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Abstract 

Maturation and germination of somatic embryos are two crucial steps in the somatic embryogenesis process. Herein, we 
evaluated the effects of several factors on the maturation and germination of date palm somatic embryos. Globular somatic 
embryos of cv. ‘Najda’ were cultured on Murashige and Skoog medium at full strength (MS), half strength (1/2MS), and one-
third strength (1/3MS), with or without agar, and supplemented with various concentrations of mannitol, sorbitol, 
polyethylene glycol (PEG, MW 8000) and abscisic acid (ABA). Our results showed that culture medium strength and texture 
(liquid or semi-solid), osmotic agents, and the concentration and time of exposure to ABA influence somatic embryo 
maturation. The highest mean number of mature somatic embryos (106.4 per 100 mg fresh weight callus) was obtained after 3 
weeks of culture on full-strength liquid MS medium supplemented with 30 g L-1 PEG and 40 µM ABA, followed by 9 weeks of 
culture on the same medium but without ABA. Somatic embryo germination was achieved by transferring mature embryos to 
MS medium containing various combinations of 1-naphthalene acetic acid (NAA), 6-benzylaminopurine (BAP) and 
gibberellic acid (GA3). The highest germination rate (68%) of somatic embryos occurred in the presence of 0.5 mg L-1 NAA. 
However, there was no significant difference with the other germination media (54-66%). Plantlet acclimatization was 
successfully accomplished, and the survival rate was 80% after 6 months in the glasshouse. The findings of the present study 
open new prospects for massive propagation of this bayoud-resistant date palm cultivar.  
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Introduction 

Date palm (Phoenix dactylifera L.) is one of the most 
important fruit species in the Middle East and North 
Africa. In the arid and semi-arid regions of Morocco, date 
palm plays a major role in food providing, ecosystem 
preservation and agricultural economy (Sedra, 2015). 
Unfortunately, this species is threatened by bayoud, a 
serious disease caused by the fungus Fusarium oxysporum f. 
sp. albedinis, which has decimated more than 10 million 
palms in Morocco. To date, the only feasible way to fight 
bayoud is the large-scale propagation of resistant cultivars 

(Ferry, 2011). Along this line, several resistant cultivars were 
selected by 
the National Institute of Agricultural Research of Morocco 
(INRA), including ‘Najda’, which is characterized by high 
fruit quality (Ferry, 2011; Sedra, 2011). 

Rapid and large-scale propagation of date palm can be 
successfully achieved through either direct organogenesis or 
somatic embryogenesis (Mazri and Meziani, 2015). Direct 
organogenesis consists of the formation of meristematic 
buds, followed by shoot bud multiplication then by shoot 
elongation and rooting (Zaid and Al Kaabi, 2003; Mazri 
and Meziani, 2013). The somatic embryogenesis process 
involves the induction of embryogenic calli, somatic embryo 
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embryogenic cultures used in maturation experiments were 
containing only globular embryos. The pH of the culture 
medium was adjusted to 5.7 before autoclaving at 121 °C 
for 25 min, and the cultures were incubated in the dark at 
25 °C.  

 
Effects of medium strength and texture on somatic embryo 

maturation 
In the first experiment, 100 mg fresh weight (FW) calli 

were cultured on either liquid shaken (60 rpm) or on semi-
solid Murashige and Skoog medium at full strength (MS), 
half strength (1/2MS) or one-third strength (1/3MS). All 
media were supplemented with 30 g L-1 sucrose, 1 g L-1 AC 
and, when semi-solid medium was required, 6 g L-1 agar was 
added. The pH of all media was adjusted to 5.7 then 20 ml 
aliquots of each medium were dispensed into 300 ml glass 
jars before autoclaving at 121 °C for 25 min. All cultures 
were maintained in the dark at 25 °C for 12 weeks with 
transfers to fresh medium at 3-weeks intervals. 

 
Effects of osmotic agents on somatic embryo maturation 
In the second experiment, 100 mg FW callus was 

disintegrated with a scalpel and cultured on 20 ml liquid 
MS medium supplemented with 30 g L-1 sucrose and 1 g L-1

AC, over a shaker (60 rpm) for 12 weeks. To test the effects 
of osmotic agents on somatic embryo maturation, various 
concentrations (10, 30 and 50 g L-1) of mannitol, sorbitol or 
polyethylene glycol (PEG, MW 8000) were added to the 
culture medium. The pH of all media was adjusted to 5.7 
before autoclaving at 121 °C for 25 min. The cultures were 
maintained in the dark at 25 °C and transferred onto fresh 
medium at 3-weeks intervals. 

 
Effects of ABA on somatic embryo maturation 
In the third experiment, 100 mg FW callus was 

disintegrated with a scalpel and cultured for 3 months on 20 
ml liquid MS medium supplemented with 30 g L-1 sucrose 
and 1 g L-1 AC.  Based on the results from the previous 
experiment, 30 g L-1 PEG was added to the culture medium. 
The culture medium was also supplemented with different 
concentrations of ABA (10-50 μmol) either for 3 weeks 
(short exposure) or for 12 weeks (long exposure). The pH 
of all media was adjusted to 5.7 before autoclaving at 121 °C 
for 25 min. The cultures were maintained for 12 weeks in 
the dark over a shaker (60 rpm) at 25 °C and transferred 
onto fresh medium at 3-weeks intervals. 

 
Somatic embryo germination and plantlet acclimatization 
Somatic embryos of tubular shape, which have similar 

size of fully mature zygotic embryos (at least 1 cm in length) 
(Al-Khayri and Al-Bahrany, 2012), were considered mature. 

Mature somatic embryos were cultured on MS medium 
supplemented with 30 g L-1 sucrose, 1 g L-1 AC, 6 g L-1 agar 
and various concentrations (0, 0.5 or 1 mg L-1) of 1-
naphthalene acetic acid (NAA), 6-benzylaminopurine 
(BAP) and gibberellic acid (GA3). Prior to autoclaving, the 
pH of all media was adjusted to 5.7 then the media were 
dispensed to jars, with 20 ml of medium per jar. The 
cultures were incubated at 25 °C under a 16h photoperiod 
(40 μmol m-2 s-1 light intensity) for 5 months and 
transferred onto fresh medium at 1-month intervals. 

formation and maturation, and finally plantlet regeneration 
(Thuzar et al., 2011). Somatic embryogenesis is reputed for 
its higher propagation potential than that of direct 
organogenesis. However, the main challenges of somatic 
embryogenesis are the maturation of somatic embryos and 
their conversion into complete plantlets.  

Among the various approaches used to promote the 
maturation of somatic embryos, abscisic acid (ABA) has 
been widely used. It has been reported that ABA promotes 
the accumulation of storage proteins in embryos during 
maturation and enhances embryo quality (Roberts, 1991; 
Rai et al., 2011). Its beneficial effect on somatic embryo 
maturation was also observed when used in combination 
with an osmotically active solute such as polyethylene glycol 
(PEG) or mannitol (Roberts, 1991; Neto and Otoni, 2003; 
Yaseen et al., 2013). Other factors such as mineral salts and 
medium texture (semi-solid or liquid) might influence the 
growth of somatic embryos (Fki et al., 2003). 

Somatic embryo germination and conversion into 
plantlets is a crucial step that greatly determines the success 
of the somatic embryogenesis process. Gibberellic acid 
(GA3) has been used to enhance somatic embryo 
germination and conversion for a wide range of plant species 
such as soybean (Komatsuda et al., 1992), cotton (Kumria et 
al., 2003) and bermudagrass (Li and Qu, 2002). In fact, GA3

has been reported to break the dormancy of somatic 
embryos (Gana, 2011). In many other cases, auxins and 
cytokinins were used for embryo germination (Bhargava et 
al., 2003; Al-Taha et al., 2012).  

Studies on the maturation and germination of date palm 
somatic embryos are scarce. Al-Khayri (2001) and Al-
Khayri and Al-Bahrany (2001; 2012) reported that ABA, 
PEG-8000, thiamine, biotin and silver nitrate influence 
somatic embryo growth and elongation, while culture 
medium strength, and auxin type and concentration affect 
somatic embryo germination (Al-Khayri, 2003). Regarding 
cv. ‘Najda’, a regeneration system through somatic 
embryogenesis was recently reported (Mazri et al., 2017), in 
which the positive effect of activated charcoal (AC) on 
somatic embryo germination was highlighted. Herein, we 
aimed to evaluate the effects of culture medium strength 
and texture, osmotically active solutes and ABA on somatic 
embryo maturation, and to test the influence of some PGRs 
on somatic embryo germination and subsequent 
development into plantlets. 

 

Materials and Methods  

Origin of embryogenic cultures 
Embryogenic cultures (calli with globular embryos; Fig. 

1a) of date palm cv. ‘Najda’ were obtained from 
adventitious bud segments as fully described by Mazri et al. 
(2017). To prevent the effects of previous treatments, the 
cultures were maintained for 3 months on plant growth 
regulator (PGR)-free Murashige and Skoog medium 
(Murashige and Skoog, 1962) supplemented with 30 g L-1

sucrose (Sigma, Steinheim, Germany), 1 g L-1 AC and 6 g L-1

agar (Sigma, St. Louis, MO, USA), with subcultures at 1-
month intervals. During this phase, somatic embryos that 
showed signs of development were eliminated. Thus, all the 
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The developed plantlets were transferred to the 
glasshouse as described by Mazri et al. (2018). The root 
system was washed with tap water then soaked for 15 min in 
a solution of 1 g L-1 systemic fungicide (Pelt 44 PM; Bayer 
CropScience Bayer Maghreb SA, Casablanca, Morocco). 
Thereafter, the plantlets were transferred to plastic bags 
containing a 1:1 mixture of peat-gravel substrate then 
placed in a tunnel covered with transparent polyethylene for 
2 weeks to maintain high relative humidity (98% RH). The 
plantlets were then exposed to glasshouse conditions (27 °C; 
70% RH) by gradually removing the polythene bag.  

 
Recordings and statistical analysis 
During the maturation experiments, each jar containing 

100 mg FW callus was considered as an experimental unit 
and replicated 10 times, and we recorded the mean number 
of mature somatic embryos per 100 mg FW callus after 12 
weeks. During the germination phase, each jar containing 
10 mature somatic embryos was considered an experimental 
unit and each treatment consisted of 10 replications. The 
frequency of germinated somatic embryos converted into 
plantlets was calculated after 3 months. The survival rate of 
plantlets was recorded after 6 months in the glasshouse. 

Data presented are means + standard deviation (SD). 
All data were analyzed using analysis of variance (ANOVA). 
The adopted model was Completely Randomized Design 
(CRD) and means with significant differences were 
separated using the Student–Newman–Keuls test (SNK) at 
p < 0.05 level. Prior to analysis, percentage data were arcsine-
transformed. All of the statistics were performed with the 

software SPSS for Windows v. 21.0 (SPSS Inc., IBM, 
Chicago, IL, USA). 

 

Results  

Effects of medium strength and texture on somatic embryo 
maturation 

After transferring embryogenic cultures to maturation 
media, globular embryos started to grow and to form a 
tubular shape. After 12 weeks of culture, the embryogenic 
calli produced 11.8, 12.4 and 16.2 mature embryos per 100 
mg FW callus on semi-solid 1/3MS, 1/2MS and MS 
medium, respectively. When cultured in liquid state, 
the mean number of mature somatic embryos produced per 
100 mg FW callus ranged from 29.6 to 41.6, depending on 
medium strength (Table 1). The highest number of mature
somatic embryos was observed on liquid MS medium. All 
tubular embryos were white to yellow and opaque 
irrespective of medium strength and its texture.  

 
Effects of osmotic agents on somatic embryo maturation 
Supplementing the culture medium with an osmotic 

agent (sorbitol, mannitol or PEG) stimulated somatic 
embryo development (Table 2). Among the various types 
and concentrations of osmotic agents tested, the highest 
number of mature somatic embryos (83.5) was obtained on 
liquid MS medium containing 30 g L-1 PEG. The rise in 
PEG concentration to 50 g L-1 did not result in a significant 
variation in the number of mature somatic embryos (p > 
0.05).  

Table 1. Effect of culture medium strength and texture on somatic embryo maturation 

Medium strength Agar supplementation Number of mature somatic embryos per 100 mg FW callus 

MS + 16.2 + 1.68 b 

MS - 41.6 + 5.31 e 

1/2MS + 12.4 + 2.17 a 

1/2MS - 33.8 + 3.35 d 

1/3MS + 11.8 + 1.68 a 

1/3MS - 29.6 + 5.35 c 

Values correspond to means + standard deviation. Means followed by the same letter are not significantly different (P > 0.05) by Student-Newman-Keuls test. 
MS Murashige and Skoog medium at full strength 
1/2MS Murashige and Skoog medium at half-strength 
1/3MS Murashige and Skoog medium at one-third strength 
(+) The culture medium was supplemented with 6 g L-1 agar (semi-solid medium) 
(-) Agar-free medium (liquid medium agitated at 60 rpm). 

Table 2. Effect of osmotic agents on somatic embryo maturation after 12 weeks of culture 

Osmotic agent type and concentration (g L-1) 
Number of mature somatic embryos per 100 mg FW callus 

Sorbitol Mannitol PEG 

0 0 0 41.6 + 5.31 a 

10 0 0 46.8 + 3.73 a 

30 0 0 68.0 + 9.55 c 

50 0 0 57.2 + 3.48 b 

0 10 0 44.8 + 4.98 a 

0 30 0 58.7 + 4.44 b 

0 50 0 47.3 + 6.25 a 

0 0 10 67.1 + 5.83 c 

0 0 30 83.5 + 7.64 d 

0 0 50 79.4 + 5.69 d 

Values correspond to means + standard deviation. Means followed by the same letter are not significantly different (P > 0.05) by Student-Newman-Keuls test. 
PEG polyethylene glycol-8000. 
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However, it resulted in the browning of somatic 
embryos. The use of sorbitol and mannitol at the 
concentration of 30 g L-1 showed 68 and 58.7 mature 
somatic embryos per 100 mg FW callus, respectively. This is 
significantly (p < 0.05) lower than the mean number of 
mature somatic embryos obtained on PEG-containing 
medium at that same concentration.  

 
Effects of ABA on somatic embryo maturation 
After 3 to 12 weeks of culture (short- and long-duration 

exposure) in ABA-containing media, it was found that this 
PGR can significantly promote or inhibit embryo growth 
and maturation depending on its concentration and the 
duration of exposure (Table 3). Our results showed that 
culturing embryogenic calli in an ABA-containing medium 
for 12 weeks hampered somatic embryo maturation (15.6-
23.1 mature somatic embryos per 100 mg FW callus). On 
the other hand, the mean number of mature somatic 
embryos significantly increased to 106.4 when calli were 
cultured on 40 μmol ABA-containing medium for 3 weeks 
followed by culture in ABA-free medium for 9 weeks (Fig. 
1b). Increasing the concentration of ABA to 50 μmol (short 
exposure treatment) did not improve somatic embryo 
maturation.  

89

Somatic embryo germination and plantlet acclimatization 
The presence of PGRs in the culture medium increased 

the rate of somatic embryo germination. In PGR-free 
medium, the germination rate observed after 3 months of 
culture was 54%. The addition of 0.5 mg L-1 NAA to the 
culture medium resulted in the highest somatic embryo 
germination rate (68%; Fig. 1c). Increasing this 
concentration to 1 mg L-1 or incorporating NAA and BAP 
into the germination medium did not improve somatic 
embryo germination (Table 4). In some cases, the 
combination of NAA and BAP induced secondary 
embryogenesis. The use of BAP alone did not improve 
somatic embryo germination (56-58%) while GA3 showed 
intermediate results: 66% and 64% when used at 0.5 and 1 
mg L-1, respectively. Interestingly, statistical analysis showed 
that the increase observed in the rate of somatic embryo 
germination in PGR-containing media was not significant. 
Based on the above findings, we suggest the use of a PGR-
free medium for somatic embryo germination and 
development into plantlets. The regenerated plantlets were 
ready to be transferred to the glasshouse after 5 months of 
culture on the germination medium (Fig. 2a). Six months 
after transferring plantlets to glasshouse, the survival rate 
observed was 80% (Fig. 2b).  

Fig. 1. Maturation and germination of date palm cv. Najda somatic embryos. a Embryogenic cultures used in the present study. b 
Somatic embryo maturation after 3 weeks of culture on MS medium supplemented with 30 g L-1 PEG and 40 μmol ABA 
followed by 9 weeks of culture on the same medium but without ABA. c Somatic embryo germination after 6 weeks of culture on 
MS medium supplemented with 0.5 mg L-1 NAA 
 

 

Fig. 2. Plantlet regeneration and acclimatization. a Plantlets obtained after 5 months of culture on PGR-free MS medium. b 
Plantlet survival after 6 months in the glasshouse 
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Discussion 

Maturation and germination of somatic embryos are 
two major steps in the somatic embryogenesis process. It is 
well known that in many plant species, these two phases 
constitute a bottleneck and may hamper the whole 
regeneration process. In the present study, we evaluated the 
effects of culture medium strength and texture, PGRs and 
osmotically active solutes on the maturation and 
germination of date palm somatic embryos. Our results 
showed a significant effect of medium strength and texture 
on somatic embryo maturation. In fact, MS medium at full 
strength was more suitable for somatic embryo maturation 
than 1/2MS and 1/3MS. The higher concentration of 
macronutrients contained in full-strength MS medium 
seems to match the nutritional requirement for efficient 
maturation of date palm cv. ‘Najda’ somatic embryos. Our 
results indicated also that the number of mature somatic 
embryos drastically increases when liquid media are used. 
This confirms previous results on date palm cultivar ‘Deglet 
Nour’ by Fki et al. (2003). These authors indicated that the 
number of mature embryos per 100 mg FW callus was 200 
after one month of culture on liquid medium while it was 
only 10 on semi-solid medium. Along this line, it was 
reported that liquid media allow faster growth than the 
solid ones (Thorpe et al., 2008). This is due to the fact that 

the uptake of nutrients is more efficient in liquid media 
than in semi-solid media (Lorenzo et al., 1998). It was also 
reported that culturing embryogenic cultures in suspension 
allows better synchronization of somatic embryos (Von 
Arnold, 2008).  

In addition to their nutritional contribution during 
somatic embryogenesis, carbon sources serve as an 
osmoticum since they affect water potential of the medium 
and control the movement of water and minerals into plant 
tissues (Neto and Otoni, 2003; Shoji et al., 2006). The 
osmotically active solutes mannitol, sorbitol and PEG have 
been frequently employed for their osmotic regulator role 
during somatic embryogenesis (Neto and Otoni, 2003). 
However, it was reported that sufficient sucrose should also 
be present to supply the energy requirement of the tissues 
(Thorpe et al., 2008). Mannitol, sorbitol and PEG have 
been used in many plant species to stimulate somatic 
embryo maturation. Our results showed that the use of 
PEG at the concentration of 30 g L-1 significantly increased 
the number of mature somatic embryos. This is in good 
agreement with our previous findings in date palm cv. 
‘Mejhoul’ (Mazri et al., 2018). In fact, the non-permeating 
osmotic PEG was reported to enhance somatic embryo 
maturation by creating a culture environment similar to 
desiccation (Zhang et al., 2007). 

Table 3. Effects of ABA concentration and the duration of culture in ABA-containing medium on somatic embryo maturation after 12 weeks of 
culture 

Duration of culture in ABA-
containing medium 

Duration of culture in ABA-free 
medium 

ABA concentration (µmol) 
Number of mature somatic embryos per 

100 mg FW callus 

0 week 12 weeks 0 83.5 + 7.64 b 
3 weeks 9 weeks 10 85.2 + 8.57 b 
3 weeks 9 weeks 20 98.4 + 9.65 c 
3 weeks 9 weeks 30 97 +  9.26 c 
3 weeks 9 weeks 40 106.4 + 10.67 d 
3 weeks 9 weeks 50 88.7 + 7.39 b 

12 weeks 0 week 10 23.1 + 6.41 a 
12 weeks 0 week 20 19.7 + 5.47 a 
12 weeks 0 week 30 18.7 + 3.23 a 
12 weeks 0 week 40 19.1 + 3.57 a 
12 weeks 0 week 50 15.6 + 3.16 a 

Values correspond to means + standard deviation. Means followed by the same letter are not significantly different (P > 0.05) by Student-Newman-Keuls test. 
ABA abscisic acid 
 
Table 4. Effects of plant growth regulators on somatic embryo germination 

Plant growth regulators (mg L-1) Somatic embryos 

turned brown and died 

(%) 

Somatic embryos forming 

shoots only (%) 

Somatic embryos converted 

into plantlets (%) 
NAA BAP GA3 

0 0 0 36 + 5.47 c 10 + 0 ab 54 + 5.47 a 

0 0.5 0 14 + 5.47 ab 28 + 8.36 b 58 + 10.95 a 

0 1 0 16 + 5.47 ab 28 + 8.36 b 56 + 5.47 a 

0.5 0 0 22 + 8.36 abc 10 + 0 ab 68 + 8.36 a 

0.5 0.5 0 12 + 4.47 ab 24 + 11.40 ab 64 + 8.94 a 

0.5 1 0 16 + 5.47 ab 20 + 15.81 ab 64 + 19.49 a 

1 0 0 20 + 7.07 ab 18 + 4.47 ab 62 + 4.47 a 

1 0.5 0 10 + 7.07 a 26 + 5.47 b 64 + 11.40 a 

1 1 0 10 + 7.07 a 30 + 10 b 60 + 15.81 a 

0 0 0.5 26 + 5.47 bc 8 + 4.47 a 66 + 5.47 a 

0 0 1 22 + 4.47 abc 14 + 11.40 ab 64 + 13.41 a 

Values correspond to means + standard deviation. Means followed by the same letter are not significantly different (P > 0.05) by Student-Newman-Keuls test. 
NAA 1-naphthalene acetic acid, BAP 6-benzylaminopurine, GA3 gibberellic acid 
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Abscisic acid is involved in the regulation of many 
physiological processes of plants; e.g., it promotes the 
maturation of somatic embryos, improves embryo quality, 
prevents precocious germination and reduces the process of 
secondary embryogenesis (Rai et al., 2011). It was also 
reported that ABA plays an important role in the 
accumulation of storage reserves and the synchronization of 
somatic embryo maturation (Misra, 1994). Along this line, 
ABA has been widely used in many plant species. Vahdati et 
al. (2008) reported that in Juglans regia L., the size of 
somatic embryos increased with increasing ABA 
concentration to 2 mg L-1. However, at the concentration of 
5 mg L-1, a reverse effect was observed. In Pinus densiflora, 
Shoji et al. (2006) found that 30 µM ABA is the optimal 
concentration for somatic embryo maturation while higher 
concentrations decrease or even inhibit somatic embryo 
maturation.  Studies on the effects of ABA concentration 
on date palm somatic embryo maturation are scarce. Zouine 
et al. (2005) reported that in date palm cvs. Jihel and 
bousthami noir, the somatic embryos cultured on 
maturation medium supplemented with 10-5 mol ABA 
accumulated more sugars than those cultured on other 
media. Al-Khayri and Al-Bahrany (2012) indicated that at 
high levels of ABA (50-100 μmol), the growth of somatic 
embryos of cv. ‘Nabout Saif’ was hampered and that the 
majority of embryos remained at the small globular stage. In 
date palm cv. ‘Mejhoul’, using ABA at the concentration of 
10-50 μmol did not promote somatic embryo maturation 
(Mazri et al., 2018). This is in good agreement with the 
present study. In fact, our results revealed that somatic 
embryo maturation was enhanced only after a short time of 
culture (3 weeks) on an ABA-supplemented medium 
followed by 9 weeks of culture on ABA-free medium.  

The findings of this investigation showed that the 
combination of 40 μmol ABA (short exposure) and 30 g L-1

PEG resulted in the highest number of mature somatic 
embryos. The beneficial effect of ABA-PEG combination 
on somatic embryo maturation was reported in other plant 
species (Thorpe et al., 2008). According to Rai et al. (2011) 
and Yaseen et al. (2013), combining ABA and PEG 
improves the frequency and synchrony of somatic embryos 
and stimulates their maturation. 

The highest rates (66-68%) of somatic embryo 
germination were observed on media supplemented with 
0.5 mg L-1 NAA or 0.5 mg L-1 GA3. These two PGRs have 
been widely used for somatic embryo germination. In 
addition, NAA was used successfully in some date palm 
cultivars for somatic embryo germination and conversion 
into plantlets. For example, in cvs. ‘Boufeggous’ (1 mg L-1) 
(Othmani et al., 2009) and ‘Deglet Bey’ (0.1 mg L-1; 
Othmani et al., 2018). Regarding gibberellins, it was 
reported that they are involved in many processes during 
plant growth and development, including dormancy release 
and seed germination (Linkies and Leubner-Metzger, 
2012).  

Our results showed that supplementing the germination 
medium with PGRs promotes somatic embryo germination 
(up to 68%), but with no significant difference with PGR-
free medium (54%). In date palm cv. ‘Mejhoul’, the 
combination of NAA and BAP significantly increased the 

germination rate to 52%, while this rate was 8% in those 
cultured on PGR-free medium (Mazri et al., 2018). These 
conflicting results might be explained by a genotype effect, 
since responses to culture medium composition are highly 
variable, depending on the cultivar. Along this line, in some 
date palm cultivars, somatic embryo germination and 
conversion into plantlets was successfully achieved in a 
PGR-free medium (Zouine et al., 2005; Sané et al., 2012). 
However, in other cases, PGRs were used for somatic 
embryo germination (Al-Khayri, 2003; Zouine and El 
Hadrami, 2007). Based on our results, we suggest a PGR-
free medium for the germination of cv. ‘Najda’ somatic 
embryos since there is no significant difference with media 
containing PGRs. This will be cost-effective for large-scale 
application and will minimize the risk of undesirable 
somaclonal variation.  

The genotype effect was observed also in somatic 
embryo germination rates. In the present study, a 
germination rate of up to 68% was obtained. Boufis et al. 
(2014) reported a germination rate of 35.2% in cv. ‘Degla 
Beida’. In cvs. ‘Ahmar’, ‘Amsekhsi’, ‘Tijib’, and ‘Amaside’, 
Sané et al. (2012) reported a germination rate of 82%. In cv. 
‘Boufeggous’, the germination rate of somatic embryos was 
83% (Othmani et al., 2009) while Ibrahim et al. (2012) 
reported germination rates of 83.3 and 60% in cvs. 
‘Malkaby’ and ‘Barhee’, respectively. Some treatments such 
as desiccation and cold hardening were suggested to 
enhance somatic embryo germination (Boufis et al., 2017; 
Shareef, 2017). 

Plantlet acclimatization has been successfully achieved 
with a survival rate of 80%. This is in good agreement with 
previous studies on date palm micropropagation. In fact, 
high survival rates (80-97.5%) were reported in plantlets 
obtained either through organogenesis or somatic 
embryogenesis (Meziani et al., 2015; 2016; Mazri et al., 
2016; 2017).  

 

Conclusions 

In the present work, several factors that affect somatic 
embryo maturation and germination were evaluated. The 
incorporation of ABA (short exposure) and PEG in MS 
liquid medium resulted in the highest number of mature 
somatic embryos while PGRs did not improve significantly 
the rate of somatic embryo germination. Although the 
increase in the rate of somatic embryo germination in PGR-
containing media was not significant statistically, it was 
noteworthy and warrants further studies. The findings of 
this research will be useful for rapid and large-scale 
propagation of date palm cv. ‘Najda’, a genotype 
characterized by high fruit quality and bayoud disease-
resistance. We are currently evaluating the genetic 
conformity of the obtained plantlets by using molecular 
markers.  
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