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Abstract

The availability of abundant perennial bee forage species that provide pollen and nectar is a critical factor for the survival,
abundance, and distribution of honeybees. This study was conducted in the highland and midland agro-ecologies of Bale zone,
located in the south-eastern part of the Oromia Region, with the objective of evaluating the growth performance of selected
perennial bee forage species over three consecutive years. The species were selected based on their importance as sources of
nectar and pollen for honeybees, their adaptability to a wide range of agro-ecological conditions, and their similar growth habits.
The evaluated species were Leucas abyssinica, Becium grandiflorum, and Medicago sativa. The growth performance of these
perennial species was assessed using several parameters, including days to germination, days to flowering, duration of blooming,
time to shading, flowering period, number of branches per plant, number of flowers per plant, plant height, canopy cover, and
honeybee foraging intensity. The collected data were analyzed using descriptive statistics to summarize and interpret the results.
The findings indicated that Leucas abyssinica, Becium grandiflorum, and Medicago sativa performed well in both the highland
and midland sites. Among the species, Leucas abyssinica exhibited the longest blooming period, followed by Becium
grandiflorum and Medicago sativa at both locations. The highest mean number of branches per plant was recorded in Becium
grandiflorum, while the highest mean number of flowers per plant was observed in both Becium grandiflorum and Leucas
abyssinica. Similarly, the highest honeybee foraging intensity (number of bees per 10 minutes per 1 m?) was recorded on Leucas
abyssinica and Becium grandiflorum. Honeybees were most actively foraging on Leucas abyssinica and Becium grandiflorum
from 9:30 a.m. to 4:30 p.m., while on Medicago sativa the peak foraging period extended from 11:30 a.m. to 4:30 p.m. In
conclusion, the results revealed that all evaluated perennial bee forage species performed well under the highland and midland
agro-ecological conditions of Bale. These species provide dual benefits by supporting local beekeeping practices and contributing
to the ecological restoration of degraded landscapes. Therefore, it is recommended to integrate Leucas abyssinica and Becium
grandiflorum into watershed development programs.
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1. Introduction

Beekeeping is a significant agricultural activity in Ethiopia
[1]. It contributes to the national economy through export
earnings from commodities such as honey and beeswax,
which are important agricultural products. Furthermore, bee-
keeping provides income diversification for beekeepers in
both rural and urban areas. The government of Ethiopia has
also recognized and emphasized the importance of sustainable
development and the conservation of natural resources. Bee-
keeping is a floral-based industry in which honeybees depend
entirely on plants for their food [2]. The performance of bee
colonies, as well as the production of hive products such as
honey, beeswax, propolis, and pollen, largely depends on the
availability of bee forage plants. These plants provide nectar
and pollen, which are the primary food sources for honeybees
[3]. These resources supply the essential nutrients required for
the growth, development, and productivity of bee colonies.

Bee forage plant species are sources of nectar and pollen,
providing heat and energy as well as essential nutrients such
as proteins, vitamins, fatty substances, and other compounds
required for honeybees [3]. Plant species that supply nectar,
pollen, or both in abundant quantities are commonly referred
to as honeybee plants or honeybee forages [4]. The success of
beekeeping largely depends on the availability of promising
bee forage resources, which are influenced by factors such as
plant population density, nectar and pollen production poten-
tial, and extended flowering periods [5].

Bee forage plant species are sources of nectar and pollen,
providing energy as well as essential nutrients such as proteins,
vitamins, fatty substances, and other compounds required for
honeybees. Plant species that supply nectar, pollen, or both in
abundant quantities are commonly referred to as honeybee
plants or bee forages. The success of beekeeping largely de-
pends on the availability of promising bee forage resources,
which are influenced by factors such as plant population den-
sity, nectar and pollen production potential, and extended
flowering periods [3-5].

Leucas abyssinica, commonly known as African wild sage
or Ethiopian Leucas, is a perennial herb native to East Africa.
It grows wild in the savannas and grasslands of Ethiopia, Eri-
trea, Kenya, Somalia, Sudan, Tanzania, and Uganda. The plant
can reach a height of 60-90 cm and has a branching stem cov-
ered with fine white hairs. Its leaves are opposite, simple, and
roughly toothed, with a characteristic strong scent. The flow-
ers are typically white or purple and grow in spikes at the top
of the stems [6]. Leucas abyssinica is a hardy plant that grows
best at temperatures between 20 and 25 °C. It prefers well-
drained sandy or loamy soils but can grow in a range of soil
types. In Ethiopia, it is an important bee forage species due to
its long blooming period and high number of flowers. The
plant commonly grows in montane bush lands, along road-
sides, and on degraded mountain slopes.

Becium grandiflorum is widely distributed in the highlands
of Ethiopia and Eritrea, particularly in the northern parts of
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Ethiopia. It thrives on rocky slopes, montane bush lands, and
eroded pastures, often forming pure stands or growing in as-
sociation with species of Rumex [6]. This shrub is an im-
portant source of honeybee forage, as honeybees frequently
visit the plant to collect nectar and pollen. In addition to its
value for honey production, the plant also contributes to fuel
supply and supports soil and water conservation [7].

Medicago sativa, commonly known as alfalfa, is widely
distributed in many regions, particularly in warm environ-
ments. It is cultivated in temperate, Mediterranean, subtropi-
cal, and upland tropical regions around the world. The crop is
relatively drought-tolerant and can grow in both sandy and
clay soils, provided that adequate drainage is available. Hon-
eybee pollination plays an important role in improving the
productivity and quality of Medicago sativa [8]. Managed
honeybees, particularly Apis mellifera (the European honey-
bee), are preferred because of their ability to forage for long
periods and their ease of management. These bees play a cru-
cial role in the pollination process, which is essential for seed
development in Medicago sativa [9].

Today, the shortage of bee forage has become one of the
major constraints to beekeeping development, particularly in
Bale Zone. This problem is driven by factors such as popula-
tion growth, expansion of agricultural land, deforestation, and
the intensive use of agrochemicals. A major challenge is the
limited availability of perennial bee forage species that flower
throughout the year, which hinders sustainable beekeeping
practices. As a result, many honeybee colonies have migrated
or absconded in recent years.

Furthermore, there is an increasing demand for improved
bee forage species from various stakeholders, including bee-
keepers, governmental organizations, and non-governmental
organizations. To enhance honey production and other hive
products, it is essential to provide bee forage species that can
sustain honeybee colonies during dearth periods. Improved
bee forage species can serve as a bridge during flowering gaps
between different bee plants. Therefore, to address this gap, it
is important to evaluate the performance of perennial honey-
bee forage species in the highland and midland agro-ecologies
of Bale Zone.

2. Materials and Methods

2.1. Description of Study Area

This study was conducted at the Sinana Agricultural Re-
search Center in the highland area and at the Goro sub-site in
the midland area of Bale Zone. The Sinana Agricultural Re-
search Center is located in Sinana District, Bale Zone, South-
eastern Oromia region, Ethiopia. It is situated approximately
460 km southeast of Addis Ababa at an altitude of 2,400 me-
ters above sea level. The geographical coordinates of the cen-
ter range from 07°06'12" to 07°07'29" N latitude and from
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40°12'40" to 40°13'52" E longitude. The Goro sub-site is lo-
cated about 60 km east of Robe town, the capital of Bale Zone,
and approximately 490 km southeast of Addis Ababa. Its geo-
graphical coordinates range from 6°58'59.99”" N to
40°29'59.99" E. The study site is situated at an altitude of
2,267 meters above sea level.

2.2. Experimental Setup

For this study, three honeybee forage species were evalu-
ated for their performance in the midland and highland agro-
ecologies of Bale Zone. These species included Leucas abys-
sinica, Becium grandiflorum, and Medicago sativa. Seeds of
Becium grandiflorum were obtained from the Mekelle Agri-
cultural Research Center, while seeds of Leucas abyssinica
were sourced from the Andassa Agricultural Research Center,
and seeds of Medicago sativa were obtained from the Sinana
Agricultural Research Center.

These perennial bee forage species were selected based on
their importance as sources of nectar and pollen for honeybees,
their wide agro-ecological adaptability, and their similar
growth habits. Additionally, they were chosen due to their ease
of propagation from seed. Recommended seed rates and row
spacing were applied according to the agronomic require-
ments of each honeybee forage species. The treatments con-
sisted of a single observation for each perennial bee forage
species. The plot size was 3 m X 4 m. A spacing of 0.5 m be-
tween plants and 1 m between rows was used for Becium gran-
diflorum and Leucas abyssinica. For Medicago sativa, a row
spacing of 20 cm and a seeding rate of 20 kg/ha were applied.
All necessary agronomic practices, such as hoeing, were car-
ried out during the experiment, except for fertilizer application,
which was excluded to maintain natural growth conditions.
The experiment was conducted during the main cropping sea-
son in both the highland and midland study areas.

2.3. Data Collection and Measurements

Days to germination: The average number of days from
planting to emergence was recorded.

Plant height: All surviving plants in each plot were meas-
ured. Plant height was taken from the ground level to the tip
of the longest branch using a measuring meter. The mean plant
height was calculated by dividing the total height of all sam-
pled plants by the number of plants in each plot.

Days to flowering: Data on days to flowering were recorded
from five randomly selected plants in the internal rows of each
plot, and the mean value was calculated.

Number of branches per plant: The number of main
branches was counted from five randomly selected plants
within each plot. The mean number of branches per plant was
then computed.

Honeybee foraging intensity: Honeybee foraging intensity
was recorded at two-hour intervals from 03:30 to 21:30 h.
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During each observation period, the number of honeybees vis-
iting flowers within a 1 m? area was counted over 10 minutes,
and the mean number of bees per visit was determined.

Number of flowers per plant: The number of flowers per
plant was determined by counting the number of flower heads
per plant and the number of flowers per head. The total num-
ber of flowers per plant was then calculated by multiplying
these values, and the mean was obtained by dividing the total
number of flowers by the number of sampled plants in each
plot.

Total number of flowers per plant

The total number of flowers per plant was calculated using
the following formula:

T.F=H.FxN.F.HT.F = H.F \times N.F.HT.F=H.FxN.F.H

Where:

1) T.F = Total number of flowers per plant

2) H.F = Number of flower heads per plant

3) N.F.H = Number of flowers per head

Canopy cover of honeybee forage species

Canopy cover was calculated using the following formula:

C.C=(D1+D2)2C.C = \{(D1 + D2)} {2}C.C=2(D1+D2)

Where:

1) DI = Diameter of the plant in the direction of the widest
canopy spread

2) D2 = Diameter of the plant in the direction of the nar-
rowest canopy spread

3) C.C = Canopy cover of the plant (cm)

Canopy cover was expressed as the average plant diameter

in centimeters. The measurement approach follows standard

agronomic and morphological plant characterization proce-
dures [10].

2.4. Data Analysis

The collected data were analyzed using descriptive statisti-
cal methods with Genstat (15th edition). Descriptive statistics,
including frequency, mean, and standard error, were used to
summarize the results.

3. Results

3.1. Days to Emergence

The germination period for Medicago sativa was the short-
est, taking only 7.46 days. In contrast, Becium grandiflorum
and Leucas abyssinica had the longest germination periods,
taking 11.38 days and 10.18 days, respectively, in the high-
lands. Specifically, Becium grandiflorum and Leucas abys-
sinica exhibited the slowest germination rates among the bee
forage species (see Tables 1 and 2). This is likely because
Medicago sativa is the fastest-germinating bee forage species.
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However, the same plant species were studied in the midland
area during this experiment. In the midland area, the mean ger-
mination times were as follows: Medicago sativa took 7.13
days, Leucas abyssinica took 9.06 days, and Becium grandi-
florum took 10.44 days (see Table 2).

3.2. Days to Flower, Days to Blooming, and
Shading of Flower

The mean number of days required to reach the flowering
stage from planting was observed in both highland and mid-
land areas. In the highland areas, the mean time taken to set
flowers for Medicago sativum was 110.48 days, while Leucas
abyssinica took 131.85 days, and Becium grandiflorum took

178.28 days, as shown in Table 1. In the midland areas, the
average number of days for these bee forage species was as

follows: Medicago sativa took 83.18 days to set flowers,
Leucas abyssinica took 123.60 days, and Becium grandiflo-
rum took 169.78 days, as shown in Table 2. This period varies
by species and can be influenced by environmental factors
such as light, temperature, and soil conditions.

The mean time taken from the start of blooming to shedding
differed among Leucas abyssinica, Becium grandiflorum, and
Medicago sativa, ranging from 26.52 to 90.64 days at the
highland and midland site (Tables 1 and 2). Leucas abyssinica
had the longest blooming period at 90.64 days, followed by
Becium grandiflorum at 51.44 days (Table 1).

Table 1. The combined mean and standard deviation agronomic performance of perennial bee forage at highland.

Bee forage species DG DF

Leucas abyssinica L 10.18+0.46 131.85+5.35
Becium grandiflorum L 11.38 £0.85 178.28 £2.11
Medicago sativa L 7.46%0.75 110.48 +4.14

DB SD FP
142.60+3.66 233.34+5.86 90.64+2.7
186.02+0.73 237.47£12.9 51.44+13.29
117.76 £5.01 147.27+£2.73 29.52+6.01

M= Mean, SD= Standard Deviation DG= days to germinate, DF= days to flower, DB= Days to blooming, SD= shedding time, FP= Flowering

periods

Table 2. The combined mean and standard deviation of agronomic performance of perennial bee forages at midland.

Bee forage species DG DF

Leucas abyssinica L 9.06+0.72 123.6+4.23
Becium grandiflorum L 10.44+0.72 169.78+4.62
Medicago sativa L 7.13+£0.25 83.1843.71

DB SD FP
135.35+¢3.7 215.49+10.69 80.14+11.58
180.27£1.12 226.97+£7.89 46.69+£6.97
113.76+4.62 140.27+2.73 26.52+4.58

M= Mean, SD= Standard Deviation DG= days to germinate, DF= days to flower, DB= Days to blooming, SD= shedding time, FP= Flowering

periods

3.3. Number of Branches Per Plant and
Number of Flowers Per Plant

The mean number of branches per plant of perennial bee
forage species was studied in order 84.32, 89.22, and 138.13
Leucas abyssinica, Medicago sativa and Becium grandiflorum
respectively in the highland (see Table 3). The highest mean
number of branches per plant was found in Becium grandiflo-
rum (132.63 days) (see Tables 3 and 4) in the midland areas.
The highest mean number of branches per plant was observed
in Becium grandiflorum in the midland and highland.

The highest mean total number of flowers per plant was rec-
orded for Becium grandiflorum and Leucas abyssinica
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27591.01 and 26218.37, respectively at highland (Table 3). In
the midland site, the highest mean total number of flowers per
plant for these species was 27,309.26 for Becium grandiflo-
rum and 261040.68 for Leucas abyssinica (Table 4). The
plants with the highest branching produced the most flowers,
indicating that increased vegetative growth supports greater
flower production.

3.4. Plant Height

The results revealed significant variation in plant height
among the different species studied in the highland and mid-
land areas. Leucas abyssinica reached the mean height of
144.80 cm and 140.90 cm, making it the tallest among studied
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in both highland and midland sites respectively (see Tables 3
and 4). In comparison, Becium grandiflorum averaged 106.63
cm in height, while Medicago sativum reached an average of
81.95 cm. Both Leucas abyssinica and Becium grandiflorum
exhibited superior growth performance in the highland envi-
ronment, as detailed in Table 3. In contrast, plant heights ob-
served in the midland area differed from those in the highland.
Specifically, in the midland, Medicago sativa averaged 80.5
cm, and Becium grandiflorum measured 103.92 cm, as shown
in Table 4. This variation indicates that plant height can be
significantly influenced by the growing environment. It’s an
important indicator of a plant’s growth and overall health.
Height can vary significantly between species and can be in-
fluenced by factors such as genetics, environmental conditions,
and care practices.

3.5. Canopy Coverage

The mean canopy cover among the test perennials bee for-
age species was obtained from the Leucas abyssinica, and Be-
cium grandiflorum. The mean result of canopy cover for Leu-
cas abyssinica was taking 134.26 cm and 125 cm at highland
and midland areas (Tables 3 and 4) whereas 153.44 cm and
138.52 cm mean canopy cover of Becium grandiflorum at both
site respectively (see Tables 3 & 4).

3.6. Honeybee Foraging Intensity

The mean number of honeybees foraging intensity per 10
minutes per m? was highest in Leucas abyssinica (78.34 bees),

followed by Becium grandiflorum (30.92 bees), and Medi-

cago sativa (10.65 bees) in the highland area see Table 3. In
the midland agro-ecology, the mean number of bees foraging
per 10 minutes per m? was highest in Leucas abyssinica (45.96
bees), followed by Becium grandiflorum (27.67 bees), and
Medicago sativa (9.90 bees) see Table 4. The foraging inten-
sity of bees per 10 minutes per m? varied among the different
agro-ecologies for each bee forage species. Leucas abyssinica
was the most visited by honeybees, followed by Becium gran-
diflorum and Medicago sativa, in both highland and midland
areas.

e S
RN i, i

Figure 3. Performance of Medicago sativa L.

Table 3. The mean and standard deviation of agronomic performance of perennials bee forage species at highland.

Bee forage species NBPP TNFPP

Leucas abyssinica L 84.32+10.83  26218.37+£1465.2
Becium grandiflorum L 138.13£5.65 27591.01+713.02
Medicago sativa L 89.22+4.31 2382.24+187.07

PH (cm) CC (cm) NBFI
144.8+2.84 134.26=11.16 78.34425.59
106.63+2.16 153.44+9 41 30.9247.23
81.9542.46 - 10.65+2.1

M= Mean, SD= Standard Deviation, NBPP= Number of branches per plant, NBFI= Number of bee foraging intensity per 10 min/m?, PH=

plant height, TNFPP= total number of flower per plant, CC= canopy

cover
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Table 4. The combined mean and standard deviation of agronomic performance Perennial bee forages at midland.

Bee forage species NBPP TNFPP

Leucas abyssinica L. 78.07£8.66 26140.68+1475.2
Becium grandiflorum L 132.63+4.64 27309.26+658.70
Medicago sativa 82.72+3.84 2362.67+181.74

PH (cm) CC (cm) NBFI
140.90+1.62 125.36+10.58 45.96+8.23
101.96+2.08 138.52+6.85 27.67+4.95
80.024128 - 9.90+2.05

M= Mean, SD= Standard Deviation, NBPP= Number of branches per plant, NBFI= Number of bee foraging intensity per 10 min/m?, PH=
plant height, TNFPP= total number of flower per plant, CC= canopy cover

3.7. Time of Honeybee Visited Flower

The foraging intensity of bees visiting various forage plant
species varied, with peak foraging times ranging from 9:30
a.m. to 4:30 p.m. in highland and midland areas (Figures 4 and

5). Honeybees typically collect pollen in the morning and nec-
tar in the afternoon. The highest number of bees visited Leucas
abyssinica early in the morning. Leucas abyssinica and Be-
cium grandiflorum were highly foraged by honeybees starting
from 9:30 a m- 4:30 pm while Medicago sativum 11:30 am-
4:30 pm.

Frequency of bee forage intensity

100
E 80 |
£
£
S 60
g
2 w0
—
e
g 2
2 27
E
El
“ m

9:30 AM 10:30 AM 11:30 AM 12:30 PM 2:30 PM 3:30 PM 4:30 PM
Time of day
B Leucas abyssinica .. W Becium grandiflorum L. W Medicago sativa L.

Figure 4. Frequency of bee forage intensity of Leucas abyssinica L., Becium grandiflorum L., and Medicago sativa L at different time of the
day in the highland of Bale.
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Figure 5. Frequency of bee forage intensity of Leucas abyssinica L., Becium grandiflorum L., and Medicago sativa L at different time of the
day in the midland of Bale.
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4. Discussions

4.1. Days to Emergence / Germination

The variation in germination rate observed among the eval-
uated perennial bee forage species may be attributed to differ-
ences in genetic makeup, seed morphology, and environmen-
tal conditions such as soil moisture, temperature, and soil tex-
ture. The rapid germination of Medicago sativum indicates its
strong adaptability and ability to establish quickly under the
prevailing environmental conditions of the study areas [11].
In contrast, the relatively slower germination observed in Leu-
cas abyssinica and Becium grandiflorum may reflect species
specific dormancy mechanisms or seed structural characteris-
tics that delay germination. Similar variability in germination
behavior among forage species has been reported in previous
studies, where germination performance was closely linked to
genetic diversity and environmental factors affecting seed
physiology [12].

4.2. Days to Flower, Blooming, and Shading of
Flower

The mean number of days required for bee forage species
to reach the flowering stage after planting was evaluated under
both highland and midland agro-ecological conditions. The re-
sults showed considerable variation among species and be-
tween locations. In the highland areas, the time to onset of
flowering for Medicago sativa, Leucas abyssinica, and Be-
cium grandiflorum is presented in Table 1. In contrast, shorter
flowering periods were recorded in the midland areas, where
Medicago sativum flowered earlier, followed by Leucas abys-
sinica and Becium grandiflorum (Table 2).

The variation between the two agro-ecological zones may
be attributed to differences in environmental factors such as
temperature, altitude, soil fertility, and moisture availability.
Generally, plants in warmer environments tend to develop
more rapidly, leading to earlier flowering than those in cooler
highland conditions. Temperature plays a key role in regulat-
ing plant growth and phenological development by influenc-
ing physiological processes such as photosynthesis, respira-
tion, and metabolic activity. Likewise, photoperiod and light
intensity are important in regulating flowering initiation in
many plant species. Therefore, the earlier flowering observed
in the midland areas is likely associated with relatively higher
temperatures and more favorable growing conditions [13, 14].

Furthermore, the duration from the onset of flowering to the
end of blooming (flower shedding) varied among the studied
bee forage species across the two locations. The flowering du-
ration ranged from 26.52 to 90.64 days in both highland and
midland environments (Tables 1 and 2). Among the evaluated
species, Leucas abyssinica exhibited the longest blooming pe-
riod (90.64 days), followed by Becium grandiflorum (51.44
days) (Table 1). The variation in flowering duration among
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species is likely due to genetic differences as well as environ-
mental factors such as temperature, soil moisture, and nutrient
availability. Previous studies have shown that flowering dura-
tion is strongly influenced by climatic conditions and species-
specific physiological traits [15]. In addition, adequate soil
moisture can extend the flowering period by sustaining plant
metabolic activity and continuous flower production.

From a beekeeping perspective, species with longer bloom-
ing periods are particularly valuable as they ensure a sustained
supply of nectar and pollen for honeybee colonies. Continuous
floral resources are essential for maintaining colony strength,
brood development, and honey yield [16]. In contrast, species
with shorter flowering durations may mainly support colony
buildup during periods of limited forage availability. There-
fore, understanding the flowering phenology and duration of
bee forage plants is essential for developing effective forage
management strategies that support continuous nectar and pol-
len availability and improve honey production across different
agro-ecological zones.

4.3. Number of Branches Per Plant and
Number of Flowers Per Plant

The present study revealed variation in the mean number of
branches per plant among the evaluated perennial bee forage
species across agro-ecological zones. In the highland areas,
the mean number of branches per plant was 84.32 for Leucas
abyssinica, 89.22 for Medicago sativa, and 138.13 for Becium
grandiflorum. A similar pattern was observed in the midland
areas, where Becium grandiflorum also recorded the highest
branching value. This indicates that Becium grandiflorum ex-
hibits superior vegetative growth performance under both
agro-ecological conditions.

The higher branching ability of Becium grandiflorum likely
contributes to increased flower production, as plants with
more branches generally produce more inflorescences. Such
traits enhance nectar and pollen availability, making them
more attractive to honeybees. Previous studies have shown
that bee forage species with higher branching and canopy de-
velopment tend to support greater honeybee foraging activity
and improved colony productivity [17, 18]. Conversely, Leu-
cas abyssinica and Medicago sativum showed relatively lower
branching, although both remain important melliferous spe-
cies. Medicago sativum is particularly valued for its abundant
flowering and nutritional quality for pollinators [19].

The study also showed considerable variation in total
flower number per plant across species and locations. In the
highlands, Becium grandiflorum recorded the highest mean
flower number (27,591.01), followed closely by Leucas abys-
sinica (26,218.37). A similar trend was observed in the mid-
lands, with Becium grandiflorum (27,309.26) and Leucas ab-
yssinica (26,104.68) producing the highest flower counts.
These results suggest strong reproductive potential and good
adaptability of these species across agro-ecological zones.
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The higher flower production in Becium grandiflorum and
Leucas abyssinica may be associated with their vigorous veg-
etative growth and greater branching capacity. Increased
branching enhances inflorescence formation, resulting in
higher floral density [13]. From a beekeeping perspective,
abundant flowering directly increases nectar and pollen avail-
ability, thereby supporting honeybee foraging activity, colony
development, and honey yield [17, 20]. Therefore, Becium
grandiflorum and Leucas abyssinica can be considered prom-
ising perennial bee forage species for both highland and mid-
land agro-ecologies due to their high flower production and
potential to enhance honey production.

4.4. Plant Height and Canopy Coverage

The results showed significant variation in plant height
among the perennial bee forage species in both highland and
midland agro-ecologies. Leucas abyssinica recorded the high-
est mean plant height, reaching 144.80 cm in the highland and
140.90 cm in the midland, making it the tallest species among
those evaluated (Tables 3 and 4). In comparison, Becium gran-
diflorum reached 106.63 cm in the highland and 103.92 cm in
the midland, while Medicago sativum showed the lowest
mean height, with 81.95 cm and 80.5 cm, respectively. These
differences indicate that plant height is influenced by both ge-
netic factors and environmental conditions such as altitude,
soil fertility, and climate. Plant height is an important indicator
of vegetative growth and overall plant vigor, which can influ-
ence flower production and resource availability for pollina-
tors [13].

Similarly, variation was observed in canopy cover among
the evaluated species. Leucas abyssinica recorded mean can-
opy cover values of 134.26 cm in the highland and 125 cm in
the midland. In contrast, Becium grandiflorum showed greater
canopy development, with values of 153.44 cm and 138.52 cm
in the highland and midland areas, respectively. The larger
canopy of Becium grandiflorum may support higher flower
production and provide a wider surface area for pollinator at-
traction, thereby increasing nectar and pollen availability for
honeybees.

4.5. Honeybee Foraging Intensity and Time of
Honeybee Visited Flower

The mean number of honeybees visiting plants within 10
minutes per m? varied among species. In the highland area,
Leucas abyssinica recorded the highest foraging intensity
(78.34 bees), followed by Becium grandiflorum (30.92 bees)
and Medicago sativum (10.65 bees) (Table 3). A similar pat-
tern was observed in the midland agro-ecology, where Leucas
abyssinica also showed the highest mean bee visitation (45.96
bees), followed by Becium grandiflorum (27.67 bees) and
Medicago sativum (9.90 bees) (Table 4). This indicates that
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Leucas abyssinica is highly attractive to honeybees in both en-
vironments. The variation in visitation rates among species
may be linked to differences in floral traits such as flower
abundance, nectar and pollen production, floral scent, and en-
vironmental conditions [17, 20].

In addition, honeybee foraging activity varied throughout
the day. Peak visitation was recorded between 9:30 a.m. and
4:30 p.m. in both agro-ecologies (Figures 2 and 3). Leucas ab-
yssinica and Becium grandiflorum were frequently visited
throughout this period, while Medicago sativa was mainly vis-
ited from 11:30 a.m. to 4:30 p.m. The highest visitation to Leu-
cas abyssinica occurred during the morning hours. Generally,
honeybees collect more pollen in the morning and shift to nec-
tar foraging later in the day, as nectar secretion increases with
temperature and decreases with humidity. Honeybee foraging
behavior is closely synchronized with floral resource availa-
bility, enabling efficient energy use by foraging when nectar
and pollen are most abundant [19].

5. Conclusion

In conclusion, the present study revealed that all evaluated
perennial bee forage species exhibited good growth perfor-
mance under the highland and midland agro-ecological condi-
tions of the Bale Zone. Among the tested perennials bee forage
plant species, Leucas abyssinica, Becium grandiflorum, and
Medicago sativum showed promising adaptability and growth
potential in both agro-ecologies. The results indicate that Leu-
cas abyssinica and Becium grandiflorum perform well under
both highland and midland conditions and attract higher honey-
bee foraging activity compared with Medicago sativum. Their
superior plant growth, canopy development, and higher bee vis-
itation rates highlight their potential as important perennial bee
forage species for sustaining honeybee colonies and improving
honey production in the study areas. The foraging behavior of
honeybees was strongly associated with the availability of nec-
tar and pollen resources and all flowering bee forage plants at-
tracted considerable honeybee activity during their blooming
periods. However, Leucas abyssinica and Becium grandiflorum
were particularly attractive to honeybees due to their abundant
nectar and pollen production, which resulted in longer and more
frequent foraging visits. Moreover, the extended blooming pe-
riods of these species make them especially valuable for bee-
keeping, as they ensure a continuous supply of floral resources.
This prolonged availability of nectar and pollen contributes to
increased honey production and helps maintain strong and sta-
ble honeybee colonies. These species not only enhance local
beekeeping activities by providing reliable forage for honey-
bees but also contribute to the ecological restoration of de-
graded landscapes. Their plantation can serve as a sustainable
strategy that simultaneously supports honey production, biodi-
versity conservation, and environmental rehabilitation. There-
fore, the integration of Leucas abyssinica and Becium grandi-
florum into watershed development and land rehabilitation pro-
grams is highly recommended.
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