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Abstract 

Jatropha curcas L. is an important biofuel
plant that can be regenerated in vitro using
seeds. The fruits of J. curcas do not reach
maturity at the same time although they are on
the same bunch. This study was undertaken to
evaluate the effect of seeds, from fruits at dif-
ferent stages of maturity, on in vitro plantlet
formation. Callus was induced on Murashige
and Skoog medium using different concentra-
tions of 2,4 dichlorophenoxyacetic acid (2,4-D)
and  6 benzylaminopurine (BAP). 2,4D at a
concentration of 3.0 mg/L and BAP at 1.0 mg/L
were found to be optimum for callus formation.
In vitro plantlets obtained on BAP were small-
er with thicker hypocotyl and thicker roots. On
the other hand, seeds from mature fruits gave
better results for in vitro plantlet regeneration
on 1.0 mg/L BAP without any rooting medium.
A combination of sand and soil were used for
acclimatization. Best results were obtained
when sand and soil were used in equal
amounts. Results also showed that seed matu-
rity is an important factor for in vitro plant
regeneration of J. curcas and that root forma-
tion in vitro does not require additional plant
growth regulator substance.

Introduction 

Plants that contain high levels of secondary
metabolites are difficult to mass propagate
through tissue culture.1 Jatropha curcas L.
commonly known as physic nut belongs to the
Euphorbiaceae family and has various desir-
able characteristics that make the plant very
promising for the agro-energy market.2 The
biofuel industry is being subjected to contro-
versies including food insecurity due to diver-
gence of staple crops towards biofuel produc-
tion.3 The choice of proper feedstock is there-
fore crucial. Lipid from non-edible feedstocks
is popular because they do not compete with
the food market.4 Also, the prohibitive cost of

edible oils prevents their use in Biodiesel
preparation, but nonedible oils are affordable
for biodiesel production.5 Much attention is
being given to the non-edible J. curcas. The oil
content of J. curcas seeds is made up of almost
60% fatty acid that has a close resemblance to
the edible oils, which makes the oil a good sub-
stitute for biodiesel fuel.5 However, scarcity of
seeds, delay of rooting with vegetative cuttings
and poor seed germination paved way for a
major need of micropropagation of J. curcas.6-8

Furthermore, to ensure a disease free explants
embryo explants culture is preferred.8 There
have been few studies done to date on the in
vitro culture of J. curcas.9 In vitro regeneration
of plantlets is essential for mass propagation
by either organogenesis or somatic embryoge-
nesis and it requires good starting materials.
Hence, the aim of the study was to identify the
most appropriate stage of maturity of the seeds
and the most appropriate plant growth regula-
tors (PGRs) combinations for plantlet regener-
ation and the most appropriate substrate(s)
combinations for hardening of the plantlets.

Materials and Methods

Plant materials
Seeds from fruits of Jatropha curcas L. at

three maturity stages were used as explants
(immature - green color 30 days (d) after polli-
nation; mature - yellow color 40d after pollina-
tion; fully mature-brown/black color - 90d after
pollination) in this study. 

Surface sterilization and culture
establishment
For surface sterilization, the seeds were

first washed for 10 min with lauric acid; 40%
(v/v) under running tap water. The seeds were
then soaked for 24h in 0.5 mg/L of benomyl and
0.5 mg/L ciprofloxacin. This was followed by
rinsing in sterile distilled water and then
transferring to ethanol [70% (v/v)] for 6 min.
The seeds were rinsed and transferred in a
sodium hypochlorite solution [40% (w/v)] for
20 min. Following another rinse, the seeds
were dipped into mercuric chloride [0.02%
(w/v)] for a further 6 min. After a last rinse,
the seed coats were cracked and the embryos
were inoculated on the specific media. The pH
of the media was adjusted to 5.8 before addi-
tion of agar and autoclaved at 15 psi at 121°C
for 20 min. Cultures were maintained in
growth room at 23±2oC and 16/8h light/dark
photoperiod under light intensity of 1000 lux. 

Callus induction
The embryos of the immature, mature and

fully mature seeds were inoculated on
Murashige and Skoog medium (MS).10 After

7d, the hypocotyl (1×1 cm) was dissected and
inoculated on MS medium supplemented with
different concentrations and combinations of
2,4 dichlorophenoxyacetic acid (2,4-D) and 6-
benzylaminopurine (BAP). The effect of the
different combinations of PGRs on the weight
and morphology of the calli were observed
(Table 1).

In vitro plant regeneration
In this part of the study the concentration of

PGRs used were kept constant (1.0 mg/L). Basal
MS medium containing 3% (w/v) sucrose and
0.8% (w/v) agar was supplemented with either
2, 4-D, BAP or kinetin (K) alone and with com-
binations of either 2,4D & BAP, 2,4D & K or BAP
& K. Shoot lengths were measured every 7d
from the day of inoculation and morphological
differences of the developed plantlets were also
observed. The lengths of the plants’ shoots were
measured at 7, 14 and 21d after transplantation
using a Vernier calliper.

Acclimatization 
After 21d healthy plantlets with well devel-

oped roots were thoroughly washed under run-
ning tap water and transplanted in a small lab-
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based greenhouse containing vermiculite as
growing medium for hardening. The humidity
level was kept at around 75% by spraying regu-
larly. The plantlets were kept under this condi-
tion for a period of 2 weeks and then progres-
sively exposed to increasing light intensity. The
plantlets were afterwards transferred in pots
containing soil and sand mixed at different
ratios. The mixtures of sand and soil used were
1:1, 1:2 and 2:1. The plants were, again acclima-
tized for two weeks and then grown under field
conditions. The shoot lengths were measured at
day 15, 30 and 45 after transplantation.

Statistical analysis
A completely randomized design was used in

the study. Results were determined as mean ±
standard deviation. Normality tests for the
recorded data were also performed. For the three
different stages of seed maturity (5
replicates/PGRs concentration combinations),
one way ANOVA tables (LSD at 5%) were gener-
ated to test differences between mean parame-
ters of seed and embryo morphology, the effect of
the different concentration combinations of
PGRs on the following characteristics: i) mean
callus weight at three different time intervals
(15, 30 and 45d), ii) mean shoot length for the
in vitro plant regeneration at 7, 14 and 21d time
intervals and iii) the effect of three different
soil/sand mixtures ratios on shoot length of the
plantlets regenerated in vitro. For the latter,
there were 10 replicates per treatment.
Minitab® (Minitab Inc., State College, PA, USA)
16.2.4 and Microsoft Excel® (Microsoft Co.,
Redmond, WA, USA) 2010 were used for the sta-
tistical analyses, and tables and graphs output.

Results 

Seeds and embryos characterization 
The immature, mature and fully mature

seeds and embryos were physically character-
ized. All the parameters (weight, length and
diameter) for both the seeds and embryos of dif-
ferent maturity stages varied significantly
(P<0.05) (Table 2). The mean weights of the
mature and fully mature seeds were between
0.774±0.143 cm and 0.832±0.077 cm respective-
ly and that of immature embryo were 0.709
±0.074 cm (Table 2). An increase in mean
weight and length of the seeds was observed as
the seeds matured whereas the mature seeds
had a larger diameter (1.083±0.109 cm).
Moreover the mean diameter of the fully mature
and mature embryos were about 0.2 cm larger to
mean immature diameter embryos (Table 2). 

Callus induction
Seven days after inoculation, the callus mor-

phology and weights for the three different

maturity stages of the seeds were recorded. At
high concentration of 2,4D (3.0 mg/L) and low
concentration of BAP (1.0 mg/L) the callus
formed were friable (Figure 1E,F). As the con-
centration of BAP increased from 1.0 mg/L to
3.0 mg/L and the concentration of 2,4D
decreased from 3.0 mg/L to 1.0 mg/L, the callus
which developed was more compact and
creamy greenish in color (Figure 1A).
Variation in color was also observed as the
concentration of 2,4-D increased (Figure
1B,C) with formation of greener callus. The
heaviest callus which was friable (Figure 1D)
was obtained from the immature seeds.
The effect of varying MS with different con-

centration of PGRs had a significant response
(P<0.05) on the weight of the callus for all
treatments except for T7 at 15d, for treatments
T1, T2, T3 and T9 at 30d and for treatments T3,
T4, T7 and T9 at 45d (Table 3). Increasing the
concentration of BAP (3.0 mg/L) and maintain-
ing the concentration of 2,4D (1.0 (mg/L), led
to a decrease in the weight of the callus. 
When a high concentration of 2,4D (3.0

mg/L) and a low concentration of BAP (1.0
mg/L) was used, the callus was heavier in all
types of seeds after 30d and 45d of develop-
ment. It was also noted that incremental
increase in the concentration of 2,4D led to an
increase in the weight of the callus, unlike
BAP, where increasing its concentration
caused the weight of the callus to decrease
(Table 3). PGRs concentration that gave heav-
ier callus (5.62±1.18 g) was in T7 at 45d.
Factors such as PGRs, seed maturity and

time were found to play an important role in
callus induction. Over time, significant differ-
ences in callus weight were obtained (P<0.05)
(Table 3). Averaging the mean callus weight
over time again showed that the heaviest cal-
lus was formed in T7 (3.0 mg/L 2,4D and 1.0
mg/L BAP) both for immature (3.44±1.94 g)
and mature seeds (3.47±1.77 g) and in T8 (3.0
mg/L 2,4D and 2.0 mg/L BAP) for fully mature
seeds (3.61±0.87 g) (Table 4). Moreover aver-
aging the mean callus weight over the PGRs,
gave significant differences in callus weight

(P<0.05) (Table 4). Immature seeds
(3.02±1.55 g) had the largest callus weight
compared to the other two at 45d. For fully
mature seeds, there were no marked differ-
ences between the callus weight at 30d
(2.40±1.30 g) and 45d (2.70±1.40 g).

In vitro plant regeneration
The embryos of the seeds at the three stages

of maturity were inoculated on 6 different MS
medium supplemented with 2,4D, BAP and K at
1.0 mg/L. Different PGRs had different effects
on the morphology of plantlets formed in vitro.
Plantlets formed on MS medium without any
PGRs had long, thin shoots and formed roots
(Figure 1G). Supplementing the medium with
1.0 mg/L 2,4D callus formation was observed
instead of root formation (Figure 1H). When
BAP (1.0 mg/L) was added to the medium, dark
green cotyledon leaves were formed along with
a short hypocotyl and small roots (Figure 1I). K
has a different effect on the embryo as only very
large cotyledon leaves were formed. 
After 21 d selected plantlets were used for

acclimatization. Plantlets from mature seeds
on the MS medium (Figure 1K), K (Figure 1L)
and BAP (Figure 1M) were used for acclimati-
zation. No rooting medium was required as all

                             Article

Table 1. Concentrations and combinations
of plant growth regulators used for callus
induction.

Treatment       2,4-D (mg/L)     BAP (mg/L)

T1                                        1.0                             1.0
T2                                        1.0                             2.0
T3                                        1.0                             3.0
T4                                        2.0                             1.0
T5                                        2.0                             2.0
T6                                        2.0                             3.0
T7                                        3.0                             1.0
T8                                        3.0                             2.0
T9                                        3.0                             3.0

Table 2. Characteristics of the seed and embryo of J. curcas harvested at three different
maturity stages. 

Parameters                                                          Maturity stages                          
                                           Immature                         Mature                      Fully mature

Seed
Weight (g)                              0.709 ±0.074c*                          0.774±0.143b                            0.832±0.077a

Length (cm)                            1.707±0.102b                            1.790±0.150a                             1.84±0.093a

Diameter (cm)                        0.877±0.125c                            1.083±0.109a                            0.950±0.068b

Embryo
Weight (g)                                  0.03±0.02a                                0.02±0.01b                                0.02±0.01b

Length (cm)                              1.23±0.19b                                1.37±0.17a                                1.37±0.33a

Diameter (cm)                          0.75±1.11a                                0.94±0.11b                                0.93±0.07b

One-way Anova at LSD 5% level (n= 30).*Mean±standard deviation. Means that do not share same letter are significantly different. 
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the plantlets selected for acclimatization had
well developed roots. The only difference was
that the roots formed on BAP medium was
shorter and thicker compared to those on MS
only or MS supplemented with K.

Significant differences in shoot length
(P<0.05) were recorded for the seeds of dif-
ferent stages of maturity over a period of 21d
(Figure 2A). The best result was obtained
when MS medium was used without any

added PGRs. Mature seeds grown on MS
medium produced the longest mean shoots
(11.13±1.95 cm) followed by fully mature
seeds with mean shoot length of 8.90±2.75
cm (Figure 2A) at 21d. Seeds grown on PGRs

                                                                                                                             Article

Figure 1. A-E) Morphological differences among calli of Jatropha carcas. A) T3; B) T6; C) T9; D) T7; E-F) T4. G-M) Morphology of the
plantlets using either embryos or mature seeds as explants. G) MS only (embryo); H) MS+2,4-D (embryos); I) MS+BAP (embryos); J) MS+K
(embryos); K) MS only (mature seeds); L) MS+K (mature seeds); M) MS+BAP (mature seeds). N-Q) Acclimatisation and transplantation. N)
Acclimatisation in the small green house; O,P) plantlets transplanted after 2 weeks on 1.1 ratio of sand and soil; Q) fully regenerated plant.

Table 3. Effect of different concentration of 2,4D and BAP on callus weight for seeds at different stages of maturity at the three time
intervals.

Treatment                           Seed maturity stage (day 15)               Seed maturity stage (day 30)               Seed maturity stage (day 45)
                                    Immature     Mature   Fully mature       Immature     Mature   Fully mature       Immature     Mature   Fully mature

MS only                                  0.13±0.18a       0.04±0.02a       0.05±0.02a               0.34±0.16a       0.32±0.08a       0.34±0.16a               0.49±0.14a       0.38±0.08a       0.49±0.14a

1                                               0.68±0.23a       0.60±0.29a       0.72±0.23a               1.24±0.14b      1.18±0.07b      1.59±0.34a               1.93±0.47a       1.95±0.34a       2.17±0.46a

2                                               1.19±1.00b      0.92±0.79b      2.76±0.87a               2.36±0.85a       1.61±1.01a       2.63±0.50a               3.19±1.01a       2.16±0.71a       3.00±0.60a

3                                               2.72±0.56a      0.83±0.87b      1.09±0.78b               2.57±0.53b      1.42±0.63b      1.42±0.63a               3.83±0.83b      1.52±1.25b      1.52±1.25a

4                                               0.91±0.48b      1.41±0.49ab      2.14±0.90a               2.38±1.08a       2.22±0.81a       2.81±0.75a               3.01±0.42b      3.31±0.81ab      3.97±0.72a

5                                               2.84±1.24b      1.03±0.32a      1.06±0.34b               3.14±1.71a       1.97±0.99a       1.97±0.99a               3.82±1.78a       2.25±0.93a       2.25±0.93a

6                                              1.63±0.61ab      1.32±0.67b      2.42±0.72a               2.91±1.23a       2.92±0.86a       3.86±0.27a               3.08±0.80a       3.49±0.55a       3.61±0.67a

7                                               1.43±0.62a       1.34±0.74a       1.82±0.60a               3.25±0.63a       3.72±0.23a       3.98±0.97a               5.62±1.18b      5.32±0.53ab      4.00±1.27a

8                                               1.68±0.37b      1.85±0.08b      2.88±0.53a               3.32±0.37a      2.56±0.26b      3.62±0.31a               3.78±0.81a       4.25±0.78a       4.34±0.97a

9                                               1.10±0.14a      0.63±0.25b      1.28±0.20a               1.88±0.17a      1.16±0.50b      1.60±0.33ab              2.82±1.21a      1.49±0.35b      1.73±0.29b

One way Anova with LSD comparison at 5% to compare differences (small letter) in callus weight between seed maturity stages for each treatment and time intervals (d)(n=5)
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combinations BAP/K and 2,4D/K with MS
medium gave very good shoot development.
The length of shoots obtained on MS medium
supplemented with BAP/K were 10.0±1.3 cm
and 7.9±0.7 cm, and supplemented with
2,4D/K were 8.6±1.5 cm and 8.0±0.5 cm
for mature and fully mature seeds respective-
ly at 21d. 

Acclimatization and transplantation
After 21 d the fully developed plantlets from

the mature seeds were transferred to the
green house (Figure 1N) containing the ver-
miculite medium. However, the plantlets from
K and MS media wilted and died even though
high initial humidity was maintained in the
greenhouse. 86% of the plantlets that survived
were those from BAP medium (Figure 1P).
After acclimatization, the plants were trans-

ferred on three soil and sand mixture ratio.
The longest shoot length and good plantlets
development growing on 1:1 ratio of sand and
soil were observed (Figure 1O,P). New plants
were regenerated from in vitro plantlets of J.
curcas with new leaves on well-developed long
and strong stem (Figure 1Q).
Significant differences in shoot length

(P<0.05) were observed on the 3 mixtures of
soil and sand. Longest shoot length were
recorded when sand and soil ratio was 1:1
(Figure 2B). For plantlets growing on soil/sand
mixture ratios 1:2 and 2:1 the increase in the
length of shoot with time was similar. Increase
in shoot length from day 15 to 30 and 30 to 45
was about 3 cm for both mixtures ratio.

Discussion

Morphology of the seeds
and embryo at different stages
of maturity
Morphology of both seeds and seed embryo

varied with seed maturity. As the seed ripened
the embryo size decreased, but gave good callus
on different media hence can also be used for
plantlet regeneration. This decrease in weight
can be because of dehiscence but this did not
affect the performance of the seed in vitro.11

Callus induction
Different explants have been used for callus

induction in presence of different concentra-
tion of auxin and cytokinin and it was found
that J. curcas gave better callus on medium
with high concentration of auxins and
cytokinin.12 In this study the observation did
not agree with what has been reported in liter-
ature to date as better results were obtained on
medium with a higher concentration of auxin,
that is 3.0mg/L of 2,4D and a lower concentra-
tion of BAP. 

                             Article

Table 4. Mean callus weight (g) averaged over both plant growth regulators combinations
and time intervals (d) for the three different stages of seed maturity.

                                                 Seed maturity, mean±standard deviation    
Treatment                   Immature                         Mature                      Fully mature

1                                               1.26±0.63f                                1.28±0.59d                                1.49±0.70c

2                                              2.25±1.25de                               1.57±0.95d                                2.80±0.65b

3                                             3.05±0.84abc                              1.26±0.94d                                1.35±0.88c

4                                              2.10±1.13bc                              2.32±1.05bc                               2.30±1.08b

5                                              3.27±1.54ab                              1.76±0.93cd                               1.77±0.92c

6                                            2.54±1.08bcde                             2.58±1.15b                               3.30±0.85ab

7                                               3.44±1.94a                                3.47±1.77a                               3.27±0.85ab

8                                             2.93±1.07abcd                             2.89±1.13ab                               3.61±0.87a

9                                              1.94±0.98ef                               1.10±0.51d                                1.54±0.32c

MS only                                  0.25±0.17g                                0.29±0.22e                                0.32±0.21d

d15                                          1.42±1.02c                                1.00±0.69c                                1.63±1.03b

d30                                          2.47±1.30b                                1.93±1.15b                                2.40±1.30a

d45                                          3.02±1.55a                                2.62±1.51a                                2.70±1.40a

One way Anova at LSD 5% level; Means that do not share same letter are significantly different.

Figure 2. A) Effect of different plant growth regulators combinations (with fixed concen-
tration of 1.0 mg/L) on shoot length of the different seed maturity (n=20). B) Mean shoot
length on the three sand and soil mixture ratios. Mean ± standard deviation; One way
Anova with LSD at 5%, n=10.
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Seed maturity also played an important fac-
tor on callus weight. The increase in callus
weight was higher during the period between
15-30d. Similar observation was also made by
Chaudhary.13 They also reported that 2,4D,
even at a low concentration gave very good
results on the callus formation. This study con-
firms that at 1.0 mg/L, callogenesis was occur-
ring. Although similar explants were used,
Chaudhary and co-workers observed that
increasing the amount of 2,4D formed brown-
ish callus, but no brownish callus was obtained
in the present study.13

Plant regeneration
J. curcas is a xenogamic plant and it has a

high degree of segregation, therefore breeding
takes a long period of time to be achieved.
There is also the problem of degeneration of
hybrid embryos formed by the plant due to
inadequate endosperm development. Hence, in
vitro embryo rescue can be a very useful tech-
nique. However, the success of embryo rescue
technique relies greatly on the maturation
stage of the embryo and composition of the
culture medium. Therefore, in this study the
regeneration of in vitro plantlets using PGRs
2,4D, an auxin, and K and BAP as cytokinin has
been demonstrated. The seven media used
gave positive formation of shoots but morpho-
logical differences of the shoots obtained were
observed. MS medium without PGRs also
revealed to be a good medium since healthy
plantlet were regenerated within 21d. Despite
the fact that the MS generated plantlets did not
survive acclimatization the result obtained can
be used to explore further for the possibilities
of the presence of, endogenous auxin and
cytokinin present in the J. curcas L, embryo.14 

It is known that rooting medium is impor-
tant for tissue culture plantlets but in this
study no specific rooting medium was
required. Plantlets generated with good root
formation from mature seeds were directly
transferred for acclimatization. However, only
plantlets regenerated on medium supplement-
ed with BAP survived. These plantlets had a
stronger root architecture compared to those
grown on MS medium or on MS medium sup-
plemented with K. In vitro root formation had
also been observed by Sujatha and Mukta
whereby within 8-10d 88% of rooting was
recorded.15

Although Warakagoda and Subasinghe used
seeds at different stages of maturity for in vitro

plant regeneration, extended study on different
combination of PGRs have not been demon-
strated.16 In vitro regeneration of plantlet is
essential for mass propagation through either
organogenesis or somatic embryogenesis and it
requires good starting materials. The results
showed that fully mature seeds can be used as
explants for induction of callus. Although these
seeds are at a dehiscence stage and the embryo
lighter in weight, it is still viable and active in
vitro. The concentration of 2,4D and BAP can be
varied depending on the type of callus required
either friable or compact. 
A rapid method of in vitro embryo rescue

was also recorded. Fully regenerated plantlets
were obtained within 21 d of culture initiation
on medium supplemented with BAP (1.0
mg/L). The plantlets were successfully accli-
matized on a substrate consisting of sand and
soil in the ratio of 1:1. 

Conclusions

Seeds from all three stages of fruit maturity
responded positively to callus induction and in
vitro plant regeneration. Different callus mor-
phology can be obtained by varying the 2,4D
and BAP concentration. It was also shown that
selecting the appropriate starting material is
important in achieving the desired results.
BAP only can be used at 1 mg/L without any
rooting medium for in vitro plantlet regenera-
tion within 21d. Further studies are required
to optimize the findings presented here as tis-
sue culture remains an important propagation
tool for Jatropha curcas L.
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