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Abstract

Knowing the regeneration and structure of a species in different phytophysiognomies is extremely important to 
understand its pattern of occurrence. In spite of its importance, this type of study is still scarce in the Cerrado 
biome. In this perspective, this work aimed to compare the structure of the arboreal and regenerating strata 
of Annona coriacea in the cerrado sensu stricto and in the cerradão (savanna woodland). For that purpose, 
13 plots of 400m² were installed in each physiognomy. All individuals of A. coriacea were sampled and had 
their diameter and height measured. The individuals were divided into regenerating and arboreal and were 
distributed in classes of height and diameter. Furthermore, the absolute density and the basal area of each 
extract were calculated in each physiognomy. The parameters were compared using the T-test. In total, 130 
individuals of A. Coriacea were sampled, with 42 regenerating individuals in the cerrado sensu stricto and 
49 in the cerradão. As for the arboreal individuals, 33 were sampled in the cerrado sensu stricto and 6 in the 
cerradão. All evaluated parameters revealed to be significantly different for the physiognomies. Based on these 
results, it is possible to affirm that A. coriacea did not present a distribution pattern in the two physiognomies, 
although it presents a better establishment success in the cerrado sensu stricto.  In the cerradão, although the 
seeds can germinate, the seedlings fail to develop and reach the adult age. 
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Introduction
The knowledge of the populational density of 

seedlings and trees is important since it determines the 
structure and status of regeneration of forest communities 
(Paul et al., 2019). Therefore, it is necessary to know these 
factors in order to understand the path that a species 
is taking in a determined environment, and if this path 
is towards a decline, it is possible to develop strategies 
to conserve biodiversity (Dutta & Devi, 2013). Since 
this study allows us to understand the history of species 
disturbances in the past and their environment, it can be 
used to predict the future trend of populations (Bogale 
et al., 2017), avoiding threatening situations or even their 
extinction. 

Studies on population structure and regeneration 
in the Cerrado, although providing important data, are 
still scarce and therefore necessary. The Cerrado is one 
of the world hotspots because of its high biodiversity, 

with a considerable number of endemic species, and 
constituted by physiognomies that range from open fields 
to dense forests (Castro et al., 2013). The most threatened 
physiognomies are the cerradão and the cerrado sensu 
stricto, which are very required for agricultural purposes 
(Carvalho et al., 2016) and are floristically similar (Prado-
Júnior et al., 2012). The difference between these 
physiognomies is that the cerrado sensu stricto presents 
a discontinuous shrub-tree stratum with grasses (Silva et 
al., 2019), whereas the cerradão is a forest formation 
with a continuous canopy (Borges et al., 2019). Among 
the families found in these physiognomies, there is the 
Annonaceae, which in Brazil is represented by 29 genera 
and nearly 378 species, of which 147 are endemic (Flora 
do Brasil, 2020).

Annona is the main genus of the family 
Annonaceae, with fruit species and interesting properties 
(Oliveira Junior et al., 2014). Among its species, Annona 
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coriacea Mart. (or Araticum) is widely distributed 
throughout the Cerrado physiognomies (Flora do Brasil, 
2020) and presents medicinal properties (Gomes et al., 
2019). Seed dormancy occurs by embryo immaturity, 
which consists of the meristematic tissues of the embryo 
not being totally differentiated when dispersion occurs. 
The seeds of this species are usually dispersed under 
conditions of high temperature (summer) in the Cerrado, 
being afterward exposed to a low-temperature 
period (autumn/winter) that allows them to overcome 
physiological dormancy through this thermal transition 
(hot/cold). As a matter of fact, root protrusion and 
seedling emergence occur only in the spring, when 
temperatures are favorable (Dresch et al., 2014).

In spite of the importance of this species, studies 
regarding its regeneration and establishment in Cerrado 
physiognomies are nonexistent.  In view of this, this study 
aimed to compare the regeneration of A. coriacea in the 
cerrado sensu stricto and in the cerradão to answer the 
following questions: Are the populations of A. coriacea 
regenerating in the two studied phytophysiognomies? 
Does A. coriacea present a population structure pattern 

in the two physiognomies?

Material and Methods
Characterization of the study area

The present study was developed in a Cerrado 
remnant located at the Fontes do Saber Farm (17°47’12” 
S and 50°57’48” W), belonging to the University of Rio 
Verde, state of Goiás, Brazil. According to Alvares et al. 
(2013), the region presents an Aw-type climate (typical 
tropical), alternately wet (October to April) and dry 
(May to September). Climates of this category present 
temperatures above 18 ºC in the coldest month and 
rainfall under 2.000 millimeters per year. The study area 
occupies approximately 40.5 hectares, and is constituted 
by the two main Cerrado physiognomies, namely cerrado 
sensu stricto and cerradão.

The soil of the study area is classified as a 
Dystrophic Red Latosol (Santos et al., 2018). Soil samples 
were collected at the depth from 0.0 to 0.20 m in different 
spots and then homogenized for the chemical and 
particle size characterization of both physiognomies. The 
results are presented in Table 1.

Table 1. Chemical and particle size characterization of the Dystrophic Red Latosol (Oxisol) in the cerrado sensu 
stricto and cerradão at the Fontes do Saber Farm, municipality of Rio Verde, Goiás.
Physiognomy pH Ca2+ Mg2+ P K CEC O.M V Clay Silt Sand

mg/dm³ cmol/dm³ g/Kg¹ %
Sen. stricto 4.2 0.4 0.2 12 82 5.5 27 15 48 29 23
Cerradão 4.4 1.8 0.6 8 112 9.1 35 30 29 18 53

pH – potential of hydrogen, Ca2+ - Calcium, Mg2+ - Magnesium, P – Phosphorus, K – Potassium, CEC – Cation exchange capacity, O.M – Organic matter, V – Base saturation.

Sampling and data collection
For data collection, 13 permanent systematic 

plots with 20 x 20 m dimensions and distanced from each 
other by 10 m were installed in each physiognomy (Figure 
1), totaling 26 plots of 400m² (10.400 m²). All individuals of 
A. coriacea within the plots were identified, numbered, 
and measured for their height and diameter. The in loco 
identification occurred with the aid of the specialized 
literature, and the plant material was collected and 
incorporated to the herbarium of the Federal Institute 
of Goiás (Instituto Federal Goiano), Campus Rio Verde, 
under the registration number 907.

The diameter of the regenerating individuals was 
measured close to the soil with a digital pachymeter, 
whereas the adults (circumference at 30 cm from the 
ground (CAS) ≥ 10 cm) had their circumference measured 
with a measuring tape. The height was measured with 
the aid of a graduated rod. The regenerating individuals 
were distributed into four height classes (class 1= <0.3m; 
class 2= ≥0.3<0.6m; class 3= ≥0.6<1.2m, and class 4= ≥1.2 
m), as well as the arboreal ones (class 1= <1.3; class 2= 
≥1.3<2.6; class 3= ≥2.6<5.2, and class 4= ≥5.2 m). 

The regenerating individuals were also distributed 
into four diameter classes (class 1= <1cm; class 2= ≥1<2cm; 
class 3= ≥2<4cm, and class 4= ≥4 cm), as well as the 
arboreal ones (class 1= >3<6cm; class 2= ≥6<12cm; class 
3= ≥12<24cm, and class 4= ≥24 cm). The calculations and 
distributions were performed using the software Excel for 
Windows, and the results were expressed in graphics, also 
elaborated in the Excel software.

Besides class distribution, the number of 
individuals, absolute density, and basal area of each 
extract (regenerating and adults) were also calculated in 
each physiognomy and estimated for one hectare. The 
parameters were compared by the T-test using the Sisvar 
statistical software (Ferreira, 2014).

Results
The population of A. coriacea in both 

physiognomies summed 130 individuals (125 ind. ha-1), 
of which 42 were regenerating individuals (80.8 ind. ha-1) 
in the cerrado sensu stricto and 49 (94.2 ind. ha-1) in the 
cerradão. In terms of arboreal individuals, 33 (63.5 ind. ha-1) 
were found in the cerrado sensu stricto and only 6 (11.5 
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ind. ha-1) in the cerradão. Statistically, the density verified 
between the physiognomies and between the strata was 
significantly different (p<0.05).

The total basal area of the regenerating individuals 
in the cerrado sensu stricto physiognomy was 0.0072 m², 
whereas the arboreal ones registered 0.3809 m². For the 
cerradão, the basal area of the regenerating individuals 
was 0.006 m², and the arboreal, 0.058 m². The basal area 
verified between the physiognomies and between the 
strata was also significantly different (p<0.05). 

In the cerrado sensu stricto, the height class 
distribution of the regenerating individuals, represented in 
Figure 1A, points to a higher concentration of individuals in 
the first two classes (16 and 15 ind., respectively), reducing 
as height increases, as seen in class 3 (7 ind.) and class 4 
(4 ind.). The arboreal individuals concentrated in higher 
numbers in class 3 (21 ind.) (Figure 1B). For the cerradão, 
both regenerating and arboreal individuals were more 
concentrated in the second class, 23 and 3, respectively 
(Figure 1C and D). 

Figure 1. Height distribution of regenerating and arboreal individuals of Annona coriacea Mart. (Annonaceae) 
in the cerrado sensu stricto (A and B) and cerradão (C and D) in the municipality of Rio Verde, Goiás. 

Regarding the distribution of the diametric 
classes, the regenerating individuals in both 
physiognomies presented a similar pattern, in which the 
highest concentration was in class 1 (24 individuals for the 
cerrado sensu stricto and 34 for the cerradão), decreasing 
the number of individuals as the classes increased (Figure 
2A and C, respectively). In the cerrado sensu stricto, the 
number of regenerating individuals decreased as the 
number of arboreal individuals increased (Figure 2B). 

For the cerradão, the distribution of arboreal 
individuals did not present a pattern, with a very low 
number of trees of the species when compared with 
the result of the cerrado sensu stricto and with the 
regenerating individuals in the same physiognomy, with 
3 individuals in the first class, 1 in the second, and 1 in the 
third class (Figure 2D).

Discussion
The results of this study indicate that the 

regeneration of A. coriacea in the cerrado sensu stricto 
is occurring more efficiently than in the cerradão. In 

contrast, the cerradão, even presenting a higher number 
of regenerating individuals than the cerrado sensu stricto, 
does not present a pattern since very few individuals 
are reaching the adult age. A. coriacea may not be 
establishing itself efficiently in the cerradão physiognomy 
due to its biological characteristics, as a pioneer (Costa 
et al., 2017) and heliophile (Durigan et al., 2011). Pioneer 
species develop in clearings, forest edges, and open 
places, being clearly dependent on higher luminosity 
conditions (Paula et al., 2004), as depicted in Figure 3. 
Heliophile species, in their turn, are plants whose seeds 
require clearings to germinate, and their seedlings dot 
not survive in shade (Maciel et al., 2003). In this manner, 
the local distribution of species in a forest community is 
strongly influenced by the differences in light availability, 
which conditions either directly or indirectly a large part 
of plant growth processes (Walter, 1971). Furthermore, 
plants that grow under favorable conditions, with high 
levels of nutrients and luminosity, have a greater capacity 
to defend against or tolerate soil pathogens (McCarthy-
Neumann & Kobe, 2018). Due to these characteristics, it 
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Figure 2. Diametric distribution of regenerating and arboreal individuals of Annona coriacea Mart. 
(Annonaceae) in the cerrado sensu stricto (A and B) and cerradão (C and D) in the municipality of Rio 
Verde, Goiás. 

Figure 3. A – Adult individual of Annona coriacea Mart. (Annonaceae) in the 
study area resuming growth after the fall of a tree beside created a clearing. B 
and C – Young individuals receiving light incidence in the cerrado sensu stricto. 
D – Light incidence on an individual growing in the cerradão physiognomy 
through a clearing. E – Flower buds of A. coriacea (Source: The authors, 2020).
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is believed that although the cerradão presents the best 
nutritional conditions (Table 1), the seedlings are failing to 
obtain sufficient luminosity to survive and reach tree size.

The canopy covering is an important ecological 
factor that influences plant growth (Meira-Neto et al., 
2018). However, the cerradão is a denser and taller forest 
formation, with trees that can reach up to 18m, forming 
a practically closed canopy (Andrade et al., 2002). In 
regions covered with dense vegetation, only a small 
fraction of solar radiation reaches the soil, being variable 
in space and time (Januário et al., 1992). Apparently, this 
may be damaging the establishment of A. coriacea in 
the cerradão since, in nutritional terms, this physiognomy 
presents better conditions than the cerrado sensu 
stricto (Table 1) and even so, seedling establishment is 
not occurring efficiently. Nevertheless, the number of 
regenerating individuals in the cerradão is higher than in 
the cerrado sensu stricto. 

Given this information, new questions arise: 
How does the cerradão, although with less luminosity, 
present a higher number of regenerating individuals? If 
the species is light-demanding, how can these seedlings 
in the cerradão reach the stage verified in this study? 
The higher content of sand present in the cerradão soil 
may be increasing seed germination. Cavalcante et al. 
(2008) corroborate this information, registering higher 
germination of seeds of another species of the genus 
Annona in substrates containing medium-textured sand. 
Sand is an inert material of low water retention, due to 
its high porosity, resulting in higher oxygenation for root 
development, which are adequate characteristics for 
the germination of Araticum seeds (Cavalcante et al., 
2008). Considering this information, associated with the 
fact that the canopy opening of dense vegetations 
favors the growth and establishment of light-demanding 
species (Van Kuijk et al., 2014), and also considering that 
seed dormancy overcoming in A. crassiflora occurs by 
low temperatures or fluctuations (thermal oscillations) 
that precede the rainy season (Silva et al., 2007), we 
hypothesized that A. coriacea uses the dry period in the 
study area to increase seed germination while seedlings 
boost their growth. At this time, the trees not only partially 
lose their leaves, allowing greater light entry, but lower 
temperatures also occur. However, in spite of the 
predictable tree canopy growth with the advance of the 
rainy season, culminating in canopy closure and limiting 
luminosity, which even results in growth reduction, the 
seeds still germinate. In theory, this would allow finding 
a high number of regenerating individuals, but not of 
arboreal individuals since only those close to clearings 

or forest edges would be able to reach an adult size 
without compromising growth. However, new studies are 
necessary to confirm this hypothesis.

The cerradão, even presenting a higher number 
of regenerating individuals, contained an inferior basal 
area (0.006 m²) to that found in the cerrado sensu 
stricto (0.0072 m²). Zervoudakis et al. (2012) affirmed that 
the biomass of roots, stems, leaves, and entire plants 
decreases under low light intensity, especially in light-
demanding species such as the one of the present study, 
causing both growth and biomass accumulation to be 
delayed and occur very slowly. This can be attributed 
to the low availability of light to the photosystem and, 
consequently, to the reduced transpiration and stomatal 
conductance (Mielke & Schaffer 2010). Trees that 
receive more light grow significantly faster than those 
under shade (in the case of light-demanding plants), 
that is, a clear trend towards decrease is observed for 
the mean increment in stem thickness with the decrease 
in the amount of light received by the canopy (Maciel 
et al., 2002). This explains the lower number of arboreal 
individuals in the largest classes, both in diameter and in 
height, compared with that found in the cerrado sensu 
stricto.

Regarding the height of regenerating individuals, 
it is noted that the majority of the individuals in both 
cerradão and cerrado sensu stricto physiognomies are in 
class 1 and 2, still presenting a mortality risk since, according 
to Felfili et al. (2000), only individuals with height equal to 
or above one meter represent the regenerative potential 
of the arboreal community, having already overcome 
the strong selective action of the environment and thus 
passed the critical mortality period. Natural events such 
as fire, flood, wind, drought, extreme temperatures, and 
light conditions can affect seedling survival (Singh et al., 
2020). These factors, in the cerradão, must have been 
occurring in the opposite way to what is necessary for the 
establishment and growth of A. coriacea. 

Conclusions
Annona coriacea did not present a distribution 

pattern in the two physiognomies, although in the cerrado 
sensu stricto it is regenerating with higher establishment 
success. In the cerradão, although the seeds succeed in 
germinating, the seedlings fail to develop and reach the 
adult age.
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