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Abstract- Plant breeding programs have been investing in the development of high commercial 
standard onions; thus, they depend on the genetic resources available for obtaining commercial 
hybrids. The objective of this study was to evaluate genetic parameters and diversity, and 
phenotypic and genotypic correlations of characters related to onion production. The experiment 
was conducted in Uberlândia, Minas Gerais, Brazil. Fifty-three onion strains were evaluated, and 
a randomized block design was used. The number of plant and bulb characteristics evaluated 
was 13. The statistical analyses were performed using Genes and R software. A genetic 
variability among the genotypes was found for most of the characters at 1% level of significance 
in the F test. The heritability of most characters presented moderate to high values (≥ 70%) and 
high CVg/CVe ratio (≥ 1). The UPGMA method separated the genotypes into 20 groups, while 
the Tocher method separated them into 19 groups. The groups that stood out were V, XIV, XV, 
XV, XVI, XVII, XVIII, XIX, and XX. 
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Abstract -  Plant breeding programs have been investing in the 
development of high commercial standard onions; thus, they 
depend on the genetic resources available for obtaining 
commercial hybrids. The objective of this study was to 
evaluate genetic parameters and diversity, and phenotypic 
and genotypic correlations of characters related to onion 
production. The experiment was conducted in Uberlândia, 
Minas Gerais, Brazil. Fifty-three onion strains were evaluated, 
and a randomized block design was used. The number of 
plant and bulb characteristics evaluated was 13. The statistical 
analyses were performed using Genes and R software. A 
genetic variability among the genotypes was found for most of 
the characters at 1% level of significance in the F test. The 
heritability of most characters presented moderate to high 
values (

Tocher method separated them into 19 groups. The groups 
that stood out were V, XIV, XV, XV, XVI, XVII, XVIII, XIX, and XX. 
The results of t-test showed six significant phenotypic 
correlations with low to moderate degree of association, and 
the genotypic correlations, in most cases, were higher than the 
phenotypic ones and showed the same sign. From the genetic 
parameters studied, the possibility of gains in the selection is 
high. The separation of groups of divergent genitors was 
possible due to the wide genetic variability for the studied 
characters. Moreover, the phenotypic and genotypic 
correlations showed that indirect selection is not feasible.  

 
  

   Os programas de melhoramento vegetal têm 
investido no desenvolvimento de cebolas com alto padrão 
comercial e para tal dependem dos recursos genéticos 
disponíveis para a obtenção de híbridos comerciais. O 
objetivo deste estudo foi avaliar parâmetros genéticos, 
diversidade genética e as correlações fenotípicas e 
genotípicas de caracteres relacionados à produção de 
cebola. O experimento foi realizado em Uberlândia - Minas 
Gerais, Brasil. Foram avaliadas 53 linhagens de cebola. Foi 
utilizado  o  delineamento  em blocos ao   acaso.   Foram 
 

    
 

 
   

 

 

 

avaliadas 13 características de planta e bulbo. As análises 
estatísticas foram realizadas no programa Genes e R. 
Observou-se a existência de variabilidade genética entre os 
genótipos para a maioria dos caracteres ao nível de 1% pelo 
teste F. A herdabilidade da maioria dos caracteres apresentou 
valores moderados a altos (  
(

separou os mesmos em 19 grupos. Os grupos que mais se 
destacaram foram V, XIV, XV, XVI, XVII, XVIII, XIX e XX. Houve 
seis correlações fenotípicas significativas pelo teste t com 
grau de associação baixo a moderado, e as correlações 
genotípicas, em sua maioria, mostraram-se superiores às 
fenotípicas e apresentaram o mesmo sinal. A partir dos 
parâmetros genéticos estudados existe alta possibilidade de 
ganhos na seleção. Há ampla variabilidade genética para os 
caracteres estudados o que permitiu a separação de grupos 
de genitores divergentes. Adicionalmente, as correlações 
fenotípicas e genotípicas mostraram inviabilidade para 
seleção indireta.  

 
   

  

nion (Allium cepa 
widespread crops in the world and is consumed 
by almost all peoples on the planet, regardless 

of ethnic and cultural origin, constituting an important 
element of family labor occupation (BOITEUX; MELO, 

nomically important 
vegetable in the world, and especially in Brazil  

According to the systematic survey of 
agricultural production, the states with the largest 
productions were Santa Catarina, Rio Grande do Sul, 
Paraná, Minas Gerais, São Paulo, Goiás, Bahia, and 

 

Given the relevance of this crop, research on 
onions is essential, especially for plant breeding 
programs. The aim of these programs, is to produce 
high-quality commercial products; thus, breeders need 
a broad genetic base and good breeding strategies to 
promote favorable genetic improvements in the crop  

O 

-

       

1

Y
ea

r
20

22

1

       

               

                          

                   

  

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
II   

Is
s u

e 
  
  
 e

rs
io
n 

I 
 

 V
III

  
 

( D
)

© 2022 Global Journals

Keywords: allium cepa L, genetic resources, heritability, 
genetic variability, indirect selection. 

Palavras-chave: allium cepa L, recursos genéticos, 
herdabilidade, variabilidade genetic, seleção indireta.

Resumo-

Vanessa Cláudia Vasconcelos Segundo α, Renato Innecco σ, Joelson André Freitas ρ, 
Eveline Nogueira Lima Ѡ, Ana Paula Oliveira Nogueira¥ & José Magno Queiroz Luz§

I. INTRODUCTION

Author α σ Ѡ: Phytotechnics Department, Universidade Federal do 
Ceará, Fortaleza, CE, Brazil. 

evelinenlima@gmail.com
Author ρ: Murray River Seeds Co., Albury, Australia. 
e-mail: freitasja49@gmail.com
Author¥: Institute of Biotechnology, Universidade Federal de 
Uberlândia, Uberlândia, MG, Brazil. e-mail: ana.paula@ufu
Author§: Institute of Agricultural Sciences, Universidade Federal de 
Uberlândia, Uberlândia, MG, Brazil. e-mail: jmagno@ufu

e-mails: vanessac_vasconcelos@yahoo.com., innecco@ufc., 



One way for plant breeders to verify the 
existence of genetic variability in a given population is 
through genetic parameter estimates (VENCOVSKY, 

genetic structure of quantitative traits, providing 
important information on the magnitude of the additive 
variance and the variance due to dominance shifts 

 
One of the most important parameters is 

heritability, which expresses the reliability of the 
phenotypic value as an estimator of the genotypic value 
in such a way that the greater it is, the greater the 

parameter for selection efficiency is the relationship 
between the coefficient of genetic and environmental 
variation, which evaluates the genetic proportion in 
relation to environmental variation (LI  

Besides the knowledge of genetic variability, it 
is necessary to know the genetic diversity and the 
existing correlations between the characteristics of 
interest. For selective breeding, studies involving genetic 
diversity among a group of genotypes are extremely 
relevant for the knowledge of the genetic resources 
available. This kind of research can employ multivariate 
techniques, especially cluster analysis, which allows 
combining multiple information of each genotype, 
facilitating selection from a combination of variables and 
identification of superior genotypes (CRUZ; REGAZZI; 

 

Correlation analysis determines the degree of 
association between characters that can contribute to 
the adoption of indirect selection, especially among 
characters that present complications regarding 
selection due to low heritability or measurement and 

 

In view of the above, the objective of the 
present study is to evaluate genetic parameters and 
diversity, in addition to the phenotypic and genotypic 
correlations of characters related to onion production. 

 

II.
 

Materials
 
and

 
Methods

 

 

 

The strains were
 
obtained through successive 

self- -

fertilizations intercalated with intercrossing sibs between 
2-3 plants. The criterion to define if the genotype would 
be successively self-fertilized or if it would advance 
through one or more generations in sib intercalated with 
self-fertilization or not, was based on the phenotypic 
state of seed production. Genotypes with lower seed 
production were subjected to sibs (2-
than being successively self-fertilized. In genotypes of 
advanced strains, an average of five generations of 
advancement through self-
involved.  

cm bed, with fiv

the characteristics that were not directly measured, 
scores from 1 to 9 were assigned, where 1 represented 
the worst value and 9 the best value of the variable. 
These characteristics were evaluated at plot level.  

Sowing was performed in March and 

and fertilized following the recommendations for onion 
crop. The morpho-agronomic characters evaluated 
were: plant vigor, a score (1-

diameter, plant height, and number of leaves; 

excessive thickening and 9 for those with less thickness; 
plant architecture: 1 for prostrate, 9 for erect; leaf 
waxiness: 1 for absence of wax and 9 for presence of a 
lot of wax; drying of leaf tips: the highest score was 
assigned to plants that did not present drying of leaf 
tissues and the lowest grade for the inverse situation; 
and plant cycle: quantity of days from sowing date to 
harvest.  

The following evaluations were performed on 
the bulbs after their harvest: bulb mean mass, in grams; 

with the highest score given for bulbs with dark brown 
color; bulb shape: with 1 for flat bulbs and 9 for rounded 
bulbs; uniformity of bulb shape: the greater the 
predominance of a shape in the plot, the higher the 
score; bulb firmness: with the aid of a penetrometer with 

-mm tip, unit kgf.cm-2; durability after harvest of 
bulbs: the percentage of marketable bulbs was 

conditions.  
All characters in the present study were treated 

as quantitative, considering the study by Sneath and 
-categorical 

characters could be ordered, i.e., they are of ordinal 
nature and reported on a scale, it is possible for them to 
be analyzed as quantitative variables.  

Genetic variability among the genotypes was 
verified using analysis of variance and genetic 
parameters, such as broad-sense heritability and the 
relationship between genetic and environmental 

Genetic Parameters and Diversity and Correlations in Onion Strains
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The experiment was conducted in an 
agricultural experimental station in Uberlândia, Minas 
Gerais (MG), Brazil (18º 55’ S latitude, 48º 16’ W 

analyzed a set of genotypes consisting of 53 advanced 
strains. Some of the genotypes studied originated from 
O. P. populations (open pollination) adapted to 
cultivation in Brazil, especially those predominant in the 
south of the country, some from the onion breeding 
program maintained by the company in California, USA, 
and some from crosses between special subjects of 
these two origins (F2). 

bulb density, d = mass/volume, g. cm-3; bulb color, 

longitude, and 873 m altitude) in 2017. This study 



 

 

 

 

 

 

    

 

 

  
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

coefficients of variation, in addition to experimental 
coefficient of variation. 

Genetic dissimilarity was estimated using the 
generalized Mahalanobis distance. Data were grouped 
using the hierarchical method, unweighted pair-group 

optimization method, Tocher. 
A dendrogram was obtained from the UPGMA, 

which was defined by the genotypes with the highest 
similarity. The adequacy of the hierarchical grouping 
method was verified using the cophenetic correlation 
coefficient. The relative importance of each variable was 
estim
performance of each group, formed by the UPGMA, was 
evaluated based on the average of each group. 

Phenotypic and genotypic correlations were 
evaluated. The significance of the phenotypic correlation 
was estimated using the t-test with n-2 degrees of 
freedom, where n is the number of genotypes evaluated. 
The significance of the genotypic correlations was 

Path analysis was used to estimate direct and 
indirect effects. In this analysis, the mean mass of bulbs 
was considered as the main dependent variable, and it 
was performed only when its correlations with other 
characters had correlation estimates 
significant. Prior to the analysis, the degree of 
multicollinearity was calculated following the criteria 

III. Results and Discussion

This study found the existence of genetic 
variability among the genotypes for most of the 
characters evaluated at the significance level of 1% by 

possible. The variables that were not significant were 
neglected in the subsequent analyses. 

moderate to high values (

in this study. The mean mass variable is indicative of 
crop production, and the heritability of this variable, with 

to the literature. 
The results for heritability can be explained by 

the additive effect present in the advanced genotypes, 
resulting from their genetic homozygosity. As for the 
bulb density variable, several genes might be 
responsible for it, which would explain its low heritability 
value and the small density values. The genetic gain 
from selection for this variable seems to be very low. 

f 
characters in onion landrace and S1 varieties and 
obtained the highest value of broad-sense heritability for 
the characteristics of dry matter, maximum leaf length 
and soluble solid content, respectively. Some authors 
attribute relative importance to the characteristics, dry 
matter and soluble solids content, due to their direct 
relationship with post-harvest, because they imply the 
storage capacity and commercial quality of bulbs. This 
study considered the storage period, and the heritability 

Heritability allows predicting genetic gains in the 
future selection cycles. Traits with higher heritability will 

Characters MS h2a (%) CVg/CVe CV (%)

Plant vigor 1.66** 56.99 0.81 14.26

Pseud. diam. 0.40* 41.03 0.58 7.41

Plant archit. 1.54** 49.80 0.70 15.80

Leaf waxiness 1.25** 52.08 0.73 11.11

Leaf dryness 4.48** 76.94 1.29 17.89

Cycle 415.57** 93.74 2.73 2.99

Mean mass 96816.85** 70.09 1.08 14.99

Density 0.01 ns 0.00 0.00 7.94

Bulb color 0.92** 87.48 1.86 5.09

Bulb shape 0.63** 71.46 1.11 6.06

Shape unif. 0.71** 71.24 1.11 6.31

Bulb firm. 3.22** 88.40 1.95 9.43

Post-harvest 41.06** 82.98 1.56 28.47

Genetic Parameters and Diversity and Correlations in Onion Strains
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The Genes software (CRUZ, 2013) was used to 
perform the analyses, and the dendrogram was 
generated using the graphics and dendextend 
packages in the R version 3.5.2 software (R CORE 
TEAM, 2018). 

ns: not significant; **: significant at 1% level by F test; *: significant at 5% level by F test. 

Table 1: Mean Square. Broad-Sense Heritability. Cvg/Cve Ratio. and Coefficient of Variation of Agronomic 
Characters of a Set of Advanced Onion Strains. in the Municipality of Uberlândia, MG, Brazil.



 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

 

 
 

 

 
 

the highes
respectively. 

Similarly, the inferences about the success of 
the selection can be made by analyzing the values of 

unit for leaf dryness, cycle, bulb color, bulb shape, bulb 
shape uniformity, mean mass of bulbs, bulb firmness, 
and post-harvest durability. The characteristic that 

lowest was bulb density, which also presented low 
heritability. 

The study of the relationship between the 
coefficients of genetic and environmental variation 

selection. This ratio serves as a parameter of the 
superiority of the genetic components in comparison to 

en this ratio is 
the possibility of obtaining gains by selection is high 

In this study, with the lowest CV values for the 
characteristics: cycle, color, shape, and uniformity of 
bulb shape, the experimental coefficients of variation
were corroborated by those observed in the literature, 
reinforcing the accuracy of the statistical inferences 
made for these characteristics. The experimental CV of 

-
CV is a measure of dispersion for estimating the 

experimental precision. The lower the CV, the greater the 
experimental accuracy, although the idea of accuracy is 
inherently related to each research area (RODRIGUES, 

evaluated, 
the experimental precision was medium to high. 

Some studies by other authors showed that the 
CV values obtained in this study are in the range that is 
commonly obtained in research with onions. Ricci et al. 

In the UPGMA, the delimitation of groups 
obtained in dendrograms can be determined through a 
visual examination and subjectively observing the points 
of high-level change in the dendrogram (CRUZ; 

assum
with 32.5% dissimilarity as the delimitation criterion.

being significant for clustering, allowed visual inferences 
through the dendrogram. 

showed that in experiments with many cultivars and 
variables, there is a tendency for lower CCC; thus, 
corroborating the CCC value obtained in this study. 

ed, groups I, VIII, X, XI, 

the genotypes studied. Moreover, a considerable 
number of groups contained only one genotype each. 
These were groups III, IV, VI, VII, IX, XII, XIII, XVII, and 
XIX. In other words, their isolation in one group shows 
that they present an accentuated degree of divergence 
compared to the others. 

The Tocher optimization method, based on the 
Mahalanobis matrix, segregated the 53 genotypes into 

of the genotypes 
were gathered in groups I, II, and III, and the rest in 
smaller groups. 

The UPGMA and Tocher methods gave similar 
results for the number of groups formed. In both the 

rmed one group each, showing 
once again that they differed considerably from the rest 
of the genotypes studied. Moreover, the UPGMA 
method presented nine groups with only one genotype, 
while the Tocher method formed 12 groups. 

In both the methods, group V was practically 
identical -

UPGMA and Tocher, respectively. In the other groups, 
there was not much similarity. 

Genetic Parameters and Diversity and Correlations in Onion Strains
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to respond favorably to the selection process for genetic 
-sense 

heritability of total and commercial bulb yields of 
Valenciana onion populations in two environments, and 

mass, color, shape, and uniformity of bulb shape, in 
addition to firmness and preservation after harvest, tend 



 

 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Buzar, Oliveira, and Boiteux

accessions, which were evaluated using 23 
morphological, biochemical and agronomic descriptors. 
The generalized Mahalanobis distance was adopted as 
a measure of dissimilarity, and 

optimization and hierarchical nearest-neighbor were 
used for clustering. The authors found that both the 
grouping methods provided similar results and formed 

Groups Genotypes

I 17A5 17A6 17A26 17A34 17A25 17A7 17A50 17A50 17A42 17A29 17A31 17A28 17A48 17A36 17A46

II 17A17 17A24 17A18 17A16 17A19 17A40 17A27

III 17A3 17A4 17A22 17A41 17A39 17A21 17A32 17A44 17A51

IV 17A8 17A9

V 17A14 17A49 17A33 17A35

VI 17A11 17A12 17A43

VII 17A23 17A53

VIII 17A15

IX 17A30

X 17A20

XI 17A10

XII 17A37

XIII 17A1

XIV 17A38

XV 17A52

XVI 17A2

XVII 17A13

XVIII 17A45

XIX 17A47

approximately the same number of groups, 
corroborating what occurred in this study. 

Genetic Parameters and Diversity and Correlations in Onion Strains
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Figure 1: Representative Dendrogram of Genetic Dissimilarity Among 53 Advanced Onion Strains Obtained by the 
UPGMA Method using the Generalized Mahalanobis Matrix. Uberlândia, MG, Brazil.

Table 2: Optimization Clustering of 53 Advanced Onion Strains Obtained by the Tocher Method. using the 
Generalized Mahalanobis Distance. Uberlândia, MG, Brazil.



 
 

 
 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 

From the mean of the 12 variables in the groups 
generated by the UPGMA method, it is evident that 
groups XIV, XVIII, and XIX stood out with highest values 

in the greatest number of characters of interest for onion 

Table 3 shows that groups V, XV, XVI, XVII, and 
XX presented the most precocious genotypes (with 

-related 
characters (color, shape, plot uniformity, mean mass, 
and post-h

The characters plant cycle, bulb firmness, and 

relative contribution to the divergence of the genotypes. 
The remaining characters showed smaller relative 
contribution and therefore were less influential for the 
divergence 

Six significant phenotypic correlations were 
found using the t-

were higher than the phenotypic ones, and presented 
the same sign, positive or negative. 

The phenotypic association was probably 
minimized by the environment. The degree of freedom 
improves the estimates as a result of the increased 
number of repetitions. In addition, it improves the 
estimates of genotypic variances, and consequently, the 
estimates of correlations. 

Groups VIG PD ARQ LW LD PC MBM BC BS UNI FIR POS

I 6 7 6 7 5 170 110.3 6 7 7 5.7 11

II 8 6 6 8 5 182 115.0 6 7 7 5.2 8

III 7 7 5 8 4 165 113.3 5 7 6 5.5 14

IV 6 7 8 7 3 181 140.0 7 6 8 4.8 4

V 6 6 5 7 5 156 136.8 7 7 7 6.5 11

VI 6 7 5 7 6 174 151.0 7 7 6 5.6 11

VII 6 7 4 6 7 170 133.3 6 6 8 6.3 13

VIII 5 7 5 7 7 184 104.6 7 7 7 6.3 3

IX 6 7 4 7 6 182 85.5 7 7 6 5.7 2

X 5 7 6 7 5 185 79.7 7 7 7 6.7 5

XI 6 7 6 8 7 184 114.1 7 7 7 7.6 9

XII 7 5 6 7 8 182 115.3 7 8 8 6.3 6

XIII 7 6 7 7 5 189 95.0 6 8 8 7.5 3

XIV 5 7 6 7 8 167 106.1 7 8 8 5.5 13

XV 5 6 5 8 7 151 145.0 7 8 8 6.2 15

XVI 7 6 6 7 6 149 119.2 7 8 7 5.8 14

XVII 8 6 6 8 8 145 169.0 6 8 8 4.6 14

XVIII 7 7 5 7 5 153 114.9 8 7 7 8.5 13

XIX 7 7 6 8 6 148 122.8 7 7 6 10.8 15

XX 5 7 6 6 4 166 119.8 8 6 8 8.9 15

Genetic Parameters and Diversity and Correlations in Onion Strains
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Vigor (VIG), pseudostem diameter (PD), plant architecture (ARQ), leaf waxiness (LW), leaf dryness (LD), plant cycle (PC), mean 
bulb mass (MBM), bulb color (BC), bulb shape (BS), plot uniformity (UNI), firmness (FIR), and post-harvest (POS) of bulbs. 

These results point out that the combination 
between the superior and contrasting genotypes for 
onion production of groups V, XIV, XVIV, XVI, XVII, XVIII, 
XIX, and XX, will enable the expansion of favorable 
genetic variability. 

Table 3: Average Performance of each Group of Onion Genotypes. Obtained by the UPGMA Method. in Relation to 
the 12 Characters. Uberlândia, MG, Brazil.



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

  
 

 
 

 
 

  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

-harvest 

Characters S.j. Value (%)

Cycle 28196.41 25.35

Bulb firmness 15665.36 14.08

Bulb color 12028.74 10.81

Bulb weight 8592.56 7.72

Bulb post-harvest durability 8530.50 7.67

Plot uniformity of bulbs 8168.16 7.34

Bulb shape 7657.19 6.88

Leaf dryness 7062.31 6.35

Architecture 4494.53 4.04

Vigor 4113.94 3.69

Leaf waxiness 3890.72 3.49

Pseudostem diameter 2789.14 2.50

Phenotypic correlations have genetic and 
environmental causes; however, only the genetic ones 
are heritable, implying their use in guiding selective 

breeding programs (CRUZ; REGAZZZI; CARNEIRO, 

to receive special attention. 

PD ARQ LW LD PC MBM BC BS UNI FIR POS

VIG
rp -0.42** 0.19 0.23 -0.14 -0.22 0.28* -0.21 0.18 -0.13 -0.06 0.16

rg -0.41 0.20 0.33 -0.22 -0.23 0.25 -0.36 0.39 -0.33 -0.14 0.22

PD
rp 0.09 -0.02 0.00 0.14 -0.33* 0.27 -0.24 -0.15 0.23 -0.12

rg 0.18 -0.04 0.02 0.16 -0.53+ 0.46 -0.62 -0.31 0.44+ -0.17

ARQ
rp 0.13 0.00 -0.05 0.00 0.00 0.26 0.27 -0.11 0.02

rg 0.32 0.02 -0.10 -0.17 0.07 0.62 0.51 -0.12 0.09

LW
rp 0.27 -0.14 0.18 0.07 0.23 -0.14 -0.13 0.02

rg 0.48 -0.21 0.23 0.12 0.49 -0.44 -0.11 0.09

LD
rp 0.02 0.12 0.09 0.13 -0.01 0.00 -0.03

rg 0.00 0.20 0.12 0.19 0.02 -0.01 -0.04

PC
rp -0.50** 0.10 -0.28 -0.01 -0.05 -0.77**

rg -0.64++ 0.13 -0.35 -0.01 -0.04 -0.85++

MBM
rp -0.21 0.19 0.10 -0.03 0.49**

rg -0.22 0.31 0.08 -0.11 0.70++

BC
rp -0.19 0.00 0.54 -0.20

rg -0.26 -0.03 0.59 -0.21

BS
rp 0.02 -0.18 0.30

rg 0.12 -0.22 0.39

UNI
rp -0.10 0.05

rg -0.16 0.13

FIR
rp 0.15

rg 0.20

Genetic Parameters and Diversity and Correlations in Onion Strains
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Vigor (VIG), pseudostem diameter (PD), plant architecture (ARQ), leaf waxiness (LW), leaf dryness (LD), plant cycle (PC), mean 
bulb mass (MBM), bulb color (BC), bulb shape (BS), plot uniformity (UNI), bulb firmness (FIR), and post-harvest (POS). 

Table 4: Relative Contribution of the Variables in 53 Advanced Onion Strains. According to Singh’s Criterion. 
Uberlândia, MG, Brazil.

Table 5: Phenotypic (Rp) and Genotypic (Rg) Correlation Coefficient Involving 12 Characters, in 53 Onion 
Genotypes, In Uberlândia, MG, Brazil.



  

 

 

 

 

 

 

 

 

 

 

 

 

 
  

The correlations between mean bulb mass and 
post-harvest were significant with an emphasis on the 

result shows a direct relationship between these 
characteristics, and a possibility of performing indirect 
selection. In a study on soybeans, Machado et al. 

of pods per plant is efficient to select more productive 
plants. 

The correlation between plant maturation cycle 
and mean bulb mass possibly reflects the interference 
of photoperiod that was probably insufficient for plant 

photoperiod plays a key role in the development of 
different phenophases. 

If the photoperiod requirement for bulb 

and a larger bulb size would be expected in a given 

grouping of germplasms with similarity in photoperiodic 
requirements is necessary for studies involving 
characteristics related to production, such as 
pseudostem diameter, cycle, and mean bulb mass. In 
this experiment, however, a large number of genotypes 
with variations in photoperiodic requirements were 
evaluated, which may explain these results. 

onion genotypes, and observed associations among 
characters related to onion bulb yield. Similarly, in this 
study, the authors have found significant genetic 
associations between bulb weight and neck thickness, 
and between bulb weight and number of days to taken 
to reach plant maturity. However, conversely, the 
correlations found by the authors were positive. These 
results confirm how the heterogeneity of the genotypes 
studied and the climatic conditions can affect the 
characters in question. 

The estimated correlation between the variables 
plant maturation cycle and post-harvest bulb harvest 
showed high magnitude, but in negative association, 
indicating that plants that attain maturity early have a 
better post-harvest preservation. However, part of the 
effect of the high negative correlation between these two 
characters may also have come from the fact that some 
genotypes have poor bulb formation, due to the short 
photoperiod, which contributes greatly to lower post-
harvest preservation. 

From the correlations between mean bulb mass 
and post-harvest, it is assumed that heavier the bulb, 
greater is its preservation post-harvest. On the other 
hand, lighter bulbs tend to have lower post-harvest 
preservation. It is worth considering that the same 
effects explained for previous correlations, where bulbs 
of small size, due to malformation by photoperiodic 
insufficiency, also tend to have a lower post-harvest 
preservation. 

The study of correlations has great relevance 
when it comes to quantifying the magnitude and 
direction of factors in determining characters, however, 
the direct and indirect effects of these factors are not 
given due importance. On the other hand, path analysis 
allows the unfolding of correlations of direct and indirect 
effects of the characteristics on a variable (CRUZ; 

In this study, the opposite association observed 
between the diameter of the pseudostem and the mean 
bulb mass was possibly due to the fact that in this 
correlation the mean mass of bulbs is greatly influenced 
by the photoperiod required for their formation, as when 
the photoperiod is insufficient, which probably occurred 
in this experiment, the pseudostem is thicker. It also 
shows that it is not feasible to use these characters for 
indirect selection. 

The mean bulb mass showed significant 

(diameter of the pseudostem, cycle of maturation of the 
plants, and post-
path analysis was performed to check if they really have 
strong cause-and-effect relationship. 

The variables studied in the path analysis did 
not present multicollinearity problems. The low value of 

the cause-and-effect relationship between the variables 

The estimation of direct genotypic effects 
showed that post-harvest preservation of bulbs had the 
greatest direct effect on the mean bulb mass. The 
positive indirect effect of the maturation cycle of the 
plants influenced the positive correlation with the mean 
mass of bulbs, and the diameter of the pseudostem was 
also influenced in the same way but to a lesser degree.

Genetic Parameters and Diversity and Correlations in Onion Strains
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A negative and significant genetic correlation 
between pseudostem diameter and mean bulb mass 
( -
and plant maturity cycle and bulb post-harvest durability 
(-
increases at the expense of another. 



   

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

  

 

 

 

The direct effects showed the same sign as the 
correlations, but their magnitudes were low (less than 

genotypic effects, proving that the explanatory variables 
(pseudostem diameter, plant cycle, and post-harvest 

variation of the main variable (mean bulb
consequently, indirect selection is likely to have low 
efficiency. 

The phenotypic and genotypic variations that 

of the variations in mean bulb mass at the phenotypic 
and genotypic level, respectively, were determined by 
means of the path analysis. 

In this study, plant health was not considered in 
the evaluation because during the management of the 
crop, an efficient phytosanitary control was performed. 

populations and observed a high correlation between 
plant architecture and Botrytis 
in their experiments on Urochloa brizantha, also 
confirmed in their results that phenotypic expression 
reduced under the influence of the environment; 
therefore, this is a variable to be considered in future 

purple onions, and detected cultivars tolerant to purple 

spot disease, so they can be used as source material in 
selective breeding programs. 

IV. Conclusion

The genetic parameters studied shows the 
possibility of gains in the selection for most of the 
characters evaluated. The study identified a wide 
genetic variability for the morpho-agronomic traits 
evaluated, allowing the discrimination of groups of 
divergent genitors in onion. The phenotypic and 
genotypic correlations showed low associations 
between the evaluated characters, making the use of 
indirect selection unfeasible. 
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tific 

Characters Phenotypic effects Genotypic effects

Direct effect PD / MBM -0.267 -0.430

Indirect effect via PC -0.040 -0.031

Indirect effect via POS -0.029 -0.078

Total -0.338 -0.539

Direct effect PC / MBM -0.276 -0.195

Indirect effect via PD -0.039 -0.068

Indirect effect via POS -0.189 -0.381

Total -0.505 -0.645

Direct effect POS / MBM 0.245 0.449

Indirect effect via PD 0.032 0.075

Indirect effect via PC 0.213 0.165

Total 0.492 0.690

Coefficient of determination 0.35 0.67

Residual effect 0.80 0.58

Gerais State Agency for Research and Development 
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Table 6: Estimates of Phenotypic and Genotypic Direct and Indirect Effects of Pseudostem Diameter (PD), Plant 
Cycle (PC), and Post-Harvest Bulb (POS) on the Mean Bulb Mass (MBM) in 53 Onion Genotypes Grown in 

Uberlândia, MG, Brazil.
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