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ABSTRACT 
 

The technology provides methods for preparation of seed analogues called synthetic seeds or artificial seeds 
from the micropropagules like somatic embryos. The rapid improvement in somatic embryogenesis methods 
allow the use of somatic embryos in plant micropropagation as synthetic seeds. Plant propagation using artificial 
or synthetic seeds developed from somatic and not zygotic embryos opens up new vistas in agriculture. A 
description of the somatic embryogenesis, artificial seed formation and uses are reviewed in this paper. 
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In vitro propagation: 

 
Techniques of micropropagation or in vitro cultivation have emerged as alternatives for species that do not 

have the property of producing viable seeds, that is, species that cannot germinate and develop adequately in 
their natural environment (González et al., 2004).  

Experiments with tissue culture began in the nineteenth century when two German biologists, M. J. 
Shleiden and T. Shwann, reported that the whole plant can be reconstituted whenever cells from some plants 
were removed (Bonga and Aderkas, 1992). This experiment led to the concept of totipotency, suggesting that 
each cell is a unit capable of originating a new organism, and that each cell from a multicellular organism 
retains the information present in the fertilized ovule. Totipotency stimulates the regeneration of plants with 
small tissue mass and isolated cells and, consequently, undetermined plant cells may show totipotency, plus a 
high degree of plasticity to physical and environmental stimulus (Mantell et al., 1994; Cirino and Riede, 1999). 

in vitro propagation of plants has offered producers enough high quality seedlings to meet this demand in a 
short period of time (Tombolato and Costa, 1998). Tissue culture is a process by which small fragments of live 
tissue, called explants, are cultivated under aseptic conditions in a culture medium. Suitable recipients are kept 
in environments under controlled luminosity and temperature. This technique is available to breeders and can be 
used in practically all stages of a breeding program, from preservation and interchange of genetic resources and 
increase of the genetic variability to the selection and multiplication of superior genotypes (Mantell et al., 1994; 
Cirino and Riede, 1999).  

The application of plant tissue culture techniques is one of the most frequently used strategies for 
commercial micropropagation of plants. Somatic embryogenesis is the most widely adopted regeneration system 
for many plant species (Malabadi et al., 2004; Malabadi and van Staden, 2006; Aronen et al., 2007, 2008; Park 
et al., 2009; Malabadi et al., 2011; Malabadi and Teixeira da Silva, 2011). 

 
Somatic embryogenesis: 

    
The first descriptions of in vitro somatic embryo production were carried out independently by Steward et 

al.(1958); Reinert(1959) working with carrot, recently Krikorian and Simola (1999) underlined the less noticed 
pioneer role of Harry Waris, working with Oenanthe aquatic (Umbelliferae). The early history of somatic 
embryogenesis has been reviewed elsewhere (Raghavan, 1986; Halperin, 1995; Krikorian and Simola, 1999). 
Since these first studies, the number of higher plant species from which somatic embryos could be obtained and 
regenerated has continuously increased.  

The application of biotechnology in plant breeding requires efficient in vitro regeneration procedures. 
Somatic embryogenesis is a desirable method of plant regeneration (Williams and Maheswaran, 1986). The 
somatic embryogenesis can be immersed in a protective matrix constituting an artificial or synthetic seed, 
providing a convenient method for the propagation by cloning of elite plant varieties or species that are difficult 
to propagate in their natural environment (Fujii et al., 1987). Plant regeneration via somatic embryos start with 
one or only a few cells, this type of regeneration is important for plant multiplication, mass production and plant 
biotechnology such as clonal propagation and especially genetic transformation (Gordon-Kamm et al., 1990). 
Finding the right conditions to induce somatic embryogenesis in different species and cultivars is yet, for the 
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greater part, based on trial and error experiments (Jacobsen, 1991; Henry et al., 1994) analyzing the effect of 
different culture conditions and media and modifying especially the type and levels of plant growth regulators. 
Somatic embryos can be encapsulated in various gelling systems to form artificial seeds which are easily stored 
and transported long distance (Ghosh and Sen, 1994). The use of somatic embryos as artificial seeds is 
becoming more feasible as the advances in tissue culture technology define the conditions for induction and 
development of somatic embryos in an increasing number of plant species (Jain et al., 1995). Due to the 
presence of well-developed root and shoot primordia, somatic embryos germinate easily to produce plantlets 
without an additional step of rooting (Laux and Jurgens, 1997). They have also been used in commercial plant 
production and for the multiplication of parental genotypes in large-scale hybrid seed production (Bajaj, 1995; 
Cyr, 2000). The success of this technique depends on the development of a series of processes that influence the 
genotype of the mother or donating explant and the concentration of exogenous plant growth regulators, which 
in adequate combinations would allow for obtaining a determinant embryogenic response for the production of 
somatic embryos (Guerra et al., 2001). In this pathway, cells or callus cultures on solid media or in suspension 
cultures form embryo-like structures called somatic embryos, which on germination produce complete plants. 
The primary somatic embryos are also capable of producing more embryos through secondary somatic 
embryogenesis.  

Although, somatic embryogenesis has been demonstrated in a very large number of plants and trees, the use 
of somatic embryos in large-scale commercial production has been restricted to only a few plants, such as carrot, 
date palm, and a few forest trees. Somatic embryos are produced as adventitious structures directly on explants 
of zygotic embryos, from callus and suspension cultures. Somatic embryos and synthetic seeds (embryos 
encapsulated in artificial endosperm) hold potential for large-scale clonal propagation of superior genotypes of 
heterogeneous plants (Redenbaugh et al., 1993; Mamiya and Sakamoto, 2001). Among the micropropagation 
techniques is somatic embryogenesis or the regeneration of embryos based on the vegetative tissue as an 
efficient technique that allows for the mass propagation of selected genotypes, for productive and conservation 
purposes (Castellanos et al., 2004). Although plant regeneration through direct and indirect organogenesis has 
been reported in strawberry (Jones et al., 1988; Monticelli et al., 1995; Boxus, 1999; Kauahal et al., 2004). 
Natural seeds are usually genetically heterogeneous and much time is needed to produce seeds that are 
homogeneous in terms of their genes. However, if developing embryos obtained by somatic embryogenesis are 
used directly for propagation of plants or are encapsulated in a suitable material that promotes germination, 
plant propagules with the same genes as the mother plant can be obtained simply and standard laborious 
breeding procedures can be avoided. This process of planting can be easily mechanized and this allows the 
direct delivery of tissue cultured plant propagules to the field. It also provides rapid bulking up for the 
production of individual genetically engineered plants. Usually somatic embryogenesis occurs at low frequency 
and at different development stages of somatic embryos are always present in a given culture. A large number of 
embryos at a given stage is needed as starting material for such purposes (Latif et al., 2007). 

 
Synthetic seeds: 

 
The concept of production and utilization of synthetic seeds (somatic embryo as substitutes for true seeds) 

was first suggested by Murashige in 1977 (Bajaj, 1995; Cyr, 2000).  
Synthetic seeds can be produced either as coated or non-coated, desiccated somatic embryos or as embryos 

encapsulated in hydrated gel (usually calcium alginate) (Redenbaugh et al., 1993). Successful utilization of 
synthetic seeds as propagules of choice requires an efficient and reproducible production system and a high 
percentage of post-planting conversion into vigorous plants. Artificial coats and gel capsules containing 
nutrients, pesticides and beneficial organisms have long been thought as substitutes for seed coat and endosperm 
(Bajaj, 1995). However, this technology is still in the developmental stage, and currently cannot compete with 
the other methods of commercial plant propagation (Cyr, 2000). 

Synthetic or artificial seeds have been defined as somatic embryos engineered for use in the commercial 
propagation of plants (Gray and Purohit, 1991; Redenbaugh, 1993). Earlier, synthetic seeds were referred only 
to the somatic embryos that were of economic use in crop production and plant delivery to the field or 
greenhouse (Gray and Purohit 1991; Janick et al., 1993). Synthetic seeds are defined as artificially encapsulated 
somatic embryos, shoot buds, cell aggregates, or any other tissue that can be used for sowing as a seed and that 
possess the ability to convert into a plant under in vitro or ex vitro conditions and that retain this potential also 
after storage (Capuano et al., 1998). In the recent past, however, other micropropagules like shoot buds, shoot 
tips, organogenic or embryogenic calli, etc. have also been employed in the production of synthetic seeds. Thus, 
the concept of synthetic seeds has been set free from its bonds to somatic embryogenesis, and links the term not 
only to its use (storage and sowing) and product (plantlet) but also to other techniques of micropropagation like 
organogenesis and enhanced axillary bud proliferation system (Hussain et al., 2000).          

 Artificial seed production is a potential technique for plant multiplication and preservation, especially as it 
has been considered to be promising for propagation of no-seed producing plants, transgenic plants and other 
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plants that need to keep superior traits by mesns of asexual propagation (Saiprasad, 2001). Plant artificial seed in 
a narrow sense, means the beads formed by encapsulating somatic embryo with coating materials. Its effect 
varied with different species, coating materials, maintained solutions and its concentration and condition (Nhut 
et al., 2005). Kamada (1985) presented a general concept of plant artificial seed, in which all kinds of plant 
explants with germination ability can be used for artificial seed production.  Nowadays, it is widely used in 
many plants (Slade et al., 1989; Fukai et al., 1994; Stephen and Jayabalan, 2000; Ipekci and Gozukirmizi, 2003; 
Halmagyi et al., 2004; Nhut et al., 2005). Artificial seed production is an outstanding technique used to 
propagate and preserve plants and has been applied on many plants (Wang and Qi, 2010). 

Artificial seed would provide an easy and novel propagation system for the elite as well as difficult to root 
species (Bapat et al., 1987). Also, encapsulation of propagules that were produced in vitro could reduce the cost 
of micropropagation of plantlets for commercialization and final delivery (Chu, 1995) This technology may be 
of value in breeding programs and allows the propagation of many elite genotype-derived plants in a short time 
(Nieves et al., 1998). Synthetic seed technology is an alternative to traditional micropropagation for the 
production and delivery of cloned plantlets. Several aspects of the technique are still underdeveloped and hinder 
its commercial application (Brischia et al., 2002). This technology also has been employed for germplasm 
storage and exchange purposes as reported by (Danso and Ford-Lloyd, 2003). The first indications of artificial 
seed propagation were reported in annual crops such as alfalfa (Medicago sativa L.) and sugar cane (Saccharum 
spp.). Currently, systems of artificial seed production have progressed substantially in this area, the most 
advanced being in seeding under ex vitro or field conditions, obtaining high percentages of conversion to plants 
(Fujii et al., 1987; Nieves et al., 2003). Several researchers suggest that to control growth and facilitate the 
germination of somatic embryogenesis, the synthetic endosperm can simulate an endosperm of sexual origin, 
containing one or several compounds such as: nutrients, growth regulators, anti-pathogens, herbicides, bio-
controllers and bio-fertilizers, among others, with the aim of ensuring the conversion of the plant and its 
development in the field (Castillo et al., 1998; Kumar et al., 2004; Malabadi and Van Staden, 2005).  

Development of efficient in vitro techniques to ensure its safe conservation is therefore of paramount 
importance. Due to its ease of handling and quick of conversion to plantlets, in vitro regenerated bulblet seems 
to be the sutiable explant for germplasm preservation of garlic. In vitro bulblets formation of garlic largely 
dependent on growth regulators and sucrose in culture media (Matsubara and Chen, 1989 ; Nagakubo et al., 
1993), as well as other conditions such as cultivar, photoperiod and temperature. The further spreading and 
application of artificial seed is based on many factors, including the efficiency of the existing explants 
regeneration system, relative cost of a specific application for a given plant species, etc. For example, the 
synthetic seed of seedless watermelon would be less costly than the conventional seed (Saiprasad, 2001).  
Because garlic is sterile, it is vegetatively propagated by cloves and air bulbils, (Shawky 2006) showed that 
encapsulation of in vitro grown bulblets of garlic is a suitable system for mid-term storage of garlic tissue 
cultures since encapsulation saves space, time and resources and it demonstrates advantages over conventional 
method is of shoot multiplication repeated by sub-culturing , also this method considered a very good tool to 
exchange the garlic germplasm between countries and international plant gene banks. Encapsulation of in vitro 
grown bulblets of garlic is a suitable system for mid-term storage of garlic tissue cultures since encapsulation 
saves space, time and resources and it demonstrates advantages over conventional method is of shoot 
multiplication repeated by sub-culturing, also this method considered a very good tool to exchange the garlic 
germplasm between countries and international plant gene banks. (Huda and Bari, 2007) found that artificial 
seed in eggplant can offer a new avenue for supporting the program of genetic engineering providing an exciting 
asexual propagation bridge for readily multiplication of transformed plants. Gona and Omid (2008) 
demonstrated that somatic embryos could successfully be converted to fully formed plants, this work should 
facilitate genetic transformation and artificial seed production in strawberry. It was successful in developing and 
optimizing a procedure of the production and storage of sweet corn synthetic seeds by encapsulating somatic 
embryos in calcium alginate hollow beads and retrieving plantlets, as an alternative sweet corn propagation 
practice (Thobunluepop et al., 2009). It was successful to production and storage of synthetic seeds in 
Coelogyne breviscapa Lindl (Mohanraj et al., 2009). Genetically uniform production of synthetic seeds of 
cucumber by standardizing culture conditions to induce somatic embryogenesis synchronously and at high 
frequency in cell suspension culture. Since the production of genetically stable and true-to-type plant is desired 
for production of synthetic seeds, AFLP analysis is linked to ensure the genetic integrity of mother plants 
(Tabassum et al., 2010). Olive plantlets regenerated from synthetic seeds, and well developed root system was 
successfully acclimatized under ex vitro conditions. The protocol can be used for germplasm exchange of 
woody trees and preparation of synthetic seed (Muhammad et al., 2010). (Ma et al., 2011) showed that P. 
heterophylla artificial seed production and the formation of in vitro plants derived from these synthetic seeds 
were feasible, and the benefit that could be conferred by their use would be very great. Direct somatic 
embryogenesis and synthetic seed production from Tylophora indica (Burm.f.) merrill an endangered, important 
plant (Devendra et al., 2011). 
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Usefully of applied synthetic seeds: 
 
Some crop species have genotypes which do not produce seeds and others, have either sterile genotypes or 

produce orthodox seeds which are highly heterozygous and are therefore of limited interest for the conservation 
of particular gene combinations. These species are mainly propagated vegetatively to maintain clonal genotypes. 
At present, the common methods to preserve the genetic resources of these problem crop species are as tuber, 
bulbs and corms. There are, however, several serious problems with these methods (Withers and Engels, 1990). 
The collections are exposed to natural disasters and attack by pests and pathogens; moreover, labour costs and 
the requirement for technical personnel are very high. In addition, distribution and exchange from field gene 
bank is difficult because of the vegetative nature of the material and the greater risks of disease transfer. In vitro 
techniques are of great interest for the collecting, multiplication and storage of plant germplasm (Engelmann, 
1991). There are several potential uses of synthetic seeds of those crop plants that are vegetatively propagated 
and have long juvenile periods, e.g. citrus, grapes, mango, etc. The planting efficiency of such crops could 
theoretically be increased by the use of synthetic seeds instead of cuttings. Synthetic seeds have been found 
highly advantageous for germplasm conservation in grape and other similar crops (Gray and Purohit, 1991). By 
combining the benefits of a vegetative propagation system with the capability of long-term storage and with 
clonal multiplication, synthetic seeds have many diverse applications in agriculture (Gray and Purohit, 1991; 
Redenbaugh et al., 1991; Redenbaugh, 1993). Encapsulation is expected to be the best method to provide 
protection and to convert the in vitro derived propagules into‘synthetic seeds’ or ‘synseeds’ or ‘artificial seeds 
’(McKersie et al., 1993 ; Redenbaugh et al., 1993). Moreover, establishment of synthetic seeds have multiple 
advantages including ease of handling, potential long-term storage and low cost of production and supsequent 
propagation (Ghosh and Sen, 1994). The potential uses of artificial seeds are reduced costs of transplants, study 
of seed coat formation, maintains genetic uniformity in plant, large scale propagation methods, rapid 
multiplication of plants, easy of handling while in storage and has potential for long term storage without losing 
viability. This kind of capsule could be useful in exchange of sterile material between laboratories due to small 
size and relative ease in handling these structures, or in germplasm conservation with proper preservation 
techniques (Piccioni and standardi, 1995), or even in plant propagation and nurseries, if the development of the 
plant could be properly directed towards proliferation, rooting, elongation, etc. (Piccioni and standardi, 1995; 
Piccioni, 1997; Capuano et al., 1998).  

In this respect, natural unipolar propagule like microbulbs, rhizomes, protocorms (Standardi and Piccioni, 
1998; Datta et al., 1999; Saiprasad and Polisetty, 2003), nodal cuttings (Danso and Ford-Lloyd, 2003) and shoot 
buds (Uozumi and Kobayashi, 1995; Micheli et al., 2002) besides bipolar somatic embryos (Gary and Purohit, 
1991; Patel et al., 2002) have been subjected to encapsulation for storage, easy handling, transport, delivery and 
their establishment under in vitro and/or extra vitrum conditions. 

In some crop species seed propagation has not been successful. This is mainly due to heterozygosity of 
seed, minute seed size, presences of reduced endosperm and the requirement of seed with mycorrhiza fungi 
association for germination, and also in some seedless varities of crop plants such as watermelon and Grape. 
Some of these species can be propagated by vegetative means. However, in vivo vegetative propagation 
techniques are time consuming and expensive. The artificial seed system can also be employed in the 
propagation of male or female sterile plants for hybrid seed production .Artificial seeds produced in tissue 
culture are free of pathogen. The artificial seeds can be used for specific purposes, notably multiplication of 
non–seed producing plants (currently propagated by cuttings or corms). Furthermore, transgenic plants, which 
require separate growth facilities to maintain original genotypes may also be preserved using somatic embryos 
.Somatic emberyogensis is a potential tool in the genetic engineering of plants. Potentially, a single gene can be 
inserted into a somatic cell. Development of artificial seed production technology is currently considered as an 
effective and efficient alternate method of propagation in several commercially important agronomic and 
horticultural crops. It has been suggested as a powerful tool for mass propagation of elite plant speices with high 
commercial value .In plant breeding programs of cross pollinating species, this technology might provide an 
alternative way to store germplasm instead of a field or greenhouse nursery. Synthetic seeds also offer the 
opportunity to store genetically heterozygous plants or other plants with unique gene combination that can not 
be maintained by conventional seed production due to genetic recombination that occurs at each generation of 
seed increase. Artificial seed production is a potential technique for plant multiplication and preservation, 
especially as it has been considered to be promising for propagation of no-seed producing plants, transgenic 
plants and other plants that need to keep superior traits by means of asexual propagation (Saiprasad, 2001). 
Currently, systems of artificial seed production have progressed substantially in this area, the most advanced 
being in seeding under ex vitro or field conditions, obtaining high percentages of conversion to plants (Fujii et 
al., 1987; Nieves et al., 2003). Seed cultivation in soil is time consuming, easily interfered with climate and 
subject to re-infection by virus (Lin, 2004). It is the most effective technique for the propagation of plant species 
that have problems in seed propagation and plants that produce non-viable seeds (Daud et al., 2008). Synthetic 
seeds have the potential to be used as a substitute when plants fail to produce seeds naturally, or when they 



468 
Res. J. Agric. & Biol. Sci., 7(6): 464-477, 2011 
 

 

produce only a small number of fertile seeds. Therefore, the synthetic seeds production idea is to prepare a 
simple, inexpensive delivery unit of tissue culture propagated plants and a method for direct sowing of 
encapsulated material in the field. They have the possibility of being alternative planting material meant for 
forestry sector in the future, especially for the highly demanded species (Nor Asmah et al., 2011). 

 
Development of Somatic Emberyogensis and The Procedures of Producing Synthetic Seeds: 

 
In the carrot model described by (Komamine et al., 1992), competent single cells (State 0) formed 

embryogenic cell clusters (State 1) in the presence of auxin. These single cells are considered as predetermined 
for embryogenesis. During this phase, the cell clusters gained the ability to develop into embryos when auxin 
was removed from the medium, leading to the development of State 1 cell clusters (Nomura & Komamine, 
1985; Komamine et al., 1992).  

Embryogenic cells are unique: superficially they resemble meristematic cells, though they generally are 
smaller, more isodiametric in shape, have larger, more densely staining nuclei and nucleoli, and have a denser 
cytoplasm (Williams  and  Maheswaran, 1986; Carman, 1990). Once the induction of an embryogenic state is 
complete, the mechanisms of pattern formation that lead to the zygotic embryo are common to all other forms of 
embryogenesis (Mordhorst et al., 1997). Thus, somatic and zygotic embryos share similar gross on to genies, 
with both typically passing through globular, heart-shaped and torpedo-shaped stages in dicots, or globular, 
scutellar (transition), and coleoptilar stages in monocots (Gray et al., 1995; Toonen and  de Vries , 1996).  

Schiavone and Cooke (1985) described an intermediate growth stage between globular and heart-shaped 
embryos, that they termed the oblong embryo. Although heart- and torpedo-shaped embryos have traditionally 
been defined as separate stages of the embryo development, the distinction between them is apparently based on 
the difference in size. In the aforementioned model of (Komamine et al., 1992), describing the early process of 
embryogenesis, ‘Phase 1’ is designated as the first phase in the expression of somatic embryogenesis. This 
phase is induced by the transfer of State 1 cell clusters (already induced to express embryogenic development) 
to auxin-free medium. During this phase, cell clusters proliferate slowly and apparently without differentiation. 
After this phase, rapid cell division occurs in certain parts of cell clusters, leading to the formation of globular 
embryos (designated as ‘Phase 2’). In the following phase (Phase 3), plantlets develop from globular embryos 
through heart- and torpedo-shaped embryos. Expression of somatic embryogenesis might be triggered by 
different factors, depending on species, cultivar, physiological conditions of the donor plant and so on. 
However, as already mentioned, the most common procedure is the exclusion or reduction of the auxin (mainly 
2,4-dichlorophenoxyacetic acid [2,4-D]) concentration in the culture medium of embryogenic cultures induced 
with this plant growth regulator (Vìctor, 2001). 

 
1-Induction of Somatic Embryo Formation: 

 
According to the literature, somatic embryogenesis for a variety of plants has been achieved using a variety 

of media ranging from relatively dilute White’s medium (White, 1963) to the more concentrated formulations of 
somatic embryogenesis (Murashige and Skoog, 1962; Gamborg et al., 1968; Schenk and Hildebrandt, 1972), 
Over 70% of the successful cases used Murashige and Skoog (1962) salts or its derivatives (Evans et al., 1981). 
Of the plant growth regulators, auxin is known to be essential for the induction of somatic embryogenesis in 
some plant species, although 2,4-D is the most commonly used auxin. Other auxins may be required for certain 
species (Ammirato, 1983). Somatic embryo induction is usually promoted by auxins (Williams and 
Maheswaran, 1986). In some plant species, a combination of 2,4-D or NAA with cytokinin was reported to be 
essential for the induction of somatic embryogenesis (Kao and Michayluk, 1981; Gingeas and Lineberger, 1989; 
Schuller et al., 1989).  Inorganic components in the medium such as potassium, and organic components such as 
proline can modulate the embryogenesis or callus response, but they can not replace auxin (Shetty and 
McKersie, 1993). Genotypes within a given species vary greatly in embryogenic capacity (Merkle et al., 1995).  
For example, only NAA was found to induce somatic embryogenesis in Solanum melongena. Induction of 
somatic embryogenesis requires a change in the fate of a vegetative (somatic) cell. In most cases, an inductive 
treatment is required to initiate cell division and establish a new polarity in the somatic cell. The inductive 
treatment is most commonly 2,4-D but other auxins such as 2,4,5-T are effective. The auxin response is quite 
complex (McKersie and Brown, 1996). The synthetic auxin, 2,4-D is commonly used for embryo induction. In 
many angiosperms, e.g., alfalfa (McKersie and Bowley, 1993) and carrot (Lee et al., 2001), subculture of cells 
from 2,4-D containing medium to auxin-free medium is sufficient to induce somatic embryogenesis. The 
process can be enhanced with the application of osmotic stress, manipulation of medium nutrients, and reducing 
humidity. Selection of embryogenic cell lines has also been successfully used. For example, selection for unique 
morphotypes in grapevine cultures allows production of high quality embryos with predicable frequency 
(Jayasankar et al., 2002). Among the different auxins, 2,4-D has been the one most commonly applied for 
somatic embryo induction. Induction of somatic embryos on medium containing picloram has also been reported 
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in many species (Castillo et al., 1998; Mendoza and Kaeppler, 2002; Preeti and Kothari, 2004). Induction of 
somatic embryos on MS medium supplemented with 2,4-D from leaf explants of the pbgel-2000 strawberry 
cultivar (Biswas et al., 2007). Embryogenic callus culture of carrot (Daucus carota L.) was induced from the 
hypocotyls explants in MS medium supplemented with Casein hydrolysate, 2,4-D and BAP for somatic 
embryogenesis in vitro cell suspension cultures for high multiplication rate (Latif et al., 2007). Somatic embryos 
formed on media containing picloram alone (Gona and Omaid 2008). Friable, embryogenic calli of F1 cucumber 
(Cucumis sativus) cultivar, Royal, were induced from the hypocotyl pieces cultured on solidified MS-basal 
media supplemented with 2,4-dichlorophenoxy acetic acid (2,4-D) and benzyl amino purine (BAP). 
Embryogenic calli were transferred to liquid Murashige and Skoog (MS)-basal media supplemented with 5 μM 
naphthaleneacetic acid (NAA) and 1 μM BAP (Tabassum et al., 2010). The highest induction frequencies of 
somatic embryos were obtained on Murashige and Skoog (MS) medium supplemented with NAA 1.0 mg L-1 
and kinetin 2 mg L-1 and 3% sucrose (Devendra et al ., 2011). 
 
2-Suspension culture: 

 
In suspension, proembryogenic cell clusters form and can be separated from the single cells and the larger 

clumps of callus by sequentially sieving through nylon membranes of 500 and 224 mm pore size. The 
suspension, however, can not be maintained in this embryogenic state. If the 224-500 mm embryogenic fraction 
is placed back into suspension, the single cell population increases, the embryogenic cell clusters disperse and 
they become a progressively smaller proportion of the culture (Lai and McKersie, 1994). Identifying techniques 
to stabilize these embryogenic cultures is critical for the scale-up of this technology. The organic and inorganic 
components of the liquid suspension culture medium have been precisely defined, also physical factors 
including inoculants density (weight of callus added to 40 ml of liquid suspension) are also critical and show 
precise optimal values (McKersie and Brown, 1996). 

A major problem in large-scale production of somatic embryos is culture synchronization. This is achieved 
through selecting cells or pre-embryonic cell clusters of certain size, and manipulation of light and temperature 
(McKersie and Bowley, 1993), temporary starvation (Lee et al., 2001) or by adding cell cycle synchronizing 
chemicals to the medium, cytokinins seem to play a key role in cell cycle synchronization (Dobrev et al., 2002) 
and embryo induction, proliferation and differentiation (Schuller et al., 2000). The results show that the 
appropriate medium for P. heterophylla micro-tubers formation was the MS medium supplemented with 2.0 mg 
l-1 NAA, 500 mg l-1 CCC and 50 g l-1 sucrose; and the average number of micro-tuber reached 7.3 in each 
seedling under these conditions (Ma et al., 2011). 

     
3-Embryo Development and Maturation: 

    
The 2,4-D has been successfully used in a large number of somatic embryogenesis studies. It is an inhibitor 

for precocious embryo germination, whereby it allows embryo maturation to proceed in a more normal fashion, 
generally increasing the uniformity of produced embryos and reducing the development of abnormal forms 
(Ammirato, 1983). For the maturation of somatic embryos however, transfer to media containing a low 
concentration or devoid of 2,4-D was essential (Ammirato, 1983; Cheema 1989; Van der Valk et al., 1989; 
Komamine et al., 1990). The final stage of maturation is achieved by transferring the embryos to a medium 
containing ABA. This growth regulator apparently triggers a process leading to the expression of desiccation 
tolerance (Senaratna et al., 1990). Other physical treatments including cold, heat, osmotic or nutrient stress can 
elicit a similar response, presumably because they stimulate the endogenous synthesis of ABA (McKersie et al., 
1990). To allow development of somatic embryos from a sieved suspension culture, the fraction collected on the 
224 mm screen is spread in a thin layer on BOi2Y development medium lacking growth regulators. At 
approximately 4 days after sieving, green globular somatic embryos appear, enlarge, and develop through the 
heart stage into torpedo shaped embryos by days 7 - 10. Once at the torpedo stage, somatic embryos in culture 
typically germinate precociously into a seedling (Anandarajah and McKersie, 1990b). Redenbaugh et al., (1991) 
suggested that maturation of alfalfa, carrot and celery somatic embryos with ABA was also critical for 
conversion of somatic embryos into plantlets. Therefore, attempts have been made to induce somatic 
embryogenesis synchronously and at high frequency in cell suspension culture. If the embryos germinate, there 
is insufficient time to accumulate storage reserves or acquire desiccation tolerance, and the embryo does not 
become quiescent. Imposing an osmotic stress on the embryos by including 5-6% sucrose in the medium, 
instead of the normal 3%, prevents precocious germination and maintains embryogenic development. Because 
nutrition plays such a critical role in embryo maturation, physical factors that influence nutrition such as plating 
density (the number of somatic embryos per petri plate) must also be considered (Anandarajah and McKersie, 
1990 a&b; 1992). Light intensity (optimal at 75 mmol m-2s-1) is also critical at this stage of the culture process 
(Anandarajah and McKersie, 1992). Therefore, practices, such as stacking Petri plates, which create variable 
physical environments should be avoided. Differentiation of the embryo beyond the globular stage and its 
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subsequent maturation require the removal of growth regulators from the medium or reduction of the 
concentrations. Also, higher sucrose concentrations may cause osmotic stress, but promote somatic 
embryogenesis. It is known that the application of high sugar concentrations in media for somatic 
embryogenesis may affect cell osmolarity. This suggests that the osmotic effect of sucrose is what triggers the 
development of somatic embryos. This positive effect could mimic the changes in osmolarity that occur in the 
environment surrounding the zygote embryo within the seed (Merkle et al., 1995). In other plant species, 
increasing sucrose concentrations in the medium improved the development of globular somatic embryos (Ricci 
et al., 2002; Karami et al., 2006). Similar results have been reported in strawberry (Gona and Omid 2008) 
further, did not observe callus formation prior to embryo production on leaf explants, so direct embryogenesis 
apparently occurred. This study showed that somatic embryo development was halted at the globular stage on 
induction media containing picloram. They developed to cotyledonary stage when transferred to hormone free 
media. Immature zygotic embryo cultured on N6 medium, contained 2, 4-D 2 mg L-1 and sucrose 60 g L-1 form 
the embryogenic callus (Thobunluepop et al., 2009). The induced somatic embryoids showed all the stages of 
embryogenesis i.e., globular, heart and torpedo shaped structures. Sub-culturing of mature embryos lead to their 
germination on MS medium supplemented with NAA 1.0 mg L-1 and kinetin 2 mg L-1 with a germination 
frequency of 77.2% (Devendra et al ., 2011).  
 
4- Encapsulation: 

 
In 1984 Redenbaugh et al. (1984) developed a technique for hydrogel encapsulation of individual somatic 

embryos of alfalfa. Since then encapsulation in hydrogel remains to be the most studied method of artificial seed 
production (Redenbagh et al., 1990; McKersie et al., 1993). A number of substances like potassium alginate, 
sodium alginate, carrageenan, agar, gelrite, sodium pectate, etc. have been tested as hydrogels butsodium 
alginate gel is the most popular (Redenbaugh et al.,1993). However,  Molle et al. (1993) found that for the 
production of synthetic seeds of carrot, 1% sodium alginate solution, 50 mM Ca2+ and 20–30 min time period 
were satisfactory for proper hardening of calcium alginate capsules. They have suggested the use of a dual 
nozzle pipette in which the embryos flow through the inner pipette and the alginate solution through the outer 
pipette. As a result, the embryos are positioned in the centre of the beads for better protection. The technology 
of hydrogel encapsulation is also favoured for synthetic seed production from these micropropagules. To 
produce hydrated synthetic seeds, the somatic embryos are mixed with sodium alginate gel (0.5–5.0% w/v) and 
dropped into a calcium salt solution [CaCl2 (30–100 mM), Ca (NO3)2 (30–100 mM)] where ion-exchange 
reaction occurs and sodium ions are replaced by calcium ions forming calcium alginate beads or capsules 
surrounding the somatic embryos. The size of the capsule is controlled by varying the inner diameter of the 
pipette nozzle. Hardening of the calcium alginate is modulated with the concentrations of sodium alginate and 
calcium chloride as well as the duration of complexing. Usually 2% sodium alginate gel with a complexing 
solution containing 100 mM Ca2+ is used and is found to be satisfactory (Redenbaugh et al., 1990; Redenbaugh 
et al.1993; Ara et al., 1999). 

For production of synthetic seeds from apical shoot tips and axillary shoot buds, these organs are usually 
first treated with auxins for root induction and then their microcuttings (approximately 4 or 5 mm in length) 
areen capsulated in sodium alginate gel following the method described by Redenbaugh et al.(1984) for alfalfa 
somatic embryos. However, mulberry (Bapat and Rao 1990) and banana (Ganapathi et al., 1992) plantlets were 
obtained from alginate-encapsulated shoot buds without any specific root induction treatment. Different coating 
materials were tested such as hydrogel sodium alginate, polyethyleneimine and chitosan (Fujii et al., 1987; 
Redenbaugh et al., 1991; Kersulec et al., 1993; Tay et al., 1993). Furthermore, different preservation conditions 
were investigated (Aitken-Christie et al., 1995; Datta et al., 1999; Nhut et al., 2005).  

Although a variety of natural and synthetic polymers are available for encapsulation, sodium alginate is the 
most commonly used gel-matrix because of its easy gelling properties, non-toxicity and low cost. Different 
concentrations of sodium alginate ranging from 1.5 % to 6 % have been used for different systems (Bapat et al., 
1987; Ahuja et al., 1989; Sakamoto et al., 1995, Datta et al., 1999; Vij et al., 2001; Mondal et al., 2002).The 
literature notes the use of different substances (agar, gelrite) to encapsulate ES, with the manipulation of the 
concentration of sodium alginate and the exposure time to the complexing agent calcium chloride reporting the 
best results of germination and conversion to plants in woody species (Patel et al., 2000; Maruyama et al., 2003; 
Utomo et al., 2008). It was found that among the different concentrations tested, 3% sodium alginate and 
exposure to 100 mM CaCl2.2H2O solution for 30 min produced firm, clear, round and uniform optimal beads 
which were suitable for handling (Debojit et al., 2010). 
 
5- Desiccation toLerance: 

 
Desiccation tolerance is a characteristic of somatic embryos that must be induced and therefore requires a 

pretreatment with ABA or stress to elicit the desired response. The type of pretreatment used, the duration for 
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which it is applied and the stage of embryo that is treated are critical factors (Senaratna et al., 1989&1990; 
Lecouteux et al., 1993). Abscisic acid is crucial in all the stages of somatic development, maturation and 
hardening (Schuller et al., 2000; Nieves et al., 2001). 

In our hands, three days on a medium containing 20 mm ABA is sufficient to induce tolerance, but chilling 
requires almost 3 weeks. The rate of drying has secondary importance. If the embryos are immature, slow 
drying over one week is optimal, but if there are large numbers of fully mature embryos, rapid drying in a 
laminar flow bench is preferable (Senaratna et al., 1989; 1990). Before drying, the alfalfa somatic embryos 
contained high amounts of sucrose, glucose and fructose. After drying, the amounts of glucose and fructose 
were very low, and stachyose had increased proportionately, raffinose was also present, given the importance of 
these sugars in desiccation tolerance in seeds (Leprince et al., 1993), these changes might be quite significant. 
Desiccation tolerance is a quantitative characteristic not a qualitative one and embryos can have varying degrees 
of tolerance. This is especially true among different species, but is also evident with different inductive 
treatments (McKersie et al., 1994). Drying the somatic embryos promotes metabolic changes particularly in 
sugar metabolism (Horobowicz et al., 1995). Demonstrated that somatic embryos could successfully be 
converted to fully formed plants. This work should facilitate genetic transformation and artificial seed 
production in strawberry (Gona and Omid 2008). 
 
6-Germination and Green House or Field  Planting:  

 
Dry somatic embryos lack the vigour normally associated with seedlings from normal seeds. The reason for 

this is not obvious, although there are several possibilities. The dry somatic embryos may lack storage proteins 
or some other critical component required after germination by the seedling. Storage protein levels have been 
increased with some improvement in vigour (Lai et al., 1992; Lai and McKersie, 1994). Somatic embryos store 
starch and sucrose, whereas seeds store a hemicellulose in the cell walls of the endosperm called galactomannan 
(McCleary and Matheson, 1974; 1976). We thought initially that perhaps this carbohydrate was not available to 
the germinating somatic embryo, but this is not correct because the starch and sucrose reserves in the dry 
somatic embryos are rapidly depleted after imbibition (Lai et al., 1995). In some instances, there may be injury 
to the somatic embryo if the proper drying procedure is not used (Lecouteux et al., 1993). In comparison to 
seeds, water uptake during imbibition of dry somatic embryos is quite rapid. Because the somatic embryo lacks 
a testa, there is no barrier to water uptake. Imbibitional injury is therefore another possible cause of poor 
seedling vigour in the synthetic seeds. Prehydration of the somatic embryos in a moist atmosphere (100% 
relative humidity generated in a sealed chamber over water) for 24 h improves the vigour of some but not all 
batches of somatic embryos. The most probable cause of poor seedling vigour is abnormal apical or plumule 
development. In germinating somatic embryos, we usually refer to two separate processes; germination is 
defined as the process culminating in the emergence of the radicle, whereas conversion is defined as the 
emergence of the radicle and the shoot (Lai et al., 1995). Although the storage protein and starch reserves are 
rapidly hydrolysed following inhibition, the germination of dry somatic embryos on a nutrient medium greatly 
improves seedling development (Lai and McKersie, 1994). Shawky (2006) showed that garlic plantlets derived 
from capsulated cultures as well as normally in vitro propagated cultures were generally similar to those the in 
vivo grown plants. The developed plantlets were successfully adapted to the free living conditions after phase of 
simple acclimatization. Nor Asmah et al. (2011) found that the produced synthetic seeds were then tested on the 
plantlets regeneration ability. The germination rate was within 73.3 to 100% in the duration of 6 to 20 days. Ma 
et al. (2011) indicated that the artificial seeds were still active with a seedling rate of 80% after they were 
preserved at 4°С for 90 days, which could meet the requirement of winter-produced seeds and plants in spring. 

 
Conclusion: 

 
One of the future usages of synthetic seeds would be in germplasm conservation through cryopreservation. 

The synthetic seed technology offers tremendous potential in micropropagation and germplasm conservation. In 
order to be useful, synthetic seed must either reduce production costs or increase crop value. The relative 
benefits obtained, when weighed against development costs, will determine whether its use is justified for a 
given crop species. Considering a combination of factors, including improvement of the existing embryogenic 
systems, relative cost of seed as well as specific application for synthetic seed allows judgement of relative need 
for given crop. For example, synthetic seed of seedless watermelon would actually coast less than conventional 
seed, providing a benefit at the outset of crop production. Although embryogenic systems for this crop do not 
exit, the benefit that could be conferred by use of synthetic seed would be very great. Value added aspects that 
would increase crop worth are numerous and include cloning of elite genotypes, such as genetically engineered 
varieties, that cannot produce true seed. Development of artificial seed production technology alternate method 
of propagation in several commercially important agronomic and horticulture crops. It has been suggested as a 
powerful tool for mass propagation of elite plant species with high commercial value .These synthetic seeds 
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would also be a channel for new plant lines produced through biotechnological advantages to be delivered 
directly to the greenhouse or field. This synthetic seed production technology is a high volume,  low cost 
production technology, easy to transport, easy of handling while in storage,  has potential for long term storage 
without losing viability, rapid multiplication and maintains genetic uniformity of plants. 
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