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Somatic Embryogenesis in Date Palm (Phoenix dactylifera 1..) cv. Sukary in
Response to Sucrose and Polyethylene Glycol
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P.O. Box 400, Alhassa 31982, Kingdom Saudi Arabia

Abstract: The effects of sucrose and polyethylene glycol (PEG) 8000 on production of somatic embryogenesis
of date palm cv. Sukary were investigated Treatments of the experiment were composed of in vitro media that
included, 0, 30 and 60 g ™' sucrose alone or combined with PEG-8000 at 5% level. The results indicated that
sucrose at a high level of 60 g L ™" improved production of embryos. Furthermore, the production of embryos,
however, was greatly enhanced by the addition of PEG-8000 at 5% with 60 g L™ sucrose. On this medium, the
embryo germination and maturation was also enhanced. Adding PEG-8000 to 60 g 1™ sucrose media induce

stress condition during embryos formation and development. This is the first report on the use of sucrose and
polyethylene glycol when date palm cv. Sukary are used as explant.
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INTRODUCTION

The increasing demand for date palms requires
massive multiplication of selected plants. This could be
achieved through tissue culture. Somatic embryogenesis
15 the development of embryos from somatic cells. This
is achieved via a series of developmental stages, most
of which are similar to =zygotic embryogenesis
(Svobodova et al., 1999).

The production of well developed somatic embryos
in tissue cultured date palm (Phoenix dactylifera 1..) is
affected by many mterrelated factors, among which are
the nature of carbon source and osmotic adjusting agents
(Litz, 1986; Ramarosandratana ef al., 1999). Sucrose has
been used as a carbon source for the successful induction
of somatic embryogenesis in plants (Custers ef al., 1988,
Chee, 1990; Cade et al., 1991 ). Lou and Kako (1994) had
mnproved somatic embryogenesis almost 100% by
increasing the sucrose concentration of the initiation
medium to 0.26 or 0.35 M. The elevated sucrose
concentrations normally affect osmotic potential of
medium resulting in improved somatic embryogenesis
(May and Trigiano, 1991). Furthermore, it was also noted
that somatic embryo-derived seedlings from elevated
sucrose media had better chances for acclimatization
and successful growth vigor (Saranga ef af, 1992).
Depending on the plant species, other carbon sources
may also promote somatic embryogenesis (Swedlund and
Locy, 1993).

Increased medium osmolarity and hence the
frequency of somatic embryogenesis was also obtained
by the addition of polyethylene glycol (Brown et al., 1989,
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Kavi Kishor, 1987; Ramarosandratana et al., 2001; Steiner
et al., 2005, LuShou et @l , 2005). Ramarosandratana ef ai.
(1999) reported that addition of polyethylene glycol (PEG)
4000 at 6% greatly enhanced the production of mature
embryos by 2 to 4 times. Furthermore, the embryo length,
depending on the sugar was significantly increased by 10
to 20%. The survival of PEG treated embryos was greatly
improved and the resulting plantlets were successfully
acclimatized with better growth vigor. In many studies
showed that only non-penetrating osmotica are able to
promote the maturation of embryos (Ramarosandratana
et al, 1999; Svobodova et al, 1999). This kind of
osmotica restricts water uptake and, hence, provides a
natural drought stress during embryos development. The
best results were obtained with polyethylene glycol 4000,
a non-plasmolyzing osmoticum which cannot penetrate
into the plant cell but can induce water stress. Azpeitia
Morales ef al. (2003) found that in the induction of
somatic embryos of Cocus nucifera the best treatment
was 90 UM ABA+15 g PEG L™ with the formation of 10.6
somatic embryos per embryogenic callus at 150 days of
culture and formation of three well developed plantlets per
embryogenic callus after 210 days of culture. Chen and
Dribnenk: (2004) reported that replacing 15% sucrose
with 6% sucrose and % polyethylene glycol (PEG) or
3% sucrose and 12% PEG in pre-culture medium did
not significantly affect callus induction and shoot
regeneration of flax. Thewr results mndicate that sucrose
may act as carbon/energy source as well as an osmatic
regulator m flax anther culture. Sucrose as an osmotic
regulator may be replaced by a non-metabolizable
osmoticum: PEG.
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The objectives of the present study, were to
determine the effects of PEG and different sucrose
concentrations on somatic embryogenesis and also to
determine whether the improvement of somatic
embryogenesis is supported by osmotic potential resulted
from sugar concentrations and PEG as well as combined
action of the two.

MATERIALS AND METHODS

Offshoots taken from adult date palm (Pheenic
dactylifera L.) cv. Sukary were used as plant material.
Terminal shoot tip and surrounding leaf primordia excised
from offshoots were cultured on MS salts (Murashige
and Skoog, 1962) supplemented with 170 mg™
Nall,PO,.2H,C, Inositel 125 mg~', Glutamine 200 mg ',
Thiamine 5 mg~, Pyridoxine HC1 1 mg™', Nicotinic
acid 1 mg™, Glycine 2 mg™ , Sucrose 30 g~ Activated
charcoal 1.5 g™ and Purified agar 6.5 g, In crder to form
embryogenic callus culture were transferred m 3 media
described below:

MS media supplemented with 100 mg™" 2,4-D and
3mg "' 2 ip for culture initiation medium. Culture were
incubated at 25+2°C in darkness for 9 weeks.

MS media supplemented with 10 mg™ NAA and
30 mg~' 2 ip for culture swelling medium. Culture
were mcubated at 25+2°C 1n a 16 h photo period
provided from cool white florescent lamps for
3 weelks only.

MS media supplemented with 10 mg~' NAA and
6mg ' 2 ip for embryogenic callus formation. Culture
were incubated at 25+2°C in a 16 h photo period
provided from cool white florescent lamps for
16 weeks only.

Media pH was adjusted to 5.7 and sterilized by
autoclaving for 15 min at 121°C. Cultures were transferred
to fresh media at 4 week intervals. The resultant callus
used for the experiment. Treatments to increase osmolarity
of the media include the addition of 0, 3 and 6% sucrose
alone or combined to 5% PEG MW 8000 (Sigma).
Treatments were replicated 10 times and the cultures were
mcubated at 25+2°C 1n 16 h of light daily supplied by
65/80 Warm White Weisse 3500 fluorescent tubes.

Data were taken after 5 weeks of culture as followed:

Total number of somatic embryos.
Total number of germinating embryos.
Length of embryo (cm).

Fresh and dry weights of culture (g).

467

Data subjected to statistical analysis as a randomized
complete were design according to Gomez and Gomez
(1984). The treatment means were compared using Least
Significant Difference (LSD) at 5% level of probability
according to Waller and Duncan (1969). All statistical
analysis was performed using the facility of computer and
SAS software package (SAS, 2001).

RESULTS AND DISCUSSION

The results indicated that addition of sucrose or
pelyethylene glycol (PEG) enhanced all studied characters
{Fig. 1 and 2). Sucrose at 30 or 60 g L.~ improved
production of embryos and their germination especially at
high concentration. However, addition of PEG 8000 to
sucrose treatments substantially increased embryos
production, germination, fresh and dry weights. The

250 —
A
zm_
< 150
]
100
el .
0 T T T T
1 2 3 4 5 6
Treatments
s X7 ®
z
20
£
E 15 4
gn 10
£ s
i .11 il
D T T
1 2 3 4 s 6
Treatments
27 ©
% 15
1
£ 0.5
a
0 T T T
1 2 3 4 5 6
Treatments

Effect of sucrose and PEG concentration on
mumber of embryos (A), number of embryos
germinated (B) and it length (ecm) (C) of date palm
cv. Sukary, 1 without sucrose and PEG,
2=30 g L™ sucrose, 3 = 60 g L™ sucrose,
4 = 0sucrose+5% PEG, 5=30gL ™" sucrose+5%
PEG and 6 =60 g 7' sucroset+3% PEG

Fig. 1:
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Fig 2: Effect of sucrose and PEG concentration on
fresh (A) and dry weights (B) of date palm cv.
Sukary 1 = without sucrose and PEG,2 =30g L™
sucrose, 3=60g | e sucrogze, 4 =0 sucrosetsi%
PEG, 5 = 30 g L' sucrose+5% PEG and
6 =60 gL~ sucrose+5% PEG

Dry weight ()

corresponding increments in embryo No. with adding PEG
were 82.1, 93.2 and 34.1% as compared with medium
containing 0, 30 or 60 g L™ sucrose per se, respectively.
Production of embryos (158.4), however, was greatly
enhanced by the addition of PEG at 5% with 60 g L™}
sucrose media. The same media had also effectively
improved germination, length, fresh and dry weights of
embryos (Fig. 1 and 2). In 30 g L' sucrose treatments,
supplementation of PEG to the media seemed to provide
to a lesser extent, relatively better quantity and quality of
embryos. It is quite probable that addition of PEG
decreases the osmotic potential of the media and
consequently  improves  somatic  embryogenesis
production. However, results of the experiment revealed
that addition of PEG 8000 at 5% with 60 g L' sucrose
media seemed fo be the optimum levels of both variables
to adequately improve somatic embryogenesis production
in date palm cv. “Sukary’ (Fig. 3). Roots of date palm have
been developed readily after transfer of somatic
embryos to half-strength MS medium supplemented with
0.1 mg L' NAA (Fig. 4). The formation of roots was differ
among the freatments (Data not shown)

The results reported herein are in line with those
obtained by Steiner &f al. (2005) in Araucaria
angustifolia, LuShou & al. (2005) in Lanx kaempjeri,
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Fig. 3:Effect of sucrose and PEG on zomatic embryogenesisin date palm cv. Sukary 1 = without sucrose and PEG,
2=30 gL' sucrose, 3 = 60 g L' sucrose, 4 =0 sucrose+5% PEG, 5 = 30 g L' sucrose+5% PEG and 6 =60 g L~*

sucrose+3% PEG

Fig. 4: The sequence development of somatic embryo date palm
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Agarwal et al. (2004) in Morus alba and Capuana and
Debergh (1997) in Aesculus hippocastanum. However,
Korbes and Droste (2005) found that in soybean plants
the addition of PEG did not affects the number of embryos
converted into plants compared to sucrose.

The possible explanation for increasing dry weight
and the number of embryos was that the osmotic potential
of media was more negative due to ligh sugar
concentration plus adding PEG at 5%. Therefore, the
tissues were forced to accumulate more organic solutes
and sugar for osmotic adjustment, this accumulation of
sugar may be used in production of more embryos.
These results are in agreement with those obtained by
Handa et al. (1982) who found that when PEG added to
the medium the cells accumulate more sugars and amino
acids which cause the enhancement of embryos
production and maturation. PEG application also caused
the accumulation of total free amino acids, proline, total
soluble phenols, sugars (reducing, non-reducing and
total) as well as Na and Cl concentrations (Harb et al.,
2005) on banana cv. Williams.

Brown and Thorpe (1980) found that in Nicotiana,
during shoot 1mtiation processes, exogenously supplied
sucrose 1s used in the ration one-thirds to two-thirds.
Also, in Nicotiana, Cousson and Van (1983) reported that
flowering processes require some soluble sugar acting as
an osmoregulator. In Potato, Khuri and Moorby (1995)
found that sucrose acts primarily as a suitable carbon
source for uptake and utilization by the plantlets, but at
80 g L.7', it also provides a favorable osmolarity for the
development of microtubers. Furthermore, Lou and Kako
(1995) demonstrated that the specific carbon effect 15 a
critical stimulus for cucumber somatic embryogenesis and
also that osmotic potential provided by sugars has a
promotive effect but of a lesser magmtude than the
specific carbon effect. Therefore, it seem that in date palm
embryos formation depend on the sugar concentration
and may used in the ratio of 1/3 to 2/3 for csmoregulation
and as carbon energy source, respectively since adding
PEG to this medium synergistically enhances embryos
formation as shown in the results (Fig. 3).

The results show that somatic embryos could be
mnduced m embryogenic callus of date palm cv. Sukary.
This was achieved by culturing embryogenic callus in
media supplemented with 6% sucrose or in combination
with PEG-8000. This regeneration system could be used
for: (1) continuous regeneration of somatic embryos for
production of date palm m large scale; (1) genetic
transformation studies.
conclusion, this study has
the possibility of increasing the number of somatic
embryos of date palm cv. Sukary by adding PEG at 5% to

In demonstrated
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the 60 g 17" sucrose. Therefore, further study on the
specific role of high sugar concentration and PEG during
the process of somatic embryo formation seems
imperative. The study may examine the demand for energy
or/and the stress caused by such high concentration.
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