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          A B S T R A C T                       

Introduction  

Somatic embryogenesis is an established 
technique for clonal micropropagation of 
plants, and offers several advantages as a 
system for maintaining embryogenic cell 
lines. These techniques are also useful for 
those plants which produced poor number of 
seeds or abortive seeds. Moreover, it has 
been utilized to study the developmental 
events accompanying differentiation of 
embryo and polyembryogenesis.   

Somatic embryos are independent structures 
that can be induced from a great variety of 
somatic tissues. They undergo development 
and germination phases similar to a zygotic 
embryo. From the studies of somatic embryo 
of coffee leaf explants, there are two 
possible routes to somatic embryogenesis 
(Nakamura et al. 1992).     

Firstly, embryos may arise directly from 
pre-embryogenic determined cells in the 
somatic tissue, the so called direct somatic 
embryogenesis.  

Secondly, indirect somatic embryogenesis, 
somatic cells need to be induced to acquire 
embryogenic potential. The indirect somatic 
embryogenesis is routinely achieved 
(Sondahl & Sharp, 1977), and it has been 
used for micropropagation (Barton et al., 
1991 and Spiral et al., 1993). The tissue is 
stimulated to develop a callus, which is 
further differentiated into embryos.  

On the other hand, there are few reports 
dealing with the optimization of direct 
somatic embryogenesis protocols in coffee 
(Dublin, 1980; Hatanaka et al., 1991). 
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This work focused on the prospect of polyamine mediated somatic embryogenesis 
of medicinally promising Clerodendrum indicum, which mostly produced non 
viable seeds.  Polyamines (spermine & spermidine) stimulated somatic embryo 
formation, which showed increase longevity when encapsulated. The torpedo-
shaped embryos produced rapidly in a combination of spermine & spermidine (10 
& 15 uM) germinated best after 30 & 45 days (40 & 38%respectively). Faster 
embryogenesis & longer viability (up to 60days) of encapsulated embryos offered a 
better alternative to overcome the problem of propagation of Clerodendrum 
indicum - a plant with immense therapeutic value.  
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Polyamines (PAs), a group of aliphatic 
amines, are ubiquitous and play a critical 
role in various growth and developmental 
processes in plants as well as in other living 
organisms such as animals and bacteria. In 
plants, major polyamines are putrescine, 
spermidine, and spermine. Numerous reports 
have shown a good correlation between 
polyamine levels and a variety of 
fundamental processes such as 
macromolecular biosynthesis, cell division, 
cell and tissue differentiation, 
organogenesis, and embryogenesis (Smith, 
1985; Galston and Kaur-Sawhney, 1995; 
Minocha and Minocha, 1995). Some 
investigators suggest that PAs are either 
essential plant growth regulators (PGRs) or 
secondary messengers of PGRs (Smith, 
1985; Galston and Kaur-Sawhney, 1995).  

Extensive studies of polyamines in 
suspension cultures of Daucus carota and 
other herbaceous species show the amino 
acid ornithine and arginine, may be played 
a critical role in regulating somatic 
embryogenesis. The arginine decarboxilase 
(ADC) and ornithine decarboxilase (ODC) 
are help to activate polyamine biosynthesis 
within the cell  (Minocha and Minocha, 
1995; Galston and Kaur-Sawhney, 1995).  In 
conifers, analysis and quantification of PAs 
in Picea abies (Santanen and Simola, 
1992,1994 ; Minocha et al., 1993), Picea 
glauca x Picea engelmannii complex   
(Amarasinghe et al., 1996), Picea rubens 
(Minocha et al.,1993), P. glauca (Kong et 
al. 1998), Pinus sylvestris (Sarjala et al. 
1997), and Pinus radiata (Minocha et 
al.,1999) has suggested their association 
with processes such as differentiation and 
development of somatic embryos.  

Clerodendrum indicum (L.) Kuntze, a 
woody herbaceous, perennial plant of 
Verbenaceae, is a native of India and found 
throughout south eastern Asia1. In India, it is 
found mainly in West Bengal and Assam. 

The aqueous extract of the plant has 
traditional use for treatment of cough, 
serofulous infection, skin disease, 
rheumatism, asthma and other inflammatory 
disease. The seeds of the plant are highly 
abortive & possess low seed-setting rate 
which pose vital problem for its survival in 
wild conditions. A simple micropropagation 
protocol of this plant is already established 
(Mukherjee et.al; 2012). This paper tries to 
address two interconnected issues  firstly to 
stimulate somatic embryo formation being 
an established protocol (Mukherjee et.al; 
2012) and secondly to increase the longevity 
of such embryo by embryo encapsulation 
(artificial seed).   

Materials and Methods  

Plant Material  

The plantlets of Clerodendrum indicum L. 
was collected from the medicinal plant 
garden Hatgobindopur College, Burdwan, 
West Bengal, India. Collected plants were 
maintained in the departmental nursery for 
the further experiment.   

Methods  

Induction of callogenesis:    

Apical leaf, axillary leaf and cotyledonary 
leaf ( 7 day old seedlings) were selected as 
explants for in vitro callus induction 
.Explants were cultured in MS medium 
supplemented with auxin (NAA,2,4-D)  
either singly or in combination with 
cytokinin (Kn, BAP) in different 
combinations and concentrations (0.1-
10.0µM). All the explants were surface 
sterilized by freshly prepared 0.1% HgCl2 

(Merck, India) (1-3 mins) followed by 
washing in sterile distilled water 3-4 times 
under aseptic condition. Surface sterilized 
explants were transferred into semi-solid 
sterilized MS medium (pH5.8) containing 
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3% sucrose and 1% agar supplemented with 
different plant growth regulators in various 
concentrations and combinations. Cultures 
were maintained in 25±2ºC temperature and 
65±5 RH, 16:8H photoperiods under 
continuous white fluorescence light 
(1000Lux) for 28-30days for development 
of calli.  

Establishment of Embryogenic Culture  

Among the calli grown in previous 
condition, green, compact, embryogenic 
calli were selected and transferred into 
sterilized ½ MS medium supplemented with 
Kn(0.1-1.0µM)  and incubated  in same 
cultural conditions for 30-35 days to turn the 
calli completely embryogenic.  

Induction of Somatic Embryogenesis By 
Polyamines (Spermine, Spermidine & 
Putrascine)   

An independent group of experiments were 
conducted to assess the effect of exogenous 
polyamines on the somatic embryo during 
its developmental stages. The experiment 
was conducted completely randomized 
design with three replicates for each. During 
the experiments, three types of polyamines 
viz; spermine(Sp), spermidine(Spd), and 
putrascine(Put), were used singly and in 
combination.  The experiments were done in 
solid as well as liquid MS culture media 
under the identical cultural condition.   

In the first group of experiment, all three 
polyamines (spermine, spermidine and 
putrascine) were used separately 
(0,5,10,15,20,25µM) in semi-solid MS 
medium supplemented with 1.0 µM KN, 
incubated for 30 days and calculate the 
growth rate of somatic embryo using 
polyamines. In the second group of 
experiment, embryogenic calli were 
incubated in semi-solid MS medium with 

1.0 µM KN with the mixture of all three 
polyamines in various combinations (0, 5, 
10, 15, 20, 25 µM). Calculate the growth 
rate of somatic embryo, selected the best 
combination and inhibitory effect of 
polyamines for embryogenesis. This was 
carried out to find out the effect of 
polyamines (either separately or in 
combination) embryo growth rate as well as 
to find out the optimum combination of 
polyamines.  

The best concentration and combination of 
pervious two groups of experiments were 
selected for third group of experiments. The 
selected concentration of Spermine and 
spermidine were used separately and 
combination with 1.0µM KN in liquid MS 
medium incubated for 7 days in shaker 
incubator under 25±2ºC temperature and 
65±5 RH, 16:8H photoperiods under 
continuous white fluorescence light 
(1000Lux) with 15 rpm.   

The suspension culture was studied at every 
24 hours interval under bright field 
microscope and different stages of embryo 
were noticed.  After every 24 hours, 10 
slides were prepared from each experimental 
set up by pipetting out 100 µL of suspension 
culture and calculate the percentage of 
different stages during embryogenesis.  

Encapsulation of Somatic Embryo And 
Storage  

Different stages of embryos were collected 
from suspension culture both in control and 
treated sets and encapsulated with 3% Na-
alginate for beads formation. All the beads 
were stored at 4º C in dark for 30, 45 and 60 
days and later used in germination 
experiments.     
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Germination of encapsulated somatic 
embryo   

The encapsulated embryo of different stages 
of different sets from suspension culture 
were stored at 4ºC for 30, 45, 60 days and 
placed into NAA: BA (1.0:1.0µM) 
containing MS medium with 3% sucrose and 
1% agar for germination. The germination 
pattern was studied after 7 days of 
incubation in germinating medium. For each 
set, 50 embryos were encapsulated.  

Plantlets Recovery and Acclimatization   

All the germinated embryos with emerged 
shootlets were transferred into 1.0µM IBA 
containing MS medium for 30 days for 
rooting. Finally, plantlets were transferred 
into sterile soilrite covered with polybags for 
15 days and then transferred into pot. The 
survival rate of the plantlets was recorded 
after 1 month from the day of transfer.  

The data was recorded and completely 
randomized design with 5- 10 replicates per 
treatment.   

Results and Discussion  

Induction of Callogenesis  

Apical leaf as an explants when placed in 
MS medium supplemented with NAA, BA 
2,4 D & Kn either  in combination or 
separately, began to form different types of 
calli. Poor responses were generally found 
in different combinations and concentrations 
of PGRs in callogenesis when axillary leaf 
used as explant. Cotyledonary leaves were 
not suitable as explants because seeds are 
infected with endogenous pathogen.  Only 
NAA (1.0µM) produced white, friable calli 
with moderate growth. NAA with two 
different combination of BA produced 
green, compact, embryogenic calli. The two 

combinations of NAA: BA generated 
embryogenic calli which were different in 
terms of callogenesis rate. The NAA: BA 
(0.5:0.1µM) produced calli within 30±5 
days whereas NAA: BA (1.0:1.0µM) 
produced within 21±2 days (Fig 1). The later 
one was better for development of vigorous 
callogenesis within short period (21±2 
days).   

Another plant growth regulator, 2, 4-D 
(1.0µM) produced watery, friable calli for 
21±2 days. Kn, when used single, showed 
poor response in callogenesis, but when in 
combination with NAA and 2, 4-D 
separately to show different results. Among 
the different concentration, NAA: Kn 
(1.0:3.0µM) produced white, compact, calli 
and 2, 4-D: Kn (0.5: 3.0µM) produced white 
friable calli for 21 days of culture.   

Development of Viable Somatic Embryo   

Calli grown in NAA: BA (1.0:1.0µM) 
combination was incubated in Kn (0.1-
1.0µM) with MS medium for 30-35 days. 
After 35 days of culture, the different 
concentration of Kn produced green calli, 
only 1.0µM Kn developed green calli 
showing somatic embryo (Fig 2). The 
viability of these somatic embryos were 
tested by incubating it in NAA: BA 
(1.0:1.0µM) containing MS medium and 
produced shoot after 35 days of culture.   

Promotion of Somatic Embryogenesis By 
Polyamines (Spermine, Spermidine & 
Putrascine)   

The embryogenic calli of was incubated in 
MS medium supplemented with 1.0 µM Kn 
and viz; spermine , spermidine and 
putrascine separately in different 
concentration (0,5,10,15,20,25µM) for 30 
±5 days in the standard culture condition. 
The first two polyamines produced 
promoting effect especially in 10 and 15µM 
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concentration as evident from early 
induction of embryogenesis (appp in 
globular stage). But putrescine in all 
concentration inhibited embryogenesis in 
general. All the calli were incubated in 
semisolid MS medium supplemented in 
1.0µM Kn. The growth pattern and 
promoting or inhibiting effect of polyamines 
were shown in Table 1.  

In the following experiments, calli were 
placed in MS medium supplemented with 
1.0µM Kn, treated with different 
concentration and combination of spermine 
and spermidine and incubated for 25 days. 
Putrascine was discarded as it inhibits 
embryo formation. Among the different 
concentration and combination, only 10µM 
spermine &15µM spermidine and 15µM 
spermine & 15µM spermidine, were shown 
vigorous embryogenesis. The growth 
behavior of treated calli was shown in Table 
2:  

From the result of spermine and spermidine 
combination, it were clear that only 10:15 
µM and 15:15 µM combination influenced 
to generate embryogenesis within short 
period compared with control and other 
combinatorial sets. Probably these two 
combinations were found as critical 
concentration for induction of 
embryogenesis.   

The best concentration and combination of 
perivious two groups of experiments were 
selected for third group of experiments by 
preparing 5 sets combination suspension 
culture from previous experimental results 
and different embryogenic developmental 
stages were found.  

(1) Control set- MS medium +1.0µM Kn 
(2) Set1 - MS medium +1.0µM Kn 
+15µM spermine 
(3) Set 2- MS medium +1.0µM Kn 

+15µM spermidine 
(4) Set3- MS medium +1.0µM Kn 

+10µM spermine +15µM spermidine 
(5) Set 4- MS medium +1.0µM Kn 

+15µM spermine +15µM spermidine  

The different stages of embryos in different 
sets were shown in Table 3.  

From the result of suspension culture, a very 
few embryo   formation   were found in 
control sets.  The highest percentage of 
torpedo shaped embryo were found in set 4 
(86%)   and set 3 (79% ) on day 
6.Surprisingly  there were very low number 
of torpedo shaped embryo found in set 
1(42% ) and set 2 (41%) on day 6. (Fig 3& 
4)  

Germination Behavior of Encapsulated 
Seeds From Suspension Culture   

The encapsulated embryos of different 
stages (globular, heart-shaped, and torpedo) 
were transferred into semi-solid MS medium 
supplemented with NAA:BA (1.0:1.0µM) 
after 30, 45, and 60 days of storage in 4ºC 
dark condition to study the germination 
behavior of  embryos in different stages 
shown in (Fig 5-7) & table 4.  

The germination rate of storage embryos 
was very surprising. There were different 
types of combination and concentration of 
polyamines for development of somatic 
embryos. It was found that combinatorial 
effect of two polyamines viz; spermine and 
spermidine much more effective for somatic 
embryogenesis in terms of number of days. 
All those combination used in suspension 
culture were previously selected solid 
culture experiment results along with the 
control set. In all sets no globular embryo 
(collected from suspension culture on day 4) 
survived, so germination was nil. The heart 
shaped embryo germination rate were also 
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very poor in all the sets except in set 3 
where germination % were (Collected from 
suspension culture on day 5) 20 after 30 
days, 16 after 45 days, 10 after 60 days. The 
torpedo shaped embryo germination results 
much better compared to others, especially 
in set 3 and set4 (Fig 8).  

The best result of germination %  were 40 in 
set 3 and 38 in set 4 after 30 days of storage 
.It was decreased after 45 days of storage in 
set 4 (germination 24%) but maintained 
consistency  in set 3 (germination 38%). 
After 60 days of storage of torpedo shaped 
embryo, set 4 showed poor result in 
germination % only 6 whereas set 3 have 18 
germination % after same days of storage. 
From the above result, set 3 was the best 
combination and concentration of 
polyamines to induced somatic 
embryogenesis faster and maintaining viable 
embryo up to 60 days.   

Vegetative propagation of the plant  
Clerodendrum indicum (L.)Kuntze has been 
found extremely difficult because of two 
main reasons: (1) fruits are mostly abortive 
in nature, seeds are non-viable and 
germination rates of the viable seeds are 
remarkably low (more or less 10-15%) (2) 
non- availability of elite germplasm. Clonal 
multiplication through explants is 
advantageous over conventional propagation 
methods as it overcomes these hindrances 
and a large number of plants can be 
produced within a limited time.  One major 
disadvantage of clonal multiplication is 
problem of proper storage. In this context, 
artificial seed production is a valuable and 
cost-effective option which has vast 
application in different fields of plant 
biotechnology (Gray, 1997). Sometime long 
term storage of plant species in gene bank is 
not possible because of desiccation. The 
artificial seeds can be an alternative 
mechanism by which i) to improve the 
vigour of regenerated plant through 

embryogenic suspension ii) carry out 
conservation of somatic embryo in room 
temperature or alternatively by using 
cryopreservation (Leprince et.al; 1993).  

In our experiment, apical leaf as a explants 
produced different types of calli, but 
embryogenic calli which was most suitable 
for somatic embryogenesis produced only in 
MS medium supplemented with NAA: BA 
(1.0:1.0µM) combination. This combination 
inducing vigorously grown green, compact, 
embryogenic calli which later produced 
viable somatic embryo supplemented with 
1.0µM Kn in MS medium. In Rhinacanthas 
nasuta, another important medicinal plant 
also produced embryo incubated 
embryogenic calli in ½ MS medium. 
(Cheruvathur et.al; 2013). The production of 
somatic embryo by indirect embryogenesis 
depends on various factors such as role of 
genotype, explants age, carbon source and 
production of ethylene inducting factors( 
Mandal, et.al; 2001). There is no report on 
direct embryogenesis on this plant. The 
inhibitory agent of ethylene production such 
as, silver nitrate, DNP was decreasing rate 
of somatic embryo production. Free 
polyamines such as spermine, spermidine, 
and putrescine use to increase the rate of 
somatic embryogenesis, by increasing the 
activities of three enzymes ornithine 
decarboxylase (ODC), arginine 
decarboxylase (ADC) and S-
adenosylmethionine decarboxylase 
(SAMDC) in early stage of embryo culture 
(Kaur-sawhney et.al; 2003).Putrescine  
synthesize from two amino acids- arginine 
and ornithine which later converted into 
spermidine and spermine by successive 
transfer of aminipropyl group from 
decarboxylated  S-adenosylmethinine .This 
aminopropyl group come from the 
methionine which is sole precursor of 
ethylene biosynthesis (Kaur-sawhney et.al; 
2003). 
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Table.1 Effect of different concentrations of polyamines on somatic embryo development   

(-) No response  

Table.2 Effect of spermine and spermidine combination on somatic embryogenesis  

Concentration of Polyamines (µM)

 

Spermine  Spermidine  
Days taken for Embryogenesis 

(Globular Stage) 
0 0 30±5 

5 5 30±5 

5 10 25±5 

5 15 25±5 

10 5 25±5 

10 10 25±5 

10 15 15±5 

15 5 25±5 

15 10 25±5 

15 15 15±5 

   
Fig.1 Green embryogenic calli of NAA :BA (1.0:1.0 µM) after 21±2  days  

 
Days Taken For Embryogenesis (Globular stage)  Effective 

Concentration of 
Polyamines (µM) 

Spermine Spermidine Putarscine 

0 30±5 30±5 30±5 
5 30±5 30±5 - 

10 21±2 23±2 - 
15 15±5 10±5 - 
20 30±5 30±5 - 
25 30±5 30±5 - 

Green embryogenic calli 
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Table.3 Different Stages of embryo development in various treatment sets  

Age of Suspension culture Treatment

 
Day 1 Day 2 Day 3 Day4  Day 5  Day 6  Day7 

Control  - - - 2.33% 
globular 
shape 

5.66% 
Heart 
shape  

8% 
torpedo 
shape 

3% 
torpedo 
divides 

Set 1 - - - 23% 
globular  
Shape  

44% 
heart 
shape 

42%  
torpedo 
shape  

35% 
torpedo 
divides 

Set2 - - - 29% 
Globular 
Shape  

43% 
Heart 
shape 

41% 
torpedo 
shape  

34% 
torpedo 
divides 

Set3 - - - 46% 
Globular 
Shape  

46% 
heart 
shape 

79% 
torpedo 
shape  

76% 
torpedo 
divides  

Set4 - - - 57% 
Globular 
Shape 

59% 
Heart 
shape 

86% 
torpedo 
shape  

78% 
torpedo 
divides 

  

Table.4 Germination behavior of different stages of embryos variation with storage time   

Treatment 
Set 

Treatment Days of 
culture 

Embryo type

 

Days of 
storage 

% of 
Germination 

30 - 
45 - 

4   Globular  

60 - 
30 2 
45 - 

5 Heart 
shaped 

60 - 
30 5 
45 2 

6 torpedo 

60 - 
30 6 
45 1 

      

Control       MS + 1.0 µM 
Kn 

7 Late-torpedo

 

60 - 
30 - 
45 - 

4 Globular  

60 - 
30 10 
45 4 

5 Heart shape 

60 2 
30 18 
45 4 

      

SET 1       MS+1.0 µM 
KN+15µM 
spermine 

6 Torpedo 

60 2 
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30 10 
45 3 

7 Late torpedo 

60 1 
30 - 
45 - 

4 Globular 

60 - 
30 8 
45 6 

5 Heart-shape 

60 2 
         30 18 

45 14 
6 Torpedo 

Shape 
60 10 
30 12 
45 2 

         

SET 2         
MS+1.0µM 
KN+15µM 
Spermidine 

7 Late-torpedo 

 

60 2 
30 - 
45 - 

4 Globular 

60 - 
30 20 
45 16 

5 Heart-shape 

60 10 
30 40 
45 38 

6 Torpedo 

60 18 
30 36 
45 2 

      

SET 3      
MS+1.0µM 
KN+10µM 

Spermine+15µM 
Spermidine 

7 Late torpedo 

60 - 
30 - 
45 - 

4 Globular 

60 - 
30 8 
45 2 

5 Heart-shape 

60 2 
30 38 
45 24 

6 Torpedo 

60 6 
30 28 
45 - 

    

SET 4  

MS+1.0µM 
KN+15µM 
Spermine+15µM 
Spermidine 

7 Late torpedo 

60 - 
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Fig.2 Calli with somatic embryo of 1.0µM Kn after 35 days of culture  

 

Fig.3 Globular Shaped embryo collected from suspension culture of SET 3    

  

Fig.4 Torpedo shaped embryo collected from suspension culture of SET 3  

 
Green calli with somatic 
embryo  

Globular Shaped embryo  

Torpedo shaped embryo 
showing cells 
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Fig.5 Germination of embryo after 30 days of storage in SET 3 in MS medium  

  

Fig.6 Rooting as well as shooting from germinated encapsulated embryo from SET 3    

         
Shooting from germinated 
embryo 

Emergence of rooting  

Emergemce of green leaves 
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Fig.7 Formation of beads (torpedo shaped embryo of SET 3)  in petridish  

  

Fig.8 Correlation between days of storage and germination percentage of torpedo  
shaped embryo  

  

Figure.1  The Abilities of the Mutans Streptococci Bacterial Isolates to Express GTF.  

On the other hand, polyamines also 
produced the osmotic stress into the 
culture condition.For example, Cereal 
leaves use for protoplast isolation shows a 
rapid increase in arginine decarboxylase 
activity (ADC), a massive accumulation of 
putrescine, and slow conversion of 

putrescine to the higher polyamines, 
spermidine and spermine (Flores & 
Galston, 1984). Mesophyll protoplasts 
from these leaves, which have a high 
putrescine ratio, do not undergo division. 
By contrast, in Nicotiana, Capsicum, 
Datura, Trigonella, and Vigna, dicot 
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genera those readily regenerate plants 
from mesophyll protoplasts, the response 
of leaves to osmotic stress is opposite to 
that in cereals. Putrescine titer as well as 
arginine and ornithine decarboxylase 
activities decline in these osmotically 
stressed dicot leaves, while spermidine 
and spermine titers increase. Thus, the 
putrescine ratio is compared to other 
polyamines in Vigna protoplasts, which 
divide readily,  4-fold lower than in oat 
protoplasts and divide poorly (Tiburco 
et.al; 1997).   

During our experiment, it was noticed that 
putrascine developed inhibitory effect 
during somatic embryogenesis whereas 
spermine and spermidine had promoting 
effect. It may be possible that osmotic 
stress produced by putrescine was 
developed a huge osmotic stress which 
was not favorable for embryogenesis 
rather than other two polyamines. It also 
may happen the inactivity of some 
polyamine synthesis enzyme, just like 
Arabidopsis plant, where orinithin 
decarboxlase (ODC) absent and polyamine 
synthesis regulated by only arginine 
decarboxylase (ADC) (Hanfrey et.al; 
2001). It is also reported that frequency of 
somatic embryo is not increased by 
increasing osmotic potential, rather 
emergence of somatic embryo 
significantly enhanced by increasing 
osmotic potentials (jain et.al;1995).  

During the storage of synthetic seed, 
proper condition is essential for storage. In 
rice, it is found that pH is one of the major 
factors for survival of artificial seed (Tang 
& Shi, 2007). In our experiment, 5.8 found 
to be optimum pH for storage. Thus, 
slightly low pH was useful to prevent 
seeds from microbial infection but when 
pH was too low or too high then it had 
some adverse effect on seed survival and 

subsequent germination. Temperature is 
another important factor for seed storage. 
Room temperature is not suitable storage 
of synthetic seed. In our experiment 
optimum temperature of artificial seed 
storage was 4 C. Similar report is also 
shown in Dendrobium (Zhang et.al; 2001).   
In our experiment, torpedo stage embryo 
of SET 3 combination showed maximum 
germination percentage after 30 days (40 
%) and 45 days (38 %) of storage. It may 
be possible that a particular concentration 
of polyamine may enhance and help to 
acclimatize the embryo to cope with 
desiccation.  

The germination of torpedo shaped 
embryo were 40% in set 3 and 38 %  in set 
4 after 30 days of storage .It was decreased 
after 45 days of storage in set 4 (24% only 
germinate) while maintaining the viability  
in set 3 (38 % germinate), but after 60 
days of storage of torpedo shaped embryo 
of both sets (3 and 4 )  showed poor result 
in germination (only 6 % in set 4 and 18% 
in set 3 ). So from the germination 
percentage studies set 3 was the best 
combination and concentration of 
polyamine to induced somatic 
embryogenesis faster and maintaining 
viable embryo up to 60 days in the plant 
Clerodendrum indicum. Beside the rapid 
and mass propagation of plants, the 
artificial seed propagation technology 
added a new dimension not only handling 
of plants, but also conservation of 
endangered and desirable genotypes. The 
primary objective of   artificial seed was to 
recover plantlet including root and shoot 
from artificial seed under in vitro   as well 
as field condition. Moreover, the 
development protocol for an important 
medicinal Clerodendrum indicum may be 
useful for regeneration of plantlets as well 
as storage for conservation of germplasm.   
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Finally, we could achieve standard, 
reproducible protocol for polyamines 
induced somatic embryogenesis for a bit 
little exploded medicinal plants. 
Moreover, such embryos when 
encapsulated revealed greater longevity 
with better germination response. This 
protocol assumes importance not only 
from conservation aspect of this medicinal 
plant but also serves the purpose of 
explorative search of novel drugs till 
unknown to pharmaceutical science.  
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