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Abstract

The goal until the last day was to create a new sort with high indicators of productivity, adaptability and quality of grain on
the basis of the directed selection process and comprehensive study of hybrid material on field and laboratory estimations.

Creation of initial material with high productivity, adaptability and grain quality by directed selection and hybrid material
comprehensive study is described. General scientific, special genetic, field, laboratory methods, morphological analysis and statisti-
cal methods were used in the research. Given that the weight of grain from 1 ear is a marker in breeding for high yield (»=0.53), the
largest (50 %) positive transgressions were in /|, hybrids using new genetic plasma varieties. Among hybrid populations F,, F, and F,,
selection value is represented by hybrid populations 4971 and 4976, which have the lowest stress resistance (—16.1, —18.6) and vari-
ation (16.9, 19.9) and the highest genetic stability (50.0, 50.2) and homeostaticity (19.1, 14.3), respectively. Among Control, Prelimi-
nary and Competitive tests, lines UK2621/18 and UK 9855/18 have high stress resistance (—4.7, —5.8), homeostaticity (1416.0, 1008.0)
and low variability (2.6 %, 3.5 %), respectively. They are the most adaptive and malleable to average and adverse environmental
conditions. Line UK1182/17, which in 2020 was submitted for consideration to the State variety testing as «Blahovishchenska»
(Kiev, Ukraine), was created using the purposeful method of pedigree in each link of selection. It has high adaptability, resistance to
lodging, major diseases, high average yield (90.8 c/ha), and grain quality — it is strong wheat (protein amount 13.5-14.0 %, gluten —
30-35 %). Pedigree is the most effective method of continuous individual selection, which allows creating source material with high
productivity, resistance to disease and adverse environmental factors.
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1. Introduction

Even 20-30 years ago, the yield of winter wheat at the level of 100 c¢/ha was considered
unattainable, and today it is a reality. For the first time in the history of Ukraine, wheat varieties
of the Institute of Plant Physiology and Genetics of the National Academy of Sciences of Ukraine
(Kyiv, Ukraine) reached 120—140 c/ha [1], and this is not the limit. Potential yield of winter wheat
is the maximum possible, which is determined by the biological and genetic capabilities of the
plant and the efficiency of photosynthetic active radiation in the Forest-Steppe and Steppe zones is
160-200 c/ha according to [2, 3].

Under favorable weather conditions, scientifically sound methods of crop formation man-
agement make it possible to increase the degree of realization of the biological potential of zoned
and promising varieties of winter wheat from 25-30 % to 59—-60 %. In addition, weather factors
affect yield fluctuations over the years up to 45-50 % in each soil and climatic zone of Ukraine,
which creates the preconditions for dual use of each hectare of crop [4, 5].

The analysis of climate data of Ukraine for the last 10 years (until 2010) showed that the
yield of winter wheat was lower than the average efficiency of the climatic potential of 0.2—0.5 in a
large area of Ukraine (Central and Eastern Forest-Steppe). Scientists have proven that the climatic
component still does not require changes in adaptation strategies [6]. The importance of climate in
fluctuations in yields is secondary and subordinates to anthropogenic strategy.

Today, in today’s climate change, grain production strategies are changing. It is advisable
to take into account its genetic potential and suitability for cultivation in specific soil and climatic
conditions to achieve a high level of crop yield. As a science, breeding has accumulated a large
number of materials, methods and techniques that take into account modern advances in scientific
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and technological progress. However, it is still laborious, hard work of breeders, which requires
deep knowledge and practical skills to create a source material with high productivity, adaptability
and grain quality.

The goal until the last day was to create a new sort with high indicators of productivity,
adaptability and quality of grain on the basis of the directed selection process and comprehensive
study of hybrid material on field and laboratory estimations.

2. Materials and Methods

The research was conducted in the Department of Plant Genetic Improvement of the Insti-
tute of Plant Physiology and Genetics (IFRG) of the National Academy of Sciences of Ukraine on
the basis of the Experimental Agricultural Production of the Institute (Glevakha town, Vasylkiv
district, Kyiv region, Ukraine).

The material of the experiment was varietal samples, hybrids, hybrid populations and lines
of winter wheat nurseries of hybrid, control, preliminary and competitive testing. Experimenta-
tion, harvesting and accounting of samples, sown in nurseries of various tests, were carried out
according to the method of examination of cereal plant varieties for suitability for distribution in
Ukraine [7]. The national standard variety «Yednist» was used as the yield standard. Repetition of
experiments — 1—4 times (hybrid populations were bred in 1-fold repetition of the Control test, lines
in 3—4 times — Preliminary and Competitive testing).

The study was aimed at improving hybridization systems and creating source material in
the field using conventional technology for growing winter cereals. The sowing was carried out in
the optimal time for the zone: September 17-27. The systematic method of site placement was used
in the work [7].

The evaluation of overwintering of soft winter wheat selection material for frost and winter
hardiness in the field was performed on a 9-point scale of overwintering according to the method
of Ryabchun [8] and State Standard «Winter wheat» [9]. The evaluation of the resistance of culture
samples to damage by pathogens was performed on a natural background according to the interna-
tional scale, proposed in [10].

The degree of dominance of quantitative traits in /| hybrids was determined by the formula
of [11]. Transgressions and their degree on the basis of productivity in hybrids were determined by
the method of Orlyuk [2]. The selection of hybrid material for obtaining homozygous lines was per-
formed by the method of pedigree [12, 13]. In the areas of hybrid populations F,—F, of control test,
the selection of lines on such valuable traits as tillering of plants, ear size was performed visually.
In the phase of milk-wax ripeness, the best 200 ears were selected according to the estimates of
short-stemmedness, productivity and resistance of plants to lodging. Bundles of hybrid populations
F,, F, and F, were weighed and rejected by the weight of a bundle of 100 ears. Only bundles of the
second and third generation with double rejection by grain weight were threshed in the population.
The bundles of F, ears were threshed individually. The evaluation of yield, stress resistance, genetic
flexibility, coefficient of variation of the source material was performed according to the method
of [14], and evaluation of homeostaticity and selection value was performed according to the meth-
od described [15].

The hybrid material of F and F, of 100 or 200 ears/row was sown in the areas of the Com-
parative Test. The study was performed on 10-25 combinations. Research methods:

— general scientific metods — working hypothesis, experiment, observation, analysis;

— special methods — genetic, field, laboratory analyses, method of morphological analysis;

— mathematical and statistical methods variation, regression and analysis of variance. The
statistical processing of the results was performed according to the method of Gupta and Kapoor
[16] using Atte Stat software.

Meteorological conditions. Agrometeorological actual and average long-term indicators of
weather conditions were used according to the weather archive from the website «Weather and
Klimat» [17].

The analysis of climatic conditions in 2017-2020 showed that the duration of active vege-
tation of winter wheat in general was 170—175 days, which is 2035 days shorter than usual (190—
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210 days). During the three vegetation cycles of winter wheat development, the average air tem-
perature ranged from +8.6 °C (2017/18) to 9.6 °C (2019/20) (Fig. 1).
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Fig. 1. The air temperature during the vegetation cycle of winter wheat during 2017-2020

The obtained data indicate that during the last three years the active vegetation of the crop took
place under conditions of elevated temperature, where the actual average air temperature annually
exceeded the norm from +1.2 °C in 2017/18 to +2.2 °C in 2019/20 with a tendency to increase.

In recent years, the conditions of autumn hardening of winter crops have changed signifi-
cantly. The unstable nature of winter weather causes the continuation of physiological processes in
the body of plants, including the growth of the growth cone, which leads to a decrease in frost and
winter hardiness of wheat. Therefore, constantly monitoring the state of hardening and overwinter-
ing of winter wheat is necessary.

Precipitation fell quite unevenly and locally in intensity during the last three vegetation
cycles of winter wheat (Fig. 2).

amount of precipitation in growing season

160

,_.
~
o

120
100
80
60
40
20

0 y - ‘
Norm 2017/18 2018/19 2019/20

Amount of precipitation, %

Year of research

Fig. 2. The amount of precipitation that fell during the growing cycle of winter wheat in 2017-2020

During the winter wheat vegetation for the last 3 years, droughts were observed annually
during high average daily air temperatures of (+20)—(+25) °C, both air temperatures in April-June
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of 2018 and soil temperatures in June of 2019 and in autumn and summer of 2020. The data show
that most precipitation fell in 2017/18 — 708 mm during the growth of winter wheat, which was
140 % of the norm with a decrease in their number in subsequent years to 415 mm during 2019/20,
which was 82 % of the norm.

Thus, the analysis of climatic conditions in 2017-2020 showed that the growing season of
winter wheat took place at elevated temperatures, which caused a violation of the hardening of
plants and a decrease in frost resistance. And insufficient soil moisture led to drought, which sig-
nificantly reduced the yield of varieties with a low level of adaptability.

3. Results and discussion

According to many researchers [18], the contribution of selection in increasing crop yields is
30-70 %. The main method of selection for the creation of source material at the IFRG is intraspe-
cific and interspecific hybridization.

In 2018-2020, hybridization involved varieties of domestic and foreign varieties (Ukraine,
Germany, France, Avstria, USA, Bulgaria and others) with high productivity, complex stability,
economically valuable traits that significantly exceed national standards and have a high degree of
ecological plasticity and adaptability, as well as ecologically and geographically remote varieties
from different countries of the world. We used simple, three-line, backcross and analyzing crosses
to increase productivity and protein content. The average attachment of 1 ear as a whole according
to the hybridization plan for 2018-2020 was 64.8 %, which indicates the compatibility of genetic
systems, rates of development and phases of earing of parental components.

The population, formed by the planned hybridization of the required traits, is genetically
valuable for selection when creating new varieties. However, the splitting of the selected valuable
traits occurs differently in each new generation, so it is necessary to carry out the analysis with
an emphasis on the effectiveness of selection [19, 20]. It is known, that the selection is aimed at
increasing productivity in recent years, so during the period of milk-wax ripeness in areas of F,
hybrids 100 ears of each combination were cut. Spikelets were threshed, grain was weighed and the
most productive populations were selected (Table 1).

Table 1
The grain weight of 100 ears of | hybrids of winter wheat in 2018-2020
. Weight, g
Indicator 2018 2019 2020 Average
The average weight of grain from 100 spikelets, g 295.5+4.4 269.3+£3.9 185.0+6.2 249.9
The average weight of grain of selection from 100 spikelets, g 310.0+£5.8 279.1+4.9 205.5£7.9 264.8
Effectiveness of selection, % 49 3.6 11.1 6.0

Note: SSD, ,,=13.9; SSD, ,=21.1

The average grain weights of 100 spikelets and 100 selected spikelets changed significantly
during the study period. A significant difference in the 5 % level of significance between the aver-
age grain weight of 100 spikelets and the selection of 100 spikelets was observed in 2018 and 2020.

Given that the weight of grain from 1 ear is a marker in the selection for high yields
(r=0.53) [21], this figure was calculated for /| hybrids of the harvest in 2018. When crossing con-
trasting parental genotypes in /| hybrids, their transgressive variability should be expected (desir-
able with a positive effect) (Table 2).

The obtained data show that the largest number (50 %) of positive transgressions were in F,
hybrids using new genetic plasma varieties. Grain weight of 1 ear has the highest degree of trans-
gression (28.9 %) and complete dominance of the trait in the main crosses and in combinations of
the special program (25.0 %) with over-dominance of the trait. The parameters of transgressive
traits of productivity are highest in heterosis hybrids [2, 22].

It is especially important in the initial stages of the selection process to reject the selection
material systematically. Therefore, the best 200 ears were selected in the areas of hybrid popula-
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tions F,—F), in the phase of milk-wax ripeness. The yield of hybrid populations remaining as a result
of targeted selection in 2018-2020 (Table 3).

Table 2
The positive transgressions on the basis of grain weight from 1 ear in F, hybrids with different degrees of
dominance, 2018

Number hybrid Weight of 1 ear, g

Direction crossing combinations  of the best father  of the hybrids % () of Tg Degree of Tg hy
Main 16 2.5-4.5 2.8-3.5 18.8 28.9 2.9
Backcross 17 2.8-4.0 2.8-3.6 11.8 20.0 0.7
Simple and BC, 6 2.5-4.0 2.7-3.7 50.0 20.0 2.0
Special programm 24 2.5-4.0 2.3-37 4.2 25.0 1.7
Note: Tg — transgression, hp — the degree of phenotypic dominance of the trait
Table 3
The grain yield from areas of hybrid populations F,—F, of winter wheat, obtained by purposeful selection in
2018-2020
L. Harvest, c/ha
Reproduction in 2020 2018 2019 2020 Average
4952 357 60.0 55.5 50.4+7.5
4956 30.8 55.0 52.0 45.9+£7.6
4958 21.2 53.5 53.5 42.7+10.8
4968 359 54.0 50.5 46.8+5.5
4969 359 54.0 56.0 48.6+6.4
4971 41.9 58.0 56.0 52.0+5.1
4973 379 56.0 61.5 51.8+7.1
4976 40.9 59.0 59.5 53.1+6.1
4978 26.8 57.0 62.0 48.6+11.0
4980 36.9 56.5 70.0 54.5+9.6
4982 38.1 64.5 60.5 54.4+8.2
4983 227 57.0 53.5 44.4+10.9
4987 383 64.0 56.5 52.9+7.6
Average 34.1£1.8 57.6£1.0 57.5¢1.4 49.7+1.1
SSD - - - 47

95

Note: yield of genotypes that is higher than the average yield of good lines.

The analysis of the results showed that the yield of winter wheat depends on environmental
factors. On average, high yields of populations were observed in 2019 and 2020 at 57.6 and 57.5 c/ha,
respectively. Among the studied hybrid populations, the highest yields were found in the following
ones: 4952, 4971, 4973, 4976, 4980, 4982 and 4987. In others, this figure differs from the aver-
age annual value significantly. The largest deviations from the average yield were found in 4958,
4978 and 4983, which indicates their instability in crop formation when changing growing condi-
tions (Table 4).

Hybrid populations 4971 and 4976, which have the highest indicators of genetic stability
(50.0 and 50.2) and homeostaticity (19.1 and 14.3), respectively, were selected from the studied hy-
brid populations F,—F, by the lowest indicators of stress resistance (—16.1 and —18.6) and variation
(16.9 and 19.9). These combinations have the great breeding value.

In 2018-2020 of hybrid material F; and F, of the Comparative Test, the best families that
met the criteria and direction of selection were tested in the phase of milk-wax ripeness. Thus, the
use of the pedigree method is the most effective method, which minimizes the homozygosity of the
lines in the early stages of the selection process, bringing them to the assessment of the yield. As a
result, the selected families were reaped and threshed. After rejection, the selected linear material
was sown on plots of 10 m? in Control, Preliminary and Competitive testing. The final evaluation
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of the elite winter wheat lines was performed after harvesting and compared with the productivity
standard. After rejection, there were 4 combinations in the composition of 11 lines, which were
tested during 2018-2020 (Table 5).

Table 4

The adaptive traits and selection value of hybrid populations F,—F, of winter wheat in 2018-2020

The parameters of adaptibility

Reproduction in 2020 Y271 (V1+Y2)2 V% Hom Sc
4952 -24.3 479 25.7 8.1 30.0
4956 -24.2 429 28.7 6.6 25.7
4958 -32.3 374 43.6 3.0 16.9
4968 -18.1 45.0 20.5 12.6 31.1
4969 -20.1 46.0 22.8 10.6 31.2
4971 -16.1 50.0 16.9 19.1 37.5
4973 -23.6 49.7 23.8 9.2 31.9
4976 -18.6 50.2 19.9 14.3 36.5
4978 -35.2 444 39.2 3.5 21.0
4980 -33.1 53.5 30.6 54 28.7
4982 -26.4 51.3 26.2 7.9 32.1
4983 -34.3 39.9 42.5 3.0 17.7
4987 -25.7 51.2 25.0 8.2 317

Note: Y2-Y1 — stress resistance; (YI+Y2)/2 — genetic flexibility; V —variability; Hom — homeostaticity; Sc — selection value
Table 5
The average grain yield from areas of winter wheat lines during 2018-2020
.. Harvest, c/ha
Reproduction in 2020 2018 2019 2020 Average
4192, UK 9798/18 85.0 96.3 90.1 90.5+3.3
4193, UK 9804/18 91.0 91.0 80.9 87.6+3.4
4207, UK 1254/18 80.8 86.7 78.0 81.8+2.6
4208, UK 1255/18 78.5 85.0 777 80.4+2.3
4209, UK 1256/18 717.5 87.7 78.0 81.1+3.3
4211, UK 9844/18 85.0 94.3 74.9 84.7+5.6
4212, UK 9855/18 85.0 89.3 83.5 85.9+1.7
4219, UK 2614/18 84.0 90.7 89.3 88.0+2.0
4220, UK 2615/18 87.0 92.3 82.1 87.1+2.9
4221, UK 2621/18 93.0 91.0 88.3 90.8+1.4
4222, UK 2641/18 91.0 89.7 84.8 88.5+1.9
Average 85.3+£1.5 90.4+1.0 82.5+1.6 86.0+1.1
SSD - - - 44

0.05

Note: yield of genotypes that are higher than the average yield of good lines.

These data show that the highest average yield of the studied lines 90.4 c/ha was obtained in
2019. There was a noticeable stability of this indicator among the selected material for three years.
There are 7 lines (UK 9798/18, UK 9804/18, UK 9855/18, UK 2614/18, UK 2615/18, UK 2621/18 Ta
UK 2641/18), the average yield of which is at the level of 86.0+1.1 or exceeds it.
When creating new varieties, indicators of adaptability are taken into account along with
the main feature — productivity. Therefore, the parameters of adaptability and their selection value

were calculated for each line (Table 6).

The minimum value of the stress resistance index was observed in the lines of UK 2621/18
(—4.7) and UK 9855/18 (-5.8), which indicates their high resistance to stressors compared to other
studied lines. High values of the genetic flexibility index were found in the lines of UK 9798/18
(90.7) and UK 2621/18 (90.7), which indicates the compliance of the selected genotypes with envi-
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ronmental factors. Lines UK 2621/18 (V=2.6 %, Hom=1416.0) and UK 9855/18 (V=3.5, Hom=1008.0)
have high levels of homeostasis and low variability, which characterize the resistance to variable
environmental conditions. High selection value is represented by the lines of UK 9855/18 and UK
2621/18 as the most adaptive and plastic to medium and adverse environmental conditions (b<1).

Table 6
The adaptive traits and selection value of winter wheat lines in 2018-2020

The parameters of adaptibility

Reproduction in 2020 Y271 Y1+72)2 V. % Hom Sc b
4192,UK9798/18 -11.3 90.7 6.3 264.6 79.85 0.74
4193,UK9804/18 -10.1 86.0 6.7 195.6 77.91 0.72
4207,UK1254/18 -8.7 82.4 5.4 393.4 73.62 0.75
4208,UK1255/18 1.3 81.4 5.0 598.0 73.50 0.76
4209,UK1256/18 -10.2 82.6 7.1 3204 71.64 0.78
4211,UK9844/18 -194 84.6 11.5 75.3 67.30 0.80
4212,UK9855/18 -5.8 86.4 3.5 1008.0 80.35 0.73
4219,UK2614/18 -6.7 87.4 4.0 547.8 81.50 0.71
4220,UK2615/18 -10.2 87.2 5.9 2957 77.50 0.74
4221,UK2621/18 -4.7 90.7 2.6 1416.0 86.18 0.68
4222, UK2641/18 -6.2 87.9 3.7 647.4 82.47 0.70

Note: Y2-YI — stress resistance; (YI+Y2)/2 — genetic flexibility; V — variability;, Hom — homeostaticity; Sc — selection
value; b — yield regression coefficient; indicators that have been seen and deserve attention

A line UK 1182/17, which was grown in areas of competitive testing and reproduction of
new non-zoned varieties, was created using a purposeful method of pedigree in each link of the
selection process. In 2020, it was submitted for consideration to the State Variety Testing under the
name — «Blahovishchenskay variety (application form under No. 20012001) (Fig. 3).

Fig. 3. View of winter wheat on the plots of the «Blahovishchenskay variety

The winter wheat variety was created by individual multiple selection of an elite plant from
the hybrid population. The average yield of the new variety during the test years was 90.8 c¢/ha with
a surcharge to the productivity standard of 6.3 c/ha. It has high rates of frost and drought resistance,
is resistant to lodging, major diseases and grain germination in the ear. The variety of plants of
«Blahovishchenskay is erythrospermum, it is medium-sized, medium-carly and is strong wheat by
the quality of grain (protein amount 13.5-14.0 %, gluten — 30-35 %).

Thus, the possibility of a targeted selection of genotypes with valuable traits at the early
stages of the breeding process is one of the most basic features of the pedigree method. It allows
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you to study the change in inheritance and the genetic structure of the interaction of traits. In the
early generations, the breeder completes the selection of individual plants, and in later generations,
the traits of the lines. Taking into account the fact that the yield is characterized by low heredity
[23], the pedigree method minimizes the heterozygosity of lines in realizing the genetic potential
of productivity. This makes it possible to speed up the selection process of creating varieties with
high indicators of yield, adaptability and grain quality.

4. Conclusions

Screening of valuable features of linear material of winter wheat was studied. Lines in
each link of the selection process, which have high indicators of productive and adaptive traits are
separated: of F, hybrids, grain weight of 1 ear has the highest degree of transgression (28.9 %) and
complete dominance of the trait in the main crosses and in combinations of the special program
(25.0 %); of the studied hybrid populations F,—F, according to the lowest stress resistance (~16.1
and —18.6) and variation (16.9 and 19.9), combinations 4971, 4976 have the great breeding value;
of Control, Preliminary and Competitive testing lines, UK 2621/18 (V=2.6 %, Hom=1416.0) and
UK 9855/18 (V=3.5, Hom=1008.0) are the most adaptable and flexible to moderate and unfavorable
environmental conditions (b<1).

It is established, that the method of pedigree is the most effective method of continuous
individual selection. Its use allows to create a source material with high productivity, resistance to
disease and adverse environmental factors.

Created by the pedigree method, the «Blahovishchenska» (Kiev, Ukraine) winter wheat va-
riety, which underwent the State test in 2020, is erythrospermum variety. It is medium-sized, medi-
um-early by ripeness, has high yields (exceeding the standard by 6.3 c/ha), adaptability, resistance
to major diseases and lodging and is strong wheat by grain quality (protein amount 13.5-14.0 %,
gluten 30-35 %).
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