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Abstract

Somatic embryogenesis and organogenesis are the two pathways of choice for rapid and large-scale propagation
of date palm. They have been successfully used for the micropropagation of elite genotypes and have proved
their effectiveness for the commercial production of many cultivars. Nevertheless, regeneration through somatic
embryogenesis or organogenesis in date palm is still difficult to achieve for recalcitrant genotypes and is often hampered
by certain physiological disorders. In the present review, we report the results of a number of studies carried out on
date palm micropropagation. It also describes different factors that influence each stage of somatic embryogenesis
and organogenesis and the main problems encountered during these two micropropagation processes.
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Introduction

Date palm (Phoenix dactylifera L.) is one of the most important
fruit crops cultivated in arid and semi-arid regions. It is distributed
throughout the Middle East, North Africa, South Sahel, areas of East
and South Africa, Europe and USA [1], with approximately 150 million
trees worldwide [2]. Date palm is cultivated for its high productivity
and the high nutrient value of its fruit, for preserving ecosystems
threatened by desertification and creating appropriate microclimate for
agriculture under arid conditions. In addition, date palm cultivation
generates considerable opportunities for rural employment, provides
a major source of income for farmers and ensures livelihood and food
security of the rural areas [3,4].

Date palm can be propagated sexually by seeds or asexually by
offshoots. Propagation by seeds cannot be used for the commercial
production of elite genotypes due to its heterozygous character [5],
and because of the considerable difference between seedlings and
vegetatively propagated plants in terms of production potential, fruit
maturation and quality, and harvesting time [6]. Propagation by
offshoots is a slow technique that is hampered by the restricted number
of offshoots produced by a single date palm tree, the low survival rate
and the risk of transmitting diseases [7]. Propagation of date palm
through in vitro techniques presents an efficient alternative for the
conventional methods [8]. Indeed, date palm micropropagation allows
rapid and large-scale multiplication of uniform and healthy plants,
with neither seasonal effects nor the risk of spreading diseases and pests
during plant material exchange [9].

Micropropagation of date palm can be achieved through
either somatic embryogenesis or direct organogenesis. Somatic
embryogenesis is characterized by the development of a somatic cell
into an embryo with a bipolar structure, leading to shoot and root
formation. This technique is used in many commercial laboratories
for its high potential for rapid and large-scale plant production. On
the other hand, organogenesis is characterized by the direct formation
of adventitious buds on the explant. This may produce new plants after
root regeneration. Organogenesis has lower multiplication efficiency
than somatic embryogenesis but it permits the preservation of true-to-
typeness of multiplied plants.

The aim of this review is to summarize the literature on date palm
micropropagation through somatic embryogenesis and organogenesis,

and to highlight the main factors affecting each stage of these two
micropropagation techniques. In addition, the main problems
encountered during date palm micropropagation are described.

Plant material and disinfection

Shoot tips obtained from offshoots are the most used explants
for somatic embryogenesis and organogenesis. The use of shoot tip
explants has resulted in successful regeneration in many date palm
genotypes such as Iklane and Jihel [10], Khanizi and Mordarsing
[11], Khasab and Nabout [12], Barhee, Zardai, Khalasah, Muzati,
Shishi, and Zart [13]. Nevertheless, it was reported that, for some
date palm genotypes, offshoots may not be available. This makes their
micropropagation using shoot tip explants impossible [14]. In such
situation, inflorescences might be used. Inflorescence explants are easy
to obtain and do not require the sacrifice of offshoots. However, it is
important to note that their availability is restricted to early spring [14].
Micropropagation from inflorescence explants was reported in few date
palm cultivars such as Barhee [15] and Gulistan [16]. Reynolds and
Murashige reported that zygotic embryos derived from green fruits
harvested 2-3 months after pollination can be used to induce somatic
embryogenesis in date palm [17]. Pinker et al. also used zygotic embryos
to induce somatic embryogenesis in cultivars Zahdi, Khistawi, Asabe
Elarous and Barban. Nevertheless, such explants are not appropriate
for true-to-type propagation [18].

Different methods have been described for explant disinfection, and
the main disinfecting solutions used are sodium hypochlorite [19,20]
and mercuric chloride [21,22]. In addition, antioxidant additives such
as ascorbic acid, citric acid, polyvinylpyrolydon (PVP), anhydrous
caffeine and/or sodium diethyldithiocarbonate have been widely used
during disinfection in order to reduce explant browning [12,13,19,20].
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Micropropagation by somatic embryogenesis

Somatic embryogenesis is the process by which somatic cells develop
into somatic embryos after a series of biochemical and morphological
changes [8], and the formed embryos are morphologically similar to
zygotic embryos. The process of somatic embryogenesis comprises
a sequence of stages: embryogenic callus induction, somatic embryo
formation (somatic embryogenesis expression), somatic embryo
maturation and conversion into plantlet. Somatic embryogenesis is
the most commonly used technique for date palm micropropagation,
mainly for its high plant production potential [1,9]. However, the
success of this technique depends on several factors, including
genotype, explant type and plant growth regulators (PGRs) among
others. Here we present a review of the existing literature on date
palm somatic embryogenesis and factors affecting each step of this
regeneration technique.

Embryogenic callus induction and somatic embryo formation

Embryogenic callus induction in date palm is influenced by
different parameters such as genotype, explant type, induction
period and PGRs. In the case of either shoot tips or inflorescences,
high levels of auxins have been used to induce embryogenic calli.
2,4-dichlorophenoxy acetic acid (2,4-D) is reportedly the most effective
auxin for embryogenic callus induction in date palm, and it has been
used mainly at the concentration of 100 mg/L. Embryogenic callus
induction using 100 mg/L 2,4-D was reported in many date palm
cultivars such as Khanizi and Mordarsing [11], Khasab and Nabout
[12] and Nabout Saif [19]. However, Fki et al. mentioned that high
doses of 2,4-D may induce somaclonal variation [9]. Therefore, other
researchers used lower 2,4-D concentrations or other auxins in order
to induce somatic embryogenesis. For instance, El Hadrami et al. used
5 mg/L 2,4-D to induce somatic embryogenesis in cvs. Iklane and Jihel
[10]. Othmani et al. suggested 10 mg/L 2,4-D for cv. Boufeggous [21].
Aslam et al. used 1.5 mg/L 2,4-D for cvs. Barhee, Zardai, Khalasah,
Muzati, Shishi, and Zart [13] while Khierallah et al. used 50 mg/L
picloram for cv. Bream [20].

The induction of embryogenic calli is a very slow process in date
palm. The induction period varies depending on the genotype and
may last from few to several months. Othmani et al. reported the
formation of somatic embryos after 6-7 months of induction in date
palm cv. Boufeggous [21]. In date palm cvs. Amry, Malakaby and
Zaghlol, Hassan and Taha observed somatic embryos after 9 months of
induction [23] while Eshraghi et al. suggested an induction period of 12
months for cvs. Khanizi and Mordarsing [11].

The formation of somatic embryos (somatic embryogenesis
expression) was observed either on PGR-free medium [24] or on
medium supplemented with PGRs. In the latter case, low concentrations
of PGRs were used [10,23,25].

Other factors such as biotin and thiamine [26], coconut water
[12], yeast extract and casein hydrolysate [19], basal formulation of
the culture medium [24], silver nitrate [27], carbon source [20,23] and
Pacloburtazol [20] were reported to influence somatic embryogenesis
in date palm.

Somatic embryo growth, maturation and germination

Many factors have been reported to affect date palm somatic embryo
maturation and germination. Somatic embryo maturation in date palm
can occur on a semi-solid medium or from suspension-cultured cells
in a liquid medium. However, FKki et al. reported that the number of

mature embryos increases considerably on liquid medium. In fact, in
date palm cv. Deglet Nour, these authors reported the production of
200 embryos from 100 mg fresh weight callus in liquid medium after
a 1-month cultivation period, while only 10 embryos were recovered
from the same amount of callus on a solidified medium [28]. Therefore,
in order to enhance somatic embryo maturation, suspension culture
of embryogenic calli has been widely used and was reported in many
date palm cultivars such as Jihel and Bousthami Noir [29], Nabout Saif
[30], Boufeggouss and Bouskri [31] and Degla Beida [22]. Al-Khayri
and Al-Bahrany reported that polyethylene glycol (PEG) stimulates
the proliferation of embryos while abscisic acid (ABA) inhibits embryo
growth [30]. Al-Khayri found that thiamine and biotin increase the
number of embryos and promote their elongation in date palm cv.
Khalas [26] while Othmani et al. reported that fine chopping and partial
desiccation of embryogenic calli stimulate somatic embryo maturation
in cv. Boufeggous [21].

Somatic embryo germination was achieved with different
treatments. Zouine and El Hadrami used a combination of
6-benzylamino purine (BAP), indole-3-butyric acid (IBA) and
1-naphthalenacetic acid (NAA) to promote embryo germination
in date palm cvs. Jihel and Bousthami Noir [29]. In cv. Boufeggous,
Othmani et al. (2009a) indicated that 1 mg/L NAA resulted in the
germination and conversion into plantlets of 81% of somatic embryos
[21]. Al-Khayri reported that the concentration of NAA, IBA as well as
the medium strength influence somatic embryo germination [32]. In
date palm cvs. Malkaby and Barhee, germination frequencies of 83.3
and 60.0 % were observed, respectively, after 3 hours of desiccation
[33]. Ibrahim et al. reported that the germination frequency of somatic
embryos varies with the genotype used [33]. In date palm cv. Degla
Beida, the germination frequency ranged from 8.66 to 35.2% depending
on the texture of the culture medium [22]. Al-Khayri and Al-Bahrany
reported that the size of somatic embryos (small, medium, large and
very large) also influences their germination frequency [30].

Plantlet acclimatization

Acclimatization of date palm plantlets derived from somatic
embryos was successfully reported in many cultivars. Al-Khayri
reported a survival rate of 72-84 % after ex vitro transfer of cvs. Khasab
and Nabout Saif plantlets [12]. In date palm cvs. Boufeggous and
Deglet Nour, Othmani et al. observed the survival rates of 60 and 80%,
respectively [21,34]. Other authors demonstrated that additives such as
5-aminolevulinic acid-based fertilizer [35] and ammonium nitrate and
gibberellic acid [36], as well as inoculation with rhizosphere bacteria
[37] promote date palm plantlet acclimatization.

Micropropagation by adventitious organogenesis

Organogenesis is the process by which explants undergo changes
which lead to the formation of a unipolar structure (shoot or root
primordium) with a vascular connection to the parent tissues [38]. In
the case of date palm, the purpose of this technique is the formation of
adventitious buds directly on the explant without the callus formation
step. Date palm organogenesis comprises several steps: initiation of
adventitious buds, shoot bud multiplication, shoot elongation and
rooting then plantlet acclimatization [39-42]. The success of this
regeneration pathway depends on several factors, which are presented
in this section.

Adventitious bud initiation

The formation of adventitious buds on date palm explants depends
on many factors such as media components, genotype, and time period
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of plant material collection [6]. Various culture media were suggested
for adventitious bud formation, depending on the cultivar. From
offshoot-derived explants, Beauchesne et al. suggested half-strength
Murashige and Skoog (MS) medium [43] supplemented with 1-5
mg/L 2-naphthoxyacetic acid (NOA), 1 mg/L NAA, 1 mg/L indole-3-
acetic acid (IAA) and 0.1-3 mg/L 6-(dimethylallylamino) purine (2iP)
[44]. Khierallah and Bader recommended MS medium supplemented
with 2 mg/L 2ip, 1 mg/L BAP, 1 mg/L NAA and 1 mg/L NOA for cv.
Maktoom [45]. Al-Mayahi suggested MS medium supplemented with 1
mg/L BAP and 0.5 mg/L thidiazuron (TDZ) for cv. Hillawi [46]. For cv.
Zaghlool, Bekheet used MS medium supplemented with 2 mg/L 2ip and
1 mg/L NAA [41] while Hussain et al. used MS medium supplemented
with 4 mg/L IBA and 1 mg/L BAP for cvs. Asil, Hussaini and Zaidi
[47]. According to Al-Khateeb, low PGRs concentrations promote the
formation of buds while high concentrations induce abnormal growth
without bud formation [48].

Studies on adventitious bud formation from inflorescence explants
are very scarce. Loutfi and chlyah indicated that shoot primordia is formed
mostly on Greshoff and Doy medium supplemented with 0.5 mg/L NAA,
2 mg/L BAP and 1 mg/L 2iP [49]. In a recent review of the literature,
Abahmane reported that the combination of one auxin and two cytokinins
is effective for bud formation on inflorescence explants [50].

As regard to the period of offshoot removal, Beauchesne et al.
suggested a period starting from the end of dates harvesting and
lasting until the beginning of flowering [44]. Aissam reported that the
explants taken between October and February show the highest buds
formation rate [51], whereas Zaid et al. reported that the best period
for the in vitro culturing of offshoot-derived explants is from the onset
of flowering [6].

Shoot bud multiplication

Many factors influence shoot bud multiplication in date palm,
especially the basal formulation of the culture medium, the genotype
and PGRs. Abahmane mentioned that the main basal formulation
used is MS at full or half-strength, supplemented with PGRs at low
concentrations as compared with the bud initiation stage [39]. Zaid et
al. reported that for shoot bud multiplication, NAA, NOA, TAA, BAP
and kinetin might be used at 0.5-5 mg/L [6]. Beauchesne et al. suggested
half-strength MS medium supplemented with 2 mg/L NOA, 1 mg/L
NAA, 1 mg/L TAA, 0.5 mg/L BAP, 1 mg/L 2iP and 1-5 mg/L kinetin
[44]. For cultivar Khalas, Aslam and Khan used 7.84 uM BAP for high
shoot bud multiplication [52]. Khierallah and Bader recommended MS
medium with a combination of 1 mg/L NAA, 1 mg/L NOA, 4 mg/L
2iP and 2 mg/L BAP for date palm cv. Maktoom [45] while Khan and
Bi Bi found that MS medium containing 0.5 mg/L BAP and 0.5 mg/L
kinetin yields the highest number of shoots per explant in cv. Dhakki.
In a previous work on cv. Najda, we found that the best medium for
shoot bud multiplication was half-strength MS medium supplemented
with 0.5 mg/L NOA and 0.5 mg/L kinetin, which yielded an average of
23.5 shoot bud per explant after 3 months of multiplication [53]. Mazri
recommended MS medium containing 2.5 uM IBA and 2.5 uM BAP
for cv. 16-bis (22.3 shoot buds per explant) while he recommended
half-strength MS medium supplemented with 3 uM IBA and 3 pM
BAP for cv. Boufeggous, which showed 22.9 shoot buds per explant
[54]. Al-Mayahi suggested MS medium containing 1 mg/L BAP and
0.5 mg/L TDZ for cv. Hillawi, which resulted in an average of 18.2 buds
per culture [46]. Other factors such as the medium texture [54,55],
cultivation in bioreactors [56], explant size and density [57] and carbon
source [56,58,59] were also reported to affect shoot bud multiplication
of date palm.

Shoot elongation, rooting and plantlet acclimatization

Shoot elongation and rooting may be achieved either on a medium
containing PGRs or on a PGR-free medium. Beauchesne et al.
suggested the use of half-strength MS medium supplemented with 1
mg/L NAA, 0.5 mg/L BAP, 0.5 mg/L kinetin and 1-3 mg/L gibberellin
for shoot elongation [44]. El Sharabasy et al. reported that the use of
0.1 mg/L NAA has a better effect on shoot elongation as compared
to IBA and TAA [60]. The use of liquid medium was also reported to
promote shoot elongation [61]. As regard to shoot rooting, Bekheet
recommended 1 mg/L NAA, which showed better results than IAA or
IBA at the same concentration [41]. In a previous work on cv. Najda,
we compared media with and without PGRs. Our results showed that
shoot elongation is fast in media supplemented with PGRs, with high
root formation rates. However, shoots cultured on PGR-free media
had wider and greener leaves, and exhibited higher survival rates after
acclimatization [53]. This shows that plantlet acclimatization might be
influenced by previous culture conditions. Along this line, it has been
shown that the texture of the elongation-rooting medium influences
the survival rate of plantlets after ex vitro transfer. Indeed, the use of
a liquid medium just before plantlet acclimatization showed lower
survival rates as compared to a semi-solid medium [54,61]. On the
other hand, increasing the level of sucrose in the elongation-rooting
medium increases the survival rate of plantlets during acclimatization
[59]. Other factors such as the nature of the substrate [60] and the
application of gamma aminobutyric acid [62] were reported to
influence plantlet acclimatization.

Problems Encountered in Date Palm Micropropagation

Tissue browning

Browning of in vitro cultured explants is a frequent problem in
date palm micropropagation. This phenomenon was encountered
during somatic embryogenesis [31] and organogenesis [54]. It is due to
the high levels of caffeoylshikimic acids contained in date palm tissues
[63] and leads to explant death. In order to control tissue browning,
activated charcoal or PVP have been incorporated into the culture
medium by many researchers [e.g., 21-23,53]. In addition, many other
authors have used ascorbic acid and/or citric acid in the disinfecting
solution in order to prevent browning [e.g., 19,20,23,27]. Abohatem
et al. studied the effect of BAP and the rate of subcultures on tissue
browning of date palm cvs. Boufeggouss and Bouskri and concluded
that the transfer of cultures on a fresh medium every 7 days allows a
considerable reduction of tissue browning [21]. Mazri reported that
TDZ increases tissue browning during shoot bud multiplication of date
palm cv. Boufeggous and leads to explant death [54].

Hyperhydricity

Hyperhydricity is a common physiological disorder in date palm
somatic embryogenesis [64] and organogenesis [53,54]. It is the
result of the accumulation of water in the cultured explants. Many
factors such as PGRs, ammonium concentration and liquid media
may increase the intensity of hyperhydricity [53,54,59,65]. In order
to reduce the incidence of this phenomenon, Al-Khateeb suggested
the use of solid media, increasing agar concentrations and decreasing
PGRs and ammonium concentrations [65].

Precocious rooting

Root formation may take place during the shoot bud multiplication
stage. This phenomenon decreases the multiplication efficiency of
shoot buds since nutrients are absorbed by roots [65]. According
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to Al-Khateeb (2008b), high auxin concentrations, low mineral
concentrations and incubation of cultures in darkness increase the
frequency of precocious rooting [65]. Mazri reported that the cytokinin
type and medium texture also influence precocious rooting [54].

Genetic variability in regenerants

The genetic conformity of date palm plants micropropagated
through somatic embryogenesis has been controversially discussed.
Kumar et al., Othmani et al. and Othmani et al. studied the genetic
fidelity of somatic embryogenesis derived plantlets using AFLP, ISSR
and RAPD primers and confirmed the genetic stability of regenerants
[34,66,67]. In contrast to these authors, Saker et al. observed genetic
variability in 4% of the micropropagated plants of date palm cv.
Zaghloul using RAPD markers [68]. In cultivars Sakkoty, Gandila and
Bertamoda, Saker et al. reported 2.6, 0.8 and 1% level of polymorphism
using AFLP markers, respectively [69]. Moghaieb et al. reported higher
level of polymorphism, with 37.8% variability in the micropropagated
plants of cv. Ferhi using RAPD primers [70]. Low concentrations
of auxins, mainly 2,4-D, low numbers of subcultures and the use of
juvenile explants were suggested to decrease the risk of somaclonal
variation [9,71,72].

Conclusions and Future Prospects

Micropropagation of date palm either through somatic
embryogenesis or through organogenesis was reported for many
cultivars, and several factors have been revealed to influence these
regeneration systems.

Date palm micropropagation presents an efficient way for the
large-scale propagation of genotypes resistant to bayoud, a very
dangerous disease caused by the fungus Fusarium oxysporum f. sp.
albedinis, which had decimated more than 12 million trees during
the last century. Plantlets of bayoud-resistant genotypes are used to
rehabilitate palm groves ravaged by this fungus. Micropropagation also
allows the large-scale propagation of cultivars of high fruit quality, in
order to satisfy the high demand of farmers and consumers.

Despite the numerous works published on date palm
micropropagation, research is still needed to optimize culture
conditions for the newly selected genotypes and recalcitrant cultivars,
to shorten the time needed to produce plantlets, and to reduce the
incidence of physiological disorders. It is also important to carry out
studies related to the application of somatic embryogenesis to genetic
transformation, synthetic seeds production and cryopreservation of
embryogenic cultures.
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