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Abstract

Background: Lily is one of the most important commercial cut flower species and one of the three major bulb
crops in the commercial market. The aim was to assess and establish a suitable protocol for increasing the number
of Lilium bulblets and enlarge their size.

Methodology: Different plant growth regulators (TDZ, 2,4-D, 2ip, and picloram) at different concentrations for
direct and indirect micropropagation were used. Also, the effect of various concentrations of sucrose alone or
with growth inhibitor on bulblet formation during three repeated subcultures was examined with anatomical study.

Results: For direct shoot organogenesis, culturing leaf explant on MS culture medium containing TDZ (0.5 mg/l) +
2,4-D (10 mg/l) led to the highest number of shootlets after 1 month. For indirect micropropagation, MS was
supplemented with 2ip (0.5 mg/l) + picloram (5 mg/l)-induced callus tissues which were differentiated to embryos
then weak shoots after 3 months. For more proliferation, the highest numbers of shootlets, leaves, and bulb scales
were observed on MS culture medium supplemented with 1.0 mg/l of BA plus 0.2 mg/l NAA. Using 60 g/l of
sucrose plus 3 or 6 mg/l of paclobutrazol led to the highest number of bulblets/explant for the third subculture.
The highest bulblet diameters were recorded with 120 g/l sucrose plus 6 or 3 mg/l paclobutrazol.

Conclusion: This study had reached to optimize a suitable protocol for direct and indirect micropropagation of
Lilium orientalis cv. “Starfighter” bulbs and increase the number and size of bulbs that can be beneficial for
increasing the production and reduce their price. This study will help the producers for commercial purposes.
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Background
Lily plant is one of the most important commercial cut
flower species and one of the three major bulb crops in
the commercial market because of its large size and
colorful and fascinating flowers (Robinson and Firooza-
bady 1993). It is an attractive economic flowering plant
used as cut flowers or grown in pots (Pobudkiewicz and
Treder 2006; Younis et al. 2014). Lily is a member of the
genus Lilium, grouped in seven sections, consist of 100–
115 species, and can be planted under various climatic
zones. Oriental lilies belonging to the Archelirion section
are the most expensive among different lily forms due to

their bulbs being highly valuable and their production
requiring a special technique. Their hybrids are one of
the most economical important groups with flowers
which have a wide range of size, shape, color, and other
morphological characteristics (Kumar et al. 2006; Roh
2011; Younis et al. 2014).
In vitro protocol produced fast mass production and

speedy regeneration of uniform plant material and so
has been recognized as a necessity particularly for future
breeding and commercial utilization of the lily species
(Pelkonen 2005; Muhanmmad et al. 2013). Tissue cul-
ture techniques are used for fast propagation of some
species of the genus Lilium as oriental hybrid (Lian et al.
2002) and Lilium asiatic hybrid (Lian et al. 2003; Taha
et al. 2018). In vitro scale culture is one of the best
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prolific vegetative propagation methods for lilies (Bahr
and Compton 2004).
In vitro adventitious bud regeneration from scales of

Lilium rely on many factors like cytokinin and auxin
concentrations such as BA and NAA and sucrose con-
centration (Varshney et al. 2000; Kumar et al. 2005).
Many previous studies found that bulblet growth was fa-
vorable when using a high concentration of sucrose in
the growth medium (Joshi and Dhar 2009; Bakhshaie
et al. 2010).
Plant growth retardants especially inhibitors of gibber-

ellin biosynthesis are known by reducing the shoot
length due to the shortening of plant internodes without
changing their developmental patterns or being phyto-
toxic. Besides, they also reduce leaf size, enhance chloro-
phyll content, and cause thickening of roots (Smith et al.
1990). Paclobutrazol decreases stem elongation in
various ornamental species (Coulston and Shearing
1985) and promotes storage organ development (Ziv
1989) when grown in media enriched with sucrose.
The present investigation was conducted in order to

optimize an in vitro propagation protocol and identifying
the suitable concentration of paclobutrazol and sucrose
for bulb production from bulb scales explants of oriental
lily.

Materials and methods
The present work was conducted at tissue culture Tech-
nique Laboratory, Central Labs, Ornamental Plants and
Woody Trees Department, Agricultural and Biological
Research Division, National Research Centre (NRC), Tis-
sue Culture & Germplasm Conservation Research Lab.,
Horticulture Research Institute, Agricultural Research
Center—Giza (ARC), and Agricultural Botany Department,
Faculty of Agriculture, Cairo University, Egypt, during years
the 2017 and 2018 to establish an efficient in vitro culture
protocol for rapid micropropagation and bulblet formation
of oriental lily “Starfighter.”

Explant source and surface sterilization
The scales of bulbs of Lilium (5–7 cm in diameter) were
collected from a commercial nursery and gently excised
from the points of attachment and surface sterilized in
ethanol 70% (v/v) for 30 s, rinsed in Clorox 15% (sodium
hypochlorite) for 7 min, then washed with sterilized dis-
tilled water three times. The scales were sterilized in 2%
HgCl2 (MC) solution (w/v) for 10 min and finally rinsed
three times in sterile water.

Culture medium
The sterilized bulb scales explants were cultured in jars
containing 25ml MS free of hormones (Murashige and
Skoog 1962) supplemented with 3% sucrose and 0.7%

agar. The pH of the medium was adjusted to 5.6–5.8
then autoclaved at 121 °C and 15 psi for 15 min.

Incubation conditions
The in vitro cultures during all stages were placed in the
incubation room at 23 ± 2 °C under 16 h photoperiod
and 1.5 k lux light intensity provided by cool, white,
fluorescent lamps.

Shoot organogenesis
For direct and indirect shoots regeneration, the obtained
leaves from culture starting were separated, sectioned,
and transferred to MS medium supplemented with dif-
ferent plant growth regulators: 0.5 mg/l of thidiazuron
(TDZ) and 6-γ,γ-dimethylallylamine purine riboside
(2ip); 2,4-dichlorophenoxyacetic acid (2,4-D); and piclo-
ram at different concentrations (5 and 10mg/l) for
in vitro shoot multiplication. The formed shoots were
used as secondary explants for further in vitro shoots
propagation.

In vitro shoots proliferation
For this stage, 0.5 mg/l of both 6-benzyl amino purine
(BA) and thidiazuron (TDZ) in combination or sepa-
rated with α-naphthaleneacetic acid (NAA) at 0.1, 0.2,
and 0.3 mg/l were tested. The characteristic features of
regenerated plantlets were observed such as number of
shootlets/explant, number of leaves/shootlet, and num-
ber of bulb scales/shootlet.

Bulblet formation
In this stage, shoot explants were transferred to culture
media which contained different concentrations of su-
crose (30, 60, 90, and 120 g L−1) only or combined with
growth inhibitors (3 and 6mg L−1 paclobutrazol) for
bulblet formation of Lilium through three subcultures as
well as the diameter of the obtained bulblets.

Hardening off
The bulblets were removed from culture jars and trans-
ferred to pots containing peat moss + sand (1:1), covered
with transparent polyethylene pages for 2 weeks and
gradually removed in the greenhouse.

Determination of total carbohydrates
Fresh samples of bulblets were used to determine total
carbohydrates as described by Dubois et al. (1956).

Anatomical study
Shootlets and different stages of somatic embryos were
chosen from survived in vitro cultures (aged 12 weeks
old) as well as the acclimatized bulbs that were aged 8
weeks after transferring to the greenhouse. Samples were
fixed in F.A.A. (10 ml formalin, 5 ml glacial acetic acid,
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and 85 ml ethyl alcohol 70%) and dehydrated in butyl al-
cohol series then embedded in paraffin wax of melting
point 56 °C. Sections (20 μm) were cut with a rotary
microtome. The sections were stained with crystal
violet-erythrosine combination, cleared in xylene and
mounted in Canada balsam (Willey 1971).

Statistical analysis
The average of recorded data for different parameters
was statistically analyzed using randomized complete
block design with ten replicates per treatment. LSD test
at 5% for comparison among means was used according
to methods of Steel and Torrie (1980).

Results
Regenerative capacity
The leaf explants of in vitro culture of oriental lily were
introduced to MS medium supplemented with different
plant growth regulators [thidiazuron (TDZ), 2,4-dichlor-
ophenoxyacetic acid (2,4-D), 6-γ,γ-dimethylallylamine
purine riboside (2ip), and picloram] at different concen-
trations for direct shoot regeneration from leaf explants
or indirect regeneration from callus tissues (Table 1 and
Fig. 1). For direct shoot organogenesis, culturing leaf ex-
plant on MS culture medium containing TDZ (0.5 mg/
l) + 2,4-D (10 mg/l) was more effective and led to the
highest number of shoots (5.7) after 1 month (Fig. 1a).
MS supplemented with TDZ (0.5 mg/l) + 2,4-D (5 mg/l)
led to white friable calli, whereas using 2ip (0.5 mg/l) +
picloram (5 mg/l) in the culture medium induced yellow-
ish friable callus tissues. The development of callus tis-
sues to differentiate embryos then weak shoots took
3 months. Different stages of somatic embryos that were
inducted from callus were identified using the histo-
logical sections (Fig. 2).

The anatomical study (Fig. 3) indicated the histological
section of the control that showed the shootlet forma-
tion of lily plant consisting of apical meristem (SAM)
end compassed with leaf primordial (lp) and young
leaves (l). The axis of the shoot tip in these plant seems
to be more wider but shorter than those of the embryo-
genesis. The formation of buds from bulb scales was ob-
served after formation of calluses at the lower end. The
plantlet resulted from the direct organogenesis which
looked like a bulblet. Plantlets that were directly grown
on culture medium containing TDZ (0.5 mg/l) + 2,4-D
(10 mg/l) showed formation of many shoot apical meri-
stems as compared to other treatments.

In vitro shoot proliferation
The different responses of regenerated shoot from
explants that were cultured on MS culture medium sup-
plemented with various concentrations of BA, TDZ (0.5,
1.0, and 2.0 mg/l) and NAA (0.1, 0.2, and 0.3 mg/l) to
proliferate more shoots were reported in Table 2. The
highest number of shootlets, leaves, and bulb scales
(8.25, 5.44, and 8.88 respectively) was observed in the
MS medium supplemented with 1.0 mg/l of BA plus 0.2
mg/l NAA compared with the other treatments. The
lowest number of shoots and bulb scales per explant
(1.22 and 2.44, respectively) were recorded for MS free
hormone (control) treatment.

Bulblet formation
Data presented in Table 3 show a comparison for the ef-
fect of different concentrations of sucrose (30, 60, 90,
and 120 g/l) alone or combined with growth inhibitor (3
and 6mg/l paclobutrazol) on bulblet formation of Lilium
through three subcultures in MS media. Higher bulblet
formation was recorded with increasing the concentra-
tion of sucrose alone at 90 and 120 g/l (3.01 and 2.86, re-
spectively). Also, sucrose at 60 g/l with paclobutrazol at
3 and 6mg/l significantly increased bulb formation (2.99
and 2.84, respectively) as compared to other treatments.
Concerning the effect of subculture number on bulblet

formation, the results revealed that the increase in the
number of the repeated subcultures lead to a significant
increase in the bulblet formation. The third subculture
produced the maximum bulblets formed (2.99 bulblets)
in MS medium as compared to the first or second sub-
cultures (1.39 and 2.36 bulblets, respectively).
The interaction effect of different concentrations of

sucrose and paclobutrazol on the number of subcultures
revealed that using 60 g/l of sucrose plus 3 or 6mg/l
paclobutrazol led to the highest number of bulblets/ex-
plant (4.44 and 4.08 bulblets, respectively) for the third
subculture. Also, the bulblet formation was significantly
increased by adding sucrose at concentrations of 90 and

Table 1 Effect of different concentrations of plant growth
regulators on regenerative capacity of oriental lily leaf explant

Treatment
(mg/l)

Mean number
of regenerated
shoots

Mean of
callus
frequency
(%)

Morphogenesis

Control
(0.0 hormones)

0 0 –

TDZ (0.5 mg/l) 0 50.2 White friable calli

TDZ (0.5 mg/l)
+ 2,4-D (5 mg/l)

2.8 61.4 White friable calli +
regenerated shoots

TDZ (0.5 mg/l)
+ 2,4-D (10 mg/l)

5.7 0 Direct regenerated
shoots

2ip (0.5 mg/l) +
picloram (5 mg/l)

2.1 73 Yellowish friable calli
+ regenerated shoots

2ip (0.5 mg/l) +
picloram (10 mg/l)

0 0 –

Data were based on three replicate jars with three leaf sections/jar
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120 g/l (3.78 and 3.89 bulblets, respectively) for third
subculture, comparing with other treatments (Fig. 4).

Bulblet diameter
The higher concentration of sucrose with paclobutrazol
concentrations was more effective on increasing diam-
eter of bulblets (Fig. 5). The highest bulblet diameters
were recorded with 120 g/l sucrose plus 6 or 3mg/l
paclobutrazol (1.68 and 1.63 cm, respectively) followed
by 90 g/l sucrose alone or plus 6 mg/l paclobutrazol
(1.45 and 1.43 cm, respectively) comparing with other
treatments, whereas the lowest diameter of bulblets (0.6
cm) was recorded with MS culture medium which con-
tains 30 g/l sucrose only.

Total carbohydrate percentage
The carbohydrate percentage was increased in the same
treatment for bulblets’ diameter enlarged. The highest

percentage (41.01%) was recorded with 120 g/l sucrose
plus 3 or 6 mg/l paclobutrazol comparing with other
treatments (Fig. 6).

The anatomical study
The anatomical study on successful acclimatized sur-
vived plants (Fig. 7) confirmed the stimulation effect of
120 g/l sucrose plus 6 mg/l paclobutrazol which pro-
duced the large size of bulbs as compared to those of
the control.

Discussion
The present results of Fig. 2 were in agreement with the
development of callus tissues to differentiate embryos;
different stages of somatic embryos that were identified
using the histological sections were described as small
meristematic cells with regular shape, prominent nu-
cleus, densely cytoplasm, and stained cell walls without

Fig. 1 Regenerative capacity of oriental lily affecting by different plant growth regulators. a Direct regenerated shoots on MS supplemented with
TDZ (0.5 mg/l) + 2,4-D (10 mg/l) and b white friable calli on MS supplemented with TDZ (0.5 mg/l) + 2,4-D (5 mg/l)

Fig. 2 Histological observation of different stages of somatic embryos. B1 Globular-shaped embryo. B2 Heart-shaped embryo. B3 Torpedo-
shaped embryo. B4 Primary embryos
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intercellular space (Vinterhalter et al. 2016). The globu-
lar embryos were developed into heart shapes. The heart
somatic embryos then transferred to torpedo stage as
described by Dam and Bandyopadhyay (2010), which fi-
nally differentiated into a structure that seems like zyg-
otic embryo of the plant.

It could be observed from this study that direct
shoot regeneration was favored to obtain higher shoot
frequency than those obtained from indirect one. The
different responses of shoot regeneration varied in
morphogenesis affected by growth regulators as men-
tioned by many studies, and both cytokinins and
auxins were used for regeneration of lily bulblets, but
the role of TDZ is known for both somatic embryo-
genesis induction and regeneration of shoots on the
same explant (Huetteman and Preece 1993).
The data in Table 2 were in harmony with those ob-

tained by Paek and Murthy (2002); they showed that
auxin is effective for shoot promoting, and it is essential
with a cytokinin for shoot induction.
For bulblet formation in Table 3, it was reported that

the growth of bulblets depended on the sucrose concen-
tration (Yamagishi 1998; Kumar et al. 2005), whereas the
number of bulblets was higher by increasing the level of
sucrose for oriental hybrid lily “Stargazer,” and using
paclobutrazol had stimulation effect on the number of
bulblets compared with the control. Bulb formation of
Lilium was significantly encouraged by the addition of

Fig. 3 c Longitudinal section on the plantlet produced on MS medium free of hormones. d, e Longitudinal section on the plantlet grown on MS
supplemented with TDZ (0.5 mg/l) + 2,4-D (10 mg/l). f Longitudinal section on the plantlet grown on MS supplemented with TDZ (0.5 mg/l) + 2,4-
D (5 mg/l). R, root regeneration; AR, adventitious roots; LP, leaf primordium; L, leaf

Table 2 Effect of BA and TDZ combined with NAA at different
concentrations on in vitro shoot proliferation of Lilium

Treatment (mg/l) Number of
shoots/explants

Number of
leaves/shoots

Number of
scales/explants

Control (MS free
hormones)

1.22d 2.59c 2.44e

BA 0.5 + NAA 0.1 1.20d 2.36c,d 2.83c,d

BA 1.0 + NAA 0.2 8.25a 5.44a 8.88a

BA 2.0 + NAA 0.3 1.22d 2.24c,d 2.25e

TDZ 0.5 + NAA 0.1 1.63c 2.30c,d 2.50d,e

TDZ 1.0 + NAA 0.2 6.00b 4.91b 5.99b

TDZ 2.0 + NAA 0.3 1.67c 2.14d 3.09c

LSD at 0.05 0.40 0.39 0.37
a-e within a column having the same letters are not significantly different at 5% level
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paclobutrazol (PBZ) even at lower concentrations
(Thakur et al. 2006). Wang et al. (1999) found that using
paclobutrazol produced better bulb formation for Lilium
plantlets. Also, confirmed reports pointed out that the
treatments with paclobutrazol led to a shift in the parti-
tioning of assimilates from the leaves to the storage or-
gans and roots and increased chlorophyll and
carbohydrates in all parts of seedlings (Hazarika 2003).

From Fig. 5, it seemed that sucrose and paclobutrazol
play an effective role in bulblets’ diameter of oriental hy-
brid lily in vitro. Support findings from the studies of
Langens-Gerrits et al. (2003) during in vitro culture ob-
served that the high concentration of sucrose had the
large bulblets. The increase in bulblets’ size was ob-
tained on the medium supplemented with high con-
centration of sucrose (60 and 90 g/l) in various Lilium

Table 3 Bulblet formation of Lilium under effect of sucrose and paclobutrazol at various concentrations during three repeated
subcultures

Treatment First subculture Second subculture Third subculture Treatments means (A)

Control (sucrose 30 g/l) (S1) 1.11 1.22 2.64 1.66c

Sucrose 60 g/l (S2) 1.50 2.50 3.16 2.42b

Sucrose 90 g/l (S3) 1.83 3.42 3.78 3.01a

Sucrose 120 g/l (S4) 1.22 3.33 4.44 2.99a

S1+ paclobutrazol 3 mg/l 1.61 3.06 3.33 2.67a,b

S2+ paclobutrazol 3 mg/l 1.39 3.31 3.89 2.86a

S3+ paclobutrazol 3 mg/l 1.22 1.44 2.89 1.85c

S4+ paclobutrazol 3 mg/l 1.11 1.37 2.11 1.53c,d

S1+ paclobutrazol 6 mg/l 1.78 3.11 3.22 2.70a,b

S2+ paclobutrazol 6 mg/l 1.89 2.56 4.08 2.84a

S3+ paclobutrazol 6 mg/l 1.11 1.17 1.33 1.20d

S4+ paclobutrazol 6 mg/l 0.78 1.25 1.78 1.27d

Means of subculture (B) 1.39c 2.36b 2.99a

LSD at 0.05 Treatment (A) = 0.33, subculture (B) = 0.16, A × B = 0.57
a-d within a column having the same letters are not significantly different at 5% level

Fig. 4 Development of Lilium bulblets during three repeated subcultures. g–i In vitro proliferation of shootlets and bulblets during second
subculture on MS culture medium supplemented with 120 g/l sucrose. k In vitro flowering after 3 months on the same medium
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cultivars using different explants (Bonnier and Van
1997). The increase in bulblets’ size in high level of
sucrose was due to the raise in starch and total car-
bohydrates (Langens-Gerrits et al. 1997). The inter-
action effect of paclobutrazol and sucrose was
significant for cormel size. Using 120 g/l sucrose and
10 mg/l of paclobutrazol in MS culture medium gave
the best formation of bigger cormels (Nagaraju et al.
2002). Moreover, paclobutrazol play an important role
in enhancing the accumulation of soluble carbohy-
drates and starch (Wu et al. 2019).

This large size of acclimatized bulblets that appeared
in the anatomical study as a result of using 120 g/l su-
crose plus 6 mg/l paclobutrazol in the culture medium
might be attributed to the increase in size and number
of scaly leaves which were affective on flower size of lily
plant.

Conclusion
Lilium orientalis cv. “Starfighter” bulbs can be obtained
by direct shoot organogenesis, culturing leaf explant on
MS culture medium containing TDZ (0.5 mg/l) + 2,4-D

Fig. 5 Bulblets’ diameter of oriental hybrid lily as effected by different concentrations of sucrose and paclobutrazol

Fig. 6 Carbohydrates percent in Lilium bulblets with studied concentrations of sucrose and paclobutrazol
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(10 mg/l) and indirect micropropagation by MS supple-
mented with TDZ (0.5 mg/l) + 2,4-D (5 mg/l) or using
2ip (0.5 mg/l) + picloram (5mg/l). Using 60 g/l of sucrose
plus 3 or 6 mg/l of paclobutrazol led to the highest num-
ber of bulblets/explant. The highest bulblet diameters
were recorded with 120 g/l sucrose plus 6 or 3mg/l
paclobutrazol.
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