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A B S T R A C T

A protocol has been developed for an efficient tissue culture cycle (callus
induction, callus growth, plant regeneration and root induction) for date palm
‘Khalas’ using various plant growth regulators (PGR) in both liquid and solidified MS
medium. The shoot explants showed high callus induction potential on MS medium
supplemented with 45.24 µM 2,4-dichlorophenoxyacetic acid (2,4-D) followed by
54.21 µM 2,4,5-trichlorophenoxyacetic acid (2,4,5-T). The highest frequency of shoot
regeneration (85%) and number of shoots per an explant (5.6) were obtained on solid
MS medium supplemented with 7.84 µM N6-benzylaminopurine (BAP). Rooting
(87.34%) was high on solid MS medium supplemented with 24.6 µM indole-3-butyric
acid (IBA). However, the root length was higher in MS liquid medium. This protocol
will be useful for rapid, large-scale propagation of ‘Khalas’ date palm.

Key words: Phoenix dactylifera L., tissue culture, plant regeneration, shoot multipli-
cation, rooting

INTRODUCTION

Date palm (Phoenix dactylifera
L.), a monocotyledonous and dioecious
species belonging to the Arecaceae
family, is widely cultivated in arid
regions of the Middle East and North

Africa (Al-Khayri, 2001). It is
considered as one of the most
important cash crops in the Middle
East as about 90% of the total world
production is produced in this region.
It is propagated sexually through
seeds and vegetatively by offshoot
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(Bonga, 1982). However, vegetatively
propagated plants accumulate several
bacterial, fungal, viral and myco-
plasmal diseases from air, soil and
insect-vectors, which results in a decline
of their productivity (Anonymous,
1969). The availability of the offshoots
is also limited because their number
produced by each palm tree is low
(Popenoe, 1973). Propagation through
seeds has many limitations as well,
like seed dormancy, low rate of
germination and progeny variation
(Venkataramaiah et al., 1980; Chand
and Singh, 2004). To overcome these
problems and fulfil the demand for
planting material, it is necessary to
develop the method of date palm
propagation with the use of plant
tissue culture (Mujib et al., 2004;
Bhattacharjee, 2006). This technique
also provides a rapid system for
production of large number of
genetically uniform and disease free
plantlets for agriculture and forestry.
Although there have been previous
reports on date palm micropropagation
through the organogenesis and somatic
embryogenesis (Rhiss et al., 1979;
Tisserat, 1979, Beauchesne, 1983;
Sharma et al., 1984, Daquin and
Letouze, 1988), the protocols needs
to be improved. The objective of the
work presented was to develop
reliable method of organogenesis for
‘Khalas’ date palm.

MATERIAL AND METHODS

Plant Material

The experimental material used
for the study was ‘Khalas’ date palm
(Phoenix dactylifera L.), a well known

cultivar throughout the U.A.E. The
offshoots were collected from the
residential premises of the Chairman,
Dubai Pharmacy College. The selected
offshoots were 4-5-year-old, each
weighting approximately 6-8 kg.

Cleaning of explants

To remove the attached soil and
other debris, the offshoots were
washed with the tap water and the
outer large leaves and fibres were
carefully removed with the sharp
knife until the shoot tip zone was
exposed. Shoot tips were then trim-
med to approximately 6-7 cm in length
and 4-6 cm in width.

Disinfection and antioxidant treat-
ment

The excised shoot tips were
washed three-four times with double
distilled water. Thereafter, the cleaned
shoot tips were subjected to two steps
of disinfection: a) the washed shoot
tips were dipped for 20 minutes in
a fungicide (Benlate, 5 g l-1) solution;
b) the shoot tips were dipped in 33%
commercial Clorox solution for 25-
30 minutes. The explants were then
rinsed three times with autoclaved
distilled water in a laminar flow
hood. The disinfected explants were
then soaked in an antioxidant solution
to minimize oxidation of phenolic
compounds (responsible for the
browning of tissues), and to protect
them from desiccation. The antioxidant
solution consisted of 2 g l-1 polyvinyl-
pyrrolydone (PVP, Mw = 40,000),
200 mg l-1 anhydrous caffeine and
100 mg l-1 sodium diethyldithio-
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carbonate AR. The shoot tips were
kept in this solution for 20 minutes and
finally washed with double distilled
water.

Explant preparation

After the proper disinfection and
antioxidant treatments, the shoot tips
were cut into 1-1.5 cm pieces under
the laminar flow hood.

Callus induction

Two – four shoot tip pieces were
placed on MS medium (Murashige
and Skoog, 1962) solidified with 3%
agar-agar and supplemented various
auxins types and concentrations, viz.:
0.0-54.28 µM 2,4-dichlorophenoxy-
acetic acid (2,4-D), 0.0-46.96 µM 2,4-
5-trichlorophenoxyacetic acids (2,4,5-
T), 0.0-64.31 µM chlorophenoxy-acetic
acid (CPA). 0.3 g l-1 of activated
charcoal was added to the medium in
order to remove the phenolic com-
pounds.

Regeneration and shoot multipli-
cation

Callus (80-90 mg) was cultured
on MS liquid and solid medium
supplemented with beznzylamino-
purine (BAP) at concentrations 0.0-
8.96 µM and kinetin (KN) at concen-
trations 0.0-9.28 µM. Data were
recorded on percentage of calli pro-
ducing shoots (%), shoot number per
a callus and shoot length.

Rooting

After 14 weeks in the regenerating
medium, shoots were separated and

placed on MS liquid and solid
medium supplemented with various
concentrations of IBA (0.0-29.52 µM),
IAA (0.0-34.24 µM) and NAA (0.0-
32.22 µM). Data were recorded on
percentage of shoots producing roots,
root number per a shoot and root
length.

Culture conditions

The pH of all the media were
adjusted to 5.6-5.8 before autoclaving.
The media were sterilized in an
autoclave for 15 min at 121oC. Cultures
were incubated at 25oC (±2oC) under
16-h photoperiod with cool white
fluorescent light (100 µmol m-2 s-1 PFD).

Statistical analysis

The data were analyzed by one-
way analyses of variance (ANOVAs)
and the mean values were separated
using Duncan’s multiple range test
(DMRT) at p 0.05. Values presented
on tables and figures are means of five
replicates from two experiments.

RESULTS

Callus induction

Two – four pieces of excised shoot
tips were placed on MS medium
supplemented with various auxins
types and concentrations viz., 2,4-D
(0.0-54.28 µM), CPA (0.0-64.31 µM)
and 2,4,5-T (0.0-46.96 µM). A signi-
ficant variation in callus induction
percentage and biomass was noticed
with increasing auxins concentrations.
Amongst the tested auxins, 2,4-D at
concentration 45.24 µM proved to
be the most effective (Tab. 1).
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T a b l e 1 . Callus formation by date palm shoot explants cultured on MS medium
supplemented with various auxins types and concentrations

Plant growth regulator type and concentration
2,4-D
[µM]

CPA
[µM]

2,4,5-T
[µM]

Percentage of
callus-producing

explants
0.00 7.25 l*
9.04 19.26 j

18.09 32.74 h
27.14 51.35 d
36.19 75.24 b
45.24 86.72 a
54.28 60.25 c

0.00 0.00 n
10.71 2.34 m
21.43 11.74 k
32.15 22.15 j
42.87 46.25 e
53.59 42.87 f
64.31 37.25 g

0.00 0.00 n
7.82 5.32 m

15.65 10.25 k
23.48 29.74 i
31.32 38.65 g
39.14 54.21 d
46.96 42.73 f

*Values are means of 5 replicates from 2 experiments. Means marked with the same letter are not
significantly different at p 0.05, according to Duncan’s multiple range test

T a b l e 2 . Callus growth on MS medium with optimized auxins concentration

5 weeks old callus 7 weeks old callus 9 weeks old callusOptimized
concentration

of auxins
[µM]

fresh wt.
[g]

dry wt.
[g]

fresh wt.
[g]

dry wt.
[g]

fresh wt.
[g]

dry wt.
[g]

2,4-D (45.24) 0.88 a* 0.32 a 2.25 a 1.35 a 3.69 a 1.63 a
CPA (42.87) 0.62 c 0.21 c 1.71 c 1.23 b 1.85 c 1.40 c
2,4,5-T (54.21) 0.76 b 0.27 b 1.88 b 1.29 b 3.00 b 1.49 b

*Explanations, see in Table 1
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T a b l e 3 . Shoot regeneration in MS solid and liquid medium supplemented with
BAP

Shoot number per callus
clump

Shoot length
[cm]BAP

[µM] solid liquid solid liquid

0.00 0.0 d* 0.0 d 0.0 e 0.0 d

2.24 2.8 c 1.0 c 2.1 d 1.2 c

4.48 2.9 c 1.2 c 4.4 b 2.2 b

6.72 5.3 ab 2.1 b 7.5 a 3.8 a

7.84 5.7 a 2.9 a 7.3 a 3.5 a

8.96 5.0 b 3.2 a 3.9 c 2.4 b

*Explanations , see in Table 1

T a b l e 4 . Shoot regeneration in MS liquid and solid medium supplemented with KN

Shoot number per callus clump Shoot length
[cm]KN

[µM] solid
medium

liquid
medium

solid
medium

liquid
medium

0.00 0.0 e* 0.0 e 0.0 e 0.0 e

2.32 1.8 d 1.1 d 1.2 d 0.7 d

4.64 2.3 c 1.8 c 2.5 c 1.6 c

6.96 2.8 b 2.1 b 4.4 a 2.1 b

8.12 2.9 ab 2.4 ab 4.0 b 2.8 a

9.28 3.3 a 2.8 a 1.5 d 0.8 d

*Explanations, see in Table 1

Induced calli were compact and
creamy in colour. Initially, the calli
appeared watery but they grew
compact and globular and their
colour became milky with time,
usually after two subcultures of the
initial callus. However, at higher
2,4-D concentrations it become black

and necrotic after the 9th week of
culture. Data presented in Table 2
show the effect of different auxins at
optimized concentration on callus
biomass (fresh and dry weight.).
Highly effective in stimulating high
callus biomass production was 2,4-D
at concentration 45.24 µM.
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Regeneration and shoot multiplication

Undifferentiated masses of callus
(80-90 mg) were cultured on MS liquid
and solid medium supplemented with
different concentrations of BAP (0.0-
8.96 µM) and KN (0.0-9.28 µM).
A significant difference in shoot
multiplication was found with increa-
sing cytokinin concentration. Besides,
the growth regulators, effect of solid
and liquid medium was also evaluated
in order to optimize medium. Com-
parative analysis of the results on the
various cytokinins used indicated
that proliferation of shoot was more
effective in most of the BAP
concentrations. The percentage of
explants showing proliferation and
the number of shoots per culture
increased gradually with an increase
of cytokinins concentration. Maximum
shoot regeneration response (in terms of
shoot development percentage, shoot
number and shoot length) was
noticed on medium supplemented
with 7.84 µM BAP (Fig. 3 A). KN at
concentration 9.28 µM proved to be
highly effective in inducing shoot
regeneration, but in general this
cytokinin was less effective compared
to BAP. When the concentration of
BAP and KN increased to above
7.84 µM and 9.28 µM, shoot
regeneration rate decreased. At the
highest level of BAP and KN, the
explants produced minimum number
of shoots. Both of the cytokinins
tested were more effective in solid
medium that in the liquid medium.
However, the leaves in liquid medium
were bigger in size than those developed
in solid MS medium. Tables 3, 4 and
Figure 1 A, B show a comparative

effect of the different concentrations
of BAP, KN in liquid and solid
medium on shoot regeneration.

Rooting

Root induction was carried out on
in vitro regenerated, well elongated
shoots by culturing them on MS solid
and liquid medium supplemented with
IAA, IBA and NAA at concentrations
0.0-29.52 µM; 0.0-34.24 µM and 0.0-
32.22 µM, respectively. A significant
difference in root induction, root
number per a shoot and root length
was found in all the tested growth
regulators at different concentrations.
The maximum rooting was found in
cultures supplemented with IBA at
24.60 µM, followed by IAA at
28.54 µM and NAA at 26.85 µM
(Fig. 3 B). When the concentration of
the auxins increased to above 24.60 µM
IBA, 28.54 µM, IAA and 26.85 µM
NAA, the rooting was hampered and
the shoots became black at the ends. In
addition, a remarkable difference in
root induction on solid and liquid
medium was noticed. In all the three
tested auxins, root number per shoots
were higher in solid medium (Fig. 2
A, B, C), whereas liquid medium
supplemented with IBA proved to be
highly effective for stimulating root
length. Table 5 shows a comparative
effect of the growth regulators on in
vitro root initiation on liquid and
solid medium.

DISCUSSION

In vitro multiplication is useful for
date palm because of the dioecious
nature of the palm, which puts
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Figure 1 . Shoot multiplication rate (%) on MS liquid and solid medium supplemented
with various concentrations of BAP (A) and KN (B). Values are means of 5 replicates
from 2 experiments. Means marked with the same letter are not significantly different
at p 0.05, according to Duncan’s multiple range test
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Figure 2. Root induction (%) on MS liquid and solid medium supplemented with
various concentrations of BA (A) IAA (B) and NAA (C). Values are means of 5 replicates
from 2 experiments. Means marked with the same letter are not significantly different at
p 0.05, according to Duncan’s multiple range test
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Figure 3. In vitro callus induction and plantlet regeneration of ‘Khalas’ date palm
(Phoenix dactylifera L.). A) Shoot regeneration and multiplication on MS medium
fortified with 7.84 µM BAP. B) Rooting on MS medium supplemented with
24.60 µM IBA

limitations on seed propagation for the
production of planting materials. On
the other hand, the date palm usually
does not produce branches and thus
has only one apical meristem. It does
produce only a few suckers early in its
life time, thus the number of offshoots
and consequently, the number of
meristems available as sources of
explants from a single palm is usually
low. The methods used for micro-
propagation have been successfully
used in many countries, although
improvements in protocols are still
being made to overcome some growth
and multiplication problems. In the
study presented, a tissue culture cycle
has been refined using different plant

growth regulators and medium types
(liquid and solid). Shoots showed
maximum callusing and high biomass
on MS medium supplemented with
2,4-D. A similar promoting effect of
2,4-D on callusing was earlier reported
in other date palm cultivars (Rashid and
Quraishi, 1994; Hussain et al., 1995;
Quraishi et al., 1997; 1999; Hassan and
Roy, 2005). The stimulating effect of
the 2,4-D on callus formation was also
noticed in many other plant tissue
cultures (Khan et al., 2002).

Of the two cytokinins tested, BAP
was more active than KN during
multiple shoot formation. The highest
frequency of shoot regeneration (85%)
and the number of shoots produced per

B
A
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T a b l e 5 . Effect of various concentrations of IBA, IAA and NAA in solid and liquid
MS medium on root induction

Root length
[cm]

Number of roots per
a shoot

PGR
[µM]

liquid
medium

solid
medium

liquid
medium

solid
medium NAA IAA IBA

0.0 g 0.0 f 0.0 h 0.0 j* 0.00
1.5 d 1.2 de 0.9 f 1.2 g 4.92
1.5 d 1.3 cd 1.1 f 2.9 e 9.84
1.9 cd 1.6 cd 2.9 c 4.7 c 14.76
2.7 b 2.1 b 3.7 a 6.6 a 19.68
3.9 a 2.7 a 3.0 c 5.9 b 24.60
2.8 b 1.7 c 2.2 d 4.0 d 29.52
0.0 g 0.0 f 0.0 h 0.0 j 0.00
0.0 g 0.0 f 0.0 h 0.0 j 5.70
0.8 e 1.1 de 1.0 f 1.4 f g 11.41
1.2 de 1.5 cd 3.0 c 3.3 e 17.12
1.7 d 2.0 b 3.7 a 4.9 c 22.83
2.2 c 2.5 a 3.2 bc 4.2 d 28.54
1.6 d 1.6 cd 2.9 c 3.0 e 34.24
0.0 g 0.0 f 0.0 h 0.0 j 0.00
0.3 f 0.3 e 0.4 g 0.5 i 5.37
0.6 ef 0.5 e 0.7 g 0.7 hi 10.74
0.5 ef 0.5 e 1.0 f 1.1 gh 16.11
0.6 ef 0.8 de 1.6 e 1.7 f 21.48
1.1 de 1.4 cd 3.1 c 3.2 e 26.85
1.0 e 1.1 de 3.0 c 2.9 e 32.22

*Explanations, see in Table 1

an explant (5.6) were obtained on solid
MS medium supplemented with
7.84 µM BAP. The superiority of BAP
over KN for multiple shoot formation
was also demonstrated in other plants
like Jetropha integerrima (Sujatha and
Dhingra, 1993), Sapium sebiferum
(Siril and Dhar, 1997), and Bombax

ceiba (Chand and Singh, 1999,
2004). However, shoot multiplication
rate decreased with increasing BAP
concentrations. Similar effect was also
noticed in many other plant tissue
cultures (Ben Jouira et al., 1998;
Biroscikova et al., 2004; Junaid et
al., 2007).
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Solid medium proved to be more
effective in inducing rhisogenesis than
liquid medium. The highest rooting
frequency was noticed on medium
supplemented with 24.6 µM IBA.
These results agreed with the previous
reports (El-Hennawy and Wally, 1978;
Zaid and Tisserat, 1983; Gaber and
Tisserat, 1985; Nasir et al., 1994; Al-
Kharyi and Al-Maarri, 1997).

CONCLUSION

Efficient regeneration protocol
for date palm (Phoenix dactylifera
L.) propagation, which required ten to
twelve month from culture initiation to
plant regeneration, was established.
Callusing was high on MS medium
supplemented with 45.24 µM 2,4-D.
7.84 µM BAP proved to be highly
effective in stimulating shoot multi-
plication. Maximum rooting was
observed in cultures supplemented
with 24.6 µM IBA. Solid medium
proved to be more effective for shoot
multiplication and root initiation;
however, root length was higher in
liquid medium. This protocol will be
useful for rapid, large scale propagation,
which will enable meeting the high
demand for the ‘Khalas’ date palm.
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ROZMNAŻANIE IN VITRO PALMY DAKTYLOWEJ
(Phoenix dactylifera L.) ’KHALAS’, WAŻNEJ ROŚLINY

ZE WZGLĘDU NA OWOCE

Junaid Aslam i Saeed Ahmed Khan

S T R E S Z C Z E N I E

Opracowano skutecznąmetodęrozmnażania w kulturach tkankowych palmy
daktylowej (indukcja kalusa, wzrost kalusa, regeneracja pędu i korzeni) stosując
regulatory wzrostu (PGR) zarówno w pożywce MS płynnej, jak i zestalonej.
Eksplantaty pędów wykazywały wysoki potencjałindukcji kalusa na pożywce MS
uzupełnionej kwasem 2,4-dwuchlorofenoksyoctowym (2,4-D) w stężeniu 45,24 µM
i kwasem 2,4,5-trójchlorofenoksyoctowym (2,4,5-T) w stężeniu 54,24 µM.
Najwyższąregeneracjępędów (85%) i liczbępędów na eksplantacie (5,6) otrzymano
na zestalonej pożywce MS uzupełnionej N6-benzyloaminopuryną(BAP) w stężeniu
7,84 µM. Ukorzenianie (87,34%) było wysokie na zestalonej pożywce MS
zawierającej kwas indolilomasłowy (IBA) w stężeniu 24,6 µM. Korzenie były
najdłuższe na płynnej pożywce MS. Metoda ta jest użyteczna dla szybkiego
rozmnażania palmy daktylowej ’Khalas’ w dużych ilościach.

Słowa kluczowe: Phoenix dactylifera L., regeneracja rośliny, namnażanie pędów,
ukorzenianie


