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A contribution to the identification of charcoal origin in Brazil III:
microscopic identification of 10 Cerrado species
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Abstract. Brazil has one of the richest biodiversities in the world. The Brazilian savanna is a hotspot for conservation
priorities and its deforestation is of global concern. Conservation in this biome is threatened by unsustainable use of
forests, such as illegal logging for charcoal production. Thus, government agents need to verify whether charcoal loads
follow the Document of Forestry Origin (DOF). To improve charcoal identification, our study presents the microscopic
description of 10 Cerrado species and provides an identification key to aid government agents during surveillance. We
analysed charcoal samples with a scanning electron microscope. The method of carbonisation simulated real conditions.
We chose specieswith similarwood anatomy (sparse axial parenchyma andnarrow rays),which increasesmisidentification
by forest controllers because of their difficulty to identify these features. Also, paratracheal scanty, diffuse and diffuse-in-
aggregates parenchyma were harder to recognise in charcoal than in wood. Other features, such as vessels, rays and
abundant axial parenchyma, were easily identified. The present work can be used as a part of a charcoal anatomy database
focussed on preventing deforestation in Brazil and in other countries with similar problems.

Additional keywords: anatomy, forestry supervision, Nature Conservancy.
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Introduction

It is difficult to control charcoal production and distribution
in Brazil. Governmental surveillance activities are performed
on the basis of rules in the Document of Forestry Origin
(DOF) and the Federal Law no. 12.651, known as ‘New
Forestry Code’ (Ganem 2013). These documents are designed
to guarantee sustainable production of charcoal from planted or
native species,with a forestmanagement planproduced aspart of
the environmental licensing process. One of the responsibilities
of government agents is to verify the compliance between the
load and DOF of the charcoal. However, this is a difficult task
because an accurate identification demands specialist skills
in wood anatomy (Davrieux et al. 2010). Few courses focus
on wood and charcoal identification. Furthermore, there are few
works on the subject to provide a good database for practical
applications.

This situation becomes even more critical considering
the continental size of Brazil (8.5million km2) and the
presence of six biomes, Amazon, Cerrado, Caatinga, Atlantic
Forest, Pantanal and Pampa (SFB 2010; IBGE 2012).
Approximately 8000 species of trees are known in Brazil
(reflora.jbrj.gov.br, accessed 10 August 2017); taking into
account the published studies on wood anatomy of Brazilian
species (e.g. Wheeler 2011), it is necessary to develop new
studies.

Charcoal anatomy or anthracology is possible because
features of wood anatomy are usually well preserved in charcoal
(e.g. Prior and Gasson 1993; Gonçalves et al. 2012). This
science has developed worldwide, with special application in
archaeological and paleoenvironmental contexts (e.g. Vernet
1972; Prior and Williams 1985; Marguerie 1992; Heinz and
Thiébault 1998; Figueiral and Mosbrugger 2000; Asouti 2003;
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Scheel-Ybert et al. 2003; Théry-Parisot et al. 2010; Byrne et al.
2013; Dotte-Sarout et al. 2015).

The deforestation of protected areas to produce charcoal is
a well known global problem (see Nellemann et al. 2014).
Therefore, recently in Brazil, works involving characterisation
of charcoal anatomy have been directed to forestry supervisors
(Gonçalves et al. 2008, 2011, 2012, 2014, 2016; Gonçalves
and Scheel-Ybert 2012, 2016; Muñiz et al. 2012a, 2012b,
2013, 2016; Nisgoski et al. 2012, 2014, 2015; Scheel-Ybert
and Gonçalves 2017). This initiative has also begun in
Mozambique as the Miombo’ forest (savanna ecoregions) is
highly threatened by irregular and unsustainable charcoal
production (Afonso et al. 2015).

The process of any identification is to compare the DOF
(MMA 2011) and the wood or charcoals. First, macroscopic
analysis is conducted on charcoal samples (Gonçalves et al.
2016), which allows the immediate evaluation of species
declared in the DOF, verifying whether the load is regular
or irregular. Often, loads of charcoal that are said to be from
eucalypt reforestation and are supposed to be homogenous
are in fact composed of a mixture of native species and are,
consequently, illegal. When a more detailed investigation is
necessary to identify the charcoals, microscopic analysis is
required.

The Cerrado (Brazilian savanna) originally covered nearly
2million km2 in Brazil (IBGE 2004). It is considered a

biodiversity hotspot (Myers et al. 2000), and has been
suffering high rates of deforestation and land-use change. For
instance, between 1990 and 2010, theCerrado lost ~265 595 km2

of natural vegetation (Beuchle et al. 2015). The main causes of
this deforestation are land conversion to agriculture and cattle
grazing (e.g. Klink and Machado 2005). Charcoal consumption,
by itself, represents the deforestation of ~16 000 km2 of the
Cerrado (MMA 2011).

In the present study, the charcoal anatomy of 10 species from
theCerrado is characterisedmicroscopically.We also provide an
identification key to these species. It is justified by the illegal
commerce of charcoal and the need for conservancy of the
Cerrado. Our main goal is to provide scientific information to
the forestry supervisors inBrazil and other countrieswith similar
issues.

Materials and methods
Wood samples from 10 species were collected from a 180-ha
private reserve of Cerrado sensu lato ‘Fazenda Palmeira da
Serra’ in São Paulo State, Brazil (23�02055.500S, 48�31026.100W).

We selected the species on the basis of the failure risk of forest
controllers in identifying samples, owing to its wood anatomy
(Table 1).

The wood samples were wrapped in tinfoil, submitted to a
carbonisation process in a muffle furnace (Q318S, Quimis, São
Paulo, Brazil) for ~5 h, using a heating rate of 1.66�C min–1 and

Table 1. List of species analysed
The geographic distribution is according Flora do Brasil (reflora.jbrj.gov.br, accessed 10 August 2017).

Species Family Geographic distribution (states)

Lithraea molleoides (Vell.) Engl. Anacardiaceae R.Br. North-east (Bahia, Paraíba, Pernambuco,RioGrandedoNorte, Sergipe); central-
west (Distrito Federal, Goiás, Mato Grosso do Sul, Mato Grosso); south-east
(Espírito Santo, Minas Gerais, Rio de Janeiro, São Paulo); south (Paraná, Rio
Grande do Sul, Santa Catarina)

Tabebuia aurea (Silva Manso) Benth.
& Hook. f.ex S.Moore

Bignoniaceae Juss. North (Amazonas, Amapá, Pará, Tocantins); north-east (Alagoas, Bahia, Ceará,
Maranhão, Paraíba, Pernambuco, Piauí, Rio Grande do Norte, Sergipe);
central-west (Distrito Federal, Goiás, Mato Grosso do Sul, Mato Grosso);
south-east (Minas Gerais, São Paulo); south (Paraná)

Terminalia glabrescens Mart. Combretaceae R.Br. North (Tocantins); north-east (Alagoas, Bahia, Ceará,Maranhão, Piauí); central-
west (Distrito Federal, Goiás, Mato Grosso do Sul, Mato Grosso); south-east
(Espírito Santo, Minas Gerais, Rio de Janeiro, São Paulo); south (Paraná)

Ocotea corymbosa (Meisn.) Mez Lauraceae Juss. North (Tocantins); north-east (Bahia); central-west (Distrito Federal, Goiás,
MatoGrosso doSul); south-east (Espírito Santo,MinasGerais, Rio de Janeiro,
São Paulo); south (Paraná, Rio Grande do Sul, Santa Catarina)

Pleroma oleifolium R.Romero &
Versiane

Melastomataceae A.Juss. South-east (Espírito Santo, Minas Gerais, São Paulo); south (Paraná)

Myrcia bella Cambess. Myrtaceae Juss. North (Tocantins); north-east (Bahia); central-west (Goiás, Mato Grosso do Sul,
Mato Grosso); south-east (Minas Gerais, São Paulo)

Tocoyena formosa (Cham.&Schltdl.)
K.Schum.

Rubiaceae Juss. North (Amazonas, Amapá, Pará, Rondônia, Tocantins); north-east (Alagoas,
Bahia, Ceará, Maranhão, Paraíba, Pernambuco, Piauí, Rio Grande do Norte,
Sergipe); central-west (Distrito Federal, Goiás, Mato Grosso do Sul, Mato
Grosso); south-east (Espírito Santo,MinasGerais, Rio de Janeiro, São Paulo);
south (Paraná)

Siparuna brasiliensis (Spreng.)
A.DC.

Siparunaceae (A.DC.)
Schodde

North-east (Bahia); central-west (Distrito Federal, Goiás); south-east (Espírito
Santo, Minas Gerais, Rio de Janeiro, São Paulo)

Styrax ferrugineus Nees & Mart. Styracaceae DC. &
Spreng.

North (Rondônia); central-west (Distrito Federal, Goiás, Mato Grosso do Sul,
Mato Grosso); south-east (Espírito Santo, Minas Gerais, Rio de Janeiro, São
Paulo); south (Paraná)

Symplocos pubescens Klotzsch ex
Benth.

Symplocaceae Desf. Central-west (Distrito Federal, Goiás, Mato Grosso do Sul, Mato Grosso);
south-east (Minas Gerais, Rio de Janeiro, São Paulo); South (Paraná)
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reaching a final temperature of 450�C, which was maintained
for two additional hours (Muñiz et al. 2012b).

The resulting charcoal samples were manually broken and
analysed with the aid of a scanning electron microscope (SEM)
without sputter-coating the specimens with gold or platinum.

The charcoal samples were deposited at the charcoal
collection of ‘Laboratório de Anatomia e Qualidade da
Madeira’ of Universidade Federal do Paraná (LANAQM/
UFPR) in Curitiba, Paraná State, Brazil. We used the IAWA
Committee (1989) list as a basis for descriptions.We considered
‘short confluent’ when axial parenchyma cells involved up to
four vessels and ‘long confluent’ for more than five vessels;
this terminology was used to help the identification of the
species in the field.

A dichotomous key was developed on the basis of qualitative
and quantitative data, to facilitate the charcoal identification
by government agents during surveillance. To use this key,
the agents need to compare whether the anatomical feature is
present or absent. The ‘and/or’ means that the features can be
present together or just one of them.

Results

The anatomical descriptions of the charcoal are given. We
present the quantitative results as ‘mean values (minimum-
maximum), standard deviation’. A dichotomous key follows
the descriptions.

Lithraea molleoides (Fig. 1a–c)

Growth rings: boundaries distinct, demarcated by thick-walled
and radially flattened fibres. Vessels: diffuse-porous; solitary
and in short (1–3 cells) radial multiples; tangential diameter
48(35–67)9mm; 67(55–81)8 vessels per square millimetre;
simple perforation plates; alternate intervessel pits. Axial
parenchyma: scanty paratracheal and vasicentric. Rays: 1–3-
seriate; 10(6–14)2 rays per linear millimetre; body ray cells
procumbentwithone rowofupright and/or squaremarginal cells.
Fibres: very thick-walled; septate. Storied structure: absent.
Secretory elements: absent. Mineral inclusions: prismatic
crystals in chambered axial parenchyma and rare in ray cells.

Tabebuia aurea (Fig. 1d–f)

Growth rings: boundaries distinct, demarcated by lines or
bands of marginal parenchyma. Vessels: diffuse-porous;
solitary and in short (1–3 cells) radial multiples; tangential
diameter 64(44–91)14mm; 63(47–79)12 vessels per square
millimetre; simple perforation plates; alternate intervessel pits.
Axial parenchyma: predominantly confluent, and lozenge-
aliform, in lines (up to 3 cells wide) and in bands (up to
5 cells wide), vasicentric. Rays: 1- or 2-seriate; 12(9–14)2
rays per linear millimetre; all ray cells procumbent. Fibres:
very thick-walled; non-septate. Storied structure: rays and
vessel elements irregularly storied. Secretory elements:
absent. Mineral inclusions: prismatic crystals in ray cells.

Terminalia glabrescens (Fig. 1g–i)

Growth rings: boundaries distinct, demarcated by thick-walled
and radially flattened fibres. Vessels: diffuse-porous; solitary
and in short (1–3 cells) radial multiples; tangential diameter 73

(50–109)16mm; 30(22–36)5 vessels per square millimetre;
simple perforation plates; alternate intervessel pits. Axial
parenchyma: predominantly confluent, and lozenge-aliform,
vasicentric, unilateral paratracheal. Rays: exclusively 1-seriate;
16(12–18)2 rays per millimetre; all ray cells upright and/or
square, and procumbent, square and upright cells mixed
throughout the ray. Fibres: thick to very thick-walled; septate.
Storied structure: absent. Secretory elements: occasionally
intercellular canals of traumatic origin. Mineral inclusions:
absent.

Ocotea corymbosa (Fig. 2a–c)

Growth rings: boundaries indistinct or absent. Vessels: diffuse-
porous; solitary and in short (1–3 cells, rarely 4 cells) radial
multiples; tangential diameter 37(27–46)4mm; 49(38–62)7
vessels per square millimetre; simple perforation plates; alternate
intervessel pits. Axial parenchyma: scanty paratracheal slightly
distinct. Rays: 1–3-seriate; 13(9–16)2 rays per millimetre;
body cells procumbent with one row of upright and/or square
marginal cells, and procumbent, square and upright cells mixed
throughout the ray. Fibres: thick-walled; septate. Storied
structure: absent. Secretory elements: oil cells present among
fibres, associated with ray and axial parenchyma. Mineral
inclusions: prismatic crystals in ray cells.

Pleroma oleifolium (Fig. 2d–f)

Growth rings: boundaries distinct, demarcated by thick-walled
and radially flattened fibres. Vessels: diffuse-porous; solitary
and in short (1–3 cells) radial multiples; tangential diameter
46(24–95)15mm; 55(36–70)15 vessels per square millimetre;
simple perforation plates; alternate intervessel pits. Axial
parenchyma: scanty paratracheal slightly distinct. Rays: 3–5-
seriate; 12(7–16)3 rays per linear millimetre; procumbent, square
and upright cells mixed throughout the ray. Fibres: thick-walled;
septate. Storied structure: absent. Secretory elements: absent.
Mineral inclusions: druses in parenchyma cells.

Myrcia bella (Fig. 2g–i)

Growth rings: boundaries distinct, demarcated by thick-walled
and radiallyflattenedfibres.Vessels: diffuse-porous; exclusively
solitary (90% or more); tangential diameter 56(39–80)10mm;
44(32–60)9 vessels per square millimetre; simple perforation
plates; alternate intervessel pits. Axial parenchyma: diffuse
and diffuse-in-aggregates. Rays: 1–3-seriate; 17(13–21)3 rays
per millimetre; body ray cells procumbent with mostly 2–4
rows of upright and/or square marginal cells. Fibres: thin- to
thick-walled; non-septate. Storied structure: absent. Secretory
elements: absent.Mineral inclusions: prismatic crystals infibres.

Tocoyena formosa (Figs 3a–c, 4a)

Growth rings: boundaries distinct, demarcated by thick-walled
and radially flattened fibres. Vessels: diffuse-porous; solitary
and in short (1–3 cells) and long (>4 cells) radial multiples;
tangential diameter 36(25–49)6mm; ~100 vessels per square
millimetre; simple perforation plates; alternate intervessel pits.
Axial parenchyma: diffuse and diffuse-in-aggregates.Rays: 1–3-
seriate; 16(13–19)2 rays per millimetre; procumbent, square
and upright cells mixed throughout the ray; height >1mm.

Anatomy of Cerrado charcoals Australian Journal of Botany 257



Fibres: very thick-walled, non-septate. Storied structure:
absent. Secretory elements: absent. Mineral inclusions: crystal
sand in axial parenchyma and ray cells.

Siparuna brasiliensis (Figs 3d–f, 4b)

Growth rings: boundaries distinct, demarcated by thick-walled
and radially flattened fibres. Vessels: diffuse-porous; solitary
and in short (1–3 cells) and long (>4 cells) radial multiples;

tangential diameter 44(29–59)8mm; 85(62–103)15 vessels per
square millimetre; simple and multiple perforation plates with
<10 bars; alternate intervessel pits. Axial parenchyma: diffuse-
in-aggregates and in lines up to 3 cells wide. Rays: 1–3-seriate;
11(6–13)2 rays per millimetre; all cells upright and/or square;
andwith procumbent, square and upright cells mixed throughout
the ray; height>1mm.Fibres: thin- to thick-walled; non-septate.
Storied structure: absent. Secretory elements: absent. Mineral
inclusions: prismatic crystals in ray cells.

(a) (b) (c)

(g) (h) (i)

(d ) (e) (f )

Fig. 1. (a–c) Lithraea molleoides. (a) Transverse section (TS). (b) Tangential longitudinal section (TLS). (c) Radial longitudinal section (RLS).
(d–f) Tabebuia aurea. (d) TS. (e) TLS. (f) RLS. (g–i) Terminalia glabrescens. (g) TS. (h) TLS. (i) RLS. Large arrowheads point to individual prismatic
crystals (a, f) and to chambered axial parenchyma cells (b, c). Thin arrows point to axial parenchyma, scanty (a, b) and abundant (d, e, g, h). Scale bars: 500mm
(a, d, g); 250mm (b, c, e, f, h, i).
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Styrax ferrugineus (Figs 3g–i, 4c)

Growth rings: boundaries distinct, demarcated by thick-walled
and radially flattened fibres. Vessels: diffuse-porous; solitary
and in short (1–3 cells) and long (>4 cells) radial multiples;
tangential diameter 67(48–92)10mm; 56(45–66)6 vessels per
square millimetre; scalariform perforation plates with <10–20

bars; alternate intervessel pits. Axial parenchyma: diffuse
and diffuse-in-aggregates. Rays: 1–4-seriate; 8(6–10)1 rays
per linear millimetre; body cells procumbent with over 4 rows
of upright and/or square marginal cells; height >1mm. Fibres:
thin- to thick-walled; non-septate. Storied structure: absent.
Secretory elements: absent. Mineral inclusions: absent.

(a) (b) (c)

(g) (h) (i )

(d ) (e) (f )

Fig. 2. (a–c) Ocotea corymbosa. (a) Transverse section (TS); large arrowheads point ruptures; thin arrows point to scanty parenchyma in low and
high magnifications. (b) Tangential longitudinal section (TLS); large arrowhead points an oil cell, thin arrow points to scanty parenchyma. (c) Radial
longitudinal section (RLS); large arrowhead points to an oil cell, thin arrow points to a simple perforation plate. (d–f) Pleroma oleifolium.
(d) TS. (e) TLS. (f) RLS. Large arrowheads point to druses (d, e, f), thin arrows point to scanty parenchyma in low and high magnifications
(d, e). (g–i) Myrcia bella. (g) TS. (h) TLS. (i) RLS. Thin arrows point to diffuse and diffuse-in-aggregates parenchyma (g, h), in detail diffuse
parenchyma (g). Scale bars: 500 mm (a, d, g); 250 mm (b, c, e, f, h, i).
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(a) (b) (c)

( j ) (k) (l)

(g) (h) (i )

(d ) (e) (f )

Fig. 3. (a–c) Tocoyena formosa. (a) Transverse section (TS). (b) Tangential longitudinal section (TLS). (c) Radial longitudinal section (RLS). Thin
arrows point to diffuse and diffuse-in-aggregates parenchyma (a, b); large arrowhead points to a simple perforation plate. (d–f) Siparuna brasiliensis.
(d) TS. (e) TLS. (f) RLS. Thin arrows point to diffuse and diffuse-in-aggregates parenchyma (d, e); thin, large black arrow points to a prismatic crystal (f).
(g–i) Styrax ferrugineus. (g) TS. (h) TLS. (i) RLS. Thin arrows point to diffuse and diffuse-in-aggregates parenchyma (g, h); large arrowheads point
to vessels with scalariform perforation plates with <10–20 bars (g, i). (j–l). Symplocos pubescens. (j) TS. (k) TLS. (l) RLS. The thin arrow points to axial
parenchyma (k); large arrowheads point to vessels with scalariform perforation plates with 20 to >40 bars (i). Scale bars: 500 mm (a, d, g, j); 250 mm
(b, c, e, f, h, i, k, l).
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Symplocos pubescens (Figs 3j–l, 4d)

Growth rings: boundaries distinct, demarcated by thick-walled
and radially flattened fibres. Vessels: diffuse-porous; solitary
(70%) andmultiples (30%); tangential diameter 49(38–60)5mm;
>100 vessels per square millimetre; scalariform perforation
plates with 20 to >40 bars; alternate intervessel pits. Axial
parenchyma: diffuse and diffuse-in-aggregates. Rays: 1–3-
seriate; 7(4–9)2 rays per millimetre; body cells procumbent
with over 4 rows of upright and/or square marginal cells.
Fibres: thin- to thick-walled; non-septate. Storied structure:
absent. Secretory elements: absent. Mineral inclusions: absent.

Identification key

1a. Axial parenchyma paratracheal or absent or rare..................................2
1b. Axial parenchyma predominately diffuse-in-aggregates ........................

and diffuse ........................................................................................6
2a. Axial parenchyma scanty and/or absent or rare ....................................3
2b. Other types of axial parenchyma paratracheal ......................................4
3a. Oil cells present; rays 1–3-seriate ..........................................................

...........................................................Ocotea corymbosa (Fig. 2a–c)
3b. Oil cells absent; rays 3–5 seriate; druses in parenchyma cells ..............

..........................................................Pleroma oleifolium (Fig. 2d–f)
4a. Axial parenchyma scanty and vasicentric; small to medium vessels

(35–67mm), medium to a high density (55–81 vessels mm–2); pris-
matic crystals in chambered axial parenchyma cells .........................
.........................................................Lithraea molleoides (Fig. 1a–c)

4b. Axial parenchyma predominately short and long confluent .................5
5a. Rays and vessel elements irregularly storied; small to medium vessels

(44–91mm); high density (47–79 vessels mm–2); rays 1- or 2-seriate,
all ray cells procumbent .....................................................................
................................................................Tabebuia aurea (Fig. 1d–f)

5b. Storied structure absent; medium to large vessels (50–109mm), medium
density (22–36 vessels mm–2); rays exclusively 1-seriate, all ray cells

mixture or upright and/or square; might present intercellular canals of
traumatic origin ...................................................................................
................................................... Terminalia glabrescens (Fig. 1g–i)

6a. Vessels exclusively solitary, medium to large vessels (39–80mm),
medium to a high density (32–60 vessels mm–2); rays 1–3-seriate,
body ray cells procumbent with mostly 2–4 rows of upright and/or
square marginal cells ..........................................................................
.....................................................................Myrcia bella (Fig. 2g–i)

6b. Vessels solitary and in radial multiples ... ...........................................7
7a. Simple perforation plates, small vessels (25–49mm), very high density

(~100vesselsmm–2); rays1–3-seriate, procumbent, squareandupright
cells mixed throughout the ray, ray height >1mm ............................
....................................................Tocoyena formosa (Figs 3a–c, 4a)

7b. Multiple perforation plates ....................................................................8
8a. Scalariform perforation plates with 20 to >40 bars; small to medium

vessels (38–60mm), very high density (>100 vessels mm–2) ............
.................................................Symplocos pubescens (Figs 3j–l, 4d)

8b. Vessels exclusively in radial multiples .................................................9
9a. Scalariform perforation plates with fewer than 10 bars, small to medium

vessels (29–59mm), high to very high density (62–103 vessels mm–2);
ray height >1mm ................................................................................
................................................ Siparuna brasiliensis (Figs 3g–i, 4b)

9b. Scalariform perforation plates with fewer than 10 to 20 bars, medium
vessels (48–92mm), high density (45–66 vessels mm–2); ray height
>1mm .................................................................................................
..................................................... Styrax ferrugineus (Figs 3j–l, 4c)

Discussion

Most of the qualitative anatomical features in charcoal of the
10 studied species were similar to their original wood (see
Sonsin et al. 2014); however, considering the focus of the
present work, we did not compare the quantitative features.
We are aware of the practical difficulties associated with the
agents’ work, such as the absence of reference materials and
constant training. In this regard, SEM images can facilitate the
identification of the anatomical structure of the charcoal even in
the macroscopic analysis with portable magnifying glasses.

Some features are more difficult to observe in charcoal than
in wood, such as, especially, axial parenchyma, which is (1)
paratracheal scanty in Lithraea molleoides, Ocotea corymbosa
and Pleroma oleifolium, and (2) apotracheal diffuse and
diffuse-in-aggregates in Myrcia bella, Tocoyena formosa,
Siparuna brasiliensis, Styrax ferrugineus and Symplocos
pubescens. However, despite this difficulty, it was possible to
identify these features under microscopic observation, but not
under portable magnifying glasses with �25, �65 and �100
magnifications (Gonçalves et al. 2016).

Other features were easily identified, for example, (1) vessel
porosity and arrangement in all species, (2) abundant axial
parenchyma, which is short and long confluent in Tabebuia
aurea and Terminalia glabrescens, (3) ray width and
composition in all species, (4) multiple perforation plates in
Siparuna brasiliensis, Styrax ferrugineus and Symplocos
pubescens, and (5) storied structure in Tabebuia aurea. The
presence of mineral inclusions was well distinguished by
their format and brightness; the focussed beam of electrons
scanning the surface in SEM gives a distinct reflection of light
as it would happen under stereomicroscope or reflected light
microscopy, for example, prismatic crystals in axial parenchyma
cells of Lithraea molleoides and in ray cells of Tabebuia aurea

(a) (b)

(c) (d )

Fig. 4. High magnifications of transverse sections. (a) Tocoyena formosa.
(b) Siparuna brasiliensis. (c) Styrax ferrugineus. (d) Symplocos pubescens.
Thin arrows point to the diffuse-in-aggregates parenchyma. Scale bars:
125mm.
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and Ocotea corymbosa, and druses in enlarged parenchyma
cells of Pleroma oleifolium.

In wood-anatomy analysis, mineral inclusions are usually
identified under light microscopy by their format. The druses in
Fig. 2e are not as clear as the ones found in IAWA Committee
(1989, p. 314) because of the nature of charcoal. Also, the
reflection of light on the equipment was too high in these
mineral inclusions, but the charcoal structure got overly dark
when we decreased the light. The presence of druses in the
wood of same species were observed by Sonsin et al. (2014).

Oil cells were present only in Ocotea corymbosa and
contributed to the species separation in the identification key.
Nevertheless, it should be used with caution in this case,
because oil cells are usually present in Lauraceae species (e.g.
Wheeler 2011).

Ruptures were either present or absent regardless of ray
width, which was already mentioned for various species in
different climatic conditions (e.g. McGinnes et al. 1971; Kim
and Hanna 2006; Braadbaart and Poole 2008; Dias Leme et al.
2010; Théry-Parisot and Henry 2012; Gonçalves et al. 2012,
2014, 2016; Souza et al. 2015; Afonso et al. 2015; Gasson et al.
2017; Osterkamp et al. 2018). It is important to mention that
the presence of ruptures might compromise the analysis if the
professional is not well trained. Also, the presence of traumatic
canals should not be confused with ruptures. They can be
distinguished by their format; for example, ruptures are more
lozenge to round in longitudinal direction, whereas traumatic
canals are relatively rounded to oval in tangential directionwhen
compared to vessels and ruptures (Gonçalves et al. 2012, 2014).

The carbonisation system (equipment, heating rate and time
of permanence) and the species anatomy directly influence the
presence of ruptures. Depending on the goal of a study, a more
suitable carbonisation system may be selected. For example,
charcoals in reference collections must preserve their anatomy
with aminimal influence of the carbonisation imperfections (e.g.
Pearsall 2000; Scheel-Ybert et al. 2006; Gonçalves and Scheel-
Ybert 2016); meanwhile, when simulating real conditions,
the carbonisation aims to reflect regular ovens; thus, charcoals
might present more ruptures (e.g. Muñiz et al. 2012a, 2012b;
Gonçalves et al. 2014, 2016), such as in the present work.

New projects and technologies have been developed because
of difficulties in finding specialists on wood anatomy and
databases containing wood-anatomy information. One example
is a new software based on an artificial vision that could identify
wood of 77 African species with almost 90% accuracy (Affonso
et al. 2017; Rosa da Silva et al. 2017). This method could
be applied to charcoal, but a huge database would have to be
constructed. In addition, a method developed by Florsheim
(Thomas 2016) remotely identifies species on the basis of a
multitask team and a wood anatomical database. This method
could be used for charcoal identification, potentially preventing
deforestation inBrazil and could also be applied in other countries
in Latin-America, Africa and Asia, with similar problems.

Conclusions

The present work has provided scientific information about
the anatomy of charcoals from Cerrado species. The results
contribute to the supervision by government agents because

we have provided anatomical descriptions, SEM images and
a dichotomous key. Despite the resemblance among the species,
it was possible to separate them on the basis of anatomy. The
most important features were axial parenchyma type, storied
structures, vessel features and oil cells. We are aware of the
limited access to SEM by the surveillance agents; nonetheless,
our images will facilitate their work, allowing comparison of
the images with unidentified charcoals. We emphasise the need
for a development of a charcoal database that could be used to
prevent illegal charcoal production in Brazil and other countries
with similar problems.
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