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Abstract
The prohibiting costs of chemicals necessary for the preparation of in vitro plant and microorganism culture media is one of the

limiting factors for the development of in vitro culture biotechnologies in developing countries. For instance, in vitro culture of date

palm trees is suffering these drawbacks in North Africa. This region abounds of Date palm sap (DSP commonly designed “Lagmi”)
sold cheaply and almost available throughout the whole year. We aimed, therefore, to optimize date palm sap “Alligue” variety to be a

suitable and cost effective medium for culture of plants and/or microorganisms. Physicochemical analysis of “Lagmi” clearly shows i)
diverse mineral composition, ii) neutral pH values, iii) high levels of sucrose (21.73%), iv) numerous vitamins widely used to amend
plant and microorganism culture media and v) presence of phytohormone gibberellins. We attempted in vitro regeneration of an
elite date palm cultivar, “Degletel Bey” through somatic embryogenesis and the growth of several bacterial and fungal strains. Lagmi

based media proved effective not only to sustain the growth of date palm tissues but also to outperform the classical MS medium. The

“Lagmi” based culture media allowed growth of bacteria and fungi tested similar to growth observed in PCA and PDA media classically used. Therefore, “Lagmi” can be efficiently used to develop highly efficient, cost effective media that proved successful in the in

vitro growth of recalcitrant tree species such as Phoenix dactylifera L. and commonly used bacteria and fungi in research laboratories.
Keywords: Date Palm Sap; Phoenix dactylifera L.; In Vitro Culture; Somatic Embryogenesis; Economical Cost Effective Culture Medium

Abbreviations
PDA: Potato Dextrose Agar; PCA: Plate Count Agar; DSP: Date Palm Sap

Introduction

Date palm (Phoenix dactylifera L.) is an emblematic tree of the Mediterranean and the Middle East [1]. It constitutes the backbone of

the oasis ecosystems where it plays a major socio-economic and ecological role [2]. Date palm trees are also considered as a real shield
against the advance of the Sahara and form a shelter for many native plant and animal species. Therefore, oasis ecosystems represent

a diversified and sustainable agro-ecosystem in an arid desert environment marked by ecological vulnerability, the scarcity of natural
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resources and climate instability. Today, the North African date palm is threatened by various i) biotic: ‘Bayoud’ and brittle leaf disease
as well as key pests such as Red palm weevil, Rhynchophorus ferrugineus (Olivier) [3-5], and ii) a biotic (drought, changes in farming sys-

tems, …) stresses [6,7]. This could result in scarcity or total disappearance of many cultivars and morphotypes. The preservation of these
genetic resources has become one of the requirements of the various partners involved in the agricultural sector.

The in vitro propagation of date palm trees in culture media is an alternative method to speed up multiplication and help preservation

and mass multiplication of important genotypes [8]. Plant embryos in vitro culture is also more and more widely used either for research
purposes or for propagation of date palm trees [9]. Optimum culture media and conditions have therefore been defined for date palm.

However, these media suffer drawbacks mainly due to the prohibitive cost of the ingredients used and/or the labor to produce them.
Therefore, the search for low cost culture media is urgently warranted [10,11].

Coconut water have been widely used in the in vitro culture media and proved to be effective in helping growth and development of

numerous crops [12]. Coconut water is neither cost effective nor easily available in contrast to date palm sap, extracted from palm trees
and present in abundance in the different regions of culture of date palms. It is rich in sugars such as sucrose, fructose and glucose as well
as mineral elements such as iron, magnesium and phosphate [13]. DSP is also rich in nitrogen and probably have phytohormones suitable

for plant culture. Despite the composition of DSP that makes it an attractive supplement to culture media, there have been no reports on
its use in culture media. In a pilot study we screened different DSP from various date palm varieties and found the variety “Alligue” suit-

able supplement to date palm culture media. Therefore, in vitro culture of date palm variety “Deglet el Bey” has been compared between
MS media and MS media supplemented with DSP or where macronutrients or micronutrients and regulators like gibberellin have been
replaced by DSP. DSP have also been used as low cost (1L of sap cost 0,5$) medium for culture of bacteria and fungi.
Materials and Methods

Date palm sap “Lagmi” collection: Date palm sap was collected from the date palm trees which not distinated to the exportation of

its fruits (Phoenix dactylifera L.) “Aligue” variety, growing in a palm grove located in Southern Tunisia (Tozeur). The local sap collection

method was used. It consisted in cutting off the growing point of palm. Some times and with a good climber the palm was not dead because

of its capacity of wound healing. Harvesting the sap of the palm tree is performed during the spring. The palm sap is recovered for four

consecutive months (March, April, May and June) at the rate of 8 to 10 liters per day on average [14]. A palm foot could produce up to 500
liters of “lagmi” season or more [14]. The sap was collected from a shallow depression scooped out at the top of the tree [14]. The sample

(fresh sap) was collected in sterile plastic containers and immediately stored in an ice box (0°C) to avoid fermentation during transportation to the laboratory. The sap of the palm tree is a syrup, with white to yellow color.

Physicochemical properties of date palm sap: The Potential of hydrogen (pH): was measured using a pH meter (HI8418 pH meter,

Hanna Instruments, Singapore; [13]).

Crude protein content: The crude protein content was deduced from the nitrogen content using the Kjeldahl method [13]. The value

of 6.25 was used as a conversion factor for protein content [15].

Sugars and reducing sugars content: This assay has been conducted according to Abdennabi., et al [13]. 1 mL of sap was placed in

a 22 mL tubes with 2 mL of a 3,5-Dinitrosalicylic acid solution (DNS). The tubes were then incubated in a water bath for 10 minutes with

through homogenization. After addition of 18 mL of distilled water to each tube, the OD was read using a spectrophotometer (Shimadzu,
China) at 546 nm. Glucose (solutions of 0, 0.25, 0.50, 0.75 and 1 g/L) was used as a standard to produce the calibration curve. Y referring
to the slope of the standard curve was calculated and used in subsequent estimation of sugars contents.

The calculation of the reducing sugar content and sugar content were given using the following formulas:
% reducing sugar (RS) = (OD solution × dilution factor × 100)/(y × MR)
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MR refers to the stock sample concentration.
Sugar = RS/0.9.

Mineral elements and heavy metals: Phosphorus (P), Zinc (Zn), Copper (Cu), Calcium (Ca), and Magnesium (Mg) were measured

using atomic absorption according to manufacturer instructions (Thermo scientific, Sfax, Tunisia).
Dry matter content: Dry matter content was estimated by drying samples using an oven at 70°C.

Extract preparation and LC-MS analysis: Analysis have been conducted according to Abdennabi., et al [13]. Briefly, 1 mg of the “Al-

ligue” sap was dissolved in 10 mL of 10% of methanol in glass bottle, and 1 mL was filtered and transferred to LC-MS vials. HPLC analysis
was carried out using reversed-phase column (Pursuit XRs ULTRA 2.8, C18, 100 × 2 mm, Agilent Technologies, UK). The injection volume
of the sample was set up at 20 µL. Mobile phases consisted of 0.1% formic acid in water (A) and 0.1% formic acid in MeOH (B) and the

column temperature was 30°C. The flow rate used was of 1 mL/min and a gradient program was used for separation. The mobile phase
has an initial composition of 100% solvent A, with a gradient to 100% solvent B over 20 minutes. Then, it was hold on 100% solvent B

for 5 min. Drying gas flow rate was 1 mL/min at 320°C. MS was operated in the positive ion mode in a mass range of m/z 100-2000. High
resolution mass spectral data were obtained on a Thermo Instruments ESI-MS system (LTQ XL/LTQ Orbitrap Discovery, UK) connected to
a Thermo Instruments HPLC system (Accela PDA detector, Accela PDA autosampler and Accela Pump).
Date palm trees in vitro cultures

Composition of culture media and plant tissues used: Proliferation capacity of embryogenic calli and differentiation (morphogen-

esis) of somatic embryos from parent date palm cells was compared using a standard medium (Murashige and Skoog (MS), [16] Table 1A)

as a control and media derived from original MS medium (S1, S2, S3 and S4) and amended with date palm sap. The composition of these
media is given below:
•
•
•
•

S1: MS + 50 mL “Lagmi”

S2: MS + 100 mL “Lagmi”

S3: MS medium where microelements are substituted with 50 mL of “lagmi” which contains (Iron and zinc).

S4: MS medium where the macroelements are substituted with 50 mL of “Lagmi” which contains (Calcium, Potassium, Magnesium, Sodium, phosphorus).

Culture conditions: Two conditions have been used to culture date palm plant tissues: i) in the dark at a temperature of 27 ± 2°C and

ii) at a photoperiod of 16 hours (light intensity 43 μ E m-2 s-1 provided by fluorescent tubes) and at the same temperature as above: 27 ±
2°C. Seedlings transplantation as well as monitoring the evolution of their biomasses are made after 25 and 50 days of culture. The total
number of structured somatic embryos is counted after 50 days of culture.
Microbial Growth

Composition of PCA and PDA media: PCA and PDA media used in this study have been purchased from Sigma-Aldrich (Sigma-

Aldrich, Sfax, Tunisia). They have been used to culture microorganism according to the supplier recommendations. Composition of PCA
and PDA media are given in tables 1B and 1C, respectively.

Preparation of new media based on “Lagmi”: 200 mL of the date palm sap were filter sterilized through a 0.25 μm filter (Whatmann,

Sfax, Tunisia). 15g of agar were added and the volume adjusted to 1L using sterile distilled water. After autoclave for 20 minutes at 121°C
the medium has been poured into petri dishes (25 mL/petri dish).
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Product

Amount for 1L of MS medium

Major salts

20 mL

Minor salts

500 µL

Myo-inositol

100 mg

Adenine

30 mg

Vitamins

500 µL

Fe-EDTA

Glutamine

5 mL

Potassium KH2PO4
Sucrose
Agar

200 mg

120 mg
50 g
7g

A

Component

Amount (g) for 1L of medium

Peptone

5

Yeast extract
Glucose
Agar

2.5
1

15

B

Component

Amount (g) for 1L of medium

Potatoes

200

Agar

Dextrose

20
15

C

Table 1: Composition of MS, PCA and PDA media. A. MS medium, B. PCA medium
and C. PDA medium.
Inoculation and incubation of microorganisms: The inoculation is carried out using heat-sterilized loop. Bacteria from the drop

embedded in the loop are spread on the surface of agar and petri dishes incubated at 37°C in an oven. For fungi, a mycelial disc is placed
in the middle of the box and incubated at 28°C.

Data management and statistical analysis: Statistical analyses were carried out using SPSS for windows (version 11.0). Data were

submitted to analysis of variance using the general linear model option (Duncan’s test) to determine significant differences between
samples (P < 0.05).

Results and Discussion
Physicochemical analyses of Date Palm Sap “Lagmi”: Phoenix dactylifera L. variety “Alligue” saphas a neutral pH of 7.01 ± 0.005

reflecting its freshness (Table 2). This value is identical to pH values reported for the coconut [17] and comparable to values reported for
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the Deglet Nour variety, (6.86, [18,19]). This neutral pH value is compatible with its inclusion in plant and microorganism culture media

(generally adjusted to pH 7) without any need for pH adjustment. The “lagmi” has a very diverse nutrient composition (Table 2). The DPS
is rich in sugars such as Sucrose (21.73 ± 0.01%), glucose (2.12 ± 0.06%) and fructose (5.18 ± 0.04%). These results are in agreement
with those of Makhlouf-Gafsi., et al. [20,21] who reported that high levels of carbohydrates present in date palm sap are dominated by
sucrose. Sucrose values when expressed in % of total sugars represent 74.85%, are lower than the values reported for the Deglet Nour

variety (95.27%, [18,19]). Fructose and glucose values (17,84% and 7.30% of the total sugars, respectively) are higher than that reported
for the Deglet Nour variety (2.51 and 1.61%, respectively). Sucrose is an important component of Murashige and Skoog medium (5%,
Table 1A). Despite the lower sucrose content of the “Alligue” compared to the “Deglet Nour” variety we chosen to work on the first variety
for its lower economic value than the Deglet Nour and therefore sap extraction is more frequent and common. Therefore, date palm sap

can efficiently substitute for sucrose in culture media. This approach has been tested by Solliman., et al. [22] for in vitro culture of Jojoba,

where they used date palm syrup as efficient substituent for sucrose in culture media. A wealth of minerals has been detected in the sap

such as (zinc, copper, magnesium, sodium, Table 2). For iron, a ratio of 86.6 ± 0.141 g/100g dry matter is observed. All these mineral elements are required for microbial and plant growth. Heavy metals such as cadmium present in trace, nickel and lead, which are beneficial

to microbial consortia [23] are present in “Lagmi”. About 2.54 ± 0.02% Protein concentration in the “Alligue” variety “Lagmi” is sufficient

to provide and maintain the survival of plant embryos and microbial strains. “Alligue” proved also rich in vitamins (Vitamins B 1, 2, 3, 5, 6,
7, 9 and C, Table 3A). A feature that make it possible to substitute vitamins by date palm sap. Moreover, figure 1 attested for the presence
of gibberellin in date palm sap, a phytohormone that plays an important role in the in vitro culture of Phoenix dactylifera L [24].

Influence of “lagmi” on the rate of proliferation of embryogenic callus and morphogenesis of the somatic embryos in the dark
Establishment of in vitro cultures with date palm sap “Lagmi”: In the dark and after 50 days of culture, the growth of embryogenic

biomass continues regardless of the composition of the culture medium (Figure 2). The best multiplication rate was recorded on the
Physico-chemical Parameters

Values

pH

7.01 ± 0.005

Density

1.06 ± 0.03g/cm3

Sucrose

21.73 ± 0.01%

Glucose

Fructose
Protein

Dry matter

2.12 ± 0.06%
5.18 ± 0.04%
2.54 ± 0.02%

15.01 ± 0.01%

phosphorus

2.18 ± 0.01g/100g of dry matter

Copper

0.38 ± 0.03g/100g of dry matter

Sodium
Zinc

Calcium

Potassium

Magnesium
Iron

Plumb

Mercury
Chrome

Cadmium
Nickel
Water

2.18 ± 0.02g/100g of dry matter
0.057 ± 0g/100g of dry matter

2.9 ± 0.152g/100g of dry matter
41.8 ± 0.1g/100g of dry matter

0.09 ± 0.01g/100g of dry matter

86.6 ± 0.141g/100g of dry matter
0.170 ± 0.02 ppm
5.68 ± 0.04 ppm
Not detected

0.002 ± 0 ppm

0.0622 ± 0.001 ppm
84.99 ± 0.112 %

Table 2: Composition of date palm sap of “Alligue” variety.
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Figure 1: LCMS characterization of phytohormones in Date palm sap.

Vitamin

HRESIMS

Mol formula

Vitamin B1 (Thiamine)

266.1199

C12H17N4OS

Vitamin B5 (Pantothenic acid)

220.1181

C9H17NO5

Vitamin B2 (Riboflavin)
Vitamin B3 (Niacin)

Vitamin B6 (Pyridoxine)
Vitamin B7 (Biotin)

Vitamin B 9 (Folic acid)

Vitamin C (Ascorbic acid)

377.1450

124.0396

248.0312

245.0959

442.1472

177.0390

C17H20N4O6
C6H5NO2

C8H10NO6P

C10H16N2O3S
C19H19N7O6
C6H8O6

Alligue
+

+
+
+

+

+

+
+

Table 3: LCMS characterization of Vitamins (A) and phytohormones (B) in
Date palm sap.
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medium S1 (increase in biomass of embryogenic callus 34×) for other media, this rate is the same (6 - 7×) as the control medium (MS

medium without “Lagmi”). This result suggested that the addition of the “Lagmi” at a concentration of 50 mL/L to the culture medium
significantly stimulated the process of DNA replication and subsequent cell division, which was reflected by the increased biomass of

embryogenic callus. According to our physicochemical analysis, two components could explain the observed result. First, the high sucrose
concentration in the sap of the “Alligue” variety, 21.73%, played an important role in the proliferation of embryogenic callus (Table 4) as

confirmed by studies carried out using olive tissues [24]. Second, the phosphorus content in the sap of “Alligue”, 2.18 ± 0,01 g/100 g dry

matter (Table 2) as a vital constituent in proteins (nucleoprotein, phosphoprotein, lecithin, etc.) and a crucial element in the process of
storage and transport of energy in cells (ATP). Additionally, a large number of metabolic reactions require phosphorylation. The addition

of the “Lagmi” to the culture medium at concentration of 100 mL L-1 or the substitution of macronutrients or micronutrients by 50 mL L-1
sap gave similar results to those obtained using MS medium, suggesting that they do not induce increase in the callus proliferation rates.

Furthermore, having a normal biomass growth of embryogenic calli following the substitution of macronutrients by 50 mL L-1 “Lagmi”

allowed us to reduce the cost of production of somatic embryos given the very high price of macro elements that are used with relatively
high concentrations. The substitution of microelements by 50 mL L-1 of “Lagmi” (S3 medium) seemed to be inhibitory to normal biomass
growth after 50 days of cultivation, biomass rarely exceeded 3.33g against 8g for the control MS medium.

Influence of “Lagmi” on morphogenesis of somatic embryos from embryogenic callus in the dark Monitoring of morphological

transformations undergone by the embryogenic callus of the variety “Degletel Bey” on the medium S1 allowed us to view five distinct

Figure 2: Evolution of biomass (g) of embryogenic calli of the variety “Deglet el Bey” cultured in the dark in the
tested media.

Citation: Raed Abdennabi., et al. “Development of a Date Palm (Phoenix dactylifera L.) Sap Based Economical Cost Effective Media Suitable

for In Vitro Growth of Date Palm and Microbial Culture”. EC Agriculture 4.1 (2018): 03-16.

Development of a Date Palm (Phoenix dactylifera L.) Sap Based Economical Cost Effective Media Suitable for In Vitro Growth of
Date Palm and Microbial Culture
10

Milieu
Number of MSE after
50 days of culture
a

T

S1

S2

S3

S4

Whether embryos at
the globular stage

28

4

Whether embryos at
the globular stage

4

A

Medium

T

S1

S2

S3

S4

Number of MSE after 50 days of culture

15

14

25

30

26

a

B
Table 4: Number of mature somatic embryos after 50 days of culture in the media T, S1, S2, S3 and S4 in the dark (A) and in the
light (B).
: Mature Somatic Embryos.

a

stages from the typical globular stage to mature stage perfectly structured:
Stage 1: globular stage

This stage, observed after 2 weeks of culture, was characterized by the evolution of the tissue of embryogenic calli into small spherical

masses of 0.3 mm in diameter. Future stem and root meristems are not yet distinguishable (Figure 3A).
Stage 2: Post-globular stage

The embryos at the globular stage increased in length and became post globular embryos. These embryos were detectable after 3

weeks of culture and had a perfect bilateral symmetry (Figure 3B).
Stage 3: Structured embryo

The embryos at the post-globular stage progressively lengthen following the development of the cotyledon and end up transforming

after 4 weeks into structured embryos.

Stage 4: structured germinated embryos
This stage took place after about 6 weeks of culture, the stalk showed the first signs of elongation following the emergence of the apical

meristem (Figure 3D).

Stage 5: Structured seedlings
After about 7 weeks, germination ends to achieve structured seedlings (Figure 3E).

Among the various carbon sources involved in the differentiation and osmotic adjustment, sucrose was still the most commonly used
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Figure 3: Different stages of somatic embryos of the variety “Deglet el Bey” after culture on medium S1 in the dark. A: Somatic
embryos at the globular stage. B: Somatic embryos post-globular stage. C: Structured embryos. D: Advanced structured embryos
early in the germination phase. E: Transformed somatic embryos into plantlets after completion of germination.
source for in vitro culture. Indeed, through its interaction with growth regulators, the sucrose content of the culture medium affected the
growth of the callus and subsequently, somatic embryogenesis [25]. Given the results obtained, the initial explants cultured in vitro could

produce somatic embryos. Histological examination confirmed the obtention of somatic embryos from callus of Phoenix dactylifera L. as

suggested by Fki., et al [10]. The highest production of somatic embryos of date palm Phoenix dactylifera L. variety “Deglet el Bey” was
obtained on the culture medium S1. “Lagmi” with a sucrose content of 21.73% seemed to be responsible for the induction and develop-

ment phase. This was in agreement with the results of Sghair-Hammami., et al. [26] and Al Khateeb [27,28] who reported that the most
commonly used carbohydrates were sucrose and glucose. According to some authors, maltose could be also a good carbon source since it
improves both the quality and quantity of somatic embryos products [29].
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Influence of “lagmi” on the total number of mature somatic embryos from embryogenic calli in the dark
Only calli grown on media S1, S2 and S4 (Table 4A) were able to produce mature somatic embryos with an optimal number on the

medium S1 (28 embryos), this was related to the high sucrose content of the “lagmi” compared to other kinds of sugars like glucose and
fructose (2.12% and 5.18%, respectively).

It should be noted that in the media S1 and S2, a negative correlation was obtained between the volume of “Lagmi” added to the culture

medium and the number of mature somatic embryos obtained after 50 days of culture.

Influence of “lagmi” on the rate of proliferation of embryogenic calli and morphogenesis of the somatic embryos in the light
Influence of “Lagmi” on the rate of proliferation of embryogenic calli in the light: Figure 4 unambiguously showed that similarly

to the cultures growing in the dark, the growth of embryogenic callus continue regardless of the composition of the culture medium used.

Medium S4 seemed to be the most conducive to induce cell division. This result suggested that the “Lagmi” of Alligue variety added to

the culture medium at the concentration of 50 mL L-1 instead of macro elements not only substituted macronutrients as essential to the
survival and growth of embryogenic calli but also enhanced the growth, because the biomass was enhanced from 6.5g in the control to 10g
in medium S4. The macro elements presented in the sap: calcium, phosphorus, sodium and magnesium (2.9g, 2.18g, 41,8g, 2.18g and 0,09
g/100 of dry matter) seemed to be needed in large quantities for the growth and development of embryogenic calli in the light.

Figure 4: Evolution of biomass (in grams) of embryogenic calli of the variety “Deglet el Bey” cultured in the light in the different
media.
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It is also useful to mention that compared to control medium (T), the addition of 100 mL L-1 “lagmi” to the culture medium, slightly

inhibited the growth of calli. This inhibitory effect of the sap on the growth of embryogenic calli was increasing when microelements were

substituted in the culture medium by the “lagmi” 50 mL L-1. This could be explained by the composition of microelements in the sap. Only,

copper (0.38 ± 0,03 g) and Zinc (0.057 ± 0 g/100 g dry matter) were present with total absence of manganese, aluminum, fluorine and
bromine.

Lagmi influences the morphogenesis of somatic embryos from embryogenic callus in the light: In the light, we noticed the same

stages of development of embryogenic calli recorded in the dark (Figure 5A-5D). However, the time of occurrence of each stage is a bit
more advanced. This implied that light stimulated the morphogenesis of somatic embryos.

Figure 5: Different stages of somatic embryos variety “Deglet el Bey” after culture on SM medium in the light. A: Somatic embryos
at the globular stage. B: Somatic embryos at post-globular stage. C: Structured embryos. D: Advanced structured embryos early in
the germination phase.

Influence of “Lagmi” on the total number of mature somatic embryos from embryogenic callus in the light: Under these condi-

tions, we found that regardless of the medium used, mature somatic embryos originated from embryogenic callus with an optimum yield
in S3 medium despite that callus growth on this medium was minimal. However, in the S4medium, although growth was maximum, the

number of embryos was less structured than that obtained on the medium S3 but still higher than that obtained in the control medium.
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Moreover, a positive correlation between the volumes of “Lagmi” added to the culture medium and the number of mature somatic embryos was obtained.

Microbial Growth in “Lagmi” based media: Comparison of microbial growth in Date palm sap based media and ordinary media
(PCA and PDA)
There was no difference in growth of bacterial strains (bacillus thuringiensis, enterococcus faecalis, salmonella typhimurium) on PCA

and “Lagmi” based media, respectively (Figure 6). Fungal strains however had a faster growth on “Lagmi” based medium (2 days instead
of 4 to 7 days in PDA, data not shown). These results could be explained by the availability of a carbon source and salts that supply phos-

phorus, and trace metals presented in our medium. The “lagmi” based medium acted as a nutrient medium that had all the necessary
elements for the growth of most microorganisms and, therefore, was non-selective. This feature allowed the use of this medium for the

general cultivation and maintenance of bacteria kept in our laboratory culture collections (data not shown). “Lagmi” medium contained
carbon sources (glucose, fructose and sucrose at 2.12, 5.18 and 21.73%) and essential elements such as phosphorus 2.18 ± 0.01 g/100g

of dry matter and magnesium 0.09 ± 0.01g/100g of dry matter. Phosphorus is used for DNA, RNA, ATP, and phospholipids, potassium,

magnesium, and calcium are often required as enzyme cofactors. Calcium is required for cell wall synthesis in Gram positive bacteria. Zinc,

copper and heavy metals are present in traces, respectively 0.057 g/100g of dry matter, 0.38 g/100g of dry matter, and (Cadmium 0.002
ppm, Nickel 0.0622 ppm). The amount of protein (2.54 ± 0.02%) facilitates the growth of bacteria.

Figure 6: Culture of Agrobacterium tumefaciens and Verticillium dahliae in the date palm sap based medium.
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Conclusion
The most important results of this study were the development of an efficient medium for micro propagation of cultivar Deglet el Bey

and for the growth of bacterial and fungal strains based on date palm sap “Lagmi”. Successful optimisation of the “Lagmi” medium for

efficient plant regeneration of recalcitrant cultivars such as Deglet el Bey will accelerate vegetative propagation and reduce the cost and

the quality of the culture media. Additionally this medium has been successfully used for culture of bacterial and fungal endophytes of
“Lagmi”.
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