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DIFFERENTIATION OF TRITICUM AESTIVUM L. GENOTYPES ACCORDING TO
COMBINATION OF YIELD AND FLOUR QUALITY INDICATORS
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Winter bread wheat cultivars and promising breeding lines with increased yield and flour
quality indicators as well as with their combinations have been selected. The selected winter
bread wheat genotypes can be used in breeding to create starting materials as sources of improved
flour quality, a set of studied flour quality indicators, a combination of high yield with increased
flour quality.
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Introduction. Food security is one of the important challenges for the global population. In
current production, wheat cultivars that combine high yields with several parameters of high
quality are of commercial value. The cultivar is one of the most available and effective factors
that determine the yield level of agricultural crops and contribute to food industry development
[1, 2]. Therefore, the breeding of wheat genotypes that are capable of yielding a lot and
simultaneously having good grain quality is an important objective of today’s breeding.

Wheat (Triticum aestivum L.) is one of the oldest crops on our planet. From published data,
it is known wheat growing dates back 10,000 years BC [3, 4]. Today, wheat is one of the most
common agricultural crops on the globe, as it is among major and indispensable foods for a large
population [4]. Ukraine is in the top ten wheat grain producers worldwide and in the top five
wheat exporters. With the annual growth of the population on the planet, it is necessary to
increase agricultural production, namely of wheat [5]. Therefore, the creation of new winter
wheat cultivars that would yield a lot and show good quality of grain remains an important
objective of agricultural science.

Among numerous indicators characterizing bread-making properties and nutritional value of
wheat, the most important are protein content, gluten content, gluten quality, sedimentation value,
etc. [6, 7]. The protein content in wheat kernels can vary from 7% to 17% [8], sometimes
amounting to 25% [9, 10]. Depending solubility of proteins in different solvents, they are divided
into four groups: albumins, globulins, gliadins, and glutenins [11]. Albumins and globulins are
easily soluble proteins, which account for 15-20% of the total amount of wheat proteins and are
mainly contained in the germ and aleurone layer [12]. Gliadins and glutenins are storage or gluten
proteins, accounting for up to 80—85% of the total protein content. It is gluten proteins that form
dough structure and gluten quality is responsible for shape stability and crumb structure of baked
bread [13]. Determination of the sedimentation value is an indirect method of evaluating bread-
making properties of wheat flour [14, 15]. This index characterizes the overall quality of the
protein-proteinase complex [16]. The sedimentation value is determined at all stages of breeding,
especially at early stages, as it enables breeders to cull low-quality accessions and effectively
breed strong wheat cultivars, significantly reducing amounts of material to be worked at [16, 17].

Changing conditions of cultivation of new cultivars necessitate constantly investigating
peculiarities of yield and grain quality formation in winter wheat genotypes. Selection of winter
wheat cultivars and breeding lines, which are able to combine increased yields with several
indicators of good quality in one genotype, will contribute to obtaining valuable genetic materials
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for practical breeding [18]. The purpose of this study was to identify winter bread wheat
(Triticum aestivum L.) cultivars and breeding lines giving high yields, with improved flour
quality and with their combination of these features.

Materials and Methods. The study was conducted at the V.M. Remeslo Myronivka
Institute of Wheat (MIW) of NAAS of Ukraine in 2019/20-2021/22. Ten new winter bread wheat
cultivars and four promising breeding lines were evaluated. Winter wheat was grown in
accordance with routine techniques in the Forest-Steppe of Ukraine [19]. The record plot area
was 10 m? in four replications.

The yields were harvested and recorded in accordance with methods of the qualification
examination of plant varieties for suitability for dissemination in Ukraine [20]. Winter bread
wheat grain quality was evaluated by conventional methods at the Grain Quality Laboratory of
MIW [21, 22], viz: to obtain flour with an output of 70%, grain samples were ground in a
laboratory mill MLU-202 (Biihler, Switzerland); the protein content (PC) in flour was determined
on a SPEKTRAN 119M analyzer; the sedimentation value (SV) was measured by A.Ya.
Pumpianskyi micromethod; the wet gluten content (WGC) was determined manually; the gluten
deformation index (GDI) was recorded on an IDK-1M meter.

Results and Discussion. The study years turned out to be contrasting in terms of
hydrothermal mode with an uneven distribution of precipitation by month (Fig. 1). As to rainfall,
the 2020/21 vegetation year was close to the long-term average (LTA) (102.2% related to the
LTA), while 2019/20 and 2021/22 had insufficient precipitation (64.5 and 80.5% related to the
LTA, respectively). In the study years, the average monthly air temperature exceeded the LTA by
1.2-2.7°C. December, January, February, and March 2019/20, September and October 2020/21,
February 2021/22 were abnormally warm, with the average daily air temperature 4.2-6.2 °C
higher than the LTA. It should be noted significant deficit in the precipitation amounts in August
2019/20 and 2020/21 (16.9 and 13.6% related to the LTA, respectively); in January, June, and
July 2019/20 and 2021/22 (26.3-71.3% related to the LTA); and in February and May 2021/22
(29.0 and 55.8% related to the LTA, respectively). The pre-sowing and sowing periods in the
three study years had insufficient amounts of precipitation (23.5-62.9% related to the LTA).
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Fig. 1. Average monthly parameters of the hydrothermal mode in the study period,
2019/20-2021/22.

The changing weather in the growing season conditions caused a significant variability of
yield and flour quality. The hydrothermal conditions during the 2019/20 growing season, which
had too little precipitation and increased air temperature in most months, negatively affected the
growth and development of winter wheat. Hence, the lowest yield of winter wheat (3.40 t/ha on
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average) was harvested in 2019/20 (Fig. 2). The greatest (6.46 t/ha) average yield was harvested
in 2020/21. In 2021/22, the average yield from the studied genotypes was 5.84 t/ha. The most
inter-cultivar/breeding line variability of yield was observed in winter bread wheat in 2021/22.
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Fig. 2. Variability of the winter bread wheat yield depending on growing conditions.

On average across the study years (Fig. 3), cv. ‘MIP Aelita’ and ‘MIP Vidznaka’ and
breeding line ‘Lutescens 37548 yielded significantly more compared to the check cultivar,
Podolianka (5.05 t/ha, LSDos = 0.33 t/ha). Cv. ‘MIP Fortuna’, ‘MIP Yuvileina’, ‘MIP Feieriia’,
and ‘MIP Darunok’ and breeding lines ‘Lutescens 60049°, ‘Lutescens 60302°, and ‘Lutescens
60400’ yielded more than the check cultivar, but within the limits of the least significant
difference.
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Fig. 3. Yields of the winter bread wheat cultivars and breeding lines, average for 2019/20—
2021/22.

On average across the genotype, the lowest values of the sedimentation value (59 mL),
protein content (11.9%) and wet gluten content (27.4%) were recorded in the most humid
growing season of 2020/21 (Table 1). The highest contents of protein (14.7%) and wet gluten
(31.9%) were noted in 2019/20; the highest sedimentation value (69 mL) was noted in 2021/22.
There were differences in effects of growing conditions on individual winter bread wheat
cultivars and breeding lines. The coefficients of variation showed the highest variability of flour
quality in 2021/22. On average for 2019/20-2021/22, the protein content variations were slight
(CV < 5%); the variations of the wet gluten content and sedimentation value were moderate (5%
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< CV < 10%); and the gluten deformation index variations were considerable (11% < CV <
20%).

On average across the study years, a significant (35.7%) portion of the genotypes had gluten
of quality group | by gluten deformation index (58-75 units). Cv. ‘MIP Feieriia’ had
satisfactorily strong gluten (42 units); however, the majority (57.1%) of the genotypes had
satisfactorily weak gluten (78-94 units).

Table 1
Physical parameters of grain and flour quality in the winter bread wheat cultivars and
breeding lines, average for 2019/20-2021/22

PC, % SV, mL WGC, % GDlI, units*
Cultivar/br
eeding line 2019/ | 2020/ | 2021/ | Mea | 2019/ | 2020/ | 2021/ | Mea | 2019/ | 2020/ | 2021/ Mean 2019/| 202 | 2021/ Mean
20 21 22 n 20 21 22 n 20 21 22 20 |0/21| 22

Podolianka | 14.1 | 11.9 | 13.3 |13.1| 68 56 72 | 65 |326 | 289|301 | 305 | 75 | 82 | 87 81

MIP
Fortuna 147 | 125 | 13.0 |134| 59 56 60 | 58 | 29.1 | 268 | 258 | 272 | 79 | 77 | 85 80
MIP
yuvileina 13.7 | 110 | 11.7 |121| 61 58 69 | 63 | 300 | 262 | 241 | 268 | 71 | 69 | 58 66

MIP Nika | 15.1 | 12.7 | 12.8 |135| 66 61 69 | 65 | 332|307 | 276 | 305 | 80 | 87 | 66 78

MIP
Roksolana | 148 | 114 | 128 [130| 62 | 53 | 59 | 58 | 282 | 250 | 266 | 266 | 67 | 79 | 80 | 75
l'ytlaliniia 135 | 108 | 11.4 [119| 65 | 73 | 68 | 69 | 306 | 253 | 212 | 25:7 | 49 | 34 | 43 | 42
MIP Aelita | 136 | 11.8 | 12.7 |12.7] 62 | 51 | 58 | 57 | 32.8 | 280 | 284 | 297 | 97 | 87 | 98 | 94
MIP

Vidmaka | 165 | 118 | 122 |135| 64 | 59 | 61 | 61 | 354 272 208 | 278 | 67 | 59 | 49 | 58
MIP

Darunok | 153 | 122 | 126|134 65 | 57 | 66 | 63 | 337 | 27.7 | 257 | 2900 | 84 |78 | 71 | 78
MIP Dovira| 150 | 12.6 | 13.8 |13.8| 60 | 57 | 62 | 60 | 316 | 27.4 | 26.2 | 284 | 83 | 86 | 87 | 85
'g%isge”s 151 | 121 | 150 |141| 67 | 64 | 81 | 71 | 342 | 285 | 342 | 323 | 83 | 91 | 97 | 90
ggéisgens 153 | 114 | 137 |135| 74 | 63 | 85 | 74 | 323 | 269 | 31.1 | 301 | 48 | 53 | 75 | 59
Iég;%szcens 137 | 123 | 141 |13.4| 66 | 64 | 81 | 70 | 310 | 279 | 328 | 306 | 74 | 66 | 94 | 78
ggz%sgens 151 | 11.8 | 144 |138| 63 | 53 | 73 | 63 | 320 | 266 | 329 | 305 | 73 | 85 | 87 | 82
Mean 147 | 119 | 131 |132| 64 | 59 | 69 | 64 | 31.9 | 274 | 27.7 | 2900 | 74 | 74 | 77 | 75
Max 165 | 12.7 | 150 |141| 74 | 73 | 85 | 74 | 354 | 30.7 | 342 | 323 | 97 | 91 | 98 | 94
Min 135 | 108 | 114 |119| 59 | 51 | 58 | 57 | 282 | 250 | 20.8 | 25.7 | 48 | 34 | 43 | 42
LSDos 0.4 4 0.7 4

CV, % 58 | 49 [ 78 |47 60 | 97 [127[82] 6.2 | 5.4 [ 151 ] 67 [ 179 [21.8] 22.7 ] 18.7

Note: PC = protein content, SV = sedimentation value, WGC = wet gluten content, GDI =
gluten deformation index, CV = coefficient of variation. * - units of the gluten deformation
meter.

We distinguished genotypes, which on average in 2019/20-2021/22 were significantly
superior to the check cultivar, Podolianka, in terms of: protein content — ‘MIP Nika’, ‘MIP
Vidznaka’, ‘MIP Dovira’, ‘Lutescens 37548’, ‘Lutescens 60049°, and ‘Lutescens 60400’;
sedimentation value — ‘MIP Feieriia’, ‘Lutescens 37548, ‘Lutescens 60049°, and ‘Lutescens
60302’; wet gluten content — ‘Lutescens 37548’. It should be noted that breeding line ‘Lutescens
37548’ was significantly superior to the check cultivar in all measured flour quality parameters.
Therefore, the selected cultivars and breeding lines can be used in breeding as sources to improve
the corresponding quality parameters and to create high-quality cultivars of winter bread wheat.

Wheat cultivars that combine high yields with increased quality parameters are most
valuable for breeding and production. To identify such genotypes, we carried out some statistical
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calculations were, as a result of which we obtained indicial standardized values for combinations
of yield with the studied parameters of flour quality for all winter bread wheat cultivars and
breeding lines (Table 2). In addition, its total score GYT (genotype by yield x trait) index is
provided for each genotype.

Table 2
Indicial standardized combinations of yield and flour quality parameters in the winter
bread wheat cultivars and breeding lines, average for 2016/17-2018/19

Cultivar/breeding line YLD*PC YLD*SV YLD*WGC GYT index
Podolianka -0.66 -0.12 0.17 -0.20
MIP Fortuna 0.50 -0.85 -0.47 -0.27
MIP Yuvileina -1.30 -0.29 -0.89 -0.83
MIP Nika -0.51 -0.32 -0.08 -0.31
MIP Roksolana -1.08 -1.55 -1.46 -1.36
MIP Feieriia -1.35 0.94 -1.13 -0.51
MIP Aelita 1.38 -0.11 181 1.03
MIP Vidznaka 0.93 -0.12 -0.03 0.26
MIP Darunok -0.01 -0.35 -0.11 -0.16
MIP Dovira -0.03 -1.16 -0.70 -0.63
Lutescens 37548 2.13 1.96 2.13 2.08
Lutescens 60049 0.03 1.58 0.23 0.61
Lutescens 60302 -0.19 0.86 0.32 0.33
Lutescens 60400 0.16 -0.46 0.23 -0.02

Note. YLD*PC = combination of yield with protein content, YLD*SV = combination of
yield with sedimentation value, YLD*WGC = combination of yield with wet gluten content,
GYT index = genotype’s total index for combining yield with quality parameters.

Thus, a number of winter bread wheat cultivars and breeding lines were detected: they
outcompeted the check cultivar (Podolianka) by combining high yields with high protein content
(76.9% of the genotypes) or high yields with good values of the sedimentation value and wet
gluten content (38.5% of the genotypes). By the GYT index, cv. ‘MIP Aelita’, ‘MIP Vidznaka’
and breeding lines ‘Lutescens 37548°, ‘Lutescens 60049°, and ‘Lutescens 60302° were selected;
they scored better than the check cultivar according to their positive values of the summarized
estimate. The selected new cultivars and promising breeding lines of winter bread wheat are
advisable to use in breeding as sources that combine both high yield and good quality parameters
in one genotype.

Conclusions. 1. It was established that the hydrothermal conditions of the study years
significantly affected the winter bread wheat yields and flour quality.

2. We identified the winter bread wheat cultivars and breeding lines that are recommended
to use in breeding as sources to increase: protein content (‘MIP Nika’, ‘MIP Vidznaka’, ‘MIP
Dovira’, ‘Lutescens 37548’, ‘Lutescens 60049°, and ‘Lutescens 60400°); sedimentation value
(‘MIP Feieriia’, ‘Lutescens 37548, ‘Lutescens 60049°, and ‘Lutescens 60302’); wet gluten
content (‘Lutescens 37548”).

3. Promising breeding line ‘Lutescens 37548°, which was characterized by several high
parameters of flour quality, was singled out.

4. By combination of yields and several parameters of flour quality indicators, two new
cultivars (‘MIP Aelita’ and ‘MIP Vidznaka’) and three promising breeding lines (‘Lutescens
37548, ‘Lutescens 60049, and ‘Lutescens 60302’) were selected. Therefore, one can expect to
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harvest greater yields in combination with improved parameters of flour quality due to growing
the selected genotypes.
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DIFFERENTIATION OF TRITICUM AESTIVUM L. GENOTYPES ACCORDING TO
COMBINATION OF YIELD AND FLOUR QUALITY INDICATORS

Pravdziva 1.V., Vasylenko N.V., Khoroshko N.M.
The V.M. Remeslo Myronivka Institute of Wheat of NAAS, Ukraine
* E-mail: irinapravdziva@gmail.com

Purpose. Hence, the purpose of this study was to identify winter bread wheat (Triticum
aestivum L.) cultivars and breeding lines giving high yields, with improved flour quality and with
combination of these features.

Materials and Methods. The study was conducted at the V.M. Remeslo Myronivka
Institute of Wheat (MIW) of NAAS of Ukraine in 2019/20-2021/22. Ten new winter bread wheat
cultivars and four promising breeding lines were evaluated. Winter wheat was grown in
accordance with routine techniques in the Forest-Steppe of Ukraine. The yields were harvested
and recorded in accordance with methods of qualification examination of plant varieties for
suitability for dissemination in Ukraine. Winter bread wheat grain quality parameters were
determined by conventional methods at the Grain Quality Laboratory MIW.

Results and Discussion. There was a significant variability of yield and flour quality
parameters depending on the conditions of the study years. On average across the winter bread
wheat cultivars and breeding lines, the highest contents of protein (14.7%) and wet gluten content
(31.9%) were recorded in 2019/20, but the lowest yield (3.40 t/ha) was harvested that year. In
2020/21, on the contrary, the yield was higher (6.46 t/ha), while the sedimentation value (59 mL),
protein content (11.9%), and wet gluten content (27.4%) were lower. Cv. ‘MIP Aelita’, ‘MIP
Vidznaka’ and breeding line ‘Lutescens 37548’ yielded significantly more than the check cultivar
(‘Podolianka’; 5.05 t/ha; LSDos = 0.33 t/ha). We singled out genotypes that on average in
2019/20-2021/22 were significantly superior to the check cultivar (‘Podolianka’) in term of
protein content (‘MIP Nika’, ‘MIP Vidznaka’, ‘MIP Dovira’, ‘Lutescens 37548, ‘Lutescens
60049°, and ‘Lutescens 60400°), sedimentation value (‘MIP Feieriia’, ‘Lutescens 37548’,
‘Lutescens 60049°, and ‘Lutescens 60302°) and wet gluten content (‘Lutescens 375480°). It
should be noted that breeding line ‘Lutescens 37548 significantly outperformed the check
cultivar in all measured flour quality parameters. Based on combinations of high yield with
several parameters of flour quality, cv. ‘MIP Aelita’ and ‘MIP Vidznaka’ and breeding lines
‘Lutescens 37548°, ‘Lutescens 60049°, and ‘Lutescens 60302 were distinguished.

Conclusions. The selected winter bread wheat cultivars and breeding lines can be used in
breeding to create starting materials as sources of improved corresponding parameters of flour
quality, a set of the investigated characteristics of flour quality and of combinations of high yield
and good parameters of flour quality.

Key words: winter bread wheat, cultivar, breeding line, yield, protein content, wet gluten
content, sedimentation value, gluten deformation index

JAHOEPEHIIIOBAHHA TEHOTHIIIB TRITICUM AESTIVUM L. 34 IOE€JTHAHHAM
YPOKAHHOCTI TA IIOKA3HHKIB IKOCTI FOPOIIIHA

IIpasasisa 1.B., Bacuiaenko H.B., Xopomko H.M.
MupoHniBcbkuil iHCTUTYT neHuni imeni B.M. Pemecia HAAH, Ykpaina
* E-mail: irinapravdziva@gmail.com

Meta. MeToro focnipkeHHsT OyJ0 BUIUIMTU COPTH Ta CEJNEKIIHMHI JiHIi MIIeHUIi M’ Kol
o3umoi (Triticum aestivum L.) 3a BUCOKHM piBHEM ypOXaWHOCTI, MiJBUICHUMH TOKa3HHKAMHU
SIKOCT1 OOpOIIHA Ta 1X MO€THAHHSIM.

Marepiann Ta meronu. JlocmimkenHs npoBoawiu Brupogosxk 2019/20-2021/22 pp. B
MuponiBcbkoMy iHCTUTYTI mienuui iMmeni B. M. Pemecnia HAAH Vkpainun (MII). OuinroBanu
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10 HOBUX COpPTIB Ta YOTHPH NEPCHEKTHBHI CENEKUiHHI JiHII MNIIeHUIi M’SKOi O03MMOi.
BupomyBanu MNIIEHUIIO O3UMY BIJMOBIAHO JO 3araJbHONPUHHSATOT TEXHOJIOTIl ISl 30HH
Jlicocteny Ykpainu. 30upanHs Ta 00K YPOKaro 3/1IHCHIOBAIIM 3T1AHO 3 METOIUKOIO ITPOBEICHHS
KBai(iKaIiiHOT EKCIIEPTU3H COPTIB POCIWH HA NPHAATHICTh JIO0 TOMMPEHHS B YKpaiHi.
Bu3HayeHHs MOKa3HUKIB SKOCTI 3€pHA MIIEHUII M K0T 03UMOI IPOBOJIMIIN Y JIabopaTopii AKOCTi
3epra MIII BioBiIHO A0 3araJbHONPHHUHATHX METOUK.

PesyinbTaTH Ta 00roBopeHHsi. BcraHOBIIGHO 3HAYHY BapiaOeNbHICTh YpPOXKAHHOCTI Ta
MMOKa3HUKIB SIKOCTI OOPOIITHA 3aJIEKHO BiJl YMOB POKIB JIOCTIDKEHHS. Y CEpeIHbOMY 3a COPTaMH
Ta CENEeKIIMHUMHU JiHIIMU NIIEHUIi M’skoi o3umoi y 2019/20 p. orpuMaHo HaWBUIIMKA BMICT
oinka (14,7 %) Tta kiueiikoBunu (31,9 %), ogHak piBeHb ypokalHOCTI y IbOMY poui OyB
HaitHwkunit (3,40 1/ra). Y 2020/21 p. HaBmaku, BUSBICHO OLIBIIY BpOXaifHICTH (6,46 T/ra) Ta
MEHII1 3HaueHHs MoKa3HuKa ceauMenTauii (59 mu), Bmicty 6inka (11,9 %), BMICTY KIIEHKOBUHU
(27,4 %). Coptu MIIl Aemita, MIIl Bim3naka Ta cenekuiiina uiHis Jlrotecnenc 37548
XapakTepu3yBalMCAd ICTOTHO BHIIOI0 BPOXKAWHICTIO TMOPIBHAHO 13 COPTOM CTaHAApTOM
[Momonsiaka (5,05 1/ra, HIPos = 0,33 1/ra). BuoOKpemiieHO TeHOTHIH, SKi Yy CEpPeAHBOMY 3a
2019/20-2021/22 pp. BiporizHo nepesepiiryBaiu copT cTanaapt [logomnsHka 3a: BMicTOM Oika —
MIIT Hika, MIIT Bimznaka, MIIT [osipa, Jlrorecuenc 37548, Jlrorecuenc 60049, Jlrotecenc
60400; mokasznukoM cemumenTanii — MIII ®eepis, Jlrorecuenc 37548, Jlrorecnenc 60049,
Jrotecuenc 60302; smicTom kinelikoBunu — Jlrorecuenc 37548. Caig BIAMITUTH, 10 CEICKI[iiHA
ninis Jlrorecuenc 37548 icToTHO mepeBaxala CTaHAApT 3a BCiMa MPEICTaBICHUMHU MOKa3HUKAMU
SKOCTI OOpomTHa. 3a MOETHAHHSAM YPOXKAWHOCTI 3 KOMIUIEKCOM MOKA3HUKIB SIKOCTI OopoiHa
BuauieHo coptu MIIT Aenita, MIIT Binznaka ta cenexmiiini minii JIrorecuenc 37548, Jlrorecuenc
60049, JTrorecuenc 60302.

BucHoBku. Buaineni coptu Ta cenekuiliHi JiHIT MIIEHUI M’ SKOi 03UMOI MOXYThb OyTH
BUKOPHUCTAaHI B CEJEKI[IITHOMY Mpoleci Ui CTBOPEHHs BUXIJHOTO MaTepialny sK JKepera
MOJIMIIEHHS. TIOKa3HUKIB SKOCTI OOpOIIHA, KOMIUIEKCY JOCHIDKYBAaHHX MOKA3HHUKIB SKOCTI
O0polIHa, MOETHAHHS BUCOKOT BPOXKalHICTh 3 BUCOKMMH MOKa3HUKHU SKOCTI OOpOIIHA.

Knrouoei cnoea: nuwenuys ym’saxa o3uma, copm, cereKyitina ainis, ypodrcatHicmns, emicm OilKa,
6MiCM KIeUKOBUHU, NOKAZHUK ceOuMeHmayii, inoekc oegopmayii Kietko8uHu
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