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ABSTRACT

Cryopreservation of date palm (Phoenix dactylifera) embryogenic callus via encapsulation-dehydration,
vitrification and encapsulation-vitrification was investigated. High survival (80%) out of the encapsulation-
dehydration method was obtained when cryoprserved calli were pretreated with 0.3 sucrose for 2 days followed
by 2 h of dehydration. The highest (33.3 or 40%) regrowth was obtained with 0.1 M sucrose after 2 h or 4 h of
dehydration; with 0.3 M sucrose after 2 h of dehydration; or with 0.5 M sucrose after 4 h of dehydration.
Viability of calli decreased with increasing sucrose concentration and dehydration period. In vitrification, direct
exposure of calli to 100% Plant Vitrification Solution 2 (PVS2) decreased the viability of calli. Survival of 80-
93.3% and 40-53.3% regrowth rates were achieved with two- or four- step dehydration, using PVS2 at 25 °C for
20 min intervals prior to freezing. Cryoprotection by using 1.0 M sucrose plus 15% Dimethyle Sulfooxide
(DMSO) and dehydration using 2.0 M glycerol plus 0.4 M sucrose or 0.5 M sucrose plus 10% DMSO all
produced 60 or 66.7% survival rates after freezing. In encapsulation-vitrification, cryopreservation of
encapsulated calli after treatment with 100% PVS2 (at 25 °C for 5 to 10 min) resulted in 60% survival and there

were no differences in regrowth rates (ranging between 20 to 33.3%) in response to PVS2 dehydration period (5

to 90 min.).
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1. INTRODUCTION

Cryopreservation is the only viable long-term storage
method for germplasm of plant species with recalcitrant
seeds, and vegetative propagated species (Al-Ababneh,
2001; Shibli et al.,, 1999; Towill, 1996 b). In

cryopreservation, exposure to ultra-low temperature (-
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196 °C) with liquid nitrogen causes the cell division,
metabolic and biochemical processes to stop (Niino et
al., 1992; 1995) and thus plant material can be stored
without deterioration or modification for an unlimited
period of time (Lambardi et al., 2000; Mannonen et al.,
1990). Also, the genetic stability and regeneration
potential of the cryopreserved plant materials are
maintained (Al-Ababneh, 2001; Ford et al., 2000;
Mannonen et al., 1990). Theoretically, the plant
materials can be stored without any changes for an
indefinite period of time (Engelmann, 1997).
Cryopreservation techniques, include two-step slow
freezing (Chen et al., 1984), vitrification (Moukadiri et
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al., 1999), encapsulation-vitrification (Hirai and Sakai,
1999), and encapsulation-dehydration (Gonzalez-Arnao
et al., 1996; 1998; 1999; Shibli, 2000; Shibli et al.,
1999). Of these methods, encapsulation-dehydration is
widely used because it is applicable to many species
(Shibli, 2000).
cryopreservation methods are based on a successive

Encapsulation- dehydration
osmotic and evaporative dehydration of plant cells
(Swan et al., 1999). Dehydration techniques allow more
flexibility when handling large sample numbers because
the processing is less time-critical than with vitrification
(Sakai et al., 2000). Encapsulation-dehydration also
avoids the use of harmful cryoprotectants as compared to
other methods (Moges et al., 2004; Shibli et al., 1999).

Two-step freezing involves a slow cooling step induced
by crystallization of the external medium to —30 or —40 °C
for tissue dehydration followed by dipping into liquid
nitrogen (Al-Ababneh, 2001; George and Sherrington,
1984; Scottez et al., 1992; Towill, 1996 a). This method is
complex and requires an expensive cooling apparatus to
provide the required cooling temperature (Scottez et al.,
1992; Tahtamouni, 1999; Moges et al., 2004). The method
also has the risk of ice formation during the slow cooling
step and this may kill cells (Niino et al., 1992; Towill, 1996
a; Tahtamouni, 1999).

For vitrification, the plant material is dehydrated
with a high concentration of cryoprotectants then
directly dipped into liquid nitrogen (Hirai and Sakai,
1999; Sakai 1990). The two methods,

encapsulation-dehydration and vitrification, are simple,

et al.,
inexpensive and preserve high genetic stability (Hirai et
al., 1998; Kartha and Engelmann, 1994; Niino et al.,
1992). Encapsulation-vitrification is a hybrid of these
techniques which minimizes any potential injury from
vitrification(Sakai et al., 1990; Engelmann, 1997; Moges
et al., 2004).
Successful the

formation of ice crystals inside cells during immersion

cryopreservation must avoid

into the Liquid Nitrogen (LN) by lowering cell water
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content prior to rapid cooling. Several pre-treatments
procedures, including cold acclimation, exposure to
ABA, immersion in concentrated sugar solutions, and
the
cryopreservability of plant cells (Martinez and Revilla
1998; Moukadiri et al., 1999; Shibli et al., 1999; Shibli,
2000; Tahtamouni and Shibli, 1999).

Date (Phoenix  dactylifera) is a
monocotyledonous plant, that is expected to be salt-

extensive dehydration, can enhance

palm

tolerant and can withstand long hot summers (Dowson
1982). Setting a priorities list for the conservation of
date palm genetic resources is much needed.
Conservation of date palm via cryopreservation has been
reported for shoot meristem (Bagnoil and Engelmann,
1991, 1992; Bagnoil et al., 1992) and somatic embryos
(Mycok et al., 1995). To our knowledge, no studies have
reported the cryopreservation method of date palm
embryogenic callus. This study investigates alternative
cryopreservation methods for date palm embryogenic

callus and the recovery of the cryopreserved calli.

2. MATERIALS AND METHODS

Offshoots from 2-3 year-old date palm trees cv.
Medjool were used as a source of apical buds. Expanded
leaves and tissues were removed and buds were excised.
Buds were immediately plunged in a cold antioxidant
solution (150 mg/l citric acid and 100 mg/l ascorbic
acid)

Approximately, 0.5-1.5 cm pieces of buds were surface

and kept overnight in a refrigerator.
sterilized for 35-40 minutes in a 3% sodium hypochlorite
solution followed by 3 washings in an autoclaved
distilled water. The explants were cultured on a modified
MS (Murashige and Skoog, 1962) medium containing
2.26 uM 2,4-Dichlorophenoxy acetic acid ( 2,4-D). The
pH of the medium was adjusted to 5.7 before adding
agar (8 g/l). After a period of 3-4 months, formed calli
were transferred to a fresh growth regulator-free
callus

modified MS medium for embryogenic
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establishment. Subculturing was performed every month
using a fresh growth regulator-free modified MS
establish

experimentation.

medium to sufficient callus stock for

The cultures were incubated in the growth room at
28+2 °C, with a 16-h light/8-h dark photoperiod
provided by cool-white fluorescent lamps
Photosynthetic Photon Flux Density (PPFD) of 50-60

pmol'm-? s-!,

at a

2.1. Encapsulation-dehydration

Calli were precultured on a growth regulator-free
solid MS medium containing 0.3 M sucrose for 2 days.
Precultured calli were suspended in 3% (w/v) sodium
alginate in a growth regulator- and calcium-free liquid
MS medium supplemented with 0.1 M sucrose. The
callus clump was picked up individually using a 10 ml
sterile pipette with some alginate solution and then
dispensed into a liquid MS medium containing 100 mM
calcium chloride and 0.1 M sucrose to form beads of
about 4 mm in diameter (Al-Ababneh, 2001; Moges et
al., 2003). The beads were kept in the calcium chloride
solution for 30 min for polymerization.

Beads, each containing one piece of callus, were
transferred to a growth regulator-free liquid dehydration
MS medium supplemented with various concentrations
(0.1,0.3,0.5,0.75 or 1.0 M) of sucrose and incubated on
rotary shaker providing gentle shaking for 2 days. The
dehydration solution was then removed using a sterile
pipette and beads were dehydrated in the air on sterilized
filter paper in uncovered 9-cm Petri dishes in a laminar
airflow cabinet for 0, 2, 4, 6 or 8 h at room temperature.
Half of the beads, from each sucrose-dehydration
treatment, was then transferred to a recovery medium for
rehydration and growth, while the other half of the beads
was placed in 2-ml sterile cryogenic vials (each
containing 5 beads) and rapidly cooled by direct
immersion into Liquid Nitrogen (LN). Beads were stored
in LN at least for 1 h.

After cryopreservation, cryogenic vials containing
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beads were thawed in a water bath at 38 °C for 2-3 min.

Encapsulated-dehydrated non-cryopreserved and

encapsulated-dehydrated cryopreserved calli  were
inoculated onto a solid MS recovery medium containing
0.1 M sucrose and then kept in dark for 3 days. Survival
percentage was tested for half of the non-frozen and
callus
(TTC)
Lamphearm, 1967) following the procedures outlined by
Al-Ababneh (2001). The other half of the beads was

transferred to normal growth conditions. After two

frozen encapsulated using  2,3,5-Triphenyl

Tetrazolim Chloride test (Steponkus and

weeks, calli were checked under a binocular microscope
for any signs of recovery.

For Moisture Content (MC) determination during
dehydration, beads devoid of callus were prepared and
treated as described before. After each dehydration time,
beads were weighed, dried in an oven at 90 °C for 16 h
and then reweighed to determine its content of moisture
(Al-Ababneh, 2001; Shibli et al., 2001).

2.2. Vitrification
Effect of PVS2 Concentration

Calli were precultured on a growth regulator-free
solid MS medium containing 0.3 M sucrose for 2 days.
The precultured calli were placed in sterile cryogenic
vials and loaded with 1 ml of loading solution (MS
medium plus 2.0 M glycerol and 0.4 M sucrose) at 25 °C
for 20 min. The loading solution was removed using a
sterile syringe and replaced by 1 ml of vitrification
solution (PVS2) containing (w/v) 30% glycerol, 15%
DMSO and 15% EG in a hormone-free liquid medium
with 0.4 M sucrose. One-third of the cryoprotected calli
was treated with a highly concentrated vitrification
solution (100% PVS2) for 20 min while the other one-
third was treated first with 60% PVS2 for 10 min and
then replaced by a 100% PVS2 for another 10 min. The
rest of the calli was treated with a step-wise increased
concentration (20%, 40%, 60% and then 100%) of PVS2
at 25 °C for 20 min (5 min for each concentration).
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Cryogenic vials with the calli and the vitrification
solution were directly plunged into LN and stored for at
least 1 h.

Using a water bath at 38 °C, the cryogenic vials were
thawed for 2-3 min. The vitrification solution for the
vitrified non-frozen and frozen calli was then removed
and replaced by a liquid MS medium containing 1.2 M
sucrose (unloading solution), which was changed three
times (10 min each). Treated calli were then cultured on
a solid MS recovery medium containing 0.1 M sucrose
and incubated in dark for three days.

Data on survival and recovery rates were collected
for calli before and after dipping it into LN. After dark
incubation, survival percentage was tested using TTC
test. The rest of the incubated calli was transferred to the
normal growth conditions described before and then
examined for any recovery signs after two weeks of
transfer.

Effect of Cryoprotectant Combinations

Calli were precultured on a growth regulator-free
solid MS medium containing 0.3 M sucrose for 2 days.
The precultured calli were placed in sterile cryogenic
vials and loaded with 1 ml of a loading solution
consisting of a growth regulator -free liquid MS medium
supplemented with 1 or 2 M sucrose, 2 M glycerol plus
0.4 M sucrose, or a combination of DMSO (5 or 10%)
and sucrose (0.3, 0.5, 0.75, 1 or 2 M) at 25 °C for 20
min. Half of the cryogenic vials with the calli and the
cryoprotective solution were plunged directly into LN
and stored for at least 1 h. The other half of the
cryogenic vials was treated without using LN. Data on
survival percentages were collected for calli before and
after dipping it into LN.

Effect of the Type of Loading and Vitrification
Solution

Calli were precultured on a solid MS medium
containing 0.3 M sucrose for 2 days. The precultured
calli were placed in sterile cryogenic vials and loaded

with 1 ml of a loading solution consisting of liquid MS
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medium supplemented with 2 M glycerol plus 0.4 M
sucrose, or a combination of DMSO (5 or 10%) and
sucrose (0.5 or 0.75) at 25 °C for 20 min. The loading
solution was then removed using a sterile syringe and
then replaced by 1 ml of 100% PVS2 ( 30% DMSO plus
1 M sucrose, or 15% DMSO plus 1.0 M sucrose in a
hormone-free liquid MS medium) for 20 min at 25 °C.
The cryogenic vials with the calli and the vitrification
solution were plunged directly into LN and kept for 1 h
at least. After thawing and unloading, treated calli were
cultured on a solid MS recovery medium containing 0.1
M sucrose and incubated in the dark for three days.
Survival rate was determined for half of the treated calli.
The other half was transferred to growth room
conditions and then examined for any recovery signs
after two weeks of transfer.
Effect of Duration of Exposure to the Loading
Solution

Calli were precultured on a solid MS medium
containing 0.3 M sucrose for 2 days. The precultured
calli were placed in sterile cryogenic vials and loaded
with 1 ml of a cryoprotectant mixture of 2 M glycerol
plus 0.4 M sucrose in a liquid MS medium at 25 °C for
10, 20, 30, 60 or 90 min. The loading solution was then
removed using a sterile syringe and replaced by 1 ml of
highly concentrated vitrification solution (30% (w/v)
glycerol, 15% (w/v) DMSO and 15% (w/v) EG) in a
growth regulator-free liquid MS medium supplemented
with 0.4 M sucrose at 25 °C for 20 min. The cryogenic
vials with the calli and the vitrification solution were
immersed directly into LN and stored for at least 1 h.
Data on survival and regrowth were collected as
described above.
2.3 Encapsulation-vitrification

Calli of date palm were precultured on a solid MS
medium containing 0.3 M sucrose for 2 days.
Precultured calli were suspended in calcium-free MS
medium supplemented with 3% sodium alginate and 2 M

glycerol plus 0.4 M sucrose. The calli were picked up
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using 10 ml sterile pipette with some alginate solution
and then dispensed into a hormone-free liquid MS
medium containing 100 mM calcium chloride and 2 M
glycerol plus 0.4 M sucrose so as to form beads. The
beads were kept in the calcium chloride solution for 30
min for polymerization.

Encapsulated beads were dehydrated with a highly
concentrated PVS2 solution [30% glycerol, 15% DMSO
and 15% EG (w/v) in a growth regulator-free liquid MS
medium supplemented with 0.4 M sucrose] at 25 °C for
5, 10, 30, 60 or 90 min. The cryogenic vials with the
beads and the vitrification solution were immersed
directly into LN and held for at least 1 h. Cryogenic vials
were then thawed in a water bath at 38 °C for 2-3
minutes. The PVS2 solution was removed and replaced
by a liquid MS medium containing 1.2 M sucrose as an
unloading solution for 10 min. Half of the treated calli
was transferred to a solid MS recovery medium
containing 0.1 M sucrose and kept in the dark for three
days. Survival rates of the calli before and after freezing
were assessed. The other half of the calli was transferred
to the growth room conditions, and calli with and
without LN exposure were examined for any recovery
signs after two weeks of transfer.

Experimental Design and Statistical Analysis

Treatments in each experiment were arranged in a
completely randomized design. Each treatment was
replicated three times with 5 callus clumps per replicate.
Data were statistically analyzed using the MSTATC
software (Michigan State University, 1988). Means were
separated according to the Least Significant Difference
(LSD) test at 0.01 probability level.

3. RESULTS AND DISCUSSION

3.1 Encapsulation-dehydration
Survival and regrowth of the non-cryopreserved
encapsulated calli was decreased with increasing the

dehydration period especially at 0.1 to 05 M
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concentrations of sucrose (Table 1). The reduction in
survival and regrowth may be due to the osmotic shock
at higher sucrose concentrations. Wang et al. (2002)
found that a maximum growth of encapsulated shoot tips
of 'Troyer’ citrange was obtained when the sucrose
concentrations ranged from 0.15 M to 0.29 M. Similarly,
Al-Ababneh (2001) reported that survival and regrowth
of encapsulated non-cryopreserved sour orange shoot
tips were decreased with increasing sucrose
concentration and dehydration duration.

The greatest survival (93.3-100%) of encapsulated
non-cryopreserved calli was obtained when calli were
cultured with 0.1 or 0.3 M sucrose for 2 days with or
without further 2 h of air dehydration (Table 1).
Whereas, the greatest regrowth (73.3-80%) of calli with
white color was obtained when calli were cultured with
0.1 or 0.3 M sucrose with or without 2 h of dehydration.
Paul (2000) that high
concentration  improved  dehydration
Furthermore, Sarkar and Naik (1998) also reported that

sucrose is an important pregrowth additive for the

et al. reported sucrose

resistance.

acquisition of dehydration tolerance.

Survival capacity was diminished if calli were
dehydrated 8 h at any level of sucrose concentration
(Table 1), while a complete loss of regrowth capacity
has only occurred when using 1.0 M sucrose for 2 days,
irrespective of dehydration period. Matsumoto et al.
(1998) found that preculture of Wasabia japonica on
solidified MS medium containing 0.3 M sucrose for one
day produced higher rate of shoot formation. On the
contrary, Vandenbussche and Proft (1996) demonstrated
that no survival was achieved after the preculture of
encapsulated shoot tips of Beta vulgaris with 0.3 M or
0.5 M sucrose solution. Al-Ababneh (2001) found that a
very low rate of survival and regrowth or complete loss
of them were observed for encapsulated non-
cryopreserved shoot tips of sour orange after 8 h of
dehydration regardless of the concentration of sucrose.

A complete loss of survival and regrowth for
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encapsulated cryopreserved (+LN) calli occurred when
calli were cultured with 0.1 or 0.3 M sucrose for 2 days
without air dehydration (Table 2). This might be
attributed to the formation of extra- and intra-cellular ice
crystals as a result of high moisture content (Moges et
al., 2004; Plessis et al., 1993). Without dehydration, the
moisture contents of beads treated with 0.1 or 0.3 M
sucrose were 92.5% or 87.2%, respectively (data not
shown) . Furthermore, Al-Ababneh (2001) found that no
survival of encapsulated cryopreserved sour orange
shoot tips was achieved without dehydration with bead
moisture contents of 75-85%.

The greatest survival (80%) of cryopreserved (+ LN)

calli (Table 2) was obtained when calli were pretreated

with 0.3 M sucrose for 2 days followed by 2 h of
dehydration where the beads attained 55.4% moisture
content. While the highest regrowth (33.3-40%) was
obtained with 0.1 M sucrose after 2 or 4 h of
dehydration, with 0.3 M sucrose after 2 h of dehydration,
or with 0.5 M sucrose after 4 h of dehydration. Moges et
al. (2004) reported complete survival (100%) of
encapsulated cryopreserved African violet (Saintpaulia
ionantha Wendl.) shoot tips that were precultured with
0.3 M sucrose for 2 days with 2 h of dehydration.
Whereas, Martinez and Revilla (1998) reported a very
high recovery percentage of encapsulated cryopreserved
hop (Humulus lupulus L.) shoot tips after 2-days-sucrose

preculture and 4 h of dehydration.

Table(1): Survival and regrowth of encapsulated non-cryopreserved (-LN) embryogenic calli of Date palm as
influenced by sucrose concentration during preculture and dehydration period.

Sucrose Conc. (M) Dehydration Period (h) Survival (%) Regrowth (%) CallusColor
0.1 0 100 a* 80 a Y

2 93.3 ab 80 a Y

4 66.7 ¢ 333 de YW

6 333e 20 fg B

8 0i 01 -
0.3 0 86.7b 60 b w

2 93.3 ab 733 a \Y

4 66.7 ¢ 26.7 ef YW

6 26.7 ef 6.7 hi B

8 26.7 ef 01 -
0.5 0 66.7 ¢ 46.7 ¢ YW

2 66.7 ¢ 40 cd YW

4 53.3d 20 fg YB

6 26.7 ef 6.7 hi B

8 6.7 hi 0i -
0.75 0 333e 20 fg B

2 53.3d 26.7 ef B

4 26.7 ef 13.3 gh B

6 20 fg 0i -

8 0i 0i -
1.0 0 13.3 gh 6.7 hi B

2 20 fg 6.7 hi B

4 13.3 gh 0i -

6 0i 0i -

8 0i 0i -

W = White, YB = Yellowish Brown, YW = Yellowish White, B = Brown. * Means within column having different letters are

significantly different according to LSD at P < 0.01.

-161-



Cryopreservation of Date Palm...

Walid S. Subaih, Mohamad A. Shatnawi and Rida A. Shibli

Table (2): Survival and regrowth of encapsulated cryopreserved (+LN) embryogenic calli of Date palm as
influenced by sucrose concentration during preculture and dehydration period.

Sucrose Conc.(M) Dehydration Period(h) Survival(%) Regrowth(%) Callus Color
0.1 0 0jz 0f -

2 733 a 333 ab YB

4 60 b 333 ab YB

6 333 ef 20 cd B

8 40 de 13.3 de B
0.3 0 0] 0f -

2 80a 40 a \W

4 60 b 26.7 be YB

6 40 de 13.3 de B

8 40 de 13.3 de B
0.5 0 333 ef 13.3 de B

2 53.3 bc 333 ab YB

4 46.7 cd 333 ab YB

6 20 gh 13.3de B

8 26.7 fg 13.3de B
0.75 0 26.7 fg of -

2 46.7 cd 20 cd B

4 20 gh 6.7 ef B

6 20 gh of -

8 13.3 hi 6.7 ef B
1.0 0 0] 0f -

2 333 ef 0f -

4 6.71j 0f -

6 0] 0f -

8 0] 0f -

W = White, YB = Yellowish Brown, B = Brown.

“Means within column having different letters are significantly different according to LSD at P <0.01.

In the current study, survival and regrowth of
encapsulated cryopreserved calli tended to increase with
increasing the sucrose concentration up to 0.3 M and the
duration of dehydration up to 4 h (Table 2). This might
indicate that increased sucrose concentration in the
pregrowth medium would lead to accumulation of
solutes inside the cells resulting in maintaining the
integrity of plasma and inner membranes during
dehydration and freezing (Moges et al., 2004; Plessis et
al., 1993). Tahtamouni and Shibli (1999) reported that
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moisture content in beads pretreated with 0.75 M
sucrose decreased more than in those pretreated with 0.3
M sucrose when exposed to the same dehydration
period.

The reduction in regrowth compared to survival
percentage (Table 2) may be attributed to partial damage
of the calli due to osmotic shock after rehydration and
ice crystallization of some cells in the calli (Al-Ababneh
et al.,, 2003); or maybe due to unfavorable growth
condition (Al-Ababneh, 2001; Moges et al., 2004). A
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high concentration of sucrose inside plant cells was
beneficial in establishing a vitrification state during
freezing; the damage caused by
dehydration and freezing (Wang et al., 2002).

so preventing

3.2 Vitrification
Effect of PVS2 Concentration Solution

Significant variations in survival and regrowth rates
of non-cryopreserved calli were obtained among the
different concentrations of PVS2 (Table 3). High
(86.7-100%)
cryopreserved calli treated with a four or two step-wise

survival was obtained for non-
increased concentration of PVS2 at 25 °C for 20 min (5
min for each concentration). Survival of vitrified cell
reported to be red, while cryopreserved cell reported to
be light red. Moges et al. (2004) reported no significant
differences in terms of survival and regrowth of non-
cryopreserved African violet shoot tips among the
different concentrations of PVS2, moreover, a complete
survival and regrowth of shoots with green color were
obtained for non-cryopreserved shoot tips, irrespective
of the concentration of PVS2. Similarly, Al-Ababneh
(2001) reported a complete survival and 97.5% regrowth
with green appearance for non-cryopreserved sour
orange shoot tips after dehydration with 100% PVS2 at
25 °C for 10 min and then at 0 °C for 10 min.

After cryopreservation, a high survival (93.3%) was
observed when calli were treated with a four or two step-
wise increased concentration of PVS2 (Table 3), whereas,
the maximum regrowth (40-53.3%) of calli was obtained
when calli were dehydrated with two or four step-wise
increased concentration of PVS2. Sakai et al. (1991)
reported high survival (90%) of cells of naval orange after
dehydration with 100% PVS2 solution at 25 °C for 3 min
prior to freezing. Direct exposure of shoot tips to the
vitrification solution reduced survival and regrowth due to
osmotic shock induced by the vitrification solution (Al-
Ababneh et al., 2003; Moges et al., 2004).

In the current study, a higher recovery rate of
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cryopreserved calli was obtained when calli were
dehydrated with step-wise increased concentration of
PVS2 than in the case of direct dehydration with a
highly concentrated PVS2 (Table 3). Moges et al. (2004)
found that a complete survival of African violet shoot
tips was observed after cryopreservation, irrespective of
the concentrations of PVS2, whereas, the maximum
regrowth (90%) of shoots with yellowish appearance
was obtained when shoot tips were dehydrated with
four-step increased concentration of PVS2.

Table (3): Survival and recovery of non-cryopreserved (-
LN) and cryopreserved (+LN) embryogenic calli of Date
palm as influenced by concentration of vitrification
solution.

PVS2 Survival Red Color Regrowth Callus

Conc. (%) Intensity (%) Color

Vitrified non-cryopreserved (-LN)

A 66.7b”  Red 33.3b YB

B 86.7 a Red 53.3 ab w

C 100 a Red 66.7 a Y
Vitrified cryopreserved (+LN)

A 333D Light red 13.3b B

B 80 a Light red 40 a YB

C 933a Light red 533a YW

(A) Direct exposure to 100% PVS2, (B) Two step
(treating with 60 % PVS2 followed by 100% PVS2), and
(C) Four-step (loading with 20%PVS2 followed by
treating with 40%, 60% and then 100% PVS2).

* Means within column having different letters are
significantly different according to LSD at P <0.01.

Effect of Cryoprotectant Combinations

Significant variations in survival rates of non-
cryopreserved and cryopreserved calli were obtained
among the various cryoprotectants (Table 4). The
the
cryoprotectant combination tested might be due to their

variations obtained in survival for various

differences in respect to permeability inside plant



Cryopreservation of Date Palm...

Walid S. Subaih, Mohamad A. Shatnawi and Rida A. Shibli

tissues, ability to induce osmotic stress and toxicity
effect (Al-Ababneh et al., 2003; Moges et al., 2004).
Increasing the concentration of cryoprotectants in the
medium leads to reduced survival percentages due to
their toxic effect at higher concentrations (Al-Ababneh
et al,, 2003). Gazeau et al. (1998) found that using
DMSO as a cryoprotectant was effective in increasing
intra-cellular viscosity and thus avoiding the formation

of ice crystals.

Table (4): Survival of non-cryopreserved (-LN) and
cryopreserved (+LN) embryogenic calli of Date palm
as influenced by loading solution.

Cryoprotectants -LN +LN

Combination Survival Red Survival Red
Color Color
Intensity Intensity

5%DMSO+0.3M | 46.7de* Red 20d Red

sucrose

10%DMSO+ 0.3 | 46.7 de Red 13.3 de Red

M Sucrose

5% DMSO+ 0.5 | 73.3 ab Red 333¢ Light red

M Sucrose

10% DMSO + | 80 ab Red 46.7 ab Red

0.5M sucrose

5% DMSO+0.75 | 73.3 ab Red 40 be Red

M sucrose

10%DMSO+0.75 | 66.7 bc Red 40 bc Red

M sucrose

5%DMSO+1.0 333 ef Lightred Oe -
M sucrose
10%DMSO+1.0 | 33.3 ef Lightred Oe -
M sucrose
5%DMSO+2.0 20 fg Lightred Oe -
M sucrose

10%DMSO+ 2.0 | 6.7 ¢ Lightred Oe -

M sucrose

1.0 M sucrose 40 de Lightred 13.3de Light red
2.0 M sucrose 67¢g Lightred Oe -

1.2 M sucrose 533 cd Lightred Oe -

2.0 M glycerol + | 86.7 a Red 533a Red

0.4M sucrose

“ Means within column having different letters are significantly

different according to LSD at P< 0.01.

In the current study, maximum survival (86.7%) of

non-cryopreserved calli was achieved when calli were

cryoprotected with 0.4 M sucrose plus 2 M glycerol at
25 °C for 20 min (Table 4). High survival rates (73.3-
80%) for non-cryopreserved calli were also achieved
with 0.5 M sucrose plus 5 or 10% DMSO; or with 0.75
M sucrose plus 5% DMSO. Survival of vitrified cell
reported to be red, while cryopreserved cell reported to
be light red (Table 4). The high survival obtained for
non-cryopreserved calli might be because the
cryoprotectants mixture tested was probably not toxic or
the period of exposure was not long enough to cause a
damaging effect on cell wall activity (Al-Ababneh,
2001; Moges et al., 2004). After cryopreservation, the
highest survival (53.3%) of calli was obtained when calli
were cryoprotected with 0.4 M glycerol plus 2.0 M
sucrose. Moges et al. (2004) found that the maximum
survival (95%) of non-cryopreserved African violet
shoot tips was achieved when shoot tips were
cryoprotected with 0.4 M sucrose plus 2 M glycerol at
25 °C for 20 min. Furthermore, Al-Ababneh (2001)
reported that higher survival (96.7%) of non-
cryopreserved sour orange shoot tips was obtained after
using 5% DMSO with 1.0 M sucrose for 20 min at 25
°C.

Very low survival (6.7%) of non-cryopreserved calli
was obtained when calli were pretreated with 2.0 M
sucrose alone or combined with 10% DMSO (Table 4).
Moreover, a complete loss of survival after freezing was
exhibited when calli were cryoprotected with a mixture
of 1.0 or 2.0 M sucrose plus 5 or 10% DMSO as well as
with 1.2 or 2.0 M sucrose alone. Moges et al. (2004)
reported a complete loss of survival of non-
cryopreserved African violet shoot tips which occurred
when shoot tips were pretreated with 2.0 M sucrose
alone. This might be attributed to osmotic stress
resulting from the increased sucrose concentration (Al-
Ababneh, 2001; Moges et al., 2004).

After cryopreservation, the survival rates of calli
decreased (Table 4); this might indicate that the

cryoprotectants mixture was probably not able to
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produce high freezing tolerance. Mycock et al. (1995)
found that the reduction in survival and regrowth after
cryopreservation was shown to be associated with intra -
cellular ice formation due to insufficient dehydration.
Variation in color intensity was observed for both non-
cryopreserved and cryopreserved calli (Table 4). This
might indicate that not all cells or tissues survived due to

cryo-injury (Benson et al., 1994; Moges et al., 2004).

Effect of the Type of Loading and Vitrification
Solution

Significant differences in terms of survival of
cryopreserved calli were obtained for the different
loading solutions and vitrification solutions combination
tested (Table 5). Sarkar and Naik (1998) demonstrated
that loading phase was necessary to reduce osmotic
shock caused by direct exposure of precultured explants
to a highly concentrated PVS2. In this study, no
differences in terms of survival rate were obtained by
using different loading solutions for each cryoprotectant
mixture for the vitrified non-cryopreserved (-LN) calli
(Table 5). Sakai et al. (1991) reported that complete
vitrification of cryopreserved plant tissues would

eliminate the concerns for the potentially damaging

effects of intra- and extra-cellular crystallization and
could lead to high survival percentages.

After cryopreservation, the highest survival (60-
66.7%) was obtained after cryoprotection with 1.0 M
sucrose plus 15% DMSO and dehydration with 2.0 M
glycerol plus 0.4 M sucrose or 0.5 M sucrose plus 10%
DMSO prior to freezing (Table 5). However, survival
cell was reported to be red (Table 5). There were no
significant differences in terms of regrowth among non-
cryopreserved or cryopreserved calli (Table 6).
Gonzalez-Arnao et al. (1993) demonstrated that not all
of the survived shoot tips were able to regrow due to the
fact that only one group of cells that are often localized
in primordia of leaf tissues and meristematic dome area
remained alive after stress of freezing and thawing.
Tahtamouni and Shibli (1999) reported that explants of
wild pear that lost their colors died. Color changes of the
explants may be due to osmotic stress caused by
vitrification solution (Sakai et al., 1991) and water
depletion during dehydration (Shibli et al., 1992). It
might also be due to the synthesis of toxic material
resulting from stresses during cryopreservation
(Engelmann, 1997).

Table (5): Survival of non-cryopreserved (-LN) and cryopreserved (+LN) embryogenic calli of Date palm as
influenced by loading solution type and vitrification solution combinations.

Loading | Cryoprotectant | -LN +LN
Solution | Mixture
Survival (%) Red Color | Survival (%) Red Color
Intensity Intensity
1 A 73.3a" Red 46.7 cd Light red
B 80 a Red 60 ab Red
C 80 a Red 60 ab Red
2 A 66.7 a Red 40d Light red
B 80 a Red 40d Light red
C 80 a Red 66.7 a Red
3 A 66.7 a Red 53.3 be Red
B 66.7 a Red 53.3 be Red
C 80 a Red 66.7 a Red

(1) 0.5 M sucrose + 10% DMSO, (2) 0.75 M sucrose + 5% DMSO, (3) 2.0 M glycerol + 0.4 M sucrose, (A) 100% PVS2,
(B) 30% DMSO + 1.0 M sucrose, and (C) 15% DMSO + 1.0 M sucrose.
“Means having different letters are significantly different according to LSD at P<0.5.
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Table (6): Regrowth of non-cryopreserved (-LN) and cryopreserved (+LN) embryogenic calli of Date palm as
influenced by loading solution type and vitrification solution combinations.

Loading | Cryoprotectant | -LN +LN
Solution | Mixture
Regrowth Callus | Regrowth (%) Callus
(%) Color Color
1 A 60 a” Y 333a YB
B 66.7 a Y 40 a YB
C 66.7 a Y 40 a YB
2 A 60 a Y 40 a YB
B 60 a Y 333a YB
C 66.7 a Y 333a YB
3 A 60 a Y 333a YB
B 60 a Y 40 a YB
C 60 a Y 40 a YB

Y= Yellow, YB = Yellow Brown

(1) 0.5 M sucrose + 10% DMSO, (2) 0.75 M sucrose + 5% DMSO, (3) 2.0 M glycerol + 0.4 M sucrose, (A) 100% PVS2, (B)
30% DMSO + 1.0 M sucrose, and (C) 15% DMSO + 1.0 M sucrose.
“ Means having different letters are significantly different according to LSD at P<0.01.

Effect of Duration of Exposure to the Loading
Solution

High survival (80-86.7%) for non-cryopreserved calli
was obtained irrespective of the duration of exposure to
loading solution (Table 7); while higher regrowth
(73.3%) for non-cryopreserved calli was obtained after
10 or 20 min of exposure to loading solution. After
cryopreservation, no significant variations were obtained
irrespective of the duration of exposure to loading
solution (Table 7). The highest regrowth (46.7%) of
cryopreserved calli was obtained after 20 min of
exposure to loading solution. Sakai et al. (1990) reported
that 20 min of exposure of nucellar cells of naval orange
to loading solutions was sufficient to reduce the toxic
effect of concentrated PVS2. However, Moges et al.
(2004) found a complete survival rate for non-
cryopreserved African violet shoot tips irrespective of
the duration of exposure to loading solution, while
100%)

cryopreserved African violet shoot tips were obtained

higher regrowth (90 or rates for non-

after 10 or 20 min of exposure to loading solution.

Increased duration of exposure to loading solution did
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not improve the recovery of non-cryopreserved and
cryopreserved calli (Table 7). This might be due to
excess dehydration of cells which would lead to the
accumulation of solutes that could, in its turn, cause
osmotic stresses to the cells or have chemical toxicity
effect on them (Moges et al., 2004; Sakai et al., 1990).
Sarkar and Naik (1998) reported that direct exposure of
sucrose- precultured shoot tips to concentrated PVS2
was detrimental to the viability of vitrified potato shoot
tips.
3.3 Encapsulation-vitrification

Although dehydration duration did not affect
survival; up to 60-73.3% regrowth of the encapsulated-
vitrified non-cryopreserved calli were obtained when
calli were dehydrated with concentrated PVS2 at 25 °C
for 30 to 60 min (Table 8). Induction of dehydration and
freezing tolerance was achieved through encapsulation
and then osmoprotection by a mixture of 2 M glycerol
plus 0.4 M sucrose followed by dehydration with highly
concentrated vitrification solutions (Hirai and Sakai,
1999). Reduced dehydration duration increased the

survival of the non-cryopreserved shoot due to reduced
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osmotic shock (Dumet et al., 1993).

After cryopreservation, the greatest survival (60%) of
calli were obtained when encapsulated calli were
dehydrated with concentrated PVS2 at 25 °C for 5 to 10
min (Table 8). No variation in regrwoth percentage
occurred in response to dehydration period. Similarly,
Moges et al. (2004) found that greatest survival (80-
85%) and regrowth (70-80%) of cryopreserved African
violet shoots with pale green or yellow color were
obtained when encapsulated shoot tips were dehydrated
with concentrated PVS2 at 25 °C for 5 to 30 min.
Furthermore, Al-Ababneh et al. (2002) also found the
maximum recovery of sour orange shoot tips to happen
after dehydration with concentrated PVS2 at 0 °C for 2-3
h. Matsumoto et al. (1995) reported that maximum shoot
formation of encapsulated apical meristems of wasabi
was achieved when meristems were dehydrated with
PVS2 at 0 °C for 70-100 min.

4. CONCLUSIONS

The dehydration of encapsulated calli with sterile

airflow resulted in higher recovery rates. Dehydration of
calli with step-wise increased concentrations of PVS2
provided better recovery rates than in the case of
exposure to a highly concentrated PVS2 solution. The
use of a mixture of 2 M glycerol plus 0.4 M sucrose as a
cryoprotectant for 10 or 20 min provided better viability
of calli before and after cryopreservation. Increasing the
duration of exposure to the cryoprotectant solution
the wviability of calli.
encapsulated
Vitrification) calli with a highly concentrated PVS2

solution for 5 -90 min showed no variations in regrowth

decreased Dehydration of

and cryoprotected (Encapsulation -

rates after cryopreservation, giving a wider range of
success when using this procedure. However, further
studies should be initiated to study genetic stability after

cryopreservation.
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Table (7): Survival and regrowth of non-cryopreserved (-LN) and cryopreserved (+LN) embryogenic calli of Date
palm as influenced by duration of exposure to loading solution (2 M glycerol plus 0.4 M sucrose).

Duration Survival Red Color Regrowth Callus
(min) (%) Intensity (%) Color
Non-cryopreserved

10 86.7 a Red 733 a w

20 86.7 a DeepRed 733a w

30 86.7 a Red 46.7b YB
60 86.7 a Red 40 be B

90 80 a red 26.7¢c B
Cryopreserved (+LN)

10 60 a Red 40 ab YW
20 66.7 a Red 46.7 a YW
30 60 a Red 26.7 be YB
60 60 a Red 20 ¢ B

90 60 a Light Red 133c¢c B

W = White, YB = Yellowish Brown, B = Brown.

“ Means within column having different letters are significantly different according to LSD at P <0.01.
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Table (8): Survival and regrowth of Encapsulated-Vitrified (EV) non-cryopreserved (-LN) and cryopreserved
(+LN) embryogenic calli of Date palm as influenced by dehydration duration with concentrated PVS2.

PVS2 Dehyd. Survival Red Color Regrowth  Callus
Duration (%) Intensity (%) Color
(min)

Non-cryopreserved (-LN)

5 80 a* Red 46.7 be YW
10 80 a Red 46.7 be YW
30 80 a DeepRed 733a \W

60 733 a Deep Red 60 ab W

90 733 a red 333 ¢ YB
Cryopreserved (+LN)

5 60 a” Light Red 26.7a YB
10 60 a Light Red 26.7a YB
30 46.7b LightRed 333a YB
60 40b Light Red 26.7a YB
90 26.7c Light Red 20a YB

W = White, YW =Yellowish White, YB = Yellowish Brown .

? Means within column having different letters are significantly different according to LSD at P <0.01.

REFERENCES

Al-Ababneh, S. S. 2001. Cryopreservation of Sour Orange
(Citrus aurantium L.) and Bitter Almond (Amygdalus
communis L.). M.Sc. Thesis. Jordan University of
Science and Technology., Irbid, Jordan.

Al-Ababneh, S. S.; Karam, N. S.; Shibli, R. A. 2002.
Cryopreservation of Sour Orange (Citrus aurantium L.)
by Encapsulation-Dehydration. In Vitro Cell. Dev. Biol.-
Plant, 38: 602-607.

Al-Ababneh, S.S.; Shibli, R.A.; Karam, N.S. 2003. Shatnawi,
M.A. Cryopreservation of Bitter Almond (Amygdalus
communis L.) Shoot Tips by Encapsulation-Dehydration
and Vitrification. Adv. Hort. Sci., 17: 15-20.

Bangoil, S.; Engelmann, F. 1991. Effects of Pregrowth and
Freezing Conditions on Resistance of Date Palm
(Phoenix dactylifera var Bous sthammim Noir) to
Freezing in liquid-nitrogen. CryoLett., 12: 279-286.

Bangoil, S.; Engelmann, F. 1992. Effect of Thawing and
Recovery on the Growth of Meristems of Date Palm
(Phoenix dactylifera L) After Cryopreservation in Liquid
Nitrogen, CryoLett., 13: 2533-260.

Bangoil, S.; Engelmann F.; Michauxferrierre, N. 1992.

-168-

Histological Study of Apices from Plantlets of Date
Palm (Phoenix dactylifera L) During A Cryopreservation
Process. CryoLett., 13: 1405-412.

Benson, E.E. 1994. Cryopreservation in Plant Cell Culture.
In: Gonzalez, IRL, 2" ed. A Practical Approach .,
Oxford Press. Pp : 147-167.

Chen, T.H.H.; Kartha, K.K.; Leung, N.L.; Kruz, W.G.W;
Chatson, K.B.; Constabel, F. 1984. Cryopreservation of
Alkaloid-Producing Cell Cultures of Periwinkle
(Catharanthus roseus). Plant Physiol., 75: 726-731.

Dowson, V.H.W. 1982. Date Production and Protection.
Food and Agriculture Organization of the United Nations
(FAO), Rome.

Dumet, D.; Engelmann, F.; Chabrillange, N.; Duval, Y.
1993. Cryopreservation of Oil Palm (Elaeis guineensis
Jacq.) Somatic Embryos Involving a Desiccation Step.
Plant Cell Rep., 12: 352-355.

Engelmann, F. 1997. In vitro Conservation Methods. In:
Ford-Lloyd, B. V.; Newbury, J. H.; Callow, J. A. (eds).
Biotechnology and Plant Genetic Resources:
Conservation and Use. Wellingford: CABI; 119-162.

Ford, C.S,; N.B; Van Staden, J.

2000.Cryopreservation and Plant Regeneration from

Jones,



Jordan Journal of Agricultural Sciences, Volume 3, No.2, 2007

Somatic Embryos of Pinus patula. Plant Cell Rep., 19:
610-615.

Gazeau, C.; Elleuch, H.; David, A.; Morisset, C. 1998.
Cryopreservation of Transformed Papaver somniferum
Cells. Cryo-Letters, 19:147-159.

George, E.F.; Sherrington, P.D. 1984. Plant Propagation by
Tissue Culture. Exegetics Ltd.: Edington, England; Pp:
108-124.

Gonzalez-Arnao, M.T.; Engelmann, F.; Huet, C.; Urra, C.
1993. Cryopreservation of Encapsulated Apices of
Sugarcane: Effect of Freezing Procedure and Histology.
Cryo-Letters., 14: 303-308.

Gonzalez-Arnao, M.T.; Engelmann, F.; Urra, C.; Morenza,
M.; Rios A. 1998. Cryopreservation of Citrus Apices
Using the Encapsulation-Dehydration Technique. Cryo-
Letters., 19: 177-182.

M.T.; Moreira, T.; Urra, C. 1996.

Importance of Pregrowth with Sucrose and Vitrification

Gonzalez-Arnao,

for the Cryopreservation of Sugarcane Apices Using
Encapsulation-Dehydration. Cryo-Letters., 17: 141-148.

Gonzalez-Arnao, M.T.; Urra, C.; Engelmann, F.; Ortizm, R.;
De La fe, C. 1999. Cryopreservation of Encapsulated
Sugarcane Apices: Effect of Storage Temperature and
Duration. Cryo-Letters, 20: 347-352.

Hirai, D.; Sakai, A. 1999. Cryopreservation of in vitro-
grown Axillary Shoot Tip Meristems of Mint (Mentha
spicata L.) by Encapsulation-Vitrification. Plant Cell
Rep., 19:150-155.

D.; Shirai, K.; Shirai, S.; Sakai, A.

Cryopreservation of in vitro-grown Meristems

Strawberry ~ (Fragaria  ananassa  Duch.)

Encapsulation-vitrification. Euphytica, 101:109-115.

1998.
of
by

Hirai,

Kartha, K.K.; Engelmann, F. 1994. Cryopreservation and
Germplasm Storage. In: Vasil, .K.; Thorpe, T A. (eds.)
Plant Cell and Tissue Culture, Kluwer Acadimic
Publishers: Dordrecht, Netherland.; 195-230.

Lambardi, A.; Fabbri, A.; A. 2000.
Cryopreservation of White Poplar (Populus alba L.) by
Vitrification of in vitro-grown Shoot Tips. Plant Cell
Rep., 19:213-218.

Mannonen, L.; Toivonen, L.; Kauppinen, V. 1990. Effects of

Caccavale,

Long-term Preservation on Growth and Productivity of

-169-

Panax Ginseng and Catharanthus Roseus Cell Cultures.
Plant Cell Rep., 9: 173-177.

Martinez, R.; Revilla, M. 1999.
Cryopreservation of in vitro- grown Shoot-Tips of Olea
europaea L. var. Arbequina. Cryo-Letters, 20: 29-36.

Martinez, D.; Revilla, M. A. 1998. Cold Acclimation and
Thermal Transitions in The Cryopreservation of Hop
Shoot Tips. Cryo-Letters, 19:333-342.

Matsumoto, T.; Sakai, A.; Nako, Y. 1998. A Novel

Preculturing for Enhancing the Survival of in vitro-

D.; Arroy-Garcia,

grown Meristems of Wasabi (Wasabia japonica) Cooled
to —196 °C by Vitrification. Cryo-Letters., 19: 27-36.

Matsumoto, T.; Sakai, A.; Takahashi, C.; Yamada, K. 1995.
Cryopreservation of in vitro -grown Apical Meristems of
Wasabi  (Wasabia japonica) by Encapsulation-
vitrification Method. Cryo-Letters, 16:189-196.

AD,; N.S.; Shibli, R.A. 2004.
Cryopreservation of African Violet (Saintapulia
ionantha Wendl.) Shoot Tips. In Vitro Cell. Develop.
Biol.-Plant., 40:389-398.

Moukadiri, O.;. C.R; Cornejo, M.J. 1999.
Physiological and Genomic Variations in Rice Cells

Moges, Karam,

Lopes,

from Direct Immersion and Storage in Liquid Nitrogen.
Physiol Plant, 105: 442-449.

Murashige, T.; Skoog, F. 1962. A Revised Medium for
Rapid Growth and Bioassays with Tobacco Tissue
Cultures. Physiol. Plant, 15:473-479.

D. J; Wesley-Smith, J; P.

1995.Cryopreservation of Somatic Embryos of four

Mycock, Berjak,
Species with and without Cryoprotectant Pre-treatment.
Ann. Bot., 75:331-336.

Niino, T.; Sakai, A.; Yakuwa, H.; Nojiri, K. 1992.
Cryopreservation of in vitro-grown Shoot Tips of Apple
and Pear by Vitrification. Plant Cell Tissue Organ Cult.,
28:261-266.

Niino, T.; Shirata, K.; Oka, S. 1995. Viability of Mulberry
Buds Cryopreserved for 5 Years at —135 °C. J.
Sericicul.Sci. Jap., 64: 370-374.

Plessis, P.; Leddet, C.; Collas, A.; Dereuddre, J. 1993.
Cryopreservation of Vitis vinifera L. cv Chardonnay
Shoot Tips by Encapsulation-dehydration: Effects of

Pretreatment, Cooling and Post Culture Conditions.



Cryopreservation of Date Palm...

Walid S. Subaih, Mohamad A. Shatnawi and Rida A. Shibli

Cryo-Letters, 14:309-320.

Sakai, A.; Kobayashi, S.; Oiyama, I. 1990. Cryopreservation
of Nucellar Cells of Navel Orange (Citrus sinensis var
brasiliensis Tanaka) by Vitrification. Plant Cell Rep.,
9:30-33.

Sakai, A.; Kobayashi, S.; Oiyama, 1. 1991. Survival by
Vitrification of Nucellar Cells of Navel Orange (Citrus
sinensis var brasiliensis Tanaka) Cooled to —196° C.
Plant Physiol., 137:465-470.

Sakai, A.; Matsumoto, T.; Hirai, D.; Niino, T. 2000. Newly
Developed Encapsulation-dehydration Protocol for Plant
Cryopreservation. Cryo-Letters, 21:53-62.

Sarkar, D.; Naik, P.S. 1998. Cryopreservation of Shoot Tips
of Tetraploid Potato (Solanum tuberosum L.) Clones by
Vitrification. Ann. Bot., 82: 455-461.

Scottez, C.; Chevreau, E.; Godard, N.; Arnaud, Y.; Duran,
M.; Dereuddre, J. 1992. Cryopreservation of Cold-
acclimated Shoot Tips of Pear in vitro Cultures After
Encapsulation-dehydration. Cryobiology., 29: 691-700.

Shibli, R. A. 2000. Cryopreservation of Black Iris (Iris
nigricans) Embryos by Encapsulation-
dehydration. Cryo-Letters, 21: 39-46.

Shibli, R. A.; Haagenson, D. M.; Cunningham, S. M.; Berg,
W. K.; Volence, J. J. 2001.Cryopreservation of Alfalfa
(Medicago sativa L.) Cells by Encapsulation-
dehydration. Plant Cell Rep., 20:445-450.

Shibli, R. A.; Smith, M. A. L.; Spomer, L. A. 1992.0smotic
Adjustment of Three
Chrysanthemum morifolium Ramat. Cultivars to Osmotic
Stress Induced in vitro. J. Plant Nutrition, 15: 1373-
1381.

Shibli, R.A.; Smith, M.A.L.; Shatnawi, M.A. 1999. Pigment
Recovery from Encapsulated-dehydrated Vaccinium

Somatic

and Growth Responses

-170-

pahalae (ohelo) Cryopreserved Cells. Plant Cell, Tiss.
Org. Cult., 55: 119-123.

Steponkus, P.L.; Lamphear, F.O. 1967. Refinement of the
Triphenyl Tetrazolium Chloride Method Determining
Cold Injury. Plant Physiol, 42: 1423-1426.

Swan, T.W.; O'Hare, D.; Gill, R.A.; Lynch, P.T. 1999.
Influence of Preculture Conditions on the Post-thaw
Recovery of Suspension Cultures of Jerusalem Artichoke
(Helianthus tuberosus L.). Cryo-Letters., 20: 325-336.

Tahtamouni, R.W. 1999. In vitro Preservation of Wild Pear
(Pyrus Syriaca). M. Sc. Thesis., Jordan University of
Sceince and Technology, Irbid, Jordan.

Tahtamouni, R. W.; Shibli, R. A. 1999.Preservation at Low
Temperatures and Cryopreservation in Wild Pear (Pyrus
syriaca). Adv. Hort. Sci., 13:156-160.

Towill, L.E. 1996 a. Germplasm Preservation. In: Trigiano,
R.S.; Gray, D.J. (eds). Plant Tissue Culture Concepts
and Laboratory Exercises,CRC Press: Boca Raton; 291-
296.

Towill, L. E. 1996 b. Vitrification as a Method to
Cryopreserve Shoot Tips. In: Trigiano, R. S.; Gray, D. J.
(eds). Plant Tissue Culture Concepts and Laboratory
Exercises. CRC Press: Boca Raton; 297-304.

Vandenbussche, B.; De Proft, M. P. 1996. Cryopreservation
of Beet the
Encapsulation-dehydration Technique: Development of a
Basic Protocol. Cryo-Letters, 17: 137-140.

Wang, Q. Gafny, R.; Sahar, N.; Sela, I.; Mawassi, M.;
Tanne, E.; Perl, A. 2002.Cryopreservation of Grapevine

in vitro Sugar Shoot-tips  Using

(Vitis Vinifera L.) Embryogenic Cell Suspension by
Encapsulation-dehydration and  Subsequent Plant

Regeneration. Plant Sci., 162: 551-558.



Jordan Journal of Agricultural Sciences, Volume 3, No.2, 2007

(Pheniox ductylifera)

*@ *A *
(0.3) (%80)
(0.1) (%33-20)
(%93.2-80) (PVS2)
(PVS2) (%53.3-40)
. ( 20) °25
0.4 )+ ) DMSO (%15) + (1)
.(%66.7-60) DMSO (%15)
(°25 10 95) (PVS2) %100
(%33.3-20) . %60
( 90-5) (PVS2)
shibli@ju.edu.jo : . D<*
2006/3/23 . *

.2006/12/20

-171-



