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Beekeeping has significantly contributed to environmental conservation and the preservation of natural resources. Although the
quality and quantity of flora available play a major role in the success of the sector, the botanical makeup of natural vegetation
varies greatly. This study was conducted targeting the identification and documentation of major honeybee floras and their
flowering calendar. Midland and lowland agroecologies were purposively selected. Continuous field plant registration was
performed. Melissopalynological analysis from bee pollen and honey were used to identify floral origin. Field observations
identified 59 and 63 plants in the midland and lowlands, respectively. Season 1 had the highest pollen yields, ranging from
11051.8 +56.4g (midlands) to 878.3+18.3g (lowlands), while season 4 ranged from 16.8+6.3g (midlands) to 15.6+7.4¢g
(lowlands) and had the lowest pollen yield. In both regions, February, March, July, and August are the months when pollen is not
brought into the hive and could be used as starvation periods. A total of 1430.8 + 75.4 and 1291.8 + 71.4 g of bee pollen/hive were
collected throughout the year in midland and lowland, respectively, and Asteraceae was the richest family accounting around 90%
of pollen weight. In both agroecologies, honey is harvested three times a year. In the midland, monofloral honey, namely, Guizotia
spp (64.42%) and Croton macrostychus (47.42%), was harvested in November and May, respectively, while honey harvested in
February was multifloral type. Similarly, in the lowlands, monofloral honey of Guizotia spp (51.85%), Coffee arabica (55.22%), and
Croton macrostychus (50.42%) was harvested in December, March, and June, respectively. Based on the results, Bidens prestinaria,
Bidens pilosa, Guizotia spp, C. macrostachyus, Eucalyptus spp, Lepidium sativum, Zea mays, Hypostes trifolia, Vernonia spp,
Trifolium spp, Helianthus annuus, C. arabica, Brassica abyssinica, Andropogon abyssinicus, Sorghum bicolor, Cordia africana,
Syzygium guineense, and Terminalia spp are major bee plants. It is found that the study area is rich in bee plant diversity and hence
has a potential for honey production.

1. Introduction

Beekeeping plays an important role in protecting the
country’s natural resources and the national economy. Bees
and flowering plants have interdependencies that strengthen
coevolution [1]. The bees pollinate these plants when
flowering plants provide them with food in the form of
pollen and nectar [2]. For all management activities in
beekeeping, for example, supering and reducing hives,
predicting honey frequency and timing, and creating flower
calendars are important tools. Identification and docu-
mentation of productive bee forages and their flowering

calendars are important for beekeeping activities to increase
its production [3]. Analysis of pollen abundance from bee
plants and melissopalynological analysis of honey samples
provides a true picture of the local bee flora that provides
food for bees and other pollinators within the ecosystem [4].

Agroecological zones and seasons can influence the
availability, flowering duration, flowering period, and nectar
and pollen production of different bee plants at a particular
site [5]. There is a strong connection between the seasonal
cycle of a bee colony and the bee floral calendar, so it can be
applied to practical seasonal colony management. Timing of
management actions consistent with the seasonal patterns of
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bee plants in the area is critical for establishing colony
populations before the main nectar flow and beekeepers
should ensure that the maximum population is before or
during the nectar flow [6].

However, bee diets in the study area (Kellem and West
Wollega zones in Ethiopia) are not well documented, and
correlations with seasonal colony management calendars
have not been established. Therefore, beekeeping, an envi-
ronmentally friendly and agricultural business activity that
contributes significantly to the profitability of beekeepers,
was not proportionate to the existing potential of the study
area. Therefore, assessing the different agroecological zones
of the study area for determining the availability of bee
forage and establishing flowering calendar of honey plants
that enable effective seasonal colony management is para-
mount important.

2. Materials and Methods

2.1. Study Area. Activities were conducted in the Kellem and
West Wollega zones. Two districts were purposively selected
from each zone, based on honey production and agro-
ecology. Accordingly, Nejo and Gulisso districts of West
Wollega and Dale Sedi and Sedi Chanka districts of Kellem
Wollega district were selected. Two peasant associations
(PAs) were selected from each district (one representing
midland and one representing lowland) for a total of eight
PAs from two zones (Table 1). In the study area, there is no
environment which represents highland agroecology. The
general weather condition of the study area at the Woreda
level is depicted in Table 2.

2.2. Field Observation and Recording of a Flowering Plant.
Continuous evaluations were performed to document when
the plants flowered. Therefore, one monthly trip was made
throughout the year to record with farmers and beekeepers
in each survey area of the field to learn the local names of the
plants. Then, to know the seasonal colony management of
the year, continuously recorded plant flowering was grouped
into four seasons, namely, season 1: September-November,
season 2: December—February, season 3: March-May, and
season 4: June-August.

2.3. Colony Establishment for Pollen and Honey Sample
Collection. Four bee colonies were established at each lo-
cation. Two were for pollen trapping used to analyze pollen
samples, and the other two were used for honey harvesting to
identify plant types from honey. For pollen collection, bee
colonies entrances were fitted with pollen traps and pollen
loads were collected every 7 days. After collection, it was
placed in a clean paper bag and dried at room temperature
for 24 hours. They were then grouped by color and weighted
separately. This was carried out continuously throughout the
year, and months that contained no pollen pellets were
recorded as nonpollen-producing plants. Honey is typically
harvested three times a year in the study area. At each month
of harvest, honey samples were collected separately, directly
from modern beehives at representative sites of agroecology.
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The botanical sources were then identified from bee pollen
and honey samples in the Holeta Beekeeping Research
Center.

2.4. Bee Pollen Analysis. Pollen grain samples were taken
from representative pellets of each color, dissolved in water
droplets, placed on glass slides, observed under a light
microscope (400x magnification), and identified at the genus
or species level [7]. In addition, reference slides were pre-
pared from mature pollen grains collected from mature
flower buds of ether-washed honey plants to support and
validate the bee pollen source plant species in the study area.

2.5. Pollen Analysis from Honey. For laboratory analysis, two
hives (two fresh honey samples) were used separately from
each location for honey sample collection at different times
of the year. Pollen analysis from honey was performed
according to Louveaux et al. [7] to determine the botanical
composition and abundance of pollen grains in honey. From
each sample, 10 g of honey was dissolved in 20 ml of distilled
water and the solution was centrifuged at 3000 rpm for
10-15 minutes and repeated as necessary. The sediment was
transferred to a slide, examined under a 400x light micro-
scope, and counted. Pollen types were identified by a com-
parison with reference slides of pollen collected directly from
the plants in the study area. The percentage of pollen types in
each honey sample was calculated based on the total number
of pollen grains of different types counted in each sample. If
more than 45% of pollen grains were counted, they were
classified as primary pollen (monofloral honey), secondary
pollen (16-45%), important minor pollen (3-15%), and
minor pollen (<3%) which was used [7] and performed in
the laboratory of the Holeta Bee Research Center.

2.6. Data Collection and Analysis. Data (means + standard
deviation) of agroecological bee pollen weight were calcu-
lated using SAS Software (SAS Institute, 2003; 14). For
botanical origin analysis, pollen grain morphology in the
agroecological and seasonal honey sample was counted from
the slide microscopically and their percentage was calculated
by dividing the single plant species pollen grain morphology
over the total different plant pollen grain morphology and
then multiplying by 100 by Microsoft Excel. Data from
pollen trapping, honey sample, and field recording of the
flowering plant were traced back to plant species, genera,
and families’ level with the help of reference books and
pollen atlas [8] and prepared pollen reference slides.

3. Results and Discussion

3.1. Field Bee Flora Observation and Recording. Based on
continuously recorded field observations, a total of 67
flowering bee plants and their flowering times were recorded
in both study areas (Appendix 1 in Supplementary 1). Out of
these, 59 and 63 plants were identified in the mid and
lowlands, respectively. In the midland agroecology, 40.7% of
the plants recorded were herbs, 32.2% were trees, 18.6% were
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TaBLE 1: Agroecology of the study site.

Zone Woreda Peasant association Altitude (m) Agro-ecology
Neio Lalisa iyesus 1490 Lowland
West Wollesa ) Gida Kumbi 1880 Midland
& Gulisso Maru 1421 Lowland
v Wara Dale 1562 Midland
Dale Sedi Hawetu birbir 1469 Lowland
! Belam 1775 Midland
Kellem Wollega
Sedi Chanka Safara 5 1408 Lowland
Kombo 1616 Midland
TaBLE 2: General description of the weather of the study site at the Woreda level.
Woreda Latitude Longitude Altitude (m) Rainfall (mm) Temperature
Nejo 10°18'15"-10°49'21" N 35°28'10"-35'14'19" E 1605-2000 1350 to 2300 18°C to 28°C
Gulisso 9°2'21" to 9°21'41" N 35°%'18" to 35°33'28" E 1420 to 1996 1240 to 1750 20 to 30°C
Dale Sedi 8°52'51" N 35°13'18" E to 35°23'48" 1400-2000 1000 to 1830 14°C to 30°C

Sedi Chanka 11°34' N to 11°12' N

37°33' E to 38°11' E

1100 to 1800 1100 to 1796 15.5°C to 34°C

shrubs, and 8.5% were climbing plants. Similarly, 36.5%
herbs, 34.9% trees, 19.0% shrubs, and 7.9% climbers are
present in the lowlands (Figure 1). In contrast to this study,
Mululaem et al. [9] have demonstrated 58.06% of tree
species, followed by herbs (57%) and shrubs (28.05%) from
the high and lowlands of the Arsi Zone. This slight difference
can be attributed to agroecology and geography.

In terms of plant habits, in the midland area, 72.4% of
herbs bloom in season 1, 45.4% of shrubs in season 2, 84.6%
of trees in season 3, and 33.3% of herbs in season 4 (Fig-
ure 2). In the lowlands, 65.5% of herbs bloom in season 1,
46.2% of shrubs in season 2, 86.6% of trees in season 3, and
16.6% in season 4 (Figure 3). This indicated that the pre-
dominant bee flora in the active period (season 1) is her-
baceous, in season 2 is a shrub, and in season 3 is a tree.
According to this finding, small plants bloomed following
heavy rains, while trees bloomed following light rains.

3.2. Floral Calendar. Regarding the flowering period of the
bee forage, the percentage of bee flora abundance was the
highest in the midlands at 49.2% and in lowlands at 46.0% in
season 1, 18.6% in midlands, and 20.6% in lowlands in season 2.
Season 3 was 22.0% in the midlands and 23.8% in the lowlands,
and season 4 was 10.2% in the midlands and 9.5% in the
lowlands (Figure 4). In all study areas, almost/almost half (50%)
of the flowering plants flowered in season 1, while fewer plants
flowered in season 4. This is consistent with Mulualem et al. [9]
who argued that the presence of many flowering plant species
from September to November was due to the availability of
water after the main rainy season from June to August, and the
growth of herbaceous plants and crops reported to start
flowering. In addition, Yirga and Teferi [10] reported that most
bee plants flower after the main summer rainy season (June to
early September). From this study, the second highest number
of plant species flowering was recorded in season 3 (March to
May) in all study areas. This agrees with the finding of
Mululaem et al. [9] that the second flowering period occurs
after a small rainy season starting in March-April.

From this study, season 4 is the time when there are
fewer flowers than in the other seasons. This season is the
time of the main rainy season, and there is a shortage of bee
flowers in the study area. This is supported by Mulualem
et al. [9] who found that from June to August, which is the
major rainy season nationwide, fewer flowering plants were
observed, and plants produced more vegetative biomass
than flowers. This is also reported by Addi and Lamessa [11]
that during the rainy season, cold temperatures can inhibit
flower production.

A total of 27 (Figure 5) and 26 (Figure 6) plant families
were recorded in the lowland and midland, respectively. In
lowland areas, the highest number of melliferous plant
species was recorded for the Asteraceae family (23.7%)
followed by Fabaceae (11.9%), Poaceae (10.2%), Com-
bretaceae (6.8%), and Myrtaceae (5.1%), four botanical
families were recorded 3.9%, and seventeen botanical
families were recorded 1.7% (1 plant species).

Similarly, in the midland area, the Asteraceae family was
the richest recorded (21.6%) followed by Fabaceae (13.3%),
Poaceae (10.0%), Combretaceae (6.6%), Myrtaceae (5.0%),
four botanical families were recorded 3.9%, and eighteen
botanical families were recorded 1.6% (1 plant species). This
finding is matching Mulualem et al [9] that out of the field
observation and plant inventory Asteraceae family (38.5%)
was the highest number of melliferous plant species recorded
followed by Fabaceae (24.6%).

3.3. Bee Pollen Collection. Trapped pollen was weighed from
each agroecological site, and the mean was reported monthly
throughout the year to obtain pollen abundance and
flowering plant species (Figure 7). In the midland agro-
ecology, small amounts (0.8 +£0.2g) were collected in Au-
gust, increased until November (553.0+57.5g), and
decreased in December (301.1+5.4g). Pollen-releasing
plants were delayed in the lowlands compared to the
midland, but the pollen load increased from no pollen in
August to a peak of 499.3+20.6g in November and
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FiGure 1: Flowering plant abundance based on their habit from field recorded flora.
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FIGURE 2: Dominance of plant habit based on season from field observed flora of the midland area.
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FIGURE 3: Dominance of plant habit based on the season from field observed flora of the lowland area.
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FIGURE 6: Number of dominant plant families from the midland area.
341.5+41.5 in December. This result indicates that season 1 Throughout the year of pollen collection, more pollen was

(September to November) can be regarded as the active  harvested from the midland (1430.8 +75.4 g) than from the
season for the study area. In both agroecologies, March, July,  lowlands (1291.8+71.4g) (Table 3). In the midland, the
and August are the months when pollen is not brought into ~ highest (1051.8 +56.4g) and lowest (16.8+6.3g) were col-
the hive and can be during scarcity periods. lected in seasons 1 and 4, respectively. Season 1 can be an



6 International Journal of Forestry Research

§600
ZD 500
5 400
.2 300
-
= 200
=
E 100
2 0 =
= = = - e = > 5] > 5
2 2 2255855 E 2 ¢
g g8 E E 2 2 & < = E
i) 53 o o =4 o = =
a © z § =~ %
A z A
Months of the year
B Midland
Lowland

FIGURE 7: Monthly pollen trapped throughout the year in gram.

TaBLE 3: Monthly pollen trapped throughout the year in gram.

Season of the year (mean + SD)

Agroecology Total
Season 1 Season 2 Season 3 Season 4

Midland 1051.8 + 56.4 317.4+7.9 44.82+4.8 16.8+6.3 1430.8 £75.4
Lowland 878.3+18.3 357.0+47.5 342+3.8 15.6+7.4 1291.8+71.4
active time, with approximately 57.6% of the plants identified 5 7 o
from bee pollen flowering during that season (Figure 8). In the D 552
lowland, the highest (878.3 + 18.3 g) and lowest (15.6 +7.4 g) £ 50 N
were demonstrated in seasons 1 and 4, respectively, and 55.7% g 40
of the plants were identified in season 1. In both agro- g z g 123 18 .
ecologies, more pollen was trapped following the main rainy B 10 e %
season which is comparable with the finding by Wubie et al. :j 0

Season 1 Season 2 Season 3 Season 4

[12], who suggested that the flowering period differs with
different agroecologies based on their moisture contents and
the highest volume of pollen was collected during the main
rainy season (August through October). Furthermore, our
results are consistent with Addi and Lamessa [11], where
approximately 58.06% of bee plant species flower during the
active season (September to November) and 8.67% during the
heavy rain season (June to August). In our study, the midland
begins flowering (pollen catch) earlier than the lowlands. This
could be the difference in humidity. Midland regions get rain
earlier than lowland agroecology.

3.4. Plant Identification from Trapped Bee Pollen. A total of
28 pollen source plant species were identified from the
midland (Table 4). Most of the pollen collected was from
Bidens prestinaria (572.0g), Bidens pilosa (403.8 g), Gui-
zotia spp (302.8g), Croton macrostachyus (24.3 g), Euca-
lyptus spp (17.3g), and Lepidium sativum (16.1g) which
accounted for 39.3%, 27.2%, 20.8%, 1.7%, 1.2%, and 1.1% of
the total pollen collected, respectively. The top three of
these are herbaceous plants that flowered in season 1 and
were abundant. Among the identified plant species,
Asteraceae and Euphorbiaceae are the major plant families
of the midland (Table 5). 21.4% of the pollen plant species,
accounting for 90.1% of pollen weight, were found in the
Asteraceae family, whereas Euphorbiaceae accounted for
10.7% of the plant species, accounting for 1.8% of pollen
weight.

Flowering season

—4— Mid land
Lowland

FIGURE 8: Percentage flowering intensity of bee plants from bee
pollen collected.

Of the total 18 plant families consisting of 28 pollen
source species, 57.57% was bloomed in season 1, 15.15% in
season 2, 18.18% in season 3, and 9.09% in season 4. This is
why more pollen was trapped in season 1, where Bidens and
Guizotia spp were found in abundance and contributed to
more pollen release. Our results suggest that water avail-
ability after the main rainy season from June to August
induces the flowering of herbaceous plants and crops and
makes the presence of a high number of flowering plants
from September to November [9].

From lowland agroecology, a total of 24 plant species
(Table 6) were screened from trapped bee pollen. Most of the
pollen collected was Bidens prestinaria (522.2g), Bidens
pilosa (357.6g), Guizotia spp (292.8g), Croton macro-
stachyus (45.3 g), Vernonia spp (13.8g), and Lepidium sat-
ivum (12.2 g), and they accounted for 39.4%, 26.9%, 22.1%,
3.4%, 1.0%, and 0.9% of the total pollen collected,
respectively.

Among all the plants identified, Asteraceae is the most
abundant plant family, with 25.0% of plant species ac-
counting for 92% of total pollen weight (Table 7),
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TaBLE 5: Plant diversity with pollen weight in a family from bee pollen collected in midland agroecology.

Plant species

Bee pollen weight

No. Family name
In number In percentage In gram In percentage

1 Asteraceae 6 21.4 1310.5 90.1
2 Euphorbiaceae 3 10.7 26.0 1.8
3 Brassicaceae 2 7.1 254 1.7
4 Myrtaceae 2 7.1 20.2 1.4
5 Poaceae 2 7.1 20.0 1.4
6 Fabaceae 1 3.6 12.0 0.8
7 Acanthaceae 1 3.6 14.0 0.9
8 Rubiaceae 1 3.6 10.4 0.7
9 Boraginaceae 1 3.6 52 0.3
10 Combretaceae 1 3.6 2.6 0.2
11 Anacardiaceae 1 3.6 2.1 0.1
12 Polygonaceae 1 3.6 1.9 0.1
13 Primulaceae 1 3.6 1.3 0.08
14 Cactaceae 1 3.6 1.0 0.06
15 Araliaceae 1 3.6 0.8 0.05
16 Solanaceae 1 3.6 0.7 0.04
17 Malvaceae 1 3.6 0.4 0.02
18 Papilionaceae 1 3.6 0.1 0.006

Euphorbiaceae (8.3% plant species for 3.0% pollen weight),
and Poaceae (8.3% plant species for 0.9% total pollen
weight). Wubie et al. [12] stated that Asteraceae is the major
pollen source family, contributing 19.95% of all pollen
collected. Comparing the seasons, 55.2% of the flowers
bloomed in season 1, 13.8% in season 2, 17.2% in season 3,
and 13.8% in season 4 (Figure 8). For this reason, more
pollen was trapped in season 1.

3.5. Harvest Time of Honey and Its Floral Source. In both
agroecologies, honey is harvested three times a year.
However, from the lowlands, it is harvested a month after the
honey is harvested from the midlands. Although the sources
of honey plants were almost the same in both agroecologies,
bee plants flowered 1-2 months earlier in the midlands than
in the lowland areas. The microscopic pollen grain mor-
phology of floral source of honey plants from honey samples
was demonstrated in Figure 9.

3.6. Honey in Midland Agroecology

3.6.1. Honey Harvested in November. A total of 16 honey
source plants were identified from the honey samples and
designated as Guizotia species honey type (monofloral
honey) because they had pollen content grades greater than
45% and fell into the predominant pollen type (62.4%)
(Table 8). Of the total number of confirmed plants, her-
baceous plants accounted for 68.75%, followed by trees
(25%) and shrubs (6.25%). Of the 13 plant families iden-
tified, the highest number of plant species was found within
the Asteraceae family (23.07% of all plant species recorded)
accounting for 69% of the total pollen grains counted. Plant
abundance in this family was also observed, comparable to
pollen trap analyses performed in season 1 of midland. After
the main rainy season (June to August), herbaceous plants,
especially Guzotia and Bidens, bloomed abundantly and

their honey is synthesized by bees. Similarly, information
from Tesfaye et al. [13] found that Guizotia from honey
harvested in October-November accounted for 87% of total
pollen counts. Our results are similar to Addi and Bareke
[14], where G. scarba produced single-flower honey as it
grows abundantly in different habitats, cultivated land, forest
edges, and open grasslands.

3.6.2. Honey Harvested in February. A total of 23 honey-
source plants were identified from the honey samples (Ta-
ble 8) and categorized under multifloral honey. Out of these,
C. arabica and Vernonia which contributed 42.9% and
23.46% of the total number of pollen grains, respectively,
were assigned to secondary pollen types. Shrubs accounted
for 40.9% of the total number of confirmed plants, followed
by trees (31.81%) and herbs (27.27%). Out of the 15 plant
families identified, the highest number of melliferous plant
species was found in Asteraceae (26.66% of all recorded plant
species), followed by Fabaceae (20%), Rubiaceae (13.13%),
and Acanthaceae (13.13%). However, for the total number of
pollen grains, Rubiaceae accounted for 43.43%, followed by
Asteraceae (33.01%), Acanthaceae (1.57%), and Fabaceae
(0.18%). The flowering period of C. arabica in the study area
depends on the rain condition. It flowered mostly from the
mid of January to March following the rain condition and
stays a maximum of 10days on flowering. This plant is
widely cultivated for its fruits and is a much-known cash
crop in the study area. When flowered, it is abundantly
available for the forager bees and releases plenty of nectar
and pollen. Its honey is harvested from February to March
depending on the rain. Vernonia spp is the second pre-
dominant plant which is propagated in a coffee plant pri-
marily for shedding. Similarly, Tesfaye et al. [13]
demonstrated that from honey samples harvested in January
through February, 46% and 20% of pollen were counted by
C. arabica and V. amygdalina of the study area which could
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TaBLE 7: Plant diversity and pollen weight in a family from bee pollen collected in lowland agroecology.
. Plant species Bee pollen weight
No. Family name
In number In percentage In gram In percentage

1 Asteraceae 6 25.0 1401.5 91.9
2 Euphorbiaceae 2 8.3 46.5 3.0
3 Poaceae 2 8.3 14.8 0.9
4 Brassicaceae 1 4.2 12.2 0.8
5 Fabaceae 1 42 9.1 0.6
6 Rubiaceae 1 42 84 0.5
7 Myrtaceae 2 8.3 8.1 0.5
8 Acanthaceae 1 42 7.1 0.4
9 Combretaceae 1 42 5.6 0.3
10 Musaceae 1 42 4.0 0.3
11 Boraginaceae 1 4.2 2.3 0.2
12 Polygonaceae 1 42 1.9 0.1
13 Anacardiaceae 1 42 1.1 0.07
14 Primulaceae 1 42 1.3 0.08
15 Solanaceae 1 42 0.6 0.04
16 Malvaceae 1 4.2 0.3 0.02

(a) (b)

(©) (d)

FIGURE 9: Pollen grain morphology of major honey plants from honey samples. (a) Guizotia pollen grain, (b) C. arabica pollen grain,

(c) C. macrostychus pollen grain, and (d) Vernonia pollen grain.

be comparable with the current finding. Furthermore, Addi
and Bareke [14] identified C. arabica monofloral honey (55%
pollen count) with a mixture of V. amygdalina (15%), Rumex
spp (11%), and V. auriculifera (19%), and C. arabica honey is
mostly harvested from February to March. In contrary with
the honey harvested in November, honey in February is
mostly harvested from shrub plants in Rubiaceae.

3.6.3. Honey Harvested in May. A total of nine honey source
plants were identified from the honey samples (Table 8). A
4742% of pollen grains counted were from
C. macrostachyus, the dominant pollen type (monofloral
honey), and secondary pollen types from S. guineense
(24.03%) and other important minor and minor pollen
types. Of the total number of plants identified, most were
trees, accounting for 44.44%, followed by shrubs (33.33%)
and herbs (22.22%). Of the 6 plant families identified, the
highest number of melliferous plant species were found
under Myrtaceae (50.0% of total plant species recorded) that
contributed a cumulative 53.41% of the total pollen grain
weighed, while Asteraceae is the second rich plant family
(33.3%) but least cumulative pollen trapped (0.19%).
Comparable information was reported by Addi and Bareke
[14] in the Gera forest, 60% of the pollen was counted from
C. macrostachyus honey harvested at the end of the small
rainy season in June. The dominance of a monofloral species

from a honey source in honey samples is determined by its
abundance, nectar potential, and flowering schedule of the
plant [15].

3.7. Honey in Lowland Agroecology

3.7.1. Honey Harvested in December. A total of 11 honey-
source plants were identified from the honey samples (Ta-
ble 9). From these plants, 52.85% of the counted pollen
grains were derived from the Guzotia spp, which fell into the
predominant pollen types and could be called the Guzotia
honey type. From the total number of plants identified, herb
plant accounts for 81.81%, trees (25%), and no shrub plant
contributed in the season. From 13 plant families identified,
the highest number of melliferous plant species were found
under Asteraceae (18.2% of total plant species recorded)
which accounted for 65.34% and Poaceae with 18.2% of total
plant species produced 6.16% of the total pollen grain
counted. The plant richness of this family is also observed
and comparable to pollen trapped analysis assigned in
season 1 midland agroecology. After the main rainy season
(June-August), herbaceous plants especially Guzotia and
Bidens spp, flowered abundantly and their honey is syn-
thesized by the bees. A similar finding by Tesfaye et al. [13]
stated that 87% of the total pollen grain was cropped by
Guizotia spp from the study area. Furthermore, Addi and
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Bareke [14] indicated that G. scarba provided monofloral
honey due to its growing in abundance in a wide range of
habitats: cultivated fields, forest margins, and open
grasslands.

3.7.2. Honey Harvested in March. A total of 16 honey source
plants were identified from the honey samples and termed as
C. arabica honey types. It accounts for 55.22% of the total
pollen grains counted and is classified as the predominant
pollen type (Table 9). In addition, for the Vernonia spp,
24.44% of the total number of pollen grains are assigned to
secondary pollen types. Of the total number of plants
identified, shrubs accounted for 47.05%, followed by trees
(17.64%) and herbs (35.29%). Among the 15 identified plant
families, Asteraceae (23.5% of all recorded plant species) had
the highest number of plant species. Although Asteraceae
was rich in plant species, its total number of pollen grains
(38.83%) was lower than that of Rubiaceae (55.22%). The
current findings are consistent with Tesfaye et al. [13] who
found that for honey samples harvested from January to
February, 46% and 20% of pollen grain were recorded from
C. arabica and V. amygdalina, respectively, in the study area.
Furthermore, Addi and Bareke [14] found that C. arabica
monofloral honey (pollen count 55%) contained a mixture of
V. amygdalina (15%), Rumex spp (11%), and V. auricullifera
(19%), and C. arabica honey was harvested mainly in
February to March. Unlike honey harvested in November,
February honey is primarily harvested from rubiaceous
shrubs.

3.7.3. Honey Harvested in June. A total of nine honey source
plants were identified from the honey samples (Table 9).
C. macrostachyus is the dominant plant, accounting for
52.42% of the total pollen grains and the predominant pollen
type (monofloral honey). This type of honey was contributed
by a secondary type, namely, S. guineense and Eucalyptus
spp, and they contribute 21.03% and 16.57% of pollen grains,
respectively. Of the total number of plants identified, most
were trees, accounting for 44.44%, followed by shrubs
(33.33%) and herbs (22.22%). Comparable information was
reported by Bareke and Addi [15]. In the Gera forest, 60% of
the pollen was counted from C. macrostachyus honey har-
vested at the end of the small rainy season in June. The
dominance of monofloral species from a honey source in
honey samples is determined by the abundance of the plant,
nectar potential, and flowering schedule [15].

4. Conclusion

From the field recorded result, a total of 59 and 63 plants were
identified in the midland and lowlands, respectively. In the
midland agroecology, small amounts (0.8 + 0.2 g) were collected
in August, increased until November (553.0 £ 57.5g), and de-
creased in December (301.1 +5.4g). In the lowland, the pollen
load increased from no pollen in August to a peak of
499.3+20.6g in November and decreased (341.5+41.5g) in
December. In both agroecologies, February, March, July, and
August are the months when pollen is not brought into the hive.

International Journal of Forestry Research

Season 1 had the highest pollen yields, ranging from
11051.8 +56.4 g (midlands) to 878.3 +18.3 g (lowlands), while
season 4 had the lowest ranging from 16.8 + 6.3 g (midlands) to
15.6 + 7.4 g (lowlands) and had the lowest pollen yield season. In
both regions, February, March, July, and August are the months
when pollen is not brought into the hive and can be used as
dearth periods. A total of 1430.8+754 and 1291.8+71.4¢g of
bee pollen/hive were collected throughout the year in midland
and lowland, respectively. In addition, Asteraceae was the
richest family contributing around 90% of pollen weight, and
more than 50% are herbaceous plant and flowered in season 1.

In both agroecologies, honey is harvested three times
a year. In the midland, monofloral honey, Gizotia (64.42%),
and C. macrostychus (47.42%) were harvested in November
and May, respectively, and secondary dominant plants were
harvested in February from C. arabica (42.9%) and Vernonia
spp. (23.46%). Similarly, in the lowlands, monofloral honey
of Guizotia (51.85%), C. arabica (55.22%), and
C. macrostychus (50.42%) were harvested in December,
March, and June, respectively. Based on filed observation,
bee, and honey pollen analysis, B. prestinaria, B. pilosa,
Guizotia spp, C. macrostachyus, Eucalyptus spp, L. sativum,
Z. mays, H. trifolia, Vernonia spp, Trifolium spp, H. annuus,
C. arabica, B. abyssinica, A. abyssinicus, S. bicolor,
C. africana, S. guineense, and T. glaucescens are major bee
plants. The current finding concluded and recommended
that season 1 (September to November) is the active period,
and hence, swarm control and hive supering are required.
On the other side, February, March, July, and August are
a dearth period, and hence, providing supplementary
feeding and hive reduction is recommended.
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