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Pedepar: Meta poOOTH — BCTaHOBHTH AU(EPEHITIAIiI0 KOMIUICKCHO-IIIHHUX 3pa3KiB TPUTHKAJIC 32
pIBHEM TBEPJIO3EPHOCTI cepel] CeleKIliifHoro Marepiany [HctutyTy pocnmmuuunTBa iM. B.f. FOp’eBa;
OILIIHUTH PiBEHb MIHJIMBOCTI 32 POKAMH JOCIIDKEHb Ta BUPIBHSHOCTI 3pa3KiB TPUTHKAJIE 32 O3HAKOIO
TBEPAO3EPHICTh; BUAUTUTH TCHOTHIM 3 TMiABHIECHOI TBEPAICTIO 3€pHA SK BUXIJHOTO Marepiary yis
MPOJIOBOJIKIOTO HANPSMKY CeNeKIii TpuTukaine. JlochimkeHHs poBOIMIM Y cxiiHii dacTuHi Jlicoctemy
VYkpainu. BusHauanu TBepicTh 3epHa 46 KOMIUIEKCHO I[IHHMX JIiHiN TpuTHKae siporo y 2021 ta 2023 pp.,
a takox 330 miHiil TpuTHKane siporo Ta 220 miHii TpuTHKaie o3umoro y 2023 p. PiBenb TBepHOCTi 3epHa
BU3HayasM Ha TBepromipi mpsamoi aii YPD-300D. BusnaueHHs CyTTEBOCTI Ta BIPOTiIHOCTI pi3HMILIb, a
TakoX BIUIMBY (DaKTOpiB TPOBONMIA 3 BUKOPUCTAHHSM OararoakTopHOro Ta OmHOGAKTOPHOTO
JqucrepciiHoro aHamilzy. Poku mocnikeHp 3HAYHO PI3HWIKMCH 32 TMOTOJHMMH YMOBaMH, HIO JIO3BOJIMIIO
00’€KTUBHO OLIHUTH BIUIMB YMOB HA MPOSIB TBEPAO3EPHOCTI. Y CEPEAHBOMY 3a JBa POKU IOCIHIIKEHb
piBEHB TBEPIO3EPHOCTI Yy 46 3paskiB Aporo TpuTHKaie BapitoBas Bia 110 no 183 H, mo Biamosinae rpymam
M’SIKO3EPHI, CepelIHbOM SIKO3EPHI Ta HAMiBTBEPJO3€pHi. BiibLIiCTh 3pa3KiB TPUTHKAIE SPOro 3a piBHEM
TBEPAOCTI 3epHA HaJIEXKAJIO JI0 TPYITU M SKO3EPHI Ta CEPEAHBOM IKO3epHi, AJie B OKpeMi POKH BUALISIIACH
Jly’e M’ SKO3epHI Ta TBep03epHi 3pa3ku. HaitOinbiy yacTky BHECKY Y 3arajibHy MIiHJIHMBICT O3HAKH MaB
(dakTop TeHOTUI Ta YMOBHU cepefoBuina — 29,9 ta 18,6 % BianoBigHO. 3HAYHO MEHIIWH, aje BipOTiIHO
ICTOTHMH BIUIMB Malla B3aeMmogis ¢aktopiB reHotun-cepenosume — 8,1 %. BusBreHo 3HauHy
JudepeHIialio 3pa3KiB 32 BUPIBHAHICTIO BEJIMYMH TBEPAO3EPHOCTI B Mexkax 3pa3ka. KoedimieHnT Bapianii
B Meax OfHOro 3paska cranoBuB 3—50 %. Bumineno 3pasku 3 Bucokum (V < 10 %), cepennim (V = 10—
20 %) Ta Hu3bKUM (V > 20 %) CTyIeHeM OIHOPITHOCTI 332 03HAKOIO TBEPJIICTh 3¢pHA. HaiOiibly MiHHICTH
AK JpKepeJia TIeBHOTO PiBHSA TBEPIOCTI 3epHA CTAHOBJIATH 3pa3Kd, CTAOUIBHI 32 POKAMH Ta OXHODIOHI 3a
€0 03HAKOI. BusBIIeHO OLTBIN cTAOUTBRHI 3pa3Kd 3a TPhOMa TPYNaMH TBEPJOCTI 3epHA: M’ SIKO3EPHI —
ATX 102-23 (V =4%), ATX 18-23 (V= 6%), ATX 40-23 (V=7 %), cepeansom’siko3epHi — ATX 132-23
(V=3%), ATX 11-23 (V=7 %), ATX 15-23 (V = 10 %) ta nanistBepao3epHi — ATX 108-23 (V=10 %),
ATX 99-23 (V = 13 %). Bunineno 3pas3ku 3 MiABUIICHUM PiBHEM TBEPIOCTI 3e€pHA Ta OLTBII CTA0ITEHIM
piBHAMH 11 TIPOsIBY, sIKI MOXYTh OyTH BHKOPHCTaHI B CeJIEKIIi sIK JpKepesa Ii€l o3Haku. Takox 3pasku 3i
CTaOUTLHUM TPOSBOM TBEPJO3CPHOCTI MOXKYTh BHKOPHUCTOBYBATHCH SK €TAJIOHH B MEXaX PI3HHX TPYII
TBepaocTi. JIJisl MOIIyKy HOBUX TEHOTHINIB 3 BHCOKHMM TIOTEHIiaIoM TBepnoro 3epHa y 2023 p. Oyno
JIOMIATKOBO JIOCIIPKEHO PiBEHb TBEPJOCTI 3epHA HA 3HAYHO MUpIIoMy Habopi reHoTurmiB: 330 spux ta 220
3pa3KiB 03UMHX TpUTHKaNE. Po3noain 3paskiB 3a rpynamu TBepA0CTi OyB MOAIOHNM cepel IPUX Ta O3UMHUX
¢opm. binbmry "acTKy ckianaroTh M SKO3E€pHI Ta cepenHboM sikozepHi reHotunu (78—80 %). Yactka
TBEPAO3CPHUX 3pa3KiB cTaHOBWIA 3 %, SIK y ApHX Tak 1 y o3uMux (Gopm. Y 2023 p., COpUSTIMBOMY UIS
(opMyBaHHSI BUCOKOI TBEPJOCTi, HAWBUIILY TBEPJO3EPHICTh cepell sipux 3paskiB mamm ATX 456-23 (247
H), ATX 139-23 (208 H), ATX 437-23 (207 H) ta AATX 565-23 (206 H) ta ATX 382-23 (201 H), a cepen
o3umux — TX3 883-23 (247 H), TX3 487-23 (212 H), TX3 406-23 (207 H), TX3 736-23 (205 H) Ta TX3
178-23 (202 H), mo BiAmoBizae piBHIO €TAIOHIB MIIEHUII TBEpI0oi a00 mepeBuuIye ix. Yci 3pa3ku rpymnu
TBEPJI03EPHI MOKA3aJIl BUCOKY 200 cepeiHIO ONHOPIAHICTD B MeKaX reHOTHITy (KoedilieHT Bapiamii V = 5—
20 %). BupineHi 3pa3ky, 3Ba)karoud Ha JOCUTHh BHCOKI PiBHI TBEPIOCTI 3€pHA Ta BUPIBHAHICTH 32 ILII€IO
03HAKOI0, CTAHOBIIATH 3HAYHY CEJEKIHHY IIHHICTh, aje MOTPeOyIOTh MOAABIINX JOCHI/PKEHb IO
CTaOUIBHOCTI MPOSIBY 03HAKY 32 Pi3HUX YMOB CEPEIOBUIIIA.
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Abstract: Goal of the work - to differentiate comprehensively valuable triticale accessions by kernel
hardness in the breeding material of the Yuriev Plant Production Institute; to evaluate the year-to-year
variability and uniformity of triticale accessions by the hardness trait; to select genotypes with increased
kernel hardness as starting materials for food triticale breeding. The study was conducted in the Eastern
Forest-Steppe of Ukraine. The kernel hardness of 46 comprehensively valuable spring triticale lines was
determined in 2021 and 2023; in addition, the kernel hardness of 330 spring triticale lines and 220 winter
triticale lines was determined in 2023. The kernel hardness was measured on a YPD-300D direct-acting
hardness tester. The significance of differences and contributions of factors were assessed by one-way and
multi-way ANOVA. The weather in the study years differed significantly, allowing for objective
assessments of the condition effects on hardness. On average for two study years, the hardness of 46 spring
triticale accessions varied from 110 N to 183 N, meaning that there were soft, medium-soft, and semi-hard
accessions in the sample. Most spring triticale accessions had soft or medium-soft kernels; however, very
soft- and hard-kemelled accessions were detected in some years. The genotype and environmental
conditions were the factors that made the greatest contributions to the total variability of the trait - 29.9 and
18.6%, respectively. The genotype-environment interaction exerted a much weaker but statistically
significant effect of 8.1%. The accessions differed significantly in intra-accession hardness uniformity. The
coefficient of intra-accession variation was 3—50%. Accessions with a high (CV <10 %), medium (CV =
10-20 %), and low (CV> 20 %) uniformity of kernel hardness were selected. The most stable and uniform
across the years accessions are most valuable as sources of certain levels of kernel hardness. The most
stable accessions were identified in three groups of kernel hardness: soft - YaTKh 102-23 (CV = 4%),
YaTKh 18-23 (CV = 6%), and YaTKh 40-23 (CV = 7%); medium-soft — YaTKh 132-23 (CV = 3%),
YaTKh 11-23 (CV = 7%), and YaTKh 15-23 (V = 10%); semi-hard — YaTKh 108-23 (CV = 10%) and
YaTKh 99- 23 (CV = 13%). Accessions with increased and more stable hardness of kernels were selected;
they can be used in breeding as sources of this trait. In addition, accessions with stable hardness can be
used as references within different hardness groups. To find new genotypes with high potentials of kernel
hardness, kernel hardness was additionally evaluated in a much bigger sample of genotypes in 2023: 330
spring and 220 winter triticale accessions. The distribution of the accessions by hardness groups was
similar for spring and winter forms. Soft- and medium-soft-kernelled genotypes accounted for a larger
share (78—80%). The share of hard-kernelled accessions was 3%, both among the spring and winter forms.
In 2023, which was a favorable year for high hardness, the highest kernel hardness was recorded for the
following spring accessions: YaTKh 456-23 (247 N), YaTKh 139-23 (208 N), YaTKh 437-23 (207 N),
YaTKh 565-23 (206 N), and YaTKh 382-23 (201 N). As to winter triticale, the highest kernel hardness
was recorded for TKhZ 883-23 (247 N), TKhZ 487-23 (212 N), TKhZ 406-23 (207 N), TKhZ 736-23 (205
N), and TKhZ 178-23 (202 N). These values correspond to durum wheat standards or exceed them. All
accessions of the hard group showed high or medium intra-accession uniformity (coefficient of variation
CV = 5-20%). The selected accessions, considering rather high and uniform hardness of kernels, are of
considerable breeding value but require further evaluations of the stability of this characteristic under
different environmental conditions.

Key words: triticale, hardness, source, genotype, stability

Beryn Introduction

Tputukane — amdiaumuoinHuii  riOpHUI
NIICHAIIl Ta JKUTa, IO TOEIHYE ANaNTUBHI Ta
TOCIIOJIAPCHKI  BJIIACTHBOCTI 000X  0OaThKiBCHKUX
BU/IB. 3HayHa IIHHICT, TPUTHKAIC TOJSITAE Y
MEHIIIA BHOAIMBOCTI W€l KyIbTYpd OO YMOB
BUPOIIYBaHHA 1 BHCOKiA Ol0JOTIUHIN LiHHOCTI
3epHa Ta 3ejeHol mMacu. Ha jganuii yac Tpurtukane

Triticale is an amphidiploid hybrid of
wheat and rye, which combines the adaptive and
economic features of both parental species.
Triticale is valued because it is a low-
maintenance crop with grain and green mass of
high biological value. Currently, triticale is

BUPOOJISIETHCS HA BCIX KOHTHMHEHTAX, MPUIATHUX 0
CLIIBCHKOTOCIIOAAPCHKOr0  BHUpOOHMITBA. CBiTOBE
BUPOOHUIITBO TPUTHKANE CKiamae 15,3 mMimH. T. Ha
PiK, KyJIETypa BHUPOIIY€EThCS Ha IO Oy3bKo 3,8
miH. Tta [1]. OcHOBHUM (aKkTOpoM 3pOCTaHHSI
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grown on all continents suitable for agricultural
production. The annual world production of
triticale is 15.3 million tons; the crop is grown on
about 3.8 million hectares [1]. The main factors
in the triticale production growth are its
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o0csriB  BUPOOHMIITBA TpUTHKANIE €  HOro
HEBUOATIIUBICTD bi (o) IPYHTOBHUX YMOB,
MOCYXOCTIHKICTB, BUCOKHUI OTEHIIa

YPOXKaWHOCTI Ta MOXJIMBICTh BHUKOPHCTAHHS B
opraniuHoMmy 3emiiepoOctBi. Lle mae 3mory
BUPOIIYBaTH HOTO B yMOBaX, HENPHIATHUX I
BUPOIIYBaHHS MIIeHUI [2].

[TepeBa)kHO TPUTHKAJIE BAKOPHCTOBYETHCS SIK
KOpMOBa KyIbTypa — Ha 3epHO(ypax Ta 3eIeHHH
KOpM, OCKUIBKM Ma€ BHCOKMH BMICT Ollka 3
ONTHMAJIBGHO  30aJIAHCOBaHMM  aMIHOKHCJIIOTHHM
ckiazoM. JIoCHTh TEpCIeKTHBHHM HANpsIMOM €
IPOJOBOJIEIEC BUKOPUCTAHHA TPUTHUKANE. 3aBISKH
IIMPOKOMY  PI3HOMAHITTIO ~ OIOJOTIYHO  I[IHHHX
CHONYK y 3€pHI TpPHTHKaJie, BOHO Ma€ BEIIUKHIA
MOTEHINIAN JIi BAPOOHUIITBA XapUOBUX MPOIYKTIB
Ta HaroiB.

OcraHHIM 4acoM PO3LIMPUIIOCH
BUKOPUCTAHHS TPUTHKAJIE B XapyoBiit
MPOMHUCIIOBOCTI. X0 3 TpUTHKale TepeBepIIye
NICHUYHUI 32 TIOKUBHOKO IIHHICTIO. 3aBISKH
BACOKOMY BMICTy 1 30aTaHCOBAHOCTI I[IHHUX
XIMIYHHX  CIONYK TIPOAYKTH 3  TpPUTHKAJe
BIZIIrpatOTh  YHIKaJbHY POJb Y  JIETUYHOMY
XapuyBaHHI Jiogedl 3 TOpYLIEHHSM OOMiHY
pPEYOBHH. 3epHO TPUTHKAJIE MICTHTh 3HAYHY
KUTBKICTh ()CHONBHUX 1 (DIaBOHOINHMX CHOJIK,
BiTaMiHiB, MaKpo- Ta MikpoeJieMeHTiB. OcoOIMBY
IIHHICTH MA€ IUTBPHO3EPHOBE OOPOITHO TPUTHKAJIE
[3]. BuciBku € OaratuMm mxepenoM (pyKTaHiB,
LENION03M, TEeMIlEIoNo3U, JIrHiHY, [-TIOKaHy,
Oinka, BitramiHiB B 1 E, wminepaniB, deHombHHX
CIONYK Ta  ajKiapu3opuuHONiB.  EHjocmepm
MIiCTHTE KpOXMaJib, O11I0K, LICJTFOJIO03Y,
reMiremonosy, apabiHOKCWiIaHW, BiramiH B Ta
3a1i30. Y 3apojiKy 30cepepkeHi (hpyKTaHu, JTHIH,
xupy, Bitaminu B i E, minepanbHi peuoBunu [4].
OcranHiM YacoM Oyno pPO3po0IeHO TEXHOJOTril
BUpOOHMUTBAa XxJi0a, I€eYnBa, MaKapOHHUX Ta
KOHJMTEPCHKUX BHUPOOIB i3 OOpOIHA TpPUTHKAJE
[5]. v XJTIOOTIEKaPChKii MTPOMHUCJIOBOCTI
HAHOIBIIOrO MOLIUPEHHA 37400yJIM TEXHOJOril 3
BUKOPUCTAHHAM  CyMilledl  NIICHUYHOTO  Ta
TpUTHKaIeBOro OopoiHa [6, 7].

TexcTypa 3epHa TOJOBHHM YHHOM BILIMBAE
Ha BOJIONOIIMHAHHS, BHXiJ OOpoIHa 1 SKICTh
MOMEJTyY, 3yMOBIIOIOUM PO3MIp YaCTHHOK OOpOIIHa
Ta YacTKy MOIIKOLKEHOTO KpoxmMaito. Bigomo, 1o
OlMpIIICTE COPTIB TPUTHKAJE MAalOTh M AKY
TEKCTypy EHAOCIEpMY, a TICTO TIOCTYIA€ThCS
MIICHUIHOMY 3a TEXHOJIOTTYHUMH Ta
peosnoriyuHuMu  BiracTuBocTsMH. Lle  oOmexye
MOIUT Ha XJII000yI04YHEe BUPOOHUIITBO 13 OOpOITHA
TPHUTHUKAJIC Y YACTOMY BHIVISII.

3HAYHOr0 MIABUINEHHS SKICHHX MOKA3HUKIB

unpretentiousness to soils, drought tolerance,
high yield capacity, and suitability for organic
farming. Hence, triticale can be grown in
locations where wheat growing is impossible [2].

Triticale is mainly used as a fodder crop,
for grain fodder and green fodder, as it is rich in
protein with an optimally balanced amino acid
composition. Food triticale seems quite
promising. Due to different biologically valuable
compounds in ftriticale grain, it has a great
potential for food and beverage industries.

Recently, the use of ftriticale in food
industry has been expanded. Triticale bread is
superior to wheat bread in terms of nutritional
value. Due to high and balanced contents of
valuable chemical compounds, triticale products
play a unique role in diets for people with
metabolic disorders. Triticale grain contains
significant amounts of phenolic and flavonoid
compounds, vitamins, macro- and
micronitrientss. Whole triticale flour is of
particular value [3]. Triticale bran is a rich source
of fructans, cellulose, hemicellulose, lignin, f-
glucan, protein, vitamins B and E, minerals,
phenolic compounds, and alkyl resorcinols.
Triticale endosperm contains starch, protein,
cellulose, hemicellulose, arabinoxylans, vitamin
B, and iron. Fructans, lignin, fats, vitamins B and
E, and minerals are concentrated in the germ [4].
Recently, technologies for manufacturing bread,
cookies, pasta, and confectionery products from
triticale flour have been developed [5].
Technologies wusing wheat - triticale flour
mixtures have become the most widespread in
baking industry [6, 7].

Grain texture mainly affects water
absorption, flour output, and milling quality,
determining the size of flour particles and the
proportion of damaged starch. It is known that
most triticale cultivars have a soft endosperm,
and triticale dough is inferior to wheat dough in
terms of technological and rheological
properties. This limits the demand for bakery
products from pure triticale flour.

Triticale  quality = was  significantly
improved via creating substituted triticale, in
which some chromosomes of the A, B, and R
genomes are partially replaced by the
corresponding chromosomes of the D genome of
bread wheat. This was achieved through direct-
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TPHUTHKAJIC BIAJIOCS JOCSTTH MUIIXOM CTBOPSHHS
3aMIiIEHUX TPUTHKale, Yy SAKHX XPOMOCOMH
resomiB A, B 1 R wuacTtkoBOo 3amiHeHI Ha
xpomocomu reHomMy D wm’skoi mmenumi. Lle
JOCATAETHCS. TPOBEACHHAM NPSMHUX 1 3BOPOTHHX
CXpellyBaHb MDK NEpPBHHHHMH  OKTO-  Ta
reKcaruioiiaMi, BTOPUHHUMH  TpPUTHKalle Ta
TPUTHKaJe 3 TNIIEHHUIE. 3aMillleHi TpHUTUKae
MOKA3yloTh ~ 3HAauHe  30UTbIICHHS  MMOKAa3HHKA
celMMeHTaiii, sKuid ~ OOyMOBIIOE  MIIHICTh
KJICHKOBHHH Ta MOKpaIlye skicTh Ticta [§]. [HImor0
npobnemoro, sika TOTpeOye  BUPIICHHS, €
MIJBHUIICHHS TBEPIOCTI 3epHA.

Bimomo, 1o y mimeHMIn CTymiHb TBEPAOCTI
€HJOCHEepPMY BH3HAYAETHCS KOMIUIEKCOM OUIKiB
¢piabuTiHIB, SIKMA  CKJAJaeThcsi 3 OUIKIB
nypoingonid-a (PINA) ta mypoingonin-B (PINB).
HasBHicTh 1mmMx OUIKIB  3yMOBIIOE M SIKUH
eHpocriepM. [eHeTWYHWIA KOHTPOJNHh HAsBHOCTI
MYPOIHJIONIHOBHUX OINKIB y M’SKO1 MIICHUII HECYTh
rean Pina Ta Pinb, mo po3ramoBaHi B JOKYyCi
tBepaocti (Ha) ma xpomocomi 5D. Bimbmricts
TeHOTHUITIB M’SIKOT TIICHUIII € M SIKO3EPHUMH, aje
SKIio0 xoua O omuH 3 OuikiB PIN BigcyTHidi uum
MYTOBaHHH, TEKCTypa €HAOCIEpPMY  TBEpAa.
[TonibHI TeHW KOHTPOIIIO MYPOIHIOMIHOTOMIOHUX
OinkiB Oynu ieHTH(IKOBaHI y KUTA HA XPOMOCOMI
5R i mHasBani cekanoinmoiiHom (Sina, Sinb).
BBaxaerbcs, MmO camMe BOHH 3YMOBIIOIOTH
M’SIKO3EPHICTh Y OUTBIIOCTI TEHOTHITIB TPUTHUKAJIE.
[9]. Ane iHmN mOCHimKEHHS IOKA3alu, IO CTaH
rexiB Sina ta Sinb He BIiMBa€ Ha 3MiHY TBEPIOCTI
3epHa TpPUTUKaJE, SK I€ CIOCTEPIraeThCsl Y
mennni  [10]. Takok icHye iH(oOpMaris, 110
HasIBHICTh y TpUTHKase (piabeiiHiB Ha rpaHynax
KpOXMaJll0 He Majia iCTOTHOTO 3B’S3KY 3 TBEPJICTIO
3epHa, ajie BIUIMBAJIa Ha IMOKAa3HUK CETUMEHTAIlil
[11].

IIepeBaxna OLTBIIICTD 3aMiIIEHUX
tputukane (AABBDR) warote 3amimeny 2R
xpomocomy Ha 2D [12], mo 3Ha4HO MOKpaIrye
AKICTh KJICHIKOBHHH, ajie¢ HE BILUIMBAE HA TBEPHICTh
3epHa. ToMy JOCHTH aKTyaJbHHUM € IOLIYK CEpen
TEHETUYHOTO  PI3HOMAHITT  Ta  CTBOPEHHS
TPUTHKaJE 3 TBEpAUM eHjocrnepmoM. Lle HeoOxinHa
YMOBa Uil TOKPAILIEHHS MOMONY, IO CIPUSTHME
MIMPOKOMY  BOPOBA/UKCHHIO  TPUTHKAIE Y
XJ1I00NIEKaPChKY TPOMHUCIIOBICTE.

BcTranoBneno, 1m0 TepBUHHI OKTOIUIOIMHI
TPUTHKAJIE MAIOTh M SIKy TEKCTypYy €HIOCIIepMY, a
cepell BTOPUHHUX Ta 3aMillleHUX CIOCTEPiraeThCs
mmpiinid - gianasoH  TtBeppocti  [13].  IcHyroua
MIHJIUBICTh TPUTHKAIE 32 PIBHEM TBEPJO3EPHOCTI
BU3HAYAETHCS TCHOTHIIOM COPTY, YHHHHKAMH
HABKOJMIIHBOTO CEPEAOBHUIIA Ta iX B3AEMOIIEIO
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and back-crosses between primary octo- and
hexaploids, secondary triticale, and triticale with
wheat. Substituted triticale has significantly
increased  sedimentation  indices,  which
determine gluten strength and mean improved
dough quality [8]. Another problem to be solved
is increased kernel hardness.

It is known that wheat endosperm hardness
is determined by the friabilin protein complex,
consisting of puroindoline a (PINA) and
puroindoline b (PINB). These proteins make the
endosperm soft. In bread wheat, puroindolines
are encoded by the Pina and Pinb genes located
in the hardness locus (Ha) on chromosome 5D.
Most bread wheat genotypes are soft, but if at
least one of the PIN proteins is missing or
mutated, the endosperm becomes hard. Similar
genes for puroindoline-like proteins were
identified in rye on chromosome 5R and named
secaloindoline (Sina, Sinb). It is believed that
they are responsible for soft kernels in most
triticale genotypes. [9]. Nevertheless, other
studies showed that the Sina and Sinb genes did
not affect triticale kernel hardness, unlike similar
genes in wheat [10]. There is also information
that triticale friabilins on starch granules were
not associated with kernel hardness, but
influenced the sedimentation index [11].

In the vast majority of substituted triticale
(AABBDR), chromosome 2R is replaced by 2D
[12], which significantly improves gluten quality
but does not affect kernel hardness. Therefore,
the search among genetic diversity for and the
creation of triticale with hard endosperm are
quite relevant. This is a prerequisite for improved
milling, which will contribute to the widespread
introduction of triticale into bakery industry.

Primary octoploid triticales were revealed
to have a soft endosperm, and a wider range of
hardness was observed among secondary and
substituted ones [13]. The existing variability of
triticale kernel hardness is determined by the
genotype of a cultivar, environmental factors,
and their interaction [14]. The kernel hardness
issue was studied in small samples of genotypes,
so it requires more detailed research.

Our purpose was to differentiate
comprehensively valuable triticale accessions by
kernel hardness in the breeding material of the
Yuriev Plant Production Institute of NAAS of
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[14]. IluranHs TBepAOCTI 3€pHA NOCIIHKEHE Ha
MaJoMy HabOpi reHOTHUIIIB, TOMY HOTpeOye OibIn
JACTAJIbHOI'O BUBYUYCHHS.

Mertoto Hamioi poOoTi Oyllo BCTaHOBIICHHSI
mudepeHmianii  KOMIUIEKCHO-IIIHHUX — 3pasKiB
TPUTHKale 3a PIBHEM TBEPJO3EPHOCTI cepen
CeJISKIIHOTO MaTepiany [HCTUTYTy pOCIMHHHIITBA
im. B.A. IOp’eBa HAAH Vkpainun. Takox
OIIHIOBAallM  PiBEHb MIHJMBOCTI 32  POKaMHU
JOCJIIDKEHb Ta BUPIBHAHICTH 3pa3KiB 3a O03HAKOIO
TBEPAO3CPHICTh JUIi BUJAUICHHS TCHOTHUIIIB 3
MiJBUIICHOI0 TBEPMAICTIO 3€pHA SK BHUXIiTHOTO
Marepiany JUisi TPOIOBOJILYOTO HAMPSIMY CEJNeKITil
TPHUTHKAJIC.

Marepiaj Ta yMOBH A0CTiTKeHb

Hocnimxenns npooaunu y 2021 ta 2023 pp.
Ha CeNeKIiiHii 0a3i [HCTUTYTy pOCTMHHHIITBA M.
B.A. Op’esa HAAH, sika po3ramioBaHa y cxXimHii
gactuni Jlicoctemy VYkpainum (XapkiBcbka OOIL,
XapkiBcbkuil p-H). Kiimar y 30HI mpoBeneHHs
JIOCITI/PKEHb MOMipHO-KOHTHHEHTAITLHHAM.
CepenHbopiuHa TeMmmeparypa TOBITPS CTaHOBUTh
6°C. JlitTHi MicsAll XapakTepU3yIOTbCS OOCHUTDH
BHCOKOIO  TEMIIEpaTypor0  MOBITpS:  CepemHs
OaraTopiuHa TemImeparypa B YEPBHI CTAaHOBUTh
19,1°C, nunni 21,0°C, cepmui 19,7°C. IpynToBuii
NOKPUB  NPEACTABICHHH  MOTY)KHHUM  clabo
BIUIyTYBaHMM  YOPHO3EMOM  Ha  IIMJIOBATO-
CYDIMHUCTOMY JIECi 3 TOBIIMHOIO TyMYCOBOTO HIapy
75 cm i Oimpie mpu BMIcTi rymycy 5,5-7,3 %;
XapaKTepH3YEThCSI arPOHOMIYHO I[IHHOKO TPYAKOBO-
3epHUCTOI0 CTPYKTYpOIO, BEJIMKHUMH 3aracaMu
JNOCTYIIHUX  TOXKUBHUX  peYoBHH.  Peaxiis
IPYHTOBOIO po3urHy cnadbokucna (pH=>5,7-6,0).

Jns BU3HA4YEHHsI PiBHS TBEPAO3EPHOCTI Ta
OI[IHKMA MIHJIMBOCTI ITi€] O3HAKA MPOTSITOM JBOX
POKIB BHU3Ha4Yalu TBEPAICTb 3epHa 46 KOMIUICKCHO
LIHHUX JIHIA TPUTHKAJC SPOro y KOHKYPCHOMY
COpTOBHUIIPOOYBaHHI. Takox  mWisi  OOLIYKY
TBepro3epHUX reHotumie y 2023 p. Oyno
JIOMIATKOBO TIPOAHAi30BaHO TBEPAICTh 3epHa 330
JiHIM Tputhkane sporo Ta 220 miHIM TpuUTHKaie
03MMOTO TIONEPEAHBOTO COPTOBUIIPOOYBaHHS.

TBepmicTh 3epHa BH3HAYaIM Ha TBEPJOMIpi
npsamoi aii YPD-300D 3a MeTonukoro, sika IoJisrae
y  BUMIPDIOBaHHI ~ MaKCUMAaJbHOTO  3yCHILIS,
HE0OX1AHOTO Ul pyHHYBaHHA  TEKCTypH
eHjocnepMy IULIXOM (i3uuHOT Aii Ha OKpemy
3epHiBKY, Ta BU3HauaeThecsi y Hetoronax (H) [15].
s MeToauka TICHO KOPETIOE 3 IHIIMMHU METONAMHU
OIIIHKK TBEPJO3EPHOCTI (32 1HJEKCOM pPO3MIpy
YaCTOK [TOMEITY, 3aTparaMy €Heprii Ha MoApiOHeHHS
1 r 3epHa, maHMMHU iH(padepBOHOI CIIEKTPOMETPil

Ukraine. We also evaluated the year-to-year
variability and uniformity of kernel hardness in
accessions to select genotypes with increased
kernel hardness as starting materials for food
triticale breeding,

Materials and Conditions

The study was carried out at the Breeding
Center of the Yuriev Plant Production Institute of
NAAS, which is located in the Eastern Forest-
Steppe  of Ukraine (Kharkivska Oblast,
Kharkivskyi District), in 2021 and 2023. The
climate in the study location is temperate-
continental. The mean annual air temperature is
6°C. The summer months are characterized by
rather high air temperature: the mean long-term
temperature is 19.1°C in June, 21.0°C in July,
and 19.7°C in August. The soil is thick weakly
leached chernozem on dusty loamy loess with a
humus layer thickness of >75 cm and a humus
content of 5.5-7.3%; it has an agronomically
valuable lumpy-granular structure and large
reserves of available nutrients. The soil solution
reaction is weakly acidic (pH=5.7-6.0).

To determine kernel hardness and assess
the variability of this characteristic, the kernel
hardness of 46 comprehensively valuable spring
triticale lines was determined in a two-year
competitive variety trial. In addition, to search
for genotypes with hard kernels, the kernel
hardness of 330 spring ftriticale lines and 220
winter triticale lines was additionally analyzed in
a preliminary variety trial in 2023.

Kernel hardness was measured on a YPD-
300D direct-acting hardness tester. In this
method, the maximum physical force required to
crush the endosperm of an individual kernel is
measured in Newtons (N) [15]. This technique is
closely correlated with other methods for kernel
hardness assessments (by milled particle size,
energy consumption for milling 1 g of grain,
infrared spectrometry data, etc.) [16, 17, 18]. Ten
kernels were evaluated for each accession. The
uniformity of the accessions in terms of kernel
hardness was assessed by coefficient of variation
for replications within an accession. The
accessions were categorized into hardness groups
using a scale for bread wheat: hard (> 190 N),
semi-hard (162—190 N), medium-soft (133-161

36 ISSN 1026-9959. Plant Breeding and Seed Production. 2024. 125



Ta iH.) [16, 17, 18]. 3a KOXKHUM 3pa3KOM OIIHIOBAJIH
10 3epen. BupiBHAHICTH 3pa3KiB 3a O03HAKOIO
TBEPIIO3CPHICTh  OIiHIOBaIM 332  Koe(illieHTOM
Bapiallii 3HaueHb 3a TIOBTOPEHHSIMH B MeEXax
3pa3ka.  Posmomin  3paskiB  3a  rpymamu
TBEPAO3CPHOCTI IMPOBEJCHO 32 IMIKAJOK I
miieHuIi  Mskoi:  TBephozepHi (> 190 H),
HAaITiBTBEPI03€PHI (162-190 H),
cepenabom’sikozepri  (133-161 H), ™’ sxo3epHi
(104-132 H), nyxe m’sikozepHi (<104 H). Etanonu
— coptH mueHuni M’sikoi sipoi XapkiBceka 30 Ta
o3umoi bormana, a TakoX TIMIIEHUII TBEPAOi Spoi
XapkiBcbka 39 ta o3umoi LlynuHiHKa.
BusHaueHHsT BIpOTigHOCTI Pi3HUILb, BIUIMBY
(hakTOpiB  «ICHOTHI», «CEPEHOBHIIE» Ta  iX
B3Aa€EMOZii Ha TPOSB O3HAKM NPOBOAWIH 3
BUKOPHUCTAHHSIM OararohakTOpHOTO Ta
0HO(AKTOPHOTO AUCTIepciitHoro aHamizy [19].
[Toromui ymoBu mepmoi momoBuau 2021 p.
OyaM CHOPUSTIMBAMH JJISi POCTY 1 PO3BUTKY
poCIMH. 3amac BOJOTM B IPYHTI Ta JOCTaTHE
BOJIOT03a0€3MeUeHHs] i  Yac  MPOpPOCTaHHS
HACIHHS CIIPHSUIM PIBHOMIPHIN Ta CBO€YACHIH MOsIBI
cxomiB. BaxnmuBi eram pPO3BUTKY pOCIMH —
KyOICHHS Ta  KOJOCIHHS  CYHpPOBOKYBAJIHChH
PIBHOMIDHUMH  ONaJaMH 3  [EPECBHINCHHSIM
cepeqHbOOAraTopiuHUX  piBHIB. Ase  mepiox
¢dopMyBaHHS Ta HaJMBY 3epHa CYHPOBOKYBABCS
3HAYHOIO TIOCYXOI0 Ta BHUCOKHMH TEeMIIEpaTypaMH
MOBITPS, MO0 HETATHBHO BILTMHYJIO HA KPYIHICTb,
BUIIOBHEHICTh 3€pHA Ta TMOKA3HUKH HOTO SIKOCTI.
YmoBu 2023 p. Oymu Onbll CHOPUSTIMBUMH IS
pocty i po3BUTKY Tputhkane. [lepion Bererarii
pocimH CYTIPOBOJIXKYBaBCS HIepioTUYHIUMHU
HETPHBAIUMH TIOCYXaMH, ajeé Yy CEepeaHbOMY
KUTBKICTh OMAiB Ta TeMIleparypa TOBITps Oyiu
OJIM3BKUMH JIO CepeaHboOaraTopiuHux piBHIB. Lle
cnpusiio  OpMyBaHHIO KPYMHOIO 3€pHa Ta
MO3UTUBHO BIUIMHYJIO Ha Horo skicTe. Takum
YHHOM, POKH JOCHIPKEHb 3HAYHO PI3HWINCS 3a
MOTOAHUMH yYMOBaMH, IO JIO3BOJIMJIO 00’ €KTHBHO
OLIIHUTH BIUIMB YMOB Ha MPOSIB TBEPAO3EPHOCTI.

Pe3yabTaru Ta 00roBOpeHHA

VY cepemHpOoMy 3a J1BA POKH JIOCTI/DKCHb
piBEHb TBEPIO3CPHOCTI y 46 3pa3kiB sporo
TputHkaie BapitroBaB Big 110 mo 183 H, mo
BifIMOBiTa€e rpynam M’ SIKO3EpHI,
CepeIHbOM SIKO3EPHI Ta HaIIBTBEP03CPHI.
BongHouac B okpeMi poOKH criocTepiraBcsi piBeHb
MPOSIBY BiJl Ay>K€ M SIKO3EPHUX 10 TBEpAO3epHUX. B
ymoBax 2021 p., sikuii OyB HECIPUSATIUBUM ITiJ] 4ac
HAJIMBY 3€pHA, CepelnHiil piBeHb TBEpAOCTI OyB
HkunM (Bix 84 mo 163 H) mopiBHSHO 3 ymMOBaMu
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N), soft (104-132 N), and very soft (<104 N).
Spring bread wheat cv's. 'Kharkivska 30', winter
bread cv. 'Bohdana’, spring pasta wheat cv.
'Kharkivska 39', and winter pasta wheat
'Shulyndinka' were taken as references.

Significance of  differences and
contributions of the "genotype", "environment"
and "genotype-environment interaction" factors
to this characteristic were evaluated by one-way
and multi-way ANOVA [19].

The weather in the first half of 2021 was
favorable for plant growth and development. A
moisture reserve in the soil and sufficient wetting
during seed germination provided uniform and
timely emergence of seedlings. The important
stages of plant development, tillering and earing,
were accompanied by uniform precipitation
exceeding the mean long-term values. However,
grain setting and filling occurred under a
significant drought and at high air temperatures,
which negatively affected the grain size,
plumpness, and quality. 2023 was more favorable
for the growth and development of triticale. The
plant vegetation was accompanied by periodic
short droughts, but the mean amount of
precipitation and air temperature were close to
the mean long-term values. This contributed to
the formation of large kernels and had a positive
effect on grain quality. Thus, the study years
differed significantly in terms of weather
conditions, which allowed us to objectively
assess the impact of conditions on kernel
hardness.

Results and Discussion

On average for the two study years, the
kernel hardness in 46 spring triticale accessions
varied from 110 N to 183 N, corresponding to the
soft, medium-soft, and semi-hard groups. At the
same time, in some years, accessions with very
soft and hard kernels were detected. In 2021,
which had an unfavorable period during grain
filling, the mean hardness was lower (from 84 N
to 163 N) than in 2023, when the kernel hardness
varied from 135 N to 202 N (Fig. 1). In 2023, the
highest hardness was recorded for the following
accessions: YaTKh 121-23 (214 N), YaTKh 105-
23 (203 N), YaTKh 163-23 (202 N), YaTKh 147-
23 (201 N), and YaTKh 99-23 (196 N). YaTKh
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2023 p., KonM TBEpAO3EpHICTh BapitoBana Big 135
no 202 H (puc. 1). HaliBummii piBeHb TBEpAOCTI
mamu 3pazku ATX 121-23 (214 H), ATX 105-23
(203 H), ATX 163-23 (202 H), ATX 147-23 (201
H) ta ATX 99-23 (196 H) y 2023 p. Haiim’sikime
3epHo mamm 3pasku ATX 121-23 (84 H), ATX 131-
23 (85 H), ATX 13-23 (94 H) ta ATX 40-23 (100
H)y 2021 p.

121-23 (84 N), YaTKh 131-23 (85 N), YaTKh
13-23 (94 N), and YaTKh 40-23 (100 N) had the
softest kernels in 2021.

= 30
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Puc. 1. Po3nonis 3pa3kiB TPUTHKAJE IPOTO 3a PiBHEM TBEPIO3EPHOCTI 3aJI€KHO BiJl yMOB POKY: JTyKe
M’siko3epHi (JIM), M’ saxo3epHi (M), cepearnom’sikozepHi (CM), nHanisrBepao3epHi (HT), tBepmosepHi (T).
Fig. 1. Distribution of the spring triticale accessions by kernel hardness depending on the year conditions:
very soft (JIM), soft (M), medium-soft (CM), semi-hard (HT), hard (T). X axis - Hardness group; Y axis -
Number of accessions.
Note. Cepenne - Mean

Jucniepciiinmii  aHami3
HANROUTBIIHIA BILJIUB Ha dhopmyBaHHs
TBEpAO3CPHOCTI MaB TCHOTUI Ta  YMOBH
cepenoBuiia. DakTop TEHOTHII MaB HaWOULIBITY
YacTKy BHECKY Y 3arajlbHy MIHJIHMBICTb O3HaKH —
29,9 %, yMOBHU CepeIOBUINA TAKOK Mald 3HAYHUMI
BILTUB — 18,6 %. 3HauHO MEHIIHIA, asie BipOTiaHUN

[OKa3aB, IO

BIUIMB Majla B3aeMofis (aKTOpiB TEHOTHII-
cepenosuiie — 8,1 %. [lonibui pesynbratu Oynu
nokasaHi B gocmimkeHHsax — Kselikova i1

CITIBABTOPIB HA YECHKUX 3pa3kax TPUTHKAJE, Jic
HAWOUIBIINIA BIUIMB HAa MIHJIMBICTH TBEPIOCTI
3epHa MaJld YMOBH POKY Ta reHoTw [ 14].
Binprricte 3paskiB  TPUTHKAJE SPOTO 32
piBHEM TBEpJIOCTI 3epHA Halexkala JO TpYyIu
M’SIKO3€pHI  Ta  cepenHboM’siko3epHi.  Lle
CIOCTEPIraJioch SK y CepelHbOMY 3a JIBa POKH,
TaK 1 OKpEeMO 3a poKaMHu. Y CEepelIHbOMY DPiBEHb
TBEPIO3EPHOCTI Yy  JOCHIKYBaHMX  3pa3KiB
BIZINIOBiAaB YOTHPHOM TIpyIlaM TBEPAOCTI: IyKe
M’siko3epHi — 1 3paszok (2 %), m’sko3epHi — 18
3paskiB (39 %), cepenHbpoM’sK03epHi — 21 3pa3ok
(46 %) Ta mamiBTBepmo3epHi — 6 3pa3kiB (13 %).
3BakalouM Ha 3HAYHWI BIUTMB YMOB CEpEIOBHIIA
Ha (opMyBaHHS TBEPIOCTI 3epHA, JOCUTh IIIHHUM
€ BUIUICHHS 3pa3KiB, SKi MamTh OUIBII

ANOVA showed that the genotype and
environmental conditions had the greatest
effects on kernel hardness. The "genotype"
factor made the largest contribution to the total
variability of the characteristics (29.9%);
environmental conditions also had a significant
effect (18.6%). The '"genotype-environment
interaction" factor had a much smaller, but still
significant effect (8.1%). Similar results were
obtained by Kselikova and her co-authors on
Czech ftriticale accessions: the year conditions
and genotype had the greatest influence on the
variability of kernel hardness [14].

Most spring triticale accessions were in
the soft or medium-soft group. This pattern was
traced both for the mean value for the two
study years and for separate years. On average,
the kernel hardness in the studied accessions
corresponded to four groups of hardness: very
soft - 1 accession (2%), soft - 18 accessions
(39%), medium-soft - 21 accessions (46%), and
semi-hard - 6 accessions (13 %). Given the
significant  influence of  environmental
conditions on kernel hardness, it is quite
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CTabiIbHUM TPOSB Wi€l O3HAKH 32 POKAMH.
Haii6inbiry miHHICTB K HKepeia IEeBHOTO PiBHS
TBEPAOCTI 3¢pHAa CTAHOBIATH 3pa3KH, OUIBII
cTabibHI Ta OMHOPIAHI 3a i€t o3Hakow. bymo
BUJIJICHO HalOUIbII CTAOUIBHI 3pa3Kd 3a TPhOMa
rpynaMd  TBEpJOCTI  3epHa: M’SIKO3€pHI,
CepeIHbOM SIKO3EPHI Ta HaIlIBTBEpAO3epHi (Tal.

1.

important to select accessions with a more
stable manifestation of this characteristic over
the years. Accessions that are more stable and
uniform in this respect are the most valuable
sources of certain levels of kernel hardness.
The most stable accessions were selected in
three hardness groups: soft, medium-soft, and
semi-hard (Table 1).

Taéauus 1. 3pas3ku Aporo TPUTHKAIIE 31 CTAO UTBHUM MPOSBOM PiBHS TBEPIA03EPHOCTI
Table 1. Spring triticale accessions with stable hardness of kernels

KoedinienT Bapianii, V, %
Teepaicts, H (Hardness, N) (Coefticient of variation,
CV, %)
Hasga 3paska (Accession) y MeXax
3a poKamu 3paska
2021 p. (2021) | 2023 p. (2023) |cepenns (Mean) (Year-to-year) (Intra-
accession)
M’siko3epHi (Soft)
SATX (YaTKh) 40-23 100 110 105 16 7
ATX (YaTKh) 21-23 102 126 114 16 15
ATX (YaTKh) 124-23 105 144 124 9 22
ATX (YaTKh) 102-23 129 122 126 16 4
ATX (YaTKh) 18-23 132 122 127 17 6
ATX (YaTKh) 46-23 118 138 128 15 11
ATX (YaTKh) 62-23 147 113 130 19 19
cepeanboM’sikosepHi (Medium-soft)
ATX (YaTKh) 132-23 141 135 138 15 3
ATX (YaTKh) 16-23 122 158 140 16 18
ATX (YaTKh) 156-23 122 159 141 10 19
ATX (YaTKh) 15-23 132 151 141 15 10
ATX (YaTKh) 105-23 130 153 142 11 11
ATX (YaTKh) 11-23 151 137 144 18 7
ATX (YaTKh) 43-23 134 177 155 15 20
HamiBTBepa03epHi (Semi-hard)
ATX (YaTKh) 108-23 155 178 167 16 10
SATX (YaTKh) 99-23 160 196 178 14 13
ATX (YaTKh) 147-23 147 201 174 17 22
ATX (YaTKh) 135-23 163 202 183 10 15
HIP os 3aramsaa (LSDos total) — - 6 - -
HIP 05 3a hakropom renorun
(LSDos for the "genotype" factor) - — 14 - -
HIP o5 3a paxropom pix (LSDos for
the "year" factor) - — 15 - -

Y 2021 p. posmofin 3pas3kiB 3a rpynamu
TBeprocTi OyB TakuM: Oyke M siko3epHi — 15 %,
M’sko3epHi — 57 %, cepenHbom’siko3epHi — 24 %,
HamiBTBepao3epHi — 4 %, TBEeplO3epHI — HE
BusiBiieHO. Y 2023 p., B yMOBaX SIKOrO BCi 3pa3ku
Manyd BHWIIY TBEPHICT 3€pHA, pO3MOAin OyB
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In 2021, the distribution of the
accessions by hardness groups was as follows:
very soft - 15%, soft - 57%, medium-soft -
24%, semi-hard - 4%, hard - not detected. In
2023, all accessions formed harder kernels and
the distribution was as follows: very soft - not
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HACTYITHUM: Jy)K€ M SKO3epHI — HE BHSBICHO,
M’siko3epHi — 20 %, cepeaHboM’ siko3epHI — 52 %,
HaniBTBepa03epHi — 17 %, TBepmo3epHi — 11 %.

KoedirmienT Bapialiii 3a pokaMu J0CiHKEHb
BapitoBaB Bim 2 g0 36 %. Kpim Toro, meton
BUMIDIOBaHHS OKPEMHX 3€PHIBOK  JIO3BOJIUB
OI[IHUTH BUPIBHAHICTh O3HAKW TBEPHICTh 3€PHA Y
MeKaxX KOKHOTO 3paska. BusBIeHO 3Ha4YHYy
JUQEepeHITialito 3pa3KiB 3a BHPIBHSIHICTIO PIBHS
TBEPAO3EPHOCTI B Mekax 3paska. KoedimieHT
Bapiallii B MeXax OJHOTO 3pa3ka CTAaHOBHUB 3—
50 %. bynu Bupineni 3pasku 3 BUCOKUM (V <
10 %), cepeanim (V = 10-20 %) ta HU3bKUM (V >
20 %) cTymeHeM OJHOPITHOCTI 3a O3HAKOIO
TBEPIICTH 3€pHA.

Cepen Tpynu M’ SIKO3CpHHX  HaWOUIBII
BUPIBHSHUMHU 3a PIBHEM TBEPIOCTI 3¢pHa Oyiu
3pazku ATX 102-23 (V = 4%), ATX 18-23 (V =
6%) ta ATX 40-23 (V = 7 %). Yci BoHM Mmamu

CepelHiii  piBeHb  MIHJMBOCTI 32  pPOKAMH
JOCITiKEHb.
Cepen Tpynu CePETHHOM SIKO3EPHHIX

HAWOIIBII BUPIBHAHUI TOKa3HUK TBEPAOCTI B
meskax 3paska maim ATX 132-23 (V=3 %), ATX
11-23 (V=17 %) Ta ATX 15-23 (V =10 %). Iin
BIUTUBOM (DaKTOpiB HABKOJIMIIHHOTO CEpEJOBHIIA
HaNOLIBbI cTabinpHuMuy Oyiu 3pasku ATX 156-23
ta ATX 105-23.

Cepen rpyIi HaIiBTBEPIO3CPHUX HAWOUITHIIT
ofHOpigHUMH 3a TBepaicTio oymu ATX 108-23 (V
= 10 %) ta ATX 99-23 (V = 13 %). Pisenb
MIHJIMBOCTI 32 pokamu OyB cepeniM. Haibinbm
CTabOITbHAM 32 POKaMHM JIOCII/KEHb cepell TPYIH
HaIiBTBEp103epHUX OYB 3pazok ATX 135-23.

Bunineni 3pa3ku 3 TiABUINEHUM piBHEM
TBEPJIOCTI 3epHA Ta OUIBII CTAOLTLHUM i1 IPOSIBOM
MOXYTh OyTH BUKOPHCTaHI B CEJIEKIIil sIK pKeperia
uiei o3Haku. Takoxk 3pa3ku 31 cTabUIbHUM
IPOSIBOM TBEPI03EPHOCTI MOXYTh
BUKOPUCTOBYBATUCh SIK €TAJIOHU B MEXaX PI3HUX
TPy TBEPAOCTI.

3pa3kiB, sKi [OpoTIroM 000X  POKiB
HAJISKAJIM JI0 TPYIH TBEPAO3EPHUX, BHSBICHO HE
Oyso. JIyis mOITyKy HOBHX TCHOTHITIB 3 BHCOKHUM
MOTEHITiaJloM TBepjoro 3epHa y 2023 p. Oymno
JIOMIATKOBO JIOCITI/DKEHO PIBeHb TBEPAOCTI 3epHA
Ha 3HAYHO HmMpHIoMy Habopi reHoTHIiB: 330 spux
Ta 220 3pa3KiB 03UMHUX TPUTHUKAIIE.

Po3nonin 3pa3kiB 3a rpynaMu TBEpIOCTi OyB
MOMIOHUM cepell Apux Ta o3uMux (opM. binblry
YaCTKY CTaHOBUIIU M’ SIKO3epHI Ta
CepeIHBOM SIKO3EPHI T€HOTHIH (pHuC. 2).

detected, soft - 20%, medium-soft - 52%, semi-
hard - 17%, hard - 11% .

The coefficient of year-to-year variation
ranged from 2 to 36%. In addition, the method
for evaluating individual kernels made it
possible to assess the kernel hardness
uniformity within each accession. The
accessions differed significantly in intra-
accession variability of kernel hardness. The
coefficient of intra-accession variation was 3—
50%. Accessions with high (CV < 10 %),
medium (CV = 10-20 %), and low (CV >
20 %) uniformity of kernel hardness were
distinguished.

In the soft group, YaTKh 102-23 (CV =
4%), YaTKh 18-23 (CV = 6%), and YaTKh 40-
23 (CV = 7%) were the most uniform
accessions in terms of kernel hardness. All of
them showed a moderate year-to-year
variability.

In the medium-soft group, YaTKh 132-
23 (CV = 3%), YaTKh 11-23 (CV = 7%), and
YaTKh 15-23 (CV = 10%) showed the lowest
intra-accession variability. YaTKh 156-23 and
YaTKh 105-23 were the most stable accessions
under the influence of environmental factors.

In the semi-hard group, YaTKh 108-23
(CV = 10%) and YaTKh 99-23 (CV = 13%)
were the most uniform accessions in terms of
kernel hardness. The year-to-year variability
was moderate. YaTKh 135-23 was the most
stable accession over the study years in the
semi-hard group.

The selected accessions with increased
kernel hardness and a more stable
manifestation of this characteristic can be used
in breeding as sources of this trait. In addition,
accessions with stable hardness can be used as
references within different hardness groups.

There were no accessions that would
form hard kernels for two years in succession.
To identify new genotypes with high potential
for kernel hardness, we additionally
investigated kernel hardness in a much bigger
sample of genotypes in 2023: 330 spring and
220 winter triticale accessions.

The accession distribution by hardness
groups was similar among spring and winter
forms. Soft- and medium-soft-kernelled
genotypes made up larger shares (Fig. 2).
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Puc. 2. Po3mozin 3pa3kiB TpUTHKAJIE IPOTO Ta O3MMOTO 3a piBHEM TBEpAOCTI 3epHa, 2023 p., %: dyxe M’ IKo3epHi
(AM), m’siko3epHi (M), cepenuaboM’sikosepri (CM), HanisrBepaosepHi (HT), Tepnosepni (T).

Fig. 2. Distribution of the spring and winter triticale accessions by kernel hardness in 2023, %: very soft (JIM), soft
(M), medium-soft (CM), semi-hard (HT), hard (T).

Note. Tpuruxaine sipe - Spring triticale; Tpurukane o3ume - Winter triticale.

Y ImochimKeHHSX IHIIMX aBTOPIB TaKOX
MOBIJIOMJISIETBCSI, IO PIBEHb TBEPIO3EPHOCTI Y
TPUTHKAJIC  PENpEe3eHTYE TOBHHMU  Jiana3oH
TBEPAOCTI: BiJl Jy)K€ M SIKOTO JO Jy’€ TBEPIOTO,
ajie Tpy [bOMY TepeBakKHA OLTBIIICTh TCHOTHITIB
nepeOyBae Ha PiBHI Bifl JyXKe M’ SKO3EPHHX JIO
cepenHboM siko3epHuX [8, 9]. Cepen 11 yropcbkux
COPTIB TPUTHKAJE, TOCHTIHKeHNX Bona i CriBaBT.,
yCcl 3pa3Kd Majd CepelHi piBeHb TBEPIOCTI
3€pHa, aJie BUIUIMBCS OJMH COPT SPOro TPUTHKAJIS
GK Idus 3 TBepauM 3epHOM 3 XapaKTEPHUCTHKAMU,
Onmu3bkuMH 10 TBepaoi mmenumi [20]. 3pasku
03UMOTO TPUTHKAJIC OflechKoi cenekitii (YkpaiHa),
ak mnoBigomisitore O. Pubanka i crnBaBTOpH,
BUSIBHJIMCSL JTy’)K€ M SIKO3epHMMH. [lpu 10My
JIOCITIJKYBaH1 3pa3ku B CBOIX POJOBOJAX MICTHIIN
CHAJKOBHH Marepiall XpPOMOCOMHO 3aMIIIEHOTO
(5B)5SR tpurtukane ta menuni Bakci [21]. Ilpore,
B JociimkeHHsx Watanabe Ta iH., piBEeHb
TBEpAOCTI  3epHa  BOCBMH  JIOCJIJDKYBaHHX
Opa3uibCbKUX  3pa3KiB  TpPUTHKAJe,  SKUH
BU3HAYABCS 32 PO3MIPOM YaCTOYOK OOpOIIHA MPU
MOMEJTi, HAOMMKaBCsl 70 ITOKa3HUKIB TBEPIOL
meHnmi [22]. Taki BiAMIHHOCTI y pe3ynbrarax
JIOCIII/PKEHh ~ WMOBIPHO  3YMOBIICHI  IIHPOKUAM
PI3HOMAHITTSIM 3pa3KiB TPUTHKAIIE 3a
MOXO/DKCHHSIM Ta METOJaMHU CTBOPCHHS, a TaKOX
3aJIeKaTh BiJl 00CATY TOCIHIKYBAaHOTO MaTepiaiy.

Y Hammx npocnipkeHHsx ymoBu 2023 p.
crpusuii  (OpPMyBaHHIO TBEPIOIO 3¢pHA Y
TEHOTHIIIB, IO MAalOTh HOTEHLIAl A0 BHUCOKOTO
piBHS MPOsBY 1€l 03HAaKU. Bynu BuICHI 3pa3KH,
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Other authors also reported that triticale
kernel hardness covered the full hardness
range: from very soft to very hard, but most
genotypes had very soft to medium-soft
kernels [8, 9]. All 11 Hungarian ftriticale
cultivars studied by Bona et al. showed a
medium level of kernel hardness; however, one
spring triticale cultivar, 'GK Idus' stood out
with hard kernels with characteristics close to
those of durum wheat [20]. Winter triticale
cultivars bred in Odesa (Ukraine), as reported
by O. Rybalka et al.,, turned out to have very
soft kernels. At the same time, the studied
accessions contained genetic material of
chromosomally substituted (5B)SR ftriticale
and waxy wheat in their pedigrees [21].
Nevertheless, in a study by Watanabe et al., the
kernel hardness of eight Brazilian triticale
accessions, which was determined by milled
flour particle size, was close to that of durum
wheat [22]. Such discrepancies in research
findings are probably caused by wide diversity
of origins and breeding methods of triticale
accessions and also depend on sizes of tested
samples.

In our study, the conditions of 2023
contributed to the formation of hard kernels in
genotypes with a potential for strong
expression of this trait. We selected accessions
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3maTHi (hOpMYyBaTH TBEPHAICTh HA PIBHI MIICHUITI capable of forming hard kernels at the level of

TBEpAOi Ta TIIEPEBUILYyBaTH 1.

Cepen  spux durum wheat or better. Twelve spring triticale

TPUTHKANE BHAUICHO 12 TBepAO3epHHUX 3pasKis, and seven winter triticale accessions with hard

cepen 03UMHEX — ciM (Taou. 2).

kernels were selected (Table 2).

Taonanus 2. Teepro3epHi JiHIT TPUTHKAJIE IPOTO Ta 03UMoro, 2023 p.
Table 2. Hard-kernelled spring and winter triticale lines, 2023.

Hasga 3paska (Accession)

KoediuienT Bapiamii
Teepaictb 3epHa, H (Kernel hardness, N) B Mexkax 3paska, V, % (Coefficient of
intra-accession variability, CV, %)

TpuTHKae sipe (Spring triticale)

SITX (YaTKh) 456-23 214 14
SATX (YaTKh) 139-23 208 5
SITX (YaTKh) 437-23 207 12
SITX (YaTKh) 565-23 206 12
SITX (YaTKh) 382-23 201 6
SITX (YaTKh) 140-23 199 5
STX (YaTKh) 368-23 199 17
SITX (YaTKh) 227-23 197 9
SATX (YaTKh) 216-23 194 11
SITX (YaTKh) 99-23 190 6
SITX (YaTKh) 782-23 190 12
SITX (YaTKh) 50-23 190 15

eranonu (References)

XapkiBcbka 39,

IIISHUI TBepAa sipa (Spring pasta wheat cv) 192 12
'Kharkivska 39")

Xapkiscbka 30,

mIeHuns M’ska sipa (Spring bread wheat cv 160 10
'Kharkivska 30"

HIP o5 (LSD 05) 11 -

TputHukane ozume (Winter triticale)

TX3 (TKhZ) 883-23 247 20

TX3 (TKhZ) 487-23 212 20

TX3 (TKhZ) 406-23 207 15

TX3 (TKhZ) 736-23 205 7

TX3 (TKhZ) 178-23 202 9

TX3 (TKhZ) 884-23 199 16

TX3 (TKhZ) 516-23 194 10

erasonu (References)

Ulynuuninka,
mieHuis tBepaa ozuma (Winter pasta wheat
cv. 'Shulyndinka')

195 13

Bormana,
e M sika o3uma (Winter bread wheat cv,
'Bohdana’)

142 12

HIP 05 (LSD o5)

HaiiBumy —TBepo3epHicTh
3paskiB Manu ATX 456-23 (247 H),
(208 H), ATX 437-23 (207 H) Ta

cepen  sApUX Among the spring accessions, the highest
ATX 139-23 hardness of kernels was recorded for YaTKh
ATX 565-23 456-23 (247 N), YaTKh 139-23 (208 N),

(206 H) Ta SATX 382-23 (201 H). Cepen o3umux YaTKh 437-23 (207 N), YaTKh 565-23 (206
HaWBHII PiBHI TBEPAOCTI Manu 3pa3ku TX3 883- N), and YaTKh 382-23 (201 N). Among the
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23 (247 H), TX3 487-23 (212 H), TX3 406-23
(207 H), TX3 736-23 (205 H) ta TX3 178-23
(202 H). TBepmo3epHi 3pa3ku TAKOXK BiJPi3HAINCH
MOPGOJIOTrivHO 32 OLIBII CKIOBUAHOIO TEKCTYPOIO

eHaocriepmy (puc. 3).

winter cultivars, TKhZ 883-23 (247 N), TKhZ
487-23 (212 N), TKhZ 406-23 (207 N), TKhZ
736-23 (205 N), and TKhZ 178-23 (202 N) had
the hardest kernels. The hard-kernelled
accessions also differed morphologically: their
endosperms looked more vitreous (Fig. 3).

Puc. 3. Bumsan ennocrepMy npu MOTIEPETHOMY 3pi3i 3epHA Y TBEpI03epHOTO 3paska Tpurukane ATX 437-23
(niBpopy4) Ta cepenHboM’ siko3epHOro 3paska ATX 132-23 (mpaBopyy).

Fig. 3. Appearance of the endosperm on kernel cross-sections of a hard-kernelled triticale accession (YaTKh 437-23)

(left) and a medium-soft-kernelled accession (YaTKh 132-23) (right).

Sk Bimomo, y MIIEHWINI TBEPAICTh 3epHA
TICHO KOPENIOE 3 piBHEM CKJIOBHUIHOCTI, TOMY
TBEPAO3CPHI 3pa3Ku TEPEeBaKHO MAKOTh OLIBII
CKJIOBUJIHY TEKCTypy eHpocnepmy. [lomiOHui
3B’s130K BcTaHoBuiM Warechowska Ta criBaBTOpH
1 Ha TpuTHKane [23].

VYci 3pasku rpymu TBEpAO3EpHI MOKa3alm
BUCOKYy a00 CepeIHi0 OMHOPITHICTE B MeXax
3pa3ka (xoediumient Bapiamii V = 5-20 %).
Bunmineni 3pa3ku, 3Ba)kalouu Ha JOCUTh BHUCOKI
piBHI TBEpJOCTiI 3€pHA Ta BUPIBHSAHICTH 3a IIMM
MOKAa3HUKOM, MAIOTh 3HAUHY CEJICKIIHY IIHHICTb,
aje MoTpeOyITh MOJAIBIINX JOCHTIDKEHb 00
cTabiIBbHOCTI MpPOSIBYy O3HAKM 3a PI3HUX YMOB
CepeIOBHIIIA.

BucHoBknu

Cepen JOCJTIJKYBaHOTO Marepiany
BU3HAYCHO 3HAYHY IH(EpeHINialifo 3a MPOosSBOM
TBEPIOCTI 3epHa: Bif ayxke M’ sikozepHux (84 H)
JI0 TBepao3epHux (246 H).

Spi ta o3umi (OpMH TPUTHKAJIC MaJH
noAiOHM  po3moAil  3pasKiB 32 IpyHaMu
TBEPJOCTI. BijbIlly YacTKy CTAHOBWIIH M’ SIKO3EPHI
Ta cepeHbOM SKO3EpHI TeHOTHITH (BiAMoBiTHO 36
Ta 42 % y sipux, 37 ta 43 % y 03UMHX).

VcTaHOBIEHO, IO HAHOINBINMK BIIMB HA
3araNbHy MIHJMBICTh O3HAaKW TBEPAO3CPHICTH
Maiu Qakropu rerotut (29,9 %) Ta cepenoBuiie
(18,6 %), TOoMy 3pa3ku TIPOSBISIIN 3HAYHY
MIHJIUBICTh PIBHS TBEPIO3EPHOCTI 332 POKAMH
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In wheat, kernel hardness is known to be
closely correlated with vitreousness; hence,
hard-kernelled accessions mostly have a more
vitreous endosperm texture. A similar pattern
was demonstrated by Warechowska and her co-
authors on triticale [23].

All accessions of the hard group showed
high or moderate intra-accession uniformity
(coefficient of variation CV = 5-20%). Given
the rather high levels of kernel hardness and
uniformity of this characteristic, the selected
accessions are of significant breeding value,
but require further research into the expression

stability of this trait under different
environmental conditions.

Conclusions

The studied material significantly

differed in kernel hardness: from very soft-
kernelled accessions (84 N) to hard-kernelled
ones (246 N).

Spring and winter triticale forms showed
similar distributions by hardness groups. Soft-
kernelled and medium-soft-kernelled
genotypes made up larger shares (36 and 42%
in spring triticale, respectively, and 37 and 43%
in winter, respectively).

It was found that the "genotype" (29.9%)
and "environment" (18.6%) factors made the
greatest contributions to the total variability of
the "kernel hardness" trait; hence, the
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JIOCIipKeHb. BopHoyac B Mekax KOXKHOI Tpymnu
TBEPIOCTI BUAUICHO 3pa3KH 31 CTAaOUILHUM piBHEM
TBEPJIOCTI 3epHA 32 POKAMH.

Bupineno 3pasku 3 BUCOKOIO OJHOPIJHICTIO
Ta cTaOUIbHUM 3a POKAMU IPOSBOM ITOKa3HHUKA
TBEPJIO3EPHOCTI B MEXKaX PI3HUX TPYI TBEPIOCTI:
HamiBTBepao3epHi — ATX 99-23, ATX 108-23,
cepenubom sikozepri — ATX 132-23, ATX 11-23,
M’ axo3epHi — ATX 102-23, AATX 18-23, ATX 40-
23. BoHu MOXyTh OyTH BHKOPHCTaHI B CENEKIil
K pkepena wiel o3HakW. Takoxk 3pasku  3i
CTaOUIbHUM TIPOSIBOM TBEPAO3EPHOCTI MOXYTh
BHUKOPHCTOBYBATUCh SK €TAJIOHH B MEXax PI3HHX
TPy TBEPAOCTI.
BugineHo reHOTMIM 3 BHCOKHM IIOTEHIIAJIOM
TBEPIOCTI 3epHA. 3a cnpusTIUBUX ymMoB 2023 p.
BOHM (DOpMyBaJld TBEPAICT, HA PIiBHI IIICHUIII
TBepoi abo nepepepuryBanu ii. Cepen apux Gpopm
BUIUIEHO 12 TBepAO3epHUX 3pa3KiB, cepen
03UMHX — ciM. HaliBuiny TBeplO3epHICTH cepen
apux 3paskiB Mamu ATX 456-23 (247 H), ATX
139-23 (208 H), ATX 437-23 (207 H), ATX 565-
23 (206 H) Ta ATX 382-23 (201 H). Cepen
03MMHUX HAWBUILI PiBHI TBEPIOCTI Maju 3pa3Ku
TX3 883-23 (247 H), TX3 487-23 (212 H), TX3
406-23 (207 H), TX3 736-23 (205 H) ta TX3
178-23 (202 H). Yci 3pa3ku rpymu TBEpAO3epHi
MoKa3ajiM BUCOKY a00 CEpeaHIO OJHOPITHICTh B
Mekax TeHoTuny (koedimieHT Bapiamii V = 5-
20 %).

accessions' kernel hardness was quite variable
across the study years. At the same time,
accessions with stable year-to-year hardness of
kernels were selected in each hardness group.

We selected highly uniform accessions
with stable hardness of kernels over the years
within different hardness groups: semi-hard -
YaTKh 99-23 and YaTKh 108-23; medium-soft
- YaTKh 132-23 and YaTKh 11-23; soft -
YaTKh 102 -23, YaTKh 18-23, and YaTKh 40-
23. They can be used in breeding as sources of
this trait. In addition, accessions with stable
hardness can be used as references within
different hardness groups.

Genotypes with a high potential for
kernel hardness were identified. Under
favorable  conditions in 2023, they
demonstrated kernel hardness at the level of
durum wheat or better. Twelve spring triticale
and seven winter triticale accessions with hard
kernels were selected. The following spring
accessions had the hardest kernels: YaTKh
456-23 (247 N), YaTKh 139-23 (208 N),
YaTKh 437-23 (207 N), YaTKh 565-23 (206
N), and YaTKh 382-23 (201 N). As to winter
triticale, the following cultivars formed the
hardest kernels: TKhZ 883-23 (247 N), TKhZ
487-23 (212 N), TKhZ 406-23 (207 N), TKhZ
736-23 (205 N), and TKhZ 178-23 (202 N). All
accessions of the hard group showed high or
moderate intra-accession uniformity
(coefficient of variation CV = 5-20%).

References
1. FAO. Food and Agriculture Organization of the United Nations, Statistical Databases. 2020.

Available from: http://faostat.fao.org/

2. Chernobai S.V., Riabchun VK., Melnyk V.S., Kapustina T.B., Nosenko Yu.M., Shchechenko
O.Ye., Sheliakina T.A. Characteristics of spring triticale cultivars bred at the Yuriev Plant
Production Institute of NAAS. Selektsiia i Nasinnytstvo. 2023. Issue 124. P. 31-44.
https://doi.org/10.30835/2413-7510.2023.293848 [in Ukrainian]

3. Kaszuba J., Kapusta I., Posadzka Z.. Content of Phenolic Acids in the Grain of Selected Polish

Triticale

Cultivars and Its Products. Molecules. 2021. Ne 26. P

https://doi.org/10.3390/molecules26030562

562-572.

4. Kamanova S., Yermekov Y., Shah K., Mulati A., Liu X., Bulashev B., Toimbayeva D.,
Ospankulova G. Review on nutritional benefits of triticale. Czech Journal of Food Sciences.
2023. No 41. P. 248-262. https://doi.org/10.17221/67/2023-CJFS

5. Zhu F. Triticale: Nutritional composition and food uses. Food Chemistry. 2018. Ne 241. P. 468—
479. https://doi.org/10.1016/j.foodchem.2017.09.009

6. Riabchun V.K., Kapustina T.B., Melnyk V.S., Shchechenko O.Ye. Triticale - new opportunities
for stabilization of grain production. Scientific edition. Kharkiv. 2013. 18 p. [in Ukrainian]

7. Rodriguez-Perez G., Cervantes-Ortiz J.F., Gdmez-Vazquez A.J., Reynaga-Franco F.J., Torres-
Velazquez J.R., Avila-Perches M.A. Nutritional value in grains of triticale as an alternative in
the food industry. Revista Mexicana de Ciencias Agricolas. 2023. Ne 14. P. 351-362.

44 ISSN 1026-9959. Plant Breeding and Seed Production. 2024. 125



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

https://doi.org/10.29312/remexca.v14i3.2870

Li G., He Zh., Penia R.J., Xia X., Lillemo M., Sun Q. Identification of novel secaloindoline-a
and secaloindoline-b alleles in CIMMYT hexaploid triticale lines. Journal of Cereal Science.
2006. Ne 43. P. 378-386. https://doi.org/10.1016/j.jcs.2005.12.010

Camerlengo F., Kiszonas A.M. Genetic factors influencing triticale quality for food. Journal of
Cereal Science. 2023. Ne 113. URL: https://doi.org/10.1016/].jcs.2023.103743

Gasparis S., Orczyk W., Nadolska-Orczyk A. Sina and Sinb genes in triticale do not determine
grain hard-ness contrary to their orthologs Pina and Pinb in wheat. Plant Biology. 2013. Ne 13. P.
190. https://doi.org/10.1186/1471-2229-13-190

Ramirez A., Pérez G.T., Ribotta P.D., Le6n A.E. The occurrence of friabilins in triticale and their
relationship with grain hardness and baking quality. J Agric Food Chem. 2003. Ne 51 (24). P.
7176—7181. https://doi.org/10.1021/j0345853.

Lukaszewski A. Cytogenetically engineered rye chromosomes 1R to improve bread-making
quality of hexaploid triticale. Crop  Science. 2006. Ne 46. P 2183.
https://doi.org/10.2135/cropsci2006.03.0135

Salmanowicz B. CE determination of secaloindoline allelic forms in hexaploid triticale (x
Triticosecale  Wittmack). J Sep Sci. 2010. Ne 33 (4-5). P 643-650.
https://doi.org/10.1002/jss¢.200900601.

Kselikova V., Vyhnanek T., Hanacek P., Martinek P. Grain hardness in triticale: a physical and
molecular evaluation. Czech J. Genet. Plant Breed. 2020. Ne 56 (3). P. 102-110.
https://doi.org/10.17221/96/2019-CIGPB

Yarosh A.V., Riabchun V.K., Leonov O.Yu., Didenko S.Yu., Kopytina L.P., Sakhno TV,
Sheliakina TA. Method for evaluating grain hardness in winter bread wheat. Henetychni
Resursy Roslyn. 2014. No 15. P. 120-131. Available from:
http://genres.com.ua/assets/files/15/15.pdf [in Ukrainian]

Erkinbaev Ch., Derksen K., Paliwal J. Single kernel wheat hardness estimation using near
infrared hyperspectral imaging. Infrared Physics & Technology. 2019. No 98. P. 250-255.
https://doi.org/10.1016/j.infrared.2019.03.033

Gaines C., Finney P., Fleege L., Andrews L. Predicting a Hardness Measurement Using the
Single-Kemel Characterization System. Cereal Chem. 1996. No 73(2). P. 278-283. Available
from: https://www.cerealsgrains.org/publications/cc/backissues/1996/Documents/73 278.pdf
Laskowski J., Lysiak G.. Use of compression behaviour of legume seeds in view of impact
grinding prediction. Powder Technology. 1999. Ne 105. P. 83—88. https://doi.org/10.1016/S0032-
5910(99)00121-7

Rozhkov A.O., Puzik V.K., Kalenska S.M., Puzik L.M., Popov S.I., Muzafarov N.M., Bukhalo
V.Ya., Kryshtop Ya.A. Experimentation in agronomy. Book 2. Statistical processing of
agronomic research data. Kh.: Maidan, 2016. 342 p. [in Ukrainian]

Bona L, Acs E, Lantos C, Tomoskozi S, Lango B. Human utilization of triticale: technological
and nutritional aspects. Commun Agric Appl Biol Sci. 2014. Ne 79(4). P. 139-152. Available
from:https://www.researchgate.net/publication/278331762 Human_utilization_of triticale tech
nological and nutritional aspects

Rybalka O.1., Morgun V.V., Morgun B.V., Polyshchuk S.S. Genetic background for breeding of
new quality classes of wheat (Triticum aestivum L.) and triticale (x Triticosecale Wittmack).
Fiziol. Rast. Genet. 2019. Vol. 51, No 3. P 207-240. https://doi.org/10.15407/frg2019.03.207 [in
Ukrainian]

Watanabe E., Arruda K., Kitzberger C. , Scholz M., Coelho A. Physico-chemical properties and
milling behavior of modern triticale genotypes. Emirates Journal of Food and Agriculture. 2019.
31(10). P. 752-758. https://doi.org/10.9755/ejfa.2019.v31.110.2015

Warechowska M., Warechowski J., Wojtkowiak K., Stepien A. Milling quality of spring triticale
grain under different nitrogen fertilization. Pol. J. Natur. Sc.2013. Ne 28 (4). P. 423-435.
Available from: https://www.uwm.edu.pl/polish-
journal/sites/default/files/issues/articles/warechowska et al. 2013.pdf

Received 18.02.2024

ISSN 1026-9959. Cenexutist 1 HaciHHUITBO. 2024. 125 45



