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Abstract— The purpose of this research was to develop a micro-propagation method for the date palm
Zaghlol cv. using juvenile leaves. To produce the necessary results, different plant growth regulator
combinations were used. The leaves were grown on MS medium supplemented with PVP to prevent the
explants from browning. The results showed that adding PVP at a concentration of 1.0 g/l considerably
reduced browning. On the induction medium, callus formation occurred during the fourth week of culture;
however, callus formation (87.5%) was more prevalent on the % MS medium containing with 10.0 mg/l NAA,
1.0 mg/l BA and 2.0 mg/l 2ip. The greatest development of embryogenic callus (94.50%) occurred on a %
MS medium supplemented with 5.0 mg/l NAA and 2.0 mg/l BA. The largest fresh callus weight (3.53 g) was
produced by this treatment after four months in culture. On MS medium supplemented with 2.0 TDZ, 1.5
BA and 0.5 NAA, which was regarded as the optimum medium for increasing the number of embryos to 32.10
embryos/culture, the best results (65.67%) were obtained. Further investigation into the stimulation and
development of somatic embryogenesis involved using MS basal medium supplemented with BA at 0.5 mg/I,
kin at 0.1 mg/l and NAA at 0.05 mg/l; this treatment formed the most leaves (20.11 leaf/cluster). The cluster
of shoots grown on MS basal medium supplemented with BA at 2.0 mg/l and NAA at 0.5 mg/I had the highest
leaf number (34.25 leaf/cluster) and leaves length values after three sub-cultures (4.75 cm). The DNA-based
fingerprinting technology ISSR was used to confirm the genetic stability of this protocol. The mother tree
and tissue culture-derived shoots evaluated exhibited no differences in the ISSR banding patterns. The micro-
propagation method could be used to produce genetically stable date palm plants.

Keywords— Date palm, juvenile leaf explants, plant growth regulators, embryogenic callus induction,
somatic embryos formation and maturation and Polymorphism ISSR.

. Abbreviation: VII. TDZ: Thidiazuron

Il. MS: Murashige and Skoog medium VIIl.  Kin: Kinetin

1. PVP: Polyvinyl Pyrrolidone IX. DNA: Deoxyribonucleic acid

(AVA NAA: Naphthalene acetic acid X. ISSR: Inter simple sequence repeat
V. BA: 6-Benzyl amino purine

VI. 2ip: 6-dimethylallyl amino purine
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l. INTRODUCTION

Phoenix dactylfera L. (Family: Palmaceae) is a
dioecious monocotyledonous plant. It is regarded as the
most significant fruit tree in a number of Arab nations,
including Saudi Arabia and Iraq (Mirani, 2018). Date palm
is a resistant fruit tree that grows in a variety of climates,
but is most prevalent in hot, arid regions of the Middle East
and North Africa. The date fruit has a large number of
chemical components with nutritive and medicinal
properties (Al-Khayri and Naik, 2017). The yearly
worldwide market value of date crops (including imports
and exports) reached about 1.9 billion USD (FAOSTAT,
2013), providing a solid important basis upon which a
country may develop a successful economy.

Due to a shortage of suitable planting materials,
expansion of date palm plantation in various locations of
Egypt and replanting trees to compensate for loss due to
diseases or human causes are limited. Additionally, owing
to the extended generation time and heterozygosity of date
palm cultivars, development of Egyptian date palm
cultivars using conventional breeding programs has
encountered challenges. In recent years, significant
advancements in plant biotechnology have complemented
traditional approaches for date palm multiplication,
conservation, and genetic improvement (Bekheet, 2013).
The date palm may have a significant ecological impact on
a variety of desert and semi-arid environments (Badawy et
al., 2005).

Worldwide, an estimated 150 million date palm
trees have been developed utilizing a variety of propagation
techniques, including seed germination and offshoot
transplanting as natural and traditional means of
propagation, as well as small-scale tissue culture
technologies (Al-Khayri et al., 2015). Due to the
heterozygosis of the seed propagated date palm, it cannot be
used for commercial production of selected cultivars
(Tisserat, 1982), due to the significant differences in fruit
maturation, fruit quality, harvesting time, and production
potential between plants propagated vegetative and
seedlings (Zaid et al., 2011). Whereas true to type date
palm propagation by offshoots is a sluggish process that is
often impeded by the restricted number of offshoots that a
tree produces during its life, a poor survival rate, and the
potential of disease spread such as Bayoud and Red Palm
Weevil infection (Al-Khalifah and Askari, 2011).

The micro-propagation is a potential method for
producing vast quantities of disease-free and pest-free
plants for plant material exchange, as well as genetically
identical and high-quality planting material. Due to the
rising demand for unusual and superior quality date palm
cultivars, micro-propagation is an inescapable means of
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propagation (Al-Mayahi, 2020). The effectiveness of plant
tissue culture as a technique of plant multiplication is highly
dependent on the composition of the growing medium (Al-
Mayabhi et al., 2020).

The tissue culture method of propagation is the
most potential tool for the efficient production of high-
quality plant materials (Sane et al., 2006). Due of the
inherent limits of traditional date palm growth by offshoots
(Al-Khayri, 2011). For date palm micro-propagation,
somatic embryogenesis is regarded the most effective
regeneration mechanism (FKi et al., 2003). It is considered
to be a rapid and effective approach for large-scale date
palm propagation and may also be very beneficial for
breeding operations.

The induction of embryogenic callus in date palm
is controlled by a variety of factors, including genotype,
explant type, induction duration, and plant growth
regulators (PGRs). In the case of either shoot tips or leaf
primordial, large amounts of auxins have been employed to
produce embryogenic callus. The most efficacious auxin is
2,4-dichlorphenoxyacetic acid (2,4-D), which is used to
induce embryonic callus in date palm (Behnas et al., 2014).
However, FKki et al. (2011) indicated that large dosages of
2,4-D may generate somaclonal variation. As a result,
several researchers induced somatic embryogenesis using
lower 2,4-D doses or different auxins.

To begin the process of in vitro date palm
formation by indirect organogenesis or somatic
embryogenesis, relatively large doses of 2,4-D or NAA
must be applied. However, it is well established that these
auxins are related with genetic instability in plants (Behnas
et al., 2014). Numerous research have been conducted on
date palm micro-propagation using a variety of explants,
among which shoot tips of young offshoots (Al-Khayri and
Naik, 2017; Tisserat, 1984) and juvenile spathes (Fki et
al.,, 2003; Jatoi et al., 2019) have been proven to be
sustainable and prolific. However, in vitro conditions may
result in the development of multiple genetic and epigenetic
variations in date palm plantlets generated by tissue culture
owing to the stress caused by plant growth regulators and
the prolonged production or multiplication cycle (Mirani et
al., 2020).

Date palm cultivars fall into three groups: soft,
semi-dry, and dry, based on the texture of the fruit when it
is ripe. There are a lot of countries that produce dates. Egypt
is the first country that produces the most dates. Saudi
Arabia, Iran, the United Arab Emirates, Pakistan, Algeria,
Sudan, Oman, Libya and Tunisia are the 10 countries that
produce the most of these dates (Kader and Hussein,
2009). The ISSR approach is one of the efficient methods
for determining date palm genetic diversity (Haider et al.,
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2012). Numerous research has examined the use of ISSR
markers to measure date palm genetic variation (Adawy et
al., 2011; Zehdi-Aziuzi et al., 2009). It has been
demonstrated by numerous researchers that ISSR can detect
genetic variety in date palms and has the capability to
amplify polymorphism fragments, which is consistent with
our findings. For example, Zehdi et al. (2004) used seven
ISSR primers to analyze the genetic diversity of 12 cultivars
of Tunisian dates and were able to achieve a significant
polymorphism rate. They found that there were enough
polymorphic bands in their study to distinguish between all
cultivars. Cullis (2011) successfully distinguished date
palm cultivars in a different study utilizing RAPD,
AFLP and ISSR markers. Each of the aforementioned
indicators can be used effectively both individually and in
combination.

1. MATERIAL AND METHODS

This investigation was conducted in the Central
Laboratory of Date Palm Researches and Development -
Agricultural Research Center, Egypt during 2022-2023.

2.1- Plant materials:

The date palm Zaghloul cv. offshoots had a height
of 80-100 cm, a diameter of 30 cm, a weight of 25-35 kg,
and was two years old. Offshoots were carefully separated
from field-grown mother trees in Natron Valley and
immediately transferred to the laboratory for use as mother
plant material, as shown in Fig (1).

Fig.1: The date palm Zaghloul cv. Offshoots

2.2- Leaf primordial explant separation and
sterilization:

To remove the leaf primordial explants, the leaves
and fiber sheath were cut acropetally from the offshoot
using a hatchet and a sharp knife. Separation of mature
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leaves began at the base and continued until the shoot tip
material attained a width of 18 cm and a length of 30 cm.

To prevent browning of the explants, they were
placed in beakers containing antioxidant solutions (100
mg/I citric acid and 150 mg/l ascorbic acid) for 20 minutes,
then thoroughly washed in running tap water for 30 minutes.
The outermost leaves were then removed and the palm heart
was reduced to approximately 10 cm in length (measured
from the meristem base to the leaf apex of the central
cylinder) using a sterile blade. It was then surface sterilized
in a laminar flow chamber by flaming once. The explants
(shoot tips and leaf primordial) were surface sterilized under
aseptic conditions by immersion in a 50% Clorox solution
(5.25% sodium hypochlorite) (NaOCI) containing two
drops of tween 20 for 20 minutes with continuous stirring,
followed by three sequential one-minute rinses in sterile
distilled water. Following that, remove two more leaves
around the shoot tip and immerse in 30% NaOCI for 30
minutes then thoroughly rinsing with sterile distilled water.
Finally, the explants were soaked for 10 minutes in a 0.1%
mercuric chloride (HgCly) solution and washed three times
with sterile distilled water. Following surface disinfestation,
shoot tips ranging in length from 3-5 cm and inner and
primary leaflets generally ranging from 1-3 cm were
separated and sliced into three to four pieces. The explants
were split into pieces of 0.5 cm in length. On the culture
medium, leaf segments were put with the abaxial surface.
The trials were divided into four stages: callus induction,
callus proliferation, somatic embryo differentiation and
plant regeneration.

2.3- Culture Medium

The basal nutrient medium used was MS medium
(Murashige and Skoog, 1962) supplemented with (mg/l):
0.5 nicotinic acid, 0.5 pyridoxine-HCL, 2.0 glycine, 1.0
thiamine-HCL, 100 myo-inositol, 2.0 biotin, 40 mg/I
adenine sulphate, 200 glutamine, 170 mg/l NaH;PO4.2H0,
Ca-pantothenate 0.2 g/, 1.0 activated charcoal (AC), 35.0
g/l sucrose and solidified with 6.0 g/l agar in addition
different plant growth regulators according to each growth
stage. The pH of all media was adjusted to 5.7 with NaOH
or HCI then the medium was distributed in 40 ml aliquots
in 250 ml jars. The culture medium was autoclaved for 25
min at 121 °C and 1.4 Kg cm™.

2.4- Embryogenic callus induction

» To avoid browning of explants, all surface
sterilized explants were grown for 3 weeks on MS medium
devoid of growth regulators and supplemented with
Polyvinyl Pyrrolidone (PVP) at doses of 0.0, 0.1, 0.5 and
1.0 g/l

» The juvenile leaves were grown in % MS medium
supplemented with varied doses of Naphthalene acetic acid
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(NAA) (0.0, 2.0, 5.0 and 10.0 mg/l), 1.0 mg/l 6-Benzyl
amino purine (BAP), and 2.0 mg/l 6-dimethylallyl amino
purine (2ip). All cultures were incubated at 26°C in the dark
and re-cultured every six weeks on the same fresh medium.
On the juvenile leaves, white nodular embryonic callus was
noticed after three subcultures.

»  After four months, juvenile leaves with initiation
callus were grown on % MS medium supplemented with
NAA at a concentration of 5.0 mg/l and BA at 0.5, 1.0 and
2.0 mg/l. All cultures were incubated at 26°C in the dark
and re-cultured every six weeks in the same fresh medium
for three subcultures.

2.5- Somatic embryos proliferation

After the induction period (8 months), 0.5 g of
embryogenic callus was separated from the original
explants and transferred to MS medium containing 40.0 g/l
sucrose, 6.0 g/l agar and 1.0 g/l activated charcoal, as well
as TDZ at various concentrations (0.0, 0.5, 1.0 and 2.0
mg/l), BA at 1.5 mg/l and NAA at 0.5 mg/l (differentiation
medium), in order to stimulate differentiation of
embryogenic callus into somatic embryos. For three
months, the cultures were kept in the dark at 27°C and sub-
cultured every four weeks under the same culture
conditions. After three subcultures, the proportion of
somatic embryos that proliferated (%), the number of
somatic embryos (embryo/culture), and the length of
embryos (cm) were determined.

2.6- Somatic embryos maturation and germination

From the previous stage, the somatic embryo
clusters were divided into small clusters containing around
8-13 embryos. The embryo clusters were cultivated in jars
(150 ml) containing 45 ml modified MS media
supplemented with BA at 0.5, Né-furfuryladenine (Kin) at
0.1 and NAA at 0.05 (mg/l) (germination medium), as well
as the control treatment. The cultures were maintained and
proliferated by sub-culturing at intervals of 6 weeks for
three sub-cultures, nine similar jars were utilized. The
cultures were incubated at a temperature of 27+£1°C and a
photoperiod of 16 hours with a light intensity of 1500 lux.
After three months, the germination (%), the number of
shoots per jar, the number of leaves per jar and the length of
the leaves (cm) were all recorded.

2.7- Regeneration and shoots multiplication

After germinating the somatic embryos, the cluster
of shoots was moved to MS medium supplemented with 200
mg/l NaH,PO4, 40 g/l sucrose, 200 mg/I casein hydrolysate,
1.5 g/l charcoal, 2.0 mg/l BA and 0.5 mg/l NAA. The
cultures were incubated in a culture room at 28+2°C with a
16-hour photoperiod provided by fluorescent lights and
three subcultures were conducted at a 6-week interval.
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2.8- The genetic stability among regenerated date palm
shoots in comparison with their mother plant

The several regenerated shoots were studied at the
molecular level using ISSR analysis in order to study the
genetic similarities among the regenerated date palm shoots
induced from the leaves explants of Zaghloul cultivar.

2.8-1 PCR reaction using ISSR primers

The following ingredients were used to construct
the ISSR amplification reactions: 25 ng of template DNA,
0.2 uM dNTPs, 0.7 mol of primer, 1.0 pl x 10 PCR buffer,
1.5 pM of MgCl,, and one unit of Taq polymerase
(Cinnagen, Iran) in a final volume of 10 pl. The reactions
were designed for 40 cycles of pre-denaturation at 94 °C for
4 min, followed by denaturation at 94 °C for 30 s, annealing
for each primer for 45 s and extension at 72 °C for 2 min.
The amplifications were carried out using a PEQStar 96
Universal Gradient 96 wells thermal cycler. After 40 cycles,
there was a final 7 min extension at 72 °C. The
polymorphism of DNA fragments was assessed using Six
ISSR primers. The DNA fragments were amplified and then
separated by electrophoresis in 1.5% agarose gel. The
fluoroDye dyed the DNA. Using the Uvitec Geldoc
technology, DNA fragments were seen and recorded.

2.9- Statistical Analysis

The design of the experiments was completely
random, with six replicates of each treatment. MSTAT, a
computer program, was used to look at the best three results
from each treatment. Ducan's Multiple Range Test was used
to compare the means of different treatments to see if they
were different.

1. RESULTS AND DISCUSSIONS
3.1- Embryogenic callus induction

> Regarding the impact of PVP on explant
browning, the findings indicated that adding PVP at a
concentration of 1.0 g/l greatly decreased the degree of
browning when compared to the other concentrations (0.1
and 0.5 g/l), as shown in Table (1).

Table 1. Effect of antioxidant treatment (PVP) on survival,
growth value and degree of browning of date palm
juvenile leaf explants.

Concentrations | Survival | Growth Degree of
of PVP (g/) % value browning
0.0 35.2d 21.4 de 511a
0.1 81.0c 28.7¢ 4.90 ab
0.5 90.0 ab 67.5b 2.80c
1.0 100.0 a 88.0a 1.0d
104
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These findings corroborated those of Zaid (1984),
who discovered that adding PVP to the culture medium
inhibited explant browning. According to Zaid (1987) the
browning of date palm tissue and the surrounding media is
caused by phenolic compound oxidation. Browning and
consequent explant mortality is a major problem in woody
plant tissue culture, which is often related to phenolic
chemicals (Hesami et al., 2020). Phenolic substances may
activate the polyphenol oxidase enzyme, change cellular
metabolism and ultimately oxidase to form the brown
precursor Quinine. Antioxidants limit phenolic compound
oxidation by altering the oxidation potential of phenolic
compound explants, hence alleviating browning symptoms
(Raj et al., 2020). Similarly, in Curculigo latifolia, adding
PVP to the culture media at a concentration of 0.5%
decreased browning and infection in shoot-tip explants
(Babaei et al., 2012). Antioxidant substances may influence
explant growth by promoting the leaf expansion process and
encouraging callus formation (Huh et al., 2017).

Thus, the beneficial impact of PVP on lowering the
degree of browning in date palm leaf primordial explants
was attributed to the explants' ability to absorb phenolic
substances. As a result, adding PVP to culture media at a
concentration of 1.0 g/l may be reported as the treatment
with the lowest infection rate and the greatest callus
induction subsequently.

> Leaf segments implanted on % MS
medium supplemented with varying doses of NAA, 1.0

Juvenile leaf expl|
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mg/l BA and 2.0 mg/l 2ip, demonstrated a variety of growth
responses. Explants treated with 10.0 mg/l NAA, 1.0 mg/I
BA and 2.0 mg/l 2ip had a considerably greater frequency
of callus development on leaves (87.50%) than those
supplied with 5.0 mg/l NAA, 1.0 mg/l BA and 2.0 mg/I 2ip
(44.65%), as shown in Table (2) and Fig. (2). The medium
supplemented with 2.0 mg/I NAA, 1.0 mg/I BA and 2.0 mg/I
2ip exhibited the minimal explant response (13.20%).

According to the findings in Table (2), plant
growth regulators (NAA, BA and 2ip) were beneficial at
initiating callus formation. On the surface of the leaf
explants, the maximum percentage of callus induction
(81.90%) was found in ¥ MS medium supplemented with
10.0 mg/l NAA, 1.0 mg/l BA and 2.0 mg/l 2ip; callus
induction was lower in other treatments. The control
treatment did not result in the formation of the callus.

Table 2. Effects of different concentrations of NAA with
added BA at 1.0 mg/l and 2ip at 2.0 mg/l on callus
initiation of date palm leaf primordial explants of

Zaghloul cv. cultured in vitro for 4 months.

Treatments Growth value | Callus initiation
%
Control 0.00d 0.00d
2.0 NAA 13.20c 24.33¢c
5.0 NAA 44.65b 50.67 b
10.0 NAA 87.50a 81.90 a

Initiated callus on

Fig.2: Induction of callus from juvenile leaf explants of date palm cv. Zaghlol; a) Juvenile leaf explants were around the
shoot tip, B) the swelling of explants, C) initiated callus on the surface of leaf explants after six weeks on induction medium,
D) The control treatment did not resulted in the formation of callus, E) the maximum percentage of callus induction was
recorded in MS medium supplemented with 10.0 mg/I NAA, 1.0 mg/l BA and 2.0 mg/I 2ip.
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The previous research has shown that plant growth
regulators have an effect on the induction callus. The kind
and dosage of growth regulators, as well as the type of
explants, are the most critical factors in callus formation
(George et al., 2008). Additionally, the amount of
endogenous auxin and the position of explants (Almeida et
al., 2012), particularly the kind and characteristics of tissue
vascularization, are likely to affect in vitro responses.
Numerous variables influence callus initiation, including
plant species, culture conditions, explant age and explant
placement (Shin et al., 2019). Auxin's beneficial impact on
callus induction may be due to low endogenous auxin levels
in the explants. Exogenous auxin may influence the amount
of endogenous auxin by regulating a range of auxin-related
enzymes (Machakova et al., 2008).

Gueye et al. (2009) established callus from
seedling leaves of the cultivar Ahmar. A rather high auxin
concentration, 15.0 mg/l NAA, either alone or in
conjunction with cytokinin, significantly increased callus
initiation and growth (BA or Kin). The leaf explants grown
on Eeuwen's medium at various NAA concentrations (5.0—
20.0 mg/l) developed callus at all NAA levels (Asemota et
al., 2007). To date, the most frequently employed growth
phyto-hormones for plant regeneration are 2,4-D, BA and
NAA. In this investigation, we evaluated several
combinations of NAA, 2ip and BA to see which
combination produced the highest callus percentages (Liu

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

et al., 2018). According to Liu et al. (2021), an adequate
concentration of auxin induced callus formation in F.
mandshurica. The proportion of callus induction increased
significantly with increasing NAA levels in the range of 0.1
to 0.15 mg/l.

> The callus began to form during the
fourth week of culture on induction medium. After 4 sub-
cultures, the callus generation rate remained consistent but
callus weight maintained growing. The maximum
development value (94.50%) of embryogenic callus was
obtained on % MS medium combined with 5.0 mg/l NAA
and 2.0 mg/l BA. The leaf primordial explants, revealed
callus development rates of 100.0%. Additionally, with this
treatment resulted in the best fresh weight of callus (3.53 g),
as shown in Fig (3).

The Lowest concentration of BA at 0.5 mg/l with
NAA at 5.0 mg/l, exhibited the least reaction as growth
value of callus embryogenesis (25.33%), percentage of
callus formation (43.56%) and fresh weight of callus was
(1.02 g). By raise the concentration of BA to 1.0 mg/l with
adding 5.0 mg/l NAA on MS medium recorded the
satisfactory findings, as shown in Table (3). The control
treatment did not exhibited any callus development activity
on the explants.

As a result, it is possible to consider that the
mixture of NAA and BA acts as a critical hormone in the
development of embryogenic callus.

Table 3. Effects of different concentrations of BA with added NAA at 5.0 mg/l on callus growth of date palm leaf primordial
explants of Zaghloul cv. cultured in vitro for 4 months.

Treatment (mg/l) Growth value Callus formation% Fresh weight (g)
Control 0.00d 0.00d 0.00d

5.0 NAA + 0.5 BA 25.33¢c 43.56 C 1.02 be

5.0 NAA + 1.0 BA 38.00 b 56.77 b 1.98Db

5.0 NAA + 2.0 BA 94.50 a 100.0 a 3.53a

Cytokinins are necessary for the formation of
calluses and cell division (Minocha, 1987). The addition of
BA to the culture medium in combination with auxin
increased callogenesis rates in Acacia raddiana (Sane et al.,
2006). Callus development requires a balance of auxin and
cytokinin administration (Rout, 2004).

Balzon et al. (2013) demonstrated that lowering
the auxin concentration was critical for establishing
repetitive cycles of cell division and inhibiting
differentiation processes, therefore enabling E. guineensis
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calli to proliferate. Salim (2014) cleared that among the
combinations of NAA and BA evaluated for callus
induction on various explants (seed, node and internode),
results indicated that NAA concentrations of 0.3 and 0.4
mg/l were the most effective for callus induction. Al-
Mayahi (2015) has observed embryos regeneration from
cv. Quntar leaf explants. This innovative method has the
potential to significantly improve date palm cultivar in vitro
propagation. Nonetheless, further research is required to
enhance the incidence of somatic embryogenesis from leaf
explants.

106


https://dx.doi.org/10.22161/ijeab.85.15

Rasha et al.

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

Fig.3: The embryogenic callus production from leaf explants, A) MS basal medium containing BA at 0.5 mg/l with NAA at
5.0 mg/l, exhibited the lowest result as growth value of callus embryogenesis (25.33%), B) the maximum embryogenic callus
formation was obtained on ¥ MS medium combined with 5.0 mg/l NAA and 2.0 mg/l BA after 3 subcultures.

In the somatic embryogenesis of oil palm, callus
formation occurred in the addition of auxin, either at full
strength or %2 MS basal medium (Rival and Parveez, 2005).
Notably, the presence of BA to the medium seems to give
additional options for the regeneration of plants.
Additionally, the usage of various quantities of plant growth
regulators had a substantial effect on the development of
callus (Liu et al., 2018).

3.2- Somatic embryos proliferation

The somatic embryos were seen in this work by
incubating embryogenic calluses on MS medium
supplemented with various doses of TDZ, 1.5 mg/l BA and
0.5 mg/l NAA. The embryos were white in color, globular
in form as they matured and appeared alone or in clusters.
According to the findings in Table (4), the TDZ
concentration had an effect on the proliferation percentage,
the number of somatic embryos and the length of somatic
embryos.

Concerning the percentage of somatic embryos
that proliferated, the best results 65.67% was obtained on

MS medium supplemented with 2.0 TDZ, 1.5 BA and 0.5
NAA, as compared to the other TDZ doses. While raising
the TDZ concentration to 3.0 mg/l lowered the proliferation
rate of embryos to 40.51%, as shown in Fig (4).

On the other hand, TDZ concentrations had an
effect on the number of somatic embryos; MS medium
contained 2.0 mg/l TDZ, 1.5 BA and 0.5 NAA was shown
to be the optimal medium for increasing the number of
embryos to 32.10 embryos/culture. By increasing the TDZ
concentration to 3.0 mg/l, the number of embryos per
culture was reduced to 23.16 embryos. Low doses of TDZ
(0.5 and 1.0 mg/l) in the presence of 1.5 BA and 0.5 NAA
produced the fewest somatic embryos (11.20 and 20.00
embryos/culture, respectively).

In terms of somatic embryo length, MS medium
supplemented with 2.0 TDZ, 1.5 BA and 0.5 NAA (mg/l)
resulted in embryos measuring 1.5 cm in length, compared
to 0.5 cm in the control treatment. TDZ concentrations of
0.5 and 1.0 mg/l resulted in embryos ranging in length from
0.8to 1.2 cm.

Table 4. Effect of different concentrations of TDZ with added 1.5 BA and 0.5 NAA (mg/l) on somatic embryos proliferation of
Zaghloul date palm cultivar after 12 weeks of culturing.

Treatment (mg/l) Somatic embryos Number of somatic Length of somatic
proliferation % embryos embryos (cm)
Control 8.00e 4.33d 0.5cd
0.5TDZ, 1.5 BA, 0.5 NAA 22.15d 11.20c 08c
1.0 TDZ, 1.5 BA, 0.5 NAA 30.10c 20.00 b 12b
20TDZ, 1.5 BA, 0.5 NAA 65.67 a 32.10a 15a
3.0TDZ, 1.5 BA, 0.5 NAA 40.51b 23.16 b 1.0 bc
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Fig. 4. The embryogenic callus germinated, A) Embryogenic callus was formed, B) The control treatment recorded the fewest
number of somatic embryos, C) MS medium supplemented with 2.0 TDZ, 1.5 BA and 0.5 NAA shown to be the optimal
medium for increasing the number of embryos, D) By increase the TDZ concentration to 3.0 mg/l lowered the proliferation
rate of embryos.

In previous research, Rival and Parveez (2005)
somatic embryogenesis in oil palm as a multistep process
that includes induction, embryogenesis, somatic embryo
development and maturation, shoot development and
rooting. The explants are stimulated to develop primary
callus in auxin-containing media under dark conditions
during the induction stage. The callus is also transferred to
auxin-containing media during the embryonic stage,
however at lower concentrations and often under light
conditions. This stage promotes the development of
proliferating callus into embryogenic cell clusters.

Organogenesis requires a ratio of auxin to
cytokinin of 10/0.4/0 or equal. In Damask rose, combining
TDZ and BA resulted in considerably more shoots per
explant than the most optimal BA treatments alone
(Mamaghani et al., 2010). Additionally, treatment with
TDZ promoted development and increased the quantity of
somatic embryos. TDZ has been proposed to enhance
nucleoside levels, purine cytokinin accumulation or
synthesis, or to accelerate adenine to adenosine conversion
(Capelle et al., 1983). TDZ enhanced the explants'
embryogenic response throughout normal growth and
development; same effect has been reported in a variety of
different species. TDZ is very stable in culture medium and
has a long half-life in plant tissues (Mok and Mok, 1985).
Victor and colleagues (1999) demonstrated that TDZ
efficiently promoted somatic embryogenesis in peanut after
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a minimal exposure period. TDZ may have a double
function in the induction of somatic embryogenesis: 1)
cytokinin-like activity that stimulates cell division and
differentiation and 2) a modest auxin-like activity that
seems to be required for the development of embryogenic
competence.

Woajcikowska et al. (2013) discovered that auxin
treatment accelerated somatic embryogenesis by activating
transcription factors, particularly leafy cotyledon 2, a
transcription factor that regulates IAA production in
explants. In oil palm, somatic embryogenesis has been
described mostly as an indirect process (Hilae and Te
Chato, 2005). According to Baharan et al. (2015), plant
growth regulators (2,4-D, TDZ and BA) were effective in
inducing callogenesis. The maximum regeneration ratio
was seen in medium supplemented with 5.0 mg/l BA or 5.0
mg/l TDZ, whereas other treatments induced fewer calluses.
However, when shoot tips were cultured with 2,4-D and
TDZ at 10.0 mg/l, somatic embryogenesis occurred (Sidky
and Eldawyati, 2012).

3.3- Somatic embryo maturation and germination

MS basal medium supplemented with BA at 0.5
mg/l, kin at 0.1 mg/l and NAA at 0.05 mg/l was examined
for further enhancement and maturation of somatic
embryogenesis, and then these embryos formed shoots
concurrently. After three weeks of culture, the mature
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embryos developed a green color. Germination of somatic
embryos was detected in control and MS medium treated
with combinations of plant growth regulators, with
germination percentages ranging from 32.4 to 87.5%.
According to Table (5), the most leaves number (20.11

International Journal of Environment, Agriculture and Biotechnology, 8(5)-2023

leaf/jar) were found in MS basal medium with BA at 0.5
mg/l, kin at 0.1 mg/l and NAA at 0.05 mg/I, as shown in Fig
(5). In comparison, the medium devoid of plant growth
regulators produced the fewest leaves (8.43 leaf/jar).

Table 5. Effect of BA at 0.5 mg/l, kin at 0.1 mg/l and NAA at 0.05 mg/l on germination of somatic embryos of Zaghloul ate
palm cultivar after three subcultures.

Treatment (mg/l) Somatic embryos Number of Number of Length of leaves
germination (%) shoots leaves (cm)
Control 324b 250b 8.43b 1.60 b
0.5 BA, 0.1 kin, 87.5a 8.00 a 20.11a 3.33a
0.05 NAA

Fig. 5: Improved the somatic embryos production and
shoots regeneration of date palm, cv. Zaghloul after three
sub-cultured on MS medium supplemented with BA at 0.5

mg/l, kin at 0.1 mg/l and NAA at 0.05 mg/I.

Numerous variables have been related with
somatic embryo germination in prior studies. In terms of
PGRs, Othmani et al. (2009a) recommended an NAA
concentration of 1.0 mg/l for date palm cv. Boufeggous,
whereas Zouine and El Hadrami (2007) enhanced somatic
embryo germination in date palm cultivars Bousthami Noir
and Jihel, using a mixture of NAA, IBA and BA. Fki et al.
(2003) observed that when germinated date palm cv. Deglet
nour embryos were transferred to a medium enriched with
1.0 mg/l NAA and BA, healthy plantlets with balanced
shoot and root development were produced.

Sane et al. (2006) reported on the effect of NAA
on the conversion of developed somatic embryos in date
palm cv. Amsekchi and cv. Boufeggous cultures. When 1.0
mg/l NAA was administered, the average number of
somatic embryos was 50.66 embryo/culture, the frequency
of germination (83.50%) and the frequency of conversion
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(94.50%) were determined (Othmani et al., 2009b).
Similar needs for cytokinins such as 2ip (Badawy et al.,
2005), BA (Zouine et al., 2005) and Kin (Meziani et al.,
2015) have been identified to stimulate growth,
development, shoot morphogenesis and maturation into
date palm.

BA is considered a possible cytokinin capable of
accelerating the differentiation and development processes
by causing fast cell division. Aslam and Khan (2009)
discovered that BA was more effective than kinetin in
increasing the frequency of numerous shoots in date palm,
corroborating the current study's findings. The various
doses of 2ip alone or in combined with Kin or IBA were
extremely efficient in germination and development of
somatic embryos and plantlets in both types tested
(D'Onofrio and Morini, 2005). We investigated somatic
embryo germination and plantlet conversion using a variety
of BA and Kin concentrations and discovered that BA was
particularly efficient in promoting germination and plantlet
conversion. Previously, it was found that the same
cytokinins, alone or in association with auxin, were quite
successful in somatic embryogenesis in a variety of plants
(Nasim et al., 2009; Ghanti et al., 2010).

Transfer of date palm cultivar embryos to MS
medium supplemented with 1.0 mg/l NAA and 1.0 mg/l BA
resulted in the formation of viable plantlets with uniform
shoot and root development (Zouine et al., 2005). Recently,
a somatic embryogenesis pathway was reported using leaf
segments from in vitro shoots of date palm cv. Quntar (Al-
Mayahi, 2015); these explants would be ideal for large-
scale propagation because their somatic origin, seasonal
independence and availability. Mazri et al. (2017) also
detected somatic embryogenesis in proximal leaf segments
isolated from in vitro-grown shoots.

Letouze et al. (2000) demonstrated that when the
hormonal combination during the induction stage is
changed appropriately, the embryogenic callus pathway
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may result in the development of somatic embryos and
organogenesis. The dynamic equilibrium in the auxin and
cytokinin concentrations in the media would have resulted
in fast shoot and root growth, hence reducing the total time
required for regeneration, which is rather unique in this
research. Our findings indicated that 32.4 to 87.5 (%) of
somatic embryos germinate. Other date palm cultivars have
been documented to have varying rates of somatic embryos
germination. Al-Khayri and Al-Bahrany (2012), for
example, observed germination rates of 17.5-72.5 (%) in
cv. Naboul Saif. Germination frequencies of somatic
embryos derived from cvs. Khusab, Berny and Barhee were
between 60% and 75% (Al-Khayri, 2011).

Mazri et al. (2018) found that MS medium
supplemented with 2.5 pM NAA and 2.5 uM BA had the
greatest rate of somatic embryo germination (52.0%). For
the cv. Safawi, the optimal medium for promoting somatic
embryos germination (%), shoots development and shoots
length was 6.0 mg/l 2iP + 3.0 mg/l Kin + 0.5 mg/l IBA.
While the ideal medium comprised 6.0 mg/l 2iP + 2.0 mg/I
Kin + 1.0 mg/l IBA for cv. Magdoul (Metwali et al., 2020).

3.4- Regeneration and shoots multiplication

The results demonstrated the critical importance of
using the optimal hormone combinations for successful
shoots regeneration. After three sub-culturing, the cluster of
shoots cultured on MS basal medium supplemented with
BA at 2.0 mg/l and NAA at 0.5 mg/l possessed the best
values for leaf number (34.25) and leaf length (4.75 cm), as
shown in Fig (6).

Fig.6: The cluster of shoots cultured on MS basal medium
supplemented with BA at 2.0 mg/l and NAA at 0.5 mg/I
resulted the best shoots multiplication.

Numerous parameters, most notably the
combination of the culture medium and genotype, have
been identified to impact shoot multiplication in date palm
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in earlier research. The combination of differing auxin and
cytokinin concentrations may have generated a hormonal
balance that enhanced shoot proliferation. Cytokinins are
well recognized for their ability to decrease apical meristem
dominance and encourage the development of both axillary
and adventitious shoots from meristematic explants
(Madhulatha et al., 2004). Due to its efficiency and
availability, BA is now the most extensively utilized
cytokinin in the micro-propagation industry (Bairu et al.,
2007).

However, Al-Khateeb (2006) observed that low
hormone concentrations stimulated the production of new
buds, but high hormone concentrations resulted in aberrant
growth devoid of budding or shoots development. Clearly,
low auxin concentrations in the presence of cytokinin
promoted adventitious buds proliferation (Al-Najm et al.,
2018). For shoots multiplication, Beauchesne et al. (1986)
recommended Y2 MS medium supplemented with 2.0 mg/I
NOA, 1.0 mg/l NAA, 1.0 mg/l IAA, 0.5 mg/l BA, 1.0 mg/l
2iP and 1.0 - 5.0 mg/I kin.

Similarly, Taha et al. (2001) developed an
efficient quick technique for in vitro multiplication of date
palm shoot buds cv. Zaghlool. They employed a medium
that had a high concentration of 2ip. Khierallah and Bader
(2007) reported that a hormone combination of 1.0 mg/I
NAA, 1.0 mg/l NOA, 4.0 mg/l 2iP and 2.0 mg/l BAP
increased shoots multiplication in MS medium of date palm.
Othmani et al. (2009a) revealed that high rates of shoots
proliferation were attained in cv. Deglet Nour on medium
containing 1.0 mg/l NAA and 1.0 mg/l BA. For the cultivar
Khalas, Aslam and Khan (2009) stated that, on medium
supplemented with 7.84 uM BA, the greatest shoots
regeneration response (in terms of shoot development (%),
shoots number and shoots length.

According to Zaid et al. (2011), NAA, NOA, IAA,
BAP and kin may be utilized at concentrations ranging from
0.5 to 5.0 mg/l for shoots bud proliferation. Mazri and
Meziani (2013) discovered that % MS medium
supplemented with 0.5 mg/l NOA and 0.5 mg/I Kin resulted
in the formation of 23.5 shoot buds per explant after three
months of multiplication in cv. Najda. Additionally,
Bekheet (2013) observed that adding three various kinds of
cytokinins to the growth medium, BA, Kin and 2ip, at
concentrations ranging from 0.5 to 5.0 mg/I, increased shoot
bud development in date palm cv. Zaghlool.

The optimal medium for shoots regeneration was
% MS medium combined with 0.5 mg/l NOA and 0.5 mg/I
kin, which resulted in an average of 23.5 shoots per explant
after three months of multiplication (Mazri and Meziani,
2013). Al-Mayabhi (2014) proposed growing cv. Hillawi on
MS medium with 1.0 mg/l BA and 0.5 mg/l TDZ, which
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resulted in an average of 18.2 buds per culture. Mazri
(2015) suggested that MS medium with 2.5 uM IBA and 2.5
UM BA for cv. 16-bis (22.3 shoot buds/culture), whereas cv.
Boufeggous (22.9 shoot buds/culture) required %2 MS media
supplemented with 3 uM IBA and 3 uM BA.

After about two subcultures into medium
containing 2,4-D at 0.1 mg/l, subculture of secondary shoots
on MS medium supplemented with NAA and BA at (1.0
mg/l) ensures both multiplication and development of
shoots capable of conversion into plantlets (Othmani et al.,
2018). Baghdady et al. (2018) investigated for shoots
multiplication, transfer of cultures to MS medium enriched
with BA and Kin, either alone or in combination, after direct
appearance of 2-3 shoots. The findings demonstrated that
MS medium supplemented with BA at any concentration
outperformed the control therapy. In this respect,
introducing BA at a concentration of 1.0 mg/l to MS
medium resulted in the greatest shoots number and shoots
fresh weight values.

3.5- Genetic stability between mother plant and
regenerated date palm shoots induced from leaves
explants

In Table (6) ISSR analysis was done on the DNA
of Zaghlol cultivar shoots produced from leaf explants in
tissue culture. The ISSR profiles of tissue culture-derived
shoots, particularly those induced from leaf explants,
clearly showed a high similarity of 97% to the mother tree
as shown in Fig. (7).

Fig. 7. ISSR profile of regenerated date palm shoots
Zaghlol cv. from the leaves explants in comparison to their
mother plant. M: 1kp DNA marker, MP: mother plant,
Lanes 1 to 7: the regenerated date palm shoots induced
from leaves explants. There were no differences in genetic
variation (97%).
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Table 6. Names and sequences of ISSR primers used in
genetic stability among regenerated date palm shoots in
comparison with their mother plant.

Primer name | Primer sequence Annealing
Temp. (°C)
DP1 (AGG)6 55
DP2 (AG)10G 60
DP3 (AG)10C 60
DP4 (AG)10T 57
DP5 (CT)10A 57
DP6 (CT)10G 60
DP7 (CT)10T 57

It is possible for regenerated somaclones to differ
in chromosomal numbers and structures (Hao and Deng,
2002; Mujib et al., 2007). Fruit cultivars that have been
micro-propagated have had their genetic variability studied
using inter-simple sequence repeat (ISSR) markers.

Date palm cultivars can have polymorphisms
found using the ISSR method (Abd-Alla, 2010). ISSR is a
practical and effective method used in many species to
identify polymorphisms without knowledge of the DNA
sequences. This technique is trustworthy for identifying
date palm cultivars. Using ISSR, Zehdi et al. (2012)
evaluated the genetic diversity of a collection of cultivars of
Tunisian date palm.

Numerous authors have extensively studied the
value of molecular analysis of in vitro regenerated plants
(Piatcza et al., 2015; Bhalang et al., 2018). Micro-
propagated plants' genetic diversity has significant practical
advantages and commercial implications.

A successful micro-propagation method should
give true-to-type plantlets with no genetic or morphological
alteration (Prakash et al., 2016; Safarpour et al., 2017;
Khatab and Youssef, 2018). The micro-propagated plants
derived from shoot tips and axillary buds have been
previously reported to maintain genetic stability (Borsai et
al., 2020). Somaclonal variation is often induced by the
culture media and subculture cycles (Bidabadi et al., 2010).
Therefore, testing of genetic stability of in vitro raised
plants is necessary to date palm plantlets production.
However, in our study, no variability was detected among
the plantlets by ISSR assay; Therefore, we can state that
there were no somaclonal differences in the tissue culture-
raised plantlets used in the current investigation.

111


https://dx.doi.org/10.22161/ijeab.85.15

Rasha et al.

V. CONCLUSION

Explants of date palm Zaghloul cv. inner juvenile
leaves were employed to develop an indirect somatic
embryogenesis system through callus. When leaf segments
were cultivated on MS medium, callus formation occurred
on the surface of the leaves. MS medium supplemented with
10.0 mg/l NAA, 1.0 mg/l BA and 2.0 mg/l 2ip was used.
Following that, the explants are transferred to MS medium
containing 5.0 mg/l NAA and 2.0 mg/l BA to promote the
development of embryogenic callus. To differentiate the
embryogenic callus, it was grown on MS basal medium with
2.0 TDZ, 1.5 BA and 0.5 NAA. After that, the resulting
somatic embryos were transferred to MS basal medium
supplemented with BA at 0.5 mg/l, kin at 0.1 mg/l and NAA
at 0.05 mg/l for maturation. The cluster of shoots cultivated
on MS basal medium supplemented with BA at 2.0 mg/l and
NAA at 0.5 mg/l exhibited the greatest regeneration. The
date palm Zaghlol cultivar displayed the greatest genetic
stability in the in vitro culture, according to the results of
genetic variation detection using ISSR primers in date palm
shoots induced from leaves explants. The detection of
specific somaclonal variation in cloned plants using ISSR is
another successful application.

KEY MESSAGE

In this paper, we used the juvenile leaves
surrounding the shoot tips to study the capability of
induction the somatic embryos or not on different media,
then we did the ISSR analysis to study the genetic stability
of shoots induced from leaf explants.
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