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ABSTRACT

Phenology is the study of the time series of biological phenomena of plants, such as
flowering, fruiting, and leaflessness, related to seasonal change. Ethiopia is rich in vascular
plant species. However, the tree phenology of selected species has been less studied.
Therefore, the study aimed to document the phenology of nine native tree species in the Gera
moist Afromontane forest in southwest Ethiopia. Forty-five mature trees (five of each
species) were selected and numbered according to their species. The intensity of flowering
and fruiting was assigned to four different classes. PAST software (version 4.03) and
Microsoft Excel (version 2016) mapped phenological phases and durations. Almost all leaf
growth occurs throughout the year for the studied tree species. Different phenophases of
flowering for Ficus sur, Polyscias fulva, and Croton macrostachyus were seen from February
to June. On the other hand, for Millettia ferruginea, Allophylus abyssinicus was seen from
September to January. Finally, for Bersama abyssinica, Syzygium guineense, and Olea
welwitschii were seen from December to April. Most of the tree species (Ficus sur, Millettia
ferruginea, Bersama abyssinica, Albizia gummifera, Syzygium guineense, and Olea
welwitschii) made fruit from December to the end of May. Polyscias fulva, Croton
macrostachyus, and Allophylus abyssinicus made their fruiting from June to December. We
did not know any flowering stage for Albizia gummifera during the study period. A species-
specific phenological study of native tree species is important for understanding the
physiological aspects of the Gera forest. Long-term periodical observations on plant
phenology will be required for the studied species.

Keywords: Broad-leaved species, flowering, fruiting, leafless, phenophase.

INTRODUCTION

Phenology is the study of the time
series of biological phenomena of plants,
such as flowering, fruiting, and
leaflessness related to seasonal change
(Kimura et al., 2009). It deals with the
chronology of these occurrences, which
has a major effect on the plant survival,
reproduction, and seed storage of plants.
Phenology  indirectly  affects  the
regeneration or restoration processes of
degraded forests. Plant phenology is one of
the outcome of interactions between

ecological components (biotic and abiotic
factors). Ecological influences have
induced cycles in plant life through
progressive modification and natural
selection, which lead to optimum timing of
flowering, fruiting, and leaf flushing as
well as effective growth (Van Schaik et al.,
1993).

Understanding phenological cycles
is essential for realizing all reproductive
processes, how they interact with other
living organisms, and how ecosystems
function. For instance, the timing and
length of flowering and fruiting are
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essential for the grasping dynamics of
forest regeneration. Tree phenology is
linked to seed production, germination,
survival, and seedling growth
(Augspurger, 1981; Vieira and Scariot,
2006).

Ethiopia is rich in vascular plant
species, ranging from six to seven
thousand (Egziabher, 1991). However,
little is known about the phenology of
vascular plant species. It consequently has
a substantial impact on seed collection,
gene bank establishment, seed germination
viability, seedling establishment, and
forest honey collection, and indirectly, it
affects the Ethiopian Green Legacy
initiatives.

Different studies have been done
by a researchers focusing on the
phenology of indigenous tree species in
dry Afromontane forests, woodland
forests, and moist Afromontane forests in
Ethiopia. For instance, Tesfaye et al.,
(2011) and Dagnachew et al., (2023)
studied the phenology of seven indigenous
trees for two successive years in the dry
Afromontane of Munessa-Shashemene
Forest, South Ethiopia, and East Gojjam,
Northwestern Ethiopia, respectively. In
addition, flowering and fruiting timing
have been investigated for four native tree
species in the remnant moist Afromontane
forest of Wondo Genet, South-Central
Ethiopia (Kebede and Isotalo, 2016).
However, compared to other forest types,
the phenology of moist Afromontane
forest receives less attention, and
particularly, phenology research has not
been done in the Gera forest. Tree species
present in both dry and moist forests, such
as Allophylus abyssinica, Bersama
abyssinica, Croton macrostachyus,
Millettia ferruginea, Polyscias fulva,
and Syzygium guineense, were subject to a
few studies. Additional research is
required because phenological events are
susceptible to changes in temperature,
precipitation, and human activities. Even
within the same tropical region and within

a similar ecology, the timing of phenology
might be site-specific (Endah et al., 2012).

For the majority of moist
Afromontane  forest  tree  species,
representative phenological records are
still scarce, particularly for the Gera forest.
Therefore, a phenological study was
needed for native tree species that
predominate in the moist Afromontane.
This research is crucial for policymakers
and forest seed enterprises in the country.
The results generated from this study
would help to develop the appropriate
period of seed collection and the right
calendar for the phenophase of native tree
species. The overall objective of the study
was to document the phenology of nine
native tree species in the Gera moist
Afromontane forest in southwest Ethiopia.

MATERIAL AND METHODS
I.  Description of the Study Area

The study was conducted in Dusta
Badiya and Muje Kebele’s Gera District,
Jimma Zone, Oromia Regional State,
Southwest Ethiopia. The latitudinal and
longitudinal locations of the district are
7°27° to 7°55° north and 36°01° to 36°24°
east, respectively and its elevation ranges
from 1300 to 2400 meters above sea level
(Figurel). The mean annual temperature of
the district ranged between 15°C and 22°C,
and its annual rainfall covers a large area
between 1300 and 1700 mm/yr (Diro et al.,
2019). The district’s agro-ecological zone
classification is lowland, mid-highland,
and highland, with  corresponding
percentages of 3.7 %, 50.19 %, and 46.11
%, respectively. The forest lies roughly
440 kilometers southwest of Addis Ababa,
the capital city of Ethiopia (Arage et al.,
2020).

Overview of temperature and
rainfall at Chira town, located near the
study site (Gera Forest) shown. Annual
rainfall and annual mean temperature of
the study site are presented below for two
consecutive study years (Figure 2).
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Figure 2: Monthly rainfall and average monthly mean temperature of the study site for the period from
(2019 to 2021). Source: Jimma meteorological station, Ethiopia.

I.  Vegetation Description of the
Study Area

The Gera natural forest is a key
biodiversity area within the Eastern
Afromontane Biodiversity Hotspot. The
vegetation type of the study area is broad-
leaved and moist Afromontane forest. The
important tree species in the forest include

Olea capensis, Schefflera abyssinica,
Prunus africana, Albizia gummifera,
Syzygium guineense, Bersama abyssinica,
Pouteria  adolfi-friederici,  Apodytes
dimidiata, Cassipourea malosana, Celtis
africana, Croton macrostachyus,
Ekebergia capensis, and Ficus sur (IBC,
2005). Most of these tree species were
found in the upper canopy and sub-canopy
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layers. Some of the shrub layer consists of
Brucea  antidysenterica J.F.  Mill,
Calpurnia aurea (Ait) Benth, Senna
septemtrionaiis (Viv.) Irwin & Barney,
Solanium incanum L, and Vernonia
auriculifera Hiern.

ii. Species Selection and Data
Collection

Firstly, we conducted a full
reconnaissance survey to select moist
Afromontane forests in Southwestern
Ethiopia. Then Gera moist Afromontane
forests were purposefully selected for this
study. Finally, nine native tree species in
Gera forest were selected for the
phenology study. We did not use the
herbarium for species identification due to
no unidentified tree species during
phenology data collection. The selected
tree species were Ficus sur, Polyscias
fulva, Croton macrostachyus, Millettia
ferruginea, Allophylus abyssinicus,
Bersama abyssinica, Albizia gummifera,
Syzygium guineense, and Olea welwitschii.
The selected tree species have substantial
ecological and economic relevance for the
local communities. Hence, phenological
research is crucial to forecast their
economic and environmental impact on the
area.

The selected tree species have
multifunctional benefits:  traditional
medicinal value, producing edible fruits,
shade trees for coffee plantations,
agroforestry  uses,  improving  and
conserving soil fertility, useful in
restoration, and apicultural value. In
addition, the selection of species was made
through discussion with experts from the
Gera district Office of Environmental
Protection, Forestry, and Climate Change
and key local communities. Finally, their
dominance or important value index of the
species in the forest were considered.

Thirdly, using the  method
described in Tesfaye et al., (2011), a
flowering and fruiting study was done for
those selected tree species. Forty-five

mature trees (five of each species) were
selected, marked, and numbered according
to their species. Each tree's diameter at
breast height was measured using a metal
caliper. The foliage, flowering, and
fruiting phenologies of these marked
individuals were examined.

Different groups of leaf phenology
included those that involved leaves
sprouting, growing, and shedding.
Flowering, full flowering, and flower
shedding are some examples of several
categories in  flowering phenology.
Flowering, full flowering, and flower
shedding were used to indicate the
intensity of flowering for each tree species.
Fruit bud, ripe fruit, and fruit shedding are
examples of the various categories that
make up fruiting phenology.

Geographic location and their
diameter at breast height greater than 50
centimeters were measured for selected
tree species. For two consecutive years
(2012-2014 Ethiopian calendar),
flowering, fruiting phases and their leaves
were evaluated each week. We used
binoculars to observe the phenology
activities in each tree crown. The intensity
of flowering and fruiting in each tree
crown was assigned to four different
classes:0=0%,1=1-25%,2=26-50
%, 3 =51-75 %, and 4 = above 75 %. For
leaf phenology, only deciduous species
were investigated and recorded as leaf
flush, senescent, or leafless, with similar
classes as above. When a plant showed
signs of leaf fall (leaf crown loss), leaf
flushing (new leaf production), blooming
(flower buds and/or open flowers), and
fruiting (the presence of both immature
and ripe fruits), these stages were
commonly assigned to the plant (Lacerda
et al., 2018). PAST software (version 4.03)
and Microsoft Excel (version 2016)
mapped  phenological  phases and
durations. The required data was gathered
through field observation and species
inventorying. Additionally, climatic data,
including temperature and rainfall, were
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gathered from the Jimma meteorological

Table 1: Basic information of studied tree species

station in Ethiopia.

Species Family Growth habitand  Size of Ecology L.name(Afan
foliage propagule Oromo)
Ficus sur Moraceae Tree,upto5-12m,  Fruit, upland rain forest, Harbuu
an evergreen 15 - 40mm 1,400-2,500 m.
Polyscias fulva Avraliaceae Tree, up to 30m,  Fruit, Upland and Kariyoo
an evergreen 4.5*4mm lowland
rainforest,2450m
Croton Euphorbiaceae  Tree, up to 30m Seeds, 7*4mm  Montane and Bakkanniisa
macrostachyus Deciduous evergreen, 700-
3400m
Millettia Fabaceae Tree up to 35m, Fruit, upland rain Askiraa
ferruginea an evergreen 30-270mm forests 1,000—
2,500 m
Allophylus Sapindaceae Treeupto25m,  Fruit, high montane Se'oo
abyssinicus an evergreen about 7 mm forest, 1,000—
2,600m
Bersama Francoaceae Tree up to 12m, Seeds, 10mm  montane Araarsaa
abyssinica an evergreen forests,from a.s.
up 2700 m
Albizia Fabaceae Tree up to 30m, Fruit, Upland rain- Hambabessa
gummifera deciduous 2-3.4cm forest, 1,400-
2500 m
Syzygium Myrtaceae Tree,upto 35m, Fruit, Upland rainforest ~ Baddeessaa
guineense an evergreen 17*14mm edge, 1400-
2600m
Olea welwitschii  Oleaceae tree up to 10m,an  Fruit, highlands in dry, Bahaa/bayaa
evergreen 5-20mm moist, 1,500—
2,400 m.

Where L. name is the indicated local name
Data Analysis

Phenological event analyses were
based on the duration of leaf flushing,
flowering, and fruiting. Phenological
phases and durations in the months of the
year were mapped using PAST software
version 4.03. Moreover, phenological
calendars for different tree species were
developed using the descriptive statistical
method.

RESULTS

The phenophase of different woody
plant species from the Gera moist
afromontane forest was presented below
by the circular graphs. The phenophases
were focused on leaves; flowering and
fruiting were presented in different colors
with circular form shapes. The first year
starts from the top left-hand side (from

leaves sprouting) and ends with fruit
shedding on the bottom right-hand side.
The second year of phenophases starts
from the bottom right-hand (leaves
sprouting) to the end of the left-hand on
the top (fruit shedding). For all studied tree
species, the direction of phenophases is
clockwise by keeping the order mentioned
above. Under each graph, L. represents
leaves, F represents full and S represents
shedding. The number ranges from zero to
four, which shows the intensity of different
phenophases.

Ficus sur is a tree species that has
leaves growing throughout the years for
two consecutive years (Figure 3). Leaf
sprouting took place during November for
two consecutive years, and leaf shedding
took place in September and October for
the first and second years, respectively.
Finally, leaf shedding occurred during
October only for two studied years. For
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two studied years, flowering and full March for Ficus sur (Figure 3).
flowering took place during February and

® January
L. sprouting
Fruit. S 3 g L. growth = Febraruy
Ripe fruit 3 L. shedding = March
5 .
Fruit bud Flowering = April
= May
Flower. S . F. flowering . june
0

F. flowering \ Flower. S = July
® August
Flowering Fruit bud m September
‘

L. shedding Ripe fruit m October
L. growth Fruit. S
L. sprouting = November
m December

Figure 3: Phenological phases of Ficus sur for two years

® January
L. sprouting
Fruit. S 3 g L. growth = Febraruy
Ripe fruit ' L. shedding March
Fruit bud Flowering m April
m May
Flower. S F. flowering June
F. flowering Flower. S m July
m August
Flowering Fruit bud m September
L. shedding Ripe fruit m October
L. growth Fruit. S
L. sprouting = November
m December

Figure 4: Phenological phases of Polyscias fulva for two years

For two years, flower shedding appeared in April. Ripe fruit occurs during
took place in March. For the first year, for April and June in the first year and
three consecutive months, fruit bud took happens in April during the second year.
place. For the second year, fruit bud Fruit shedding for Ficus sur happens

135

© 2025 by Journal of Bioresource Management is licensed under CC BY 4.0



Egeta et al., (2025). The Phenology of Native Tree Species in Southwest Ethiopia.
J Biores Manag., 12(3): 130-145.

during May and June during the first year
and three consecutive months during the
second year (Figure 3).

Leaf sprouting took place for three
consecutive months for the first study
period and reached peak time during
March for the first study period for
Polyscias fulva (Figure 4). However, for
the second study period, leaf sprouting
took place for two consecutive months and
reached peak time during the month of
March. Leaf growth took place throughout
the year for two consecutive years. For the
first year, leaf shedding took place in
December, and in the second year, leaf
shedding occurred during January and
February. For the first year, flowering took
place in three consecutive months and
reached peak time during May. However,
for the second year, flowering took place
for three months and reached its peaks
during June (Figure 4). Full flowering for
the first year took place over two
consecutive months and reached peak
times during May. However, for the
second year, full flowering occurs during
two months and reaches peaks during
June. Flower shedding for Polyscias fulva
took place during three consecutive
months and peak time during June for the
first year. However, for the second year,
flower shedding took place for two months
(Figure 4). For all Polyscias fulva tree
species, fruit buds took place for two
consecutive months over the two years
studied. Ripe fruit is also similar for two
consecutive years for Polyscias fulva. Fruit
shedding for this tree species took place
for three consecutive months for the first
year and reached peak time in August.
However, fruit shedding occurs for two
consecutive months and reaches peak time
during August for the second year.

Croton macrostachyus, for the first
study year, had leaves sprouting during
two consecutive months. It reached its
peak time during March. However, for the
second year of the studies, leaf to
sprouting were not seen (Figure 5). For the
first year of the studies, leaf growth took

place in eleven months of the vyear.
However, for the second year of studies,
for ten months of the year. Leaves
shedding for Croton macrostachyus during
the first year are seen in four months of the
year. However, the second year of studies
was seen for three months of the year
(Figure 5). Flowering and full flowering
took place three consecutive months of the
year for two consecutive study years.
Finally, flower shedding took place for
two months of the year (May and June) for
two consecutive years of study time
(Figure 5). Fruit buds for this tree species
for two years took place for four months of
the year (from July to October). Ripe fruit
occurs for three months of the year for the
first year of the studies. It reached its peak
time in November. For the second of the
studies, ripe fruit occurs for four
consecutive months of the year, and it
reaches peak time during December. Fruit
shedding took place for three consecutive
months of the first year of the studies.
However, for the second year of the
studies, fruit shedding occurs for four
months of the year (Figure 5).

Leaves sprouting for Millettia
ferruginea took place for two months of
the year in different seasons for the two
studied years (Figure 6). Leaf growth took
place throughout the year for the two years
studied. Finally, leaf shedding was seen
for two months of the year for the first
year of the studied time and three months
of the year for the second year of the
studied time. It reached its peak during the
December months of the year. Three
phases of flowering took place for four
months of the year for the two studied
years (Figure 6). Fruit buds and ripe fruit
occur in four months of different seasons
of the year for two studied years. For both
studied years the peak time of fruit buds,
occurs during December. Finally, fruit
shedding was seen three months of the
year for the two studied years with peak
time during April (Figure 6).

Leaves sprouting for Allophylus
abyssinicus took place during February
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and March for the first year of the study, year of study (Figure 7).
and we did not see them during the second
m January
L. sproutin
Eruit. S 4p g m Febraruy
Ripe fruit L. shedding ® March
Fruit bud Flowering = April
® May
Flower. S F. flowering June
F. flowering Flower. S = July
m August
Flowering Fruit bud m September
L. shedding Ripe fruit m October
. m November
L. sprouting
m December

Figure 5: Phenological stages of Croton macrostachyus for two years

L. sprouting = January
Fruit. S 4 L. growth m Febraruy
Ripe fruit ' L. shedding = March
Fruit bud Flowering m April
_ = May
Flower. S F. flowering = June
F. flowering Flower. S = July
m August
Flowering Fruit bud m September
L. shedding Ripe fruit m October
Fruit. S m November
L. sprouting m December

Figure 6: Phenological stages of Millettia ferruginea for two years
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Fruit bud

Flower. S

F. flowering

Flowering

L. sprouting

Fruit. S 4
Ripe fruit

L. shedding

L. growth

3
5
2
5

L. sprouting

m January
L. growth m Febraruy
L. shedding March
Flowering m April
_ = May
F. flowering June
Flower.s  WJulY
m August
Ripe fruit m October
Fruit. S m November
m December

Figure 7: Phenological stages of Allophylus abyssinicus for two years

Fruit. S

Ripe fruit

Fruit bud

Flower. S

F. flowering

Flowering

L. shedding

L. growth

L. sprouting
4

3

5

L. sprouting

m January
L. growth m Febraruy
L. shedding March
Flowering m April
_ = May
F. flowering June
Flower. S " July
m August
Fruit bud W September
Ripe fruit m October
Fruit. S m November
m December

Figure 8: Phenological stages of Bersema abyssinicus for two years

Leaf growth happens for nine

months of the year for the first year and
throughout the year during the second year
of study. Leaf shedding occurs in two

months of the year during the first studied
year. It reached its peak time during
February in the first year. We did not see
the second year of study time of leaf
shedding. Flowering and full flowering
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took place for Allophylus abyssinicus for
three months of the year for the two years
studied. It reached its peak time during
September during the first studied period.
Full flowering peak occurs during October
during the first studied period. Flowering
shedding took place for two months of the
year for the first year of studied time and
three months of the year for the second
year of studied times (Figure 7). Fruit buds
of Allophylus abyssinicus appeared three
consecutive months of the year during the
first year of study, and two months of the
year during the second year, we saw fruit
buds for the studied tree (Figure 7). Ripe
fruit for Allophylus abyssinicus was seen
for two months of the year for the first
year of the studied time. However, for the
second year of study, ripe fruit was seen in
three months of the year during the second
year of study (Figure 7). Fruit shedding
was observed during December for two
years of study.

For Bersama abyssinica leaves,
sprouting occurs in December for the first
year of study and two months (November
and December) of the year of study during

the second year of studied time (Figure 8).
Leaf growth occurs throughout the year for
the two studied years. Leaves shedding
occurs for this species one month of the
year for the first year of study and three
months of the year for the second year of
study (Figure 8). Three phases of
flowering for Bersama abyssinica were
seen, for two months of the year for the
first year of the study period and for three
months of the year for the second year of
the study period. Fruit bud for Bersama
abyssinica occurs during three months of
the year for the first year of the studied
period, and fruit bud for the second year of
the study period occurs during five months
of the year for the second year of study,
and reached peak time during October
(Figure 8). Ripe fruit occurs two months
after the first year and four months after
the second year of the study period. Fruit
shedding occurs three months of the year
for the first year of study time, and two
months of fruit shedding occur in the
(remove one due to doubled) in the second
year of study period.
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Figure 9: Phenological phases of Albizia gummifera for two years
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Figure 10: Phenological phases of Syzygium guineense for two years

Leaves sprouting for Albizia
gummifera occur one month of the year for
two periods of study (Figure 9). Leaf
growth occurs throughout the year for two
periods of study. Leaf shedding occurs one
month of the year for a two-year study
period. We did not see any flowering
levels for Albizia gummifera for the two
study periods. Fruit bud and ripe fruit
occur one month of the year for two years
of study period (Figure 9). Finally, fruit
shedding occurs one month for two years
of study period.

Syzygium guineense had leaf
sprouting during two months of the year
for the first period of study, and we did not
see any leaf sprouting for the second
period of study (Figure 10). Leaf growth
happens throughout the year for two study
periods. Leaf shedding two months of the
year during the first study period and their
peak time occur during December. Finally,
we did not see leaf shedding during the
second year of the research period. Flower
occurs three months of the year for two
study periods. Peak time occurs during
March in the second year of the study
period. Full flower occurs four months

into the first year of study period and
reaches peak time during April month of
the year. However, three months of the
year for the second year of study period
and their peak time seen during March
month of the year (Figure 10). Flower
shedding was seen for three months of the
year for two years of the study period, and
peak time was seen during April for the
second studied time. Fruit buds seen three
months of the year for two years study
period, and their peak time occurs during
June in the second year of the study time.
Ripe fruit occurs for two months of the
year for two study years. Fruit shedding
occurs for two months of the year for two
study periods.

Olea welwitschii had leaf sprouting
seen during two months of the year for the
first year of the study period, and we did
not see it for the second year of the study
duration (Figure 11). Leaf growth was
seen throughout the year for two years of
the research time. Leaf shedding was only
seen in one month of the first year of study
time and not available for the second
studied year. Flower and full flowering of
Olea welwitschii are seen four months of
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the year during the first year and three
months for the second study period of the
year and peak reached time during January
and March for flowers and full flower for

the second studied period. Flowering and
shedding was seen under three months of
the year during the first study period and
their peak time during April.
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Ripe fruit

Fruit bud

Flower. S

F. flowering

Flowering

L. shedding
L. growth

L. sprouting
4 L. growth

L. sprouting

m January
m Febraruy
L. shedding March
Flowering = April
® May
F. flowering June
Flower. S m July
_ m August
Fruit bud m September
Ripe fruit m October
m November
m December

Figure 11: Phenological phases of Olea welwitschii for two years

In the second studied period, four
months were saw for the second study
period and their peak time occurs during
April (Figure 11). Fruit bud and ripe fruit
had seen under four months of the year for
the first year of study time and three
months for the second period of study. For
both studied time May and April were
peak time for fruit bud. At the end, fruit
shedding occurs three months for the
initial study period and their peak during
May. Finally, we saw under two months of
the year for the second period of study and
maximum fruit shedding occurs during
May (Figure 11).

DISCUSSIONS

The phenological study of selected
native woody species in the Gera forest of
Southwest Ethiopia is important for
improving the livelihood of the local
community due to these species are a
source of forest honey. Knowing the

phenological calendar of selected tree
species is necessary for the exact time of
forest honey collection and mature seed
collection for restoration purposes. The
studied forest where the selected tree
species were researched is well known by
forest honey or known as Gera honey in
the domestic market. The phenological
phase of these species plays a great role in
climate change mitigation by producing
healthy seedlings for Ethiopian green
legacy initiatives.

The study site, or Gera forest, was
dominated by evergreen trees and had few
deciduous species with annual patterns and
marked seasonality in their leaf phenology.
Leaf growth occurs throughout the year for
around seventy-nine percent of selected
tree species. Our findings are similar to the
results of (Nanda et al., 2014), who found
that leafing events in Kemmanugundi are
significantly seasonal. In addition, our
results support the findings of (Rossatto,
2013), who investigated that evergreen
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plants have persistent leaves and a high
canopy cover throughout the year. This
might be due to its location is in the tropics
where temperature and moisture are
always favorable for tree growth.
According to the study, only two tree
species had leaf falls during the study
period (Croton macrostachyus, whose leaf
fall occurs during February, April, and
May). In addition, Allophylus abyssinicus
leaf falls occur in October, November, and
December (Figures 5 and 7). Our results
are similar to the findings of (Tesfaye et
al.,, 2011), who found that Croton are
deciduous and may shed their leaves
annually. These leaf falls are the adaptive
mechanism of tree species for different
environmental stresses.

Two of the woody species
(Syzygium guineense and Olea welwitshii)
had more than six months of flowering
(Figures 10 and 11). Our results contradict
the findings of (Jeevith and Kunhikannan,
2019), who found that tropical wet
evergreen forest species exhibit annual
flowering patterns due to regular
reproductive cycles and responses of
species communities to the environment.
The difference in this result might be that
the reduction or maximization of
phenological overlap between plant
species could have been caused by the
activity of biotic agents. These species
produce their flowering during high
radiation or December. Our results support
the findings of (Bendix et al., 2006), who
reported that nearly all canopy tree species
in a sub-montane rain forest flowered
during the peak of solar irradiance.

The other three selected woody tree
species  (Polyscias  fulva, Millettia
furregunia, and Allophylus abyssinicus)
flower four months of a year (Figures 4, 6,
and 7). These outputs contradict the
findings of (Glnter et al., 2008), who
report that continuous flowering in a
humid site in Ecuador. These differences
might be due to the occurrence and
frequency of clouds and photoperiod
differences between study locations.

Specifically, Polyscias  fulva
flowers for fixed months at the end of the
dry period and the initial period of the
rainy season (Figure 4). Our result
contradicts the finding of (Tesfaye et al.,
2011), who found that Polyscias fulva
flowering was seen throughout the year.
This difference might be due to the
temperature and rainfall  differences
between the two studied sites.

The phenological phases,
specifically  flowering, occur during
September, December, and January for
Bersama abyssinica (Figure 8). Our results
are similar to the findings of (Dagnachew
et al., 2023), who carried out their research
on Bersama abyssinica in Northwestern
Ethiopia. The flowering duration of
Syzygium ferruginea occurs for more than
half of the months of the year (Figure 10).
Our findings are comparable to the results
of (Tesfaye et al., 2011), who found that
the flowering of Syzygium lasted for five to
seven months.

During the study period of the
phenology, we have realized that only one
tree species (Ficus sur) have two months
of flowering period (Figure 3). This study
improves the findings of (Bendix et al.,
2006), who found that the proportion of
trees and shrubs that show continuous
flowering and fruiting appears to be small.

Based on our findings we can
classify the phenology of the studied tree
species into two based on the months of
fruiting. Accordingly, Polyscias fulva,
Allophylus  abyssinicus, and Albizia
gummifera were classified under short
period of fruiting (1-3 months) (Figures 4,
7 and 9). This study improves the findings
of (Jeevith and Kunhikannan, 2019), who
found that a few studied species showed
fruiting only for a month. This might be
due to the ecological requirements of
selected woody tree species. In addition
our result contradicts the findings of
(Chapman et al., 2018), who found that
many of tree species observed fruiting in
each month in Kibale national park,
Uganda. This difference might be due to
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the adaptation behavior of sampled tree
species and the year of study.

However, this study contradicts the
findings of Endah et al. (2012), who
investigate that fruiting were observed
each month during one-year on both
tracks. This is might be due to the time of
fruiting being influenced by several factors
like rainfall, moisture, temperature and
photoperiod (Anderson et al., 2005; Kikim
and Yadava, 2001; Gunter et al., 2008). In
addition, even within the same tropical
region and in a typical ecosystem, the
timing of fruiting might be site-specific
(Endah et al., 2012).

The fruiting period of Polyscias
fulva occurs during the rainy season or one
season per year due to climate variability
(Figure 4). Our results contradict the
findings of (Tesfaye et al., 2011), who
found that the fruiting period of Polyscias
fulva occurs two cycles per year. This
difference might be due to agro-ecological
differences between the two studied sites.
In addition, our result also oppose the
findings of (Kebede and Isotalo, 2016),
who observed that P. fulva peaked twice
per year in studied area. This disagreement
may rise to due to frequency and data
collection methods.

The remaining tree species such as
Ficus sur, Croton macrostachyus, Millettia
ferruginea, Bersema abyssinica, Syzygium
guineense, Olea welwitschii considered as
a long period (More than four months) of
fruiting (Figures 3, 5, 6, 8, 10, and 11).
Our results contradict the findings of
(Kebede and Isotalo., 2016), who found
that the annual peak of fruit production of
three studied tree species among four
species. This difference might be due to
data collection techniques and the number
of samples used for data collection.

The fruiting period of Croton
macrostachyus occurs for six months of
the year (Figure 5). Our results are
comparable with the findings of (Tesfaye
et al., 2011), who found that the fruiting
period of Croton was extended over
several months.

The fruiting period of Syzygium
occurs all months of spring and one month
of the rainy season (Figure 10). Our results
contradict the findings of (Tesfaye et al.,
2011), who found that the fruiting period
of Syzygium was unimodal, commenced in
February and continued until August.
Fruiting period of Bersama abyssinica
seen during half months of the vyear
(Figure 8). Phenological phases of our
study are in line with the findings of
(Dagnachew et al., 2023) who did research
on the aforementioned site.

CONCLUSION

From all studied tree species for,
Albizia gummifera, we did not see any
flowering stages during the study period.
For most tree species, the peak period of
flowering occurred in December, while
April was the least active. The peak time
of fruiting for most tree species occurs
during December, April, and June, and the
least time happens for different months.
The selected woody tree species in the
study site that had a uniform climate and
rainfall showed a small fraction of
individuals showing continuous leafing,
flowering, or fruiting. Species-specific
phenological study of native tree species is
important to easily understand the
physiological or ecological aspects of Gera
forest. Long-term periodical observations
on plant phenology will be required for
studied species, and the addition of the
remaining native woody tree species found
in the Gera forest is necessary.
Phenological information (flowering and
fruiting) of Gera forest could be site-
specific.
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