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N EFFICIENT and simple regeneration protocol using leaf explants was described on

MS medium in the presence of various plant growth regulators. After four weeks of
culture, the highest induction of adventitious shoot buds from leaf culture (90%) was achieved
on MS medium with 1.0mg/L BA. The largest number of shoot buds (3.02) per leaf explant
with no callus formation was achieved on MS medium with 2.0mg/L BA. The best combination
for the induction of numerous shoot buds was found to be TDZ + BA + IBA (0.5, 1.0, and
0.5mg/L, respectively), which presented 10.4 shoots per explant with 3.15cm in length. For
in vitro root formation stage, Healthy shoots were collected and cultivated on a half-strength
MS with various concentrations of NAA and IAA alone or in combination with 2,4-D or IBA.
Furthermore, the highest roots (8.17) per shoot with root formation (100 %) was observed using
a half-strength MS medium in the presence of 2.0mg/L IAA. Therefore, healthy in vitro rooted
plantlets were acclimatized successfully after four weeks in the greenhouse.

Keywords: In vitro rooting, Leaf explant, Plant growth regulators, Plant regeneration, Stevia

rebaudiana.

Introduction

Diabetes is acommon disease that affects people all
over the world, including Egyptians. It is expected
to impact 57 million people by 2025, according to
estimates. Nowadays, a few pharmaceutical firms
and people are turning to herbal remedies that is
which is thought to be less toxic and free of side
effects than synthetic medicine (Attaya, 2017).
Candyleaf Stevia rebaudiana Bertoni (Asteraceae
family), a medicinal and valuable plant containing
sweetener compounds in their leaves, that are
found to be 100-300 times sweeter than sucrose
in its leaves (Ahmad et al., 2011). Stevia has been
used as a natural sweetener in a broad range of
products in the food and soft drink industry for
decades since its leaves contain stevioside and
rebaudioside (Chaturvedula & Meneni, 2018).
These compounds are being used for the treatment
of diabetes because they are non-toxic, low-
calorie, and non-mutagenic (Aman et al., 2013).
Stevioside is very important for hypertension,

depression, fatigue, and infections (Dyrskog et
al., 2005). The stevioside also used in processed
foods, bakings, coffee, tea, beverages, cold drinks,
and fruit juices (Deshmukh & Ade, 2012). The
stevioside also important as anti hypersensitive
properties, anti cancerous, anti-pathogenic,
antioxidant activities (Starratt et al., 2002).

Stevia seeds are small, lose viability during
storage and have a poor germination rate.
Moreover, propagation by seeds leads to great
variability in sweetening levels and composition
regarding it prevents the development of
homogeneous populations (Nakamura & Tamura,
1985; Mitra & Pal, 2007). Vegetative propagation
through stem cuttings require more input stock
and are much more time consuming (Debnath et
al., 2006; Mitra & Pal, 2007). In vitro propagation
technique is an attractive option in a short time
for large scale production (Pande & Gupta, 2013;
Ramirez-Mosqueda & Iglesias-Andreu, 2015;
Attaya, 2017). The growing demand for high-
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quality materials has highlighted the importance
of plant tissue culture technology for rapid and
mass multiplication. As a result, in vivo and in
vitro nodal explants were used to demonstrate high
frequency Stevia mass multiplication (Singh et al.,
2017).

Using leaf explants has a greater multiplication
potential because it may induce a multitude of new
shoots, depending on the regeneration capacity.
The downside of the use of leaf explants is that
a longer or shorter episode of callus formation
precedes the initiation of a shoot (Attaya et al.,
2012). Shoot buds (4.93) with 93% response were
obtained directly from the upper epidermis of
immature Stevia leaf explants on MS medium in
the presence of (8.88uM) BA, and kinetin ranging
(4.65t0 6.98uM) (Sreedhar et al., 2008). Moreover,
MS medium in the presence of IBA ranging (4.92
to 7.38uM) was found to be suitable for shoot
bud elongation. Leaf explants were maintained
on MS medium with various concentrations of
BA, Kn, and TAA individual or in combination
forms for shoot inductions (Anbazhagan et al.,
2010), and the optimum values were observed
from MS medium combined with BA+ TAA at
concentrations of (1.0 and 0.5mg/L). (Preethi et
al., 2011) developed a direct shoot regeneration
protocol from Stevia rebaudiana leaf explants.
The highest shoots number (10.4) was achieved
on MS medium in the presence of BA+ Kn+
IAA at the amounts of (1.0, 0.5, and 0.1mg/L,
respectively), whereas in in vitro derived leaf
explants, the highest shoots number (28.7) was
obtained on MS medium in the presence of BA+
Kn+ NAA at (2.0, 0.5, and 0.1mg/L, respectively).
Ahmad et al. (2020) investigated the effect of
engineered nanoparticles ZnO and CuO on in vitro
root formation development of Candyleaf on MS
medium, the rooting percentage was 91% and 94%
by using 2mg/L of ZnO or CuO, respectively.

The study present an efficient protocol for
high-frequency direct regeneration of Stevia
rebaudiana plantlets from leaf explants that shows
no or limited callus induction for mass propagation
and genetic improvement.

Materials and Methods
Sterilization of explants and plant material
Sugar Crops Research Institute, Agricultural

Research Center, Ministry of Agriculture, Egypt
collected Stevia rebaudiana seeds var. spanti.
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The seeds were germinated and maintained in the
greenhouse of Plant Science Department, McGill
University, Canada. Stevia plants were raised in
pots containing garden soil and farmyard manure
(1:1) under greenhouse condition. Leaf explants
were collected from potted plants and processed
for aseptic culture. At plant tissue culture
laboratory, leaf explants were cleaned thoroughly
using flowing tap water and submerged in a flask
containing a few drops of Tween-20 in tap water,
followed by Hand shacking for Smin., and then
rinsing in tap water to extract the soap. Explants
were surface sterilised with 70% (v/v) ethanol
for 30sec. and then with 0.15 percent mercuric
chloride (HgCl,) solution for Imin.under a laminar
airflow hood before being washed three times with
sterile distilled water to eliminate all traces of
HgClL,.

Culturing medium and conditions

The sterilized leaf explants were cut into
small pieces (1.0-1.5cm diameter) and cultured in
contact with MS medium (Murashige & Skoog,
1962) supplemented with 30g L' sucrose and 7g
L' of agar. Until gelling with agar and autoclaving
at 121°C and 1.1kg cm? for 20min, the pH was
set to 5.6-5.7. During the in vitro establishment
stage, 1.0mg/L of BA was added to the MS
medium. Then, cytokinins as TDZ and BA with
different concentrations (0, 0.5, 1.0 and 2.0mg/L)
were added to MS medium to investigate direct
adventitious shoot bud induction on Stevia
rebaudiana leaf discs. Moreover, to study the effect
of plant growth regulators on direct adventitious
shoot bud regeneration, different concentrations
(0.1, 0.5 and 1.0mg/L) and combinations from
plant growth regulators (TDZ, BA, TIAA and
NAA) were added to MS medium. The treatment
was contained four replicates, which five leaf disc
explants were cultured as a replicate. In an air-
conditioned culture room, the cultures were held
at 25+2°C with relative humidity of 70+5% and
a photoperiod of 16 hour per day supported by
cool white fluorescent lamps (light intensity 2000
Lux.).

Root formation

In vitro shoots (1-2cm long) regenerated
from leaf explants were cultured on half-strength
MS medium supplemented with 7g L' agar and
30g L' sucrose. To monitor the initiation and
quality of adventitious roots on the regenerated
shoots, Auxins as IAA and NAA with different
concentrations (0, 0.1, 0.5, 1.0 and 2.0mg/L) were
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added to MS medium. Moreover, using 0.5mg/L
IAA in combination with different concentrations
(0.1, 0.5 and 1.0mg/L) of NAA, IBA and 2,4-
D. The treatment was contained four replicates,
which five shoots were cultured as a replicate.
The cultures were held in the same air-conditioned
culture room with the same conditions.

Acclimatization stage

After 6 weeks, the well-developed stable in
vitro rooted plantlets were carefully removed
from the medium and washed with sterilised
distilled water before being transplanted ex vitro.
The plantlets were then placed in 100mL pots
containing an organic soil and sand mixture (1:1
ratio). Then, to retain humidity, it was put in a
plastic tunnel and wetted with tap water before
being covered with clear plastic bags. During the
three weeks, the plants were watered three times.
The developed plants were then transplanted into
black polyethylene bags with garden soil and
farmyard manure for continued growth.

Analytical statistics

Duncan’s multiple range test (DMRT) was
used to measure the statistical difference between
the treatment means at the 0.05 level using SPSS
(version 17), and the results were expressed as the
mean + SE. An analysis of variance (ANOVA) was
also performed on the data.

Results and Discussion

Direct adventitious shoot bud induction from leaf
explants

Data presented in Table, 1 cleared statistically
significant variations between treatments at 0.5
level after 4-weeks of culture. The optimum
number of adventitious shoot buds from leaf

culture (3.02) with 85% shoot induction was
occurred using 2.0mg/L BA without callus
formation. While the optimum shoot induction
from leaf culture (90%) with (2.27) adventitious
shoot buds/explant and shoot length (2.50cm)
were observed by using 1.0mg/L BA. The results
showed that BA was more effective than TDZ.
These results seems to be in harmony with those
of Ahmad et al. (2011), Atalay et al. (2011), Aman
et al. (2013). Whereas, the tallest shoots were
occurred using 0.5mg/L TDZ recording 3.32cm
shoot length with 2.20 shoots/explant. BA was
proved the most favorable and suitable cytokinin
for shoot bud multiplication that gave 80-90% of
shoot induction while TDZ was proved the most
efficient cytokinin for shoot elongation, and gave
60-70% of shoot induction. Thus, increasing the
concentration of BA to more than 0.5mg/L leads
to increased shoot number. While increasing TDZ
concentration more than 0.5mg/L reduced number
of shoots and shoot elongation but increase callus
formation from zero to 10mm in diameter. These
results seems to be in harmony with those of Singh
et al. (2017), Keshvari et al. (2018).

Regarding previous published works of other
research groups, of those two cytokinins tested,
and BA revealed to become more favorable and
efficient for shoot bud growth from leaf explants
(Sivaram & Mukundan, 2003; Preethi et al., 2011).
There are several reasons for preferred use of BA;
it can be autoclaved without losing its activity and
slow degradation. In various plant species, similar
results have been presented to study the influence
of BA on the induction of multiple shoot buds on
Quercus euboica (Kartsonas & Papafotiou, 2007),
Ulmus parvifolia (Thakur & Karnosky, 2007) and
on Sacostemma brevistigma (Thomas & Shankar,
2009).

TABLE 1. Influence of different doses of TDZ or BA on adventitious bud initiation from Stzevia rebaudiana leaf

discs
Cytokinins (mg/L) Shoot i;I duction Number of shoots Shoot length (cm) Callus formation
TDZ BA Yo
- - - - - No
0.5 - 60 2.20+0.09% 3.32+0.07¢ No
1.0 - 70 1.10£0.05¢ 3.10£0.10% Small callus
2.0 - 65 2.00+0.04¢ 2.92+0.13° Moderate callus
- 0.5 80 1.60+0.10¢ 1.37+0.06° No
- 1.0 90 2.27+0.04° 2.50+0.07¢ No
- 2.0 85 3.02+0.08* 1.67+0.11¢ No

According to the Dunchans multiple range test (DMRT) at 0.5 level, the means + SE (standard error) in each column followed by the

same letters are not substantially different.
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Shoot bud proliferation and PGRs combination

Different responses were observed (Table, 2)
using different concentrations (0.5 and 1.0mg/L)
of BA and TDZ in combination with different
doses (0.1, or 0.5mg/L) of NAA or IAA for
multiple shoot proliferation. After four weeks of
culture, the optimum initiation of healthy shoot
buds (10.40) with 3.15cm shoot length were
observed using 1.0mg/L BA+ 0.5 TDZ + 0.1 IAA
combination (Fig. 1.A) followed by 1.0mg/L BA
+ 0.5mg/L TDZ + 0.5mg/L IAA combination that
gave (8.37) shoots per explant and 2.20cm shoot
length. Whereas, the tallest shoots were occurred
using the combination of 1.0mg/L TDZ + 0.5 BA
+ 0.1 TAA recording 4.22cm shoot length (Fig.
1.B) followed by 0.5mg/L TDZ + 0.5 BA + 0.1
IAA combination that gave (3.85 cm shoot length).
These results are in harmony with that of Deepu
& Prasad (2007), Abd Alhady (2011), Deshmukh
& Ade (2012). In contrast, The findings are in
disagreement with Thiyagarajan & Venkatachalam
(2012), who found that 1.0mg/L BA + 0.5 IBA
combination was given a good growth of shoot
bud 4.25 shoots with 5.02cm shoot length. Atalay
et al. (2011), Aman et al. (2013), Singh et al.
(2017) found that the addition of IBA along with
BA was efficient using Stevia rebaudiana nodal
explants, while IAA was proved the most suitable
and efficient auxin for shoot bud multiplication
compared to NAA.

On the other hand, increasing the concentration
of NAA from 0.1 to 0.5mg/L in different

combinations with 0.5 or 1.0mg/L of BA or TDZ,
reduced Stevia rebaudiana shoot proliferation.
However, Maharana et al. (2012) revealed that
high concentration of cytokinins stimulated
the development of meristems and the optimal
concentration promotes shoot proliferation, and
the inclusion of low concentration of auxins
along with cytokinins triggers the rate of shoot
proliferation. This differential response may be
attributed to the specific age and physiological
condition of the donor plant. The influence
of cytokinins and auxins on optimizing shoot
regeneration has been indicated in several species,
such as Catalpa ovata (Lisowska & Wysokinska,
2000), Echinaceae purpurea (Koroch et al., 2002),
and Kigelia pinnata (Thomas & Puthur, 2004).

Adventitious root formation

Adventitious root formation is not only a
critical factor for the successful production of
elite clones but also a key step in the vegetative
propagation of woody, horticultural and
agricultural plant species (Davis & Haissig, 1994).
IAA and NAA significantly increased the number
of roots per shoot and root length compared to the
control (Table 3). Half strength MS with 2.0mg/L
TAA seemed to be the optimum-rooting medium
that gave a maximum root formation (100 %)
with the highest number of roots per shoot (8.17),
and with the highest root length (4.82cm). Then,
adding 1.0mg/L TAA to the MS was found to come
in second place that inducing (4.60) roots with
3.65cm root length.

TABLE 2. Influence of different concentration and combination of PGRs on adventitious bud regeneration from
Stevia rebaudiana leaf discs after four weeks of culture

PGRs (mg/L)
Number of shoots Shoot length (cm)

TDZ BA IAA NAA
0.1 - 5.55+0.09¢ 3.85+0.10°
- 0.1 4.02+0.10¢ 1.87+0.12
03 0.5 - 3.5240.08¢ 2.62+0.08¢
- 0.5 2.12+0.12" 1.67+£0.13f
03 0.1 - 10.40+0.08° 3.15+0.06¢
- 0.1 6.32+0.08° 1.62+0.08"
10 0.5 - 8.37+0.13° 2.2040.04¢
- 0.5 4.25%0.11¢ 1.82+0.08"
0.1 - 6.17£0.13¢ 4.2240.04°
05 - 0.1 5.27+0.11¢ 1.2240.04¢
1o o 0.1 - 5.45+0.09¢ 2.300.04¢
- 0.1 3.90+0.12f 1.85+0.06'

According to the Dunchans multiple range test (DMRT) at 0.5 level, the means + SE (standard error) in each column followed by the

same letters are not substantially different.
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TABLE 3. Influence of different doses of IAA and NAA on Stevia rebaudiana root formation

Auxins (mg/L) Root i
TAA NAA formation% Roots no./explant Root length (cm) Callus formation
- - - - - No
0.1 - 90 2.85+0.15¢ 1.37+0.10° No
0.5 - 95 4.17+0.11¢ 3.07+0.13¢ No
1.0 - 95 4.60+0.12° 3.65+0.10° No
2.0 - 100 8.17+0.14* 4.82+0.11* Small callus
- 0.1 80 3.72+0.13¢ 2.57+0.134 No
- 0.5 85 3.37+0.13¢ 2.30+0.1014 No
- 1.0 90 2.95+0.10¢ 1.82+0.11¢ Small callus
- 2.0 95 2.40+0.12° 1.57+0.13< Small callus

According to the Dunchans multiple range test (DMRT) at 0.5 level, the means + SE (standard error) in each column followed by the

same letters are not substantially different.

Fig. 1. Proliferation and acclimatization of multiple
shoots from Stevia rebaudiana leaf explant
[A: Shoot organogenesis on leaf explant
of Stevia rebaudiana, B: Shoot elongation
of Stevia rebaudiana, C: A rooted Stevia
rebaudiana plantlet; D: In vitro propagated
Stevia plantlets ready for field transfer

Similar findings are in line with Thiruvengadam
& Jayabalana (2000), Jeyakumar & Jayabalan
(2002), Deshmukh & Ade (2012), Anbazhagan et
al. (2010) and Laribi et al. (2012) who reported that
IAA was found to be more efficient and favorable
for root formation.

However, increasing the concentration of IAA
by more than 0.1mg/L was increased the root
formation percentage, number of roots, and root
length. Thus, the number of roots and its length
were reduced with increasing NAA concentration
to more than 0.1mg/L. This result was in harmony
with Abd Alhady (2011). Small callus formation

less than Smm diameter was observed on MS
medium supplemented with 2.0mg/L IAA and on
MS with 1.0 or 2.0mg/L NAA. The results seems
to be in harmony with those of Singh et al. (2017),
Keshvari et al. (2018).

IAA in the concentration of 0.5mg/L in
presence of three other concentrations (0.1, 0.5,
or 1.0mg/L) of NAA, IBA, or 2,4-D has been
investigated (Table 4). The optimum roots number
(4.27) with 5.20cm root length was obtained on
half-strength MS basal salts with 0.5mg/L IAA +
0.1mg/L IBA (Fig. 1.C). However, the formulation
of 0.5mg/L IAA + 0.5mg/L IBA recorded the
second-best root number (3.80) with (4.12cm)
root length. The results showed that increasing
IBA concentration or NAA from 0.1 to 1.0mg/L
in combination with 0.5mg/L. TAA decreased
the roots number and its length. Moreover, the
different 2,4-D concentrations presented the lowest
values of root length and its number compared
with the same concentrations of IBA or NAA. In
addition, Increasing 2,4-D concentration of from
0.1 to 1.0mg/L in combination with 0.5 mg/l IAA
increased the number of roots per shoot and root
length. Finally, the in vitro plantlets grew very well
in the greenhouse with survival rate of 60-80%
(Fig. 1.D). These results seems to be in harmony
with those of Attaya (2017), Keshvari et al. (2018).

Conclusion

An efficient and highly reproducible protocol has
been made for the direct regeneration of several
shoot buds from leaf explants to get healthy Stevia
rebaudiana plants in a relatively short period and
with a high survival rate for mass propagation and
genetic improvement.
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TABLE 4. Impact of different doses and combination of auxins on root formation of Stevia rebaudiana after four

weeks of culture

Auxins (mg/L) Roots no./explant Root length (cm)
IAA NAA IBA 2,4-D
0.1 - - 3.154+0.06¢ 3.25+0.09¢
0.5 - - 2.57+0.04¢ 2.92+0.06°
1.0 - - 2.22+0.08" 2.45+0.08"
- 0.1 - 4.27+£0.07* 5.20+0.09*
0.5 - 0.5 - 3.80+0.07° 4.124+0.06°
- 1.0 - 3.42+0.06° 3.62+0.11°
- - 0.1 1.30+0.07" 1.40+0.09"
- - 0.5 1.80+0.04¢ 1.77+£0.07¢
- - 1.0 2.32+0.08" 2.47+0.08"

According to the Dunchans multiple range test (DMRT) at 0.5 level, the means =+ SE (standard error) in each column followed by the

same letters are not substantially different.

References

Abd Alhady, M.R.A. (2011) Micropropagation of Stevia
rebaudiana Bertoni. A new sweetening crop in
Egypt. Global J. Biotech. & Biochem., 6, 178-182.

Ahmad, M.A., Javed, R., Adeel, M., Rizwan, M.,
Ao, Q., Yang, Y. (2020) Engineered ZnO and
CuO nanoparticles ameliorate morphological and
biochemical response in tissue culture regenerants
of candyleaf (Stevia rebaudiana). Molecules, 25,
1356.

Ahmad, N., Fazal, H., Zamir, R., Khalil, S.A., Abbasi,
B.H. (2011) Callogenesis and Shoot organogenesis
from flowers of Stevia rebaudiana (Bert.). Sugar
Tech. 13, 174-177.

Aman, N., Hadi, F., Khalil, S.A., Zamir, R., Ahmad, N.
(2013) Efficient regeneration for enhanced steviol
glycosides production in Stevia rebaudiana (Bertoni).
Comptes Rendus Biologies, 336, 486-492.

Anbazhagan, M., Dhanavel, D., Kalpana, M., Natarajan,
V., Rajendran, R. (2010) In vitro production of
Stevia rebaudiana Bertoni. Emir. J. Food Agric.
22,216-222.

Atalaya, E., Erisen, S., Yorgancilar, M., Tanur, M.
(2011) Micropropagation of Stevia rebaudiana
Bertoni. Abstracts/Current Opinion in
Biotechnology, 22, 135.

Attaya, A.S. (2017) An efficient protocol of Stevia

rebaudiana regeneration for large-scale production.
Egypt. J. Agron. 39, 117- 125.

Egypt. J. Agron. 43, No. 1 (2021)

Attaya, A.S., Geelen, D., Belal, A.H. (2012) Progress
in Jatropha curcas tissue culture. Am. Eur. J. Sus.
Agr. 6, 6-13.

Chaturvedula, V.S.P., Meneni, S.R. (2018) Isolation
and structure elucidation of a new diterpene
Glycoside from Stevia rebaudiana Bertoni. Journal
of Food Research, 7, 70-75.

Davis, T., Haissig, B. (1994) "Biology of Adventitious
Root Formation". Plenum Press, New York, USA.

Debnath, M., Malik, C., Pand, B.P.S. (20006)
Micropropagation a tool for production of high
quality plants based medicines. Pharm. Biotch.
Curr. 7, 33-49.

Deepu, M., Prasad, M.C. (2007) Multiple shoot and
plant regeneration from immature leaflets of in
vitro origin in curryleaf Murraya koenigii SPERG.
Indian J. Plant Physiol. 12, 18-22.

Deshmukh, S., Ade, R. (2012) In vitro rapid
multiplication of Stevia rebaudiana: an important
natural sweetener herb. Nusantara Bioscience, 4,
105-108.

Dyrskog, S., Jeppensen, P., Colombo, M., Abudula,
R., Hermansen, K. (2005) Preventive effects of a
soy-based diet supplemented with stevioside on the
development of the metabolic syndrome and type 2
diabetes in Zucker diabetic fatty rats. Metabolism,
54,1181-1188.

Jeyakumar, M., Jayabalan, N. (2002) In vitro plant
regeneration from cotyledonary node of Psoralea
corylifolia L. Plant Tissue Cult. 12, 125-129.



DIRECT SHOOT BUD PROLIFERATION PROTOCOL FROM STEVIA REBAUDIANA LEAF ... 155

Kartsonas, E., Papafotio, M. (2007) Mother plant age
and seasonal influence on in vitro propagation
of Quercus euboica Pap., an endemic, rare and
endangered oak species of Greece. Plant Cell Tiss.
Org. Cult. 90, 111-116.

Keshvari, T., Najaphy, A., Kahrizi, D., Zebarjadi, A.
(2018) Callus induction and somatic embryogenesis
in Stevia rebaudiana Bertoni as a medicinal plant.
Cellular and Molecular Biology, 64, 46-49.

Koroch, A., Juliani, H.R., Kapteyn, J., Simon, J. (2002)
In vitro regeneration of Echinacea purpurea from
leaf explants. Plant Cell Tiss. Org. Cult. 69, 171-
176.

Laribi, B., Rouatbi, N., Kouki, K., Bettaieb, T. (2012) In
vitro propagation of Stevia rebaudiana Bert.- A non
caloric sweetener and antidiabetic medicinal plant.
Int. J. Med. Arom. Plants, 2, 333-339.

Lisowska, K., Wysokinska, H. (2000) In vitro
propagation of Catalpa ovata G. Don. Plant Cell
Tiss. Org. Cult. 60, 171-176.

Maharana, S.B., Mahato, V., Behera, M., Mishra,
R.R., Panigrahi, J. (2012) In vitro regeneration
from node and leaf explants of Jatropha curcas L.
and evaluation of genetic fidelity through RAPD
markers. Indian Journal of Biotechnology, 11, 280-
287.

Mitra, A., Pal, A. (2007) In vitro regeneration of Stevia
rebaudiana (Bert) from nodal explants. J. Plant
Biochem. Biotechnol. 16, 59-62.

Murashige, T., Skoog, F. (1962) A revised medium
for rapid growth and bioassays with tobacco tissue
cultures. Physiol. Plant. 15, 473-497.

Nakamura, S., Tamura, Y. (1985) Variation in the main
glycosides of Stevia (Stevia rebaudiana Bertoni).
Jpn. J. Trop. Agric. 29, 109-116.

Pande, S.S. and Gupta, P. (2013) Plant tissue culture
of Stevia rebaudiana (Bertoni): A review. J. of
Pharmacognosy and Phytotherapy, 5, 26-33.

Preethi, D., Sridhar, T.M., Naidu, C.V. (2011) Direct
shoot organogenesis from leaf explants of Stevia
rebaudiana. Journal of Phytology, 3, 69-73.

Ramirez-Mosqueda, M.A., Iglesias-Andreu, L.G.
(2015) Direct organogenesis of Stevia rebaudiana

Bertoni using thin cell layer (TCL) method. Sugar
Tech. 18, 424-428.

Singh, M., Saharan, V., Rajpurohit, D., Sen, Y., Joshi,
A., Sharma, A. (2017) Thidiazuron induced direct
organogenesis in Stevia rebaudiana and assessment
of clonal fidelity of regenerated plants by RAPD
and ISSR. Int. J. Curr. Microbiol. App. Sci. 6,
1690-1702.

Sivaram, L., Mukundan, U. (2003) In vitro culture
studies on Stevia rebaudiana. In vitro Cell. Dev.
Biol. Plant. 39, 520-523.

Sreedhar, R.V., Venkatachalam, L., Thimmaraju, R.,
Bhagyalakshmi, N., Narayan, M.S., Ravishankar,
G.A. (2008) Direct organogenesis from leaf
explants of Stevia rebaudiana and cultivation in
bioreactor. Biologia Plantarum, 52, 355-360.

Starratt, A.N., Kirbyb, C.W., Posca, R., Brandle, J.E.
(2002) Rebaudioside F, a diterpene glycoside from
Stevia rebaudiana. Phytochemistry, 59, 367.

Thakur, R.C., Karnosky, D.F. (2007) Micropropagation
and germplasm conservation of central park
splendor Chinese elm trees. Plant Cell Rep. 26,
1171-1177.

Thiyagarajan, M., Venkatachalam, P. (2012) Large-scale
in vitro propagation of Stevia rebaudiana (Bert.)
for commercial application: pharmaceutically
important and antidiabetic medicinal herb. Ind.
Crops and Prod. 37, 111-117.

Thiruvengadam, M., Jayabalan, N. (2000) Mass
propagation of Vitex negundo L. In vitro J. Plant
Biotech. 2, 151-155.

Thomas, T.D., Puthur, J.S. (2004) Thidiazuron induced
high frequency shoot organogenesis in callus from
Kigelia pinnata L. Bot. Bull. Acad. Sin. 45, 307-
313.

Thomas, T.D., Shankar, S. (2009) Multiple shoot
induction and callus regeneration in Sarcostemma
brevistigma wight and Arnott, a rare medicinal
plant. Plant Biotech. Rep. 3, 67-74.

Egypt. J. Agron. 43, No. 1 (2021)



156 AHMED SAAD ATTAYA

il Y LaGuS 301 As ) (e Ay padd) ae ull el CRASIY S 539

Qe
Llac axw daal

mmn sl QLo — (el el — ) e 30 el IS Ll Y o

a5 Lt ol Jal sl LauV1 31 ) 5 aladinly L) el HESY Jlad g Japsy (ool J S 55 alae ) a3
2l Jane g dma il o Jsemnll 7 Sang )50 Ay e ddliaal 4l patll Cilalaie
(BA) o) J3ul o /alsalla 1 alaaiuls (90%) (oMie s pad sai Jina o Jpemal) o5 by
Juaiiall e 03585 (3.02) dpwadl) pe )l (5o a8 2o Sl (b QIS 2 Sy aal) j5e Ay e
bl 4 20 i) Jayid) e Jila) saalle 2 Leall lilima (815 Al (il e GallSH 055 (505 (A5
Aelaille T & (TDZ) 050300 (& oo /el saalle 0.5 e 435Sl ddd il 08 i IS el ) 5 (4
Jane il 5 (TAA) s Gmala 530 e /o) saalle 0.5 L) Ll (BA) Cid) di il 5o

03,15 @hae yll J gl Jama g 2al gl Sl Jeadiall (5 puiad oo 19104

el 5e A 38 Chai e Lgtie) ) af L) cae 3 ) Apanall 4y il ol ) o8 Gl
I (ye Aalise <l 38 55 e (g sind Liayl (A 5 cilinalidl) s e W) 23 e 4 gisd) 7 oS
(IBA) <l il anla Joi) w4355 A 5 (a3 iie (NAA) cllall Giasls (pllisn g LAl (mals
Jare @y JE g3l sall) Jaes G5 (2,4-D) Cllal) (aala S 55 55K 512 264 S e )
848 il iy agile Jganll &5 100% Y Claay sad dasing 5l e I 817 Lsis
Lnaall O Caa 5 1y jdie IR (aala J i) 5ilal yaalle 2 el llian Sy oandil ) g0 A
Aaala 3l A peall 8 Laaada sai 3305 gl 4 5a) sy Tilans Lgale: Jaaiall 53 shaal)

Egypt. J. Agron. 43, No. 1 (2021)



