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ABSTRACT: Juçara is a plant that occurs in the Brazilian Atlantic Forest which presents high ecological 

importance to the biodiversity and is present on the list of endangered species. The fruits are known as super fruits because 
they present chemical characteristics of great importance. Due to its elevated economic importance and for the low number 
of researches with this species, the first step is to make the pre-breeding of the species. This consists in morphological 
characterization, which is very dependent on time and labour. Thus, the decrease of the number of evaluated measurements 
by individual is of great importance to the phases of pre-breeding and breeding. The objective of this work was to obtain 
estimates of the coefficients of repeatability and determination of six Euterpe edulis fruit characteristics to enable the 
prediction of the necessary number of measurements required to achieve given levels of certainty for the real values for 
each of the six fruit characteristics. The performances of various methods for repeatability estimation were compared. The 
characteristics longitudinal diameters of the fruits, longitudinal diameters of the seeds, equatorial diameters of the fruits, 
equatorial diameters of the seeds, fruit weights and seed weights of juçara palm fruits were measured, and the deviances, 
the coefficients of repeatability, the coefficients of determination, and the necessary numbers measurements for an 
accurate prediction of the  real value of the population were estimated. The methods used do not differ as to estimate the 
repeatability coefficient to the longitudinal diameter characteristics of the fruit, seed equatorial diameter, fruit mass and 
seed mass. With 95% reliability is possible to use four (4) for mass measurements of fruit and five (5) measurements for 
longitudinal diameter of fruit, seed equatorial diameter, fruit mass and seed mass. 

 
PALAVRAS-CHAVE: Euterpe edulis. Plant breeding. Biometrics. 

 
INTRODUCTION 
 

The juçara palm (Euterpe edulis Martius) is 
a native species of the Atlantic forest 
(CEMBRANELI et al., 2009) of significant 
ecological and economic importance (GATTI et al., 
2011).  The juçara palm is currently at risk of 
extinction (GANEM, 2010), mainly because of the 
illegal extraction of hearts of palm in forest 
remnants (BARROSO et al., 2010). 

Juçara plays an important ecological role 
because it produces large quantitie of fruit that are 
consumed by a vast number of birds and mammals 
during periods of general food shortage (FADINI et 
al., 2009, GENINI et al., 2009). In addition to its 
ecological importance, juçara also has potential for 
fruit production, with yields ranging between 216 
and 528 bunches ha-1 year-1 of approximately 6 to 8 
kg of fruits bunch-1 (SEOANE et al., 2005).  

The pulp of jucara fruits is characterized by 
high levels of functional compounds and 

antioxidants, which classifies the juçara as a “super 
fruit” (SANTOS et al. 2014). Additionally, the 
juçara fruits are also used as raw materials for 
obtaining natural dye (FIGUEREDO et al., 2008), 
pulp, juice, medication, cosmetics, and functional 
foods (FELZENSZWALB et al., 2013).   

To obtain higher juçara fruit yields, the 
cultive of more highly adapted and productive 
genotypes is required. This thorough step involves 
activities such as the harvesting of genotypes and 
the identification desirable traits, genes, or sets of 
genes in the available germplasm (MANFIO et al., 
2011). 

To optimise the costs, time, and use of 
labour for field campaigns without losses to the 
selection efficiency of subsequent steps (CHIA et 
al., 2009) it is important to know the number of fruit 
to be sampled from each genotype (MANFIO et al., 
2011). The adequate number of samples can be 
estimated by the coefficient of repeatability, which 
represents the correlation amongst the repeated 
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measurements collected from the same entity 
(CRUZ et al., 2012). 

The repeatability coefficient can be defined 
as the ratio of the total phenotypic variation that is 
assigned to the permanent phenotypic variation 
(genetic + permanent environment) and is intended 
to measure the response of the phenotypic 
consistency after several measurements. The 
coefficient of repeatability is of great importance for 
breeding studies and several authors have used this 
concept for studies of traits conducted for numerous 
perennial species, such as guarana (NASCIMENTO 
FILHO et al., 2009), bacuri (SILVA et al. 2009), 
plum tree and peach tree (DANNER et al., 2010), 
açaí palm (FARIAS NETO et al., 2011), jatropha 
(ROCHA et al., 2012), and peach palm (BERGO et 
al., 2013). 

This study aimed to obtain estimates of the 
coefficients of repeatability and of determination to 
predict the required number of measurements 
required to provide a given certainty level for 
estimate of the values in biometric analysis of the E. 
edulis individuals. For this, the methods for 
estimating the coefficient of repeatability were 
compared by evaluating six characteristics of E. 
edulis fruit. 

 
MATERIAL AND METHODS 

 
Fruits of 198 juçara genotypes were 

collected amongst 20 forest fragments within the 
southern region (municipalities: Muqui, Mimoso, 
and Jerônimo Monteiro) and Caparaó region 
(municipalities: Alegre, Guaçuí, and Ibitirama) of 
Espírito Santo State, Brazil. Fruits of ten genotypes 
were collected from each fragment, except only 
eight genotypes were harvested from one of the 
fragments within the municipality of Guaçuí. 

A total of 25 fruits of each genotype were 
evaluated for the following characteristics: the 
longitudinal and equatorial diameters of the fruits 
and seeds (FLD, SLD, FED, and SED), in mm, 
using a digital calliper with a 0.01-mm precision; 
and the fruit and seed weights (FW and SW), in 
grams (g), using an electronic scale with a 0.01-g 
precision.  

For these characteristics, the deviance and 
the coefficients of repeatability ( r̂ ) and 

determination ( 2R̂ ) were estimated, and the number 
of necessary measurements (ƞ0) required for an 

accurate estimate of the real value for the 
individuals was predicted.  

The deviance analysis was performed using 
the restricted maximum likelihood (REML) method, 
employing a basic repeatability model that assumes 
the absence of design effects and can be written in 
matrix form according to equation [1], with the 
distribution of the mean [2] and the variances [3] 
and [4] (Resende, 2002a): 
y Xm Zp= + + ε  [1] 
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where: y is the vector of the variable to be 
analysed; m is the vector of the measurement 
effects, which are assumed to be fixed and added to 
the overall mean; p is the vector of the permanent 
phenotypic effects, which are assumed to be 
random; ɛ is the vector of random error; X is the 
incidence matrix for the fixed effects; Z is the 
incidence matrix for the permanent phenotypic 
effects; V is the matrix of the variance and 
covariance of y; P is the matrix of the variance and 
covariance for the permanent phenotypic effects; R 
is the matrix of the residual variance and 

covariance; 2

p
σσσσ  is the variance of the permanent 

phenotypic values (genetic variation + permanent 

environmental variation); and 2

e
σσσσ  is the residual 

variance attributed to the temporary environment. 
Based on model [1], the deviance (D) is given by [5] 
(RESENDE, 2002a): 

 D 2ln(L)= −  [5] 

 1 11 1 1
ln(L) ln | X´V X | ln | V | (y Xm)´V (y Xm)

2 2 2
− −=− − − − −  [6] 
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where: ln(L) is the maximum point of the 
logarithmic function of the restricted maximum 
likelihood (PATTERSON; THOMPSON, 1971); y 
is the vector of the variable to be analysed; m is the 
vector of the measurement effects, which are 
assumed to be fixed and added to the overall mean; 
X is the incidence matrix for the fixed effects; and V 
is the matrix of the variance and covariance of y. 

The estimates of the statistical likelihood ratio 
test (LRT) for the variables under study were 
obtained using [7] (RESENDE, 2002a):  

PPE FM
ˆ ˆLRT | 2 ln(L ) 2 ln(L ) |= − +  [7] 

where: 
PPE

L̂  is the estimated maximum point 

of the restricted likelihood function for the reduced 
model (without permanent phenotypic effects), and 

FM
L̂  is the estimated maximum point of the 

restricted likelihood equation for the full model 
(with permanent phenotypic effects).   

The methods adopted for estimating the 
coefficients of repeatability were as follows: 
restricted maximum likelihood (REML) using the 
basic repeatability model that assumes the absence 
of design effects (RESENDE, 2002a), principal 
components method based on the correlation (PCC) 
and covariance matrices (PCCV) 
(ABEYWARDENA, 1972), and structural analysis 
based on the correlation (SAC) and covariance 
matrices (SACV) (Mansour et al., 1981) amongst 
the repeated measurements. 

Based on the adopted model [1], the 
repeatability coefficient is given by [8] (RESENDE, 
2002b): 
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where: 2

e
σσσσ  is the estimated residual variance that 

can be obtained using the iterative estimator given 
by [9]; for which, N is the total number of data and 

r(X) is the rank of the matrix X; 2

p
σσσσ  is the estimated 

variance of the permanent phenotypic values 
(genetic variation + permanent environmental 
variation) that can be obtained using the iterative 

estimator given by [10]; for which, tr represents the 
matrix trace operation and S is the number of 
columns of matrix Z. Additionally, this estimator 

depends on 22C [11], which is the sub-matrix of the 
generalised inverse of the matrix of the mixed 
model equation coefficients. 

For the PCC method, the coefficient of 
repeatability is given by [12] (RUTLEDGE, 1974): 
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where: ηηηη  is the number of measurements performed 

in the experiment and 
R̂

λ̂λλλ  is the estimate of the 

largest eigenvalue associated with the estimate of 
the correlation matrix amongst the repeated 

measurements ( R̂ ) [13]; the estimate is obtained by 
solving the model shown in [14]. 

The PCCV method employs the estimator 
described by [15] for the determination of the 
coefficient of repeatability (MORRISON, 1976): 
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where: ηηηη  is the number of measurements performed 

in the experiment; 2

y
σ̂σσσ  [16] is an estimator for the 

sum of the residual variance and the permanent 

environmental variance; and ˆ
ˆ

ΓΓΓΓ
λλλλ  is the estimate of 

the largest eigenvalue associated with the estimated 
covariance matrix amongst the repeated 

measurements ( Γ̂ΓΓΓ ) [17]; the estimate is obtained by 
solving the model shown in [18]. 

The repeatability coefficient can be obtained 
by the SAC method, as described by [19] (Mansour 
et al., 1981): 
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where: αααα  is the eigenvector associated with the 
greatest eigenvalue of the estimated correlation 

matrix amongst the repeated measurements ( R̂ ); ηηηη  

is the number of measurements performed in the 
experiment, and 

jj́
ρ̂ρρρ  represents the estimates of the 

correlations amongst the repeated measurements.   
The SACV method employs the estimator 

shown in [20] for the determination of the 
coefficient of repeatability (MANSOUR et al., 
1981): 
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where: γγγγ  is the eigenvector associated with the 

greatest eigenvalue of the estimated covariance 

matrix amongst the repeated measurements ( Γ̂ΓΓΓ ); 
2

y
σ̂σσσ  is an estimator for the sum of the residual 

variance and the permanent environmental variance; 
ηηηη  is the number of measurements performed in the 

experiment; and 
jj́

σ̂σσσ  represents the estimated 

covariance amongst the repeated measurements. 
The estimated coefficient of determination 

( 2R̂ ), which represents the certainty of the 
prediction of the real value of the individuals for the 

variables analysed based on the ηηηη  measurements, 

was obtained by solving [21] (CRUZ et al., 2012): 

2 r̂
R

ˆ1 r( 1)

η
=

+ η −
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where: ηηηη  is the number of measurements performed 

in the experiment and r̂ represents the estimated 
coefficient of repeatability. 
 The numbers of necessary measurements 

( 0
ηηηη ) for accurately predicting the real values of the 

individuals for the variables analysed were 
calculated using equation [22] (CRUZ et al., 2012): 
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where: 2R  is the coefficient of determination and r̂  
is the estimated coefficient of repeatability. 
 The analyses were performed using the R 
software environment (TEAM, 2015).     
 
RESULTS AND DISCUSSION 
 

There were significant differences between 
the deviances of the reduced model (without 
permanent phenotypic effect) and the full model 
(with permanent phenotypic effect), known as the 
likelihood ratio tests (LRTs), for all of the variables 
(1%-probability level by the chi-square test (χ2; 
Table 1).  

 
Table 1. Deviance analysis (DEVANA) for fruit longitudinal diameter (FLD), fruit equatorial diameter (FED), 

seed longitudinal diameter (SLD), seed equatorial diameter (SED), fruit weight (FW), and seed 
weight (SW), obtained for 198 E. edulis accessions by employing the restricted maximum-likelihood 
(REML) method.  

SV FLD (mm) FED (mm) SLD (mm) SED (mm) FW (g) SW (g) 

PPE 6800.03+ 7122.95+ 5634.26+ 6109.16+ -2836.53+ -7025.71+ 

FM 74.40++ 499.68++ -1470.60++ -593.80++ -10362.27++ -13988.54++ 

LRT (χ2) 6725.63** 6623.27** 7104.86** 6632.95** 7525.75** 6962.83** 
SV – Source of variation, PPE – permanent phenotypic effect (genetic causes + permanent environment), FM – full model, LRT – 
likelihood ratio test.; + Deviance of the model fitted without the referenced effect; ++ Deviance of the full model fit; ** Significant by a 
χ

2 test, with 1 degree of freedom at the 1%-probability level. 

 
These differences reflect the significant 

genetic variability amongst the E. edulis populations 
studied (Table 1). According to Resende (2002a), 
the deviance analysis procedure (DEVANA), which 
employs the χ2 statistic to determine the significance 
of the LRT, is scientifically recommended for the 
analysis of the random effects of a model because it 
evaluates the level of variability in the studied 
random effects. 

The coefficients of repeatability obtained 
for the six variables were all greater than 0.78 

(Table 2) and, thus, indicate high repeatability 
according to classification by Resende (2002b), 
wherein coefficients of repeatability greater than 0.6 
are considered high.  

The coefficients of repeatability ranged 
from 0.78 to 0.82 across all of the tested methods 
(Table 2), indicating a high similarity amongst the 
results of the tested methods, which not only 
demonstrates the reliability of the results (MANFIO 
et al., 2011) but also demonstrates a good level of 



894 
Repeatability of biometric…  MARÇAL, T. S. et al. 

Biosci. J., Uberlândia, v. 32, n. 4, p. 890-898, July/Aug. 2016 

genetic control for these traits (FERREIRA et al., 
2005). 

There were no differences amongst the 
estimated repeatability coefficients of the tested 

methods for the FLD, SED, FW, or SW, which were 
characterized by repeatability coefficients of 0.79, 
0.78, 0.82, and 0.80, respectively (Table 2).  

 

Table 2. Estimated coefficients of repeatability ( r̂ ), coefficients of determination ( 2R̂ ), and numbers of 
necessary measurements (ƞ0), as calculated using restricted maximum likelihood (REML), principal 
component, and structural analyses based on the correlation and covariance matrices amongst the 
repeated measurements (PCC, PCCV, SAC, and SACV) for the following characteristics: fruit 
longitudinal diameter (FLD), fruit equatorial diameter (FED), seed longitudinal diameter (SLD), 
seed equatorial diameter (SED), fruit weight (FW), and seed weight (SW). Each of the 198 E. edulis 
accessions was measured 25 times. 

Variable Method r̂  2R̂ (%) ƞ0 (90%) ƞ0 (95%) ƞ0 (99%) 

FLD (mm) 

REML 0.79 98.93 2 (2.44) 5 (5.15) 27 (26.86) 

PCC 0.79 98.94 2 (2.42) 5 (5.10) 27 (26.59) 

PCCV 0.79 98.94 2 (2.42) 5 (5.10) 27 (26.57) 

SAC 0.79 98.94 2 (2.42) 5 (5.11) 27 (26.62) 

SACV 0.79 98.93 2 (2.43) 5 (5.14) 27 (26.77) 

FED (mm) 

REML 0.78 98.90 3 (2.51) 5 (5.31) 28 (27.64) 

PCC 0.79 98.96 2 (2.37) 5 (5.01) 26 (26.09) 

PCCV 0.78 98.91 2 (2.47) 5 (5.22) 27 (27.17) 

SAC 0.79 98.95 2 (2.39) 5 (5.04) 26 (26.25) 

SACV 0.78 98.90 3 (2.50) 5 (5.28) 28 (27.53) 

SLD (mm) 

REML 0.80 99.03 2 (2.21) 5 (4.66) 24 (24.27) 

PCC 0.81 99.04 2 (2.18) 5 (4.60) 24 (23.97) 

PCCV 0.80 99.04 2 (2.18) 5 (4.61) 24 (24.01) 

SAC 0.80 99.04 2 (2.18) 5 (4.61) 24 (24.00) 

SACV 0.80 99.03 2 (2.20) 5 (4.64) 24 (24.18) 

SED (mm) 

REML 0.78 98.89 3 (2.52) 5 (5.32) 28 (27.74) 

PCC 0.78 98.91 2 (2.48) 5 (5.24) 27 (27.33) 

PCCV 0.78 98.91 2 (2.48) 5 (5.23) 27 (27.26) 

SAC 0.78 98.91 2 (2.49) 5 (5.25) 27 (27.35) 

SACV 0.78 98.90 3 (2.50) 5 (5.27) 27 (27.46) 

FW (g) 

REML 0.82 99.13 2 (1.98) 4 (4.17) 22 (21.74) 

PCC 0.82 99.14 2 (1.96) 4 (4.13) 22 (21.51) 

PCCV 0.82 99.14 2 (1.95) 4 (4.13) 22 (21.50) 

SAC 0.82 99.14 2 (1.96) 4 (4.13) 22 (21.53) 

SACV 0.82 99.13 2 (1.97) 4 (4.15) 22 (21.65) 

SW (g) 

REML 0.80 98.99 2 (2.29) 5 (4.83) 25 (25.18) 

PCC 0.80 99.00 2 (2.26) 5 (4.78) 25 (24.90) 

PCCV 0.80 99.00 2 (2.27) 5 (4.79) 25 (24.95) 

SAC 0.80 99.00 2 (2.27) 5 (4.79) 25 (24.94) 

SACV 0.80 99.00 2 (2.28) 5 (4.82) 25 (25.11) 
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A high similarity amongst the tested 
methods was also reported by Manfio et al. (2011) 
for macaw palm fruit. However, higher repeatability 
values have been reported in studies with other 
palms, such as caiaué and African oil palm (CHIA 
et al., 2009), bacuri (SILVA et al., 2009), and peach 
palm (BERGO et al., 2013), using the principal 
component method based on covariance matrices. 

For the FED variable, the coefficients of 
repeatability determined by the principal component 
and structural analysis methods based on the 
correlation matrices amongst the repeated measures 
(PCC and SAC) were 0.79, whilst those of the 
restricted maximum likelihood (REML), principal 
component, and structural analyses based on 
covariance matrix methods were 0.78 (Table 2). 
According to Cruz et al. (2012), the difference 
between the PCC and SAC methods is only 
conceptual, thus the estimates generated by the two 
methods tend to be similar. 

For the SLD characteristic, the coefficient 
of repeatability was 0.81 for the principal 
component method based on correlation matrix 
amongst the repeated measurements (PCC), and of 
0.80 for the other methods (Table 2). 

The coefficient of determination was always 
greater than 98%, for all of the variables analysed 
by all of the methods (25 measurements). To 
achieve reliabilities of 99% for the FLD, SW, SLD, 
and FW variables, 27, 25, 24, and 22 measurements 
would be necessary, respectively (same for all 
methods, Table 2). For the 99% reliability for the 
FED characteristic, the REML and SACV methods 
indicated the need for 28 measurements, whereas 
the PCCV technique indicated the need for 27 
measurements. The PCC and SAC methods 
provided a lower number of measurements for the 
FED variable (26), whilst  the REML method 
indicated a higher number of measurements for the 
SED variable (28) compared to the other methods 
(27) (Table 2). 

The coefficients of determination estimated 
in this study were extremely high in magnitude (> 
98%) (RESENDE, 2002b); hence, the possibility of 
reducing the reliabilities of the estimates to 95% 
was assessed (MANFIO et al., 2011). Under this 
scenario (95% reliability), five measurements would 
be necessary for the FLD, FED, SLD, SED, and SW 
variables, and four measurements for the FW 
variable, representing 80% and 84% reductions in 
the numbers of measurements, respectively (Table 
2).  

Through these results we observe the 
possibility of decreased sample size for fruit and 
seed variables aiming to predict the real value of 

juçara genotypes in natural environment. This fact 
should provide reduced time, labor and costs for 
future expeditions aiming the characterization of 
juçara genotypes. According to Chia et al. (2009), 
reductions in the evaluation period and the numbers 
of measurements should be pursued to save 
resources and time, within an acceptable level of 
precision levels. 

In repeatability studies performed with other 
perennials, such as guarana (NASCIMENTO 
FILHO et al. 2009), plum tree/peach trees 
(DANNER et al. 2010), and peach palm (Bergo et 
al. 2013), the authors considered coefficients of 
determination of 90% when calculating the 
necessary numbers of measurements (ƞ0). In this 
study, the use of a coefficient of determination of 
90% results in a value of two for the necessary 
numbers of measurements for the FLD, SLD, FW, 
and SW variables, for all of the methods. 

Considering a coefficient of determination 
of 90% for the FED and SED variables, the REML 
and SACV methods indicated the need for three 
measurements, whereas the other methods (PCC, 
PCCV, and SAC) indicated that only two 
measurements were necessary.   

 
CONCLUSIONS 

 
The results of the tested methods did not 

differ with regards to the estimated coefficients of 
repeatability for the longitudinal diameters of the 
fruits, equatorial diameters of the seeds, fruit 
weights and seed weights variables. 

The estimated coefficients of repeatability 
and determination are greater than 0.78 and 98%, 
respectively, for all of the variables analysed for all 
of the methods.  

The collection of five measurements for the 
FLD, FED, SLD, SED, and SW variables and four 
measurements for the FW variable can achieve 95% 
reliability. Two measurements can provide a degree 
of predictability of 90% for the FLD, SLD, FW, and 
SW variables. 
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RESUMO: A juçara é uma planta de ocorrência da Mata Atlântica brasileira e apresenta grande importância 

ecologia para a biodiversidade e se encontra na lista de espécies ameaçadas de extinção. Os frutos são conhecidos como 
super frutos por apresentarem características químicas de grande importância. Devido a sua grande importância econômica 
e pelo baixo número de pesquisas com esta espécie, o primeiro passo é fazer o pré-melhoramento. Este consiste em 
caracterização morfológica, a qual é muito dispendiosa de tempo e mão de obra. Sendo assim, a diminuição do número de 
medições avaliadas por indivíduo é de suma importância durante as fases de pré-melhoramento e melhoramento. O 
objetivo deste trabalho foi obter estimativas dos coeficientes de repetibilidade e de determinação, predizer o número 
adequado de medições capaz de proporcionar níveis de certeza da predição do valor real dos indivíduos para cada uma das 
seis características analisadas de Euterpe edulis, e comparar diferentes métodos de estimação da repetibilidade. Foram 
mensuradas seis características nos frutos de juçara e posteriormente estimou-se a deviance, o coeficiente de 
repetibilidade, o coeficiente de determinação e o número de medições necessárias para uma predição adequada do valor 
real dos indivíduos. As metodologias utilizadas não diferem quanto à estimativa do coeficiente de repetibilidade para as 
características diâmetro longitudinal do fruto, diâmetro equatorial da semente, massa do fruto e massa da semente. Com 
95% de confiabilidade é possível utilizar quatro (4) medições para massa do fruto e cinco (5) medições para diâmetro 
longitudinal do fruto, diâmetro equatorial do fruto, diâmetro longitudinal da semente, diâmetro equatorial da semente e 
massa da semente. 
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