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Abstract

Micropropagation techniques of cactus pear for a thorn-less, vegetable type elite genotype. which was collected
under permplasm collection programmes, was developed successfully through single bud explant. Ph.:,rsmlnglcnrly mature
hads an cladodes were collected and single bud segment was used for culiure initiation. Maximum multiple shoots @E shl:h‘.?ls.l’
cxplant) formation was achieved on MS medium supplemented with 30 g sucrose, 8 g agar and 2 mg 6- Benzylaminopurine
(BAY+ 0.1 mp alpha-Naphihalene acetic acid (NAA) per liter. Multiple shoot clump were further su bjected to culture ﬁ:.'r shoot
clangation medium devaid of plant growih regulators. The elongated shoots were rooted cent per cent under in vitro
conditions. The roated plantlels were successfully acclimatized under three step hardening procedure. Under in virro
consenvation study, i vitro rooted plantlets were used for further conservation by reducing growth of the plantlets and P:"
mimimizing sub-culturing process, The rooted plantlets were transferred on agar solidified MS medium supplemented with
activated charcoal 3 g/l and different combinations of BA (0,0.5, 1.0mg/T) and NAA (0, 0.5, 1.0 mg/l). The higher concentration
of BA (1.0-mg/1) was found to increase shoot proliferation and was detrimental to root growth of the in vitra plantlets whereas
higher concentration of NAA (1.0 m/l} was found to influence both shoot and root growth positively. This technique of in
viro conservation was found efective in maintaining cultures continue for more than six years. Further, proliferated growth
of im vitro maintained plantlets were harvested and transferred 1o new containers for increasing number of stock materials,

Key words: Micropropagation , in-vifro conservation . Cacius pear

Introduction network with the aim to promote cactus pear as an impor-

Cactus pear (Opuntia ficus indica Mill.) belongs tant fruit crop world wide (Pimienta et al., 1993). In this
1o family Cactaceae has specialized photosynthesis mecha- regard efforts were made in India in introduction, collee-
nism known as Crassulacean Acid Metabolism {CAM) and tion and conservation of both indigenous and exotic geno-
high water use efMiciency (WUE) even in areas with annual types (Math er al,, 1999), As a results of intensive efforts
ramnfall as low as 120-150 mm. It is well adapted plant of made at CIAH, Bikaner, about 35 genotypes having elite
Indian dessert and largely utilized as bio-fencing to pro- characteristics have been conserved in field repository.
tect vegetable farm or garden from wild animals and other Some of the promising elite genotypes identified, now re-
herbivores by the farmers. Moreover, this crop is gradually quire large number of propagules for further research and
gaining popularity as fruit and vegetable crops in hot arid extension purposes. Conventionally, cactus pear is propa-
regions of the world, Both spine and spineless cultivars gated either through seed or cladodes: however, both meth-
are available in Mexico, but most of the Indian genotypes ods are either not desirable or inefficient (Malda er al.
are thorny. The developed Nations such as Mexico, Chile, 1999). Vegetative method of multiplication through cladodes
and America have recognized this crop as fruit, vegetable, also suffers seriously with fungal infection of foot rot dis-
animal leed and industrial raw material (Nobel, 1995). This ease which leads to poor survival of plantlets {Mauseth,
crop is also commercially used in cosmetics and dye in- 1979). Therefore, there is an urgent need for propagation
dustry. Visualizing the horticulwwral, industrial and com- of cactus pear through tissue culture technigue to build up
mercial potential of cactus pear, Food and Agriculture Or- large population of plant materials of superior and desired
ganization has successfully implemented a cactus pear genalypes. Although, micropropagation has been success-

fully attempted for several members of Cactaceae family
(Johnson and Emino 1979; Mauseth, 1979; Escobar et al.

*Correspondig aurhor’s e-mail: 1986; Clayton et af. 1990 and Khalafalla er al. 2007). How-
dhurenb/jgmail.com ever, no attempls were made for large scale multiplication
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of thornless cactus pear, Further, conservation ol elite t ype
genotypes is a prerequisite for improvement of ¢ rops. Some
cactus genotypes which are spineless and of vepelable
types are severely damaged by various insecis pesis, her-
bivores and diseases. Therefore, safe conservation tech-
nology viz., fm vitro conservation is also highly desirable
for sustainable and efficient resource management of
germplasm. Keeping in view the above reasons, the present
investigation was planned with the objective of faster mul-
tiplication and fir-vitro conservation of superior genolypes
of vegetable type cactus pear for its utilization in arid agro
ecosystem of India.

Materials and methods
(A) Micro propagation study

Preparation of mother plant and collection ol explants

Selected genotype of Cactus pear (Opuntia ficus
indica Mill.) was maintained in green house irrigated and
f:nil:'zutd as per general recommendation with proper plant
protection measures. Actively prowing buds from cladodes
were collected and single bud segment with adjacent tis-
sues were used for culture initiation |

Explant preparation and sterilization

The segments of cladodes containing single bud
(areole) of 2 x 2 em size were collected from mother plants
and subjected to washing in running tap water and rinsed
in mild concentration of detergents followed by gentle rins-
ing in tap water. Thereafter, explants were treated with 0.1%
HgCl, for 5-7 minutes. The surface sterilized explant were
thoroughly washed several times with sterile water under
laminar flow hood and sized to | x 1 em before inoculation.

Culture media and conditions for cladodes induction

Surface sterilized explants were inoculated verti-
cally on 30 ml Murashige and Skoog (1962) MS medium
supplemented with 30 g sucrose, 8.0 g agar and various
concentration of BA (0, 1,2 and 4 mg/1) alone or in combi-
nation of NAA 0.1 mg/l. The pH of the medium was ad-
justed to 5.7 and sterilized by autoclaving at 121°Cand 15
Ibs for 15 minutes. The cultures were incubated at 26+ 2°C
temperature and 16 hrs photoperiod provided by cool fluo-
rescent tube with 2000 lux light intensity.

Culture media for rooting

After third subculture period the multiple shoot
clumps were subjected for elongation to hormone free me-
dium for three weeks. Thereafier, microshoots were trans-
ferred to rooting medium containing M5 medium supple-
mented with 30 g of sucrose, 8.0 g agar, 3 g activated char-
coal and varied levels of NAA and |AA at concentration of
(0.,0.5,1.0 or 2.0 mg/l). The cultures were incubated at 26 +
2° C temperature and 16 hrs photoperiod provided by cool

Muorescent tube with 2000 lux light intensity.
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tion and

Hardening of in-vitro produced plantlets

Under arid agro-ccosystem where both low and
high temperatures are extreme, atmospheric humidity is very
low and wind speed is very high, thus hardening and accli-
matization of plantlets are very challenging component of
micropropagation. The hardening of in vitre produced
plantlets were taken under three step hardening procedure
i.e. i) Transfer of plantlets to acclimatization hood inside
the culture room. ii) Transfer of plantlets in environment
control green house. iii} For further growth and develop-
ment in glass house equipped with intermittent fozging
device, different combination of potting mixture such as
vermiculite, coco peat or vermi compost, were tried for sur-
vival and acclimatization of plantlets to pots.

(B) In vitro conservation study

Rooted plantlets developed
micropropagation study were used for further investiga-
tion of in vitro conservation, maintenance, growth inhibi-
subsequent survival components.
Micropropagated cladodes were transferred to MS medium
with 8 g agar 3 g activated charcoal supplemented with 0.0,
0.5,1.0, mg BA and 0, 0.5, 1.0 mg NAA/| for maintenance of
the culture and growth inhibition. The chservations on
different parameters such as shoot and root growth, per-
centage of vitrified cultures and promotive/inhibitory ef-
fect on roat growth were recorded after six month of cul-
ture incubated for in vitro conservation. The cultures were
incubated at 26 £ 2° C temperature and 16 hrs photoperiod
pravided by cool fluorescent tube with 1000 lux light inten-
sity.

under

Results and discussion

Effect of BA and NAA on the multiple shoot induction :

Observation recorded with respect to morphoge-
netic responses of cladode explant to medium supplemented
by BA alone or in combination with NAA are summarized
in Table 1. Explant inoculated on medium devoid of BA or
MNAA alone did not show any response. However, different
level of BA and NAA produced a remarkable effect on the
percentage of explant with shoots. The mean maximum
percentage of explants with shoot (80%) were obtained
with higher concentration of BA 4 mg/l either alone or in
combination of NAA 0.1 mg/l. All concentrations of BA
with higher concentration of NAA | mg/l found a decreas-
ing influence on the shoot induction. :

A perusal the data revealed that the different lev-
els of BA and WAA resulted in significant variation on
number of days taken for axillary bud breaking in inocu-
lated cladode explant under in vitro condition. Higher con-
centration combined treatment of BA and NAA resulted in
earliest bud break. Initially after first subculture performed
after incubation of culture for four weeks period. There
was no difference in induction of number of shoots among
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Table 1. EffectofBA and NAA on the multiple shool induction in caclus pear

Treatments Days taken  Percentage No. of No. of Shoot
for bud of explant  shoot/explant shoot/explant  length
break with shoot afler | after [ {cm)

sybeulture subculture
BA MNAA

Ti 0.0 0.0 00 0o 0.0 0.0 0.0

T, 1.0 0.0 351 70 1.0 6.2 3.4

v 20 00 324 75 1.0 '8 3.1

T, 40 00 302 80 1.0 7.6 2.0

Ty 0.0 01 00 00 0.0 0.0 0.0

To 1.0 01 304 70 1.0 7.1 3.1

T, 20 01 28 80 1.0 8.6 2.9

Ty 40 0.1 265 80 1.0 8.1 2.5

Ts 0.0 1.0 00 00 0.0 0.0 0.0

To 1.0 10 245 20 1.0 3.2 1.9

Tn 2.0 .o 22.1 30 1.0 1.8 1.7

T, 40 10 194 18 1.0 4.2 1]

SEm. 0.29 0.223 0.14

C.D. 0.81 0.623 0.382

Table 2. Effect of NAA and IAA on the rooting of microshoot of cactus pear
: Treatment Concentration MS Media

(mg/L) Rooting No. of roots (%)

Ty Control 0.0 3333 1.7
T2 NAA 0.5 80.00 23
i3 NAA 1.0 100.00 4.4
Ta NAA 2.0 66.67 4.6
Ts IAA 0.5 60.00 22

" Ts IAA 1.0 7333 2.4
Ty IAA 20 100.00 3.1
SEm. 0.22
C.D. 0.613

all treatment of both BA and NAA. However, there was
remarkable difference in number of shoot per explant after
third subculture, The treatment without BA or with only
NAA failed to induced shoot in the explants. Whereas, in
all the treatments of BA alone or in combination with NAA
produced shoots which were varied to different treatments.
The differentiation of multiple shoots was maximum (8.6
shoots/explant) after third subculture with T, treatment (2
mg/l BA + 0.1 mg/l NAA), The influence of T, treatment
was at par with T, treatment, Except the treatment T
and T, ,, all treatments were found to produce rootable size
of microshoot, This may be due to the effect of higher
concentration of NAA in these treatment .All the concen-
trations of BA alone or in combination of NAA produced
promotive influence axillary bud breaking which gave rise
1o differentiation of multiple shoots in the cladode explants.
These results are in agreement with the findings of Escobar
et al. (1986), Mohamed-Yaseen ef al. {1995), Giusti e/ al.
(2002) and Garcia-Saucedo ef al. (2005). The less percent-
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age of explants with shoots was observed with treatment
higher level of NAA | mg/l in combination of BA. These
results are in close conformity of the results obtained by
Khalafalla et al. (2007) who observed no improvement in
shoot multiplication when NAA 0.5 mg/l used in combina-
tion of BA on kinetin in cactus. Thus, the synergetic influ-
ence of NAA at higher concentration did not improve the
number of shoots per explant. This may be due to higher
concentration of NAA with respect to BA must have sup-
pressed stimulative effect of BA.

Effect of NAA and 1A A on rooting in microshoots

The data given in Table 2 show effect of NAA
and IAA on rooting percentage and number of roots in
microshoot when transferred to MS medium containing
different concentration of NAA and IAA. The mean maxi-
mum rooting percentage (100%) was obtained in T, and T,
treatments. However, significantly higher number of roots
{4.4) was recorded with NAA | mg/l.
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In the present experiment, it was observed that
rooling percentage in microshoots was better with MAA |
mg/l. Auxin mediated induction of roots in cacti is well
documented. /m vitro studies by Johnson and Emino (1979),
Mohmed-Yasseen ef al. (1995) and Garcia-Saucedo e af,
{2005) also suppont the present findings. These results in-
dicate that the higher concentration of auxing have better
stimulative influence on root initiation whereas lower con-
centration exhibited delayed rooting which may be due to
in-sufficient quantity for root induction. Similar ohserva-
tions were reported by Mata-Rosas ef al, (200 1) with Mexi-
can caclus Twrbinicarpus lawi and Jaurez and Passera
(2002) with Opuntia ellisiana Griff, Zen g et al. (2003) ob-
tained root formation with MS medium + 0.1 mg IBA I after
10 days of culture with Opuntia dillenii cv. Milpa Alta.

Acclimatization of the plantlets

In vitro propagated plantlets were successfully
acclimatized by transferring them into small pots of plastic,
containing potting mixture of different medium. The rate of
survival of the plantlets (Table 4) in the pots was 100%

with vermiculite + cocopeat mixture of 3:1 (w/v) which was’

followed by another mixture i.e. vermiculite + vermicompost
(60%). The lowest survival of plantlets (50%) observed
with two step procedure of hardening. The higher per-
centage of survival of plantlets with vermiculite along with
gither cocopeat may be due to the complementary good
properties of vermiculite and cocopeat in terms of poros-
ity, high cation exchange capacity (CEC), highly decom-
posed, stable and zood water holding capacity. Preece and
Sutter (1991)also emphasized that certain environmental
conditions are necessary for acclimatization of plantlets
using controlled environmental facilities.

Similar achievements (100% survival of plantlets)
were reported by Johnson and Emino (1979), Vyaskot and
Jara (1984), Mohamed-Yasseen et al. (1995), Giusti ef al

(2002) and Garcia-Saucedo ef al. (2005).

In vitro conservation of plantlets

Under in vitro conservation study, in vitro rooted
plantlets were used for further conservation by reducing
growth of the plantlets and by minimizing subculturing
process. The effect of BA, NAA and their combinations on
the in vitro growth , injury and survivability of the cul-
lures was evaluared. The rooted plantlets were transferred
on agar solidified MS medium supplemented with activated
charcoal 3g /litre and different combinations of BA {0, 0.5,
1.0 mg/1) and NAA (0, 0.5, 1.0 mg/l). The higher concentra-
tion of BA (1.0 mg/l) was found to increase shoot prolifera-
tion and was detrimental to root growth of the in vitro
plantlets whereas higher concentration of NAA (1.0 mg/l)
was found to influence both shoot and root growth posi-
tively (Table 3). This technigue of in vitro conservation
was found effective in maintaining cultures continue for
more than six years. Further, proliferated growth of in vitro
maintained plantlets was harvested and transferred to new
containers for increasing numbers of stock materials. Ad-
dition of auxin in the. medium had optimal positive influ-
ence on shoot and root growth, This is due to physiologi-
cal action of NAA in cell division and stimulation of apical
dominance in the micro-shoots and adventitious root for-
mation including cell elongation.The study conducted on
auxin induced morphogenetic responces in long-term in
vitro subcultured Mammillaria san-angelensis Sanchez-
Mejorada { Cactaceae) by Rubluo er af (2002) and con-
cluded that auxin may be invelved in i vitro morphoge-
netic response in Cactaceae. Further these results may be
supported by the findings of Sajid et al (2006) who studied
the effect of diverse hormonal regimes on In vitro growth
of grape germplasm.,

Table 3. Effect of BA, NAA and their combination on the in vitro growth, injury and
survivability of the cultures

Treatments BA NAA  Increasein Increase in  Percentage Root growth
Shoot Root length  of vitrified  promotive/inhibitory
length cm. cm, culture effect

T, 0.0 0.0 1.0 1.0 3333 Promotive

T, 00 05 2.6 16 1333 Promotive

T, 0.0 1.0 3.1 26 1333 Promotive

Ts 0.5 0.0 1.1 00 40.00 Inhibitory

Ts 0.5 0.5 0.5 0.0 5333 Inhibitory

Te 0.5 1.0 0.4 0.0 5333 Inhibitory

LE] 1.0 0.0 0.6 00 60.00 Inhibitory

Ty 1.0 0.5 0.5 0.0 7333 Inhibitory

Ty 1.0 1.0 0.6 0.0 80 Inhibitory

SEm. 0.102 0.1

C.D. 0.29 032
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Table 4. Inflience of hardening pmeedure on survival percentaze of lanitlels

Hardening sicp Survival Y% of plaWEE '

Vermiculite : Cocopeat Visliome: ¥ ek ompo
{3:1) O:1) —

Two slep procedure: 80 "

Transfer 1o Environment control greenhouse

for 8-10 days and subsequent transfer in

5had; housc cquipped with intenmitent

fogging.

Three sicp procedure: 100 60

Pntrr.:_r}r hardening in acclimatzation lood
kept in culture mom for 10-12 days and
subsequent transfer to Envimnment control
greenhouse for 8-10 days, thereafler to shade
house equipped with intermitient fo geing.

Fig. 1. Micropropagated cladode of Cactus pear
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