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INTRODUCTION

Sternbergia species (Amaryllidaceae) occur natu
rally in the Mediterranean region, Central Europe, Cen
tral and Western Asia including Turkey, and Northern 

 (Herb.) Rupr. with attractive 

where it can be used in rock gardens and as border plant. 
 is very rich in tazettin, lycorin, belladin, 

galanthamin, etc., with known antitumor, antiviral, 
antimicrobial, anticholinesterase and antileukaemial 

favourable environmental conditions, these plants take 

are developed, there is limited probability of using the 
species in ornamental or pharmaceutical industry. Mi
cropropagation of bulblets could serve as 
a possible alternative method to strengthen their mass 
and easy commercial propagation.

In vitro micropropagation has been reported previ
ously for many geophytes including  

Fritillaria thunbergii 
Lilium candidum L. 

 culture 
of Sternbergia 

S. 

Sternbergia 
candida regeneration using immature seeds. No report 
describes the effects of the length and number of bulb 
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 (Herb.) Rupr. multiplies very slow under natural 
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scales on regeneration. This suggests a need to develop 
an improved micropropagation method to broaden the 
scope of  proliferation. Therefore, the 

eration system of 

MATERIALS AND METHODS

Surface disinfection of bulbs and experiments

and dirt. They were dried over blotting papers at room 

minimize contamination during disinfection. The bulbs 

 

plants with commercial bleach for surface disinfection. 

per bulblet) attached by a thin segment at the base plate. 

) 

 

 sucrose.

 agar. 

in sterile Magenta GA
The effect of bulblet diameter on their rooting was 

l
 vessels. The results were 

s per day.

Statistical analysis

The data for bulblet induction measured and com
pared the effects of plant growth regulator levels or 

bulb types. Data for rooting compared the effects of 

root length (mm). Each treatment in the regeneration 

analyzed by univariate analysis and data of rooting 

“IBM® ®

Range Test at p p

RESULTS AND DISCUSSION

Surface disinfection

threats like fungi, bacteria, yeast etc., which can cause 
considerable losses during carrying out of micropropa

versely with plant tissue cultures for nutrients (Oyebanji 

commercial bleach affected surface disinfection of the 
p

infect bulbs with considerable development of fungus 

disinfection of  bulbs. However, compar
ing the periods of surface disinfection, each increase in 
concentration of bleach resulted in increased damaging 
effects on skin of the bulb tissues. It might 

diluted sodium hypochlorite causing damage to bulb 
tissues or cells in agreement with Nakagarwara et al. 

the minimum concentration of disinfectant and duration 



activity and should result in effective elimination of 
microorganisms causing contamination (Oyebanji et al. 

All bulbs or bulb scales that showed any fungal or 

were eliminated in the autoclave to avoid spread and 
growth of undesired contaminating microorganisms.

Bulblet regeneration using 2,4-D at 15°C or 24°C ± 
1°C 

1A). No shoot or bulblet regeneration was recorded on 

regeneration.
Increased scale length with discursive induction of 

It is assumed that the interaction among variants 

ferent incubation temperatures had completely negative 

able impact on regeneration and induction of bulblets 

accomplishing remarkable success.

Bulblet regeneration using BAP with or without NAA 
at 15° ± 1°C

The BAP plus NAA study also compared the effects 

plate). We hypothesized that selection of an appropriate 
length and number of bulb scales may play an important 
role in successful setting up of cultures under in vitro 

was to test whether  bulblet regeneration 

Information on the particular number and bulb sizes of 
S. 

 

information is necessary to allow selection of the right 

 
NAA. Variable number of micro bulblets was recorded 

bulblet regeneration percentage and mean number of 
p 

different lengths and number of scales). 

mg l  BAP and 

 BAP 
 NAA (Table 1).

 
 NAA (Table 1). Regeneration on 

the other combinations of BAP and NAA treatments 

mg l  BAP.

mum bulblet regeneration percentage was recorded on 
 BAP.

l

l

l

mg l  NAA was inhibitory both for bulblet induction 

 BAP was used 
 NAA, 
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Fig. 1. Bulblet regeneration from 

1 cm long

1 cm long

A B

C D

E F

HG



and 6 mg l  NAA, the results 
showed full or partial inhibition in both parameters.

Precarious and desultory induction of one or two 

Matsuo and Van Tuyl (1986) reported that outer 
bulb scales in Easter lily show high regeneration ca
pacity, while inner scales show progressively lower 
bulblet regeneration potential. In line with this study it 

induced negative competition for nutrients due to 
variable physiological maturity of inner or outer scales. 
This resulted in no or negligible induction of bulblet 

regeneration. It was also presumed that young thin in
ner scales might have secreted some compounds in the 

negatively on adjacent thick outer scales and resulted 

that the thickness and length of outer scales affected 

velopment. They also found that vascular bundles of 

the inner scale connected with the vascular system of 
the outer scale and not with these vascular bundles of 
inner scale in orchid plants. The results of our study are 

who compared small and large bulbs and found that 
large bulblets tend to have higher vegetative growth 
and development, because they have relatively higher 
reserves and volume of scales.

Bulblet regeneration using BAP with or without NAA 
at 24° ± 1°C

No bulblet regeneration was registered on any 

l

shoot regeneration more as compared to BAP used 

of Bacopa monnieri o

days of culture. The bulblet regeneration data recorded 

, respectively 

 BAP was 

 NAA in the 
regeneration medium was strongly inhibiotory or non 
regenerative. 

 BAP plus 

BAP with or without NAA induced no regeneration. 

and concentrations of BAP with or without NAA in 

regeneration, which is in agreement with Basalma et 

Table 1. Effects of different concentrations of BAP with or without 0.2 mg l-1 NAA on  bulblet 
induction.

BAP
(mg l-1)

NAA
(mg l-1)

Bulblet induction (%) Mean number of bulblets

0.5 cm long 
two bulb 
scales

1 cm long two 
bulb scales

1.5 cm long 
two bulb 
scales

0.5 cm long 
two bulb 
scales

1 cm long 
two bulb 
scales

1.5 cm long 
two bulb 
scales

0.5 0.0 20.0 ± 2.9 d 40.0 ± 3.3 c 53.3 ± 2.6 b 1.0 ± 0.1 c 1.3 ± 0.2 b 1.0 ± 0.1 c
0.5 0.2 46.7 ± 3.9 b 26.7 ± 2.5 d 66.7 ± 1.1 a 1.2 ± 0.3 b 1.2 ± 0.3 bc 2.8 ± 0.2 a
2.5 0.0   0.0 ± 0.0 e 13.3 ± 1.4 e 46.7 ± 1.8 c 0.0 ± 0.0 d 1.0 ± 0.1 c 1.4 ± 0.1 b
2.5 0.2 53.3 ± 4.1 a 66.7 ± 4.5 b 33.3 ± 2.2 d 2.7 ± 0.2 a 2.9 ± 0.1 a 1.4 ± 0.1 b
4.5 0.0   6.7 ± 0.9 e 93.3 ± 6.1 a   6.7 ± 3.1 f 0.3 ± 0.1 d 1.4 ± 0.4 b 0.3 ± 0.1 d
4.5 0.2  0. 0 ± 0.0 e   0.0 ± 0.0 e 20.0 ± 0.6 e 0.0 ± 0.0 d 0.0 ± 0.0 d 0.7 ± 0.3 d
6.5 0.0   0.0 ± 0.0 e   6.7 ± 0.4 e 26.7 ± 0.3 e 0.0 ± 0.0 d 0.3 ± 0.1 d 1.0 ± 0.2 c
6.5 0.2 33.3 ± 0.8 c 20.0 ± 2.1 d 40.0 ± 2.7 c 1.3 ± 0.3 b 1.4 ± 0.3 b 1.2 ± 0.2 c
8.5 0.0   0.0 ± 0.0 e 20.0 ± 2.5 d 20.0 ± 1.9 e 0.0 ± 0.0 d 0.7 ± 0.1 c 0.6 ± 0.1 d
8.5 0.2 33.3 ± 1.7 c 26.7 ± 2.9 d 46.7 ± 2.4 c 1.0 ± 0.1 c 1.0 ± 0.1 c 1.7 ± 0.2 c

Means 
range test at p  0.05.
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mg l  NAA were completely 
inhibitory and non regenerative. Higher concentrations 

) were non generative 
 NAA. These concentrations 

showed full or partial regeneration of bulblets when the 

(p

cultures, mean number of bulblets was within ranges of 

Erratic, unstable and inconsistent bulblet regenera

growth regulators (data not shown). It seems that the 

in the study, in acceptance to the results of McDaniel 

strongly impacts induction of shoot regeneration.

and concentrations of plant growth regulators (PGRs) 
induce variability on bulblet regeneration and their 

 NAA at 

 BAP 

generation and suggest that differences in behaviour of 

differences in the functions of plant growth regulators. 

ecules, and chemical enzyme reaction rates. 
The results of this study represent an improve

ment in comparison to the previous study of Mirici et 

combination with NAA was necessary to induce regen

Rooting

l
bulblet diameter in rooting. No rooting was recorded 

Table 2. Effects of different concentrations of BAP with or without 0.2 mg l-1 NAA on  bulblet 
induction at 24° ± 1°C.

BAP 
(mg l-1)

NAA 
(mg l-1)

Bulblet induction (%) Mean number of bulblets

0.5 cm long 
two bulb 
scales

1 cm long two 
bulb scales

1.5 cm long 
two bulb 
scales

0.5 cm long 
two bulb 
scales

1 cm long two 
bulb scales

1.5 cm long 
two bulb 
scales

0.5 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
0.5 0.2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
2.5 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
2.5 0.2 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
4.5 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
4.5 0.2 58.3 ± 1.2 a 50.0 ± 3.5 c 25.0 ± 2.7 b 1.0 ± 0.2 c 1.7 ± 1.5 b 1.0 ± 0.2 b
6.5 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
6.5 0.2 41.7 ± 1.5 b 58.3 ± 2.3 b 66.7 ± 7.2 a 2.1 ± 0.3 b 2.1 ± 1.4 ab 2.0 ± 0.5 a
8.5 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
8.5 0.2 75.0 ± 4.2 a 66.7 ± 4.7 a 66.7 ± 8.7 a 5.0 ± 0.5 a 2.3 ± 2.6 a 2.3 ± 0.4 a

Means 
test at p  0.05.



eter on mean number and length of roots that ranged 

corded on 1 cm diameter bulblets. The BAP plus NAA 
regenerated bulblets of Lilium lancifolium were easily 

in vitro 
rooting of Ornithogalum oligophyllum

rooted and acclimatized bulblets. The bulblets diameter 
played decisive role in rooting and no rooting was 

This could be due to their physiological immaturity in 
relation to bulb diameter. The bulblets with 
diameter were physiologically mature to induce roots.

In conclusion, this protocol suggests possibility of 

sibilities of rapid and increased micropropagation of 
. 

help in rapid unrestricted multiplication of this plant 
throughout the year. This is not possible under natural 

natives for in vitro multiplication of and 
could be useful for its commercial propagation. 
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