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Abstract
Phenological processes are strongly affected by environmental conditions. In this study we investigate the phenological 
patterns of six tree/shrub species in three Caatinga fragments and analyze the influence of rainfall and air temperature 
on these processes. Circular statistics was used to analyze the vegetative and reproductive phenophases over 12 
months (dry and rainy seasons) in the years 2016 to 2017 and 2018 to 2019. Spearman’s linear correlation test (r) 
was applied to verify the influence of meteorological variables of the two years of study on the phenological stages 
for each species. All species showed a seasonal pattern for vegetative phenophases. Reproductive phenophases were 
recorded in the two study periods only for one species. There was correlation of the phenophases only with rainfall, 
but not for all species. The amount of rainfall below the historical average indicates that precipitation is the most 
limiting factor for flowering in the evaluated species.

Keywords: Caatinga, air temperature, rainfall, phenophases, Rayleigh test.

1. INTRODUCTION AND OBJECTIVES

 The Brazilian Dry Forest (Caatinga) presents double 
seasonality, marked by a dry period with great water deficit and 
another with torrential rains. The biome is composed of a complex  
set of phytophysiognomies, forming a mosaic of thorny shrubs 
and seasonally dry forests, predominantly in the semiarid 
region of northeastern Brazil (Leal et al., 2005; IBGE, 2019).

The Caatinga is a seasonally tropical dry forest that is among 
the richest in plant species diversity (Dryflor et al., 2016), 
but which has been suffering, over the years, drastic effects 
caused by the use of unsustainable techniques derived from 
anthropic action (Araújo et al., 2014; Ribeiro et al., 2019), as 
well as the fragmentation of the ecosystems. Thus, to support 
actions related to the management and conservation of this 

ecosystem, studies are needed to investigate the complex 
adaptations presented by species in these environments and 
what modifications they undergo as a result of changes in 
environmental conditions.

In the Caatinga there is great variability in flowering and 
fruiting patterns between species (Amorim et al., 2009; Souza 
et al., 2014; Vieira, 2018; UFERSA, 2021), which can vary 
between years, depending on local environmental factors, 
which can be more or less severe (Souza et al., 2014). Morellato 
(2007) consider phenological studies as the main tool for 
understanding the ecological organization of populations, 
communities and ecosystems, as well as the distribution and 
availability of resources. 

Some researchers, in an attempt to define the mechanisms 
that regulate the onset of flowering of plants in tropical 
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ecosystems, have linked the phenological behavior of 
flowering to biotic and abiotic factors.  Individual and 
environmental factors influence the reproductive phenology. 
Among the individual factors are the leaf anatomy and 
woody density (Brito et al., 2022); among the environmental 
ones are drought stress, climate changes and the length 
of the day (photoperiod) which changes between seasons 
(Brito et al., 2022; Cecilio-Junior, 2012; Mendoza et al., 
2017), being that rainfall can be the main parameter in up 
to 73% of the variations in the reproductive phenology of 
Neotropical species (Mendoza et al., 2017).

Studies are essential to understand the vegetative and 
reproductive phenomena of plants and how biotic and abiotic 
factors can influence development at each phenological 
stage (Vilela et al., 2018; Novaes et al., 2020). Furthermore, 
they make it possible to have knowledge of likely intervals 
for the occurrence of certain biological events (Ferrera, 
2012), which can produce information from individual 
plants to populations and communities (Biondi et al., 2007). 
Many studies on plant phenology have been developed 
using remote sensing, in order to understand the effects 
of climate change on phenology (Wu et al., 2021; Song et 
al., 2022). However, field observations are still needed to 
validate these findings.

Since the Caatinga plants have developed physiological 
modifications to withstand long periods of drought, such as 
leaf abscission, reduced conductance and transpiration due 
to stomatal closure (Marques et al., 2020), it is expected that 
the phenology of the Caatinga species be deeply correlated 
with rainfall and air temperature. In Tropical species, the 
fundamental phenological drivers are different from Temperate 
especies and seasonal climate cues are often subtler (Davis 
et al., 2022). Thus, the objective of this study was to analyze 
the phenological phases of six plant species in Brazilian 
Dry Forest fragments, in order to identify vegetative and 
reproductive patterns, as well as to correlate such patterns 
with meteorological variables in the dry and rainy seasons 
of the years 2016-2017 and 2018-2019. 

2. MATERIALS AND METHODS

2.1. Study area

The study was carried out in the municipality of Bom Jesus - 
PI, which is located between 09º04’28” S and 44º21’31” W 
at an altitude of 273m, located in a transition area (ecotone) 
Cerrado-Caatinga. The soil of the study area is a Yellow Latosol, 
with a sandy frank texture. The local climate, according to 
Köppen’s classification, is Tropical, type Aw, with a dry winter 
season (Alvares et al. 2013). The research was carried out 
on a private property, which covers an area of 480 hectares, 
called Lagoa do Barro.

2.2.  Climate variables

Rainfall and air temperature data were downloaded 
from the National Institute of Meteorology website (INMET, 
2019), which provides all hourly values recorded by sensors 
in automatic stations located in the municipality (code 
A326). These values were transformed into monthly averages 
for temperature and monthly totals for rainfall. Historical 
monthly averages of rainfall and average temperature for 
the municipality of Bom Jesus were also obtained from this 
same source, which were transformed into annual averages. 
Although not part of the initial objective, the photoperiod 
was also analyzed. The daily value was estimated, according to 
the methodology described by Baldisera & Dallacort (2017), 
and the monthly averages were made for the years 2016 to 
2019, distinguishing the weather seasons. 

2.3.  Field data

Six species in this study (Table 1) were selected from the 
importance value index, calculated after a phytososiological 
survey in the area (Ivanov et al., 2022). Twenty individuals per 
species were randomly marked within the study areas, with 
circumference at breast height (CBH) ≥ 10 cm and height ≥ 1.5 m. 

Table 1. Species selected for phenological observations in Caatinga in the municipality of Bom Jesus, Piauí, Brazil.

Family Species Habitat DBH (cm) h (m)

Fabaceae Bauhinia ungulata L. Riparian Forest 3.9 3.5

Fabaceae Lonchocarpus sericeus (Poir) Kunth ex DC Riparian Forest 7.4 7.0

Fabaceae Mimosa verrucosa Benth Shrubby Caatinga 4.5 3.8

Salicaceae Casearia sylvestris Sw Shrubby Caatinga 3.3 3.9

Annonaceae Annona leptopetala (R. E. Fr.) H. Raine Arboreal Caatinga 4.9 4.3

Fabaceae Piptadenia moniliformis Benth Arboreal Caatinga 5.6 4.6
DBH = diameter at 1.30 m above ground level, h = height.
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The phenological phases were expressed monthly for each 
species analyzed in the dry and rainy seasons of the years 2016/2017 
and 2018/2019, with visits carried out fortnightly. The phenophases 
analyzed were flowering, fruiting, leaf flushing and fall. 

2.4.  Data analysis

The phenological analyzes were performed using the activity 
index method, where individuals of each species with the 
presence or absence of the observed event were recorded. The 
activity index indicates the percentage of individuals of each 
species by which the presence or absence of the observed event 
is verified. In this method, adapted by Castellani et al. (1999), 
the data are calculated using monthly averages of occurrence 
according to the number of observations made throughout 
the phenological year, according to Eq. 1:

              (Eq. 1)

F (%) = frequency of occurrence of the i-th species in the 
i-th phenophase;
n = number of individuals in the i-th phenophase;
N = total number of individuals of the i-th species.

To test the occurrence of seasonality in the phenophases, 
circular statistics were used, using the frequency of occurrence 
of species in the four phenophases. For this, the frequency of 
occurrence of the phenological event for the total of species per 
month was calculated. The months were converted into angles, 
with 0º = the starting month, successively up to 360º = the last 
month analyzed, in intervals of 30º. The following were considered 
in the analysis: the sample size (n), related to the number of 
observation of the event that occurred over the study period for 
each individual of the species, the length of the vector r, which 
corresponds to the average concentration of the data around of the 
year, ranging from 0 to 1 and tested the significance of the angle 

by the Rayleigh test (p < 0.05) to verify whether the phenological 
phenomena occurred uniformly throughout the study period or 
if they were concentrated at a certain time of year. 

According to Morellato et al. (2010) the Rayleigh test 
should be avoided when the data are bimodal, so a visual 
inspection of the data was carried out before applying the 
test, from circular histograms of frequencies. A bimodal 
distribution occurs when there are two peaks (modes) on 
opposite sides of the circular frequency histograms, which was 
not observed. The ORIANA 4.0 package (Kovach, 2004) was 
used for the calculation of circular statistics and the plotrix 
package (Lemon, 2006) of the free software R (R Core Team, 
2021) was used to make the graphs. The Watson–Williams 
was applied when phenophase was observed in both periods.

The mean angles were compared among using the Watson–
Williams F-test to determine whether the timing of phenological 
events (2016/2017 and 2018/2019) differed significantly from 
each other. The circular package (Agostinelli & Lund, 2022) 
was used to calculate the Watson–Williams F-test. 

Spearman’s linear correlation test (r) was applied to verify 
the influence of meteorological variables of the two years of 
study on the phenological stages for each species. The ggpubr 
package (Kassambara, 2020) of the software R (R Core Team, 
2021) was used for the analysis and to make the graphics.

3. RESULTS AND DISCUSSION

3.1. Rainfall and temperature

The period 16/17, the rainy season was between the months 
of October 2016 and May 2017, totaled 614mm of rainfall, and 
the dry season followed from June to September 2017 (Figure 1).  
In the period 18/19, there was 5.2 mm of rainfall in August, 
however, the rainy season started in November 2018 and extended 
until May 2019 (Figure 1), totaling only 379 mm of rainfall. 
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Figure 1. Average Temperature and Monthly Rainfall of the municipality of Bom Jesus-PI, Brazil. Seasons 16/17 (October 2016 to September 
2017) e seasons 18/19 (August 2018 to July 2019). Data source: INMET (2019).
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The average temperature was 27.26 ºC (16/17) and 27.91 ºC 
(18/19) in the rainy periods and 28.12 ºC (16/17) and 28.65ºC 
(18/19) in the dry periods. It ranged from 25.3ºC (February) 
to 29.6 ºC (September) in seasons 16/17 (Figure 1) and 
from 26.3ºC (April) to 30.5 ºC (October) in seasons 18/19 
(Figure 1), thus in the period 18/19 it was 0.8ºC higher than 
in 16/17, considering the annual average of the two periods. 

Annual rainfall and average temperatures of the studied 
periods were compared to historical values   (1981-2010) (Figure 1). 
The historical average annual temperature is 27.7±0.96 ºC, 
while the average for the period 16/17 was 27.5±1.25 ºC and in 
18/19 it was 28.3±1.47 ºC. As for rainfall, what is observed is a 
trend of higher monthly HA values compared to the evaluated 
periods, the exceptions are in January 2017, when it rained 
more, and in May 2019, when it rained less (Figure 1). The 
historical average for the municipality is 986.1 mm of annual 
rainfall, thus, both studied years had lower rainfall than HA.

3.2. Vegetative phenophases

Individuals of the six species studied showed seasonal 
patterns for vegetative phenophases (leaf flushing and leaf 
fall), with r values ranging from 0.2 to 0.8 and significant 
Rayleigh test (p < 0.05) (Tables 2 and 3). Leaf fall was 
observed for the six species evaluated over the two study 
periods, with the average date of this phenomenon being 
from April to July (transition from the rainy to the  
dry season). 

L. sericeus is deciduous, with 100% of the individuals 
in leaf fall from June to August (Figure 2). B. ungulata is 
also deciduous. In the period 16/17 it was found in this 
phenophase from January to September, with more than 
80% of frequency, while in 18/19 this percentage was 
registered only from July to October. The leaf flushing occurs 
predominantly in November and December (Figure 2).

Table 2. Analysis of circular statistics of phenophases evaluated in Caatinga, from October 2016 to September 2017.

Species Phenophase Avg Date (month) Avg Angle ALVR Rayleigh Test (Z)

Lonchocarpus sericeus

flowering - - - -
fruiting - - - -
leaf flushing November 304.792º 0.81 19.55*
leaf fall April 90.000º 0.48 0.48*

Bauhinia ungulata

flowering - - - -
fruiting - - - -
leaf flushing December 332.979º 0.75 14.08*
leaf fall April 97.393º 0.30 0.30*

Mimosa verrucosa

flowering May 130.208º 0.78 13.33*
fruiting June 165.000º 0.98 15.27*
leaf flushing December 330.082º 0.55 13.89*
leaf fall April 107.026º 0.51 14.14*

Casearia sylvestris

flowering - - - -
fruiting - - - -
leaf flushing November 307.460º 0.57 14.28*
leaf fall April 104.450º 0.50 13.54*

Annona leptopetala

flowering - - - -
fruiting April 180.000º 1.00 1.00*
leaf flushing December 339.563º 0.59 21.55*
leaf fall May 139.008º 0.83 24.50*

Piptadenia moniliformis

flowering - - - -
fruiting - - - -
leaf flushing December 341.248º 0.57 7.72*
leaf fall May 123.068º 0.62 7.48*

Avg = average; ALVR = Average length of the vector R; * = Significance test, p < 0.05.
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Table 3. Analysis of circular statistics of phenophases evaluated in Caatinga from August 2018 to July 2019.

Species Phenophase Avg Date (month) Avg Angle ALVR Rayleigh Test (Z)

Lonchocarpus sericeus

flowering November 300.000º 1,00 4.00*
fruiting - - - -
leaf flushing December 344.243º 0.46 18.954*
leaf fall July 160.570º 0.30 13.207*

Bauhinia ungulata

flowering - - - -
fruiting - - - -
leaf flushing January 1.523º 0.46 19.307*
leaf fall July 181.523º 0.28 12.001*

Mimosa verrucosa

flowering May 123.068º 0.94 8.932*
fruiting June 165.000º 0.98 57.637*
leaf flushing January 10.771º 0.41 17.856*
leaf fall July 206.972º 0.30 11.053*

Casearia sylvestris

flowering - - - -
fruiting - - - -
leaf flushing December 351.186º 0.53 22.507*
leaf fall July 171.186º 0.26 11.253*

Annona leptopetala

flowering - - - -
fruiting February 45.000º 0.85 5.728*
leaf flushing January 15.318º 0.55 32.723*
leaf fall July 198.243º 0.53 35.082*

Piptadenia moniliformis

flowering - - - -
fruiting - - - -
leaf flushing January 0.582º 0.56 29.929*
leaf fall July 180.582 0.37 19.609*

Avg = average; ALVR = Average length of the vector R; * = Significance test, p < 0.05.

Figure 2. Circular histogram of phenophase frequency for seasons 16/17 (A) and 18/19 (B) for L. sericeus and B. ungulata species.
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For M. verrucosa, 100% frequency of leaf fall was only 
recorded in December 2016, when no other species presented 
this phenophase, and from August to October 2018 (Figure 3), 
following the phenological behavior of the other species 
analyzed. The leaf flushing took place in the rainy season in 
both periods of study, but with a difference in relation to the 
months with higher frequency: February to May in 16/17 and 
November to December in 18/19. C. sylvestris showed high 
frequency leaf fall (80% or more) from May to September, 
in the period 16/17, and from May to October, in 18/19.

In the months of November and December, C. sylvestris 
individuals presented 100% of leaf flushing, in both periods 
evaluated (Figure 3). C. sylvestris occurs in a wide range of 
ecosystems, from restinga forests to caatingas or even in 
rainforests, in all states of the country (REFLORA, 2020), 
indicating a broad niche. Naturally, the different environmental 
conditions existing in different regions lead to variations in 
the phenological pattern (Bencke & Morellato 2002). The 

Figure 3. Circular histogram of phenophase frequency for seasons 16/17 (A) and 18/19 (B) for M. verrucosa and C. sylvestris species.

flowering of the species occurs in different months, depending 
on the environment in which it is inserted (Pissato, 2016), 
which is common in tropical species. 

A. leptopetala and P. moniliformis presented very similar 
vegetative phenophases (Figure 4). A frequency of 100% of 
individuals was recorded in the leaf fall from May to September 
(16/17) and from July to October (18/19), and leaf flushing 
was more frequent from October to February (16/17) and 
in November and December (18/19) (Figure 4). Figueiredo-
Lima et al. (2018) reported for A. leptopetala, in an area of 
seasonally dry tropical forest, that leaf fall occurred in the 
month of July, a wet-dry transition period, with increased 
levels of abscisic acid (ABA), and regrowth of leaves began 
with the first rains of January, with the reduction of the ABA. 
These findings reveal the influence of soil water content, 
which is correlated with rainfall intensity and duration of the 
rainy season, on the physiological processes of the species, 
and consequently on the phenological behavior.
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Figure 4. Circular histogram of phenophase frequency for seasons 16/17 (A) and 18/19 (B) for A. leptopetala and P. moniliformis  
into Caatinga.

3.3.  Reproductive phenofases

The reproductive phenophases were registered only for 
M. verrucosa, L. sericeus and A. leptopetala, with r values   
ranging from 0.7 to 1.0, indicating a highly seasonal pattern 
(Tables 2 and 3). The Rayleigh test was significant (p < 0.05) 
(Tables 2 and 3), showing that the occurrence of phenomena 
(flowering and/or fruiting) are concentrated with higher 
frequencies in a given season of the year for species that 
manifested the events. M. verrucosa flowered from April to 
June (autumn) and fruited from June to September (winter). 
L. sericeus just registered flowering, in November (spring). 
For A. leptopetala, only fruiting was recorded in the months 
of March and April (autumn), indicating that its fruiting took 
place in the Summer and quickly. 

M. verrucosa was the only species whose reproductive 
phenophases were recorded in the two periods of study 
(Figure 3). However, the frequency of individuals flowering 
on 16/17 was higher (reaching more than 80% in May) 
than on 18/19 (with just over 20% of individuals showing 
phenophase in May) (Figure 3). This species is heliophyte, 
widely disseminated by the different phytophysiognomies of 
the Caatinga, pioneer in secondary succession, growing well 

on the roadside (UFERSA, 2021). Thus, in general, the study 
area is favorable to the physiological processes of the species.

For A. leptopetala, flowering was not recorded, only 
fruiting was observed in the in the months of April and May 
2019 (Figure 4), the end of the rainy season. Lorenzi (2009) 
highlights that the species blooms during almost the entire 
rainy season, which was not found in this research, and the 
ripening of the fruits occurs from March onwards. It is valid 
to report the manifestation of this event in other individuals 
of this species that were not sampled in the area, which were 
found close to clearings. Thus, being a heliophyte species 
(Lorenzi 2009), such individuals may be investing more in 
vegetative growth, and competing for light (Araújo et al., 
2014), than in reproduction, since it is found in the arboreal 
physiognomy of the studied Caatinga.

For L. sericeus, only 20% of individuals bloomed in one 
of the study periods (November 2018) (Figure 2). Flowering 
may have occurs in a short period, not being possible to 
record it for almost all individuals or did not occur in the 
other individuals analyzed. The evaluated individuals of this 
species were in riparian forest, which suffers flooding in 
years with greater volume of rain. Even so, it survives well by 
developing anatomical adaptations. The month in which the 
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species was found blooming refers to the beginning of the 
rainy period, when there is still no flooding in the area. Pott 
& Pott (1994) describe the species as a pioneer, xerophilic, 
occurring in sandy soils of the Caatinga and in riparian 
forest, which bloom from November to April. Since the 
amount of rainfall in November 2018 was double the same 
month in 2016, it is possible that it found better moisture 
conditions that year and therefore it flourished, although 
for few individuals. 

At mid-latitudes (23º S), the day length in summer and 
autumn is longer than in winter-spring, reaching a difference 
of three hours (Cecílio-Junior, 2012). However, at low latitudes 
(as in the case of the study area) this difference becomes less 
pronounced and, thus, the effect of the day length is smaller, 
which makes the species less sensitive to this factor, and may 
until there are species that are not sensitive to photoperiod 
(Körner & Basler, 2010). The entry of light into plants is 
detected by phytochromes (protein pigments) that help to 
perceive the oscillations in the circadian clock in the activity of 
proteins that act as sensors of day length, which activate genes 
that induce flowering (Ding & Nilsson, 2016). Day length in 
the study area is longer between spring and summer (12.39 
and 12.26h) and shorter between autumn and winter (11.61 
and 11.74h) (Figure 5). Flowering of the species occurred 
in autumn for M. verrucosa, with a shorter photoperiod, in 
spring for L. sericeus and summer for A. leptopetala, with a 
longer one. Thus, it appears that, apparently, the variations 
between seasons in the length day is not the primary factor 
influencing the flowering of these plants in Caatinga.

Figure 5. Photoperiod by weather seasons for the municipality 
of Bom Jesus, Piaui. Average for the years 2016 to 2019. The bars 
represent the standard deviation.

Silva et al. (2020) observed that species of the Caatinga 
could flower and fruit in different periods: some in the rainy 
season, others in the dry season, which works as a strategy 
to avoid competition for pollinators and fruit dispersers. 

On the other hand, Lima et al. (2021) reveal that deciduous 
low wood density species have their phenophases regulated 
by the availability of soil water and the high wood density 
species by the photoperiod. This implies that the factors 
most influence will vary depending on the individuals 
characteristics of the species.

The average angles of vegetative phenophases (leaf fall and 
flushing) differed significantly (p < 0.001) between periods 
(16/17 and 18/19) for all species (Table 4). For the reproductive 
phenology (flowering and fruiting) of the M. verrucosa, the only 
one that flowered in both study periods, the mean angles also 
differed significantly (p < 0.001) (Table 4). This indicates that 
there is some factor that was differentiated between the periods 
evaluated which affected the interannual phenology of the species.

Table 4. Watson-Williams test (F) for the comparisons of mean 
angles between seasons 16/17 and 18/19 of six species of the Caatinga.

Phenophase Species Watson–
Williams F-test p-value

Flowering Mimosa verrucosa 0.65 < 0.001
Fruiting Mimosa verrucosa 1.43 < 0.001

Leaf fall

Lonchocarpus 
sericeus 0.47 < 0.001

Bauhinia ungulata 0.92 < 0.001
Annona leptopetala 1.73 < 0.001
Pipitadenia 
moliniforme 1.18 < 0.001

Casearia sylvestris 0.69 < 0.001
Mimosa verrucosa 1.53 < 0.001

Leaf flowering

Lonchocarpus 
sericeus 1.36 < 0.001

Bauhinia ungulata 1.48 < 0.001
Annona leptopetala 1.45 < 0.001
Pipitadenia 
moliniforme 1.04 < 0.001

Casearia sylvestris 1.27 < 0.001
Mimosa verrucosa 0.95 < 0.001

3.4.  Phenology vs climatological data

Temperature and rainfall are two environmental conditions 
that have a strong influence on plant physiology. In the 
Caatinga, where most plant species are deciduous, the leaf 
fall is a fundamental adaptation for their survival. Thus, when 
soil water decreases and air and soil temperatures rise, the 
water potential in plants becomes more negative, leading 
them to water stress (Trovão et al. 2007), which respond with 
leaf abscission as a water loss prevention measure. 

In the period of 16/17 the species lost their leaves earlier 
(April and May) than in 18/19 (June and July). This is 
especially due to the intensity of the rains that occurred in 
May 2019, the wettest month of that year (Figure 1) which 



Seasonal Dynamics of...

Floresta e Ambiente 2022; 29(4): e20220032 9

9 - 12

led to greater soil water availability and later leaf fall, as soil 
water availability it is one of the main factors influencing 
phenology (Paloschi et al. 2021). 

The fact that the species exhibit a high synchrony in the leaf 
flushing, between October and December (16/17) and in November 
and December (18/19), is attributed to water availability, through 
rainfall at the beginning of the rainy season (October/16 and 
November/18), as both deciduous and perennial species await 
this availability to activate their leaf production mechanisms, 
at least more intensely (Souza et al. 2014). 

Some species were not found in reproductive phenophases 
in the two periods evaluated, which suggests that either the 
environmental conditions are not favorable or the resources 
are scarce, which leads to interactions of competition and 
can potentialize the low energy investment in reproduction. 
Variations in temperature and in the amount of rainfall 
between years can lead to earlier or later flowering in plants, 
as demonstrated by Pissato (2016), a fact that can also be 
understood for other phenophases. Leite and Machado 
(2010) analyzed 15 plant species of Caatinga and observed 
that all flowered in the evaluated period (April /2004-April 
/2005), most of them in the dry period, in one of the most 
arid regions of Northeastern Brazil, with annual rainfall of 
330 mm per year-1. However, the species evaluated in this 
study are not included in those authors’ study. On the other 
hand, Machado et al. (1997) observed different flowering and 

fruiting patterns among the analyzed species in Caatinga, with 
an average rainfall of 803 mm yr-1, with some species that 
did not produce flowers or fruit in the two years of analysis, 
while others produced flowers and fruits in just one year of 
study. The species evaluated in this study were also not on 
the list of the cited authors. These data seem to lead to the 
conclusion that caatingas with greater water availability (as in 
this study, in Machado et al. 1997 and Amorim et al. 2009) can 
lead to greater irregularity in reproductive phenophases than 
in those with less rainfall (such as in Leite & Machado 2010).

There was no correlation between vegetative phenophases 
and temperature, while there was for rainfall only for some 
species (Figure 6), differing from the observations by Neves et 
al. (2022), who found a negative correlation between rainfall 
and leaf fall, for all analyzed species in different phenological 
groups (brevideciduous, deciduous and evergreen). As for leaf 
fall, only the two species (A. leptopetala and P. moniliformis) 
(Figure 6) showed correlation (r = -0.73, p = 0.000061 and 
r = -0.67, p = 0,00031, respectively), demonstrating that in 
periods with absence or low rainfall the number of individuals 
in this phenophase was maximum. As for leaf flushing, M. 
verrucosa (r = 0.42, p = 0.039), P. moniliformi (r = 0.67, p 
= 0.0031), and A. leptopetala (r = 0.73, p = 0.000044) were 
correlated with rainfall (Figure 6), indicating that a higher 
frequency of individuals in the leaf flushing stage is related 
to increases in monthly rainfall. 

Figure 6. Linear correlation between frequency of vegetative phenophases (leaf fall and flushing) and rainfall for three species from 
the Caatinga.
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There was no correlation of reproductive phenophases 
with temperature or rainfall. However, the effect of seasonality 
(dry/rainy periods) was striking on phenophases and, as in 
the quote by Paloschi et al. (2021) above, it is possible that 
soil water content has more effect on phenology than the 
variations that occur in rainfall and temperature each month.

It is necessary to emphasize that total rainfall in the two 
years evaluated is below the historical average. The study 
area is in transition zone (ecotone) Caatinga-Cerrado; thus, 
rainfall levels are higher than in caatinga stricto sensu (around 
300mm). Since the evaluated species are adapted to the highest 
annual rainfall (defined by the historical average), the rainfall 
in the years of this study, 36.4% (16/17) and 60.7% (18/19) 
lower than the historical average – which may be linked to 
droughts that occurs during El Niño Southern Oscilation 
(ENSO) that impacts vegetation dynamics (Pereira et al., 2020), 
may have been the main factor limiting the reproduction of 
the analyzed plants. 

4. CONCLUSIONS

The differences in the occurrence and intensity of the 
phenological phases point to a strong influence of environmental 
factors. Our main hypothesis was that air temperature and 
precipitation were the main parameters. There was no 
influence of the air temperature on vegetative or reproductive 
phenophases. Rainfall influenced the vegetative phenophases 
only in three analyzed species and, in this aspect, it is possible 
that soil moisture has more influence than rainfall. In view of 
these results, explanations were still sought in photoperiod 
data, but no relationship was found between the flowering 
of the species and the length day. Finally, the amount of rain 
below the historical average may have greatly limited the 
flowering of the species in the two periods evaluated.
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