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Abstract

Jatropha (Jatropha curcas L.) is an oil bearing crop growing in tropical and subtropical parts of the world. The present study
was undertaken to establish a protocol for in vitro callusing of three Jatropha accessions namely; Metema, Adami Tulu and
Shewa Robit accession from leaf explants. The experiment was laid out in CRD with five replications in factorial arrangement.
The medium supplemented with combination of 1.0 mg/L BAP and 1.0 mg/L 2,4-D resulted in maximum percentage of callus
(100%) formed for all accessions. The maximum shoot regeneration (66.67%) from callus with 10.13 number of shoot was
obtained from Shewa Robit accession in MS medium fortified with TDZ (0.5 mg/L) and IBA (0.1 mg/L). The presence of TDZ
in the shoot regeneration medium has greater influence on the induction of adventitious shoot buds, whereas MS supplemented
with BAP alone and combination with IBA did not induce shoot regeneration from callus culture. The results obtained in
the present study would facilitate the high callus induction and regeneration responses in Jatropha for its improvement using

biotechnological tools.

1. INTRODUCTION

Jatropha (Jatropha curcas L.) is a succulent shrub or small tree, which belongs to the large Euphorbiaceae
family. It is a multi-purpose plant which has been exploited for various purposes such as soil erosion control,
firewood, hedges, green manure and traditional medicines (Carels, 2013). On the other hand, the seed oil
of Jatropha is also used as soap manufacturing ingredient, paints and as a biodiesel to substitute kerosene
(Kumar and Sharma, 2008). Among many other attributes and importance of Jatropha, in recent years it
has gotten special attention for being a priority feed stock in production of biodiesel.

Biodiesel is an alternative diesel fuel made from different types of renewable sources such as plant oils and
animal fats. It is environmentally friendly fuel with low emission profiles and also non-toxic and biodegradable
(Abdulla et al., 2011). Among the plant species producing raw materials for biofuels, Jatropha is one of the
plant species that stimulates the highest interest in tropical and subtropical regions. It has been identified
as most suitable oil seed bearing plant due to its various favorable attributes like high oil content, hardy
nature, adaptability in a wide range agro-climatic conditions, need for less irrigation and less agricultural
inputs, pest resistance, short gestation periods and suitable traits for easy harvesting (Heller, 1996; Edrisi
et al. , 2015).

Because of the increased interest in the potential of Jatropha as an energy plant, more attention is given to
methods that allow the mass production of elite material. However, several challenges remain before that
plant biomass can be commercially exploited. Its supply on a large scale requires massive production of
phenotypically uniform plant material of a very high quality within a short time-frame that is adapted to
the growth conditions of the plantation areas (Medza Mvelet al. , 2013).

Traditionally Jatropha is propagated through seed and vegetative cutting. The most common method to
obtain Jatropha plantlets is by seed germination, which can be severely limited by poor seed viability,



low germination percentage, inadequate rooting in growth plants in small pots and the delayed rooting of
seedlings (Openshaw, 2000). Vegetative propagation of Jatropha through stem cuttings has been achieved
however the established plants are not deep rooted and hence, they easily get uprooted when cultivated in
lands with poor top soil (Openshaw, 2000). Therefore, to improve cultivation of this crop, the traditional
inefficient mode of propagation should be changed and proper techniques need to be studied and put in place
for mass production of the Jatropha plants.

The in vitro multiplication would be a useful alternative method for mass production of plant. It offers an
opportunity for large scale production of uniform disease free planting material in a relatively short period of
time and independent of the season (George, 2008). Callus induction, culture and regeneration optimization
in vitroare important steps in the process of plant propagation and genetic transformation (Oliveira et al.
, 2017). Therefore, efficient callus induction and in vitro regeneration system is highly required to enhance
the use of modern techniques in genetic improvement (Pan et al ., 2010; Jose et al., 2012). Callus also can
be used for long term conservation of plant tissues by maintaining them under slow growth conditions, and
as target tissue for genetic transformation (Ali et al ., 2007).

Among factors influencing the process of in vitro callus induction, the plant growth regulators (PGRs) can be
considered as one of the most important ones. Two relevant classes of PGRs that are used to control organ
and tissue development are the auxins and cytokinins (Ismail et al ., 2013). Both callus induction and plant
regeneration from explants require the presence of appropriate concentrations and combinations of plant
growth regulators in the culture media (Kalimuthu et al. , 2007). A sub-optimal culture medium may cause
physiological disorders or death of tissue. Studies of auxins and cytokinins separately or their combinations
to initiatein vitro callus induction and regeneration in Jatropha were reported (Sujatha et al., 2005; Deore
and Johnson, 2008; Oliveiraet al. , 2017). In addition, genotypic differences in shoot organogenesis have
been observed in a wide range of plant species including Jatropha. It has been reported that regeneration
in Jatropha is highly genotype dependent (Kumar and Reddy, 2010; Kumar et al ., 2010; Mweu et al .,
2016). Keeping in view of the importance of the crop and its propagation methods, the present study was
designed to optimize the concentrations and combinations of different growth regulators on callus induction
and proliferation of shoots from three Jatropha accessions using leaf explants.

2. MATERIALS AND METHODS
2.1. Planting Material

The seed of three Jatropha accessions were collected from Amhara and Oromia region of Ethiopia and
used for these tissue culture experiments (Table 1). The seeds were germinated on growth trays containing
sterilized combination of soil, sand and manure in the ratio of 2:1:1, respectively and kept in the greenhouse
condition of Holeta Agricultural Research center (HARC). They were watered thrice a week using a spraying
can. After three weeks, the seed that germinated was transplanted into pot containing sterilized soil and
kept as mother stock plant. After three months of growth (Fig.1); very young, health and vigorous part of
the plant (nodal segment) was collected and used as a source of explants. The experiment was conducted
at Plant Biotechnology Laboratory of Holeta Agricultural Research Center (HARC) 45 km West of Addis
Ababa, Ethiopia.

2.2. Growth Regulators Stock Preparation

The Plant Growth regulators (PGRs) used for the study were the cytokinin, 6-benzyl aminopurine (BAP) and
Thidiazuron (TDZ), and the auxins, 2, 4-dichlorophenoxyacetic acid (2,4-D) and indole-3- butyric acid(IBA).
All PGRs stock solutions were prepared by weighing and dissolving the powder in distilled water at the ratio
of 1 mg/ml. To begin the dissolving process, the powdered crystal of the PGRs was first weighed and
dissolved in 3-4 drops of 1IN NaOH and 1IN HCI based on the type of PGR (NaOH for auxins and HCI
for cytokinin). Then, the volume was adjusted by adding distilled water. Finally, growth regulators’ stock
solutions were stored in a refrigerator at a specific temperature for each growth regulator.

2.3. Culture Medium Preparation



Culture medium was prepared by taking the proper amount of MS basal medium (Murashige and Skoog,
1962) stock solutions (mg/L) (Annex 1). Full-strength of MS with 30g/L of sucrose as carbohydrate source
(w/v) for Callus induction and Shoot proliferation were used. The pH of the medium was adjusted to 5.8
(using 1IN NaOH and 1IN HCI) after addition of the growth regulators. Gerlite (2.5g/L) was added as a
gelling agent after the volume and pH of the medium was adjusted. The media was sterilized by autoclaving
at a temperature of 121°C with a pressure of 15 psi for 15 min and stored at room temperature.

2.4. Explants and surface disinfection

Leaf explant (2nd and 3rd node from the apex) was collected from healthy and vigorously growing mother
stock plants. The excised explant materials were initially rinsed under tap water for 30 min to remove the dust
particles from their surface. Then the explants were treated with commercial detergent (Largo, Ethiopia) for
5 minutes and were rinsed well with distilled water for three to five times. Under a clean Laminar flow hood,
the explants were subjected to 70% (v/v) ethanol for one minute and rinsed with sterile distilled water three
to four times. Further the explant materials were then surface sterilized by 2.5% of Local bleach (Berekina,
Ethiopia) containing two drops of Tween 20 for 15min time of exposure. After that the explants were rinsed
with sterilized double distilled water for three to four times to remove the residual effect of these sterilants.
After sterilization process was completed, individual leaf explant was trimmed aseptically into approximately
lem? leaf disc segments and placed with the adaxial side in contact with the MS basal medium (Kumar et
al ., 2010a).

2.5. Callus Induction

After sterilization, about 1cm? leaf disc of the three Jatropha accessions (Metema, Adami Tulu and Shewa
Robit accession) were transferred to callus induction media consisting of MS basal medium supplemented
with various combinations of 2, 4-D (0, 0.5, 1.0, 1.5 mg/L) and BAP (0, 1.0, 1.5, 2.0 mg/L). Five leaf disc
explants per jar were used and each treatment was replicated five times. All the cultures were incubated
at 25 £+ 2°C in darkness to promote callus formation and discourage greening of the callus. The percentage
proportion of callus induction on leaf discs was evaluated at an interval of four weeks after inoculation of
explant.

2.6. Shoot Proliferation from Callus

Well-established organogenic callus (4-week-old) grown on MS medium supplemented with combination of
BAP (1.0 mg/L) and 2,4-D (1.0 mg/L) for all accessions were used. About 0.5gram of calli were transferred
to shoot regeneration media, consisting of MS basal medium containing various combinations of cytokinins
viz. BAP (0, 0.5, 1.0 mg/L) and TDZ (0, 0.25, 0.5, 1.0 mg/L) individually and in combination with different
concentrations of IBA (0, 0.1, 0.2 mg/L). There were three callus clumps per jar and five replicates per
treatment. Then the culture was maintained in a growth room at a temperature of 254+2°C and 16 h
photoperiod provided by white florescent lamps. The cultures were subcultured once transferring into fresh
media after three weeks for further initiation of adventitious shoots. During subculture removal of dead, dark
brown cells was done. The percentage of shoot organogenesis and number of adventitious shoot initiated from
callus was recorded after six weeks of transferring the callus on shoot regeneration media.

2.7. Growth conditions

All the cultures were kept under eight hour dark period and sixteen hour photoperiod in a growth room
(except Callus induction). Artificial light was provided by parallel cool white fluorescent tubes installed
above the cultures. The light intensity was regulated to 1500-2000 lux and the growth room temperature
was adjusted at 25 £ 2 °C with relative humidity (RH) of 65-70%.

2.8. Experimental Design and Statistical Analysis

The experiment was laid out in Completely Randomized Design (CRD) for all the treatments. The experiment
was comprised of different combination and concentrations of plant growth regulators combined with three
accessions of Jatropha. Each treatment had five replicates of culture Jars and set as experimental unit.



Data collected from each experiment was subjected to statistical analyses using the SAS statistical software
(version 9.2) and ANOVA was constructed, followed by mean separation using Fisher’s Least Significance
Difference (LSD) at a=5%.

3. RESULT AND DISCUSSION
3.1. Effects of BAP and 2,4-D on Callus Induction

The analysis of variance (ANOVA) showed that there is highly significant (P<0.01) difference due to the
main effect of PGRs combinations and concentrations on mean number of days taken to form calli formation
and callus fresh weight. However, there were no significant (P>0.05) effects recorded due to difference in
accession and the interaction effect of PGRs and accessions on days to callus formation and callus fresh weight.
Besides to this, significant differences for percentage of callus induction were observed among the PGRs
combinations and concentrations as well as interaction of PGRs with accessions. However, the percentage
of callus induction was not significantly (P>0.05) different among the accessions.

The minimum number of days (13.6 days) to callus induction was recorded for explants cultured on MS
media supplemented with combination of 1mg/L BAP and 1mg/L 2,4-D followed by (14 days) on MS media
supplemented with 1.5mg/L BAP and 1mg/L 2,4-D. Whereas, the longest time (18.87 days) taken to form
callus was observed when callus induction medium was supplemented with combination of 2mg/L BAP and
0.5mg/L of 2,4-D (Table 2). From these results, increasing BAP levels in media within constant rate of
2,4-D led to an increase in the mean days taken to form calli. The media which supplemented with BAP
alone did not induce a callus. This indicated that presence of auxins in the media play a crucial role in
the callus formation of Jatropha explants in vitro (Rajore and Batra, 2007; Kumar et al ., 2008; Kumar et
al. , 2015). The result of this study also revealed that the number of days to callus emergence decreased
with increased in concentration of 2,4-D (0.5-1mg/L) in the treatments. Kumar et al. (2015) also reported
that leaf explants Jatropha started callusing within two weeks on the media containing 2, 4-D (10puM).
However, further increasing 2,4-D levels in media led to an increase in the mean days taken to form calli.
Radhakrishnan et al . (2001) reported that the cells used up 2,4-D as required and any excess began to
actively show the herbicidal effects that therefore slowed down the callus induction process.

The best callus formation (100%) was observed when MS medium was supplemented with combination of
BAP (1.0 mg/L) and 2, 4-D (1.0 mg/L) for all accessions. Whereas, the lowest percentage (47.8-48.6%)
of callus formation was recorded for all the three accessions explants cultured on media supplemented with
2.0mg/L BAP and 1.5mg/L 24-D (Table 3). This indicated that callus induction frequency decreases
with further increasing the concentration of both 2,4-D and BAP. Several authors reported that appropriate
concentrations and combinations of cytokinins and auxins are important to produce Jatropha callus (Costaet
al., 2015; Kumar et al ., 2015). On the other hand, the MS media containing only 2,4-D, even at a low
concentration resulted in a better callus formation (Fig. 2c). Similar observation was also made by Thao
et al . (2003) and Soomro and Memon (2007) concluding that 2,4-D was pre-requisite for callus formation
in many of plant species. Meanwhile, no callus formation was observed and the explants only showed leaf
expansion on medium containing BAP alone (Fig.2b). These results are supported by Kaewpoo and Techato,
(2009) who used different concentration of BAP (1mg/L, 2mg/L and 3mg/L) to induce callus from embryo
cultures of Jatropha. The authors finding report showed that BAP alone has induced shoot rather than
callus. It has long been suggested that strong auxins such as 2,4-D are mainly efficient in promoting cell
clumping and further developing of the callus.

In case of Callus fresh weight the highest calli weight (2.23g) was recorded on MS media supplemented
with combination of 1.0mg/L of BAP and 1.0mg/L 2,4-D followed by (2.06g) on media with 1.5mg/L of
BAP and 1.0mg/L 2,4-D (Table 2). Whereas, the lowest overall mean calli weight (0.98g) were observed
for explant induced on MS media containing high levels of BAP (2.0mg/L) and 2,4-D (1.5mg/L) were used.
This results confirmed that despite 2,4-D being an effective auxin in producing callus in Jatropha, it was
active for callus induction when used in small amounts (Soomro and Memon , 2007). Radhakrishnan et al
. (2001) also reported that high 2,4-D concentration has been shown to have herbicidal effects on plants



causing cell growth inhibition and at highest cell death.

3.2. Effect of cytokinins (TDZ &BAP) and Auxin (IBA) on Adventitious shoot proliferation
from Callus

Analysis of variance showed that both of percentage of shoot regeneration and mean number of adventitious
shoots per callus were significantly (P<0.01) affected by the type and concentration of PGRs, accessions and
interaction effect of the two factors.

The highest percentage of shoot regeneration from callus (66.67%) was observed for Shewa Robit accession in
MS medium supplemented with combination of 0.5mg/L TDZ and 0.1 mg/L IBA followed by 64% and 61.33%
for Metema and Adami Tulu accessions, respectively, on the same PGRs concentrations as for Shewa Robit.
Meanwhile, the lowest percentage (39.2-40.8%) of shoot regenerations were recorded for all accession when
the callus was cultured on media supplemented with 0.25mg/L TDZ (Table 4a). However, MS supplemented
with BAP alone and combination with IBA did not induce shoot regeneration from callus culture. Calli
that were cultured on this medium (BAP supplemented) was proliferated large quantities of healthy, green
callus, but failed to differentiate shoots on all accessions type (Fig. 3b). Even on subculturing to respective
media it continued to form massive callus rather than formation of organogenesis. And also, on the control
medium the shoot regeneration was not noticed. However, the addition of TDZ to the medium improved
the shoot induction potential of the calli as many shoot primordia were observed after 45 days of culture
(Table 4a; Fig. 3c). Similar results were verified by Khurana-Kaul et al. (2010) who also showed that
the combination of TDZ and IBA was more effective than the combination of BAP and IBA in Jatropha
shoot regeneration using leaf segments as explants. Aishwariya et al . (2015) also reported that Thidiazuron
(TDZ) is among the most active cytokinin like substances and it induces greater in vitro shoot proliferation
than many other cytokinins in many plant species. Variation in the activity of different cytokinins can be
explained by their differential uptake rate in different genomes, translocation rates to meristematic regions
and metabolic processes in which the cytokinin may be degraded or conjugated with sugars or amino acids
to form biologically inert compounds also reported (Kaminek, 1992; Kumar et al ., 2011).

The highest adventitious shoot number (11shoot) was recorded for Shewa Robit callus cultured on MS media
supplemented with 0.5mg/L TDZ and 0.1mg/L IBA followed by (10.4) and (9 shoot) shootlet per callus for
Adami Tulu and Metema accessions, respectively. Whereas, the lowest shoot number (3.8-4) was recorded
for all accessions, when the callus subcultured on MS media supplemented with 0.25mg/L TDZ (Table 4b).
In this study, the number of shoots per callus was increased as the concentration of TDZ was increased from
0.25 to 1mg/L. These results suggest that TDZ plays a very important role in the formation of adventitious
shoot buds of Jatropha, and these effects may be involved in stimulating de movo synthesis of auxins by
increasing the levels of TAA and its precursor, tryptophan, as well as increase in contents of endogenous
cytokinin (Murthy et al ., 1995; Murthy and Saxena, 1998). Besides, the ability of TDZ to induce high shoot
regeneration efficiency in plant tissue has been reported for a number of species (Feyissa et al ., 2005; Landi
and Mezzetti, 2006).

4. CONCLUSION

The present study concluded that medium supplemented with combination of 1mg/L BAP and 1mg/L 2,4-D
had best callus responses from leaf disc explant for all Jatropha accessions. The maximum shoot regeneration
(66.67%) from callus with 10.13 number of shoot was obtained from Shewa Robit accession in MS medium
fortified with TDZ (0.5 mg/L) and IBA (0.1mg/L). However, shoot regeneration competence from the callus
can differ depending on the type of accessions and plant growth regulators used. The callus induction rates
obtained in this study were highest in comparison of earlier reports. Generally, the callus induction protocol
thus developed can be used for the improvement of Jatropha through biotechnological tools.
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FIGURE LEGENDS

Figure 1. Mother stock plant of Jatropha accessions after three months. (a) Adami Tullu accession (b)
Metema accession (c¢) Shewa Robit accession

Figure 2. Callus induction after four weeks of culture in different combination of BAP and 2,4-D for the
three Jatropha accessions. (a) Explants cultured on hormone free MS medium; (b) Explants cultured on
medium containing of BAP alone; (c¢) Callus induction by 2,4-D (0.5mg/L) only; (d) Leaf disc explants of
Metema cultured on a medium containing 1lmg/L BAP +1mg/L 2,4-D; (e) Leaf disc explants of Shewa Robit
accession cultured on a medium containing 1mg/L BAP+1mg/L 2,4-D and (f) Leaf disc explants of Adami
Tulu accession cultured on a medium containing 1mg/L BAP +1mg/L 2,4-D.

Figure 3. Multiple shoots regeneration from leaf derived callus of different Jatropha accession cultured at
different concentration and combinations of either BAP or TDZ in combination with IBA after six weeks
of culture. (a) Leaf derived callus cultured for shoot regeneration; (b) Leaf derived callus cultured on
MS medium supplemented with 0.5m/1 BAP + 0.1mg/L IBA; (c) Adventitious shoot formation of Shewa
Robit accession from leaf derived callus cultured at 0.5mg/L TDZ; (d) Shoot regenerated from Shewa Robit
leaf derived callus cultured on MS medium supplemented with 0.5mg/L TDZ and 0.1mg/L IBA; (e) Shoot
regenerated from leaf derived callus of Metema accession cultured on MS medium supplemented with 0.5mg/L
TDZ and 0.1mg/L IBA; (f) Shoot regenerated from leaf derived callus of Adami Tulu accession cultured on
MS medium containing 0.5mg/L TDZ + 0.1mg/L IBA.

TABLES
Table 1 . Sources and growing altitudes of planting material of Jatropha accessions were used in this study

Table 2. Main effect of Plant growth regulators combination and concentrations on days to callus formation
and callus fresh weight of leaf explants of Jatropha.

Table 3. Interaction effect of PGRs (BAP and 2,4-D ) combination and concentration with different Jatropha
accessions on callus formation percentage of explants excised from leaf after 30 days of culture growth.

Table 4. Effect of different concentrations of either BAP or TDZ in combination with IBA on percentage and
number of shoot regenerated from leaf derived calli of Jatropha accessions after 45 days of culture growth.
(a) Interaction effects of either BAP or TDZ in combination with IBA on percentage of shoot regeneration
from callus derived from leaf of three Jatropha accessions. (b) . Interaction effects of either BAP or TDZ
incombination with IBA on number of adventitious shoots regenerated from callus derived from leaf of three
Jatropha accession.
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