
1

Vol.:(0123456789)

Scientific Reports |        (2021) 11:15344  | https://doi.org/10.1038/s41598-021-94785-2

www.nature.com/scientificreports

Anatomical characterization 
and technological properties 
of Pterogyne nitens wood, a very 
interesting species of the Brazilian 
Caatinga biome
Allana Katiussya Silva Pereira 1*, Dalton Longue Júnior 1, 
Ana Márcia Macedo Ladeira Carvalho 2 & Caio da Silva Mafra Neto 1

Pterogyne nitens is commonly known in northeastern Brazil as a lesser-known fast-growing species 
in the Caatinga biome, which is a difficult place for tree development due to the low natural fertility 
soils and low availability of water. Due to the importance of expanding information about the 
anatomical wood properties of Caatinga native species, the aim of this work was to characterize the 
anatomical elements, to macroscopically describe the wood and make inferences about its possible 
end-uses. Maceration was performed which enabled measuring fiber dimensions, pore frequency and 
the following technological indexes: cell wall fraction, slenderness ratio, Runkel index and flexibility 
coefficient. Histological sections enabled describing the arrangements of the cellular elements in 
different observation sections and to determine the pore diameter. P. nitens wood has anatomical 
arrangements characterized by confluent axial parenchyma, being diffuse-porous with the presence 
of tylosis and heterogeneous/stratified rays (biseriate). The fibers were classified as very short (length 
0.81 mm), not flexible and Runkel index 0.82. The pores were few in number with a frequency of 
32.9 pores/mm2, distributed in a diffuse format and many were obstructed by tylosis. Based on the 
anatomical results and considering other technological studies, P. nitens wood is most suitable for 
charcoal production.

The Caatinga, the only exclusively Brazilian biome, is characterized as a developing region, as the population 
suffers from the social effects of having a low Human Development Index (HDI), and therefore the people are 
often searching the forests for means of subsistence. Wood appears as an attractive, cheap and available form of 
energy, but its irregular extraction leads to complex environmental problems such as  deforestation1. The scarcity 
of knowledge and appreciation of this biome contributes to rapid environmental degradation which in turn 
enhances the desertification processes in the  region2.

The Pterogyne nitens Tul. species is known in northeastern Brazil as amendoim-bravo or madeira nova, and 
is considered a fast-growing species in the Caatinga. The slower growth of forest species in this biome is justi-
fied by the presence of low natural fertility soils, usually shallow and stony, and low water availability due to the 
intermittent nature of most of the rivers in the  biome2.

Caatinga species have also tortuous and twisted trunks, which makes their use for wood products very 
difficult. The arboreal size of the vegetation is relatively low; it reaches about 5 m in height, rarely has canopy 
continuity, and has low-diameter trunks and  branches3. However, the P. nitens species has a straight trunk and 
elevated diameter breast height (DBH), even without any type of silvicultural development; however, it often has 
the presence of several trunks from the same root base. This species has moderate growth speed with an average 
annual increase of 7  m3/ha/year, and reaches about 9 m in height at 14 years  old4.

Technological studies on wood are essential to subsidize future exploitation and to better use the raw material 
in order to develop energetic materials from forest biomass in socially and environmentally vulnerable areas. 
Another important consideration is to produce scientific knowledge in areas of low productive interest, where 
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little research is carried out. On the other hand, they are places which have species with productive potential and 
adaptation to other regions and/or interesting technological characteristics to be better studied.

Among technological properties, wood anatomy with details on the fiber dimensions and the cellular arrange-
ments in the wood of trees are important in order to be able to infer about the potential use of the  material5. 
Complementary information on chemical, physical and mechanical properties is important for a more accurate 
indication regarding the end use of wood.

In this sense, the objective of this study was to characterize the anatomical elements in different positions 
of the trunk (base and top), and to macroscopically describe the wood from the Pterogyne nitens species and to 
make inferences about future uses.

Methods
Collection area. Pterogyne nitens Tul. wood samples came from an approximately 10-year-old experimental 
plantation located at the Southwestern Bahia State University (UESB), Vitória da Conquista campus, Bahia, Bra-
zil. Plantation area has approximately 0.72 hectare and 3 m × 3 m initial spacing, situated in the Caatinga  biome6. 
The region has a dry to subtropical highland (Cwb) characterized by average annual precipitation of 850 mm 
and temperature of 25 ºC7.

Seedlings were produced in a university greenhouse, using seeds collected in a forest fragment of Montana 
Semi-deciduous Seasonal Forest, called “cipó forest”, also located at UESB.

Plant material collection and authorization for publication is according to Public Notification no. 986/2005, 
with retroactive effect since August 16th, 2004, not specific for plant material, but for all researches in the UESB. 
It was based on Brazilian Register of Biological Collections (CCBIO)—Normative Instruction 160/2006, that 
follow the Resolution 11.15 of the Convention on International Trade in Endangered Species of Wild Fauna and 
Flora (CITES).

Wood sampling and microtomy. Five trees (11.3 m of commercial height and DBH of 16.4 cm) were 
randomly chosen and a 20 cm-high disk was removed from the base and top positions of the trunk, making a 
total of ten samples (Fig. 1). The minimum trunk diameter for commercial height considered in the sampling 
step was 7 cm.

The experimental procedures were performed at the Wood Properties Laboratory, Department of Forest 
Engineering, Federal University of Viçosa, in Minas Gerais, Brazil.

Rectangular specimens were cut with the following dimensions according to the main structural directions of 
the wood: 1.5 cm in the tangential longitudinal direction; 2.0 cm in the radial longitudinal direction; and 3.0 cm 
in the axial direction. After sampling, the material was softened by boiling in water with glycerin and cut in a 
Zeiss SM2000 R model slide microtome with a nominal thickness of 20 µm.

The cuts were cleared with sodium hypochlorite, colored with safranin and mounted on semi-permanent 
slides. A PixeLINK PL-A662 camera was used to remove photomicrographs from the transversal section of the 
samples to analyze porosity, and only two of them had the longitudinal sections (tangential and radial) photo-
graphed in order to describe the arrangement of the anatomical elements.

The anatomical elements studied were measured using a Zeiss optical microscope with a 10 × objective lens, 
with the pore diameter and frequency being determined with the aid of the AxionVision 4.8.2 software.

Maceration of wood samples. Wooden toothpicks were used by the method of Nicholls and  Dadswell8 
using aster blue as a dye. The same microscope and software previously mentioned were used, however an objec-
tive lens with 10 × magnification was used to determine the length of the fibers and a 20 × lens for the width, the 

Figure 1.  Wood sampling scheme.
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flame diameter and the wall thickness of these anatomical elements, making a total of 120 whole fibers measured 
per sample.

Measuring the dimensions of anatomical elements and technological indexes. Once the 
dimensions of the anatomical elements were obtained, the following were measured: (c) fiber length, in mm; (e) 
fiber wall thickness, in µm; (D) fiber diameter, in µm; (d) fiber lumen diameter, in µm; pore frequency, pores/
mm2; pore diameter, in µm; cell wall fraction (Eq. 1); slenderness ratio (Eq. 2); Runkel index (Eq. 3); and flex-
ibility coefficient (Eq. 4).

In which: WF is the cell wall fraction; t is the fiber wall thickness (µm); D is the fiber diameter (µm), with the 
cell wall fraction expressing the fiber stiffness  level9.

In which: II is the slenderness ratio; l is the fiber length (µm); D is the fiber diameter (µm), and the slenderness 
ratio infers about the fiber’s flexibility.

In which: RI is the Runkel index; t is the fiber wall thickness (µm) d is the fiber lumen diameter (µm), in order 
to assess the degree of fiber collapse during the papermaking  process10.

In which: FC is the flexibility coefficient; d is the fiber lumen diameter (µm); D is the fiber diameter (µm), 
evaluating the flexibility level of the fibers and their ability to  intertwine11.

Data processing and statistical analysis. The anatomical description was based on the frequent termi-
nologies of the current scientific  literature12,13.

The statistical analysis was performed using the Assistat 7.7 software program. A completely randomized 
design with two treatments (base and top positions) and five repetitions (5 trees) was considered.

The Lilliefors test was adopted to test the data normality and the Cochran test was applied to verify the homo-
geneity of variances. The t-test was subsequently performed to compare the mean of samples.

In addition, the means and coefficients of variation of the dimensions of the anatomical elements were 
presented.

Results
Anatomical description of the wood in the different observation sections. The wood has very 
thin bark macroscopically, with an easy distinction between external bark and internal bark, both at the base and 
at the top. It presents a low bark percentage in relation to the wood (Table 1).
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Table 1.  Macroscopic characterization of Pterogyne nitens wood. Max maximum value, Min minimum value, 
CV coefficient of variation.

Wood layers (cm) Mean Max Min CV (%)

BASE

Total wood diameter 17.6 18.8 16.4 9.6

Bark 0.45 0.49 0.41 12.6

Secondary xylem 17.1 18.3 16.0 9.5

Sapwood 3.2 3.5 2.9 13.3

Heartwood 13.9 14.7 13.2 7.6

Bark% on wood (relation between mean bark thickness and the half of total wood diameter) 5.1 – – –

TOP

Total wood diameter 9.9 10.1 9.7 2.9

Bark 0.15 0.16 0.13 14.1

Secondary xylem 9.8 9.9 9.6 2.2

Sapwood 2.1 1.9 2.3 13.5

Heartwood 7.7 8.0 7.4 5.5

Bark% on wood (relation between mean bark thickness and the half of total wood diameter) 3.0 – – –
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P. nitens wood has medium macroscopic visualization and distinction of the cell layers, with both the mar-
row and the growth rings being noticeable to the naked eye. It also has a heartwood without a characteristic 
odor and a dark pink color. It is moderately hard when cut manually, and has medium texture with vessels also 
visible to the naked eye (Fig. 2).

The heartwood and sapwood layers do not have the same facility of distinguishing them from the other lay-
ers at the studied age, with the heartwood being characterized by a pink color which is slightly darker than the 
sapwood. The heartwood layer thickness was 13.9 cm at the base (7.6% of variation—low variation) and 7.7 cm 
at the top (5.5% of variation—low variation), while the sapwood layer thickness was 3.2 cm at the base (13.3% 
of variation—low variation) and 2.1 cm at the top (13.5% of variation—low variation), as shown in Table 1.

The bark percentage in relation to the tree diameter varied between 5.1 (base) and 3.0% (top), being consid-
ered a species with low bark content.

Considering the transverse section, P. nitens wood microscopically presents multiple diffuse (Fig. 3a,c) and 
solitary vessels (Fig. 3b,d), and many vessels obstructed by tylosis (Fig. 3b,d). The axial parenchyma is pre-
dominantly confluent vasicentric (Fig. 3a) and confluent aliform (Fig. 3b). There is the presence of apotracheal 
parenchyma forming lines at growth layer limits.

The fibers from the macerates were classified as libriform (Fig. 4a,a’) because they are elongated cells with 
tapered ends and few (Figs. 4a,a’), and the vessel elements presented a simple perforation plate with only one 
opening, the presence of intervascular points characterized by contact between two vessels (Fig. 4b) and an 
appendix (Fig. 4c).

In relation to the longitudinal observation sections, the P. nitens wood showed heterogeneous and bisected 
stratified rays (Fig. 5a,b), with procumbent and square cells (Fig. 5c,d).

Anatomical characterization based on the dimensions of the wood cellular elements. The 
analysis of variance indicated that the P. nitens wood fibers and vessels present some significant differences 
between the base and top positions analyzed, which confirms heterogeneity of the woody tissue of this species 
at 10 years of age.

The means found for the anatomical elements followed by the coefficient of variation and its classifications 
are presented in Table 2.

The fiber width, fiber lumen diameter and vessel diameter dimensions showed significant differences, dem-
onstrating that their dimensions were influenced by the height growth of the wood at 10 years of age. In contrast, 
the same was not observed in fiber length, fiber wall thickness or pore frequency (Table 1).

The P. nitens wood pores were classified as medium with a larger diameter at the top of the tree (104 µm). The 
pore frequency was the same across the trunk (10.2 pores/mm2), classified as few.

Technological indexes. The technological indexes obtained for P. nitens wood accompanied by their 
respective classification are shown in the Table 3.

Discussion
Anatomical description of wood in different observation sections. The bark of the Pterogyne 
nitens species showed a very thin thickness at both the base and at the top, which gave it a low bark content in 
relation to the wood. The thinner bark uniformity along the tree is also an important feature for industrial use. It 
is common for Caatinga species to present large bark thickness (thick bark), mainly as one of the adaptations to 
the edaphoclimatic aspects (high local evapotranspiration, for example) which are characteristic of the  biome14. 
On the other hand, fast-growing species generally have thinner bark, such as the Eucalyptus tereticornis species, 

Figure 2.  Main macroscopic layers observed in Pterogyne nitens wood: bark (BRK); sapwood (SAP); heartwood 
(HTW).
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belonging to the group of eucalyptus trees with thin  bark15. The shells are usually undesirable in industrial use 
because they generally cause problems due to the greater presence of minerals, extractives and few  fibers16,17.

Macroscopic observation of native woods focusing on cell layers enables greater agility in the identification 
(recognition and inspection) and observation of the management effects (silvicultural tracts and attack of pests/
diseases), as well as better recommendation for industrial use (wood composition and layer thickness)13,18,19. 
The P. nitens wood presented a secondary xylem layer with a low distinction between heartwood and sapwood, 
wide and visible growth rings along with the presence of a lot of initial wood, thus constituting characteristics of 
more homogeneous woods. This is also a characteristic of young eucalyptus harvested up to 10 years  old20, but 
it differs greatly from the pattern of other Caatinga species which have very distinct heartwood and  sapwood21.

The cross-sectional observation section of P. nitens wood is microscopically characterized by the presence of 
solitary and multiple vessels (Fig. 3) with diffuse disposition, which is a common pattern in the wood of most 
species belonging to the Fabaceae family: Cedrelinga catenaeformis and Enterolobium shomburgkii22; Caesalpinia 
pyramidalis23, Acacia glomerosa, Mimosa acutistipula, and Geoffaeas pinosa24.

The axial parenchyma is defined as confluent aliform (Fig. 3b) and confluent vasicentric (Fig. 3a), also 
observed in Caesalpinia pyramidalis23 and Albizia inundata25 species, both from the Fabaceae family.

The tangential and radial observation sections are characterized by the marked presence of heterogeneous 
bisected and stratified rays with procumbent and square cells, also reported in Mimosa tenuiflora  specie5, a native 
and commercial wood easily found at Caatinga biome, also from the Fabaceae family.

The secondary xylem is characterized as juvenile and very homogeneous according to the anatomical obser-
vations and because it is a native wood in the early stages of development (10 years). The axial variation appears 
along the trunk and can be explained by changes in the dimensions of the anatomical elements, and by the growth 
and hormonal production of the tree in the last  case26. The change rate in most properties is very fast in the first 
growth rings, so that the later rings gradually assume the adult wood  characteristics27.

Anatomical characterization (measurement) of wood components. The fiber length of Ptero-
gyne nitens was 0.80 mm and did not show significant variation with the tree height. This value is considered 
lower than that obtained for fibers from other hardwoods, such as Eucalyptus urograndis (0.90 mm)28 and Euca-
lyptus grandis (1.02  mm)29 but more similar to other species of the Fabaceae family, such as Mimosa tenui-

Figure 3.  Cross-section to characterize porosity, vessel distribution and marginal parenchyma bands in the 
base (a,b) and top (c,d) positions: solitary (SLY) and multiple (MPV) vessels; obstructed by tylosis (TYL); axial 
parenchyma confluent (APC); axial parenchyma confluent aliform (PCA). Scale bars = 100 μm.
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flora (0.75 mm)5 and Machaerium villosum (0.85 mm)30. Libriform fibers of P. nitens were reported in other 
researches, involving species from Fabaceae  family31–34.

The fiber width showed a statistically significant difference between the base and top positions of the tree, 
with the largest width found in the top fibers with 17.6 µm. The mean value found for P. nitens was 17.1 µm, 
similar to the average value of E. urograndis at 8 years of age (16.9 µm)28 and E. grandis at 10 years (19.8 µm)29. 
Also, when comparing the fiber width of P. nitens with other native species of northeastern Brazil, it was greater 
than the value found for Mimosa tenuiflora (16.4 µm), a specimen from the Fabaceae  family5 and lower than the 
width of the Cedrella fissilis fibers—24.1 µm, and Gallesia integrifolia—18.3 µm35.

The lumen diameter of the P. nitens fibers did not show significant variation between the base and top posi-
tions, with the largest diameter being found in the top fibers with 9.34 µm. The mean value for P. nitens was 
9.40 μm, being very different from the values found for eucalyptus such as E. grandis (20.41 μm)29, and E. uro-
grandis (16.91 μm)28, and to that of other native forest species of northeastern Brazil: M. tenuiflora—5.79 μm5, 
C. fissilis—15.13 μm, and G. integrifolia—10.05 µm35.

The fiber wall thickness did not show significant variation between the fibers in the base and top positions. 
The average value found was 3.86 μm, very similar to the value reported for the E. grandis species of 3.37 μm29 
and lower than the values of E. urograndis—5.61 μm28, M. tenuiflora—5.32 μm5, C. fissilis—4.48 μm35 and M. 
ophthalmocentra species—4.00 μm21.

Hardwoods of the Fabaceae family corroborated with the average pore diameter of P. nitens (95.0 μm), such 
as Copaifera langsdorffii—102.4 μm30 and Mimosa ophthalmocentra—105 μm21. However, the species under 
study showed lower values in relation to fast growing commercial species: E. grandis—122.2 μm29 and E. 
saligna—100.61 μm36.

The frequency of pores presented by P. nitens wood was 10.2 pores/mm2, being higher than the value pre-
sented for the native species of M. tenuiflora—8.0 pores/mm25, C. fissilis—5.6 pores/mm2 and G. integrifolia—6.6 
pores/mm2 35.

P. nitens wood was microscopically characterized by an increase in the dimensions and frequency of the 
cells, with the highest values found at the top of the wood. This variation in cell dimensions results in changes 
in shape, arrangement and disposition through the growth  rings37, axial parenchyma and pores, and justify the 
noticeable variations in the wood formed at the base and top of the tree.

Figure 4.  Observation of individualized anatomical elements: libriform fibers with tapered ends (a); 
magnification of libriform fiber pointing simple pit (a’); vessel elements in contact (b) and solitary with the 
presence of an appendix (c) Scale bars = 100 μm.
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Figure 5.  Tangential section from base (a) and top (b) of the tree, and radial section from base (c) and top (d) 
with emphasis on: heterogeneous and biseriate rays (BIS) with procumbent (PRO) and square cells (SQU). Scale 
bars = 100 μm.

Table 2.  Mean dimensions, coefficient of variation and classification of fibers and vessel elements observed 
in the cross-section in the base and top positions of Pterogyne nitens wood (*significant by the t-test at 5% of 
probability (p < 0.05); ns not significant).

Base Top Mean CV (%) Classification

Fibers

Length (mm)ns 0.780 0.800 0.798 17.2 Very short

Width (µm)* 16.6 17.6 17.1 17.6 Narrow

Lumen diameter (µm)ns 8.74 9.34 9.40 25.3 Narrow

Cell wall thickness (µm)ns 3.61 3.89 3.86 28.3 Thin to thick cell wall

Vessel elements (pore)

Diameter (µm)ns 85.4 104.2 95.0 21.1 Medium

Frequency (pore/mm2)ns 9.2 10.8 10.2 37.7 Low

Table 3.  Mean and classification of technological indexes available to Pterogyne nitens wood.

Technological indexes Mean Classification

Cell wall fraction (%) 45.0 High

Slenderness ratio 46.6 –

Runkel index 0.82 Good

Flexibility coefficient 0.55 Low
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Technological indexes. The cell wall fraction is a technological index which indicates fiber  stiffness9 and 
values below 40% characterize extremely rigid fibers. In this sense, Pterogyne nitens fibers presented a cell wall 
fraction of 45.0%, indicating high stiffness. The value found in this study was lower than the values found for the 
Eucalyptus saligna species of 58%38 and for native Mimosa tenuiflora species of 64.74%5.

The interlacing index also indicates fiber flexibility. According to this index, high values characterize more 
flexible fibers and indicate better properties for paper, in addition to being related to tear resistance when the 
fibers are subjected to physical–mechanical evaluation (the higher this value, the greater the tear resistance)39. 
The slenderness ratio calculated for the P. nitens species was 46.6, which indicates more rigid fibers. This value 
is very similar to that found for the M. tenuiflora species of 45.55 from the same family, and lower than the value 
found in E. saligna—48.0%38.

The Runkel index indicates the quality of the fiber for paper production. Values below 0.25 indicate excellent 
quality, while values above 1.0 indicate regular  quality10. The P. nitens wood had a Runkel index of 0.82, which 
indicates the fibers as good for paper production. This value is lower than that found for the E. saligna species 
of 1.40%38 and M. teinuiflora of 1.865.

The flexibility coefficient of fibers is directly associated with the strength of the paper that will be  formed40. 
P. nitens presented a coefficient of 0.55, higher than that obtained for the E. saligna species of 0.4238 and M. ten-
uiflora of 0.325. Thus, in following this parameter, the wood under study has low flexible fibers.

Technological implications of Pterogyne nitens wood considering wood properties. Greater 
rigidity and less flexibility of the Pterogyne nitens fibers was evidenced from the anatomical information, which 
makes its use in papermaking difficult. In addition to the anatomical properties, other studies related to wood 
technology should be considered in pointing out its best use.

Considering previously study, the basic density of P. nitens wood was high (641 kg/m3) and the chemical 
composition showed low cellulose content (41.9%), high extractives content (7.3%) and low S:G ratio of lignin 
(2.2), which are undesirable characteristics in the pulping and papermaking processes. In addition, kraft pulp-
ing simulations aiming at cellulosic pulp production resulted in low purified yield (46.0%) and very low final 
viscosity—1079  dm3/kg41.

Otherwise, these results are interesting and desirable in charcoal production to serve the commercial and 
residential energy sector. Also, considering a recent  study42, P. nitens wood showed satisfactory results in terms of 
energy characterization after carbonization at 450 °C for 4 h: 30% charcoal yield containing 77.7% fixed carbon, 
a calorific value of 7967 kcal/kg and apparent density of 402 kg/m3. These results are better when compared to 
the results presented by other native Brazilian forest  species43–45.

However, these results are inferior to those presented by commercial eucalyptus species used for this 
 purpose46–48. Thus, the management of this species in sustainable production models with a focus on genetic 
and silvicultural improvement can be a way to make the species more attractive for small and medium produc-
ers and entrepreneurs who need energy sources (firewood) in Caatinga regions. This action is also important to 
stimulate planting native forest species and slow down deforestation in this Biome.

Conclusion
Pterogyne nitens presented a heterogeneous wood with statistical differences between its anatomical elements 
depending on the base-top position in the wood.

The anatomical elements, dimensions and arrangements were similar to those of other species of the Fabaceae 
family and occurring in the Caatinga, with a strong presence of vessels obstructed by tylosis.
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References
 1. Gioda, A. Características e procedência da lenha usada na cocção no Brasil. Estudos Av. 33. https:// doi. org/ 10. 1590/ s0103- 4014. 

2019. 3395. 0009 (2019).
 2. Sena, L. M. M. Conheça e Conserve a Caatinga—O Bioma Caatinga. Vol. 1 (Associação Caatinga, 2011).
 3. Queiroz, L. P., Rapini, A. & Giulietti, A. M. Towards Greater Knowledge of the Brazilian Semi-Arid Biodiversity. (Ministério da 

Ciência e Tecnologia, 2006).
 4. Campos Filho, E. M. & Sartorelli, P. A. R. Guia de Árvores Com Valor Econômico. (Agroicone, 2015).
 5. Oliveira, E. et al. Estrutura anatômica na madeira e qualidade do carvão de Mimosa tenuiflora (Willd.) Poir. Rev. Árvore 30, 311–318. 

https:// doi. org/ 10. 1590/ S0100- 67622 00600 02000 18 (2006).
 6. Instituto Brasileiro de Geografia e Estatítica-IBGE. Cidades. http:// cidad es. ibge. gov. br/ xtras/ home. php (2014).
 7. Barreto-Garcia, P. A. B, Matos, P. S., Sanquetta, C. R. & Monroe, P. H. M. Inventory of organic carbon in a Pterogyne nitens Tul. 

plantation in Southwest Bahia, Brazil. Floresta Ambient. 26 (4). https:// doi. org/ 10. 1590/ 2179- 8087. 042616 (2019).
 8. Ramalho, R. S. O Uso de Macerado no Estudo Anatômico de Madeiras. (UFV, 1987).
 9. Niskoski, S., Trianoski, R., Muniz, G. I. B., Matos, J. L. M. & Batista, F. R. R. Anatomia da madeira de Toona ciliata: características 

das fibras para produção de papel. Floresta. 41, 717–728. https:// doi. org/ 10. 5380/ rf. v41i4. 25337 (2011).
 10. Paula, J. E. & Alves, J. L. H. Madeiras Nativas do Brasil: Anatomia, Dendrologia, Dendrometria, Produção e Uso (Cinco Continentes, 

2010).
 11. Castelo, P. A. R. Avaliação da Qualidade da Madeira de Pinus taeda em Diferentes Sítios e Espaçamentos Através do Método Não 

Destrutivo de Ondas de Tensão (Universidade Federal do Paraná, 2007).
 12. International Association of Wood Anatomy-IAWA. Lent of microscopic features for hardwood identification. IAWA Bull. 10, 

220–359 (1989).
 13. Silva, J. C. Anatomia da Madeira e Suas Implicações Tecnológicas. (Universidade Federal de Viçosa, 2005).
 14. Campanha, M. M. & Araújo, F. S. Árvores e Arbustos do Sistema Agrossilvipastoril Caprinos e Ovinos. (Embrapa Caprinos e Ovinos, 

2010).

https://doi.org/10.1590/s0103-4014.2019.3395.0009
https://doi.org/10.1590/s0103-4014.2019.3395.0009
https://doi.org/10.1590/S0100-67622006000200018
http://cidades.ibge.gov.br/xtras/home.php
https://doi.org/10.1590/2179-8087.042616
https://doi.org/10.5380/rf.v41i4.25337


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:15344  | https://doi.org/10.1038/s41598-021-94785-2

www.nature.com/scientificreports/

 15. Gava, J. L., Ometto, M. L., Nibe, T. M. M. & Seixas. F. Influência da espessura da casca de Eucalyptus torelliana e Eucalyptus tereti-
cornis sobre a variação da temperatura do câmbio durante a ocorrência de um incêndio florestal. IPEF. 126–132 (1995).

 16. Lopes, Y. L. V. et al. Avaliação do potencial técnico da madeira e cascas de Eucalyptus grandis Hill ex Maiden na produção de 
painéis cimento-madeira. Sci. For. 67, 111–122 (2005).

 17. Vital, B. R., Andrade, A. M. & Valente, O. F. Influência da casca no rendimento e na qualidade do carvão vegetal de Eucalyptus 
grandis. IPEF. 44–49 (1989).

 18. Botosso, P. C. Identificação Macroscópica de Madeiras: Guia Prático e Noções Básicas Para o Seu Reconhecimento. (Embrapa Florestas, 
2011).

 19. Zenid, G. J. & Ceccanti, G. C. T. Identificação Macroscópica de Madeiras. (Instituto de Pesquisas tecnológicas do Estado de São 
Paulo, 2007).

 20. Costa, A. S. et al. Propriedades da Madeira de cerne e alburno de Eucalyptus camaldulensis. Ciênc. Madeira (Braz. J. Wood Sci.) 8, 
10–20. https:// doi. org/ 10. 15210/ cmad. v8i1. 8926 (2017).

 21. Silva, L. B., Santos, F. A. R., Gasson, P. & Cutler, D. Estudo comparativo da madeira de Mimosa ophthalmocentra Mart. ex Benth 
e Mimosa tenuiflora (Willd.) Poir. (Fabaceae-Mimosoideae) na Caatinga nordestina. Acta Bot. Bras. 25, 301–314. https:// doi. org/ 
10. 1590/ S0102- 33062 01100 02000 06 (2011).

 22. Muniz, G. I. B., Nisgoski, S., França, R. F. & Schardosin, F. Z. Anatomia comparativa da madeira e carvão de Cedrelinga catenae-
formis Ducke. e Enterolobium schomburgkii Benth. para fins de identificação. Sci. For. 40, 291–297 (2012).

 23. Silva, L. B., Santos, F. A. R., Gasson, P. & Cutler, D. Anatomia e densidade básica da madeira de Caesalpinia pyramidalis Tul. 
(Fabaceae), espécie endêmica da Caatinga do Nordeste do Brasil. Acta Bot. Bras. 23, 436–445. https:// doi. org/ 10. 1590/ S0102- 33062 
00900 02000 15 (2009).

 24. Paula, J. E. Madeiras da Caatinga úteis para produção de energia. Pesq. Agrop. Bras. 28, 153–165 (1993).
 25. Baldin, T. & Marchiori, J. N. C. Anatomia da madeira de Albizia inundata (Mart.) Barneby & J.W. Grimes (Fabaceae). Balduinia 

46, 25–31. https:// doi. org/ 10. 5902/ 23581 98014 969 (2014).
 26. Larson, P. R. The physiological basis for wood specific gravity in conifers. in Proceedings IUFRO Division 5 Meeting (Stellenbosch, 

1973).
 27. Bendtsen, B. Properties of wood from improved and intensively managed trees. For. Prod. J. 28, 61–72 (1978).
 28. Gonçalez, J. C., Santos, G. L., Silva Junior, F. G. S., Martins, I. S. & Costa, J. A. Relações entre dimensões de fibras e de densidade 

da madeira ao longo do tronco de Eucalyptus urugrandis. Sci. For. 42, 81–89 (2014).
 29. Silva, J. C., Tomazello Filho T., Oliveira, J. T. S. & Castro, V. R. Influência da idade e da posição radial nas dimensões das fibras 

e dos vasos da madeira de Eucalyptus grandis Hill ex. Maiden. Rev. Árvore 31, 1081–1090. https:// doi. org/ 10. 1590/ S0100- 67622 
00700 06000 13 (2007).

 30. Cury, G. Descrição da estrutura anatômica do lenho e sua aplicação na identificação de espécies arbóreas do Cerrado e da Mata 
Atlântica do estado de São Paulo. Dissertação, Escola Superior de Agricultura “Luiz de Queiroz” (2001).

 31. Benicio, J. R. W. et al. A new fossil Fabaceae wood from the pleistocene touro passo formation of Rio Grande do Sul, Brazil. Fossil 
Imprint 72, 251–264. https:// doi. org/ 10. 14446/ FI. 2016. 251 (2016).

 32. Carlquist, S. Wood anatomy of Cercidium (Fabaceae), with emphasis on vessel wall sculpture. Aliso 12, 235–255. https:// doi. org/ 
10. 5642/ aliso. 19891 202. 02 (1989).

 33. Longui, E. L., Romeiro, D. & Alves, E. S. Differences in antomy and potential hydraulic conductivy between rood and stem of 
Caesalpinia echinata Lam. (Fabaceae). Hoehnea 39, 649–655. https:// doi. org/ 10. 1590/ S2236- 89062 01200 04000 10 (2012).

 34. Oskolski, A. A., Stepanova, A. V., Boatwright, J. S., Tilney, P. M. &Van Wyk, B. E. A survey of wood anatomical characters in the 
tribe Crotalarieae (Fabaceae) South. Afr. J. Bot. 94, 155–165. https:// doi. org/ 10. 1016/j. sajb. 2014. 06. 006 (2014).

 35. Motta, J. P., Oliveira, J. T. S., Braz, R. L., Duarte, A. P. C. & Alves, R. C. Caracterização da madeira de quatro espécies florestais. 
Ciênc. Rural. 44, 2186–2192. https:// doi. org/ 10. 1590/ 0103- 8478c r2013 0479 (2014).

 36. Alzate, S. B. A. Caracterização da madeira de árvores de clones de Eucalyptus grandis, E. saligna e E. grandis × urophylla. Tese, 
Escola Superior de Agricultura Luiz de Queiroz (2004).

 37. Ramsay, W. & Briggs, D. Juvenile wood: has it come of age? in Proceedings of the Technical Workshop: Juvenile Wood—What Does 
It Mean to Forest Management and Forest Products 5–11 (1986).

 38. Foekel, C. E. B., Barrichelo, L. G. & Milanez, A. F. Estudo comparativo das madeiras de Eucalyptus saligna, E. paniculata, E citrio-
dora, E. maculata e E. tereticornis para produção de celulose sulfato. IPEF 10, 17–37 (1975).

 39. Rocha, C. B. R. & Potiguara, R. C. V. Morfometria das fibras de folhas de Astrocaryum murumuru var. murumuru Mart. (ARE-
CACEAE). Acta Amazon. 37, 511–516. https:// doi. org/ 10. 1590/ S0044- 59672 00700 04000 05 (2007).

 40. Barrichelo, L. E. G. & Foelkel, C. E. B. Utilização de madeiras de essências florestais nativas na obtenção de celulose: bracatinga 
(Mimosa bracatinga), embaúba (Cecropia sp.), caixeta (Tabebuia cassinoides) e boleira (Joannesia princeps). IPEF 10, 43–56 (1975).

 41. Pereira, A. K. S., Longue Junior, D., Mafra Neto, C. S., Colodette, J. L. & Gomes, F. J. B. Determinação da composição química e 
potencial de polpação da madeira Pterogyne nitens Tul. Ciênc. Florestal 29, 1490–1500. https:// doi. org/ 10. 5902/ 19805 09831 021 
(2019).

 42. Figueiredo, M. E. O., Longue Junior, D., Pereira, A. K. S, Carneiro, A. C. O. & Silva, C. M. S. Potencial da madeira de Pterogyne 
nitens Tul. (madeira-nova) para produção de carvão vegetal. Ciênc. Florestal. 28, 420–431. https:// doi. org/ 10. 5902/ 19805 09831 
620 (2018).

 43. Brand, M. A., Cunha, A. B., Carvalho, A. F., Brehmer, D. R. & Kuster, L. C. Análise da qualidade da madeira e do carvão vegetal 
produzido a partir da espécie Miconia cinnamomifolia (De Candolle) Naudin (Jacatirão-açu) na agricultura familiar, em Biguaçu, 
Santa Catarina. Sci. Florestalis. 41, 401–410 (2013).

 44. Medeiros Neto, P. N. et al. Características físico-químicas e energéticas de duas espécies de ocorrência no semiárido brasileiro. 
Ciênc. Florestal 22, 579–588. https:// doi. org/ 10. 5902/ 19805 09866 24 (2012).

 45. Vale, A. T., Dias, I. S. & Santana, M. A. E. Relação entre as propriedades químicas, físicas e energéticas da madeira de cinco espécies 
do cerrado. Ciênc. Flor. 20, 137–145. https:// doi. org/ 10. 5902/ 19805 09817 67 (2010).

 46. Carneiro, A. C. O., et al. Potencial energético da madeira de Eucalyptus sp. em função da idade e de diferentes materiais genéticos. 
Rev. Árvore 38, 375–381. https:// doi. org/ 10. 1590/ S0100- 67622 01400 02000 19 (2014).

 47. Neves, T. A. et al. Avaliação de clones de Eucalyptus em diferentes locais visando à produção de carvão vegetal. Pesquisa Florestal 
Bras. 31, 319–330. https:// doi. org/ 10. 4336/ 2011. pfb. 31. 68. 319 (2011).

 48. Santos, R. C. et al. Influência das propriedades químicas e da relação siringil/guaiacil da madeira de eucalipto na produção de 
carvão vegetal. Ciênc. Florestal 26, 657–669. https:// doi. org/ 10. 5902/ 19805 09822 765 (2016).

Acknowledgements
The authors acknowledge the financial support from the Foundation of Support for Research of the State of Bahia 
(FAPESB), in association with the  Southwestern Bahia State University (UESB), and to the Wood Properties 
Laboratory of the Federal University of Viçosa (UFV) for technical support.

https://doi.org/10.15210/cmad.v8i1.8926
https://doi.org/10.1590/S0102-33062011000200006
https://doi.org/10.1590/S0102-33062011000200006
https://doi.org/10.1590/S0102-33062009000200015
https://doi.org/10.1590/S0102-33062009000200015
https://doi.org/10.5902/2358198014969
https://doi.org/10.1590/S0100-67622007000600013
https://doi.org/10.1590/S0100-67622007000600013
https://doi.org/10.14446/FI.2016.251
https://doi.org/10.5642/aliso.19891202.02
https://doi.org/10.5642/aliso.19891202.02
https://doi.org/10.1590/S2236-89062012000400010
https://doi.org/10.1016/j.sajb.2014.06.006
https://doi.org/10.1590/0103-8478cr20130479
https://doi.org/10.1590/S0044-59672007000400005
https://doi.org/10.5902/1980509831021
https://doi.org/10.5902/1980509831620
https://doi.org/10.5902/1980509831620
https://doi.org/10.5902/198050986624
https://doi.org/10.5902/198050981767
https://doi.org/10.1590/S0100-67622014000200019
https://doi.org/10.4336/2011.pfb.31.68.319
https://doi.org/10.5902/1980509822765


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:15344  | https://doi.org/10.1038/s41598-021-94785-2

www.nature.com/scientificreports/

Author contributions
All co-authors contributed to the study conception and design. Material preparation, data collection and analy-
sis were performed by A.K.S.P. and C.M.d.S.N. The first draft of the manuscript was written by D.L.J. and 
A.M.M.L.C. and all authors commented on previous versions of the manuscript. All authors read and approved 
the final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.K.S.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Anatomical characterization and technological properties of Pterogyne nitens wood, a very interesting species of the Brazilian Caatinga biome
	Methods
	Collection area. 
	Wood sampling and microtomy. 
	Maceration of wood samples. 
	Measuring the dimensions of anatomical elements and technological indexes. 
	Data processing and statistical analysis. 

	Results
	Anatomical description of the wood in the different observation sections. 
	Anatomical characterization based on the dimensions of the wood cellular elements. 
	Technological indexes. 

	Discussion
	Anatomical description of wood in different observation sections. 
	Anatomical characterization (measurement) of wood components. 
	Technological indexes. 
	Technological implications of Pterogyne nitens wood considering wood properties. 

	Conclusion
	References
	Acknowledgements


