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Abstract
Research on plant phenology offers insights into the growth and developmental patterns of plants, as well as the impact 
of environmental conditions and selective pressures on their flowering and fruiting behaviors. The phenological behaviors 
of ten indigenous tree species were examined over a three-year period in the dry Afromontane Tara Gedam Natural Forest 
in northwestern Ethiopia, aiming to fill a data gap for this ecosystem. A total of 100 reproductively mature trees (10 per 
species) were selected for monitoring their leafing, flowering, and fruiting stages. The region experiences an extended 
rainy season (May–October) and a dry season (November–April). Most flowering occurred annually and seasonally dur-
ing the dry season, while fruiting was less seasonal, occurring throughout the year. Peak reproductive events occurred 
later in the dry season or at the onset of the rainy season. Correlation analysis showed that both temperature and rainfall 
significantly influenced the flowering and fruiting patterns; however, temperature was found to primarily influence leaf 
phenology. This research is significant for conservation, providing foundational information for developing strategies 
for species conservation and managing tree seed production in the region.
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1  Introduction

Phenology involves the examination of how weather patterns affect the timing of seasonal biological occurrences in living 
organisms [13]. This field assists in recognizing different types of plant life [21]. Studying the phenology of plants offers 
valuable information about their growth, development, and the effects of environmental conditions and evolutionary 
pressures on blooming and fruiting patterns [32]. The phenology of plants is generally assessed by tracking the start 
dates and lengths of specific phenophases, which encompass both vegetative and reproductive stages.

The patterns seen in plant phenology arise from the interplay between biotic and abiotic factors [11]. Throughout 
evolution and via natural selection, both biotic and abiotic elements have influenced the traits of plant species, resulting 
in optimal timing for activities such as flowering, fruiting, and leaf emergence, as well as successful growth and repro-
duction [31]. Grasping phenological patterns is crucial for understanding the biological processes of tropical trees, their 
relationships with other organisms, and the overall dynamics of ecosystems [20].

Tropical trees exhibit marked seasonality in their flowering and fruiting cycles [31]. They frequently display temporal 
variations in their phenological patterns that correlate with seasonal changes in climate or the presence and pressure 
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of biotic factors [26]. In highly seasonal dry forests, the most intense leaf flushing takes place during the late dry season, 
concluding as the rainy season begins [1].

The majority of tropical plants tend to bloom in response to increasing temperatures, with their fruits usually maturing 
either at the end of the dry season or during the rainy season. These characteristics may enhance the survival chances 
of the seedlings [31]. Many previous studies have investigated the phenological patterns of various tree species. While 
there is an expanding repository of scientific understanding regarding the phenology of tropical trees and the factors 
influencing them globally, specific information about the montane forests of Ethiopia remains notably lacking.

Essential biological processes and the functioning of forest ecosystems are significantly dependent on specific foun-
dational information. For instance, the timing and duration of flowering and fruiting are critical for the dynamics of forest 
regeneration [17]. This distinct seasonality has a considerable impact on reproductive outcomes and performances, which 
include seed production, germination, survival, and the growth of seedlings [3]. A study was undertaken to explore the 
flowering and fruiting trends of particular indigenous tree species for which there is limited information, adhering to 
the methodology described in Tesfaye et al. [10]. Comprehending phenological patterns is vital for understanding the 
biological processes of tropical trees, their interactions with other organisms, and the overall functioning of ecosystems.

This study provides the first comprehensive examination of the timing of leaf emergence, flowering, and fruiting for 
ten native tree species in the Lebokemkem District, located near the Tara Gedam Monastery. The research specifically 
seeks to answer two questions: (1) what are the schedules, durations, and occurrences of leafing, flowering, and fruiting 
for the chosen tree species at the research site? (2) Which environmental factors, particularly temperature and rainfall, 
most significantly impact the initiation of these phenological events? Given the strong correlations among climate vari-
ables, the study thoroughly investigated how these factors affect plant phenology and explored the connection between 
climatic influences and plant reactions.

2 � Material and methods

2.1 � Study area

The Tara Gedam Forest is found in the Libo-Kemkem district, close to the town of Addis Zemen, within the South Gondar 
Administrative Zone of the Amhara National Regional State (Fig. 1). It lies between 12008’–1200’N and 37044’–37047’E, 
with an elevation that ranges from 1800 to 2200 m above sea level. The climate in this area is primarily categorized as 
moderate, specifically referred to as ‘woyna dega’.

The area has a single peak in its rainfall pattern, featuring an extended rainy season that lasts from May to October, 
whereas the months from November to April are generally dry. In terms of temperature, the mean monthly maximum is 

Fig. 1   Map of the study area
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32.7 °C in March, and the mean monthly minimum is 7.4 °C in November (Fig. 2). For rainfall, the mean monthly maximum 
is 535.3 mm in July, whereas in January, the mean monthly minimum reaches 0.0 mm (Fig. 3).

2.2 � Methdology

2.2.1 � Data collection

A total of 100 reproductively mature trees (10 per species) were selected (Table 1) and marked, spaced 100 m apart from 
each species. As well as the geographic location of every tree was recorded. The selection of tree species was based on 
their importance, early adoption, fast growth, pioneer status, and endangered characteristics. Measurements conducted 
included the diameter at breast height and the geographic location of every tree. While ten trees per species were 
monitored, this sample size represents a limitation in fully capturing the potential intra-species phenological variability 
that may exist due to differences in age, size, or micro-site conditions." The study focused on three phenological phases: 

Fig. 2   Mean monthly 
maximum and minimum 
temperature of Lebokemkem 
district 2018–2021 [19]. MaxT 
maximum temperature, MinT 
minimum temperature

Fig. 3   Mean monthly rainfall 
of Lebokemkem district from 
2018 to 2021 [19]

Table 1   Selected tree species 
for Phenology study

Local name Scientific name Family

Bisana Croton macrostachyus Euphorbiaceae
Donga Apodytes dimidiate Lacinaceae
Getem Schefflera abyssinica Araliaceae
Yabesha girar Acacia abyssinica Fabaceae
Kikita Dodonia angustifolia Sapindaceae
Lol Ekebergia capensis Meliaceae
Sesa Albizia schimperiana Fabaceae
Tikur echet Prunus africana Rosaceae
Yabesha tsid Juniperus procera Cupressaceae
Weyra Olea africana Oliaceae
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1. **Leaf Phenology**: This included observations of leaf flush and leaflessness. 2. **Flowering Phenology**: Key stages 
were recorded, including flower initiation, peak flowering, and flower shedding. 3. **Fruiting Phenology**: This phase 
encompassed fruit initiation, fruit development, and fruit maturity.

Phenology, flowering, and fruiting periods were assessed weekly over three consecutive years. A binocular was used 
to observe reproductive events occurring in the crowns of every tree. In this study, a structured classification system was 
implemented to minimize observer bias in assessing phenological events, specifically for measuring flowering and fruiting 
intensity, thereby reducing subjective interpretations. A standardized protocol for these weekly observations was strictly 
followed by trained personnel, with clear, quantitative benchmarks (0–4 classes) defining the intensity categories for 
flowering and fruiting. All observations within the crown were confirmed using binoculars [15]. The intensity of flowering 
and fruiting was categorized into four classes: 0 = 0%, 1 = 1–25%, 2 = 26–50%, 3 = 51–75%, and 4 ≥ 75%. Dropping flowers 
and fruits served as indicators for this assessment [30]. For the study of leaf phenology, only trees that shed their leaves 
were examined, and their condition was noted as leaf flush, senescent, or leafless, following comparable classification 
criteria. Additionally, climatic data, including rainfall, temperature, and the number of sunny days, were collected from 
nearby meteorological stations.

2.2.2 � Data analysis

Phenological data are time-dependent, and the time range of phenophases was analyzed using descriptive statistics. 
Pearson’s correlation coefficients were employed to investigate the associations between climate and phenophases, 
along with the correlations among various phenophases [30, 18]. This analysis was conducted using an Excel spread-
sheet. Additionally, phenological calendars for various tree species were developed using descriptive statistical methods.

3 � Result and discussion

3.1 � Tree species phenophases distribution and trends along three years

In this study, we identified and recorded a total of 10 plant species belonging to 9 different families. The Fabaceae family 
ranked first, with a total of 10 species, while the other eight families each contained 10 species (see Table 1). Figures 4 and 
5 demonstrate that the proportion of plant species displaying each phenophase, including flowers and fruits, reflected 
a comparable pattern over the years for each phenophase. Figure 4 also indicates a nearly identical trend over three 
consecutive years. The flowering cycles of the Tara Gedam natural forest were mainly annual, unimodal, and seasonal 
across all species examined.

A similar investigation in other dry tropical forests observed significant seasonal variations and yearly flowering trends 
among trees [4]. Flower formation peaked during the dry season, from December to February, accounting for 33.33% 
of flowering events (Fig. 4). In contrast, a smaller peak of 15.15% occurred during the wet season, from June to August 
(Fig. 4). Furthermore, flowering percentages were reported at 27.27% for March to May and 20% for June to August over 
all years studied (Fig. 4). These findings align with other research, which indicated maximum flowering activity during 
the same periods (Tesfaye et al. [10].

Fig. 4   Percentage of Flower-
ing individuals distribution of 
tree species from 2018/19 to 
2020/21
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In general, the majority of species in the research area bloomed during the extended dry season, with the duration of 
flowering differing among species, ranging from three to four months. The peak occurrence of flowering plant species 
was observed in September, October, and November (Fig. 4).

On the other hand, the fruiting trend showed a high peak of 24% from June to August and a smaller peak of 10% from 
September to November across all years (Fig. 5). Additionally, the percentages of fruiting were 30% from December to 
February and 20% from March to May (Fig. 5). The highest proportion of plant species displaying fruiting occurred from 
December to February (Fig. 5), leading to the peak fruit set in the months that followed.

In terms of leaves, some selected study species were evergreen trees, while others were deciduous. Leaf fall peaked 
during the dry season, specifically from January to May (Table 4), indicating that leaf fall among the study species was 
influenced by climatic variables [29].

This research recorded the timing of flowering and fruiting for each plant species across three consecutive years, 
highlighting significant phenological diversity among the ten species studied. Variations in phenological trends were 
linked to the structural characteristics of the species, their nutrient availability, growth rates, temperature, and water 
[22, 28]. Seasonal shifts in reproductive phenology due to environmental changes play a vital role in influencing biotic 
interactions, such as pollination and dispersal mechanisms. The distinct flowering and fruiting patterns observed are 
critical for forest regeneration dynamics, impacting seed production, and germination, survival, and seedling growth. The 
prolonged fruiting duration of some species ensures a continuous food source for animal communities and dispersers.

These environmental factors interact with biotic elements, resulting in selective pressures that shape reproductive 
strategies and ecological dynamics [6]. The Tara Gedam natural forest contains both evergreen and deciduous trees, 
a combination also evident in other tropical forests like the Wef-washa natural forest. In Tara Gedam, leaf drops and 
emergence among facultative deciduous species occur seasonally, peaking during the prolonged dry season when 
temperatures rise (Table 4). For instance, Croton macrostachyus, Acacia abyssinica, and Ekebergia capensis experienced 
peak leaf fall in April, while Schefflera abyssinica and Apodytes dimidiata peaked in March, and Albizia schimperiana 
peaked in February. Fruiting reached its highest point later in the dry season or at the start of the rainy season, signifi-
cantly affected by temperature and precipitation (Tesfaye et al. [10].

Temperature was the main factor influencing leaf phenology. Despite the prevalence of evergreen species, several 
deciduous species displayed annual patterns and significant seasonality in their leaf phenology [5]. A related study in a 
tropical forest in Bolivia found similar annual patterns and pronounced seasonality in leaf drop, aligning with the phe-
nology of deciduous trees [14]. In that Bolivian dry forest, leaf drop in deciduous species begins at the start of the dry 
season and continues until the rainy season begins.

3.2 � Correlation of phenophases within species and climatic variables

Correlation coefficients for each species observed were determined for various phenophases, including flowering and 
fruiting, in connection with the following climatic elements: average monthly rainfall, mean monthly temperature, 
and interspecies interactions. Spearman’s rank correlation coefficients were calculated to evaluate the number of 
species in each phenophase (flowering and fruiting) each month in relation to the monthly climatic variables [12, 25]. 
Furthermore, the percentage of flowering and fruiting was examined concerning the average day length recorded 
during the three-year study period. Pearson’s correlation coefficients were employed to investigate the associations 

Fig. 5   Percentage of Fruiting 
individuals distribution of 
tree species from 2018/19 to 
2020/21
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along with the correlations among various phenophases, where the correlation coefficient for each species pair 
was computed for the counts of flowering, fruiting, and leafing phenological events across each month during the 
three-year study period. A high correlation coefficient suggests that the timing of the specific phenophase (e.g., 
flowering) is similar between the species.

3.2.1 � Correlation within species flowering pattern and climatic variables

Rainfall was positively correlated with the flowering of Croton macrostachyus but negatively correlated with other 
species (Table 2). There were both positive and negative relationships between the flowering times of different spe-
cies; for instance, Schefflera abyssinica and Ekebergia capensis exhibited a positive correlation (Table 2). Additionally, 
Juniperus procera showed a strong correlation with Dodonia angustifolia, Albizia schimperiana, and Prunus africana, 
while being negatively correlated with others (Table 2). Notably, there was no correlation between Dodonia angus-
tifolia and Apodiatus dimidiatus or between it and Olea africana (Table 2).

The mean monthly annual temperature had a positive correlation with some species, but most reached their 
flowering peak during the extended dry season. In tropical forests, this timing could be optimized by higher radia-
tion levels, as a significant positive relationship was observed with average monthly temperature. However, most 
species exhibited a negative correlation between flowering and average monthly temperature. In contrast, Acacia 
abyssinica, Schefflera abyssinica, and Ekebergia capensis showed a positive association between flowering and rising 
air temperatures during the dry season.

Humidity also affects flowering phenology in tropical tree species [26], as noted for C. macrostachyus in the Tara 
Gedam natural forest. An increase in rainfall during the wet season coincided with a greater proportion of flower-
ing individuals in C. macrostachyus. These correlations emphasize the significance of climatic factors in influencing 
flowering patterns among trees in the Tara Gedam natural forest. According to Frankie et al. [9], flowering during the 
wet season in tropical dry forests is typically low.

A notable finding was that C. macrostachyus displayed abundant flowering during the rainy season after producing 
new leaves. Many tree species in tropical forests that share pollinators tend to exhibit staggered flowering patterns 
[2]. This temporal differentiation helps reduce overlap in flowering periods, minimizing unsuccessful pollination and 
competition for pollination services [26]. Overall, flowering exhibited considerable variations throughout the year, 
with no significant correlation among the flowering times of different species, effectively creating distinct flowering 
periods for each [16].

Table 2   The Correlation 
Coefficient of flowering of 
species and climatic variables

A = Croton macrostachyus, B = Apodytes dimidiate, C = Schefflera abyssinica, D = Acacia abyssinica, E = Dodo-
nia angustifolia, F = Ekebergia capensis, G = Albizia schimperiana, H = Prunus Africana, I = Juniperus procera, 
J = Olea Africana, RF Annual Rainfall, T0  Annual Temperature

Variables A B C D E F G H I J RF T0

A 1.00
B − 0.34 1.00
C − 0.30 − 0.31 1.00
D − 0.32 − 0.30 0.93 1.00
E − 0.34 − 0.06 − 0.32 − 0.34 1.00
F − 0.29 − 0.30 0.99 0.88 − 0.31 1.00
G − 0.29 − 0.20 − 0.27 − 0.29 0.95 − 0.26 1.00
H − 0.32 − 0.14 − 0.29 − 0.31 0.98 − 0.28 0.98 1.00
I − 0.32 − 0.11 − 0.29 − 0.32 0.98 − 0.28 0.96 0.99 1.00
J − 0.31 0.98 − 0.29 − 0.31 − 0.02 − 0.28 − 0.16 − 0.10 − 0.07 1.00
RF 0.75 − 0.44 − 0.05 − 0.18 − 0.35 − 0.02 − 0.29 − 0.32 − 0.33 − 0.40 1.00
T0 − 0.15 − 0.30 0.56 0.77 − 0.44 0.51 − 0.38 − 0.43 − 0.46 − 0.38 − 0.24 1.00
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3.2.2 � Correlation within species fruiting pattern and climatic variables

Fruiting was strongly linked to temperature for Olea africana and Apodiatus dimidiata, while a low positive association 
was found between mean monthly temperature and Dodonia angustifolia and Prunus africana. Negative correlations 
were observed with other species (Table 3). Rainfall showed a positive correlation with Schefflera abyssinica, Acacia 
abyssinica, and Ekebergia capensis, but negatively correlated with the remaining species (Table 3). Within species, Croton 
macrostachyus exhibited a strong correlation with Albizia schimperiana but a negative correlation with Olea africana. 
Additionally, there was no correlation between Olea africana and Prunus africana (Table 3). Overall, the fruiting phenology 
of most species was significantly affected by temperature and rainfall, either positively or negatively (Tesfaye et al. [10].

Climatic conditions are likely essential in dictating the timing of fruiting events. Our observations indicated that yearly 
peaks in fruiting across all species were primarily linked to rainfall and temperature. Previous studies have suggested 
that the timing of fruiting is related to rainfall variability within tropical rainforests [8], with rainfall potentially triggering 
an increase in fruiting and signaling the start of the rainy season [7].

An investigation in the rainforests of southeastern Madagascar also highlighted a positive correlation between rainfall 
and the number of fruiting species [8]. In this study area, maximum monthly temperature emerged as a more impactful 

Table 3   The Correlation 
Coefficient of fruiting of 
species and climatic variables

A = Croton macrostachyus, B = Apodytes dimidiate, C = Schefflera abyssinica, D = Acacia abyssinica, E = Dodo-
nia angustifolia, F = Ekebergia capensis; G = Albizia schimperiana, H = Prunus Africana, I = Juniperus procera, 
J = Olea africana; RF Annual Rainfall, T0 Annual Temperature

Variables A B C D E F G H I J RF T0

A 1.00
B − 0.33 1.00
C − 0.30 − 0.27 1.00
D − 0.32 − 0.30 0.65 1.00
E − 0.14 0.57 − 0.37 − 0.39 1.00
F − 0.33 − 0.31 0.65 0.99 − 0.40 1.00
G 0.62 − 0.24 − 0.31 − 0.33 0.44 − 0.34 1.00
H − 0.21 0.55 − 0.28 − 0.30 0.93 − 0.30 0.25 1.00
I 0.18 − 0.04 − 0.29 − 0.31 0.77 − 0.31 0.83 0.66 1.00
J − 0.33 0.68 − 0.18 − 0.27 0.12 − 0.32 − 0.35 − 0.01 − 0.32 1.00
RF − 0.37 − 0.38 0.56 0.96 − 0.53 0.96 − 0.43 − 0.40 − 0.41 − 0.30 1.00
T0 − 0.55 0.65 − 0.22 − 0.30 0.08 − 0.33 − 0.56 0.03 − 0.40 − 0.91 − 0.24 1.00

Table 4   The Correlation 
Coefficient of leafing of 
species and climatic variables

A = Croton macrostachyus, B = Apodytes dimidiate, C = Schefflera abyssinica, D = Acacia abyssinica, E = Dodo-
nia angustifolia, F = Ekebergia capensis, G = Albizia schimperiana, H = Prunus Africana, I = Juniperus procera; 
J = Olea Africana, RF Annual Rainfall, T0 Annual Temperature

Variables A B C D E F G H I J RF T0

A 1.00
B − 0.44 1.00
C 0.01 0.32 1.00
D 0.67 − 0.14 0.34 1.00
E 0.77 − 0.29 0.05 0.92 1.00
F 0.40 0.03 − 0.26 0.41 0.35 1.00
G 0.35 − 0.42 0.31 0.02 0.08 − 0.16 1.00
H 0.74 − 0.38 − 0.09 0.84 0.93 0.31 − 0.10 1.00
I 0.69 − 0.30 0.00 0.70 0.66 0.59 0.04 0.73 1.00
J 0.71 − 0.33 0.10 0.73 0.70 0.66 0.36 0.62 0.84 1.00
RF 0.28 0.15 0.45 0.16 0.01 0.15 0.22 − 0.06 0.06 0.28 1.00
T0 − 0.51 − 0.27 − 0.44 − 0.76 − 0.62 − 0.57 − 0.03 − 0.51 − 0.58 − 0.63 − 0.24 1.00
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factor than minimum monthly temperature regarding fruiting trends (Table 3). Conversely, minimum temperature fre-
quently showed a relationship with the number of fruiting species in other studies [7].

While the majority of fruiting occurred in the dry season or the onset of the rainy season, a few species produced 
fruits during the rainy season. This pattern may be an adaptation for seed dispersal coinciding with the peak activity or 
migration of frugivorous animals during the wet season or linked to their resource acquisition strategies during periods 
of high moisture and nutrient availability.

3.2.3 � Correlation within species leafing pattern and climatic variables

The leaf phenology exhibited a negative correlation with temperature across all species (Table 4), indicating that leaf 
development peaked under lower temperatures, while the opposite held true (Tesfaye et al. [10]. In contrast, most spe-
cies showed a positive relationship with rainfall, highlighting the importance of precipitation for leaf development. 
Consequently, leaf shedding is most prominent during the dry season, whereas new leaf growth is noticeable during 
the wet season. Among the species, Olea europaea correlated with nearly all species except for Apodiatus dimidiate, 
which itself exhibited negative correlations with most species, except for Schefflera abyssinica and Ekebergia capensis, 
which showed positive correlations (Table 4). Juniperus procera also demonstrated high correlations with most species, 
excluding Apodiatus dimidiate (Table 4).

The strong correlation between leaf drop and average monthly temperature at the Tara Gedam natural forest sug-
gests that leaf loss is a strategy to alleviate water stress during dry months. Reich and Borchert [24] and Pilar & Gabriel 
[23] noted that the hydration level of the plant influences leaf shedding in tropical trees. In this research, leaf emergence 
peaked at the end of the extended dry season and the beginning of the rainy season, similar to patterns recorded in the 
forests of Tai National Park, Côte d’Ivoire [1].

In general, the correlation coefficient was computed for the counts of flowering, fruiting, and leafing phenological 
events for each species pair across each month during the three-year study period. A high correlation coefficient indicates 
similar timing of these events between species (Tables 2, 3, and 4), while a low coefficient suggests no relationship, and 
a negative correlation signifies a lack of overlapping patterns. The non-synchronized timing of flowering among species 
is interpreted as an adaptation to minimize overlap and competition for pollinators. Additionally, the peak leaf flush at 
the end of the dry season and leaf drop during this period influence forage availability for herbivores and help alleviate 
water stress. The varied timing of fruit maturity, which is less seasonal, is also crucial for sustaining seed dispersers over 
extended periods.

The correlation coefficient between temperature and rainfall at the research location was found to be negative and 
not statistically significant. Climate is frequently viewed as a key abiotic factor affecting plant phenology (San Martin-
Gajardo and Morellato, [27]. Understanding the timing and length of flowering and fruiting is essential for grasping the 
dynamics of forest regeneration, as significant seasonality influences reproductive outcomes, including seed production, 
germination, survival, and seedling development [3].

While this study focuses on climatic drivers, anthropogenic influences from the surrounding landscape, such as land 
use changes or forest fragmentation, could disrupt populations of key pollinators or dispersers. Such disruptions might 
lead to selective pressures favoring species with generalist pollinators or different phenophases, indirectly influencing 
the observed phenological patterns.

4 � Conclusion and recommendations

A three-year phenological study on ten indigenous tree species in the Tara Gedam Natural Forest revealed distinct repro-
ductive timings. Leaf shedding, flowering, and fruiting for most species were predominantly seasonal, peaking during 
the prolonged dry season (November to April). Specifically, temperature was found to primarily drive leaf development, 
while both temperature and rainfall significantly influenced flowering and fruiting patterns. This research provides valu-
able, foundational information for the Ethiopian Forestry Development and local communities, enabling strategies for 
species conservation and enhancing seed production and productivity in this Afromontane forest. The high fruit yield 
of mature trees confirms the forest’s importance as a site for collecting native tree seeds for gene banks.

Additional research on reproductive phenology should be conducted with consideration of the age classes of the spe-
cies. Effective management and conservation efforts should be established in this region to enhance tree seed production 
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and overall productivity. The Tara Gedam natural forest serves as an outstanding site for collecting native tree seeds for 
gene banks, as the mature trees reliably yield a significant amount of fruit.
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