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Introduction 
 

The science and development of plant tissue 

culture is linked with the discovery of cell 

followed by propounding of cell theory. In 

1839, Schleiden and Schwann proposed that 

cell is the basic unit of organisms and is 

capable of autonomy. Each cell has the ability 

to regenerate into whole plant and this 

potential of a cell to grow and divide in a self-

regularity manner is known as totipotency, a 

term coined by Steward in 1968. Based on 

this premise, in 1902, a German physiologist, 

Gottlieb Haberlandt developed the concept of 

in vitro cell culture. Despite lack of success, 

Haberlandt made several predictions about the 

requirements in media in experimental 

conditions which could possibly induce cell 

division, proliferation and embryo induction. 

Haberlandt is thus regarded as father of tissue 

culture. Haberlandt presented the fundamental 

principles of plant tissue cultures which 

marked the commencement of golden era in 

the field of plant tissue culture. When 

Haberlandt (1902) attempted the first cell 

culture study, his intentions was to develop a 
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Aloe vera is one of the oldest known medicinal plant gifted by nature which is often called 

as „Miracle plant‟ for its versatile properties. It has valuable medicinal benefits and is 
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nature, Aloe vera is vegetatively propagated through suckers or lateral shoots which is a 

slow, expensive and low income practice. Sexual reproduction by seeds is also inefficient 

due to the presence of male sterility. Thus regeneration of Aloe vera in nature is too slow 

and insufficient to meet the industrial demand. Therefore, there is a need to develop a 

suitable and alternative method of in vitro propagation for rapid plant production of Aloe 

vera. However, source of explants, size, age, genotype, media composition, culture 

conditions and exudation of phenolic compound from explants and media discoloration 

greatly affect shoot regeneration from different genotypes of the same species. The 

technique of tissue and organ culture is used for rapid multiplication of plants and one of 

the major applications of tissue culture is micropropagation. 
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versatile tool to explore morphogenesis and to 

demonstrate totipotency of plant cells. With 

the passage of time most of these ideas were 

confirmed experimentally proving his broad 

vision and foresight. Recent progress in the 

field of plant cell and tissue culture has made 

this area of research into one of the most 

dynamic and promising tools in experimental 

biology. In vitro cultures are now also being 

used as tools for the study of various basic 

problems in plant physiology, plant 

pathology, cell biology and genetics in 

addition to agriculture, forestry and 

horticulture which subsequently have turned 

the “dreams” of Haberlandt, White and 

Gautheret into realities.  

 

The discovery and documentation of the role 

of plant hormones like auxins, (Went and 

Thimann, 1937) and cytokinins (Skoog and 

Miller, 1957) in plant tissue culture served as 

major thrust for the advancements in this field 

of science. In addition to this discoveries, the 

invention of the culture medium by 

Murashige and Skoog (1962), laid the perfect 

foundation for a wide avenue for research on 

in vitro proliferation and multiplication of 

different plant species. The pioneering 

experiments of White (1934, 1939), Gautheret 

(1939), Morel and Martin (1952), Skoog and 

Miller (1957), Steward et al., (1958), Morel 

(1960), Reinert (1967), Murashige et al., 

(1972), Carlson et al., (1972), Murashige 

(1974, 1978), Navarro et al., (1975), Hu and 

Wang (1983) and Litz (1984, 1985) are often 

cited as the landmarks in the developmental 

phases of plant tissue culture. 

 

According to Murashige (1974), there are 

three possible methods available for 

micropropagation. 

 

Enhanced release of axillary buds. 

 

Production of advantageous shoots through 

organogenesis. 

Somatic embryogenesis. 

 

In shoot tip and axillary bud cultures, genetic 

fidelity is maintained to a large extent. In 

vitro somatic embryogenesis is limited to a 

few species but still act as the most rapid 

method for plant regeneration.  

 

Currently, in vitro clonal propagation 

strategies have been developed for a number 

of economically important plant species. 

More and more species are becoming 

amenable for subjects have been developed 

by Murashige (1974, 1975), Hu and Wang 

(1983), Styler and Chin (1983), Sharp et al., 

(1984) and Litz (1985). 

 

Considering the importance of Aloe vera & its 

propagation by tissue culture, this review 

work is presented describing the various 

essential components and methods in the 

following subheads. 

 

Propagation by tissue culture 

 

Micropropagation is the most commercially 

exploited area of plant tissue culture, which is 

a powerful tool for large scale production of 

planting materials. This technology has now 

been commercialized globally and has 

contributed significantly towards the 

enhanced production of high quality planting 

material. 

 

Reports on micropropagation of Aloe vera 

have been given by various researchers such 

as Sanchez et al., (1988), Natali et al., (1990) 

Meyer and Staden (1991), Roy and Sarkar 

(1991), Corneanu et al., (1994), Richwine et 

al., (1995), Abrie and Staden (2001), 

Chaudhuri and Mukandan (2001), Aggarwal 

and Barna (2004), Hosseini and Parsa (2007), 

Hashembadi and Kaviani (2008), Singh et al., 

(2009), Nayanakantha et al., (2010), Kumar et 

al., (2011), Biswas et al., (2013), Gantait et 

al., (2014) etc. 
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Plant material (Explant) 

 

The type of explants, size, position, age, 

physiological state and the manner in which it 

is cultured can affect the initiation of the 

cultures and further morphogenetic response 

(Murashige, 1974). Often there is an optimum 

size of explant suited to initiate cultures. Very 

small shoot tips or fragments do not survive 

well while it is difficult to decontaminate 

larger explants. The size of explant is also 

likely to influence the uptake of mineral salts 

irrespective of whether it is grown on liquid 

or solid medium (George and Sherrington, 

1984). 

 

Various plant parts like shoot tip or meristem, 

leaf segments, floral parts, aerial roots etc., 

have been successfully used for in vitro 

propagation. 

 

Murashige (1974, 1978 and 1979) recognized 

four basic production stages of 

micropropagation achieved directly from 

proliferation of axillary bud, organogenesis, 

and somatic embryogenesis. This 

categorization of production stages has been 

used extensively. Stage I, II and III occur in 

vitro, while stage IV occurs in a hardening 

chamber. 

 

Hirimburegama and Gamage (1995) 

introduced axillary and apical buds as 

explants for multiple shoot formation. 

 

For micropropagation of Aloe vera various 

types of explants such as shoot tip, leaf tip, 

leaf segment, axillary branch, bud, stem were 

used successfully for multiple shoot 

production directly. Of these, shoot tips found 

to be the most suitable explants for 

micropropagation by majority of the 

researchers (Aggarwal and Barna, 2004; 

Hashemabadi and Kaviani, 2008; Bhandari et 

al., 2010; Kumar et al., 2011; Biswas et al., 

2013). 

Some of the researchers reported that Aloe 

vera micropropagation studies had been 

performed using mainly underground stems as 

explants (Roy and Sarkar, 1991; Kawai et al., 

1993; Corneanu et al., 1994; Zhou et al., 

1999). Such explants suffer from a relative 

high contamination level and phenolic 

substances. 

 

There is no report on the successful 

micropropagation of Chinese aloe, partly 

because of the difficulties in establishing 

primary explants (Liao et al., 2004). In this 

approach young and strong underground stem 

were used as primary explants and 

successfully cultured propagation of Chinese 

aloe. 

 

Kay et al., (2005) used two explants types, 

such as stem tips including apical meristem 

and leaf base from aseptic plant of Aloe vera. 

Growth and development of leaf base were 

not observed until three months; it turned into 

brown in colour and died within the culture 

period. 

 

Oliveria and Crocomo (2009) used four 

hundred eighty apical buds explants , each ̴ 1 

cm
3
, were isolated from young lateral shoots 

bearing six to nine leaves. Atleast 300 

microplants were produced from a single 

apical bud of Aloe vera in a period of 4 

months. 

 

Nayanakantha et al., (2010) used lateral 

shoots (suckers) of Aloe vera (one month 

old). Explants were prepared by removing 

roots and brown coloured tissues and 

extending leaf portions to give an average size 

of 3-4 cm. 

 

On the basis of higher yield of leaf biomass 

Bhandari et al., (2010) collected shoot tip of 

2.0-3.0 cm from offshoot-derived elite 

individual of the superior genotype of Aloe 

vera. New buds starts to appear from the axil 
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of shoot tip of explants after 4 weeks of 

inoculation. 

 

Das et al., (2010) concentrates on high 

frequency micropropagation of disease free 

quality plants of Aloe vera from shoot apical 

meristem. New buds were obtained from a 

single explant which indicates the efficiency 

of this protocol. 

 

Kumar et al., (2011) used shoot tips as 

explant which starts to show signs of 

proliferation after two weeks of culturing. 

New buds starts to appear from the axil of 

leaves of shoot explants and buds develop 

into shoots by 4 weeks of culture. 

 

Seeds and meristems were also used as 

explants for callus induction, and plant 

regeneration. Abrie and Staden (2001) found 

that by taking seeds as explant is possible to 

establish sterile culture.  

 

The use of seeds for the establishment of 

primary cultures can prevent most of the 

decontamination problems that are often 

associated with explant establishment. 

 

Micropropagation using stem and lateral 

shoot pieces of Aloe vera had already been 

proved successful (Meyer and Staden, 1991; 

Aggarwal and Barna, 2004). Khanam et al., 

(2014) used lateral shoots to develop a system 

for the mass propagation of Aloe vera through 

different combinations of plant growth 

regulators and found that it supports the data 

of many researchers. 

 

Gupta et al., (2014) tested various explants 

such as nodal segments, apical and leave for 

understanding in vitro response in nutrient 

media.  

 

Among the 3 explants, the apical bud explants 

gave the best results and were used for further 

experiments. 

Decontamination/ Explant disinfection 

 

Sterilization of explants is an essential 

requirement in order to improve the success 

of micropropagation. In the process of 

sterilization living materials should not lose 

their biological activity, but only bacterial or 

fungal contaminants should be eliminated. 

The commonly used sterilants are bleach, 

ethanol, sodium hypochlorite, mercuric 

chloride. The type of sterilant used, 

concentration and time depends on the nature 

of explant and species (Razdan, 1993). 

 

The use of seeds for the establishment of 

primary cultures can prevent most of the 

decontamination problems that are often 

associated with explant establishment (Abrie 

and Staden, 2001). The seeds were scarified 

using sandpaper or a scalpel blade prior to 

treatment. Seeds were decontaminated in 70% 

ethanol for 2 minutes followed by a 10 

minutes rinse in 1% NaOCl solution. The 

seeds were then rinsed thoroughly in sterile 

distilled water. 

 

After cutting young and strong underground 

stem into pieces with 1-2 buds, Liao et al., 

(2004) washed the explant under running tap 

water for 24 minutes. Stems with buds were 

surface disinfected with 70% (v/v) ethanol for 

1 minute and 0.1% (w/v) HgCl2 for 10 

minutes followed by five rinses with sterile 

deionized water. The surface disinfected 

stems were cut into 1-2 cm segments each 

with buds. 

 

Kay et al., (2005) washed leaf tips of Aloe 

vera with water thoroughly under tap. Then, 

leaves were removed and leafless tips were 

swapped with 70% ethanol. After that, they 

were clean with sterile water and dipped in 

15% Cocorex solution for 20 minutes. Finally 

dissected explants were rinsed with sterile 

distilled water and inoculated in culture 

media. 
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Singh et al., (2009) kept axillary shoot 

segments and root tips in a chilled, sterile 

anti-oxidant solution (200.0 mg/l of ascorbic 

acid, 50.0 mg/l of citric acid, and 25.0 mg/l of 

polyvinylpyrrolidone; PVP). These were 

washed carefully and sectioned into segments 

of 3.0-6.0 cm in length and 0.3-0.5 cm in 

thickness. These were pretreated with 0.1% 

aqueous solutions of bavistin (a systemic 

fungicide) and streptomycin (an antibiotic) for 

15 minutes and surface sterilized with a 0.1% 

aqueous solution of mercuric chloride (HgCl2) 

for 4-5 minutes. The surface-sterilized 

sections were washed several times with 

autoclaved water and kept in chilled sterile 

antioxidant solution for 5 minutes. 

 

Shoot tip explants containing 1-2 buds were 

washed via tap water for 30 minutes followed 

by surface sterilization using 2% (w/v) 

NaOCl for 30 minutes (Hashemabadi and 

Kaviani, 2008). The explants were thoroughly 

rinsed with sterile water. The surface 

disinfected explants were cut into 1 cm 

segments, each with buds. Again, explants 

were sterilized using 1% (w/v) NaOCl for 2 

minutes followed by three rinses with sterile 

water. 

 

Kumar et al., (2011) washed shoot tips 

thoroughly in running tap water for 15 

minutes. After that they were again washed 

with liquid detergent and Tween 20 for 10 

minutes with gentle shaking. After washing 

with detergent explants were again washed 

with running tap water to remove any traces 

of detergent for 15 minute and kept in 1% w/v 

solution of Bavistin for 1 hour. Subsequently, 

the explant was shifted to the 1% v/v solution 

of savlon for 1-2 minutes. Shoot tip were 

taken inside the laminar hood for further 

sterilization. Here 2-3 sterile water washings 

are given. After these washings, explants 

were taken out and dipped in 70% ethyl 

alcohol for 30 seconds and then dip into 

alcohol for 20 second, explants were surface 

sterilized with freshly prepared 0.1% w/v 

aqueous solution of mercuric chloride for 5 

minutes. After mercuric chloride treatment, 

explants were thoroughly washed for 4-5 

times with sterile water to remove any traces 

of mercuric chloride. Medium was autoclaved 

at 121
o
C for 20 minutes. 

 

Sharifkhani et al., (2011) removed soil and 

dusts from roots explant, were cut carefully 1 

cm below the transition zone. Leaves were cut 

from around the nodal region and exuded gel 

and the parts were washed for 30 minutes 

under running tap water. Different 

concentrations of sodium hypochlorite were 

prepared in 2.5%, 3.75%, 5%, 6.25%, 7.5% 

(commercial brand Clorox 10%, 15%, 20%, 

25%, 30%) with distilled water and 5 drops of 

Tween 80 in one litre of solution. The 

explants were soaked in 70% ethanol for 30 

seconds then were exposed to each 

concentration for a period of 20 minutes with 

hard and constant shaking approximately 250 

rpm. 

 

Biswas (2013) collected lateral shoots 

explants which was prepared by removing 

roots and brown colour tissues and extending 

leaf portions to give an average size of 3-4 

cm. They were washed thoroughly with 

running tap water for about 10 minutes till all 

soil and other foreign materials washed off. 

Sets of twenty explants were then washed 

with tap water containing a few drops of 

Tween 20 and rinsed in 70% ethanol for 30 

seconds followed by initial soaking in sodium 

hypochlorite containing approximately 4% 

available chlorine for 10 minutes and then in 

freshly prepared mercuric chloride solution 

(0.1 %) for 10 minutes. Finally they were 

washed 3-4 times with sterile distilled water 

before culturing. 

 

Gupta et al., (2014) collected leaves from 

healthy plants of Aloe vera washed 

thoroughly under running tap water followed 
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by a dip in 5% Teepol (liquid detergent) for 5 

minutes. The leaves were washed clean of any 

traces of detergent prior to transfer to laminar 

flow cabinet. Further sterilization was done 

with 0.05-0.4% HgCl2 for 5-15 minutes, 

followed by a quick dip in 70% ethanol for 1 

minute and then washed thoroughly with 

sterile distilled H2O 3-4 times to remove all 

traces of chemicals. The leaves were placed 

over sterile blotting paper for soaking the 

excess water from the surface. With the help 

of a sterile blade, the leaves were then cut into 

rectangular sections of 5 mm by 5 mm with 

the midrib intact and placed on the medium 

with the dorsal side down. 

 

Culture media 
 

The success of plant tissue culture is greatly 

influenced by the nature of the culture 

medium used. Plant tissue culture media 

provides major and minor nutrient elements 

and carbohydrates. A wide variety of media 

have been reported. The choice depends on 

the plant species and the intended use of the 

culture. Nutritional requirements for optimal 

growth of a tissue may vary with species. 

Even tissue from different parts of a plant 

may have different requirement for 

satisfactory growth (Murashige and Skoog, 

1962). 

 

Murashige and Skoog (1962) medium 

characterized by high concentration minerals 

salts has been widely used for general plant 

tissue culture. No other factor has received as 

much attention as media, since the success in 

plant cell culture is largely determined by the 

quality of nutrient media (Vasil and Thorpe, 

1994). 

 

Ahmed et al., (2007) cultured the explants on 

MS nutrient medium supplemented with 

different concentration (0.5, 1.0, 1.5, 2.0, 2.5, 

3.0 mg/l) of BA and KIN alone or in 

combination of BA, KIN and NAA. The 

explants began to show the signs of shoot 

proliferation after two weeks of culturing. All 

explants gave aseptic cultures. Plants were 

free from both fungal as well as bacterial 

contamination. 

 

Bhandari et al., (2010) inoculated the 

microshoots on MS basal medium (Murashige 

and Skoog, 1962) with different 

concentrations and combinations of BA and 

KIN (in combination of IBA 0.2 mg/l) for 

shoot proliferation. Both BA and KIN were 

found to give the indications of shoot 

proliferation after 2 weeks of incubation. It 

was found that BA gave better shoot 

proliferation than KIN. 

 

Explants produced multiple shoots on MS 

cultures containing 13.32 μM BAP. The cut 

end of explants exhibited excessive leaching 

of phenolic substances, a cause of browning 

of the culture medium detrimental for cultures 

in vitro (Singh et al., 2009). The 

incorporation of antioxidants to the culture 

medium promoted growth and prevented 

browning of the culture and the nutrient 

medium. 

 

Shoot bud induction was found best in MS 

containing 35.5 μM BAP, 9.8 μM IBA and 

81.4 μM adenine sulphate (Das et al., 2010). 

 

Murashige and Skoog (1962) medium was the 

one most frequently used and occasionally 

different media such as N69, PRL-4-C, 

Knudson C, WPM, Gresshoff and Doy and 

SH were also used by different workers. 

 

Growth regulators 
 

Selection of appropriate combinations of plant 

growth regulators is the most important aspect 

in developing a successful protocol for tissue 

culture. For obtaining desired response in 

tissue culture, the role of growth regulators 

and their concentrations will have to be 
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carefully chosen. The most important 

developments in the tissue culture of the 

plants were with the discovery of growth 

regulators, auxins, gibberellins, cytokinins, 

abscisins and other organic compounds like 

inositol and B-vitamins. 

 

Growth and morphogenesis in vitro are 

regulated by the interaction and balance 

between the growth regulators supplied in the 

medium and the growth substances produced 

endogenously by the cultured cells. Apart 

from the direct effect on cellular mechanisms, 

many synthetic regulators may modify the 

level of endogenous growth substances 

(George and Sherrington, 1984). 

 

Murashige (1974) used rapidly multiplied 

shoot tips and a satisfactory rate of increase in 

divisions was obtained by simply lowering 

the IAA level in the basal medium. 

 

Some researchers have indicated that the 

presence of both auxin and cytokinin is 

necessary for shoot establishment and 

proliferation (Roy and Sarkar, 1991; Rout et 

al., 2001; Velcheva et al., 2005). 

 

Shoot initiation and multiplication 
 

Natali et al., (1990) were the first research 

group to report a method for direct multiple 

shoot initiation and proliferation from 

meristem tips using MS medium 

supplemented with 0.02 mg/l 2,4 

dichlorophenoxy acetic acid (2,4-D) plus 0.5 

mg/l N6-benzyladenine (BA).  

 

Meyer and Staden (1991) reported that 

indole-3-butyric acid (IBA) at 1 mg/l plays 

the exclusive role to induce multiple axillary 

buds to turn into shoots and spontaneous roots 

from decapitated shoot explants. More 

adventitious and axillary buds developed on 

nutrient media supplemented with IBA rather 

than with α-napthalene acetic acid (NAA). In 

the presence of indole-3-acetic acid (IAA) in 

the nutrient medium only, axillary buds were 

developed.  

 

Some Scientists reported that the presence of 

the plant growth regulators, particularly 

cytokinin in culture medium is the most 

important factors for shoot initiation and 

proliferation (Abrie and Staden, 2001; 

Chaudhuri and Mukandan, 2001; Aggarwal 

and Barna, 2004; Liao et al., 2004; Mamidala 

and Nanna, 2009; Hoque, 2010; Abadi and 

Hamidoghli, 2009). A range of cytokinins 

(BA, BAP, KIN and Zeatin) has been used for 

Aloe vera micropropagation (Velcheva et al., 

2005; Araujo et al., 2002; Debiasi et al., 

2007; Liao et al., 2004; Namli et al., 2010). 

Some researchers have shown that the 

presence of both of auxin and cytokinin is 

necessary for shoot proliferation (Roy and 

Sarkar, 1991; Rout et al., 2001; Velcheva et 

al., 2005). 

 

The suitable ratio of cytokinin to auxin for the 

multiplication of the Aloe arborescence was 

determined as 10:1 by Wu (2000). 

 

Liao et al., (2004) reported that the best 

medium for micropropagation of Aloe vera 

was that supplemented with 2 mg/l BA + 0.3 

mg/l NAA. 

 

Baksha et al., (2005) cultured shoot tip 

explants on MS supplemented with various 

concentrations and combinations of BAP, 

NAA and BAP alone for induction of 

adventitious shoots. The best and rapid 

regeneration was observed on MS 

supplemented with 2 mg/l BAP + 0.5 mg/l 

NAA. This treatment yielded highest 

percentage of multiplication (75%), 10 

number of regenerated shoots per culture 

having shoot length of 4 cm.  

 

Ahmed et al., (2007) observed that 

multiplication of shoots was found best on 
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MS medium in combination of BA 2.0 mg/l, 

KIN 0.5 mg/l and NAA 0.2 mg/l. and the 

emergence of shoots took place in 2 weeks 

and the percentage of shoot proliferation and 

the number of shoots per explant was 98.96% 

and 15.39 numbers. 

 

Hashemabadi and Kaviani (2008) observed 

that shoot tip explants on medium with 0.5 

mg/l BA + 0.5 mg/l NAA showed signs of 

proliferation after two weeks. Highest number 

of shoots per explant 9.67 was produced on 

medium containing 0.5 mg/l BA + 0.5 mg/l 

NAA. The least number of shoots per explant 

(nil) was shown in hormone-free medium.  

 

Singh et al., (2009) reported that bud breaking 

occurred in cultures after 28-32 days leading 

to multiple shoot production. Maximum 

response was observed on semi-solid agar 

gelled MS medium with 13.32 μM of BAP 

and additives. From each explants 10.3 ± 

0.675 shoots (2.49 ± 0.345 cm long) were 

regenerated.  

 

Nayanakantha et al., (2010) reported that the 

maximum number (16.0) of shoot bud per 

explant with a shoot length of 1.0 ± 0.3, was 

observed in the presence of 4.0 mg/l BAP and 

0.2 mg/l NAA within four weeks of culture.  

 

Bhandari et al., (2010) observed that new 

buds starts to appear from the axil of shoot tip 

of explants after 4 weeks of inoculation. Both 

BA and KIN were found to give the initiation 

of shoot proliferation after 2 weeks of 

incubation. BA (1mg/l) containing medium 

showed 100% shoot proliferation with 3.3 ± 

1.1 numbers of shoot per explants while KIN 

(1mg/l) containg medium showed 90% shoot 

proliferation with 3.1 ± 1.1 number of shoots. 

 

Das et al., (2010) found the best shoot bud 

induction in MS containing 35.5 μM BAP, 9.8 

μM IBA and 81.4 μM adenine sulphate while 

the best shoot multiplication was found in 

medium containing 8.87 μM BAP, 2.46 μM 

IBA and 108.58 μM adenine sulphate which 

produced 22.0 ± 0.14 numbers of shoot per 

explants with 4.20 ± 0.03 cm shoot length.  

 

Hashemabadi and Kaviani (2010) cultured 

shoot tip explants on medium with 0.5 mg/l 

BA + 0.5 mg/l NAA and it showed signs of 

proliferation after two weeks. The highest 

number of shoots per explants (3.15) was 

obtained on the medium containing 0.5 mg/l 

BA + 0.5 mg/l NAA.  

 

Jayakrishna et al., (2011) reported that shoot 

tip explants of Aloe vera L. showed best 

response 80% in MS mediun containing 2 

mg/l BAP. 

 

Kumar et al., (2011) reported that explants 

started to show initiation of shoot 

proliferation after two weeks of culturing. In 

medium containing BA (1mg/l), on an 

average each explant gave rise to 3.0-3.3 

shoots and 100% cultures showed shoot 

proliferation. On medium containing KIN (1 

mg/l), only 90% cultures showed shoot 

proliferation. The explants which were 

cultured on medium without any 

phytohormone, failed to produce any new 

shoots. 

 

Biswas et al., (2013) reported that after 

inoculation of explants, shoots started to 

proliferation after two weeks of culturing 

where shoot induction percentage was 100%. 

After 8 weeks, the best proliferation of 

average number of shoot per explants was 7.8 

for the medium containing of 2 mg/l BA with 

0.5 mg/l NAA. 

 

Abdi et al., (2013) tested the response of the 

different Aloe vera explants on media 

containing different levels and combination of 

cytokinins and auxin. Shoot initiation was 

more pronounced in MS medium contain 0.2 

mg/l NAA and 4 mg/l BA. Maximum number 
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of shoots per explant 11.2 was achieved in 

MS medium with and 4 mg/l BA. 

 

Zakia et al., (2013) studied the effect of 

various PGRs including cytokinin (BAP) and 

auxin (NAA) assessed for shoot proliferation 

of Aloe vera. Shoot multiplication was found 

best in MS medium supplemented by 0.5 mg/l 

BAP and 0.5 mg/l of NAA. After 7 weeks of 

inoculation, greatest number of shoots (11.18) 

and highest shoot length (12.15 cm) was 

achieved. 

 

Daneshvar et al., (2013) studied the effect of 

cytokinins on shoot proliferation of Aloe vera. 

In media free of cytokinin, the explants 

produced mostly callus and/or a single shoot 

along with rhizogenesis. In this experiment, 

the shoot tip explants in MS media containing 

different concentrations of BAP + KIN + 

NAA showed greater effect than BAP + NAA 

on shoot proliferation. 

 

Khanam et al., (2014) reported that a perfect 

combination of auxin and cytokinin is needed 

for optimum shoot induction. MS basal 

medium in combination with 4.0 mg/l BAP 

and 0.2 mg/l NAA was found to be the best 

on which explants began to show emergence 

of shoot buds within one week.  

 

Within four weeks maximum shoots per 

explants on this combination was 14.3 ± 0.33 

and length of plantlets was found 1.8 ± 0.67 

cm and after 6 weeks number of maximum 

shoots per explants was 18.1 ± 0.61 and 

length of plantlets were found 2.5 ± 0.39.  

 

Dwivedi et al., (2014) found that shoot 

proliferation occurred in presence of 

cytokinin. Cytokinin level produced a 

significant response upon the number of 

explants formed per plant and also showed 

influence on production of leaf numbers and 

rooting. Shoot multiplication was best on MS 

medium containing 1.5 mg/l BA. The 

percentage of shoot proliferation and number 

of shoots were 90 and 14 respectively. 

 

Gupta et al., (2014) tried to develop an 

efficient protocol of in vitro culture to obtain 

maximum plantlets regeneration. The best and 

rapid in vitro formation of microshoots 

through the callus phase was observed on MS 

supplemented with 2 mg/l BAP + 0.5 mg/l 

NAA. Maximum shoot produced was 4.8 ± 

0.53 with average length of 3.5 ± 0.35 cm. 

 

In vitro rooting 

 

Abrie and Staden (2001) observed that 

rooting response was unpredictable and 

investigate the influence of the auxin IBA 

(0.5 mg/l), compared to the response on MS 

medium containing BA (0.1 mg/l). After four 

weeks, 64.2% of the plantlets had formed 

roots on the IBA containing medium, 

compared to only 21.4% on the BA 

containing medium. After eight weeks, this 

improved to 71.4% and 64.4% respectively. 

On both media, the roots appeared normal and 

turned yellow or brown at maturity. 

 

Baksha et al., (2005) reported that root 

formation was induced in in vitro regenerated 

shoots by culturing them on half strength of 

MS supplemented with 0.5 to 1.5 mg/l of IBA 

or NAA or IAA. In the medium with 0.5 mg/l 

of NAA, roots began to emerge from the 10th 

day of culture and within a period of 23-28 

days frequencies of root formation were 95%. 

The highest number of roots per shoot was 4.8 

± 0.53 with an average length of 3.5 ± 0.35 

cm. The roots that developed in the medium 

containing higher concentration (1.0-1.5 mg/l) 

of auxin, were poor in quality.  

 

Ahmed et al., (2007) reported that 

proliferating shoots took maximum 7-8 weeks 

to attain the size suitable for rooting (>2 cm). 

The highest percentage of shoots that induced 

roots (80.25%) was observed in MS medium 
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supplemented with NAA 0.2 mg/l, followed 

by IBA 0.2 mg/l. Effect of IAA in rooting was 

very poor. The highest number of root per 

culture (6.71) was found in MS medium 

containing NAA 0.2 mg/l. 

 

Hashemabadi and Kaviani (2008) found that 

rooting percentage was improved in the 

presence of low concentrations of BA and 

NAA. They also revealed that there is a 

negative correlation between rooting and BA 

concentration in the medium. The shoots 

showed good rooting on MS medium 

supplemented with 0.5 mg/l BA + 0.5 mg/l 

NAA and 1 mg/l BA + 0.5 mg/l NAA. The 

largest number of roots was obtained on 

medium supplemented with 0 mg/l IBA + 1 

mg/l NAA (9.71) and the longest (8.75 cm) 

and thickest (4.3 cm) roots were achieved on 

medium supplemented with 1 mg/l IBA + 1 

mg/l NAA. 

 

Singh et al., (2009) recorded, on hormone-

free half-strength semi-solid MS salts with 

200.0 mg/l of activated charcoal, 100% of the 

shoots rooted at 32 ± 2°C. Root induction was 

observed after 10-12 days of inoculation. 

Cloned shoots also rooted under ex vitro 

conditions if treated with root-inducing 

hormone (IBA/NAA) for 5 minutes. 

Treatment of shoots with 2.473 mM NAA for 

5 minutes, more than 95% of the shoots was 

rooted on soilrite. Root initiation was 

observed after 13-15 days of auxin treatment. 

Higher concentrations (more than 2.473 mM) 

of root-inducing hormone (NAA) cause 

deterioration of shoot bases and no rooting 

was observed there. On lower concentrations 

of NAA (less than 2.473 mM), the percentage 

of rooting was less and root induction was 

also delayed. 

 

Nayanakantha et al., (2010) suggest that 

external application of auxin is not necessary 

for root induction of Aloe vera and these 

results are consistent with the findings of 

Agarwal and Barna (2004) and Roy and 

Sarkar (1991). Shoots in the initial 

regeneration media containing BAP alone or 

in combination with NAA did not produce 

roots. However, media containing activated 

charcoal irrespective of presence of citric acid 

induced roots after one month of culture. 

However, the roots initiated in these media 

were thin and delicate. Therefore, rooting 

potential in two other media; one devoid of 

growth hormones and other containing 0.2 

mg/1 NAA was evaluated. Rooting occurred 

within two weeks in all rooting media. 100% 

rooting was observed in media containing 0.2 

mg/1 NAA with 1.3 ± 0.34 numbers of roots 

and 4.1 ± 0.55 cm root length, while 90% 

rooting was observed in media containing 0.5 

g/1 activated charcoal irrespective of presence 

of citric acid and lacking hormones within 

two weeks of culture with 1.4 ± 0.72 numbers 

of root and root length was 3.1 ± 0.52 cm. 

 

Bhandari et al., (2010) recorded that the 

rooting response was improved in hormone 

free medium. The shoots inoculated on 

hormone free and IBA supplemented medium 

showed rooting response within a week. After 

15 days of inoculation, rooting was 100% in 

hormone free medium. The number of roots 

per shoot was 2.8 ± 0.2 on hormone free 

medium. In both the cases roots were without 

any branches and normal in appearance. 

Average number of roots per plant was found 

2.2 ± 1.2 in medium containing hormones. 

Das et al., (2010) has obtained induction of 

roots in all the concentrations of Aloe gel 

without addition of sucrose and growth 

regulators. For induction of roots different 

concentrations of 2.45‐ 9.8 μM IBA and 

2.69‐ 10.64 μM NAA were tried separately 

and obtained 80% root induction in 2.45 μM 

IBA and 77% root induction in 2.69 μM 

NAA. The highest percentage (100%) of 

rooting with 10.90 ± 0.17 numbers of root and 

3.02 ± 0.11 root length was obtained while 

using Aloe gel in rooting medium.  
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Kumar et al., (2011) reported that the shoots 

inoculated on hormone free and IBA 

supplemented medium showed rooting 

response within a week of inoculation. 

However, the response was better in hormone 

free medium. After the 15 days of inoculation, 

rooting was 100% in hormone free medium. 

The number of roots per shoot was 2.8 ± 0.5 

on hormone free medium. In case of hormone 

free medium, roots were more thick and 

elongated, while the roots on hormone 

supplemented medium were thin and less 

elongated and average number of roots per 

plant was 1.7 ± 1.1. 

 

Biswas et al., (2013) observed that rooting 

percentage was improved in presence of low 

concentrations of IBA and NAA and do not 

support 100% rooting in Aloe vera in 

hormone free medium. No adventitious roots 

were initiated in auxin free media. Old leaves 

and shoots greater than 10 cm in size did not 

induce adventitious roots under any 

conditions. NAA (0.5 mg/l) was most 

effective for bringing about improvements in 

induction rate (90%), 5.2 number of 

adventitious roots per explants during six 

weeks of culture. 

 

Dwivedi et al., (2014) reported that highest 

percentage of root induction (80%) was 

observed in MS medium supplemented with 

0.5 mg/l IBA and healthy rooting was 

observed. Healthy roots i.e more than 10 

number of roots having root length of more 

than 6 cm was ob tained in the same medium 

after 8 weeks of culture. 

 

Gupta et al., (2014) found auxins (NAA) as 

best for root induction. Root formation was 

induced in in vitro regenerated shoots by 

culturing them on half strength of MS 

supplemented with 0.5 to 1.5 mg/l of any of 

the three plant growth regulators IBA, NAA 

or IAA. Root formation was not observed 

when shoots were cultured on a medium 

lacking auxin. It was also reported that the 

highest root multiplication in Aloe vera was 

found in MS medium containing BA 1.0 mg/l 

and IBA 0.2 mg/l. 90% of root formation took 

place and the maximum number of root & 

shoot produced was 4.8 ± 0.53 with average 

length of 3.5 ± 0.35cm. 

 

Khanam et al., (2014) reported that roots were 

observed after one week of culture and the 

medium with 2.0 mg/l IBA and 1.0 mg/l NAA 

in combination with MS basal mediun was 

found best for root proliferation. Within two 

weeks maximum roots per explants on this 

combination was 3.4 ± 0.47 and length of 

roots were found 3.9 ± 0.62 cm and after 4 

weeks number of maximum roots per explants 

was 6.7 ± 0.31 and length of roots were found 

7.1 ± 0.53. The least number of root per 

explants was zero found in hormone free 

medium. 

 

Hardening medium 

 

One of the major obstacles in the application 

of tissue culture methods for plant 

propagation has been the difficulty in 

successful transfer of plantlets from the 

laboratory to the field (Wardle et al., 1983). 

The reasons for such a difficulty appear to be 

related to the dramatic change in the 

environmental conditions. The environment 

of the culture vessel is one of low light 

intensity, with very high humidity (generally 

100%) and poor root growth, while the 

greenhouse and/or field conditions are 

typified by very high light intensity, low 

humidity and micro-flora (Desjardins et al., 

1987). Several workers have developed 

protocols to overcome some of these 

constraints. These reasons for such a 

difficulty appear to be related to the dramatic 

change in the environment conditions. 

 

The micropropagated plantlets should be 

hardened before transferring them to open 
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conditions. The medium for hardening should 

have good water holding capacity, drainage 

and aeration.  

 

The plantlets obtained through 

micropropagation should have roots that are 

capable of supporting further growth and 

development. They are usually transplanted 

into compost and kept in partial shade at a 

high ambient humidity for several days.  

 

A suitable environment is often created by 

covering the plantlets either with glass or 

clear polyethylene or by subjecting them into 

intermittent misting. Plants are hardened by 

gradually reducing the humidity and 

increasing the light. 

 

The term media is sometimes used to describe 

the mixture of materials such as peat, perlite, 

vermiculite, rockwool, sand and soil used for 

transferring the plantlets from in vitro 

conditions. Compost which is commonly used 

for rooting conventional cuttings is suitable 

for transferring these plantlets, but there may 

be marked differences in root growth and 

plantlet survival with different media 

(Rodriguez et al., 1987).  

 

Peat may prove to be too acidic substrate for 

some species and some kinds of vermiculite 

are too alkaline in nature. In order to 

maximize the survival of in vitro derived 

plants, it is a routine practice to acclimatize 

them under high levels of relative humidity. 

 

Hardening and ex vitro establishment of 

micropropagated plants in Aloe vera was 

achieved with appreciable success by most of 

the investigators and high percentage of 

whole plant recovery was reported (Abrie and 

Staden, 2001; Liao et al., 2004; Ahmed et al., 

2007; Hashemabadi and Kaviani, 2008; Singh 

et al., 2009; Nayanakantha et al., 2010; Das et 

al., 2010; Bhandari et al., 2010; Kumar et al., 

2011; Biswas et al., 2013; Gupta et al., 2014). 

Rooted plantlets were potted in a mixture of 

potting soil, vermiculite and sand (1:1:1) and 

acclimatized in a mist house (Liao et al., 

2004). Young Chinese aloes were planted in 

the field very successfully (93%). 

 

Ahmed et al., (2007) recorded 82% of 

survivability in mixture of garden soil, 

compost and sand in a proportion of 2:1:1 

where rapid shoot length was also observed. It 

was also revealed that regenerated plants were 

morphologically similar to the mother 

(control) plant. 

 

Hashemabadi and Kaviani (2008) 

successfully acclimatized the plantlets in 

plastic pots containing a mixture of cocopeat 

and perlite (1:1) covered with transparent 

plastic. The result of acclimatization showed 

that 95% of plantlets survived to grow under 

greenhouse conditions and were 

morphologically similar to mother plants.  

 

A mixture of light soil with good drainage is 

suitable for acclimatization of this plant. 

Researchers have proposed a mixture of soil 

and sand (1:1) or soil, sand and perlite or 

vermiculite (1:1:1) for hardening of Aloe vera 

(Natali et al., 1990; Hirimburegama and 

Gamage, 1995). 

 

Singh et al., (2009) found ex vitro plants to be 

easier to harden than in vitro plants. When ex 

vitro rooting of shoots and hardening of 

plantlets are achieved in the greenhouse in a 

single step, the protocol takes a shorter time 

for plantlet production and is several times 

cheaper (Arya, Shekhawat and Singh, 2003; 

Arya, Singh and Shekhawat, 2002). 

 

Nayanakantha et al., (2010) were successfully 

obtained well developed rooted plantlets (4.5-

5 cm long) after two months of culture and 

100% of the explants were survived during 

and after the acclimatization in the pots in the 

plant house. 
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Rooted plantlets of Aloe vera transplanted to 

plastic pots containing garden soil and 

Farmyard manure (1:1) for their hardening. 

Among the 90% survival plants, some plants 

showed the symptoms of leap tip necrosis 

during shade house condition (Bhandari et al., 

2010). 

 

Rooted plantlets were transferred from culture 

bottles to plastic cups in mixture of 1:1 ratio 

of soil: FYM for their hardening prior to their 

final transfer to the soil, showed good 

percentage of survival (85%) in both 

polyhouse and shade house (Kumar et al., 

2011). In shade house, plantlets showed 82% 

survival rate. 

 

Gupta et al., (2014) carried out hardening of 

rooted plants in pots containing 1:2 (v/v) 

mixture of sterile sand and soil in the 

greenhouse at 25 ± 2ºC under 2000 lux light 

intensity provided by white fluorescent lamps 

for 16 hours photoperiod. During the first 

week of hardening period, regenerated plants 

were covered by perforated polythene sheets 

for maintaining high humidity and irrigated 

with sterile distilled water, followed by 

irrigation with tap water in the second week. 

After an additional 2-3 weeks of incubation 

hardened plants were transferred to the field. 

Plants which were transferred directly to the 

field did not survive. The plantlets with well-

developed roots were transferred to polythene 

bags and the acclimatized plants were finally 

transferred to soil with 70% survival rate. 

 

From the above cited information it can be 

concluded that the technique of 

micropropagation of Aloe vera is used for 

rapid multiplication of plants, for genetic 

improvement, for obtaining disease-free 

clones and for preserving valuable 

germplasm. Compare to conventional 

propagation, micropropagation has the 

advantage of allowing rapid production in 

limited time and space which provides 

sufficient numbers of plantlets from a single 

stock plant. To overcome the slow 

propagation rate of Aloe vera, 

micropropagation will be a very useful 

technique for mass multiplication of Aloe 

vera.  

 

Abbreviations 
 

AdSO4 (Adenine sulphate), BAP (Benzyl 

amino purine), IBA (Indole butyric acid), 

NAA (Napthalene acetic acid) 
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