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Abstract

Shallot is an important traditional crop used for seasoning of various national cuisines.
However, productivity of shallot is low partly due to lack of improved varieties that are
adapted to diverse agro-ecologies of Ethiopia. It has been difficult to improve the
genetic base of local shallot germplasm due to its vegetative propagation nature.
However, some plants within the germplasm were found bolting and producing seeds
providing the opportunity for broader genetic base. Therefore, the present study was
initiated to characterize and classify some segregating genotypes so as to use them for
future breeding program. The study was undertaken at Debre Zeit Agricultural Research
Center. It comprised of sixty genotypes generated through natural out-crossing and three
released varieties (Minjar, Huruta and DZSHT-005/-02/90 DZSHT-005/02) used as
controls. The experiment was laid-out in augmented design with three blocks. Twenty
bulbs of each genotype were planted on a ridge comprising two rows. The three control
varieties were also planted in the same way but replicated at in each block. Data on yield
and yield components, percent bolting and number of flowerstalks/plant were collected.
Analysis of variance, cluster and principal component analyses were also undertaken on
data recorded. The results of the study showed that the genotypes significantly differed in
yield/plant, number of bolting plants and number of flowerstalks/plant. However, they
did not differ in bulb diameter, bulb height and downy mildew severity. Eight genoytypes
had better yield/plant than all the three controls. Cluster analysis grouped the genotypes
into seven clusters. Clusters | through VII comprised of 1(1.6%), 2(3.2%), 14 (22.2%),
10(15.9%), 5(7.9%), 22(34.9%) and 9(14.3%) genotypes, repectively. The genotypes
within Clusters | through VI had atleast 87.5%, 85.2%, 85.0%, 85.8%, 82.9% and 84.1%
similarity, respectively. Cluster Il had the second highest mean for yield/plant, bulb
diameter and number of bulb splits/plant. On the other hand, Cluster VII had the highest
mean for yield/plant, bulb height and doweny mildew severity. It had also high inter
cluster distances with other clusters. The principal componenet analysis identified seven
components, five of which contributed to 83.1% of the variation. Generally, the eight
genotyes with better yield were recommended for further variety trials under different
environments while maintaining the other genotypes as a source of for variation future
for breeding activities.
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Introduction

Shallot  (Allium cepa L. var.
aggregatum) is a close relative of
onion (Allium cepa L. var. cepa) and
are no longer considered to be
different species (Fritsch and Friesen,
2002; Rabinowitch and Kamenetsky,
2002; Brickell et. al., 2016). It is one
of the most important vegetables used
for seasoning local cuisines in
Ethiopia. The largest producers of
shallots are China and Japan, with
more than 500,000 tons of shallot
bulbs produced per year, followed by
New Zealand, Mexico, Iran, Iraq,
Cambodia, and Cameroon
(FAOSTAT, 2018). Ethiopia produces
about 374.7 thousand tons of onion
and shallot on 48.4 thousand hectares
of land (CSA, 2011).

Shallot is propagated mainly using
vegetative bulbs and hence breeding
endeavors of shallot were limited to
clonal selection of genotypes or
population collected from different
parts of the country. Clonal selection
often dealt with existing diversity of
germplasm pool (Awale et. al., 2011;
Ita et. al., 2016), with less possibility
of further diversifying the genetic
pool. According to Seifu (1981)
Ethiopia is considered as the center of
diversity for shallot. Getachew and
Asfaw (2000) observed wide diversity
among Ethiopian shallot accessions in
growth habit, leaf width, sheath length,
bulb shape, size and color, days to
maturity, number of bulb splits and
bulb yield/plant. Fasika et. al. (2008)
also studied forty-nine accessions

collected from Shewa, Gojam and
Welo areas and reported highly
significant phenotypic and genotypic
coefficients of variance ranging from
7.6-41.6% and 4.4-27.9%,
respectively. The genotypes varied in
plant height, number of leaves and
bulb splits/plant, bulb diameter, bulb
yield, harvest index, total soluble
solids, bulb dry weight and pungency.
Similarly, Awale et. al. (2011)
reported high phenotypic and genetic
variances among forty-nine accessions
collected from Shewa, Harghe and
Jimma areas for the above-mentioned
traits as well as for days to maturity
and sprouting of stored bulbs. Hasanah
et. al. (2022) reported that eleven
shallot varieties originated from North
Sumatra, Indonesia had high genetic
diversity and categorized them into
two main groups with dissimilarity
coefficient of 76%. In addition, Noor
et. al., (2012) confirmed the presence
of significant genetic variability for
important agronomic and
morphological traits in Indonesia.

In Ethiopia, shallot variety
improvement program was started in
1986 at Debre Zeit Agricultural
Research Center (DZARC) with
germplasm collected from major
growing regions (Getachew and
Asfaw, 2000). Currently, the center
holds about 134 shallot accessions. So
far, four vegetative propagated and
two seed propagated varieties were
released. = Moreover, two  seed
propagated varieties from Melkassa
Agricultural Research Center (MARC)
and one seed propagated variety from
Haramaya University were released
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for production (MoANR, 2019). Some
shallot plants within the germplasm
holding of the DZARC were observed
bolting, flowering and producing
viable seeds providing an opportunity
of natural out-crossing among plants
and thus widening the germplasm
base. Utilization of this opportunity,
unequivocally, will have accelerated
the development new varieties with
better yield and quality.

Accessions collected from different
parts of the country were characterized
for morphological traits of growing
plants as well as bulbs. Similarly,
Josipa et. al., (2021) reported that
morphological characterization
revealed phenotypic diversity in
vegetative and reproductive traits in
shallot genotypes of Croatia. Besides,
descriptors of vegetative and bulb
morphology were used to discriminate
among different shallot genotypes in
Croatia (Major et. al., 2018). Method
of data analysis is also crucial to
efficiently utilize morphological data
in diversity studies. The biplot analysis
provides a useful tool of data analysis
and allows visual appraisal of the
structure of large data matrices. It
specially  reveals the  principal
component analysis, where the biplot
can show inter-unit distances and
indicates clustering of units as well as
display variances and correlations of
the  variables  (Gabriel, 1971).
Moreover, Hanci and Gokce (2016)
used principal components analysis for
data reduction and estimation of

genetic diversity of onion breeding
materials.

Genetic  diversity is a critical
component in breeding program of any
crop. Selection of genetically diverse
parents on the basis of divergence
could be more promising to get hybrid
varietities, and to create a broad
spectrum of variability in segregating
generation (Singh et. al., 2020).
Therefore, the objective of the present
study was to characterize and classify
some shallot genotypes generated from
segregating populations for future
breeding activities.

Materials and Methods

Description of the study

area

The experiment was undertaken at
DZARC, East Shewa zone, Ethiopia.
The DZARC is located 47 km
southeast of Addis Ababa at 08%44'N
latitude and 38°58'E longitude. It has
an altitude of 1860 m.a.s.l, annual min.
and max. temperature of 8.9°C and
24.3°C, and annual rainfall of 851 mm
(DZARC, 2008). The soil of the
center is Alfisol soils with pH ranging

from slightly acidic (6.1) to
moderately neutral (7.9) (EARO,
2003).
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Plant material and

experimental design

Initially, the genotypes for the
experiment were developed by
planting the shallot accessions
collected from different parts of
Ethiopia at Kulumsa Agricultural
Research Center (KARC). KARC has
higher altitude (2200 m.a.s.l.) and
cooler environment than DZARC, and
allowed shallots to bolt, flower and
out-cross naturally. Seeds of these
accessions were collected and sown at
DZARC to produce bulbs. The bulbs
were selected for bulb size, color, and
shape uniformity. The selection
process was undertaken for three
cycles and uniform bulbs were
maintained by vegetative propagation.

The experiment comprised of sixty
genotypes that were developed as
described above. It was laid out using
an augmented design with three
blocks. Three improved shallot
varieties (Huruta, Minjar and DZSHT-
005-02/90) were planted at every
block as controls. Twenty uniform
bulbs of each genotype were planted
on a ridge comprising two rows. All
agronomic practices were undertaken
as recommended by Getachew et. al.
(2008).

Data collection

Based on the descriptors for allium
developed by International Plant
Genetic Resources Institute (IPGRI,
2001), data on yield/ per plant, weight,
diameter and height of bulbs, and
number of bulb splits/plant were
recorded from five randomly selected

plants per genotype. Percent bolting
was recorded as the proportion of
bolted plants with respect to the total
number of plants/ per plot and number
of flower stalks/plant was a mean of
flower stalks/ per bolted/ per plants.
Downy mildew severity was recorded
on plot bases using 1 to 5 scales.

Data analysis

Analysis of variance was undertaken
using the control genotypes and the
variance was used to separate means
of the genotypes. Cluster analysis was
done using the unweighted pair-group

method with arithmetic average
(UPGMA) employing Minitab
statistical software (Minitab®

19.2020). Graphical representation of
the cluster analysis (dendrogram) was
constructed to elucidate the relation
between genotypes. Principal
Component  Analysis was also
undertaken and the subsequent Scree
and biplot were generated using the
same software.

Results and
Discussions

Mean performance of

quantitative traits

The genotypes significantly (P<0.05)
differed in vyield/plant, number of
bolting plants and number of
flowerstalks/plant. However,  bulb
diameter, bulb height, number of bulb
splits/plant  and downy  mildew
severity were not significantly
different among the genotypes (Table
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1).Yield/ per plant ranged from 26.52
g in DZSHT-017-1/90 to 196.6 g in
DZSHT-OP-100-2-3/90.  Genotypes
DZSHT-OP-005-1-2, DZSHT-OP-
009-2/90, DZSHT-OP-100-2-2/90,
DZSHT-OP-100-2-3/90, DZSHT-OP-
255-2/90, DZSHT-0OP-255-2-1/94,
DZSHT-OP-255-2-3/90 and DZSHT-
OP-41-4A had better bulb yield/plant
than all the three controls. Inline with
the present study, Awale et. al. (2011)
and Fasika et.al. (2008) reported
significant variations in morphological
and vyield parameters in shallot
accessions collected from different
parts of Ethiopia.

The bolting percentage of the
genotypes ranged from no bolting in
DZSHT-155-1B-1 to 100% in
DZSHT-0OP-005/02. Almost all the
test genotypes, except DZHT-OP-051-
1/90, had higher percent bolting than
the control varieties, which were
selected for their low Dbolting.
Likewise, Wassu et. al. (2018) and
Getachew (2018) reported that shallot
genotypes had a potential of attaining

95% and 86-98% bolting, respectively.
Similarly, Josipa et al. (2021) found
that Croatian shallot accessions had
bolting percentage ranging from 0 to
100% and classfied tham into four
categories as: no (<10%), rare(15-
30%), most(40-60%) and obligatory
(70-100%) bolters. Moreover,
Getachew  (2004) reported that
complete bolting was attained in some
shallot genotypes that received
verenalization at 8 or 12°C for 60
days.

Genotype DZSHT-0OP-94-3/94
produced the highest (four)
flowerstalks/plant than any other

genotype. Sixteen (28%) of the test
genotypes had about three
flowerstalks/plant while bolted plants
of the controls Huruta and Minjar had
an average of one flowerstalks/plant.
The high bolting was associated with
low bulb yield/ per plant owing to
more photosynthete partitioning to
flower stalks than to bulbs (Wallace et.
al, 1993).
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Table 1. Bulb and bolting characterstics of sixty three shallot genotypes generated from open pollinated accssions

Downy
Bulb No. flower ~ Downy Bulb Bulb Mildew
Genotype Bulb yield/ Bulb diameter height ~ No. bulb stalks/ Mildew  Genotype Bulb yield/  diameter  height No.bulb Bolting  No. flower (1-5
Code Genotype plant (mm) (mm) splits Bolting (%) plant  (1-5scale)  Code Genotype plant (mm) (mm)  splits (%) stalks/ plant  scale)
1 DZSHT-OP-005/02 41.93ghi 3747 60.7 5.53 0.00q 0.00d 1.83 35 DZSHT-OP-155-1B 69.13c-i 48.23 59.8 525 43.99fn  2.38abc 238
2 Huruta 38.6hi 36.07 58 4.93 0.97pq 0.67cd 217 36 DZSHT-OP-155-1B-1  61.63c-i 37.83 89.8 8.45 100a 2.78abc 3.88
3 Minjar 47.87ghi 39.4 70.7 5.33 4.170pq 1.1bcd 267 37 DZSHT-OP-155-1B-2  59.13c-i 52.23 67.8 365 76.39%-e 3.58a 3.88
4 DZSHT-OP-255-2/90 87.33b-f 40.3 732 5.78 29.09i-0 1.35a-d 1.38 38 DZSHT-OP-155-1B-3 ~ 54.33d-i 39.03 75.8 425 87.09abc  2.98ab 3.38
5 N7SHT-OP-255-2-3/90 94 73hed 4.1 A5 2 4 58 RA 3Qd-i 1 25a-d 188 39 N7SHT-OP-19-3-1/94 A3 N3n-i 41 A3 A5 8 495 59 RAr-h 2 RRahn 338
6 DZSHT-OP-255-2-1/90  38.93ghi 50.9 69.2 8.38 39.79g-n 2.15a-d 2.88 40 DZSHT-OP-94-3/94 53.23fi 40.23 69.8 345  34.6%-n 3.78a 3.38
7 DZSHT-OP-255-2-1/94  114.73b 50.7 492 7.38 62.99c-h 2.25abc 2.88 41 DZSHT-OP-19-3-2/94  48.23fi 35.63 83.8 325  63.99c-h 3.38a 3.38
8 DZSHT-OP-255-2-3 61.73c-i 37.7 79.2 3.18 40.69g-n 1.75aa-d 1.88 42 DZSHT-OP-19-3-3/94  44.13ghi 35.23 61.8 385 54.09dk  3.28ab 1.88
9 DZSHT-OP-41-4A 92.23b-e 541 59.2 8.38 52.89d-k 1.05bcd 4.38 43 DZSHT-OP-251-1B-3  36.43hi 37.23 53.8 265  79.69a-d 3.38a 2.38
10 DZSHT-OP-41-4A-1 72.23¢-h 451 75.2 5.38 37.49a-n 0.95bcd 2.38 44 DZSHT-OP-001-3-2/94  43.62ahi 41.83 66.5 378 13.66n-a  1.33ad 0.63
1 DZSHT-OP-41-4A-2 59.23c-i 47.9 81.2 3.18 64.79c-h 1.15a-d 2.88 45 DZSHT-OP-005-1-2  89.82b-e 36.83 46.5 558  40.86g-n  1.23a-d 1.63
12 DZSHT-OP-41-4A-3 46.43ghi 38.7 69.2 5.78 25.39-p 1.55a-d 1.88 46 DZSHT-OP-005-1-1 44 A7ghi 40.13 83.5 418 4561e-m  1.53ad 1.38
13 DZSHT-OP-41-4A-4 53.63e-i 49.9 65.2 3.18 77.7%-¢ 1.15a-d 3.38 47 DZSHT-OP-005-1-3  40.92ghi 32.03 66.5 398  2486j-q  2.23abc 213
14 DZSHT-OP-54-2 52.93f-i 4.7 59.2 4.58 56.99c-i 1.65a-d 1.38 48 DZSHT-OP-005-1B 68.22c-i 32.03 52.5 558  31.36i-n  1.43ad 313
15 DZSHT-OP-54-2-2 39.83ghi 38.8 60.2 3.78 43.79f-n 1.95a-d 1.63 49 DZSHT-OP-009-2/90  89.52b-e 40.83 425 478  74.06af  2.83abc 3.13
16 DZSHT-OP-72-2-2/90 71.28c-i 432 58.2 3.68 98.44ab 2.7abc 2.38 50 DZSHT-OP-009-2/07 53.6fi 44.27 55.3 493  3363i-n  2.17abc 2.83
17 DZSHT-OP-79-1A 42.93ghi 437 75.2 3.78 16.491-q 0.85bcd 1.88 51 DZSHT-OP-009-2-2/07  43.12ghi 34.03 52.5 518  20.26l-q  2.33abc 1.63
18 DZSHT-OP-79-1A-1 52.13f-i 413 85.2 4.38 21.591q 0.75bcd 1.88 52 DZSHT-OP-009-2-3 35.42hi 37.03 50.5 358 43.76g-n  1.53a-d 313
19 DZSHT-OP-79-1A-2 61.83c-i 40.1 79.2 5.18 22.09-q 0.75bcd 1.88 53 DZSHT-OP-009-2-3/90  38.82ghi 26.43 60.5 378  3246i-n  2.53abc 2.63
20  DZSHT-OP-79-1A-3 53.53f-i 4.7 53.2 4.58 20.591q 1.95a-d 1.88 54 DZSHT-OP-009-2-4/07  57.02c-i 39.43 70.5 4.38 0.76pq 1.03bed 1.63
21 DZSHT-0P-91-3/94 75.73b-g 43.7 85.2 5.98 37.79g-n 1.75a-d 3.38 55 DZSHT-OP-009-02/07  53.6f-i 44.27 55.3 493  3363i-n  2.17abc 2.83
22 DZSHT-OP-91-3-1/94 34.93hi 36.7 55.2 5.78 35.69h-n 2.45abc 1.88 56 DZSHT-OP-017-1/90 26.52i 39.83 62.5 318  39.96g-n  2.33abc 3.13
23 DZSHT-OP-91-3-4/94 57.63c-i 40.5 65.2 4.58 62.19c-h 2.35abc 3.38 57 DZSHT-OP-017-1-1/90  51.42f-i 4143 58.5 418 1556m-q  1.93ad 313
25  DZSHT-OP-54-2-5 48.93f-i 35.23 75.8 3.25 61.39c-h 3.48a 3.38 59 DZSHT-OP-051-1-1/90  55.62d-i 38.03 68.5 498  1.060pq  1.43ad 2.63
26 DZSHT-OP-91-3-5/94 67.13c-i 38.53 69.8 4.25 54.44d-j 2.53abc 2.88 60 DZSHT-OP-051-1-2/90  45.52ghi 50.03 66.5 358  26.76-0  1.63a-d 1.63
27 DZSHT-OP-100-2/90 56.83d-i 36.03 61.8 3.85 69.09b-g 1.68a-d 2.88 61 DZSHT-OP-051-1/90 33.82hi 33.23 445 338 68.76b-g 2.13ad 213
28 DZSHT-OP-100-2-1/90  73.73b-h 41.83 79.8 4.45 48.39%-| 3.78a 3.38 62 DZSHT-OP-051-1-4/90  28.52hi 4043 385 318  65.66c-h  2.13a-d 0.63
29  DZSHT-OP-100-2-2/90  97.73bc 4743 73.8 6.05 48.19-| 2.88abc 2.38 63 DZSHT-OP-054-2-3 32.22hi 3043 46.5 2.78  88.86abc  2.53abc 3.13
30  DZSHT-OP-100-2-3/90  196.63a 35.23 93.8 3.85 35.49h-n 2.28abc 3.88 Mean 56.85 40.14 66.1 455 42.82 1.98 24
31 DZSHT-OP-12/90 70.03c-i 42.03 85.8 5.25 59.69c-h 2.88abc 2.38 SE 211 7.02 1.5 1.9 14.93 1.34 1.21
32 DZSHT-OP-12-1/90 67.93c-i 43.03 69.8 3.65 56.39d-j 3.38a 3.38 CV (%) 23.38 10.75 14.02 254 22.88 43.39 314
33 N7SHT-OP-121-1-1/90 41 33ahi 4883 658 345 75.39a-0 2 78ahe 238 Sianificance * ns ns ns i i ns
34  DZSHT-OP-12-1-2/90 48.73f- 39.83 55.8 3.65 47.59%-m 2.48abc 2.88
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Cluster Analysis

Cluster analysis of the genotypes
based on the seven variables grouped
the genotypes into seven clusters.
Simiarity among the genotypes within
and between clusters is depicted by the
dendrogram (Fig. 1). Cluster VII had
the lowest similarity (18.5%) with
other clusters (Fig. 1). Genotypes
within Clusters | through VI have at
least 87.5%, 85.2%, 85.0%, 85.8%,
829% and 84.1%  similarity,
respectively. Ita et. al (2016) and Lina
el. al.(2019) also reported that
Indonesian shallot genotypes were
divided into three major groups and
differences within a group
demonstrated the existance of diversity
among genotypes. Cluster 1 has
fourteen genotypes and is
characterized by the lowest cluster
means for bolting and downy mildew
severity and also low means in other
parameters (Tables 2 and 3). Clusters
Il and IV comprised ten and twenty
two genotypes, respectively; they
have moderate cluster means for all
parameters. Cluster 11l consist of five
genotypes and has the highest bulb
diameter and number of bulb splits,
and the second highest yield per plant.
Cluster V has nine genotypes and is
characterized by the lowest number of
bulb splits and bulb yield/ per plant.
On the other hand, Cluster VI
consisted of two genotype (DZSHT-
OP-72-2-2/90 and DZSHT-OP-009-
2/90) and has the highest percent
bolting and flowerstalks/ plant but the
shortest bulb height. Cluster VII

consisted of only one unique genotype
(DZSHT-0OP-100-2-3/90) that has the
highest bulb yield/plant, bulb height
and doweny mildew severity but the
lowest bulb diameter, number of bulb
splits and flowerstalks/plant than those
in other clusters.

The three improved varieties (Huruta,
Minjar and DZSHT-005/02), used as
controls in the study, were assigned to
the Cluster | despite the fact that the
varieties were adapted to and released
for different agro-ecologiacl zones.The
high similarity of the varieties could
be attributed to similarity in bulb
diameter, bulb height, number of bulb
splits/plant, low bolting and number of
flowerstalks/plant. Inclusion of other
morpho-physiological parameters
could help further differerntiate the
genotypes that could otherwise belong
to the same cluster.

Results of cluster distance analysis
(Table 4) showed that Cluster V had
the highest intra-cluster distance
followed by clusters 1l and IV
indicating the presence of high genetic
diversity within these clusters. The
inter-cluster distance (D?) ranged from
249 to 154.9. Cluster VII had the
highest inter cluster distance with all
the other six clusters, ranging from
94.9 with Cluster 11l to 154.9 with
Cluster VvV (Table 4). Crossing
genotypes in these clusters with
genotype  (DZSHT-OP-100-2-3/90)
could result in high hetrosis.
Moreover, Cluster VI is distant from
all clusters, except from cluster III.
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Cluster V is highly distant from
clusters I, 11 and Il1. Cluster Il is also
distant from clusters IV and I. The
result indicated_ that hybridization
between genotypes of these clusters
could result in hybrid vigor and better
recombinants in the population. The
findings are in agreement with Singh
et.al (2020); Ravindra et.al (2018) and
Singh et.al (2013) who reported that
onion genotypes belonging to distant
clusters had wide spectrum of
variation in segregates. Fitrana and

Susandarini (2019) studied twelve
shallot cultivars from Indonesia based
on sixteen characters. They classified
the cultivars in to two clusters based
on bulb skin color, bulb skin layering
and bulb shape which had higher
loading values as indicated by
principal componenet  analysis.
Khandagale and Gawande (2019) also
underlined the importance of bulb
color for breeding program and as a
criterion for classifying genotypes.

Table 2. Distribution of sixty three genotypes into seven clusters based on Euclidean distance

Cluster
number

No. of
genotypes

Percentage

Name of genotypes

14

22.2

DZSHT-OP-005/02, DZSHT-OP-79-1A-2, DZSHT-OP-009-2-4/07,
DZSHT-OP-051-1-1/90, DZSHT-OP-41-4A-3, DZSHT-OP-94-3/94,
DZSHT-OP-79-1A-1, DZSHT-OP-79-1A-3, DZSHT-OP-001-3-2/94,
DZSHT-OP-017-1-1/90, HURUTA, MINJAR, DZSHT-OP-54-2-2,
DZSHT-OP-79-1A

10

15.8

DZSHT-OP-255-2/90, DZSHT-OP-255-2-3, DZSHT-OP-100-2-1/90,
DZSHT-OP-41-4A-1,  DZSHT-OP-91-3/94,  DZSHT-OP-009-2/07,
DZSHT-OP-91-3-5/94, = DZSHT-OP-005-1B, = DZSHT-OP-155-1B,
DZSHT-OP-051-1-2/90

79

DZSHT-OP-255-2-3/90, DZSHT-OP-41-4A, DZSHT-OP-100-2-2/90,
DZSHT-OP-005-1-2, DZSHT-OP-255-2-1/94

22

34.9

DZSHT-OP-255-2-1/90, DZSHT-OP-91-3-1/94, DZSHT-OP-12-1-2/90,
DZSHT-OP-005-1-3, DZSHT-OP-009-2-2/07, DZSHT-OP-009-2/07,
DZSHT-OP-009-2/07, DZSHT-OP-009-2-3/90, DZSHT-OP-41-4A-2,
DZSHT-OP-54-2, DZSHT-OP-19-3-1/94, DZSHT-OP-005-1-1, DZSHT-
OP-91-3-4/94, DZSHT-OP-12/90, DZSHT-OP-12-1/90, DZSHT-OP-54-
2-2, DZSHT-OP-100-2/90, DZSHT-OP-54-2-5, DZSHT-OP-19-3-2/94,
DZSHT-OP-009-2-3, DZSHT-OP-19-3-3/94, DZSHT-OP-017-1/90

14.3

DZSHT-OP-41-4A-4, DZSHT-OP-155-1B-2, DZSHT-OP-121-1-1/90,
DZSHT-OP-051-1-4/90, DZSHT-OP-251-1B-3, DZSHT-OP-155-1B-3,
DZSHT-OP-051-1/90, DZSHT-OP-155-1B-1, DZSHT-OP-054-2-3

VI

3.2

DZSHT-OP-72-2-2/90, DZSHT-OP-009-2/90

Vil

1.6

DZSHT-OP-100-2-3/90
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Table 3. Cluster means of seven traits in sixty three genotypes of shallot

Variable Cluster
I I i \'} \ Vi Vil Grand

Yield /plant (g) 48.7 | 68.0 95.8 45.9 409 | 86.1 186.9 56.8
Bulb diameter (mm) 391 42.1 47.3 38.3 408 | 425 34.2 40.2
Bulb height (mm) 6.9 7.0 6.1 6.6 5.9 4.7 9.0 6.6
No of splits/plant 44 4.7 6.3 44 4.0 44 4.0 45
Bolting (%) 138 | 3438 484 45.7 769 | 90.8 25.8 42.7
Flower stalk /plant 1.8 1.9 1.9 2.1 2.2 3.2 1.3 2.0
Downy mildew (1-5

scale) 1.9 23 24 25 27 25 35 24

Table 4. Intra (diagonal) inter (off diagonal) cluster Euclidean distances (D2) among seven clusters in shallot genotypes

Cluster | I I [\ \ Vi Vil
I 17.7
Il 28.7 20.9
Il 59.0 314 19.2
\ 32.0 24.9 50.8 20.8
\ 63.6 50.1 62.2 31.7 21.6
VI 85.7 58.9 43.8 60.6 474 13.2
Vil 138.8 | 119.5 94.9 142.5 154.9 | 120.3 0.00

[75]



Ethiop. J. Crop Sci. Vol 10 No.1, 2022

18.46 - 18.46
Vi
> 45647 - 45.64
£
£
(%]
72.82- W v - 72.82
I Vi
100_00[&% ......... rﬂlﬂﬂ 100.00

Genotype code

Figure 1. Dendrogram showing hierarchical clustering patterns of sixty three shallot genotypes for seven traits

Principal Component

Analysis

The Scree plot showed that the
first two components had Eigen
values greater than unity, which
could explain about 48.4% of
the variability, whereas 83.1%
of the variability is explained by
the first five components (Fig.
2) i.e., the first five principal
components are responsible for
most of the variability. The
coefficients of components
indicated that bulb height,
percent bolting, and number of
flower stakes/plant were the
major contributors to PC1;
downy mildew severity, bulb
diameter, number of splits/ plant

[76]

and vyield/plant to PC2; downy
mildew severity and bulb
diameter to PC3; number of
bulb splits and percent bolting to
PC4 and bulb height and
yield/plant to PC5. Bulb weight
and vyield/ per plant had large
positive loadings on component
1 whereas downy mildew and
percent bolting had large
positive loadings on component
2. These results are partly in
agreement with the result of
Hanci and Gokce (2016) who
examined genetic diversity of 87
onion genotypes and reported
that 71.8% of the variations
were accounted for nine
principal components. In
addition, Ravindra et.al. (2018)



Ethiop. J. Crop Sci. Vol 10 No.1, 2022

reported five principal
components with 78.5%
variability in 58  onion
accessions.

The bi-plot of components 1 and
2 (Fig. 3) showed that yield/
plant was highly related with
number of bulb splits/plant and
to a lesser degree to bulb
diamter. On the other hand,
percent bolting, number of
flowerstalks/plant and downy

mildew severity were unrelated
to yield and yield componenets.
Similarly, Singh et. al. (2020)
observed seven principal
components having 83.87% of
total variability. Their results
showed that bulb weight,
marketable bulb percentage,
total and marketable bulb yield
were negatively correlated with,
downy mildew infestation and
percent bolters for 34 onion
genotypes.

2.004

1.75

1.50

Eigen value
R
w

1.004

0.75

1 2 3 4 5 6 7
Component

Figure 2. Scree plot of the seven variables
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Figure 3. Bi-plot of principal componenents 1 and 2

Conclusions and
Recommendation

Clonal selection of shallots slowed
down the rate of variety development,
with only a few varieties developed in
the past three and half decades.
Regeneration of shallots through true
seeds provided an opportunity of
natural out-crossing among plants and
thus widening the genetic base. The
present study was thus aimed at
characterizing and classifying about
sixty of the genotypes derived from
segregating populations of shallot
including three improved varieties
used as controls for use in future
shallot breeding activities. The results
of the study showed that shallot
genotypes significantly differed in
yield/plant, percentage of bolting
plants and number of flowerstalks/
plant. However, they did not differ in

bulb diameter, bulb height and downy
mildew severity. Eight genoytypes had
better yield/ plant than all the three
controls. Cluster analysis grouped the
genotypes into seven clusters based on
their ~ genetic  similarities  and
differences using the the seven
morphological traits. The principal
componenet analysis also identified
seven components, five of which
contributed to 83.1% of the variation.
Consequently, eight genotypes with
better yield were recommended for
further variety development trials
under different environments while
maintaining the other genotypes as
sources genetic materials for future
breeding activities.

Acknowledgements

The  authors
Ethiopian

acknowledge  the
Institute of Agricultural

[78]



Ethiop. J. Crop Sci. Vol 10 No.1, 2022

Research for financing the study. The
DZARC is also acknowledged for
providing the necessary logistics and
support. The authors also appreciate
the contribution of technical assistants
and other members of Cool Season
Vegetable Crops Program  who
managed the trial and collected data.

References

Awale Degewione, Sentayehu Alamerew and
Getachew  Tabor.  2011.  Genetic
Variability and Association of Bulb Yield
and Related Traits in Shallots (Allium
cepa var. aggregatum) in Ethiopia.
International Journal of Agricultural
Research. Pp. 1-20.

Brickell, C. D., Alexander, C., Cubey, J. J.,
David, J. C., Hoffman, M. H. A., Malécot

.2016. International Code of
Nomenclature for Cultivated Plants
(ICNCP or Cultivated Plant

Code), 9 th Ed. Leuven: International
Society for Horticultural Science.

Central Statistical Agency.2011. Agricultural
Sample Survey 2010/11. The Federal
Democratic Republic of Ethiopia.

Debre Zeit Agricultural Research Center
(DZARC). 2008. Annual Research
Report, Debre Zeit, Ethiopia

Ethiopian Agricultural Research Organization
(EARO), 2003. Soils of Debre Zeit
Agricultural Research Center and Its Sub-
centers. Technical Paper 79. P. 13.

Hanci, F. and A.F. Gokce. 2016. Genetic
diversity evaluations in Turkish onion
(Allium cepa L.) genotypes: Principal
component analyses (PCA) for breeding
strategies. Acta Hortic. 1143: 227-234..

FAOSTAT. 2018. Food and Agriculture

Organization Corporate Statistical
Database. Available at:
http://www.fao.org/faostat/en/#data/QC/vi
sualize

Fasika Sendek, Hailu Tefera and Kebede
W/Tsadik. 2008. Genetic Variability
Studies in Ethiopian Shallot (Allium cepa
L. var. ascalonicum Backer) Genotypes
East African Journal of Sciences. 2 (2):
130-134.

Fitriana Nita and Susandarini Ratna. 2019.
Morphology and taxonomic relationships
of shallot (Allium cepa L. group
aggregatum) cultivars from Indonesia.
Bidodiversitas. 20(10):2809-2814.

Fritsch, R. M., and Friesen, N. 2002
Evolution, domestication and taxonomy
in Allium  Crop  Science: Recent
Advances, eds H. D. Rabinowitch and L.
Currah (Wallingford: CABI), 5-30

Gabriel, K. R. 1971. The biplot graphic
display of matrices with application to
principal componenet analysis.
Biometrika. 58. P. 453-467.

Getachew Tabor and Asfaw Zeleke. 2000.
Achievements in shallot and garlic

research. Research report No. 38.
Ethiopian Agricultural Research
Organization, EARO, Addis Ababa,
Ethiopia.

Getachew Tabor, Eshetu Derso and Tebikew
Damte. 2008. Shallot and garlic
production guide (Ambharic). pp. 57.

Getachew Tabor. 2004. Manuplation of
flowering for seed production of shallot
(Allium Cepa L. var. ascalonicum
Backer). PhD dissertation University of
Hannover, Germany.

Getachew Tabor. 2018. Development of seed
propagated shallot (Allium cepa L var.
aggregatum) varieties in  Ethiopia.
Scientia Horticulturae. 240: 89-93.

Hasanah, Y. L. Mawarni, H. Hanum, A.
Lestami. 2022. Genetic diversity of
shallots (Allium ascalonicum L.) from
several locations in North Sumatra,
Indonesia based on RAPD markers
Biodiversitas. 23(5): 2405-2410.

IPGRI. International Plant Genetic Resources
Institute. (2001). Descriptors of Allium
Spp. Rome.

Ita Aprilia, Erviana Eka Pratiwi, Awang
Maharijaya, Sobir and Heri Harti. 2016.

[79]


http://www.fao.org/faostat/en/#data/QC/visualize
http://www.fao.org/faostat/en/#data/QC/visualize

Ethiop. J. Crop Sci. Vol 10 No.1, 2022

Collection and Characterization of Shallot
Germplasm in Effort to Support National
Food Security. Proceeding International
Seminar on Tropical Horticulture 2016:
The Future of Tropical Horticulture. IPS
International Convention Center, Bogor,
Indonesia 28 - 29 November 2016.

Josipa Perkovic , Nikola Major , Dean Ban,
Danko Cvitan and Smiljana Goreta Ban.
2021. Shallot Species and

Subtypes  Discrimination Based on
Morphology Descriptors. Plants
10:1-17.

Khandagale K, Gawande, S. 2019. Genetics of
bulb color variation and flavonoids in
onion. J Hort. Sci Bio-tech. 94 (4): 522-
532.

Lina Herlina, Reflinur, Sobir, Awang
Maharijaya, Suryo Wiyono. 2019. The
genetic diversity and population
structure of shallots (Allium cepa var.
aggregatum) in Indonesia based on R
gene-derived markers. Biodiversitas. 20:
696-703.

Major N., Goreta Ban S., Urlic B., Ban D.,
Dumicic G. and Perkovi¢ J. 2018.
Morphological and Biological Diversity
of Shallot Landraces Preserved Along the
Crotian Coast. Frontier in Plant Sciences,
9: 1749.

Ministry of Agriculture and Natural Resource
(MoANR). 2019. Plant variety release,
protection and seed quality control
directorate. Addis Ababa,Ethiopia. Crop
Variety Register. 22: 1— 393

Minitab 19 Statistical Software. 2020.
Computer software. State College, PA:
Minitab, Inc. (www.minitab.com).

Noor Farid , Arifin Noor Sugiharto, Catur
Herison, Agus Purwito and Surjono Hadi

Sutjahjo. 2012. Analysis of
Combining Ability, Heterosis Effect and
Heritability Estimate of Yield-
related Characters in Shallot (Alium cepa
var. ascalonicum Baker). Agrivita. 34 (1):
36-43.

Rabinowitch, H. D., and Kamenetsky, R.
2002. Shallot (Allium cepa, aggregatum
group), in  Allium  Crop  Science:
Recent Advances, eds H. D. Rabinowitch
and L. Currah (Wallingford:
CABI), 409-430.

Ravindra D., Amrender K. and Anil K. 2019.
Genetic  variability, heritability, and
diversity analysis studies in short day
tropical onion (Allium cepa L.). Indian
Journal of Agricultural Sciences 88:Vol
(6): 948-957.

Singh S.R., Ahamed N., Srivastava K.K.,,
Kumar D. and Yousuf S. 2020.
Assessment of Genetic Divergence
in Long Day Onion (Allium cepa L.)
through Principal Component and Single
Linkage Cluster Analysis. J. Hort. Sci. 15:
17-26.

Singh, S.R., Lal S., Ahmed N., Srivastava
K.K., Kumar D., Jan N., Amin A., and
Malik A.R. 2013. Determination of
genetic diversity in onion (Allium cepa L)
using the multivariate analysis under long
day conditions. Afri. J. Biot. 7 (20) 5599-
606.

Wallace, D. H., Yourstone, K. S., Masaya, P.
N. and Zobel, R. W. 1993. Photoperiod
gene control over partitioning between
reproductive and vegetative growth.
Theoretical and Applied Genetics, 86: 6-
16.

[80]



