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Abstract
The present research work was undertaken to develop a protocol for micropropagation of Stevia rebaudiana Bertoni., an important medicinal plant of Bangladesh. Shoot apex, Leaf and Nodal explants were aseptically cultured on agar solidified Murashige and Skoog (MS) medium supplemented with different growth PGRs (Plant growth regulators). Indirect organogenesis was found in leaf segment and direct organogenesis was observed in shoot apex. But in case of nodal segment both direct and indirect organogenesis were found. Maximum amount of green compact callus produced from nodal explants in MS medium supplemented with 1.0mg/l benzylaminopurine (BAP) + 0.5mg/l indole-3-acetic acid (IAA). The induced calli were cultured on MS medium fortified with different PGRs for shoot proliferation. The maximum number of shoot buds (15.30 ± 0.15) formation was observed in MS medium fortified with 1.5mg/l BAP+0.5mg/l IAA. Multiple shoot buds underwent rapid elongation on elongation media and maximum elongation (6.90 cm) took place on MS with 1.0 mg/l BAP + 1.0 mg/l IAA. Elongated shoot buds produced strong and stout roots (4.40 cm) on half strength MS medium fortified with 1.0 mg/l indole-3-beutyric acid (IBA). The well developed plantlets were successfully transferred to hardening and survival rate was 95%.
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1. Introduction

Stevia rebaudiana Bertoni. Commonly known as names- Stevia, Sweet leaf of Paraguay, Sweet herb, Honey leaf belongs to the family Asteraceae which is estimated to be 100-300 times sweeter than cane sugar [1]. It is a small perennial herb growing up to 65 - 80cm tall, with sessile oppositely arranged leaves, white flower in axillary heads. S. rebaudiana is © native to the tropical and subtropical South America [2]. Stevia was discovered by Antonio Bertoni, a South American Natural Scientist, in 1887. The leaves of Stevia are the source of diterpene, glycosides, stevioside and rebaudioside [3]. Stevioside is of special interest to diabetic persons with hyperglycemia and the diet conscious [4]. Now, Stevia has been introduced as a crop in a number of countries including Brazil, Korea, Japan, Mexico, United States, Indonesia, Tanzania and Canada [5-7]; for food and pharmaceuticals products. Currently S. rebaudiana production is centered in China with major market in Japan [8]. The product also can be added to tea and coffee, cooked or baked goods, processed foods, pickles, fruit juices, tobacco products, confectionary goods, jams and jellies, candies, yogurts, pastries, chewing gum and sherbets beverages. Stevia also can act as an antimicrobial in pharmacological studies and according to [9], this plant has a negligible effect on blood glucose. Stevia leaf extract has the ability to reduce the blood sugar level up to 35.2 % within 6 to 8 hours of ingestion [10]. Therefore, it is attractive as a natural sweetener to diabetes and other carbohydrate controlled diets [11]. As the Stevia plant contains zero calorie, it aids in effective weight control and management, also uses for promoting mental activity, increasing energy level and treatment of hypoglycemia, food poisoning and digestion problems.

Seeds of Stevia show a very low germination percentage and vegetative propagation is limited by lower number of individuals [12]. Tissue culture is the only rapid process for the mass propagation of Stevia and there have been few reports of in vitro growth of Stevia [13], in vitro clonal propagation of Stevia was carried by using leaf [14,15] nodal and inter nodal segment [16,17] shoot tip explants [18,19]. The tissue culture is also a powerful tool that can accelerate the genetic breeding [20,21]. This needs to be propagated rapidly to meet up our medicinal demand and also for conservation purpose. The present investigation was undertaken with a view to develop reliable and efficient protocol for rapid and mass scale micropropagation of this plant species study for local environment of Bangladesh.

2. Materials and Methods

Plant Materials and Surface Sterilization

Three months old seedling of S. rebaudiana were collected from a nursery of Bangladesh Council for Scientific and Industrial Research (BCSIR),Chittagong and were established in garden pots of Botany Department, Chittagong University. Shoot Apex, Leaf and nodal segments of garden pots grown plants of S. rebaudiana were collected and thoroughly washed under running tap water for 10 minutes, treated with liquid detergent for 10 minutes, followed by dipping in 5% (v/v) savlon solution for 10 minutes. The materials were then washed 3-4 times with distilled water for complete removal of detergent and taken under running laminar airflow cabinet and transferred to 500ml sterilized conical flask. After rinsing with 70% ethanol for less than 60 Seconds, they were surface sterilized with 0.1% (w/v) HgCl2 for 5 minutes and washed with sterile distilled water 4-5 times. The surface sterilized explants were cut into small pieces (0.5- 1.0cm) with a sterilized surgical blade and then inoculated onto the culture media.

Culture media and conditions for plant regeneration

Murashige and Skoog (MS) basal medium supplemented with different concentration and combination of plant growth regulators (PGRs) were used for induction of organogenesis or embryogenesis. In some cases the multiple shoot buds (MSBs) that developed from either nodal explants or from callus elongated on MS supplemented with different PGRs and for rooting, elongated shoots at a height of 2-4 cm were rescued aseptically from the cultured on rooting medium containing half strength and one forth strength of MS basal medium fortified with different concentration and combinations Indole-3-butyric (IBA), indole-3-acetic acid (IAA) and α- naphthaleneacetic acid (NAA). In all cases the media were solidified with 0.8% (w/v) agar and pH was adjusted to 5.8 before 0 autoclaving for 30 minutes at 121 C under 2 1.1kg/cm pressure. Culture vessels with inoculated explants were maintained under a regular cycle of 14 hours light and 10 0 hours dark at 25±2 C.

Subculture for multiple shoots

Proliferated multiple shoots were rescued very carefully in aseptic conditions and divided into clusters of 2 - 3 shoots using a sterile sharp scalpel. Sub culturing was done on the same or different media for further response at an interval of 15 - 20 days and culture vessels were maintained in the culture room in the same light and temperature conditions.

Rooting of in vitro shoot

Experiments of adventitious root formation on the shoots proliferated in vitro were conducted only after having sufficient amount of shoot cultures. Different rooting experiments were carried out with half strength MS medium with or without growth regulators to determine the suitable media composition, optimum growth requirements. After 10-20 days, the proliferated multiple shoots were separated and individual shoots were placed in rooting media. The adventitious roots were produced from the cut ends of micro shoots within 2-3 weeks of culture on suitable medium. Elongated shoots at 2-4 cm height were rescued aseptically from the culture vessels and cultured on freshly prepared rooting medium.

Hardening and Acclimatization of plantlets to soil

The well rooted plantlets were transferred to earthen pots containing a mixture of soil and compost(2:1) at relative humidity 90% with light intensity varied 2000-3000 lux 0 and temperature of 28±2 C following successive phases of acclimatization. For the purpose, the month of the culture vessels were kept open for one day in the culture room and they were then kept outside the culture room for 6 hours in the next day. Later on those were kept outside the culture room for 12 hours. Finally the seedling were taken out of the culture vessels and rinsed with running tap water for complete removal of medium attached to the roots.

Statistical analysis

Experiments were set up in a Randomized Block Design (RBD) and each experiment was replicated thrice. Observations were recorded on the percentage of response, number of shoots per explants and number of roots per shoot. A minimum of 10-15 explants were used for each experiment. Means and standard deviations were calculated for each treatment. The data means ± SD of at least three different experiments were represented.

3. Results and Discussion

Induction of multiple shoot buds directly from shoot apex and nodal segments:

Shoot apex and nodal segments of field grown plants were aseptically cultured with 9 different combinations and concentrations of auxins such as IAA and NAA and cytokinins namely kinetin (Kn) and BAP. Shoot apex and nodal segments underwent direct organogenesis producing multiple shoot buds in some of the media combinations (Table 1). The maximum number of nodal explants (90%) produced multiple shoots on media having 1.5 mg/l BAP + 0.5 mg/l IAA. Here, the average maximum number of shoot per culture was 15.30 ± 0.15 (Figure 1A & B). Such direct organogenesis was reported to happen in many other medicinal plants including, Gentiana kurroo [22], Vitex negundo [23], Wedilia chinensis [24], Rauvolfia tetraphylla
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Callus induction from different types of explants:

For the induction of callus tissues, nodal and leaf segments were cultured on MS medium supplemented with different concentration of five PGR namely, IAA, NAA, 2,4- dichlorophenoxyacetic acid (2,4-D), BAP and Kn (Table 2). The nodal and leaf segments gave differential response to different PGR combinations. Morphogenetic differentiation of leaf segments started within 15–25 days after culture and produced light green compact callus tissue. Here, maximum (100%) nodal explant produced callus in media having 1.0 mg/l [25], Curculigo orchioides [26], Ficus religiosa [27], Plumbago zeylanica [28] and Punica granatum [29].

BAP + 0.5 mg/l IAA. In case of nodal segment initiation of callus formation took place within 15 - 20 days of culture. These callus were green compact (Figure 1C). Nodal segment showed better response in callus formation then leaf segments in different combinations. However, the nature of the callus was almost same in different PGR supplemented media such indirect organogenesis was reported in some medicinal plants including, Holostema ada-kodien [30], Plumbago zeylanica [28], Tinospora cordifolia [31] and Tinospora cordifolia [32].

Table 1. Development of multiple shoot buds from shoot apex and nodal segment of when grown on 0.8% (w/v) agar solidified MS medium supplemented with different PGRs

*Values are the mean of three replicates each with 15 explants. **NS- Nodal segment, ***SA-

Shoot apex.

Table 2. Data on the induction of callus tissue from the nodal and leaf segments of S. rebaudiana when grown on 0.8% (w/v) agar solidified MS medium supplemented with different PGRs Growth Explants No. of No. of explant %of explant Time (d) required Colour and[image: Table 2. Data on the induction of callus tissue from the nodal and leaf segments of S. rebaudiana when grown on 0.8% (w/v) agar solidified MS medium supplemented with different PGRs Growth Explants No. of No. of explant %of explant Time (d) required Colour and]
*NS- Nodal segment **LS- Leaf Segment,*** Gc- Green compact,****Lgc- Light green compact

rebaudiana

PGRs % of explant combination(mg/l) Explants giving response BAP + IAA NS** 42 0.5 + 1.0 SA** 28 1.0 + 1.0 NA 67 SA 43 1.5 +0.5 NA 90 SA 55 1.5 + 1.0 NS 85 SA 68 2.0 + 1.0 NA 48 SA 43 Kn+NAA NA 35 0.5 + 1.0 SA 20 1.5 + 0.5 NA 79 SA 45 1.5 + 0.1 NA 68 SA 52 2.0 + 0.5 NA 55 SA 48 S.

Time (d) required Average* no. of multiple for induction of shoot buds sprouted from callus explants(mean ±SE) 15-25 5.20 ± 0.19 15-20 3.10 ± 0.31 15-18 8.20 ± 0.41 15-18 5.30 ± 0.18 10-15 15.30 ± 0.15 10-18 7.20 ± 0.10 10-12 10.20 ± 0.33 10-15 6.10 ± 0.19 10-12 7.10 ± 0.51 10-12 4.30 ± 0.12 15-20 4.50 ± 0.41 15-20 2.80 ± 0.19 10-12 6.70 ± 0.41 10-15 4.50 ± 0.11 10-12 6.20 ± 0.17 10-15 3.80 ± 0.51 10-12 5.20 ± 0.18 10-15 3.10 ± 0.11

Table 3. Results of further culture of induced callus of S. rebaudiana on 0.8% (w/v) agar solidified MS medium supplemented with wide spectrum of PGR combination.[image: Table 3. Results of further culture of induced callus of S. rebaudiana on 0.8% (w/v) agar solidified MS medium supplemented with wide spectrum of PGR combination.]
* Values are the mean of three replicates each with 15 explants.

Development of multiple shoot buds

from different types of calli:

In order to promote differentiation the callus tissues were further grown in a broad spectrum of auxin and cytokinin supplemented MS media (Table 3). It is evident that white callus did not undergo any kind of differentiation and finally died although in some of the media it initially multiplied. On the other hand light green, green and compact callus multiplied and differentiated producing shoot buds (Figure 1D) on MS supplemented with 0.5 - 2.0 mg/l BAP in combination with 0.5 - 1.0 mg/l IAA or NAA. The maximum shoot formation was observed in medium containing 1.0 mg/l BAP + 0.5 mg/l IAA. Development of multiple shoot buds from the callus also noted in other medicinal plants including, Thevetia neriifolia [33], Abrus precatorius [34], Jatropha curcas [35].

Elongation of multiple shoot buds:

In order to induce rapid elongation, the multiple shoot buds that produced directly and indirectly from the different types of explants underwent elongation when cultured on the elongation media (Table 4). The highest rate of elongation (6.90 cm) was recorded when grown on the medium supplemented with 1.0 mg/l BAP and 1.0 mg/l IAA. Figure 1E & F shown the rapid elongation of shoot buds on elongation medium. Similar result was also founded in other medicinal plants Vitis vinifera[36], Jatropha curcas[37], Helicteres isora[38].

In vitro rooting and acclamatization

In order to get complete plantlets, 2 to 3 cm long in vitro grown shoots were separated and transferred to rooting media. Half and one fourth strength MS basal medium fortified with different concentrations of auxins (NAA, IAA and IBA) was used for rooting experiment. Data were recorded 5 weeks after inoculation. Response of shoots to rooting was very much dependent on the concentrations and combination of auxins provided (Table 5). The highest mean number (12.00 ± 0.25) and mean length (4.40 cm) of root per culture (Figure 1G & H) was noted in half strength MS medium supplemented with 1.0 mg/l IBA. Similar result was also reported in other medicinal plants Rhinacanthus nasutus [39], Emblica officinalis [40] Clerodendrum indicum [41] and Cinnamomum camphora [42].

Table 4. Data on the elongation of direct and indirectly produced shoot buds of S. rebaudiana when grown on 0.8% (w/v) agar solidified MS medium supplemented with wide spectrum of PGR combination.[image: Table 4. Data on the elongation of direct and indirectly produced shoot buds of S. rebaudiana when grown on 0.8% (w/v) agar solidified MS medium supplemented with wide spectrum of PGR combination.]
* Values are the mean of three replicates each with 15 explants.

Table 5. Data on the development of roots in elongated multiple shoot buds of S rebaudiana when grown on 0.8% agar solidified rooting media.[image: Table 5. Data on the development of roots in elongated multiple shoot buds of S rebaudiana when grown on 0.8% agar solidified rooting media.]
* Values are the mean of three replicates each with 15 explants

The well rooted plantlets were then transferred to outside natural environment through sequential phases of acclimatization. The regenerated plants were finally transferred to earthen pots (Figure-1I) containing a mixture of soil and compost (2:1). Over 95% of the plants survived after transplantation to the garden.

Conclusion

In conclusion, the present investigation reports an efficient and reproducible regeneration protocol via. direct and indirect organogenesis of Stevia rebaudiana Bertoni. The method is flexible, allowing incorporation of different types of explants (nodal segment, shoot apex and leaf segment) with BAP, Kn, NAA, 2,4-D and IAA effective in both callus and multiple shoot buds proliferation. MS medium containing 1.5 mg/l BAP+0.5 mg/l IAA was the best for shoot proliferation. Between the two explants nodal segment gave better response than leaf segments and MS fortified with1.0 mg/l BAP+0.5 mg/l IAA was the best for callus induction. Half strength MS medium fortified with 1.0 mg/l IBA was found to be the best treatment for root formation in S. rebaudiana. The protocol developed for seedlings of S. rebaudiana can be used reliably for propagation in a commercial scale and ex situ conservation of this valuable medicinal plant species.

References

References
	Tanaka O: Steviol-glycosides: new natural sweetener. Trand Anal Chem 1982;1:246-

	

	Katayma O, Sumida T, Hayashi H and Mitsuhashi H: The practical application of stevia and R&D data (English translation). ISU Company, Japan 1976; P.747.

	Yoshida S: Studies on the production of sweet substances in Stevia rebaudiana: I. Simple determination of sweet glucoside in Stevia plant by thin layer chromatescanner and their accumulation patterns with plant growth. Jap. J. Crop. Sci 1986;

	Das A, Gantait S and Mandal N: Micropropagation of an elite medicinal plant: Stevia rebaudiana Bert. Int. J Agric. Research 2011; 6(1):40-48.

	Shock CC: Experimental cultivation of Rebaudia’s stevia in California. University of California Agronomy Progress 1982; Report No. 122.

	Saxena NC and Ming IS: Preliminary harvesting characteristics of Stevia. Phys. Prop. Agic. Mat. Prod 1988; 3:299-303.

	Brandle, JE and Rosa N: Heritability for yield leaf-stem ratio and stevioside content estimated from a landrace cultivar of Stevia rebaudiana. Canadian Journal of Plant Science 1992; 72:1263-1266.

	Kinghorn AD and Soejarto DD: Current status of stevioside as asweetening agenr human use. In Wagner, Hikino H, Fransworth NR. (eds).Economic and medical plant research. Academic Press, London 1985.

	Debnath M: Clonal propagation and antimicrobial activity of an endemic medicinal plant Stevia rebaudiana. Journal of medicinal plants research 2008; 2:45-51.

	Oviedo CA: Accion hipoglicemiante de la Stevia rebaudiana Bertoni (kaa-he-e). Excerpta Medica 1971; 208:92-93.

	Gregersen S, Jeppesen PB, Holst JJ and Hermansen K: Antithyperglycemic effects of stevioside in type 2 diabetic subjects. Metabolism 2004; 53:73-76.

	Sakaguchi M and Kan T: Japanese researches on Stevia rebaudiana Bertoni and stevioside. Ci. Cult 1982; 34:235-248.

	Miyagawa H and Fujioka N: Studies on the tissue culture of Stevia rebaudiana and its components: II. Induction of shoot primordia. Planta Medica 1986; 4:321-323.

	Das K, Dang R and Rajasekharan PE: Establishment and maintenance of callus of Stevia rebaudiana Bertoni under aseptic environment. Nat. Prod. Rad 2006;

	Preethi D, Sridhar T M and Naidu CV: Direct shoot organogenesis from leaf explants of Stevia rebaudiana (Bert.) J. phytol 2011a;

	Uddin MS, Chowdhury MSH, Khan MMMH, Uddin MR, Ahmed R and Baten: In vitro propagation of Stevia rebaudiana Bert in bangladesh. Afr. J. Biotechnol 2006;

	Rao S, Teesta VK, Avinish B, Krithika K and Bhat S: In vitro propagation of withania somnifera and estimation of withanolides for neurological disorders. Journal of Pharmacognosy 2012; 3(2):85-87.

	Anbazhagan M, Dhanavel D, Kalpana M, Natarajan V and Rajendran R: In vitro propagation of Stevia rebaudiana Bertoni Emir. J. Food Agric 2010; 22:216-222.

	Giridhar P, Sowmya KS, Ramakrishna A and Ravisshankar GA: Rapid clonal propagation and stevioside profile of Stevia rebaudiana Bertoni. Int. J. Plant Dev. Biol 2010;

	Yashoda Bai S, Gayatri MC and Leelavathi D: In vitro propagation of Oreganum majorana using axillary bud explants. Journal of Cytology and Genetics 2011; 12(NS):71-75.

	Tejavathi DH, Padma AV: In vitro multiplication of Majorana hortensis Moench. An aromatic medicinal herb, Indian Journal of plant science 2012;

	Kaushal S, Sidana A and Dev K In vitro plant production through apical meristem culture of Gentiana kurroo Royle. Journal of Medicinal Plants Studies 2014; 3(1):04-09.

	Tejavathi DH and Padma AV: In vitro multiplication of Majorana hortensis Moench-An Aromatic medicinal herb. Indian Journal of Plant Sciences 2012; 1(1): 48-56.

	Sultana S and Handique PJ: Micropropagation of Wedelia chinensis through high frequency shoots multiplication using nodal explants. Curr. Sci 2004; 5:447-452.

	Faisal M, Ahmed N and Anis M: Shoot multiplication in Rauvolfia tetraphylla L. using thidiazuron Plant Cell Tiss. Org. Cult 2005; 80:187-190.

	Francis SV, Senapati SK and Rout GR: Rapid clonal propagation of Curculigo orchioides Gaertn., an endangered medicinal plant. In Vitro Cell. Dev. Biol- Plant 2007; 43:140-

	

	Hassan AKMS, Afroz F, Jahan MAA and Khatun R: In vitro regeneration through apical and axillary shoot proliferation of Ficus religiosa L. - a multipurpose woody medicinal plant. Plant Tissue Cult. & Biotech 2009; 19(1):71-78.

	Mallikadevi T, Senthilkumar P and Paulsamy S: In vitro regeneration of the medicinal plant Plumbago zeylanica L. with reference to a unique population in Maruthamalai, The Western Ghats, India. Plant Tissue Cult. and Biotech 2008;

	Patil VM, Dhande GA, Thigale DM, Rajput JC: Micropropagation of pomegranate (Punica granatum L.) ‘Bhagava’ cultivar from nodal explants. African Journal of Biotechnology 2011; 10:18130-18136.

	Sharma J: Efficient Protocol for Indirect Shoot Regeneration from Leaf Explants of Coleus forskohlii-Highly medicinal plant. International Human Research Journal 2013; 1(1):01-07.

	Sharma H and Vashistha BD: In vitro callus initiation and organogenesis from shoot tip explants of Tinospora cordifolia (Willd.) Miers ex Hook.f&Thoms.CBITech .Journal of Biotechnology 2014; 3(4):77-83.

	Sharma H and Vashistha BD: In vitro plant regeneration through callus in Giloy (Tinospora cordifolia Willd.) Miers ex Hook.f&Thoms.). Indian J Science 2015;

	Nesy EA, Padikkala P, Mathew L: In vitro plant regeneration of Thevetia neriifolia, Juss from internode explants via indirect organogenesis. International Journal of Pharmacy and Pharmaceutical Sciences 2015; 7(1):169-172.

	Biswas A, Roy M, Bari MA and Bhadra SK: In vitro propagation of Abrus precatorius L. – a rare medicinal plant of Chittagong Hill Tracts. Plant Tissue Culture & Biotechnology 2007; 17(1):59-64.

	Kalimuthu K, Paulsamy S, Senthilkumar and Sathya M: In vitro propagation of the biodiesel plant Jatropha curcas L. Plant Tissue Culture & Biotechnology 2007;

	Kurmi US, Sharma DK, Tripathi MK, Tiwari R, Baghel BS and Tiwari S: Plant regeneration of Vitis vinifera (L) via direct and indirect organogenesis from cultured nodal segments. Journal of Agricultural Technology 2011; 7(3):721-737.

	Purna S, Vijay M, Daksha B and Pushpa R: Efficient method for direct and indirect organogenesis biofuel crop Jatropha curcas. International Journal of Pharma and Bio Sciences 2013; 4(1):(B)673-682.

	Chawla S and Bansal KY: Enhanced Effect of Additives on Direct and Adventitious Shoot Multiplication in Helicteres isora L. International Journal of Pharmaceutical Sciences Review and Research 2014;

	Sundar S, Jayarami RA, Saravana KA, Justin KY: Effect of plant growth regulators on in vitro propagation of Rhinacanthus nasutus L. (Acanthaceae). International journal of pharmacy and industrial research 2012;

	Nayak P, Behera PR, Thirunavoukkarasu M and Chand PK: High frequency plant regeneration through adventitious multiple shoot organogenesis in epicotyl explants of Indian gooseberry (Emblica officinalisGaertn). Sci. Hortic 2010; 123:473-478.

	Mukherjee A, Dutta S and Bandyopadhyay A: Micropropagation of Clerodendrum indicum (L.) Kuntze: An Unexplored Medicinal Plant. International Journal of Pharma and Bio Sciences2012; 3(4):(B)659-668.

	Sharma H and Vashistha BD: In vitro propagation of Cinnamomum camphora (L.) Nees & Eberm using shoot tip explants. Ann. Biol 2010; 26:109-114.


Copyright (c) 2016 Sweety Majumder, Md. Mahbubur Rahman. This article is distributed under the CC BY-NC-SA 4.0 licence.
Cite as: Majumder S, Rahman MM. Micropropagation of Stevia rebaudiana Bertoni. through direct and indirect organogenesis. J Innov Pharm Biol Sci. 2016;3(3):47-56. https://doi.org/10.56511/JIPBS.2016.v3.i03.pp47-56
OEBPS/images/f4.jpg
PGRs Average® initial length (cm) of Average™ length(cm) of multiple
combination(mg/T) individual shoot bud (mean + SE) shoot bud after 30 days of
culture(mean+SE)
BAP+HIAA
0.5+0.5 110 £0.21 2.80 + 0.31
0.5+1.0 1.30 £0.23 300+ 019
1.0+0.5 1.80 £0.31 4.20 £ 0.21
1.0+1.0 3.10 +0.14 6.90 + 0.24
20+05 1.40 £0.09 3.20 £ 0.28
20+1.0 1.00 £0.07 200+ 018
BAP + NAA
0.5+0.5 1.00 +0.51 220 £0.42
0.5+1.0 1.50 +0.34 290 +0.51
1.0+0.5 1.20 £0.19 3.30 £0.25
1.0+1.0 1.60 £0.17 420 £011
20+05 1.00 £0.21 310 +£0.28
20+1.0 110 £0.24 230 £0.17
Kn +1AA
0.5+0.5 110 £0.13 230 + 0.31
0.5+1.0 1.50 £0.33 2.80 + 0.33
1.0+0.5 1.30 £0.41 311+ 0.21
1.0+1.0 1.90 £0.07 4.00 + 0.52
20+05 1.20 £0.10 380 + 019
20+1.0 1.00 £0.23 240 £ 017






OEBPS/images/f3.jpg
PGRs % of explants Time(d) Average® no of multiple shoot buds
combination(mg/l) | showing proliferation | required sprouted from explants(meantSE)
BAP+1AA 32 15-25 4.20 £051
0.5+0.5
0.5+1.0 38 15-25 4.50 £0.32
1.0+0.5 95 15-20 6.10 +0.17
1.0+1.0 78 15-20 6.00 £0.19
1.5+0.5 65 10-15 5.78 +0.21
1.5+10 53 10-18 4.80 +0.23
20405 48 10-20 3.50 +0.14
BAP+NAA 29 15-20 3.80 +0.07
0.5+05
1.0+0.5 71 15-20 5.30 +0.15
1.5+05 63 10-20 4.80 +0.19
1.5+1.0 57 10-18 4,01 +005






OEBPS/nav.xhtml
Contents

		Micropropagation of Stevia rebaudiana Bertoni. through direct and indirect organogenesis





OEBPS/images/f5.jpg
PGRs mg/l Half strength
% of Rooting Number* of roots per Average length of
shoot root(cm) (mean+SE)
1AA 0.5 69 4.64 +0.35 220 £0.18
1.0 80 5104011 240 +0.21
IBA 0.5 90 9.20 £0.21 342 x0.16
1.0 100 12.00 +0.25 4.40 £0.17
NAA 0.5 70 6.20 +0.25 275 £0.31
1.0 62 3.70 £ 0.07 1.80 £0.18
1AA One fourth strength
05 g 2102037 190 041
1.0 55 2.30 £0.19 210 038
IBA 0.5 62 215 £0.08 1.80 £0.31
1.0 70 1.10 +0.51 200 +017






OEBPS/images/f2.jpg
regulators explant gave of giving for induction of texture of
(mg/1) used response response callus callus
BAP+IAA NS* 20 8 40 15-20 Ge***
0.5+1.0 LS** 20 5 25 15-20 Lgc****
1.0+0.5 NS 20 20 100 15-20 Gc
LS 20 12 60 15-20 Lgc
20+ 05 NS 20 15 75 15-20 Ge
LS 20 13 65 14-18 Lgc
BAP+NAA NS 20 15 75 10-15 Ge
1.0+0.5 LS 20 8 40 10-15 Lgc
1.0+1.0 NS 20 16 80 10-12 Ge
LS 20 13 65 10-12 Lgc
20+05 NS 20 14 70 10-12 Ge
LS 20 10 50 10-12 Lgc
BAP+24D NS 15 11 55 15-20 Ge
1.0+0.5 LS 15 6 30 15-20 Lgc
1.5+1.0 NS 15 15 75 15-20 Ge
LS 15 11 55 15-20 Lec






OEBPS/images/f1.jpg





