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ABSTRACT

There is an absence of studies on tropical timber species that show the optimization
in quantity and dimensions of wood photography in anatomical studies, an aspect
that restricts the statistical representativeness in anatomical studies in tropical
species. The study presented as an objective to determine the dimensions and
minimum quantity of macroscopic photographs that can be represented in tropical
species and to analyze the relationship between photographic dimensions and
anatomical characteristics. Ten tree species were selected for this purpose; eight to
fifteen cylindrical wood specimen of 12.5 mm diameter and 75 mm length were
collected from each species, which were dried and photographed on the transverse
side. The results showed a variation from 19 to 35 photographs as minimum quantity
per species, being Spondias mombin the species with the highest requirement of
photographs with 35, while Caryocar costarricense the one with the lowest amount
of minimum photographs; furthermore, the optimal common dimension of
photographs was 1.25 x 1.25 mm, being Peltogyne purpurea the species that could
be worked with even lower dimensions. The combination of the minimum number of
photographs and the optimal dimension allowed to be representative and
reproducible in more than 90 %. Finally, a correlation was found between the size of
the image and the diameter of the vessels; the ratio was that as the diameter of the
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vessels is smaller, it is possible to work with smaller photographs with a ratio greater
than 70 %.

Keywords: Wood anatomy; Microscopy; Tropical species.
RESUMEN

Existe una ausencia de estudios en especies maderables tropicales que muestren la
optimizacién en cantidad y dimensiones de fotografia de madera en estudios
anatémicos, aspecto que restringe la representatividad estadistica en estudios
anatomicos en especies tropicales. El estudio presentdé como objetivo determinar la
dimensiones y cantidad minima de fotografias macroscépicas representables en
especies tropicales y analizar la relacion entre dimensiones fotograficas vy
caracteristicas anatdomicas. Para ello se seleccionaron diez especies arboreas; de cada
especie se colectaron de ocho a quince muestras cilindricas de madera de 12,5 mm
de didmetro y longitud de 75 mm, las cuales se secaron y fotografiaron en la cara
trasversal. Los resultados mostraron una variacién de 19 a 35 fotografias como
cantidad minima por especie, siendo Spondias mombin |la especie con mayor
requerimiento de fotografias con 35, mientras Caryocar costarricense la de menor
cantidad de fotografias minimas; ademas, la dimensidn éptima comun de fotografias
fue de 1,25 x 1,25 mm, siendo Peltogyne purpurea la especie que se pudo trabajar
con dimensiones todavia mas bajas. La combinaciéon de la cantidad de fotografias
minimas y la dimension Optima permitid tener representatividades vy
reproducibilidades superiores al 90 %. Finalmente, se hallé una correlacién entre la
dimensién de la imagen y el didmetro de vasos; la relacién consistia en que conforme
el diametro de vasos es menor, es posible trabajar con fotografias de menor
dimensioén con una relacién superior al 70 %.

Palabras clave: anatomia de la madera; microscopia; especies tropicales.
RESUMO

Ha uma auséncia de estudos sobre espécies de madeiras tropicais que mostram a
optimizacdo em quantidade e dimensbes da fotografia em estudos anatémicos de
madeira, um aspecto que restringe a representatividade estatistica em estudos
anatdmicos em espécies tropicais. O estudo apresentado como objectivo para
determinar as dimensGes e quantidade minima de fotografias macroscopicas que
podem ser representadas em espécies tropicais e para analisar a relagdo entre
dimensdes fotograficas e caracteristicas anatdmicas. Dez espécies de arvores foram
selecionadas para este fim; oito a quinze amostras cilindricas de madeira de 12,5
mm de diametro e 75 mm de comprimento foram recolhidas de cada espécie, que
foram secas e fotografadas no lado transversal. Os resultados mostraram uma
variagdo de 19 a 35 fotografias como quantidade minima por espécie, sendo Spondias
mombin a espécie com maior exigéncia de fotografias com 35, enquanto Caryocar
costarricense a espécie com menor quantidade de fotografias minimas; além disso,
a dimensdo 6ptima comum das fotografias foi de 1,25 x 1,25 mm, sendo Peltogyne
purpurea a espécie que poderia ser trabalhada com dimensdes ainda mais baixas. A
combinacdo do numero minimo de fotografias e a dimensdo Optima permitiu ter
representatividades e produtividades superiores a 90 %. Finalmente, foi encontrada
uma correlagdo entre o tamanho da imagem e o diametro dos vasos; a razdo foi que,
como o diametro dos vasos & menor, é possivel trabalhar com fotografias menores
com uma razao superior a 70 %.

Palavras-chave: Anatomia da madeira; Microscopia; Espécies tropicais.

http://cfores.upr.edu.cu/index.php/cfores/article/view/613




M

CFORES

ISSN: 2310-3469 RNPS: 2347 REVISTA CUBANA DE
Revista Cubana de Ciencias Forestales. 2020; September-December 8(3): 439-455 CIENCIAS FORESTALES
INTRODUCTION

The stem is a relevant organ for plants, allowing the transport and administration of
water, salts and nutrients, being fundamental for the growth, support and survival of
individuals (Biondi and Rossi, 2015). In the specific case of woody species, the stem
tends to form the xylem and phloem tissues that perform the function of storage and
transport of water and nutrients in the tree (Sevanto et al., 2008). The xylem is the
inactive tissue of the trunk, it is closer to the medulla of the tree and its main function
is storage (Ayala-Usma et al., 2019); commercially, the xylem is known as wood and
it is implemented as a constructive material in real estate buildings, furniture,
firewood, among other uses (Campelo et al., 2018).

The wood can vary its physical and mechanical properties according to its origin
(characteristics of the site where the tree grew) (Paz Pérez-Olvera and Davalos-
Sotelo, 2008) and genetics (Biondi and Rossi, 2015); however, there are aspects that
remain homogeneous within each tree species that are their anatomical properties,
aspects such as the distribution and shape of vessels, parenchyma, fibers, among
others, tend to follow the same patterns in the species regardless of the site, growth
conditions and genetics (Beyer et al, 2014), an aspect that has allowed the use of
wood as a tool for species identification and has generated the creation of wood
collections as a mechanism for consultation and comparison of samples, commonly
called xylotheque (Machado et al., 2019).

One of the limitations of xylotheque is their limited accessibility by digital means such
as virtual collections (Havinga et al., 2020), which limits their consultation by the
public and their implementation in research due to the restriction in the number of
samples (Malik et al., 2019). In addition, another limitation in the consultation of
xylotheque is to define the minimum size of the sample necessary to make
anatomical comparisons (Carlsson and Isaksson, 2018); many times, the tree species
to be compared are alive or are samples of historical buildings, which limits the
extraction of traditional samples without generating significant damage to the plant
or building of origin.

Thus, it is necessary to start developing tests to define the minimum dimensional
sample that allows anatomical analysis. Dantas and Cunha (2020) mention that
traditionally cubic samples of 10 mm face have been used, which are implemented
with microscope at 40 and 100X magnification for anatomical analysis; on the other
hand, Sanchez-Costa et al., (2015) highlight the use of cubic samples of 20 mm face
for macroscopic analysis at 10X and microscopic at 100X; Arzac et al., (2018)
mention that samples of different sizes can be made depending on the error of the
sample size, as the sample is smaller the representation error will increase, therefore
it is not recommended to use cubic samples smaller than 4 mm in length. Micco et
al., (2008), on the other hand, mention that the size of the sample will depend on
the type and diameter of the vessel of the species under study, as the vessel is larger,
the sample size will increase because it will be necessary a greater area to represent
the anatomy of the species.

Brown (2013) mentions that defining optimal dimensions in sample digitizing not only
optimizes the sample that is extracted from the tree wood, generating the minimum
impact on the individual, but also allows for improving the training and learning
processes in automatic species identification systems through algorithms, since
macroscopic photography generally tends to be sectioned into smaller photos to
increase the amount of images in the training process (Glabasnia and Hofmann,
2006); but, if this segmentation is very high, the representativeness of a species can
be lost and one can fall into the error of having photographs that cover an entire
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vessel or absent vessels, which will induce a greater bias in the identification of the
species (Ma and Huang, 2018).

Stepanova et al., (2013) mention that, for the creation of virtual species collections,
there must be a significant sample of the species, with correct images that allow real
identification and a selection of images that are representative or iconic of the
species. In the case of macroscopic anatomy, it is necessary to determine a quantity
of images that will give a minimum representativeness of the species, the
determination of the minimum dimensions of the image and that will allow the
representativeness and reproducibility of the species; however, the availability of
these studies has been reduced at a global level.

In the case of tropical regions, the development of anatomical studies of tree species
is very limited due to the wide diversity and variability of species, which makes it
necessary, first, to generate protocols that are related to the region and that allow
for an adequate study of the species (Brownson et al., 2020). Therefore, this study
has set as an objective: to determine the minimum photographic dimensions to have
statistical representativeness for anatomical macroscopic analysis, to define the
minimum amount of macroscopic photographs that can be represented by species
and to analyze the relationship between photographic dimensions and anatomical
characteristics.

MATERIALS AND METHODS
Species and study sites

The study used ten tree species from forests on the Pacific Coast of Costa Rica.
Specifically, they were collected from four locations (Figure 1) that were located at
the Horizontes Experimental Forest Station in Guanacaste (10°42'10" N, 85°33'12"
W) at an altitude of 120 m, forests in the region of Miramar, Puntarenas (10°01'29"
N, 84°14'04" W) at an altitude of 270 m; In both regions the forests were
characterized as dry with an annual water regime of less than 2 000 mm, with
temperatures ranging from 27 to 34 °C and a defined dry season from December to
May. Samples were also collected in the Osa Peninsula, Puntarenas; specifically in
the Mogos forest (8°45'00" N, 83°22'59" W) at an altitude of 40 m and San Juan
(8°39'02" N, 83°27'53" W) at an altitude of 35 m, sites that were characterised by
a very short dry season (from January to April), with annual rainfall of 4 000 to 4
300 mm and annual temperature varying from 27 to 33 °C with an annual relative
humidity of 70 to 90 %.
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Figure 1. - Collection locations of the ten tree species in Costa Rica

From each species, no less than eight individuals were selected (Table 1), that have
diameter at 1.3 m of 30 cm and with a distance between trees greater than 15 m (in
order to increase the representativeness of the species on site).

Table 1. - Scientific names of the ten timber species

Botanic family Species Quantity of trees
collected

Anacardiaceae Spondias mombin L. 12
Bignoniaceae Tabebuia rosea (Bertol.) DC. 10
Caryocaraceae Caryocar costarricense Donn. Sm. 12
Fabaceae Enterolobium cyclocarpum (Jacg.) Griseb. 1860 g
Fabaceae Schizolobium parahyba (Vell). S.F. Black 12
Fabaceae Peltogyne purpurea Pittier 8
Fabaceae Samanea saman (Jacqg.) Merr. g
Malvaceae Pachira quinata (Jacqg.) W.5. Alverson 16
Meliaceae Cedrelz odorata L. 15
Vochysiaceae Vochysia guatemalensis 1. D. Smith 10

http://cfores.upr.edu.cu/index.php/cfores/article/view/613




M

CFORES

ISSN: 2310-3469 RNPS: 2347 REVISTA CUBANA DE
Revista Cubana de Ciencias Forestales. 2020; September-December 8(3): 439-455 CIENCIAS FORESTALES

Process of material collection

For each individual in the study, a 75 mm long, 25 mm diameter sample of wood was
obtained through non-destructive sampling using a spiral cork cutter type drill
implemented in a 20 volt battery drill. The perforation was made in each tree at a
height of 1.3 m above the ground, an area of 4 cm? was cleaned, which was released
from the bark and the drill bit was placed to drill the shaft, the drilling was done with
a speed of 1 750 RPM; after the drilling was done with the full drill bit, the piece of
wood was removed with a clamp and placed in a bag with a 15 % alcohol solution.

Material processing

Each cylindrical sample was segmented into five 13 mm long sub-cylinders, in which
the cross faces were polished to make them as smooth as possible; each sub-cylinder
was then manually converted into 12 mm face cubes with surfaces that were as
smooth as possible and free of defects. They were then dried at a temperature of 65
°C for 72 hours so as not to have any drastic shrinkage of the wood to be exposed
to high temperatures in a short time. After drying, the cubes were ground in order to
have a cross-section as clean as possible, free of twists, drying defects or marks from
the cutting process; the size of each face was 10 mm.

Photography procedure

The samples were photographed on their transverse side in a Celestron stereo-
electronics scope, at 5 MP resolution and 20X magnification. The material was placed
on a base bench and with a standard luminosity LED that has the integrated
stereoscope, being used with an intensity of 150 lux, with a temperature of the light
of 4 500 K; each sample was photographed four times, turning the sample 90° in
each photography.

Anatomical analyses considered

Each photograph was processed with the "Image J" program and the density and
average diameter of the vessels were estimated, as well as the vessel-fiber ratio. For
this purpose, the Valverde and Arias (2018) methodology was implemented for
tropical broadleaf tree species.

Statistical analysis

Firstly, a descriptive analysis of the anatomy of the wood samples on the cross-
section of the ten species was carried out, analysing vessel density and vessel
diameter. Subsequently, the optimal number of photographs per species was
determined (implemented by reference the 10 x 10 mm image), for which a Cochran
analysis of homogeneity of values was performed; until this analysis showed a
variation greater than 0.05 it would show that the number of photographs would not
be significant for the analysis. The optimal photographic dimension by species was
then determined from both anatomical variables, using the minimum number of
photographs and sectioning them into 10 x 10 mm, 5x 5 mm, 2.5 x 2.5 mm, 1.25 x
1.25 mm, 0.62 x 0.62 mm, 0.31 x 0.31 mm, 0.17 x 0.17 mm and 0.08 x 0.08 mm
images (Figure 2). The images were implemented to estimate the density and
diameter of vessels and with Cochran's homogeneity of values test the point of
variation was estimated.
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Figure 2. - Example of the photographic dimensions analysed for ten timber species

With regard to the determination of repeatability, the error of Cochran's test for
homogeneity of values was implemented; the formula was used: (1 error) * 100 %.

(o A
With regard to the reproducibility the formula was applied: V"2t Ej'where s is

the standard deviation of the analysed sample and V is the correction coefficient of
Cochran's test performed. Finally, a Pearson correlation analysis was performed with
the optimum number and dimensions of the images to identify the correspondence
between the photographic dimension and the vessel diameter

All analyses were performed with a confidence level of 0.05 and the Origin Pro
statistical program version 2020 was implemented.

RESULTS AND DISCUSSION

Initial anatomical characterization of the species

Table 2 presents the macroscopic characterization data of the ten-tree species under
study. Vessel density ranged from 3.5 to 20.4 vessels mm™2, with E. cyclocarpum
species presenting the lowest vessel density, while P. purpurea had the highest
density with 20.4 vessels mm-2. Regarding the diameter of the vessels, it varied from
119 to 252 ym, being the species P. quinata the one with the lowest vessel diameter,
while the species E. cyclocarpum showed the highest diameter.

The results shown are consistent with the studies developed by De La Paz Pérez-
Olvera and Davalos-Sotelo (2008) for six species that determined ranges of density
and vessel diameter; only five species were found in that study and presented values
with a similarity of 80 %, the variations obtained may be due to climatic, genetic and
age variations of the individuals analyzed (Giachi et al., 2017), aspects that according
to Kobayashi et al., (2019).
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Table 2. - Macroscopic characterization of eight forest tree species in Costa Rica

Species Vessel Density (vessels mm-2) Diameter of vessels
(um)
5. mombin 8,1 (3,4) 211,3 (58,7)
T. rosea 12,4 (3,9) 180,5 (44,8)
C. costarricense 9.3 (3,8) 176,2 (39,9)
E. cyclocarpum 6,6 (5,6) 251,8 (49,7
5. parahyba 3,5 (2,1) 246,7 (66,3)
P. purpurea 20,4 (5,6) 102,3 (38,9)
5. saman 6,4 (3,7) 187,8 (62,7)
P. quinata 3.4 (1,9) 119,5(59,2)
C. odorata 6,3 (2,8) 242,9 (45,6)
V. guatemalensis 3,9 (2,1) 169,7 (56,8)

Note: values in brackets correspond to the standard deviation

Determination of the minimum number of images for species
representativeness

In determining the number of minimum images per species, as a function of the
variation in vessel density (Figure 3), the following characteristics were observed: as
the number of images increased, the variation in vessel estimation decreased; the
high values of vessel variation in a small number of images are due to the fact that
many images only covered sections of the vessel, which made the heterogeneity of
images wide. Variation in vessels in samples with few images meant that in most
species the diameter of vessels tended to be overestimated, and this variation
decreased as the number of images increased.

The study identified three groupings in terms of the number of photographs. The first
grouping was formed by C. costarricense, T. rosea, P. purpurea, S. saman and P.
quinata, which showed the least amount of images necessary to obtain a
homogeneity of the error. The minimum number of images varied from 19 to 23
(Figure 3b, 3c, 3f, 3g and 3h); after that nhumber of images there were no statistical
differences with the increase in the number of photographs. The second grouping
was made up of the species E. cyclocarpum, C. odorata and V. guatemalensis, which
presented a minimum number of significant images of 25 to 30, after which the
variation stabilized. Finally, the species S. mombin showed the highest number of
images (35).
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Figure 3. - Determination of the minimum significant amount of macroscopic wood images
for ten tree species in Costa Rica

The poor functionality of the implementation of less than 19 images per species is
due to the loss of representativeness of the species. Pacheco et al., (2020) mention
that few representative images of a species generate an error in the anatomical data,
since different parts of the anatomy of the species are found due to randomness
effects and as the sample is increased there will be a greater representativeness of
all the possible elements that make up the wood; thus, a greater set of information
will be available. Studies carried out by Andrade Bueno et al., (2020) with Eucalyptus
spp. species determined that anatomical analyses with less than five images are not
very viable, due to the fact that errors can be made regarding the representativeness
of the species; furthermore, only samples of juvenile wood can be taken, or only
sapwood or heartwood sections, which affects the representation of the species.

Fioravanti et al., (2017) mention that once the quantity of optimal images per species
has been determined, one should avoid working with lower quantities of images that
can generate biases in statistical analyses or in representative descriptions of the
species; aspects such as the distribution of the species, age, environmental
conditions of development should be considered when taking the sample of images,
since in many cases the use of a single origin or region can be inferred in the
representation (Ayala-Usma et al, 2019), which is why not only the minimum number
of samples should be considered, but also the distribution of individuals and their
developmental conditions.
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Determination of the minimum image size as a function of the vessel
diameter

Regarding the determination of the optimal size of the image, depending on the
diameter of the vessels (Figure 4), an optimal dimension of 1.25 x 1.25 mm was
determined for most species, with T. rosea, C. costarricense and C. odorata having
the optimal dimension of 0.62 x 0.62 mm, while with P. purpurea the dimension was
0.31 x 0.31 mm. In addition, it was determined that the dimensions below the optimal
one overestimated the diameter of the vessels as a whole of a significant increase of
the standard deviation, which influences an increase of the variation.

The determination of a minimum working dimension is fundamental to have a real
representation of the image. Machado et al., (2019) point out that images with a
very small dimension lose the representativeness of the anatomical elements;
aspects such as vessels, parenchyma or fibers may have little representation in the
image, generating bias when making anatomical calculations. Carlsson and Isaksson
(2018) mention that in broadleaved species, care must be taken with the size of the
image; small-sized images have a low capacity for species identification, due to the
cutting of vessels and the low presence of anatomical elements within the image.

On the other hand, Brown et al., (2020) mention that the optimization of the size
allows the development of optimized samples in the wood; thus, defining the size of
a sample allows reducing the problem of making non-destructive samples or low
impact samples to the study material.
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Figure 4. - Determination of the optimal size of macroscopic wood images as a function of
vessel diameter for ten tree species in Costa Rica
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Determination of minimum image size as a function of vessel density

With regard to the determination of the photographic dimension as a function of
vessel density (Figure 5), according to the photograph, the density tended to be
underestimated, the optimal size being 1.25 x 1.25 mm. For the species T. rosea, C.
costerricensis and C. odorata the optimal size was 0.62 x 0.62 mm; on the other
hand, for the species P. purpurea the optimal size was 0.31 x 0.31 mm. After the
optimal dimension, the vessel density values had to stabilize and the error remained
homogeneous.
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Figure 5. - Determination of the optimal size of macroscopic wood images as a function of
vessel diameter for ten tree species in Costa Rica

Repeatability and reproducibility of optimal photo sampling conditions

When analyzing the repeatability and reproducibility of the optimal dimensions and
number of images, values above 90 % were obtained for all species, which allowed
to demonstrate the viability of the selected parameters; smaller quantities of
photographs or lower photographic dimensions generated values below 60 %.

According to Sousa Fernandes et al., (2019) these aspects are relevant in studies of
the representativeness of a species. As the ability to reproduce a study with the same
conditions and similar results is given, real conditions will be available for the
comparison of results. Copini et al., (2015) mention that in many cases it is
complicated, due to deficiencies in methodologies, errors in data collection and
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manipulation procedures, omissions of steps that make the reproducibility of the
experiment poor and the representativeness of the results possible.

The analyses showed that smaller dimensions than those determined made the
variation in results wide, which increased the error and decreased the quality of the
information, an aspect that Marcelo-Pefia et al., (2019) consider deficient in studies
with tree species, since biases in the anatomical values can be generated (Table 3).

Table 3. - Repeatability and reproducibility with the optimum quantity and dimensions of the
photographs obtained for ten timber species in Costa Rica

Species Minimum amount Dimension of the Repeatability Reproducibility
of images image (mm)
5. mombin 35 1,25x1,25 92,56 (2,65) 91,23 (4,56)
T. rosea 23 0,62 x 0,62 90,58 (3,26) 50,88 (3,88)
C. costarricense 30 0,62 x 0,62 96,50 (4,02) 95,56 (3,69)
E. cyclocarpum 28 1,25x1,25 90,25 (3,45) 92,45 (4,02)
S. pharahyba 30 1,25x1,25 92,86 (3,75) 96,25 (4,09)
P. purpurea 23 0,31x0,31 98,55 (2,98) 91,02 (3,50)
5. saman 18 1,25x1,25 91,22 (2,56) 93,25 (3,78)
P. quinata 25 1,25x 1,25 92,17 (2,77) 592,05 (4,11)
C. odorata 26 0,62 x 0,62 93,35 (3,44) 91,11 (4,03)
V. guatemalensis 24 1,25x 1,25 94,44 (2,56) 93,33 (3,80)

Note: Values in brackets correspond to standard deviation.
Relationship of the vessel diameter to the photographic dimension

The analysis showed a relationship between the vessel diameter and the optimal
dimension of the photograph of 73 %; as the vessel is smaller, the optimal size of
the photograph is lower, which influenced that small vessel species like P. purpurea
could work with photographs with dimensions less than 1.25 x 1.25 mm (Figure 6).
However, the vast majority of species reported that dimensions smaller than 1 mm
are not functional enough to obtain statistically valid data. This was due to the loss
of representativeness of the vessel data, hence species with larger vessels required
a larger image. Reinig et al., (2018) found similar correlation results, determining
that the size of the images had a 60 % correlation with respect to the size of the
vessels, finding that in very small images in many cases the vessel is cut out,
generating underestimates in its measurement; if the image is very small (less than
0.5 mm) there is a risk of having images made up entirely of vessels, which means
that the representativeness of the image is null.
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Figure 6. - Relationship between vessel diameter and photographic dimensions and
macroscopic images of wood as a function of vessel diameter for ten timber species in Costa
Rica

CONCLUSIONS

The minimum quantity of photographs per species was determined from 19 to 35,
with Spondias mombin being the species with the highest requirement of
photographs with 35 and Caryocar costarricense the species with the lowest quantity
of photographs with 19. With respect to the optimal common dimension of
photographs it was 1.25 x 1.25 mm, with Peltogyne purpurea being the species that
could be worked with smaller dimensions of 0.31 x 0.31 mm; the combination of the
minimum quantity of photographs and the optimal dimension allowed to be
representative and reproducible in more than 90 %. Finally, a correlation was found
between the size of the image and the diameter of the vessels, and it was found that,
depending on the diameter of the vessels, it is possible to work with smaller

photographs with a ratio of more than 70 %.
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