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Abstract: Fritillaria imperialis L. (Liliaceae) is a rare and endangered ornamental
plant grown in mountain regions and Zagros altitudes, llam province, Iran. This
species is in danger of extinction due to invasive collection. Plant regeneration
was done by organogenesis from bulb scales as explants cultured on Murashige
and Skoog (MS) media fortified with different concentrations of kinetin (KIN,
0.00, 0.50, 1.00 and 2.00 mg I'!) and a-naphthaleneacetic acid (NAA, 0.00, 0.50,
1.00 and 2.00 mg I%), either individually or in combination. The largest number
of leaf (3.80), root (5.86) and callus (8.16) per explant was regenerated on the
medium containing 0.50 mg It KIN and 1.00 mg I NAA. Maximum viability per-
centage (96.66%) was obtained in medium supplemented with 1.00 mg I'* KIN.
In vitro regenerated plantlets were cultivated in plastic pots containing peat
moss and perlite (1:1). The plantlets were successfully acclimatized in an adap-
tation greenhouse with a survival rate of 95% exhibiting normal developmental
patterns.

1. Introduction

Fritillaria (Liliaceae) is a genus of about 100 species of bulbous peren-
nials found in a range of habitats, from woodland to open meadows and
high screes, distributed throughout the temperate regions of the N. hemi-
sphere, particularly the Mediterranean, S.W. Asia and W. North America.
Each bulb of Fritillaria has 2 or more scales, and sometime abundant
basal bulblets. Fritillaria imperialis L. (crown imperial or tears of Mary) is a
perennial plant with high medicinal and ornamental importance (Wang et
al., 2005). The 14 important species of F. imperialis L. are native to Iran
(De Hertogh and Le Nard, 1993). Wild populations of F. imperialis are
mostly found in high altitudes (>2,000 m) of western parts of Iran, partic-
ularly in three provinces, Chahar Mahal-va-Bakhtiari, Kohkyluyeh-va-
Bouyrahmad and Ilam. The leaves are usually lance-shaped or linear and
the flowers, borne in spring or early summer, are usually pendulous and
solitary, or in terminal racemes or umbels, and have 6 tepals. F. imperialis
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L. has been used either as pot plant for designing
landscape or cut flower. Thanks to attractive red and
yellow flowers, this plant reveals a great commercial
potential (De Hertogh and Le Nard, 1993). The bulbs
of F. imperialis contain alkaloids, non-alkaloid and
high starch content (Li et al., 2000; Wang et al.,
2005).

In Iran, wild populations of two important species,
F. imperialis and F. persica, are at the risk of extinc-
tion, because of many harvesting, lack of protecting
rules, changing the pastures to dry farmlands, and
pest and pathogens invasions. The natural prolifera-
tion rate of Fritillaria is relatively low that hampers
the large-scale cultivation of this plant. F. imperialis
cannot efficiently propagate by traditional methods
such as cutting, bulb scale and seed, because of small
numbers of scales (3-5) per bulb and restricted
amount of meristematic cells (De Hertogh and Le
Nard, 1993). Plant proliferation takes 5-7 years
through the seed, also seeds have physiological dor-
mancy. In addition, seedlings are weak, survival rate
and growth are low, and produced plants by seed are
not true-to-type; because of cross-pollinate nature of
Fritillaria (De Hertogh and Le Nard, 1993; Baskin and
Baskin, 2004). Limited availability of bulblets from
nature is another problem. These limitations suggest
the need to develop alternative propagation meth-
ods for commercial production of these elite species.

The application of biotechnology especially in
vitro proliferation is a suitable method for reproduc-
tion of rare and endangered species with difficult
propagation and mass production of valuable geno-
types (Vetchinkina et al., 2012). This method is
becoming increasingly important for conservation of
rare and endangered plant species (Almeida et al.,
2005). In vitro propagation is an effectively alterna-
tive means for rapid multiplication of species, in
which conventional methods have problems and limi-
tations. Tissue culture using bulb scale segments, the
most commonly used explants in tissue culture of
bulbous plants including Liliaceae family (Mirici et al.,
2005), and other explants such as foliar and flower
explants has been reported for some cultivars of F.
imperialis (Paek and Murthy, 2002).

Two basic morphogenetic ways leading to the
regeneration of the whole plant from somatic tissues
are organogenesis and embryogenesis. Both ways of
morphogenesis can occur as direct (without passing
callus phase) and indirect (with passing callus phase).
The wild population of F. imperialis is highly het-
erozygote and non-uniform, because of its self-

504

incompatibility nature. There are a few reports on
direct and indirect organogenesis in F. imperialis
(Witomska and Lukaszewska, 1997; Witomska, 2000;
Paek and Murthy, 2002; Suboti¢ et al., 2010; Kizil and
Khawar, 2014). This paper describes a protocol for
rapid in vitro multiplication of F. imperialis L. by bulb
scales as explant and KIN and NAA as plant growth
regulators (PGRs) that could be helpful for large-scale
production for field culture.

2. Materials and Methods

The bulbs of Fritillaria imperialis L. were harvested
from natural habitat (mountain regions and Zagros
altitudes, Ilam province, Iran) (Figs. 1, 2A) and used
as the starting material for the establishment of in
vitro culture. Bulbs were transferred to the Plant
Tissue Culture and Biotechnology Laboratory, Amol,
Mazandaran Province located in the northern part of
Iran. In laboratory, bulbs (Fig. 2B) were washed
under running tap water (Fig. 2C) for half an hour to
remove mud and dirt. The bulbs were put into a ves-
sel filled with water and a few drops of dish-washing
liquid for 10 min (Fig. 2D). Then, these were washed
in running tap water for half an hour, again. Cleaned
bulbs were decontaminated with a fungicide (0.10
mg It benomile + carbendazim, rural T.S.) for 20 min
followed by once washing for 10 min. in distilled
water. The bulbs were sterilized by immersing in 0.01
g I" mercuric chloride (HgCl) for 15 min with continu-
ous stirring using magnetic stirrer, then by 20% sodi-
um hypochlorite (NaOCI) solution (commercial
bleach) for 15 min followed by three times rinsing
(each for 10 min.) in sterile distilled water and finally

Fig. 1- Fritillaria imperialis L. growing at its natural habitat
(mountain regions and Zagros altitudes, llam province,
Iran).



the bulbs were dipped in 70% ethanol for 60 sec. The
scales were rinsed in sterile distilled water for three
times.

Dried bulbs (by placing on paper for 5 min.) were
vertically cut into 10 x 10 mm under aseptic condi-
tions to obtain twin scales as explants to induce cal-
lus and shoots for in vitro propagation (Fig. 2E). Outer
scales directly in contact with disinfectant during
sterilization were removed before obtaining double
scale explants (Fig. 2F).

Fig. 2 - Sterilization of bulbs and preparation of scales explants.
A) Fritillaria imperialis L. eradicated from the soil. B)
Separated bulbs. C) Washing the bulbs under running tap
water. D) Bulbs ready for sterilization. E) To cut cleaned
bulbs as slices (scales). F) Cultivation of scales as explant
into the culture vessels (scale bar = 10 mm).

The medium used was MS (Murashige and Skoog,
1962) with 3.00% sucrose and 0.80% Agar-agar. The
pH of the medium was adjusted to 5.80. All media
were autoclaved at 104.00 kPa and 121°C for 20 min.
The scales were cultured on media fortified with NAA
and KIN (0.00, 0.50, 1.00 and 2.00 mg I from each)
to induce shoots from bulb scales. Callus was formed
on bulb scales cultured in media containing PGRs. In
vitro regenerated shoots were grown in these media
to find the suitable regeneration potential for shoot
and root production. All experiments were per-
formed in 280 ml-jam glasses (6 cm diameter x 10 cm
height) and each glass contained 50 ml medium. All
cultures were incubated at 24-26°C, 70-80% RH
under light intensity of 50 umol m2 s from white flu-
orescent lamps with 16 h light photoperiod per day.
Data were recorded after 65 days of culturing. The
parameters: leaf length, leaf diameter, leaf number,
root length, root number, callus number and viability
percentage were assessed.

In vitro produced plantlets were taken out from
culture vessels and washed thoroughly under running
tap water to remove adherent nutrient and trans-
ferred to plastic pots containing peat moss and per-
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lite (1:1). All the pots were then transferred to the
adaptation greenhouse with temperature of 24+2°C
to 20+2°C day/night, light intensity of 8000 Lux, RH of
80-85% and 14-h photoperiod for acclimatization.
After 30 days all plantlets were acclimatized.

The experiments were carried out in a completely
randomized design with three replicates per treatment
and four scales per replicate (totally; 192 explants).
PGRs-free MS medium is used as control in the experi-
ments. The results are expressed as mean + SD of the
experiments. Data pertaining to plantlets growth and
development were subjected to analysis of variance
(ANOVA) and means were compared by the LSD test at
P < 0.05 using the SPSS ver. 17 (SPSS Inc., USA).

3. Results

The twin bulb scale explants (10x10 mm) of F.
imperialis L. cultured on MS media containing differ-
ent concentrations of KIN and NAA showed variation
in the frequency of callus formation, shoot regenera-
tion and root formation (Fig. 3, Tables 1-4).

Leaf induction and proliferation

Callus was induced on bulb scales (Fig. 3A). Leaves
were produced from callus through indirect organo-
genesis (Figs. 3B, C). The minimum leaf length (1.26
cm) from twin scale explants was measured on MS

== = Au%‘ PG

Fig. 3- Micropropagation process of Fritillaria imperialis L. A)
Callus production on bulb scales. B) Leaves produced
from callus by indirect organogenesis. C) Developed lea-
ves before planting in greenhouse condition. D)
Regenerated plantlets from callus on media containing
different concentrations of KIN and NAA. E) Rooted plan-
tlets. F) Regenerated leaves in media supplemented with
different concentrations of KIN and NAA. G)
Acclimatization of plantlets grown into the pots filled
with peat moss and perlite (1:1) in an adaptation
greenhouse (scale bar = 10 mm).
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medium without PGRs (Table 4). The maximum num-
ber of 3.16 leaves per explant on twin scale explants
was measured on MS medium containing 1.00 mg I*
KIN and 0.50 mg I'* NAA (Figs. 3D, F). Differences of
leaf length in samples grown under different concen-
trations of KIN and KIN in combination with NAA were
significant (p<0.01) (Table 1). No significant difference
was seen between NAA and leaf length. There was no
any positive effect between increasing leaf length and
increasing KIN and NAA concentrations (Tables 2-4).
Among all concentrations of KIN used singularly, max-
imum and minimum leaf length (2.41 and 1.80 cm,
respectively) was induced in bulbs treated with 1.00
mg It and control (Table 2). On the other hand,
among all concentrations of NAA used as singular
PGR, maximum and minimum leaf length (2.24 and
1.85 cm, respectively) was induced in bulbs treated
with 2.00 and 1.00 mg I (Table 3). There was no sta-
tistically significant difference among different con-
centrations of KIN + NAA and leaf diameter (Table 1).

The data clearly show that leaf number is strongly
affected by treatments of KIN (p<0.01), NAA (p<0.01)
and KIN + NAA (p<0.01) (Table 1). The largest number
of leaf (3.80 per explant) was calculated in bulbs
grown on medium enriched with 0.50 mg I* KIN
along with 1.00 mg I NAA (Table 4; Figs. 3D, F). The
smallest number of leaf (1.66 per explant) was
obtained in bulbs grown on medium with 2.00 mg I*
KIN along with 1.00 mg I NAA. All treatments con-
taining 2.00 mg It KIN in combination with all con-
centrations of NAA produced less than 2.00 leaves
per explant (Table 4). Of all concentrations of KIN,
the largest and smallest number of leaf (3.33 and
1.85, respectively) was induced in explants grown on
medium enriched with 0.50 and 2.00 mg I (Table 2).
Also, differences in leaf number between all concen-
trations of NAA were not noticeable.

Root induction and growth
The maximum average of the root length per

Table 1- Analysis of variance of the effect of different concentrations of KIN and NAA on measured characters of Fritillaria imperialis L.

Source of variations df

Mean of Squares

Leaf length  Leaf diameter Leaf number Rootlength Root number Callus number Viability percentage
KIN 3 0.877 ** 0.020 Ns 4.580 ** 4.820 ** 4.201 ** 7.440 ** 413.80 **
NAA 3 0.379 Ns 0.041 * 0.690 ** 1.023 ** 1.397 ns 2.087 * 113.80ns
KIN x NAA 9 0.686 ** 0.030 Ns 0.356 ** 1.059 ** 1.815 ** 5.270 ** 67.50 Ns
Error 32 0.216 0.014 0.099 0.226 0.554 0.636 50.00
cv (%) 22.40 15.80 12.10 12.90 18.03 18.00 8.35

* ** = Sjgnificant at the 0.05 and 0.01 probability level, respectively, Ns= Not significant at p=0.05.

Table 2 - Mean comparison of the effect of different concentrations of KIN on measured characters of Fritillaria imperialis L.

KIN (mg I) Leaf length Leaf diameter Leaf Root length Root Callus Viability
& (cm) (mm) number (cm) number number (%)
0.00 1.800 b 0.7666 a 2.750 b 2.833¢c 3.483b 3491b 78.33b
0.50 1.933b 0.8083 a 3.333a 3.700 b 4.866 a 5.266 a 89.16 a
1.00 2416 a 0.7083 a 2.450c 4.375a 4.341a 4.858 a 90.00 a
2.00 2.158 ab 0.7666 a 1.850d 3.766 b 3.616 b 4.116 b 80.83 b
Means with different letters on the same column are significantly different (p<0.05) based on LSD test.
Table 3- Mean comparison of the effect of different concentrations of NAA on measured characters of Fritillaria imperialis L.
NAA (mg ) Leaf length Leaf diameter Leaf Root length Root Callus Viability
J (cm) (mm) number (cm) number number (%)
0.00 2.008 a 0.750 ab 2.80a 3.266 b 3.74b 4.458 ab 85.00 ab
0.50 2.200 a 0.700 b 2.31b 3.791a 4.33 ab 4.333ab 80.83 b
1.00 1.858 a 0.758 ab 2.79a 3.950a 4.48 a 4.975a 84.16 ab
2.00 2.241a 0.841a 2.47b 3.666 a 3.95ab 3.966 b 88.33a

Means with different letters on the same column are significantly different (p<0.05) based on LSD test.
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explant (5.50 cm) was calculated with treatment of
1.00 mg It KIN and 1.00 mg It NAA (Table 4). The
minimum average of the root length per explant
(2.30 cm) was measured with treatment without KIN
and NAA (control). Concerning the root length
induced by various concentrations of KIN, the maxi-
mum and minimum length (4.37 and 2.83 cm) was
obtained in media containing 1.00 mg It and control,
respectively (Table 2). Concerning the root length
induced by various concentrations of NAA, the maxi-
mum and minimum length (3.95 and 3.26 cm) was
obtained in media containing 1.00 mg It and control,
respectively (Table 3). There was statistically signifi-
cant difference among different concentrations of
KIN, NAA also KIN in combination with NAA and root
length (p<0.01).

KIN in combination with NAA was superior in
induction of root and on the medium fortified with
KIN (0.50 and 1.00 mg I'Y) + NAA (0.50 and 1.00 mg I%)
optimal of over than 5 roots were produced per
explant on MS medium (Table 4). The largest num-
bers of roots (5.86 per explant) was formed in MS
medium supplemented with 0.50 mg I* KIN plus 1.00
mg I* NAA (Table 4; Fig. 3E). Bulbs scales cultured on
MS medium without any PGRs produced least roots
(2.83). The root number (5.40 and 5.00 per explant)
in media containing 0.50 mg I KIN plus 0.50 mg I
NAA and 1.00 mg I KIN plus 0.50 mg I NAA was
proper (Table 4). Concerning the root number pro-
duced using various levels of KIN and NAA, each one
as singularly; the largest and smallest number (4.86

Seydi et al. - In vitro propagation of Fritillaria imperialis L.

and 3.48) was counted in media fortified with 0.50
mg |I* KIN and control, respectively (Tables 2, 3).
Analysis of variance (ANOVA) test demonstrated that
concentrations of KIN and KIN in combination with
NAA were significant with respect to number of roots
produced from scale sections (Table 1).

Callus induction

Current investigation demonstrated variable fre-
qguency of callus induction on bulbs scales at various
concentrations of KIN and NAA in the culture medi-
um. Callus was emerged after 30 days of culture (Fig.
3A). Callus formation started at the margins of bulbs
scales. Callus induction was evident in response to
the presence of both KIN and NAA. Maximum (8.16)
and minimum (3.00) callus number per explant was
observed on explants cultured on medium supple-
mented with 0.50 mg I* KIN plus 1.00 mg It NAA and
medium without PGRs (control), respectively (Table
4).

Viability percentage

Viability percentage of the bulbs scales in the
media was changed significantly with the use of dif-
ferent PGRs (Table 4). Viability percentage of the
bulbs scales in MS medium supplemented with 1.00
mg It KIN without NAA (96.66%) was the maximum.
Viability percentage in medium supplemented with
1.00 mg It NAA without KIN (73.33%) was the mini-
mum (Table 4). Statistically significant differences
were recovered between the means for viability per-
centage and KIN (Table 1).

Table 4 - Mean comparison of the effect of different concentrations of KIN and NAA on measured characters of Fritillaria imperialis L.

Leaf number

Root length
(cm)

Root number

Callus number

Viability (%)

KIN NAA Leaf length Leaf diameter
(mgl?) (mg 1) (cm) (mm)

0.00 0.00 1.266 +0.208 d  0.733+0.0289 abcd
0.00 0.50 1.366+£0.208d  0.533+0.0577 d
0.00 1.00 2.200+0.781 bc  0.900£0.1000 a
0.00 2.00 2.366+0.513 bc 0.900+0.1000 a
0.50 0.00 1.933£0.493 bed  0.800+0.1000 abc
0.50 0.50 1.933£0.153 bed  0.766+0.0577 abc
0.50 1.00 1.700£0.458 cd  0.800+0.1000 abc
0.50 2.00 2.166+0.321 bc  0.866+0.0577 ab
1.00 0.00 2.333+0.802 bc  0.666+0.2082 bcd
1.00 0.50 3.166+0.416a 0.666%0.1528 bcd
1.00 1.00 1.700£0.458 cd 0.700£0.1732 abcd
1.00 2.00 2.466+0.252 abc 0.800+0.2000 abc
2.00 0.00 2.500+0.721ab  0.800%0.1732 abc
2.00 0.50 2.3334+0.153 bc  0.833+0.1155 abc
2.00 1.00 1.833£0.351 bed  0.633+0.0577 cd
2.00 2.00 1.966+0.416 a-d  0.800+0.0000 abc

2.700+0.000 cd
2.266+0.058 ef
3.2330.252 ¢
2.500£0.100 e
3.700+0.000 ab
2.500+0.200 e
3.800+0.100 a
3.333+0.153 bc
2.533+0.603 e
2.566+0.473 de
2.46620.751 e
2.23310.451 ef
1.966+0.058 fg
1.933+0.115 fg
1.666£0.231 g
1.833#0.153 fg

2.300+0.200 f

2.933+0.115f 3.233#£0.153 e-h
2.766%0.208 f 3.700+0.200 d-h

2.833f £ 0.153

2.93340.058 f  4.400+1.015 b-f
4.666+0.058 b  5.400+0.656 ab

3.366£0.153 ef

3.83320.289 cde 3.800£0.781 c-h
3.466%0.208 def 3.333+0.473 f-h
4.300+0.100 bc 5.000+1.803 abc

5.500+0.854 a 4.666%0.777 a-e
4.233+0.451 bc 4.366%0.493 b-f
3.866+0.862 cde 3.766%0.115 d-h
3.266+0.666 ef 4.100+0.173 c-g
4.166+0.850 bcd 3.700d+0.265 -h
3.766%0.702 cde 2.900£0.100 gh

2.836£0.252 h

4.733+0.451

5.866+1.422 a

3.000+0.854 e
4.000+0.854 cde
3.333+0.473 e
3.033+0.462 e
3.133+0.666 e
5.033+1.514 bc
8.166+0.702 a
4.733+1.106 cd
6.233+0.850 b
3.933£0.153 cde
4.866x0.603 bcd
4.400+0.721 cde
4.86%0.635 bcd
4.366+0.850 cde
3.53320.666 de
3.70040.800 cde

76.66+2.887 de
80.00+0.000 c-e
73.33%#5.774 e
83.33+5.774 b-e
90.00+10.000 abc
86.66+15.275 abcd
86.66+5.774 a
93.33+11.547 ab
96.66+5.774 a
80.00+5.000 c-e
90.00+5.000 abc
93.33+2.887 ab
76.66+5.774 de
76.66%5.774 de
86.66%5.774 a-d
83.3345.774 b-e

Means with different letters on the same column are significantly different (p<0.05) based on LSD test (Mean = sp).
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Plantlets were successfully acclimatized in an
adaptation greenhouse and recorded 95% survival
rate after 30 days in pots filled with perlite: peat
moss (1:1 v/v) (Fig. 3G). There were no visual mor-
phological abnormalities in the micropropagated
plantlets.

4. Discussion and Conclusions

Fritillaria is a rare and critically threatened genus
due to the large-scale eradication, irregular grazing
and lack of protecting rules. This plant reveals a great
commercial potential, therefore, the plants in danger
of extinction, like Fritillaria, should be protected. In
vitro propagation is an effective method for conser-
vation and rapid multiplication of the species in dan-
ger of extinction like the members of Liliaceae family
including Fritillaria due to limitations in conventional
methods of propagation.

Various factors influence the process of micro-
propagation from bulb scales and in vitro regenerat-
ed bulblet explants, especially type, concentration
and combination of PGRs particularly auxins and
cytokinins. Optimal selection of PGRs is especially
important when the amount of the original plant
material of rare and endangered plant species is lim-
ited (Kulkhanova et al., 2015).

For F. imperialis, in vitro propagation is carried out
by bulb scales using mainly NAA, |AA and BA
(Witomska and Lukaszewska, 1997; Lukaszewska et
al., 1998; Witomska et al., 1998; Mohammadi-
Dehcheshmeh et al., 2006; Petri¢ et al., 2013). For
most members of the genus Fritillaria, micropropaga-
tion is done by bulb scales using mainly BA, BAP, TDZ,
NAA, IAA and 2,4-D (Petri¢ et al., 2013; Kulkhanova et
al., 2015). The concentrations of 0.10-4.00 mg I of
NAA in combination with 0.10-2.00 mg I*KIN has
been applied using bulb scales for in vitro propaga-
tion of some species of the genus Fritillaria, such as
F. anhuiensis (Xue et al., 2008), F. camtschatcensis
(Okawa and Nishino, 2000), F. roylei Hook (Joshi et
al., 2007), F. thunbergii (Seon et al., 1999), and F.
ussuriensis (Sun and Wang, 1991), not for F. imperi-
alis. NAA is the most effective auxin in inducing the in
vitro formation of bulblets from the segments of bulb
scales of F. sonnikovae, and the maximal regenera-
tion was obtained combining 1.62 uM NAA and 4.65
UM KIN also 5.00 uM BAP and 2.00 uM NAA
(Kulkhanova et al., 2015). The use of BAP in combina-
tion with IAA was effective for micropropagation of F.
unibracteata (Gao et al., 1999). In our study, the use
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of 0.50 mg It KIN and 1.00 mg I NAA was useful for
shoot and root production through indirect organo-
genesis.

Cytokinins are generally known to promote the
formation of buds in many excised and in vitro tissue
cultured organs. The medium containing 2.20 uM BA
was most effective for shoot formation on bulb scales
of Lilium longiflorum (Han et al., 2004). Similar
results were also reported by others (Naik and
Nayak, 2005). Bulblets regeneration and shoot multi-
plication on bulb scale explants were observed in
some Liliaceae members, like F. thunbergii and
Ornithogalum ulophyllum (Paek and Murthy, 2002;
Ozel et al., 2008). lpek et al. (2006) applied different
concentrations of BAP, NAA and KIN to obtain bul-
blets from immature embryos of Ornithogalum platy-
phyllum. Naik and Nayak (2005) induced direct induc-
tion of bulblets on the bulb scales grown on the MS
media enriched with 1.00 mg I NAA and 2.00 mg I!
BA. Naik and Nayak (2005) showed a plant regenera-
tion procedure in Ornithogalum virens through direct
shoot bud formation and indirect organogenesis
using bulb scale as explant cultured on MS medium
containing 1.00 mg I NAA and 2.00 mg I* BA. Paek
and Murthy (2002) revealed that the maximum bul-
blet regeneration and leaf production in F. thunbergii
using bulb scale segments as explants were obtained
in MS medium supplemented with a combination of
KIN and NAA. Current investigation is consistent with
this finding. Our study showed the same importance
of KIN and NAA for shoot regeneration. In agreement
with us, study of Kukulczanka et al. (1989) on F.
meleagris L. demonstrated that the highest percent-
age of the regenerating explants, was obtained in
case of joint action of cytokinin and auxin. In F. aurea
Schott, increased TDZ concentrations increased leaf
number. The highest regeneration rate was obtained
from combination of cytokinin and auxins (Kizil et al.,
2016). In F. imperialis, the number of regenerated
shoots was the highest on MS medium supplement-
ed with 0.50 mg It TDZ and the number of roots was
the highest on MS medium supplemented with 0.20
mg I NAA (Rahimi et al., 2014).

We observed variable frequency of callus induction
at various concentrations of KIN-NAA in the culture
medium. Similar findings were reported by others
using BAP-NAA (Nayak and Sen, 1995; Naik and Nayak,
2005; Ozel et al., 2008). Malabadi and Van Staden
(2004) induced shoot bulblets and embryogenic calli in
Ornithogalum longibracteatum on medium containing
KIN. In the study of Cakmak et al. (2016) on F. persica,
all explants including bulb scales showed competency



to regenerate callus and bulblets using 2,4-D and KIN,
or TDZ. Bulblet explants responded fairly well to a
higher level of TDZ in order to obtain maximum shoot
regeneration. Callus induction was evident in response
to high TDZ concentration. Current study showed that
the maximum root formation was obtained on medi-
um containing both KIN and NAA. Similar to our find-
ing, Ozel et al. (2008) successfully rooted bulblets
regenerated on 2.00 mg I BAP and 0.50 mg I* NAA. In
F. aurea Schott, maximum rooting was noted on 0.50
mg I IBA (Kizil et al., 2016).

In conclusion, F. imperialis, bulbous cultivated as
ornamental cut flower and garden plant, has impor-
tant also as medicinal plant and it is at the risk of
extinction. Traditional propagation is limited,
because production of bulbs is poor and seeds have a
low germination rate. Therefore, in vitro propagation
by direct and indirect organogenesis and embryogen-
esis is a proper approach. The success of these proce-
dures highly depends on type and concentrations of
auxins and cytokinins applied in culture medium, sin-
gular or in combination. In our study, 0.50 mg I* KIN
along with 1.00 mg I NAA successfully induced leaf
and root formation.
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