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ARTICLE INFO                                         ABSTRACT 
 

 
 
 

 

Root cultures were initiated from stem, petiole and leaf explants of Pelargonium radula. Stem segments, the 
explants most amenable to adventitious root induction, developed well when cultured on half strength solid MS 
(Murashige & Skoog) medium containing 15 g/L sucrose.  To enhance the induction and proliferation of 
adventitious roots, indole-3-acetic acid (IAA), indole-3-butyric acid (IBA) or α-napthalenacetic acid (NAA) were 
added to the culture medium.  Supplementation with 0.5 mg/L NAA gave the highest incidence of root initiation 
(97.7%) and the highest number of roots (8.1 roots/explant).  Root cultures were subsequently established in 
continuously agitated liquid medium.  Up to 17 g/flask fresh weight of roots were obtained in full strength liquid 
MS medium containing 0.5 mg/L NAA, with the cultures maintained in either light or darkness.  
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INTRODUCTION 
 
Pelargonium radula (Cav.) L., originating from South Africa, is a 
member of the Geraniaceae family. The plant, which is known for its 
hypoglycaemic properties, is grouped in the category of scented 
geraniums.  It produces an essential oil known as jeramin oil that is 
widely used in the cosmetics and fragrance industry. As an 
environmentally friendly and biodegradable anti-microbial, it is 
effective against fifteen species of fungi and fourteen species of 
bacteria, including Pseudomonas aeruginosa, Bacillus pumilus, 
Bacillus subtilis, Escherichia coli and Serratia marcescens 
(Pepeljnjak et al., 2005).  P. radula extracts possess antioxidant 
activities and they reduce LDH leakage from Hep G2 cells (Petlevski 
et al., 2013).  These extracts may be used in complementary therapy 
for the treatment of diabetes.  P. radula also contains geraniol, 
cintronellol, and esters such as i-methnone, citronellyl formate, 
geranyl formate, and eugenol.  As an essential oil, geraniol is used to 
treat dysentery, haemorrhoids, inflammation, heavy menstrual flow 
and even cancer (Lis Balchin 2002, Tajkarimi et al., 2010).  As in 
many other medicinal plants, the composition of medicinal 
compounds and their potency in P. radula are influenced by 
environmental and physiological conditions, especially those that 
interfere with the stable production of these compounds (Beppu et al., 
2004). To overcome environmental variables, plant in vitro culture is 
an alternative way to obtain useful secondary metabolites for 
producing valuable phytochemicals. For example, cultured 
adventitious root systems have been established for production of 
anthraquinone in Morinda citrifolia (Sato et al., 1997; Baque et al., 
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2010), lucidin-3-O-primeveroside in R. tinctorum (Sato et al., 1997) 
and aloe-emodin in Aloe vera (Lee et al, 2011).  The rapid growth and 
stable mass production from adventitious root cultures of many plant 
species offer promise for high productivity of valuable secondary 
metabolites used as pharmaceuticals, pigments and flavours 
(Srivastava and Srivastava, 2007; Murthy et al., 2008).  The current 
study was conducted to optimize in vitro culture conditions for 
adventitious root cultures derived from P. radula stem tissues.  
 

MATERIALS AND METHODS 
 
Plant material 
 
Mature plants of Pelargonium radula sourced from the Cameron 
Highlands (Malaysia) were used as starting materials for in vitro 
culture.  Segments of stems, petioles and leaf laminae were surface-
sterilized by immersion in 10-20% (v/v) sodium hypochlorite 
(Clorox®) containing several drops of the detergent Tween-20 
(Zuraida et al, 2013).  After 30 min on a rotary shaker, the explants 
were given three rinses with sterile water and transferred aseptically 
to basal MS medium (Murashige and Skoog, 1962) containing 3.0% 
sucrose and 0.3% gelrite agar. The culture medium pH was adjusted 
to 5.7-5.8 before the addition of the agar. Sterilization of the medium 
was performed by autoclaving at 121o C for 20 min.  In vitro 
regeneration of plantlets was carried out according to the procedure of 
Zuraida et al. (2013) (Figure 1a). The plantlets obtained were grown 
in a plant growth room at 25±1 o C under a 16 h photoperiod with 
lighting provided by cool-white fluorescent lamps (1000–2000 lux). 
Stems (1.5 cm), leaf petioles (1.5 cm) and leaf lamina pieces                
(1.0 × 0.5 cm) from six weeks old cultured plantlets were used to 
determine the best explants for root induction and subsequent growth. 
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Culture conditions for root proliferation 
 
Segments of stems, petioles and leaf laminae were cultured under 
aseptic conditions on solid MS media with various combinations of 
growth regulators. The explants were placed in plastic Petri dishes 
(ten per dish and ten dishes per treatment) containing 30 ml of solid 
culture medium containing  0.35% wt/vol Phyto agar. For root 
induction, the explants were cultured on MS medium containing 
different concentrations of auxins (IAA, IBA, NAA), ranging from 
0.2 to 3.0 mg/L.  The percentage root initiation and number of roots 
for the different explants were recorded after a 45-day culture. To 
establish the best root proliferation medium, an optimization process 
was carried out step-wise on 4-week old root cultures of P. radula 
(0.2 g per petri dish) on solid. Culture media containing 0.5 mg/L 
NAA. The medium variables comprised (a) five different 
concentrations of MS media, viz. MS ¼, (quarter strength), MS ½ 
(half-strength), MS 1 (full-strength), MS 1 ½ and MS 2, and (b) five 
sucrose concentrations, viz. 1.5 %, 3.0 %, 4.5 %, 6.0 % and 7.5 %.  
The root cultures were incubated under continuous light or in total 
darkness for 45 days. After the prescribed culture period, the roots 
were harvested and their fresh weight recorded. In another set of 
experiments, root cultures were weighed (0.2 g per flask), and 
transferred to liquid media containing 3.0 % sucrose and 0.2-1.5 mg/L 
NAA or 0.2-1.5 mg/L IBA in 250 mL conical flasks.  The cultures 
were kept in light or darkness on an orbital rotary shaker set at 110 
rpm to prevent anoxia.  To study the effects of different MS 
concentrations on root proliferation, five MS concentrations, viz.  MS 
¼, MS ½, MS 1, MS 1 ½ and MS 2, were tested in media containing 
0.5 mg/L NAA or 0.5 mg/L IBA in the light After the 45 days of 
culture, the roots were harvested and the fresh weight recorded. The 
data were analyzed using ANOVA, with the confidence level for 
difference between treatment means set at p≤0.05. 
 

RESULTS AND DISCUSSION 
 

Root initiation and proliferation   
 
The effects of different in vitro culture factors on root initiation and 
proliferation were studied. Root cultures of P. radula could be 
induced from all three explants (stem, petiole and leaf) on MS 
medium supplemented with NAA and IBA.  Explants grown on 
media containing growth regulators achieved varying rates of root 
initiation success depending on the explant selected. Explants from 
stem segments performed better in root initiation and in producing 
roots compared to those derived from petiole or leaf (Table 1).  The 
results obtained with P. radula differed from those reported in other 
species where, for example, petiole segments were reported to be the  
best tissue for the induction of hairy roots in Centella asiatica (Kim  
et al., 2007) and in Saussurea medusa (Zhao et al., 2004). Mature 
leaves were the recommended initiating tissue for root culture of the 
chicory plant (Nandagopal and Ranjitha Kumari, 2007).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With Rauwolfia serpentina L., similarly, leaf explants produced roots 
on MS medium supplemented with growth regulators (Pandey et al, 
2010). In the present study, well established roots were produced 
from stem explants supplied with the growth regulators tested singly 
or in combinations after 45 days on solid MS medium (Table 1). Of 
the various auxins supplemented, the response of the stem segments 
to the root initiation was better at concentrations below 1 mg/L of 
NAA or IBA. Treatment with 0.5 mg/L NAA, or 0.5 mg/L IBA 
treatments was best suited for root growth promotion, achieving root 
initiation of 97.8% and 91.0% respectively.  Unlike Sivanesan and 
Jeong (2009) who found that the combination  1 g/L IBA and 0.5 g/L 
NAA  induced the highest number of roots in  Plumbago zeylanicai, 
none of the treatments that incorporated a combination of auxins 
(NAA + IBA or NAA + IAA) performed better than NAA alone in 
the present study (Table 1). A similar general trend in responses was 
observed for the average number of roots that developed per stem 
explant, with 0.5 mg/L being optimal for all three single auxins, NAA 
(8.1 roots), IBA (6.2 roots) or IAA (1.07 roots). These results reflect 
the observations of Jenifer et al. (2012) who noted that rooting of 
Boerhaavia diffusa was influenced by the particular type of auxin 
supplemented, and that NAA was more effective than IBA in this 
respect. The results from the present study are also consistent with 
those of Parvin et al. (2009), who found that 0.2 mg/L NAA induced 
maximum rooting, followed by 0.l mg/L of this auxin.  Prasad et al. 
(2001) also reported that NAA influenced the number of roots 
induced in orchid.  As noted in the results presented here, excessive 
auxins, including NAA, are detrimental to rooting.  Similarly, it has 
been reported that a high concentration of NAA promoted the 
development of callus-like, short adventitious roots in Karwinskia 
humboldtiana (Kollarova et al., 2004). Based on observations from 
the present study and from experimental results in the literature, 
therefore, solid MS medium with a lower concentration of NAA (0.5 
g/L) was used for initiation of root culture of Pelargonium radula in 
the subsequent experiments.  
 

 
Further investigations into root initiation were carried out using MS 
media of different concentrations, with the cultures maintained in 
darkness or light.  Stem segments incubated on solid MS medium 
supplemented with 0.5 mg/L NAA showed more rapid induction of 
roots in darkness than in light (Figures 1c and 1d) for all MS strengths 
tested (Figure 2).  The stimulatory effect of darkness and inhibitory 
effect of light condition on root induction have been well documented 
in other plant species (Sudha and Seeni, 2001; Seo et al., 2003).  
These results contrast with those of Hong et al. (2010) who favour 
continuous light for root induction of Hyoscyamus niger and total 
darkness for root proliferation.  Similarly, Sivanesan and Jeong (2009 
stated that when the cultures of Plumbago zeylanica were maintained 
under light conditions, the growth rate was less than those under 
darkness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Effect of different concentration of auxins on average root initiation incidence and average number of roots from different explants of 
Pelargonium radula cultured on solid MS medium 

 

Plant growth regulator 
(mg/L) 

Stem  Petiole Leaf 
Root initiation 

(%) 
Number of roots per 

explant 
Root initiation 

(%) 
Number of roots per 

explant 
Root initiation 

(%) 
Number of roots per 

explant 
 
 

IBA 

0.2 81.67a 4.10ed 49.33f 3.07efg 9.00jk 0.20i 

0.5 91.00a 6.20b 29.67h 4.30d 10.33jk 0.90i 

1.0 60.00e 6.20b 0.00l 0.07i 5.00kl 0.03i 

3.0 49.00f 2.20gh 0.00l 0.00i 0.00l 0.00i 

 
 

IAA 

0.2 31.67h 1.10hi 0.33l 0.00i 0.00l 0.00i 

0.5 35.00h 1.07hi 10.00jk 2.67fg 0.00l 0.00i 

1.0 0.00l 0.00i 0.33l 0.00i 0.00l 0.00i 

3.0 0.00l 0.00i 0.00l 0.00i 0.00l 0.00i 

 
 

NAA 

0.2 85.00bc 4.23be 59.33e 4.83cd 12.00jk 0.63i 

0.5 97.67a 8.10a 61.00e 3.83def 15.33ij 0.43i 

1.0 84.67bc 6.30b 50.33f 2.83fg 20.67i 0.57i 

3.0 69.33d 5.47bc 42.0g 4.13de 9.67jk 0.73i 

NAA : IBA 0.5 : 0.5 84.67a 4.17b 65.00bc 2.17d 0.33f 0.03e 

1.0 : 1.0 70.67a 5.27a 70.667b 2.00d 8.00e 0.13e 

NAA : IAA 0.5 : 0.5 55.00d 4.03b 57.00d 1.93d 0.00f 0.00e 

1.0 : 1.0 65.00bc 3.30bc 58.00d 2.40cd 3.97ef 0.3ee 
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Figure 1.  Induction and proliferation of adventitious roots of Pelargonium 
radula. In vitro source material (a), initial stage of root initiation (b), 
development of root on solid medium with 15 g/L sucrose and incubated 
under light (c) or darkness (d).  Root cultures harvested after 45 days in 
liquid culture with 0.5 mg/L NAA (e), Root cultures in liquid medium 
containing 0.5 mg/L NAA(f) and 0.5 mg/L IBA (g).  
 

 
 

Figure 2. Effect of different MS salt strength on fresh weight of 
Pelargonium radula root culture that incubated for 45 days in dark and 
light conditions 
 
In the present study, root initiation on solid half-strength MS medium  
in darkness produced the highest weight of roots (5.0 g), followed by 
full-strength MS (3.7 g) and  1½ strength MS (3.1 g) after 45 days of 
culture. Ameena et al. (2009) also observed that half strength MS was 
superior to the full strength growth medium in increasing root length 
in the presence of NAA, although IBA as a supplement performed 
better with full strength MS. Nevertheless, compatibility to the 
strength of culture media tends to vary with the plant species cultured.  
Thus, Sayeed and Shyamal (2005) found that 90% rooting was 
induced when Gloriosa superba explants were cultured on root 
induction medium consisting of half-strength MS salt supplemented 
with 1 mg/L IBA and 0.5 mg/L IAA.  On the other hand, Jenifer et al. 
(2012) reported that roots in full strength MS gave the maximum 
fresh weight per culture of Boerhaavia diffusa. According to 

Fotopoulos and Sotiropoulos (2005), mineral concentration of the 
culture medium affects rooting characteristics and, as mentioned 
above, some researchers have reduced the strength of the culture 
medium used for rooting. The concentration of sucrose in the culture 
medium has also an important bearing on root initiation and growth.  
The addition of 15 g /L sucrose in the medium produced maximum 
root biomass (fresh weight 7.56 g) of P. radula cultured in darkness. 
However, further increase in sucrose concentration (30-75 g/L) 
adversely affected root biomass production (3.80-1.26g) (Figure 3). 
At sucrose concentrations of 60 - 75 g/L, roots were observed to be 
short and retarded. Our results are consistent with those of Hong et al. 
(2010), who reported that 60 g/L and 90 g/L sucrose reduced the root 
biomass production in Hyoscyamus niger. In addition, a decreasing 
trend in rooting was observed in Orthosiphon stamineus cultures 
when the concentration of sucrose was increased from 30-70 g/L 
(Anna et al, 2009). 
 

 
 

Figure 3. Effect of different sucrose concentrations on fresh weight of 
Pelargonium radula roots in cultures after 45 days in light or darkness 
 
According to Borisjuk et al. (1998), the presence of sucrose in the 
induction phase may cause more cells to be involved in root 
induction, thus improving the rooting response. Findings by Jung              
et al. (2005) that an increase in sucrose level from 10 to 30 g/L 
markedly enhanced root growth in Panax ginseng support this 
proposition.  Nevertheless, further increase in sucrose concentration 
repressed Panax root development.  Kevers et al. (1999) similarly 
reported 30 g /L sucrose to be optimal for root biomass production in 
Panax ginseng and Panax quinquefolium.  Similarly, Cheng et al. 
(1992) stated that sucrose concentrations at the range of 20-30 g/L 
were beneficial for rooting of Eucalyptus sideroxylon.  On the other 
hand, Duong et al. (2001) found that 30-40 g/L of sucrose was 
already too high and tended to limit rooting of Lilium longiflorum in 
stem culture.  Sucrose generally exerts osmotic pressure while, as a 
carbon source, it influences productivity of the plant. However, the 
carbon requirement varies according to plant species (Liu and Cheng, 
2008). According to Anna et al. (2009), decrease in rooting efficiency 
with sucrose concentration higher than 30 g/L could be due to 
excessive amount of sucrose dissolved in the culture medium, giving 
rise to higher osmotic potential in culture medium than in the 
explants, which resulted in water stress. 
  
Optimization and establishment of root cultures      
 
Supplementations of 0.5 or 1.0 mg/L NAA, IAA and IBA were tested 
for their effect on adventitious root proliferation in MS liquid medium 
containing 3% sucrose. Among the tested auxins, 0.5 mg/L NAA was 
found to be the most potent in triggering adventitious root initiation 
and growth from the P. radula explants (Figure 1e, f).  About 13 g of 
roots were obtained in cultures maintained either in light or in 
darkness (Table 2). Auxins tested in this study also affected the root 
morphology that is important in implementing mass production of 
root cultures. Treatment with IBA (Figure 1g) resulted in thick and  
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Table 2. Effect of NAA and IBA supplementation on root development 
of Pelargonium radula cultured in liquid medium 

 
 
 
 
 
 
 
 
 
 
 
 

 
   Values are fresh weight of roots (g) after incubation for 45 days in light or darkness 
 
long roots but the number of newly branched lateral roots was very 
few. In contrast, roots induced by NAA supplementation were thick 
and short in Pueraria lobata (Theim, 2003). The results in this study 
are in agreement with those obtained by Hasancebi et al. (2010) 
where maximum root fresh weight of Astragalus chrysochlorus was 
observed in liquid medium supplemented with 0.5 mg/L NAA. 
Similar results were also observed in Robinia psuedoacacia where 
NAA was found to be the most effective auxin to induce adventitious 
rooting (Swamy, 2001). Root proliferation in liquid medium was 
higher at lower concentrations of NAA, and gradually decreased 
when NAA concentration was increased. In the present study, root 
proliferation was strongly suppressed at higher concentrations of 
NAA and IBA (above 0.5 mg/L), an observation that has similarly 
been reported by Choffe et al. (2000). In contrast, Hossain                             
et al. (2003) stated that among the three auxins (NAA, IBA and IAA) 
tested for root induction of Zyziphus jujuba, 1.0 mg/L IBA was found 
to be more effective in root production compared to others while 
inclusion of NAA (0.5-2.0 mg/L) in the medium resulted in a low rate 
of rooting. Different strengths of MS in liquid medium were 
compared for adventitious root proliferation. Adventitious roots in 
full-strength MS liquid medium with supplementation of 0.5 mg/L 
NAA was most effective in enhancing rooting, whereas other 
concentrations of the MS medium did not perform as well (Figure 4). 
 

 
 

Figure 4. Effect of different MS concentration of liquid media 
supplemented with NAA or IBA on fresh weight of Pelargonium radula 
roots in cultures incubated for 45 days under light 
 
Substituting NAA with IBA was generally ineffective.  These results 
are in agreement with the findings of Jenifer et al. (2012), who 
demonstrated that full-strength MS liquid with NAA enhanced 
adventitious roots production in Boerhaavia diffusa, whereas 
treatment with half strength MS showed retardation in root growth. 
According to Polisetty et al. (1996), half and quarter strength MS 
media are better for in vitro rooting of chickpea than full-strength MS 
salts that function better in liquid media than in solid media 
(Fernandez et al., 1998). Many studies point to NAA activating cell 
division and enhancing adventitious root induction and elongation, for 
example in Lycopersicon esculentum (Taylor et al., 1998). Pandey                 
et al. (2010), observed good root induction in Rauwolfia serpentine 
when NAA was supplemented, but this advantage was compromised 

when a cytokinin (BAP) was also added. Notwithstanding the fact 
that auxins tend to inhibit root elongation, Pandey et al. (2010) assert 
that the production of lateral roots is important for rapid growth, and 
is responsible for higher biomass in the plant system. Reduced root 
growth might be due to the accumulation of endogenous auxins with 
each subculture.  
 

Conclusion  
 
The overall results show that half strength solid MS media 
supplemented with 0.5 mg/L NAA and 15 g/L sucrose effectively 
induces rooting from stem explants of P.radula cultured in total 
darkness. On the other hand, liquid full strength MS medium is most 
effective in promoting root proliferation. These experimental 
parameters will be referred to in future studies on secondary 
metabolite production in root cultures of P. radula.   
 

REFERENCES 
 
Ameena Abdulla, H. S. A. M and Khaled, M. S. E. 2009. Effect of 

Medium Strength and Charcoal Combined with IBA and NAA on 
Root Initiation of Ficus anastasia. Academic Journal of Plant 
Sciences 2 (3): 169-172. 

Anna, P. K. L., Kai, M. K. and Sobri, H. 2009. Adventitious Rooting 
of Orthosiphon stamineus in Response to Sucrose Concentrations 
and Medium pH. American-Eurasian Journal of Sustainable 
Agriculture, 3(1): 93-100. 

Baque, M. A., Hahn, E. J. and Paek, K. Y. 2010. Growth, secondary 
metabolite production and antioxidant enzyme response of 
Morinda citrifolia adventitious root as affected by auxin and 
cytokinin. Plant Biotechnol Rep 4:109-116. 

Beppu, H., Kawai, K., Shimpo, K., Chihara, T., Tamai, I., Ida, C., 
Ueda, M. and Kuzuya, H. 2004. Studies on the components of 
Aloe arborescens from Japan-monthly variation and differences 
due to part and position of the leaf.Biochem Syst Ecol32:783-795. 

Borisjuk, L., Walenta, S., Weber, H., Mueller-Klieser, W. and 
Wobus, U. 1998. High resolution histographical mapping of 
glucose concentration in developing cotyledon of Vicia faba in 
relation to mitotic activity and storage process: glucose as a 
possible development trigger. Plant Journal. 15(4): 583-591. 

Cheng, B., Peterson, C. M. and  Mitchell, R. J. 1992. The role of 
sucrose, auxin and explant source on in vitro rooting of seedling 
explants of Eucalyptus sideroxylon. Plant Science. 87: 207–214. 

Choffe, K. L. J., Victor, M. R. S. J., Murch, and Saxena, P. K. 2000. 
In vitro regeneration of Echinacea purpurea L. Direct somatic 
embryogenesis and indirect shoot organogenesis in petiole 
culture. In Vitro Cell. Dev. Biol. Plant. 36: 30–36. 

Fernandez, R. M. D., Moreno, M. T., Cubero, J. I. and Gil, J. 1998. 
An efficient in vitro method for chickpea. Int. Chickpea 
Pigeonpea News Lett. 5: 18-9. 

Fotopoulos, S. and Sotiropoulos, T. E. 2005. In vitro rooting of PR 
2004/84 rootstock (Prunus persica x P. amygdalus) as influenced 
by mineral concentration of the culture medium and exposure to 
darkness for a period. Agronomy Research. 3(1): 3-8. 

Hasancebi, S., Turgut Kara, N., Cakir, O. and Ari, S. 2011.  
Micropropagation and root culture of Turkish endemic Astragalus 
chrysochlorus (Leguminosae). Turk J. Bot. 35: 203-210. 

Hong, M. L. K., Bhatt, A., Shuping, N. and Keng, C. L. 2010. 
Optimization of root proliferation medium for Hyoscyamus niger 
L. Journal of Medicinal Plants Research Vol. 4(24),pp.2710-2718. 

Hossain, S. N., Munshi, M. K., Islam, M. R., Hakim, L. and Hossain, 
M. 2003. In vitro Propogation of Plum (Zyziphus jujuba Lam.) 
Plant Tissue Cult. 13(1):  81-84. 

Jenifer, U., Francina Cecilia, K. and Ravindhran, R. 2012. In vitro 
adventitious root and hairy root cultures in Boerhaavia diffusa L.  
Iinternational journal of current research vol. 4,issue,01.pp.65-67. 

Jung, H. K., Eun, J. C. and Hoon, O. 2005. Saponin production in 
submerged adventitious root culture of Panax ginseng as affected 
by culture condition and elicitors. Asia Pasific Journal of 
Molecular Biology and Biotechnology. 12(2): 87-91. 

Plant growth Regulator 
 (mg/L) 

Fresh weight  of root culture  
(grams) 

NAA IBA Light Dark  
0 -   

0.2 - 5.25de 6.16cd 
0.5 - 13.42a 13.13a 
1.0 - 7.17c 9.32b 
1.5 - 2.91fg 5.25de 
- 0.2 2.17gh 3.06fg 
- 0.5 4.21ef 3.64efg 
- 1.0 2.81fg 1.87gh 
- 1.5 1.95gh 0.76h 

 

   2794                                                         Zuraida, A. R et al., Establishment of root cultures in Pelargonium Radula 
 



Kevers, C., Jacques, P., Thonart, P. and Gaspar, T. 1999. In vitro root 
cultures of Panax ginseng and P. quinquefolium. Plant Growth 
Regul. 27: 173-178. 

Kim, O. T., Bang, K. H., Shin, Y. S., Lee, M. J., Jung, S. J., Hyun, D. 
Y., Kim, Y. C., Seong, N. S., Cha, S. W. and Hwang, B. 2007. 
Enhanced production of asiaticoside from hairy root cultures of 
Centella asiatica (L.) urban elicited by methyl jasmonate. Plant 
Cell Rep. 26: 1941-1949. 

Kollarova, K., Li kova D, Kakoniova, D. and Lux, A. 2004. Effect of 
auxins on Karwinskia humboldtiana root cultures. Plant Cell Tiss 
Org. 79:213-221. 

Lee, Y. S., Yang, T. J., Park, S. U., Baek, J. H., Wu, S. Q. and Lim, 
K. B. 2011. Induction and proliferation of adventitious roots from 
Aloe vera leaf tissues for in vitro production of aloe-emodin. 
Plant Omic Journal. 4(4):190-194  

Lis-Balchin, M. 2002. Geranium and Pelargonium: The Genera 
Geranium and Pelargonium. Taylor & Francis. 

Liu, C. Z. and Cheng, X. Y. 2008. Enhancement of phenylethanoid 
glycosides biosynthesis in cell cultures of Cistanche deserticola 
by osmotic stress. Plant Cell Rep. 27: 357-362. 

Murthy, H. N., Hahn, E. J. and Paek, K. Y. 2008. Adventitious Roots 
and Secondary Metabolism. Chin. J Biotechnol. 24: 711-716. 

Nandagopal, S. and Ranjitha Kumari, B. D. 2007. Effectiveness of 
auxin induced in vitro root culture in chicory. Journal of Central 
European Agriculture. Volume 8, no. 1: 73-80.  

Pandey, V. P., Cherian, E. and Patani, G. 2010. Effect of Growth 
Regulators and Culture Conditions on Direct Root Induction of 
Rauwolfia serpentina L. (Apocynaceae) Benth by Leaf Explants. 
Tropical Journal of Pharmaceutical Research. 9 (1): 27-34.  

Parvin, M. S., Haque, M. E., Akhter, F.,
 
Moniruzzaman

 
and Khaldun, 

A. B. M. 2009. Effect Of Different Levels Of Naa On In Vitro 
Growth And Development Of Shoots Of Dendrobium Orchid. 
Bangladesh J. Agril. Res. 34(3): 411-416. 

Pepeljnjak, S., Kalodera, Z. and Zovko, M. 2005. Investigation of 
antimicrobial activity of Pelargonium radula (Cav.) L'Hérit. Acta 
Pharm. 55(4):409-15.  

Petlevski, R., Flajs, D., Kalođera, Z. and Zovko Koncic M. 2013.  
Composition and antioxidant activity of aqueous and ethanolic 
Pelargonium radula extracts. South African Journal of Botany. 85: 
17–22.  

Polisetty, R., Patil. P., Deveshwar, J. J., Khetarpal, S. and Chandra, R. 
1996. Rooting and establishment of in vitro grown shoot tip 
explants of chickpea (Cicer arietinum L.). Indian J. Exp. Biol. 34: 
806-809. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prasad, G. V. S. S., Rao, I. V. S. and Reddy, P. V. 2001. In vitro 
propagation of orchid Dendrobium cv. Sonia. India J. Plant 
Physiol. 6(3): 284-288. 

Puri, S. and Shamet, G. S. 1988. Rooting of some social forestry 
species. International Tree Crops Journal. 5: 63-70. 

Sato, K., Kubota, H., Goda, Y., Yamada, T. and Maitani, T. 1997. 
Glutathione Enhanced Anthraquinone Production in Adventitious 
Root Cultures of Rubia tinctorum L.Plant Tiss Cult Lett.14:63-66. 

Sayeed Hassan, A. K. M. And Shyamal, K. R. 2005. 
Micropropagation of Gloriosa superb L. Through High 
Frequency Shoot Proliferation. Plant Tissue Cult. 15(1): 67-74.  

Seo, J. W., Shin, C. G. and Choi, Y. E. 2003. Mass production of 
adventitious root of Eleutherococcus sessiliflorus through the 
bioreactor culture. J. Plant Biotechnol. 5: 187-191. 

Sivanesan, I. and Jeong, B. R. 2009. Induction and establishment of 
adventitious and hairy root cultures of Plumbago zeylanica L. 
African Journal of Biotechnology. Vol. 8(20), pp. 5294-5300. 

Srivastava, S. and Srivastava, A. K. 2007. Hairy root culture for 
mass-production of high-value secondary metabolites. Crit Rev 
Biotechnol. 27(1):29-43. 

Sudha, C. G. and Seeni, S. 2001. Establishment and analysis of fast-
growing normal root culture of Decalepis arayalpathra, a rare 
endemic medicinal plant. Curr. Sci. 81: 371-374. 

Swamy, S. L., Puri, S. and Singh, A.K. 2002. Effect of auxins (IBA 
and NAA) and season on rooting of juvenile and mature 
hardwood cuttings of Robinia pseudoacacia and Grewia Optiva. 
New Forest. 23: 143–157. 

Tajkarimi, M., Ibrahim, S. and Cliver, D. 2010. Antimicrobial Herb 
and Spice Compounds. In Food. Food Control. 21(9): 1199-1218. 

Taylor, J. L. S. and Van Staden, J. 1998. Plant-derived smoke 
solutions stimulate the growth of Lycopersicon esculentum roots 
in vitro. Plant growth regul. 26: 77-83. 

Thiem, B. 2003. In vitro propagation of isofl avone-producing 
Pueraria lobata (Willd.) Ohwi. Plant Sci. 165: 1123-1128. 

Zhao, D., Fu, C., Chen, Y. and Ma, F. 2004. Transformation of 
Saussurea medusa for hairy roots and jaceosidin production. Plant 
Cell Rep. 23:468-474. 

Zuraida, A. R., Mohd Shukri, M. A., Ayu Nazreena, O., Zamri, Z. 
2013.Improved micropropagation of biopesticidal plant, 
Pelargonium radula via direct shoot regeneration. American 
Journal of Research Communication. 1(1): 34-45 

******* 

   2795                  International Journal of Current Research, Vol. 5, Issue, 10, pp.2791-2795, October, 2013 
  


