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ABSTRACT: Pityrocarpa moniliformis is a tree species with socioeconomic potential in semiarid regions. The objective of
this work was to perform the biometry of P moniliformis seeds with digital processing of images as subsidies for studies of
genetic divergence. For this, we executed the biometric analysis of the seeds from 33 adult trees using digital image processing.
Subsequently, descriptive and correlation analyses were performed between the biometric variables, as well as the multivariate
analysis of principal components and the Euclidean distance. Digital image processing is efficient in assessing biometric differences
among adult trees which vary in the morphological and biometric aspects. The biometric variables quantified employing digital
images are efficient in the distinction of the adult trees. For this reason, they are important morphological markers that can aid in
the differentiation of genotypes of P moniliformis and contribute to studies of genetic divergence.
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Biometria de sementes de Pityrocarpa moniliformis utilizando imagens digitais:
implicac6es para estudos de divergéncia genética

RESUMO: Pityrocarpa moniliformis € uma espécie arborea que possui potencial socioecondmico em regides semiaridas. O
objetivo deste trabalho foi realizar a biometria de sementes de P. moniliformis por meio do processamento digital de imagens
como subsidios para estudos de divergéncia genética. Para isso, realizou-se a analise biométrica das sementes de 33 matrizes
por meio do processamento digital de imagens. Em seguida, procederam-se as analises descritivas e de correlagdo entre
as varidveis biométricas, bem como analise de variancia multivariada das componentes principais e de distancia Euclidiana.
O processamento digital de imagens é eficiente em detectar diferengas biométricas entre sementes de matrizes, as quais
possuem variagdo dos aspectos morfologicos e biométricos entre as diferentes arvores. As varidveis biométricas quantificadas
por meio de imagens digitais s&o eficazes na distingdo das sementes de matrizes, sendo assim, s&o importantes marcadores
morfoldgicos que podem auxiliar na diferenciagéo de genétipos de P. moniliformis e contribuir para estudos de divergéncia
genética.

Palavras-chave: distancia Euclidiana; descritores morfologicos; componentes principais; analise de sementes
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Introduction

Pityrocarpa moniliformis (Benth.) Luckow & R. W.
Jobson., Fabaceae, is an arboreal forest species occurring in
northeastern Brazil (Maia-Silva et al., 2012) and used for the
recovery of degraded areas, as firewood supply and as animal
feed (Azerédo et al., 2011). It also has potential in beekeeping
(Alves et al., 2014) and is among the tree species of the
Brazilian semiarid that contributes most to the honey supply
(Jesus et al., 2015).

Perennial species can be genetically characterised with
the help of botanical and morphological descriptors (Costa
et al.,, 2016). Thus, biometric seed analysis can contribute
to the study of divergence and genetic variability between
populations and individuals of the same species, providing
subsidies for the selection of superior traits and genotypes
that can be further improved (Cruz et al., 2012).

Biometric seed analysis can provide important results for
the conservation and exploration of native forest species,
thereby contributing to reforestation and geneticimprovement
programs. Besides, it can be used as an essential tool for
detecting inter- and intrapopulation divergences resulting
from environmental or genetic variations (Vieira & Gusmao,
2008). Despite the importance of these studies aiming at
genetic variability between individuals and populations,
research regarding seed biometrics in native forest essences,
using this approach is still not common.

The use of fast and efficient methods, such as digital
seed surface image analysis and processing techniques, has
certain advantages over traditional manual methods (Varma
et al.,, 2013). Manual techniques are limited to a few variables,
requiring a relatively long time to measure seed biometric

characteristics and are more susceptible to measurement
errors. In constrast, digital image processing provides a
variety of information quickly and efficiently and with a more
significant number of seeds as sample units.

In this sense, computerised analysis of seed images is used
for biometric and morphological characterisation to obtain
quantitative data from numerous descriptors or morphometric
parameters (Orru et al., 2012) which correlate with genetic
characteristics (Varma et al., 2013) and contributes to the
identification of genotypes from different regions (Medina
et al., 2010). In addition to supporting studies of taxonomy,
cataloging and conservation of species (Ucchesu et al., 2016),
this approach can also be used to discriminate species of the
same genus through the development of programs (software)
(Bacchetta et al., 2008), contributing to the analysis of seed
physiological quality (Dell’Aquila, 2006).

Given the economic and ecological potential of P
moniliformis for the semiarid region of Northeastern Brazil,
the objective of this work was to perform biometrics of
P. moniliformis seeds through digital image processing as
subsidies for studies of genetic divergence.

Material and Methods

Study area and seed acquisition

Semi-open fruits (brown color) attached to P. moniliformis
trees were collected directly from 33 individuals at least two
and a half times their height apart (Sebbenn, 2002), in two
locations [19 in Macaiba (5°53’53.06” S and 35°21’39.47” W)
and 14 in Mossord (5°03’34.51” S e 37°23'56.92” W)] from Rio
Grande do Norte State, Brazil (Figure 1), between August and
November 2017.

Figure 1. Location of populations in Macaiba (east) and Mossoré (west), Rio Grande do Norte State, Brazil.
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Seed were processed at the Laboratério de Sementes
Florestais of the Unidade Académica Especializada em
Ciéncias Agrarias/Universidade Federal do Rio Grande do
Norte (UAECIA/UFRN). Subsequently, seeds of each adult
trees were photographed and biometrically analysed by
digital image processing.

Seed biometrics with image processing

The software Imagel)® version 1.46 (Ferreira & Rasband,
2012) was used for seed biometrics digital image editing.
For this, 400 seeds from each adult tree were photographed
with a 12-mp lens at a distance of 20 cm on a matte black
paper background marked with a millimetre-sized ruler as
a reference metric. We analysed the following biometric
parameters: area (mm?); perimeter (mm); circularity (0.0-1.0);
length (mm); width (mm), aspect ratio; roundness (0.0-1.0)
and solidity (0.0-1.0) of the seed (Table 1).

Image processing was based on capture (Figure 2A)
and conversion to the 8-bit format (256 tones) (Figure 2B),
followed by image scale calibration in millimetres, selection of

Figure 2. Digital image processing steps to obtain biometric
data in P. moniliformis seeds. A: photo capture; B: conversion
to 8-bit format; C: use of “threshold” mask; D: biometric
analysis [area (a), perimeter (b) and e solidity (area/convex
area)]; E: length (c), width (d) and aspect ratio (c/d), F:
circularity (e) and roundness (f) of seed.

the area to be analysed, and use of the “threshold” mask for
contrast differentiation between image components (Figure
2C). Finally, the seeds were biometrically analysed (Figures
2D, 2E and 2F) and the results were exported in Excel® format.

Experimental design and data analysis

The experimental design was completely randomised with
400 seeds per adult trees. The seed biometrics data of the 33
adult trees (totalling 13,200 seeds) were submitted to Lilliefors
residual normality tests (1% probability level), descriptive
statistics and analysis of variance by the F test, with means
being compared by the Scott-Knott test at the 5% probability
level. Subsequently, Pearson’s simple correlation (rp) was
performed among all biometric parameters evaluated at the
1% probability level by the t-test. The statistical program used
was BioEstat” (version 5.3) (Ayres et al., 2007).

Multivariate analysis of variance of the principal
components was performed with standardised data (x -
average/standard deviation), obtaining eigenvalue and
variance results for the contribution of each principal
component and distance between the trees, eliminating
unrepresentative components. The statistical program used
for this analysis was Past’ (version 3.20) (Hammer & Harper,
2008).

Finally, Euclidean distance matrix analysis was performed
for the genotypes, followed by the elaboration of a hierarchical
dendrogram of similarity UPGMA (Unweighted Pair Group
Method with Arithmetic mean), with the normalised group
mean for the biometric parameters. The statistical program
used was BioEstat” (version 5.3) (Ayres et al., 2007).

Results and Discussion

Morphological characteristics of seeds are generally used
to identify species or varieties (Maranho et al., 2014). For the
P. moniliformis seeds, there was variation in the predominant
shape and size, colour and brightness of the integument,
shape and colouration of the pleurogram (shown in Figure 3),
evidencing that there are differences of these characteristics
within the same species and between individuals of the same
locality (Figure 3).

P. moniliformis seeds showed morphological (Figure 3)
and biometric (Table 2) variation among seeds from different

Table 1. Description of biometric variables used in digital image processing in P. moniliformis seeds.
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Figure 3. Morphological characteristics of seeds from P. moniliformis adult trees collected at Macaiba (A) and Mossoré (B)
localities, Rio Grande do Norte State, Brazil.

Table 2. Biometric aspects (area, perimeter, circularity, length, width, aspect ratio - AR, roundness and solidity) of P. moniliformis seeds
analysed with the digital imaging, collected at Macaiba (1-19) and Mossoré (20-33) localities, Rio Grande do Norte State, Brazil.

" Significant at the 1% probability level by the F test. Averages followed by the same letter in the column are statistically similar by the Scott-Knott test at the 5% probability level.
CV: coefficient of variation.
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trees, indicating differences in seed production that may be
due to the environmental or genetic factors.

Changes in the seed coat colour of this species, shown
in Figure 3, also suggest different intensities of integument
dormancy, which may be associated with the cellular and
biochemical constitution of the protective seed coat (Bewley
et al., 2013). Biometric variations in seed size and shape are
related to the germination capacity of the species and to
its ability to settle in the environment, directly influencing
population dynamics (Costa et al., 2016).

The biometric aspects analysed with image processing
provided phenotypic characteristics of seed size and shape
(Table 2), which showed that trees of the same species produce
seeds with different predominant dimensions due to phenotypic
variations. These changes can be grouped to classify seeds and
to reveal patterns of similarity between the trees.

For the production of agricultural seeds, it is preferable to
choose uniform lots with larger seeds, which are more likely
to germinate and form vigorous seedlings, mainly due to the
nutritional status of the embryos with the largest reserve
(Marcos Filho, 2016).

However, physical characteristics may not be directly
associated with seed physiological quality for all species
(Pefaloza & Duran, 2015), especially for forest essences,
since for forest species, genetic variability is not acquired by
obtaining only larger seeds.

Seed biometrics fitted to the normal distribution for
the residues of the analysed variables (1% probability). The
standard error was below 0.2 for area and perimeter, 0.02
for length, width and aspect ratio and 0.009 for circularity,
roundness and solidity of seeds.

Low standard error values indicate that the average
accurately represents the actual values of the dataset, and the
coefficient of variation found was below 20% (Table 2), showing
the accuracy of the experiment when these parameters are
respected (Menegatti et al., 2017). The efficiency and precision
of the analyses are associated with the biometrics method
employed and the high sample number adopted, which is only
feasible with the use of computerised image analysis.

Seed biometric characteristics has a significant effect on
71% of the correlations (20 of 28) (Table 3). Also, a strong
linear correlation coefficient (rp) was observed between area
and length (0.914), area and width (0.941), perimeter and
circularity (-0.738), length and solidity (0.888), length and

width (0.768) and aspect ratio and roundness (-0.993) of P.
moniliformis seeds. Therefore, seeds of this species with a
larger area, occasionally also larger, have a greater length,
width and proportion and are more circular concerning the
perimeter and its major axis.

However, it is important to analyse, through simplified
and precise mathematical functions, which of these variables
represents the most significant variation of the data. For
this, multivariate analysis studies of the main components
are employed. This analysis aims to demonstrate the main
trends of data variations present in the variables to verify the
divergence between the adult trees (Costa et al., 2016).

The study of the principal components and the
arrangement of cluster models are multivariate analyses that
can be used to estimate the divergence between adult trees,
based on morphophysiological variations in plants, fruits and
seeds (Menegatti et al., 2017). For this, the first three principal
components represented approximately 98% the variation of
data analysed; however, principal components 1 (45.2%) and
2 (34.0%) were selected as sufficient and adequate to explain
the data in about 79.2% of the total variation (Table 4).

For the selection of the principal components, it is
important to choose those that have an eigenvalue greater
than 1.0 (Kaiser, 1960) and that concentrate the most
significant variation of the data so that it is acceptable to
perform a divergent grouping between genotypes (Cruz et
al., 2011). Values above 70% for the first major components
are adequate to explain the total variance between variables
(Medina et al., 2010).

The contribution of the variances found in each variable
to the principal components was different, with area (19%),
perimeter (19%), length (18%) and width (19%) of the seeds
contributing 76% to component 1, while circularity (18%),
aspect ration (19%), roundness (19%) and solidity (17%) of the
seeds contributed 73% to component 2 (Table 5). These results
indicate that all biometric variables influence the variability
among P. moniliformis individuals analysed with digital seed
image processing. Similar to seeds, fruit characteristics also
contribute as morphological markers to analysis, identification
and genotype grouping (Souza et al.,, 2017). However,
this species has dehiscent fruits, which impedes accurate
biometrics through this image analysis method.

Plotting of the adult trees revealed which of them were
more distant from each other and between the axes of the

Table 3. Pearson’s linear correlation matrix (rp) for biometric aspects (area - A, perimeter - P, circularity -C, length - L, width - W,
aspect ratio - AR, roundness - R and solidity - S) of P. moniliformis seeds analysed with digital imaging.

" not significant and ™ significant at the 1% probability level.
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Table 4. Eigenvalues and eigenvectors of the principal components obtained from multivariate analysis of biometric variables

with digital imaging in P. moniliformis seeds.

Table 5. Absolute and relative contributions of biometric
variables to the two principal components resulting from
multivariate analysis of P. moniliformis seeds analysed with
digital imaging.

main components, according to the level of phenotypic
similarity between the clustered trees (Figure 3). The
grouping of individuals showed the formation of five distinct
groups for the analysis of the principal components and the
Euclidean distance (Figures 4 and 5) at the 60% cutoff level
by the UPGMA model (Figure 5), limiting the grouping before
convergence between individuals or the formation of isolated
groups. Thus, the first two principal components were

responsible for the biometric variation observed for seeds
of this species, evidenced by the hierarchical dendrogram
(Figure 5).

The first three groups concentrated 88% of the individuals,
while groups IV and V had 6% each. Groups I, Il and lll
represented 18, 36 and 33% of the individuals, respectively
(Figure 5); individuals 4 and 10 (0.259) were the closest ones
and individuals 11 and 27 (9.151) the most distant ones
according to the Euclidean distance matrix. Therefore, for
conservation or genetic improvement, one should choose the
most divergent individuals for seed collection and between
localities of origin.

The methods of clustering and multivariate principal
component analysis using seed morphological descriptors
are adequate. They can be accurate to verify the existence
of genetic diversity and similarity between genotypes, in
addition to synthesising the number of variables to facilitate
interpretation as required of the researcher (Lucio et al.,
2015).

The high variability observed among P. moniliformis
individuals can be attributed to the reproductive biology of
the species, which has a self-incompatible and andromon
allogamous reproduction system (Ferreira, 2009). In
addition, it is characterized by high yields of hermaphrodite

Figure 4. P. moniliformis individuals based on multivariate analysis of principal components obtained by digitally analysed seed
biometrics from Macaiba (1-19) and Mossord (20-33) localities, Rio Grande do Norte State, Brazil (Roman numerals indicate
groups formation and lines between adult trees indicate the level of similarity).
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Figure 5. Euclidean distance dendrogram between P. moniliformis individuals based on biometric aspects of seeds analysed
with digital imaging from Macaiba (1-19) and Mossoré (20-33) localities, Rio Grande do Norte State, Brazil (Roman numerals

indicate groups formation at the 60% cutoff level).

and staminate flowers, a large number of pollen grains,
predominance of entomological pollination, high seed
yield and dehiscent dispersion (Ferreira, 2009). These
characteristics imply reproduction and propagation efficiency,
increasing the genetic diversity of the species among close
individuals.

The biometric seed descriptors evidenced the existence
of genetic divergence among P. moniliformis individuals.
The technique used confirmed the contribution that image
analysis can make to the seed industry (Varma et al., 2013)
and how these methods will routinely be used to accurately
assess the physical, sanitary, physiological and biochemical
characteristics of seeds (Rahman & Cho, 2016). However,
further studies with molecular markers and progeny tests are
necessary to confirm if the biometric changes observed for
this species are due to genetic or environmental factors.

Conclusions

Digital image processing is efficient in detecting biometric
differences among adult trees which vary in the morphological
and biometric aspects.

The biometric variables quantified using digital images are
efficient in the distinction of the adult trees. For this reason,
they are important morphological markers that can aid in the
differentiation of genotypes of P. moniliformis and contribute
to studies of genetic divergence.
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