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ABSTRACT 
 

The present study was carried out in the greenhouse of the Ornamental Hort. Dept., Fac. Agric., Cairo 
Univ., Giza, Egypt, during the period from 2013 to 2015, stem cuttings of Philodendron scandens were 
subjected to four doses of gamma irradiation (0.5, 2, 4 or 8 Krad) and 0 as a control. The results showed that all 
doses decreased the survival %, which gradually decreased as the gamma dosage increased. The plant height, 
number of leaves/ plant, and fresh weight of plants, leaves and stems were decreased with the different doses of 
gamma rays. The highest average leaf weight and leaf area were obtained by low dose (0.5 Krad), while higher 
doses decreased it. The highest dose (8 Krad) caused some morphological variations. Biochemical studies 
revealed that the highest contents of chlorophylls (a,b) and carotenoids were determined from application of 
higher doses  as compared with  the control, whereas application of  0.5 Krad gamma rays decreased the content 
of carotenoids to the lowest value and  the highest value was determined with 8 Krad. Changes in DNA caused 
by gamma irradiation resulting in genetic variations were detected by RAPD-PCR profiles, performed using 6 
arbitrary primers, which detected polymorphisms between the control and the plants treated with gamma rays at 
different doses. It is worth to mention that, the dose of gamma rays at 0.5 Krad gave the highest number of DNA 
fragments and showed desirable genetic effects on some morphological traits.  
 
Key words: Philodendron scandens, gamma rays, survival, morphological variations, pigments, DNA-profile, 

RAPD-PCR, arbitrary primers. 

 
Introduction 
 

      Heartleaf philodendron, Philodendron scandens, (Araceae family), is one of the most important 
ornamental foliage house plants. It is an evergreen climber, with solid green leaves and widely used for potted 
plants, totem poles, and hanging baskets. It thrives well in low light intensity, humid and temperate (Bailey and 
Bailey, 1976, Chen et al., 2005 and Gilman, 2014).  Mature plants rarely flower; therefore, no reports of 
hybridization exist for this species (Henny et al., 2010).  

     Gamma rays are used for improving growth and quality of plants, for their high mutation frequency and 
can interact with atoms and molecules, thus producing free radicals in cells that affect morphology, anatomy, 
biochemistry and physiology of the plants. (Chahal and Gosal, 2002). Mutation breeding by gamma rays is one 
of the most powerful methods for developing new varieties, which is very successful in ornamental crops. 
Mohan Jain (2006) stated that induced mutations are highly effective to enhance natural genetic resources for 
vegetatively propagated crops. Several improvements in ornamental crops could be achieved by gamma 
mutation, including characters of flowers, leaves, growth habit and physiological traits (Schum and Prell, 1998). 
Radiation mediated morphological, structural and functional changes in a plant are governed by the intensity 
and duration of the gamma rays which generally induce cytological, biochemical, physiological, morphological 
and genetically changes in cells and tissues (Rahimi and Bahrani, 2011; Jan et al., 2012 ; Haris et al., 2013 and 
Chandrashekar et al., 2013).  

       The gamma rays at high doses disturb the leaf gas exchange, hormone balance, water exchange and 
enzyme activities (Kiong et al., 2008). It has been suggested to use gamma rays at lower doses (1-10 Krad) to 
obtain useful mutants. In this regard, Raghava et al. (1988) found that doses of 10 Krad and above proved to be 
detrimental for plant height, leaf number and leaf-size of gladiolus. Datta (1997) on Lantana depressa, found 
that plant height and number of leaves were significantly reduced in all doses except 1 Krad. But, Fu et al. 
(1999) on Cymbidium sinense, Chakravarty and Sen (2001) on Scilla indica, stated that gamma rays at 2 or 5 
Gray promoted the growth rate and accelerated the cell division. Arafa et al. (2011) on Zantedeschia aethiopica, 
found that 3.0 Krad treatment was superior for growth. Al-Safadi and Elias, (2011) on Capparis spinosa, found   
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that low doses of gamma rays increased leaf area, Ilyas and Naz, (2014) on Curcuma longa, stated that lower 
doses have stimulatory effects on number and area of leaves. Several workers mentioned that as the dose of 
gamma rays increase, the growth and quality of plant decrease. In this regard, Dilta et al. (2003) on 
chrysanthemum, found a significant reduction in plant survival, plant height, leaf number and size and number 
of flowers, as well increase in plant abnormalities with dose increasing. On orchids, Kozlowska (1994) found 
that the dose 20 Krad totally inhibited the growth and Gonzales (2007) found that plant height and number of 
leaves decreased with doses increasing. El-Khateeb et al. (2007) on melissa, found that number of leaves 
decreased with increasing gamma doses. Suraninpong and Wuthisuthimethavee, (2013) on Anthurium 
andreanum, Patil (2014) and Upadhyay (2014) on gladiolus, reported that plant growth tended to decrease with 
the increasing doses. The effect of gamma radiation on pigment was studied by Palamine et al. (2005) on 
dracaena; they found that 20 Gray decreased the ratio of chlorophylls a and b. also Jinxi (2006) on Anthurium 
andraeanum, found a negative correlation between gamma dose and chlorophyll. Chandrashekar et al. (2013) on 
Terminalia arjuna, observed that chlorophyll content increased with increasing doses. Several abnormalities in 
leaves (shape, size, margin, apex, and fusion) were reported by Datta (1997) on Lantana depressa, irradiated 
with  gamma rays above 3 Krad. Rashid et al. (2013) on ginger, stated that gamma rays caused some 
abnormalities (dwarf plants, crooked stems and corrugated leaves). Singh et al. (2015) on gladiolus, observed 
various morphological changes with 2.5 and 4.5 krad gamma doses. DNA-based technologies are the most 
reliable tools for assessing genetic variability in plants (Yamagishi, 1995; Scott et al., 1996; Chanug et al. 2000 
and Martin et al., 2002). Genotype identification of ornamental species by RAPD had been reported by 
Benedetti et al. (2001). 

         The aim of this work was to study the effect of gamma irradiation treatments on growth, pigments and 
DNA polymorphism, as well to induce genetic variations in philodendron plants and to apply RAPD analysis for 
genetic polymorphism among the obtained variants.  
 

Materials and Methods 
 

This research was carried out in the greenhouse of the Ornamental Hort. Dept., Fac. Agric., Cairo Univ., 
Giza, Egypt, during the period from 2013 to 2015. Mother plants (stock) of Philodendron scandens (in 30 cm 
plastic pots) were obtained from Egypt-Green Farm, Giza, Egypt. The stock plants were located in a 
greenhouse. On 17 July, 2013, stem cuttings (10-12 cm length) were obtained from the mother plants. 
 
 Gamma rays treatments:  

Stem cuttings were irradiated with 0, 0.5, 2, 4 or 8 krad gamma rays, using a Co60 source from a unit 
gamma chamber at a dose rate of 1 krad/13 sec. at the National Center for Radiation Res. and Tech., Nasr City, 
Cairo, Egypt.  

 
Experiment:  

The irradiated cuttings were stuck in trays, using a mixture of sand + peat (1/2, v/v) and forced to root 
under a high-humidity propagation unit (plastic tunnel) with intermittent mist. After a month, on 16 August, the 
rooted cuttings were individually transplanted into 20-cm plastic pots, using a mixture of sand + peatmoss + 
perlite (1/2/1, v/v), set on raised benches in the greenhouse. NPK fertilizer (Krestalon, 19-19-19) was surface 
applied (monthly) to pots at 1.5 g/pot.  
 
Data recorded:  

After 12 months of growth; the following characters were recorded: plant height, survival %, number of 
leaves, leaf area, stem diameter, fresh weights of plant, leaves and stems and leaves/stem ratios. 
 
Determination of pigments:  

Chlorophyll a, b and carotenoids were determined by the spectrophotometric method according to Saric 
et al. (1967) and Lichtenthaler (1987). 
 
Statistical analysis:  

A randomized complete block design with 3 replicates was used. Each treatment consisted of ninty of 
treated plants. Data were statistically analyzed for significance by analysis of variance (ANOVA) and means 
were compared using LSD at 5% level of significance, as described by Steel and Torri (1980). 
 
Molecular analysis (RAPD-PCR) 
Isolation of genomic DNA:  

DNA isolation was performed from leaves of treated and untreated plants using CTAB method (Doyle 
and Doyle, 1987). Two grams of fresh leaves were ground to fine powder in liquid nitrogen, the powder was 
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then placed in tubes containing 5 ml pre-heated CTAB extraction buffer, incubated at 65°C for 45 min., gently 
shacked every 15 min. DNA was extracted in chloroform: isoamyl alcohol (24:1v/v), then it was centrifuged for 
10 min (12,000 rpm) and 600 μl of the supernatant were transferred to tube, following the addition of 500 μl 
chloroform: isoamyl alcohol (24:1v/v). 
 
RAPD-PCR reaction:  

It was performed, stained, photographed according to Roehrdans and Flanders (1993). Six primers (Table 
1) were used in this study. 
 
Electrophoresis:  

The amplification products were analyzed according to Sambrook et al. (1989) in 2 % agarose in TAE 
buffer, nucleic acids bands were photographed and detected under UV light. The temperatures profile was as 
follows: denaturing at 92 °C for 30 s; annealing at 35 °C for 1 min.; and extension at 72 °C for 2 min., with a 
final extension at 72 ºC for 10 min. The size of each fragment was estimated with reference to a 1 kb DNA 
ladder marker.  

 
Table 1: Primer names and their nucleotide sequences assayed in RAPD-PCR. 

No. Primer Sequence (5΄-3΄) No. Primer Sequence (5΄-3΄) 

1 A01 CCCAAGGTCC 4 S20 GGACCCTTAC 

2 B10 CAGGCACTAG 5 N8 ACCTCAGCTC 

3 S18 CCACAGCAGT 6 H5 AGTCGTCCCC 

 
Results and Discussion 

 
Effect of gamma radiation on vegetative growth  
Survival percentage:  

The results revealed significant effects of the gamma rays treatments on survival % of Philodendron 
plants (Table 2). All treatments (0.5, 2, 4 or 8 Krad) significantly reduced the survival % as compared with the 
control. Application of 0.5krad gave 57.10 %, the dose of 2 krad   gave 45.71 %, raising gamma dose to 4 or 8 
krad, led to 35.71 and 20.25 survival %, respectively. This, reduction could be due to the damage in plant tissue 
and breakdown of meristimatic cells (Tien et al., 2000 and Kovacs and Keresztes, 2002). Gang et al. (2007) on 
Narcissus tazetta, found that the survival % significantly decreased with an increase of radiation dose. 

  
 Plant height:  

Data presented in Table (2) indicated that the deferent doses (0.5, 2, 4 and 8 Krad) significantly decreased 
the plant height as compared with the control. Treating the cuttings with 0.5 krad significantly decreased plant 
height to 102.25cm (27.21% reduction) and the maximum decrement of plant height (43.4 cm, 69.1% reduction) 
was obtained with the highest dose (8 krad of gamma rays). There were no significant decreases in plant height 
among gamma doses of 2, 4, or 8 Krad. Similar findings were obtained by Datta (1997) on Lantana depressa. 
Gonzales (2007) on orchids, found that plant height decreased with doses increasing. Suraninpong and 
Wuthisuthimethavee (2013) on Anthurium, Patil (2014) and Upadhyay (2014) on gladiolus, found that plant 
growth decreased with the increasing gamma doses. 
 
Stem diameter:  

From the obtained data (Table 2) gamma rays had a significant impact on stem thickness, as the doses of 
2, 4 or 8Krad significantly decreased stem diameter, whereas the low dose ( 0.5 Krad) significantly increased it 
(3.83 mm), as compared with the other doses and control. There are many explanations for the stimulatory 
effects of low-dose of gamma radiation, Wi et al. (2000) mentioned that the low dose will induce the growth 
stimulation by changing hormones in plant cells or increasing the antioxidative capacity of the cells. Data 
showed that raising gamma dose from 2 Krad to 4 or 8 Krad had no significant effect, while an opposite trend 
was happened by raising gamma from 0.5 Krad to 2, 4 or 8Krad. Similarly, Fu et al. (1999), Chakravarty and 
Sen (2001) stated that low doses of gamma rays promoted the growth rate and accelerated the cell division. 
 
Number of leaves/plant:  

As shown in Table (2), the leaf formation of irradiated plants was significantly decreased as compared 
with the control. The maximum number of leaves (28.24) was obtained from non-treated plants. The lowest 
number (14.93) was recorded for the dose 8 Krad, compared with the control. Increasing gamma doses from 0.5 
Krad to 2, 4 or 8 Krad significantly decreased the number of leaves giving 23.25, 15.56, 15.12 and 14.93, 
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respectively. These results are in agreement with those obtained by Datta (1997) on Lantana, Gonzales (2007) 
on Gladiolus, and El-Khateeb et al. (2007) on Melissa; they found that number of leaves was significantly 
decreased with increasing gamma doses.  

 
Table 2: Effect of gamma irradiation on survival percentage, plant height, stem diameter, number of leaves/plant  and leaf 

area of Philodendron scandens plant. 
Gamma rays 

doses 
Survival 

(%) 
Plant height  

(cm) 
Stem diameter  

(mm) 
Number of 
leaves/plant 

Leaf area 
 (cm2) 

Control 90.00 140.48 3.49 28.24 48.61 
0.5 Krad 57.10 102.25 3.83 23.25 57.97 
2 Krad 45.71 50.28 2.78 15.56 24.93 
4 Krad 35.71 45.98 2.71 15.12 25.00 
8Krad 20 .25 43.40 2.64 14.93 25.12 
LSD at 5% 10.55 19.98 0.26 3.15 9.21 

 
 Leaf area:  

Data presented in Table (2) showed the effect of gamma ray at different doses on leaf area. It is obvious 
that treating plants with 0.5 krad dose significantly increased leaf area to maximum value (57.97 cm2) as 
compared with the control plants (48.61 cm2). This effect of low gamma dose on leaf area may be due to the 
increase of cell length or cell number and size (Pitirmovae, 1979). Wi et al. (2000) stated that the low dose 
irradiation stimulate growth by changing the hormonal signaling network in plant cells. The smallest leaves 
(24.93 cm2) were obtained at 2 krad dose. 
 
 Fresh weights:  

The response of fresh weights of leaves and stems of Philodendron scandens plant, to different doses of 
gamma rays (Table 3) revealed that the fresh weight of plant, leaves and stems of gamma irradiated plants 
displayed a gradual decrement as the gamma dosage increased from 2 to 4 or 8 Krad. On the other hand, treating 
the plants with 0.5 Krad insignificantly decreased fresh weight of plant and stems, but insignificantly increased 
fresh weight of total leaves, compared with the control. Raising gamma dose from 0.5 Krad to 2, 4 or 8 Krad 
significantly decreased fresh weights of the different plant parts. Treating philodendron plants with 4 or 8 Krad 
doses decreased the average leaf weight to minimum value (0.63 g), while the heaviest leaf fresh weight (1.53 g) 
was obtained with 0.5 Krad treatment, giving 23.38% increment over the control, this means that the dose of 0.5 
Krad stimulated leaf growth, raising gamma dose to 2 Krad significantly decreased it, to (0.64 g), while an 
insignificant increment was happened by raising the dose from 2Krad to 4 or 8 Krad.  
 
Leaves /stem ratio:  

It ranged between 1.14 and 1.54 for irradiated plants and it was 1.34 for the control, the highest ratio was 
recorded with the highest dose. Suraninpong and Wuthisuthimethavee (2013) on Anthurium andraeanum, Patil 
(2014) and Upadhyay (2014) on Gladiolus, found that plant growth tended to decrease with the increasing 
doses. 
 

Table 3: Effect of gamma irradiation on fresh weight of plant, leaves and stems, leaves /stem ratio and average leaf weight 
of Philodendron scendens plant. 

Gamma doses 
Plant fresh weight 

(g) 
Leaves weight Gamma doses 

Plant fresh weight 
(g) 

Leaves weight 

Control 61.08 35.01 26.07 1.34 1.24 
0.5Krad 60.03 35.57 24.73 1.44 1.53 
2Krad 18.66 9.95 8.71 1.14 0.64 
4 Krad 16.27 9.52 6.75 1.41 0.63 
8Krad 15.48 9.40 6.08 1.54 0.63 

LSD 5% 4.92 3.65 2.68 - 0.25 

 

Effect of gamma radiation on pigments content 
           The effect of gamma irradiation on pigment content (Table 4) indicted that using 4Krad significantly 
increased the content of chlorophyll a and the lowest value (0.67 mg/g) was determined as a result of 0.5 Krad 
treatment. Using 8Krad gamma rays gave the highest content of chlorophyll b (0.2mg/g) and total chlorophylls 
(0.89 mg/g). Treating plants with 0.5 or 2 Krad doses had no significant effect on chlorophyll a and b and total 
chlorophylls, as compared with the control. The lowest content of carotenoids was recorded for 0.5 Krad dose, 
whereas using 8 Krad gamma rays gave significantly the highest content of carotenoids. In this regard, Palamine 
et al. (2005) reported that irradiation of dracaena plant with gamma rays 20 Gray decreased the chlorophylls a 
and b content. Sakr et al. (2013) stated that exposure of Dracaena surculosa to 10 Gray gave the best content of 
chlorophylls.  
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Table 4: Effect of gamma irradiation on pigments (mg/g F.W) of Philodendron scandens  plants irradiated with 0.5, 2, 4 or 8 
Krad of gamma rays.  

Gamma doses Chlorophyll (a) Chlorophyll (b) Total chlorophylls (a+b) Carotenoids 
Control 0.68 0.18 0.85 0.21 
0.5Krad 0.67 0.18 0.85 0.19 
2Krad 0.69 0.17 0.86 0.22 
4 Krad 0.71 0.18 0.89 0.23 
8Krad 0.70 0.20 0.89 0.24 
LSD at 5% 0.03 0.01 0.02 0.03 

 
RAPD-PCR analysis.  
             The results obtained on the effect of gamma irradiation on RAPD-PCR molecular analysis of 
Philodendron scandens plants (Table 5 and Fig.1) revealed genetic variations at the DNA level after the 
treatments. The data showed that polymorphism levels differed from one primer to the other. The results of 
primer A01 referred to that irradiation with 0.5 Krad (variant-a) and 2 Krad (variant-c) induced the 
disappearance of three bands, compared with the control. Using primer B10, the irradiation with 0.5 Krad 
(variant-b) and 2 Krad (variant-c) induced the disappearance of 4 and 6 bands, respectively, compared with the 
control. Using primer S20, all gamma irradiation doses induced the appearance of new DNA bands with 
molecular size from 1000 to 250 bp. The results of primer S18 referred to that irradiation with 0.5 Krad (variant-
b) and 2 Krad (variant-d) induced the appearance of two (molecular size 1000 and 250 bp) and three bands 
(molecular size from 300-200bp), respectively, compared with the control. With primer N8, the irradiation with 
0.5 Krad (variant-a) induced the disappearance of DNA bands with size from 1400-700 and 500-300 bp and 2 
Krad (variant-c) induced the disappearance of bands (1400-700 and 500 and 250 bp) compared with control. 
The results of primer H5 indicate that irradiation with gamma rays at doses from 0.5 to 4 krad, induced the 
appearance of several bands ,and the treatment with 8 krad (variant-f) induced the disappearance of 2 bands 
(1300 and500 bp) compared with control. DNA variations have been successfully evaluated with RAPD-PCR 
analysis by pervious work. These results are similar to those reported on chrysanthemum (Yamagishi, 1995; 
Scott et al., 1996; Chanug et al., 2000 and Martin et al., 2002.), as they used RAPD analysis in ornamental 
breeding to characterize genotypes and for identification of genes controlling important traits. Scovel et al. 
(1998) identified RAPD markers tightly linked to the locus controlling carnation flower traits. Genotype 
identification of ornamental species by RAPD had been reported by Benedetti et al. (2001). 
 
Table 5: Polymorphism detected by RAPD marker of Philodendron scandens plants treated with gamma rays at the doses of 

0, 0.5, 2, 4 or 8 Krad. 
Primer  
name 

No. of 
Bands 

Variant-a 
( 0.5 Krad) 

 

Variant-b 
(0.5Krad) 

Variant-c 
( 2Krad ) 

Variant-d 
(2Krad) 

 

Variant-e 
(4Krad) 

 

Variant-f 
(8Krad) 

 

Control 

A01 12 4 10 4 11 8 10 7 
B10 13 7 5 3 9 10 9 9 
S18 19 11 14 10 15 10 12 12 
S20 11 10 9 9 11 9 5 4 
N8 10 2 5 3 8 7 8 9 
H5 9 9 9 7 9 6 2 5 

Total 74 43 52 36 63 50 46 46 
Aver. 12.33 7.17 8.67 6.00 10.50 8.33 7.67 7.67 

 
Conclusion  
           

 In conclusion RAPD-PCR method can be used as an investigation tool for gamma -rays induced growth 
alterations. It is worth to mention that the dose of 2 Krad gave the highest number of DNA fragments (15 bands) 
followed by the dose of 0.5 Krad which gave (14 bands) with S18- primer. For breeding purposes with gamma 
rays treatments, the low doses 0.5 to 2 Krad showed desirable genetic effects on morphological traits of 
Philodendron scandens, and the mutant plant variants could be easily detected using RAPD-PCR analysis. 
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1- A01  2- B10 

 

 

 
3- S18  4- S20 

 

 

 
5- N8  6- H5 

 

 
Fig.1. DNA polymorphism using RAPD-PCR procedure of Philodendron scandens    plants treated with gamma 

rays at the doses of 0, 0.5, 2, 4 or 8 Krad. 
M=  ladder marker ;  1, 2, 3 ,4, 5 and 6 variant plants treated with  0.5, 0.5, 2, 2, 4 or 8 Krad of   gamma rays, 
respectively; and c = untreated plants (control). 
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