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Abstract 
 
Encapsulation and micropropagation technologies were summarized and discussed as tools to exchange and to 
propagate valuable genotypes respectively. Each of these technologies shows advantages and problems for large and 
commercial diffusion whereas their integration represents a considerable innovation for the future nursery. In fact, 
uninodal microcuttings excised from in vitro proliferated axillary shoots or adventitious microshoots, both 3-4 mm 
long, can be encapsulated in a protective and nutritive covering after appropriates root induction treatments to obtain 
synthetic seeds. They are plant structures free from parasites, viruses included, and in several species able to convert in 
whole plantlets under in vitro or in vivo conditions after storage and transport, like the zygotic seeds. In other words 
the combination of the micropropagation with the encapsulation permits to reach the advantages of both technologies 
in one tool (the synthetic seed) characterized by high cloning efficiency, perfect sanitary plantlet conditions, reduced 
space requirements and size, resistance to handling, storability, and transport. Some problems have to be solved before 
large scale diffusion of this innovative combination which can represents a promising tool for the future nurseries. 
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INTRODUCTION 
 
It well know that the zygotic seeds are the 
natural organs for plant species conservation 
and dissemination on the territories and through 
time. Usually they are free from parasites, 
viruses included, and resistant to environmental 
stresses, manipulation and transport. 
Unfortunately they can’t be employed for 
propagation and/or exchanging of cultivars, 
clones, and/or local woody ecotypes. In these 
situations the nurserymen have to employ one 
of cloning propagation methods like cutting, or 
grafting or layering to diffuse and to sure 
woody plant descent (Hartmann et al., 2002). 
But these methods require appropriate lot of 
mother plants which have to be cultivated 
adequately to maintain their genetic pureness 
and virus free status, as the national and 
international regulations impose. From some 
decades, in an increasing number of private 
nurseries the micropropagation techniques were 
introduced as innovative cloning methods 

because: (i) they are highly productive, (ii) 
requires a restricted amount of mother plants, 
and (iii) the production of new plantlets occurs 
in aseptic conditions. Moreover, the cloned 
plantlets are free from fungi, bacteria, parasites 
and viruses until they remain in the sterile 
conditions. In any case, the final products of 
cloning propagation methods consist in young 
plantlets, which are inadequate for 
conservation, commercialization and long 
distance transport because not resistant to 
sudden changes of temperature and water 
content. Moreover, the final stage of the vitro-
derived plantlets occurs in pots or in soil where 
they can be infected by parasites and viruses 
(Standardi and Micheli, 2013).  
Against these risks local and international 
regulations impose sanitary controls of the 
propagated plant material before their use in 
order to limit the diffusion of parasites. So, 
nurserymen are looking for a new procedure 
able to join the advantages of the 
micropropagation (high efficiency productive, 
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perfect sanitary plantlet conditions, reduced 
space requirements) with the characteristic of 
the zygotic seeds concerning size, resistance to 
handling, storability, and transportability 
(Micheli et al., 2003).         
 
ENCAPSULATION TECHNOLOGY 
 
From some years an increasing number of 
laboratories are involved in experiments 
concerning the encapsulation technology aimed 
to obtain the synthetic seed (or artificial seed or 
synseed or agamic seed), an innovative 
biotechnological product defined by Murashige 
(1978), as an encapsulated somatic embryo. 
The large number of studies aimed to find other 
suitable propagules allowed to extend the 
definition of the synthetic seed as an artificially 
encapsulated vitro-derived somatic embryo, 
shoot bud or any vivo-derived plant tissues 
used as functionally mimic seeds for sowing 
and possessing the ability to evolve (to convert) 
into plantlet under in vitro or ex vitro (in vivo) 
conditions, which can retained even also after 
storage (Bapat et al., 1987; Redembaugh, 
1993; Rai et al., 2009).  
A further product of the encapsulation 
technology is the capsule defined as 
encapsulated portion of vitro-derived plant 
tissue possessing the ability to evolve (to re-
growth) in shoots which can be reused only for 
micropropagation after storage and/or 
transport (Standardi and Micheli, 2013).   
The encapsulation procedure requires sterile 
conditions and includes three steps: coating, 
complexation, and rinsing. The single 
encapsulated propagules (few millimeters long) 
are enclosed in a spherical matrix covering 
them for 1-2 mm and containing nutritive 
compounds (artificial endosperm) suitable to 
maintain: (i) viability or green color, with no 
necrosis or yellowing along the period between 
encapsulation and use that included storage and 
commercialization; (ii) re-growth or growth of 
explants with consequent breakage of the 
encapsulating matrix and extrusion of at least 
one small shoot or root after sowing and (iii) 
conversion or contemporary growth and 
extrusion of epigeous and hypogeous organs 
with a vascular connection between shoot and 
root. This term correspond to germination used 

for gamic or zygotic seed (Carlson and Hartle, 
1995; Gardi et al., 1999). 
Besides the nutritive function, the 
encapsulating matrix protects the enclosed 
plant tissue against mechanical damages during 
manipulation, transport and storage because it 
resists to pressure of 1-2 Kg depending on the 
concentration of the encapsulating compound 
usually represented by sodium alginate 
(Barbotin et al., 1993). Moreover both capsule 
and synthetic seed can be stored for long period 
by cryopreservation or for short and medium 
time in refrigerator at 2-8 °C depending from 
the species (Engelmann, 1997; Micheli et al., 
2007; Micheli et al., 2008; Lambardi et al., 
2009). So, these characteristics make the 
encapsulated plant materials like to the zygotic 
embryos.  
At present the encapsulation technology is 
enough expensive because requires intense 
manual labor but some machineries for 
preparation and encapsulation of the single 
propagules are under experimental evaluation. 
Essentially they have to perform the following 
three functions: (i) excision of the single and 
small propagule from the vegetative mass, (ii) 
dipping of each one into the encapsulation 
solutions, and (iii) complete covering of the 
plant material into the encapsulating matrix 
(Sakamoto et al., 1995; Brischia et al., 2001). 
 
MICROPROPAGATION 
 
It is well known that the micropropagation is a 
very productive technology which permits to 
obtain plantlets: (i) in aseptic conditions, (ii) in 
growth chamber with controlled light and 
temperature and, (iii) in appropriate nutritive 
formulations. In these conditions no risks of 
parasites and virus aggression during the plant 
regeneration process occur. Moreover, possible 
presence of virus in the donor plants can be 
eliminated if the size of the initial meristem is 
very small, about half millimeter or less 
(Micheli et al., 2008).  
According to morphogenetic pathway used for 
in vitro plant propagation, the products of the 
micropropagation are: (i) somatic embryos (bi-
polar organs) obtained by embryogenesis and 
potentially able to convert in plantlets, (ii) 
adventitious shoots (uni-polar organs) obtained 
by organogenesis from the initial plant tissue 
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and, (iii) axillary shoots (uni-polar organs) 
obtained by proliferation of the initial buds or 
meristematic tissues.  
The somatic embryos possess both root and 
shoot apex and adequate size to be 
encapsulated for the synthetic seed production; 
nevertheless their use in the nursery activity is 
not suggested because of somaclonal variations 
can arise during the in vitro embryogenesis 
process (Donnelly and Vidaver, 1988; Gray et 
al., 1995).  
Both adventitious or axillary shoots as unipolar 
explants have to be submitted to rooting 
inductive treatments to obtain whole plantlets 
which become autotrophic and marketable after 
acclimatization in soil or in pots and have to 
face possible virus infections (Standardi and 
Micheli, 2013). To avoid this risk and to sure 
the sanitary plant conditions required for local 
and international exchanges it is recommended 
to commercialize the micropropagated plantlets 
just at the end of the rooting step, inside the 
aseptic jars, on sterile media. But at this stage 
the plantlets are quite sensitive to water and 
temperature stresses and the risk of survival 
loss is very high, especially for long distance 
exchanges. 
 
PERSPECTIVES FOR THE SYNTHETIC 
SEED 
 
At the moment suitable vitro-derived explants 
for synthetic seeds production are considered 
both nodal portion (microcutting) excised from 
proliferated axillary shoots or adventitious ones 
at the rosetta stage, both 4-5 mm long. These 
propagules are able to re-growth in shoots 
spontaneously (uni-polar), whereas the 
synthetic seed is that if the encapsulated plant 
material develops a whole plantlet (conversion) 
after sowing (Bapat et al., 1987; Bapat, 1993; 
Redembaugh, 1993; Rai et al., 2009). So, they 
have to be submitted to appropriate inductive 
treatments before encapsulation. Several 
experiments were conducted to examine the 
effects of some treatments showing positive 
results in many woody fruit, medical and 
ornamental plants (Brischia et al., 2001; 
Sandoval-Yugar et al., 2009; Iklaq et al., 2010). 
Currently it is possible to suppose that the 
treatments to improve rooting and conversion 
of the synthetic seeds can be applied just before 

sown, like those to the zygotic seeds in the 
nursery (Harmann et al., 2002).  
The most part of the experimentation 
concerning the conversion was carried out 
sowing the synthetic seeds on agar medium and 
in sterile conditions, appropriate only for 
exchanging of valuable genotypes between 
laboratories, even if it should be allowed also 
in ex vitro (or in vivo) conditions to satisfy 
completely the definition of synthetic seed. At 
this purpose promising results were obtained by 
addition of antimicrobials or fungicides to the 
sowing medium or to the encapsulating matrix 
(Germanà et al., 2007). Also the use of sowing 
substrates alternative to agar were essayed as 
jiffy, perlite, compo-cactea® and soil-mix with 
encouraging results (Saiprasad, 2001; Ray et 
al., 2009). 
The combination of the in vitro plant 
regeneration with the encapsulation procedure 
seems to be a valuable perspective for 
propagation and exchange of high quality plant 
material but it is not immediately available for 
large diffusion in the nurseries, because some 
problems have to completely solved, as: (a) the 
poor conversion percentage both in vitro or in 
vivo in some species, (b) the full control of 
fungal and bacterial contamination in non 
aseptic environment, (c) the leaching of 
nutrient and dehydration risks from the coating 
during commercialization and storage, and (d) 
the reduction of manual labor for propagule 
preparation and encapsulation (Standardi and 
Micheli, 2013).    
 
CONCLUSIONS   
                            
Research aimed to find solutions for these 
applicative problems is strongly recommended 
because the full value of the two technologies 
(encapsulation and micropropagation) increases 
when their integration will be reached. In fact, 
at moment the application of the encapsulation 
technology alone is limited to exchange plant 
material between laboratories involved on in 
vitro culture.  
At the same time, micropropagation is very 
efficient as cloning method, but unable to 
assure the production of plantlets certainly 
virus free. Combining of micropropagation and 
encapsulation could produce an innovative 
technology, already detectable in nature from 
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time immemorial, when in autumn we can 
observe the spontaneous formation of plantlets 
on the falling leaves. During the winter, the leaf 
lamina protects and feeds the plantlet as our 
encapsulating matrix. 
So, our innovative proposal is only one more 
example of “copy and paste” the nature!         
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