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INTRODUCTION                                                         

Stevia rebaudiana Bertoni (Asteraceae 
family) is a perennial herb that originated 
from Paraguay and Brazil. It is cultivated for 
its sweetener compounds that accumulates in 
young leaves and being used as substitute to 
sucrose that found to be 100-300 times sweeter 
than it (Ahmad et al. 2011). These compounds 
are low-calorie, non-toxic and non-mutagenic 
compounds so it is being used for the treatment 
of diabetes (Aman et al. 2013). The stevioside can 
be used in cooked or baking products, tea, coffee, 
processed foods, beverages, fruit juices, cold 
drinks, pastries and chewing gum (Deshmukh & 
Ade, 2012). Beside its sweet taste, antioxidant 
activities, anti-pathogenic, anti-cancerous, anti-
hyperglycaemic, anti hypersensitive properties, as 
well as an effect in the prevention of dental caries 
(Kinghorn & Soejarto, 1985 and Starratt et al., 
2002). Brazilian and Paraguayan tribes used these 
valuable species for the treatment of heartburn 

in medicinal teas and Yerba mate (Singh & 
Rao, 2005). Stevioside is highly recommended 
for diabetes, hypoglycemia, hypertension, 
high blood pressure, depression, cavities, 
fatigue, obesity, sweet craving and infections 
(Jeppensen et al., 2002 and Dyrskog et al., 2005).

It is being cultivated as a crop in Korea, China, 
Indonesia, Taiwan, Thailand, Philippines, Japan, 
Malaysia, Israel, Ukraine, UK, Canada, United 
States, Mexico, and in South America countries. 
Stevia plant is heterozygous and seed germination 
or stem cutting are not suitable approaches for 
healthy biomass and SGs production (Aman 
et al., 2013). The seeds of S. rebaudiana are 
small in size, have a poor germination rate and 
the seeds loose viability during storage. In 
addition, propagation by seeds does not allow the 
production of homogeneous populations, which 
lead to great variability in sweetening composition 
and its levels (Tamura et al., 1984 and Nakamura 
& Tamura 1985). Vegetative propagation through 
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stem cuttings is limited by the lower number of 
individuals that can be observed at the same time 
from a single plant. Thus, it needs higher input 
stock and also laborious (Debnath et al., 2006). 

For these reasons, an efficient protocol 
for large-scale plant production within a short 
period such as using in vitro culture technology 
is necessary because it allows recovery of 
true to type progeny and genetically stable. 
In the past, a few tissue culture methods have 
been presented on S. rebaudiana plants using 
shoot tip, leaf, nodal and intermodal segments 
(Patil et al., 1996; Sivaram & Mukundan, 
2003; Uddin et al., 2006; Debnath, 2008; Abd 
Alhady, 2011; Thiyagarajan & Venkatachalam, 
2012; Aman et al., 2013 and Dey et al., 2013). 

Therefore, the aim of the present study was 
to develop a feasible and cost-effective system 
for regeneration of a new sweetening crop 
using two types of explants (shoot tip and nodal 
segments) to determine which explant is most 
suitable for micro-propagation in the presence 
of different PGRs for large-scale production. 

MATERIALS AND METHODS                                        
Plant material and explant sterilization

Three-months-old Stevia rebaudiana var. 
spanti plants were collected and obtained 
from the greenhouse of Sugar Crops Research 
Institute, Agricultural Research Center, Ministry 
of Agriculture, Egypt. These experiments were 
conducted during the period from 2014 to 2015 at 
plant tissue culture lab, Faculty of Environmental 
Agricultural Sciences. Shoot tips and axillary 
nodes (1.5 cm long, 0.5 cm wide) were used 
as explants which cut, washed under running 
tap water and then submerged in tap water 
with a few drops of Tween-20 in a flask with 
shacking by hand for 5 min followed by rinsing 
in tap water to remove the soap. Under aseptic 
condition in laminar airflow hood, explants were 
surface sterilized with 70 % (v/v) ethanol for 30 
seconds and subsequently with 0.15% mercuric 
chloride (HgCl2) solution for 1 min followed 
by repeated washing (3 times) with sterile 
distilled water to remove all traces of HgCl2. 

Culture media and condition
The sterilized explants (Shoot tip and axillary 

node) were trimmed (0.5-1.0 cm) at the base 
and cultured with the cut surface in contact with 
MS medium including basal salt mixtures and 

vitamins (Murashige & Skoog, 1962) (full or half 
strength) supplemented with 30 g L-1 sucrose and 7 
g L-1 of agar. Moreover, in the presence of different 
concentrations of 6-Benzyladenine (BA), and 
Kinetin (Kin) to the previous medium to study the 
effect of the interaction between MS media strength, 
explants type and cytokinins on shoot induction of 
Stevia rebaudiana. 5 explants were cultured per 
vessel (100 ml) as a replicate and the treatment 
was contained 4 vessels (4 replicates). The pH was 
adjusted to 5.6 - 5.8 before gelling with agar and 
autoclaved at 121°C and 1.1 kg cm-2 for 20 min. 
then the media were distributed in vessels (30-40 
ml for each vessel). The cultures were maintained 
in an air conditioned culture room at 25±2°C under 
16 h per day photoperiod which provided by cool 
white fluorescent lamps (light intensity 2000 Lux.). 

In vitro rooting and hardening
Shoots (2-4 cm) in length that regenerated 

from in vitro cultured explants were rooted on 
half strength MS medium. The medium was 
supplemented with 30 gL-1 sucrose and 7 gL-1 
agar in the presence of different concentrations of 
auxins like Indole butyric acid and α-Naphthalene 
acetic acid (IBA and NAA), individual or 1.0 mgL-1 
IBA in combination with different concentration of 
Indole acetic acid and 2,4-Dichlorophenoxyacetic 
acid (IAA and 2,4-D) to monitor the initiation and 
quality of adventitious roots on the regenerated 
shoots. 5 shoots were cultured per vessel as a 
replicate and the treatment was contained 4 vessels 
(4 replicates). The cultures were maintained under 
cool white fluorescent lamps provided by Philips. 
Then, well-rooted shoots after 4 weeks of culture 
were carefully taken out from the medium then 
washed thoroughly in sterilized distilled water for 
ex vitro culture. The plantlets were then planted 
into pots (100 ml) containing a mixture of organic 
soil and sand (1:1 ratio). Then placed in a plastic 
tunnel and wetted with tap water followed by 
covering with transparent plastic bags to maintain 
humidity. Watering was 3 times during the 3 weeks. 
After that, the established plants were transplanted 
to black polyethylene bags containing garden 
soil and farmyard manure for further growth.

Statistical analysis
Statistical difference among the treatments 

means was analyzed by Duncan's multiple 
range test (DMRT) at 0.05 level using the 
SPSS (version 17) and the results were 
expressed as the mean ± SE. Data were also 
subjected to analysis of variance (ANOVA).
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RESULTS AND DISCUSSION                                         
In vitro shoot bud induction

Shoot tip and axillary node explants from 
3-months-mature S. rebaudiana plants were 
cultured on MS basal medium including vitamins 
(full or half strength) supplemented with 30 
gL-1 sucrose and 7 gL-1 agar (Fig.1.A). To study 
the effect of the interaction between MS media 
strength, explants type and cytokinins on shoot 
induction of Stevia rebaudiana Bertoni, 1.0 
mgL-1 of BA or Kin were added to the medium 
composition. After 6 weeks of culture, significant 
responses were recorded among the studied 
treatments. The optimum shoot induction 
(93.33%) with high number of shoot buds/
explant (4.06), shoot length (3.33 cm) and high 
leaves number/shoot (3.46) were observed by 
using shoot tip as explants on full MS medium 
supplemented with 1.0 mgL-1 BA within a period 
of 6 weeks (Table 1). This result was followed by 
using axillary node as an explants on full MS with 
1.0 mgL-1 BA that gave (86.66% shoot induction) 
with 3.66 shoot buds, 3.10 cm shoot length and 

3.10 leaf per explant. Moreover, using 1.0 mgL-1 Kin 
found to be third best treatment recording 76.66% 
shoot induction, 2.46 shoots/explant, 2.43 cm 
shoot length and 2.23 leaves/explant. In previous 
published works of other research groups, BA 
was found to be more effective than Kin for shoot 
bud initiation and development according to 
Sivaram & Mukundan (2003) and Thiyagarajan 
& Venkatachalam (2012), the preference to use 
BA as cytokinin, its degradation is slow and it 
can be autoclaved without losing its activity. 
Similar findings has been reported to study the 
effect of BA on multiple shoot bud induction 
from nodal explants in various plant species 
including Eclipta alba (Dhaka & Kothari, 2005), 
Quercus euboica (Kartsonas & Papafotiou, 2007), 
Ulmus parvifolia (Thakur & Karnosky, 2007) and 
Sacostemma brevistigma (Thomas & Shankar, 
2009). The effect of MS media strength (full or 
half MS) were significantly differed on shoot 
number, shoot length and leaves number. Data 
in Table 1 indicate that all studied characteristics 
in full strength MS were significantly 

TABLE 1. Effect of the interaction between media strength, explants type and cytokinins on shoot initiation of 
Stevia rebaudiana Bertoni after 6 weeks of culture.

Media strength Explants 
type

PGRs
(1 mgL-1)

Shoot 
induction 

(%)

Shoots no./
explant

Shoot 
length (cm) No. of leaves

6 weeks

Full MS
Shoot tip BA 93.33 4.06±0.12a 3.33±0.08a 3.46±0.08a

Kin 76.66 2.46±0.12c 2.43±0.08c 2.23±0.08c

A x i l l a r y 
node

BA 86.66 3.66±0.14b 3.10±0.05b 3.10±0.05b

Kin 76.66 2.26±0.12c 2.03±0.08d 2.10±0.05c

Half MS
Shoot tip BA 53.33 1.26±0.03e 1.10±0.05f

0.53±0.08d

Kin 40.00 1.60±0.05d 1.36±0.08e 0.00±0.00f

A x i l l a r y 
node

BA 56.66 1.20±0.10e 1.06±0.03f 0.30±0.05e

Kin 43.33 1.23±0.08e 1.36±0.06e 0.00±0.00f

Means ± SE (standard error) in each column followed by same letters are not significantly different according 
to Dunchan’s multiple range test (DMRT) at α = 0.05.

higher than in half strength MS medium.

Multiple shoot formation
Multiple shoot formation in Stevia rebaudiana 

requires adding cytokinins to the culture medium 
(Tadhani & Rema, 2006). In vitro regenerated 
shoot buds from nodal explants were cultured 
on full strength MS medium with different 
concentrations (0.5, 1.0, 2.0, and 4.0 mgL-1) of 
BA or Kin. Data shown in Table 2 were revealed 
statistically significant differences between 
treatments at 5% level. Stevia rebaudiana could be 

established at control medium (free from PGRs) 
but with less effective response. The optimum 
number of shoot buds (4.46) and longest shoot 
(3.63 cm) without callus formation was occurred 
using 1.0 mgL-1 BA (Fig.1.B). This findings are 
in agreement with (Ahmad et al., 2011; Atalay 
et al., 2011 and Aman et al., 2013). While, using 
2.0 mgL-1 BA gave 4.16 shoot buds and 3.30 cm 
shoot length. Whereas, using 0.5 mgL-1 BA found 
to be third best treatment recording 3.80 shoots/
explant and 3.13 cm shoot length. 0.5 mgL-1 BA 
was optimum, while the concentration more than 
2.0 mgL-1 reduced shoot number, shoot length and 
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leaves number. Of the two cytokinins tested in this 
investigation, BA was found to be most efficient 
for shoot multiplication than Kin. However, 
MS supplemented with 0.5 mgL-1 Kin observed 
3.13 shoots/explant, 2.56 cm shoot length and 
2.63 leaves number. Therefore, increasing the 
concentration of Kin more than 0.5 mgL-1 reduced 
shoot number, shoot length and number of leaves.

Data presented in Table 2 is showing that 

TABLE 2. Influence of different concentrations of BA and Kin on morphogenic responses of single-shoot explants 
of Stevia rebaudiana Bertoni established in vitro. 

Plant growth 
regulators

Amount of 
PGR (mg/l) Shoots no./explant Average shoot 

length (cm) Leaves no.
Degree 

of callus 
formation*

BA

0.0 1.26±0.06h 1.26±0.08g 1.16±0.03f -

0.5 3.80±0.05c 3.13±0.14b 2.36±0.08c -

1.0 4.46±0.08a 3.63±0.08a 3.53±0.08a -

2.0 4.16±0.03b 3.30±0.05b 3.70±0.05a -

4.0 2.40±0.05f 2.33±0.08d 1.53±0.12de +

Kin

0.5 3.13±0.08d 2.56±0.03cd 2.63±0.12b -

1.0 2.73±0.08e 2.66±0.08c 2.20±0.11c -
2.0 1.80±0.05g 1.60±0.05e 1.76±0.08d -
4.0 1.43±0.08h 1.40±0.05ef 1.43±0.03e +

*Callus formation (-, no callus; +, small callus less than 5 mm diameter; ++, moderate callus 5-10 mm diameter; +++, 
large callus more than 10 mm diameter). Data (Mean ± SE) recorded after 6 weeks.

the highest number of leaves/explant (3.70) was 
recorded when MS medium supplemented with 
2.0 mgL-1 BA without significant differences with 
1.0 mgL-1 BA (3.53), followed by 0.5 mgL-1 Kin 
recorded (2.63), then 0.5 mgL-1 BA that gave 
(2.36) without significant differences with 1.0 
mgL-1 Kin that observed (2.20) leaves number. 
On the other hand, callus formation could not 
be established at all tested concentration except 

the highest concentration (4.0 mgL-1) of both 
BA and Kin, which produced small callus.
Shoot bud proliferation and PGRs combination

At the same concentration of 1.0 mgL-1 BA but 
here in combination with different concentration 
of IBA or NAA (0.1, 0.5, or 1.0 mgL-1) for 
multiple shoots bud proliferation different 
response were observed (Table 3). Among the 
tested combinations, a maximum initiation of 
healthy shoot buds (6.66) with higher shoot 
length (4.46 cm) were obtained within 6 weeks 
of culture using 1.0 mgL-1 BA + 0.5 mgL-1 IBA 
combination followed by 1.0 mgL-1 BA + 1.0 
mgL-1 IBA combination that gave (5.26) shoots/
explant and (3.70 cm) shoot length. BA (1.0 mgL-

1) + NAA (1.0 mgL-1) combination proved to be 
the third best treatment recording (4.10) shoots/
explant and (3.10 cm) shoot length. The results are 
in agreement with Thiyagarajan & Venkatachalam 
(2012), who noticed that 1.0 mgL-1 BA + 0.5 mgL-1 
IBA combination was observed a good shoot bud 
development (4.25 shoots/explant) with (5.02 cm) 

shoot length. Addition of IBA along with BA has 
been reported to regenerate shoot buds from the 
nodal explants of Stevia rebaudiana (Atalay et al., 
2011 and Aman et al., 2013) and in Jatropha curcas 
(Shrivastava & Banerjee, 2008). In contrast, the 
present results are in disagreement with that of 
Abd Alhady (2011) and Deshmukh & Ade (2012). 
However, using 0.5 mgL-1 Kin in the presence 
of 0.5 mgL-1 IBA recorded (4.10 shoots/explant) 
with (3.03 cm) length. Of the two auxins tested in 
this experiment, IBA was proved to be the most 
efficient auxin for shoot multiplication compared 
to NAA. Increasing the concentration of NAA 
from 0.1 to 1.0 mgL-1 in different combinations 
with 1.0 mgL-1 BA or 0.5 mgL-1 Kin, increased the 
multiple shoot formation of Stevia rebaudiana. 
Moreover, Maharana et al. (2012) mentioned that 
cytokinins at the optimal concentration promotes 
shoot proliferations, and at high concentration 
stimulates meristems development and the 
inclusion of low concentration of auxins along 
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TABLE 3. Influence of different concentrations and combination of PGRs on formation of multiple shoots Stevia 
rebaudiana. 

Plant growth regulators
 ( mgL-1) Shoots no./explant Shoot length (cm) Degree of callus 

formation

BA Kin IBA NAA

1.0

- 0.1 - 3.23±0.12e 3.00±0.05cd -

- 0.5 - 6.66±0.08a 4.46±0.12a -

- 1.0 - 5.26±0.17b 3.70±0.11b -

- - 0.1 2.63±0.08f 2.13±0.08e -

- - 0.5 3.66±0.12d 2.36±0.14e +

- - 1.0 4.10±0.05c 3.10±0.05c ++

-

0.5

0.1 - 3.23±0.08e 2.40±0.11e -

- 0.5 - 4.10±0.05c 3.03±0.08cd -

- 1.0 - 3.50±0.11de 2.76±0.14d -

- - 0.1 1.73±0.08h 1.20±0.05h -

- - 0.5 2.26±0.08g 1.53±0.08g -

- - 1.0 2.60±0.11f 1.83±0.03f +

Data (Mean ± SE )recorded after 6 weeks.  

with cytokinins excites the shoot proliferation rate. 

In this experiment, callus formation was 
observed in the presence of 0.5 and 1.0 mgL-1 NAA 
+ 1.0 mgL-1 BA or in the combination between 1.0 
mgL-1 NAA + 0.5 mgL-1 Kin. However, adding IBA 
to the MS medium showed no callus and obtained 
elongated stems with well-developed leaves.

In vitro root induction:
Adventitious rooting is a critical factor 

for successful production of elite clones and 
important step in the plant species vegetative 
propagation, according to Davis & Haissig 
(1994). In present study, regenerated shoots (1-
1.5 cm long) were cultured on half MS basal salt 
without vitamins medium containing different 
concentrations of IBA or NAA (0.1, 0.5, or 1.0 
mgL-1). IBA and NAA significantly increased 
roots number/shoot and root length (Table 4). 0.5 
mgL-1 IBA on half MS medium was found to be 
the optimum medium for root formation. it gave 

a good root formation (83.33 %), highest roots 
number/shoot (4.73), and a highest root length 
(3.7 cm) ) (Fig.1.C). Similar findings have also 
been reported for Citrus auriantifolia (Bhatt & 
Tomar, 2010) and for Jatropha curcas (Toppo et 
al., 2012) that indicate low concentrations of IBA 
(0.5 mgL-1) proved to be more efficient for root 
formation. Then, 1.0 mgL-1 IBA supplemented to 
MS medium proved to be second best treatment 
showing (4.46) root number/shoot with (3.16 cm) 
root length. This result was in agreement with 
Abd-Alhady (2011). However, the highest root 
formation percent (93.33%) was recorded with 0.1 
mgL-1 NAA on half MS. Thus, the root formation 
percentage, roots number and root length were 
decreased by increasing NAA concentration more 
than 0.1 mgL-1. 

In contrast, results are disagree with those 
of Thiruvengadam & Jayabalana (2000) on 
Vitex negundo, Jeyakumar et al. (2002) on 
Psoralea corylifolia and Deshmukh & Ade 
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TABLE 5. Effects of different concentration and combination of auxins on adventitious root formation.

Auxins Amount 
(mgL-1)

Roots no./
shoot

Root length 
(cm) Degree of callus formation

IBA 0.5 + 

IAA

0.1 3.03±0.03a 5.30±0.05a -

0.5 2.66±0.08b 4.16±0.06b -

1.0 2.20±0.11c 3.53±0.08c +

2,4-D

0.1 1.13±0.08f 1.36±0.12g -

0.5 1.60±0.05e 1.73±0.12f -

1.0 2.16±0.06c 2.50±0.10e ++

NAA

0.1 2.70±0.11b 3.46±0.08c -

0.5 2.26±0.08c 3.00±0.05d +

1.0 1.90±0.05d 2.40±0.17e ++
Data (Mean ± SE) recorded after 6 weeks.

TABLE 4. Influence of Auxins concentrations on adventitious root initiation of Stevia rebaudiana plant (half MS 
basal salt medium without vitamins was used).

Amount of Auxin
(mgL-1)

Average growth

Root formation/shoot 
(%)

Roots no. /
shoot

Root length 
(cm)

Callus 
formation

IBA NAA

0.0 0.0 90.00 2.33±0.14e 1.20±0.05f -

- 0.1 93.33 3.96±0.08b 2.73±0.08c -

- 0.5 86.66 3.53±0.12c 2.30±0.05d -

- 1.0 70.00 3.00±0.11d 1.90±0.05e -

0.1 - 63.33 3.03±0.17d 1.43±0.12f -

0.5 - 83.33 4.73±0.08a 3.70±0.11a -

1.0 - 76.66 4.46±0.08a 3.16±0.12b -
Data (Mean ± SE) recorded after 6 weeks.

(2012) on Stevia rebaudiana who reported in 
their studies that IAA was found to be more 
suitable hormone than IBA for root induction.

0.5 mgL-1 IBA in combination with three 
concentrations (0.1, 0.5, or 1.0 mgL-1) of IAA, 
2,4-D or NAA  were used to study its influence 
on adventitious root formation (Table 5). The 
maximum number of roots (3.03) with longest 
roots (5.30 cm) were obtained with 0.5 mgL-1 IBA 
+ 0.1 mgL-1 IAA on half MS basal salts. However, 

the combination of 0.5 mgL-1 IBA + 0.1 mgL-1 
NAA recorded the second best root number (2.70) 
without significant differences with 0.5 mgL-1 IBA 
+ 0.5 mgL-1 IAA that gave (2.66 roots). Increasing 
the concentration of IAA and NAA from 0.1 
to 1.0 mgL-1 in the presence of 0.5 mgL-1 IBA 
decreased roots number/shoot and root length. 
Once more, it could be noticed that the various 
concentrations of 2,4-D recorded the lowest 
values of root number and its length compared with 
the same concentrations of IAA or NAA. Thus, there 
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Fig. 1. (A) Axillary node explant of Stevia rebaudiana cultured on MS medium, (B) Multiple shoot formation, (C) 
in vitro root formation, (D) Multiple shoots with root formation, (E) in vitro propagated Stevia plantlet 
ready for field transfer
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بروتوكول كفء وفعال لإنتاج واكثار نبات الاستيفيا على نطاق واسع

احمد سعد عطايا
قسم الإنتاج النباتي – كلية العلوم الزراعية البيئية – جامعة العريش - شمال سيناء– مصر.

يعتبر نبات الاستيفيا من المحليات الطبيعية ذات القيمة العالية ونبات طبي يحتوي على المركبات المحلية داخل 
أوراقه. في الوقت الحاضر كثيراً ما تعتبر المستخلصات النباتية اقل سمية وخالية من الاثار الجانبية عن العقاقير 
المخلقة صناعياً لذلك اتجه البشر وبعض الشركات الدوائية إلى الادوية العشبية. ومن اجل تلبية الطلب المتزايد 
على المادة الخام من هذه الأعشاب الطبية قمت بعرض بروتوكول تضاعف بسيط وفعال لإكثار نبات الاستيفيا 
باستخدام القمم النامية والأجزاء البرعمية وبعض منظمات النمو النباتية المختلفة على بيئة موراشيجي وسكوج 

للحصول على نباتات صحية وذات معدل انتاج وفير. 

الكالس  تكوين  وبدون  الخضرية  البراعم  من  كبير  عدد  ذات  مثالي  نمو خضري  معدل  على  الحصول  تم 
من  أسابيع   6 وبعد   (BA) ادينين  البنزيل  من  ملليجرام/لتر   1 اليها  موراشيجي وسكوج مضافاً  بيئة  باستخدام 
الزراعة حيث أعطت 4.06 – 4.46 برعم خضري للمنفصل النباتي الواحد. كذلك تفوقت التوليفة المكونة من 1 
ملليجرام/لتر من البنزيل ادينين (BA) مضافاً اليها 0.5 ملليجرام/لتر من اندول حامض البيوتريك (IBA) والتي 

أعطت معدل 6.66 برعم خضري للمنفصل النباتي الواحد ومعدل طول للبرعم بلغ 4.46 سم.

موراشيجي  بيئة  قوة  نصف  على  زراعتها  تم  استطالتها  تمت  التي  الصحية  الخضرية  الأجزاء  فان  كذلك 
وسكوج المحتوية على الاملاح القاعدية وبدون الفيتامينات والتي ايضاً تحتوي على تركيزات مختلفة من اندول 
حامض البيوتريك ونفثالين حامض الخليك (NAA) منفردين او في توليفة مع اندول حامض الخليك (IAA) او 
مركب 2،4 داي كلوروفينوكسي حامض الخليك (D-2,4). بالإضافة إلى ان معدل النمو الجذري المثالي ذات 
معدل جذور 4.46 لكل برعم خضري وبنسبة تجذير وصلت إلى %76.6 تم الحصول عليهم باستخدام نصف 
قوة بيئة موراشيجي وسكوج مضافاً اليها 1 ملليجرام/لتر اندول حامض الخليك منفرداً. بالإضافة إلى ان الشتلات 
تمت اقلمتها بنجاح بعد 6 أسابيع واخذت تنمو طبيعياً في الصوبة  الصحية المتطورة والمتحصل عليها معملياً 

الزجاجية.
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