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Abstract
The correlation between biological and ecological parameters is essential for the sustainable use of species. This study 
aimed to assess the relationship between phenological intensity and tannin production in Sideroxylon obtusifolium 
(Roem. & Schult.) T.D.Penn. in environments with different precipitation regimes. The tannin production and 
phenological characterization were assessed through the intensity and synchrony of leaves, flower buds, flowers, 
and fruits in specimens from two microregions of Paraíba, northeastern Brazil. The specimens in the municipality 
of Sumé were not synchronous and fruiting is the least synchronous phenophase, with an index of only 0.17. The 
specimens in São João do Cariri had synchronization of 0.77, 0.82, and 0.92 for flower bud, flowering, and fruiting 
phenophases, respectively. The correlation and factorial clustering showed that fruiting has a correlation of -0.75 with 
the production of tannins, suggesting that low intensity of annual fruiting is necessary for higher tannin production.
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1. INTRODUCTION

Sideroxylon obtusifolium (Roemer & Schultes) T.D.Penn. 
belongs to the family Sapotaceae and is popularly known in 
Brazil as quixabeira, sapotiaba, sacutiaba, coronilha, coca, 
maçaranduba-da-praia, miri, and rompe-gibão. It is a deciduous 
or semi-deciduous spinescent tree, with a dense top and simple 
chartaceous and glabrous leaves, bright on the upper side. This 
species has inflorescences in axillary fascicles, with 2 – 20 whitish, 
fragrant, and discreet flowers. It has drupe-type fruits, smooth, 
with sweet juicy pulp (Carneiro et al., 2015; Silva & Dantas 2017).

S. obtusifolium has a wide geographical distribution, 
occurring in the Caatinga, Cerrado, Atlantic Forest, and 
Pantanal phytogeographic domains (Carneiro et al., 2015). In 
the Caatinga, Reséndiz (2018) and Lacerda & Barbosa (2018, 
2020) highlighted this species among those with a preference 
for more humid environments. Due to the wide distribution, 
flowering and fruiting periods vary in this species according 

to the environment (Barbosa et al., 1989, 2003; Gomes et al., 
2010; Gomes et al., 2021; Kill et al., 2014). According to Kiill 
et al. (2014), the differences in phenological behavior, floral 
biology, and pollinating agents indicate climatic variables as one 
of the several factors capable of influencing this relationship.

Concerning the chemical constitution of S. obtusifolium, 
tannins are characterized as one of the main responsible for 
the high medicinal potential of adult specimens. However, 
many variations have been found in several studies. Thus, it is 
necessary to understand the metabolism processes throughout 
this species life cycle, which are constantly changing. The 
high variability in the active constituents of plants can put the 
patient’s health and safety at risk; therefore, quality control is 
extremely necessary to ensure both the chemical composition 
of extracts and their safety use (Kicel et al., 2020).

Phenology is the study of the frequency, intensity, and 
synchronism of life cycle events, the causes of their occurrence 
in relation to the selective biotic and abiotic forces, as well as 
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the interrelation between the phases characterized by these 
events in one or in different species (Alencar, 1979; Augspurger, 
1983; Melo & Carneiro, 2021; Rathcke & Lacey, 1985). It is 
one of the most important lines of ecological research for 
being one of the best parameters for characterizing ecosystems 
(Lieth & Schultz, 1974; koebsch et al., 2020). In addition, the 
changes expressed in each phenophase are a consequence of 
the whole process, which involves primary and secondary 
metabolites in the plants.

Given the above, this study aimed to assess the relationship 
between phenological intensity and tannin production in S. 
obtusifolium in environments with different precipitation regimes.

2. MATERIAL AND METHODS

2.1. Study area

This research was conducted in the Cariri region of Paraíba 
(northeastern Brazil), located on the western fringe of the 
Borborema Plateau, particularly in the central region, in the state 
of Paraíba. This region is characterized by a sudden transition 
from the rainy to the dry season and vice versa, as well as by the 
interannual regime, whose irregularity or year-to-year variability 
in rainfall totals has a very dispersed temporal distribution (Alves, 
2009). According to the Köeppen classification, the region has 
a semi-arid (BSh) climate, with rainfall concentrated in three 
months of the year and the occurrence of high temperatures.

Despite the proximity between “Cariri Eastern” and 
“Cariri Western” microregions, it is worth mentioning their 
distinct edaphoclimatic characteristics, which substantially 
interfere with the vegetation behavior. This study was carried 
out specifically in the “Umburana” stream (7 45’ 15.3’’ S and 
36° 58’ 01.6’’ W; 571 m altitude), in the municipality of Sumé 
(Cariri Western), and in the “Gangorra” stream (7º 25’ 15’’ S and 
36º 29’ 17’’ W; 460 m altitude), in the municipality of São João 
do Cariri (Cariri Eastern). Both areas are remnant conserved 
riparian forest in the Cariri region of Paraíba (Farias et al., 
2017; Lacerda & Barbosa, 2018, 2020). São João do Cariri had 
a historical annual average rainfall of 410.6 mm between 1911 
and 2010 (Medeiros, 2015). Sumé has an annual rainfall of 540 
mm, according to data from a historical series, considering 
the period from 1930 to 1994 (Aesa, 2018).

2.2. Data collection and analysis

2.2.1. Phenology

Fifteen adult specimens of S. obtusifolium were sampled 
in each municipality. These specimens were assessed monthly 

over a year, from October 2016 to September 2017, in Sumé, 
and from October 2017 to September 2018, in São João 
do Cariri. The occurrence of phenophases was analyzed 
from direct observation of the trees’ canopies, recording 
the presence or absence of leaves, budding, flower buds, 
flowers, and fruits.

The flowering period was divided into flower bud and 
anthesis and the fruiting period into unripe and ripe fruits 
(Mariano et al., 2016). The monitoring of each phenophase 
was recorded based on a quantitative scale ranging from 
of 0 to 4 whith interval of 25% between each category for 
estimating the percentage of phenophase intensity in each 
individual. In each month, the sum of the intensity values 
obtained for all individuals is made and divided by the 
maximum possible value (number of individuals multiplied 
by four). The obtained value was then multiplied by 100, to 
turn it into a percentage value (Fournier, 1974).

The activity index (synchrony) was applied, which 
considers the presence or absence of phenophase. However, 
at a population level, this index has a quantitative character, 
indicating the percentage of specimens in the population that 
are manifesting a certain phenological event. This method 
was used to estimate the synchrony between the specimens in 
Sumé and São João do Cariri, considering that the greater the 
number of units undergoing the phenophase at the same time, 
the greater the synchrony of the population. The Augspurger 
(1983) method was used based on the equation 1:

    (1)

Where, xi = Synchrony; fi = number of months an individual 
manifested the phenophase; n = total number of individuals 
that underwent the phenophase; eij = number of months in 
which an individual had the same phenophase simultaneously 
with the others

The exsiccates of the analyzed specimens were deposited 
in the Plant Collection of the Ecology and Botany Laboratory 
of the Center for Sustainable Development of the Semi-Arid 
(CDSA), Federal University of Campina Grande (UFCG), 
in the municipality of Sumé, Paraíba State.

The percentage of phenophases was calculated to describe 
the phenological patterns of the population, which was related 
to precipitation.

The climatological data of Sumé were obtained from the 
AESA, by the meteorological station of this municipality, 
located in the CDSA/UFCG. In São João do Cariri, the data 
were collected from the Escola Basin, belonging to the Federal 
University of Paraíba located in this municipality.
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2.2.2. Extraction, preparation, and reading of solutions

The aerial part of the analyzed trees was ground in a knife 
mill and subjected to sifting to obtain plant drug with particle 
sizes ≥37 µm. The extract was prepared using a mechanical 
stirrer (IKA RW 20) at 720 Hz/min for 10 minutes, in a 
50% hydroalcoholic solution at 0.03g/ml concentration. The 
samples were filtered using filter paper and a vacuum pump. 
The sample volume was then completed in a 50-ml flask, from 
which a 1.5 ml aliquot was separated and diluted in a 10-ml 
flask. To verify the repeatability of the method, three plant 
drug extractions were performed for each type of analysis.

2.2.3. Quantification of tannins

The tannin content was determined by the vanillin-HCL 
method (Makkar & Becker, 1993), by which a 0.4-ml sample 
from the aerial part of the specimens was added to 1.5 ml 
of 4% vanillin solution, initially diluted in methanol and 
then diluted again in HCl PA (37%). Before the reaction, the 
vanillin-HCl solution was subjected to cooling at 20 °C. The 
standard stock solution was obtained by dissolving 0.2655 g 
of hydrated catechin (Sigma) in 50 ml of methanol. From this 
solution, the dilutions necessary for validation were performed.

Nine repetitions were performed (3 for each extract) 
during the quantification process. The reaction occurs in test 
tubes for 20 minutes, obtaining a final volume of 3 ml. The 
reading was performed at 500 nm against a blank composed 
of vanillin-HCl solution and hydroalcoholic solution. A visible 
ultraviolet spectrophotometer was used. The concentration of 
tannins was expressed as milligrams equivalent to catechin.

2.2.4. Statistical analysis

In the evaluation of biological parameters and quantification 
tannins, the Tukey test at 5% probability was used as a multiple 
comparison. Spearman correlation was applied to assess the 
correlation between precipitation and phenophases. Due to the 
large number of parameters used, in the development of the 
analytical method, multivariate analysis was applied through 
factor analysis by principal factors and correlation matrix 
with the use of the statistical software Action Stat 3.6 (2019).

3. RESULTS AND DISCUSSION

The phenological behavior of specimens of S. obtusifolium 
in the municipality of Sumé differed significantly from those in 
the municipality of São João do Cariri. The specimens selected 
for the phenological study in Sumé had an average diameter 
at ground level of 1.30 m ±0.6 and an average height of 8.8 m 

±0.7. The specimens from São João do Cariri were classified 
with height and diameter of 6.5 m ±1.5 and 0.54 m ±0.2 
respectively, thus being classified as individuals belonging to an 
adult population, as they have DGL >0.3 m and height > 1.0 m 
(Rodal et al., 2013; Lacerda & Barbosa, 2018). Precipitation and 
edaphic conditions are factors that significantly influence the 
difference in these development parameters, since both selected 
areas are plant communities of conserved riparian forest, these 
structural characteristics being the natural conditions of the 
specimens from each environment.

In the comparative study of the two studied environments, 
it was observed that, in general, there is no total rainfall 
pattern for the impulse and complet of the cycle of each S. 
obtusifolium phenophases, due to the specific adaptation of 
each specimen according to the environment in which it is 
located. In the municipality of São João do Cariri, annual 
rainfall of 155.22 mm was recorded, and the Fournier intensity 
ranged from 0 - 92.8%, with the completion of cycles for all 
phenophases (Figure 1F-J). In Sumé the annual precipitation 
was 239.2 mm, however, the Fournier intensity ranged from 
0 to 53% (Figure 1A-E), with an intensity of only 11.6% for 
the fruiting phenophase, followed by total abortion before the 
maturation stage (Figure 1E). In both municipalities, rainfall 
values were below the historical average of 500.1 mm and 468.7 
mm, for Sumé and São João do Cariri, respectively. However, 
the monthly rainfall distribution of each environment is of 
great relevance for the maintenance and implementation of 
some phenophases according to their environment.

In Sumé, S. obtusifolium leaves were produced from April 
to July, ranging from 75.0 to 86.6%, with a significant leaf 
fall in December (45%), and deciduous process lasting from 
September to February (Figure 1A). In São João do Cariri, 
the vegetative phase had a peak between January and August, 
ranging from 75.0 to 85.7%, with leaf fall in November and 
December, according to the Fournier intensity (Figure 1F). 

In the Sumé municipality, flower budding occurred from 
January to August and flowering from January to July. It is 
noteworthy that, only after four consecutive months of rainfall 
between 17 and 87 mm, Fournier intensity increased from 15 
to 53.3% in July, when it reached the peak of flower budding. 
Flowering was little driven by rain, going from 21.6% to 25% 
after the highest monthly rainfall, in a year, i.e., 87 mm in 
March. However, all flowers aborted in the following month, 
and the specimens started to bloom again in May, with a peak 
of 25% in July, after four consecutive rainy months (Figure 
1B, C). The flower budding and flowering, in São João do 
Cariri municipality, lasted throughout the year with a peak 
ranging from 57.1 to 71.4% and 71.4 to 89.2%, respectively, 
between November and February, after which, these values 
decreased and started to increase in June, ranging from 14.2 
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to 28.7% of flower buds, until October, and from 25 to 28.5% 
of flowering, until September (Figure 1G, H). 

The fruiting in S. obtusifolium, in the municipality of Sumé, 
occurred only in February (8.3%) and March (11.6%); however, 
all fruits aborted when still unripe (Figure 1D, E). The specimens 

in São João do Cariri produced fruits between January and 
May, and the greatest intensity (92.8%) for this phenophase was 
recorded in January and February. The highest dispersion of fruits 
was recorded in May because of their optimum ripening stage 
and period of three months for the completion of their cycle. 

Figure 1. Phenological behavior of Sideroxylon obtusifolium based on Fournier intensity and rainfall in the municipalities of Sumé (A, B, 
C, D, E) and São João do Cariri (F, G, H, I, J)
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According to Spearman correlation, rainfall in Sumé 
showed a significant positive correlation with leaf production 
(rs=0.71; P=0.01), flower buds (rs=0.79; P=0.002) and with 
flowering (rs=0.63; P=0.03. São João do Cariri presented 
a different behavior since precipitation only showed a 
positive correlation with fruiting (rs=0.81; P=0.001) and 
with dispersion of fruits (rs=0.59; P=0.04). The data show 
different water content requirements for each phenophase 
of the specimens according to the environment. However, 
it is noteworthy that although Sumé had more parameters 
correlated with rainfall, which was also higher than that of 
São João do Cariri, the specimens from Sumé, in addition to 
having less phenological intensity, were unable to complete 
the reproductive cycle due to the abortion of the fruits.

Souza et al (2014), studying the phenology of six native 
tree species in a conserved area in the caatinga, observed that 
all species showed a positive correlation between precipitation 
and the formation of new leaves. Among the species studied, 
only Poincianella pyramidalis (Tul.) L.P. Queiroz (Fabaceae) 
and Manihot pseudoglaziovii Pax & K. Hoffm. (Euphorbiaceae) 
showed a significant correlation between precipitation 
and flowering. These species together with Handroanthus 
heptaphyllus (Vell.) Mattos (Bignoniaceae) also showed a 
positive correlation between fruiting and precipitation.

Phenological and ecological studies on the genus 
Sideroxylon and of Sapotaceae family are few reported in the 
literature. Thus, there is little information on the phenological 
behavior of S. obtusifolium and its relationship with biotic 
and abiotic factors. The information recorded so far shows 
a high variation in this species phenophases in the different 
Brazilian biomes.

In the municipality of Alagoinha (Pernambuco, Brazil), 
flowering in S. obtusifolium was recorded in the rainy season, 
when fruits were also produced, and the formation of new 
leaves occurred in the transition from the rainy to the dry 
season (Barbosa et al., 2003). In the sand bar of “Maricá” 
(Rio de Janeiro), Gomes et al. (2010) recorded an annual 
pattern of reproductive phenophases, with a significant 
positive correlation between flowering and fruiting with 
abiotic factors. These authors also observed that 70.1% of 
the fruits were aborted.

Batalha & Martins (2004), relating fruit ripening with 
these factors in the rainy season, observed this is common 
in zoochoric tree species in seasonal environments, as at this 
time the fruits remain attractive for a longer time, favoring 
the dispersion of seeds.

Flowering in the dry season seems to be a reproductive 
strategy for tree species in tropical forests, since the intense 
rainy season in these forests would result in the destruction 

of flower structure in species that have tiny and fragile flowers 
(Nieves et al., 2017; Silva et al., 2020), such as S. obtusifolium.

According to Alencar (1994), water availability is a 
fundamental element for fruiting in species of the family 
Sapotaceae, which are characterized by the presence of fleshy 
fruits. The rainfall below the historical average value may 
have influenced the low fruiting and total abortion of fruits 
in the municipality of Sumé; however, this behavior was not 
observed in fruits of specimens in São João do Cariri, where 
there was also a rainfall index below the historical average. 
A high rate of fruit abortion in Sapotaceae was recorded in 
Pouteria venosa (Mart.) Baehni and Manilkara subsericea 
(Mart.) Dubard (Gomes et al., 2008). Gomes et al., (2010) 
recorded 70.01% of aborted fruits in S. obtusifolium in an 
area of riparian forest, in Maricá (Rio de Janeiro, Brazil).

Kiill et al. (2014) explain that variations in the flowering 
and fruiting pattern of S. obtusifolium in different environments 
may be related to the climatic conditions of each region. These 
authors also report that the greater production of fruits in 
this species is due to cross-pollination by Apis mellifera and 
Diptera species. Thus, pollinators of this species may also 
have been affected by the water deficit in the municipality of 
Sumé, possibly reducing the population and, consequently, 
the pollination of flowers.

Several authors have mentioned that the phenological 
cycles of tropical plants are complex, presenting irregular 
patterns of difficult inference, mainly in short-term studies 
(Mariano et al., 2016; Suepa et al., 2016; Sakai & Kitajima, 2019). 
According to Kiil et al. (2014), differences in phenological 
behavior, floral biology, and pollinating agents of S. obtusifolium 
indicate climatic variables as one of several factors capable 
of influencing this relationship.

In general, the data for fruiting corroborate with Silva et al. 
(2020) who reported that in the caatinga area S. obtusifolium 
fruited mainly during the rainy season, presenting high 
seasonality, with the highest fruiting frequencies between 
December and March, and a fruiting peak in February. The 
authors observed that, just like S. obtusifolium, the species 
Cissus sp., Cynophalla flexuosa (L.) J.Presl and Phoradendron 
quadrangulare (Kunth) Griseb. no presented in relationships 
between fruiting and monthly rainfall intensity.

The synchrony index of S. obtusifolium showed that the 
specimens in Sumé are not synchronous regarding flowering 
and fruiting stages and that fruiting phenophase is the least 
synchronous, with an index of only 0.17. On the other hand, 
in São João do Cariri, the specimens showed high synchrony 
values in all assessed reproductive phenophases, which had a 
growing synchronization, with rates of 0.77, 0.82, and 0.92 for 
flower buds, flowering, and fruiting, respectively (Figure 2).
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Figure 2. Synchrony index in the reproductive period of Sideroxylon obtusifolium, in the municipalities of Sumé and São João do Cariri 
(Semi-arid Brazil)

Figure 3. Tannin production in adult specimens of Sideroxylon obtusifolium, in two areas in the Cariri region of Paraíba (Semi-arid Brazil)

Phenological studies by Freitas et al. (2015), in the Brazilian 
Amazon, showed that Manilkara paraensis (Sapotaceae) has 
high flowering synchrony (Z = 0.75), with perfect synchrony 
in a single specimen and high synchrony in the population. 
Concerning fruiting phenophase, specimens of M. paraensis 
had high synchrony (Z = 0.90), with no perfect synchrony 
considering a single specimen, but with high synchrony between 
them, differently from what was observed in our research.

The low rate of synchrony in the reproductive stage, 
recorded when comparing the specimens in São João do Cariri, 

is a strong indication that the specimens in the “Umburana” 
stream, in Sumé, are less adapted to changes in biotic, abiotic 
factors and of their interactions, as the an effect of rainfall 
below the historical average on vegetation.

The data showed that regarding the concentration of 
tannins produced by the evaluated specimens, the two 
areas significantly differed from each other, with emphasis 
on the municipality of Sumé where the concentration was 
64.38 mg/g, whereas, in São João do Cariri, it was 54.93 
mg/g (Figure 3).
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adstringens (Mart.) Coville and Stryphnodendron polyphyllum 
(Mart.) Coville (Jacobson et al., 2005).

An inverse correlation was observed between phenological 
data and production of tannins when relating these parameters, 
and the production of tannins and fruit production had the 
highest correlation (-7.5; P=0.04). All reproductive phenological 
parameters were positively correlated with each other. There 
was no significant correlation between the production of 
leaves and the other reproductive phenophases, as well as 
for the production of tannins (Figure 4).

The Figure 5 shows the factor loading of each parameter 
evaluated, informing the potential for correlation of each 
parameter with the data set. The correlation of leaf production 
with the other parameters was neutral, so this factor was 
excluded from the clustering. The other factors were clustered 
at a single level due to the high correlation between them.

The phenolic profiles of plant tissues are known to be 
affected by many factors, such as genotype, environment, 
growth stage, harvest time, process and storage conditions, 
and method of analysis (Vagiri et al., 2015). Changes in the 
content of tannins and flavonoids, combined with antioxidant 
activities, occur depending on the harvest month, temperature, 
and cultivation region. The growth factor also results in clearly 
different samples (Ahmed et al., 2017).

Different of plant phenophases as well as precipitation 
levels significantly influence the levels of release of active 
principles. Variations in phenolic contents were recorded 
and indicated as a possible product of specific stages of the 
plant or ecological characteristics of environments in leaves 
of Tournefortia paniculata cham (MORAES et al., 2007), as 
well as edaphic and climatic parameters evaluated over a 
year, including the wet and dry season in Stryphnodendron 

Figure 4. Correlation between different phenophases and tannin production in Sideroxylon obtusifolium. L: leaves, FB: floral bud, FL: 
flowering; FT: fruiting, T: Tannins
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Figure 5. Factorial analysis diagram with the variables that make up the factor (MR1) and their respective factorial loads. L: leaves, FB: 
floral bud, FL: flowering; FT: fruiting, T: Tannins

Therefore, the data showed that the lower the annual 
reproductive phenological intensity, the higher the tannin 
production in S. obtusifolium. Thus, targeted collection 
of tannins should be performed in specimens with low 
reproductive intensity, which does not necessarily mean high 
vegetative intensity, as this later one had a correlation close 
to neutrality with all evaluated parameters.

Gomes et al. (2021) demonstrated through analytical 
validation and quantification how much tannins are influenced 
by ecological parameters and for extraction technology, 
highlighting the importance of seeking environmental 
standards to obtain raw materials within quality control 
standards. The authors also emphasize the importance of 
studies focused on the aerial part of the plants, since this has 
a much higher tannin concentration than the stem periderm 
of the S. obtusifolium, as in addition to its greater efficacy it 
will also contribute to the sustainable use of the species by 
not damage the plant through the removal stem periderm 
which is highly used by traditional communities. Therefore, 

the data indicate the phenophase in which the specimens 
present the highest concentration of tannins, giving support 
to the collection of raw material for plant drugs.

4. CONCLUSIONS

S. obtusifolium presents different phenological behavior 
in the two studied environments, confirmed mainly by the 
difference of the low synchrony index between each environment.

The production of tannins was also influenced by the 
collection region, showing an inverse correlation with 
reproductive phenology, especially with fruiting, indicating 
that the more intense the period of this phenophase, the lower 
the concentration of tannins in the species.

The data showed the occurrence of populations with 
different behaviors and provided support for the managed 
collection of S. obtusifolium, indicating the period for collection 
fruits, and raw material for extract tannins for medicinal 
purposes in the semi-arid region of Paraíba.
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