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Abstract 

Like most of the medicinal plants Soymida febrifuga (Meliaceae) possess significance for its valuable secondary metabolites. 

Multiplication of this endemic plant is limited by difficulty in rooting of stem cuttings, high seedling mortality rates and low seed 

viability period. Hence efficient protocols for in vitro mass propagation has been established from field grown and aseptic seedlings 

explants. Strikingly, we observed aberrant structures such as vitrified shoots, faciated shoots, albino shoots as well shoot necrosis 
during its micropropagation. These phenotypic maladies were observed during organogenesis and rooting. Compared to other 
abnormalities, shoot necrosis nonetheless was frequent and pronounced leading to plant death. Shoots when subjected to rooting 
also displayed necrosis which was controlled by transferring to MS medium containing various concentrations and combinations of 
calcium levels, activated charcoal, glucose, fructose and auxins. Microshoots initiated roots on half strength MS medium with IBA 
and IAA individually or in combination within two weeks. MS half strength solid medium supplemented with CAN (556 mg l–1), 
CAP (1.0 mg l–1), IAA (2.0 mg l–1) and IBA (2.0 mg l–1) in combination was found to be more efficient in showing high frequency 
(95%) of root regeneration. Rooted plantlets were successfully hardened and 70-85% of regenerated plants were successfully 

acclimatized to natural environment. In vitro derived plantlets were morphologically similar to in vivo plants.  

Abbreviations: STN- shoot tip necrosis, CAP- calcium pantothenate, CAN- calcium nitrate, BA – 6, Benzyladenine, IBA – 

Indole 3 Butyric Acid, IAA – Indole 3 Acetic Acid, KN-kinetin, MS – Murashige and Skoog, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction 
 
Mahogany family (Meliaceae) covers more than 50 

genera with more than 1,000 species distributed in 
tropical and subtropical regions of western peninsula 
and Indomalaysia. Soymida febrifuga (Roxb.) Adr.Juss. 
or (Syn. Swietenia febrifuga Roxb). (Meliaceae) 
commonly called Chandravallabha (Sanskrit), Indian 
red wood, Bastarol cedar (English), Somi, Somidha, 
Sumi (Telugu) is an indigenous lofty deciduous 
medicinal tree and monotypic endemic to India 
(Anonymous, 1952). Bark of this plant possess a 
resinous bitter principle used in Ayurveda 
(Yoganarasimhan, 1996), adapted for gargles, vaginal 
infections, enemata, rheumatic swellings, diarrhoea, 
dysentery and fevers (Chopra et al., 1956). Bark is 
antimalarial (Kirtikar and Basu, 2003), anti-
inflammatory (Diwan and Singh, 1993) and 
antiplasmodial (Simonsen et al., 2001). Like most of 
the medicinal plants, Soymida febrifuga has highest 
significance for its valuable secondary metabolites.  

Tissue culture of tree species has been progressing 
successfully from the past few years to overcome the 
problems to a great extent and assessment of the 
regeneration potential of tissues has been undertaken as it is 
a prerequisite for the forest tree improvement. Traditional 
multiplication of this plant is limited by difficulty in rooting 
of stem cuttings, high seedling mortality rates and low seed 
viability period. Hence protocols have been established for 
rapid in vitro propagation of S. febrifuga by using different 
explants (Chiruvella et al., 2011; 2013). Here we report 
aberrant structures such as vitrified shoots, faciated shoots, 
albino shoots as well shoot necrosis observed during 
micropropagation of this plant. These phenotypic 
abnormalities were noticed both during caulogenesis and 
rhizogensis. Such aberrant structures hampered the 
micropropagation of this endemic medicinal plant. 

Materials and methods 

Plant collection and Seedling establishment 
Nodes and seeds were excised from mature trees growing 
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in Divyaramam nursery, Tirupathi, India during late July-
August, 2007-2009. The explants were initially washed with 
running tap water for 15 min followed by detergent for 15 
min, followed by repeated washing in running tap water until 
all traces of detergent were removed. Then they were rinsed 4-
5 times in distilled water. Surface sterilization of these 
explants was then made by keeping them in 70% alcohol for 
15 sec followed by rinsing for 3 times in sterile distilled water. 
Finally the explants were treated with 0.05-0.1% HgCl2 for 5 
min (Chiruvella et al., 2011; 2013). The surface sterilization 
was followed by 5-6 rinses in sterile distilled water. The 
explants were blotted on sterile filter paper discs before 
planting them vertically on agar gelled MS medium. 

Culture Initiation, Conditions and Shoot 

Multiplication 
Initial experiments were designed for the selection of 

most appropriate explant and suitable medium. MS 
medium with different concentrations (0.5-5.0 mg l– 1) 
and combinations of cytokinins (BA, CM, 2-iP, TDZ 
and Kinetin) and auxins (IAA and NAA) were used to 
study their effects on shoot induction and multiplication. 
Subculturing was done by transferring the micro-shoots 
to fresh shoot induction medium. Subculturing was 
carried out at regular intervals of 30 days after 
inoculation. Visual observations of the cultures were 
made at every transfer during subculturing, and the 
effects of different treatments were studied based on 
their response. All cultures were incubated in a culture 
room at 25 ± 2°C with a relative humidity of 50-60% 
and 16 h photoperiod at a photon flux density of 15-20E 
m2/s-1 from white cool fluorescent tubes. Each treatment 
had 20 replicates, and the experiments were conducted 
thrice. Explants were vertically placed on agar gelled MS 
medium taken in 25 x 150 mm culture tubes or 150 ml 
conical flasks sealed with aluminum foil. 

Root Initiation and Field Establishment 
The microshoots of 4-5 cm length were dissected 

from proliferated shoot cultures and inoculated on agar 
gelled medium containing full strength, half strength and 
quarter strength MS salts with/without different auxins. 
After 6-8 weeks of inoculation, rooting frequency and 
the number of roots with other characters like callusing 
were recorded. The rooted microshoots were planted in 
plastic trays containing vermiculite, covered with plastic 
sheets, and kept in mist chamber. The plastic trays were 
kept open during night and covered with plastic sheets 
during the day.  After one week the plantlets were 
exposed to direct light during morning hours. Then they 
were transferred to root trainers containing 
vermicompost and sand (1:1) for 10 days, and 10 ml of 
autoclaved ¼ MS salts were directly supplied to 
substratum in root trainers. After one week the plantlets 
were transferred to plastic bags containing a mixture of 
soil organic manure and sand in 2:1:1 ratio. The plants in 
plastic bags were removed from the mist chamber and 
kept in open shade and watered twice a day. After one 
week they were transferred to the field. 

 
 
 

Results and Discussion 
In vitro developed plants sometimes exhibit aberrant 

structures during morphogenesis. Signals necessary for 
organ formation appear to be incomplete, interrupted or 
inaccurate, so that correct determination is not achieved. 
This leads to the development of incompletely formed or 
even gross abnormal structures, which are liable to arise 
during any sequence of direct or indirect (Bowes, 1970) 
morphogenesis conducted in vitro. Abnormalities in 
tissue cultures and in the plants produced from them 
often increase in frequency if the cultures are maintained 
for a longer period. During micropropagation of S. 
febrifuga, in vitro cultures showed some kinds of 
abnormalities (Fig. 1, 2). That atypical structures formed 
during micropropagation of Soymida febrifuga are 
discussed below. 
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Fig. 1. Phenotypic aberrations during In vitro propagation of S. 

febrifuga. (A-F) Vitrified shoots developed on liquid medium 
containing high concentrations of cytokinins( 5.0-7.0 mg l–l BA / 
Kn) (Bar = 2.0, 1.9, 3.9, 2.7, 2.8, 2.4 mm) (G-H) Fasciated shoots 
developed on liquid medium containing high concentrations of 
cytokinin ( 5.0 mg l–l BA) (Bar = 3.7, 1.9 mm) (I) Rhizogenesis 

of In vitro leaf on medium containing Kn (Bar = 5.4 mm) (J) 

Partial albino shoots from direct shoot cultures on medium 
containing 4.0 mg l–l Kn (Bar = 5.2) (K,L) Complete albino 
shoots from indirect shoot cultures on medium containing 7.0 
mg l–l BA (Bar = 5.2, 4.9 mm) 
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Vitrification  
This is a physiological disorder frequently affecting 

woody plants during their in vitro propagation. It may be 
considered as morphological response to non-wounding 
stress conditions (Davis et al., 1977) excess of some mineral 
ions or cytokinins and low light intensity levels. The tissue 
culture environment some times induces an abnormal 
growth, a known as vitrification or hyperhydricity 
(Hazarika, 2006). Glassy, hyperhydrated nature of vitrified 
shoots were observed in the present study during direct 
multiple shoot production that were induced at higher 
concentration of cytokinins i.e. BA at 0.1 mg l–1 and Kn (>8 
mg l–1) (Fig. 1A–F).  

Recently Mahdiyeh (2011) demonstrated the 
occurrence of vitrification in high cytokinin containing 
medium. Vitrification in the present study was also observed 
in liquid cultures and those cultures that received less light 
intensity i.e., cultures that were far from light source. Some 
cultures recovered to normal morphology after some period 
on transferring to higher light intensity. Vitrified plants 
appear glassy, often hyperhydrated and do not survive on 
transferring from tissue culture to the ex vitro environment, 
that is why vitrification is problematic for the plant tissue 
culturist (Debergh et al., 1992). Vitrification may also be 
induced by very high relative humidity that exists in vitro 

because of the closed nature of culture vessels (Wardle et al., 
1983; Short et al., 1987; Capellades et al., 1990; Thomas et 
al., 2000). Phan and Hegedus (1986) have attributed the 
problem of vitrification to the deficiency of lignin, which is 
essential to the structure of cell walls and other tissues.  

Lighting in plant tissue culture is usually provided by 
cool white, fluorescent tubes (Debergh and Read, 1991). 
Such light provides a photosynthetic photon flux density 
(PPFD) of around 30-50 µmol photons m-2s-1 only 
(Goncalves et al., 1994), where as the PPFD measured in 
full sunlight is of 1500-2000 µmol m-2s-1 in the field 
(Chaves, 1994). Consequently in vitro plants are 
generally growing at close to the light compensation 
point. Such low irradiation could not elicit the 
transpiration pull and consequently plants become 
hyperhydrated. Reduced BA concentration in medium 
(Soni and Kaur, 2014) and usage of aerated capped 
culture bottles minimized vitrification (Sharma and 
Mohan, 2006).  

 

Shoot fasciation  
During micropropagation of S. febrifuga, shoot 

cultures showed a phenotypic aberration form with 
multiple shoot apexing. This abnormal character is called 
shoot fasciation. Shoot fasciation in vitro was observed 
generally at high cytokinin concentrations. Fasciated 
shoots appeared with short length having thick multiple 
shoots at the apex (meristematic tissue). High frequency 
of occurrence of shoot fasciation was found with BA (> 
5.0 mg l–l BA). Once after it is induced, it is difficult to 
remove this abnormality. Attempts to alleviate the 
medium to remove this abnormality failed. Shoot 
fasciation is a physiological problem rather than a 
genetical aberration (George, 1996). We observed high 
frequency of in vitro fasciation in MS medium 
containing cytokinins (Fig. 1 G, H). In this regard, there 
are numerous similar observations made by others 
supporting our notion (Yusnita et al., 1990; Preece et al. 
1991; Huetteman and Preece, 1993; Shirani et al., 2009; 
Martin et al., 2006; Fatemeh and Maheran, 2010; 
Najmeh et al., 2011). 

It has been suggested that fasciations might be the 
result of the growth of a single apical meristem and, 
alternatively, that fasciations are due to the adhesion of 
several sites of growth (Ivan and Kitin, 2011) or to a 
hormonal imbalance within plants. Recently, Peter Kitin 
et al. (2005) reported a comparative histological study 
between normal and fasciated shoots of Prunus avium 
generated in vitro. In heritable fasciation has been 
observed in a number of experimental systems and the 
CLAVATA I and CLAVATA 3 (Fletcher et al., 1999) 
genes have been shown to be associated with fasciation of 
stems of Arabidopsis. 

 

Albino Shoots 
It is observed that some shoots regenerated through 

tissue culture especially callus regenerated ones were 
without chlorophyll (albinos). They were either 
complete or partial albinos. In the present study we 
observed partial albinos during direct organogenesis (Fig. 
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Fig. 2. Shoot tip necrosis in cultures of S. febrifuga. (A-F) Shoot 

necrosis in proliferating direct shoot cultures (Bar = 2.0, 2.6, 2.0, 
2.1, 3.4, 3.3 mm) (G-J) Shoot tip necrosis in proliferating indirect 
shoot cultures (Bar = 3.3, 4.9, 6.0, 6.9 mm) (K-O) Shoot tip 
necrosis in cultures kept for rooting (Bar = 4.9, 5.2, 5.2, 6.2, 5.0 
mm) 
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1J) while complete albinos arised during indirect 
organogenesis (Fig. 1K,L). These albino shoots were 
observed randomly in all types of media in the present 
study but frequently at higher cytokinin concentrations 
of BA and KN. These albinos survived in vitro but grow 
more slowly than their green counter parts as observed by 
Chin (1980). But these shoots could not be rooted and 
transplanted as they lack plastids. Partial albinos some 
time can be made green by repeated sub culturing in the 
present study as done by Rotem-Abarbanell and Breiman 
(1989).  

Albinos, occasionally found in broad leaved genera were 
reported from many in vitro cultured shoots (Mehra and 
Jaidka, 1979; Lassocinski, 1985; Noh and Minocha, 1990). 
The inability of plants to produce chlorophyll is due to 
changes that occur in both nuclear and chloroplast genes 
and also changes in ploidy (Park and Walton, 1989). The 
nature of the medium used, especially the concentration of 
KNO3 has been shown to influence the frequency with 
which albino plants occurs (Feng and Ouyang, 1988). 
Albino shoots and plants can also result from the culture of 
explants from chimeras as said by Rotem-Abarbanell and 
Breiman (1989) and Cervelli (1987). Recently crucial 
factors were identified for albino shoot primordial to green 
plantlets during in vitro propagation (Mohiuddin et al., 
2011.  

 

Shoot Necrosis  
Application of tissue culture techniques for 

micropropagation of this tree is seriously hampered by apical 
necrosis of shoots and leaves in culture. Shoot tip necrosis or 
apical necrosis is a phenomenon in which the terminal 
portion of the shoot becomes dark and dies. Necrosis strictly 
describes the death of the parts of plant tissues in enclosed 
vessels can readily lead to death of the whole culture. In the 
current investigation, this problem is mainly associated at the 
stage of induction of proliferating shoots directly (Fig. 2A–F) 
and indirectly (Fig. 2G–J) from juvenile explants of aseptic 
seedlings and also in cultures kept for rooting which is termed 
as “shoot-tip necrosis“. The most obvious symptom is an 
initial discoloration of the shoot tip of young shoots (1 to 3 
weeks) after subculture. This discoloration usually progresses 
to an actual death of the shoot tip (necrosis). In some cases, 
the shoot tip continues to grow slowly or even outgrow the 
problem, leaving behind a region on the stem with distorted 
or poorly developed leaves. After shoot tip death, the role of 
apical dominance is taken over by one of the lateral buds, 
generally that nearest the apex and the plant survives. The 
shoot usually branches and in severe cases these branches 
show necrosis and also branch again, thus producing a 
“witches broom” (George, 1996). Necrosis is common in 
rapidly growing shoot cultures and prolonged subcultures, if 
shoots were allowed to grow longer than 3 cm (Amin and 
Jaiswal, 1988). Necrosis of shoot apex is considered to be a 
physiological disorder associated with in vitro rooting and is 
reported to cause severe loss of cultures more commonly trees 
Camelia sinensis, Castanea dentata, Malus domestica, Pistacia 
vera, Populus spp., Quercus sps., Sassafras randaiense, Salix and 
Butea monosperma (Srivasatva and Joshi, 2013; Bairu et al., 
2009; Thakur and Kanwar, 2008; Martin, 2007; Kulkarni 
and Souza, 2000). Shoot tip necrosis and vitrification are the 

two common unresolved problems in micropropagation of 
trees. Gribble et al. (2003), has reviewed the impact of 
environment on the growth of vitrified plants in order to 
pave the way for further research on this aspect. We figured 
out the possible ways to control in vitro shoot tip necrosis in 
S. febrifuga associated with actively growing cultures and 
cultures kept for rooting by supplementing MS medium with 
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Conclusion 
 
The above described phenotypic abnormalities observed 

during in vitro culture hampered the micropropagation of 
Soymida febrifuga. We conclude high concentrations of 
cytokinins induced vitrification, fasciated shoots and 
development of albinos. Hence the usage of cytokinins such 
as BA, kinetin and coconut milk in establishing optimized 
cuture systems during in vitro propagation needs to be 
carefully monitored in order to obtain normal plantlets. 
Further we also conclude shoot tip necrosis is a physiological 
disorder caused by calcium deficiency.  
 

Fig. 3.Control of In vitro shoot tip necrosis (STN) in S. 

febrifuga (A, B) Inhibition of STN on MS full strength solid 

medium fortified with 556 mg l–l CAN  1.0 mg l–l CAP (Bar = 
4.8, 4.9 mm) (C, D) Inhibition of STN on MS half strength 
solid medium supplemented with 556 mg l–l CAN  1.0 mg l–l 
CAP  20 mg l–lAC along with 100 mg l–l fructose  (Bar = 4.7, 
4.8 mm) (E, F) Inhibition of STN on MS full strength 
liquid medium fortified with 556 mg l–l CAN  1.0 mg l–l CAP 
(Bar = 5.8, 5.6 mm) (G, H) Inhibition of STN on MS quarter 
strength solid medium fortified with 556 mg l–l CAN  1.0 mg l–

l CAP (Bar = 6.0, 6.0 mm) (I) Inhibition of STN on MS full 
strength solid medium fortified with 556 mg l–l CAN (Bar = 
3.8 mm) (J) Inhibition of STN on MS full strength solid 
medium fortified with 1.0 mg l–l CAP (Bar = 4.9 mm) 
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calcium supply (Fig.3J) (Chiruvella et al., 2011).  

Acknowledgements 

We sincerely thank Gayathri Dampuri for discussions 
and help.  

 
Author contributions  
 

Conceived and designed the experiments: 
KKC,AM,GRG. Performed the experiments: KKC. 
Analyzed the data: KKC, AM, GRG. Wrote the paper: 
KKC, AM, GRG. 

References 

Anonymous (1952). The Wealth of India. Publication and 
Information Directorate CSIR, New Delhi  9: 471-472. 

Amin, MN and Jaiswal VS (1988). Micropropagation as an aid to 
rapid cloning of a guava cultivar. Sci Hort 36:89–95. 

Bairu MW, Jain N, Stirk WA, Dolezal K, Van Staden J (2009). 

Solving the problem of shoot-tip necrosis in Harpagophytum 

procumbens by changing the cytokinin types, calcium and 

boron concentrations in the medium. South African J Bot 
75:122-127. 

Bowes BG (1970). Preliminary observations on organogenesis in 

Taraxacum officinale tissue cultures. Protoplasma 71:197-202. 

Capellades M, Lemeur R and Debergh P (1990). Kinetics of 
chlorophyll flourscence in micropropagated rose shootlets. 
Plant Cell Tiss Org Cult  25:21-26. 

Chaves MM (1994). Environmental Constraints to 

Photosynthesis in Ex Vitro Plants, In: Physiology, Growth and 

Development of Plants in Culture, Lumsden PJ, Nicholas JR 
and Davis WJ (eds.), Kluwer Academic Publishers, Dordrecht, 
Netherlands, p. 1-18. 

Cervelli R (1987). In vitro propagation of Aconitum noveboracense 

and Aconitum napellus. Hort Sci 22:304-305. 

Chiruvella KK, Mohammed A, Dampuri G and Ghanta RG 

(2011).  In vitro Shoot Regeneration and Control of Shoot 

Tip Necrosis in Tissue Cultures of Soymida febrifuga (Roxb.) 

A. Juss. Plant Tissue Cult. & Biotech 21(1):11-25. 
Chiruvella KK, Mohammed A, Dampuri G and Ghanta RG 

(2013). Utilization of Aseptic Seedling Explants For InVitro 

Propagation of Indian Red Wood. Not Sci Biol 5(4):518-523. 
Chin C (1980). Growth behavior of green and albino plants 

of Episcia cupreata 'Pink Brocade'Invitro. InVitro 16(10):847-

850. 
Chopra RN, Nayar SL,Chopra IC (1956). Glossary of Indian 

medicinal plants . CSIR publications, New Delhi, p. 32.  
Davis MJ, Baker R and Hanan JJ (1977). Clonal multiplication of 

carnation by micropropagation. J Am Soc Hort Sci 102:48-53. 
Debergh P, Aitken-Christie J, Cohen D, Grout B, von Arnold S, 

Zimmerman R, Ziv M (1992). Reconsideration of the term 
vitrification as used in micropropagation. Plant Cell Tissue 
Organ Cult 30:135–40. 

Debergh PC and Read PE (1991). Micropropagation, In: 
Micropropagation: Technology and Application, Debergh PC 

and Zimmerman RH (eds.), Kluwer Academic Publishers, 
Dordrecht, Netherlands p. 1-14. 

Diwan PV, Singh AK (1993). Anti-inflammatory activity of 

Soymida febrifuga (Mansa rohini) in rats and mice from bark 

powders. Phytother Res 7(3):255-256. 
Fatemeh H and Maheran AA (2010). Micropropagation of 

Strawberry cv. Camarosa: Prolific Shoot Regeneration from In 

Vitro Shoot Tips Using Thidiazuron with N6-benzylamino-

purine. Hort Sci  45(3):453-456 
Feng GM and Ouyang J (1988). The effects of KNO3 

concentration in callus induction medium for wheat anther 
culture Plant Cell Tiss Org Cult 12:3-12. 

Fletcher J, Brand U, Running M, Simon Rand Meyerowitz E 
(1999). Signaling of cell fate decisions by CLAVATA3 in 
Arabidopsis meristems. Science 283:1911-1914. 

George EF (1996). Plant propagation by Tissue Culture Part II in 
practice, Exegetics Ltd., Edington, westbury, England, p. 465-
477. 

Goncalves JC, Amancio S and Pereira JS (1994). Rooting and 

acclimatization of chestnut by In vitro propagation. In: 

Physiology, Growth and development of Plants in Culture, 
Lumsden PJ, Nicholas JR and Davies WJ (eds.), Kluwer 
Academic Publisher, Dordrecht, Netherlands, p. 303-308.  

Gribble K, Sarafis V and Conroy J (2003). Vitrified plants: 
Towards an understanding of their nature. Phytomormology, 

53:1-10. 

Hazarika BN (2006). Morpho-physiological disorders in in vitro 

culture of plants. Sci Hort 108(2):105-120. 
Huetteman CA and John Preece E (1993). Thidiazuron: a potent 

cytokinin for woody plant tissue culture. Plant Cell Tiss Org. 
Cult 33:105-119. 

Ivan Iliev and Peter kitin (2011). Origin, morphology, and 

anatomy of fasciation in plants  cultured in vivo and In 

vitro 2011. Plant Growth Regul 63:115-129. 

Kirtikar KR, Basu BD (2003). Indian Medicinal Plants. Oriental 
Enterpri Dehradun p. 778-780. 

Kulkarni KR and D’Souza L (2000). Control of shoot tip necrosis 
in Butea monosperma. Curr Sci 78:125-126. 

Mahdiyeh K, Ali T, Seyyed HN, Abdolreza B, Aushmad SS 

(2011). Focusing on the (.Dianthus caryophyllus L) In vitro 

culture of Carnation problem of vitrification. Journ. of 

Biologic. and environ. Sci 13:1-6. 
Lassocinski W (1985). Chlorophyll-deficient cacti in tissue 

cultures. Acta Hort 167:287-293. 
Martin KP, Zhang C, Slater A, Madassery J (2007). Control of 

shoot necrosis and plant death during micro propagation of 

banana and plantains (Musa spp.). Plant Cell Tiss Org Cult 

88:51-59. 
MohiuddinAK, Karim NH, sultana S, Ferdous (2011) Recovery 

of Green Plantlets from Albino Shoot Primordia Derived 

from Anther Culture of Indica Rice (Oryza sativa L.) Tropical 

Life sciences Research 22(1):1. 
Shirani S, Mahdavi F, Maziah M (2009). Morphological 

abnormality among regenerated shootsof banana and plantain 

103 



Chiruvella K.K. et al. / Not Sci Biol, 2014, 6(1):99-104 

 
 
 
 

 

(Musa spp.) after in vitro multiplication with TDZ and BAP 

from excised shoot tips. Afr  J Biotechnol 8(21):5755-5761.  

Soni M and Kaur R (2014).Rapid  in vitro  propagation, 

conservation and analysis of genetic stability of Viola pilosa. 

Physiol Mol Biol Plants. 20(1):95-101 
Martin KP, Pachathundikandi S, Zhang CL, Slater A, Madassery 

J(2006). RAPD analysis of a variant of banana (Musa sp.) cv. 

Grande naine and its propagation via shoot tip culture. In 

Vitro Cell Dev Biol Plant  42:188-192. 

Mehra PN and Jaidka K (1979). In vitro morphogenetic studies in 

pear (Pyrus communis). Phytomorph 29:286-298. 

Najmeh J, Rofina YO and Norzulaani K (2011). Effect of 

benzylaminopurine (BAP) pulsing on in vitro shoot 

multiplication of Musa acuminata (banana) cv. Berangan. 

African Jour of Biotech 10:2446-2450.  
Noh E and Minocha SC (1990) Pigment and isozyme variation in 

aspen shoots regenerated from callus culture. Plant Cell Tiss. 
Org. Cult 23:39-44. 

Park CH and Walton PD (1989). Somatic embryogenesis and 

plant regeneration of Canada wildrye (Elymus canadensis L.) 

Plant Cell Rep 8:289-291. 
Phan CT and Hegedus P (1986). Possible metabolic basis for the 

developmental anomaly observed in In vitro culture called 

"vitreous plants". Plant Cell Tiss Org Cult 6:83-94. 
Preece, J E, Hutterman CA, Ashby WC and Roth PL 

(1991). Micro and cutting propagation of silver maple. I. 
Results with adult and juvenile propagules. J Am Soc Hortic 
Sci 116:142-148. 

Peter K, Ivan I, Apostolos S, Christos N and Athanassios R 
(2005). A comparative histological study between normal and 

fasciated shoots of Prunus avium generated In vitro Plant Cell 

Tiss Org Cult 82:141-150. 
Rotem-Abarbanell D and Breiman A (1989). Plant regeneration 

from immature and mature embryo derived calli of Hordeum 

marinum Plant Cell Tiss Org Cult 16:207-216. 

Simonsen HT, Nordskjold JB, Smitt UW, Nyman U, Palpu P, 

Joshi P and Varughese GG (2001). In vitro screening of Indian 

medicinal plants for antiplasmodial activity. J. 

Ethnopharmacol 74:195-204. 

Sharma U and Mohan JSS (2006). Reduction of vitrification in 

vitro raised shoots of Chlorophytum borivilianum Sant.& 

Fernand., a rare potent medicinal herb. Indian J Exp Biol 44 
(6):499-505. 

Srivastava A, Joshi AG (2013). Control of Shoot Tip Necrosis in 

Shoot Cultures of Portulaca grandiflora Hook. Not Sci Biol 

5(1):45-49. 

Short KC, Warburton J and Roberts AV (1987). In vitro 

hardening of cauliflower and chrysanthemum plantlets to 
humidity. Acta Hort 212: 329-334. 

Thakur A and Kanwar JS (2008). Micropropagation of ‘Wild 

pear’ Pyrus pyrifolia (Burm F.) Nakai. II Induction of Rooting. 

Not Bot Hoti Agrobo 36 (2):104-111. 
Thomas P, Mythili JB and Shivashankara KS (2000). Explant, 

medium and vessel aeration affect the incidence of 
hyperhydricity and recovery of normal plantlets in triploid 
watermelon.J Hort Sci Biotech 75:19-25. 

Wardle K, Dobbs EB and Short KC (1983) In vitro 

acclimatization of aseptically cultured plantlets to humidity. J. 
Am Soc Hort Sci 108:386-389. 

Yoganarasimhan SN (1996). Medicinal plants of India, Vol.1 
Interline Publishing Pvt. Ltd., Bangalore, p. 1. 

Yusnita S, Geneve RL and Kester ST (1990) Micropropagation of 

white Eastern Redbud. (Cercis canadensis var. alba). J. Envirom 

Hort 8(4):177-179. 
 

104 


