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Differentiation and identification of winter bread wheat
varieties according to a complex
of baking quality indicators

0. A. Demydov, V. M. Hudzenko, I. V. Pravdziva®

The V. M. Remeslo Myronivka Institute of Wheat, NAAS of Ukraine, Tsentralne village, Obukhiv district, Kyiv region, 08853,
Ukraine, “e-mail: irinapravdziva@gmail.com

Purpose. Reveal the features of the formation of a quality indicator complex in winter bread wheat depending on the
growing seasons, preceding crops and sowing dates, as well as differentiate and identify genotypes with high and stable
levels of manifestation. Methods. Field, laboratory, statistical. Results. A different share of the influence of the year
conditions, the preceding crop, the sowing date and their interactions on the quality indicators of some varieties was
determined. A different reaction of varieties in terms of quality indicators, depending on the investigated factors was
revealed. The variation was very low for test weight, water absorption ability of flour, crumb porosity. Strong variation was
observed for flour strength after sunflower and soybean as preceding crops, alveograph configuration ratio after sunflower
and soybean, index of elasticity dough after corn, valorimetric value after mustard, dough dilution degree after green
manure, sunflower, corn and especially after mustard and soybeans. The varieties, which on average for 2016/17-2018/19
reliably exceeded the standard both in individual indicators and in general in terms of physical indicators of grain and flour
quality and dough rheological properties. GYT biplot analysis identified the genotypes ‘MIP Vidznaka” and ‘MIP Assol’ with a
more optimal combination of increased yield and a complex of quality indicators in terms of different years, preceding crops
and sowing dates. Some varieties, namely, ‘Estafeta myronivs'ka’, ‘Trudivnytsia myronivs'ka’, ‘MIP Valensiia’, ‘MIP Yuvileina’,
‘Balada myronivs’ka’, ‘Vezha myronivs'ka” were inferior to them, but were significantly superior the others. Conclusions. The
selected by quality indicators varieties as genetic sources can be used in breeding process. A more stable level of yield and
quality indicators at different sowing dates after different preceding crops should be expected for growing varieties ‘MIP
Vidznaka’, ‘MIP Assol’, as well as ‘Estafeta myronivs'ka’, ‘Trudivnytsia myronivs'ka’, ‘MIP Valensiia’, ‘MIP Yuvileina’, ‘Balada
myronivs’ka’, ‘Vezha myronivs'ka’. The peculiarities obtained in the research should be taken into account when evaluating
and differentiating genotypes in breeding process, as well as developing basic elements of technology for growing the
varieties of winter bread wheat.

Keywords: Triticum aestivum L.; physical indicators of grain and flour quality; rheological characteristics of the dough;

baking properties of the flour; sowing date; preceding crop; coefficient of variation; ANOVA; GYT biplot.

Introduction

Bread wheat (Triticum aestivum L.) is a
valuable source of protein, carbohydrates, vi-
tamins, minerals and other important nutri-
ents, and therefore is one of the key crops for
nutrition of about 35% of the world popula-
tion [1-3]. Wheat grain is the main raw mate-
rial for bakery, cereal, confectionery and pas-
ta industries [4, 5]. A person receives up to
50% of the daily intake of proteins and carbo-
hydrates, 70-80% of vitamin Bl (thiamine),
a significant part of other vitamins, minerals
and other substances by consuming bakery
products [6]. Therefore, the growth of bread
wheat grain production, which will meet the
requirements of world standards, is one of the
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important tasks of agricultural science and
production [7, 8].

Triticum aestivum L. is assessed by milling
(test weight, thousand kernel weight, vitreous-
ness, size, etc.) and baking properties (protein
content, sedimentation value, wet gluten con-
tent and its quality, physical properties of the
dough, bread volume, etc.) [9]. Thousand ker-
nel weight and test weight are the main physi-
cal indicators of grain and its milling proper-
ties, characterizing its size, evenness and full-
ness [9, 10]. Protein and gluten are the main
components of wheat grain. The content of
protein, wet gluten and gluten deformation in-
dex associated with the food quality of bakery,
cereals and pasta [11, 12]. The protein content
in bread wheat grain varies from 7 to 17%,
while 80-90% of its total amount is gluten
[13]. It is gluten proteins that are involved in
the formation of the mechanical basis of the
dough, and the structure of crumb of baked
bread depends on its quality [14]. The sedimen-
tation value is a sign of flour quality, which
characterizes the potential properties of the
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protein complex [15]. The baking properties of
flour are characterized by a set of indicators
that are important in the technological process
of making bread and determine the quality of
the final product [16, 17]. Flour strength is an
important indicator of baking quality, charac-
terizing the ability to form a dough with cer-
tain physical properties. It provides the gas
retention capacity of the dough, an increase in
the volume of dough and bread. Quality indica-
tors such as the tenacity and extensibility of
the dough, its elasticity index and their ratio
provide additional information about flour
strength and characterize the form-holding ca-
pacity of hearth products.

In the technological process of making ba-
kery products, water absorption capacity of
flour, dough development time, its stability,
degree of softening and valorimetric value
must be taken into account. These indicators
provide information about dough “behaviour”
during kneading, which is important in the
process of its further development [18]. The
volume of baked bread makes it possible to
visually characterize the baking properties
[19]. The porosity of bread is related to its as-
similation by the body. Well-loosened bread
with uniform small, thin-walled pores is quick-
ly wetted, easily chewed and interacts with
gastric juice, and therefore is better absorbed.
The general evaluation of bread includes, in
addition to the above indicators, the elasticity
of the crumb, its color, taste, and the appearan-
ce of the bread. So, the value of a particular
variety for making bread is determined by a
whole range of quality indicators that charac-
terize relatively different aspects, or they com-
plement each other.

Grain quality indicators, as well as wheat
yield, are determined due to the realization of
genetic potential in interaction with environ-
mental conditions and cultivation technology
[20, 21]. The genetic potential of a variety can
be realized only if agro-technological measures
that satisfy its biological needs are applied [22,
23]. A number of researchers have established
the variability of grain quality indicators of
bread wheat varieties during sowing at diffe-
rent sowing dates, after different preceding
crops [24—28]. Thus, information on the opti-
mal sowing date and preceding crop for a cer-
tain variety, as well as the creation and identi-
fication of genotypes with a relatively stable
level of quality indicators after different pre-
ceding crops and at different sowing dates are
important for production conditions [29, 30].

The purpose of the research is to identify the
features of the formation of a complex of bread
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winter wheat quality indicators, depending on
the growing season conditions, preceding crops
and sowing dates, as well as to differentiate
and identify varieties with an increased and
stable level of their manifestation.

Materials and methods

The studies were carried out in 2016/17—
2018/19 at the V. M. Remeslo Myronivka Insti-
tute of Wheat of the NAAS of Ukraine. Com-
pared with the standard variety G1 ‘Podolian-
ka’ (St), sixteen varieties of winter bread wheat
(Triticum aestivum L.) of mironivka breeding
were studied: G2 ‘MIP Valensiia’, G3 ‘MIP Vy-
shyvanka’, G4 ‘MIP Kniazhna’, G5 ‘Trudivny-
tsia myronivs’ka’, G6 ‘Balada myronivs’ka’, G7
‘Vezha myronivs’ka’, G8 ‘Hratsiia myronivs’ka’,
G9 ‘Estafeta myronivs’ka’, G10 ‘MIP Assol’,
G11 ‘MIP Dniprianka’,G12 ‘Avroramyronivs’ka’,
G13 ‘MIP Vidznaka’, G14 ‘MIP Darunok’, G15
‘MIP Lada’, G16 ‘MIP Fortuna’, G17 ‘MIP Yuvi-
leina’. Sowing was carried out in three dates (I —
September 26, II — October 5 and III — October
16) after five preceding crops [green manure
(GM), mustard (MS), sunflower (SF), corn (CR),
soybean (SB)].

The soil and weather conditions of the re-
search years were described in detail in the
previous communication [31]. The cultivation
technique generally accepted for the Forest-
Steppe zone was used [32]. Sowing was carried
out with a seed planter CN-10 Ts with a see-
ding rate of 5 million germinable seeds per
hectare. The plots were placed in a randomized
manner in four replicates. Accounting area
was 10 m2. Harvesting was by direct combi-
ning (“Sampo-130”).

Qualitative indicators were assessed for each
repetition. Thousand kernel weight (TKW) was
taken into account by counting two samples of
500 grains, each was weighed with an accu-
racy of 0.1 g (the difference between the weight
of the two weighed portions did not exceed 5%).
Test weight (TW) in g/1 was determined using
a Liter Purk (the difference between the paral-
lel definitions did not exceed 5 g). The protein
content in flour (PC) was measured using a
near-infrared reflectance spectrometer (spec-
tral range 1400-2400 nm) on the SPEKTRAN
119M. The sedimentation value (SE) was as-
sessed by the micromethod according to
A. Ya. Pumpianskyi. The amount of wet gluten
content (WGC) was determined by washing the
dough formed by mixing 25 g of flour with 12 ml
of 2% saline solution. Gluten deformation in-
dex (GDI) was assessed using the IDK-1M de-
vice. An Alveograph Chopin was used to meas-
ure deformation energy (which is referred to
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as flour strength or baking strength) (W),
dough tenacity (P), alveogram configuration
ratio (P/L) and dough elasticity index (Ie). Wa-
ter absorption capacity of flour (WA), dough
degree of softening (DS) and valorimetric va-
lue (VV) were analyzed on a device Farinograph
Brabender. The dough was kneaded in a Swan-
son dough mixer, model 100-200 A. A 505-CC
thermostat was used to ferment and hold the
dough. The bread were baked in an electric
oven with a horizontally rotating hearth (t =
230 °C). The volume of bread (VB) was measu-
red on an OMKh-1 device.

The statistically obtained data were pro-
cessed by descriptive statistics and analysis of
variance (ANOVA) using Microsoft Excel 2013,
Statistica 8.0. The GYT (genotype by yield *
trait) biplot analysis was used to differentiate
and isolate genotypes combining a complex of
quality indicators with an increased level of
yield for all experimental variants [33]. The
GEA-R program was used to plot the graphs.

Research results

Figure 1 shows the shares of the influence
of the growing season, preceding crops, so-
wing date and their interaction on the quality
indicators of the studied genotypes. A diffe-
rent ratio of the influence of these factors for
different varieties was revealed. In particular,
the share of the influence of growing season
conditions varied most of all in terms of the
porosity of bread (from 0.8% for the variety
G15 ‘MIP Lada’ to 85.5% for the G2 ‘MIP Va-
lensiia’), as well as the dough elasticity index
(from 6.2% from G6 ‘Balada myronivs’ka’ to
85.0% from G9 ‘Estafeta myronivs’ka’); pre-
ceding crop — for porosity of bread (from 0.3%
for G5 ‘Trudivnytsia myronivs’ka’ to 24.9%
for G3 ‘MIP Vyshyvanka’); sowing date — wet
gluten content (from 0.1% for G15 ‘MIP Lada’
to 14.5% for G2 ‘MIP Valensiia’); interactions
growing season * preceding crop — porosity of
bread (from 2.1% for G2 ‘MIP Valensiia’ to
64.9% for G15 ‘MIP Lada’), bread evaluation
(from 7.1% for G7 ‘Vezha myronivs’ka’ to
64.4% for G15 ‘MIP Lada’); interactions gro-
wing season * sowing date — protein content
(from 0.5% for G14 ‘MIP Darunok’ to 14.8%
for G3 ‘MIP Vyshyvanka’), wet gluten content
(from 0.4% for G9 ‘Estafeta myronivs’ka’ to
13.7% in G11 ‘MIP Dniprianka’); interactions
preceding crop * sowing date — flour strength
(from 0.8% for G3 ‘MIP Vyshyvanka’ to 26.1%
for G13 ‘MIP Vidznaka’), dough tenacity (from
1.4% for G12 ‘Avrora myronivs’ka’ to 21.0% in
G13 ‘MIP Vidznaka’); interactions growing
season * preceding crop * sowing date — pro-
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tein content (from 7.8% for G9 ‘Estafeta
myronivs’ka’ to 41.0% for G15 ‘MIP Lada’),
wet gluten content (from 8.4% for G7 ‘Vezha
myronivs’ka’ to 40.1% for G8 ‘Hratsiia
myronivs’ka’), dough tenacity (from 4.1% for
Gl4 ‘MIP Darunok’ to 35.3% for Gl1 ‘MIP
Dniprianka’).

A lesser influence of growing season condi-
tions on most quality indicators was revealed
in varieties G4 ‘MIP Kniazhna’, G15 ‘MIP
Lada’, G6 ‘Balada myronivs’ka’ and G1 ‘Podo-
lianka’; preceding crop — G10 ‘MIP Assol’, G16
‘MIP Fortuna’, G15 ‘MIP Lada’, G6 ‘Balada
myronivs’ka’; sowing date — G10 ‘MIP Assol’,
G3 ‘Vyshyvanka myronivs’ka’, G8 ‘Hratsiia
myronivs’ka’. At the same time, a number of
varieties reacted more strongly to changes in
natural and anthropogenic factors in terms of
most quality indicators, in particular, for the
growing season conditions - G7 ‘Vezha
myronivs’ka’, G5 ‘Trudivnytsia myronivs’ka’,
G12 ‘Avrora myronivs’ka’, G14 ‘MIP Darunok’;
preceding crop — G3 ‘MIP Vyshyvanka’, G14
‘MIP Darunok’, G9 ‘Estafeta myronivs’ka’, G13
‘MIP Vidznaka’; sowing date — G2 ‘MIP Valen-
siia’, G12 ‘Avrora myronivs’ka’.

Differences in the value of the coefficient of
variation in varieties for certain quality indi-
cators at different sowing dates after different
preceding crops were revealed (Fig. 2). The
variability was weak (coefficient of variation
(CV) < 5%) in the level of manifestation of test
weight, water absorption ability of flour, and
porosity of bread. A significant coefficient of
variation (CV > 20%) was revealed for such
indicators of the quality of winter wheat as the
strength of flour after the preceding crops of
sunflower and soybean (up to 28.0 and 30.1%,
respectively); alveogram configuration ratio
after sunflower and soybean (up to 22.2 and
20.5%, respectively); dough elasticity index af-
ter corn (up to 23.6%); valorimetric velue after
mustard (up to 21.0%); degree of softening
dough after green manure, sunflower, corn,
and especially after mustard and soybean (up
to 23.2, 25.9, 26.8, 37.3 and 33.1%, respec-
tively).

Table 1 shows the average for 2016/17-2018/19
value of a quality indicator complex (except for
the alveogram configuration ratio and dough ela-
sticity index) by sowing dates after different pre-
ceding crops. The varieties that reliably exceed
the standard G1 ‘Podolianka’ by some identified
indicators: thousand kernel weight — G5 ‘Trudiv-
nytsia myronivs’ka’ (41.6 g), G6 ‘Balada myro-
nivs’ka’ (42.2 g), G11 ‘MIP Dniprianka’ (42.1 g),
G12 ‘Avrora myronivs’ka’ (42.6 g), Gl4 ‘MIP
Darunok’ (42.9 g); test weight — G3 ‘MIP Vyshy-
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vanka’ (778 g/l), G4 ‘MIP Kniazhna’ (767 g/l),
G5 ‘Trudivnytsia myronivs’ka’ (782 g/1), G6
‘Balada myronivs’ka’ (775 g/1), G9 ‘Estafeta
myronivs’ka’ (781 g/1), G11 ‘MIP Dniprianka’
(775 g/, G13 ‘MIP Vidznaka’ (771 g/1), G17
‘MIP Yuvileina’ (771 g/1); protein content — G2
‘MIP Valensiia’ (13.2%), G4 ‘MIP Kniazhna’
(14.1%), G8 ‘Hratsiia myronivs’ka’ (13.4%), G9
‘Estafeta myronivs’ka’ (13.5%), G11 ‘MIP Dnip-
rianka’ (13.1%), G12 ‘Avrora myronivs’ka’ (14.5%),
Gl4 ‘MIP Darunok’ (13.0%), G15 ‘MIP Lada’
(13.1%); sedimentation value — G4 ‘MIP Kniazh-
na’ (75 ml); wet gluten content — G2 MIP Valen-
siia’ (29.0%), G4 ‘MIP Kniazhna’ (30.1%), G8
‘Hratsiia myronivs’ka’ (31.4%), G9 ‘Estafeta my-
ronivs’ka’ (29.4%), G10 ‘IP Assol’ (28.5%), G12
‘Avrora myronivs’ka’ (34.0%); flour strength —
G2 ‘MIP Valensiia’ (295:10-*J), G3 ‘MIP Vyshy-
vanka’ (360-104J), G4 ‘MIP Knyazhna’ (368-10-4J),
G6 ‘Balada myronivs’ka’ (308-104J), G7 ‘Vezha
myronivs’ka’ (288-104J), G9 ‘Estafeta myro-
nivs’ka’ (301-104J), G10 ‘MIP Assol’ (314-10-4J),
G13 ‘MIP Vidznaka’ (390-10-4J), G14 ‘MIP Daru-
nok’ (336-10*J), G15 ‘MIP Lada’ (289-10-*J);
dough tenacity — G2 ‘MIP Valensia’ (109 mm),
G3 ‘MIP Vyshyvanka’ (124 mm), G4 ‘MIP Kniazh-
na’ (113 mm), G5 ‘Trudivnytsia myronivs’ka’
(96 mm), G6 ‘Balada myronivs’ka’ (107 mm), G7
‘Vezha myronivs’ka’ (99 mm), G9 ‘Estafeta my-
ronivs’ka’ (112 mm), G10 ‘MIP Assol’ (101 mm),
G12 ‘Avrora myronivs’ka’ (104 mm), G13 ‘MIP
Vidznaka’ (143 mm), Gl14 ‘MIP Darunok’
(125 mm), G15 ‘MIP Lada’ (106 mm), G16 ‘MIP
Fortuna’ (113 mm); water absorption capacity of
flour — all varieties, except for G17 ‘MIP Yuvi-
leina’ (58.0%); valorimetric value — G4 ‘MIP
Kniazhna’ (62 VU), G6 ‘Balada myronivs’ka’
(54 VU), G7 ‘Vezha myronivs’ka’ (564 VU), G9
‘Estafeta myronivs’ka’ (67 VU), G17 ‘MIP Yuvi-
leina’ (54 VU).

The selected varieties can be used in the
breeding process as genetic sources to improve
the corresponding quality indicators. In parti-
cular, the given varieties can be chosen accor-
ding to physical indicators of grain quality —
G5 ‘Trudivnytsia myronivs’ka’, G6 ‘Balada
myronivs’ka’, G11 ‘MIP Dniprianka’; physical
indicators of flour quality — G4 ‘MIP Kniazh-
na’; rheological properties of the dough — G6
‘Balada myronivs’ka’, G7 ‘Vezha myronivs’ka’,
G9 ‘Estafeta myronivs’ka’.

In modern production conditions, commer-
cial value is made by winter bread wheat varie-
ties that combine high values of a complex of
quality indicators with a high and stable level
of yield. Index standardized values of the com-
bination of some of the indicators of baking
quality considered above and the average value
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of yield by growing season, sowing dates and
after different preceding crops, as well as the
average GYT (genotype by yield * trait) index,
characterizing the generalized assessment of
each genotype, are shown in Table 2. GYT bi-
plot analysis was performed on the base of
these data.

It follows from Figure 3 that the combina-
tion of yield and dough tenacity (YLD _ P) had
the smallest length of vectors, and, accor-
dingly, a low differentiating ability. Greater
differentiating ability (longer vectors) was
characterized by combinations of YLD VB
(vield and volume of bread), YLD EB (yield
and evaluation of bread), YLD DS (yield and
degree of softening dough), YLD PC (yield
and protein content), YLD WA (yield and wa-
ter absorption capacity of flour), YLD TW
(vield and test weight), YLD PB (yield and
porosity of bread). The combination YLD P
(vield and dough tenacity) and YLD PB (yield
and porosity of bread) were the most repre-
sentative, as they were closer to the mean
vector for all conjugations indicated by an ar-
row in the small circle.

The lowest representativeness was found in
the combinations of YLD VB (yield and volu-
me of bread), YLD DS (yield and degree of
softening dough), and YLD WGC (yield and
wet gluten content), since their vectors were
the most deviated from the middle axis. Among
the combinations with a sufficiently high dif-
ferentiating ability and greater representative-
ness in comparison with others, one can distin-
guish YLD TW (yield and test weight) and
YLD _PB (yield and porosity of bread).

AXIS2 2526 %

AXIS1 4507 %

Fig. 3. The GYT biplot of differential ability
and representativeness of the combination of yield
and quality indicators (2016/17-2018/19)
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Figure 4 allows an analysis of the interac-
tion between individual yield combinations and
quality indicators. In particular, the combina-
tions of YLD EB (yield and evaluation of
bread), YLD VB (yield and volume of bread)
and YLD DS (yield and degree of softening
dough) had a very close arrangement of the
vectors to each other, as well as their almost
identical length. In the last two combinations,
the directions of the vectors generally coin-
cided.

AXIS2 25.26 %

ES
o
)
o
N

AXIS1 4507 %

Fig. 4. The GYT biplot characterizing the relationship
between individual yield combinations and quality
indicators (2016/17-2018/19)

It should also be noted that the vectors YLD
TKW (yield and thousand kernel weight) and
YLD WA (yield and water absorption capacity
of flour) are close to each other, although they
slightly differed in differentiating ability. The
lengths of the vectors slightly differed, but the
combinations of YLD W (yield and flour
strength) and YLD PB (yield and porosity of
bread) were close to each other. The most dis-
tant from each other were the combinations of
YLD WGC (yield and wet gluten content),
YLD VB (yield and volume of bread) and YLD
DS (yield and degree of softening dough).

The GYT biplot «which-won-where» shows
that the combinations of yield and quality in-
dicators were distributed in three sectors,
which can be characterized as mega-environ-
ments (Fig. 5).

The first included a combination of YLD VB
(vield and volume of bread), YLD DS (yield
and degree of softening dough), YLD EB (yield
and evaluation of bread), YLD SE (yield and
sedimentation value), YLD VV (yield and valo-
rimetric value), YLD W (yield and flour

ISSN 2518-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, Vou. 17, No 3

YLD_VB
YLD_DS
YLD_E

G4

G17
YLD_SE  G6
G YLD_WV G7 16

YLD_W
YLD PB

AXIS2 2526 %

YLD_P 14

o YLD_TW
G YLD_TKW
YLD_WaC

YLD_WA
Y/D_pC

AXIS145.07 %

Fig. 5. The GYT biplot “which-won-where”,
according to the combination of yield and grain quality
indicators (2016/17-2018/19)

strength) and YLD PB (yield and porosity of
bread). The G10 ‘MIP Assol’ variety had an
advantage in this environment. Varieties G17
‘MIP Yuvileina’, G7 ‘Vezha myronivs’ka’ and
G6 ‘Balada myronivs’ka’ were also in this sec-
tor. Thus, for varieties G10 ‘MIP Assol’, G17
‘MIP Yuvileina’, G7 ‘Vezha myronivs’ka’ and
G6 ‘Balada myronivs’ka’, it was a number of
the above combinations of yield and quality
indicators that were most characteristic.

The second mega-environment is formed by
combinations of YLD P (yield and dough te-
nacity), YLD TW (yield and test weight), YLD _
TKW (yield and thousand kernel weight), YLD _
WA (yield and water absorption capacity of
flour). In it, at different tops of the polygon,
two varieties were located at once — G13 ‘MIP
Vidznaka’ and G9 ‘Estafeta myronivs’ka’. In
addition to them, G5 variety ‘Trudivnytsia
myronivs’ka’ got into this sector. The combina-
tion YLD WGC (yield and wet gluten content)
as well as the variety G2 ‘MIP Valensiia’ en-
tered the third mega-environment. A combina-
tion of YLD PC (yield and protein content) is
located practically on the line dividing the se-
cond and third mega-environments. On the
line dividing the third mega-environment and
the sector without combinations of yield and
quality indicators, there was variety G14 ‘MIP
Darunok’. It should be noted that for breeding
use the combination of each other as parental
components of crossing of genotypes located in
different mega-environments according to
combinations of yield and quality indicators
(I x II, I x III, II x III) is of considerable practi-
cal interest.
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Coordination of genotypes by the average
value of all combinations of yield and quality
indicators, as well as the statistically calcu-
lated level of their optimal combination con-
firms and supplements these features (Fig. 6).
In descending order — from high to low values
according to the generalized assessment, varie-
ties G13 ‘MIP Vidznaka’, G10 MIP Assol’, G9
‘Estafeta myronivs’ka’, G5 ‘Trudivnytsia myro-
nivs’ka’, G2 ‘MIP Valensiia’, G17 ‘MI G6 ‘Ba-
lada myronivs’ka’, G7 ‘Vezha myronivs’ka’ and
standard G1 ‘Podolianka’ were arranged. The
rest of the varieties were inferior to them and
the mean value for the entire sample, repre-
sented by an oblique vertical line crossing the
GYT biplot base.

YLD_VB
vl ps G
YLD_EB E
G5
YLD_SE :
G10 YLD_WV

! YLD W
TTUYLDPB

G16

AX|S2 2526 %

YLD P ha :

[ i Ga

' YLD_TW ] et G2

G613 YLD_TKw

: 2

YLD_WGE
YLD_WA

YLD_PC

AXIS145.07 %

Fig. 6. The GYT biplot weighted average coordination
of winter bread wheat genotypes by the level
of manifestation of certain yield combinations
(2016/17-2018/19)

Varieties G13 ‘MIP Vidznaka’ and G10 ‘MIP
Assol’ were the closest to the statistically cal-
culated “ideal genotype” represented by an ar-
row on the middle horizontal axis in the center
of the centric circles (Fig. 7). Thus, they had
optimal, in comparison with others, combina-
tion of yield level and quality indicators on
average in three-year studies for three sowing
periods after five different preceding crops.
At the same time, they differed among them-
selves in a number of combinations of yield
and quality indicators, since they were located
on different sides of the middle axis and, as
discussed above, in different mega-environ-
ments. Also noteworthy are varieties G9 ‘Es-
tafeta myronivs’ka’, G5 ‘Trudivnytsia myroniv-
s’ka’, G2 ‘MIP Valensiia’, G17 ‘MIP Yuvileina’,
G6 ‘Balada myronivs’ka’, G7 ‘Vezha myroniv-
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s’ka’, which were slightly inferior to the above,
in particular in terms of the average value and
balance of indicators (G9 ‘Estafeta myronivs’ka’,
G2 ‘MIP Valensiia’, G17 ‘MIP Yuvileina’) or an
average value (G5 ‘Trudivnytsia myronivs’ka’,
G7 ‘Vezha myronivs’ka’, G6 ‘Balada myroniv-
s’ka’), however exceeded the standard ‘Podo-
lianka’, as well as an average value in the ex-
periment and, accordingly, other varieties.

o YLD_EB
G4 o1

AXIS2 2526 %

YLD_P 14

G111 G12

AXIS1 4507 %

Fig. 7. GYT biplot for ranking winter bread wheat
genotypes in relation to the ideal genotype according
to the combination of yield and quality indicators
(2016/17-2018/19)

So, the varieties described above are more
stable in terms of producing an increased level
of yield in combination with a set of quality
indicators in the context of different growing
season, preceding crops and sowing dates.
Other varieties, namely G14 ‘MIP Darunok’,
G11 ‘MIP Dniprianka’, G4 ‘MIP Kniazhna’, G3
‘MIP Vyshyvanka’, G16 ‘MIP Fortuna’, G8
‘Hratsiia myronivs’ka’, G15 ‘MIP Lada’ and
G12 ‘Avrora myronivs’ka’, obviously require
much more attention regarding the sowing
date after the corresponding preceding crops.

Conclusions

The features revealed by the level of mani-
festation and variability of the complex of qua-
lity indicators of winter bread wheat, depend-
ing on the hydrothermal growing season condi-
tions, sowing date and preceding crop, should
be taken into account when assessing and dif-
ferentiating genotypes in the breeding process,
as well as the development of the basic elements
of the cultivation technology of varieties.

The varieties that can be used as sources of
a stable level of manifestation of quality indi-

ISSN 2518-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, T. 17, N¢ 3



Genetics

cators in the breeding process were identified.
In particular, according to physical indicators
of grain quality — ‘Trudivnytsia myronivs’ka’,
‘Balada myronivs’ka’, ‘MIP Dniprianka’; physi-
cal indicators of flour quality — ‘MIP Kniazh-
na’; rheological properties of the dough — ‘Ba-
lada myronivs’ka’, ‘Vezha myronivs’ka’, ‘Esta-
feta myronivs’ka’ were selected.

The combination of genotypes among them-
selves as parental components of the crossing,
which, according to the GYT biplot, were placed
in different mega-environments, according to
combinations of yield and quality indicators is
of particular practical interest.

A more stable level of manifestation of yield
and quality indicators in production conditions
at different sowing dates after different pre-
ceding crops can be expected by growing vari-
eties ‘MIP Vidznaka’, ‘MIP Assol’, as well as
‘Estafeta myronivs’ka’, ‘Trudivnytsia myroniv-
s’ka’, ‘MIP Valensiia’, ‘MIP Yuvileina’, ‘Balada
myronivs’ka’, ‘Vezha myronivs’ka’.
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Meta. BusBut o0cobnuBocTi hopMyBaHHS KOMMIEKCY
MOKa3HWKIB AKOCTI nieHuui M'sAKoi 03MMOi 3anexHo Bif
YMOB POKy, NOMepefHuUKiB i cTpokiB ciBbM, a Takox Aude-
peHuitoBaTy i BULINUTM COPTU 3 NifBULLEHNM Ta CTABINbHUM
ix pisHem nposBy. Metoau. MonboBi, nabopartopHi, cratuc-
TUYHi. Pe3ynbraTn. YcTaHOBNEHO pi3Hy YaCTKy BNAWUBY YMOB
pOKy, nonepeaHuMKa, CTPOKy CiB6M Ta iXHbOi B3aEMOAIN Ha
NOKa3HWUKM AKOCTI AeAKuUX copTiB. BuasneHo pisHy peakuito
COPTIB 3a MOKa3HWUKaMU AKOCTI 3aNEXHO Bif AOCHImKEHUX
YMHHUKIB. Hu3bkuM OyB KoediuieHT Bapialii 3a nokasHu-
KaMu HaTypu 3epHa, BOZONOMIMHANbHOT 3[aTHOCT 6OpOLLHa,
nopucrocTi M'sKkywa. Bucoky BapiabenbHicTb BUABIEHO i
cunu GopolHa nicns nonepefHUKiB COHAWHUK i COS; KOH-
tirypauii anbBeorpamMu nicns COHAWHMKA Ta coi; iHAEKcY
€NaCTUYHOCTI TicTa micns KyKypya3u; BaNoOpUMETPUYHOT
OUiHKM micns ripuuui; cTyneHs po3pigxeHHa Ticta nicns
CULEpPaNnbHOTO Napy, COHAWHUKY, KYKypya3u W ocobauBo
nicns ripumnyi Ta coi. BupineHo coptu, Aki B cepefHbOMY 3a
2016/17-2018/19 pp. [OCTOBipHO MepeBa)anu CTaHZapT
AK 33 OKPEMUMM, TaK i HU3KOI (i3MYHUX MOKA3HMKIB AKOC-
Ti 3epHa i 6OpolWHa Ta peonoriYyHUMIU BNACTUBOCTAMU TicTa.
GYT biplot aHanizom BugineHo coptn ‘MIN Big3Haka' i ‘MIN
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Acconb’ 3 ONTUMANbHIWWUM NOEAHAHHAM MiABULLEHOTO PiBHSA
BPOXXANHOCTI Ta KOMNJIEKCY NOKA3HMKIB AKOCTi y po3pi3i pis-
HUX POKiB, MonepefHUKiB Ta CTpoKiB ciBOM. [ewo noctyna-
nuce M, ane BigyyTHO nepesaxanu pewTty, coptu ‘Ectacdera
MUpoHiBCbKa', ‘TpymiBHMUA MupoHiBcbka', ‘MIMN BaneHcis’',
‘MIN KOBineiHa’, ‘banafa mupoHiscbka', ‘Bexa MupoHiBcbKa'.
BucHOBKM. BupineHi 3a nokasHMKamu AKOCTi COPTH, MOXYTb
OyTW BUKOPUCTaHi K reHeTUUHi mKepena B cenekuiiHomy
npoueci. CtabinbHiwmii piBeHb NposBYy BPOXKANHOCTI Ta no-
Ka3HMKIB AKOCTi 33 pi3HUX CTPOKiB ciBOW nicns pi3HuUX no-
nepefHUKiB Cnig odikyBaTu 3a BupollyBaHHA copTiB ‘MIMN
Bip3Haka’, ‘MIN Acconb’, a Takox ‘Ectadpeta MupoHiBCbKA',
‘TpyaiBHUUA MupoHiBcbka', ‘MIN BaneHcis’, ‘MIN t0BineiiHa’,
‘banapa MupoHiBcbka’', ‘Bexa mupoHiBcbka'. BusBneHi ocob-
AMBOCTI Cnip ypaxoByBaTW nif 4yac OUiHIOBaHHA Ta Aude-
PEHUilOBaHHA FEHOTUNIB Y CENeKLiitHoMy npoLeci, a TaKoX
po3po6eHHs 6330BKUX eNeMEHTIB TEXHONOriT BUPOLLYBAHHSA
copTiB NweHuui M'aKoi 03umMoi.

Knrouosi cnosa: Triticum aestivum L.; ¢i3uyHi noKasHUKu
AKOCMI 3epHa ma 6opoLwHa; peosio2iyHi gracmusocmi micma;
XN160NeKapcbKi 81acmusocmi 6opowHa; CmpoK cigbu; none-
pedHuk; koegiyienm sapiayii; ANOVA; GYT biplot.
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