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1. Background and goals of the thesis

From the point of view of beekeeping production, not only weather factors are decisive, but
also production with a bee variety that is well adapted to the ecological conditions of a region
is one of the basic conditions for successful beekeeping. In Hungary, beekeeping takes place
with the Pannonian bee (Apis mellifera carnica pannonica). It has been bred for decades
under controlled and defined conditions, and the queen bee is bred on queen bee rearing
farms, where the breeding honey bee colonies undergo variety testing every year. However, in
addition to the trade in beekeeping products, beekeepers also have to reckon with a possible
gene mixing process through international trade in honey bee colonies and honey bee exports
and imports. As a consequence, the genetic stock of Apis mellifera carnica pannonica, which
has developed over the centuries and has been bred through the careful work of bee breeders,

may be endangered (Matray and Molnar, 2000).

Presently, the rate of acceptance of queens has declined, due mainly to the appearance of the
Italian honey bee (Apis mellifera ligustica) in Hungary. The Italian honey bee worldwide was
a popular variety of honey bee (Apis mellifera L.), due to their excellent adaptability to

different climate conditions and their ability to accumulate large amounts of honey.

In Hungarian beekeeping practice, the queens are changed after two years of age. The
performance of a queen changes over time. However, the line of reasoning described above
that the acceptance of new queen bees from queen bee rearing farm by the host honey bee
colonies is in many cases unfavorable, the question arises as to whether it is really necessary

to replace the two-year—old queen bees.

It is important to mention here the fact that in many cases the beekeeping performance of the
queen bee is incorrectly judged by the beekeeper, as it is influenced by the combined effect of
several factors: successfulness of mating flight, vitality of queen bee and colony, quality of
wax.

The anti-mite preparations used in the control of Varroa destructor, the ectoparasite of honey
bees, which cause the greatest economic damage in Hungarian apiaries, cause the
accumulation of residues in wax and honey. As a result, brood can also be “incomplete” on
high-chemical wax, but in this case the beekeeper misjudges the performance of the queen
bees. In the case of unrelated brood, the beekeeper may look for the fault in the queen bee. As



a result of unfavorable mating of the queen bee, the rate of drone brood increases in the

colonies, leading to an increase in the number of Varroa destructor mites.

Among the traits examined in the assessment of bee colonies, and thus of queen bee, the
tendency to collect is at the forefront, as the direction of production requires it. In second
place is fertility, which is closely related to the tendency to collect and the performance of the
queen bee.

Thus, the most important property to be examined in the evaluation of the queen is the
examination of the ability to lay eggs. The egg-laying ability of a good queen bee also
depends on her age and the season, so an excellent queen can be briefly characterized as
maintaining a compact, closed, large—area brood appropriate to the season and her age (Plotar,
2003).

The queen bees begin its ovulation activity in February (Orési, 1957), but then, mainly due to
the inhibitory effect of low temperatures, even the most excellent queen lays only a few eggs
(KATKI et al., 1996).

The initial period of spring demographic development of honey bee colonies is the most
suitable for starting the queen ovulation performance study, however, opinions differ
significantly in this area as to when it is justified to first open a hive. This time can usually be
set in the days following clearing flights (Zimmer, 2018). According to Matray (2011) it can
be done in April, May, while according to Harbo (1988) it is advisable to start the
examinations from the middle of March. The first spring inspection of colonies should take
place in the second half of March, when the outside temperature reaches 15-18 ° C (Zsidei,
1990). However, in recent years, domestic weather conditions have in many cases not allowed
to beekeeper to begin spring monitoring of bee colonies in middle of March. As a result of
hive decomposition at low outside temperatures, hatching can catch a cool down, which slows

down the development of honey bee colonies.

Experiments show that the proliferation of queen bee is correlated with the yield of honey bee
colonies. Decreased performance of the elderly queen (three years or older) causes
quantifiable yield loss (Zimmer, 2018). This yield loss can be determined by the amount of

honey that can be removed as a function of the age of the queen bee.
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During the research, the age of the uterus played a decisive role in all examinations and
measurements. It is a common practice among Hungarian beekeepers to require the
replacement of two-year—old queen bees. However, due to, the declining acceptance rate, the
misjudgment of queen bee performance, the unfavorable weather conditions during
mainstream (disregarding ovulation conditions, is the practice adopted so far really justified?

In the experiment, such tests and methods were used, which can be easily transferred to the

traditional beekeeping practice.

2. Aim of research

During the research the following goals were set:

The main consideration was that spring inspections could be complemented by honey harvest
work and anti-mite treatments, with a workflow that could provide more useful information
on the condition of bee colonies. In each case, this information was evaluated based on the

age of the queen bee.

1. How does the change in the age of the queen bee affect the spring demographic
development of honey bee colonies, the date of the population shift?

2. How does intensive spring stimulant feeding affect queen bee performance, does it
affect age—effect and timing of population shift?

3. How does the amount of honey harvested change in colonies of different ages of
queen bee collected from acacia and sunflower bee pastures?

4. How the number of fallen VVarroa mites in the honey bee colonies headed queen bee of
different ages changes after the treatments? What factors determine the dynamics of
mite fall? It should be mentioned here that the aim of each treatment was not to
determine the effectiveness of the anti-mite preparation used.

5. During the economic assessment of replacement of queen bee to determine when the
change of queen bee is more favorable at honey bee colony or apiary level. At what
age of queen bee and with what acceptance rate of new queen bee can beekeepers

except the lowest loss of income?



3. Material and methods

3.1.The location of experiments

The honey bee colonies participating in the experiment were part of an apiary of 200 bee
colonies in 2015, where two types of hives could be found (Big—Boczonadi (two—colonies)
horizontal lying hives and loading hives with Middle-Boczonadi brood chamber).

During the spring demographic — development the study site was an acacia forest in 2016,
then an enclosed garden in the center of Nyirmada (2017-2019).

The location of the apiary was in the Szabolcs—Szatmar—Bereg county, in the administrative
border of the Nyirmada settlement (Laczai—forest), where the acacia honey harvest was taken
between 2016 and 20109.

The second bee pasture plant on which the amount of honey produced by colonies was
examined was sunflower. During the period of collecting from the sunflower, the colonies
were transported to Jasz—Nagykun-Szolnok county, to a sunflower field administratively

belonging to the settlement of Tiszadrs in every experiment year (2015 — 2019).

3.2.The preliminary experiment

In order to start the investigations, it became necessary to map out which type of hive should
be used for the investigations. The first comparative study was conducted in July before the
start of the PhD study.

Furthermore, the study on the selection of the hive type also sought to answer how the hive
type affects the amount of honey that can be taken. An important consideration was whether it
is possible to provide a level playing field for bee colonies in the case of hive systems that
require different treatment methods. At the time of collected from sunflower, it was possible
to study the effect of the hive type on honey production (based on the effect of the age of the
queen bee). The study was located in 2015 in Jasz-Nagykun-Szolnok county, on the
administrative border of a Tiszadrs, approximately took place in the vicinity of a 200-hectare
sunflower field. The age of the queen bees was different in the bee colonies involved in the
study. The colonies were randomly selected from the apiary. 5 honey bee colonies of Big-
Boczonadi (two-colonies) horizontal (lying) hives and 10 Middle-Boczonadi nest hives
(loading hives) participated in the preliminary experiment. In the case of loading hives, the

birth years of the queen bees were: 2012, 2013, 2014, and 2015, while in the case of loading



hives, it was not possible to include a honey bee colony with a queen bee of 2012 in the

experiment. In the case of beehives with loading hives, the birth years of the queen bees were:

2013, 2014 and 2015, respectively. The age of the queen bees could be distinguished on the

basis of the color of the queen-marker of the given year. In the honey bee colonies included in

the experiment, the queen bees came from controlled queen bee rearing farms, which were

established in the region of the beekeeping activity.

The number of experiment honey bee colonies and the age of queen bee examined during the

research is shown in Table 1.

Table 1.

The number of examined honey bee colonies and the age distribution of the queen bees between 2016 and

2019 in the study

Study Age of Spring Measuring Of. Measuring of amount | Treatments against
amount of acacia
year queen bee | development honey of sunflower honey Varroa destructor
0 year 22016
. . i bn=20
1 year 22015 - - 22015
n=16 n=20
2016 2 years 22014 - - 22014
=12 n=20
3 years 22013 - - -
n=16
0 year 22017 42017 42017
i bn=g bn=g bn=g
1 year 22016 22016 42016 42016
2017 =20 bn=19 n=19 bn=19
2 years 22015 42015 42015 42015
=20 bn=19 n=19 bn=19
3 years 22014 42014 42014 a2014
=18 bn=12 bn=12 bn=12
0 year - - - -
1 year a2017 a2017 a2017 a2017
bn=19 bn=19 n=19 bn=19
2018 2 years 42016 42016 42016 42016
bn=19 bn=19 n=19 bn=19
3 years 22015 42015 42015 82015
bn=17 bn=17 bn=17 bn=17
0 year - - - -
1 year 22018 22018 42018 22018
n=15 n=15 n=15 n=15
2019 2 years 32017 2017 42017 42017
bn=14 bn=14 bn=14 bn=14
3 years 22016 42016 42016 42016
bn=19 bn=19 bn=19 bn=19

Note: 2Birth year of queen bee; ® Number of honey bee colonies




3.3.The type of hive used in the experiment from the 2016 study year

Using the experience gained during the preliminary experiment in the further period of the
research, it was expedient to use a type of hive. During the research, each of the honey bee
colonies included in the experiment was housed in the Middle-Boczonadi loading hive. There
are 10 frames in the brood chamber, the size of which was 42x28 c¢cm (including the wood
frames). 40x27 cm wax sheet were inserted into the frames. The number of frames in the
honey super (honey chamber) was also 10, which are half the size of Big—Boczonadi, which
means 42x18 cm frames. Each type of hive used is equipped with a white, hygienic bottom
board.

3.4.Spring stimulant feeding of honey bee colonies

The honey bee colonies received different spring stimulant feeding in the 2016 and 2017
study years. The permanent site of the experimental colonies was an acacia forest in 2016,
where the pollen required for the spring development of the bees was provided by the
orchards and acacia undergrowth in the flying area. The bee colonies were transferred to a
closed garden in Nyirség in 2017, which was an area with weaker ecological conditions.
Therefore, a stronger spring stimulant feeding was realized. The bee colonies received an
antibiotic—free pie once in 2016, while in 2017, two pies and three times a 1:1 sugar syrup
contributed to the spring development of the colonies (Fig. 1.). In the following years, 2018

and 2019, the last spring stimulant feeding was also realized.

N

Figure 1. The stimulant feeding (sugar pie and sugar syrup)



3.5.Investigation of the spring development of bee colonies

During the study of the spring
development of colonies, data were
obtained by recording the number of brood
frames. Frames with contiguous, large-
scale covered brood area on both sides
were calculated in every experiment year
(2016-2019). If a frame had a contiguous,
covered brood area on one side, it counted
as 0.5.

Data were also obtained by determining
the ovulation performance of the queen bee
in 2018 and 2019 by determining the
covered brood area in cm? The
investigation period can be attributed to the

period described for previous years.

During the determination of the brood area,
the  so-called a  brood-measuring,
transparent plastic sheet was used, the grid
of which was adapted to the size of the
brood chamber frame of the type of hive
used. A transparent plastic grid etched in

square centimetres is used to visually

calculate the surface area of the brood.
Extension of one oblong was 15 cm? in the
transparent plastic slab (Fig. 2.). Size of
frames in the Middle-Boczonadi brood
chamber was 42x29 cm, the 42 cm x 29 cm
with wood of frame, so actual surface
which occupied by bees and when the egg-
laying was realized by queen bees was:
40x27 (1080cm?/one side of one frame,

which means 3160 cm?/frame.

Figure 2. The brood measuring

transparent plastic sheet

3.6.Determination of the amount of harvested honey

The concept of the amount of honey that can be removed, extracted, means that in the type of

hive with a loading system, the accumulation of honey collected by bees is characteristic both

in separate brood chamber and in honey supers (honey chamber). However, the extraction of

honey accumulated in the frames of the brood chamber was not typical, in all cases only the

honey content of the frames of the honey supers was harvested. By harvesting the honey in



the brood chamber, the brood area can be damaged, which hinders the development of bee
colonies. In this sense, the aim was not to determine the total amount of honey produced by
the bee colony, but to determine the amount of honey that could be extracted from the honey

supers.

The amount of honey produced by colonies was determined twice in each study year: the
amount of honey that could be taken was measured during the period of collect from acacia
and sunflower bee pastures.
During the measurement, data were obtained by measuring the honey supers one by one,
before and after honey harvest. Measurements were made with a digital scale accurate to one
decimal place (d = 0.1 kg).

In the case of acacia and sunflower honey two harvest usually took place. The dates of honey
harvest work between 2017 and 2019 are shown in Table 2.

Table 2.
Dates of honey harvest between 2017 and 2019

Study year | Dates of acacia honey harvest | Dates of sunflower honey harvest
2017 1. 18-19. May 1. 8. July
2. 25-26. May 2. 15-16. July
1. 34 M 1. 10-11. Jul
2018 3 ay 0 July
2. 13-14. May 2. 17.July
1. 8. May 1. 13-14. July
2019 2. 12-13. May 2. 17.July

3.7.Investigation of Varroa destructor burden in honey bee colonies and the anti—-mite
treatments (2016-2019)

The honey bee colonies were treated for the first time after the last honey harvest (sunflower)
(late summer treatment), and in late autumn during the period of reduced brood or broodless
status (closing treatment).

Table 3. provides information on the anti—mite preparations used during the study years.
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Table 3.

The anti—-mite preparation used during the treatments against Varroa destructor

Year Late summer treatments Closing treatments
In the experimental honey | In other honey bee colonies
bee colonies of the apiary
Taktik !Destruktor 3.2%
2Smoking 2Emulsion application
2016 LApivar SAmitraz $Coumaphos
%L ong-acting preparation “Single treatments “Twice treatment at 7—
3Amitraz — day intervals
46 weeks ) Apivar .
Long-acting preparation
SAmitraz
6 weeks
1 Apitraz 500 mg ) 1Des’gruktor 3.2%
2| ong-acting preparation Emulsion application
2017 Amitraz 3Coumaphos
4 “Twice treatment at 7—
6 weeks .
day intervals
1CheckMite+ ‘Bee Vital — Hive Clean
2| ong-acting preparation EmuIS|on_appI_|cat|on
2018 3Coumaphos 30xalic acid
7 “Twice treatment at 7—
6 weeks .
day intervals
Taktik
2Smoking (with Furetto device)
$Amitraz !Bee Vital — Hive Clean
“*Four times treatments 2Emulsion application
2019 Tik-Tak 30xalic acid
2Smoking strips “Twice treatment at 7—
3Amitraz day intervals
*Double treatments (2 strips/colony)

'=name of preparation; >= construction, type of preparation; 3=active ingredients; *= duration of treatment,
repetition

3.8.Economic assessment of queen bee replacement

The main period of queen bee replacement in Hungarian coincides with the flowering of
white acacia (Robinia pseudoacacia L.). The hungarian beekeeping practical experiences has
shown that the acceptance of queen bee in May — June is the most favorable (Zimmer, 2018),
however its acceptance rate decreases.

Due to the unfavorable weather in recent years, honey bee colonies have not become
productive during the period of intense flowering of acacia. The main bee pasture, the black
locust forest is damaged by frost in many regions of country (Bross, 2018). The honey yield
available per colony also showed declining trend.
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Based on my research the average acacia honey yiled per colony was between 16.3 and 24.4
kg between 2017 and 2019 (depending on the age of queen bee).

According to the factors described below, the question arose as to how the price of queen bee,
the percentage of acceptance relates to each other, considering the quantity and price of acacia
honey produced. In recent years, both the selling and purchase price of acacia honey have

changed significantly (Table 4.).

Table 4.
Changes in the purchase and selling prices of acacia honey between 2005 and
2020
Year | Purchase price (HUF/kg) | Selling price (HUF/kg)
2005 430 920-1100
2006 660 1000-1100
2007 600 1050-1100
2008 650 1100-1200
2009 800 1200-1250
2010 1210 1270-1800
2011 850 1400-2000
2012 740 1500-2100
2013 1400 1850-2050
2014 1800 1910-2300
2015 1400-1800 2000—2500
2016 1800 1850-2100
2017 1800-1900 1920-1950
2018 1800 1925-1950
2019 1200 1900-2100
2020 1700 1900-2500

Source: Takdcs et al., 2015.; 1-1.

In the model calculation, it was examined when the replacement of queen bee the most
favorable at the honey bee colony level, in a hobby - apiaries (50 colonies), in supplementary
beekeeping (approximately 100 colonies), and in professional livestock (honey bee colony of
150 or more). It was calculated with 2020 data for the price of queen bee and acacia honey.
The purchase price of acacia honey, considering the current price immediately after the acacia
flowering. This is explained by the fact that most beekeepers already cover the costs of
transport to sunflower from the sales revenue from acacia honey production. In the case of
mated queen bee HUF 3800 was calculated, while in the case of the purchase price of acacia

honey per kilogram, HUF 1700 was considered (price of 2020).
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3.9.Effects of outer temperature and relative humidity

The aim of current research was to monitor the spring development of honey bee colonies,
and great emphasis was also placed on the evolution of the number of fallen mites during mite
treatments (based on the age of the queen bee). Both the spring demographic development of
colonies and the effectiveness of anti-mite treatments are greatly influenced by outer
temperature and relative humidity.

During the period of spring development of colonies and treatments against Varroa
destructor, changes in temperature and relative humidity were considered in the evaluation of
the results. Meteorological data were available from 21 September, 2017. Data from the study
years from the 2017 Varroa mite closing treatment period were evaluated in conjunction with
meteorological data.

The site of honey bee colonies was located in Nyirmada. Data provided by the nearest
meteorological station were analyzed during the research work. The village of Pusztadobos is
located in the immediate vicinity of Nyirmada, which has a remote meteorological station.
The distance between the apiary and the meteorological measuring station is 2.7 km.
Considering the 5 km? flight area of honey bees, the distance of the meteorological station
from apiary allowed the provision of accurate data.

3.10. Statistical analysis

Statistical analysis of the data was carried out using a one-way analysis of variance
(ANOVA) with Tukey’s post hoc test were done using a statistical package IBM SPSS
(version 22; 25), US. Variances between groups of queen bee of different ages were compared
with Levene-test. (Due to the homogeneity of the variances between groups the Tukey—test
was performed to explore the differences between the groups). Measurements were

implemented and presented the data as mean + standard deviation (SD).
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4. Results

4.1.The effect of age of queen bees on spring development of honey bee colonies and
population shift

During the 2016 and 2017 study years, in order to monitor the spring development of honey
bee colonies, the aim of the research was to map how the spring demographic uptake of
colonies develops as a result of spring stimulant feeding. In the two years, the bee colonies
received different levels of stimulant feeding, which was justified by the different sites and
different ecological conditions.

The results of the spring demographic development in 2016, the number of recorded brood

frames can be found in Table 5.

Table 5.
Number of brood frames during the colony-development study in spring of 2016 year
Means + SD
Birth year of queen
bee and number of 18"March | 25"March | 13April 8" April 171 April | 25" April | 1% May
colonies
2013 a a. a a. a. a. a.
n= 21 1.6%+0.2 | 1.9%+0.2 | 2.4%+0.2 | 3.6°+0.1 | 4.5%+0.1 | 5.5%+0.2 | 6.92+0.2
o 1.9%40.1 | 2.60£0.1 | 35°0.1 | 4.3%0.1 | 5.5%20.2 | 6.9%40.2 | 7.7°0.1
2% 21%40.2 | 3.1%402 | 42%02 | 5103 | 6.440.2 | 7.4°0.2 | 8.6%0.2

Source: IBM SPSS Statistic Program (Version 22.)
ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test)

The date of the population shift was seen in the 1 May monitoring. At several times, it was
observed that in the colonies with the oldest (three—year—old) queen bees, a developmental
stage appeared later during the spring population growth.

During the 17 April monitoring, the condition described by Zsidei 1990 was experienced, that
is the time of population shift and on 19 May was the first black locust honey harvest, when
the last data were recorded.

According to Zimmer (2018), the time of population shift in the honey bee colonies can be
dated to the third decade of April, when brood area is extensive but the population is still
small. The most striking signs of population shift are that we find old, died bees in front of the
hives, despite of a powerful ovulation of queen bees and number of brood frames are high, the
population is low in the honey bee colonies.

There was no significant difference between the queens of the year 2015 and 2016 on 29

March and on 10 April. In these bee colonies, on 1 May, there was a large—scale brood area in
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6—7 frames, while in the three—years—old queen’s colonies, this condition was detected on 19
May. In the study of 17 April and 19 May each of the data of the three queen-year-groups
were different. In 17 April a population shift was experienced in the honey bee colonies. The
honey harvest took place on 19 May, when in the colonies with younger queen bees 8-9
frames with brood were experienced.

As in 2016, the colonies participating in the experiment were inspected in the same period in
2017. The data were recorded in 2017 until the period of collecting from the acacia.

The location of the colonies in 2017 was the enclosed garden in Nyirmada. A stronger spring
stimulant feeding was performed this year.

(double sugar pie, three times sugar syrup feeding). The development of the number of brood

frames is illustrated in Table 6.

Table 6.
Number of brood frames during the colony- development study in spring of 2017 year
Means £+ SD
Birth year
of queen
bee and 16""March 29"March | 10"April 17"April 15t May 11" May 19" May
number of
colonies
2014 a a. a a a. a a
n= 18 1.9%+0.7 2.02+0.8 2.5%+0.7 | 3.6%+0.5 | 4.5°+0.6 | 5.4*+0.6 | 6.5%+0.6
5212% 2.7°+0.5 | 3.5°40.5 | 4.2°+0.5 |5.4°+0.8 | 6.9%+0.7 |7.7°£0,6 |8.4°+0.7
5212% 27°+0.6 [3.9°:0.9 |4.6°+0.8 |6.2°40.7 |7.2°1.0 |8.2°+0.9 | 9.0°+0.8

Source: IBM SPSS Statistic Program (Version 22.)
a¢: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test)

During the 17 April inspection, we detected that in the colonies of three—year—old queens the
degree of brood significantly fell behind compared to the colonies of the one and two—year—
old queens nevertheless, even between the one and two—year—old queen’s colonies one brood
frame difference was typical. According to Zsidei (1990) during this period 213 part of frames
of brood chamber should be occupied by brood.

On the 19 May, the three groups showed a significant difference during the first black locust
honey harvest. The number of frames with brood in the colonies of one—year—old queen bees
were 9.0+0.8 (n=20), while in the colonies with three—year—old queen bees, this number was
6.5+0.6 (n=18).

The equable population shift (within our beekeeping), which was detected on 17 April in 2017

(suddenly decreasing population, increasing the number of frames with brood, the death of old
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bees at the front of the hives) was precious, which was induced by the spring stimulating
feeding of colonies.

However, differing opinions have been published by beekeepers about the effect of spring
stimulant feeding (Standifer et al., 1971). Some researchers have found that feeding bee
colonies with a sugar solution is useful (Lunder, 1950), while others have not recommended
feeding bee colonies in the spring (Miller, 1911; Phillips, 1933). The effects of spring
stimulating feeding have been published in the 1930s. The supply of sugar syrup is considered
differently by beekeepers (Crane 1950). According to Digges (1936), spring feeding has a
stimulating effect on bee colonies and on the work of nurse bees (brood rearing and care),
while Hamilton (1945) suggested that, stimulate spring feeding was not required with well-
developed honeybee colonies, and poor colonies also did not require it under favorable
weather conditions (Free and Spencer- Booth, 1961). Butler (1946) argues that spring feeding
has no stimulating effect and can delay spring growth of honeybee colonies. According to
Sheesley and Poduska (1968), feeding of bee colonies stimulates the laying of the queen bee,
thereby contributing to the development of bee colonies.

It becomes clear that feeding with sugar pie, sugar syrup contributes to the spring growth of
honeybee colonies, because even in the colonies with three—year—old queen bees were found
an average of 6.5 frames with brood on the 19 May monitoring in 2017.

Published research on the population shift of honeybee colonies is rare. As to the practical
aspects of our results, we determined that the number of brood frames at the time of the
population shift shows different rates for each queen bee group in both years. This difference
was moderated by the stimulating feeding in the middle of May, because in the colonies with
three—year—old queens, two-thirds of the frames of the brood chamber were occupied by
brood.

As a result of spring incentive feeding, the population shift of honey bee colonies may occur
at an earlier time (17 April in 2017; 1 May in 2016), however, the effect of queen bee’s age
on honey bee colony strength during the period of demographic development is not mitigated.
Among the honey bee colonies of different ages of queen bees examined at the same time, the
number of frames containing covered brood was significantly higher in the colonies with
younger queen bee at the time of the population shift. As a result of increased incentive
feeding (application of sugar pies and sugar syrups), the number of frames containing covered
brood was significantly higher in the colonies of one—and two—year—old queen bee.
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In the years following the 2017 colony-strength study (2018 and 2019), it became necessary
to develop a more accurate measurement method, which can be used smoothly in productive
apiaries as well, and which can even be integrated into apiary work processes. Current
examination was conducted to determine the effects of age of queen bees on the size of brood
area (cm?)._During the measurements, the number of brood frames was also recorded. The

data were recorded four times between 8 April and 22 May in 2018 (Table 7.).

Table 7.
Number of brood frames during the colony- development study in spring of 2018 year
Mean £+ SD
Birth year of 8" April 25" April 7" May 22" May
gueen bee
2 282405 43205 4804 5.4%:0.5
o 3.2°40.4 4.72£0.4 5.4°:0.4 5.9%0.7
C
.y 3.6°0.5 4.9%+05 5.8%40.6 06705

Source: IBM SPSS Statistic Program (Version 22.)
ac; group means with similar letters are not significantly different at 0.05 level (According to Tukey-test)

In the first data set (8 April), the number of frames containing covered brood was statistically
lower in the three—year—old queen bee—group. There was no significant difference between

the one— and two—year—old queen bee-groups.

Based on the data recorded at the 25 April examination, there was no statistical difference
between bee colonies with two—or three—year—old queen bees. During this period, the average
number of covered brood frames was statistically lower in the colonies headed three—year—old
queen bee than in younger (one— and two—year—old) queen bee — groups.

Compared to previous years, the start of the population shift could be detected at a later date
(review of 7 May 2018). Significant differences in the period of population shift in previous

years in the groups of uterine age of different ages also appeared in 2018.

This discrepancy was reflected not only in the number of frames containing covered brood,

but also in its extent (Table 8.).
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Table 8.
The brood areas expressed in cm?in 2018
Mean = SD (cm?)

Birth year
of queen 8" April 25" April 7" May 22" May Total
bee

2015

=17 605.8%+137.2 | 1162.5%+427.8 | 1317.7%+225.7 | 1540.0%+314.5 | 4680.0°+£958.8

2016

*1=19 848.2°+176.9 | 1390.3°+306.7 | 1790.3°+386.6 | 2141.8°+438.4 | 6170.5°+1061.1

200 1108.2°4264.8 | 1909.4%£539.6 | 2319.3%£744.8 | 2744.6°:931.8 | 8081.6%:2091.0

Source: IBM SPSS Statistic Program (Version 22.)
a¢: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).
*: number of honey bee colonies

Between 8 April and 7 May, there was a significant difference in the extent of the brood area
in all three groups. At the last time point, the group with the oldest queen bee had a
significantly lower covered brood area compared to the younger (one— and two—year—old)
queen bee—groups.

According to the results of the statistical evaluation, the values of the brood area (cm?) were
significantly lower with the age of the uterus.
According to the results of the statistical evaluation, the values of the brood area (cm?) were

significantly lower with the age of the queen bees.

Similar to the evolution of the number of brood frame, there was a statistically significant
difference in the data of 7 May (perception of the initial period of population shift) between
the 3 experimental groups.

Temperature and relative humidity data were also considered in the study. In the week from
25 February to 4 March (when the queen bee begins to lay its eggs under favorable
conditions), the lowest temperature was -17.1 °C. The following week, from 5 to 11 March, a

daily minimum temperature of -16.9 °C was also typical.
In colonies with a three-year-old queen bee, there was hardly any increase in the size of the

brood area from 25 April to 7 May. The maximum daily temperature (29.7 °C) was highest in

the week of population shift detection (7 May monitoring).

18




The evolution of weather factors was also variable during the spring development period of
2019 (March — May), but proved to be less extreme than in 2018. Higher-than-usual
temperatures were measurable in the first half of March (daily maximum temperature of 20.1
°C between 11 and 17 March), but significant cooling occurred in the second half of the
month. The temperature in April was above the long-term average (weekly average
temperatures: 12.4 - 15.1 °C). The results of the spring development of 2019, the number of
brood frames are shown in the Table 9. illustrates.

Table 9.
Number of brood frames during the colony- development study in spring of 2019 year
Mean = SD
Birth year of queen bee | 23" March | 12" April | 28" April | 7" May | 20" May
2016 a a a a. a
“n=15 2.4%+£0.5 3.4%+0.5 4.1°+0.6 6.6°+0.6 | 8.0°+0.7
2017 b a b b a
*n=14 3.1°+0.6 3.7°+0.5 5.0°+0.6 7.2°+0.5 | 8.1%+0.7
2018 a a b C a
“n=19 2.9%+0.6 3.5%+0.6 5.1°+1.1 7.3°+0.6 | 8.5°+0.6

Source: IBM SPSS Statistic Program (Version 22.)
ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).
*: number of honey bee colonies

In 2019, a different trend was observed in the number of brood frames than in the previous
study years. Based on the results of the 12 April study, there was no significant difference in
the number of frames containing covered brood between the three groups of queen bees of
different ages. For the 28 April data, this value is statistically lower in the oldest (three-year—
old) queen bee’s colonies. During the 7 May review, there were already statistically
significant differences between all three groups. At this time, there were signs of a population
shift.

In order to determine the extent of the brood area, the second method was also performed in
2019, when they were expressed in cm?. The results of the measurements are shown in Table
10.
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Table 10.
The brood areas expressed in cm?in 2019
Mean £ SD (cm?)

Birth Total

%ejge‘r’]f 23" March 12 April 28" April 71 May 20" May

bee

2016
*n=19

2017
*n=14

2018
*n=15

Source: IBM SPSS Statistic Program (Version 22.)
&c: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).
*: number of honey bee colonies

For the data of 12 April and 28 April, the colonies headed youngest queen bees had a higher
extent of covered brood area. During this period, the average temperature increased by 4 °C
(from 10.9 °C to 15.1 °C), while the relative humidity increased by almost 20% (from 56.4%
to 75.8%). increased to). Based on the results of 2019, with the increase of relative humidity
and average temperature values in the examined colonies, the extent of the brood was
significantly higher in the colonies with young (one-year-old) queen bees (reaching
1331.5+242.5 by 28 April).

The results obtained during the recording of the number of brood frames and the
determination of the brood extension in cm? in 2018 at the time of the population shift proved
significant differences for both measurement methods. However, in 2019 there was only a
statistically significant difference in the number of frames which containing brood, this

difference was not characteristic in the definition in cm?.

Based on the results of the spring development study of 2019, although there was a significant
difference in the number of brood frames in the younger queen bee’s groups at one time, there
was no statistically significant difference at two times (12 April and 20 May). In the data of
the brood extension expressed in cm?, value was significantly higher in the colonies headed
youngest (one—year—old) queen bee only at two monitoring date. There was no statistically
significant difference between the two— and three—year—old queen bee- groups at any date.

Regarding the practical results, it can be said that as a result of the unfavorable weather during

the spring development period, not only the number of brood frames, but also the extension of
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the brood decreases significantly as the age of queen bees. Thus, older queen bee may be
more sensitive to fluctuations in outer temperature.

In an experiment in Slovenia, where the aim was to select honey bee colonies with suitable
characteristics for queen rearing, the brood area, expressed in cm?, was examined. Although
the study mentioned that the strength of bee colonies is influenced by the vitality and age of
the queen bee, their age was not considered in the chosen colonies. So the colonies were not
divided into groups according to the age of the queen bee. Based on their results, the average
covered brood area was 7061 + 2813 cm?. Based on our own results, it can be seen that
similar values were measured in bee colonies with younger queen bees (7012.9+851.1,
7164.9+£715.3). However, in own results, the standard deviations values moved in a smaller
interval. This is explained by the fact that while the age of the queen bee was ignored in the
study, in the own experiment, the participating colonies were grouped according to the age of
the queen bees. Therefore, smaller standard deviations developed. In colonies with queen of
the same age, the brood extension is more uniform. Grouping based on the age of the queen
be thus provides an opportunity to judge the causes of developmental differences in colonies

in the spring during a productive apiary.
4.2.Changes in the amount of honey based on the effect of the age of the queen bee
(2017-2019)

It was possible to evaluate the honey production data from the 2017 study year, when the
performance of colonies with new queen bees was also measured. The results of the 2017
acacia honey quantity are illustrated in Table 11.
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Table 11.
Changes in the amount of acacia honey in the studied bee colonies in 2017

Mean+SD
Birth year of queen | - ;¢ honey harvest Second honey Total
bee and number of (kg/colony) harvest (kg/colony) (kg/colony)
colonies
ﬁgig 6.9% 0.5 9.6%+0.7 16.6%:0.9
ﬁgig 13.9°+0.5 15.3°+0.6 29.2°+0.7
ﬁgig 14.0°+0.6 15.7°+0.5 29.6°+0.9
2n0:187 6.22+0.7 12.3%+1.7 18.5%42.3

Source: IBM SPSS Statistic Program (Version 22.)
ac; group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

In colonies with a new queen bee, the amount of acacia honey at the time of the first honey
harvest was not reached even the amount experienced in three-year-old queen bee’s group.
The most outstanding honey production performance was measured in colonies with two-
year-old queen bees. The average amount per colony was nearly 30 kg (in terms of total
honey production data).

The amount of honey harvested was also measured in the four groups of queen bee of
different ages during the period of collecting from sunflower bee pasture, the results of which

are shown in Table 12.

Table 12.
Changes in the amount of sunflower honey in the studied bee colonies in 2017
Mean+SD
Birth year of queen First harvest Second harvest Total
bee and num ber of (kg/colony) (kg/colony) (kg/colony)
colonies
o 73404 7.8%40.6 15.1%0.5
o 12.5°0.6 13.4°40,5 25.9%+0.7
o 12.8°0,5 12.8°40.4 25.6%0.7
20 14.1°40.7 12.3°40.6 26.4°0.7

Source: IBM SPSS Statistic Program (Version 22.)
&¢: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

In the amount of sunflower honey, it was found that the colonies with the youngest (2017)
queen bee had the highest amount of honey harvested, while it was statistically lower in the
three-year—old queen bee group. During the longer acceptance period of new queen bee, the
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intensity of collection decreases in the colonies, which also prevailed in the amount of acacia
honey yield. However, outstanding amounts of sunflower honey have been produced by
colonies headed new queen bees.

According to Akyol et al. (2007) in colonies with one-year-old queen bee (the youngest
queen bee age group in the study) the average honey yield was 26.3+2.89 kg/colony. Based
on own results the average amount of honey produced in the colonies with one-year-old

queen bee was 26.4+0.7kg/colony (in the case of sunflower honey yield).

The following year, in 2018, the honey production of one-, two- and three-year-old queen
bee’s colonies was also examined during the period of collecting from the bee pasture of

acacia and sunflower. Data on the amount of acacia honey are presented in Table 13.

Table 13.
Changes in the amount of acacia honey in the studied bee colonies in 2018
Mean+SD
Birth year of queen First honey harvest Second honey Total
bee and num ber of (kg/colony) harvest (kg/colony) (kg/colony)
colonies
2015 7.8%1.9 6.5%1.6 14,4212 5
n=17
2016 9.7°:1.2 9.8%1.5 19.6%1.9
n=19
.y 12.7%1.7 12.1%1.7 24.8%42.2

Source: IBM SPSS Statistic Program (Version 22.)
ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

The amount of acacia honey harvested in 2018 showed a significant difference between the
groups. Examination of the relationships between age of queen bee and honey production
showed that honey yield in colonies maintained by older queen bees was statistically
declining. The effect of the extremely variable weather had an impact not only on the spring

development of colonies but also on honey production.

The dynamic spring development of colonies was started during the spring period in 2018
only at the end of March, and considering the 21-day development period of honey bees, due
to the prolonged brood period, the development and population of bee colonies were not peak
during the acacia flowering period. The loss of the spring population, the loss of a generation,
and its later appearance in the colony can also be reflected in the amount of sunflower honey
produced (Table 14.).
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Table 14.
Changes in the amount of sunflower honey in the studied bee colonies in 2018

Mean£SD
Birth year of queen First honey harvest Second honey Total
bee and nu_mber of (kg/colony) harvest (kg/colony) (kg/colony)
colonies
2015 9.5%1.5 7.6%1.8 17.1%2.4
n=17
o 1120412 10.5%1.9 21.7%42.5
.y 13116 11.2%1.4 24.342.7

Source: IBM SPSS Statistic Program (Version 22.)
ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

In terms of honey production, the most striking differences were found in the data measured
in 2018. There were significant differences in the amount of both acacia and sunflower honey
between the three groups studied. The explanation for this can be found in the fact that in
2018 the effect of weather factors (temperature and relative humidity) was more strongly
enforced.

Differences in next year's honey production results are less dominant between groups of
queen bees of different ages. Data on the amount of acacia honey in 2019 are illustrated in
Table 15.

Table 15.
Changes in the amount of acacia honey in the studied bee colonies in 2019
Mean£SD
Birth year of queen First honey harvest Second honey Total
bee and nu_mber of (kg/colony) harvest (kg/colony) (kg/colony)
colonies
2916 8.0%£2.3 9.9%£2.5 17.8%+2.6
n=19
2917 9.6%+2.7 11.2%+2.8 20.8"+3.0
n=14
ﬁgig 8.3%+2.1 10.4%+1.6 18.7°+2.6

Source: IBM SPSS Statistic Program (Version 22.)
a¢: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

In the 2019 acacia honey quantitative data, it was found that there was no significant
difference between the amount of honey measured during the first and second harvest. In the
total honey production results, the amount of harvested acacia honey was significantly lower

in the three-year—old queen bee-group.
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Based on the differences observed in previous years, it was found that the amount of honey
yield per family decreases with the age of the queen bee. However, in colonies maintained by
two-year-old queen bee, the highest amount of acacia honey harvested in 2019 was measured.
There was a more statistically significant difference in 2017 in the total honey production
results between the queen bee groups of different ages. In contrast, in 2018, this discrepancy
occurred at each spinning time. In contrast, in 2018, this discrepancy occurred at each honey
harvest date (first and second honey harvest).

In the 2019 data, there was no significant difference between the groups in the first and
second honey harvest results, however, there was a statistical difference in the total honey
yield. Thus, if the effect of the age of the queen bee is considered, it is always advisable to
judge it on the basis of the total honey production results.

In a Slovenian study the research work in also extended to the amount of harvested honey
measured in the bee colonies. The average total amount of honey measured was 9.52 + 6.6 kg
/ bee colony. The highest value in the studied bee colonies was 27.65 kg / bee colony
(Gregorc and Lokar, 2010). In the case of the average honey yield per bee colony, higher
values were measured in our study, with lower standard deviation values. The grouping by the
age of the queen bee by Gregorc and Lokar (2010) was not considered. In own results, the
lower standard deviations were the result of grouping by age of queen. Grouping by the age of
the queen bee provides an opportunity for beekeepers to explore the reasons for the

differences in yields between colonies.

4.2.1. Conclusions based on the results of spring development and honey production of
honey bee colonies
As the age of queen bee progressed the number of covered brood frames, the extent of brood

(cm?) and the amount of honey that can be extracted significantly decreased.

The arrear in the population growth of colonies at the beginning of spring development was
determined not only the honey production from acacia (which blooming during the spring
demographic development of colonies) but also the amount of honey yield on the later

flowering bee pasture plants (sunflower).

In the amount of acacia honey that could be taken away, it was found that in those colonies

where queen replacement was performed during the period of intensive spring development,
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acacia honey production was significantly lower. However, outstanding honey production is

expected from later flowering bee pasture from colonies with new queen bee.

4.3.Results of the Varroa destructor treatments

The bee colonies in the experiment were not treated against Varroa mite before spring
development and the honey production period. Each year after the sunflower flowering was
carried out for the first treatment.

In a comparative study in 2016, a single amitraz smoking treatment and long-acting
preparation (Apivar) was used during late summer anti—mite treatment.

The efficiency of the basic treatment (single amitraz smoking treatment) in terms of the total
number of fallen mites ranged from 12 to 20%. The long-acting preparation had a higher
efficiency. About 78-88% of mites were fallen by the six-week treatment.

The experience gained from the results of the 2016 comparative study was used in the
following years. Therefore, the late summer treatments were performed with a long-acting

preparation. In the last study year, 2019, a two-stage treatment was performed in colonies.

The results of six-week treatment of 2017 are shown in Table 16.

Table 16.
The results of six-week treatments in 2017 (amitraz)
Mean £ SD (Number of fallen mites/colony)

1. week 2. week 3. week 4. week 5. week 6. week Total
*
(ﬁgllg)' 30.25%14.7 | 29.3%+8.3 | 23.3%£7.3 | 19.2445.4 | 11.045.5 | 2.6%1.7 115.5%:36.2
*
(53113)' 30.5%12.6 | 24.1%6.2 | 21.9%455 | 17.9%6.1 | 7.5%3.9 | 1.9%+15 103.3%:23.1
oolo) | 279%113 | 109593 | 1639559 | 030243 | 379429 | 0909 78.0°:28.9
(fglg; 198455 | 9.0°:38 | 1200454 | 7.843.1 | 63449 | 06°:05 50.6%+14.5

Source: IBM SPSS Statistic Program (Version 22.)
ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).
*: birth year of queen bee and number of honey bee colonies

During the statistical evaluation of the data, the number of groups was expanded with a new
group (new queen bee — group). The number of fallen mites was also examined in it. After the
first week of long — acting preparation, there was no significant difference between the four

groups.
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However, as the weeks progressed, the number of fallen mites gradually decreased in the
younger queen bee — group. In the last week (week 6.), only the group of three-year-old
queen bee had statistically significant increase in the number of ectoparasites.

Following the sunflower honey harvest, the colonies continued to receive anti-mite treatments
in 2018. A long-acting preparation was used to treatments. CheckMite+, a long-acting
preparation with the active substance coumaphos, was inserted into the brood chamber.

There was no significant difference between the weeks in the number of fallen mites. In terms
of the total number of mites, it was found that the three groups studied had nearly the same
values.

As weeks progressed, the number of fallen ectoparasites showed a decreasing trend in all
three groups. The total number of fallen mites exceeded 300 for all three groups. In the

colonies with two-year-old queen bee large standard deviation is observed (Table 17.).

Table 17.
The results of six-week treatments in 2018 (coumaphos)
Mean £ SD (Number of fallen mites/colony)
1. week 2. week 3. week 4. week 5. week 6. week Total
*
(59112)' 104.9%+45.9 | 77.5%20.6 | 69.8%16.6 | 50.4%+18.7 | 21.0%+16.2 | 11.1%46.4 | 334.7°+51.4
*
(ﬁfllg)' 103.6%£30.7 | 62.6%:30.0 | 59.6%£29.7 | 64.7%:24.9 | 36.8423.3 | 9.9%+5.4 | 337.42£104.6
*
(ﬁfll;) 92.4%438.8 | 81.4%32.3 | 64.22+24.4 | 57.6%21.7 | 35.9%421.6 | 13.8%48.8 | 345.3%65.1

Source: IBM SPSS Statistic Program (Version 22.)
at: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).
*: birth year of queen bee and number of honey bee colonies

A long-acting preparation was not used for the summer, early autumn treatments of 2019. A
two-stage treatment was used during the summer- early autumn period in 2019. During the
first treatment, 4 series fumigation and then 2 incense strips were applied with amitraz against

the Varroa destructor (Fig. 1. and 2.).
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Figure 1. Results of series fumigation treatment in 2019 (amitraz)
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Series fumigation 2019

Source: IBM SPSS Statistic Program (Version 22.)
ac; group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

During the fisrt two series smokes, the number of fallen mites was lower in the colonies with
three—year—old queen bee than in subsequent smokes. During the thrid treatment, when the
number of mites in the colonies would be expected to decrease, there was a statistically
significant increase in the number of mites that fell on the hygienic borad. After the fourth

smoking, the number if mites in two— and three—year—old queen bee group was still above 10.

In case of the third smoking an increased number of mites was observed in colonies with
three—year—old queen bee. In colonies an elderly queen bee, brood was more loaded with

Varroa mites.
Due to the increased number of mites after the third treatments, additional treatments were

used. In early autumn period, one incense strip was inserted twice for diagnostic purposes for

each honey bee colony.
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Figure 2. Results of incense strips treatment in 2019 (amitraz)
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Source: IBM SPSS Statistic Program (Version 22.)
ac; group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

After insertion of the first incense strip, there was no significant differences between the
groups. However, in the case of the second strip, there were significantly more mites falling

on the hygienic board in the colonies with three-year-old queen bee.

In the case of the two incense strips inserted after the series fumigation in 2019, the number of
dead mites did not exceed 20. During a 6-week treatment, the number of mites of 20 or less
was typical for weeks 5 and 6 in the study years. Thus, it was substantiated that after the
series fumigation treatment, further mite reduction was still required during the autumn period
(incense strips).

After the application of the second incense strip, the number of fallen mites averaged between
2.9 and 5.8 (with significantly high standard deviations in each group). However, high levels
of mite infestation were observed in the colonies during the closing treatments in 2019
(average 87.9-93.1 mites).

The second part of the anti-mite treatments practice was closing (late autumn, winter period)

treatments each year. The colonies participating in the experiment were treated with

coumaphos in 2016 and 2017 during the final treatment.
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In the final treatments in 2016, the colonies were also treated with the coumaphos active
ingredients. As the age of the queen bees progressed, the number of fallen mites in colonies
increased (Table 18.).

Table 18.
The results of closing treatment(coumaphos) in 2016.
Mean + SD (Number of fallen mites/colony)
Birth vear of queen First coumaphos Second coumaphos
Y g treatment treatment Total number of
bees and number of )
. (fallen (fallen fallen mites
colonies . .
mites/colony) mites/colony)
2014; (n=20) 20.12+5.2 10.3%+4 .4 31.4°+£8.7
2015; (n=20) 14.2°+3.7 6.4°+3.7 20.6°+6.5
2016; (n=20) 10.1°42.6 4.7°+2 4 14.7°43.8

Source: IBM SPSS Statistic Program (Version 22.)
ac; group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

Extremely high relative humidity (86.6 and 96.1%) and maximum daily temperature values of
11.1 and 11.3 °C during the 2017 final treatment period with the coumaphos active ingredient
(Destruktor 3.2%), the number of fallen mites in the colonies was also high during the second
treatment (the average number of fallen mites exceeded 15). This value was significantly (p

<0.05) higher in colonies with two- and three-year—old queen bees (Table 19.).

Table 19.
The results of closing treatment (coumaphos) in 2017
Mean + SD (Number of fallen mites/colony)
Birth vear of queen First coumaphos Second coumaphos
y a treatment treatment Total number of
bees and number of )
. (fallen (fallen fallen mites
colonies : .
mites/colony) mites/colony)
2014; (n=12) 17.28+8 .4 11.5%£5.2 28.7%+10.8
2015; (n=19) 14.7+6.6 9.3%+5.1 24.12+8.0
2016; (n=19) 7.6%+4.3 6.8°+4.3 14.4%+5 7
2017; (n=8) 7.2°+5.0 5.0°+3.0 12.2°+5.9

Source: IBM SPSS Statistic Program (Version 22.)
ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

According to Bacandritsos et al. (2007) at low outside temperatures and near 100% relative
humidity, mite-fallen were slower during treatment with Perizin (predecessor of Destruktor
3.2%) than at higher temperatures. During my treatments, the lowest daily temperature values

ranged from -4.1to -1.4 °C in 2017, compared to -2 °C in the aforementioned study.
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The results showed that if the relative humidity is high during the treatment period, the
dynamics and rate of mite death in the colonies with the oldest queen bee were shifted (the
number of fallen mites is also high during the second treatment).

If the emphasis is on the age of the queen bees, it is supported by the results of the 2017
closing treatment that mites fall is slower in colonies headed older queen bees at low
temperatures and high relative humidity. However, this can only be indirectly affected by the

age of the queen bee.

By the time of the closing treatments in late autumn or early winter period, the formation of
the wintering cluster in the colonies was already characteristic, where the success of the
thermoregulation depends to a large extent on the population and age composition of member
of honey bee colonies. These factors were limited in colonies with older queen bees due to

declining ovulation performance of the queens.

Bacandritsos et al. (2007) were examined the effects of external minimum, maximum and
average temperature and relative humidity during the treatment period with oxalic acid and
coumaphos (Perizin) preparation, when the broodless condition was not yet typical. It was
found that during oxalic acid treatments the most intense mite-fallen occurred at 60-80%
relative humidity. Oxalic acid treatments were performed four times (6 and 21 October and 8
and 26 November respectively). In the days following the third treatment, the average relative
humidity was around 80-90%. Intense mite-fallen was only initiated on days 5 and 6 after
treatment, when relative humidity decreased to 65%. In the case of the first and second oxalic
acid treatments, on the other hand, the number of fallen mites was the highest on the day after
the treatments. At the time of the first treatment, the relative humidity was around 60%, and in
the case of the second it was below 70%

The results obtained during the oxalic acid treatments showed that the intense mite-fallen was
experienced later after the treatments due to the high relative humidity.

Based on the results of our oxalic acid closing treatment in 2018, there were no significant

differences in the number of fallen mites in the colonies headed queen bees of different ages
(Fig. 3).
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Figure 3. The results of closing treatment (oxalic acid) in 2018
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Source: IBM SPSS Statistic Program (Version 22.)
ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

According to Bacandritsos et al. (2007) the intensity of bee movement was decreased due to
low outer temperatures. As a result, the contact of bees with oxalic acid were more moderate.

This explained the lower number of fallen mites (in study15.1+1.63; 13.4+0.91).

During the period of my treatment (last week of October and first week of November), high
daily temperature maximum (22.2-23.5 °C) were typical compared to the season. At the time
of oxalic acid application, the number of fallen mites during the treatments was significantly

higher due to the higher outer temperature (the number of mites exceeded 70 in each group).

During the 2019 closing treatment, the colonies were also treated with BVHC. During the
second treatment, it was also found that the number of dead mites was statistically higher in
the colonies with the oldest (three-year—old) queen bees (Fig. 4). Mean temperatures ranged
from 8.9 to 9.4 °C, while the lowest daily temperature was -5.4 °C during the closing
treatment period. The weekly average relative humidity was 91.8%. The results of the
previously mentioned study (Bacandritsos et al., 2007) also showed that low temperature and

the associated high humidity slow down the mite-fallen during the treatments period.

The results of the closing treatments for the three years (2017, 2018, 2019) showed that the
highest number of mites were appeared in 2019 (Table 20). Although in 2017 and 2018 a
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preparation with a different active ingredient (2017: amitraz 2018: coumaphos) was used
during the late summer, early autumn anti-mite treatment, in both cases it was a long-acting

preparation (six-week).

Figure 4. Results of closing treatment (oxalic acid) in 2019
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ac: group means with similar letters are not significantly different at 0.05 level (According to Tukey-test).

A long-acting preparation was not used for the summer, early autumn treatments of 2019. A
two-stage treatment was used during the summer—early autumn period in 2019. During the
first treatment, 4 series fumigation and then 2 incense strips were applied with amitraz against
the Varroa destructor.

In the case of the two incense strips inserted after the series fumigation in 2019, the number of
dead mites did not exceed 20. During a six-week treatment, the number of mites of 20 or less
was typical for weeks 5. and 6. in the study years. Thus, it was substantiated that after the
series fumigation treatment, further mite reduction was still required during the autumn period
(incense strips).

After the application of the second incense strip, the number of fallen mites averaged between
2.9 and 5.8 (with significantly high standard deviations in each group). However, high levels
of mite infestation were observed in the colonies during the closing treatments in 2019
(average 87.9-93.1 mites).

Despite the fact that two-stage mite treatments were applied in 2019, the high number of
fallen mites experienced during the closing treatments indicated that it could not replace the
effective treatment provided by durable carriers (six-week treatments). Therefore, it is
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advisable to choose a long-acting anti-mite formulation after the honey harvest period, to
ensure that the number of mites in colonies is kept as low as possible until the time of the late

autumn, early winter treatments.

4.3.1. Conclusions based on the results of treatments against varroa mite

Overall, it was found that significant differences were observed not only in spring
development, and thus in honey production, but also in the development of mite infestation in
older uterine families. This discrepancy was manifested in the following aspect:

1. Mite fallen was different in colonies with queen bees of different ages. In the results
of the study years, it was observed that in colonies headed three-year-old queen bees,
the death of mites was slower after the treatments.

2. After comparing the results of mite depletion with meteorological data, it was
experienced that in colonies with older queen bees, the trend observed in mite-fallen in
extreme temperature or humidity conditions were shifted.

3. In colonies with one- and two-year-old queen bees, mite death was more intense
during the first treatments, while in many cases, the number of fallen mites increased
after the second treatment in three-year-old queen bee-group. It was formulated
primarily on the basis of the results of the closing treatment, when the extent of brood
was already moderate or broodless period was typical.
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4.4.Economic assessment of queen bee replacement

Considering the amount of acacia honey produced between 2017 and 2019, the average honey
production results available per honey bee colony and the sales revenue achievable with
acacia honey production of one colony are illustrated in Table 20. During the average honey
production data examined at honey bee colony level, the age of queen bee was also

considered.

Table 20.

The average amount of acacia honey produced by one honey bee colony and the
available sales revenue based on the age of queen bee

Value of acacia honey
2017 2018 2019 Average produced by one
kg/colony | kg/colony | kg/colony | kg/colony honey bee colony
(sales revenue; HUF)
Colony with
ONE-Year= | 99.6+0.9 | 24.842.2 | 18.742.6 | 24.4+1.9 41 480
old queen
bee
Colony with
tWO-Year= | »97+0.7 | 10.6+1.9 | 20.8+3.0 | 23.2+1.8 39 440
old queen
bee
Colony with
three-year— | 16 <109 | 144425 | 17.842.6 | 16342.0 27 710
old queen
bee

Source: calculated on the basis of own results, 2021.
In the model calculation at the 50% acceptance rate, twice the price of mated queen bee (3800
HUF) was calculated (assuming that the queen bee replaced again by the beekeeper after
unsuccessful acceptance). The cost of queen bee replacement per colony decreases with

increasing the acceptance rate (Table 21.).
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Table 21.

Examination of the relationship between the acceptance and replacement rate of the
gueen bee on the basis of the available sales revenue and the cost per honey bee colony

Acceptance rate of new queen bee (%)
50% 60% 70% 80% 90%
Rate of -
replacement of Averagg acacla
queen bee Cost per honey bee colony/year (based on honey yield and
replacement of new queen bee) (HUF/colony) available sales
revenue
0,
Annually 7600 | 6840 | 6080 | 5320 | 4560 | ﬁ(%(/’ C/g)lony
0 * 0 * 0 * 0 * 0, *110 '
(100%) 18.3% 16.5% 14.7% 12.8% 11% HUE 41 480
0
Every two years 3800 3420 3040 2660 2280 39 f(%?(f))lony
0, * 0, * 0, * 0, * 0 * 0 .
(50%) 9.6% | *87% | *77% | *6.7% | *58% | |1 30440
0
E"eyreyaﬁzree 2508 | 2257 | 2006 | 1755 | 1504 | . 3(35/?3|ony
* 0, * 0, * 0, * 0, * 0, '
(33.3%) 9.1% 8.1% 7.2% 6.3% 5.4% HUE 27 710

Source: calculated on the basis of own results, 2021.

The data in the table show that there is a difference of 1.2 kg between the average honey
production results of colonies with one-and two-year-old queen bee. (Compare to the
purchase price of acacia honey in 2020, this means an additional sales revenue of HUF 2040
per honey bee colony. In beekeeping practice at livestock level, a 100% acceptance rate is not
or rarely to be expected. No 100% acceptance rate was calculated at honey bee colony level in
the study. However, in the calculations for apiaries with several bee colonies, a 100%

acceptance rate was considered to determine the exacts results.

Considering the average amount of honey produced by colonies headed by one-year—old
queen bee as 100%, the average honey production of colonies with three—year—old queen bee
shows 33% decreases (67%). In contrast, if the average acacia honey production of two—year—
old queen bee colonies comparable to that of one—year—old queen bee colonies, there is only
5% decreases. The annual replacement of queen bee is 18.3% of turnover of a honey bee
colony with 50% acceptance rate, while with a 90% acceptance rate it can cause the

beekeeper to lose 11% of the turnover.
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The sales revenue available with acacia honey is HUF 27 710 in colonies with three—year—old
queen bee. These queen bee replacement causes a 9% loss of income. However, the average
honey production of one—and two—year—old queen bee colonies significantly exceeds the

honey yield available with colonies with three—year—old queen bees.

In the case of queen bee change every two years, which is also accepted in Hungarian
beekeeping practice, the following can be experienced: the replacement of queen bee results
in a loss of 9.6% in the case of sales revenue with one honey bee colony. (In the case of
replacement of queen bee every three—year considering the acceptance rate of 50%: 9.1%).
Even with 90% acceptance rate of annual queen bee replacement described above, there is an
11% loss of sales revenue. Changing the queen bee every two years with an acceptance rate of
90% can results in a decrease in sales revenue of only 5.8% at honey bee colony level (change

of queen bee every three year: 5.4%).

Table 22. shows the sales revenue of acacia honey production in apiaries with 50, 100 and
150 colonies, considering the average honey yield calculated for colonies with queen bee of

different ages.

Table 22.

Development of sales revenue with acacia honey production in apiaries of different
number of colonies based on the age of queen bee

Colony with one— Colony with two— Colony with three—
year—old queen bee year—old queen bee year—old queen bee
(HUF) (HUF) (HUF)
Hobby apiary
(approx. 50 2 074 000 1972 000 1385 500
colonies)
Supplementary
apiary 4 148 000 3944 000 2 771 000
(approx. 100
colonies)
Professional apiary
(150 or more 6 222 000 5916 000 4 156 500
colonies)

Source: calculated on the basis of own results, 2021.

The annual replacement of queen bee results in a 20.6% loss of sales revenue in a professional
apiary with acceptance rate of 50% (the same loss of sales revenue at honey bee colony level
was 18.3%). This mainly causes a significant loss of sales revenue in apiaries, where the
majority of colonies have elderly (three—year—old) queen bee, so the queen bee must be

replaced.
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Based on calculation the available sales revenue of honey bee colony with two—year—old
queen bee is almost HUF 4 million in a supplementary apiary and more than HUF 5.9 million
at professional beekeeping level. Replacement of biennial queen bee for a beekeeping with
100 or more colonies results in 7.2% financial loss for the beekeepers with acceptance rate of
50%. With 80% acceptance of new queen bee approximately 5.78% loss of income occurs. In
a professional apiary the annual replacement of queen bee costs beekeepers approximately
HUF 800 000 with an unfavorable acceptance rate (50-60%). In the case of an apiary with few
colonies (hobby apiary), where the majority of colonies have elderly queen bee, this cost is
61.7% of the available sales revenue of acacia honey production (HUF 1 385 000 in the model
calculation) (Table 23.).

Table 23.

Loss of income due to replacement of queen bee in case of different acceptance rate in
apiaries with different number of colonies (HUF)

Acceptance
rate of new
50% 60% 70% 80% 90% 100%
queen bee
(%)
Frequency
of A B C A B C A B C A B C A B C A B C
replacement
Annually 285 | 570 | 855 | 266 | 532 | 798 | 247 | 494 | 741 | 228 | 456 | 684 | 209 | 418 | 627 | 190 | 380 | 570
000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 00O | 000 | 000 | 00O | 00O | 000 | 00O | 000 | 000 | 000
Every two 142 | 285 | 427 | 133 | 266 | 399 | 123 | 247 | 370 | 114 | 228 | 342 | 104 | 209 | 313 95 190 | 285
500 | 000 | 500 | 000 | 000 | 000 | 500 | 000 | 500 | 000 | 000 | 000 | 500 | 000 | 500 | 000 | 000 | 000
years
Every three 94 188 | 282 87 175 | 263 81 163 | 244 75 150 | 225 68 137 | 206 62 125 | 188
years 050 | 200 | 150 | 780 | 560 | 340 | 510 | 020 | 530 | 240 | 480 | 720 | 970 | 940 | 910 | 700 | 400 | 100

Note: A, Hobby apiary; B, Supplementary apiary; C, Professional apiary
Source: based on own results, 2021.
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5. New scientific results

1. As a result of spring stimulant feeding, the population shift in bee colonies may occur
two weeks earlier, however, the effect of age of queen bees on colony-strength during
the period of demographic development is not mitigated. Among the colonies headed
of queen bees different ages examined at the same time, the number of frames
containing covered brood was significantly (p<0,05) higher in the colonies with
younger queen bees at the time of the population shift. As a result of increased
stimulation (application more sugar pies and sugar syrup), the contemporary covered
brood covers an average 6.9-7.2 frames in honey bee colonies with one — and two —
year old queen bee, while in colonies headed by three-year-old queen bee there is an
average of 4.5+0.6 frame with covered brood experienced. After moderate stimulant
feeding (single sugar pie insertion) the number of Middle Boczonadi frames involving

covered brood in honey bee colonies is on average two frames less.

2. During the spring development period, the March temperature is of the greatest
importance. Due to the extremely low temperature (below -15 °C) in March during the
spring population growth, in honey bee colonies with three-year-old queen bee the
covered brood is concentrated in less than 5 Middle-Boczonadi frames at the time of
population shift and the 1320 cm? is not achieved by contemporary covered brood.
This results in reduced honey production by the later appearance of several
generations in colonies (considering the 21-day developmental time of worker honey

bees).

3. Three-year-old queen bees are more sensitive to temperature fluctuations during the
spring demographic development period than one-and two-year-old queen bees. As a
result, the amount of honey harvested decreases as the age of queen bees: a decrease
of 10.4 kg in the amount of acacia honey in honey bee colonies. This decreased honey
yield does not only occur during collecting from acacia, which blooms during the
spring development period. It can also result in 7 kg/colony decrease in the honey
yield available on later bee pastures (sunflowers). The extinction of the spring
population, or the extinction of a generation, its later appearance in the colony can also
be reflected in the amount of honey production.
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4. While during spring development the ovulation performance of queen bee is directly
influenced by the outer temperature, it only indirectly affects the dynamics of mite-
fallen during the treatment against external parasitic mite. The population provided by
the queen bee will be a determining factor in the intensity and rate of mite-fallen
following treatment. Mite death occurred at slower rate in colonies with three-year-
old queen bee, (usually twice treatment; the number of fallen parasites was also
significantly (p<0,05) higher during the second treatment); thus, the response of honey
bee colonies to anti-mite treatments influences the intensity and dynamics of Varroa
destructor mite fallen.
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6.

1.

Applicability of the results

In colonies with three-year-old queen bee, the amount of harvested acacia honey is
significantly lower. However, as a result of the replacement of queen bee during the
flowering period of acacia, the intensity of carrying decreases. So, if the period of
acceptance/adoption of the new queen bee overlap period of intensive flowering of
acacia, a lower honey yield is expected. In this case, even the amount of acacia honey
measurable in three-year-old queen bee-group is significantly (p<0,05) higher than in

colonies with new queen bees.

Depending on the collecting possibilities of the bee pasture, honey can be harvested
twice during the flowering of acacia and sunflower. There are significant differences
between colonies in the honey production results obtained during the first and second
harvests. The effect of the age of the queen bees on honey production should therefore
be assessed on the basis of the total amount honey production results. It is mainly a
determining factor during the period of acacia flowering. As the age of the queen bee
progresses, honey production decreases significantly. Putting this into beekeeping
practice can help beekeepers to choose the right time to replace the old queen bees.

Grouping based on the age of the queen bee provides an opportunity to understand the
reasons for the differences in the performance of honey bee colonies within an apiary
in terms of both spring demographic development and different honey production
(amount of harvested honey/colony) outcomes. Furthermore, grouping based on the
age of queen bee can also provide useful practicing information in understanding the
different mite mortality dynamics between honey bee colonies during treatment
period. The age of queen bee in the treated honey bee colony and the climatic factors
at the time of treatment against Varroa destructor should be considered when

monitoring the effectiveness of the treatments.
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4. Records made during the demographic development of honey bee colonies in spring
and a joint assessment of the age of queen bee provide an opportunity for beekeepers
to increase the efficiency of beekeeping production, thereby reducing inconsistencies
between honey bee colonies and activities of beekeepers. This evaluation can
contribute to the successful implementation of the experience gained by the

beekeepers.

5. The annual replacement of queen bee results in 18.3% decrease of sales revenue of
acacia honey production at the honey bee colony level. The differences in loss of sales
revenue between the two—and three—year—old queen bee changes at 90% acceptance
rate is only 0.4% (0.6% at 50% acceptance). Waiting for the third year is not
favorable: approximately sales revenue may be 0.5% higher per honey bee colony.

The replacement of queen bee every three years could endanger the honey production
of following year by increasing the number of honey bee colony losses in the winter
period within apiary. This significantly reduces sales revenue: both as a result of
replacing lost honey bee colonies and due to a reduction in available honey yields. As
a result of increased winter honey bee colony losses fewer producing colonies are

available during the honey collection period.

6. In the practice of anti-mite treatment, it is advisable to use long-acting preparation (6
weeks treatment) every year. The long-acting formulations contribute to keeping the
number of Varroa mites in colonies low until the time of late autumn treatment. Even
with a two-stage summer mite reduction treatment (series fumigation with Furetto
device, use of incense strips), the mite removal provided by long-acting miticide
product cannot be achieved. The number of fallen mites after serial fumigation and
treatments with incense strips is nearly the same for number of fallen mites of 5-6.
weeks of long acting preparation. Nevertheless, for the period of closing treatments,
Varroa mites were more in colonies treated with serial fumigation and incense strips

than after the use of a long-acting product in summer, early autumn.

42



10.

11.

12.

13.

References

AKYOL, E. - YENINAR, H. - KARATEPE, M. - KARATEPE, B. — OZKOK, D.
(2007): Effects of queen ages on the Varroa (Varroa destructor) infestation level in
honey bee (Apis mellifera caucasica) colonies and colony performance. Italian Journal
of Animal Science. 6. 2. 143-149.

BACANDRITSOS, N. — PAPANASTASIOU, I. — SAITANIS, C. - NANETTI, A. -
ROINIOTI, E. (2007): Efficacy of repeated trickle application of oxalic acid in syrup
for varroosis control in Apis mellifera: Influence of meteorological conditions and
presence brood. Veterinary Parasitology. 148. 174-178.

BROSS P. (2018): Minden jo, ha a vége jo! Méhészet. 66. 6. 10-13.

BUTLER, C. G. (1946): The provision of supplementary food to hive bees. Annals of
Applied Biology. 33.3. 307-309.

CRANE, E. E. (1950): The effects of spring feeding on the development of honeybee
colonies. Bee World. 31. 9. 65-72.

DIGGES, J. G. (1936): The practical bee guide. 8" edit. Dublin. Talbot Press. 229.
FREE, J. B. — SPENCER-BOOTH, Y. (1961): The effect of feeding sugar syrup to
honeybee colonies. The Journal of Agricultural Sciences. 57. 147-151.

GREGORC, A. — LOKAR, V. (2010): Selection criteria in an apiary of carnolian
honeybee (Apis mellifera carnica) colonies for queen rearing. Journal of Central
European Agriculture. 11. 4. 401-408.

HAMILTON, W. (1945): The art of beekeeping. York: Herald Printing Work. 133. In:
CRANE, E. E. (1950): The effect of spring stimulation feeding on the development of
honeybee colonies. Bee World. 31. 9. 65-72.

HARBO, J. R. (1988): Effect of comb size on population growth of honeybee
(Hymenoptera: Apidae) colonies. Journal of Economic Entomology. 81. 6. 1606-1610.
KATKI Méhtenyésztési Osztalya. (1996): A mézeld méh tenyésztése és genetikija
(Elérhet6: http://www.bibl.uszeged.hu/porta/szint/termesz/biologia/meh.hun). (Utolso
hozzatérés: 2019. 10. 29.)

LUNDER, R. (1950): Can bees be stimulated early in spring? Nord. Bitidskr. 2. 2. 33—
39. In: JOHANSSON, T. S. K. — JOHANSSON, M. P. (1977): Feeding Honeybees
pollen and pollen substitutes. Bee World. 58. 3. 105-118.

MATRAY E. (2011): Teljesitményvizsgalatok. Méhészet. 59. 5. 12—13.

43


http://www.bibl.uszeged.hu/porta/szint/termesz/biologia/meh.hun

14.

15.
16.
17.
18.
19.

20.

21.

22.

23.

24,

MATRAY E. - MOLNAR J. (2000): A mézeld méh tenyésztése, a méhanya nevelése.
KATKI. Méhtenyésztési és Méhbiologiai Osztaly. Godolls. Tisza Nyomda Kift.,
Szolnok.

MILLER, C. C. (1911): Stray straws. Glean. Bee Culture. 39. 2. 32-33.

OROSIP. Z. (1957): Méhek kozott. Mezégazdasagi Kiado, Budapest. 17.

PHILLIPS, E. F. (1933): Stimulative feeding. Glean. Bee Culture. 61. 8. 466.
PLOTAR L. (2003): Az anya II rész. Méhészet. 51. 8. 10-11.

SHEESLEY, B. - PODUSKA, B. (1968): Supplemental feeding of honeybees and its
effects on colony strength and pollination results. Gleanings in Bee Culture. 96. 678—
683.

STANDIFER, L. N. — WALLER, G. D. - HAYDAK, M. H. — LEVIN, M. D. —
MILLS, J. P. (1971): Stimulative feeding of honeybee colonies in Arizona. Journal of
Apicultural Research. 10. 27-34.

TAKACS M. — MADAI H. — OLAH J. (2015): A magyar akacméz
versenyképességének helyzete 2015-ben. In: TAKACSNE GYORGY K. (szerk.)
(2015): Innovacids kihivasok és lehetdségek 2014-2020 kozott. Challenges and
prospects for innovation between 2014-2020. XV. Nemzetk6zi Tudomanyos Napok:
Gyongyos, 2016. marcius 30-31. [15" International Scientific Days: publications].
Gyongyds, Magyarorszag: Karoly Robert Foiskola, (2016). 1519-1525.

ZIMMER Z. (2018): A méhcsaladok gyors tavaszi fejlesztése. Bocz Nyomdaipari
Kft., Pécs. 15-31.

ZSIDEI B. (1990): A méhészkedés 12 honapja. Mezdgazdasagi Kiadd, Budapest. 31—
58.

Internet-1. https://www.agrarszektor.hu/elemiszer/ettol-leesik-az-allad-ennyibe-kerul-

most-egy-kilo-mez-magyarorszagon.21914.html

44


https://www.agrarszektor.hu/elemiszer/ettol-leesik-az-allad-ennyibe-kerul-%20%20most-egy-kilo-mez-magyarorszagon.21914.html
https://www.agrarszektor.hu/elemiszer/ettol-leesik-az-allad-ennyibe-kerul-%20%20most-egy-kilo-mez-magyarorszagon.21914.html

8. Publications

UNIVERSITY AND NATIONAL LIBRARY
UNIVERSITY of UNIVERSITY OF DEBRECEN

D E B R E C E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

Registry number: DEENK/44/2021.PL
Subject: PhD Publication List

Candidate: Marianna Takacs
Doctoral School: Doctoral School of Animal Husbandry
MTMT ID: 10057357

List of publications related to the dissertation

Hungarian scientific articles in Hungarian journals (5)
1. Takacs, M., Olah, J.: A méhanya életkoranak hatdsa a méhcsaladok (Apis mellifera) 2018. évi
tavaszi fejlodésére és méztermelésére.
Anim. Welf. Etol. Tartastechnol. 16 (1), 70-78, 2020. ISSN: 1786-8440.
DOI: http://dx.doi.org/10.17205/SZIE.AWETH.2020.1.070

2. Takacs, M., Olah, J.: A Varroa destructor elleni védekezés stratégiai hidanyossagai.
Magy. Allatorv. Lapja. 140, 685-696, 2018. ISSN: 0025-004X.
IF: 0.143

3. Takacs, M., Olah, J.: A pannon méh.
Ostermel6. 21, 87-91, 2017. ISSN: 1418-088X.

4. Takacs, M., Olah, J.: Direkt és indirekt mérgezések okozta méhpusztulasok Magyarorszagon.
Agrértud. Kézl. 73, 101-107, 2017. ISSN: 1587-1282.
DOI: http://dx.doi.org/10.34101/actaagrar/73/1634

5. Takacs, M., Olah, J.: A 2015. évi napraforgéméz mennyiségének alakulasa kilénb6z6
kaptartipusok és a méhanya életkoranak fliggvényében.
Anim. Welf. Etol. Tartastechnol. 11 (2), 185-192, 2015. ISSN: 1786-8440.
DOI: http://dx.doi.org/10.17205/SZIE.AWETH.2015.2.185

Foreign language scientific articles in Hungarian journals (2)
6. Takacs, M., Olah, J.: Effect of spring stimulating feeding on the population shift of ho% Api
CCEN
mellifera L.) colonies depending on the age of queen bees in Hungary. 'y\“

Danub. Animal Genet. Resour. 5 (2), 71-76, 2020. ISSN: 2498-5910. f

7. Takacs, M., Olah, J.: The effect of the queen's age on the Varroa mite (Varroa de‘gructor e
of honey bee (Apis mellifera L.) colonies. \ ’"‘c; N
Agrartud. Kézl. 75 (75), 83-87, 2018. ISSN: 1587-1282.
DOI: http://dx.doi.org/10.34101/actaagrar/75/1651

45



A

N

UNIVERSITY AND NATIONAL LIBRARY
L U N IVE RSITY Of UNIVERSITY OF DEBRECEN

7‘ D E B R E c E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

Foreign language scientific articles in international journals (1)

8. Takacs, M., Olah, J.: Effect of queen bee's age on the extent of brood area and acacia honey
production in honey bee (Apis mellifera L.) colonies in Hungary.
Am. Bee J. 160 (8), 907-909, 2020. ISSN: 0002-7626.

Hungarian conference proceedings (5)
9. Takacs, M., Olah, J.: A nyirségi akacerdék méztermelési lehetéségei és korlatai.
In: Tavaszi Szél = Spring Wind 2019. Szerk.: Bihari Erika, Molnar Daniel, Szikszai-Németh
Ketrin, Doktoranduszok Orszagos Szovetsége, Budapest, 145-163, 2020. ISBN:
9786155586606

10. Takacs, M., Madai, H., Olah, J.: A magyar akacméz versenyképességének helyzete 2015-ben.
In: XV.Nemzetk6zi Tudomanyos Napok : Innovacios kihivasok és lehetéségek 2014-2020
kozott : a tudomanyos napok publikacidi. Szerk.: Takacsné Gyorgy Katalin, Karoly Robert
Féiskola, Gyongyds, 1519-1525, 2016. ISBN: 9789639941922

11. Takacs, M., Olah, J.: A pannon méhben rejlé6 nemzeti értékeink védelme.
In: Oshonos- és tajfajtak, Skotermékek, egészséges taplalkozas, vidékfejlesztés : a XXI.
szdzad mezdgazdasagi stratégiai : tudomanyos konferencia, Nyiregyhaza. Szerk.: Téth
Csilla, Nyiregyhazi Egyetem Miszaki és Agrartudomanyi Intézet, Nyiregyhaza, 199-208,
2016. ISBN: 9786155545696

12. Takacs, M., Olah, J.: A Varroa destructor elleni védekezés jelent6sége amitraz hatéanyagu
tartés hordozéval.
In: Felmelegedés Okolabnyom Elelmiszerbiztonsag : LVIII. Georgikon Napok. 2016.
szeptember 29-30, Keszthely. Szerk.: Nagy Zita Barbara, Pannon Egyetem Georgikon Kar,
Keszthely, 366-373, 2016. ISBN: 9789639639850

13. Takacs, M., Olah, J.: A Varroa destructor elleni védekezés problémakdrének elemzése.
In: Tavaszi szél 2016 = Spring wind 2016 : Tanulmanykdtet. Szerk.: Keresztes Gabor,
Doktoranduszok Orszagos Szdvetsége, Budapest, 147-155, 2016. ISBN: 9786155586095

Hungarian abstracts (4)
14. Takacs, M., Olah, J.: A nyirségi akacerd6k méztermelési lehetéségei és korlatai.
In: Tavaszi Szél Konferencia 2019 : Nemzetkdzi Multidiszciplinaris Konferencia :

2 L,[\[
Absztraktkotet. Szerk.: Németh Katalin, Doktoranduszok Orszagos Szdvetség ,\p&ﬁrecen

87, 2019. ISBN: 9786155586422 .

15. Takacs, M., Olah, J.: A tavaszi serkenté etetés hatasa a méhcsaladok nemzedé‘{&éltés;';
In: Tavaszi szél konferencia 2018 Nemzetkdzi multidiszciplinaris konferencia's
Abszrtraktkotet. Szerk.: Keresztes Gabor, Doktoranduszok Orszagos Szometséghf@; ges‘t“(\/
48, 2018. ISBN: 9786155586262

46



UNIVERSITY AND NATIONAL LIBRARY

UNIVERSITY OF DEBRECEN

H-4002 Egyetem tér 1, Debrecen

Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

16. Takacs, M., Olah, J.: A pannon méhben (Apis Mellifera Carnica Pannonica) rejlé nemzeti
értékeink védelme.
In: Oshonos- és tajfajtak, okotermékek, egészséges taplalkozas, vidékfejlesztés : a XXI.
szazad mezdgazdasagi stratégiai : programflizet, eléadasok és poszterek 6sszefoglaloi.
Szerk.: Irinyiné Olah Katalin, Kosztyuné Krajnyak Edit, Téth Csilla, Nyiregyhazi Egyetem,
Nyiregyhaza, 75-76, 2016. ISBN: 9786155545696

17. Takacs, M., Olah, J.: A Varroa destructor elleni védekezés problémakorének elemzése.
In: Tavaszi szél 2016 Nemzetkdzi multidiszciplinaris konferencia : Absztraktkotet. Szerk.:
Keresztes Gabor, Doktoranduszok Orszagos Szovetsége, Budapest, 25, 2016. ISBN:
9786155586040

List of other publications

Hungarian scientific articles in Hungarian journals (1)

18. Zsembeli, J., Takacs, M., Kovacs, G., Tuba, G.: A talaj asvanyi-, valamint repce és napraforgd
novényi maradvanyok nitrogéntartalmanak 6sszefliggése jellegzetes hazai talajokon.
Agrokém. Talajt. 68 (2), 243-258, 2019. ISSN: 0002-1873.

DOI: http://dx.doi.org/10.1556/0088.2019.00033

Foreign language scientific articles in Hungarian journals (2)

19. Rédei, K., Takacs, M., Kiss, T., Keserti, Z.: Promising Leuce poplar clones in sandy ridges
between the rivers Danube and Tisza in Hungary: a case study.
Agrértud. Kézl. 1, 111-113, 2019. ISSN: 1587-1282.
DOI: http://dx.doi.org/10.34101/actaagrar/1/2380

20. Rédei, K., Keser(i, Z., Csiha, |., Raso, J., Bakti, B., Takacs, M.: Improvement of black locust
(Robinia pseudoacacia L.) growing under marginal site conditions in Hungary: case studies.
Agrartud. K6zl. 74, 129-133, 2018. ISSN: 1587-1282.

DOI: http://dx.doi.org/10.34101/actaagrar/74/1677

Foreign language scientific articles in international journals (2) &“ o
21. Rédei, K., Takacs, M., Kiss, T., Keser(, Z.: Ecology and Management of Black V}éﬁ:}ut (Jug lar
nigra L.) in Hungary. = e
South-east Eur. for. 10 (2), 187-191, 2019. ISSN: 1847-6481.

DOI: http://dx.doi.org/10.15177/seefor.19-12

22. Rédei, K., Bakti, B., Kiss, T., Takacs, M., Keser(, Z.: Yield and crown structhre?‘fha)r:}:g“ 2
a black locust (Robinia pseudoacacia L.) stand: A case study: Short Communication.
J. For. Sci. 64 (2), 96-100, 2018. ISSN: 1212-4834.
DOI: http://dx.doi.org/10.17221/118/2017-JFS

47



UNIVERSITY AND NATIONAL LIBRARY

UNIVERSITY OF DEBRECEN

H-4002 Egyetem tér 1, Debrecen

Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

Hungarian conference proceedings (1)

23. Szlics, L., Takacs, M., Deak, D., Varga, L., Vincze, E., Zsembeli, J.: A valtozo id6éjarasi
viszonyokhoz val6 alkalmazkodas lehetésége ontézéssel a Nagykunsagban.
In: Az ismeretszerzéstdl az ismeretatadasig - a Kerpely Kalman Szakkollégium
gyakorlatorientalt kutatasi projektjeinek bemutatasa az agrartudomanyok teriletérél. Szerk.:
Balla Zoltan, Debreceni Egyetem Agrar-és Gazdalkodastudomanyok Centruma Kerpely
Kalman Szakkollégium, Debrecen, 28-40, 2012. ISBN: 9786155183201

Foreign language conference proceedings (1)
24. Czellér, K., Zsembeli, J., Takacs, M., Czimbalmos, R.: Correlation between nitrogen content of

soil and of oilseed rape and sunflower.
Névénytermelés. 65, 195-198, 2016. ISSN: 0546-8191.
DOI: http://dx.doi.org/10.12666/Novenyterm.65.2016.Suppl

Hungarian abstracts (3)
25. Takacs, M., Zsembeli, J., Juhasz, C.: Orszagos felmérés névényi tarlémaradvanyok N-

tartalmanak meghatarozasara az IPCC metodika kiegészitése céljabol.
In: XXXI. Orszagos Tudomanyos Diakkori Konferencia Agrartudomanyi Szekcié : palyamiivek
Osszefoglaloi, Budapesti Corvinus Egyetem, Budapest, 212, 2013. ISBN: 9789635035366

26. Takacs, M., Zsembeli, J.: Orszagos felmérés névényi tarlomaradvanyok N-tartalmanak
meghatarozasara az IPCC metodika kiegészitése céljabdl.
In: 1l. SzaKKKor Konferencia : Szakkollégiumok konferencidja a kornyezet- és
természetvédelemért : Il. SzaKKK&r Konferencia 6sszefoglaloi : Természetvédelem Szekcio,
Kornyezetvédelem Szekcid, Egyéb Tarsadalomtudomanyok Szekcid, Poszterszekcio / fel.
szerk. Takacs Marton, SZIE Kérnyezetvédelmi (Z6ld) Szakkollégium, G6dollé, 24, 2012.
ISBN: 9789632692883

27. Takacs, M.: Orszagos felmérés névényi tarlomaradvanyok N-tartalmanak meghatarozasara az
IPCC metodika kiegészitése céljabol.
In: Kari Tudomanyos Diakkéri Konferencia. Kiadta: a Debreceni Egyetem Mezégazdasag-
Elelmiszertudomanyi és Kérnyezetgazdalkodasi Kar Tudomanyos Diakkéri Tanacs,
Debreceni Egyetem Mez6gazdasag- Elelmiszertudomanyi Es Kérnyezetgazdalkodasi Kar
Tudomanyos Diakkéri Tanacs, Debrecen, 46, 2012.

48



UNIVERSITY AND NATIONAL LIBRARY

UNIVERSITY OF DEBRECEN

H-4002 Egyetem tér 1, Debrecen

Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

Foreign language abstracts (1)
28. Collet, C., Simut, C., Takacs, M., Szabo, L. J., Szentesi, P., Csernoch, L.: Subcellular calcium

events and calcium waves in leg skeletal muscle fibers isolated from the honey bee APIS

Mellifera.
Biophys. J. 114, 289a, 2018. ISSN: 0006-3495.

Total IF of journals (all publications): 0,143
Total IF of journals (publications related to the dissertation): 0,143

The Candidate's publication data submitted to the iDEa Tudéstér have been validated by DEENK on
the basis of the Journal Citation Report (Impact Factor) database.

04 February, 2021

49



50



