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Introduction

The purpose of this work was to compare selection indices, in five environments, two sites, in 3 years, among 69 barley genotypes. 
Three characters were used in the selection: Estimated grain yield - Yield; Kernel plumpness - KP; Degree of lodging - LOD. The selec-
tion indices used were Weight-free and Parameter-free index, Desired Genetic Gain index, Rank Sum and Genotype-Ideotype Distance 
index. The Weight-free and Parameter-free and Desired Genetic Gain indices obtained higher selection gains for the characters KP, 
LOD, and Yield, respectively; however, they did not select genotypes with significant gains for the other characters. The Rank Sum 
and Genotype-Ideotype indices selected genotypes with intermediate gains for the three characters of interest. The Weight-free and 
Parameter-free and Desired Genetic Gain indices were not adequate to simultaneously select the three characters of interest for 
barley. The Rank Sum and Genotype-Ideotype selection indices were considered more interesting for simultaneous selection due to 
the selection gains of a satisfactory magnitude for the three characters of interest. Based on the selection of genotypes for each index 
within the environments, it was more efficient to select the most stable materials, since they obtained a higher frequency of selection 
among the other indices.

The selection of superior genotypes is highly complex since 
the agronomic characters of greater economic importance are of 
a quantitative nature and correlated with each other [1]. Promis-
ing genotypes should simultaneously bring together several favor-
able attributes to raise yield and meet market requirements [2]. 
In malting barley, besides the importance of grain yield, grain size 
and uniformity (kernel plumpness) have a great influence on the 
quality of the final product [3]. However, the selection of superior 
progenies is, in general, made difficult by the fact that the charac-

ters of agronomic importance, in the majority, have low heritability 
and correlation among themselves [2].

Linking high yields to high kernel plumpness is not a simple 
task; the low genotypic and phenotypic correlation between these 
characters [4-7] reduces the efficiency of the work of the breeder, 
especially when it is intended to use indirect selection. The simul-
taneous selection of a character set of economic importance in-
creases the chance of success of a breeding program [8]. Thus, the 
selection indices constitute multivariate techniques that associate 
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the information related to several characters of agronomic interest 
with the genetic properties of the evaluated population. With the 
selection indices, numerical values are created, which function as 
an additional theoretical characteristic, resulting from the combi-
nation of certain characteristics selected by the breeder, on which 
one wishes to maintain simultaneous selection [9]. Different indi-
ces represent different selection alternatives in breeding programs, 
and consequently different percentage gains.

There are several options for selection indices in the literature. 
The first index was proposed by Smith [10] and Hazel [11], it is a 
parametric index in which the matrices of genotypic and pheno-
typic variance and covariance are used, also counting on the ability 
of the breeder to define the economic weights for each character.

Another index based on genetic parameters was proposed by 
Pesek and Baker [12], named "desired genetic gains" of individual 
characters. This index was proposed without the need to assign rel-
ative economic weights in the calculation of the selection indices. 
The obtained index will result in a maximum gain for each charac-
ter, according to the relative importance assumed by the breeder in 
the definition of the desired gain, with the limitation imposed by 
the phenotypic and genotypic constitution of the population.

There are non-parametric indices where there is no need to use 
the variance and covariance matrices to obtain the selection indi-
ces.

The index proposed by Elston [13] can be applied both in the ini-
tial and final stages of breeding program, for it allows the establish-
ment of critical values, below which the genotypes are discarded. 
The multiplicative index makes it possible to select approximately 
the same genotypes as the linear index would, with the advantage 
of dismissing the assignment of weights to the characters and es-
timates of variances and covariates, which makes its application 
easier, in relation to the linear or parametric indices [14].

Another non-parametric index, the rank sum, proposed by 
Mulamba and Mock [15], consists in classifying the genotypes in 
relation to each of the characters, in order favorable to breeding 
(ranks), by assigning higher absolute values to those of better per-
formance. Then, the values assigned to each character are summed 
to obtain the rank sum that shows the classification of the geno-
types [8].

The genotype-ideotype index [16], non-parametric, is obtained 
from the adjusted phenotypic means and the Euclidean distances 
of each individual to an ideal genotype. These indices are later 
standardized and weighted by the weights assigned to each char-
acter. It is also possible to define optimal values as well as the ideal 
minimum value for selecting each character.

Using these tools and with the aim of selecting the most promis-
ing genotypes to be used in crossing blocks or even with cultivars, 
aiming at genotypes with characteristics of high yield, industrial 
quality and with agronomic benefits to the farmer, the objective of 
this work was to compare the Combined Selection performed by 
the breeder with the gains and selection coincidence of each index 
used in the different environments.

Material and Methods

The selection was based on five experiments, conducted for 
three years and in two sites under irrigation in Distrito Federal. 
The sites are: Experimental Field of Embrapa Cerrados (CPAC), 
Planaltina-DF, located at 15º35’30’’ South and 47º42’30’’ West, at 
an altitude of 1,007 m, on a RED OXISOL Dystrophic typical, clayey; 
and Experimental Field of Embrapa Products and Market (SPM), in 
Recanto das Emas-DF, at 15°54’53’’ South and 48°02’14’’ West, at 
an altitude of 1,254 m, on a RED OXISOL Dystrophic typical, clayey. 
The trials were named as AMB1 (CPAC in 2012), AMB2 (CPAC in 
2013), AMB3 (CPAC in 2014), AMB4 (SPM in 2013), and AMB5 
(SPM in 2014). 

A total of 69 barley genotypes were evaluated (Table 1), using 
a randomized complete block design with three replicates. The 
plots were six rows of five meters long, spaced 20 cm apart, with 
a usable floor area of 4.8 sq. m for each plot, with a density of 300 
plants per sq. m. Three characters were used in the selection: 1. 
Estimated grain yield (kg.ha-1) - Yield; 2. Kernel plumpness (>2,5 
mm) (%) - KP; 3. Degree of lodging (%) - LOD (lodging value equal 
to zero means minimal or nonexistent lodging, and conversely, 
when equal to 100, lodging is maximum). Other three characters 
were used were used only to observe the indirect selection gains: 
Thousand seeds weight (TSW), Plant height (Height), and Days to 
heading (Cycle).
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Genotype Yield Class1 LOD Origin NGR
1 CI 13824 ATLAS 68 5049.5 69.9 62.7 USA 6
2 CI 10022 5662.4 65.6 97.7 Colombia 6
3 CI 13711 5106.6 72.5 34.3 Colombia 6
4 CI 10071 WOLFE 5012.7 76.1 23.0 Canada 6
5* MCU 3870 PI 402348 5594.3 79.4 46.3 Colombia 6
6* MCU 3502 PI 401980 5286.7 85.5 17.3 Colombia 6
7 CI 12068 MAZOWIECKI 5114.5 64.0 32.7 Poland 6
8 MCU 3654 PI 402132 5732.5 79.9 63.0 Colombia 6
9* MCU 3449 PI 401927 6184.9 73.8 40.3 Colombia 6
10 CI 06244 5385.1 76.0 75.7 USA 6
11* CI 09952 5417.3 81.0 43.7 Russia 6
12* MCU 3884 PI 402362 5285.5 77.9 43.3 Colombia 6
13* MCU 3852 PI 402330 5536.1 74.9 24.0 Colombia 6
14 CI 12367 BRANISOVICKY 5034.7 78.3 23.5 Czech Republic 2
15* MCU 3865 PI 402343 5694.5 78.8 30.7 Colombia 6
16 CARINA PI 371632 4704.1 76.7 21.3 Germany 2
17* MCU 3634 PI 402112 6109.0 83.5 34.3 Colombia 6
18 CI 12918 5642.1 77.1 92.3 Ethiopia 6
19* MCU 3750 PI 402228 5151.7 78.8 25.0 Colombia 6
20 CI 15323 2222-79 4840.5 65.2 96.7 Tunisia 6
21 MCU 3878 PI 402356 5824.3 70.6 25.3 Colombia 6
22 CI 09962 4413.5 79.0 49.0 Iran 6
23 MCU 3478 PI 401956 5675.1 68.0 53.3 Colombia 6
24 CI 06109 VELVON 4407.7 68.3 64.7 USA 6
25 CI 14041 4524.3 73.0 41.7 Ethiopia 6
26 CI 07772 5419.4 67.9 74.7 India 6
27 CI 15580 QB 136-41 6020.7 70.8 56.3 Canada 6
28 MCU 3454 PI 401932 5138.0 69.0 43.0 Colombia 6
29 CI 15279 2528-23 4856.3 59.6 77.0 Tunisia 6
30 CI 10017 RASPA COMUN 1085 4799.6 58.3 92.7 Colombia 6
31 CI 14031 4800.8 59.9 29.7 Ethiopia 6
32* MCU 3484 PI 401962 5123.7 76.0 21.7 Colombia 6
33* MCU 3461 PI 401939 5385.6 77.3 36.0 Colombia 6
34 CI 09961 5298.9 76.5 64.3 Iran 6
35 CI 14925 ELS 6402-512 5225.7 60.5 64.7 Ethiopia 6
36* CI 15565 QB 136-20 5325.4 78.7 39.7 Canada 6
37 CI 11493 FRUGHERSTE STANKAS 4688.3 78.7 25.0 Germany 2
38 CI 10078 ATLAS 57 4907.7 80.9 24.0 USA 6
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39 MCU 3556 PI 402034 4958.7 68.9 21.3 Colombia 6
40 CI 15591 QB 139-1 5926.4 74.3 70.0 Canada 6
41 CI 06946 4596.6 45.2 89.3 Iran 6
42* CI 13715 5621.1 73.4 31.3 Colombia 6
43 MCU 3816 PI 402294 5369.0 80.7 53.3 Colombia 6
44* MCU 3851 PI 402329 6009.1 78.9 43.7 Colombia 6
45* MCU 3469 PI 401947 6150.3 79.9 22.0 Colombia 6
46 CI 09958 5319.7 85.2 33.0 Morocco 6
47 MCU 3827 PI 402305 4636.9 83.9 41.3 Colombia 6
48 CI 13894 4984.7 58.9 32.7 USA 6
49 CI 10501 ATHENAIS S-50-34 4529.0 75.9 87.3 Cyprus 6
50 CI 09959 4970.2 82.3 22.0 Morocco 6
51 CI 15560 QB 136-4-1 5835.0 67.1 84.0 Canada 6
52* MCU 3489 PI 401967 5275.0 78.3 32.7 Colombia 6
53 CI 06188 4998.3 56.1 91.7 Mexico 6
54 MCU 3653 PI 402131 4785.8 76.1 42.3 Colombia 6
55 CI 12920 5402.8 66.8 77.0 Ethiopia 6
56 CI 13683 NUMAR 6039.0 49.4 42.0 USA 6
57 MCU 3719 PI 402197 4253.6 78.4 38.0 Colombia 6
58 MCU 3858 PI 402336 4561.1 73.4 36.0 Colombia 6
59 MCU 3883 PI 402361 5454.5 58.3 31.3 Colombia 6
60 GALOVER (C A N 1126) PI 361636 5130.8 59.8 34.0 Denmark 2 and 6
61 CI 10018 RASPA PRECOZ 604 5422.1 67.1 88.3 Colombia 6
62* MCU 3571 PI 402049 5422.9 81.6 44.0 Colombia 6
63 MCU 3721 PI 402199 4681.9 72.3 12.7 Colombia 6
64 E 3/416 PI 356495 5653.0 52.8 69.3 Ethiopia 6
65 H HOR 2325/58 PI 329126 5846.4 52.9 22.0 Afghanistan 6
66* MCU 3452 PI 401930 5311.5 73.1 27.3 Colombia 6
67* MCU 3832 PI 402310 5758.7 69.6 20.0 Colombia 6
68* MCU 3592 PI 402070 5506.3 71.5 34.0 Colombia 6
69* BRS 180 6688.1 79.9 5.3 Brazil 6

Table 1: Mean of the five environments for estimated grain yield (Yield), kernel plumpness (>2.5 mm) (Class1), and lodging (LOD) and 
country of origin (Origin) and number of grain rows per ear (NGR) 

*Genotypes selected through Combined Selection.

The characters used in the selection Yield and KP were evalu-
ated in the sense of character addition, while LOD was selected for 
character decrease, for it is a detrimental character to the harvest 
and the quality of the grains.

The method used in the Combined Selection (CS) was the com-
bination of the rank sum selection modified index [15] based only 
on the character estimated grain yield in the five environments, 
with the weight-free and parameter-free index of Elston [13], se-
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lecting only genotypes with more than 70% for KP and less than 
30% for LOD, in at least 3 of the 5 trials.

The Combined Selection was compared with four classic selec-
tion indices in each environment: Weight-free and Parameter-free 
index [13], Desired Genetic Gain index [12], Rank Sum [15], and 
Genotype-Ideotype Distance index [16].

For the weight-free and parameter-free index of Elston, values 
were standardized so that at least 21 genotypes were selected in 
each trial. For estimated grain yield, genotypes above 4,000 kg.ha-1 
were selected, with kernel plumpness (>2,5 mm) higher than 64% 
and with lodging degree below de 77%.

In the Pesek and Baker Index, gains were defined based on the 
genotypic standard deviation. For the Yield character, due to its 
greater importance, it was attributed double the genotypic stan-
dard deviation. The desired gain for the KP and LOD characters was 
the genotypic standard deviation.

The Mulamba and Mock index [15] hierarchizes genotypes, 
initially, for each character, by assigning higher absolute values to 
those of better performance. The economic weights were arbitrari-
ly defined by the breeder by attempt, and the proportion found to 
be ideal for the characters Yield, KP and LOD was of 5, 3, 3 respec-
tively.

The Genotype-Ideotype Distance index (GIDI), non-parametric, 
is obtained from the adjusted phenotypic means and the Euclidean 
distances of each individual to an ideal genotype. The values of the 
ideotype are different for each trial, and the maximum or minimum 
value of each characteristic is defined as ideal. Also, the desirable 
minimum values for each characteristic were arbitrarily defined by 
the breeder (Yield = 4,000 kg.ha-1, KP = 60.0% and LOD = 50.0%). 
The economic weights defined were the same as those used for 
"rank sum", which are 5 for Yield and 3 for KP and LOD. 

The GENES software [16] was used to perform the statistical 
analyses. 

For each selection index in each trial the coincidence index was 
obtained (number of selected genotypes that coincide with CS di-
vided by the total number of selected genotypes). The average co-
incidence indices were obtained, as the mean of the coincidence for 
each index and for each test.

The frequency at which each genotype was selected by each in-
dex was also obtained. From this frequency a frequency plot was 
generated.

Results and Discussion

The comparison of the selection gains between the selection 
indices was performed for each experimental environment and se-
lecting 21 genotypes among the 69, that is, with a 30% selection 
intensity. 

In the AMB1, CPAC 2012, the selection index that proportioned 
the highest selection gain (%) for the Yield character was the de-
sired genetic gain index (PB) with 25.4%, followed by the indices 
of Mulamba and Mock (MM) with 19.2%, Ideotype-genotype (IG) 
with 18.0%, and Elston (14.2%) (Table 2). The gains for Yield were 
considered high for all the indices when compared to the other en-
vironments. However, the PB index, despite allowing high gain for 
Yield, presented the lowest SG for KP (3.94%), that is, it selected 
genotypes with low industrial quality. The indices of Elston and 
MM allowed SG of 13%, while the IG index brought an increase of 
11.28% for this character.

The third character of interest for the selection was lodging 
(LOD). Among the indices, the one of Elston presented the highest 
absolute gain, which was -83.81%. The selection for this character 
is intended to eliminate lodging, which promotes higher harvest ef-
ficiency and higher quality and sanity of the kernels. The indices IG 
(-65.2%) and MM (-38.7%) also presented desirable gains select-
ing genotypes with a lower LOD level. The PB index proportioned 
SG of 14.0% (Table 2), the only that, despite selecting more produc-
tive genotypes, presented an increase in the level of LOD.

The indirect selection caused negative gains for Cycle, varying 
from -5% to -6% for all indices (Table 2). These gains are consid-
ered to be desirable since they have led to the selection of earlier 
genotypes, which is an advantage in the irrigated production sys-
tem of the savanna.

The heritability in broad sense was greater than 90% for all 
characters in AMB1, factor that favors the direct selection for each 
character (Table 2). Heritability values above 90% for the agro-
nomic characters Yield and KP were also reported by Amabile., et 
al, reporting low h2 for LOD (42%).

Comparison of selection indices between environments
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SG (%) SG
AMB1 h2 X0 Elston PB MM IG CS AMB4 h2 X0 Elston PB MM IG CS

Yield 90.07 4249.1 14.27 25.44 19.2 18.00 2.37 Yield 98.41 6399.6 2.17 12.63 10.63 8.43 5.09
Class1 90.97 72.6 13.80 3.94 13.03 11.28 11.40 Class1 74.99 82.4 0.93 0.46 2.06 2.58 3.03

TSW 93.89 45.1 0.85 -1.20 1.56 -0.21 0.42 TSW 97.58 46.8 -0.38 -1.11 -2.23 -1.34 -3.42
Height 96.82 75.7 -0.22 -0.26 2.18 1.71 -0.23 Height 92.18 85.7 -2.19 -0.91 0.23 1.1 -0.20
LOD 97.30 32.1 -83.81 14.00 -38.76 -65.26 -50.09 LOD 98.91 71.9 -71.28 -7.4 -27.93 -22.69 -12.42
Cycle 97.28 57.6 -5.95 -5.25 -6.81 -5.92 -5.59 Cycle 98.48 54.4 1.48 -2.69 -2.06 -1.68 -3.44
SG SG
AMB2 h2 X0 Elston PB MM IG CS AMB5 h2 X0 Elston PB MM IG CS

Yield 97.30 4760.1 4.87 19.41 13.66 13.04 5.37 Yield 54.23 6083.6 4.92 8.15 6.05 6.82 6.21
Class1 99.46 65.1 18.08 -1.3 13.69 11.87 5.91 Class1 95.56 77.0 7.78 -1 5.34 5.04 3.11
TSW 96.39 41.1 5.66 -3.46 3.5 2.68 -1.01 TSW 99.55 40.8 -0.21 3.03 0.72 2.16 0.45
Height 99.83 77.0 -1.34 3.02 -0.31 -1.5 2.07 Height 88.35 92.3 1.12 -1.32 0.43 0.22 3.11
LOD 99.11 62.6 -35.99 6.25 -31.09 -28.2 -15.81 LOD 81.49 41.2 -60.91 -56.35 -0.25 -55.72 -41.11
Cycle 99.29 60.3 0.18 0.57 -0.78 0.47 -3.93 Cycle 92.88 55.1 0.58 1.52 -0.06 -0.06 0.29
SG SG
AMB3 h2 X0 Elston PB MM IG CS Mean X0 Elston PB MM IG CS

Yield 54.29 4900.4 3.98 9.56 7.45 7.12 2.90 Yield 5278.6 6.04 15.04 11.40 10.68 4.39
Class1 90.01 61.9 20.02 6.86 15.1 11.96 17.36 Class1 71.8 12.12 1.79 9.84 8.55 8.16
TSW 99.22 43.4 1.75 4.6 2.83 3.93 2.43 TSW 43.4 1.53 0.37 1.28 1.44 -0.23
Height 89.64 80.2 1.8 3.54 2.79 3.8 1.43 Height 82.2 -0.17 0.81 1.06 1.07 1.24
LOD 88.22 30.3 -76.22 -11.83 -63.53 -53.83 -80.37 LOD 47.6 -65.64 -11.07 -32.31 -45.14 -39.96
Cycle 92.77 58.0 0.51 -0.2 0 -0.43 0.89 Cycle 57.1 -0.64 -1.21 -1.94 -1.52 -2.36

Table 2: Estimates of gain with selection (SG%), heritability in broad sense (h2) and mean of the 69 genotypes (X0) obtained for five characters 
through five selection indices in five environments for 69 genotypes of barley in Distrito Federal, in the agricultural years 2012/2013/2014.

*Elston: Elston Index (1963); PB: Pesek and Baker Index (1969); MM: Mulamba and Mock Index (1978); IG: Ideotype-genotype distance Index 
(2006); CS: Combined Selection **Yield: estimated grain yield (kg.ha-1); Class1: kernel plumpness (>2.5 mm) (%); TSW: weight of a thousand 
seeds (g); Height: height of the plants (cm); LOD: plant lodging (%); Cycle: days to heading (days)

In AMB2, CPAC 2013, despite the higher values for broad heritabil-
ity, the SG (%) for Yield and LOD were lower than the ones obtained 
in AMB1. This demonstrates the difference of genotypic behavior in 
relation to the change of agricultural year.

As in AMB1, in AMB2 the PB index was the one that proportioned 
the highest gain for Yield, with 19.41%. The indices MM and IG pre-
sented SG of 13%, followed by the Elston index with 4.8%. For KP, 
the SG were satisfactory for the genotypes selected by the indices of 

Elston (18.0%), MM (13.6%), and IG (11.8%). On the other hand, the 
gain was negative for the PB index (-1.3%), which results in genotypes 
with smaller kernels and consequently lower extract content, which 
generates financial losses for the brewing industry.

As in AMB1, in AMB2 the Elston index (SG = -35.9%) was more 
interesting for LOD, but with gains close to those made possible by the 
MM (-31.0%) and IG (-28, 2%) indices. The genotypes selected by the 
PB index showed a 6.2% increase in LOD (Table 2).
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Contrary to the high heritabilities of environments 1 and 2, in 
AMB3 (CPAC 2014) h2 for Yield was 52.2%. This low value of h2 

contributed to the SG for Yield being considerably lower than in the 
other environments. Selection gains were 9.5% in the genotypes 
selected by the PB index, 7.4% for MM, 7.1% for IG, and 3.9% for 
the Elston index (Table 2).

In AMB3, for the character KP, the Elston index (20,0%) pre-
sented higher SG (%) when compared to all the other environ-
ments and selection indices. The other indices proportioned posi-
tive gains of 15.1% for MM, 11.9% for IG, and 6.8% for PB (Table 2).

Genotypes with high selection gains for LOD (at least -50.0%) 
were selected through the selection indices, except when using the 
PB index (-11.8%). As in the other environments, the Elston index 
(-76.2%) was the one that presented the genotypes with highest 
gain for this character (Table 2). 

Analyzing the other characteristics not used in the selection, the 
genotypes selected by all the indices showed an increase in rela-
tion to the average of the genotypes, varying from 1.8% to 3.8% for 
Height and from 1.75% to 4.6% for TSW. For the Cycle character, 
there was no increase above 1% (Table 2).

In AMB4, SPM 2013, the selection gains were lower than the 
ones of the genotypes selected in AMB2, CPAC 2013, for all the 
selection indices for the characters Yield and KP. The PB index 
(12.6%), as well as in the other environments, was the one of high-
est gain for Yield. The low gains for KP in this environment are di-
rectly influenced by the lower value of heritability (74.9%) when 
compared to the other environments. The index with highest selec-
tion gain for KP was the IG, with 2.5% (Table 1).

For the character LOD in AMB4, the index of Elston (-71.2%), as 
well as in the other environment, selected the genotypes with high-
est SG. The MM and IG indices presented negative gains of -27.9% 
and -22.6%, respectively. The PB index (-7.4%), in spite of having 
negative gain, which is expected, was of low magnitude.

The index that presented the most adequate selection gains ac-
cording to the goals of the breeding program for this environment 
was MM, with more satisfactory selection gains for the three char-
acters of interest.

The SG obtained for Yield in AMB5, SPM 2014, were of low mag-
nitude and low amplitude among the indices, ranging from 4.9% 
for Elston to 8.1% to PB. As well as in AMB3, CPAC 2014, the heri-
tability was low (54.2%), which influenced selection gains below 
10% (Table 2). The OB index presented genotypes with decreases 
of 1% for KP, while the other indices presented an increase of at 
least 5%. Also, the MM index did not present increase or decrease 
of selection gain in relation to the LOD character. The other indices 
proportioned negative gains of at least 55%.

In a general analysis of the mean selection gains, the PB index 
showed the best results for the Yield character, with low selection 
efficiency of genotypes for KP and occasionally with loss in the se-
lection in relations to lodging. Differently from the PB index, the 
Elston index obtained the best results for KP and LOD, but with less 
efficiency in the selection of genotypes for Yield.

The selection indices MM and IG were the ones that made pos-
sible the most adequate selection gains in relation to the characters 
of interest simultaneously (Table 2). The selection gains were in-
termediate in comparison to the other indices; however, the three 
characters presented significant gains. These gains make these in-
dices more interesting from the agronomic point of view and for 
purposes of enhancement in the use of genotype simultaneous 
selection.

Negative selection gains were obtained for days to heading 
(Cycle), and for the thousand seeds weight (TSW) (Table 3). The 
TSW is a character that contributes for the increase of grain yield 
[17], however, for the selected genotypes, the TSW didn’t affect this 
character significantly.

Data related to the selection gains obtained by selection indices 
for agronomic characters in barley are rare. Recently, Amabile., et 
al. [18], used the Elston index in 30 elite genotypes of barley under 
irrigation, and reported gains of 14.0% for Yield and -42.0% for 
LOD. However, the gains for KP were practically null (0.45%). In 
this case, the null gain did not represent an obstacle, since the se-
lection occurred in elite genotypes with the mean of the population 
X0 (mean of the original population) equal to 85% for KP, a value 
within the desired standards for malting barley (> 80 %) [19]. 
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Site/ 
Character

Yield Class1 TSW Height LOD Cycle

AMB1 4360.9 81.7 45.3 75.5 15.6 54.3
AMB2 5022.7 69.0 40.7 78.6 52.6 57.9
AMB3 5161.9 73.8 44.5 81.4 2.7 58.5
AMB4 6730.7 85.8 45.1 85.6 62.9 52.5
AMB5 6780.3 79.5 41.0 95.5 20.4 55.2
Mean 5611.3 77.9 43.3 83.3 30.8 55.7

Table 3: Mean of the 21 genotypes selected through Combined Se-
lection (CS).

*Yield: estimated grain yield (kg.ha-1); Class1: kernel plumpness 
(>2.5 mm) (%); TSW: weight of a thousand seeds (g); Height: 
height of the plants (cm); LOD: plant lodging (%); Cycle: days to 
heading (days)

The genotypes selected (21) through CS are mostly of Colom-
bian origin, the other three genotypes are of Brazilian (the cultivar 
recommended for the savanna BRS 180), Canadian, and Russian 
origins. All genotypes have six rows of kernels and have cream col-
ored caryopsis. The mean selection gains in CS for Yield, KP, and 
LOD were 4.39%, 8.16%, and -39.96%, respectively (Table 2).

Although the selection gains were not the greatest when com-
pared to the selection indices, the selected genotypes presented 
higher stability in relation to the characters used in the selection. 
This was because the CS was based on the five environments, re-
ducing the environmental influence in the selection of the best 
genotypes. The table 4 presents the number of genotypes selected 
by the indices simultaneously in the different environments. It’s 
evident the difficulty in obtaining a common number of genotypes 
that were selected in the five environments used, once only three 
genotypes were selected in the five environments.

Of the 21 CS genotypes, 18 were selected in at least three en-
vironments and 11 were selected in at least four environments. 
Comparatively, the four selection indices used selected from 15 to 
19 genotypes in at least three environments, totaling 28 different 
genotypes (Table 4).

Combined Selection

 NGD Elston PB MM GI
Number of 
genotypes 
selected in 
at least:

1 environment 64 49 50 52 48
2 environments 48 32 32 25 30
3 environments 28 19 15 17 18
4 environments 13 5 7 7 7
5 environments 3 0 1 1 2

Table 4: Number of genotypes selected by the selection indices si-
multaneously in the experimental environments.

**Elston: Elston Index (1963); PB: Pesek and Baker Index (1969); 
MM: Mulamba and Mock Index (1978); IG: Ideotype-genotype dis-
tance Index (2006); CS: Combined Selection; 

**NDG: Number of different genotypes selected

The genotype that was selected the most was the Brazilian 
cultivar BRS 180, that was selected 18 times out of 20. Other two 
genotypes stood out for being more stable, and were selected 16 
times by the selections indices applied in the five environments. 
These were the genotypes MCU 3634 PI 402112 and MCU 3851 PI 
402329, both with mean Yield above 6,000 kg.ha-1 and KP above 
78.9% (Table 1).

The selected genotypes presented means of Yield of 5,611 
kg.ha-1, KP of 77.9%, and LOD of 30.8%. These values are very close 
to the values considered ideal for the production system of the 
irrigated savanna [18] (Table 3). The means of Yield for the envi-
ronments 4 and 5 (above 6,700 kg.ha-1) are considered very high, 
since it is the mean of 21 genotypes, and the mean yield in the state 
of Paraná (state with the highest yield) is around 4,000 kg.ha-1 [20]. 
The level of LOD next to the acceptable limit (30%) occurred main-
ly due to the year of 2013, when the high level in the environments 
2 and 4 contributed to the increment of the levels of this character 
in the mean of the genotypes.

The Combined Selection is the combination of the selection in-
dex of Mulamba and Mock with the Elston index. Therefore, geno-
types with lodging higher than 30% and KP lower than 70% in 3 
environments were discarded, making it possible to obtain high 
selection gains for these characters.

Coincidence index
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Amb3 was the environment in which the highest coincidence 
occurred between CS and the selection of other indices, except the 
PB index. This was due to the high selection gains for KP and LOD 
that were possible to obtain in this environment, which is in line 
with the selection of PB that obtained high performance in the se-
lection for Yield. Non-randomly, the Elston index presented a coin-
cidence of 76%, given its efficiency for selection of genotypes for 
these characters (Table 5).

Site\Selection Index Elston PB MM IG Mean
Amb1 0.62 0.33 0.57 0.62 0.536
Amb2 0.38 0.38 0.48 0.48 0.429
Amb3 0.76 0.52 0.71 0.62 0.655
Amb4 0.43 0.57 0.62 0.62 0.560
Amb5 0.67 0.62 0.48 0.71 0.619
Mean 0.571 0.486 0.571 0.610

Table 5: Coincidence index between the selection indices and the 
Combined Selection.

*Elston: Elston Index (1963); PB: Pesek and Baker Index (1969); 
MM: Mulamba and Mock Index (1978); IG: Ideotype-genotype dis-
tance Index (2006); CS: Combined Selection.

Environment 2 obtained the lowest mean of coincidence with 
CS among the environments, probably due to the low selection 
gains in relation to LOD obtained in this environment by all selec-
tion indices when compared to other environments (Table 5).

The ideotype-genotype selection index (0.61) presented high-
est coincidence with the CS (Table 5). Like the MM index, the IG 
index obtained intermediate gains for the three characters of inter-
est. This greater coincidence between IG and CS is very interesting 
for malting barley breeding, since intermediate gains in all traits of 
interest result in more attractive genotypes for both the farmer and 
the brewing industry.

The Weight-free and Parameter-free and Desired Genetic Gain 
indices were not adequate to simultaneously select the three char-
acteristics of interest for barley. 

The selection indices of Mulamba and Mock and of the Ideotype-
genotype distance were considered more interesting for simulta-

Conclusions

neous selection due to selection gains of satisfactory magnitude for 
the three characteristics of interest.

Based on the selection of genotypes for each index within the 
environments, it was more efficient to select the most stable ma-
terials, since they obtained a higher frequency of selection among 
the other indexes.
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