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In vitro propagation of Stevia rebaudiana Bertoni 

By 

Rebeka Parveen 

ABSTRACT 

The experiment was conducted at the Plant Tissue Culture Center Trust Laboratory of 

Proshika Plant Tissue Culture Trust (PPTCC), Koitta. Manikgonj, Bangladesh from 

October, 2007 to June. 2008. For shoot proliferation, MS (Murashige and Skoog) and 

White's media supplented with four PGRs (BAP,Kn, NAA,ADS) were used singly at 

five concentrations (0.1, 1.0, 1.5, 2.0, 2.5 mgfL). BA? 2mg/L and Kn 1 and 2 mg/L 

were used in MS and White's media for synergism. PGRs and organic supplement 

viz., BAP, Kn, NAA, lB A, IAA and orange and tomato juice were added in 

Linsmiaier and Skoog (LS) and Phytamax (PM) media For callus induction, 2,4-D 

2mgIL was added in MS and White's media .For root formation, MS, LS, PM and 

White's media with IBA 2mgIL was used. For plantlet etablishment. the proportion of 

soil, sand and fertilizer /cowdung/poultry litter were used in 1:1 :1. MS media with 2.5 

mg/L was the best shoot proliferation using single PGR For, combined etTect of PGR 

and organic supplement, best result was found with PM media supplented with IBA 

0.5 mg/L. For synergism, best result was found with MS media supplemented with 

BA? mg/L with Kn I mg/L. Maximum root formation was observed with MS media 

with IBA I mgfL. MS media with 2,4-D 2mgfL was the best for callus induction. 

Combination of garden soil, sand and cowdung (1:1:1) was the best plantlet 

establishment comparing other treatments. 
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CHAPTER 1 

INTRODUCTION 

The scientific name of stevia is Stevia rebaudiana Bertoni. It is a perennial herb 

belongs to the Asteraceac family. M. S. Bertoni, in the late ISOOs, was the first 

European to document stevia. In 1931, French chemists extracted stevioside from the 

herb in the form of an intensely sweet, white crystalline compound (Jenny IIawke, 

2002). This plant is a native of Paraguay and has been introduced into Japan, 

America, India etc. In India, it is being cultivated on a large scale in Bangalore and 

Madhya Pradesh, etc (Ferri ci al., 2006). 

Stevioside is regenerated as a valuable natural sweetening agent because of its 

relatively good taste and chemical stability (Yamazaki ci al., 1991). Stevia rebaudiana 

produces stevioside which is 300 times sweeter than sugar (Pude, 2005). Eight type 

of steviolglycoside are found in leaves viz., rebaudoside A, rebaudoside B, 

rebaudoside C (dulcoside), rebaudoside D, rebaudoside E, steviolbioside and 

dulcoside A. The four major sweeteners are stevioside , rebaudioside A, rebaudioside 

C and dulcoside A (Kinghorn, 1992). The antihypertensive effect of crude stevioside 

obtained from the leaves of Stevia rebaudiana Bertoni (Compositae) on previously 

untreated mild hypertensive patients was examined (Geuns, 2003). It is considered a 

safe herb as it has no side effects and is undoubtedly consumable by the diabetic 

patients because it does not contain calories (Fern et al., 2006). 

Stevia is new cultivated plant in Bangladesh. Broad spectrum cultivation of stevia is 

specially done by BRAC biotechnology division. In 2008, the total land area used for 

stevia cultivation was 1.5 acres and total dry leaf production was 500 kg. In 2007 and 

2006, it was 150kg and 9kg respectively. The target of dry leaf production for 2009 

isl000kg (BRAC report, 2009). 



Shootlets were regenerated from nodal explants of 81ev/a rebaudiana Bertoni through 

axillaiy shoot proliferation (Ahmed. 2007).Somatic embryo 

Under cultivation, Stevia can be propagated by seed and by vegetative propagation. 

Plant propagation by seed is not very efficient because of low seed fertility (Carneiro 

c/ at, 1986). Oddone (1997) considers stevia to be self incompatible and inspect 

pollinated. Further, he considers "clear" seeds to be infertile. Vegetative propagation 

techniques, such as clump division, multiplication by cutting and micro propagation 

are in usual practice and micro propagation (Tainura c/ at, 1984) showed promising 

applications since high morphological similarity together with minimal variations in 

stevioside content were observed in the new plants produced. On account of this, 

micro propagation technique was selected for use on Szcvia rebaudiana Bertoni. 

Shoot ape; nodal, and leaf explants of 81ev/a rebaudiana can regenerate shoots from 

in vitro culture (Sivaram L. ci at, 2003) . In vitro propagation of stevia can be 

attemped in two methods .The first methods is 'Direct in vitro propagation' by 

multiple shoot regeneration from the explants (shoot tip and nodal segments ) 

followed by rootin of multiple shoot where second method is 'Indirect in vitro 

propagation' by callus induction on the explants (leaf disc ,nodal segment internodal 

segments) followed by shooting and rooting of callus. 

2 



Objectives 

1. To standardize the suitable media for in vitro shoot proliferation and 

root induction 

iTo develop a micropropagation system to regenerate plantlets round 

the year 

3.To find out optimum fertilization condition for it's establishment, 

better growth and development 

3 
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CHAPTER 2 

REVIEW OF LITERATURE 

Mausumi Debnath (2008) said that Murashige and Skoog (MS) medium 

supplemented with 2.0 mg/L 6-benzyl amino purine and 1.13 mg/L indole-3- acetic 

acid in combination were found to be most effective in inducing bud break and 

growth, and in initiating multiple shoot proliferation at the rate of 39 nñcroshoots per 

nodal explant after 30 day of culture. By repeated subeulturing a high-frequency 

multiplication rate was established for production of elite lines of Sievia rchaz,d:ana. 

Elongated shoots were transferred to rooting medium. MS medium supplemented 

with 2.0 mg/L indole-3-butyric acid was found to be best for rooting. 

M.B.Ahmed (2007) found that shootlets were regenerated from nodal explants of 

Sic via rebaudiana Bertoni through axillaiy shoot proliferation. The induction of 

multiple shoots from nodal segments was the highest in MS medium supplemented 

with 1.5 mg Wi BA ± 0.5 mg IG Kn. For rooting different concentrations of IBA, 

NAA and IAA were used and highest rooting percentage (97.661/o) was recorded on 

MS medium with 0.1 mg Wi IAA. The rooted plantlets were hardened and 

successfully established in soil. 

Aparajita ci aL (2007) said that, procedure for micropropagation of Sievia rebaudiana 

Bertoni, containing stevioside, a natural noncaloric sweetner. has been developed by 

using nodal segments as explant. Higher proliferation of shoots and multiplication 

was obtained on Murashige and Skoog basal medium (MS) supplemented with 1.0 

mg/L indoleacetic acid (IAA) plus 10.0 mg/L kinetin and 30.0 mg/L adenine sulphate. 

Sprouting of 90% of the axillary buds was observed within 4 weeks of inoculation, 

producing >10.0 shoots per explant within 12 weeks. Profuse roots were induced from 

90% of the regenerated shoots within 4 weeks of inoculation on half strength MS 



solid medium supplemented with 1.0 mg/L IAA. High survival rate, >60%, was 

obtained when the plantlets were transferred to field conditions. The heterogenic 

nature of £ rebaudiana necessitates establishment of protocol for every genotype 

independently. 

Huda ci aL (2007) said that, In vitro morphogenic responses of different explants of 

Stevia (Stevia rebaudiana Bert.) by Leaf segments, internode and nodal segments of 

Stevia were cultured on MS medium supplemented with varying concentrations (1, 3, 

5 and 7 mg/L) of growth regulators (2,4-D, BAP and NAA) along with coconut water 

for observe morphogenic responses (mainly formation of callus). Nodal segment 

initiated callus earlier than leaf segments and internode explant. Higher amount of 

callus were obtained from leaf segments than internode and nodal segment. 

Interaction effects of explant and growth regulators were significant for days of callus 

initiation, fresh weight and dry weight of the callus per culture. Among the twelve 

treatments the highest amount of callus was obtained in MS medium supplemented 

with 7 mgfL BAP followed by 3 and 5 mg/L NAA. respectively. On the other hand, 7 

ing L- 1 2,4-0 showed lowest performance followed by 5 mg L- 1 2,4-D and 5 mg/L 

BAP, respectively among the twelve treatments. 

Koppad ci aI.(2006) conducted a study in Sirsi, Kamataka, India to evaluate the 

effects of IAA (100, 300 and 500 pppm) and cournarin (100, 300 and 500 ppm) on the 

propagation of stem cuttings of Stevia rebaudiana. IAA at 500 ppm and coumarin at 

300 ppm were identified as the best treatments, recording the highest values for 

number of roots and root length. 

Himanshu ci al. (2006) said that, MS basal medium supplemented with 13.5 micro M 

benzyladenine + 8.0 micro M NAA showed best performance compared to 13.3 micro 

M benzyladenine alone with respect to bud breaking in S. rebaudiana, while 

combination of 13.3 micro M benzyladenine + 61.8 micro lvi AdSO4  and 13.5 micro 

5 



M benzyladenine + 8.0 micro M NAA in MS basal medium showed enhanced shoot 

multiplication. NAA at 16.1 micro M + 30.7 micro M benzyladenine showed 

significant enhancement in the induction of rooting compared to 16.1 micro M IAA 

alone. The best callusing was observed in the media containing 10.7 micro M NAA + 

8.8 micro M benzyladenine. 

Kuntal-Das ci at (2006) said that S. rebaudiana callus was grown under aseptic 

environment on MS medium (1/2, I and 2 strength) supplemented with plant growth 

regulators (IAA, NAA, IRA, 2,4-D, kinetin and RAP [benzyladenine]). Extensive 

callus initiation was observed with 2,4-D at 1.0 mg/L + kinetin at 0.2 mg/L with 

callus growth values of 2.25 and 2.20 in half and single strength media, respectively. 

Callus was best maintained with NAA at 0.1 mg/L and RAP at 2.0 mg/L with callus 

growth values of 4.30 and 4.25 cm in half and single strength MS media, respectively. 

iJddin ci at (2006) conducted an experiment on in vitro culture of Stevia rebaudiana 

Bertony, an important non-caloric sweetening herb to explore its potential for micro-

propagation. Leaf; nodal and inter-nodal segments of the selected herb as explant 

were cultured on MS medium containing 2,4-D at 2, 3, 4 and 5 mg/L for callus 

induction. Inter-nodal segments initiated callus earlier than node and leaf. The highest 

amount of callus was found in MS medium with 3.0 mg /L 2,4-D and MS medium 

with 5.0 mg/L 2,4-D gave the poorest callus. 

Kuntal Das ci at (2006) conducted a greenhouse experiment at the Indian Institute of 

Horticultural Research (Ill-fR), Bangalore, to study the effect of combined 

applications of nitrogen (N), phosphorous (P) and potassium (K) fertilizers on their 

availability in soils in relation to their contents in the Stevia plant. The results show 

that the amount of available N, P and K in soil has been found to be increased initially 

up to 45 days and thereafter, the amount of the same content decreased with the 

r;i 



progress of plant growth up to 60 days irrespective of treatments. However, the 

magnitudes of such increases in N, P and K contents both in soils and plants have also 

been enhanced with the simultaneous application of N, P and K (40:20:30) kg/ha over 

that of their corresponding individual applications. 

Kabir (2005) studied two methods In vitro propagation of stevia. The first method was 

'Direct in vitro propagation' by multiple shoot regeneration from the explants (shoot 

tip and nodal segments) followed by rooting of multiple shoot where second method 

was 'indirect in vitro propagation' by callus induction on the explants(leaf disk, nodal 

segmemt and intemodal segment) followed by shooting and rooting of resulted callus. 

In 'direct in vitro propagation ' MS media in two different strengths (full MS and V2 

MS) were used as culture media for shoot proliferation as well as for root induction. 

Cytokinins viz BAP and Kit were used for shoot proliferation in four concentrations 

(0.0, 1.0, 2.0, 3.0 mg/L). Auxin viz .NAA and IBA were used for root induction for 

micro cuttings in four concentrations (0.0, 0.5, 1.0, and 1.5 mg/L). In 'thdirect in vitro 

propagation' MS media supplemented with 2,4-D, NAA and BAP at four 

concentrations(l.0, 3.0, 5.0, 7.0 mg/L) were used for callus induction and then 

subsequently sub cultured onto MS medium containing 1.0 mg /L BAP and 1.5mg/L 

NAA for shoot and induction of callus .Shoot tip explants showed better response for 

shoot proliferation than nodal segment. MS media in full and half strength were 

equally effective shoot proliferation. BAP (1.0 mg/L) was superior to all other 

hormonal treatments for shoot induction .for root induction, MS full strength was 

superior to half strength .MS full strength supplemented with NAA (1.5 mg/L) was 

the best medium for rooting of micro cuttings. In callus induction, leaf disk was 

superior to inter and nodal segment .MS media supplemented with BAP (7.0 mg/L) 

was best medium for the callus formation. 

7 



Kuntal Das ci al. (2005) studied In vitro methods for production of stevioside from 

Se'evia rebaudiana .The callus culture of leaves of S. rebaudiana was initiated and 

maintained on different strengths (half and full) of MS medium supplemented with 

various plant growth regulators. The initiation of callus was achieved after 

supplementing the various concentrations and combinations of auxins, i.e. L&A, WA, 

NAA and 2,4-fl, each at I mg/L and cytokinin kinetin at 0.1, 0.2 and 0.3 mg/I. The 

maintenance of independent callus was carried out on different strengths of MS 

medium supplemented with IAA, NAA and 2,4-D, each at 0.1 mg/L, and kinetin and 

BA!' [benzyladenine], at 1.0 and 2.0 mg/L, at different combinations. The callus was 

maintained up to 3 cycles by transferring the cultures to fresh medium after every 2-3 

weeks. The half strength medium supplemented with 2,4-0 (1.0 mg/L) and kinetin 

(0.2 mg/L) was the best for callus initiation and the NAA (0.1 mg/L) and BAP (2.0 

mg/L) combination was the best for maintenance. 

Sumathi et al.(2005) observed that the highest amount of callus was found in MS 

medium with 3.0 mgfL 2,4-D and MS medium with 5.0 mg/L 2,4-D gave the poorest 

callus. 

Smitha ci at (2005) developed a procedure for the rapid clonal propagation of S. 

rebaudiana explants such as axillary shoot buds, terminal shoot buds and leaf 

segments. Multiple shoots were induced from shoot buds on a modified MS medium 

supplemented with 1.0 mg/L benzyladenine (BA). Multiplication rate of up to 1:25 

was observed. Incorporation of 0.05 mg kinetin/litre enhanced the production of dark 

green healthy shoots. Successful rooting (>90%) was recorded in modified MS 

medium supplemented with 1.5 mg/L IBA. The roots appeared normal and healthy. 

The plantlets were hardened in sterilized sand and were established cx vitro with more 

than 901/o success. In addition, direct plantlet regeneration was also induced from leaf 

explants on modified MS medium supplemented with 1.0 mg BA/litre and 0.1 mg 

NAA!Iitre. 

8 



islam (2004) reviewed shoot tip, nodal segment and leaf base with petiol of S. 

rebaudiana were cultured on MS media supplemented with various concentrations of 

BA for shoot production. Nodal segment initiated shoot earlier than shoot tip explant. 

l-ligher number of shoot per culture and micro cuttings were obtained from shoot tip 

explant and nodal segment. Leaf base with petiole failed to produce shoot on any of 

the media used. The highest number of shoots (3.2) and micro cuttings (5.8) were 

found in MS medium with 3.Omg.IL BA and 2.0 mgfL BA respectively. interaction 

effect of explant and shooting media were significant for days offshoot initiation 

,number of shoot per culture number of micro cuttings per culture. Among the four 

media the highest number of root per shoot was obtained in MS medium 

supplemented with 1.0 mgIL NAA followed by 1.5 and 0.5 mgfL NAA respectively. 

No roots were produced in the medium without auxin (NAA). 

Bondarev ci aL (2003) showed the effects of nutrient medium composition on 

development of Stevia rebaudiana shoots cultivated in the roller bioreactor and their 

production of steviol glycosides . Addition of 0.1 mg/L BA or 6-benzylaminopurine 

(benzyladenine) (BA) together with alpha -naphthaleneacetic acid resulted in an 1.5-

fold increase in the number of shoots. However, the shoots grown on the BA-supplied 

medium displayed a strong inhibition of the development of their root system. When 

the medium was supplied with gibberellic acid, lengthening of shoots and roots of 

Stevia were observed. All the plant growth regulators used strongly inhibited 

production of SGs. The changes in nutrition medium composition had practically no 

effect on the ratio of individual glycosides in Stevia leaves. Shoot apex, nodal, and 

leaf explants of Sievia rebaudiana can regenerate shoots when cultured on MS 

medium supplemented with benzyladenine (BA; 8.87 micro M) and IAA (5.71 micro 

M). Rooting of the in vitro-derived shoots was achieved following subculture onto 

auxin-containing medium. 

9 



Moriniet ci al. (2003) said that growth chamber temperature was 24+or-1 degrees C, 

photoperiod was 16-h and light intensity was 45+or-5 micro mol m-2 s-i. Shoot 

rooting response was evaluated by IBA at 0.5 mgIL and 0.1 mgIL. Susceptibility to 

tissue vitrification, very small leaves and thin and petiolated stem apical portions were 

associated particularly with 6-benzylaminopurine, in most genotypes. With kinetin, 

symptoms were attenuated but did not disappear completely. Among the genotypes 

tested, shoot proliferation ranged from about 1:4 to 1:9 and rooting from 65 to 92%. 

Fairly severe problems were encountered in plantlet acclimatization, with highest 

survival values not exceeding 80%. Micropropagation efficiency did not appear to be 

very satisfactory but the experimental procedure demonstrated the possibility of 

quickly propagating plants of Stevia to be used for cultivation and/or propagating 

selected genotypes characterized by superior biological and agronomic traits andlor 

higher glucoside content, to be used as mother plants to provide material for other 

propagation techniques. 

Maharik ci at (2003) reviewed that S. rebaucliana seeds were germinated in 

Murashige and Skoog's (MS) medium containing 2% sucrose and 0.7% agar. Twelve 

of the 15 seeds germinated and produced seedlings with 34 leaf pairs at 12-16 days 

after sowing. Nodal segments (0.6-I .0 cm long with one leaf pair each) were obtained 

from seedlings and cultured in MS basal medium supplemented with 6-benzyladenine 

(benzyladenine), NAA and ifiA at various concentrations (2+2+0, 2+1+0, 4+2±01  

5+3+0, 6+3+0, 6+2+0, 5+2+0 or 5+2+0 mg), along with 3% sucrose and 0.7% agar. 

Healthy shoots approximately 2.3 cm long were isolated from each culture and 

inoculated on half-strength MS medium supplemented with IBA, 20% sucrose, 0.1% 

activated charcoal and 0.7% agar. Rooting was induced in jars containing 50 ml of the 

medium. The medium containing 5 mg IBA + 2 mg NAA resulted in the highest 

number of healthy shoots (46.9 shoots per culture). When benzyladenine was 



combined with IAA. callus initiation occurred. Reducing the concentrations of 

benzyladenine and NAA to 4 and 2 mg/L, respectively, resulted in callus initiation 

and poor shoot multiplication. As the TBA concentration increased, callusing 

increased at the base of elongating shoots, followed by delayed and poor rooting. The 

addition of activated charcoal to the rooting media improved root development. 

Rooted plantlets were transplanted into pots containing a mixture of vermiculite and 

peat moss (1:5 v/v) and acclimatized in the greenhouse for 30 days. 

Slavova ci aL(2003) said that, shoot and stem segments of S. rebaudiana were 

cultured in 2 nutrient media, one with BA!' [benzyladenine] and the other with NAA 

for rooting. Benzymidazol at 0.1, 0.2, 1.0, 1.5, 2.0 or 3.0 mg/L was incorporated after 

the removal of BAP and NAA from both media, except for one treatment in which 0.3 

mg benzymidazol + 0.1 mg/L NAA was evaluated. Benzymidazol exhibited an auxin-

like effect (i.e. stimulation of rooting) on plants. When benzymidazol was applied 

singly, 0.2 mg/L was optimum, resulting in 95% rooting. The 24 roots per plant 

formed at this concentration were stable and well developed, unlike those that were 

produced with NAA, which were easily severed when removed from the nutrient 

medium. The highest rooting percentage (991/6) was obtained with 0.3 mg 

benzymidazol + 0.1 mg/L NAA. 

Sivaram L.et al.(2003) said that, Shoot apex, nodal, and leaf explants of Sievia 

rebaudiana Bertoni can regenerate shoots when cultured on Murashige and Skoog 

(MS) medium supplemented with 6-benzyladenine (BA; 8.87 pM) and indole-3-acetic 

acid (5.71 pM). Rooting of the in vitro-derived shoots could be achieved following 

subculture onto auxin-containing medium. A survival rate of 701/o was recorded at the 

hardening phase on the substrate cocopeat.. 



Zbughin et ci. (2002) presented a study on the effects of IAA and BA in the MS 

culture medium on the propagation of S. rebaudiana from meristems by. 

Mathematical models are presented to estimate the changes in different characteristics 

(number of leaflets, height of stemlets, number of axillary buds, number of secondary 

copse, and number of basal rootlets) of £ rebaudiana under different IAA and BA 

treatments. 

Bondarev ci al.(1998) observed that the effect of growth regulators such as NAA 2,4-

D, Kn and BA on the callusogenesis and growth of Sievia rebaudiana ( a perennial 

grass which contains dipterpenoid glucosides 300times as sweet as sucrose) cultured 

cells. A significant retardation of callus growth and complete imhibition of 

organogenesis took place at 2,4-D concentrations ranging from 0.2-1.0 mgfL). 

Bespalhok ci ci. (1997) said that, somatic embryos were obtained from floret explants 

of S. rebaudiana cultured on Murashige and Skoog medium supplemented with 2,4-D 

(9.05 or 18.10 riM)  and kinetin (0-9.29 1tM).On 9.05 pM 2,4-1) supplemented 

medium without kinetin, maximum embiyogenic callus formation occurred. On 

18.10MM 2,4-D supplemented medium, the best results were obtained with 2.32pM 

kinetin. Callus formation started at the base of the corolla and ovaries. 

Constantinovici et al.(1997) micropropagated S. rebaudiana from shoot apex or 

intemodal explants on 3 different multiplication media and 2 rooting media. Shoot 

apices performed better as explants than nodal stem sections. Benzyladenine was 

more effective than kinetin in the multiplication medium. Roots emerged from the 

internodes on either of the rooting media (growth regulator-free or containing 

kinetin). Rooting was essential before plantlets were transferred ex vitro. 
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Bespalhok et aI.,(1997) studied that Somatic embryos were induced when leaves were 

cultured in vitro on MS medium supplemented with 2,4-D (10 or 25 1.tM). The embryo 

appeared to be formed directly without intermediate callus development .somatic 

embryo failed to mature developed roots but not shoots when transferred to MS 

medium without growth regulators and with a low (30 gm/L) concentration o sucrose. 

Kornilova el al.(1996) developed a laboratory procedure for the clonal 

micropropagation of S. rehaudiana, using stem segments with 2 axillary buds. Use of 

MS medium without growth regulators gave results comparable to those obtained 

with growth regulators (BA + NAA and kinetin + NAA). Accordingly, plain MS 

medium is recommended as being cheap and effective. IAA at 0.5 mg/L gave good 

results in activating rhizogenesis. No reduction in growth was observed with 

increasing number of subcultures in vitro. 

Sritongkum (1995) developed the procedures for micropropagation primary leaf and 

shoot tip of S. rebaudiana Bertony. The optimal condition from primary leaf were 

observed on MS medium supplemented with 2.OmgfL NAA and 2.0 mg/L IBA .The 

optimal condition for primary leaf callus regeneration was achieved on MS medium 

containing Nitsch (Nitsch and Nitsch, 1969) vitamins supplemented with 2.0 mg/L 

NAA and 2.0 mg/L BA. Root formation was occurred on MS medium supplemented 

with 0.1 mgfL NAA .The efficiency of adventitious shoot formation could be 

increased to a number of 60 shoots per callus within three months. Shoot 

multiplication from shoot tips was observed on MS medium supplemented with 12.0 

mg/L Kn. The optimal condition for root formation was occurred both in MS medium 

supplemented with 0.01 mgIL NAA and MS medium without plant regulator 

.Plantlets could be transplanted to potting soil. 

e 
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Carvaiho et al. (1995) said that, treatment with (BA promoted rooting and increased 

the number of roots produced in cuttings taken in August and September, whereas 

IAA and NAA did so only for cuttings taken in August. Percentage rooting was 

highest (80%) in cuttings taken in August and treated with IBA at 5 x 10-5 M. The 

treatments had no effect on percentage cutting survival after transplanting. 

Kornienko ci al.(1995) found the results of cultural trials with stevia [Stevia 

rebaudiana] in the Central Chernozem Zone of Russia are discussed. Preceding crops, 

soil cultivation, weed problems, nutrition, planting dates, spacing in relation to 

planting date, and growth regulator treatments were considered. The regulators, 

applied 30-40 days after planting, were particularly effective on unfertilized controls. 

PABK-DA (p-aminobenzoic acid) at 0.005% plus 80 kg N + 80 kg P205  + 80 kg 

}C20/ha was the best treatment, producing 53.9 and 13.79 tlha fresh and thy biomass, 

respectively. Higher NPK rates reduced yields 

Bespalhok ci al.(1992) revealed two long nodal d\segment were excised from adult 

S. rebaudina plant cultured for shoot proliferation on MS medium containing six 

levels of NFL4  NO3  the fossard vitamins, 11 gM BA, 3% sucrose and 1% agar. When 

shoots were about 5 cm long they were transferred für rooting to full or half strength 

MS medium containing NAA at 0.0 to 10.0 gM. Lowering the NH4  NO3 

concentration in the multiplication medium standard 20.60 mM to 5.15 mM increased 

the number of shoots produced per nodal segment to an average of 10.90. The 

standard MS concentration of NH 4  NO3 also induced toxicity symptoms. Decreasing 

the MS salt level in the rooting medium by half increased the number of roots/shoot 

and at this level 1.0 and particularly, 10 tM NAA had a beneficial effect on root 

induction. The survival rate of rooted plants on transfer to potting medium was 950/o. 

Bespalbok c/ at (1992) develops the procedures of excising two-cm-long nodal 

segments from adult S. rehaudiana plants and cultured for shoot proliferation on MS 

medium containing 6 levels of NH4NO3, De Fossard vitamins, 11 pM BA, 3% sucrose 
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and 1% agar. When shoots were about 5 cm long they were transferred for rooting to 

full- or half-strength MS medium containing NAA at 0.0 to 10.0 zM. Lowering the 

N144NO3  concentration in the multiplication medium from the standard 20.60 mM to 

5.15 mM increased the number of shoots produced per nodal segment to an average of 

10.90. The standard MS concentration of NmNO3 also induced toxicity symptoms. 

Decreasing the MS salt level in the rooting medium by half increased the number of 

roots/shoot, and at this level 1.0 and, particularly, 10 pM NAA had a beneficial effect 

on root induction. The survival rate of rooted plants on transfer to potting medium 

was 95%. 

Swanson ci al. (1992) studied that leaf explants of Stevia rebaudiana were cultured 

in MS medium with vitamins, sucrose (30 g/litre) and agar (0.9% w/v) and 

supplemented with NAA (0.5 mgIL) and BA (0.5 mg/L). These conditions yielded 

friable callus cultures. Differentiation of the callus tissue was then achieved by 

eliminating the agar and modulating the medium's hormone concentrations. Thus, 

media containing increased auxin concentration (1.0 mgfL) and no cytokinin. or 

increased cytokinin (1.0 mgIL) and no auxin, yielded root or shoot cultures, 

respectively. Supplementation of the shoot medium with NAA (1.0 mg/ml) induced 

shoot cultures to grow roots thereby differentiating into rooted-shoot cultures. 

Ferreira ci aI.( 1988) described a method for producing and maintaining Stevia 

rehaudiana suspensions and regeneration of plants from calli derived from cell 

suspensions. Suspension cultures composed of isolated cells (ca. 10%) and cellular 

aggregates (5-100 cells) were obtained in 20-30 days by using friable callus as the 

initial inoculum in liquid media with BA (0.5 mg/l)±2,4-D (1.0 mg/I), and periodic 

filtering (100-500 p.m sieves) with 6-7 days interval between subcultures. Cultures 

derived from actively growing calli are mainly diploid (2n=22) whereas those derived 

from senescent calli showed a wide variation in chromosome number (55-200). Shoot 
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elongation and further roofing of isolated shoots was better on LS medium devoid of 

growth regulators. 

Angkapradipta es aL (1986) said that, seedlings in pots (one per pot of 5.5 kg soil) 

received a basal dressing of 200 g cattle manure and urea at 0-2.0 g, triple 

superphosphate at 0-0.25 g and potassium chloride at 0-0.20 glpot. Cattle manure 

markedly improved soil fertility. Increasing rates of N increased plant N content, and 

reduced soil pH, K, Ca and Mg. The P and K fertilizers increased soil P and K 

contents but did not affect plant P and K contents. N at I g/pot significantly increased 

foliage fresh and dry matter production and the fresh weight of roots. A rate of 0.91 g 

urea per plant up to the first year of harvest is suggested. 

Cloenadi (1985) said that, in a glasshouse trial with pot-grown plants, the effects were 

compared of FYM at 0, 100 or 200 g/plant, NPK (28.75:9.38:10.00) at 0, 1.2 or 2.4 

g/plant, and liquid organic fertilizer as a 200 ml solution at 0, 5 or 10% (v/v)/plant. 

Plant growth and leaf numbers/plant were increased by FYM and liquid fertilizer, the 

best calculated results being obtained at 175 g/plant and 6.25% liquid fertilizer/plant. 

respectively. NPK had no effect. 

Buana es al. (1985) measured Plant height and leaf number weekly in Stevia 

rebaudiana cuttings fertilized with various levels of NPK, farmyard manure or a 

'Super Mineral' fertilizer. Equations are presented relating growth during the first 4 

weeks to the level and type of fertilizer applied. 

TamuraY.ei al. (1984) established clonal propagation of Stevia rebaudiana by 

culturing stem-tips with a few leaf primordia on an agar medium supplemented with a 

high concentration (10 mg/I) of kinetin. Innumerable shoots can be obtained by 

repeating the cycle of multiple-shoot formation from a single stem-tip of Stevia. 
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These shoots produce roots when transferred to a medium containing NAA (0.1 mg/I) 

without kinetin. The regenerated plantlets can be tmnspanted to soil. 

Lee ci al. (1980) studied that, nitrogen P205  and K20 at rates of 0, 10 and 15 kg/i 0 a 

each, applied in various combinations did not affect Sievia rebcwdiana plant height, 

number of branches or number of internodes. 

Yang. ci al. (1979) conducted an experiment and found that. Rapid plant regeneration 

oLSl rebaudiana was achieved by culturing leaflets of 12 to 16-day-old seedlings on a 

modified Murashige and Skoog medium (MS). Multiple shoots were induced on MS 

supplemented with 2-10 mg/I BA. Roots were induced by sub culturing the 

regenerated shoots on the MS medium without hormones or on moistened 

vermiculite. Successful transferring of plantlets to soil was accomplished and 

production of flowering plants on a large scale was feasible. 

Handro et aI.(1977) observed that Leaf discs and 1-cm intemodal stem segments 

cultured on synthetic media containing an auxin (MA or 2,4-1)) and a cytokinin 

(benzyladenine or kinetin) produced vigorous calli. Two-cm nodal stem segments 

grew well on a medium without hormones. 

Murashige ci al.( 1962) said that, MS medium supplemented with 6- benzyleadenine 

(BA) 8.87 at gM and indole -3-acetic acid (1AA) 5.71 at pM. Rooting of the in vitro 

derived shoot could be achieved following subculture onto auxin containing medium. 
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CHAPTER 3 

MATERIALS AND METHOD 

The experiment was conducted at Laboratory of Proshika Plant Tissue Culture Center 

Trust (PPTCC1'). Koitta, Manikgoti from October, 2007 - June, 2008. The materials 

and methods used in this investigation are described below. 

3.1. Plant Materials 

One month old 31ev/a rebaudiana growing in polybags were collected from BRAC 

nursery, Oazipur, Bangladesh. The plants were further allowed to grow at Proshika 

nursery for the ready explants sources. Leaf and nodal segments were used as 

explants. Leaf and node segments from plants were cut and rinsed in running water 

for 20 minutes. The explants were surface sterilized in laminar airflow cabinet and 

treated with 70% alcohol for 2 minutes followed by rinsing with sterile distilled water 

which were followed by Ireatment with 0.1% mercuric chloride for 2 minutes. Finally 

the explants were washed with sterile distilled water successively three times and 

inoculated under aseptic conditions. 

3.2. Glassware and plastic ware 

Test tubes (25 x 150 mm), conical flasks (125. 150. 250, 500, 1000 ml capacity), 

pipettes 2, 5 and 10 ml capacity), measuring cylinders, funnels, etc. used in various 

experiments were of Coming or Borosil make. 

Locally manufactured glass jars with polypropylene screw caps were used as culture 

vessels. All glassware was cleaned using liquid soap and thoroughly washed in 
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running tap liter. Washed glassware was rinsed with distilled water and oven dried 

before use. 

Culture tubes and flasks were plugged with absorbent cotton prior to autoclaving. 

flasks and bottles containing infected cultures were decontaminated by sterilization 

for 1 hour, prior to washing. 

Chaina made petri-plates (55 x  15 mm and 85 x 15mm) were also used in the studies. 

Autopipettes (0-20 p  1. 20-200 p 1 and 200-1000 p I) and autoclavable micro-pipette 

tips (20, 200 and 1000 p1 capacities) were used for accurate addition of fine 

chemicals in the medium. 

3.3. Glassware sterilization 

All the empty glassware to be used for media preparation (flasks, bottles, test tubes, 

pipette tips) and instruments needed for sterile dissection and subculturing (forceps, 

scalpel, and filter paper pads) were autoclaved at 12 1°C and 1.1 kg/cm2  pressure for I 

hour. 

3.4.Preparation of stock solution 

The first step in the preparation of culture media was the preparation of stock 

solution. Various constituents of the medium were prepared into stock solutions for 

immediate use during the preparation of the medium. As different constituents were 

required in different concentrations to separate stock solution for macronutrients, 

micronutrients, vitamins, growth regulators etc were prepared separately and stored at 

refrigerator 

Preparation of stock solution I (macron u trients) 

One litre stock solution I was made up to 50 limes of the final concentration of the 
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medium. At first 600 ml of distilled water was taken in a 1500 ml beaker and 82.5 gm 

NR1NO3, 95 gm KNO3, 8.5 gm KH2PO.1  were added and dissolved by random stirring 

with a magnetic stirrer. Then distilled water was added to make the volume 1000 ml 

and stored in a reagent bottle refrigerator. 

Stock solution 11 (macronutrients) 

One liter stock solution 11 was made up to 100 times of the final concentration of the 

medium. At tint 600 ml of distilled water was taken in a 1500 ml beaker and then 44 

gm CaCl2.2H20 weighed accurately and dissolved. Then distilled water was added to 

make the volume up to 1100 ml and stored in a reagent bottle in refrigerator. 

. Stock Solution Ill (macronutrients) 

One liter stock solution 111 was made up to 200 times of the final concentration of the 

hum. At first 600 ml of distilled water was taken in a 1500 ml beaker and then 74 gm 

MgSO4.71-120 weighed accurately and dissolved. Then distilled water was added to 

make the volume up to 1000 ml and stored in a reagent bottle in refrigerator. 

Stock solution IV (micronutrients) 

One liter (vlv) stock solution ill was made up to 100 times of the final concentration 

of medium. At first 600 ml of distilled water was taken in a 1500 ml beaker and then 

2.78 gm FeSO47H20 and 3.37 gm Na2-EDTA. 21420 were weighed accurately and 

dissolved. Distilled water was then added to make the volume up to 1000 ml and 

stored in a reagent bottle in refrigerator. 

Stock solution V (micronutrients) 

One liner stock solution V was made up to 200 times of the final concentration of the 

medium. At first 600 ml of distilled water was taken in a 1500 ml beaker and then 

1.24gm 1-121303  1.72gm ZnSO4.71-120, 4.46 gin MnSO4.41120 were weighed accurately 
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and dissolved. The distilled water was added to make the volume up to 1000 ml and 

stored in a reagent bottle in refrigerator. 

Stock solution VI (micronutrients) 

One liter stock solution VI was made up to 100 times of the final concentration of the 

medium. At first 600 ml of distilled water was taken in a 1500 ml beaker and then 83 

gm KI, 2.5gm CuSO4.51120, and 25 gm NaMoO4.21-120, 2.5mg CoCl2.61-120 were 

weighed accurately and dissolved. Then distilled water was added to make the volume 

up to 1000 ml and stored in a reagent bottle in refrigerator. 

Stock solution Yll (organic nutrients) 

One liter stock solution WE was made up to 100 times of the final concentration of the 

medium. At first 600 ml of distilled water was taken in a 1500 ml beaker and then 20 

gin myoinosiol, 0.1 gm Nicotinie acid, 0.1 gm Pyridoxine I-IC!, 0.02 gm Thiamine 

HC I, 0.4 gm Glycine were weighed accurately and dissolved. Then distilled water 

was added to make the volume up in I 000ml and stored in refrigerator. 

3.5. Stock solution of PCRs 

Stock solutions of different hormones were prepared by dissolving the specific 

hormone of desired quantity to the appropriate solvent and made the final volume 

with distilled water. The following hormonal supplements were used in the present 

investigation. 

Auxins 
Indol-3 acetic acid (IAA) 
lndol-3 butyric acid (IBA) 
cc- napthalene acetic acid (NAA) 
2, 4-Dichiorophenoxy acetic acid (2,4-D) 
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Cytokinins 
6-benzyl amino purine (BAP) 
Kinetin (Kn) 
Adenine sulfate (ADS) 

These PCIR-supplements were dissolved in proper solvents against each of them as 
shown below: 

Hormones (Solute) Solvents 
IBA 70% ethyl alcohol 
NAA 0. IN NaOH 
2,4-D 70% ethyl alcohol 
BA! 0.5NHCI 
Kn 0.5NFICI 
ADS 0.5N HCI 
IAA 0.5N HCI 

To prepare a stock solution of any of these hormones, 10.0 mg of hormone was taken 

on a clean watch glass and then dissolved in 1.0 ml of particular solvent and collected 

in a 100 ml measuring cylinder and the volume was made up to 100 ml with distilled 

water. The solution was then poured into a clean plastic container and stored at 4°C 

and used for a maximum period of two weeks. 

3.6. Media preparation 

To prepare any of hormonal stock solution, 100 mg solid hormone was dissolved in 1 

ml solved (0.1 N KOl-l). The mixture was then washed off with distilled water and 

collected in a measuring cylinder and was made up to the mark with further addition 

of distilled water. So the strength of the hormonal stock solution becomes 1.0 mg/ml 

for the preparation of 200 ml of any media following steps were followed: 

I) 	The stock solution 1, it, III, W, V. VI, VII were taken into a 500 ml conical 
flask in amounts of 4,2, 1,2, 1,0. 1 and I ml, respectively. 
Different required concentrations of hormonal supplements were added to this 
solution individually. 
6 gm of sucrose for MS basal medium was dissolved in 200 ml mixed 
components. 
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The whole mixture was then made up to 200 ml with further addition of 
distilled water. 
pH of the medium was adjusted to 5.8. 

To prepare solid medium, 0.6% agar was added to the solution and heated in 

microwave oven. Then the media was dispensed into test tubes in a volume of 15m1. 

. Callus induction medium 

MS (Murashige and Skoog, 1962) and White's media supplemented with 2,4-D (2.0 

mgIL) was prepared for the callus induction from S. rebaudiana explants. After 

mixing all stock solutions 3% sugar was added for the MS and White's media 

preparation. Then the pH of the media was adjusted to 5.8. 0.6% agar was dissolved 

and the media was heated and dispensed in the jars and capped withpolypropylene 

screws. Jars containing media were autoclaved at 121°C at 1.1 Kg / cm2  for 20 

minutes. 

Plantlet regeneration medium 

/ MS and White's media supplemented with various concentrations of PCIRs 

singly were added to prepare plantlet regeneration media. PGRs and their 

concentrations - 

BAP -0.5 mg/i, 1.0 mg/I, 1.5mg/i. 2.0 mg/i, 2.5mg/I 

NAA -0.5 mg/I, 1.0 mg/I. 1.5mg/I, 2.0 mgi!. 2.5mg/I 

Kn -0.5 mg/i. 1.0 mg/I, 1.5mg/i. 2.0 mg/I, 2.5mg/i 

ADS -0.5 mg/I, 1.0 mg/I, 1.5mg/I, 2.0 mg/I, 2.5mg/I 

V For combined effect of PGRs. 2mg/i BAP and 1 and 2mg/I Kn were added in 

MS and White's media. 

'V For combined effect of PORs and Organic supplements, 

Media Usesd-LS, PM 

PGR added -BAP, Kn, NAA IBA, IAA 

Organic supplements-Orange juice, Tomato juice 
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The 0.6% agar was dissolved and the media was heated and dispensed in the test tube 

and capped with aluminum foil. Jars containing media were autoclaved at 12 1°C at 

1.1 Kg 1cm2  for 20 minutes. 

Root growth medium 

'2 MS (Murashige and Skoog, 1962) 1/2  LS. '2 PM and 1 /2  White's media 

supplemented with IBA 2mg/i were prepared for the induction of root from shoot tips 

and nodal explant. After mixing all stock solutions 3% sugar was added for the MS 

media preparation. Then the pH of the media was adjusted as above. The 0.6% agar 

was dissolved and the media was heated and dispensed in the test tube and culture 

vessel as above and capped with aluminum foil. Jars containing media were 

autoclaved at 121°C at 1.1 Kg/cm2  for 20 minutes. 

3.7. Media sterilization 

All nutrient media were autoclaved at 1.1 kg 1cm2  pressure at 121°C for 20 minutes. 

Heat labile chemicals were added in the required quantity, after filter sterilization, into 

the autoclaved media. 

3.8. Culture environment 

Cultures were incubated at 22±2°C with a photoperiod of 16 hrs at 3000 lux light 

mtensity of cool white fluorescent light. 

3.9. Experimental design 

The experiment was designed as 2 x 5 factorials in a Completely Randomized Design 

with 5 replication and 5 plantlets per replication. 
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3.10. Methods of scoring growth response 

a) Percentage of explants responded 

No. of explants responded 	100 
% of explants responded = Total no. of explants inoculated 

Percentage of root Induction 

% of root induction = Total no. of shoot inñated 

C- 
e 

C- 
0 

Avenge number of multiple shoot 

'N 

Where, X = Avenge no. of multiple shoot 

= Summation 

Xi= Number of multiple shoots 
N = Number of observations 

No. of root induction 100 

- 

- 
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d) Average length Of shoot 

- El" 1= 
N 

Where, X = Average length of shoot 
= Summation 

Xi = Length of shoots 

N = Number of observations 

e)Avemge length of root 

-El" 
N 

Where, X = Average length of shoot 
= Summation 

Xi = Length of shoots 

N = Number of observations 
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3.1 1.Data collection 

Visual observation of culture was made evezy day. Data were recorded for percentage 

of explants responded, percentage of root Induction , average number of multiple 

shoot, average length of shoot , average number and length of root and callus 

induction . Except average number and length of root and callus induction, all data 

were recorded 15 days and 30 days after inoculation. The data for average number 

and length of root were recorded after 7 days of inoculation. 

3.12. Data analysis 

All the data were assessed by analysis of variance for factorial complete randomized 

design (CR0) using computer software SPSS Program (General linear Model-

Univariate Analysis). 

3.13. Hardening of plantlets 

For hardening the in vitro generated plantlets were removed carefully and dipped in 

0.2% Ridomil-1 OOEC (antifungal) for few minutes. Finally the plantlets were 

tranferred on previously autoclaved sand: soil (1:1) mixture. Polyethylene bags were 

sprinkled with water on the inner layer was used to cover the plant in order to 

maintain the humidity and the plants were also irrigated with a diluted mixture of 

basal salts. After 10 days, polyethylene bags were removed and plantlets were 

hardened for 2-3 weeks in hardening shades. 
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3.14. Pot preparation 

The hardened plants were planted in earthen pots filled with different combinations of 

soil which were prepared using garden soil, poultiy litter, cowdung and chemical 

fertilizers (Urea, TSP, MP). The proportion of garden soil, sand and poultiy litter 

/cowdung /chemical fertilizer was I: 1: I. Ten replications were done against each 

trcatment or combination. 

3.15. Transplantation of hardened plantlets 

After 2-3 weeks of hardening of plantlets they become 7-10 inches in height and 

strong enough for plantation to soil under normal condition. Therefore, they were then 

transferred to earthen pots where they were grown. Care was taken of that roots did 

not get any damage during plantation. Watering and weeding were done in the normal 

course depending on the texture of the soil. Four soil combination were used. 

Combination 1. Garden soil + sand (l:l) 

Combination 2. Garden soil + sand + cowdung(l:l:l) 

Combination 3. Garden soil + sand + poultiy litter (1:1:1) 

Combination 4. Garden sol 4-sand + chemical fertilizer(l:l:l) 

-I 

-ype 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The results of the investigations have been presented and discussed in the forms of 

tables, and figures. The results and discussion of experiments are discussed below. 

4.1. Experiments with of BAP, NAA, Kn and ADS in MS medium 

41. 1.Effect of BAP on multiple shoot proliferation 

Shoot tips and nodal explants were cultured on MS medium supplemented with 

different concentration of BAP. Both 1.0 and 1.5 mg/I were proved as the best 

concentrations but BAP 2.0 mg/I revealed poor response. Kabir (2005) reported that 

shoot tip explants showed better response for shoot proliferation than nodal segments 

and MS medium in lull and half strength were equally effective for shoot proliferation 

.The concentration used in the recent study were 0.5 mg/I. 1.0 mg/i. 1.5 mg/I. 2.0 mg/I 

and 2.5 mg/I and results are shown in table-I. The data were collected at IS DAI and 

30 DAI. Multiple shoots were proliferated in response to BAP. Smitha ci at (2005) 

observed that multiple shoots were induced from shoot buds on a modified MS 

medium with 1.0,1 tug BAL. 

Maximum number of multiple shoots were found at 2.5 mg/I BAP both at 15 DAT and 

30 DAt and these were 3.53 per explant and 4.20 per explant respectively. Tadhani ci 

al (2006) found that, the maximum number of shoots was obtained on MS medium 

supplemented with 0.6 mg / I BAP. Mausumi Debnath (2008) reviewed that 2 mg/I 

along with 1.13 mg/L IAA was found to be most effective in initiating multiple shoot 

proliferation at the rate of 39 micro shoots per nodal explant after 30 day of culture. In 

respect of average length of multiple shoot, the highest responses were observed at 

1.5 and 2.5 mg/I 5 and the length were 6.05 cm, 5.92 cm and 4.25 cm respectively. 

Highest number of node per shoot was found at 1.0 and 1.5 mg/i BAP at 15 DAT and 
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at 1.0, 1.5. 2.5 mg/I at 30 DAt. Lowest influence was obtained from the concentration 

of 2.0 mg/I at 15 DAt and 0.5 mg/i at 30 DAt. In respect of average number of Ieaf/ 

shoot, highest value was noticed at 1.0 mg/i (5.60) and lowest value from 2.0 mg/I 

(4.00) at IS DAI. 

Table 1 Effect of different concentrations of SAP in MS medium on shoot 
proliferation and callus induction from shoot tip and nodal explans 

Growth 
regulator 

RAP 

Average number 
of multiple 
shoot/ Plant 

Average length 
of multiple shoot 

(cm) 

Average number 
of node per 

shoot 

Average number 
of leaf Fshoot 

Intensity 
of callus 

 inductio 

(mg/I) X Y X Y X Y X Y 

MS + 0.5 aoo b 3.00 c 4.24 C 2.40 b 2.40 b 7.40 b 4.80 c 14.80 b + 

MS + 1.0 3.00b 3.00c 5.óOb 2.SOa 2.11a 8.003 5.60a I6.00a 4-f 

MS-I- 1.5 00b 3.60b 5.92a 2.60a 2.60a 7.90a 5.20b I5.80a ++ 

MS + 2.0 3.00b 130 b 5.56 b 2.00 e 2.00 c 7.40 b 4.00 d 14.80 b 1 

MS +2.5 3.53a 4.20c 6.05a 1 	2.40b 2.40b 7.90a 4.80c l5.SOa +++ 

!SE(%)> o.ioi 03 0.073 0.058 J!.058 0.058 0.263  

Mean followed by similar letters in each column are not significantly different at 5 % level according 
to I)uncaiis Multiple Range Test. 
+= Poor. H-=Modcrate. 1-1-+=Fligh, X-  IS Days After Inoculation, Y30 Das After Inoculation 

Callus was formed at the basal portion of the explants. Higher intensity of callus was 

found at 2.0 and 2.5 mg!L BA and lowest at 0.5 mg/L. Kabir (2005) found that MS 

medium supplemented with BAP (7.0 mg/L) was best medium for callus induction. 
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Fig. 1 Effect of BAP 2.0 mgIL on multiple shoot proliferation in MS medium 
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4.1.2. Effect of NAA on shoot proliferation 

Four concentrations of NAA (0.5, 01.0, 1.5, 2.0 and 2.5 mgI!) were used in the recent 

experiment. In respect of average length of shoot, the most effective response was 

found with the concentration of 2.0 mg/i at 15 DAt and 2.5 mg/i at 30 DAt and the 

length were 5.26 cm and 8.40 cm respectively (Table-2) .The worst results were found 

from the concentration of 0.5 mg/L of NAA and those were 3.44 cm and 6.50 cm 

respectively. But Maharile et aL (2003) observed that MS medium containing 5 mg/L 

IBA+ 2 mg/L NAA resulted in the highest number of healthy shoots (46.9 shoots per 

culture). With respect to average number of node formed per shoot, the maximum 

number of node proliferated with 2.5 mg/L at 15 DAI and that was 5.00 nodes per 

shoot and minimum from 1.0 mg/L and that was 2.00 nodes per shoot 1.5, 2, 2.5, 

mg/L NAA showed maximum number of nodes per shoot at 30 DA! and minimum 

with 0.5 and 1.0 mg/L. MS medium supplemented with concentration of 2.5 mg/L 

NAA showed highest value and lowest with 1.0 mg/L at 15 DAd. Maximum number 

of leaf per shoot was proliferated with 1.5, 2.0 and 2.5 mg/L and minimum with 0.5 

mg/L at 30 DAI. 

Table 2 Effect of different concentrations of NAA in MS medium on shoot 
proliferation from shoot tip and nodal explant 

Growth 
regulator 

NAA(mgfl) 

Average 
length of shoot 

(cm) 

Average 
number of node 

/shoot 

Average 
number of leaf 

______Ishoot 

Rate of 
root 

induction 
(/o)  

Growth 
vigor 

Y X 	I Y 

MS + 0.5 4.24 c 6.50e 3.00 be 1 	5.00 b 6.00 c 1 	8.(}0c 80.0 ti-i- 

MS+ 1.0 3.44d 7.44c 2.00c 5.20b 4.00d 10.40b 80.0  

MS + 1.5 4.30 b 8.02 b 3.00 be 7.00 a 6.00c 14.00 a 80.0 +1- 

MS+2.0 5.26a 7.02d 4.00ab 6.80a 8.00b 13.óOa 80.0  

MS+2.5 3.22c 8.40a 5.00a 7.20a 10.00a 14.40a 90.0  

!SE(%) -* 0.009 	- 0.037 0.516 0.368 0.577 0.368  

Mean followed by similar letters in each column are not significantly different at 5 % level according 

to Duncans Multiple Raigc Test. 
44=Modcr3te vigor. ++-I-4ligh vigor, X15 Days After Inoculation, Y30 Days After Inoculation 
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Subsequent root induction was observed with same concentrations of NAA in MS 

media. Satisfactory root induction was enhanced by all the concentrations specially 

with 2.5 mg/L NAA and the rate of root formation was 90%. Slavova, Nenkova and 

Ivanova (2003) reported that, the highest rooting percentage (99%) was obtained with 

0.3 mg/i benzymidazol + 0.1 mg /1 NAA. 0.5, 1.0, 1.5 and 2.5 mg/L showed 

statistically similar result which was 80% rooting 15 DAI that was the lowest value. 

Maximum number of root also found when NAA was incorporated in MS medium. 

Islam (2004) reviewed that, among the four media the highest number of root per 

shoot was obtained in MS medium supplemented with 1.0mg/i NAA followed by 1.5 

and 0.5 mg/i NAA respectively. Bespalhok ci al. (1992) said that decreasing the MS 

salt level in rooting medium half increased the number of root/shoot and at this level 

1.0 and 10 p.M NAA had a beneficial effect on root induction. Swanson ci a! (1992) 

said that supplementation of the shoot medium with NAA (1.0 mg/I) induced shoot 

culture to grow roots thereby differentiating into rooted shoot culture. 
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Y. r PLJM1 

Fig. 2 Effect of NAA 2.5 mg / L on shoot proliferation in MS medium 

Fig. 3 Effect of NAA 2.5 mg/ L on root induction in MS medium 
(View from the bottom side) 

cC 
34 

 



4.1.3. Effect of Xii on shoot proliferation 

The experiment was conducted to select the best concentration of Kn among various 

concentrations (0.5, 1.0, 1.5, 2.0, 2.5mg/I) on the basis of various parameters. Here 

shoot tips and nodes were used as explants. Related Data were presented in Table 3. 

Longest shoot was formed in response to Kn of 0.5 mg/1(4.94 cm) at IS DAI and Kn 

2.0 mg/I (6.96 cm) at 30 DAT. Shortest shoot was formed with Kn 2.5 mg/I at 15DAI 

and with Kn 1.5 mg/I at 30 DAI. Considering avenge number of node per shoot, 

highest response was observed with the treatment Kn 0.5 mg/I at 15 DAI and with Kn 

2.5 mg/I at 30 DAI. 

Table 3 Effect of different concentrations of Kn in MS media on shoot 

proliferation from shoot tip and nodal explant 

Growth 
regulator 
Kn(mg/1) 

Average 
length of shoot (cm) 

Average 
number of node 

 /shoot  

Average 
number of leaf/shoot 

Growth 
Vigor 

x Y X Y X 
MS+0.5 4.94a 6.38b 3.40a 7.40h 6.80a 14.8b + 
MS+1.0 4.26c 5.94c 2.40b 5.20c 4.80b 10.4c ++ 

MS+1.5 3.84d 5.60e 2.30b 4.60d 4.60c 9.20d + 
MS+2.0 4.40b 6.96a 2.40b 5.20c 4.80b 10.40c -f-f 

MS+2.5 3.60e 5.72d - 2.00c 8.00a 4.00d I6.00a -f-f 

tSE(%) 0.037 0.026 0.058 0.058 0.058 0.263 

Mean followed by similar letters in each column are not significantly different at 5 % level according 
to Duncans Multiple Range Test. 
+ =poor,  vigor, ++Moderate vigor. XrlS Days After Inoculation, Y-30 Days After Inoculation 

Mximum number of leaf was produced in response to the Kn 0.5 mg/I at 15 DAI and 

Kn 2.5 mg/I at 30 DAL. In case of leaf number per shoot, the poorest result was 

noticed with Kn 0.5 mg/I and Kn 1.5 mg/L at 15 DAt and 30 DAI respectively. 

Moderate vigor was maintained in the plantlets supplemented with Kn 1.0 mg/i, 2.0 

mg/I and Kn 2.5 mg/L (Table 3). 



4.1.4. Effect of ADS on shoot proliferation 

MS medium supplemented with ADS at different concentrations (0.5, 1.0, 1.5, 2.0, 

2.5 mg/L) had a significant influence on average length of shoot (Table4). Highest 

length of shoot was found with ADS 2.0 mgfL (5 cm) at 15 DAI and 1.5 mgI! 

(6.62cm) at 30 DAI. Lowest length was found from the concentration of 2.0 and 2.5 

mg/L at 15 DAI and 2.5 mg/I at 30 DAI. 

Table 4 Effect of different concentrations of ADS in MS media on shoot 
proliferation from shoot tip and nodal explant 

Hormone 
supplement 
ADs(mg/I) 

Length of shoot (cm) No. of node/shoot 
Rate of 

No. of leaf/shoot 	root 
  ________ induction 

ISDAT 	30 DAT 

Vigor 

15 DAT 30 DAT 15 DAT 30DAT 

MS+0.5 3.Obc 5.40d 2.0 3.Oab 4.0 6.Ob 	50a + 

MS+l.0 2.Oc 5.56c 2.0 2.Ob 4.0 4.Oc 	40b 1-I- 

MS+1.5 
MS+2.0 

4Mb 
5.Oa 

6.62a 
6.OSb 

2.0 
2.0 

3.4ab 
4.Oa 

4.0 
4.0 

&Sab 	30c 

&oT 	40b 
+ 

14 

MS+2.5 2.5c 4.26e 2.0 4.Oa 4.Q_ 8.Oa 	50a -H- 

±SE(%)-~ 0.396 0.045 0.000 0.448 0.577 0.547 	0.577  

Mean followed by similar letters in each column are not significantly different at 5 % level according 

to Duncans Multiple Range Test. 
I- '-poor %igor. 4 FrModerate vigor. K-IS Days After Inoculation, Yr30 Days After Inoculation 

MS media supplement with 0.5, 1.0, 1.5, 2.0 and 2.5 mgI! ADS did not show any 

significant difference in node and leaf formation at 15 DAI. But at 30 DAI, node and 

leaf formation was significantly influenced by ADS with the same concentrations. 

Maximum number of nodes per shoot was found with ADS 2.0 and 2.5 mg/i and 

lowest number of nodes per shoot was found with ADS I mg/i at 30 DAI. Maximum 

number of leaf per shoot was found with ADS 2.0 and 2.5 mg/I and minimum number 

of leaf per shoot was found with ADS 1.0 mg/I at 30 DAI (Table 4). But according to 

Aparajita ciot (2007), higher proliferation of shoots and multiplication were obtained 

on Murashige and Skoog basal medium (MS) supplemented with 1.0 mg/I 

indoleacetic acid (IAA) pIus 10.0 mg/i kinetin (Kn) and 30.0 mg/I adenine sulphate 
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(ADS). Maximumroot induction (%) was observed with ADS 0.5mg/I at 15 DA!. 

Moderately vigorous plant growth was noticed with ADS 1.0, 2.0, 2.5 mg/i. 

4.2. Study of BAP, NAA, Kn, ADS in White's media 

4..2-1. Effect of BAP on shoot proliferation 

White's media supplemented with different concentrations (0.5, 1.0, 1.5, 2.0 and 2.5 

mgfl) of BAP did not show impressive influence on shoot length at 15 DAI but at 30 

DAI, it showed marked differences and the best result was achieved with BAP 0.5 

mg/I (2.5cm) and; worst with BAP 2.0 mg/L (1.86 cm) at 15 DAT and BAP 0.5mg/i at 

30 DAI. Maximum number of node was proliferated with 1.0 mg/I but there was no 

significant difference in leaf formation at 15 DAt. Maximum number of leaf per shoot 

was produced with BAP 0.5 mg/L. Growth was poor with all concentrations of BAP. 

White's media supplemented with the concentration 0.5 mg/L BAP showed best 

performance both on node (3.0 node per shoot) and leaf (6.0 leaf per shoot). But M.B. 

Ahmed (2007) reported that, induction of multiple shoots from nodal segments was 

the highest in MS medium supplemented with 1.5 mg/I G BA + 0.5 mg/L Kn. All the 

plantlets evolved with these combination, showed poor vigor (+) (Table-5). 
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Table S Effect of different concentrations of BAP in Whites's medium on shoot 
proliferation from shoot tip and nodal explants 

Growth 
regulator 

BAP(mgIl) 

Average 
length of multiple 

shoot (cm) 

Average 
number of node per 

shoot 

Average 
number of leaf per 

shoot 

Growth 
vigor 

x Y X Y X Y 

WH+0.5 2.00a 2.SOa 1.00b 3.00a 2.Oa 6.00a + 

WH+1.0 1.80a 2.46b 1.20a 1.83b I 	2.4a 3.66b + 

WFI+1.5 1.72a 2.22c 1 	1.00b 2.00b 2.Oa 4.00b + 

\.VH+20 1.36a 1.86e 1.00b 2.00b 2.Oa 4.00b ± 

WH+23 1.38a_ I.SSd 1.0Gb 2.00b 2.Oa 4.00b + 

±SE(%) - 0.258 1 	0.006 0.026 0.258 0.259 1 	0.516  

Mean followed by similar letters in each column an; not significantly different at 5 % level according 

to Duncans Multiple Range Test. 
+ =poor vigor. XrlS Days After Inoculation, Yr30  Days After Inoculation 

4.2.2. Effect of NAA on shoot proliferation and subsequent roofing 

White's media supplemented with different concentrations ( 0.5, 1.0, 1.5, 2.0 and 2.5 

mgIJ) of NAA had their effect on shoot proliferetion and subsequent root formation. 

Highest result was found in average length of shoots with 0.5 and I mg/L of NAA on 

white's media where the lengths were 2.00 cm and 2.04 cm at 15 DAI and at 2.0 mg/I 

at 30 DAI. Lowest response was showed with various concentrations viz. 1.5, 2.0, 2.5 

mg/L at 30 DAI. The shoot proliferation was occurred using shoot tip and nodal 

explant. But Smith, Nazeem, Thomas, Keshava chandra and Giriga (2005) said that, 

direct plantlet regeneration was induced from leaf explants on modified MS medium 

supplemented with 1 mg / L BA and 0.1 mg / L. In respect of node formation, highest 

value was observed with 2.0 mg/I. both at 15 and 30 DAI (2.00 and 3.00 nodes per 

shoot). 



Table 6 Effect of different concentrations of NAA in White's medium on shoot 
proliferation and rooting from shoot tip and nodal explant 

Growth 
regulator 

NAA (mg/I) 

Average 
length of shoot 

(cm) 

Average 
number of node 

per shoot 

Average 
number of leaf per 

shoot 

Rate of 
root 

induction 

Y 

Growth 
vigor 

x Y X Y X 

WH+ 0.5 2.00a 3,24b 1.60b 2.00b 3.20b 4.001, 75 + 

W1-f+ 1.0 2.04a 2.20c 1.60b 1.80c 3.20b 3.60b 80 4-4- 

WI+4 1.5 1.46b 2.30c - 

- 
1.5Gb 2.00b 3.00c 4.00b 80 ++ 

Wil+ 2.0 1.44b 4.58a 2.00a 3.00a 4.00a 6.00a 80 +4+ 

W1-l+2.5 1.42b 2.00d 1.6Gb 2.0Gb 3.20b 4.00b 90 

±SE(%) -> ().°26 0.045 - 0.058 0.058 0.058 0.368  

Mean followed by similar letters in each column are not significantly different at 5 % level according 
to Duncans Multiple Range Test. 
+-= poor vigor. ++=Moderatc vigor, +H-41igh vigor. X=15 Days After Inoculation. Y'-30 Days After 
Inoculation 

Sritongkum (1995) reviewed that the optimum condition for root formation was 

occurred both an MS medium supplemented with 0.01 mg/L NAA. Considering 

number of leaf per shoot, best influence was noticed at 2.0 mg/L of NAA both at 15 

and 30 DAI and those were 4.0 leaves per shoot and 6.0 leave per shoot respectively 

as presented in (Table 6). 

4.2.3. Effect of Kn on shoot proliferation and subsequent root induction 

Different concentrations (0.5, 1.0, 1.5, 2.0 and 2.5 mg/L) of Kn were incorporated on 

white's medium to observe the effect of shooting and subsequent rooting as presented 

in Table-7. Longest shoot was induced with 1.5 mgfL Kn both at 15 and 30 DAI from 

shoot tip and nodal explants where the lengths were 3.0 cm and 6.9 cm respectively. 

Shortest shoot was evolved with Kn 2.0 mg/L both at 15 DAI and 30 DAI and those 

were 1.5cm and 2.5cm respectively. Kabir (2005) used cytokinins viz. BAP and Kn 

for shoot proliferation in four concentrations (0.0, 1.0, 2.0, 3.0 mg/i). With respect to 

node and leaf formed from single shoot, the highest value was found with 2.5 mg/L 
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both at 15 and 30 DAI. Maximum number of nodes and leaves per shoot were found 

from 2.5 mg/i both at 15 DAI and 30DAI and minimum at 0.5 and 2.0 mgfl at 15 DAI 

(table-7). Shoot vigor was poor. 

Table 7 Effect of different concentrations of Kn in White's medium on shoot 
proliferation and rooting from shoot tip and nodal explant 

Growth 
regulator 
Kn (mg/I) 

Average Length 
ol shoot (cm) 

Average 
Numberolnode 

 per shoot 

Average 
Numberolleaf 

per shoot 

Jtte of 
root 

induction 
(%)  

Shoot 
vigor 

x Y X Y X Y 

WH+ 0.5 2.5ab I 	3.15c 2.20b 3.00b 4.4b 6.0b 70 + 
WH+ 1.0 2.Obc 3.00c 1.00d 2.20b 2.Oc 4.4b 70 - + 
WH+ 1.5 3.Oa I 	6.90a 2.00c 3.00b 4Mb 6.0b 70 + 
Wilt 10 1.5c 2.50d lMOd 2.50b 2.Oc SOb 40 + 
WH-I-2.5 2.5ab 4.70b 3.00a 5.0th 6.0a l0.a 1 	70 + 

±SE (%) - 0.262 0.052 0.045 0.263 0.368 1 	0.517 1 

Mean followed by similar letters in each column are not significantly different at 5 % level according 
to Duncans Multiple Range Test. 
i 	poor vigor, X-'15 Days After Inoculation, Y=30 Days After Inoculation 

According to Constantinoviei and Cachita —Cosma (1997), shoot apices performed 

better as explants than nodal stem sections. Highest number of shoot tip and nodal 

explants produced root on 0.5, 1.0, 1.5 and 2.5 mg/I Kn (kinetin) (70%) and which 

was statistically different from 2.0 mg/I (401/6) Kn on IblI strength of white's medium. 

But Constantinovici ci al. (1997) said that, roots emerged from the internodes on 

either of the rooting media (growth regulator free or containing kinetin). 
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Fig. 4 Effect of Kn 2.0 mgfL on shoot proliferation in White's medium 

Fig. S Effect of Kn 1.5 mg/L on shoot proliferation in White's medium 
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4.2.4. Effect of ADS on shoot proliferation 

There was no siguificant difference among the length of shoots with different 

concentrations of ADS (0.5, 1.0, 1.54, 2.0, 2.5 mg/L) at 15 DAI as presented on Table 

8. Longest shoot (2.5 cm) was emerged with ADS 0.5 mg/I and shortest (1.86 cm) 

with ADS 2.0 mg/I. 

White's medium supplemented with ADS 1.0 mg/I had produced maximum number 

of node per explant (1.2) at 15 DAI. Minimum number of nodes found with ADS 0.5, 

1.57  2, 2.5 mg/I at 15 DAI and those were statistically similar (1.0).Maximum number 

of node per explant was found with ADS 0.5 mg/i at 300AI. Minimum number of 

nodes per 

Table 8 Effect of different concentrations of ADS in Whites's media on shoot 

nroliferation from shoot tip and nodal explant 

Growth 
regulator 
BAP(mg/I) 

Average Length of 
shoot (cm) 

Average Number of 
node/shoot 

Average Number of 
leaf/shoot 

Growth 
vigor 

Y X Y X Y 
WI-1-t-0.5 2.00a 2.50a l.00b 3.00a 2.Oa 6.00a 1- 

WH+l.0 1.80a 2.46b 1.20a 1.83b 2.4a 3.66b + 
WH+1.5 1.72a 2.22c I 	1.00b 2.00b 2.Oa 4.00b + 
WEIF2.0 1.36a 1.86e I 	1.00b 2.00b 2.Oa 4.00b + 

Wl-1±2.5 1.38a l.SSd 1.00b 2.00b 2.Oa 4.0Gb + 
±SE (%) -) 1 	0.258 0.006 1 	0.026 0.258 0.259 0.516  

Mean followed by similar letters in each column arc not significantly different at 5 % level according 
to Duneans Multiple Range Test. 
l i - poor vigor. X15 Days After Inoculation. Y=30 Days After Inoculation 

explant was found with ADS 1.0, 1.5, 2.0, 2.5 mg/L at 30 DAI. All the concentrations 

showed the similar effect on leaf per explant (2.0) at 15 DAI. Highest number of leaf 

per shoot (6) was found at ADS 0.5 mg/L at 30 DAI. Other concentrations of ADS did 

not show statistically significant difference on number of leaf per shoot. White's 

media with different concentrations (1.0, 1.5, 2.0, 2.5 mgfL) showed poor 

performance (Table 8). 
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4.3. Effect of 2,4-D on callus induction in MS and White's media 

Effect of 2.4-D in response to MS and White's medium on callus induction from leaf 

and internode was observed and the results were presented in Table-9. Kuntal Das ci 

al. (2005) said that , the initiation of callus was achieved after supplementing the 

various concentrations and combinations of auxins; i.e. IAA, IBA, NAA and 2,4- 0, 

each at 1 mg/L. 

Higher amount of callus were obtained from leaf segments than nodal and internodal 

segments. MS media supplemented with 2,4-0 2mg/I produced moderate density of 

callus from internodal explant. Same concentration in MS medium produced poor 

quality callus from leaf explant. White's media supplemented with similar 

concentration of 2,4-0 (2mg/L) from both leaf and nodal explant developed poor 

intensity of callus. Uddin eta! (2006) studied that leaf; nodal and internodal segments 

of the selected herb as explants were cultured on MS medium containing 2,4-0 at 

2,3,4 and 5 mg/I for callus induction. They also stated, the highest amount of callus 

was found in MS medium with 3.0 gin!] 2,4-0 and MS medium with 5.0 mg/i 2,4-0 

gave poorest callus. Kuntal Das ci al.(2006) observed that, extensive callus initiation 

was observed with 2,4-0 at 1.0 mg/litre 4- kinetin at 0.2 mg/litre. In the recent 

experiment, 2,4-d at 2 mg/I was used for initiating callus. MS and Whites media 

supplemented with 2,4-D 2 mg/I developed whitish brown and brown colored callus 

respectively from internodal explant and pale green colored callus produced from leaf 

explant. Compact callus was developed with all the treatments in MS and White's 

media with the same concentration. 

Table 9. Callus induction using 2,4-D in different media 

Growth regulator 
2,4-D(mg(L) 

Explant used Color Texture Intensity 

MS+2.0 huernode Whitish brown Compact_ 4-f 

MS+2.0 Leaf Pale green Compact + 
WI14-2.0 internode Brown Compact + - 
WI11-2.0 Leaf Pale green Compact + 

+ =Poor, ++=Modcrate 
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4.4. Effect of IRA on root induction in different media 

Easy root formation is very important for the convenient establishment of in vi/ro 

regenerated plantlels. For successful micro propagation, healthy and strong root 

system is required. in the present experiment, explants were transplanted in different 

media viz, half MS, half While's, half LS and half Phytamax (PM) media. All the 

media were in solid, semi-solid and liquids condition .IBA I mg/L was used in the 

recent study. 

TabLe 10 Formation of roots in response to IRA (ImgIL) in different media at 15 
DAI 

Number of shoot 
root/Shoot 

Average length 
of root (cm)  

% Root 

Media Solid 3.00 a 2.35 a 79.50 c 

condition Semi-solid 2.503 1.85 b 73.25 b 

Liquid 2.68a 1.58c 55.00 a 
J.SE(%) -4 0.210 

4.00 a 
0.087 
3.003 

0.236 
98.67 a MS 

Media White 3.07 a 2.57 b 98.33 a 
LS 133 b 1.43 c 36.67 c 

PM 1.91 b ClOd 43.33b 

±SE(%) -+ 0.242 0.101 0.272 

Mean followed by similar letters in each column are not significantly different at S % level according 
to Duncans Multiple Range Test. 

Maximum number of root per shoot was induced in MS medium supplemented with 

[BA mgIL. There was no statically significant different in number of root per shoot 

using the MS medium in solid, semi-solid and liquid condition. That is solid, semi-

solid and liquid MS media were combinedly proved as the best media for producing 

inducing maximum number of root per explant. LS, PM and White's media had 

minimum effect on number root production per shoot and any statically significant 

difference was not found considering the sane parameter with same treatment. 

Condition of media had no effect on number of root production per shoot. 

In respect of length of root, highest length was noticed in MS medium at solid 

condition supplemented with [BA 1mg/i. Ferreira c'LaI. (1988) found that shoot 
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elongation and further rooting of isolated shoot was better on LS medium devoid of 

growth regulators. Variation in rooting capacity, plant vigor morphological characters 

was found amongst regenerated plants. With the same treatment liquid medium gave 

lowest length. Rate of root induction (%)was best in both MS and White's media in 

liquid condition and was worst in LS medium with liquid condition with the same 

treatment (Table-I 0). Aparajita Mitra and arnita pal (2007) observed that profuse 

roots were induced from 90% of the regenerated shoots within 4 weeks of induction 

on '2  strength MS solid medium supplcmented 1.0 mgIL IAA. Morini, eta! (2003) 

used IBA at 0.5 mg/L and 0.1 mg/L to evaluate shoot rooting response. 

At a glance, solid MS medium showed the best performance in respect of root 

production. Ms medium showed the better response than PM., LS and White's media 

.It may be due to presence of higher amount of sucrose, macro and micro nutrients in 

MS medium than that of other media. 
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Fig. 6 Effect of 2,4-D 2.0 mgfL on callus induction in MS medium 

ER 



.'; 

Fig. 7 Effect of IBA 1.0 mgfL on root induction in liquid MS medium 
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4.5. Combined effect of organic supplements and PGRs on shoot 
proliferation in different media 

In this study different concentrations of different PGRs (BAP. Kn. NAA, IBA, IAA) 

and various concentrations (2 mg/L, 4mg IL) of organic supplements (Orange juice 

and Tomato juice) were added in LS and PM media. Significant affect was found in 

all parameters studied (Table 12). Highest length of shoot was found with PM media 

supplemented with IBA 0.5 mgtL +IAA 0.5mg/L +Tomato juice 2mg/L both at 

I5DA! and 30 DAT and those were 3.5 cm and 9.0cm respectively. Lowes length was 

found with the combination LS+BAP I mg/L +NAA 0.5 mg/L +Orange juice 2 mg/L. 

l4ighest length of shoot was found with PM media supplemented with IBA 0.5 Best 

response was found with PM media supplemented with IBA 0.5 mg/L, IAA 0.5 mg/L 

and Tomato Juice 2mg/L from shoot tips and nodal explants considering all the 

parameters except growth vigor. Sivaram ci aL (2003) said that, shoot apex ,nodal 

and leaf explants of S. rebaudiana Bertoni can regenerate shoot when cultured on MS 

medium supplemented with BA 8.87 JAM and bAA 5.711.tM. 

Table 11 Combined effect of PGRs and organic supplements on shoot 
proliferation in different media 

Media plus PGR and organic 
supplemcnt 

Average length of 
shoot (cm) 

Average number of 
node/shoot 

Growth 
vigor 

V x V X 
LS+0.5BAP+O.5Kn + 2mg/LO.J. 3.00b 4.00b 3.00b 4.00b + 

LS+ IBAP+O.iKn+4 mg/L T.J. 2.70c 3.50c 3.00b 420b -I-I- 

LS+ IBAP+O.5 NAA+ 2 mg/L O.J. 2.50d 3.00d 2.00c 3.00c ++ 
PM + 2 mg/L Ti. 2.E0bc 3.00d 3.00b 3.00c + 

PM+2Kn+2mg/LO.J. 3.00ab 330d 3.00b 3.00c + 
IRA40.5 IAA+ 2 mg/L Ti. 3.50a 9.00a 4.00a 9.00a + 

±SEj)-*  0.058 0.337 0.242 0.337  

Mean followed b%l similar letters in each column are not significantly different at 5 % level according 
to Duncans Multiple Range Test. 
+ = poor vigor. -f--F 	Moderate vigor. O.J.-Orange Juice TI-Tomato Juice. X15 Days After 
Inoculation. Y=30 Days After Inoculation 

Moderate growth vigor of plantlets was noticed through visual observation with the 

combined treatment of LS+BAP I mg/LI- Kn 0.1 mg/L+ Tomato juice 4 mg/L and LS 

± BAP 1 mg/L + NAA 0.5 mg/L + Orange Juice 2 mg/L. Other combination showed 
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poor vigor. Shoot tip and internode were used as explants as used in other studies, in 

the research .Huda ci ax. (2007) reported that leaf segments, internode and nodal 

segments of stevia were cultured on MS medium supplemented with varying 

concentration (I, 3, 5 and 7 mg/L) of growth regulators (2,4-1) BAP and NAA) along 

with coconut water to observe morphogenic responses. 
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Fig. S Shoot proliferation LS + I mg/L BAP-FO. I mgIL Kn+4mgfL Tomato juice 
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4.6. Interaction effect of different PGIls, their concentrations and 

media on shoot proliferation 

PUR, their concentrations and associating media had a great effect on shoot 

proliferation of Ste Wa rebudiana as showed in Table 12. 

4.6.1. Effect of different concentrations 

In the study five different concentrations (0.5,1.0, 1.5, 2.0, 2.5 mg/L) were used. In 

shoot length the progressive response was not found with the increasing 

concentrations as observed in number of leaf produced per shoot. Treatment with 2.5 

mg/L gave maximum number of leaf (5.10) and minimum with 0.5 mg/L (3.80) 

considering shoot length, highest value was found at 1.5 mg/L (2.19cm) and lowest at 

0.5 mg/L (1.33cm). In respect to number of node and leaf per shoot, superior result 

was observed at 2.5 mg/L of concentration and those were 2.55 and 5.10 respectively. 

Treatment 1.0 mg/I, showed lowest result in number of node per shoot which was 

1.78. increase in concentration with different hormones (BAP, NAA, Kn, ADS) on 

different hormone showed a progressive result in the perimeter of number of leaf per 

shoot (Table] 2). 15 were days required for the recent investigation. 

4.6.2. Effect of different PGRs 

In the recent investigation BAP, NAA, kn and ADS hormone were used to observe 

the shoot proliferation on MS and White's medium with different concentrations (0.5, 

1.0, 1.5, 2.0, 2.5 mg/L) as presented in Table 12. Highest length was found with ADS 

(2.20 cm) and lowest with BAP (1.42 cm) but haider (2006) reported that MS basal 

medium supplemented with 13.5 micro M benzyladenine (BA) + 8.0 micro M NAA 

showed best performance. 
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Table 12 Effect of different PGRS, their concentrations and media on shoot 
proliferation 

Concentration Length of Shoot 
(cm) 

Number of 
Node/shoot 

Number of 
leaf/shoot 

Day 
required 

0.5 1.33b 1.90cd 3.80c 15 
1.0 2.03 d 1.78 d 3.58 c 15 
1.5 2.19a 2.06bc 4.13b 15 
2.0 1.73 c 2.19b 4.38 b 15 

2.5 2.12 ab 2.55 a 5.10 a 15 

±SE -. 0.035 0.074 0.113  
PGR ____ 
BAP 1.42d 120a 6.41 a 15 
NAA 2.09b I.57c 3.14c I 	15 
Kn 1.83c 2.44b 4.90b 15 

ADS 2.20a 1.17d 2.34d 15 

±SE -) 0.031 0.067 0.101  
Media  

MS 2.25 3.20 6.40 15 
White's 1.52 1.00 2.00 15 

Mean followed by similar letters in each column are not significantly different at S % level according 
to Duncans Multiple Range Test. 

Maximum number of nodes (3.20) per shoot was produced with BAP and lowest 

(1.17) with ADS. It happened due the stimulation of BAP to produce multiple shoots 

Smitha ea' at (2005) also reviewed that, multiple shoot were induced from shoot buds 

on modified MS medium supplemented with 1.0 mg / I benzyladenine (BA) 

Maximum number of nodes (6.41) produced with BAP and lowest (2.34) with ADS 

which was similar to the node formation from shoot tips and nodal explants. 

4.6.3.Effect of different media 

Shoot tip nodal explants were cultured in MS and White's media. Longest shoot 

(2025cm) was found in MS medium and shortest shoot (1.52cm) in White's medium. 

Highest number of node (3.20) and leaf (6.4) were found in MS medium and 

minimum number of node (1.0) and leaf (2.0) were found in White's medium. 
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According to the above discussion, it can be said that longest shoot was found with 

ADS 1.5 mg/L poor response was found with BAP 0.5 mg/I incorporated in White's 

medium. (Table 12). In respect of number of node per shoot, MS medium with BAP 

2.5 mg/I was proved as the best medium and poor response with White's medium 

with ADS 1.0 mg/L. In respect of number of leaf per shoot, MS medium 

supplemented with BAP 2.5 mg/Ed gave the best response and white's medium 

supplemented with ADS 0.5 mg/L and ADS 1.0 mg/L gave poor response. 

MS medium was proved as the medium according to all the performances. It may be 

due to the presence of Myo-Inositol which is absent in White's medium. The amount 

of macro and micronutrients and sugar in MS medium is also higher than that present 

in White's medium. These factors may be responsible for better shoot proliferation in 

MS medium. BAP was proved as the best PC}R considering all parameters. It may be 

due to effective physiological influence found with BAP than other PGRs.2.5 mg/I 

was proved as the most suitable concentration It may be due to the optimum level of 

concentration which enhance the growth and multiplication of plantlets. 

4.7. Synergistic effect of BAP and Kn 

The synergistic effect of BAP and Kn with MS and white's media was observed and 

presented in the Table-iS .In the recent study, two treatments were used on the both 

media. All the parameters studied significantly influenced by BAP 2mgf1. combined 

with Kn I mg/L. Highest length was found from shoot tip and nodal explants with 

BAP 2mg/I + Kn 1 mg/L with MS medium (2.5cm) and lowest length with BAP 

2mg/L + }Cji 2 mg/L on White's medium at 10 DAL. Bondarev ci aL (2003) observed 

that, adding of 0.1 mg/L BA or 6-benzy/aminoparine, to gather with alpha-

naphtha)ene acetic acid resulted in on 1.5 fold increase in number of shoot. 
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Table 13 Synergistic effect of BAP and Kn 

Growth regulator 
BAP + Kn 

Length of 
Shoot (tin) 

(mg/])____  

Number of 
Node/shoot 

Number of 
leaf/shoot 

Growth 
vigor 

x y x Y X V 

2+1(MS) 3.5a 5.Oa 2.Oa 7.8a 4.Ob I5.6a + 
242(MS) 2.7c ISa 4.Ob 7.Ob 8.0a 15.Oa + 
2+1(WH) 3.0b 5.5a 2.Ob 3.Od 4.Ob 6.Oc + 
2+2WFfl 1.5d 2.5b 2Mb 4.Oc 4.Ob Sob + 

ISE rio) —* O.05S 0.293 0.293 0.410 0.577 0.501  

Mean followed by similar letters in each column are not significantly different at 5 % level according 
to Duncans Multiple Range Test. 
-I- "poor vigor, X"l5 Da's After Inoculation. Y30 Days After Inoculation 

There was no statistically significant different among the results with MS-f-2mg/L 

BAP±l mg/L Kn, MS+2 mg/I BAP ±1 mg/L Kn and WH+ 2mg/L BAP±lmg/L Kn in 

shoot length at 30 DAT. Maximum number of node per explant was produced with 

MS+2mg/1 13AP+ 2mg/L Kn (4.0) at 15 DAI. Kornikova and Kallashnikova (1996) 

said that use of MS medium without growth regulator gave poor result those obtained 

with growth regulator (BA + NAA and Kn + NAA) using segment with two auxiliary 

bud. There was no statistically significant influence node production with other 

concentration at 15 DAI. Maximum number of node (7.8) and leaf (15.6) per shoot 

was observed with 2 mg/L BAP+lmgIL Kn on MS medium at 30 DAI and lowest 

result was found with 2mg/L BAP+lmg/L Kn on while's medium at 30 DAI. All the 

plantlets produced in response to combined concentration of hormones were not 

vigorous. 

4.8. Transfer of plantlets to soil and post transplantation observation 

in the recent study various combinations of soil containing cowdung, poultty liner 

and chemical fertilizer (P Urea, MP, TSP) were used to select the best medium. 

in chemical fertilizer, the proportion of NPK was 40:20:30 kg/ha. Combination 2 gave 

highest survival rate (80%) and lowest with combination 3 and 4. Goenadi (1985) 
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reported that, plant growth and leaf number / plant was increased by FYM and liquid 

fertilizer. Average length of plant (32.1 cm) was maximum with combination 2. 

Shortest length (22.2 cm) was found with combination 1 and 4. Highest number of 

leaf per plant was produced with the combination 2 (70) and lowest with combination 

I and 2. Highly vigorous plants were grown with combination 2. Combination 2 

contains cowdung. That means cowdung improved the soil fertility markedly than 

other supplement. Angkapradipta, Warsito and Faturachim (1986) said that, seedlings 

in pots received a basal dressing of 200g cattle manure and urea at 0-2.0 g, triple 

super phosphate at 0-0.25 g and potassium chloride at 0-0.20g/pot.Cattle manure 

markedly improved soil fertility. Increasing rates of N increased plant N content, and 

reduced soil PH, K, Ca and Mg. Poor quality plants grown with combination I. 

Table 14 Growth observation of plantlets transplanted in pots 

Soil 
combination 

_--__ 

Number of 
plantlet 

transplante 
d 

Plantlet 
survived 

Survival 
rate (%) 

Average 
length 
(cm) 

Number 
of leaf 

per plant 

Average 
time 

required 

Growth 
vigor 

Combination I to - la lOb 22.2c - 48c 60 + 

Combination 2 10 8a 80a 32.1a 70a 60 44+ 

Combination3 tO 5b 50c 30.3b 68b 60 ii 
Combination 4 10 5b 50c 22.2c 44c 60 ++ 

ISE(%)-*  0.577 0.577 0.577. 

Mean followed by similar letters in each column are not significantly different at 5 % level according 
to Duneans Multiple Rangc Test. 
+ =poor vigor, -f-f—Moderate vigor. 4--1--I-=High vigor 

Average time required was 60 days for the study. Buana and goenadi (1985) said that, 

plant height and leaf number were measured weekly in Sie;'ia rebaudiana cuttings 

fertilized with various levels of NPK, farm yard manure or a 'Super Mineral' 

fertilizer. Lee ci at (1980) reported that N, P205  and k20 at rates of 0,10 and 15 kg/l0 

a each, applied in various combinations did not affect Sievia rebaudiana plant height, 

number of branches or number of internodes but the dry leaf yield was best when 

10kg of each nutrient was applied. Komienko ci at (1995) observed that PABK ( P- 
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aminobenzoic acid) at 0.005% plus 80 kg N 4- 80 kg P205 + 80 kg K20/ha was the 

best treatment producing 53.9 and 13.79 i/ha fresh and dry biomass respectively. 

Kuntal Das el aL (2006) studied the effeci of combined applications of nitrogen (N), 

phosphorous (P) and potassium (K) fertilizers on their availability in soils in relation 

to their contents in the Stevia plant. The results show that the amount of available N, 

P and K in soil has been found to be increased initially up to 45 days and thereafter, 

the amount of the same content decreased with the progress of plant growth up to 60 

days irrespective of treatments. However, the magnitudes of such increases in N, P 

and K contents both in soils and plants have also been enhanced with the 

simultaneous application of N. P and K (40:20:30) kg/ha over that of their 

corresponding individual applications. 
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Fig. 10 Plants grown in soil 
supplemented with co%\-(lutlg 

Fig. 11 Plants grown in soil without 	 Fig. 12 Plants grown in soil 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The experiment was conducted at the plant Tissue Culture Ccntcr Laboratory of 

Proshika Plant Tissue Culture Trust (PPTCCT), koitta. Manikgong, Blangladesh. Leaf 

and nodal segment were used as explant for in Wiro plant regeneration. For 

comparative study, MS. PM. LS and White's media were used supplemented with 

different growth regulators viz. BAP, NAA. Kn and ADS at various concentration 

(0.5,1.0, 1.5, 2.0, and 2.5 mg/L). For callus induction 2, 4-D 2mgIL was incorporated 

in MS, % Whit's. V2 LS and V2 PM media. All the media were in solid semi-solid and 

liquid condition. Two types of organic supplement viz. Orange Juice and Tomato 

juice were used with various concentration of BAP, Kn, NAA and MA in both LS 

and MS media. To study the synergic effect of BAP and Kn, these PGRs were 

incorporated in Ms and White's medium, For this investigation and Kn, I and 2 mg/L 

along with BAP mg/L were used. Four soil combinations containing cowdung, 

poultry litter and chemical fertilizer (NPK) were used. 

The following conclusions could be drawn from the present 

investigations 

Best media for shoot proliferation using single PGR 
Highest length was found with MS medium supplemented with ADS 1.5 mgfL. 

Maximum number of node for med per shoot was found in MS medium with BAP 2.5 

mg/L. Maximum number of node per shoot was obtained with BAP 2.5 mg/L. 

At a glance, MS medium with 2.5 mg/L was proved as the best medium considering 

all the parameters for shoot proliferation. 



Best medium for shoot proliferation using organic supplements and PGRs 

Best response was found with PM media supplemented with ISA 0.5 mg/L + IAA 0.5 

mg/L + 2 mg/L tomato juice evaluating all the parameter used except growth vigor. 

Moderate growth vigor of plantlets was noticed through visual observation with 

treatment of LSi- mg/L BAP and LS + mg/L BAP + 0.5 mg/L NAA +2 mg/L orange 

juice. 

Best media for shoot proliferation in response to PGR synergism 

Highest length was found from shoot tip and nodal explants with BAP 2 mg/L + Kn I 

mg/L in MS medium (2.25cm). Maximum number of node (2.02) per shoot was 

produced with BAP 2 mg/L + kn 2 mg/L in MS medium at 15 DAI. Maximum 

number of node (7.8) and leaf (15.6) per shoot was observed with BAP 2 mg/L± Kn I 

mg/L in MS medium at 30 DAI. All the plantlets produced in response to combined 

concentration of PGR were not vigorous. 

At a glance, MS medium supplemented with BAP 2 mg/L + Kn 1 mg/L showed best 

influence considering average shoot length, number of node per shoot and number of 

leaf per shoot. 

Best media for root induction using single PGR solid, semi-solid and liquid 

MS media were combined proved as the best for producing maximum number root 

induced per shoot supplemented with IBA 1 mg/L. 

Best media for callus induction 

Highest intensity of callus were obtained from leaf segments than inter nodal 

segments. MS media with 2,4-D 2 mg/L had given best response when incorporated 

in MS medium in respect of intercity of callus induced. 
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Best soil combination 

Average length of plant (32.1 cm) and number of leaf (70) per plant were maximum 

with combination 2. Combination 2 gave highest survival rate (80%). So combination 

2 was proved as the best ifeatment. 
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APPENDICES 

Appendix-I 

Preparation of MS (Murashige and Skoog, 1962) medium 

SL No. 
MaJor Salts (lOX) g/l 

 Potassium nitrate (KNO3) 19.00 
 Ammonium nitrate (N1-L1NO3) 16.50  

 Magnesium Sulphate (MgSO4.7H20) 3.70 
 Calcium Choloride (CaCl2.21120) 4.40 
 Potassium phosphate (K1-12PO4) 1.70 

Minor Salts (IOOX) g/I 
 Potassium iodide (Kfl 83 
 Boric Acid (H3B01) 620 
 Manganese Sulphate (MnSO4,4H20) 2230 
 Zinc Sulphate (Zn504, 7H20) 860 
 Sodium Molybdate (Na2MoO4, 2H20) 25 
 Copper Sulphate (CuSO4, 5H20) 2.5 
 1 Cobalt Chloride (CoCl 2, 6H20) 2.5 

Iron EDTA solution (100 X) g/l 
 Ferrous sulphate (FeSO4, 7H2o) 2.78 
 Sodium - EDTA (Na2EDTA, 21-120) 3.73 

Organics (100X) mg/I 
 Myo-Inositol 10000 
 Nicotinic acid 50 

3, Pyridoxine HCL 50 
 Thiamine HCL 10 
 Glycine 200 

Other additives  
U 	Sucrose 0-30 Wl 
2. - Agar 6-8_g/l 
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Preparation of White's medium 

Appendix-2 

Major Salts (lOX) mg/I 
I. 	1 Potassium nitrate (KNO3) 80 
2. Potassiumhploride (KCI) 65 
3. Magnesium Sulphate (MgSO4.71-120) 737 

£ Calcium Nitrate Ca(NO3)2.4 H20 	1288 
 Sodium Sulphate (Na2  SO4 ) 	 1460 
 Sodium Biphosphate (Na2HPO4 19 

Minor Salts (IOOX) mg/I 
 Potassium iodide (KI) 0.75 
 Boric Acid (H1B03) 1.5 

I Manganese sulphate !\4nSO4.4H20) 6.65 
4. Zinc sulphate ZnSO4. 7H20) 2.67 
5. Molybdenum Oxide (MoO3) .0001 
6. Copper sulphate (CuSO4. 5H2O) 0.00 
Iron EDTA solutioon (100 X) mg/I 
1. 1 Ferreus sulphate (FeSO4,7H2o) 27.8 
1 Sodium - EDTA (Na2EDTA, 21120) 33.6 
Organics (100X) mg/I 

 Nicotinic acid 0.5 
 Pyridoxine HCL 0.1 
 Thiamine I-ICL 0.1 
 Glycine 3.0 

Other additive  
1.1 Sucrose 2000 
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$ 
Preparation of Phytamax medium 	 2 ( 

Appendix-3 

I SLNn. I 
Major Salts (lOX) mg/I 

 Potassium nitrate (KNO3) 950 
 Calcium Choloride (CaCl2) 166 
 Magnesium Sulphate (MgSO4.7H20) 90.45 
 Ammonium nitrate (NH4NO3) 825 
 Potassium Biphosphate (KHPO4) 85 

Minor 
_ 

Salts (IOOX) ag" 
 Sodium molybadate (Na2MoO4, 21-120) 0.125 
 Boric Acid (H3B03) 3.1 
 Manganese sulphate (MnSO4.41-I20) 8.45 
 Zinc sulphaç(ZnSO4. 71-120) 5.3 
 Cobalt chloride (CoC I 2, 6H20) 0.0125 
 Copper sulphate (CuSO.1. 51120) 0.0125 
 Potassium iodide (K!) 0.415 

Iron EDTA solution (100 X) mg/I 

_L Ferretis sulphate (eSO4. 7H2o) 27.85 
1 Sodium-EDTA (Na2EDTA, 21120) 37.24 
Organics (100X) mg/I 

 Nicotinic acid 0.59 
 Pyridoxine HCL 0.50 
 Thiamine HCL 1.00 
 Myo-Inositol 100 
 Pepton 2000 

- 	Other additives 

1. I Sucrose 200000 
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Linsmiaier and Skoog medium 
	Appendix-4 

Major Salts (lOX) mg/I 

I. Potassium nitrate (1CN03) 1900 
 Calcium Choloride (CaCl2) 3312 
 Magnesium Sulphate (MgSO4.71120)  
 Ainmonium nitrate (NI-14NO3) 1650 
 Potassium Phosphate (K3PO4) 170 

Minor Salts (IOOX) mg/I 

I. Molybdic acid 2.5 
2. Boric Acid (1-hBO3) 6.2 

I Manganese sulphate (MnSO4.4H20) 16.9 
 Zinc sulphate (ZnSO4 . 7I-10) 8.6 
 Cobalt chloride (CoCl 2. 61120) 0.025 
 Copper sulphate (CuSO4. 51120) 0.025 
 Potassium iodide (KI) 0.83 
 Magnesium sulphate (MgSO4) 180.7 

Iron EDTA solution (100 X) mg/i 
I. Ferreus sulphate (FeSO4. 71-12o) 27.8 
2. Sodium - EDTA (Na2EDTA, 2H20) 37.25 
Organics (100X) aW' 

 Thiamine HCL 0.4 
 Myo-Inositol 100 

Other additives  
I. 	Sucrose 200000 

. 	::. 
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