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A protocol for the micropropagation in different
harvesting time of Lilium ledebourii (Baker) Boiss, an
endangered rare species endemic to Iran has been
developed. In vitro scale culture of this species, using
bulbs from three harvesting seasons (spring, summer
and winter), was attempted. Among the various
treatments tested, the Murashige and Skoog (MS)
medium supplemented with 0.1 mg I naphthaleneacetic
acid (NAA) + 0.1 mg I* benzyladenin (BA) and 6%
sucrose in all harvesting seasons proved to be superior
to others. The best results for fresh weight of bulblets,
rooting parameters and the survival rate after
transplantation to greenhouse were obtained from early
winter-harvested bulbs. Summer-harvested bulbs had
the highest number of bulblets per explant. The bulblets
at the end of the culture period were given cold
treatment at 4°C for 2-8 weeks at a 2-weeks interval and
then transplanted to a potting mixture of sand, leaf
mold and peat moss (1:1:1 v/v). The best emergence rate
(90%) was achieved at 8 weeks cold treatment for
winter harvested bulbs.

Lilium ledebourii (Baker) Boiss (Liliaceae) is a perennial
endangered rare species endemic to Iran (Figure 1). This
plant grows at altitudes between 1750-2100 m in Euxino-
Hyrcanian province and it is under surveillance of Iranian
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Regional Environmental Protection Agency (Jalili and
Jamzad, 1999). L. ledebourii has high ornamental value for
the beautiful white flowers and a large, raceme having 2-15
flowers that can be used for breeding programs. The
number of plants of this species is continuously decreasing
in nature because of cutting the plants and removing
underground organs. The application of in vitro propagation
techniques may offer the possibility of producing large
number of uniform plants for breeding programs and
further field culture.

The successful use of tissue culture techniques for rapid
propagation of some species of the genus Lilium has been
reported including L. longiflorum (Tanimoto and
Matsubara, 1995; Arzate-Fernandez et al. 1997; Nhut,
1998; Nhut et al. 2001; Nhut et al. 2002; Bacchetta et al.
2003; Nhut, 2003), L. japonicum (Yamagishi, 1998), L.
speciosum (Chang et al. 2000), L. concolor (Jeong, 1996),
L. nepalense (Wawrosch et al. 2001), Lilium regale Wil
(Pelkonen and Kauppi, 1999), Lilium oriental hybrid (Lian
et al. 2002a), Lilium Asiatic hybrid (Lian et al. 2003).

One of the best and most prolific vegetative propagation
method for lilies is in vitro scale culture (Jeong, 1996;
Varshney et al. 2001; Bahr and Compton, 2004). In vitro
adventitious bud regeneration from scales of Lilium
depends on factors such as auxin and cytokinin
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concentrations (Jeong, 1996; Varshney et al. 2000), sucrose
concentration (Jeong, 1996; Varshney et al. 2000; Kumar et
al. 2005), light treatment (Varshney et al. 2000; Lian et al.
2002b; Kumar et al. 2005), scale position or kind of explant
(Jeong, 1996; Varshney et al. 2000). There are no reports
on micropropagation of L. ledebourii. This paper introduces
a protocol for the in vitro propagation and reports the
suitable season for harvesting the valuable bulbs of this
species, with best cold treatment for sprouting of bulblets.

MATERIALS AND METHODS
Plant material and explant source

Fresh bulbs of Lilium ledebourii were collected from
Damash of Emarlu in the Alborz range of mountains in
three seasons: spring (May 2002), summer (July 2002) and
winter (January 2003), and then stored at 4°C for one
month. The middle scales of bulbs were separated and
washed thoroughly under running tap water. Following a 5
sec treatment with 70% ethanol, then surface sterilized in a
2% sodium hypochlorite solution (NaClO) for 30 min and
rinsed three times in sterilized distilled water. Basal
segments of the scales measuring about 1 x 1 cm® were
aseptically cut and each segment with the dorsal side in
contact with the medium was placed in a 22 x 180 mm test
tube containing 15 ml of the culture medium.

Medium and culture conditions

Murashige and Skoog (1962) media without hormones or
supplemented with naphthaleneacetic acid (NAA) (0.1 mg
I'Y) + benzyladenin (BA) (0.1 mg 1) and NAA (0.5 mg I'%)
+ BA (0.5 mg I™") (Sigma, St. Louis, U.S.A.) were used.
Each was combined factorially with sucrose (3, 6 and 9%).
The media were solidified with 7 g I'* Merck agar-agar. The
pH of media were adjusted to 5.7 before dispensing in test
tubes and autoclaving at 121°C and 1.5 kg cm™ pressure for
20 min. The cultures were kept for 16 weeks at 25 + 1°C
under a 16 hrs photoperiod at a light intensity of 45 pu mol
m s emitted by cool-white fluorescent tubes.

Figure 1. Lilium ledebourii (Baker) Boiss (Liliaceae) a
perennial endangered rare species that grows at altitudes
between 1750-2100 m in Euxino-Hyrcanian province and
it is under surveillance of Iranian Regional Environmental
Protection Agency.

Cold treatment and transplantation

As it was reported that Lilium bulblet weight affected the
sprouting (Langens-Gerrits et al. 2003), only bulblets with
60-100 mg in weight were used for cold treatment
experiment. The bulblets were cold treated at 4°C for 0, 2,
4, 6 and 8 weeks in all three harvesting seasons, then
transplanted in pots containing sand, leaf-mold and peat
moss (1:1:1 v/v) and placed in a greenhouse with 22 + 2°C
mean temperature, 70 + 5% relative humidity and natural
light conditions.

Data collection and statistical analysis

For scale cultures from the bulbs harvested in the three

Table 1. Effects of growth regulators combined with three concentrations of sucrose on bulblet regeneration and rooting

parameters of Lilium ledebourii in spring harvested bulbs.

NAA + BA Sucrose BuI_bIet No. of bulblets Mean fresh wt (weight) of bulblet (mg) Rooting No. of roots Root length
(mgl-1) | (%) formation (%) per scale (%) per bulblet (mm)
3 58.3 aa 2.25cd 41.5d 57.0c | 1.71ab 7.67 cd
0 6 69.5 a 4.27 ab 43.2d 71.4abc| 1.55ab 9.72 bed
9 25.0b 0.98d 59.6 cd 26.7d 1.00 b 7.00 cd
3 80.6 a 541la 158.3 abc 60.9bc| 2.17ab 10.37 bed
0.1+0.1 6 63.9 a 3.11 bc 236.8a 87.3a 2.89a 17.32 ab
9 33.3b 1.75 cd 83.5 bed 80.9ab, 2.73a 10.96 bcd
3 83.3a 2.92 be 128.5 abcd 75.0abc; 1.10a 5.99d
0.5+0.5 6 61.1a 3.67b 113.6 bed 84.0ab, 252a 15.09 abc
9 25.0b 1.25d 177.1ab 77.0abc| 2.73a 20.82 a

Mean values followed by the same letters are not significantly different at the 5% level (Duncan's multiple range test).
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Figure 2. Effects of plant growth regulator and sucrose
concentrations on bulblet formation of Lilium ledebourii
(Baker) Boiss on MS + BA (0.1 mg I™) + NAA (0.1 mg I™)
and 3% sucrose in spring-harvested bulbs, after 16
weeks of culture.

seasons, the percentage of bulblet formation, mean number
of bulblets per explant, fresh weight of bulblets, percentage
of rooting, number of roots per bulblets and length of roots
were recorded after a 16-week period without subculture.
The experiment was conducted in factorial on the basis of
completely randomized design with three replications. Each
replication consisted of 12-16 test tubes each with one
explant. For mean comparisons Duncan's new multiple
range tests were used.

RESULTS

Effect of growth regulator and sucrose
concentrations on bulblet regeneration in spring-
harvested bulbs

The highest percentage of bulblet formation (83.3%) was
observed on the medium containing 0.5 mg I* BA + 0.5 mg
I NAA and 3% sucrose (Table 1). The highest number of
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bulblets (5.41) was obtained on the medium containing 0.1
mg I BA + 0.1 mg I'* NAA and 3% sucrose (Figure 2). It
was also noted that high concentration of sucrose (9%)
decreased the number of bulblets per explant. The presence
of growth regulators significantly increased the growth of
bulblets compared with control. The fresh weight of
bulblets was greatest (237 mg) in 0.1 mg I BA+ 0.1 mg I
NAA and 6% sucrose. For rooting parameters the best
result was achieved on the medium containing 0.1 mg I*
BA + 0.1 mg I'* NAA and 6% sucrose (Table 1).

and sucrose
regeneration in

Effect of growth regulator
concentrations on bulblet
summer-harvested bulbs

As it is evident from Table 2, NAA and BA did not
significantly affect the percentage of bulblet formation
while the effect of sucrose was significant. All the media
with 3% sucrose resulted in 100% bulblet formation.
Similarly, the medium containing 0.1 mg I'* BA + 0.1 mg I
! NAA and 6% sucrose resulted in 100% bulblet formation.
The highest number of bulblets (14.8) was achieved with
the same medium. Combination of 0.5 mg I'* BA + 0.5 mg
I NAA with 6% sucrose led to the greatest fresh weight of
bulblets (74.3 mg) (Table 2 and Figure 3). The percentage
of rooting, root number and root length increased by
increasing sucrose concentration from 3% to 6% for all
media. The effects of NAA and BA were insignificant for
all rooting parameters (Table 2).

Effect of growth regulator and sucrose
concentrations on bulblet regeneration in winter-
harvested bulbs

The effect of growth regulators and sucrose did not
influence the percentage of bulblet formation and most
treatments resulted in 100% bulblet formation (Table 3).
The highest number of bulblets was obtained on the

Table 2. Effect of growth regulators combined with three concentrations of sucrose on bulblet regeneration and rooting

parameters of Lilium ledebourii in summer harvested bulbs.

NAA + BA Sucrose Bulblet No. of bulblets

Mean fresh wt Rooting | No. of roots | Root length

(mgl-1) (%) formation (%) per scale (weight) of bulblet (mg) (%) per bulblet (mm)
3 100 aa 6.56 bc 51.9 ab 36.9bcd| 0.79 bc 6.09 bc
0 6 75 ab 3.83cd 58.4 ab 58.9 ab 1.41 ab 8.15 abc

9 72.2 ab 2.50d 29.7b 53.2abc| 1.73a 5.70 bc

3 100 a 9.11b 34.8b 21.2d 0.25¢ 2.29¢
01+01 6 100 a 14.81 a 50.0 ab 60.8 a 1.29 ab 11.41 ab
9 72.2b 753b 66.4 a 55.9 ab 1.84a 7.17 abc

3 100 a 9.28b 475 ab 31.9cd 0.45c¢ 3.33¢
05+05 6 66.7b 6.75 bc 74.3 a 67.8a 1.82a 12.93 a
9 63.9b 6.22 bc 65.5a 60.4 a 0.88 bc 7.01 abc

“Mean values followed by the same letters are not significantly different at the 5% level (Duncan's multiple range test).

584



Azadi, P. and Khosh-Khui, M.

Figure 3. Effects of MS medium + BA (0.5 mgl™) + NAA (0.5 mgl™) combined with 3% (a), 6% (b), or 9% (c) sucrose
concentrations on micropropagation of Lilium ledebourii (Baker) Boiss in summer-harvested bulbs, after 16 weeks of culture.

medium with 0.1 mg I BA + 0.1 mg I* NAA and 9%
sucrose. Number of bulblets per scale decreased with
adding 0.5 mg I'* BA + 0.5 mg I NAA, but increased with
increasing the sucrose concentration. The presence of
growth regulators increased fresh weight of bulblets
compared with control. The combinations of 0.1 mg I'* BA
+ 0.1 mg I'" NAA supplemented with 3% and 6% sucrose
led to a maximum fresh weight of bulblets (385.8 and 306.9
mg, respectively). However, the addition of higher
concentration of sucrose (9%) caused a decrease in bulblet
growth. The effects of sucrose on rooting parameters were
significant. The addition of 6% and 9% sucrose increased
the percentage of rooting, root number and root length, but
the effect of growth regulators were not significant (Table
3).

Comparison of the effect of plant growth regulator
and sucrose concentrations on means of three
harvesting seasons

The comparison among three harvesting seasons is
presented in Figure 4. The effects of growth regulators were
not significant on the percentage of bulblet formation for
bulbs harvested in the three seasons. The effect of sucrose
was significant in spring and summer i.e. the percentage of
bulblet formation was significantly reduced by increasing
the concentration of sucrose but it was insignificant in
winter-harvested bulbs. The effects of NAA and BA were
significant for the number of bulblets in all three seasons.

The highest number of bulblets was formed on media with
0.1 mg I NAA + 0.1 mg I BA in summer. In spring and
summer seasons, high concentration (0.5 mg I NAA + 0.5
mg I BA) or the absence of growth regulators significantly
decreased the number of bulblets, while in winter the
number of bulblets was reduced only at high concentration
of growth regulators (0.5 mg I'* NAA + 0.5 mg I'* BA). The
effect of sucrose was similar in spring and summer with 3%
and 6% sucrose concentration, whereas the highest sucrose
concentration (9%) significantly reduced the number of
bulblets in both seasons. However, this concentration
increased the number of bulblets in the winter. The average
number of bulblets was highest in summer and lowest in
spring. The fresh weight of bulblets in summer was poor
and the addition of NAA and BA was not effective on this
trait. Sucrose concentration of 3 or 6% was optimum for
increasing the fresh weight of bulblets for winter. The
results showed that in all treatments the highest and lowest
fresh weight of bulblets belonged to winter and summer-
harvested bulbs, respectively (Figure 4).

The effects of NAA and BA on percentage of root
formation were significant only for spring-harvested bulbs.
Just in this season, the addition of exogenous plant growth
hormones increased rooting parameters. The effect of
sucrose was significant for all rooting parameters in the
three seasons except for the root number in spring. For all
seasons, 6% sucrose was the best concentration for rooting
parameters. Percentage of bulblet rooting, number of roots

Table 3. Effect of growth regulators combined with three concentrations of sucrose on bulblet regenerations and rooting

parameters of Lilium ledebourii in winter harvested bulbs.

Mean fresh wt

NAA + BA Sucrose Bulplet No. of bulblets (weight) Rooting ' No. of roots Root |
(mgl-1) (%) [Formation (%) per scale of bulblet (mg) (%) per bulblet = ength (mm)

3 91.7 aba 4.92 abc 120.8 b 62.5 bc 2.01 ab 10.98 bc
0 6 100 a 5.08 abc 185.2 ab 96.6 a 3.85a 19.28 ab
9 100 a 5.94 ab 127.3b 78.1 abc 3.09 ab 17.68 ab
3 100 a 3.83 bc 385.8a 73.1 abc 2.98 ab 12.39 bc

0.1+0.1 6 100 a 5.03 abc 306.9 ab 90.6 ab 3.96a 23.64 a
9 100 a 6.89 a 1359b 85.5 ab 2.53 ab 22.61a

3 100 a 3.22c 178.6 ab 50.0c 1.21b 7.36C

05+0.5 6 100 a 4.25 bc 200.1 ab 88.2 ab 3.32ab 2427 a
9 80.6 b 4.03 bc 203.3 ab 85.2 ab 3.02 ab 23.14a

“Mean values followed by the same letters are not significantly different at the 5% level (Duncan's multiple range test).
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Figure 4. Effects of growth regulator and sucrose concentrations on percentages of bulblet formation, mean number of
bulblets per explant and fresh weight (wt) of bulblet in spring, summer and winter-harvested bulbs of Lilium ledebourii. Bars
with the same letters are not significantly different at the 5% level of probability using DNMRT. Vertical bars indicate standard error.

and length of roots were highest in the winter and lowest in
the summer (Figure 5).

Cold treatment and transplantation

Increasing the period of cold treatment from 2 to 8 weeks
increased the emergence of bulblets at three harvesting
seasons. The bulblets were sprouted after 2 months (Figure
6). The survival rate of bulblets cold treated for 8 weeks
(the best treatment) after 5 months was 80%, 65% and 90%
for spring, summer and winter-harvested bulbs,
respectively. The horticultural habits of the cloning plants
are under investigation to introduce the germplasm for a
lily breeding program.

DISCUSSION
Percentage of bulblet formation

In agreement with Niimi (1985) who reported that the
addition of BA and NAA had no significant effect on

bulblets formation in L. rubellum, the data of present study
showed that the addition of NAA and BA did not
significantly affect the percentage of bulblet formation in L.
ledebourii. Similarly, results of this investigation for all
seasons are in accordance with Jeong (1996) findings who
showed that the highest percentage of bulblets was obtained
on a medium with 3% sucrose in L. concolor. Dantu and
Bhojwani (1995) showed that in Gladiolus the percentage
of cormlet formation was increased using 6% sucrose in the
medium but further increases in sucrose concentration
decreased the percentage of cormlet formation. In the
present investigation, the percentage of bulblet formation
was reduced by increasing the concentration of sucrose in
bulbs harvested in spring and summer.

Robb (1957) working with Lilium speciosum reported that
explants removed during summer or winter months hardly
produced bulblets. In contrast, data of present study showed
that in L. ledebourii the average of the highest percentage
of the bulblet formation was achieved on bulbs harvested in
winter and summer. A remarkable influence of the season
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on tissue culture response of barley (Hordeum vulgare) for
cultivars ‘Salome' and ‘Golden Promise' was observed.
Scutella from immature embryos of cv. ‘Salome' showed an
increase in the frequency of plant regeneration from
January to June, reaching the highest values in March/April
followed by a decrease in May and a continuous and strong
decrease from June to December. The same seasonal effect
was evident for plant regeneration from scutella of cv.
‘Golden Promise’. In contrast to plant regeneration
frequency, the percentage of embryogenic callus formation
showed different result for ‘Salome’, and a curve with a
slight optimum in March for the first six months was
observed, but in the second half of the year there were also
high values visible. In case of embryogenic callus
formation from ‘Golden Promise’, a relatively uniform
reaction in the first six months of the year followed by a
pronounced decrease in November was observed (Sharma
et al. 2005). Another observations regarding the seasonal
variation in  regeneration frequency from barley
microspores were provided by Ritala et al. (2001), they
obtained the highest values, when spikes were harvested

Bulbi et rocting (%

from May to December, whereas lowest responsibility was
detected for the harvesting time from January up to April.
These results show that genetic variation is responsible for
such controversy.

Due to the strong seasonal differences in the sun height, the
way of the light passed through the atmosphere differs
leading to a different spectral composition of global
irradiance. Thus in winter time and the months close to
winter, natural light contains more red light, the short
waved parts were filtered out during the long way through
the atmosphere. Various studies have shown correlations
between light response and changes in auxin levels
(reviewed in Tian and Reed, 2001). For example, the red
light decreased the auxin levels in maize coleoptile tips and
mesocotyls (Barker-Bridgers et al. 1998). Considering that
the high embryogenic competence in maize and wheat
immature embryos is correlated with a low Indole-3-acetic
acid (IAA) content (Carnes and Wright, 1988; Hess and
Carman, 1998), it could be possible that the higher
embryogenic reactivity of barley observed between

Mean No.of roctsbulblel

Roat length [mm’

0 04 +01 0.5 +0.3

NAA + BA (mg I'")

Sucrose (%)

H =pring m summer s winter

Figure 5. Effects of growth regulator and sucrose concentrations on percentages of rooting, mean number of root and root
length in spring, summer and winter-harvested bulbs of Lilium ledebourii. Bars with the same letters are not significantly different
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February and June is connected with the higher amount of
red light at that time. This hypothesis is consistent with
observations of a promoting influence of red light on
embryogenic callus formation whereas white to blue light
treatments were inhibitory to somatic embryogenesis in
different plant species (Karnachuk and Gvozdeva, 1998;
Bach and Krol, 2001). Bulbs of Lilium longiflorum Thunb
exposed to red or far red light for 30 days prior to planting
emerged much faster than bulbs not exposed to light
(Miller, 1993). Different responses in tissue culture of
Lilium might be caused by environmental parameters such
as light quality during growth seasons.

Number of bulblets per scale

Niimi (1985) reported that the addition of 0.1 mg I BA +
0.1 mg I'* NAA had no significant effect on the number of
bulblets from bulb scale culturein L. rubellum. Whereas,
Jeong (1996) indicated that the addition of the hormones
(more than 0.1 mg I" NAA with or without BA) decreased
the number of bulblets in Korean lilies bulb scale
culture.The present study indicated that in the species under
study the addition of low concentration of BA and NAA
was required to increase the number of bulblets for spring
and summer but not necessary for winter-harvested
bulblets. In L. speciosum in vitro proliferation occurred
only during periods when the plants were in a vegetative
condition (Robb, 1957). In this investigation, it was shown
that in vitro proliferation in L. ledebourii could occur even
in winter.

Endogenous hormones may be one of most important
factors determining the bulblet production of explants
besides the genetic background. The crucial effect of
endogenous hormone and donor plant environment for
embryogenesis were shown by Carnes and Wright (1988)
and Hess and Carman (1998). The seasonal variation of
endogenous plant growth hormones in the cambial region
of Pinus contorta (Savidge et al. 1982) and bulb of Lilium
Oriental Hybrid ‘Casa Blanca’ (Kim and Kim, 2005) were
reported.

Hong-Mei et al. (2005) reported that with increasing the
storage time of bulbs of Lilium davidii var. unicolour kept
under cold treatment the contents of starch and ABA
decreased markedly but the level of total soluble sugar,
IAA and GAS3 increased sharply. Because of natural
condition for bulbs of Lilium ledebourii during late autumn
and winter time (when the bulbs are covered by snow), this
natural cold treatment could be effective to increase the
level of endogenous hormones. Kim and Kim (2005)
reported that IAA content increased in scales during bulb
maturation. IAA content in scale of Lilium Oriental Hybrid
‘Casa Blanca’ was high at 60 days after flowering. In this
study the number of bulblet of summer-harvested bulb
(about 45 days after flowering), cultured on a media
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without hormones and supplemented with 3% sucrose, was
2.92 and 1.33 folds more than spring and winter-harvested
bulbs, respectively (Table 1, Table 2 and Table 3).

Varshney et al. (2000) reported that 6% and 9% sucrose
were considered optimal for a high multiplication rate in
cultivars of lily Asiatic hybrids ‘Gran Paradiso’ and
‘Sanciro’, respectively. Further increase in sucrose
concentration decreased the number of bulblets for both
cultivars. According to Kumar et al. (2005), the number of
bulblets was higher at 9% than at 6% sucrose in Oriental
hybrid lily ‘Star Gazer’. Data obtained for L. ledebourii
showed that high concentration of sucrose (9%) increased
the number of bulblets for winter-harvested bulbs,
principally with 0.1 mg I NAA + 0.1 mg I* BA. The
starch concentration in L. longiflorum organs was highly
variable and highly dependent on environmental conditions.
During shoot growth, starch content decreased while
sucrose concentration increased (Miller, 1993). As the
concentration of sucrose during spring and summer seasons
is high in scales, increasing of sucrose (more than 3%) was
not effective in this experiment (Figure 4).

Figure 6. Growth of bulblets of Lilium ledebourii (Baker)
Boiss from winter harvested bulbs after 2 months being
grown in the greenhouse.

Fresh weight of bulblets

Niimi (1985) reported that addition of NAA (0.1 or1mg
I") and BA (0.1 mg I™") significantly increased the fresh
weight of bulblets in L. rubellum. During shoot growth,
starch content decreased and scales were depleted of dry
weight at anthesis, while cold treatment increased total bulb
protein concentration by 50% and the amino acid
concentration was doubled (Miller, 1993). In the present
study, fresh weight of bulblet in winter-harvested bulb at
medium without hormones and supplemented with 3%
sucrose was 2.91 and 2.32 folds more than summer and
spring-harvested bulbs, respectively (Table 1, Table 2 and
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Table 3). The data reported here similarly showed that
addition of BA and NAA was essential to increase fresh
weight of bulblet in bulbs harvested in spring and winter.
However, they were not effective on fresh weight of bulblet
in summer (Figure 4). It seems that increase in fresh weight
of bulblet not only depends on endogenous hormones but
also depends on protein content of bulb scale.

Rooting parameters

Wawrosch et al. (2001) reported that the absence of
exogenous hormones did not encourage root formation in L.
nepalense. However, in L. longiflorum it was reported that
the addition of NAA significantly increased root numbers
in comparison to hormone-free medium (Nhut, 1998). In
this study the addition of hormones was insignificant in
bulbs harvested in winter and summer. However, it was
effective for increasing of rooting parameters in spring. All
rooting parameters decreased from winter to summer, root
number at medium without hormones and supplemented
with 3% sucrose in winter-harvested bulb was 1.18 and
2.66 folds more than spring and summer-harvested bulb,
respectively (Table 1, Table 2 and Table 3). It might be due
to increase in 1AA content after cold treatment (Hong-Mei
et al. 2005).

Takayama and Misawa (1979) reported that the optimum
level of sucrose for bulblet formation was lower than for
root formation in Lilium speciosum and L. auratum. The
data obtained in this experiment for all seasons is in
agreement with their results. The addition of 6% sucrose
increased significantly the percentage of rooting, root
number and root length for all seasons, but no increasing or
low increasing was observed for bulblet formation
parameters including the percentage of bulblet formation,
number of bulblet and weight of bulblet (Figure 4 and
Figure 5).

Cold treatment

Previous report on the sprouting of bulblets indicated that
prolonging the cold treatment before transfer to the
greenhouse improved plant development (Bahr and
Compton, 2004). Data of present study showed that the best
emergence rate of L. ledebourii was achieved at 8 weeks
cold (4°C) treatment in all the three harvesting seasons.
This is in agreement with De Klerk et al. (1992) who
reported that the percentage of sprouted bulblets increased
with the length of cold treatment.

CONCLUDING REMARKS

Based on the present study, the best harvesting season for
micropropagation of L. ledebourii is early winter. MS
medium supplemented with 0.1 mg I'* NAA + 0.1 mg I
BA and 6% sucrose was optimal for all the parameters,

especially for the weight of bulblets which is a very
important factor for the acclimatization stage. The bulblets
of winter-harvesting time had the best survival rate in
comparison with the two other harvesting seasons. This
study demonstrated that the harvesting seasons were very
effective on quantity and quality of the regeneration
responses.
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