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ABSTRACT 
Since the ultimate success of micropropagation, depends on the ability to 

transfer in vitro plantlets out to the ex vitro conditions, it was found that adding 

PEG at the concentration of 10 g/l to modified MS medium during the second 

month of root formation, raised the plantlets survival about 20-22% in Zaghloul 

and Barhi cultivars over their controls. As expected, PEG treatment reduced the 

moisture content of leaves and on contrary, induced higher values of total soluble 

proteins and phenol concentrations as well as higher activity of phenylalanine 

ammonia-lyase (PAL) enzyme in leaves of both cultivars. On the other hand, 

using of soil culture containing compost and perlite (1:1, v/v) induced the 

maximum survival rate for plantlets in all the three consecutive months of 

acclimatization comparing to those produced in the other tested soil types. AFLP 

as a molecular procedure for DNA fingerprinting has been involved here for 

detecting culture inducing genetic variation. It appears that direct somatic 

embryogenesis avoid the genetic instability often associated with somatic 

embryos obtained indirectly. The high similarity index detected here for the in 

vitro tissue culture derived plantlets of both cultivars with their corresponding 

mothers might indicate that the genetic makeup of the mothers has been retained 

and therefore, the derived plantlets are true-to-type, which might indicate for 

obtaining a novel protocol for stable in vitro tissue culture date palm 

micropropagation. In each cultivar, the average genetic similarity between 

mother and in vitro normal plantlets are well above those between mother and in 

vitro hyperhydrated plantlets, indicating for alterations of genetic 

characterization which was previously reflected by the observed reduction in 

growth and biochemical aspects of hyperhydrated embryos and plantlets, 

obtained during the first part of this work. 

Keywords: Phoenix dactylifera L., Hyperhydricity, in vitro, micropropagation, 

AFLP fingerprinting, PAL enzyme. 

 

Introduction 

The major obstacle to the practical application of date palm tissue culture to 

mass propagation has been in the reduction of survival rate during acclimatization 

under greenhouse or field conditions. This was primarily depending upon the quality 

and type of materials produced in the previous stages. However, plantlets performance 

during acclimatization were determined to a large extent by the degree of autotrophy 

(Kozai, 1993), extent of hyperhydricity (Ziv, 1991) and the ease of weaning (Preece 

and Sutter, 1993), which in turn could control the success of plantlets acclimatization 

and production of good normal looking plants. Techniques that are most satisfactory 

for acclimatization address the changes towards lower relative humidity, higher light 

levels and autotrophic growth (Preece and Sutter, 1991). A number of studies have 
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been published, including using of PEG (Sharon and Shankar, 1999) and soil type (Al-

Jibouri et al., 1988) to improve the survival of plantlets at transplanting time.  

On the other hand, production of true-to-type plantlets of date palm through 

tissue culture techniques can not be exactly determined until the plants produced 

fruits, which generally occurs in about 4 years from plant cultivation ex vitro. DNA 

fingerprinting, is a useful tool used to identify genetic diversity between cultivars and 

species that might be difficult to characterize due to similar morphological 

characteristics. DNA fingerprinting involves the display of a set of DNA fragments 

from a specific DNA sample. Amplified Fragment Length Polymorphism (AFLP) 

DNA analysis is a useful procedure for DNA fingerprinting. AFLP technique 

produced a much higher percentage of polymorphic bands per analysis than other 

procedures (Lin et al., 1996). 

Therefore, the objectives are aimed to increase the survival rate of in vitro 

plantlets of two cultivars through addition of PEG during root formation or testing 

different soil culture types during acclimatization. In addition, assessment of genetic 

stability of produced in vitro plantlets comparing to their mother tree. 
 

MATERIALS AND METHODS 

Developed plantlets of both date palm cultivars Zaghloul and Barhi, were 

obtained from the first part of this work. 

Exp. I: Polyethylene glycol (PEG) treatment during root development:   

The developed plantlets were separated and individually cultured in test tubes 

(25x2.5cm) containing 20 ml optimized rooting medium (Hegazy et al., 2006) to 

stimulate root development for a month. Plantlets were re-cultured for another month 

in the same optimized rooting medium, supplemented with different concentrations of 

polyethylene glycol (PEG, M.W. 7000-9000), i.e. 0, 5, 10, 20 g/l. Cultures were 

incubated under 16-h photoperiod with light intensity of 3000 lux at 25±1°C. Plantlets 

survival percentage and growth characters were recorded. Fresh leaf samples were 

taken for determination of moisture percentage, total soluble proteins and phenols 

concentrations as well as activity of phenylalanine ammonialyase (PAL) enzyme. 

Exp. II: Plantlets acclimatization under different soil culture types 

Plantlets produced after 2 months in the optimized rooting medium were tested 

to be acclimatized under different soil types as follows: sand, sand and peat moss (1:1, 

v/v), sand, peat moss and vermiculite (1:1:1. v/v), sand, peat moss, vermiculite and 

perlite (1:1:1:1, v/v) and finally compost and perlite (1:1, v/v). After 3 months, the 

survival percentage as well as plantlets growth characters were recorded. 

Chemical analysis:  

Total soluble proteins were determined calorimetrically as described by Lowry 

et al. (1951). Total soluble phenols were determined calorimetrically as described by 

Swain and Hillis (1959) in ethanolic extracts of plant tissue samples. Phenylalanine 

ammonialyase (PAL) activity: Extraction and assay of phenylalanine ammonialyase 

(PAL) were done according to Lamb et al. (1979).  

AFLP for DNA fingerprinting: 

DNA was isolated from lyophilized leaf tissues of mother, in vitro normal and 

hyperhydrated plantlets of both date palm Zaghloul and Barhi cultivars according to 

the procedure described by Corniquel and Mercier (1994). AFLP DNA analysis is 

based on a multistep process with the following steps: DNA digestion, fragments 

ligation to adapters, pre-selective PCR amplification, selective PCR amplification (3 

selective amplification primer pairs), and fragment separation. The AFLP protocol 
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was performed according to the method described by Vos et al. (1995). To 

estimate the genetic similarity index, the data were analyzed using the similarity 

matrix according to Nei and Li (1979).  

Statistical analysis: Data of all studied experiments were statistically analyzed by one 

factorial randomized complete design using the SAS (1988) package. The Least 

Significant Difference among levels of each treatment were compared using L.S.D. 

test at 5%, according to Steel and Torrie (1980).  

Results and Discussion 

Exp. I: Effect of PEG treatment during root formation:  

Before transferring date palm plantlets from the test tube to ex vitro condition, 

the well-rooted plantlets were subjected to different concentrations of PEG. Data 

presented in Table 1 showed that, PEG treatment at different concentrations in both 

cultivars significantly reduced all studied growth characters, i.e. growth value, number 

of leaves, leaf area as well as number of roots and root length as compared with 

plantlets produced in culture medium without PEG. This reduction in plantlets growth 

characters was found to be relatively increased by increasing PEG concentration. 

Although the application of PEG reduced all the studied growth characters of treated 

plantlets, the percentage values of plantlets survival were increased. Since, the 

ultimate success of micropropagation depends on the ability to transfer in vitro 

plantlets out to the ex vitro conditions, it appears that using of PEG at the 

concentration of 10 g/l raised the plantlets survival in both Zaghloul and Barhi 

cultivars to about 20-22 % over their controls. In this regard, Sharon and Shankar 

(1999) mentioned that it was possible to use PEG as a mean to acclimatize in vitro 

date palm plantlets and to reduce their subsequent desiccation and poor survival after 

its transfer ex vitro.  
Table (1): Effects of PEG on growth characters of Zaghloul and Barhi plantlets cultured for 

one month in rooting medium as well as their survival % of ex vitro plantlets 

acclimatized for three months.  
Growth characters 

PEG (g/l) 
Shoot F. wt. (g) No. of 

Leaves 

Leaf area 

(cm2) 

No. of 

Roots 

Root length 

(cm) 

Survival 

% 

Zaghloul 

0.0 10.77 3.7 22.1 3.3 6.4 60.0 
5.0 9.64 3.3 20.7 2.7 6.2 66.7 

10.0 7.28 3.2 16.9 2.4 4.3 73.3 
20.0 5.17 3.1 12.2 2.3 4.1 73.3 

L. S. D. 0.05 1.42 0.55 3.10 0.54 0.84 ----- 

Barhi 
0.0 9.52 3.6 17.1 3.8 5.5 66.7 
5.0 8.40 3.3 15.7 3.1 5.2 73.3 

10.0 6.56 3.1 12.6 2.9 3.2 80.0 
20.0 5.34 2.6 10.0 2.4 2.8 80.0 

L. S. D. 0.05 0.88 0.46 1.57 0.40 0.46 ----- 

On the other hand, an opposite trends to that obtained from plantlets growth 

characters, the PEG at different concentrations significantly increased total soluble 

proteins and total soluble phenols concentrations as well as PAL activity in 

plantlet’s leaves of both cultivars (Table 2). As expected, with increasing PEG 

concentration, there was a concomitant reduction in moisture percentage in leaves. It 

appears that, PEG might play an important role on lowering medium osmotic potential 

and subsequently reducing the loss of water from plantlets during acclimatization, 

which in turn could allow for the produced plantlets to be adapted to the stressful 

conditions of ex vitro environment. In this concern, Zaid and Hughes (1995) reported 

that absence or low level of epicuticular wax from in vitro date palm likely 

contributed to the rapid loss of water during transplantation and adding osmotic agents 

such as polyethylene glycol to the culture media could lower this rapid loss of water. 
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Stasolla et al. (2003) stated that under the effect of PEG, many changes in the 

transcript levels of many genes involved in nitrogen assimilation and utilization were 

observed, leading to an increase in protein concentration in white spruce embryos. 

Table (2): Effects of PEG on moisture (%), total soluble proteins (g/g f.wt.), total 

soluble phenols (mg/g f. wt.) and PAL activity (nkat/ g protein) in leaves 

of ex vitro Zaghloul and Barhi plantlets acclimatized for three months. 
PEG (g/l) Zaghloul Barhi 

Chemical  

analysis 

Moisture 

% 
Total 

soluble 

proteins 

Total 

soluble 

phenols 

PAL  

Activity 

Moisture 

% 
Total soluble 

proteins 

Total 

soluble 

phenols 

PAL  

Activity 

0.0 84.86 91.42 3.18 152.65 84.16 91.24 3.44 160.18 

5.0 83.17 93.25 3.52 167.69 82.33 93.77 4.05 172.96 

10.0 82.44 95.26 3.71 179.54 81.97 95.77 4.35 182.31 

20.0 81.86 98.47 4.38 184.37 81.09 99.64 4.73 192.25 

L. S. D. 0.05 0.56 0.97 0.38 4.67 0.72 1.98 0.45 5.13 

Exp. II: Plantlets acclimatization under different soil culture types 

Data presented in Table (3) and Figure (1) showed that, soil culture containing 

compost and perlite significantly increased all the studied growth characters in both 

cultivars, i.e. shoot fresh weight, number of leaves, leaf area as well as number of 

roots and root length as compared with plantlets produced under the other soil culture 

types. These results were again confirmed by the higher percentage values of plantlets 

survival in the three consecutive months of acclimatization (Table 4). 
Table (3): Effect of different soil types on some growth characters of Zaghloul and Barhi 

plantlets cultivated ex vitro for 3 months during acclimatization stage. 
Growth characters 

Soil type 
Shoot F.wt. (g) No. of 

Leaves 

Leaf area 

(cm2) 

No. of 

Roots 

Root length 

(cm) 

                                                               Zaghloul 

Sand  9.20 3.2 14.4 3.1 5.4 

Sand + Peat  10.77 3.7 22.1 3.3 6.4 

Sand + Peat + Vermiculite   11.09 3.8 22.6 3.6 7.9 

Sand + Peat + Vermiculite +Perlite  11.32 4.2 23.0 4.1 8.8 

Compost + Perlite 14.12 4.7 23.5 4.3 10.3 

L. S. D. 0.05 0.24 0.44 0.39 0.43 0.45 

                                                                Barhi 

Sand  9.11 3.3 14.0 3.4 5.1 

Sand + Peat  9.52 3.6 17.1 3.8 5.5 

Sand + Peat + Vermiculite   10.44 3.7 18.0 4.0 6.7 

Sand + Peat + Vermiculite +Perlite  11.03 4.1 22.8 4.2 8.2 

Compost + Perlite   13.89 4.6 23.1 4.7 9.9 

L. S. D. 0.05 0.31 0.46 0.38 0.41 0.43 

Table (4): Effect of different soil types on survival percentage of Zaghloul and Barhi 

plantlets cultivated ex vitro for 3 months during acclimatization stage. 
Acclimatization period (month) 1 2 3 1 2 3 

Soil type Zaghloul Barhi 

Sand  70.0 56.6 53.3 73.3 63.3 56.6 

Sand + Peat  80.0 76.6 63.3 86.6 80.0 70.0 

Sand + Peat + Vermiculite   83.3 80.0 76.6 90.0 86.6 86.6 

Sand + Peat + Vermiculite +Perlite  90.0 86.6 83.3 90.0 86.6 86.6 

Compost + Perlite   90.0 90.0 90.0 93.3 93.3 93.3 

The superiority of compost and perlite treatment on induction of higher survival 

percentage could be ascribed to their effects on sparring more suitable conditions for 

the growing roots. Perlite could hold three to four times its weight of water as well as 

it was most useful in increasing aeration in mixture (Hartmann et al., 1990). Compost 

might increase the organic matter content, which in turn improved the soil physical 

condition in such way, increase the water holding capacity, prevented nutrients 

leaching and added mineral nutrients. This might be a consequence of an increase in 

root surface area as a result of increased root number and length which in turn could 
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Fig (1): Effect of soil culture type on plant growth of both cultivars , i.e. Zaghloul and Barhi 

during acclimatization stage. 

1- Sand,     2- Sand + Peat (1:1, v/v), 3- Sand + Peat + Vermiculite (1:1:1, v/v), 4- Sand + Peat 

+ Vermiculite + Perlite (1:1:1: 1, v/v) and   5- Compost + Perlite (1:1, v/v) 

 
 
 
 

increase water and mineral uptake, which was reflected on induction of higher values 

of shoot fresh weight, number of leaves and leaf area. 
 
 
 
 
 
 
 
 
 
 
 
 

From the above results, it appears that to obtain the optimal conditions for 

successful transfer of in vitro regenerated date palm plantlets to ex vitro conditions, it 

was supposed to get firstly healthy plantlets with a good looking for root and shoot 

system. Secondly, reduction of the relative humidity in the culture medium during the 

later stage of plantlets formation through the use of desiccant, i.e. PEG, could be 

beneficial for preparing mild stressful atmosphere for plantlets to be well adapted 

during acclimatization. Thirdly, choosing the soil culture type, where plantlets are 

cultivated. Soil culture represents the main source of water and nutrients for growing 

roots. Therefore, it must retain enough moisture, has sufficient porous so that excess 

water drains away, permitting adequate aeration to the roots and finally retains the 

nutrients in available form for plantlets to uptake. Thus, it appears that soil type 

composed of compost and perlite could spare the aforementioned requirements, since 

perlite holds three to four times its weight of water, whereas compost may represent 

permanent source of available nutrients for the growing plantlets, which was reflected 

on the higher plantlets survival values obtained from this treatment. 
Genetic stability of in vitro plantlets: 

Using of Amplified Fragment Length Polymorphism (AFLP) as a molecular 

method has been proposed as a mean of detecting culture-induced genetic variation. 

AFLP analysis for mother, in vitro normal and hyperhydrated plantlets of both date 

palm Zaghloul and Barhi cultivars with three pairs of selected primers, i.e.  E-

ACT/M-CAT, E-ACA/M-CAA, E-AAC/M-CAC based on the EcoR1 and MSe1 cut 

sites are presented in Tables (5&6) and Figures (2-4). In both cultivars, AFLP DNA 

analysis displayed DNA fragments with the average size reached 57-357, 56-415 and 

66-321bp by the corresponding use of E-ACT/M-CAT, E-ACA/M-CAA, E-AAC/M-

CAC primers, respectively.  
Table (5): The number of AFLP amplified fragments for mother, in vitro normal and 

hyperhydrated plantlets of both date palm Zaghloul and Barhi cultivars with 

three pairs of selected primers. 

Primers Zaghloul Barhi 
Mother In vitro Mother In vitro 

Normal Hyperhydrated Normal Hyperhydrated 

E-ACT/  M-CAT 47 46 45 25 25 27 
E-ACA/ M-CAA 35 35 37 24 24 22 
E-AAC/ M CAC 19 18 18 20 21 21 

Total 101 99 100 69 70 70 

Data presented in Table (6) revealed that the similarity index of in vitro normal 

plantlets of date palm cv. Zaghloul comparing with their mother plant reached 98.9, 

100 and 97.3% under the effect of the three tested primers, i.e. E-ACT/M-CAT, E-

ACA/M-CAA, E-AAC/M-CAC, respectively. In Barhi cultivar, the corresponding 
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values for similarity index reached 100, 100 and 97.6%, respectively. It appears that 

primer E-ACA/M-CAA did not identify any polymorphism, reaching 0% in each 

cultivar. Meanwhile, the primer E-AAC/M-CAC confirmed polymorphism reaching 

about 2.7 and 2.4% in Zaghloul and Barhi cultivars, respectively. 
Table (6): Similarity index as well as somaclonal variation percentage for in vitro normal 

and hyperhydrated plantlets of both date palm Zaghloul and Barhi cultivars in 

comparison of each with their corresponding mother plant by using three pairs 

of selected primers. 
 

 

Primer 

 

 

Cultivar 

No. of conserved  

fragments 

Similarity index % Somaclonal variation % 

In vitro 

normal  

 / mother 

In vitro 

hyperhydrated 

 / mother 

In vitro In vitro 

normal hyperhydrated normal hyperhydrated 

E-ACT  

/ M-CAT 

Zaghloul 46/47 45/47 98.9 97.8 1.1 2.2 

Barhi 25/25 27/25 100.0 96.1 0.0 3.9 

E-ACA 

/ M-CAA 

Zaghloul 35/35 37/35 100.0 97.2 0.0 2.8 

Barhi 24/24 22/24 100.0 95.6 0.0 4.4 

E-AAC 

/ M-CAC 

Zaghloul 18/19 18/19 97.3 97.3 2.7 2.7 

Barhi 21/20 21/20 97.6 97.6 2.4 2.4 

On the other hand, the similarity index of in vitro hyperhydrated date palm cv. 

Zaghloul comparing with their mother plant reached 97.8, 97.2 and 97.3% under the 

effect of the three tested primers, i.e. E-ACT/M-CAT, E-ACA/M-CAA, E-AAC/M-

CAC, respectively. In Barhi cultivar, the corresponding values for similarity index 

reached 96.1, 95.6 and 97.6%, respectively. In addition, it was found in each cultivar 

that the average genetic similarity index between mother and in vitro normal plantlets 

are well above the average similarity between mother and in vitro hyperhydrated 

plantlets. The average genetic similarity index according to the total number of 

amplified DNA fragments for the three primer pairs combined, reached 98.7 and 

97.4% for Zaghloul mother plant and either of in vitro normal and hyperhydrated 

plantlets, respectively. In Barhi cultivar, the corresponding values scored 99.2 and 

96.4%, respectively. These results are in accordance with the alterations in growth 

characters and biochemical analysis of hyperhydrated embryos and plantlets obtained 

during the first part of this work (Higazy et al., 2006).  

Hyperhydricity is the term generally used to characterize the hyperhydric 

malformations frequently affecting plants vegetatively propagated in vitro (Ziv, 1991). 

However, the genetic changes of hyperhydrated plantlets detected here might be due 

to culture conditions. In this concern, Munthali et al. (1996) stated that the molecular 

mechanism underlying somaclonal variations could be attributed to chromosome 

breakage, single base change, alterations in copy number of repeated sequences and 

changes in DNA methylation patterns.   

On the other hand, when the amplified DNA fragments of the three primer pairs 

are combined, an approximately 101 and 69 fragments were identified for mother 

plants of Zaghloul and Barhi, respectively. Among the 101 DNA fragments that were 

scored for mother plant of Zaghloul, 65 fragments were shared in Barhi, producing 

similarity index of about 76.5%. Consequently, the degree of polymorphism between 

the two mother cultivars reached about 23.5%. Thus, by means of these polymorphic 

DNA fragments, it was possible to distinguish genetically between both cultivars. 

Thus, the high similarity index detected here for in vitro tissue culture derived 

plantlets of both cultivars with their corresponding mothers might indicate that the 

genetic makeup of the mothers has been retained and therefore the tissue culture 

derived plantlets are true-to-type, which in turn could indicate for obtaining a novel 

protocol for stable in vitro tissue culture date palm micropropagation. 
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Fig: (3): An electropherogram showing the AFLP DNA fingerprint of  mother, normal and 

hyperhydrated date palm  plant cv. Zaghloul and Barhi and primer pair E-

ACT/M-CAT as well as standard of DNA fragments.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig: (4): An electropherogram showing the AFLP DNA fingerprint of  mother, normal and 

hyperhydrated date palm  plant cv. Zaghloul and Barhi and primer pair E-ACA/M-

CAA as well as standard of DNA fragments.` 
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