50

UDC: 631.52.633
DOI: 10.56407/bs.agrarian/2.2025.50

Ukrainian Black Sea Region Agrarian Science
Vol. 29, No. 2

Productivity of winter rape depends on the morphostructure
of plants in the conditions of the Steppe of Ukraine

Nataliia Nikonchuk’

PhD in Agricultural Sciences, Associate Professor
Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
orcid.org/0000-0002-9425-2684

Mykola Samoilenko

Doctor of Agricultural Sciences, Professor
Mykolaiv National Agrarian University

54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
https://orcid.org/0000-0002-3292-9717

Abstract. The aim of the study was to determine the morpho-structural indicators of the productive organs of
winter rapeseed that influence yield, and to establish, on this basis, a strategic direction for the development of a
promising assortment for cultivation in the conditions of the Southern Steppe of Ukraine. Using the hybrids Dario,
Oriolus, and Blackstone (produced by VNS), a comparative analysis was conducted of the morpho-structure of
vegetative and generative plant organs and their influence on yield. It was noted that the seed purity used in the
study was 100.0%, and laboratory germination ranged from 91.6% to 94.0%. The total number of shoots at harvest
time was largely determined by the biological properties of the hybrid and varied within the range of 9.8 to 15.3
shoots per plant. It was substantiated that the productivity of the crops was primarily determined by the number
of pods on first-order branching shoots, which accounted for 75.7-78.5% of the total number of pods, depending
on the biological characteristics of the hybrids. The number of pods located on the shoots of zero and second-
order branching was minimal, amounting to 12.8% and 9.5%, respectively. The average weight of 1,000 seeds
showed no significant difference among the studied hybrids, ranging between 3.69 and 3.81 grams. Differences
in yield among the hybrids were determined by a combination of productivity indicators, particularly the total
number of pods per plant and the number of seeds per pod. The highest number of pods was observed in the Dario
hybrid - 249.4 pods per plant, and the lowest in the Blackstone hybrid — 198.8 pods per plant. The Dario hybrid
demonstrated the most optimal plant morpho-structure, contributing not only to the highest yield (4.89 t/ha) but
also to the greatest realisation of the hybrid’s biogenetic potential (69.9%). Lower comparative indicators were
observed in the Blackstone hybrid, with yield and biogenetic potential realisation at 3.11 t/ha (56.6%), respectively
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INTRODUCTION

One of the most profitable oilseed crops in Ukraine is
rapeseed (Brassica napus L.),which is due to the consist-

ently high prices for its seeds and processed products.

The expansion of rapeseed production in the Southern
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Steppe of Ukraine is a promising area of agricultural
activity that will help improve the economic efficien-
cy of farms and support the development of bioenergy
in the context of climate change. One of the key and
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significant reserves for increasing the efficiency of
rapeseed production is the introduction of modern hy-
brids and varieties that are characterised by high yields
and sufficient adaptation to local soil and climatic con-
ditions. The relevance of the research is driven by the
need to optimise the assortment of winter rapeseed
and is focused on identifying the morpho-structure of
productive plant organs that influence yield.

Much of the current scientific research in the field
of rapeseed production is aimed at improving the tra-
ditionally basic elements of production in different soil
and climatic zones of Ukraine. For entrepreneurs, the
components of winter rape yield are presented in suf-
ficient detail, taking into account the duration of the
phases of plant growth and development at optimal
temperatures, pesticide use, disclosure of agrotechni-
cal aspects of production, such as sowing, germination,
vegetation period, budding and flowering stages, crop
care, ripening, and harvesting. Considering the exper-
imental material obtained, the technological compo-
nents of commercial crop production are scientifically
and reasonably substantiated: the feasibility of a differ-
ential approach to soil cultivation, the use of mineral
fertilisers, feeding areas, growth regulators, etc.

OV. Kurach (2021) observed that Ukraine’s natural
conditions enable the biogenetic potential of winter
rape to be realised. Provided the main elements of the
technological process are adhered to, it is possible to
obtain seed yields of 5.0-6.0 t/ha. However, due to cli-
mate change, the average rapeseed yield on many farms
is 1.7-2.8 t/ha. MV. Minkin & G.0 Minkina (2023) found
that, in southern Ukraine and under natural moisture
conditions, the yield of winter rape is 1.5-1.9 t/ha. The
agroclimatic and soil conditions in this region allow
winter rape to be grown with a yield of 1.8-1.9 t/ha
under natural moisture conditions. A.A. Shevchenko &
T.0.Vasylinych (2022) also noted that the Odesa Region
leads Ukraine in rapeseed production, with a sown area
exceeding 100 thousand hectares and a gross harvest
accounting for 9.1% of Ukraine’s total.

Scientist SV. Vasylenko (2024) emphasised that
the use of new hybrids resistant to adverse factors will
significantly increase production productivity. However,
in order to obtain stable and high results, it is neces-
sary to introduce innovative technologies that play a
significant role in rapeseed cultivation, including pay-
ing attention to environmental factors that will reduce
the negative impact on the environment by pesticides
and mineral fertilisers. Researchers V.M. Bezkorovaynyi
& V. Moisienko (2024a) noted that in the conditions
of the Right-Bank Forest-Steppe, the improvement of
only certain elements of the technological process (in-
creasing row spacing) contributed to the production of
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3.82-4.45 t/ha of seeds. The best hybrids in terms of
yield and individual productivity indicators were the
Exception (BAYER) and InVigor 1030 (BASF) hybrids.
One of the main indicators that determine the individ-
ual productivity of a plant is the presence of genera-
tive components. Sparse plant placement allows up to
430-450 pods to be formed per plant, and the average
weight of 1,000 seeds is 6.0-6.4 g. A significant reserve
for increasing rapeseed yields is the use of bioregu-
lators and fertilisers. S. Muntyan (2024), studying the
effect of a nitrification inhibitor (NI) at different rates
of nitrogen fertilisers and the application of urea-am-
monia mixture on the yield of winter rape seeds, found
a significant increase in yield compared to the variant
without inhibitors and fertilisers.

At present, the Catalogue of plant varieties suit-
able for distribution in Ukraine (2025) includes 378
samples of winter rape in the Polissya, Forest-Steppe,
and Steppe zones. Scientists O.P. Tkachuk et al. (2024)
pointed out that such a wide variety of varieties creates
some confusion for entrepreneurs in determining the
optimal varietal composition. It is also noted that hy-
brids provide one and a half times higher yields of win-
ter rape seeds than varieties. However, to obtain a high
yield, it is necessary to apply much more fertiliser and
strictly adhere to the timing of agricultural activities.
Researchers A.V. Kostenko et al. (2023) noted that win-
ter rape is one of the main technical and fodder crops.
Breeding programmes for winter rape are aimed at cre-
ating high-yielding, large-seeded varieties and hybrids
with wide adaptability to a range of abiotic factors that
can fully realise their biogenetic potential in the face of
climate change.The aim of this study was to investigate
the structure of the productive organs of winter rape,
which determine its yield, and, based on the results ob-
tained, to develop strategic recommendations for the
development of promising varieties suitable for culti-
vation in the Southern Steppe of Ukraine.

MATERIALS AND METHODS
The experiment to study the peculiarities of the for-
mation of the morphological structure of winter rape
plants of Dario, Oriolus and Blackstone hybrids was
conducted at the Educational and Research Centre of
Mykolaiv National Agrarian University (NAU) in 2021
and 2022. During the growing seasons 2021-2022
and 2022-2023, the formation of plant morphological
structures and their influence on yield were studied.
The surveys were carried out on 100 plants (4 replica-
tions of 25 plants each). The biometric characteristics
of pods and seeds were determined on 400 samples
(100 samples in 4 replications). The material for the re-
search was winter rape (Brassica napus L.) hybrids Dario,
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Oriolus and Blackstone. Experimental studies of plants
were carried out in accordance with national guidelines
(Law of Ukraine No. 4147-1X, 2024).

Dario. A hybrid of winter rape from DSV. It is charac-
terised by intensive development of the root system in
autumn. It has genetic resistance to pests, which makes
it possible to quickly regenerate damaged plant tissue.
Resistant to phomosis due to the RLM 7 gene. Demon-
strates excellent indicators of developmental stability
and yield. Plants of the hybrid form a strong leaf ap-
paratus of medium size. The maturity group is medi-
um late. The designation group is oilseed. The grow-
ing season is 292-320 days. Plant height is 175 cm. It
shows a high oil content.Yield potential is 7.0 t/ha. The
resistance to cold is 8. Drought resistance is 9. The in-
dex of the resistance to lodging is 9. The resistance to
major diseases of rapeseed is 8. It is suitable for late
sowing. The recommended zone for cultivation is the
Forest-Steppe of Ukraine.

Oriolus. A hybrid of winter rape from DSV. It is
high-yielding short-stemmed hybrid. It has high stabili-
ty when grown in different soil and climatic conditions.
It effectively uses spring moisture reserves. It has high
winter hardiness. It is characterised by early flowering
and ripening. The maturity group is medium-late. The
designation group is oilseed. The growing season is
292-320 days. Plant height is 165 cm. It obtains high oil
content. The yield potential is 6.6 t/ha. The index of the
resistance to cold is 8. The drought resistance is 9. The
index of the resistance to lodging is 9. The resistance
to phomosis is 8. It is suitable for early sowing and for
cultivation throughout Ukraine.

Blackstone. A hybrid of winter rape from VNIS. It is
a high-yielding short-stemmed hybrid. It has high win-
ter hardiness due to its low tendency to stem growth in
autumn, so it is suitable for early sowing. It has a fairly
high resistance to lodging and high synchronisation of
pod and stem ripening. The maturity group is medium
late. The designation group is oilseeds. The growing
season is 292-323 days. Plant height is 165 cm. It ob-
tains high oil content. The yield potential is 5.5 t/ha.
The index of the resistance to cold is 8.5. The drought
resistance is 8.5. The index of the resistance to lodging
is 8.5. The resistance to phomosis is 8. It is suitable for
cultivation throughout Ukraine.

The agrotechnics of winter rape cultivation was im-
plemented in the experiment in accordance with zonal
recommendations for growing oilseeds in the Steppe
zone of Ukraine. Rapeseed was sown after peas harvest-
ed in late June (third decade). Immediately after harvest-
ing the predecessor, soil preparation for sowing winter
rape began which consisted of disking to a depth of 12-
15 c¢cm and two subsequent disks to a depth of 5-6 cm.
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3 days before sowing, the soil was levelled with a com-
pactor and water-charging irrigation was carried out by
sprinkling at the rate of 350 m*/ha. Sowing of winter
rape hybrid seeds was carried out on 29-30 August us-
ing a conventional grain seeder SZ-6 with coil seeders
for small seeds and a distance of 15 cm between the
coulters at the rate of 500 thousand germinating seeds
per 1.0 ha to a depth of 2-3 cm. The plots were 300 m?
(6%x50 m) in size and orientated from east to west. Seeds
were removed from the seeder cans each time with a
vacuum cleaner, after which the seeder passed 100 m
without seeds and 300 m with seeds of the next plot.
That technological method excluded the possibility of
variety mixing which was later confirmed during the
crop inspection. Before disking, 100 kg of ammophos
(N:P = 12:52) was applied. In the spring, 150 kg/ha of
ammonium sulphate (N:S - 21:24) and 300 kg/ha of
ammonium nitrate (N:P - 34:0) were applied to the
frozen soil. Foliar feeding with boron was carried out
twice: in autumn on a well-developed rosette — 1 |/ha
(B11 %) and in spring during the budding phase at the
same rate. Zinc was applied as part of a complex micro-
nutrient fertiliser on the leaves, g/l (N - 80; MgO - 33;
Fe -4.0;Mn -13.4;B -5.4;Zn - 8.0; Cu - 3.0; in spring
at a plant height of 20-25 cm at a rate of 1.0 l/ha.

The field for sowing rapeseed was not clogged with
weeds, which justified the complete refusal to use her-
bicides. Growth control was carried out with a prepara-
tion with the active ingredient tebuconazole (250 g/l)
in autumn at the stage of 6-7 leaves at a rate of 0.6 l/ha,
and in spring at a plant height of 20-25 cm for greater
shoot branching at a rate of 0.8 l/ha. Fungicidal pro-
tection was applied at the beginning of budding with
a preparation containing the active ingredient met-
conazole + pyraclostrobin (130 g/L+ 80 g/l) at a rate of
0.7 l/ha. To control the spread of pests, yellow contain-
ers - traps - were installed at the demonstration site
to determine the thresholds of harmfulness and the
timing and effectiveness of insecticide application. Ob-
servations of pest reproduction showed that the use of
insecticide protection was appropriate. Due to the op-
timal sowing time and distance from the agrocenoses
of cabbage crops, it was sufficient to carry out only one
treatment in autumn (a preparation based on chlorpy-
rifos = 500 g/l + cypermethrin - 50 g/l at a rate of
1 1/ha). In the autumn period, the threshold of harmful-
ness was exceeded only by the reproduction of rape-
seed flea beetle (Psyllioides chrysocephala).

In the spring, at the first appearance of rapeseed
weevil (Ceutorhynchus assimilis) in the traps (Il decade
of March), the crops were treated with a pyrethroid
preparation based on alpha-cypermethrin (100 g/l) at
a rate of 0.2 |/ha. When the plants reached a height of



20-25 cm, the crops were treated for the third time with
a preparation based on imidacloprid 150 g/l + lamb-
da-cyhalothrin 50 g/l at a rate of 0.15 l/ha. At this time,
individuals of cabbage whitefly (Pieris brassicae) and
rapeseed sawfly (Athalia rosae) were observed in the
traps. During the budding period, the crops began to
be invaded by the rapeseed leaf beetle (Entomoscelis
adonidis) and the hairy deer moth (Epicometes hirta), the
latter being extremely widespread, with up to 40 indi-
viduals per day being trapped. The fourth insecticide
treatment was carried out with a preparation based on
chlorpyrifos (500 g/L+cypermethrin). During the flower-
ing period, there was an active infestation of hairy deer
and rape leaf beetle, which was controlled by treating
the area at night with a mixture of bee-friendly prod-
ucts based on acetamiprid and tau-fluvalinate. After
flowering was complete, there was little damage from
the cabbage moth (Plutella xylostella), cabbage mos-
quito (Dasineura brassicae), and cabbage bug (Eurydema
ventralis). Irrigation of winter rape crops by sprinkling
was carried out according to zonal recommendations.
Water-charging irrigation was carried out before sow-
ing (350 m*/ha). During the growing season, if neces-
sary, artificial moisture was provided by sprinkling, tak-
ing into account natural precipitation (350-450 m?/ha).
The experimental field of Mykolaiv NAU is locat-
ed in the central agroclimatic region. It is characterised
by long warm summers, short winters with little snow,
insufficient precipitation, and a large amount of solar
radiation. Spring is short (March-April). The average
monthly temperature in April is 10.9°C. Summers are
long (May-September), dry, hot, and cloudy. The average
monthly temperature in July is 24.3°C. Autumn is short
(October-November). The average monthly temperature
in October is 11.1°C. Winters are short (December-Feb-
ruary), with frequent thaws. The average monthly tem-
perature in January is -1.7°C. The sum of active temper-
atures during the active growing season (above 10.0°C),
which lasts 70-200 days, is 2,900-3,600°C. The average
duration of the frost-free period is 175-215 days. The
southern region of Ukraine is suitable for growing a
wide variety of field crops, including winter rape, due to
its soil and climatic conditions. Warm winters, long au-
tumns and springs contribute to the full development
of growth processes in both spring and winter crops.
However, in summer, there is an increase in air temper-
ature and soil surface that exceeds the optimal param-
eters, which does not allow agricultural plants to real-
ise their biogenetic potential (Vozhegova et al., 2025).
The soils of the experimental field of the NSCP
of Mykolaiv NAU are represented by southern cher-
nozems, characterised by moderate nutrient supply
and suitable for growing crops. Comparison of the
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physical and chemical parameters of the soil of the
experimental plot with the optimal parameters and
grouping of soils by properties established by DSTU
4362:2004 (2005) allowed to conclude that these soils
are suitable for growing all crops recommended for
the Southern Steppe. The nature of the supply of ba-
sic nutrients was as follows: NO, + NH,, mg/kg - aver-
age; P,0,, mg/kg - average; K,0, mg/kg - very high; Ca,
mg-eq/100 g - increased; Mg, mg-eq/100 g - average;
humus, % - increased; physical clay content, % - close
to optimal; pH (KCl) - 5.7. High sustainable yields in
the steppe zone depend on the level of moisture, so in
rainfed conditions, measures to increase their produc-
tivity should be aimed at accumulating moisture and
improving the nutrient regime.

The weather conditions during the experimen-
tal work were at the level of long-term averages: the
amount of precipitation was 350-400 mm, and the
average monthly air temperature during the growing
season of winter crops was 11.4°C. At the same time, in
some years, the main hydrothermal indicators differed
significantly from the long-term average. The grow-
ing season of 2021 was relatively cool but rainy. The
average annual air temperature was 10.3°C, which is
1.1°C less than the long-term average. The 2023 was
warmer. The cumulative air temperature exceeded the
long-term average by 9.5°C, but precipitation was at
the level of the long-term average. Certain plant grow-
ing seasons differed significantly from the long-term
average in some years. The autumn period favoured the
growth and development of vegetative organs with bi-
ochemical and morphological parameters that ensure
the plant’s adaptation to adverse weather conditions in
winter. The air temperature regime in September-No-
vember 2021-22 during the initial growing season of
winter rape was generally favourable for growth pro-
cesses. The average monthly air temperature ranged
from 15.4-15.8°C in September to 5.3-6.1°C in Novem-
ber, while the long-term average was 5.5°C. Total pre-
cipitation in 2021 was much higher than the long-term
average. At the same time, in 2022, it was a quarter less
than the long-term average. In 2023, the total amount
of precipitation during the year was at the level of the
long-term average. The average amount of precipita-
tion during 2021-2023 was at the level of long-term
averages. The dynamics of precipitation during the year
had a specific uneven character. In the autumn period
(September-November, 2021-2022), the average pre-
cipitation was 100.0 mm, 140.4 mm, while the normal
precipitation was 102 mm.

Taking into account the moderate air tempera-
tures for the season, winter rape plants developed well,
which to some extent prevented their damage in winter.
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In the spring (March-May), compared to the average
(122 mm), there was a significant difference in the dy-
namics of precipitation compared to the long-term av-
erage. In the spring of 2022, only 71.4 mm fell, while in
2023 it was 198.0 mm, or 2.8 times more. Thus, natural
moisture significantly influenced the formation of the
leaf apparatus, the growth of the productive part of the
plant during the entire period of active vegetation. The
air temperature regime during the study period had, in
general,a smaller deviation from the average. The aver-
age long-term air temperature was 11.4°C, the average
temperature for the period of the experiment in 2021-
2023 was 11.1°C, or the deviation for individual years
was 0.3-1.1°C, or 6.1-10.7%. In winter, negative low air
temperatures did not cause plant death, as they most of-
ten fluctuated around 0°C. Thus, the weather conditions
during the experiment were at the level of long-term

averages, although significant deviations were ob-
served in some periods of plant growth and develop-
ment. The influence of factors that suppress plants was
not detected. Additional artificial irrigation as needed
contributed to the maintenance of optimal hydrother-
mal conditions in the agrocenosis of winter rape.

RESULTS

The quality of field crop seeds, including winter rape
seeds, significantly impacts field germination, growth
energy,and the formation of the synthetic apparatus dur-
ing the initial stage of plant growth. The average weight
of seeds used for sowing is also important. This indica-
tor determines the amount of reserve nutrients, posi-
tively affecting seed germination. The average weight of
F1 hybrid seeds intended for sowing was 6.63 g/1,000
seeds, a fairly high value for winter rape (Table 1).

Table 1. Sowing qualities of winter rapeseed (average for 2021-2022)

Average seed weight,

1,000 seeds/g

Dario 7.03
Oriolus 6.60
Blackstone 6.26
Medium 6.63
NIRO5 0.98

Source: created by the authors

A variety of parental forms were involved in the
breeding process,which influenced not only the biometric
characteristics of the plants, but also the morphological
traits of the seeds, including their shape, size,and weight.
The highest seed weight was recorded in the hybrid Dar-
io,amounting to 7.03 g per 1,000 seeds.The average seed
weights of the Oriolus and Blackstone hybrids were com-
parable, at 6.60 g/1,000 seeds and 6.26 g/1,000 seeds,
respectively. However, the variation in average seed
weight among the hybrids was relatively low, rang-
ing from 4.02 to 3.72 g, or 9.1-9.4% of the mean value.

Accordingly, to achieve a uniform density of pro-
ductive plants per unit area, the sowing rate should be
adjusted proportionally and should not exceed the av-
erage rate by more than 10.0%. A substantial number
of winter rapeseed hybrids of foreign origin (Germany,
France, the Netherlands, Czech Republic) are utilised in
commercial production. Breeding companies supplying
the Ukrainian market provide seeds that are fully com-
pliant with agricultural standards: they are calibrated,
cleaned, and treated. Laboratory analysis confirmed
that the seed purity in the experiment was 100.0%,
while germination rates ranged from 91.6% to 94.0%,
thus meeting the requirements for first-class seed ma-
terial. Given the high sowing quality of the seeds, there
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Purity Germination Sowing suitability
of seeds, % of seeds, % of seeds, %

100.0 93.2 93.2

100.0 91.6 91.6

100.0 94.0 94.0

100.0 92.9 92.9

is no justification for increasing the calculated seeding
rate for any of the hybrids examined. Consequently, the
sowing rate was set at 500,000 viable seeds per hec-
tare, corresponding to 3.13-3.52 kg/ha.

Considering the fact that winters in Ukraine are
relatively mild, with the southern region being no ex-
ception, no damage to winter rapeseed plants due to
low temperatures was recorded during the winter pe-
riod. The onset of vegetation resumed 8-10 days ear-
lier than the average long-term norms. The dynamics
of rapeseed phenophases was slightly ahead of sched-
ule, taking into account the accumulation of positive
temperatures in the initial period of vegetation. During
the seed ripening period, more than 97.0% of winter
rapeseed plants have a well-developed central stem.
There is no branching in the upper part of the stem,
with first-order branches extending from the lower part
of the stem, and second-order branches extending from
them. In the upper part, only flowers are located on the
0* order branch, and later - pods. Observations have
shown that the biological characteristics of the hybrid
significantly influenced the condition and nature of the
morphostructure of the entire above-ground part of
winter rapeseed. However, some specificity is evident in
a number of indicators (Table 2).
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Hybrid Number of shoots,

per plant
Dario 15.3
Oriolus 12.1
Blackstone 9.8
Medium 12.4
NIRO5 1.01

Source: created by the authors

The highest ability to form early-maturing axillary
buds in the basal part of the shoot of the 0™ order of
branchingwas observed inthe Dario hybridand amounted
to 10.4 pieces per plant,the lowest - in the Blackstone hy-
brid (7.1 pieces per plant).Asimilar trend between hybrids
was observed in the formation of early-maturing buds on
shoots of the 1 order of branching, which contributed

Number of pods,

pieces/plant

Dario 249.4
Oriolus 219.5
Blackstone 198.8
Medium 2225
Deviation, % 10.1-11.2
NIRO5 15.92

Source: created by the authors

The largest number of pods was observed in the
Dario hybrid,amounting to 249.4 pods per plant,and the
smallest number was observed in the Blackstone hybrid,
amounting to 198.8 pods per plant. Among the hybrids
studied, the morphostructure of pod placement also had
its own characteristics. On the shoots of the 0" branch-
ing, there were on average 12.8% of pods of the total
number. The number of pods on the shoots of the 1% or-
der of branching was the largest and amounted to 77.7%.
Taking into account the branching of hybrids, the propor-
tion of pods on the shoots of the 2" order of branching
was the smallest - 9.5%. The tendency of pod placement
on shoots of different branching orders in the studied
hybrids was almost the same. It should be noted that
the main number of pods was located on shoots of the
15t order of branching and accounted for 75.0-79.5% of
the total number. That is, the biological characteristics of
the crop were manifested, and the differences between
the studied hybrids were insignificant. Thus, the overall
localisation of pods on shoots is related to the structure

Table 2. The branching pattern of winter rapeseed plants during the harvest period (average for 2022-2023)

Table 3. Yields of winter rapeseed hybrids during the harvest period (averages for 2022-2023)

Including the order of branching of pieces/plants

ot 1 2
1.0 10.4 3.9
1.0 8.7 24
1.0 71 1.7
1.0 8.7 2.7
= 0.74 0.22

to the growth of shoots of the 2™ order of branching -
3.9 pcs/plant and 1.7 pcs/plant, respectively. Ultimately,
the total number of shoots of all orders of branching on
which pods are formed was highest in the Dario hybrid,
reaching 15.3 per plant, and lowest in the Blackstone
hybrid (9.8). An important component of winter rapeseed
productivity is the number of pods per plant (Table 3).

Including the order of branching of pieces/plants

oth 1t Qnd
28.7 194.5 26.2
31.6 166.2 21.7
253 158.0 15.5
28.5 172.9 211

11.5-14.4 75.8-79.5 7.8-10.5
2.16 13.08 1.53

of the shoots: a larger number of shoots on the plant led
to an increase in the number of pods on the plant. When
considering the “load” borne by the pods on individual
shoots of various branching orders, a certain regularity
is also observed: the largest number of pods per shoot
is observed on shoots of the 1% order of branching, and
the smallest on shoots of the 2" order of branching,
as the least developed. The variation in the indicator
studied was also insignificant and ranged from 18.7 to
22.2 pieces for shoots of the 1 order of branching and
from 6.7 to 11.1 pieces for shoots of the 2" order of
branching. Compared to the “load” of pods per shoot of
the 0" order of branching, an increase in the order of
branching leads to a decrease in the number of pods
per shoot, respectively 28.5-19.8-7.8 pieces. The num-
ber of pods formed on one plant has a significant im-
pact on the formation of crop yield, but it should also
be taken into account that the average weight of seeds
and their number in a pod also significantly affect this
indicator (Table 4).
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Table 4. Yield structure of winter rapeseed (averages for 2022-2023)
Seeds, pcs Seed Weight, g

Hybrid

per pod per plant pod per plant per 1,000 seeds
Dario 211 5,262.3 0.0785 19.55 3.72
Oriolus 18.8 4,126.6 0.0716 15.72 3.81
Blackstone 16.9 3,359.7 0.0624 12.41 3.69
Medium 189 4,205.2 0.0708 15.73 3.74
HIP 1.18 - 0.0063 - 0.265

Source: created by the authors

The average pod length ranged around 50.0 mm,
which corresponds to the typical pod size of the hybrid,
as indicated by the breeder. The number of seeds per
pod ranged from 16.9 to 21.1. There was no significant
difference in the average seed weight among the hy-
brids, which ranged from 3.69 to 3.81 g per 1,000 seeds.
However, taking into account the number of pods per
plant and the number of seeds per pod, there was a
difference in the productivity of individual plants. For
example, the Dario hybrid produced 19.55 g per plant,
the Oriolus hybrid - 15.72 g per plant, and the Black-
stone hybrid - 12.41 g per plant. Due to the biological
characteristics of the hybrid, which determine the for-
mation of the plant’s morphological structure, the to-
tal seed mass differed significantly, with the difference
between the highest and lowest values ranging from
24.3% to 57.5%.

As a result, it was established that the yield of win-
ter rapeseed depended not only on the genetic poten-
tial of the hybrid but also on the meteorological condi-
tions during the years of the study. A prolonged autumn

vegetation period promoted the development of the
root system and the formation of the leaf apparatus.
During the winter period, there were no severely low
temperatures that could have damaged the plants. The
most challenging was the spring period, when ambi-
ent temperatures-initiated vegetation, but there was no
possibility to conduct additional irrigation. The most fa-
vourable hydrothermal conditions for winter rapeseed
occurred in the spring (April) and early summer (June)
of 2023. Precipitation contributed to creating a com-
fortable microclimate near the ground surface, which
positively affected the formation and functioning of the
assimilation apparatus (BBCH growth stages: 3 - elon-
gation of the main stem; 5 — pod formation). During this
period, key processes in winter rapeseed plants were ob-
served, such as stem growth, leaf formation, emergence
of flower stalks, flowering, and the development of full
pods. Overall, the proper and timely implementation
of key cultivation practices for winter rapeseed, taking
into account the region’s climatic features, contribut-
ed to yields ranging from 2.52 to 5.41 t/ha (Table 5).

Table 5. Yield of winter rapeseed hybrids depending on biological characteristics, t/ha

Years of research Deviation Rbp
Yph, t/ha o

2023 Average t/ha % %
Dario 4.37 5.41 4.89 +0.96 12443 7.0 69.9
Oriolus 351 4.35 393 0.00 100.00 6.6 59.5
Blackstone 2.52 3.70 311 -0.82 79.13 5.5 56.5
Medium 347 4.49 3.98 +0.05 101.27 6.3 63.2

HIP 0.28 0.33

Notes: Yph - yield potential of the hybrid, t/ha; Rbp - ratio of the actual yield of the hybrid to its yield potential

Source: created by the authors

As a result of the research, varying adaptive re-
sponses of winter rapeseed hybrids to high tempera-
tures and relatively low air humidity during the summer
period were identified. The Dario hybrid demonstrated
the best realisation of its biogenetic potential. It showed
the highest number of shoots of all branching orders -
15.3, the highest number of pods per plant - 249.4, and
21.1 seeds per pod. These conditions contributed to the
highest yield, which averaged 4.89 t/ha over the two
years of the study. The lowest comparative photometric
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indicators were recorded in the Blackstone hybrid,
which in turn resulted in the lowest yield - 1.78 t/ha
(or 63.4%) less than that of the Dario hybrid.

Taking into account the average yield potential
of the studied hybrids, as indicated by the originators,
and comparing it with the results of the research, it be-
comes evident that under the conditions of the South-
ern Steppe of Ukraine, they were able to realise, on
average, 63.2% of their genetic potential. However, it
should be noted that the winter rapeseed seeds used



for the experiment were obtained from “DSV-Ukraine”, a
subsidiary of Deutsche Saatveredelung AG (DSV), based
in Lippstadt, Germany. It can be assumed that the varia-
bility range of traits such as tolerance to high tempera-
tures and low air humidity in the parental lines was in-
sufficient for the resulting hybrids to fully realise their
potential in this arid region.

DISCUSSION

Effective agricultural management in modern condi-
tions largely depends on the identification and scientif-
ically grounded direction of enterprise activities. A cru-
cial aspect is the prioritisation of product realisation,
including its export potential. Researchers M.l. Bakhmat
& 1V. Sendetskyi (2020) noted that rapeseed accounts
for approximately 10% of global oilseed production,
ranking third in terms of cultivation volume. One of
the tasks aimed at improving the organisational and
economic indicators of the agricultural sector involves
comprehensive measures to expand the production of
oilseed crops, including rapeseed, which is highly prof-
itable and promising.

0. Kulakova (2023) indicated that rapeseed pro-
duction in European Union countries is projected at
20.2 million tons with a yield of 3.33 t/ha. The signif-
icant increase in global demand for rapeseed seeds is
primarily associated with the substantial development
of alternative bioenergy. LV. Smirnova & V.M. Gala-
ban (2024) noted that global rapeseed production in
2024/25 is forecasted by experts to exceed 88.34 mil-
lion tons. The high demand for vegetable oils used for
biofuels and lubricants significantly strengthens the
crop’s position in the international market, and the
creation of modern high-yield hybrids provides a sig-
nificant impetus for expanding its cultivation areas.
S. Kyrychok (2022) emphasised that rapeseed is also an
important forage crop, with green mass yields in win-
ter intermediate crops reaching 34-36 t/ha, equivalent
to 36-38 feed units. Additionally, rapeseed serves as a
phytosanitary crop in crop rotations with a high con-
centration of cereal grains.

Ukraine possesses favourable soil and climatic con-
ditions for obtaining stable yields of winter rapeseed
across most of the Forest-Steppe, Western Polissia, and
parts of the Northern Steppe, provided that technolog-
ical aspects of production are adhered to. The expan-
sion of rapeseed seed production in Ukraine directly
depends on the crop’s assortment. At the time of plan-
ning and establishing the experiment, the Catalogue
of plant varieties suitable for distribution in Ukraine
(2025) listed 129 varieties and hybrids of winter rape-
seed, including 77 recommended for cultivation in the
Steppe zone. By 2025, this number has increased to 378
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winter rapeseed samples, with nearly half recommend-
ed for cultivation in the Steppe zone. The experiment
involved winter rapeseed hybrids from the “DSV” breed-
ing centre, which may be promising for cultivation un-
der irrigation conditions.

According to research by A. Plotnitska et al. (2020),
regardless of the direction of rapeseed breeding, spe-
cial attention was paid to creating hybrids and varieties
with increased potential productivity through the opti-
misation of the morphological structure of plant organs
and their functioning. Varieties of different geographi-
cal origins differ in adaptive and productive character-
istics. For instance, differences in plant overwintering
ranged from 0.5-3.0%, carbohydrate accumulation in
the root neck from 0.2-0.8%, resistance to downy mil-
dew from 7.0-21.3%, alternaria from 15-34.2%, phoma
from 6.1-11.0%, yield from 0.15-0.41 t/ha, 1,000-seed
weight from 0.02-0.37 g, oil content by 2.0%, and erucic
acid content by 0.2 umol/g. Ultimately, hybrids and vari-
eties should be characterised by high and stable yields
over the years, high oil and protein content, drought
and winter hardiness. Preference is given to early-ma-
turing hybrids resistant to pod shattering, lodging, and
diseases and pests, with broader ecological adaptabil-
ity. For the southern region of Ukraine, requirements for
adaptive hybrids include drought and winter hardiness
(Markova et al., 2025).

In this context, studying the features of morpho-
logical structure formation and productivity of new
winter rapeseed hybrids under the conditions of the
Southern Steppe of Ukraine is relevant. Winter rape-
seed hybrids from the “DSV” producer are characterised
by intensive root system development in the initial
growth phases according to the BBCH scale and pos-
sess genetic resistance to pests. Their biological char-
acteristics allow for the formation of a well-developed
leaf apparatus and a deeply penetrating root system
during the autumn period before the onset of unfa-
vourable conditions, which ultimately contributes to
good plant adaptation to extreme hydrothermal con-
ditions occurring in December-February (Muntyan et
al., 2024). The winter hardiness of the hybrids studied
in the experiment was rated at 9 out of 10 points. Bal-
anced development of the above-ground part of the
plant and a well-developed root system also deter-
mines sufficient drought resistance during the summer
period of active vegetation (9 out of 10 points). Already
in the autumn period, during phase 2 - development
of lateral shoots (20 - lateral shoots absent) accord-
ing to the BBCH scale of winter rapeseed development,
prerequisites for the development of lateral shoots in
the axils of true leaves are laid, and in phases 21-29,
lateral shoots begin to form. In phase 3 - elongation
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of the main stem (30 - beginning of stem growth), the
0-order branching stem begins to grow (according to
the BBCH scale - main stem).

In comparative tables of rapeseed hybrids, indicat-
ing their features, primarily agronomic and morpho-
logical characteristics, disease and stress resistance,
important indicators include average yield over years
of testing and potential yield. For the group of VNIS
hybrids (Blackstone, Grim, Parker, Redstone, Trump,
Hulk, etc.), the potential yield is 7.0-7.2 t/ha, yield over
years of testing - 4.7-5.2 t/ha, with the realisation of
biogenetic potential reaching 65.3-73.9%. Over the
years of testing, the yield of hybrids presented in the
studies ranged from 2.52-5.41 t/ha, and the realisation
of hybrid yield potential - 56.5-69.9%. In the southern
region, under the conditions of adhering to the main
elements of the technological process, average yield
indicators and realisation of the biogenetic potential
of hybrids were at the level of indicators presented in
reference literature. High rapeseed productivity, accord-
ing to M. Parkhomets et al. (2023), is associated with the
creation of regional zones of concentrated winter form
cultivation, allowing for the effective use of soil-climat-
ic and material-technical resources and effective agro-
technical measures.

According to research by O. Klyachenko (2021), the
realisation of the biomorphological potential of winter
rapeseed hybrids and varieties is based on creating a
balanced morphological structure of plants. It should
be noted that the natural accumulation of reproductive
organs on shoots of different branching orders, consid-
ering the photosynthetic apparatus, has a certain pat-
tern. As a rule, winter rapeseed develops a sufficiently
developed single shoot — the 0-order branching shoot
(Zabarniy & Zabarna, 2024). As records showed, 25.3-
31.6 pods formed in its upper part. In the axils of leaves
on the 0-order branching shoot, 7.1-10.4 first-order
branching shoots formed, on which 158.0-194.5 pods
were counted, averaging 19.9 pods per shoot. On
first-order branching shoots, 1.7-3.9 second-order
branching shoots formed, with 15.5-26.2 pods on
them. Thus, the distribution of pods depending on the
branching order of shoots follows the trend: O-order -
12.8%, 15t order - 77.7%, 2™ order - 9.5%. The number
of seeds, their weight, and yield distribution by branch-
ing character generally follow the same pattern as the
pod distribution on the plant.

The conditions of plant cultivation significantly
influenced the formation of generative organs. In the
conditions of the Western Forest-Steppe of Ukraine,
Ukrainian selection rapeseed varieties (Pegas, Solo,
Smaragd, Stilutsa) performed well, with seed vyields
of 3.94-4.03 t/ha. Plants had 115-119 pods, including
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59-60 on 0-order branching shoots. V.M. Sendetskyi et
al. (2023) indicate that in plots without fertiliser ap-
plication, the number of pods was 89-95 pcs/m?2, and
with the application of N,, P ..K . - 99-105 pcs/m?.
V.M. Bezkorovaynyi & V.V.Moisienko (2024b) noted that
with a row spacing of 30 cm, modern winter rapeseed
hybrids can form an average of 419.1 to 444.0 pods per
plant. The formation of the morphological structure of
winter rapeseed in the conditions of the Western For-
est-Steppe and the Southern Steppe has significant
differences because, in the Southern Steppe, the cul-
tivation technology of winter rapeseed must utilise
moisture-conserving elements of technology, which
significantly reduces the risk of its production. To model
the optimal distribution of a plant’s productive organs,
it is necessary to reasonably generalise the following
indicators: determine the optimal number of first-or-
der branches per plant and the distribution of pods on
them; justify the feasibility of stimulating the growth
of second-order branches and placing pods on them
(Nikochuk & Mykolaichuk, 2025).

Research has shown that only 40-60% of plants
form yield on second-order branches, and the aver-
age number of pods per such branch ranges from 6.7
to 11.1. By the time of rapeseed harvest, the optimal
plant parameters that promote the realisation of ge-
netic potential and determine yield can be regulated
through technological process components, including
plant spacing, the use of growth regulators, scientifical-
ly justified fertiliser application rates,and improvement
of the water-air regime in the crop biocenosis.

CONCLUSIONS

The winter rapeseed seeds obtained for the study
showed high sowing and varietal quality indicators
and met the standards required for first-class seed. The
weather conditions of the Southern Steppe of Ukraine
are generally suitable for growing winter rapeseed.
However, there was an insufficient amount of natural
precipitation during the plant’s vegetation period, es-
pecially in the early stages of growth and development,
as well as during flowering and fruit-setting phases. To
improve hydrothermal conditions during critical vege-
tation periods, additional irrigation is necessary, taking
into account soil moisture and the physiological state
of the plants.

Abiological characteristic of the crop allows for the
development of first- and second-order lateral shoots
during the spring period. The total number of shoots
developing on a plant, depending on the hybrid, rang-
es from 9.8 to 12.3, with first-order branches compris-
ing the largest share of the structure (68.0-72.4%). The
winter rapeseed hybrids had a sufficiently developed



reproductive component, enabling the formation of
198.8-249.4 pods per plant. The majority of pods were
located on the first-order shoots (75.8-79.5% of the to-
tal), which largely determined the yield. The average
seed weight (per 1,000 seeds) among the studied hy-
brids varied slightly, ranging from 3.69 to 3.81 g.Yield
was determined by the weather conditions during the
experiment and the biological characteristics of the hy-
brid. Under the conditions of the southern region, the
realisation of the biogenetic potential of the winter
rapeseed hybrids was at the level of 56.5-69.5% of the
potential yield, amounting to 2.52-5.41 t/ha.

The highest yield during the experiment was ob-
served in the Dario hybrid. The biomorphological char-
acteristics of the plants that determined yield were as
follows: total number of shoots per plant - 15.3, in-
cluding 10.4 first-order shoots; total number of pods
per plant - 249.4, including 194.5 on first-order shoots;
average weight of 1,000 seeds - 3.72 g; average yield
over the experiment - 4.37-5.41 t/ha; realisation of
biogenetic potential - 62.4-77.3%. The lowest yield
during the experiment was observed in the Blackstone
hybrid. The plant biomorphological indicators that de-
termined productivity were as follows: total number of
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shoots per plant - 9.8, including 7.1 first-order shoots;
total number of pods per plant - 198.8, including 58.0
on first-order shoots; average weight of 1,000 seeds -
3.69 g; yield over the experiment - 2.52-3.1 t/ha; reali-
sation of biogenetic potential — 45.8-67.3%.

Targeted efforts aimed at forming a balanced ratio
between vegetative and reproductive plant organs (to-
tal number of shoots per plant, number of 0-1-2 order
shoots, number of pods per shoot, their optimal com-
bination in the shoot/pod ratio, seed weight per pod)
through the implementation of adaptive technological
elements-such as the use of growth regulators and the
application of micro-and macroelements during the ro-
sette leaf and lateral shoot development stages (BBCH
growth stages 20-30) - require further research.
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MpoayKTUBHICTb pinaky o3MMoro
3aNeXHo BiA MOPPOCTPYKTYPU POC/IMH B yMoBax Cteny YKpaiHu

Hatanig HikoHuyk

KaHampaTt cinbCbkorocnoaapcbknx Hayk, AOLEHT
MuKonaiBCbKMI HALIOHANbHWIA arpapHuUiA YHiBepcuTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa
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Mukona CamoiineHko

[oKTOp CinbCcbkorocnoaapCbkmux Hayk, npodecop
MuKONaiBCbKMI HALLIOHANbHWIA arpapHuiA YHiBepcuTeT
54008, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa
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AHoTauif. Metoto gocnigpkeHb 6yn0 BU3HAaYEHHS MOKa3HMKIB MOPGMOCTPYKTYpY NPOAYKTMBHMX OPraHiB pinaky 03uMMoro,
SKi BMMBAKOTb HA BPOXaWHICTb | BCTAHOBNEHHSI Ha iX OCHOBI CTpaTeriYHOro HanpsiMky (GOpPMyBaHHSI NMepPCrNeKTUBHOIO
COPTUMEHTY O/ BMPOLLYBaHHS KynbTypu B ymoBax [lisgeHHoro Creny Ykpainu. Ha npwknagi ribpugis pinaky
Hapio, Opionyc, bnekctoyH - (BHIC) npenctaBneHa nopiBHsIbHa MOPMOCTPYKTYpa BEreTaTMBHWUX i FeHepaTUBHUX
OpraHiB poC/avH i ii BNAMB Ha YPOXaMHICTb. BigMiuyanocs, WO YMCTOTa HACIHHSA, IKe BUKOPUCTOBYBANM B AOC/IIXKEHHI,
cknana 100,0 %, nabopatopHa cxoxictb — 91,6-94,0 %. 3aranbHe 4MCnO NaroHiB Ha nepiof 36MpaHHS YpOoXar
BM3HA4Yanacsa 3HaA4YHOK Mipok 6ioNoriYHMMKM BRACTMBOCTAMM Tibpuay i KonmBanacb B Mexax 9,8-15,3 wryk/pocnuHy.
O6rpyHTOBaHO, L0 NPOAYKTMBHICTb MOCIBIB BM3HA4anacb nepenyciM HAsIBHICTIO CTPYYKiB Ha maroHax 1-ro mopsaky
rany>keHHs, WO CKafiano B CTPYKTypi Bpoxaw - 75,7-78,5 % Bifn ix 3aranbHOi KinbKOCTi 3anexHo Bif 6ionoriyHnx
ocobnusocTelt ribpuais. KinbkicTb CTpyukiB, po3mileHnx Ha naroHax 0-ro i 2-ro nopsakisB ranyxeHHs 6yna He3HaYHO
i cknapana 12,8 % i 9,5 % signosigHo. CepeaHst Maca 1 000 HaciHWMH MK JoCnimKyBaHUMM Tribpuaamu Biapi3HSIach
He CYTTEBO i KonmBanach B iHTepBani 3,69-3,81 r. PisHnus y BeAnUMHaAX ypPOXKAMHOCTI MiXK ribpuaamm Bu3Ha4Yanacs 3a
KOMMJIEKCHMMM NMOKA3HMKAMM NPOAYKTUBHOCTI, 30KPEMA, 3ara/ibHOK KisIbKiCTHO CTPYUKIB HAQ POC/MHI i KiNbKICTO HACiHWH
B CTPY4Ky. HabinbLa KinbKictb cTpyukis 6yna y ribpuaa dapio — 249,4 wT,/poc/ivHi, HaiMeHwWwa - y ribpuaa bnekcroyH -
198,8 wr./pocnmHi. OntMManbHa MOpPhOCTPYKTYpa pOCIMH BUSBUAACh Y ribpmaa [apio, Wo cnpusna He Tilbki OTPUMaHHH0
Hareuworo ypoxato (4,89 1/ra), ane 1 peanisauii B HaBMLWOMY CTyneHi BioreHeTuyHOro noteHuiany riopuay (69,9 %).
Hwkui nopiBHANbHI NoKa3HMKM Byni BUsiBNEHi y ribpuaa bnekcroyH, ypoxanHicTb | peanisauis 6ioreHeTMYHOrO NoTeHLjiany
cknanu signosigHo 3,11 1/ra (56,6 %)
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