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producers in the world between 1991 and 2001, where it 
contributed a 7.5% of the total world dates production 
(FAO, 2011). The vegetative multiplication of date palm is 
traditionally achieved by offshoots. This offshoot pro-
pagation has limitations such as slow propagation rate, 
transmission of disease-causing pathogens and insects 
and production of offshoots in a limited number for a 
certain period in the lifetime of a young palm tree (Gueye 
et al., 2009). Date palm readily grows from seeds but half 
of the seedlings may turn out to be males and high 
proportion of inferior quality segregates (Al-Khalifah and 
Shanavaskhan, 2012; Mohammad, 2013). Furthermore, 
seedlings take 6 to 10 years to fruit, so male and female 
trees are not identifiable until flowering (Othmani et al., 
2009). Hence, in vitro propagation is the only available 
alternative to produce disease free, uniform and good 
quality planting material to establish large scale culti-
vation within a short period of time (Zaid and De- Wet, 
2002). In vitro production is applied through two main 
protocol, one of them is the somatic embryogenesis and 
the second is via meristim apexes or buds in the axil 
bottom of the leaves (Bekheet et al., 2001; Eke et al., 
2005). Micropropagation through direct organogenesis 
lacking callus phase, has the advantage of producing 
highly identical plants to the mother plants in their 
vegetative characteristics (Khan and Bi, 2012). Shoot tips 
are most appropriate explant used for date palm in vitro 
multiplication (Al-Mayahi, 2013). Thidiazuron (TDZ) is a 
cytokinin-like substance that has often been used for 
shoot regeneration in recent years (Erisen et al., 2011). 
Also, it is a powerful regulator of in vitro plant regenera-
tion and subsequent growth (Murthy et al., 1998). There 
are many reports showing that the application of 
thidiazuron (TDZ; N-phenyl-N'-1,2,3-thiadiazol-5-ylurea) 
results in a better shoot regeneration capacity in com-
parison with other cytokinins (Srikandarajah et al., 2001; 
Zhang et al., 2001; Thomas, 2003; Husain et al., 2007). 
TDZ is used as a plant growth regulator to stimulate high 
rate of axillary shoot proliferation in many woody plant 
species, and its releases the lateral bud dormancy and 
stimulates shoot formation in wide variety of plant species 
(Malik and Saxena, 1992; Anandan et al., 2011). In date 
palm, N-phenyl N'-1,2,3-thidiazol-5-ylurea (TDZ) is used 
in the stimulation of direct somatic embryo regeneration 
from shoot tip explants (Sidky and Zaid, 2011). The plant 
cells possess highly efficient defence systems for 
elimination of the harmful effect of oxidative stress. 
Guaiacol- peroxidase (EC 1.11.1.7), catalase (EC 
1.11.1.6) and ascorbate-peroxidase (EC 1.11.1.11) are 
among enzymes expressing antioxidative functions, 
where peroxidase (EC 1.11.1.7) is considered among 
enzymes expressing antioxidative functions (Kapchina-
Toteva and Yakimova, 1997). There are still limited data 
concerning plant regeneration using thidiazuron (TDZ), 
and the peroxidase activity for date palm is through direct 
budding. The overall objectives of this study were to 
determine the  optimal  concentration of TDZ for adventi- 

 
 
 
 
tious buds regeneration from shoot tip and investigate the 
relationship between TDZ and peroxidase through bud-
ding in date palm tissues cultured cv. Hillawi in vitro. 
Cultivar Hillawi is a good soft date with good quality and 
famous in Iraq. It early ripens early and yields about 94.3 
kg/palm and it is best for raw eating at rutab stage (Vij et 
al., 2005). But this cultivar is suffers from some problems; 
the ageing of the adult plants as well as study the histo-
logical events related to direct regeneration from shoot 
tips. 
 
 
MATERIALS AND METHODS  
 
Plant material 
 
The experiments were conducted in the Laboratory of Plant Tissue 
Culture at the Palms and Dates Research Centre, University of 
Basra. The success of tissue culture largely relies on the selection 
of suitable explants for use as the starting material for the experi-
ment. The selected offshoots cv. Hillawi were 3 to 4 years old. 
 
 
Cleaning of explants 
 
Cleaning of the explants was done according to Junaid and Khan 
(2009). In short, the offshoots were washed with tap water to 
remove the attached soil and other debris. The outer large leaves 
and fibers were carefully removed with a sharp knife until the shoot 
tip zone was exposed.                                                                                        
 
 
Sterilization efficient 
 
The explants were kept in 1% sodium hypochlorite solution mixed 
with one drop/100 ml of Tween-20 for 20 min followed by 4 to 5 
rinses in distilled water. It is recommended to give sterilization for 
10 min with fresh sodium hypochlorite solution. Then, the explants 
were immersed in 0.1% mercuric chloride solution for 5 min, 
followed by 4 to 5 washes in distilled water. Sterilized explants were 
kept in a cold sterilized solution of ascorbic and citric acid (150 mgl-
1) to avoid browning (Al-Khalifah and Shanavaskhan, 2012).                            
 
 
Establishment of initial cultures 
 
In this study, shoot tips were used for culture initiation (Figure 1). 
The shoot tip terminal, about 1 to 1.5 cm long, was sectioned longi-
tudinally into four sections. Several media were tested. Murashige 
and Skoog (MS) (1962) basal medium supplemented with 1.0 mgl-1 
NAA, 1.0 mgl-1 Naphthoxy acetic acid (NOA), 1.0 Indol butyric acid 
(IBA), 1.0 mgl-1 kinetin (K), 100 mgl-1 glutamine, 5 mgl-1 thiamine 
HCl, 1 mgl-1  biotin, 30 gl-1 sucrose, 2.0 gl-1 activated charcoal, and 
solidified with  agar  at  5.0 mgl-1 were used. All the media were 
adjusted to pH 5.8 with 0.1 N NaOH or HCl, before the addition of 
agar. Media were dispensed into culture jars. All jars with media 
were autoclaved at 121°C and 1.04 kg/cm² for 15 min. Cultures 
were kept under complete darkness at 27±2°C which provide the 
cultivation on initiation medium that enhanced the percentage of 
explant survival which was 60%, where explants started exhibiting 
signs expansion after 3 to 4 weeks, as well as reduced browning. 
Similar reports are given by (Al-Maarri and Al-Ghamdi, 1997; Al-
Mayahi, 2014a). 
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trations of TDZ inhibiting synthesis of abscisic acid was 
more than high concentrations. These results agree with 
the reports of Lincy and Sasikumar (2010) which sug-
gested that combinations of TDZ and other plant growth 
regulators could be more effective than TDZ used alone. 
Also, these results are similar to those reported by 
Husain et al. (2007) and Husaini and Abdin (2007) who 
confirmed that the frequency of shoot regeneration ability 
declined markedly at higher concentrations of TDZ. Also, 
higher concentrations of TDZ hindered further growth and 
development of the regenerates (Shirani et al., 2010). 
Generally, explants cultured on media supplemented with 
low levels of TDZ were positive for adventitious buds 
regeneration. TDZ has been shown to stimulate buds 
regeneration at low concentrations and was used mainly 
in combination with other plant growth regulators. These 
results suggest that the response of explants to buds 
formation ensure the development of budding, necessary 
to modify the hormonal balance in favour of the cyto-
kinins. Moreover, it is reported that TDZ is the best 
choice compared with other phytohormones for protoplast 
proliferation (Murthy et al., 1998; Xiao et al., 2007).  

The acceleration of peroxidase activity was associated 
with increased number of buds under TDZ effect, and 
had more stability and important role in POD synthesis. 
The stimulation of peroxidase in the present experiments 
in accordance to enhancement of bud growth and 
development at 0.5 mgl-1 TDZ, supports the view that 
TDZ might make this enzyme active, thus controlling the 
level of H2O2 and the rate of cell division (Kapchina-
Toteva and Yakimova,1997). In addition, we suggest that 
the activity of peroxidase could be used as a biochemical 
marker of development in the plant object studied. More-
over, TDZ promotes the activities of POD, which may be 
one reason for budding. Sharifi and Ebrahimzadeh (2010) 
and Mamaghani et al. (2010) reported that antioxidant 
enzymes play an important role in the organogenesis of 
20 plants as confirmed by analysis of POD which was 
also, reported by Ezaki et al. (1996). This enzyme has 
high activity as a marker during stressful conditions. In 
addition, such an enhancement of peroxidase activity can 
be caused by stress due to changes in media compo-
sition; where the TDZ is the induction of a stress 
response (Murthy et al., 1998; Abbasi et al., 2011), and 
stress has been considered to be a stimulus to develop-
mental switch by reprogramming gene expression and 
reorganizing cellular state (Fehér et al., 2003). During this 
process, some defense-related genes may be induced to 
adapt the stress conditions. The ability of the explant 
tissue to survive the applied stresses of the culture pro-
cess seems to be an integral part of the morphogenic 
phenomena and some studies provide indication of the 
factors involved in the regulation of plant regeneration, 
with various active forms of peroxidase involved in growth 
regulation, development and organogenesis. The acce-
leration of enzyme activity was associated with formation 
of more shoots (Kapchina-Toteva et al., 2005) since plant  

 
 
 
 
peroxidases are involved in many functions such as 
growth, vegetative development, resistance to biotic and 
abiotic stresses (Gonzalez-Verdejo et al., 2006). The 
results of the present study are in agreement with the 
results of other studies related to using cytokinins on 
peroxidase activity (Synková et al., 2006), and with Wang 
et al. (1991) who reported that many of the TDZ-
stimulated enzymes were associated with cell walls 
membranes and membrane fluidity was modified.  

Also, this result is in accordance with earlier reportof an 
enhancement of peroxidase activity in response to TDZ 
(Todor and Iordanka, 1995). As the overall result, it 
seems that changes in POD activity, is an index for 
regeneration. TDZ is resistant to oxidases, is stable, but 
biologically more active at low concentrations. These pro-
perties may enhance future use in tissue culture manipu-
lations. These findings may promote further investiga-
tions of the physiological properties and selectivity of 
phenylurea cytokinins. The importance of the cytokinins 
in releasing the process of meristems and, consequently, 
formation, is well-known; these formations may be 
caused by the cytokinins that enhance the multiplication 
of the DNA, and the chromosomes separation which 
encourages the cell division (Auge, 1984). The formation 
of the organs in the moncotyledonae is generally, 
enhanced by addition of the cytokenines (Duhoux, 1988). 
Also, the nodules developed into buds when moved to an 
auxin free medium. Moreover, organogenesis, due to the 
influence of growth regulators present in the medium, is 
the result of dedifferentiation of certain cells showing a 
mitotic activity. This also showed that cell division is 
initiated in the epidermal layers and that from a multiple-
layered epidermis occasional meristematic bulges are 
produced. Regeneration of adventitious bud meristems 
formed directly on explants in vitro is often initiated by cell 
divisions beginning in the epidermal. Adventitious buds 
primordial is initiated as a result of organized directional 
growth of cells from meristematic cells. Although mitotic 
activity was found throughout the explant, activity was 
concentrated in the epidermis regions that were in close 
contact or adjacent to the nutrient media. Clusters of cells 
began to appear in the subepidermal region of the 
explant. Regeneration in this manner is widespread, 
occurring in monocotyledons (Crinum macowanii) 
(Slabbert et al., 1995). The initial cell divisions result in a 
mass of small cells forming new meristematic primordia. 
Continuity of division cells led to vascular bundles, where 
development of the vascular bundles is essential to gua-
rantee the transport between tissues and distant organs, 
assuring the growth.  
 
                                                                             
Conclusion 
 
In the present study, the in vitro protocol for regenerating 
plantlets of date palm cv. Hillawi using shoot tip explants 
was described. Since the plantlets were developed direct- 



 
 
 
 
ly without intervening of callus phase, it can be concluded 
that results obtained in this study, permit the develop-
ment of a mass propagation protocol with a good budding 
rate and a high regeneration percentage. Data suggest 
that TDZ and BA were indispensable for in vitro propa-
gation of date palm since no excisable shoots were 
produced on MS-0 medium (control). 0.5 mgl-1 TDZ with 1 
mgl-1 BA are recommended as a component of culture 
media. Stimulation of number of buds was accompanied 
by an enhancement of guaiacol peroxidase activity. His-
tological studies revealed the development of meristem-
matic regions, which later developed into buds meristems.                                                                                                                  
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