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ABSTRACT

Despite the country's potential for apicultural resources, native races, productive and reproductive
performances are at relatively low levels. Numerous factors, including environmental factors and honeybee
races, may be to blame for this. As a result, this study was carried out to assess local honeybee race
performance and choose the best colonies in the various agro ecologies of the study area. For this purpose,
90 colonies of Apis mellifera monticolla (30 colonies per agro ecology under on farm) were kept in
improved box hives and assessed for egg area, larvae area, pupae area, nectar and honey area, as well as
honey yield and swarming tendency. Egg sizes in the research area range from 519.25cm? to 1343.80cm?,
while larvae and pupae have respective sizes of 574.07cm? to 1407.05cm? and 618.76 to 1471.83cm?.
Dessie zuriya district had the highest pollen area, nectar area, honey area, and honey yield (15.28cm?,
343.17cm?, 386.13cm?, and 22.13cm?), followed by Kalu (8.97cm?, 236.02cm?, and 18.88cm?), and
Tehuledere (6.01cm?, 142.54cm?, 150.39cm?, and 12.83cm?, correspondingly). The development of queen
cells and swarming behavior were unaffected by agro ecology. In general, compared to other ecotypes and
races in the country, honeybee colonies in the study area generally performed better in terms of both
productive and reproductive aspects. In this study, colonies located in the zone's highland performed better
than colonies located in the study area’s midland and lowland.
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1. INTRODUCTION

Despite Ethiopia's potential for apiculture, production and productivity are still quite low. This may be due to a
variety of causes, including management, environmental conditions and honeybee race differences. According to
Mossie and Biratu (2019), the physical environment (such as altitude, vegetation, climate, etc.) has a significant
impact on the behavior and productivity of honeybee colonies. Additionally, even under the identical environmental
conditions and management approaches, honeybee colonies do not function equally (Abou-Shaara et al. 2013). The
overall area of the colony's comb, which stores honey, pollen, and brood, the adult bee population, weight per bee
and the colony nest cavity volume ratio all affect the performance (strength and production) of honeybee colonies
(Margaret et al. 2011; Anthony et al. 2012).

In comparison to the small, aggressive, and productive lowland honeybees, the honeybees of the highland regions
are larger in size, docile in temperament, and less productive (Tarekegn et al. 2022). Even within the same agro
ecological zone, honeybee colonies behave differently (Mossie and Biratu 2019). All of the acceptable and undesirable
features in terms of output and productivity are included in the variations. Even under the same environmental
conditions and management techniques, honeybee colonies do not perform identically (Tarekegn et al. 2022).

While the environment has a significant impact on how different honeybee colonies differ from one another,
a colony's genetic makeup can also affect the traits that distinguish one group from another. Beekeepers have
used several strains to fit that particular function since they are knowledgeable about various genetic stocks that
have unique traits (Meixner et al. 2013). Although some races in the nation are known for their color, size, and
distribution, little is known about how they perform. In order to determine the potential of the races (local
honeybees) and to lay the groundwork for future selection and enhancement of the local honeybees, performance
evaluation of these honeybee races in their natural agro-ecological distribution is highly important. As a result,
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the objectives of the present study were: To evaluate the reproductive and productive performance of local
honeybees at on farm level.

2. MATERIALS AND METHODS
2.1. Study Area

One of the 11 zones in the Amhara region, South Wollo zone has a total size of 17,067.45km? and is situated
between 10°10" to 11°50’ North latitude and 38°30’ to 40°10° East longitude of Ethiopia (Fig. 1). Dessie town
serves as the zone's administrative center. The zone has 20 districts, of which Tehulederie (middle), Kalu (lowland),
and Dessie Zuria (highland) were specifically chosen for this study based on their beekeeping potential,
accessibility and proximity to honey marketing and processing routes. The zone experiences annual rainfall on
average of 1162mm. The monthly minimum and maximum temperatures are 12.6°C and 26.4°C, respectively
(Bihonegn et al. 2017).
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Fig. 1: Map of study area.

2.2. Data Collection Methods

A total of 90 colonies (30 colonies from each district (highland, midland and lowland) under on farm) were
assigned to study the performance of honeybee colonies for reproductive swarming tendency, brood population, and
nectar and pollen storage and honey yield. The performance of the colonies was evaluated from September to
December 2021 and April to June 2022) during active season of the colony through the following parameters:

2.3. Evaluation of Reproductive and Productive Performance

Space (cm?) covered by eggs, larvae, pupae, pollen, nectar and honey in the comb were measured using a frame
sized transparent grid meter, which could fit well on the four wooden bars of the comb frames, when placed on it
(Fig. 2). The grid consisted of squares each having 1cm? areas (Sena et al. 2012; Kumar et al. 2013). The grid was
placed on the comb for measuring various parameters and numbers of squares of grid covering the different
parameters were counted on all the combs in a colony every 21 days.

2.4. Evaluation of Swarming Behavior

Based on interviews and/or inspections for the development of queen cells, the reproductive swarming of the
honeybee populations in the area was evaluated under the following circumstances. The proportion of
reproductively swarmed colonies to the total number of colonies owned by interview beekeepers was used to
calculate the extent of reproductive swarming. According to the ratio of total colonies to newly built queen cells,
swarming tendency was estimated. To prevent double counting, these cells that had been counted were eliminated
right away. During the active season, swarming tendency was assessed at intervals of 9 days.
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Fig. 2: Method of parameters measurement.

2.5. Honey Yield

First, frames with sealed honeycombs were removed from the hive, and each frame containing sealed honey was
weighed in order to collect data on honey yield during the study period. The centrifugal honey extractor was then
used to extract frames that contained honey. After the honey was extracted, empty frames were weighed. The weight
after extraction was subtracted from the weight before the extraction to get the net honey yield (Mossie and Biratu
2019). The two main honey flow seasons in the research area are from October to November and June, respectively.

2.6. Data Analysis Methods

SAS's general linear model approach was used for dependent variables to find statistical differences between
different types of beehives. As fixed independent variables, hive types were fitted. Tukey's studentized range test
was used to compare means at P<0.05.

Model used for the least - squares analysis of dependent variables was:
Yij = p + hi + eij
Where: Yijk = Observed dependent variables
p = Overall mean
hi = Fixed effect of agro ecology/or districts (i=3; highland, midland, lowland)
eij = Residual error

3. RESULTS

Table 1 indicated overall brood area of different districts at the end of data collection. Dessie zuriya showed the
highest Egg area (EA), Larvae area (LA) and Pupae area (PUA) (1343.8cm?, 1407.05cm? and 1471.83cm?) than
Kalu (824.78cm?, 874.57cm? and 926.10cm?) and Tehuldere (519.25cm?, 574.07cm? and 618.76cm?) which had the
lowest brood area respectively. There was statistical difference (P<0.05) between agro ecologies for measurements
of all brood parameters.

Table |I: Brood areas (cm?) of colonies in the study area of different agro ecology

District Egg Area Larvae Area Pupae Area
Kalu(L) 824.78+29.80b 874.57+30.600 926.10+31.45b
Dessie zuriya(H) 1343.80+47.492 1407.05+47.892 1471.83+48.712
Tehuledere(M) 519.25%18.61¢ 574.07+21.33¢ 618.76+22.97¢<
P-value <0.0001 <0.0001 <0.0001

L: Lowland; H: Highland; M: Midland. < Means with different superscripts across a column are statistically significant.

Overall results of Pollen, nectar, honey area and honey yield of study districts (agro ecologies) was presented in
Table 2. All above parameters Pollen area (POA), Nectar area (NA), Honey area (HA) and Honey yield (HY) were
maximum in Dessie zuriya district (15.28cm?, 343.17cm?, 386.13cm? and 22.13cm?) followed by Kalu (8.97cm?,
201.15cm?, 236.02cm? and 18.88cm?) and Tehuledere (6.01cm? 142.54cm?, 150.39cm? and 12.83cm?). There was
significant difference between agro ecologies (P<0.05) in all these parameters.
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Table 2: Pollen, nectar and honey area (cm?) and honey yield (kg) of the study area in different agro ecology

District Pollen Area Nectar Area Honey Area Honey Yield
Kalu(L) 8.97+0.25b 201.15+8.400 236.02+9.500 18.88+0.700
Dessie zuriya(H) 15.28+0.442 343.17+15.17- 386.13+17.982 22.13+0.882
Tehuledere(M) 6.01+0.22¢ 142.54+6.83¢ 150.39+8.53¢ 12.83+0.62¢
P-value <0.0001 <0.0001 <0.0001 <0.0001

L: Lowland; H: Highland; M: Midland. >4 Means with different superscripts across a column are statistically

Table 3: Swarming extent and swarming tendency of colonies in the study area in different agro ecology.

significant.

District Swecol Exrsw Qcc swate

Kalu (L) 2.57+0.612 8.57+2.032 4.43+0.952 14.76%3.172
Dessie zuriya(H) 2.14+0.53b2 7.14+1 770 4.29+0.922 14.29+3.072
Tehuledere (M) 0.71+0.25b 2.38+0.86b 2.00+0.622 6.67+2.082
P-value 0.0251 0.0251 0.0829 0.0829

Swcol: swarmed colony; exrsw: extent of swarming; qcc: queen cell construction; swate: swarmed tendency; L: Lowland; H:
Highland; M: Midland. >4 Means with different superscripts across a column are statistically significant.

Overall swarming tendency of study area was indicated by Table 3. Swarmed colony (Swcol) and Extent of
swarming (exrsw) were showed significance difference (P<0.05) with higher value in kalu (2.57cm? and 8.57¢m?)
and lower in Tehuledere (0.71cm? and 2.38cm?) but Dessie zuriya (2.14cm? and 7.14cm?) was not statistically differ
(P>0.05) with both Kalu and Tehuledere. Queen cell construction (Qcc) and Swarmed tendency (swate) was not
affected by agro ecology (P>0.05). It was 4.43cm? and 14.76cm? for Kalu, 4.29cm? and 14.29cm? for Dessie zuriya
and 2.00cm? and 6.67cm? for Tehuledere respectively.

4. DISCUSSION

With regard to colonies with different agro-ecological records, the Dessie Zuriya (highland) colony in the
current study had the largest brood area, followed by Kalu (lowland) and Tehuledere (midland). The current study's
brood area was 1343.8cm?, 1407.1cm?, and 1471.8cm? for eggs, larvae, and pupae, respectively. When compared
with the results of Alemu et al. (2014) findings, which evaluated colonies of A.m. Scutellata and reported a total
brood area of 216cm?, Mossie and Biratu (2019) findings for A.m. bandansii reported a total brood area of
252.5cm?. As well as this, Negash and Argaw (2022) reported 148cm? for A.m. scutellata, Aleme et al. (2017)
reported unsealed brood area of 127cm?and sealed brood area of 94cm? for A,m. wayi Gambela.

Tarekegn et al. (2022) reported unsealed (54cm?) and sealed (127cm?) for A.m. scutellata. All of the
aforementioned findings were lower than the outcome of the current study. However findings of Hunde and Hora
(2022) on A.m. bandansii found brood area of 6114.1cm? and Meressa et al. (2016) on A.m. monticolla found
unsealed brood area of 20.4cm? and sealed 2546.1cm? were higher than the result of the current study even though,
the unsealed brood area lower than the current. The maximum brood raising was seen during the active season,
which could be due to the region's abundance of honeybee flora, which ranges from weeds to forest trees and
provides enough nutrition for bees during this month. Apis mellifera bees in tropical areas raise brood all year but
lower the number reared during the rainy season (Tarekegn et al. 2022).

Many factors have been identified as contributing to the decline of honey bee colonies, such as pesticides,
diseases, pathogens, commercial pollination methods, and environmental change (Asrat et al. 2023; Khushdeep et
al. 2023; Nicole et al. 2023). A dangerous external parasite called Varroa is responsible for a number of problems
for beekeepers, including declining adult numbers, stunted growth in young bees, erratic brood patterns, growth of
disease-causing pathogens, adult bee departure from the hive, low honey productivity, and colony losses at an
advanced stage (Yashdeep et al. 2023).

Weather parameters contribute major role in influencing the brood rearing, pollen area, nectar area, bee
strength and honey production as well as the activity of pollen foragers (Manoj et al. 2017). The bee's activity and
production rate are determined by the temperature conditions in its surroundings (Nazh et al. 2023). One of the
most significant elements influencing beekeeping and honey bees is temperature. Determining the ideal temperature
is one of the most crucial steps toward making beekeeping and its products economically viable (Filmon, 2023;
Krystyna et al. 2023; Rafael et al. 2023). Colony performance were impacted by beehive type and honeybee race
(Abou-Shaara et al. 2013). According to Algarni et al. (2014), pollen harvesting was impacted by solar radiation,
but brood rearing activities was connected with monthly pollen storage. Based on climatic conditions, vegetation
cover, altitude and other abiotic and biotic factors, honeybee races are dispersed throughout the nation for each
region's agro ecologies (Aleme and Nwankwo 2021). According to Shumkova and Balkanska (2020), it is
anticipated that foods like Apimix and Apipasta, which are high in vitamins and amino acids, will encourage bee
colonies to produce more bee larvae. The amount of harvested and transmitted bee pollen in the hives increases as a
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result, strengthening the bee colonies. Pollen contains nutrients such proteins, minerals, vitamins, and lipids that are
crucial for adult longevity, brood development, and colony growth (Abou-Shaara 2014; Arien et al. 2015; Aleme et
al. 2017; Topal et al. 2022; Negash and Argaw 2022).

The current study's measurements of pollen, nectar, and honey area, which were strongly influenced by the
agro-ecology of the study's subjects. The current study measured amounts of pollen, nectar, and honey of 15.3cm?,
343.2cm?, and 386.1cm?, respectively. It showed lower value of pollen and higher value of nectar and honey than
results reported by Alemu et al. (2014) showed 29.3cm? and 65.6cm? of pollen and nectar respectively for
A.m.scutellata and (Aleme et al. 2017) reported 63cm?, 32cm? and 144cm? of pollen nectar and honey area for A.m.
wayi gambela respectively as well as Negash and Argaw (2022) who found 97.5cm? and 131.9cm? of pollen and
nectar for A.m.scutellata respectively. In addition, result of Meressa et al. (2016) for A.m. monticolla was 24.4cm?
and 254cm? of pollen and nectar respectively which was also higher in pollen but lower in nectar area. In
comparison to the present study, Tarekegn et al. (2022) reported that the pollen area (2cm?) and nectar area (35cm?)
of A.m. scutellata were lower. However, Hunde and Hora (2022) results from which reported 487cm? and 3399cm?
of pollen and nectar for A.m. bandansii, respectively, were higher in both pollen and nectar.

Foraging activity by honeybee colonies depends on gathering pollen, nectar, honey, and its yield (Hristov et al.
2020). The main tendency of nectar and pollen storage activity does, in fact, coincide with the pattern of brood
rearing of the investigated colonies in both agro-ecologies, it was further validated. The distance of honeybee
forages, colony size, food availability, month, and time of day may all play a role in the difference between the
active and dearth seasons of foraging activity. According to Topal et al. (2022), weather factors play a significant
impact in regulating pollen foraging activity, pollen area, nectar area, bee strength, and honey output. Adult worker
bees' metabolic processes are influenced by the nutritional quality of their larval meals, with diets that are better
suited for survival having a greater metabolic rate per unit of body mass (Crone and Grozinger 2021).

Like all living things, honeybees require a balanced and sufficient diet. Reduced immunity, more stress, a
shorter life span, and colony loss can all result from malnutrition. In order for brooding behaviors to continue and
for the colony's young population to grow, pollen is required (Divya et al. 2017; Hoover et al. 2022). According to
Sihag and Kaur (2018), there is mounting proof that high-quality nutrition can reduce the negative effects of several
stresses on honeybees (Apis mellifera). For the development of more resilient phenotypes, pollen, the main source
of protein and fats in bee diets, is particularly important. Beehive type and honeybee race have an impact on colony
performance (Abou-Shaara et al. 2013).

According to Manoj et al. (2017), diet is one element that influences how much nectar is present in honeybee
colonies' hives. According to EI-Wahab (2016) and Gabka (2014), colony strength has an impact on the pollen,
nectar, and honey areas. Pollen and nectar stores were also identified by Shehata (2016), Saini et al. (2018) and
Tawfik et al. (2020) as being positively correlated with brood and colony strength. The principal honey harvesting
season of the year, which runs from October to November, saw larger honey yields than usual.

This could be attributed to the abundance of food supplies, which may have a significant impact on the health
and productivity of honeybee colonies. The mean honey output (kg) per harvest per hive for this race was higher
than the race found in the upland area. The higher honey yield was recorded during the primary honey harvesting
season of the year from October to December and this might be due to the abundant availability of forage sources
that could profoundly impact honeybee colony strength and productivity. The maximum honey vyield of the present
study was 22.2kg which was higher than the range of the national level (19.1kg). For the A.m bandansii, Mossie and
Biratu (2019), reported a maximum honey yield of 12.33kg.

In addition, Zewdu (2012) for A.m. Bandansii found 12.5kg, Hunde and Hora (2022) found 11.8kg for A.m.
scutellata and Meressa et al. (2016) reported 18.2kg for A.m. monticolla, all of which were lower results than the
current finding. The honey productivity of bee colonies depends on the type of honeybee races, agro-ecology,
availability of pollen and nectar, health status of the colonies and strength of the colonies (Mossie and Biratu 2019;
Islam et al. 2020; Tawfik et al. 2020). According to Buchler et al. (2013) and Delaplane et al. (2013), all of the
colonies' unsealed/sealed brood, pollen, and honey supplies, as well as colony strength, environmental conditions
and beekeeping management practices were highly and significantly correlated.

The greatest reproductive swarming season for A.m. monticolla occurred between October-December. This is
likely because these months coincided with periods of peak plant blossoming, which provided a surplus of bee
forages. These months represent the honeybees' active season in the research area. Due to repeated queen cell
growth and advanced markers of swarm preparation, the race produced more queen caps per hive in October,
demonstrating a strong desire to swarm. These findings are consistent with earlier studies that found tropical
honeybees typically have a high want to reproduce by swarming and a propensity to rapidly increase population,
which leads in the rapid multiplication of colonies (Hunde and Hora, 2022; Tarekegn et al. 2022). A study based on
months also indicates that 60% of A. m. monticolla colonies' peak swarming period is in October-December
(Meressa et al. 2016). The variation among these reports might be due to the agro-ecological difference in the study
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areas. The expression of these behavioral traits can be strongly influenced by environmental factors and beekeeping
management techniques (Buchler et al. 2013; Delaplane et al. 2013).

The swarming tendency in the current study was not affected by agro-ecology. And recorded amaximum of
(4.4) queen cells. This result was higher than findings of Tarekegn et al. (2022) who reported 3.42 for A.m.
scutellata, Hunde and Hora (2022) who reported 2.2 for A.m. bandansii, Alemu et al. (2014) who reported 2 for
A.m. scutellata and Uzunov et al. (2014) who found 2.44. However, it was lower than the findings reported by
Meressa et al. (2016) which was (30) on A. m. monticolla and, and by Negash and Argaw (2022) who found (5.2)
for A. m. Scutllata.

5. CONCLUSION

This study showed that compared to other ecotypes and races in the country, honeybee colonies in the study
area generally performed better in terms of both productive and reproductive aspects. In this study, colonies located
in the zone's highland performed better than colonies located in the study area's midland and lowland. Of course, a
crucial job for future research programs will be to assess how well these various ecotypes perform outside of their
specific niches. Finally, we urge placing more focus in the future on choosing the colonies that do the best.
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