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ABSTRACT  
 

In this study in vitro shoot tips of Dracaena surculosa L. were exposed to gamma irradiation at the levels of 
(0,5,10 and 15Gy). Irradiation with gamma rays caused change in chemical and anatomical structure of shoot 
tips. Application of 10Gy resulted in the highest values for the number of shoots formation and leaves/shootlet, 
shoot length, as well as number and length of roots. Moreover, it increased the mean values of blade thickness, 
thickness of mesophyll and diameter of vascular bundles (µm) of the leaves. The largest diameter, epidermis 
thickness, cortex thickness and vascular bundles dimensions (µm) of the stem and root were recorded as result 
of 10Gy treatment. Whereas, the lowest  values for blade thickness, thickness of mesophyll and diameter of 
vascular bundles (µm) of the leaves, the smallest diameter, epidermis thickness, cortex thickness and vascular 
bundles dimensions (µm) of the stem and root were recorded as a results of 15Gy treatment. The highest 
contents of chlorophylls (a,b) and cartenoids (mg per g F.W) were determined from application of 10Gy as 
compared with irradiation of 15Gy. 
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Introduction 
 

The genus Dracaena Vand. Ex L. encompasses about 60 species of glabrous, herbaceous, woody shrubs or 
trees that are largely indigenous to tropical Africa and Asia (Hutchinson, 1986). As a result of their distinct 
foliage variegation and tolerance of low light levels, several species, including D. deremensis Engl., D. draco 
(L.) L., D. fragrans, (L.) Ker-Gawl., D. marginata Lam., D. reflexa (Decne) Lam., D. sanderiana Hort. Sander 
ex Mast., and D. surculosa  Lindl  are used as important foliage ornamental plants (Chen and Henny, 2008). 
Dracaenas rank second in Europe (Vonk Noordegraaf, 1998) and third in the United States as popular foliage 
plants used for interiorscaping. Dracaenas are also rich in steroidal sapogenins and saponins (Mimaki et al., 
1998, 1999 and Yokoduk et al., 2000). Some of dracaenas   have cytotoxic activities against cultural tumor cells 
(Mimaki et al., 1999) making them an important group of plants for pharmacognosy research. Dracaena 
surculosa, commonly known as gold dust dracaena or spotted dracaena, is a woody shrub, branching in an erect 
or arching habit. Leaves are elliptic, dark green, and variegated with irregular small, white or yellow round dots. 
In addition to the common steroidal saponins identified in dracaenas, four new 3,5-cyclosteroidal saponins were 
recently found in this species (Yokoduk et al., 2002). The most popular cultivar of D. surculosa is" Florida 
Beauty" which is widely used in dish gardens and terrariums as well as for landscape in tropical and subtropical 
regions. 

Gamma rays belong to ionizing radiation and are the most energetic form of such electromagnetic radiation, 
having the energy level from around 10 kilo electron volts(keV) to several hundred keV. Therefore, they are 
more penetrating than other types of radiation such as alpha and beta rays (Kova´cs and Keresztes, 
2002).Gamma radiation can be useful for the alteration of physiological characters (Kiong et al., 2008). The 
biological effect of gamma-rays is based on the interaction with atoms or molecules in the cell, particularly 
water, to produce free radicals (Kova´cs and  Keresztes, 2002). These radicals can damage or modify important 
components of plant cells and have been reported to affect differentially the morphology, anatomy, biochemistry 
and  physiology of plants depending on the radiation dose (Ashraf et al., 2003). These effects include changes in 
the plant cellular structure and metabolism, e.g., dilation of thylakoid membranes, alteration in photosynthesis, 
modulation of the anti-oxidative system, and accumulation of phenolic compounds (Kova´cs and Keresztes 
2002, Kim et al., 2004; Wi et al., 2007 and Ashraf, 2009).  

Anatomists simply look at the outside and inside of plants and when they see distinctive structures they give 
them a name. At the whole plant level, plants are divided into four organs. The root, stem and leaf are vegetative 



 3796 
J. Appl. Sci. Res., 9(6): 3795-3801, 2013 

 
organs, and the flower, and resultant fruit, is a reproductive organ. Each organ is composed of three tissue 
systems, i.e ,dermal tissue system, vascular tissue system ground or fundamental tissue system .   

This study highlights of the effect of gamma rays on in vitro growth, chemical and anatomical structures of 
Dracaena surculosa (L.). 

 
Materials And Methods 

 
a. Source of plant materials: 

 
Shoot tips were isolated from in vivo Dracaena surculosa plants growing in greenhouse at Faculty of 

Agriculture,(Cario,Egypt). Shoot tips 0.5cm were removed.  
 
b.Sterilization of explants: 

 
Shoot tips of  Dracaena surculosa  plants were washed with running tap water for one hour ,then they were 

merged in ethanol 70% for 2 minutes under aseptic condition in laminar air-flow cabinet. Explants were then 
immersed in 20% concentration  (v/v) of commercial Clorox (NaOCl 5.25%) with a few  drops of tween 20 for 
15 minutes. Three rinses with sterile distilled water were adopted after disinfection. 
 
c. Incubation conditions: 

 
All cultures of the different experiments were incubated at 26±2Co and 16h day/8h dark photoperiod at the 

light  intensity of 2000 lux from cooling white florescent lamps in a growth room. 
 
d. In vitro mass propagation and  irradiation: 

 
The irradiation  treatments were carried out at the  Middle Eastern Regional Radioisotope Centre for 

the Arab Countries(Dokki) .Gamma irradiation was conducted using Co60 gamma source.  Shoot tips 
were cultured on Murshing and Skoog,1962 medium( MS) basal medium. Developing shoots were recultured at 
the end of eight weeks intervals, in order to obtain sufficient number of shoots.  Shoot tips  (4-6 leaves,3-4cm 
shoot length) were irradiated with gamma rays at the dose of  (0, 5, 10 and 15 Gy), the irradiated shoots were 
sub-cultured on MS medium supplemented with 1mg/l BA (Benzel amino purin) for in vitro 
propagation,(Data not published). 
 
The following parameters were recorded monthly for 3 months as follow: 

 
1. Vegetative characters: Number of shoots /explant, number of leaves/shoot, shoot length(cm), number of 

roots and root length(cm). 
 
2. Anatomical study: 

 
For the anatomical studies of Dracaena  surculosa plants, samples of plantlets were fixed and killed for at 

least 48 hours in F.A.A .(10ml formalin, 5ml glacial acetic acid, 50ml ethyl alcohol 95%, and 35ml distilled 
water), washed in 50% ethenol, dehydrated in normal butyl alchohol series (Sass, 1951) and embedded in 
baraffin wax. Sections were cut to a thickness of 20 microns and stained with safranin /light green   combination 
and mounted in Canada balsam ,according to (Nassar and El-Sahar, 1998). The slides were microscopically 
examined. Counts and measurements (µm) of the different tissues (leaves, stems and roots) were taken and 
calculated using a micrometer eye piece. The surfaces of Dracaena  surculosa  were pictured using  light 
microscope with camera model Leica ICC50 HD at  Faculty of AgricultureResearch Park, Cairo University. 
 
3.Chemical analysis: 

 
Determination of pigments content (mg per g F.W) of chlorophyll A, B and carotenoids was carried out 

according to the method described by Saric et al. (1967) and Lichtenthaler (1987). 
 
4.Statistical analysis: 

 
All recorded data were subjected to analysis of variance procedures and treatments. Means were compared 

using L.S.D test at 5% as  the method described by Steel and Torri (1980).  
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Results And Discussion 
 
3-1. Morphological characterization: 
 
3.1.1.Effect of gamma irradiation on in vitro survival percentage of Dracaena surculosa: 

 
Data in Table (1) show the survival percentage of Dracaena surculosa  plant subjected to 0, 5 or 10 Gy . 

All these treatments recorded 100% of survival. Application of  15 Gy gave  66.7% and caused plant leaves to 
become yellow, then  died within 30 days.  These results were in parallel line with Tien et al. (2000) who 
reported that irradiating nodal explants of two cultivars of Chrysanthemum with gamma rays at 10 Gy was the 
useful dose for mutation induction in Chrysanthemum  (Bakery and Ismail 2002), papaya (El-Shakhs et al. 
2007) , canary island palm, Livistona, Sabal and Washingtonia (Abu El-Leil 2008) on black seeds and cumin. 
They concluded  that low doses of gamma ray stimulated survival (%), but raising irradiation doses led to a 
progressive decrease in such parameter. Furthermore, Kovacs and Keresztes (2002) explained lethality of 
explants at high doses of gamma rays by breakdown of meristimatic cells and cell nuclear damage. 
 
3.1.2. Effect of gamma irradiation  on in vitro  Dracaena surculosa shootlets formation: 

 
Data in Table (2) and Fig.(1) indicated that  the highest number of shootlets formation (2.66 ) and the 

maximum number of leaves /shoot (13.67)  were recorded in the 2 U

nd
U

  and the 3 U

rd
U subcultures  with irradiating the 

shoot with the dose  of 10Gy, respectively. However, the longest shoot (7.50cm) was recorded with 5 Gy in the 
2-ndsubculture. These results were in a parallel line with Youssef et al. (2000) they reported that the low doses  
of gamma ray stimulated the growth pattrens of Pelargonium graveolenus,.  

In addition, the obtained results showed that exposure of explants (shoot tips) to gamma irradiation at  the 
dose of 10Gy increased the number of roots/ shootlet(5.0) and root length (2.5 cm) at the 3-rd subculture, as 
shown in Table (3) and Fig(2). The obtained results were in agreement with those obtained by Smelkova (1999) 
on Picea abies, Larix deciduas and Pinus sylvestris and El-Shakhs et al. (2007) on canary palm and 
Washingtonia palm .They reported that  the low dose of gamma rays was the most positively effective on 
subsequent growth. 
 
3-2. Effect of gamma irradiation on shootlets anatomical structure:  

 
Data presented in Table(4) and Fig.(3) clearly showed that irradiation of shoot tips with 10Gy produced the 

highest value of the blade thickness(94.0µm), thickness of mesophyll (77.10µm) and diameter of vascular 
bundles(22.98µm) as compared with other doses. At the same time, the lowest value of the blade thickness 
(75.5µm), thickness of mesophyll (72.59µm) and diameter of vascular bundles (19.47µm) was found in leaves 
irradiated with 15Gy as compared with the other treatments. Such results were in agreement with those reported 
by Hosny (2012). The  dose of 3.0 kr radiation treatment increased in thickness of cortex and of mesophyll 
tissue of Zantedeschia aethiopica L leaf. However, the highest values of stem diameter (993.0µm), epidermis 
thickness (5.50µm), cortex thickness (125.0µm) and vascular bundles dimensions (743µm) were recorded  for  
the treatment with 10Gy. On the other hand the lowest value of stem diameter (830.6µm), epidermis 
thickness(4.45µm), cortex thickness(68.0µm)  and vascular bundles dimensions (561.3µm) were recorded  for  
that irradiation  with 15 Gy  as compared with untreated treatment.  Concerning, the effect of gamma rays on 
root anatomical structure of Dracaena surculosa ,it was found that, the largest root diameter (401 µm), 
epidermis thickness (28.5 µm), cortex thickness (73.7µm) and vascular bundles dimensions (204µm) were 
obtained when  the plantlets were irradiated with 10 Gy. While, the lowest values for root diameter, epidermis 
thickness, cortex thickness and vascular bundles dimensions (µm) were obtained from irradiated plantlets with 5 
Gy as  compared with untreated plantlets. In this regard, Hosny (2012) reported that the two treatments with 
gamma rays at 3.0 and 6.0 kr resulted in  higher  values for root diameter by 320.46 µm2 and 370.71µm2, 
respectively, as compared with 0.0 kr. He added that this effect was attributed to the increase in thickness cortex 
of  Zantedeschia aethiopica L. 
 
3-3. Effect of gamma irradiation on pigment content: 

 
Illustrated data in Fig (4) indicted that using 10  Gy gamma ray  increased the  highest values content of  

chlorophyll (a and b) mg per g F.W. However, the lowest value of chlorophyll a and b content was determined 
as result of 5Gy treatment. Whereas, it is clear that using 15Gy gamma rays gave the highest content of 
carotenoids. However, the lowest content of cartenoids was recorded for 5Gy dose.  The  obtained results were 
in contrast  with  Palamine et al. (2005) who reported that irradiation of in vitro Dracaena plant gamma with 
rays at  20 Gy decreased the chlorophylls (a and b) content. 
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Table 1: Survival percentage of Dracaena surculosa plantlets grown in vitro on MS medium supplemented with1mg/l BA and 

irradiated with different doses of gamma rays. 
Gamma dose (Gy) Survival (%) 
0   100 
  5 100 
10 100 
15 66.7 
L.S.D at 0.05 N.S 

 
 Table 2: Effect of gamma irradiation on Dracaena surculosa shootlets. In vitro under light condition of 16/8h for3 subcultures, intervals 28 

days at 26 ±1 C˚. 
 
Gamma  dose (Gy) 

Number of shootlets /jar* Number of leaves/shootlet Shoot length (cm) 
Sub.1 Sub.2 Sub.

3 
Mean 
(B) 

Sub.1 Sub.2 Sub.3 Mean 
(B) 

Sub.
1 

Sub.
2 

Sub.3 Mean 
(B) 

0 
5 
10 
15 
Mean(A) 

0.00 
0.00 
1.66 
0.00 
0.41 

0.00 
0.66 
2.66 
1.33 
1.16 

0.00 
1.00 
2.33 
0.33 
0.91 

0.00 
0.55 
2.22 
0.55 

6.66 
8.33 
12.0 
8.66 
8.91 

8.33 
9.33 
12.0 
8.66 
9.58 

10.33 
8.66 
13.67 
10.00 
10.67 

8.44 
8.77 
12.56 
9.11 

3.16 
3.33 
3.83 
3.50 
3.45 

4.83 
7.10 
5.50 
5.33 
5.69 

5.66 
7.50 
6.50 
5.33 
6.25 

4.55 
5.97 
5.27 
4.72 

L.S.D at 0.05 for  
A  No. of subculture     
B Gamma  treatment   
A×B  Interaction 

 
     
 
 

  
 

 
0.56 
1.50 
2.60 

    
3.19 
4.13 
5.50 

   
                     

 
1.23 
1.19 
2.13 

*it should be mentioned that, the number of performed shootlets in the second or third sub cultured was resulted from one shoot tip obtained 
from previous subculture. 

 
Table 3: Effect of gamma irradiation on rooting of Dracaena surculosa   shootlets . in vitro under light condition of 16/8h for3 subcultures, 

intervals 28 days at 26 ±1 C˚.. 
Gamma  
dose (Gy)   

Number of roots / shoot. Root length (cm) 
Sub.1 Sub.2 Sub.3 Mean(B) Sub.1 Sub.2 Sub.3 Mean(B) 

0 
5 
10 
15 
Mean(A) 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

4.66 
2.33 
5.00 
1.33 
3.33 

1.55 
0.77 
1.66 
0.44 
 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

1.00 
1.83 
2.50 
0.83 
1.54 

0.33 
0.61 
0.83 
0.27 

L.S.D at 0.05 for 
  A  No. of subculture   
  B  Gamma  treatment  
A×B   Interaction   

 
 

   
 
0.18 
0.56 
0.97 

 
 

   
 
0.09 
0.20 
0.35 

 
 

 
 
Fig. 1: Effect of gamma irradiation on  Dracaena surculosa shootlets. in vitro under light condition of 16/8h 

for3 subcultures, intervals 28 days at 26 ±1 C˚. 
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Fig. 2: Effect of gamma irradiation on   rooting of Dracaena surculosa shootlets . in vitro under light condition  
of  16/8h for3 subcultures  intervals 28 days at 26 ±1 C˚. 

 

 
 
Fig. 3: Anatomical structure  of  in vitro Dracaena surculosa  leaf (1), stem (2) and root tissue (3) as affected by 

gamma irradiation  tretments. A(Thickness  blade), B (Thickness of mesophyll), C(Diameter of 
vascular bundles), D (Stem diameter), E (Epidermis thickness), F(Cortex thickness), G(Vascular bundles 
dimensions), H(Root diameter), K(Epidermis thickness), L(Cortex thickness)  and M(Vascular bundles 
dimensions)  

 
Table 4: Anatomical structure  of  in vitro Dracaena  surculosa leaf,stem and root  tissue as affected by gamma irradiation  treatments. 

 
Gamma 

dose(Gy) 

Characters(µ m) 
Leaf Stem Root 

Thickness 
blade 

Thickness 
of 

mesophyll 

Diameter of 
vascular 
bundles 

Stem 
diameter 

Epidermis 
thickness 

Cortex 
thickness 

Vascular 
bundles 

dimensions 

Root 
diameter 

Epidermis 
thickness 

Cortex 
thickness 

Vascular 
bundles 

dimensions 
0 71.6 60.68 22.24 862.25 5.00 74.60 617.0 343.5 31.7 73.0 92.3 
5 78.6 74.23 20.33 880.10 5.10 81.00 674.0 245.5 26.8 69.8 49.5 
10 94.0 77.10 22.98 993.00 5.50 125.0 743.0 401.0 28.5 73.7 204 
15 75.5 72.59 19.47 830.60 4.45 68.00 561.3 311.5 27.0 73.0 79.5 
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Fig.  4:Effect of different gamma rays at different doses on chlorophyll a,b and carotenoids contents (mg per g 

F.W) in leaves of Dracaena surculosa plants after three subcultures of in vitro culturing on Ms medium 
supplemented with1mg/l BA. 

 
Conclusion: 

 
According to the obtained results in the present study, it could be concluded that exposure of Dracaena 

surculosa shootlets to10 Gy gave the best results for plant growth characters and chemical constituents, which 
may be useful for long life of  Draceana plant with prefer figure. 
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