Impact of salinity on date palm shoots proliferation and rooting in vitro
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Abstract
The use of in vitro cultures to study stress responses is based on the fact that in vitro cultured cells behave similarly to cell of intact plants subjected to water deficit and salinity conditions. The objective of this study was to investigate the physiological responses of date palm, cv. Bartemoda, shoots proliferation and rooting to salinity stress. A small cluster consisting of 3-5 developed shoots were cultured on MS medium supplemented with BA at 2.0 mg/l + TDZ at 0.5 mg/l with the inclusion of various concentrations of NaCl at (0, 500, 1000, 1500, and 2000 ppm) with five replicates. 

The exposure to salt stress resulted in when used 500 ppm NaCl produced significant increases of the shoot number (9.0 shoot/cluster). The number of shoots decreased from 7.0 to 4.0 shoot/cluster with the increase of NaCl concentrations from 1000 to 2000 ppm. The rooting percentage decreased significantly using 1000 ppm NaCl (65%) and was the lowest at 2000 ppm NaCl (30%). The rooting percentage at 500 ppm NaCl was increased significantly (85%) as compared with the control treatment. For healthy ex vitro growth of date palm plantlets in a greenhouse, the quality of the shoot and root produced in the laboratory is crucial.
Under salt stress of 1000, 1500, and 2000 ppm, total chlorophyll a, b, and carotenoids levels had decreased significantly. The 500 ppm NaCl treatment resulted in the highest chlorophyll a, b, and carotenoid contents Compared to the control treatment. Proline content in treated shoots was significantly boosted by the salt. The protein content of the shoots was 1.80 and 1.50 (mg/g fw) Under 500 and 1000 ppm salt stress. Increasing the amount of NaCl in the medium caused the protein content to drop. The soluble carbohydrate content of leaves under salt stress was significantly greater with elevated salt concentrations. This study has enhanced the understanding of the influence of salinity on physiological aspects of date palm cell cultures. The genetic stability of the discussed micro-propagation protocol was confirmed in this study by DNA-based technique RAPD (random amplified polymorphic DNA). The results may indicate that the micro-propagation protocol developed in this research paper was appropriate and applicable for producing genetically stable date palm cv. Bartemoda plants.
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1. Introduction

Salinity is the most detrimental environmental factor, especially in the North Africa and Middle East's semiarid and arid regions, where date palms are cultivated (Al-Kateeb et al., 2002). The most significant abiotic stress that adversely impacts development, plant growth and physiological and metabolic activities is salinity stress (Nikolova and Ivancheva, 2005). Whole plant cells react similarly to cells produced in vitro under salt conditions. The cell cultures offer homogeneous environmental conditions, genetically and physically matched cells circumstances for researching responses to salt stress by avoiding problems coming from whole plant tissues and varying field settings (Bartels and Sunkar, 2005).

Date palm (Phoenix dactylifera L.) is a member of the Arecaceae family and an economically significant tree species that grows in Central America, North Africa and the Middle East (Yaish et al., 2017). The tree has preserved its significance for desert residents as a result of its adaptability to its environment and the breadth of its socioeconomic benefits. Although in their natural environment, date palms are susceptible to a number of challenges, including drought, heat, air pollution, and salinity (Du et al., 2020). Date palm tolerates high levels of salinity and is more drought-tolerant than any other fruit crop; nonetheless, drought and saline water inhibit its development and yield production in arid environments. Furthermore, salinity can result in substantial economic losses for date palms (Al-Muaini et al., 2019). This is especially true for salt-susceptible cultivars (Hazzouri et al., 2020), which demonstrated a reduction in photosynthesis, foliar water content, shoot and root growth in response to salt stress (Al Kharusi et al., 2017). The effects of salt stress on their growth and productivity are independent of drought and heat (Al hammadi and Kurup, 2012). Enhancing the salt tolerance of commercially farmed date palm cultivars is therefore a pressing need. In this regard, standard breeding techniques for the genetic enhancement of date palm have encountered various difficulties. Due to the fact that the date palm is perennial, highly heterozygous, and has a long generation period, its traditional breeding technique is extremely sluggish and ineffective. Therefore, novel approaches are required to rapidly improve the drought and salt tolerance of date palm cultivars.
Alternative methods for overcoming breeding restrictions and bolstering breeding operations are plant tissue culture techniques. In vitro culture is a suitable approach for the investigation of the plant's response to salt conditions and for the isolation and selection of tolerant lines. Other than that, Regardless of the regulatory systems existing at the level of the entire plant, tissue culture allows for the modulation of stress homogeneity and the characterization of cell behavior under stress. (Lutts et al., 2004).
Regeneration of the date palm in vitro occurs through organogenesis and somatic embryogenesis, which are influenced by the genotype and hormones. Somatic embryogenesis from shoot-tip-derived callus is the most effective approach for date palm regeneration used by many growers, as it is amenable to micro-propagation scale-up for commercial purposes. Date palm somatic embryogenesis consists of a number of sequential processes beginning with callus induction, embryogenic callus proliferation, somatic embryo development, and lastly shoot production and roots (Al-Khateeb, 2008). Utilizing plant growth regulators, whose regulate a variety of physiological and biochemical activities, such as synthesis of protein, antioxidant enzymes, and photosynthetic, all of that are directly or indirectly related to the stress tolerance mechanism, is an important strategy for protecting plants from various stresses (Akram and Ashraf, 2011). Under 8-16 dsm-1 plant height salt stress, leaf number, fresh weight, and dry weight decreased, whereas proline content increased (Darwesh, 2014).
Rizkallah et al. (2007); Al-Bahrany and Al-Khayri (2012); (Rasha et al., 2020) have been undertaken to determine the influence of salinity on the behavior of date palms grown in vitro. Therefore, in the present study proliferation stage in vitro of date palm cv. Bartamoda was evaluated for salinity tolerance represented by NaCl levels in culture medium.
The economic significance of introducing abiotic and biotic stress resistance traits via somaclonal variation in date palm has been widely recognized (Hadrami and Hadrami, 2009). Expanding the genetic diversity of date palm cultivars could potentially enhance their ability to tolerate salinity-induced stress. The utilization of several biochemical, physiological, and DNA-based molecular markers has great importance in the assessment of somaclonal alterations that occur during in vitro culture (Ahmad et al., 2018). In comparison, the utilization of random amplified polymorphic DNA (RAPD) markers offers a swift, cost-effective, and dependable method for discerning genetic alterations that occur during the process of in vitro culturing (Sudhaa et al., 2019). With consideration of the methodology's potential in acquiring stress-tolerant variants, the objectives of this research were twofold: (i) to generate salt-tolerant plants by exposing calli from date palm cv. Khalas to varying salt concentrations, and (ii) to assess these regenerated plants for distinct morphological, physiological characteristics, and genetic stability.
2. Material and methods

The work was carried out in The Central Laboratory for Research and Development of Date Palm, Agriculture Research Center, Giza, Egypt, throughout the year of 2023. We studied the effect of salt stress under in vitro conditions on the development and growth of shoot and on the rooting of shoots.

2. 1- Shoots regeneration

Salinity stress 
A small cluster consisted of 3-5 developed shoots from date palm cv. Bartamoda were used to begin in vitro salt tolerance experiments.

The shoots were cultured on Murashige and Skoog (1962) (MS) medium contain BA at 2.0 mg/l + TDZ at 0.5 mg/l with the inclusion of various concentrations of NaCl at (0, 500, 1000, 1500, and 2000 ppm) with five replicates, pyridoxine-HCl (0.5 mg/l), nicotinic acid (0.5 mg/l), thiamine (1.0 mg/l), sucrose (35.0 mg/l), agar (6.0 g). Media were dispensed into the culture vessels in aliquots of 35 ml per small jars and capped with polypropylene closures.  After that, the media were autoclaved for 20 minutes at 121°C and 1.2 Kg/cm2. All culture containers were incubated for 8 weeks (two subcultures) in the growth environment at (27°C) and under a 16-hour, 3000 Lux lighting. Each treatment consisted of six replicates (jars), the shoots were transferred to fresh medium every 4 weeks. After the experiment was finished, the following physiological measurements were made (after 8 weeks), average number of shoots/cluster, average number of leaves/cluster and average leaves length (cm).
2. 2- Shoot elongation 

To achieve shoot elongation, regeneration shoots were transplanted to the ¾ MS medium contain 3.0 mg/l of gibberellic acid (GA3) and 0.5 mg/l of NAA (Hussein and Jawa, 2021). The cultured jars were incubated for 8 weeks in the growth chamber at a temperature of 25 2 °C with a light intensity of 3000 lux for a 16-hour photoperiod, and the shoots were moved to the same new media every 4 weeks.

2. 3- Rooting of shoots

To promote root formation, healthy regenerated clusters of unrooted in vitro shoots (4-7 mm in length) of date palm cv. Bartamoda were harvested during the elongation phase. Individual typical shoots were cultivated on a medium containing half-strength MS media with 170 mg/l Na H2PO4.2H2O, sucrose 40 g/l, myo-inositol 100 mg/l, glutamine 200 mg/l, 40 mg/l adenine sulfates, 7 mg/l agar, 1.5 g/l activated charcoal and auxins such as 1.5 IBA and 0.5 NAA (mg/l) and different concentrations of NaCl at (0, 500, 1000, 1500 and 2000 ppm)After adjusting the pH to 5.7–5.8, the medium were autoclaved at 121°C for 20 minutes. Each treatment consisted of six replicates (jars), and every four weeks, the shoots were transferred to fresh media. All cultures were incubated for 8 weeks (two subcultures) in the growth room at 27±2°C with a 16 h photoperiod of white fluorescent light. 8 weeks after the inoculation of shoots on the culture media, the percentage of root induction, number of roots per shoot (roots/jar), and root length (cm) were examined.

2. 4- In vitro Hardening 
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Before entering the greenhouse, the plantlets with 2-3 leaves and well-developed roots (Fig. 1) were subjected to pre-acclimatization. The plantlets were cultivated in test tubes containing a PGR-free liquid medium with a low sucrose content. 

Each test tube's aluminum foil was perforated with a single hole for gaseous exchange between the interior and exterior of the culture tubes. The plantlets were allowed to harden in vitro for a few hours in order to change their mode of nutrition from heterotrophic to autotrophic so they could thrive in an ex vitro environment.
2. 5- Acclimatization

All plantlets were removed from the tubes and washed with distilled water to remove traces of agar from the roots. The plantlets were additionally submerged in a 3 g/l fungicide solution for up to 5 minutes before being transferred to small plastic bags (19 cm 13 cm) containing soil media in varying proportions (v/v) (peat moss: river sand: yellow sand). Seedlings were kept in the greenhouse for one week with high humidity (85–90%), covered in a white polyethylene sheet that was gradually removed. 

After one week, the seedlings were only allowed to breathe for 10–15 minutes before being securely re-covered to prevent further exposure to external dry air. As needed, plantlets were sprayed with copper oxy chloride solution to prevent fungal infestation. After 1–2 months, the transparent plastic sheets were removed and plantlets were exposed to greenhouse settings. The data was reported as the percentage of plantlets that survived.
2. 6- Biochemical characteristics determination

Chemical analyses were done for leaves of shoots including the following:
2. 6.1- Chlorophyll content determination

The total carotenoids content from fresh leaves were assessed with a UV spectrophotometer (CECL 2021, ENGLAND) at wave max 470 nm (Lichtenthaler and Wellburn 1983), and the total chlorophyll was measured using the method described by Aron (1949) at wave max 663 nm. 

2. 6.2- Content of proline: 

Proline was estimated by a spectrophotometric assay as described by Bates et al. (1973) method the standard curve (mg/g DW).

2. 6.3- The total soluble protein content

To test the total soluble protein, the Bradford (1976) method was employed. Albumin was used to create a standard curve, and the absorbance was measured at 595 nm.

2. 6.4- Measuring the total amount of carbohydrates
A spectrophotometer that measures the absorption spectra at a wavelength of 620 nm was used to assess the total carbohydrates in the embryogenic callus and somatic embryos of the date palm using the Watanabe et al.,. (2000) method. A standard glucose curve was created for calculation.

2. 6.5- Activity of peroxidase (POX) 

The activity of peroxidase was determined using the MacAdam et al. (1992) technique for peroxidase (EC: 1.11.1.7) activity.

2. 7- Total genomic DNA isolation

Genomic DNA was extracted from micro-propagated plantlets subjected to four different NaCl treatments (500, 1000, 1500, and 2000 ppm), as well as control plants. The extraction was performed using a modified plant DNA-miniprep methodology based on the method described by (Arif et al., 2010). The user has provided a numerical reference, indicating the presence of a citation or source. In a concise manner, a quantity of 100-150 mg of recently collected date palm leaves were carefully deposited into a sterile mortar. A mixture of sterile sand weighing 100 mg and 500 µl of lysis buffer containing 0.1 M Tris–HCl (pH 8.0), 0.05 M EDTA, 0.5 M NaCl, and 0.01 M β-mercaptoethanol was combined. The plant material was then thoroughly pulverized using a mortar and pestle. The leaf material that had been crushed was carefully transferred into a sterile Eppendorf tube with a volume of 1.5 ml. Subsequently, an additional 1000 µl of lysis buffer was added to the tube, and the content were thoroughly mixed using vigorous vortexing. The leaf extracts were thereafter subjected to incubation at a temperature of approximately 65 °C for a duration of 40 minutes, with intermittent agitation. Following incubation at ambient temperature, the tubes underwent centrifugation at a speed of 12,000 revolutions per minute for a duration of 5 minutes. The liquid portion, approximately 200 µl in volume, was meticulously moved to a fresh tube. An equivalent amount of a mixture containing chloroform and isoamyl alcohol in a ratio of 24:1 was subsequently introduced. The tubes were well combined by moderate agitation and thereafter subjected to centrifugation at a speed of 12,000 revolutions per minute for a duration of 5 minutes, all performed at ambient room temperature. The liquid portion (200 µl) was carefully transferred to a separate tube, and the DNA was precipitated using cold isopropanol (500 µl). The tubes were stored overnight at a temperature of -4 °C, and afterwards subjected to centrifugation at a speed of 12,000 revolutions per minute for a duration of 10 minutes. The entire supernatant was discarded, and then, the DNA pellet underwent a washing process using 70% cold ethanol at a centrifugal speed of 12,000 revolutions per minute for a duration of 10 minutes. The pellet was subjected to air-drying under ambient conditions, and subsequently, the DNA was solubilized in 100 µl of MilliQ water. The quantification of DNA was conducted, and then, the quality assessment was performed by subjecting a volume of 2.0 µl of total genomic DNA to 1% agarose gel electrophoresis in 0.5 TAE buffer. The DNA was kept at a temperature of -20 °C in order to facilitate subsequent downstream uses.

2. 7.1- RAPD-PCR analysis of genomic DNA

The RAPD amplification procedure was conducted using a total reaction volume of 25 µl. This included template DNA at a concentration of around 50-100 ng. Additionally, 2.5 µl of a 10-primer oligo-deoxynucleotide primer from Table-6, 2.5 µl of dNTPs at a concentration of 0.4 µM each, DreamTaq DNA polymerase from ThermoScientific, and 2.5 µl of DreamTaq buffer (10x) were included in the reaction mixture. The polymerase chain reaction (PCR) was conducted using a Perkin Elmer thermal cycler. The procedure commenced with an initial denaturation step at a temperature of 95 °C for a duration of 5 minutes. This was followed by 35 cycles, each consisting of denaturation at 95 °C for 35 seconds, annealing at 36 °C for 35 seconds, and extension at 72 °C for 2 minutes. Finally, a final extension step was performed at 72 °C for 5 minutes. The polymerase chain reaction (PCR) results were subjected to electrophoresis on a 1% agarose gel using a 0.5× Tris-acetate-EDTA (TAE) buffer. The sizes of all amplicons were verified by comparing them to a 1 kilobase (kb) DNA ladder manufactured by Takara.

Table 1. Sequencing of a Random Amplified Polymorphic DNA (RAPD) marker from date palm Bartamoda cv. mother plant and a sample of shoots treated with NaCl at 500 and 1000 ppm.
	Number
	Primers
	Sequences
	Similarity (%)

	1
	OPA-02
	TGCCGAGCTG
	92.7

	2
	OPB-05
	TCGCGAGCTG
	96.4

	3
	OPE-15
	TGGCCAGCTG
	93.2

	4
	OPO-07
	TCGGCAGTCC
	91.5

	5
	OPC-11
	ACCGCAGTCG
	93.1

	6
	OPD-08
	TGCGCCCTTC
	96.5

	7
	OPG-03
	ACGCCTGTCG
	92.2


2. 8- Statistical analysis

As explained, a randomized whole block design was used to create this experiment (Gomez and Gomez, 1984). The MSTAT computer program was used to statistically evaluate the gathered data (MSTAT Development Team, 1988). Means of the various therapies were compared using the Duncan's Multiple Range Test, which is defined by (Duncan, 1955).

3. Results

3. 1- Shoots regeneration
After 8 weeks in the proliferation culture media contained of BA at 2.0 mg/l, TDZ at 0.5 mg/l and various concentrations of NaCl, the growth parameters (number of shoots, number of leaves and leaves length) were significantly affected by the NaCl treatments. As shown in Table (2), the number of shoots decreased from 7.0 to 4.0 shoot/cluster with the increasing of NaCl concentrations from 1000 to 2000 ppm. Among the different NaCl concentrations applied, 500 ppm NaCl did not significantly reduce the number of shoots and produced significant increases of the shoot number (9.0 shoot/cluster) compared with 0.0 ppm NaCl which recorded 5.0 shoot/cluster.

In comparison to all other treatments, the effect of salinity showed that the number of leaves increased significantly (17.0 leaf/cluster) after treatment at 500 ppm NaCl concentration. (Table 2). Afterwards, a significant gradual decline in the number of leaves took place at 1000, 1500 and 2000 ppm NaCl treatment where the mean number of leaves generally reducing with the increasing in NaCl content in the medium, from 14 leaf/cluster at 1000 ppm NaCl to 5.5 leaf/cluster at 2000 ppm NaCl.
Results revealed that low level of salinity (500 ppm) in culture medium significantly enhanced leaves length to 8.2 cm compared with the control treatment which resulted in leaves length 5.0 cm. Increasing the concentration of NaCl to 1000 ppm gradually decreased the leaves length to 7.0 cm. The length of the leaves reduced from 4.5 to 3.2 cm at high salinity levels of 1500 to 2000 ppm NaCl.
Table 2. Effect of various NaCl concentrations (ppm) on the growth parameters of date palm shoots in the shoots regeneration. 
	NaCl concentration (ppm)
	number of Shoots 
	number of Leaves 
	Leaves length (cm)

	0.0
	5.0 c
	10.0 c
	5.0 c

	500
	9.0 a
	17.0 a
	8.2 a

	1000
	7.0 b
	14.0 b
	7.0 b

	1500
	5.5 c
	11.0 c
	4.5 cd

	2000
	4.0 cd
	5.5 e
	3.2 e


Fig. 2.  The proliferation culture media contained of BA at 2.0 mg/l, TDZ at 0.5 mg/l and various concentrations of NaCl after 8 weeks, the number of leaves and leaves length were significantly affected by the NaCl treatments.
3.2- Shoot elongation 

There was a substantial difference in shoot length after two months of culture on ¾ MS medium supplemented with 3.0 mg/l GA3 and 0.5 mg/l NAA, but there was no significant change in number of roots. The average length of the shoots was 8.0 cm.

3. 3- Rooting of shoots

Plantlets that were 5 to 10 cm long, with or without roots, were moved from the multiplication media to the medium for elongation the shoots, and then to the medium for establishing roots. The base of plantlets must be checked for injury during the separation process from the shoot cluster; if it is, the entire plantlet will perish. When cultivated on rooting medium containing 1.5 IBA and 0.5 NAA (mg/l) with various concentrations of NaCl, the plantlet without root and undamaged base had the potential to develop new healthy roots within one month. The cultures were changed to rooting media that only included 1.5 IBA and 0.5 NAA (mg/l) once the shoot length reached 10-15 cm long. Cytokinins were not included in the rooting medium. The NaCl treatments had a considerable impact on the growth metrics (rooting %, number of roots, and roots length) after 8 weeks in the rooting culture media.

Salinity significantly affected the rooting percentage. The rooting percentage decreased significantly at 1000 ppm NaCl from (65%) to the lowest at 2000 ppm NaCl with (30%), as shown in Fig. (3). The rooting percentage at 500 ppm NaCl was increased significantly to (85%) as compared with the control treatment (72%), while further increase in salinity level resulted in significant reduction in rooting percentage. 
Table 3. Effect of NaCl concentrations on rooting (%) and number of roots of the date palm Bartemoda cv. after 8 weeks of culture.

	NaCl concentration (ppm)
	Rooting percentage (%)
	Number of Roots 
	Roots length (cm)

	0.0
	72 b
	6.0 b
	5.5 b

	500
	85 a
	8.2 a
	7.0 a

	1000
	65 c
	5.0 c
	4.0 c

	1500
	50 d
	4.3 cd
	3.2 d

	2000
	30 e
	2.5 e
	2.1 e


Fig. (3). The well-developed root and shoot system in plantlets are affected by different concentrations of NaCl.

In Table (3) illustrates how the number of roots and their length decreased as NaCl concentrations increased from 1000 to 2000 ppm. Of the various NaCl concentrations that were applied, 500 ppm NaCl resulted in a substantial increase in the number of shoot roots (8.2 roots/jar) and a considerable increase in the length of the roots (7.0 cm) as compared to 0.0 ppm NaCl. At 2000 ppm NaCl concentration the number of roots were adversely effected and only 2.0 roots were formed per shoot, whereas the shoot length had sharply decreased to 2.1 cm.

3. 4- In vitro Hardening 

For the ex vitro growth of date palm plantlets in a greenhouse, the quality of the shoot and root produced in the laboratory is crucial, Fig. (4).
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In order to accomplish the required development, artificial hormones are also added to the medium during the in vitro growth of plantlets, which is based on a heterotrophic mode of nutrition. To finish the in vitro propagation method, in vitro hardening is a crucial step (Gabr and Abd-Alla, 2010). This was accomplished by gradually exposing plantlets grown in long tubes and prepared for acclimation to autotrophic mode of sustenance. Instead of plastic caps, aluminum foil was used to cover the test tubes to facilitate the exchange of gases between the in vitro and ex vitro environments. Date palm plantlets were also cultivated for a few days on liquid media containing half the concentration of MS salts and sugar decreased from 30 to 15 g/l. 
Fig. (4). In vitro hardening for the ex vitro growth of date palm plantlets in a greenhouse.

Since the plantlets can't survive when moved into the greenhouse straight after being transferred from regulated in vitro conditions, such as heterotrophic mode of nutrition, high humidity, and low light, they are frequently unable to be transplanted there. In ex vitro settings, humidity of at least 90% was supplied; failure to do so caused plantlets to dry out.

3. 5- Acclimatization 

After two months, date palm plantlets grown in a greenhouse on a soil medium composed of peat moss and sand at a ratio of 1:1 (v/v) had the highest survival rate (80%). In addition, these initial months of acclimation were crucial for reducing the death rate of plantlets, as the plants gained a healthier vigor on the proper soil medium in the greenhouse during this time. Other greenhouse management elements, such as tunnel aeration, temperature, and humidity, also played a crucial influence in the survival and growth of the plants.

3. 6- Biochemical characteristics determination

The addition of salt stress of 8–10 dsm-1 decreased total soluble carbs, increased proline, and decreased chlorophyll in Cassia absus L. (Hussain et al., 2009). According to Ebrahimian and Bybordi (2012), salt stress elevated the protein content in sunflower and the activity of the antioxidant enzymes CAT and POD.

3. 6.1- Chlorophyll content determination

Bhivare and Nimbalkar (1984) stated that plant species differ in their response to salinity with respect to chlorophyll contents.

Under salt stress at 1000, 1500, and 2000 ppm, total chlorophyll a, b, and carotenoid levels decreased significantly to 1.1, 1.0, and 0.4 mg/g fresh weight (FW) for chlorophyll a, respectively, and 0.7, 0.5, and 0.3 mg/g FW for chlorophyll b, respectively. The obtained carotenoid content decreased from 1.7 to 0.7 mg/g FW when the salinity level increased from 1000 to 2000 ppm. 
This decrease in pigment content may be attributable to the harmful effects of salinity on pigment production, which increases pigment breakdown and/or damages the chloroplast thylakoid. 
On the other hand, The 500 ppm NaCl treatment provided the highest levels of carotenoid, chlorophyll a, and b (1.70, 1.10, and 2.20 mg/g FW, respectively) in comparison to the control treatment.  
Table 4. Effect of different concentrations of NaCl on total Chlorophyll content (mg/g fw) in leaves of shoots.

	NaCl concentration (ppm)
	Chlorophyll a
	Chlorophyll b
	Carotenoids

	0.0
	1.2 b
	0.8 b
	1.6 b

	500
	1.7 a
	1.1 a
	2.2 a

	1000
	1.1 b
	0.7 b
	1.7 b

	1500
	1.0 bc
	0.5 c
	1.3 c

	2000
	0.4 d
	0.3 d
	0.7 d


3. 6.2- Proline content: 
Data in Table (5) showed that the salt stress had a considerable impact on the proline content. Additionally, there was a substantial interaction effect of salt stress on the proline concentration of shoots. Proline content in treated shoots was significantly boosted by the salt.

 Under 500 and 1000 ppm salt stress, the shoots' proline levels were 1.5 and 1.8 (mg/g fw), respectively. Proline contents had increased considerably with increasing salinity levels. The date palm shoots grown under 1500 and 2000 ppm NaCl increased significantly in total proline at 2.5 and 2.9 (mg/g fw), respectively in comparison to the control treatment which recorded 1.1 mg/g fw. Proline research has gained importance in the field of plant stress physiology. The leaves of the tolerant plants have higher levels of proline (Desnigh and Kanagaraj, 2007). 
Table 5. Effect of different concentrations of NaCl on Proline content (mg/g fw) in leaves of shoots.

	NaCl concentration (ppm)
	Proline content

	0.0
	1.1 e

	500
	1.5 d

	1000
	1.8 c

	1500
	2.5 b

	2000
	2.9 a


3. 6.3- Determination of total soluble protein 
The protein content and NaCl concentrations in the leaves of shoots varied significantly. Results in Table (6) showed that increasing NaCl levels in the medium reduced the protein content, particularly under high levels of salt stress (2000 ppm), where the protein content was (0.38 mg/g fw) as opposed to (2.21 mg/g fw) for the control treatment. the protein content of the shoots Under 500 and 1000 ppm salt stress, was 1.80 and 1.50 (mg/g fw), respectively. When salinity increased, the amount of total proteins rapidly decreased. Date palm shoots grown at 1500 ppm NaCl had a low protein level of 0.95 mg/g.

Table 6. Effect of different concentrations of NaCl on total soluble protein (mg/g fw) in leaves of shoots.

	NaCl concentration (ppm)
	protein content

	0.0
	2.21 a

	500
	1.80 b

	1000
	1.50 c

	1500
	0.95 d

	2000
	0.38 e


3. 6.4- Determination of total carbohydrates
The control treatment leaves had a higher soluble carbohydrate content of 19.3 mg/g FW. At higher salt concentrations, leaves under salt stress had a significantly increased amount of soluble carbohydrates. 

Results in Table. (7) showed that The total carbohydrates in the the plant leaves, were 25.5 and 29.8 mg/g FW under salinity levels of 500 and 1000 ppm, respectively, indicated that the shoots were significantly more exposed to salt stress. It has been shown that soluble carbohydrates play a role in osmotic adjustment by the fact that the rate of increase in soluble carbohydrate content has been lowered with increasing NaCl concentrations to 17.0 and 12.2 mg/g FW at 1500 and 2000 ppm of NaCl levels, respectively.
Table (7): Effect of different concentrations of NaCl on carbohydrate content (mg/g fw) in leaves of shoots.
	NaCl concentration (ppm)
	carbohydrates content 

(mg/g FW)

	0.0
	19.3 c

	500
	25.5 b

	1000
	29.8 a

	1500
	17.0 cd

	2000
	12.2 e


3. 6.5- Peroxidase (POD) activity: 
Plant cells have developed complex defensive mechanisms against salt stress, including enzymatic defenses like superoxide dismutase (SOD), POD, and catalase (CAT). Antioxidant resistance mechanisms may offer a method to improve plant stress tolerance. According to the study's data (Fig. 5), POD and CAT activity increased under salt stress and was inversely correlated with 14000 ppm NaCl concentration. The smallest concentrations of POD operations were found in the control treatment. The enzymatic and no enzymatic antioxidant systems are just a few of the astonishing array of defense mechanisms that plants have against oxidative stress.
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Fig. 5. Effect of salt stress on the peroxidase (unit g/l) activity.
3. 7- RAPD-PCR analysis
In order to assess the genetic integrity of the chosen regenerate under salt stress conditions, a total of 9 primers were utilized, resulting in the identification of 26 primers that generated observable bands. In each treatment, a total of 140 amplicons were generated by utilizing 26 primers, with sizes ranging from 250 to 6000 base pairs. The primers that were used resulted in the production of 1-10 bands, with an average of 5.4 bands per RAPD primer, as shown in Fig. 6. A total of 560 bands were generated through the use of RAPD, which represents the multiplication of the total number of plants studied by the total number of amplicons obtained with all primers. These bands together exhibited a monomorphic pattern throughout all regenerated plants.

Based on the results obtained from physiological, morphological, and biochemical investigations, it was anticipated that a genetic alteration would manifest as somaclonal variation in the regenerate shoots. Hence, the molecular characterization of regenerate shoots was further examined through the utilization of RAPD DNA markers. Nevertheless, as a result of the limited duration of salt stress exposure, the molecular study did not utilize regenerate shoots. 
Fig. (6). DNA profiles generated by primers, M: size marker indicated in kb, MP: sample of original plant mother genotype, Lanes 1 to 7: samples of shoots induced in medium containing NaCl at 500 and 1000 ppm. There were no differences in genetic variation (97 and 92%) with two treatments.

4. Discussion
4.1- Shoots regeneration

According to Magyar-Tábori et al. (2010) thidiazuron is a highly effective bio-regulator in tissue culture. It is believed that the presence of cytokinins as part of the t-RNA carrier DNA is responsible for the effect of various cytokinins on the events of vegetative multiplication (Schmülling et al., 1997) which is mediated by their role in cell division and the elimination of the phenomenon of apical dominance.

One of the most prevalent environmental stressors is salinity. Salinity has a detrimental effect on plant development and growth, reducing seed germination (Dash and Panda, 2001); sea water decreased trunk growth by 20-60% in Nicotiana tabacum and Pistacia terebinthus (Germana et al., 2000); and length, fresh and dry weights of leaves decreased under high levels of salts (7.22 and 26.5 ds/m) on date palm (Al- Rokibah et al., 1998). The decline in fresh and dry biomass output is a typical unfavorable effect of salt stress on crop plants (Kusvuran, 2010). The growth regulators are involved in modifying plant growth processes, and it is likely that by boosting plant growth, they could lessen the negative consequences of salinity (Nasser et al., 2001).

In early screening at varied NaCl concentrations (160, 240 and 320 µM), we detected no significant differences in growth between cultivars under moderate salinity conditions (160 µM) due to minimal salt stress. Similarly, when the cultivars were exposed to higher levels of salt (320 µM NaCl), no significant differences were seen, perhaps due to the extreme stress reducing their development to comparable levels. Only the 240 µM stress treatment produced substantial cultivar variations (Yaish, 2015). The findings are consistent with those of Al-Mansoori and Eldeen (2007), who discovered a significant decrease in date palm growth at salinities up to 3.3%. Also, date palm offshoots of 'Sakoti' and 'Bertamouda' cultivars were significantly reduced when irrigation water salinity exceeded 12,000 mg LG1. When a 3.0% (w/v) NaCl solution was introduced to the induction medium, irrigation water salinity significantly and completely inhibited date palm immature embryos, according to these researchers. Due to the enhanced osmolality, Flowers and Lauchli (1983) discovered that at low concentrations, NaCl exerts a considerable favorable influence on shoot growth in vitro. In addition, El Sharabasy et al., (2008) found that a low level of salinity (4000 ppm) in the culture medium considerably increased the shoot length of date palm cultivars, but that these values fell dramatically at 8000 and 12000 ppm NaCl. Prajuabmon et al., (2009) it was noted that the fresh, dry weight and shoot length relative growth rate of cultivars of rice seedlings grown in high salinity reduced.
The effect of salt stress on plant height, number of leaves, and fresh and dry leaf weights may be linked to a drop in turgor pressure, which is important for cell development and division (Hussain et al., 2008).
4.2- Shoot elongation 

Gibberellins are seen to influence elongation, as it is hypothesized that they promote elongation by stimulating cell division in the apical meristem. Gibberellins, on the other hand, aid in the breakdown of polysaccharides, making them easier for plant tissue to utilize (Abdul, 1990). The results of this study suggest that plant growth regulators promote in vitro shoot and root elongation. Among plant growth regulators, auxins and cytokinins are the two most significant subgroups. Auxins and cytokinins have been effectively combined to encourage shoot elongation and root formation in a variety of plant species. Auxins are known to control cell division and elongation as well as to promote the growth of adventitious roots (Machakova et al., 2008). In addition to being essential for plant cell division, cytokinins are also very effective at encouraging the growth and multiplication of shoot buds (Van Staden et al., 2008). GA3 is a multipurpose PGR that has been effectively used for shoot elongation (Moshkov et al., 2008). In the date palm 'Maktoom' cultivar, Khierallah and Bader (2007) found that increasing GA3 concentration increased shoot length.

4.3- Rooting of shoots

Omar (1988) observed that nutritional medium contains 0.1 mg/l NAA and 0.05 mg/l BA promoted root development and leaf production, respectively. On a medium containing BA (0.05 mg/l) and NAA (0.1 mg/l), 80–90% of cultivated plantlets developed a healthy root structure. Various studies (Abul-Soad and Al Khayri, 2018; Jatoi et al., 2015) employed a medium contains 0.1 mg/l NAA to promote root development and 0.05 mg/l BA to promote leaf growth during the shoot multiplication stage. Al-Khayri and Naik (2017) augmented the MS medium with 0.2 mg/l NAA in order to stimulate root formation in date palm plantlets derived from shoot tip cultures. Other elements, like light intensity, temperature, and activated charcoal, exhibit considerable influence on root and shoot development in addition to plant growth regulators. Using IBA, Al-memary et al. (2020) determined that the average roots length was 2.43 cm and the highest number of roots per transplant was 7.00. According to Jatoi (2013), applying 40 g/l sucrose in the rooting media stimulated the formation of adventitious roots, with an average of 8.5 cm long roots per plantlet. As the length of white roots and leaves expanded, the incorporation of 3.0 g/l AC into the rooting media was determined to be essential for promoting overall plantlet growth. The addition of AC stimulated the growth of secondary and tertiary roots.

Also, Siler et al., 2007 have demonstrated that roots are the most susceptible and among the first plant organs to be affected by salt stress. At 0 µM NaCl, 89.25% of the explants rooted; at 100 µM NaCl concentration, this percentage dropped to 43.25%; at 120 µM NaCl, no rooting occurred. In grapevine and Citrus macrophylla, NaCl concentrations over 85 and 100 µM inhibited rooting (Pe´rez-Tornero et al., 2009). Other crops have shown a reduction in rooting percentage in response to the increase in salinity (Cano et al., 1998).
4. 5- Acclimatization 

The majority of researches have observed a low survival rate (25–35%) during the acclimation stage, which is the most challenging phase of the entire micro-propagation process (Jatoi et al., 2015). Abul-Soad et al. (1999) developed date palm plantlets by in vitro culture; however, the plantlets did not survive when transferred to ex vitro conditions. Improving the quality of the roots in plantlets improves their performance under ex vitro circumstances.

Acclimatization is the gradual adaptation of plantlets cultivated in vitro to an altered environment (Mirani et al., 2017). Under in vitro conditions, plantlets develop physiological and anatomical characteristics that must be adapted when transferred to an ex vitro environment. This poor physiological and anatomical development in in vitro grown plantlets is a major hindrance to the greenhouse survivability of plantlets. However, well-rooted plantlets with two to three leaves are required for optimum plantlet survival in greenhouses. In addition to these traits, seedlings require high humidity (85–90%) to retain sufficient water in their bodies and low temperatures to perform little transpiration. During acclimatization, Taha et al. (2007) found that only 25–35% of seedlings survived. Kurup et al. (2014) determined that cv. Kheneizi had a 60% survival rate when transplanted into pots with a 2:1 mixture of peat moss and vermiculite. Othmani et al. (2009) reported that date palm cv. Boufeggous had a 60% survival rate, whereas cv. Deglet Nour had an 80% survival rate. 72–84 percent of cv. Khasab plantlets survived following ex vitro transplanting (Al-Khayri, 2010). 
The optimal in vitro roots were established in four months, and the percentage of ex vitro plants that survived approached 90% in a basic mixture of sand and peat moss (1:1 ratio). In addition, it was demonstrated that the variety or genotype exhibited independent responses in terms of shoot and root development. Furthermore, trimming of roots prior to the onset of rooting was found to be an effective method for obtaining thicker adventitious roots and the formation of secondary and tertiary roots, which aided in the successful acclimatization and increased the survival rate of date palm plantlets derived from tissue culture (Jatoi, 2013). Jatoi et al. (2015), who successfully established well-rooted date palm shoots on a soil medium made up of peat moss and sand in a 1:1 ratio had a survival rate of over 95%.
4. 6- Biochemical characteristics determination

4. 6.1- Chlorophyll content determination

Darwesh et al. (2006) showed that the chlorophyll content of date palm leaves reduced between 10,000 and 14,000 ppm of salinity. Furthermore, Abd El-Samed et al. (2011) discovered that the chlorophyll content of Zea mays and Vicia faba decreased when exposed to 30-90 µM NaCl. Under salt stress, Al-Mayahi (2015) reported a decrease in chlorophyll concentration in date palm leaves. Under high stress conditions, the development of photolytic enzymes such as chlorophylls, which is responsible for the breakdown of chlorophyll, led to a decrease in photosynthetic pigment levels. Schutz and Fangmier (2001) found that the decrease in chlorophyll due to stress is caused by an increase in reactive oxygen species (ROS) generation within the cell.

 Pesserakli and Huber (1987) found that chlorophyll a, b, carotenoids, and total soluble carbohydrates reduced dramatically as salinity increased relative to the control treatment. The decrease in chlorophyll and carotenoid levels was the result of NaCl indirect influence. There is a connection between chlorophyll concentration, photosynthesis, and CO fixation. The decrease in net CO fixation is due to a lack of water, the closure of stomata, the accumulation of apoplast salt, the loss of turgor in mesophyll cells, and the direct toxicity of salt ions. All of these unfavorable circumstances are indications of a decline in general metabolic activity.
The chlorophylls (a and b) are essential for photosynthesis. Reported drop in chlorophyll concentration in salt-stressed date palm (Al-Mayahi, 2015). Under high stress conditions, decreases in photosynthetic pigments were caused by the instability of protein complexes and the breakdown of chlorophyll by the increased activity of chlorophyll degrading enzymes and chlorophylls. According to Schutz and Fangmir's (2001), the decrease in chlorophyll due to stress is associated with an increase in reactive oxygen species (ROS) formation in the cell. Under stressful conditions, these free radicals cause peroxidation, disintegration, and a decrease in chlorophyll content in plants. The application of SA induces ROS scavenging, which may raise the chlorophylls content of date palm. An increase in the activity of ascorbate peroxidase and superoxide dismutase may be connected with SA-induced salt tolerance in date palm plants.

The salt stress has negative impact on many aspects of the photosynthetic process, including chlorophyll content, stomatal closure, and the reduction of mesophyll conductance to CO2 diffusion, all of which restrict the amount of CO2 available for carboxylation (Sperling et al., 2014).
4. 6.2- Proline content: 

For the selection and modification of salinity-resistant plants and plant cells, proline acts as a biochemical marker (El-Hadrami et al., 2011). As a stress indicator, it has been discovered that date palm callus accumulates proline in response to an increase in NaCl concentration (Jasim et al., 2010).

 Under salinity conditions, plants alter their metabolic processes to adapt to the altered environmental conditions. The buildup of suitable osmolytes, such as proline and soluble carbohydrates, may be one of the ways plants employ to overcome the consequences of salt stress. The production and storage of free amino acids, particularly proline, by plant tissue in response to drought, salt, or water stress is an adaptive reaction (Yusuf et al., 2007). It has been suggested that proline functions as a compatible solute that modifies the osmotic potential of the marker in response to stress.
It has been thought that the rise in proline in response to salt stress indicates damage brought on by salt stress and provides an adequate cytoplasmic osmotic to prevent the cytosol from being dehydrated (Hasegawa et al., 1986). Multiple in vitro culture systems subjected to salt stress have confirmed the buildup of endogenous free proline with an increase in medium salinity (Patnaik and Debata, 1997). As the external NaCl concentration raised, the proline content in date palm cultures increased as well.
The greatest concentrations of NaCl inhibited the growth of explants, whereas proline accumulation continued to climb. Similar to this observation, several studies have discovered a link between proline buildup and inhibition of explant growth (Cano et al., 1996). In reaction to increased salinity, Al-Khayri (2010) noticed an increase in proline buildup in callus in another article. Dash and Panda (2001) indicated that the proline content of Phaseolus mungo increased along with rising NaCl concentration and stress duration. Other studies found that NaCl concentrations between 50 and 150 µM boosted proline levels in Salventia natans L. (Jampeetong and Brix, 2009). In numerous in vitro culture systems subjected to salt stress, proline buildup with increasing medium salinity has been documented (Htwe et al., 2011). Al-Mansoori and Eldeen (2007) also demonstrated that proline accumulation significantly increased in calli produced from immature embryos of local date palm cultivars in response to NaCl salt stress. Additionally, Jasim et al. (2010) demonstrated that the free proline content increased in the medium used to cultivate somatic embryos and calluses on date palms in response to an increase in sodium chloride concentration.
The assays for free proline demonstrated that this amino acid accumulated excessively in the roots and leaves of each plant subjected to stress. It is astonishingly high when leaves are subjected to salt stress. These findings demonstrate that proline synthesis is a frequent response to abiotic stressors (Yaish, 2015).
4. 6.3- Determination of total soluble protein 

If salinity rises above the tolerance level, the effect of salt stress on the growth parameters may be evident as decreased plant height, leaf area, stem diameter, root length, fresh and dry weight, and senescence (Mobayen and Milthorpe, 1980). The decrease in growth characteristics that occurs when salinity levels rise can be linked to a variety of physiological processes, including a decrease in photosynthesis, protein dehydration, and the harmful effects of ions building up in plant tissue (Senaratna et al., 2000). 

Numerous modifications are caused as a result of the complex processes of adaptation to salinity, such as weak growth, the induction or increased expression of particular genes, brief increases in the levels of plant regulators, the accumulation of osmolytes and protective proteins, increased antioxidative activities, and the suppression of energy-consuming pathways (Bartels and Sunkar, 2005). Under salt stress, changes in mRNA translation efficiency or in the control of RNA transcription, transport, and stability may be the cause of alterations in protein synthesis. The expression of salt-stress proteins is influenced by both the genetic make-up of the chosen genotype that is salt resistant and the process by which plants adapt to salinity. These findings supported those made by El-Bassiouny et al. (2008), who came to the conclusion that the activation of the de novo synthesis of a number of novel proteins is one of the key mechanisms involved in the cell's defense against salinity stress. By causing the creation of particular, strain-dependent proteins known as the salt-stress proteins, the salinity changed the protein patterns of two Anabaena strains (Apte and Bhagwat, 1998).
The compared to the control treatment, increasing the salt concentration up to 80 µM NaCl considerably enhanced the amount of total soluble proteins in the leaves. When under salt stress, proteins build up and serve as osmotic regulators (Ahmad et al., 2003). Wheat cultivars with salt stress have more amino acids (El-Bassiouny et al., 2005). The treatment with 80 µM NaCl produced the highest levels of total soluble proteins, which raised by 27.9% compared to the control treatment. In response to biotic and abiotic stresses, plants can produce certain proteins, some of which are then depleted by phytohormones such salicylic acid (Hussein et al., 2007). Stress was found to significantly reduce the protein content of date palm shoots in vitro. Under stressful circumstances, protein production proceeds at a slower rate and protein breakdown occurs more often (Ahmad et al., 2013). These results in a decrease in the amount of soluble proteins. Similar outcomes in wheat were noted by (Gong et al., 2005). According to some experts, increased activity of catabolic enzymes like protease that were triggered under stress may be the cause of protein degradation. 
4. 6.4- Determination of total carbohydrates

Amino acids and sugars are metabolites that frequently have an osmolyte role, reducing the stress caused by salinity (Acosta-Motoset al., 2017; Al Kharusiet al., 2019a). Pe'rez-Lo'pez et al. (2010) shown that increase of soluble carbohydrates in crops under stressful conditions may be a part of osmotic adjustment. In response to salinity or drought, soluble carbohydrate buildup was frequently observed (Cheeseman, 1988). Salt stress has an impact on the carbohydrates, one of the main organic components of the dry matter. Growing saline concentrations reduced the total carbohydrate content. Under salt stress, reduced photosynthesis and increased photorespiration may be to blame for the decreased carbohydrate content (Namich et al., 2007). When the date palm's shoots were exposed to salt, they contained more total soluble carbohydrates than untreated shoots (Dawood et al., 2012). 

Carbohydrates serve a molecular role in the genes that control sugar, which produce a variety of physiological responses include defensive reactions and cellular growth (Simaei et al., 2011). Additionally, the buildup of carbohydrates is essential for reducing the effects of salt stress, either directly or indirectly (Ackerson, 1985). The 80 µM NaCl treatments yielded the highest amount of total soluble carbohydrates (247.33) (Szepesi, 2006). In oat organ plant (root and bud), the soluble sugar was raised with increasing NaCl concentration (El-Tayeb, 2005).
4. 6.5- Peroxidase (POD) activity: 

The antioxidant system, which includes the enzymes superoxide dismutase (SOD), peroxidase (POX), and catalase (CAT), and the non-enzymatic antioxidant system, which includes glutathione reductase (GR), superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT), is among the impressive array of defense mechanisms that plants have against oxidative stress (Ashraf, 2002). According to Mittler (2002) study salinity stimulates and amplifies the activity of these antioxidant enzymes. CAT that involves oxidative stress prevention and hydrogen peroxide decomposition. Therefore, by strengthening the antioxidant defense system, the ability to withstand environmental stress may be dependent, at least in part, on production (Azevedo et al., 2006). Under salt stress of 40–200 µM, POD significantly increased in date palm (Abdulwahid, 2012) and Ctenanthe setosa (Mehmet et al., 2013).

4. 7- RAPD-PCR analysis

The RAPD analysis yielded a consistent pattern in all regenerate shoots, indicating a lack of genetic variation as no polymorphic bands were seen. A total of 560 bands were produced in this investigation using 26 primers, and no polymorphisms were observed. These findings exhibit similarities to the outcomes of other investigations that utilized different plant species and employed PCR-based RAPD analysis (Lakshmanan et al., 2007), such as the study conducted on date palm (Moghaieb et al., 2011). The distinct physiological reactions observed with regenerate shoots appeared to be mostly associated with RNA responses rather than DNA responses. It is conceivable that these variations were associated with the extent of the reaction rather than hereditary alterations in regenerate shoots. The potential utility of regenerating and selecting date palm plants acclimated to salt stress in the field lies in their ability to facilitate the large-scale production of salt-adapted plants. 

Based on our research findings, it is reasonable to infer that date palm trees produced by this methodology will exhibit enhanced resilience to saline environments compared to untreated counterparts. Abiotic stress tolerance in regenerate shoots can be attributed not only to significant chromosomal alterations or the duplication and deletion of certain areas, but also to single nucleotide variations occurring in the relevant genes. The observed variance in tolerance to salt stress in date palm cv. Bartemoda is primarily attributed to physiological factors rather than genetic factors. Furthermore, the observed alterations in the regenerants can be attributed to either the influence of specific hormones and growth regulators present in the culture medium, or they may be a result of the amelioration of salt stress and the extended duration of culturing in regenerate shoots. In order to identify any alterations occurring at the genetic level, such as point mutations, future investigations may involve conducting whole-genome sequencing studies and/or utilizing novel breeding tools known as New Breeding Technologies (NBTs) (Sattar et al., 2017). These approaches hold the potential to offer a more comprehensive understanding of the response of in vitro regenerated salt-tolerant date palm plants to stress conditions. Furthermore, the insights gained from such studies can contribute to the development of improved strategies for mitigating the effects of salt stress in date palm cultivation. Additional investigations on these regenerants, encompassing molecular analysis by gene sequencing and comprehensive examination at the whole plant level, could potentially yield valuable insights.
5. Conclusion
There were significant increases in both the number of shoots and rooting percentage under salinity stress of 500 ppm NaCl.

The quality of the shoot and root produced in the lab is essential for the ex vitro growth of date palm plantlets in a greenhouse. The highest concentrations of carotenoid, chlorophyll a, and chlorophyll b were obtained at 500 ppm NaCl treatment.  The level of proline in the treated shoots was significantly boosted by the salt. Under 500 and 1000 ppm salt stress, the shoots' protein contents were 1.80 and 1.50, respectively. As the concentration of NaCl in the medium increased, the amount of protein dropped. The soluble carbohydrate content of leaves under salt stress was significantly higher with elevated salt concentrations. Despite the fact that the shoot regenerates had a favorable reaction to the elevated salinity levels, it is uncertain whether this response can be attributed to any genetic alterations that occurred during salt stress, as no variations were detected using RAPD analysis. The enhanced efficacy of salt-adapted regenerates in shoot regenerate may be attributed to physiological processes associated with salt adaptation.
Conflicts of interest:

"There are no conflicts to declare".

Formatting of funding sources
The funding source is The Central Laboratory for Research and Development of Date Palm, Agriculture Research Center, Giza, Egypt.

Acknowledgments
I would like to thank you The Central Laboratory for Research and Development of Date Palm, Agriculture Research Center to assisting in conducting the practical part of the research.
I extend my thanks to Dr. Marwa Mukhtar for providing linguistic assistance and correction.
6. References
Abdul, K.S. (1990).  Plant Growth Regulators. Directorate of Books House for Printing and Publishing. University of Al-Mosul, Iraq.
Abul-Soad, A.A. and Al-Khayri, J.M. (2018). Date palm somatic embryogenesis from inflorescence explant. In: Jain S, Gupta P (eds) Step wise protocols for somatic embryogenesis of important woody plants. Springer, Dordrecht, Heidelberg, London, New York, pp 329–347.
Abul-Soad, A.; Ibrahim, I.; El-Sherbeny, N. and Baker, S. (1999). In vitro and ex vitro optimization for rooting and acclimatization of date palm. In: 1st International Conference in Egypt on Plant Tissue Culture and Its Application Egypt, 12–14 September, pp 227–241.
Abdulwahid, A.H. (2012). Investigation of the effect of salt stress on the antioxidant enzyme activities on leaves of Date Palm (Phoenix dactylifera L.) seedling. Advances in Agriculture and Botanic International Journal of Bioflux Society 4 (3): 94-102.
Ackerson, R.C. (1985). Osmoregulation of cotton in response to water stress III. Effects of phosphorus fertility. Journal of Plant Physiology, 77: 309-312.
Acosta-Motos, J.; Ortu ̃no, M.; Bernal-Vicente, A.; Diaz-Vivancos, P.; Sanchez-Blanco, M. and Hernandez, J. (2017). Plant responses to salt stress: adaptive mechanisms. Agronomy, 7: 18.
Ahmad, M.A.; Murali, P.V. and Panneerselvam, R. (2013). Drought Stress Induced Biochemical Alterations in Two Varieties of Paspalum scrobiculatum L. International Journal of Current Science, 7, 80-96.
Ahmad, A.; Fariduddin, Q. and Hayat, S. (2003). Salicylic acid influences net photosynthetic rate, carboxylation efficiency, nitrate reductase activity and seed yield in Brassica juncea. Photosynthetica, 41 (2): 281-284.
Ahmad, R.; Anjum, M.A. and Malik, W. (2018). Characterization and evaluation of mango germplasm through morphological, biochemical, and molecular markers focusing on fruit production: an overview. Mol. Biotechnol., 61: 631.
Al-Bahrany, A.M. and Al-Khayri, J.M. (2012). In vitro responses of date palm cell suspensions under osmotic stress induced by sodium, potassium and calcium salts at different exposure durations. Am. J. Plant Physiol., 7: 120-134.
Al-Hammadi M. S. and Kurup S. S. (2012). Impact of salinity stress on date palm (Phoenix dactylifera L) – a review," in Crop Production Technologies, eds Sharma P., Abrol V. (Croatia: Rijek). 
Al-khateeb A. (2008). Comparison effects of sucrose and date palm syrup on somatic embryogenesis of date palm (Phoenix dactylifera L.). Am. J. Bio‑ technol. Biochem., 4: 19–23.
Al-Kateeb, S.; Al-Kateeb, A.; Ali-Dinar, H. (2002). Photosynthesis Efficiency of Date Palm Varieties Grown in Saudi Arabia; The Final Technical Report of the Research Project Submitted by the Date Palm Research Centre to the Deanship of Scientific Research; King Faisal University: Hofuf, Saudi Arabia. 
Al Kharusi, L.; Sunkar, R.; Al-Yahyai, R. and Yaish, M.W. (2019a). Comparative water relations of two contrasting date palm genotypes under salinity. International Journal of Agronomy, 4262013.
Al-Khayri, J.M. (2010). Somatic embryogenesis of date palm (Phoenix dactylifera L.) improved by coconut water. Biotechnology, 9: 477– 484.
Al-Khayri, J. and Naik, P. (2017). Date palm micro-propagation: advances and applications. Ciência E. Agrotecnologia, 41: 347–358.
Al-Kharusi, L.; Dekoum, A.; Al-Yahyai, R. and Yaish, M.W. (2017). Screening of date palm (Phoenix dactylifera L.) cultivars for salinity tolerance. Forests, 8: 136. DOI. 10.3390/f8040136.
Al-Mansoori, T.A. and Eldeen, M.N.A. (2007). Evaluation techniques for salt tolerance in date palm. Acta Horticult., 736: 301-307.
Al-Mayahi, A.M. (2015). The compound effects of NaCl and gibberellic acid on the growth and development of in vitro date palm (Phoenix dactylifera L.) plantlets cv. Showathy. J. K. Saud Univ. Agric. Sci., 26 (2):1-33.
Al-Memary, A.M.S.; Waad, S.F. and Bashar, Z.K.B. (2020). In vitro multiplication of shoots’ tip and nodes in dahlia hybryida. Int.  J.  Agricult.  Stat.  Sci., 16 (1): 259-263.

Almuaini, A.H.; Steve, G.; Abdullah, D. and Al-Hareth, A. (2019). Irrigation management with saline groundwater of a date palm cultivar in the hyper-arid United Arab Emirates. Agricultural Water Management, 211: 123-131. DOI: 10.1016/j. agwat. 2018.09.042.
Al-Rokibah, A.A.; Abdalla, M.Y. and El-Fakharani, Y.M. (1998). Effect of water salinity on Thielaviopsis paradoxa and growth of date palm seedlings. Journal-of-King-Saud-University,-Agricultural-Sciences, 10 (1): 55-63.
Apte, S.K. and Bhagwat, A.A. (1998). Salinity-stress-induced proteins in two nitrogen- fixating Anabaena strains differentially tolerant to salt. J. Bacteriol. 171: 909-15.
Arif, I.A.; Bakir, M.A.; Khan, H.A.; Ahamed, A.; Al Farhan, A.H.; Al Homaidan, A.A.; Al Sadoon, M.; Bahkali, A.H. and Shobrak, M. (2010). A simple method for DNA extraction from mature date palm Leaves: Impact of sand grinding and composition of lysis buffer. Int. J. Mol. Sci., 11: 3149–57.
Akram, N.A. and Ashraf, M. (2011). Pattern of accumulation of inorganic elements in sunflower (Helianthus annuus L.) plants subjected to salt stress and exogenous application of 5- amino lenulinic acid, Pakistan Journal of Botany, 43 (1): 521-530. 
Arnon, D.I. (1949). Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant Physiology, 24: 1–15.
Azevedo, N.; Prisco, A.D.; Eneas-Filho, J.T.; De Abreu, C.E.B. and Gomes, F.E. (2006). Effect of salt stress on antioxidative enzymes and lipid peroxidation in leaves and roots of salt- tolerant and salt sensitive maize genotypes. Environmental and Experiment Botany, 56: 87-94.
Bartels, D. and Sunkar, R. (2005). Drought and salt tolerance in plants. Critical Rev. Plant Sci., 24: 23-58.
Bates, L.S.; Waldren, R.P. and Teake, I.D. (1973). Rapid determination of free proline for water stress studies. Plant and Soil, 39: 205-207.
Bhivare, V.N. and Nimbalkar, J.D. (1984). Salt stress effects on growth and mineral nutrition of French beans. Plant Soil, 80: 91-98.
Bradford, M.M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Analytical Biochemistry, 72 (1–2): 248- 254.
Cano, E.A.; Perez-Alfocea, F.; Moreno, V.; Caro, M.; Bolarin, M. C. (1996). Responses to NaCl stress of cultivated wild tomato species and their hybrids in callus cultures. Plant Cell Rep., 15: 791–794. 
Cano, E.A.; Perez-Alfocea, F.; Moreno, V.; Caro, M. and Bolarin, M.C. (1998). Evaluation of Salt Tolerance in Cultivated and Wild Tomato Species Through in vitro Shoot Apex Culture. Plant Cell Tiss. Org. Cult., 53: 19-26.
Cheeseman, J.M. (1988). Mechanisms of salinity tolerance in plants. Plant Physiology, 117: 547–550. 
Dash, M. and Panda, S.K. (2001). Salt stress induced changes in growth and enzyme activities in germinating Phaseolus muingo seeds. Biol. Plantarum, 44: 587-589.
Darwesh, R.S.S. (2014). Exogenous supply of salicylic acid and IAA on morphology and biochemical characteristics of date plantlets exposed to salt stress. Middle East Journal of Agriculture Research, 3 (3): 549-559.
Dawood, M.G.; Sadak, M.S. and Hozayen, M. (2012). Physiological role of salicylic acid in improving performance, yield and some biochemical aspects of sunflower plant grown under newly reclaimed sandy soil. Australian Journal of Basic and Applied Sciences, 6 (4): 82-89.
Desnigh, R. and Kanagaraj, G. (2007). Influence of salinity stress on photosynthesis and ant oxidative systems in two cotton varieties. Gen. Appl. Plant Physiol., 33 (3-4): 221-234.
Du, B.; Yuhua M.; Ana, M.Y.S.; Leila, A.; Lukas, F.; Saleh, A.; Gadah, A.; Rainer, H.;Philip, White, J.; Christiane, W.; Heinz, R. (2020). Physiological responses of date palm (Phoenix dactylifera) seedlings to seawater and flooding. New Phytologist., 229 (6): 3318-3329. https://doi.org/10.1111/nph.17123.
Duncan, D.B. (1955). Multiple Range and Multiple F-Test. Biometrics, 11, 1-5.

Ebrahimian, E. and Bybordi, A. (2012). Effect of salinity, salicylic acid, silicium and ascorbic acid on lipid peroxidation, antioxidant enzyme activity and fatty acid content of sunflower. African Journal of Agriculture Research, 7 (25): 3685-3694.

El-Bassiouny, H.M. and Bakheta, M.A. (2005). Effect of salt stress on relative water content, lipid per oxidation, polyamines, amino acids and ethylene of two wheat cultivars. Inter. J. Agric. Biol., 7: 363-365.
El-Bassiouny, H.M.; Mostafa, H.A.; El-Khawas, S.A.; Hassanein, R.A.; Khalil, S.I. and Abd El-Monem, A.A. (2008). Physiological responses of wheat plant to foliar treatments with arginine or putrescine. Aust. J. Basic. Appl. Sci., 2 (4): 1390-1403.
El-Hadrami, A.; Daayf, F.; Elshibli, S.; Jain, S.M. and El-Hadrami, I. (2011). Somaclonal Variation in Date Palm. In: Date Palm Biotechnology, S.M. Jain, J.M. Al-Khayri and D.V. Johnson (Eds.). Springer, Dordrecht, pp: 183-203. 
El-Sharabasy, S.F.; Wanas, W.H. and Al-Kerdany, A.Y. (2008). Effect of salinity stress on some date palm cultivars during proliferation stage in vitro. Arab J. Biotech., 11: 273-280.
El-Tayeb, M.A. (2005). Response of barley grains to the interactive effect of salinity and salicylic acid. Plant Growth Regulation, 45: 215-224.
Flowers, T.J. and Lauchli, A. (1983). Sodium versus potassium: substitution and compartmentation. In: Pearson A., Zimmerman M.H., editors. Encyclopedia of plant physiology, 15. New Series. Berlin: Springer, pp: 651-681.
Gabr, M. and Abd-Alla, M. (2010). Micro-propagation of Phoenix dactylifera L. var. karama. New York Sci. J., 3: 64–69.
Germana, C.; Cutore, L.; Sardo, V. and Hamdy, A. (2000). Assessing tolerance to irrigation water salinity in five woody plants. Special session on non-conventional water resources practices and management and Annual Meeting UWRM Sub-Network Partners. Rabat,-Morocco,-28- October, pp: 151-159.
Gomez, K.A. and Gomez, A.A. (1984) Statistical Procedure for Agricultural Research. 2nd Edition, Willey, Hoboken, 28-192.
Gong, H.; Zhu, X.; Chen, K.; Wang, S. and Zhang, C. (2005) Silicon Alleviates Oxidative Damage of Wheat Plants in Pots under Drought. Plant Science, 169, 313-321. http://dx.doi.org/10.1016/j.plantsci.2005.02.023. 
Hadrami, I.E. and Hadrami, A.E. (2009). Breeding date palm. Breeding plantation tree crops: tropical species. New York: Springer; p. 191–216.
Hasegawa, P. M.; Bressan, R. A.; Handa, A. K. (1986). Cellular mechanisms of salinity tolerance. HortScience, 21: 1317–1324.
Hazzouri, K.M.; Jonathan, M. F.; David, N.; Alain, L.; Khaled, M. and Khaled, M.A.A. (2020). Prospects for the Study and Improvement of Abiotic Stress Tolerance in Date Palms in the Post-genomics Era. Front Plant Sci., 11: 293.  Doi: 10.3389/fpls.2020.00293.
Hussain, K.; Majeed, M. and Nisar, F.F. (2009). Growth and ionic adjustments of chaksu (Cassia absus L.) under NaCl stress. American-Eurasian Journal of Agriculture and Environmental Sciences, 6 (5): 557-560.
Hussain, M.M.A.; Farooq, M.; Ashraf, M.Y. and Cheema, M.A. (2008). Improving drought tolerance by exogenous application of glycine betaine and salicylic acid in sunflower. J. Agron. Crop Sci., 194: 193-199.
Hussein, M.M.; Balbaa, L.K. and Gaballah, M.S. (2007). Salicylic Acid and Salinity Effects on Growth of Maize Plants. Research Journal of Agriculture and Biological Sciences, 3 (4): 321-328.
Hussein, N.H. and Jawa, H.A. (2021). Micro-propagation of date palm var. Medjool by adventitious shoot Induction. Int. J. Agricult. Stat. Sci. Vol. 17, Supplement 1, pp. 1879-1883. Doc ID:   https://connectjournals.com/03899.2021.17.1879.
Htwe, N.N.; Maziah, M.; Ling, H.C.; Zaman, F.Q. and Zain, A.M. (2011). Responses of some selected Malaysian rice genotypes to callus induction under in vitro salt stress. Afr. J. Biotechnol., 10: 350-362.
Jampeetong, A. and Brix, H. (2009). Effects of NaCl salinity on growth, morphology, photosynthesis and proline accumulation of Salvinia natans. Aquatic Botany, 91(3): 181-186.
Jasim, A.M.; Abbas, M.F. and Alzubaidy, B.H. (2010). Effect of salt stress and proline on chemical on content of embryogenic callus and somatic embryos of date palm (Phoenix dactylifera L. 'Ashkar'). Acta Hort., 882: 219-224.
Khierallah, H.S.M. and Bader, S.M. (2007). Micro-propagation of date palm (Phoenix dactylifera L.) var. ‘Mektoom’ through direct organogenesis. Acta Horticulturae, 736: 213-224.
Kurup, S.S.; Aly M.A.M.; Lekshmi, G. and Tawfik, N.H. (2014). Rapid in vitro regeneration of date palm (Phoenix dactylifera L.) cv. Kheneizi using tender leaf explant. Emirates J. Food Agric., 26: 539–544. https://doi.org/10.9755/ejfa.v26i6.18051.
Kusvuran, S. (2010). Relationships between physiological mechanisms of tolerances to drought and salinity in melons. Department of Hortıculture Instıtute of Natural and Applıed Scıences Unıversıty of ukurova, Ph.D. Thesis, pp: 356.
Lichtenthaler, K. and Welburn, A.R. (1983). Determination of Total Carotenoids and Chlorophylls A and B of Leaf Extracts in Different Solvents. Biochemical Society Transactions, 11, 591-592.
http://dx.doi.org/10.1042/bst0110591
Jasim, A.M.; Abbas, M.F. and Alzubaidy, B.H. (2010). Effect of salt stress and proline on chemical on content of embryogenic callus and somatic embryos of date palm (Phoenix dactylifera L. 'Ashkar'). Acta Hort., 882: 219-224.
Jatoi, M. (2013). In vitro rooting and acclimatization of date palm (Phoenix dactylifera L.) plantlets. M. Phil thesis, Dept. of Botany, Shah Abdul Latif University, Sindh, Khairpur,
Sindh, P.M.A. (2013) In vitro rooting and acclimatization of date palm (Phoenix dactylifera L.) plantlets. M. Phil thesis, Dept. of Botany, Shah Abdul Latif University, Sindh, Khairpur, Sindh, Pakistan

Jatoi, M.A. (2013). In vitro rooting and acclimatization of date palm (Phoenix dactylifera L.) plantlets. M. Phil thesis, Dept. of Botany, Shah Abdul Latif University, Sindh, Khairpur, Sindh, Pakistan
Jatoi, M.A.; Abul-Soad, A.A.; Markhand, G.S. and Solangi, N. (2015). Establishment of an efficient protocol for micro-propagation of some Pakistani cultivars of date palm (Phoenix dactylifera L.) using novel inflorescence explants. Pakistan J. Bot., 47: 1921–1927.

Lakshmanan, V.; Reddampalli, V.S. and Neelwarne, B. (2007). Molecular analysis of genetic stability in long-term micro-propagated shoots of banana using RAPD and ISSR markers. Electron. J. Biotechnol., 10: 106–13.
Lutts, S.; Almansouri, M. and Kinet, J.M. (2004). Salinity and water stress have contrasting effects on the relationship between growth and cell viability during and after stress exposure in durum wheat callus. Plant Sci., 167: 9-18.
MacAdam, J.W.; Nelson, C.J. and Sharp, R.E. (1992). Peroxidase activity in the leaf elongation zone of tall fescue. Plant Physiology, 99: 872- 878.
Machakova, I.; Zazimalova, E. and George, E.F. (2008). Plant growth regulators I: Introduction; auxins, their analogues and inhibitors. In: George EF, Hall MA, De Klerk GJ (Eds). Plant propagation by tissue culture, 3rd edn. Springer, Dordrecht. pp 175-204.
Magyar-Tábori, K.; Dobránszki, J.; Teixeira Da Silva, J.A.; Bulley, S.M. and Hudák, I. (2010).  The  role  of  cytokinins  in shoot  organogenesis  in  apple.  PCTOC, 101: 251-267. https://doi.org/10.1007/s11240-010-9696-6
Mehmet, D.; Aykut, S. and Asım, K. (2013). Salicylic acid delays leaf rolling by inducing antioxidant enzymes and modulating osmo-protectant content in Ctenanthe setosa under osmotic stress. Turkish Journal of Biology, 37: 49-59.
Mirani, A.A.; Abul-Soad, A.A. and Markhand, G.S. (2017). Effect of different substrates on survival and growth of transplanted orchids (Dendrobium nobile) into net house. Int. J. Hortic. Floric., 5: 310–317.
Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance. Trends Plant Sciences 7: 405-410. 
Mobayen, R.G. and Milthorpe, F.L. (1980). Response of seedling of three Citrus rootstock cultivars to salinity. Aust. J. Agric. Res., 31: 117-124.
Moghaieb, R.; Abdel-Hadi, A. and Ahmed, M. (2011). Genetic stability among date palm plantlets regenerated from petiole explants. Afr. J. Biotechnol., 10: 14311–8.
Moshkov, I.E.; Novikova, G.V.; Hall, M.A. and George, E.F. (2008). Plant growth regulators III: gibberellins, ethylene, abscisic acid, their analogues and inhibitors; miscellaneous compounds. In: George EF, Hall MA, De Klerk GJ (Eds). Plant propagation by tissue culture, 3rd edn. Springer, Dordrecht pp 227-281.
MSTAT-C (1988). MSTAT-C, a Microcomputer Program for the Design, Arrangement, and Analysis of Agronomic Research. Michigan State University East Lansing, East Lansing.
Murashige, T. and Skoog, F. (1962). A revised medium for rapid growth and bio-assays with tobacco tissue cultures. Physiol. Plant., 15, 473-497. 
Namich, A.A.M.; Kassem, M.M. and Gebaly, S.G. (2007). Effect of irrigation with saline water on some cotton cultivars. Journal of Agriculture Sciences, Mansoura University, 32 (7): 5117-5136.
Nasser, S.; Ejaz, R. and Ashraf, M. (2001). Effect of Foliar application of Indole-3-Acetic Acid on Growth and Yield Attributes of Spring Wheat (Triticum aestivum L.) under Salt Stress. International Journal of Agriculture & Biology, 1: 139-142.
Nikolova, M.T. and Ivancheva, S.V. (2005). Quantitative flavonoid variations of Artemisia vulgaris L. and Veronica chamaedrys L. In relation to altitude and polluted environment. Acta Biol. Szegediensis, 49: 29-32.
Omar, M. (1988). Callus initiation, asexual embryogenesis and plant regeneration in (Phoenix dactylifera L.). Date Palm J., 6: 265–27.
Othmani A.; Bayoudh, C.; Drira, N. and Trifi, M. (2009). In vitro cloning of date palm Phoenix dactylifera L., cv. Deglet Bey by using embryogenic suspension and temporary immersion bioreactor (TIB). Biotechnol. Biotechnol. Equip., 23:1181–1188. https://doi.org/10. 1080/13102818.2009.10817635
Patnaik, J. and Debata, B.K. (1997). In vitro selection of NaCl tolerant callus lines of Cymbopogon martinii (Roxb.) Wats. Plant Sci., 124: 203–210.
Pe´rez-Lo´pez, U.; Robredo, A.; Lacuesta, M.; Mun˜oz-Rueda, A. and Mena-Petite, A. (2010). Atmospheric CO2 concentration influences the contributions of osmolytes accumulation and cell wall elasticity to salt tolerance in barley cultivars. Journal of Plant Physiology, 167: 15-22.
Pe´rez-Tornero, O.; Tallon, C.I.; Porras, I. and Navarro, J.M. (2009). Physiological and growth changes in micro-propagated Citrus macrophylla explants due to salinity. Journal of Plant Physiology, (In press).
Pesserakli, M. and Huber, J.T. (1987). Dry matter, yield, nitrogen absorption and water uptake by sweet corn under salt stress. J. Plant Nutr., 12: 279-290.
Prajuabmon, A.; Theerakulpisut, P.; Kijwijan, B. and Muangsan, N. (2009). In vitro Investigation on Salt Tolerant Characteristics of Rice Seedlings (Oryza sativa L.). Research J. Agric. and Biological.
Rasha, N. Arafa; Ghada, A. Ali and Sayed, A. A. Elsayh (2020). Physiological and Biochemical Response of Phoenix dactylifera L. Hayani cv. Embryogenia Callus and Somatic Embryos to Salt Stress Under In Vitro Conditions. The Future Journal of Agriculture, 3 (2020): 16-31. DOI: 10.37229/fsa.fja.2020.07.10.
Rizkalla, A.A.; Badr-Elden, M.A. and Nower, A.A. (2007). Protoplast isolation, salt stress and callus formation of two date palm genotypes. J. Appl. Sci. Res., 3: 1186- 1194.
Sattar, M.N.; Iqbal, Z.; Tahir, M.N.; Shahid, M.S.; Khurshid, M.; Al-Khateeb, A.A.; Al-Khateeb, S.A. and Crisper, C. (2017). A practical approach in date palm genome editing. Front Plant Sci., 8: 1469.
Senaratna, T.; Touchell, D.; Bumm, E. and Dixon, K. (2000). Acetyl salicylic acid (asprin) and salicylic acid induce multiple stress tolerance in bean and tomato plants. Plant Grow Regul., 30: 157–161.
Schmülling, T.; Schäfer, S. and Romanov, G. (1997). Cytokinins as regulators of gene expression. Physiol. Plant, 100 (3): 505-512.
Schutz, M. and Fangmeir, E. (2001). Growth and yield response of spring wheat (Triticum aestivum L. cv. Minaret) to elevated CO and 2 water limitation. Environmential Pollution, 11: 187-194.
Siler, B.; Misic, D.; Filipovic, B.; Popovic, Z.; Cvetic, T. and Mijovic, A. (2007). Effects of salinity on in vitro growth and photosynthesis of Common Centaury (Centaurium erythraea). Arch. Biol. Sci. Belgrade, 59: 129-134.
Simaei, M.; Khavari-Nejad, R.A.; Saadatmand, S.; Bernard, F. and Fahimi, F. (2011). Interactive effects of Salicylic acid and nitric oxide on soybean plants under NaCl salinity. Russian Journal of Plant Physiology, 58 (5): 783-390.
Sperling, O.; Lazarovitch, N.; Schwartz, A. and Shapira, O. (2014). Effects of high salinity irrigation on growth, gas-exchange, and photoprotection in date palms (Phoenix dactylifera L., cv. Medjool). Environ. Exp. Bot., 99: 100–109.
Sudhaa, G.S.; Ramesh, P.; Sekhar, A.C.; Krishna, T.S.; Bramhachari, P.V. and Riazunnisa, K. (2019).  Genetic diversity analysis of selected Onion (Allium cepa L.) germplasm using specifc RAPD and ISSR polymorphism markers. Biocat Agric Bio‑ tech., 17: 110–118.
Szepesi, A. (2006). Salicylic acid improves the acclimation of Lycopersicon esculentum Mill. to high salinity by approximating its salt stress response to that of the wild species L. Pennellii. Acta Biologica. Szegediensis, 50 (3-4): 177.
Taha, H.; Hassan, M. and EL-Bahr, M. (2007). Micro-propagation of some Egyptian date palm dry cultivars 1-maturation of somatic embryos. Arab J. Biotechnol., 10: 333–340.
Van Staden, J.; Zazimalova, E. and George, E.F. (2008). Plant growth regulators II: cytokinins, their analogues and antagonists. In: George EF, Hall MA, De Klerk GJ (Eds). Plant propagation by tissue culture, 3rd edn. Springer, Dordrecht, pp 205-226.
Watanabe, S.; Kojima, K.; Ide, Y. and Sasaki, S. (2000). Effects of saline and osmotic stress on proline and sugar accumulation in Populus euphratica in vitro. Plant Cell Tissue and Organ Culture, 63: 199–206.
Yaish, M.W. (2015). Proline accumulation is a general response to abiotic stress in the date palm tree (Phoenix dactylifera L.). Genetics and Molecular Research, 14: 9943–9950.
Yaish, M.W.; Patankar, H.V.; Assaha, D.V.; Zheng, Y.; Al-Yahyai, R.; Sunkar, R. (2017). Genome-wide expression profiling in leaves and roots of date palm (Phoenix dactylifera L.) exposed to salinity. BMC Genom., 18: 246.
Yusuf, M.; Hasan, S.A.; Ali, B.; Hayat, S.; Fariduddin, Q. and Ahmad, A. (2007). Effect of salicylic acid on salinity induced changes in Brassica juncea. J. Integr. Plant Biol., 50 (9): 1096-1102.
