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The aim of study was to assess the effect of different auxin and cytokinin on regeneration potential of rhizomatous stem (RSL and 
TRS) and leaf segment explants of Aloe vera and techniques were standardised for the mass propagation of this wonder drug plant. 
Sterilized explants  ( TRS,  RSL, and  LS) were cultured on the media supplemented with different combination of  IAA, NAA, IBA, 
2,4-D, BAP and Kn within a range of 0.5- 3.0mg/L. Best shoot proliferation (6-7 shoots/ explants) was obtained on MS medium 
containing 2.5mg/L each of  BAP and NAA from RSL explants and highest number of  roots developed directly from LS explants in 
addition to callogenesis on MS medium fortified with  NAA+IAA (2+1)mg/L. Optimum growth of callus was achieved from RSL and 
LS explants on  medium containing NAA+BAP+IBA(2.5+2+0.5)mg/L. Callus in general  was pale -yellow, hydrated and feathery in 
nature. Browning was a serious limitation in primary as well as callus culture which was minimised by ascorbic acid pre treatment. 
The best rooting of microshoots were obtained on shoot regenerating medium containing both BAP and NAA, 2.5mg/L each. In vitro 
grown plantlets were acclimatized and transferred to green house condition, regenerants were morphologically similar to mother 
plants.  
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Aloe vera L. (Aloe barbadensis Mill, family - 
Liliaceae) comprising 500 species (Deng et 
al.1999),  is a cactus like succulent, perennial, 
xerophytic herbs with short stem and shallow 
root system growing in garden as well as in wild 
habitat. This plant is native of North America 
and has restricted distribution in our locality 
(Muzaffarpur), it reproduces by vegetative 
methods through root suckers and adventitious 
shoot buds as the male flowers show sterility 
(Keizer and Cresti 1987), growth rate of these 
propagules is much slow. Aloe vera gel 
obtained from leaf pulp has been reported to 
have multiple beneficial properties for wound 
healing, including the abilities to penetrate and 
anesthetise tissues, arrests bacterial, fungal and 
viral growth, acts as an anti inflammatory agent 
and enhances blood flow (Klein and Penneys 
1988, Haller 1990, Davis et al. 1994, Heggers et 
al. 1996, Yao et al. 2009, Sahu et al. 2013) 
Medicinal properties are due to aloin, 
isobarbadonin and emodin (Chopra et al. 1956, 
Naik 1998, Singh and Sood 2009) and fleshy 
leaves of Aloe have been found to contain about 
200 bioactive constituents (Waller et al. 1978, 
Vogler and Ernest 1999). 

Due to slow rate of natural growth, ever 
increasing demand for this “Potted Physician” 
can not be met with traditional method of 
propagation, hence there is need for mass 

propagation of this plant through in vitro 
method to fulfil the demand of pharmaceutical 
and cosmetic industries. It is in great demand 
for its medicinal and cosmetic properties by 
rural, urban and tribal folks (Kliein and 
Penneys 1988), the cultivation of this wonder 
drug plant is now a days encouraged by herbal 
experts. Keeping this in view, there is need for 
the systematic cultivation of rare medicinal 
plants including Aloe vera for their germplasm 
conservation, selection of desired genotypes 
and mass propagation of superior clones (Ahuja 
1994, Naseem and Jha 1997, Heble et al. 1998, 
Kumar et al. 2010). 

 Some workers have attempted to propagate this 
plant through tissue culture methods (Aggarwal 
and Barna 2004, Gosal and Gosal, 2009) and 
few reports are available on in vitro propagation 
of A. vera (Meyer and Staden 1991, Ahmed et 
al. 2007, Kumar et al. 2011).  In these studies, 
shoots tips were cultured after complete 
removal of leaf primordia, this causes the 
complete loss of the axillary buds lying at the 
leaf base and resulting induction of lesser 
number of shoots in vitro (Singh and Sood 
2009) but our studies are based on a separate 
line using different plant parts viz. rhizomatous 
stem (RSL and TRS) and leaf segments as 
explants. The main objective of the present 
investigation is to develop an efficient and 
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reproducible protocol for production of large 
number of plantlets of Aloe vera in a short time 
to meet the growing demand for pharmaceutical 
and herbal industries.

MATERIALS AND METHODS 

Medium preparation:

Stock solution of MS medium (Murasige and 
Skoog 1962) and different concentration (0.5-
3mg/L) and combination of phytohormones 
(IAA, IBA, NAA, BAP, Kn, and 2,4-D) were 
prepared, pH of the medium was adjusted to 5.8 
prior to autoclaving at 121°C for 20 minutes and 
15 ml medium was dispensed in each culture 
tubes (Borosilicate glass culture tube, 
150×25mm).

Explants preparation:

Specimens of Aloe vera were taken for explants 
preparation from garden of University 
Depar tment  of  Botany.  Leaves  and 
Rhizomatous stem collected from 12 months 
old plants during March – November, were 
thoroughly washed with running tap water for 
at least 40 minutes and were dried with blotting 
paper, and finally three kinds of explants set 
(RSL, TRS and LS,Fig.1) were prepared.

Set I : Rhizomatous stem with leaf base intact 
(RSL, 8-10mm).

Set II : Trimmed rhizomatous stem without leaf 
and root fibre (TRS, 8-10mm).   

Set III : Leaf segment (LS, 8x6 mm).

For the surface sterilisation, explants were 
washed with liquid detergent Tween 20 
(Himedia, laboratory of India) for 10 minutes 
with vigorous shaking. After that explants were 
kept in1% w/v solution of Bavistin (BASF 
India Limited) for 45 minutes followed by 30 
minutes treatment with ascorbic acid 
(0.5mg/ml). After Bavistin and ascorbic acid 
treatment, explants were treated with 0.2% 
HgCl  and 0.1% NaOCl for 3-5 minutes and 2

finally rinsed 3-4 times with sterilised distilled 
water.

Inoculation:

Sterilized explants (RSL, TRS, LS) were   

aseptically cultured on different set of MS 
media (Table 1 and 2) containing 3% sucrose, 
0.8% Agar (Difco-Bacto) and different 
concentration and combination of growth 
regulators. Ten replicates were maintained for 
each experiment and were repeated twice. All 
cultures were incubated at 25±2°C with a 
relative humidity of 60-65% and 16 hour 
continuous photoperiod of 1000 lux irradiance 
provided by cool-white fluorescent tubes 
(Crompton Greaves, India). Callus induction 
lasted for 6-8 weeks, subculture of callus 4 
weeks, shoot regeneration and elongation 6 
weeks and in vitro rooting 5-6 weeks, the time 
of each stage was fixed.

RESULTS AND DISCUSSION  

The response in the explants (RSL, TRS, LS) 
became visible after 3-4 days of the inoculation, 
hypertrophy occurred in all the inoculated 
explants prior to callus formation (Table 1). MS 
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Figure 1:  i.12 Months old in vivo Aloe plant ii. Set I 
explant iii. Set II explants iv. Set III explants
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media fortified with different combination and 
concentration of growth regulators exhibited 
different morphogenetic responses.

 Callus induction:

Callus started to form from RSL and LS 
explants after 12 days of inoculation on MS 
media having auxin (NAA, 2,4-D, IBA) and 
cytokinin (BAP) in different combination and 
concentration (Table-1). Maximum callus 
formation were obtained from RSL as well as 
LS explants on a combination of growth 
h o r m o n e s  [ N A A + I B A + B A P ,  
(2.5+0.5+2)mg/L, Fig. 2A and 2B], the callus 
was in general pale- yellow in colour and 
feathery in texture. High % of calli was also 
induced from LS explants on the media 
supplemented with 1mg/L 2,4-D and 
NAA+BAP+2,4-D (2+0.5+0.5)mg/L. Little 
work has been done on callus culture of Aloe 
species because establishment of primary 
cultures in case of callus induction  is difficult 
owing to secretion of phenolic substances by 
explants. Groenewald et al. (1975) used seeds 
as explants for the initiation of callus but failed 
to obtain regeneration, however, Roy and 
Sarkar (1991) and Ramsay and Gratton (2000) 
obtained few callus mediated shoots in culture 
of  A. vera L. using Polyvinylpyrolidine (PVP).  
Frequency of callus induction was high in case 
of LS explants than RSL explants (Table 1) and 
no response was achieved from TRS explants 
on any combination of hormones (Table1). 
Calli were subcultured after 4 weeks on the 
same and different combination of hormones 
for their conservation and further regeneration.

No result on callus formation and regeneration 
from LS explants has yet been reported, this is a 
novel attempt with regard to callus formation 
from leaf segments explants (Saggoo et al. 
2010, Dwivedi et al. 2014, Khanam et al. 
2014). Calli obtained from LS and RSL 
explants on different media (Table1) can be 
used as an ideal system for shoot regeneration.  

Shoot induction:

Good number of shoots were directly obtained 
after 14 days of inoculation  from RSL explants  
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on the media having NAA+ BAP (2+2, 
2.5+2.5)mg/L but after increasing the 
concentration of BAP and NAA above 2.5 
mg/L, number of shoot proliferations were 
declined (Table 2). Optimum response (6.75± 
0.35 shoots/ RSL explants, Fig. 2C) was 
obtained on BAP+NAA (2.5+2.5)mg/L. The 
result was more promising in RSL explants 
compared to TRS explants, no shoot 
regeneration was recorded from LS explants on 
any combination of hormone (Table 2). 
Variations of BAP concentration affected shoot 
proliferation in the present case, has also been 
reported by Naseem and Jha (1997), Singh et 
al. (2009) and Bhandari et al. (2010).

The type of explants had great impact on shoot 
proliferation (Liao et al. 2004, Aggarwal and 
Barna 2004, Velcheva et al. 2005), stem having 
axillary buds has been proven to be the most 
promising and efficient explants for 
micropropagation of Aloe (Natali et al.1990, 
Budhiana 2001 Meyer and Staden 1991, Liao et 
al. 2004, Aggarwal and Barna 2004, 
Campestrini et al. 2006, Debiasi et al. 2007), 
RSL and LS were found highly regenerative 
explants in our investigations. Shoot buds 
began to show proliferation within two weeks 
under controlled temperature (25±2°C) and 
16:8, light:dark period, this was also reported 
by  Abdi et al. 2013 and Khanam et al. 2014. 

Highest shoot proliferations were obtained 
f r o m  R S L  e x p l a n t s  ( 6 . 7 5 ± 0 . 3 5  
shoots/explants) and TRS explants (5.25±0.33 
shoots/explants) on medium having 2.5mg/L 
each of BAP and NAA, similar findings were 
also achieved by Kumar et al. (2011).

Explants pre treated with ascorbic acid were 
found to be more responsive with regard to 
shoot proliferation; no such use of ascorbic acid 
pre treatment is on record in case of in vitro 
culture of Aloe (Gantait et al. 2014). Further 
HgCl  and NaOCl, when used in proper 2

combination could control contamination in 
Aloe vera effectively compared to HgCl  , as 2

also reported by Adelberg and Naylor-
Adelberg 2012 and Zakia 2013. The frequency 
of shoot regeneration in RSL explants on 
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Table 1 : Effect of different hormones on callus induction from LS, TRS and RSL explants of    Aloe vera*

 

MS+Growth regulators(mg/L)       Nature of callus                        % Response of explants   
BAP NAA

    
2,4-D    IBA

   
LS 

         
RSL

      
TRS

             
LS            

           
RSL

                   
TRS

*Data (Mean ± SE) pooled from 30 explants taken from three separate experiments.

0.5      2.0        0.5            0.0              YF             BC        --            60.85±1.37        36.3 ±1.60 --
0.0      0.0       1.0            0.0              BF             YF         --              54.2 ± 1.43          37.3 ±1.31 --
1.0      0.5

       
0.0            0.5              BF             YF         --

             
56.5 ±4.09         35.7 ±2.90           --

0.0
      

0.0       0.0           
 

1.0              WF            YF         --
             

49.4 ±1.80
 
23.15±1.30          --

2.0      2.5 0.0           0.5              YF             BF         -- 65.8 ±3.50            47.05±3.17 --
0.0 0.0       2.0            1.5              BC             BC        -- 62.25±2.23            25.0 ±0.63 --

MS+Growth regulators(mg/L)  
          

No. of 
 

shoot per explants        
             

No. of
 

roots per culture
NAA   BAP IAA  Kn IBA TRS    RSL LS   LS      Microshoots**

0.5        0.0        0.0       0.5         -             0.8±0.17         1.85±0.23         --            1.25±0.17             0.4±0.11

1.0        0.5        0.0       0.0         -             1.2±0.21         1.5±0.18           --            2.1±.022                2.9± 0.2  

1.5         1.5        0.5       0.0         -             2.05±0.18       2.3±0.29          --            7.4±0.29                4.9±0.21

2.0        1.5        0.5       0.0        -              2.10±0.27      1.19±0.33         --            4.95±0.34              2.50±0.32

2.0         0.5        0.0       0.0         -             1.07±0.39       2.85±0.26        --            5.1±0.15                3.6±0.35

2.5
        

2.5        0.0       0.0   
      

-
            

5.25±0.33 
      
6.75±0.35    

    
--

            
6.5±0.35  

             
7.12±0.33

3.0
        

1.0        0.0       0.5   
      

-
             

2.6±0.25      
   

3.70±0.42    
   

--
            

5.8±0.38         
      

4.5±0.24

0.0
        

2.0        1.0       0.0  
       

-
             

2.4±0.16       
  

3.45±0.41     
  

--
            

4.75±0.23  
           

1.5±0.23

2.0
        

2.0        0.0       0.0  
       

-
             

4.05±0.22     
  

4.90±0.24     
  

--
            

6.65±0.4        
       

4.35±0.25

2.0
        

0.0        1.0       0.0   
      

-
             

1.5±0.18      
   

2.9±0.28      
   

--
            

8.15±0.16 
            

4.0±0.36

0.0
        

3.0        1.0       1.0   
      

-
             

3.10±0.29     
 

3.35±0.29     
   

--
           

1.3±0.16     
           

1.2±0.17

0.0

        

2.0        

 

0.0      0.0  

     

1.5          1.3±0.14       

  

3.2±0.25        

  

--

           

4.95±0.16  

            

5.4±0.13

3.0      0.0         2.0      1.0        3.0          1.25±0.15       1.85±0.25       -- 1.4±0.22             1.05±0.23

*Data (Mean±SE) pooled from 30 explants taken from three separate experiments.
** Roots emerged from shoots on same SRM after 25 days of culture.

[YF- Yellow Feathery, BC- Brown Compact,  BF- Brown Friable, WF- White Feathery, SE- Standard Error, LS- Leaf Segment, TRS- 
Trimmed Rhizomatous Stem, RSL- Rhizomatous Stem With Intact Leaf Base, IAA- Indol-3-acetic Acid, NAA- Naphthalene acetic 
Acid, Kn- Kinetine, IBA- Indole butyric Acid, 2,4-D-2,4- Dichlorophenoxyacetic acid,   BAP- 6-Benzylamonopurine.]

Table 2: Effect of different combination and concentration of phytohormones on shoot    proliferation and root 
initiation in different sets of Aloe explants*
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A

A. Feathery yellow callus induced from RSL explant of Aloe on medium having NAA+IBA+BAP (2.5+0.5+2)mg/L, 35 
days old cuture B. Creamish-white colour callus obtained from LS-explant on medium supplemented with 
NAA+IBA+BAP (2.5+0.5+2)mg/L, 20 days old culture C. In vitro direct shoot induction from RSL explants on 
BAP+NAA (2.5+2.5)mg/L, 21 days old culture D. Different stage of shoot elongation and root induction from 
microshoot on medium(SRM) having NAA+BAP (2.5+2.5)mg/L (3– 6 weeks old)  E. Root bres emerging from LS 
explant turned into yellow feathery callus on medium fortied with NAA+IAA(2+1)mg/L,28 days old cuture F. Roots 
emerging from microshoots on SRM having NAA+BAP(2.5+2.5)mg/Lon subculture;  mark healthy shoot (15 days old 
subculture) G. Plastic pots containing acclimatized in vitro grown plantlet, 60 days old

2.5mg/L each of BAP and NAA was about 82-
85%. Proliferated shoots were healthy, green 
and attained a height upto 7cm in about 6 weeks 
(Fig. 2D) and shoots were morphologically 
similar to mother plants.

Root induction:

Rooting of microshoots (4-6cm) obtained from 
TRS and RSL explants, was achieved  
subsequent to caulogenesis on the same shoot 
regeneration medium (SRM, Table 2) after 25 
days of inoculation, the best rooting percentage 
(92%) was recorded on medium having 
BAP+NAA (2.5+2.5)mg/L and similar finding 
was also noted by Hashemabadi and Kaviani 

(2010).  Excellent growth of roots as well as 
shoots was encountered on the same hormonal 
composition of SRM (Table 2, Fig. 2F) on 
subculture. In the present study, rooting of 
microshoots was strongly affected by the 
concentration and type of growth regulators, 
plant genotype and culture conditions, as also 
supported by Bhojwani and Razdan (1992) and 
Hashemabadi and Kaviani (2010). Promising 
number of roots also emerged from shoots 
when the medium was supplemented with 
combination of hormones; IBA+BAP, 
NAA+IAA+BAP (Table 2). Profuse root fibres 
(8.15±0.16/culture) developed directly from 
LS explants besides callusing on MS medium 

B C D

E F G

Figure 2: (A-G) 
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supplemented with NAA+IAA (2+1)mg/L 
(Table 2, Fig. 2E), no shoot regeneration was 
recorded in culture and entire root fibres turned 
into callus on the same medium after 23 days of 
inoculation. Root derived callus can further be 
exploited for regeneration of callus mediated 
shoots as well as extraction of active 
constituents. 

In vitro grown plantlets (Figs. 2D,F) were 
successfully transferred into small plastic pots 
c o n t a i n i n g  s t e r i l i z e d  s o i l  m i x t u r e  
(soil+sand+vermiculite, 1:1:1, Fig. 2G) and left 
for 10 days in culture room and finally 
transferred to green house for acclimatization. 
In these conditions, about 85- 90% plantlets 
survived and plantlets were morphologically 
identical to mother plants.

CONCLUSION

It can be concluded that an efficient protocol for 
in vitro cloning of Aloe vera using rhizomatous 
stem (RSL) can be established to fulfil the 
growing demand and also help in conservation 
and sustainable growth of this highly medicinal 
plant. Protocol for callus mediated shoot 
regeneration can be employed by using leaf 
segment (LS) as explant.

Author is thankful to UGC, New Delhi for 
providing research fellowship and Head, 
University Department of Botany, B R A Bihar 
University for providing necessary facilities for 
this experiment.
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