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ABSTRACT.  Studies on cold storage of encapsulated embryonic axes of tea (Camellia 
sinensis (L.) Kuntze) were carried out to obtain efficient plant recovery.  Both encapsulated 
zygotic embryonic axes (formed in 3% sodium alginate and 100 mM calcium chloride) and 
natural seeds were stored at 40C for 0, 4, 8, 16 and 20 weeks.  At the end of each period, the 
embryonic axes excised from stored natural seeds (control) and encapsulated embryonic 
axes were cultured on Murashige and Skoog (MS) basal medium supplemented with 3 mg/l 
Benzyl Aminopurine (BAP) and 0.5 mg/l Indole Butyric Acid (IBA).  The results showed 
efficient germination and plant recovery from stored encapsulated embryonic axes 
compared to natural seeds.  High rates of germination (95%) and plant recovery (58.3%) 
were achieved from encapsulated embryonic axes after four weeks of storage.  Meanwhile, 
low percentage germination (16.7%) was observed from the embryonic axes isolated from 
natural seeds stored for the same period as compared to the non-stored embryonic axes 
(90%).  Further, it revealed that there was no significant reduction in germination and plant 
recovery until 8 weeks of storage of encapsulated embryonic axes.  Encapsulated embryonic 
axes are important in extending the seed viability and for efficient germination than natural 
seeds of tea. 
 
 

INTRODUCTION 
 
Natural seeds of desirable genetic materials of tea (Camellia sinensis (L.) Kuntze) 

are stored at low temperatures (4-50C) until being used by researchers and breeders.  
Because of recalcitrant nature, tea seeds are unable to retain their viability during long-term 
storage (Kato, 1989).  Salinero and Silva-Pando (1986) reported that seed viability of tea is 
relatively short-lived even under moist conditions at 3-50C.  It is clearly implied by 
Kuranuki and Yoshida (1996) that cotyledons are highly susceptible to desiccation whereas 
excised embryonic axes were highly tolerant.  Therefore, embryonic axes excised from tea 
seeds play an important role in short-long term storage at low temperature.  Studies have 
been carried out on cryopreservation of embryonic axes of C. sinenesis (Chandel et al., 
1995; Chaudhury et al., 1991; Kuranuki and Yoshida, 1996; Wesley-Smith et al., 1992).  
However, there is no evidence on the cold storage of this type of conventional plant material 
of Camellia spp. at low temperature i.e. 4-50C. 
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Encapsulation technique is more advantageous for maintenance of moisture content 
around the plant material (Friend, 1993; Janeiro et al., 1997; Mondal et al., 2000).  
Sebastiampillai and Anandappa (1979) reported that high initial moisture content of tea 
seeds is an important factor that ensures high germination.  Janeiro et al. (1997) mentioned 
that survival and germination percentages of both encapsulated and non-encapsulated 
somatic embryos stored at 40C were significantly low but the reduction was much greater for 
non-encapsulated embryos.  Thus, encapsulation technique would be useful to enhance 
germination and recovery of plants and also for safe germplasm exchange and storage.  
However, Mondal et al. (2000) recently reported that although there are a few reports on the 
production and storage of synthetic seeds of C. reticulata and C. japonica, there is no report 
on synthetic seeds (formed in commercially used gel alginate) of tea.  Somatic embryos and 
shoot tips were used as embedded materials in those studies.  Although, in the past a number 
of studies have been conducted on the storage of plant material of C. sinensis, most of them 
reported their survival and germination but not plant recovery.  Therefore, the present work 
was aimed at studying the feasibility of cold storage of encapsulated zygotic embryonic axes 
and to evaluate their in vitro germination and conversion to plants.  
 
 

MATERIALS AND METHODS 
 
Plant materials 
 

Mature fruits of tea cultivar TRI 2043 were harvested from the seed bearing plants 
at the Tea Research Institute (TRI), St. Coombs estate, Sri Lanka and seeds were separated 
from the collected fruits.  After removal of the cracked or damaged seeds, uniform-sized 
seed stock was tested for viability by the sinker-floater method (Barua, 1989) to discard 
floaters.  Half of the ‘sinker’ seed stock was used as a control in this study.  Seed coats were 
removed from the other half of the ‘sinker’ seed stock and zygotic embryonic axes were 
carefully isolated from these decoated seeds; subsequently stored in distilled water until 
being surface sterilized.  Thereafter, the embryonic axes were washed thoroughly in 
sterilized distilled water and surface sterilized in 2% Clorox (sodium hypochloride - active 
ingredient 5.25%) with 2-3 drops of Tween 20 for 10 min.  They were then rinsed three 
times with sterilized distilled water under aseptic conditions. 

 
Encapsulation of zygotic embryonic axes 
 

Sodium alginate (3%) was prepared in MS (Murashige and Skoog, 1962) basal 
medium containing 3% sucrose, 3 mg/l Benzyl Aminopurine (BAP) and 0.5 mg/l Indole 
Butyric Acid (IBA) (germination medium devoid of agar).  Solution of sodium alginate (3%) 
in combination with calcium chloride dihydrate (100 mM) was separately autoclaved at 
1210C for 20 min.  The sterilized embryonic axes were immersed well in the sterilized 
sodium alginate solution using forceps.  They were then picked up and dropped individually 
into a sterilized calcium chloride solution using a pre-sterilized Pasteur pipette (3 mm 
internal diameter) and kept for 20 min with occasional agitation to form gel beads.  Size of 
the resulting capsules was 4 to 5 mm.  These beads were rinsed three times with sterilized 
distilled water and placed in sterilized petri dishes (90 mm × 15 mm), which were kept at an 
angle (10-20o) to remove the excess water. 
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Storage of encapsulated embryonic axes and natural seeds 
 

Encapsulated embryonic axes (Plate 1) were carefully cultured in each culture 
bottle (125 ml capacity) containing 10 ml of distilled water, solidified with 0.8% (w/v) agar 
(pH 5.8 prior to autoclaving).  Each culture bottle with five encapsulated embryonic axes 
was then sealed with parafilm.  The method to prepare storage substrate used in this study 
was the same as Maruyama et al. (1998) where 1% (w/v) agar was used to solidify the 
substrate.  ‘Sinker’ natural seeds (control) were enclosed in clean sealed polythene bags.  
These bags with natural seeds and the culture bottles with encapsulated zygotic embryonic 
axes were stored for 0, 4, 8, 16 and 20 weeks at 4-50C in a refrigerator.  Each treatment had 
90 samples in an experiment, which was repeated once.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plate 1. Encapsulated zygotic embryonic axes. 
 

 
In vitro germination  
 

Zygotic embryonic axes were carefully isolated from stored seeds and sterilized as 
described earlier.  Encapsulated zygotic embryonic axes and sterilized naked embryonic 
axes stored for different periods were cultured on the germination medium (0.8% agar).  The 
culture bottles (125 ml capacity), each containing 35 ml of the germination medium and five 
explants, were then incubated at 22±20C under white fluorescent light (16 h of photoperiod 
at 25 μmol/m2/s radiation).  Orientation of the germinating plantlets was corrected at fourth 
week of culture.  Lack of necrosis or absence of contamination was taken as criteria for 
survival.  Germination response of plant materials following cold storage at 4-50C was 
recorded at 8th week of culture and growth of plantlets (having no shoot clusters) was also 
recorded.  
 
Statistical analysis 
 

Data were analysed using the SAS software.  All data were first subjected to the 
Shapiro-Wilk test (p=0.05) for normality before subjecting them to analysis of variance 
(ANOVA).  Arcsine and log transformation techniques were used for values expressed as 
percentages and for length of root, respectively.  The significant differences between the 
means were estimated at the 5% level using Duncan’s Multiple Range Test (DMRT). 

 

 



 
 

Cold Storage of Tea Seeds 

RESULTS 
 

Viability and in vitro germination of stored seeds  
 

Zygotic embryonic axes coated in 3% gel alginate stored at different time intervals 
turned yellow and exhibited 100% survival at the end of each storage period.  Meanwhile, 
development of fungi was observed visually in most natural seeds stored for 8, 16 and 20 
weeks.  Therefore, these seeds were not used for further work.  The survival and germination 
rates of embryonic axes (the control) and encapsulated embryonic axes cultured on the 
germination medium after each storage periods are shown in Table 1.  The highest survival 
(95.0%) was obtained in cultured encapsulated embryonic axes stored for 4 weeks, but lower 
(16.7%) in naked embryonic axes (control).  On the other hand, 75% of cultured naked 
embryonic axes, stored for 4 weeks showed bacterial infestation during the first two weeks 
of culture whereas this phenomenon was noted during the fourth week only in 1.7% of 
encapsulated embryonic axes stored for the same period.  Even though these infested 
embryonic axes germinated, they were considered as non-surviving tissues.  

 
 

Table 1. The frequencies of survival and germination (at 8th week) of naked zygotic  
embryonic axes and encapsulated zygotic embryonic axes cultured on 
culture medium following cold storage at different time intervals. 

 
Survival (%) Germination (%) Storage 

period 
(weeks) 

Control Encapsulated 
embryonic axes 

Control Encapsulated 
embryonic axes 

0 98.3 93.3 90.0 86.7 
4 16.7 95.0 16.7 95.0 
8 - 73.3 - 70.0 
16 - 23.3 - 23.3 
20 -   8.3 -   8.3 

 

Note: Percentages were calculated from 180 cultured naked embryonic axes or encapsulated embryonic axes. 
Naked embryonic axes isolated from the stored natural seeds were used as a control at each period, where 
the seeds stored for 8, 16 and 20 weeks were not used for these experiments due to the development of 
fungi (indicated by dash). 

 
 

In vitro plant conversion 
 

Efficient plant conversions from cultured encapsulated zygotic embryonic axes 
stored for 0, 4 and 8 weeks and also non-stored naked embryonic axes cultured on the 
germination medium were achieved (Table 2).  There were highly significant (P<0.001) 
differences on plant conversion among those tested treatments.  The vigorous normal 
plantlets, having single shoot, were obtained from cultured encapsulated embryonic axes 
stored for 0 and 4 weeks (Plates 2A, B).  Growth of plantlets (having no shoot clusters) 
obtained from both cultured encapsulated embryonic axes and naked embryonic axes 
(control) cultured on germination medium at 8th week are given in Table 3.  Although, a high 
rate (56.7%) of plant recovery was achieved from encapsulated embryonic axes following 8 
weeks of storage, 1/3 of in vitro plantlets had shoot clusters.  
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Table 2. The percentages of plant conversion or shoot development (at 8th week) from 
encapsulated and non-encapsulated zygotic embryonic axes cultured under 
in vitro conditions following cold storage at different periods. 

 

 

Plant conversion (%) Shoot development only (%) Storage 
period 
(weeks) 

Control Encapsulated   
embryonic axes 

Control Encapsulated 
embryonic axes 

0 68.3a 48.3a 21.7ab 38.3a

4 13.3b 58.3a    3.3cd 35.0a

8 - 56.7a - 10.0bc

16 - 13.3b -   6.7cd

20 -  6.7b -  1.7d

Note: Values represent the means of two independent experiments, each with 90 samples per treatment. Natural 
seeds (control) stored for 8, 16 and 20 weeks were not used for the experiments due to the development of 
fungi (indicated by dash). Means followed by the same letter in each column (plant conversion or shoot 
development only) are not significantly different at 5% level by DMRT test.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Plate  2.  In vitro germination response of non-stored (A) and 4 weeks-stored (B) 

encapsulated embryonic axes. 
 
 
Table 3.   Growth of plantlets (at 8th week) from cultured non-stored naked zygotic 

embryonic axes (control) and encapsulated zygotic embryonic axes on 
germination medium following storage at different periods. 

 
Treatment 

Explant Storage 
(weeks) 

 
Shoot length 

(cm) 

 
Root length 

(cm) 

 
Number 
of leaves 

Naked axes 0 3.12±0.36a 2.08±0.29 4.90±0.57 
Encapsulated axes 0 3.03±0.42a 2.02±0.18 4.40±0.34 
Encapsulated axes 4 3.04±0.29a 1.59±0.18 5.60±0.31 
Encapsulated axes 8 1.58±0.13b 1.72±0.14 4.30±0.21 
*Encapsulated axes 16 1.09±0.06 1.27±0.09 3.00±0.21 
*Encapsulated axes 20 0.84±0.07 1.08±0.09 2.27±0.29 

F test  ** ns - 
 

Note: Values are means ± standard errors of two independent experiments, each with 30 plantlets. Naked axes - 
naked zygotic embryonic axes; Encapsulated axes - encapsulated zygotic embryonic axes. 
Means followed by the same letter in each column are not significantly different (P<0.05) by DMRT test.   
F test: ** P = 0.01; ns - not significant. 
* Statistical analysis was not used because of the very low rate (6-13%) of plant conversion (Table 2) and 
also plantlets have mostly shoot clusters. 
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DISCUSSION 
 
During storage, visible fungi were observed in most natural seeds stored for 8 

weeks or more.  Sebastiampillai and Anandappa (1979) reported visible signs of bacterial 
and fungal infections from about the second week after storage of seeds, sealed in the 
polythene bags at 22-270C.  They further suggested that high relative humidity and high 
storage temperature promote the activity of microorganisms resulting in a rapid deterioration 
of the seeds.  It is therefore evident that the microbial infestation in the stored tea seeds and 
their activity might be slowed down during the storage of plant material at low temperature 
(4-50C). 

In general, there is an association between seed viability and storage.  Intact tea 
seeds are so sensitive to desiccation (Kuranuki and Yoshida, 1996).  Thus, moisture loss 
from seeds during storage may be attributed to formation of airspace between the cotyledons 
and the shell (seed coat) as well as between cotyledons.  It suggests that microbes may have 
penetrated through these pathways and infested the zygotic embryonic axes.  Therefore, they 
exhibited poor rate of survival than encapsulated embryonic axes cultured in the germination 
medium.  This finding clearly showed that stored whole seeds are more susceptible to 
microbial infestation in embryonic axes.  In contrast, the successful storage of tea seeds in 
the sealed polythene bags at 5-70C for a period of more than three months was achieved, 
where the stored materials were germinated in sand bed (Sebastiampillai and Anandappa, 
1979).  In these instances, microbial infestation may not be seen visually as seeds were sown 
in the sand bed. 

 
The highest frequencies of survival (95%) and germination (95%) of encapsulated 

zygotic embryonic axes following storage for four weeks were higher than in non-stored 
encapsulated embryonic axes.  Gunasekare (1998) reported that in vitro germination rates of 
encapsulated zygotic embryos coated with agar (5% w/v) and stored in sterilized dry 
petridishes at 25 and 100C for 30 days were 46.4 and 43.0%, respectively.  The present 
results are in agreement with other research reports.  In those papers, no loss of germination 
capacity was reported for stored encapsulated embryos of C. sinensis (Gunasekare, 1998), C. 
japonica (Janeiro et al., 1995) and sandalwood (Rao and Bapat, 1993).  Critical moisture 
content in tea seeds is generally required to obtain higher rates of germination and recovery 
of plants.  Certain amount of desiccation is therefore needed in fresh seeds for efficient 
germination.  Janeiro et al. (1996) observed that survival rates increased when both 
cryopreserved and uncryopreserved embryonic axes of C. japonica were desiccated by a 
current of sterile air in a laminar flow cabinet (26±10C) for 1.5 or 3.0 h than the control.  
Similar findings have been obtained with embryonic axes of tea (Chandel et al., 1995; 
Chaudhury et al., 1991; Kuranuki and Yoshida, 1996; Wesley- Smith et al., 1992).  

 
Although all stored encapsulated embryonic axes were alive at the end of each 

storage period lasting for 20 weeks, they failed to survive in the germination medium as 
exhibited in storage substrate.  Ballester et al. (1997) reported that for shoot tips of C. 
japonica encapsulated in alginate beads and stored at 2-40C for 30, 60 and 75 days, the 
survival rates were 75, 50 and 10%, respectively.  In the present study, low frequencies of 
survival were recorded in the materials stored for 16 and 20 weeks.  This may be due to 
dehydration of in vitro encapsulated embryonic axes causing certain amount of shrinkage in 
the cells during the storage.  Thus, some changes in plasma membranes due to osmotic 
effect result in progressively losing their viability after culturing these materials in the 
germination medium.  Loss of viability in stored tea seeds has been reported (Kato, 1989; 
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Salinero and Sebastiampillai and Anandappa, 1979; Silva-Pando, 1986).  In the present 
work, in vitro encapsulated embryonic axes were continuously stored in the storage substrate 
for 20 weeks without transfer to fresh substrate.  The results indicated that encapsulated 
embryos could remain viable on the same storage substrate for 8 weeks.  Further, the rate of 
survival was reduced in the cultured encapsulated embryonic axes on the germination 
medium when stored for 8 weeks than for 4 weeks.  This indicates the necessity for 
transferring of these materials to fresh substrate to maintain moisture content in encapsulated 
embryonic axes for successful storage without loosing viability. 

 
The germination percentage of encapsulated embryonic axes (70%) stored for 8 

weeks was comparatively lower than in 4 weeks non-stored and stored gel capsules (86.7-
95%).  However, recovery rate of plants was not statistically different.  Further, it was noted 
that rate of plant conversion from non-stored naked embryonic axes was not significantly 
different from non-stored encapsulated embryonic axes.  This result is supported by the 
report of Janeiro et al. (1997) where Camellia encapsulation caused no reduction in in vitro 
complete germination as long as the capsule matrix included nutrients and growth 
regulators. 

 
In the present studies on in vitro storage of encapsulated embryonic axes, 68.3% 

(Table 2) conversion of plants and 1.7% callus formation were achieved in non-stored naked 
embryonic axes.  In contrast, Janeiro et al. (1996) indicated 8.3% plant conversion and 
45.9% callus formation after 4 weeks of inoculation of non-cryopreserved embryonic axes 
of C. japonica where embryonic axes were cultured in MS basal medium supplemented with 
4.44 µM BA, 0.49 µM IBA, 3% sucrose and 0.7% agar.  The differences in conversion of 
plant species within the same genera (Camellia) may be due to the different concentrations 
of growth regulators added to the germination medium.  Further, a considerable amount of 
incomplete germination (in the form of shoot or root only) was observed in all tested 
materials.  Percentage of shoot development only (incomplete germination) was 
significantly higher (38.3-35%) during the earlier storage period.  But it was significantly 
reduced (10%) in the encapsulated embryonic axes when they were stored for 8 weeks, 
where gradual decreases in the frequencies of shoot formations (incomplete germination) 
was noticed thereafter (Table 2).  Thus, gel capsules responded differently according to the 
storage periods.  It may be due to desiccation of the gel beads as mentioned earlier.  
Tendency of shoot cluster formations increased when storage period is increased.  This may 
suggest that reduction of moisture content below the critical level induced dormancy of 
terminal bud resulting in the production of shoot clusters.  This occurrence was observed in 
encapsulated embryonic axes following 8 weeks of storage where the mean shoot length of 
plantlets obtained from these in vitro encapsulated embryonic axes were significantly lower 
than in encapsulated embryonic axes stored for 0 and 4 weeks and non-stored naked 
embryonic axes.  However, root lengths were not significantly affected by cold storage 
among those tested treatments.  

 
 

CONCLUSIONS 
 
As seeds of C. sinensis do not tolerate desiccation, encapsulated embryonic axes 

play an important role in cold storage than natural seeds.  Coating materials in gel beads act 
as artificial endosperm in embedded genetic materials in order to reduce the risk of 
contamination for safe storage and transportation, and also to retain their viability to obtain 
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efficient germination and recovery of plants.  Further, it suggests that storage of whole seeds 
at 4-50C is not advisable although it may be possible for very short periods if they had been 
surface sterilized properly before and after storage to reduce the risk of contamination.  

 
The protocol developed in this study would be useful for successful cold storage of 

hybrid seed material or even somatic embryos at 4-50C for clonal propagation.  Viable seeds 
are the prime consideration for successful storage and subsequent germination.  Future 
studies are needed to determine the effect of subculture intervals, which are required to 
improve the efficiency of this protocol for long-term storage of encapsulated embryonic 
axes.  

 
 

ACKNOWLEDGEMENTS 
 
The communicating author gratefully acknowledges permission granted by the 

Director, Tea Research Institute (TRI), Sri Lanka, to carry out this postgraduate research 
project at the Plant Breeding Division of the Institute. 

 
 

REFERENCES 
 
Ballester, A., Janeiro, L.V. and Vieitez, A.M. (1997). Cold storage of shoot cultures and 

alginate encapsulation of shoot tips of Camellia japonica and Camellia reticulata 
Lindley. Sci. Hort. 71: 67-68. 

 
Barua, D.N. (1989). Propagation technique. Pp. 226. In: Barua, D.N. (Ed). Science and 

Practice in Tea Culture. Tea Research Association, Calcutta, India.  
 
Chandel, K.P.S., Chaudhury, R., Radhamani, J. and Malik, S.K. (1995). Desiccation and 

freezing sensitivity in recalcitrant seeds of tea, cocoa and jackfruit. Ann. Bot. 76: 
443-450. 

 
Chaudhury, R., Radhamani, J. and Chandel, K.P.S. (1991). Preliminary observations on the 

cryopreservation of desiccated embryonic axes of tea (Camellia sinensis (L.) O. 
Kuntze) seeds for genetic conservation. Cryo-Letters 12: 31-36. 

 
Friend, D.R. (1993). Hydrophobic coating for synthetic seeds. pp. 47-64. In: Redenbaugh, 

K. (Ed). Synseeds: Application of Synthetic Seeds to Crop Improvement. CRC 
Press, Inc., Boca Raton.  

 
Gunasekare, M.T.K. (1998). Preliminary investigations on encapsulation of plant material 

for preservation under in vitro condition. Annual report of the Tea Research 
Institute, Sri Lanka. pp. 140-141. 

 
Janeiro, L.V., Ballester, A. and Vieitez, A.M. (1995). Effect of cold storage on somatic 

embryogenesis systems of Camellia. J. Hort. Sci. 70: 665-672. 
 
Janeiro, L.V., Vieitez, A.M. and Ballester, A. (1996). Cryopreservation of somatic embryos 

and embryonic axes of Camellia japonica L. Plant Cell Rep. 15: 699-703. 

 



 
Seran, Hirimburegama & Gunasekare 
 

Janeiro, L.V., Ballester, A. and Vieitez, A.M. (1997). In vitro response of encapsulated 
somatic embryos of Camellia. Plant Cell, Tiss. Org. Cult. 51: 119-125. 

 
Kato, K. (1989). Camellia sinensis L. (Tea): In vitro regeneration. pp. 82-98. In: Bajaj, 

Y.P.S. (Ed). Biotechnology in Agriculture and Forestry: Medicinal and Aromatic 
plants II, vol. 7. Springer-Verlag, Berlin, Heidelberg. 

 
Kuranuki, Y. and Yoshida, S. (1996). Different responses of embryonic axes and cotyledons 

from tea seeds to desiccation and cryo-exposure. Breed Sci. 46: 149-154. 
 
Maruyama, E., Ishii, K. and Kinoshita, I. (1998). Alginate encapsulation technique and 

cryogenic procedures for long term storage of the tropical forest tree, Guazuma 
crinita Mart. in vitro cultures. Japan J. Agric. Res. Q. 32: 301-309. 

 
Mondal, T.K., Bhattacharya, A., Sood, A. and Ahuja, P.S. (2000). Factors affecting 

induction and cold storage of encapsulated tea (Camellia sinensis (L.) O. Kuntze) 
somatic embryos. Tea. 21: 92-100. 

 
Murashige, T. and Skoog, F. (1962). A revised medium for rapid growth and bioassays with 

tobacco tissue culture. Physiol. Plant. 15: 473-497. 
 
Rao, P.S. and Bapat, V.A. (1993). Micropropagation of sandal wood (Santalum album L.) 

and mulberry (Morus indica L.). pp. 317-345. In: Ahuja, M.R. (Ed). 
Micropropagation of Woody Plants. Kluwer Academic Publishers, Dordrecht, the 
Nertherlands. 

 
Salinero, M.C. and Silva-Pando, F.J. (1986). La multiplication de las camelias. pp. 175-184. 

In: Peon, C. (Ed). Diputacion provincial de pontevedra La Camelia. Pontevedra, 
Spain.  

 
Sebastiampillai, A.R. and Anandappa, T.I. (1979). The influence of moisture and 

temperature of the germinability and longevity of tea (Camellia sinensis L.) seeds. 
Sri Lankan Tea Q. 48: 8-20. 

 
Wesley-Smith, J., Vertucci, C.W., Berjak, P., Pammenter, N.W. and Crane, J. (1992). 

Cryopreservation of desiccation sensitive axes of Camellia sinensis in relation to 
dehydration, freezing rate and the thermal properties of tissue water. J. Plant 
physio. 140: 596-604. 

 
 

 


	INTRODUCTION
	MATERIALS AND METHODS
	Plant materials
	Encapsulation of zygotic embryonic axes
	Storage of encapsulated embryonic axes and natural seeds
	Statistical analysis
	RESULTS



	DISCUSSION
	CONCLUSIONS

	ACKNOWLEDGEMENTS
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


