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CERNE

Darliana Costa Fonseca'*, Marcio Leles Romarco Oliveira', Israel Marinho Pereira', Cassia
Michelle Cabral', Cristiane Coelho Moura!', Evandro Luiz Mendonga Machado'

PHENOLOGICAL STRATEGIES OF DIOECIOUS SPECIES IN RESPONSE TO
THE ENVIRONMENTAL VARIATIONS OF RUPESTRIAN GRASSLANDS

ABSTRACT: Rupestrian grasslands present great diversity of phenological patterns in
response to the high biodiversity of this ecosystem and its environmental variation. Dioecious
species show distinction between the genders in relation to the nutritional requirements
for growth and reproduction, comprehending determining factors, especially in restrictive
environments. The purpose of the study was to comprehend the reproductive and
vegetative phenology of the dioecious species Baccharis playtypoda, joining the phenological
strategies with the sexual system and the environment seasonal variations. The study was
performed in three areas of rupestrian grassland, where the phenology of thirty plants from
September/2010 through September/201 | was observed. The Fournier intensity method,
Spearman’s correlation and circular analysis were used. The reproductive phenophases
began in February and ended between September and October, while the vegetative
phenophases presented intensity variation during that period. The vegetative phenophases
of both genders has shown low seasonal standard, while the reproductive phenophases
has presented strong seasonality. The species B. platypoda has presented little variations in
the phenological strategies of male and female individuals, mainly during the reproductive
phenophases and in the vegetative growth for the allocation of resources. The species’
reproductive phenology had been associated to some environmental variables, mainly for
the fructification phenophases, while the vegetative phenology, in general, had been most
associated to the reproductive phenology of the species.

ESTRATEGIAS FENOLOGICAS DE ESPECIES DIOICAS EM RESPOSTA A
VARIACOES AMBIENTAIS DOS COMPLEXOS RUPESTRES

RESUMO: Complexos rupestres apresentam uma grande diversidade de padrées fenolégicos
como resposta a alta biodiversidade deste ecossistema e sua variacao ambiental. Espécies
dioicas apresentam distingdo entre os sexos quanto as exigéncias nutricionais para crescimento
e reproducao, compreendendo fatores determinantes na variagao da fenologia reprodutiva
e vegetativa, principalmente em ambientes restritivos. O estudo objetivou compreender
a fenologia reprodutiva e vegetativa da espécie dioica Baccharis platypoda, associando as
estratégias fenoldgicas ao sistema sexual e as variagdes sazonais do ambiente. O estudo foi
realizado em trés areas de campo rupestre, onde foi observada a fenologia de trinta plantas,
entre setembro/2010 e setembro/201 | . Foram aplicados o método de intensidade de Fournier,
correlacao de Spearman e andlise circular. As fenofases reprodutivas tiveram inicio no més de
fevereiro com encerramento entre setembro e outubro, enquanto que as fenofases vegetativas
apresentaram variacoes de intensidade ao longo desse periodo. As fenofases vegetativas de
ambos os sexos apresentaram baixo padrao sazonal, enquanto que as fenofases reprodutivas
apresentaram forte sazonalidade. A espécie B. platypoda apresentou pequenas variacdes nas
estratégias fenoldgicas de individuos masculinos e femininos, principalmente na duracao das
fenofases reprodutivas e no crescimento vegetativo para alocacao de recursos. A fenologia
reprodutiva da espécie esteve associada a algumas variaveis ambientais, principalmente para
as fenofases de frutificagdo, enquanto que a fenologia vegetativa, de modo geral, esteve mais
associada a fenologia reprodutiva das espécies.
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INTRODUCTION

The vegetal species phenology is constantly
being associated to the environmental variables when
determining the reproductive and vegetative events
(DIAS; OLIVEIRA-FILHO, 1996; BATALHA et al.,
1997; LENZA; KLINK, 2006; TOOKE; BATTEY, 2010;
TORRES; GALETTO, 2011; SEGHIERI et al., 2012;
CHAURASIA; SHUKLA, 2016). The adaptation of the
species when relating the life cycle and the reproductive
success to the availability of resources in time and space
avoids the competition and guarantees an efficient use of
resources (LENZA; KLINK, 2006; OLIVEIRA, 2008). The
seasonality is associated only to the need of resources
allocation in specific periods of the reproductive cycle
(OLIVEIRA, 2008; TORRES; GALETTO, 201 I).

The dioecious species have presented distinction
between the genders in relation to the nutritional
requirements necessary for its growth and reproduction
(BAWA, 1980; MATSUYAMA; SAKIMOTO, 2008). Female
plants may present variation in the flowering quality because
of its sensibility to the punctual environmental variations
(THOMAS; LAFRANKIE, 1993), showing that there are
differences in the allocation of resources between male
and female individuals (BULLOCK et al., 1983; THOMAS;
LAFRANKIE, 1993). In other situations, the differences are
only found in the responses in the reproductive process
(MATSUYAMA; SAKIMOTO, 2008).

Sexual differences in the reproductive cycle can be
evolutionary answers to the success in the search by the
opposite sex (GRANT, 1995). Those differences represent
determining factors in the variation among the reproductive
phenophases standards for the dioecious species (LENZA;
OLIVEIRA, 2005; 2006; AMORIM; OLIVEIRA, 2006;
OTAROLA et al., 2013). They are results of the adaptations
of the plants of different genders to the environmental
conditions which favor the pollination (SUTHERLAND;
DELPH, 1984; LENZA; OLIVEIRA, 2006) as greater
flowering period and differences in the quantity of flowers
in disposition of pollinizers (BAWA, 1990; BULLOCK;
BAWA, 1981; THOMAS; LAFRANKIE, 1993; MUNGUIA-
ROSAS et al., 201 I; OTAROLA et al., 2013; MATSUHISA;
USHIMARU, 2015). The same thing occurs with the
vegetative growth among different genders individuals.
Some species show difference between genders in relation
to the period and intensity of the vegetative phenology
(SAKAI; BURRIS, 1985; MATSUYAMA; SAKIMOTO,
2008) while others showed similar gender standards
(MATSUYAMA; SAKIMOTO, 2008).

The rupestrian grasslands are mosaics of vegetation
formations, occurring above 900m altitude with occurrence
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of rocky outcrops (VASCONCELOS, 2011; BORGES et
al,, 201 I; SILVEIRA et al., 2015) associated with shallow,
sandy and poor quartzite soils in nutrients, often found in
the extension of the Espinhaco Range (VASCONCELOS,
2011; MESSIAS et al.,, 2013; LE STRADIC et al.,, 2015;
SILVEIRA et al., 2015). In this environment, plants are
under stressful conditions due to strong solar radiation,
abrupt temperature variations, intense and constant winds
and a prolonged water deficit in the dry season (SILVEIRA
et al., 2015). Under these unhealthy conditions, the
plant species from these areas present physiological and
morphological adaptations that allow them to survive the
extreme conditions, which secures the existence of high
levels of endemism (GASTAUER et al., 2012; LE STRADIC
et al.,, 2015; SILVEIRA et al., 2015; FERNANDES, 2016).
However, this rich and unique ecosystem suffers from the
constant anthropogenic threats that threaten to reduce all
the existing biodiversity in the rocky regions (FERNANDES
etal, 2014; LESTRADIC et al., 2015; SILVEIRA et al., 2015).

The rupestrian fields are rich in herbaceous
and shrub species (VASCONCELOS, 2011; ALVES
et al,, 2014; SILVEIRA et al.,, 2015), and have a low
frequency of tree species, with families as Asteraceae,
Cyperaceae, Eriocaulaceae, Melastomataceae, Poaceae
and Xyridaceae (CONCEICAO et al., 2007; BORGES et
al,, 201 1; MESSIAS et al., 201 I; GASTAUER et al., 2012;
SILVEIRA et al.,, 2015), the richest and most numerous
in this ecosystem. Therefore, studies about dioecious
species in areas of rupestrian grasslands are scarce, since
this sexual system is associated to perennial, woody
species occurring in tropical forest areas, presenting
small opaque flowers and the production of fleshy fruits.

The dioecious species population phenology
study shows a studies source on the spatial and temporal
segregation of the reproductive and vegetative cycles of
different gender individuals in relation to other vegetal
populations, granting the productive success of the
species in the resources competition. Considering that
dioecious species represent about |/4 of all the life forms
and that those values can be higher in taxons yet poorly
studied (BAWA, 1980), it is necessary to correlate the
phenological standards with the vegetal species genders
under seasonal environmental variations, which is
characteristic of rupestrian grassland areas.

Thus, the objective of the present study was to
describe the reproductive and vegetative phenology
associating the reproductive strategies to the dioecious
sexual system and to the environment seasonal variations.
In this sense, the following questions were tried to be
answered: |). Does the species show different phenological
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strategies between the genders? Il). Do the phenophases
show correlation with the climatic seasonality?

MATERIAL AND METHODS

Study area

The study took place in areas next to “Cérrego do
Soberbo” (Soberbo stream), at 18° |1’ 50.4” S and 18°
12’ 10.8” S latitude and 43° 33’ 53.8” W and 43° 34’ 4.9”
W longitude, in JK Campus, of the Federal University of
Jequitinhonha and Mucuri Valleys (UFVJM) in Diamantina
— MG, where the humid fields and rupestrian grassland
were found.

The climate in the area is Cwb type, according to
the Képpen classification, having dry winter from June
through August, and rainy summer from November
through March, with transition periods from April
through October. During the rainy period, the average
rainfall is 216.34 mm, and the annual average 1404.7
mm (INMET, 2012), similar to the described pattern
for rupestrian field areas, with annual rainfall varying
between 800 and 1500 mm and the dry season with an
average duration of two months (ALVES et al., 2014).
The climate in the area shows average temperatures
18°C and 20°C:
were recorded in December and January, and lower
temperatures in June and July (NEVES et al., 2005).
During the phenology observation period, the months
November and December 2010 and March 201 | have
shown higher level of rainfall than the one observed for

between higher temperatures

the previous years, when the months from March to
September were the driest (INMET, 2012) (Figure 1).
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FIGURE | Values for precipitation (vertical bars) and maximum
temperature (- ® -) and minimum temperature
(- ° -) for the period of September/2010 to
September/201 1, wherein the phenology of
Baccharis platypoda DC populations was observed.
located in three areas of rupestrian grassland,
Diamantina, Minas Gerais.

CERNE
Studied plant

Baccharis platypoda DC. is a dioecious bush
belonging the Asteraceae family, and is often found in
rocky fields and altitude biomes in rocky outcrop or in
hydromorphic fields with fertile soil. In the Cerrado, it
is present in open fields, which occur in marshy areas,
in sandy soils accumulated within rocks or in riparian
forests (BORGES; FORZZA, 2008).

The individuals are between | and 2.5m tall,
and both genders present numerous inflorescences
organized in chapters (BARROSO, 1976; BORGES;
FORZZA, 2008). Female plants present apical glomerular
chapters, and male plants present corymbiform chapters
(BARROSO, 1976; BORGES; FORZZA, 2008); this
characterizes a sexual dimorphism between male and
female individuals during the reproductive period.

Data collection

The matrices of B. platypoda selected for the
phenological analysis were composed of thirty individuals,
fifteen of each gender. Botanic material from male and
female individuals was prepared as witness, which was
deposited at Herbario Dendroldgico Jeanine Felfili
(HDJF) from UFVJM, with registration number HDJF
964, HDJF 965 and HDJF 966.

The phenological observations happened from
September/2010 to September/2011, with biweekly
visits. The Fournier (1974) quantitative method was used
for the flowering, fructification and leafage evaluation in
several levels of development. For the flowering, the
presence of flowering buds, immature flowers, mature
flowers and concluded flowering were observed. The
fructification was evaluated by means of the observation
of immature, mature and dispersing fruits. The vegetative
phenology was determined by the occurrence of leaf fall,
the presence of mature leaves and budding.

Climatic data

In the period between September/2010 and
September/201 |, rainfall, temperature, humidity and
insolation climatic data were given by the Estacao
Climatoldgica Principal de Diamantina (Diamantina Main
Climatological Station) (18° I5’S, 43° 36" W, 1296m

altitude), located about five kilometers from the study area.

Data analysis

The phenophases intensity observed was calculated
through Fournier’s index of intensity (1974), where the sum
of the biweekly intensities was divided by the maximum
possible value obtained by the number of sampled
individuals multiplied by the higher intensity (I5x4=60)
and, afterwards, multiplied by 100 to obtain the percentage
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of each event intensity (BENCKE; MORELLATO, 2002).
The relations between the vegetative and reproductive
phenophases and the climatic factors intensities observed
for each fortnight were tested acoording to Spearman’s
correlation (r). The data were analyzed using the software
STATISTICA, version 10 (STARSOFT, 2012).

The most frequent period of each reproductive
and vegetative phenophase during the phenology
observation was calculated through the circular analysis,
where the average angle and date was determined,
indicating the occurrence period of a determined
phenophase over the year (MORELLATO et al,
2000). The seasonality of the phenological events was
determined by the test of Rayleigh (Z) and the coefficient
r, to verify the concentration of the events in each
period, indicating the seasonality level (TALORA;
MORELLATO, 2000; MORELLATO et al, 2000). If
the Z test has showed significant values (p<0.05), the
event has presented seasonality and the r coefficient
values indicated the seasonality level (MORELLATO et
al., 2000). The circular analyses were performed on the
ORIANA software, version 4.01 (KOVACK, 201 ).

RESULTS

Reproductive phenology

The flowering buttons were observed from
February to June, and there was a decline from May on
which ended in mid of June. It was possible to notice that the
male flowering buttons showed a higher peak of intensity at
the beginning of the event in relation to the female buttons,
which remained for a longer period (Figure 2A).

The occurrence of immature flowers has
concentrated in the period of March to July for male
individuals, from April to July for female individuals (Figure
2B). The female flowers have shown lower intensity,
with briefer immature flowers occurrence in relation to
the male ones, although there was a slight synchronism
between the genders at the end of the event.

The presence of mature flowers in male and
female individuals has occurred in distinct time intervals
(Figure 2C). Male plants presented mature flowers
between April and July, with peak in the mid of June.
Female flowers had matured between May and October,
keeping stability in the occurrence of phenophase
between July and the beginning of September.

The flowering conclusion for male individuals
began in May and ended in October, while female
individuals’ flowering was concluded from September
on (Figure 2D). The male flowering concluded with
higher intensity in July and declined from the second half
of August on. The concluded flowering concentration
occurred in different periods for both gender individuals.

520

ENVIRONMENTAL VARIATIONS OF RUPESTRIAN GRASSLANDS

100 -

80

60

40

Intensity (%)

20 -

100 4

80

60 -

Intensity (%)

40

20

Sep
Oct
oct |
Nox
Nox
De:
Aug
Aug !
Sep !

100 4

80 | .

-
=]

Intensity (%)

F
S

20 -

Sep
Oct
Oct
Nov
Nov
Dec
Dec
an
an
Apr
Apr
May
May
Jun
Jun
Jul
Jul
Aug
Aug
Sep

2010 2011

100 4

80

Intensity (%)

20

> e e
& 5 5

>
)

Z 2
2010 2011

Dec
Jan
Jan
Jan
Feb
Feb

5 5
< <

Jul
Jul
Aug
Aug
Sep

&
=

Mar

FIGURE 2 Intensities of the flowering phenology of male
subjects (—*—) and females (---°--) of Baccharis
platypoda located in three areas of rupestrian
grassland, Diamantina, Minas Gerais. The method
of intensity Fournier, for abscission of floral buds
(a), immature flowers (b), mature flowers (c)
and completed flowering (d) was employed.
The observation period of phenology was
September/2010 to September/201 I.
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The sampled plants have produced immature
fruits between June and August, with peak of intensity
at the beginning of July, declining afterwards (Figure 3A).
Occurrence of mature fruits was observed between July
and October, with maximum intensity at the beginning
of August (Figure 3B). Dispersing fruits were noticed
between July and October, with increase of intensity in

CERNE

TABLE | Results of the circular analysis for the level of
phenology seasonality of female () and male
individuals () of Baccharis platypoda, located at
the margin of the Cdrrego Soberbo, Diamantina,
Minas Gerais and sampled in the period of
September/2010 to September/201|. The analysis
determined the average angle (MA) and the average
date ( DM ) of occurrence of phenological events

September and October (Figure 3C).

The reproductive phenology has shown high
seasonality level, determined by the r and Z test that
were significant (p < 0.05) (Table I). The circular analysis
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FIGURE 3 Intensities of fruiting phenophases of female
individuals Baccharis platypoda located in three areas
of rupestrian grassland, Diamantina, Minas Gerais.
The method of intensity Fournier, for abscission of
immature (a) fruits , ripe fruit (b), fruit dispersion (c)
was employed. The observation period of phenology
was September/2010 to September/201 |.

where: r: coefficient of concentration, Z: Rayleigh
test with p < 0,05.

Circular Analysis
Phenophase  —cos™ M DM r z
Reproductive Phenophase
) © 200.788° 20,apr 0.908 465.495*
Fowering Buttons = 194.119° 13.apr 0924 439.252*
Immature Flowers @ 240,026° 30,may 0.96  93124*
4 227.983° 19, may 0938 213081*
Mature Flowers @  308,309° 07,aug 0.78 425|08*
Jd  256.689° 16,jun  0.926 261426*
Flowering Q 3.406° 02,oct 0.997 80458*
Conclusion 4 307,852° 07,aug  0.829 432788*
Immature Fruits Q  282.758° 11,jul 0.972 164.331*
Mature Fruits Q 330.686° 30,aug  0.864 376.911*
Dispersing Fruits Q  352.118° 22,sep 0.867 185.075*
Vegetative Phenophase
Budding Q  346.286° 13,sep 026 21.6*
4 310.547° 09.aug 0.615 233.451*
Mature Leaves ¢ 150,877° 03, mar 0.093 18,501*
& 172,853° 23, mar 0,096 20,835*
Leaf Fall @ 254361° 13,jun 0207 24,512*
4 248.649° 09,jun  0.183  16,877*

* significative a 5%.

has indicated the month of April as average date for the
formation of floral buttons; May for immature flowers.
The mature flowers have presented average date of
occurrence in June for male plants, and August for female
plants. The species has presented August as average
date for the conclusion of male flowering and October
for the female flowering. As for fruits, the species has
presented July as average date for the occurrence of the
immature fruits, followed by August for mature fruits,
and September for the dispersing fruits.
The phenophases of immature flowers of male
and female plants have presented negative correlation
with the rainfall, insolation, and maximum and minimum
temperatures climatic variables, while the female
immature flowers have presented positive correlation
with the average temperature and, the male ones,
negative correlation (Table 2). Male and female mature
flowers have presented negative correlation with rainfall
and maximum and minimum temperatures, being that for
the average temperature there was positive correlation.
The mature male flowers have also presented negative
correlation with the insolation and the mature female
flowers, positive correlation with the temperature
amplitude. Only the completed flowering of male plants
has presented significant correlation among rainfall,
temperature and temperature amplitude.
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TABLE 2 Spearman correlation coefficients (rs) between
the vegetative and reproductive phenophases of
Baccharis platypoda and environmental variables
of precipitation (PP), humidity (A), sunshine
(IN), maximum (TMAX), minimum (TMIN) and
average (TMED) temperatures and temperature
range (TA) for the period of September/2010 to
September/201 1. The values were estimated for
male (J) and female (9) individuals separately
sampled near the edge of Coérrego Soberbo,
Diamantina, Minas Gerais.

Reproducti
CProductive et PP W IN TMAX TMIN TMED AT
Phenophase
Flowering
Fowering Q -0.06 -0.18 -0.15 -0.27 -0.04 -0.16 -0.35
Buttons 4 -0.02 -0.21 -0.09 -0.28 -0.02 -0.16 -0.39
Immature  Q  -0.55% 0.39 -0.59* -0.61* -0.58* 0.63* 0.10
lowers & -0.46* 0.17 -0.50* -0.56* -0.46* -0.52% -0.06
Mature ~ Q -0.80% 0.36 -0.31 -0.41% -0.77% 0.62* 0.67*
Flowers & -0.54* 0.28 -0.56* -0.58* -0.56* 0.60% 0.11
Flowering Q -0.04 -031 -0.33 -0.32 007 023 037
Conclusion & -0.79% 0.39 -0.34 -0.42* -0.76* -0.61* 0.65*
Fruit Set
i
MMALUTe o _0.65% 028 -0.24 -0.41% -0.62% -0.55% 0.41%
Fruits
M
AU o 052% 0.18 -0.09 -0.04 -0.46* -0.26 0.67*
Fruits
Dimas
SPETSINg o 0.40% 021 -0.12 -0.07 -0.44* -029 0.56*
Fruits
Vegetative Phenophase
QO -0.12 0.16 -027 00l -0.23 -0.12* 0.30
Budding
3 -061* 027 -0.19 -0.38 -0.68* -0.58* 0.54*
Mature ~ §Q -0.80% -0.36 -0.31 -0.41* -0.77* 028 0.67*
Leaves & -0.17 0.16 -0.16 -0.51* -0.25 -0.41* -0.37
QO -0.44* 0.06 -0.22 -0.33 -0.46* -0.42* 0.14
Leaf Fall
4 -035 0.02 -0.17 -0.50 -0.46* -0.50% -0.01
< 0,05.

* significative for p

The phenology of immature fruits has presented
negative correlation with the rainfall and temperature
climatic variables, and for the temperature amplitude,
it showed a positive correlation (Table 2). Mature and
dispersing fruits showed negative correlation with
the rainfall and minimum temperature and positive
correlation with temperature amplitude.

Vegetative phenology

The budding occurrence has shown low
intensity levels, with little variation from November
to April, and the intensity decline was from October
on (Figure 4A). For male plants, there was an intensity
increase from May on, unlike the female plants, which
showed a slight intensity increase between April and

July and afterwards in August.
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The presence of mature leaves was observed over
all the period of study, with intensity levels over 48%,
both to the female and male plants (Figure 4B). Male
plants have shown maximum intensity for the mature
leaves in January, April and August. Female plants have
shown the phenophase with higher intensity in the end
of January and between July and August. Both female and
male plants have presented an increasing standard in that
phenophase intensity between October and November.

The leaf fall occurred for both genders, in low
intensity, during all the period of phenology observation,
and between February and July there was a phenophase
intensity increase for female plants and stability for the
male plants (Figure 4C). In the end of December and
beginning of January, the presence of leaf fall for both
genders was not observed.
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FIGURE 4 Intensities of the vegetative phenology of female
individuals (---o--) Baccharis platypoda located in
three areas of rupestrian grassland, Diamantina,
Minas Gerais. The method of intensity Fournier for
phenophases budding (a), mature leaves (b) and leaf
fall (c) was employed. The observation period of
phenology was September/2010 to September/201 1.
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The circular analysis determined that the
vegetative phenophases of the plants of both genders had
shown seasonal standard (significant z test for p<0.05%),
but with low levels of seasonality determined by the r test
(Table I). The budding occurrence for the male plants
had August as average date, while the female plants had
September as average date for this phenophase. The
mature leaves phenophase had average date in April and
the leaf fall had June as average date for both genders.

For the budding of female plants, there was
correlation only for the average temperature (Table 2).
And the budding phenology of male plants had correlation
with the rainfall, minimum and average temperature and
positive correlation with the temperature amplitude.
The occurrence of female mature leaves showed
negative correlation with the rainfall, maximum and
minimum temperature and positive correlation with the
temperature amplitude, while the male plants showed
negative correlation in mature leaves with the maximum
and average temperatures. The plants of both genders
showed negative correlation with the maximum and
minimum temperatures. However, for the female leaf
fall, there was negative correlation with the rainfall,
and for the male leaf fall, negative correlation with the
maximum temperature.

DISCUSSION

Reproductive phenology

It was possible to observe a low synchronism
among some phenophases of the studied plant, and
it was highlighted for other species of the genre
Baccharis (ESPiRITO—SANTO et al., 2003). The species
demonstrated that there is a dependence on the rainfall
and temperature for the occurrence of the reproductive
events, although it does not point any dependence on
the studied abiotic variables to initiate the emission of
floral buttons. In vegetal species, the beginning of the
reproductive period is associated to mechanisms that
grant the appearing of flowers in favorable environmental
conditions, and it can be associated to seeds dormancy
processes (TOOKE; BATTEY, 2010) and to the high
availability of nutrients accumulated in reserves by
each plant, ensuring the reproduction under adverse
conditions such as low water availability (SINGH;
KUSHWAHA, 2006; CHAURASIA; SHUKLA, 2016).
However, Oliveira (2008) states that only the dispersion
phase associated with seed establishment is dependent
on weather conditions, determining the temporal
distribution of the remaining phenophases.

CERNE

In the study period, the species showed only
one reproductive cycle over the year, and that is the
observed standard for the arboreal species from the
Cerrado (PIRANI et al., 2009) and rupestrian grassland
(CONCEICAO et al., 2007; BELO et al., 2013) as
dioecious species (OTAROLA et al., 2013; BENEVIDES
et al, 2015). Thus, the species showed a certain
dependence on favorable weather conditions in specific
periods, like the low humidity, to initiate the seeds
dispersion or the increase in the humidity to facilitate the
germination and fixation of the seed. The flowering for
some species can be related to the average temperature,
and this abiotic variable is determining in the emission of
flowering buttons and flowers maintenance in anthesis
(TOOKE; BATTEY, 2010; TORRES; GALETTO, 201 1).

The flowering cycle presented by B. platypoda in
the study was considerably long (nearly eight months). This
shows that a long flowering tends to be a standard for the
dioecious species (FORERO-MONTANA; ZIMMERMAN,
2010; OTAROLA et al., 2013; BENEVIDES et al., 2015),
with the beginning of the cycle during the rainy period
and flowering conclusion with the end of the dry season
(BULLOCK; BAWA, 198I; BULLOCK et al., 1983;
CHAURASIA; SHUKLA, 2016). Kochmer and Handel
(1986) noticed an average flowering time of eight months
(including for the Asteraceae species), while Otarola et
al. (2013) observed a flowering period for 10 months in
Virola specie, what justified the long flowering period of
B. platypoda. One flowering at the end of the rainy season
grants a higher concentration of humidity necessary for
the flower buttons formation and, because it extends
to the dry period, it grants conditions for the flowering
conclusion, fruits maturation and dispersion (REYS et al.,
2005), indicating that the flowering time is strictly related to
the great period for fruit dispersion (TORRES; GALETTO,
201 ). Species from Cerrado tends to initiate the flowering
cycle in the end of the humid season and beginning of the
dry season, with low humidity level (TANNUS et al., 2006;
PIRANI et al., 2009), the same being observed for species
of rupestrian fields (BELO et al,, 2013). The standard
also occurs for other dioecious species which presented
flowering in the humid season (LENZA; OLIVEIRA, 2005;
BENEVIDES et al., 2015). Thus, female and male plants
depend on higher humidity and temperature in the initial
stage of the sexual organs formation and less humidity and
temperature in the production of gamete production and
release of chick-pollen, which will ensure pollination and
seed formation.

The reproductive strategy presented by B.
platypoda during the study has demonstrated that there
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is need for a major time interval, since it presented a
long flowering period. The longer flowering time is often
associated to a lower plant flower concentration, while
species with shorter flowering periods have shown a
higher concentration (TORRES; GALETTO, 2011).
In dioecious species a big exposition of male flowers
and the chick-pollen is related to the increase in the
flowering time (BULLOCK; BAWA, 1981; MUNGUIA-
ROSAS et al, 2011), thus increasing the pollination
capacity (QUEENBOROUGH et al., 2013; MATSUHISA;
USHIMARU, 2015), while females only need the period
necessary to receive the pollen grain to ensure the
production of seeds (OTAROLA et al., 2013), presenting
shorter and more intense capacity (MATSUHISA;
USHIMARU, 2015)

The flowering in dioecious individuals tends to
present distinct occurrence time between male plants
and female plants (MUNGUIA-ROSAS et al, 2011;
MATSUHISA; USHIMARU, 2015). The female flowering
is delayed and synchronized with the peak intensity of
male plants and an earlier male flowering was associated
with the competition among individuals of the population
for greater dispersal of gametes and consequently, their
characters (BULLOCK; BAWA, 1981; GRANT, 1995;
MUNGUIA-ROSAS et al., 2011; QUEENBOROUGH
et al.,, 2013; MATSUHISA; USHIMARU, 2015). Female
flowers support longer flowering cycle, maintaining
a longer lasting bloom in relation to male flowering
(ESPIRITO-SANTO et al, 2003; MATSUHISA;
USHIMARU, 2015), explained by the need for longer
visits by pollinators. However, the male plants maintain
immature and mature flowers for longer, ensuring an
increase in the grain-of-pollen flow (BAWA, 1980).

The fruiting period occurred during the dry season
(approximately five months), facilitating the dispersion of
seeds, confirmed by completion of abscission of fruiting
along with the beginning of the rainy season. In areas
of rocky fields, the species have a fruiting pattern that
ensures the wind by seed dispersal, occurring in periods
of dry weather or dry to wet transition (ROCHA et al.,
2016). Thus, B. platypoda presented a pattern similar to
that observed for anemocoric species occurring in rock
field areas. This pattern is also observed for Cerrado
species, with the release of wind dispersed seeds
during the dry season (BATALHA et al., 1997; LENZA;
KLINK, 2006). The release seeds during the rainy season
promotes germination and seedling development, the
greater availability of water and nutrients in the soil
(SINGH; KUSHWAHA, 2006; OLIVEIRA, 2008; PIRANI
et al., 2009).
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Anemochoric species depend directly on the
strength and frequency of winds to release seeds
(CONCEICAO et al., 2007) and therefore depend on
the driest season and greater occurrence of winds. The
fruiting of anemochoric species tends to have a negative
correlation with rainfall and a positive one with average
temperature (TALORA; MORELLATO, 2000; PIRANI
et al., 2009; NUNES et al,, 2012), allowing the wind
dispersed seeds to lose moisture and become lighter to
be scattered by the winds (BATALHA et al., 1997). In
areas of rupestrian fields, this is a significant adaptation
because it allows dispersion of seeds to areas farther
away from the mother plant, avoiding competition
among young individuals and consequently the greater
geographical occupation with greater chances of survival
of the species (CONCEICAO et al., 2007). The seeds of
B. platypoda showed feathery structures that facilitated
the dispersal by wind during dry periods, distending
completely when the environment humidity is low
(BARROSO, 1986).

Vegetative phenology

Species with vegetative growth throughout the
year are associated with carbon assimilation during all
seasons of the year (OLIVEIRA, 2008), and can be seen as
an adaptive to competition or the use of available niches
strategy (SEGHIERI et al., 2012). The vegetative cycle of
the species studied showed patterns of evergreen plant
with continuous renewal of foliage throughout the year
and at low intensity. Elements that restrict the production
of biomass (stress) can interfere with the intensity of
vegetative phenology of species occurring in severe
environments (alpine pastures), helping the vegetative
species have evergreen standard (AL-MUFTI et al,
1977). However, vegetative pattern of evergreen species
to savannas is an adaptation to drought and is considered
drought resistant species (SEGHIERI et al., 2012).
This pattern tends to have a positive correlation with
temperature for the production of leaves and a negative
correlation with rainfall and average temperature for the
leaves to fall (TALORA; MORELLATO, 2000; AMORIM;
OLIVEIRA, 2006). Pirani et al. (2009) found a 20%
share of Cerrado species with evergreen pattern, with
continuous renewal of foliage. Thus, B. platypoda showed
the same pattern observed for Cerrado.

The budding showed an increase in intensity
during the dry season, as well as the phenology of leaf
fall, with both maintaining a low intensity during the rainy
season and a drop in intensity coinciding with the end of
the dispersion and start of new phenological cycle. For
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dioecious species, the increase of the intensity of budding
in the dry season in male plants in relation to the female
ones and the coincidence with the production of fruits
was reported by Amorim and Oliveira (2006). However,
Espirito-Santo et al. (2012) observed that Baccharis
retusa DC. showed budding during the dry season, while
Baccharis dracunculifolia DC. and Baccharis concinna G.M.
presented vegetative growth during the rainy season.
Female individuals tend to allocate resources
during the breeding season for flowering and fruiting,
decreasing rates of vegetative growth (ESPiRITO-SANTO
et al.,, 2003) and justifying the decrease in intensity of
budding and formation of new leaves for females of B.
platypoda. For male plants, the reproductive cycle is
shorter for not dispersing funds for the production and
maturation of seeds, allowing a significant increase in the
intensity of vegetative phenophases (GRANT, 1995).

CONCLUSIONS

The species B. platypoda showed small variations
in phenological strategies of male and female individuals,
especially the duration of reproductive phenophases
and vegetative growth for resource allocation. Male
and female individuals showed variations in the timing
of phenology of both genders, with male individuals
flowering earlier and longer than female subjects. The
reproductive phenology of the species was associated
with some environmental variables (precipitation and
temperature), especially for fruiting phenophases,
while the vegetative phenology, in general, was more
associated with the reproductive phenology of species.
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