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Abstract: The phenological responses of plants to climatic variables are critical for conservation
planning; however, it is less understood in an Afrotropical context. Here, we observed how flowering
and fruiting phenophases of seven indigenous plant species are related to monthly rainfall and
temperature for 24 months in Ethiopia. We employed linear and non-linear models to test the
effects on flowering and fruiting intensity. The results of the linear model showed that flowering
intensity decreased with increasing monthly temperature for Maytenus arbutifolia, Prunus africana, and
Solanecio gigas, but increased for Bersama abyssinica, and decreased with increasing monthly rainfall
for Maytenus arbutifolia. The results of the non-linear model indicated that the flowering intensity
of Brucea antidysenterica, Dombeya torrida and Rosa abyssinica decreased, leveled off and increased
with increasing monthly temperature. Moreover, the fruiting intensity of Brucea antidysenterica and
Rosa abyssinica decreased with increasing monthly rainfall, but increased for Bersama abyssinica; The
fruiting intensity increased with increasing monthly temperature for Brucea antidysenterica and Rosa
abyssinica. Altogether, the effects of climatic variables not only vary among the species, but also among
the phenophases of a plant species. Hence, considering these varied effects in forest conservation
schemes is critical, especially during the epoch of this continuing climate change.

Keywords: flowering patterns; seasonality; tropical trees; climatic variables

1. Introduction

Phenology is the study of the periodicity or timing of biological events such as the
timing of plant flowering or bird migration, triggered by environmental cues taking place
during the year [1,2]. The causes of their timing are affected by biotic and abiotic forces and
the interrelation among phases of the same or different species [3]. The climate is the main
factor controlling and regulating phenological events in plants, and global warming has af-
fected species distributions and the timing of leaf change and reproduction [4]. How plants
respond to changing patterns of temperature and precipitation has major implications for
agriculture, forestry, growing season dynamics and ecosystem processes [5].

Plant phenology variations have long been used as indicators of ongoing climate
change conditions [6]. Phenology has become important in the context of understanding
climate change impacts on ecosystems [7]. Phenology closely tracks climate and also drives
many ecological interactions, making the study of phenology essential for predicting how
species will respond to climate change [8-10].

Plant phenology is typically quantified by observing the date of onset and the duration
of particular phenophases [4]. In general, the study of phenological aspects of plants
involves the observation, recording and interpretation of the timing of biological events,
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such as seed dispersal, germination, vegetative growth, flowering, fruiting and leaf flushing
all affected by seasonal changes [8]. Tree phenology observations involve bud growth,
leaf emergence, flowering, fruiting and leaf fall activities in seasons with variations in
environmental and climatic factors, such as temperature and precipitation [11]. Plant
phenology could offer much information on the conditional changes of global climate
and the consequent shifts in plant life events, as their recorded dates provide a high-
temporal resolution of ongoing changes [4]. Understanding the genetic and physiological
mechanisms that plants use for the timing of seasonal responses allows for predicting
phenological responses to anthropogenic climate change [12].

A better understanding of plant phenology will assist land managers, seed collectors
and other stakeholders to make more informed decisions relating to the management of
these species. Plant species phenology is used to realize the vegetative and reproduc-
tive potential of the species and in developing viable local conservation strategies [13].
Understanding the phenology of invasive plant species can also help to design control
mechanisms [14].

Phenological patterns in plants are influenced by a combination of biotic and abiotic
factors that determine the occurrence and inhibition of physiological events [15]. The
abiotic and biotic factors are not mutually exclusive, and several are likely to interact to
regulate the expression of each phenological phase [3]. Phenology is used to assess the
consequences of global warming on plant distributions [16]. However, plant phenology
responses to invariant cues, such as photoperiods, may be important in defining the timing,
periodicity and particularly the synchrony of plant reproduction, especially in tropical
environments where climatic seasonality is low [17].

In tropical ecosystems, phenology might be less sensitive to temperature and pho-
toperiod and more tuned to seasonal shifts in precipitation, as seasons are often marked
by differences in rainfall and life-history events occurring in response to water availabil-
ity [3]. Periodic changes in rainfall, which are caused by movements of the Inter-Tropical
Convergence Zone often, play an important role [18]. In forests with a marked dry season,
flowering may be more sensitive to seasonal rainfall, changes in water availability and soil
moisture, and their fruits ripen towards the end of the dry season or at the beginning of the
rainy season [19].

Tropical phenology is characterized by its high diversity due to small annual changes
in day length and temperature and the absence of a cool season that hampers growth [20].
Within a tropical forest, species differ in phenological patterns and community-wide
phenological patterns differ among regions that differ in climate patterns [21]. Even within
a community, phenological cycles vary from species that reproduce multiple times per year
to those that reproduce only once in several years [22]. At higher latitudes, since these
habitats may be under snow or ice, almost all phenology is tied to a single highly variable
event, the timing of snowmelt [23].

Scientific knowledge of the phenology of plant species is basic for the understanding
of biological processes and the functioning of the forest ecosystem [24]. Serious effects on
biodiversity can result from altered phenologies due to enhanced asynchrony in ecological
interactions such as plant—insect and predator—prey interactions, leading to reduced fitness
and ultimately extinctions [25]. Moreover, phenology is the major determinant of the plant
species range, so it can be used to assess the consequences of global warming on plant
distributions [16].

Regarding the phenology of Ethiopian plant species, few studies have been carried out
in different floristic regions of Ethiopia. To name a few, the phenology of seven indigenous
trees in the dry Afromontane of Munessa-Shashemene Forest, South Ethiopia [24], pheno-
logical events in Commiphora myrrha and Boswellia neglecta in Southeastern Ethiopia [13],
phenology of the alien invasive plant species Prosopis juliflora in arid and semi-arid [14]
and flowering and fruiting phenology of some forest plant species in Western Ethiopia
Combretum-Terminalia Woodlands [26]. However, no research findings have been found
in the Gojjam floristic region. The present study is the first detailed study on the phenology
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of flowering and fruiting of seven indigenous tree species categorized under six families
of the dry tropical montane forest of this region in Ethiopia for two years from December
2018 to November 2020.

The specific questions addressed in this study were (1) what are the frequency, timing
and duration of flowering and fruiting of selected tree species at the study site and (2) which
environmental factors (temperature and rainfall) have the greatest influence on triggering
these phenological events?

2. Materials and Methods
2.1. Study Area

The study area is located in Machakel woreda, East-Gojjam Zone, Amahara National
regional State (ANRS) of Ethiopia (Figure 1) between 10°19'75”-10°41'00" N and 37°16'46"—
37°45'42" E 1. The vegetation of the study area belongs to the dry evergreen Afromontane
forest [27]. The maximum monthly temperature is 28.5 °C and the minimum monthly
temperature is 9.8 °C. The average monthly temperature is 18 °C and the area receives the
mean annual rainfall of 1397 mm with a unimodal pattern that peaks between June to October.
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Figure 1. The locations of the three forest study patches in East Gojjam zone, Amhara National
Regional State (ANRS) in relation to the map of Ethiopia, (A) map of three forest patches, (B) map of
Ethiopia, (C) map of ANRS.

2.2. Study Species

A reconnaissance survey was conducted to select the forest and the study species.
Three vegetation patches with similar physiological characteristics and agroecological zones
were selected during the reconnaissance survey. To select the study species, from each patch,
we used the criteria of (1) dominant woody species in the patches and assumed to play key
roles in shaping the ecological system of the patches; (2) species which provide substantial
provisional and cultural ecosystem services of wood products, food, medicinal and fodder
values; and (3) species whose population are currently declining due to overexploitation
for the mentioned services [28-33]. Consequently, seven indigenous tree species, namely
Bersama abyssinca Fresen., Brucea antidysenterica ].F. Mill., Solanecio gigas (Vatke) C. Jeffrey,
from the Embuli forest patch Dombeya torrida (J. F. Gmel.) P. Bamps, Maytenus arbutifolia
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(A. Rich.) Wilczek, Rosa abyssinica Lindley from Zhingder and Prunus africana (Hook. f.)
Kalkm from Woynagbar were selected for the study. Plant spcies such as Acacia abyssinica,
Buddleja polystachya, Embelia schimperi, Phytolacca dodecandra, Vernonia amygdalina, Carissa
spinarum, Rubus spp. and Maesa lanceolata were also observed during the survey.

2.3. Data Collection

A total of 112 reproductive, healthy individual trees/plant species having similar crown
sizes (visual estimation) were selected for the study. For each tree species, 16 individuals with
their diameter at breast height (DBH) ranging from 10 to 60 cm, were randomly selected
100 m far apart from each other, tagged with plastic ribbon and the locations also recorded
using GPS. The data of flowering and fruiting phenophases were collected every month
for two years (December 2018-November 2020). During each visit, flowering and fruiting
phenophases were recorded through careful observation of the canopy.

The whole crown of each tree was examined and binocular was also used to observe
the crowns of tall trees. The intensity of flowering (the number of flower buds and open
flowers) and fruiting (the number of unripe and ripe fruits) in each tree crown was assigned
to four different classes: 0 (0%), 1 (1%—-25%), 2 (26%-50%), 3 (51%—-75%) and 4 (>75%) with
the percentage values referring to the estimated proportions of each phenophase in the
crown by adopting the method used by Tesfaye et al. [24]. The data on monthly rainfall and
average monthly temperature of the area were obtained from the National Meteorological
Agency of Ethiopia.

2.4. Data Analyses

The data on flowering and fruiting intensity and the effects of monthly rainfall and
temperature were analyzed using descriptive, linear and non-linear models. The rainfall
data were standardized or scaled to bring the values to a comparable level with the tem-
perature data before running the models and in data visualizations. Before we ran the
actual test, we first checked for the multicollinearity between the mean monthly rainfall
and temperature explanatory variables. From the scatter plots, we visualized how the
relationships between either flowering or fruiting and rainfall / temperature of most species
varied not only between species but also among phenophases of the same species. Accord-
ingly, we used the linear model when the relationship between explanatory and response
variables is linear, but for non-linear relationships, we used a quadratic polynomial or non-
linear regression model to test the effects of monthly temperature and rainfall on flowering
and fruiting intensity of Bersama abyssinica, Brucea antidysenterica, Dombeya torrida, Prunus
africana, Maytenus arbutifolia, Rosa abyssinica and Solanecio gigas. Moreover, we employed the
non-linear regression model to test the effects of temperature and rainfall on the flowering
intensity of Brucea antidysenterica, Dombeya torrida and Rosa abyssinica, and on the fruiting
intensity of Dombeya torrida, Maytenus arbutifolia, Prunus africana and Solanecio gigas. For all
of the analyses, we used the R program [34].

3. Results
3.1. Flowering Phenology

All species flowered annually during the two-year study period where flowers were
observed every year with a unimodal pattern. Observation of flowering periodicity showed
both strongly seasonal and continuous flowering patterns throughout the months of the
years, ranging from three to twelve months (Figures 2-8).
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Figure 2. Percentage of flowering and fruiting of Bersama abyssinica in relation to: (a) monthly
precipitation (b) average temperature. In which Jan = January, Feb = February, Mar = March,
Apr = April, May = May, Jun = June, Jul = July, Aug = August, Sep = September, Oct = October,
Nov = November, Dec = December.
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Figure 3. Percentage of flowering and fruiting of Brucea antidysenterica in relation to: (a) monthly
precipitation (b) average temperature. In which Jan = January, Feb = February, Mar = March,
Apr = April, May = May, Jun = June, Jul = July, Aug = August, Sep = September, Oct = October,
Nov = November, Dec = December.
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Figure 4. Percentage of flowering and fruiting of Dombeya torrida in relation to: (a) monthly precipita-
tion and (b) average temperature. In which Jan = January, Feb = February, Mar = March, Apr = April,

May = May, Jun = June, Jul = July, Aug = August, Sep = September, Oct = October, Nov = November,
Dec = December.
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Figure 5. Percentage of flowering and fruiting of Maytenus arbutifolia, in relation to: (a) monthly
precipitation and (b) average temperature. In which Jan = January, Feb = February, Mar = March,
Apr = April, May = May, Jun = June, Jul = July, Aug = August, Sep = September, Oct = October,
Nov = November, Dec = December.
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Figure 6. Percentage of flowering and fruiting of Prunus africana in relation: (a) to monthly precip-
itation and (b) temperature. In which Jan = January, Feb = February, Mar = March, Apr = April,
May = May, Jun = June, Jul = July, Aug = August, Sep = September, Oct = October, Nov = November,
Dec = December.
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Figure 7. Percentage of flowering and fruiting of Rosa abyssinica in relation to: (a) monthly precipita-
tion and (b) average temperature. In which Jan = January, Feb = February, Mar = March, Apr = April,
May = May, Jun = June, Jul = July, Aug = August, Sep = September, Oct = October, Nov = November,
Dec = December.
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Figure 8. Percentage of flowering of Solanecio gigas and fruiting in relation to: (a) monthly
precipitation and (b) average temperature. In which Jan = January, Feb = February,
Mar = March, Apr = April, May = May, Jun = June, Jul = July, Aug = August, Sep = September,
Oct = October, Nov = November, Dec = December.

Seasonality in the flowering pattern was exhibited by four species: Dombeya torrida,
Maytenus arbutifolia, Prunus africana and Solanecio gigas where flowering lasted for three to
five months with a unimodal pattern (Figures 4, 5 and 8). A relatively shorter flowering
period was observed for Dombeya torrida and Prunus africana as flowering lasted for only
three months and, generally, began in early October and continued into late December
(Figures 4 and 6). The duration of flowering months for Maytenus arbutifolia and Solanecio
gigas were four and five months, respectively (Figures 2, 5 and 8). The results showed that
Bersama abyssinica, Brucea antidysenterica, and Rosa abyssinica exhibited continuous flowering
(Figures 2, 3 and 7).

The onset and peak flowering periods of most study species coincided with the end
of the rainy season or the beginning of the long dry season (Figures 2-8). The onset
of flowering of most seasonal flowering species was October and peak flowering was
November (Figures 2-8). However, for Bersama abyssinica, even though the flowering is not
seasonal, the highest number of individuals flowering was observed at the beginning of
the rainy season (Figure 2a). On the contrary, Brucea antidysenterica flowering was observed
throughout the seasons, but significantly peaked at the end of the rainy season or the
beginning of the dry season (Figure 3a).

A linear regression model test showed that the flowering intensity of Bersama abyssinica
increases with increasing temperature (p = 0.01, Table 1, Figure 9a). However, the flowering
intensity decreases with increasing temperature for Maytenus arbutifolia (p < 0.01), Prunus
africana (p = 0.04), and Solanecio gigas (p = 0.036, Table 1, Figure 9b—d). On the other hand,
flowering intensity decreases with increasing rainfall for Maytenus arbutifolia (p = 0.011,
Table 1, Figure 9e).
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Table 1. The linear regression model showing the effect of mean monthly temperature (°C) and
rainfall (mm) on the flowering percent of species.

No Species Variable Estimate Standard Error F-Value Adjusted R? p-Value
- Temp 1.551 0.588 6.958 0.21 0.015
1 Bersama abyssinica RF —0.0127 0.010 4368 023 0.22
o Temp —4.942 1.518 9.414 0.423 0.004
2 Maytenus arbutifolia RF ~0.073 0.026 9.414 0.423 0.011
. Temp —4.330 1.983 4.768 0.14 0.04
3 Prunus africana RF ~0.031 0.034 2.763 0.13 0.38
L Temp —4.71 2.12 3.413 0.17 0.036
4 Solaneciogigas RF —0.065 0.034 4.554 0.236 0.07
s - Bersama abyssinica (a) * 8 - . Maytenus arbigifolia (b)
. & .
;\3 s
2 o4 & &
2 T
g 8 . . e 22
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Figure 9. The patterns of the flowering intensity in relation to mean monthly temperature: (a) Bersama
abyssina, (b) Maytenus arbutifolia, (c) Prunus africana and (d) Solanecio gigas, and in relation to monthly
rainfall: (e) Maytenus arbutifolia.

Similarly, the result of the non-linear quadratic polynomial regression model analysis

indicated that temperature has both significant decreasing and increasing effects on the
flowering percent of the study species (Figure 10). The results of the non-linear models
showed that the flowering intensity was decreased, flattened and dropped, and indicated



Forests 2023, 14, 541

9o0f 16

a slightly increasing trend with increasing monthly rainfall for Dombeya torrida and Rosa
abyssinica (p < 0.01, Table 2, Figure 10). There was no flowering recorded between the range
of temperature around 16 °C and 20 °C (Figures 4 and 7, Figure 10b,c). The temperature
shows a significant effect on the flowering of Brucea antidysentrica where flowering inten-
sity decreases with increasing temperature (p = 0.01, Table 2, Figure 10a). However, the
flowering of Brucea antidysentrica was observed all over the months of the year (Figure 3).

(a) (b)

70
1
.

Brucea antidysenterica g Dombeya torrida

50
|

40

Flowering intensity (%)
20 30
1 1

Average monthly temperature (° C)

Figure 10. The patterns of flowering intensity in relation to the monthly temperature: (a) Brucea
antidysenterica, (b) Dombeya torrida, (c) Rosa abyssinica.

Table 2. The non-linear quadratic polynomial regression model fits showing the effect of average
monthly temperature (T) and rainfall (RF) on the flowering percent of tree species.

Species Factor Estimates Standard Error F-Values Adjusted R? p-Values
T —55.57 20.45 12.09 0.49 0.01
B vidvsentri T2 14 0.57 0.02
rucea antidysentrica RF —0.1177 0.11 241 0.11 0.278
RF? 0.00015 0.0002 0.576
T —72.75 22.03 12.03 0.48 0.003
Dombeva torvid T2 1.88 0.61 0.006
ombeya torrida RF —0.008 0.12 1.461 0.03 0.498
RE2 0.000074 0.0003 0.807
T —77.97 26.1 11.51 0.47 0.007
Rosa abussiri T2 1.998 0.73 0.01
0 avysstnica RF 0.131 0.1372 1.649 0.05 0.350

RF2 0.0001 0.00035 0.617
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3.2. Fruiting Phenology

In most species, fruiting observed extended over several months of the year compared
to flowering (Figures 2-8). For most species, the fruiting intensity has been observed to
decline towards the beginning of the rainy season (Figures 4-8). Fruits were seen almost
year-round in the case of Bersama abyssinica and Brucea antidysenterica. However, peak
fruiting was observed in the middle of the rainy season and at the beginning of the rainy
season, respectively (Figures 2 and 3).

The general linear model analysis showed that fruiting was significantly decreased
with increasing monthly rainfall for Brucea antidysenterica (p < 0.01) and Rosa abyssinica
(p < 0.01) (Table 3, Figure 11b,c); whereas, it increased with increasing average monthly
temperature (p < 0.01, Table 3, Figure 11d,e). The fruiting intensity of Bersama abyssinica
increased with increasing monthly rainfall (p < 0.01, Table 3, Figure 11a).

Table 3. The linear regression model showing the effect of mean monthly temperature (°C) and
rainfall on the fruiting percent of species.

No Species Variable Estimate Standard Error F-Values Adjusted R? p-Values
o Temp ~0.809 0.858 5.534 0.28 0.356
1 Bersama abyssinica RF 0.047 0.015 10.23 0.29 0.004
, , Temp 3.019 1.07 12.78 0.51 0.010
2 Brucea antidysenterica RF ~0.079 0.019 12.78 051 <0.001
o Temp 6.97 2.25 15.85 0.56 0.005
3 Rosa abyssinica RF ~0.185 0.039 15.85 0.56 <0.001
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Figure 11. The line graph showing the fruiting intensity in relation to mean monthly temperature
and monthly rainfall: (a) Bersama abyssinica, (b,d) Bricea antidysenterica, (c,e) Rosa abyssinica.
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The results of the non-linear quadratic polynomial regression model analyses indicated
that the average monthly rainfall has significant positive and negative effects on the fruiting
percent of Dombeya torrida, Maytenus arbutifolia, Prunus africana and Solanecio gigas (p < 0.01,
Table 4, Figure 12a-d). The analyses showed that a high percentage of fruiting was observed
at the beginning of the rain, and fruiting percent decreased, leveled off below zero, and
slowly increased with increasing monthly rainfall (Figure 12).

Table 4. The non-linear quadratic polynomial regression model fits showing the effect of monthly
rainfall (RF) and average monthly temperature (T) on the fruiting percentage of tree species.

Species Factors Estimates Standard Error F-Values Adjusted R? p-Values

RF —0.44 0.11 11.37 0.47 <0.001

Dombena forrid RF2 0.0008 0.0003 0.007
ombeya torrida T 8.1143 39.3815 145 0.04 0.839
T2 —0.3365 1.0942 0.761

RF —0.1444 0.03285 8.0 0.38 0.002

Mavt utifoli RF2 0.00024 0.000083 0.01
aytenus arbutifolia T —4.42234 10.57080 1.20 0.02 0.680
T2 0.09619 0.29371 0.747

RF —0.52 0.088 26.64 0.69 <0.001

P . RF? 0.001 0.0002 <0.001
runus africana T 7.0066 41.4899 0.45 —0.05 0.868
T2 —0.2589 1.1528 0.824

RF —0.42 0.11 8.73 0.40 0.001

Solanecio oi RF? 0.0009 0.0003 0.006
0lanecio gigas T 31.068 38.17 0.74 —0.02 0.425
T2 —0.9198 1.0605 0.396

‘ 8
(a) Dombeya torrida °. (b) Maytenus arbutifolia

15

40

20
L

(c) Prunus africana . ) Solanecio gigas

Fruiting intensity(%)

40
Il

20

o) 100 200 300 400

Average monthly rainfall (mm)

Figure 12. Patterns of the fruiting intensity in relation to monthly rainfall: (a) Dombeya torrida,
(b) Maytenus arbutifolai, (¢) Prunus africana and (d) Solanecio gigas.
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4. Discussion
4.1. Patterns of Monthly Rainfall and Temperature on Flowering Phenology of Woody Species

Flowering patterns are vital to understanding the dynamics of plant reproduction.
The timing of flowering is the result of natural selection mediated by a combination of
biotic and abiotic factors, such as temperature and the availability of water, nutrients and
light [35]. In tropical ecosystems, seasonal changes in rainfall, temperature and day length
are the primary flowering constraints [36,37]. Additionally, flowering patterns are also
shaped by biotic factors, mainly plant-pollinator interactions [38]. Therefore, documenting
the different flowering responses to plant traits and environmental factors will be important
for understanding the strategies of different species to survive and coexist [24,38].

In the present study, the flowering patterns of most study species were predominately
annual, unimodal and seasonal in most examined species. However, few species showed
continuous flowering patterns throughout the months of the year. The finding is in consis-
tent with the report in our herbarium-based study of the flowering and fruiting phenology
of twelve indigenous plant species from Ethiopia [33]. Four species, namely, Dombeya
torrida, Maytenus arbutifolia, Prunus africana and Solanecio gigas showed seasonal patterns
while Bersama abyssinica, Brucea antidysenterica and Rosa abyssinica exhibited continuous
flowering. In all cases, the peak flowering periods coincided with the end of the rainy
season or the long dry season except Bersama abyssinica, which showed peak flowering at
the beginning of the rainy season. Several studies have also reported strong seasonality and
annual flowering patterns for trees in other dry tropical forests [39-42]. It is also indicated
that flower peaks were concentrated in the dry season [24,41,43].

Although both rainfall and temperature affect flowering, the present results showed
that the average monthly temperature has more significant effects on the flowering per-
centage of most study species than rainfall. Tesfaye et al. [24] also reported that flowering
significantly correlated to mean monthly temperature. However, the initiation of flowering
was observed at the end of the rainy season, which indicates that moisture triggers flower-
ing. Other authors also explained that the flowering phenology of tropical tree species was
triggered by moisture [19,21].

For all seasonal flowering, and, even, in most continuous flowering species, flowering
peaks at the beginning of the dry season (Figure 3). This may be because the dry season
flowering in tropical forests may be enhanced by the higher temperatures and solar irra-
diance [24]. Berlin [43] also reported that, flowering peaks for most of their study species
corresponded to the period of greatest solar irradiance at higher temperatures. According
to Janzen [44], tree species in the dry tropical forest flower in the dry season because the
wet season is the major period for vegetative growth for species. Therefore, reproduction
in the dry season can provide temporal separation of reproductive activity and vegetative
growth [44,45]. Since the dry season is characterized by a lack of vegetative competition,
this should cause the flowering and fruiting period to shift toward the dry season. The
timing of flowering may also be influenced by interactions with other organisms, such
as pollinators, seed predators, and herbivores [35]. During the dry season, dry season
weather conditions and leaflessness of plants probably favored pollinators (selective force
in keeping dry season flowering) and dispersal agents in their pollination activities [44].

Moreover, for seasonal flowering species, the results provided evidence that no flow-
ering individuals of tree species were recorded in the rainy season. This finding is also
supported by the fact that flowering during the dry season can benefit a plant by avoiding
pollen damage by rain [44]. According to Justiniano and Fredericksen [41], sub-canopy
species are less seasonal in their fruiting and flowering. This is possible because of reduced
variability in solar radiation, soil moisture and relative humidity in the forest under-
story [19]. With their lower stature and exposure to lower wind velocities, wind dispersal is
not likely to be an effective strategy for sub-canopy species. Hence, seeds of all sub-canopy
species are dispersed by animals or gravity [41]. In this study, Brucea antidysenterica, which
contributes to the sub-canopy stratum in our study site, showed continuous flowering
and fruiting.
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4.2. Patterns of Monthly Rainfall and Temperature on Fruiting Phenology of Woody Species

Most species exhibited extended fruiting over several months of the year. According
to Janzen [44], fruiting extends for several more months because the fruits develop slowly
to mature at the possible maximum rates through physiological processes. It has also
ecosystem functioning implications in that extended fruiting can ensure the availability of
fruit resources for frugivore animals for most parts of the year [41,43]. Extended fruiting
was observed, even for species that showed a short period of flowering such as Dombya
torrida and Prunus africana. However, for Maytenus arbutifolia, fruiting tends to occur at
the same time as flowering. The exact overlapping of flowering and fruiting of specimens
has been shown from a herbarium-based study of flowering and fruiting for Maytenus
arbutifolia [33].

In the seasonal flowering and fruiting species, the peak fruiting was observed through
2-3 months following the peak flowering towards the end of the dry season and/or the
beginning of the long rainy season (Figure 3). Such marked dry season fruiting peaks
have been reported from dry tropical forests such as Ethiopia [24], Bolivia [41] and Cote
d’Ivoire [46].

Fruiting phenology is closely correlated with the seed dispersal mechanism. Most
canopy trees had small, wind-dispersed seeds or fruits that matured during the latter
part of the dry season. Canopy tree species and species with small seeds may be able to
more effectively disperse seeds via wind because they are exposed to stronger dry-season
winds at the canopy level [40]. In the current study, Dobmeya torrida and Solanecio gigas
fruiting peaked clearly during the dry season of the study area (January and February). In
a study of soil seed banks in dry Afromontane forests, Teketay [47] reported that in the
litter layer samples collected at the end of the dry season (March) and in the middle of the
rainy period (July) within the same year at Gara Ades, southeastern Ethiopia, there was
a marginal difference in the quantity of seeds, but there was a marked difference in species
composition. This was attributed to the difference of species in their timing of flowering,
fruit maturation and dispersal. Several climax species disperse their seeds on the onset of
or during the long rainy period and germinate to form seedling banks on the forest floor
while many species disperse their seeds during the dry period [47,48].

It has been shown that rainfall has a significant impact on the fruiting intensity of
Bersama abyssinica, Brucea antidysenterica, Prunus africana and Rosa abyssinica where the
percentage of fruiting intensity dropped towards the beginning of the rainy season. This
indicated seeds mature and are dispersed during or at the beginning of the rainy season.
These observations of the current study strongly support the idea that fruiting towards the
end of the dry season or during the rainy season in tropical forests may ensure the dispersal
of seeds when soil moisture conditions are favorable for seed germination, seedling growth,
and survival [19,44]. According to Teketay [47] and Tesfaye et al. [49], seedling recruitment
in Prunus africana was higher in the major rainy season than in the dry season.

5. Conclusions

The results of this study suggest that there is a strong seasonality in the phenological
pattern of tree species. The results showed environmental factors, such as rainfall and
temperature could influence the reproductive phenology of plants. For Dombeya torrida,
Maytenus arbutifolia, Prunus africana and Solanecio gigas, flowering was seasonal and observed
for a few months. The timing of flowering was concentrated at the beginning of the dry
season or at the end of the rainy season while most species produce fruits during the
long dry season. However, Bersama abyssinica, Brucea antidysenterica and Rosa abyssinica
flowered or fruited continuously all year round. In most species, flowering was significantly
correlated with temperature whereas fruiting was significantly correlated with rainfall.
Observations on the phenology of a tree provide basic information since phenological
events have many practical implications, such as planning seed collections. It is understood
that seed shading/dispersal will take place immediately after peak fruiting; therefore, seed
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collection before dispersal can be planned based on the results of this study, which could
be between January and March for most of the study species.
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