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AbStRAct
Generally, narcissus is propagated through veg-
etative methods, but due to their low yield their 
are not economical. This study was conducted to 
develop a suitable method for the production of 
somatic embryos and bulblets in Narcissus papy-
raceus cv. Shirazi. Bulb scales were placed on the 
MS medium supplemented with 2,4-D and BAP 
each at 0.0, 0.25, 0.5 or 1 mg/l concentrations to 
form somatic embryos (SEs). For proliferation, the 
bulblets were cut in small segments and placed on 
either MS medium supplemented with sucrose at 
30, 60 or 90 g/l, kept in dark or light intensities of 
54 or 108 μmol m-2 s-1 or the MS medium including 
Methyl jasmonate (Me JA), growth retardants Pa-
clobutrazol or Cycocel (PBZ or CCC) each at 0.0, 
0.5, 1.0 or 2.0 mg/l. The highest SE percentage 
(75 ± 9.0) was obtained when 1.0 mg/l 2,4-D and 
0.5 mg/l BAP were incorporated into the medium. 
Using sucrose at 60 g/l under a light intensity of 
54 μmol m-2 s-1 or utilizing 1.0 mg/l PBZ produced 
the greatest bulblet number (4.45 ± 0.51 and 5.0 
± 0.25, respectively). none of the scales produced 
bulblets in dark at any sucrose concentration.

Keyword: Bulblet production, Growth retardants, 
Light intensity, Methyl jasmonate, Somatic em-
bryogenesis, Sucrose.

Abbrevations: Benzyl aminopurine: BAP; Cyco-
cel: CCC; Methyl jasmonate: Me JA; Murashige 
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IntroductIon 

Narcissus papyraceus cv. Shirazi, a perennial plant with 
large bulbs, belonging to Amaryllidaceae family, has 
become increasingly popular in recent years not only for 
its attractive scent and diversity in colors, low energy 
requirement and long vase life but also for its alkaloids, 
exhibiting various antiviral and antitumor properties 
(Moraes-Cerdeira et al., 2007; Weniger et al., 2007). 
Therefore, its micropropagation based on twin-scales 
as primary explants has been developed to accelerate 
the multiplication efficiency (Ozel et al., 2008; Rice et 
al., 2011; Santos et al., 2002). Recently, bulblet regen-
eration in narcissus via SEs has been reported based 
on the induction of callus from mature bulbs. However, 
this procedure takes a long time (Anbari et al., 2007). 
Our comprehensive quest revealed that a reliable and 
rapid protocol for direct SEs of this genotype has not 
been reported yet. Light and sucrose play key roles in 
growth and development of in vitro grown plantlets 
(Gautheret, 1955; Kumar et al., 2005). While standard 
conditions of 3% sucrose and 60 µmol m−2 s−1 light for 
bulblet production in narcissus and other bulbous spe-
cies are well accepted (Anbari et al., 2007; Cheesman 
et al., 2010; Gangopadhyay et al., 2010), the interaction 
effect of both variables, light and sucrose, on in vitro 
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plant proliferation still remains a controversial issue 
(Gago et al., 2010). These would indicate the necessity 
of studying the interaction effects of light intensity and 
sucrose concentrations on bulblet production. 

Jasmonates as signal molecules in plant stress re-
sponses, play a significant role in plant growth and 
development (Takahashi et al., 1995). This group may 
also be involved in the process of storage organ for-
mation (Žel et al., 1997). Jasmonic acid as one of the 
derivates of jasmonates promisingly increased bulblet 
number in some bulbous species (Ondo Ovono et al., 
2010; Rayirath et al., 2011; Santos and Salema 2000). 
However, studying the similar effect of Me JA) as an-
other component of the jasmonate group on narcissus 
would widen our knowledge on the SE and bulblet pro-
duction. 

To assess the possible role of GAs, growth regula-
tors known to inhibit the biosynthesis of GAs have been 
widely used. Growth retardants with an n-containing 
heterocycle, e.g. PBZ act as an inhibitor of monooxy-
genase, catalyzing the oxidative steps from ent-kaurene 
to ent-kaurenoic acid. CCC, belonging to ammonium 
group of onium-type, inhibits the conversion of geranyl 
geranyl pyrophosphate to (-)-kaurene in GA biosyn-
thesis (Rademacher, 2000). In different literatures both 
anti-gibberellins, PBZ and CCC, have been reported to 
enhance tuberization and bulbing in potato, shallot, and 
lily through a decrease in vegetative growth (Kumar et 
al., 2005; Le Guenle Saos et al., 2002; Simko, 1994), 
but there are no reports on the effect of these growth 
retardants on narcissus bulbing.

This study was conducted in order to determine the 
optimum hormonal concentration in embryogenesis, 
the interacting effect of carbon concentrations with 
light intensity and also Me JA and anti-gibberellins on 
bulblet production.

MaterIals and MetHods

Plant material
Pre-cooled bulbs (4ºC for 12 weeks) of Narcissus 
papyraceusr cv. Shirazi were purchased from Isfahan 
Pakan-Bazr Company (www.pakanbazr.com) and used 
for the experiments. Bulb scales derived from terminal 
bulbs were used as explants. About 1.5 cm long seg-
ments were surface sterilized, using 1% (w/v) commer-
cial bleach solution for 15 min followed by rinsing by 
sterile distilled water for three times and then placed on 

the culture media. 

Media and culture conditions
MS (Murashige and Skoog, 1962) basal medium sup-
plemented with 30 g/l sucrose was used and pH was 
adjusted to 5.8 prior to autoclaving at 121°C, 104 kPa 
for 20 minutes. All cultures were incubated at 25 ± 2°C 
in a culture room under a 16-h photoperiod provided 
by cool white fluorescent light giving intensity of 54 
µmoles m−2 s−1 PAR.

effect of 2,4-d and BaP on see and bulblet produc-
tion
The sterile explants were placed on the MS medium 
supplemented with 30 g/l sucrose, 2,4-D at the concen-
trations of 0.0, 0.5, 1.0 or 2.0 mg/l in combination with 
0.0, 0.25, 0.5 or 1.0 mg/l of BAP. This study was con-
ducted in factorial with a complete random design us-
ing four replications with five explants in each. Regen-
eration percentage and the mean number of embryos 
per explant were recorded 10 weeks after culture. The 
produced bulblets were also recorded after transferring 
the regenerated embryos to the hormone free MS me-
dium, followed by incubation at a 16-h light condition 
for onward four weeks.

effect of sucrose and light intensity on bulblet pro-
duction
This study was designed to explore the possible inter-
acting effects of sucrose (at 30, 60 or 90 g/l) with light 
intensity (dark, 54 or 108 μmol m-2 s-1) on bulblet pro-
duction. The basal MS medium was used supplement-
ed with 2 mg/l BAP and 0.5 mg/l nAA (Santos et al., 
2002). The number of produced bulblets, length, weight 
and diameter were recorded 90 days after the begin-
ning of the experiment. This study was carried out in a 
complete random design using four replicates with five 
explants in each.

effect of Me Ja and anti-gibberllins on bulblet pro-
duction
Me JA, PBZ and CCC each at 0.0, 0.5, 1.0 and 2.0 mg/l 
were separately added into the MS medium supple-
mented with 30 g/l sucrose and 0.5 mg/l nAA. All the 
three chemicals were added to the media through filtra-
tion after autoclaving the media. Experimental condi-
tions and the recorded traits were carried out the same 
as mentioned above.

statistical analysis
Since the data did not follow a normal distribution, the 
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number of embryos and bulblets were transformed to 
square root and embryogenesis percentage was trans-
formed to arcsine. Following transformation, the SEs 
data, sucrose and light intensity were analyzed with the 
analysis of variance using the GLM procedure. In all 
experiments, SAS (Software Version 9.1) in a complete 
randomized design (CRD) was implemented. Then 
Duncan’s multiple range test was employed to evaluate 
the treatment differences.

results

effect of 2,4-d and BaP on see and bulblet produc-
tion
After 15 days of incubation on the SEe induction medi-
um, early SEe appeared and globular embryos formed 
within next four weeks. After transferring the embry-
os to the hormone free MS medium, whole plantlets 
formed (Figure 1A-D). The results presented in Table 
1 indicate that the highest SEs percentage (75 ± 5.0) 
was obtained when 1.0 mg/l 2,4-D with 0.5 mg/l BAP 
were integrated into the medium. These concentrations 
were also enough to obtain the greatest mean number 
of embryos and bulblets per explant (3.25 ± 0.47 and 
2.5 ± 0.28, respectively, Table 1). Results also revealed 

that although the presence of both BAP and 2,4-D was 
necessary for embryogenesis, their usage at higher con-
centrations significantly decreased SEs efficiency. 

effect of sucrose concentrations and light intensity 
on bulblet production
Results showed that there were highly significant differ-
ences for the effect of sucrose, light and their interaction 
on bulblet number, length and diameter (Table 2). The 
greatest number of bulblets (4.45 ± 0.51) were achieved 
on the media supplemented with 60 g/l sucrose  under a 
light intensity of 54 μmol m-2 s-1, whilst the mean num-
ber of bulblets significantly decreased  under darkness 
and/or the highest light intensity regardless of the car-
bon source of the medium (30-90 g/l sucrose). It would 
be a noticeable impact of light intensity compared to 
carbon source on the bulblet production.  In regards to 
the bulblet length, results also revealed that the longest 
bulblets (19.68 ± 0.52 mm) were optained on the media 
supplemented with 90 g/l sucrose under 108 μmol m-2 

s-1 light intensity. Bulblet diameter was influenced by 
both sucrose concentration and light intensity, giving 
rise to the formation of bulblets with 11.43 ± 0.92 mm 
in diameter on the medium containing 90 g/l sucrose 
under the light intensity of 108 μmol m-2 s1 (Table 3 and 
Figure 1E-H).

table 1. Effect of growth regulators on direct SEe from twin-scales of Narcissus papyraceus cv. Shirazi.

PGRs
Embryogenesis 
percentage

Mean no. of
embryos per
explant

Mean no. of
bulblets produced 
per explant2,4-D (mg/l)     BAP (mg/l)

0.0 0.0 - - -
0.0 0.25 - - -
0.0 0.5 - - -
0.0 1.0 - - -
0.5 0.0 - - -
0.5 0.25 15 ± 9.50 0.5 ± 0.28 -
0.5 0.5 30 ± 5.77 1.25 ± 0.25 0.5 ± 0.28
0.5 1.0 15 ± 5.00 1.0 ± 0.40 0.75 ± 0.25
1.0 0.0 - - -
1.0 0.25 50 ± 5.77 2.25 ± 0.47 2.0 ± 0.40
1.0 0.5 75 ± 5.00 3.25 ± 0.47 2.5 ± 0.28
1.0 1.0 35 ± 5.00 1.5 ± 0.29 1.25 ± 0.25
2.0 0.0 - - -
2.0 0.25 15 ± 5.00 0.75 ± 0.25 0.5 ± 0.28
2.0 0.5 30 ± 5.77 1.5 ± 0.28 0.75 ± 0.25
2.0 1 - - -

Values are the means of four replicates, each including five explants (n = 20).
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effect of Me Ja and anti-gibberellins on bulblet pro-
duction
The results presented in Table 4 indicate that there were 
significant differences among the treatments imple-
mented on bulblet production. Results obtained from 
Duncan’s multiple range test assigned treatments into 
different groups specified for bulblet number, weight, 
length, and diameter (Table 5). In terms of bulblet num-
ber, PBZ at 1 mg/l (5.00 ± 0.26) and in the second and 
third ranks, 1 mg/l Me JA (4.06  ±  0.21) and 0.5 mg/l 
CCC (3.87 ± 0.27) produced the highest numbers of 
bulblets. In bulblet diameter, the control showed the 
highest value (12.54 ± 0.33) followed by 0.5 mg/l PBZ 

and Me JA (10.43 ± 0.39 and 10.37 ± 0.28, respec-
tively). A similar trend was observed for bulblet length. 
Whereas, in fresh weight, 0.5 mg/l CCC and 1.0 mg/l 
PBZ caused the highest increases in bulblet weight 
compared to the control (Table 5; Figure 1I-K).

dIscussIon

The results presented here could be used as a basis for 
the rapid and economical production of N. papyraceus 
cv. Shirazi through SEs and also bulblet production. 
Based on our previous report (Anbari et al., 2007) 2,4-
D and BAP were known as dominant PGRs to induce 

table 2. AnOVA for the effect of sucrose, light and their interaction on bulblet number, 
length and diameter.

Source of
variation DF

MS

Bulblet
number

Bulblet 
ength (cm)

Bulblet
diameter (cm)

Sucrose 2 6.66** 29.14** 4.51**
Light 2 55.30** 64.98** 31.03**
Sucrose × Light 4 22.90** 8.13** 0.93**
Error 147 0.33 0.25 0.18
Total 155
CV (%) 26.35 14.09 18.27

** significant at the 1 percent probability level.

table 3. Effect of light intensity and sucrose concentration on bulblet production in Narcissus papyra-
ceus cv. Shirazi.

Treatments
Mean number of 
bulblet / Explant 
± SE

Bulblet length
/ Explant ± SE

Bulblet diameter
/ Explant ± SELight intensity

Sucrose
concentration 
(g/l)

Darkness
30 1.0 ± 0.0e 7.125 ± 0.64f 4.5 ± 0.49e

60 1.0 ± 0.0e 8.25 ± 0.8ef 5.37 ± 0.49de

90 1.0 ± 0.0e 8.43 ± 0.57e 6.06 ± 0.52d

54 μmol m-2 s-1

30 1.5 ± 0.24d 7.55 ± 0.52ef 5.2 ± 0.66de

60 4.45 ± 0.51a 13.15 ± 1.07c 7.45 ± 0.5c

90 3.1 ± 0.25b 11.65 ± 0.71d 7.75 ± 0.62c

108 μmol m-2 s-1

30 3.31 ± 0.25b 11.31 ± 0.57d 9.93 ± 0.5b

60 2.18 ± 0.23c 14.68 ± 0.62b 9.37 ± 0.54b

90 1.62 ± 0.26d 19.68 ± 0.52a 11.43 ± 0.92a

The data presented are the means of four replications, each including five explants (n = 20), compared 
by Duncan’s new Multiple range Test, P = 0.05.
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SEs in comparison to IBA, nAA and Kinetin. Here, the 
various concentrations of 2,4-D and BAP were incorpo-
rated into the medium. The results indicated that 1 mg/l 
2,4-D and 0.5 mg/l played a key role on SEs, giving 
rise to the production of the highest no of SEs. The SE 
production efficiency however, decreased significantly 
at higher concentrations. This was in agreement with 
the reports documented by (Marija et al., 2011; Sage 
et al., 2000; Zdravkovic-Korac et al., 2010) in bulbous 
species where 2,4-D induced SEs in these species.

Results also revealed that light greatly influenced the 
effect of sucrose and as a result, no bulblets were pro-
duced in dark. The greatest numbers of bulblets (4.45  
± 0.51 and 3.31 ± 0.25) were obtained on the media 
supplemented with 60 g/l sucrose at 54 μmol m-2 s-1 and 
at the second rank, 30 g/l sucrose at 108 μmol m-2 s-1 
light intensities, respectively (Table 3). This result is 

consistent with those reports on bulbous species, e.g. 
tulips and onions, that increasing sucrose concentra-
tion had a direct effect on bulblet formation (Kahane et 
al., 1992; Keller, 1993). Based on the results obtained 
here, it seems likely that light intensity was clearly 
more effective than sucrose concentration on bulblet 
production. This may be in coincidence with the hy-
pothesis presented by Hazarika (2003) reporting that in 
vitro plant growth may be possible on a sucrose-free or 
sucrose-reduced medium (photoautotrophy) by increas-
ing light intensity.

In the case of bulblet length and diameter, the highest 
bulblet length (19.68 ± 0.52 mm) and bulblet diameter 
(11.43 ± 0.92 mm) were produced when 90 g/l sucrose 
was incorporated into the medium at a 108 μmol m-2 

s-1 light intensity (Table 3). One can conclude that by 
increasing light intensity, the bulblets initiate to store 

table 5. The effect of Me JA, PBZ and CCC on bulblet number, diameter, length and fresh weight.

Treatment Concentration
(mg/l)

Bulblet
number

Bulblet
diametre (mm)

Bulblet
length (mm)

Fresh
weight (g)

Control 1.00 ± 0.00f 12.54 ± 0.33a 15.20 ± 0.33a 0.15 ± 0.00fg

Me JA
0.5 2.00 ± 0.20d 10.37 ± 0.28b 12.68 ± 0.36b 0.23 ±0.00e

1 4.06 ± 0.21b 4.81 ± 0.32de 6.93 ± 0.33e 0.52 ± 0.01c

2 1.50 ± 0.13def 2.87 ± 0.24f 4.62 ± 0.27g 0.13 ± 0.00g

PBZ
0.5 1.37 ± 0.12ef 10.43 ± 0.39b 12.75 ± 0.37b 0.17 ± 0.00f

1 5.00 ± 0.26a 7.50 ± 0.39c 9.31± 0.36c 0.79 ± 0.02b

2 2.62 ±0.20c 4.00 ± 0.37e 5.87 ±0.40f 0.26 ± 0.00d

CCC
0.5 3.87 ± 0.27b 5.62 ±0.34d 8.12 ±0.34d 0.89 ± 0.01a

1 1.81 ± 0.16de 2.93 ± 0.23f 4.87 ± 0.25g 0.25 ± 0.00de

2 1.25 ± 0.11f 3.06 ± 0.30f 4.75 ± 0.39g 0.15 ± 0.00fg

The data presented are the means of four replications, each including five explants (n = 20), compared by Duncan’s 
new Multiple range Test, P = 0.05.

table 4. AnOVA for the effect of Me JA, PBZ and CCC on bulblet number, diameter, length and 
fresh weight.

Source of 
variation DF

MS

Bulblet
number

Bulblet
diametre (cm)

Bulblet
length (cm)

Fresh
weight (g)

Treatment 9 30.88** 20.52** 23.63** 1.26**
Error 150 0.54 1.72 1.91 0.001
Total error 159 30.10 20.47 16.26 10.52

** significant at 1 percent probability level.
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nutrients e. g. sucrose and as a consequence, the bulb-
let diameter and length increase. This is in agreement 
with the results presented by Takayama and Masanaru 
(1979). We also observed that at the 108 μmol m-2 s-1 
light intensity, by increasing sucrose concentration, the 
number of produced bulblets decreased, indicating that 
probably light at this intensity had an antagonistic effect 
with sucrose concentration, resulting in the excessive 
storage of sucrose and a significant reduction in bulb-
let production. The present study also showed that the 
incorporation of different growth retardants and Me JA 
at various concentrations enhanced bulblet number and 
weight. Me JA had a negative effect on bulblet length 
and bulblet diameter and they showed a decrease by 

the increase in Me JA concentration. Both traits (bulb-
let length and diameter) decreased significantly by the 
increase in the concentration of growth retardants. The 
increase in bulblet number and fresh weight using these 
growth retardants may be related to the nature of this 
group, i.e. arresting the vegetative growth, while, en-
hancing the regenerative growth. This coincides with 
the findings of some reports (Albany et al., 2005; Has-
san et al., 2009a; Hassan et al., 2009b; Kumar et al., 
2005; Zheng et al., 2012) where the incorporation of 
growth retardants such as Alar, CCC and PBZ in the 
culture media during the multiplication stage of bul-
bous and other species decreased the excessive growth 
of stems and leaves, but increased the productivity ra-

Figure 1. Somatic embryogenesis and bulblet production in Narcissus papyraceus cv. Shirazi. A: De-
velopment of early somatic embryos after culture of scale explants for 15 days on a standard induction 
medium; b: Development of early and the advanced somatic embryos after four weeks of culture; c: 
A somatic embryo after four weeks; D: Production of plantlets after transferring the produced embryos 
to the hormone free MS medium; E: Shoot cultures on MS medium supplemented with 30 g/l sucrose, 
2 mg/l BAP and 0.5 mg/l nAA grown under 54 µmol m−2 s−1 (control); F: Plantlets grown on the MS 
medium supplemented with 30 g/l sucrose, 2 mg/l BAP and 0.5 mg/l nAA grown in dark; G: Bulblet 
production on the MS medium supplemented with 60 g/l sucrose, 2 mg/l BAP and 0.5 mg/l nAA grown 
at 54 µmol m−2 s−1; H: Bulblet production on the MS medium supplemented with 30 g/l sucrose, 2 mg/l 
BAP and 0.5 mg/l nAA grown under 108 µmol m−2 s−1; I-K: Bulblet production on the MS medium 
supplemented with 30 g/l sucrose, 0.5 mg/l nAA, grown at 54 µmol m−2 s−1 containing I: 1.0 mg/l Me 
JA J: 1.0 mg/l PBZ and K: 0.5 mg/l CCC; L: Rooting on the MS medium supplemented with 90 g/l 
sucrose, 2 mg/l BAP and 0.5 mg/l nAA grown at 54 µmol m−2 s−1.
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tio. The propagation rate of Narcissus papyraceus cv. 
Shirazi is relatively low by the conventional methods. 
Here, an efficient in vitro approach was developed for 
bulblet production. In addition, a SEs method was op-
timized for the future studies to be used for the in vitro 
plantlet production. This protocol has the potential to 
be used as a basis for the mass production of this orna-
mental and medicinal plant.
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