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ABSTRACT. The aim of this study was to use multivariate methods and 
Pearson and partial correlations to disregard phenotypic characteristics that 
contribute little to differentiation between Brachiaria ruziziensis genotypes. 
Eighty-one genotypes of B. ruziziensis were assessed in completely 
randomized blocks with three replications. Ten phenotypic characteristics 
were assessed: plant height, leaf length, leaf width, sheath length, length 
of the flower stem, length of the inflorescence axis, number of racemes 
per inflorescence, length of the basal raceme, number of spikelets per 
basal raceme, and width of the rachis. The best traits for differentiation 
between genotypes were determined by assessing relative contribution to 
diversity, canonical variables, as well as Pearson and partial correlations. 
Four canonical variables were found to account for 57% of the overall 
variation, while plant height, sheath length, and number of racemes per 
inflorescence were considered traits that could potentially be disregarded 
in future assessments.
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INTRODUCTION

The need for distinguishing morphological and agronomic traits to better identify promising 
genotypes arises in all stages of any crop-breeding program. In highly bred crops, the tendency is 
for differences among advanced genotypes to be particularly small, which hinders differentiation 
among them. This is also the case for grasses like Brachiaria ruziziensis.

In Brazil, the assessment of characteristics like plant height, leaf length, length of the 
inflorescence axis, and number of racemes, among others, is required in grasses only for purposes 
of registration of cultivars in the Ministério da Agricultura, Pecuária e Abastecimento (MAPA; 
Ministry of Agriculture, Livestock and Food). Measurement of some of the traits required by MAPA, 
however, is also common in stages prior to release of the cultivar and demands time, resources, 
and labor. Especially in the initial and intermediate stages of breeding, such distinguishing traits 
could be used to identify variability among genotypes and thus to allow a new selection cycle to be 
generated, thereby maintaining variation for the future. These traits could also be used to identify 
similar genotypes and thus to establish an improved population to be assessed and tested for 
possible recommendation.

In this respect, simultaneous assessment of various traits (multivariate analysis) allows 
different inferences to be made about the entire set of traits used, which, in turn, allows inferences 
to be made about their usefulness (Ferreira, 2011). A highly useful multivariate method is one 
in which the relative contribution of traits to diversity is assessed, as proposed by Singh (1981). 
Based on the Mahalanobis generalized distance (D2), this technique allows the relative importance 
of each trait to the total diversity observed in the population under study to be determined. The 
greater the variability found for a trait, therefore, the greater its importance in relation to the others.

The multivariate technique of canonical variables is highly useful for plant breeding and 
is adopted especially when the researcher wishes to reduce the number of traits to be assessed 
to differentiate the genotypes (Cruz et al., 2012). Using this statistical procedure, a set of traits 
can be reduced to another, smaller set; the importance of each trait to the total variation of the 
population studied can be assessed; and traits can be eliminated that contribute little to variation 
(Ferreira, 2011). To complement multivariate methods, the identification of correlated traits aids 
in disposing of unnecessary traits by indicating redundancy in traits used to assess genotypes. 
Correlation analysis in conjunction with multivariate analysis is therefore highly useful in forage 
crop-breeding programs. Thus far, few studies correlating the main traits usually measured in 
Brachiaria ruziziensis (Assis et al., 2003; Borges et al., 2011) have been reported.

In studies involving a large number of traits, simple Pearson correlation between two traits 
may be influenced by variation shared with a third trait or a set of traits (Cruz et al., 2012). This 
effect is not observed with the use of partial correlation, since partial correlation is estimated by 
eliminating the effects of other traits on the association between the pair of traits involved. That way, 
a more precise and more informative estimate is obtained with regard to the correlation between 
the traits under study (Cruz et al., 2012).

The aim of this study was to use multivariate methods and Pearson and partial correlation 
analyses to discard traits that contribute little to differentiation between B. ruziziensis genotypes.

MATERIAL AND METHODS

The experimental work for this study was set up in September 2008 in the experimental 
field of Embrapa Gado de Leite, located in the municipality of Coronel Pacheco, in the Zona da 
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Mata region of Minas Gerais (21°35ꞌ16ꞌꞌS, 43°15ꞌ56ꞌꞌW, altitude of 484 m). Eighty-one genotypes of 
B. ruziziensis originating from a population obtained from a recurrent selection cycle used for the 
identification of genotypes giving rise to higher forage yield and quality were included in the study, 
and a completely randomized block design with three replications per genotype was used, with 
plots of “2 m2” and four plants per plot.

In the main flowering season (March to May 2009), the plants in the plots were assessed 
in terms of the following morphological traits: plant height (PHe, cm), leaf length (LL, cm), leaf width 
(LW, cm), sheath length (SL, cm), length of the flower stem (LFS, cm), length of the inflorescence 
axis (LIA, cm), number of racemes per inflorescence (NRI), length of basal raceme (LBR, cm), 
number of spikelets per basal raceme (NSBR), and width of the rachis (WR, cm). Measurements 
were taken in the plot area.

The resulting data were first subjected to univariate analysis of variance to evaluate 
divergence among the genotypes. The significance of the effects on the genotypes was assessed 
for each characteristic using the F-Snedecor test (P < 0.05). Traits for which the genotypes exhibited 
significant variation were included in subsequent multivariate approaches.

The relative contributions of traits to diversity were determined using the method proposed 
by Singh (1981). The canonical variables were obtained according to the method described by 
Cruz et al. (2012) and their levels of significance were determined by the F-Snedecor test (P < 
0.05). The most highly weighted traits (greatest eigenvectors) among the non-significant canonical 
variables were eliminated after they were identified from simple Pearson correlations and partial 
correlations as described by Cruz et al. (2012).

Analyses of variance and the canonical variables were carried out using SAS software 
(SAS Institute, 2011), specifically using the PROC GLM and PROC CANDISC functions, 
respectively. Pearson phenotypic correlations, partial correlations, and the relative contributions of 
traits to diversity were determined using the GENES statistical computation program (Cruz, 2013).

RESULTS

Analysis of variance of all the traits measured in this study exhibited significant differences 
among the different genotypes, which indicates genotypic variability among the traits. That is a 
necessary condition for the other methods already described. Boxplots of the phenotypes of each 
trait are shown in Figure 1.

Figure 1. Boxplots of the phenotypes of 81 genotypes of Brachiaria ruziziensis, assessed based on 10 morphological 
traits: plant height (PHe), leaf length (LL), leaf width (LW), sheath length (SL), length of the flower stem (LFS), length 
of the inflorescence axis (LIA), number of racemes per inflorescence (NRI), length of basal raceme (LBR), number of 
spikelets per basal raceme (NSBR), and width of rachis (WR).
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Based on the criteria proposed by Singh (1981), the traits with the greatest relative 
contribution to genetic divergence were LFS, LBR, LIA, and LL (Figure 2). Together, these traits 
contribute to approximately 50% of the divergence across the genotypes assessed. There was a 
great discrepancy in terms of the relative contributions of the traits involving the raceme: the LBR 
trait contributed 13.07%, while the NRI contributed only 6.72%. There is therefore less genotypic 
diversity due to NRI differences than due to LBR differences. The same was shown to be true for 
the LL and LW leaf traits: LL had a greater effect on diversity than LW.

Figure 2. Contributions of plant height (PHe), leaf length (LL), leaf width (LW), sheath length (SL), length of the flower 
stem (LFS), length of the inflorescence axis (LIA), number of racemes per inflorescence (NRI), length of basal raceme 
(LBR), number of spikelets per basal raceme (NSBR), and width of rachis (WR) to the genetic diversity.

The canonical variable multivariate method makes use of standardized linear combinations 
of the original variables (traits) to form a set of variables of the same dimension (canonical 
variables) that contain, in order of estimation, the maximum variance generated by the original 
data (Negreiros et al., 2008; Cruz et al., 2012). The last canonical variables estimated thus provide 
the least information and the original traits of greater weighting (greater eigenvector) among these 
variables are identified and can therefore be discarded (Cruz et al., 2012).

Among the 10 canonical variables, it was observed that the four of greatest importance 
for diversity accounted for 57% of the variation overall (Table 1). The first accounted for 17% of the 
variation and all others accounted for less than 15% of the total variation. Nevertheless, statistical 
significance was observed up to the eighth canonical variable (F-test).

The data indicate that the great majority of the measured traits were important in 
differentiating between genotypes, i.e., that the majority of the traits contributed significantly to 
divergence (Table 1). The traits that contributed least to the divergence by the canonical variables 
were SL and PHe. These two traits exhibited the greatest eigenvectors among the non-significant 
canonical variables (variables 9 and 10).

Pearson and partial correlation analyses were used to identify redundancy among the 
traits and thus to eliminate such redundant traits. Estimates of Pearson correlation were found to 
range from 0 (between WR and LFS) to 0.73 (NRI and LIA) as shown in Table 2. In the vast majority 
of cases, the estimates for WR were close to zero and non-significant, making it improbable that 
this trait would be redundant in relation to another. With the second greatest relative contribution 
to diversity, LBR also exhibited significant correlation with almost all the traits, except for LIA. 
In contrast, WR, which showed a small relative contribution (7.92%), was one of the traits that 
correlated least with the others, as mentioned above.
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**and NS: significant and non-significant, respectively, by the F-test at 95% reliability.

Table 1. Variances, percentage variances, and accumulated variances of the canonical variables obtained from 
10 traits assessed in 81 clones of Brachiaria ruziziensis.

Variables Variances Difference Proportion (%) Accumulated (%) Pr > F Discarded variable 

1 2.16 0.3 0.17 0.17 ** - 

2 1.87 0.18 0.15 0.32 ** - 

3 1.68 0.15 0.13 0.45 ** - 

4 1.54 0.35 0.12 0.57 ** - 

5 1.18 0.08 0.09 0.66 ** - 

6 1.1 0.08 0.09 0.75 ** - 

7 1.02 0.11 0.08 0.83 ** - 

8 0.91 0.13 0.07 0.9 ** - 

9 0.78 0.3 0.06 0.96 NS PHe 

10 0.48 0 0.04 1 NS SL 

 

*,**Significant at 95 and 99% reliability, respectively, as determined by the t-test (Steel et al., 1997).

Table 2. Correlations between morphological traits, where Pearson correlation coefficients are shown above the 
diagonal and partial correlation coefficients below the diagonal.

 PHe1 LL1 LW1 SL1 LFS1 LIA1 NRI1 LBR1 NSBR1 WR1 

PHe - 0.05 0.2 0.43** 0.34** 0.36** 0.25* 0.30* 0.2 0.05 

LL -0.15 - 0.48** 0.01 0.42** -0.1 -0.22 0.34** 0.31** 0.17 

LW 0.23 0.42** - -0.22 0.31** 0.17 0.04 0.25* 0.16 -0.02 

SL 0.34* 0.04 -0.43** - 0.21 0.26* 0.16 0.28* 0.34** 0.26* 

LFS 0.22 0.3 0.08 0.11 - 0.12 -0.12 0.39** 0.29** 0 

LIA -0.04 -0.15 0.15 0.14 0.14 - 0.73** 0.1 0.03 -0.05 

NRI 0.19 0.02 0.02 0.03 -0.17 0.77** - -0.31** -0.12 -0.05 

LBR 0.2 0.08 0.08 0.05 0.07 0.44** -0.55** - 0.45** 0.28* 

NSBR -0.05 0.14 0.08 0.3 0.03 -0.11 0.06 0.3 - 0.07 

WR -0.07 0.16 -0.01 0.25 -0.14 -0.18 0.16 0.3 -0.16 - 

 

Since the estimated correlation between two traits may be due in part to the association 
of a third or more additional traits, partial correlations should be chosen whenever possible. As 
the partial correlation parameter is determined by eliminating the effect of other variables on the 
association between the traits involved, it provides more precise estimates of true correlations 
between traits (Cruz et al., 2012).

Table 2 shows that many of the correlation estimates found to be significant with Pearson 
correlation became non-significant with partial correlation. The opposite was also observed (Table 
2). For the LFS, NSBR, and WR traits the partial correlation estimates were non-significant, i.e., 
these traits are not redundant with any others. For all the trait pairs in which there was a change in 
significance, there are likely to be other associated traits that affect the Pearson correlation.

The results shown in Figure 2, Table 1, and Table 2 allow us to make inferences regarding 
the possibility of discarding some traits. From the canonical variable results (Table 1), the traits with 
greatest weighting for the non-significant variables were PHe and SL, which makes it plausible to 
discard them. The SL trait also showed the fourth lowest contribution to diversity by the Singh (1981) 
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method (Figure 2), which reinforces the case for discarding it. The Singh method also identifies NRI 
as a trait that may be discarded, since NRI exhibited the smallest contribution among all the traits.

DISCUSSION

The traits found to have the smallest contributions were NRI, LW, WR, and SL (in order 
from the lowest contribution). The lower contributions of these traits are an indication of the small 
variability found for these traits in comparison to the others in B. ruziziensis. In spite of these 
findings, it should be noted that discarding traits based only on these criteria is not advisable 
since, even if a trait shows a low level of relative contribution, it may still be important for genetic 
divergence (Marim et al., 2009; Azevedo et al., 2013).

According to the canonical method used in this study, only the two traits PHe and SL were 
redundant or contributed little to genotype differentiation and may therefore be eliminated. According 
to Pereira et al. (1992), the distribution of variance of the canonical variables is associated with 
the number of traits used in the analysis, such that the first canonical variables contribute to the 
greatest variances only when a reduced number of traits are used.

In breeding programs, the number of traits assessed is often increased to yield more 
information on the genetic diversity among genotypes. Daher et al. (1997), however, point out 
that increasing the number of traits does not always improve differentiation between genotypes 
because, if a trait contributes to the detection of variability already differentiated by another trait, 
there is redundancy between them, and the second can be discarded. Removal of redundant traits 
is therefore advantageous in that it reduces the amount of data collection required and improves 
data interpretation (Pereira et al., 1992).

The divergent results observed between different methods of correlation analysis for some 
pairs of traits show that, when assessing a large group of traits, correlations must be interpreted 
with care. Nevertheless, the correlation between NRI and LIA determined by Pearson correlation 
analysis (0.73) changed little when assessed by partial correlation analysis (0.77). One of the 
traits in this pair could be discarded since the two correlation analyses demonstrated redundancy 
between the two traits.

The Pearson phenotypic correlations and partial correlations indicated that NRI and LIA 
are highly correlated (Table 2), which demonstrates redundancy and therefore that one of the traits 
could be discarded. Since NRI was shown to contribute less to diversity than LIA and correlated 
highly with LIA, NRI could be eliminated as an assessment trait in future analyses.

Multivariate methods have already been used in identifying traits that are best for 
discrimination between genotypes in various crops (Fonseca and da Silva, 1999; Ribeiro et 
al., 1999; Martel et al., 2003; Coelho et al., 2007; Oliveira et al., 2007; Silva et al., 2008; Pinto 
et al., 2010; Cabral et al., 2011); however, the use of such methods for B. ruziziensis has not 
been reported. For the genus Brachiaria, Assis et al. (2003) assessed vegetative, reproductive 
and pubescence traits (24 traits in all) for the purpose of correct placement of 301 accessions in 
the species to which they belonged. For that purpose, they established discriminating functions 
by the multivariate method of Anderson (1958). The authors concluded that the vegetative and 
reproductive traits were the most efficient in discriminating between the six species of Brachiaria 
assessed, deeming the pubescence traits ineffective in such differentiation.

In the present study, the statistical analyses carried out indicated that the PHe, SL, and 
NRI traits could be disregarded as traits useful in differentiating between different genotypes for 
the purposes of registering B. ruziziensis cultivars in MAPA. In addition to the statistical results 
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presented, it is worth noting that PHe and SL in particular are difficult traits to measure, and 
precision in their measurement is highly dependent on the training of the researcher responsible for 
this task. Since it is not always possible to count on duly trained labor, we consider the discarding 
of these traits, together with NRI, which was found to contribute little to divergence, appropriate for 
B. ruziziensis genetic breeding programs.
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