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ABSTRACT: The evaluation of the coefficient of repeatability (r) allows verify if the superiority or initial
inferiority of an individual remains over the measurements, being important for genetic breading programs with forages.
Thus, this research aimed to determine the minimum number of cuts for selection with greater efficiency and reliability
and to phenotypic stabilization of P. maximum cultivars. The experiment was conducted during the months of September
2011 to October 2012 at the State University of Mato Grosso do Sul. It were used three P. maximum cultivars (Massai,
Mombaca and Tanzania) for evaluation of dry mass of leaves and stems and total dry mass in six cuts. From this cuts, it
was estimated the coefficient of r repeatability by methods ANOVA, principal components (correlation and covariance
matrices) and structural analysis, as well as the required number of cuts based on pre-established coefficients of
determination (0.80, 0.85, 0.90, 0.95 and 0.99). Seven harvests are necessary to discriminate with 85% accuracy in P.
maximum cultivars based on the traits dry mass of leaves, dry mass of stems and total dry mass. The exclusion of the first
three harvests promotes increase in coefficients of repeatability and determination due to forage production stabilization of

P. maximum cultivars.
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INTRODUCTION

The area occupied by the species Panicum
maximum Jacq. corresponds to approximately 20%
of the pasture cultivated area in Brazil (around 100
million hectares) supplying 30% of the forage seed
market. Considering the increasing intensification of
cattle production systems in Brazil, this species, by
its productive potential and its quality, is one of the
most suited to this type of exploration (OLIVEIRA
et al., 2014). The availability of improved cultivars
such as Tanzania, Mombasa and Massai, have been
responsible for the expansion of cultivation area of
this forage (TORRES et al, 2013, 2015b). The
continuation of genetic breeding researches of this
forage will contribute significantly to the increase of
meat, milk, leather and wool production in the
country (MARTUSCELLO et al., 2007).

In breeding programs with forages is
common the assessment of the traits as dry mass of
leaves, dry mass of stems and total dry mass
(TORRES et al, 2013). These traits are used for the
identification of P. maximum genotypes better
adapted to a particular environment in order to
measure the behavior of the major phenotypic traits.
However, one of the difficulties with the selection
of forage genotypes genetically superior concerns

the determination of the number of measurements
(cuts) required for estimating the differences
between genotypic materials (CARGNELUTTI
FILHO et al., 2004).

During the process of selection of genotypes
with a view to launching cultivars or parental choice
for recombination, it is important to make sure, the
genetic superiority of individuals. To this end, are
often carried out repeated measurements in the same
individual (NEGREIROS et al., 2008). Therefore,
determining the number of measurements to be
performed by repeatability coefficient it is necessary
to perennial species because it provides an
approximation of the maximum value that the
heritability of a trait, in the broad sense, can achieve
(CRUZ et al., 2014). In addition, this information is
valuable for breeding programs, since it allows
estimating what the lowest possible selection cycle
and allocating human and financial resources to the
research (TORRES et al, 2015).

The evaluation of the coefficient of
repeatability (r) allows verify if the superiority or
initial inferiority of an individual remains over the
measurements. High values of r for any
characteristics indicate that it is possible to predict
the true value of the individuals based on a certain
number of measurements. Thus, the consistency
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measure of position relative to the classification of
individuals over successive measurements of a
given trait is named repeatability (CRUZ et al.,
2014).

The sizing of the number of measurements
has been performed in several perennial crops, such
as; acerola (LOPES et al, 2001), guava
(DEGENHARDT et al., 2002), ara¢d and pitanga
(DANNER et al., 2010), peach (BRUNA et al.,
2012), sweet orange (NEGREIROS et al., 2014),
banana (LESSA et al.,, 2014) and Urochloa
brizantha (TORRES et al, 2015). In general, the
authors of these studies observed that the
multivariate methods are more accurate, compared
to univariate method, however, they recommend
that researches are made with other crops before the
generalizing these results. Thus, this research aimed
to determine the minimum number of cuts for
selection with greater efficiency and reliability and
to phenotypic stabilization of P. maximum cultivars.

MATERIAL AND METHODS

The experiment was conducted at the State
University of Mato Grosso do Sul in the Fitotecnia
Department, located in the Cerrado biome (Brazilian
Savanna), situated in the municipality of
Aquidauana, MS, Brazil (20°27'S, 55°40'W, with an
average altitude of 170 m). The soil of the area was
classified as Alfissol dystrophic, with the following
chemistry characteristics in 0-0.20 m layer: pH
(H,O) = 6.20; Organic matter (g dm™) = 19.74;
H+AI (cmol, dm’3) = 5.51; Al exchangeable (cmol,
dm™) = 0.00; Ca + Mg (cmol, dm™) = 4.31; P (mg
dm'3) =41.30; K (cmol, dm'3) = 0.20; Sum of bases
(cmol. dm™) = 4.51; CEC (cmol. dm™) = 10.02; V
(%) = 45.00; m (%) = 0.00. The climate of the
region, according to the classification described by
Koppen-Geiger is of type Aw (Tropical Savanna)
with average annual precipitation of 1,200 mm and
maximum and minimum temperatures of 26.2 and
28.4°C, respectively.

It was used three cultivars of P. maximum
(Massai, Mombaga and Tanzinia). We sowed the
grass seeds in August 2011, using the proportion of
10 kg ha™" of seeds, being each cultivar sowing in an
area of 10 m2. From September 2011 to August
2012 were performed six harvests manually to
establish 10 cm of height (from the floor). The first
harvest was realized in October 2011, and the other
harvests were performed at 60 days of regrowth. In
each sample were harvests plants contained in 1 m?
of each experimental unit, being performed to
separate the leaves and stems.
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The plants were placed in perforated paper
bags and taken to the oven with circulation and
renewal of air to 65 °C by 72 hours. Subsequently,
the following evaluations were made: dry mass of
leaves, dry mass of stems and total dry mass (DML,
DMS and TDM, respectively). To estimate the
coefficient of repeatability (r) of each trait
evaluated, four methods were used: analyses of
variance (ANOVA), principal components analyses
(PCA) based on the phenotypic variance and
covariance matrices and structural analyses (SA) as
described by Cruz et al. (2014).

To estimate the coefficient of repeatability
by the ANOVA method, the statistical model with
two factors of variation was

used: Yij =p+g; +a;te

ij> in which p = overall
mean; g; = random effect of the i-th cultivar under
the influence of the permanent environment; a; =
fixed effect of the temporary environment
associated with the j-th measure on the i-th cultivar;
e;j = temporary environmental effect associated with

the j-th measurement on the i-th genotype.

For this model, the coefficient of
repeatability was estimated by:
2 2
Cov (y;, Yy) G, +Ogs

r= =— 5 5> in
\/Var yjxVar Y; O +Ogs +0gg

. 2 . .
which ©, is the covariance between repeated

. . 2 . .
measurements in each cultivar; 6gg is the variance

. 2 . .
of the permanent environment; Grg is the variance

of the general environment.

The coefficient of repeatability by PCA was
estimated based on the correlations matrix and
matrices of phenotypic variance and covariances.
The method of correlation matrix was proposed by
Abeywardena (1972) and is based on obtaining a
correlation matrix among the repeated measures and
posterior estimate of the normalized eigenvalues and
eigenvectors. The coefficient of repeatability (r) was

A
n-1
eigenvalue of the correlation matrix associated with
the eigenvector whose elements have the same sign
and similar magnitude and n is the number of
measures.

The coefficient of repeatability PCA was
estimated based on the phenotypic variance and

estimated by: 1= , in which A, is the

covariance matrix was obtained by:
7\41 - Gf . . L . .
I =p—————in which A, is the eigenvalue of
G, X (T] - 1)
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phenotypic  variance and covariance matrix
associated with the eigenvector whose elements

have the same sign and similar magnitude,

(53 = Gé + (52 is the variance of the character Y, in

. 2 . .
which o, is the covariance between repeated

. . 2 .
measurements in each cultivar; and o, is the

variance of the environment (CRUZ et al, 2014).
The SA method was based only on the
interclass correlations and was estimated by:
aRa—1
r=—v -
n-1
interclass correlation matrix associated with the
eigenvector whose elements have the same sign and
similar magnitude and @ is the -eigenvector

associated to 711, so that ad= 1 (CRUZ et al, 2014).

For each trait, the minimum number of
measures necessary (n) to obtain efficiency in the
selection process, based on pre-determined
determination coefficients (R?) (80, 85, 90, 95 and
R2x(1-1)

(1-R?)xr

in which 711:&R(Ax eigenvalue of the

99%), was estimated by n = (CRUZ et

al, 2014).
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The phenotypic stability of the traits was
evaluated using the principal components methods
obtained from the interclass correlation matrix for
the successive measures, considering 2, 3, 4, 5 and 6
until all n evaluations were done. Therefore, n-1
analyses were done on two successive measures; n-2
analyses were done on three successive evaluations
until reaching six measures (MARTUSCELLO et
al., 2007). All analyses were done with use of the
computer software GENES (CRUZ et al., 2013)

RESULTS AND DISCUSSION

The variable DML obtained the lowest
scores of r and R2, when compared to the other
evaluated variables (Table 1), indicating that, in
general, this trait requires a greater number of cuts
for evaluation. In the selection process of new
forage, the trait DML, fundamental in animal
nutrition is essential, because the leaves have a
higher digestibility in relation to DMS. Selection
based on this trait tends to make the genetic
breeding process more efficient, particularly in the
final stage, when the evaluation of weight gain is the
main indicator of use potential of the plant
(MARTUSCELLO et al, 2007).

Table 1. Coefficients of repeatability (r) and determination (R, in %) estimated for dry mass of leaves, dry
mass of stems and total dry mass (DML, DMS and TDM, respectively) estimated by different

methods in P. maximum.

DML DMS TDM
Method . R2 . R2 . R2
ANOVA 0.65 92 0.52 87 0.73 94
PCA (covariance) 0.72 94 0.86 97 0.87 98
PCA (correlation) 0.72 94 0.78 96 0.80 96
SA (correlation) 0.70 93 0.46 84 0.79 96

ANOVA: analyses of variance; PCA: principal components analyses based on the phenotypic variance and covariance matrices; SA:

structural analyses.

The estimates of r for the evaluated
variables, in general, can be considered high and
indicate the reliability in the identification of the
best genotypes, considering the six assessments
used. Results in similar magnitudes were obtained
by Cargnelutti Filho et al. (2004) and Martuscello et
al. (2007) when assessed the repeatability of
agronomic traits in P. maximum.

The limits r>0.40 and R2>0.75 are
considered reliable by Bergo et al. (2013) and
Oliveira and Moura (2010), respectively. As the R?
expressed the accuracy in predicting the true value
of the individual, reinforcing the hypothesis that six
cuts are sufficient to provide high reliability in the
prediction of different genotypes behavior.

When a trait has high R, there is indication
of little gain in accuracy with the increase in number
of repeated measurements. However, when these
scores are low, it is necessary a large number of cuts
for achieving satisfactory determination value.
Thus, with the increase in number of cuts for the
assessed traits, decreases the temporary variance
caused by the environment and, of course reduces
the phenotypic variance, improving the accuracy of
r. It is noteworthy that, when the temporary
environmental variance is low and r is high, the
increase in the number of cuts will add little to
improve of the individual genotypic value inference.
However, if the r value is low, increasing the
number of cuts there will be gain increase
(MARTUSCELLO et al, 2007; CRUZ et al., 2014).
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Estimates of the number of cuts required,
obtained for the three traits evaluated by ANOVA
method, were higher than those obtained by other
methods evaluated (Table 2). By the method of ACP
(based on matrix of covariance or correlation), these
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estimates were always lower than those obtained by
other methods, corroborating the results obtained by
Cargnelutti Filho et al. (2004) and Martuscello et al.
(2007) for P. maximum.

Table 2. Number of harvests required to evaluate dry mass of leaves, dry mass of stems and total dry mass
(DML, DMS and TDM, respectively), estimated by different methods and associated to different

determination coefficients (R2?) in P. maximum.

R2 (%) ANOVA PCA (covariance) PCA (correlation) SA (correlation)
DML
80 2 2 2 2
85 3 2 2 2
90 5 3 3 4
95 10 7 7 8
99 53 38 38 42
DMS
80 4 1 1 5
85 5 1 2 6
90 8 1 2 10
95 17 3 5 22
99 91 16 27 145
TDM
80 1 1 1 1
85 2 1 1 2
90 3 1 2 2
95 7 3 5 5
99 87 15 24 26

According to Abeywardena (1972), ACP
method allows estimate r more efficiently in
situations when the genotypes have cyclical
behavior in relation to the trait studied, for be based
on the covariance matrix among genotypes obtained
for each pair of measurements, explaining the
results obtained in this study. This method was also
considered suitable for other perennial crops, like
coconut (SIQUEIRA, 1982), rubber tree
(VASCONCELLOS et al, 1985), pine
(CORNACCHIA et al, 1995), cupuagu tree
(COSTA et al., 1997), alfalfa (FERREIRA et al.,
1999), cacao (DIAS & KAGEYAMA, 1998), acai
palm (OLIVEIRA & FERNANDES, 2001), acerola
(LOPES et al., 2001), guava (DEGENHARDT et
al., 2002), Napier grass (SHIMOYA et al., 2002),
aracd and pitanga (DANNER et al., 2010), peach
(BRUNA et al., 2012), sweet orange (NEGREIROS
et al., 2014) and banana (LESSA et al., 2014).

The increase in the accuracy with regarding
to prediction of the true value of the evaluations
(R2>85%), in all used methods, resulted in
considerable increase in the number of cuts
necessary for all variables. These data suggest that
the attempt to increase accuracy further than 85%
would require a significant increase in time and

work force available to each evaluation, becoming
the process expensive.

The use of stabilized genotypes in obtaining
estimates of r is essential. In some cases, it is
possible for a trait to be governed by distinct gene
sets and the genes are more or less active according
to the individual development state. Thus, the
inclusion of evaluations in early stage where there is
no full expression of the plant's genetic potential, or
in later evaluations where the forage shows a certain
senescence degree, the repeatability may be
underestimated. If the genotype at which the
measurements are taken is not stabilized, the
variation within individuals will include substantial
proportion of the variance of the interaction
genotype X temporary environment and the increase
in the number of measurements. This may reduce
the variation within individuals may not be
advantageous, because the additional variance may
be sufficient for neutralizing the reduction of the
component (MARTUSCELLO et al, 2007).

For the trait DML, the lowest coefficient of
repeatability was obtained when were correlated the
cuts 1 x 2,2 x 3 and 1 x 2 x 3 (Table 3), which was
probably due to the fact that, in the first three cuts,
the genotypes not were stabilized. In addition,
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stabilization may have undergone the effect of the
cultivars flowering time, since in the flowering
occurs greater accumulation of stem and,
consequently, direct effect of this accumulation on
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(MARTUSCELLO et al, 2007). In general, although
the regularity in behavior of the individuals in the
cuts 1, 2 and 3, the inclusion of data from these cuts
tends to decrease, suggesting that the exclusion of

the production of the evaluated variables the first three cuts data in future evaluations.

Table 3. Number of cuts and coefficients of repeatability (r) and determination (R, in %) obtained by
phenotypic stability using the method of principal components analysis from the correlation matrix
for dry mass of leaves, dry mass of stems and total dry mass (DML, DMS and DMT, respectively)
in P. maximum.

DML DMS TDM

Cut Number of harvests . R2 . R2 . R2

1 and 2 2 0.66 88 0.74 95 0.73 84

2 and 3 2 0.72 94 0.72 94 0.72 94

3and 4 2 0.77 87 0.74 95 0.12 22

4 and 5 2 0.99 99 0.84 91 0.74 95

S and 6 2 0.99 99 0.74 95 0.84 91

1,2and 3 3 0.52 76 0.59 81 0.39 65

2,3and 4 3 0.58 81 0.72 94 0.44 70

3,4and 5 3 0.87 95 0.72 94 0.53 77

4,5 and 6 3 0.99 99 0.74 95 0.72 94

1,2,3and 4 4 0.62 86 0.71 91 0.47 78

2,3,4and 5 4 0.68 90 0.69 90 0.57 84

3,4,5and 6 4 0.72 94 0.72 94 0.47 78

1,2,3,4and 5 5 0.69 92 0.78 95 0.58 88

2,3,4,5and 6 5 0.70 92 0.74 93 0.58 88

1,2,3,4,5and 6 6 0.72 94 0.78 95 0.61 90
CONCLUSIONS The exclusion of the first three cuts

promotes increase in coefficients of repeatability
and determination due to forage production
stabilization of P. maximum cultivars.

Seven harvests are necessary to discriminate
with 85% accuracy in P. maximum cultivars based
on the traits dry mass of leaves, dry mass of stems
and total dry mass.

RESUMO: A avaliagio do coeficiente de repetibilidade permite verificar se a superioridade ou a inferioridade
inicial de um individuo mantém-se ao longo das medi¢des, sendo importante para programas de melhoramento genético
com forrageiras. Assim, esta pesquisa teve como objetivo determinar o niimero minimo de cortes para a sele¢do com maior
eficiéncia e confiabilidade e para a estabilizacdo fenotipica de cultivares de P. maximum. O experimento foi conduzido
durante os meses de setembro de 2011 a outubro de 2012 na Universidade Estadual de Mato Grosso do Sul. Foram
utilizadas trés cultivares de P. maximum (Massai, Mombaca e Tanzania) para avaliagdo da massa seca das folhas, colmos e
total em seis cortes. A partir de destes cortes, estimou-se o coeficiente de repetibilidade pelos métodos da ANOVA,
componentes principais (matriz de correlacdo e covaridncia) e Andlise estrutural, bem como o nimero de cortes
necessdrios com base em coeficientes de determinacio pré-estabelecidos (0,80, 0,85, 0,90, 0,95 e 0,99). Sete cortes sdo
necessdrias para discriminar com precisdo de 85% cultivares de P. maximum com base nos caracteres massa seca de
folhas, colmos e total. A exclusdo das trés primeiras colheitas promove aumento da repetibilidade e determinacdo
coeficientes devido a estabilizacio da producdo de forragem de cultivares de P. maximum.

PALAVRAS-CHAVE: Confiabilidade. Precisdo experimental. Repetibilidade.
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