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ABSTRACT

The date palm has a pivotal role in the oasis ecosystem and it is an important food crop and commercial commodity.  The cloning 
or protoplast fusion can increase breeding and multiplication of many varieties. Present investigation has been undertaken with 
the aim  to develop methods  for obtaining plantlets by somatic embryogenesis either from vegetative or female floral explants, as 
well as by the production of viable protoplasts of two cultivars, one resistant and another of high fruit quality. Also to develop  by 
protoplast fusion a new variety with both resistance and better fruit quality which are absent in the selected cultivars. 
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The date palm (Phoenix dactylifera L.) is one of the oldest subsequently been improved (Rhiss et al. 1979), but, its 
cultivated fruit trees. The tree is the fourth in tropical and application remains limited to a small number of cultivars, and 
subtropical fruit production with around 7 M trees mainly the propagation rate (yield) also remains extremely low. 
distributed in the Middle East and North Africa. The annual Concerning the control of Bayoud observed in Morocco, 
production of date fruits exceeds the 2 M tons and its Algeria and Mauritania more recently cannot be eradicated by 
marketing is a major income source for these regions. In traditional methods. Therefore, somatic hybridization 
addition, the date palm plays a central role in oasis saharian between good fruit quality (but often non-resistant) and 
ecosystem and is an important crop due to the nutritional value resistant varieties are now being studied.
of the fruit. Traditionally, in date-producing countries, MATERIALS AND METHODS
particularly Algeria, the date palm is staple crop for both 

Plant material—Plant material was obtained from the 
traditional and modern Saharan agriculture.

internal tissue (heart) sampled at the vegetative state of date 
Date palm offers the possibility of mixed crop being with 

palm offshoot (Figs.3a,b) Samples were taken from two 
small fruit trees, cereals and vegetables because it reduces 

cultivars: Algerian 'Deglet Nur' (DN) growing in East of 
sunlight, maintain humidity and protects from wind. 

Algeria and 'Takerbucht' (TK) situated in West of Algeria, a 
However, two major problems are threatening date palm in 

resistant variety to Bayoud but producing fruits of bad 
Algeria and the ecological balancing maintained by the palm 

keepability although of good quality. On the other hand, young 
tree in the arid and semi-arid area: (i) a vascular wilt disease 

female flowers were also sampled from the same cultivars but 
called Bayoud, and (ii) the aging of the tree. To face these risks 

at the reproductive stage and of more than 5 years. The 
and mitigate the yield, Algeria, and Morocco as well, has 

vegetative explants are  obtained by progressive thinning of 
launched a programme to rejuvenate and expand the palm 

offshoot until the "heart" diameter grows to c.a. 5 to 10 cm 
groves and this programme required to dig out around 3 M 

(Figs. 3c,d). The blossoms are collected from young 
unproductive trees and planting few millions of offshoots 

inflorescence inside the bract (spathe) (Figs.3e, f). 
obtained from elite cultivars known for their resistance to 

In vitro culture — The flower enclosed in the bract (Fig. 3e) 
bayoud, adaptation to grow in different areas, and the quality 

were washed with 70% alcohol before opening. The samples 
of their fruits (El Hadrami and Baaziz 1995).

(young flowers and vegetative samples) are then disinfected 
Thus, the Algerian palm groves raised from 11 to 17 M 

by immersion successively in sodium hypochlorite solution of 
trees in 10 years, while 10 M are in production. Nevertheless, 

12°Cl for 45min then in an antifungal solution (8% benlate) 
the cultivars are propagated by a limited number of offshoots 

for 10 to 30 minutes depending on the explants size. Samples 
produced by the tree during the developmental stage called 

were then rinsed 3 times with sterile distilled water. The 
“vegetative stage” only (Bouguedoura 1991, 2012). This 

offshoot axes are cut into different pieces of 0.5 to 1 cm 
method is effective method but very slow due to the limited 

(Fig.3f), while the flower spikes are fragmented to 1 to 2 
and small number of offshoots releases available. Therefore, 

flowers per explants (Fig.3g).
biotechnological tool, using in vitro organogenesis and 

All explants were placed aseptically on two callus 
somatic embryogenesis, has been considered from the 1970s 

initiation media (M1 and M2) (Table 1). These environmental 
to propagate interesting cultivars, and the first results at 

calli initiation (M1 and M2) includes a basic MS solution 
laboratory scale were reported by Rhiss et al. (1979) and 

(Murashige and Skoog 1962) supplemented with 2.4D, IPA, 
Tisserat (1979). Obtaining plants by organogenesis has 
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-1Morel vitamins (Morel and Wetmore 1951) and 30 g.L  of Histology — The histological analysis of the different 
sucrose. The media, solidified by 0.7% agar (Sigma) and the described stages were carried out by organs fixation of tissue 
pH adjusted to 5.7 are poured in test tubes which are then in a solution containing 4 ml of 25% glutaraldehyde, 50ml 
autoclaved. Petri dishes containing autoclaved medium were phosphate buffer (pH 7.2), 20 ml of 10% paraformaldehyde, 1 
also prepared for floral explants growth. Both tubes and Petri g of caffeine and 26 ml distilled water (Schwendiman 1990). 
dish with explants are incubated at 27 ± 1 ° C in darkness. The tissue, organs were then dehydrated in successively 
Subcultures at one month interval are performed until getting increasing alcohol concentration (70% at 100 %) and 
and consistent callus mass. The calli obtained were used embedded in a Reichert-Jung Historesin or parafin. The cuts of 
during the initiation and multiplication phase for either 3-5 µm thick sections were double stained with Periodic acid 
somatic embryogenesis or to obtain cell suspensions and Schiff double staining (PAS) (Feder and O'Brien 1968) and 
protoplasts. Naphthol Blue Black (NBB) as described by Fisher (1968).

The cell suspensions collected were used to produce 
Table 1– Combinations of growth regulator (mg.L-1) used different  

protoplasts and somatic embryos. Calli were treated with 1% media.
pectinase solution for 1h, 3h, 6h, and the protoplasts were MediaGrowth regulators
obtained by chopping calli in liquid medium (M3) (0.5/20, *M1 M2 M3 M4 M5

w/v). The cells obtained were grown on a liquid medium using 2, 4D 2 100 2 0 0

3.5 cm diameter Petri dishes (3 ml per dish). The Petri dishes IPA 3 3 0 0 0

were shaken at 50 rpm in darkness at 27° C for 2 to 4 weeks. BAP 0 0 0 0,5 0

ANA 0 0 0 0 0,1After 1 month, the cell clusters were transferred to flasks 

containing M3 liquid medium (0.5/20, w/v) which is similar to *M1 medium is enriched with 100 mg L-1glutamine and M2 was 
supplemented with 3 g L-1 activated charcoal before sterilization, due M1 but without IPA (Table 1). The flasks are placed on a stirrer 
to the high concentration of 2,4-D.

at 90 rpm, 25 to 27 ° C, and 12 hours 3000 lux photoperiod. 
RESULTSSubsequent subcultures were made every 15-20 days to 

prevent cells browning caused by polyphenols oxidation. Callogenesis — The callus is a required step for any 
After 10 to 12 weeks, the cell suspensions were histologically multiplication process using in vitro culture of date palm. The 

-1analyzed and used for protoplasts production. The expression explant on M1 medium enriched with 100 mg .L  of glutamine 
of suspensions cell to somatic embryos, and then to plants was resulted in the formation of callus after 2 to 6 months. Two types 
performed successively on a solid medium M1 supplemented of were observed: friable white callus easy to dissociate, and 

with BAP, and then on a medium without growth regulators. yellow to yellow/brown compact nodular callus (Figs. 3h-m). 

The protoplasts were isolated from the calli and the cell These calli grow to c.a. 2.5 cm after 6 months. Ability for 

suspensions obtained previously according to the technique callogenesis in 'Deglet Nur' cultivar was higher compared to 
'Takerbucht' (Fig.1). The rates of calli formed were higher described for Musa sp. (Assani et al. 2012) using either 
(more intense) in the explants containing young primordia such cellulose or pectinase. Calli and cell suspensions were 
as vegetative axillary buds and apex fragments (Figs. 3h, i).macerated for 12 to 15h in an enzymatic solution (15ml for 1g 

The histology shows that vegetative calli originated from of calli) in total darkness at 27°C. The macerated culture was 
sub-epidermal tissue of the explants whereas for floral filtered through two seaves (100 and 25 µm pore size). The 
explants both young flowers and the axis formed calli protoplasts purification was carried out according to the 
(Figs.4a, c). The nodules are isolated by more intense regular protocol described by Assani et al. (2006) by a twice 
divisions (Fig.4b).centrifugation for 5 min at 65×g in a washing solution of 204 

-1By using casein hydrolysate (0.5 g .L ) for multiplication mM KCl-67 mM CaCl . The collected protoplasts were grown 2

step of calli, large amounts of crumbly white to yellowish calli on the medium used for callus production; the yield 
are obtained.determined by Nageotte cell (at least 3 fields of view were 
Indirect somatic embryogenesis — The transfer of calli on made) and results were expressed in number of protoplast per 
M4 medium promoted embryogenesis expression and histo-gram of fresh weight of callus.
differentiation of somatic embryos. Calli's expression and The viability of protoplasts was determined by 
growth are better on a medium lacking growth regulators, and fluorescein diacetate (FDA) (Widholm 1972). For direct 
these embryos were easy to separate from the original mother embryogenesis induction from callus, a regeneration medium 
callus from which they take birth (Fig.4d).is used that consists of MS medium enriched with or without 

-1 Transplanting from the regeneration medium (M4) of 0.5mg.L  BAP (M4), while rooting is initiated by addition of 
-1 somatic embryos forming two poles, shoot and root, on a 0.1 mg.L  NAA (M5).

medium without growth regulators, promoted their 
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suspensions reflected the behaviour of the cell aggregates 
when maintained successively in the suspension medium 

-1containing 2 mg L  of 2.4-D, and then in the washing medium 
without growth regulators (Fig.4h).

During the first week of culture on the maintaining 
medium (lag phase), there was no significant change of the cell 
suspension observed visually (naked eye) whatever was the 
callus origin or the type of cultivar. During the four following 
weeks of culture on the maintaining medium, cells divided 
rapidly to an exponential phase. After this phase, the division 
rate declined, especially for calli deriving from floral explants 
'Deglet Nur'. In contrast, calli derived from vegetative Fig.1—Percent of callogenesis in the different explants and cultivars 
explants showed a decrease of growth rate of cell aggregates in after 6 months of culture.
cultivar 'Takerbucht' (Fig. 2). Using liquid medium and 

development to plantlets of about 5 cm in length, and this was continuous stirring at 90 - 100 rpm, cell suspensions were 
noted from both the vegetative or floral explants of the two organized in small and white aggregates embryogenic for 
cultivars 'Deglet Nur' and 'Takerbucht' .Thus, the 'Deglet Nur' cultivar (Fig.4h) and brown aggregates for 
transplanting stage of the seedlings on MS medium 'Takerbucht'. The cell aggregates formed during time giving 

-1supplemented with 0.1mg.L  NAA (M5) for one week pro-embryos capable of regenerating somatic embryos and 
favoured their roots development. viable plantlets (Figs.4i-m).

Some plants are grouped in clusters due to the formation 
It was also noted that in many cases, the base of the 

of two or more stem apex for a single root apex. These plants 
primary somatic embryos (showing shoot and root 

can be separated and placed in a medium containing NAA 
development), the secondary embryos appeared at the base of 

form roots.
the cotyledon-petiole of mature germinating embryos. The 
percentage of regeneration on solid medium culture obtained 
after six to eight months are presented in Table 2.

Table 2–Frequency of Regeneration of plantlets from vegetative and 
floral explants in cultivars ‘Deglet Nur’ and ‘Takerbucht’.

Response          ‘Deglet Nur’         ‘Takerbucht’

Vegetative Floral Vegetative Floral 
explants explants explants explants

Number of mature 42 27 29 22
embryos

Number of rooted 33 23 21 18
shoots

Rooting percentage 78.57 85.18 72.41 81.81
(%)

Cell suspensions development and plant regeneration — 
During the cell suspension initiation, application of 1% 
pectinase for 3 h to nodular calli caused cells dissociation. 

Fig. 2–Growth of the cell suspension from vegetative and floral Overall with chopped crumbly calli, isolated cells were 
explants of cultivars 'Deglet Nur' (DN) and 'Takerbucht' (TK).obtained in less time than nodular callus. However, nodular 

calli gave larger number of embryogenic cells compared to 
Obtaining protoplasts—The size of the two cultivars 

that obtained from crumbly calli. The embryogenic character 
protoplasts was different. In 'Deglet Nur' cultivar, the 

is resulting from the abundance of proteins and starch in the 
protoplasts diameter ranged from 12 to 35 μm (Fig.4n) and 

cells. Transplanting these clusters of cells on medium lacking 
was longer than protoplasts diameter of 'Takerbucht' cultivar 

growth regulators seemed promoted the development of 
which ranged from 8 and 20 μm.

spherical cells with dense cytoplasm rich in protein starch 
The estimated number of protoplasts directly isolated from 

granules (Fig.4g), and these cells are the origin of the viable 
both calli and cell suspensions showed that the yield 

embryogenic cell suspension (Fig.4e). The growth of cell 
of protoplasts was depending on the plant material origin (Table 3).
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These results showed the marked effect of the genotype, Thus, calli of Deglet Nur cultivar showed a high yield of 
5 5 as the highest protoplasts yields were observed on cultivar protoplasts with 12.01 × 10  and 3.88 × 10  protoplasts per 

'Deglet Nur' compared to those obtained from cultivar 
gram of cells for calli deriving from vegetative and floral 

'Takerbucht', from both cell suspensions and calli.
explants, respectively. Similarly, the highest rate of 

Protoplasts from friable callus or cell suspensions divide 
protoplasts for “Takerbucht” cultivar was obtained from calli to give microcalli then nodular calli having advanced in some 
deriving from vegetative and floral explants, and was 9.66 × seedlings which the ploidy level checked by cytometry is 4n 

5 510  and 1.32 × 10  cells per gram, of cells, respectively. (Chabane  2007)(Fig.4o-q).

Table  3–Variation in yield of protoplasts based on genotype and basic explants in both cultivars ‘Deglet Nur’ and ‘Takerbucht’.

Origin of protoplasts Basic explants and genotypes

Shoot tip husks

        Deglet  Nur         Takerbucht        Deglet  Nur         Takerbucht

Friable Cell Friable Cell Friable Cell Friable Cell 
callus suspension callus suspension callus suspension  callus suspension

5Yield (protoplasts/g) 12,01x10  7,94x10 9,66x10 Low 3.88x10 Low 1,32x10 Low5 5 5 5
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Figs. 4 a-q-  a. Origin below epidermis of callus: b. Histology of nodular 
callus ; c. histology of calli on the floral explants (flc); d. Young plants 
and embryos derived of calli; e. Cell suspension observed in inverted 
microscope; f. Cell suspension in the process of dividing; g. Early stage 
of embryogenesis derived of cell suspension   characterized by 
presence of proteins in blue and starch granules in red; h. early 
embryogenesis observed by inverted microscopy; i. Plantlets derived 
of cell suspension issue of vegetative explants 'Deglet Nur'; j. Plantlets 
derived of cell suspension issue of vegetative explants 'Deglet Nur'; k. 
Plantlets derived of cell suspension issue of floral explants 'Deglet Nur'; 
l. Plantlets derived of cell suspension issue of vegetative explants 
'Takerbucht'; m. Plantlets derived of cell suspension issue of floral 
explants 'Takerbucht': n. Protoplasts derived from 'Deglet Nur' cell 
suspension ; o. Microcalli derived from protoplast; p. Nodular callus 
derived protoplast; q. One plantlet issue of protoplast.

Figs.3 a-m. a. Individual cultivated date palm; b. Offshoot at the 
vegetative stage for in vitro culture; c. "Heart" of palm after thinning; d. 
Detection of the shoot apex after dissection of the heart; e. 
Inflorescence closed showing bract or “spathe”; f. Fragments of future 
floral explants; g. Floral explant with two female flowers; h. Crumbly 
callus derived from vegetative explant variety 'Deglet Nur'; i. Crumbly 
callus derived from vegetative explant variety 'Takerbucht '; j. Early 
callogenesis on young female flowers at the variety DN; k. Important 
crumbly callogenesis  from floral explant of the variety 'Takerbucht'; l & 
m. Nodular callus from floral explants of the variety 'Takerbucht'. 



DISCUSSION AND CONCLUSION Biotechnology 29 605-629, Springer Verlag. ISBN 978-
94-007-1317-8. Biotechnology tools could be an asset to rejuvenate and 

expand the Algerian palm groves which are facing aging and Bouguedoura N 1991.  Connaissance de la morphogenèse  du 
sanitation problems. The process of somatic embryogenesis palmier dattier (Phœnix dactylifera L.). Etude in situ et in 
developed by our team resulted in reducing significantly 2, 4- vitro du développement morphogénétique des appareils 

végétatif et reproducteur. Thèse Doct d'état, Univ. Sc. D usually used as reported by the literature (Tisserat 1979, 
tech. Alger, Pp. 201.Zaid 1989). Indeed, the most used methods are reporting the 

-1use of high concentrations of 2, 4-D (100 to 200 mg L ) which Bouguedoura N 2012.  Le palmier dattier : développement 
can cause a significant somaclonal variation (Fergani 1998, morphogénétique des appareils végétatif et reproducteur. 
Cohen et al. 2004, Al-Khalifah et al. 2007). Book Editions Uuniversitaires et Internationales- ISBN: 

Conclusively, the success of date palm somatic 978-3-8417-8124-6 
embryogenesis is limited by a number of factors. It is quite 

 Chabane D, Assani A, Bouguedoura N, Robert Haïcour R and difficult to obtain a high percentage of initial calli, and despite 
Georges Ducreux G 2007. Induction of callus formation 

that explants are considered the most favorable when 
from difficile date palm protoplasts by means of nurse 

cultivated under the same culture conditions do not respond 
culture. C.R.Biologies  330 392-401

positively, and the percentage of calli remains quite low 
Cohen Y, Korchinsky  R and Tripler E 2004. Flower (averaging 12%), however, a callus growth phase is required.

abnormalities cause abnormal fruit setting in tissue On the other hand, the type and the viability calli play an 
culture-propagated date palm (Phoenix dactylifera L.). J. essential role in the process of embryogenesis. Moreover, 
Hort. Sci. Biotech. 79 6 1007-1013some formed somatic embryos did not germinate, indicating a 

loss of plant material at the end of the process. These problems El Hadrami L and Baaziz M 1995. Somatic embryogenesis 
are raising research interest aiming to producing of seedlings and plant regeneration from shoot-tip explants in Phœnix 
of good quality. Although there are many companies offering dactylifera L. Biologia Plantarum. 37 205-211.
micropropagated date palm, the techniques did not reach an 

Fergani K 1998.  Embryogenèse somatique du palmier dattier 
industrial scale development yet. Recently, Naik and Al-

(Phœnix dactylifera L.), cultivar Deglet Nour. Thèse de 
Khayri (2016) have obtained somatic embryo of date palm 

Magister en Biologie, Univ. Sc. Tech. Alger, Pp.131.
(Phoenix dactylifera L.) through cell suspension culture. Our 

Feder and O'Brien 1968. Plant microtechnique: sections for research team has been involved for several years in a 
light microscopy. Am. J. Bot. 55 123-142breeding program of date palm using biotechnology, and is 

using somatic embryogenesis technique (Selmani et al. 2013) Fisher DB 1968. Protein staining of ribonned epon sections for 
by taking into consideration all the previously cited authors light microscopy. Histochemie. 16 92-90
that are limiting the performance somatic embryogenesis, and 

Morel G and Wetmore RH 1951.  Fern callus tissue culture. cell suspensions would be considered the starting step of the 
Am. J. Bot. 38 141-143.embryogenesis technique. The process of obtaining viable 

protoplasts was reported for the first time by our team Murashige T and Skoog F 1962.  A revised medium for rapid 
(Chabane et al. 2007) and is still improving for a successful growth and bioassays with tobacco tissue cultures. Physio 
fusion merger, and plants regeneration from protoplasts Plantarum. 15 473-497.

should be controlled sufficiently to ascertain a protocol of 
Naik PM and Al-Khayri JM 2016. Somatic embryogenesis of 

regeneration after fusion.
date palm (Phoenix dactylifera L.) through cell 
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