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ARTICLE INFO ABSTRACT

This study was carried out to determine the effects of age and number of grafted larvae on
acceptance rates, body weight, body length, head width and length, thorax width and
length, and wing width and length of queen bees. One breeding and eleven starter hives
were used for rearing queen bees. Totally, 495 one, two, and three-day-old larvae were
grafted into starter hives comprising 30, 45, and 60 and 414 larvae were accepted; thus,
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generally, the acceptance rate was calculated as 83%. The best acceptance rate was
calculated in three-day-old larvae group as 85.15%. There were found a statistically
significant effect of the number of grafted larvae on body length and head width of queen.
However, there were any effects on weight, head length, thorax width, thorax length,
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Queen cells wing width, wing length, and acceptance rate of larvae. Age of grafted larvae did not
ﬁccema”ce rate have a statistically significant effect on head width, head length, wing width and
arvae

acceptance rate of larvae. On the other hand, age of grafted larvae had a statistically
significant effect on queen weight, body length, thorax width and length, and wing length
of queen. If bee breeders wish to improve their stock, they should graft one-day-old
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larvae for rearing better queen bees.
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Introduction

Queen bee is the most significant individual in the
honey bee colony because only she has able to lay eggs
both fertile and sterile, overlapping generations, and she
also releases pheromones to prevent both workers
developing new queen and developing their ovaries
(Winston, 1987; Delaney et al, 2010). As a result, good
quality queen bees are fundamental to successful
beekeeping practices. There are some notable
morphological standards of adult insects such as wet and
dry weight, thorax width, head width, and wing lengths
(Weaver, 1957; Fischer and Maul, 1991; Dedej et al.,
1998; Hatch et al., 1999; Gilley et al., 2003; Dodologlu et
al., 2004; Kahya et al., 2008), some of these have been
notably correlated with queen reproductive success or
fecundity (Eckert, 1934; Avetisyan, 1961; Woyke, 1971,
Nelson and Gary, 1983).

In addition, Kaftanoglu et al. (1992) suggested that the
quality of queen bees is influenced by genotype,
nutritional factors, rearing methods, rearing period of the
year, the age of the grafted larvae, and the number of
larvae that is grafted into each cell builder colony (starter
colony). Grafted larvae number and grafted larvae age can
be easily adjusted by beekeepers who want to rear queen
bees. The optimum number of grafted larvae can allow

them to rear the maximum number of good quality queen
bees. If grafted larvae number is more than the optimum
number, queen bee quality will go down (Korkmaz et al.
2005). In addition, Woyke (1967) indicate that the most
significant element that affect queen bees’ quality is the
age of grafted larvae. Even though honey queen bee can
be reared from up to three-day-old larvae (Mahbobi et al.
2012; Weiss, 1983; Dodologlu and Emsen 1989), the
quality of queen bees is going down as the age of grafted
larvae going up. According to Mahbobi et al. (2012),
queen bees reared from one-day-old larvae are heavier
than queen bees reared from two and three-day-old larvae,
same as queen bees reared from two-day-old larvae are
heavier than queen bees are reared from three-day-old
larvae.

Materials and Methods

This study was carried out in Nigde province of
Turkey between 19th June and 11th July. In this
experiment, one breeding colony which included
artificially inseminated Apis mellifera anadolica (Mugla
ecotype) queen which is the indigenous honey bee
genotype in central Anatolia (Adam, 1983; Giiler and
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Kaftanoglu, 1999), and eleven starter hives were used.
Moreover, fresh royal jelly was used throughout larvae
transfer. A digital calliper which has 0.01 mm sensitivity
was used for measuring the length and width of wings,
thorax, head and total body length. Shimadzu TW423L
sensitive scale was used to measure the body weight of
the queens. In addition, CO; tanks were used to
anaesthetize queen bees, which allow for an easy
measurement of the physical parameters of the queens.
Royal jelly spoon was used to collect royal jelly and to
store it a small dark glass jar was used. A refrigerator was
used to keep freshly collected royal jelly in 4°C until it
used wet grafting. 240 larvae (one, two, and three day
old) were grafted into 4 different starter hives, 135 larvae
(one, two, and three day old) were grafted into three
different starter hives, and 120 larvae (one, two, and three
day old) were grafted into four different starter hives.
Thus, there are four cell starter hives comprise 60 larvae,
three cell starter hives comprise 45 larvae, and four cell
starter hives comprise 30 larvae. In this research,
acceptance rates (%), body length (mm), hatching weight
(mg), head length and width (mm), thorax length and
width (mm), wing length and width (mm) were measured.
In queen rearing process, briefly, queen bee was isolated
into a two frames capacity queen isolator to get exactly
one, two and three-day-old larvae in the breeding hive.
Throughout three days, frames in the queen isolator
replaced with news daily, and all frames marked to
indicate in which day it is in the isolator. Thus, 165 one
day old, 165 two old’s and 165 three days old larvae were
grafted into plastic queen rearing cubs, and they
transferred into the cell builder hives (queen less colonies)
which involve high population worker bees ready to
produce new queen bees (Laidlaw, 1997). Larvae were
transferred into a room which well lighted, temperature of
the room minimum 75°F, and humidity was minimum
50% (Laidlaw, 1978). All accepted queen cell was
transferred from cell builder hives to incubator after 10
days from grafting larvae, and all queen hatching did in
the incubator. After hatching, queens were anaesthetized
with CO; immediately, and first, their body weight was
measured then other parameters were measured with a
digital caliper. When the larvae resting in incubator
accepted larvae and unaccepted were counted, and the

Table 1 All groups larvae acceptance rates (%)

percentage of larvae acceptance was calculated by using
formula;

RAL= Accepted Larvae / Total Grafted Larvae x 100
RAL: The Rate of Accepted Larvae

The SPSS 13.0 for windows was used for statistical
analyses. Data was given in form of arithmetical mean
and + standard errors of mean. Differences between
groups were assessed through the Anova and Duncan’s
multiple range test, and a chi-square test was used for the
statistical analysis of cell acceptance rates.

Results

Totally, 495 larvae were grafted to rear queen bees,
414 of them were accepted and emerged as queen bees.
Thus, the overall larvae acceptance rate was calculated as
83%. Particularly, the acceptance rates were given Table
1 below.

In addition, queen weight, body length, head width,
thorax width, thorax length, and wing length were found
statistically significant, and the value of these
measurements were 166.37 mg, 16.47 mm, 3.84 mm, 4.42
mm, 4.07 mm, and 10.42 mm respectively. Grafted
larvae age had a statistically significant effect on the
weight (166.37 mg), the body length (16.47 mm), thorax
width (4.42 mm), thorax length of queen bees (4.07 mm),
and wing length of queen bees (10.42 mm) of reared
queens. On the other hand, age of grafted larvae did not
have any statistically significant effect on head width of
queen (3.84mm), and wing width (3.12 mm). The mean
values and standard errors of mean of all measurements
about age of grafted larvae age were given Table 2. The
effects of grafted larvae number on reared queens’
physical measurements, grafted larvae number had a
statistically significant effect on body length (16.5 mm),
and head length (3.84 mm). However, grafted larvae
number did not have a significant effect on weight (166.9
mg), head length (3.52 mm), thorax width (4.41 mm),
thorax length (4.06 mm), wing width (3.12 mm), and
wing length (10.45mm). The mean values and standard
errors of mean of all measurements about grafted larvae
number were given Table 3.

Age of Grafted Larvae N 30" N 45 N 60 Mean
Al™ 85.0 71.1 87.5 81.2
A2 85.0 86.6 83.7 85.1
A3 92.5 82.2 80.0 84.9
Mean 87.5 79.9 83.7 83.0
“N number of grafted larvae, ~"A age of grafted larvae (day)

Table 2 Physical parameters of the gueen bees depending on age of grafted larvae

AGL W(mg) L(mm) HW(mm) HL(mm) TL(mm) WL(mm)

One dayold [ 173.59+1.84 16.72+0.095 3.85+0.017 3.52+0.019 4.47+0.02 4.14+0.017 3.11£0.015 10.55+0.031
Two day old | 166.9£1.64 16.61+0.081 3.83+0.019 3.5+£0.024 4.41+0.025 4.05+0.025 3.14+0.012 10.46+0.029
Three day old | 158.69+2.025 16.07+0.105 3.82+0.019 3.54+0.024 4.37+0.021 4.02+0.023 3.1+0.015 10.34+0.035
General 166.39+1.83 16.46+0.42 3.83+0.018 3.52+0.021 4.42+0.022 4.07+0.022 3.12+0.014 10.45+0.032

AGL: Age of Grafted Larvae, W weight, L Length, HW head width, HL head length, TW thorax width, TL thorax length, WW wing width, WL wing

length
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Table 3 Physical parameters of the queen bees depending on number of grafted larvae

NGL W(mg) L(mm) HW(mm)

HL(mm)

TW(mm) TL(mm) WW(@mm) WL(mm)

30 larvae | 167.63£2.23
45 larvae
60 larvae

General

166.93+1.96

16.44+0.111 3.88+0.017 3.56+0.029 4.43+0.023 4.07+0.022 3.11+0.016
168.92+2.088 16.72+0.098 3.82+0.023 3.51+0.027 4.41+£0.032 4.04+0.028 3.1340.015
164.23+1.586 16.34+0.083 3.82+0.015 3.49+0.016 4.41+0.017 4.08+0.016 3.12+0.011
16.5+0.097 3.84+0.018 3.52+0.024 4.42+0.024 4.06+0.022 3.12+0.014

10.47+0.041
10.48+0.037
10.42+0.026
10.46+0.035

NGL: Number of Grafted Larvae, W weight, L Length, HW head width, HL head length, TW thorax width, TL thorax length, WW wing width, WL

wing length

Table 4 Correlation coefficient (person) of the physical parameters of the queen bees

Queen Body Head Head Thorax Thorax Wing Wing
weight length length width length width length width
Queen 1 0.722 0.335 0.311 0.345 0.319 0.383 0.516
weight
Body 0.722 1 0.228 0.21 0.267 0.211 0.376 0.408
length
Head 0.335 0.228 1 0.434 0.44 0.334 0.257 0.279
length
Head
. 0.311 0.21 0.434 0.422 0.302 0.185 0.152
width
Thorax 0.345 0.267 0.44 0.422 1 0.512 0.317 0.276
length
Jv?gtfx 0.319 0.211 0.334 0.302 0512 1 0.232 0.231
Wing 0.383 0.376 0.257 0.185 0.317 0.232 1 0.431
length ' ' ' ' ' ' '
V\/_mg 0.516 0.408 0.279 0.152 0.276 0.231 0.431 1
width
Furthermore, there were statistically significant  colony in both of these two experiments. Thus, the weight

correlations between all physical characteristics of reared
queen bees (P<0.01). The correlation coefficients are
given in Table 4. The highest correlation in the physical
parameters of queen bees was found between weight and
body length (r=0.722; P<0.01), and the lowest correlation
in the physical parameters was found between wing width
and head width (r=0.152; P<0.01).

Discussion

The weight of queen bees might be affected by genetic
factors, supplemental feeding of starter hives, age of
grafted larvae, season, and bee density in starter hives
(Gencer et al., 2000; Mirza, 1967; Emsen, 2004). In this
study, queen weights changed between 98 mg and 220
mg. The average reared queen from one, two and three-
day-old larvae weight was 173.59, 166.9, and 158.69
respectively. The queen weights are higher than Mahbobi
et al. (2012) findings which indicate that the average of
queen weights reared from one, two, and three-day-old
larvae 158.83, 150.94 and 144.58 mg respectively.
However, the weight of queen was lower than findings of
Akyol et al. (2008) which indicate that classified reared
queens into three different group as heavy, medium and
light and the average weight of these were 207.63,
193.47, and 175 mg respectively. The findings of these
researchers illustrate that queen bee weight can have a
high variability. This experiment and Akyol et al. (2008)
experiment were conducted in the same place, and Apis
mellifera anadolica queens were used in the breeding

could be affected by rearing methods and the rearing
season. The weight differences between Mahbobi et al.
(2012) and this experiment could be attributed to the
genetic and environmental basis because in this
experiment Apis mellifera anadolica was used and the
experiment was conducted in Turkey. On the other hand,
in Mahbobi et al. (2012) experiment. Apis mellifera meda
was used and that experiment was conducted in Iran. In
addition, grafted larvae age significantly affected queen
bee weight in this experiment just as it was the case in the
experiments of (Mahbobi et al., 2012; Gencer et al.,
2000). Queen bees reared from one-day-old larvae were
statistically heavier than two and three-day-old larvae,
and queen bees reared from two-day-old larvae were
statistically heavier than three-day-old larvae. The
possible reason for that is the fact that potential queen bee
larvae was heavily fed with royal jelly by worker bees.
One-day-old grafted larvae start heavily feeding earlier
than two and three-day-old larvae. Similarly, two-day-old
grafted larvae start heavily feeding earlier than three-day-
old larvae. On the other hand, the number of grafted
larvae did not statistically affect queen bee body weight.
The possible reason of this result is that during the
experiment each starter hive was fed with 1/1 sugar-water
mix. Also, the experiment area was very close to a
farming area, and thus bees could easily find enough
pollen. Therefore, worker bees in starter hives fed grafted
larvae equally. As a result, grafted larvae number could
not have an effect on queen bee weight. There appears to
be no previous research exploring the effects of grafted
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larvae number on queen bee weight. In addition, queen
weight has a significant correlation with the physical
parameters of queen bees. Body length and weight have
the highest correlation (r=0.722; P<0.01). and head width
and weight have the lowest correlation (r=0.311; P<0.01).

This research shows that the body length of queen
bees is affected by both the number of grafted larvae and
grafted larvae age. This is the possible effect of grafted
larvae age on queen body length. The strongest
correlation among the physical measurements of queen
bees was between body length and queen weight. While
grafted larvae number did not have an effect on queen
weight, it had a significant effect on body length. The
reason for this effect cannot be understood. There appears
to be no previous research exploring the effects of grafted
larvae age and grafted larvae number on queen bee body
length. In this experiment shows that there is a strong
correlation between body length and other physical
measurements. In addition, Eckert (1937) indicates that
there is no significant correlation between queen body
length and the number of ovarioles.

The head width and head length of queen bees have a
significant correlation. Grafted larvae age and grafted
larvae number did not have a statistically significant
effect on head length in this experiment. On the other
hand, Mahbobi et al. (2012) indicated that the head length
of queen bees reared from one-day-old larvae was
significantly more than the head length of queen bees
reared from two-day-old larvae. The possible reason has a
genetic and environmental basis because in this
experiment Apis mellifera anadolica was used and the
experiment was conducted in Turkey, but in Mahbobi et
al. (2012) experiment Apis mellifera meda was used and
the experiment was conducted in Iran. There appears to be
no previous research exploring the effects of grafted
larvae number on queen bee head length. Moreover, in
this experiment, the head width of queen bees was not
affected by grafted larvae age but was affected by grafted
larvae number. Tarpy et al. (2011) confirms this result.
However, Mahbobi et al. (2012) showed that the head
width of queen bees reared from one-day-old larvae was
significantly more than the head width of queen bees
reared from three-day-old larvae. The reason for this
difference might be genetic and environmental because in
this experiment Apis mellifera anadolica was used and the
experiment was conducted in Turkey. but in Mahbobi et
al. (2012) experiment Apis mellifera meda was used and
the experiment was conducted in Iran. There appears to be
no previous research exploring the effects of grafted
larvae number on queen bee head width.

The thorax length and width of queen bees were
significantly affected by the age of grafted larvae but
were not affected by grafted larvae number in this
experiment. There is a correlation found between thorax
width and thorax length (r= 0.512). Tarpy et al. (2011)
indicated that the thorax width of queen bees reared from
0-day-old larvae was significantly more than queen bees
reared from two-day-old larvae, and this experiment also
confirms the results of this experiment. Although this
experiment shows that the age of grafted larvae affected
thorax length, Mahbobi et al. (2012) does not confirm this
result. Mahbobi et al. (2012) put forward that the age of
grafted larvae does not affect queen bee thorax length.

The reason of this difference might be genetic and
environmental because in this experiment Apis mellifera
anadolica was used and the experiment was conducted in
Turkey, but in Mahbobi et al. (2012) experiment Apis
mellifera meda was used and the experiment was
conducted in Iran. In this study, | found that grafted larvae
number does not affect thorax width and length. There
appears to be no previous research exploring the effects of
grafted larvae number on the thorax length and width of
queen bees.

The wing width of reared queen bees was not affected
by grafted larvae age in this experiment. However,
Mahbobi et al. (2012) does not confirm this research and
suggests that the age of grafted larvae has an effect on
wing width (P<0.05). Moreover, there is a correlation
between wing width and wing length (r=0.431). The wing
length of queen bees was affected by grafted larvae age.
Similarly, Mahbobi et al. (2012) confirms this experiment
and suggests that there are significant wing length
differences between different grafted larvae ages. Wing
length was not affected by grafted larvae number in this
experiment (P>0.05). Furthermore, there appears to be no
previous research exploring the effects of grafted larvae
number on queen bee wing length.

The acceptance rate in this experiment was not
affected by grafted larvae age (P>0.05). On the other
hand, Hussain et al. (2007) indicates that grafted larvae
age has an effect on acceptance rates, and one-day-old
larvae grafted into plastic cells had a 75.53% acceptance
rate in the summer season, while two-day old larvae
grafted into plastic cells had a 56.66% acceptance rate.
This difference might have a genetic and environmental
basis. The number of grafted larvae did not affect the
acceptance rate in this experiment. However, Abrol et al.
(2005) does not confirm this result and indicates that
more grafted larvae number has a negative effect on
acceptance rates. The possible reason for this difference
might be that in this experience starter colonies were fed
with a syrup containing 50% sugar for the first 11 days
after preparing them, but in Abrol et al. (2005)
experiment starter hives were fed with a syrup containing
40% sugar just for a day. In addition, Abrol et al. (2005)
experiment was conducted in India and Apis cerana was
used in that study. In addition, (Ko¢ and Karacaoglu,
2004) showed that the acceptance rates can be affected by
rearing season. Base on this fact the acceptance rate of
this study could be different in a different season.

Conclusion and Recommendations

In this study, the effects of grafted larvae number and
age on some physical parameters of queen bees and queen
cell acceptance rate were researched. The physical
parameters that were investigated were queen weight,
body length, head width, head length, thorax width,
thorax length, wing length, and wing width. The first step
of successful queen rearing is to have a good queen cell
acceptance rate. For this reason, in this study, the effects
of grafted larvae age and number on queen cell
acceptance rates were studied. The age of grafted larvae
and the number of grafted larvae did not have a
significant effect on queen cell acceptance rates in this
experiment. In this experiment. starter hives were fed with
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1/1 sugar-water syrup in the first 11 days. Thus, starter
hives did not have any nutritional stress, and grafted
larvae could be easily fed by worker bees in starter hives.
As a result of that, grafted larvae number and age did not
affect the queen cell acceptance rate.

Delaney (2010) indicates that morphological sizes
have a significant correlation with the fertility and
reproductive success of queen bees. For this reason, in
this research, the effects of the age of grafted larvae and
the number of grafted larvae on the morphologic
characteristics of queen bee were researched. The age of
grafted larvae had a more significant effect on the
morphological characteristics of queen bees than the
number of grafted larvae. Grafted larvae age does not
affect head width, head length, and wing width for reared
queen bees in this experiment. On the other hand, the age
of grafted larvae significantly affects queen weight, body
length, thorax length, thorax width, and wing length for
reared queen bees. This experiment shows that grafted
larvae number does not affect queen weight, head length,
thorax width, thorax length, wing width, and wing length
for reared queen bees. On the other hand, grafted larvae
number has a significant effect on the length of body and
the head width of reared queen bees.

In this research, each physical parameter of reared
queen bees has a significant correlation with each other.
Overall, the weight of queen bees has the highest
correlation with other measurements, and head width has
the lowest correlation with other measurements.
Furthermore, Akyol et al. (2008) indicated that the
diameter of spermathecae and the number of sperm in
spermathecae of heavy queen bees are more than those of
light queen bees. Based on these results and information,
it can be said that the most important physical parameters
of queen bees are their weights. The weight of reared
queen bees in this experiment was affected significantly
by grafted larvae age while it was not affected by grafted
larvae number. For queen rearing processes, grafting one-
day-old larvae is highly recommended to rear good
quality queen bees. One-day-old larvae are smaller than
two and three-day-old larvae, and thus queen rearing from
one-day-old larvae is more difficult than two and three-
day-old larvae. However, using one-day-old larvae is
significant to rear good quality queen bees. Grafted larvae
number (30-60) in well-fed and strong starter hives is not
really important for the quality of reared queen bees. For
this reason, in queen bee rearing processes, using strong
starter hives and feeding starter hives well are
recommended. For future research, whether or not
grafting larvae number (more than 60) has any effects on
some physical parameters can be researched.
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