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Abstract: Obtaining information about the main morphoagronomic and yield components, as well as 
their interrelationships, is of utmost importance in cowpea breeding programs, aiming at the 
selection of superior genotypes. The analysis of canonical correlations allows us to predict and 
describe the relationship between groups of characters, allowing the indirect selection of superior 
genotypes. The objective of this work was to verify relationships between morphological characters 
and production components through the analysis of canonical correlations using genotypic values 
obtained via mixed REML/BLUP models in traditional cowpea varieties. The experiment was 
conducted in a randomized block design with three replications and 12 treatments. Traditional 
varieties were characterized and evaluated during the germination, seedling, flowering and harvest 
stages with data obtained from plants, pods and seeds. Using the genotypic correlation matrix, two 
sets of characteristics were established, Group I, formed by production components and Group II, 
formed by morphoagronomic characters. A second correlation analysis was performed to verify 
associations between morphoagronomic and seed traits (seed length, width and thickness). It was 
found that dependence between the groups evaluated and intergroup associations can be 
established, which allows the study of cause-effect and the practice of indirect selection between 
groups of variables studied. An increase in pod length, hundred-grain mass and seed size is achieved 
through the selection of early maturing plants, with greater width of the apical leaflet and length of 
the hypocotyl.  
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Abbreviations: E_emergence; IF_initial flowering; HL_hypocotyl length; ALW_apical leaflet width; NB_number of branches; PL_pod 
length; NGP_number of grains per pod; HSW_hundred seed weight; P_productivity; SL_seed length; SW_seed width; ST_seed 
thickness. 
 
Introduction 
 
Cowpea (Vigna Unguiculata) is a legume of high economic 
and social value, standing out as an important source of 
protein. With its productive capacity and adaptation to 
unfavorable environments, it has great potential to alleviate 
hunger in agricultural regions that use a low level of 
technology (Miqueloni et al., 2018). Therefore, it is 
necessary to know and characterize the genetic materials 
available in each location, becoming a fundamental step 
towards conserving the genetic diversity of the crop and 
developing more adapted, productive and nutritious 
materials that meet the needs and requirements of 
producers and consumers (Costa et al., 2012). 

Improved varieties tend to be genetically very similar to each 
other, which leads to the loss of genetic diversity. In this 
context, traditional varieties cultivated on small agricultural 
properties constitute an important source of variability for 
enriching germplasm collections and use in plant breeding 
programs (Costa et al., 2012; Amabile et al., 2018). In 
addition to improving the main characteristic, breeders seek 
to increase other characteristics of the plant and 
understanding the association between its main 
components is of great importance, especially when it 
comes to characters that are difficult to measure or have 
low heritability, knowledge of correlations and their 
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magnitudes can assist in indirect selection (Cruz et al., 2012; 
Costa et al., 2022). 
Abreu et al. (2021), studying the associations between 
morphological characteristics and production components in 
cowpea, identified that the characters pod number per 
plant, pod length and type of plant, presented a high and 
positive magnitude, allowing to conclude that selecting 
individuals with greater number of pods per plant, early 
genotypes and architecture suitable for mechanized 
harvesting increase grain yield. 
Essentially, the use of genotypic values must be prioritized in 
the study of correlations, as only they involve an association of a 
heritable nature, enabling greater success with selection (Cruz 
et al., 2012). The use of REML/BLUP mixed model procedures 
allows for greater precision in obtaining genotypic values and 
estimating variance components (Resende et al., 2016).  
Additionally, the use of canonical correlations allows 
measuring the degree of association between two sets of 
variables, through linear combinations of the various 
characters that constitute them, allowing to group variables 
of interest so that the determination of associations 
between groups allows the indirect selection of characters 
(Cruz et al., 2012). 
Although the use and efficiency of canonical correlations are 
reported in the literature, with studies on different crops, 
such as common beans (Coimbra et al., 2000), sugar cane 
(Silva et al., 2007), papaya (Schmildt et al., 2011; Ferreira et 
al., 2012), ryegrass (Müller et al., 2012), sunflower (Nobre et 
al., 2018), wheat (Carvalho et al., 2015; Silva et al., 2023), 
maize (Crevelari et al., 2019; Ferreira et al., 2020), rice 
(Xavier et al., 2022), faba beans (Costa et al., 2022). Studies 
on cowpea culture and the use of genotypic values to 
investigate associations between canonical groups are still 
scarce.  
In view of the above, the present study aimed to verify the 
relationship between morphological characters and 
production components through the analysis of canonical 
correlations using genotypic values via mixed REML/BLUP 
models in traditional cowpea varieties. 
 
Results and Discussion 
 
Genotypic correlations 
Genotypic correlations varied in magnitude from -0.70 (SL 
with NGP) to 0.88 (SL, SW with HSW), showing higher values 
between HSW and SL and SW (0.88). At the same time, 
another characteristic with high and positive correlations is 
HL with PL (0.87), SL (0.81), ST (0.78) and HSW (0.67) (Figure 
1). Therefore, the presence of high correlations reveals the 
possibility of selection and indirect gains for these 
characters.  
 
Genetic correlation is responsible for the hereditary fraction 
from parents to progeny. When there is significance 
between the correlations of two characters, the study of 
cause and effect relationships through genotypic values is 
important for the practice of indirect selection, especially for 
characters whose measurement is difficult and expensive or 
the characteristic has low heritability (Cruz et al., 2012; Silva 
et al., 2023), allowing a more precise understanding, as it 
excludes the effects of environmental variations presented 
in phenotypic values. 
The number of grains per pod presents a low and negative 
correlation with all other characteristics, indicating difficulty 
in making gains with indirect selection, except for seed 

length, which presented a high negative correlation (-0.70), 
indicating that pods with Longer seeds tend to have fewer 
seeds. In a study on the canonical correlations between 
traits related to the cycle and grain production in faba 
beans, Costa et al. (2022), also obtained negative and low 
magnitude values in associations with number of seeds per 
pod, including seed length (-0.38). 
 
Multicollinearity diagnosis 
The result for the diagnosis of multicollinearity was 
moderate to strong for both groups, with a number of 
conditions of 525 and 120 for group I and II, respectively. 
Multicollinearity, at levels considered moderate to severe, 
and the variances associated with certain estimators can 
assume excessively high values, generating inadequate 
results (Cruz et al., 2014). Considering the adverse effects of 
multicollinearity, the emergence and productivity variables 
that contributed to this problem were excluded. After 
exclusions, the numbers of conditions presented were 10.37 
for Group I and 6.64 for Group II, indicating weak 
multicollinearity, according to Montgomery et al. (2012). 
 
Canonical correlation between morphological 
characteristics and production components 
The analysis of canonical correlations allows us to group 
characteristics and observe linear dependence, maximizing 
the relationships between groups (Costa et al., 2022). For 
the canonical correlation analysis between Group I 
(morphoagronomic traits) and Group II (production 
components), the first canonical pair showed a significance 
of 1% by the Chi-square test and correlation coefficient (r) = 
0.97, suggesting an association between the groups (Table 
1). The characteristics that most contributed to the 
association between the groups were pod length, mass of 
one hundred grains, hypocotyl length and apical leaflet 
width. The characters that contributed least were the 
number of grains per pod and the number of main branches. 
Abreu et al. (2021), evaluating the canonical correlation 
between morphological and production characteristics in 
cowpea, obtained significance for the first canonical pair, 
with pod length among the characters that most contributed 
to the association between the groups. Costa et al. (2022), 
also observed the significance of the first canonical pair, with 
initial flowering and pod length among the most important 
characteristics in the study carried out between traits 
related to the cycle and production in faba beans. 
The first pair indicated that initial flowering has a positive 
relationship with pod length and grain mass. Thus, the 
selection of earlier plants tends to also present indirect gains 
in the characteristics of pod size and grain mass. Likewise, 
estimating the relationship between the primary and 
secondary components of black bean grain yield through 
canonical correlation, Coimbra et al. (2000), observed 
significant intergroup associations, with a positive 
relationship between precocity and grain mass. In studies 
with faba beans, Costa et al. (2022) observed an association 
of plants with shorter days with longer pods for the first 
canonical pair. 
According to the results obtained, the number of grains per 
pod presents negative values and low magnitude in the 
association between groups, indicating difficulty in gaining 
from indirect selection through morphological characters for 
this characteristic. In studies with faba beans, Costa et al. 
(2022), also found low magnitude values in the associations  
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Figure 1. Pearson genotypic correlation estimate between 10 traits evaluated in 12 traditional cowpea varieties. HL: hypocotyl 
length, ALW: apical leaflet width, NB: number of branches, IF: initial flowering, SL: seed length, SW: seed width, ST: seed thickness, 
PL: pod length, NGP: number of grains per pod, HSW: hundred seed weight. 
 
 
Table 1. Canonical correlations and estimated canonical pairs between morphological traits (group I) and production components 
(group II) in 12 cowpea varieties.  

Characteristics 
Canonical Pairs 

1º 2º 3º 

 Group I 

PL 0.9382 -0.0046 0.3461 
NGP -0.2295 0.9733 0.0112 
HSW 0.7771 -0.4387 -0.4514 

 Group II 

ALW 0.7419 0.6612 0.0747 
NB 0.4300 -0.2837 -0.8061 
IF 0.4925 0.1194 0.1376 
HL 0.9113 -0.1170 0.3219 

r 0.97
** 

0.72
ns 

0.34
ns 

1°, 2° e 3° canonical pair; PL: pod length; NGP: number of grains per pod; HSW: hundred seed weight; ALW: apical leaflet width; NB: 
number of branches; IF: initial flowering; HL: hypocotyl length; ** significant at 1% by the Chi-square test (ꭓ

2
); 

ns
: not significant. 

 
between groups for number of seeds per pod, number of 
pods per plant, pod width, pod thickness.  
The results differ from those obtained by Abreu et al. (2021), 
who evaluated the canonical correlation between 
morphological characteristics and productivity components 
of cowpea, based on phenotypic values. According to the 
authors, the characters number of pods per plant showed a 
high and positive correlation, concluding that to increase 
grain yield, plants must be selected that have a greater 
number of pods per plant, early genotypes and ideal plant 
architecture for harvesting. mechanized. 
In the present study, the results indicate that the selection 
of earlier plants can be used to indirectly obtain superior 
individuals in terms of pod size and grain mass, important 
characteristics linked to grain productivity in cowpea. 
Furthermore, larger pods make manual harvesting easier 
and with higher yields (Públio Júnior et al., 2017). In 
collaboration, Mendonça et al. (2018), studying the 
phenotypic, genotypic and environmental correlations in 
cowpea varieties, state that the width of the apical leaflet, 
pod length and initial flowering should be considered in the 
selection aiming at more productive and early cultivars,  

 
according to the authors, It is necessary to deepen these 
studies by correlating them with the grains to better utilize 
these variables in the reproductive phases of the species. 
 
Canonical correlation between morphological and seed 
characteristics 
The canonical correlation analysis between the groups of 
morphological and seed characteristics showed significance 
at 1% using the Chi-square test for the first canonical pair 
with a correlation coefficient r = 0.97, indicating that the 
groups are not independent (Table 2). The characteristics 
seed thickness, hypocotyl length and apical leaflet width 
were those that most contributed to the association 
between the groups. 
 
The width of the apical leaflet and the length of the 
hypocotyl are highly and positively related to the length and 
thickness of seeds, also showing a positive relationship, but 
to a lesser extent, with seed width, indicating that the 
selection of individuals with greater width of the apical 
leaflet and hypocotyl length would lead to indirect gains in 
obtaining larger cowpea grains.  
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Table 2. Canonical correlations and estimated canonical pairs between seed traits (group I) and morphological (group II) traits in 12 
cowpea varieties.  

Characteristics 
Canonical Pairs 

1º 2º 3º 

 Group I 

PL 0.5610 0.8269   0.0401 
SW 0.3984 0.6032 - 0.6910 
ST 0.9399 0.1801 - 0.2902 

 Group II 

HL 0.8184 0.4804   0.2627 
NB 0.1694 0.5068 - 0.7826 

ALW 0.9353 -0.3014 -0.0406 
IF 0.4705 0.2007 0.1730 

r 0.97
** 

0.91
ns 

0.52
ns 

1°, 2° e 3° canonical pair; PL: pod length; SW: seed width; ST: seed thickness; HL: hypocotyl length; NB: number of branches; ALW: 
apical leaflet width; IF: initial flowering. ** significant at 1% by the Chi-square test (ꭓ

2
); 

ns
: not significant. 

 
Initial flowering also has a positive relationship with all 
characteristics, with the possibility that the selection of 
earlier individuals provides indirect gains in grain size. The 
number of main branches presents a positive, but low 
relationship with the others, reflecting a lesser importance 
of this characteristic for the selection of superior individuals 
in terms of the size of their grains. 
 
Materials and Methods 
 
Location and plant materials 
The data were collected from an experiment carried out in 
2015, at the experimental unit of the Federal University of 
Acre (09° 58' 29'', 67° 48' 36'', at 153 meters altitude). The 
soil at the site is classified as plinthic red-yellow Argisol. The 
climate in the region is type Am according to the Koppen 
classification. With an average temperature of 24.5 ºC, 
average relative humidity of 84% and precipitation of 1700 
mm to 2,400 mm in 2015.  
The treatments consisted of twelve traditional varieties of 
cowpea (white beach beans, plain manteiguinha, quarentão, 
white beans, string beans, purple manteiguinha, chicken 
liver, mudubim de rama, owl, milk beans, baiano, cowpea 
black). Traditional varieties were chosen based on their 
nutritional importance and their potential as sources of 
genes of interest in crop improvement. 
 
Experimental characterization 
A randomized block design with three replications was used. 
Each experimental plot consisted of two rows 5 m long, 
spaced 1.00 m x 0.50 m between plants with 10 plants each. 
To prepare the experimental area, the 0-20 cm layer was 
harrowed using a microtractor. Fertilization was carried out 
in accordance with soil analysis and recommendations for 
the crop. For crop management, only manual weeding was 
necessary to control invasive weeds. 
The data were obtained through measurements carried out 
on plants, pods and grains. Ten plants were randomly 
selected from each plot and the characteristics were 
evaluated according to the descriptors for Vigna unguiculata: 
emergence (E), initial flowering (IF), hypocotyl length (HL), 
apical leaflet width (ALW), number of branches (NB), pod 
length (PL), number of grains per pod (NGP), hundred seed 
weight (HSW), productivity (P), seed length (SL), seed width 
(SW) and seed thickness (ST). 
 
 
 

 
Statistical analysis 
 
The data were submitted to REML/BLUP and the predicted 
genotypic values (BLUP) were obtained to estimate the 
genotypic correlation coefficients, according to Resende et 
al. (2016). Genotypic correlation analysis was carried out 
between the twelve morphoagronomic, productive and seed 
characteristics, estimated using Pearson linear correlation 
coefficients (Cruz et al., 2012). 
Using the genotypic correlation matrix, two sets of 
characteristics were established, Group I, formed by 
production components (pod length, number of grains per 
pod, mass of one hundred grains and productivity) and 
Group II, formed by morphoagronomic traits (hypocotyl 
length, initial flowering, emergence, apical leaflet width and 
number of main branches). A second correlation analysis 
was performed to verify associations between 
characteristics of Group I and Group II. 
Each group was subjected to a multicollinearity diagnosis 
with condition number (CN) and variance inflation factor 
(VIF) used as indicators of severity levels, according to 
Montgomery et al. (2012). Verification of significance 
between character groups was assessed based on the Chi-
square statistic (Cruz et al., 2014). 
For genetic-statistical analyses, the programs Selegen - 
REML/BLUP (Resende, 2006), Genes (Cruz, 2013) and R 
software version 4.0.2 (R Core Team, 2020) were used. 
 
Conclusions 
 
Canonical correlations reveal dependence between groups 
of morphoagronomic, productive and seed traits, enabling 
the study of cause-effect and the practice of indirect 
selection in traditional cowpea varieties. 
The selection of early maturing plants allows for an increase 
in pod length, hundred seed weight and seed size, 
associated with greater width of the apical leaflet and length 
of the hypocotyl.  
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