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VARIABILITY OF YIELD COMPONENTS IN WINTER WHEAT VARIETIES AND BREEDING
LINES UNDER ENVIRONMENT OF THE FOREST-STEPPE OF UKRAINE

A. L. Rysin, H. B. Volohdina
The V. M. Remeslo Myronivka Institute of Wheat NAAS, 68 Tsentralna St., Tsentralne village, Obukhiv district,
Kyiv region, 08853, Ukraine

Topicality. The main task of winter wheat breeding is to increase productivity, therefore, the develop-
ment and introduction of new varieties of winter wheat with high productivity potential being well adapted to
changing growing conditions into agricultural production is an urgent area of research. Breeders' efforts
are aimed at developing varieties with a successful combination of high parameters of all the main produc-
tivity elements in one genotype, which will maximise grain yield. Breeding work is determined by many
factors, among which the search and development of new genetic sources with high performance indicators.
Therefore, the peculiarities of yield potential realization and the study of the mechanisms of productivity
element formation under changing meteorological conditions are important for establishing the response
rate and selecting the most stable productive genotypes and their further involvement in breeding programs.
Purpose. To identify the best varieties and breeding lines of winter wheat in terms of productivity elements in
the environment of the Forest-Steppe of Ukraine for their involvement in crossbreeding programmes.
Methods. Visual — phenological observations; laboratory-field — determination of biometric indicators;
mathematical and statistical — establishing the reliability of the obtained data. Results. It was found that the
maximum realisation of the yield potential of winter wheat plants by structural elements occurred under
optimal growing conditions such as in years with higher moisture availability and sowing on 5 October.
Yield formation was significantly influenced by the weather conditions of the year, genotype and unaccount-
ed factors. Sowing dates had a significant effect only on the manifestation of the plant height trait. There was
a minor variation (3.8 %+5.5 %) in plant height in all varieties and breeding lines. Different levels of varia-
bility were found for the following traits: number of productive stems varied from Cv=16.4 % (the second
sowing date in the dry 2019/20) to Cv=27.6 % (first sowing date in the favourable 2020/21); main spike
grain content and thousand grain weight — Cv=10.7+17.6 % and Cv=8.8+16.9 %, respectively. Regardless
of varietal characteristics, the main spike length had insignificant (Cv=35.6+8.8 %) phenotypic variability
with a range of variation of 0.2-2.0 cm. There were determined the variability levels of traits by the spikelet
number per spike (Cv=5.7 %+ 8.6 %), by grain weight per spike (Cv=13.1-20.5 %) and per plant
(Cv=20.5+36.3 %). Conclusions. The varieties MIP Assol, Hratsiia MYR, MIP Dniprianka, MIP Yuvileina
and breeding lines LUT 55198, LUT 37519 consistently formed a high level of productivity elements regard-
less of sowing dates and conditions of the growing year, which indicates their high adaptive capacity. They
are recommended for breeding programmes as valuable parental components.

Key words: productivity parameters, trait, variation, sowing date, year conditions

Introduction. The development of highly
productive grain varieties with stable yields has
always been and remains the main task of bree-
ding. Winter wheat (Triticum aestivum L.) yield
is determined by the nature of the manifestation
of structural elements of its productivity, which
are highly variable under the influence of biotic
and abiotic environmental factors. Results of
their formation most fully represent the influ-
ence of plant growing conditions in the process
of ontogenesis. The main indicators that affect
the level of productivity are the productive stem
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density and the spike productivity, which are
determined by light and temperature conditions,
soil moisture supply, etc.

All these factors are closely and constant-
ly interrelated and determine the intensity of
plant growth and development at different stag-
es of the growing season and their productivity
[1-4].

Wheat breeding is focused on increasing
yield by improving the spike productivity,
which has always been a priority and has been
addressed by breeders in various ways.
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Some scientists associate the solution to
the problem with an increase in the number of
kernels, while others prefer grain size. Breeders
may not always be satisfied with the effective-
ness of selections for these traits, as the level of
their manifestation varies under the influence of
environmental conditions. Therefore, we need to
understand the peculiarities of the formation and
manifestation of traits, determine the impact of
each trait on total productivity and the relation-
ship between them. The breeders are working to
create varieties with a successful combination of
high parameters of all the main productivity
elements in one genotype, which will maximise
grain yield [5-7]. An understanding of the pat-
terns of variability in the manifestation of valu-
able traits is the basis for breeding work, as it
allows us to focus on working with forms that
have wide opportunities for improvement.

Research is aimed at selecting the winter
wheat varieties and breeding lines by productiv-
ity elements for their involvement in breeding
programmes as source material in the Forest-
Steppe of Ukraine.

Materials and Methods. The research
was conducted at the Winter Wheat Breeding
Laboratory of the V. M. Remeslo Myronivka
Institute of Wheat of NAAS of Ukraine in a
breeding crop rotation in 2018/19-2020/21.
Contrasting weather conditions during the gro-
wing season of winter wheat reflected the insta-
bility of climatic conditions in the central Fo-
rest-Steppe zone of Ukraine, which allowed
obtaining objective results and identifying high-
ly productive winter wheat genotypes by yield
structure elements. Agrotechnical practices were
in line with the generally accepted recommen-
dations for winter wheat cultivation in this re-
gion. Sowing was carried out after the soybean
in two dates (on 5 and 15 October). In the full
ripeness stage, 25 plants were harvested with
roots and structural analysis was carried out in
the laboratory for the following elements: plant
height, productive tillering, length of the main
spike, number of spikelets and kernels per spike,
grain weight per spike and per plant, and 1000
seed weight. The material for the research was
winter wheat varieties (Podolianka variety-
standard, MIP Assol, Hratsiia Myronivska
(MIR), MIP Dniprianka, MIP Lada, MIP Yu-
vileina) and breeding lines (ER 55023, LUT
55198, LUT 37519) of Myronivka selection.
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Research included the following methods: field
(phenological observations, records), laboratory
(determination of yield structure indicators), and
statistical. A comparative evaluation based on
the average values of quantitative valuable traits
of the samples was carried out, considering the
degree of their variability in response to changes
in agroclimatic conditions. The following statis-
tical parameters were calculated: arithmetic
mean (X); minimum (Xmin) and maximum (Xmax);
range of variation (R = Xmax - Xmin); coefficient
of variation (Cv, %) [8]. The characteristics of
environmental conditions for the formation of
winter wheat productivity were determined with
regard to the hydrothermal coefficient (HTC)
according to the method [9].

Results and Discussion. Effective man-
agement of winter wheat productivity requires
the development of varieties with high genetic
yield potential, resistant to abiotic and biotic
stressors and able to use favourable environ-
mental conditions. The yield is the result of a
complex dynamic equilibrium of numerous pro-
cesses, the influence of which is multidirectio-
nal. The research results evidence a significant
effect of both weather conditions and genotype
on the formation of yield structure elements
(Table 1, 2). Breeding and genetic research pays
great attention to plant height, which plays an
important role in the formation of a high yield
[10]. Depending on the environmental condi-
tions, the manifestation level of the trait varied
from 74.0 cm (LUT 37519, ER 55023; for 1l
and | sowing dates in 2019/20, respectively) to
121.4 cm (LUT 55198; for | sowing date in
2020/21). The minimum indicators (74.0+£1.04+
96.9£1.14 cm) for both sowing dates were ob-
served in acutely dry (HTC =0.60) conditions
of 2019/20, the adaptive norm (average for the
experiment) was the lowest (Table 1, 2).

In favourable 2021, the maximum (88.8+
0.82+121.4+1.16 cm) indicator was at HTC = 1.03.
Changes in plant height of varieties and breed-
ing lines depending on the sowing date and
weather conditions led to changes in plant
groups: MIP Assol, MIP Hratsiia, MIP Yu-
vileina, LUT 55198, as well as the standard,
belonged to the group of medium-stemmed
(101-120 cm) in 2019 (5 October, first sowing
date) and 2021, and to short-stemmed — in 2019
(the second sowing date) and 2020.

In 2019, 2021, the MIP Dniprianka variety
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Table 1. Parameters of variation of yield structure elements of winter wheat varieties (2018/19-2020/21)

Yield structure | Year of | Sowing — 1 Lim 3 o/ 4 5
element harvest date XX (min+max)’ R Cv, % L-SDos
5.10 104.5£0.95 | 100.0-110.0 | 10.0 3.9
2019 15.10 97.5+1.03 89.0-103.0 14.0 4.0 2.62
_ 5.10 85.9+1.09 75.2-99.0 2338 5.0
Hle'ght of 2020 3590 | 90.121.04 83.6-96.9 133 49 2.48
plant, cm 2021 5.10 9254084 | 105.1-118.7 | 136 37 » 00
15.10 | 1053+0.73 | 92.8-115.3 225 35 '
X8 96.3 75.2-118.7 435 4.2
5.10 4.2+0.20 3.84.7 0.9 18.2
2019 15.10 4.4+0.18 4054 14 18.0 0.33
Number- of 2020 5.10 3.3+0.13 3.3-3.4 0.2 18.7 061
productive 15.10 3.3+0.14 3.0-3.6 0.6 16.4
stems, pcs 5.10 3.9+0.22 3.3-4.4 1.1 27.3
2021 15.10 4.0+0.17 3.74.4 0.7 225 0.50
X 3.8 3.0-5.4 2.4 20.2
5.10 10.2+0.17 9.6-10.5 0.9 6.7
2019 15.10 10.4+0.18 9.6-11.6 2.0 5.6 0.34
5.10 8.5:0.09 7.9-89 1.0 7.8
length, cm 2020 15.10 8.8+0.10 8.0-9.3 1.3 6.7 0.28
5.10 9.3+0.12 8599 14 5.8
2021 9590 T 9.0+0.15 8699 13 6.6 2.20
X 9.4 7.9-11.6 3.7 6.5
5.10 18.140.32 17.8-18.7 0.9 75
2019 15.10 18.6£0.30 17.0-20.9 3.9 5.7 0.65
5.10 16.2+0.26 15.8-16.8 1.0 74
”“.Tber of 2020 15.10 16.3+0.22 16.2-16.6 0.4 75 0.73
SPIKES, pcs 2021 5.10 17.5+0.24 17.2-18.2 1.0 8.0 0.90
° 15.10 16.9+0.32 16.1-18.2 2.1 8.1 '
g X 17.3 15.8-20.9 5.1 7.4
£ 2019 5.10 49.7+1.60 452513 7.6 12.2 330
= 15.10 | 50.5+1.45 443565 122 13.6
5.10 34.9+0.57 31.0-37.3 6.3 142
Egrmngfsr ?)';S 2020 590 | 34.0£0.77 325355 30 13.8 2.44
' 2021 5.10 457+1.22 42.2-4838 6.3 10.7 200
15.10 | 42.7x1.25 37.3-50.2 12.9 13.3 '
X 42.9 31.0-56.5 255 12.9
2019 5.10 2.3+0.06 2.0-2.6 0.6 13.1 0.19
15.10 2.2+0.07 2025 05 15.9
o 5.10 1.4+0.04 13-16 0.3 17.6
gra'” weight, | 2020 755 1.4£0.04 1216 04 185 0.11
5.10 1.9+0.07 1722 05 13.4
2021 9570 | 1.840.08 1521 06 | 190 0.20
X 1.8 1.2-2.6 1.4 16.2
o 2019 5.10 6.00.26 5.2-6.4 1.2 20.5 077
Grain weight 15.10 5.9+0.29 5.4-6.4 1.0 20.9
per plant, g 5.10 2.940.19 2436 1.2 30.6
2020 15.10 2.9+0.17 2437 13 29.4 0.51
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Table 1 continuation

| 15.10 4.8+0.25 4.1-5.7 1.6 36.3

X 4.2 15-6.7 5.2 278
2010 510 49.6+1.79 46.7-51.2 45 153 430

1510 | 46.3+1.73 42.9-48.8 5.9 16.9

. 5.10 35.610.94 31.8-39.0 72 10.4
@%?gh%“;'” 2020 9590 [ 35.910.97 31.8-38.5 67 | 103 2.40
’ oop1 | 510 43.7+1.09 41.7-471 54 131 270

1510 | 42.8+1.20 39.147.1 8.0 159 :
X 42.3 31.8-51.2 194 | 136

Notes: 1. x+sx — average; 2. min, max — minimum and maximum values; 3. R — range of variation; 4. Cv —
coefficient of variation, %; 5. LSDys — the smallest significant difference at the 95% significance level; 6. X —

average for 2018/19-2020/21.

had a stem height of 103.01.04+113.2+1.25 cm,
and in 2020 — 95.6+1.27 cm. Despite the condi-
tions of the cultivation year, the MIP Lada varie-
ty had a plant height of 83.8+0.69+92.840.76 cm
at sowing date of 15 October, 103.0+1.33 and
105.1+0.66 cm at sowing date of 5 October in
years with sufficient precipitation (2021, 2019),
respectively, and 75.240.69 cm in the dry year
of 2020 (HTC = 0.60). The breeding line
LUT 37519 formed a stem with different
heights: when sown in the first sowing date its
height was 100.0+0.82 cm (2019), 81.0+0.98 cm
(2020) and 105.1£0.66 cm (2021), and in the
second sowing date it was 86.0+0.86 cm,
74.0+1.04 cm, 92.8+0.76 cm, respectively, evi-
dencing its high sensitivity to environmental
conditions. Regardless of the sowing dates in
years with optimal moisture supply (2019,
2021), the breeding line ER 55023 was consist-
ently included in the short-stemmed group, and
in the dry year 2020 — in the semi-dwarf group
(Table 3). Insignificant variation in plant height
was revealed in all varieties and breeding lines
of winter wheat. The coefficient of variation
ranged from 3.4 to 6.6 %, which corresponds to
a low variability (Table 1, 2). According to the
analysis of variance, the factors "year" and
"genotype™ had the highest influence on the
manifestation of the trait (46.9 % and 29.2 %,
respectively), the sowing dates had a signifi-
cantly less influence (5.9 %).

The number of productive stems per plant
varied from 3.0 (ER 55023 and standard; the
second sowing date; 2020) to 5.4 (Hratsiia MIR;
the second sowing date; 2019). Varieties
(Hratsiia MIR, MIP Dniprianka, MIP Lada) and
breeding lines (LUT 37519, LUT 55198), with
this indicator exceeded the standard at both
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sowing dates of each year and on average in the
experiment, were identified. The Hratsila MIR
variety annually formed the maximum value of
the indicator when sown on 15 October, and the
LUT 37519 breeding line — on 5 October. The
minimum number of productive stems was ob-
served in the breeding line ER 55023 at both
sowing dates, except for the first date (5 Octo-
ber) in 2018/19. The biological ability to form a
high number of productive stems was in the
varieties Hratsiia MIR (4.4+0.18), MIP Dni-
prianka (4.1£0.18) and the breeding line LUT
37519 (4.14£0.18). The manifestation of the trait
at the average level in the experiment (3.8
stems) was observed in the breeding line LUT
55198 (3.9+0.16) and varieties MIP Lada
(3.8+0.15), MIP Assol (3.6+0.18). The highest
average variability in the number of productive
stems was observed in the variety Hratsiia MIR
(3.4+5.4 stems; Cv=22.68 %) and the breeding
line LUT 37519 (3.3+5.1 stems; Cv=22.06 %),
the lowest — in EP 55023 (3.0+4.7 stems;
Cv=17.58 %). It was found that the formation of
productive tillering was more dependent on the
weather conditions of the year (52.3 %) and
varietal characteristics (23.6 %) than on the
sowing dates. Average level of variability of
this trait was in 2018/2019-2019/2020 (except
for the second sowing date of 2019 for breeding
lines, Cv=22.9%) and significant level in
2020/2021 (except for the second sowing date
for breeding lines, Cv=18.6 %).

Spike productivity is one of the main fea-
tures that determine the yield of winter wheat
and is significantly determined by growing con-
ditions.

Spikes with the greatest length and number
of spikelets are formed under moderate air tem-
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Table 2. Parameters of variation of productivity structure elements of winter wheat breeding lines
(2018/19-2020/21)

Yield structure | Year of | Sowing — 1 Lim 3 o/ 4 5
element harvest date XESX (min+max)? R Cv, % LSDos
5.10 99,3+0,76 90,0-108,0 18,0 3,4
2019 15.10 88.0£0,57 86,0-92,0 6,0 4.6 2,66
. 5.10 82,7+0,65 74,1-93,0 18,9 6,6
Hl‘;'n%htcﬁf 2020 9590 T 80.1<1.0 740901 | 161 | 57 3,62
plant, 2001 510 | 107.4%0.81 | 9581214 | 256 37 ) 44
15.10 97,4+0,55 88,8-110,6 21,8 4.1 ’
X® 92,4 74,0-121,4 47,4 4,7
5.10 4,6+0,19 4,151 1,0 19,0
2019 570 [ 412013 3.6.4.5 09 | 229 0,45
Number of 2020 5.10 3,4+0,14 3,2-3,6 0,4 18,5 061
productive 15.10 3,2+0,13 3,0-3,4 0,4 16,8 '
stems, pcs 5.10 3,9+0,21 3,3-4,4 1,1 27,6
2021 9590 [ 3.820.16 3541 06 | 186 0,40
X 3,8 3,0-5,1 2.1 20,6
5.10 10,5+0,19 95112 1,7 8,2
2019 15.10 10,1%0,16 9,2-10,9 1,7 7.9 0,50
5.10 7,4+0,13 6,9-8,0 1,1 72
length, cm 2020 15.10 7,8+0,16 7,779 0,2 78 0,30
5.10 9,9+0,19 9,5-10,4 0,9 8,1
2021 15.10 9,7£0.15 8,8-10,8 2,0 8,8 3,40
X 9,2 6,9-11,2 43 8,0
5.10 18,6+0,33 17,3-20,4 3,1 7.1
2019 9570 [ 17.8:0.30 16,6187 18 6.4 0,83
5.10 15,4+0,24 15,0-15,9 0,9 6,8
Qui’:(‘é’:r 002 2020 1510 | 15,30,23 15,1-15,6 05 8.6 0,81
PIKES, P 2021 510 17,720.26 173-183 10 76 080
o 15.10 17,4+0,25 16,5-18,4 1,9 8,1 ’
=1 X 17,0 15,0-20,4 5,4 7.4
£ 2019 5.10 50,1+1,63 44.,0-55,7 11,7 14,4 480
s 15.10 47.2+1,46 415513 9,8 17,6
5.10 31.1+0.86 28.1-343 6,2 12,9
number of 2020 2 : ! ! : 2,22
kernels, pcs 15.10 30,6+1,10 30,1-31,3 1,2 14,0
2021 5.10 47,0£1,77 48,0-51,3 3,3 14,5 460
15.10 44.8+1,50 41,5503 8,8 15,9 ’
X 418 28,1-557 27.6 14,9
2019 5.10 2,3+0,09 2,0-2,6 0,6 16,3 0.23
15.10 2.2%0,09 1925 0,6 18,2
N 5.10 1,2+0,04 1,0-1,4 0,4 18,3
rain weight, 12 il d d
g g 2020 15.10 1,1+0,05 1,1-1.2 0,1 19,4 0,13
5.10 2,1+0,09 1,9-2,2 0,3 16,6
2021 15.10 2.120,07 1825 0,7 20,5 0,28
X 2.0 1,0-2.6 1,6 18,2
2019 5.10 6,1+0,29 5,3-6,7 1,4 20,7 0.75
15.10 5,8+0,22 5363 1,0 20,5
N 5.10 2.0£0,17 1524 0,9 26,1
Grain weight J 2 ! ! ! !
per plant g 2020 15.10 2,0+0,18 1,821 0,3 281 0.47
’ 2021 5.10 4,5+0,31 3,8-5,2 1.4 34,9 0,90
15.10 4,8+0,25 4157 16 36,3
X 42 1567 5,2 27.8
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Table 2 continuation

oot | 510 | 46179 | 467512 | 45 | 153 | .
1510 | 463:1,73 | 429488 | 59 | 169
: 510 | 3568004 | 31,8390 | 72 | 104
et 2020 71510 | 3592097 | 318385 | 67 | 103 | 2%
popr | 540 | 4375109 | L7 47t | 54 | 131 | o
1510 | 428120 | 391471 | 80 | 159 ’
X 423 31,8512 | 104 | 136

Notes: 1. x+sx — average; 2. min, max — minimum and maximum values; 3. R — range of variation; 4. Cv —
coefficient of variation, %; 5. LSDys — the smallest significant difference at the 95% significance level; 6. X —

average for 2018/19-2020/21.

peratures and intense lighting. On average, over
the years of research, plants of varieties and
breeding lines, as well as the standard, reached
an average spike length of 9.3 cm. This trait
varied from 7.4+0.10 cm (ER 55023 breeding li-
ne; the first sowing date; 2019/20) to 11.6+0.15 cm
(Hratsiia MIR variety; the second sowing date;
2018/19). The maximum average values of the
indicator, regardless of the sowing date, were in
the conditions of 2018/19. The minimum indica-
tors were in 2019/20 against the background of
precipitation deficit in April (HTC = 0.35) with
a large (12) number of days with air temperature
above +10 °C that accelerated the development
of the spike and its elements and negatively
affected the spike length. In 2018/19 and
2019/20, the plants of the second sowing date
had a longer spike compared to the first one,
and in 2020/21 — vice versa. The winter wheat
development period from the growth resumption
to the beginning of grain filling (I11-VIII stage
of organogenesis) was the shortest in 2020/21,
while the formation of the spike in plants of the
second sowing date occurred at a lower average
daily air temperature than in the first one. The
spike length of the standard (9.3+£0.14 cm) ex-
ceeded the breeding line LUT 55198
(9.7£0.20 cm) and varieties MIP Dniprianka
(9.6+0.14 cm), MIP Lada (9.6+0.16 cm), MIP
Assol (9.5£0.11 cm). The MIP Assol variety
had the lowest (Cv=5.83 %) degree of variabil-
ity in the experiment. The minimum spike
length (8.6+£0.11 cm) was in the short-stemmed
breeding line ER 55023. Regardless of the vari-
etal characteristics, this trait had a slight pheno-
typic variability (Cv=5.6-8.8 %) with a varia-
tion range of 0.2-2.0 cm. It was determined that
the length of the main spike as a quantitative
trait depends on the weather conditions of the
year (59.5 %) and genotype (8.4 %).
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The formation of the number of spikelets
in the spike occurs in the I1I-1V stages of organo-
genesis. The trait varied from 15.0£0.26 pcs
(LUT 37519; | sowing date; 2019/20) to
20.9+0.25 pcs (Hratsiia MIR; II sowing date;
2018/19). The experimental data revealed that
sowing dates had no significant effect on the
number of spikelets per spike.

It should be noted that the maximum
number of spikelets per spike was in 2018/19 at
both sowing dates and reached 18.3 pcs. In the
vast majority of the studied varieties and breed-
ing lines, the number of spikelets per spike ex-
ceeded the standard (16.9 pcs). The level of var-
iability was weak, which was due to the re-
sponse rate of the genotype: the maximum
(8.27; 8.48 %) was in the standard and the
breeding line LUT 55198, respectively, and the
minimum (6.53 %) was in the Hratsiia MIR
variety. It was found that the formation of the
number of spikelets in the main spike was more
determined by the conditions of the cultivation
year (54.4 %) than by the genotype (10.4 %)
and sowing dates (0.5 %).

The number of grains in the main spike is
also a significant element of the yield structure.
Grain formation occurs at the X stage of organ-
ogenesis. Lack of moisture in the VI and IX
stages of organogenesis, when plants are very
sensitive to adverse weather conditions, leads to
a significant deterioration of the spike grain
content and a lower yield [10], which was ob-
served in 2019/20: 33.2+1.63 (I sowing date)
and 32.9+1.50 (II sowing date), the range of
variation was 28.1-36.3 and 30.1-35.5, respec-
tively. Significant reduction in the number of
kernels in semi-dwarf breeding lines was ob-
served under moisture deficit within the group
of genotypes studied: LUT 37519 (28.1+0.81 pcs;
I sowing date and 30.4+1.39 pcs; Il sowing
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Table 3. Biometric parameters of winter wheat varieties and breeding lines, average 2018/19-2020/21

Yield structure elements

Variety, Statistical indi- plant number of number'\(/)llflln Splrt(jmber of grain weight | 1000 grain
breeding line cator * height, cm productive spike length, spikelets per | grains per grain vyelght oer plant, g weight, g
stems, pcs. cm . . per spike, g
spike, pcs. spike, pcs.
1 2 3 4 5 6 7 8 9 10

X' 104.4+0.88 3.5+0.16 9.3+0.14 16.9+0.31 41.4+1.07 1.7+0.05 4.1+0.25 42.5+0.83
Podolianka max” 118.7+1.03 3.9+0.15 10.2+0.20 17.8+0.37 48.9+1.36 2.2+0.07 5.4+0.36 50.2+1.27
standard min® 91.1+0.83 3.0+0.15 8.5+0.13 16.2+0.36 34.6+0.61 1.5+0.03 2.8+0.25 39.1+0.82

v 3.94 20.57 6.57 8.27 11.67 13.76 28.62 8.79
X 102.5+0.75 3.9+0.16 9.7+0.20 17.5+0.31 44.8+1.48 2.0+0.07 4.6+0.31 45.2+1.23
LUT 55198 max 121.4+1.16 4.5+0.15 10.9+0.22 18.7+0.36 51.3+1.52 2.5+0.08 6.3+0.24 51.0+1.75
min 90.1+0.99 3.4+0.10 7.9+0.23 15.6+0.33 31.3£1.36 1.2+0.05 2.1+0.20 38.5+0.73

Cv. % 3.98 21.76 9.61 8.48 15.29 15.71 26.10 12.23
X 101.7+1.45 3.6+0.18 9.5+0.11 17.4+0.28 43.1+1.00 1.9+0.05 4.5+0.26 44.4+0.78
MIP Assol max 109.7+0.92 4.5+0.26 10.7+0.15 18.2+0.25 50.5+1.12 2.3+0.06 6.2+0.33 48.8+0.87
min 92.3+1.22 3.2+0.13 8.5+0.08 16.5+0.34 35.0+0.53 1.5+0.03 2.4+0.17 41.8+0.80

Cv 4.36 20.31 5.83 8.00 10.17 12.96 26.52 8.63
X 103.8+1.09 4.1+0.18 9.6+0.14 17.7+0.28 44.5+1.34 1.9+0.06 4.5+0.27 44 .9+1.17
MIP Dniprianka max 110.0+1.04 4.7+0.27 11.0+0.25 20.0+0.37 54.7+2.06 2.4+0.09 6.4+0.22 52.6+2.23
min 94.2+1.40 3.4+0.15 8.8+0.10 16.3+0.20 33.5+0.61 1.4+0.04 2.8+0.14 41.24+0.91

Cv 4.93 21.07 7.04 7.69 14.75 16.75 29.90 12.10
X 89.9+0.85 4.1+0.18 9.24+0.17 17.3+0.27 42.2+1.44 1.9+0.08 4.2+0.23 42.0+1.41
LUT 37519 max 105.1+0.66 5.1+0.20 11.2+0.19 20.4+0.21 55.7+1.43 2.6+0.11 6.7+0.23 51.24+2.03
min 74.0+1.04 3.3+0.11 6.9+0.09 15.0+0.26 28.1+0.81 1.0+0.04 1.5+0.20 31.8+1.06

Cv 4.51 22.06 8.19 7.11 15.59 21.56 28.62 16.47
X 91.5+0.96 3.8+0.15 9.6+0.16 17.4+0.23 43.9+1.07 1.8+0.07 4.4+0.22 43.4+1.32
MIP Lada max 105.1+0.66 4.2+0.15 10.3+0.29 18.3+0.37 50.3+2.04 2.3+0.07 6.3+0.25 51.0+1.65
min 75.2+1.47 3.3+£0.16 8.6+0.10 15.4+0.26 31.0+0.63 1.3+0.05 2.2+0.14 36.6+1.37

Cv 5.20 19.38 7.34 7.33 13.10 18.68 28.35 14.47
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Table 3 continuation

1 2 3 4 5 6 7 8 9 10

X 97.7+0.77 3.6+£0.16 9.2+0.13 16.8+0.26 42.0+1.21 1.8+0.06 4.24+0.21 42.9+0.90
MIP Yuvileina mr?\x 112.9+0.49 4.0+0.19 10.0+0.17 17.8+0.33 48.8+1.55 2.2+0.05 5.9+0.25 48.4+0.80
min 85.9+0.99 3.2+0.14 8.3+0.09 15.9+0.13 34.3+0.81 1.4+0.04 2.5+0.15 39.0+0.87

Cv 3.73 19.19 6.61 6.78 14.33 17.24 25.13 10.98
X 96.1+1.09 4.44+0.18 9.1+0.12 17.4+0.23 42.5+1.21 1.84+0.08 4.0+0.28 43.0+1.26
Hratsiia MIR mr?\x 105.3+0.83 5.4+0.15 11.6+0.15 20.94+0.25 56.5+1.58 2.6+0.05 6.4+0.33 53.24+0.62
min 82.5+0.91 3.44+0.13 7.9+0.09 15.8+0.29 32.5+0.84 1.24+0.06 2.4+0.15 37.0+0.90

Cv 4,72 22.68 6.58 6.53 13.09 18.06 29.36 13.21
X 85.1+0.82 3.5+0.13 8.6+0.11 16.2+0.24 38.3+1.24 1.6+0.06 3.7+0.22 39.7+1.21
ER 55023 max 95.8+0.62 4.7+0.17 9.540.12 17.3+0.26 44.0+1.88 2.0+0.09 5.3+0.30 46.7+1.59
min 74.1+1.69 3.0+0.18 7.4+0.10 15.1+0.18 30.1+0.56 1.1+0.04 1.840.19 31.84+0.77

Cv 5.55 17.58 6.17 6.71 13.81 17.41 28.61 12.28

Notes: * — statistical indicators: X" — average; max®, min° — minimum and maximum values; Cv° — coefficient of variation, %.




date) and ER 55023 (30.9+0.68 pcs; I sowing
date and 30.1+0.56 pcs; II sowing date). The
varieties and breeding lines of winter wheat,
which were sown on 5 October, formed a larger
number of grains in the main spike regardless of
the weather conditions of the year. According to
the average indicator, the standard (41.4 + 1.07
pcs) and adaptive norm (42.5 pcs) were exceed-
ed by the varieties MIP Dniprianka (44.5+1.34),
MIP Lada (43.9+1.07), MIP Assol (43.1+1.00)
and breeding line LUT 55198 (44.8+1.48) that
characterises them as high productivity geno-
types. An average level of variability (Cv =
10.7-17.6 %) was observed for the trait (see
Tables 1, 2). It was found that the indicator of
spike grain content was significantly influenced
by environmental conditions (73.0 %) and varie-
tal characteristics (5.3 %).

The grain weight of the main spike de-
pends on the grain content and on the moisture
and nutrients supply, especially carbohydrates,
of winter wheat plants. The minimum values at
both sowing dates were observed in dry condi-
tions (HTC = 0.88) in the grain filling and rip-
ening stages in 2020. According to the research
results, the average value of the trait at both
sowing dates was almost at the same level: in
2019 -2.3and 2.2 g, in 2020 - 1.3 and 1.3 g, in
2021 — 2.0 and 1.9 g, respectively. The highest
grain weight from the main spike was formed
by the variety MIP Assol and the breeding line
LUT 55198: in 2018/19 — 2.2 g and 2.3 g (I
sowing date); 2.3 and 2.5 (Il sowing date), re-
spectively; in 2019/20 - 1.5 gand 1.4 g; 1.2 g
and 1.5 g, respectively. It should be noted that
these genotypes, as well as the standard, under
the influence of limiting environmental factors
had the lowest variability in the trait. The MIP
Assol variety provided high spike productivity
by increased grain content and grain size, and
the LUT 55198 breeding line had the highest
level of these traits on average in the experiment
(Table 3). In unfavourable 2019/20, higher grain
weight was formed by the standard (1.5+0.03;
1.6+0.03 g) and wvarieties: MIP Dniprianka
(1.6£0.03 g; 1.4+0.04 g), MIP Assol (1.5+0.03
g; 1.5+0.03 g), MIP Yuvileina (1.4+0.04 g;
1.5+£0.05 g), confirming their increased drought
tolerance. The level of trait variability
(Cv=13.1-20.5 %) was average (Tables 1, 2). It
was found that sowing dates did not have a sig-
nificant effect on the formation of grain weight
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from the main spike, which significantly de-
pended on the weather conditions (66.2 %) and
varietal characteristics (7.0 %).

The environmental factor also influenced
the grain weight per plant, which varied by
years and sowing dates. The highest (6.0 and
5.8 ¢g; | and 1l sowing dates, respectively) level
of the trait was observed in 2018/19, when June
(the period of grain formation, filling and ripen-
ing) was favourable in terms of precipitation
and temperature, and the lowest (2.6 and 2.5 g; |
and 11 sowing dates, respectively) was in the dry
2019/20. The first sowing date prevailed in the
number of cases with a high grain weight per
plant: in 2018/19 — four, 2019/20 - three,
2020/2021 — seven. In favourable weather con-
ditions, the productivity of the MIP Dniprianka
variety did not depend on the sowing dates, and
due to the biological peculiarity of the formation
of a large (3.4+0.15 pcs) number of productive
stems and high (36.3+0.94 pcs) grain content of
the spike, it formed the maximum (4.1+0.23 g)
grain weight per plant. The varieties MIP Assol
(4.5+0.26 g), MIP Dniprianka (4.5+0.27 g), MIP
Lada (4.4+0.22 g), MIP Yuvileina (4.2+0.21 g)
and breeding lines LUT 55198 (4.6+0.31 g),
LUT 37519 (4.2+0.23 g), which exceeded the
standard (4.1+£0.25 g) by the average trait indi-
cator, were identified. It should be noted that the
varieties MIP Assol and MIP Dniprianka pre-
vailed over the standard in favourable years
despite the sowing date, and in 2019/2020 — at
the first sowing date. A significant (Cv=20.5—
36.3 %) level of variability in grain weight per
plant was observed in all varieties and breeding
lines of winter wheat with a range of variation
from 0.3 g to 2.0 g (see Tables 1, 2). We found
that the formation of plant productivity is signif-
icantly determined by the conditions of the cul-
tivation year (80.6 %) and varietal characteris-
tics (4.2 %).

The highest 1000 grain weight was
formed under favourable conditions in 2018/19
at both sowing dates (49.9 and 47.6 g, respec-
tively). It is known that an extremely important
period in the winter wheat development is the
grain filling stage, when the grain weight and
other quality indicators are formed. Air drought
during this period reduces grain size.

Therefore, in 2019/20, the minimum
(38.1£0.94 g; 1 sowing term; 38.8+0.84 g; II
term) indicator was due to moisture deficit. It
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should be noted that the largest grain size was in
varieties MIP Assol (41.8+0.80; I sowing date;
42.0+0.72 g; 11 sowing date), MIP Dniprianka
(41.4+ 0.72 and 41.2+0.91 g, respectively), MIP
Yuvileina (39.0+0.87 and 41.5+0.77 g, respec-
tively) at both sowing dates, which indicates
their high adaptability in drought conditions.
During the years of research, the 1000 grain
weight varied from 31.8+0.77 g (breeding line
ER 55023; 2019/20; Il sowing date) to
53.240.62 g (LUT 55198; 2018/19; Il sowing
date), and in the standard — from 39.1+0.82 g
(2020/21; 11 sowing date) to 50.2 g (2018/2019;
I sowing date). Plants formed a higher indicator
in favourable conditions at sowing on 5 Octo-
ber, and in dry conditions — on 15 October.
There was a significant difference in the 1000
grain weight by sowing dates in the varieties
MIP Lada and Podolianka (2018/19), MIP Yu-
vileina and breeding lines ER 55023, LUT
37519 (2019/20), Hratsiia MIR and ER 55023
(2020/21). The high average 1000grain weight
was observed in the varieties MIP Dniprianka
(44.9£1.17g), MIP Assol (44.4+0.78g), MIP
Lada (43.4+1.32g), Hratsiia MIR (43.0+£1.26 g),
MIP Yuvileina (42.9+0.90g) and the breeding
line LUT 55198 (45.2+1.23g). According to the
response rate, the highest (10.3 g) range of vari-
ation was observed at the second sowing date
(15 October) in 2018/19, and the lowest (3.1 g) —
at the first sowing date (5 October) in 2020/21.
The level of trait variability was average
(Cv=8.8-16.9 %). It was found that the 1000
grain weight varied mostly depending on the
conditions of the cultivation year and varietal
characteristics, the effect of these factors was
66.6 % and 9.0 %, respectively.

Conclusions. According to our research,
it was found that the maximum realisation of the
winter wheat potential in terms of productivity
structure elements occurred under optimal
growing conditions, i.e. in years with higher
moisture supply and sowing on 5 October. It
was proved that weather conditions of the year,
genotype and unaccounted factors significantly
influenced the formation of yield structure ele-
ments. Sowing dates significantly affected only
the plant height. A higher level of variability in
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AkTyajbHicTh. OCHOBHOIO 33/1a4€i0 CENeKIii MIISHUIII 03UMO] € MiABUIIECHHS MPOAYKTUBHOCTI, TOMY
aKTyaJbHHM HAIPIMOM JOCIiUKCHb € CTBOPCHHS Ta BIPOBAUKCHHS B CUIbCHKOTOCIIONaPCHKE BUPOOHHULITBO
HOBUX COPTIB IIICHHLI 03MMOI 3 BUCOKHM IIOTCHIIAIOM IIPOJYKTUBHOCTI, sKi 100pe a1anToBaHi 10 MiHIIH-
BHX YMOB BHPOLLYBAHHsL. 3yCHILIS CE/CKUIOHEPIB CPSIMOBAHI HA CTBOPEHHS COPTIB i3 BAAIUM MO€IHAHHSIM
B OJJTHOMY I'€HOTHUIII BUCOKUX napaMeTplB yCIX OCHOBHHX €JIEMEHTIB HPOAYKTHBHOCTI, 10 YMOKJIMBUTH MaK-
CHMaJIbHO MiJBUIIMTH BpOXKaiiHiCTh 3epHa. CerekuiiiHa po6oTa BU3HAYA€ETECs GaraTbMa HaKTOpamu, cepe
SKHUX TEPIIOYEPTOBUM 3aBJaHHIM € IMOIIYK 1 CTBOPEHHS HOBUX T€HETHYHHX JKEPET 3 BUCOKUMH MOKa3HU-
KaMH MPOIYKTUBHOCTI. TOMy 0COOJUBOCTI peatizallii MOTeHIliany BPOXKAMHOCTI Ta JOCIPKEHHS MEXaHI3MiB
(dhopMyBaHHS €JIEMEHTIB MPOAYKTUBHOCTI 3a MIHJIMBUX METCOPOJIOITUHUX YMOB MarOTh BaXKJIMBE 3HAUCHHS
JUIsL BCTAHOBJICHHSI HOPMH peakiii Ta 1000py HalOUIbII CTIHKMX MPOAYKTUBHHX T€HOTHIIB 1 MOAAJIBIIOTO
BKITIOUEHHS 1X y ceJlekiliHi nporpamu. Merta. Buainutu B ymoBax Jlicocteny YkpaiHu Kpallli 3a eJeMeHTa-
MU MPOJYKTUBHOCTI COPTH Ta CEJEKIIiiHI JiHil MIIEHHII 03UMOT JUISl X 3a]y4eHHS B IPOrPaMH CXPEIyBaHb.
Metonu. BizyansHuii — ()eHONOTIUHI CIIOCTEPEKESHHS; JIA00OPATOPHO-TIONBOBUN — BU3HAYCHHS OiOMETpUY-
HHX TOKa3HHKIB; MaTEMaTHYHO-CTATUCTUYHI — BCTAHOBJICHHS JOCTOBIPHOCTI OJIep)KaHHX JaHHUX. Pe3yibTa-
TH. YCTaHOBJICHO, II0 MaKCHMaJIbHa pealli3allis NOTEHIady POCIWH IIICHHUII O3UMOi 3a eleMEHTaMHU
CTPYKTYPH BpPOKalHOCTI Bifi0yBajacs 3a ONTUMAJIbHUX YMOB BHPOIIYBaHHS — B POKHU 3 BHIIOI BOJIOT03a-
Oe3nedeHicTio Ta 3a ciBOM 5 xoBTHs. CyTTeBUi BIUIMB Ha (OPMYBaHHS BPOXKAHHOCTI Maji MOTOAHI YMOBHU
POKy, TeHoTHI i HeBpaxoBaHi (akTopu. CTpokH CiBOM iCTOTHO BIUIMBAIM TUILKH Ha MPOSIB O3HAKU «BUCOTA
pociuny. Binmiueno HesHaune (3,8 %+5,5 %) BapiroBaHHS 32 BUCOTOKO POCIHH Y BCIX COPTIB 1 CENIEKIIIHHUX
niHii. BusiBieHo pi3HHH piBeHb MIHJIMBOCTI 332 O3HAKAMHU: «KIJIBKICTh MPOJYKTHBHUX CTeOe» Bif
Cv=16,4 % (II ctpok ciBOu B mocynumuBoMy 2019/20 p.) no Cv=27,6 % (I cTpok ciBOM y CHpPHUSATIUBOMY
2020/21 p.); «03epHEHICTHh IOJOBHOIO Kojoca» 1 «maca 1000 3epen» — Cv = 10,7+17,6 % i Cv=8,8+16,9 %
BiamoBigHO. HesanexHo BiJi COPTOBHX OCOOIMBOCTEH JIOBXKHMHA T'OJOBHOTO KOJIOCA Maja HE3HAauYHY
(Cv=5,6+8,8 %) (heHOTHIIOBY MIHJIMBICTH 3 po3MaxoM Bapiamii 0,2-2,0 cM. BuszHaueHo piBeHb MiHJIUBOCTI
03HAaK 3a KUIbKicTIO KonockiB (Cv=5,7 %+8,6%), macoro 3epHa 3 konoca (Cv=13,1+20,5 %) ta 3 pocnuHu
(Cv=20,5+36,3 %). BucnoBku. Coptu MIII Acconb, ['panis MUP, MIII [dninpsiaka, MIIT FOBineiina Ta
cenekuiitni minii JIFOT 55198, JIFOT 37519 ctabineHO (hOpMyBaIMBUCOKHHA PiBEHb €JIEMEHTIB MPOLYKTHB-
HOCTI HE3aJIeKHO Bifl CTPOKiB CiBOM Ta YMOB POKY BUPOILYBaHHS, IO CBIAYUTH HPO iX BHUCOKY aJaNTHBHY
30aTHICTh. PEeKOMEHI0BaHO BKIIIOYATH 1X Y IPOTpaMH CXPELlyBaHb K LiHHI 0aTbKiBCbKI KOMIIOHEHTH.

Knwuogi cnosa: napamempu npooykmueHocmi, 03HaKd, 8apilo8anis, CMpox Ciou, yMosu poxy
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