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Abstract 
Micropropagation protocol for vegetable type Aloe vera (Aloe barbadensis Mill.) has be-en developed using 

shoot tip explants. The protocol standardized for multiple micro-sucker proli feration, induction of in vitro adventitious 
roots and acclimatization of rooted micro-sucker from in vitro environment to greenhouse condition. Maximum proliferation 
of micro-suckers was obtained with combined supplementation of Benzyl adenine {BA) 2 mg + Thidiawran {TOZ) 0.5 mg T 

0.1 mg Naphthalene acetic acid (NAA) to per liter basal Murashige & Skoog (MS) medium containing 0.8% agar and 3 o/o 
sucrose. The maximum rootable micro-sucker(-2 m) long were achieved after transfer of culture to hormone free medium for 
two weeks. The elongated micro-suckers were rooted successfully under in vitro condition. The better quality adventitious 
roots formation observed with NAA 0.5 mg/I supplemented 10 1/, MS medium. The regenerated plants were successfully 
acclimatized under Hi-Tech greenhouse and maintained in protrays for further growth and deve lopment 
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Introduction 
Aloe vera(Aloe barbadensis Mill.) is an important 

plant which belongs to family Liliaceae and extensively 
used in therapeutic uses (Cera et al., 1980; Davis and Leiter, 
1988, Hart et al .. 1998 ; Anshoo et al., 2005). Recently, it is 
widely used in several cosmetic preparations and culinary 
purpose particularly in many districts of Rajasthan. The 
leaf pads and flower stalks are mainly used for culinary and 
pickle preparation. Among several genotypes only sweet 
type Aloe vera is used for culinary preparation (Saroj et 

01.,2004). 
Aloe vera can be grown in arid and semi-arid 

regions as ground story crop in orchards or agro-forestry 
models. Its gel is very effective for treatment of wounds, 
bums and other skin disorders, placing a protective coat 
over the affected area, speeding up the rate of healing and 
reducing the risk of infecti(?n. Quality Aloe vera pads 
produce can be harvested when grown under panial shade 

conditions. 

--------- ----
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lls commercial cullivation for vegetable farming 
requires large quantity of planting material of sweet type 
genotype which cannot be obtained through vegetative 
sucker production since the in vivo sucker production in 
Aloe vera is rather slow and insufficie111 to meet the demand 
for commercial vegetable fanning. In 11itro propasation offer 
a possibi lity to improve the regeneration efficiency of Aloe 
vera. Several atten1p1s have been made for in vitro 
propagation of Aloe vera with varied success with different 
combination of plant growth regulators {Meyer and Staden, 
1991 .. Aggarwal and Barna 2004, Fanachi et al., 2004, 
Wenping et al., 2004 ). The hormonal requirements for in 
vitro regeneration are varied for different genotypes (Ray 
and Sarkar 1991, Chaudhuri and Mukundan, 200 I., Liao et 
al., 2004, Wenping el al., 2004, Saroha et al., 2005). Under 
present investigation regeneration efficiency of sweet type 
genotype of Aloe vera was evalualed with diffe ren t 
combination of plant growth regulators using shoot tip 
explants. 
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Materials and Methods 

Preparation or mother stock plants 
The mother plant of Alo~ vera was planted in 

greenhouse at a spacing of 60 x 60 cm in well prepared 
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beds. The sucke~ of 10-12 cm heigh! were collec1ed from 1hc clongaicd micro-suckers of abou1 2 cm Ion · 
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1hc mo1her plants and washed thoroughly in running lap 
waler for excision of shool lip cxplnnl. 

Prepamlion nnd slerllluttlon ofcxphmt 
The expanded leaves of sucker and basal poriion 

below 2.0 cm 10 !he shoal lip were washed wilh dislill water 
con1ni11ing 0.1% Twecn,20 for abou1 10-15 minu1es. The 
explants rinsed wilh waier and soaked for 30 ininulcs in 
0.2% 8avis1in solut ion. The shoo! lip after through rinsing 
wi1h dislill \\"1ler, were 1hen subjccled for surface sterilizalion 
wi1h 3-4 minutes under laminar now hood. Explan1s were 
dissec1ed and 1rimmcd lo lhe size (- 1.0 cm) for inocula1ion 
olllodifferent medium for micro-sucker proli fcra1ion. 

Culture media and conditions for microsucker 
proliferation 

Surface sle ri lized shoo1 lip cxplanls were 
inoculated on MS medium supplemen1ed wi1h 30 g sucrose, 
8.0 g agar and various concen1ra1ion of BA ( 1, 2, and 4 mg/ 
I) alone or in combination ofTDZ 0.5 mg/I and NAA 0.1 mg/ 
I. The pH of1he medium was adjus1ed 10 5.7 and slerilized 
by autoclaving at 12 1 'C 15 lbs for 15 minu1es. The de1ails of 
the proliferation medium are given in Table t. The cullures 
were incubaled al 26±2"C, 16 h~ pho1operiod provided by 
cool Ouroscenl 1ube wilh 1000.lux in1ensity. Observation 
-.i1h respect to muhiple sucker produc1ion were recorded 
after I and Ill subcuhure. The period of each subculture 
was four weeks. 

Culture medium for rooting 
/\Iler passing prolifera1ed cultures onlo elonga1ion 

phase for two weeks (i.e. MS medium withou1 honmone) 

. . . g 1•erc 
for rooung expenmenl. The micro-sucker I U1ed 

. d' . . , ransfcrrcd 
rooling me ,a conlaining ½ MS medium suppl lo 

emcn1cd 3.0¾ of sucrose, 0.8¾ agar and varied levels of . b~ 
aux,n 

as li\i\ and Ni\A (0.1. 0 . .5. 1.0 and 2.0 mg/I). su,h 

Acclimntizalion orplanelcts 
For hardeningoflhe pla11tle1s in arid ec 

1hree slep hardening procedure was adopled by 1~
5
Y5le111, ~ 

. k . ••nsferf rooted micro-sue crs 11110 proirays con1ainin, Ing 
mixtures ofvenmiculi1e and cocopea1/vermicom g P~ll•ng 
ralio of(J: I) and 1he planl'lelS were kept underaccli::i\ '" 1he ,, 
hood (25±2'C 1empera1.ure and 80-90¾ RH). 500 l.liion 

in1ensi1y for IO days. Thereafter, lransferred 10 green :
0

10x 
wi1h 28±5'C 1empera1ure 60-70¾ RH) under I 50000

1 
.u,, 

· · 1· . d I I UX h&1J1 1nlens1ty. The ace 1ma11ze p an1 el were funheriran , 
. II d I s,cned 10 env,ronmen1al contro e g ass-house covered . 

shade net of 50¾ light in1ensi1y for funher growih"''1h 

S ··1 l 'T and developm~n
1

1. 1a11s11cd~fliana ys,s: he observaiion, 
recorded w11 1 respect to I erenl parameters were anal 
by calculating lhe mean value of 10-15 replicates (tuhuYl<d) 

Th . res 
in each 1rea1ments. e experimen1 were arranged . , 
completely randomized design for slatislical analysis. •n 

Results and discussion 
. Surface steriliz:a1ion of Aloe vera is extremely , 
,mponant because the suckers nonmally emerged from 
underground stem and ax illary buds, which host a larg, 
variety of microorganism. In lhis experimen1, lhe expanded 
leaves of sucker and basal ponion below 2.0 cm 10 lhc 
shoot lip was removed and wash with dislill waler 
conlaining 0.1¾ Tween-20 for abou1 10-15 minu1cs w-as 
imponant. The 1rea1men.1 wi1h mercuric chloride was noi 
sufficient for in vitro establishment of cuhure. Thus, the 

Table I. EITecl of BA and NAA on the percentage of responsive explants and multiple sucker production 

Treatments % of No. ofmicrosucke~ No. of Average length of 
MS responsive explanls after 4 micros4ckers microshoots (cm) 
+ ex plants weeks of inoculation explants after 

PGR m third sub culture 
BA+TDZ+NAA 

T 1 0.0 + 0.0 +0.0 
T2 1.0 +0.0 +0.0 
T, 2.0 +0.0 +0.0 
T, 4.0 -t-0.0 +0.0 
Tj 1.0 + 0.5 +0.0 
T6 2.0 + 0.5 . +0.0 
T, 4.0 + 0.5 +0.0 
T, 1.0 +0.5 +0.1 
T9 2.0 + 0.5 + 0.1 
T,o 4.0 + 0.5 + 0. 1 

CD 

0 
100 
100 
60 
100 
100 
60 
100 
100 
60 

1.0 I 
2.0 3.4 
2.0 4.0 
2.0 3.2 
2.2 4.5 
2.0 3.2 
2.0 2.6 
3.2 8.0 
3.6 12 
2.0 4 
0.17 0.71 
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1.7 
2.2 
1.9 
1.6 
1.9 
1.6 
1.3 
2.3 
1.9 
1.7 
0.30 

--
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Tl1 blr 2. EfTcc1 of di1Tcrc111 auxins nnd their concen1ra1ion on 1he roo1 forrna1ion in microsucker 

Auxin Concen1rn1ion mg/I ¾ of microsuckcr No. of Average length 
wilh roolS roollmicrosuckcr roots (cm.~ 

Conirol 0.0 40 1.8 1.2 
IAA 0. 1 45 1.9 1.5 

o.s so 2.0 2.1 
1.0 so 2.1 I.S 
2.0 60 2.5 1.9 

NAA 0.1 100 3.0 2.8 
0.5 100 4.8 2.3 
1.0 70 3. 1 1.6 
2.0 40 2.1 1.4 

CD 0.60 0.41 

Table 3. Influence of hardening procedure on survival percentage of planllelS 

Hardening sleps Survival ¾ of planllelS 
Verrniculile : Cocopeat Verrniculile : Vennicompost 

Two step procedure: 
In greenhouse for 10-12 days and subsequent 
lransfer in shade house. 
Three step proc«lure: 
In acclimalizalion hood kepi in culture room 
for I 0-12 days and subsequent transfer to 
Environment conlrol greenhouse for 8-10 
days, thereafter to shade house. 

explan1s rinsing wilh ,va1er and soaking for 30 minu1cs in 
0.2% Bavis1in so lu1ion were also necessary steps of 
decon1aminan1 procedures. The shoot tip after 1horough 
rinsing with dis1il waler, were lhen subjecled for surface 
slerilizalion wilh 3-4 minules wilh 0.1 ¾ HgCl

2 
solulion under 

laminar flow hood. Explanls were dissecled and trimmed lo 
the size (- 1.0 cm) for inoculation onto different medium for 
micro-sucker proliferalion. 

In lhe present study, shoot lip explants were 
assessed for in vitro mo rphogenic response. The 
concenlration and combination of plant growlh regula1or 
greatly influenced 1he responsive explanls in lerms of 
percenlage of responsive culture and ra1e of micro-sucker 
proliferation. The highest percentage ( I 00%) of exp Ian ls 
were found morphogenic responsive when cultured on 
several medium composition as compared lo medium 
containing higher concentration of BA alone or in 
combination of TDZ or NAA (as indicaled in Table I). 
Medium devoid ofplanl growth regula1ors could nol show 
response for multiple sucker prolifcralion. After passing to 
three sub-cultures, lhe proliferalion of micro-sucker was 
remarkably high ( 12 micro-shools) in T, treatment (Table I). 
The maximum mean length (2.3 cm) of micro-sucker was 
recorded in BA 1.0mg+0.5mgTDZ+O.I mgNAAperliire 
combina1ion. 
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3:1 3:1 
70 40 

100 60 

Further, increase in concentration of cytokinin 
(BA and TDZ) alone or in combinalion ofNAA reduced 
micro-sucker proliferation. The varialion in proli feralion of 
shoots and responsive culture was also reported by Saroha 
et al. (2005),Aggarwal and Barna (2004) and Chaudhari and 
Mukundan (200 I). The results of 1hese workers indicated 
1ha1 lhe combinalion of two cytokinin,s along wilh auxin 
eilher IAA, NAA or BA was superior as compared 10 
addi1ion of cytokinin alone. The study of Saro ha et al. (2005) 
further confirmed thal TDZ I mg/I was superior to BA in 
combination of Adenine Sulphate or NAA. 

The culture wilh proli ferated micro-suckers were 
subjected 10 hormone free medium for 2-3 weeks for 
clonga1ion to gel rootable size of micro-sucker. The cenl 
per cenl rooting was observed in micro-suckers cultured 
on 0.5 mg/I NAA. The longest rool was achieved with 0.1 
mg/I NAA. The response to all 1he concenlrations of IAA 
was poor for root formation in lerrns of roo1ing percentage 
and number of roots and root length. In vitro rooling in 
aloeveira has been obtained by Liao et ,al. (2004), Ray and 
Sarkar (1991), Nalali et al. (1990) with varied response of 
different auxins. 

Hardening or plantlets 
The success of any in vitro regeneration prolocol 

largely depends on lhe survival and uowth performance 
of propagated plantlcts ex vitro. Moreover, under hot arid 
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. d 1· . . f I I " I · · 1· 61·64 agro•ccosys1cm, hn.rdcnmg an ace 1111a112a11on o p anl els ,·allac u, M.J. , o.ghl , , Y.H. and Ghazvini, R.F 
are very challenging componc111 of m1cropropaga11on. ln1roduc11on of the mosl suitable cult · 2004. 
(S ingh et al .. 2005) In lhc prcsenl s1udy a lhree slcp for micropropagation of a medicinal ":• "'Cilia 
hardening focility(Tnble 4) was d.cvis~d and maximum I 00 (Aloe barbadcnsis Mill.). Iran. J. Hon~ ~nl al0c 
per cenl of plant lets were acchmat,zcd successfully as Sci. 5: 71-80. •chno/. 
compared to l~w survival rate (40%) under the lwo step Hart, L.A .. van, Enckevort, P.H., Van Dijk. H., Zaai 
procedure. Tlus was ach ieved probably due lo mlegrallon So Iva, K.T. D. and Labadie, R.P. 1988 · R. Dt 
of acclimat ization hood ns one oflhe importanl hardening functionally and chemically d·. ~"'o 
slcps. which favorably supponcd the process and immunomodulatorycompounds in the gel •~hnc1 
facililatcd the desired lem?erature (25-J0°C) and humidity . vera.Journal ofEthnopharmacology. 23: :,~foe 
(80-90%)suned lo hardenmgdunng lir.;t slageofhardenong Liao, Z., Chen, M., Tan, F .• Sun, X. and Tang, K 2 

71 · 
which favourably supported the in vitro produced delicate Micropropagation of endangered Chines· Oo4.1 

. I . d' I . e aloe roots on au101rop 11c me ,a. In A oe vera, Ahmed et al. (2007) Plant Cell, Tissue and Organ Culture. 76 ( I): 8,. · 1, 
recorded 82 per cent survival in tissue culture Aloe vera Meyer, H.J. and Stadcn, J.V. 1991. Micropropagation 0(At ~ 
planllets during acclimatization with mix lure of garden soil, vera L. grown in South Iran. Pakistan JCJurna/ 
compos1 and sand in proportion 2:2: I. Similar results were Biological Sciences. I 0(7): 1134-1137. of 
also noted by Agarwal and Barna (2004). Preece and Sutter Meyer, H.J. and S1aden. J.V. 1991. Rapid in vitro propagar 
( 1991) also emphasized that certain env ironmental of Aloe barbadensis Mill. Plant cell, Tissue '

0
~ 

conditions are necessary for acclimatizalion of plantlets Organ Culture. 26: 167-171. 
0

" 

using controlled environmental faci li ties. Murashige, T. and Skoog, F. 1962. A revised mediu"' r. 
. h db. • 
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