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Abstract

Garlic (Allium sativum L.) genotypes differ considerably in
flowering characteristics, pollen viability and seed
production ability. In all the ten genotypes studied, removal
of developing bulbils resulted in seed production. The
maximum seed production was observed in the genotypes
5366 and 5381 which produced more than twenty seeds per
umbel. The success of more than 196 total seeds from 20
umbels of all the ten genotypes after bulbils removal confirms
that garlic seed setting percentage is highly genotype
specific and bulbils removal as critical for seed production
success. All the genotypes had yellowish green flowers
with light purple tinge. The small size bulbils were usually
purple cream or cream purple but with maturity its upper
tips become brown. All the genotypes had pollen viability
within range of 0-10.5% but on seeding no seed was
germinated. Due to short days conditions in Punjab, garlic
plants do not have sufficient day length for viable true seed
production but if in long day conditions the methodology
used in the study is followed, then the chances of viable
true seed production of garlic is very high. The production
of garlic seed by bulbils removal is labour intensive and
consequently would not be practical for commercial large
scale seed production but would be used in breeding
programme as it generates genetic variation which can be
exploited for improvements of yield, tolerance to biotic and
abiotic stresses and quality.
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Introduction

Garlic cloves are sometimes refers to as “garlic seed,”
but seed produced after sexual reproduction is actually
a true seed. It is considered to be completely sterile plant
and is, therefore, commercially propagated only by
cloves. The cause of this sterility has been variously
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attributed to several possible mechanisms: garlic could
be a sterile hybrid resulting from the cross of two fertile
ancestral species (Etoh 1985); competition for nutrients
between flowers and vegetative buds or topsets or bulbils
in the developing inflorescence (Koul and Gohil 1970;
Etoh and Simon 2002); the tapetum may degenerate
before pollen mitosis (Novok 1990); a series of
“degenerative-like-diseases” induced by organisms such
as rickettsia, mycoplama and/or viruses which may
interfere with sexual reproduction (Konvicka 1973,
Konvicka et al. 1978); or observed floral morphological
abnormalities.

Since garlic has been propagated asexually by cloves
for many generations, an accumulation of chromosome
aberrations such as aneuploidy and translocations and/
or inversions could also significantly reduce the incidence
of balanced gametes. Marked variation among garlic
genotypes with respect to flowering ability and the ratio
of flowers and topsets (bulbils) in the umbel suggested
that garlic is undergoing a process of transition from
sexual to asexual reproduction (Etoh 1985). According
to this hypothesis, ancestral garlic had normal meiosis,
was fertile, and developed numerous flowers and bulbils
in the long-scaped umbel. Compared with modern sterile
cultivars, this type probably had greater tolerance to cold
and heat, larger numbers of differentiated foliage leaves,
late maturing and sterile. Domestication and subsequent
cultivation of garlic would probably have accelerated
selection for larger bulbs which promoted sterility, as
production of scapes reduces bulb yield, and garlic
growers have often eliminated flowering plants.
Therefore, variation in garlic occurs only through
random or induced mutation (Burba 1993) and/or
somaclonal variation (Novak 1990) and new cultivars
are bred by clonal selection, induced mutations,
somaclonal variation or genetic engineering (Jones and
Mann 1963, Rubatzky and Yamaguchi 1997, Robinson
2007). The lack of sexuality in garlic limits the variability
that is useful for breeding for economically important
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traits such as tolerance to biotic and abiotic stress,
earliness, yield and quality (Kamenetsky 2007).

Restoring fertility in this crop would provide new genetic
combination for breeding purpose or genetic studies.
Hence, fertility restoration in garlic has become a major
goal of garlic researchers, and attention has been
directed towards the morphological and physiological
processes during florogenesis (Etoh and Simon 2002,
Kamenetsky and Rabinowitch 2001, Pooler and Simon
1994, Simon and Jenderek 2004). Fertility restoration
in garlic has been attempted by many researchers (Etoh
1985, Pooler and Simon 1994, Etoh et al. 1988,
Kamenetsky et al. 2004, Konvicka 1984) and it has been
suggested that the presence of vegetative bulbils is the
major cause of sterility. By removing the bulbils and
applying antibiotics to the floral stems, Konvicka (1984)
obtained 17 viable seeds. Later Etoh et al. (1988)
discovered some fertile garlic clones. By manually
removing bulbils from the inflorescence, he obtained
many viable seeds from fertile and semi-fertile clones.
Consequently, studies of floral developmental physiology
and sexual hybridization have been possible. Pooler and
Simon (1994) improved seed set by scape decapitation
and removal of bulbils, but they found that seed
germination rates were low, ranging between 10 and
12%. Later, Inaba et al. (1995) and Jenderek (1998)
obtained 50,000 and 1.2 million garlic seeds, respectively.
In the later work, 27 clones were classified as highly
fertile, producing over 400 seeds per umbel, with seed
germination of 67-93%. The removal of bulbils was
necessary only in the early generations, as the strong
selection pressure for blooming and seed production
resulted in improved seed set. The remarkable effect of
selection on the improvement of garlic seed production
indicates the significance of the genetic control of this
trait. Recently, fertile accessions were identified in the
USDA garlic collections (Jenderek and Hannan 2000,
Jenderek and Hannan 2004). Sexual reproduction in
garlic has the practical significance as it generates genetic
variation which can be exploited in garlic breeding for
improvements of yield, tolerance to biotic and abiotic
stresses, and quality. Seed propagation of garlic would
be more economical method to eliminate viruses and
nematodes than the labour intensive meristem culture
used today. Because of small size of garlic seed, it is
easier to handle, store and transport as compared to
cloves which ultimately reduce its production cost.
Besides economic benefits of true seed production,
sexual reproduction in garlic would provide a means
for evaluating the extent of variation in garlic genome.
Seed propagation of garlic on a massive scale may
become a feasible option in the future (Etoh and Simon
2002, Simon and Jenderek 2004).
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In spite of the above studies conducted by various
researchers, fertile and seed producing germplasm in
garlic is still not readily available for garlic breeders and
seed producers. The objective of the study was to
evaluate fertile garlic genotypes collected from USA for
seed producing ability (after bulbil removal from the
inflorescence) and fertility under Punjab conditions.

Material and Methods

Plant material, bulbil removal and seed production

For the present study, 10 garlic genotypes from USA
collection were used. Five cloves of each genotype were
planted at the Vegetable Research Farm of Department
of Vegetable Science, Punjab Agricultural University,
Ludhiana during October 2012. Ludhiana is situated at
30°54' North latitude and 70°45" east longitude with
mean height of 247 m above mean sea level.

Spathe of inflorescences (umbels) of all the genotypes
was opened manually when bulbils along with flowers
filled the spathe completely. After opening the spathe,
bulbils were removed from the inflorescence with fine
forceps. Bulbil removal is a combination of plucking
them out with tweezers and rocking them out to dislodge
them. Care was taken while bulbils removal that no
damage occurred to the developing flowers in the
inflorescence. After the initial removal of bulbils, a
second removal was done 7 days later to extirpate bulbils
that typically remain on the inflorescence during the
initial bulbils removal process. The senescence of garlic
plants was delayed be giving ample water.

The swelled ovaries are indication of seeds development
process. Thereafter, the scapes were cut at the level
where pseudostem starts but after successful pollination
and fertilization of umbels (easily identified with swollen
ovaries) and thereafter these scapes were kept in water
bucket and placed in netted shade nets till the maturity
of seed (Figure 1). The scapes lost colour or became
slimy toward their base during the lengthy seed
maturation process. Therefore, the brownish or slimy
portion of the scape was trimmed and shortened as
necessary so that a viable part of the scape remains in
water and can continue to sustain the umbel. Harvesting
was done when the seeds were completely dried and
seed ovaries splits. Dried umbels were threshed to release
seeds. Garlic seeds are approximately half the size of
onion seeds, resembling them in shape and color.

Pollen grains viability studies

Three flower buds from each genotype were collected
before anthesis, when pollen was mature but anthers
non-dehiscent, fixed in fixative (1 part 100% ethyl
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Figure 1. Different stages of true seed production in garlic
(a) Stage-I: Spathe opening; (b) Stage II: Fully opened um-
bel having flower buds and bulbils; (c) Stage III: Umbel
after bulbils removal (d) Stage IV: Mature swelled ovaries
indicating seed development initiation; (e) Stage V: Umbel
containing mature true seeds; (f) Stage VI: True seeds of
garlic

alcohol: 1 part glacial acetic acid) and kept at room
temperature. Thereafter the straining solution was
prepared as per the method suggested by Peterson et
al. (2010). After 24 hours of fixation, the buds were
placed on the filter paper to absorb fixative’s liquid.
Anthers were removed from the flower buds and placed
on the microscope slide; thereafter anthers were
squashed to release pollen. Apply 2-3 drops of strain
solution on microscopic slide having dissected anthers.
Once the sample was in the strain, slowly heat the slide
over the alcohol burner in a fume hood for approximately
30 seconds. A moderate rate of heating (moving the
slide in and out of flame) was done as it gave better
penetration of dye into the cellulose and protoplasm of
the pollen. Place the cover-slip over the samples and
sealed them with transparent nail polish. Slides were
examined using high power microscope mounted with

camera. The fertile pollen grains stained magenta-red
and sterile pollen grains stained blue-green.

Results and Discussion

The garlic inflorescence can be described as an umbel
like flower arrangement, the branches (flower clusters)
of which arise from apical common meristem
(Kamenetsky and Rabinowitch, 2001). In all the
genotypes studied, true seeds were produced but their
number varied. Our observations suggests that if
growing bulbils were removed from the inflorescence,
then young flowers flourished in all the garlic genotypes
studied, the removal of developing bulbils resulted in
development of seeds (Table 1). This may be due to
reduced or no competition between developing flowers
and bulbils after bulbils removal. This is in agreement
with results reported by Etoh et al. (1988); Jenderek
(1998); Konvicka (1984); Koul and Gohil (1970); Pooler
and Simon (1994). The maximum seed production was
observed in the genotypes 5366 and 5381 which
produced more than twenty seeds per umbel. The
success of more than 196 total seeds from 20 umbels
of all the ten genotypes after bulbils removal confirms
our hypothesis that garlic seed setting percentage is
highly genotype specific and bulbils removal as critical
for seed production success. The less production of
seeds in genotypes 5337, 5476 and 5491 may be due to
generation of flower before spathe breaking, possibly
because of shortage of energy and nutrients due to
completion with the sink in the developing underground
bulb. Similar results were corroborated by Pooler and
Simon (1994), Brewster (1994), Kamenetsky and
Robinowitch (2002). The production of garlic seed by
bulbil removal is labour intensive and consequently
would not be practical for commercial large scale
production of seed, but the flexibility it provides will
likely recommend its continued use in small scale
breeding programmes or making initial crosses in large
programmes.

Table 1. True seed production and pollen viability of garlic
genotypes

SrNo Genotype Average number of Pollen viability

seeds per umbel after (%)
removal of bulbils

1 5351 12 9.6
2 5476 1 0
3 7261 7 6.6
4 5366 24 10.5
5 5381 21 9.2
6 5391 13 72
7 5337 1 0
8 5491 2 1.7
9 5338 14 75
10 7107 3 2.5
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Figure 2. Pollen viability test of four genotypes using
Modified Alexander’s Stain (fertile pollens are magenta-red
while sterile are blue-green)

Pollen viability among all the seed producing genotypes
varied from 0-10.5 per cent (Table 1). It was clearly
observed from the figure 2 that fertile pollens were
strained magenta red while sterile were blue green. The
highest percentage of viable pollen was observed in plants
of 5366 (10.5%), followed by 5351 (9.6%) and 5381
(9.2%) i.e. the seed production of these genotypes were
high among other genotypes (approximately 20 seeds
per umbel). The results of pollen viability percentage
were in agreement with the seed production rate. Our
results are in agreement with those of Etoh (1983),
Konvicka (1984).

In addition to these, wide variation in flower
abnormalities was observed (figure 3). The different
types of flower abnormalities were observed in umbel
of different genotypes which includes: the development
of thick green leaflets in place of floral buds, the growth
of second flower along with primary flower resulting
compound umbel, umbel bearing large size bulbils and
few floral buds or umbels having thick leaflets, bulbils
and few degenerative floral buds. It was also observed
that sometime little delay in process of bulbils removal
from umbel encourage the development of these flower
abnormalities.
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Figure 3. Variation of phenotypic expression of inflores-
cence in garlic plants propagated from cloves (a) Inflores-
cence bearing small size bulbils and numerous floral buds
(b) Inflorescence bearing numerous floral buds, bulbils and
modified leaflets (¢) Inflorescence having leaflets only (d)
Inflorescence bearing too large bulbils and few floral buds
(e) Inflorescence bearing medium size bulbils, leaflets and
few degenerative floral buds (f) Inflorescence having com-
pound umbel bearing bulbils and numerous floral buds
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