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ABSTRACT. Phenological studies are fundamental for species management and conservation and support
research into genetic improvement by providing insights into plant life cycles and their relationship with
phenophases and environmental conditions. This study aimed to determine the environmental variables
and their influence on the vegetative and reproductive phenological patterns of Hymenaea martiana Hayne.
Field observations were carried out in five areas located in the municipality of Areia, Paraiba State, Brazil.
Between May 2021 and April 2023, the phenological events of budding, senescence, flower bud, flowering,
and fruiting were assessed every 30 days. Statistical analyses were circular to verify the occurrence of the
phenophase periods, their concentration, seasonality, and duration, and Spearman correlations were used
to test the relationships between meteorological variables during the period and the phenophases. The
patterns of budding, senescence, flower bud, and flowering phenophases of H. martiana were seasonal, with
an annual periodicity and a continuous fruiting pattern. The average dates of occurrence of the budding
phenophase were August (area 2), October (areas 1, 4, and 5), and November (area 3). The average date for
senescence was July (area 2) and August (areas 1 and 3-5). The average date for the flower bud phase was
November (area 5) and December (areas 1-4). Flowering occurred in January (areas 3 and 4), March (area
2), and December (areas 1 and 5). Rainfall and temperature had a significant impact on the period and
occurrence of vegetative and reproductive phenological events in H. martiana. Under highland marsh
conditions, H. martiana fruit should be collected in October, November, and December.
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Introduction

In recent years, plant resource management policies have changed significantly due to the social and
environmental impacts of agricultural models focused on economic purposes (Afifah et al., 2022), resulting
in biodiversity loss, soil and water contamination, deforestation, fires, rural exodus, and the disruption of
productive arrangements (Costa et al., 2021). In addition, they jeopardize food security, intensify water
scarcity, accelerate soil erosion, and increase greenhouse gas emissions, aggravating global warming
(Gabardo et al., 2020). Deforestation and forest fragmentation reduce ecosystem services, threaten
biodiversity, and impact genetic variability and gene flow (Shimamoto et al., 2018). The conversion of natural
forests to agricultural crops and pastures and the burning of fossil fuels are the main drivers of climate change
(Brancalion et al., 2016).

Due to anthropogenic activities, Hymenaea martiana Hayne has been included as low concern on the red
conservation list of the IUCN (2024) and the National Center for the Conservation of Flora CNCFlora (2024).
This species native to northeastern Brazil is secondary, heliophytic, and hygrophytic, grows in humid
floodplains with clay soils, and can reach a height of 8-18 m. It produces a dense wood that is used in
construction (Lorenzi, 2009; Silva et al., 2024). In traditional medicine, H. martiana is used to treat
inflammation, infections, rheumatism, and anemia due to the presence of bioactive compounds with
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therapeutic potential (Borges et al., 2022; Menezes Filho et al., 2020; Oliveira et al., 2018; Silva & Lamarca,
2018; Tiago et al., 2019; 2020).

Phenological studies are essential for species management and conservation, providing an understanding
of their life cycles and relationships with environmental conditions (Afifah et al., 2022). Despite the scientific
and economic relevance of phenological research, there are few studies on the subject (Brito Neto et al., 2018;
Morellato et al., 2016; Singh et al., 2017; Tres et al., 2020). Therefore, phenology is crucial for assessing the
vegetative and reproductive events of H. martiana, and it is essential for determining the influence of climatic
variables, such as temperature, humidity, and rainfall, on forest management and conservation (Afifah et al.,
2022). This knowledge makes it possible to assess the impacts of environmental changes on species growth
and plant community dynamics (Correa-Lima et al., 2019). It also aids in forest management, optimizing the
production of wood and other resources without compromising sustainability and biodiversity (Souza et al.,
2025). Thus, this study aimed to evaluate environmental variables and their influence on the vegetative and
reproductive phenological patterns of H. martiana.

Material and methods

Characterization of the areas

This study was conducted in five areas in the municipality of Areia, Paraiba State, Brazil (06°57'30" S,
35°45'33.8" W, altitude 560 m), located in the geo-environmental unit of the Borborema Plateau, situated in
the Brejo paraibano micro-region, which is part of the Agreste paraibano meso-region (Nascimento et al.,
2019) (Figure 1).
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Figure 1. Geographical locations of the five study areas.

According to the Koppen-Geiger classification, the region’s climate is BSh (hot semi-arid) (Climatedata,
2023) with annual rainfall and average temperatures of 1,500 mm and 23°C, respectively, with a rainy season
from January to September and a dry season from October to December (Alvares et al., 2013).

The municipality of Areia at an altitude of more than 600 m above sea level, and its topography is
characterized by a rugged configuration, with a predominance of valleys, abrupt slopes, and steep hills (Santos
et al., 2009). The relief of the region is classified as undulating (with slopes of 8—20%) to strongly undulating
(with slopes of 20-45%), according to Embrapa (2013).

Area 1 is characterized by a group of highlands, among which there are flattened zones with vast erosive
surfaces. The native vegetation in this study area is highly degraded, especially near urban areas, with few
traces remaining of the original plant cover that once blanketed the municipality.
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Area 2 is characterized by a strongly undulating relief and consists of a high-altitude Atlantic Forest
reserve, which protects the catchment area of the Vaca Brava dam, Paraiba State, Brazil. The weathered areas
have Argisol and Cambisol soils, with the beginnings of Latossols in higher regions and Fluvic Neosols near
the water (Silva et al., 2005).

In area 3, an undulating relief predominates, with slopes accounting for 82% (Santos et al., 2009), featuring
typical characteristics of the Brejos de Altitude of the Northeast, which are enclaves in the Atlantic Forest
biome, located in regions with a higher altitude and humidity compared to the matrix of xerophilous
vegetation, predominantly the Caatinga (Cavalcanti & Tabarelli, 2004). The distinctive humidity of this
region is due to the orographic effect, contributing to increased rainfall and reduced temperatures (Tavares
et al., 2000).

In area 4, the predominant activity is livestock grazing, followed by subsistence agriculture, which includes
the cultivation of corn, bean, and cassava. The soils show evidence of physical degradation, indicating
possible impacts from agricultural and livestock practices.

Area 5 is marked by intense anthropogenic occupation, resulting in significant forest degradation and
reduced plant cover. Degradation has culminated in the formation of a fragmented landscape, composed of
forest remnants surrounded by pastures, urban areas, agricultural zones, roads, and other land uses induced
by humans.

Selection of H. martiana mother trees

Field observations were conducted by monitoring 21 H. martiana individuals in each of the five studied
areas, totaling 105 randomly selected individuals (Gomes et al., 2008; Rocha et al., 2015). The specimens were
spaced at least 8 m apart, marked with TNT tape, and identified with spray paint.

The selection of mother trees considered the following criteria: apparent absence of diseases, parasite
infestations, and a fully visible crown. In addition, the mother plants were georeferenced using a Global
Positioning System (GPS) to make it easier to locate them in the study areas.

Phenological characteristics of H. martiana

For 24 months, between May 2021 and April 2023, the phenological events of H. martiana were observed
every 30 days for the vegetative and reproductive phases using binoculars (Sakura JF 10x-90x80 model).

During each visit, the following phenophases were assessed in H. martiana: budding - characterized by the
emission of new leaves; floral bud - period between the appearance of floral structures until the moment
before anthesis; flowering - period when the plant has flowers during anthesis; fruiting - recorded with the
appearance of the fruit after flower, considered when fruit is green and ripe; senescence - characterized by
leaf fall, determined on the basis of defoliated branches (Amorim et al., 2009).

Evaluation of phenological events in H. martiana

The semi-quantitative interval scale of five categories (0-4) proposed by Fournier (1974) was used to
estimate the intensity of each phenophase in H. martiana: 0 represents the absence of the phenophase; 1
represents the presence of the phenophase with a magnitude between 1 and 25%; 2 represents the presence
of the phenophase with a magnitude between 26 and 50%; 3 represents the presence of the phenophase with
amagnitude between 51 and 75%; and 4 represents the presence of the phenophase with a magnitude between
76 and 100%.

The activity index is a quantitative method for recording the percentage of individuals in the population
with the presence or absence of a given phenological event, without estimating intensity or volume (Morellato
et al., 1990). When determining the synchronism between individuals in each phenophase, the occurrence of
non-synchronized (< 20% of individuals in the phenophase), poorly synchronized (20-60% of individuals in
the phenophase), and highly synchronized (> 60% of individuals in the phenophase) phenological events was
considered (Bencke & Morellato, 2002).

Climate data for May 2021 to April 2023, including daily values for average temperature, rainfall, and
relative humidity, were obtained from the National Meteorological Institute (INMET, 2023).

Statistical analysis

The climate data were analyzed using a descriptive relationship between the different phenophases
observed and the daily rainfall, temperature, and relative humidity in the region. To verify the occurrence of
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the phenophase periods, their concentration, seasonality, and duration, circular statistical analyses were
carried out using the statistical program R version 3.5.

The relationship between the meteorological variables of the period and the phenophases observed was
tested using Spearman correlations (p), with data on the presence and absence of phenophases, using the
JASP statistical package version 0.17.2.1. The correlation was positive when an increase in one variable was
associated with an increase in the other variable or negative when an increase in one variable was associated
with a decrease in the other variable. It was measured by values from -1 to 1, and the closer to the extremes,
the greater the strength of the correlation, while values close to 0 indicated weaker or non-existent
correlations (Damadsio, 2021). The correlation was classified according to Cohen (1992) in which 0.10<r < 0.29
indicated a weak correlation, 0.30 < r € 0.49 indicated a moderate correlation, and 0.50 < r € 1.00 indicated a
strong correlation.

Results

Fournier index

In areas 1, 2, and 3, the start of H. martiana leaf sprouting coincided with low rainfall (September 2021,
16.6 mm), with greater intensities during the dry season (October 2021 and November 2021 as well as
September 2022 and October 2022). In area 4, the start of H. martiana leaf sprouting occurred in July 2021
(rainfall = 101.2 mm), with a peak (October 2021 and October 2022) when rainfall was 34 and 21.2 mm,
respectively (Figure 2A).
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Figure 2. Rainfall and Fournier intensity of five areas with H. martiana in the budding (A), senescence (B), flower bud (C), flowering
(D), and fruiting (E) phenophase monitored from May 2021 to April 2023. Areia, Paraiba State, Brazil.
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Hymenaea martiana leaf fall began in months with high rainfall (May 2021, 161.2 mm), with an increase in
the intensity of this phenophase in the periods of low rainfall (September 2021, 16.6 mm in areas 1, 2, 4, and
5 and October 2021, 34 mm in area 3) (Figure 2B).

In the five areas evaluated, the intensity peaks of the flower bud phenophase occurred in the periods of
November 2021 (area 5; rainfall = 4.2 mm), December 2021 (areas 1, 2, and 4; rainfall = 110.5 mm), January
2022 (area 3; rainfall = 67.6 mm), November 2022 (areas 2, 4, and 5; rainfall = 47.5 mm), and December 2022
(areas 1 and 3; rainfall = 26.6 mm) (Figure 2C).

The occurrence of flowering in the different areas with H. martiana followed the same pattern as the
budding, senescence, and flower bud phenophases, with higher percentages of intensity in December 2021
(areas 1 and 5; rainfall = 110.5 mm), January 2022 (areas 2—4; rainfall = 67.6 mm), and December 2022 (areas
1 and 3-5; rainfall = 26.6 mm) (Figure 2D).

The intensity of fruiting was continuous and practically uniform, occurring during the dry and rainy
periods, for the five areas with H. martiana (Figure 2E).

The intensity of individuals in bud followed the same behavior in the five areas, noting that there was little
synchronicity in the appearance of leaves on the average date (20-60% of individuals in the phenophase) and
that this phenological event was seasonal throughout the monitoring period. The average date of this
phenophase occurred in October in areas 1, 4, and 5, September in area 2, and November in area 3 (Figure 3A),
coinciding with periods of low rainfall.
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Figure 3. Circular distribution of Fournier intensity for the sprouting (A), senescence (B), flower bud (C), flowering (D), and fruiting (E)
phenophase in different areas with H. martiana from May 2021 to April 2023. Areia, Paraiba State, Brazil. The arrow reflects the length
of the r vector (0-1), and the direction of the arrow indicates the average date (average angle).
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The highest leaf senescence intensity occurred throughout most of the months of observation, and in all
areas of H. martiana, this phenophase began between the months of April and May 2021, with peaks between
August and September (Figure 3B).

The emission of flower buds began in October in all H. martiana areas evaluated, but the individuals were
not very synchronous, with the appearance of flower buds at a certain time of year and the average date being
December in areas 1-4 and November in area 5 (Figure 3C).

The appearance of flowers during anthesis was non-seasonal (concentrated), occurring mainly in
November and December 2021 and December 2022 to January 2023. A transition period occurred between the
drought and precipitation peaks (4.2 and 110.5 mm; 26.6 and 116.4 mm), with similar behavior in all
monitored populations (Figure 3D).

The fruiting of H. martiana was distributed continuously and uniformly during the months of evaluation,
occurring during periods of drought and high rainfall (4.2-380.8 mm) in all areas evaluated (Figure 3E).

Activity index (percentage of individuals)

The greatest synchrony of H. martiana mother plants occurred in October 2021 (71.5%) and October 2022
(82.7%) in area 1 for the budding phenophase, coinciding with periods of low rainfall (34 and 21.2 mm). In
area 2, greater synchrony was observed in October 2021 (77.3%), March 2022 (100%), July 2022 (100%), and
April 2023 (100%), during periods of both low (34 mm) and high rainfall (380.8 mm). In area 3, there was high
synchrony in November 2021 (70.5%) and October 2022 (83.6%). The emission of shoots in area 4 showed high
synchrony in September (83%) and October 2022 (79.8%). In area 5, the greatest synchrony in the leaf
sprouting phenophase occurred between September 2021 and October 2022 (Figure 4A).
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Figure 4. Precipitation and percentage of individuals in five areas with H. martiana in the budding (A), senescence (B), flower bud (C),
flowering (D), and fruiting (E) phenophase monitored from May 2021 to April 2023. Areia, Paraiba State, Brazil.

Acta Scientiarum. Agronomy, v. 48, €76525, 2026



Environmental influences on Hymenaea martiana phenology Page 7 of 13

The senescence phase began in all areas evaluated in May 2021, when rainfall was 161.2 mm (Figure 4B).
Between May and October 2021, more than 60% of individuals in area 1 showed high synchrony in the
senescence phenophase. In area 2, synchrony was classified as non-synchronous and poorly synchronous in
most months of 2022, ranging from 0.0 to 48%, with activity peaks in the dry (September 2021, 16.6 mm) and
rainy periods (March 2022, 380.8 mm). In area 3, there was high synchrony between May and October 2021.
In area 4, there was high synchrony in senescence between May and September 2021. In area 5, more than
60% of individuals showed high synchrony between May and September 2021 and in August 2022 (Figure 4B).

In the flower bud phenophase, high synchrony was observed in area 1 in December 2021 and in November
and December 2022, with 62, 66.5, and 78% of the individuals, respectively. In area 2, high synchrony was
recorded in December 2021 (72%), March (92%), November (74%), and December 2022 (70%), and April 2023
(100%). For area 3, there was high synchrony in December 2021 (69.8%) and in January, November, and
December 2023. In area 4, there was high synchrony in December 2021 (67.5%), November (85%) and
December 2022 (84.8%). In area 5, the flower buds showed high synchrony in November (81.6%) and December
2021 (89.7%) and November (69.5%) and December 2022 (65%) (Figure 4C).

For flowering, there was no or little synchrony (area 1). There was high synchrony in the occurrence of
individuals in the flowering phase (area 2) only in March 2022 (100%) and April 2023 (100%). During the 24
months of monitoring, the flowering individuals in area 3 were classified as non-synchronous and poorly
synchronous. In area 4, the monitored individuals showed no or little synchrony, but high synchrony was
observed in December 2021 (area 5) (Figure 4D).

In area 1, no or little synchrony was found for fruiting, but in area 2, low synchrony (20-60% of individuals
in the phenophase) and high synchrony (more than 60% of individuals in the phenophase) were observed.
With regard to the presence or absence of individuals in area 3, there was high synchrony in fruiting in
November and December 2021, January—December 2022, and January—April 2023. High synchrony was
observed between individuals for fruiting during all the years of evaluation (area 4). High synchrony occurred
in the majority of individuals during the 24 months of monitoring, with the exception of November 2022 (63%)
and January (58%), February (57%), and April 2023 (57%), which were classified as low synchrony in area 5
(Figure 4E).

The sprouting phenophase occurred seasonally in areas 1, 3, and 4, with the average date being October in
areas 1 and 4 and November in area 3. In areas 2 and 5, there were sprouts in all months evaluated, with the
average date being August and October, respectively (Figure 5A). This vegetative event occurred during
periods of high and low rainfall.

Leaf senescence of H. martiana followed the same behavior in areas 1 and 3-5, with seasonality of the
phenophase for most individuals. In area 2, leaf fall occurred throughout the monitoring period (Figure 5B).

In December, the high synchrony of individuals was reduced in this phenophase. High synchrony was
observed in individuals from area 2, whose average date was the same in all areas. The frequency of flower
buds was more concentrated, with a higher frequency mainly in the transition from the months with the
lowest rainfall (October and November) to those with the highest rainfall (December and January). In areas 1,
3 and 4, the average date was in December, while the average date in area 5 was in November, showing high
synchrony between individuals (Figure 5C).

The flowering distribution of H. martiana in this study was seasonal in all areas, with asynchrony observed
in areas 1 and 3 and an average date in December and January, respectively. Individuals from areas 2, 4, and
5 showed little synchrony in this phenophase, and the average date occurred in March in area 2, January in
area 4, and December in area 5 (Figure 5D).

The presence of fruit on H. martiana trees was recorded during the monitoring period in all areas studied,
with the average date occurring in April, August, December, June, and July in areas 1, 2, 3, 4, and 5,
respectively (Figure 5E). High synchrony was also observed in most of the individuals in areas 3-5, and this
phenological event was evenly distributed across the years (Figure 5E). Thus, the presence of this phenophase
indicates that some H. martiana fruit remain on the trees after the natural dispersal period.

Spearman correlations (rs)

Between May 2021 and April 2023, correlations between climatic factors (temperature, relative humidity,
and precipitation) and the vegetative and reproductive phenological events of Hymenaea martiana were
assessed in the five study areas. Spearman analysis (Table 1) revealed a positive and significant correlation
between temperature and floral bud formation and moderate associations between temperature and the

Acta Scientiarum. Agronomy, v. 48, €76525, 2026



Page 8 of 13 Padua et al.

budding and flowering phenophases. These results indicate that temperature plays a determining role in the
growth and development of this species, as previously pointed out by Lima et al. (2020), suggesting that future
increases in global temperatures may directly affect these phenological stages.
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Figure 5. Circular distribution of the peak dates of the sprouting (A), senescence (B), flower bud (C), flowering (D), and fruiting (E)
phenophase in different areas with H. martiana from May 2021 to April 2023. Areia, Paraiba State, Brazil. The arrow reflects the length
of the r vector (0-1), and the direction of the arrow indicates the average date (average angle).

The relative humidity showed predominantly negative correlations with the budding, floral bud formation,
and flowering phenophases, indicating that an increase in relative humidity may act as an inhibiting factor
for these events in H. martiana (Table 1). Precipitation was also negatively correlated with most phenophases,
except flowering, which showed a positive correlation with the onset of rain (Table 1). This pattern suggests
that flowering may be induced by a sudden increase in water availability after a dry period, a phenomenon
common in tropical tree species (Ivanov et al., 2022; Silva, 2018).

Synchronization between the onset of rain, flowering, and increased leaf senescence suggests an adaptive
strategy in H. martiana that takes advantage of nutrients mobilized from senescent leaves for reproductive
organ development (Araujo & Lobo, 2020; Felsemburgh et al., 2016). Furthermore, high temperatures may
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reduce the duration of the phenological cycle by increasing evapotranspiration (Medina Lopez & Gil Rivero,
2017), whereas lower temperatures tend to prolong vegetative growth (Lima et al., 2020). Thus, understanding
these relationships is essential for predicting the potential impacts of climate change on the reproductive and
vegetative phenology of this species.

Table 1. Spearman correlation (rs) between temperature, humidity, and precipitation and the vegetative and reproductive
phenophases in five areas with H. martiana from May 2021 to April 2023. Areia, Paraiba State, Brazil.

Area Period Sprouting Flower bud Flowering Fruiting Senescence
TCC) U®) P@mm) TCC) U®) Pmm) TCC U®%) P@mm) T(C) U(%)P(@mm) T(C) U(%) P(mm)

Arlea 0.053 -0.516** -0.673*** 0.516** -0.569** -0.427** 0.510** -0.384** -0.020 -0.274 0.226 0.0047 -0.290+ -0.065 —-0.298*
Agea May -0.11 0.060 0.011 0.519= -0.250 -0.121 0.276 0.148 0.313* 0.074 -0.244-0.406** -0.366 0.006 -0.264
Area 2021- " "

3 April 0.411% -0.758* -0.741%* 0.551** -0.453* -0.179 0.581** -0.328* 0.104 0.185 -0.202 -0.447 -0.418* -0.074-0.416**
Area 2023 . .

4 -0.052 -0.490% -0.713* 0.457*** —0.551*** -0.437** 0.598** -0.357* 0.009 0.338* -0.176 0.062 -0.191 -0.222-0.454*
Arsea -0.358* -0.167 -0.382** 0.594** —0.774**-0.619*** 0.608"** -0.570*** -0.284 -0.424*+0.371* 0.314* -0.698+ 0.306* —0.073

*p < 0.05; **p < 0.01; ***p < 0.001. T = temperature; U = humidity; P = precipitation. Source: Author (2024).

Discussion

The phenological behavior of plant species is influenced by climatic conditions, particularly rainfall
intensity, which is a key factor in tropical seasonal ecosystems (Falla-Guzman et al., 2023; Haselhorst et al.,
2017; Wu et al., 2021). Synchronizing flowering with the onset of the rainy season is a common reproductive
strategy that optimizes pollination and reproductive success (Batalha & Mantovani, 2000; Silva & Lamarca,
2018). Precipitation variations are more closely linked to phenological patterns than temperature in tropical
and semi-arid environments (Song et al., 2022).

Hymenaea martiana follows a reproductive strategy in which flowering and fruiting are synchronized with
seasonal changes. Flower buds are produced during the transition from the rainy to the dry season, ensuring
pollination before peak rainfall. Fruit ripens predominantly during the dry season, benefiting from the lower
humidity, which facilitates seed dispersal and physiological maturity (Felsemburgh et al., 2016; Silva &
Lamarca, 2018). Similar behavior has been observed in H. stigonocarpa in the Cerrado, where dry conditions
enhance pericarp desiccation and seed dispersal (Silva, 2018).

The species is monoecious and exhibits self-incompatibility, meaning that pollinators are essential for
genetic exchange and fruit formation (Moraes-Neto, 2023). Limited flower production encourages cross-
pollination, as pollinators are compelled to visit multiple individuals (Figueiredo et al., 2024). Fruiting occurs
all year, with peak ripeness coinciding with the end of the dry season, ensuring seed dispersal before humidity
increases, facilitating germination (Silva, 2018).

Environmental conditions significantly affect phenology, with higher flower bud abortion rates observed
during periods of heavy rainfall (May-August 2021; April-August 2022; January-April 2023). This pattern
aligns with studies showing that climatic factors influence phenology across biomes and regions (Afifah et al.,
2022; Gasper et al., 2021; Lage-Pinto et al., 2021). Asynchronous flower bud development ensures prolonged
floral availability, reducing competition and ensuring pollination (Otarola et al., 2013).

In tropical forests, flowering typically occurs during the dry season, triggered by water stress and increased
sunlight intensity, whereas peak flowering is influenced by rainfall and humidity (Lestari & Figa, 2020; Zhang
et al., 2022). In Brazil’s Atlantic Forest, climate change has altered the species distribution and reproductive
success, impacting ecological networks (Correa-Lima et al., 2019; Vasconcellos & Beltrao, 2018). The reproductive
strategy of H. martiana benefits the species and its dispersers, as fruit availability provides critical resources for
birds, bats, and primates during the dry season (Figueiredo et al., 2024; Moraes-Neto, 2023).

Fruiting in H. martiana is less seasonal than flowering, which is attributed to variations in fruit size and
ripening duration (Staggemeier et al., 2015; 2017). This species employs a strategy in which fruit remains on
trees for extended periods, ensuring availability for fauna during transitional seasons (Arruda et al., 2012).
Plant reproductive events are tightly linked to climatic factors, influencing survival and reproductive success
in seasonal environments (Costa et al., 2019; Stevenson et al., 2008). Flowering and fruiting occur earlier in
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subtropical regions than in tropical regions, highlighting the role of microclimate in shaping phenological
patterns (Menegatti et al., 2019).

Conclusion

Rainfall and temperature have a significant impact on the period and occurrence of vegetative and
reproductive phenological events in H. martiana individuals. The patterns of the budding, senescence, flower
bud, and flowering phenophases of H. martiana were seasonal with annual periodicity and a continuous
fruiting pattern. Hymenaea martiana fruit should be collected in October, November, and December.
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