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ABSTRACT

The Brazilian Cerrado is the richest savanna in the world. It is also one of the biomes more threatened
in the country and a hotspot for conservation priorities. The main causes of deforestation in Cerrado
are agricultural practices, livestock and charcoal production. Although charcoal has a minor impact, its
consumption represents the deforestation of 16.000 Km? of the Cerrado. To contribute for the biomes’s
conservation it is very important to improve forestry supervision. Thus, in this work we present the
macroscopic characterization of charcoal from 25 Cerrado’s species. We simulate the real conditions of
forest controllers by using the magnifications of 10x, 25x and 65x. Likewise, the charcoals micrographs
are all of transverse sections due to the larger amount of anatomical information. We also analyzed texture,
brightness, vitrification, ruptures and some special features. The species present several differences in
their anatomical structure. Although some of them are very unique, this work does not intent to identify
charcoals only by macroscopic analyses. But it might give directions to future identification of genera or
species. It also provides knowledge for government agents to verify the documents of forestry origin by
fast analyzing a sample of charcoal itself.

Key words: charcoal anatomy, nature conservancy, forest control, native species.

INTRODUCTION

The Brazilian Cerrado is considered the richest
savanna in the world, but it is one of the biomes
more threatened in the country (MMA 2011). It is
considered a hotspot for conservation priorities; it

has 4,400 endemic plants which correspond 1.5%

Correspondence to: Thais Alves Pereira Gongalves
E-mail: th_goncalves@yahoo.com.br

of global endemic flora (Myers 2000). Also, the
Cerrado sensu lato contains 11,806 plant species
occurring in (Lista de Espécies da Flora do Brasil
2014) representing 5% of the biodiversity in the
world (MMA 2011).

The main causes of deforestation in Cerrado
are: (i) agricultural practices; (ii) livestock; (iii)
charcoal (MMA 2011). Historically, the massive
occupancy of the biome began in 1920 due to
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the coffee industry; around ten years later, the
government promoted grants and technical
assistance to livestock farming (Klink and Moreira
2002). It resulted in approximately 50% of Cer-
rado’s area converted to agriculture and livestock
(Klink and Machado 2005). To “contribute” with
this reality there is the charcoal production.

Brazil is the world’s largest producer of
charcoal (FAO 2012). Almost 90% of charcoal
goes to the iron and steel industry (Brasil 2012).
Our country remains the only one producing iron
from charcoal; comparing with coal, the iron from
charcoal has better quality and does not contribute
to environmental pollution (ABRAF 2013).

One of the worst problems of charcoal produc-
tion is the illegal cutting of native species which
is evaluated 30-35% of total output (IBGE 2010,
ABRAF 2012). In 2005 almost 35% of native char-
coal was produced from Cerrado’s species (Duboc
et al. 2007). Also, the charcoal consumption repre-
sents the deforestation of approximately 1,6 mil-
lion hectares or 16,000 Km? of the Cerrado (MMA
2011).

In this context, the challenges for cerrado’s
conservation are especially: (i) illegal logging; (ii)
counterfeiting documents, such as “document of
forestry origin” (DOF); (iii) reforestation highly
deficit; (iv) reinforcements in/applications of
environmental laws; (v) difficult to make viable
forest management Cerrado (MMA 2011). The
Brazilian Government already did a voluntary
national commitment to reduce 40% of the annual
rates of deforestation in the Cerrado (Brasil 2013).
To accomplish these goals, it is very important to
improve forestry supervision.

To help the charcoal control, in this work
we present the macroscopic characterization of
25 Cerrado species’s carbonized. Also, we give
some explanations about how the analysis must be
done. It is essentially justified by: (i) importance of
Cerrado; (ii) the need to identify illegal charcoal,
(iii) provide knowledge for government agents
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to verify the DOF by fast analyzing a sample of
charcoal itself.

MATERIALS AND METHODS

The species analyzed were: 1 — Lithrea molleoides
(Vell.) Engl. (Anacardiaceae); 2 — Annona
crassiflora Mart. (Annonaceae); 3 — Gochnatia
polymorpha (Less.) Cabrera (Asteraceae); 4 —
Tabebuia aurea (Silva Manso) Benth. & Hook. f.ex
S. Moore (Bignoniaceae); 5 — Cordia sellowiana
Cham. (Boraginaceae); 6 — Caryocar brasiliense
A. St.-Hil. (Caryocaraceae); 7 — Terminalia
glabrescens Mart. (Combretaceae); 8 — Lamanonia
ternata Vell. (Cunoniaceae); 9 — Anadenanthera
peregrina var. falcata (Benth.) Reis (Fabaceae-
Mimosoideae); 10 — Copaifera langsdorffii Desf.
(Fabaceae-Caesalpinoideae); 11 — Leptolobium
elegans Vogel (Fabaceae-Papilionoideae); 12 —
Ocotea corymbosa (Meisn.) Mez (Lauraceae);
13 — Eriotheca gracilipes (K. Schum.) A. Robyns
(Malvaceae); 14 — Microlepis oleifolia (DC.)
Triana (Melastomataceae); 15 — Ficus guaranitica
Chodat (Moraceae); 16 — Myrcia bella Cambess.
(Myrtaceae); 17 — Guapira noxia (Netto) Lundell
(Nyctaginaceae); 18 — Ouratea spectabilis (Mart. ex
Engl.) Engl. (Ochnaceae); 19 — Myrsine umbellata
G. Don (Primulaceae); 20 — Roupala montana
Aubl. (Proteaceae); 21 — Tocoyena formosa (Cham.
& Schltdl.) K. Schum. (Rubiaceae); 22 — Siparuna
brasiliensis (Spreng.) A. DC. (Siparunaceae); 23
— Styrax ferrugineus Nees & Mart. (Styracaceae);
24 — Symplocos pubescens Klotzsch ex Benth.
(Symplocaceae); 25 — Vochysia tucanorum Mart.
(Vochysiaceae). One to three individuals of each
species were analyzed.

The wood samples were collected in a 180 ha
private reserve of Cerrado sensu lato “Fazenda Pal-
meira da Serra” in Sao Paulo State, Brazil (23° 02’
55.5” S and 48°31°26.1” W). Discs over three-cm-
thick were obtained from the basal portion of the
most developed branches. Vouchers were deposited
in the herbarium ‘Irina Delanova de Gemtchujini-
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cov’ (BOTU) of the “Instituto de Biociéncias” (IB).
The wood samples were deposited in the wood col-
lection ‘Maria Aparecida Mourdo Brasil’ (BOTw)
of the Universidade Estadual Paulista (UNESP)
- Faculdade de Ciéncias Agrondmicas (FCA) in
Botucatu, Sao Paulo State.

The carbonization process lasted 5 h, with afinal
temperature of 450°C and heating rate of 1.66°C/
min; the samples remained at the final temperature
for 2 h (Muiiz et al. 2012). The resulting charcoal
samples were manually broken and analyzed with
a Zeiss Discovery V12 stereomicroscope according
Gongalves et al. (2014). The charcoal samples
were deposited at the charcoal collection of
‘Laboratorio de Anatomia e Qualidade da Madeira’
of Universidade Federal do Parana (LANAQM/
UFPR) in Curitiba, Parana State.

We use the recommendations of the [JAWA
Committee (1989) for descriptions and measure-
ments. Also, others references for macroscopic
wood analysis were used (e.g. Botosso 2009, FPL

2010). The vitrification degrees were analyzed
according Marguerie and Hunot (2007).

The charcoals micrographs are all of trans-
verse section, because this section has more infor-
mation about the species. Also due to practical use,
as forest controllers normally have portable magni-
fier glasses that do not allow higher magnifications
needed to observe the longitudinal sections. Figure
1 has micrographs with bars of 1 mm; the magnifi-
cations are 10x, simulating the most common
portable magnifier glasses of forest controllers.
Figure 2 has higher magnifications aiming to show
some details; the bars are 100 and 200 pum; the
magnifications are 25x, 65x and 100x, simulating
better portable magnifier glasses that can be easily
find in specialized markets.

RESULTS

The Table I shows the most important anatomical
features to aid in charcoal identification.

TABLE I
Growth rings and anatomical features of the species studied. Numbers are related to the figures presented above. GR
= growth rings. a = fiber zones. b = marginal lines/bands of axial parenchyma. ¢ = semi-ring porosity. d = marked by
closeness of the narrow bands of scalariform parenchyma. e = variations within growth layers in the axial parenchyma,
where the long aliform confluent parenchyma tends to form irregular bands. — = absent or indistinct. @= vessel tangential

diameter. Fb = Fibers. WT = fiber wall thickness. MI = mineral inclusions. v’ = present. ( ) = rare or few. — = absent.

Tx= Texture. fi = fine. md = medium. co = coarse. fb = fibrous. The parenchyma type with (*) is best seen in higher

magnification. The results are presented as mean values (minimum-maximum), standard deviation.

Character GR Vessels Axial parenchyma Rays Fb T
X
Specie O (um)  N°per mm? Type Nepermm WT (um)
48 10
. . 67 . .
Lithrea molleoides a (35-67) (55-81) 8 vasicentric, confluent (6-14) 3 v' md-co
9 2
71 6
Annona crassiflora a  (49-101) (20-40) 6 lines, scalariform (5-9) 2 ) md
12 : 1
35 9
Gochnatia polymorpha  a (22-47) (19-42) 6 confluent, vasicentric (6-10) 3 - fi-md
1
12
64 63 i i -ali
Tubebuia aurea vasicentric, lozenge ahfprm, (9-14) 3 _ md
(44-91) 14 (47-79) 12 confluent, bands, marginal 5
73 30 8
Cordia sellowiana b,c  (47-149) (20-42) 6 bands, confluent, vasicentric (7-9) 2 v fi-md
22 ;
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TABLE I (continuation)
Character GR Vessels Axial parenchyma Rays Fb T
X
Specie @ (um)  N°per mm? Type Nepermm WT (um)
66 37 ) ] ) 12
Caryocar brasiliense a,b (51-78) diffuse, diffuse-in-aggregates, (8-15) 2 v md
; (33-44) 3 marginal lines 5
73 30 _ 16
Terminalia glabrescens  a  (50-109) lozenge-allfonn, ponﬂuent, (12-18) 3 - co-tb
16 (22-36) 5 vasicentric 5
48 15
Lamanonia ternata a (31-60) > 100 diffuse-in-aggregates* (13-18) 2 v fi-md
6 2
60 18 ] ] ) 9
Anader?anthera b (44-81) vasicentric, lozenge-.ahform, (8-11) 2.3 v md
peregrina var. falcata 9 (28-47) 6 confluent, marginal )
75 27 i i i I
Copaifera langsdor i marginal, vasicentric, lozenge- (8-14) 2 v fi-md
(53-98) 12 (18-38)7 aliform 5
51 56 ) ] 13
Leptolobium elegans b (31-65) vasicentric, confluent, (11-14) 3 v fi-md
9 (43-68) 8 lozenge-aliform, marginal .
37 49 13
Ocotea corymbosa - (27-46) (38-62) 7 scanty* (9-16) 3 - fi
4 2
114 24 8
Eriotheca gracilipes a  (87-149) diffuse, diffuse-in-aggregates (4-10) 2-3 —  md-co
17 (18-32) 4 5
46 55 12
Microlepis oleifolia a (24-95) (36-70) 15 scanty* (7-16) 3 v fi
15 3
80 10 8
Ficus guaranitica - (60-113) (6-18) bands (5-11) 1 - co-tb
13 4 2
56 44 17
Myrcia bella a (39-80) diffuse-in-aggregates* (13-21) 2 v fi-md
10 (32-60) 9 3
60 16 6
Guapira noxia - (45-89) (1223)3 vasicentric, confluent 4-7) 3 —  co-fb
15 1
62 2% ] ) ] 5
Ouratea spectabilis - (47-87) diffuse, diffuse-in- 4-7) 1-2 v md
9 (16-35) 6 aggregates, vasicentric |
42 76 3
Myrsine umbellata a (23-58) scanty* and vasicentric (2-4) 1-2 v md-co
(46-100) 16
8 1
53 97 (76-120 g
Roupala montana d  (35-92) ( 1 é ) lines (2-3) 3 - co-fb
13 1
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TABLE I (continuation)
Character GR Vessels Axial parenchyma Rays Fb T
X
Specie O (um)  N°per mm? Type Nepermm WT (um)
36 16
Tocoyena formosa a (25-49) ~100 diffuse, diffuse-in-aggregates (13-19) 3 ) fi
6 2
44 ) ) 11
Siparuna brasiliensis  a  (29-59) (6125' 103) d‘ffuse"n'?ﬁir:gates’ few  (613) 2 v fico
8 2
67 diffuse-i fi ’
Styrax ferrugineus a (481-(?2) (45-66) 6 1 use-1n-211igngersegateS, ew ( 6-11 0) > v md
49 7
Symplocos pubescens a (38-60) >100 diffuse, diffuse-in-aggregates (4-9) 2 - fi-md
5 2
57 16 icentric, confluent °
. vasicentric, confluent,
Vochysia tucanorum e (73-117) 10-23) 5 lozenge-aliform, few bands (3-9) 1-2 v" md-co
1 ( ) g )

The species Lithrea molleoides, Gochnatia
polymorpha, Tabebuia aurea, Terminalia glabres-
cens, Caryocar brasiliense, Anadenanthera pereg-
rina var. falcata, Copaifera langsdorffii, Microlepis
oleifolia, Ocotea corymbosa, Roupala montana,
Tocoyena formosa, Styrax ferrugineus and Symplo-
cos pubescens, has the first and second degrees of
vitrification, seen just as a high level of brightness
due to the cellular walls fusion.

Ruptures were present in Anadenanthera pere-
grina var. falcata, Caryocar brasiliense, Copaifera
langsdorffii, Ficus guaranitica, Lithrea molleoides,
Microlepis oleifolia, Myrsine umbellata, Ocotea
corymbosa, Roupala montana, Siparuna. brasil-
iensis (Fig. 11, f, j, 0, a, n, s, 1, t, v, respectively).

Brightness was evident all species, being rec-
ognized more intensely in fibers with thick walls
and in parenchyma cells with remaining contents.

Some special features were present in few spe-
cies: scalariform perforation plates — Styrax fer-
rugineus and Symplocos pubescens (Fig. 2a, b, re-
spectively); mineral inclusions - they might be seen
in transversal surface (e.g. Siparuna brasiliensis);
traumatic canals — Vochysia tucanorum (Fig. ly,
Fig. 2¢); included phloem — Guapira noxia (Fig. 1q
and Fig. 2d).

We present the charcoals micrographs in
Figure 1, the magnifications used here is similar
to a 10x magnification of hand lens. The most
important details are in Figure 2.

DISCUSSION

The charcoals anatomy descriptions of the
analyzed species, agreed with the wood descriptions
of Sonsin et al. (2014) thereby we could confirm
that by comparing our results with wood anatomy
analyzes.

The first features that are evaluated in macro-
scopic analyses in charcoal are texture, brightness
and vitrification. Comparing to wood, in charcoal
we can’t analyze color, odor and taste, and it is hard
to obtain large sections to define grain precisely.
Also, density is other property that should be mea-
sure carefully, because it depends on many factors
as temperature and/or time of carbonization.

The axial parenchyma is the most important
feature in wood identification (Metcalfe and Chalk
1950), though in charcoal is not always easy
to observe - for example in the scanty (Ocotea
corymbosa) and/or diffuse parenchyma (Lamanonia
ternata). Banded parenchyma observed in Ficus
guaranitica and different types of paratracheal

An Acad Bras Cienc (2016) 88 (2)
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Figure 1 - Transverse section: a — Lithrea molleoides. b — Annona crassiflora. ¢ — Gochnatia
polymorpha. d — Tabebuia aurea. e — Cordia sellowiana. f — Caryocar brasiliense. g — Terminalia
glabrescens. h — Lamanonia ternata. i — Anadenanthera peregrina var. falcata. j — Copaifera
langsdorffii. k — Leptolobium elegans.1— Ocotea corymbosa. m — Eriotheca gracilipes. n — Microlepis
oleifolia. o — Ficus guarnitica. p — Myrcia bella. q — Guapira noxia. ¥ — Ouratea spectabilis. s —
Myrsine umbellata. t — Roupala montana. u — Tocoyena formosa. v — Siparuna brasiliensis. w — Styrax
ferrugineus. x — Symplocos pubescens. 'y — Vochysia tucanorum, arrow indicate traumatic cannals.

Bars: Imm.

parenchyma, in a general way are better seen
because of the contrast with fibers.

In addition, vessel arrangement when present,
as in Gochnatia polymorpha, frequency of vessels
when in a greater quantity, as in Symplocos
pubescens or lower quantity, observed in Vochysia
tucanorum and, in some cases great differences
in vessel diameter, associated with the other
anatomical features, such as included phloem
and sometimes with sensorial characteristics,

An Acad Bras Cienc (2016) 88 (2)

give valuable information to distinguish families
or even genera. Besides that, some features are
known to occur just in few families or are only
seen in higher magnifications (under microscope).
This kind of characteristic can initially help the
government agents to separate families or simple
check the DOF (“document of forestry origin”) and
recognize that the species listed in the document
are not the ones analyzed. For example, the
presence of very large rays which are observe in



CHARCOAL IDENTIFICATION — BRAZILIAN CERRADO MACROSCOPY 1051

Figure 2 - Transverse section: a — Styrax ferrugineus, b —
Symplocos pubescens, arrow points to multiple perforation plate
in vessels. ¢ — Vochysia tucanorum, arrows indicate traumatic
canals. d — Guapira noxia, large arrowhead point to included
phloem, thin arrows indicate vessels. e — Anadenanthera
peregrina var. falcata, f — Terminalia glabrescens, arrows point

to vitrification. Bars: 100 um — a, b, d, e, f; 200 pm — c.

transversal section, observed here in the families
Annonaceae, Ochnaceae, Primulaceae, Proteaceae
(Fig. 1b, 1, s, t). Another example is the presence
of the features as scalariform perforation plates,
traumatic canals and included phloem can be very
helpful to separate families and even genera when
joint with other anatomical characteristics and are
better observed in higher magnifications.
However, some of these anatomical features
might cause some misguiding in charcoal identifi-
cation for workers with less experience, such as the
presence of included phloem in Guapira noxia. As

there are several ruptures in the included phloem
which seems like a deformed vessel in transverse
section. Nevertheless, one can separate it because
some vessels remain with their walls intact.

The growth rings were observed in 84% of
the species of this study. According to the studies
of Alves and Angyalossy-Alfonso (2000), Barros
et al. (2006), Worbes (1989, 1999) and Worbes et
al. (2003) Tropical Forest in general have growth
rings. The previous authors studied species from
Atlantic Forest, Amazon Rain forest, Semi-decid-
uous Forest in Brazil and Venezuela. The presence

An Acad Bras Cienc (2016) 88 (2)
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of growth rings demarcated by marginal bands of
axial parenchyma and fiber zones were easier to
observe in charcoals because of the large size of the
cells. On the other side, marginal lines/bands of ax-
ial parenchyma and proximity of axial scalariform
or reticulate parenchyma are not always easily ob-
served. Sometimes the size of the sample or pres-
ence of ruptures might raise difficulties to observe
or hide the growth rings in charcoal. For example,
the growth rings in the wood of Ocotea corymbosa
(Sonsin et al. 2014) could not be observed in the
charcoal because of the high occurrence of ruptures
- in both radial and axial parenchyma.

Most studied species have texture fine to medi-
um, such as Gochnatia polymorpha, Cordia sellow-
iana, Lamanonia ternata, Copaifera langsdorffii,
Leptolobium elegans, Myrcia bella and Symplocos
pubescens. The characterization of texture in char-
coal must be done carefully. It is due the possible
ruptures caused by the process of manual breaking,
e.g.: in species with large vessels or abundance of
parenchyma. In such cases it might give an impres-
sion of coarser textures due to the irregularities in
the surface. Therefore we recommend this analysis
in charcoals recently broken with the surfaces as
plain as possible.

The brightness in charcoal was observed in all
studied species. Nevertheless, this feature is not of
great value to identification because, in general,
this feature is seen in most species. Also, even if
in transverse section it is not so evident; the radial
section is very shinny.

Vitrified elements were observed in most stud-
ied species, usually in degrees 1 and 2 (low bril-
liance-refractiveness; strong brilliance, respective-
ly). According to Marguerie and Hunot (2007), this
feature can be recognized by fused cellular cells;
and also by the contrast between the white color
and dark-shades of gray. It is important to empha-
size that if the charcoal is too vitrified, the cellular
elements will be fused, causing a formation of a
non-recognizable mass as observed by the previ-
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ous authors. Thus, environmental controllers might
think that the sample is not of charcoal. Also, the
white color can be observed in remaining content
inside the cells and mineral inclusions.

As in wood, some qualitative features are best
seen in higher magnifications, e.g. diffuse paren-
chyma; and others in lower, e.g. growth rings. In
general, most of the data observed for the studied
species, were well seen in lower magnifications.
However, the practice is essential to develop the
visual acuity for the identification of features on
charcoal.

Despite of the studied species did not present a
pattern for the occurrence of ruptures as commented
in a previous work (see Gongalves et al. 2014), we
observed ruptures of the axial and ray parenchyma
cells in some areas of few woods. These ruptures
are expected as the parenchyma tissue is weak and
it has thin walls.

CONCLUSIONS

This is the first paper with macroscopic character-
ization of charcoal’s species from Cerrado. As in
wood, we must analyze macroscopic before mi-
croscopic. The species analyzed had several dif-
ferences in their anatomical structure and some of
them are very unique and only observed in micro-
scopic view. Otherwise, we strongly recommend
higher magnifications for charcoal identification.
The main anatomical features that are used to
identify the charcoal genus are axial parenchyma
type, vessels distribution and diameter and rays
width. Also, it is important to emphasize that in
real cases, the possibility of take samples from
the field to the laboratory is not always an option.
The present work might give directions to future
identification of genera and/or species. Thus, it
also provides knowledge for government agents to
verify if the species listed in the documents (DOF)
are the charcoal, by fast analyzing the sample itself.
We hope this work can be use in practical activities
to help the conservation of Cerrado’s species.
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RESUMO

O cerrado brasileiro ¢ a savana mais rica do mundo.
Também ¢ um dos biomas mais ameagados do pais ¢
um hotspot de prioridade de conservagdo. As principais
causas do desmatamento no cerrado sdo as praticas
agricolas, pecuaria e produgdo de carvao vegetal.
Apesar da producdo de carvao possuir menor impacto,
seu consumo representa o desmatamento de 16.000 Km?
do cerrado. Para a conservacdo do bioma é essencial
aprimorar a fiscalizagdo florestal. Assim sendo, neste
trabalho apresentamos a caracterizagdo macroscopica
de carvao vegetal de 25 espécies do cerrado. Simulamos
as condi¢cdes reais de profissionais que realizam a
fiscalizacdo, usando ampliagdes de 10x, 25x e 65x.
Igualmente, as micrografias dos carvdes sdo todas
das sec¢des transversais devido a maior quantidade de
informagoes anatdmicas. Analisamos também a textura,
o brilho, a vitrificagdo, rupturas e alguns caracteres
especiais. As espécies apresentam varias diferengas
em sua estrutura anatomica. Embora algumas sejam
muito caracteristicas, este trabalho ndo tem intencgdo de
identificar carvdes apenas por analises de macroscopia.
Mas pode fornecer orientagdes para futura identificacao
de géneros ou espécies. Também fornece conhecimento
para os agentes governamentais poderem verificar os
documentos de origem florestal por analise rapida de
amostra do proprio carvao.

Palavras-chave: anatomia do carvao, conservagdo da
natureza, fiscalizagao florestal, espécies nativas.
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