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Soybean [Glycine max (L.) Merrill] is the culture of greater economic importance in Brazil, because of its 

large area of cultivation in different regions of the country (Leite 
surpassed 100 million tonnes, representing approximately 50% of Brazil's grain production (Conab, 2016). The 
increase in areas of cultivation and genetic improvement of cultivars to high yield via plant breeding have been
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A B S T R A C T  
Background:The breeding programs operate hard in the production of new soybean 
cultivars with higher genetic potential for grain yield to the different producing regions 
in Brazil of soybeans.The aim of this study was to estimate the variance components, 
by restricted maximum likelihood (REML), phenotypic, genetic and canonical 
correlation between morphological components and yield of soybean cultivars with 
potential for use in breeding programs. The experiments were performed in the 
2013/2014 crop in four environments, Santa Rosa - RS, Tenente Portela 
Borges - RS and Sarandi - RS, in a randomized complete block in a factorial design 
with 20 cultivars of soybean in three replications. Initially were carried out preliminary 
analyzes for the attendance the presuppositions of the analysis of variance. After we 
held joint analysis between local and soybean cultivars. The variance components were 
estimated (REML), phenotypic and genotypic correlation.The canonical correlation is 
the one which maximizes the ratio between the linear combinations X
= a1x1 + a2x1 + ... + apxp; and Y1 = b1y1 + b2y2 + ... + bqyq, (Cruz 
estimated from the matrices: R11 = p x q, the correlation matrix between the 
characteristics of group I; R22 = p x q, the correlation matrix between the characteristics 
of the group II; and R12 = p x q, the correlation matrix between the characteristics of 
group I and II. The null hypothesis:  (H0: ρ1 = ρ2 = ... = ρ
canonical correlations were tested using the chi-square test. The components of 
variance by REML reveal that there is presence of genetic variation among soybean 
cultivars, enabling crossings via breeding. The presence of significant difference 
between the canonical pairs indicates that morphological groups and of yield are not 
independent. The yield has a positive association with the largest number of 
reproductive structures, number of seeds and pods per plant. The increase of insertion 
of the first vegetable and plant height are negatively associated yield of soybeans.

INTRODUCTION 

(L.) Merrill] is the culture of greater economic importance in Brazil, because of its 
large area of cultivation in different regions of the country (Leite et al., 2015). The soybean production 
surpassed 100 million tonnes, representing approximately 50% of Brazil's grain production (Conab, 2016). The 
increase in areas of cultivation and genetic improvement of cultivars to high yield via plant breeding have been
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contributing to achievement of high levels of production. Currently, the yield of soybeans is 3000 kg ha-1 and is 
shown to be growing, considering the latest harvests. 

The breeding programs operate hard in the production of new soybean cultivars with higher genetic 
potential for grain yield to the different producing regions in Brazil of soybeans.The development of new 
cultivars, the selection stage is one of the most complex because of heritage of traits linked to income. In this 
sense, knowledge of the relationship between the characters is very important, especially if the selection of one 
of them present difficulties due to the low heritability, and or has problems of measurement and identification 
(Cruz et al., 2012). 

The correlation analysis can be directly measured from two characters, in a number of individuals, this 
being the phenotypic correlation. The nature of this correlation has genetic and environmental causes, but only 
involve a genetic association inheritable nature, therefore, may be used in breeding programs orientation to 
distinguish the degree of genetic and environmental association between characters (Falconer, 1996, Vencovsky 
and Barriga, 1992, Cruz et al., 2012). 

The correlation coefficients, although they are very useful in quantifying the magnitude and direction of the 
influence of factors in determining complex characters, only point to a linear combination of two characters. 
One way around this problem is inconvenient to use the technique of canonical correlations in which estimating 
the maximum correlation between two variables complexes consisting of linear combinations of the various 
characters represent (Cross et al 2012). The analysis of canonical correlation is being used successfully in many 
literature works in dual purpose wheat of Carvalho et al. (2015) in corn of Souza et al. (2014) in pigeon pea of 
Santos et al. (2015) in Pennisetum sp. of Cunha et al. (2014), ryegrass of Müller et al. (2012). 

The objective of this study was to estimate the variance components, by restricted maximum likelihood 
(REML), phenotypic, genetic and canonical correlation between morphological components and yield of 
soybean cultivars with potential for use in breeding programs aimed at developing new cultivars for regions 
evaluation. 

 
MATERIALS AND METHODS 

 
The experiments were performed in the 2013/2014 crop in the environments: Santa Rosa – RS, Tenente 

Portela – RS, Campos Borges – RS and Sarandi – RS. The characteristics of farming environments are shown in 
Table 1. 

 
Table 1: Characterization of environments according to geographic coordinates, altitude and soil type. 

Environments 
Geographic coordinates 

Altitude *Soil type 
Latitude Longitude 

Santa Rosa – RS 27º52’S 54º28’O 268 m Distroferric red oxisol 
Tenente Portela – RS 27º22’S 53º45’O 420 m Typical ferric red oxisol typical 
Campos Borges – RS 28o55’S 53o01’O 513 m Dark red oxisol 
Sarandi – RS 27o55’S 52o56’O 408 m Distrophic red oxisol typical 

* classification of soil according to Embrapa (2006). 
 
The experimental design was a randomized complete block in a factorial, with four environments and 20 

cultivars of soybean in three replications. The experimental unit consisted of four seeding lines with five meters 
long, spaced by 0.50 meters. It was considered the two central lines as a useful area of the experimental unit. 
The control of weeds, insect pests and diseases was done preventively. 

The 20 soybean cultivars used in the trials were: BRS Tordilha RR, FPS Paranapanema RR, Fepagro 37 
RR, FPS Solimões RR, Fepagro 36 RR, FPS Netuno RR, FPS Iguaçu RR, FPS Urano RR, FPS Júpiter RR, 
AMS Tibagi RR, Don Mario 7.0i RR, A 6411 RR, Don Mario 5.8i RR, BMX Potência RR, Don Mario 5.9i RR, 
ROOS Camino RR, BMX Ativa RR, NA 5909 RR, BMX Turbo RR e TMG 7161 RR.  

The soybean cultivars were seeded in November 2013. As fertilization base of 250 kg ha-1 in the 
formulation NPK 02-20-20. The population density of established plants was 300 thousand plants per hectare 
for all environments. 

The traits evaluated were: the first pod insertion height (FDI): measured by the distance from ground level 
to the inclusion in the first pod stem, results in centimeters; plant height (PH): measured by the distance from 
ground level to the end of the main stem of the plant, results in centimeters; number of branches (NB): measured 
by counting all branches of the plant, results in units of number; number of reproductive nodes on main stem 
(NRMS): measured by counting all nodes of the main stem with pods, results in units; number of reproductive 
nodes in branches (NRB): measured by counting all reproductive structures in the branches, results in units; 
number of reproductive nodes per plant (NRNP): obtained by the sum of the number of nodes on the main stem 
with branches, results in units; branches length (BL): measure the distance between the insertion of the 
secondary stem on the main stem to the apex of the secondary stem, from all branches of the plants evaluated, 
with these values made the arithmetic average of the variable, the measures were added and divided by the 
number of branches, results in centimeters; number of pods per plant (NPP): obtained by the total number of 
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pods per plant count, results in units; number of grains per plant (NGP): obtained by count all grains per plant, 
results in units; average number of grains per pod (ANGP): obtained by multiplying the number of pods per 
plant and grains per plant; grain yield (GY): obtained by the total mass of grains per experimental unit, corrected 
for humidity 13% and the number of plants, later extended to kg ha-1; thousand grain mass (TGM): obtained by 
counting eight repetitions of 100 seeds, conducted the mean, and later extended to thousand grain mass, results 
in grams. 

Initially were carried out preliminary analyzes to meet the assumptions of analysis of variance. To verify 
their assumptions made up of the waste normality by the Shapiro-Wilk test (1965) for homogeneity of variances 
Bartlett test (Steelet al., 1997). After meeting the presuppositions held a joint analysis between local and 
soybean cultivars with 5% probability. The analysis of canonical correlation was used to estimate the maximum 
correlation between linear combinations of traits divided into two groups: (1) income components - NPP, NGP, 
ANGP, GY and TGM and; (2) Morphological traits FDI, PH, NB, NRMS, NRB, NRNP and BL. The canonical 
correlation is the one which maximizes the ratio between the linear combinations X1 and Y1, being X1 = a1x1 + 
a2x1 + ... + apxp; and Y1 = b1y1 + b2y2 + ... + bqyq, (Cruz et al., 2012), where are estimated from the matrices: R11 

= p x q, the correlation matrix between the characteristics of group I; R22 = p x q, the correlation matrix between 
the characteristics of the group II; and R12 = p x q, the correlation matrix between the characteristics of group I 
and II. The null hypothesis:  (H0: ρ1 = ρ2 = ... = ρn = 0, s= min {p,q}) for the canonical correlations were tested 
using the chi-square test. 

For hypothesis test of coefficient the phenotypic correlation is zero (H0: 0) was evaluated by statistical t, 
according to the methodology proposed by Steel et al. (1997). Estimates of variance components were obtained 
by restricted maximum likelihood (REML). Statistical analyzes were performed using the software Genes (Cruz 
et al., 2013) and SAS (2013). 

 
RESULTS AND DISCUSSION 

 
The results of variance components and genetic parameters for evaluation of 20 soybean cultivars in four 

environments were shown in Table 2. With respect to variance components for the FDI trait genetic variance 
(s²G) represented 24.51% of the phenotypic total variation (s²P), the variance of the interaction was responsible 
for the largest magnitude of contribution (s²GXE) 47.94% of s²P. The same behavior was observed for PH trait, 
where s²G accounted for 15.65% of s²P and the s²GXE by 57.54% of the total phenotypic variance. NB trait also 
presented s²G of 9.35% and great contribution coming from the s²GXE of 47.92%. The NRMS trait showed s²Gof 
16.98%, and s²GXE of13.21%, the NRB reveled s²G of 12.03% and s²GXE of 10.56%, the NRNP trait showed s²G of 
11.74% and s²GXE of 22.8%, the BL presented s²G 5.92, and s²GXE 2.82%, NPP s²G 18.94%, the s²GXE 21.30%, 
NGP s²G 18.49% the s²GXE 16.33%, ANGP s²G 25%, the s²GXE 25%, GY s²G 16.81%, the s²GXE 54.06% and TGM 
the s²G 12.05% and s²GXE 47.84%, respectively. It can be inferred that for the FDI, PH, NB, GY and TGM traits 
and variance of GxE interaction was responsible for the largest contribution to the total phenotypic variance, 
however, it is worth noting there is presence of variance arising from genetic differences between cultivars 
parameter this extremely observed by plant breeders. 

The magnitudes of s²GXE were higher than s²G for most of the traits, which resulted in a low genotypic 
correlation (rgLOC), in this way there was no stability of cultivars in the four environments. With relation to 
ranking of cultivars callings the attention, especially for the GY traits with 024 and 0.20 with TGM, in this 
sense, soybean cultivars showed variations in the ranking as the environments. The GxE interaction, contains 
differences part related of the genetic variance of trait in different environments and over the lack of association 
between genetic treatments from one environment to another, what leads to two classifications as to the 
interaction patterns, simple and complex (Resende, 2007a). The presence of complex interaction usually 
indicates the existence of cultivars with adaptability to specific environments, which makes the use of 
recommendation measures cultivar careful (Ramalho et al., 2014). 

In relation the selective accuracy (Ac), employed as a measure of experimental precision, can be highlight 
the FDI values (0.80), PH (0.70), NRMS (0.81), NRNP (0.72), NPP (0.80), NGP ( 0.81) and GY (0.72), 
respectively. A general analysis based on the classification of Resende and Duarte (2007), the estimates were 
moderate to high, thus indicated adequate experimental precision of the tests. Selective accuracy has the 
property to inform about the effectiveness of the inferences about the genotypic value of farming, this parameter 
is not dependent only on the magnitude of the residual variation, but the proportions between genetic and 
residual variances associated with the trait (Resende and Duarte 2007; Cargnelutti Son and Storck, 2007). 

The heritability in the broad sense average (h²mg) showed high and moderate values, it can highlight FDI 
(0.63), NRMS (0.66), NPP (0.42), NGP (0.65) and GY (0.51), respectively. The magnitudes of h² this work 
were a way to measure the environmental effect on the expression of traits. Once that among the analyzed 
parameters, the heritability is considered one of the most important, as to check heredity (additive variance) 
trait, as genetic fraction (total variance), but it isn’t a constant parameter, because their estimates suffer 
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variations ariations depending on the trait, the estimation method, the sample size, the number of environments 
and acuraria and/or experimental precision. 

 
Table 2: Estimates of variance components and genetic parameters (REML) for agronomic traits in 20 soybean cultivars conducted in four 

environments. 
Par  S²P S²G S²GXE S²E h2mg As R²GXE Rg Av 
FDI(1) 25.49 6.25 12.22 7.03 0.63 0.80 0.48 0.34 18.08 
PH 216.20 33.83 124.40 57.97 0.48 0.70 0.58 0.21 75.74 
NB 8.66 0.81 4.15 3.70 0.38 0.61 0.48 0.16 3.02 
NRMS 4.77 0.84 0.63 3.30 0.66 0.81 0.13 0.57 10.96 
NRB 35.41 4.26 3.74 27.40 0.57 0.75 0.11 0.53 8.25 
NRNP 36.27 4.26 8.27 23.75 0.51 0.72 0.23 0.34 18.89 
BL 143.93 8.53 4.06 131.35 0.42 0.65 0.03 0.68 24.69 
NPP 179.48 34.00 38.24 107.24 0.65 0.80 0.21 0.47 40.70 
NGP 146.94 27.18 23.99 95.77 0.66 0.81 0.16 0.53 93,61 
ANGP 0.04 0.01 0.01 0.02 0.32 0.57 0.01 0.84 2.2 
GY 720558.61 121127.19 389546.51 209884.92 0.51 0.72 0.54 0.24 2991.45 
TGM 5973.50 720.04 2857.94 2395.52 0.44 0.66 0.48 0.20 259.61 

(1) FDI – first pod insertion height; PH – plant height; NB – number of branches; NRMS – number of reproductive nodes on main 
stem; NRB – number of reproductive nodes in branches; NRNP – number of reproductive nodes per plant; BL – branches length; NPP – 
number of pods per plant; NGP – number of grains per plant; ANGP – average number of grains per pod; GY – grain yield; TGM – 
thousand grain mass; S²P: phenotype variance; S²G: genotype variance; S²GXE: interaction variance of genotype x environment; S²E: 
environment variance; h2mg: average genetic heritability; As: selective accuracy; R²GxE: coefficient determination considering the interaction 
GxE; Rg: genotypic correlation; Av: value average of variable. 

 
Regarding to the estimates of determination coefficient of the interaction (R²GXE), showed that, the specific 

characteristics of environments in the soybean cultivars were evaluated influenced the phenotypic expression of 
the traits, especially the larger magnitudes for GY (0.54) and PH (0.58) (Table 2). Estimates of R²GXE allow us 
to estimate the consistency or predictability of behavior across cultivars to environmental variations (Rosado et 
al., 2012). 

Regarding the average values of the characters called attention mainly for the average grain yield in the four 
environments, considering the 20 soybean cultivars, and of 2991 kg ha-1, approximately 50 sc ha-1, results these 
corroborate the average yield data of soybeans in Brazil, according to a survey from Conab (2015). 

In relation to phenotypic and genotypic correlation coefficients between combinations, pairs of characters 
are showed in Table 3. To estimate the phenotypic linear correlations (upper diagonal) 30 pairs were observed 
significant and for genetic correlations (lower diagonal) 20 pairs correlations with significance 1 and 5% error 
probability (Table 3). 

In the analysis of pairs of significant correlations (phenotypic and genetic) the magnitude of genotypic 
relationships is higher than the phenotypic correlations. The significance of the genetic correlation is important 
because it is the fraction of the inheritable characters of the genitor to progeny, caused by pleiotropic effects or 
related genes (Falconerand Mackay, 1996; Toebeand Cargnelutti Filho, 2013). On the occasion of the 
correlations are not similar, genotypic are intrinsically more useful when the purpose is the selection (Kang et 
al., 1983), on the other hand, the characters are correlated genotypically and not phenotypically can`t be of 
practical value in selection because it is usually based on phenotype (Shulka et al., 1998). For this reason, it 
might be note that both correlations show importance and should be consider. 

Regarding pairs with significance for phenotypic correlations called attention to NRMS x NPP pairs (0.46), 
NRB x NPP (0.58), NRNP x NPP (0.64), which were traits related to the number of reproductive structures in 
the plant, indicating that phenotypes with more reproductive nodes, are more likely to increase the number of 
pods per plant, and the associated NPP positively with the grain yield. 

For related associations with the GY were no significant effects of NPP and NGP, NPP x GY (0.37) and 
NGP c GY (0.45), where you can highlight the number of pods, as grains for vegetables positively associated 
with grain yield. These results corroborate the studies of Song et al. (1995); Han et al. (2008), where the authors 
observed significant associations positive number of pods, grains per pod and also the thousand grain mass per 
plant with yield soybeans. 

Is worth emphasizing that many estimates were low, possibly because of to the absence of pleiotropy and 
genetic connection between the traits (Vencovskyand Belly, 1992). However, the use of phenotypic correlations 
should be observed with caution, as this is caused by genetic and environmental factors in the environment 
changes, may provide significant correlations between traits, as positive as negative, where the nature of these 
effects is only environmental. For this reason, attention should be focused on the genetic fraction, or to genetic 
correlation (Falconerand Mackay, 1996). 
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Table 3:Estimates of phenotype correlation (upper diagonal) and genetic (lower diagonal) of 20 soybean cultivars evaluated in four 
environments. 

gr/pr FDI PH NB NRMS NRB NRNP BL NPP NGP ANGP GY TGM 
FDI(1) - 0.13 0.09 -0.21 -0.02 -0.02 0.22* -0.14 -0.29**  0.18 -0.20 0.23* 
PH -0.20 - -0.06 0.36**  -0.03 0.05 0.27* 0.11 0.10 0.19 -0.04 0.22* 
NB 0.12 -0.44 - -0.01 0.36**  0.25* 0.27* 0.13 0.14 0.13 -0.09 -0.14 
NRMS -0.76++ 0.60 -0.24 - 0.23* 0.42**  0.18 0.46**  0.57**  0.20 0.09 -0.14 
NRB -0.05 -0.31 0.36 0.33 - 0.77**  0.51**  0.58**  0.71**  0.11 0.24* -0.06 
NRNP -0.11 0.04 0.29 0.57+ 1.01++ - 0.52**  0.64**  0.71**  0.27* 0.20 -0.06 
BL 0.35 0.52 0.37 0.17 0.48+ 0.66+ - 0.35**  0.30**  0.37**  0.06 0.27* 
NPP -0.26 0.04 0.12 0.56+ 0.83++ 0.94++ 0.50+ - 0.79**  0.63**  0.37**  0.00 
NGP -0.57++ -0.02 0.04 0.67++ 0.75++ 0.88++ 0.23 0.96++ - 0.15 0.45**  -0.12 
ANGP 0.45 0.50 0.23 0.06 0.38 0.60 0.99++ 0.43 0.18 - 0.02 0.18 
GY -0.51 -0.42 -0.36 0.07 0.63 0.78+ 0.14 0.90++ 0.93++ -0.09 - 0.28**  
TGM 0.41 1.06++ -0.32 -0.47 0.00 -0.10 0.66++ -0.00 -0.16 0.34 0.57 - 

**, * Significant by t test 0.01 and 0.05 error probability, respectively with 240 observations associated phenotypic correlations. NS- not 
significant by t test at 0.01 and 0.05 error probability. ++, + Significance of genetic correlations to 0.01 and 0.05 error probability associated 
with the bootstrapof 10,000 simulations.FDI – first pod insertion height; PH – plant height; NB – number of branches; NRMS – number of 
reproductive nodes on main stem; NRB – number of reproductive nodes in branches; NRNP – number of reproductive nodes per plant; BL – 
branches length; NPP – number of pods per plant; NGP – number of grains per plant; ANGP – average number of grains per pod; GY – 
grain yield; TGM – thousand grain mass. 

 
Regarding the genetic correlations is important to point out the significant correlations between the FDI x 

NRMS pairs (-0.76), FDI x NGP (-0.57). Given the magnitude of the correlations, it is assumed that the 
cultivars with lower pod insertion height will have greater NRMS and NGP, highlighting yet NRMS and NGP 
revealed significant positive effects with GY. Thus, for Falconerand Mackay (1996) an auxiliary trait as in this 
case the FDI, may sometimes be more appropriate to improve the main trait, than the very selection of the main 
trait, the example of the grain yield. 

Genetic correlations revealed significant also between pairs of traits PH x TGM (1.00), NRNP x BL (0.66), 
NRNP x NPP (0.94), NRNP x NGP (0.88), NRNP x GY (0.78), NPP x NGP (0.96), these results demonstrated 
the importance of reproductive structures, which are positively associated with RG. Carvalho et al. (2002) 
worked with correlation and path analysis different crosses in soybean and obtained similar results to those 
observed in the present study to the number of nodes reproductive, associations on the main stem and thousand 
grains mass with grain yield. 

Linear associations NPP x GY (0.90) and NGP x GY (0.93) were significant and positive. Dalchiavon et al. 
(2012) analyzed the linear and spatial correlations between different items of income and concluded that the 
traits number of pods per plant and number of grains per plant are positively related to grain yield, these results 
corroborate this study. Yuhua et al. (1984) worked with 78 soybean cultivars obtained similar results of this 
study, significant correlations with the number of vegetables with grain yield. 

The estimates of the correlations and canonical pairs of agronomic traits of yield components (Group I) and 
morphological traits of soybean (Group II) and their significance levels, are contained in Table 3. Of the four 
canonical pairs, three have proved significant, at 1 and 5% probability using the chi-square test, consequently 
the three canonical pairs are of interest to the study. It is found that the magnitude of the canonical correlations 
revealed between the pairs, the groups considered are not independent. 

According to Table 4, it is found that the association between groups are established, the influence of: 
i) the first canonical pair with correlation of 0.94 associated soybean plants with higher NRMS, NRB, 

NRNP and BL (traits of Group II ) as determinants for increasing the NPP and NGP (traits of Group I). The 
number of reproductive structures in the plant cannot present a positive linear relationship with the number of 
pods. By reason, only 25 to 30% of flowers produce viable pods because the vigor of the plant in the flowering 
period and the average temperature in the formation of the pods are decisive factors for maintaining the 
reproductive structures and thus produce new pods (Fendrich, 2003, De Souza et al., 2014). The morphological 
and physiological characteristics of soybean, such as those mentioned above, are related to the production 
potential of the plant, because they represent greater photosynthetic surface and places for emergence of 
reproductive buds (Mauad et al., 2010). On the other hand caution is needed for the number of branches, 
because they can represent additional demand photoassimilates that would be used in setting and formation of 
reproductive structures as well as formation of pods (Nardino et al., 2015). Another point to note is that the 
soybean market trend, as the growth habit was to indeterminate cultivars, which characteristically develop fewer 
branches De Souza et al. (2014). 
 
Table 4:Estimates of correlations and canonical pairs between grain yield components (Group I) morphological traits (Group II) in 20 

soybean cultivars evaluated in four growing environments. 

Traits 
Canonical Pairs 
1º 2º 3º 

 Group I 
FDI(1) 0.8441 0.0502 0.3443 
NGP 0.9637 0.2118 0.1113 
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ANGP 0.3763 -0.4529 0.4874 
GY 0.0659 0.6537 -0.2221 
TGM -0.1049 -0.0849 -0.5139 
 Group II 
FDI 0.3074 -0.5539 -0.5663 
PH 0.2501 -0.5243 0.3316 
NB 0.4504 0.065 -0.0531 
NRMS 0.7012 -0.264 0.3443 
NRB 0.7231 0.3696 -0.1792 
NRNP 0.8445 0.0996 0.0382 
BL 0.6199 -0.0986 0.1627 
r 0.944 0.85 0.621 
α 0.001 0.001 0.001 

(1) FDI – first pod insertion height; NGP – number of grains per plant; ANGP – average number of grains per pod; GY – grain yield; 
TGM – thousand grain mass; FDI – first pod insertion height; PH – plant height; NB – number of branches; NRMS – number of 
reproductive nodes on main stem; NRB – number of reproductive nodes in branches; NRNP – number of reproductive nodes per plant; BL – 
branches length. 

 
ii) in the second pair canonical, with correlation of 0.85, evidence of the negative association of FDI and 

PH (traits of Group II) with RG and NMGL (traits of Group I). For the results observed in the second pair 
canonical, plants with reduced height insertion and final plant height it was detrimental to increasing the NMGL 
and GY. A larger plant height allows the predisposition of a greater number of reproductive structures on the 
main stem. However, a morphological balance between the structures is necessary, once a very high number of 
structures can increase the rate of floral abscission, and provide loss of assimilates, as well as smaller mass of 
grains, which results in low thousand grain weight consequently grain yield. Yuhua (1984) pointed out in his 
results, that plants with larger seed, had fewer pods and seeds per plant. 

iii) the third canonical pair with correlation of 0.62, associates plants with lower FDI as well as higher 
NRMS (traits of Group II) as determinants for smaller TGM, as well as greater NGML and NPP. The lowest 
first pod insertion, in fact allows to increase the number of pods, the provision of a larger number of nodes on 
the stem. On the other hand, the FDI is an important trait of both these factors, as the standpoint of mechanized 
harvesting of the crop. According to Almeida et al. (2011), the FDI most suitable for crop is between 15 cm, 
which leads to lower losses. With respect to the increase in the number of reproductive structures on the main 
stem, it predisposes the highest concentration pods in stem. For Nardino et al. (2015), the concentration of pods 
on main stem, can improve the fixation of the pods due to the close relationship in the source and drain plant, 
therefore obtaining higher yield of soybeans. 

The results of this study can assist breeders and phytotechnical in practice, as the knowledge of the nature 
of variances involved in yield traits, morphological components, as well as the linear relationships and between 
groups of traits in the breeding process to obtain promising cultivars. 
 
Conclusion: 

The components of variance via REML reveal that there is presence of genetic variation between soybean 
cultivars, enabling crossings via breeding. 

The presence of significant difference between the canonical pairs indicates that morphological groups and 
income aren’t independent. 

Grain yield has a positive association with the largest number of reproductive structures, number of grains 
and pods per plant. 

The increase of insertion of the first pod and plant height are negatively associated to grain yield of 
soybeans. 
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