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ABSTRACT. An option into guide selection strategies in soybean 
breeding programs is to investigate associations between the main traits 
studied by breeders. A question that is faced is the possible influence of 
genotype x environment (GE) interactions on correlations among traits. 
Path analysis allows, in addition to measuring correlation, a more 
detailed study of cause / effect relationships among traits. We measured 
the effect of the GE interaction in the association between agronomic 
traits in soybeans. The experiments were carried out during two crop 
seasons, in three municipalities of Minas Gerais, Brazil, using a 
randomized complete blocks design, with 35 treatments. We evaluated 
number of grains, number of pods (NP), number of grains per pod, grain 
yield, weight of 100 grains, lodging score, plant height, height of first 
pod insertion, and full maturity. The data were submitted to variance 
analysis and path analysis. We also calculated the sum of ranks index in 
three ways, considering different economic weights. The correlation 
between grain yield and other traits, as well as direct and indirect effects, 
varied in magnitude and direction, considering individual and multi-
environmental analyses, demonstrating the influence of the GE 
interaction. For example, considering the individual analysis for Lavras 
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in 2015/16, the correlation between grain yield and NP was -0.0534 and 
was not significant at the 5% level by the Mantel test, and the direct 
effect of NP on grain yield was 0.1717, while in the joint analysis of all 
environments, the correlation between these traits was 0.3674 and was 
significant, and the direct effect of NP on grain yield was -0.0520.The 
direct effect as an economic weight in the sum of rank index can be more 
efficient in selecting cultivars when compared to a simple correlation; 
this could become a useful strategy for the selection of multiple traits. 
 
Key words: Glycine max; Grain yield; Plant breeding; Path analysis 

INTRODUCTION 
 
Despite the great utility of simple correlation coefficient estimates for the understanding 

of a complex trait, such as grain yield, they are not cause-effect measures, since this 
quantification is restricted to two-by-two comparisons and does not consider direct and indirect 
influences of other traits (Neto et al., 2011; Nogueira et al., 2012). Thus, if a high correlation 
between two traits is a consequence of the indirect effect of another one, the estimation may be 
misleading, resulting in mistaken selection strategies (Perini et al., 2012). 

Therefore, it is useful and necessary for the breeder to detail the degree of relationship 
of the traits through an appropriate method, such as path analysis. This method allows unfolding 
the estimated correlation coefficients of the explanatory component traits into their direct and 
indirect effects on most traits (Teodoro et al., 2015), helping to understand the real relationships 
between a set of characters and a main variable (Baraskaret al., 2015). 

However, the genotype x environment (GE) interaction may greatly influence complex 
traits, such as grain yield, which can be explained by the effect of various characters on yield 
components. Thus, GE interaction may exert an important influence on the association among 
traits, which can affect the selection process, especially when it involves indirect selection and 
multiple traits selection, which in the latter case interferes with the recommendation of adapted 
cultivars for different environments (Lopes et al., 2002). 

Moreover, the main objective of breeding programs is to obtain cultivars that 
accumulate advantages and that are capable of surpassing those already in the market, i.e., 
cultivars that simultaneously provide favorable phenotypes for several traits. Thus, selection 
based on one or few characteristics becomes inadequate, since it leads to a superior product only 
in relation to the characters by which it was selected (Cruz and Carneiro, 2014).  

An alternative to the selection of multiple characters is index selection, which has been 
reported in soybean crop breeding (Soares et al., 2015; Bizari et al., 2017).  

The breeders’ preference is generally for indexes of easy application and interpretation 
(Reis et al., 2015), such as the sum of ranks index. This index allows combining various types of 
information of the evaluated traits that are chosen by the researcher based on the simultaneous 
selection desired, obtaining a single value that involves all the others and works as if it were an 
additional character (Cruz and Carneiro, 2014).  

However, a pending issue concerns the difficulty of specifying the economic weights 
for each character in the selection index (Santos et al., 2007). Usually, breeders do not have 
these economic weights fully determined. Consequently, proposals with varied alternative 
weights are common. For Resende (2007), the use of weights calculated based on the correlation 
between explanatory characters and the basic character of interest is more appropriate. 
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Following similar reasoning, setting aside the simple correlation unfolding by path analysis, 
another possibility is to calculate these weights as a function of the direct effects. 

Along this line, we measured the effect of the GE interaction on the association among 
agronomic traits related to grain yield in soybeans, in relation to the direct and indirect effects 
obtained in a path analysis; we also evaluated its consequences in the selection for multiple 
traits. 

MATERIAL AND METHODS 
 
The experiments were carried out in three locations in the state of Minas Gerais (Lavras, 

Ijaci and Itutinga), Brazil, during the 2014/15 and 2015/16 crop seasons. Thirty-five commercial 
soybean cultivars (Table 1) were investigated; they were chosen because of their potential for 
production in the southern region of Minas Gerais, Brazil. Experiments were conducted in a 
randomized complete block design with three replications. Each plot was constituted of two 
rows 5 m long with 0.5 m spacing between rows.  
 
 

Table 1.Soybean cultivars evaluated, including maturity group (MG) and growth habit (GH) information. 
 

Cultivars MG GH Cultivars MG GH 
FPS Iguaçu 5.0 I 5D 690 RR 6.9 I 
NS 5106 IPRO 5.1 I NS 6909 IPRO 6.9 I 
NS 5151 IPRO 5.1 I NS 7000 IPRO 7.0 I 
95R51 5.5 I CD 238 RR 7.1 D 
CD 250 RR 5.5 I M 7110 IPRO 7.1 I 
FPS Paranapanema RR 5.6 SD TMG 716 RR 7.1 I 
FPS Solimões RR 5.7 I 97R21 7.2 I 
FPS Atlanta 5.8 I NS 7209 IPRO 7.2 I 
RK 5813 RR 5.8 I CG 68 RR 7.3 I 
FPS Júpiter RR 5.9 I NS 7300 IPRO 7.3 I 
NS 5909 IPRO 5.9 I NS 7338 IPRO 7.3 I 
NS 5959 IPRO 5.9 I CG 67 RR 7.4 SD 
5D 615 RR 6.1 I CG 7464 RR 7.4 SD 
FPS Urano RR 6.2 D CG 7665 RR 7.6 SD 
FPS Netuno RR 6.3 I 5G 770 RR 7.7 I 
FPS Solar IPRO 6.3 I CG 8166 RR 7.7 I 
FPS Antares RR 6.8 I 5G 830 RR 8.3 D 
RK 6813 RR 6.8 I  - -  -  
MG: Maturity Group (Alliprandini et al., 2009); GH: Growth Habit; I: Indeterminate; SD: Semi-determinate; D: 
Determinate. 

 
The following traits were evaluated: grain yield (Yield): determined from the harvest of 

each plot, corrected for 13% moisture, (bags.ha-1 - bags of 60 kg); lodging score (LOD.); the 
lodging score was estimated according to the scale proposed by Bernard et al. (1965); weight of 
100 grains (W100) expressed in grams (g); full maturity (AM): determined based on the number 
of days counted from the seedling emergence date to the date when 95% of the pods are mature ( 
R8 stage); number of pods per plant (NP), number of grains per plant (NG) and number of grains 
per pods (NGP): five plants were collected at random and the pods and grains were counted 
manually, obtaining the average number of grains per plant, pods per plant and grains per pod; 
plant height (HEI) and height of first pod insertion (INP): expressed in centimeters (cm) and 
obtained by the average of five plants taken at random. 

The data were submitted to variance analysis following the strategies presented in Table 
2, which were performed in R® environment (R Core Team, 2015) and the averages were 
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grouped by the Scott and Knott (1974) test at 5% probability. Experimental accuracy was 
measured by estimating the coefficient of variation (CV)(Pimentel-Gomes, 2009) and selective 
accuracy (Resende and Duarte, 2007).  

 
 

Table 2. Data analysis strategies for the evaluation of soybean cultivars in Lavras/MG, Ijaci/MG, 
Itutinga/MG in the crop seasons 2014/15 and 2015/16. 

 

Analysis Statistical model 

Individual –in each site and each crop year 
௜ܻ௝ = ߤ	 + 	 ୧ݐ + 	 ௝ܾ + 	 ݁௜௝ 

Joint of sites in each crop year ௜ܻ௝௟ = ߤ + 	 ௜ݐ + 	 ௝ܾ(௟) + 	 ܽ௟ + ௜௟(ܽݐ)	 + ݁௜௝(௟) 
Joint of crop years in each site ௜ܻ௝௞ = ߤ + 	 ௜ݐ + 	 ௝ܾ(௞) + 	 ௞ݏ + ௜௞(ݏݐ)	 + ݁௜௝௞ 
Joint – Total ௜ܻ௝௞௟ = ߤ + 	 ௜ݐ + 	 ௝ܾ(௞௟) + 	 ௞ݏ + 	ܽ௟ + ௜௞(ݏݐ)	 + ௜௟(ܽݐ)	 + ௞௟(ܽݏ) + ௜௞௟(ܽݏݐ) + ݁௜௝௞(௟) 
Where: ࢐࢏ࢅ = 	 ࢒࢐࢏ࢅ = 	 ࢐࢑࢏ࢅ = 	  effect of the :࢏࢚ ;constant associated with all observations :ࣆ ;phenotypic value :࢒࢐࢑࢏ࢅ
cultivar i; ࢐࢈: effect of the block j; (࢒)࢐࢈: effect of the block j within the site l; (࢑)࢐࢈: effect of the block j within the crop 
year k; (࢒࢑)࢐࢈: effect of the block j within the site l, within the crop year k; ࢒ࢇ: effect of the site l; ࢙࢑: effect of the crop 
year k; (࢚ࢇ)࢒࢏: effect of cultivar-site interaction; (࢚࢙)࢑࢏: effect of cultivar-crop year interaction; (࢙ࢇ)࢒࢑ : effect of site-
crop year interaction; (࢚࢙ࢇ)࢒࢑࢏: effect of cultivar-crop year-site interaction; ࢐࢏ࢋ = 	 (࢒)࢐࢏ࢋ = ࢐࢑࢏ࢋ = 	  error associated :(࢒)࢐࢑࢏ࢋ
to ࢐࢏ࢅ = 	 ࢒࢐࢏ࢅ = 	 ࢐࢑࢏ࢅ = 	 ࢐࢏ࢋ being ,࢒࢐࢑࢏ࢅ = 	 (࢒)࢐࢏ࢋ = ࢐࢑࢏ࢋ = 	  .(૛ࢋࢾ ,0)N ~(࢒)࢐࢑࢏ࢋ

 
The total sum of squares was partitioned into its components in order to estimate the 

magnitude of the effects of genotype, environment, and genotype x environment interactions on 
all evaluated traits, according to the estimator: 

 

ܸܨ% = 	 ௌொ(ி௏)
ௌொ்ି(ௌொ஻ାௌொோ)

 (Eq. 1)                                    100	ݔ
 

where: 
% FV: the magnitude in percentage of effect of the desired source of variation;  
SQ (FV): the sum of squares of the desired variation source;  
SQT: the total sum of squares;  
SQB: the sum squares (S.S) of blocks;  
SQR: the sum of squares of the residue. 

Path analysis was performed with GENES software (Cruz, 2013), following the same 
strategies used in the variance analysis. The correlation matrices among the traits were estimated 
and their significance evaluated by the Mantel test.  

Multicollinearity was tested based on the matrix condition number (Montgomery and 
Peck, 1981). This method considers the condition number (CN) obtained by the ratio of the 
largest eigen value by the least eigen value of the correlation matrix. If CN is less than 100, 
multicollinearity is considered weak. In the case of moderate (100 < CN < 1000) or strong 
multicollinearity (CN > 1000), it is suggested the elimination of variables from the regression 
model, preferably those that contribute most to multicollinearity, or the addition of a constant k 
on the diagonal of the matrix X'X, as well as in the ridge regression method (Lima et al., 2014).  

The analysis was carried out with a causal diagram of one chain aiming to unfold the 
correlations in direct and indirect effects of explanatory variables on the grain yield main 
variable. The decomposition of the correlation between the explanatory variables and the basic 
variable is given by Cruz (2006): 

 

௜௬ݎ = ௜݌ + 	∑ ௝௡݌
௝ஷ௜  ௜௝                                           (Eq. 2)ݎ

 

where: 
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 ;௜௬: the correlation between the main variable (y) and the i-th explanatory variableݎ
  ;௜: the measure of the direct effect of variable i on the main variable݌
  .௜௝: the measure of the indirect effect of variable i via variable j on the main variableݎ௝݌

Estimates of the model’s coefficient of determination and the effect of the residual 
variable on the main variable were also obtained in this analysis. 

The sum of ranks index (SRI) of the evaluated cultivars was used based on its average 
performance in all the evaluated places and years (Mulamba and Mock, 1978). The 
characteristics of grain yield, insertion of first pod (INP), plant height (HEI), lodging score 
(LOD.), weight of 100 grains (W100), number of pods per plant (NP), number of grains per pod 
(NGP) and full maturity. The SRI was calculated in three ways. The first one uses the same 
weight for all the evaluated traits, the second uses the correlation value among these traits and 
grain yield (Resende, 2007) as economic weight of characters, and the third uses the value of the 
direct effect of traits on yield as economic weight, according to the expression: 

 

ܵܫ ௝ܲ = 	 ∑ ௜ݑ ௜ܲ௝
௡
௜ୀଵ                                              (Eq. 3) 

 

where: 
ܵܫ ௝ܲ: the sum of ranks associated with cultivar j; 
௜ܲ௝ 	is the rank obtained for the cultivar j considering the character i; 
 :௜ is the economic weight attributed to character i, beingݑ

 

௜ݑ =
௥೔,೤

∑ ௥೔,೤೙
೔సభ

	 or ݑ௜ =
ௗ೔,೤

∑ ௗ೔,೤೙
೔సభ

                                       (Eq. 4)  
 

where: 
 ;௜,௬: the correlation between the character i and the basic trait grain yieldݎ
݀௜,௬: the direct effect of i on the basic trait grain yield. 

With the aid of the statistical software GENES, the coincidence index proposed by 
Hamblin and Zimmermann (1986) was calculated, with selection intensity of 5, 10, 15, 20, 25, 
and 30%, in order to test the coincidence of superior cultivars comparing average yield in 
bags/ha, the sum of ranks index considering the correlation value among the evaluated traits as 
weight and the grain yield and the sum of ranks index considering the value of the direct effect 
of evaluated characters on yield as weight, besides the sum of ranks index considering the same 
weight for all evaluated characters, as follows: 

 

ܥܫ = ஺ି஼
ெି஼

 (Eq. 5)                                                 100	ݔ
 

where: 
A: the number of coincident cultivars in the different indexes;  
C: the number of coincident cultivars in the different indexes at random (ܥ =   ;(ܯݔ	%݅
M: the number of superior cultivars selected according to selection index. 

RESULTS  
 
We adopted two different strategies to check for accuracy; these being the coefficient of 

variation (CV) (Pimentel-Gomes, 2009) and the selective accuracy (Resende and Duarte, 2007). 
In the individual analyses, by site and crop year, good experimental accuracy and high selective 
accuracy were observed for most of the traits. The selective accuracy ranged from 47.58% 
(weight of 100 grains in Itutinga 15/16) to 97% (plant height in Lavras 15/16). In general, the 
greatest magnitude was observed in the estimation of CV for the lodging score. 
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Significant differences were observed among cultivars for most of the traits, both in the 
individual analyses by environment and in the joint analyses by site, crop season and total.  

The effect of the environment on the expression of most of the traits in the different 
analysis strategies was also examined. Based on the effect of GE interaction results, we found 
that the cultivars did not show coincident behavior in the different environments.  

The decomposition of the sum of squares into its components, considering all the 
evaluated environments, allowed estimating the magnitude of the effects of GE, environment 
and genotype interaction on all evaluated traits. For most of them, a great magnitude of the 
effect of site and crop years was observed, demonstrating the influence of non-genetic factors on 
phenotypic expression. For grain yield, e.g., a large magnitude was observed in the effect of site. 
On the other hand, more than 40% of the phenotypic variation observed in the weight of 100 
grains can be attributed to the effect of genotypes. It is also evident that the greater contribution 
of the cultivar and crop year (C x CYr) interaction was detected for most of the traits (Table 3). 
As observed in Table 3, the most influential character of the GE interaction was the number of 
grains per pod (48.61%). Plant height was the character with the lowest effect of GE interaction 
(4.93%). Considering grain yield, it was observed that 31.7% of the variation resulted from the 
effects of the GE interaction, which was superior to the effect of genotype (24.29%).  

Focusing on the evaluation of multiple traits, statistical methods allow a better 
understanding of the interrelationship of characters. However, multicollinearity problems may 
occur and hence impair inferences. When performing the test suggested by Montgomery and 
Peck (1981), strong multicollinearity (CN > 1000) was found. In this case, one way to minimize 
the problem is to remove redundant characters. 

When analyzing the correlations among characters, there was a high correlation between 
the number of grains per plant and the number of pods (0.96). Thus, the number of grains per 
plant was removed. The subsequent test revealed weak multicollinearity. 

 
 

Table 3. Percentage of the effects of cultivar, site, crop year, and the interactions among these factors on 
the evaluated characters, relative to the evaluation of soybean cultivars in Lavras/MG, Ijaci/MG and 
Itutinga/MG in 2014/15 and 2015/16 crop years. Lavras – MG, 2017. 
 

 Traits Cultivars Sites Crop years SxCYr CxS CxCYr CxSxCYr 

Yield1 24.29 23.76 05.05 13.88 09.36 14.21 08.13 
NP2 35.64 25.11 00.07 01.83 13.47 12.20 10.14 
NG3 31.84 17.62 01.77 02.32 14.12 16.53 12.81 
NGP4 17.99 09.27 10.00 05.55 16.35 17.73 14.53 
W1005 42.61 08.61 14.83 00.51 10.19 09.51 10.83 
HEI6 29.36 12.13 40.42 12.17 01.17 01.92 01.84 
INP7 35.29 22.96 12.55 14.67 05.42 03.53 04.75 
LOD8 31.76 01.96 19.77 05.10 07.67 17.72 09.81 
AM9 33.46 26.33 13.15 09.17 07.77 05.03 03.80 
Yield: grain yield, bags/ha; NP: number of pods per plant; NG: number of grains per plant; NGP: number of grains per 
pod; W100: weight of 100 grains, g; HEI: plant height, cm; INP: height of first pod insertion, cm; LOD: plant lodging; 
AM: full maturity, days; SxCYr.: sites x crop years interaction; CxS: cultivars x sites interaction; CxCYr: cultivars x 
crop years interaction; CxSxCYr.: cultivars x sites x crop years interaction. 

 
When analyzing the correlations between grain yield and the other traits, we noted a 

significant change in the magnitude and direction among the different analysis strategies, i.e., 
individual and joint analysis by crop season, site and total. The highest values of positive and 
significant correlation with grain yield were observed for the traits height of first pod insertion 
(0.6813) and full maturity (0.6990) (Table 4).  
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Table 4.Correlation among characters and grain yield considering different analysis strategies relative to 
the evaluation of soybean cultivars in Lavras/MG, Ijaci/MG and Itutinga/MG in 2014/15 and 2015/16 crop 
years.Lavras – MG, 2017. 
 

Correlations between Yield 
Variable Joint  Site 1  Site 2 Site 3  CYr.1  CYr.2  CYr.1S1  CYr.1S2  CYr.1S3  CYr.2S1  CYr.2S2  CYr.2S3  
NP13 -0.3674* -0.0985 -0.4607* -0.4075* 0.4984* -0.1929 -0.2384 0.6672* -0.5051* -0.1950 -0.0534 -0.1196 
NG14 -0.4190* -0.0097 -0.4436* -0.4518* 0.5661* -0.0868 -0.2134 0.6875* -0.6209* -0.0661 -0.0080 -0.0047 
NGP15 -0.0165 -0.1452 -0.1062 -0.1316 0.3737* -0.2015 -0.0490 0.2639 -0.3992* -0.3417* -0.0887 -0.0637 
W10016 -0.1220 -0.1966 -0.2772* -0.0015 0.0503 -0.2857* -0.1925 0.1637 -0.0459 -0.3426* -0.3228* -0.1947 
HEI17 -0.4914* -0.2004 -0.5763* -0.4519* 0.7266* -0.0521 -0.3817* 0.7227* -0.7425* -0.0287 -0.2421 -0.1935 
INP18 -0.6813* -0.2401 -0.7005* -0.6686* 0.7986* -0.2522* -0.4395* 0.6596* -0.7706* -0.0473 -0.4577* -0.3319* 
LOD19 -0.3505* -0.0145 -0.4771* -0.2342 0.4099* -0.2413 -0.0243 0.3236 -0.3442* -0.0675 -0.0472 -0.3083 
AM20 -0.6990* -0.1404 -0.8070* -0.6200* 0.7884* -0.2124 -0.0348 0.8227* -0.6918* -0.0975 -0.3946* -0.1073 
*Significant at the 5% level by the Mantel test. Joint: Itutinga, Lavras and Ijaci in 2014/15 and 2015/16 crop years; Site 
1: Itutinga in 2014/15 and 2015/16 crop years; Site 2: Lavras in 2014/15 and 2015/16 crop years; Site 3: Ijaci in 2014/15 
and 2015/16 crop years; CYr.1: Itutinga, Lavras and Ijaci in 2014/15 crop year; CYr.2: Itutinga, Lavras and Ijaci in 
2015/16 crop year; CYr.1S1: Itutinga in 2014/15 crop year; CYr.1S2: Lavras in 2014/15 crop year; CYr.1S3: Ijaci in 
2014/15 crop year; CYr.2S1: Itutinga in 2015/16 crop year; CYr.2S2: Lavras in 2015/16 crop year; CYr.2S3: Ijaci in 
2015/16 crop year; NP: number of pods per plant; NG: number of grains per plant; NGP: number of grains per pod; 
W100: weight of 100 grains, g; HEI: plant height, cm; INP: height of first pod insertion, cm; LOD: plant lodging; AM: 
full maturity in days. 

 
The highest values of direct effects on grain yield were observed for full maturity 

and insertion of the first pod, considering all the evaluated sites and crop season (Table 5).  
 

 
 
 
 
 

 

Table 5. Direct effect of the explanatory variables on grain yield considering the different analysis 
strategies relative to the evaluation of soybean cultivars in Lavras/MG, Ijaci/MG and Itutinga/MG in 
2014/15 and 2015/16 crop years. Lavras – MG, 2017. 
 

Direct effect on grain yield   
Variable Joint Site 1 Site 2 Site 3 CYr.1 CYr.2 CYr.1S1 CYr.1S2 CYr.1S3 CYr.2S1 CYr.2S2 CYr.2S3 
NP13 -0.0520 -0.2068 -0.2254 -0.1762 -0.3453 -0.0812 -0.2812 0.0735 0.1386 -0.2143 -0.1717 -0.0576 
NGP14 -0.3002 -0.1360 -0.0608 -0.1536 -0.2460 -0.3975 -0.0844 0.0586 0.1279 -0.3235 -0.3426 -0.1460 
W10015 -0.1383 -0.2366 -0.3536 -0.0957 -0.1759 -0.0264 -0.2734 0.3344 0.2889 -0.2284 -0.2092 -0.0709 
HEI16 -0.0983 -0.1632 -0.0202 -0.0907 -0.5082 -0.2187 -0.4588 0.3397 0.4147 -0.0252 -0.2003 -0.2103 
INP17 -0.3798 -0.1376 -0.3180 -0.4472 -0.1592 -0.4851 -0.2622 0.0120 0.1986 -0.2934 -0.5392 -0.4420 
LOD18 -0.4523 -0.0822 -0.2629 -0.3364 -0.2238 -0.5770 -0.1360 0.1305 0.0473 -0.1604 -0.8629 -0.2976 
AM19 -0.8509 -0.2208 -0.6302 -0.4087 -0.6746 -0.6469 -0.1179 0.4991 0.2644 -0.4985 -0.6158 -0.1238 
 R2 -0.7361 -0.1822 -0.8130 -0.5660 -0.8652 -0.5137 -0.4067 0.8255 0.7679 -0.2815 -0.6677 -0.3086 
Residual Variable -0.5137 -0.9043 -0.4325 -0.6588 -0.3671 -0.6974 -0.7702 0.4177 0.4817 -0.8477 -0.5765 -0.8315 
Joint: Itutinga, Lavras and Ijaci in 2014/15 and 2015/16 crop years; Site 1: Itutinga in 2014/15 and 2015/16 crop years; 
Site 2: Lavras in 2014/15 and 2015/16 crop years; Site 3: Ijaci in 2014/15 and 2015/16 crop years; CYr.1: Itutinga, 
Lavras and Ijaci in 2014/15 crop year; CYr.2: Itutinga, Lavras and Ijaci in 2015/16 crop year; CYr.1S1: Itutinga in 
2014/15 crop year; CYr.1S2: Lavras in 2014/15 crop year; CYr.1S3: Ijaci in 2014/15 crop year; CYr.2S1: Itutinga in 
2015/16 crop year; CYr.2S2: Lavras in 2015/16 crop year; CYr.2S3: Ijaci in 2015/16 crop year; NP: number of pods per 
plant; NGP: number of grains per pod; W100:weight of 100 grains, g; HEI: plant height, cm; INP: height of first pod 
insertion, cm; LOD: plant lodging; AM: full maturity in days. 

 
However, for most of the analysis strategies, the direct effects of the evaluated traits 

were inferior to the residual effect, demonstrating that indirect selection through these traits 
may not result in gains. Furthermore, the low coefficients of determination obtained in these 
analysis strategies indicate the need to include new traits in the causal diagram. 

A useful methodology for identifying and selecting superior cultivars that associates 
good attributes with several characters, is the use of index selection. In our study, we 
adopted the sum of ranks index (SRI). When comparing the ranking of cultivars by yield as 
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well as by this index, considering the different economic weights (Table 6), we observed 
that there is great similarity between grain yield classification and the SRI that uses the 
direct effect as economic weight.  
 
 

Table 6. Ranking of the cultivars by grain yield and by sum of ranks index relative to the evaluation of 
soybean cultivars in Lavras/MG, Ijaci/MG and Itutinga/MG in 2014/15 and 2015/16 crop years. Lavras – 
MG, 2017. 
 

Cultivars Yield (bags/ha) SRI SRI (correlation) SRI (direct effect) 

NS7000 IPRO 01 05 02 02 
NS 7209 IPRO 02 16 20 01 
NS 7300 IPRO 03 27 21 03 
CG 68 RR 04 11 07 05 
CG 7464 RR 05 10 05 04 
CD 238 RR 06 20 13 07 
FPS Antares RR 07 08 01 06 
NS 7338 IPRO 08 24 27 09 
CG 8166 RR 09 34 30 11 
FPS Netuno RR 10 12 04 08 
CG 7665 RR 11 31 29 13 
RK 6813 RR 12 17 11 12 
97R21 13 28 22 17 
RK 5813 RR 14 13 03 15 
M7110 IPRO 15 02 08 10 
FPS Solar RR 16 09 14 16 
CG 67 RR 17 21 24 19 
NS 6909 IPRO 18 06 16 14 
5G 830 RR 19 29 32 20 
NS 5959 IPRO 20 03 10 18 
5G 770 RR 21 33 28 23 
FPS Atlanta IPRO 22 07 15 21 
NS 5909 IPRO 23 01 06 22 
5D 690 RR 24 32 35 25 
NS 5151 IPRO 25 04 12 24 
5D 615 RR 26 19 17 26 
FPS Júpiter RR 27 22 25 28 
FPS Paranapanema RR 28 18 09 29 
FPS Urano RR 29 26 31 27 
TMG 716 RR 30 35 33 35 
FPS Solimões RR 31 30 26 33 
NS 5106 IPRO 32 15 18 30 
95R51 33 23 23 32 
CD 250 34 25 34 34 
FPS Iguaçu RR 35 14 19 31 
Yield (bags/ha): ranking by average grain yield in bags/ha; SRI: ranking by sum of ranks index considering the same 
weight for all evaluated characters; SRI (correlation): ranking by sum of ranks index considering as weight the 
correlation value among the evaluated characters and grain yield; SRI (direct effect): ranking by sum of ranks index 
considering as weight the direct effect value of the evaluated characters on grain yield. 

 
The coincidence index was obtained to verify the similarity in the classification of 

cultivars, comparing the different used strategies and disregarding chance. In Table 7, it can 
be observed that from the selection intensity of 15%, there is a greater coincidence between 
the rankings by yield and by the SRI, which uses the direct effect as economic weight in the 
selection of superior cultivars. This coincidence reaches 100% with a selection index of 
30%, while the maximum coincidence with yield is 42.86% in the other comparisons. 
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Table 7. Coincidence index between the ranking by grain yield and by sum of ranks index from different 
selection intensities relative to the evaluation of soybean cultivars in Lavras/MG, Ijaci/MG and 
Itutinga/MG in 2014/15 and 2015/16 crop years. Lavras – MG, 2017. 
 

Selection 
Intensity (%) 

Coincidence Index 
Yield x 
SRI 

Yield x SRI 
(correlation) 

Yield x SRI (direct 
effect) 

SRI x SRI 
(correlation) 

SRI x SRI (direct 
effect) 

SRI (correlation) x SRI 
(direct effect) 

05 00.00 00.00 000.00 00.00 100.00 00.00 
10 00.00 33.33 033.33 33.33 033.33 66.67 
15 00.00 20.00 080.00 40.00 020.00 40.00 
20 28.57 42.86 085.71 71.43 028.57 28.57 
25 25.00 37.50 087.50 75.00 025.00 25.00 
30 30.00 40.00 100.00 80.00 030.00 40.00 
Yield: ranking by average grain yield in bags/ha; SRI: ranking by sum of ranks index considering same weight to all 
evaluated characters; SRI (correlation): ranking by sum of ranks index considering as weight the correlation value 
among the evaluated characters and grain yield; SRI (direct effect): ranking by sum of ranks index considering as weight 
the direct effect value of the evaluated characters over grain yield. 

DISCUSSION  
 
To achieve success in agricultural experimentation, high experimental accuracy is 

desirable, which ensures more accurate estimates and hence more reliable results. The CV 
value depends only on the residual variation as a ratio of the experiment average (Resende 
and Duarte, 2007). Thus, higher CV values are expected for attributes with lower averages 
(Soares et al., 2015). This is a possible explanation for the low accuracy associated with 
lodging score. 

Individual analyses are generally less accurate when compared to the joint analysis. 
This fact can be justified by the use of a greater number of replications when performing a 
joint analysis, which provides greater experimental accuracy and lower error, associated to 
the estimates (Pimentel-Gomes, 2009). 

In other studies, a significant difference was also observed among soybean cultivars 
in our region (Gesteira et al., 2015). This variation in cultivar behavior can be explained 
mainly by the genetic background of the cultivars, i.e., differences in full maturity and 
growth habit, besides resistance to different pathogens. The existence of variation among 
the cultivars opens the possibility of selection and quantification of possible correlations 
among characters. 

The environmental effect is due to the combination of predictable and unpredictable 
factors (Allard and Bradshaw, 1964), since the cultivars were tested in two crop years and 
in different locations in the state of Minas Gerais, Brazil. The effect of GE interaction 
observed in most of the traits in the joint analyses by site, crop season and total results from 
the combination of environmental factors associated with cultivars. Other studies have been 
conducted for soybean evaluation in the state of Minas Gerais, Brazil that reported GE 
interactions (Gesteira et al., 2015; Soares et al., 2015; Silva et al., 2016; Silva et al., 2017). 

The results observed for the decomposition of the sum of squares into its 
components are similar to those of other studies (Gurmu et al., 2009; Salmeron et al., 2014) 
where the effect of GE interaction overcomes the effect of genotype on grain yield 
variation. 

Considering the differences observed in the magnitude of correlations between 
grain yield and the other traits, a probable explanation for the change in the correlations 
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among traits in soybean is the GE interaction. In this case, the environmental factor can 
be attributed to the differences of climate and soil between the sites and crop years. 

Nogueira et al. (2012) and Silva et al. (2016) also found a positive and 
significant correlation between grain yield and height of first pod insertion in soybean 
(0.23 and 0.579, respectively). Leite et al. (2015) also report a positive correlation 
between these two traits (0.252), although, not significant. However, Teodoro et al. 
(2015) identified a negative and non-significant phenotypic correlation between these 
traits, with a value of -0.3275 for cultivars with indeterminate growth and -0.2758 for 
cultivars with determinate growth. In relation to the correlation between grain yield and 
full maturity, Peluzio et al. (2005) found a positive and non-significant estimation 
among these traits (0.6091). Gesteira et al. (2015) reported a positive and high 
association between grain yield and full maturity, as well as a negative and high 
association between yield and protein content, full maturity and protein content, and 
between oil and protein contents in grains. 

For breeding purposes, it is important to identify among the high correlations 
with the main character those with the greatest direct effect on selection, so that the 
correlated response through indirect selection is efficient (Cruz and Carneiro, 2012). 
These estimates can be obtained through path analysis. 

Studies performed by Iqbal et al. (2003) and Nogueira et al. (2012) showed a 
higher direct effect on grain yield for the number of pods per plant, weight of 100 
grains and number of grains per pod. Teodoro et al. (2015) found that in determinate 
growth cultivars, the number of pods per plant and number of branches had a greater 
direct effect on grain yield. For cultivars with indeterminate growth, besides these two 
traits, plant height also has a high direct effect on grain yield. 

The difference observed in the magnitude of direct effects of traits on grain 
yield, when considering the different analysis strategies, shows the influence of sites 
and crop season on the association among traits. The importance of performing the 
evaluation of genotypes in different sites and crop season is therefore emphasized in 
order to obtain more accurate results, especially when the indirect selection of traits is 
desired. 

We found that index selection was efficient in the classification of the best 
cultivars. Index selection contemplates more traits and yield is a useful trait to identify 
the best genotypes. Furthermore, the use of the direct effect may be more efficient in 
the selection of superior cultivars when compared to the use of correlation among traits, 
as suggested by Resende (2007). As there were differences in the classification of 
cultivars among the different strategies, we suggest that the use of only one statistical 
method may not be as efficient as joint analysis strategies to identify superior cultivars. 
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