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Resumo

Deciduidade foliar e floracdo de espécies lenhosas da Caatinga. Determinamos a distribuicao (FDI), a
duracdo (FDU) e o pico (FPE) da floracao em espécies lenhosas deciduas (DE) e sempre verdes (EV) na vegetacao
de Caatinga usando dados da literatura. Estabelecemos possiveis relagdes entre a persisténcia da folhagem e a
fenologia reprodutiva ao longo do ano. FDI indicou o ntimero relativo de espécies produzindo flores em cada
més e FDU o numero de meses que cada espécie apresentou flores. Definimos o FPE como os quatro meses
consecutivos com o maior nimero de espécies em florag@o. O estresse hidrico severo provavelmente restringiu a
variabilidade de FDU e FDI ao longo do ano devido a incapacidade de DE e EV sustentarem anexos reprodutivos
e vegetativos simultaneamente durante o periodo seco. Algumas DE floresceram no periodo seco em uma copa
livre de folhas, possivelmente devido a 4gua acumulada no corpo da planta. A floragdo em EV ocorreu fora do
periodo seco, com o FPE acontecendo durante a transi¢ao entre periodos seco-chuvoso. As EV provavelmente
capturam as primeiras chuvas por todo o corpo da planta cobrindo a demanda hidrica da folhagem e dos brotos
reprodutivos desdobrados antecipando a floragdo. A floracdo antecipada nas EV resultou em diferentes valores
de FPE entre DE e EV.

Palavras-chave: Deciduas; Fenologia; Semiarido; Sempre-verdes

Abstract

We determined the distribution (FDI), duration (FDU), and peak (FPE) of flowering in woody deciduous
(DE) and evergreen (EV) species of the Caatinga with available data in the literature. Possible relations were
established between leaf persistence and reproductive phenology throughout the year. The FDI indicated the
relative number of species bearing flowers in each month, and the FDU denoted the number of months each
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species showed flowers. We defined the FPE as the four consecutive months with the highest number of species
in flower. DE and EV did not show significant differences in FDI and FDU, probably due to the inability to
sustain reproductive and vegetative annexes of woody axes simultaneously during the dry period. Some DE
species showed flowering during the dry period in a crown free of leaves. EV flowering occurred outside the
dry period. Flowering during the dry season in DE may happen due to water accumulated inside the plant body.
FPE in EV during the transition between dry-rainy periods may indicate the ability to capture the first rain from
all the plant body surface, covering the hydric demand of full foliage and folded reproductive buds anticipating
the flowering in DE. This resulted in different values of FPE between DE and EV.

Key words: Deciduous; Evergreen; Phenology; Semiarid

Introduction

We determined the distribution (FDI), duration
(FDU), and peak (FPE) of flowering in woody
deciduous (DE) and evergreen (EV) species of the
Caatinga with available data in the literature. Possible
relations were established between leaf persistence and
reproductive phenology throughout the year. The FDI
indicated the relative number of species bearing flowers
in each month, and the FDU denoted the number of
months each species showed flowers. We defined the
FPE as the four consecutive months with the highest
number of species in flower. DE and EV did not show
significant differences in FDI and FDU, probably due
to the inability to sustain reproductive and vegetative
annexes of woody axes simultaneously during the dry
period. Some DE species showed flowering during
the dry period in a crown free of leaves. EV flowering
occurred outside the dry period. Flowering during the
dry season in DE may happen due to water accumulated
inside the plant body. FPE in EV during the transition
between dry-rainy periods may indicate the ability to
capture the first rain from all the plant body surface,
covering the hydric demand of full foliage and folded
reproductive buds anticipating the flowering in DE.
This resulted in different values of FPE between DE
and EV (TROVAO et al., 2007; SILVA et al., 2014a;
CARVALHO et al., 2016).

Woody species show unique functional traits in the
Caatinga as a result of the interaction with water, heat,
and irradiance stresses. The phenological patterns of
woody species respond to those imposed environmental
conditions determining the dynamics of resource use
and acquisition (MORELLATO; LEITAO FILHO,
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1995; ALMEIDA; ALVES, 2000; LUCENA et al.,
2015). However, the relation between the reproductive
phenology with foliage persistence and climate variables
in Caatinga woody species are not known.

Leaf deciduousness is an efficient strategy to reduce
potential damage caused by water stress (SILVA et al.,
2014a). In the Caatinga, the total loss of foliage in DE
occurs throughout the dry season, with foliage area
renewal in the first rains (ARAUJO; FERRAZ, 2003;
BARBOSA et al., 2003). Both foliage production and
flowering appear to be regulated by water availability
over the years (TROVAO et al., 2007; LIMA; RODAL,
2010; SILVA et al., 2014a).

On the other hand, woody species under the same
environmental conditions of the Caatinga do not flower
during the same period (BARBOSA et al., 2003).
Furthermore, studies on phenology did not separate
DE and EV in the Caatinga (BARBOSA et al., 1989;
2003; AMORIM et al., 2009; LIMA; RODAL, 2010;
SOUZA etal., 2015). Despite intense water stress, there
is no consensus on the main environmental factors that
determine the reproductive phenology in the Caatinga
woody species (LIMA; RODAL, 2010). The climatic
events were only generically related to reproductive
phenology (BARBOSA et al., 1989; PEREIRA et al.,
1989; MACHADO et al., 1997; GRIZ; MACHADO,
2001; AMORIM et al., 2009).

Leaf deciduousness and flowering are essential
events for establishing relationships between the climate
and the use of resources (BORGES; PRADO, 2014).
In the present research, we tested if flowering duration,
flowering distribution, and flowering peak in DE and EV
woody species in the Caatinga are similar throughout
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the year. The relation between leaf persistence and
flowering traits may uncover the strategies of each
phenological group for using the resources under the
stressful environment of the Caatinga.

Materials and Methods

Metadata collection

The data were collected from documentary research,
using the methodology proposed by Borges and Prado
(2014). The articles were found with the help of Google
Scholar, Web of Science, and Capes journals, from
keywords in Portuguese and English, without temporal
limitation. The keywords in Portuguese and English
used were: Caatinga, phenology, woody species, tree
species, and leaf deciduousness. The articles containing
data about the flowering period or leaf deciduousness
were selected. The scientific names of the species have
been updated according to “The Plant List” and “Flora
do Brasil 20207,

Leaf phenological groups

After quantifying the number of species contained
in the studies, sorting by leaf phenology, we classified
them into deciduous (DE) and evergreen (EV).
Deciduous (DE) lose all foliage during some period of
the year (six to twelve months), while EV species keep
the same leaf area throughout the dry and rainy seasons
(BARBOSA et al., 2000; SILVA et al., 2004; SOUSA
et al., 2015).

Calculation of flowering variables

We determined flowering duration (FDU) as
the number of months with flowers in each species.

Flowering distribution (FDI) denoted the number of
species per month. Flowering peak (FPE) was calculated
using the four consecutive months with the highest
number of species flowering in each leaf phenological
group (DE and EV).

Data analysis

The free software R, version 3.2.2 (2014) was
used. Leaf phenological groups (DE and EV) were
compared using the flowering variables independently,
with a significance level at p < 0.05. The Shapiro-Wilk
test was applied to evaluate whether the values of FDU
showed normal distribution. Subsequently, the data
were submitted to the Wilcoxon-Mann-Whitney test to
verify the significant difference in the average values of
FDU between DE and EV. The percentage of flowering
species in each month was used in the Chi-square test
to check differences in flowering distribution (FDI)
between DE and EV. A circular statistical analysis was
performed for independent Watson-Williams samples
to compare flowering Peaks (FPE). In this test, the four
consecutive months with a higher incidence of flowering
between species were converted to degrees, increasing
by 30° a month, January being 30°, and December 360°
(ZAR, 1984).

Results

Table 1 shows the flowering months of the
38-woody species of the Caatinga according to the
data obtained in the available literature, and the
corresponding leaf deciduousness resulting in 34 DE
and four EV species.
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TABLE 1: Months with the occurrence of flowers in deciduous (DE) and evergreen (EV) woody species of Caatinga. LD =
Leaf deciduousness. Black bars indicate the months in which each species showed flowers. The numbers in the
last column indicate the corresponding literature. Pereira et al. (1989) [1], Machado et al. (1997) [2], Kill et al.
(2005) [3], Leal et al. (2007) [4], Barbosa et al. (2003) [5], Silva et al. (2008) [6], Cavalcanti et al. (2008) [7],
Amorim et al. (2009) [8], Neves et al. (2010) [9], Souza et al. (2012) [10], Souza et al. (2014) [11], Teixeira et al.
(2015) [12], Kill and Silva (2016) [13].

Months of the year witch flowers

Family/Species LD Sources
J F M A M J J A S O N

Anacardiaceae
Myracrodruon urundeuva Allemdao  DE X X X X 2,5
Schinopsis brasiliensis Engl. DE X X X X 2
Spondias tuberosa Arruda DE «x X X X X X 5
Astronium urundeuva Engl. DE «x X 2,7
Annonaceae
Isegginiopsis leptopetala (R.E.Fr.) DE  x x  x < )
Apocynaceae
Aspidosperma pyrifolium Mart. DE X X X 1,5,8
Burseraceae
Commiphora leptophloeos (Mart.
iBGillet M ek x X 2
Bignoniaceae
Ih-flc;iztc(l)rsoanthus heptaphyllus (Vell.) DE < x  x x  x 8.11
Boraginaceae
Cordia oncalyx Allemao DE X X X X X X X X 1,11
Capparaceae
Cynophalla flexuosa (L.) J.Presl EV x x x x X X X 2,8
Celastraceae
Monteverdia rigida (Mart.) Biral EV  x X X X X X 5
Combretaceae
Combretum leprosum Mart. DE X X X X X X X X 8
Euphorbiaceae
g:;dgoLsIc(o'ﬁtg f?rclzqi.zlanus (Ule) DE X X X X X X X X X 3,4
Cnidoscolus quercifolius Pohl DE «x X X X X X X 4,12
Cnidoscolus urens (L.) Arthur DE «x X 4
Croton campestris A.St.-Hil. DE x X 4
Croton conduplicatus Kunth DE x x X X 10
Croton sonderianus Miill.Arg. DE X X X X 1,2,4,10
Jatropha mollissima (Pohl) Baill. DE X X X X X X X 8,9,10,12
Jatropha mutabilis (Pohl) Baill. DE x x X 9
Jatropha gossypiifolia L. DE «x X 4
Manihot glaziovii Miill. Arg. DE x x x X X X X X X 2,11
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Months of the year witch flowers

Family/Species LD Sources
J F M A M J J A S O N D

Fabaceae
Amburana cearensis (Allemao)
AC.Sm. DE X X X 2,8
Anadenanthera colubrina (Vell.) DE  x X X X X 2.68.13
Brenan
Anadenanthera colubrina var. cebil
(Griseb.) Altschul DE xox X 38
Caesalpinia ferrea C. Mart. DE X X X X X X X X 2,8
Caesalpinia pyramidalis Tul. DE x x x x x 25811
Senna spectabilis var. excelsa
(Schrad.) H.S.Irwin & Barneby DE o >
Bauhinia cheilantha (Bong.) Steud. DE  x X X 2
Dipteryx odorata (Aubl.) Willd. DE X X X 11
Mimosa acutistipula Benth. DE x x x X X X 1,8
Mimosa caesalpiniifolia Benth. DE X X X 1
Parapiptadenia zehntneri (Harms
M.P.Lima & H.C.Lima DE - xx * 2
Chloroleycon foliolosum (Benth. DE < x  x «  x 3
G.P.Lewis
Malvaceae
Pseudobombax marginatum
(A.St.-Hil.) A. Robyns DE XXX x XX 21
Helicteres baruensis Jacq. DE x x x 2
Rhamnaceae
Ziziphus joazeiro Mart. EV  x X X X 1,2,5
Sapotaceae
Sideroxylon obtusifolium (Roem. & EV x  x  x < x  x  x 5

Schult.) T.D.Penn.

Deciduous (DE) and evergreen (EV) species
presented FPE between November and March, with
significant differences (p = 0.02; Figure 1). The months
with the most considerable number of flowering species
were December (23), January (22), February (21), and
March (23). On the other hand, the months of May (11),
June (11), and July (12) showed the lowest number of
species with flowers. Figure 2 shows the percentage of
flowering species in each phenological group throughout
the year concerning the total of the species analyzed.
Both DE and EV presented the highest number of

flowers between December and February. However, EV
had a higher number of months with flowers, even with
a reduced number of species (4) compared to DE (34).
In DE, there is a relationship between flowering and
seasonality, as 50-80% of plants bloom between October
and March, coinciding with the rainy season, the duration
of which depends on the location in the Caatinga area.
The remaining months of the year are usually the dry
period, lasting longer or resulting in years free of rainfall,
depending on the dominant climatic processes (SOUZA
FILHO; MOURA, 2006; MARENGO et al., 2011).
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FIGURE 1: Circular statistical analysis comparing flowering peaks (FPE) between phenological groups.
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FIGURE 2: Percentage of Caatinga woody species with flowers throughout the year about the total of the studied species (34 deciduous
and four evergreens). RAIN = rainy period; DRY = dry period; TR= period of transition.
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The Wilcoxon-Mann-Whitney test showed no
significant difference (p = 0.05) between the mean values
of FDU between leaf phenological groups. Besides, the
Chi-square test also did not output (p = 0.45) significant
differences between DE and EV about FDI.

Discussion

Our results showed the flowering of most of the
woody Caatinga species occurring from October to
March, which coincides with the transition from the
dry to the rainy period, reaching the middle of the rainy
period (MARENGO et al., 2011). This result is partially
in agreement with those found for the Caatinga vegetation
indicating flowering principally in the rainy season
(BARBOSA et al., 2003; AMORIM et al., 2009; LIMA;
RODAL, 2010; SOUZA et al., 2014; AMORIM et al.,
2009). Our results pointed to some convergence with that
recorded for savanna formations, such as the Brazilian
Cerrado (BORGES; PRADO, 2014; PILON et al., 2015).
According to Borges and Prado (2014), the flowering of
DE and EV Cerrado tree species is concentrated during
the transition from the dry to the rainy period (August-
November), which means that the production of flowers
for most species does not depend exclusively on soil water
availability. The dry period in the Cerrado is concise,
differing from the Caatinga, in which it can last for more
than six months or even years (SOUZA FILHO, 2003;
MARENGO etal.,2011; PRADO, 2012). In dry Mexican
rainforests, whose annual rainfall varies between 600 and
1400 mm, Valdez-Hernandez (2015) has identified that
flowering peaks occurred in two main periods: in the dry
season (March-May) and principally at the end of the rainy
season (October-November). In the dry forests of Ghana,
whose average annual rainfall is 1100 mm, 78% of the
species show flowers in the rainy season (LIEBERMAN,
1982). Hence, in seasonal climates, flowering occurs
preferentially in rainy and during the transitions of wet-
dry periods, induced by the first rainfall and changes in
photoperiod and temperature (KUSHWAHA etal., 2011).

According to Lima and Rodal (2010), some
Caatinga species do not respond primarily to rainfall
to initiate their phenophases. Analyzing 19 species,
these authors identified six that started vegetative and

reproductive phenophases during the dry period. Those
six species had low wood density (< 0.55 g/cm?®) and are
capable of storing large amounts of water (110 to 271%
of the dry weight of the wood). Therefore, irrespective
of the source of water, in soil or accumulated inside the
plant body, water availability seems to be a pivotal factor
to initiate flowering in the Caatinga.

The non-difference in the FDU between the DE
and EV Caatinga species diverges from other vegetation
under seasonal climate, with EV retaining flowers for
a longer period than DE (BORGES; PRADO, 2014;
LACERDA et al., 2018). The persistence of foliage
throughout the year is not a strategy for acquiring air
space and resources selected for the vast majority of
woody species in the Caatinga. The number of EV in
the Caatinga is meager compared to that of DE species
(SILVA et al., 2014b). About 90% of the species
mentioned in the literature and used in this study are DE
(Table 1). The persistence of annexed organs throughout
the year (even as buds with the organ in pre-formation)
in the woody axes of the crown is strongly limited or
absent. Therefore, the impermanence of annexed organs
in the dry period is related to desiccation avoidance.

Climatic factors such as evaporative air demand and
water availability in the soil conditioned by precipitation
(SILVA et al., 2014a) impose limits for the maintenance
of flowers on the woody axes, irrespective of the foliage
habit in the 38 woody species studied. The critical water
stress in the Caatinga does not allow for much variation
in reproductive phenology, resulting in similarities
concerning distribution and flowering duration between
DE and EV (Table 1). The DE and EV Caatinga species
studied are unable to meet the water demand for distinct
persistent attachments (flowers and leaves) on the woody
axes throughout the year. Water storage capacity in the
aerial or underground part is significantly limited. Even
the few species considered EV cannot meet the water
demand beyond foliage during the dry period. Hence, EV
are unable to produce flowers initially and in the middle
of the driest period (June, July, and August). Thus, the
simultaneous maintenance of foliage and flowers in the
driest period is practically unfeasible in the DE and EV
species studied.
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However, the peak of flowering in DE can be more
easily modulated without foliage competition for the
little water available in the soil or accumulated inside the
plant body. Even in the driest period (May-December),
about 25% of DE supported flowers (Figure 2). Thus,
DE species are capable of flowering throughout the year.
In August, 30% of the DE species were in bloom, while
none were EV. The ability of DE to produce flowers
during the dry period may avoid more active herbivores
during the rainy period (AIDE; ANGULO-SANDOVAL,
1997; SILVA et al., 2009). Besides, flowering during
the dry period makes flowers more visible to potential
pollinators (MANTOVANI; MARTINS, 1988). With the
foliage partially absent or free of leaves, the DE species
can sustain flowering more independently of soil water
availability than the EV. However, the more favorable
water balance in DE trees, due to the absence of a leaf
area, cannot significantly alter the FDU and FDI.

The difference between DE and EV concerning
the FPE is due to the anticipation of the latter. The
FPE of EV species occurred only during the transition
from the dry to the rainy period, from November to
February. How can EV species sustain flowering under
short and unpredictable water availability for EV in the
period transition? With a full area of foliage and under
severe water stress, the evergreen species may unfold
reproductive buds only after the first rains. This is risky
since there is no precipitation during several years in the
Caatinga area (SILVA et al., 2014a). In the literature, it
is noted that some evergreen cannot bloom during the
entire year, such as Erythroxylum pungens (AMORIM
et al., 2009) and Schinopsis glabra (MACHADO et al.,
1997). This may happen during the absence of rain,
with little water availability in the plant body, besides
the hydric demand of the full leaf area at the peak of
the dry season. Therefore, EV species probably have an
efficient root system to capture the first rains, or even
some mechanism to transport water quickly from wet
foliage and woody branches to reproductive buds.

The severe water stress in the Caatinga restricts
the variability of flowering duration and flowering
distribution throughout the year in DE and EV woody
species. The leaf phenological groups did not show
significant differences concerning those flowering
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attributes due to the inability to sustain reproductive
and vegetative annexes of woody axes simultaneously
during the dry period. Some DE showed flowering in
the dry period in a crown free of leaves. EV flowering
occurred outside the dry period. Flowering during the
dry season in DE may happen due to water accumulated
inside the plant body. The blooming peak in EV during
the transition from the dry to the wet period indicates
the ability to capture the first rains, covering the hydric
demand of full foliage and unfolded reproductive buds,
anticipating the flowering of DE. This results in a
different peak of flowering between DE and EV.
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