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Snap bean is a differentiated form of 
common bean (Phaseolus vulgaris). 

The final product for consumption is the 
pod, a food rich in fiber, protein, iron, 
vitamins, minerals and other nutrients 
(Trindade et al., 2011).

Snap bean varieties are differentiated 
among them, mainly in relation to three 
basic characters: kind of pod, the pod 
color and growth habit. The snap bean 
cultivar “manteiga” has flatten-shaped 
pods in all its extension, whereas 
“macarrão” type has rounded pods. In 
relation to pod color, four basic snap 

bean varieties can be considered: dark 
green, light green, yellow and purple. 
The growth habit can be determinate 
or indeterminate (Vilhordo et al., 1996; 
Filgueira, 2003).

The ideal harvest date can be 
considered the one when pods reach 
maximum growth, before they become 
fibrous. During harvest, pods must be 
still tender, the ends being able to be 
bent and effortlessly broken.

When making inferences about 
genotypes, in the launch phase, the 
real genotypic values should be taken 

into account, it means, the inferences 
should be based on the genotypic but 
not fenotypic averages. According 
to Resende (2007), the structuring 
of selection procedures, which are 
responsible for the success of breeding 
programs, are based on the estimation 
of variance components and in the 
prediction of genetic values candidates 
for selection.

Selection indexes are generally used 
to choose superior genotypes, based on 
a complex of variables which gather 
attributes of breeder’s interest, in order 
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ABSTRACT
The aim of this study was to compare four selection indexes and 

REML/BLUP methodology in the evaluation of predicted genetic 
gains of traits of interest in snap bean breeding program. We evaluated 
17 selected lines, in a randomized complete block design, with four 
replicates, in four environments, Bom Jesus de Itapaboana-RJ, in 2011 
and 2012 and Cambuci-RJ, in 2011 and 2013. The evaluated traits 
were pod and grain productivity, number of pods per plant, number 
of seeds per pod and weight of 100 seeds. For gain prediction, the 
employed selection indexes were Pesek & Baker, Smith & Hazel, 
Mulamba & Mock, Williams and REML/BLUP methodology. Among 
the tested selection indexes, Mulamba & Mock was the one which 
showed the best gain distribution considering the tested variables, 
such as the higher coincidence coefficients in comparison to REML/
BLUP, resulting in 62% of grain productivity and pod productivity 
per plant. The REML/BLUP methodology permitted to select lines 
with high relative performances and obtained simultaneous gains for 
the evaluated traits, being superior in relation to the tested selection 
indexes for snap bean crop.

Keywords: Phaseolus vulgaris, simultaneous selection, mixed 
models.

RESUMO
Ganho genético via REML/BLUP e índice de seleção em 

feijão-de-vagem
O objetivo deste trabalho foi comparar quatro índices de seleção 

e o método REML/BLUP na avaliação de ganhos genéticos preditos 
das características de interesse ao programa de melhoramento de 
feijão-de-vagem da UENF. Foram avaliadas 17 linhagens, em deli-
neamento experimental de blocos ao acaso, com quatro repetições, 
em quatro ambientes, Bom Jesus de Itabapoana-RJ, nos anos 2011 e 
2012 e Cambuci-RJ, nos anos 2011 e 2013. Avaliaram-se as carac-
terísticas de produtividade de vagens e de grãos, número de vagens 
por planta, número de sementes por vagem e peso de 100 sementes. 
Para predição de ganhos, os índices de seleção utilizados, foram Pe-
sek & Baker, Smith & Hazel, Mulamba & Mock, Williams, além da 
metodologia de REML/BLUP. Entre os índices de seleção testados, 
Mulamba & Mock foi o que apresentou a melhor distribuição dos 
ganhos entre as variáveis avaliadas, assim como, os maiores coefi-
cientes de coincidência comparado com REML/BLUP, resultando 
em 62% para produtividade de grãos e produtividade de vagens por 
planta. O método REML/BLUP permitiu selecionar linhagens com 
desempenhos relativos altos e obter ganhos simultâneos entre as 
características avaliadas, sendo superiores em relação aos índices de 
seleção testados para a cultura de feijão-de-vagem.

Palavras-chave: Phaseolus vulgaris, seleção simultânea, modelos 
mistos.
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to result in better simultaneous gains 
(Cruz, 2004).

Besides the use of selection indexes, 
mixed model methodology is a trend 
in plant breeding. These procedures 
provide additional parameters relevant 
for the identification of superior 
genotypes (Maia et al., 2011; Ramalho 
& Araújo, 2011).

Ramalho & Araújo (2011) state the 
use of mixed models as an appropriate 
strategy to improve efficiency of 
autogamous plant breeding, through 
the identification of progenies or lines 
with higher genotypic merit. Mendes et 
al. (2011) used predictions via REML 
(Restricted Maximum Likelihood 
Method) and BLUP (Best Linear 
Unbiased Prediction Method), to identify 
superior progenies and individuals 
within segregating populations of 
common beans. Studies have confirmed 
the use of mixed models for annual 
plant breeding in different crops such as 
soybeans (Pinheiro et al., 2013), cowpea 
(Barros et al., 2011), common beans 
(Bertoldo et al., 2009) and popcorn 
(Freitas et al, 2013).

Although the application of selection 
indexes has been demonstrated for 
several crops, in snap beans few studies 
using this strategy can be found in 
literature for snap beans.

Given the above, this study aims 
to compare four kinds of selection 
indexes and REML/BLUP methodology 
evaluating the predicted genetic gains 
of traits of interest in the snap bean 
breeding program.

MATERIAL AND METHODS

Seventeen snap bean genotypes 
F9-10 generation were evaluated, being 
three controls and the other genotypes 
were lines from snap bean Breeding 
Program of Universidade Estadual Norte 
Fluminense Darcy Ribeiro (UENF). The 
experiments were installed in two places 
and in two years: Instituto Federal 
Fluminense, Campus Bom Jesus de 
Itabapoana-RJ, in May, 2011 and 2012 
and Campus Cambuci-RJ, in May, 2011 
and 2013.

The experimental design was 
randomized blocks, with four replicates, 

being individual plants evaluated within 
each replicate. The spacing used was 1 
m between rows and 50 cm between 
plants. The experimental plot consisted 
of 5 m2, using 8 central plants and 2 at 
the end of the plot as border lines. The 
values are real and obtained per plot of 
10 plants and estimated for 1 hectare.

Two seeds were sown per pit, at 
2.5 cm depth. Plantlets were thinned 
ten days after emergence, in order to 
leave only one plant per pit, in both 
experiments.

About fifteen days after emergence, 
plants were staked using wires. 
During the experiment, cultural and 
phytosanitary practices were done 
according to recommendations for the 
crop. Sprinkler irrigation system was 
adopted. Ten harvests were carried out 
lasting approximately 120 days.

The following traits were evaluated 
individually: pod productivity (t ha-1); 
grain productivity (t ha-1); average 
number of pods per plant; average 
number of seeds per pod; weight of 
100 seeds.

The selection indexes of Smith 
(1936), Hazel (1943), Williams (1962), 
Pesek & Baker (1969) and Mulamba & 
Mock (1978) were tested, in order to 
select 8 superior lines, with selection 
intensity of 47%. For statistical analyses, 
values were assigned by attempts, 
for five evaluated traits. The software 
GENES (Cruz, 2013) was used for 
selection of lines based on the selection 
indexes.

The software SELEGEN Windows-
REML/BLUP was used for statistical 
analyses (Resende, 2007), statistical 
model 114 (Evaluation in several 
locations/several years – Annual 
crops; Complete block design with 
triple interaction and stability and 
adaptability). “Interaction locations 
and years”:

y = Xf + Zg + Qa + Ti +Wt + ε,

in which y= data vector; f= vector 
of the effect of combinations repetition-
location-year (assumed to be fixed) 
added to the overall average; g= 
vector of genotypic effects (assumed 
to be random) a= vector of effects of 
genotype-year interaction (random); 
i= vector of the effects of genotype-

location interaction; t= triple (genotype-
location-year) interaction (assumed to 
be random), and ε= vector of errors 
or residues (random). Capital letters 
represent the incidence matrixes for 
these effects. Vector f represents effects 
of repetitions within locations within 
years, locations, years and interaction 
locations x years.

The coincidence coefficient was 
obtained through the ratio of double  
coincident lines between two indices and 
the total of selected lines, in percentage.

The relative performance of each 
selected line was calculated using 
the ratio between the new average 
of improved population and the new 
average of improved population 
showing higher genetic value of the 8 
selected lines, in percentage.

RESULTS AND DISCUSSION

Table 1 shows predicted percentage 
gains for Pesek & Baker, Smith & 
Hazel, Williams and Mulamba & 
Mock selection index, using weights 
assigned by attempts (1, 1, 50, 50, 
100), comparing with REML/BLUP 
methodology based on pod productivity, 
grain productivity, number of pods per 
plant, number of seeds per pod and 
weight of 100 seeds.

Pod weight and number of pods per 
plant showed negative gains of -0.03 and 
-2.78, respectively, using Pesek & Baker 
index, which is undesirable. Thus, Pesek 
& Baker index is not recommended for 
selection, since the main goal is the 
simultaneous improvement of evaluated 
traits (Table 1). Similarly, Bárbaro et al. 
(2007) did not obtain satisfactory results 
with this index for superior genotype 
selection in soybean either.

Mulamba & Mock indexes showed 
best gain distribution among the 
evaluated variables, making them 
suitable for genotype selection in this 
study. This index was recommended 
in other studies, such as the one which 
provided the best results for superior 
genotype selection, as the verified 
in cowpea (Santos & Araújo, 2001), 
soybean (Costa et al., 2004) and popcorn 
(Freitas, 2013).

REML/BLUP methodology was the 

ABS Gomes et al.



197Hortic. bras., Brasília, v.36, n.2, April - June 2018

most efficient in relation to the other 
tested indexes, since simultaneous 
improvements of traits were noticed: 
pod productivity, grain productivity, 
number of pods per plant and weight of 
100 seeds, 6.31, 15.23, 14.10 and 16.47 
respectively (Table 1). For Phaseolus 
vulgaris breeding program, Mendes et 
al. (2011) used predictions via BLUP, 
in order to identify superior progenies 
and individuals within segregating 
populations.  Chiorato et al. (2008) 
recommend REML/BLUP to guide bean 
breeding program and Coimbra et al. 
(2005) for oat breeding program.

Table 2 shows the coincidence 
coefficients for 8 selected lines, for 
the four indexes and REML/BLUP 
methodology, for the two traits 
considered the most important ones 
for snap bean crop, which are: pod 
productivity and grain productivity. 
The values were high, ranging from 
50 to 87%. According to Pedrozo et 
al. (2009), the higher the coincidence 
coefficient between two selection 
indices, the greater will be the agreement 
of selection results between them.

Table 1. Estimates of gains (%) based on the selection of five traits of snap bean lines. 
Campos dos Goytacazes, UENF, 2016.

Variables
Selection index

REML/
BLUPPesek & 

Baker
Smith & 

Hazel
Mulamba & 

Mock Williams

PV -0.03 0.13 0.83 1.87 6.31
PG 5.16 7.83 8.92 8.35 15.23
NVP -2.78 2.89 2.65 4.04 14.10
NSV 0.24 -0.33 0.35 -0.01 4.69
P100S 9.69 6.24 7.02 5.19 16.47
PV= pod productivity; PG= grain productivity; NVP= number of pods per plant; NSV= 
number of seeds per pod; P100S= weight of 100 seeds.

Table 2. Coincidence coefficients for 8 selected lines using selection indexes and REML/
BLUP methodology, in relation to pod productivity above the diagonal and grain productivity 
below the diagonal of snap beans. Campos dos Goytacazes, UENF, 2016.

Selection Index Pesek& 
Baker

Smith & 
Hazel

Mulamba 
& Mock Williams REML/

BLUP
Pesek & Baker - 0.62 0.62 0.62 0.50
Smith & Razel 0.62 - 0.75 0.75 0.62
Mulamba & Mock 0.50 0.75 - 0.87 0.62
Williams 0.62 0.75 0.87 - 0.62
REML/BLUP 0.62 0.75 0.62 0.62 -

Table 3. Ranking and estimates of 8 lines, effects (g), predicted genotypic values (u+g), new average (BLUP) and relative performance 
(DR), in relation to pod productivity and grain productivity of snap beans. Campos dos Goytacazes, UENF, 2016.

Ranking
Pod productivity 

Line g u+g Gain New average DR(%)
1 6 2.57 31.50 2.57 31.50 100
2 7 1.96 30.90 2.27 31.20 99.04
3 13 1.65 30.58 2.06 30.99 98.38
4 2 1.40 30.33 1.89 30.83 97.81
5 12 1.15 30.09 1.75 30.68 97.39
6 20 0.52 29.46 1.54 30.48 96.76
7 9 0.39 29.32 1.38 30.31 96.22
8 3 -0.33 28.59 1.16 30.10 95.55

Grain productivity
1 2 0.95 4.70 0.95 4.70 100
2 20 0.61 4.36 0.78 4.53 96.38
3 3 0.49 4.24 0.68 4.43 94.25
4 13 0.19 3.94 0.56 4.31 91.70
5 12 0.18 3.93 0.48 4.24 90.21
6 7 0.18 3.93 0.43 4.18 88.93
7 5 0.02 3.77 0.37 4.12 87.65
8 21 -0.01 3.73 0.32 4.08 86.80

Genetic gain via REML/BLUP and selection indices in snap bean
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Comparing the selection indexes 
with REML/BLUP methodology, 
the authors could notice that higher 
coincidence coefficient of selected lines 
were obtained using Smith & Hazel 
index: 0.75% for grain productivity 
(Table 2). For pod productivity, all 
indexes showed coincidence coefficient 
of 62%, except for Pesek & Baker index 
which was 50%. This result can be 
explained by the fact that REML/BLUP 
methodology uses, as solution vector, 
predicted genotypic effects and selection 
gain individually, completely excluding 
the environmental effect.

REML/BLUP methodology showed 
to be the most appropriate in relation 
to other selection indexes, selecting 
lines with high relative performance 
and promising predicted genetic gains 
for snap bean crop, probably due to 
the exclusion of environmental effect 
(Table 3). For traits pod productivity, 
grain productivity and number of pods 
per plant, 5 lines coincided, of the 
total of 8 selected lines, using REML/
BLUP, validating the efficiency of this 
methodology in relation to the other 
index selections.

The relative performance of progeny 
was high, when selected lines showed 
estimates higher than 86.60%, both 
for PV and PG, which is an evidence 
of selective accuracy of REML/BLUP 
methodology. Borges et al. (2010) 
showed that genotypic values are quite 
close to the new average and vice-
versa. Thus, the authors can conclude 
that this methodology was efficient 
to select progenies with high relative 
performance.
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