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Abstract. The relevance of the study is conditioned by the practical need to determine the optimal number of grafted
larvae in the queen-rearing colony when breeding queen bees. The purpose of the study was to investigate the influence
of the qualitative and quantitative composition of bees and brood in the queen-rearing colony on the reception of queen
larvae and the weight of reared queen bees. The study was conducted using bees of breed Apis mellifera sossimai. To
complete the tasks set, control and experimental groups of three bee colonies each were formed. The difference between
the control and experimental groups was the different age ratios of bees and the number of open and sealed broods. In
each group of colonies, 30, 40, 50, 60 larvae were alternately grafted at a time with an interval of 5 days, the percentage of
their reception, the output of queens and their weight were determined by counting the number of larvae that the bees fed
and from which the queens came out, and the weight of queens was determined on laboratory scales during the first four
hours after leaving the queen cell. A total of 862 queen bees were bred and studied. During the research, it was found that
in the colonies of the experimental group, if they were grafted from 30 to 40 larvae, the percentage of their reception was
88.1-86.2%, respectively. Analysing the weight indicators of queens obtained with a given number of grafted larvae, it was
found that it was 195.0-197.3 mg, there was no significant difference with the corresponding indicators of the control group.
However, with the subsequent loading of queen-rearing colonies in the experimental group with 50 larvae, the percentage
of their reception prevailed by 18.2%, and the weight of queens exceeded similar indicators of the control group by 10%.
Notably, the average weight of queens in the control group was 176.3 mg, which is 8.7 mg less than the requirements
for the weight of infertile queens established by the breed standard. With a further increase in simultaneously grafted
larvae in the queen-rearing colony to 60 units, the rate of their admission in the experimental group decreased by 5% and
amounted to 80.5%. At the same time, in the control group, larval reception and queen weight decreased to unacceptable
levels and amounted to 67.5% and 172.4 mg, respectively. Therefore, by increasing the number of nurse bees and reducing
the number of open brood in the queen-rearing colony, better conditions are created for growing high-quality queen
bees, which, in turn, allows simultaneously grafting 48% more larvae compared to the conventional method. The results
of the study are of practical value for improving the methods of establishing queen-rearing colonies during the artificial
breeding of queen bees
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Introduction

Honeybees (Apis mellifera L.) are social insects that live in  queen is a fertile female, whose main duty is to lay eggs [1].
colonies characterised by a cooperative system of brood In addition, the queen maintains the cohesion of the colony
care, generational overlap, and reproductive distribution by continuously producing a “bouquet” of pheromones
of functions. In such an organised biosocial structure, the that actively spread in the nest. They prevent worker bees
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from replacing the queen and developing their ovaries [2].
The development, productivity, and survival of a bee col-
ony largely depend on the health and physical fitness of
its queen and the drones with which it mates [3]. The bee
colony is negatively affected if the queen shows any defects
or gets sick and stops laying eggs [1; 4]. In addition to pes-
ticides, parasites, and pathogens, queen loss is considered
the most important factor leading to the loss of bee colo-
nies worldwide, especially when it occurs outside the ac-
tive queen breeding season [5]. There are many indicators
that can be related to the quality of the queen, which is a
result of its genetic origin, development conditions, mat-
ing quality, and its habitat, including beekeeper care [6; 7].
The most intuitive are the physical indicators of the queen,
such as body weight, which significantly correlates with its
morphological measurements and the productivity of the
bee colony [8-10]. Weight has also been found to positively
correlate with successful queen reception in new colo-
nies [11]. Body weight also positively correlated with the
reproductive organs of the queen, such as the ovaries and
the number of egg tubes, the diameter of the sperm, and
the number of sperm stored [12]. Some researchers [13]
have argued that queen body weight may represent an in-
tegral measure of size and physiological state. Therefore, it
can be considered one of the most informative indicators of
the quality of the queen.

The formation of the queen bee’s body occurs in the
early stages of ontogenesis. It is known that the quality of
feeding the brood largely depends on the quality of future
queens [14; 15]. Nurse bees under the age of 18 days ac-
tively take part in this process. This group of bees has royal
jelly, which is necessary for the development of the queen.
At the same time, it was found that bees secrete two frac-
tions of royal jelly, so bees of 12 days of age secrete a white
fraction of jelly enriched with proteins, and slightly older
(17 %= 2) - a transparent one rich in carbohydrates [16]. In
the process of feeding queen larvae, the quality of feed is
constantly changing, which is determined by the ratio of
these fractions [17]. Consequently, the shortage of young
bees in the nest of queen-rearing colonies can negatively
affect the development of the queen bee brood, and, ac-
cordingly, the quality of the resulting queens. There are
no recommendations for compliance with certain require-
ments of the state of the queen-rearing colony and the
specifics of its formation in different periods of the queen
breeding season.

Given these circumstances, the purpose of the study
was to investigate the influence of bee age groups and the
ratio of brood (open and sealed) in the nests of queen-rearing
colonies on the reception of queen larvae and the weight of
reared queen bees

Literature Review

The quality of artificially bred queen bees undergoes sig-
nificant changes during the season. Researchers explain
this by the different states of queen-rearing colonies, the
amount of feed, weather conditions, etc. [18]. In addition,
some researchers have argued that the quality of queen
bees depends on the genotype, nutritional factors, growing
methods and period, the age of the grafted larvae, and the
number of larvae that are grafted into each queen-rearing
colony [19]. The number of grafted larvae and their age can

be easily regulated by beekeepers who plan to breed queen
bees. The optimal number of grafted larvae is the one that al-
lows growing the maximum number of high-quality queen
bees. If the number of grafted larvae is greater than opti-
mal, the quality of queen bees begins to decrease [17; 19].
The quality of queens decreases with the increasing age of
grafted larvae, and vice versa. Queens grown from one-day-
old larvae are known to be heavier than queens grown from
two-and three-day-old larvae, just as queens grown from
two-day-old larvae are heavier than queens grown from
three-day-old larvae [20]. Researchers have found that bees
are able to take an active part in the rearing of queen larvae
only from the age of five days, and the best results were
obtained in the presence of worker bees of 9-12 days of
age [21]. Under conditions of older age (13-20 days), bees
were raised next to full-fledged queens, transitional forms,
and even older nurses — dwarf queens [22]. It has been ex-
perimentally found that strong colonies with a large num-
ber of nurse bees provide better conditions for growing
queen larvae. An approximate sign of the number of young
bees can serve as the number of brood in the queen-rearing
colony [23].

To obtain high-quality queens, it is important that
the age composition of the queen-rearing colony and the
presence of open and sealed brood are optimal. The first
reports on this issue are found in the study by S.C. Jay [24].
The researcher pointed out that the amount of larval food
depends on the general condition of the queen-rearing col-
ony, and especially on the presence of open brood in its
nest. The absence of open brood in the queen-rearing col-
ony significantly increases the amount of food for larvae.
Consequently, an increase in the number of open brood in
the queen-rearing colony leads to a decrease in the intensity
of larval feeding. Later, researchers investigated that the
amount of royal jelly in the queen cell depends more on the
state of the colony (the number of nurse bees, the availabil-
ity and reserves of food in the nest, honey collection, etc.)
than on the presence or absence of open brood [4; 21].

In previous studies, the optimal composition of the
queen-rearing colony was determined by the ratio of the age
groups of bees (75% of nurse bees and 25% of flying bees) and
open to sealed brood (1 to 5) [23]. However, it was important
to find out how many grafted larvae such colonies can grow
without reducing the quality of the resulting queen bees.

Materials and Methods

The study was conducted on the premises of the Holosiivskyi
educational and experimental apiary of the National Uni-
versity of Life and Environmental Sciences of Ukraine in the
period from May to July 2022.

A control and experimental group of queen-rearing
colonies were developed, which had 10 kilograms of carbo-
hydrate feed each and tightly seeded 12 frames, of which
8 were with brood. The difference between them was the
different ratio of working individuals, the number of open
and sealed brood. Each group consisted of three bee col-
onies. The ratio of the age groups of bees and brood re-
mained unchanged (natural for this period of time). Experi-
mental colonies were formed from 75% of young and 25% of
flying bees, this ratio of bees was achieved by shifting the hive
approximately 1 m relative to its original position, then the
intensity of the flight of bees was visually observed, and if
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necessary, the hive was shifted to achieve the required ratio
of flying bees in it. The general scheme of the method of pre-
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paring a queen-rearing colony, considering the age ratio of
bees, is shown in Figure 1.
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Figure 1. Diagram of moving hives when establishing a queen-rearing colony with the required number of flying bees,
(top view): A — location of the bee colony hive before the formation of nucleus and nurse;
B - hive of the queen-rearing colony moved to the left after forming a nucleus;
C - location of the beehive with nucleus; 1 — hive opening; 2 — honeycomb; 3 — insulation cushion;
4 —partition; 5 - hive body. Arrows indicate the direction of the bees’ flight

The ratio of open and sealed brood in the experi-
mental colonies was 1:5, honeycombs with extra open brood
were moved to other colonies, and the required amount
of sealed brood was taken from donor colonies. In total,
there were 7 honeycombs with brood in the colony. Due
to the use of the method of shifting the hive of the future
queen-rearing colony, some of the flying bees move from
its nest to another hive or department with a separate
opening, but the nurse bees of the queen larvae remain in
the queen-rearing colony. 12 hours before the larvae were
grafted for queen rearing, the queen was selected in colonies
and a space was left in the middle of the nest for setting
up a grafting frame with larvae. Experimental colonies re-
ceived open brood from donor colonies every 6 days, and
after 12 days - sealed to maintain a constant ratio between
them. Colonies in the control group were replenished with
only two frames of sealed brood after 12 days.

Grafting of larvae was carried out in artificially
made wax bowls, which were fixed on the grafting frame
in three rows. 24-hours old larvae were taken for grafting.
During the research, 30 to 60 larvae were grafted in the
queen-rearing colony at intervals of 5 days. Two days after
the transfer of larvae, the percentage of their reception by
queen-rearing colonies was checked. The quality assess-
ment of infertile queen bees was carried out based on the

determination of their weight in the first 4 hours after their
exit from the queen cells using WALCOM 1b202 laboratory
scales. A total of 862 queens were evaluated during the
study.

Results and Discussion

The process of establishing a queen-rearing colony is a
defining stage in the technology of breeding queen bees.
That is why many researchers have tried to determine the
optimal way to establish them [21; 22; 24]. However, the
vast majority of researchers describe methods that are
based on general recommendations for the preparation
and establishment of queen-rearing colonies [17; 19].
Based on previous studies, it was found that the best re-
sults in growing queens are obtained from queen-rearing
colonies formed with a certain ratio between nurse bees
and flight bees, as well as open and sealed brood [23].

As a result of the study to determine the optimal
number of grafted larvae in queen-rearing colonies, which
are formed considering the ratio between the age groups of
bees and the number of open and sealed brood (experimental
group), it was established (Table 1) that the percentage of
larval reception in the 30-piece grafting variant was 88.1%,
and no significant difference was found with the colonies
of the control group.

Table 1. Influence of the method of establishing a queen-rearing colony on the reception of larvae
and the weight of infertile queen bees, n = 862

Groups
Indicators Given larvae, units
Experimental ‘ Control
30 88.1 £ 2.65 87.7 £ 2.53
Percentage of larval 40 86.2 = 2.41 81.6 = 2.34
reception, % 50 84.3 £ 1.40™ 71.3 £ 0.90
60 80.5 = 0.79™ 69.7 = 0.94
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Table 1, Continued

. . X Groups
Indicators Given larvae, units
Experimental Control

30 26.4 %+ 0.66 26.3+0.63
40 34.4+0.71 32.6+0.71

Received queens, units
50 42.1+£049™ 35.6+0.32
60 48.3+0.32™ 41.8+0.37
30 197.3+1.14 193.6 £0.85

Weight of queens, mg 40 195.0 £ 1.00 185.4£1.06
50 193.7+£1.25™ 176.3+1.54
60 190.3+1.25™ 172.4+1.21

Note:”" - P < 0.001 significantly relative to the control group

With a further increase in the number of larvae
that were grafted in the queen-rearing colony, there was
a tendency to gradually decrease the percentage of larval
reception. Thus, under the conditions of grafting 40 larvae
in the queen-rearing colony, the bees provided 86.2% rear-
ing, which is 5% more than in the control group, and when
grafting 50 larvae, the percentage of admission in the col-
onies of the experimental group was 84.3%, which is 18.2%
more compared to the control group. In the case of trans-
mission of 60 larvae to queen growing, the percentage of
admission in the experimental group decreased by 5% with
the previous variant (50 larvae), but in the control group
there was still a significant decrease in the percentage of
admission to the level of 65.7%, this, in turn, is 22.5% less
compared to the indicators of the experimental group, the
difference is highly significant (P<0.001).

As a result of the study, there is a tendency to grad-
ually decrease the percentage of larval reception with
an increase in the number of grafted larvae. Thus, when
growing queen larvae in the amount of 30 to 40 units by
queen-rearing colonies, there was no significant difference
in the reception of larvae by the colonies of the control and
experimental group, only when 40 to 60 larvae were grafted,
there was a predominance of 18-22.5% in the reception of
larvae by the colonies of the experimental group. The output
of infertile queens also corresponded to this trend.

Queens with the highest weight were obtained under
the conditions of grafting 30 larvae in the queen-rearing
colony, their average weight was 197.3 mg, which is 2.0%
more than the same indicators of the control group. There
was no significant difference between these variants com-
pared to the control group. In the future, with an increase
in the number of grafted larvae, this indicator gradually
decreased, so when 40 larvae were transferred to grow-
ing, the weight of infertile queens in the colonies of the
experimental group was 195 mg, which is 5.2% more than
in the control group. When grafting 50 larvae, the queens
of the experimental group had an average weight of 193.7 mg
and prevailed in this indicator by 10% over the queens of
the control group, which did not meet the breed standard
by average weight. With a further increase in the load of
queen-rearing colonies with larvae for growing queens,
there was a further decrease in the weight of infertile
queens received, in particular, in the experimental group
it was 190.3 mg, which is 10.4% more compared to the
weight of queens received from the colonies of the control
group. The difference between the weight of queens raised

in queen-rearing colonies with a load of 50 to 60 larvae is
significant (p < 0.001).

According to the standard of the Ukrainian steppe
bee breed, the weight of infertile queens should be at least
185 mg. These requirements were met by the queens of
the control group of colonies under growing conditions
from 30 to 40 larvae. At the same time, when establishing
queen-rearing colonies, considering the ratio of the age
composition of bees, and the ratio of open to sealed brood,
it was possible to obtain infertile queens, which even with
an increase in grafted larvae to 60 units met the require-
ments of the standard for this breed of bees, since they had
an average body weight of 190.3 mg.

Artificial breeding of bees is a responsible process
in which many factors must be considered to achieve the
desired result. Thus, the period of the season affects the
physiological state of colonies, which, in turn, affects the
tendency of bees to raise queens [7]. Since the preparation
of the queen-rearing colony is an important technological
element in the growing of queen bees, therefore, many re-
searchers put forward similar requirements for the state of
the queen-rearing colony, and note that it must be healthy,
have a force of at least 12 compartments with bees of dif-
ferent ages, 7-9 honeycombs with different ages of brood,
and feed supply at the level of 10-12 kg [17; 18]. The re-
searchers also paid much attention to the investigation of
the influence of the general condition of the queen-rearing
colony on the quality of the queens received, but the re-
searchers did not give specific ratios for different ages of
bees in colonies. When studying the influence of working
individuals on the cultivation of brood in a queen-rearing
colony, researchers found that the level of feeding of queen
larvae depends on the presence of young bees in its compo-
sition [4; 21; 22]. However, there are no uniform recommen-
dations among researchers regarding the number of larvae
that are transferred for growing to the queen-rearing colony.
Some researchers claim that the queen-rearing colony,
which is established by the method of complete orphan-
hood, can be grafted with 60 larvae or more [19], others, on
the contrary, prove the opposite, that their number should
not exceed 20-30 units [18]. Analysis of the vital activity of
bee colonies throughout the spring-summer season showed
that even under optimal conditions in the nests of bee col-
onies, there was no condition that 75% of young bees were
in their nests, and the ratio between open and sealed brood
was 1:5 [23]. At the same time, in some cases, bee colonies
create conditions in their nests that are similar to those
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that were in the colonies of experimental groups when con-
ducting these studies. This applies to swarming. Admittedly,
swarm queens are characterised by high quality if bees raise
them in strong colonies, in the presence of honey collection
and favourable weather [6; 7; 10]. Given these conditions, as
a result of the conducted research, it was first established
that when establishing queen-rearing colonies in the nests
of which mainly young bees are concentrated and the share
of open brood is reduced, it is possible to increase the num-
ber of larvae grafted on queen growing to 60 units. At the
same time, the yield of queen bees and their weight is ensured
at a high level.

Conclusions

As a result of the conducted studies to determine the op-
timal number of grafted larvae in the queen-rearing col-
ony, which are established considering the ratio between
the age groups of bees and the number of open and sealed
brood, it was found that the percentage of larval reception
under grafting conditions from 30 to 40 units was 88.1-86.2%,
respectively. The average weight of infertile queens ob-
tained within this series of graftings in the experimental
group was 195.0-197.3 mg, there was no significant differ-
ence with the colonies of the control group. With a further
increase in the number of larvae that were grafted in the

queen-rearing colony, there was a tendency to significantly
decrease the percentage of larval reception. When grafting
50 larvae, the percentage of reception in the experimental
group was 84.3%, which is 18.2% more than in the control
group, the average weight of queens was 193.7 mg, which is
10% higher than the weight of queens in the control group.
When grafting 60 larvae, the percentage of reception in the
experimental group decreased by only 5% with the previ-
ous variant (50 larvae), but in the control group there was
still a significant decrease in the percentage of reception
to the level of 65.7%, which is 22.5% less compared to the
indicators of the experimental group, the difference is sig-
nificant (P < 0.001).

Thus, it was found out that when establishing a
queen-rearing colony, which includes 75% of nurse bees
and 25% of flying bees, the ratio of open to sealed brood
is 1 to 5 allows increasing the number of grafted larvae by
20 units compared to the conventional method of estab-
lishing a queen-rearing colony and bringing it to 60 larvae,
their reception is at the level of 80.5%, and the average
weight of queens is 190.3 mg, which corresponds to the
breed standard.

The results of the study will contribute to improving
the methods of establishing queen-rearing colonies during
the artificial breeding of queen bees.
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Irop IBanoBUY I'ostoBerbKMI

HatioHanbHMIT yHiBEpcUTET 6iopecypciB i MpupomoKopucTyBaHHS YKpainu
03041, Byin. l'epoiB O60oponu, 15, M. Knis, Vkpaina

AHoOTaIisl. AKTYalbHICTb MOCTiIKEHHSI 3yMOBJIeHA MPAKTUYHOI HEOOXiMHICTI0 BM3HAUYEHHS OMTMMAIbHOI KiJbKOCTi
MIPUIIEIVIEHUX JIMUMHOK Y CiM’1-BUXOBATENbKM MPY BUBENEHHI GIKOMMHMX MATOK. MeTOI JAHOTO AOCTIIKEHHS OY/I0
BMBUEHHS BIUIMBY SIKiCHOTO i Ki/IbKiCHOTO CK/IaAy 6Kiji Ta pO3IIOAY B CiM’i-BMXOBaTebIli HA TPUITOM MAaTOUHMUX IMUMHOK i
Macy BUPOIIeHUX 6IKOMMHMX MaTOK. JToC/iIskeHHSI POBOAMIIN 3 BUKOPUCTAHHSM 63Kkin pacu Apis mellifera sossimai. 1yist
BMKOHAHHS MTOCTaBJAEHMX 3aBJaHb 6y/710 cOPMOBAHO KOHTPOIbHY i JOCTITHY IPYIM IO TP OIKOMMHUX CiM’1 B KOKHiA.
PisHuIs M)k KOHTPOJIBHOIO i JOCTIMHOIO TPYIOI0 MOJsATrajaa y pi3HOMY BiKOBOMY CIiBBiHOIIEHHI OKiA Ta KibKOCTi
BiIKPMUTOTO i 3ameyaTaHoro po3Iuiony. Y KOKHY TPyIy ciMeii o uepsi npumieruiioBanu 30, 40, 50, 60 TMUMHOK 32 OOVH
pas 3 iHTepBajoM 5 [1i6, BU3HaYa/IM BiCOTOK iX IPUItOMY, BUXi Ii/TOBMX MaTOK Ta iX Macy HIIIXOM ITiIpaxXyHKy KiJIbKOCTi
JIMUMHOK $IKi 6IKOMM rogyBasin, Ta 3 SIKMX BUIMIUIM MaTKM, BUSHAUEHHS Macy MaTOK 3[iiICHIOBaIM Ha J1ab0paTOPHMUX
Barax BIPOJIOBXK MEPIIMX YOTUPHbOX FOAVH ITiC/Is BUXOMY 3 MaTOYHMKA. Bcboro 6y/io BUBEIEHO Ta JOCTiIKeHO 862 6IKOMMHI
maTku. ITig yac mpoBeieHHS AOCTIIKEHD 3’ICOBAHO, IO B CiM’SIX JOCTITHOI TPyMy, 32 YMOBM NpuUIleIvieHHs iM Bixg 30 mo
40 MMYMHOK, BiZICOTOK iXx rpuitomy craHoBMB 88,1-86,2 % BiAMoBigHO. AHATI3yI0OUM MOKA3HUKM Macyu MaTOK, OfiepKaHuX
3a JaHOi KiJIbKOCTi IPMINEIUIEHUX JMUYMHOK, BCTAHOBJIEHO, 110 BOHA craHoBmiaa 195,0-197,3 mr, BapTo BigMiTUTH, 11O
BiporimHoi pi3HMIIi 3 BiAITOBiAHMMM ITOKa3HMKaMM KOHTPOIbHOI IpyIy He BusiBjieHO. OmHaK 3 IoJabIIMM HaBaHTaKeHHSIM
cimeii-BMXOBaTENIbOK JOCTIIHOI Tpymyu 50-Ma JIMUMHKAMM, BiICOTOK iX mpuitoMy nepeBaxkaB Ha 18,2 %, a Maca MaToOK Ha
10 % aHanoriuHi MOKa3HMKY KOHTPOIbHOI Irpynu. BapTo BiAMiTH, 110 cepefHS Maca MaTOK y KOHTPOJIbHIl IPyIli CTaHOBM/IA
176,3 mr, 1m0 Ha 8,7 Mr MeHIlIe 3a BCTAHOBJIEHI CTAHZAPTOM IMOPOAM BUMOTU A0 Macu HeIUTiHUX MaTok L€l pacu. [Ipu
MOJA/ILIIIOMY 361/TbIIEHHI OHOYACHO MPUIEIUIEHNUX JIMIYMHOK Y CiM’i-BuxoBaTenbku 10 60 MITYK, TOKa3HUK iX MPUtoMy B
OOCTiAHIM rpymi 3HM3UBCS Ha 5 % i craHoBUB 80,5 %. B TOJ 3Ke yac, y KOHTPOJbHIi IpyITi MPUitoM IMYMHOK Ta Maca MaTOK
SHUBUJIUCS IO HEIIPUITHSITHUX PiBHIB i craHOBMIN 67,5 % Ta 172,4 Mr BignoBigHo. OTKe 32 paXyHOK 30i/IbIIIEHHS YMCeTbHOCTI
6I3KiJl rOLyBaIbHUIT Ta 3MEHIIeHHSI KiIbKOCTi BiJKPMTOTO PO3ILIONY B CiM’i-BMXOBaTeblli CTBOPIOIOTHCS Kpallli yMOBU IJIsI
BUPOIIYBaHHS SIKiCHUX OI)KOIMHMUX MAaTOK, 11€ B CBOIO UePTy O3BOJISIE OMHOYACHO IPUIIETTIOBATY Ha 48 % Gijibliie TMUMHOK
MOPiBHSHO 3 TPAOUIifHUM CITIOCO60M. Pe3ynbTaTy MOCTIIKEHHSI CTAHOBJSATh MPAKTUUHY IIHHICTb JJIS YIOCKOHATEHHS
CrI0Co6iB GOPMYBaHHS CiMeli-BUXOBATENbOK MTPY MITYYHOMY BUBEIE€HHI GIKOTMHIX MAaTOK

KnrouoBi cioBa: Apis mellifera sossimai, 6aKOMMHUI PO3IUTiM, MIPUOM JIMUMHOK, SIKiCTh MAaTOK, MAaTOYHE MOJIOUKO,
MaTOYHIi IMUMHKI
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