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ABSTRACT 

The pi·cscnt invcsligation was undertaken to standardize in vitro culture 

techniques for mass propagation and conservation of two threatened important 

plant species, Aloe vera L. and Acorus ca/amus L of Bangladesh and one 

recently introduced non-sugar natural herbal sweetener, Stevia rebaudiana 

Bertoni. 

In case of Aloe vera through proper hormonal treatments it was possible 

to differentiate direct multiple shoots from shoot tip explants. The best multiple 

shoot production was achieved in MS+2.0 mg/I BA + 0.5 mg/I Kn + 0.2 mg/I 

NAA. The optimum pl-I level of the medium was found to be 6.0. As a carbon 

source, 13OH was the best and local market Bangladesh sugar at 30-40 g/1 was 

also fbund to give the satisfactory result. Agar at a level of 7 g/1 irrespective of 

brands was highly effective to solidity media. For adventitious rooting of 

regenerated shoots MMS 1 + 0.2 mg/I NAA was proved to be the most 

favorable. TIie regenerated plants under ex vitro condition showed normal 

mode of development and 70% survivality was achieved when they were 

transferred to garden soil+ compost (2: l). 

For in vitro mass propagation of Acorus calamus, underground rhizome 

buds (rhizome tip) were used as explant sources. The explants were 

successfully cultured on MS medium with BA and Kn for primary shoot 

prolil'eration. Farther in vitro shoot multiplication was found to be the best in 

MS + 2.0 mg/I 13A + 0.5 mg/I NM. Optimum pH level was recorded 5.5, 

sucrose 40 g/1 and agar 7 g/1. MMS 1 + 1.0 mg/I NAA was proved to be the best 

for rooting of micro shoots. The trnnsplantation success was n.:cordcd 68% 

when the regenerated plants were tnmsferred to soil-compost potting. · 

For i11 vitro mass propagalion or Stevia rebaudiana nodal segments and 

of the pol grown mature plants were used for direct shoot proliferation while 
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lcur um.I inlcr-nodc cxplunls from the in vitro grown shools were used for 

advcntilious shool proliferation. MS medium having l.O mg/I BA + 0.1 mg/I 

NAA was proved to be the best for direct shoot proliferation from nodal 

cxplants. On the other hand, maximum adventilious shoot proliferation along 

with callus formation from leaf explants was achieved on MS medium 

containing 0.5 mg/I BA + 0.1 mg/I NAA. MMS 1 + 0.2 mg/I I.BA was proved to 

be the besl for adventitious root formation. Rooted shoots (plantlets) were 

gradually acclimatized and successfully established on the soil under natural 

condition with 65% survivalily. 

The methodologies developed in the present investigation are simple, 

highly effective and reproducible and can be utilized for in vitro mass 

propagation of three imporlanl medicinal plants- Aloe vera L., Acorus calamus 

L. and Stevia reba11dia11a Bertoni. 

The 1ccl111iquc developed can be effectively used in bulking up planting 

materials of the newly introduced Stevia rebaudiana and the two endangered 

valuable medicinal plants, Aloe vera and Acorus calamus for their conservation 

und commercial exploitation. 
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Confer= please compare 
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. Centimetre square 
Coconut water 
exampli gratia = for example 
et alia = and other people 
et celera = and the other 
Figure(s) 
Gibbcrcllic acid 
Gram(s) 
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id est = that is 
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Kinetin (6-furlurylamino purine) 
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Milligram per millilitre 
Minutc(s) 

. Milliliter (s) 
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Murashige and Skoog (1962) medium 
MS with 1/2 strength of major salts but full strengtg of minor salts 
MS with 1/2 Strength of both major and minor salts 

V 

MS with full strength of major salts but 1 /2 strength of minor salts 
a-Naphthalene acetic acid 
Number 
0.1 Normal solution 
Negative logarithm or hydrogen ion (I-i+). 
videlicet= Namely 
Volume per volume 
·weight per volume 
Percentage 
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Chapter-I General Introduction lJl 5 

The properties of proteins are also determined in part by their amino 

acid composition. For example, the charge on the macromolecule at any given 

hydrogen-ion concentration is largely a function of the relative number of basic 

(lysine, histidine and arginine) and dicarboxylic amino acids (aspartic and 

glutamic acids). This net charge strongly influences the solubility of protein at 

different pH values, since the solubility depends in part on the proportion of 

polar groupings on the macromolecule. When the hydrogen-ion concentration 

is high (low pH), the net charge is positive charge. The pH at which the net 

charge of protein is zero and defined as the iso-electric point. 

As macromolecules that contain many side chains that can be protonated 

and unprotonated depending upon the pH of the medium, so proteins are 

excellent buffers. The fact that the pH of blood varies only very slightly in spite 

of the numerous metabolic processes in which it participates, is due to the very 

large buffering capacity of the blood proteins. 

ROLE OF PROTEIN 

Green plants use energy from the sun to synthesized over the surface of 

the earth about 200 billion tons of organic material per annum, of which some 

10 billion (metric) tons is protein. Green plant and many microorganisms do 

not require protein as food. For man and all animals, however, protein is an 

essential constituent of the diet. Without this death is inevitable, stricly 

speaking, it is not protein itself that is require, but the blocks of protein, the 

amino acids. There are 20 different amino acids that occur naturally in proteins. 

About half of these can be synthesized in the cells of the animal body. Proteins 

that lack one or more essential amino acids are called incomplete. If an 

essential amino acids occurs only in small amounts it may be a limiting factor 

in respect to the nutritional value of the protein (Encyclopedia Britanica 1973). 

If on the other hand, another protein should contain large amount of the same 



















































































































































































Purification and Characterization llJ 89 

;election of suitable extracting solvents 

Proteins from fat free rice bran meals were extract d d "d . . . e un er I ent1cal cond1t10ns 
,sing six different extracting solvents. After extraction the t t 1 . , o a concentration of the 
>rotein was determined by measuring the absorbance at 280 Th . nm. e smtable 

:xtracting solvent was selected from their-ratio of absorbance at 280 nm and 260 nm 

15 reported by Clark and Switzer ( 1977). 

fable 24. Preparation of crude protein extract from rice brans in different 

extracting solvents. 

Extracting media Amount of rice O.D at O.D at Ratio of O.D. 
bran (g) 280 nm 260 nm 280 & 260 

1%CH3COOH 1.0 0.570 0.779 0.731 

Tris-HCI Buffer pH-6.9 1.0 1.225 l.455 0.841 

I OmM phosphate buffer pH-6.6 1.0 1.366 l.586 0.861 

Distilled water l.O l .348 l.510 0.892 

Distilled water containing 0.15 M NaCl 
1.0 1.014 1.096 0.925 

pH-5.9 

From the above table, the highest ratio of absorbance (280/260 nm) was found 

in distilled water containing 0.15 M NaCl Solution, pH-5.9 therefore this solution was 

selected as suitable extracting solvent. 

Preparation of crude protein extract 

The fat-free dry powder was mixed uniformly with precooled extracting 

solvent 0.15 M NaCl in H20, pH 5.9 in a beaker and kept overnight at 4°C with 

occasional stirring. The suspension was filtered through a muslin cloth in the cold 

room. Then the filtrate was collected and clarified further by centrifugation at 8x I 0
3 

g, 

4°C for 20 minutes. The clear supernatant was collected and adjusted to I 00% 

saturation by adding solid ammonium sulfate. The ammonium sulfate precipitate was 

then centrifuged again at 8x I o3 g, 4 °C for 20 minutes. The precipitate was collected, 















































CHAPTER 

2 
DISCUSSION 

The regencrulion of plants from cu)Lured Lissucs or planl parts is a key 

stem in the application or tissue cullurc mcthodology for plant propagalion and 

conservation. The development or eflicient protocols· for reproducible high 

rrcqucncy or plant regeneration from cultured tissue would therefore assume 

great importance. To achieve high frequency of plant regcm:ralion sclcclion of 

appropriate explants is a primary prerequisite. Explanls must generally be 

chosen from healthy vigorously growing plants lo obtain optimum results. 

The initiation or organs in vitro is a complex morphogenic phenomenon, 

in which extrinsic and intrinsic factors play a role. In vitro mass propagation of 

plant species is one or the best and most successful· examples of commercial 

application of plant tissue culture technology. This is particularly important in 

the propagation and management of plant species, which has immense 

commercial potentiality. Recently there has been much progress in this field of 

biotechnology. Importance or tissue culture or useful plants in propagation, 

conservation or gendic resources and clonal improvement has been described by 

many authors (Barz et al., 1977: Data and Dalla, 1985; Kukreja et al., 1989). 

4.1. A. i1era 

Aloe vera L. is a xerophytic perennial herb with a roselle of long thick 

lanceolulc leaves with spiny margins. Aloe vera plant originated in the warm, 

dry climates of Africa. In the United States, it is grown commercially in the Rio 

Grande Valley of Texas, in California and Florida, and in specially designed 

Green I louses in Oklahoma Stale. It is an important medicinal plant and leaves 

or Aloe vera are anthraquinone glycosides, called aloins, which include 

barbaloin. iso-barbaloin. p-barbaloin, cmodin, chrysophanol, chrysophanic acid 
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and aloe-emodin, uronic acid and 
enzymes. Resins, sterols, triterpenes, 

cuomarins, saponins, carbohydrates amino acid d ·t · , s an Vt atnms are also present 
in this valuable plant. Mass propagation of A th h · · . vera roug m vitro culture was 
standardized in the first part of this investigation ~or c · I 1· · 

. 1, ommercta app 1cat1on 
and conservation. 

Different experiments were conducted to optimize culture condition for 

extablishment of shoot cultures from shoot lip explanls of field grown A.vera 

plant and further multiplication of shoots from the in vitro grown explants. 

Among different strengths of MS medium with two phytohormone treatments 

full MS media with 0.5 mg/I BA was found lo be the best treatment for primary 

establishment shoot cultures from shoots lip explants collected from field grown 

plants of A. Vera. Combinations of BA and Kn were also effective for mulliplc 

shoot development in Aloe vera explants. The highest percentage of response 

90.71 % was recorded in MS with 2.0 mg/I BA and 75.93 with 0.5 mg/I Kn. 

In the third experiment, out of fifieen combinations of BA with Kin the 

highest percentage of explants showing shoots proliferation and maximum 

number of shoots per culture were recorded 90.5 l % and I 0.46 respectively, 

which were found in media with 2.0 mg/I L3A+0.5 mg/I Kn. Different 

conccnlrations or BA with NAA and IAA on shoot prolilcralion from in vitro 

grown shoot ·1ip cxplanls or A. vera was successl'ully studied and Lhe highest 

percentage oi· response and number of shoots per culture were recorded 95.30% 

and 12.43 in MS with 2.0 mg/I L3A+0.2 mg/I NAA. The combined ellcct of 

13A, Kn and NAA on mulliplc shoot regeneration from shoot lip ex.plants of iu 

vitro regenerated shoot was also studied on MS medium. Among the different 

experiments so far conducted best response towards multiple shoots 

regeneration was obtained when MS n1edium was supplemented with 2.0 mg/I 

L3A + 0.5 mg/I Kn + o.2 mg/I NAA. In this experiment frequency or shoollip 

cxplants produced multiple shoots was recorded 98.96 % und highest number 

or shoots per culture was 15.39. 
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The early sprouting and rapid growth of shoots were noticed on medium 

with lower agar concentrations (2-4 mg/I). The easy availability of nutrient 

clements like Ca, Mg, K and Mn could be distributed in the soil-gel medium 

(Debergh, 1983). In vitro growth abnormalities like fascinated shoots and 

vitrified leaves have also been observed in guava cultures grown with lower 

concentrations of agar (A~11in and Jaiswal, I 989). This growth anomalies arc 

apprehended to be the changes in the matric potential of media water under 

lower gcllingngcnt concc11trntions. The highest percentage of explants showing 

shoot proliferation was noticed 90.54% in Merck Ltd., Mumbai, India; 95.32% 

of Phyto Technology Laboratories, USA and 95.56% in BDH chemicals Ltd. 

Poole, England, UK the all the best results were observed with 7 g/1 of agar. 

Reduced growth and less number of shoots on media gelled with IO gm/I agar (above 

all grades) ·could be due to restricted diffusion of macronutrients (Romberger and 

Tabor, I 971) or reduced availabilit of organic matter and water (Skirvin, 1981 and 

Debergh, I 983). It is evident from the results of present investigation and also those 

of others (Debcrgh, 1983; Amin and Juiswal, 1989) that concentration of agar in the 

media can affect the cullurc growth in many ways. Therefore, the level of agar in the 

medium should be such that it minimizes the water loss and allows the good diffusion 

of nutrient elements. 

Sucrose is usually the source of carbon and energy. lt has considerable 

influence on growth and morphogenesis in culture media (Fadia and Mctha, 

1973; Maeda. 1980). The type and concentration of sugar is not the only factor 

that promote both germination and growth of seedHngs but also promote 

growth under in vitro condition (Liddell, 1953; Karasawa, 1966; Anderson, 

1967; Ernst, 1967; Arditti et. al. 1972). A marked di11erence in the rate of shoot 

formation was observed in the range and quality or sucrose concentrations. The 

highest percentage of cxplants showing shoot proliferation was • recorded 

85.05% in Merck Ltd., Mumbai; 99.02% in Phyto Technology Laboratories, 

USA. 99.22% in BDH Chemicals Ltd., England and 82.71 % in local market 

sugar. Except local market sugar satisfactory the results in all sources were 
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observed with 30 g/1 of sucrose. BDH Chemicals Ltd., England showed the 

best resulls for shoot proliferation from in vitro grown shoot tip explants or A. 

Vera in medium with 2.0 mg/1 BA+0 5 mg/I Kn+0 2 g/1 NAA · 
· . m . A concentration 

of 5% sucrose was found optimum for citrus tissue culture (Murashige and Tucker, 
1969). Minh et al. ( 1986) reported sl1 ot d' er. • • • • • o 111erentmt1on 111 nee usmg 7% sucrose in 
MS medium. lndcn et al. ( 1988) reported good response to shoot regeneration in 2.0% 

sucrose containing MS medium in ginger. In the present investigation lower 

concentrntion 2.0% sucrose and higher concentration 5.0% sucrose have been proved 

less erticicnt for shoot proliforation i.e. shoot size and number decrease and root 

growth was inhibited. Yoshiji and Onozawa ( 1997) reported similar results that al 

8.0% and 12.0% sucrose con,centralion reduced shoot growth in Li/ium rubellum. 

Most plants exhibit varied degrees of responses to medium, the 

herbaceous and semi-woody species respond belier· than the woody ones 

(l3h~jwani and Razdam, 1983). The herbaceous nature of Aloe vera indicates 

its suitability lo cullure on MS medium. Many authors reported that several 

medicinal plant species nicely responded on MS medium e.g. Asclepias 

curassavica (Prmmmic and Dalla, 1986); Adhatoda vasica (Ami11 el al. 1997); 

N.a11vo(/ia '.,·erpentina (Rqja el al. 1990; lllahi and Akram I 987, Ahmad et al. 

2002), lxora .fiilgens (Amin et al. 200_2); Plantago ova/a (Barna and Wakhlu, 

1988); Plumbago rosea (Kumar and Bhavanandan, 1988); Rheum emodi (Lal 

and Ahuja, 1989); Chrysanthemum morifo/ium (Karim et a/.2003); Solanum 

torvwn (Jaiswal and Naragan, 1985); Aloe vera (Hirimburegama and Gamage, 

1995, Wang et al. 2002, Zhou et al. 1999, Roy and Sarkar 1991, Gui et al. 

1990). In vitro plan I regeneration depends on a number of factors including the 

composilion of culture medium, proper concentration of growth regulators, and 

the response of the explanls as well as the genotype of the plant material. 

Commonly, it has been shown that the basic regulatory mechanism underlying 

plant organ initiation involves a balance between auxin and cytokinin. A 

relatively low level or auxin and high level of eytokinin results in shoot 

initiation, whereas !he reverse condition results in root formation. Superiority 



118 

of BA over other cytokinins in producing in vitro shoots has also been 

confirmed in other plants like Rosmarinus officinalis (Misr~ and Chaturavedi, 

1984 ); Arachis hypogaea (Mhatre et al. 1985); Camellia sinensis 

(Arulpragasam and Latif, 1986); Atropa belladonna (Benjamin et al. 1987) and 

Adlwtoda vasica (Amin et al. 1997). Wareing and Phillips (1981) showed that 

synthetic cytokinin such as BA was more active than naturally occurring 

cytokinin in shoot proliferation, Present experiments also support this 

agreement. l3hagyalakshmi and Sing ( 1988) also observed increased multiple 

shoot formation with poor shoot elongation and root formation using BA and 

Kn together. Another experiment was conducted with different concentration 

and combination of cytokinin and auxin. Among different combinations BA 

and NAA combination was proved efficient in shoot proliferation. Gui et al. 

( 1990) als obtained good response towards multiple shoot regeneration with 2 

ppm zcatin plus 0.5 ppm NJ\J\ in A. vera. 

Several reports arc available on MS medium with different 

concentrations and combinations of BA and NAA for multiple shoot 

regeneration from different explants of ginger (Ikeda and Tanaka, 1989; 

I3hagyalakshmi and Shing. 1988; Sunitibala et al. 200 I). Results of the present 

study show that BJ\ and NJ\J\ combination was better than 13J\-ll3A, l3A-IJ\A, 

Kn-NJ\J\, I<.n-113/\, Kn-IJ\J\ combinations. Possitive morphogcnic potentially 

and plant n.:gcncration in presence or l3A and Kn or 2ip was also reported by 

Amin et al. 1992 and Islam et al. 1997. 

Shoot development as well as rooting of regenerated shoots is especially 

important for establishing tissue culture derived plantlcts (Moss et al., 1988). 

Adventitious root formation can be induced quite readily in many herbaceous 

· l - · t d •ci·cs (8a,ia1· 1991) In the present study it species rnt not m mos woo y spc . •~'-, · -

Al • 11onocotylcdons plant could not be was observed that herbaceous oe ve, a, a 1 

· • d t ·d on modified MS media with rooted easily. Thus an expenmcnt was con uc e 

· · I •t · Most plants required the presence or without auxins lor proper root 111( uc 1011. 



119 

of auxins for root induction. The importance of auxin in root induction was first 

rcporlcd by Gauthcrcl ( 1945). Auxins are regarded as the mnin factor 

promoting root initiation (Tizio et al., 1968; Lee Chong et al., 1969). For 

induction of roots, the regenerated microshoots were separated from the shoot 

cultures and planted on MMS1 basal salt medium supplemented with different 

auxins singly. The highest percentage of response 80.25% was recorded in 

MMS1 with 0.2 mg/I NAA followed by 60.85% with 0.2 mg/I IBA. Number of 

roots per microshoot and length of the longest root were also recorded highest 

in lhc same. concentration. Arter producing sufficient number of roots, the 

planllcts needed to be transplanted into potted soil and finally to the out door 

condition through gradual acclimatization. Rooted plantlets with 3-4 well

developed leaves were brought out of the culture vessels. Their roots were 

washed thoroughly by running tap water to remove the sticky agar and to 

prevent unwanted fungal or bacterial growth in the roots. The plantlets were 

trnnslcrred on to the small plastic poltcd soil. Pierik (1987) reported that the 

most effective auxins were definitely NAA and IBA for rooting. There have 

been several published reports on the induction of roots by auxin in regenerated 

shoots of different monocotyledonous plants (Zaid and Hughes, I 995; Khatun 

el al .. 1997: Azad and Amin, 1999; Rabbani and Ali, 1999; Roy et al., 1999 

nml Mohammad el al., 2000). In the monocolyle<lons Novak et al., (1986) 

reported that _planllcts were successfully transplanted in to perlitc saturated with 

hormone and sucrose free 1/2 MS and cultured in moisture growth chamber 

(glass house) for two weeks. In this study 70% survival was recorded aller 

transfer of in vitro raised plants to ex vitro condition. 

4.2. A. ca/am us 

Sweetllag (Acorus calamus L.) is a rare aromatic plant of. immense 

ctlmo-botanical uses. So far 110 tissue culture work has been con<luelcd on this 

· · · I I · l) (aJc0·l1 ·1·1rrefore the present study was 1111porta11t mcu1c11rn p ant 111 >ang ,, • " , 
· l ·t I· · t · Is for large-scale micropropagation umkrtakcn to establish rcprm ue1) c p10 oco ' ~ 
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or the experimental plant. The present invest·g t' d . 
. 1 a 1011 was es1gned to conduct 

experiments using the explants from b{)th the 11, l . 1• Id 
1 a ure 1c grown plants and the 

in vitro grown plantlcls. Results or lhc present study arc discussed in the 

following paragraphs. In the JJrcscnt invcst1'gat1'011 MS d' · I · , me rnm wll 1 various 
hormonal supplements was used for optimizing inulti·p· J h t • e s oo rcgenerallon 
protocol from rhizome tip explants. Between the two types of eytokinin (BA 

and Kn) used the highest percentage or response 95.86% was recorded with 3.0 

mg/I BA and 90.11 % with 2.0 mg/I Kn. Number of shoots per culture was also 

recorded highest in the same treatments. The best response of shoot 

proliferation was obtained with 3.0 mg/I concentration or BA. 

Further experiments were conducted for rapid multiplication of shoots 

from the primary established shoot cultures. Different concentrntions or BA 

and Kn singly and combinedly were used for multiple shoot formalion. Nine 

combinations were tested for the above purpose. The highest percentage of 

response 61.66% was recorded with 2.0 mg/I BA, 45.32% with 2.0 mg/I Kn and 

66.66% with 1.0 mg/I BA+ 1.0 mg/I Kn. Average length of longest shoot per 

culture was also recorded highest in the same concentration and combination. 

So MS media with 1.0 mg/I or BA+ 1.0 mg/I Kn was found to be the best for 

multiple shoot prolileration from in vitro grown shoot tip explants of A. 

calamus. Sometimes media with different concentrations of a cytokine with an 

m1xin on shoot proliferation are also elfoctive. Therefore an experiment was 

conducted with BA with NAA or IAA for shoot proliferation in A.calamus. The 

highest percentage or response 98.90% was recorded with 2.0 mg/I BA+0. l 

mg/I NAA followed by 95. I 8% with 2.0 mg/I BA+0.5 mg/1 NAA. Number of 

shoots per culture was also recorded highest in the same com~ination. Similarly 

lhc combin.cd cffoct or Kn with NAA or IAA on multiple shoot dev~lopment 

from the in vitro regenerated shoot . tips was also studied in the present 

investigation on MS medium. The highest percentage of response 98.99% was 

recorded with 2.0 mg/I Kn + 0.05 mg/I NAA followed by 97.33% with same 
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ln the_ experiment for rooting, the findings are in agreement with those 

observed in C/11ysa11themu111 morijolium (Hoque et al., 1995; Khan et al., 

1994), Solanum lribobatum (Arockiasamyu et al., 2002) Carnation (Radojevic 

et la., 1990; Hoque et al., 1996), Cephae/is ipecacuanha (Jha and Jha, 1989), 

. Plan/ago ova/a (Wakhlu and Barna, 1989),Rheum emodl (Lal and Ahuja, 

1989), Ruscus hypophyllum (Jim and Sen, 1985), Sesbania acculeata (Bensal 

and Pandey, 1993), Pigeon pea (Si~aprakash et al., 1994), Vitex negundo 

(Thiruvengadam and Jayabalan 2000), Peganum harmala (Raman and Jaiwal 

2000) and Psoralea corylifolia (Jeyakumar and Jayabalan, 2002) as well as 

many other plant species. Basal callusin~ was major problem in the emergence 

of roots, an effect similar to that observed in other plant species (Amin et al., 

1997). Stevia is a perennial herb belonging to the Aster family, which is 

indigenous to the northern regions of South America, Where it is still found 

growing wild in the highlands of the Amambay and lguacu distriets (a border 

area between Brazil and Paraguay). However the plant is now commercially 

grown in many parts of Brazil, Paraguay, Uruguay, Central America, Isreal, 

Thailand and China. Through the present investigation techniques for in vitro 

establishment of shoot cultures and further multiplication of shoots and rooting 

or the shoots have been standardized. Information obtained from different steps 

of the present study would be of use for initiating any experiment on tissue 

culture and in vitro manipulation of S. rebaudiana, a potential now crop for 

13angladcsh. 

















136 

Roja G, Beujamin BO, Heble MR, Patankar AV and Sipahimalani AT (1990) 

The effect of plant growth regulators and nutrie~t conditions on growth 

and alkaloid production in multiple shoot cultures of Rauvolfla 

serpentina. Phytotherapy Res. 4: 49-52. 

Illahi 1 and Akram M (1987) Root callus cultures of R /fl · anvo 1a serpentma 
Benth. Pak. J. Sci. and Ind. Res. 30: 224-229. 

Ahmad S, Amin MN, Azad MAK and Mosaddik MA (2002) Micropropagation 

and plant Regeneration of Rauvolfia serpentina by Tissue Culture 

Technique, Pak. J. of Biol. Sci. 5(1): 75-79. 

Amin MN, Ahmad S, Sultana S, Alam MR and Azad MAK (2002). In vitro 

Rapid Clonal Propagation of an Ornamental Plant-/xora fulgcns Roxb. 

Onhine J. of Biol. Sci. 2(7): 485-488. 

Gulati A ( 1998) Tissue Culture of Coccinia graudis. Curr. Sci. 57: 1232-1235. 

Barna KS and Wakhlu AK (1988) Axillary shoot indication and plant 

regeneration in Plantago ovata Forssk, Plant Cell, Tissue and Organ 

Cult. 15: 169-173. 

Kumar KS and Bhavanandan KV ( 1988) Mlcropropagation of Plumbago 

rosea, Plant Cell, Tissue and Organ Cult. 15: 175-278. 

Lal N and Ahuja_ PS ( 1989). Propagation of Indian rhubarb (Rheum emodi Wall.) 

using shoot tip and leaf explant culture. Plant Cell Rep. 8: 493-496. 

Karim MZ, Amin MN, Azad MAK, Begum F, Rahman MM, Ahmad Sand 

Alam· R (2003) In vitro Shoot Multiplication of Chrysanthemum 

morifolium as Affected by Sucrose, Agar and pH, Biotechnology, 2(2): 

115-120. 

Jaiswal VS and Narayan p ( 1985) Plantlet regeneration from hypoc~tyl callus 

of Solammz torvum Swartz. J. Plant Physiol. 119: 381-383. 

Hirimburegama K and Gamage N ( 1995) In vitro multiplication of Aloe vera 

meristcm tips for mass propagation. Horticultural Science 27: 3-4, 15-18. 



137 

Wang L, Zheng SX and Gu ZJ. (2002) In vitro culture of tclraploids of Alo·e 

vcra L Acta-1-Iorticulturae-Sinica. 29:(2), 176-178. 

Ahuja PS, Giri CC, Kukeja Ak and Mathur AK ( 1989). Developments in cell 

suspension and protoplast culture research is some tropane alkaloid

bearing plants. In: A.K. Kukreja, A.K. Mathur, P.S. Ahuja and R.S. 

Thakur (eds.) Tissue Culture and Biotechnology of Medicinal and 

Aromatic Plants: CIMAP, Lucknow. Pp. 180-192. · 

Amin MN, Azad MAK and Alam SMM ( 1997). Regeneration of Plantlets In 

vitro form a medicinal shrub-Basak. 9th Biennial Bhat. Conf. (Dhaka 

Univ. Jan 8-9). pp. 3 I. 

Arny I-IC, Kant U, Shekhawat NS and Goel Y (1989). Propagation of certain 

economically important 'Thar' desert trees through tissue cutlure. In: 

A.K. Kukreja, A.K. Mathur, P.S. Ahuja and R.S. Thakur (eds.) Tissue 

Cultun: and Biotechnology of Medicinal and Aromatic Plants: CIMAP, 

Lucknow, pp. 1-6. 

Arumugam N ( 1989). Aromatic embryogenesis in Podophyllum hexandrum 

Royle. In: A.K. Kukreja, A.K. Mathyr, P.S. Ahja, and R.S. Thakur (eds.) 

Tissue Culture and Biotechnology of Medicinal and Aromatic Plants: 

CIMAP Lucknow. pp. 44-48. 

Bajaj YPS ( 1986) Biotechnology of tree improvement for rapid propagation 

and biomass energy production. In : Biotechnology in Agriculture and 

Forestry, Trees II. YPS Bajaj (Ed.), Sprirger Verlang. Berlin pp. 1-23. 

Bakhru HK ( 1993) Herbs that Heal: Natural Remedies for Good Health. Orient 

paperbacks publ. New Delth p. 186. 

Bcspalhok Filho JC and Hattori K (1997) Embryogenic callus formation and 

histological studies from Stevia rebandiana (Bert.) Bertoni Floret 

cxplants. Rcvisla Brasilcira-de-Fisiologia-Vegetal. Japan 9: 185-188. 



138 

Bespalhok Filho JC, Hashimoto JM and Vieira LOE (1993) Induction of 

somatic embryogensis from leaf-explants of Stevia rebandiana. Revista

Brasilieira-de-Fisiology-Vegetal. 5: 51-53. 

Bespalhok Filho JC, Vieira LOE and Hashimoto JM ( 1992) Factors influencing 

the in vitro micropropagation of axillary shoots of Stevia rebaudiana 

(Bent.) Bertoni Revista-Brasileira-de-Fisiologia Vegetal. Brazil 4: 59-61. 

13hojwani SS (l 990) Plant tissue cullure: Applications and Limitations. 

Elsevier Sci. Publ., Amsterdam, The Netherlands. p. I. 

Bondarev NI, Nosov AM and Kornienko AD (1998) EITects of exogenous 

growth of cultured cells of Stevia rebaudiana Bertoni. Russian of Plant 

Physiol. Russia 45. 770-774. 

Chadha YR ( 1985) The Wealth oflndia. Revised Edition Vol. I: A Publication 

and Information Directorate Council of Scientific and Industrial 

Research, New Delhi. Pp. 63-64. 

Chang WC · and Hsing YI (1980). Plant regeneration through somatic 

embryogcncsis in root-derived callus for ginseng Panax ginseng C.a. 

Meyer. Theor, Appl. Genet. 57: 133-135. 

Chio KT, Yang DC, Kim NW and Ahn 10 (1984). Dedifferentiation from 

tissue culture and isolation of viable protoplast in Panax ginseng C.A. 

Meyer. In: 4th Intl. Ginseng Symp. Korean Ginseng and Tobacco Res. 

lnsl., Taejon, Korea, p. 1-11. 

Cronquist A ( 1968) The Evolution and Classification of Flowering plants. CS 

Willaim and I-I J3cnUey (Eds.) whomas Nelson and Sons Ltd. London. 

pp. 365-373. 

De KK (1992) An Introduction to Plant Tissue Culture. New Centralbook 

Agency Puhl. Calcutta. p. 55. 




























