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ABSTRACT Multiple shoots of garlic (Allium sativum L.) were propagated in bioreactors containing MS medium
supplemented with 2% sucrose for 3 weeks. Microbulbs were induced on MS medium supplemented with 0.1
mg/L. NAA and 11% sucrose for 9 weeks. For multiple shoot proliferation, leaves in the shoot must be removed
before cultures. When the multiple shoots were cultured without removal of leaves, more than 90% of
hyperhydricity and no microbulb formation were observed. Histological observation also indicated irregular size
and shape of the cells in hyperhydricity of the shoot. Microbulbs were strarted to form from the shoot after
7 weeks of culture by protuberance of adventitious shoot buds followed by inner periclinal divisions and
simultaneous anticlinical division in the epidermis of meristematic bulge. Analysis of ploidy level indicated no
phenotypic variations in both multiple shoots and microbulbs induced from the mother plant, suggesting genetic
homogeneity among the regenerants.
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Table 1. Effect of explant types on multiple shoot proliferation of garlic after 3 weeks of culture.

Explant type” Total fresh wt. (mg) Total no. shoots’ Hyperhydricity (%)
Shoot removal 796,11.3 792.0 2.3
Without shoot removal 2678.9 35.8 - 90.1
K%k kokok sk

P - value

* Twenty explants were cultured in each treatment.
Y Vitrified shoots were excluded.

ns, *** *** Nonsignificant or significant at P<0.05, 0.01, 0.001, respectively.



4

Figure 1. Histological observations of normal and vitrified shoots
of garlic as affected by with or without shoot removal before the
culture (bar = 50 um). A, Longitudinal section of a normal shoot
meristem. Cells are nucleated and uniform in size and shape.
Epidermis is well developed; B, Transverse section of a normal
shoot leaf; C, Longitudinal section of a vitrified shoot meristem.
Cells are irregular in size and shape; D, Irregular cell layers in
a vitrified leaf.
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Figure 2. Morphological development of microbulb formation of
garlic during 12 weeks of bioreactor culture. A, Active shoot
proliferation after 3 weeks. Multiple shoots were cultured on MS
medium supplemented with 2% sucrose; B, Basal part of multiple
shoots of garlic; C, Basal part of the shoot just before microbulb
formation; D-F, Leaf of plantlet is short by thicking, forming a
small microbulb during 4-7 weeks of culture; G-H, Complete
formation of a microbulb after 8-9 weeks of culture; I, Enlargement
of a single microbulb after 12 weeks of culture.
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Table 2. Illustrations of developmental stages of microbulb formation of garlic.

Culture Culture
Process period Developmental stages of microbulb formation
stage
(weeks)
I Proliferation stage 1-3 Active proliferation of mutiple shoots of garlic
4 Only a little proliferation and accumulation of anthocyanin in the medium,
development of thick leaves on the upper part
I Pr.eparation stage.of Proliferation rate is fast, more than two times of proliferation stage.
microbulb formation 5.6 The shoot leaf is long, thick, and green in color. Anthocyanin formed amply.
The type of appearance of plantlets indicates the initiation of microbulb
formation.
Microbulb formation but incomplete.
. 7 Upper part of the plantlet becomes thick, short, and a little faded in color, but
It Bulb formation stage plantlets of basal part get thick and long.
8§-9 A completion of microbulb formation
v Bulb growth stage 10 - 12 Enlargement of microbulbs
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Figure 3. Histological observations through longitudinal section of adventitious shoots and microbulbs of garlic cultured in bioreactors
(bar = 50 um). A, Adventitious shoot bud formation (sb) after 3 weeks; B, Protuberance of adventitious shoot bud (psb); C, A group
of meristemoids after 4 weeks of culture; D, Meristem (m) of garlic shoot; E, Inner periclinal divisions and simultaneous anticlinal
division in the epidermis produced a meristematic bulge (mb) after 4-5 weeks of culture; F, Longitudinal section of a thick shoot
(just before the microbulb formation): Well developed meristematic bulge (mb) after 5-6 weeks; G, Bulblet development after 7

weeks.
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Figure 4. Flow cytometric histograms of garlic. A, Mother plant
of garlic (MP) and barley (IS): IS 1, 2, 3 represent nuclei with
2C, 4C and 8C DNA content in barley. MP 1 and MP 2
represent G1 (2C) and G2 (4C) nuclei in garlic; B, In vitro
multiple shoot of garlic cultured for 20 months. MS 1 and MS
2 represent G1 and G2; C, Microbulbs of garlic formed from the
shoot: MB 1 and MB 2 represent G1 and G2.
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