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Objectives: The honeybee mainly uses the wax comb for brood rearing and food storage. Repeated brood
rearing in the comb changes the wax color and cell dimensions. Therefore, we aimed to study the decline
of body size of the individual bees and its impact on colony productivity in relation to comb age.
Methods: Twenty colonies of hybrid Carniolan honeybees, each of 12,000 bees, were used. Combs aged 1–
3 years were used as new combs, and combs aged 4–6 years as old combs. The weight of the worker,
queen, drone, and royal jelly (RJ)/queen cell, storing pollen and honey, and rearing worker and drone
brood were determined.
Results and conclusions: The body weights of the newly emerged worker, drones, queens, and nurse and
forager workers of colonies with the new combs were significantly heavier than those of the colonies
with the old combs. Colonies with the new combs were significantly more active in storing pollen and
honey, RJ production, and rearing workers and drones. We concluded that the body sizes of the individual
bees were declined, and the productivity was decreased in the colonies with the old combs. Replace
combs after three years with new others is recommended to encourage colony growth and increase
productivity.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Several factors influence the activity of the honeybee colony,
but the availability of food resources has been reported as the most
effective (Taha and Bayoumi, 2009; Awad et al., 2017; El-Seedi
et al., 2020; Taha and Al-Kahtani, 2020). Feeding on proteinaceous
diets, e.g., brewer’s yeast, defatted soybean flour, pollen candy, and
skimmed powder milk (Taha, 2015b; Puškadija et al., 2017) has
considered. Also, the population size of the colony, i.e., the strong
colonies produced more brood and honey compared with the weak
colonies (Taha and Al-Kahtani, 2013; Kasangaki et al., 2018).
Besides, the activity of the honeybee colony has reportedly affected
by the bee species/subspecies, e.g., the Yemeni bee in Saudi Arabia
stored more pollen and reared more worker brood than the Carnio-
lan one, while the Carniolan bees produced more honey (Taha
et al., 2016; Taha and Al-Kahtani, 2019). In addition, seasonal vari-
ations of colony activities have been reported (Taha and Al-
Kahtani, 2020).

A large scale of beekeepers worldwide continues using combs in
the colony for about 4–6 years (Taha, 2013). This practice resulted
in an accumulation of cocoons, pollen, and propolis in the cells
(Taha et al., 2010), and the cell dimensions declined (Shawer
et al., 2020). The age of the comb has reportedly affected the brood
survivorship and the colony growth (Taha and Al-Kahtani, 2020),
and the morphometric characteristics of the workers (Al-Kahtani,
2018; Shawer et al., 2020). Also, the honey yield (Taha and Al-
Kahtani, 2020) and the physicochemical composition of the honey
(Taha and El-Sanat, 2007; Taha et al., 2010) have been affected.

Because of the accumulation of larval cocoons and other detri-
tus, the cell walls become thicker, and overtime, the internal cell
diameter declines and becomes smaller (Karihaloo et al., 2013).
Compared with the inner cell diameter of the new combs, more
than a 15% reduction in the inner cell diameter of the old combs
has occurred (Shawer et al., 2020). Taha and Al-Kahtani (2020)
have examined each comb age in a separate colony as a treatment
to investigate the effect on colony performance; they have found a
significant effect on the activity and productivity of the colony.
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Applicably, it is difficult to use one comb age separately in a colony,
and actually, the hive consists of combs of different ages, so in this
study, we used combs aged 1–3 years as new combs and 4–6 years
as old combs. A reduction of cell size overtime have expected; this
reduction influences the size of worker bees (Shawer et al., 2020),
and consequently, a decline of nectar and pollen collection, brood
Photo (1): New combs. Photo (2): Old combs.
rearing, honey yield, and other hive products can occur. Here we
aimed to study the decline of the body size of the individual bees
and its effect on the colony productivity in relation to the age of
the comb.
2. Materials and methods

2.1. Experimental site

The study was conducted at the apiary of the Faculty of Agricul-
ture, Kafrelsheikh University, Kafrelsheikh, Egypt, from the begging
of February 2019 to the end of January 2020. Kafrelsheikh lies at
longitude 30� 560 4500 E, latitude 31� 60 4200 N, and an altitude of
17 m above sea level.
2.2. Experimental colonies

Twenty colonies of hybrid Carniolan (Apis mellifera carnica Poll-
mann) honeybees were selected, equalized to be in the same
strength (12,000 bees on six combs for each), and requeened by
2

newly mated sister queens. The colonies were divided into two
groups of 10 colonies. The combs were replaced by empty combs
aged 1–3 years (Photo 1) in group 1 (new combs) and 4–6 years
(Photo 2) in group 2 (old combs). Each colony of group 1 consists
of two combs of age 1, 2, and 3 years, and group 2 consists of
two combs of age 4, 5, and 6 years.
2.3. Body weight of individual bees and royal jelly/queen cell

The body weights of the newly emerged, nurse, and forager
workers were determined at the begging and end of the experi-
ment. Fifty newly emerged workers of each group were collected
within three hours of emergence. Fifty nurse workers (4–12 days)
of each group were collected from the brood nest area. Fifty for-
agers workers (>21 days) of each group were collected from the
flaying board. We selected March and July to examine the amount
of royal jelly (RJ)/queen cell and the weight of the newly emerged
queen and drone. The queens were removed from the colonies at
the begging of March and July to stimulate building the emergency
queen cells. From each group, we harvested RJ from 50 queen cells
after three days of the larval age. The mean yield of RJ (mg)/queen
cell was calculated as described by Al-Kahtani and Taha (2020).
Fifty queen cells of each group were left to ripe and caging one
day before emergence. The newly emerged queens were weighed
within three hours of emergence. Fifty drones of each group were
weighed within three hours of emergence. The individual bees
were chilled for 4 min to facilitate the determining of the fresh
body weight (mg) using an electronic balance.
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2.4. Stored pollen, honey, and brood production

The areas of worker and drone sealed brood and stored pollen
were measured using a standard frame divided into square inches
at 12 days intervals, and the monthly area was calculated. The
monthly area of sealed honey in each colony was measured using
a standard frame divided into square inches.
2.5. Statistical analysis

The differences between the new and old combs were tested
using a two-way analysis of variance (ANOVA), which indicated
significant differences between the new and old combs. The nor-
mality in data was tested by the Shapiro-Wilk normality test,
which indicated the normal distribution of the data. Therefore,
the analysis was performed on the original data. The ANOVA was
used to assess differences between the new and old combs via
the PROC GLM function in SAS version 9.1 (SAS Institute, 2003).
Table 1
Effect of comb age on the body weight (mg) of honeybee workers.

Worker caste Experiment Combs Significance

New Old

Newly emerged Begging 114.89 ± 2.85a 88.05 ± 2.06c **
End 109.45 ± 3.01b 78.21 ± 2.89d

Nurse Begging 95.70 ± 0.67a 84.95 ± 3.21c **
End 91.65 ± 0.52b 61.83 ± 1.10d

Forager Begging 85.35 ± 0.49a 78.00 ± 3.14c **
End 81.75 ± 0.50b 57.05 ± 0.69d

Values are the mean ± S.D. The means of each worker caste followed by a different
letter are significantly different. ** indicate P < 0.01.

Table 2
Effect of comb age on the weight (mg) of royal jelly (RJ)/queen cell and newly
emerged queen and drone.

Parameters New combs Old combs Significance

RJ/queen cell March 209.01 ± 5.53a 132.18 ± 3.62c **

July 180.67 ± 6.05b 108.07 ± 4.99d

Newly emerged queen March 162.18 ± 2.45a 137.41 ± 4.69c **

July 146.89 ± 2.84b 114.78 ± 1.34d

Newly emerged drone March 235.12 ± 2.67a 191.50 ± 2.45c
**

July 228.64 ± 1.49b 186.16 ± 1.11d

Values are the mean ± S.D. The means of each parameter followed by a different
letter are significantly different. ** indicate P < 0.01.
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Fig. 1. Effect of comb age on the
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Duncan’s Multiple Range Test (Duncan, 1955) was used to compare
the mean weights of workers, drones, queens, and RJ/queen cells
from the new and old combs.

3. Results

The body weights of the newly emerged (114.89 and 109.45 vs.
88.05 and 78.21 mg), nurse (95.70 and 91.65 vs. 84.95 and
61.83 mg), and forager (85.75 and 81.75 vs. 78.00 and 57.05 mg)
workers reared in the new combs were significantly (P < 0.01)
heavier than those of the old combs at the begging and end of
the experiment, respectively (Table 1).

The weights of the RJ/queen cell (209.01 and 180.67 vs. 132.18
and 108.07 mg), newly emerged queen (162.18 and 146.89 vs.
137.41 and 114.78 mg), and drone (235.12 and 228.64 vs. 191.50
and 186.16 mg) in the new combs vs. old combs on March and July,
respectively (Table 2).

Colonies with the new combs stored significantly (P < 0.01)
more pollen and honey than colonies with the old combs
(1031.55 and 1719.70 in.2/colony/year vs. 616.43 and 910.73 in.2/-
colony/year, respectively). The largest monthly area of stored pol-
len and sealed honey (238.47 and 563.20 in.2/colony, respectively)
were found in colonies with the new combs during May. The low-
est monthly area of stored pollen and sealed honey (1.07 and
3.73 in.2/colony, respectively) were recorded in colonies with the
old combs during January (Figs. 1 and 2).

Colonies with the new combs reared significantly (P < 0.01)
more workers and drones in comparison with colonies of the old
combs (3930.49 and 66.09 in.2/ colony/year vs. 1996.46 and
49.09 in.2/colony/year, respectively). The largest monthly area of
worker sealed brood (484.10 in.2/colony) was found in colonies
with the new combs during July. The lowest monthly area of
worker sealed brood (50.50 in.2/colony) was recorded in the old
combs colonies during December (Fig. 3). The largest monthly area
of drone sealed brood (18.93 in.2/colony) was found in colonies
with the new combs during March, while all colonies did not rear
drone brood from October to January (Fig. 4).

4. Discussion

The worker body weight has positively correlated with morpho-
metric characteristics (Al-Kahtani and Taha, 2014, 2021), and col-
ony productivity (Kolmes and Sam, 1991; Taha, 2013). Body
characteristics have been used to indicate colony productivity
because workers with larger legs and wings gather greater
amounts of nectar and pollen than smaller workers (Mostajeran
et al., 2006). The body weight of workers reared in the new combs
exceeded the body weight of workers reared in the old comb by
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30.48 and 39.95%, 12.65 and 48.23%, and 9.42 and 43.30% for the
newly emerged, nurse, and forager workers at the begging and
end of the experiment, respectively. Therefore, we expected better
performance for workers produced from the new combs in nursing
brood and gathering nectar, pollen, propolis, and water; and conse-
quently high yields of the hive products. The differences between
workers reared in the new and old combs may be due to the differ-
ences in cell dimensions of the combs, which were larger in the
new combs. Taha and Al-Kahtani (2017) and Shawer et al. (2020)
reported the superiority of body weight and other morphometric
characteristics related to the colony productivity of workers reared
in the new combs compared to workers reared in the old combs.
4

The reduction percentages in the body weight of workers reared
in the old combs in comparison with those from the new combs at
the begging vs. the end of the experiment were 4.97 vs. 12.58%,
4.42 vs. 37.39, and 4.40 vs. 36.72% for the newly emerged, nurse,
and forager workers, respectively. These percentages proved that
the decline of worker body size from the old combs was many folds
of the decline occurred in the new combs.

The colonies with the new combs surpassed colonies with the
old combs in RJ/queen cell (58.13 and 67.18%), body weight of
the newly emerged queen (18.03 and 27.98%), and drone (22.78
and 22.82%) in March and July, respectively. These reductions were
due to the decrease in the dimensions of comb cells in the old
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combs. The reduced weight of the queens and drones possibly
resulted from poor feeding of the drone and queen larvae by the
nurse bees because of the reduced cell volume. The findings of
Taha and Al-Qarni (2013), and Szentgyörgyi et al. (2017) can
explain the reduction in drone weight as they reported that the
reduction of feeding the drone larva has resulted in a small drone.

The amount of stored pollen in the colonies depends upon the
amount of gathered pollen and the rate of consumption by brood
and adult bees (Taha, 2015c). Colonies with the new combs stored
67.34%more pollen than colonies with the old combs. We observed
three peaks of storing pollen in the combs; the first was during
March, the second and the biggest was during May, and the third
was during August. These peaks coincided with the flowering of
faba bean (Vicia faba L.) and flax (Linum usitatissimum L.) during
March, Egyptian clover (Trifolium alexandrinum L.) during May,
maize (Zea mays L.), and sunflower (Helianthus annuus L.) during
August (Taha et al., 2019). Relatively similar results were reported
by Shawer et al. (2003), Taha et al. (2019) in Egypt, Taha (2015a),
Taha (2015b) and Taha and Al-Kahtani (2019) in Saudi Arabia.
We observed a very low stored pollen area from November to
February due to the decrease of gathering pollen because of the
scarcity of pollen resources, colony weakness, and bad weather.
According to Shawer et al. (2003), Taha and Al-Kahtani (2013),
Taha (2014), and Taha and Al-Kahtani (2020), the amount of pollen
in the colony increased in parallel to the amount of the brood.

Colonies with the new combs stored 88.83% more honey than
the old combs colonies. The findings of Taha and El-Sanat (2007),
Dizaji et al. (2008), and Taha and Al-Kahtani (2020) confirmed
our results since they harvested the largest honey yield from the
new combs colonies. The superiority of the new combs colonies
in honey production may be due to the workers with large size,
wings, legs, and proboscis, which gather more nectar and pollen
(Dizaji et al., 2008; Taha and Al-Kahtani, 2020). The honey yield
was significantly correlated with the legs and wings characteristics
(Mostajeran et al., 2006), and the corbicula area (Kolmes and Sam,
1991). Also, the large colony population can gather more nectar
and produced a high honey yield (Taha and Al-Kahtani, 2020). Fur-
thermore, the small amounts of the brood in colonies with the old
combs resulted in weak colonies that consume a large part of the
collected nectar during the early part of the flow season in building
up its population (Taha and Al-Kahtani, 2013).

We observed the largest area of sealed honey in May coincided
with the flow season of Egyptian clover during May, followed by
August coincided with the cotton (Gossypium spp.) flow season
(Taha et al., 2019). Our results were confirmed by Shawer et al.
(2003) and Taha et al. (2019).

The strength of the colony was estimated by the area of the
sealed brood and population of adult bees (Taha, 2007; Taha
et al., 2006). In addition to the food supply, brood rearing was
influenced by the colony population size and the egg-laying ability
of the queens (Taha, 2014). At the beginning of the experiment, all
colonies were headed by sister queens, and the colony strength
was relatively similar in all colonies, so any differences should be
due to the age of combs. Colonies with the new combs reared
96.87% more worker brood than colonies with the old combs.
Our results were confirmed by Dizaji et al. (2008) and Taha and
Al-Kahtani (2020).

The largest monthly worker sealed brood area was obtained
during July and August, which formed the major peak, followed
by May and June, which formed the second peak. The peaks of
the brood rearing were in parallel to the peaks of stored pollen.
In a previous study in the same area, Taha (2000) and Shawer
et al. (2003) recorded the largest area of the worker sealed brood
during May, followed by March and April. The variation of the
5

brood rearing was dependent on the amount of the collected nectar
and pollen (Taha, 2005), which depends upon the floral resource
supply and the availability of the young and foraging workers. In
Saudi Arabia, the worker sealed brood area showed three peaks:
the major was during August and September, the second during
May, and the third occurred during March (Taha, 2014; Taha and
Al-Kahtani, 2019, 2020). The lowest area of the worker sealed
brood was recorded in November and December due to the sharp
shortage of nectar and pollen supply. On the contrary, Musa et al.
(1989) recorded that brood rearing was increased in November,
the main season of the nectar flow in Sudan.

Drone production in the colony is seasonal and depends on the
environmental conditions (Taha et al., 2007; Taha and Al-Kahtani,
2019). In the present study, drone production in the colonies con-
tinued throughout the year from February to September. It formed
two major peaks during March and August, coincided with the
peaks of the stored pollen area. These results agree with the find-
ings of Taha (2005) since he found a highly positive correlation
between collected pollen and drone brood rearing rates. The high
rate of drone production during March compared with the other
months may be due to the period of swarming season accompa-
nied by the need for more drones to fertilize queens. Helal et al.
(2003), Taha et al. (2007) in Egypt, Taha and Al-Kahtani (2019) in
Saudi Arabia reported relatively similar results.
5. Conclusion

Data from this study showed that the body sizes of the individ-
ual bees (queens, drones, and workers) were declined, and storing
pollen and honey, brood rearing, and RJ production were decreased
in the colonies with the old combs compared to the colonies with
the new combs. Replace combs after three years with new others is
recommended to encourage colony growth and increase colony
productivity.
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