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Abstract. Bee breed is an important factor in determining bee family development and productivity,
as it affects honey production, disease resistance, climate adaptation, and bee behaviour
characteristics. The purpose of the study was to establish the relationship between the methods of
mating queens and the morphological characteristics of bees of the Ukrainian steppe breed and the
productive indicators of bee colonies. To conduct the research, 43 bee colonies with queen sisters
of the Ukrainian steppe breed mated by different methods of natural mating were established in
the Vinnytsia oblast. According to the results of mating, there were 22 queen bees in the control
group, and 21 queen bees in the experimental group. The queens of the first control group mated
in a normal natural way without any restrictions. The queen bees of the experimental group mated
under time and space control. Based on the results of the research, the relationship between the
integrity of the colony and its morphological features and productive indicators was established.
Thus, experimental families have different degrees of belonging to the Ukrainian steppe breed,
control — 59% and experimental — 87.2% (p<0.001). According to the cubital index, the advantage
was 8.2% (p<0.001) in favour of the experimental group. The best family integrity on the hantel
index was observed in families in which queens were mated in a controlled time and space, with
a difference of 3.32% (p <0.001). In the control group, where uncontrolled mating of queens was
performed, more bees were found for discoid displacement with an excess of the standard indicator
for the breed. Families in the experimental group were stronger by 14.5% (p <0.001) compared to
the control group. They provided 41.9% more honey, built 22.1% more honeycombs (p <0.01), and
the need for Kandy feeding was 31.8% less (p < 0.001). In addition, the bees of the experimental
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group had pronounced hygienic behaviour and required less labour costs. The practical significance

of the study lies in the possibility of establishing patterns of action of factors on a particular breed

and confirms the need to implement breeding programmes in beekeeping

Keywords: hantel index; cubital index; discoid displacement; productivity; preservation; climatic

conditions; feed consumption

Introduction

The beekeeping industry plays an important
role in ensuring the country’s food security,
which is linked to many other industries. Bees
pollinate many plant species, being used to
increase yields. Beekeeping products include
not only honey, a valuable dietary product, but
also wax, propolis, venom and other products
that are widely used, in particular for human
health. Today, beekeeping is mainly pollinated
and honey-based. Without the use of bee pol-
lination, it is difficult for farmers, gardeners,
horticulturists, and other workers who grow
insect-pollinated crops to obtain high yields.
Therefore, workers in agriculture, horticulture
and other industries should be interested in the
development of beekeeping and the use of bees
for plant pollination (Nevsky & Sverdan, 2021).

The effectiveness of the development of
beekeeping, as well as a single apiary farm,
depends on many factors. Admittedly, the key
factor of productivity is the availability of feed
resources and weather and climatic conditions,
but such a component as genetic potential is
also responsible for the efficiency and profita-
bility of beekeeping production. Adaptability to
local conditions is key to the efficiency of using
bee colonies, because this factor depends not
only on productivity, but also on the survival
of bee colonies in critical periods, the strength
of families during the active season, and resist-
ance to certain diseases, in particular to varroa-
tosis. Therefore, it is worth noting that such a
process as breeding is a cheaper, more efficient

and environmentally friendly factor in increas-
ing production (Brovarskyi & Papchenko, 2014).
At the same time, mixing local breeds with im-
ported ones is dangerous because it generates
substandard material. And this is confirmed by
a number of researchers from all over the world.
The German scientist Ruttner (1988) reported
that high productivity of interbreeding hybrids
can be obtained only in the first generation
and from the third generation the average pro-
ductivity regularly decreases. In the 1960s, re-
searchers became interested in the interbreed-
ing hybridisation of bees, which was forcibly
introduced in apiaries, which ultimately led to
significant changes (Alpatov, 1948). After three
generations, when all the source material had
already been hybridised and the native bees had
been lost over large areas, the bred bees had in-
creased their irritability, viciousness, and drone
resistance several times, and their resistance to
disease decreased. It is difficult to correct such
an error due to the biological characteristics of
bees, considering also such a feature of drone
development as parthenogenesis (Lattorff et al,
2005; Papp et al., 2015). Researchers have es-
tablished that the current distribution of breeds
does not correspond to traditional zoning. The
conclusion of their study is that common prac-
tice of importing genetic material Apis mellif-
era from different regions of Ukraine leads to
uncontrolled hybridisation and poses a threat
to the preservation of native honey bee breeds
(Cherevatov et al., 2020).
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In nature, bees themselves contribute to
the crossbreeding by their way of life. In the ab-
sence of isolation, any bee breed is influenced
and pressured by other breeds, but here nature
controls and selects useful signs of bees over
a long period of time. Studies have shown an
insufficient level of breed purity as a result of
the spontaneous, uncontrolled hybridisation
that has been carried out in recent years. Kerek
(2020) argues that the crossbreeding of bees in
the country’s apiaries has not spared even the
highest regions of Ukraine, which can be called
semi-isolated.

Economically useful signs of bees have now
undergone changes due to unfavourable nat-
ural and climatic conditions (prolonged cold
springs, frequent prolonged droughts), impov-
erishment of the food supply due to a decrease
inthe acreage of honey crops and the cultivation
of monocultures. In such conditions of keeping
bee colonies, there is a need to study a number
of issues of directed breeding aimed at improv-
ing its economically useful features and creat-
ing highly productive local types that can toler-
ate fluctuations in the main factors of weather
conditions. A breeding trait under these condi-
tions, which is directly related to the productiv-
ity of bees, is adaptability to certain conditions
of honeybee capture (Cherevko et al., 2018).

In Ukraine, the zoned breeds are carpathi-
an, Ukrainian steppe and polissian (Adamchuk
& Bilotserkivets, 2015). Ukrainian steppe bee
breed (Apis mellifera sossimai) is most wide-
spread in Ukraine and occupies more than 70%
of its territory. However, as a result of decades
of hybridisation with other local breeds (car-
pathian (Apis mellifera carpatica) and polissian
subspecies Apis mellifera mellifera), as well as
with previously popular central russian (Apis
mellifera mellifera), grey mountain caucasian
(Apis mellifera caucasica) and popular now Ital-
ian (Apis mellifera carnica and Apis mellifera
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ligustica), as a result of the unconscious use by
beekeepers of bee breeds that are not registered
for Ukraine, the purity of the drone background of
beekeeping farms is blurred, as a result of which
the economically useful features have changed
(Cherevatov et al., 2020). In addition, bees are
susceptible to reduced genetic diversity because
they are haplodiploid (Grozinger & Zayed,
2020). Considering the fact that drones develop
from unfertilised haploid eggs by parthenogen-
esis, there is a need to use targeted breeding of
Ukrainian steppe bees (zoned for the Vinnytsia
oblast) to improve their economically useful
characteristics (Dzitsiuk & Lytvyniuk, 2014).

Therefore, depending on their habitat, bees
develop certain morphometric and behavioural
qualities that they need to ensure their normal
life processes. Each breed, and even the breed
type, has its own unique properties and some of
them, in the absence of appropriate conditions,
may not manifest themselves in the homeland
of this breed (for example, wintering breeds of
southern latitudes in northern regions with a
long non-flying period). And because of this, it
is not always possible to predict the result of
imported bee breeds that are not typical of the
zones (Brovarskyi & Papchenko, 2014).

Keeping native bees in apiaries, which
have adapted to living conditions in a certain
area over the course of evolution, is an impor-
tant condition for ensuring the effectiveness
of this process. Preference should be given to
the breed of bees that comes out of wintering
with the least losses and quickly recovers in the
spring. Each breed of bee, depending on the lo-
calisation zone and types of honey collection in
this area, shows its abilities differently. In the
forest-steppe zone of Ukraine, the most com-
mon and popular are Ukrainian steppe bees
(Khamid, 2014).

One of the tasks of breeding in beekeeping
is to preserve breeding material, create highly
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productive bee populations, and improve the
productivity of bee colonies. The Ukrainian
steppe bee breed is characterised by specific
morphological features and differs from oth-
ers in productive features. However, haphazard
crossing with non-zone bees in Ukraine has led
to local breeding.

The purpose of the study is to establish
patterns between morphological features and
compliance of phenotypes with the standard of
the Ukrainian steppe bee breed in the natural
and controlled method of mating queen bees.

Materials and Methods

The research was conducted in a private apiary
in Volodymyrivka village, Vinnytsia region. The
apiary farm has supported the breed by pur-
chasing over the past five years (2018-2022) of
purebred queens of the Ukrainian steppe breed,
in the amount of 20% annually, and breeding
was carried out along the maternal lines.

The first stage is obtaining bee colonies.
For this purpose, based on the research, the
Nikot-100 queen breeding system, 48 queen
cells (24 in each group), and three parent fam-
ilies were used, which were kept in 10-frame
beehives on a 435x145 mm frame.

The Nikot-100 queen breeding system was
used to produce queen bees of sister origin. For
mating queens of the control group, in addition
to their own drone background, which poten-
tially included 50 bee colonies from the apiary
under study and about 250 families from other
private apiaries located within a radius of 500
m, and about 170 families located within a ra-
dius of 2 km. The queen bee was placed in the
Nikot-100 system on May 15, 2021, after it was
isolated and the eggs were placed in care fam-
ilies for growing larvae until the queen cells
were sealed. On May 30, 2021, 48 queen cells
were placed in micronuclei. In the future, two
groups of analogues were formed for the study,

which, according to the results of successful
mating, included 43 sister bee colonies. Micro-
nuclei were placed at one location, at a distance
of 50 m from the pollinating-honey part of the
apiary.

The second stage began with checking the
queen bees for the seeding quality, marking
with a marker and wing capping, after which
they were placed in layers that contained 2
forage combs and 8 combs of different ages
of brood, which were seeded by bees, and 10
frames of the dryer (10-frame body per frame
size 435x145 mm). Planting queen bees in the
formed layers took place only with the help of a
perforated cap with a check of their acceptance
on the third day. Layers were formed on June
15-16 and were intended for use in pollination
of sunflower seeds from July 19 to August 10,
2021. The formed layers were placed on special-
ised platforms in a staggered order, to equalise
the influence of factors such as geographical lo-
cation, the presence of wind and shade.

Atthe third stage, the degree of belonging of
bees to the Ukrainian steppe breed, productive
indicators of bee colonies, wintering features,
the degree of safety, hygienic behaviour, and the
intensity of feed consumption were determined.

To organise a time-controlled flight, the
experimental farm used 12 double micronuclei
for queens and 3 parent families placed in hull
hives with a separate grid for monitoring the
flight activity of drones. Parents’ families were
provided with a daily evening flight from 18:00
to 06:00. The micronuclei were also equipped
with flight barriers, which prevent the queen
from leaving before a certain time. On Day
22, micronuclei were transferred in the winter
garden until the next day before 17 o’clock. At
17:30, the micronuclei were opened together
with the parent families, as a result of which
a mass flyby and mating of queens took place.
At approximately 20:30, the micronuclei were
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closed and the operations of the previous day
were repeated again the next day, after which
the gate valve was returned to a position that
allowed only worker bees to exit.

In the course of research, the breed affili-
ation of the resulting offspring of worker bees
was primarily determined. The assessment was
carried out visually, based on the uniformity
of the colony and the colour of the tergites of
the abdomen of worker bees. For morphometric
analysis, six samples were taken from each ana-
logue group, which included 60-70 bees no old-
er than three days of age. Each sample was tak-
en from two families, according to the method, a
perforated cap was applied to the sealed brood,
after the bees left the cells, they were preserved
in an alcohol solution in disposable containers,
which were marked with numbers 1-12, with-
out indicating belonging to a specific group
(Brovarskyi et al., 2017). The assessment was
performed using the Morphoxl — programme
for morphometric analysis of bee wings. 618
wings from 12 bee colonies and at least 50 bee
wings from one bee family were used for eval-
uation. Using the Morphoxl software suite,
measurements of the bee’s wing and their rela-
tionship to each other were determined, name-
ly, the cubital index, the hantel index, and the
angular discoid displacement. This study was
conducted at the state educational institu-
tion “Hadiach higher professional agricultural
school”. The cubital index was calculated as a
percentage. To do this, the measurements of
the sides of the third cubic cell of the front wing
were determined, the results of the measure-
ments of the smaller side were divided by the
measurements of the larger side and multiplied
by 100%. Discoid displacement was determined
using a stereomicroscope. For this purpose, the
scale with divisions of the eyepiece-micrometre
of the stereomicroscope was combined with the
centreline of the radial cell of the bee’s front
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wing. In this case, the line perpendicular to the
scale must pass through the intersection point
of the longest vein of the cubital cell with the
lower vein of the radial cell. The hantel index
was determined by the ratio of the length of
segments of the wing cubital cell, one of which
is a straight line, the second - a line connect-
ing the uneven edges of the opposite section.

Results and Discussion

The weather and climatic conditions of the two
years of study cannot be called typical, the de-
crease in the number of honey plants and the
cultivation of monocultures negatively affected
the nectar supply of the area, the quality of win-
tering, the development and productivity of bee
colonies, so the indicators of biological charac-
teristics of bee colonies involved in the research
process do not always meet the standard “Tech-
nological requirements for breeding and breed-
ing work in the field of beekeeping” (2016).

During the first stage of research, name-
ly obtaining fertile queens, for their subse-
quent planting in layers, it can be stated that
the method of limited space and time mating
of queens does not actually reduce the number
of successful mating, and does not entail ad-
ditional losses of breeding material compared
to the natural flight of queen bees. The con-
trol group included 22 queen bees fertilised by
free mating, and the control group included 21
queen bees fertilised by mating controlled in
time and space.

The tables below show the results and
their compliance with standards (breed ranges)
(2015, 2020).

According to Table 1, bee colonies in the
control group have a high degree of variation
and are slightly outside the range of breed val-
ues according to the cubital index (0.931-3.783),
which is a consequence of free mating with a
rich drone background. At the same time, the




Salyuk

85

experimental group has significantly smaller
deviations from the breed ranges and does not
cross its upper limit. But it is also necessary to
consider the coefficient of variation (colony in-
tegrity), as a sign of stable transmission of eco-
nomically useful traits. The control group had a

coefficient of variation from 15.4 to 26.1%, and
the experimental group - from 7.3 to 15.6%.
The average value for this indicator in the con-
trol group was 20.0%1.49%, while in the control
group it was significantly lower — 11.8%. The dif-
ference between the groups was 8.2% (p<0.001).

Table 1. Indicators of the cubital index of Ukrainian steppe bees

Cubital index (breed range - 1.86-3.0)

No. of control group experimental group
sample sy variation R variation
variability  average value coefficient, % variability average value coefficient, %
1 1.587...3.731 2.404£0.064 19 1.723...2.790  2.200%0.033 11
2 1.438...3.152 2.182+0.054 17.7 1.880...2.472 2.146%0.022 7.3
3 1.279...3.783  2.349%0.073 21.4 1.719...2.973  2.247%0.041 13.4
4 1.256...3.110  2.046+0.058 20.5 1.833...3.612 2.420+0.052 15.6
5 1.389...2.650  2.049+0.044 15.4 1.791...2.984  2.187%0.039 13
6 0.931...3.699  2.155%+0.077 26.1 1.760...2.692 2.112£0.030 10.3
By group - 2.197+0.0612 20.0£1.49 - 2.219+0.0444 11.7£1.17"
Note: *** - p<0.001

The cubital index is not always an accu-
rate breed classifier due to the variability of
the feed base and the influence of bee feeding
conditions at different stages of their devel-
opment. Therefore, the hantel index is used to

confirm the breed of bees. The hantel index also
shows better family integrity in the experimen-
tal group - 6.95% and 10.27% for the control
group. The difference between the groups was
3.32% (p<0.001) (Table 2).

Table 2. Results of the hantel index of the wing of a bee of the Ukrainian steppe breed

Hantel index (breed range 0.829-1.113)

No. Olf control group experimental group
sample . -
variability  average value co‘é?ﬁf;gg:‘ o variability  average value COZ?EI:;EI?? %
1 0.776...1.283  0.995+0.014 9.8 0.840...1.106  0.982+0.009 6.3
2 0.779...1.157  0.974%+0.013 9.3 0.859...1.179  0.984+0.010 7.2
3 0.795...1.382  1.006+0.020 13.3 0.831...1.167  0.0995+0.010 7.1
4 0.752...1.106  0.942%0.012 9.2 0.832...1.168  0.995+0.010 6.9
5 0.827...1.275 1.014+0.015 10.4 0.756...1.034  0.893+0.008 6.5
6 0.781...1.228  0.939+0.012 9.6 0.765...1.094  0.898+0.010 7.7
By group 0.978+0.0132  10.27+0.631 0.957+0.0198 6.95+0.206™
Note: *** - p<0.001

The obtained data on the hantel index in
some samples slightly went beyond the breed
range (0.829-1.113). Although the average score

in the experimental group was 0.957, the con-
trol group — 0.978, which was within the range.
The angular discoid displacement also in both

Animal Science and Food Technology. 2023. Vol. 14, No. 1




Morphometric characteristics of Ukrainian steppe bees depending...

groups ofbee coloniesisinthebreed range (1.89-
5.68) and shows the uniformity of offspring and

indicates the level of breeding due to the satu-
ration of different drone backgrounds (Table 3).

Table 3. Morphometric characteristics of Ukrainian steppe bees by angular discoidal displacement

Angular discoid displacement (breed range - 1.89-5.68)

No. control group experimental group
variability average value hybéidisation variability average value hybridisation

egree degree

1 -4.443.8.614 2.886%0.351 Acceptable -1.125...5.688 2.534+0.238 Insignificant

2 -3.188...7.985 1.943%0.013 Acceptable -1.422...6.236  2.355%0.247 Insignificant

3 -3.402..8.779 2.802#0.351 Hybrid -0.365...6.983  3.017%0.027 Acceptable

4  -2.318...6.016 2.55%0.285 Insignificant -1.104...7.352 3.109+0.238 Insignificant

5 -1.529...7.140 3.28+7.140 Acceptable -1.798...4.715  0.817%0.226 Absent

6 -1.265...8.625 3.096%0.331 Acceptable -3.137...6.269 1.056+0.260 Insignificant

The Morphoxl software suite detects the
following levels of bee hybridisation grada-
tion: missing; insignificant; acceptable; hy-
brid. In the conducted experiment, this level
is more acceptable for the control group, and
insignificant for the experimental group. That
is, in the control group there are more samples
in which these values go beyond the range to-
wards increase (more than 5.68), in the exper-

imental group there were a small number of
such values. Table 4 shows the results, which
combine all previous indicators and shows a
forecast of the breed composition of bees for
each colony. The data obtained indicate that
the average value of bee samples belonging to
the breed in the control group was 59.0%, and
in the experimental group — 87.2%, which is
28.2% higher (p<0.001).

Table 4. Summary indicators of morphometric indicators of the Ukrainian steppe bees

Belonging to the breed under study (%)

Group
Group Sample average (%)
1 2 3 4 5 6
Control 70.6 56.9 48.9 58.5 70.2 49.1 59.0+3.93
Experimental 94.2 90.2 83 92.3 80.8 82.7 87.2+2.33™

Note: *** - p<0.001

Studies of economically useful charac-
teristics were also conducted, in particular,
on honey productivity, the number of honey-
combs built up, the strength of the bee family
before wintering, and the effectiveness of feed
use (feeding in spring). The data were averaged
and entered in Table 5.

The highest productive indicators were
obtained from a group of bee colonies with
queens that controlled mating in space and

Animal Science and Food Technology. 2023. Vol. 14, No. 1

time. During the experimental period, 41.9%
(p <0.001) more honey was received from es-
tablished families. Bee colonies on the eve of
wintering were stronger by 0.98 cells, or 14.5%
(p <0.001), which had a positive effect on the
consumption of Kandy feed in the spring.
Stronger families consumed 31.8% (p < 0.001)
less than this feed. Moreover, during the sea-
son, the bees of the experimental group rebuilt
22.1% (p<0.01) more honeycombs.
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Table 5. Summary data on the average productivity of bee colonies at the end of the season

Number of Strength Number of built-
Grou families in of families, Produced honey, up honeycombs Kandy consumed
p the grou cells (before kg (435%x145 mm), in spring, kg
group wintering) units
Control 22 6.78+0.138 37.4+0.91 24.8+1.29 4.68+0.138
Experimental 21 7.76+0.194™ 53.1+2.01™ 30.3+1.20™ 3.19+0.088™
Note: ** - p<0.01; *** - p<0.001

During visual observation of the uniformity
of the colony, it was found that the body colour
of bees is mostly grey, sometimes with brown
spots on the first two tergites of the abdomen,
which fully meets the standards of the Ukraini-
an steppe bee breed. In addition, the families of
the experimental group were more homogene-
ous in productivity, did not have early develop-
ment (as of 23.03.2022), did not loosen the club
and, as a result, required less attention from the
beekeeper. Families of the control group gen-
erally had lower productivity, 9 out of 22 had
early development, which led to overspending
of feed, 6 of them did not clean the bottom of
the hive well, and one did not clean at all, de-
spite the strength of 7 cells. As a result, such
bee colonies required increased attention from
the beekeeper.

During the wintering period in the exper-
imental groups, not a single bee family died,
and all the queens retained their reproductive
capacity at the beginning of the 2022 season (in
one family of the experimental group, a hump-
back brood was noticed and subsequently such
a defect disappeared without any operations on
the part of the beekeeper). Over the past three
years (2020-2022), an early flyby of bee colonies
was observed at the end of the second decade
of February, at a temperature of +12-+15°C, this
provoked some families to start the reproduc-
tive activity of queens. With the beginning of
prolonged cold snaps, during the research peri-
od from 26.02.2022 to 16.03.2022 (daytime tem-
perature dropped from +10°C to -2°C, and night

temperature was up to -5°C), negative changes
were observed in the bee nest, which led to the
death of part of the brood, the number of which
at the time of inspection on 23.03.2022 was 3-4
honeycombs (435x145 mm) and the weaken-
ing of these bee colonies. In 2022, there were
two non-mass flybys of bees on 02.01.2023 and
19.01.2023, which was not observed before, at
least in the last 5 years.

Smolinski et al., (2021) investigated the ef-
fect of temperature on the Autumn abundance
of Varroa destructor in bee colonies during
1991-2020 in Central Europe. Researchers test-
ed the hypothesis that temperatures can affect
autumn tick populations with different time
periods that regulate the number of bees and
brood, and found that increased spring (March-
May) and autumn (October) temperatures in-
crease autumn infestation of bee colonies with
Varroa destructor. Critical temperature values
cover periods of bee activity, i.e., immediately
after the first cleaning flights of bees and di-
rectly before the last autumn ones. These ef-
fects were potentially associated with increased
bee reproduction at certain times of the year,
rather than with a long period of activity or an
accelerated onset of spring.

There is also a study showing the impact
of climate change on the prevalence of infec-
tious diseases such as acute bee paralysis virus,
deformed wing virus, and chronic bee paraly-
sis virus in wild bee populations (bumblebees
and solitary bees), which is positively associ-
ated with the prevalence of these viruses in

Animal Science and Food Technology. 2023. Vol. 14, No. 1
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honeybees. This highlights the need for good
breeding practices in beekeeping, including
such a trait as resistance to Varroa destructor,
which is a breed feature, to reduce the infection
rate of honeybees. According to the projected
climate change, temperatures will continue to
rise, which may affect the prevalence of viruses
in wild bees and, as a result, in bee populations
(Piot et al., 2022)

A number of Ukrainian researchers are
working on the problems of preserving the hon-
ey bee gene pool, and they believe that the solu-
tion to this is to create breeding programmes
that improve the efficiency and behaviour of en-
dangered breeds, while maintaining their adap-
tation to the environment (Hrechka & Senchylo,
2022; Cherevatovet al.,2014; Kerek, et al., 2017).

This process of hardware is typical not only
for Ukraine, and the first consequences can al-
ready be traced in research. But in those coun-
tries where they managed to stop the cross-
breeding of bees in time and began to comply
with the requirements of the legislation, there
were no such problems. In Ukraine, the process
of deliberate and uncontrolled hybridisation is
currently taking place, so beekeeping should
function in close cooperation between beekeep-
ers and science (Razanova & Skoromna, 2020).

Honeybees are a rather complex object of
breeding. This is primarily conditioned by the
way of life and the specifics of reproduction. In
turn, their productivity depends on a combina-
tion of factors, namely: the strength of families
during the honey harvest, the state of the food
supply, the conditions of the beekeeping sea-
son, and on the skilful care of bees. The influ-
ence of genotype is of great importance (Kerek
et al., 2017). The establishment of bee colonies
as an integral biological unit takes place not
only under the influence of the presence of feed
reserves in nature, but also the climatic con-
ditions of the range, which corrects the main
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economic and useful features, rational use of
feed reserves and timely development, the rate
of which corresponds to these climatic condi-
tions (Razanova et al., 2021; Saranchuk et al.,
2021). In addition, not the least position among
the survival mechanisms is occupied by the ad-
aptation of bees to existing pests and pathogens.

The fascination with the “best properties”
of uncharacteristic breeds can be disastrous for
bees, plants and people, as happened with Afri-
canised bees in Brazil in 1957. Nowadays, due to
their predominant properties and excessive ag-
gressiveness, these bees displace native breeds
already in the United States (Kadri et al., 2016).
But this does not mean that all bees need to
be propagated on such a trait as peacefulness,
because it is scientifically proven that this trait
directly correlates with tick tolerance. That is,
more aggressive bees are less affected by the
tick, because they clean it off better, and this,
in turn, ensures the maintenance of healthy
and strong families, their wintering, develop-
ment, and productivity. And as a result, less
labour and economic costs are required for the
production of a unit of bee products. This trait
should not be confused with the inadequate ag-
gressiveness that occurs during uncontrolled
interbreeding hybridisation (Cherevko et al.,
2018; Kerek, 2020).

However, to develop appropriate genetic
models and breeding strategies, it is necessary
to consider the genetic aspects and population
characteristics of honeybees. Petersen et al.
(2020) point to the fact that obstacles to breed-
ing honeybees are the lack of pedigree due to
free mating, and low penetration of genetic
improvement into the general population. The
conducted studies of morphometric charac-
teristics of bees of the Ukrainian steppe breed
confirm the results of Ukrainian and foreign
researchers on the level of purebred breeding
in apiaries (Kerek, 2020). According to these
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characteristics, the belonging of bees to the
breed with uncontrolled mating of the queen
was 59.0%, and with the control of this pro-
cess in time and space — 87.2%, which is 28.2%
higher (p <0.001). These results indicate that
the level of hardware of bee colonies is at a
high level, due to the fascination of amateur
beekeepers with breeds that are not typical for
the Vinnytsia oblast and Ukraine as a whole,
and with such a rich drone background, the
method of pedigrees along the maternal line is
not enough. Apiary farms are recommended to
organise a time-limited flight of queen bees or
purchase more queens from certified breeders,
which will ensure the disclosure of the pro-
ductivity potential of bee colonies, their safety
during wintering and resistance to infectious
and invasive diseases.

The main breeding characteristics are a
strong wintering ability, resistance to diseas-
es, and different ability to collect nectar in the
low and high honey harvest seasons (Panziera
et al., 2022). Maucourt et al. (2020) and Are-
chavaleta-Velasco et al. (2021) note that traits
such as honey production, spring development,
winter feed consumption, hygiene behaviour,
and Varroa destructor infection are inherited.
In addition, genetic correlations between these
traits are positive or zero, and these traits can
be used for the genetic selection of honeybees.
In the conducted studies, bee colonies in which
queens mated under control in space and time
received 43.0% more honey, they were stronger
by 15.7%, rebuilt the honeycomb by 27.3% more
and consumed less Kandy in the spring by 31.9%.

Genetic improvement of the health and
productivity of zoned honeybees through the
genetic breeding programme is a sustainable
solution that would reduce the import of hon-
eybees and help support the Ukrainian honey-
bee industry. Genetic correlations between bee
productivity, behaviour, worker bees, and the

queen are established in the studies by Are-
chavaleta-Velasco et al. (2021), which also pro-
posed models for assessing the breeding value
of honeybees.

Research is underway to explore the diver-
sity of reproductive and morphological traits
that may be useful in breeding programmes to
improve the productivity of honey bee colonies
and their survival in modern conditions. Many
phenotypic correlations are related to the size
of queen bees, with weak correlations found
between morphology and reproductive traits
(Facchini et al., 2021).

Cherevko (2018) states that the production
of hybrids and the use of heterosis in purebred
breeding is no less effective compared to cross-
ing different breeds. In purebred breeding, the
success of hybridisation is achieved due to the
genetic diversity of bee colonies within the
breed. The hybridisation process gives the phe-
nomenon of heterosis in the first generation
and such crosses can be carried out between
different types of the same breed, which was
confirmed by the research (Kerek, 2020), us-
ing the Carpathian bee breed and its subtypes
Vuchkovsky and Kolochavsky (Kerek et al, 2017).

Papp also substantiates the effectiveness of
using the newly created type of Carpathian bee
breed Synevyr but despite the fact that this type
proved to be the best in those sesearch condi-
tions, the author allows hybridisation between
adjacent types Hoverla, Rakhiv and Vuchkivsky
to obtain the heterosis effect (Papp et al., 2021).
For example, for the Carpathian bee breed, the
conditions for maintaining breed purity can
be conditionally called somewhat simpler, due
to a certain uniqueness of the area of the Car-
pathian region, the remote location of apiary
farms among themselves, and the presence of
virtually semi-closed flyovers, due to which the
degree of crossbreeding is orders of magnitude
less than on apiary farms in the forest-steppe.
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Hrechka & Senchylo, O. (2022) investigat-
ed economically useful indicators, in particular,
the winter hardiness of the Ukrainian steppe
bees. In their work on the intra-breed type of
the Ukrainian steppe breed Hadyatsky compared
to the local population, they described the ben-
efits of using breeding tools on the economic
value of bee families, in particular on develop-
ment and productivity. Holinei (2017), based on
the results of the study, found that local breeds
are crossbred and their morphological features
are more characteristic of the Carpathian and
Ukrainian steppe breeds, as a result, the hon-
ey productivity of these bee colonies decreas-
es. During visual observation of bees by body
colour, compliance with the standard of the
Ukrainian steppe bee breed was revealed.

Conclusions

The results obtained suggest that families of
the experimental group in which the queens
mated under control in time and space have
potentially better winter hardiness capabilities,
as evidenced by a 31.8% lower (p<0.001) need
for feeding in the spring. They were stronger
by 14.5% (p<0.001), had higher honey produc-
tivity by 41.9% (p < 0.001), and rebuilt 22.1%
(p < 0.01) more honeycombs. This reflects the
negative impact on the productivity and safety
of bees of uncontrolled crossbreeding, because
the drone background potentially included
about 250 families from other private apiaries
located within a radius of 500m and about 170
more families located within a radius of 2 km,
with queens of unknown origin.

According to morphometric and visual in-
dicators, all families met the standard of the
Ukrainian steppe breed: the average indicator
of the cubital index was in the range of the
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breed 1.86-3.0, the hantel index — 0.829-1.113,
and the discoid displacement - 1.89-5.68. How-
ever, in the samples, there were indicators that
significantly went beyond the range of the breed
in the control group, in the experimental group
there were a small number of such indicators.
Bees from queens mated by the free method of
the control group had a degree of belonging to
the Ukrainian steppe breed of 59.0%, in the ex-
perimental group, where queens mated accord-
ing to the method of time and space restriction,
this indicator was 87.2 % (p < 0.001). Some bee
colonies of the control group did not clean the
bottom of the hive well in the spring after win-
tering, 6 out of 22, so they needed increased
attention from the beekeeper. Moreover, 9 out
of 22 had a tendency to early production of off-
spring by bee colonies, which is not typical for
the Ukrainian steppe bee breed and in the con-
ditions of the Vinnytsia oblast, which led the
families of the experimental group to lose part
of the brood and noticeably weaken.

Further research will be aimed at studying
the egg production of queen bees and the dy-
namics of bee brood development. The practical
significance of the results is also used for con-
ducting experiments on the influence of indi-
vidual feed factors, microclimate factors for the
use of new structural components of the hive
on this breed, which is a determinant of the re-
liability and repeatability of the results, estab-
lishing patterns, and confirming the need to im-
plement breeding programmes in beekeeping.
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MopdomerpuuHi 03HaAKH 0/1KiJI yKpaTHCHKOT CTENIOBOI IOPOIH
3aJIe3KHO BiJ] c1oCcO0y KOHTPOJIBOBAHOIO ITAPYBaHHA MaTOK

Onexcanzap OnexcaHzaposuu Canaiok

AcnipaHT

BiHHMIIbKMIT HaIliOHABbHMI arpapHuUit YHiBEpCUTET
21008, Byn. ConstuHa 3, M. Binauiis, Ykpaina
https://orcid.org/0000-0003-4847-8452

Axotanis. ITopoga 6mKin € BaxIMBUMM (DaKTOPOM, IO BM3HAUAE PO3BUTOK OIKOIMHUX CiMeit
Ta TPOLYKTUBHICTb, OCKiIJIbKM BOHA BIUIMBAE HA BUPOOHUIITBO MeAy, CTiiiKiCTh IO XBOpPOO,
afanTalio 10 KIiIMaTMYHUX YMOB Ta XapaKTePUCTUKM TOBEMiHKY OKia. MeTow JOCTiIKeHHS
6Yy/I0 BCTAHOBJIEHHS 3a/IEKHOCTI MiXK CTIoco6aMyt TTapyBaHHSI MaTOK i MOPGhOIOTiUHMMY 03HAKaMU
OIKi YKpaiHChKOI CTENOBOI MOPOAY Ta MPOAYKTUBHMMM MOKA3HUKAMU OIKONIMHMX cimeid. [Ijist
MPOBEJIeHHS JOCTiIKeHb Y TTaciuHOMY rocrmogapcTBi BiHHMIBbKOI o6macTi 6yin0 chopmoBaHo 43
6mKkomociM’i 3 6I3KOIIOMaTKaMM-CcecTpaMy YKpaiHChKOI CTEMOBO1 MOPOaY, CIIapPOBAHUX Pi3HUMU
crioco6aMi TIPUPOAHOTO TIApyBaHHs. 3a pes3yabTaTaMy MapyBaHHS B KOHTPOJbHiNM Tpymi 6ymo
22 6IKOMMHI MaTKM, HOCTigHIi — 21 MaTka. MaTKu 1epiioi KOHTPOJIbHOI TPYIM CIIapOBYBaIACS
3BMYAMHMM TIPUPONHIM 06JbOTOM 6e3 Oyab-skKuxX o6MekeHb. MaTKM [TOCTIIHOI Tpymu
CIIapoOBYBAIMCh 32 KOHTPOJIO B Yaci Ta MPOCTOpi. 3a pesylbTaTaMy IOCTiIKeHb BCTAaHOBJIEHO
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B32€MO3B’SI30K MiX LJIiCHICTIO KOJOHII Ta ii MOPGOIOTIiYHMMM O3HAKaMM i MPOTYKTUBHUMMU
nokasHMkamu. Tak, mipgmocainmui ciM’i MaroTh pi3Hi CTymeHi MPUHANEXKHOCTI A0 YKpaiHCbKOi
CTEIOBOI ITOPOAY, KOHTPOJIbHOI — 59% Ta mocmigHoi — 87,2 % (p<0,001). 3a Ky6iTaabHUM iHIEKCOM
nepeBara craHoswia 8,2% (p < 0,001) Ha kopucTb mocaimHoi rpymu. Kpaia winicHicTs cimeit 3a
raHTeIbHMM iHJIEKCOM IPOCTIiIKOBYETHCS Y CIM’SIX, B SIKMUX MaTOK CIapOBYBalMi KOHTPOJIbOBAHO
y 4aci Ta mpocrtopi, 3 pisHuuewn y 3,32% (p < 0,001). Y KOHTpO/BbHIil TpyIi, e NPOBOAMIOCS
0Ge3KOHTPOJIbHE TMAapyBaHHS MAaTOK, 3a AMCKOIZaJbHMM 3MIllIEHHSIM BUSBJIEHO O6ijbille GIKiT
3 TIEPEeBUINEHHSIM CTAaHAAPTHOTrO TOKa3HMKa mo mopomi. CiM’i mocmimHoi rpymu, MOpPiBHSIHO
3 KOHTPOJIbHUMM, Oynu cuibHimmMu Ha 14,5% (p < 0,001). Bim Hux orpumano Ginblie Meny Ha
41,9%, HuMU BifOynoBaHO Ginbile CTiMbHMUKIB Ha 22,1% (p <0,01), a moTpeba y minroaismi KaHzi
Oyna MeHIow Ha 31,8% (p <0,001) menmia. Kpim Toro 6kom OOCTiAHOT Ipymny Majiu SICKpaBo
BUPaKEHY TiTi€HiUHy TMOBEJiHKY Ta BMMAarajau MeHIle TPyOOBMX 3aTpart. [IpakTuyHe 3HAUYEHHS
IOCITiIKEeHHS TIOJSITAE Y MOXK/IMBOCTI BCTAHOBJIEHHSI 3aKOHOMipHOCTeH fii (hakTOpiB Ha KOHKPETHY
TOPOAY Ta MiATBEPKYE HEOOXiAHICTD peastizallii ceNeKiifHUX Mporpam y 6 KiIbHUIITBI

KiaiouoBi cmoBa: raHTelnbHMIT iHAEKC; KyGiTaabHMiII iHOEKC, MOMCKOigajgbHE 3MillleHHS;
MIPOAYKTUBHICTD; 36€peKeHICTh; KIiMaTUUHi YMOBU; BUTPATU KOPMY
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