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Abstract: This study reports for the first time protoplast isolation, salt stress and callus formation from

protoplasts in date palm (Phoenix dactylifera L.). Protoplasts were isolated from young leaves of offshoots

in Barhee and Zaghloul genotypes. The protoplast yield depended on genotype, several combinations and

concentrations of hydrolytic enzymes, incubation time, different stainless steel sieves, salt stress and

different agarose concentrations were used. The optimum condition for protoplast isolation was established

by using 4% cellulase, 1% hemicellulase and 2% pectinase, incubate for two days in the dark. Maximum

protoplast yields were 6.40 x10 per gram in Barhee. The best yield 5.80 x10  and viability of protoplast5 5

were obtained when adoption of the 45µm stainless steel sieve and effective in removing any clumps of

undigested tissues and debris. Protoplasts, which imbibed and cultured in  medium supplemented with[16]

0.4 M glucose, 0.5% agarose containing 100mg/l 2,4-D and 3mg/l 2iP gave the highest microcalli

formation. On the other hand, the plating efficiency was obviously influenced by various concentrations

of agarose, and significantly increased by 0.5% agarose, while the other  concentrations of agarose had

a positive effect generally. Protoplasts were cultured on liquid Kao and Michayluk medium at a density

of 5 × 10 /ml supplemented with 100 mg/l 2,4-D and 3.0 mg/l 2iP, with KCl or NaCl at concentrations5

ranging from 0 to 300 mM, in consecutive increments of 50 mM. Data obtained after two weeks of

exposure to salt have shown a significant increase in protoplasts number and division in response to

control and 100 mM KCl or NaCl of Zaghloul. At 250 and 300 mM NaCl, protoplasts number and

division were decreased gradually. The viable isolated protoplasts were examined by Olympus microscope.

Abbreviations: 2,4 D – 2,4 dichlorophenoxyacetic acid ; 2iP - isopentenyladenine 

Keywords: date palm, Barhee, Zaghloul, protoplast isolation, hydrolytic enzymes, salt stress, agaros,

callus formation

INTRODUCTION

Date palm (Phoenix dactylifera L.) is a

monocotyledonous, the most important date palm

cultivation areas are in North Africa and the Middle

East, where it offers dates as staple food and

ecological conditions for other cultivated plants. There

are two common methods to propagate palm trees,

sexually by seeds and asexually by using offshoots.

Generally, half of the progeny is male and the other

half female; only female trees produce fruit. To date,

there is no reliable method to determine the sex of the

progeny at an early stage. This tree is still traditionally

vegetative-propagated through offshoot, but the number

of offshoots produced by each palm is about 10–15 per

tree; this approach is less efficient compared to the

micropropagation method . Classical cross breeding[29,5]

takes a long time (15–30 years) for the production of

new varieties. Totipotent protoplasts are considered as

a very important experimental material for genetic

engineering . The improvements that have occurred[10]

inc lude  modification of p ro top las t  iso la t ion

procedures , media composition , utilization of[20] [6]

conditioned media or feeder cells . Protoplasts were[8]

isolated from embryos, calli and shoots of oil palm,

and the high percentage of cell division was derived

from protoplasts cultured in liquid thin layer method.

Colonies were obtained in protoplasts derived from

the agarose embedding method; however no further

development was evidenced . Protoplasts were[26]

isolated  from  Dendrobium  pompadour leaves  grown

in vitro. Yields of 3x10 -2.5x10  mesophyll protoplasts5 6

per gram fresh weight were obtained depending on

factors   such   as   digesting   enzyme,  osmoticum
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concentration, and leaf size. Small leaves (2.5-3 cm in

length and 0.3 g in weight) were digested with 5 ml of

enzyme solution containing 1% Cellulase Onozuka R-

10, 1% Macerozyme R- 10, 0.5% Driselase, and 0.4 M

mannitol. The mixture of leaves and enzyme solution

was incubated at 30 C for 3 h on a gyratory shaker

with an agitation speed of 80 rpm. Purification of

protoplasts  on  a  sucrose  gradient  yielded very

clean protoplasts that are free of raphide crystals .[15]

The acquisition of salt tolerance was concomitant with

the onset of cell wall regeneration, with protoplasts

exhibiting a greater salt tolerance than cells of Colt

cherry (Prunus avium ×pseudocerasus) . Protoplasts[22]

can be isolated from leaves, cotyledons, shoots, roots,

and flowers. Protoplasts from leaf mesophyll

cells/tissues and callus were recalcitrant for

regeneration . Drought or salinity tolerant cultivars[23,2]

have been identified in many crops . Soil salinity is[9,3]

one of the environmental hazards in agriculture

worldwide because it limits crop yield and restricts the

use of land previously cultivated. Around 20% of the 

world's agricultural land and nearly 50% of all irrigated 

land is adversely affected by soil salinity . Moreover, [13]

soil salinization due to irrigation is becoming 

increasingly detrimental to agriculture . In contrast,[12]

the ions Na and Cl penetration into plant cells and can

be accumulated in the vacuole for the tolerant plants or

in the cytoplasm for sensitive cultivars . Date palm[17]

(Phoenix dactylifera L.) tolerance to osmotic stress

induced by polyethylene glycol (PEG) or NaCl during

the early stages of plant development . Different[11]

sources of donor tissues were tested for protoplast

isolation, callus and juvenile leaves from in vitro and

greenhouse plants. Several combinations and

concentrations of hydrolytic enzymes were used. In

vitro leaves proved to be the best source for protoplast

isolation and produced an average of 3.96x10

protoplasts per gram of fresh weight. Elm mesopyll

protoplasts were cultured using the advantageose

method of agarose droplets and a modification of the

Kao and Michayluk culture medium, using two plating

densities (1x10 and 2x10 protoplasts ml ). Protoplast5 5 -1

division and evolution into colonies and microcalli was

promoted in the agarose droplets plated at 2x105

protoplasts ml- .1[6]

To our knowledge, no report exists on protoplast

technology in date palm in Barhee and Zaghloul

(Egypt). In the present investigation, we report for the

first time induction of callus formation from protoplasts

of these genotypes of date palm. To optimize the

production of protoplasts, different factors such as

composition of enzymes solution, incubation period in

enzyme solution, pore size of sieves, protoplast

tolerance to salt stress (NaCl or KCl), and culture

system were studied.

MATERIALS AND METHODS

Plant Materials: Two genotypes, Barhee and Zaghloul,

were kindly provided by farm of Genetic Engineering

and Biotechnology Research Institute (GEBRI),

Menofyia University, Sadat City, Egypt. The offshoots

(2–4 years old) from field grown adult female date

palm were used for protoplast isolation. Leaf pieces of

approximately 1 cm in length were excised and surface

sterilized with 70% alcohol for 1 min, soaked in 40%

of 5.4% (v/v) sodium hypochlorite solution containing

0.5ml of tween-20 for 20 min and rinsing in sterile

distilled water three times .[26]

Protoplast from Leaves of Offshoots: For protoplast

isolating, different concentrations of enzyme solution

containing cellulase (Sigma, USA), hemicellulase

(Sigma, USA) and pectinase (Sigma, USA) dissolved

in Kao and Michayluk  with 0.4M sucrose at pH 5.7.[16]

The sliced leaves were incubated in different enzymes

solution Table (1) without agitation for one, two and

three days at 26 °C in darkness. Five ml of filter-

sterilized enzyme solution were used for 1.0 g of

explant. After digestion, the cells and enzyme mixtures

were screened through 64 µm a stainless steel sieve to

remove undigested cells and debris.

Protoplast Purification: The digestion mixture was

filtered through 64 µm stainless steel sieve to remove

the debris and large cell colonies. Protoplasts were then

washed through centrifugation at 720 rpm for 5 min.

the washing solution consisted of Kao and Michayluk

contained 0.4M glucose. The pellet was washed again

two times (centrifugation at 720 rpm for 5 min).

Protoplast yield was determined using an AO Bright

Line hematocytometer slide at 100x magnification .[26]

The viable protoplasts was monitored using an

Olympus inverted microscope and the density was

adjusted to culture in various types of culture medium.

All results were from five replicates per experiment.

Digital images were viewed and captured using a

camera Sony (Japan).

Effect of Pore Size of Sieve on Protoplast Filtration:

The digested cells were passed through five stainless

steel sieves (140 µm, 100µm, 77 µm, 64 µm and 45

µm pore size) and centrifuged at 720rpm for 5 min.

The pelleted protoplasts were then washed and purified

as described before.

 

Protoplast Tolerance to Salt Stress: The purified

protoplasts were transferred to liquid Kao and

Michayluk medium at a plating density of 5x105

protoplasts. All media containing 0.4 M glucose and

different  concentrations of KCl or NaCl at the same
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concentrations 0.0, 100, 150, 200, 250, 300mM. The

protoplasts were dark-incubated. The number and

division of protoplasts were examined using an AO

Bright Line hemacytometer slide at 100x magnification.

Dividing protoplasts were calculated by finding the

number of cells showing division. 

Protoplasts Embedding in Agarose: After purification,

protoplasts were plated at 5x10  protoplasts per ml and5

cultured by 2.5ml agarose (Sigma, USA) at

concentrations 0.2, 0.3, 0.4 or 0.5 % and were

suspended in 2.5 ml double strength of medium. All

media contained Kao and Michayluk medium with

0.4M glucose and supplemented with 100mg/l of 2,4-D

and 3mg/l 2iP. Protoplasts were kept in the dark at

26ºC. When cell division was evidenced, the osmotic

pressure of the medium was gradually reduced at 14

days interval. Protoplasts were either left undisturbed

or 1 ml of culture media was replaced (after 7 days)

for microcalli formation. These microcalli were grown

in the dark until they reached a size of 0.3 to 0.4 mm

in diameter. 

Data Collection and Analysis: All experiments were

repeated twice with three replicates per treatment.

Protoplast yields were counted by hemacytometer slide

as a mean of three counting repetitions immediately

after purification. Dividing protoplasts were calculated

by finding the number of cells showing division.

Microcallus number per Petri dish was recorded two

months after protoplast plating. Statistically analyzed by

analysis of variance (ANOVA) at p$0.05.

RESULTS AND DISCUSSIONS

Protoplast Isolation from Leaves of Offshoots:

Attempts to isolate protoplasts from leaves of date

palm offshoots were successful. In this experiment,

viable protoplasts were isolated from two genotypes

Barhee and Zaghloul. Maximum protoplasts yield from

Barhee were 4.48x10  and 4.32x10 . It was clearly seen5 5

that all combination of enzyme affect protoplasts yield.

Addition of cellulase 4%, hemicellulase 1% and

pectinase at 2% promoted a higher yield of protoplasts. 

Concentration of hemicellulase higher than 1% did not

provide high yield of protoplasts. There was a great

variation  in  protoplasts size. The protoplasts yield

was also dependent on enzyme concentration and

incubation time. Regarding the incubation time, the best

response was obtained with an incubation time of two

days, there was a significant difference between the

enzyme concentration and incubation time as shown in

(Table 1). 

Table 1: Yield  (10   protoplasts  gram-1  fresh  weight)   of  date5

palm  (Barhee)  protoplasts  isolated  from leaves in

various incubation times with different enzyme mixtures.

%Enzyme mixtures (w/v) Incubation time (day) (B)
----------------------------- ----------------------------------------------------

Cell. He. Pic. One Two Three Mean(A)

4 2 2 1.87 4.27 3.33 3.15(b)
4 1 2 3.07 6.4 4 4.48(a)

4 2 1 1.6 4.8 3.89 3.43(b)
4 - 2 2.13 4.53 3.49 3.38(b)

4 2 - 2.93 5.07 4.99 4.32(a)

Mean 2.32(c) 5.01(a) 3.94(b)

LSD  5% A =0.580
B =0.449

AxB =1.005

Cel1.: Cellulase , He.: Hemicellulase, Pec.: Pectinase

Table 2: Yield (10  protoplasts gram-1 fresh weight) of date palm5

(Zaghloul) protoplasts isolated from leaves in various

incubation times with different enzyme mixtures.

%Enzyme mixtures (w/v) Incubation time (day)(B)
------------------------------- ---------------------------------------------------

Cell. He. Pic. One Two Three Mean(A)

4 2 2 1.6 3.6 3.2 2.80(d)
4 1 2 2.27 4.53 3.6 3.47 (a)

4 2 1 1.44 4.13 3.68 3.08(cd)
4 - 2 1.92 4.27 3.2 3.13(bc)

4 2 - 2.01 4.8 3.47 3.42(ab)

Mean 1.85(c) 4.27(a) 3.43(b)

LSD  5% A =0.320
B =0.248

AxB=0.555

Fig. 1: Effect of genotype and enzyme solution on

protoplast yields.

E1:4% Cellulase, 2% Hemicellulase, 2

Pectinase

E2:4% Cellulase, 1% Hemicellulase, 2

Pectinase

E3:4% Cellulase, 2% Hemicellulase, 1

Pectinase

E4:4% Cellulase, 2% Pectinase.

E5:4% Cellulase, 2% Hemicellulase.
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The results demonstrate that 4%cellulase, 1%

hemicellulase and 2% pectinase promoted gave 

workable yields 3.47x10  in Zaghloul. Good yields of5

protoplasts were obtained from Zaghloul after two days

from incubation in enzyme followed by three days

(Table 2). Among the enzyme mixtures and incubation

time, only 4%cellulase  and 2%pectinase  gave 

acceptable yields for Zaghloul after two days followed

by 4%cellulase, 1%hemicellulase  and 2%pectinase.

Successful isolation of protoplasts from young leaves

of offshoots was partly due to the fact that the cell

wall becomes thinner. The efficiency of protoplasts

isolation depended on the environmental conditions,

particularly the composition of the enzyme solution.

The combination of cellulase, hemicellulase and

pectinase gave a higher number of protoplasts. Using

the same approach in banana protoplasts isolation .[2]

The ratio between time and enzyme concentration

greatly affected the number and quality of protoplasts

of Pinus pinaster . Several factors influence protoplast[14]

releasing, including the extent of cell wall thickening,

temperature, duration of enzyme incubation, pH of

enzyme solution . In vitro leaves proved to be the[25]

best source for protoplast isolation and produced an

average of 3.96 × 10  protoplasts per gram of fresh7

weigh . The isolation of protoplasts depended on the[6]

choice of genotype, the donor material, the enzyme

solution, and the incubation time . [7]

Effect of Genotypes and Enzyme Mixture on Yields

of Protoplast:  The  paper  studied  the  effect  of

genotypes  and   enzyme mixture on protoplasts

(Figure 1). Used of enzymes and their concentrations

affected the number of viable protoplasts.The result

indicated that the optimal conditions of protoplast

iso la t io n ,  4 % cel lu lase ,  1% hem ice l lu lase  and

2%pectinase  for two days. However, the best response

was obtained with genotype Barhee, the protoplast

yields were 6.40x10 . There was a significant5

difference between the genotypes and enzyme solution.

The freshly isolated protoplasts were of spherical

shape. The efficiency of protoplast isolation depended

on genotype and enzyme solution. The combination of

cellulase , hemicellulase and pectinase gave higher

number of protoplasts. Using the same approach in date

palm (Deglet nour and Takerboucht), the isolation of

protoplasts depended on the choice of genotype, the

donor material, the enzyme solution, and the incubation

time . [7]

Effect of Sieve Pore Diameter on Protoplasts

Filtration: Different sieve pore diameters (140µm,

100µm, 77µm, 64µm, 45µm) for filtration of

protoplasts  was  suitable  for  isolation of date palm

Fig. 2: Effect of genotypes and different sieve pore

size on protoplasts filtration.

Fig. 3: Effect of KCl on protoplast number.

Barhee and Zaghloul protoplasts as shown in (Figure
2). Increasing in sieve diameter size (140µm, 100µm
and 77µm) which encouraged cell wall residues,
clumps of undigested tissues and debris to pass through
the sieve. Sieving the protoplasts of date palm (Barhee
and Zaghloul) through mesh stainless steel screen
(64µm and 45µm) were effective in removing any
clumps of undigested tissues and debris. These results
are somewhat in accordance with the findings of sterile
stainless steel sieve 45 µm in diameter was suitable for
isolation of avocado protoplasts . Dissolved calli of[28]

kiwi fruit in enzyme mixture was passed through a
stainless steel sieve of pore diameter 56µm to remove
the debris and large colonies . Digested cells from[8]

protoplasts of oil palm were passed through two nylon
sieve 77 µm followed by 64 µm pore size and
centrifuged at 52g for 8 min . The best yield 5.12x[26]

10  and viability of protoplast of Vitis davidii were6

obtained when adoption of the 0.25µm screen filtration
and separation at low speed of 1000rpm/min .[19]

Effect of Salinity on Number and Division of
Protoplasts: The  effect of various salt stress in initial
protoplast culture was tested, and the results are shown
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Fig. 4: Effect of NaCl on protoplast number. 

Fig. 5: Effect of KCl on protoplast division % .

Fig. 6: Effect of NaCl on protoplast division %.

in Figures (4 and 5). There is no study on the

production of protoplasts and salt stress in date palm

(Barhee  and   Zaghloul). Addition of 0.0, 100, 150,

200, 250, or 300 mM KCl or NaCl to Kao and

Michayluk liquid medium for tested the viability and

division of protoplasts. The mean protoplasts yield of

Zhagloul for the 0.0 and 100 mM KCl were 5.60 and

5.87x10 . The treatments is based on yield of5

protoplasts within KCl concentrations which were not

cytotoxic tolerance to KCl. Number and division of

p ro to p las ts  d ec reased  with  in c re a s in g  K C l

concentrations as shown in (Figures 3 and 5). A 

significant  difference was observed between Barhee

and Zaghloul under salt stress. Development of

protoplasts to microcalli  was  showed under inverted

microscope. 

The results also showed that this technique may be

useful as predictor for the genotypes at the protoplasts

level tolerance.   

In liquid medium give numerous protoplasts started

to divide with at least two weeks. The highest

protoplasts number efficiency of Zaghloul was obtained

when protoplast were cultured in Kao and Michayluk

liquid medium contained 0.0 and 100mM of NaCl.

Yield and division of protoplasts decreased with

increasing NaCl concentrations as shown in (Figures 4

and 6). The treatment mean values are subject to the

ability to determine the resistant to cytotoxicity. Callus

formation was obtained and showed under inverted

microscope as shown in Fig. 7. It is possible of

p ro to p la s t s  re sp o n se s  to  d i f fe re n t  sa l in i ty

concentrations. Zaghloul giving a highest response and

reflected their sensitive to salinity at any level of NaCl

than Barhee. These results lead to cytotoxic effects of

salts stress on date palm according to the

concentrations under investigation and the genotypes of

date palm. The different responses of genotypes,

indicated that this technique may be useful as a

predictor of salt tolerance at the protoplast. Our results

showed that date palm (Barhee and Zaghloul) can be

salinity tolerante, suggesting that these factors are

independent. This physiological behavior was due to

the fact that date palm species can be absorb a lot of

Na and Cl from the medium and compartmentalize

them in the vacuole. This conclusion is in agreement

with previous studies described by Kefu et al.,  where[17]

Suaeda salsa was salinity tolerant. Protoplasts of rice

(Oriza sativa L.) have a mechanism for fast extrusion

of Na out of the cytoplasm. For plant cells, the most

important way of keeping the cytosolic Na +

concentration at a low level is to minimize Na  influx+

into the cytosol, and to maximize the Na  efflux from +

the cytosol, either into the apoplast or into the 

vacuole .[21,4,30,24]

Embedding of Protoplasts in Agarose: The correct

choice of culturing method was the most important

factor in the culture of protoplasts. Aggregation of

protoplasts was observed when using the agarose

method. Kao and Michayluk medium contaning agarose

at concentrations 0.2, 0.3, 0.4, or 0.5% and

supplemented with 100mg/l of 2,4-D and 3mg/l 2iP

was found to be suitable for protoplasts of date palm

to form cell walls and divide. This method was used

for callus production from protoplasts. Protoplast

division and evolution into colonies and microcalli was

promoted in the 0.5% agarose plated at 5 × 10 . Two5

months after protoplast culture 



J. Appl. Sci. Res., 3(10): 1186-1194, 2007

1191

Fig. 7: Callus from leaves protoplasts of date palm (Barhee) on liquid saline medium (A) Freshly isolated

protoplasts. (B) Early divisions of a protoplast. (C) Second cell division of Barhee one weeks after

exposure to saline medium. (D) Microcalli and cell division on saline liquid medium.(E) Cell colony

formation of date palm protoplasts. (F) Callus formation from protoplasts in Barhee after 2 months of

initial culture.

Fig. 8: Effect of agarose concentration on microcalli number.

initiation  a plating efficiency of 25000 per Petri dish

in Barhee and 23000 per petri dish in Zaghloul

microcalli were attained and the bigger microcalli, with

at least from  0.3  to  0.4 mm diameter at 0.5%

agarose (Figure 10). Continued cell division was seen

in protoplast cultures derived from the agarose

embedding  procedure. Both genotypes, gave microcalli

and  developed  to  callus  (Figure 8).  Using  agarose

bead culture method, was able to form cell wall and

subsequently go through cell division from protoplast

culture of Cucumis melo `Green Delica' . The[27]

agarose droplet method led to sustained division of

protoplasts  and  micro  colonies  formed  within 2

weeks . Ulmus minor Mill mesophyll protoplasts were[1]

cultured using the advantageous method of agarose

droplets  and  a  modification  of the Kao and

Michayluk  culture  medium,  using  two  plating

densities (1 × 10  and 2 × 10  protoplasts ml ).5 5 !-1

Protoplast  division and evolution into colonies and

microcalli  was  promoted in the agarose droplets

plated at 2 × 10  protoplasts ml . Ten weeks after5 !1

protoplast  culture initiation a plating efficiency of

2.7% was attained and the bigger microcalli, with at

least 0.5 mm diameter, were transferred to a solid

medium previously used for the production of

embryogenic callus . [6]
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Fig. 9: Effect of agarose concentrations on microcalli number of date palm (Barhee).

(1) Isolated protoplasts.  (2) Early divisions of a protoplast in 0.2% agarose. 

(3) Second cell division of Barhee 2 weeks after exposure 0.3% agarose. 

(4) Formation of protoplasts chain in 0.4% agarose. 

(5) Cell colony formation of date palm protoplasts in 0.5% agarose.

(6) Agarose with microcalli observed 6 weeks after culture initiation. 

(7) Large colony, with 0.3mm diameter, observed 6 weeks after culture initiation.

(8) Callus formation from protoplasts in Barhee after 2 months of culture in 0.5% agarose medium.

Conclusion:  We  described  heer  reliable

protoplasts  isolation  in  high  yields  from  leaves

of  offshoots  of  date  palm.  We  induced  first  cell

division,  microcallus  formation,  salt  stress

tolerance and callus formation from date palm

protoplasts  by establishment the protocol for

protoplasts isolation and culture. We described a

trustworthy  protocol  for  date  palm protoplast

culture  using  agarose,  never  used  in date palm.

For  established  protocol from protoplasts of date

palm, future investigation should focus on the,

established  the  combination and concentration of

plant  growth  regulators for shoot induction from

callus derived protoplasts and optimization of

germplasm conservation of protoplasts as synthetic

seeds using alginate.  
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