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Abstract

In the final steps of a breeding program, it is necessary to evaluate several traits, which makes it difficult 
to select the superior genotypes. This study aimed to compare nonlinear indexes in the selection of 
superior soybean inbred lines obtained by recurrent selection. The experiment was carried out in 
Londrina, Paraná State, Brazil. During the 2010/11 and 2011/12 seasons, 67 soybean inbred lines and 
two commercial controls (BMX Potência RR and NK 7059 RR) were evaluated. The experimental 
design was a randomized complete block with three replicates. The evaluated traits were: days to 
maturity, agronomic value, lodging, first pod insertion height, and grain yield. A combined analysis of 
variance for seasons was performed and the sum of ranks index, ideotype distance index, and cultivars 
selection index were applied. All traits were significant for the genotypic source of variation and showed 
complex genotype × environment interactions. The selection indexes were consistent with each other. 
The ideotype and cultivar selection index showed higher concordance on indication of 15 superior 
inbred lines with a coefficient of coincidence of 80%. The inbred lines SR-03, SR-12, SR-22, SR-41, 
SR-49, SR-55, SR-61, and SR-62 were indicated for all indexes and are therefore considered superior 
to other inbred lines. 
Key words: Glycine max. Agronomic traits. Cultivar selection. Grain yield. Non-linear indexes. 

Resumo

Nas etapas finais de um programa de melhoramento é necessário a avaliação de diversos caracteres, 
o que gera dificuldade na escolha dos melhores genótipos. O presente trabalho teve como objetivo 
comparar índices não lineares na seleção de linhagens superiores de soja, obtidas por seleção recorrente. 
Os experimentos foram conduzidos em Londrina, Paraná, Brasil. Durante as safras 2010/11 e 2011/12 
foram avaliados sessenta e sete linhagens de soja e duas testemunhas comerciais ((BMX Potência RR 
e NK 7059 RR). O delineamento experimental adotado foi em blocos completos ao acaso, com três 
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repetições. As características avaliadas foram: dias para maturação, valor agronômico, acamamento, 
inserção da primeira vagem e produtividade de grãos. Realizou-se a análise de variância conjunta para 
anos agrícolas e empregaram-se os índices de soma de ranks, de distância ao ideótipo e de seleção de 
cultivares. Todas características para a fonte de variação genótipo foram significativas e apresentaram 
predomínio da interação complexa na interação genótipo x ambiente.  Os índices de seleção se mostraram 
concordantes entre si. O índice de distância ao ideótipo e o índice de seleção de cultivar apresentaram 
maior concordância na indicação das 15 melhores linhagens com coeficiente de coincidência de 80%. 
As linhagens SR-03, SR-12, SR-22, SR-41, SR-49, SR-55, SR-61 e SR-62 foram indicadas em todos os 
índices e, portanto, consideradas superiores às demais. 
Palavras-chave: Glycine max. Características agronômicas. Seleção de cultivares. Produtividade de 
grãos. Índices não lineares. 

Introduction

Among plant breeding methods, recurrent 
selection is a technique that aims to gradually 
increase the frequency of favorable alleles for 
quantitative traits through repeated cycles of 
selection and recombination without any reduction in 
the variability of the genetic population (BORÉM et 
al., 2017). Information about this method has largely 
been obtained in studies on allogamous species, 
particularly in corn crop. However, this method has 
also been applied to autogamous species, such as 
rice (GRENIER et al., 2015; MORAIS JÚNIOR 
et al., 2015), oats (HOLLAND et al., 2002), wheat 
(RAMYA et al., 2016), common bean (PIRES et al., 
2014), and soybean (POSADAS et al., 2014). 

After recombination cycles, promising families 
can be selected and self-fertilized to participate in 
new trials that evaluate inbred lines to launch new 
cultivars. In recurrent selection, and in the final 
steps of genetic breeding programs, it is necessary 
to evaluate several agronomic traits, which make 
it difficult to select the best genotypes. Therefore, 
an alternative method combining information 
on several traits in a single value would be the 
utilization of selection indexes, which would 
facilitate the comparison and rating of individuals 
based on traits set of interest (CRUZ et al., 2014). 

Selection indexes can be classified as linear 
and non-linear. Linear indexes, which are obtained 
by the linear function of genotype values, aim 
to improve population means, and genotypes 
with traits below acceptable commercial levels 

can be selected whereas concentrate reasonable 
number of alleles to other traits. In this way, these 
indexes are indicated just for situation that after 
the selection cycle the recombination step is done. 
Conversely, the non-linear indexes, also known as 
non-parametric indexes, do not require estimates of 
genetics parameters, which allows the simple rating 
of genotypes and the use of indexes in the selection 
of inbred lines during the final steps of a breeding 
program (GARCIA; SOUZA JÚNIOR, 1999). 

There are several notable non-parametric indexes: 
the multiplicative index proposed by Elston (1963), 
the use of distance to classify genotypes in the 
function of an ideal genotype (ideotype), described 
by Schwarzbach (1972) and cited by Wricke and 
Weber (1986), and the sum of ranks index described 
by Mulamba and Mock (1978). These indexes 
have been applied to the selection of superior 
inbred lines of cowpea (BERTINI et al., 2010), 
snap bean (MARINHO et al., 2014), common bean 
(MAZIERO et al., 2015), popcorn (VITTORAZZI 
et al., 2013), and soybean (BÁRBARO et al., 2007).

A possible limitation to the use of these methods 
is that it is not possible to apply acceptable minimum 
values to each trait, or use means tests to give higher 
statistical precision to the results (MARINHO et al., 
2014). Such parameters are applied to the cultivar 
selection index method proposed by Garcia (1998), 
where the main steps are average grouping (each 
genotype is represented by the average of its group), 
definition of minimum acceptable levels for each 
trait, definition of ideotype and Euclidean distance 
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means, and the ranking and selection of superior 
genotypes.

Therefore, this study aimed to compare non-
parametric indexes (sum of ranks, ideotype distance, 
and cultivar selection), with the aim of selecting 
superior soybean inbred lines obtained by recurrent 
selection.    

Material and Methods

The experiments were performed during the 
2010/2011 and 2011/2012 seasons in Londrina city, 
Paraná, Brazil (latitude: 23° 20′ 23.45′′ S, longitude: 
51° 12′ 32.38′′ W and altitude: 532 m). The climate 

of this region is classified as Cfa, described as 
wet subtropical with hot summer according to the 
Köppen classification. 

Sixty-seven inbred lines were evaluated in 
advanced self-fertilized generations obtained 
through recurrent selection and two commercial 
controls (BMX Potência RR and NK 7059 RR) 
(Figure 1). Sowing was performed in 10/20/2010 and 
10/07/2011 in a random blocks experimental design 
with three replicates. The plots were composed of 
two rows, each 4 m long with row spacings of 0.45 
and 12 plants/meter. Measurements of 0.5 m were 
discarded from both extremities.

Figure 1. Scheme of procedure adopted in the application of recurrent selection on soybean breeding to grain yield 
improvement. Londrina, Paraná State, Brazil, 2012. 

The experiments were performed during the 2010/2011 and 2011/2012 seasons in Londrina city, 

Paraná, Brazil (latitude: 23° 20′ 23.45′′ S, longitude: 51° 12′ 32.38′′ W and altitude: 532 m). The climate of 

this region is classified as Cfa, described as wet subtropical with hot summer according to the Köppen 

classification.  

Sixty-seven inbred lines were evaluated in advanced self-fertilized generations obtained through 

recurrent selection and two commercial controls (BMX Potência RR and NK 7059 RR) (Figure 1). Sowing 

was performed in 10/20/2010 and 10/07/2011 in a random blocks experimental design with three replicates. 

The plots were composed of two rows, each 4 m long with row spacings of 0.45 and 12 plants/meter. 

Measurements of 0.5 m were discarded from both extremities. 

 

Figure 1. Scheme of procedure adopted in the application of recurrent selection on soybean breeding to grain 
yield improvement. Londrina, Paraná State, Brazil, 2012.  
 
 

 
 

At sowing, seeds were inoculated with Bradyrhizobium japonicum strains SEMIA 5079 and 5080 at 
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At sowing, seeds were inoculated with 
Bradyrhizobium japonicum strains SEMIA 5079 and 
5080 at a concentration of 5.0 ×109 colony-forming 
units per milliliter of the commercial product at a 
dose of 100 mL for 50 kg of seeds. 

The measured traits were: days to maturity 
(DTM), assessed as the number of days from 
sowing to physiological maturation; agronomic 
value (AV), which was a visual rating from 1 to 5, 
with 1 corresponding to no agronomic value and 
5 corresponding to high agronomic value (high 
number of pods and no lodging, no green stem, no 
threshing, and no diseases) (LOPES et al., 2002); 
lodging (LOD), ranging from 1 to 5, where 1 is 
low and susceptible to lodging and 5 is complete 
lodging; first pod insertion height (PIH), measured 
as the distance in centimeters from the soil surface to 
the first pod measured in six plants from the useful 
area in the plots and; grain yield (GY), obtained 
by trashing the plants from the useful plot area and 
adjusting the humidity to 13%, expressed in kg ha1. 
AV, LOD, and PIH were measured at physiology 
maturation of the grain.

Individual analysis of variance was performed 
for all traits in each season, and after variance 
homogeneity was confirmed through the Hartley 
test, a grouped analysis was performed for 
seasons. Participation of the complex genotype 
× season interaction was evaluated using the 
methods described by Robertson (1959) and Cruz 
and Castoldi (1991). Additionally, the Pearson 
correlation was estimated among evaluated traits.

The genotypes were classified by the following 
indexes: 

Sum of ranks index

The sum of ranks index (MULAMBA; MOCK, 
1978) classifies genotypes in relation to each 
favorable trait in a breeding program. Thus, it 
sums the sequence of each genotype resulting in a 
selection index as follows: I = r1 + r2 + ... + rn, where, 

I is the index value to some individual or family; rj 
is the classification (or “rank”) of one genotype in 
relation to the j-th trait; and n is the number of traits 
considered by index.

This strategy allows different weights to be 
specified in the ranking of traits. Thus, it has: I = 
p1r1 + p2r2 + ... + pnrn being pj = economic weight 
assigned by the researcher to the j-th trait. In the 
present study, the grain yield trait was considered 
the primary trait and received an economic weight 
value of 2. Other traits were considered as secondary 
and received a value of 1.

Ideotype distance index

The ideotype distance index (SCHWARZBACH, 
1972 apud WRICKE; WEBER, 1986) allows an 
optimum to be adopted for each trait. For this, the 
distance of each individual to an ideal genotype 
defined for the traits DTM, AV, LOD, PIH, and 
GY is calculated from the phenotypic means. The 
ideotype is defined as the genotype with high values 
for the AV and GY traits, low values for the DTM 
and LOD, and 15 cm to the PIH.

Next, the phenotype means were standardized 
and the Euclidean distances for each genotype 
were calculated in relation to the proposed ideotype 
through the following formula:

                                   where, =      Euclidean 
distance between genotype j and ideotype I (j = 1,..., 
69); xij = measure of trait i in genotype j (i = 1,...,5); 
xIj = value defined to the ideotype I, referring to trait 
i. The genotypes were ranked based on the distance 
of , with lower distances considered better.

Cultivar selection index

The cultivar selection index (GARCIA, 1998) 
requires parameter estimates and prioritizes fixing 
the discarded values and applying a means test, 
attending cultivar selection. The steps to obtain this 
index are as following: 
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1) Means grouping (Scott–Knott test) and 
obtaining reciprocals , lower values are the target 
of the selection;

2) Definition of minimum and maximum levels, 
depending of the pattern acceptable for each trait. 
In this study, the minimum acceptable levels were 
the statistical values inferior to the mean DTM and 
LOD, statistical superior to means of AV and GY, 
and statistical superior to 10 cm for PIH; 

3) Data transformation by the equation: 

                                                     is the transformed means 
of trait m;      is the trait m means after grouping;                                                                  

to the means of trait m; and Sm is the standard 
deviation of trait m; 

4) Ideotype definition (fixed as ideotype with 
low values for DTM and LOD, high values for AV 
and GY, and a 15 cm PIH); 

5) Calculation of Euclidean distance in relation 
to the ideotype (according to the equation presented 
for the previous index, ideotype distance index); and 

6) Superior genotype classification, whereby 
genotypes of lower distance to the ideotype were 
considered best.

The selection indexes were compared based on 
the coefficient of coincidence in the classification 
of 15 better inbred lines. Statistical analyses were 
performed using Genes program (CRUZ, 2016) and 
Microsoft Excel©.   

Results and Discussion

Through grouped analysis of variance (Table 1), 
sources of variation in genotype (G) and genotype 
× environment (GE) were significant for all 
evaluated traits, indicating that genotypes showed 
genetic variability and different performance due 
to environmental variation. Several authors have 
verified a significant interaction of GE in phytometric 
traits and in yield compounds in soybean, which 
is explained by environmental conditions such as 
temperature and precipitation (BARBOSA et al.; 
2013, FREIRIA et al., 2016; FREIRIA et al., 2018).

The presence of a GE interaction may be a 
complicating factor in breeding programs, when 
there is a lack of correlation among genotypes in 
distinct environments; this is classified as a complex 
interaction. Thus, when this changes the genotypes 
ranking, it makes it difficult to select and recommend 
the best genotypes (ROBERTSON, 1959).
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Table 1. Means square values to traits of days to maturity (DTM), agronomic value (AV), lodging (LOD), first pod 
insertion height (PIH) and grain yield (GY) of 67 soybean inbreed lines obtained by recurrent selection and two 
commercial checks (BMX Potência RR and NK 7059 RR). Londrina, Paraná State, Brazil, 2012. 

Sources of Variation
Means Square

F.D. DTM AV LOD PIH (cm) GY (kg ha
-1

)

Block (Environment) 4 5.63 0.11 0.06 9.15 983172.95
Genotypes (G) 68 185.39** 0.69** 0.97** 36.41** 796897.33**

Environment (E) 1 22440.35** 86.83** 41.93** 3484.82** 2521210.19
G x E 68 91.89** 0.34** 0.55** 25.52** 785315.54**
Error 272 3.21 0.06 0.13 8.593 325858.93

Means 127.62 3.35 1.61 10.93 2785.58
C.V. (%) 4.33 7.11 22.46 26.82 17.74
%PCGA¹ 99.36 92.45 97.67 99.19 90.19
%PCGA² 80.80 73.86 82.80 90.74 88.25

** Significant at the p < 0.01 and * Significant at the p < 0.05 by test F.
1 e 2 %PCGA: Complex interaction participation, on genotype x environment interaction according to methods proposed by 
Robertson (1959) and Cruz and Castoldi (1991), respectively. 

- Página 1761 (pag. 1) - Quarta linha (título em português) – retirar a palavra “superiores” 

 

- Página 1764 (pag. 4) – segunda coluna, 4° parágrafo, linha 7, acrescentar “xij” antes do sinal 
de =. Como expresso abaixo: 

... “I (j = 1,..., 69);     = measure of trait i in genotype j (i ”…. 

 

- Página 1764 (pag. 4) – segunda coluna, 4° parágrafo, linha 8, acrescentar “xIj” antes do sinal 
de =. Como expresso abaixo: 

...” = 1,...,5);    = value defined to the ideotype I, referring”… 

 

- Página 1765 (pag. 5) – primeira coluna, 3° parágrafo, linha 3, acrescentar “    
 ” depois do 

ponto e vírgula e ante de “is”. Como expresso abaixo: 

...” means of trait m;      
   is the trait m means after grouping; 

 

- Página 1769 (pag. 9) – tabela 3, retirar a linha que está passando no meio da tabela, entre RS 
35 e RS 36.  
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Regarding the interaction, a predominance of 
complex interactions for all traits was found, with 
percentages ranging from 92.45 (AV) to 99.36% 
(DTM) with the Robertson (1959) method, and 
73.86 (AV) to 90.74% (PIH) with the Cruz and 
Castoldi (1991) method (Table 1). According to 
Silva et al. (2013) and Elias et al. (2016), high 
percentage for the complex interaction makes it 
necessary to reduce the effects of this interaction, 
through measurements obtained during local, 
season, and seeding season. Therefore, to apply 
selection indexes, the means of genotypes for each 
season were used instead of considering only the 
means of genotypes from two seasons.  

Pearson linear correlation analysis of the five 
traits evaluated (Table 2) revealed a negative 
correlation between LOD × AV and DTM × AV, and a 
positive correlation between GY × AV. These results 
corroborate the capacity of the agronomic value 
to indicate genotypes with desirable agronomic 
traits, as reported by Lopes et al. (2002). A positive 
correlation was observed for days to maturity × 
lodging trait; however, this was of lower magnitude. 
According to Perini et al. (2012) and Maziero et 
al. (2015), when there is no correlation or a weak 
correlation among traits of interest, it is possible to 
select genotypes that combine all favorable traits, 
since those of interest participate in selecting the 
best genotypes. 

Table 2. Pearson correlation among traits days to maturity (DTM), agronomic value (AV), lodging (LOD), first pod 
insertion height (PIH) and grain yield (GY) of sixty-seven soybean inbreed lines obtained by recurrent selection and 
two commercial checks (BMX Potência RR and NK 7059 RR). Londrina, Paraná State, Brazil, 2012. 

Traits AV LOD PIH GY
DTM - 0.42** 0.29* - 0.24 - 0.11
AV - 0.45** 0.17 0.50**

LOD - 0.4 - 0.08
PIH - 0.01

*, **: Significant at the 5 and 1 % probability level by test t, respectively. 

The 15 inbred lines with the best ranking were 
those with a low sum of ranks index (I): RS-03, 
RS-62, RS-41, RS-05, RS-56, RS-55, RS-61, RS-
53, RS-63, RS-49, RS-22, RS-12, RS-04, RS-17, 
and RS-67 (Table 3). This group obtained means 
of 126.72 days, 3.67, 1.38, 11.99 cm, and 3100.85 
kg ha-1, respectively, for DTM, AV, LOD, PIH, and 
GY, with values ranging from 207 to 301. Selection 
of these individuals would represent a yield gain of 
315.27 kg ha-1 in relation to the general mean.  

Garcia and Souza Júnior (1999) classified this 
index as easy to apply, because it does not use 
the phenotypic values obtained but the ranking 
number attributed to it, which generates the same 
variance for all traits, avoiding data transformation. 

According to Bárbaro et al. (2007), the sum of ranks 
index enabled the larger yield gains of soybean in 
an F5 population selection without impacting the 
phytometric traits. However, in the final steps of 
breeding, in which no recombination cycle will 
occur, the selection must not aim for populational 
genetic gain but for individual selection of genotypes 
that combine required traits to obtain a new cultivar, 
without any restrictive trait to its launch (CRUZ et 
al., 2014).

From the evaluated inbred lines, only RS-03 (I = 
207), RS-62 (I = 213), and RS-41 (I = 216) presented 
values of I lower than the commercial controls NK 
7059 RR (I = 223) and BMX Potência RR (I = 235). 
According to Bertini et al. (2010), a lower value of 
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I indicates the most favorable combinations among 
all traits in the study; conversely, a higher value 
indicates an unfavorable combination of traits with 
values below those required by breeding.

High LOD values and low PIH values (in 
general less than 10 cm) would result in losses by 
mechanical harvesting (CHIODEROLI et al., 2012). 
Therefore, the three inbred lines with a lower sum 
of I obtained satisfactory results for the LOD and 
PIH traits, except for the inbred line RS-62, which 
obtained a PIH value of 7.67 cm in the 2010/11 
season (Table 3). 

The ideotype distance index (djI) showed a 
coincidence coefficient of 80% in relation to the 
values of I upon ranking the 15 inbred lines of 
lower value djI, which presented a lower Euclidean 
distance regarding the established ideotype. A 
strong relationship between these two indexes was 
reported by Marinho et al. (2014) and Buzzello et 
al. (2015). 

The inbreed lines RS-53, RS-17 and RS-67 it was 
classified among the 15 better by values of I were 

replaced to RS-59, RS-21 and RS-15 that summed 
to RS-62, RS-03, RS-41, RS-55, RS-56, RS-63, RS-
22, RS-49, RS-05, RS-12, RS-61 and RS-04 make 
up the group of lower values of djI, ranging from 
4.03 to 5.81 (Table 3). Therefore, the inbred lines 
RS-62 (djI = 4.03) and RS-03 (djI = 4.18) presented 
a lower ideotype distance than the commercial 
controls (NK 7059 RR = 4.67 and BMX Potência 
RR = 4.83). 

The main criticism of the sum of ranks and 
the ideotype distance indexes is the difference 
among the means of each trait, since these indexes 
doesn’t expect to perform multiple comparison test. 
Consequently, differences among the phenotypic 
means of each trait may not be statistically 
significant, which would result in errors (GARCIA; 
SOUZA JÚNIOR, 1999; MARINHO et al., 2014). 
This would not be a problem for the cultivar 
selection index, as described by Garcia (1998), 
which requires the application of a means grouping 
test and the replacement of observed phenotypic 
means with the means of the group in which the 
genotype was inserted by a statistical test.
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The inbred lines with lower (Isc) in the method 
described by Garcia (1998), which combined the 
more favorable traits were: RS-61, RS-63, RS-
55, RS-03, RS-62, RS-22, RS-56, RS-59, RS-41, 
RS-49, RS-47, RS-32, RS-21, RS-31, and RS-12. 
These inbred lines had a coincidence coefficient of 
66.67 and 80.00% with the sum of ranks indexes 
and ideotype distance an indication of the 15 best 
inbred lines, respectively (Table 3). The higher 
coincidence coefficient index observed between the 
cultivar selection index and the ideotype distance 
index can be attributed to the fact that both has on 
o the criteria to obtain its indexes to the Euclidean 
distance in relation to the ideotype determined by 
the breeder, which were equal for both indexes. 

According to Garcia (1998), the genotypes to 
be selected would have a lower Isc and would not 
present any trait below the minimum acceptable 
level (Nm) to the selection. In Table 3, the phenotypic 
means in bold represent the values below the Nm. It 
can be observed that all fifth inbred lines of lower 
Isc showed some traits below the fixed value to 
Nm. However, according to Marinho et al. (2014), 
discarding these genotypes must be balanced by 
the global performance and importance of the 
trait in question. Considering the high importance 
of environment in the expression of evaluated 
traits, genotypes with values below the minimum 
acceptable levels for one trait in a season could not 
be discarded. 

Nevertheless, the inbred lines RS-63, RS-56, 
and RS-31 with grain yields means below Nm values 
in the two growth seasons showed a low potential 
per se for grain yield. Due to the importance of 
yield for commercial cultivars (SANTOS et al., 
2016), these inbred lines must not be selected. The 
inbred line RS-12 with number of days to maturity 
superior to the means in both seasons, must also not 
be selected because those who showed others traits, 
such as early maturity, were prioritized. Based on 
the Isc values, no inbred line were superior when 
compared with the commercial controls (NK 7059 
RR and BMX Potência RR). 

Among the five best inbred lines ranked in 
the three applied indexes and not -considering 
those with restrictive values based on minimum 
acceptable levels, RS-03, RS-12, RS-22, RS-41, 
RS-49, RS-55, RS-61, and RS-62 showed potential 
for the selection process. These are necessary for 
evaluating the agronomic traits under broader 
environmental conditions, with the objective of 
verifying the adaptability and stability of these 
inbred lines to launch a new soybean cultivar in the 
future.

Conclusion

The selection indexes were consistent for the 
indication of better inbred lines. The superior inbred 
lines based on three indexes applied were RS-03, 
RS-12, RS-22, RS-41, RS-49, RS-55, RS-61, and 
RS-62. These featured RS-03 and RS-62, which 
obtained a lower sum of ranks and a lower distance 
to the ideotype when compared to the commercial 
controls. 
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