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Abstract 
Studies have been conducted using Thevetia peruviana (Apocynaceae) leaf explants to evaluate the effect of auxin 2.4-D on 
varying concentrations and combinations of cytokinins (KIN, BA) for the induction of somatic embryos, as the taxon is a rich 
treasure of many natural cardiac glycosides. Soft, friable creamy yellow calli was obtained in 2, 4-D + KIN combination, 
where as it was creamy white and granular in 2,4D + BA. Results indicated that most of the tested concentrations were 
effective, but lower concentrations of 2, 4-D + KIN (0.5 - 1.0 mg/L-1) were more conducive than higher (2.0 - 3.0 mg/L-1) 
combinations for the induction of somatic embryos. Among the cytokinins, KIN is more efficient than BA. An increase in KIN 
concentration from 0.5 to 3.0 mg/ L-1, keeping 2.4-D constant (1.0 mg/ L-1) resulted in greater callus biomass with lesser 
frequency of somatic embryos, and the frequency of embryogenic masses decreased as the KIN concentration increased. 
Mature detached bipolar embryos with well-developed cotyledons and radicles developed into fully matured plantlets in 68% 
of culture tubes successfully in full strength MS medium having IBA + BA (0.1 - 0.5 mg/L-1) for regeneration. In order to 
prevent natural erosion of genetic resources, this successful regeneration protocol is useful for large scale multiplication within 
a short period of time and to minimize the impact of over exploitation by therapeutic industrialists. 
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Introduction 
Thevetia peruviana, synonymously called T. neriifolia is 
one among the most important medicinal shrubs in the 
family Apocynaceae, with a wide range of pharmacological 
activities. Various plant parts were reported to have diuretic, 
cardiotonic, emetic and purgative properties, hence, 
traditionally used to cure cardiac disorders, arthritis, 
rheumatism, hemorrhoids, acne, constipation and nausea[1, 

2]. Apart from this, the plant deserves an important and 
significant place in the therapeutic industry as it contains a 
higher percentage of cardiac glycosides, including the most 
valuable cardiotonic drug Peruvoside [3]. The plant grows up 
to a height of 12 - 16 ft and is ornamented with evergreen 
foliage and large attractive terminal or axillary cymes that 
flourish in different colours. 
Genus Thevetia is conventionally propagated by seeds in 
their natural habitat. Exploitation of richest medicinal flora 
by industrialists from their habitats leads to the destruction 
of natural resources, loss of biodiversity and extinction of 
endangered species [4, 5]. To compensate this loss, it is 
necessary to establish an alternate source of biological 
materials for the continuous supply for the successful 
production of valuable therapeutics, without depleting 
natural resources. Plant tissue culture technique plays an 
important role in the vast and continuous production of 
enough plantlets throughout the year, independent of the 
seasons. At the same time they can be used as raw materials 
for their regular supply to therapeutic industries [6, 7].  
Studies have been conducted earlier in the establishment of 
callus cultures [8] and plantlet regeneration from the young 
leaves of this plant [9, 10]. Similarly, calli and regenerated 
microshoots were developed by Taha et al., [11] from the 
immature seeds, leaves, stem and roots of Thevetia sps 

growing in Egypt. In vitro regeneration studies have been 
successfully carried out with other members of the family 
Apocynaceae including Rauvolfia serpentina (L.) Benth. [12, 

13], Tabernaemontana fuchsiaefolia L. [14], Nerium oleander 
L. [15, 16], Vinca rosea L. [17, 18], Carissa carandas L.[19] and 
Cryptolepis grandiflora Wight [20]. 
In vitro propagation is beneficial to conserve and maintain 
plants with immense medicinal values by effective 
regeneration of micro-shoots via indirect organogenesis and 
somatic embryogenesis. Therefore, present study was 
designed to develop an efficient and reproducible protocol 
for the vast multiplication of micro-propagules from 4 - 5 
week old seedlings. 
 
Materials and methods 
Studies were conducted using various plant growth 
regulators (Sigma Aldrich, USA), analytical grade 
chemicals (E-Merck India Pvt Ltd) and quality glass wares 
(Borosil Pvt Ltd) following the standard tissue culture 
protocol.  
 
Preparation of culture media 
Based on Murashige Skoog[21] media composition, stock 
solutions were mixed together by adding 3.0% sucrose 
(w/v), 0.75% agar (w/v), different auxins 2,4-D (2,4 
Dichloro phenoxyacetic acid), IBA (Indole Butyric Acid) 
and cytokinins KIN (Kinetin), BA (6-Benzyl Adenine) in 
varying ratios as growth regulators. The pH of the medium 
was adjusted to 5.8 ± 0.02 using 0.1 N HCl or 0.1 N NaOH 
before autoclaving at 121 oC for 15 min.  
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Source of explants 
Mature seeds fallen from yellow oleander plants were 
collected, washed thoroughly in running tap water to 
remove adhering soil particles. After overnight soaking, 
seeds were allowed to germinate in small polyethylene trays 
in normal environmental conditions. This 4 - 5 week old, 
young, healthy seedlings were used as a source of explant, 
in order to minimize contamination. 
 
Surface sterilization of explants  
Mature leaves above the cotyledonary node was excised 
from the seedling, washed thoroughly and treated with 1% 
Tween 20 (v/v), followed by fungicide Bavistin (1% w/v). 
After thorough rinsing with distilled water, it was surface 
sterilized with 0.1% mercuric chloride (w/v) for 1 min under 
Laminar Air Flow Chamber (Kemi Pvt Ltd, India) and was 
followed by several rinses with sterile distilled water. 
 
Hormonal combinations 
To evaluate the morphogenic potential of leaf explants, 
combinations of auxins (2, 4-D, IBA) and cytokinins (KIN, 
BA) in different concentrations (0.5 - 3.0 mg/L-1) were 
attempted, keeping either auxin or cytokinin as constant (0.5 
- 3.0 mg/L-1). The effect of 2, 4-D was evaluated 
individually (1.0 mg/L-1) and in combination (0.5 - 3.0 
mg/L-1) with both cytokinins BA and KIN (0.5 - 3.0 mg/L-

1). Basal medium (MS) without any growth regulators 
served as control.  
 
Inoculation 
Tender leaves below 1.5 cm of the apical shoot were used as 
explants. For initiating callus cultures, explants of uniform 
size and shape (0.4 - 0.8 cm2) were transferred into 
semisolid MS medium supplemented with specific 
concentrations of growth regulators. After inoculation, all 
cultures were maintained at 26 ± 2 oC for a photoperiod of 
16 h under diffused cool white fluorescent lamps with a 
light intensity of 2000 Lux.  
 
Sub culturing and acclimatization 
First subculturing of all proliferated calli was done in the 
primary medium for 4 - 6 weeks. Thereafter, calli with 
somatic embryos were transferred to a lower concentration 
of IBA (0.1 mg/L-1) + BA (0.5 mg/L-1) medium for 
regeneration, shoot elongation and maturation. Plantlets 
with well-developed rooting system was transferred into 
paper cups containing autoclaved mixture of sand and soil 
diluted with 0.1% activated charcoal. Subsequently, the 
cultures were covered with moistened perforated 
polyethylene bags to maintain humidity for 15 days. 
Plantlets were gradually exposed to the surrounding 
environment and later transferred to greenhouse conditions 
for natural acclimatization. 
 

Statistical analysis    
The results of various treatments are expressed as Mean ± 
SD. One way ANOVA with post-hoc Duncan’s test was 
used to compare significant differences between group 
means using SPSS software version 20. A level of p < 0.05 
was regarded as statistically significant. 
 
Results 
In vitro studies were carried out using one month old 
seedlings, hence a high survival rate (90 - 95%) was 
achieved in most combinations, compared to field collected 
explants. Within 10 days of inoculation, the cut surfaces of 
leaf explant responded quickly for callus initiation. Initially, 
most of the cultures produced creamy white callus, and 
morphology of calli varied thereafter during subsequent 
transfers according to hormonal combinations. The calli was 
soft, friable and creamy yellow in 2,4-D + KIN 
combination, where as it was creamy white and granular in 
2,4-D + BA. However, without any growth regulators, the 
explants failed to initiate cell division in MS medium even 
after 6 weeks of inoculation. 
 
Effect of 2, 4-D + KIN combinations 
Callus cultures initiated from healthy juvenile leaf explants 
of T. peruviana showed slight dissimilarity in morphology 
and behaviour in MS medium supplemented with varying 
concentrations of 2,4-D + KIN (0.5 - 3.0 mg/L-1). When 
both hormones were supplied individually (1.0 mg/L-1), the 
cut ends produced either very little callus or the newly 
formed cells failed to organize into callus clumps. Induction 
of creamy white to light greenish yellow, friable callus were 
achieved in all combinations, but their biomass and 
embryogenic potential varied considerably according to the 
concentrations of growth regulators in the medium. 
Embryogenic clumps having initial stages of development, 
appeared on the callus surface during the first 4 - 5 weeks of 
culture.  
The effect of varying concentrations of 2,4-D (0.5 - 3.0 
mg/L-1) on leaf explants was evaluated keeping KIN 
constant (0.5, 1.0, 2.0, 3.0 mg/L-1), and similar experiments 
were carried out keeping 2,4-D constant (0.5, 1.0, 2.0, 3.0 
mg/L-1). After 5 weeks of culture, light green meristematic 
patches were observed on the creamy white callus mass, in 
the presence of 2, 4-D. These green patches upon detailed 
observation, showed the presence of proembryogenic 
structures. At lower concentrations of 2,4-D (0.5 - 1.0 mg/L-

1) + KIN (1.0 mg/L-1), the frequency of these 
proembryogenic clumps was higher as mentioned in Table 
1; and almost the entire callus surface was covered with 
different stages of proembryos. As the concentration of 2,4-
D increased (2.0 - 3.0 mg/L-1), embryogenic potential 
retarded considerably limiting the formation of 
proembryogenic masses (p < 0.01) into 2 - 3 patches, and 
the results are tabulated in Table 2.  

 
Table 1: Effect of 2, 4-D (1.0 mg/L-1) + KIN (0.0 - 3.0 mg/L-1) and KIN (1.0 mg/L-1) + 2, 4-D (0.0 - 3.0 mg/L-1) on callus morphology and 

embryogenic responses 
 

KIN/ 2,4-D (mg/L-1) 2,4-D (1.0 mg/L-1) KIN ((1.0 mg/L-1) 
Callus morphology % of embryogenic calli Callus morphology % of embryogenic calli 

0.0 Snowy white 0.00 Light green, granular 0.00 
0.5 Creamy, light green, friable 66.66 Light green, friable 100.00 
1.0 Dark green, friable 100.00 Dark green, friable 100.00 
2.0 Creamy white, granular 81.18 Creamy, light brown, less compact 27.77 
3.0 Creamy white, less compact 68.18 Creamy, light brown, less compact 11.76 
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Table 2: Effect of 2, 4-D (2.0 - 3.0 mg/L-1) + KIN (0.5 - 3.0 mg/L-1) on callus morphology, biomass and embryogenic responses 
 

KIN 
(mg/L-1) 

2,4-D (2.0 mg/L-1) 2,4-D (3.0 mg/L-1) 

Callus morphology Fresh callus 
weight (g) 

% of embryogenic 
calli Callus morphology Fresh callus 

weight (g) 
% of embryogenic 

calli 
0.5 Creamy white, powdery 0.198a ± 0.039 0.00 Creamy white 0.065 a ± 0.010 0.00 
1.0 Creamy white, compact 0.211 a ± 0.021 17.64 Light brown, compact 0.200 b ± 0.024 0.00 
2.0 Creamy light brown, compact 0.383 b ± 0.050 35.29 Light brown, compact 0.254 c ± 0.027 11.76 
3.0 Compact, light brown 0.397 b ± 0.030 41.17 Light brown, compact 0.275 c ± 0.027 17.64 

Values are mean ± SD. Superscript letters represent significant differences (p < 0.01) when compared using DMRT 
 

Higher concentrations of KIN supplementation (2.0 - 3.0 
mg/L-1) did not make any remarkable impact on the 
differentiation of somatic embryos. An increase in KIN 
concentration from 0.5 to 3.0 mg/L-1, keeping 2.4-D 
constant (1.0 mg/L-1) resulted in greater callus biomass (p < 

0.01) with lesser frequency of somatic embryo formation, 
and the frequency of embryogenic masses decreased as the 
KIN concentration increased. The results are expressed in 
Fig 1.  

 

 
Values are mean ± SD; **p < 0.01, values with different superscript letters show significant variation 

 

Fig 1: Effect of 2, 4-D (1.0 mg/L-1) + KIN (0.0 - 3.0 mg/L-1) and KIN (1.0 mg/L-1) + 2, 4-D (0.0 - 3.0 mg/L-1) on callus biomass 
 
Somatic embryos growing from Proembryonal clusters tend 
to develop asynchronously, so that several stages were 
present in the culture tubes at any given time. Globular 
staged embryos appeared as pale yellow round bodies, heart 
shaped embryos as light green structures, and further 
enhancement led to the dark green torpedo and cotyledonary 
stages on the surface of calli. Various developmental stages 
of somatic embryogenesis is presented in Fig 2. Their  

formation was noticed in all combinations, but the optimum 
concentration for the production of maximum embryogenic 
callus was found in the lowest level of 2,4-D (0.5 mg/L-1) + 
KIN (1.0 mg/L-1) and equal concentration (1.0 mg/L-1) of 
both hormone supplements. After 5 weeks of initial culture, 
calli were subcultured in the primary medium for further 
maturation. 

 

 
 

Fig 2: Various stages of somatic embryogenesis in 2,4-D + KIN combinations (mg/L-1) from leaf explants of Thevetia peruviana 
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Calli from leaf explants growing in different hormonal 
concentrations showing a) leaf explant in 2,4-D (0.5) + KIN 
(1.0) after 6 weeks; b) Globular stage in primary medium 
2,4-D (0.5) + KIN (1.0) after 8 weeks; c) heart shaped 
stages in 2,4-D (1.0) + KIN (1.0) after 8 weeks; and d) 2,4-
D (1.0) + KIN (1.0) after 10 weeks e) Conversion of the 
torpedo stage to cotyledonary stage after 12 weeks; f) 
Cotyledonary stage in IBA (0.1) + BA (0.5) medium after 
second subculture; g) single embryo with cotyledons and 
radicle h) Regeneration and maturation in IBA (0.1) + BA 
(0.5) medium (14 weeks) i) Regenerated complete plantlet 
ready for hardening (18 weeks). 
Results indicated that most of the tested concentrations were 
effective for somatic embryogenesis, but lower 
concentrations of 2, 4-D + KIN (0.5 - 1.0 mg/L-1) were more 
conducive than higher (2.0 - 3.0 mg/L-1) combinations. 
Mature detached bipolar embryos with well-developed 
cotyledons and radicles were collected and transferred into a 
full strength MS medium with very low auxin IBA (0.1 
mg/L-1) and cytokinin BA (0.5 mg/L-1) for regeneration. 
Both cotyledonary leaves get thickened and expanded, 
apical meristem gets activated and developed into fully 

matured plantlets in 68% of culture tubes. Embryogenic 
calluses maintained without subculturing or repeated 
changes in primary medium, led to the proliferation of 
creamy white non embryogenic callus masses, and a loss or 
reduction in embryogenic potential was noticed. The 
survived embryos in these cultures lost its greenish form, 
and most of them were pale yellow colour in appearance 
with regained cell proliferation. 
 
Effect of 2, 4-D + BA Combinations 
Synergistic activity of 2, 4-D with BA was evaluated after 
investigating the effect of 2, 4-D + KIN combinations. 
Wound response within 8 - 10 days of inoculation and 
subsequent development of creamy white to pale yellow 
callusing was observed in all studied combinations. 
Formation of somatic embryos were noticed in a 
combination of lesser 2, 4-D (1.0 mg/L-1) with varying 
concentrations of BA (0.5 - 3.0 mg/L-1). Here, embryogenic 
clumps as well as isolated embryos were observed in 
relatively low frequency and a delayed formation was also 
noticed, as presented in Fig 3.  

 

 
 

Fig 3: Somatic embryogenesis in 2, 4-D + BA combinations (mg/L-1) of Thevetia peruviana leaf explants 
 

Different stages of leaf calli from 2,4-D (1.0) + BA (1.0 - 
3.0) combinations a) 5 weeks old leaf explant with creamy 
white callus in 2,4-D (1.0) + BA (1.0) medium b) 10 weeks 
old callus in 2,4-D (1.0) + BA (2.0) c) 12 weeks old callus 
in 2,4-D (1.0) + BA (3.0) d) globular and cotyledon stages 

of somatic embryogenesis in 2,4-D (1.0) + BA (2.0); and e) 
2,4-D (1.0) + BA (3.0); f) calli in regeneration medium IBA 
(0.1) + BA (0.5) g-h) developing embryos from 2,4-D (1.0) 
+ BA (2.0) i) fully matured somatic embryo in IBA (0.1) + 
BA (0.5). 
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Subsequently, small amounts of calli with embryogenic 
potential were transferred into an IBA (0.1 mg/L-1) + BA 
(0.5 mg/L-1) medium for regeneration. During the 
incubation period of 6 weeks in the regeneration medium, 
somatic cells with regenerative potential, differentiated and 
germinated passing varying stages of embryogenesis.  
A combination of slightly elevated concentrations of 2, 4-D 
(2.0 - 3.0 mg/L-1) with BA did not give any positive impact 
on somatic embryo regeneration as presented in Table 3. 
However, a significant increase in callus biomass (p < 0.01) 
was observed in 2, 4-D (2.0 mg/L-1) + BA (0.5 - 3.0 mg/L-1) 
combinations during first subculture in the primary medium. 
When this compact calli was transferred into regeneration 
medium, 70% of them developed 1 - 2 shoot initials, which 
later grew into healthy microshoots with 4 - 6 leaves ready 
to be transferred into the rooting media. But cultures 
incubated in higher concentrations of 2, 4- D (3.0 mg/L-1) 
failed to regain meristematic potential in the regeneration 
medium. 
 
Table 3: Effect of 2, 4-D (1.0 - 3.0 mg/L-1) + BA (0.5 - 3.0 mg/L-1) 

on callus morphology and embryogenic responses 
 

2,4-D + 
BA Callus Morphology Nature of developing 

callus 
1.0 + 0.5 Creamy white, granular Embryogenic calli 
1.0 + 1.0 Creamy white, granular Embryogenic calli 
1.0 + 2.0 Creamy light green, friable Embryogenic calli 
1.0 + 3.0 Creamy light green, friable Embryogenic calli 
2.0 + 0.5 Creamy white, less compact Non embryogenic calli 
2.0 + 1.0 Creamy white, less compact Non meristematic calli 
2.0 + 2.0 Creamy white, less compact Non meristematic calli 
2.0 + 3.0 Creamy white, compact Non meristematic calli 
3.0 + 0.5 Creamy white, compact Non meristematic calli 
3.0 + 1.0 Creamy white, compact Non meristematic calli 

3.0 + 2.0 Creamy light brown, 
compact Non meristematic calli 

3.0 + 3.0 Creamy light brown, 
compact Non meristematic calli 

 
When the concentration of both hormones was increased up 
to 3.0 mg/L-1 keeping the ratio constant, a significant 
decrease was recorded in callus proliferation rate (p < 0.01). 
Calli subcultured in the multiplication medium increased 
their biomass with no signs of shoot initiation. Lower 
concentrations of both hormones favoured higher calli 
biomass, and a decline was observed as the concentration of 
both hormones increased, which is evident in Fig 4. 
 

 
Values are mean ± SD; **p < 0.01, values with different 
superscript letters show significant variation 

 

Fig 4: Effect of 2, 4-D (1.0 - 3.0 mg/L-1) + BA (0.5 - 3.0 mg/L-1) 
on callus biomass 

Healthy matured rooted plantlets were transferred into paper 
cups containing autoclaved mixture of sand and soil (2:1). 
After 2 - 3 weeks, acclimatized plantlets were transferred to 
glass house conditions for further development. Around 
68% of the rooted plantlets were acclimatized and they did 
not exhibit any morphological variations.  
 
Discussion 
Development of in vitro protocols will help to establish 
rapid propagation, tissues for germplasm conservation and 
for secondary metabolite production to meet the ever 
increasing demand of pharmaceutical industries. An 
efficient and reproducible protocol for somatic 
embryogenesis for the successful regeneration of plantlets 
have been developed after a series of experiments. Among 
in vitro factors, one of the most important phases of 
successful micro-propagation is the evaluation of the most 
optimal concentrations and category of plant growth 
regulators as medium component (Ruzic and Vujovic, 
2008). These influenced the fruitful multiplication of a wide 
array of cells and tissues, either by direct or indirect 
organogenesis or by somatic embryogenesis.  
 
Callus induction 
During the study, mainly two types of calli were observed 
depending upon the supplementation of auxin 2, 4-D with 
cytokinin (KIN, BA) concentrations and combinations. 
Media containing 2,4-D in combination with KIN produced 
soft, friable creamy yellow callus with abundant 
proembryogenic masses, whereas 2,4-D with BA produced 
creamy white granular calli with less frequency of 
embryogenic cells. The callus induction, shoot initiation and 
regeneration potential vary with the developmental stages of 
explant and depend on the concentration and type of growth 
regulators supplied to the medium [22]. According to Tripathi 
et al. [23], the ratio of exogenous growth hormones added to 
the medium are more critical rather than their independent 
presence. From the present study, it can be inferred that the 
externally supplied growth regulators possibly influenced 
and directed the callus cells to compete and regain either 
embryogenic potential or meristematic potential.  
 
Somatic embryogenesis 
Somatic embryos could be used for proliferative 
propagation or for gene transfer procedures [24] as they have 
features like single cell origin, low frequency of 
malformation and production of higher number of 
regenerates [25]. Several investigators have worked 
extensively on plant regeneration through somatic 
embryogenesis in different plant species. 
The effect of 2, 4-D in combination with cytokinins (KIN 
and BA), revealed that the synergistic effect with KIN was 
more pertinent for the induction of somatic embryos in 
higher frequency, than with BA combinations. Results 
revealed that most efficient concentration for inducing 
maximum embryogenic calli was lower concentrations of 
2,4-D (0.5 - 1.0 mg/L-1) in combination with KIN (1.0 
mg/L-1); and a decline in embryogenic frequency was 
observed as the concentration of 2,4-D increases (2.0 - 3.0 
mg/L-1). When leaf discs were cultured in the above 
hormonal combinations, identical calli with numerous 
unorganized structures were reported by Kumar [9}. 
Similarly, Sharma and Kumar[26] observed a decrease in 
concentration of 2,4-D from 2.0 to 1.0 mg/L-1, revived the 
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proliferating potential and growth rate of mass calli of 
Thevetia peruviana L. leaf explants, in view of the fact that 
a lower 2,4-D + KIN combination (˂ 1.0 mg/L-1) accelerated 
somatic embryo formation. Higher concentrations of 2, 4-D 
(2.0 - 3.0 mg/L-1) suppressed callus growth as well as 
embryogenic tissue induction. 
Moreover, repeated subculturing in the primary medium 
resulted in loss of embryogenic potential, instead it 
promoted callus proliferation. Studies conducted by some 
investigators supported the efficacy of this combination (2, 
4-D + KIN) in mass callus production without embryogenic 
potential. Zibbu and Batra[10] found the optimum 
concentration for the production of mass calli as 2,4-D (2.5 
mg/L-1) + KIN (1.2 mg/L-1); but Taha et al.[11] produced 
mass calli in MS medium with lower 2,4-D (1.0 mg/L-1) + 
higher KIN (3.0 mg/L-1) supplementation, for T. peruviana 
leaf explants. In the present study, MS medium 
supplemented with higher concentration of 2, 4-D (2.0 - 3.0 
mg/L-1) with lower amount of KIN (1.0 mg/L-1) retarded 
callus proliferation in the leaf explant.  
Somatic embryogenesis was also observed in low frequency 
when the leaf explants were supplied with low auxin 2,4-D 
(1.0 mg/L-1) and varying concentrations of cytokinin BA 
(0.5-3.0 mg/L-1). In Medicago truncatula, medium 
supplemented with 2, 4-D (1.0 mg/L-1) + BA (0.2 mg/L-1) 
favoured the induction of somatic embryos in leaf explants, 
but in Rauvolfia serpentina L. same hormonal combination 
2, 4-D (2.0 mg/L-1) + BA (1.0 mg/L-1) favored 93.65% mass 
Callusing [6]. During the somatic-to-embryogenic transition, 
cells have to de-differentiate, activate their cell division 
cycle and reorganize their physiology, metabolism and gene 
expression patterns [27]. Formation and expression of 
somatic embryogenesis might be triggered by several 
factors, however, the most common aspect is the exclusion 
or reduction of auxin concentration, mainly 2, 4-D, in the 
medium of embryogenic cultures [28].  
Embryogenic cells are extremely sensitive to minor 
variations in the physical and chemical environment. Some 
physiological stresses such as osmotic stress, dehydration 
stress [29], stresses applied by synthetic auxins [30] and their 
exogenous concentrations might trigger the induction of 
somatic embryogenesis [31]. Among auxins, the most 
frequently used one was 2, 4-D (49%), followed by 
cytokinins BA (57%) and KIN (37%), Reviewed by 
Raemakers et al [32].  
From this study it is obvious that both classes of growth 
hormones in a specific ratio were required for the induction 
of somatic embryos as well as mass callus production. The 
role of growth hormones in regenerating somatic embryos 
from various parts of the same plant also varies considerably 
[33]. In Onobrychis sativa, combination of IBA (0.1 mg/L-1) 
+ BA (0.5 mg/L-1) was effective in regenerating somatic 
embryos directly from leaf calli, but the hormonal ratios 
showed variation in regenerating embryos from stem 
explants[24].  
Somatic embryogenesis can be induced in hormone-free 
media, auxin-containing media and cytokinin-supplemented 
media. In the present study, low IBA (0.1 mg/L-1) + BA (0.5 
mg/L-1) combination was effective in regenerating 
successfully 68% of somatic embryos from leaf explant 
cultures. Kumar [9] observed that somatic embryos of 
Thevetia peruviana L. could have developed into complete 
plantlets on a medium devoid of growth regulators with 
60% survival rate. On the other hand, Sharma and Kumar 

[26] developed somatic embryos of Thevetia into complete 
plantlets upon subsequent transfer to modified half-strength 
MS medium.  
Replacement of one cytokinin (KIN) by another (BA) 
resulted in significant variation in callus morphology and 
shoot bud proliferation. However, variations may be due to 
the differences in recognition and uptake of cytokinins by 
the cells, or the mechanism of action of the cytokinin 
compounds [34]. Subsequent cultures were maintained in the 
maturation medium IBA (0.5 mg/L-1) + BA (1.0 mg/L-1). 
The survival rate of transplanted plantlets was moderate 
(68%), and the 2:1 ratio of sand-soil with 0.1% activated 
charcoal was found favourable for hardening of plantlets. 
 
Conclusion 
Leaf explants of Thevetia peruviana is capable of 
undergoing different morphogenic responses for somatic 
embryogenesis. All these changes exclusively depend on the 
combination and concentrations of plant growth regulators. 
The successful regeneration of plantlets through somatic 
embryogenesis has generated the possibility of large scale 
propagules within a short period of time. So, micro-
propagation can be effectively done by the optimization of 
auxin-cytokinin combinations in MS media within 16 - 22 
weeks, via somatic embryogenesis using lower 
concentrations of auxin 2,4-D (0.5 - 1.0 mg/L-1) with KIN 
(0.5 - 1.0 mg/L-1). This rapid and effective method 
definitely helps to promote mass multiplication of this 
potent medicinal plant to minimize the impact of over 
exploitation by therapeutic industrialists. 
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