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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,
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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.

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

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
2,2
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,

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



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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A/B/C; 8%
A/C; 4%

B/C; 1%
A/B; 8%

\

C; 2%

Inmi ; 2%

y

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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Taonuust 3. ATanTUBHICTH Ta CENICKIIiHA IIHHICTh COPTIB TPUTHKAIE 03uMoro, 2023-2025 pp.
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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