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Abstract - Several traits must be observed in the selection of sour passion fruit progenies. For
such, selection indices could be used for gradually increasing the frequency of favorable genotypes
for the set of the traits of interest. This study aimed to compare parametric and non-parametric
selection indices to be used in the selection of passion fruit progenies and identify the best economic
weights. Thus, 118 full-sib families and three controls were assessed for days regarding flowering,
productivity in kg ha'! year, fruit mass in g, number of fruits, average length of fruits in mm,
average fruit diameter in mm, fruit shape, average shell thickness in mm, pulp yield, pulp color,
total soluble solids, titratable acidity and SS/ATT ratio. The non-parametric selection indexes
used to obtain genetic gains were Mulamba and Mock, genotype-ideotype distance, multiplicative
and Elston. Smith and Hazel, Williams and Pesek and Baker parametric indexes were used, with
different economic weights attributed. The Mulamba and Mock, genotype-ideotype distance non-
parametric selection indexes and the Williams parametric index showed satisfactory and balanced
gains. The genetic variation coefficient, genetic standard deviation and random weight economic
weights provided higher gains for non-parametric selection indexes. Similar gains were obtained
for parametric indexes, regardless of assigned weight, except for Pesek and Baker, whose genetic
standard deviation provided the highest gain.

Index terms: Genetic gains, recurrent selection, Passiflora edulis.

Indices paramétricos e nao paramétricos aplicados na
selecao de progénies de maracujazeiro-azedo

Resumo — Na selecdo de progénies de maracujazeiro-azedo, varias caracteristicas devem ser
observadas. Uma alternativa € o uso de indices de sele¢ao que visem a melhorar gradativamente as
frequéncias de genotipos favoraveis para o conjunto de caracteristicas de interesse. O objetivo deste
trabalho foi comparar indices de selecdo paramétricos e ndo paramétricos na selecao de progénies
de maracujazeiro-azedo e identificar os melhores pesos econdomicos. Desta forma, 118 familias de
irmdos completos e trés testemunhas foram avaliadas para dias para o florescimento, produtividade
em kg ha' ano, massa de frutos em g, nimero de frutos, comprimento médio dos frutos em mm,
diametro médio de frutos em mm, formato de fruto, espessura média de casca em mm, rendimento
de polpa, coloragdo da polpa, teor de s6lidos soltiveis totais, acidez total titulavel e ratio. Os indices
de seleg¢ao nao paramétricos empregados para a obtencao dos ganhos genéticos foram Mulamba
e Mock, distancia gendtipo idedtipo, multiplicativo e Elston, e os indices paramétricos foram de
Smith e Hazel, Williams e Pesek e Baker, com a atribuigdo de diferentes pesos economicos. Os
indices de selegdo ndo paramétricos de Mulamba e Mock, distancia genotipo ideotipo e o indice
paramétrico de Williams apresentaram ganhos satisfatérios e equilibrados. Os pesos econdmicos
coeficiente de variagao genético, desvio-padrao genético e peso aleatério proporcionaram maiores
ganhos para os indices de selecdo nao paramétricos; para os indices paramétricos, os ganhos foram
semelhantes, independentemente do peso atribuido, exceto para o indice de Pesek e Baker, em
que o desvio-padrao genético proporcionou o maior ganho.

Termos para indexacio: Ganhos genéticos, sele¢do recorrente, Passiflora edulis.
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Introduction

Intra-population recurrent selection has been
applied in passion fruit genetic breeding (GONCALVES
et al., 2007; KRAUSE et al., 2012). One of its steps
is the selection of progenies. At that stage, in addition
to productivity, several fruit physical and chemical
characteristics important for the fresh market and
industry (MEDEIROS et al., 2009; ABREU et al., 2009;
FERREIRA et al., 2010; GRECO et al., 2014) should be
considered for selection. Although the direct selection of
a trait is faster, easier and provides higher gain, it may
cause favorable or unfavorable changes in other traits
(CRUZ, 2000).

Thus, the use of selection indexes is a promising
alternative to obtain genotypes that bring together all
favorable traits simultaneously, present higher performance
and meet market demands (CRUZ et al., 2012). According
to Neves et al. (2011), the selection index is a multivariate
technique that combines information on the various traits
of agronomic interest with the genetic attributes of the
population evaluated. In the selection index theory, a
numerical value is obtained, which serves as an additional
character, resulting from the combination of certain traits
chosen for the performance of simultaneous selection.
Therefore, the gain for a certain trait is reduced, but this
reduction is compensated by the better distribution of gains
in the set of traits (CRUZ et al., 2014).

There are several selection indexes, which can be
classified into parametric and non-parametric. Genetic
gains for parametric selection indexes are obtained by
maximizing the correlation between the genotypic value
and the index, aiming to achieve maximum selection
efficiency and, particularly, gradual improvement of the
frequency of favorable genotypes to the set of important
traits (CRUZ, 2006). These indexes require matrixes of
variances and genetic and phenotypic covariances related
to the various traits evaluated. The classical Smith (1936)
and Hazel (1943), Pesek and Baker (1969) and Williams
(1962) stand out among indexes.

Non-parametric indexes, also known as non-
linear indexes, are aimed at the simple classification
of genotypes, and include those free of weights and
parameters (ELSTON, 1963), multiplicative (SUBANDI
et al., 1973), genotype-ideotype distance (CRUZ, 2006)
and rank of sums (MULAMBA and MOCK, 1978).
Several studies have demonstrated that the rank sum
index is the most suitable for simultaneous selection in
sour passion fruit (FREITAS etal., 2012; ROSADO et al.,
2012; ASSUNCAO et al., 2015).

In addition to indexes of variances and genetic and
phenotypic covariances, the economic weights of traits
assessed are necessary for the estimation of parametric
selection indexes. Economic weights are also used in some
non-parametric indexes, such as the genotype-ideotype
distance index (CRUZ, 2006) and the sum of ranks index
(MULAMBA and MOCK, 1978). Lin (1978) reported

that the use of economic weights affects the selection
gains, increases or decreases gains and its use is limiting
in selection indexes. Cruz (2006) suggests using data to
estimate economic weights, and the use of the genetic
variation coefficient is recommended. Several studies
on sour passion fruit growing have evaluated economic
weights using different selection indexes (OLIVEIRA et
al., 2008; NEVES et al., 2011; SILVA; VIANA, 2012).

Therefore, this study aimed to compare parametric
and non-parametric selection indexes in the selection
of sour passion fruit progenies and to identify the best
economic weights for these indexes.

Material And Methods

The experiment was conducted at the experimental
area of the State University of Mato Grosso, municipality
of Tangara da Serra, MT (14°39’latitude, and 57°25°
longitude and altitude of 321 m a.s.l.), with tropical climate
and well defined dry and rainy seasons, average annual
rainfall ranging from 1300 to 2000 mm year-', annual
temperature ranging from 16 to 36 ° C (MARTINS et al.,
2010). The soil is classified as Dystroferric Red Latosol
and the reliefis plan to slightly wavy (EMBRAPA, 2006).

Planting was carried out in September 2014,
arranged in a randomized block design, with three
replicates and three plants per plot, with spacing of 3.0
m between plants and 3.0 m between rows, so as to allow
the use of machinery within the experiment. A vertical
support structure was used to conduct plants, with 2.5 m
concrete posts, spacing of 6.0 m and flat wire number 12
at least 2.0 m from the ground. During the experiment,
manual pollination was performed twice a week. Manual
pollination was carried between noon and 05:00 pm,
in the period where flowers are open. With the aid of
fingers, pollen grains were transported from flowers of one
plant and to the flowers of another. At first, fingers were
impregnated with pollen from various flowers of various
plants. Then, with fingers full of pollen, the stigma of the
flower to be pollinated was firstly touched, and then the
pollen was removed from the anther of the same flower
and carried to the next flower where the same process was
conducted. Zig zag pollination was performed.

One hundred and eighteen full-sib families (FIC)
and three additional controls were assessed. One genotype
was obtained from the UNEMAT sour passion fruit
breeding program, called UNEMAT S30 population, as
well as FB 200 and BRS Rubi do Cerrado commercial
cultivars.

Trait productivity and number of fruits were
assessed only in the first year of cultivation as Cavalcante
(2015). The chemical and physical characteristics of fruits
were assessed from May to September 2015.

The following traits were assessed: days for
flowering (DFL), productivity (Prod) in kg ha™! year, fruit
mass (MF) in g, number of fruits (NF), average length of

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 1: (e-282)



Parametric and non-parametric indexes applied in the selection of sour passion fruit progenies 3

fruits in mm (CF), average fruit diameter in mm (DF), fruit
shape (FF), average shell thickness in mm (EC), pulp yield
(RP), pulp color (CP), total soluble solids (SS), titratable
acidity (ATT) and SS/ATT ratio.

Analysis of variance was performed for each
trait using the Genes software system (CRUZ, 2013)
and matrixes of averages and genotypic and phenotypic
covariances were generated. The mean square values
obtained through the analysis of variance were used to
estimate genetic parameters.

Selection was simultaneously conducted for NF,
Prod, MF, CF, DF, FF, RP, CP, SS and SS/ATT ratio traits
aiming at increase and for DFL, EC and ATT traits, aiming
at decrease.

Economic weights were the estimates of genetic
variation coefficient (CV ), genetic standard deviation
(DPg), heritability (h?) and random weights (PA). Random
weights 20, 100, 10 were used, respectively, for NF,
Prod and MF main traits. For the other traits, considered
secondary, value equal to 1 was adopted.

In the genotype-ideotype distance index (CRUZ,
2006), the selection limit established was the highest mean
of NF, Prod, MF, CF, DF, FF, RP, CP, SS and SS/ATT ratio
traits; and the lowest mean of DFL, EC and ATT traits.
The Elston index (1963) used the means of the traits under
analysis and the selection criterion for NF, Prod, MF, CF,
DF, FF, RP, CP, SS and SS/ATT ratio above k; and DFL,
EC and ATT below k. .

The rank sum index of Mulamba and Mock (1978)
involved the classification of genotypes for each of the
traits in an favorable order. Thus, we have: =3 p, 1;
where: I, = index of the i-th FIC; p. = economic weight
attributed to the j-th trait; r, = rank of the i-th FIC in the
j-th trait.

In the Elston’s index free of weight and parameter
(1963), the procedure was performed using the average
traits as the cutoff point, given by the expression:

= log JI]I (xij - kj) = log [x,- kl)(xi2 - kz) X = k)]

Where: [, = index free of weight and parameter in the i-th
FIC; x; = average1 -th FIC in the j-th trait; k, = the lowest

value accepted for selection: (k] _ Mminx)-mix "u) =the
n-1

FIC number, and min.x, and max.x; were, respectively,
the lowest and highest average trait j.

Multiplicative Subandi et al. index (1973) - this
index was calculated by the multiplication of standardized
values of each trait for each FIC, as follows: Where: Y,
= refers to the average trait j; kj =1, if the direct relation
of the index with the variable is considered; and kj =-1
if the inverse relation of the index with the variable is
considered.

The optimal values for each variable were defined for
the genotype-ideotype distance index (CRUZ, 2006),
as well as the range of values considered favorable for

fruit growing. Mean, maximum and minimum values
were calculated for each variable. X, was considered
as the average phenotypic value of the i-th genotype in
relation to the j-th trait and also the Y, value, which is the
mean phenotypic transformed value, and Cj is a constant
related to the depreciation of the mean genotype, since it
is not within standards desired by passion fruit growers.
Therefore, we have: LL = lower limit to be presented by
the genotype related to tralt J, according to standard desired
by passion fruit growers. LS. = higher limit to be presented
by the genotype; and VO, = optimal value to be presented
by the genotype under selection. If LL <X, <LS then Y,
=X,; IfX, <LI, Y, =X, +VO,~LL-C;IfX > LS, Y,
=X;t VOJ. - LSJ. +Cj. The procedure was considered Cj
= LSj — LIJ,. The Cj value guarantees that Xij value within
the interval variation around the optimal value resulted
in Y, value with magnitude close to the optimal value
(VOj), in opposition to X, values outside this interval.
Thus, X transformation was conducted to ensure the
depreciation of phenotypic values outside the interval. The
Y values obtained by the transformation were eventually
standardized and weighed by th weights attributed to each
trait, which provided Y, values according to the following

specifications: 7 Y5 where: S(Y,) = standard

Yi = Va5,

deviation of the mean phenotypic values and the economic

weight of traits. The calculation also demanded the

standardization and weighing of VO, as specified by.

v. = = Y9 Thevalues of the genotype -ideotype distance
g J S(‘1

index, expressed by the distances between genotypes and

the ideotype, were calculated as follows: .

Ipai =

Smith (1936) and Hazel (1943) classic index is
the linear combination of several traits of economic
importance, where the weighting coefficients are estimated
so as to maximize the correlation between the index
and the genotypic aggregate. The aggregate consisted
of another linear combination, including the genetic
values, which are weighed by the respective weighting
coefficients, estimated by the expression'

H=a gl+a2g2+ ag =>" ag=g’aand I=by +by, +
by =>" by =y’b, where: H = genotypic aggregate
or linear comblnation of unknown genotypic values; [ =
selection index to be estimated; n = number of traits in
the index; g’= vector (1 x n) of unknown genetic values
of n traits considered; y’ = vector (1 x n) of the means; a=
vector (n x 1) of economic weights (or values) previously
established by passion fruit growers; and b = vector (n x
1) of the weighting coefficient of the index. Let it be: P=
matrix (n x n) of phenotypic variances and covariances;
and G = matrix (n x n) of genetic covariances obtained at
the level of mean families. Thus, vector b was estimated
by: The expected gain in trait i when the selection was
performed on the index was expressed by: Ag. . =DS. h’.

jd JO
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For the index based on the desired gains (PESEK
and BAKER, 1969), the economic weights were replaced
by the desired gains for the trait. The construction of
the index involved knowledge on the expression of the
expected gain of various traits, given by: Ag Gbi/sl
Ag = gain estimated by the index; G = matrix of n X n
dimension of genetic variances and covariances among
traits; b = vector of 1 x n dimension of the weighting
coefficients of the selection index to be estimated; i =
selection differential in standard deviation units of the
index [; I = standard deviation of index I. By replacing
Ag by Agd, which was the vector of desired gains, and
estimating b by the expression, b=G'A , 6l/i where: ol/i
does not affect the proportionality of b , it is possible
to estimate b simply by using: , where: b = estimate; =
Vector of desired gains.

The base index of Williams (1962) was used to
estimate an index given by the linear combination of the
average phenotypic values of traits, which were directly
weighted by their respective economic weight, that is,
the following index was used as the selection criterion:
H=aytayt..ay =>" ay=y , where: y = average
j-th trait for certain individual or family; and a = economic
weight attributed by the user to the j-th trait.

The estimates of gains per selection obtained by
using selection indexes were based on the selection 0f25%
of families. The best 30 full-sib families were selected. The
analyses of the non-parametric and parametric selection
indexes were performed using the Gene software system
(CRUZ, 2013).

The coincidence index was carried out for the
30 FIC selected by selection indexes. The Hamblin and
Zimmermann (1986) method was used to estimate the
coincidence index, by the expression: [ _ g <100,

, where: A = is the number of FIC that coincides in two
selection indexes; B = is the number of selected FIC, in
this case, 30; and C = number of coincidences attributed
to randomness; in this case, 10% of B was adopted.

Results and Discussion

The evaluation of PA (random weight), h?
(heritability), Cv, (genetic variation coefficient) and DP,
(genetic standard deviation) economic weights for the non-
parametric selection indexes sum of ranks of Mulamba and
Mock (MM) and genotype-ideotype distance index (DGI)
showed that PA and DP, provided higher and balanced
gains for both selection indexes (Table 1). It was observed
that PA provided gains of 16.27 and 13.99% for NF and
Prod traits, respectively, in the Mulamba and Mock index.
On the other hand, PA obtained gains of 15.97 and 13.94%
for NF and Prod, respectively, in the genotype-ideotype
distance index. It means that there was little variation in
gains among indexes, given the same weight.

Oliveira et al. (2008) observed the highest gains in
sour passion fruit in the DGI index for fruit weight, pulp

yield, fruit length, fruit width, fruit shape and number of
fruit per plant traits when random weights of 2, 1, 1, 1, 1,
2, respectively, were assigned. Neves et al. (2011) adopted
the genetic standard deviation, female genetic variation
coefficient, ratio between female genetic variation and
experimental variation coefficient for the MM index
values as economic weights. However, the weights
randomly obtained by attempts provided the satisfactory
total gains.

Economic weights h?, CVg and DPg presented the
highest gain for NF trait, 16.73%. Prod trait obtained
gain of 13.97% using PA (Table 1), when the parametric
Williams selection index (WI) was used. However, it
was also observed that, for WI index, gains were similar
to main traits, NF and Prod, considering the different
economic weights. With the use of PA, in addition to
considerable gains for NF (16.60%) and Prod (13.97%)
traits, MF trait stood out for its stability in relation to the
other economic weights, which obtained negative gains.

Economic weights PA, h?, CVg and DPg attributed
to the parametric selection index of Smith and Hazel
(SH) showed similar gains. It must be highlighted that,
for h? and Cv,, the gains obtained in traits assessed were
the same (Table 1). Regarding EC trait, where selection
is performed for reduction purposes, when all economic
weights were used in the SH index, gains were negative,
since it is a desirable gain for sour passion fruit growing
for providing higher pulp yield.

In the attribution of all economic weights in the
parametric selection index of Pesek and Baker (PB), gains
were negative for NF and Prod traits, except when DP was
used with genetic gains for NF (4.83%) and Prod (3. 37%)
In addition, for DP , traits presenting predicted genetic
gains favorable to sour passion fruit growing did not reach
desired levels. Similar gains were also observed when h?
and CVv, values were used as economic weights. Therefore,
the use of this index in association with economic weights
did not provide desirable gains for the traits studied.

Silva and Viana (2012) used the PB ratio in passion
fruit, and CVg, h?, in addition to the random weight (1, 200,
200,200, 1, 1, 1,200, 1000, 1000, 1000) were attributed as
economic weights for number of days for flowering, fruit
weight, fruit length, fruit width, shell thickness, content
of total soluble solids, pulp color, pulp weight, total
number of fruits, total production, average fruit weight
traits, respectively. These authors also observed negative
genetic gains in almost all traits. Oliveira et al. (2008)
obtained gains only for pulp yield trait for sour passion
fruit, when the PB selection index was used, considering
the genotypic standard deviation as economic weight. The
results found by these authors corroborate those obtained
in the present work.

Thus, it was observed that the economic weights
applied in this work provided different gains in each
selection index, which may contribute to increase selection
gain. It demonstrates the need for using the appropriate
economic weight in association with selection indexes.
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The MM, DGI, IM and EL non-parametric selection
indexes showed positive gains, mainly for MM and DGI,
which met the objectives of this work and reached gains of
16.27% and 16.73% for NF trait, and 13.94% and 13.99%
for Prod, respectively (Table 1). The IM and EL indexes
show little flexibility because they do not use economic
weights. However, they showed positive gains for the
main traits; (15.63%) and (9.10%) for NF; and (13.30%)
and (8.44%) for Prod, respectively (Table 1).

For SH, WI and PB parametric selection indexes,
different results were achieved in gains. W1 achieved the
highest gain for NF and Prod traits, 16.73% and 13.97%,
respectively. The SH index showed median positive
gains, 12.65% for NF and 8.66% for Prod. The PB index
obtained negative or little significant gains in the main
traits of interest.

The selection indexes used showed different
principles for obtaining gains. Thus, the non-parametric
selection indexes sum of ranks of Mulamba and Mock and
genotype-ideotype distance and the parametric selection
index of Williams showed satisfactory gains and were
considered viable in the simultaneous improvement of
various traits and suitable for the selection of sour passion
fruit progenies via recurrent selection.

Gongalves et al. (2007) selected sour passion fruit
progenies and found that the Mulamba and Mock selection
index provided better results when compared to the other
indexes. Krause et al. (2012) selected superior progenies
from the sour passion fruit intrapopulation breeding
program and observed positive genetic gains using the

Mulamba and Mock selection index. Silva and Viana
(2012) assessed MM and DGI non-parametric indexes
and the Smith and Hazel and Pesek and Baker parametric
indexes. They found that the predicted percentage gains for
the MM selection index showed the best gains for number
of fruits, total production and average fruit weight traits,
simultaneously. However, Neves et al. (2011) compared
different selection indexes to optimize gains from the
simultaneous selection of sour passion fruit traits and
concluded that the results were satisfactory for the Smith
and Hazel, Pesek and Baker and Williams indexes.

Among the 30 FIC selected by the selection
indexes, the highest coincidence was observed among
(MM DP x DGI DP WI h?, WI CVg and WI DPg) (DGI
DP, WI 12, WI CV, and WI DP )- (SHh>x SHCV) and
(PB h?x PB Cv ) 1ndexes whlch account for 100% (Table
2). However, the lowest coincidence in the reported
indexes was 0% (MM DPg x PB PA) and (WI h?, WI CVg
and WI DP_ x PB PA) (Table 2).

The Elston index was not submitted to assessment
in the coincidence index because the methodology
selected only three FIC. The same was observed by
Rosado et al. (2012) while selecting 20% of sour passion
fruit progenies. The difference in the number of families
selected is explained by the fact that the Elston index is
multiplicative, and assigns zero to the highest or lowest
multiplicative index from the cutoff point according to the
selection orientation (ROSADO et al., 2012). According
to Pedrozo et al. (2009), the higher the coincidence index
between two indexes, the higher the agreement of the

Table 1.Estimates of percentage gains via non-parametric and parametric selection indexes of days for flowering
(DFL), number of fruits (NF), productivity (Prod), fruit mass (MF), fruit length (CF) fruit diameter (DF), fruit shape
(FF), shell thickness (EC), pulp yield (RP), pulp color (CP), soluble solids (SS), total titratable acidity (TTA) and
ratio traits of 118 full-sib sour passion fruit families. Tangara da Serra -MT, 2015

Selection gain (%)

Selection Economic

Index?  weighty DFL NF Prod MF CF DF FF EC RP CP SS  ATT Ratio
Days unha'! kgha! g  ------ mm---- CF/DF mm % °Brix g 100 mL"!
Non-parametric Selection Indexes
MM PA -4.67 1627 1399 0.23 -1.20 -0.29 -0.61 0.59 1.11 0.16 0.19  0.70  0.03
MM h? -2.32 411 4.61 0.65 180 0.13 1.34 -035 229 0.12 030 -2.51 3.62
MM CVg -4.96 15.77 13.16 -0.16 -1.22 -0.25 -0.69 -0.13 1.24 0.13 022 -0.61 1.53
MM DP,~ -445 16.73 13.59 -040 -133 -0.39 -0.55 0.51 1.73 0.14 0.11 0.49 -0.11
DGI PA -4.50 1597 1394 035 -1.04 -0.20 -0.61 0.59 130 0.15 0.12 0.75 -0.35
DGI h? -2.07 370 4.09 046 194 0.06 1.60 -0.87 1.93 0.09 028 -236 3.39
DGI Cv, -459 1482 1278 021 -1.06 -0.23 -0.59 -0.34 120 0.08 027 -0.84 1.96
DGI DP ~ -445 16.73 13.59 -040 -133 -0.39 -0.55 0.51 1.73 0.14 0.11 0.49 -0.11
M D/l -4.70 15.63 13.30 0.12 -1.29 -0.38 -0.55 -0.47 1.50 0.10 0.24 -0.30 1.33
EL MED 230 9.10 844 0.62 430 131 1.59 047 2.96 -0.23 0.78 6.49  -3.70

To be continued...
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Sadatinea tiesuTiabbethveen them.

Parametric Selection Indexes
DFL NF Prod MF CF DF FF EC RP CP SS ATT  Ratio
Days unha' kgha! g  ----- mm---- CF/DF mm % °Brix g 100 mL"'

SH PA -4.50 1228 8.66 -1.16 -3.05 -1.05 -1.05 -035 2.69 -0.14 0.13 1.21 -0.61
SH h? -4776 1235 8.61 -1.24 -3.28 -1.01 -1.32 -0.51 2.71 -0.14 0.16 1.15 -0.45
SH CV, -476 1235 861 -1.24 -3.28 -1.01 -1.32 -0.51 2.71 -0.14 0.16 1.15 -0.45
SH DP, -439 12.65 845 -1.53 -332 -1.04 -1.30 -0.73 2.77 -0.19 0.09 0.87  -0.45
WI PA -4.42 16.60 1397 0.02 -1.48 -0.44 -0.61 049 146 0.14 0.04 0.24  -0.08
WI h? -445 16.73 13.59 -0.40 -1.33 -0.39 -0.55 0.51 1.73 0.14 0.11 0.49 -0.11
WI CV, -445 16.73 13.59 -0.40 -1.33 -0.39 -0.55 051 1.73 0.14 0.11 0.49 -0.11
WI DP, -4.45 16.73 13.59 -0.40 -1.33 -0.39 -0.55 0.51 1.73 0.14 0.11 0.49 -0.11
PB PA -042  -3.68 -2.60 134 047 -033 092 1.13 -4.03 020 0.46 1.23 0.31
PB h? -0.82 -2.58 -1.96 1.17 0.17 -0.39 0.74 0.96 -433 020 0.44 0.79 0.71
PB CV, -0.82 -2.58 -1.96 1.17 0.17 -0.39 0.74 0.96 -433 020 0.44 0.79 0.71
PB DP, -4.08 483 337 044 -1.73 -0.89 -0.12 0.20 -2.36 0.11 0.61 1.18 0.94

(UMulamba and Mock (MM); Genotype-ideotype distance (DGI); Multiplicative (IM); Elston (EL); Smith and Hazel (SH); Williams (WI); Pesek
and Baker (PB). ® Random weights attributed by trials (PA) (1, 20, 100, 10, 1, 1, 1, 1, 1, 1, 1, 1, 1); heritability (h?); genetic variation coefficient
(CVg); genetic standard deviation (DPg); direct or inverse (D/I); averages (MED).

Selection Economic
IndexV  weight®

Table 2. Coincidence Index of 30 full-sib sour passion fruit families selected by non-parametric and parametric
selection indexes. Tangara da Serra-MT, 2015.

180 MM MM MM DGI DGI DGI DGI M SH SH SH SH WI WI WI WI PB PB PB PB

h? CV, DP_ PA h? CV, DP, PA h? Cv, DP, PA h? Cv, DP  PA h? CV, DP,

MM PA 37.0 81.9 85. 96.3 29.6 81.9 88.9 85.244.4 40.7 40.7 37.0 92.6 85.2 85.2 85.2 3.7 3.7 3.7 22.2
MMh*> - 48229.637.092.651.9 333 48.211.1 14.8 14.8 7.4 33.3 259259 259 7.4 11.111.1 185
MMCV, - - 741889444 92.6 81.5 92.6 44.4 40.7 40.7 37.0 81.5 81.5 81.5 81.537.0 7.4 7.4 222
MMPDp, - - - 926333704 100 77.851.9 55.6 55.6 51.9 92.6 100 100 100 O 37.037.0 22.2
DGIPA - - - - 33381.5 88985240.7 44.4 44.4 40.7 92.6 88.9 88.9 88.9 37.037.037.0 18.5
DGIh* - - - - - 482296407 11.1 148 14.8 11.1 22.2 259 25.9 259 18.514.814.8 22.2
DGICV, - - - - - - 70492.640.7 40.7 40.7 37.0 77.8 74.1 74.1 74.1 7.4 11.111.1 29.6
DGIDP, - - - - - - - 77.848.1 55.5 55.5 51.9 92.6 100 100 100 37.037.037.0 22.2
M - - - - - - - - 48.148.148.1 40.7 77.8 77.8 77.8 77.8 7.4 11.111.1 25.9
SHPA - - - - - - - - - 963963 88.9 40.7 55.6 55.6 55.6 7.4 14.814.8 33.3
SH h* - - - - - - - - - - 100 92.6 48.2 519519 51911.111.111.1 33.3
SHCV, - S - - - - - 92.6 482 55.6 55.6 55.6 11.111.111.1 37.0
SHDP, - S - - - - - - 40.7 519519 519 74 74 74 333
WIPA - - - - - - - - - - - - - 92,6926 92.6 3.7 3.7 3.7 222
WI h? - - - - - - - - - - - - - - 100 100 0O 3.7 3.7 222
WICV, - S - - - - - - - - - 100 0 3.7 3.7 22.2
WIDP - - - - - - - - - - - - - - - - 0 3.7 37 222
PBPA - S - - - - - - - - - - - 963963 77.8
PB h? - S - - - - - - - - - - - - 100 77.8
PBCV - S - - - - - - - - - - - - - T18

MSelection Index (IS): Mulamba; Mock (MM); Genotype-ideotype distance (DGI); Multiplicative (IM); Smith; Hazel (SH); Williams (W1);
Pesek and Baker (PB); random weight (PA); heritability (h?); genetic variation coefficient (CVg); genetic standard deviation (DVg). (-) devoid
of numerical value.
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Conclusions

The non-parametric selection indices of Mulamba
and Mock, genotype-ideotype distance and the parametric
selection index of Williams showed satisfactory and
balanced genetic gains.

The highest genetic gains were observed when the
genetic variation coefficient, genetic standard deviation
and random weight were attributed as economic weight
for non-parametric selection indexes. For the parametric
indexes, gains were similar, regardless of assigned weight,
except for the Pesek and Baker index, in which the genetic
standard deviation provided the highest gain.

Acknowledgements

FAPEMAT for the financial support provided to
the research project and CAPES / FAPEMAT for the

scholarship granted.

References

ABREU, S. de P.M.; PEIXOTO, J. R.; JUNQUEIRA,
N.T.V.; SOUSA, M.A. de F. Caracteristicas fisico-
quimicas de cinco gendtipos de maracujazeiro-azedo
cultivados no Distrito Federal. Revista Brasileira
Fruticultura, Jaboticabal, v.31,n.2, p.487-491, 2009.

ASSUNCAO, M.; KRAUSE, W.; DALLACORT, R;
SANTOS, P.R.J. dos; NEVES, L.G.Selecdo individual
de plantas de maracujazeiro azedo quanto a qualidade de
frutos via REML/BLUP. Revista Caatinga, Mossoro,
v.28,n.2, p.57-63, 2015.

CAVALCANTE, N.R. Sele¢ao precoce e avaliacdo de
gendtipos melhorados de maracujazeiro azedo. 2015.
88f. Dissertagdo (Mestrado em genética e melhoramento de
plantas) - Centro de Pesquisa, Estudos e Desenvolvimento
Agro-Ambiental, Universidade do Estado de Mato Grosso,
Tangara da Serra, 2015.

CRUZ, C.D. Genes — a software package for analysis in
experimental statistics and quantitative genetics. Acta
Scientiarum Agronomy, Maringd, v.35, n.3, p.271-276,
2013.

CRUZ, C.D. Programa genes — biometria. Vicosa: UFV,
2006. 668p.

CRUZ, C.D.; CARNEIRO, P.C.S.; REGAZZI, A.J.
Modelos biométricos aplicados ao melhoramento
genético. Vigosa: UFV, 2014. 668p.

CRUZ, C.D.; REGAZZI, A.J.; CARNEIRO, P.C.S.
Modelos biométricos aplicados ao melhoramento
genético. Vigosa: UFV, 2012. 514p.

ELSTON, R.C. A weight-free index for the purpose of
ranking or selection with respect to several traits at a time.
Biometrics, Alexandria, v.19, n.1, p.85-97, 1963.

EMBRAPA. Sistema brasileiro de classificaciao de solos.
Rio de Janeiro: Embrapa Solos, 2006. 306p.

FERREIRA, F.M.; NEVES, L.G.; BRUCKNER,
C.H.; VIANA, A.P;; CRUZ, C.D.; BARELLI, M.AA.
Formacao de supercaracteres para selecao de familias de

maracujazeiro amarelo. Acta Scientiarum Agronomy,
Maringa, n.32, v.2, p. 247-254, 2010.

FREITAS, J.P.X. de; OLIVEIRA, E.J. de; JESUS,
O.N. de; NETO, A.J]. da C.; SANTOS, L.R. dos.
Formagao de populacdo base para selecao recorrente em
maracujazeiro-amarelo com uso de indices de selecdo.
Pesquisa Agropecuaria Brasileira, Brasilia, DF, v.47,
n. 3, p.393-401, 2012.

GONCALVES, G.M.; PIO VIANA, A.; BEZERRA
NETO, F.V.; PEREIRA, M.G.; PEREIRA, T.N.S. Selecdo
¢ herdabilidade na predigao de ganhos genéticos em

maracuja-azedo. Pesquisa Agropecuaria Brasileira,
Brasilia, DF, v.42, n.2, p.193-198, 2007.

GRECO, S.M.L.; PEIXOTO, J.R.; FERREIRA, L.M.
Avaliagdo fisica, fisico-quimica ¢ estimativas de
parametros genéticos de 32 genoétipos de maracujazeiro
azedo cultivados no Distrito Federal. Bioscience Journal,
Uberlandia, v.30, n.3, p.360-370, 2014.

HAMBLIN, J.; ZIMMERMAN, M.J.O. Breeding common
bean for yield mixtures. Plant Breeding Reviews, New
York, v.4, p.245-272, 1986.

HAZEL, H.N. The genetic basis for constructing selection
indexes. Genetics, Menasha, v.28, n.6, p.476-490, 1943.

KRAUSE, W.; NEVES, L.G.; VIANA, A.P;; ARAUJO,
C.A.T.; FALEIRO, F.G. Produtividade e qualidade de
frutos de cultivares de maracujazeiro-amarelo com ou sem
polinizagdo artificial. Pesquisa Agropecuaria Brasileira,
Brasilia, DF, v.47, n.12, p.1737-1742, 2012.

LIN, C.Y. Index selection for genetic improvement
of quantitative characters. Theoretical and Applied
Genetics, New York, v.52, n.2, p.49-56, 1978.

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 1: (e-282)



8 E. Z. Dalbosco et al.

MARTINS, J.A.; DALLACORT, R.; INOUE, M.H.;
SANTI, A.; KOLLING, E.M.; COLETTI, A.J.
Probabilidade de precipitagdo para a microrregido de
Tangard da Serra, Estado do Mato Grosso. Pesquisa
Agropecuaria Tropical, Goiania, v.40, n.3, p.291-296,
2010.

MEDEIROS, S.A.F. de; YAMANISHI, O.K.; PEIXOTO,
J.R.; PIRES, M.C.; JUNQUEIRAS, N.T.; RIBEIRO,
J.G.B.L. Caracterizagdo fisico-quimica de progénies de
maracuja-roxo ¢ maracuja-azedo cultivados no Distrito
Federal. Revista Brasileira Fruticultura, Jaboticabal,
v.31,n.2, p.492-499, 2009.

MULAMBA, N.N.; MOCK, J.J. Improvement of yield
potential of the Eto Blanco maize (Zea mays L.) popula-
tion by breeding for plant traits. Egypitian Journal of
Genetics and Cytology, Alexandria, v.7, p.40-51, 1978.

NEVES, L.G.; BRUCKNER, C.H.; CRUZ, C.D;
VIANA, A.P.; BARELLI, M.A.A. Predicao de ganhos,
com diferentes indices de selegdo, para caracteristicas
de frutos do maracujazeiro-amarelo. Revista Brasileira
de Fruticultura, Jaboticabal, v.33, n.4, p.1322-1330,
2011.

OLIVEIRA, E.J.; SANTOS, V.S.; LIMA, D.S.;
MACHADO, M.D.; LUCENA, R.S.; MOTTA,
T.B.N.; CASTELLEN, M.S. Selecdo em progénies de
maracujazeiro-amarelo com base em indices multivariados.
Pesquisa Agropecuaria Brasileira, Brasilia, DF, v. 43,
n.11, p.1543-1549, 2008.

PEDROZO, C.A.; BENITES, F.R.G.; BARBOSA,
M.H.P.; RESENDE, M.D.V.; SILVA, F.L. Eficiéncia de
indices de selecdo utilizando a metodologia REML/BLUP
no melhoramento da cana-de-agucar. Scientia Agraria,
Curitiba, v.10, n.1, p.31-36, 2009.

PESEK, J.; BAKER, R.J. Desired improvement in relation
to selected indices. Canadian Journal of Plant. Science,
Ottawa, v.49, n.1, p.803-804, 1969.

ROSADO.L.D.S.; SANTOS, C.E.M.dos; BRUCKNER,
C.H.; NUNES, E.S.; CRUZ, C.D. Simultaneous selection
in progenies of yellow passion fruit using selection
indices. Revista Ceres, Vicosa, MG, v.59, n.1, p.95-101,
2012.

SILVA, M.G. de M.; VIANA, A.P. Alternativas de sele¢ao
em populagdo de maracujazeiro-azedo sob selegdo
recorrente intrapopulacional. Revista Brasileira de
Fruticultura, Jaboticabal, v.34,n.2, p.525-531,2012.

SMITH, H.F. A discriminant function for plant selection.
Annals of Eugenics, London, v.7, p.240-250, 1936.

SUBANDIL, W.; COMPTON, A.; EMPIG, L.T. Comparison
of the efficiencies of selection indices for three traits in
two variety crosses of corn. Crop Science, Madison, v.13,
n.1, p.184-186, 1973.

WILLIAMS, J. S. The evaluation of a selection index.
Biometrics, Alexandria, v.18, p.375-393, 1962.

Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 1: (e-282)



