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Abstract 

Among the various explants used to propagate date palm, immature inflorescence has been 

recently used in a wide range.  Somatic embryogenesis approach appears to be a reliable 

option for mass propagation. However, maturation, germination and plant regeneration from 

somatic embryos are the main challenges of this approach. This research describes in vitro 

propagation of date palm ‘Barhee‟ through immature inflorescence. Spiklet explants were 

removed gently from sterilized spaths and cultured on MS medium supplemented with 

picloram (1.25, 2.5 and 5mg/l). Within 6 subcultures, the direct somatic embryos and 

embryonic callus were took place in different treatments at various levels.  Embryonic callus 

were shifted onto maturation medium augmented with sorbitol, mannitol and PEG at 5, 10 

and 15g/l to record their impact on embryonic callus growth and somatic embryo formation. 

Subsequently, somatic embryo clusters formed previously were cultured on germination 

medium with the same concentrations of osmoticum types to form healthy shoots. 

Paclobutrazol and sucrose at different levels and combinations were added to rooting medium 

to improve root system.  The highest percentages of direct somatic embryos and embryonic 

callus were achieved on 5mg/l picloram.  The addition of PEG to maturation medium at 10 g/l 

maximized somatic embryo numbers, while mannitol at 15 g/l encouraged significantly the 

embryonic callus fresh weight.  On germination and multiplication stage, mannitol was found 

to be more effective in the case of shoot formation. PBZ-enriched medium has the positive 

effect on root formation.  Healthy rooted plantlets were successfully transferred to greenhouse 

conditions with higher survival percentage.  

Keywords: Embryonic callus, embryo maturation & germination, mannitol, paclobutrazol, 

sorbitol.
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Introduction 

Date palm (Phoenix dactylifera L.), a monocotyledonous, dioecious tree species 

belonging to Arecaceae family, is   one of the oldest fruit crops cultivated in the desert 

areas of the world, mainly in the Middle East and North Africa countries. Date palms 

are traditionally propagated by offshoots. However, the use of in vitro propagation 

protocols is essential for large-scale propagation, and production of true to type plants 
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(Aleid et al., 2015). Somatic embryogenesis and organogenesis are the two 

approaches currently used for in vitro propagation of date palm cultivars (Al Kaabi et 

al., 2007). Numerous researchers have described various techniques to stimulate 

somatic embryogenesis of date palm different cultivars; some through modifying 

culture media additives (Hassan et al., 2007; Hassan and Taha, 2012) and technical 

methods (Othmani et al., 2009; Ibrahim et al., 2012). Also exposing to stress could be 

useful to improve growth and development of date palm somatic embryogensis (Taha 

and Hassan, 2014). For decades, date palm has been micro propagated using shoot tip 

explants (Abul-Soad et al., 2004). However, other meristematic tissues such as 

axillary buds, immature inflorescences and mature embryos were tested (Khiralla et 

al., 2017). Recently, the inflorescence explants are successfully used to propagate 

distinguish and rare cultivars of date palm (AlKhayri, 2003, Hassan et al., 2021 and 

Taha et al., 2021)  Nutrient medium composition and exogenous application of PGRs 

have a vital role in in vitro growth, differentiation and plant regeneration from date 

palm cultured tissue (George et al., 2008).  Picloram (4-Amino-3,5,6-trichloro-2-

pyridinecarboxylic acid) has been previously used to induce somatic embryogenesis 

from date palm different explant; some via immature inflorescence (Hassan et al. 

2017 and 2021), other from juvenile leaves of date palm cv. Boufeggous (Othmani et 

al. 2009) and from bud and leaf  of date palm cv. Bream (Khierallah et al., 2015). 

Previous researches have shown that date palm somatic embryos maturation and 

germination can be controlled by some factors, including medium physical form 

(Mazari et al., 2019 and Fki et al., 2003), auxin concentration and medium type and 

its different strengths ( Mazari et al., 2018,  Beauchesne et al., 1986 and Hassan et al., 

2012), partial desiccation and technical methods (Ibrahim et al., 2012 and Othmani et 

al., 2009) .Others tested ABA, PEG and sugar alcohol (Hassan et al., 2007 and 

Mazari et al., 2019). The present work aims to develop a new regeneration protocol 

for date palm cv. Barhee via somatic embryogenesis using immature inflorescence 

explant. Accordingly, the influence of picloram concentration during induction stage, 

concentrations of osmoticum various types during maturation & germination stages 

were studied. In addition, different combinations of sucrose and paclobutrazol were 

investigated during rooting stage. 

Materials and methods 

This study was carried out at the Tissue Culture laboratory of Agricultural Genetic 

Engineering Research Institute and The Central Laboratory of Date Palm Researches 

and Development, Agriculture Research Center, Giza, Egypt, during the period of 

2021-2023. Barhee cv. immature inflorescences were used, as explant material, for in 

vitro propagation of date palm in this investigation. 

Plant materials and sterilization 

Date palm (Phoenix dactylifera L.) cv. Barhee was used throughout this study. 

Immature female inflorescences (7- 10 cm in length) were taken at late January to 
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early February from mature palm about 15 years old (Fig. 1a-d). Sterilization of 

explants was done according to the method described by Hassan et al., (2021).  

Initiation stage 

Sterilized spikelet‟s were divided into small pieces (1-2 cm in length) and cultured on 

modified MS medium (Murashige and Skoog, 1962) supplemented with 100 mg/l 

glutamine, 100 mg/l myo inositol, 1mg/l biotin, 5mg/l thiamin HCl, 40 g/l sucrose, 6 

g/l agar and 1g/l activated charcoal. Growth regulator “Picloram” was added to 

initiation medium at 1.25, 2.5 and 5 mg/l to study its impact on somatic embryo 

formation. The medium pH was adjusted to 5.7-5.8 prior the addition of agar. All 

culture media were distributed into small jars (200 ml) at rate of 40 ml/jar and 

covered with polypropylene closures, then sterilized at 121 °C and 15 Ibs\ins
2
 for 20 

min. Explants were re-cultured on fresh medium with the same composition every 6 

weeks intervals.  After six
th

 subculture, direct embryo formation and embryonic callus 

were observed on the cultured inflorescence in related to picloram concentration. 

Browning degree, swelling degree, direct embryo formation percentage and direct 

embryo numbers per jar, callus formation percentage embryonic callus and degree 

direct embryo formation were estimated. Browning, swelling and callus formation 

degrees were determined by degrees according to Pottino (1981) as followed: low (1), 

below average (2), average (3), good (4) and excellent (5). 

Maturation of callus culture 

To test the impact of osmoticum on embryonic callus proliferation and subsequent 

somatic embryo appearance, callus from previous stage (0.5 g) was cultured on MS 

solid medium supplemented with 0.1mg/l NAA, 100mg/l glutamine, 1mg/l biotin, 

5mg/l thiamin HCl, modified to contain sugar alcohol (sorbitol and mannitol each at 

5, 10, and 15 g/l) and polyethylene glycol (PEG) at 5, 10 and 15 g/l. The cultures 

were maintained for 12 weeks and subcultured at 4 weeks intervals. After this period, 

the average of browning, embryonic callus degree and average number of somatic 

embryos were recorded.  

Germination and multiplication of somatic embryos  

Direct and indirect somatic embryo clusters (2-3 embryos) from initiation stage were 

cultured on sorbitol, mannitol and PEG previous concentrations to show its effects on 

somatic embryo growth and development. Different treatments were added to 3/4 MS 

basal medium containing 0.1mg/l NAA, 0.05 mg/l Benzyl Adenine (BA) and 6 g/l 

Agar. Average numbers of embryosaverage numbers of germinated embryos (shoots) 

were counted after 3 subcultures (1 month interval). 

Rooting and acclimatization stage  

Plantlets of Barhee.; 6-8 cm in length were transferred to rooting medium  consists of 

half strength MS solid medium augmented with combination of sucrose at 30, 45 and 

60 g/l and paclobutrazol at 0.0, 0.1, 0.2 and 0.3 mg/l in a factorial experiment 

contained twelve treatments to examine their influence on root formation. The media 
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were dispensed into 25×250 mm long tubes. Plantlets were moved to fresh rooting 

medium after 6 weeks. At the end of rooting stage, the average number of roots/shoot 

and the average root length (cm) were recorded. Growth vigor and root thickness 

average values were estimated according to Pottino (1981). Healthy rooted plantlets 

were shifted from rooting medium, rinsed with tab water to remove nutrients residuals 

and then immersed in fungicide solution at 1g/l for 15 min. After that, plantlets were 

cultured on torpedo (5 diameters and 18 cm in length) filled with peat: perlite 2:1 v/v 

and covered with polyethylene bags for 1.5 month with regular checkup to remove 

any contaminated or wilted plants. Polyethylene covers were removed gradually after 

1.5 month. Plantlets were irrigated and fertilized according to Hassan (2012).       

Statistical analysis 

The experimental design was completely randomized with 3 replicates and each 

replicate contains 3 explants in each treatment. Data were subjected to analysis of 

variance using the statistical software and means were compared by Duncan (1955) 

multiple range test at p ≤ 0.05 level of confidence. 

Results 

Initiation stage 

In the present investigation, date palm cv. Barhee immature inflorescence explants 

were cultured on MS basal salts supplemented with 100 mg/l glutamine, 100 mg/l 

myo inositol, 1mg/l biotin, 5mg/l thiamin HCl, 40 g/l sucrose, 6 g/l agar and 1g/l 

activated charcoal. Picloram various concentrations were added to study their effect 

on inflorescence response after 6 subcultures. Data from Table (1) revealed that 

increasing picloram gradually from 1.25, 2.5 to 5 mg/l in initiation medium raised 

browning degree without significant differences. In respect to swilling degree, data 

showed that the highest swilling degree (4.33) was found with picloram at 2.5 mg/ l 

(Fig.1e)
 
followed insignificantly by 5mg/l picloram. While 1.25 mg/l showed the least 

degree. Data concerning embryonic callus formation %   showed that, the highest 

percentage was achieved with picloram at 5 mg/l (29.63%) followed by 2.5 mg/l 

which produced (22.22%) while, 1.25 mg/l recoded the lowest percentage. With 

respect to direct embryo formation% and embryo numbers, data observed that the 

presence of 5mg/l in initiation media maximized significantly the values of the two 

parameters as the results were (66.66% and13.67 somatic embryos, respectively) 

compared with other treatments (Fig.1f). Concerning embryonic callus degree, raising 

picloram level to 5mg/l increased significantly the callus degree and embryo 

differentiation in the cultured spikelet's as shown in (Fig. 1g, h). 
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Table (1):  Effect of picloram concentrations on response of immature inflorescence of 

date palm Barhee cv. during initiation stage          

Picloram 

con. 

 

Browning 

degree 

Swelling 

degree 

Embryonic 

callus 

formation% 

Embryonic 

callus 

degree 

Direct 

embryo 

formation% 

Direct 

embryo 

number 

 

1.25 1.67 A 2.67 B 14.81C 1.33 B 0.74 C 1.67 C 

2.5 2.33 A 4.33 A 22.22 B 2.00 A 29.63 B 4.67 B 

5.0 2.67 A 3.33 AB 29.63 A 2.67 A 66.66 A 13.67 A 
Means followed by the same letter (s) in each column are not significantly different from each other at 

5% level 

Maturation stage 

Embryonic callus  from initiation stage weighed (0.5g) was cultured on maturation 

media supplemented with  osmotic different concentrations to notice their impacts on 

browning degree, callus fresh weight (g) and somatic embryos number/ culture. 

Results in Table (2) showed that, no significant difference could be noticed in 

embryonic callus browning degree among osmotic types. However, the lowest 

average of browning degree was recorded with mannitol. Data concerning 

concentration revealed that, using lowest concentration (5g/l) decreased callus 

browning degree in compared with other concentrations. Interaction in this respect 

pointed that, mannitol at 5g/l recorded the lowest average of browning. On the other 

hand, PEG at 15 g/l achieved the maximum value. 

Table (2): Effect of osmoticum concentrations on browning of embryonic callus 

culture during maturation stage 

Osmoticum 
Concentration (g/l) 

Mean 
5 10 15 

Sorbitol  2.00 c 2.67 b 3.00 ab 2.56 A 

Mannitol 1.33 d 2.00 c 2.50 b 1.94 A 

PEG 2.00 c 2.67 b 3.26 a 2.64 A 

Mean 1.78 B 2.44 AB 2.92 A  
Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level. 

Data in Table (3) reflected that, osmoticum types and concentrations have an effective 

role on embryonic callus cultures of Barhee cv. The heaviest embryonic callus 

cultures were shown with maturation medium enriched with mannitol (Fig.1i). On the 

other hand, fresh weight observed with sorbitol and PEG did not differ significantly. 

In respect to concentration, data showed that the moderate concentration (10 g/l) was 

the best to achieve the highest significant fresh weight (5.66 g). Interaction revealed 

that, mannitol at 15 g/l and PEG at (10g/l) recorded the highest significant fresh 

weight (6.30 and 6.17 g, respectively). 
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Table (3): Effect of osmoticum types and concentrations on embryonic callus culture 

fresh weight (g) during   maturation stage 

Osmoticum 
Concentration (g/l) 

Mean 
5 10 15 

Sorbitol  4.50 d 5.20 c 4.00 ef 4.57 B 

Mannitol 5.20 c 5.60 b 6.30 a 5.70 A 

PEG 3.75 f 6.17 a 4.30 de 4.74 B 

Mean 4.48 B 5.66 A 4.87 B  
Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level. 

Data in Table (4) revealed that, maturation medium enriched with PEG was the most 

significant reliable medium for somatic embryo production in our research. In this 

medium, many somatic embryos appeared uniformly from the embryonic callus mass 

either during the first or the second subculture.  While sorbitol and mannitol 

supplemented media induced close values (15.83 and 15.67 embryo/culture, 

respectively). The addition of osmoticum different types at 5 and 10 g/l to maturation 

media encouraged the highest significant embryo numbers. However, raising the 

concentration to 15 g/l reduced significantly the embryos number. Interaction in this 

respect showed that, maturation medium contained 10 g/l PEG maximized somatic 

embryos number compared with other treatments in this experiment (Fig. 1j).  

Table (4): Effect of osmoticum concentrations on embryos number from embryonic 

callus culture during maturation stage 

Osmoticum 
Concentration (g/l) 

Mean 
5 10 15 

Sorbitol  22.50 b 12.00 g 13.00 fg 15.83 B 

Mannitol 18.00 c 14.00 ef 15.00 de 15.67 B 

PEG 19.00 c 31.00 a 16.00 d 22.00 A 

Mean 19.83 A 19.00 A 14.67 B  
Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level. 

Multiplication and germination stage  

In this stage, culture media were modified to include 0.1 mg/l NAA mg/l and 0.05 

mg/l BA in addition to sorbitol, mannitol and PEG concentrations to determine their 

effects on somatic embryo growth and development through two subcultures. Results 

in Table (5) showed that, osmoticum types and concentrations had a pronounced 

impact on the process of somatic embryogenesis of date palm Barhee cv. Mannitol 

maximized the number of embryos (18.17/somatic embryo) compared with sorbitol 

and PEG. Also, data about concentration reflected that, the addition of 5g/l 

irrespective to osmoticum types was the best; where the number of embryos was 

(13.67/somatic embryo).  Interaction in this respect showed that, the addition of 

mannitol at 15 g/l surpassed other treatments.  
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Table (5): Effect of osmoticum concentrations on average number of embryo during 

multiplication and germination stage 

Osmoticum 
Concentration (g/l) 

Mean 
5 10 15 

Sorbitol  12.00 c 8.00 de 6.00 f 8.67 B 

Mannitol 20.00 a 13.50 b 21.00 a 18.17 A 

PEG 9.00 d 8.50 d 7.30 e 8.27 B 

Mean 13.67 A 10.00 B 11.43 B  
Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level. 

Data in Table (6) revealed that, the presence of osmoticum at different concentrations 

had a strong effect on somatic embryo germination process. The highest significant 

number of germinated embryos (shoots) (10.67 shoot/ explant) was noticed with 

mannitol. This number was lowered significantly by using PEG and sorbitol. 

Interaction showed that, mannitol and PEG at 10 g/l were the best compared with 

other treatments. Data about osmoticum concentration revealed that, using medium 

with 10 and 5g/l raised significantly the number of germinated embryos. However, at 

concentration higher than the optimal, significant decrease in germinated embryo 

number was occurred. In regard to interaction data in this Table showed that, certain 

concentrations of osmoticum type had a stimulatory effect on germination of somatic 

embryos. The addition of mannitol at (5 and 10g/l) and PEG at 10 g/l enhanced the 

ability of somatic embryos to convert into shoots (Fig. 1k). 

Table (6): Effect of osmoticum types and concentrations on average number of 

germinated embryo during multiplication and germination stage 

Osmoticum 
Concentration (g/l) 

Mean 
5 10 15 

Sorbitol  11.00b 8.00 c 4.00 e 7.67 C 

Mannitol 12.00 a 12.00 a 8.00 c 10.67 A 

PEG 8.00 c 11.70 a 7.00 d 8.90 B 

Mean 10.33 A 10.57 A 6.33 B  
Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level. 

Rooting and acclimatization stage 

Paclobutrazol  (PBZ) and sucrose concentrations were added to rooting media 

consists of half strength of MS medium supplemented with 0.5 mg/l from NAA and 

IBA to record their influence on root formation of Barhee plantlets.  Data in Table (7) 

mentioned that, supplementing the rooting medium with PBZ stimulated root 

formation compared with control. Among the various concentrations of PBZ tested, 

the highest number of roots (3.10 roots/ plantlets) was obtained on rooting medium 

containing 0.3 mg/l followed insignificantly by the  medium with 0.2 mg/l (2.83 roots/ 

plantlet). Data about the effect of sucrose concentrations showed that, the mean 

number of roots significantly increased to 2.82 when plantlets were cultured on 45g/l 



Egyptian International Journal of Palms V.4 (1) Jan, 2024 1-19 Egyptian International 

Journal of Palms 

 

8 
 

sucrose-containing medium. Increasing the concentration of sucrose to 60 g/l did not 

improve root formation. The combination of PBZ at 0.3 mg/l and sucrose at 45g/l 

sucrose induced root numbers to highest significant value (3.8 roots/ plantlet) 

compared with other combinations. 

Table (7): Effect of paclobutrazol and sucrose concentrations on average number of 

root/shoot of Barhee plants during rooting stage 

Paclobutrazol 

con. (mg/l) 

Sucrose concentration (g/l) 
Mean 

30 45 60 

0.0 1.00 h 1.97 f 1.25 g 1.41 C 

0.1 2.40 de 2.60 d 3.00 bc 2. 67 B 

0.2 2.60 d 2.90 c 3.00 bc 2. 83 AB 

0.3 3.20 b 3.80 a 2.30 e 3.10 A 

Mean 2.30 B 2.82 A 2.39 B  
 Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level 

The presence of PBZ in the culture medium increased the growth vigor of Barhee 

plantlets as shown in Table (8). In PBZ-free medium, the growth vigor was (3.53). 

The addition of 0.1 mg/ L PBZ to the culture medium resulted in the highest 

significant value of growth vigor. Increasing this concentration to 0.2 or 0.3mg/L did 

not improve plant growth vigor. Concerning the effect of sucrose concentrations, data 

revealed that no significant differences could be observed among tested 

concentrations. Interaction between PBZ and sucrose reflected the same greatest 

values of growth vigor with media containing PBZ at 0.1mg/l + 45 or 60 g/l sucrose, 

PBZ at 0.2 + 45g/l sucrose and PBZ at 0.3mg/l + 30 g/l sucrose (Fig. 1 l).  

Table (8): Effect of paclobutrazol and sucrose concentrations on growth vigor of 

Barhee plants during rooting stage 

Paclobutrazol 

con. (mg/l) 

Sucrose concentration (g/l) 
Mean 

30 45 60 

0.0 3.00 f 4.00 cd 3.60 e 3.53 B 

0.1 4.22 c 5.00 a 5.00 a 4.74 A 

0.2 4.80 a 5.00 a 4.00 cd 4.60 A 

0.3 5.00 a 4.50 b 3.80 de 4.43 A 

Mean 4.25 A 4.62 A 4.10 A  
 Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level. 

Root length 

In case of root length, the highest root length was detected on medium supplemented 

with 0.2 mg/l PBZ. It was assumed that, the rise in PBZ concentration to 0.3 mg/L 

might have an adverse effect on root length. Control treatment gave the lowest 

significant root length. In respect to sucrose concentration effects as shown in table 

(9), it is evident that increasing sucrose concentration from 30 to 60 g/l restricted root 

length significantly.  Results about interaction between PBZ and sucrose 



Egyptian International Journal of Palms V.4 (1) Jan, 2024 1-19 Egyptian International 

Journal of Palms 

 

9 
 

concentrations showed that, there were significant differences among different 

treatments for root length of all plantlets. The greatest significant root length was 

recorded when plantlets were cultured on medium with 0.2 mg/l PBZ and 30 g/l 

sucrose while the lowest root length could be obtained on medium with 60 g/l sucrose 

without PBZ addition. 

Table (9): Effect of paclobutrazol and sucrose concentrations on of Barhee plant root 

length (cm) during rooting stage 

Paclobutrazol 

con. (mg/l) 

Sucrose concentration (g/l) 
Mean 

30 45 60 

0.0 2.00 e 1.20 h 1.00 i 1.40 C 

0.1 1.80 f 2.60 b 2.40 cd 2.27 B 

0.2 4.00 a 2.50 bc 2.25 d 2.92 A 

0.3 1.50 g 1.75 f 1.50 g 1.58 C 

Mean 2.32 A 2.01 AB 1.79 B  
 Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level 

Root thickness 

Data about the effect of PBZ and sucrose concentrations on root thickness of Barhee 

plantlets are shown in Table (10). With regarding to PBZ concentrations, the highest 

significant value of root thickness (3) was produced on medium added with 0.1 mg/l 

PBZ. However, the addition of 0.2 and 0.3 mg/l PBZ to the rooting medium decreased 

the root thickness. No significant differences could be observed among all tested 

concentrations of sucrose. Combination between 0.1 mg/l PBZ and 60g/l sucrose 

recorded the highest statistically value of root thickness (3.5) while rooting medium 

added with 30g/l sucrose without adding PBZ resulted in the lowest statistically value 

(1.5). Healthy rooted plantlets transferred successfully to greenhouse with highest 

percentages (Fig. 1m-p).     

Table (10): Effect of paclobutrazol and sucrose concentrations on root thickness of 

Barhee plantlets during rooting stage 

Paclobutrazol 

con. (mg/l) 

Sucrose concentration (g/l) 
Mean 

30 45 60 

0.0 1.50 f 1.90 e 2.20 d 1.87 C 

0.1 2.50 c 3.00 b 3.50 a 3.00 A 

0.2 3.00 b 2.50 c 2.50 c 2.67 B 

0.3 3.00 b 2.50 c 2.00 e 2.50 B 

Mean 2.50 A 2.47 A 2.55 A  
 Means followed by the same letter (s) in each column are not significantly different from each 

other at 5% level. 

Discussion 

In past decades, the auxin 2,4-dichlorophenoxy acetic acid (2,4-D) was widely 

incorporated to culture medium of date palm different explants to stimulate somatic 
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embryogenesis induction (Eshraghi et al., 2005). However, it was found that using 

higher levels of 2,4-D may cause some abnormalities in regenerated plants (Fki et 

al., 2011). So, using other types of auxins at low levels to stimulate somatic 

embryogenesis in date palm cultivars would be benefit. In our experiment, initiation 

medium supplemented with 5mg/l picloram induced direct embryo and embryonic 

callus formation percentages from date palm cv. Barhee immature inflorescence 

explants. Abahmane (2010) reported that 4-amino-3,5,6-trichloropicolinic acid 

(picloram) and 3,6-dichloro-o-anisic acid (dicamba) could be used as an alternative 

auxin in in vitro culture of some species without somaclonal variation in regenerates. 

In peach palm picloram-enriched medium stimulated primary and secondary somatic 

embryos (Steinmacher et al., 2007). This auxin was successfully used to induce 

embryogenic competence in African oil palm (Teixeira et al., 1995) and was the 

favorable auxin source in arecanut palm somatic embryo formation (Karun et al., 

2004) and macauba palm (Moura et al., 2008). In the case of date palm, Mazri et 

al., 2017 found that the addition of 45 µM picloram to culture medium improved 

somatic embryogenesis in cv. Najda. More recently, Hassan et al., 2021 induced 

somatic embryogenesis from immature inflorescence explants of Medjool cv. using 

picloram at 2mg/l. On the other hand, Othmani et al. (2009) mentioned that picloram 

at different concentrations failed to stimulate embryonic callus from juvenile leaves of 

date palm cv. Boufeggous. The somatic embryogenesis process included several 

phases, started with the induction of embryonic calli, maturation, germination of 

somatic embryos, and finally plantlet formation (Thuzar et al., 2011). However, 

maturation and germination phases constitute the main challenges in the regeneration 

process. Abscisic acid (ABA) has been widely added to culture media to stimulate 

maturation of somatic embryos (Rai et al., 2011). In addition, liquid media (Fki et al., 

2003) and MS medium strength (Mazari et al., 2019) were found to be effective in 

maturation process of date palm somatic embryos.   In the present study, we evaluated 

the effects of osmotically active solutes; sorbitol, mannitol and PEG on the maturation 

and germination of date palm somatic embryos. Our results showed that PEG at 10 g/l 

was more suitable for enhancing somatic embryo number during maturation of 

embryonic calli, while mannitol at 15 g/l and PEG at 10g/l maximize fresh weight. In 

fact, PEG (non-plasmolyzing osmoticum) was found to accelerate maturation process 

by causing a medium statue like to desiccation (Zhang et al., 2007). Al-Khateeb et al., 

(2018) found that, PEG and mannitol worked as non-metabolic osmotic agents in 

callus growth stage and they improved callus fresh and dry weights of the date palm 

cultivar Khalas.  Somatic embryo maturation was also noticed when liquid media 

combined with PEG or mannitol (Yaseen et al., 2013). Al Khayri and Al-Bahrany 

(2012) mentioned that ABA, PEG-8000, thiamine, biotin and silver nitrate affected 

significantly date palm somatic embryo growth and development. The non-

permeating osmoticum (PEG) surpassed sorbitol and mannitol in the case of somatic 

embryo maturation in some conifer species (Attree et al., 1991). Conversion process 

of date palm somatic embryos into plantlets was widely studied by several researches 

(Hassan et al., 2012, Taha and Hassan, 2014, Ibrahim et al., 2011, Mazri et al., 2017 

https://europepmc.org/article/med/29651380#CR10
https://europepmc.org/article/med/29651380#CR14
https://europepmc.org/article/med/29651380#CR29
https://europepmc.org/article/med/29651380#CR34
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and Al Khayri &Al-Bahrany, 2012). In our investigation, inclusion of mannitol at 10 

g/l to germination medium improved somatic embryo germination and shoots 

formation. Mazri et al., (2016) observed the beneficial impacts of mannitol on shoot 

bud proliferation of date palm cv. Mejhoul but with lower effect than sucrose. Khaun 

(2021) found that, salysilic acid and mannitol supplemented media promoted shoot 

bud multiplication and elongation of date palm cv. Owidi.  Sugar alcohol mannitol, 

move easily within plant cells, and involved in several vital processes related to cell 

division, plant growth and development such as; respiration, energy release, and ATP 

production. Mannitol also, involved in carbohydrate metabolism (Taiz and Zeiger, 

2006; Meena et al., 2015). Mannitol, sorbitol and PEG the osmotically active solutes 

serve as osmotic regulator during somatic embryogenesis (Neto and Otoni, 2003; 

Shoji et al., 2006). Rooting of plants considered to be an important step in date palm 

micropropagation approaches and subsequent plant acclimatization. Our results 

showed that supplementing rooting medium with PBZ at different concentrations 

enhanced root number, root length, growth vigor and root thickness compared with 

control medium. On the same line, Abd El-Baky (2006) mentioned that, growth 

retardants improved the initiation of strong roots and increased the number of roots of 

date palm. Also, Sidky et al. (2009) reported that 4 mg/l of PBZ increased shoot 

growth vigor, accelerated root formation and stimulated hairy root formation of date 

palm. In addition, Ibrahim et al., (2012) mentioned that the addition of ABA, 

ancymidol, cycocel or PBZ at different levels to rooting medium of date palm as a 

pre-acclimatization treatments enhanced survival percentage and growth vigor of 

plants in greenhouse. In general, growth retardants reduced cell division and 

elongation, raised chlorophyll and protein accumulation, increased nutrients 

absorption, increased osmotic conditions and subsequently reduced water 

consumption. Aforementioned impacts could enhance plant tolerance to 

environmental stresses (Grossmann, 1992).  In this research, 45g/l sucrose improved 

growth vigor, root number, root length and root thickness compared with 30 and 

60g/l. These results are associated with the results of Ibrahim et al., (1999) who 

reported that raising the concentration of sucrose from 30 g/l to 50 g/l in the rooting 

medium increased root and shoot growth, but the negative effect was noticed with 60 

g/l sucrose. Abu El Soad and Jatoi (2014) enhanced adventitious roots formation by 

incorporating 40 g/l sucrose to full strength MS rooting media. Ibrahim et al., (2012) 

and Hassan et al., (2008)  improved root system of date palm cultivars by using 

rooting medium containing 45 g/l sucrose. 
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Fig (1): Stages of date palm cv. Barhee immature inflorescence micropropagation. Spaths size (a), 

sterilization of spaths (b), removal of outer protective sheath (c), divided spiklets (d), swilling of 

spiklets  on 2.5 mg/l picloram (e), direct embryo formation on 5 mg/l picloram (f),  the highest callus 

degree and embryo differentiation on 5mg/l picloram (g and h),  the heaviest callus culture on mannitol  

during maturation stage (i) highest number of somatic embryo on 10g/l PEG during maturation stage(j), 

highest shoot formation on 15 g/l mannitol during germination stage (k), vigor plantlets on rooting 

media containing  PBZ (l) and procedures of  plantlets acclimatization on greenhouse (m-p).  

 

 

 

 



Egyptian International Journal of Palms V.4 (1) Jan, 2024 1-19 Egyptian International 

Journal of Palms 

 

13 
 

Conclusion 

This study successfully demonstrated the in vitro propagation of date palm 'Barhee' 

using immature inflorescence as the explant source. The use of picloram at 5 mg/l 

proved optimal for inducing direct somatic embryos and embryonic callus formation. 

Maturation of embryonic callus was enhanced significantly by the addition of PEG at 

10 g/l, which maximized somatic embryo production, while mannitol at 15 g/l 

effectively increased embryonic callus fresh weight. During the germination and 

multiplication phases, mannitol also showed superior efficacy in promoting shoot 

formation. Furthermore, the incorporation of paclobutrazol in the rooting medium 

facilitated robust root development. The resultant healthy, rooted plantlets exhibited 

high survival rates upon transfer to greenhouse conditions, indicating the 

effectiveness of this protocol for mass propagation of date palm. Overall, this research 

provides a reliable framework for the large-scale propagation of date palm through 

somatic embryogenesis, contributing to the advancement of date palm cultivation and 

preservation efforts.  
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ثكوين الأجنة الجسدية من النورة المؤنثة  فيالسكريات الكحولية و  جليكول  إيثيلين والبولي و البيكلورام دور 

 غير الناضجة لصنف البرحي 

  3حسن محمد منى، 2الحمصانى محمد الوهاب عبد حمد، أ1ملهط محمد حسن مرفت
 مصش الجيزة، الضساعت، بحىر مشكض الضساعيت، الىسازيت الهىذست بحىر بمعهذ الأوسجت صساعت معمل1

 مصش. الجيزة. الضساعت بحىر مشكض للجيىاث، اللىمي البىك خجميذ،الو  خخضيًال محطت2
 .مصش ،الجيزة الضساعت، بحىر مشكض ،البلح هخيل وجطىيش رابحل ل المشكضي  المعمل3

 

 الملخص العربي

ا جم
ً
 إكثاس في المسخخذمت المخخلفت الىباجيت الأحضاء كأحذ الىاضجت غير الضهشيت الىىساث اسخخذام حذًث

عذ. واسع هطاق على البلح هخيل
ُ
 خياسًا كبيرة بكمياث الجسذًت الأحىت جكىيً طشيم عً الإكثاس طشيلت وح

ا
ً
 الجسذًت الأحىت مً الىباث وجكىيً الأحىت وإهباث هضج فئن رلك، مً الشغم وعلى. للإكثاس به مىزىك

  البحث هزا ًصف .الخياس لهزا سئيسيت جحذًاث جمثل
ً

 خلال مً البرحي لصىف المعملي للإكثاس بشوجىكىل

 المعلمت المؤهثت الأغاسيض مً الضهشيت الشماسيخ اسخخشاج جم. الىاضجت غير الضهشيت الىىساث اسخخذام

ا( MS) وسكىج مىساشيجي بيئت على صساعتها وجم هباجيت، كأحضاء واسخخذامها
ً
 البيكلىسام إليها مضاف

 6 خلال الجىيني والكالس المباششة الجسذًت الأحىت جكىيً جم(. لتر/ملجم 1و ،2.1 ،1.21) بتركيزاث

 إليها المضاف الىضج بيئت إلى الجىيني الكالس هلل جم .مخخلفت بيسب المعاملاث حميع في هللاث

 جأزيرها لدسجيل( لتر/حم 11و ،11 ،1) بتركيزاث( PEG) حليكىل  إًثلين والبىلي والماهيخىل  السىسبيخىل 

 التي الجسذًت الأحىت مجمىعاث صساعت جم رلك، بعذ. الجسذًت الأحىت وجكىيً الجىيني الكالس همى على

 .حيذة أفشع لخكىيً الأسمىصيت المىاد مً السابلت التركيزاث إليها المضاف الإهباث بيئت إلى سابلًا جكىهذ

 جم. الجزوس  همى لخحسين الخجزًش بيئت إلى مخخلفت بمسخىياث والسكشوص باكلىبيىجشاصول إضافت جمذ

 البيكلىسام اسخخذام عىذ الجىيني والكالس المباششة الجسذًت للحىت المئىيت اليسب أعلى على الحصىل 

 إلى لتر/حم 11 جشكيز عىذ الىضج بيئت إلى PEG إضافت أدث كما. البذاًت مشحلت في لتر/ملجم 1 بتركيز

 صيادة إلى لتر/حم 11 عىذ الماهيخىل  اسخخذام أدث بيىما الأكص ى، الحذ إلى الجسذًت الأحىت أعذاد صيادة

 الأكثر كاهذ الماهيخىل  مادة أن وُحذ والخضاعف، الإهباث مشحلت وفي .الجىيني للكالس الطاصج الىصن

 بيئت إلى( PBZ) البكلىبىجشاصول إضافت أن أًضًا وُحذ. الخضشيت الأفشع جكىيً صيادة إلى أدث حيث جأزيرًا،

 كلمتالأ صىبت إلى الجزوس  راث اللىيت الىباجاث هلل جم. الجزوس  جكىن  على إًجابي جأزير له الخجزًش

 .عاليت هجاح بيسب

 

 .سىسبيخىل و  باكلىبىجشاصول ماهيخىل، الجىين، وإهباث هضج الجىيني، الكالس الكلمات الدالة:

 


