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Abstract Genetic diversity was assessed among 53 Indian
garlic accessions using SSR markers. Initially, 24 SSR
primer pairs were used for screening three selected garlic
accessions. Out of 24 SSR primer pairs, 10 primer pairs
which consistently showed good amplification and poly-
morphism were selected for DNA profiling. SSR primer
pairs showed PIC values ranging from 0.30 to 0.99. Based
on AMOVA we found that the greater part of the genetic
diversity was expected due to intra population with 84%
variation and only 16% of variation was due to among
populations suggesting presence of genetic structure. The
results of cluster analysis and principal component analysis
largely correspond to each other. Population structure
analysis revealed genetic differentiation of accessions. The

<l Mukesh Kumar
k.mukesh123 @yahoo.com

D4 Shailendra Sharma
Shgjus6 @gmail.com

Department of Horticulture, Sardar Vallabhbhai Patel
University of Agriculture and Technology,
Meerut 250110, UP, India

Department of Agri. Biotechnology, Sardar Vallabhbhai Patel
University of Agriculture and Technology,
Meerut 250110, UP, India

Department of Agronomy, Sardar Vallabhbhai Patel
University of Agriculture and Technology,
Meerut 250110, UP, India

CSIR-National Botanical Research Institute, Rana Pratap
Marg, Lucknow 226001, UP, India

Department of Chemistry, Meerut College,
Meerut 250003, UP, India

Department of Genetics and Plant Breeding, Ch. Charan
Singh University, Meerut 250004, UP, India

results of present study revealed existence of significant
variability in Indian garlic germplasm.
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Introduction

Garlic, Alluim sativum L. (Alliaceae) is a diploid
(2n = 2x = 16) bulb crop believed to have originated in
central Asia from its wild ancestor Allium longicuspis
Regel (Zohary and Hopf 2012). It is used for both culinary
and medicinal purposes. It is grown worldwide, with China
as a leading producer followed by India (FAO estimates;
http://en.wikipedia.org/wiki/Garlic). Presence of sulfur
compounds like allicin contributes to its medicinal prop-
erties (Taucher et al. 1996; Tucak et al. 2009). Garlic is
mainly maintained vegetatively, due to obligate apomixes,
by planting individual cloves (Pooler and Simon 1993;
Bradley et al. 1996; Paredes et al. 2008). Sterile nature of
garlic cultivars makes difficult to identify wild progenitors
or ancestor of domesticated garlic (Zohary and Hopf 2012;
Shaaf et al. 2014). Besides strict asexual life cycle, the
large genome size (DNA content 32.7 pg per 2C nucleus)
further complicates molecular and genetic analysis (Ran-
jekar et al. 1978). Mutations accumulated through culti-
vation history are expected to be behind variations present
in domestic or cultivated garlic, which has asexual mode of
reproduction unlike its wild ancestors, which harbors
variations due to sexual reproduction (Shaaf et al. 2014). In
contrast to general view that most garlic cultivars are
sterile having flowers without fertile seed setting, few
collections have been discovered from Caucuses and cen-
tral Asia which are almost seed fertile or semi fertile
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(Kamenetsky 2007; Zohary and Hopf 2012). Diversity has
been recorded in cultivated garlic for various traits (Pooler
and Simon 1993; Avato et al. 1998; Figliuolo et al. 2001;
Baghalian et al. 2005; Wang et al. 2014). Pooler and Simon
(1993) observed high morphological diversity in garlic, for
different morphological traits. In Italy, Figliuolo et al.
(2001) studied a collection of cultivated garlic for 16 dif-
ferent morphological traits. In Iran, Baghalian et al. (2005)
evaluated 24 garlic ecotypes for genetic diversity for allicin
content and botanical traits like bulb mean weight, clove
mean weight and clove number per bulb. Likewise, Pan-
thee et al. (2006) studied genetic diversity of various
morphological characters in garlic (Allium sativum L.)
accessions from Nepal. Similarly, Wang et al. (2014)
evaluated diversity of morphological traits and allicin
content in garlic from China. These examples suggest that
evaluation of genetic diversity in garlic is important for
selection and fruitful breeding purposes. Study of genetic
variation in cultivated garlic accessions is highly useful
because it can lead to the identification of suitable culti-
vars, using clonal selection, and accessions with fertile
florets so that they can be used in breeding programs
(Figliuolo et al. 2001).

In India, the average productivity of garlic is 5 tons/ha
which is low as compared to the other garlic growing
countries (Singh et al. 2012). To increase the production of
this crop for domestic as well as international market, there
is an urgent need to screen the germplasm to get more
divergent cultivars for qualitative traits. Since garlic is
propagated by vegetative methods, the clonal selection is
an important breeding method. Difficulty and absence of
sexual reproduction in garlic through-out the generations,
has clinched the genetic advancement of the crop through
conventional breeding. However, in recent decades, sci-
entists have aggravated advancement towards the com-
prehension factors involved in male sterility and fertility
and recently developed a system for the production of
garlic seeds (Etoh and Simon 2002; Jenderek and Hannan
2004). With that routine production of seeds, inheritance
studies and the construction of linkage maps are now
possible. Ipek et al. (2005) and Zewdie et al. (2005) have
published first genetic maps using different marker
systems.

In India, attempts have been made to collect and eval-
uate germplasms, but information on superior yield and
yield contributing traits are very limited. It is therefore
important to estimate genetic variation for germplasm
selection of diverse parents which may be useful as donor
for complementing various breeding programs. Although
phenotypic diversity analysis has been widely used for
understanding variability among genotypes for various
crop plants, these phenotypic traits need intensive field
trials and are also time consuming. On the contrary, use of
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DNA based markers like RAPD (Bradley et al. 1996; Khar
et al. 2008; Paredes et al. 2008; Shaaf et al. 2014), AFLP
(Ipek et al. 2003; Lampasona et al. 2003, 2012; Volk et al.
2004), SRAP (Chen et al. 2013), ISSR (Jabbes et al. 2011;
Chen et al. 2014; Shaaf et al. 2014), SSR (Ma et al. 2009;
Zhao et al. 2011; Cunha et al. 2012, 2014; Jo et al. 2012;
Chen et al. 2014) and SNP to estimate genetic diversity is
highly preferable in various crop plants including garlic
and its wild relatives because of several advan-
tages (Rafalski et al. 1996; Gupta et al. 1996). SSRs have
been extensively used in genetic diversity studies because
of high polymorphism detection, high abundance, co-
dominant nature, high reproducibility and cost effective-
ness. Moreover, application of SSRs does not
require specialized bioinformatics tool (Park et al. 2009;
Gous et al. 2013). Even though various diversity studies
have been reported in garlic worldwide, that helped in the
identification and construction of core germplasm, genetic
diversity studies among Indian garlic germplasm is limited.
Therefore, present study was designed to evaluate the
genetic variability and diversity among Indian garlic
accessions, using SSR markers.

Materials and methods
Plant materials

A total of 53 accessions of garlic, including landraces,
collected from different parts of India were used in the
present study (Table 1).

DNA extraction and SSR genotyping

Total genomic DNA was extracted from fresh and young
leaves following CTAB method (Doyal and Doyal 1990).
The quality of DNA was checked on 0.8% agarose gel and
DNA concentration was determined using a Bio-Rad’s
Smart Spec™ Plus spectrophotometer. PCR (polymerase
chain reaction) and electrophoresis were carried out as
described by Kumar et al. (2009). A total of 24 SSR primer
pairs obtained from previous studies of Ma et al. (2009)
and Cunha et al. (2012) were used for initial screening of
three genotypes (CL Lamba, PG 20 and Godavari). Out of
these 24 SSR primer pairs, 10 primer pairs showed poly-
morphism and they were selected for DNA profiling of 53
garlic accessions (Table 2).

SSR and molecular variance analysis
Data generated using 10 SSR primer pairs on 53 garlic

accessions was scored in binary format. Polymorphism
Information Content (PIC) (Botstein et al. 1980), marker
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Table 1 List of Indian garlic (Allium sativum L.) accessions and their origin

S. no. Accession Collection site S. no. Accession Collection site

1 CL Lamba Bareilly, Uttar Pradesh 28 F-13 PAU, Ludhiana; Punjab

2 Roshnee Mota Bareilly, Uttar Pradesh 29 PG-9 PAU, Ludhiana; Punjab

3 Chachena Mota Bareilly, Uttar Pradesh 30 AVTG-1 PAU, Ludhiana; Punjab

4 Sukha 44 Bareilly, Uttar Pradesh 31 BG-108 PAU, Ludhiana; Punjab

5 Desi Lasan Bareilly, Uttar Pradesh 32 AVTG-4 PAU, Ludhiana; Punjab

6 Kadari Mota Bareilly, Uttar Pradesh 33 PG-32 PAU, Ludhiana; Punjab

7 Hari Rani Bareilly, Uttar Pradesh 34 F-6-SF PAU, Ludhiana; Punjab

8 Jawa Bareilly, Uttar Pradesh 35 PG-24 PAU, Ludhiana; Punjab

9 Kadari 4 Bareilly, Uttar Pradesh 36 F-2-R PAU, Ludhiana; Punjab
10 Cheeniaa Bareilly, Uttar Pradesh 37 PG-35 PAU, Ludhiana; Punjab
11 UP Chatta Bareilly, Uttar Pradesh 38 F-2-SF PAU, Ludhiana; Punjab
12 Kant Gola Bareilly, Uttar Pradesh 39 G-282 NHRDF, Karnal; Haryana
13 CFG-1 Bareilly, Uttar Pradesh 40 G-50 NHRDF, Karnal; Haryana
14 CFG-2 Bareilly, Uttar Pradesh 41 G-323 NHRDF, Karnal; Haryana
15 CFG-3 Bareilly, Uttar Pradesh 42 Bhima Omkar DOGR, Maharashtra

16 CFG-4 Bareilly, Uttar Pradesh 43 GG-4 DOGR, Maharashtra

17 CFG-5 Bareilly, Uttar Pradesh 44 G-355 DOGR, Maharashtra

18 CFG-6 Bareilly, Uttar Pradesh 45 GG-2 DOGR, Maharashtra

19 CFG-7 Bareilly, Uttar Pradesh 46 GG-1 DOGR, Maharashtra

20 CFG-8 Bareilly, Uttar Pradesh 47 Bhima Purpule DOGR, Maharashtra

21 F-1 PAU, Ludhiana; Punjab 48 Phule Basant DOGR, Maharashtra

22 F-2 PAU, Ludhiana; Punjab 49 Godawari DOGR, Maharashtra

23 F-3 PAU, Ludhiana; Punjab 50 GHC-1 Himachal Pradesh

24 F-4 PAU, Ludhiana; Punjab 51 Single Kali Meerut, Uttar Pradesh

25 PG-17 PAU, Ludhiana; Punjab 52 Kashmiri Garlic Kashmir, Jammu and Kashmir
26 PG-20 PAU, Ludhiana; Punjab 53 Indian Garlic Kashmir, Jammu and Kashmir
27 F-5 PAU, Ludhiana; Punjab

PAU Punjab Agricultural University, NHRDF National Horticulture Research Development Foundation, DOGR Directorate of Onion and Garlic

Research

index (MI) (Milbourne et al. 1997) and Resolving Power
(Rp) (Prevost and Wilkinson’s 1999) were also calculated.
Molecular data was processed using NTSY Spc version 2.2
software (Rohlf 1998; Exeter Software, Setauket, NY).
Genetic similarity coefficients of pair-wise comparisons
among the accessions analyzed were calculated based on
Jaccard coefficient (Jaccard 1908) within the Similarity for
Qualitative Data (SIMQUAL) module of NTSYS 2.2. The
Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) clustering method was used to construct the
dendrogram. Principal components analysis (PCA) was
also performed. Analysis of molecular variance (AMOVA)
(Excoffier et al. 1992; Excoffier 1993) was used to calcu-
late variance components within and among the population
with the software GenAIEX6 (Peakall and Smouse 2006).

Population structure analysis

Further, in order to estimate the number of subpopulations
in the garlic germplasm, population STRUCTURE analysis
was carried out using the program STRUCTURE version
2.2 (Pritchard et al. 2000). The membership of each cul-
tivars was tested for K =2 to K =10 with admixture
model. Three independent runs were assessed for each
fixed K and each run consisted of 30,000 burn-in period
and 1,00,000 number of Markov Chain Monte Carlo
(MCMCO) repeats. The optimal value of K was determined
by examination of the AK statistic and L (K) (Evanno et al.
2005) using Structure Harvester program (Earl and von
Holdt 2012). Exact K value could not be obtained due to
log-likelihood values appeared an increasing function of
K for all examined K value. Therefore, true K values may
not have been represented in the model.
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Table 2 Details of SSR primers used for the genotyping of 53 garlic accessions

S. Primer Forward and reverse primer sequence (5— PIC  Rp MI  Number of Polymorhic Polymorphism

no code 3" band band %

1 Asa06 GGGGTGTTACATTCTCCCCT 0.891 325 624 7 7 100
ACCGCCTGATTTTGCATTAG

2 Asa07 CTCGGAACCAACCAGCATA 0509 4.04 1.14 4 3 75
CCCAAACAAGGTAGGTCAGC

3 Asa08 TGATTGAAACGAATCCCACA 0.83 547 664 8 8 100
GGGGGTTACCTGAACCTGTTA

4 Asal0 TTGTTGTTCTGCCATTTT 0.798 3.10 3.19 4 4 100
GATCTAAGCCGAGAGAAA

5 Asal7 TCCACGACACACACACACAC 0305 577 041 3 2 66.66
ATGCAGAGAATTTGGCATCC

6 Asa24 TTGTTGTGCCGAGTTCCATA 0.525 267 1.05 2 2 100
CAGCAATTTACCAAAGCCAAG

7 Asa3l CAGAGACTAGGGCGAATGG 0.499 2.08 025 2 1 50
ATGATGATGACGACGACGAG

8 Asa59 CGCTTACTATGGGTGTGTGTC 0.999 0.075 1.99 2 2 100
CAAGTGGGAGACTGTTGGAG

9 EU909133 CACAGCAACATGCACCAT 0.499 2.037 025 2 1 50
TGCCGGAACTCGATATT

10 EU909138 AATCTCCCTCCAAAGTCCC 0.736 355 3.68 5 5 100
CCTGTATTTTGTGTAAAGCATCA

Average 0.65 320 248 3.90 3.50 84.16

PIC polymorphism information content, Rp resolving power, MI marker index

Results
Molecular marker analysis

Based on the amplification by 10 SSR primer pairs, total of
39 bands were detected ranging from two to eight bands
with mean value of 3.9 bands per primer pair. Out of 39
bands generated by the SSR primer pairs, 35 were poly-
morphic and four were monomorphic, thus generating
84.16% average polymorphism (Table 2). SSR primer
Asa(08 (Fig. 1), produced highest number of bands i.e. 8.0
followed by SSR primer Asa06, (7 bands). The PIC ranged
from 0.30 (Asal7) to 0.99 (Asa59) with an average of 0.65.
Marker index ranged from 0.25 (Asa31, EU909133) to 6.64
(Asa08) with an average 2.48. Resolving power of the
primer pairs ranged from 0.07 (Asa59) to 5.77 (Asal7)
with an average 3.20. The UPGMA dendrogram repre-
senting all the 53 garlic accessions clustered into two major
groups (Group I to II) at the coefficient of GS = 0.32
(Fig. 2a). The group II contains maximum number of 52
accessions. Group II could be further divided into two
subgroups, namely, Ila and IIb with further division into
minor subgroups i.e. Ilal, Ila2, IIbl and IIb2. Major group
I contained single accession named “PG20”. Minor
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subgroups Ilal and IIb2 contained solitary accession
namely “CL Lamba” and Indian Garlic” respectively.

The results of a cluster analysis based on UPGMA
were mostly consistent to the results obtained by PCA
(Fig. 2a, b). In both analysis, accessions namely “PG-20",
“Indian Garlic”, “AVTG-4" and “CL Lamba” are found
to be distant from other accessions. PG-20, from Punjab,
also showed its unique characters at morphological level
(data not shown). In the PCA, the first three principal
components explained 61.64% of the accumulated varia-
tion out of which first principal components contributed
46.30%, second principal components contributed 8.86%
and third principal components contributed 6.48%
(Fig. 2b).

Based on AMOVA analysis, by considering location
wise accessions as different representation of population, it
is observed that the genetic diversity due to within popu-
lation variation is about 84% and among populations is
only 16% of variation (Table 3). Accession named GHC-1
from Himachal Pradesh was excluded because of the
requirement of minimum two accessions from one loca-
tion. Moreover, simulation based population structure
model was performed to estimate the subpopulations
among 53 accessions between K =2 to K =10. The
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Fig. 1 Representative gel image depicting PCR amplification using primer pairs SSR Asa08 in 53 selected accessions of garlic. M represents

marker ladder

optimum subpopulation number was determined by the
maximum AK value obtained by the structure harvester.
The most appropriate number of subpopulations was found
to be K = 6 number of subpopulations. The model-based
bar plot showed that 20 accessions were assigned to sub-
population III followed by subpopulation V and I with 10
and 9 accessions respectively. The sub-population IV was
unique and had only accession namely PG-20.

Discussion

Garlic (Allium sativum L.) reproduces only by vegetative
propagation, and yet displays considerable morphological
variation within and between cultivars (Bradley et al. 1996;
Abdoli et al. 2009; Singh et al. 2012). This may be due to
the phenotypic plasticity and mutation presence that makes

the assessment and systematic classification of garlic
problematic (Jo et al. 2012). Therefore, analysis of genetic
diversity and relatedness between individuals is important
for garlic improvement. Jo et al. (2012) analyzed SSR
based genetic diversity in 120 garlic accessions, collected
from five different countries and found that genetic diver-
sity is correlated with geographical regions. Similar to
these results, molecular analysis in present study also
showed that some accessions collected from same geo-
graphical location tend to be present together. Therefore,
present results indicate that molecular diversity is corre-
lated, at least in few cases, with geographical regions. As
suggested by Jo et al. (2012) difference in adaptation of
garlic to diverse ecogeographic conditions and local
selection pressure may be involved in this correlation of
molecular diversity with a particular geographical region.
In the present study, group of accessions collected from
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Fig. 2 a Dendrogram of 53 garlic accessions based on UPGMA analysis and Jaccard similarity coefficient using SSR data. b Results of principal

component analysis (PCA) showing distribution of 53 garlic accessions

the same location were considered as one population.
Accessions included in the present study were obtained
both from public research organization and farmers market
(Table 1). Accessions from farmer market were natural
landraces. Although, accessions obtained from public
research organization could not be considered as true nat-
ural population, they still could possibly be categorized as
populations because originally these accessions were
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collected from local region. Moreover, these accessions
were subjected to mild selection pressure as they were not
part of any improvement programme and simply main-
tained for distribution. Therefore, these accessions along
with accessions from farmers market should represent
natural genetic variation.

Low level of variation is expected in garlic because of
clonal propagation that can reduce variation and
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Table 3 Summary of AMOVA results obtained by SSR genotyping
of garlic accessions

Source df SS MS Est. var. %

Among pops 4 39.853 9.963 0.7 16
Within pops 47 173.839 3.699 3.699 84
Total 51 213.692 4.399 100

consequently show low level of population structure.
Results of the present study are in accordance to some
previous studies in garlic (Panthee et al. 2006; Jo et al.
2012; Cunha et al. 2014; Shaaf et al. 2014; Barboza et al.
2018). Shaaf et al. (2014) studied 31 garlic accessions,
collected from 31 different locations in Iran, using ISSR
and RAPD molecular markers. All 31 accessions were
assigned into only two clusters without admixed classes.
Panthee et al. (2006) studied 179 garlic accessions from
Nepal using morphological characters. All 179 accessions
were grouped to only three distinct clusters suggesting
presence of several duplicates in the collection. Similarly,
Jo et al. (2012) studied 120 garlic accessions, from dif-
ferent countries, that were assigned to 4 clusters with only
3 accessions having admixed ancestry. In the present study
also, 98% of garlic accessions were found to be restricted
to only two clusters as revealed by UPGMA based
clustering.

In the present study, AMOVA analysis revealed 84% of
the variation due to differences within population variation
and only 16% of variation was due to differences among
populations suggesting presence of genetic structure. These
values are in accordance with results of Zhao et al. (2011)
who observed 84.4% variation caused by within population
differences and the remaining 15.6% of variance due to
divergences between groups.

Model based grouping using STRUCTURE estimated
six subpopulations in garlic germplasm based on their
genomic fraction (Fig. 3). These results showed the pres-
ence of genetically distinct populations. The group I (red),
IT (green), III (blue), IV (yellow), V (pink) and VI (light
blue) had 9, 6, 20, 1, 10 and 7 accessions respectively. In
the present study, an accession was allotted to a cluster if
atleast 75% of its genome fraction was estimated to belong
to that cluster. Accessions with membership probabili-
ties < 0.75 were assigned to an admixed group. Out of 53
accessions, 50 were assigned to six groups, and only 3
accessions were retained in the admixed groups. Cluster 111
showed presence of one admixture (CL Lamba) and group
V showed presence of two admixtures (Desi lasan and
CFG-3). Besides these, other accessions which showed
some extent of admixing are “Indian garlic”, “AVTG-4",
“PG-32”, PG-35” and “Cheeniaa”. Admixed individuals

contain chromosomal segments derived from one popula-
tion or another (Pritchard et al. 2000; Falush et al. 2003).
Interestingly, garlic accession “PG-20” came out to be
unique and therefore needs further detailed investigation
for some possible wild race or species. Group III was most
uniform cluster with 15 (75%) of accessions sharing at
least 95% of alleles indicating presence of possible dupli-
cates. Interestingly, out of these 15 accessions, eight (53%)
belonged to Uttar Pradesh and six (40.0%) belonged to
Maharashtra. This possible duplication explains the pres-
ence of garlic clones from same origin in single group.
Groups I, II, V and VI also seem to contain at least three
duplicate accessions based on sharing of at least 95%
alleles. Cunha et al. (2014) studied 130 garlic accessions
from Brazil and other countries. All garlic entries in this
study could be assigned to two main groups indicating the
presence of several duplicates in the collection and there-
fore a core set with 17 genotypes representing the entire
collection was selected. In the present study also, presence
of duplicates, especially in landraces, seems to be the
reason of accession from same origin present together.
Common practice among growers to rename accessions
locally could also be the reason of this duplication (Cunha
et al. 2014). Some other AFLP based diversity studies in
garlic also reported presence of several duplicates (up to
64%) (Volk et al. 2004; Ipek et al. 2005; Lampasona et al.
2012). Unlike to seed grown plants, clonally propagated
species like garlic requires regeneration and maintenance
every year which in turn raises cost of maintenance.
Therefore, molecular marker analysis is quite useful, in the
identification of possible duplicates and to further reduce
the cost involved in the annual maintenance. Results of
cluster analysis, PCA and grouping by population struc-
turing corresponds up to some extent, suggesting reliability
of analysis.

Considering that garlic is almost propagated by vege-
tative means and thus lack genetic recombination, the level
of polymorphism observed in this study may therefore be
considered high. In the present study, three or more bands
of uncertain origin were also observed as reported in pre-
vious molecular marker based studies (Ipek et al.
2005, 2008; Jo et al. 2012). Ipek et al. (2005, 2008) and Jo
et al. (2012) reported presence of more than one allele at
single locus in many garlic accessions, suggesting dupli-
cation may be common in large garlic genome. Genome
duplication occasions help in multiplying the hereditary
materials whereupon evolution can work and gene dupli-
cation gives extra hereditary material to mutation, drift and
selection to act upon, that outcomes one of a kind or new
gene functions. This functional disparity of duplication is
considered important for biological evolution and increase
in biological complexity. Without gene duplication, the
pliancy of a genome or species in adjusting to changing
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Fig. 3 STRUCTURE output
for 53 garlic accessions with
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situations would be seriously limited, because no more than
two variants (alleles) exist at any locus within a (diploid)
individual. That particular copies have added for the pro-
gression of some new functions, for instance, the produc-
tion of floral structures, induction of disease resistance and
stress tolerence. Moreover, whole genome duplications that
have occurred in the ancestries of a several adapted crop
species, including wheat (Triticum aestivum), cotton
(Gossypium hirsutum), and soybean (Glycine max), have
added to essential agronomic attributes, for example,
organic product shape, grain quality, and blooming time.
Considering this, genome duplication and presence of
unique or specific alleles in a particular accession may
contribute to genetic improvement in garlic.

The genotypes from highly divergent groups can be used
towards their desirable/complimentary trait for the genetic
improvement of garlic effectively (Gupta et al. 1992).
Genetically unique accessions, avoiding duplicates, from
different clusters should be preserved. As suggested by
Shaaf et al. (2014), emphasis should be made on the col-
lection and preservation of landraces, wild and weedy
relatives that could help to identify novel genes suit-
able for local acclimatization and introgression into new
cultivars . Besides this, development of fertile garlic clones
as discussed by Etoh and Simon (2002) is highly advan-
tageous. The present study shows existence of significant
variability in Indian germplasm with potential of further
improvement. In our study, we identified four highly
diverse genotypes namely PG-20, Indian Garlic, AVTG-4
and CL-Lamba. These highly diverse genotypes can be
utilized for further improvement.
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