¥y ¥ ¥y

Anais da Academia Brasileira de Ciéncias
ISSN: 0001-3765

aabc@abc.org.br

Academia Brasileira de Ciéncias

Brasil

MARIOT, ALEXANDRE; MANTOVANI, ADELAR; DOS REIS, MAURICIO S.

Bark Harvesting Systems of Drimys brasiliensis Miers in the Brazilian Atlantic Rainforest
Anais da Academia Brasileira de Ciéncias, vol. 86, nim. 3, enero-septiembre, 2014, pp. 1315-1326
Academia Brasileira de Ciéncias
Rio de Janeiro, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=32731840026

How to cite e

Complete issue - .
P Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative

More information about this article


http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org/articulo.oa?id=32731840026
http://www.redalyc.org/comocitar.oa?id=32731840026
http://www.redalyc.org/fasciculo.oa?id=327&numero=31840
http://www.redalyc.org/articulo.oa?id=32731840026
http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org

Anais da Academia Brasileira de Ciéncias (2014) 86(3): 1315-1326
(Annals of the Brazilian Academy of Sciences)

W) Printed version ISSN 0001-3765 / Online version ISSN 1678-2690

www.scielo.br/aabc

http://dx.doi.org/10.1590/0001-3765201420130180

Bark Harvesting Systems of Drimys brasiliensis Miers
in the Brazilian Atlantic Rainforest

ALEXANDRE MARIOTI, ADELAR MANTOVANI? and MAURICIO S. DOS REIS!

Ntcleo de Pesquisas em Florestas Tropicais, Universidade Federal de Santa Catarina, Centro de Ciéncias Agrarias,
Departamento de Fitotecnia, Rodovia Admar Gonzaga, 1346, 88034-001 Floriandpolis, SC, Brasil
2Universidade do Estado de Santa Catarina, Centro Agroveterinario,

Departamento de Engenharia Florestal, Av. Luiz de Camdes, 2090, 88520-000 Lages, SC, Brasil

Manuscript received on May 3, 2013, accepted for publication on October 28, 2013

ABSTRACT
Drimys brasiliensis Miers, locally known as cataia or casca-de-anta, is a native tree species of the Atlantic
Rainforest. Its bark is harvested from natural populations. This study examined the recovery capacity of the
bark of D. brasiliensis under different bark harvesting methods, as well as the influence of these approaches
on its population dynamics and reproductive biology. While none of these treatments resulted in changes
in phenological behavior or the rate of increase of diameter at breast height and tree height, the removal

of wider bark strips resulted in lower rates of bark recovery and higher rates of insect attack and diseases.
Accordingly, the results recommend using strips of bark 2 cm wide and 2 m long, with 4 cm between strips,
for effective rates of bark regrowth and for lower susceptibility to insect attack and diseases. From these
studies, we concluded that D. brasiliensis has a high potential for sustainable management of its natural
populations, demonstrating the possibility of generating an important supplementary income for farmers

and contributing to the use and conservation of the Atlantic Rainforest.

Key words: bark harvesting, medicinal plant, sustainable management, Drimys brasiliensis, insect attack.

INTRODUCTION

The commercial use of products derived from plants
is growing in the world, increasing the intensity and
frequency of medicinal plant harvesting from wild
habitats, despite the very limited cultivation of wild
medicinal plants. The wild harvesting of medicinal
plants from forest ecosystems represents an important
source of income worldwide, although such harvesting
affects ecological processes at different levels, from
individual plants, to populations, and even ecosystems
(Reis et al. 2003, Ticktin 2004, Shanley et al. 2006).

Correspondence to: Alexandre Mariot
E-mail: alexandre mariot@yahoo.com.br

Different kinds of wild plants (epiphytes,
herbs, lianas and trees) and different parts of
plants (such as roots, bark, leaves, flowers and
fruits) are used in folk medicine (Geldenhuys and
Mitchel 2006). The effect of harvesting on these
plants varies according to what part of the plant
is used, as well as the frequency and intensity of
harvest. Additionally, the harvest can change the
survival, growth and reproduction of the harvested
individuals (Hall and Bawa 1993, Reis et al. 2003,
Ticktin 2004).

Harvesting flowers and fruits clearly has far
less impact than the damage caused by harvesting
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bark or roots, or by removing of the whole plant
(Cunningham 2001). Bark regrowth varies between
species and for some species, it does not recover;
causing the death of these plants in many cases
(Delvaux et al. 2009, Geldenhuys et al. 2007,
Vermeulen 2007). If the thin layer of cambium cells
in the inner bark is removed during the harvest, there
can be significant interruption in the transport of
water and nutrients to and from the roots and leaves,
as well as significant damage to the natural protection
against attack by herbivores, insects, fire and fungi,
since these cambium cells surround the xylem.
Additionally, it can cause plant death, reducing
the density of exploited species, and consequently
reduced seed production and gene flow, as seen in
Prunus africana (Cunningham and Mbenkim 1993).
Guedje et al. (2007) observed that for Garcinia
lucida the bark harvesting strategies currently
undertaken are causing plant mortality resulting in
decreased density of the species, showing that the
harvest strategy being used is not sustainable.

In this context, the sustainable management
concept proposed by Fantini et al. (1992) and
applied to the heart-of-palm — Euterpe edulis (Reis
et al. 2000a, b, Conte et al. 2008, Silva and Reis
2010), pariparoba - Piper cernuum (Mariot et al.
2002, 2003, 2007), espinheira-santa — Maytenus
ilicifolia (Steenbock et al. 2003, Steenbock and
Reis 2004), caraguatda - Bromelia anthiacantha
(Duarte et al. 2007, Filippon et al. in press) and
leather-leaf fern - Rumohra adiantiformis (Baldauf
et al. 2007, Baldauf and Reis 2010), could be a
sustainable alternative.

The sustainable management system proposed
in Fantini et al. (1992) is based on two aspects:
cyclical harvesting and ecological knowledge
of each species. Thus, in order to guarantee
cyclical harvesting, aspects of demography and
reproductive biology should be observed. The
assessment of current biomass and growth indexes,
as well as the natural regeneration dynamics and
the number of reproductive individuals to maintain
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the original population structure (demographically
and genetically) is essential (Reis 1996, Reis et
al. 2003). For this type of management a dynamic
approach is necessary, based on the autoecology of
each harvested species, considering the species in
the forest environment (Mariot and Reis 2006).

The system also considers the part of the
plant used. For medicinal plants, if leaves are
used, the assessment of recovery can be number
of leaves or number of branches; if roots are used,
the assessment can be the diameter of roots (Reis
1996, Reis et al. 2003, Mariot and Reis 2006). If
the part used is the bark, the assessment of bark
recovery can be measured from the exposed area
after harvesting.

The bark harvesting practice can be sustainable
if the species population structure can be main-
tained under harvesting, allowing for natural
regeneration. This ensures ecosystem sustainability
through diversity preservation (Reis et al. 2003).
Other non-timber forest products, like fruits,
seeds, ornamental plants and honey, can provide
an important supplementary income for forest
owners. Equilibrium between market demands and
recovery capacity after harvesting is necessary for
the sustainable harvesting of medicinal plants.

This study examined the bark recovery
capacity of Drimys brasiliensis Miers under
different methodologies of bark harvesting, and
the influence of these methods on its population
dynamics and reproductive biology.

D. brasiliensis Miers, locally known as cataia
or casca-de-anta, is a native tree of the Araucaria
Forest, an Atlantic Rainforest ecosystem. Its bark
hasbeen used for folk medicine to treat scurvy, fever,
stomach aches, also as an aromatic for culinary use
(Trinta and Santos 1997). Malheiros et al. (2005)
detected antifungal activity of sesquiterpenes
found in the bark of D. brasiliensis, and Cechinel-
Filho et al. (1998) isolated and identified several
active compounds from its bark, and found that the
polygodial was more potent in controlling pain.
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Ribeiro et al. (2008) identified that the essential oils
found in the leaves and bark of D. brasiliensis were
lethal to dog and cattle ticks.

Studies conducted in different environments,
such as the understory of Araucaria angustifolia
plantations and in a primary Araucaria Forest, found
a stem density of 105 and 31 (for DBH > 5 cm)
respectively for D. brasiliensis with an inverse
J-shaped size class distribution (Mariot et al. 2010).
In the study conducted in the primary Araucaria
Forest the authors found a strong spatial structure.
However, there are no sustainable criteria of this
harvesting process in natural populations, which
is the only source for obtaining barks for this not
domesticated species.

MATERIALS AND METHODS

STUDY AREAS

The studies were carried out in two natural
populations of Drimys brasiliensis, 10 km apart: The
Cagador National Forest (CNF) (26°45°50,24”’S;
51°11°59,30”W) and in a forest fragment (FF)
(26°45°20,44”°S; 51°05°46,77” W) on a small farm,
located in the Araucaria Forest, Atlantic Rainforest
domain. According to the Koeppen classification,
the climate of the region is humid subtropical, with
an annual rainfall of 1700 mm and average annual
temperature of 17°C. The CNF study area presents a
natural population under an Araucaria angustifolia
plantation established in 1958, and the FF study
area is used for cattle farming and harvesting of
non-timber forest products such as firewood and
seed, honey production, and the exploitation of //ex
paraguariensis for tea. Demographic aspects of
this area can be found in Mariot et al. (2010).

HARVEST TREATMENTS AND ASSESSMENTS

Two experiments of D. brasiliensis bark harvesting
were conducted to determine the best combination
factors (harvest prescriptions) for bark recovery,
without affecting growth and plant development.

In the first experiment, installed in April 2004,
the length of the strip was 1 meter, three sources of
variation: factor one - season (autumn or spring),
factor two - percent of CBH (circumference at breast
height) (20, 30 or 40%), and factor three — number
of strips (1, 2 or 3), resulting in 18 combinations (2
seasons X 3 percentages of CBH x 3 number of strips).

A second experiment was started in October
2004 with strips with a fixed width of 2 centimeters,
and 2 sources of variation: factor one — distance
between strips (4 or 8 centimeters), and factor two —
strips with different lengths (1 or 2 meters), resulting
in 4 combinations (2 distances between strips x 2
strip lengths). Bark was harvested using a knife.

The two experiments were conducted in
randomized complete blocks. Experiment one
included three-factors with six replications (blocks)
(45 trees in total), and experiment two included
a two-factor with four replications (16 trees in
total). In both experiments the block was used
as a function of the stem diameter and spatial
location of the plants (CNF or FF), resulting in all
combinations in all places and classes of CBH. In
experiment one, four blocks were installed in the
CNF and two repetitions in the FF, while all the
blocks of experiment two were installed in the FF.
For comparisons of growth and plant development
between harvested and non-harvested plants, 225
trees were used as a control.

The individuals used in the experiments had
a diameter at breast height of (DBH) > 5 cm,
with a mean DBH of 9.7 cm (2.8 cm standard
deviation) and a mean height of 7 m (2.4 m
standard deviation). Evaluations were carried out
annually from 2005-2008, and the percentage
of bark regrowth was estimated by using a ruler
to measure the regeneration of the bark, and by
comparing the harvested wounds on the stems with
the wound area at the time of harvest. For example,
in experiment one with a fixed strip of 1 meter,
for a trunk of 10 cm of CBH, the combination of
30% of CBH and 1 strip, resulted in a strip of 3

An Acad Bras Cienc (2014) 86 (3)



1318 ALEXANDRE MARIOT, ADELAR MANTOVANI and MAURICIO S. DOS REIS

cm of width and an area of 300 cm? at the moment
of harvest. 30% of CBH and 2 strips resulted in 2
strips of 1.5 cm each. All data were transformed
by Vx to standardize variances and an Analysis of
Variance (ANOVA) test was conducted. A Tukey
Test was used in the separation of averages for the
percentage of recovery for all factors and years
analyzed. In all experiments the exploited bark
was weighed on electronic scales, and chopped and
dried separately. A wood stove installed in the CNF
was used to dry the bark. After drying, the bark was
weighed again and a comparison between dry and
fresh weight was estimated.

For experiment one the percentage of the
wound of harvested plants which was exposed to
attacks from insects and diseases in 2008 was related
to the increase in DBH, total height and standard
phenology (Fournier 1974). A Dunn test (Zar 1999)
was used to compare the percentage of wound
area with insect and disease incidence, to factor 2
(percentage of CBH), factor 3 (number of strips),
DBH increments, total height, and phenophases. In
experiment two, the percentage of the wound area
in harvested plants in 2008 was compared to the
intensity of insect and disease attack.

EVALUATION OF DEMOGRAPHIC STRUCTURE

Based on Mariot et al. (2010), data for comparisons
of bark productivity between CNF and Cacador
Genetic Forest Reserve (FGPC) (26°51°0,81”’S;
50°57°58,12”W), an area of primary forest in the
Araucaria Forest, were used. One Plot of 1 hectare
in both CNF and FGPC was created and evaluated,
considering all D. brasiliensis plants within the plot.

RESULTS AND DISCUSSION
EXPERIMENT 1

The ANOVA test results of experiment one are
presented in Table I. The use of randomized
blocks was efficient for annual evaluations, and
significant differences were found between levels
of the three factors studied every year (factor 1 -
season; factor 2 - % CBH; factor 3 - number of
strips), and for the interaction between factor 1
(season) and factor 2 (% of CBH).

For factor one (season), the best rate of bark
recovery was found for the “spring” treatment
for all years studied (Table I). The autumn and
spring treatments were evaluated during the same
period each year (in April), which resulted in a

TABLE I
ANOVA test results of percentage of bark recovery in Drimys brasiliensis,
in 2005, 2006, 2007 and 2008, from experiment one.

Sources of variation DF 21\6[08 5 21\(;[05 6 21\6[087 21\(;1088
Block 5 0.04930** 0.03202%** 0.03643%* 0.03728%*%*
Season (A) 1 0.28214%** 0.07020%** 0.05048* 0.03757*
% CBH (B) 2 0.18861** 0.14350%** 0.14635%* 0.12885%*
No. of strips (C) 2 0.41722%* 0.32204** 0.35796** 0.38078**
Interactions
AB 2 0.01706 0.00522 0.00868 0.01016
AC 2 0.00757 0.01915 0.03134* 0.04060**
BC 4 0.01176 0.00789 0.00455 0.00597
ABC 4 0.00738 0.00939 0.00586 0.00272
Residual 65 0.00696 0.00732 0.00778 0.00778
CV (%) 26 20 16 14
Total 87

DF = degrees of freedom; MS = mean square; significance level 1%** and 5%* of probability by the F-test. 'Experimental

Variation Coefficient.
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6-month time advantage for recovery during the
autumn season as compared to the spring season.
Consequently, every year resulted in a higher
average rate of bark regeneration.

The annual rates of bark recovery were
defined by estimating regression equations, and
were compared to the rates of bark regeneration for
two seasons with the same regeneration time. The
regeneration rates were found to be similar (Figure 1).

Autumn regeneration = 0.1853 x time R = 0.94

Spring regeneration = 0.1855 x time R? = 0.95

100 -
90 1 e Qutumn
80
70
60 -
50
40 |
30
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10
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== 3pring

Thus, there is no significant difference between
seasons during all years of study, as well as no
difference in the interaction between factor one,
season of harvest, and factor two, the number of
strips, for the years 2007 and 2008.

Delvaux et al. (2009), studying bark harvesting
of 12 species in Benin (Africa), cited a general
superiority in the recovery of plants harvested
during spring in relation to plants harvested during
autumn. However, when considering the individual
species, they found that eight species regenerated
better when harvested during spring, than when

* <

0 0,5 1 1.5

2 25 3 35 4

years after exploitation

Figure 1 - Observed (dots) and estimated bark regeneration (lines) in Drimys brasiliensis in

autumn and spring-time.

harvested during autumn, and three species showed
no difference to the time of harvesting.

Although there are no differences between season
of treatment, which indicates that D. brasiliensis can
be exploited at any time, in the winter time the bark of
the trunk does not come off as easily as in the autumn
and spring time, which complicates the removal, and
results in fragmented strips.

For factor two (percentage of CBH) the best
rates for bark regeneration were found to be for
percentages of 20% to 30%, where rates of recovery
were intermediate, and the treatment of 40% had
the lowest rate of bark regeneration for the years
2005 and 2006, which was found to be statistically
significantly different (Table II). For the years 2007

and 2008, treatments 20% and 30% were the best,
with no statistically significant differences between
them, and the treatment of 40% had lower rates of
bark recovery (Table II).

TABLE 11
Percentage of bark recovery in Drimys brasiliensis under
different percentages of harvesting, in the years 2005,
2006, 2007 and 2008, for experiment one.

Percentage Years
of CBH' 2005 2006 2007 2008
20 41 A* 52 A 62 A 69 A
30 32B 42 B 54 A 63 A
40 22C 33C 41 B 49B

!Circunference at breath height; ¥Numbers with same
letter are not significantly different as per the Tukey test
(0.05), comparison between treatments.

An Acad Bras Cienc (2014) 86 (3)
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Regardless of the CBH of the plant, the largest
the harvested area was resulted in a larger wound
which needed a longer time for bark recovery. The
changes in recovery areas for different percentages
of harvesting are shown in Figure 2.

100 )
%0 | ——20 =-#=-30 —8 =40

80
70

regeneration %

2005 2006 2007 2008

year

Figure 2 - Bark regeneration of Drimys brasiliensis under
different percentages of exploitations (20, 30 and 40%).

For factor three (number of strips), the highest
rates of bark recovery were for the three-strip
treatment. The two-strip treatment had intermediate
rates of regeneration, and the one-strip treatment had
the lowest rates of bark regeneration, for each year
evaluated. The bark recovery for these treatments
was found to be statistically different (Table III).
Regardless of the plant’s CBH, the greater number
of strips results in more narrow strips, facilitating
the recovery of the wound area. The differences in
the regenerated areas for different numbers of strips
are shown in Figure 3.

TABLE III
Percentage of bark recovery in Drimys brasiliensis
under different numbers of strips, in the years
2005, 2006, 2007 and 2008, for experiment one.

Number of Years
strips 2005 2006 2007 2008
1 18C*  27C 34C 40 C
2 35B 47B 58 B 66 B
3 43 A 53A 65 A 75 A

*Numbers with same letter are not significantly different as
per the Tukey test (0.05), comparison between treatments.

An Acad Bras Cienc (2014) 86 (3)

100

%0 - ——1 -e--2 —e -3
80
-
e g
i 70 e -tr ______ -
6 60 _‘_”:-___. —————
g 50 Yl e
DTN L
[ I
o [ 4
@ 30
20
10 -
0 T 1
2005 2006 2007 2008

year

Figura 3 - Bark regeneration of Drimys brasiliensis under
different amounts of exploited strips (1, 2 and 3).

None of the treatments demonstrated complete
bark recovery, however, individually, two plants
showed complete bark recovery three years after
harvesting (2007), which increased to six plants in
the fourth year (2008) of the study.

Considering the percentage of the wound area
in regards to insect and disease attacks (mainly
fungi), no statistical differences were observed
between factor one (season), and factor 3 (number
of strips) (Table IV). For factor two (percentage of
CBH), the lowest incidences of insects and diseases
were for treatments 20% and 30% which also had
the highest rates of bark recovery. The treatment of
30% did not differ statistically from the treatment
of 40% (Table IV).

TABLE IV
Percentage of insect (I) and disease (D) attacks
from three sources of variation (season,
percentage of CBH' explored and number of
strips) from experiment one, in the year 2008.

Season 1% (]./)0 C‘;/;H 0;) :/)0 Strips ‘;u ‘!/)0
Autumn iii 2;3 20 i f 1 15 %Ag
Spring f %AS 30 i; 2(1)3 2 %A3 %A9
40 3BS 331 3 f f

!Circunference at breast height; *Numbers with same letter
are not significantly different as per the Dunn test (0.05),
comparison done by column.
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The treatments used in experiment one
resulted in a wide range of strip width, depending
on tree diameter. For example, for a tree of 10 cm
CBH, a removal of 40% of CBH could result in a
treatment of one strip of 4 cm, while with a 90 cm
CBH tree, a removal of 20% could entail three
strips of 6 cm. Greater CBHs result in wider strips,
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therefore wide strips are exploited, even within the
same percentage of harvesting. The same goes for
the number of strips: more strips result in a smaller
width, facilitating the recovery of the wound area.
A trend was observed, regardless of the treatment
applied: narrow strips regenerated more rapidly
than wider strips, as can be seen in Figure 4.

strip width (cm)

Figure 4 - Percentage of bark recovery in Drimys brasiliensis from different exploited strip

width after one year following harvesting.

Most of the bark regrowth comes from living
tissue (vascular cambium, phloem, feloderm and
phellogen) along the edge of the exploited area
towards its center. To a lesser extent, but mostly
non-existent, the bark recovery comes from the
remaining living cells on the xylem in the sheet of
the exploited area at the time of bark harvesting.

It is from these living cells that the plant will
heal the wound area. The wound area will heal
through the formation of all living tissues already
mentioned, along with the cork and the outer layer
of skin, which is formed by dead cells originating
from the phellogen.

The harvesting of two strips 2 cm wide and
1 meter in length each (total perimeter = 4.08 m)
is preferred to a strip 4 cm wide and 1 meter
in length (total perimeter = 2.08 m). Although
the bark production is the same in both cases,
the first case with two strips allows for the
greater edge to accelerate the regeneration of the

harvested bark. The same pattern was observed
with respect to attack by insects and diseases:
narrow strips resulted in a lower incidence due to
smaller exposed areas (Figure 5). The main pests
were termites and the main diseases were fungi.
Nkeng et al. (2010) found that 94% of exploited
Prunus africana trees were attacked by insects in
Cameroon. Chungu et al. (2007) also found that the
wood of medicinal trees in Zambia were severely
deteriorated after debarking, displaying extensive
tissue discoloration, increased insect infestation
and profuse gum exudation. However, they found
that covering the wound site with mud considerably
protected the trees from wood deterioration and
insect damage and this constitutes the best and
most sustainable bark harvesting prescription for
biodiversity conservation.

Geldenhuys et al. (2007), testing the bark
harvesting for 22 native species occurring in
southern Africa, also found that in general, the

An Acad Bras Cienc (2014) 86 (3)
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Figure 5 - Percentage of insect and disease attacks in Drimys
brasiliensis measured on different widths of strips.

smaller the wounds, the higher the rates of bark
recovery, indicating widths smaller than 10 cm were
the best option. Geldenhuys and Mitchell (2006)
also indicated the harvesting of strips less than 10
cm wide were the best option. Delvaux et al. (2009)
found that out of 12 species studied for the intensity of
bark harvesting, eight showed significant differences
among the seven treatments used, and four species
were indifferent to these treatments.

In Cameroon, the Forestry Administration
indicated the following for the sustainable harvesting
ofmedicinal bark in general: a) only trees with diameter
at breast height (DBH)>30 cm can be debarked; b)
trees with DBH<50 cm should be debarked with two
strips on opposite sides, each strip no wider than 1/4
of the circumference of the tree (50%); c) trees with
DBH 50 c¢m should be debarked in 4 strips regularly
distributed around the circumference, each no wider
than 1/8 of the circumference (50%); d) lateral roots
with a minimum diameter of 20 cm of trees with
DBH>50 cm can also be debarked (Ndibi and Kay
1997). However, Nkeng et al. (2010) found that
harvesting was sustainable in only 9% of the 710 trees
in 14 study sites. Disorderly harvesting was also found
for Stryphnodendron adstringens in Brazil (Borges
Filho and Felfili 2003). Similar methodology was
proposed by Minore and Weatherly (1994), indicating
that partial bark removal from one side of the tree
will probably not seriously affect the growth of Taxus
brevifolia if less than 50% of the bark is removed.

An Acad Bras Cienc (2014) 86 (3)

With regard to phenological pattern and the
increments in DBH and total height (Mariot 2010),
in the four years studied, none of the treatments
differed significantly from the control, meaning
that the harvesting of bark did not modify the
growth of the species nor the rate of reproduction
in any conditions studied.

This nondestructive method of obtaining this
non-timber forest product, by the harvest of bark
strips, does not eliminate the genotype of the
population or reduce their reproductive success,
and allows periodic cycles of harvesting of the same
plant. Thus, the plant may continue to contribute
their alleles through pollen and seeds to maintain
the population dynamics of species, since the results
showed that the harvesting systems tested did not
interfere in the growth and reproductive biology of
D. brasiliensis during the evaluation period.

From the results of Experiment One, a
harvest of 20% or 30% of CBH, in three strips, is
recommended for D. brasiliensis.

When drying the harvested bark, it was found
that the dried bark has income of 41% compared
to the fresh weight (dry weight = wet weight x
0.41 ** R?=10.99).

EXPERIMENT 2

From the results of Experiment One, which indi-
cated that bark regenerated better with narrow-strip
harvests, experiment two was installed, where the
width of the strip was fixed at 2 cm, varying the
distance between strips (4 and 8 cm - factor one)
and length of strips (1 and 2 m - factor two).
ANOVA test results for experiment two, for all
years evaluated, is presented in Table V. The means
for bark recovery for each combination of factors is
presented in Table VI. No significant differences was
found between the levels of two factors analyzed
individually for all years, or their interactions,
regardless of the length of the strip and the distance
between them, proving that the main factor for rapid
bark recovery in D. brasiliensis is the width of the strip.
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TABLE V
ANOVA test results for percentage of bark recovery in Drimys brasiliensis,
in the years 2005, 2006, 2007 and 2008, from experiment two.

Sources of variation DF MS 2005 MS 2006 MS 2007 MS 2008
Block 3 0.05526' 0.06048 0.04714 0.03937
Distance between strips (A) 1 0.00262 0.00236 0.01810 0.04030
Length of strip (B) 1 0.00001 0.00020 0.00262 0.00213
Interactions

AB 1 0.01534 0.03350 0.01888 0.00603
Residual 0.05391 0.06917 0.06256 0.04516

CV (%) / 34 35 29 23

Total 13

"level 1%** and 5%* of probability as per the F-test; “Experimental Variation Coefficient.

TABLE VI
Percentage of bark recovery in
Drimys brasiliensis, from experiment two.

Source of Variation Year
Distance
between | 8Ol | 005 2006 2007 2008
. strip (m)
strips (cm)
4 1 47A 59A 80A 88A
4 2 46 A 68A 80A 90A
8 1 48A 67A T0A T7A
8 2 50A 67A T76A 80A

*Numbers with same letter are not significantly different as
per the Dunn test (0.05), comparison done by column.

Narrow strips regenerate faster than wider
strips, mainly due to higher contribution from the
edges of the living tissues of the exploited strips
than by contribution of living tissue from the
wound surface.

Regarding the attack of insects and diseases,
the result of experiment two was 0% for all
treatments, confirming the results of experiment
one, where 2 cm strips, regardless of treatment,
were not attacked by insects and showed a very low
incidence of diseases (8.5%).

All plants used in experiment two are located
in the FF, an area used for cattle production, with
regular mowing, and higher incidence of sunlight and
ventilation as compared to the CNF. These factors
possibly reduce the humidity of the environment,
discouraging the attack of pathogens in the FF. In
the case of experiment one, the plants from the two

repetitions of FF had a lower incidence of insects
and diseases than plants from the four repetitions of
the CNF, corroborating with this hypothesis.

Therefore, considering the data from expe-
riment two, supplementing the information obtained
in experiment one, the main factor for efficient
recovery of exploited strips in D. brasiliensis is
the width of the strip, which should be as narrow
as 2 cm, regardless of the strip length and distance
between them. This implies strips 2 cm wide and 2
meters high, spaced 4 cm apart.

Considering all treatments, none of the
treatments resulted in complete plant recovery.
However, individually, some plants (21% - 2007)
regenerated the total exploited area three years
after harvesting, and this value increased 42% in
the fourth year of the study (2008).

In the fifth year after harvesting these values
will probably increase, since the regenerated
plants that have not yet closed the exploited area
are very close to full regeneration. Therefore a
harvesting cycle of 5 years is proposed, however
some plants will be available for a new harvest
after the third year.

The regenerating values from experiment two
are much higher than those found in experiment one,
because all the strips were narrow (2 cm), demons-
trating that for D. brasiliensis the determining
factor for bark regrowth after harvesting is the
width of the strip.
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BARK PRODUCTION

Using data from Mariot et al. (2010) (Figure 6) we
calculated the bark production of D. brasiliensis per
hectare in the CNF and in the FGPC. A regression
equation based on the results of the experiments
of bark production was estimated, considering the
increased thickness of the bark due to the increase of
the plant’s DBH. The following equation was used:
DRY WEIGHT (g)=3.39 ** x DBH (cm ) (R?=0.96).
From this equation, and considering the increasing
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number of strips with the increasing plant DBH, it
was estimated that productivity in the FGPC studied
by Mariot et al. (2010) (31 plants with DBH> 5 cm
per hectare), and the CNF (105 plants with DBH>
5 cm per hectare), is respectively 35.5 and 38.5 kg
of dried bark per hectare for a five year cycle.
Despite a greater number of plants in the CNF
and higher stem density in relation to the RGFC,
productivity did not increase in the same proportion
in CNF because the plants have a smaller DBH
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Figure 6 - Diametric distribution of Drimys brasilienis in the Forest Genetic Park of Cagador (A) and Cagador National Forest

(B), according to Mariot et al. (2010).

(average of 8.3 cm for plants with DBH> 5 c¢cm, and
average of 11.2 cm for plants with DBH>5 cm in
FGPC), reflecting lower productivity per plant.

However, overall productivity was higher in
the CNF compared with the FGPC, reflecting the
potential of secondary forest areas in the management
of this species. It is important to note that secondary
forests cover most of the remaining Atlantic Forest.

Considering the studied aspects, we find that
there is potential for the sustainable management
of D. brasiliensis with the possibility of financial
gain from the harvesting of natural populations. D.
brasiliensis is only one of the products that can be
obtained from the forest as a source of supplementary
income, encouraging the conservation of remaining
fragments of the Atlantic Rainforest.
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Apart from medicinal bark, there is a high
diversity of other non-timber forest products that
could be harvested from these areas, including other
medicinal plants (Maytenus ilicifolia - Steenbock et
al. 2003, Steenbock and Reis 2004, and Bromelia
antiacantha-Duarteetal. 2007, Filipponetal. inpress),
edible products (Araucaria angustifolia seeds - Silva
and Reis 2009) and ornamental plants (bromeliads
and orchids), as well as woody products as sources
of energy (firewood and charcoal) and raw material
for construction (Mimosa scabrella - Steenbock et
al. 2011). The combination of harvesting of these
various products could enhance the conservation of
tropical or subtropical forests in the world. Only with
financial gains by the property owners will most of the
remaining forest be conserved through use.
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RESUMO

Drimys  brasiliensis Miers, popularmente conhecida
como cataia ou casca-de-anta, ¢ uma arvore nativa da
Mata Atlantica, € suas cascas sdo usadas medicinalmente,
através da exploragdo de populagdes naturais. Este estudo
examinou a capacidade de reposicdo de cascas de D.
brasiliensis sob diferentes metodologias de coleta de cascas,
assim como a influéncias desses métodos na sua dindmica
populacional e biologia reprodutiva. Apesar de nenhum
dos tratamentos terem resultado em modificagdes nas taxas
de incremento em diametro a altura do peito e altura, nem
do comportamento fenologico, quanto mais larga a lasca
das cascas exploradas, menores as taxas de regeneragio e
maiores os indices de ataque de pragas ¢ doengas. Portanto,
¢ indicado que as lascas tenham largura de 2 cm por 2 m de
altura, distanciadas entre si 4 cm. A partir desses estudos,
D. brasiliensis tem um alto potencial de manejo sustentado
em suas populacdes naturais, demonstrando a possibilidade
de gerar uma renda para proprietarios rurais ¢ contribuir

para o uso e a conservacao da Mata Atlantica.

Palavras-chave: colheita de casca, planta medicinal,

manejo sustentavel, drimys brasiliensis, ataque de insetos.
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