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ABSTRACT  
 
 In vitro, propagation protocol is described for efficient propagation of Stevia rebaudiana; a-medicinally and 
commercially sweet producing plant. Shoot tip and nodal segment explants were taken from field  grown plants 
and cultured on MS basal medium fortified with different concentrations of N6-benzyl amino purine (BA) and 
Kinetin (Kin) individually for shoot bud induction. The results showed that shoot tip explants were more 
efficient than nodal explants in shoot proliferation estimated as the percentage of shooting, length of shoots and 
initiation time On the other hand, nodal explants produced higher number of shoots per explant, higher number 
of leaves & nodes per shootlet, and more fresh & dry weight compared to shoot tip explants. BA showed more 
enhancement of shooting than Kin with respect to the number of shoots per explant, length of shoots, number of 
leaves & nodes per shootlet and fresh & dry weight. It was observed that shoots that was produced by addition 
of 1.0 mg/L BA were very thin and contain many lateral shoots, while that produced by addition of 2.0 mg/L kin 
were more healthy, with dark green leaves and wide stem. All shootlets were rooted in MS medium 
supplemented with different concentrations of IBA. IBA at 0.5 mg/L was the best concentration for 
100%rooting and gave the highest number of roots ,taller root length (and fastest rooting response compared to 
other concentrations. The in vitro described propagation protocol for Stevia rebaudiana could be more useful 
than other available protocols. 
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Introduction  
 
 Stevia rebaudiana Bertoni belongs to the family Asteraceae; it is a perennial herb native to Paraguay and 
Southern Brazil. The leaves of the plant contain Diterpeneglucosides, which is 100-400 times sweeter than 
glucose and has chemical and pharmacological characteristics that make it suitable for use in human diet as a 
natural calory-free agent (Kinghornet al, 1985). 
 Stevia rebaudiana is non-toxic, non-calorie, non-plaque, non- fermentative, flavour enhancing, non- 
carcinogenic, non- addictive sweetness for children and an intense sweetener compared to sucrose. Apart from 
this due to calorie free property it is absolutely safe for diabetics, phenyl ketonuria patients and slimming people 
(Tofazzal Islam 2006). 
 Economically the plant has much in store for bakery, confectionary and beverage sectors. S. rebaudiana 
leaf tea offers excellent relief for an upset stomach. Like cucumber, a wet Stevia leaf bag provides a cooling 
effect to eyes and helps to reduce weight and blood sugar management. The addition of Stevia powder also helps 
in rejuvenating the pancreatic gland (JeppesenGregersen and Rolfsen, 2003). 
  (Farrar and Davis 2000) studied two options for multiplication of S. rebaudiana namely tissue culture and 
stem cutting. They found that tissue culture was the better option for multiplication. However, many farmers are 
tempted to try the stem cutting method for multiplication. Stem cuttings is sometimes more expensive to 
produce than the tissue culture since the success rate of the stem cuttings establishment is very low, it takes 
minimum of 25 weeks for the stem cutting to develop in proper feeding roots for transplantation. They found 
that younger stem cuttings transplants have shown more than 50% mortality in first few weeks of transplants in 
the field.  
 Some investigators (Carneiro and Guedes, 1993) suggested that some lines may be selected for germination. 
However, only vegetative propagation is used to supply the demand of plant specimens. Vegetative propagation 
too is limited by the lower number of individuals that can be obtained simultaneously from a single plant 
(Sakaguchi and Kan, 1982).  
 Due to the above mentioned difficulties, tissue culture is the only alternative for rapid mass propagation of 
Stevia plants. Plant tissue culture technology may help to conserve rare and endangered medicinal plants. Many 
important medicinal herbs have been successfully propagated in vitro, either by organogenesis or by somatic 
embryogenesis (Debnath 2008).  
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 In vitro propagation protocol could be useful in producinga true-to type plants of Stevia rebaudiana 
medicinally and commercially, also this protocol would facilitate an alternative method for rapid and large-scale 
production of this important anti diabetic medicinal plant.  
 
Materials and Methods 
 
 The present investigation was carried out at Biotechnology Research Group, Tissue Culture Laboratory, 
Botany Department, National Research Centre. 
 
Collection of plant materials: 
 
 The plants of Stevia rebaudiana Bertoni were obtained from the Sugar Crops Research Institute, 
Agricultural Research Center, Ministry of Agriculture Egypt. 
 
Explants preparation: 
 
 Shoot tips of 50 plants were cut in length of 2 - 2.5 cm. then washed thoroughly under running tap water to 
remove the traces of dust etc. followed by treatment with 10% sodium hypochlorite with 2 drops of Tween-20 
for 10 minutes. Then the explants were sterilized in 70% ethanol for a minute, and finally washed 3-4 times with 
sterile double distilled water. Sterilized shoot tips incubated on MS medium without hormone to produce free 
pathogens plantlets that used for multipication explants. 
 
Growth conditions: 
 
 The explants were transferred on the media and maintained at 25±2°C in a constant temperature growth 
room, under cool white fluorescent light using a 16 hour photoperiod provided by cool florescent light intensity 
of 2500 lux.  
 
Shootlets multiplication: 
 
 Two types of explants (shoot tip and nodal segments) were used to determine which explants are the better 
for micropropagation. Eight treatments (0.5, 1.0, 2.0 and 4.0 mg/L of BA and Kin) in addition to the control 
medium without plant growth regulators were used in this experiment. All cultures were examined after 5 weeks 
of incubation at 25±2ºC under 16 hr. light and 8 hr. dark provided by cool florescent light intensity of 2500 lux 
to record the following parameters, initiation time, percentage of shootlets formation (%), number of shootlets 
formed per explant, shootlet length (cm.) centimeter, number of leaves & nodes per shootlet and fresh & dry 
weights (g.) gram.  
 
Rootlets initiation: 
 
 IBA (Auxin) was used at four concentrations (0.5, 1.0, 1.5, and 2.0 mg/L) for rooting in vitro developed 
shootlets; MS medium without growth regulators served as control. Data were recorded after 5 weeks of 
incubation in terms of rooting percentage (%), rooting time resumed for starting of rooting, mean number of 
roots/shootlet and mean length of roots (cm.) . 
 
Data analysis: 
 
 The experiments were performed to completely randomized design. Variance analysis of data was carried 
out using Anova program for statistical analysis. The differences among means for all treatments were tested for 
significance at 5% level by using Duncan´s multiple range tests. Means followed by the same letter are not 
significantly different at P ≤ 0.05. 
 
Results and Discussion  
 
Effect of BA on shoot tip and nodal segment explants:  
 
Shoots number: 
 
 The effect of BA concentrations (0.5, 1.0, 2.0 and 4.0 mg/L) on on the number of shoots produced by shoot 
tip and nodal segment explants are presented in Table 1. The numbers of induced shoots increased by increasing 
BA concentration till 1.0 mg/L while, decreased by higher concentrations. Nodal segment explants gave the 
highest number of shoots 12.4 at 1.0 mg/L BA, whereas, shoot tip explants at 1.0 mg/L BA produced 11.4 
shoots. This result conflicts with those reported by Hossainet al (2008) and Mubarak et al (2008); both reported 
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that shoot tip explants produced more shootlets when compared with nodal segment explants, on the other hand 
this result agrees with Laribi et al (2012) who reported that nodal segments from adult Stevia rebaudiana plants 
cultured for shoot proliferation produced better results than the shoot tip explants. Whereas at 1.0 mg/L BA 
nodal segment explants improved shoot number by 8.8% as compared with shoot tip explants. The BA 
concentration at 1.0 mg/L increased number of shoots by 128% and 106% for shoot tip and nodal segment 
explants respectively as compared with control. However, the lowest number of shoots 1.2 for shoot tips and 1.8 
for nodal segments were at 4.0 mg/L BA.  
 
Shoot length: 
 
 Results in Table-1 also showed that the maximum shoot length (6.25 cm) was induced by shoot tip explants 
at 1.0 mg/L BA followed by 5.8 cm by nodal segment explants at the same concentration of BA. At 1.0 mg/L 
BA, shoot tip explants improved shoot length by 6.5% as compared with nodal segment explants. The BA 
concentration at 1.0 mg/L increased shoot length by 150% and 102.4% for shoot tip and nodal segment explants 
respectively as compared with control. At the same time, the shortest shoot (0.54 cm) was produced by nodal 
segments at 4.0 mg/L BA, preceded with 0.65 cm which was detected at the same concentration on shoot tip 
explants. This result agrees with that reported by Hossain et al (2008) who reported that the full MS medium 
supplemented with 1.0 mg/L BA was the best medium which gave the tallest shoots 6.64 cm.  
 
Leaves &Nodes number: 
 
 Data in Table-1 showed that the nodal segment explants gave higher number of leaves & nodes (13.2 & 6.6) 
at 1.0 mg/L BA followed by, 12.8 & 6.4 leaves & nodes / shoot by shoot tip explants at the same concentration. 
While, at 1.0 mg/L BA nodal segment explants produced more leaves & nodes as compared with shoot tip 
explants. The BA concentration at 1.0 mg/L increased the number of leaves & nodes by 113% and 94.1% for 
shoot tip and nodal segment explants respectively as compared with control. While, the lowest number of leaves 
& nodes (1.6 & 0.8) were recorded with effect of 4.0 mg/L BA on shoot tip explants preceded by 4.0 leaves and 
2.0 nodes for nodal segment explants.  
 
Fresh & Dry weight /g: 
 
 Results in Table-2 showed that the fresh & dry weight obtained from nodal segment explants increased by 
increasing BA concentration then decreased at higher concentrations. Fresh weight of nodal segment explants 
increased by 4% more than shoot tip explants at 1.0 mg/L BA while, dry weight of shoot tip and nodal segment 
explants was 71.5 % and 52.7% at the same concentration respectively as compared with control. Nodal 
segment explants gave the highest fresh & dry weight (7.9 g & 2.5 g) at1.0 mg/L BA followed by 7.82 & 2.476 
g at the same concentration on shoot tip explants. However, the use of 4.0 mg/L BA resulted in the lowest fresh 
& dry weight (2.23 & 0.5 and 2.074 & 0.468 g) with nodal segment and shoot tip explants respectively.  
 
Shooting initiation time: 
 
 The time in days for shooting of steviaexplants is reported in Table-2. The fastest shoots were obtained by 
the interaction between shoot tip explants and 1.0 mg/L BA after 3.8 days, followed by 5.0 days by same 
concentration on nodal segment explants. While, the latest shoots were produced after 14.8 days preceded by 
13.6 days at 4.0 mg/L BA with nodal segment and shoot tip explants respectively.  
 
Shooting percentage: 
 
 Results in Table 2 showed that the ratios of responded explants from total inoculated explants. The 
maximum response 100 % was obtained from 0.5, 1.0 and 2.0 mg/L BA with leave and nodal segment explants, 
followed by 98 % which gave by act of MS basal salt medium (control) on shoot tip explants. While the poorest 
response by two explants (12% and15%) for shoot tip and nodal segment explants respectively was recorded by 
adding 4.0 mg/L BA tothe MS medium. 
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Table 1: Effect of different BA concentrations on the number of shoots, shoot length, number of leaves and number of nodes produced by shoot tip and nodal segment explants of stevia. 
Treatments 

mg/L 
No. of shoots Shoot length/cm. No. of leaves No. of nodes 

Shoot tips Nodal 
segments 

Shoot tips Nodal 
segments 

Shoot tips Nodal 
segments 

Shoot tips Nodal segments 

Control 5.0 ± 0.31a 6.0 ± 0.31a 2.5± 0.22 a 2.9 ± 0.25a 6.0 ± 0.63a 6.8 ± 0.48a 3.0 ± 0.31a 3.4 ± 0.24a 
0.5   BA 6.2 ± 0.73b 7.2± 0.73b 3.6± 0.10 b 3.4 ±0.12a 7.2 ± 0.48 a 7.6 ± 0.74a 3.6 ± 0.24a 3.8 ± 0.37a 
1.0   BA 11.4 ± 0.40c 12.4 ± 0.40c 6.25 ± 0.37b 5.87 ± 0.31b 12.8 ± 0.48 b 13.2 ± 0.48b 6.4 ± 0.24b 6.6 ± 0.24b 
2.0  BA 6.6 ± 0.40b 7.6 ± 0.40b 5.45 ± 0.16d 4.9 ±0.13c 7.6 ± 0.74a 8.0 ± 0.89a 3.8 ± 0.37a 4.0 ± 0.44a 
4.0   BA 1.2 ± 0.20d 1.8 ± 0.20d 0.65± 0.15e 0.54 ±0.09d 1.6 ± 0.40c 2.0 ± 0.00c 0.8 ± 0.20c 1.0 ± 0.00c 
F ratio 111.600 102.857 102.611 101.158 50.150 43.130 50.150 43.130 
P value ***  *** *** *** *** *** *** *** 

Columns with similar letters are not significantly different according to LSD. NS= non-significant, * = significant at P < 0.05, ** = significant at P < 0. 01, *** = significant at P < 0.001. 
 
Table 2: Effect of different BA concentrations onfresh weight, dry weight, shoot percentage and initiation time in days of shots produced by on shoot tip and nodal segment explants. 

Treatments 
mg/L 

Fresh weight Dry Weight Shoot percentage Initiation time/Day 
Shoot tips Nodal segments Shoot tips Nodal segments Shoot tips Nodal segments Shoot tips Nodal 

segments 
Control 4.6 ± 0.20a 4.81 ± 0.18a 1.44 ± 0.24a 1.67 ± 0.13a 98.0 ± 2.0a 78.00 ± 6.6 a 5.2 ± 0.58a 6.4 ± 0.50a 
0.5   BA 5.9 ± 0.18b 7.8 ± 0.31c 2.03 ± 0.28b 2.05 ± 0.26ab 1.00E2 ±0.0a 1.00E2  ± 0.0b 6.6 ± 0.51ab 7.6 ± 0.50ab 
1.0   BA 7.6 ± 0.46c 7.9 ± 0.14c 2.47  ± 0.11b 2.52 ± 0.10 b 1.00E2 ±0.0a 1.00E2 ± 0.0b 3.8 ± 0.37 a 5.0 ± 0.31c 
2.0  BA 7.0 ±0.15c 5.99 ± 0.13b 1.98 ± 0.10b 2.0 ± 0.15ab 1.00E2 ±00a 1.00E2  ± 0.0b 6.6 ± 0.50ab 7.8 ± 0.48ab 
4.0   BA 2.0 ± 0.17d 2.2 ± 0.11d 0.46 ± 0.04c 0.50 ± 0.04c 15.0 ± 1.6b 12.0 ± 2.5c 13.6 ± 0.5 c 14.8 ± 0.37d 
F ratio 84.455 150.418 17.822 23.017 1.099E3 143.762 56.778 71.860 
P value *** *** *** *** *** *** *** *** 

Columns with similar letters are not significantly different according to LSD. NS= non-significant, * = significant at P < 0.05, ** = significant at P < 0. 01, *** = significant at P < 0.001. 
 

 
 
Fig. 1: Shooting of shoot tip explants (A) and nodal segment explants (B) on MS medium supplemented with 

1.0 mg/L BA. 
 
Effect of Kinetin on shoot tip and nodal segment explants:  
 
Shoots number: 
 
 Results in Table-3 showed that the highest number of shoots (10.8) was obtained from nodal segment 
explants at 2.0 mg/L Kin followed by 9.8 which was obtained from shoot tip explants at the same concentration. 
On the vice versa, shoot tips at 4.0 mg/L Kin gave the lowest number of shoots (1.6), preceded by 2.4  shoots by 
nodal segment explants at 4.0 mg/L Kin. At 2.0 mg/L Kin nodal segment explants improved shoot number by 
10.2% as compared with shoot tip explants and increased number of shoots by 96% and 80% for shoot tip and 
nodal segment explants respectively as compared with the control.  
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Shoot length: 
 
 Data in Table-3 showed that, the tallest shoots (6.5 cm) was induced by adding 2.0 mg/L Kin to shoot tip 
explants, followed by 5.9 cm shoots that was recorded by action of the same concentration on nodal segment 
explants. Contrary to the shortest shoots (0.63 cm) that were produced from nodal segments at 4.0 mg/L Kin, 
preceded with 0.77 cm which was produced by the shoot tip explantsat the same concentration. At 2.0 mg/L Kin 
shoot tip explants improved shoot length by 10.2% as compared with nodal segment explants. The Kin 
concentration of 2.0 mg/L increased shoot length by 160% and 100% for shoot tip and nodal segment explants 
respectively as compared with the control. 
 
Leaves &Nodes number: 
 
 Data recorded in Table-3 showed significant differences among treatments for leaves & nodes number. The 
maximum number of leaves & nodes 12.2 & 6.1 for nodal segment explants and 12 & 6.0 for shoot tip explants 
respectively were produced by adding2.0 mg/L Kin. Meanwhile, Kin concentration at 2.0 mg/L increased the 
number of leaves & nodes by 100% and 97% for shoot tip and nodal segment explants respectively compared 
with the control. At 2.0 mg/L Kin nodal segment explants increased the number of leaves & nodes by 11.7% as 
compared with shoot tip explants. While, the lowest number of nodes & leaves 1.6 & 3.2 was recorded at 4.0 
mg/L Kin for shoot tip explants preceded by (2.0 & 4.0) for nodal segment explants.  
 
Fresh &Dry weight of shoot /g: 
 
 Results in Table-4 showed that fresh & dry weight differed significantly according to kin concentrations. 
Nodal segment explants gave the highest fresh & dry weight of shoot 5.88 & 2.04g at 2.0 mg/L Kin followed 
by, 5.7 & 1.94 g that were obtained with the same concentration by shoot tip explants. While, the action of 4.0 
mg/L Kin gave the less fresh & dry weight of shoots; 4  & 0.63 g for shoot tip explants and 2.53 & 0.66 g for 
nodal segment explants respectively. Fresh weight of nodal segment explants increased by 2.8% more than 
shoot tip explants at 2.0 mg/L kin. While, fresh weight of shoot tip and nodal segment explants was 22.5 % and 
22.2% respectively more that the control at the same concentration .  
 
Initiation time of shoots:  
 
 Data in Table4 showed that, the fastest response 3.6 days was obtained by adding of 2.0 mg/L Kin to shoot 
tip explants, followed by 5.2 days that resulted by the same concentration on nodal segment explants.  While, 
the latest response 14.0 days preceded by 13.0 days obtained from 4.0 mg/L Kin with nodal segment and shoot 
tip explants respectively.  
 
Shooting percentage: 
 
 Results in Table-4 indicate that, 100 % shooting was obtained at 0.5, 1.0 and 2.0 mg/L Kin from the two 
explants, followed by 98% shooting by shoot tip explants on MS basal salt medium (control). Meanwhile the 
poorest response 23% was recorded by adding 4.0 mg/L Kin to shoot tip and nodal segment explants. 
 
Table 3: Effect of different Kin concentrations on the number of shoots, shoot length, number of leaves and number of nodes produced by shoot tip and nodal segment explants. 

Treatments 
mg/L 

No. of shoots Shoot length/cm. No. of leaves No. of nodes 
Shoot tips Nodal segments Shoot tips Nodal segments Shoot tips Nodal segments Shoot tips Nodal segments 

Control 5.0 ± 0.31 a 6.0 ± 0.31a 2.5 ±0.22a 2.95 ± 0.25a 6.0 ±0.63a 6.8 ± 0.48 a 3.0 ± 0.31 a 3.40 ± 0.24a 
0.5 Kin 5.4 ± 0.24 a 6.4 ± 0.24a 3.8 ±0.09b 3.97 ± 0.12b 7.2 ± 0.48 a 7.6 ± 0.40 a 3.6 ± 0.24 a 3.6 ± 0.24 a 
1.0  Kin 5.6 ± 0.24 a 6.6 ± 0.24a 5.65±0.21d 5.20 ± 0.25c 6.8 ± 0.48 a 7.2 ± 0.48 a 3.4 ± 0.24 a 3.4 ± 0.24 a 
2.0  Kin 9.8 ± 0.37 b 10.8 ±0.37 b 6.5 ± 0.44 c 5.90 ± 0.48c 12.0 ± 0.89 b 12.2 ±0.74 a 6.0 ± 0.37 b 6.1 ± 0.37 b 
4.0  Kin 1.6 ± 0.40 c 2.4 ± 0.50c 0.77 ± 0.16 e .634 ± 0.13d 1.6 ± 0.40 c 2.0± 0.00 c 0.80 ± 0.20 c 1.0 ± 0.00 c 
F ratio 81.654 71.677 80.704 53.780 37.261 56.667 39.650 53.000 
P value *** *** *** *** *** *** *** *** 

Columns with similar letters are not significantly different according to LSD. NS= non-significant, * = significant at P < 0.05, ** = significant at P < 0. 01, *** = significant at P < 0.001. 
 
Table 4: Effect of different Kin concentrations on fresh weight, dry weight, shoot percentage and initiation time for shoot formation by shoot tip and nodal segment explants. 

Treatments 
mg/L 

Fresh weight Dry Weight Shoot percentage% Initiation time/Day 
Shoot tips Nodal 

segments 
Shoot tips Nodal segments Shoot tips Nodal segments Shoot tips Nodal 

segments 
. 

Control 4.67 ± 0.20 a 4.81 ± 0.18 a 1.44 ± 0.25 a 1.67 ± 0.13 a 98.0 ± 2.00 a 78.00 ± 6.63 a 5.2 ± 0.58 a 6.40 ± 0.50 a 
0.5 Kin 5.20 ± 0.20ab 5.30 ± 0.29 a 1.68 ± 0.21 ab 1.88 ± 0.19 a 1.00E2 ± 0.00 a 1.00E2 ± 0.00 b 5.6 ± 0.50 a 7.00 ± 0.31 ab 
1.0  Kin 5.19 ± 0.12 ab 5.30 ± 0.12 a 1.82 ± 0.14 ab 1.97 ± 0.04 a 1.00E2 ± 0.00 a 1.00E2 ± 0.00 b 6.0 ± 0.31 a 7.20 ± 0.37 b 
2.0  Kin 5.72 ± 0.18 b 5.88 ± 0.13 b 1.94 ± 0.06 b 2.04 ± 0.13 a 1.00E2 ± 0.00 a 1.00E2 ± 0.00 b 3.6 ± 0.40 b 5.20 ± 0.37 c 
4.0  Kin 2.44 ± 0.20 c 2.52 ± 0.15 c 0.63 ± 0.06 c 0.66 ± 0.05 b 23.00  ± 7.34 b 23.0 ± 7.34 c 13.0 ± 0.70 c 14.0 ± 0.70 d 
F ratio 37.056 47.672 9.678 20.203 48.941 56.796 48.941 52.667 
P value *** *** *** *** *** *** *** *** 

Columns with similar letters are not significantly different according to LSD. NS= non-significant, * = significant at P < 0.05, ** = significant at P < 0. 01, *** = significant at P < 0.001. 
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Fig. 2: Effect of 2.0 mg/L Kin on shoot formation by nodal segment (A) and shoot tip (B) explants. 
 
Comparison between shoot proliferation of stevia by shoot tip explants and nodal segment explants at different 
BA and Kin concentrations: 
  
 The obtained data showed that BA was better than Kin in inducing shoot proliferation where 1.0 mg/L BA 
gave the best results as compared with all other tried concentrations with regard to shoot length and initiation 
time while, nodal segment explants were better than shoot tip explants with respect to number of shoots per 
explant, number of leaves & nodes per shootlet, and fresh & dry weight. Shoot tip explants were better than 
nodal segment explants with respect to length of shoots and initiation time(6.25 cm. and 3.8 days while, nodal 
segment explants gave 5.87 cm long shootlets after 5.0 days. On the other hand, nodal segment explants were 
better than shoot tip explants regarding the number of shoots per explant, number of leaves and nodes per 
shootlet, and fresh and dry weight i.e. 12.4 shootlets, 13.2 & 6.6 and 7.9 & 2.25 g respectively; the 
corresponding values for shoot tip explants were 11.4 shootlets, 12.8 & 6.4 and 7.6 & 2.47 g respectively. The 
higher number of shoots by the nodal segment explants agrees with Laribi et al (2012) who reported that the 
nodal segments from adult Stevia rebaudiana plants cultured for shoot proliferation produced better results than 
the shoot tip explants.  
 On the other hand, this result conflict with that reported by Patil et al. (1996) and Mubarak et al. (2008) 
both mentioned that micropropagation of stevia by shoot tip explants gave the highest number of plantlets than 
nodal segments. In explants, the endogenous hormonal concentrations in node is lower than shoot tip but 
addition of BA further increased the hormone level during shoot proliferation, also cuttings in the higher tip of 
nodal explants promote the lateral buds to grow up plentiful and fast.  
 
Comparison between the cytokinin hormones (BA and Kin) on shoot proliferation of stevia by shoot tip explants 
and nodal segment: 
 
 The obtained data showed that BA was better than Kin where 1.0 mg/L BA gave the best results as 
compared with all tried concentrations it gave 12.4 shootlets with an average length of 6.25 cm. and produced 
13.2 leaves and 6.6 nodes, with average fresh weight of 7.9 g and average dry weight 2.52 g. On the other hand, 
the best concentration of Kin for shoot production was 2.0 mg/L and gave 10.8 shootlets with an average length 
of 6.5 cm. and produced 12.2 leaves and 6.1 nodes, with average fresh weight of 5.88 g, and average dry weight 
of 2.04 g. respectively. Smith et al. (2005) observed that multiple shoots were induced from shoot buds on a 
modified MS medium at 1.0 mg/L BA. On the other hand, 2.0 mg/L Kin resulted in the fastest shooting response 
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3.6 days while 1.0 mg/L BA gave shoots after 3.8 days from shoot tip explants. Also Kin treatments gave the 
highest shooting percentage (82.2%) followed by BA treatments that gave 80.3%. Observationally shoots that 
produced by 2.0 mg/L kin were healthy, fit and with dark green leaves and wide stem. This result agrees with 
that reported by Das et al (2011) who developed a novel protocol for accelerated in vitro mass multiplication 
instevia through multiple shoot induction using shoot tips, nodal segments and axillary bud explants.  The 
earliest bud induction was recorded from the shoot tip explants within 6 days of culture in MS medium, in 
comparison to the other two explants. MS basal medium supplemented with 2 mg/L kin gave rise to the best 
multiple shoot proliferation.  
 

 
 
Fig. 3: Effect of 1.0 mg/L BA (A) and 2.0 mg/L Kin (B) on multiple shoot proliferation from stevia explants.  
 
 As figure 3 illustrated BA concentrations produced higher numbers of shoots in the other hand, the opposite 
Kin concentrations produced the lowest shoots. Shootlets that produced from BA concentrations were weak 
while that produced from Kin concentrations were healthy. These result agree with that reported by Morini et al. 
(2003);they tested four genotypes of Stevia rebaudiana, differing in some of their bioagronomic characteristics, 
and reported that very small leaves and thin and etiolated stem apical portions were associated particularly with 
BA, in most genotypes with kinetin, symptoms were attenuated but did not disappear completely.  
 
Rooting stage:  
 
Rooting percentage:  
 
 Results in Table-5 showed significant variation in rooting percentage at different treatments of IBA. The 
highest percentage (Ratio of rooted shootlets from total inoculated shootlets) of rooted shootlets was 100% and 
was recoded at 0.5 mg/L IBA followed by, 99% that was recorded on MS basal salt medium without hormones 
(control). These results agree with Morini et al. (2003) who tested four genotypes of Stevia rebaudiana, on MS 
medium with different IBA concentrations, who reported that shoot rooting response was enhanced by IBA at 
0.5 mg/L and 0.1 mg/L. The lowest percentage of rooting 30% was obtained on medium supplemented with 2.0 
mg/L IBA, preceded by 73% and 83% that was recorded on medium supplemented with 1.5 and 1.0 mg/L 
respectively. Increasing IBA concentrations lead to decreasing rooting percentage. This result conflicts with 
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Smitha et al. (2005) who noticed that successful rooting >90% of Stevia rebaudiana was recorded on MS 
medium supplemented with 1.5 mg/L IBA and roots appeared normal and healthy.  
 
Root initiation time: 
  
 Data presented in Table-5 showed that the fastest rooting response occurred after 13.2 days at 0.5 mg/L 
IBA followed by, 16.0 days that was recorded for medium supplemented with 1.0 mg/L. While, the latest 
response took place after 26.8 days and was obtained from medium supplemented with 2.0 mg/L IBA preceded 
by 19.0 days and 16.2 days that were recorded for medium supplemented with 1.5 mg/L and MS basal salt 
medium without hormone (control) respectively.  
 
Roots number: 
  
 Results in Table-5 showed that highest number of roots / shootlet (10.4 roots)was recoded at 0.5 mg/L IBA 
followed by, 8.0 roots / shootlet that was recorded on MS basal salt medium without hormones (control). On the 
other hand, the lowest number of roots / shootlets (2.6) was obtained on medium supplemented with 2.0 mg/L 
IBA preceded by 4.8 and 6.6 roots / shootlet that were recorded on medium supplemented with 1.5 and 2.0 mg/L 
respectively.  
 It is evident that increasing the concentration of IBA decreased the number of roots./ shootlet. The highest 
concentration of IBA induced the lowest number of roots. At 0.5 mg/L IBA number of roots increased by 30% 
as compared with the control. However, shootlets number on control medium was higher than the shootlets 
number on 2.0 mg/L IBA concentration by 207.6%.  
 

 
 
Fig. 4: Root induction by 0.5 mg/L IBA as view from the bottom side of the jars. 
 
Root length:  
 
 Results in Table-5 indicate significant variation in root length under different treatments. The tallest roots 
(10.0 cm) were gained at 0.5 mg/L IBA while, the shortest roots (2.2 cm) were achieved by 2.0 mg/L treatment 
with IBA. Increasing the concentration of the IBA decreased root length. These results conflict with that 
reported by Smitha et al. (2005) who noticed that successful rooting was recorded in MS medium supplemented 
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with 1.5 mg/L IBA and roots appeared normal and healthy. The IBA at 0.5 mg/L increased length of roots by 
47% as compared with the control. However, shootlets on MS basal salt medium without hormone (control) 
were better than shootlets in 2.0 mg/L IBA concentration by 209%. Our results however agree to some extent 
with Mubarak et al. (2008) who found that the highest rate of root formation was obtained at 1.0 mg/L of IBA 
on MS medium. While, MS medium supplemented with 3 mg/L IBA or NAA encouraged callus formation. 
 
Table 5: Effect of different IBA concentrations on rooting percentage, initiation time, root number / shootlet, fresh weight, dry weight, and 

root length. 
Treatments  Mg/L Rooting percentage (%) Initiation time Root  number / Shootlet Root length /cm. 

Control 99.00 ± 1.00 a 16.20 ± 0.97 a 8.00 ± 0.71 a 6.80 ± 0.66 a 
0.5 IBA 1.0000E2 ± 0.00 a 13.20 ± 0.49 b 10.40 ± 1.50 b 10.00 ± 0.71 b 
1.0 IBA 83.00 ± 2.54 b 16.00 ± 0.89 a 6.60 ± 0.75 c 5.60 ± 0.51 a 
1.5 IBA 73.00 ± 2.55 b 19.60 ± 1.72 c 4.80 ± 0.80 c 4.20 ± 0.86 c 
2.0 IBA 30.00 ± 4.47c 26.80 ± 1.83 d 2.60 ± 0.40 d 2.20 ± 0.37 d 
F ratio 93.011 16.551 10.791 20.548 
P value *** *** *** *** 

Columns with similar letters are not significantly different according to LSD. NS= non-significant, * = significant at P < 0.05, ** = 
significant at P < 0. 01, *** = significant at P < 0.001. 
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