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ABSTRACT 
  
 Efficient and reproducible methods for micropropagation and somatic embryogenesis of Egyptian husk 
tomato Balady species (physalis pubescens L.), that belongs to family Solanaceae, were tested. Seedlings of 
tested cultivar were germinated which cultured on hormone free- medium then shoot tip explants were 
transplanted onto MS medium for initiation  supplemented with the cytokinin BAP at (0.000, 0.125, 0.250, 
0.500 and 1.000 mg/l) in combinations with the auxin NAA (0.000, 0.125 and 0.250 mg/l). During the 
multiplication stage, the nodel cuttings of initiation stage were cultured on MS medium supplemented with 
cytokinin BAP at (0.000, 0.250, 0.500, 1.000 and 2.000 mg/l) in combinations with the auxin NAA (0.000, 
0.125 and 0.250 mg/l). For the rhizogenesis stage, the explants derived from the multiplication stage were 
cultured onto MS medium supplemented with the NAA at different concentrations (0.000, 0.125, 0.250, 0.500, 
1.000 and 2.000). The rametes rooted shoots were transferred ex vitro and in vivo under shading and then 
acclimatized, gradually. The acclimatized neoformed plantlets were established and appeared healthy and true-
to-type. Asexual embryos were arose from embryogenic callus derived from leaf explants when cultured on MS 
medium augmented with 2,4-D at (0.000, 0.500, 1.000, 2.000 and 4.000 mg/l) in combinations with BAP at 
(0.00, 0.125 and 0.250 mg/l), and somatic embryos were obtained as another method for in vitro vegetative 
propagation.  
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Introduction 
 
 Physalis pubescens (family Solanaceae)  is commonly known as Egyptian husk tomato, husk tomato, green 
tomato or by the spanish names of tomate de cascara, tomate verde, tomate de fresadilla, tomatillo and 
miltomate (Guzman et al., 2009). This is an important vegetable crop where it is claimed that there is no 
acceptable substitute for this fruit for making green sauce served with regional dishes (Saray-Meza et al., 1978). 
In Egypt, the plant is used for its edible fruits, the fruits are normally consumed fresh. In Mexico the fruits are 
used in chilli sause and dressings for popular dishes, such as tacos and enchiladas. Its consumption is about 5% 
of the total consumption of tomato (Cartujano-Escobar et al., 1985). The plant is an annual, 1- 1.5 m in height 
acclimatized to tropical-subtropical humid conditions. The fruit is enclosed in a husk (enlarged yellow veined 
calyx) that usually splits by the expanding berry. The berry is large, round, sticky, green or yellow, high in 
ascorbic acid (36mg/100 g), nicotinic acid (3.5 mg/100g) and in solids (9%) compared to tomato (6% solids) 
(Yamaguchi, 1983). Bock et al. (1995) reported that Mexican husk tomato grown in Baja California was 
comprised of 11% protein, 18% fat, 13% ash and 5% total dietary fiber on a dry matter basis in the fruit; 
moisture content average 92% and mean pH was 3.76. Average calorie content was calculated to be about 31 
Kcal/100g. Husk tomato has been known to botanists for nearly 400 years. Botanists have suggested that the 
small-fruited miltomate is a wild-type plant, whereas the husk tomato is a domesticated plant that derives from 
plants similar, if not identical, to miltomate (Hudson, 1986). The complexity of the genus is caused mainly by 
the wide range of genetic variability presnt, presumably resulting from interspecific hybridization (Menzel, 1951 
and 1957 and Waterfall, 1958) and also by the ambiguity of the earlier taxonomic descriptions (Raja-Rao, 
1979); for example, P. aequata Jacq; P. capscicifolia Rydb and P. ixocarpa are considered synonymous with 
Physalis pubescens L. is a gametophytic self-incompatible species (Pandey, 1957 and Richman and Kohn, 
1999). The objectives of the following study are: (1) achieving a reliable efficient and a model technique for 
clonal propagation of husk tomato, and (2) attempting to produce somatic embryos that can be used as another 
pathway for in vitro propagation.  
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Material and Methods 
 
 This study was conducted in the tissue culture laboratory of the Faculty of Agriculture, Saba Basha, 
Alexandria University. Seed of this cultivar was obtained from the Agricultural Administration, Ministry of 
Agriculture, Cairo, Egypt. Regarding the seed sterilization , the size-graded and healthy seeds were soaked in 
distilled water for 2 hours, then surface sterilized by immersing in 95% (v/v) of ethanol for 15 sec, followed by 
hand shaking for 15 min. in 3% (v/v) of  (Clorox, commercial bleach) with 2 drops of Tween 80 (surfactant 
agent). After decanting the solution off, the seeds were rinsed by three successive washes with sterile distilled 
water. This process was carried out in a sterile and under operating laminar air flow cabinet.  
 
In vitro experimental stages: 
 
Initiation stage: 
 
 The basal medium of Murashige and Skoog (1962); coined as MS basal medium, was used throughout this 
study. The initiation stage was conducted, whereas, shoot tip explants with 0.5 cm of the hypocotyls explants 
were cultured on the basal MS medium. This medium was provided with the auxin NAA at three concentrations:  
0.000 (nil), 0.125 and 0.250 mg/l, in combination with the cytokinin BAP at five concentrations: (0.000 [nil], 
0.125, 0.250, 0.500 and 1.000 mg/l). 
 
Multiplication stage: 
 
 The new formed propagule of the initiation stage was sectioned into single leaflets nodes which cultured 
onto the multiplication media which was MS medium supplemented with NAA at three concentrations: 0.000 
(nil), 0.125 and 0.250 mg/l in combinations with BAP at five concentrations: ( 0.000 [nil], 0.250, 0.500, 1.000 
and 2.000 mg/l). 
 
Rhizogenesis stage: 
 
 For rhizogenesis (rooting) stage, the neoformed shoots derived from multiplied nodes were cultured onto 
MS medium augmented with the auxin (NAA) at different concentrations: (0.000, 0.125, 0.250, 0.500, 1.000 
and 2.000). Generally, the following characters were recorded per propagule at the stage of initiation, 
multiplication and rhizogenesis after 35 days in culture: 
1- mean shoot length (cm)/ propagule, 
2- mean number of neoformed leaflets/ propgule, 
3- mean number of neoformed nodes/ propagule, and 
4- mean number of neoformed roots/ propagule, 
 
Somatic embryogenesis experiment: 
 
 For induction of somatic embryogenesis (ca. 500 mg), the leaf discs were subcultured into basal MS 
medium supplemented with 2,4-D at (0.000,0.250, 0.500, 1.000, and 2.000 mg/l in combinations with BAP at 
(0.000,0.125 and 0.250 mg/l). For maturation, somatic embryos developed from the embryogenic calli were 
transferred to basal MS medium free -growth regulators. Embryos that were arrested at torpedo stage of 
development were subcultured, individually, onto 10 ml of basal medium with the addition of either NAA at the 
following concentrations: 0.000, 0.125, 0.250, 0.500, 1.000 and 2.000 mg/l, or sucrose at 0.0, 0.4, 0.8, 1.6 and 
3.2 g/100ml (% w/v), or MS medium at different strengths as follows: (0.000.125, 0.250, 0.500, 0.750 and 
1.000). Generally, the other supplies and incubation procedures were the same. After 35 days of culture, the 
embryos were recorded visually for shoot, root formation and their growth on the same plantlet (Chee et al., 
1990). The callus measured as follows: + =1 , ++ =2, +++ =3, ++++ =4, +++++=5, ++++++=6 and +++++++=7. 
 
Scaning electron microscope studies (SEM): 
 
 Scanning electron microscope was carried out in the faculty of Science at 25KU  X750  to observe the 
various shapes of somatic embryos such as, i.e. globular, heart, torpedo and cotyledonary shapes, to assure the 
embryogenic callus formation.  
 
Acclimatization of neoformed plantlets: 
 
 The ramets (rooted shoots), in general, were washed out of solidified medium under running tap water, 
followed by immersing them into Rizolex-T50 WP (1g/l) [From Sumitomo Chemical Co. Ltd., Osaka, Japan] 
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fungicide for 5 sec. They were, then, transplanted ex vitro in small plastic pots (5 * 5 cm), containing an 
autoclaved soil mixture of peatmoss and sand at (1:1); and finally placed in the growth chamber under 
transparent plastic bags, to maintain high relative humidity, for hardening off. Twenty five days later, the plastic 
bags were perforated for gaseous exchange and continued for further hardening. After two more weeks, the 
plastic bags were removed and the acclimatized plantlets were watered, as needed and fertilized, weekly, with 
N, P: K (2:1:1) to be ready for transplanting in the plastic house.  
 
Experimental design and statistical analysis: 
 
 All the experiments carried out during this study were designed as factorial experiments layout in 
completely randomized design (Gomez and Gomez, 1984). Least significant difference (LSD) was used to 
determine the significant difference between means. Probability levels of 0.1, 1 and 5 percent were taken, 
generally, for this respect. The significance levels were represented as follows: probability 0.1% = ***, 1% = 
**, 5% = * and not significant = N.S. 
 
Results: 
 
Micropropagation experiments and Initiation stage: 
 
 Results obtained in this study and shown in Table (1), in general exhibit that both applied growth 
regulators` levels and their combinations exerted highly significant effects on the initiation stages characters of 
Egyptian husk tomato which were grown in vitro after 35 days from culture as shown in (Fig. 1). Additionally, it 
is obvious that as BAP level increased, the value of shoot length decreased, as compared with BAP-free-
medium. Regarding, the effect of NAA, the obtained results showed that augmenting MS-basal medium with 
NAA at 0.125 mg/l led to the highest mean value of the given character. Meanwhile, the interaction between 
BAP and NAA, at 0.000 and 0.125 mg/l of BAP and NAA respectively, resulted in the highest mean values. 
Nevertheless, the presence of NAA at 0.250 mg/l alone brought about the highest mean value of the number of 
roots per propagule. On the other side, the main effect of NAA declared that the presence of NAA at 0.125 mg/l 
gave the highest mean value. Likewise, the interaction between BAP and NAA at nil and 0.125mg/l 
respectively, brought about the highest number of leaflets and nodes.Concerning to the number of roots formed 
per plantlet, results showed that as BAP level increased, number of roots decreased. Furthermore, behind 0.500 
mg/l of BAP rhizogenesis totally inhibited. Respecting, the effect of NAA, the absence of NAA from the culture 
medium brought about the highest mean value of the number of roots formed per plantlet compared to other 
tested NAA concentrations. The interaction between BAP at (nil) level and NAA at 0.250 mg/l, produced the 
highest number of roots per plantlet. 
 
Table 1: Effect of different levels of NAA and BAP (mg/l) and their combinations on initiation stage of husk tomato cultured in vitro for 35 

days. 
Character NAA 

levels 
(mg/l) 

BAP levels (mg/l) Mean 
(NAA) 

Significance 
0.000 0.125 0.250 0.500 1.000 BAP NAA BAP x 

NAA 
(a) Mean number of shoot 

length (cm)/ propagule: 
0.000 3.58 2.79 2.21 1.42 1.22 2.24 *** *** *** 
0.125 6.04 2.80 2.14 1.26 0.81 2.61    
0.250 3.54 2.81 2.29 1.67 0.82 2.23    

Mean (BAP)  4.39 2.80 2.21 1.45 0.95     
LSD(0.05) 0.103 0.079 0.187 

(b) Mean number of leaflets 
formed/propagule: 

0.000 3.70 2.90 2.30 2.00 1.50 2.48 *** *** *** 
0.125 4.60 3.60 2.50 1.80 1.50 2.80    
0.250 2.60 2.20 2.10 2.00 1.10 2.00    

Mean (BAP)  3.63 2.90 2.30 1.93 1.37     
LSD(0.05) 0.219 0.170 0.433 

(c) Mean number of nodes 
formed/propagule: 

0.000 2.40 1.90 1.30 1.00 1.00 1.52 *** *** *** 
0.125 3.60 2.60 1.50 1.00 1.00 1.94    
0.250 1.60 1.20 1.10 1.00 1.00 1.18    

Mean (BAP)  2.53 1.90 1.30 1.00 1.00     
LSD(0.05) 0.184 0.143 0.364 

(d) Mean number of roots 
formed/propagule: 

0.000 5.60 3.50 3.30 0.00 0.00 2.48 *** *** *** 
0.125 6.80 3.20 0.90 0.00 0.00 2.18    
0.250 7.50 0.00 0.00 0.00 0.00 1.50    

Mean (BAP)  6.63 2.23 1.40 0.00 0.00     
LSD(0.05) 0.222 0.172 0.415 
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Fig. 1: Shoot tip explants of Egyptian husk tamato grown in vitro for 35 days on (a) MS+ hormone-free-

medium; (b) MS + 0.125 mg/l of NAA: (c) MS + 0.250 mg/l of NAA. 
 
Multiplication stage: 
 
 Data in Tables (2) manifest that both applied growth regulators' levels exerted significant effects on the 
studied character of "Egyptian husk tomato" explants during multiplication stage (Fig. 2). 
 
Table 2: Effect of different levels of NAA and BAP (mg/l) and their combinations on Multiplication stage of husk tomato cultured in vitro 

for 35 days. 
Character NAA 

levels 
(mg/l) 

BAP levels (mg/l) Mean 
(NAA) 

Significance 
0.000 0.250 0.500 1.000 2.000 BAP NAA BAP x 

NAA 
(a) Mean number of shoot 

length (cm)/ propagule: 
0.000 5.75 4.68 3.76 2.82 1.79 3.76 *** *** *** 
0.125 6.91 5.50 4.37 3.15 2.21 4.43    
0.250 6.61 4.20 3.25 2.46 1.49 3.60    

Mean (BAP)  6.42 4.79 3.79 2.81 1.83     
LSD(0.05) 0.118 0.092 0.203 

(b) Mean number of leaflets 
formed/propagule: 

0.000 6.90 5.50 4.70 3.70 2.70 4.70 *** *** *** 
0.125 5.50 4.40 4.20 2.70 2.00 3.76    
0.250 4.70 3.20 2.40 2.30 1.50 2.82    

Mean (BAP)  5.70 4.37 3.77 2.90 2.07     
LSD(0.05) 0.237 0.183 0.406 

(c) Mean number of nodes 
formed/propagule: 

0.000 5.90 4.50 3.70 2.70 1.70 3.70 *** *** *** 
0.125 4.50 3.40 3.20 1.70 1.00 2.76    
0.250 3.70 2.20 1.40 1.30 1.00 1.92    

Mean (BAP)  4.70 3.37 2.77 1.90 1.23     
LSD(0.05) 0.226 0.175 0.145 

(d) Mean number of roots 
formed/propagule: 

0.000 6.50 4.80 3.60 0.00 0.00 2.98 *** *** *** 
0.125 5.40 3.40 2.50 0.00 0.00 2.26    
0.250 7.80 3.60 0.00 0.00 0.00 2.28    

Mean (BAP)  6.57 3.93 2.03 0.00 0.00     
LSD(0.05) 0.205 0.159 0.264 

 

 
Fig. 2: Nodal explants of Egyptian husk tamato grown on multiplication media for 35 days on (a) growth on 

hormone-free-medium; (b) MS + 0.125 mg/l of NAA: (c) MS + 0.250 mg/l of NAA. 
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 Concerning the shoot length per plantlet, the main effect of BAP declared that there was an inverse 
relationship between the given trait and BAP levels. For instance, MS-basal medium free of BAP, gave the 
highest mean value, compare with the other levels. On the other side, the presence of NAA at 0.125 mg/l gave 
the highest mean value. Meanwhile, the interaction between BAP and NAA at 0.000 and 0.125 mg/l, 
respectively, resulted in the highest mean value. With regard to the mean number of leaflets formed per plantlet, 
the main effect of BAP declared similar effect as reported above; whereas, BAP-free-medium had the highest 
mean value compare with the other levels. However, the main effect of NAA on this trait showed that the 
absence of NAA recorded the highest mean values compare to the highest level. The interaction between BAP 
and NAA at nil level reported the highest mean value. Respecting the mean number of nodes formed per 
propagule, both applied growth regulators and their combinations practiced highly significant effect on this 
character. Similar performance has been noticed as the above mentioned character. As for the number of roots 
formed per plantlet, the effect of BAP, showed that as BAP level increased the given trait decreased. Moreover, 
the presence of BAP at 1.000 and/or 2.000 mg/l suppressed rhizogenesis, in total. In case of NAA main effect, 
the absence of NAA from the culture medium brought about the highest mean value of roots formed per plantlet. 
The interaction between BAP and NAA at nil and 0.250 mg/l caused the highest value. However, the interaction 
between both added levels of NAA and BAP at 1.000 mg/l or higher was concomitant with suppression of 
rhizogenesis. 
 
Rhizogenesis stage: 
 
 Data in Table (3) cleared that neoformed shoots were rooted upon culture onto MS medium supplemented 
with NAA at 1.000 mg/l that gave the highest mean value as shown in Fig. (3). 
 
Table 3: Effect of different levels of NAA on rhizogenesis stage of husk tomato cultured in vitro for 35 days. 

Character NAA levels (mg/l) Significance 
0.000 0.125 0.250 0.500 1.000 2.000  

(a) Mean number of shoot 
length (cm)/ propagule: 

3.82 3.68 3.18 3.09 0.79 0.00 *** 

Mean (NAA) 3.82 3.68 3.18 3.09 0.79 0.00 
LSD(0.05) 0.185 

(b) Mean number of leaflets 
formed/propagule: 

3.90 3.60 2.80 2.60 1.90 0.00 *** 

Mean (NAA) 3.90 3.60 2.80 2.60 1.90 0.00 
LSD(0.05) 0.349 

(c) Mean number of nodes 
formed/propagule: 

2.90 2.60 1.80 1.70 1.00 0.00 *** 

Mean (NAA) 2.90 2.60 1.80 1.70 1.00 0.00 
LSD(0.05) 0.323 

(d) Mean number of roots 
formed/propagule: 

2.30 3.50 5.70 12.60 14.30 0.00 *** 

Mean (NAA) 2.30 3.50 5.70 12.60 14.30 0.00 
LSD(0.05) 0.408 

 

 
 
Fig. 3: Rhizogenesis of Egyptian husk tamato cultured for 35 days on MS + 0.500 mg/l of NAA. 
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Somatic embryogenesis of leaf explants cultured in vitro: 
 
 Response of leaf explants to caulogenesis and embryogenesis is depicted in Table (4). It is obvious that the 
effects of BAP, 2,4-D and their interactions exerted, highly, significant effects on callus size index. The 
obtained results elicited a direct proportional relationship between BAP levels and callus size index. Calli which 
formed due to BAP levels, were not of embryonic type. On the other hand, the intermediate ranges of 2,4-D 
(0.250-1.000) was not, significantly, different from both extreme levels. The absence of both applied growth 
regulators resulted in no callus formation. Meanwhile, the interaction between 2,4-D and BAP at 0.250 mg/l, of 
each other, gave rise to the highest mean value of callus size index. These calli were 100% proembryonic one 
(Fig. 4a). Proliferation of proembryonic calli was enhanced by reculturing (500 mg) of the proembryonic calli 
on to the same medium for further 3 weeks (Fig. 4b) and this medium was considered as a selective proliferation 
embryogenic one. However, upon transferring the embrygenic calli onto MS hormone-free medium Fig. (4c) for 
germination or maturation, the neoformed embryos began to produce root initiation within 11 days or shoot 
growth within 17 days Fig. (4d). Also, cotyledons and hypocotyls elongation were pronounced and were either 
preceded root initiation. However, embryos were arrested at various developmental stages (Fig. 5) globular, 
heart, torpedo, and cotyledonary stages. 
 
Table 4: Effect of BAP and 2,4-D and their combinations on callus size index of leaf explants of husk tomato cultured in vitro. 

BAP supplements 
(mg/l) 

2,4-D supplement (mg/l) Mean (BAP) Significance 
0.000 0.250 0.500 1.000 2.000 BAP 2,4-D BAP x 

2,4-D 
0.000 0.00 1.00 0.00 0.00 1.90 0.58 *** *** *** 
0.125 3.40 5.50 5.80 5.10 4.40 4.84  
0.250 5.70 7.60 7.50 6,90 4.60 6.46  

LSD(0.05) 0.201 0.156 0.366 
Mean (2,4-D) 3.03 4.70 4.43 4.00 3.63  

 

 
 
Fig. 4: Development sequence of somatic embryos fromed in vitro of Egyptian husk tamato (a) Proembryonic 

callus arising from leaf explant tissue; (b) embryonic callus formation due to reculturing it on the 
selective proliferation embryonic medium, (c) embryonic due to culture the embryonic callus onto MA-
hormone-free medium and development of neoformed initial shoots and negatively-geotropic roots (d). 

 

 
Fig. 5: Groups of embryoids on the surface of embryonic callus of Egyptian husk tamato globular [A], heart [B] 

and torpedo [C]. 
 
 It is noteworthy to mention that some other trials were conducted to convert the embryos into plantlets, i.e. 
NAA, BAP and KIN either alone or in combination, in addition to the use of different sucrose concentration, 
were not successful, except in case of control treatments. Different strengths of MS medium were not effective 
too. 
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Somatic embryogenesis experiments: 
 
 With the presence of 2,4-D and BAP at 0.250 mg/l of each , the differentiation of the embryogenic calli of 
Egyptian husk tomato was observed. One to 2 weeks after incubation, leaf discs started to form dull-yellow, 
rather compact callus on their surfaces was noticed. There calli did not give rise to embryoids. Three to 8 weeks 
after incubation, pale-to bright yellow, compact callus emerged from surfaces of young leaves, discs. When 
observed under a dissecting microscope, compact callus with leaf primordia was distinct in colour and texture 
from friable callus. When observed under a scan electron microscope, compact callus was composed of tightly 
packed isodiametric cells which contained numerous starch grains. This callus was embryogenic, where it 
developed into globular embryoids (Fig.5) which developed further into heart-shaped embryoids. Cotyledonary 
shaped these were usually attached to the callus through suspensor-like structure. 
 
Acclimatization stage: 
 
The hardening of the plantlets were achieved successfully in vivo as shown in Fig. (6). 
 

 
 
Fig. 6: Acclimatization of neoformed plantlets ex vitro: in vivo of Egyptian husk tomato for 6 weeks. 
 
Discussion: 
 
 Growth and morphogenesis in vitro are regulated by the interaction and balance between growth regulators 
augmented in the medium, and the growth substances produced endogenously by cultured cell and/or tissues 
(George and Sherrington, 1984). However, decreasing the mean values of the studied characters during initiation 
and multiplication stages of the Egyptian husk tomato with increasing BAP could be attributed to accumulation 
supra-optimal level of cytokinin which exerts adverse effects on growth performance (Murashige, 1974 and 
Tomas, 1987). Subsequently, MS medium without BAP led to the highest value of shoot length. This finding 
could be attributed to the mode of action of naturally occurring auxin (IAA) within cultured tissues which is 
capable of controlling various distinctive processes such as cell growth and elongation (George and Sherrington, 
1984).  
 Meanwhile, cytokinin appears to be necessary for plant cell division rather than cell elongation (Tomas, 
1987). On the other hand, augmenting MS medium with NAA at 0.125 mg/l achieved the best growth 
performance. This may be due to establishment of the appropriate balance between exogenous cytokinin and 
endogenous auxin levels in tissue of cultured explants and due to the polarity of auxin-transport which is 
basipetal (Rubery, 1986). Subsequently, the morphogenesis and rhizogenesis of the tested husk tomato' explants 
could be taken place due to their culture on the above-mentioned combination, i.e. MS + NAA at 0.250 mg/l. 
Micropropagation of husk tomato via shoot tip culture not very common in literature; However there are 
numerous articles manipulated the micropropagation of the family Solanaceae, for instance, in tomato 
(Lycopersicon esculentum Mill.), De langhe and Bruijne (1976) indicated the presence of high level of 
endogenous auxin in their stems. Kartha et al. (1977) reported that whole plant regeneration was obtained from 
shoot apical meristem cultured on MS medium plus BAP and NAA in the range of 0.02 – 0.20 mg/l or 2.20 mg/l 
of ZEA in conjunction with 0.186 mg/l of NAA or vice versa and 1.75 mg/l of IAA. Polevaya et al. (1988) 
initiated tomato culture from isolated apical and axillary meristems on MS medium fortified with GA3 at 1mg/l, 
and KIN at 0.5 mg/l, but the best multiplication was achieved on MS medium with BAP at 1.0 mg/l. However, 
the obtained shoots were rooted on MS medium without growth regulators. Also, Izadpanah and Khui (1989) 
initiated in vitro culture of tomato by culturing shoot tips, taken from 8-week-old of greenhouse seedlings, on 
MS medium supplemented with 1.5 mg/l of BAP and 3.0 mg/l of KIN to record the greatest shoot proliferation 
of "Calj" variety, whereas, 2.0 mg/l of BAP and 5 mg/l of KIN produced the highest mean value of shoot 
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proliferation in "Petomech and Red Cloud" varieties, orderly. Both authors indicated that rooting was achieved 
on MS medium plus 0.5 mg/l of IBA. Likewise, Ebida and Hu (1990) initiated strong erect shoots of cv. 
"Hybrid Luxor" via culturing shoot tip explants of 1-week-old seedlings grown on MS medium plus ZEA at 2.5 
mg/l only. Nevertheless, Ebida (1998) described an efficient method for micropropagation of Solanum 
melongena via shoot tip explants of 12-day-old seedlings. The author defined the initiation stages of two local 
and commercial grown cultivars as "Long White and Long Black", as MS medium supplemented with KIN at 
1.000 mg/l as the optimal concentration. Moreover, multiplication stage for both cultivars through nodel cuttings 
was MS medium plus KIN and NAA at 1.000 and 0.125 mg/l, each in turn. However, there was a basipital 
gradient for proliferation of cultured explants (i.e. decreased in proliferation from the basal to the distal cultured 
nodes). For instance, the basal nodel cuttings showed the best growth, the distal ones expressed growth 
suppression; meanwhile, the middle explants exhibited a median growth. The rhizogenesis stage was achieved 
on MS medium plus NAA at 0.250 mg/l. In this respect, the data obtained in this study are in accordance with 
that of Ebida (1998). Ebida and Hu (1993) reported that shoot tip explants with 1.0 cm of hypocotyls of pepper 
seedlings cv. "Early California Wonder" were cultured on MS medium supplemented with BAP at 0.500 mg/l 
only, led proliferation of multiple shoot buds at the base attached hypocotyl. Neoformed shoot buds were 
rhizogened when they were cultured onto full strength of MS medium plus 0.5 mg/l of IAA or with NAA at 0.4 
mg/l. Moerover, Ebida (1997) propagated chili pepper cv. "Anaheim Improved", vegetatively, in vito by nodel 
cutting technique. Initiation stage was established well in the absence of BAP which gave the highest mean 
values of the studied characters (mean numbers of nodes, leaflets, roots and shoot length per propagule) and vice 
versa. The author attributed his finding to the juvenility phase of seedling growth, where a juvenile character 
regularly appears where plants are grown from seeds. Furthermore, George and Sherrington (1984) confirmed 
that shoots derived from shoot tip cultures always root much more than that derived from mature parts. On the 
other side, the author reported that augmenting MS medium with NAA at 0.125 mg/l, brought about the highest 
mean values of the studied traits. Regarding this result, Reynolds (1986) ascertained that shoot tips from 
germinated seeds will develop into plants upon culture these explants on MS medium plus 0.3 mg/l of IAA. The 
same author referred that the interaction between BAP and NAA at nil level and 0.125 mg/l, respectively (as 
reported in this study) gave the highest mean values. Interestingly, the above-mentioned combination was the 
appropriate combination augmented in MS medium to record the highest mean values of the studied characters. 
This finding in complete agreement with the data recorded in this study. However, this finding could be 
interpreted on the basis of the presence of hormonal balance between endogenous cytokinin and exogenous 
auxin (George and Sherrington, 1984).   
 
Somatic embryogenesis: 
 
 Regarding the somatic embryogenesis stage was reported in Egyptian husk tomato (Solanaceae family). 
The data recorded from four experiments were typically similar with no variation between them. The obtained 
data elicited a direct proportional relationship between BAP levels and callus size index. Calli which formed 
owing to BAP levels were not of embryonic type. On the other hand, the combinations range of 2,4-D (0.250 
mg/l) was not significantly different between them, whilst they differed significantly from both extreme levels. 
 Ebida (1997) described the absence of both applied growth regulators by no callus response. Nevertheless, 
two physiological effects of 2,4-D were indicated by its absence no calogenesis has  taken place, on the other 
hand, the explants were scorched and its highest level. This may due to its toxic effect. Meanwhile, the 
combination between 2,4-D and BAP at 1.00 and 0.125 mg/l, respectively, gave rise to the highest mean value 
of callus size index. However, embryogenic callus of sweet potato cultivar "White star" was obtained from 
shoot apices when proliferated on basal MS medium supplemented with 2.2 mg/l of 2,4-D and 0.2 mg/l of BAP 
(Chee and Cantliffe, 1988). However, upon transferring the embryogenic calli onto MS hormone-free medium 
for germination or maturation, embryos were arrested at various developmental stages. Similar observations 
were recorded by Chee et al. (1990). 
 Shegal (1975) only friable callus from leaf explants when transferred to medium containing either adenine 
or kinetin, the callus gave rise to shoot buds and roots. Contcliffe (1993) reported that embryo was triggered by 
transferring embryogenic calluses of cell aggregates from nutrient media containing 2,4-D to fresh media 
without 2,4-D late torpedo and cotyledonary stage embryos had the highest potential for plant formation. It is 
suggested that the automated production of synthetic seeds in combination with fluid drilling technology could 
render economically feasible the production of sweet potatoes for biomass (Cantliffe et al., 1987). 
 Kokubu et al. (1993) confirmed that embryogenic callus was induced from shoot tip explants of 16 cultivars 
on MS medium supplemented with 0.2 mg/l 2,4-D. The frequency of embryogenic callus formation was 
influenced by the interaction between cultivar and 2,4-D concentration, being highest in cv. "Lizhixiang" 
medium with 0.2 mg/l 2,4-D. Some somatic embryos germinated when embryogenic calluses were transferred 
onto MS medium supplemented with either 2.0 mg of abscisic acid or 2.0 mg benzyladenine/l. 
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 Liu et al. (1993) confirmed that shoot tip explants (abut 0.5 mm long) gave rise to non-embryogenic callus 
on MS medium supplemented with 0.2 mg/l 2,4-D, however, embryogenic callus formed on the  nn-
embryogenic callus and produced somatic embryos. However, transfer of the embryogenic callus to MS medium 
without growth regulators resulted in the germination of embryoids. Sorrino and Mini (1993), reported that 
callus was induced on modified MS medium supplemented with 2,4-D callus was transferred to a similar 
medium without 2,4-D for embryoid formation. 
 It has been well documented that in vitro somtic embryos and morphogenesis depends on the levels and 
combinations of plant growth regulators in the culture medium (Ramirez-Malagon and Ochoa-Alejo 1991) as 
well as on the cultivar or genotype (Ochoa-Alejo and Ireta-Moreno 1990; Powell 1990; Gorecka et al. 2005; 
Cistue et al. 2006 and Guzman et al. 2009). Miyashima et al. (2013) cleared that embryogenesis, appropriate 
auxin transport and signalling are also crucial for embryonic patterning. In particular, polar auxin transport 
through the PIN-formed (Betsuyaku et al. 2011) (PIN) protein family and auxin signalling mediated by the 
Indole-3-acetic acid (IAA) play important roles in embryonic root formation. Regulators such as OBERON 1 
(OBE1), OBE2, TITANIA1 (TTA1), (TTA2) and the other MP/ARF5- regulated transcription factors (TFs) are 
also required for embryonic root meristem formation.  In plant development, different types of asymmetric cell 
division produce during organ formation, in cell fate determination has been studied in several developmental 
processes, including zygote cell division (Dhonukshe et al. 2012), stem cell maintenance and differentiation 
(Yoshida et al., 2013), stomatal development (Weijers et al., 2006) and lateral root initiation (Okumurak et al. 
2013).   
 
Conclusion: 
 
 The present study has fulfilled the proposed objectives as follows:  
- Establishing the appropriate media for micropropagation stages using shoot tip explants; whereas the 

appropriate media for initiation, multiplication and rhizogenesis stages of Egyptian husk tomato (family 
Solanaceae) were cultured on Murashige and skoog medium ( 1962) supplemented with NAA at (0.125 and 
0.250 mg/l). However all new formed plantlets were acclimatized and established ex vitro successfully. 

- Achieve the possibility of producing somatic embryogenesis calli which is considered as an approach to 
produce synthetic seeds for vegetative propagated species as Egyptian husk tomato. Nevertheless, more 
investigation should be conducted to optimize this new technique in order to achieve a higher rate of 
multiple shoots for many consecutive subcultures. 
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