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ABSTRACT: Psidium guajava L. (guava) is an important species that presents high genetic
variability due to its mixed reproductive system, which is desired in breeding programs. Repeatability is an
important tool for the selection of genotypes in pre-breeding studies. When genetic variability is present, the
knowledge regarding the number of samples to be used in repeatability studies is indispensable. This study
aims to determine the number of necessary measures while optimizing resources and maintaining the
reliability of the results for the variables evaluated in P. guajava. The experiment was carried out with
genotypes from three Brazilian States: Espirito Santo, Sdo Paulo, and Minas Gerais, and a total of 79 P.
guajava genotypes were collected. The following characteristics were evaluated: young leaf length and
width; developed leaf length and width; fruit length; fruit diameter and fruit cavity diameter; and fruit weight
and pulp weight. For the evaluated characteristics, deviance, permanent phenotypic and temporary
environment variance, coefficients of repeatability and determination, accuracy and the number of estimated
measurements required were determined. We established that the number of measurements required in
repeatability analysis for a coefficient of repeatability with a reliability of 80% is four, for the measurements

of developed leaf width, pulp weight, fruit diameter, and fruit cavity diameter.
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INTRODUCTION

Psidium guajava L. (guava, Myrtaceae),
native to the American continent, has a wide-
ranging origin, from Mexico to Peru and Brazil
(PEREIRA; KAVATI, 2011). This species has
great importance in traditional medicine because of
the presence of extracts and metabolites in its
leaves and fruits, (GUTIERREZ et al., 2008) and is
popular in many tropical and subtropical countries
(RODRfGUEZ et al.,, 2010). The leaves of P.
guajava act as antimicrobial agents and are also
used in the treatment of coughs (JAIARIJ et al.,
1999). The guava fruit is rich in vitamin C and has
high nutritional value, containing essential amino
acids, dietary fiber, pectin, and antioxidants
(GUTIERREZ et al., 2008).

Psidium guajava presents high genetic
variability due to its mixed reproductive system
(ALVES; FREITAS, 2007), from the germination
of seedlings from seeds of heterozygous parent
plants (PESSANHA et al., 2011) to its ability to
adapt to different soil and climatic conditions.

While high genetic variability is desired in
breeding programs, it is important to note the

number of samples showing such variability
(MANFIO et al., 2011) in order to optimize cost,
time, and labor, without the loss of selective
efficiency in the later stages (CHIA et al., 2009).
Thus, the coefficient of repeatability that
determines the appropriate number of samples
should always be estimated (CRUZ et al., 2012).

Repeatability is an indispensable tool in
the selection of genotypes in pre-breeding as it
estimates the maximum value that heritability can
reach by expressing the proportion of the
phenotypic variance attributed to the genetic
differences, compounded with the permanent
effects that act on the variety (FERREIRA et al.,
2010).

Repeatability studies have been conducted
in different perennial species such as guarana
(Paullinia cupana) NASCIMENTO FILHO et al.,
2009), bacuri (Platonia insignis) (SILVA et al.,
2009), plum (Prunus salicina), peach (Prunus
persica) (DANNER et al., 2010), acai (Euterpe
oleracea) (FARIAS NETO et al., 2011), and palm
(Bactris gasipaes) (BERGO et al., 2013).

For this reason, our goal was to determine
the number of necessary measures, optimize
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resources, and maintain the reliability of the results
for nine characteristics analyzed in P. guajava.

MATERIAL AND METHODS

We studied the genetic material from 79 P.
guajava genotypes collected in three different
Brazilian states (Espirito Santo, Minas Gerais, and
Sdo Paulo). Of the evaluated samples, 61 were
from the Southern and Caparad regions in the state
of Espirito Santo (Southern region: Cachoeiro de
Itapemirim, Jeronimo Monteiro, Mimoso do Sul
and Muqui; Caparaé region: Alegre and Guagui);
Ten were from the Alta Paulista region in the state
of Sao Paulo (Arco—fris, Herculandia, and Tup3),
and 8 were from the Caparaé region in the state of
Minas Gerais (Caparad). The climate of the state of
Espirito Santo is classified as Aw (except for the
city of Guacui, which is classified as Cfa), the state
of Minas Gerais is classified as Cwb and Sdo Paulo
is classified as Cfa (Koppen, 1928).

Five leaves and five fruits were evaluated
in each genotype for the following characteristics:
young leaf length and width (YLL and YLW);
developed leaf length and width (DLL and DLW);
fruit length (FL); fruit diameter and fruit cavity
diameter (FD and FCD), measured using a digital
pachymeter of 0.01 mm of precision; and fruit
weight and pulp weight (FW and PW) measured
using an electronic scale of 0.01 g of precision.

The evaluated characteristics  were
analyzed on deviance, permanent phenotypic
variance (Bf,), variance of the temporary
environment (%), coefficients of repeatability (%)
and determination (R?), and the predicting number
of measurements required (o) for an adequate
estimation of the individual’s real value.

The deviance analysis was performed
through the restricted maximum likelihood method
(REML) using the basic repeatability model that
assumes no design and can be written in matrix
form through equation [1], which has the average
distribution [2] and variances [3] and [4]
(RESENDE, 2002a):

v=Xm+Zp+z [1]
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where:

y denotes the vector of the variable to be
analyzed; m denotes the vector of measurement
effects assumed as fixed and added to the overall
average; p denotes the vector of permanent
phenotypic effects assumed as random; & denotes
the vector of random errors; X is the incidence
matrix for the fixed effects; Z is the incidence
matrix for the permanent phenotypic effects; V and
Y are the variance and covariance matrices,
respectively; P denotes the variance and covariance
matrix for the permanent phenotypic effects; R
denotes the residual variance and covariance
matrix; o3 denotes the variance of the permanent
phenotypic values (genetic variation + permanent
environment variation); and o> denotes the residual
variance due to the temporary environment.

Based on model [1] the deviance (D) is
given in [5] (RESENDE, 2002a):

D=-2mm(L) [5]

1 1 1
(L) =- ~I[XV'X]| - SIlVI- = (v - Xm)' V* iy - Xm) [6]

where:

In(L) denotes the maximum point of the
logarithmic function of the restricted maximum
likelihood (PATTERSON; THOMPSON, 1971); y
denotes the vector of the variable to be analyzed;
m denotes the vector of measurements’ effects
assumed as fixed and added to the overall average;
X 1is the incidence matrix for the fixed effects; V
and Y denote the variance and covariance matrices,
respectively.

The estimates of the statistics of the
likelihood ratio test (LRT) for the variables in the
study were obtained by [7] (RESENDE, 2002a):

LTR = |-2In(Tgsp) + 2 In(Lyc)| [7]
where:

Lgsp denotes the estimation of the
maximum point of the restricted likelihood
function for the reduced model (without the
permanent phenotypic effects) and L,,. denotes the
estimation of the maximum point of the restricted
likelihood equation for the complete model (with
the permanent phenotypic effects).

The methods adopted to estimate the
coefficients of repeatability were restricted
maximum likelihood (REML) using the basic
repeatability model that assumes no design
(RESENDE, 2002a), principal components 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) among the repeated measures.

Based on the adopted model [1], the
coefficient of repeatability is estimated in [8]
(RESENDE, 2002b):
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where:

82 denotes the estimation of the residual
variance that can be obtained by the iterative
estimator shown in [9], where N is the total
number of data and p (X) is the rank of the matrix
X; 3; denotes the estimation of the variance of the
permanent phenotypic values (genetic variation +
permanent environment variation) which can be
obtained by the iterative estimator indicated in
[10], where tr represents the matrix trace operation
and S the number of columns of matrix Z.

In addition, this estimator depends on C?*?
[11], which is the sub-matrix of the generalized
inverse of the coefficient’s matrix of the equations
of mixed models.

In the PCC method, the coefficient of
repeatability is estimated by [12] (RUTLEDGE,
1974):

is-1
f= = [12]
n-1
L Py Py
R=|Pn 1 Pl [13]
Pa Po - .
|R-21|=0 [14]
where:

n denotes the number of measurements
carried out in the experiment; jz- denotes the
estimation of the highest eigenvalue associated
with the estimation of the correlation matrix
between the repeated measures (ﬁ) [13] and this
estimation is obtained by solving the model shown
in [14].

The PCCV method uses the calculation in
[15] to estimate the coefficient of repeatability
(MORRISON 1976):
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where:
ndenotes the number of measurements
carried out in the experiment; 3; [16] denotes the
estimator for the sum of the residual variance with
the permanent environment variance; iz denotes
the estimation of the highest eigenvalue associated
with the estimation of the covariance matrix
between repeated measures () [17] and this
estimation is obtained by solving the model shown
in [18].
The estimation of the coefficient of
repeatability by the SAC method is possible by
[19] MANSOUR et al., 1981):

o oRel 2 ZZA [19]
r= =
rl @D P
<
where:

&t denotes the autovector associated with
the highest eigenvalue of the correlation matrix
estimate between repeated measures (8); n denotes
the number of measurements carried out in the
experiment; @y denotes the represents the

estimates of the correlations between repeated
measures.

The SACV method uses the
calculation in [20] to estimate the coefficient of
repeatability (MANSOUR etal., 1981):

I

"AJITE!_A
P= 8. [20]
6y(n-1) 11(11 ZZ
where:

v is the autovector associated with the
highest eigenvalue of the covariance matrix
estimate between repeated measures (F); 5}
denotes the estimator for the sum of the residual
variance with the permanent environment variance;
n denotes the number of measurements carried out
in the experiment; &;r denotes the represents the

estimates between repeated

covariance
measurements.

The coefficient of determination estimative
(R?), which represents the certainty of the
prediction of the individuals’ real value for the
analyzed variables based on n performed measures,
was obtained by [21] (CRUZ et al., 2012):

2_ ‘lr

R 1+#(-1) tln - 1) (1]
where:

n denotes the number of measurements
carried out in the experiment; fdenotes the
estimation of the coefficient of repeatability.

The calculation of the number of
measurements required (1) for the prediction of
the individuals’ real value for the analyzed
variables was obtained by equation [22] (CRUZ et
al., 2012):
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where:
R? is the coefficient of determination; ¥ is
the estimation of the coefficient of repeatability.
All analyses present in this study were
performed using the R program (R, 2013).

RESULTS AND DISCUSSION

The difference between the deviances of
the reduced and complete models, known as the
likelihood ratio test (LRT), demonstrated a
significant difference for the characteristics YLW,
DLL, DLW, FW, PW, FL, FD, and FCD at a 5%
probability level (yx°) for the joint and individual
analyses of the genotypes from Espirito Santo
(ES), Sao Paulo (SP), and Minas Gerais (Table 1).

The existence of significant difference
demonstrates the presence of genetic variability in
the studied populations of P. guajava (Table 1).
According to Resende (2002a), the procedure of
the deviance analysis (ANADEV), using the
statistic to test the LRT, is scientifically
recommended for the random effects of the model
as it can prove the existence of the effects’
variability.

The YLL variable was discarded from the
joint and individual repeatability analyses of the
genotypes from Espirito Santo, Sdao Paulo, and
Minas Gerais as it did not present significant
difference by the analysis of deviance (Table 1).

The two variables of developed leaf (DLL
and DLW) and five fruit variables (FW, PW, FL,
FD, and FCD) presented permanent phenotypic
variance (o3;) higher than the temporary
environment variance (&), for the variable YLW
in the joint and individual analysis (Table 1).

These results are important in breeding
programs as the lessened influence of the
temporary environment on the expression of these
characteristics can provide genetic gains.

The methods used for estimating the
coefficient of repeatability (Z), in the joint
repeatability analysis, showed close values for
DLL, DLW, FL, and FD (0.66, 0.60, 0.62, and
0.66, respectively) (Table 2). This measure refers
to the proportion of the total variance, which is
explained by the variations provided by the
genotype regarding the environment (CRUZ;
REGAZZI, 2012) and also refers to the upper limit
of the coefficient of heritability (FALCONER,
1987).

The estimates of the joint and individual
repeatability analysis of the genotypes from
Espirito Santo, Sdo Paulo, and Minas Gerais
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presented similar values when the methods REML
and SACV were compared when analyzing the
same characteristic, and the methods PCC and
SAC also presented close values when the same
characteristic was analyzed (Tables 2, 3, 4, and 5).
This suggests that if using both methods, when the
results are the same, it is possible to choose either
the REML method or the SACV method to study
the rest of the characteristics. The same was
observed for the PCC and SAC methods.

The YLW and FD characteristics resulted
in a Clower than 0.5 and higher than 0.6,
respectively, in all methods applied for the joint
and individual analyses of the genotypes from
Espirito Santo, Sao Paulo, and Minas Gerais.
When high values of repeatability estimates are
obtained for a certain characteristic, it means that it
is feasible to predict the real value of the individual
by using a relatively small number of
measurements, and when the repeatability is low,
the inverse occurs (CARGNELUTTI,
CASTILHOS, 2004). According to Resende et al.
(2002b), the coefficients of repeatability above 0.6
are considered high.

In general, the evaluated variables
presented a R® superior to 80% and a higher
accuracy of 0.9 except for YLW. For the FW
variable in Minas Gerais, the REML and SACV
methods resulted in high accuracy (Table 2, 3, 4,
and 5). According to Resende et al. (2008), an
accuracy of 0.9 < accuracy < 1 is considered very
high and an accuracy of 0.7 < accuracy <0.9 is
considered high.

In the joint analysis, the number of
required measurements (1)) of 80%, 85%, and 90%
presented seven characteristics with constant
values between the applied methods (REML; PCC;
PCCV; SAC; SACV), with the exception of FL
with 1y of 85 % and FL and FCD with 1, of 90%
(Table 2). Corroborating these results, Manfio et
al. (2011) observed the same synchrony between
the different methods tested when working with
macauba fruits (Acrocomia aculeata).

According to the individual analysis for the
Espirito Santo state, the 1y parameter of 80%, 85%,
and 90% presented seven characteristics with
constant values between the applied methods
(REML; PCC; PCCV; SAC; SACV), except for
FCD with 1y of 85% and PW and FL with o of
90% (Table 3). In Sao Paulo for 1y of 80%, 85%,
and 90%, three characteristics (DLL, DLW, and
DD) presented constant values between the
adopted methods (Table 4).
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Table 1. Deviance analysis for young and developed leaves length and width (YLL, YLW, DLL and DLW), fruit and pulp weight (FW and PW), fruit length (FL),
fruit diameter and fruit cavity diameter (FD e FCD), obtained through the REML method for 79 accessions of P. guajava in the joint analysis (JA), 61 for
Espirito Santo (ES), 10 for Sdo Paulo (SP) and 8 for Minas Gerais (MG).

States' SV YLL (cm) YLW (cm) DLL (cm) DLW (cm) FW (g) PW (g) FL (cm) FD (cm) FCD (cm)
PFE 855.0" -123.4* 943.7* 425.6" 3185.7° 2183.8" 445.8* 257.4% 32.8*
CM 853.0"" -182.6™ 712.0%" 237.7* 3020.6"" 2020.4** 244 4% 22.1% -142.5™
AS LRT 2.1™ 59.2%* 231.7%* 187.9%* 749.2%* 163.4%* 201.5%* 235.3%* 175.3%*
Gfép 0.17 0.08 2.56 0.62 688.66 52.49 0.67 0.44 0.22
551 2.95 0.17 1.35 0.42 538.54 41.53 0.42 0.23 0.16
PFE 724.6" -117.9* 722.5" 308.3* 2444 4% 1718.8* 355.8* 201.5* 31.1°
CM 723.3*" -154.0™ 517.3* 176.1%* 2301.0*" 1592.2* 192.4** 27.4% -89.8™
ES LRT 1.3" 36.2%* 205.2%* 132.2%* 143.3%* 126.6%* 163.3%* 174.1%* 120.9%*
Gfép 0.19 0.07 2.65 0.55 705.12 59.22 0.71 0.44 0.21
5; 3.65 0.16 1.16 0.41 482.05 46.50 0.42 0.24 0.17
PFE 40.4* -8.1% 115.6" 55.1* 360.3* 237.5" 39.7° 35.17 4.0
CM 39.6"" 13.77 89.8"" 27.1%" 327.4% 216.5 28.7 -3.4% 21.07
SP LRT 0.8™ 5.6% 25.8%%* 28.0%* 32.9%%* 21.0%* 11.0%* 38.5%* 17.0%*
o, 007 007 239 065 61008 3277 029 047 014
5;1'1 0.63 0.17 1.32 0.32 244.54 22.99 0.40 0.15 0.12
PFE 29.6" 9.5 91.3" 53.7° 315.2¢ 183.6" 56.6" 33.2¢ 10.6"
CM 28.3" 3.1 85.6"" 40.7 308.6"" 171.4% 34.27 13.8* 12.4%
MG LRT 1.3" 6.5% 5.7*% 13.0%%* 6.6%* 12.2%% 22.4%% 19.4%%* 23.0%*
e, 010 013 126 067 82687 2654 093 045 025
5;1'1 0.54 0.23 2.44 0.60 1400.41 25.39 0.45 0.26 0.12
AS- All the States together; 'SV — Sources of variation, PFE — permanent phenotypic effect (genetic causes + permanent environment), CM —complete model, LRT — likelihood ratio test, oL —

p
permanent phenotypic variance and o, — temporary environment variance; © Deviance of the adjusted model without the referred effect, ™ Deviance of the completely adjusted model.

#% * Significant through the * test, with 1 degree of freedom, at the levels of 1% and 5% of probability, respectively.
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Table 2. Estimates of the coefficient of repeatability (F), coefficients of determination (RE*), accuracy (%;-pgp) and

number of necessary measurements (1), for the characteristics: young leaves width (YLW),
developed leaves length and width (DLL and DLW), fruit and pulp weight (FW and PW), fruit length
(FL), fruit and fruit cavity diameter (FD and FCD). Joint analysis of 79 P. guajava accessions.

Characteristics Methods' # R (%) e 10(80%) 1o (85%) 10 (90%) 10 (95%)
REML 033 71.08  0.84 8(8.14) 12 (11.53) 18 (18.31) 39 (38.65)
PCC 034 7193  0.85 8(7.80) 11 (11.06) 18 (17.56) 37 (37.07)
YLW (cm) PCCV 035 7323  0.86 7(7.31) 10 (10.36) 16 (16.45) 35 (34.73)
SAC 0.34 71.81 0.85 8(7.85) 11 (11.12) 18 (17.66) 37 (37.29)
____________________ SACV. 033 7108 084 8(8.14) __12(11.53)  18(18.31) 39(38.65
REML 0.66 9047 095 2(2.11) 3(2.98) 5(4.74) 10 (10.01)
PCC 0.66 9055  0.95 2(2.09) 3 (2.96) 5 (4.69) 10 (9.91)
DLL (cm) PCCV 0.66 90.73 095 2(2.04) 3(2.89) 5 (4.60) 10 (9.70)
SAC 0.66 9054 095 2(2.09) 3(2.96) 5 (4.70) 10 (9.92)
____________________ SACV. 066 9047 095 2211 329 _5@&74) 1071001
REML 0.60 88.07 094 371 4 (3.84) 6 (6.09) 13 (12.86)
PCC 0.60 8839  0.94 3(2.63) 4 (3.72) 6 (5.91) 12 (12.47)
DLW (cm) PCCV 0.60 8842 094 3(2.62) 4 (3.71) 6 (5.89) 12 (12.44)
SAC 0.60 8837 094 3(2.63) 4 (3.73) 6 (5.92) 12 (12.50)
____________________ SACV. 060 8.08 094 3271 438 60609 _ 13(1286)
REML 0.56 8648 093 3(3.13) 4 (4.43) 7 (7.04) 15 (14.86)
PCC 0.57 8678 093 3(3.05) 4 (4.31) 7 (6.85) 14 (14.47)
FW (g) PCCV 0.57 87.06 093 3(2.97) 4(4.21) 7 (6.69) 14 (14.12)
SAC 0.57 8675 093 3(3.05) 4 (4.33) 7 (6.87) 15 (14.51)
____________________ SACV. 056 8648 093 3(.13) _4@43) 7704  15(1486)
REML 0.56 8634 093 3(3.16) 4 (4.48) 7(7.12) 15 (15.03)
PCC 0.58 87.19 093 3(2.94) 4 (4.16) 7 (6.61) 14 (13.96)
PW (g) PCCV 0.57 8674 093  3(3.06) 4 (4.33) 7 (6.88) 15 (14.52)
SAC 0.57 86.84 093 3(3.03) 4 (4.29) 7 (6.82) 14 (14.40)
____________________ SACV. 056 8634 093 3@.16) 4448  7(712)  15(1503)
REML 0.62 8890 094 2(2.50) 4 (3.54) 6 (5.62) 12 (11.86)
PCC 0.62 8920 094 2(242) 3 (3.43) 5 (5.45) 12 (11.50)
FL (cm) PCCV 0.62 89.08 094 2(245) 3 (347) 6 (5.52) 12 (11.65)
SAC 0.62 89.10 094 2(245) 3 (3.47) 6 (5.51) 12 (11.63)
____________________ SACV. 062 890 094 2(250) 4354 60562  12(1186)
REML 0.66 90.63 095 2(2.07) 3(2.93) 5 (4.65) 10 (9.82)
PCC 0.66 90.72 095 2(2.05) 3(2.90) 5 (4.60) 10 (9.72)
FD (cm) PCCV 0.66 90.68 095 2(2.06) 3(291) 5 (4.63) 10 (9.77)
SAC 0.66 90.69 095 2(2.05) 3(291) 5 (4.62) 10 (9.76)
____________________ SACV. 066 9063 095 2207 3293 565 _ 1009.82)
REML 0.58 8722 093 3(2.93) 4 (4.15) 7 (6.59) 14 (13.92)
PCC 0.59 8775 094 3(2.79) 4 (3.95) 6 (6.28) 13 (13.26)
FCD (cm) PCCV 0.58 8748 094 3(2.86) 4 (4.05) 6 (6.44) 14 (13.59)
SAC 0.59 87.62 094 3(2.83) 4 (4.00) 6 (6.36) 13 (13.43)
SACV 0.58 8722 093 3(2.93) 4 (4.15) 7 (6.59) 14 (13.92)

'Restricted maximum likelihood (REML), principal components and structural analysis based on the correlation and covariances
matrices between repeated measurements (PCC, PCCV, SAC and SACV).
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Table 3. Estimates of the coefficient of repeatability (F), coefficients of determination (E*), accuracy (%;-pgp) and

number of necessary measurements (1)), for the characteristics young leaves width (YLW), developed
leaves length and width (DLL and DLW), fruit and pulp weight (FW and PW), fruit length (FL), fruit
and fruit cavity diameter (FD and FCD). Analysis of 61 P. guajava accessions from Espirito Santo.

Characteristics Methods' i R (%) e 190(80%) 1o (85%) 10 (90%) 10 (95%)
REML 029 67.21 0.82  10(9.76) 14 (13.82) 22 (21.95) 46 (46.34)
PCC 031 6898  0.83  9(9.00) 13 (12.74) 20 (20.24) 43 (42.73)
YLW (cm) PCCV 031 6967 0.83 9(8.71) 12 (12.34) 20 (19.59) 41 (41.36)
SAC 030 6846  0.83 9(9.22) 13 (13.06) 21 (20.74) 44 (43.78)
___________________ SACV. 029 6722 082 10(9.75) __ __14(13.82)  22(21.95) _ _46(46.34)
REML 0.69 9193 096 2(1.76) 2 (2.49) 4 (3.95) 8 (8.34)
PCC 070  92.02 096 2(1.74) 2 (2.46) 4 (3.90) 8 (8.24)
DLL (cm) PCCV 070  92.02 096 2(1.73) 2 (2.46) 4 (3.90) 8 (8.24)
SAC 0.70  92.01 0.96 2(1.74) 2 (2.46) 4 (391) 8 (8.24)
___________________ SACV. 069 9193 096 2(1.76) 2(249) _ _4(39) 8834
REML 0.57 8698 093  3(2.99) 4 (4.24) 7 (6.74) 14 (14.22)
PCC 0.58 8728 093 3(2.92) 4 (4.13) 7 (6.56) 14 (13.85)
DLW (cm) PCCV 0.59 87.58 094 3(2.84) 4 (4.02) 6 (6.38) 13 (13.47)
SAC 0.58 8725 093 3(2.92) 4 (4.14) 7 (6.58) 14 (13.89)
___________________ SACV 057 898 093 3(299) 442 774 _14(1422)
REML 0.59 8797 094 3(2.73) 4 (3.87) 6 (6.15) 13 (12.99)
PCC 0.61 88.48 094  3(2.60) 4 (3.69) 6 (5.86) 12 (12.37)
FW (g) PCCV 0.60 8836 094 3(2.63) 4 (3.73) 6 (5.93) 13 (12.51)
SAC 0.60 8843 094 3(2.62) 4 (3.71) 6 (5.89) 12 (12.43)
___________________ SACV 059 87.97 094 3273 ___4@38) 6615  13(1299
REML 0.56 86.43 093 3 (3.14) 4 (4.45) 7 (7.07) 15 (14.92)
PCC 059 87.65 094 3(2.82) 4 (3.99) 6 (6.34) 13 (13.38)
PW (g) PCCV 0.57 86.89 093 3(3.02) 4 (4.28) 7 (6.79) 14 (14.34)
SAC 0.58 8722 093 3(2.93) 4 (4.15) 7 (6.59) 14 (13.92)
___________________ SACV. 056 843 093 3@.14) _4@45 7007  15(14.92)
REML 063 8950 095 2(2.35) 3(3.32) 5(5.28) 11 (11.14)
PCC 0.65 90.11 095 2(2.19) 3(3.11) 5 (4.94) 10 (10.42)
FL (cm) PCCV 0.64 8983 095 2(227) 3(3.21) 5(5.1) 11 (10.76)
SAC 0.64 8991 095 2(224) 3(3.18) 5(5.05) 11 (10.66)
___________________ SACV 063 8.50 095 2235 3332 50628 1ALl
REML 0.65 90.21 095 2(2.17) 3(3.07) 5 (4.88) 10 (10.31)
PCC 0.66 9054 095 2(2.09) 3 (2.96) 5 (4.70) 10 (9.93)
FD (cm) PCCV 0.65 9027 095 2(2.16) 3 (3.05) 5 (4.85) 10 (10.24)
SAC 0.65 9046 095 2(2.11) 3(2.99) 5(4.75) 10 (10.02)
___________________ SACV. 065 9021 095 2@217) 3307 5488 101031
REML 0.55 8583 093 3(3.30) 5 (4.68) 7 (7.43) 16 (15.68)
PCC 0.57 8698 093 3(2.99) 4 (4.24) 7 (6.73) 14 (14.22)
FCD (cm) PCCV 0.56 8632 093 3(3.17) 4 (4.49) 7 (7.13) 15 (15.06)
SAC 0.57 8678 093  3(3.05) 4(4.32) 7 (6.86) 14 (14.48)
SACV 0.55 8583 093 3(3.30) 5 (4.68) 7 (7.43) 16 (15.68)

'Restricted maximum likelihood (REML), principal components and structural analysis based on the correlation and covariances
matrices between repeated measurements (PCC, PCCV, SAC and SACV).
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Table 4. Estimates of the coefficient of repeatability (F), coefficients of determination (RE*), accuracy (%;-pgp) and

number of necessary measurements (1)p), for the characteristics young leaves width (YLW), developed
leaves length and width (DLL and DLW), fruit and pulp weight (FW and PW), fruit length (FL), fruit
and fruit cavity diameter (FD and FCD). Analysis of 10 P. guajava accessions from Sdo Paulo.

Characteristics Methods' i R (%) e 190(80%) 1o (85%) 10 (90%) 10 (95%)
REML 029 67.64  0.82 10(9.57) 14 (13.56) 22 (21.53) 45 (45.45)
PCC 038 7577  0.87 6(6.39) 9 (9.06) 14 (14.39) 30 (30.37)
YLW (cm) PCCV 046 81.10 090 5 (4.66) 7 (6.60) 10 (10.49) 22 (22.14)
SAC 033 71.09  0.84 8(8.13) 12 (11.52) 18 (18.30) 39 (38.63)
___________________ SACV._ _.029 67.64 082 10(9.57) ___ _14(13.55) 22(21.53) __45(4545)
REML 0.64 9006 095 2(221) 3(3.13) 5(4.97) 10 (10.49)
PCC 0.67 90.89 095 2(2.00) 3(2.84) 5(4.51) 10 (9.52)
DLL (cm) PCCV 0.66 90.84 095 2(2.02) 3 (2.86) 5(4.54) 10 (9.57)
SAC 0.66 90.65 095 2(2.06) 3(2.92) 5 (4.64) 10 (9.80)
___________________ SACV. . .064 90.06 095 2@221) 3313 5497 _ _10(10.49)
REML 0.67 9095 095 2(1.99) 3(2.82) 4 (4.48) 9 (9.46)
PCC 069 9186 096 2(1.77) 3(2.51) 4 (3.99) 8 (8.42)
DLW (cm) PCCV 0.68 91.31 0.96  2(1.90) 3(2.70) 4 (4.28) 9 (9.04)
SAC 069 9180 096 2(1.79) 3(2.53) 4 (4.02) 8 (8.49)
___________________ SACV. 067 90.95 095 2(1.99) 3282 4448 9046
REML 071 9258 096 2(1.60) 2(2.27) 4 (3.61) 8 (7.62)
PCC 0.74 9328 097 1(1.44) 2 (2.04) 3 (3.24) 7 (6.84)
FW (g) PCCV 075 9382 097 1(1.32) 2(1.87) 3(2.96) 6 (6.26)
SAC 073 9318 097 1(1.46) 2(2.07) 3(3.29) 7 (6.95)
___________________ SACV. 071 9258 096 2(1.60) 2227 436l 80762
REML 0.59 87.69 094 3(2.81) 4 (3.98) 6 (6.31) 13 (13.33)
PCC 063 8959 095 2(232) 3(3.29) 5(5.23) 11 (11.03)
PW (g) PCCV 0.61 8853 094 3(2.59) 4 (3.67) 6 (5.83) 12 (12.31)
SAC 0.61 88.65 094 3(2.56) 4 (3.63) 6 (5.76) 12 (12.16)
___________________ SACV. 059 87.69 094 3(281) 4@398 631  13(1333)
REML 042 78.67 089 5(542) 8 (7.68) 12 (12.2) 26 (25.76)
PCC 044 7990  0.89 5(5.03) 7 (7.13) 11 (11.32) 24 (23.90)
FL (cm) PCCV 045 80.09 089 5(4.97) 7 (7.04) 11 (11.18) 24 (23.61)
SAC 043 7879  0.89  5(5.39) 8 (7.63) 12 (12.12) 26 (25.58)
___________________ SACV. 042 78.67 089 5042 _8(7.68)  12(1220)  26(25.76)
REML 0.76  94.00 097 1(1.28) 2 (1.81) 3(2.87) 6 (6.07)
PCC 0.77 9434 097 1(1.20) 2 (1.70) 3 (2.70) 6 (5.70)
FD (cm) PCCV 0.77 9427 097 1(1.22) 2(1.72) 3(2.74) 6 (5.78)
SAC 0.77 9426 097 1(1.22) 2(1.73) 3(2.74) 6 (5.78)
___________________ SACV._ 076 9400 097 1(1.28) 2(181) 3@287) 6607
REML 0.53 8498 092 4(3.53) 5(5.01) 8 (7.95) 17 (16.79)
PCC 0.57 8696 093  3(3.00) 4 (4.25) 7 (6.75) 14 (14.24)
FCD (cm) PCCV 0.57 87.00 093  3(2.99) 4 (4.23) 7 (6.72) 14 (14.20)
SAC 0.56 8628 093 3(3.18) 5(4.51) 7 (7.16) 15 (15.11)
SACV 0.53 8498 092 4(3.53) 5(5.01) 8 (7.95) 17 (16.79)

'Restricted maximum likelihood (REML), principal components and structural analysis based on the correlation and covariances
matrices between repeated measurements (PCC, PCCV, SAC and SACV).
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Table 5. Estimates of the coefficient of repeatability (F), coefficients of determination (RE*), accuracy (%;-pgp) and

number of necessary measurements (1)p), for the characteristics young leaves width (YLW), developed
leaves length and width (DLL and DLW), fruit and pulp weight (FW and PW), fruit length (FL), fruit
and fruit cavity diameter (FD and FCD). Analysis of 8 P. guajava accessions from Minas Gerais.

Characteristics Methods' i R (%) e 190(80%) 1o (85%) 10 (90%) 10 (95%)
REML 037 7433  0.86 7(691) 10 (9.78) 16 (15.54) 33 (32.8)
PCC 044 7938  0.89 5(5.19) 7 (7.36) 12 (11.69) 25 (24.67)
YLW (cm) PCCV 047 81.85 090 4 (4.44) 6 (6.28) 10 (9.98) 21 (21.07)
SAC 042 7846  0.89  5(5.49) 8 (7.78) 12 (12.36) 26 (26.08)
___________________ SACV. 037 7433 086 _7(.91) _100978) _ _16(1554)  33(32.8)
REML 034 7212  0.85 8(7.73) 11 (10.95) 17 (17.4) 37 (36.73)
PCC 037 7447  0.86 7(6.86) 10 (9.71) 15 (15.42) 33 (32.56)
DLL (cm) PCCV 0.52 8449 092 4(3.67) 5 (5.20) 8 (8.26) 17 (17.44)
SAC 034 7177 085 8(7.87) 11 (11.15) 18 (17.7) 37 (37.38)
___________________ SACV._ _.034 7212 085 8(7.73) __11(10.95)  17(174)  37(36.72)
REML 0.53 8478 092 4(3.59) 5(5.09) 8 (8.08) 17 (17.06)
PCC 0.58 87.13 093  3(2.95) 4 (4.19) 7 (6.65) 14 (14.04)
DLW (cm) PCCV 0.57 86.80 093 3(3.04) 4 (4.31) 7 (6.85) 14 (14.45)
SAC 0.56 8655 093 3(3.11) 4 (4.40) 7 (6.99) 15 (14.76)
___________________ SACV. 053 8478 092 4@3.59) 50509 _ 8@808  17(17.06)
REML 037 7470 086  7(6.77) 10 (9.6) 15 (15.24) 32 (32.18)
PCC 0.45  80.61 090  5(4.81) 7 (6.82) 11 (10.83) 23 (22.85)
FW (g) PCCV 051 8369 091  4(3.90) 6 (5.52) 9 (8.77) 19 (18.51)
SAC 041 7774 088  6(5.73) 8 (8.11) 13 (12.89) 27 (27.21)
___________________ SACV 037 7470 086 _7(6.77) ___10096) __ _15(1524)  32(32.13)
REML 0.51 8394 092 4(3.83) 5(5.42) 9 (8.61) 18 (18.18)
PCC 0.52 8458 092 4(3.64) 5 (5.16) 8 (8.20) 17 (17.31)
PW (g) PCCV 0.54 8552 092 3339 5 (4.80) 8 (7.62) 16 (16.09)
SAC 051 8372 091 4(3.89) 6 (5.51) 9 (8.75) 18 (18.48)
___________________ SACV 051 8394 092 4(3.83) 5042 ___9@6l) 18(18.18)
REML 0.68 9127 096 2(191) 3(2.71) 4 (4.31) 9 (9.09)
PCC 069 91.89 096 2(1.76) 2 (2.50) 4(3.97) 8 (8.38)
FL (cm) PCCV 075 93.64 097 1(1.36) 2(1.92) 3 (3.06) 6 (6.45)
SAC 068 91.52 096 2(1.85) 3 (2.63) 4 (4.17) 9 (8.81)
___________________ SACV. 068 91.27 09 2(91) 3271 ___4@43) 9009
REML 0.64 8970 095 2(2.30) 3(3.25) 5(5.17) 11 (10.91)
PCC 0.67 9090 095 2(2.00) 3(2.84) 5 (4.50) 10 (9.51)
FD (cm) PCCV 0.65 9032 095 2(2.14) 3(3.04) 5(4.83) 10 (10.19)
SAC 0.66 9059 095 2(2.08) 3(2.94) 5 (4.67) 10 (9.87)
___________________ SACV. 064 8.70 095 2(230) 3325 5617 11(091)
REML 0.68 91.52 096 2(1.85) 3(2.63) 4 (4.17) 9 (8.80)
PCC 071  92.31 0.96 2(1.67) 2 (2.36) 4 (3.75) 8 (7.92)
FCD (cm) PCCV 072 9285 096 2(1.54) 2(2.18) 3 (3.47) 7 (7.32)
SAC 070 9219 096  2(1.69) 2 (2.40) 4 (3.81) 8 (8.05)
SACV 068 91.52 096 2(1.85) 3(2.63) 4 (4.17) 9 (8.80)

'Restricted maximum likelihood (REML), principal components and structural analysis based on the correlation and covariances
matrices between repeated measurements (PCC, PCCV, SAC and SACV).

The FD characteristic for the joint and
individual analysis of genotypes from Espirito Santo
and Minas Gerais resulted in equal values between
the different estimation methods for 1, of 80%,
85%, and 90%, with 1o values of 2, 3, and 5,
respectively (Tables 2, 3, and 5).

According to Manfio et al. (2011), the
synchrony  between the  different tested
methodologies provides a greater reliability to the

results; according to Ferreira et al. (2005), this
synchrony also refers to a good genetic control of
these characteristics.

In general, for the g of 80%, it would not be
necessary to evaluate all five replicates for four
characteristics (DLW, PW, FD, and FCD), and for
DLW, PW, and FCD, 2 to 4 repetitions would
suffice. In fact, for the characteristic PW, two
measurements would be enough (Tables 2, 3, 4, and
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5). According to Chia et al. (2009), within the
precision levels acceptable by the author, the
reduction in the evaluation period and
measurements must be sought for saving resources
and time.

Thus, the REML and SACV methods presented the
same coefficient of repeatability in the joint and
individual analysis of the genotypes from Espirito
Santo, Sdo Paulo, and Minas Gerais for all
variables. The YLW characteristic presented a low
coefficient of repeatability. The individual analysis
of genotypes from Sdo Paulo and Minas Gerais
presented a higher effect of the temporary
environment. The FCD characteristic presented a
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Santo, Sdo Paulo, and Minas Gerais. In conclusion,
the number of measurements required for a
repeatability coefficient that optimizes time and
labor and demonstrates the minimum reliability
required or the estimation of reliability of 80% is
four, and the characteristics measured would be
DLW, PW, FD, and FCD.
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RESUMO: Psidium guajava L. (goiaba) € uma espécie importante que apresenta alta variabilidade
genética devido ao seu sistema reprodutivo misto, o que é desejado em programas de melhoramento. A
repetibilidade € uma ferramenta importante para a selecdo de gendtipos em estudos de pré-melhoramento.
Quando a variabilidade genética estd presente, o conhecimento sobre o nimero de amostras a serem usadas em
estudos de repetibilidade é indispensdvel. Este estudo tem como objetivo determinar o nimero de medidas
necessarias, otimizando recursos e mantendo a confiabilidade dos resultados para as varidveis avaliadas em P.
guajava. O experimento foi conduzido com genétipos de trés estados brasileiros: Espirito Santo, Sao Paulo e
Minas Gerais, e um total de 79 genétipos de P. guajava foram coletados. As seguintes caracteristicas foram
avaliadas: comprimento e largura das folhas jovens; comprimento e largura das folhas desenvolvidas;
comprimento do fruto; didmetro do fruto e didmetro da cavidade do fruto; e peso do fruto e peso da polpa. Para
as caracteristicas avaliadas, foram determinados os desvios, a variancia fenotipica permanente e tempordria do
ambiente, os coeficientes de repetibilidade e determinagdo, a precisdo e o numero estimado de medidas
necessdrias. Foi estabelecido que o nimero de medi¢des necessdrias na andlise de repetibilidade para um
coeficiente de repetibilidade com uma confiabilidade de 80% € igual a quatro, para as medidas de largura de
folha desenvolvida, peso da polpa, didmetro do fruto e didmetro da cavidade do fruto.

PALAVRAS CHAVE: Psidium guajava L. Pré-melhoramento. Anédlise Biométrica.
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