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VARIABILITY OF YIELD ATTRIBUTES FOR WINTER TRITICALE
IN THE FOREST-STEPPE OF UKRAINE

M. V. Fedorenko, I. V. Fedorenko, R. M. Blyzniuk, L. V. lvantsova.
The V.M. Remeslo Myronivka Institute of Wheat NAAS, Tsentralne village, Obukhiv district, Kyiv region,
08853, Ukraine

Topicality. The productivity of winter triticale varieties is determined by their genotype; however, the
formation of its productivity as a whole and as individual components is particularly influenced by growing
conditions. Therefore, it remains relevant to develop varieties that combine the highest yield potential with
genetic resistance to limiting environmental factors. Purpose. To establish the variability of winter triticale
yield attributes and to identify promising lines for involvement in breeding programs as source material.
Materials and Methods. The studies were carried out at the V. M. Remeslo Myronivka Institute of Wheat
NAAS of Ukraine. The Amur variety was used as the standard. Twenty breeding lines were studied. The area
of the registration plot was 10 m?; the experiment was repeated four times. Laboratory-field and mathematical-
statistical research methods were used. Results. Our research has found that the highest yield was
4.89 t/ha with variation from 3.98 (min) to 6.17 t/ha (max) in 2020/21, and the lowest yield was 4.33 t/ha
with variation from 3.34 (min) to 5.09 t/ha (max) in 2021/22. During the research period, three breeding
lines 23014, 23015, 23016 formed the medium spike; the rest of lines formed the long spike. It should be
noted that the highest number of spikelets in spike (from 20.83 pcs (min) to 30.90 pcs (max)) was formed in
2020/21, which was characterized by excessive moisture conditions (HTC = 1.72), but it did not reveal a
negative impact on formation of florets in spike, whereas under dry conditions (HTC = 0.80) in 2021/2022,
the least number of spikelets in the spike (from 17.30 pcs (min) to 22.95 pcs (max)) was formed. The highest
grain content per spike, regardless of the conditions of the growing season, was found in the lines 23019
(55.24 pcs), 23005 (53.21 pcs), 23017 (51.98 pcs), but they did not exceed the standard line (55.35 pcs).
However, these lines are characterized by high productivity. Conclusions. Based on the results of the re-
search, the breeding lines 22002, 22003, 22005, 22017, 23018, 22019 were selected according to their yield
attributes; these lines can serve as a source material for development of high-yielding varieties in the
Forest-Steppe of Ukraine. Determination of correlation coefficients revealed that the yield level is influenced
by the spike productivity.

Key words: winter triticale, breeding lines, yield attributes, yielding capacity, correlation coefficients

Introduction. Winter triticale (xTriticose-
cale Wittmack) is a unique hybrid that combines
the characteristics of wheat and rye parental
forms: high grain and green mass yield potential
with enhanced adaptive properties such as
drought resistance, low requirements to soils,
pest and disease resistance, high protein content
in grain and primary nutrients in green mass [1-4].

In recent years, breeders have created
many new high-potential triticale varieties, the
efficiency of which can be enhanced by impro-
ving their cultivation technologies for different
soil and climatic conditions in Ukraine. The

Author information:

development of high-quality wheat varieties
based on triticale has resulted in genotypes with
a unique protein complex that provides high
nutritional value.

However, there is an opinion that a variety
with an average stable yield has a higher eco-
logical value than a variety with a potentially
high unstable yield. Therefore, in order to obtain
high and sustainable yields, hybrids with differ-
rent types of response to environmental variabi-
lity should be used [5].

At present, the genetic potential of varie-
ties is realised only by 25-40 % due to reduced
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plant resistance to stress factors [6]. Increasing
the productivity of this crop requires the deve-
lopment and introduction of varieties with a
wide adaptive potential that can produce stable
yields in unstable growing conditions.

The research was aimed at determining
the variability of winter triticale productivity
elements and identifying sources of source ma-
terial for involvement in breeding programmes
for the conditions of the Forest-Steppe of
Ukraine.

Materials and Methods. The research
was conducted at the V. M. Remeslo Myronivka
Institute of Wheat of NAAS of Ukraine in
2020/21 and 2022/23. Winter triticale breeding
lines were sown with a seeder SN-10Ts. A pre-
decessor was soybean. The Amur variety was
used as a standard. Twenty breeding lines were
studied. Phenological observations were carried
out according to the methodology for the State
Variety Testing of Crops [7]. The registration
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area of the plot was 10 m?; the experiment was
repeated four times. Harvesting was carried out
with a combine harvester Sampo-130.

As a qualitative characteristic of the fa-
vourable environmental conditions and the for-
mation of productivity, the hydrothermal coeffi-
cient (HTC) was calculated according to the
method of G. T. Selyaninov [8]. The following
statistical parameters were calculated: arithmetic

averages ( X ); minimum values (Xmin); maxi-
mum values (xmax); coefficient of variation (V,
%) according to the method of selection exper-
iment (in crop production) [9].

Results and Discussion. The weather
conditions varied significantly in terms of tem-
perature and precipitation during the growing
seasons of winter triticale in 2020/21-
2022/2023, which gave an opportunity to eva-
luate and identify promising lines for the condi-
tions of the Forest-Steppe of Ukraine (Fig. 1).

Sowing was carried out under conditions

210
/ 180
150
120

90

I I u 60

Tl V. \Y \Y4 |
1 I 0
0

2022/23 p.

Precipitation, mm

w

s Cepenns 6aroTopiuyHa

2022/23 p. === CepeHs 6aroTopitHa

Fig. 1. Average monthly air temperature and precipitation during the growing seasons 2020/21-2022/23.

of insufficient moisture in autumn 2020. Thus,
precipitation amounted to 33.8 mm in Septem-
ber, which is 22.8 mm below the long-term ave-
rage. In the period from August to October, the
air temperature exceeded the long-term average
by 1.1-49 °C. During the same period, the
moisture deficit ranged from 22.8 to 49.6 mm.
The growth cessation of crop was observed on
11 November 2020. The lowest air temperature
(-21.4 °C) was recorded on 17 January 2021. In
general, the winter was quite mild, with the ave-
rage temperature of -0.3 °C in December 2020,
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which was 2.0°C higher than the long-term ave-
rage; in January 2021, the average monthly
temperature was -2.3 °C, which was also 1.4°C
higher than the long-term average; in February
2021, the average temperature was -4.7°C, which
was 2.1°C lower than the long-term average.
During the winter period of 2020/21, the
maximum snow cover depth reached 3045 cm,
and the temperature at the tillering node depth
ranged from O to -2 °C. Thus, in 2021, a tempo-
rary growth resumption of winter crops was
observed on 14 March, and the final one on 26
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March. In April and May 2021, the average air
temperature was 0.9 and 1.8 °C below the long-
term average, respectively, given the excessive
moisture availability. During the period from
the vegetative resumption to the end of July,
precipitation amounted to 506.5 mm, which is
246.8 mm above the long-term average. The
total precipitation for the year was 905.0 mm,
which is 309.7 mm higher than the long-term
average. In the 2020/21 growing season, the maxi-
mum precipitation (172.1 mm) was in July 2021,
and the minimum (11.4 mm) was in August 2020.

Weather conditions were not favourable
for sowing winter triticale for the 2022 harvest.
September and October were characterised by a
severe precipitation deficit of 35.0 and 23.5 mm
compared to the long-term average, resulting in
soil moisture loss. During the pre-sowing and
sowing period (September — October), the aver-
age temperature was close to the long-term av-
erage. The precipitation deficit, which was
60-70 % of the precipitation norm for Septem-
ber-October, led to a gradual decrease in soil
moisture reserves. However, low air tempera-
tures, many cool days, abundant dew and fog
did not result in drought.

The vegetation cessation of winter triticale
was observed in mid-November. Overwintering
of winter crops occurred under conditions of
unstable snow cover or its absence, short-term
sharp cold snaps and thaws. In November and
December, the air temperature was above nor-
mal (by 2.9 and 0.6 °C). The spring growing
season (April and May) was characterised by
very dry conditions (HTC = 0.28, 0.65). In the
spring-summer period, the maximum air tem-
perature was 20.7 °C in June, with a moisture
deficit of 43.6 mm. The total precipitation for
the year was 467.6 mm, which is 114.2 mm less
than the long-term average (581.8 mm). The
hydrothermal coefficient for the growing season
2021/22 was 0.80, which corresponds to dry
conditions.

In September, precipitation totalled
117.5 mm, which is 60.6 mm above the long-
term average. In the period from September to
October, the air temperature was 1.6-0.5°C be-
low the long-term average. In the same period
(October), the moisture deficit was 10.1 mm. In
general, the winter was quite mild, so in De-
cember 2022, the air temperature was 0.2 °C,
which was 1.8 °C higher than the long-term
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average; in January 2023, the average monthly
temperature was -0.1 °C, which was also 3.3 °C
higher than the long-term average; in February
2023, the air temperature was -0.5 °C, which
was 1.7 °C higher than the long-term average.

The vegetative resumption of winter crops
generally depended on the hydrothermal condi-
tions of the research year. In April and May
2023, the average air temperature was 0.5 and
0.2 °C lower than the long-term average. The
annual precipitation totalled 768.9 mm, which is
180.0 mm more than the long-term average. For
the growing season 2022/23, the maximum pre-
cipitation (183.5 mm) fell in July 2023, and the
minimum (10.6 mm) in January. The hydro-
thermal coefficient for the 2022/23 growing
season was 1.52, which corresponds to condi-
tions with sufficient moisture availability.

Different weather conditions of the gro-
wing season allowed us to obtain reliable data
on their adaptability for the realisation of the
productivity potential of winter triticale and to
objectively assess the effect of the climatic factor
in the zone on the variability and nature of the
manifestation of the quantitative traits of the crop.

It was found that the highest yield was
4.89 t/ha in 2020/21, which varied from 3.98 t/ha
(min) to 6.17 t/ha (max), and the lowest yield
was 4.33 t/ha in 2021/22, which varied from
3.34 t/ha (min) to 5.09 t/ha (max). In the years
of research, the average yield was 4.59 t/ha.

The peculiarities of winter triticale yield
formation were revealed by analysing the spike
productivity elements, the main of which are:
main spike length, number of spikelets in spike,
number of grains in spike.

The main spike length varied under the in-
fluence of climatic conditions prevailing during
spike formation. The most important environ-
mental factors affecting the main spike length
are temperature, light intensity and day length
[10]. During the period 2020/21-2022/23, three
lines (23014, 23015, and 23016) formed a me-
dium spike length, and the rest lines formed a
long spike (Table 2). The variability of the traits
was estimated by the coefficient of variation,
i.e. the degree of phenotypic manifestation in
plants depending on environmental conditions
was determined. According to the data obtained,
the coefficient of variation ranged from low to
medium (V = 0.58-13.22 %) over the years of
research.
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Table 1. Yield parameters of the best winter triticale lines (for 2020/21-2022/23)

] Yields, t/ha Statistical parameters
Line 2020/21 | 2021/22 | 2022/23 | ; | min | max | of | V.%
Amur variety (standard) 4.23 4.69 4.09 434 | 4.09 4.69 0.31 7.24
23002 5.77 4.71 5.51 533 | 471 5.77 0.55 10.36
23011 5.27 4.72 4.81 493 | 4.72 527 | 0.30 5.98
23008 5.61 4.7 4.13 481 | 413 5.61 0.75 15,51
LSDgs 0.41

Notes. Values for the experiment: X — mean value, min — minimum values, max — maximum values,
o4 > — standard deviation, V, % — coefficient of variation.

Table 2. Parameters of main spike length in the winter triticale lines (for 2020/21-2022/23)

] Main spike length, cm Statistical parameters
Line 2020121 | 202122 | 2022123 | x | min | max | e® | v o
Amur variety 9.80 12.65 10.80 | 11.08 | 9.80 | 12.65 | 1.45 | 13.05
(standard)

23002 11.57 11.80 11.00 | 1146 | 11.00 | 11.80 | 041 | 3.60
23003 12.60 11.90 1200 | 1217 | 11.90 | 1260 | 038 | 311
23004 9.60 11.30 1100 | 1063 | 960 | 11.30 | 091 | 853
23005 1217 9.50 1030 | 10.66 | 950 | 12.17 | 137 | 12.84
23006 11.50 9.40 1050 | 1047 | 940 | 11.50 | 1.05 | 10.04
23007 10.00 10.70 1000 | 1023 | 1000 | 1070 | 040 | 3.95
23008 10.30 10.40 1020 | 1030 | 1020 | 1040 | 010 | 0.97
23009 9.50 10.90 1010 | 1017 | 950 | 1090 | 070 | 6.91
23010 9.25 11.70 1070 | 1055 | 925 | 11.70 | 1.23 | 11.68
23011 10.00 10.10 1000 | 1003 | 10.00 | 1010 | 006 | 0.58
23012 10.90 9.60 1010 | 1020 | 960 | 1090 | 066 | 6.43
23013 12.20 10.70 1110 | 11.33 | 1070 | 1220 | 078 | 6.85
23014 9.14 11.10 9.50 991 | 914 | 1110 | 1.04 | 1051
23015 9.40 9.00 9.00 913 | 9.00 | 940 | 023 | 253
23016 9.63 9.50 9.40 951 | 940 | 963 | 011 | 1.19
23017 11.25 10.70 1090 | 10.95 | 10.70 | 11.25 | 028 | 254
23018 11.40 10.10 1050 | 1067 | 10.10 | 11.40 | 067 | 6.24
23019 9.86 12.80 1100 | 11.22 | 986 | 12.80 | 148 | 13.22
min 9.14 9.00 9.00 913 | 9.00 | 940 | 006 | 058
max 12.60 12.80 1200 | 1218 | 11.90 | 1280 | 148 | 13.22

Notes. Values for the experiment: X — mean value, min — minimum values, max — maximum values,
o4 > — standard deviation, V, % — coefficient of variation.

According to the experimental data, the
lines formed the largest number of spikelets per
spikelet in the growing season 2020/21 (min —
20.83 pcs, max — 30.90 pcs), which was charac-
terised by excessive moisture conditions (HTC =
1.72), and in arid conditions of 2021/22 (HTC =
0.80), the smallest number of spikelets per spike
was formed (min — 17.30 pcs, max — 22.95 pcs.)
The coefficient of variation ranged from insig-
nificant to high (V = 0.24-22.35 %) over the
years of research (Table 3).
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One of the key elements of the yield at-
tributes is the number of grains per spike. The
spike grain content depends on genotypic char-
acteristics, namely spike length, number of
spikelets, floret fertility, as well as on environ-
mental conditions during flowering, pollination
and fertilisation. The trait ‘number of grains per
main spike’ is characterised by low variability
and is an important element of spike productivi-
ty [11]. On average for three years, regardless of
the weather conditions, the highest grain content
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Table 3. Parameters of number of spikelets per spike in the winter triticale lines, (for 2020/21-2022/23)

. Number of spikelets per spike, pcs. Statistical parameters

Line 2020/21 | 2021/22 2022/23 X min | max | o4? | V,%
A?S"t‘;;‘d’gzje)ty 26.25 22.95 2430 | 2450 | 2295 | 2625 | 166 | 6.77
23002 26.14 19.00 2200 | 22.38 | 19.00 | 2614 | 359 | 16.03
23003 25.40 19.90 2420 | 2317 | 19.90 | 2540 | 2.89 | 12.48
23004 24.50 19.10 2000 | 2120 | 19.10 | 2450 | 2.89 | 13.65
23005 28.67 19.50 2530 | 2449 | 1950 | 28.67 | 4.64 | 18.93
23006 26.10 17.80 21.00 | 21.63 | 17.80 | 26,0 | 4.19 | 19.35
23007 2157 21.70 2170 | 2166 | 2157 | 2170 | 007 | 0.34
23008 24.90 20.10 2230 | 2243 | 2010 | 2490 | 240 | 10.71
23009 20.83 20.90 20.80 | 20.84 | 20.80 | 20.90 | 005 | 0.24
23010 23.50 21.40 2200 | 2230 | 21.40 | 2350 | 1.08 | 4.85
23011 26.67 19.30 2100 | 2232 | 1930 | 2667 | 3.86 | 17.28
23012 27.80 20.10 2430 | 24.07 | 2010 | 27.80 | 3.86 | 16.02
23013 30.90 20.20 2670 | 2593 | 2020 | 30.90 | 5.39 | 20.79
23014 21.86 19.80 2010 | 2059 | 19.80 | 21.86 | 111 | 5.40
23015 22.10 18.10 21.00 | 2040 | 1810 | 2210 | 2.07 | 10.13
23016 25.25 17.30 19.00 | 2052 | 17.30 | 2525 | 419 | 20.40
23017 28.50 20.60 2670 | 2527 | 20.60 | 2850 | 4.14 | 16.39
23018 29.00 18.60 2730 | 2497 | 1860 | 29.00 | 558 | 22.35
23019 26.71 21.70 2400 | 2414 | 2170 | 2671 | 251 | 10.40
min 20.83 17.30 19.00 | 2040 | 17.30 | 20.90 | 0.05 | 0.24
max 30.90 22.95 2730 | 2593 | 2295 | 3090 | 558 | 22.35

Notes. Values for the experiment: X — mean value, min — minimum values, max — maximum values,
o4 2 — standard deviation, V, % — coefficient of variation.

was found in the high productive lines 23019
(55.24 pcs.), 23005 (53.21 pcs.), 23017 (51.98
pcs.), but they did not exceed the standard line
(55.35 pcs.) (Table 4).

Over the years of research, the coefficient
of variation ranged from low to high (V = 0.89—
22.77 %). It was found that the influence of en-
vironmental conditions on winter triticale lines
occurred in a certain period of their develop-
ment and, as a result, all this affected the indica-
tors of grain content of the spike.
The spike productivity elements are intercon-
nected in many cases by undesirable correla-
tions, so studying the correlations allows us to
identify which components can increase triticle
yield and thus increase the efficiency of breed-
ing work [12, 13]. In this context, studying cor-
relations between quantitative plant traits and
determining the proportion of variability that
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depends on the effect of one trait on another is
relevant [14]. The correlation between the win-
ter triticale yield and the spike productivity ele-
ments was analysed (Table 5). According to the
correlation analysis, there is a moderate rela-
tionship between the yield and the length of the
main spike (r = 0.38+0.06), 1000 grain weight (r =
0.46+0.10); main spike length and the number
of spikelets in the spike (r =0.33+0.06). A sig-
nificant correlation was observed between yield
and number of grains per spike (r = 0.5240.10);
spike length and number of grains per spike (r =
0.64+0.10); number of grains per spike and
number of spikelets per spike (r = 0.62+0.09);
number of spikelets per spike and 1000 grain
weight (r = 0.55+0.10). A weak relationship was
established between the spike length and 1000
grain weight (r = 0.25+0.05); number of grains
per spike and 1000 grain weight (r = 0.27+0.05).
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Table 4. Parameters of number of grains per spike in the winter triticale lines, (for 2020/21-2022/23)

) Number of grains per spike, pcs. Statistical parameters

Line 2020/21 2021/22 2022/23 X min max 64° V, %
A antars | 49.45 61.60 5500 | 5535 | 49.45 | 61.60 | 6.08 | 10.99
23002 57.57 37.50 44.00 46.36 | 3750 | 57.57 10.24 | 22.09
23003 44.30 43.50 43.70 43.83 | 4350 | 44.30 0.42 0.95
23004 35.40 50.40 42.10 42.63 | 3540 | 50.40 7.51 17.63
23005 64.33 40.30 55.00 53.21 | 40.30 | 64.33 12.12 | 22.77
23006 46.40 47.20 47.00 46.87 | 46.40 | 47.20 0.42 0.89
23007 34.43 47.70 40.00 40.71 | 34.43 | 47.70 6.66 16.37
23008 48.00 45.30 46.00 46.43 | 4530 | 48.00 1.40 3.02
23009 32.00 50.90 45.00 42.63 | 32.00 | 50.90 9.67 | 22.68
23010 31.75 48.00 42.00 40.58 | 31.75 | 48.00 8.22 | 20.25
23011 47.89 41.20 46.00 4503 | 41.20 | 47.89 3.45 7.66
23012 51.00 48.00 47.00 48.67 | 47.00 | 51.00 2.08 4.28
23013 45.80 49.20 44.00 46.33 | 44.00 | 49.20 2.64 5.70
23014 42.14 47.30 43.00 4415 | 42.14 | 47.30 2.76 6.26
23015 40.30 46.00 42.00 42.77 | 40.30 | 46.00 2.93 6.84
23016 40.13 44.00 43.00 42.38 | 40.13 | 44.00 2.01 4.75
23017 49.75 54.20 52.00 5198 | 49.75 | 54.20 2.23 4.28
23018 53.80 40.80 50.00 48.20 | 40.80 | 53.80 6.68 13.87
23019 55.43 56.30 54.00 55.24 | 54.00 | 56.30 1.16 2.10
min 31.75 37.50 40.00 4058 | 31.75 44.00 0.42 0.89
max 64.33 61.60 55.00 55.35 | 54.00 | 64.33 12.12 | 22.77

Notes. Values for the experiment: X — mean value, min — minimum values, max — maximum values,
64 % — standard deviation, V, % — coefficient of variation.

Table 5. Correlation coefficients between yield and spike productivity elements
of the winter triticale lines (for 2020/21-2022/23)

. Main spike N“’T‘ber of Nl_meer of 1,000 grain
Trait length, cm grains per spl_kelet per weight, g
’ spike, pcs. spike, pcs. ’
Yield, t/ha 0.38+0.06 0.52+0.10 0.51+0.09 0.46+0.10
Main spike length, cm X 0.64+0.10 0.33+0.06 0.25+0.05
Number of grains per spike, pcs. - X 0.62+0.09 0.27+0.05
Number of spikelet per spike, pcs. - - X 0.55+0.10
1,000 grain weight, g - - - X

Therefore, improving the efficiency of the
breeding process requires an in-depth study of
the relationship between yield attributes and
quality indicators, the impact of limiting factors
and the level of manifestations of valuable traits
and properties.

Conclusions. The hydrothermal condi-
tions of the research period 2020/21-2022/23
differed from the average long-term indicators
in terms of temperature, precipitation and their
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distribution in certain periods of plant growth
and development. The parameters of variability
in the spike productivity elements were estab-
lished, which allowed us to identify promising
lines of winter triticale 22002, 23003, 23019,
23005, 23017, 23018 for their involvement in
breeding programmes as source material. Dif-
ferent degrees of correlation coefficients be-
tween spike productivity elements and yield
were determined.
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Muponiecekuii incmumym nwenuyi iveni B. M. Pemecia HAAH, c. [Jenmpanvue, Obyxiscokuii p-n, Kuiscvka o6,
08853, Vkpaina

AKTYaJIbHiCTB. [IpONYKTHUBHICTE COPTIB TPUTHKAJIE O3UMOTO BU3HAYAETHCA T'€HOTHUIIOM, ITPOTE (Hop-
MYyBaHHS 1X PiBHS y IJIOMY 1 OKPEMHUX CTPYKTYPHHUX €JIEMEHTIB 3HAXOAUTHCS, 30KpeMa, 1 ITiJ] BIUITMBOM YMOB
BUPOIILYBaHHS, TOMY 3aJIMIIA€THCS aKTYILHUM CTBOPEHHS COPTIB, IO MOEIHYIOTh HAWBUIIMK MOTEHIIial
BPOKaWHOCTI 3 TEHETUYHOIO PE3UCTEHTHICTIO A0 JIMITYI0UMX (PaKTOpiB HABKOIMIIHBOTO IPUPOTHOTO cepe-
nosuiia. Mera. BctaHOBUTH piBEeHb MiHJIMBOCTI €IEMEHTIB CTPYKTYPH MPOAYKTHBHOCTI TPUTHKAJIE O3UMOTO
Ta BUJIJIMTH JDKEpesa JJisl 3aTy4eHHs B CEJIEKIIilHI IporpamMu B SIKOCTI BUXIHOTO Martepiany. MaTepiaau Ta
MeTtoau. JlocimipkeHHsT MPOBOAMIN B MUpPOHIBCEKOMY 1HCTUTYTI mureHuni iMeHi B. M. Pemecna HAAH
Vkpainu. 3a craHzapT BHKOpUCTOBYBanHu copT Amyp. HocmimxyBamu 20 cenekuidHux miHid. OOmikoBa
IIoA JNSHKK cTaHoBMIa 10 M, TIOBTOPHICTH JOCIiAy YOTHpHpa3oBa. BHKOPHCTOBYBAIM 1aGOPATOPHO-
MOJILOBUI Ta MaTeMaTHYHO-CTATUCTUYHI METOIU A0CTIKeHb. Pe3yabTaT. BusBieHo, 1110 BpoKalHICTb, 32
pokH nociipkeHs Oyna Haiisuimorw y 2020/2021 p. — 4,89 3 BapitoBanusM Bif 3,98 (min) mo 6,17 1/ra (max),
a HaitHwk4dow y 2021/2022 p. — 4,33 3 BapitoBanHsaM Bix 3,34 (min) mo 5,09 t/ra (max). 3a mepion 1o-
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CJIIJKSHD TPH JIiHIT chopMyBaIn KOJIOC cepefnboi noBxuuu — 23014, 23015, 23016, pemta — gosruit. Ciig
3a3HAYMTH, 10 OUIBINY KUTBKICTh KOJOCKIB y Kojoci, (Min — 20,83 mrr., max — 30,90 mrr.), minii chopmyBamu
y 2020/2021 p., akuii XxapakTepu3yBaBcsi HaAMipHUMHU ymMoBaMu 3BojoxkeHHs (I'TK = 1,72), mo He BrumHy-
70 Ha (OPMYBaHHS KIIBKOCTI KBITOK Yy KOJIOCi, a Mpu mocyuuinBux ymoBax 3BojoxeHHs (I'TK =0,80) y
2021/2022 p. chopmyBanacsi HalMeHIIIa KiTbKiCTh KOJIOCKIB y Kostoci (min — 17,30 mt., max — 22,95 mrT.).
Haii6inpiry o3epHEHICTh KOJOca HE3aJIe)KHO BiJi YMOB POKY BHPOIIYBaHHS BHsBICHO y miHid 23019
(55,24 mt.), 23005 (53,21 mit.), 23017 (51,98 miT.), ae BOHM HE MepeBHITyBanu ctaHaapt (55,35 mir.), o1-
Hak X MOXXHa XapaKTepH3yBaTH SIK JiHii 3 BACOKHM pPiBHEM IIPOIYKTHBHOCTI. BucHOBKH. 3a pe3ynpTaTamu
JOCIIIPKEHb BUAIIEHO cenekiiini ainii — 22002, 22003, 22019, 22005, 22017, 23018 3a moka3HUKaMH eje-
MEHTIB CTPYKTYpH MPOAYKTHBHOCTI, IO MOXKYTh CIYT'YBaTH BHXiJHUM MaTepialloM IPH CTBOPEHHI BHCOKO-
MPOAYKTHBHUX COPTiB B yMoBax Jlicocreny Ykpainu. BuzHaueHHsS koedilieHTIB KOpenALii 3a eJeMeHTaMu
MPOAYKTUBHOCT] Jaj0 3MOTY BUSIBUTH, IO Ha PiBEHb BPOXANHOCTI BIUIMBAIOTH y PI3HIM Mipi eJIeMeHTH
CTPYKTYpH KOJIOCa.

Kniouoei cnosa: mpumuxane o3ume, celekyiini ninii, enemenmu CmpyKmypu ypodrcaio, yporCauHicmo,
Koeghiyicnm xopensayii.
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