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Pedepar: SkicTh 3epHa — L€ CKJIaJHA XapaKTEPUCTHKA, sIKa 3aJeKUTh BiJl HU3KH O3HAK, a
IHIVBIAyanbHUH BHECOK KOKHOI O3HAKH 3MIHIOETHCS 3aJIe)KHO BiJl KOHKPETHOI peakiii Ha yMOBH
HaBKOJIMIIHBOTO cepefoBuina. OIiHIOBaIM BIUIMB T€HOTHITY Ta CEPEAOBHINA HA SIKICHI XapaKTEePUCTHUKU
1200 reHOTHUMIB MIIEHHIII, & TAKOK aHaTi3yBaJId B3a€MO3B'SI3KM MK SIKICHUMU O3HaKaMmu. Y pe3yibrari
y3arajbHEHHs 0araropiuyHUX MaHUX 3 BUKOPHUCTAHHSIM CTaHAAPTU30BAaHMX B MEXaxX OKPEMHUX pPOKiB
3HAa4YeHb BHU/UICHI JDKepelia BUCOKOI HaTypH 3epHa, BUCOKOI Ta HU3BKOI CKIIOMIOMIOHOCTI 3epHA TS CENeKIil
TBEPIO3EPHUX Ta M SKO3CPHUX COPTIB, BUCOKOTO BMICTy OUIKAa 1 KICHKOBUHHM Ta ii SKOCTI, BHCOKUX
PEOJIOTIYHMX BIACTHUBOCTEH 1 Xiibomekapcbkux sikocted. Cepen COPTIB BUCOKMMH TPYXKHICTIO TicTa,
CHJIOI0 OOpOITHAa Ta iHAEKCOM ENacTUYHOCTI Ticta BimpizHsummcs Xapyc, Acret, Bacunmna, ®epmepka,
[MarpioTka, ManboBaHKa, a HU3BKUMH — Mainyma Ta M’SKO3ePHHH COPT KOHJUTEPCHKOTO HAIpsMY
BUKOpHUCTaHH Ma3ypok, SKWH KpiM TOTO BiJpi3HSBCS HHU3BKOI CKJIONONIOHICTIO 3epHa. Bucokoro
HaTypoIo 3epHa Bijg3Hadanuck coptu [IpuBabmuBa, [IpusitHa, [Ipunrana, [aitok, [Ipons. Bucokum BmicTom
Oinka B 3epHI Ta KIEWKOBMHH B OopomHi xapakrepusyBanucsa [lpusabmusa, IlpuBiTHa, ['apmoHnika,
Ma3sypok, npu MakCHMalbHUX 3HaYeHHs X y copTy IlpuHama. O6’em xumiba i 3arampHa XJiOomeKapchka
OLIiHKa BUIIUMHU Oyiu y copTiB Xapyc, Acret, Bacununa, Crarna, ®@epmepka, [uBo, ['apmonika, [lpunana,
Masgka IP. BcranoBneni 3B’s3kM MK O3HaKaMH SIKOCTI 3epHa, MOKa3aHO, L0 3arajbHa XJiOoneKapchka
oIliHKa Oyiia TiCHO TOB’si3aHa 3 1HAEKCOM JjedopMallii KIIeHKOBHHH, MPY>KHICTIO TICTa, CHUIJIOK OOpOIIHA Ta
iHZeKcoM emacTUuHOCTI Ticta. KnacrepHuil Ta ¢axkropHUMiI aHami3WM, MPOBENEHI IS y3aralbHEHHS
OTPUMAHHUX Pe3yNbTaTiB, PO3MOLUIMIM AOCHIKYBaHI O3HAKM Ha YOTHPH KJACTEPH 3 MacmTaboMm
eBKJIiIoBUX BijacTaHedl Menme 40% Ta dotupu QakTopH, SKi MOSICHIOWTH moHax 70% Bij 3araibHOT
MIHJIMBOCTi, OJMH 3 SIKUX TIOB’S3aHUH 3 XJIIOOMEKAPCHKHMHU SIKOCTSMH, IHIIMA — 3 PEOJIOTIYHUMH
BJIACTUBOCTSIMH, III€ JIBa 3 BMICTOM OiJIKa i KIIEWKOBHHH Ta HATYpPOIO 1 CKIIOMONiIOHICTIO 3epHa. Bu3HadeHi
JiHIT 3 MOEMHAHHAM BHCOKWX 3Ha4YeHb PI3HUX (PAKTOPIB IS Pi3HUX HAMpPsSMIiB BUKOpHCTaHHS. PesynmsraTti
JOCTIJKEHHSI MOXYTh OyTH BUKOPUCTaHI SIK KpUTepil BiOOpYy JJIsi MiJBHINEHHS SKOCTI 3€pHa M'SIKOT
MIIEHUI B PErioHi.

KirouoBi cioBa: mmieHuns M'ska 03MMa, CENEKLis, SKICTb 3epHa, KiacTepHUM Ta (HakTOpHUH
aHaizu

Abstract: Grain quality is a complex characteristic that depends on several traits, and the individual
contribution of each trait varies depending on the specific response to environmental conditions. The
effects of genotype and environment on quality characteristics of 1,200 wheat genotypes were assessed;
the relationships between quality traits were also analyzed. Having summarized long-term data using year-
standardized values, we identified sources of high test weight, high and low kernel vitreousness for the
breeding of hard and soft cultivars; sources of high protein and gluten contents and high gluten quality,
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high rheological properties and baking scores. Among the cultivars, cvs. ‘Kharus’, ‘Astet’, ‘Vasylyna’,
‘Fermerka’, ‘Patriotka’, and ‘Maliovanka’ were distinguished by high dough resilience, flour strength and
dough elasticity index, while cvs. ‘Malusha’ and a soft confectionery cultivar, ‘Mazurok’, were
distinguished by low low values of these characteristics; the latter was also characterized by low kernel
vitreousness. Cultivars ‘Pryvablyva’, ‘Pryvitna’, ‘Prynada’, ‘Haiok’, and ‘Pronia’ were distinguished by
high test weight. High grain protein content and flour gluten content were intrinsic to cvs. ‘Pryvablyva’,
‘Pryvitna’, ‘Harmonika’, and ‘Mazurok’, with the maximum values in cv. ‘Prynada’. High loaf volume and
overall baking score were recorded for cvs. ‘Kharus’, ‘Astet’, ‘Vasylyna’, ‘Statna’, ‘Fermerka’, ‘Dyvo’,
‘Harmonika’, ‘Prynada’, and ‘Mavka IR’. Relationships between grain quality traits were evaluated; it was
shown that overall baking score was closely correlated with gluten deformation index, dough resilience,
flour strength and dough elasticity index. Cluster and principal component analyses, which were conducted
to summarize the data, divided the studied traits into four clusters with a Euclidean distance of < 40% and
four principal components that acconted for > 70% of the total variability; one of them is associated with
baking qualities, another — with rheological properties, and two more — with protein and gluten contents,
test weight and kernel vitreousness. Lines combining high values of different characteristics for different
areas of use were selected. The results of this study can be used as breeding criteria to improve the quality
of bread wheat grain in the region.
Key words: winter bread wheat, breeding, grain quality, cluster and principal component analyses.

Beryn

Mmenuns (Triticum aestivum L.) € omHiero 3
HAMBaXJIMBIIINX CLIBCHKOTOCTIONAPCHKUX KYIBTYP
y CBITi, 1, SK 3JaK 3 IIHPOKUM Jialla30HOM
amanTHBHOCTI, BOHA BHUPOIIYETHCI B  PI3HUX
KIIMaTUYHUX 30HAaX, a SKICTh il 3epHa CYTTEBO
BIUIMBAE HA PUHKOBY BapTiCTh, XapUOBY LIHHICTh Ta
ynoao0aHHs crioxuBadiB [1].

[Menuns, 3aBOSKA  CBOEMY  LIHHOMY
XIMIYHOMY  CKJIaJy 3€pHAa Ta  BHHSITKOBHM
TEXHOJIOTIYHIM BIIACTUBOCTSIM, € 0a30BUM 3€pPHOM
JUISE  Xap4oBOi IPOMUCIOBOCTI, ii y Oararbox
KpaiHaX Ha3WBaIOTh XJIOHUM 3epHOM [2, 3]. 3epHO
TIICHHUIIl € JUKEPEIIOM BYIJIEBOIIIB, OlIKa, Xap4OBUX
BOJIOKOH Ta HPIB, a TAKOXK MiHEPaJiB (BKIFOYAIOUN
P, K, Ca ta Mg), BiTamiHiB rpynu B Tta iHmmx
010JI0TYHO aKTUBHUX PEUOBHH [4].

3MiHM KJIIMaTy Ta TPUPOAHI BapirOBaHHS
MOTOTHMX YMOB OKPEMHX POKIB CIHPUYUHSIIOTH
HEeMo0Ip ypOoXKar Ta 3HWKEHHS WOTO SIKOCTI, TOMY
MPIOPUTETHUM  3aBJaHHSIM y  BHPOIIYBaHHI
MIICHAIl € 3a0e3neueHHs] CTa0iIbHOTO YpOXKaro
3epHa 3 BHCOKOKWO skicTio [5]. Biotmuni Ta
abiloTHYHI cTpecopu € BifoMUMHU (aKTOpaMH, IO
NPU3BOIATH /10 MOTIPIIEHHS SIKOCTI 3€pHa MIIEHHII
Ta 3HUKECHHS BPOXKaMHOCTI [6].

[IponyKTUBHICTE 1 SKIiCTh NINEHHINI 3HAYHO
BIJPI3HSIOTHCS BHACIIIOK TEHOTHITY, CEPEJOBHUILA
Ta ix B3aemomii [7]. Y ToW uac SK BHUPOOHHKHU

MIIEHULI BBa)KAIOTh TOJIOBHOIO METOI0
BpPOXKalHICTh, B XJIIOOMEKapChKill MPOMHCIOBOCTI
Ba’KJIMBOIO BUMOTOIO € CTaOlJIbHICTD

XapaKTEePHUCTHUK SIKOCTI 3e€pHA.
SKicTh 3epHA TMIICHUI BU3HAYAETHCS HA
OCHOBI YHCIICHHUX BIIACTUBOCTEH, SKi

Introduction

Wheat (Triticum aestivum L.) is one of
the most important agricultural crops in the
world; being a cereal with a wide range of
adaptability, it is grown in different climatic
zones and wheat grain quality significantly
affects the market and nutritional values as well
as consumers’ preferences [1].

Wheat, due to valuable chemical
composition of its grain and exceptional
technological properties, is a basic grain for the
food industry; it is called bread grain in many
countries [2, 3]. Wheat grain is a source of
carbohydrates, protein, dietary fiber, fats, and
minerals (including P, K, Ca, and Mg), B
vitamins and other biologically active
substances [4].

Climate change and year-to-year natural
variations in weather conditions cause crop
failure and reduced quality, so the priority in
wheat cultivation is to ensure a stable yield of
high-quality grain [5]. Biotic and abiotic
stressors are known factors that lead to
deterioration of wheat grain quality and reduced
yield [6].

Wheat performance and quality vary
significantly between different genotypes and
environments and also because of genotype-
environment interactions [7]. While wheat
producers consider yield as the main goal, in the
baking industry, stability of grain quality
indicators is an important requirement.

Wheat grain quality is based on numerous
properties that are in complex relationships and
are determined by protein complex, milling
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mepebyBaroTh MK~ c000I0 B CKIQIHUX
B3a€MO3B'A3Kax i 3yMOBJICHI OLTKOBUM
KOMIIJIEKCOM, BJIACTHBOCTSIMH MOMeINy, (Di3MIHUMH,
XIMIYHAMH, PEOJOTIYHUMH  XapaKTEePUCTHKAMHU
TicTa Ta SKICTIO BHINYKH, OCKIIBKH OUIBIIICTH
O03HAK SKOCTI IMIICHUIN JEMOHCTPYIOTh CKJIaIHI
3aKOHOMIPHOCTI ~ YCHAAKyBaHHs, CENEKIis Ha
SKICTh, 1 OCOOIMBO XJIIOOIIEKAPCHKY, € OTHUM i3
HANCKJIaIHINIMX 3aBJaHb y CEJEKIIiT mueHuIi [§].

Xmibomekapceka SIKICTh TIISHHII 03UMOI
3Me0UTBIIIOT0 BU3HAYAETHCSI BMICTOM Ta SIKICTIO
Oinka. OcHOBHMI OiJOK EHJOCIEPMY, IJIFOTEH,
BiOMOBiAae 3a  sgKicTh  xiiba.  I'eneTrwuHo
BU3HAYEHUH CKJIAJl TIOTEHY € OCHOBHUM (haKTOPOM
TEHOTHIIOBUX BIIMIHHOCTEH y XiiOoIekapchKiit
skocTi [9]. Seling S. 3a3Hauae, 110 AKICTH OiNKa €
TCHOTHIIOBO-CIICIIM(IUHOI0, aje Ha Hel MOXYTh
BILTMBATH ACSIKiI HETEHETHYHI (DaKTOPH, HAIIPUKIIA,
Haj3BUYaiiHa Hecrada cipku [10]. Tannhaeuser
S.M. et al. poOasTh BUCHOBOK, 1[0 BCI KOMIIOHEHTH
MIIEHHYHOTO OopomrHa, a He Jjume Ok,
BINTMBAIOTh Ha XmiOomekapchky sKictb [11].
BogHouac  gyxe — BaXJIMBUH ~ BHECOK Y
XJI00TIEKaPCHKY AKICTh MA€ TITIOTEH.

Ha xamp, goOpe BigoMui  CHIBHHUI
HETAaTUBHUH 3B'S30K MK BPOXKAHHICTIO 3epHa Ta
BMiCTOM Oinka. Bararo JOCTIIKEHb
30CepemKyBaics Ha IbOMY HETaTUBHOMY 3B'SI3KY
Ta JOCIIPKYyBaJIA HOTO TeHETUYHY OCHOBY [ 12—17].
Lleti 3B'SI30K € BaXJIUBUM IS CEJIEKI[IITHOTO
mporpecy B MiABHINEHHI BPOXXAWHOCTI 3€pHa, 3
0HOTO OOKY, Ta XJT100TeKapChKOi SIKOCTI, 3 1HIIOTO.

Hageneni B niTeparypi pe3yJibTaru, 3arajiom
CBiT4aTh TpPO 3HAYHe 30UTBIIEHHS BPOKAMHOCTI
3epHa, aje CTAJATH IiJ] CYMHIB MHUTaHHS, 4 Oyio
JOCATHYTO  3Ha4HOTO  TpOrpecy B  SIKOCTI
XJIIOOMEKapChKUX BUPOOIB IMPOTATOM OCTaHHIX
TPHOX-YOTUPHOX AeCITHIITH [18, 19].

BpoxkaiiHicTh 3epHa Ta SKICTh TIIEHHMII
3aJie)Karh BiJl CKIAIHOI B3a€EMOJi1 MiXK T€HOTHIIOM
Ta  OaratbMa  (akTOpaMH  HABKOJHIITHHOTO
cepenoBuia. 3MiHa HaBKOIWIIHBOTO CEPEOBHUIIA
4acTo pO3MISAAEThCS SK OCHOBHUI YWMHHHK, IO
BIUTMBAE HA SKICTh KIHIIEBOTO BUKOPHUCTAHHS 3€PHA.
Temrieparypa BereTariifHoro mepiomy, BOJIOTICTh i
TeMIieparypa IIijJi 4yac HaJWBY 3€pHa, TPUBAIICTb
HaJMBYy 3€pHA, PpO3MOALT OMaaiB 1 BHECEHHS
A30THHUX 1 cipyaHUX 10OPHUB MalOTh 3HAYHUN BIUIMB
Ha sKicTh XJi000ynouHux BupoOiB. Pesymsrarn
YHCIICHHUX JIOCHTI/DKEHb BIUIMBY T'€HOTHIY Ta
HABKOJIMIIIHEOTO CEPEOBHINA Ha XJIiOOMEeKapChKi
AKOCTI MIIEHMII O3UMOi IIUPOKO OIyOIiKOBaHi B
niteparypi [20-24]. Williams R.M. et al. nmpoBenu
ormsan 100 myOumikamiid 1mo70 BIUIMBY T'€HOTHIY Ta
cepefoBUIAa Ha sKicTh mmeHuui. [lokazano, mo
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characteristics,  physical, = chemical and
rheological properties of dough, and baking
quality. Since most of the wheat quality traits
demonstrate complex inheritance patterns,
breeding for quality, especially baking quality,
is one of the most difficult tasks in wheat
breeding [8].

Baking quality of winter wheat is largely
determined by protein content and quality. The
main endosperm protein complex, gluten, is
responsible for bread quality. Genetically
determined composition of gluten is the main
factor for genotypic differences in baking
quality [9]. Seling S. noted that protein quality
was genotype-specific, but it could be
influenced by some non-genetic factors, for
example, an extreme deficiency of sulfur [10].
Tannhaeuser S.M. et al. concluded that all
components of wheat flour, not just proteins,
affected baking quality [11]. At the same time,
gluten makes a very important contribution to
baking quality.

Unfortunately, it is well-known that grain
yield is strongly and negatively correlated with
protein content. Many studies have focused on
this negative relationship and investigated its
genetic basis [12—17]. This relationship is
important for breeding progress in increasing
grain yield, on the one hand, and baking quality,
on the other.

Published results, in general, indicate a
significant increase in grain yield, but they
question whether significant progress has been
achieved in the quality of bakery products over
the past three to four decades [18, 19].

Wheat grain yield and quality depend on
complex interactions between genotype and
many environmental factors. Environmental
changes are often considered as the major factor
affecting the end-use quality of grain.
Temperature during the growing period,
humidity and temperature during grain filling,
duration of grain filling, rainfall distribution and
application of nitrogen and sulfur fertilizers
significantly affect the quality of bakery
products. Results of numerous studies of effects
of genotype and environment on baking
qualities of winter wheat are widely published
[20-24]. Williams R.M. et al. reviewed 100
publications on the influence of genotype and
environment on wheat quality. It was shown that
variations in the relative contributions of
genotype,  environment and  genotype-
environment interaction to a large extent
depended on genotypes and environments from
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Bapiartis BiTHOCHOTO BHECKY TCHOTHITY,
CepelioBUIIA  Ta  B3aEMOAll  TEHOTHNY 3
CEPEIOBUILEM CHIILHO 3aJI€KHUTh BiJl TEHOTHIIIB Ta
CEpENIOBHIIN, 3 SKUX MpoBomuiIacsa BuOipka [25]. ¥V
nocmimkenasx  Mikulikovd Oymo BusBIEHO, IO
TCHOTHUII MAa€ iCTOTHUH BIUIMB JIUIIC HA TBEPIICTh
3epHa; A BMICTy Oifka, KICWKOBHMHH Ta dYHCIa
cemquMeHTallii 3eeHi mepeBakaB BIUIHB TCHOTHITY,
a JUIg BMICTy KpoXMallio, mapaMeTpiB ajubBeorpada
Ta HaTypHW 3epHa oOMIBa JpKEpesia Bapiamii Maimu
omHaKoBe 3HaueHHSA [26]. Po3ymiHHS BHeECKy
TCHOTHUITY, CEPEIOBUIA Ta B3aEMOJii T€HOTHIY 3
CEepeIOBUILEM Ha SIKICTh 3epHa MILICHHMLII MOJIETIIYE
BiIOIp 3a AKICTIO B CEJICKITIHHUX Mporpamax.

Y OararpOxX [OCHIKCHHSX BCTAaHOBJIECHO
3B’SI30K MK DPI3HHMH MapaMeTpaMH SIKOCTi 3epHa
[27-30]. Mladenov et al. BHIBHIM BHCOKI
MTO3UTHBHI KOPEJIAIii Mi>k BMICTOM OiJTKa i BMICTOM
KJICHKOBUHU 3 OJHOro OOKy Ta 00'eMoM xiiba i
Horo xapakTepuCTUKaMH 3 iHIIOT0. BunpoGoByroun
BEJWKY TPYIy TEHOTUMIB IMIIEHUIl B PI3HAX
yMoBax mocyxu [29], Mohammadi et al. midmomm
BUCHOBKY, 110, KpPIM COPTY Ta CEpeOBHILA, METOJ

CKpUHIHTY  TaKOoX  CHpHS€  HAAIMHOCTI  Ta
OOTPYHTOBAaHOCTI ~ BHCHOBKIB  IOAO  3B’s3KIB
o3Hak[30].

MeTor0 naHOi poOOTH CTaJI0 BU3HAUCHHS
BHECKY T'€HOTHITY, HAaBKOJHMIIHEOTO CEPEIOBHINA Y
Bapiamii xmioonekapcbkux o3Hak 1200 reHOTHIiB
MIICHHUII, TOCTIPKEHUX TPOTATOM 16 POKIB; TaKoXK
JUIL  BUSIBICHHS KpallMX TIeHOTHUINB IIICHHI
MPOAHANI30BaHO B3aEMO3B’S3KM MK  PI3HUMH
03HAaKaMH XJIi0OTMEKapChKOT SKOCTI.

MeTtonuka

[onboBi mociimpkeHHs nposeaeHi y 2008—
2024 pp. Ha JOCHIIHUX TIONSX CEJEKIiHHOT
ciBoaminu [HcTHTYTY pocnuHHMITBA iM. B
IOp’eBa HAAH (IP HAAH), po3ramoBanoi 3a 18 km
Ha cxix Bim M. XapkoBa. TeXHONOTiS BHPOIIYBaHHSI
3aranmpHONpUiiHATa Uit 30HU Jlicoctemy. Ilnmormma
ninsEky 10 M2, HOBTOPHICTE YOTHPHPA30Ba. 3a POKH
JIOCTIDKeHb BHBYeHO moHan 1200 coprie Ta
CEJIEKIIIHMX JIIHIT MIIEHUII M’ SIKOI 03UMOI CEJIEKIIT
IP HAAH.

O11iHKa TIOKa3HKMKIB SKOCTI 3epHA Ta OOPOIIHA
JTOCITI DKy BaHUX 3pasKiB BUKOHYBaJIach B
nabopatopii skocti 3epHa IP HAAH 3rizHo 3
METOIUKOIO VIECP Ta METOIUYHUMHU
pekoMeHnauismMu, pozpodsieanmu B IHerutyTi [31,
32]. BuB4anu noka3HUKH SIKOCTi: (i3W4Hi — HaTypa
(TW) 1 cknononionicts (KV) 3epna; GioxiMiuHi —
BMmicT Oinka B 3epHi (GPC); TexHONOTiYHI: BMICT
kneiikoBuan B OopomHi  (FGC) Tta  iHpmekc

which the sample was taken [25]. Mikulikova
found that genotype had a significant effect only
on kernel hardness, while the effect of growing
year was dominant for protein ans gluten
contents and Zeleny sedimentation index, and
all sources of wvariations (genotype, year’s
conditions, country of origin) had the same
significance for starch content, alveograph
parameters and test weight [26]. Understanding
contributions of genotype, environment, and
genotype-environment interactions to wheat
grain quality facilitates selection for quality in
breeding programs.

Many  studies have  demonstrated
relationship between different grain quality
parameters [27-30]. Mladenov et al. found
strong positive correlations between protein and
gluten content on the one hand and between loaf
volume and loaf characteristics on the other.
Testing a large group of wheat genotypes under
various drought conditions [29], Mohammadi et
al. concluded that, in addition to cultivar and
environment, the screening method also
contributed to the reliability and validity of
conclusions about relationship between traits
[30].

The purpose of this study was to
determine the contributions of genotype and
environment to the variations of baking traits of
1,200 wheat genotypes studied over 16 years; to
identify the best wheat genotypes, and to
analyze the relationships between different
baking quality traits.

Methods

The field studies were conducted in the
experimental fields of the breeding crop rotation
of the Yuryev Plant Production Institute of
NAAS (YPPI NAAS), which are located 18 km
east of Kharkiv, in 2008-2024. The cultivation
technology is traditional for the forest-steppe.
The plot area was 10 m2; the experiments were
carried out in four replications. In the study
years, over 1,200 winter bread wheat cultivars
and breeding lines, which had been bred by the
YPPI NAAS, were investigated.

The grain and flour quality indicators of
the studied accessions was determined in the
Grain Guality Laboratory of the YPPI NAAS in
accordance with the guidelines developed by the
Ukrainian Institute of Plant Variety Examination
(UIPVE) and YPPI NAAS [31, 32]. The
following quality indicators were evaluated:
physical — test weight (TW) and kernel

26 ISSN 1026-9959. Plant Breeding and Seed Production. 2025. 127



nedopmartii  kieiikoBuau (GDI), npyxHicts (P),
po3tsokHicTh (L), 30anancoBanicts (P/L) TicTa, cuna
oopomna (W), inmexc emactuunocti Ticta (IE),
06’em cemmmentanii  SDS  (SDS-SI). Takox
MIPOBOAMIIM XJTIOOTIEKapChKY OMIHKY (00’ €M XITiOMHU
(LV), ouinky mnoBepxui xmiomuu (LUS), dopmu
xmomau  (LS), 30BHINIHBOTO BHTIISAY XITIOHMHU
(LAS), xomeopy cxopuakn xmibuam (LCC),
nopucrocti M’sikyma xnionau (CP), emactuynocTi
M’akyma xmiouan (CE) Ta xoipopy M’sKymia
xmouau (CC). Y miacyMKy 3miHCHIOBAIH 3araibHy
xuioonekapcbka orinky(OBS).

CratuctiyHy 0OpOOKY eKCIepHMEHTaJIbHUX
JMAHAX BHUKOHYBaM, sK omucano B [33] 3
BHKOpHCcTaHHSIM TakeTa miporpam STATISTICA 6.1,
SN BXXR502C631824NET3. BpaxoByrouu 10CHTh
3HAUHI BapilOBaHHS TOKA3HWKIB SIKOCTI 3€pHa 3a
poKaMH  Ta  PI3HMH  CTYIiHb  BapifOBaHHSA
JOCIKYBaHMX O3HAK, a TaKoK TOH (QakKT, MIo
CeNeKLifiHI  JIiHIT KOHKYPCHOTO  BHUIPOOYBaHHS
BUBYAIMCS Yy PI3HI Tepiofw, Ui y3araabHEHHS
OTPHMAaHMX 0araTOpiYHUX NAaHWX BHKOPHUCTOBYBAIU
CTaHIapTH30BaHI B MEKaxX OKPEMHUX POKIB 3HAYCHHS
(pi3HUIA MK 3HAYEHHSIM KOHKPETHOTO MOKa3HHKa
KOHKpeTHOi  JiHII Ta cepemHiM  3HAYCHHSIM
BIJIMOBIIHOTO  TMOKAa3HWKA Yy BIAMOBIOHMH  PiK
MOJTiJICHa Ha CTAaHIAPTHE BIIXWICHHS BiIIOBITHOTO
MOKa3HMKA y BiAMOBIAHUH PiK). st pemykmii maHmx
Ta Yy3arajJbHEHHS OTPHMAaHUX peE3yNibTaTiB OyIo
MPOBE/ICHO KIIACTePHUI Ta (PaKTOPHUI aHAII3H.

[loromHi yMOBH B POKH JOCIIDKEHb 3pa3KiB
KOHKYPCHOTO COPTOBUIPOOYBaHHS CKJIaAajucCs IO
pI3HOMY, SIK CIPHSTIMBO JJIsI PO3BUTKY POCIHH Y
pi3Hi (a3m Bereramii, Tak 1 BKpail HETaTHBHO.
Haiibinpin cnpusATIMBIMH TIOTOIHI YMOBH IS
(hopMyBaHHS YPOXKAMHOCTI 3€pHA MIICHUII M’ SIKOT
o3umoi Oymu y 2008, 2015, 2017 Ta 2022 pp.
[locynumBi ymMoBH Tiepen Ta Tchs CiBOM O3MMHX
KynsTyp 'y 2009, 2015, 2020 pp. copuuuHsIH
3HIDKEHHS  TOJBOBOI  CXOXKOCTI,  3ami3Hi  Ta
HEpPIBHOMIpDHI CXOIM Ta 3HWXEHHA MPOXYKTHBHOTO
crebnmocToro 1 ypoxaiiHocti y HactymHux 2010,
2016, 2021 pp. 3meHmenHs ypoxaitaocti 2023 poky
MOB’si3aHe 3 Mi3HIMH CTpokamu ciBOu y 2022 pori
Yyepe3 HECBOEYACHY MiATOTOBKY IPYHTY, 3yMOBIICHY
0OMOBMMHU JIiSIMA Ta TPUBAIMMHU poOOTAaMH 3
00CTeXEHHS TOJIB Ha HasIBHICTh
BUOYXOHEOE3MeYHNX MpeIMETIB. 3HMKEHHS
ypoxaitHocti y 2024 poli BHUKJIHMKaHE BiJCYTHICTIO
NPOAYKTUBHUX OMaiB 3 Oepe3Hs JI0 KiHIS YepBHS,
yepe3 IO HE BIIOYIOCS BECHSIHOTO KYIICHHS,
3MEHIIWINCh O3€PHEHICTh KOJIOCa Ta Maca THCSYi
3epeH.
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vitreousness (KV); biochemical — grain protein
content (GPC); technological — flour gluten
content (FGC) and gluten deformation index
(GDI), dough resilience (P), extensibility (L),
and balance (P/L), flour strength (W), dough
elasticity index (IE), and SDS-sedimentation
index (SDS-SI). The baking quality was also
assessed: loaf volume (LV), loaf surface score
(LSS), loaf shape (LS), loaf appearance score
(LAS), loaf crust color (LCC), crumb porosity
(CP), crumb elasticity (CE), and crumb color
(CC). From these parameters, the overall
general baking score (OBS) was calculated.

Experimental data were statistically
processed in STATISTICA 6.1 and SN
BXXR502C631824NET3, as described in [33].
Taking into account considerable year-to-year
variations in grain quality indicators and various
degrees of variations in the studied traits, as
well as the fact that the breeding lines were
tested in competitive trials in different periods,
year-standardized  values (the difference
between the value of a specific indicator of a
specific line and the mean wvalue of the
corresponding indicator in the corresponding
year divided by the standard deviation of the
corresponding indicator in the corresponding
year) were used to summarize the multi-year
data. Cluster analysis and principal component
analysis (PCA) were conducted to reduce and
summarize data.

The weather in the years of testing of the
accessions in competitive trials varied from
favorable for the development of plants in
different phases of vegetation and to extremely
harsh. 2008, 2015, 2017, and 2022 had the most
favorable weather for the formation of winter
bread wheat grain yield. In 2009, 2015, and
2020, droughts before and after winter crop
sowing decreased the field germination; so in
the following 2010, 2016, and 2021, sprouts
were late and uneven, the productive plant stand
was poorer, and the yields were lower.
Decreased yields in 2023 were attributed to
untimely soil preparation and, consequently, late
sowing in 2022 because of hostilities and
extended surveys of the fields for explosives.
Decreased yields in 2024 were associated with
the lack of productive precipitation from March
to the end of June, which resulted in no spring
tillering; hence, there were fewer kernels per
spike and the thousand kernel weight was
reduced.
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Pe3yabTraTi Ta 00TOBOpPEHHSI

OnHUMH 3 HAlJaBHIMKMX ITOKA3HUKIB SIKOCTI
3epHa, SKI JOCI  BHUKOPHCTOBYIOTBCS  JUIS
BHM3HAYEHHS KJIACHOCTI MapTii 3epHa, € HaTypa Ta
ckiononiOHicTh.  CepenmHs 3a  JIOCHIKCHUMH
COpTaMH Ta JIHISIMU HaTypa 3epHa MepeBUIllyBaia
800 r/my 2012, 2013, 2014 ta 2017 pp., TOmi SIK y
HECTIPUATIUBUX )1 HANMMBY 3epHa ymoBax 2010,
2018, 2023, 2024 pp. AaHUA TIOKa3HUK HE
nepesunryBaB 770 /1. Cepen BUBUEHUX O3HAK IIEH
MOKAa3HUK BHUSBHMBCSA HAWOUIBII  CTAOIIBHUM,
koedilieHT Bapiaiii 3a JiHiAME ckiaaas Bix 0,9 no
3,6% y Mexax OKpeMHX pOKiB, a 3a POKAMH -
2,6 %. Cepen iHmIMX TMOKAa3HUKIB SKOCTI HATypa
3epHa y OLIBIIOCTI POKIB OyJia ¢iabo 1moB’s3aHa 31
CKJIONOJiOHICTIO 3epHa (KOedilieHT Kopemsmil
ckmamas 0,2-0,5, a y 2015 pomi mocsr pisus 0,75,
BUHITKOM CTaB HaA3BUYalHO mocyrnuiuBuii 2024
PiK, KON 3B’SI30K cTaB HeraTHBHUM 3 7=-0,26). Y
ISTH 3 POKIB BHUBYCHHA BiJ3Ha4ueHa ciadka
MO3UTUBHA KOPEIALis 3 MPYXHICTIO TicTa (I Bix
0,2 mo 0,5), a y 2010 pomi xopensiis Oyia
HeratuBHoto (=-0,5). Y 2016 Tta 2018 pp.
crioctepiranacs CyTTeBa MO3WUTHBHA KOPENAIis 3
YUCIIOM MajaHHd. 3 PEIITO TMOKa3HUKIB SIKOCTI
3B’S30K HATypH 3e¢pHa OyB HE3HAYHUM Ta
HecTaOITFHUM 32 POKaMHU.

Ha ckyiononiOHICTh 3epHa 3HAYHOK MIPOIO
BIUIMBAIOTh TIOTOJIHI YMOBH POKYy B TIepion
JTO3piBaHHS. Yy HAIIINX JIOCJIJDKEHHAX
CKIIOTIOAIOHICT, 3€pHA BUSBHIACS OJHIEKD 3
HaOIbII BapiaOeNnbHUX O3HAK SK 332 POKaMH, Jie
koedimieHT Bapiamii ckiaB 25,9%, Tak i 3a JiHIsIMH
B Mexax okpemux pokiB (Bim 11,7 mo 43,9%).
Cepennst 3a 3pa3kaMH CKJIONOAIOHICTE 67% 1
oinpme BusBsutacs y 2012, 2019 ta 2021 pp.,
menmow Hix 40% Oyma y 2010, 2015, 2018 Ta
2020 pp. CkiomnoaiOHICTh 3epHa He Oysa CyTTEBO
MOB’s3aHa 3 IHIIMMH IOKa3HMKaMH  SIKOCTI,
Koe(illi€eHT KOpeInAlii He MMepeBUIyBaB 3HAYCHHS
0,37. V OinbmocTi pokiB crocrepiranacs ciabka
KOpensllis TOKa3HWKa 3 BMICTOM Oinka Ta
KJICHKOBUHH, 3 IHIIMMM O3HAKaMH SIKOCTI 3epHa
3B 430K BiJI3HA4YaBCs JIMILIE Y OKpeMi poku i OyB
CITa0KHM.

Y pOKHM 3 CepelHbOI YPOKAWHICTIO JiHIiH
KOHKYPCHOTO COpPTOBHIPOOYBaHHS IMOHaM 8 T/ra
(2008, 2015, 2017 Ta 2022) cnocrepiraiochk
3MEHIIEHHs BMICTy Oinka B 3epHi mo 11,0-11,5%
(tabm. 1).

Results and Discussion

Test weight and kernel vitreousness are
among the oldest indicators of grain quality, but
they are still used to determine the grain class.
The mean test weight in the studied cultivars
and lines exceeded 800 g/L in 2012, 2013, 2014,
and 2017, while under unfavorable conditions
for grain filling in 2010, 2018, 2023, and 2024,
this indicator did not exceed 770 g/L. Of the
studied parameters, this indicator turned out to
be the most stable: the coefficient of inter-line
variation was 0.9 - 3.6% in individual years,
with the annual mean of 2.6%. In most of the
years, test weight was weakly correlated with
kernel vitreousness (the correlation coefficient
was 0.2-0.5; 0.75 in 2015); the exception was
2024, an extremely dry year, when the
correlation became negative (r=-0.26). In five of
the study years, there was a weak positive
correlation between test weight and dough
resilience (r = 0.2-0.5); in 2010, this correlation
was negative (r=-0.5). In 2016 and 2018, there
was a significant positive correlation between
test weight and falling number. As to the other
quality indicators, their correlations with test
weight were insignificant and unstable across
the years.

Kernel vitreousness is significantly
influenced by weather factors during the
ripening period. In our studies, kernel
vitreousness turned out to be one of the most
variable traits both by year, where the
coefficient of variation was 25.9%, and by lines
in individual years (from 11.7 to 43.9%). The
mean vitreousness of 67% or higher in 2012,
2019 and 2021 and lower than 40% in 2010,
2015, 2018, and 2020. Kernel vitreousness was
not significantly correlated with the other
quality indicators: the correlation coefficients
did not exceed 0.37. In most years, there was a
weak correlation between this parameter and
protein and gluten contents; the correlations
with the other grain quality traits were weak and
noted only in some years.

In 2008, 2015, 2017, and 2022, the lines
yielded on average over 8 t/ha in the
competitive trials and a decrease in grain
protein content to 11.0-11.5% was observed in
these years (Table 1).
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Taomuus 1. [Toka3HUKHM SKOCTI 3epHA 3pa3KiB MIIEHHUII M'SIKOT 03UMO1 y po3caJHUKaX KOHKYPCHOTO COPTOBUIIPOOYBaHHS (CepeaHe 3a pokaMu BUBUEHH:), 2008—-2024 pp.

Table 1. Grain quality indicators of the winter bread wheat accessions

grown in competitive trial nurseries (annual mean values), 2008—2024.
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2008 8,93 795 45,0 10,99 23,5 75,3 63,1 93,3 0,73 185 - 484 5,21
2009 6,49 785 51,4 13,77 30,9 87,2 68,0 1153 0,63 259 - 554 6,60
2010 4,65 764 37,6 14,89 28,8 40,5 73,6 121,5 0,66 329 76,8 743 8,91
2011 7,04 781 46,7 12,78 23,2 39,8 84,5 83,6 1,10 286 66,3 704 8,69
2012 5,88 820 67,5 13,38 26,7 51,5 92,0 86,7 1,12 322 66,5 751 8,87
2013 7,46 810 51,5 12,68 23,2 45,0 99,0 68,8 1,56 280 59,7 687 8,64
2014 6,48 802 40,8 12,54 23,9 43,6 90,5 101,3 0,95 317 57,3 684 8,46
2015 8,04 775 33,8 11,25 21,9 46,9 89,0 67,6 1,52 243 60,0 740 8,74
2016 5,76 775 46,7 12,95 27,0 88,4 66,9 69,1 1,04 174 47,3 597 6,91
2017 8,29 838 58,6 11,49 21,7 47,8 106,6 50,2 2,22 241 56,2 694 8,75
2018 6,88 770 33,1 13,05 23,5 39,9 77,1 79,6 1,09 249 64,8 785 8,89
2019 7,63 792 67,0 13,27 253 46,4 85,7 76,9 1,27 279 69,7 733 8,87
2020 7,20 795 38,4 13,84 27,2 80,1 80,2 83,1 1,05 267 62,6 713 8,73
2021 3,08 790 78,6 14,09 33,1 93,8 50,2 93,9 0,60 158 474 562 6,87
2022 8,29 771 40,3 11,33 20,4 323 87,6 66,6 1,44 253 64,2 587 7,33
2023 4,55 765 59,2 12,00 22,5 35,0 65,3 80,9 0,87 232 77,4 747 8,48
2024 1,98 770 59,6 12,27 22,7 57,6 61,1 65,1 0,98 166 50,8 602 7,34
Cepenne /
General 790 48,7 12,64 248 56,8 80,4 81,1 1,15 247 60,4 661 7,92
mean
3a pokamu /
Annual 6,39 788 50,3 12,74 25,0 55,9 78,9 82,6 1,11 249 61,8 669 8,02
mean
()% 29,77 2,60 25,92 8,60 13,83 36,61 19,02 22,35 37,06 21,35 14,89 12,97 13,66




Y 2010 Ta 2021 pp., TpU CYTTEBOMY
3MEHIICHHI TYCTOTH MPOAYKTUBHOTO CTEOIOCTOIO,
aje CHOpUSATIMBUAX yMOBax aisi (QopMyBaHHsS Ta
HaJUBY 3€pHIBKH, CEepelHii BMICT Oinka B 3epHi
nepesuitysaB 14%, y 2009 ta 2020 poxax wnei
MOKa3HUK TaKoK OyB JOBOJNI BHCOKHM 1 CKJIaB
13,8%, BMiCT KJIEMKOBHHM y OOpOIIHI y BKa3aHi
poku mepeBuiyBaB 27%. SIkmo po3misimaTé
CepeJIHI 3HAYCHHS BMICTY OiJIKa Ta KJICHKOBUHU 3a
POKaMH, TO CIIOCTEpirajach 3BOPOTHA KOPEISIis
X TIOKa3HUKIB 3 ypoxkaiHicTio (1=-0,46 ta -0,44,
BIAMOBiIHO). Y OiABIIOCTI POKIB BHUBYCHHS
croctepiranacst BHCOKa KOPEJsiisi MiXK BMiCTOM
Oinka B 3epHI Ta KJICHKOBHHH B OopomHi (r Bix 0,6
mo 0,8), oOugBa TOKa3HWKA  TO3WTHBHO
KOPEJIOBaIU y OUIBIIOCTI BUMAAKIB 3 IHICKCOM
nedopmainii KISHKOBUHU Ta PO3TSHKHICTIO TicTa (T
Bimx 0,2 mo 0,7), B okpemi pOKH CIOCTepiraBcs
3BOPOTHHH  3B’SI30K 3 OpYKHICTIO  Ta
30aTaHCOBAHICTIO TIiCTA.

OmarM 3 HaWBOXKIUBIMMX (HAKTOPIB, IO
BINTMBAIOTH HAa PEOJOTil0  TicTa, € BMICT
KIEHKOBUHU Ta 11 sKicTh. [loKa3HHK iHOEKCY
medopmarii  KIEHKOBUHM  BapiloBaB  3HAYHO
OLTBIIIOI0 MIPOIO MOPIBHSHO 3 BMICTOM Oinka Ta
KJICHKOBUHU K 332 COPTaMHU Ta JiHISIMH B MeXax
okpemux pokie (Cv Bix 20,6 no 44,6%), Tak i 3a
poxamu (Cv=36,6%). Y OinpLmoCTi POKIB CEpPEaHE
3HAYEHHS BiJINOBIAaJI0 BUMOTaM JI0 MEPIIOi TPYIH
SKOCTI KJjekkoBuHHu, ane y 2011, 2018, 2022 ta
2023 pp. xielikoBuHA Oyna HAATO MIIHOIO
(IIK<40), a y 2009, 2016, 2020 Ta 2021 —
HagaMmipHo posTskHOW (IJIK>80). ¥V Oimbrrocti
pPOKIB  crocTepiranacs  CyTT€Ba  3BOPOTHA
KOpeJsIis MK 3HadeHHsMH Toka3Huka [/IK Ta
npyxHocti Ticra (r Binm -0,3 mo -0,7), cunm
oopomna (r Bim -0,3 mo -0,8), iH;EeKcy
enactrnyHoCTi Ticta (r Big -0,2 mo -0,7), 06’ emom
xmba (r Bim -0,2 gmo -0,7), 3arainbHOIO
xjribonekapchkor0 orinkoro (r Big -0,3 1o -0,8) Ta
MO3UTHBHA 3 po3TsHKHICTIO TicTa (1 Bix 0,3 g0 0,6).

PiBeHb TIPOSIBY PEONIOTIYHMX BIACTHBOCTEH
TicTa BapilOBaB 3a POKAMH Ta Y MeXaX OKpEMHUX
POKiB cepenHboro Miporo. CepenHst 3a 3pa3kaMu
npyxHicts Ticta 'y 2012, 2013, 2014 ta 2017 pp.
nepesumyBana 90 mm, Tomi sk y 2008, 2009,
2016, 2021, 2023 Ta 2024 pp. Oyna MEHIIO BiJ
70 mm. PostskHicTe Ticta Oinmbmioro 3a 90 MM
oyna y 2008, 2009, 2010, 2014 ta 2021 pp., a
Mermoo 3a 70 mm y 2013, 2015, 2016, 2017,
2022 ta 2024 pp. Bucoke 3Ha4eHHS NPYXKHOCTI
a00 PpO3TSHKHOCTI TicTa 1Ie HE TapaHTye
OTPUMAaHHS BHCOKOi CHJIHM OOpOINHA, IS YOro
noTpiObHa 30ajJaHCOBAaHICTh 000X IOKAa3HHUKIB.
Cuna OopoirHa OurbLIE 280 OIUHUIIb

In 2010 and 2021, when there was a
significant decrease in the productive density, but
the conditions for grain setting and filling were
favorable, the mean grain protein content exceeded
14%; In 2009 and 2020, this indicator was also
quite high, amounting to 13.8%. The flour gluten
content in these years exceeded 27%. When we
considered the annual mean values of the protein
and gluten contents, we noted inverse correlations
between these indicators and yield (=-0.46 and -
0.44, respectively). In most years of research, there
was a strong correlation between grain protein
content and flour gluten content (r = 0.6-0.8); both
indicators were positively correlated with gluten
deformation index and dough extensibility in most
cases (r = 0.2-0.7); in some years, there were
inverse correlations with dough resilience and
balance.

Gluten content and quality are among the
most important factors affecting dough rheology.
The gluten deformation index varied more
significantly than the protein and gluten contents
acfross cultivars and lines in individual years (CV
= 20.6-44.6%) and across years (CV=36.6%). In
most years, the mean value met the requirements
for gluten quality Group 1, but in 2011, 2018,
2022, and 2023, gluten was too strong (GDI<40),
while in 2009, 2016, 2020, and 2021, it was too
extensible (GDI>80). In most years, there was a
significant inverse correlation between GDI and
dough resilience (r from -0.3 to -0.7), between GDI
and flour strength (r from -0.3 to -0.8), between
GDI and dough elasticity index (r from -0.2 to -
0.7), between GDI and loaf volume (r from -0.2 to
-0.7), and between GDI and overall baking score (r
from -0.3 to -0.8); there was a positive correlation
between GDI and dough extensibility (r = 0.3 -
0.6).

The  dough  rheological  properties
moderately varied from year to year and in
individual years. The inter-accession mean dough
resilience exceeded 90 mm in 2012, 2013, 2014,
and 2017, while in 2008, 2009, 2016, 2021, 2023,
and 2024, it was below 70 mm. The dough
extensibility was higher than 90 mm in 2008,
2009, 2010, 2014, and 2021 and lower than 70 mm
in 2013, 2015, 2016, 2017, 2022, and 2024. A high
value of dough resilience or extensibility does not
guarantee high flour strength, which requires a
balance of both indicators. The flour strength of
over 280 was recorded 2010, 2011, 2012, 2014,
while in 2008, 2016, 2021, and 2024, it was lowser
than 200. The dough elasticity index of 70 or
higher was recorded in 2010, 2019 and, 2023; it
was below 60 in 2014, 2017, 2021, and 2024.
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ansBeorpada (0. a.) ¢popmysanacs B 2010, 2011,
2012, 2014 pp., a y 2008, 2016, 2021 Ta 2024 pp.
oyna menmoro 3a 200 o. a. IHaekc emacTUYHOCTI
ticta 70 omuHuUIe 1 6impme OyB y 2010, 2019 Ta
2023 pp, a menmmMm Big 60 —y 2014, 2017, 2021
ta 2024 pp.

O6’em xmiba 31 100 r OopomHa 03
BUKOPHCTAHHS PO3MylryBaqiB y 740 mur i Ginbime
0yB orpumanuii y 2010, 2012, 2015, 2018 Ta 2023
pp., a Menmie Bix 600 mn — y 2008, 2009, 2016,
2021 Ta 2022 pp. 3arampHa XImiOomekapchka
ominka Bumie 3a 8,7 Oama Big3Hauena y 2010,
2012, 2018 Ta 2019 pp., a MmeHmia 3a 8,0 6aniB — y
2008, 2009, 2016, 2021, 2022 Ta 2024 pp.
BapitoBanHs 3a pokaMU CepemHiX 3a 3pa3KaMu
MOKA3HMUKIB  XJIIOOMEKapChKOi  OIliHKH  OyJo
cepenHiM, koedilieHTH Bapiaiii cTaHOBWIX Big 9
1o 15%.

Mns y3araJbHEHHS OTPUMaHUX
OaraTopiyHUX JaHUX BUKOPHCTOBYBAJIUCH
CTaHJApTHU30BaHI B MeEXaxX OKPEMHUX pOKiB
3HaueHHs. TakuM YHMHOM BHIIJEHI 3pa3Ku, SKi
BUBYANIUCS HE MEHIIE TPbOX POKiB, 3 CEpemHiM
CTaHJAPTH30BAHUM 3HAUCHHAM HATypu 3epHa
oimpme 1,2 Jlonempka 48, Ilepnmnaa Jlicocrery,
Eputp.1463-08, JIr01.487-13, JI10T.490-13, IIpous
(JIror.  53-13) Ta [BI CECTPHHCBKI JiHIT 3
HEKpyITHUM, ajie¢ J00pe BHIIOBHEHHM 3€PHOM,
Jior. 490 -15, Jhiot. 449-15, Jlot. 470-15,
L191-14.

CranpapTH30BaHe 3HAYCHHS
cknonogiorocti 6inmpmie 1,0 mamu Eputp.1463-08,
CMyrsHKa, Eputp.913-10, JI1o1.490-13,
Epurp.14-17, Eputp.1180-18 Ta minis, BiniOpaHa
y poscaguuky PB2 copry [lpunana, a MeHIe Hix
—1,0 Eputp. 461-09, Jlrot. 901-10, Eputp. 95-11,
Eputp. 778-14, L139-03KH, ™m’sxo3epHHil copT
Maszypok (L137-26-0-3) Ta iioro cecTpuHCBKa
minis L137-26-0-2, L195-21, Epurp. 1161-17,
Eputp. 55-18, Eputp. 180-18, Eputp. Q 6-15.

CraHpapTH30BaHe 3HAUYEHHS BMICTy Oijika B
3epHi Oimbme Hik 1,2 mamm minii Eputp. 913-10,
Eputp. 399-13, Epurp. 188-13, Ilpunana (JIrot.
104-11), JIrot. 470-15, JIrot. 152-16, Eputp. 14-
17, Jot. 676-17, Eputp. 923-17, JlIrot. 1000-17,
Jor. 1003-17, Jlrot. 1152-17, Epurp. 795-21,
Eputp. 1120-21, a menme Big —1,2 — Jlrot. 376-07,
Jlrot. 217-13, JIrotr. 487-13, Eputp. 277-13, A-3-
14, Eputp. 1307-15, Manyma (Eputp. 1150-17),
Eputp. 55-18, Epurp. 1283-18, L224-5, L244-1
Ta JiHifA, BimiOpana y poscamHuky PB2 copry
[Ipons. CranmapTu3oBaHe 3HA4YE€HHS BMICTY
KJIeiiKoBUHYU y OoponrHi Oinbme 1,0 mamu Eputp.
913-10, Eputp. 661-10, I'apmonika (Eputp. 661-
10), Ilpumnaga (JIror. 104-11), Jlror. 449-15,

ISSN 1026-9959. Cenexuig 1 HacinaunTso. 2025. 127

The volume of baking powder-free loaf from
100 g of flour was 740 cm3 or more in 2010, 2012,
2015, 2018, and 2023; it was below 600 cm3 in
2008, 2009, 2016, 2021, and 2022. The overall
baking score of higher than 8.7 points was noted in
2010, 2012, 2018, and 2019; it was below 8.0
points in 2008, 2009, 2016, 2021, 2022, and 2024.
The yer-to-year variations of the mean baking
scores of the accessions were medium, with the
coefficients of variation ranging 9% to 15%.

To summarize the multi-year data, the year-
standardized values were used. Thus, accessions
that had been studied for at least three years, with
the mean standardized value of test weight of over
1.2, were selected: cv. ‘Donetska 48’, cv. ‘Perlyna
Lisostepu’, line ‘Erythr.1463-08°, line ‘Lut.487-
13, line ‘Lut.490-13’, line ‘Lut. 490-15’, line ‘Lut.
449-15°, line ‘Lut. 470-15°, line ‘L191-14’, cv.
‘Pronia’ (line ‘Lut. 53-13”) and its two sister lines
with small but well-filled kernels.

The standardized kernel vitreousnes was
higher than 1.0 in ‘Erythr.1463-08°, cw.
‘Smuhlianka’,  ‘Erythr.913-10°,  ‘Lut.490-13’,
‘Erythr.14-17°, ‘Erythr.1180-18’, and a line
selected from cv. ‘Prynada’ in the second year
nursery; it was below 1.0 in ‘Erythr. 461-09°, ‘Lut.
901-10°, ‘Erythr. 95-11°, ‘Erythr. 778-14, ‘L139-
03KH’, soft cv. ‘Mazurok’ (line ‘L137-26-0-3)
and its sister line, ‘L137-26-0-2°, ‘L195-21°,
‘Erythr. 1161-17°, ‘Erythr. 55-18°, ‘Erythr. 180-
18’, and ‘Erythr. Q6-15’.

The standardized value of grain protein
content exceeded 1.2 in lines ‘Erythr. 913-10°,
‘Erythr. 399-13°, ‘Erythr. 188-13°, cv. ‘Prynada’
(line ‘Lut. 104-11°), ‘Lut. 470-15°, ‘Lut. 152-16’,
‘Erythr. 14-17°, ‘Lut. 676-17’, ‘Erythr. 923-17°,
‘Lut. 1000-17°, ‘Lut. 1003-17°, ‘Lut. 1152-17’,
‘Erythr. 795-21°, and ‘Erythr. 1120-21’; it was
below 1.2 in ‘Lut. 376-07°, ‘Lut. 217-13°, ‘Lut.
487-13, ‘Erythr. 277-13°, ‘A-3-14°, ‘Erythr. 1307-
15°, cv. ‘Malusha’ (line ‘Erythr. 1150-17"), ‘Erythr.
55-18’, ‘Erythr. 1283-18°, ‘L224-5", ‘L244-1°, and
a line selected from cv. ‘Pronia’ in the seond-year
nursery. The standardized value of flour gluten
content of over 1.0 was recorded for ‘Erythr. 913-
10°, ‘Erythr. 661-10°, cv. ‘Harmonika’ (line
‘Erythr. 661-10’), cv. ‘Prynada’ (line ‘Lut. 104-
11°), ‘Lut. 449-15°, ‘Erythr. 1378-15°, ‘Lut. 152-
16°, ‘Erythr. 804-16°, ‘Lut. 834-16°, ‘Lut. 676-17’,
and ‘Erythr. 65-19°.

Standardization of gluten deformation index
and dough balance allows eliminating lines with
both too high and too low values from the breeding
process. The mean standardized dough resilience
values were higher than 1.2 in ‘Erythr. 545-06’,
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Eputp. 1378-15, JIior. 152-16, Eputp. 804-16,
Jlrot. 834-16, JIroT. 676-17, Eputp. 65-19.

3a ToKa3HMKaMM iHAEKCY Jedopmaii
KJICHIKOBUHU Ta 30aaHCOBaHOCTI TicTa
CTaHAapTHU3aLIs J03BOJISIE BUJIYIUTU 3
CEJICKIIIHOTO TPOIIECY JIiHIi K 3 HAJITO BUCOKHUMH
3HAYEHHSAMH, TaK 1 3 HaaTo Hu3bkuMH. CepenHe
CTaHJApTHU30BaHWX 3HAYEHb NPYKHOCTI TicTa
nonan 1,2 mamu Eputp. 545-06, Eputp .455-10,
Epurp. 237-13, Eputp. 188-13, MansoBanka
(Eputp. 1472-14), Eputp. 1470-14, Eputp. 1178-
15, Epurp. 1235-15, Eputp. 1307-15, L103*-
25KH, Epurp. 67-18, Eputp. 180-18, Eputp.
1478-19, Eputp. 478-20, Eputp. 619-20, Epurp.
987-20. CepengHe cTaHAApPTH30BAHUX 3HAYCHB
po3TskHOCTI Ticta moHan 1,0 mamu Eputp. 692-
08, Jlior. 844-10, Eputp. 913-10, Jlrot. 104-11,
Eputp. 275-13, L 77-19KH-0KH-4KH, Menamxka
(L146-02-0-4), Eputp. 804-16, Eputp. 1367-19.

CepenHe cTaHAAPTH30BaHUX 3HAYEHb CHJIH
oopomra monanm 1,0 mamm Eputp. 545-06,
®epmepka (Eputp.702-06), Bayuna, Eputp.237-
13, Eputp. 1395-15, L191-18, Epurp. 1178-15,
L103*-25KH, Eputp. 804-16, Eputrp. 805-16,
Eputp. 166-16, Eputp. 67-18, Eputp. 478-20,
Eputp. 619-20, Jlror. 1387-21, a iHgekcy
enmactuaHocTi Ticta — Eputp. 455-10, Epurp. 95-
11, Eputp. 1217-15, Eputp. 170-15, Eputp. 190-
15, Eputp. 1046-15, Eputp. 1178-15, Eputp. 805-
16, Eputp. 806-16, Eputp. 795-21.

CepenHe  cTaHAapTH30BaHE  3HAYCHHS
o6’emy xmiba 31 100 r OopomHa 06e3
po3nymryBauiB 1,0 Ta Ginbme manu Eputp. 545-
06, Eputp. 1397-08, Eputp. 236-13, Eputp. 237-
13, Eputp. 554-16, Eputp. 166-16, Eputp. 444-
16, Jrot. 319-19, Eputp. 1693-19, Eputp. 429-20,
a 3arajbpHOi XJ1i00eKapchKoi OLiHKH OinbIe 0,5 —
Xapyc (Eputp. 333), Epurp. 1397-08, Epurp.
283-09, Eputp. 461-09, Eputp. 462-09, Epurp.
803-09, JIrot. 560-09, JIrot. 628-09, Eputp. 275-
13, Jlot. 48-13, Ilpunaga (JIrot. 104-11), Eputp.
753-14, Eputp. 1470-14, A-3-14, L 77-27KH-
0KH-4KH, Kopogsaitna, Eputp. 1217-15, L191-18,
Epurp. 777-16, Epurp. 804-16, JIror. 319-19,
Epurp. 1367-19, JIrot. 354-20, Eputp. 429-20.

Cepenne  craHIapTH30BaHE 3HAYCHHS
mokasHuka  SDS-cemmmenrartii  Oimpme 1,0
nokazanu Buranka (Eput p.300-12), Eputp. 48-
17, Eputp. 60-17, Epurp. 130-17, JIror. 229-17,
Eputp. 287-17, Epurp. 1180-18, Eputp. 478-20,
Epurp. 795-21, JItot. 860-21, Eputp. 1120-21.

Cepenni CTaH/AapTU30BaH1 3HaYEHHS
MOKAa3HUKIB SKOCTI 3€pHa JUJIS  COPTIB, SKi
npotsiroM 2008-2024 pokiB BUBYAIHUCS HE MEHIIE
7 pokiB HaBeneHi y Tabm. 2.

‘Erythr. .455-10°, ‘Erythr. 237-13°, ‘Erythr. 188-
13°, ‘Maliovanka’ (line ‘Erythr. 1472-14’), ‘Erythr.
1470-14°, ‘Erythr. 1178-15°, ‘Erythr. 1235-15’,
‘Erythr. 1307-15°, ‘L103*-25KH’, ‘Erythr. 67-18°,
‘Erythr. 180-18°, ‘Erythr. 1478-19°, ‘Erythr. 478-
20°, ‘Erythr. 619-20°, and ‘Erythr. 987-20’. The
mean standardized values of dough extensibility of
over 1.0 were noted in ‘Erythr. 692-08°, ‘Lut. 844-
10°, ‘Erythr. 913-10°, ‘Lut. 104-11°, ‘Erythr. 275-
13°, ‘L 77-19KH-0KH-4KH’, cv. ‘Melashka’ (line
‘L146-02-0-4"), ‘Erythr. 804-16’, and ‘Erythr.
1367-19°.

The mean standardized values of flour
strength were over 1.0 in ‘Erythr. 545-06°, cv.
‘Fermerka’ (line ‘Erythr.702-06’), cv. ‘Vluchna’,
‘Erythr.237-13°, ‘Erythr. 1395-15°, ‘L191-18’,
‘Erythr. 1178-15’, ‘L103*-25KH’, ‘Erythr. 804-
16°, ‘Erythr. 805-16’, ‘Erythr. 166-16’, ‘Erythr. 67-
18°, ‘Erythr. 478-20°, ‘Erythr. 619-20°, and ‘Lut.
1387-21. The mean standardized values of dough
elasticity index exceeded 1 in ‘Erythr. 455-10°,
‘Erythr. 95-11°, ‘Erythr. 1217-15°, ‘Erythr. 170-
15°, ‘Erythr. 190-15°, ‘Erythr. 1046-15°, ‘Erythr.
1178-15°, ‘Erythr. 805-16°, ‘Erythr. 806-16’, and
‘Erythr. 795-21".

The mean standardized values of volume of
baking powder-free loaf from 100 g of flour were
1.0 or higher in ‘Erythr. 545-06’, ‘Erythr. 1397-
08’, ‘Erythr. 236-13°, ‘Erythr. 237-13’, ‘Erythr.
554-16’, ‘Erythr. 166-16°, ‘Erythr. 444-16°, ‘Lut.
319-19°, ‘Erythr. 1693-19°, and ‘Erythr. 429-20°.
The mean standardized values of the overall
baking score was more than 0.5 in cv. ‘Kharus’
(line ‘Erythr. 333”), ‘Erythr. 1397-08°, ‘Erythr.
283-09°, ‘Erythr. 461-09°, ‘Erythr. 462-09°,
‘Erythr. 803-09°, ‘Lut. 560-09°, ‘Lut. 628-09°,
‘Erythr. 275-13°, ‘Lut. 48-13’, cv. ‘Prynada’ (line
‘Lut. 104-11°), ‘Erythr. 753-14°, ‘Erythr. 1470-
14, ‘A-3-14’, ‘L 77-27KH-OKH-4KH’, cv.
‘Korovaina’,  ‘Erythr. 1217-15°, °‘L191-18’,
‘Erythr. 777-16°, ‘Erythr. 804-16, ‘Lut. 319-19°,
‘Erythr. 1367-19°, ‘Lut. 354-20°, and ‘Erythr. 429-
20°.

The mean standardized values of the SDS-
sedimentation index of over 1.0 were intrinsic to
cv. ‘Vyhadka’ (line ‘Eryth p.300-12°), ‘Erythr. 48-
17°, ‘Erythr. 60-17°, ‘Erythr. 130-17°, ‘Lut. 229-
17°, ‘Erythr. 287-17’, ‘Erythr. 1180-18°, ‘Erythr.
478-20°, ‘Erythr. 795-21°, ‘Lut. 860-21°, and
‘Erythr. 1120-21".

The mean standardized values of grain
quality indicators for cultivars that had been
studied for at least 7 years (2008-2024) are given
in Table 2.
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Taomuust 2. [Toka3HUKH SKOCTI 3epHA 3pa3KiB MIICHHII M'SIKOT 03MMOI CTaHAAPTH30BaHi3a pOKaMK BUBYCHHS (3HAYCHHS CEepeIHi 3a 3pa3kamu)*
Table 2. Year-standardized values of the grain quality indicators of the winter bread wheat accessions (mean values for accessions)*

Kinpkicts

Bwmict

Iamexc

Iamexc

. : Bwmicr . . . S 3arajgpHa
POKiB Harypa . Oinka B N nedopmanii | Ilpyxnicts | Po3TsokHicTh Cuia enactugHocTi | O0’eM .
CKJ'IOHOHI6H1CTB . KIICUKOBUHU - . . . . XH16OHeKapCI)Ka
Hasga copty / BUBYCHHs | 3epHa / sepua / Kernel 3epHi / B Gopommi / | TEHKOBHHH Ticra / Ticra / 6oporiHa Ticra / xJiba / omirxa /
Cultivar / Number Test P Grain P / Glutan Dough Dough / Flour Dough Volume 5 .
X vitreousness . Flour gluten . .- L .2 Overall baking
of study | weight protein deformation | resilience | extensibility | strength elasticity of loaf
content . . score
years content index index
1 2 3 4 5 6 7 8 9 10 11 12 13
H];’ggfgfjg / 22 0,22 -0,59 -0,10 0,05 0,60 0,64 0,01 0,67 -0,58 0,25 0,14
Jlopimma / Doridna 15 0,45 0,38 0,90 0,16 0,52 -0,70 0,55 0,41 -0,50 -0,57 0,32
Ambsic / Alians 17 -0,02 0,32 0,49 -0,69 -0,07 -0,69 0,39 0,41 -0,01 0,02 0,05
I;{O;Z“lffsl}’;‘: a/ 18 0,04 -0,46 -0,09 0,41 0,31 0,37 -0,69 0,06 0,38 -0,30 20,26
Acter / Astet 9 0,04 0,91 -0,10 -0,06 0,54 0,73 0,21 0,99 0,53 0,56 0,46
B\?z?;lliiz / 1 -0,06 031 -0,48 -0,21 -0,53 0,65 -0,45 0,57 0,18 0,72 0.44
Xapyc / Kharus 9 0,35 0,24 0,76 0,42 0,72 0,57 0,02 0,86 0,60 0,76 0,57
Cratna / Statna 13 0,39 0,26 0,34 -0,07 0,47 0,33 0,30 0,69 0,15 0,34 031
rﬁgfg:f;; / 9 0,12 0,74 0,74 -0,87 0,24 0,79 0,96 0,32 0,03 -0,08 0,25
Jlueo / Dyvo 16 0,08 0,39 0,79 0,06 0,38 0,72 0,43 0,54 0,16 0,53 0,19
Pepnepa / 15 0,54 0,57 0,07 0,04 20,72 0,88 20,19 L1 0.74 0.33 021
3;‘;;;;‘;’1;/ 15 -0,01 -0,09 0,71 -0,75 0,26 0,74 0,43 0,48 0,03 -0,06 0,32
“&‘;‘iﬁﬁ;ﬁi/ 14 0,85 0,21 031 0,64 0,50 0,36 0,37 0,16 0,32 -0,12 0,19
ngnvaliT;: / 13 0,92 0.19 0,54 0,57 0,34 -0,44 0,04 -0,34 -0,22 -0,34 0,06
Merenuisa
X;f:s;‘;;z / 13 1,34 -0,03 -0,30 -0,20 0,14 0,46 0,25 0,55 0,00 -0,34 0,57
Kharkivska
%“yr;;g‘lfa/ 13 0,45 0,26 0,07 0,22 0,72 0,91 0,72 0,57 0,33 0,14 0,14
3106Ha / Zdobna 13 0,32 0,16 0,33 -0,10 0,19 0,05 -0,02 0,03 0,18 0,28 0,01
Taiiok / Haiok 13 0,91 0,09 0,04 0,04 0,44 0,27 -0,40 0,02 0,22 0,07 0,12
Tpons / Pronia 12 1,22 0,38 0,77 -0,42 0,32 0,05 20,23 0,14 -0,39 0,13 0,22
Tapvonixa / 11 -0,15 0,18 0,76 1,15 0,64 0,61 0,95 -0,02 -0,13 0,41 0,35

Harmonika




TIPOJIOBKEHHS TaOJHII 2
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1 2 3 4 5 6 7 8 9 10 11 12 13
Kpaca nanis / 12 0,29 -0,89 -0,15 0,03 -0,65 0,03 0,08 0,35 0,77 0,42 0,62
Krasa Laniv
Harpiorwa / 10 -0,66 0,17 0,11 0,27 -0,66 0,55 0,15 0,65 0,78 0,29 0,12
Patriotka
Tpunana / 10 1,10 0,65 1,27 1,15 0,42 0,14 0,27 0,62 0,85 0,61 0,55
Prynada
Masosatka / 10 0,19 -0,01 0,16 0,49 -0,79 1,27 -0,52 0,97 0,40 0,44 0,15
Maliovanka
Masxa IIPR/ Mavka 10 0,65 0,06 11,04 20,94 20,01 0,33 -0,36 0,04 -0,30 0,50 0,21
Misuna / 10 0,17 -0,05 -0,76 0,61 -1,03 0,33 0,23 0,28 0,08 0,06 0,29
Mizynka
Masypox / 10 -0,55 -1,39 1,06 0,52 1,59 -1,83 0,23 -1,94 -0,76 -0,19 -1,47
Mazyrok
Menarua / 9 -1,66 0,13 0,59 0,44 1,01 -1,39 1,02 -1,08 0,83 0,19 0,26
Melashka
Tasna / Gazda 9 0,34 0,91 0,57 0,61 1,18 0,17 0,19 0,27 0,96 0,23 0,29
Cananns / 7 0,88 -0,56 -0,04 0,29 0,70 0,15 0,45 -0,50 -0,78 -0,86 0,32
Yednannia
Mayma / 7 0,05 0,00 1,21 -1,56 0,24 -0,98 0,41 0,89 -0,50 0,14 -0,03
Malusha

143

[pumiTtka: * Pi3HUIS MiXk 3HAYEHHSIM KOHKPETHOTO MTOKa3HUKA KOHKPETHOI JIiHii Ta cepeHIM 3HaYeHHIM BiIIOBiTHOTO IMOKa3HHUKA y BiNOBITHHUN PiK IMOAiICHA HA
CTaHJapTHE BiIXHUJICHHS BIAIIOBITHOTO IOKAa3HUKA Y BIAIOBIAHUI pik

Note: * The difference between the value of a specific indicator of a specific line and the mean value of the corresponding indicator in the corresponding year was divided by
the standard deviation of the corresponding indicator in the corresponding year.




Cepen cOpTiB BHCOKMMH TPYXHICTIO TiCTa,
CWJIOIO OOpOIIIHA Ta IHJEKCOM €JIaCTHYHOCTI TicTa
BiapizHanuch Xapyc, Actet, Bacunna, ®epmepka
(mae Glu-Blal), Ilarpiorka, MansoBaHka, a
HU3BKUMHU — Maiyma (HOCii MIIeHMYHO-KUTHBOT
TpaHncnokanii 1B/IR) [34] ta m’sxo3epHUil copt
KOHAMTEPCHKOTO HANpsIMy BUKOPUCTaHHS Ma3ypok
[35], sxuii kpiM TOro 3aKOHOMIPHO Bigpi3HSBCA
HU3BKOIO  CKJIONOAIOHICTIO  3epHa. Bmucokoro
HaTypolo 3epHa Bin3Hadanuch coptu [IpuBabnuBa,
IIpusitHa, IlpwmHama, I'atiox, Ilpoms. Bucoxum
BMICTOM OiJIKa B 3€pHI Ta KJICHKOBHHHU B OOpOITHI
xapakrepu3yBanuch  [lpuBabmmBa,  IlpuBiTHa,
l'apmonika, Masypok, TpH  MaKCHMalbHUX
3HaueHHsX y copry Ilpmaaga. OO6’em xmiba i
3arajgpHa xiibomnekapchka OIliHKa BUIIMMHE Oyld y
coptiB  Xapyc, Acter, Bacununa, CrarHa,
®epmepka, [Juso, ['apmonika, [Ipurana, Maska IP.

Posrmsin 3B’ SI3KiB MIXK cepemHiMu
CTaHJapTH30BAHUMHU MOKAa3HUKIB
SAKOCTI 3epHa COPTIB 1 JiHIN, SKi BUBYAJHCS HE
MEHIIE TPhOX POKIB, MOKa3aB, L0 CYTTEBOIO IS
p>0,95 «xopemsmist Oyma MK HaTyporw Ta
ckrononiOHicTI0O 3epHa (1=0,30), MiX BMiCTOM
Oinka B 3epHi Ta KieikoBuHU B OopomHi (r=0,67),
BMiCT Oinka Ta  KJICHKOBUHM  IO3UTHUBHO
kopemroBanu 3 [JIK Ta posrsokuicTio Ticta (r 0,3-
0,5) Ta HerarmBHO 3 TpyxHicTIO Ticta (r=—0,2).
Innexkc  nmedopmanii  KJIGHKOBUHM  HEraTHBHO
KOPEJIOBaB 3 MPYKHICTIO Ta ETaCTUYHICTIO TicTa i
cwioro Oopomna (r Bim —0,6 g0 —0,7) Ta
MO3UTUBHO — 3 po3TsikHICTIO TicTta (1=0,39). Cuna

SHA4YCHHAMUA

OopomrHa Oyna TOB’S3aHOI0 3 TMPYXKHICTIO TicTa
(r=0,85) Ta enactuunictio (r=0,70).

3aranpHa xJi0onekapchbka OIliHKa — Oyja
CYTTEBO TIOB’si3aHa 3 IHAEGKCOM aedopmanii
kneiikoBuaU (1=0,39), npyxHicTio Ticta (r=—0,37),
CUJIOI0 OOpOIIIHA Ta IHICKCOM €JaCTHYHOCTI TicTa
(r=0,53). Heswucoki
TMHIHHOT  KOpeNslii  MOXYTh TOBOPHTH  TPO

3Ha4YeHHS  Koe]ilieHTIB

HEeTMPSAMOJIHIHHICT  3B’3Ky.  [lonmiHOMiHAJBHI
moOyIoBH JIPYroro CTYINEHs Ui BiJIOOpakKeHHS
BIUIMBY IHIIMX ITOKa3HHUKIB SIKOCTI 3epHa Ha
3araJibHy XJIiOOINEKapchKy OI[IHKY HaBeJleHI Ha

puc. 1.
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Cultivars ‘Kharus’, ‘Astet’, ‘Vasylyna’,
‘Fermerka’ (carries Glu-Blal), ‘Patriotka’, and
‘Maliovanka’ were distinguished by high levels
of dough resilience, flour strength, and dough
elasticity index; cv. ‘Malusha’ (carrier of the
1B/1IR wheat-rye translocation) [34] and soft
confectionery cv. ‘Mazurok’ [35] were
distinguished by low kernel vitreousness.
Cultivars ‘Pryvablyva’, ‘Pryvitna’, ‘Prynada’,
‘Haiok’, and ‘Pronia’ were distinguished by high
test weight; cvs. ‘Pryvablyva’, ‘Pryvitna’,
‘Harmonika’, and ‘Mazurok’ were characterized
by high grain protein content and flour gluten
content, with the maximum values in cv.
‘Prynada’. The loaf volume and the overall
baking score were higher in cvs. ‘Kharus’,
‘Astet’,  ‘Vasylyna’, ‘Statna’, ‘Fermerka’,
‘Dyvo’, ‘Harmonika’, ‘Prynada’, and ‘Mavka
IR’.

Consideration of the relationships between
the mean standardized values of the grain quality
indicators in the cultivars and lines that had been
studied for at least three years showed significant
correlations (p>0.95) between test weight and
kernel vitreousness (r=0.30), between grain
protein content and flour gluten content (r=0.67);
protein and gluten contents were positively
correlated with GDI and dough extensibility (r =
0.3-0.5) and negatively correlated with dough
resilience (r=—0.2). Gluten deformation index
was negatively correlated with dough resilience,
dough elasticity and flour strength (r from —0.6 to
—0.7) and positively correlated with dough
extensibility (r=0.39). Flour strength was
correlated with dough resilience (r=0.85) and
elasticity (r=0.70).

The overall baking score was significantly
correlated with gluten deformation index
(r=0.39), dough resilience (r=0.37), flour
strength and dough elasticity index (r=0.53).
Low values of the linear correlation coefficients
may indicate a nonlinear relationship. Fig. 1
shows second-order polynomials to reflect the
influence of other grain quality indicators on the
overall baking score.
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Puc. 1. 38’5130k 3aranbHO{ Xmi00mekapchKol OMIHKA MIISHUII M'SIKOi 03UMOI 3 1HITNMH IMOKa3HUKAMH SKOCTI
3epHa, Cepe/iHi 3a 3pa3KaMu CTaHaPTU30BAHUX 3HAYCHB 32 POKAMU BHBYCHHSI.

[pumitka: OBS — 3aranpHa xibomekapchka omiHKa, P — mpyxHicTh Ticta, L — po3rsukHicTs Ticta, FGC —
BMICT KieikoBuHU B OopomrHi, GDI — ingekc nedopmamii kierikoBunmn, TW — Hatypa 3epHa, KV — ckiomnonioHicTh
3epHa, GPC — BMicT Oinka B 3epHi, W - cuia 0opoiHa, IE - iHAeKC enacTHUHOCTI KICHKOBHHH.
Fig. 1. Relationships between the overall baking score and other grain quality indicators in winter bread wheat, mean

values standardized across years.
Note: OBS — overal baking score, P — dough resilience, L — dough extensibility, FGC — flour gluten content, GDI —
gluten deformation index, TW — test weight, KV — kernel vitreousness, GPC — grain protein content, W — flour
strength, IE — gluten elasticity index.

Knacrepusanist 03HaK SIKOCTI 3epHa METOIOM
Bapna no skoi 3ayyywsim copTH Ta JiHii, IO
BUBUQINCS HE MEHIIE TPbOX POKIB, JI03BOJIMIA
BWIUTMTH 4YOTUpPH KjiacTtepa 3  Macitabom
eBKkIioBux Binctaneir menme 40 %. Jlo meprioro
VBIMIIUIM O3HAaKW BMICTy Oilka B 3epHI Ta
KJIEWKOBMHM B OopomHi, iHaekc aedopmarii
KJICMKOBHHHU Ta PO3TSHKHICTH TiCTa, O APYroro —
yci iHIN peoJyioriuHi BIACTUBOCTI TicTa, [0
TPETHOT0 — IOKA3HUKH SIKOCTI XJ110a, 10 YeTBEPTOro
— CKJIOTIOIIOHICTH Ta HaTypa 3epHa (puc. 2).

Hns  peaykuii maHuX Ta y3arajJbHEHHS
OTPHMaHMX  pe3yabrariB  Oylo  MpOBeIeHO
(bakTopHUI aHaNmi3, 0 SKOTO 3aJy4WIH COPTH Ta
niHii, fKi BHBYaJIHMCS HE MEHIIE TPHOX POKIB 3a
KOMIUIEKCOM O3HAaK SKOCTI 3epHa. MeTomoM
TOJIOBHUX KOMIIOHEHT BUJIUJICHO YOTHUPH (HaKTOpH,
Kl  moscHIolTs  Oimbme  70%  3araibHOI
MiHJIUBOCTI.

Ward clusterization of grain quality traits
in the cultivars and lines that had been studied
for at least three years allowed us to identify four
clusters with a Euclidean distances of [ 40%.
Cluster 1 included the following characteristics:
grain protein content and flour gluten content,
gluten  deformation index, and dough
extensibility; cluster 2 — the other rheological
properties of dough; cluster 3 — bread quality
indicators; and cluster 4 — kernel vitreousness
and test weight (Fig. 2).

To reduce data and summarize the results,
we performed PCA, which included the cultivars
and lines that had been screened for at least three
years for a set of grain quality characteristics.
Four principal components (PCs), which account
for > 70% of the total variability, were identified
by principal component analysis.
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Puc. 2. lepapxiyHe epeBo TOKa3HUKIB SKOCTI 3epHA 32 pe3yJibTaTaM{ BUBYCHHS JIHIN MIISHUI M K0T 03UMOi
KOHKYPCHOTO COPTOBHIIPOOYBaHHS (€BKIIIIOBI BifcTaHi, MeToX Bapna).

[pumitka: (Dlink/Dmax)*100 — macmtad Bigcraneit, L — po3tsoxaicTs Ticta, GDI — iHmekc nedopmarii
kineiikoBuaN, FGC — BMicT Kiteiikosuau B 6opomrHi, GPC — BMmicT Oinka B 3epHi, IE - iHIEKC enacTHIHOCTI
KieiikoBuHU, W - crita 6opomrHa, P — mpyxHicTh Ticta, LCC — komip ckopunky xnionan, CE — enacTuyHicTh
M’ sikyma xmiowan, CP — mopucticts M’ skymia xmiowan, CC — koumip M’ sikyma xmiowan, LS — dpopma xmibuan, LUS —
OIliHKa MoBepxHi xmibuan, LV — 00’ em xmibman, KV — cknononioxicTs 3epHa, TW — Hatypa 3epHa.

Figure 2. Dendrogram of the grain quality indicators based on the results of testing the winter bread wheat

lines in competitive trials (Euclidean distances, Ward method).

Note: (Dlink/Dmax)*100 — distance scale, L — dough extensibility, GDI — gluten deformation index, FGC — flour
gluten content, GPC — grain protein content, [E — gluten elasticity index, W — flour strength, P — dough resilience,
LCC - loaf crust color, CE — crumb elasticity, CP — crumb porosity, CC — crumb color, LS — loaf shape, LUS — loaf
surface score, LV — loaf volume, KV — kernel vitreousness, TW — test weight.

Jlo nepmoro ¢axkropa yBIHIUIN NOKa3HUKH
xibornekapchkoi omiHku (00’em xmiba, ¢opma,
OLlIHKA 3a0apBIeHHS
MOPUCTICTh, €IACTHYHICTh Ta KOIIp M AKyIIa) 3

MTOBEPXHI, IIKOPHWHKH,
HaBanTaxenusmu 0,7-0,8. Jlo mpyroro dakrtopa
YBIWIIIM PEOJIOTIUHI BIACTHUBOCTI (NMPYXHICTDH
TicTa, cuiia OOPOIIHA, 1HIEKC €IaCTUYHOCTI TicTa)
3 HaBaHTaxeHHsMu 0,8—0,9 ta ingekc nedopmarii
KIIEWKOBUHM 3 BiJ’éMHHM 3HaKoM. J[o TpeThoro
¢dakropa ysBifimm BMicT Oinka, KICHKOBUHH 3
0,8-0,9 Ta,
po3TskHicTh TicTa (HaBaHTtaxkenHs 0,6). Jlo

HaBaHTaKEHHSAMHU YacTKOBO,
4eTBepTOro (hakTopa yBIMIIIM CKIOMOAIOHICT Ta
HaTypa 3epHa. TakuM 4YHHOM, OynIM OTpHMaHi

pe3ynbTaTH, JOyke Onu3bki [0 iepapxiduHoi
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Principal component 1 included baking
indicators (loaf volume, shape, surface score,
crust color, porosity, and crumb elasticity and
color) with loadings of 0.7-0.8. Principal
component 2 included rheological properties
(dough resilience, flour strength, dough elasticity
index) with loadings of 0.8-0.9 and gluten
deformation index with a negative loading.
Principal component 3 included protein and
gluten contents with loadings of 0.8-0.9 and,
partially, dough extensibility (loading 0.6).
Principal component 4 included kernel
vitreousness and test weight. Thus, we obtained
results that were very close to hierarchical
clustering.
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KJIacTepH3allii.

Otxe TSt XJII00TEKapChKOTO
BUKOPHUCTAHHS, ne noTpioHi BHCOKI
xJ1i00mneKapehbKi, peosorivni i MOKMBHI

BJIACTHBOCTI Ta BHUKOPUCTAaHHS K BHUXiZHHUN
MaTepian AN CeNeKLii 3a JaHUMH O3HaKaMH
OigidAyTs COpTH 1 JIiHII 3 MOETHAHHSAM BUCOKHX
3HaYeHb MEpIIMX TpboX (akTopiB: AcTer
(Eputp.185-98), ®epmepka (Eputp. 702-006),
Eputp. 913-10, Jlror. 943-10, Eputp. 134-13,
Eputp. 275-13, Eputp. 377-13, Eputp. 393-13,
Ilpurama (JIror. 104-11), Eputp. 669-14, L165-
02KH, Koponatina, L191-18, Epwutp. 190-15,
Jlror. 449-15, Jot. 470-15, Eputp. 1178-15,
Jror. 1346-15, L103*-25KH, Epurp. 804-16,
Eputp. 166-16, Jlrot. 1152-17, Eputp. 1180-18,
Eputp. 81-19, Eputp. 1367-19, JIrotr. 354-20.
Hns 3aroriBmi 3epHa 3rigao 3 JACTY
3768:2019 «llmenuns. Texuiuai ymoBu» [36], ne
XJTI0OMeKapCchKi Ta PEOJIOTiUHI MOKAa3HUKH HE €
000B’s3k0OBUMH 200 B3aram He IependadeHi,
BaXUIMBUMU ~ OyZIyThb  3pa3ku 3
3HAYCHHSIMH TPETHOTO 1 YeTBepTOro (hakTopiB:
Hopinaa (JIror. 415-01), JIrot. 561-09, Eputp.
913-10, JIrot. 943-10, Jlrot. 994-10, IIpuBabauBa
(JIror. 561-09), Ilpusitma (JIror. 1019-10),
Eputp. 164-13, Jlor. 447-13, Ilpunaga (Jlior.
104-11), JIrot. 449-15, Jhiot. 470-15, L191-14,
Epurp. 14-17, Jwot. 676-17, Eputp. 923-17,
Eputp. 1180-18, Eputp. 65-19, Eputp. 81-19.
Mns KOHJIUTEPCHKOTO

BHCOKHNMHU

HaMpsAMY
BUKOPUCTAHHS KpaUUMH OyayTh TMINEHUII 3
HU3BKMMH PEOJIOTIYHMMM  BIIACTHBOCTSAMH  Ta
ckyonofioHicTio [37], ToOTO (hakTopamu 2 i 4,
ane 10 (akrtopa 4 TakoX yBiiliJia HaTypa 3epHa,
a HU3bKE 3HAYCHHS I[LOTO MOKa3HWKa He Oa)kaHe.
[Tpu BuaineHHi m’sTH QaKTOpiB, SKi MOSCHIOIOTH
oimpie 75 % 3araanbHOl MIHIHMBOCTI, BIANOCS
PO3IITUTH YEeTBEPTUI (QakTop HAa YETBEPTHH, 10
AKOTO  yBiWIIIA  CKJIONMOAIOHICTH  3epHa 3
HaBaHTaXeHHsM 0,86 1 I’ ATHI — 3 HATYPOIO 3epHA
3 HaBaHTaxeHHIM 0,95. Hu3pkumu 3HAYEHHSIMU
¢daktopiB 2 1 4 Ta BHUCOKUMH 3HAYCHHIMHU
¢dakropa 3 BimsHavanuchk Jlrotuis, Jliror. 844-10,
JIrot. 994-10, JIrot. 104-11, Masypoxk (L137-26-0-
3), L137-26-0-2, Menamka (L146-02-0-4), L195-
21, Eputp. 444-16, Eputp. 263-18.

Hence, for baking purposes, where high
baking, rheological and nutritional properties are
required, and in breeding oriented to these
characteristics, as starting materials, the
following cultivars and lines with combinations
of high values of the first three PCs are suitable:
cv. ‘Astet’ (line ‘Erythr.185-98), cv. ‘Fermerka’
(line ‘Erythr. 702-06), ‘Erythr. 913-10°, ‘Lut.
943-10°, ‘Erythr. 134-13°, ‘Erythr. 275-13’,
‘Erythr. 377-13°, ‘Erythr. 393-13’, cv. ‘Prynada’
(line ‘Lut. 104-11°), ‘Erythr. 669-14’, ‘L165-
02KH’, cv. ‘Korovayna’, ‘L191-18°, ‘Erythr.
190-15°, ‘Lut. 449-15°, ‘Lut. 470-15", ‘Erythr.
1178-15°, ‘Lut. 1346-15°, ‘L103*-25KH’,
‘Erythr. 804-16°, ‘Erythr. 166-16°, ‘Lut. 1152-
17°, ‘Erythr. 1180-18°, ‘Erythr. 81-19°, ‘Erythr.
1367-19°, and ‘Lut. 354-20’.

For grain harvesting, according to DSTU
3768:2019 “Wheat. Specifications” [36], where
baking and rheological indicators are not
mandatory or not provided for at all, accessions
with high values of PCs 3 and 4 will be
important: cv. ‘Doridna’ (line ‘Lut. 415-01°),
‘Lut. 561-09°, ‘Erythr. 913-10°, ‘Lut. 943-10’,
‘Lut. 994-10°, cv. ‘Pryvablyva’ (line ‘Lut. 561-
09), cv. ‘Pryvitna’ (line ‘Lut. 1019-10”), ‘Erythr.
164-13°, ‘Lut. 447-13’, cv. ‘Prynada’ (line ‘Lut.
104-11°), ‘Lut. 449-15°, ‘Lut. 470-15°, ‘L191-
14°, ‘Erythr. 14-17°, ‘Lut. 676-17", ‘Erythr. 923-
17°, ‘Erythr. 1180-18’, ‘Erythr. 65-19°, and
‘Erythr. 81-19°.

In confectionery industry, wheats with low
rheological properties and kernel vitreousness
[37], i.e. PCs 2 and 4 seem the best ones;
however, PC 4 also includes test weight and a
low value of this indicator is not desirable. With
five PCs accounting for over 75% of the total
variability, it was possible to divide PC 4 into a
smaller PC 4, which included kernel
vitreousness with a loading of 0.86 and PC 5
consisting of test weight with a loading of 0.95.
Low values of PCs 2 and 4 and high values of
PC 3 were noted in cv. ‘Liutytsia’, ‘Lut. 844-10°,
‘Lut. 994-10°, ‘Lut. 104-11°, cv. ‘Mazurok’ (line
‘L137-26-0-3%), ‘L137-26-0-2°, cv. ‘Melashka’
(line ‘L146-02-0-4’), ‘L195-21", ‘Erytr. 444-16°,
and ‘Erytr. 263-18’.
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BucHoBku

B pesynbrari netanbHOro BUBYEHHS IMOHAN
1200 copTiB Ta CeNeKUiHHUX JiHI KOHKYPCHOT'O
COpPTOBHIIPOOYBAHHS TMIIEHUIII M SKOi O03MMOI 3a
O3HaKaMU SKOCTi 3epHa B [HCTHTYTI pOCIMHHUIITBA
iMm. B.A. IOp’eBa HAAH npotsarom 2008-2024 pp.
BCTAHOBJICHA MIHJIMBICTh iX 3a pOKaMH 3aJICKHO
BiJl IOTOJHUX YMOB.

st y3araqbHEHHS! OTpUMaHuX OaraTopiyHUX
JaHuX OyJM BHUKOPUCTaHI CTaHAAapTU30BaHI B
MEXaxX OKpPEMHX POKIB 3HA4eHHS, 3a SKUMHU
BUJIUJICHI JKepena BUCOKOI HATypH 3€pHa, BUCOKOT
Ta HU3bKOI CKJIOMOAIOHOCTI 3epHa OIS CeNeKii
TBEPIO3CPHUX Ta M’ SIKO3CPHUX COPTIB, BHCOKOTO
BMiCTy Oifka i KJIEWKOBHHH Ta ii SIKOCTi, BUCOKUX
PEOJIOTIYHUX BIACTUBOCTEH 1 XJIIOOMEKapChKUX
SIKOCTEH.

Cepen cOpTiB BHCOKMMH TPYXKHICTIO TICTa,
CWJIOI0 OOpOIIIHA Ta 1HIEKCOM EIaCTUYHOCTI TicTa
BiJIPI3HSIIHCH Xapyec, Acrer, Bacununa,
®depmepka, [laTtpioTka, ManboBaHKa, a HUI3BKAMHU —
Manyma Ta M’SKO3€pHHA COPT KOHAUTEPCHKOIO
HanpsiMy BUKOpUCTaHHS Ma3ypok, SKHi KpiM TOTO
BiJIPi3HSABCS HU3BKOIO CKJIOMOIOHICTIO 3epHA.

Bucokoro HaTyporo 3epHa Big3HayaluCh
coptu [lpusabnusa, [lpuritHa, Ilpunana, I'aiiok,
[Mpons. Bucokum BmicToM Oinka B 3epHi Ta
KIEHKOBUHH B  OOpOIIHI  XapaKTepu3yBalIHCA
[MpuBabnuBa, [1pusiTHa, ['apMonika, Mazypok, npu
MaKCHUMaJIbHUX 3HAaUeHHsX Yy copty [IpuHana.

O6’em xmiba 1 3arampHa XjiOomekapcbka
OIliHKa BHWINMMHU Oyiu y copTiB Xapyc, AcCTeT,
Bacununa, Crarna, ®epmepka, Jluso, ["apMoHika,
[Ipunana, Magka IP.

BcraHoBiieHi 3B S3KM MiXK O3HaKaMHu SKOCTi
3epHa, 30KpeMa 3arajibHa XJIi0OIeKapchka OIliHKA
Oyna cyTTEBO MOB’s3aHa 3 iHIEKCOM Jedopmariii
kneiikoBuam (7=0,39), nmpyxHicto Ticta (r=0,37),
CUJIOI0 OOpOIIIHA Ta 1HIEKCOM EIaCTUYHOCTI TicTa
(=0,53).

Hns  pemykuii maHuUX Ta y3arajlbHEHHS
OTPUMaHUX  pe3yjibTaTiB  OyJo  IpOBEIEHO
KJIacTepHUil Ta (aKTOPHHUH aHami3, 3a JOMOMOTOI0
SKHX BUJUICHO YOTHPU KJacTepu 3 MacimTaboM
eBKIioBUX BincraHed wmenHme 40% Ta doTupH
¢dakropu, sKi MOsACHIOOTH MmoHan 70% 3arajabHOI
MIHIMBOCTI, OJMH 3 SKHX I[IOB’SI3aHMH 3
XJIIOONEKapChKUMH ~ SKOCTAMH, IHIOMA — 3
PEOJIOTIYHUMH BJIACTHBOCTSIMHU, 1€ /1B 3 BMiCTOM
OisKa 1 KIIEMKOBUHH Ta HATYPOIO 1 CKIIOTOTI0HICTIO
3epHa. BusHaueHi IiHIi 3 MOETHAHHSM BHCOKUX
3Ha4eHb Pi3HUX (AKTOPIB A PI3HUX HAMPAMIB
BUKOPUCTaHHS.
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Conclusions

The Yuriev Plant Production Institute of
NAAS was elaborately studying grain quality
indicators of over 1,200 winter bread wheat
cultivars and breeding lines tested in the
competitive trials in 2008-2024 and established
their year-to-year variability depending on
weather conditions.

To summarize the obtained multi-year
data, we used the year-standardized values and,
based on these values, identified sources of high
test weight as well as of high and low kernel
vitreousness for the breeding of hard and soft
cultivars, respectively, sources of high protein
and gluten contents, high gluten quality, high
rheological properties, and excellent baking
qualities.

Among the cultivars, cv. ‘Kharus’, ‘Astet’,
‘Vasylyna’,  ‘Fermerka’, ‘Patriotka’, and
‘Maliovanka’ were distinguished by high dough
resilience, flour strength and dough elasticity
index, while c¢v. ‘Malusha’ and soft
confectionery cv. ‘Mazurok’ — by low levels of
these characteristics; in addition, cv. ‘Mazurok’
was characterized by low kernel vitreousness.

Cultivars ‘Pryvablyva’, ‘Pryvitna’,
‘Prynada’, ‘Haiok’, and ‘Pronia’ had high test
weights. Cultivars ‘Pryvablyva’, ‘Pryvitna’,
‘Harmonika’, and ‘Mazurok’ were characterized
by high grain protein content and flour gluten
content, with the maximum values in cv.
‘Prynada’.

The loaf volume and the overall baking
score were high in cvs. ‘Kharus’, ‘Astet’,
‘Vasylyna’, ‘Statna’, ‘Fermerka’, ‘Dyvo’,
‘Harmonika’, ‘Prynada’, and ‘Mavka IR”.

Relationships between the grain quality
traits were evaluated; in particular, overall
baking score was significantly correlated with
gluten deformation index (r=0.39), dough
resilience (r=—0.37), flour strength, and dough
elasticity index (r=0.53).

To reduce data and summarize the results,
cluster analysis and PCA were conducted. These
analyses identified four clusters with a Euclidean
distance of < 40% and four PCs that account
for > 70% of the total of variability: cluster 1
includes baking qualities, cluster 2 — rheological
properties, and two other clusters include protein
and gluten contents, test weight and kernel
vitreousness. Lines combining high values of
different PCs have been selected for different
areas of use.
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