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ABSTRACT

In vitro organogenesis of an upland species of Colocasia esculenta cv. antiquorum L. was examined in relation to dif-
ferent explants like meristem and parenchymatous storage tissues with or without anthocyanin layer, four levels of each
of Kn, 2,4-D, NAA and BAP and four incubation environments such as: 1) 16 h 3 Kl light intensity + 24°C + 2°C; 2) 24
h dark + 24°C + 2°C; 3) 24 h dark + 30°C + 3°C and 4) 12 h diffuse light + 30°C + 3°C. Only meristems showed prolif-
eration with various degree of intensity both at 16 h 3 Kl light + 24°C + 2°C and 24 h dark + 24°C + 2°C conditions and
poor response with different levels of Kn + NAA either in light or in the dark. Cultures with NAA + BAP were prolif-
erated very quickly with very high degree of intensity. The cultures under dark did not proliferate for 20 days which
upon transfer to light showed high degree of proliferation. Cultures with NAA + BAP formed calluses more pronounc-
edly at dark than that occurred in the light. Parenchymatous tissues with or without anthocyanin did not proliferate but
the tissues with anthocyanin lost pigmentation after 25 - 30 days and turned to grey colour after 50 days while tissues
without anthocyanin turned to green colour with shinny pimples indicating that protocorm may be developed. No cul-
ture under high temperature environment (30°C + 3°C) neither survived nor proliferated. The meristems in culture were
died within 15 - 20 days while others within 25 - 30 days. In conclusion, a combination of NAA (0.5 - 3.0 mg/l) and
BAP (0.5 - 2.0 mg/l) and an incubation photoperiod of 16 h coupled with temperature of 24°C + 2°C were found most
suitable for in vitro culture of Colocasia esculenta cv. antiquorum L.
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1. Introduction plasm through field multiplication makes this crop always
under natural risk of losing valuable germplasm. Tissue
culture method could make a successful aseptic preser-
vation.

Most of the taro species are contaminated with endo-
genous pathogens and thus it is difficult to obtain disease
free planting materials, although disease free planting
materials may be developed through repeated meristem
culture [2,3]. Several workers used different levels of
sucrose in order to prolong the subculture interval [3-5].
While development of in vitro organogenesis of plant
was partially examined [6].

The present research was aimed at: to develop a com-
plete protocol for in vitro developement of Colocasia es-
culenta cv. antiquorum L. covering source of explants,
culture media and culture environment.

The upland species of Colocasia esculenta cv. anti-
quorum L. is locally known as “mukhikachu” growing in
about 30,000 ha of land in Bangladesh. Nutritionally, this
crop is highly rich, particularly, the leaf blade and leaf
stalk. The storage organ is known as corm or cormel. The
seeds are called corm and the cormels are usually used as
vegetables, which may give delicious dishes. This is
mainly a carbohydrate rich food containing high propor-
tion of amylopectin [1].

The cormels are the propagating materials and are
maintained through vegetative propagation in the field.
The cormels are not usually stored in coldstores and thus
maintained at ambient temperature (av. 27°C) during
May to August. Due to high temperature and high humi-
dity during this period the cormels released from dorma-
ncy very shortly and as a re§;ult, its quality is deteriorated 2 Materials and Methods
quickly. Moreover, there is no recommended storage
technology. Thus, the maintenance of this crop is very ~ Well sprouted cormels of a upland taro sp. Colocasia
difficult. Moreover, conventional maintenance of germ-  esculenta cv. antiquorum L. were used. Three different
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parts such as meristem and parenchymatous storage tis-
sues with and without anthocyanin layer were used as ex-
plants. The size of the excised meristem varied from 0.5
to 0.8 mm long, while parenchymatous storage tissues were
cut into cubes shape weighed to about 300 - 350 mg.

The 20 - 30 g weighted cormels were scrabbed with
scalpel very carefully to remove the outer layer, keeping
the anthocyanin layer almost intact. The explants were
first washed with 70% ethanol for three times (10 minutes
each time) followed by 10 minutes soaked in 1.5% chlo-
rine water with few drops of tween 20. The explants were
then washed with distilled and autoclaved water for five
times under clean hood [7].

Organic salts of MS media were used. Four different
plant growth regulators each at four different levels such
as, auxins: 1) NAA: 0.5, 1.0, 2.0 and 3.0 mg/l; 2) 2,4-D:
0.1, 1.0, 1.5 and 2.0 mg/l and cytokinins; 3) Kn: 0.1, 0.5,
1.0 and 1.5 mg/l; 4) BAP: 0.5, 1.0, 1.5 and 2.0 mg/I were
used. Three culture media were prepared combining Kn
+ NAA, Kn + 2,4-D and NAA + BAP in all possible
ways. There were 17 treatments in each group including
the control (without growth regulators).

The cultures were incubated in four different environ-
ments such as 1) 3.0 Kl light intensity for 16 h and 24°C
+ 2°C; 2) 24 h dark and 24°C + 2°C; 3) 24 h dark and
30°C + 3°C; 4) 12 h diffuse light and 30°C + 3°C. Five cul-
tures were included in each replication. The data were ana-
lysed using a CRD and mean separation was done by LSD.

3. Results and Discussion

Three types of explants were cultured on MS supple-
mented with different levels of Kn + NAA, Kn + 2,4-D
and NAA + BAP at four different environments. It was
observed that only excised meristems showed differen-
tiation in most of the media composition.
Parenchymatous tissues with anthocyanin layer after
25 - 30 days of culture lost pigmentation and after 50 days
turned to grey colour while tissues without pigmentation

turned to greenish with very shinny and watery pimples
like structures, which is indicating that protocorms may
be developed (Figure 1(a)).

The cultures which were incubated at either diffuse
light or dark with 30°C + 3°C did not survive or prolife-
rate at all. The isolated meristems after 15 - 20 days be-
came yellowish and ultimately died while the storage
tissues on the other hand, changed colour from white to
dull grey. Thus, it was assumed that this temperature range
was not suitable at all for in vitro differentiation of Colo-
casia esculenta cv. antiquorum.

The excised meristems with MS+Kn+NAA both under
light or dark and 24°C + 2°C showed very poor response.
Differentiation occurred randomly only in four treat-
ments (Kn 1.0 + NAA 1.0, Kn 1.0 + NAA 2.0, Kn 1.5 +
NAA 3.0 and the control) (Table 1) under dark condition
and in six treatments (Kn 0.1 + NAA 1.0, Kn 0.5 + NAA
0.5, Kn 1.0 + NAA 0.5, Kn 1.5 + NAA 0.5, Kn 15 +
NAA 3.0 and the control) (Table 2) under light condition.
The reason for this random proliferation is quite obscure
while it is clear from this result that proliferation of ex-
cised meristems of Colocasia esculenta cv. antiquorum
may be occurred without PGR though control took much
longer time for days to shooting and rooting (35 days). It
was observed that plant shooting and rooting status, was
much better in the control treatment, through their res-
ponse delayed. None of the plantlet formed sucker (Fig-
ure 1(b)).

The excised meristems with Kn 1.0 + 2,4-D 1.0 on-
wards (Table 3) incubated under light and 24°C + 2°C
responded very well, though it took 28 - 40 days for dif-
ferentiation. In the control it occurred within 26 days. No
callus was formed though 2,4-D is a callus inducing
hormone. Several workers obtained a very good callusing
in Dioscorea alata L. using different levels of 2,4-D
and BAP + NAA with MS and White’s media [8,9]. Simi-
larly, new shoots first observed, except control (27 days),
after 42 days at Kn 1.0 + 2,4-D 2.0. It was observed that

@) ()

) ()

Figure 1. Different stages of in vitro development of Colocasia esculenta cv. antiquorum L., (a) Development of protocorm in
callus; (b) None of the plantlets developed suckers; (c) Microplants showed robust with BAP plus NAA; (d) Microplants de-
veloped multiple shoots with BAP and NAA; and (e) Developed roots in microplants.
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Table 1. In vitro morphogenesis of mukhikachu with meristem cultured on MS media with different combinations of Kn + NAA
at 16 h 3 Kl light and at 24°C + 2°C (only the effective treatment combinations of Kn + NAA are shown).

Treatment . Days _to_ Days to shooting Days to rooting Plant growth status Rooting status
differentiation Ht. (cm)  Leaf (no.) Sucker (no.)  No. Length (cm)

Under light
Kn 1.0 + NAA 1.0 22% 24% 23% 25 2 0 1 25
Kn 1.0 + NAA 2.0 20% 25%* 24% 35 2 0 1 15
Kn 1.0 + NAA 3.0 204 26% 26% 35 2 0 2 2.0
Control (no PGR) 30% 36% 35* 45 4 0 >7 45
LSD 1% 5.16 6.22 6.03 0.56 ns na 2.39 1.11

Under dark
Kn0.1+NAA 1.0 23" 26% *262 35 2.0 0 2.0 2.0
Kn 0.5+ NAA 05 25t 26%* 7+ 2.0 2.0 0 1.0 15
Kn 1.0 + NAA 0.5 204 25% *72 3.0 3.0 0 2.0 15
Kn 1.5+ NAA 0S5 20% 24% *26%* 3.0 2.0 0 2.0 25
Kn 1.0 + NAA 3.0 25% 24% *71 25 2.0 0 2.0 3.0
Control (no PGR) 27 36 *37% 45 4.0 0 5.0 45
LSD 1% ns 5.23 4.06 0.55 0.32 na 1.23 1.06

*Indicates intensity (used 1-6 scale, 1: Very poor and 6: Excellent). PGR: Plant growth regulator; ns: Not significant; na: Not analysed. “After transfering to light
condition.

Table 2. In vitro morphogenesis of mukhikachu with meristem cultured on MS media with different combinations of Kn + 2,4-D
at 16 h 3 Kl light and at 24°C + 2°C (only the effective treatment combinations of kin and 2,4-D are shown).

- - Days to Days to Plant growth status Rooting status
Treatment Days to differentiation shooting rooting Ht. (cm.) Leaf(no.) Sucker(no.) No. Length (cm)
Kn1.0+24-D1.0 35% 47+ 0 15 1.0 0 0 0
Kn 1.0 +2,4-D 2.0 40+ 49 0 17 1.0 0 0 0
Kn1.0+24-D3.0 30% 42 0 15 1.0 0 0 0
Kn1.5+24-D0.1 28" 44% 44% 2.0 1.0 0 2 15
Kn15+24-D1.0 35% 48+ 0 15 1.0 0 0 0
Kn 1.0 +2,4-D 2.0 35% 46" 0 1.8 1.0 0 0 0
Kn1.0+24-D 3.0 30% 47+ 0 17 1.0 0 0 0
Control (no PGR) 26* 27% 27% 2.0 2.0 0 >5 25
LSD 1% 4.16 6.29 na 0.33 ns na na Na

*Indicates intensity (used 1-6 scale, 1: Very poor and 6: Excellent). PGR: Plant growth regulator; ns: Not significant; na: Not analysed.

Table 3. In vitro morphogenesis of mukhi kachu with meristem cultured on MS media with different combinations of NAA +
BAP at 16 h 3 Kl light and at 24°C + 2°C.

Treatments _Daysto Days to Days to Plant growth status Rooting status
differentiation shooting rooting Ht. (cm) Leaf (no.) Sucker (no.) No. Length (cm)
NAA 0.5 + BAP 0.5 16%* 16> 0 2.0 4.0 0 0 0
NAA 0.5 + BAP 1.0 17% 19%* 0 25 2.0 0 0 0
NAA 0.5 + BAP 1.5 11 18* 45% 6.5 3.0 1 >8 40
NAA 0.5 + BAP 2.0 15% 19% 40% 15 2.0 0 >7 7.0
NAA 1.0 + BAP 0.5 11% 17% 45%* 12.0 2.0 0 >10 3.0
NAA 1.0 + BAP 1.0 10% 16% 473 12.0 4.0 2 >5 5.0
NAA 1.0 + BAP 1.5 10% 16% 0 5.0 3.0 2 0 0
NAA 1.0 + BAP 2.0 13% 20% 0 40 4.0 0 0 0
NAA 2.0 + BAP 0.5 17% 17% 0 15 3.0 2 0 0
NAA 2.0 + BAP 1.0 20% 21% 0 1.0 3.0 0 0 0
NAA 2.0 + BAP 1.5 15% 20% 0 25 3.0 2 0 0
NAA 2.0 + BAP 2.0 18% 22% 0 15 2.0 0 0 0
NAA 3.0 + BAP 0.5 18% 19* 0 2.0 2.0 2 0 0
NAA 3.0 + BAP 1.0 124 18% 0 15 2.0 1 0 0
NAA 3.0+ BAP 1.5 13% 19%* 0 35 3.0 1 0 0
NAA 3.0 + BAP 2.0 10%* 17+ 42% 7.0 40 2 6.0 25
Control (no PGR) 22%* 26> 30* 2.0 2.0 0 4.0 5.0
LSD 1% 3.26 2.45 na 1.22 0.36 na na Na

*Indicates intensity (used 1-6 scale, 1: Very poor and 6: Excellent). PGR: Plant growth regulator; ns: Not significant; na: Not analysed.
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Table 4. In vitro morphogenesis of mukhi kachu with meristem cultured on MS media with different combinations of NAA +

BAP at dark and at 24°C + 2°C.

Plant growth status Rooting status

Treatment Days to differentiation  Days to shooting™ Days to rooting
Ht. (cm) Leaf (cm) Sucker (no.) No. Length (cm)
NAA 0.5 +BAP 0.5 12% 12% 0 4.0 3.0 2.0 0 0
NAA 0.5 + BAP 1.0 13% 143 0 3.0 2.0 0 0 0
NAA 05 +BAP 15 10%* 113 0 7.0 2.0 0 0 0
NAA 0.5 + BAP 2.0 10% 113 0 2.0 2.0 0 0 0
NAA 1.0 + BAP 0.5 g 10% 0 20 1.0 0 0 0
NAA 1.0 + BAP 1.0 g% 10%* 0 2.0 1.0 0 0 0
NAA 1.0+BAP 15 g* 113 0 2.0 1.0 0 0 0
NAA 1.0 + BAP 2.0 10* 10 0 25 3.0 0 0 0
NAA 2.0 + BAP 0.5 12%* 12% 0 20 3.0 0 0 0
NAA 2.0 + BAP 1.0 11 12% 0 3.0 2.0 0 0 0
NAA 2.0 + BAP 1.5 12%* 14% 0 3.0 2.0 0 0 0
NAA 2.0 + BAP 2.0 113 143 0 3.0 3.0 0 0 0
NAA 3.0 + BAP 0.5 10%* 1% 0 20 3.0 0 0 0
NAA 3.0 + BAP 1.0 12% 143 0 20 3.0 0 0 0
NAA 3.0+BAP 15 12% 16%* 0 25 3.0 2.0 0 0
NAA 3.0 + BAP 2.0 10%* 14%* 0 25 3.0 0 0 0
Control (no PGR) 22% 243 32% 40 40 0 40 35
LSD 1% 3.24 3.33 na ns ns na na na

*After transfering to light condition. “Indicates intensity (used 1-6 scale, 1: Very poor and 6: Excellent). PGR: Plant growth regulator; ns: Not significant; na: Not

analysed.

Kn + 2,4-D levels below 1.0 + 0.1 was ineffective. More-
over, Kin is a cytokinin group plant hormone enhanced
plant cell elongation resulted in plant growth while 2,4-D
is an auxin acts as mutagenic chemical, thus it seems Kn
enhanced differentiation but due to presence of 2,4-D, it
was delayed. Kn up to 0.5 mg/l was seemed to be nulli-
fied by 2,4-D and when Kn level increased to 1.0, it
showed differentiation but delayed (35 days). Kn + 2,4-D
combination had no effect on rooting, rather retarded
because control treatment formed roots within 27 days.
In a 50-day culture period, only one leaf was formed
while in control it was 2, which seems to be related to
days to differentiation. Profuse rooting was observed in
the control treatment, having more than 5 roots per plant
with an average length of 2.5 cm after 50 days of culture.

The excised meristem of Colocasia esculenta cv. anti-
quorum showed excellent response with the maximum
intensity of growth under both light and dark condition
and at 24°C + 2°C (Figure 1(c)). In the light, differentia-
tion started with the minimum of 10 days of incubation
with NAA 1.0 + BAP 1.0 and NAA 1.0 + BAP 1.5 levels
and in most cultures by 20 days while the control treat-
ment took 26 days, having minimum intensity. The cul-
tures with BAP + NAA combination developed multiple
shoots (Figure 1(d)).

The growth of cultures was so vigorous with NAA +
BAP combinations. Differentiation of shoot and root
occurred almost simultaneously in most of the treatments

Copyright © 2012 SciRes.

except few, in which the variation was negligible. Rooting
was negatively affected in twelve NAA + BAP combina-
tions. Profuse rooting occurred in five treatments but
much delayed (45 days after culture). The plants showed
vigorous shoot growth with or without roots. The rooting
status of NAA 0.5+BAP 1.5, NAA 0.5 + BAP 2.0, NAA
1.0 + BAP 0.5 and NAA 1.0 + BAP 1.0 was excellent (av.
number was > 5 -> 10 and av. length was 3.0 - 7.0 cm)
(Table 4) (Figure 1(e)). It was also good for the control
treatment. Only a few treatments at random formed a good
number of stolons, which showed a better growth rate
than other parameters. The reasons for random differen-
tiation is not clear.

The isolated meristems when incubated at dark differ-
entiated very quickly with very good growth intensity for
most of the treatments except a few including control.
Differentiated meristems showed tendency of callusing
and became depigmented due to absence of light which
turned to normal upon transfer to 16 h light. The plant
growth status was very good. The cultures in the dark
also showed good response but after long duration of
culture, stems and leaves became pale green as compared
to deep green when cultured in the light. The plants be-
came taller with small leaves as compared to the plants in
the light. But none of the treatment formed root except
control, which was indicative that NAA + BAP combina-
tion retarded root formation, which was pronounced un-
der dark condition. Even stolon seldom formed.
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