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Abstract — Few cultivars of papaya from the Formosa group are available to producers, and the
development of new genotypes is indispensable. Thus, the use of effective selection strategies
to obtain more productive cultivars and better quality fruits is also necessary. The aim of this
study was to select of half-sib families (HSF) of papaya using the methodology of mixed models.
Nineteen HSFs from the Incaper’s papaya breeding program were evaluated in a randomized
block design with five replicates and nine plants per plot. The selection was made based on fruit
mass (FM), pulp thickness (PT), soluble solids content in pulp (SS) and number of fruits (NF).
The genetic parameters and genotypic values were estimated by the REML/BLUP procedure. The
selected HSFs increased FM by 26.1%; the PT in 10.5%; the SS in 7.5% and; the NF in 13.0%.
The additive heritability within the progenies and the individual variation coefficient obtained
indicate that the selection between and within the HSFs can provide greater genetic gains. The
selection based on the REML/BLUP methodology was efficient to obtain simultaneous genetic
gains for all variables under study despite the negative correlation between them.

Index terms: Carica papaya L., REML/BLUP, genetic gain, genotypic values.

Selecao recorrente intrapopulacional via modelos
mistos em mamoeiro do grupo Formosa

Resumo — Poucas cultivares de mamoeiro do grupo Formosa estdo disponiveis aos produtores,
sendo imprescindivel o desenvolvimento de novos gendtipos. Assim, o emprego de estratégias
eficazes de selegdo para a obtencdo de cultivares mais produtivas e de frutos de melhor qualidade
se faz necessario. O objetivo deste estudo foi selecionar familias de meios-irmaos (HSF) de
mamoeiros utilizando a metodologia de modelos mistos. Foram avaliadas 19 FMIs oriundas do
programa de melhoramento do mamoeiro do Incaper, em delineamento de blocos ao acaso, com
cinco repeticdes e nove plantas por parcela. A sele¢@o foi realizada com base na massa do fruto
(FM), na espessura da polpa (PT), no teor de solidos soluveis na polpa (SS) e no nimero de frutos
(NF). Os parametros genéticos e os valores genotipicos foram estimados pelo procedimento
REML/Blup. As HSF selecionadas incrementaram a FM em 26,1%; a PT em 10,5%; o SS em
7,5%, e o NF em 13,0%. A herdabilidade aditiva dentro das progénies e o coeficiente de variagcdo
individual obtidos indicam que a selecdo entre e dentro das HSF podem proporcionar maiores
ganhos genéticos. A selecdo baseada na metodologia REML/Blup foi eficiente para obtengao de
ganhos genéticos simultdneos para todas as variaveis em estudo, a despeito da correlacdo negativa
existente entre elas.

Termos para indexacio: Carica papaya L., REML/Blup, ganho genético, valores genotipicos.
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Introduction

Brazil is the second largest producer and exporter
of papaya (Carica papaya L.) with cultivated area of
approximately 32 thousand hectares, production of about
1.6 million tons year "' and productivity around 50 t ha'!
(FAOSTAT, 2017). For the papaya tree there are two
heterotic groups - Solo and Formosa - that differ mainly
in relation to fruit size and commercial uses. The fruits
of papaya from the Formosa group weigh more than 1 kg
and are more used by the industry and hotel chain.

Despite the large area of production and
consumption, few cultivars of papaya from the Formosa
group are available to producers, which can cause the
genetic vulnerability of the crop, limiting its genetic
progress. Therefore, the development of new cultivars
can contribute to reduce this risk, besides increasing
productivity and improving the quality of papaya fruits.
This study will be facilitated by the use of efficient
methods of genetic parameters estimation and the selection
of genotypes of interest (PINTO et al., 2013).

Efficient selection of higher genotypes, which will
be used as parents in subsequent generations, is even
more important in perennial or semi-perennial species
(FERREIRA etal., 2016). As the life cycle of these species
is long, inadequate selection can harm the work done
over the years. A safe way to identify genetic material
with characteristics of interest is the evaluation based on
genotypic values, which has additive nature and greater
accuracy (RAMOS et al., 2014). These estimates can
be obtained using mixed linear models of the restricted
maximum likelihood / best linear unbiased prediction
(REML/BLUP).

BLUP is a selection procedure that allows the
optimization of genetic additives effects, of dominance
or genotypic. Thus, the BLUP maximizes the selective
accuracy and allows the simultaneous use of several
sources of information, such as those of experiments
installed in one or several places, the degree of kinship of
the individuals under selection and the coincidence between
the selection and recombination unit. For the application
of BLUP it is necessary to estimate some components of
variance and genetic parameters. The REML is the optimal
procedure to obtain these components, surpassing the
analysis of variance for unbalanced data or non-orthogonal
treatments (RESENDE, 2016).

The selection based on genotypic values obtained
through REML/BLUP has deserved special attention
from the researchers and are used for annual species
(VITTORAZZI et al., 2017), forest (HARDNER et al.,
2016) and fruit species, such as for yellow passion fruit
(FERREIRA, et al., 2016; SILVA, et al., 2017) and for
guava (QUINTAL et al., 2017). For the papaya from the
group Solo, Pinto et al. (2013) and Ramos et al. (2014)
concluded that the genotypic values predicted by the

mixed models are more efficient than the phenotypic
values in the selection of individuals of interest. However,
for the papaya of the Formosa group, the selection studies
are scarce using the methodology of the mixed models.

In view of the above, the objective was to use the
mixed model methodology to select half-sib families
(HSF) of papaya from the Formosa group, based on
production and fruit quality characters.

Material and methods

The experiment was installed in the municipality
of Sooretama (19°03° S; 40°08° W), north of the State
of Espirito Santo, one of the main producing regions of
papaya in the state. The climate of the region is classified
as tropical with dry season (classification of K&ppen:
Aw). During the execution of the experiment, between
November 2015 and December 2016, the average air
temperature was 31°C, the average temperature range
was 15.8°C and the accumulated rainfall was 771.8 mm,
considered a time of great water deficit in the region
(INCAPER, 2017).

The 19 half-sib families (HSF) previously selected
from a population of the cultivar Rubi Incaper 511 (MELO
et al., 2015) were evaluated. The Instituto Capixaba de
Pesquisa, Assisténcia Técnica e Extensdo Rural (Incaper)
launched in 2010, the ‘Rubi Incaper 511°, being the
first open pollinating cultivar of the Formosa group
(CATTANEO et al., 2010). From this cultivar, a new phase
ofthe Incaper breeding program began to be developed in
2013, seeking to improve productivity, increase soluble
solids content, and reduce the incidence of diseases. For
the formation of the HSF studied, 150 plants were selected
based on the objectives of the breeding program. The
seeds of the selected plants, in which the female parental
was known and the male parental was the pollen mixture
of the population, formed the HSFs. These HSFs, in turn,
were selected by Melo et al. (2015). Given this, the HSFs
evaluated corresponded to a second selection cycle.

The seedlings were produced on Bioplant Plus®
commercial substrate. Transplanting was carried out
in November 2015 in a randomized block design, with
five blocks and nine plants per plot, of which five were
considered useful. As a border, it was used the ‘Rubi
Incaper 511°. Three seedlings were planted per hole and,
after the emergence of the flower buds, thinning was
done keeping only one hermaphrodite plant per hole.
The spacing used was 3.5 m x 2 m, keeping the lines
clean. The irrigation system used was drip irrigation and
cultural treatments were performed according to Martins
and Costa (2003).

For the purpose of selection, four variables were
used: fruit number (FN), fruit mass (FM), pulp thickness
(PT) and soluble solids content (SS). The number of fruits
was obtained by counting the commercial fruits harvested

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 3: (e-870)



Intrapopulation recurrent selection by mixed models in papaya of the formosa group 3

at 180 and 240 days. For the FM (in grams), the PT (in cm)
and the SS (in °Brix) it was calculated the means of the
evaluations realized in three fruits per useful plant, in stage
2 of maturation (15% of the surface of the yellow peel).

The genetic parameters were estimated using
the methodology of mixed models via REML/BLUP,
considering the statistical model y = Xr + Za + e, where:
y is the vector of phenotypic values; r is the vector of
the repetition effects (assumed as fixed) added to the
general mean; a is the vector of individual additive
genetic effects (assumed to be random); e is the vector of
errors or residues (random). Capital letters represent the
incidence matrices for these effects (RESENDE, 2000).
The following genetic parameters were estimated: general
mean of the experiment, ¢*: additive genetic variance;
hzmp: heritability of the average progeny; h* : additive
heritability within progenys; Ac . accuracy of progeny
selection; CV,: coefficient of individual additive genetic
variation (%); CVgp: coefficient of genetic variation
between progenies (%); CV.: coefficient of residual
variation (%); CV, = coefficient of relative variation; PEV:
variance of prediction error of genotypic values; and o,
standard deviation of the predicted genotypic value. The
equations of mixed models and the iterative estimators of
the variance components by REML via EM (Expectation-
Maximization) can be obtained in Resende (2000) and in
Ferreira et al. (2016).

For each variable, the progenies were ordered
according to the additive genetic effect and the genetic
gain, and later the new predicted averages were
calculated. The selection was applied considering several
characteristics simultaneously, so the HSF were selected
according to the criterion of being among the 10 best
progenies in at least three of the four variables studied.
The analyzes were carried out with the help of the Selegen
program (RESENDE, 2016).

Results and discussion

In its launch, the cultivar Rubi Incaper 511 had fruits
of 1,470 g, pulp thickness of 3 cm, soluble solids content
of 10.2 °Brix and 62.9 fruits per plant (CATTANEO et
al., 2010). In the present study, all variables evaluated
had averages lower than those reported by Cattaneo et al.
(2010) (Table 1). However, Barros et al. (2017) observed
that in the summer ‘Rubi Incaper 511’ had FM of 1,185 g
and PT of 2.84 cm and in winter FM was 1,456 g and PT
of'3.21 cm, evidencing the environmental interference in
the expression of these characteristics.

In a similar manner to the characteristics described
above, the soluble solids content was lower, as it is
influenced by temperature, precipitation, pest and disease
incidence, light exposure and fruit maturity at harvest
time (LUZ et al., 2015). Regarding the number of fruits,
only two harvests were considered in this study, aiming to

anticipate the selection process. Therefore, the NF of this
experiment does not reflect the total number of fruits of the
plant during the whole production period, justifying the
average lower than that reported by Cattaneo et al. (2010).

The average progeny heritability (hzmp) varied from
0.64 (NF) to 0.87 (FM). Already the additive heritability
within progenies (h’ ) was greater than h* for the four
analyzed variables (Table 1). This 1ndlcates that if the
selection is made between and within the progenies it may
provide better genetic gains. However, considering that
the selection between and within would provide a small
increase in genetic gain (maximum of 9%); it is necessary
to evaluate whether the financial and labor resources
needed to perform the evaluation at the individual level
would be compensatory.

For papaya from the Solo group, Pinto et al. (2013)
obtained h* from 0.28 for FM; 0.32 for PT and 0.05 for
SS, superior "to those obtained by individual heritability,
demonstrating family-based selection (progeny) would
result in greater genetic gain. On the other hand, in sour
passion fruit, Ferreira et al. (2016) obtained additive
heritability within the progenies superior to the average
heritability of progeny, in this case, in 65% for NF and
78% for FM, justifying, in this case, the selection between
and within the progenies. Nevertheless, the estimation of
heritability at different levels (family, individual, plot),
as well as the additive heritability, made possible by
the BLUP estimators, subsidize the choice of breeding
methods that will provide better genetic gains.

The accuracy of progeny selection corresponds
to the correlation between the genotypic value and the
phenotypic value estimated from the experimental data.
Because it is a correlation, the accuracy varies from 0
to 1, and the closer to the unit, the greater accuracy in
access to real genetic variation (RESENDE; DUARTE,
2007). According to Resende and Duarte (2007), values
of accuracy above 70% are considered high and should be
sought by breeders, since they indicate greater precision
in access to genotypic variation from the phenotypic
variation observed in the field. In this experiment, the
accuracy values obtained were higher than 0.80 for all
characteristics evaluated (Table 1).

The coefficients of individual additive genetic
variation (CVgi) and the coefficient of genetic variation
between progenies (CVgp) indicated the incremental
potential that can be obtained through selection, because
the higher the coefficient of genetic variation, the greater
the variability among the evaluated materials (FERREIRA
et al., 2016). In this study, the CV ifor all the variables
under study was higher than CV 1ndicating that there is
greater variability among than w1th1n progenies (Table
1). Similar proportions were obtained for the sour passion
fruit by Ferreira et al. (2016), which indicated that genetic
variation can be masked by environmental variations,
being a reliable alternative the evaluation by the coefficient
of variation (CV)).
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The CV_ is equivalent to the variation index and
refers to the magnitude of the relation between the CV,
and CV_. According to Resende and Duarte (2007), values
of CV_equal to 1.0 are adequate to provide inferences
with greater precision. In this study, were obtained values
of CV, in between 0.59 (NF) and 1.15 (MF), higher than
those obtained by Pinto et al. (2013), however, lower than

those published by Ramos et al. (2014). For Ferreira et al.
(2016), CV, above 0.50 may provide genetic gains, since
they indicate a greater proportion of the genetic variation,
thus, for all characteristics evaluated, favorable conditions
for selection (Table 1).

Table 1. Estimates of genetic parameters obtained from 19 families of papaya half-sibs from the Formosa group for
fruit mass (FM), pulp thickness (PT), soluble solids content (SS) and number of fruits (NF).

Variables General average! o’ h b Ac  CV_(%) CV_(%) CV (%) CV_  PEV o,
FM (g) 1,158.64 107,180.45 0.87 0.89 0.93 28.26 14.13 12.31 1.15 3,532.23 59.43
PT (cm) 2.76 0.08 0.77 0.82 0.88 10.31 5.16 632 082 0.00 0.07
SS (°Brix) 9.02 1.41 0.72 0.80 0.85 13.18 6.59 924 071 0.10 0.32
NF 29.53 58.90 0.64 0.69 080 25.98 1299 2195 0.59 535 231

! overall mean of the experiment; o’ : additive genetic variance; hzmp: heritability of the average progeny; h* : additive heritability within
progeny; Ac_ - accuracy of progeny selection; CV (%): coefficient of individual additive genetic variation; CV_ (%): coefficient of genetic
variation among progenies; CV, (%): coefficient of residual variation; CV = coefficient of relative variation; PEV: standard deviation of predicted

genotypic value; og: variance of the prediction error of genotypic values.

According to Resende and Duarte (2007) the
REML/BLUP methodology provides the ordering of the
potential genotypes for selection considering each variable
analyzed separately. However, the selection is more
effective when performed based on several characteristics
at the same time (LEITE et al., 2016). It was observed that
the ordering of half-sib families (HSF) was different for
all the traits studied, which makes it difficult to combine
selection. Faced with this, it was chosen to select HSF
that were classified among the 10 best families in at least
three characteristics studied. Thus, these families were
selected 113; 120; 408; 426; 438; 497; 695; and 697,
which provided gains of 26.08% for FM; 10.51% for PT;
7.54% for SS and 12.97% for NF (Tables 2, 3, 4 and 5,
respectively). Similar strategy was applied by Ferreira et
al. (2016) in sour passion fruit that obtained approximately
equal increments for number and mass of fruits.

Among the 19 half-sib families studied, twelve
(63.12%) had positive additive genetic effects on the
fruit mass (Table 2). The selected HSF provided a new
average of 1,460.85 g, or an increase of 302.21 g on the
average of the experiment. For PT, only nine families had
a positive genetic effect; however, the selected HSF still
provided an increase of 10.51% or 0.29 cm (Table 3). For
this variable, the eight HSFs selected were among the top
10 HSF. The selection practiced for FM and PT provided
that the means of these variables recovered the original
values of ‘Rubi Incaper 511’ (CATTANEO et al., 2010).
If practiced properly, only with new selection cycles,
exploring the effect between and within families, it will
be possible to obtain real gains for these characteristics.

For the soluble solids content, the selected families
provided an increase of 0.68 °Brix (7.54%), obtaining a
mean of 9.70 °Brix (Table 4). Ramos et al. (2014), testing
different selection methods in papaya from the Solo group,
obtained a selection gain of 5.3% for the soluble solids
content, however, with a mean of 11.90 °Brix. In general,
genotypes of the Formosa group have lower SS in the
fruits when compared to those in the Solo group (LUZ et
al., 2015, REIS et al; 2015), which explains the observed
difference. Thus, obtaining gains of this magnitude in
only one selection cycle indicates good possibilities for
SS increment in future selection steps.

For the number of fruits, only four families selected
were among the 10 HSF best classified for the additive
genetic effect, however, there was an increase of 3.83 fruits
or 12.97% (Table 5). According to Oliveira et al. (2010),
the number of fruits has negative correlation with FM,
SS and PT. Thus, it was expected that the family ordering
would be contrasting for this characteristic. Oliveira et
al. (2010) also emphasized that the number of fruits is
an essential production component to be considered in
the selection of papaya genotypes due to their economic
impact on the producer. However, due to its complex nature
and negative correlations with other variables of interest,
this process is difficult. Thus, selection involving this
characteristic requires methodologies capable of providing
genetic gains in spite of their negative interrelationship
with other variables of interest. The results obtained in
this study indicated the efficiency of the methodology
of the mixed models by REML/BLUP in the selection
of papayas genotypes with higher NF without reducing
FM, SS and PT.
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Table 2. Ordering by average components of 19 families of half-sibs (HSF) of papaya from the Formosa group, selected
families (in bold) and increment for fruit mass (FM), considering selected HSF.

Order HSF  Additive Genetic Effect  Genetic Gain (g) New HSF Average (g)

1 498 525.69 525.69 1,68434
2 609 427.76 476.73 1,635.37
3 113 261.07 404.84 1,563.49
4 438 250.31 366.21 1,524.85
5 426 233.99 339.77 1,498.41
6 695 204.12 317.16 1,475.80
7 497 122.17 289.30 1,447.94
8 408 107.93 266.63 1,425.27
9 70 72.51 245.06 1,403.70
10 697 52.02 225.76 1,384.40
11 120 30.83 208.04 1,366.68
12 327 5.48 191.16 1,349.80
13 400 -121.27 167.12 1,325.77
14 591 -147.66 144.64 1,303.28
15 511 -224.76 120.01 1,278.66
16 119 -313.31 92.93 1,251.57
17 307 -379.64 65.13 1,223.77
18 179 -481.04 34.79 1,193.43
19 463 -626.20 0.00 1,158.64
HSF selected 302.21 1,460.85
Increment (%) 26.08

Table 3. Ordering by average components of 19 families of half-sibs (HSF) of papaya from the Formosa group, selected
families (in bold) and increment for pulp thickness (PT) considering the selected HSF.

Order HSF  Additive Genetic Effect Genetic Gain (cm) New HSF Average (cm)

1 697 0.36 0.36 3.12
2 120 0.35 0.36 3.12
3 438 0.29 0.33 3.09
4 609 0.28 0.32 3.08
5 695 0.22 0.30 3.06
6 113 0.17 0.28 3.04
7 408 0.17 0.26 3.02
8 426 0.07 0.24 3.00
9 511 0.00 0.21 2.97
10 497 -0.02 0.19 2.95
11 327 -0.03 0.17 2.93
12 591 -0.04 0.15 291
13 498 -0.09 0.13 2.89
14 70 -012 0.12 2.88
15 119 -0.21 0.09 2.85
16 400 -0.23 0.07 2.83
17 463 -0.33 0.05 2.81
18 307 -0.36 0.03 2.79
19 179 -0.48 0.00 2.76
HSF selected 0.29 3.05
Increment (%) 10.51

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 3: (e-870)



6 S. O. Moreira et al.

Table 4. Ordering by average components of 19 half-sibs families (HSF) of papaya from the Formosa group, selected
families (in bold) and increment to soluble solids (SS) content considering the selected HSFs.

Order HSF Additive Genetic Effect Genetic Gain New HSF Average

(in °Brix) (in °Brix)
1 463 2.31 2.31 11.33
2 179 1.80 2.05 11.07
3 119 1.42 1.84 10.86
4 70 0.67 1.55 10.57
5 120 0.38 1.31 10.33
6 327 0.20 1.13 10.15
7 426 0.18 0.99 10.01
8 438 0.17 0.89 9.91
9 697 0.02 0.79 9.81
10 113 -0.13 0.70 9.72
11 609 -0.19 0.62 9.64
12 307 -0.49 0.53 9.55
13 408 -0.57 0.44 9.46
14 511 -0.59 0.37 9.39
15 498 -0.65 0.30 9.32
16 695 -0.80 0.23 9.25
17 591 -0.82 0.17 9.19
18 497 -1.24 0.09 9.11
19 400 -1.66 0.00 9.02
HSF selected 0.68 9.70
Increment (%) 7.54

Table 5. Ordering by average components of 19 half-sibs families (HSF) of papaya from the Formosa group, selected
families (in bold) and increment for number of fruits (NF) considering the selected HSF.

Order HSF Additive Genetic Effect Genetic Gain New HSF Average

1 591 11.39 11.39 40.93
2 120 6.80 9.09 38.63
3 463 5.51 7.90 37.44
4 497 498 7.17 36.70
5 511 4.49 6.63 36.17
6 400 4.18 6.23 35.76
7 119 3.71 5.87 35.40
8 408 2.04 5.39 34.92
9 327 1.19 4.92 34.46
10 695 0.97 4.52 34.06
11 307 0.07 4.12 33.65
12 70 -0.93 3.70 33.23
13 179 -1.88 3.27 32.80
14 498 -3.58 2.78 32.32
15 438 -5.14 2.25 31.79
16 609 -5.23 1.79 31.32
17 113 -5.44 1.36 30.90
18 426 -8.57 0.81 30.34
19 697 -14.55 0.00 29.53
HSF selected 3.83 33.36
Increment (%) 12.97
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Conclusions

The REML/BLUP methodology is efficient in identifying
the papaya genotypes of the Formosa group to be selected in
order to obtain greater mass and number of fruits, pulp thickness
and soluble solids content.

Due to the greater additive heritability within the
progenies and the individual variation coefficient, the selection
practiced between and within the half-sib families could provide
greater genetic gains when compared to the selection based on
the average of the progenies.
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