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Axillary buds from Rosa damascena trigintipetala Dieck (Al-Taif rose) Plant proliferated in vitro were
encapsulated in different concentrations and combinations of sodium alginate (SA), calcium chloride
(CaCl2) and alginate bead composition, to investigate their effects on the conversion rates of synseed
o
before and after preservation duration at 4 C. The early capsules break after 5 days and whole capsules
germinated 100% after 10 days from culture, were noticed on control (non capsulated nodal segments)
and the beads ZPC (zero period of conservation) that formed by 3% of SA and 75 mM of CaCl2. A very
delay in capsule break (12 and 14 days) and capsule germination percentage 100% after 25 and 30
days were noticed on synseed polymerized by 5% of SA, 75 and 100 mM of CaCl 2. After 2 weeks from
preservation, axillary buds encapsulated in 3% and 4% of SA and 75 mM of CaCl2, showed capsules
break after 14 days of culture, with germinated capsules percentage 80 and 50%, respectively.
However, 5% of SA, 75 and 100 mM of CaCl2 exhibited no wall capsule break and germination capsule.
The highest percentage 90 and 80% of average number of germinated artificial seeds ZPC were
resulted from 3% of SA fortified with 1/2 strength Murachige and Skoog medium (MS)+ 0.5% of sucrose
and control (half-strength MS free sucrose and gibbrelic acid). After four and eight weeks from
conservation, alginate beads enriched with half-strength MS+0.5 % of sucrose showed the maximum
value 70 and 60% after four and eight weeks from storage. According to our results, synthetic seeds
could be used for in vitro preservation of Al-Taif rose (Rosa damascena trigintipetala Dieck) plant.
Keywords: Al-Taif rose, Rosa damascena trigintipetala Dieck, synthetic seed, in vitro conservation.

INTRODUCTION
Genus Rosa (family: Rosaceae) is the most
important ornamental plant because of high
economic value and the spread of its cultivation
around the world. It contains over 150 species,
which are distributed worldwide (Kazaza et al.,
2010).In the Kingdom of Saudi Arabia, an
ornamental plant (Rosa damascena trigintipetala
Dieck) cv. Al-Taif rose is an important commercial

cultivar among the scented roses which yields a
highly fragrant commercially valuable essential oil.
The products of Al-Taif rose (rose oil, dried petals
and rose water are used in food industries,
cosmetic and pharmaceutical) Kurkcuoglu and
Baser (2003). The flowers of Damask rose are
used in folk medicine as a mild laxative have
antibacterial, anti-HIV activity, antidepressant,
anti-inflammatory, astringent, analgesic and
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diuretic (Baydar and Baydar, 2013). Climate
change pollution and the uncontrolled collection of
medicinal and aromatic plants are the causal
agents behind biodiversity loss and fragmentation
(Akin et al., 2010). So that conservation action for
these natural resources is of high priority. Under
in situ conservation conditions conserved plants
are exposed to natural disasters, pathogens and
pests (Younis, 2012). An advancing in
biotechnology specially in ex situ conservation of
elite and economical germplasm using in vitro
techniques such as slow growth technique,
synthetic
seeds
(encapsulated)
and
cryopreservation offering a strong and a multi
package of techniques that do so good when
other conservation methods are not feasible
(Engelmann, 2011 and Gantait et al., 2015). A
synthetic seed is an encapsulated clonal product
which can grow into a plant, either in vitro or ex
vitro, through “conversion” or “germination”,
somewhat like a conventional zygotic seed
(Sharma et al., 2013). Encapsulation and
preservation of buds at freezing temperatures
offers a long-term storage capability, maximal
stability of genotypic characteristics and
phenotypic, minimum space and maintenance,
low production costs, ease of storage and
transport (Ghosh and Sen, 1994). It is an
important tool, available for breeders and
scientists, for in vitro propagation and
conservation of ornamental plants (Datta et al.,
2001). Studies on the in vitro germplasm
conservation by encapsulation of somatic
embryos and axillary buds are reported in different
plant species (fruits, vegetables, cereals,
medicinal and ornamentals plants), Faisal and
Anis (2007) and Gantait et al. (2015&2017). The
current work is the first report on the applying of
artificial seed technique to conserve Al-Taifrose
plant in vitro.
The main objective in the present
investigation, to conserve Al-Taif rose germplasm
using synthetic seed as in vitro conservation
method by encapsulation of axillary buds explants
of in vitro propagated plants in SA.

Encapsulation matrix.
Preparation of encapsulation matrix was
carried out according to Nor Asmah et al. (2011).
For
encapsulation
purposes,
different
concentrations of SA 3, 4 and 5% (w/v) were
dissolved in 1/2 MS (Murashige and Skoag, 1962)
liquid medium (Table 1). SA at 3% (w/v) was
dissolved in 1/2 MS liquid medium augmented
with different concentrations and combinations of
sucrose, GA3 and 1g/l of active charcoal (Table 2).
For complexation (an ion exchange reaction
+
+
between Na and Ca resulting in the formation of
insoluble calcium alginate), two concentrations of
CaCl2 solutions at 75 and 100 mM were prepared
in 1/2 MS liquid medium.

MATERIALS AND METHODS

Culture conditions.
For the solutions of SA, CaCl2, moist filter
paper and water agar medium, the pH was
adjusted to 5.8 before sterilization by autoclaving
at 121°C for 20 min.
Both cultures ZPC and after conservation
duration at 4°C were maintained in the culture
room at 20±2 °C under a 16 h photoperiod with a
-2 -1
photon flux density of about 35 μMm s provided

Plant materials.
Axillary buds (2 to 3 mm), that excised from
in vitro propagated Al-Taifrose plantlets (Attia et
al., 2012), were used as explants.

Formation of beads.
The axillary buds explants were transferred to
sodium alginate solution. Explants in the alginate
solutions were pipetted using a Pasteur pipette
with tip cut off individually and drop wise into the
calcium solution and maintained for at least 30
min to polymerize the beads. When sodium
alginate drops come in contact with calcium
chloride solution, surface complexion began and
firm round beads were formed; each bead was
contained one explant. The beads were recovered
by pouring the CaCl2, then it were rinsed 3-4 times
with distilled sterile water and were dried on filter
paper.
Culture medium.
To investigate the effect of different
concentrations of sodium alginate and calcium
chloride solutions on the conversion rate, the
encapsulated explants ZPC were cultured on
shoot initiation medium containing MS basal salts
with vitamins supplemented with 3% of sucrose in
the presence of 6-benzyl amine purine (2 mg/l),
kinetin (1 mg/l) and 0.7% of phytoagar. The rest of
encapsulated explants were divided into two
groups, the first group was cultured on moist filter
paper and the second group was cultured on
water agar medium, both of two groups were
conserved at 4°C for eight weeks.
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by cool white fluorescent lamps to observe the
conversion and germination rates of the
encapsulated axillary buds.
Research design.
For the formation of beads experiments, every
treatment contained of 10 explants. All
experiments were carried out in three replicates.
To evaluate the conversion rate of conserved
encapsulated explants, the results were recorded
from different experiments every four and eight
weeks from conservation
Statistical analysis.
For statistical analysis of data, analysis of
variance (ANOVA) and the comparison between
the mean values of treatments were carried out
using Duncan test at a level of 5% of probability,
using Statistical Assistance Software (ASSISAT)
Version 7.6 beta (2014).
RESULTSAND DISCUSSION
Effect of sodium alginate and calcium chloride
concentrations on the conversion rate of
synssed.
The effect of SA and CaCl2 concentrations on
conversion rate of encapsulated axillary buds,
that were directly cultured on shoot initiation
medium ZPC and incubated in growth room, was
recorded gradually every day (Table 1). The
results showed that significant early wall capsule
break after 5 days (data not shown), and whole
capsules germinated 100% after 10 days from
culture on shoot initiation medium, were noticed
on control (non capsulated nodal segments) and
the beads that formed by 3% of SA complexes
with 75 mM CaCl2 (Figure 1 A and B). While, wall
capsule break and 100% germination of capsule
were recorded on synseed that formed by 3% of
and 100 mM CaCl2 after 7 and 12 days (data not
shown), respectively, from transferring on shoot
initiation medium. Whereas, in artificial seeds
contain 4% of SA complexed with 75 and 100 mM
of CaCl2, wall capsule break starts after 7 and 10
days and 100% of capsule germination were
recorded after 14 and 17 days, respectively. A
very delay in wall capsule break 12 and 14 days
and capsule germination percentage 100% after
25 and 30 days were observed on synseed
polymerized by 5% of SA, 75 and 100 mM of
CaCl2, respectively. After two weeks from
o
preservation duration at 4 C, control and
encapsulated axillary buds which were cultured on
shoot initiation medium exhibited significance

variation in wall capsule break and percentage of
capsule germination response as shown in (Table
1). Axillary buds, encapsulated in 3% and 4% of
SA and 75 mM of CaCl2, showed wall capsule
break after 14 days of culture on shoot initiation
medium with germinated capsules percentage 80
and 50%, respectively. However, in control
treatment, the percentage of wall capsule break of
synseed was 70% after 15 days from culture.
Whereas, axillary buds encapsulated in 3 and 4%
of SA and 100 mM of CaCl2, exhibited capsules
break after 18 and 20 days from transferring on
shoot initiation medium with germinated capsules
percentage 60 and 50%, respectively. On the
other hand, no wall capsule break and
germination capsules were noticed on axillary
buds, encapsulated in higher concentration 5% of
SA complexed with 75 and 100 mM of CaCl2, after
one month from culturing on shoot initiation
medium.
All
treatments,
non-capsulated
and
capsulated axillary buds, that were transferred on
sterilized petri dishes containing moist filter paper
o
and were conserved at 4 C for one month,
exhibited no responses for wall capsule break and
capsule germination after three weeks from
transferring on shoot initiation medium (Table 1).
In contrast to our results Faisal and Anis (2007)
they reported that nodal segments of Tylophora
indica encapsulated in 3% of SA and 100mM of
CaCl2 showed shoot germination after two to three
weeks from culture. While, a delay in shoot
germination
was
recorded
on
higher
concentrations of SA solutions 4 and 5% because
artificial seed formed using these concentrations
were too hard. Germination rate of artificial seed
of Rauvolfia serpentine L. decreased from 84 to
52%, according to the increase in concentrations
of CaCl2 from 75 to 100 mM (Gantait et al., 2017).
Effect of sucrose, GA3 and activated charcoal
concentrations on artificial seeds conversion.
SA was dissolved in half-strength MS medium
enriched with different concentrations and
combinations of sucrose, GA3 and activated
charcoal to investigate their effects on conversion
rate of synseed (Figure 1C). The results showed
that, the conversion rate of encapsulated axillary
buds that were directly cultured on shoot initiation
medium and incubated in growth room, was
recorded gradually every day.
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Table 1: Effect of sodium alginate and calcium chloride concentrations on the conversion rate of
artificial seeds of Al-Taifrose (Rosa damascena trigintipetala Dieck) plant.
o
Conservation duration at 4 C (week)
Treatment
CaCl2
SA
0.0 week
2 weeks
4 weeks
(mM) (w/v %) WCB
GC
WCB
GC
WCB
GC
(day)
(%)
(day)
(%)
(day)
(%)
e
a
c
b
Control
0.0
0.0
10
100
15
70
0.0
0.0
e
a
c
a
1
3
10
100
14
80
0.0
0.0
d
a
c
d
75
2
4
14
100
14
50
0.0
0.0
b
a
d
e
3
5
25
100
0.0
0.0
0.0
0.0
de
a
b
c
4
3
12
100
18
60
0.0
0.0
c
a
a
d
100
5
4
17
100
20
50
0.0
0.0
a
a
d
e
6
5
30
100
0.0
00
0.0
0.0
WCB: wall capsule break (day), GC: germinated capsule. The Duncan Test at a level of 5% of probability was applied; the averages
followed by the same letter do not differ statistically between themselves.

Table 2: Effect of gel matrix compositions of different concentrations and combinations of
sucrose, GA3 and activated charcoal on the conversion rate of artificial seeds of Al-Taifrose (Rosa
damascena trigintipetala Dieck) plant.
O

Treatment

Sucrose
(w/v%)

GA3
(mg/l)

AC
(w/v%)

Control
1
2
3
4
5
6
7
8
9

0.0
0.0
0.5
0.5
0.0
0.0
1.0
1.0
1.5
1.5

0.0
0.0
0.0
0.0
0.5
0.5
1.0
1.0
0.5
0.5

0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0
0.0
1.0

Conservation duration at 4 C (week)
0.0 week
4 weeks
8 weeks
ANGAS
ANGAS
ANGAS
ANGAS
ANGAS
ANGAS
(%)
(%)
(%)
ab
ab
b
b
cd
cd
8
80
4
40
2
20
bc
bc
bc
bc
cd
cd
7
70
3
30
2
20
a
a
a
a
a
a
9
90
7
70
6
60
c
c
b
b
bc
bc
6
60
4
40
3
30
d
d
b
b
b
b
4
40
4
40
4
40
de
de
c
c
d
d
3
30
2
20
1
10
e
e
c
c
cd
cd
2
20
2
20
2
20
de
de
c
c
cd
cd
3
30
2
20
2
20
c
c
c
c
cd
cd
6
60
2
20
2
20
c
c
bc
bc
d
d
6
60
3
30
1
10

AC: Activated charcoal, ANGAS: Average number of germinated artificial seeds. The Duncan test at a level of 5% of probability was
applied, the averages followed by the same letter do not differ statistically between themselves

Figure 1: Synseed of Al-Taif rose (Rosa damascena trigintipetala Dieck). A: Axillary buds explants
(capsulated with 3% of sodium alginate and calcium chloride at 75 mM) were put to dry on filter
o
paper. B: Synseed of Al-Taif rose are ready for preservation at (4 C). C: Wall capsule break and
o
synseed germination stages of Al-Taif rose plant after eight weeks from preservation at 4 C (gel
matrix contains 0.5% of sucrose and 1% of active charcoal).
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Figure 2: Effect of gel matrix compositions of different concentrations and combinations of
sucrose, GA3 and activated charcoal on the conversion rate of artificial seed of Al-Taifrose (Rosa
o
damascena trigintipetala Dieck) plant after conservation duration at 4 C for eight weeks. Cont.: gel
matrix dissolved in 1/2 MS. Even number: gel matrix dissolved in 1/2 MS with different
concentrations and combinations of sucrose and GA3. Odd number: gel matrix dissolved in 1/2
MS with different concentrations and combinations of sucrose, GA3 and active charcoal.
The highest percentage 90 and 80% of
average number of germinated artificial seeds
were resulted from alginate matrix fortified with
0.5% of sucrose (treatment 2) and
control
(treatment 1), half-strength MS without sucrose
and GA3, respectively. Whereas, the lowest
percentage 20% of average number of
germinated artificial seeds was noticed in alginate
matrix augmented with 1% of sucrose (w/v) and 1
mg/l of GA3 (Treatment 6), Table (2).
In agreement with achieved results, Rai et al.
(2008) and Grzegorczyk and Wysokinska (2011)
reported that beads supplemented with carbon
source (sucrose) showed a good survival rate
after
preservation
period.
Artificial
seed
supplemented with nutrients and a carbon source,
for germination and conversion, served as
synseed endosperm (Antonietta et al., 1999).
Activated charcoal, as a chemical additives in
alginate matrix, improves the conversion of
encapsulated explants by stimulates the diffusion
of nutrients and gases (Saiprasad, 2001), it
breaks down alginate which enhanced respiration
of the explants (Wang et al., 2007). SA,
augmented with necessary elements, works as
synthetic endosperm that supplies nutrients to the
encapsulated materials for germination (Nieves et
al., 1998). Long-term supply of nutrients to the
encapsulated explants, for conversion and

germination, was achieved by adding activated
charcoal to the beads, it absorbs harmful phenolic
products and retains nutrients within the alginate
capsule and releases them slowly (ArunKumer et
al., 2005). In the contrast to our results,
Grzegorczyk and Wysokinska (2011) reported that
sodium alginate augmented with 1.5% of sucrose
and 0.5 mg/l of GA3 showed the highest frequency
of shoot and root induction 69% and 32%,
respectively , of non-stored artificial seeds of
Sage (Salvia officinalis L.) plant. Shoot formation
from encapsulated axillary buds of different Morus
species was increased according to the presence
of 0.3% mg/l of GA3 in alginate matrix (Pattnaik et
al., 1995). After four and eight weeks from
conservation, the average number of germinated
artificial seeds decreased according to the
increase of preservation duration. The results
showed that in treatment 2, the average number
of germinated artificial seeds 70 and 60% after
four and eight weeks from storage, respectively.
While, the other treatments of alginate matrix
which supplemented with different concentrations
of sucrose in combinations with different
concentrations of GA3 and activated charcoal,
showed the minimum average number of
germinated artificial seeds, ranged from 10-20%
after four and eight weeks from conservation
period (Table 2 and Figure 2). Synseed storage is
a critical factor that determines their successful
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conversion after exchange between countries
(Sharma et al., 2013). Effect of conservation
period at low temperature on capsule conversion
and shoot emergence was reported (Tabassum et
al., 2010 and Grzegorczyk and Wysokinska,
2011). In the contrary with our results, Faisal and
Anis (2007) found that, conversion and
development of plantlets from encapsulated nodal
segments of Tylophora indica Merrill plant were
decreased as a result of the increasing in
conservation duration beyond 4 weeks. Danso
and Ford-Lioyd (2003) suggested that the
decrease of conversion rate of synseed could be
as the result of alginate matrix inhibits the
respiration of propagules and partial desiccation
during conservation causes a loss of moisture.
CONCLUSION
In the current study, artificial seed protocol
was investigated for preservation of Al-Taif rose
plant (Rosa damascena trigintipetala Dieck) in
vitro, axillary buds encapsulated in 3% of SA and
75 mM of CaCl2 exhibited early significant
difference in wall capsule break after 5 days, and
whole capsules germinated 100% after 10 days
from culture on shoot initiation medium. Alginate
matrix at 3% augmented with half strength MS
and 0.5% of sucrose showed the maximum 90, 70
and 60% of conversion rate of artificial seeds
ZPC, after four weeks and after eight weeks from
o
preservation at 4 C, respectively. According to our
results, synssed could be used as reliable
protocol preservation of Al-Taif rose (Rosa
damascena trigintipetala Dieck) plant in vitro and
for germplasm exchange between countries.
.
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