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Abstract Sustainable onion breeding relies on genetic

values of the germplasm. Descriptive statistics for the

breeding values for economical traits revealed the maxi-

mum variability among the 62 onion genotypes studied.

The principle components among the genotypes con-

tributed to 75.44% of the variance and their association

was differed significantly (a = 0.05). Analysis of genetic

diversity among the germplasm population aided for the

classification of genotypes and identification of core col-

lections with possible utility for specific breeding strate-

gies. The sixty-two onion genotypes studied were grouped

in to five clusters, cluster-I included nine genotypes, clus-

ter-II had thirteen genotypes, cluster-III contained fourteen

genotypes, cluster-IV consisted of twelve and cluster-V

contained fourteen genotypes. The inter-cluster distance

(56.54) was found maximum between cluster-I and -III.

The cluster means reveals the cluster-I is the best for bulb

weight, equatorial and polar diameter, stem girth and

number of leaves, cluster-IV for plant height. The geno-

types differed significantly for the bulb yield and their yield

attributes. The ample variability and diversity among the

genotype population could aid for genetic improvement of

qualitative and quantitative traits of onion germplasm.
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Introduction

Onion (Allium cepa L.) is an antiquity spice; it is grown

commercially as vegetable across the climates of temper-

ate, sub-tropical and tropical regions of the world (Brew-

ster, 2018; Corgan & Kedar, 2018; Currah & Proctor,

1990).The economic importance of the crop originated due

to its nutritional properties (D C Manjunathagowda et al.,

2019a) and health benefits (Benkeblia, 2005). Despite the

significance of onion, the research on genetic improvement

has significantly paused than the other major veg-

etable crops(McCallum et al., 2008), this could be due to

the poor genetic resource representation among the germ-

plasm (Cross, 1998; Kik, 2006; Manjunathagowda et al.,

2021), hence there is a need to understand the population

structure among the germplasm for better maintenance and

exploitation of genotypes (McCallum et al., 2008).The crop

improvement has related to the degree of its genetic vari-

ability existed among the genotypes (Mallor et al., 2014;

Mallor Giménez et al., 2011; Manjunathagowda & Anja-

nappa, 2021a, 2021b), the efficiency of selection in the

genotypes depends on the knowledge of genetic variability.

The variety or hybrid breeding needs the knowledge about

genetic variability and diversity, the genetic distinctionis

the base for plant breeding and it makes ease to select the

genotypes based on distinctiveness for varietal or hybrid

development (Dangi et al., 2018; Manjunathagowda &

Anjanappa, 2020; Manjunathagowda & Selvakumar,

2021).The management and evaluations of germplasm lead

to the exploitation and transfer of useful genes into the

desirable phenotypes.

Numerous methods are known for estimation of vari-

ance divergence among the genotypes through multivariate

tools, among them the principal component (PC) analysis

has the potential tool to transform possibly correlated
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variables into limited variables called principal compo-

nents (Ziegel, 2002). It could reveal the dimensional data

patterns in the identification of key components of varia-

tion in a data set. Each PC reveals the data properties and

interpreted independently since PCs are orthogonal and

independent of each other (Mohammadi & Prasanna,

2003). PCA could reveal the decisive traits among geno-

types differentiation, it enables breeders to understand the

impact and associations among different traits of the

genotypes (Kovacic, 1994). The principal component

analysis (PCA) was carried out in the Turkish onion of 96

genotypes for 31 quantitative traits revealed the maximum

Eigen value and total variance in PC-I followed by PC-II

and PC-III. The first nine principal components (PCs) with

high Eigen values ([ 1) contributed 71.84% of the vari-

ability. The bulb weight and pseudostem diameter traits

were contributed more positively with PC1 (Hanci &

Gokce, 2015).The principal components (PC1 to PC5)

accounted of 78.5% total variation among the genotypes.

The squared cosine value of bulb yield traits was with

positive direction and plant growth traits were in the neg-

ative direction (Dangi et al., 2018).

During the process of breeding, the identification and

selection of genetically varied psarents have an immense

significance for genetic improvement through recombina-

tion breeding (Arunahalam, 1981). Among genotypes the

diversity reveals the closeness; the better assortment of

genotypes helps the plant breeder for strategic breeding of

hybridization (Manjunathagowda et al., 2021).The eco-

nomic traits in bulb yield in onion are polygenic character

influenced by the environmental factors, hence under-

standing of genetic variability and magnitude of associa-

tion of bulb yield with yielding traits are highly essential

for genetic improvement of bulb yield through selection of

better genotypes (Dod & Sharma, 2017).Therefore the

study on strategic improvement of onions aided with

variance, divergence and principal components analysis

carried out for a better understanding of genetic variability

and diversity among the genotypes.

Material and methods

The trial was conducted in late-kharif 2019 at ICAR-

Directorate of Onion and Garlic Research, Rajgurunagar,

Pune, Maharashtra, India. The experimental layout as fol-

lowed as Randomized Complete Block Design (RCBD)

with three replications. The plots of size of 1.5 m length

and 1.2 m width with the spacing of 15 cm 9 10 cm apart

between plants was followed. Crop production and man-

agement practices were performed with the guidelines set

by the ICAR-Directorate of Onion and Garlic Research,

Rajgurunar, Pune, Maharashtra, India (DOGR, 2020). The

45 days old seedling was transplanted in the experimental

field, the observations on plant height (cm), number of

leaves, stem girth (cm), equatorial diameter (cm), polar

diameter (cm) and bulb weight (g) recorded from randomly

selected five plants per treatment during full crop growth at

75 days after transplanting, which were subjected for sta-

tistical analysis. The performance of 62 genotypes for plant

growth and bulb yield traits was assayed and resulted

presented in Supplementary Table 1, majority of the

genotypes were evaluated for male fertility maintainer and

restorer lines (Dalasanuru Chandregowda Manju-

nathagowda & Selvakumar, 2021). The data were sub-

jected to One-Way-ANOVA per the procedure of the

Turkeys test by using MiniTab software (MiniTab,

2020). Genetic variability assays was carried out by

OPSTAT open access software (Sheoran et al. 1998). The

k-mean analysis of divergence and principle component

analysis was performed with the help of XLSTAT Software

(XLSTAT, 2020).

Result and discussion

The performance of genotypes for plant growth, bulb yield

and its attributing traits was differed significantly (Sup-

plementary Table 1). Genotypes namely DOGR-006 and

DOGR-132 differed significantly with the maximum bulb

weight, equatorial bulb diameter, stem girth and number of

leaves per plant. Similarly, the performance onion geno-

types was differed significantly for their plant growth and

bulbing traits in kharif season(D C Manjunathagowda

et al., 2019b). The significant difference could be due to the

response of genotypes to the photosynthetic activity and

mobility of availed nutrient within the plant, as this helped

in better accumulation of photosynthesis in the bulbs

(Sharma, 2009). The significant difference for bulb yield

and their attributing traits could be influenced by the

genotypic characters, which cause for increased bulb

morphological traits, as these traits influenced the bulb

weight, and ultimately contributed to bulb yield (Hosamani

et al., 2010; Umamaheswarappa et al., 2015).

The descriptive statistics of growth and bulbing traits

were revealed in Table 1.The results revealed the consid-

erable variability existed among the genotypes. The highest

variability was noted for plant height followed by the

number of leaves, stem girth, equatorial and polar diame-

ter, and bulb weight respectively. The principal compo-

nents of individual values contributed to the cent

percentage to cumulative variation among the genotypes

(Table 1). Low and high estimates of coefficient reveal the

low and high genetic variability among the genotypes,

assortment helps to the effective selection of suit-

able genotypes for breeding (Gurjar & Singhania, 2006; D.
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Manjunathagowda et al., 2021), the higher variation indi-

cates maximum variation for different growth, yield and

quality parameters. These traits afford sufficient opportu-

nity for proficient selection and genetic improvement of

genotypes (Ananthan & Balakrishnamoorthy, 2007; Hay-

dar et al., 2007; Hosamani et al., 2010; Ram et al., 2011).

Varied significant variance aid for the exploitation of

breeding potential among genotypes. The variance of traits

were varied from 7.94 to 28.90 per cent for GCV, 10.41 to

31.19 per cent for PCV, heritability 52.44 to 85.89 per cent

and 13.73 to 55.19 per cent for genetic advance mean,

respectively (Table 2), the variance ranged from medium to

high. The bulb weight acknowledge for high variance for

the studied genetic variables (Table 2).These traits were for

genotypic and phenotypic variation leads to subsistence

variation of traits, and medium to high co-efficient

heritability and GAM could contribute for additive-gene-

action indicates selection either by mass selection or simple

selection could be suitable for genetic improvement of

onion genotypes (Dhotre et al., 2010; Manjunathagowda &

Anjanappa, 2021b).

The Pearson’s coefficients of correlation among the

traits results revealed that, the plant growth and bulb

yielding traits were highly significantly and positively

correlated to bulb weight (Table 3). The studied traits are

significantly influenced to increase bulb weight. The cor-

relation studies among the twelve cultivars of onion

revealed a significant positive association of bulb yield

(Rashid, 2006). Plant height, number of leaves per plant

and stem girth were primary yield determining traits in

onion, thus these traits can be improved through direct

selection (Raghuwanshi et al., 2016). Bulb yield has a

Table 1 Descriptive statistics for plant growth and bulb traits of onion genotypes

Variables Min Max Mean SD Eigen value Variability (%) Cumulative Variability (%)

Plant height 36.67 65.50 50.06 5.26 3.66 61.02 61.02

No. leaves 6.83 19.50 10.88 1.84 0.87 14.42 75.44

Stem girth 8.65 23.07 14.61 2.94 0.71 11.77 87.21

Equatorial diameter 32.53 56.98 47.49 5.08 0.37 6.15 93.36

Polar diameter 31.77 49.06 40.69 3.65 0.23 3.92 97.28

Bulb weight 29.50 104.39 61.73 18.31 0.16 2.72 100.00

Table 2 Assessment of genetic

variables among the genotypes

of onion

Traits GCV (%) PCV (%) Heritability GA GAM

Plant height 9.21 12.71 52.44 6.88 13.74

No. Leaves 15.54 18.69 69.11 2.91 26.61

Stem girth 18.95 22.37 71.76 4.85 33.07

Equatorial diameter 9.50 12.75 55.53 6.93 14.59

Polar diameter 7.95 10.77 54.45 4.92 12.08

Bulb weight 28.91 31.19 85.90 34.06 55.19

Table 3 Pearson correlation co-efficient among the onion genotypes for bulb weight and their attributing traits

Traits Plant height No. Leaves Stem girth Equatorial diameter Polar diameter Bulb weight

Plant height 1.000

No. leaves 0.321* 1.000

Stem girth 0.509** 0.565** 1.000

Equatorial diameter 0.307* 0.482** 0.569** 1.000

Polar diameter 0.389** 0.330** 0.502** 0.771** 1.000

Bulb weight 0.379** 0.548** 0.599** 0.822** 0.721** 1.000

* Significant

** Highly significant
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Table 4 Bulb weight path

matrics attributed by plant

growth and bulb traits (Residual

are 0.26494)

Traits Plant height No. Leaves Stem girth Equatorial diameter Polar diameter

Plant height 0.043 0.054 0.041 0.161 0.080

No. leaves 0.014 0.168 0.046 0.252 0.068

Stem girth 0.022 0.095 0.081 0.298 0.103

Equatorial diameter 0.013 0.081 0.046 0.524 0.158

Polar diameter 0.017 0.055 0.041 0.403 0.205

Bold indicates direct effects of traits

Plant height
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Fig. 1 Principal component biplot of variables among the onion genotypes
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positive significant correlation with equatorial and polar

bulb diameter (Patil et al., 1990), equatorial bulb diameter

(Dhotre et al., 2010), and the number of leaves (Mahan-

thesh et al., 2008; Mohanty, 2001; Pal & Singh, 1988).The

results divulged the presence of significant genetic vari-

ability among the onion genotypes, which can be exploited

for genetic improvement of onion.

The path matrics of bulb weight revealed that, the trait

was influenced by directly with positive effects viaplant

height, number of leaves, neck girth, polar diameter and

equatorial diameter (Table 4). Thus, it could aid for onion

genetic improvement by direct mass selection of studied

traits could be more effective. The path analysis results

revealed desirable positive direct effect on bulb yield via

plant height, number of leaves, neck girth, polar diameter

and equatorial diameters (Dhotre et al., 2010; Manju-

nathagowda & Anjanappa, 2021a; Raghuwanshi et al.,

2016).

The high positive component values in the principal

component (Fig. 1) were noted for bulb weight, equatorial

diameter, polar diameter, stem girth, number of leaves and

plant height in PC1. The plant height, stem girth and the

number of leaves in PC2, and the number of leaves in PC3,

stem girth in PC4, polar diameter in PC5 and equatorial

diameter in PC6 (Table 5). The principal component

coefficients with equal or more than 0.3 were taken to

finalize the limiting factor for the coefficients of the vector

(Raji, 2002), the traits with higher positive, or negative

value revealed the existence of more genetic diversity

(Hanci & Gokce, 2015).The PCAof 96 Turkish onion

genotypes for 31 quantitative traits revealed the maximum

Eigen value with total variance in PC-I, which was fol-

lowed by PC-II and PC-III. The nine PCs contributed

71.84% of the variability(high Eigen values[ 1), the bulb

weight and pseudostem diameter traits were contributed

more positively with PC1 (Hanci & Gokce, 2015).

Table 5 Eigenvectors for the

principal components
@ PC1 PC2 PC3 PC4 PC5 PC6

Plant height 0.30 0.67 -0.57 -0.33 -0.12 0.11

No. leaves 0.36 0.30 0.73 -0.41 0.29 0.01

Stem girth 0.42 0.34 0.11 0.83 0.04 -0.04

Equatorial diameter 0.46 -0.39 -0.01 -0.02 -0.21 0.77

Polar diameter 0.43 -0.37 -0.36 -0.06 0.70 -0.25

Bulb weight 0.47 -0.25 0.05 -0.14 -0.61 -0.57

Table 6 Clustering of onion

genotypes through K-mean

analysis

Cluster Cluster-I Cluster-II Cluster-III Cluster-II Cluster-V

Genotypes 9 13 14 12 14

Minimum distance to Centroid 4.981 2.654 4.624 3.588 2.597

Average distance to Centroid 8.281 5.735 7.747 7.160 6.810

Maximum distance to Centroid 14.936 11.261 15.150 13.881 12.139

DOGR-004 DOGR-010 DOGR-012 DOGR-017 DOGR-026

DOGR-006 DOGR-025 DOGR-019 DOGR-020 DOGR-037

Genotypes DOGR-014 DOGR-027 DOGR-023 DOGR-021 DOGR-111

DOGR-024 DOGR-033 DOGR-122 DOGR-022 DOGR-126

DOGR-028 DOGR-034 DOGR-133 DOGR-032 DOGR-127

DOGR-102 DOGR-039 DOGR-140 DOGR-036 DOGR-130

DOGR-125 DOGR-106 DOGR-145 DOGR-041 DOGR-138

DOGR-129 DOGR-110 DOGR-147 DOGR-105 DOGR-141

DOGR-132 DOGR-118 DOGR-150 DOGR-109 DOGR-142

DOGR-134 DOGR-154 DOGR-112 DOGR-143

DOGR-135 DOGR-151 DOGR-128 DOGR-146

DOGR-136 DOGR-152 DOGR-144 DOGR-148

DOGR-149 DOGR-155 DOGR-153

DOGR-156 DOGR-157
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However, in our study high Eigen values less than one. The

principal components (PC1 to PC5) accounted of 78.5%

total variation among the genotypes. The squared cosine

value of bulb yield traits was with positive direction and

plant growth traits were in the negative direction (Dangi

et al., 2018).

The PCA simplified the composite data into principal

components with a smaller number of variables through the

transformation of correlated variables, the first principal

component (PC1) reported the highest variability in the

data as regarded by subsequent principal components

(Leilah & Al-Khateeb, 2005). The results of the study

revealed the identification of genetic variability among the

onion genotypes based on these traits, which could be

accurate for genetic improvement of onion.

The sixty-two onion genotypes were grouped in to five

clusters presented in Table 6, cluster-I included nine

genotypes, cluster-II had thirteen genotypes, cluster-III

contained fourteen genotypes, cluster-IV consisted of

twelve and cluster-V contained fourteen genotypes. The

inter-cluster distance (56.54) was found maximum between

cluster-I and –III (Table 7). The cluster means revealed the

cluster-I have the best for bulb weight, equatorial and polar

diameter, stem girth and number of leaves, cluster-IV for

plant height, and the mean contribution of all traits studied

are presented in the Table 8.Genetic diversity has neces-

sarily assembled the genotypes based on the mean simi-

larity, it could diversify goals of plant breeding, and hence

the selection of genotypes from the cluster-I and III was

most appropriate for hybridization breeding program for

better exploitation of heterosis. The assortment of geneti-

cally assorted parents in breeding is of immense impor-

tance for successful recombination and is vital for

breeding (Mohanty, 2001; Patil et al., 1990),the highest

diversity showed its greatest potential for improving

qualitative and quantitative traits (Singh et al., 2013).

Conclusion

Among the genotypes, the DOGR-006 and DOGR-

132 differed significantly for growth and yield, agronomic

performance was found to be superior to the other geno-

types. The genotypes divulged considerable variability, the

high positive component values in the principal compo-

nents were attributed to the precise selection of genotypes.

The significant correlation for growth and bulbing traits in

the onion genotypesis attributed to breeding and genetic

improvement of onion. The inter-cluster distance was

found maximum between cluster-I and –III, hence selecting

parents from these groups is appropriate for heterosis

breeding of onion for the development of hybrids.
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Table 7 Distances between the

class centroids based on

Euclidian method as groped

based on minimum distance

@ Cluster-I Cluster-II Cluster-III Cluster-II Cluster-V

Cluster-I 0

Cluster-II 32.21 0

Cluster-III 56.54 24.68 0

Cluster-IV 18.76 13.64 38.18 0

Cluster-V 42.64 11.39 14.41 24.33 0

Table 8 Relative contribution of trait means in the clusters of all the genotypes

Cluster Plant

height

No.

Leaves

Stem

Girth

Equatorial

Diameter

Polar

Diameter

Bulb

Weight

Sum of

Weights

Within-Class

Variance

I 51.93 12.57 18.41 53.78 44.42 93.28 9.00 87.59

II 52.08 10.74 15.14 47.83 41.31 62.00 13.00 41.29

III 47.71 9.99 13.14 41.42 36.61 39.14 14.00 75.35

IV 52.63 11.74 15.11 50.77 43.22 75.13 12.00 64.70

V 47.12 10.10 12.73 46.41 39.61 52.31 14.00 57.95
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