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Abstract The growing commercial demand for prod-
ucts with medicinal use has caused overexploitation of
several plant species worldwide. To prevent the decline
of these populations, the collection of these resources
should be done in a sustainable way considering the
time of its replacement in natural stocks. This study
was designed to identify the relationship between dif-
ferent intensities of extraction of bark from the trunk of
Stryphnodendron rotundifolium Mart. and its regenera-
tion speed. For this, we selected two areas of Cerrado in
the Northeast of Brazil, where a monitoring experiment
with duration of 24 months was performed. This exper-
iment consisted in simulating different extractive dam-
age to assess the regeneration of bark. In each area, we
selected 20 individuals, among which four treatments
with five repetitions were implemented. The data
showed that in both study areas, the trees regenerated
their shells faster when subjected to higher collection
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intensities. However, this regeneration was not related to
variations in rainfall in the environment.
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Introduction

Many plant species that have a high value for the trade
of medicinal plants are threatened because of predatory
extraction. In the Brazilian Cerrado, this activity is part-
ly responsible for the extinction of several species
(Zardo 2008). Bark is among the main products collect-
ed in this type of trade (Feitosa et al. 2014). Based on
this demand, collecting these resources becomes exces-
sive frequently, leading to the decline of these plants
populations or even to death (Shahabuddin and Prasad
2004). This condition will depend on the amount of bark
removed, the plant’s ability to withstand the aggression,
and regeneration of the removed structure (Peters 1994).
Although some studies evaluated the collection of bark
made in various local communities (Monteiro et al.
2005; Ferreira Junior et al. 2012; Feitosa et al. 2014),
little is known about the recommended amounts for a
sustainable harvesting of the species and how long they
take to regenerate the extracted resources (Baldauf and
Santos 2014).

Among the many methods that are used to remove
bark of these plants, we highlight the direct methods, in
which extractors collect the bark of living parts of
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individuals, more precisely from the trunks (Filizola and
Sampaio 2015). In order to perform a sustainable har-
vesting of this resource, not only the collection method
must be evidenced, it is also necessary to determine a
maximum limit to be removed (Delvaux et al. 2010).
Cunningham and Mbenkum (1993), studying Prunus
africana (Hook. F.) Kalkman, introduced a collection
protocol for the species, in which extractors could only
remove the bark in “ribbons” in opposite sides of the
trunk, and collections above the first branch of the
canopy were not allowed.

Using the correct method of collection favors the
reconstitution of the extracted part. Normally, the plant
can regenerate the explored area, yet each species has a
different regeneration time for each tissue type. Plants
that exhibit latex production in large quantities tend to
regenerate faster, since the regeneration process starts
with the production of this substance (see Baldauf and
Santos 2014). Besides the production of latex, other
factors also influence the time of bark regeneration, such
as the availability of water (Biggs 1986). The bark
regeneration in the rainy season tends to be higher than
in the dry season, as well as trees occurring in open areas
tend to regenerate faster than those occurring in
enclosed areas (Filizola and Sampaio 2015). Although
environmental conditions are considered factors that can
influence the regeneration time, it is believed that the
intensity of the damage caused in these individuals is the
major responsible for the differences that occur in their
regeneration responses (Cunningham 2001). Therefore,
deeper and more extensive damages are associated with
higher rates of regeneration (see Baldauf and Santos
2014).

This study used Stryphnodendron rotundifolium
Mart. as a model for this. The stem bark of the species
of this genus are explored in various regions of the
Cerrado in Brazil (Borges and Felfili 2003; Filizola and
Sampaio 2015). Its commercial value is related to the
compound produced by its secondary metabolism, tan-
nins (Meira et al. 2013). In humans, the presence of this
substance provides some recognized biological activities
and confirmed as anti-inflammatory (Sanches et al.
2005; Macedo et al. 2007). Individuals of the genus
Stryphnodendron Mart. present shrub to tree sizes with
twisted stem and branches presenting barks with rough
surface. The branches are covered with little foliage
presenting sparse and irregular canopy (Scalon 2016).
Stryphnodendron is a genus that presents deciduous
trees, losing their leaves during the months of June and
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July, returning to sprout in late August. The flowering of
the species of this genus usually starts in September and
fruiting occurs in November (Scalon 2016). In folk
medicine. they are widely used against inflammatory
processes (Souza et al. 2007) and wound healing
(Feitosa et al. 2014). According to some studies, these
properties are associated with species of this genus due to
its high content of tannins (Ardisson et al. 2002). The
study was conducted in a community located in the
Northeastern semiarid region, and assessed the impact
of the collection of bark on the rate of regeneration of
S. rotundifolium Mart individuals. For this, it was hy-
pothesized that individuals subjected to different inten-
sities of collection, can differ in their rate of recovery
from the damage. Thus, the aims of this study were (i) to
compare the regeneration rate between the different dam-
age intensities, (ii) to monitor the bark regeneration rates
over 2 years between the different damage intensities,
and (iii) to assess the influence of rain volume in the bark
regeneration rate over the years.

Thus, this work brings important information about
the process of regeneration of a greatly exploited species
in the Northeast semi-arid region. This new information
is essential for establishing less aggressive collection
methods as well as for access to regeneration rates and
whether they are influenced by different damage inten-
sities and environmental conditions.

Material and methods
Study area

The study area is located in the Araripe National
Forest—-FLONA (07° 28’ 38” S and 39° 36’ 33" W),
located in Chapada do Araripe in the state of Ceara,
northeastern Brazil. The FLONA has an area of ap-
proximately 38,262.326 ha and covers the following
vegetation types: Cerrado, Cerraddo, rainforest, and
Carrasco. Presents tabular relief with altitudes rang-
ing from 870 to 974 m (Cavalcanti and Lopes 1994).
The soils of the Chapada do Araripe are yellow and
red-yellow latosol, which are very deep soil, well
drained and of great physical condition (IBAMA
2005). The region is characterized by rainy tropical
climate with temperatures ranging from 14 to 26 °C,
with 5-7 dry months (Cavalcanti and Lopes 1994),
and average annual rainfall of 1000 mm (Costa 1998).
The region has been studied by our groups for at
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least 7 years with different approaches related to the
uses of the landscape and sociobiodiversity resources
(Sousa Junior et al. 2013; Feitosa et al. 2014; Lozano
et al. 2014; Campos et al. 2015; Reinaldo et al. 2015;
Cavalcanti et al. 2015a, b; Crepaldi et al. 2015; Sousa
Janior et al. 2016; Campos et al. 2016; Silva Neto
et al. 2016; Silva et al. 2014, 2015, 2016, 2017).

The Cerrado presents an area of 16,327.805 ha inside
the FLONA, which represents 42.67% of the total area.
The vegetation consists of dense vegetation areas to
large glades with bare soils or under a sparse covering
of grass; these dense vegetation areas present twisted
trees of medium and small sizes, with sparse branches,
rough and cracked barks, and a dense shrub understory
(Lima 1983). Its individuals present rectilinear and/or
tortuous and very branched trunk and can reach the
average height of 11 m.

Experimental design and data sampling

Two areas of Cerrado in the Araripe National Forest
were selected for the study. These two study areas were
selected for data comparison, in order to decrease the
chance the results are only an intrinsic response of the
area in question.

Because of the intense collection of bark of this plant,
and thus a high probability to affect the study, the areas
for the selection of species needed to be of difficult
access to the local population. Thus, two distant areas
of the main extractive local community were selected.
The selection of the areas followed the criteria of being
of difficult access to extractors, with the reason that the
experiment could not be affected by their presence.
Once chosen the areas, in each area 20 individuals of
S. rotundifolium Mart. were selected. These individuals
had to be within the minimum criterion for inclusion of
diameter, greater than or equal to 30 cm at 1.3 m height,
which is the minimum viable measure for regeneration
studies (see Delvaux et al. 2010). Individuals were
monitored from June 2013 to May 2015 (24 months),
assessing the time of regeneration of bark under the
influence of collection intensity and rainfall.

To evaluate the time of regeneration of the bark, a
simulation treatment of bark extraction was performed
following the protocol proposed by Monteiro et al.
(2011). In each area were conducted in the same period,
four treatments with five repetitions (total of 20 individ-
uals in each area), in which the bark were extracted in
the following dimensions, I: 10 x 2 cm (20 em?); 1I:

6 x 5 cm (30cm?); III: 8 x 5 cm (40 cm?) and IV:
10 x 5 cm (50 cm?) (Fig. 1). All extractions of bark
were performed at 1.3 m height. To set up the experi-
ment, the bark and inner bark of the individuals, that
comprise the rhytidome and the secondary phloem,
were removed. After collection of the bark, it has been
drawn fixed points on both sides of the scar, in a hori-
zontal direction, from which measurements of the re-
generated barks were monthly taken (Delvaux et al.
2010). To obtain complete regeneration, the average
value of the three measurements taken from both sides
of the scar were calculated. The areas of the regenerated
barks were obtained by the growing of the edges be-
cause the individuals selected in this study showed that
standard of regeneration of the tissues, characteristic of
individuals, undergoes deep damage. The measure-
ments of monthly regeneration of the individuals were
performed in millimeters using millimeter paper suitable
for this function. Subsequently, the data in millimeters
were converted into centimeters for the analysis.

Data analysis

The Kruskal-Wallis test was applied to test for differ-
ences between the monthly amounts of bark regenera-
tion on different damage intensities (treatments) over the
2 years of monitoring. To assess whether there is a
correlation between the monthly bark regeneration and
monthly rainfall, we used the Spearman correlation. The
rainfall data were obtained from the data sheet provided
by FUNCEME/CE (Fundacéo Cearense de Metereologia
e Recursos hidricos (FUNCEME) 2017). For all statisti-
cal analysis the software Bioestat 5.0. (Ayres et al. 2007)
was used.

Results

Table 1 presents the analysis of the descriptive statistics
of each of the treatments in the two studied areas. In areca
1, the first treatment, 20cm?, did not differ from any
other. The second treatment (T2 30 cmz), differed sig-
nificantly from treatments 40 and 50 cm® (p < 0.05; H
23.46) (Table 2). The treatments that presented the faster
bark regeneration compared with the others were 40 and
50 cm?, presenting no differences between each other.
(Table 2). While, in area 2, the second treatment
(30 ecm?) differed significantly from the third (40cm?)
(p < 0.05). The third treatment (40 cm?) differed
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Fig. 1 Details of
Stryphnodendron rotundifolium
Mart. individuals, simulating
extractivism damages of stem
bark, selected in the two areas of
Cerrado, in the Araripe National
Forest, Ceara, Brazil. a Treatment
1(10 % 2) 20 cm? b Treatment II
(6 x 5) 30 cm?, ¢ Treatment 111
(8 % 5) 40 cm?, d Treatment IV
(10 x 5) 50 cm®

significantly from the fourth (50cm?). The damage clas-
ses that presented the most remarkable results were 30
and 50cm’ (p <0.05; H 19.60) (Table 2).

In area 1, regeneration rates of classes 40 and 50 cm?
were the highest among the four treatments (Fig. 2a),
which showed the monthly average values of 2.66 and
1.99 cm?/month, respectively. The individuals present in
these two classes also showed the highest growth of the
edge of the bark at the end of the 24 months of moni-
toring (Fig. 2b). The individuals present in these classes
were the first to begin the process of regeneration after
the damage (2 months), while those from classes 20 and
30 cm? took 3 months to present the first signs of tissue
regeneration. At the end of the experiment, the classes
40 and 50 cm?® were also those that presented the highest
amount of regenerated bark (6.7 and 4.5 cm?), respec-
tively. Twelve months after the beginning of the
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experiment (May 2014), the individuals of these two
classes already presented more than half of the regener-
ated area and had doubled the growth of edge in the
second year of monitoring.

At the end of the first year of monitoring, we ob-
served the presence of six dead individuals, one
(20 cm?), one (30 cm?), three (40 cm?), and one
(50 cm?). All individuals’ deaths were observed in
March. At the end of the experiment, it was observed
that none of the 20 individuals studied in area 1 present-
ed 100% of regenerated bark.

In area 2, the treatment classes that presented higher
regenerating rates were 30 and 50 cm? (Fig. 3a). Unlike
the area 1, individuals from 40 cm? class did not have
the highest bark regeneration rates. Individuals from
class 30 cm? presented monthly regeneration of
1.97 cm?/month, followed by 50 cm? class with
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Table 1 Descriptive statistics of

the bark regeneration values of Treatment Mean Standard error Coefficient of Median Variance

Stryphnodendron rotundifolium variation

Mart. in each of the treatments

simulating extractivism damages Area 1 T1 13.10 1.69 63.53% 14.29 69.28

(T1 202 cm?, T2 3()2sz, T3 T2 6.59 0.71 53.01% 7.63 12.20

40 e, T4 50 cm') in two T3 1687 172 50.09% 2043 184.29

Cerrado areas in the Araripe Na-

tional Forest, Ceara, Brazil. Area T4 19.40 2.28 57.66% 20.03 125.18

1-Malhada Bonita; Area 2- Area 2 T1 17.14 2.01 57.68% 17.96 97.86

Alojamento T2 24.12 2.77 56.28% 25.52 184.29
T3 9.48 1.02 52.93% 9.46 25.20
T4 23.95 3.03 62.11% 23.19 221.27

2.39 cm?*/month. The individuals present in these classes
at the end of the experiment also showed the highest
amount of regenerated bark (4.4 and 6.5 cmz), respec-
tively, obtaining the highest edge growth (Fig. 3b). Ex-
cept for the individuals of 50 cm? class, all other initiat-
ed the regeneration of the tissues immediately in the
second month after the damage. Twelve months after
the beginning of the experiment (May 2014), individ-
uals in class 30 cm? already presented half of the regen-
erated area, while the Class 50 ¢cm?® already had more
than half of the regenerated final bark. In the second
year of observation, there was the presence of one dead
individual in class 50 cm?. At the end of the experiment,
it was observed that none of the 20 individuals studied
in area, two showed 100% of the regenerated bark, as
well as individuals in the area 1.

When the bark regeneration rate and the monthly
rainfall over the 24 months were included in the analy-
sis, there was no significant correlation between the
variables in the area 1: 20 cm? (rs = 0.03, p = 0.87),

Table 2 Results of the analysis of variance of bark regeneration of
Stryphnodendron rotundifolium Mart. in different treatments sim-
ulating extractivism damages (T1 20 cm?, T230 cm?, T340 cm?,
T450 cm?) in two Cerrado areas in the Araripe National Forest,
Ceara, Brazil. Area 1-Malhada Bonita; Area 2- Alojamento

Area 1 Area 2

Kruskal Wallis
test values

H 23.46 p < 0.0001 H 19.60 p < 0.0002

TI x T2 p>0.05 p>0.05
T1 x T3 p>0.05 p>0.05
T1 x T4 p>0.05 p>0.05
T2 x T3 p<0.05 p<0.05
T2 x T4 p<0.05 p>0.05
T3 x T4 p>0.05 p<0.05

30 cm? (rs = 0.20, p = 0.33), 40 cm? (1s = 0.10, p = 0.63),
and 50 cm® (rs = 0.07, p = 0.73); in the area 2: 20 cm?
(rs=0.10, p=0.62), 30 cm? (rs = 0.90, p = 0.67), 40 cm?
(rs=-0.21, p=0.3), and 50 cm? (rs = 0.09, p = 0.66).

Thus, in the area 1, regeneration rates occurred inde-
pendent of the rain volume in the month in question.
This pattern was observed in all treatments. March of the
first year of monitoring presented the largest volume of
rain. However, in that month, individuals had regenera-
tion rates similar to those months that presented no even
a millimeter of rain (Fig. 4). In some cases, the regener-
ation rate within a class was even higher in the month
that had zero rainfall, as it is the case of class 50 cm?.

Inarea 2, as well as in area 1, the rates of regeneration
are not related to the volume of precipitation. In the
month with the highest rainfall (467.9 mm), the four
treatments presented very low levels of regenerated
bark. On the other hand, three of the four treatments
had one of its biggest regeneration values in the month
that had only 14 mm of rainfall (Fig. 4).

Discussion
Bark regeneration of S. rotundifolium Mart.

Our data indicate that trees regenerate faster their shells
when the damage is more intense. The pattern of regen-
eration of the bark of S. rotundifolium occurs from the
edges, which according to Baldauf and Santos (2014) is
related to a pattern of more extensive and deep damage.
In this type of pattern, there is the regeneration of living
tissues throughout the edge of the extracted region,
unlike other patterns in which regeneration starts in the
center or along it (Mariot et al. 2014). This probably
happens because in deeper damage, there is no traces of
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Fig. 2 a Monthly total bark regeneration rates. b Monthly edge growth of Stryphnodendron rotundifolium Mart. Individuals on area 1.
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living tissue for its central regeneration. Based on this
pattern, it is believed that the growth of the edge was
higher in individuals present in the last classes in re-
sponse to higher damage intensity, since these individ-
uals have much larger areas to be recovered. These
results are in disagreement with the results obtained by
Baldauf and Santos (2014), which showed no difference
between the different bark removal levels in individuals
of Himatantus drasticus (Mart.) Plumel located in the
same area of the present study. This disagreement is
probably due to the types of tissues extracted in both
studies. Although different intensities of collection were
performed in H. drasticus, all were made externally,
with the exclusive removal of the rhytidome in order
to simulate the extraction performed by the extractivists

@ Springer

,0): 10 x 5 cm (50 cm?)

of the region. The authors argue that the removal of this
outer layer does not prevent the interruption of the
nutrient flow. In the case of S. rotundifolium were ex-
tracted the rhytidome, bark (including phloem) and the
cambium (remaining only the xylem), are also simulat-
ing the collection practices in the same region. Unlike
H. drasticus, the extraction in individuals of
S. rotundifolium reaches inner layers, which affects their
functioning since the phloematic tissues are removed.
This difference in collection practices of both species is
due to the type of associated medical use. The bark of
S. rotundifolium is used for making tea and dye, while in
H. drasticus, the product used by the extractivists is the
latex, which is obtained through removal of the
rhytidome.
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Other species also respond by regenerating their tis-
sues faster when they are subjected to higher intensities
of collection. Myracrodruon urundeuva Allemao is a
medicinal species relatively resilient to their bark re-
moval, recovering rapidly after the damage. In a study
by Monteiro et al. (2011), it was observed differences in
bark regeneration rates, observing that the major classes
of damage were those that had better recovery rates ofits
individuals.

The absence of bark in individuals can leave them
vulnerable to the actions of microorganisms, since its
function is to protect individuals against such pathogens
(Filizola and Sampaio 2015). Thus, it is believed that the
high regeneration of bark when subjected to greater
damage intensities is an urgent response to regenerate

,O0): 10 x 5 cm (50 cm?)

their tissues in order to protect them. In the bark, predom-
inantly, there is the production of tannins that together are
responsible for protecting the trees against the actions of
microorganisms, already mentioned (Meira et al. 2013).

Although it was observed that the classes with higher
damage intensities had a higher rate of regeneration, in
area 2, a class with lower collection intensity had higher
regeneration values. This is due to the individual varia-
tions within this class, and this fact caused the general
values of the class to rise.

Throughout the experiment, it was observed the
death of some individuals. There are several species
with a great capacity to resist against damage. A study
performed with Stryphnodendron adstrigens, observed
the death of several individuals after the removal of the
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bark (Borges and Felfili 2003). In contrast, there are spe-
cies that exhibit high resistance, such as the species al-
ready mentioned above M. urundeuva Allemao, which
presents high tissue regeneration rates, having 100% of
the bark regenerated in less than 2 years (see Monteiro
etal. 2011). Another species that has a great recovery after
the damage is Prunus afiicana, which because of this
characteristic was studied by Cunningham and Mbenkum
(1993), and from that study, it was designed a sustainable
harvesting plan for extractors in the African Region. This
difference between species and even between individuals
according to Schumann et al. (2010), is related to the
tolerance of each to the collection vary according to their
different stories of life and the environmental conditions

@ Springer
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that they experience. That is, within a plant population,
individuals may respond differently to damage, by rapidly
regenerating or by not resisting the damage.

Patterns of bark regeneration and precipitation

When assessing the bark regeneration between the four
treatments during the 24 months, it was observed that
individuals present in damage classes with higher intensi-
ties have also been the first to initiate their tissues regener-
ation process. They were also those that at the end of the
experiment had higher regenerated bark values. Neverthe-
less, none of the individuals present in the four treatments
had 100% of regenerated bark. These data are contrary to
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those reported by Monteiro et al. (2011), who found that
most of the M. urundeuva individuals in all classes,
6 months later presented more than half of regenerated
bark. It is believed that this difference in regeneration
time between species is due to the ability of each to resist
against different levels of damage and recover their
tissues. According to Filizola and Sampaio (2015), some
species regenerate faster than others, such as the aroeira-
do-sertdo (M. urundeuva Allemao) that after 2 years has
all of regenerated bark, when it is removed a small area
of 5 cm wide and 10 cm long. Conversely, the janaguba
(H. drasticus) need three more years for the regeneration
of its damaged tissues, since in this period less than half
of the bark of individuals are regenerated. Baldauf and
Santos (2014), found that of the 120 individuals of
H. drasticus damaged, none had fully regenerated its
tissue after a period of 3 years.

The delay of individuals to react to the damage and
the form of tissue growth may be a result of the patterns
of collection in not manipulated situations. In most cases
observed in the field, the extractivists collect the bark
along with the inner bark where the nutrients transport
tissues of the plant are located. Some species, such as
S. rotundifolium, initiate their regeneration by forming
calluses on the surface of the edges of the damaged area.
Others regenerate over the entire laminar surface
(Delvaux et al. 2013), such as H. drasticus. According
to Baldauf and Santos (2014), this type of regeneration
is the common pattern. In this type of growing, living
tissues such as the vascular cambium, the phloem, grow
from the edge towards the center.

Unlike the intensity of the damage, it was observed
that precipitation was not related to the regeneration
rate. A similar result was obtained by Monteiro et al.
(2011), who also found no seasonal differences in bark
regeneration of M. urundeuva. These results were con-
trary to those found in the literature, which indicate that
rainfall along with the temperature are factors that influ-
ence on the bark regeneration (Biggs 1986; Baldauf and
Santos 2014). Baldauf and Santos (2014) tested the
effect of seasonality on the regenerative capacity of
H. drasticus and observed that the rainy season favors
the regeneration of bark of this species. H. drasticus
presents a pattern of regeneration in which the bark
regrows throughout the affected area, differently from
the pattern observed in the species of the present study,
which is characterized by the regeneration of the edges
ofthe extracted part. Thus, it is believed that the fact that
the seasonality is not related to the regeneration of

individuals of S. rotundifolium is related to their pattern
of regeneration, because according to Baldauf and San-
tos (2014), the rainy season seems to favor the species
with laminar regeneration patterns, while the dry season
favors the species with growth through their edges.
Therefore, precipitation does not appear to be a limiting
factor in regeneration of bark of S. rotundifolium
individuals.

Suggestions for collection and sustainable use
of the species S. rotundifolium Mart.

According to the data, S. rotundifolium is moderately
tolerant to bark collection. Although some treatments
have presented different rates of regeneration, what is
observed is that at the end of the 24 months of monitor-
ing, none of the individuals in the two areas among the
four treatments had 100% of their bark regenerated. This
indicates that they require a longer time without
collecting in order to have their bark collected again.
Since the classes that had higher regeneration rates were
those with higher damage intensities, it is important to
test this variable “intensity” again in the future.

Like other species of the Cerrado, S. rotundifolium has
a rough bark, with the presence of rhytidome in adult
individuals that protects them against insect attack, me-
chanical shocks, and even against the fire which is com-
mon in the Cerrado (Martins and Nakagawa 2008). Thus,
the extraction of the bark influence not only in the sap
transportation processes, but leaves it vulnerable to vari-
ous types of external agents. Due to the importance of this
resource, especially for the function of protection against
fire, it is important to suggest some measures for better
collection and sustainability of the practice. Cunningham
and Mbenkum (1993) observed that the species Prunus
africana (Hook f.) Kalkman presented a great ability to
resist against damage. Therefore, they proposed a sus-
tainable collection, in which the extractors were allowed
to remove bark ribbons on opposite sides of the plant
always below the branches. In the case of the target
species of this study, although it was not our aim to
analyze the interference of flowering in the regeneration
of bark collection, it is recommended not to remove bark
of upper branches, in which the flowers will be arranged,
since individuals can allocate resources for flowering
instead of regeneration of the bark.

It is concluded that individuals of S. rotundifolium in
this study responded faster to larger damages. That is,
the bark regeneration rate was higher as the damage also
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increased, especially for the of 40 and 50 cm? classes.
The bark regeneration pattern present in individuals is
associated with a given type of damage. Rainfall does
not favor the regeneration of S. rotundifolium bark; this
is related to its regenerative pattern since small rain
volumes favor individuals with patterns of growth by
the edge. Considering the dimensions of bark extracted
by the extractivists are generally much higher than those
found here; no collection is recommended for a period
of at least 36 months in individuals that have had bark
extracted, so that they can fully recover from the dam-
age. The findings of this study showed that species with
a pattern of regeneration from the edges appear not to be
influenced by rainfall and that is important for semi-arid
species. Based on the information obtained, a manage-
ment plan for Stryphnodendron rotundifolium Mart can
be elaborated.
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