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Abstract

Selecting superior individuals requires a careful genetic
evaluation. For this reason, repeated measurements of
biometric traits need to be carried out in the same individual.
This index is a strategic tool aimed to assist in providing
accurate observations and further selection. The objectives of
this study were to estimate the repeatability coefficient in
many seed traits for black wattle clones; test the best method
to estimate the optimal number of measurements required,;
and to analyze genetic dissimilarity. Seed weight,
longitudinal length, transversal length, thickness and hilum
size were evaluated in nine clones measuring 50 seeds per
clone The following methods were employed in the
evaluation: analysis of variance, principal component
analysis (PCA) based on the correlation and covariance
matrices, and structural analysis. Mahalanobis distance was
calculated and a scatter plot was created to evaluate genetic
dissimilarity. The results showed that the most effective
method to determine the repeatability coefficient was PCA
based on the covariance matrix. Twenty measurements are
needed in order to achieve a coefficient of determination of
90%. Based on the measures of genetic dissimilarity, it was
possible to differentiate clones and to recognize two
genetically distinct groups.
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Introduction

Repeatability is a measure that expresses the maximum
heritability value that can be achieved for a given sample. It
is possible to know the component of variance from a random
temporary or localized environment solely by estimating the
repeatability coefficient of one trait. However, a permanent
environment that acts upon a cultivar or progenies shows
indistinct genotypic variance (Cruz et al., 2012). Therefore,
repeatability, as heritability, is an indispensable tool to guide
tree breeding trials (Ferreira et al., 2010; Cruz et al., 2012).

Repeatability coefficient has been successfully applied to
assess morphological traits in bacuri (Silva et al., 2009),
macauba (Manfio et al., 2011), elephant grass (Cavalcante et
al., 2012), muricizeiro (Lorengo et al, 2013); soybean
(Matsuo et al., 2012) and peroba rosa (De Paula et al., 2015).
According to Vencovsky (1977), the repeatability coefficient
is suitable to studies on perennial plants due to the repetition
of certain traits throughout the life of an individual.
Therefore, when a particular genotype is considered as being
superior, it is expected that this superiority remains constant
throughout the whole life of this genotype. Papers addressing
the issue of how many plants need to be measured to assure
reliable heritability estimates are scarce. Black wattle is no
exception and no article was found regarding its repeatability
coefficient.

In the south of Brazil, black wattle cultivation has spread
throughout the State of Rio Grande do Sul, so that the acacia
production chain has become an important economic activity
with considerable social and environmental impacts on that
region (Grein et al., 2013). This species has been cultivated
since 1983 in breeding programs (Mochiutti, 2007).
Therefore, black wattle has an important role in the Brazilian
forestry sector. Since cultivars are the result of extensive
work within breeding programs, it is a priority to legally
protect them. In order to accomplish its protection, it is
fundamental to distinguish promising genotypes based on
variable morphological descriptors from different parts of the
plant.

The present study aims to estimate the repeatability
coefficient of black wattle seeds as well as to select the best
method for its evaluation. It also explores the estimate of the
optimal number of measurements and analyzes the genetic
dissimilarity between black wattle clones.

Material and methods
Estimate of the repeatability coefficient for the biometric
traits of the seeds

The seeds used in this study were collected from a clonal
orchard located in Piratini, RS — Brazil. Seeds of two-year-
old black wattle trees were collected. The experiment was set
up in a randomized block design. Five replicates of nine
clones (genotypes) were sampled. Each clone was
represented by random samples containing 50 seeds per clone
collected in 2014. Five biometric traits were measured for
each seed: individual weight (SW); longitudinal length (LL);
transversal length (TL); thickness (TH) and hilum size (HS).

In order to estimate for each method the repeatability
coefficient for all traits of the seeds statistical analyzes
included analysis of variance (ANOVA), principal
component analysis (based on the correlation and covariance
matrices) and structural analysis based on the correlation
matrix. In the analysis of variance, the repeatability
coefficient was obtained considering two variation factors.
The model used was as follows: Y ij = p + Gi + Aj + Ejj, in
which Y ij = observation corresponding to the ith subsample;
p = general average; Gi = random effect of the ith sub-sample
under influence of the permanent environment (i=1, 2 ... p);
Ai = fixed effect of the temporary environment on the ith
measurement; and E ij = effect of the temporary environment
associated to the jth measurement on the ith sub-sample (j =
1,2, .., n).

Repeatability coefficient is given by: r = p = 6°g/(c*+ 6°g)
Therefore, 6°g = estimated variance among genotypes; and ¢?
= estimated variance of the experimental error. Subsequently,
the results of the analysis of variance for each variable were
obtained and the variance components associated to genetic
and residual effects were estimated. Repeatability
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coefficients were obtained by principal component analysis
(Abeywardena, 1972).

Structural analysis based on the correlation matrix
between genotypes was used to estimate the repeatability
coefficient, in accordance with Mansour et al. (1981). This
evaluation is the arithmetic average of correlations between
genotypes, considering measurements in pairs (Cruz et al.,
2012). The number of measurements (1)) to predict the real
value of the selected clones in black wattle, considering
coefficients of determination of 80, 85, 90, 95 and 99%, was
calculated in accordance with Cruz et al. (2012) by the
following expression:

n=r.(R>.(1-N)/((1-R"2))

The genotypic coefficient of determination (R2)
represents the percentage of assurance regarding real value
prediction for selected individuals based on the number of
measurements. It was obtained by the following expression:

R2= (1 .r)/(1+r.(n-1))

Genetic dissimilarity for the biometric traits of the seeds

Matrices of dissimilarity, residual covariance and
genotype averages were produced by employing
multivariate analysis. The canonical variables were
calculated, as reported by Rao (1952), in order to identify
similar genotypes in a two-dimensional scatter plot. The
Mahalanobis distance (D2) was used as dissimilarity
measure. The criteria described by Singh (1981) were used
to quantify the relative contribution of these traits in
genetic divergence among clones. All analyzes were
performed in GENES software (Cruz, 2013).

Results and Discussion
Estimate of the repeatability coefficient for the biometric
traits of seeds

According to the analysis of variance, the differences
were statistically significant (p <0.001) for four traits in the
sample: longitudinal and transversal length, thickness, and
hilum size. Seed weight differences were not statistically
significant. Statistically different traits highlight the
variability among samples; their average biometry was 4.75
mm length, 3.16 mm width, 2.37 mm thickness and 1.29 mm
for hilum size. This significance shows that black wattle
clones differ greatly. Therefore, it is possible to obtain
selection gains with superior material. It also shows the
importance of conducting repeatability studies for this species
and the need to estimate the minimum required number of
measurements for the statistical usage of this coefficient. Seed
weight had a non-statistically significant average (0.00242 g)
and demonstrated low-to-middle estimated r amplitude (0.27
< r<0.34) (Table 1).

Table 1 - Repeatability coefficient (r); coefficient of determination
(R?) calculated using the method of analysis of variance (ANOVA),
principal component analysis based on the correlation matrix (PCC),
principal component analysis based on the covariance matrix (PCCV)
and structural analysis based on the correlation matrix (SA) for seed
weight (SW), longitudinal length (LL) transversal length (TL),
thickness (TH) and hilum size (HS) in 50 measurements using nine
black wattle clones.

Analysis method

Trait  AnOVA PCC PCCV SA

r R? r R? R R? r R?

SW 0.27 95.02 0.34 96.35 034 9630 0.28 95.16

LL 036 9654 043 9737 046 97.73 037 97.72

TL 019 9234 030 9593 0.32 9590 0.20 92.56
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TH 078 99.40 0.80 99.49 0.80 99.51 0.79 99.48

HS 045 9756 050 98.04 051 98.08 0.46 97.68

By analyzing the high estimate variability of the
repeatability coefficient for seed weight, it is possible to infer
that this trait is highly influenced by the environment.
Consequently, its use in the selection process for superior
genotypes is complex, as the phenotypic value does not
represent the genotypic value, since repeatability expresses
the maximum value that heritability in the broad sense can
achieve. When the variance provided by the permanent
effects of the environment is minimized, the repeatability is
closer to the estimate of heritability (Cruz et al., 2012). This
result indicates that trait is susceptible to annual production
variation, so it was not possible to measure the repeatability
coefficient by employing analysis of variance.

Resende (2002) proposed the following classification for
repeatability coefficient: high repeatability (r > 0.60);
medium repeatability (0.30 <r <0.60) and low repeatability (r
<0.30). Seed thickness was the trait with the highest r values
(0.78 <r <0.80), showing regular results in all measurements.
In addition, it demonstrates the efficiency of the methods used
to estimate the repeatability coefficient, since there was low
variation of ratio among them.

Repeatability coefficient for hilum size (0.45 >r>0.51)
showed medium repeatability (Resende, 2002), which means
this trait is subjected to environmental influence. It is
important to highlight that besides this result, the coefficient
of determination is highly reliable, and it can be applied to all
other traits evaluated. Seed length (0.36 > r > 0.46) showed
medium magnitude for repeatability, and transversal length
(0.19 > r > 0.32) presented low magnitude for r values.

According to Ferreira et al. (1999), low estimates of the
repeatability coefficient, generally lower than 0.4, make it
difficult for the breeder to identify the best genotypic values
based on the analyzes of the phenotypic means obtained.
Therefore, the longitudinal and transversal length of black
wattle seeds are biometric traits hardly used as selection
parameter in species breeding programs, as they require
higher coefficients for an effective genotype selection. For
this reason, hilum size and seed thickness should be neglected
in genotype selection.

Low repeatability coefficient values, obtained by means
of analysis of variance can be explained by the high mean-
square values. Cruz et al. (2012) reported that production
fluctuates in many species, what suggests great variability
from one year to another. As this effect can have different
intensities and forms among genotypes, analysis of variance
(used to estimate the repeatability coefficient) is not able to
eliminate the experimental error component, and thus the
repeatability index will be underestimated. This was noted for
all traits using this method. Abeywardena (1972) reported that
the most appropriate repeatability coefficient estimate is the
one obtained by the PCA method, in which genotypes exhibit
cyclical behavior during the evaluations, for a given trait.
Among the methods, PCCV was the one with the highest
repeatability coefficient values. Based on the results found,
this is the best method to estimate the repeatability coefficient
for biometric traits of black wattle seeds.

With regards to other methods, low or medium
repeatability may be related to the reduced correlations
observed in the traits evaluated in each clone. Therefore, the
most suitable method to estimate the repeatability coefficient
in black wattle seeds is principal component analysis based
on the covariance matrix with coefficient of determination of
90%. This result is consistent with those obtained by
Negreiros et al. (2008) and Nascimento Filho et al. (2009) in
sweet orange and guarana, respectively. According to Neves
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et al. (2010), when working with passion fruit families, PCA
with a coefficient of determination of 80% was the most
suitable for repeatability studies, since when using a
coefficient of 90%, fruit length was the only trait to present
plausible measurements among six biometric traits evaluated.

As for the number of measurements required for different
coefficients of determination (80, 85, 90, 95 and 99%) (Table
2), it was verified that, for all traits evaluated, using a
coefficient of determination above 90% resulted in no higher
experimental accuracy. Therefore, a coefficient of
determination of 90% was used as reference, thus requiring a
smaller sample of work. Moreover, it is important to
emphasize that using the PCCV method resulted in values
higher than those of other methods used for measuring the
repeatability coefficient. That is, by using this method, it was
possible to reduce in 40% the time needed to perform this
work.

Table 2 - Number of measurements needed for different coefficients
of determination calculated using the methods of analysis of variance
(ANOVA), principal component analysis based on correlation matrix
(PCC), principal component analysis based on the covariance matrix
(PCCV) and structural analysis based on the correlation matrix (SA)
for seed weight (SW), longitudinal length (LL), transversal length
(TL), thickness (TH) and hilum size (HS)

Analysis method

Traits
R%)  ANOVA  PCC  PCCV  AS
80 11 8 8 11
85 15 11 11 15
SW 90 24 17 18 23
95 50 36 36 49
99 250 187 188 252
80 8 6 8 7
85 11 8 11 10
LL 90 17 13 17 16
95 34 26 34 33
99 177 134 177 168
80 17 10 9 17
85 24 14 13 23
TL 90 36 22 20 37
95 79 45 41 77
99 411 232 212 398
80 2 2 1 2
85 2 2 2 2
TH 90 3 3 3 3
95 6 5 5 5
99 28 26 25 27
80 5 4 4 5
85 8 6 6 7
HS 90 12 9 9 11
95 24 19 19 23
99 124 99 97 118

Genetic dissimilarity for the biometric traits of seeds

According to the method proposed by Singh (1981)
regarding the relative contribution of the traits used to
study genetic divergence among genotypes, it was verified
that seed weight contributes less to the analysis of diversity
than other traits (Table 3). These results corroborate those
found by Nick et al. (2010) in a study of genetic divergence
in manioc samples. According to Oliveira et al. (2004),
traits such as seed weight, which scarcely contribute to
diversity studies should be kept in future works, since no
previous information about them in black wattle has been
found. Therefore, over time, it must be verified if this trait
can remain in or must be excluded from repeatability
studies in production cycles.

Table 3 - Relative contribution of five biometric traits of seeds
evaluated in 50 seeds of nine black wattle clones.

Biometric traits Relative contribution %

Seeds weight 0.4868
Longitudinal length 8.7276
Transversal length 5.0383
Thickness 71.5806
Hilum size 14.1667

Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) cluster analysis divided the clones into two groups
based on their similarity. Results infer that clones seven and
eight are the most different as they form a group far from the
other clones (Figure 1). UPGMA is indicated for quantitative
data, considering standard deviation and an invariant scale
(Moreira et al., 2014). Taking into account that quantitative
data is assessed, this measure is highly recommended in order
to explain the results. Genetic divergence analysis has been
successfully used in studies aimed to check similarity among
genotypes, such as Persica prunnus (Silva et al, 2015);
Capsicum chinense (Vasconcelos et al., 2012); and Euterpe
edulis (Yokomizo et al., 2012).

Graphic dispersion of the principal component analysis
(Figure 2), using thickness and hilum size (which correspond
to more than 85.74% of the total variation among genotypes),
was consistent with the genetic similarity clustering based on
Mahalanobis distance. It confirmed that clones seven and
eight are genetically different from each other and constitute
a distinct group from the others. When two canonical
variables explain over 80% of the total variation, they can be
used in genetic divergence studies (Cruz et al., 2012). Both
methods demonstrated the same dissimilarity among the
studied mother trees and highlighted the genetic divergence
among clones.

0 0 b1l 3 40 50 60 m 80 € 100

Figure 1 - Dissimilarity dendrogram constructed by means of
UPGMA cluster analysis using five biometric traits of black wattle
seeds. Vertical numbers are clones identification and horizontal
numbers are percentage of dissimilarity.

In tree breeding programs, it is desirable to prioritize
materials with high average and wider genetic diversity.
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Therefore, breeding contrasting materials enables the
identification of the ones that best express the non-additive
fraction of genetic variance (Nascimento et al., 2014).
When different groups of clones are crossed, it is possible
to obtain superior individuals in the following generation,
ensuring maximum genetic gains in the next breeding
cycle. With regards to black wattle, diallel crossing is the
strategy used to ensure that desirable traits can be obtained
and thus, reliable decisions can be made in breeding
programs of this species.
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Figure 2 - Graphical dispersion (2D) of the score of nine clones, using

two canonical variables, set by linear combination of five biometric

traits of black wattle seeds.

Conclusion

Principal component analysis based on the covariance
matrix is the most effective method to estimate the
repeatability coefficient for black wattle seeds since it results
in the highest values. Twenty measurements are needed in
order to achieve a coefficient of determination of 90%.

Based on the measures of genetic dissimilarity using
Mahalanobis distance and graphic dispersion methods, it was
possible to differentiate clones and to recognize two
genetically distinct groups.
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