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Abstract

The Zambli variety of date palm shows potential
for cultivation in tropical regions, as its fruits are
edible during the Rutab stage. However, large-scale
production of Zambli seedlings presents a
significant challenge. In vitro propagation offers a
solution for producing large quantities of clonal
planting material. This study focuses on inducing
callus formation from the four-layered shoot tips of
young leaves and regenerating these calli into
plantlets through somatic embryogenesis. Explants
were cultured on a modified MS medium with 10,
50, or 100 mg L' 2,4-dichlorophenoxyacetic acid
(2,4-D), combined with 1 or 3 mg L' Né6-(2-
isopentenyl)adenine (2-iP). Embryo maturation was
performed on the same medium without 2,4-D,
while a hormone-free medium was used for plantlet
regeneration. The results indicated that the highest
callus induction occurred from the younger leaf
layer (layer 1) in the medium containing 100 mg L!
24-D and 1 mg L' 2-iP, achieving a callus
formation rate of 82.3%. Successful callus induction
was achieved from the first, second, and third layers
of young leaves. Somatic embryo maturation and
plantlet regeneration were also completed,
producing  vigorous,  well-rooted  plantlets.
Additionally, the development of date palm cv.
Zambli in vitro culture through somatic
embryogenesis was confirmed through histological
analysis.

[Keywords: 2,4-D, 2-iP, embryogenic callus, in
vitro propagation]

Introduction

Date palm (Phoenix dactylifera L.) is an
essential plant in the Middle East and Africa. This
plant grows in dry areas with very low humidity but
requires sufficient water (Chao & Krueger, 2007).
This plant is mainly cultivated for its very sweet fruit
(dates), which has a high nutritional content. Dates
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contain various types of carbohydrates, such as
maltose, glucose, fructose, and sucrose, whose
composition depends on the date variety and the
fruit’s maturity level. There are five maturity levels
of dates: Hababouk, Kimri, Khalaal, Rutab, and
Tamar (Al-Alawi et al., 2017; Idowu et al., 2020).

Dates are essential or sacred fruits to Muslims,
and consumption increases during the holy month of
Ramadhan, especially in countries with significant
Muslim populations. Indonesia contributes 13% of
Southeast Asia and become the world’s third-largest
Muslim population. However, Southeast Asian
countries rarely planted date palms, so the
importation fulfilled the demand for dates. Indonesia
is the world's fifth-largest date palm importer with
50,133 tons of dates were imported in 2021 (BPS,
2022).

The rare date palm plantations in Southeast Asia
mainly were due to unsuitable climates for date palm
cultivation. The date palm is well adapted to the
desert environment, where a dry and warm climate
is essential for fruit maturity and ripening (Chao &
Krueger, 2007). Therefore, date palm cultivations in
most Southeast Asia countries with tropical climates
rarely produce fruits or do not support maturation
until the final stage (Tamar stage), but only in the
Khalaal or early Rutab stage (Sudarsono, 2020).
Therefore, date palm planting materials that are
adaptive to tropical climates or varieties in which the
fruits taste good in the Rutab stage are necessary to
establish date palm cultivation in tropical countries,
particularly Southeast Asia. Zambli is one of the
commercial date palms from Saudi Arabia which
has high productivity (60-80 kg per plant per year)
and can be consumed in both Tamar and Rutab
stages (Gurra Down, 2022), which is suitable for
cultivation in the tropical climate (Sudarsono,
2020). Thus, the availability of Zambli date palm
seedlings is essential for opening up date palm
plantations in Indonesia.
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Date palms are usually propagated from either
seeds or offshoots (Mazri & Meziani, 2015).
However, seed propagation is not ideal because of
the variety of seeds produced. Since date palms are
dioecious, they have distinct male and female plants,
but their gender can only be identified once they
start flowering, which takes about 3 to 5 years after
planting (Chao & Krueger, 2007). This makes the
palm gender identification before flowering is
challenging. While gender identification at the early
phase through molecular analysis has been widely
studied (Al-Mahmoud et al., 2012; Elmeer &
Mattat, 2012; Zhao et al., 2012; Cherif et al., 2013),
the methods are expensive. On the other hand,
offshoot propagation is limited by the small number
of offshoots produced. Date palm trees generally
grow upwards and offshoots only appear during the
early years of plant growth (Eke et al., 2005).

Clonal propagation of date palms through in
vitro tissue culture offers an effective solution. This
method allows the production of large numbers of
uniform, disease-free, and true-to-type plants, with
the gender already determined during the selection
of explants. Date palm tissue culture can be done
through organogenesis and somatic embryogenesis
(Al-Khayri & Naik, 2017; Sidky, 2017). Somatic
embryogenesis (SE) can be defined as plant
regeneration through direct or indirect embryo
formation from somatic cells. It is useful for plant
breeding, especially through genetic transformation
and genome editing (Bortesi & Fischer, 2015;
Donmez et al, 2013; Yin et al, 2017), and
germplasm  storage through cryopreservation
(Bhatia & Bera, 2015; le Roux et al., 2016; Martinez
et al., 2022). In monocots, including date palms, SE
development can be observed through histological
analysis (Santos et al., 2018; Wehbi et al., 2022).

Somatic embryogenesis in date palms can be
initiated from the inflorescence or apical meristem
as explants (Boufis et al., 2014; Mazri et al., 2018).
However, using inflorescences as explants depends
on the flowering season, which competes with the
harvesting period for dates. The apical meristem also
provides a limited number of explants. To overcome
this limitations, young leaves can be used as an
alternative source of explants, as they offer more
tissue for in vitro culture. These young leaves are
located in the base of offshoot, surrounding the
apical meristem (Sidky, 2017).

Table 1. Treatments for date palm callus induction

The in vitro propagation of some commercial
date palm varieties, such as Degla Beida, Mejhoul,
and Barhee, has been widely studied (Al-Khayri,
2012; Boufis et al., 2014; Mazri et al., 2018).
However, the success of propagation varied
depending on the variety. Thus, this research focuses
on inducing somatic embryogenesis in Zambli date
palms and regenerating the somatic embryos into
plantlets.

Materials and Methods
Plant material

The planting material was an offshoot taken
from a 4-year-old female Zambli date palm,
identified by its flowers. The planting material was
collected in October 2017 from the Jonggol Date
Farm, Bogor, West Java, Indonesia (Figure 1A and
1B). After removal from the mother plant, the
offshoot was sterilized at the plant tissue culture
laboratory of the Indonesian Oil Palm Research
Institute in Bogor, West Java. The pre-sterilization
process involved cleaning the offshoot from soil,
washing it with detergent, and spraying it with 70%
alcohol. The outer sheath was then peeled off,
followed by the surface sterilization process in the
Laminar Air Flow (LAF) cabinet. The sterilization
consisted of soaking the offshoot in 0.5% Benlox
(50% benomyl) for 30 min, followed by immersion
in 15% Bayclean® (5.2% NaOC]I) for 30 min, and in
antibiotic solution (15 mg L!) for 20 min. After each
step, the offshoot was rinsed with sterile distilled
water three times.

Callus induction

The sterilized offshoot was peeled into four
layers of young leaves (Figure 1C). The leaves were
sliced into 1 x 1 cm pieces (Figure 2A) and used as
explants. The innermost layer was labeled as layer
1, while layer 4 was the outermost. The explants
were cultured in test tubes containing 12.5 mL callus
induction medium. The experiment used six
different formulations of callus induction medium,
designed as KR1 to KR6. These media were based
on modified MS basal minerals (as described by Al
Khayri, 2007) and enriched with 40 g L' sucrose,
1.5 g L'! activated charcoal, 3.5 g L! Gelzan.

Medium 2,4-D concentration 2-iP concentration
(mg L™ (mg L™
KR1 10 1
KR2 50 1
KR3 100 1
KR4 10 2
KR5S 50 2
KR6 100 2
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The media also contained varying concentrations
of 2,4-dichlorophenoxyacetic acid (2,4-D) at 10; 50;
or 100 mg L', and N6-(2-isopentenyl)adenine (2-iP)
at 1 or 3 mg L}, combined as treatments (see Table
1 for details). The pH of the media was adjusted to
5.8 and the media were sterilized by autoclaving at
121°C for 20 min. The cultures were stored in a dark
room at 26 + 2°C until callus formation was
observed.

Callus maturation, embryo germination, and
plantlet regeneration

Callus multiplication and maturation were done
by subculturing the primary calli into the same fresh
basal media (supplemented with 6 mg L' 2-iP and
10 mg L' naphtalena acetic acid (NAA)). The
embryogenic calli (EC) were then maturated to
become somatic embryos (SE) by transferring them
in media with the same composition, but with lower
2-iP (1.5 mg L) (Saptari & Sumaryono, 2018).
Embryo germination and plantlet regeneration were
achieved by transferring the SE to free-hormone
basal media. All media used throughout the culture
stages were enriched with 40 g L! sucrose, and the
pH was adjusted to 5.7. Gelzan (3.5 g L) was used
as gelling agent for all stages, except for final
plantlet regeneration, where liquid media were used
for root induction. Subcultures were performed
every six weeks. The cultures were maintained
under 36-watt TL lamps with a 12-hour photoperiod.

Histological analysis

Histological analysis was performed on EC and
SE, following the method described by Kladnik
(2013). Samples of EC and SE were placed into
vials, fixed in a buffered formaldehyde solution
(formaldehyde, alcohol, acetic acid) for 48 hours,
stored in 50% ethanol for 24 hours, and dehydrated
in a series of tert-butanol (TBA). For embedding, the
samples were placed in molten paraffin (Paraplast

Plus). TBA was partially removed by pouring
molten Paraplast Plus into vials containing TBA,
and the samples were kept in an oven at 56-60°C
until fully embedded. The TBA-paraffin mixture
was carefully pipetted out and replaced with fresh
molten paraffin. The vials were left uncovered
overnight to allow the remaining TBA to evaporate.
Next, the samples were embedded into paraffin
blocks and sliced into thin sections (~15 pm) using
a microtome. These sections were mounted onto
glass slides and stained with 1% Safranin and 1%
Fast Green (Merck, Germany), both dissolved in
95% alcohol. Cover slips were then added to the
slides. The prepared histological samples were
observed under a Nikon SMZ75T digital stereo
microscope, and images were captured using a
Nikon Digital Sight 1000 camera installed on the
microscope.

Data analysis

The experiments in this study were conducted
with at least 12 replicates, each in a separate tube.
Data were analyzed using a T-test and Duncan’s
Multiple Range Test (DMRT) at a 5% significance
level (a = 0.05).

Results and Discussion
Callus induction

The 4-year-old date palm cv. Zambli mother
plant had eight leaves (Figure 1A). Young leaf
offshoots were isolated from the plant (Figure 1B),
sterilized, and sliced according to their layers as
described in the methods. The sliced explants were
then cultured on callus induction medium. In this
study, 18 explant slices were obtained from layers 1
and 2, while 24 slices were taken from layers 3 and
4 (Figure 1C). Layer 4, being the outermost and
largest, provided more explant slices than the inner
layers.

Figure 1. Source of explants: A) The Zambli date palm mother plant, B) offshoot as explants material, C) explant layer 1-4.

Bar length 1 cm.
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The callus induction medium supplemented with
100 mg L' 24-D and 1 mg L' 2-iP (KR3)
successfully produced callus (50-82.3%) after 12 to
24 weeks of culture (Figure 2). Explants that failed
to form callus turned brown (browning). The highest
callus induction occurred on the KR3 medium
(Figure 2 and 3). KR1 medium induced callus
formation (16.7%) only in explants from layer 1 but
failed to induce callus in outer layers. Lower
concentrations of 2,4-D resulted in reduced or no
callus formation, with KR4 medium failing to
induce any callus. The highest callus induction was
observed on KR3, followed by KR6 (50-82.3%).
KR1 and KR4 contained the lowest 2,4-D
concentration (10 mg L"), while KR3 and KR6 had
the highest (100 mg L™'). The success of callus
induction was also influenced by the explant layer
used (Figure 3B).
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The highest percentage of callus induction was
observed on the KR3 medium, followed by KR6 and
KR2 (Figure 3A). Both KR3 and KR6 contained 100
mg L™ 2,4-D, with different 2-iP concentrations.
Overall, 1 mg L' 2-iP combined with 2,4-D was
more effective for callus induction than 3 mg L' at
the same 2,4-D concentration.

The most responsive explants for callus
formation came from leaves isolated from the first
layer (Figure 2 and 3B). A similar trend occurs in oil
palm callus induction, where leaf phyllotaxis
number -4 to -9 (very young leaves) are preferred as
explants (Hashim et al., 2018). Inner leaf layers
contain younger, more meristematic tissues
compared to outer layers, which enhances their
responsiveness.
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Callus induction medium

Figure 2. Zambli’s callus induction rates on six different media and young leaf layers after 24 weeks of culture
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Figure 3. Callus induction percentage based on A) media, and B) explant layers after 24 weeks of culture. KR1: 10 mg L!
2,4-D and 1 mg L' 2-iP; KR2: 50 mg L' 2,4-D and 1 mg L' 2-iP; KR3: 100 mg L' 2,4-D and 1 mg L' 2-iP; KR4:
10 mg L' 2,4-D and 3 mg L' 2-iP; KR5: 50 mg L' 2,4-D and 3 mg L*! 2-iP; KR6: 100 mg L' 2,4-D and 3 mg L!

2-iP. Layer 1: innermost layer, layer 4: outermost layer.

*) Different letter labels indicate statistical significance based on Duncan's Multiple Range Test (a = 0.05)
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Hormone 2,4-D is commonly used for callus
induction of palm trees, with 100 mg L™ frequently
employed for date palm (Eke et al., 2005; Al-Khayri,
2012). However, some studies have reported that
lower concentrations were more effective (Othmani
et al, 2009; Saptari & Sumaryono, 2018). In
addition to 2,4-D, Picloram has also been used as an
alternative hormone for callus induction (Mazri et
al., 2018). In this study, media with 1 mg L' 2-iP
were more effective at inducing callus than those
with 3 mg L'. This result aligns with previous
research on Ajwa dates, where 1 mg L™! 2-iP yielded
better outcomes (Saptari & Sumaryono, 2018).
However, optimal hormone concentrations appear to
vary by variety or cultivar. For example, Zebia,
Loko (Eke et al., 2005), and Barhee (Al-Khayri,
2012) dates responded better to 3 mg L' 2-iP for
callus induction.

In this study, media containing 100 mg L™
2,4-D combined with 1 mg L™ 2-iP successfully
induced callus formation in Zambli date palm
explants up to the third layer. This result expands the
potential explant sources. Typically, only three
explants are obtained from a single offshoot (Mazri
et al., 2018), but this research yielded 84 pieces of
explants. Prior studies (Sinta et al., 2023) have
shown that the responsiveness of different explant
layers varies by variety. For example, callus
induction in Ajwa dates occurs up to the second
layer, while for Barhee, Jarvis, and Khalas dates, it
is restricted to the first layer. A novel finding in this
study is that Zambli date palm explants can respond
to callus induction up to the third layer.

Regeneration of date palm calli into plantlets

Callus formation in the explants (Figure 4A)
began with swelling, which occurred six weeks after
culture initiation. The primary or initial calli (PC)
emerged after 12 weeks, characterized by a
translucent cell mass that appeared on the basal part
of the explant in contact with the medium (Figure
4B). The PC were then subcultured to a callus
proliferation medium, where they developed into
embryogenic calli (EC). Zambli date palm EC
formed after 24 weeks and was characterized by its
friable and loose structure (Figure 4C). In the callus
proliferation medium, EC showed a relatively high
proliferation rate, with a three- to four-fold increase
in fresh biomass every six weeks.

On the maturation medium, EC developed to
somatic embryos (SE) after 30 weeks. These SEs
were characterized by the various developmental
stages, including globular (G), elongated (E),
scutellar (S), and coleoptilar (C) embryos (Figure
4E). The embryos germinated over 42 weeks on a
hormone-free solid medium, with subsequent shoot
regeneration taking place on a hormone-free liquid
medium without a gelling agent (Figure 4F and 4G).
The growth of Zambli shoots was relatively slow,
requiring at least 4-5 subcultures for complete
plantlet regeneration.

In general, in vitro regeneration of date palms is
a slow and time-consuming process. For example,
the Boufeggous variety required up to seven months
for callus formation (Othmani et al., 2009), while the
Degla Beida variety took ten months for
embryogenic callus induction and an additional four
months for somatic embryo formation (Boufis et al.,
2014). The influence of different varieties on the
success of in vitro propagation is also observed in
other palm species, such as sago (Sinta et al., 2018)
and oil palm (Santos et al., 2018), with the response
of explants varying based on hormone treatments.

Despite the slow process, in vitro propagation of
date palms can produce more seedlings compared to
conventional offshoot propagation, which yields
fewer planting materials. However, this method
generally involves high concentrations of hormones,
particularly 2,4-D (100 mg L") during the early
stages of callus induction ( Al-Khayri, 2007; Boufis
et al., 2014). However, plant abnormalities are still
an issue with the use of high concentrations of
hormones (Abass et al., 2017). In this study,
moderate concentration of 2,4-D (50 mg L) was
tested as an alternative, in combination with explants
from the deepest layer (layer 1) using medium KR2
or KR5. However, the callus induction percentage
achieved with this treatment was relatively low.
Further improvements in callus proliferation could
involve the use of a temporary immersion bioreactor
system (Saptari et al., 2020), which reduces the risk
of abnormalities by limiting the explants’ contact
with hormone-enriched medium. In other plants,
such as oil palm, abnormalities have been linked to
prolonged exposure of explants to hormone-
containing media. To address this, reducing the
number of subcultures or implementing a temporary
immersion system has been shown to prevent
abnormalities (Marbun et al., 2015).
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Figure 4. Somatic embryogenesis of Zambli date palm: A) explant, B) primary callus (PC) appears on KR3
medium after 12 weeks and becomes C) embryogenic callus (EC) after 12 weeks on proliferation
medium, and become D-E) somatic embryo (SE) six weeks on maturation medium, F) germination
on hormone-free medium, G) plantlets regeneration in liquid medium, SE: somatic embryo, G:

globular embryo, E: elongated embryo, S: scutellar embryo, C: coleoptelar embryo. Bar length 1 cm.
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Histological analysis on the embryogenic callus and
somatic embryos

Histological analysis of Zambli dates calli and
somatic embryos revealed structural differences at
each developmental phase (Figure 5), confirming
that in vitro regeneration in this study proceeded
through somatic embryogenesis. The embryogenic
calli (EC) were characterized by cells with small
vacuoles and dense cytoplasm, visualized by the
thick red staining (Figure 5A). The EC then
progressed into globular somatic embryos, with
some embryos separating into single globular forms
(Figure 5B), while others remained fused with
adjacent cells (Figure 5C). This fusion indicated
early vascular tissue formation (V) and increasingly
condensed cytoplasm (Figures 5B and 5C).

The globular embryos elongated into ovoid
forms, marking the elongation phase (Figure 4E and
5D). The next stage was the scutellar phase (Figure
SE), characterized by a polarized structure,
signifying further embryo development with an
enhanced vascular system. The final phase of
somatic embryo development was the coleoptelar
phase (Figures 5F and 5G), during which
germination began, as indicated by the formation of
leaf primordia (LP). These primordia eventually

D _ eWr -y

developed into shoots (Figure 4F) and matured into
plantlets (Figure 4G).

In vitro propagation of date palms can occur
through two main pathways: organogenesis or
somatic embryogenesis. In the organogenesis
pathway, such as in the Zaghlool variety (Bekheet,
2013), vegetative buds are cultured to initiate
organogenesis, leading to shoot proliferation and
plantlet regeneration. In addition to buds,
inflorescences can also serve as explants, as
demonstrated in the organogenesis of Medjool,
Barhee, and Selmi varieties (Taha et al., 2021). In
this research, histological analysis confirmed that
the micropropagation of Zambli date palm followed
the SE pathway, where mature somatic embryos
exhibited bipolar structures. Somatic embryogenesis
involves the formation of embryo-like structures
from somatic tissues, which develop into complete
plants (Bhatia & Bera, 2015). The SE pathway
typically takes longer than organogenesis and
comprises six phases: callus induction, callus
proliferation, embryo induction, embryo maturation,
germination, and plantlet regeneration. In this
research, the entire process, from callus induction to
plantlet regeneration, took nearly two years. This
duration is faster than in other palm species, such as
oil palm, which can take three to five years to
regenerate plantlets fully.
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Figure 5. Histological sections presenting successive developments of somatic embryogenesis in Zambli date
palm: A) embryogenic callus, B-C) globular somatic embryo, D). elongated somatic embryo, E)
scutellar somatic embryo, F-G) coleoptelar somatic embryos. V: vascular system, LP: leaf primordia.

Bar length 0.2 mm.
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According to Bhatia & Bera (2015), SE offers
several advantages, including the ability to produce
plants in large quantities and simultaneously
generate both roots and shoots, eliminating the need
for a separate root induction phase. It is particularly
advantageous for large-scale vegetative propagation
of monocots. The utilization of SE is easily
expandable and amenable to subculturing.
Moreover, the culture can be manipulated to
synchronize embryo formation and germination,
maximizing plant production while minimizing
labor costs. Additionally, SE allows embryos to
enter a dormant state, making the process suitable
for long-term storage.

Conclusions

The highest callus induction was achieved on
media containing 100 mg L™ 2,4-D and 1 mg L™
2-iP, using young leaf explants from the first layer.
Callus formation in Zambli date palms was
successfully induced from leaf layers 1 to 3. Lower
concentrations of 2,4-D (10 mg L) also promoted
callus induction, but only in deeper-layer explants
(layers 1 and 2). The development of Zambli date
palm in vitro culture via somatic embryogenesis was
confirmed through histological analysis.
Propagation was successfully accomplished using
indirect somatic embryogenesis, characterized by
the formation of friable embryogenic calli and
distinct developmental stages, including globular,
elongated, scutellar, and coleoptelar embryos.
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