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Abstract
	 The effect of cytokinins and auxins was evaluated in inducing a physic nut (Jatropha curcas L.) callus 
while the effect of the combinations of cytokinin and either indole-3-butyric acid (IBA) or some growth 
additives was determined in regenerating adventitious shoot from a leaf segment. The results showed MS 
medium containing only 0.1 or 1.0 mg/l thidiazuron (TDZ) was the most effective medium for inducing 
morphogenic callus. MS medium supplemented with 2.0 mg/l 6-benzylaminopurine (BA) and 0.5 mg/l 
indole-3-acetic acid (IAA) gave the highest shoot regeneration percentage and shoot height from the callus. 
On the other hand, the MS medium supplemented with 0.5 mg/l BA and 1.0 mg/l IBA was the most effective 
medium for adventitious shoot regeneration and shoot height from the leaf segments. 
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Introduction
 	 Jatropha curcas L. is one of oil seed plant 
species, commonly known as the physic nut. The 
plant has high oil content in seed and its resistance 
to drought and infertile soil (Heller, 1996; Winkler 
et al., 1997). 
	 Although physic nut is easy to propagate by 
stem cutting, mass propagation under aseptic 
technique is needed for genetic improvement and 
disease-free plantlet multiplication. Various kinds 
of material such as plantlets, explants, callus and 
protoplast were used for genetic improvement and 
genetic study (Bhansali, 1990; Sujatha and Mukta, 
1996; Wei et al., 2004; Jha et al., 2007; Divakara et al., 
2009; Maharana et al., 2012).  

	 Type of explants and concentration of plant 
growth regulators in tissue culture medium for shoot 
regeneration were studied in physic nut from 
different genetic backgrounds (Sujatha and Mukta, 
1996; Sardana et al., 2000; Wei et al., 2004; Rajore 
and Batra, 2005). Callus and cotyledon were utilized 
as an explant for study in genetic variation and 
transformation as well as toxic compound reduction 
in physic nut (Li et al., 2007; Pan et al., 2010; 
Wirasutisna et al., 2011; Jose et al., 2012; Subroto 
et al., 2014). The cotyledonary leaf explant was also 
reported recently as the mediate transformation in 
physic nut (Mazumdar et al., 2010). 
	 The combinations among plant growth 
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regulators or between plant growth regulator and 
amino acid were the most effective medium for  
inducing shoot  from leaf explants in MS (Murashige 
and Skoog, 1962) supplemented with 0.45 µM (0.1 
mg/l) thidiazuron (TDZ) and 300 mg/l proline or 
500 mg/l casein hydrolysate (Burikam and Kawita, 
2007). Other supplements in the MS mediums 
induced high percentage of shoot regeneration from 
various explants, such as epicotyl, hypocotyl and 
petiole explants.  These supplements included 2.22 
µM (0.5 mg/l) 6-benzylaminopurine (BA) and 0.49 
µM (0.1 mg/l) indole-3-butyric acid (IBA) (Wei et 
al., 2004) or 4.90 µM (≈1 mg/l) IBA (Sujatha and 
Mukta, 1996). However, BA (13.3 µM) and IBA 
(2.46 µM) in MS mediums were effective in 
inducing callus and shoot bud formation from leaf 
explant (Khurana-Kaul et al., 2010). 
	 Apart from type of explants and concentration 
of plant growth regulators, genetic of the phytic nut 
plant may play a role in the efficiency of shoot 
regeneration.  This study aimed to evaluate the effect 
of plant growth regulators in regenerating shoot in 
J. curcas (var. Phetchaburi) which has been utilized 
for oil extraction in Thailand. 

Materials and Methods 
	 Plant materials 
	 In Experiment 1, the effect of types and 
concentrations of plant growth regulators in culture 
media on shoot induction from 2-week-old callus 
second subculture was evaluated. 
	 In vitro seedlings of ‘Phetchaburi’ physic nut 
by culturing seeds on MS medium for 2 weeks. The 
hypocotyls of seedlings were excised (0.5 cm in 
length) for callus induction on MS medium 
supplemented with 1.0 mg/l BA and 0.5 mg/l IBA 
for 3 weeks. Hypocotyl-derived callus was further 
sub-cultured and maintained for 3 weeks for the 
following experiments. 
	 In Experiment 2, the effect of combinations 
of either between IBA or some growth additives 

(proline and casein hydrolysate) and cytokinins in 
MS medium on shoot induction from leaf explants 
was evaluated. The leaf explants from aseptic 
seedling were excised to attain 0.5 cm x 0.5 cm 
pieces.
	 Experimental treatments 
	 In Experiment 1.1, callus was cultured on 
various shoot regeneration media. The effects of 
cytokinin types including BA, kinetin (KN) and 
TDZ, and auxin (IBA) on shoot induction from 
callus were studies. Ten combination treatments of 
cytokinins and auxin were conducted including  1) 
MS (control treatment); 2) MS + 0.1 mg/l TDZ; 3) 
MS + 1.0 mg/l TDZ; 4) MS + 2.0 mg/l BA; 5) MS 
+ 2.0 mg/l KN; 6) MS + 1.5 mg/l IBA; 7) MS + 0.1 
mg/l TDZ + 1.5 mg/l IBA; 8) MS + 1.0 mg/l TDZ 
+ 1.5 mg/l IBA; 9) MS + 2.0 mg/l BA + 1.5 mg/l 
IBA; and 10) MS + 2.0 mg/l KN + 1.5 mg/l IBA. 
	 In Experiment 1.2, callus was cultured on 
four shoot regeneration media including 0.5 mg/l 
BA + 1.0 mg/l IBA; 0.5 mg/l BA + 0.01 mg/l IBA; 
2.0 mg/l BA + 0.5 mg/l IAA (indole-3-acetic acid); 
and 3.0 mg/l BA + 3.0 mg/l IAA in MS medium. 
The concentrations of plant growth regulators which 
had been used in this study were employed based 
upon their capacity to induce the regeneration of 
embryogenic callus and shoot from explants of 
physic nut (Sujatha and Mukta, 1996; Sardana et 
al., 2000; Thepsamran et al., 2008; Kapil and 
Sharma, 2014). 
	 In both Experiment 1.1 and 1.2, one piece of 
callus was cultured on each shoot regeneration 
medium in a bottle (size 125 ml or 4 oz), 15 and 10 
bottles as one replication, respectively, and 4 and 5 
replications were conducted in these experiments, 
respectively. 
	 In Experiment 2, leaf explant was cultured 
on four shoot regeneration media. MS medium was 
supplemented with 0.1 mg/l TDZ + 300 mg/l proline; 
0.1 mg/l TDZ + 500 mg/l casein hydrolysate; 0.5 
mg/l BA + 0.1 mg/l IBA; and 0.5 mg/l BA + 1.0 
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mg/l IBA. The concentrations of plant growth 
regulators which had been used in this study were 
employed based upon their capacity to induce the 
regeneration of shoot from explants such as leaf and 
axillary bud of physic nut (Sujatha and Mukta, 1996; 
Wei et al., 2004; Burikam and Kawita, 2007; 
Thepsamran et al., 2008). 
	 Ten pieces of young leaf explant (0.5 cm x 
0.5 cm in size) were excised from a seedling and 
placed in a petri-dish for shoot induction and 5 petri-
dishes as one replication. Four replications were 
conducted in this experiment. 
	 Characteristic determination 
	 In Experiment 1.1, some characteristics of 
callus were determined 45 days after cultured on 
shoot induction medium. The characteristics 
included percentage of yellow/green compact or 
friable callus after transferred to shoot regeneration 
medium, percentage of differentiated callus which 
was observed from the morphological changes 
either on proliferation or shoot regeneration and 
percentage of differentiated callus which was only 
observed on shoot regeneration.
	 In Experiment 1.2, some characteristics were 
determined 30 days after cultured callus on shoot 
induction medium. These characteristics included 
the percentage of shoot regenerated callus and shoot 
height. 
	 In Experiment 2, some characteristics, such 
as percentage of green leaf segment explants after 
transferring to shoot induction medium, percentage 
of shoot regeneration per green leaf explant and 
shoot height, were determined 28 days after cultured 
callus.
	 Experimental design and data analysis
	 For experiment 1.1, the 5 x 2 factorial in 
Completely Randomized Design (CRD) was 
arranged for shoot regeneration from callus with 4 
replications. Factor A was types and concentrations 
of cytokinins (none, 0.1 mg/l TDZ, 1.0 mg/l TDZ, 

2.0 mg/l BA, and 2.0 mg/l KN). Factor B was the 
present or absent of 1.5 mg/l IBA. These factors 
(both A and B) were applied in MS medium for 
shoot regeneration. For experiment 1.2 and 2, 
experiments were set up in CRD with 5 and 4 
replications, respectively.
	 Data of all characteristics were subjected to 
the analysis of variance (ANOVA), in which the 
F-test was used to test the significant differences. 
The Duncan’s New Multiple Range Test (DMRT) 
was used for treatments comparing after significant 
difference of variance by ANOVA was observed. 
	 All experiments were conducted in a constant 
temperature at 26° C and 16 hours photoperiod 
illuminated with florescent tube of 25,000 lux in 
plant tissue culture laboratory, Faculty of Animal 
Science and Agricultural Technology, Silpakorn 
University, Phetchaburi Information Technology 
(IT) Campus, Phetchaburi province, Thailand.

Results
	 Effect of plant growth regulators on callus 
	 Callus was placed on MS medium 
supplemented with different concentrations of 
cytokinin and auxin exhibited the morphological 
changes involved to shoot regeneration. The callus 
was watery, brown, necrotic, and compact yellow/
green callus (not found the friable callus) which 
displayed after transferring to shoot induction 
medium (data not shown). 
	 In Experiment 1.1, highly significant 
difference (P<0.01) was observed on yellow/green 
compact callus after cultured on shoot induction 
medium containing cytokinins (TDZ, BA and KN), 
IBA and the interaction between them (Table 1). The 
results showed that highest yellow/green compact 
callus percentage was found in the MS mediums 
supplemented with either 0.1 mg/l or 1.0 mg/l TDZ 
treatment. IBA (at 1.5 mg/l) in MS mediums had 
higher percentage of yellow/green compact callus 
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(95.8%) than un-treated control (67%) (Table 1).
	 Although callus formation was significantly 
different among the interaction between 
concentrations/ types of cytokinin and the present/
absent of IBA (auxin), high percentage of yellow/
green compact callus was found in the MS mediums 
containing TDZ (at both 0.1 and 1.0 mg/l 
concentrations) (Table 1). The lowest percentage of 
yellow/green compact callus (11.7%) was found in 
MS mediums supplemented with 2.0 mg/l KN 
(Table 1).
	 Differentiated callus was observed from the 
change on morphology either to proliferate or had 
regenerated shoot at 45 days after replaced callus 
on shoot induction medium. The differentiated 
callus was significantly affected by supplementing 
MS medium with cytokinins (TDZ, BA and KN) 
and auxin (IBA), and the interaction between them 
(Table 2). 
	 The results showed the high percentage of 
differentiated callus on MS mediums supplemented 
either 0.1 mg/l or 1.0 mg/l TDZ. The present of 1.5 
mg/l IBA in MS mediums increased differentiated 

callus (91.9%) compared with un-treated control 
(53.7%) (Table 2).  
	 However, the different increasing of 
percentage of differentiated callus was observed on 
1.5 mg/l IBA supplemented MS medium combined 
with different cytokinin types (TDZ, BA or KN) 
(Table 2). MS medium supplemented both of 1.5 
mg/l IBA and 0.1 mg/l TDZ had highest value of 
differentiated callus (96.7%), while MS medium 
supplemented with 2.0 mg/l KN had the lowest 
value (5%)  (Table 2). 
	 The combination of cytokinin and auxin 
increased percentage of differentiated callus. MS 
medium supplemented only with 0.1 mg/l TDZ had 
differentiated callus (85%) which was not 
statistically significantly different to the medium 
supplemented with both 0.1 mg/l TDZ and 1.5 mg/l 
IBA (96.7%) (Table 2). 
	 Shoot regeneration from differentiated callus 
was determined 45 days after transferred callus to 
shoot induction medium. The shoot regeneration 
percentage was less than 1% in all combinations (Table 3). 
	 The effect of the combinations of cytokinins 

PGR none 0.1 mg/l TDZ 1.0 mg/l TDZ 2.0 mg/l BA 2.0 mg/l KN Mean ± SDǂ
0 mg/l IBA 65.0 ± 28.0ǂ b 91.7 ± 17.6 a 98.3 ± 6.4 a 68.3 ± 17.6 b 11.7 ± 24.8 c 67.0 ± 18.9 y

1.5 mg/l IBA 98.3 ± 6.4 a 96.7 ± 12.9 a 95.0 ± 10.4 a 93.3 ± 19.8 a 95.5 ± 10.1 a 95.8 ± 11.9 x

Mean ± SDǂ 81.7 ± 17.2 n 94.2 ± 15.2 m 96.7 ± 8.4 m 80.8 ± 18.7 n 47.1 ± 17.4 o

Table 1 Percentage of yellow/green compact callus (mean ± SD) induced from ‘Phetchaburi’ physic nut 	
	  callus after 45 days on different shoot induction MS media	

Table 2 Percentage of differentiated callus either proliferate or had shoot regeneration (mean ± SD) induced 	
	 from ‘Phetchaburi’ physic nut callus after 45 days on different shoot induction MS media

	  ǂ significant difference at the 0.01 level of probability.

	  ǂ significant difference at the 0.01 level of probability.

PGR none 0.1 mg/l TDZ 1.0 mg/l TDZ 2.0 mg/l BA 2.0 mg/l KN Mean±SDǂ
0 mg/l IBA 46.7±29.7ǂ d 85.0±22.8 abc 80.0±23.5 bc 51.7±22.1 d 5.0±14.0 e 53.7±22.4 y

1.5 mg/l IBA 96.7±8.8 a 96.7±12.9 a 95.0±10.4 ab 93.3±20.0 ab 72.7±26.1 c 91.9±15.6 x

Mean±SDǂ 77.7±19.2 n 90.8±17.8 m 87.5±16.9 m 72.5±21.0 n 33.6±20.1 o
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(TDZ, BA and KN) and auxin (1.5 mg/l IBA) on the 
regeneration of shoot was highly significant. The 
MS mediums contained only TDZ (at both 0.1 and 
1.0 mg/l) increased shoot regeneration (Table3).
	 In Experiment 1.2, the percentage of shoot 
regenerated callus and shoot height at 30 days after 
transferred to shoot induction medium were shown 
in Table 4. 
	 Percentage of shoot regenerated callus was 
highly affected by MS mediums supplemented with 
various concentrations and types of cytokinin/auxin 
(Table 4). The highest percentage of shoot 
regenerated callus was observed in MS medium 
supplemented with 2.0 mg/l BA and 0.5 mg/l IAA 
at 81.30%, followed by MS mediums supplemented 
with 0.5 mg/l BA and 0.01 mg/l IBA (49.05%), and 
0.5 mg/l BA and 1.0 mg/l IBA (32.23%). However, 
MS supplemented with 3.0 mg/l BA and 3.0 mg/l 
IAA did not induce shoot regeneration from callus 
culture (Table 4).

Table 3 Percentage of differentiated callus proliferate which had shoot regeneration (mean ± SD) induced 	
	 from ‘Phetchaburi’ physic nut callus after 45 days on different shoot induction MS media

	 λNs, not significant difference at the 0.05 level of probability
	 ǂ significant difference at the 0.01 level of probability

Table 4 Percentage of shoot regenerated callus and shoot height (mean ± SD) characteristics induced from  	
	 ‘Phetchaburi’ physic nut callus after 30 days on different shoot induction MS media

	 Nd, not include for ANOVA

Shoot induction medium Percent of shoot regenerated callus (%) Shoot height (cm) 
MS + 0.5 mg/l BA + 1.0 mg/l IBA 32.23 c 1.02 ± 0.85 b   
MS + 0.5 mg/l BA + 0.01 mg/l IBA 49.05 b 1.98 ± 0.36 a

MS + 2.0 mg/l BA + 0.5 mg/l IAA 81.30 a 2.15 ± 0.32 a

MS + 3.0 mg/l BA + 3.0 mg/l IAA 00.00 d Nd
F-test ** **

	 ** significant difference at the 0.01 level of probability

	 Shoot height was determined and presented 
in Table 4. MS mediums supplemented with the 
combinations of 2.0 mg/l BA and 0.5 mg/l IAA (2.15 
cm), and the combination of 0.5 mg/l BA and 0.01 
mg/l IBA (1.98 cm) highly affected shoot height 
(Table 4).  
	 Effect of growth regulators on leaf segment 
explants on shoot regeneration
	 In Experiment 2, percentage of green leaf 
segment explants, percentage of shoot initiation and 
shoot height, were determined (Table 5). These were 
evaluated based on green leaf explant numbers. The 
percentage of green leaf segment explant was not 
significantly different among four shoot induction 
mediums (Table 5). 
	 Percentage of regenerated shoot from green 
leaf segment explant was affected by different 
supplements in the MS mediums (Table 5). The 
highest value of percentage of regenerated shoot 
was found in the mediums containing the 

PGR none 0.1 mg/l TDZ 1.0 mg/l TDZ 2.0 mg/l BA 2.0 mg/l KN Mean±SDǂ

0 mg/l IBA 0.0±0.0ǂ b 0.3±0.6 a 0.3±0.6 a 0.0±0.0 b 0.0±0.0 b 0.1±0.2 a

1.5 mg/l IBA 0.0±0.0 b 0.0±0.0 b 0.0±0.0 b 0.0±0.0 b 0.0±0.0 b 0.0±0.0 b

Mean±SDλ 0.0±0.0 0.2±0.3 0.2±0.3 0.0±0.0 0.0±0.0
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combination of 0.1 mg/l TDZ and 300 mg/l proline 
(7.7%), and the combination of 0.5 mg/l BA and 1.0 
mg/l IBA (6.3%) (Table 5), followed by the MS 
mediums supplemented with the combination of 0.5 
mg/l BA and 0.1 mg/l IBA (4.6%), and the 
combination of 0.1 mg/l TDZ and 500 mg/l casein 
hydrolysate (0%) (Table 5).
	 Shoot height was highly affected by shoot 
induction mediums. The highest value of plant 
height was observed in MS medium supplemented 
with 0.5 mg/l BA and 1.0 mg/l IBA at 0.6 cm, 
followed by MS mediums supplemented with the 
combination of 0.1 mg/l TDZ and 300 mg/l proline 
(0.4 cm), and the combination of 0.5 mg/l BA and 
0.1 mg/l IBA (0.2 cm) (Table 5). 

Discussion
	 Callus induction and shoot regeneration were 
affected by factors such as types of explants, culture 
mediums, plant growth regulators, condition during 
culturing and development stage of explants 
(Yeoman and Yeoman, 1996; Ahmed et al., 2011; 
Zalewska et al., 2011). Both friable and compact 
callus were successfully induced by various 
researches (Hutchinson et al., 1997; Lin et al., 2000; 
Kaewpoo and Te-chato, 2009). 

	 The result showed the effects of concentration 
and combination of plant growth regulators 
(cytokinin and auxin) on shoot regeneration by 
transforming yellow/green callus to plantlet 
regeneration was similar to the result reported in 
physic nut (Biradar et al., 2012; Jose et al., 2012). 
Media containing IBA (at 1.5 mg/l) showed higher 
yellow/green compact callus percentage than that 
of the medium without IBA (Table 1). It was reported 
that white to light green callus of physic nut was 
observed in medium contained IBA at a low 
concentration (Jose et al., 2012). 
	 The higher percentage of yellow/green 
compact callus was found in treatments contained 
the combination of cytokinin (BA and KN) and IBA. 
On the contrary, the media containing a combination 
of IBA (0.1-0.4 mg/l) and BA (0.5-2.5 mg/l) induced 
higher callus formation in physic nut (Sujatha and 
Mukta, 1996).  The media supplemented only with 
BA did not affect callus formation in physic nut 
(Jose et al., 2012). 
 	 The results in this study showed that high 
percentage of yellow/green callus was obtained in 
MS medium supplemented with TDZ (at 0.1 and 1.0 
mg/l) (Table 1). This result was similar to the 
research reported by Sujatha and Mukta (1996) 

Shoot induction medium Percent of green 

leaf explants

Percent of regenerated 

shoots per green leaf 

explants

Shoot height 

(cm)

MS + 0.1 mg/l TDZ +  300 mg/l proline 65.0 ± 28.9 7.7 ± 15.4 a 0.4 ±0.1 b

MS + 0.1 mg/l TDZ + 500 mg/l casein hydrolysate 35.0 ± 23.8 0.0 ± 0.0 b Nd 
MS + 0.5 mg/l BA +  0.1 mg/l IBA 55.0 ± 26.3 4.6 ± 9.1 b 0.2 ± 0.2 c

MS + 0.5 mg/l BA + 1.0 mg/l IBA 80.0 ± 40.0 6.3 ± 12.5 a 0.6 ± 0.3 a

F-test Ns * *

Table 5 Percentage of green leaf explants of physic nut (mean ± SD) was evaluated 28 days after transferred 	
	 by upside down on different shoot induction mediums

	 Nd, not include for ANOVA

	 * significant difference at the 0.05 level of probability
	 Ns, not significant difference at the 0.05 level of probability
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which showed that white and green compact callus 
in physic nut could be obtained in TDZ-contained 
medium (at 1-3 mg/l). TDZ was found to have an 
effect to plant similar to auxin and cytokinin (Murthy 
et al., 1998; Guo et al., 2011), although it had the 
chemical structure different from these two plant 
hormones (Murthy et al., 1998; Guo et al., 2011). 
TDZ may involve in modulating endogeneous plant 
hormones, resulting to the modification of plant cell 
membranes and uptake and assimilation of plant 
nutrient (Murthy et al., 1998). For these reasons, 
TDZ was used to study in various plant species and 
explant types (Murhy et al., 1998; Ahmed and Anis, 
2012; Sharma et al., 2012).
	 Callus was transformed to shoot in the 
induction medium (Table 2), indicating the 
biochemical and physiological occurrence within 
cells of this tissue. The high percentage of 
differentiated callus was obtained in MS medium 
supplemented with various types of cytokinin (TDZ, 
BA and KN). These cytokinin derivatives were 
reported to promote shoot proliferation (Sujatha and 
Reddy, 1998). However, TDZ (at 0.1 and 1.0 mg/l) 
was more effective than KN and BA in regenerating 
shoot of physic nut in this study and other plant 
species (Sujatha and Reddy, 1998; Gallo-Meagher 
et al., 2000; Verma et al., 2011; Karataş et al., 2013).
The plantlet regeneration was very low in this 
experiment (Table 3). However, MS medium 
supplemented with TDZ was the only medium 
which showed the positive result for adventitious 
shoot regeneration. The high concentration of TDZ 
supplemented in the medium and the duration of 
culturing plant tissue in this medium may affect 
induction and elongation of the shoot (Huetteman 
and Preece, 1993; Lu, 1993; Murthy et al., 1998; 
Karataş et al., 2013). However, low percentage of 
regeneration was observed in this study when the 
tissues were cultured in the MS medium 
supplemented with low concentration of TDZ (0.1 

and 1.0 mg/l).  Other factors such as genotype and 
types of an explant may affect plant regeneration 
and shoot elongation in physic nut (da Camara 
Machado et al., 1997; Kumar and Reddy, 2010).
	 The result in Experiment 1.2 showed that MS 
medium supplemented with different kinds and 
concentrations of plant growth regulator may affect 
callus with respect to the percentage of shoot 
induction and shoot height (Table 4).  This finding 
was in agreement of the previous works as reported 
by Sujatha and Mukta (1996) and Sujatha and Reddy 
(1998) in physic nut and castor. 
	 An increase in shoot regeneration from callus 
was obtained in MS medium supplemented with 
decreased IBA (at 0.01 mg/l and 1.0 mg/l) and BA 
(0.5 mg/l) concentrations (Table 4). The combination 
of BA (0.5 mg/l) and IBA (0.25 mg/l) was reported 
to induce shoot of physic nut from various explant 
types (axillary bud, shoot tip and stem) and callus 
(Sujatha and Dhingra, 1993; Sujatha and Mukta, 
1996; Kaewpoo and Te-chato, 2009). 
	 Both low and high concentrations of auxin 
and cytokinin affected shoot regeneration and shoot 
elongation, respectively (Kaewpoo and Te-chato, 
2009). However, few shoot would be obtained from 
the callus derived from hypocotyl of physic nut 
(Kaewpoo and Te-chato, 2009). In this study, lower 
shoot regeneration was obtained on hypocotyl-
derived callus in the MS medium supplementing 
with the mixture of BA and IBA (Table 4). 
	 IAA affected shoot development both from 
shoot bud, leaf cotyledon explant and callus when 
MS medium supplemented with BA (Singh et al., 
2010; Nunes et al., 2013; Biradar et al., 2012).  The 
concentration of IAA at 1.49 mg/l (or 8.5 µM) and 
BA at 0.51 mg/l (or 2.25 µM) in the MS medium 
was reported effective for elongating shoot when 
petiole explant of physic nut was used in the 
experiment (Kumar and Reddy, 2010). For shoot 
regeneration, a combination of IAA (at 0.5 mg/l) 
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and BA (at 2.0 mg/l) increased plant height in 
Experiment 1.2 (Table 4). However, higher 
concentration of IAA (at 3.0 mg/l) and BA (at 3.0 
mg/l) did not induce shoot (Table 4). High 
concentration of kinetins and auxins was reported 
to have a negative effect on the shoot regeneration 
(Preece and Imel, 1991; Palai et al., 1997; Raghu et 
al., 2006; Premkumar et al., 2011).
	 In Experiment 2, after leaf explants were 
transferred to shoot induction medium, some tissues 
were pale, brown, necrotic and green leaf explants 
(data not shown). Three (out of in four leaf) explants 
did not regenerate to shoot. 
	 Only the green leaf segment explants were 
found to transform to shoot. The success of shoot 
formation from leaves and petioles of physic nut on 
the MS medium supplemented with plant growth 
regulators was also reported by Sujatha and Mukta 
(1996), Kumar and Reddy (2010) and Sujatha et al 
(2005).  
	 The combination of 0.1 mg/l TDZ and 300 
mg/l proline (7.7%) increased percentage of shoot 
regeneration (Table 5). Proline was one of the 
growth additives which enhanced shoot proliferation 
and elongation in physic nut (Maharana et al., 2012). 
Proline was reported to support plant growth by both 
regulating the intracellular osmotic pressure 
(Bandurska, 1993; Solomon et al., 1994; Khaleda 
and Al-Forkan, 2006) and scavenging a toxic free 
radical (Smirnoff and Cumbes, 1989). The growth 
additive and cytokinin may synergize in promoting 
cell growth and shoot multiplication (Shetty and 
Mark, 2004).
	 The growth additive, such as casein 
hydrolysate, was reported to enhance shoot 
regeneration (Mehra and Mehra, 1974; James et al., 
1984; Varshney and Johnson, 2010; Cao et al., 1998) 
by providing plant cell with a source of minerals 
(nitrogen, calcium, potassium) and vitamins 
(George, 1993; Khaleda and Al-Forkan, 2006). 

	 However, the adventitious shoots formation 
was also observed in the medium without casein 
hydrolysate, a growth additive (Pellegrineschi, 
1997). This may be because some explants may have 
contained high level of protein and amino acid and 
addition of these nitrogenous compounds is not 
required for inducing the formation of adventitious 
shoot (Pellegrineschi, 1997). In this study, the MS 
medium containing TDZ (0.1 mg/l) and casein 
hydrolysate (500 mg/l) did not induce adventitious 
shoot formation from leaf explants. The role of 
casein hydrolysate, when used in combination with 
other plant growth regulators, is thus complicated 
and more research is needed to determine its role in 
regenerating shoot in different plant genotypes and 
explant types. 

Conclusion
	 The combination and concentration of 
cytokinin and auxin affected adventitious shoot 
regeneration from either callus (derived from young 
hypocotyl of seedling) or leaf explants (derived from 
young leaf of seedling) of J. curcas (physic nut) in 
tissue culture. 
	 In Experiment 1.1., TDZ was most effective 
hormone for shoot regeneration although single 
supplemented in MS medium.  
	 An increased shoot regeneration from callus 
in Experiment 1.2 was found in MS medium 
supplemented with decreased IBA concentration (at 
0.01 mg/l and 1.0 mg/l) (compared with treatments 
in Experiment 1.1) combined with 0.5 mg/l BA. 
However, the highest value of shoot regeneration 
was observed in MS medium supplemented with 
2.0 mg/l BA and 0.5 mg/l IAA. 
	 In Experiment 2, the combinations of 0.5 mg/l 
BA and 1.0 mg/l IBA and the combination of 0.1 
mg/l TDZ and 300 mg/l proline in MS medium were 
most effective on shoot regeneration from leaf explants. 
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