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Abstract 
An efficient regeneration method via axillary nodes has been developed for Jatropha curcas, which is a 
medicinal as well as a promising plant for biofuel production. This was achieved on MS medium with BA (3.0 
mg/L) + IBA (1.0 mg/L) + Adenine sulfate (25 mg/L) + Glutamine (50 mg/L) +L- arginine (15 mg/L) + Citric 
acid (25 mg/l) within three to four weeks of inoculation. On an average, within a period of three subcultures, a 
single initial axillary node explant generated 100 shoots respectively there by favoring the economics of the cost 
of the materials and time factors. Plants were rooted on ½ strength MS medium supplemented with IBA (1.0-4.0 
mg/L) and NAA (1.0-4.0 mg/L). The highest frequency of root induction was on the medium with 3.0 mg/L 
IBA. The in vitro raised plantlets were acclimatized in green house and successfully transplanted to the nursery. 
This is a first report of regeneration of   Jatropha curcas with additives especially with L-arginine. 
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INTRODUCTION INTRODUCTION 
Jatropha curcas (L.) commonly known as physic 
nut, belonging to the family Euphorbiaceae, is a 
multipurpose plant valued not only for its 
medicinal properties and resistant to various 
stresses but also for its use as an oil seed crop 
(Heller 1996, Staubmann et al. 1999, Openshaw, 
2000). The members of this family are rich in 
reduced hydrocarbon material. Upon extraction 
and breakdown, the latex can be used to make 
products, which are now being produced 
commercially by the petrochemical industry 
(Calvin 1980, Sach et al., 1981, Tideman and 
Hawker, 1982). The latex of the plants and seeds 
are used for medicinal purposes  .The latex has 
also been used in local ayurvedic pharmacopoeia 
according to a report from the Botany Laboratory, 
BARC-East Beltsville, Maryland, USA. The 
active principle in its latex Jatrophone has shown 
anti-cancer properties (Kosasi et al., 1989). The 
seeds contain semidrying oil that can be used as 

an efficient substitute for diesel engines 
(Bhasabutra and Sutiponpeibum, 1982) and 
forms an essential ingredient in various soap dye 
and wood industries. Jatropha curcas is also 
efficacious in treatment of dropsy, sciatica and 
paralysis. The drug obtained from Jatropha 
curcas is termed as ‘Dravanti’ and is reported to 
be bitter, pungent and astringent in taste (Gupta 
1985). It has anthelmintic properties. It works as 
a cleaner for all the impurities through its 
purgative properties (Kirtikar and Basu, 1933). 
The leaves are considered to be rubefacient and 
lactagogue. Leaf juice is used as an external 
application for piles and for inflammations of the 
tongue in babies. It is also used to cure scabies, 
eczema and ringworm (Rajore and Batra, 2005). 
Besides its medicinal properties, it is an excellent 
species for agro forestry programme. It can be 
used in control of floods, nutrient leaching, soil 
erosion and shifting of sand dunes. 
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Recent years, more and more investigations have 
been performed on the chemical and biological 
active constituents of Jatropha curcas, such as 
curcin (Stripe et al., 1976, Barbieri et al, 1993), 
12-deoxy-10-hydroxyphobol (Adolf et al., 1984, 
Das et al., 2004), estrase and lipase (Staubmann 
et al., 1999) have been isolated from seeds and 
characterized in succession, yet the full potential 
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of   Jatropha curcas is far from being realized. 
To meet the large-scale demand and ensure easy 
supply of this elite material, there is a need to 
establish mass multiplication technique. Macro 
propagation through stem cutting is possible but 
the seed yields are low and the established plants 

are not deep rooted and 
hence, are easily 
uprooted (Heller, 1996). 
The propagation 
through seeds is 
dependent on good 
rainfall, moisture 
condition, sowing time 
and depth of sowing. 
This is a major problem 
for establishment of 
plants propagated 
through stem cuttings 
and seeds on poor and 
marginal soils. Tissue 
culture techniques offer 
rapid and continuous 
supply of planting 
material. Evaluation of 
tissue culture 
propagated plants of 
Jatropha curcas 
revealed that they were 
at par with seed 
propagated plants in 
terms of yield and yield 
related traits (Sujatha 
and Mukta, 1996). 
Multiple shoots were 
induced from various 
types of explants. Shoot 
multiplication has been 
induced from leaf, 
petiole, stem, epicotyl, 
hypocotyls, peduncle 
and nodal segments 
(Sujatha and Mukta, 
1996, Sardana et al., 
1998, Rajore and Batra, 
2005, Sujatha et al., 
2005, Datta MM et al., 
2007). But these reports 
were not promising 
because multiplication 
rate was low. Nodal 
meristems are an 
important source tissue 
of micropropagation and 
plants raised from these 
are comparatively more 
resistant to genetic 

variation (Pierik, 1991). Also the plants 
regenerated are generally disease free. The 
improvement of micropropagation efficiency of 
Jatropha curcas is very important for its 
biodiesel production. Despite the fact that nitrate 

Table 1: Effect of different concentration of BA (6-Benzylaminopurine), NAA 
(Napthaleneacetic Acid) and IBA (Indole-3-Butyric Acid) in MS medium on multiple shoot 
regeneration through axillary nodes of Jatropha curcas. 

S.no Hormone concentrations 
(mg/l) 

Number of shoots 
per explant * 

Shoot length 
(cm)* 

1. Control - 1.7 + 0.11 
2. MS + BA 1.0 4.12 + 0.55 5.5 + 1.30 
3. MS + BA 2.0 5.12 + 0.90 6.9 + 1.90 
4. MS + BA 3.0 2.80 + 0.47 4.8 + 0.96 
5. MS + BA 4.0 1.70 + 0.40 4.5 + 0.70 
6. MS + BA 1.0 + NAA 0.25 4.88 + 0.74 5.8 + 1.55 
7. MS + BA 2.0 + NAA 0.5 5.89 + 0.93 7.0 + 1.97 
8. MS + BA 3.0 + NAA 1.0 1.29 + 0.37 3.5 + 0.45 
9. MS + BA 4.0 + NAA 2.0 1.20 + 0.30 3.0 + 0.32 
10. MS + BA 1.0 + IBA 0.25 4.19 + 0.67 5.6 + 1.40 
11. MS + BA 2.0 + IBA 0.5 4.90 + 0.80 6.0 + 1.69 
12. MS + BA 3.0 + IBA 1.0 6.90 + 0.99 7.5 + 2.00 
13. MS + BA 4.0 + IBA 2.0 5.00 + 0.85 6.5 + 1.75 
* Values are mean ± standard error of three replicates with ten cultures per replicate; data scored 
after three weeks. 
 
 
Table-2:  Influence of Adenine sulfate, Glutamine, L-arginine and Citric acid along with BA 
(3.0 mg/L) + IBA (1.0 mg/L) on multiple shoot formation. 
Additives (mg/l) 
Adenine 
sulfate 

Glutamine L-Arginine Citric acid 
No. of shoots 
per explants* 

Shoot length 
(cm)* 

5 10 0 5 4.16 + 0.10 7.6  + 2.02 
10 20 0 10 5.82 + 1.05 8.5  + 2.09 
15 30 5 15 6.00 + 1.11 9.0  + 2.15 
20 40 10 20 8.12 + 1.22 10.5 + 2.23 
25 50 15 25 10.0 + 1.30 12.0 + 2.25 
* Values are mean ± standard error of three replicates with ten cultures per replicate; data scored 
after three weeks. 
 
 
Table 3: Effect of NAA and IBA in ½ MS Media on in vitro Rooting of Shoots and % survival 
rates in the field 
S.No Hormone 

concentrations 
mg/L 

Number 
of roots 
per 
explant* 

Root 
length 
(cm)* 

Callus 
induction 

% 
Survival 
rates in 
field 

1 Control  - 0.5 + 0.011 - 0 
2 ½MS+NAA 1.0 - - +  80% 
3 ½MS+NAA 2.0 - - + + + 80% 
4 ½MS+NAA 3.0 - - + + + 99% 
5 ½ MS+NAA4.0 - - + + + + 80% 
6 ½ MS+IBA 1.0 3 + 0.42 1.9 + 0.94 - 98% 
7 ½ MS+IBA 2.0 4 + 0.52 2.0 + 1.00 - 100% 
8 ½ MS+IBA 3.0 5 + 0.60 2.3 + 1.12 - 100% 
9 ½ MS+IBA 4.0 2 + 0.28 1.3 + 0.66 - 98% 

+ : Poor callusing, + + + : Moderate callusing,  + + + + : Good callusing 
* Values are mean ± standard error of three replicates with ten cultures per replicate; data scored 
after three weeks. 
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and ammonium salts have been universally used 
as N source in tissue culture media, numerous 
reports specify that reduced nitrogen forms, 
particularly amides and amino acids, e.g. 
glutamine, glutamic acid, proline, and alanine, 
can improve cell proliferation as well as 
regeneration in specific genotypes (Vasudevan et 
al., 2004). Amino acids can adjust the nitrogen 
utilization of in vitro cultures by regulating 
primary nitrogen assimilation. Concurrently, 
many amino acids can be readily transformed 
into other amino acids and integrated into 
proteins in the cell culture (Thorpe, 1993). 
Furthermore, Montague et al. (1979) reported 
that arginine serves as a precursor in polyamine 
synthesis. To meet the challenge the present 
investigation was launched using axillary nodes 
explants in different combination of growth 
regulator and with additives to maximize 
micropropagation rate of Jatropha curcas. 

MATERIALS AND METHODS 
The Materias and Methods of Plant tissue culture 
were the standard methods as described in Plant 
Cell, Tissue and Organ Culture Fundamental 
methods (Gamborg and Phillips, 2004). 
 
The explants used for the in vitro propagation of 
Jatropha curcas were axillary nodes of 1- 1.5 cm 
collected from 3-month-old plants (before 
flowering) growing in the medicinal plant 
Nursery of Bhopal. The explants were first 
washed with tap water for about half an hour, 
followed by 2 to 4 drops of liquid soap for 10 to 
20 minutes. After washing with tap water 
properly the explants were surface sterilize with 
0.1% mercuric chloride solution for 2 to 3 
minutes. This was followed by washing with 
sterile distilled water wash for 3-4 times to 
remove the traces of HgCl2 solution. 

Culture media and Incubation 
Culture media consisted of MS (Murashige and 
Skoog 1962) supplemented with 3% w/v sucrose 
and 0.8% w/v agar (Himedia, India). For 
induction and multiplication of shoots, explants 
were cultured on MS medium supplemented with 
BA (1.0-4.0 mg/L), NAA (0.25-2.0 mg/L) and 
IBA (0.25-2.0 mg/L) either individually or in 
combination. Along with growth hormones 
additives like Adenine sulphate (25 mg/L), 
Glutamine (50 mg/L), L-arginine (15 mg/L) and 
Citric acid (50 mg/L) were also used for 

induction and multiplication of shoots. The pH 
of the medium was adjusted to 5.8 before gelling 
with agar and autoclaved at 121ºC at 15 lbs 
pressure for 20 minutes. The surface sterilized 
explants were inoculated on the above media 
under aseptic conditions.  

Rooting of Shoots 
The elongated shoots 5-6 cm long regenerated 
from mature in vitro explants were excised and 
rooted on medium comprising of half strength 
MS basal salts and supplemented with NAA 
(1.0-4.0 mg/L) and IBA (1.0-4.0 mg/L).  

Culture conditions 
Cultures were maintained in a culture room 
under cool white fluorescent light (80-100 µ 
mole photon m-2 s-1) of 16 h photoperiod and 8 h 
dark periods at a temperature of 24 ± 2°C and 
relative humidity of 50-55%. The cultures were 
observed after one week. Each treatment had 3 
replicates with 10 cultures per replicate.  The 
experiments were repeated thrice and 
observations given in the tables are mean of the 
three repeated experiments.  

Acclimatization and transfer of 
plantlets to soil 
Rooted micro shoots were placed on filter paper 
supports in sterile distilled water for a week after 
washing off all traces of agar. The plantlets were 
then transferred to pots containing garden soil 
mixed with vermiculite and sand (1:1:1) under 
controlled growth chamber conditions (24+ 2°C 
and 50-55% relative humidity). After 30 days, 
the plants were kept under shade for 2 weeks and 
then placed outdoors under full sun.  

Statistical analysis 
Statistical analysis consisted of mean values and 
standard errors that are given in the figure and 
tables. Means were compared using Students t-
test at ά =0.01 and 0.05.  

RESULTS 

Effect of Growth Regulators on Shoot 
induction 
Explants cultured on MS medium containing 
growth regulators (BA/IBA/NAA) singly as well 
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Figure 1: a).Induction of shoots on MS + BA (3.0 mg/L) + IBA (1.0 mg/L) after 7 days.  b) Influence of 
additives on shoot multiplication (BA 3.0 mg/L + IBA 1.0 mg/L  + Adenine sulfate 25 mg/L + Glutamine 

50 mg/L +L-arginine 15 mg/L + Citric acid 25 mg/L)  c) Initiation of roots in ½ MS+IBA 3.0 mg/L. d) 
Hardened plant (after 2 months). 

in combination showed varied response with 
respect to shoot length and number of shoot buds 
obtained per explants (Table 1). Explants remain 
green and fresh but failed to develop shoot bud 
in growth regulator free medium. Maximum 
growth was found in treatment having 
composition MS + BA (3.0 mg/L) + IBA (1.0 
mg/L) which shows 6.90 shoot buds with 4.41 
fold increase in shoot length over control 
(p<0.01) (Fig. 1A). This clearly indicates that 
BA in combination with low concentration of 
auxins produced more number of shoots. 
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The effect of BA and NAA in combination was 
also studied. MS with BA 2.0 mg/L + NAA 0.5 
mg/L proved to be second best combination 
recording 5.89 number of shoots showing 4.11 
fold increase in shoot length over control 
(P<0.01). But by increasing the concentration 
callusing occurred which suppressed the growth 
of plant. 
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When BA was used alone in the MS medium, 
5.12 numbers of shoots with 4.0 fold increase in 
shoot length was obtained over control (p< 0.01).  
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shoot length was obtained over control (p< 0.01).  
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multiplication 
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multiplication 
Influence of additives was studied after 
determining the optimum cytokinin and auxin 
levels for shoot bud induction to improve the 
quality of shoots (Table 2). Maximum number of 
shoots per explants were recorded at BA (3.0 
mg/L) + IBA (1.0 mg/L)  + Adenine sulfate (25 
mg/L) + Glutamine (50 mg/L) +L-arginine (15 
mg/L) + Citric acid (25 mg/L) showing 10.0 
number of shoots with 4.70 fold increase in shoot 
length as compared to control (P<0.05; P<0.01) 
(Fig. 1B). On an average 100 shoots were 
generated after three subculture from one explant.  
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Rooting and plantlet establishment Rooting and plantlet establishment 
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In vitro shoots when transferred to ½ MS 
strength medium with IBA (1.0-4.0 mg/L) and 
NAA (1.0-4.0 mg/L), the rooting was 
comparatively better in 1/2 strength MS medium 
with IBA. Root initiation started after two week 
of culture on rooting medium and completed in 
five weeks. 1/2 MS medium with 3.0 mg/L IBA 
shows best rooting with 4.6 fold increase in root 
length as compared to control (P<0.05; P<0.01) 
(Fig. 1C). While with 1/2 MS medium with 
NAA (1.0-4.0 mg/L) profuse callusing formation 
took place, and no root formation occurs (Table 
3). The plantlets with well developed roots and 
shoots were transferred to small polythene bags 
containing a mixture of garden soil mixed with 
vermiculite and sand (1:1:1) and then 
acclimatized gradually to the normal 
environment (Fig. 1D).  

DISCUSSION 
Jatropha curcas is a latex producing shrub which 
makes it recalcitrant for its handling in tissue 
culture. However, during the present study 
complete plantlets with well developed shoots 
and roots were produced from axillary nodes. 
 
The present study reveals the establishment of 
cultures from axillary nodes derived from 
Jatropha curcas and proliferation of multiple 
shoots from axillary nodes to multiply this 
economically important oil containing plant 
species. Nodal culture is one of the most widely 
used in vitro methods in micropropagation. It 
comprises a tissue culture approach, which 
entails culturing of nodal segments carrying 
axillary buds and stimulating them to develop 
and proliferate in vitro. Since this method 
involves the exploitation of buds already present 
on the parent stock plant, it provides an efficient 
means of clonal multiplication (Pierik, 1991). 
Results obtained showed that the highest 
numbers of shoot buds were found in the 
concentration of BA (3.0 mg/L)+ IBA (1 mg/L). 
Increasing or decreasing this concentration 
reduced the number of shoot buds. BA is 
considered to one of the most useful cytokinin 
for achieving the multiplication and 
micropropagation of the plants (Stfaan et al., 
1994). There are several reasons for preferred 
use of BA as cytokinin. Slow degradation of BA 
is one of the reasons and it can be autoclaved 
without loosing its activity. However, some 
others workers have reported a combination of 
cytokinin and auxin to be fruitful for axillary and 

apical bud sprouting in certain species (Joshi and 
Dhar, 2003, Dhar and Joshi 2005, Baker et al., 
1999). This has been confirmed by our result. 
 
After determining the optimum cytokinin and 
auxin levels for best shoot bud induction with 
BA (3.0 mg/L) + IBA (1.0 mg/L) effects of 
additives like Adenine sulfate (25 mg/L) + 
Glutamine (50 mg/L) +L-arginine (15 mg/L) + 
Citric acid (25 mg/L) to the above optimized MS 
medium promoted high frequency of multiple 
shoot proliferation within 15-20 days not 
reported before for this plant. This could 
probably be due to Adenine sulfate showing a 
synergistic effect with other cytokinins, it 
stimulates cell growth and gently enhance shoot 
formation (Raha and Roy, 2001), Glutamine 
proved most effective to control leaf fall in 
multiple shoots (Sanjaya et al., 2005). L-arginine 
increased number of shoots per explants 
(Sotiropoulos et al., 2005). Effect of citric acid 
has been reported to increase of shoot length in 
some plants (Sanjaya et al., 2005). 
 
After regeneration of shoots, the next crucial step 
on the list of micropropagation is incomplete 
unless developed shoots bear the roots. Therefore, 
rhizogenesis is an important step in the formation 
of complete plantlets. Auxins are considered to 
be causative agent for root differentiation. The 
role of auxins in root development is well 
established and reviewed (Scott, 1972). Different 
explants of different species required auxins in 
different concentration to produce roots. 
Interaction of a number of different exogenous 
and endogenous factors influenced the ability of 
plant tissues to form roots. There is sufficient 
residual cytokinin in shoots thus, little or no 
cytokinin content was shown to be deleterious to 
the initiation and elongation of roots of both 
monocot and dicot plants (Nemeth, 1979). For 
obtaining uniformity in the results, the size range 
of shoots for rooting should be constant (Nemeth, 
1986). This was found true in case of Jatropha 
curcas during the studies. 
 
During the present study, well-developed shoots 
of Jatropha curcas when transferred to 1/2 MS 
medium fortified with NAA (1.0-4.0 mg/L) 
intermittent callus formation takes place and no 
roots were observed. The shoots were therefore 
initiated on 1/2 MS medium with 3.0 mg/L of 
IBA which elicited best rooting response with a 
4.6 fold increase in root length as compared to 
control. The roots develop directly at the base of 
the shoots with no intervening callus. The 
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promontory effect of IBA on in vitro rooting of 
shoots has been obtained in different plants but 
not with this success on Jatropha curcas plant. It 
was clearly observed during experimentation that 
100% plant survival was obtained indicating the 
successful accomplishment of developed 
protocol for in vitro propagation of Jatropha 
curcas. This report could be very valuable in 
producing true-to-type plants of Jatropha curcas. 
Jatropha curcas is an important medicinal plant 
as well as being recognized as a fuel plant by 
DBT, government of India. Its regeneration 
therefore is very important when mass 
cultivation is taken into consideration. Barriers to 
the traditional tissue culture techniques for 
regeneration of this plant have been due to latex 
production. To overcome this the present study 
using additives in addition to BA and IBA is a 
breakthrough giving a very high shooting (100 
explant/3 generation) not earlier reported for this 
plant. Also the use of IBA instead of NAA in 
half strength MS medium is a new aspect to the 
rapid clonal regeneration of this plant. 

Abbreviations 
BA, 6-Benzylaminopurine; IBA, Indole-3-Butyric 
Acid; NAA, 1-Naphthaleneacetic Acid.  
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