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he present study aimed at developing a method for plant 
regeneration from alginate-encapsulated shoot tips of 
Casimairoa edulis. Shoot tips excised from in vitro 

proliferated shoots were encapsulated in calcium alginate beads. The 
best composition was achieved using 3% sodium alginate and 100 
mM calcium chloride (CaCl2. 2H2O). The survival and regrowth 
percentages of encapsulation shoot tips decreased gradually with 
increasing storage duration at 4oC. Encapsulated shoot tip could be 
stored at low temperature (4oC) up to 12 weeks with a survival and 
regrowth frequency of 46.67 and 40.00%, respectively. 
Supplementing the alginate matrix with three concentrations of 
salicylic acid (25, 50 and 75 µM) was found to have pronounced 
effect on the survival and regrowth percentages. The survival and 
regrowth percentage of encapsulated shoot tips with salicylic acid at 
concentrations of 25, 50 and 75 µM increased to 65, 80 and 60%, 
respectively after 12 weeks. The best salicylic acid effect was 
achieved using the concentration of 50 µM. The represented synthetic 
seed technique could be useful in large-scale propagation as well as 
short-term conservation, germplasm distribution and exchange of C. 
edulis. 
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 White sapote (Casimiroa edulis L., Rutaceae) also known as 
matasano and zapote is a fruit native to central America and Mexico (Yahia, 
2005). This species has the following characteristics: the plant can reach 15 
m when propagated by seeds; fruit 4 to 10 cm in diameter; each with white 
seeds, 2.5-5.0 cm long and 1.25-2.5 cm thick; the harvest time is indicated 
by changes in color from green to yellow (Donadio et al.,1998). White 
sapote is commonly propagated by seed but vegetative methods are used as 
grafting in California and Florida in midsummer and air layering in New 
Zealand (Morton, 1997). In Egypt, the white sapote trees are derived from 
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seed, resulting in great genetic and fruiting variation amongst trees. 
Selection superior clones from outstanding seedling progeny from these 
seedling fruit trees are considered one of the most important methods for 
improving sapote cultivars. The medicinal value of sapote plant is the fruit 
that is consumed in many parts of the world, it was first discovered by 
Aztecs. The crude plant extracts of the seeds or leaves were later found to 
affect blood pressure (Garcia-Gonzalez et al., 1994), cardiac activity, aortic 
muscular tonic and to possess anticonvulsant activity (Navarro et al., 1995). 
Zapotin, a polymethoxylated flavonoid isolated from zapote blonco seeds 
has been found to be a non-toxic induces of cellular differentiation with 
promyelocytic cells (Navarro et al., 1995). Zapotin therefore has the 
potential to inhibit carcinogenesis.   

Recent advances in plant biotechnology have made the synthesis of 
artificial seeds a reality. The artificial seed is an encapsulated somatic 
embryo, sown and germinated in the same manner as the conventional seed. 
Due to the low success and high cost of somatic embryo production, buds, 
shoots, bulbs or other meristematic tissue that can produce a whole plant 
may also be encapsulated, which are also considered as "artificial seeds" 
(Ahmad and Anis, 2010). The encapsulation technology, initially developed 
for clonal propagation through the production of synthetic seeds with 
somatic embryos, is currently proposed for use with non-embryogenic 
explants, such as buds and nodal segments (unipolar propagules) (Carla et 
al., 2017). Synthetic seeds technology offers an efficient means for mass 
propagation of plant species irrespective of the season, space, environmental 
factor and other hindering conditions. Furthermore, encapsulated shoot tips 
can be used as means to reduce the need for sub culturing during cold 
storage, since they require no transfer to fresh medium (West et al., 2006). 
Cold storage is possible to reduce the cost of maintaining germplasm 
cultures because it reduces the manual labor as a result of the less frequent 
subculturing. It also lessens the possibility of genetic instability from 
frequent subculturing and adventitious regeneration (West et al., 2006 and 
Carla et al., 2017). Encapsulation of vegetative propagules (axillary buds, 
shoot tips, nodal segments etc.) has become a potentially cost effective 
clonal propagation system and can be used as an alternative to synthetic 
seeds derived from somatic embryos (Sarkar and Naik, 1997 and Chand and 
Singh, 2004). In addition, these encapsulated vegetative propagules can also 
be used for germplasm conservation of elite plant species and exchange of 
axenic plant materials between laboratories and pharmaceutical industries 
(Hasan and Takagi, 1995 and Rai et al., 2009). Successful cases of synthetic 
seed production and plantlet regeneration have been reported for a wide 
range of plants including cereals, vegetables, fruits, ornamentals, medicinal 
plants and forest trees (Redenbaugh et al., 1991; Castillo et al., 1998; Ara et 
al., 2000; Mandal et al., 2000; Singh et al., 2006; Muthu et al., 2012 and 
Hegazi, 2016). Among with the several non-embryogenic propagules, shoot 
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tip explants are more response than other explants because of the greater 
mitotic activity in the meristem (Ballester et al., 1997). Salicylic acid (SA) 
has been found to play a role during the plant response to a biotic stresses 
such as drought, chilling, heavy metal toxicity, heat and osmotic stress 
(Janda et al., 2007). It is an important signal molecule in plant defense after 
pathogen attack as well (Shah and Klassig, 1999). To the best of our 
knowledge, there has been no report on synthetic seed production using 
shoot tip explants on white sapote (Casimiroa edulis). In the present paper, 
the first attempt of the encapsulation of shoot tips of C. edulis in sodium 
alginate beads is reported. Effects were also made to test the ability of the 
encapsulated shoot tips to retain viability following storage at low 
temperature (4oC) for different durations. 

MATERIALS AND METHODS 

1. Plant Material 
Juvenile shoots were collected from a mature tree of Casimiroa 

edulis growing at Faculty of Agriculture, Al-Azhar University, Nasr City, 
Cairo, Egypt. Culture was established using shoot tips, then produced 
axillary shoots that were multiplied,  following the procedure described in 
the earlier work of Abd Elmeged et al. (2015). 

2. Encapsulation of Shoot Tips and Storage Conditions 
Different concentrations (1, 2, 3, 4 and 5%) of Na-alginate were 

prepared. For complexation, 100 mM of calcium chloride (CaCl2.2H2O) 
solution was prepared in Murashige and Skoog (1962) (MS) liquid medium. 
Both Na-alginate and CaCl2.2H2O solutions were autoclaved at 121oC for 20 
min after adjusting the pH to 5.7-5.8. Encapsulation was accomplished by 
mixing the shoot tips (about 3-4 mm long) into Na-alginate solution, in order 
to allow the explants to be covered by the gel. The alginate-covered shoot 
tips were then dropped in the CaCl2.2H2O solution. The droplets containing 
one shoot tip were held for at least 30 min to achieve polymerization of the 
sodium alginate. After 30 min, alginate beads were collected and rinsed three 
times with sterilized distilled water to remove the traces of CaCl2.2H2O. The 
capsules had an average diameter of 4-5 mm (Fig. 1a), and could be easily 
handled under sterile conditions, preventing dehydration of the explants. 
Encapsulated shoot tips were stored for 1, 2, 4, 6 and 8 weeks at 4oC (in the 
dark) on water agar medium (0.7% w/v agar). Non-encapsulated shoot tips 
were treated as control.  

3. Plant Regeneration 
Encapsulated shoot tips were cultured on plant growth regulators-

free MS medium for the recovery of plantlets. After six weeks, viability, 
growth and the average shoot length (cm) were recorded. The capsules were 
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considered alive if the shoot tips were still green, with no necrosis or 
yellowing. Regrowth percentage was evaluated as percentage of capsules 
that had shown any visual growth activity, and increase in size, with 
breakage of the capsule and extrusion of at least a small shoot. 

4. Effect of Salicylic Acid on Survival and Regrowth Percentages of 
Encapsulated Shoot Tips  

The best complexation of alginate matrix was supplemented with 
three different concentrations of SA (25, 50 and 75 µM), in addition to the 
control treatment without SA.  Encapsulated shoot tips of Casimiroa edulis 
were cultured on plant growth regulators free MS medium and survival and 
growth percentages were evaluated after 12 weeks of storage at low 
temperature (4oC). 

5. Rooting and Acclimatization 
For rooting, shoots about 4-5 cm long were excised and transferred 

to MS  medium containing 2.0 mg/L 3-Indol butyric acid (IBA). After 
rooting, regenerated plantlets were washed carefully to remove residual agar 
and planted in plastic pots containing a mixture of sand and peat (1:1) 
moistened with tap water. Plantlets were covered with polyethylene bag to 
maintain high humidity. After a month, surviving plants were transferred to 
pots containing normal gradual soil and maintained in greenhouse. 

RESULTS AND DISCUSSION 
1. Effect of Sodium Alginate Concentration on Conversion of 
Encapsulated Shoot Tips  

Sodium alginate and calcium chloride had an important role in gel 
matrix formation,  gel complexation and capsule hardiness, which depend on 
the optimal ion exchange of Na and Ca2+ (Singh et al., 2006). The 
encapsulated beads differed morphologically with respect to texture, shape 
and transparency, with different combinations of Na-alginate (2, 3 and 4% 
and CaCl2.2H2O (100 mM). The assessment of the effect of various 
concentrations of Na-alginate and calcium chloride was prerequisite in order 
to standardize the preparation of beads. An encapsulation matrix of 3% Na-
alginate with 100 mM of Ca Cl2.2H2O was found the most suitable for the 
formation of ideal beads. Lower concentration of sodium alginate (2%) 
became unsuitable for encapsulation because the resulting beads were 
without a defined shape and too soft to handle, perhaps because of a 
reduction in its gelling ability following exposure to high temperature during 
autoclaving. At higher concentration of Na-alginate (4%), the beads were 
diametric, hard and caused considerable delay in regeneration. This result 
was also observed by Larkin et al. (1988) and Pattnaik et al. (1995). The data 
in table (1) show that the gelling matrix of 3% Na-alginate and 100 mM 
CaCl2.2H2O gave the highest survival and regrowth percentage of 73.33 and 
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91.9%, respectively, compared with the gelling matrix of 4% Na-alginate, 
which gave the lowest survival and regrowth values (46.66 and 57.14%, 
respectively) (Fig. 1b). This different response may be due to a synergetic 
effect of Na-alginate and calcium chloride. Hence 3% Na-alginate and 100 
mM CaCl2.2H2O chloride was used for the encapsulation of shoot tips of 
Casimiroa edulis in the further experiments. The results were similar to the 
findings of Faisal et al. (2006) working on Rauvolfia tetraphylla,  Naik and 
Chand (2006) working on Punica granatum, Singh et al. (2006) working on 
Phyllanthis amarus, Hegazi (2011) working on Capparis orientalis and 
Vivek et al. (2016) working on Manihot esculenta. 

Table (1). Effect of sodium alginate concentration on survival and regrowth 
percentages of Casimiroa edulis encapsulated shoot tips. 

Sodium alginate 
concentration (%) 

Survival 
(%) 

Regrowth (%) to 
survival  

2 60.00 77.77 
3 73.33 91.90 
4 46.66 57.14 
5 40.00 43.00 

 

2. Effect of Different Storage Durations on Conversion of Encapsulated 
Shoot Tips  
 A desirable feature of the encapsulation is the ability to retain 
survival and regrowth potential even after storage. High humidity and low 
temperature were essential conditions for retention of viability and thus for 
storage of encapsulated shoot tips. Percentage of regrowth and conversion of 
encapsulated shoot tips decreased gradually with increasing storage duration 
at 4oC (Table 2). Similarly, the conversion frequency of encapsulated shoot 
tips of Phyllanthus amarus also declined markedly following storage at low 
temperature (Singh et al., 2006). After storage for 12 weeks, the percentage 
of survival and regrowth to survival of encapsulated shoot tips were 46.66 
and 40.00%, respectively. Whereas the percentage of survival and regrowth 
was 100% for both of them before storage. It is assumed that the decline in 
the conversion of encapsulated propagules stored at low temperatures may 
be due to the inhibited respiration of plant tissues because of the alginate 
cover (Naik and Chand, 2006 and Micheli et al., 2017). Also, Redenbaugh et 
al. (1991) reported that the decline in plant recovery of stored encapsulated 
vegetative propagules may be due to both oxygen deficiency in the calcium 
alginate bead and its rapid drying. Bazinet et al. (1992) found in Daucus 
carota that plant regeneration rate after storage was reduced by loss of 
viability caused by mechanical constraints of diffusional limitation. 
However, the decline in morphogenesis could be attributed to an inhibited 
respiration of the tissues by the alginate matrix or a loss of moisture due to 
partial desiccation, which was observed during storage. It is not known 
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whether the explants tissue or the alginate matrix caused this moisture loss 
(Danso and Ford-Lloyd, 2003; Hegazi, 2016 and Vivek et al., 2016). 

Table (2). Effect of different storage durations on survival and regrowth 
percentages of encapsulated shoot tips of Casimiroa edulis. 

Duration (weeks) Survival (%) Regrowth (%) to 
survival  

0 100.00 100.00 
2 93.33 92.85 
4 80.00 83.33 
8 60.00 66.66 

12 46.66 40.00 
 
3. Effect of Salicylic Acid in the Alginate Matrix on Conversion of 
Encapsulated Shoot Tips  

The in vitro survival and regrowth of the capsules were analyzed to 
evaluate the effect of SA at 0, 25, 50 and 75 µM (Table 3). After 12 weeks, 
SA free alginate matrix gave the least survival and regrowth percentages, 
which were 46.7 and 40%, respectively. Salicylic acid proved to be 
significantly effective on survival of encapsulated shoot tips with 65, 80 and 
60% for 25, 50 and 75 µM, respectively. While, regrowth to survival 
percentage was 62.0, 90 and 60%, respectively (Table 3). The results show 
that SA plays a crucial role in the resistance of these tissues to cold storage. 
Salicylic acid is a natural substance, which is often associated with a role in 
plant responses to physical and biological aggressions (Raskin, 1992 and 
Bernard et al., 2002). Most papers, on this subject, have reported the 
protective effect of exogenous SA against a biotic stress such as low 
temperature (Janda et al., 2007 and Katouzi et al., 2011). The current study 
puts an apparent role on display in shoot tips submitted to the stress of cold 
storage. Exogenous application of SA may lead to an enhancement of 
endogenous SA (Seo et al., 1995), which may also play an active role, in the 
process of resistance to desiccation and low temperature (Bernard et al., 
2002). Endogenous SA is an induction signal for specific defense responses 
of plants (Shah and Klassig, 1999) and it has been shown that it acts by 
causing  water stress in the tissues and it is also very high in the cold 
(Bernard et al., 2002). It is worth mentioning that water stress is also very 
high in cold preservation since it is enhanced by the conditions of 
experimentation with the storage of encapsulated shoot tips in empty Petri 
dishes without water support. The presence of SA in the medium of 
encapsulation matrix in the current study and the significant increase in the 
percentage of viability of shoot tips within the conditions of storage may 
offer a better explanation of its effect on the water stress and cold 
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preservation. The successfully converted shoot tips were multiplied then 
transferred to be rooted and acclimatized (Fig. 1d-f). 

Table (3). Effect of salicylic acid in the alginate matrix on the survival and 
regrowth percentages of encapsulated shoot tips of Casiniroa 
edulis after 12 weeks. 

Salicylic acid 
treatment (µM) Survival (%) Regrowth (%) to 

survival 
0 46.7 40 

25 65.0 62 
50 80.0 90 
75 60.0 60 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (1). a. Encapsulated shoot tips of Casiniroa edulis. b-f. Regeneration of 

encapsulated shoot tips of Casiniroa edulis followed by 
multiplication, rooting and acclimatization inside then outside the 
greenhouse. 

CONCLUSION 

The present protocol provides a promising and cost-effective method 
for a large-scale propagation of this important fruit. The addition of SA in 
the encapsulation matrix possibly reinforces the tolerance of the tissues to 
the cold storage. Successful plant regeneration from encapsulated shoot tips 
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storage at low temperature (4oC) indicates that the method described in this 
article can be potentially used to preserve the germplasm of Casimiroa 
edulis over a short period. This can also facilitate the transport of 
encapsulated shoot tips to laboratories of distant places for large-scale 
application of process. However, further experiments are needed to activate 
a higher percentage of conversion after the storage of encapsulated shoot tips 
of Casimiroa edulis. 
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لنبات السابوتا و القمم النامية المكبسلة معمليًاتجديد نم  

 محمد رضا عبد المجيد عبد الهادي
طرية، القاهرة، موحدة زراعة األنسجة، قسم األصول الوراثية، مركز بحوث الصحراء، ال

 مصر
 

الصوديوم القمم النامية لنبات السابوتا المكسبلة فى ألجينات  نمو تجديدأجريت هذه الدراسة ل
لتكوين كبسوالت مع   ٪٣أوضحت الدراسة أن أفضل تركيز من ألجينات الصوديوم كان  . معمليًا
وإعادة النمو للقمم النامية المكبسلة  ويةنخفضت نسبة الحيمن كلوريد الكالسيوم.  إ مولمللي100

  ٤٦حوالي  وإعادة النمو وصلت نسبة الحيوية م. ه٤ا بزيادة فترة الحفظ على درجة حرارة تدريجيً 
ة ثالثة تركيزات تم إضاف أسبوع.  ١٢عندما خزنت القمم النامية المكبسلة لمدة ي، على التوال، ٪٤٠و

 وإعادة النمو.  ان له تأثير واضح على نسبة الحيويةك إلى خليط األلجينات والذي من حمض السلسليك
 ۷°و ٥٠، ٢٥مع تركيزات حمض السلسليك  ٪٦٠و ٨٠، ٦°إلىوصلت نسبة الحيوية وإعادة النمو 

ميكرومول  ٥٠ تركيز كما أوضحت الدراسة أن أسبوع من الحفظ.  ١٢بعد  يعلى التوال كرومول،مي
ن تقنية البذور الصناعية يمكن فإالدراسة بناًءا على نتائج  من حمض السلسليك كان األفضل.

 نطاق واسع.بنجاح على في نبات السبوتا أستخدامها 
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