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Onion (Allium cepa L.) is an economical important crop, but genetic diversity among the
genotypes is poorly understood. The study was conducted in Rabi, 2016 to access the
genetic diversity in 33 onion genotypes by correlation and multivariate analysis. The
analysis of variance was highly significant for 15 physiological, biochemical and yield
traits, which revealed the presence of genetic variability among the entries. Correlation
analysis revealed a significant positive association between phenol and bulb yield whereas;

mz:%zmme flavanoids are strongly associated with antioxidant activity. Multivariate analysis grouped

- the genotypes into three clusters. Highest inter cluster distance was recorded between
Article Info cluster 11 and 111 whereas, lowest between cluster | and II1. In cluster I, all five entries
Accepted: perform outstandingly for parameters viz. chlorophyll, phenol, pyruvic acid, bulb size and
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yield (42-54 Tha™). Out of the 16 genotypes of cluster II, about 6 entries recorded with
lower yield (< 30 Tha') and poor performance while, remaining found better for
biochemical traits. The yield performance of 12 genotypes of cluster Il is in the range of
42-52 Tha™. Thus the entries from cluster | namely, KH-M-1, KH-M-2 and W 344 may be
selected as parents in future onion breeding program for developing superior onion variety.

Introduction

Onion (Allium cepa L.) is an important
vegetable crop of the genus Allium and the
most widely cultivated species across the
world. The major onion producing countries
are China, India, Pakistan, Bangladesh,
Indonesia, Vietnam, Russia, Myanmar, Brazil,
Turkey, Egypt, Netherlands, Iran etc (Kumar
et al., 2017). Onion being member of
Alliaceae family, are cultivated throughout the
world for food, therapeutic and medicinal

value since historic times. In India, it is the
most popular and consumed vegetable in the
daily diet and cultivated at small and large
scale. In world, India ranks first in area and
second in onion production (Kumar et al.,
2015). India has about 1.04 million hectares
area under onion cultivation constituting about
26.38% of total world area with an annual
production of 19.4 MT in 2015 (Rai et al.,
2016; Laxmi et al., 2017). From the last few
years, area under onion cultivation is
increasing due to its continuous demand in the
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national and international market. India itself
supplies onion to 38 different countries
throughout the world in varying quantity.
Thus, onion is an important crop not only
from food security point of view but also
provide an economic security to country.
However, onion productivity in India is about
16.13 T ha™ which is low in comparison to
Republic of Korea where, onion productivity
was highest i.e. 57.03 T ha™ (Tripathi et al.,
2017). This low productivity of onion might
be due to the less genetic potential of short
day onion varieties predominately grown in
Indian sub-continent. Onion is a highly photo
and thermo-sensitive crop and hence the
available cultivars are categorized as long day
and short day onion cultivars. It is well known
that long day onion varieties have higher bulb
yield with poor storage life whereas, short day
varieties are low yielder with good keeping
quality (Singh et al., 2013). For increasing
onion production under short day condition an
improved onion variety and efficient
technological intervention are prerequisite.
The important economical trait in onion crop
is the bulb yield and quality that are regulated
by several internal genetic and external
environmental factors. Genetic factors are the
major contributors influencing the different
morphological, physiological, crop duration,
biochemical traits, bulb yield, size, shape,
storage life and quality among the different
onion cultivars (Sekara et al., 2017). Hence
for producing high yielding onion variety with
desirable traits, thorough information on the
nature and magnitude of genetic variability
present in the genotypes and popular cultivars
is required for initiating any crop
improvement  programme. The genetic
divergence analysis helps to measure the
extent of variability present among genotypes
that can be further selected as contrasting
parents for a particular hybridization program
(Samsuddin, 1985). With this aim the present
study has been conducted to estimate the
genetic diversity by using multivariate and

correlation analysis in 33 onion genotypes
including the popular onion varieties
cultivated under short day condition.

Materials and Methods

The study was carried out at ICAR-Directorate
of onion and Garlic Research (ICAR-DOGR),
Pune, Maharashtra, India (18.32° North
latitude and 73.51° East longitudes, 553.8 m
above mean sea level, annual rainfall 574 mm)
in Rabi 2016. The experimental plot and soil
type is suitable for onion production with 32-
35% clay, 20% silt and 40% sand with soil pH
of 7.9 and bulk density 1.4 Mgcm?®. The
experiment was laid out in randomized block
design (RBD) with 33 onion entries in three
replications (Table 1). All the cultural
practices  like nursery raising, field
preparation, fertigation, agronomic practices,
plant protection measures and irrigation were
practiced throughout the growth period as per
the recommendation in order to raise a good
crop.

Morphological parameters

Plant were monitored 50 days after
transplanting for various morphological and
growth related parameters like plant height, no
of leaves per plant, leaf length, pseudo-stem
diameter and pseudo-stem length. Yield and
associated traits like bulb yield, bulb size, TSS
were recorded after harvesting of the crop.
The bulb size viz. polar bulb diameter and
equatorial bulb diameter was measured using
electronic  digital calliper. Bulbs were
separated from the plants and graded to
determine the marketable bulb yield in kg ha™.
Observations were recorded for all traits in
replicates for each entry.

Physiological and biochemical parameters

Physiological and biochemical traits namely,
chlorophyll, protein and antioxidant activity
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was estimated from leaf sample (4" leaf)
whereas, biochemical traits like phenol,
flavanoids, pyruvic acid and TSS were
evaluated from bulb sample after harvesting.
Chlorophyll was estimated in 0.05g (w) of leaf
sample in 10ml (V) DMSO (Dimethyl
sulfoxide) by non-maceration method (Hiscox
and Israelstam, 1979). Absorbance was
recorded at 645 and 665 nm then total
chlorophyll was calculated using formula of
Arnon (1949). It is calculated as total
chlorophyll = (20.2 X Agss + 8.02 X Ages) X
Volume of extract x Weight of sample/1000.

Total soluble protein was estimated following
the method of Lowry et al., (1951). Phenol
was measured by the method given by Bray
and Thorpe (1954). The antioxidant activity is
determined by Ferric Reducing Antioxidant
Power (FRAP) Assay method described by
Benzie and Strain (1996). Pyruvic acid or
pyruvate is an important metabolic in onion
bulb directly correlated with its pungency was
estimated as per given by Randle and Bussard
(1993) whereas, total flavanoids was
determined by method given by Olivera
(2008). Total Soluble Solids (TSS) was
measured from bulbs after harvest by using
refractometer and expressed in °Brix (Hanna
instruments, USA).

Statistical analysis

The results are expressed as means with
standard error (S.E.). The ANOVA and
significance critical difference (at 0.05, 0.01,
0.005, 0.001%) were determined by
INDOSTAT and Microsoft Excel for all
studied parameters. The statistical analysis
was carried out using NCSS8 Statistical
Analysis and Graphic Software. Genetic
diversity was studied following Mahalanobis
generalized distance D? (Mahalanobis, 1936)
extended by Rao (1952). Canonical analysis
was done to confirm the results of cluster and
D? analysis by INDOSTAT software.

Results and Discussion

The present study evaluates the genetic
divergence and inter-relationship in 33 onion
entries on the basis of their physiological,
biochemical and yield traits under short day
conditions. The superior entry with all the
desirable characters can be implemented in a
breeding program intended for improving
onion yield and quality. The analysis of
variance was highly significant among the 33
onion entries for the 15 different traits, which
revealed the presence of considerable genetic
variability among the studied entries. The
onion varieties of ICAR-DOGR viz. Bhima
Kiran, Bhima Shakti, Bhima Red, Bhima
Super, Bhima Dark Red, Bhima Safed, Bhima
Shweta and Bhima Shubhra followed by
advanced line KH-M-2 performed superiorly
over the other entries in terms of growth and
bulb yield (Table 2 and 3).

In crop improvement and introgression
breeding, genetically distant parents are
selected for hybridization programs so as to
develop superior progeny with desirable traits.
This diversity analysis study among the
available germplasm would improve our
understanding of genetic potential of a
particular genotype for a specific or
combination of desirable characters.

Genetic correlation

Yield is a complex character resulting from
the interaction of a number of external and
internal factors. Correlation analysis were
performed in the present study in order to
determine the correlation between two or more
traits, which further helps in determining yield
contributing  character ~and  potential.
Significant positive association was found
between plant height, leaf length and pseudo-
stem diameter whereas, the important
biochemical component of onion bulbs phenol
recorded positive association with onion bulb
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yield. Flavanoids another chief metabolite of
onion are strongly associated with its
antioxidant activity (Table 4). This correlation
matrix overall summarized, that bulb size and
phenol content has direct positive correlation
with onion bulb yield. Similar findings
reported by Singh et al., (2013), Raghuwanshi
et al., (2016), Rivera et al., (2016) to identify
the desirable parents so as to be utilized in
onion breeding program for varietal
development.

Genetic diversity analysis

Cluster analysis using Ward’s method grouped
the 33 onion entries into three clusters based
on the square Euclidean distance between
observations for different traits (Table 5).
Great genetic diversity exhibited among the
clusters as shown by rescaled square
Euclidean distance (Figure 1). In cluster I, five
entries viz. KH-M-1, Bhima Red, KH-M-2,
Bhima Kiran and W 344 were placed which
were 15% of total entries. All the five entries
out stand the other entries in vyield
performance ranging from 42 to 54 Tha™. It
was observed that cluster | performance for all

the parameters especially, chlorophyll, phenol,
pyruvic acid and bulb size was the best. Thus
the entries of this group namely, KH-M-1,
KH-M-2 and W 344 can be employed in onion
improvement and breeding program. In cluster
I, sixteen entries viz. Acc.1609, W408,
W282, W361, W396, W448, Phule Safed,
WO009, Bhima Shubhra, W 178, RGP 4,
DOGR 1133, Acc.1614, Bhima Super, W 043
and Bhima Shweta were placed which were
48% of total entries. Among the 16 entries in
cluster 11, about 6 entries recorded with lower
yield (<30 Tha™) and least performance for
different morphological, physiological and
biochemical traits. Additionally, 50% entries
of this group was observed with better
biochemical activity namely, pyruvic acid,
chlorophyll, flavanoids, TSS and protein.

In cluster 11, twelve entries viz. KH-M-3, W
172, RGP 2, W 453, W 489, W 443, Bhima
Shakti, RGP 1, Bhima Safed, Bhima Dark
Red, Bhima Raj and W 355 were placed
which were 36% of total entries. The yield
performance of DOGR varieties and KH-M-3,
RGP 1, W 171, W 443, RGP 2 ranges between
42-52 That in cluster 111

Table.1 Onion entries employed in the present study

Bhima Super KH-M-1
Bhima Dark Red KH-M-2
Bhima Safed KH-M-3
Bhima Shweta Acc. 1609
Bhima Shubra Acc. 1614
Bhima Red RGP 1
Bhima Kiran RGP 2
Bhima Shakti RGP 4
Bhima Raj W 009
Phule Safed W 448
DOGR 1133 W 344

W 282
W 408
W 489

W 453
W 178
W 043
W 361
W 396
W 355
W 443
W 172
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Table.2 Morphological and Yield associated traits in 33 onion entries

Onion Entries Leaves Leaf Plant Pseudo- Pseudo- Yield Polar bulb ~ Equatorial
plant * length height stem stem (Tha®)  size(mm)  bulbsize
(cm) (cm) length diameter (mm)
(cm) (mm)
W 355 12 53.6 55.4 27.8 175 35.03 53.7 64.7
Bhima Dark Red 12 52.7 55.4 26.9 17.8 46.48 52.9 66.8
Bhima Safed 10 51.4 54.2 24.7 18.8 44.69 54.7 75.0
Bhima Shweta 11 47.2 50.2 27.0 18.7 43.29 46.8 62.2
Bhima Shubra 12 51.5 54.2 26.8 16.3 46.24 51.2 66.1
W 443 10 55.4 59.5 23.9 21.6 47.79 49.4 62.1
W 009 11 50.6 53.7 32.9 15.8 27.84 48.4 61.6
W 448 11 53.9 56.9 26.1 16.3 39.64 49.3 66.2
W 043 11 441 46.6 29.7 15.0 39.78 46.2 65.2
Phule Safed 11 52.4 55.5 32.0 151 37.75 46.3 59.3
W 344 13 45.0 47.7 37.9 13.1 42.23 48.2 68.8
W 361 12 50.6 53.8 40.2 155 28.45 53.2 65.1
W 396 12 51.3 55.7 29.4 16.8 30.42 44.3 61.9
KH-M-2 13 46.3 48.9 34.4 145 47.79 47.2 75.6
Bhima Super 10 43.9 47.0 22.8 18.6 50.86 48.4 62.4
Acc. 1614 10 49.4 5515 23.2 19.9 23.02 44.6 64.4
RGP 4 10 45.0 48.1 15.3 15.8 40.03 37.9 50.3
RGP 1 13 53.1 57.2 275 19.2 48.18 56.6 7.4
Bhima Red 12 48.5 52.3 241 16.5 53.88 56.3 78.4
Bhima Kiran 12 46.0 49.8 30.6 16.0 54.57 51.6 74.1
Bhima Shakti 12 57.3 61.1 30.7 20.3 52.01 56.5 82.9
DOGR 1133 11 51.7 55.5 26.2 17.3 40.19 43.1 58.4
W 282 12 49.5 52.0 24.4 15.7 25.38 41.1 68.1
W 408 11 49.3 52.3 284 16.8 31.46 48.0 67.4
W 489 12 55.7 57.9 19.6 23.2 37.31 47.1 60.6
W 453 12 50.4 52.8 21.1 21.9 35.24 46.2 69.4
W 178 10 47.8 50.7 31.0 13.0 16.15 39.8 53.7
Bhima Raj 12 51.0 53.0 27.6 19.3 47.08 48.7 65.5
KH-M-1 12 48.6 51.8 21.8 16.2 51.65 51.7 77.2
Acc. 1609 12 45.2 47.1 27.3 14.3 29.27 44.6 58.7
RGP 2 12 514 54.1 23.0 224 43.26 48.6 65.3
KH-M-3 10 51.2 54.2 215 11.9 51.98 57.6 81.3
W 172 14 53.3 56.9 34.3 20.0 48.16 55.0 80.1
C.D @5% 1.82 6.49 7.48 5.34 4.74 8.74 3.43 4.12
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Table.3 Physiological and biochemical traits evaluated in 33 onion entries

Onion Accessions Pyruvic acid Chlorophyli Flavanoid Phenol TSS Protein

content content content content content
W 355 5.4 0.4 99.3 286.2 12.7 435
Bhima Dark Red 3.4 0.2 66.0 368.6 12.7 47.7
Bhima Safed 5.6 0.3 63.6 268.6 12.2 50.8
Bhima Shweta 11.3 0.2 45.7 518.9 12.4 50.1
Bhima Shubra 10.3 0.3 48.1 377.1 14.8 61.7
W 443 9.8 0.2 61.2 526.1 12.6 11.2
W 009 2.6 0.3 51.7 435.2 14.3 75.9
W 448 9.2 0.2 75.5 628.7 12.9 41.0
W 043 9.2 0.2 54.0 482.2 13.0 56.1
Phule Safed 6.3 0.4 77.9 523.8 13.3 65.0
W 344 3.1 0.2 445 601.2 13.6 60.3
W 361 8.9 0.2 43.3 468.6 13.6 22.1
W 396 9.9 0.2 50.5 452.2 12.2 35.8
KH-M-2 9.7 0.3 54.0 789.8 11.9 11.4
Bhima Super 5.0 0.3 42.1 T777.7 12.5 16.5
Acc. 1614 10.3 0.3 55.2 467.9 13.7 52.3
RGP 4 9.3 0.3 51.7 760.7 13.9 48.0
RGP 1 5.6 0.2 63.6 869.9 12.7 57.4
Bhima Red 3.5 0.3 51.7 854.8 11.0 72.0
Bhima Kiran 1.6 0.3 62.4 652.9 13.5 48.0
Bhima Shakti 0.2 0.3 58.8 605.8 12.5 38.8
DOGR 1133 2.3 0.3 33.8 733.9 13.1 40.6
W 282 11.0 0.2 120.5 124.8 13.7 37.0
W 408 45 0.2 115.1 564.0 12.2 341
W 489 1.9 0.4 52.9 516.2 13.7 36.0
W 453 8.0 0.2 57.0 447.6 135 18.5
W 178 0.2 0.5 53.7 292.7 11.5 31.8
Bhima Raj 0.9 0.4 81.4 622.2 12.8 45.6
KH-M-1 8.4 0.4 102.9 891.4 12.5 39.9
Acc. 1609 4.6 0.3 82.6 619.5 12.3 56.0
RGP 2 1.0 0.3 89.8 647.6 13.2 44.4
KH-M-3 15 0.3 100.5 735.2 14.3 21.8
W 172 3.1 0.3 74.3 369.2 12.8 44.3
C.D@5% 0.67 0.049 8.282 5.084 0.614 4.903
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Table.5 Distributing pattern of 33 onion entries into three clusters based on Euclidean analysis

Cluster group
Cluster |

Cluster 11

Cluster 111

No. of entries

16

12

Name of onion entries

KH-M-1, Bhima Red, KH-M-2, Bhima Kiran, W
344

Acc. 1609, W 408, W 282, W 361, W 396, W
448, Phule Safed, W 009, Bhima Shubhra, W

178, RGP 4, DOGR 1133, Acc. 1614, Bhima
Super, W 043, Bhima Shweta

KH-M-3, W 172, RGP 2, W 453, W 489, W 443,
Bhima Shakti, RGP-1, Bhima Safed, Bhima Dark
Red, Bhima Raj, W 355

Table.6 Descriptive statistics for physiological and biochemical traits in
33 onion entries under different clusters

Parameters

Leavesplant'1
Leaf length (cm)
Plant height (cm)

Pseudo-stem length (cm)
Pseudo-stem diameter (mm)
Yield (Tha})

Polar Bulb size (mm)
Equatorial Bulb size (mm)
Pyruvic acid activity(umoleg'l)
Chlorophyll (mg gDW™)
Flavanoids (mg/100g Quercitin)
Phenol (mg/100g Gallic acid)
7ss (*Brix)

Protein content (mg/g)

Antioxidant activity (mg/100g FW)

Cluster |

Mean

12.01
52.10
55.00

26.60
18.18
37.34
49.25
66.11
7.32

0.25
71.08
419.05
13.06

36.61
25.09

SD

0.71
2.15
2.27

5.15
2.62
7.66
4.14
3.85
3.03

0.05

26.33
141.87

0.80

14.18
13.12

Cluster 11 Cluster 111 Total
Mean SD Mean SD Mean SD
12.5 0.92 11.26 0.82 11.92 0.81

50.67 3.45 47.48 3.12 50.08 2.90

53.93 3.67 50.50 3.49 53.14 3.14
27.55 4.87 27.75 6.04 27.30 5.35

17.63 3.15 16.05 2.30 17.28 2.69

49.85 3.52 32.03 11.29 = 39.74 7.49

52.98 3.89 44.93 3.47 49.05 3.83

75.78 6.05 60.45 5.22 67.44 5.04
3.55 3.30 5.83 3.71 5.56 3.34
0.30 0.05 0.30 0.07 0.28 0.05

7394 1889 53.90 1452 66.30 19.91
703.88 159.14 564.88 150.81 562.60 150.60
12.72 0.88 13.05 0.82 1294 0.83

42.96 16.12 50.23 16.20 = 43.26 15.50
6581 1650 18.62 6.98 1192 081
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Table.7 Intra (bold) and inter cluster distance among 33 genotypes of onion

Clusters |
Cluster | 86.105
Cluster 11

Cluster 111

441.324 211.002
87.374 622.163
64.051

Fig.1 K wards minimum variance Dendrogram classifying 33 onion entries
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Distance

Descriptive statistic for different traits under
different cluster revealed that genotypes of
cluster | recorded with significantly higher
mean value for leaf length, plant height,
pseudo-stem diameter, pyruvic acid over the
mean value for respective trait in 33 onion
entries. The genotypes of cluster Il recorded
with considerably higher mean value for bulb
yield, bulb size, flavanoids and phenols

whereas, genotypes of cluster Ill contributed
for the higher mean value of TSS, chlorophyll
and protein (Table 6). Similar results were
also reported by Akter et al., (2015) in onion
crop to select the parents with suitable
characters for hybridization program.

Genetic diversity among the onion entries
further studied following the D? technique
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based on multivariate analysis developed by
Mahalanobis (1936). It is the most effective
method for quantifying the degree of genetic
diversity among the genotypes. Thirty three
onion entries on the basis of Mahalanobis
Euclidean method for clustering were grouped
into three clusters. Distribution pattern for all
the entries into different clusters illustrates the
presence of significant genetic diversity
among these entries for the majority of
studied parameters. The procedure outlined to
estimate average inter and intra cluster
distances were as per given by Singh and
Choudhary (1977). A wide range of diversity
was observed in the experimental material for
the majority of characters studied. The highest
inter-cluster distance was observed (Table 7)
between cluster Il and 11l (622.16), followed
by cluster | and Il (441.32). Parental lines
selected from these three clusters may be used
in a hybridization programme, since
hybridization between divergent parents is
likely to produce wide variability and
transgressive segregations with high heterotic
effects (Rama, 1992). Such recommendations
were also made by Murty and Arunachalam
(1966) and Qian and He (1991). The lowest
inter-cluster distance was observed between |
and 111 (211.00). The lines belonging to these
clusters were relatively closer to each other,
in comparison to lines grouped in other
clusters. Such analysis was meant to avoid
selection of parents from genetically
homogeneous clusters and to maintain a
relatively broad genetic base. The intra cluster
distance was the highest (87.374) in cluster 1l
followed by cluster 1 (86.105). Moderate
intermediate distances were found between
clusters 111 and I (211.002). Arunachalam and
Bandyopadhyay (1984) suggested that the
magnitude of heterosis for yield and its
components were higher in cross between
intermediate divergences than extreme ones.
Accessions among the cluster separated by
high D? values could be used in hybridization
program for obtaining wide spectrum of

variations among the segregates. It was
favored to decide that intra-cluster distance
was highest in cluster 1l ie. more
heterogeneous whereas, intra-cluster distance
was lowest in cluster 1ll i.e. comparatively
homogenous. It was thus revealed that crosses
should be made between accessions belonging
to the distant clusters for high heterotic
response.

Overall it was observed that genotypes from
cluster I namely, KH-M-1, KH-M-2 and W
344 perform superiorly best for all the studied
morphological, biochemical and yield
parameters in comparison to other entries
from clusters I, 1l and Il hence, these entries
can be successful employed in onion breeding
program. The present study will provide with
insight knowledge about the various traits
contributing towards the final bulb yield in
the respective onion cultivar/genotype.
Additionally it will help to identify the
genetic diversity among the studied genotypes
so that the genotype with useful traits can be
employed in further breeding and crop
improvement program for increasing onion
productivity.
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