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Differentiation and morphogenetic potential of Allium commutatum Guss. callus tissue 
was investigated in five subcultures. Callus tissue was derived from root tips of in vitro 
grown seedlings and maintained on MS medium supplemented with 3% sucrose, 0.8% 
agar, 4.5 pM 2,4-D and 4.6 pM kinetin. Pieces of calli were subcultured on media with 
different concentrations and combinations of 2,4-D (1.0,2.5 and 5.0 pM) and kinetin (1.0, 
5.0 and 25.0 pM), or without them. After six weeks, the relative increase of callus fresh 
weight, morphological and histological characteristics as well as the induction of adventi
tious shoots and roots were investigated. Histological analysis of callui from the 1st sub
culture showed that callus predominantly consisted of parenchymatous cells surrounded 
with peripheral meristematic regions. Tracheidal elements, individual and arranged in 
rows, were observed in all calli investigated. The best callus growth was achieved on me
dia containing 2.5 pM 2,4-D alone or in combination with kinetin (1.0 and 5.0 pM). Addi
tion of kinetin to the nutrient medium stimulated adventitious shoot induction. The shoot 
formation was improved in later subcultures. The highest number of shoots developed on 
media supplemented with 5.0 pM kinetin alone or in combination with 1.0 pM 2,4-D, as 
well as on media with 25.0 pM kinetin alone or in combination with 1.0 or 2.5 pM 2,4-D. 
The induction of adventitious roots was observed during all subcultures on all media 
tested.
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Introduction

Allium commutatum Guss. is a monocotyledonous crop species belonging to the 
Liliaceae family. It is a typical Mediterranean plant species growing in open habitats on 
small islands and on the coast near the sea. The species is described as diploid, 2n=2x=16, 
with exception of some Greek populations which are triploid and tetraploid (Matthew 
1996). Pavlica and Pevalek-Kozlina (1999) analysed cytogenetical changes in Allium
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commutatum callus cells. They observed relatively low level of chromosome aberrations. 
The low somaclonal variability makes Allium commutatum callus tissue appropriate for in
vestigation of plant regeneration via organogenesis. Several authors have already reported 
plant regeneration from callus cultures of Allium species via organogenesis (Dunstan and 
Short 1978. Shahin and Kaneko 1986, Shavemaker and Jacobsen 1995, Robledo-Paz 
et al. 2000) and via somatic embryogenesis (Shavemaker and Jacobsen 1995, Silvertand 
etal. 1996).

The aim of this study was to investigate differentiation and morphogenetic potential of 
Allium commutatum callus tissue in five subcultures. The callus tissue was cultivated on 
MS nutrient medium supplemented with different concentrations and combinations of 
2,4-dichlorophenoxyacetic acid (2,4-D) and kinetin as well as on medium without them.

Material and methods

Callus tissue was derived from root-tips of in vitro grown Allium commutatum Guss. 
seedlings (Pavlica and Pevalek-Kozlina 1999) and maintained on basal MS medium 
(Murashige and Skoog 1962) supplemented with 0.1 g L“1 meso-inositol, 0.1 g IT1 thia- 
mine-HCl, 0.5 mg IT1 pyridoxine-HCl, 0.5 mg L“1 nicotinic acid, 30 g L~‘ sucrose, 8 g l / 1 
agar, 4.5 pM 2,4-D and 4.6 pM kinetin.

The pieces of calli (0.5 cm3) were transferred to glass tubes containing 20 mL of MS 
medium supplemented with different concentrations and combinations of 2,4-D and 
kinetin, and MS medium without plant growth regulators (control medium). 2,4-D was in
vestigated in concentrations of 1.0,2.5 and 5.0 pM, and kinetin in concentrations of 1.0, 5.0 
and 25.0 pM. The pH value of all nutrient media was adjusted to 5.8 before autoclaving.

The callus cultures were incubated in a growth chamber at 24 ± 2  °C with a 16-hour 
photoperiod (40 W fluorescent light, 80 pE“V )  and subcultured in a 6-week period. The 
relative increase of callus fresh weight, morphological and histological characteristics, as 
well as induction of adventitious shoots and roots during five subcultures were investi
gated. Samples of calli from the Is' subculture were also used for histological analysis (all 
methods described by Vujevic et al. 1999).

Twelve callus cultures were used for each treatment. All results were expressed as mean 
values ± standard deviation. Statistical significance was evaluated by Student's t-test 
(P < 0.05).

Results and discussion

Typical callus tissue of A. commutatum was yellowish, compact and nodular (Fig. 1). 
According to Novak (1990), all Allium species have a strong tendency to form a compact 
callus. Callus tissue was relatively slow growing, which is in accordance with the results of 
Seo et al. (1995). In addition to typical callus tissue, softer whitish callus was observed on 
media without 2,4-D. Greenish parts of calli were noticed on the majority of media tested.

The callus tissue grown on media containing 1.0, 2.5 and 5.0 pM 2,4-D and 1.0, 5.0 and 
25.0 pM kinetin proliferated better than calli grown on media containing lower concentra
tions of 2,4-D (0.02, 0.05 and 0.1 pM) and kinetin (0.02, 0.1 and 0.5 pM) investigated by 
Vujevic et al. (1999). The highest increase of callus fresh weight was achieved on media
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containing 2.5 pM 2,4-D alone or in combination with kinetin (1.0, 5.0 and 25.0 pM) (Tab. 
1). The increase of callus fresh weight was relatively high on media containing 1.0 and 5.0 
liM  2,4-D alone or in combination with kinetin,

On medium without growth regulators, fresh weight decreased. The lack of 2,4-D in nu
trient media also resulted in poor callus proliferation and therefore a low increase of callus 
fresh weight. A similar result was reported by Seo et al. (1995), who achieved good callus 
formation in Allium victorialis var. platyphyllum only when cytokinin was used in combi
nation with auxin.

We noticed a strong influence of 2,4-D on callus induction and proliferation, which is in 
accordance with the results of Hong and Debergh (1995) and Castillo et al. (1998). At 
the same time, 2,4-D has an inhibitory effect on shoot regeneration (Dunstan and Short 
1978, Philips and Luteyn 1983, Shahin and Kaneko 1986, Silvertand et al. 1996), prob
ably due to lowering cytokinin level. Decreasing the cytokinin level by auxins may occur 
either by inhibition of cytokinin biosynthesis or by promotion of cytokinin metabolic inac
tivation. The inhibitory effect of auxins could be overcome by the addition of kinetin 
(Kami'nek et al. 1997). In general, the balance between auxin and cytokinin concentration 
is known to be a main mechanism for in vitro organogenesis. This statement was postulated 
by Skoog and M iller in 1957 and reconfirmed by our research.

The addition of kinetin to the nutrient medium stimulated adventitious shoot induction 
(Fig. 2). The shoot formation started during the 2nd subculture. In later subcultures the num
ber of callus cultures with adventitious shoots increased (Tab. 2). The highest number of

Tab. 1. The effect of different concentrations and combinations of 2,4-D and kinetin on Allium 
commutatum callus tissue fresh weight increase in five subcultures. Basal medium: MS with 
30 g L”1 sucrose and 8 g L_1 agar (results estimated after 6 weeks in culture).

GROWTH REGULATORS ( p M ) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ INCREASE OF RELATIVE FRESH WEIGHT *

2 , 4 - D KIN 1 sl s u b c u l t u r e 2 " J s u b c u l t u r e 3 d s u b c u l t u r e 4 *  s u b c u l t u r e 5 lh s u b c u l t u r e

0 0 1 . 8 6  ± 2 . 5 5 1 . 3 6 + 0 . 8 9 0 . 0 2 + 0 . 0 9 0 . 1 6 + 0 . 1 2 0 . 1 9 + 0 . 1 4

1 . 0 0 1 . 8 3 + 1 . 0 0 5 .6 6 + 2 .8 3 3 .4 2 + 0 .7 0 3 .7 2 + 0 .6 3 4 .6 3 + 1 .2 7

2 . 5 0 3 . 8 0 + 2 . 5 0 5 .5 6 + 2 .8 3 3 .41  +  1 .3 2 3 .7 5 + 1 .4 3 3 .2 9 + 0 .5 3

5 . 0 0 0 . 7 2  +  0 7 6 2 . 0 2 + 3 . 2 0 3 .6 6 + 2 .2 6 2 .9 0 + 0 .8 0 3 .5 6 + 0 .5 3

0 1 . 0 1 . 8 0 + 3 . 2 7 1 . 6 5 +  1 . 7 3 0 . 3 0 + 0 . 5 6 0 . 0 0 + 0 . 2 0 0 . 1 5  +  0 . 1 0

1 . 0 1 . 0 0 . 7 9 +  1 . 4 2 2 . 1 7 +  1 . 4 2 3 .0 2 +  1 .0 0 2 .4 0 + 0 .7 8 3 .0 2 + 0 .6 5

2 . 5 1 . 0 2 . 1 8 + 1 . 3 1 4 .7 7 + 2 .7 0 3 .9 5 + 1 .1 6 2 .9 7 + 0 .5 4 3 .4 9  ±  0 .8 9

5 . 0 1 . 0 1 . 5 9 + 1 . 8 0 4 .6 9 + 4 .7 7 3 .4 8 +  1 .0 8 2 .6 0 + 0 .3 8 2 .5 4 + 0 .5 2

0 5 . 0 0 . 5 3 + 1 . 3 4 1 . 5 5 + 3 . 2 8 2 . 4 4 + 2 . 2 0 1 . 1 5  +  2 . 1 2 0 . 8 2 + 1 . 0 8

1 . 0 5 . 0 1 . 1 6 +  1 . 3 3 3 .8 8 + 2 .1 8 3 .6 2 +  1.01 3 .1 7 +  1 .0 2 2 .7 3 + 0 .5 9

2 . 5 5 . 0 2 . 5 2 + 1 . 8 7 5 .9 8 + 1.81 3 .3 9 + 1 .3 5 2 .7 2 + 0 .8 0 2 .7 5  ±  0.71

5 . 0 5 . 0 1 . 9 1  +  2 . 3 3 6 .0 0  +  4 .1 0 4 .8 3 +  1 .4 5 3 .6 3 + 1 .5 0 2 .9 2 + 1 .1 5

0 2 5 . 0 1 . 6 6 +  1 . 7 4 2 . 2 6 + 2 , 3 2 1 . 2 1  +  2 . 0 1 0 .7 2  ±  0 .71 0 . 0 0 + 0 . 3 4

1 . 0 2 5 . 0 3 . 8 5 + 2 . 4 4 3 .4 6 + 2 .4 9 2 .4 6 +  1 .7 4 2 .71  ±  2 .6 7 1 .2 2 +  1 .4 5

2 . 5 2 5 . 0 3 . 2 9 + 3 . 0 5 3 .4 7 +  1 .89 3 .5 0 + 1 .0 5 3 .3 3 + 0 .8 6 3 .0 6 + 1 .1 5

5 . 0 2 5 . 0 1 . 1 1  ±  1 . 8 6 2 . 4 2 + 2 . 1 6 2 .7 6 + 2 .4 8 3 .8 0 +  1 .2 9 2 . 9 9 +  1 . 11

* mean value ± standard deviation
boldface numbers indicate significant increase (P < 0.05) of callus tissue fresh weight in comparison to control 
medium
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Tab. 2. The effect of different concentrations and combinations of 2,4-D and kinetin on Allium 
commutatum callus tissue adventitious shoots induction in five subcultures. Basal medium: 
MS with 30 g L~' sucrose and 8 g Lr1 agar (results estimated after 6 weeks in culture).

GROWTH REGULATORS (p M ) ADVENTITIOUS SHOOT INDUCTION'

2,4-D KIN I a subculture 2 “ 1 subculture 3 ,d subculture 4“1 subculture 5 *  subculture

0 0 2 / 3 . 0 2 / 7 . 0

1.0 0
2 .5 0

5.0 0

0 1.0
1.0 1.0
2.5 1.0
5.0 1.0

0 5.0 2 / 1 1 . 0 9 / 1 0 . 7 1 0 /8 .1 8 / 9 . 3

1.0 5.0 3 / 3 . 0 4 / 3 . 3 4 / 1 . 8

2.5 5.0

5.0 5.0

0 25.0 3 / 4 . 3 2 / 8 . 0 2 / 2 . 0

1.0 2 5 .0 2 / 1 . 5 3 / 3 . 0 2 / 1 0 . 0 2 / 9 . 0

2.5 2 5.0 2 / 2 . 0 5 / 3 . 6 9 / 3 . 1 8 / 5 . 1

5.0 2 5 .0

* number of callus cultures with adventitious shoots / mean number o f  shoots per callus

shoots developed on medium supplemented with 5.0 pM kinetin alone and on medium with 
25.0 pM kinetin alone or in combination with 2.5 pM 2,4-D. Adventitious shoots also de
veloped on medium with 5.0 pM kinetin and 1.0 pM 2,4-D and on medium with 25.0 pM 
kinetin alone or in combination with 1.0 pM 2,4-D, as well as on control medium.

Fig. 1. Typical Allium commutatum callus tissue was yellowish, compact and nodular (MS medium 
without growth regulators).

172 ACTA BOT. CROAT. 60 (2), 2001



DIFFERENTIATION OF ALLIUM COMMUTATUM GUSS. CALLUS TISSUE

Fig. 2. Adventitious shoots induced in Allium commutatum callus tissue grown on MS medium sup
plemented with 2.5 pM 2,4-D and 25.0 pM kinetin during 5th subculture.

Fig. 3. Adventitious roots induced in Allium commutatum callus tissue grown on MS medium sup
plemented with 5.0 pM 2,4-D and 1.0 pM kinetin during 5th subculture.

The induction of adventitious roots was noticed in a very high percentage of callus cul
tures grown on all media tested during all subcultures (Fig. 3). The highest root induction 
potential was noticed on control medium, where more than 10 roots per callus were 
formed. The addition of kinetin in concentrations higher than 1.0 pM slightly inhibited the 
root formation potential. In callus cultures grown on media containing 5.0 and 25.0 pM 
kinetin, less than 10 roots per callus were developed.
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The formation of globular structures resembling somatic embryos was noticed on me
dia containing 2,4-D (in all concentrations tested) in combination with 1.0 and 5.0 pM 
kinetin as well as without kinetin. Pavlica and Pevalek-Kozlina (1999) reported somatic 
embryo formation on MS medium containing 2.5 pM 2,4-D. Several authors (Hong and 
Debergh 1995, Castillo et al. 1998) observed that the presence of 2,4-D was a prerequi
site for somatic embryo induction in Allium porrum L. and Allium Jïstulosum L. They also 
observed that further development and maturation of proembryos could occur only on me
dium lacking 2,4-D. The same was observed with carrot somatic embryos (Sung and 
Okimoto 1981). In our investigations, globular structures did not developed into mature 
somatic embryos, probably due to the presence of 2,4-D.

From the results we obtained, the medium containing 5.0 pM 2,4-D and 5.0 pM kinetin 
turned out to be the best for callus maintenenace, since it allowed good callus proliferation 
without adventitious organ formation. Golczyk (1994) used this medium for Allium 
sibiricum L callus maintenance.

Histological analysis of callus tissue grown on all media tested showed that it predomi
nantly consisted of parenchymatous cells. The clumps of parenchymatous cells were sur
rounded with meristematic regions. The formation of meristematic regions was vigorous in 
calli grown on media containing higher concentrations of kinetin (Kami'nek et al. 1997). 
Tracheidal elements, individual and arranged in rows, were observed in calli grown on all 
media tested. The histological analysis did not show a significant difference to results ob
tained by Vujevic et al. (1999), who investigated the histology of Allium commutatum cal
lus tissue grown on media containing lower concentrations of 2,4-D and kinetin.

Acknowledgment

The research was supported by Ministry of Science and Technology of Republic 
Croatia (Project No. 119116). The authors would like to thank to Mrs Martina Kantolic for 
her assistance.

References

Castillo, A. M., Egana, B., C istue, L., 1998: Somatic embryogenesis and plant regenera
tion from barley cultivars grown in Spain. Plant Cell Rep. 17, 902-906.

Dunstan, D. I., Short, K. C., 1978: Shoot production from onion callus tissue cultures. 
Sci. Hort. 9, 99-110.

Golczyk, H., 1994: Cytological changes in tissue culture of Allium sibiricum L. Acta Biol. 
Cracov. 36, 31-37.

Hong, W„ Debergh, P, 1995: Somatic embryogenesis and plant regeneration in garden 
leek. Plant Cell Tiss. Org. Cult. 43, 21-28.

Kami'nek, M., M otyka, V., Vankova, R., 1997: Regulation of cytokinin content in plant 
cells. Physiol. Plant. 101, 689-700.

Matthew, B., 1996: Areview of Allium section Allium. Whitstable Litho Ltd., Whitstable. 
Murashige, T., Skoog, F., 1962: A revised medium for rapid growth and biossay with to

bacco tissue culture. Physiol. Plant. 15, 473-497.

174 ACTA BOT. CROAT. 60 (2), 2001



DIFFERENTIATION OF ALLIUM COMMUTATUM GUSS. CALLUS TISSUE

Novak, F. J., 1990: Allium tissue culture. In: Rabinowitch, H. D., Brewster, J. L. (eds.), 
Onions and allied crops, Vol. 1, 234-250. CRC Press, Inc., Boca Raton, Florida.

Pavlica, M., Pevalek-Kozlina, B., 1999: Cytological changes in callus cultures of Allium 
commutation Guss. Phyton (Horn) 39, 301-304.

Phillips, G. S., Luteyn, K. J., 1983. Effects of picloram and other auxins on onion tissue 
cultures. J. Amer. Soc. Hort. Sci. 108, 948-953.

Robledo-Paz, A., Villalobos-ArAmbula, V., Jofre-Garfias, A., 2000: Efficient plant 
regeneration of garlic (Allium sativum L.) by root-tip culture. In Vitro Cell. Dev. Biol. -  
Plant 36, 416—419.

Seo, B. B., Lee, S. H., Pak, J. H., Kim, I. S„ Song, S. D., 1995: Karyological analysis of 
somaclonal variation in callus cells of Allium victoralis var. platyphyllum. Kor. J. Plant 
Biol. 38, 321-328.

Shahin, A. E., Kaneko, K., 1986: Somatic embryogenesi.s and plant regeneration from cal
lus cultures of non bulbing onions. Hort. Sci. 21, 294-295.

Shavemaker, C. M., Jacobsen, E., 1995: Development of cyclic somatic embrvogenesis 
regeneration system for leek (Allium ampeloprasum L.) using zygotic embryos. Plant 
Cell Rep. 14: 227-231.

SlLVERTAND, B., van Rooyen, A., Lavrijsen, P., van Harten, A. M., Jacobsen, E., 1996: 
Plant regeneration via organogenesis and somatic embryogenesis in callus cultures de
rived from zygotic embryos of leek (Allium ampeloprasum L.). Euphytica 91.261-270.

Skoog, E, M iller, C. O., 1957: Chemical regulation of growth and organ formation in 
plant tissues cultured in vitro. Symp. Soc. Exper. Biol. 11, 118-131.

Sung, Z. R., Okimoto, R., 1981: Embryogenic proteins in somatic embryos of carrot. Proc. 
Natl. Acad. Sci. USA 78, 3683-3687.

Vujevic, M., Pevalek-Kozlina, B., Pavlica, M., Solic. M. E., 1999: Shoot and root re
generation from callus tissue of Allium commutation Guss. ActaBot. Croat. 58,57-64.

ACTA BOT. CROAT. 60 (2), 2001 175


