEHIIUTH
piBens iH¢ikyBanus Ha 1,0-1,3%. IlpumitHo, 110
Bipycu L Ta Yy nocnigKyBaHuX 3pa3kax BUSBICHI He
Oynu. HaiiBuiuii piBeHb 03M0pOBICHHS 3a()iKCOBaHO
y POCIMH KapTorul copTy JKWUTHUISI 32 yMOBH
BUJAIEHHA  KapTOIUIMHHS. 3a  BHUKOPUCTAHHA
perymsropiB pocty Paiikar ta Pamidapm 3umxeHHS
3apakeHHs1 pocnuH PVM Tta PVS cranosmio 0,5;
0,7% Ta 0,9; 1,0 % simnoBigHo (y KoHTpom 1,5
(PVM); 1,2 (PVS).

IIpoBenenns necukariii Ha 15-Ty moOy micims
UBITIHHA  CTall0  KIFOYOBHM  arpoOTEXHIYHUM
YUHHUKOM, 110 JO3BOJWJIO 3HM3UTH  PIBEHb
narentHoro ypaxenass PVM na 0,4-1,0%, PVS na
0,2-0,3% 3anexxHo Bin cxemu oOpoOku. HailiBuiny
e(EeKTUBHICTh MPOAEMOHCTPYBAJIM BapiaHTH 13
3aCTOCYBaHHAM npenapary PapMaio sIK y YUCTOMY
BUIJISA, TaK 1 3a MOETHAHHS 13 PEryasITOpaMH POCTY.
VY nux BapianTax 30yaHukie PVM ta PVS narenrtniit
¢opmi BusBiaeHO He Oyno. Ciij 3a3Ha4YUTH, IO
BipycH Kaprornti L ta Y Oynu MOBHICTIO BiJICYTHI y
BCIX JOCHIDKYBaHHX 3pa3Kkax.

[Micnsz6upanbue TECTYBaHHA Oyme0
HACIHHEBOI Marepially kiacy enmita (6e3 mecukarii
KaprommHHSA) y 2025 pori BHSBWIO CYTTEBY
3aJIeKHICTh PIBHS JIaTeHTHOI iH(IKOBAaHOCTI Bif
cxeMHu 00poOkH (Tabmn.1). Y KOHTpoIbHOMY BapiaHTi
ypakeHicTh BipycoM PVM jocsrana miKoBOro
3Ha4eHHs — 3,0%. 3acTocyBaHHS PETYJSITOPIB POCTY
Paiikar Ta Pamidapm 103BONMIO 3HU3UTU IEH
nokazHuk 1o 2,2-2,8%. HaiiBuily edekTHBHICTD
npojeMoHcTpyBaB mpenapar ®dapmaiion, sSKuil
3a0e3MeurB MiHIMalbHI piBHI iH(piKyBanHs: 2,0% (y
yuctoMy BuDIsii Ta 3 Palikarom) Ta 1,5% (y
noeananHi 3 Pagipapmom). Bukopucranns PPP
crpusio 3HmkeHHI0 ypaxeHocti SBK Ha 0,9-1,6%
(3a xoHTpoNpHOTO TOKazHWKa 2,0%). Haiimenmmii
piBenp imBazii 30ymaukom SBK (0,5; 0,4%)
3a(ikcoBaHO y BapiaHTi i3 3acTocyBanHsIM Papmaiion
Ta Paiikar+®apmaiion.

3actocyBanHs mnpenapary ®apmaiion Ta y
MOEMHAHHI 3 perymsatopamMu pocty Paiikar Ta
Pagipapm Ha oni mecukarii 3a0e3neUMIO HU3BKI
MOKa3HUKK  1H(IKOBAaHHOCTI: pIBeHb  ypakKeHHs
Bipycom PVM cranosus 0,1; 0,2 ta 0,1%, PVS y
BapiaHTax 3 BUKopucTaHHsM Palikar Ta Panmidapm —
0,1 ta 0,4% BianoBigHO (y KOHTPOIIi 6e3 00poOOK I1i
nmokasHuku csranu 2,5% pms MBK Tta 1,0% mns
SBK). BcraHomneHo, 1o 3a Jecukailii 3arajibHUi
piBEeHb JIATEHTHOTO YypaxeHHs pociuH PVM
3am3uBcsa Ha 0,5—-1,9 %, PVS —na 0,7-1,0% 3amexxHo
Bij BapiaHTa gocminy. HaiiOinem edexruBHrM OyIto
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The best sanitization level was recorded in
‘Zhytnytsia’ plants in the haulm removal
experiments. When Raykat and Radifarm were
used, the infection of plants with PVM and PVS
was 0.5; 0.7% and 0.9; 1.0% respectively
(compared to the control: 1.5% for PVM and
1.2% for PVS).

Desiccation on post-anthesis day 15
became a key agrotechnical factor, allowing for
a reduction in the latent infection level of PVM
by 0.4-1.0% and PVS by 0.2-0.3%, depending
on the treatment. The highest efficiency was
recorded with Farmayod applied both alone and
in combination with PGRs. In these experiments,
no latent PVM and PVS were detected. It should
be noted that there were no PLRV and PVY at all
in the studied samples.

Post-harvest testing of elite seed tubers
(without haulm desiccation) in 2025 revealed a
significant dependence of the latent infection
level on the treatment (Table 1). In the control,
PVM infection reached a peak value of 3.0%.
Raykat and Radifarm reduced this parameter to
2.2-2.8%. The highest efficiency was intrinsic to
Farmayod, which ensured minimum infection
levels: 2.0% (alone and in combination with
Raykat) and 1.5% (in combination with
Radifarm). PGRs contributed to a 0.9-1.6%
reduction in PVS infection (2.0% in the control).
The lowest PVS invasion (0.5; 0,4%) was
recorded in the experiments with Farmayod and
Raykat + Farmayod.

Farmayod, both alone and in combination
with Raykat or Radifarm, supplemented with the
desiccation procedure, ensured low infection
rates: PVM infection levels were 0.1%, 0.2%,
and 0.1%, respectively, for PVS; in the
experiments with Raykat and Radifarm, they
were 0.1% and 0.4%, respectively (in the
untreated control, these figures reached 2.5% for
PVM and 1.0% for PVS). It was found that
desiccation decreased the overall latent infection
level by 0.5-1.9% for PVM and 0.7-1.0% for
PVS, depending on the experimental variant.
Farmayod was most effective; in these
experiments, PVS was not detected. The studied
preparations ensured high phytosanitary quality
of the ‘Zhytnytsia’ basic seed potato material
and its compliance with standards.

The Raykat- and Radifarm-attributed
reduction in viral infection levels (down to 0.2—
1.7% for PVM) aligns with the concept of
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3actocyBanHs Dapmaiiomy, y 1HX BapiaHTax
30ymanka SBK He BusBmim. BuxopucraHHs
JIOCTIKYBAaHUX TIpenapariB 3a0e3Neumio BHUCOKY
¢iTocaniTapHy SKiCTP 0a30BOTO  HACIHHEBOTO
Marepiany copty Kapromu JKuTHuIA Ta i#oro
BiJITIOBIIHICTh CTAHIAPTaM.

3HWKEHHS DPIBHSA YpaKeHHS Bipycamu IIpu
3acTocyBaHHI mpemnapariB Paiikar ta Panidapm (o
0,2-1,7%, PVM) y3romkyerbcsi 3 KOHIICHIIIEIO
iHIyKoBaHoi crilikocTi. CydacHi gocmimkenHs (Zhu,
2022) noBomsaTh, 1m0 PPP akTWBYIOTH CHrHAIBHI
IUIIXA  IMyHITETY pPOCIWH, M0 YIOBUIGHIOE
periKamiro BipyciB y KIITHHaX. Y HalIoMy
IOCHiKEeHHI 1ell edexr OyB  MaKCHMajIbHO
peayri3oBaHMN  3aBISKH TTOEJHAHHIO CTUMYIISIIT
POCTY 3 QHTUCENITHIHUM 3aXHCTOM.

[IpoBeneHe mocmiKEHHS MIiATBEPAMIO, IO
BUJIAJTICHHA KapTOIUIMHHA € KPUTUYHO BaXJIMBUM
arpoTEXHIYHUM 3aXOJIOM ISl 3HIDKCHHS BipyCHOTO
HaBaHTaxeHHS. OTpuMaHi  JaHi  JIO3BOJIAIOTh
CTBEPIPKYBaTH, IO PaHHs ACCHKALisl KapTOIUIMHHS
BUKOHYE POJIb MEXaHIYHOTO Oap’epy, 110 MEepPEePUBAE
BIJTIK aCUMUIATIB pa3oM i3 BipioHamu 10 OyJib0.
Bomuouac 3acrocyBanns ~®@apmaitonmy gie  3a
MPUHIUIIOM «XIMIYHOTO (QIIBTPY». 3aBASKH BHCOKIN
0101 THIM aKTMBHOCTI JiF0Y0T PeUOBUHU (AKTHBHOTO
Hofy), mpermapar 3abe3rnedye CTeprITi3allifo MOBEepXHi
pocnuH Ta MikpoTpaBMm emimepmicy. Lle 3amobirae
MIPOHUKHEHHIO BipyCiB y BHYTPIIITHI TKAaHWHH i/ 9ac

JKMBJICHHSI ~ KOMax-TEPEHOCHUKIB, IO  CYTTEBO
3HWXKYE PHU3UK TOPU3OHTAIBHOTO  TOIIMPEHHS
iHpeKii.

Harmi pe3yabTaTH 1010 3HIDKEHHS

iHdixoBaHocTi PVM Ha 1,2-2,4% 3a paHHBOTO
BUJIAJICHHS  KAPTOIUIMHHS  Y3TOMXKYIOTBCS i3
BUCHOBKaMH 1HIIMX aBTopiB (Bondarchuk, 2018;
Smith et al. 2020), ski 3a3HayarOTh, 110 BIpYCH
noTpeOyroTh TEBHOTO Yacy Ui IMEPEeMIIICHHS 3
JMCTKOBOT TOBepXxHI 10 Oynp0. [IpumuHeHHS
HU3XIJTHOTO TOKY acUMUIATIB Ha 15-Ty moOy micist
UBITIHHA (DaKTUYHO 130JII0€ HOBWUH YypoXKall Bif
MMOTOYHOI BereTaliiiHol iHQeKii, M0 miITBepIKye
Hallly Te3y Ipo MeXaHiyHHui Oap’ep.

EdexruBHicTs Bukopuctanas @apmaiiony sk
«XIMIYHOTO (ITBTPY» 3HAXOOHUTH IMIATBEPIKECHHSI B
Mmpamnsgx JOCHiAHWKIB, sKi BUBYAJIW  OilOIMIHI
BIaCTUBOCTI ~ WOJOBMICHMX  CIHONYK  INPOTH
¢itonaroreHis. Tak, Mmoka3aHo, IO aKTUBHHUH O
Mae€ BHCOKY OKHUCIIOBaJbHY  3J[aTHICTh, IO
IIPU3BOIUTH JI0 IHAKTHUBALIIT BIPIOHIB O€3M0CEPEIHBO
B MICIISIX MEXaHIYHUX ITOIIKOKEHb TKaHuH (Ivanov,
Petrova, 2021). Lle nosicHIO€ BIICYTHICTH JIATEHTHOT
iH}eKnil y HammMxX BapiaHTaX 13 3aCTOCYBaHHSIM
®dapmaiiony, OCKUJIbKM  TIperapar  HiBeIIE
MOXKJIMBICTh 1HBA3i1 yepe3 KOHTAKTHUH HIISIX 200 it
Yac >KUBJICHHSI IOIEIIHLb.

induced resistance. A recent study (Zhu, 2022)
proved that PGRs activate plant immune
signaling pathways, slowing down virus
replication in cells. In our study, this effect was
maximized through the combination of growth
stimulation and antiseptic protection.

The study confirmed that haulm removal is
a critical agrotechnical measure for reducing the
viral load. The data suggest that early haulm
desiccation acts as a mechanical barrier,
interrupting the outflow of virion-containing
assimilates to tubers. At the same time,
Farmayod acts as a "chemical filter." Due to the
high biocidal activity of its active ingredient
(active iodine), the preparation sterilizes the
plant surface and epidermal micro-injuries. This
prevents viruses from penetrating internal
tissues when insect vectors feed on plants,
significantly reducing the risk of horizontal
infection spread.

Our findings regarding the 1.2-2.4%
reduction in PVM infection in the early haulm
removal experiments are consistent with the
findings of other authors (Bondarchuk, 2018;
Smith et al., 2020), who noted that viruses
require a certain time to move from the leaf
surface to tubers. Terminating the downward
flow of assimilates on post-anthesis day 15
effectively isolates the new yield from the
current seasonal infection, confirming our idea
of a mechanical barrier.

The effectiveness of Farmayod as a
"chemical filter" is supported by researchers
who studied the biocidal properties of iodine-
containing compounds against phytopathogens.
Specifically, it was shown that active iodine
possesses high oxidizing capacity, leading to the
inactivation of virions directly at the sites of
mechanical tissue damage (Ivanov, Petrova,
2021). This explains the absence of latent
infection in our experiments with Farmayod, as
the preparation eliminates the possibility of
invasion via contact or during aphid feeding.
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BucHoBku.

Bcranosneno, 10 BUKOPHUCTAHHS
IocHipKyBaHuX mpemapariB  Paiikar, Pamidapwm,
®dapmaifon Ta iX MoeaHaHHS Ha (OHI JEecHKAaIlii
JI03BOJISIE 3HU3UTH piBeHb ypaxkeHHs PVM na 1,2-
2,4%, PVS na 0,6-0,9% (y xoHTpOIi 6€3 00p06oK 11
nokasHuku caranu 2,5% niua PVM ta 1,0 % nasa
PVS). 3a necukanii xapromnunHs coTy JKUTHHILS
3araJibHUH piBE€Hb JIATGHTHOTO YPa)KeHHS POCIHH
PVM 3um3uscs Ha 0,5-1,9%, PVS na 0,7-1,0 %
3aJie)KHO Bif BapiaHTa mocmuimy. Lle cBiguuTh mpo
MiABHUILEHHS 3araJbHOi PE3UCTEHTHOCTI POCIHH JI0
BIpYCHOTO HAaBaHT@XCHHA 32 YMOBU CTUMYJISIi{
¢izionoriuaux mporecis PPP.

3asiBa Mpo AOCTYMHICTH JaHUX: yCi IaHI HaBeIeHI
B TEKCTi CTaTTi.

Kondurikt inTepeciB: ABTOp 3asBusie Tpo
BIJICYTHICTh KOH(IIKTY 1HTEpPECIB.

®dinancyBanHsi: JIOCH/DKCHHS TIPOBOAMIN B
pamkax 3aBmanHa [IHJ[  «KapromispctBo»
21.00.03.09I1 BcraHOBIEHHS  3aKOHOMIPHOCTI
KOMIUIEKCHOTO BIUIUBY PETYISATOPIB POCTY, PiIKUX
NOOpHB,  TIO3aKOPEHEBOTO  Mi/DKUBJICHHS  Ta
3pomeHHss B ymoBax lliBgennoro Ilomiccs Ha
mporiec  (opMyBaHHS ~ HAciHHEBOI  (Qpakiii
o3nopoBieHoi  kapromimi. Ne  mepkpeectparii
01240000482.

Conclusions.

The studied preparations — Raykat,
Radifarm, and Farmayod — as well as their
combinations supplemented with the desiccation
procedure were found to reduce the infection rates
of PVM by 1.2-2.4% and PVS by 0.6-0.9%
(compared to the untreated control, where these
parameters reached 2.5% for PVM and 1.0% for
PVS). Due to desiccation of ‘Zhytnytsia’ potato
variety haulm, the overall level of latent plant
infection decreased by 0.5-1.9% for PVM and by
0.7-1.0% for PVS, depending on the experimental
variant. This indicates an increase in the general
resistance of plants to viral load when
physiological processes are stimulated by PGRs.
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included in the article.
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