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Oldenlandia biflora L. (Rubiaceae) is a small, straggling, delicate plant appearing in the rainy 
season on the banks of water courses. The whole plant is used in medicine. An efficient protocol for 
rapid multiplication of O. biflora was standardized in this study. The leaf explants were cultured on 
MS medium supplemented with different concentrations of IAA, IBA, NAA and 2,4-D for callus 
induction. All these auxins produced calli with a little variation in callus morphology. In 
combination with low concentration of BAP, green compact calli were developed. Shoots were 
initiated from the calli on MS medium containing cytokinins and low concentration of auxins. Of 
the two cytokinins, BAP was found to produce more number shoots when compared to KIN. In 
combination of these two cytokinins, number of shoots were increased. More than 40 shoots were 
obtained on MS medium containing 6 µM BAP+2 µM KIN+2 µM NAA. Basal medium alone is 
enough to initiate roots in this plant. However, the addition of auxins enhanced the rooting. The well 
rooted plantlets were transferred to root trainer for hardening. Subsequently these plantlets were 
established in the field through acclimatization. The highest rates of hardening and acclimatization 
were observed in this study with 95% and 90% respectively. 

 

  
 

  
 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
  

 
 

 

 

INTRODUCTION  
 

Nature has been a source of medicinal agents for thousands of 
years and an impressive number of modern drugs have been 
isolated from natural sources.  Medicinal plants have been used 
for centuries as remedies for human and animal diseases as 
they contain phytochemicals of therapeutic value. At present 
large number of drugs in use are derived from plants (Satyavati 
et al., 1976). India is known to have rich repository of 
medicinal plants. The drugs are derived either from the whole 
plant or from different parts like leaves, stem, bark, root, flower 
and seed. Some drugs are prepared from excretory plant 
products such as gums, resins and latex (Kaido et al., 1997).  In 
traditional systems of medicine, the Indian Medicinal Plants 
have been used in successful management of various disease 
conditions like bronchial asthma, chronic fever, cold, cough, 
malaria, dysentery convulsions, diabetes, diarrhoea, arthritis, 
emetic syndrome, skin diseases, insect bite, etc. and in 
treatment of gastric, hepatic, cardiovascular and immunological 
disorders (Prakash and Gupta, 2005). Nowadays, people has 
awareness in cultivation of medicinal plants for their significant 
role in therapeutic value without any side effect. 
 

The tissue culture techniques offer potential means not only for 
rapid mass multiplication of existing stock of fruit and forest 

trees but also for the conservation of important, elite and rare 
trees. Among the different techniques of biotechnology, plant 
tissue culture is the one being applied in crop improvement 
programme (Prakash et al., 1994). Though the conventional 
breeding techniques have considerably increased the 
productivity of modern crops, the application of biotechnology 
could speed up further crop improvement.  It overcomes the 
barriers in conventional vegetative propagation and fulfils the 
demand for large-scale cultivation in a short period by rapid 
mass multiplication. To date, we can speed up the production 
rate of the average plant by approximately 10,000 times and a 
large number of productive plants can be multiplied routinely 
(Rao et al., 1996). The technique of plant tissue culture, 
therefore, holds great promise to plant breeders, pharmaceutical 
industries and others, besides helping in conservation of our 
precious natural wealth (Shekhawat et al., 1998). 
 

Plant cell and tissue cultures hold great promise for controlled 
production of a great number of useful secondary metabolites 
on demand. Large-scale plant tissue culture is found to be an 
attractive and alternative approach to traditional methods of 
plantation as it offers controlled supply of biochemical’s 
independent of plant availability (Sajc et al. 2000). Discoveries 
of cell cultures capable of producing specific medicinal 
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compounds at a rate similar or superior to that of intact plants 
have accelerated in the last few years (Vijaya et al., 2010). 
 

Oldenlandia biflora is a small, weak, straggling delicate plant, 
appearing in the rainy season in fields and low ground on the 
banks of water courses. The entire plant is used in medicine, 
and is regarded as a valuable bitter tonic and febrifuge. It enters 
into the composition of numerous prescriptions for fever, 
diarrhoea, skin diseases, etc. From the ethnobotanical survey, it 
is found that this plant is used as folk medicine in treating 
dysentery, fever and also gastric ulcers. Pharmacological 
studies reveal that this plant possesses antibacterial (Sridhar et 
al., 2012) and anticancer (Ding et al., 2014) activities. 
 

Only very few studies has been conducted so far to reveal the 
medicinal properties of this plant. The available literatures also 
show that no in vitro regeneration studies has been conducted 
so far. Based on this lime light, the present study is aimed for 
rapid and mass multiplication of plantlets from leaf explants 
through organogenesis.  
 

MATERIALS AND METHODS 
 

Plant Material and Establishment of Explants 
 

In the present investigation, Oldenlandia biflora L. was 
selected for in vitro regeneration through callus culture from 
the leaf explants. The plant materials were collected from the 
betel vine filed of the Cauvery River banks near Velur, Tamil 
Nadu, India.  The leaf explants were washed thoroughly under 
running tap water for 20 minutes followed by washed with 
surfactant (Teepol). They were rinsed with distilled water for 4-
5 times. Then they were disinfected with 70% alcohol (v/v) for 
45 seconds followed by 0.1% mercuric chloride (w/v) for 3 
minutes. Finally, the explants were washed with sterile distilled 
water for 3-5 times to remove the traces of mercuric chloride. 
 

Preparation of Culture Media 
 

For the entire study MS medium (Murashige and Skoog, 1962) 
was used as basal medium with 3% sucrose and respective 
growth regulators for callus culture and regeneration. The 
medium was solidified with 0.8% agar and the pH of the 
medium was adjusted to 5.8 using 0.1 N NaOH and 0.1 N HCl 

before autoclaving. The medium was autoclaved at 1.06 kg cm-

3 at 121ºC under 15 lbs per sq. ft. pressure for about 20 min. 
 

Callus culture 
 

The leaf explants were inoculated on MS medium fortified with 
different concentrations of four auxins, viz., IAA, IBA, NAA 
and 2,4-D arranging from 2.5 µM to 12.5 µM alone or with low 
concentration of cytokinins (BAP or KIN) ranging from 1 µM - 
5 µM for callus induction and callus proliferation.  The suitable 
concentration of growth regulator was optimized for 
regeneration. 
 

Regeneration of plantlets 
 

The green compact calli were transferred to MS medium 
fortified with different concentrations of cytokinins, viz., BAP 
and KIN (3 µM - 12 µM) separately as well as in combination 
of these two cytokinins along with low concentration of auxin 
for shoot regeneration and mass propagation.  
 
 

Rooting 
 

The regenerated shoots of 3-5 cm long were transferred to MS 
basal medium alone and also with different concentrations of  
IAA, IBA and NAA ranging from 2-10 µM for rooting. 
 

Culture maintenance and conditions 
 

All cultures were maintained at 25±2°C in a culture room under 
cool white fluorescent lamps (Phillips, India) at intensity of 50 
μmol m–2 s–1 with 16 hrs photoperiod.  
 

Hardening and Acclimatization 
 

Four to six week old plantlets with well established roots were 
removed from the culture tubes and washed the roots to remove 
the adherent medium. The plantlets were transferred to root 
trainer containing a mixture of coconut coir plus a mixture of 
red soil, sand and farm yard manure in the ratio of 2:1:1 and 
maintained inside the culture room at 25±2°C under 16 hr and 
75-80% relative humidity. The plantlets were periodically 
irrigated with water for a period of two weeks. Subsequently 
these plantlets were established in the field through 
acclimatization. 
 

Experimental Design, Data Collection and Statistical 
Analysis 
 

The design of all the experiments was a complete randomized 
block and each experiment consisted of one explant per tubes 
and five replicates. The parameters recorded were frequency 
(number of cultures responding in terms of callus induction, 
multiple shoot proliferation and root development), number of 
shoots per callus, shoot length, number of roots per shoot, root 
length and survival rate (%). All of the experiments were 
repeated five times. The analysis of variance (ANOVA) 
appropriate for the design was carried out to detect the 
significance of differences among the treatment means were 
compared using Duncan’s Multiple Range Test (DMRT) at a 
5% level of significance (Gomez and Gomez, 1976). 
 

RESULTS AND DISCUSSION 
 

Callus induction  
 

The leaf explants of Oldenlandia biflora were cultured on MS 
basal medium supplemented with different auxins, viz., IAA, 
IBA, NAA and 2,4-D at various concentrations ranging from 
2.5-12.5 µM for callus induction. Callus initiation was 
observed 7 days after inoculation. The callus induction 
frequency and nature of callus were varied for different 
hormones and concentrations (Fig.1a,b; Table 1). Generally, 
the explants cultured on medium fortified with IAA produced 
light green calli, IBA produced whitish calli, NAA gave light 
green compact calli and 2,4-D formed yellowish green compact 
calli. Among the four auxins tested, maximum callus induction 
frequency was observed on medium containing 5 µM NAA. In 
general, the explants growing on medium having auxins alone 
produce whitish to greenish calli. When the explants cultured 
on medium supplemented with auxins in combination with low 
concentration of cytokinins produce greed compact callus. 
From this preliminary screening, 5 µM NAA was selected as 
suitable auxin for callus induction. Hence, low concentrations 
of BAP or KIN ranging from 1-5 µM were combined with a 
fixed concentration of 5 µM NAA (Fig.1a,b; Table 2). Of these 
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two cytokinins, BAP was found to produce green compact 
callus with higher frequency when compared to KIN. Of the 
different concentrations of BAP, the medium containing 5 µM 
NAA + 2 µM BAP was found to be the best in callus induction 
with 100% callus induction frequency. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Generally auxin alone is enough for callus induction. However 
addition of low concentration of cytokinins produce green 
compact calli. Hence, in several studies low concentration of 
cytokinins are fortified along with auxins for callus culture 
(Velayutham and Ranjithakumari, 2003; Rehman et al., 2003; 
Velayutham et al., 2006, 2012; Naik et al., 2014). In the 
present study also, whitish or light green calli were produced 
when they were cultured on medium containing auxins alone. 
But they turned into green when cultured on medium fortified 
with low concentration of cytokinin along with auxins. Of the 
four auxins tested, NAA was found to be the best hormone for 
callus induction in this study. Similar results were obtained in 
previous reports also (Wagner and Gailing, 1996; Velayutham 
and Ranjithakumari, 2003; Rehman et al., 2003; Velayutham et 
al., 2006, 2012). Variations in callus morphology according to 
the growth regulators and their concentrations were also 
observed in earlier studies (Baskaran and Jayabalan, 2006; Sen 
et al., 2014; Senthilkumar and Nandi, 2015).  

Shoot regeneration from callus  
 

The green compact calli were transferred to regeneration 
medium containing different concentrations of cytokinins, BAP 
and KIN ranging from 3-12 µM. Of these two cytokinins, BAP 
was found to initiate more number of shoot when compared to 
KIN. Of the different concentrations, 6 µM BAP was found to 
be the best in shoot induction with 86% shoot induction 
frequency. When low concentration of KIN was combined with 
6 µM BAP, the shoot induction frequency (96%) and more 
number of shoots were increased (Fig.1c,d; Table 3). However, 
addition of low concentration of auxins (IAA or NAA) 
produced 100% shoot induction frequency with maximum 
number of 46 shoots per callus and maximum shoot length of 
7.7 cm within 30 days of subculture (Table 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Values in the last two columns are Mean ± SE of Mean followed by the letters 
within the column indicating the level of significance at P<0.05 by Duncan’s 
Multiple Range Test (same letter within the column of the respective growth 
regulator indicates the absence of difference; different letters indicate the 
significant difference; and combination of letters indicate no significant 
difference)   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values in the last two columns are Mean ± SE of Mean followed by the letters 
within the column indicating the level of significance at P<0.05 by Duncan’s 
Multiple Range Test (same letter within the column of the respective growth 

Table 1 Effect of auxins on callus induction from leaf 
explants of Oldenlandia biflora L. 

 

Concentrations of 
auxins 

Callus induction 
frequency (%) 

Nature of callus 

2.5 µM IAA 76 Light green friable 
5.0 µM IAA 82 Light green compact 
7.5 µM IAA 90 Light green compact 

10.0 µM IAA 74 Yellowish green friable 
12.5 µM IAA 66 Yellowish green friable 
2.5 µM IBA 62 White friable 
5.0 µM IBA 70 White friable 
7.5 µM IBA 76 White slightly friable 

10.0 µM IBA 86 White slightly friable 
12.5 µM IBA 78 White friable 
2.5 µM NAA 88 Light green friable 
5.0 µM NAA 96 Light green compact 
7.5 µM NAA 94 Light green compact 

10.0 µM NAA 86 Light green slightly friable 
12.5 µM NAA 80 Light green friable 
2.5 µM 2,4-D 84 Yellowish green friable 
5.0 µM 2,4-D 92 Yellowish green compact 
7.5 µM 2,4-D 88 Pale green friable 
10.0 µM 2,4-D 78 Brownish  friable 
12.5 µM 2,4-D 76 Brownish  compact 

 

Values are Mean of 5 replicates recorded after 30 days of culture. 
 

Table  2. Combined effect of NAA and cytokinins on 
callus proliferation of Oldenlandia biflora L. 

 

Concentrations of Plant 
Growth Regulators ( µM) 

Callus 
induction 
frequency 

(%) 

Nature of callus 
NAA BAP KIN 

5 1 --- 92 Light green compact 
5 2 --- 100 Green compact 
5 3 --- 100 Green compact 
5 4 --- 94 Yellowish-green compact 
5 5 --- 90 Yellowish-green compact 
5 --- 1 80 Light green compact 
5 --- 2 84 Light green compact 
5 --- 3 92 Green compact 
5 --- 4 86 Green compact 
5 --- 5 80 Yellowish green compact 

 

Values are Mean of 5 replicates recorded after 30 days of culture. 
 

Table 3.  Effect of cytokinins on shoot regeneration and 
multiplication from the leaf derived callus of 

Oldenlandia biflora L. 
 

Concentrations 
of cytokinins 

(µM) 

Shoot 
induction 
frequency 

(%) 

Mean number 
of shoots 

Mean Shoot 
length (cm) 

BAP KIN 
3 --- 82 23.64 ± 0.72f 5.71 ± 0.49de 
6 --- 86 26.29 ± 0.77d 6.27 ± 0.72bc 
9 --- 74 21.89 ± 0.93h 5.12 ± 0.81gh 

12 --- 66 19.57 ± 0.66jk 4.62 ± 1.04l 
15 --- 62 16.91 ± 0.95mn 3.63 ± 0.30mn 
--- 3 54 13.21 ± 0.80o 3.53 ± 0.78no 
--- 6 62 18.47 ± 1.13kl 4.91 ± 1.06jk 
--- 9 68 20.72 ± 0.73ij 5.06 ± 0.84hi 
--- 12 78 23.51 ± 0.55fg 5.48 ± 0.81f 
--- 15 64 17.75 ± 0.83lm 3.77 ± 0.68m 
6 1 92 31.60 ± 0.77b 6.36 ± 0.53b 
6 2 96 35.70 ± 0.97a 6.72 ± 0.65a 
6 3 88 28.16 ± 0.54c 5.72 ± 0.77d 
6 4 86 26.19 ± 1.20de 5.21 ± 0.73g 
6 5 80 21.75 ± 0.95hi 4.92 ± 0.64ij 

 

Values are Mean of 5 replicates recorded after 30 days of culture. 
 

Table 4. Combined effect of cytokinins and auxins on 
shoot multiplication and proliferation of Oldenlandia 

biflora L. 
 

Concentrations of Plant 
Growth Regulators 

Shoot 
induction 
frequency 

(%) 

Mean number 
of shoots 

Mean Shoot 
length (cm) 

BAP KIN IAA NAA 

6 2 1 --- 92 33.14 ± 0.77gh 6.67 ± 0.54e 
6 2 2 --- 100 37.16 ± 0.59e 7.11 ± 0.64cd 

6 2 3 --- 100 39.51 ± 0.73c 7.26 ± 0.46bc 

6 2 4 --- 90 31.35 ± 1.11hi 5.32 ± 0.79gh 

6 2 5 --- 86 28.61 ± 0.78j 4.82 ± 0.70j 

6 2 --- 1 100 42.92 ± 0.45b 7.47 ± 0.60ab 

6 2 --- 2 100 46.75 ± 0.81a 7.70 ± 0.65a 

6 2 --- 3 100 39.30 ± 0.81cd 6.37 ± 0.74ef 
6 2 --- 4 96 36.93 ± 0.37ef 5.52 ± 0.69g 
6 2 --- 5 90 34.12 ± 0.72g 5.20 ± 0.59hi 

 

Values are Mean of 5 replicates recorded after 30 days of culture.  
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regulator indicates the absence of difference; different letters indicate the 
significant difference; and combination of letters indicate no significant 
difference)  
 

Several growth regulators are available for shoot 
multiplication. However, BAP, KIN TDZ and 2-iP are widely 
used. In majority of studies the former two cytokinins are 
preferred for shoot induction and multiplication. In the present 
study also BAP and KIN were used alone or in combination of 
these two. As far as individual hormones concerned, BAP was 
found to be better in shoot induction in this plant similar to the 
earlier studies (Sahoo and Chand, 1998; Kadota and Niimi, 
2003; Velayutham and Ranjithakumari, 2003; Vasudevan et al., 
2004; Velayutham et al., 2006; Padmapriya et al., 2011). 
However, the combination of these two cytokinins enhanced 
the multiplication rate. Several workers showed that the 
synergistic combination of two cytokinins was more effective 
for shoot differentiation (Velayutham et al., 2006; Selvaraj et 
al., 2006; Baskaran et al., 2008; Ashraf et al., 2014). Recent 
studies reveal that low concentration of auxins along with 
cytokinins enhance the rate of proliferation of shoots as in the 
present study (Izabella et al., 2015; Purohit et al., 2015; 
Senthilkumar and Nanhi, 2015). 
 

Rooting and in vitro flowering  
 

The isolated micro shoots of 3-5 cm length were transferred to 
half strength MS medium containing different concentrations 
of IAA, IBA and NAA and also on MS basal medium without 
supplementing auxins. The roots were initiated on basal 
medium itself. However duration of root initiation was two 
weeks and number of roots were low when compared to shoots 
growing on medium fortified with auxins where initiation of 
roots occurred within a week with more number of roots. Of 
the three auxins tested, 4 µM IBA was found to be the best in 
rooting with 100% root induction frequency, mean number of 
19.03 roots per shoot and mean length of 4.60 cm. In higher 
concentration of auxins, instead of root basal callus was formed 
(Fig. 1e; Table 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values in the last two columns are Mean ± SE of Mean followed by the letters 
within the column indicating the level of significance at P<0.05 by Duncan’s 
Multiple Range Test (same letter within the column of the respective growth 

regulator indicates the absence of difference; different letters indicate the 
significant difference; and combination of letters indicate no significant 
difference)   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
For root induction, IAA, IBA and NAA were used for several 
studies. Higher frequency of rooting was achieved by IBA in 
Aristolochia indica, (Manjula et al. 1997), Gymnema sylvestris 
(Komalavalli and Rao, 2000), Eclipta alba (Baskaran and 
Jayabalan, 2005), Heliotropium indicum (Senthilkumar and 
Rao, 2007), Melothria maderaspatana (Baskaran et al., 2008), 
Ruta graveolens (Ahmad et al., 2010), Solanum nigrum 
(Padmapriya, et al., 2011) and Astracantha longifolia 
(Senthilkumar and Nandi, 2015).  Whereas, NAA showed 
better root induction in Cichorium intybus (Velayutham and 
Ranjithakumari, 2003), Viburnum odoratissimum (Schoene and 
Yeager, 2005), Plumbago zeylanica (Velayutham et al. 2005), 
Solanum nigrum (Jabeen et al. 2005), Hybanthus 
enneaspermus (Velayutham et al., 2012) and Enicostemma 
littorale (Nalini and Velayutham, 2013). In the present study, 
of the three auxins tested, IBA was found to induce more 
number of roots and NAA was observed next to IBA for 
rooting.  
 

The present study also shows that higher concentrations of 
auxins lead to the formation of basal callus instead of rooting. 
More over, rooting occurs even in the absence of auxins in the 
basal medium. This shows the synthesis of endogenous auxin 
in this plant. The inhibition of rooting and production of callus 
in the presence of higher concentration of NAA was also 
shown in Plumbago zeylanica (Sivanesan, 2007). 
 

While rooting takes place, along with shoot elongation, the 
plantlets attained sexual maturity and produced in vitro flowers 
without adding any flowering hormone in the medium. Being a 

Table 5 Effect of auxins on root induction  from isolated 
shoots of Oldenlandia biflora L. 

 

Concentrations 
of Plant 
Growth 

Regulators 

Root 
induction 
frequency 

(%) 

Number of 
Roots per Shoot 

Root length 
(cm) 

MS basal 56 3.80 ± 0.57jk 2.01 ± 0.49jk 
2 µM  IAA 78 11.64 ± 0.94cd 3.35 ± 0.34ef 
4 µM  IAA 64 9.39 ± 0.66fg 2.79 ± 0.60g 
6 µM  IAA 60 5.13 ± 0.89j 2.14 ± 0.51j 
8 µM  IAA basal callus --- --- 
10 µM  IAA basal callus --- --- 
2 µM  IBA 96 15.94 ± 0.84b 4.23 ± 0.47b 
4 µM  IBA 100 19.03 ± 0.66a 4.60 ± 0.68a 
6 µM  IBA 88 10.48 ± 0.84de 3.67 ± 0.79cd 
8 µM  IBA 72 8.38 ± 0.43gh 2.74 ± 0.55gh 
10 µM  IBA basal callus --- --- 
2 µM NAA 84 13.14 ± 0.64c 3.85 ± 0.50c 
4 µM NAA 72 9.57 ± 0.60ef 3.45 ± 0.58de 
6 µM NAA 66 7.54 ± 0.60hi 2.65 ± 0.73hi 
8 µM NAA basal callus --- --- 

10 µM NAA basal callus --- --- 
 

Values are Mean of 5 replicates recorded after 30 days of culture. 

 

 
 

Fig. 1 In vitro Organogenesis and Rapid Multiplication of Oldenlandia 
biflora L.  a. callus induction on MS medium; b. callus proliferation after 
30 days; c,d. shoot induction and multiplication; e. root induction; f. in 

vitro flowering; g. hardening. 
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self-pollinating plant, in vitro seed setting also occurred as a 
result of in vitro pollination and in vitro fertilization (Fig. 1f). 
 

Addition of GA3 on the rooting medium generally causes 
flowering in many plants (Stephen and Jayabalan, 1998; Tang, 
2000). However, long photoperiod in culture room favours 
induction of flowers in vitro without adding flowering hormone 
(Demeulemeester and De Proft, 1999; Velayutham and 
Ranjithakumari, 2003; Velayutham et al., 2006; Padmapriya et 
al., 2011). In vitro flowering and in vitro seed setting in this 
study also favoured by the presence of long photoperiod. 
 

Hardening and Acclimatization  
 

The well rooted plantlets were transferred to root trainer 
containing coconut coir and a mixture of red soil, sand and 
farm yard manured in the ratio of 2:1:1 for hardening. In the 
present study 95% of plantlets were survived in the root trainer 
(Fig. 1g). The well established plantlets were transferred to the 
field after 20 days. Survival rate of 90% was observed in the 
field in one month.  
 

Many investigators used soil and sand (Singh and Tiwari, 2010; 
Thiagarajan and Venkatachalam, 2013) or soil, sand and farm 
yard manure for hardening in paper cups (Velayutham and 
Ranjithakumari, 2003; Bhosle et al., 2005; Velayutham et al., 
2006, 2012; Nalini and Velayutham, 2013) or vermiculate soil 
(Karuppusamy and Kalimuthu, 2010; Sridhar and Naidu, 
2011). In this work, coconut coir was used in addition to soil, 
sand and farm yard manure for easy penetration of tender roots. 
Since large number of plants are produced in the present study, 
root trainer was used for hardening. 
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