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APRESENTACAO

As Ciéncias Agrarias sdo um campo de estudo multidisciplinar por exceléncia, e
um dos mais proficuos em termos de pesquisas e aprimoramento técnico. A demanda
mundial por alimentos e a crescente degradagdo ambiental impulsionam a busca
constante por solugdes sustentaveis de producédo e por medidas visando a preservacao
e recuperagao dos recursos naturais.

A obra Agrarias: Pesquisa e Inovacao nas Ciéncias que Alimentam o Mundo
compila pesquisas atuais e extremamente relevantes, apresentadas em linguagem
cientifica de facil entendimento. Na coletanea, o leitor encontrara textos que tratam dos
sistemas produtivos em seus diversos aspectos, além de estudos que exploram diferentes
perspectivas ou abordagens sobre a planta, 0 meio ambiente, o animal, 0 homem e a
sociedade no ambiente rural.

E uma obra que fornece dados, informacdes e resultados de pesquisas tanto para
pesquisadores e atuantes nas diversas areas das Ciéncias Agrarias, como para o leitor
que tenha a curiosidade de entender e expandir seus conhecimentos.

Este Volume X traz 14 trabalhos de estudiosos de diversos paises, divididos em
dois eixos tematicos: Produtividade e eficiéncia na producéo vegetal e Sustentabilidade e
reaproveitamento produtivo.

Desejo a todos uma 6tima leitura!

Eduardo Eugénio Spers
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CAPITULO 3

COLORIMETRIC CHARACTERISATION OF

Data de submisséo: 15/11/2023
Data de aceite: 24/11/2023

José Amador Honorato-Salazar
National Research Institute of

Forestry, Agriculture and Livestock

San Martinito Experimental Field

Puebla, Mexico
https://orcid.org/0000-0001-9436-5438

ABSTRACT: This study aimed to characterise
the calorimetry of 28 tropical wood species in
the CIELab colour space. Employing a Minolta
CM-2500d spectrophotometer, chromatic
axes L* (Luminosity), a* (green-red), and b*
(blue-yellow) were determined in xylarium
samples, with six measurements per sample.
The obtained values underwent an analysis
of variance (ANOVA), a comparison of means
using the LSD method (a=0.05) and cluster
analysis by the average method. The observed
and the average values of the chromatic
axes were represented in the CIELab system
using the Spectra Magic® software. Group
representations of average values were done
using the SigmaPlot program. The ANOVA
showed significant differences (p < 0.05) in
the wood colour of the species in each of the
chromatic axes, which allowed the formation
of 7 similar groups with an explained variance
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ratio of 901%. Within the wood samples,
variations were observed in the luminosity (L*,
246 - 81.2), in the a* axis (2.7 - 19) tending
towards red, and in the b* axis (3.1 - 32.3) that
tends towards yellow. The sapwood of the
studied species has light colours due to its
high luminosity with a tendency towards yellow
on the b* axis, such as the wood of Bursera
simaruba (L*, 79.66; b* 21.49) and Zuelania
guidonia (L*, 77.22; b*, 28.58). In contrast, the
heartwood of Cordia dodecandra (L*,30.49;
a*4.89) and S. cubensis (L*, 27.01; a*, 8.07)
shows dark reddish colours with low luminosity.
Colour quantification allows for a more
objective and measurable characterisation of
the wood, facilitating the grouping of similar
colours among tropical species.
KEYWORDS: Colour. CIELab
Heartwood. Sapwood.

system.

1INTRODUCTION

Colorimetry is defined as the science
and technology used to quantify and describe
human perception of colour (Choudhury, 2014).
Colour is perceived by the human eye in the
wavelength range of visible light, which spans
approximately 380 nm to 740 nm, when light
strikes an object or material. Depending on the
material, some wavelengths can be absorbed

while others are reflected, creating the basic
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colour impression. The human eye’s perception of colour is based on the sum of reflected
wavelengths, which determines the perceived colour of the material. Furthermore, in
visual observation of an object, three factors influence the recognition of its appearance
and colour: the light source, the object itself, and the human observer (Choudhury, 2014).

Colour in wood is further recognised based on the reflected wavelength of visible
light, surface roughness, the internal structure of the specific piece of wood and its
refractive properties (Meints et al., 2017).

Wood colour characterisation is used to identify, classify, and quantitatively
describe the surfaces of various types of wood. This process involves considering aspects
such as texture, design, colour changes due to finishes, humidity, discolouration, and other
aesthetic characteristics (Hon & Minemura, 2001; Meints et al., 2017). In addition, colour
studies have been carried out to evaluate, characterise and classify the wood of different
species quantitatively using the CIELab system (Silva et al., 2015; Meints et al., 2017; Silva
et al., 2017; Sousa et al., 2019).

In Mexico, various tropical woods are marketed and prized for their colour.
However, until now, the description of the colour of these woods has been done
qualitatively or comparatively through the use of Munsell colour boards designed for
plant tissues or soils (Rebollar and Quintanar, 2000). Therefore, it is essential to quantify
the colour of the wood to assess its commercial viability, especially in applications of
high economic value, such as the manufacture of decorative panels, parquet, furniture,
marquetry and fine joinery. Due to the relevance of this aspect in the market, this study
aims to determine the colourimetry properties of 28 types of tropical woods using the
CIELab colour system.

2 MATERIALS AND METHODS

Wood samples, measuring 1 cm x 6 cm x 15 cm, were selected from 28 different
species of tropical woods sourced from the xylarium of the National Research Institute of
Forestry, Agriculture and Livestock (INIFAP). Heartwood species included Achras zapota L.
- Sapotaceae (Chicozapote), Astronium graveolens Jacg. - Anacardiaceae (Jobillo), Budica
buceras L. - Combretaceae (Pukté), Calophyllum brasilense Camb. - Guttiferae (Bari),
Cedrela odorata L. - Meliaceae (Cedro rojo), Cordia alliodora Ruiz & Pav. - Boraginaceae
(Bojon), Cordia dodecandra D.C. - Boraginaceae (Siricote), Enterolobium cyclocarpum
(Jacq.) Griseb. - Leguminosae (Guanacaste), Guaicum sanctum L. - Zygophyllaceae
(Guayacan), Krugiodendron ferrum (Vahl) Urb. - Rhamnaceae (Chintok), Lysiloma

latisiliquum (L.) Benth. - Leguminosae (Tzalam), Maclura tinctoria (L.) Steud. - Moraceae
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(Mora), Metopium brownei (Jacg.) Urban - Anacardiaceae (Chechen), Piscidia piscipula (L.)
Sarg. - Leguminosae (Jabin), Pithecolobium brevifolium Benth. - Leguminosae (Chucum),
Platymiscium yucatanum Standl. - Leguminosae (Granadillo), Swartzia cubensis (Britton
& Wilson) Standl. - Leguminosae (K’atalox), Sweetia panamensis Benth. - Leguminosae
(Cencerro) and Swietenia macrophylla King. - Meliaceae (Caoba). Samples with sapwood
were from Blepharidium mexicanum Standl. - Rubiaceae (Popistle), Bursera simaruba (L.)
Sarg. - Burseraceae (Chaca), Guatteria anomala R.E.Fr. - Annonaceae (Zopo), Phoebe aff.
effusa Meisn. - Lauraceae (Aguacatillo), Simarouba glauca DC. - Simaroubaceae (Pasa’ak),
Tabebuia rosea DC. - Bignonaceae (Maculis), Vitex gaumeri Greenm. - Verbrenaceae (Yax-
nic), Vochysia hondurensis Sprague - Vochysiaceae (Palo de agua) and Zuelania guidonia
(Sw.) Britt. et Millsp. - Flacourtinaceae (Trementino).

For each species, three samples were taken and prepared by sanding them with
150 and 220-grit sandpaper to remove any dust or stains and enhance the colour of
the wood. Then, six colour measurements were made on each sample using a Minolta
CM-2500d spectrophotometer (Konica Minolta). These measurements were made
in a wavelength range of 400 to 700 nm, under a standard D65 light source, with an
observation angle of 10° and a field of view of 8 mm.

The resulting colour values for each type of wood were subjected to an analysis
of variance (ANOVA), followed by a comparison of means using the LSD method (a =
0.05) and a multivariate analysis of groups using the average grouping method. The SAS
program was used in the analyses (SAS, 2000).

Finally, the observed colour data and their average were plotted in the CIELab
colour space (ISO 11664:2008), using the L*, a*, b* (ISO/CIE, 2019) values using Spectra
Magic® software. Cluster graphical visualisation of the L*, a* and b* average values for

each species was generated using the SigmaPlot program (Systat, 2011).

3 RESULTS AND DISCUSSION

In the CIELab* system, quantitative colourimetry converts sensory impressions into
the L*, a* and b* colour axes. These axes define, describe, and characterise the colour
intensity of materials (ISO/CIE, 2019). The colour axis a* ranges from green (-a*) to red
(a*), while the colour axis b* extends from blue (-b*) to yellow (b*). On the other hand, the
luminosity axis (L*) varies from O (black) to 100 (white). Therefore, it is possible to separate
the colours of objects into bright and dark colours by comparing their luminosities (Konica
Minolta, 2003). Luminosity increases to a value of 100 and decreases to 0. The point where

the a* and b* axes intersect (L*=50) corresponds to a pure, balanced, neutral grey colour.
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This study observes variations in the three chromatic axes among the tropical
woods. The luminosity (L*) varies from 24.6 to 81.2; the a* axis tends to be red and
fluctuates between 2.7 and 19.0, while the b* axis tends to be yellow and is between 31
and 32.3 (Figure 1, Table 1).

The analysis of variance indicated significant differences (p < 0.05) in each of the
chromatic axes for the wood of the species studied (Table 1).

The average sapwood values of B. simaruba (79.7) and Z. guidonia (77.2). exhibit
light colours with high luminosities. In contrast, the heartwood of C. dodecandra (30.5)
and A. zapota (31.1) shows dark colours with low luminosities (Table 1). These woods have
extreme luminosity values.

On the other hand, the wood of S. macrophyilla, C. odorata, S. panamensis, P.
brevifolium, E. cyclocarpum, P. piscipula, S. cubensis, B. buceras and L. latisiliquum have
luminosities around grey (L*=50+5). While the wood luminosity of P. aff. effusa, C. brasilense,
T. rosea, V. hondurensis, S. glauca, B. mexicanum, V. gaumeri and G. anomala tends to light
colours (L*, 55.8-71.5), in contrast, the luminosity of the wood of C. alliodora, M. brownei,
K. ferrum, P. yucatanum, G. sanctum, A. graveolens and M. tinctoria tends towards dark
colours (L¥, 32.2-42.9).

Figure 1. Colour representation of tropical woods in the CIELab system.
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On average, the colour values on the a* axis of the wood of the studied species
range from grey to red. Wood species that have near-grey values include B. simaruba (4.8),
C. dodecandra (4.9), and V. hondurensis (5.0), while those with near-red values include P.
brevifolium (14.9), M. tinctoria (15.0), and S. macrophylla (151). Some woods, such as Z
guidonia (5.8), G. anomala (6.6), B. buceras (6.8) and S. glauca (7.0), tend towards shades
of grey. In contrast, other woods, such as those of K. ferrum (13.4), C. brasilense (131), C.
odorata (13.0) and A. graveolens (12.8), tend toward red hues. The rest of the woods have
intermediate values between 71 and 12.3.

Regarding the b* axis, the average values of the different woods show a wide
range of colours, ranging from shades close to grey (7.0) to yellow-orange tones (28.6).
These extreme colour values correspond to the wood of C. dodecandra and Z. guidonia.
The woods of A. zapota (8.8) and A. graveolens (10.2) have values close to the wood of C.
dodecandra, while the wood of S. cubensis (27.3), S. glauca (27.4) and B. mexicanum (28.1)
more closely resemble the values of Z. guidonia. The other wood species have chromatic

values ranging from 12.5 to 26.7.

Table 1. Average values of the chromatic L*, a*, b* axes.

Achras zapota (Chicozapote - H) 311+15n 92+08gh 88+12p
Astronium graveolens (Jobillo - H) 322+19n 128 +17bc 102+22p o
Blepharidium mexicanum (Popistle - S) 601+30 f 19+10ecd 281+24ab
Bucida buceras (Pukté - H) 550+25gh 6.8+041kj 185+15 k
Bursera simaruba (Chaca - S) 797 +£10a 48+04 m 215+09gfh
Calophyllum brasilense (Bari - H) 558+23g 131+x11bc 234+20c de
Cedrela odorata (Cedro rojo - H) 544 +54ghi 1830+15bc 227+29gfde
Cordia alliodora (Bojon - H) 36.0+28m 74 +£12ikj [125+24n m
Cordia dodecandra (Siricote - H) 305+49n 49+12 m 70+32q
Enterolobium cyclocarpum (Guanacaste - H) 474 +19 k 105+11 f 192 +17j ki
Guaicum sanctum (Guayacan - H) 41.8 + 6.3 1 7119 kj 154301
Guatteria anomala (Zopo - S) 715+13 d 6.6+05lk 231+08cfde
Krugiodendron ferrum (Chintok - H) M7 +40I 1834 £13b 204 +21j hi
Lysiloma latisiliquum (Tzalam - H) 524 +14jhi 110+*05ef 18.8+0.8j k
Maclura tinctoria (Mora - H) 43.0+ 06| 150+ 0.6 a 215+11gfh
Metopium brownei (Chechén - H) 37.8+3.6m 11.3+14efd 143 +25]1
Phoebe aff. effusa (Aguacatillo - S) 633+t14e 90+11gh ' 221+20gfhe
Piscidia piscipula (Jabin - H) 517 +33j i 87+13ih 209 +194g hi
Pithecolobium brevifolium (Chucum - H) 50.2+08jk 149 +07a 236+08c de
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Platymiscium yucatanum (Granadillo - H) 371+£20m 125+37bcd [ 142+301 m
Simarouba glauca (Pasa’ak - S) 734 +6.3cd 70+231lkj 274+25ab
Swartzia cubensis (K’atalox - H) 270+3.20 81+12ihj | 113+26n o
Sweetia panamensis (Cencerro - H) 542 +13ghi M3+04efd 242+10c d
Swietenia macrophylla (Caoba - H) 505+50]j 151+11a 248 +18c
Tabebuia rosea (Maculis - S) 618+26ef 71+09 kj 183+09 k
Vitex gaumeri (Yax-nic - S) 597+06 f 102+07gf 26712 b
Vochysia hondurensis (Palo de agua - S) 752+17cb 50+05 m 183+08 k
Zuelania guidonia (Trementino - S) 772+19ab 58+13Im 286 +13a

H: Heartwood, S: Sapwood.

The colour differences are distinct and significant for the wood of each species in
the chromatic axes (Table 1). For example, B. simaruba wood has the highest value on the
L* axis (79.7), but the lowest value on the a* axis (4.8), with an average value on the b* axis
(21.5). In addition, the wood of some species has similar values in each axe, suggesting the
possibility of grouping them by employing a cluster analysis when considering the values
of the three chromatic axes.

In the cluster analysis of the L*a*b chromatic values using the average method,
it was observed that the wood colour of the studied species can be divided into seven
groups (Figure 2). These groups explain a significant percentage of variance, reaching
90.1%.

Figure 2. Colour clusters of tropical woods according to the values L*a*b*.
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In group 7, C. dodecandra wood stands out, characterised by low values in the
three chromatic axes (Figure 3). In contrast, group 4, includes the wood of B. simaruba, V.
hondurensis, S. glauca, G. anomala and Z. Guidonia with luminosity values higher than 71
and a tendency towards yellow because it corresponds to sapwood. Group 1, composed
of C. brasilense, S. macrophylla, C. odorata, S. panamensis, K. ferrum, P. brevifolium and
M. tinctoria, shows values that tend towards red on the a* axis and yellow on the b* axis,
with intermediate luminosities. The wood of A. graveolens, M. brownie and P. yucatanum
are part of group 2 because they have low values in luminosity and in the b* axis, with
intermediate values in a* axis. Intermediate values on all three axes characterise group
3, which includes the wood of B. buceras, E. cyclocarpum, L. latisiliquum, P. aff. effusa,
P. piscipula and T. rosea. Group 5 shows the highest values on the b* axis, which tend
towards the yellow colour and includes the wood of B. mexicanum and V. gaumeri. Finally,
group 6 consist of the wood of A. zapota, C. alliodora, G. sanctum and S. cubensis, which

shows low values in all three chromatic axes.

Figure 3. Coordinates and colour values L*a*b*.
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Although no quantitative studies have been conducted on the colour of wood

species in Mexico, studies carried out on tropical woods by Silva et al. (2015, 2017)
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and Sousa et al. (2019) indicate that the quantification of colour in the CIELab system
eliminates subjectivity in the appreciation of wood colour.

Therefore, colour quantification allows characterisation and classification into
similar colour groups based on the values of the chromatic axes, which coincides with the

approach of this study on the colour of tropical woods.

4 CONCLUSIONS

The colour of tropical woods varies according to their Lab* colour values.
Sapwood exhibits lighter colours with luminosities above 60, while heartwood exhibits
darker colours with luminosities below 60. At the high-light end are the sapwood wood of
B. simaruba and Z. guidonia, and at the low-light end are the heartwood of C. dodecandra
and S. cubensis.

Tropical woods show colours distributed on the positive axes from grey to yellow
(b*) and to red (a*). Sapwood tends towards the yellow colour, while heartwood tends
towards the red colour.

The chromatic values of the colour made it possible to classify tropical woods into

seven distinctive groups.
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Produccion 10, 11, 12, 13, 14, 15, 16, 26, 27, 29, 30, 31, 32, 33, 34, 36, 37, 39, 53, 54, 55, 56,
57,58, 59, 60, 89, 91, 92, 99, 100, 101,102, 103, 104, 105, 107, 108, 110, 111, 112, 113, 142, 143,
144,145, 146, 151, 152, 153, 155, 156, 157, 159, 160, 170

Q
Quitina 2, 3,8
R

Raspajo 93, 94, 95, 96, 98
Residuos 93, 94, 95, 98, 99, 100, 101, 102, 113, 116, 134, 172

S

Sapwood 17,19, 20, 22, 23, 24
Solubilizacdo de fosfato 172
Soluciones 88, 101

Subproductos agroindustriales 93
T

Tamano de semilla 39

\"

Valor comercial 11,14, 30
Vermicompost 93, 94, 96, 99
Virus 53, 54, 55, 61, 62, 64, 65, 68, 69, 76, 77,78, 79, 82, 83, 84, 85, 86, 87, 157, 160

z

Zea mays 39, 43,182
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