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COMPARISON  OF  Allium aflatunense B. Fedtsch.  
‘PURPLE  SENSATION’  AND  Allium karataviense Regel. 
‘IVORY  QUEEN’  REGENERATIVE  CAPABILITIES  
IN  TISSUE  CULTURE 

Danuta Kozak, Magdalena Stelmaszczuk 
University of Life Sciences in Lublin 

Abstract. Allium aflatunense and Allium karataviense are valuable bulbous plants grown 
in a garden. Moreover, Allium aflatunense is one of the most decorative species for cut 
flowers industry. These plants characterize with a low multiplication rate. Immature inflo-
rescence stem sections and leaf bases isolated from ‘Allium aflatunense ‘Purple Sensation’ 
and Allium karataviense ‘Ivory Queen’ bulbs in October were used as source of explants for 
shoot regeneration. The use of a two – step sterilization procedure (2% Cl- – 30 min and 1% 
Cl- –15 min) gave much better results than a one – step (2% Cl- – 30 min). Inflorescence 
explants in inverted orientation were cultured on a Murashige and Skoog [1962] medium 
containing BA in concentration of 2 mg·dm-3 and NAA in concentration of 1 mg·dm-3. 
Leaf bases placed in normal and inverted orientation were incubated on MS medium sup-
plemented with: BA 2 mg·dm-3 plus NAA 1 mg·dm-3, BA 5 mg·dm-3 plus NAA 1 mg·dm-3 
and TDZ 1 mg·dm-3 plus NAA 1 mg·dm-3. In subsequent experiments clumps consisting 
of 2 shoots were cultured on MS medium containing BA 0.5, 1, 2 mg·dm-3 with NAA 
0.1 mg·dm-3 and BA 2 mg·dm-3 with IAA 0.1 mg·dm-3 for 6 weeks. A multiplication rate 
during four subcultures on medium with addition of BA 0.5 mg·dm-3 and NAA 
0.1 mg·dm-3 was also examined. Explants from young inflorescences and from immature 
leaf bases were found effective to form shoots. The orientation of leaf explants did not 
have a significant effect on the number of regenerating shoots. 5.7 to 7.5 shoots were 
achieved for Allium aflatunense ‘Purple Sensation’ on studied media during 6 weeks of 
multiplication and 3.5 to 5.1 shoots for Allium karataviense ‘Ivory Queen’. Multiplication 
rate of 31.3 shoots for Allium aflatunense ‘Purple Sensation’ and 26.6 shoots for Allium 
karataviense ‘Ivory Queen’ was possible to obtain on medium supplemented with BA 
0.5 mg·dm-3 and NAA 0.1 mg·dm-3 after 32 weeks of culture. 
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ABBREVIATIONS  

BA – 6-benzylaminopurine,  
2-iP – 6-,-(dimethylallylamino)-purine,  
IAA – indole-3-acetic acid,  
IBA – indole-3-butyric acid,  
NAA – naphthalene-acetic acid,  
TDZ – thidiazuron,  
MS – Murashige and Skoog medium,  
NaOCl – sodium hypochlorite. 

INTRODUCTION 

One of the most decorative ornamental alliums is Allium aflatunense ‘Purple Sensa-
tion’ with pink purple flowers gathered in spherical inflorescences of 10 cm in diameter 
which grow on 90–150 cm tall stalks. These plants are ideal for containers, mass plant-
ing, borders and as cut flowers. They bloom from late spring to early summer. Another 
valuable ornamental plant is Allium karataviense ‘Ivory Queen’. Because of its short 
stems it is suitable for planting in containers and in rock gardens. It produces balls of 
white flowers on 20 cm stems in May and June. The stems are held above rosettes of 
wide, pleated, fleshy and leathery, silver-grey leaves.  

There are few articles on in vitro propagation of ornamental Allium. They concern 
mainly two species: Allium aflatunense [Evenor et al. 1997a, b, Subotić et al. 2006] and 
Allium giganteum [Inagaki et al. 1992, 1994, Šušek et al. 2002].  

Very important step in culture in vitro is sterilization of explants for aseptic culture 
establishment. Explant contamination depends on many factors as species, plant age, 
explants source, weather condition. Underground organs, like bulbs, tubers or rhizomes 
are very difficult to reduce contaminations [Custers and Bergervoet 1994, Sochacki and 
Orlikowska 1997, McCartan and Van Staden 1998, Kozak 1999]. 

In vitro regeneration of Allium species was initiated from a range of explant sources, 
including: shoot tips [Ziv et al. 1983, Pandey et al. 1992, Mohamed-Yasseen et al. 1994, 
Ucman et al. 1998, Gantait et al. 2009], stem discs [Ayabe and Sumi 1998, Xu et al. 
2008], young leaves [Inagaki et al. 1992, Bockish et al. 1997, Fereol et al. 2002, Xu et 
al. 2009], flower organs [Evenor et al. 1997a, b], basal plates [Barringer et al. 1996, 
Evenor et al. 1997a, b, Cho et al. 2007, Yan et al. 2009], root tips [Haque et al. 1998, 
2000, Robledo-Paz et al. 2000, Khar et al. 2005].  

The way of explants position was suggested to influence the rate of regeneration of 
geophytes. It was found that inflorescence stem pices of Gladiolus [Ziv et al. 1970], 
leaves explants of Narcissus [Seabrook et al. 1976, Kozak 1991] and peduncle-pedicel 
junctions of Clivia [Ran and Simpson 2005] produced more shoots in inverted position 
than in the non-inverted ones. 

For the initiation of most Allium species mainly the presence of NAA and BA is re-
quired. Shoot regeneration was obtained on Murashige and Skoog [1962] medium (MS) 
with addition of NAA 0.1–1 mg·dm-3 and BA 2–5.6 mg·dm-3 [Seabrook 1994, Evenor et 
al. 1997a, b, Ziv and Lilien-Kipnis 1997, Haque et al. 2000]. For shoot multiplication of 
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Allium was used MS medium containing: NAA 0.1–1 mg·dm-3 and BA 2–4.5 mg·dm-3 

[Seabrook 1994, Evenor et al. 1997a, b, Haque et al. 2000], IAA 0.5 mg·dm-3 and BA 
1 mg·dm-3, IAA 2 mg·dm-3 and kinetin 10 mg·dm-3 [Evenor et al. 1997a, b]. 

The objectives of the study were to elaborate an efficient method of explants sterili-
zation and evaluate the responses of different explants of Allium aflatunense ‘Purple 
Sensation’ and Allium karataviense ‘Ivory Queen’ on media supplemented with differ-
ent auxins and cytokinins and subsequent multiplication of obtained shoots. No reports 
on the in vitro propagation of Allium karataviense ‘Ivory Queen’ have been published 
so far. 

MATERIAL AND METHODS 

Sterilization of explants. Allium aflatunense B.Fedtsch. ‘Purple Sensation’ and Al-
lium karataviense Regel. ‘Ivory Queen’ bulbs of 18–20 cm circumference obtained 
from the M. Thoolen B.V. Velserbroek – Holland were used in the experiment. After 
digging out the bulbs were soaked in 0.4% Topsin M 500 SC (Nippon Soda Tokyo) 
solution for 60 min and then kept till beginning of October in a storage room with air 
circulation at the temperature of 20–22°C. At the beginning of experiments many Al-
lium explants were discarded because of infection. For this reason sterilization experi-
ment was employed. The bulbs were first thoroughly washed under running tap water 
and then outward scales were stripped off and bulb fragments were thoroughly washed 
in water with addition of detergent, disinfected with 0.4% Topsin solution for 60 min, 
dipped in 70% ethyl alcohol for a few seconds and then dipped in a solution of sodium 
hypochlorite. Following treatments of sterilization were checked: 2 and 4% of active 
chlorine for 30 minutes – one-step sterilization, 2 and 4% of active chlorine for 30 min-
utes and 1% of active chlorine for 15 min – two-step sterilization, 2% of active chlorine 
for 30 min and 0.5% of active chlorine for 15 min – two-step sterilization (tab. 1). Dur-
ing the first step of sterilization bulb fragments were shaken in a sodium hypochlorite 
solution. Inflorescence buds surrounded by leaves were excised aseptically and placed 
on Murashige and Skoog [1962] medium. The cultures were kept in Erlenmeyer flasks 
of 100 ml capacity. Each treatment consisted of 1 explant (1 flask) with 15 repetitions. 
Data on contamination percentage was recorded after 6 weeks of culture. Experiment 
was repeated twice. 

Table 1. Methods of sterilizations used in experiment 

Sterilization 
methods 

Concentration of Cl- 

(%) 
Time  
(min) 

Concentration of Cl- 

(%) 
Time 
(min) 

1 2 30 – – 
2 4 30 – – 

3 2 30 1 15 
4 4 30 1 15 
5 2 30 0.5 15 

 

1 and 2 – one-step sterilization 
3, 4, 5 – two-step sterilization 
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Basal medium and culture conditions. Murashige and Skoog [1962] (MS) basic 
medium containing mineral salts, thiamine – 0.4 mg·dm-3, pyridoxine – 0.5 mg·dm-3, 
nicotinic acid – 0.5 mg·dm-3, glycine – 2 mg·dm-3, myo-inositol – 100 mg·dm-3, sucrose 
– 30 g·dm-3, and Agar-Agar (Lab-AgarTM Biocorp) – 6.5 g·dm-3 was used. The pH of 
the media was adjusted to 5.7 before autoclaving. The cultures were maintained 
at 22°C, with light intensity of 35 µmol·m-2·s-1 from 40 W fluorescent lamps LF and in 
16-h photoperiod. 

Shoot induction from inflorescence stem sections and basal part of leaves. Inflo-
rescence buds surrounded by 5–6 leaves after sterilization with the 3rd method were 
placed on basal MS medium and after 4 weeks inflorescence stem and base of leaves 
were isolated (fig. 1). The flowering stems were cut into 2 mm thick slices and (due to 
limited number) placed only in inverted position on MS medium containing BA 
2 mg·dm-3 plus NAA 1 mg·dm-3. The leaf bases, about 3 mm long, were placed in nor-
mal and inverted position on MS medium supplemented with BA 2 mg·dm-3 plus NAA 
1 mg·dm-3, BA 5 mg·dm-3 plus NAA 1 mg·dm-3 or TDZ 1 mg·dm-3 plus NAA 1 mg·dm-3. 
The cultures were kept in Erlenmeyer flasks of 250 ml capacity. Each combination 
consisted of 5 explants (1 flask) with 4 repetitions. The experiment was repeated twice. 
 

 

Fig. 1. Young leaf bases and inflorescence bud surrounded by leaves taken from Allium aflatun-
ense ‘Purple Sensation’ bulb in October (left-to-right)  

 
Shoot multiplication. Adventitious shoots initiated from primary explants were pro-

liferated on the medium supplemented with BA 0.5 mg·dm-3 and NAA 0.1 mg·dm-3 in 
Erlenmeyer flasks to produce plant stock. Cultures were subcultured every 6 weeks. 
After several passages multiple shoot clusters were divided into 2–3 segments, each 
consisting of 2 shoots and used in experiments. The multiplication rate was tested after 
six weeks on medium supplemented with BA 0.5, 1, 2 mg·dm-3with NAA 0.1 mg·dm-3 
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or BA 2 mg·dm-3 with IAA 0.1 mg·dm-3. The multiplication rate during four subcultures 
with 8 weeks intervals on medium with BA 0.5 mg·dm-3and NAA 0.1 mg·dm-3 was 
examined. The cultures were kept in Erlenmeyer flasks of 250 ml capacity. Each com-
bination consisted of 5 explants (1 flask) with 4 repetitions. 

Data collection and statistical analysis. All measurements were made under lami-
nar air flow chamber. In all experiments shoot length was measured from shoot base to 
leaf peak. The results of the experiments were analyzed statistically with the use of 
a standard statistical procedure with one factorial design and the Tukey test was used to 
estimate the significant differences between the means at a 5% level of significance. 

RESULTS AND DISCUSSION 

Sterilization of explants. Sterilization of explants is one of the very important steps 
in tissue culture. The influence of sterilization method on contamination rate in tissue 
culture of Allium aflatunense ‘Purple Sensation’ was observed. The amount of visually 
clean cultures ranged from 66.6% to 13.3% (tab. 2). The least contaminated explants 
was noted when disinfection with NaOCl solution was done in two-steps, first in solu-
tion containing 2.0% of Cl- for 30 min and then in solution containing 1.0% of Cl- for 15 
min. When the method 4 was applied (4% NaOCl – bulbs and 1% NaOCl – explants) 
softening of tissues, especially basal plate and adjoining layers, was observed.  

Table 2. Effect of sterilization method on cultures purity of Allium aflatunense ‘Purple Sensa-
tion’ inflorescence buds surrounded by leaves  

One-step  
sterilization 

Two-step  
sterilization Bacterial  

contaminations 
Fungal  

contaminations
Pure  

cultures Sterilization 
methods concentra-

tion of Cl- 

(%) 

time 
(min.) 

concentra-
tion of Cl- 

(%) 

time 
(min.) 

(pcs) (%) (pcs) (%) (pcs) (%) 

1 2 30 – – 2 6.7 24.0 80.0 4 13.3 

2 4 30 – – 0 0 22.0 73.3 8 26.7 

3 2 30 1 15 2 6.7 8.0 26.7 20 66.6 

4 4 30 1 15 6 20.0 12.0 40.0 12 40.0 

5 2 30 0.5 15 6 20.0 14.0 46.7 10 33.3 

 

1 and 2 – one-step sterilization 
3, 4, 5 – two-step sterilization 

 
 
While observing cleaness of Allium karataviense ‘Ivory Queen’ cultures, the most 

contaminations were observed when the 1st (2% of NaOCl – bulbs) or the 2nd (4% 
NaOCl – bulbs) methods of sterilization were used (tab. 3). The use of two-step sterili-
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zation increased purity of in vitro cultures of examined species. The most advantageous 
method of sterilization was the 3rd, when NaOCl containing 2.0% of Cl- for 30 min and 
1.0% Cl- for 15 min were used for sterilization. Application of the 4th method of disin-
fection, that is 4% NaOCl – bulbs and 1% NaOCl – explants, caused similar effects as 
in the case of Allium aflatunense ‘Purple Sensation’ softening of tissues, especially 
those surrounding basal plate.  

Table 3. Effect of sterilization method on cultures purity of Allium karataviense ‘Ivory Queen’ 
inflorescence buds surrounded by leaves 

One-step  
sterilization 

Two-step  
sterilization Bacterial  

contaminations
Fungal  

contaminations
Pure  

cultures Sterilization 
methods concentra-

tion of Cl- 

(%) 

time 
(min) 

concentra-
tion of Cl- 

(%) 

time 
(min) 

(pcs) (%) (pcs) (%) (pcs) (%) 

1 2 30 – – 10 33.3 18 60.0 2 6.7 

2 4 30 – – 6 20.0 16 53.3 8 26.7 

3 2 30 1 15 0 0 6 20.0 24 80.0 

4 4 30 1 15 2 6.7 10 33.3 18 60.0 

5 2 30 0,5 15 0 0 20 66.7 10 33.3 

 

1 and 2 – one-step sterilization 
3,4,5 – two-step sterilization 

 
 
It is very difficult to disinfect underground organs, like bulbs, [Hussey 1975, Gir-

men and Zimmer 1988] or tubers [Custers and Bergervoet 1994]. Custers and Berger-
voet [1994] observed vast contaminations during initiation of gloriosa cultures, which 
reached 50% for explants from tuber tips isolated during the first month of tubers stor-
age and 90–100% for tubers stored for 3–5 months. Kozak [1999] obtained the best 
effect of disinfection of gloriosa – 88.3% of visually pure cultures, when tip buds were 
used. Fragments of tubers occurred very difficult to disinfect, the effectiveness of disin-
fection was 6.7%. Kapoor et al. [2008] obtained 70–80% of not contaminated lily ex-
plants when they were isolated from bulbs growing in containers in a greenhouse. Con-
taminations caused many difficulties while initiating narcissus cultures and they were 
especially high when bulbs were stored for longer time and cooled (10–52% for bulbs 
stored for 3 months) [Sochacki and Orlikowska 1997]. Squires and Langton [1990] 
noted that the amount of contaminated narcissus tissues initiated from bulbs stored for 
one month ranged from 6.7 to 42.4%, depending on the variety. McCartan and van 
Staden [1998] observed that approximately 20–30% of primary bulb explants of Scilla 
natalensis were sterile. 
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The solution of sodium hypochlorite effectively sterilized the examined ornamental 
species. It is commonly used to disinfect plant material: Seabrook [1994], Evenor et al. 
[1997a, b], Izquierdo et al. [1997], Kozak [1999], Haque et al. [2000], Hidayat [2005]. 

Shoot induction from inflorescence stem sections and basal part of leaves. No 
significant differences in regeneration capabilities of inflorescence stems explants taken 
from bulbs of Allium aflatunense ‘Purple Sensation' and Allium karataviense ‘Ivory 
Queen’ were found (tab. 4). Also growth of adventitious shoots was similar in both 
genotypes. 

Table 4. Comparison of regenerative capabilities of inflorescence stem slices of Allium aflatun-
ense ‘Purple Sensation’ and Allium karataviense ‘Ivory Queen’, placed in an inverted 
position on medium containing BA 2 mg·dm-3 plus NAA 1 mg·dm-3, after 8 weeks of in 
vitro culture 

Taxon Number of adventitious shoots Length of adventitious shoots (mm) 

Allium aflatunense 
‘Purple Sensation’ 

5.4 a 8.6 a 

Allium karataviense 
‘Ivory Queen’ 

4.8 a 9.3 a 

 

*Means followed by the same letter are not significantly different at α = 0.05 

 
 

The results of the study concerning leaf base explants showed that the average num-
ber of adventitious shoots regenerating on this explants depended on plant genotype and 
growth regulators added to the media (tab. 5). Orientation of explants did not influence 
significantly adventitious shoots number but the tendency for slight better regeneration 
(0.2–1 shoot) from inverted explants was observed. The more responsive genotype, 
Allium karataviense ‘Ivory Queen’, formed 7.1 shoots from 1 inverted explant and 6.4 
shoots from 1 explant normally positioned on the medium containing BA 5 mg·dm-3 and 
NAA 1 mg·dm-3. This results are not significantly different from those obtained in the 
presence of TDZ 1 mg·dm-3 and NAA 1 mg·dm-3 (fig. 2). The greatest number of Allium 
aflatunense ‘Purple Sensation’ shoots was also obtained on medium supplemented with 
BA 5 mg·dm-3 and NAA 1 mg·dm-3. This value was significantly different from shoots 
number achieved in presence of BA 2 mg·dm-3 and NAA 1 mg·dm-3. 

Analyzing the length of Allium karataviense ‘Ivory Queen’ regenerating shoots it 
was observed that shoots arising from leaves bases were slightly longer in comparison 
to shoots of Allium aflatunense ‘Purple Sensation'. The longest shoots from leaves bases 
of Allium karataviense ‘Ivory Queen’ placed in a normal position were formed on the 
media supplemented with BA 5 mg·dm-3 and NAA 1 mg·dm-3 but this value was sig- 
nificantly different only from the one obtained on the media with addition of BA 
2 mg·dm-3and NAA 1 mg·dm-3 for the same genotype. The influence of media and 
explant orientation on growth of Allium aflatunense ‘Purple Sensation' was not proven. 
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Table 5. Comparison of regenerative capabilities of leaf bases of Allium aflatunense ‘Purple 
Sensation’ and Allium karataviense ‘Ivory Queen’, depended on explant orientation and 
growth regulators, after 8 weeks of in vitro culture 

Taxons 
Growth regulators 

(mg·dm-3) 
Explants orientation

Number of adventi-
tious shoots 

Length of adventi-
tious shoots (mm) 

natural 2.9 f* 6.9 b 
BA 2 + NAA 1 

base up 3.1 ef 7.4 b 

natural 4.4 cd 8.8 ab 
BA 5 + NAA 1 

base up 5.4 bc 8.1 ab 

natural 4.3 cde 7.9 b 

Allium aflatunense 
‘Purple Sensation’ 

TDZ 1 + NAA 1 
base up 4.7 cd 8.3 ab 

natural 3.5 def 7.8 b 
BA 2 + NAA 1 

base up 4.2 cde 9.2 ab 

natural 6.4 ab 11.9 a 
BA 5 + NAA 1 

base up 7.1 a 10.1 ab 

natural 5.9 ab 9.5 ab 

Allium karataviense 
‘Ivory Queen’ 

TDZ 1 + NAA 1 
base up 6.2 ab 8.3 ab 

 

*Means followed by the same letter are not significantly different at α = 0.05 

 
 

Experiments conducted in this work comparing two types of explants showed high 
usability of inflorescence stem fragments for micropropagation of Allium aflatunense 
‘Purple Sensation’ and Allium karataviense ‘Ivory Queen’. This is consistent with stud-
ies of many authors. Pieces of immature inflorescence stems were used in studies on 
micropropagation of: Allium cepa [Mohamed-Yasseen et al 1993, Mohamed-Yasseen 
2002, Marinangeli 2013], Allium ampeloprasum [Mohamed-Yasseen 2001], Allium 
sativum [Ayabe and Sumi 1998, Keller and Senula 2013], Amaryllis belladonna [De 
Bruyn et al. 1992], Narcissus [Kozak 1991]. Ayabe and Sumi [1998] obtained more 
than 15 shoots differentiated from a single stem disc of Allium sativum on LS medium 
containing BA 0.1 mg·dm-3 and NAA 0.1 mg·dm-3. Tubić et al. [2011] comparing effect 
of 3 cytokinins on shoots induction from an inverted stalk of Allium schoenoprasum 
obtained 4.6 shoots on BA 1.1 mg·dm-3, 5.7 on TDZ 1.1 mg·dm-3 and 7 on 1.1 mg·dm-3 

kinetin. Podwyszyńska and Marasek [2003] reported that in presence of TDZ the num-
ber of shoots regenerating from flower stalk slices of Tulip was twice or 4–5 times 
higher in comparison to control. According to Kozak [1991], it is possible to obtain 
10.4–15.8 adventitious shoots of Narcissus ‘Carlton’ from 1 inflorescence stem piece on 
the media supplemented with 5.6 mg·dm-3 BA and 1 mg·dm-3 NAA, depending on their 
position.  

To overcome explant contamination many authors use mature inflorescences as 
a source of explants. Mature inflorescence stalks or floral stems were used for: Allium 
aflatunense and Allium ampeloprasum [Ziv and Lilien-Kipnis 1997, 2000], Allium sati-
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vum [Xu et al. 2005], Boviea volubilitis [Hannweg et al. 1996], Crinum macowanii 
[Slabbert et. al. 1995], Lachenalia [Niederwieser and Vcelar 1990]. Xu et al. [2005] 
studied influence of different sizes of inflorescence pieces of Allium sativum (< 5 mm, 
0.5–1 mm, > 1 mm) on shoot induction. Their results indicated that the bigger garlic 
inflorescence diameter the larger number of formed shoots (12.8–24.8). 

 

 

Fig. 2. Adventitious shoots regenerating from young leaf bases of Allium karataviense ‘Ivory 
Queen’ on MS medium containing BA 5 mg·dm-3 and NAA 1 mg·dm-3 or TDZ 1 mg·dm-3 

and NAA 1 mg·dm-3, after 4 weeks of in vitro culture (left-to-right) 

 
 

In the presented research a good source of explants were also leaf bases isolated 
from Allium aflatunense ‘Purple Sensation’ and Allium karataviense ‘Ivory Queen’ 
bulbs. It is confirmed by results of many works. Hosoki and Asahira [1980] investigat-
ing the growth of Narcissus ‘Geranium’ in tissue culture obtained 3 shoots from 1 leaf 
after 8 weeks of culture on the media supplemented with BA 5 mg·dm-3 and NAA 1, 
while Kozak [1991] obtained 10.2 shoots of Narcissus ‘Carlton’ after 10 weeks of cul-
ture in the presence of BA 5.6 mg·dm-3 and NAA 1 mg·dm-3. 

Leaf pieces were a good source of explants to micropropagate: Allium [Inagaki et al. 
1992, Bockish et al. 1997, Fereol et al. 2002, Chen and Hao 2003, Xu et al. 2008], Hya-
cinthus [Bach 1989], Lachenalia [Niederwieser and Vcelar 1990], Lilium [Kapoor et al. 
2008], Narcissus [Chow et al. 1993], Scilla [McCartan and Van Staden 1998, Chaud-
huri and Sen 2002]. 

In the presented experiments, satisfactory results of regeneration were obtained from 
inflorescence stem pieces and leaf bases positioned upside down. In the available litera-
ture on the subject there are reports about stimulating multiplication rate by placing 
bulbous plants explants with apical side down. According to Seabrook et al. [1976] this 
polarity effect of the tissues may be related to polar transport of auxins that exists in 
such tissues. Ziv et al. [1970] observed that regeneration of Gladiolus from inflorescen-
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ce stem pieces depended on its position on the media. Explants placed in an apolar way 
had better adventitious shoots regenerative capabilities. In the research of Seabrook et 
al. [1976] and Kozak [1991] leaves explants of Narcissus placed on the media with 
apical side characterized with high regeneration rate. The inverted position of peduncle-
pedicel junction explants of Clivia resulted in producing more shoots than if they were 
placed in a natural position [Ran and Simpson 2005]. There are a few reports about 
positive effects of inverting stem explants on rooting [Pierik and Steegmans 1975, Van 
der Krieken et al. 1993, Pierik 1997]. Pierik and Steegmans [1975] suggest that oxygen 
supply at the basal part is much better when the explants are inverted. There are also 
informations about lack of beneficial effect of inverting explants on shoot regeneration. 
Slabbert et al. [1995] reported that the most shoots were formed when discs of floral 
stems of Crinum macowanii were placed on the medium with their morphologically 
basal end. Chow et al. [1993] reported, that leaf explants of Narcissus positioned upside 
down regenerated in a very low rate in comparison to those placed in a natural way. De 
Bruyn et al. [1992] noted that the orientation of the twin-scale explants of Amaryllis 
belladonna did not have a significant effect on the number of plantlets. 

Table 6. Effect of BA and auxins (NAA, IAA) on development and growth of Allium aflatun-
ense ‘Purple Sensation’ and Allium karataviense ‘Ivory Queen’, after 6 weeks of in vi-
tro culture 

Taxons 
Growth regulators 

(mg·dm-3) 
Number of adventitious 

shoots 
Length of adventitious 

shoots (mm) 

BA 0.5 + NAA 0.1 5.7 bc 24.6 bc 

BA 1 + NAA 0.1 7.5 a 19.6 d 

BA 2 + NAA 0.1 6.7 ab 17.6 d 

Allium aflatunense  
‘Purple Sensation’ 

BA 2 + IAA 0.1 7.2 ab 22.8 c 

BA 0.5 + NAA 0.1 5.1 c 27.9 ab 

BA 1 + NAA 0.1 4.7cd 28.6 a 

BA 2 + NAA 0.1 4.2 cd 25.0 abc 

Allium karataviense 
 ‘Ivory Queen’ 

BA 2 + IAA 0.1 3.5 d 28.1 ab 

 

*Means followed by the same letter are not significantly different at α = 0.05 

 
 
Shoot multiplication. The most shoots occurred on medium supplemented with BA 

1 mg·dm-3 and NAA 0.1 mg·dm-3 for Allium aflatunense ‘Purple Sensation’, although 
results from this treatment for this genotype were significantly different only from BA 
0.5 mg·dm-3 and NAA 0.1 mg·dm-3 (tab. 6). Multiplication of Allium karataviense 
‘Ivory Queen’ shoots was the best on medium supplemented with BA 0.5 mg·dm-3 and 
NAA 0.1 mg·dm-3and statistical differences in comparison to medium with addition of 
BA 2 with IAA 0.1 mg·dm-3 for this genotype were found. 
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It was observed that BA used in concentrations from 0.5 to 2.0 mg·dm-3 together 
with NAA in concentration of 0.1 mg·dm-3 on Allium aflatunense ‘Purple Sensation’ 
inhibited growth of shoots (tab. 6). Significantly shorter shoots were obtained in the 
presence of 2 mg·dm-3 BA plus 0.1 mg·dm-3 NAA in comparison to length of shoots 
cultured on the media with addition of 0.5 mg·dm-3 BA. Comparing the effect of type of 
cytokinin added to the media already supplemented with 2 mg·dm-3 BA it was observed 
that IAA in concentration of 0.1 mg·dm-3 had much more positive influence than addi-
tion of BA in concentration of 2 mg·dm-3 together with NAA in concentration of 
0.1 mg·dm-3. There were not significant differences in the length of Allium karataviense 
‘Ivory Queen’ shoots on the studied media (tab. 6). 

During the 4 subsequent subcultures on MS medium supplemented with BA 
0.5 mg·dm-3 and NAA 0.1 mg·dm-3 increase in number of shoots of both examined 
genotypes was observed (tab. 7). Analyzing multiplication of Allium aflatunense ‘Pur-
ple Sensation’ shoots after the first passage the number of shoots was 18.8 and in-
creased to 31.1 after 32 weeks of culture, that is by 12.3 shoots (fig. 3). The length of 
shoots in single subcultures also increased and ranged from 13.5 mm (passage 1st) to 
25.8 mm (passage 4th).  

 

 

Fig. 3. Adventitious shoot cluster of Allium aflatunense ‘Purple Sensation’ obtained on MS 
medium containing BA 0.5 mg·dm-3 and NAA 0.1 mg·dm-3 after 1st passage 

 
After the first subculture of Allium karataviense ‘Ivory Queen’ there were 

12.8 shoots and the number of shoots increased to 26.6 after 32 weeks of culture, that is 
by 13.8 shoots (fig. 4). The length of shoots in single passages was similar. The results 
showed that regeneration potential of two studied genotypes is similar and that the in-
creasing number of subculture cycles promoted the induction of new shoots. Increase in 
number of shoots for two studied genotypes was high after the first subculture then after 
the second and the third ones it was small, and then it increased again. Kahane et al. 
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[1992] observed that, the number of Allium cepa shoots increased after the first subcul-
ture and remained stable after 2 months. They suggest that after one month each shoot 
restored an individual apical dominance, prohibiting further regeneration. 

 

 

Fig. 4. Adventitious shoot cluster of Allium karataviense ‘Ivory Queen’ obtained on MS medium 
containing BA 0.5 mg·dm-3 and NAA 0.1 mg·dm-3 after 1st passage 

 

Table 7. Effect of subcultures number on multiple shoot formation of Allium aflatunense ‘Purple 
Sensation’ and Allium karataviense ‘Ivory Queen’ on MS medium supplemented with 
BA 0.5 and NAA 0.1 mg·dm-3 

Taxons Passage 
Number  

of adventitious shoots
Increase in number 

of adventitious shoots
Length of adventitious 

shoots (mm) 

initial 4.1 e – 7.9 

1st 18.8 bcd 4.7 13.5 

2nd 21.3 b 2.5 16.3 

3rd 25.6 ab 4.3 21.4 

Allium aflatunense 
‘Purple Sensation’ 

4th 31.1 a 5.5 25.8 

initial 5.6 e – 9.5 

1st 12.8 d 7.2 17.8 

2nd 15.4 cd 2.6 18.1 

3rd 17.6 bcd 2.2 17.6 

Allium karataviense 
‘Ivory Queen’ 

4th 26.6 ab 9.0 17.3 

 

* Means followed by the same letter are not significantly different at α = 0.05 
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During multiplication of Allium aflatunense ‘Purple Sensation’ and Allium karatavi-
ense ‘Ivory Queen’ shoots the differences in number of regenerating shoots depending 
on the concentration of growth regulators added to the MS media and species were 
observed. Evenor et al. [1997, b] cultured shoots of A. aflatunense and A. ampelopra-
sum regenerating from different explants on media with growth regulators in different 
concentrations (BA 2 mg·dm-3 plus NAA 1 mg·dm-3, BA 4.5 mg·dm-3 plus NAA 
1 mg·dm-3, BA 3 mg·dm-3 plus NAA 1 mg·dm-3, BA 1 mg·dm-3 plus IAA 0.5 mg·dm-3, 
KIN 10 mg·dm-3 plus IAA 2 mg·dm-3). They noted different regeneration rates depend-
ing on cultivar and growth regulators used. They obtained about 600 bulblets from one 
inflorescence of Allium aflatunense ‘Lucy Ball’ on MS medium supplemented with BA 
2–3 mg·dm-3 and NAA 1 mg·dm-3 during 9 months. For Allium aflatunense ‘Purple 
Sensation’ it was possible to obtain 200 plants from a single bulb during 9 months on 
medium containing BA 1 mg·dm-3 and IAA 0.5 mg·dm-3. Seabrook [1994] multiplicated 
shoots of A. sativum and A. ampeloprasum and noted that the most optimal media was 
the one with addition of BA 2 mg·dm-3 plus NAA 0.1 mg·dm-3 on which 6.1 to 9.5 
shoots were formed per explant, depending on the cultivar. Tubić et al. [2011] observed 
the highest shoot multiplication (33.6) of Allium schoenoprasum on the medium with 
1.1 mg·dm-3 TDZ, while on the medium with 1.1 mg·dm-3 BA number of shoots was 3 
times lower (11.3). 

CONCLUSIONS 

Contaminations are very frequent when underground storage organs of bulbous 
plants are used as a source for explants. The use of two – step sterilization procedure 
(shaking of bulb fragments in 2% Cl- for 30 min and soaking explants in 1% Cl- for 
15 min) gave the best results to receive clean cultures of Allium aflatunense ‘Purple 
Sensation’ and Allium karataviense ‘Ivory Queen’. Explants isolated from young inflo-
rescences and from immature leaf bases were effective to form shoots (4.8–5.4 shoots 
from 1 explant of inflorescence and 3.5–7.2 shoots from 1 leaf base, depending on 
genotype and growth regulators). The orientation of leaf explants did not have a signifi-
cant effect on the number of regenerating shoots. 5.7 to 7.5 shoots of Allium aflatunense 
‘Purple Sensation’ and 3.5 to 5.1 shoots of Allium karataviense ‘Ivory Queen’ were 
obtained on studied media during 6 weeks of culture. Multiplication factor of 
31.3 shoots of Allium aflatunense ‘Purple Sensation’ and 26.6 shoots of Allium karata-
viense ‘Ivory Queen’ was possible to obtain on medium supplemented with BA 
0.5 mg·dm-3 and NAA 0.1 mg·dm-3 after 32 weeks of culture. 

REFERENCES 

Ayabe M., Sumi S., 1998. Establishment of a novel tissue culture method, stem-disc culture, and 
its practical application to micropropagation of garlic (Allium sativum L.). Plant Cell Rep. 17, 
773–779. 

Bach A., 1989. High efficienty of plant regeneration in epidermal cell layer of Hyacinthus orien-
talis L. Folia Hort. 1(1), 45–53. 



210 D. Kozak, M. Stelmaszczuk  

_____________________________________________________________________________________________________________________________________________ 
 

Acta Sci. Pol. 

Barringer S.A., Mohamed-Yasseen Y., Schloupt R.M., Splittstoesser W.E., 1996. Regeneration of 
Allium ssp. in vitro by slicing the basal plate. J. Veget. Crop Prod. 2(1), 27–33. 

Bockish T., Saranga Y., Altman A., 1997. Garlic micropropagation by somatic embryogenesis. 
Acta Hort. 447, 241–242. 

Chaudhuri D., Sen S., 2002. In vitro response of Scilla sibirica. Sci. Hort. 95, 51–62. 
Chen G., Jia.J.F., Hao J.G., 2003. Fertile plant regeneration from tissue culture in Allium mongo-

licum Regel. Bull. Bot. Res. 01, 012. 
Cho Y.C., Moon J.S., Song J.Y., Jeong B.R., 2007. Development of micropropagation methods of 

shallot (Allium cepa var. ascalonicum Backer). Korean J. Hort. Sci. Tech. 25(4), 322–327. 
Chow Y.N., Selby C., Fraser T.W., Harvey B.M.R., 1993. Basal plate tissue in Narcissus bulb 

and shoot clump cultures: Its structure and role in organogenic potential of single leaf cultures. 
Ann. Bot. 71(5), 437–443. 

Custers J.B.M., Bergervoet J.H.W., 1994. Micropropagation of gloriosa: Towards a practical 
protocol. Sci. Hort. 57, 323–334. 

De Bruyn M.H., Ferreira D.I., Slabbert M.M., Pretorius J., 1992. In vitro propagation of Amaryllis 
belladonna. Plant Cell Tiss. Organ Cult. 31, 179–184. 

Evenor D., Levi-Nissim A., Afgin L., Lilien-Kipnis H., Watad A.A., 1997a. Regeneration of 
plantlets and bulblets from explants and callus of Allium aflatunense cultivars and selection 
from indigenous Israeli Allium ampeloprasum. Acta Hort. 430, 325–330. 

Evenor D., Lilien-Kipnis H., Watad A.A., Raungian P., 1997b. Micropropagation of ornamental 
Allium: aflatunense and ampeloprasum. Acta Hort. 447, 135–138. 

Fereol L., Chovelon V., Causse S., Michaux-Ferriere N., Kahane R., 2002. Evidence of a somatic 
embryogenesis process for plant regeneration in garlic (Allium sativum L.). Plant Cell Rep. 21, 
197–203. 

Gantait S., Mandal N., Bhattacharyya S., Das P.K., 2009. In vitro mass multiplication with ge-
netic clonality in elephant garlic (Allium ampeloprasum L.) J. Crop Weed. 5, 100–104. 

Girmen M., Zimmer K., 1988. In vitro – Kultur von Galanthus elwesii. I. Sterilisation, Regenera-
tion, Phytohormone. Gartenbauwissenschaft 53, 26–29. 

Hannweg K., Watt M.P., Berjak P., 1996. A simple method for micropropagation of Bowiea 
volubilis from inflorescence explants. Bot. Bull. Sin. 37, 213–218. 

Haque M.S., Wada T., Hattori K., 1998. Efficient plant regeneration in garlic through somatic 
embryogenesis from root tip explants. Plant Prod. Sci. 1, 216–222. 

Haque M., Wada T., Hattori K., 2000. Garlic roots for micropropagation through in vitro bulblet 
formation. Acta Hort. 520, 45–52. 

Hidayat M., 2005. In vitro plant regeneration and bulblet formation of shallots (Allium ascaloni-
cum L.) ‘Sumenep’. Acta Hort. 688, 251–257. 

Hosoki T., Asahira T., 1980. In vitro propagation of Narcissus. Hort. Sci. 15(5), 602–603. 
Hussey G., 1975. Totipotency in tissue explants and callus of some members of the Liliaceae, 

Iridaceae and Amaryllidaceae. J. Exp. Bot. 91, 253–262.  
Inagaki N., Matsunaga H., Kanechi M., Maekawa S., Terabun M., 1992. In vitro micropropaga-

tion of Allium giganteum R. 1. Callus and shoot formation, and regeneration of plantlets through 
in vitro culture of emerged young leaves. Sci. Rep. Fac. Agric. Kobe Univ. 20(1), 47–53. 

Inagaki N., Matsunaga H., Kanechi M., Maekawa S., 1994. Allium giganteum R. 2. Embryoid and 
plantlet regeneration through the anther culture of Allium giganteum R. Sci. Rep. Fac. Agric. 
Kobe Univ. 21(1), 23–30. 

Izquierdo H., Betancourt J., Disotuar R., Ramirez S., Vazquez C., Bejerano M.J., Peralta E.L., 
Dalmau E., 1997. A disinfection methodology of Allium sativum L. for its in vitro implanta-
tion. Cult. Trop. 18 (3), 76–79. 



Comparison of Allium aflatunense B. Fedtsch. ‘Purple Sensation’... 211 

_____________________________________________________________________________________________________________________________________________ 
 

Hortorum Cultus 12(6) 2013 

Kahane R., Rancillac M., Teyssendier de la Serve B., 1992. Long-term multiplication of onion 
(Allium cepa L.) by cyclic shoot regeneration in vitro. Plant Cell Tiss. Org. Cult. 28(3), 281–288.  

Kapoor R., Kumor S., Kanwar J.K., Mahajan P.K., 2008. In vitro bulblet productivity in different 
explants of hybrid liles. J. Fruit Ornam. Plant Res. 16, 345–352. 

Keller E.R.J., Senula A., 2013. Micropropagation and cryopreservation of garlic (Allium sativum 
L.). Meth. Mol. Biol. 11013, 353–368. 

Khar A., Devi A.A., Lawande K.E., 2005. Callus culture and regeneration from root tip of garlic 
(Allium sativum L.). J. Spi. Arom. Crops. 14(1), 51–55. 

Kozak D., 1991. Shoots regeneration from various part of Narcissus cv. Carlton through tissue 
culture. Prace Inst. Sad. Kwiac, ser. B, 16, 41–48. 

Kozak D., 1999. Badania nad mikrorozmnażaniem gloriozy. Mat. Konf. „Rozmnażanie roślin in 
vitro” Skierniewice, 14. kwiatnia, 5–8. 

Marinangeli P., 2013. Micropropagation of onion (Allium cepa L.) from immature inflorescences. 
Meth. Mol. Biol. 11013, 319–327. 

McCartan S.A., van Staden J., 1998. Micropropagation of the medicinal plant, Scilla natalensis 
Planch. Plant Growth Reg. 25, 117–180. 

Mohamed-Yasseen Y., 2001. In vitro shoot proliferation and plant regeneration from callus derived 
from inflorescence and flower of Allium ampeloprasum var. kurrat. J. Agric. Sci. 9(1), 387–396.  

Mohamed-Yasseen Y., 2002. In vitro callus formation and plant regeneration from several onion 
(Allium cepa L.) explants. Bull. Fac. Agric. 53(2), 289–298. 

Mohamed-Yasseen Y., Splittstoesser W.E., Litz R.E., 1993. In vitro bulb formation and plant 
recovery from onion inflorescences. Hort. Sci. 28(10), 1052. 

Mohamed-Yasseen Y., Splittstoesser W.E., Litz R.E., 1994. In vitro shoot poliferation and pro-
duction of sets from garlic and shallot. Plant Cell Tiss. Org. Cult. 36 (2), 243–248.  

Murashige T., Skoog F., 1962. A revised medium for rapid growth and bioassays with tobacco 
tissue cultures. Physiol. Plant. 15, 473–479. 

Niederwieser J.G., Vcelar B.M., 1990. Regeneration of Lachenalia species from leaf explants. 
HortSci. 25 (6), 684–687. 

Pierik R.L.M., 1997. Factors controlling adventitious root formation on stem explants of rose 
(Rosa hybrida ‘Montreal’) in vitro. Biol. Root Form. Develop. ed. by Altman and Waisel. 
Plen. Press, New York 37, 297–307. 

Pierik R.L.M., Steegmans H.H.M., 1975. Analysis of adventitious root formation in ‘isolated stem 
explants of Rhododendron. Sci. Hort. 3, 1. 

Pandey R., Chandel K.P.S., Rao R.S., 1992. In vitro propagation of Allium tuberosum Rottl. Ex 
Spreng. by shoot proliferation. Plant Cell Rep. 11, 211–214. 

Podwyszyńska M., Marasek A., 2003. Effects of thidiazuron and paclobutrazol on regeneration 
potential of Tulip flower stalk explants in vitro and subsequent shoot multiplication. Acta Sci. 
Bot. Pol. 72(3), 181–190. 

Ran Y., Simpson S., 2005. In vitro propagation of the genus Clivia. Plant Cell, Tiss. Organ Cult. 
81, 239–242. 

Robledo-Paz A., Villalobos-Arambula V.M., Jofre-Garfias A.E., 2000. Efficient plant regenera-
tion of garlic (Allium sativum L.) by root-tip culture. In Vitro Cellular and Develop. Biol.-
Plant. 36(5), 416–419. 

Seabrook J.E.A., 1994. In vitro propagation and bulb formation of garlic. Acta Hort. 688, 155–158. 
Seabrook J.E.A., Cumming B.G., Dionne L.A., 1976. The in vitro induction of adventitious shoot 

and root apices on Narcissus (daffodil and narcissus) cultivar tissue. Can. J. Bot. 54, 814–819. 
Slabbert M.M., de Bruyn M.H., Ferreira D.I., Pretorius J., 1995. Adventitious in vitro plantlet 

formation from immature floral stems of Crinum macowanii. Plant Cell, Tiss. Organ Cult. 43, 
51–57.  



212 D. Kozak, M. Stelmaszczuk  

_____________________________________________________________________________________________________________________________________________ 
 

Acta Sci. Pol. 

Sochacki D., Orlikowska T., 1997. Inicjacja kultur narcyza z różnych eksplantatów. Zesz. Nauk. 
AR Kraków 318(50), 199–202. 

Squires W.M., Langton F.A., 1990. Potential and limitations of Narcissus micropropagation: an 
experimental evolution. Acta Hort. 266, 67–73. 

Subotić A., Jevremović S., Trifunović M., Radojević L., 2006. In vitro regeneration of Allium 
aflatunense by somatic embryogenesis. Acta Hort. 725(1), 165–167. 

Šušek A., Jawornik B., Bohanec B., 2002. Factors affecting direct organogenesis from flower 
explants of Allium giganteum. Plant Cell. Tiss. Org. Cult. 68, 27–33. 

Tubić L., Zdravković-Korać S., Mitić N., Milojević M., Ćalić-Dragosavac Ć., Vinterhalter B., 
2011. Plant regeneration from transverse stalk sections of chive plants. Rom. Biotech. Lett. 
16(1), 55–59. 

Van der Krieken W.M., Breteler H., Visser M.H.M., Mavridou D., 1993. The role of the conver-
sion of IBA into IAA on root regeneration in apple: introduction of a test system. Plant Cell 
Rep. 12, 203. 

Ucman R., Zel J., Ravnikar M., 1998. Thermotherapy in virus elimination from garlic: influences 
on shoot multiplication from meristems and bulb formation in vitro. Sci. Hort. 73, 193–202. 

Xu P., Su Q., Wang X., Li J., 2005. Studies induced adventitious shoots via tissue culture in garlic 
inflorescence and on the dynamics of endogenous polyamine contents during shooting. Acta 
Hort. 688, 269–272. 

Xu Z., Um Y.C., Kim C.H., Lu G., Guo D.P., Liu H.L., Bah A.A., Mao A., 2008. Effect of plant 
growth regulators, temperature and sucrose on shoot proliferation from the stem disc of Chine-
se jiaotou (Allium chinense) and in vitro bulblet formation. Acta Phys. Plant. 30(4), 521–528. 

Xu L-F., MA F-W., Liang D., 2009. Plant regeneration from in vitro cultured leaves of Lanzhou 
lily (Lilium davidii var. unicolor). Sci. Hort. 119, 458–461. 

Yan M.M., Xu C., Kim C.H., Um Y.C., Bah A.A., Guo D.P., 2009. Effects of explants type, 
culture media and growth regulators on callus induction and plant regeneration of Chinese 
jiaotou (Allium chinense). Sci. Hort. 123(1), 124–128. 

Ziv M., Halvey A.H., Shilo R., 1970. Organs and plantlets regeneration of Gladiolus through 
tissue culture. Ann. Bot. 34, 671–676. 

Ziv M., Hertz N., Biran Y., 1983.Vegetative reproduction of Allium ampeloprasum L. in vivo and 
in vitro. Israel J. Bot. 32, 1–9. 

Ziv M., Lilien-Kipnis L.H., 1997. The inflorescence stalk: a source of highly regenerative ex-
plants for micropropagation of geophytes. Acta Hort. 447, 107–111. 

Ziv M., Lilien-Kipnis L.H., 2000. Bud regeneration from inflorescence explants for rapid propa-
gation of geophytes in vitro. Plant Cell Rep. 19(9), 845–850. 

PORÓWNANIE  ZDOLNOŚĆI  REGENERACYJNYCH  Allium aflatunense 
B. Fedtsch.  ‘PURPLE  SENSATION’  I  Allium karataviense Regel.  ‘IVORY 
QUEEN’  W  KULTURZE  in vitro 

Streszczenie. Allium aflatunense i Allium karataviense to cenne rośliny cebulowe do 
uprawy w ogrodach. Ponadto Allium aflatunense jest jednym z najbardziej dekoracyjnych 
gatunków uprawianym na kwiat cięty. Rośliny te charakteryzują się niskim współczynni-
kiem rozmnażania. Źródłem materiału do zapoczątkowania kultur były fragmenty mło-
dych pędów kwiatostanowych i nasady liści izolowane w październiku z Allium aflatu-
nense ‘Purple Sensation’ i Allium karataviense ‘Ivory Queen’. Zastosowanie sterylizacji 
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dwukrotnej (2% Cl- – 30 min i 1% Cl- –15 min) dało lepsze rezultaty niż sterylizacja poje-
dyncza. Eksplantaty z pędów kwiatostanowych wykładano w pozycji odwrotnej do natu-
ralnej i kultywowano na pożywce Murashige i Skooga [1962] zawierającej BA 2 mg·dm-3 
i NAA 1 mg·dm-3. Podstawy liści układano w pozycji naturalnej i odwróconej i inkubo-
wano na pożywce MS z dodatkiem: BA 2 mg·dm-3 + NAA 1 mg·dm-3, BA 5 mg·dm-3 + 
NAA 1 mg·dm-3 i TDZ 1 mg·dm-3 + NAA 1 mg·dm-3. W kolejnym doświadczeniu zespo-
ły pędów zawierające 2 pędy namnażano na pożywkach MS uzupełnionych: BA 0,5; 1; 
2 mg·dm-3 oraz NAA 0,1 mg·dm-3 i BA 2 mg·dm-3 oraz IAA 0,1 mg·dm-3 podczas 6 ty-
godni. Oceniono również współczynnik namnażania pędów podczas 4 pasaży na pożywce 
z dodatkiem BA 0,5 mg·dm-3 i NAA 0,1 mg·dm-3. Fragmenty młodych pędów kwiatosta-
nowych i podstawa liści wykazywały duże zdolności regeneracyjne pędów. Sposób uło-
żenia eksplantatów nie wywierał istotnego wpływu na liczbę regenerujących pędów. Na 
badanych pożywkach uzyskano od 5,7 do 7,5 pędów Allium aflatunense ‘Purple Sensa-
tion’ i od 3,5 do 5,1 pędów Allium karataviense ‘Ivory Queen’ podczas 6 tygodni namna-
żania. Podczas 32 tygodni namnażania pędów na pożywce zawierającej BA 0,5 mg·dm-3 
i NAA 0,1 mg·dm-3 uzyskano 31,3 pędów Allium aflatunense ‘Purple Sensation’ i 26,6 
pędów of Allium karataviense ‘Ivory Queen’.  
 
Słowa kluczowe: czosnki ozdobne, pęd kwiatostanowy, podstawa liści, polarność, nam-
nażanie pędów 
 
 
 
 

Accepted for print: 13.08.2013 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


