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Abstract: An efficient protocol was developed for micro propagation of very attractive flowering

ornamental plant Muscari macrocarpum Sweet. Multiple axillary bulblet regeneration was achieved on twin
scale explants cultured on MS medium containing different concentrations of BAP-NAA. The highest

axillary  bulblet  regeneration  was  achieved  on  MS medium containing 2 mg/l BAP- 2 mg/l NAA.
The bulblets irrespective of the initial culture medium were not difficult to root on MS medium without

growth regulators. All of the in vitro regenerated plantlets were successfully acclimatized in greenhouse
and transferred to the fields to flower.
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INTRODUCTION

Muscari macrocarpum Sweet; is a perennial
ornamental bulb native to Aegean region of Turkey and
South Eastern Greece. It grows at altitude of 10 to 800
meters above sea level on mountain rocks and flowers
from March to April . It has diffuse, golden yellow,[1]

tubular showy cone shaped clusters of nodding urn
shaped flowers. 

Peck and Cuning , Saniewski , Saniewski and[2] [3]

Puchalski  and Saniewski and Pytlewski  have[4] [5]

reported successful micropropagation of some Muscari
species. However, no study reports in vitro propagation
of M. macrocarpum. 

It takes 3–5 years to mature and flower under
natural conditions. Moreover, the plants from seeds are
not always true to type  as the traditional propagation[6]

methods are very slow.  Therefore, it is important to
develop suitable methods for large scale production of
this slow growing plant. 

This paper describes a protocol for efficient
axillary bulblet regeneration of M. macrocarpum from
twin scale bulb explants under in vitro conditions. 
 

MATERIALS AND METHODS

In vitro culture: The M. macrocarpum bulblets were
collected from Mugla province of Turkey during 2005.
Soon after collection they were washed in running tap

water and household detergent (Pril, Turkey) at room
temperature for 10 min. Thereafter they were dried and
stored in the dark at room temperature for eight weeks.
The roots were removed with sharp sterile scalpel
blades before sterilization. The bulbs were sterilized
with 80% commercial bleach (5-6 % NaOCl, Axion
–Turkey) for 20 min followed by 3 x 5 min rinsing in
sterile distilled water. 

The bulbs were longitudinally cut in laminar flow
cabinet  to  obtain twin scale explants with a basal
plate  attached  and  cultured  on MS medium [7]

without plant growth regulators (control) or MS
medium  supplemented with 1.0, 2.0 4.0 mg l  BAP-1

(6-benzylaminopurine)  and 0.5, 1.0, 2.0 mg l  NAA-1

(á Naphthalene acetic acid) (Table 1).  Regenerating
bulblets with diameter of 0.2 cm or above were
counted as large bulblets and those with 0.1 cm
diameter were counted as small bulblets.

The  largest bulblets from each of the BAP-NAA
medium  were  teased off aseptically and sub cultured
on  the  same regeneration medium to increase the
bulb diameter  and  obtain  axillary bulblet
regeneration. The bulblets regenerated on twin scale
explants and each of the BAP-NAA containing medium
were rooted on MS medium without plant growth
regulators. 

The pH of all culture media were adjusted to 5.6
– 5.8 with 1 N KOH or 1N HCl before adding 0.7%
agar (Sigma type A). All culture media was autoclaved
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at 121 C temperature and 118 KPa pressure for 20o

min. All cultures were incubated at 24 ± 2 C with 16 o

h light photoperiod, under light intensity of 20 000 lux.

Ex vitro culture: Agar was carefully removed from the

rooting bulblets under running tap water before

transferring plantlets to pots containing sterilized moist

soil, sand and manure (1:1:1) for acclimatization.

Potted  plants  were maintained in the greenhouse at

24 ±2 C under natural light and watered every twoo

days until establishment to maintain proper soil

humidity. 

Observations and Statistical Analysis: Each treatment

repeated twice contained six replications containing 4

explants (2 repetitions x 6 replications x 4 explants

=48 explants). Data was analyzed with the help of

SPSS 12.00 for windows statistical software using one

way ANOVA and the post hoc tests were performed

using Tukey’s b test. All data given in percentages

were subjected to arcsine transformation before

statistical analysis . [8]

RESULTS AND DISCUSSIONS

Bulblet Regeneration on MS Medium Containing

Different Concentrations of BAP-NAA: Twin scale

explants with a thin segment of the basal plate attached

at the base were quite favorable to induce bulblets on

MS media containing 1.0, 2.0, 4.0 mg l  BAP with-1

0.5, 1.0, 2.0 mg l   NAA and MS medium without-1  

plant growth regulators (Table 1). The axillary bulblet

formation started with single bulblet formation from the

basal plate followed by the additional bulblets

subsequently after two weeks of culture. All of the

axillary bulblets increased in their size after 7-8 weeks

time.  After 3-4 weeks of culture adventitious small

bulblet initials were also recorded on some of the twin

scale explants; however, they did not increase in size

and remained there as small bulblet initials or very thin

bulblets  with  mean bulb diameter of approximately

0.1 cm. These could be regenerated in to full bulbs

when  teased  off  aseptically  and  cultured singly.

The bulblet regeneration behavior of twin scale

explants was inconsistent.  Mean number of large

(axillary), small (adventitious) and large (axillary) +

small (adventitious) bulblets ranged between 1.58-3.33,

0-10.67 and 1.58-12.64 respectively. MS medium

without plant growth regulators was not effective to

stimulate adventitious bulblet regeneration and induced

mean number of 1.58 axillary bulblets per explant only.

The highest number of 12.64 large (axillary) + small

(adventitious) bulblets per explant was recorded on MS

medium  containing 2 mg l   BAP-0.5 mg l   NAA.-1 -1

However, the highest number of 3.33 large axillary

bulblets was recorded on MS medium supplemented

with 2 mg l  BAP-2 mg l   NAA (Fig. 1a). The-1 -1

largest axillary bulblets with mean diameter of 0.54 cm

and 0.43 cm were recorded on MS medium

supplemented with 1 mg l  BAP - 1 mg l  NAA and-1 -1

1 mg l   BAP - 2 mg l   NAA respectively.  Decrease-1 -1

in the axillary bulblet diameter was recorded on all

other regeneration media.

The  bulblets  from  each  medium when teased

off aseptically and sub cultured on the same

regeneration  medium  after 6 weeks of culture,

showed  a   significant increase in the bulb diameter

on  all  regeneration  medium (Table 2). However, the

most significant increase of 0.45 cm in the bulb

diameter  was recorded on MS medium supplemented

with 1 mg l  BAP- 1 mg l   NAA. Thus, it resulted-1 -1

in total bulb diameter of 0.80 cm (Fig. 1b). The next

highest  total bulb diameter of 0.75 cm was recorded

on the bulblets regenerated on MS medium

supplemented with 4 mg l  BAP- 2 mg l  NAA.-1 -1

Insignificant increase of 0.13 cm in the bulb diameter

was recorded on MS medium without plant growth

regulators or MS medium supplemented with 1 mg l-1

BAP- 2 mg l   NAA with bulb diameter of 0.11 cm.-1

Each of the sub-cultured bulblets regenerated negligible

number of 0.08 -1.5 axillary bulblets with bulb

diameter of 0.10 to 0.43 cm per explant. The mother

bulblets regenerated calli at the basal plate before

regeneration of new axillary bulblets. 

Rooting: 

Rooting  of  BAP-NAA  Regenerated   Bulblets:

The highest number of 1.97 roots with mean length of

3.14 cm per explant was recorded on bulblets

regenerated on MS medium supplemented with 1 mg

l    BAP- 0.5 mg l  NAA after eight weeks of culture-1 -1

(Fig 1c, Table 3). Variable increase in the rooted

bulblet diameter was recorded. However, the rooted

bulblets from all media gained size. The largest rooted

bulblets with diameter of 1.12, 1.01 and 0.95 cm were

recorded on MS medium supplemented with 4 mg l-1

 BAP- 0.5 mg l   NAA, 2 mg l    BAP- 1   mg l-1 -1 -1

NAA, 2 mg l    BAP- 0.5  mg l   NAA respectively.-1 -1

Rooting on bulblets regenerated on all other

regeneration  media showed a decrease in the number

of  roots per explant. In general, the bulblets showed

an increase of 0-0.53 cm in their diameter on the

rooting media.

Post Acclimatization Behavior: Acclimatization of all

bulblets was easily achieved in the growth chamber

(Fig1d). They were transferred to greenhouse after six

weeks for growth, development and flowering. 



Res. J. Agric. & Biol. Sci., 3(6): 924-929, 2007

926

Table 1: Effects of various concentrations of BAP-NAA on axillary and adventitious bulblet regeneration of M . macrocarpum  on twin scale
explants

         Treatments M ean number of large M ean bulb diameter M ean number of small M ean number of large
---------------------------------- (axillary) bulblets per (cm) of large (adventitious) bulblets (axillary)  + (small) bulblets
BAP (mg l ) NAA (mg l ) explant (A) (axillary) bulblets per explant (B) per explant (A+B)-1 -1

1.0 0.5 2.58 c 0.35 b 1.42 d 4.00 c
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0 1.0 2.00 d 0.54 a 1.99 c 3.99 c
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0 2.0 1.92 d 0.43 ab 0.17 d 2.09 d
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 0.5 1.97 d 0.14 c 10.67 a 12,64 a
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 1.0 2.58 c 0.29 bc 0.00 d 2.58 d
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 2.0 3.33 a 0.32 bc 0.67 d 4.00 c
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 0.5 3.00 b 0.29 bc 4.50 b 7.50 b
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 1.0 1.67 e 0.29 bc 0.75 d 2.42 d
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 2.0 2.92 b 0.35 b 0.33 d 3.25 d

M S KONTROL 1.58 e*  0.34 b 0.00 d 1.58 e

* M eans followed by different letters in a column are significantly different at 0.05 level of significance using Tukeys’b  test.

Table 2: Effects of various concentrations of BAP-NAA on axillary bulblet regeneration of M. macrocarpum  from in vitro regenerated bulblet
explants

        Treatments M ean bulb diameter (cm) M ean increase Total M ean axillary M ean bulb diameter
--------------------------------------- of large (axillary) bulblets in bulb diameter bulb bulblets per of axillary
BAP (mg l ) NAA (mg l ) (From Table 1. colum n 4) per explant (cm) diameter (cm) explant bulblets (cm)-1 -1

1.0 0.5 0.35 bc 0.20 ab 0.55 bc 1.50 0.28
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0 1.0 0.54 a 0.21 ab 0.75 a 0.50 0.40
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0 2.0 0.43 ab 0.11 b 0.54 bc 0.92 0.36
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 0.5 0.14 d 0.28 ab 0.42 c 0.50 0.17
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 1.0 0.29 bc 0.25 ab 0.54 bc 0.42 0.25
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 2.0 0.32 bc 0.24 ab 0.59 b 0.17 0.20
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 0.5 0.29 bc 0.36 ab 0.65 b 0.92 0.43
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 1.0 0.29 bc 0.26 ab 0.55 bc 0.67 0.20
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 2.0 0.35 bc 0.45 a 0.80 a 0.33 0.21

M S KONTROL 0.34 bc 0.13 b 0.47 c 0.08 0.10

M eans followed by different letters in a column are significantly different at 0.05 level of significance using Tukey’s b test.

Table 3: Rooting of  BAP-NAA regenerated bulblets on M S  medium with out plant growth regulators

          Treatments Total bulb diameter M ean increase Total bulb M ean number Root
--------------------------------------- (From Table 2. in bulb diameter diameter of of roots length
BAP (mg l ) NAA (mg l ) colum n 5) per explant  (cm) rooted bulblets per explant (cm)-1 -1

1.0 0.5 0.55 0.03 b 0.58 c 1.97 a 3.14
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0 1.0 0.75 0.00 b 0.75 b 0.75 ab 2.14
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0 2.0 0.54 0.00 b 0.54 c 1.33 ab 2.14
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 0,5 0.42 0.53 a 0.95 a 1.08 ab 1.77
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 1.0 0.54 0.47 a 1.01 a 0.92 ab 1.66
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2.0 2.0 0.59 0.03 b 0.63 bc 0.97 ab 2.62
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 0.5 0.65 0.47 a 1.12 a 0.81 ab 2.29
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 1.0 0.55 0.00 b 0.55 c 0.42 b 2.03
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.0 2.0 0.80 0.05 b 0.85 ab 0.42 b 1.73

M S (Control) 0.47 0.02 b 0.49 c 0.20 c 1.95

M eans followed by different letters in a column are significantly different at 0.05 level of significance using Tukey’s b test.
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Fig. 1: In vitro axillary bulblet regeneration and rooting of M. macrocarpum  (a) axillary bulblets regeneration on
MS medium supplemented with 2 mg l  BAP-2 mg l  NAA (b) increase in the bulblet diameter on MS-1 -1

medium supplemented with 4 mg l  BAP- 2 mg l  NAA (c) The rooted bulblets previously regenerated-1 -1

on MS medium supplemented with 1 mg l    BAP- 0.5 mg l   NAA after eight weeks of culture (d)-1 -1

acclimatized bulblets in the greenhouse. Bar Fig.1a=0.60 cm , 1b=0.75 cm, 1c=0.75 cm, 1d=1.5 cm.

The bulblets were removed from soil after six
weeks to record morphological changes if any. It was

interesting to note that all of the in vitro regenerated
roots on BAP-NAA based bulblets decayed. These

were replaced by new, thin, longer and profusely
branched roots that ranged 1.00-2.14 in number and

attained a length of 1.44 to 7.78 cm on BAP-NAA
based bulblets (Table 4).

It took 30 weeks from start to completion of the
experiment at acclimatization

Discussion: The plant takes 3-5 years for flowering

and multiplication  from  seeds. If the plant growth
rate is accelerated by faster plant multiplication under

in vitro conditions and growth period of  bulb
formation is reduced, it will reduce time to mature,

flower and seed set. It will also be desired for
commercial  multiplication.  As  such, availability of

in vitro propagation techniques for M. macrocarpum is
of immense.

This study clearly demonstrates a significant
influence  of B AP-N AA on axillary bulble t

multiplication  of  M.  macrocarpum   using  twin
scale  explants.  The  variable  increase in the bulb

size  could  be attributed to the variable effects of
plant growth regulators in the culture medium.

Negligible number of bulblet regeneration was recorded
on twin scale explants on MS medium in partial

agreement to Saniewski and Pytlewski ; who recorded[5]

that bulblet regeneration could be achieved on M.

comosum in MS medium without plant growth
regulators.
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Table 4: Behavior of acclimatized bulblets in greenhouse regenerated on BAP-NAA medium  after 6 weeks in the pots 

                Treatments

--------------------------------------------------------- M ean number of roots per bulblet M ean root length (cm)

BAP (mg l ) NAA (mg l )-1 -1

1.0 0,5 1.56 ab 3.19 cd

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 1.0 1.61 ab 6.54 ab

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 2.0 1.17 b 2.55 cd

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2.0 0.5 0.97 b 1.44 d

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2.0 1.0 2.14 a 4.74 bc

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2.0 2.0 1.05 b 3.77 cd

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4.0 0.5 1.19 b 6.13 ab

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4.0 1.0 1.30 b 7.78 a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4.0 2.0 1.00 b 2.08 d

M S control 1.00 b 0.80 de

M eans followed by different letters in a column are significantly different at 0.05 level of significance using Tukeys’b multiple range test.

It was noted down that at 2 or 4 mg l  NAA in-1

each of the three groups containing 1, 2 or 4 mg l-1

BAP showed dramatic decrease in the bulblet induction

in agreement to Saniewski and Puchalski , who found[4]

that the initiation of bulblets was strongly inhibited by

auxins in M. comosum  and M. botryoides. The highest

axillary bulblet regeneration was achieved only when

the culture media contained 0.5 mg/l NAA combined

with 1, 2 or 4 mg/l BAP. These results are not in

agreement with   Saniewski and Pytlewski , recorded[5]

that addition of 1 mg l  NAA stimulated plantlets-1

formation; and BAP added to the medium inhibited the

bulblet formation in M. comosum . The promotory effect

of BAP-NAA in inducing callus and adventitious

bulblet regeneration has been previously reported by

Ghaffoor  et  al.   in  the propagation of tulips[9]

(Tulipa gesnerina); another plant of Liliaceae family.

The BAP-NAA had variable effect on the

regeneration behavior of explants. After teasing off the

regenerated bulblets from each of the BAP-NAA

containing medium; they were sub cultured on their

respective medium and showed variable increase in the

bulb diameter. This variable increase in the bulb

diameter affected the bulblet growth due to carry over

effect. Developing bulblets on BAP-NAA were easily

rooted on MS medium in agreement with Ozel and

Khawar , who found that bulblets of Ornithogalum[10]

oligophyllum  could be rooted on MS medium. These

results are in partial agreement with with Nayak and

Sen , who found that shoots of O. umbellatum  could[11]

be rooted in 1/2-strength MS medium.

All of the in vitro developing roots on the bulblets

in pots decayed and regenerated new roots. It was

concluded that newly developed ex vitro roots were

necessary for acclimatization under the soil conditions

Conclusion: The paper meets the objectives of the

study and highlights micropropagation technique for M.

macrocarpum. The results further showed that the

culture of twin scale explants on MS medium

containing BAP-NAA is useful technique for

propagating true to type plants of M. macrocarpum .  
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