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ABSTRACT — Knowledge about the effects of fire on sexual reproduction of Cerrado woody species is fundamental
for elaborating public policies and management plans for its conservation. The present study evaluated the
effect of a controlled burning on flowering and fruiting of Anacardium humile in an Cerrado stricto sensu
environment, in Cavalcante, GO. An area with no fire records for five years was submitted to controlled burning
in May 2016, used as the experimental area and its adjacent areas protected from fire as control area. In
each area, 16 reproductive individuals were selected and their production of floral buds, flowers and fruits,
followed up for 17 months. In 2016 the production of reproductive structures was higher in the control area,
since the majority of individuals of the burned area invested in the recovery of vegetative structures (branches)
damaged by fire. Only three individuals flowered in the burned area in 2016 and presented greater effort in
the production of buds and flowers per panicle than the individuals in the control area, however, the fruit
set was equal between the areas. One year after fire, the production of reproductive structures became equal
between areas. The control area presented higher fruit production in 2017 in comparison to 2016, indicating
a variable pattern in annual fruit production. The impact of fire on the reproductive structures of 4. humile
is greater in the same year of fire and its reproductive potential can be normalized in the subsequent year.

Keywords: Controlled burning; Reproductive phenology, Fruiting rate.

EFEITO DO FOGO NA FLORACAO E FRUTIFICACAO DE Anacardium humile
(ANACARDIACEAE) EM CERRADO stricto sensu

RESUMO — O conhecimento acerca dos eféitos do fogo na reproducdo sexual das espécies lenhosas do Cerrado
é fundamental para a elaboragdo de politicas publicas e de ferramentas de manejo para a sua conservagao.
O presente estudo avaliou o efeito de uma queima controlada na floragdo e frutificagdo de Anacardium
humile em ambiente de cerrado sentido restrito, em Cavalcante, GO. Uma area sem registro de fogo ha
cinco anos foi submetida a queima controlada em maio de 2016 e utilizada como darea experimental e suas
adjacéncias protegidas do fogo como dareas controle. Em cada area, 16 individuos reprodutivos foram selecionados
e sua produgdo de botées florais, flores e frutos, acompanhada por 17 meses. Em 2016 a produgdo de estruturas
reprodutivas foi maior na drea controle, uma vez que a maioria dos individuos da darea queimada investiu
na recuperagdo das estruturas vegetativas (ramos) danificadas pelo fogo. Apenas trés individuos floresceram
na drea queimada em 2016 e apresentaram maior esforgo na produgdo de botées e flores por panicula do
que os da drea controle, todavia, a taxa de frutificacdo foi igual entre as areas. Um ano apds a queima
a producgdo das estruturas reprodutivas tornou-se igual entre as dreas. A drea controle apresentou maior
produgdo de frutos em 2017 comparada a 2016, indicando padrado varidvel na produgdo anual de frutos.
O impacto do fogo nas estruturas reprodutivas de A. humile é maior no mesmo ano de queima e seu potencial
reprodutivo pode ser normalizado no ano posterior.

Palavras-Chave: Queima controlada; Fenologia reprodutiva; Taxa de frutificacdo.
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1.INTRODUCTION

The biome Cerrado has been living with fire for
more than 32,000 years (Salgado Laboriau and Ferraz-
Vicentini, 1994), with natural fires due to the action of
rays occurring at late dry season and during rainy season
(Ramos Neto and Pivello, 2000). However, in recent history
the fire frequency has been significantly altered due
to the anthropogenic actions, contributing to increasing
the degradation of this biome considered one of the
great world biodiversity hotspots (Myers et al., 2000;
Fiedler etal., 2004). Fires can affect flowering and fruiting
(Miranda, 1995; Sanaiotti and Magnusson, 1995; Miola
etal.,2010; Palermo and Miranda, 2012; Frangoso et
al.,2014; Deus et al.,2016; Sato et al., 2018), including
pollinators richness and abundance (Giehl et al., 2013;
Deus et al., 2016), seed dispersion, recruitment and
mortality rates of several species (Miranda and Sato,
2005; Medeiros and Miranda, 2005; Cirne and Miranda,
2008; Bouchartdet et al., 2015) especially in the driest
months (Costa and Rodrigues, 2015).

Knowledge about the effects of fire on the sexual
reproduction of woody species is still poor regarding
the rich and complex diversity of the Cerrado (Miranda
and Sato, 2005; Palermo and Miranda, 2012). Even species
that share characteristics of size and growth forms
may present different responses to fire on their
reproductive phenology (Sanaiotti and Magnusson,
1995; Dodonov et al., 2018), even though habit and
being deciduous favor common patterns of plant
phenological responses to fire (Miranda, 1995; Lucena
etal., 2015). Moreover, contrary to what is observed
in other flammable ecosystems around the world, in
the Cerrado-forest mosaic, seed germination is not directly
linked to the presence of fire (Andrade, 2017),
corroborating that there is no way to generalize the
effect of fire on the Cerrado species.

Understanding the reproductive behavior of the
Cerrado’s woody plants when burned is fundamental
for the development of strategies for species
conservation and constitutes a priority information
for the elaboration and implementation of a national
fire policy, using fire as a tool for conservation in public
and private areas (Durigan and Ratter, 2016). In fact,
prescribed burning that consist of the application of
carefully controlled fires, with defined climatic conditions
and fuels for lands management or ecological objectives,
involving a written plan, or even a controlled burning
to eliminate or reduce fuel to control the spread of
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fire in sensitive ecosystems (Myers, 2006), is one of
the available tools that makes it possible to reproduce
the appropriate role of fire in the maintenance of Cerrado
species. For using fire in the Cerrado conservation,
research about its effect on biota is necessary, where
some adaptive characteristics have been identified,
as well as adverse effects derived from the current
fire regime (Medeiros and Fiedler, 2004). Moreover,
such research should be carried out at sites with a
higher frequency of wildfires and in different floristic
compositions, encompassing effects on the fauna (Arruda
etal., 2018), using multiple variables and evaluating
their effects at the biome level in long-term experiments
(Gomes etal., 2018).

The present study aimed to evaluate the effect
of fire on flowering and fruiting of Anacardium humile
specimens, comparing the response of individuals located
in an area of Cerrado stricto sensu submitted to controlled
burning at early dry season with the response of
individuals in adjacent areas protected against fire
for five years.

2.MATERIALS AND METHODS
2.1. Study species

Anacardium humile A.St.-Hil. (Anacardiaceae)
is a heliophilous and melliferous plant (Almeida et
al., 1998) that frequently occur in Campo rupestre and
Cerrado stricto sensu areas (Agostini-Costa etal., 2016).
The species reaches between 30 to 150 cm high and
presents a shrubby and subshrubby habit with
underground stem (Almeida et al., 1998; Sousa and
Cunha, 2018). The small size makes the species more
susceptible to anthropogenic actions of land use and
damages by fire flames than the common cashew
(Anacardium occidentale L.) (Carvalho et al., 2005).
On the other hand, 4. humile has deep roots and the
greater portion of the plant stem biomass is underground,
providing protection and resistance to fire and drought
(Agostini-Costa et al., 2016), frequent in burned
environments (Loiola et al., 2010). This plant present
medicinal and food potential, placed in the tropical
fructiferous group (Carvalho et al., 2005). In the literature,
there are many studies on population biology of the
genus Anacardium, but few regarding A. humile (Sousa
and Cunha, 2018). This lack of studies shows the
possibility of researches aiming preservation strategies
planning using this species (Carvalho et al., 2005).
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2.2. Study area

This study was performed in Cerrado stricto sensu
environment within the Quilombola Community Kalunga
(QCK), municipality of Cavalcante, northern Goias
(geographical coordinates 13°36°09"S e 47°27°26"W).
The climate is tropical savanna (Képpen-Geiger
classification), with two defined seasons, one rainy
between October and April and another dry between
May and September. The altitude varies between 560
m to 1118 m, annual mean precipitation and mean
temperature is around 25°C (Fundag¢ao Grupo Boticario,
2011). Soil is sandy with rocky outcrops and gravel,
classified as Dystrophic Litholic Neosols (Embrapa,
2006; Fundagao Grupo Boticario, 2011).

The Instituto Brasileiro de Meio Ambiente e dos
Recursos Naturais Renovaveis (IBAMA) started in
2015 the Integrated Fire Management (IFM) in the QCK,
through the Centro Nacional de Prevencdo e Combate
aos Incéndios Florestais (PREVFOGO). Thus, in April
2016, in concordance with action of IBAMA/PREVFOGO,
we subdivided a non-burned area for at least five years,
with same population of 4. humile, in two: first area
of about three hectares was submitted to controlled
burning on May 14, 2016, being the experimental area;
and the other, with more than 30 hectares, comprising
adjacent areas to the burned area, remained protected
against fire, being the control area.

2.3. Phenological monitoring and statistical analysis

The methodology used in the present study was
based on Palermo and Miranda (2012) with some
modifications. Eleven days before the controlled burning
in May 2016, we selected and marked 32 reproductive
individuals, 16 in each area. Although the control area
was larger than the experimental area, individuals were
selected within a maximum radius of 500 m from those
located in the burned area. The individuals were
considered as reproductive when they still had remnants
of'inflorescence emerged in the previous reproductive
season. Considering that the species has an underground
stem that can bind together with close stems of the
same plant (Rawitscher et al., 1943), we only considered
individuals with a minimum distance of 1 m between
the ends of their crowns, with emission of branches
at the same point, visually configuring the unitary
structure of shrub or subshrub. To evaluate the effect
of fire on the species reproductive structures, the
production of floral buds, flowers and fruits was monitored
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weekly for 17 months after the controlled burning (from
May 2016 to October 2017), comprising two reproductive
seasons. Up to three branches per selected individual were
marked, observing the appearance of panicles. Each panicle
was marked and the count started when the buttons were
differentiable. Every new reproductive cycle, new branches
and panicles were marked. We also counted the number of
individuals blooming in each area, as well as the number
of flower buds, flowers and fruits per area and per panicle
area’.

Statistical analysis was performed using non-parametric
tests, since data did not respond to normality. Similar to
Palermo and Miranda (2012), the G test (oe = 0.05) was
used to compare the number of blooming individuals in each
area and x? (o =0.05) to compare the number of independent
branches that produced panicles and the number of panicles
per area. The production of flower buds, flowers and fruits
per area and panicle were compared using the Kruskal—
Wallis test (o0 = 0.05) and the post hoc Student-Newman-
Keuls (SNK) test. Statistical analyzes and tests were performed
in the R (R Core Team, 2016) software using the agricolae
package (Mendiburu, 2016). Local precipitation data were
obtained through a rain gauge (pluviometer) installed in the
study area to compose the production charts of flower buds,
flowers and fruits.

3.RESULTS

From May to October 2016, the number of 4. humile
individuals producing flowers was significantly higher in
the control area (n= 12) than in the burned area (n= 3)
(G=10.799; p=0.001). The number of branches with
panicles was higher in the control area (n=22) than in the
burned area (n=7) (x>=7.759; p=0.005). More panicles
were produced in the control area (n=40) than in the burned
area (n=7) (x2=23.17; p<0.0001).

The production of floral buds was significantly higher
in the control area (n=4540) than in the burned area (n=
704) (p<0.05) (Figurel). From the buds emerged in each
area, 257 end up flowering in the burned area and 1236
in the control area, evidencing higher production in the
latter (p<<0.05) (Figure 2). The production of fruits was
higher in the control area (about nine fruits) than in the
burned area that presented only one fruit (p<0.05) (Figure 3)
(Table 1). Individuals in the control area started flowering
in May and finished fruiting one month before those in
the burned area (September), while in the burned area,
the few individuals bloomed in the short period from
August to October.
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Figure 1 — Production of Anacardium humile floral buds in control and burned areas.

Figura 1- Producgdo de botées florais de Anacardium humile nas dreas controle e queimada.
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Figura 2 — Producgdo de flores de Anacardium humile nas dreas controle e queimada.
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Figura 3 — Producgdo de frutos de Anacardium humile nas areas controle e queimada.
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Table 1 — Production of buds, flowers and fruits (mean =+ standard error) of Anacardium humile. Capital letters compare
two periods of the same area and lowercase letters, two areas in a same period. Values followed by different letters

presented significant differences (p <0.05).

Tabela 1 — Produgdo de botées, flores e frutos (média + erro padrdo) de Anacardium humile. Letras maiusculas comparam
dois periodos de uma mesma drea e letras minusculas, duas areas em um mesmo periodo. Valores seguidos de
letras diferentes apresentam diferencas significativas (p<0,05).

2016 2017
Control Burned Control Burned
Buds 4540.27+870.16 a,A 703.77 £235.44 b,A 2639.39+545.34 a,A 3220.91+783.17 a,B
Flowers 1235.83+275.36 a,A 256.55 £91.69 b, A 742.61£165.86 a,A 937+236.03 a,B
Fruits 9.5£1.93 a,A 1.05 £0.38 b,A 32.90+10.03 a,A 37.35+10.40 a,B

When analyzing the average flower bud and flower
production per panicle area’!, we noticed a higher production
in the burned area than in the control area (Table 2). Flower
buds to flowers transformation rate was higher in the burned
area, approximately 37%, than in the control area, which
presented 27% (p <0.05). However, despite having panicles
with higher number of buds and flowers, and greater buds
to flowers transformation in the burned area, the average
production of fruits per panicle did not differ between areas
(p> 0.05). The fruiting rate per panicle was the same between
the areas (p>0.05), with buds to fruits transformation ranging
from 0.15% to 0.20% and flowers to fruits between 0.42%
and 0, 73% (Table 2).

In the next year after the fire, from May to October
2017, there were no differences in the number of individuals
flowering between the burned (n = 13) and control areas
(n=11)(G=0.6722, p=0.4123). There were also no
significant differences in the number of branches with panicles
(x2=2.683, p=0.1015) and number of panicles (x>= 0.309,
p=0.5785) in the control (25 branches and 38 inflorescences)
and burned areas (38 branches and 43 panicles).

There were no significant differences in the
production of flower buds, flowers and fruits between
the burned and control areas (Table 1). The average
production of flower buds, flowers and fruits per panicle
also did not differ significantly between the areas. The
buds to flowers transformation rate was about 29%
in both areas. The fruiting rate per panicle was also
the same between the areas (p> 0.05), with total number
of fruits representing between 1.15% and 1.25% of the
buds emerged and approximately 4% of the flowers
(Table 2).

When comparing the two flowering periods in 2016
and 2017, the number of flowering individuals (G =
13.4765, p=0.0002), the number of branches with panicle
(x2=21.356, p<0.0001) and the number of panicles
(x2=25.92,p <0.0001) increased in the burned area.
Regarding the control area, there was no difference
in the number of flowering individuals (G = 0.1548,
p=0.6940), number of branches with panicle (x>=0.191,
p =0.6617) and number of panicle between the years
(x2=0.051,p=0.8208).

Table 2 — Production of buds, flowers and fruits (mean =+ standard error) by inflorescence of Anacardium humile. Buds
to Flowers (B/F), buds to fruits (B/Fr) and flowers to fruits (F/Fr) transformation rates. Capital letters compare
two periods of the same area and lowercase letters, two areas in a same period. Values followed by different letters

presented significant differences (p <0.05).

Tabela 2 — Producgdo de botoes, flores e frutos (média + erro padrdo) por inflorescéncia de Anacardium humile. Taxa
de frutificacdo de botées para flores (B/F), de botdes para frutos (B/Fr) e de flores para frutos (F/Fr). Letras
maiusculas comparam dois periodos de uma mesma area e letras minusculas, duas dreas em um mesmo periodo.
Valores seguidos de letras diferentes apresentam diferencas significativas (p<0,05).

2016 2017

Control Burned Control Burned
Buds 186.38+28.47 a,A 253.14+37.04 b, A 171.83+£12.60 a,A 171.17+14.51 a,B
Flowers 50.81+12.62 a,A 93.20+19.89 b,A 48.55+5.15 a,A 49.40+4.53 a,B
Fruits 0.37+0.13 a,A 0.39+0.39 a,A 2.15+0.54 a,B 1.96+0.38 a,B
B/F (%) 27 a,A 36 b,A 28 a,A 29 a,A
B/Fr (%) 0.20 a,A 0.15 a,A 1.25 a,B 1.15 a,B
F/Fr (%) 0.73 a,A 0.42 a,A 4.43 a,B 3.97 a,B
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In the control area, the production of floral bud, flower
and fruit did not differ between the years (Table 1), but
fruit production per panicle was higher in 2017 (Table
2). The buds to flowers transformation rate was not
significantly different between the years (around 28%),
on the other hand, buds to fruits and flowers to fruits
transformation rates increased significantly (Table 2),
starting at 0.20% and 0.73% in 2016, to 1.25% and 4.43%
in 2017, respectively.

In the burned area, the production of floral bud,
flower and fruit were significantly higher when considering
the total average number produced (Table 1), and lower
when considered per panicle (Table 2), between 2016
and 2017. The buds to flowers transformation rate,
despite higher in 2016 (36%), did not differ significantly
from the rate found in 2017 (29%). However, the buds
to fruits and flowers to fruits transformation increased
significantly between the years, from 0.15% and 0.42%
in 2016, to 1.15% and 3.97% in 2017, respectively.

4.DISCUSSION

Individuals located in the area submitted to the
controlled burning in May 2016 had some branches
burned, but without occurrences of total combustion
of'the branch. In general, the fire caused dehydration
of plant tissues (stem and leaves), and subsequent
senescence of the branches. Approximately ten days
after burning, all individuals had basal regrowth in
some areas. This level of damage severity and fire
response is related, on the one hand, to the amount
of fuel available, topography and climatic conditions
(Whelan, 1995; Bigler et al., 2005; Miranda and Sato,
2005) and on the other, to the characteristics inherent
to the species such as size, architecture, phenology,
reproductive success, mechanisms tissues protection
and reproduction (Hoffman, 1998; Garcia Nuiiez et al.,
2001; Lucenacetal., 2015; Sato et al., 2018).

Individuals size in relation to the flames height
influences the damages suffered (Miranda and Sato,
2005; Sato et al., 2018), and it is generally reported
that during the year of burning, woody species in the
reproductive period present a drastic reduction of
fruiting while for tree species, production may be larger,
smaller or indifferent (Sanaiotti and Magnusson, 1995;
Miranda, 1995; Hoffman, 1998; Felfili et al., 1999; Schmidt
etal., 2005; Palermo and Miranda, 2012; Frangoso et.
al., 2014; Lucena etal., 2015).
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In the reproductive period of 2016, while individuals
in the burned area invested energy in the production
of new vegetative structures, individuals in the control
area were already producing buds and flowers, which
resulted in greater production, including fruits, in the
latter area. The energy expenditure with the production
of new branches (Hoffman, 1998; Felfili et al., 1999;
Palermo and Miranda, 2012) during the period of sexual
reproduction of 4. humile caused 81% of the individuals
not to bloom.

Still regarding 2016, larger productions of buds
and flowers per panicle in the burned area may have
been favored by the greater availability of light and
nutrients such as calcium, phosphorus and nitrogen
on the soil surface soon after burning (Kellman, 1984;
Kauffman et al., 1997) and neutralization of soil acidity
by means of ash (Costa and Rodrigues, 2015). The
reproductive effort of individuals in the burned area
was higher when compared to the control area, even
with less loss of buds before developing flowers, 64%
before to 74% of the control area. On the other hand,
the absence of difference in fruiting rate between the
areas demonstrates that this effort was not efficient
for a higher production of fruits, as observed by Palermo
and Miranda (2012) for the arboreal species Qualea
parviflora (Mart.). It is also likely that the number of
pollinators in the burned area has been negatively
affected by fire, as observed in areas burned by Felfili
etal. (1999), Potts et al. (2003), Miolaetal. (2010) e
Giehl etal. (2013).

One year after the fire, there was no difference
in the number of individuals blooming and in the
production of flower buds, flowers and fruits between
the control and burned area. With fully developed
branches, the production of structures linked to sexual
reproduction in the burned area has returned to the
expected patterns for the species, indicating that fire
has a more immediate effect within the reproductive
period of species than in the longer term. Similar results
were also found for woody species in Cerrado stricto
sensu areas such as Kielmeyera coriacea Mart. & Zucc,
Stryphnodendron adstringens (Mart.) Coville, Roupala
montana Aubl and Schefflera vinosa (Cham. & Schitdl.)
Frodin & Fiaschi (Landim and Hay, 1996; Hoffmann,
1998; Felfili et al., 1999; Dodonov etal., 2018).

The opposite was observed for Qualea parviflora
e Piptocarpha rotundifolia (Less.) Baker, that showed
high production of flowers after fire and no or low
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flowering in subsequent years, probably due to energy
expenditure of the first flowering and replacement of
vegetative parts lost during the fire (Hoffman, 1998;
Palermo and Miranda, 2012). When comparing the effect
of fire, after one year, on the shrubs Miconia albicans
(SW) Steud and Schefflera vinosa, Dodonov et al. (2018)
concluded that although they had similar characteristics
such as size, phenology and architecture, the fire effect
on reproductive phenology differed, probably due to
their growth rate and their ability to store seeds in
the soil. For them, the fact that S. vinosa does not
occur in the seed bank and the need to originate new
individuals through production and dispersion of new
propagules, caused this specimen to develop more
intense post-fire flowering in comparison to M. albicans.
In the present study, despite similar production between
the areas, in 2017 the reproductive period extended
more in the control area (May to October) than in the
burned area (May to September), indicating an effect
of the disturbance caused by fire on these specimens
flowering.

The significant increase in the number of individuals
blooming in the area burned in 2017 in comparison
to 2016 shows that one year after the fire, this species
can already recover its reproductive potential. The
higher fruit production in 2017 comparison to 2016
in both burned and control areas suggests that the
species presents variation between reproductive periods.
This variation may be related to the need for more
flowering resources than can be generally acquired
in one year, forcing individuals to reproduce in alternate
years or at longer and irregular intervals (Satake and
Iwasa, 2000, 2002). This variable pattern in fruit production
has also been observed for Annona crassiflora Mart
(Braga Filho et al., 2009) and Caryocar brasiliense Camb.
(Ferreira et al., 2015) in the Cerrado. Species that exhibit
this pattern may have greater losses when fire occurs
in the year of greatest production, since there will be
greater loss of reproductive structures (Whelan, 1995;
Palermo and Miranda, 2012).

Even with higher fruit production in both areas
in 2017, the flowers to fruits transformation rate around
4% can be considered low when compared to the 80%
found for Q. parviflora (Palermo and Miranda, 2012),
25 % to 40% found for Rourea induta Planch (Lenza
etal.,2008) and 36% and 60% for Byrsonima umbellata
Mart. ex A. Juss. and B. rotunda Griseb. (Mendes et
al.,2011). The fruiting rate found for A. humile suggests
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low reproductive potential, corroborating Ferrdo (1995)
when reporting that this species produces many flowers
and few fruits. According to the author this is due to: (1)
the existence of limitations on pollination, such as the inability
of some hermaphrodite flowers to become fruit, (2) the
tendency of pollen grains of stamens to remain attached
to the anther after dehiscence, (3) and the fact that in staminate
flowers only one out of eight to ten stamens is fertile. Almeida
et al. (1998) attributes the species low fruit production
to aratio of4:1 between staminate and hermaphrodite flowers.
Anacardium occidentale L., a species related to A. humile,
also presents a low percentage of fruits formed in comparison
to the number of perfect flowers produced (<10%) (Pinheiro
etal., 1993; Sousa et al., 2007). Despite the low efficiency
in sexual reproduction, asexual reproduction is frequent
in A. humile (Sousa and Cunha, 2018) and can be used by
species as a survival strategy in case of high frequency of
fires (Hoffiman, 1998). However, despite the low reproductive
potential, the high genetic variability found for 4. humile
individuals (Carvalho etal.,2012; Pereiraetal.,2016) evidences
the importance of sexual reproduction in the population
maintenance of the species.

5.CONCLUSION

It is important to emphasize that this study shows
results of first-order fire effects, performed in mid-May,
early dry season in Cavalcante-GO, while the specimens
began their reproductive period. We conclude that the
effect of the controlled burning on flowering and fruiting
of A. humile is greater and negative in the same year
of the fire. One year after fire, the production of flowers
and fruits is similar between areas, differing only in
the phenomena synchrony between them. We believe
that by decreasing the number of individuals blooming
during the year of burning, the fire compromises even
more the low efficiency of 4. humile sexual reproduction
and stimulates asexual reproduction through the emission
of new basal shoots. If frequent, fire occurrence may
have a negative effect even in asexual reproduction,
putting at risk the population survival. Thus, it is
interesting to evaluate how early, mid- and late dry
season fires affect the sexual and asexual reproduction
of A. humile during a longer follow-up period.
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