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ABSTRACT. Repeatability studies on fruit species are of great
importance to identify the minimum number of measurements necessary
to accurately select superior genotypes. This study aimed to identify
the most efficient method to estimate the repeatability coefficient (r)
and predict the minimum number of measurements needed for a more
accurate evaluation of soursop (4nnona muricata L.) genotypes based
on fruit yield. Sixteen measurements of fruit yield from 71 soursop
genotypes were carried out between 2000 and 2016. In order to
estimate r with the best accuracy, four procedures were used: analysis
of variance, principal component analysis based on the correlation
matrix, principal component analysis based on the phenotypic variance
and covariance matrix, and structural analysis based on the correlation
matrix. The minimum number of measurements needed to predict the
actual value of individuals was estimated. Principal component analysis
using the phenotypic variance and covariance matrix provided the most
accurate estimates of both r and the number of measurements required
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for accurate evaluation of fruit yield in soursop. Our results indicate that
selection of soursop genotypes with high fruit yield can be performed
based on the third and fourth measurements in the early years and/or
based on the eighth and ninth measurements at more advanced stages.
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INTRODUCTION

Soursop (Annona muricata L.) is a fruit tree species cultivated in tropical climates
that is adapted to different soils. Its trees can reach 10 m, but commercial crops are grown up
to 2.5 m height. Its main commercial product is its fruits, which are composed of 80% edible
pulp, 16% seeds, and 4% peduncle. They are consumed in natura and used for the cosmetics
production (Badrie and Schauss, 2010).

In research on perennial species, such as the soursop, several measurements of the trait
of interest over the course of the growth cycle are required to identify superior individuals.
In these studies, correct discrimination of genotypes depends on the evaluation conditions
and intensities that allow both precision (less dispersion) and accuracy (small bias between
the estimate and the parameter) of estimates. Appropriate dimensioning of the number of
measurements to be performed facilitates characterization of the genotypes more precisely and
several years may be necessary to measure trait expression manifested over time (Teodoro et al.,
2016). Dimensioning of the number of measurements to be performed using the repeatability
coefficient (r) is fundamental for perennial species. It provides an approximation of the
maximum value that the broad sense heritability of the trait of interest can have. In addition,
this information is also important to determine the shortest possible selection cycle, which has
a direct impact on the human and financial resources of the research (Cruz et al., 2012).

Dimensioning the number of measurements has been performed for several perennial
crops, such as acerola (Lopes et al., 2001), guava (Degenhardt et al., 2002), araga and pitanga
(Danner et al., 2010), peach (Della Bruna et al., 2012), sweet orange (da Silva Negreiros et al.,
2014), banana (Lessa et al., 2014), and jatropha (Teodoro et al., 2016). However, there are no
reports in the literature on the number of measurements needed to evaluate fruit yield in soursop.
This study aimed to identify the most efficient method to estimate r and to predict the minimum
number of measurements needed for accurate evaluation of soursop genotypes based on fruit yield.

MATERIAL AND METHODS

The trials were carried out at campus Halcones Farm, in Cerritos, Risaralda, Colombia
(4°48'48.00"N, 75°42'58.63"W, at approximately 1345 m altitude) (WGS 84). The climate in
the region, according to Kdppen’s classification, is AF, with scattered rainfall throughout the
year, average and minimum temperatures of 23 and 18°C, respectively, an annual rainfall of
2100 mm, and a relative humidity around 75%. Planting was carried out using 8 x 8 m spacing,
using a completely randomized experimental design. The cultivation was conducted without
irrigation and the other cultural practices were carried out according to the recommended
cultural management for soursop.

Fruit yield was measured 16 times in 71 soursop genotypes between the years 2000 and
2016. In order to better estimate r, four procedures were used: analysis of variance (ANOVA),
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principal component analysis based on the correlation matrix (CPCOR), principal component
analysis based on the phenotypic variance and covariance matrix (CPCOV), and structural
analysis based on the correlation matrix (mean r - AECOR).

Data were tested using ANOVA, where the statistical model adopted considered two
factors of variation according to Equation 1:

Yij =p+g; +a;+g; (Equation 1)

where Yij is the observation for the i-th genotype for the j-th measurement; p is the overall
mean; g is the fixed effect of the i-th genotype in the permanent environment; a, is the fixed
effect of the temporary environment for the j-th measurement; and ¢, is the experimental
error established by the temporary effects of the environment at the j-th measurement of the
i-th progeny. The genotypes were clustered using the Scott and Knott test at a 5% probability
according to their respective average fruit yield over the 16 years of evaluation, as well as
based on the fruit yield obtained each year.

Based on the ANOVA, estimates of the mean squared of the measurements, mean
squared of genotypes (MS)), mean squared error (MS,), and F-test value for the genotype
were obtained. Then, the r was estimated following Equation 2:

L MS,-Ms,
MS, +(-1)MS,

(Equation 2)

where 1) is the number of measurements performed.

The CPCOR method consists of obtaining a correlation matrix between the progenies
for each pair of measurements. From this correlation matrix, the eigenvalues and their
associated normalized eigenvectors are determined. The eigenvector, whose elements have the
same sign and approximate magnitudes, is the one that expresses the tendency of the genotypes
to maintain, over the years, their relative positions in relation to the others (Abeywardena,
1972). For this method, r is given by Equation 3:

r= (Equation 3)
n-1
where 711 is the eigenvalue of the covariance (I") or correlation matrix (ﬁ).
For the CPCOV method, r is given by Equation 4:
A =6y |
r=——— (Equation 4)
62 —(n-1)

where 6% is the phenotypic variance (Cruz et al., 2012). Obtaining r using the AECOR method
presents only conceptual differences in relation to the above mentioned methods that are based
on principal components. Based on the AECOR method, r is given by Equation 5:
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r=—— (Equation 5)

in which @ is the eigenvector associated with the highest R eigenvalue (Mansour et al., 1981).

The minimum number of measurements required to predict the actual value of
individuals (n) was determined based on a pre-established (80 and 85%) coefficient of
determination (R?) using Equation 6:

_ R?(1-r)

(Equation 6)
(1-R>r

where r is obtained according to either of the different methods mentioned above (Cruz et al.,

2012). The genotypic R?, which represents the percentage of certainty for predicting the actual

progenies value based on 1, was obtained by Equation 7:

nxr

= Equation 7
I+r(m—1) (Fa )
For a better interpretation of the results, the number of measurements associated
with different R? for fruit yield in soursop obtained from each proposed methodology was
represented graphically. An intraclass correlation network was used to graphically express the
functional relationship between the 16 measurements of fruit yield, in which the proximity
between the nodes (traces) is proportional to the absolute value of the correlation (rij) between
these nodes. The thickness of the edges was controlled by a cutoff value of 0.60, which means
that only edges with | r, | > 0.60 are highlighted. The statistical data analyses were performed
using Genes (Cruz, 2013) and Microsoft Excel®.

RESULTS AND DISCUSSION

In order to verify the genetic variability of fruit yield evaluated in 71 soursop
genotypes during 16 years, an ANOVA was performed. The significant effect of genotype
indicates that there is genetic variability in the population and, therefore, it is possible to select
soursop genotypes with high fruit yield (Table 1). The F-test revealed a significant effect of
measurement, indicating that changes in genotype means occurred over time. These results
highlight the need to study the minimum number of measurements needed to select superior
soursop genotypes for fruit yield.

The Scott and Knott cluster test divided the 71 soursop genotypes into five
homogeneous groups with respect to fruit yield (Table 2). Group I consisted of genotypes 59,
124, and 45, characterized by the highest measurement mean. Group II contained genotypes
1,10, 15,24,47,79, 81, and 179, which also showed relatively high measurement means. The
aim of the soursop breeding program is to select genotypes with the highest performance and
genetic diversity to participate in crosses to obtain segregating populations. The results found
in this study suggest that crosses between individuals from Groups I and II can contribute to
generate populations with high variability and mean for fruit yield.
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Table 1. Summary of ANOVA for fruit yield in 71 soursop genotypes over 16 measurements.

Source of variation Degrees of freedom Mean squared
Measurement 15 93,981.61*
Genotype 70 42,282.05*
Residue 1,050 4,388.99

*Significant at 1% probability based on F-test.

Table 2. Clustering based on a Scott and Knott test applied to fruit yield in 71 soursop genotypes over 16
measurements.

Group Genotypes Mean + standard deviation
I 59, 124, and 45 269.03 £ 12.56
11 1,10, 15,24, 47,79, 81, and 179 209.20 +£10.07
11 18,46, 51, 54, 77, 89, 125, and 126 173.39+10.44
v 2,12,16, 22,23, 36,40, 41, 42, 48, 53, 82, 90, 107, 116, 117, 118, 119, 120, 121, 122, 123, 129, 130, 129.57 £13.79
131, 132, 144, 166, 167, 168, and 169
\Y 3,11,19, 20, 21, 35, 38, 44, 49, 50, 52, 55, 57, 58, 78, 83, 115, 133, 135, 136, and 164 80.44 +13.39

Figure 1 shows that fruit yield was highest for measurements 3, 4, 13, and 14. These
results suggest a cyclical behavior among soursop genotypes for fruit yield and indicates
the need for caution when selecting superior genotypes based on this trait. Phenotypic
stabilization occurred between the sixth and eleventh measurements. This is important to
note because when a repeatability study is performed with genotypes not yet stabilized less
accurate estimates can be found. This could lead the researcher to believe that increasing the
number of measurements is the solution to the problem (Laviola et al., 2013). In some cases,
the absence of measurements in early stages, when there is no complete manifestation of the
genetic potential of the material studied, may increase the estimate of r.
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Figure 1. Means of fruit yield of 71 soursop genotypes at each measurement point. Bars marked with the same
lower case letter are not significantly different according to a Scott and Knott test at 5% probability.

Genetics and Molecular Research 16 (2): gmr16029594



C.F.B. Sanchez et al. 6

The estimates of r using the ANOVA were lower than those observed with the principal
components (CPCOV) technique but were close to those obtained using AECOR (Table 3). The
CPCOV provided the highest estimate of r, which resulted in a lower number of measurements
needed to identify superior soursop genotypes (Figure 2). Based on this methodology, six
measurements are required to predict the actual value of soursop genotypes with a minimum
accuracy of 80% (Table S1). The other methods used, suggested that seven measurements
were required for a predictability of 80%. As the R? increases, CPCOV becomes even more
efficient, indicating a need for an even smaller number of measurements compared to the other
techniques.

Table 3. Estimates of repeatability coefficient (r) and coefficient of determination (R?) for fruit yield in 71
soursop genotypes over 16 measurements.

Method r R?
Analysis of variance 0.3505 0.8962
Principal components - covariance (CPCOV) 0.3979 0.9136
Principal components - correlation (CPCOR) 0.3705 0.9034
Structural analysis - correlation 0.3566 0.8986
100 ANOYVA 100 Structural analysis — correlations
0 90
80 0
70 b
60 &0
= s 50
3
40 40
30 i
20 20
0 10
o 0
0 5 10 15 20 0 5 10 15 0
o Principal components — covariances 100 Principal components — correlations
0
o0
50 80
o m
= OO 60
]
& 5 L]
= k
40 40
30 an
0 20
10 10
[ o
0 5 15 20 o 5 ] 15 0
Measurements Measurements

Figure 2. Number of measurements associated with different coefficients of determination (R?) for fruit yield in
Soursop.
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That the factor measurement was significant suggests that the measurements can be
affected by regular, irregular or systematic physiological changes. This effect can vary in
different ways and intensities among soursop genotypes. The ANOVA does not allow for
isolating this factor because its effects are mixed with experimental error. This may lead to
an underestimation of the repeatability and an overestimation of the number of measurements
needed. In this case, the principal component method (CPCOV), which takes into account the
cyclical behavior of the trait, is better suited to estimate r with the highest accuracy. With this
technique, the eigenvector is the one that expresses the tendency of the progenies to maintain
their relative positions over time.

Similar results have been reported on other perennial fruit plants that also express
cyclical behavior, such as acerola (Lopes et al., 2001), guava (Degenhardt et al., 2002), araca
and pitanga (Danner et al., 2010), peach (Della Bruna et al., 2012), sweet orange (da Silva
Negreiros et al., 2014), and banana (Lessa et al., 2014), in which methodologies based on
principal components provided the highest estimates of r and R%. Thus, based on the results
obtained here and their consistency with previously published research, this method (CPCOV)
is recommended for future studies of soursop.

Based on the intraclass correlation network between the measurements over the years,
we found that the first three measurements (M1, M2, and M3) were similar to each other but
more distant from later measurements. This indicates that the most productive genotypes in the
first harvests tend to not keep their potential after the first few years (Figure 3). These results
are relevant for genetic breeding of soursop and indicate that early selection for increased fruit
yield should be avoided.

Figure 3. Intraclass correlation network among the 16 measurements (M 1-M16) taken for fruit yield in 71 soursop
genotypes.
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The largest association occurred between the eighth and ninth measurements (M8 and
M9) (Figure 3). The selection of soursop genotypes based on these measurements would allow
a predictability of 85.40% and an r of 0.7452 (Table S2). This situation would be ideal because
fruit yield is a quantitative trait determined by a large number of genes that can be expressed to
a greater or lesser degree based on the development stage of the genotypes. However, a greater
demand for time and labor would be necessary if the selection occurred at this stage. Alternatively,
an evaluation of genotypes at measurements 3 and 4 would promote a predictability of 82.76%,
associated with an r of 0.6915 (Table S2). These estimates are higher than the established
reliable limits (r > 0.40, R? > 0.75) proposed by Bergo et al. (2013) and Oliveira and Moura
(2010), respectively. Therefore, it is clear that the increase achieved between the fourth and ninth
measurement does not justify the expenditure of time and hand labor.
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