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ABSTRACT

Alocasia macrorrhiza is an ornamental plant with decorative foliage. A
procedure for propagation of Alocasia from shoot tip, axillary buds, stem pith, root and
leaf petiole explants is described. Shoot tip and axillary buds were excised from
mature plants and cultured on Murashige and Skoog medium (MS) supplemented with
8.8 uM benzyladenine (BA) and 0.5 uM naphthaleneacetic acid (NAA) and incubated
for eight weeks. Produced shoots were quartered, or left intact and cultured on MS
alone or supplemented with 2.2, 4.4, 8.8, 13.2, 17.6, 22.0, 26.4, 30.8, 35.2 uM BA with
0.5 uM NAA. Shoot regeneration was obtained from stem pith explants cultured on
MS alone or supplemented with 0.9, 2.2, 4.4, 8.8, 13.3, 17.6, 22.0 uM BA with 0.5 yM
NAA. Callus was produced from shoot tip, leaf, root and stem pith explants cultured
on MS supplemented with different concentration from 2,4-D, picloram or NAA. Shoot
regeneration from callus occurred upon transfer into MS containing 2.2 pM BA.
Produced shoots were rooted, acclimatized, and normal plants were successfully
established in soil.

INTRODUCTION

Alocasia macrorrhiza is an ornamental evergreen monocotyledonous
plant with decorative foliage, appertains to the family Araceae. The plant has
also other names such as giant taro and giant Alocasia (Foliaki et al., 1990;
Wen et al., 1997b). Some cultivars are cultivated to a limited extent in India
and some of the Pacific Islands for food consumption (Jackson, 1999; Le et
al, 1999). The nutritional value of Alocasia was extensively studied
(Bradbury and Singh, 1986a, b; Bradbury and Holloway, 1988: Singh and
Bradbury, 1988). It is also pointed out that this crop could be grown for animal
feed (Ravindran and Rajaguru, 1985: Maratos, 1996) as its leaves and stem
have high protein content (Foliaki et al., 1990). In addition, Alocasia leaves
are excellent source for carotenoids (Wen et al., 1997b).

However, Alocasia, like most tuber crops, is vulnerabie to viral
diseases (Thankappan, 1993) which hinder its breeding programs.
Moreover, several cases of toxicity were recorded due to exposure plant
exudates or consumption of Alocasia (Chan et al., 1995). The presence of
adverse chemical factors which cause acridity and toxicity was investigated
(Hammer et al,, 1989; Wen et al., 1997a, Lin et al., 1998; Paull et al., 1999).
The toxicity and acridity of Alocasia are believed to be due to a combination
of caicium oxalate (Bradbury and Nixon, 1998; Holloway et al., 1989), trypsin
inhibitor, sapotoxin and other unidentified chemical irritants (Chan et al.,
1995). The presence of toxic chemicals reduced greatly the exploitation of
Alocasia plant as ornamental plant and affects its palatability.
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Establishment of an efficient system for shoot proliferation from pre-
existing buds (Mohamed-Yasseen and Splittstoesser, 1995) and plant
regeneration from adventitious buds and callus (Mohamed-Yasseen et al.,
1995) has the potential for producing free disease plants, mass propagation
and improving characteristics of Alocasia. There is no available information
about tissue culture of Alocasia macrorrhiza. This paper describes an
efficient system for shoot formation, callus induction and plant regeneration
using explants derived from shoot tip, stem pith, root and leaf explants.

MATERIALS AND METHODS

Source of initial explants. Shoot tip and axillary buds were removed from
mature plants. All experiments were conducted, during a period from 2000
and 2002, at the Genetic Engineering and Biotechnology Research Institute
at Sadat City, University of Minufiya.

Explant preparation. Shoot tip and axillary buds (approximately 5-12 mm, in
length) were washed with detergent and rinsed with water. Explants were
surface sterilized in 70% ethanol for 1 min, rinsed with distilled water then
surface sterilized with 0.79% (v/v) sodium hypochlorite for 15 min. Explants
were rinsed three times in sterile distilled water prior culture in vitro.

Shoot production. Explants were placed on 25 ml of culture media
contained in 55-ml culture tubes and sealed with plastic polypropylene lids
(Sigma, Saint Louis, MO). Culture medium was composed of Murashige and
Skoog (1962) medium (MS) containing 30 g/l sucrose, 7 g/l agar (Agar-Agar/
Gum agar, Sigma) supplemented with 8.8 uM BA and 0.5 uM NAA
Produced shoots were transferred after eight weeks into fresh medium
dispensed into 300 ml glass jar capped with clear plastic polypropylene lids,
for further proliferation. Shoot-proliferation medium was composed of MS
supplemented with 4.4 uM BA with 0.5 uM NAA.

Produced shoots were cultured on MS-free growth regulators, for
additional eight weeks, for root formation. Plantlets produced from MS-free
growth regulators were then utilized in this paper as a source of explants
(shoot tip, stem pith, root and leaf explants) which were used to study the
effect of growth regulators on shoot proliferation, callus formation and plant
regeneration.

Effect of BA and NAA on shoot proliferation from Alocasia shoot tip.
Shoot tips (approximately 5-12 mm, in length) were left intactor
quartered and cultured on MS containing 30 g/l sucrose, 8 g/l agar and
supplemented with 0.0, 2.2, 4.4, 8.8, 13.2, 17.6, 22.0, 26.4, 30.8, 35.2 uM BA
with or without 0.5 uM NAA.
Effect of BA and NAA on shoot regeneration from stem pith explant.
Stem pith explants (approximately, 8-12 mm, in length) were excised
and cultured on MS supplemented with 0.0, 0.9, 2.2, 4.4, 8.8, 13.3, 17.6, 22.0
uM BA with or without 0.5 uM NAA.
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Callus induction from shoot tip, root, leaf and stem pith explants.

Shoot tip, root, leaf and stem pith explants were excised from
plantlets produced in vitro and cultured on MS containing 30 g/l sucrose and
2g/l gelrite (Phytagel, gelrite, Sigma) and supplemented with appropriate
auxin. Intact and quartered shoot tip was prepared as above and cultured on
callus induction medium composed of MS supplemented 6.8, 13.6, 27.1uM
2,4-D or 12.4 uM picloram. Root explants (approximately 15 to 30 mm, in
length) were cultured on callus induction medium composed of MS
supplemented with 6.8, 13.6, 27.1 and 45.2 uyM 2,4-D. Leaf explants were
cut into leaf blade and leaf petiole. Leaf petiole was divided into proximal and
distal section (approximately 8-12 mm, in length) and leaf blade was cut into
3- 6 segments. Leaf explants were cultured on callus induction medium
composed of MS supplemented with 2.3, 6.8, 13.6, 27.1,45.2 uyM 2,4-D or
12.4 uM picloram. Stem pith explants, prepared as described above, were
cultured on callus induction medium composed of MS suppiemented with 2.3,
6.8, 13.6,27.1, 452 uM 2,4-D , 12.4 uM picloram or 16.2 uM NAA.

All explants were maintained in the dark and produced calius was
transferred to light into shoot-induction medium composed of MS containing
30g/! sucrose, 7 g/l agar and supplemented with 2.2 uM BA.

Media and culture conditions. Media pH was adjusted to 5.7 with 1N
KOH after adding growth regulators but before adding gelling agent. Growth
regulators were added before sterilization in an autoclave at 121 °C and 98
KPa for 20 min. Shoot formation cultures were maintained under an 18 hr
photoperiod (cool white fluorescent light, 40 umolm™s™') and 28 °C., while
callus induction cultures were maintained in the dark.

Transfer to soil. All produced shoots were separated and transferred for
rooting and elongation into MS containing 30 g/l sucrose and 7 g/l agar.
Rooted shoots were planted in 165 cm ® plastic pots filled with autoclaved
commercial potting soil (Agro Mix no. 2; Conard Fafard, Springfield, Mass).

Experimental design. All experiments were conducted using a completely
randomized design. Twenty replicates were used in each treatment and each
experiment was repeated at least twice. Treatment means were evaluated
using Duncan’s Multiple Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

Shoot proliferation from Alocasia shoot tip was considerably
influenced by concentration of BA and NAA. Number of produced shoots,
shoot length and number of roots were affected with concentrations of BA
and NAA (Table 1). The highest number of shoot proliferation was obtained
on MS supplemented with 30.8 uM BA and 0.5 uM NAA. This latter
suggested that high concentration of BA was necessary to obtain high
number of shoot proliferation. Shoot length and number of roots per explants
were shown to be reduced with increasing BA concentration. Quartering
shoot tip is easy to operate on Alocasia shoot tip and has the advantage of
obtaining four explants instead of one single explant.
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Table 1. Effect of BA and NAA concentrations on shoot proliferation
from Alocasia macrorrhiza after eight weeks from culture.

Supplement type of explant shoot/explant  shoot length (mm) root/explant
0.0 intact-shoot 1.0¢é° 90 a 189a
0.0 quarter-shoot 1.0e 80a 16.7 a
2.2 uM BA + 0.5 uM NAA intact-shoot 10e 88a 16.2a
2.2 uM BA + 0.5 uM NAA  quarter-shoot 12e 71b 159 a
4.4 M BA + 0.5 yM NAA intact-shoot 12e 80 ab 13.5a
4.4 yMBA + 0.5 yM NAA  quarter-shoot 1.7e 62¢ 105a
8.8 uM BA + 0.5 uM NAA intact-shoot 1.5de 74b 129 a
8.8 tM BA + 0.5 uM NAA  quarter-shoot 1.9de 74b 109a
13.2 uM BA + 0.5 uM NAA intact-shoot 25d 65¢ 9.7 ab
13.2 uM BA + 0.5 uM NAA quarter-shoot 2.0de 52 de 8.1ab
17.6 uM BA + 0.5 uM NAA intact-shoot 3.0cd 60 cd 8.3 ab
22.0 uM BA + 0.5 uM NAA  intact-shoot 43¢ 50 de 72¢
26.4 yM BA + 0.5 uM NAA intact-shoot 56b 45fe 65¢
30.8 uM BA + 0.5 uM NAA intact-shoot 6.2a 38f 52d
35.2 uM BA + 0.5 uM NAA intact-shoot 50b 30f 24d

Z Means having the same letters are not significantly different according to Duncan’s
multiple range test, P = 0.05.

Dividing shoot tip in some Allium spp increased the number of
produced shoots per explant due to eradication of apical dominance and
removal of anatomical barriers, thereby permitting axillary buds to grow
(Mohamed-Yasseen et al., 1994). This method was beneficial for producing
high number of shoots from several monocotyledonous plants (Mohamed-
Yasseen, 1999). Quartering shoot tip in Alocasia did not increase the
number of produced shoots per explant. Shoot formation was rather higher
from intact shoot of Alocasia cultured on MS supplemented with 13.2 uM BA
and 0.5 uM NAA. Moreover, shoots produced from quarter-shoot were
thinner and leaves were smaller than those produced from intact-shoot.

Shoot regeneration from stem pith was influenced by the
concentration of BA and NAA (Table, 2). Number of shoots per explant was
increased with increasing BA concentration then decreased afterward.

The highest number of regenerated shoots was attained on MS
supplemented with 8.8 uM BA and 0.5 uM NAA. Shoot length and number of
roots per explant decreased with increasing BA concentration. Stem pith is a
new category of explants for shoot production through adventitious shoot
formation. However, the source of stem pith explant is limited since each
shoot usually provide one single stem pith explant.

The effect of different auxins on callus formation from different
explants was investigated (Tables, 3,4,5,6). Callus was produced from
diverse Alocasia explants such as shoot tip, root, leaf and stem pit explants
cultured on MS supplemented with 2,4-D, picioram or NAA. Friable cailus
formation from intact shoot and quartered tip was accomplished on MS
supplemented with 2,4-D (Fig. 1a) or picloram (Table, 3). Callus produced
from shoot tip on 2,4-D was yellowish and smaller than that produced on
picloram.
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Table 2. Effect of BA and NAA on shoot regeneration from stem pith of
Alocasia macrorrhiza after eight weeks from culture.

Supplements shoot/explant shoot length (mm) root/explant
0.0 08e §5a 8.3a
0.9 uMBA 1.2d 65 a 6.4 a

2.2 uM BA + 0.5 utM NAA 25¢ 63a 52a
4.4 M BA + 0.5 uM NAA 3.3b 45b 5.0ab
8.8 uM BA + 0.5 uM NAA 40a 40b 46Db
13.3uMBA+05uMNAA 35D 30¢ 32¢
17.6 uM BA + 0.5 uM NAA 28¢c 24 d 26¢c
22 uM BA + 0.5 uM NAA 1.5d 12d 0.9d

Z Means having the same letters are not significantly different according to Duncan’s
multiple range test, P = 0.05.

Table 3. Effect of 2,4-D and picloram on callus formation from whole or
quarter shoot tip of Alocasia macrorrhiza after twelve weeks
from culture.

Auxin (mg/l) type of explant callus weight (g/explant) type of morphogenesis

; 4 whole ShGo - ew yellowish friable callus
13.&?,1M ,4-D whole shoot 1.30b fewyellowish friable callus
27.1uM 2,4-D  whole shoot 0.60¢c few yellowish friable callus
6.8 uM 2 4-D quarter shoot 1.2b few yellowish friable callus
13.6uM 2,4-D quarter shoot 0.83 bc few yellowish friable callus
27.1uM 2 4- quarter shoot 0.65¢ few yellowish friable callus

12.4 uM picloram quarter shoot 45a whitish friable callus
Means having the same letters are not significantly different according to Duncan’s
multiple range test, P = 0.05.

There were no significant differences between callus weights
produced from intact or quarter shoot tip. Callus weight decreased with
increasing concentration of 2,4-D from 6.8 uM to 27.1uM.

Friable callus was produced from root and leaf explants on MS
supplemented with 2,4-D or picloram (Table, 4,5). it is generally noticed that
callus size produced from root and leaf explants becomes yellowish, more
friable and granular with embryo like structures (Fig. 1b) with increasing
concentration of 2,4-D from 2.3 uM to 13.6 uM 2,4-D. Callus was produced
from proximal and distal section of leaf. Wile leaf blade did not produce
callus on all 2,4-D, picloram or NAA.
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Fig. 1. Typical callus formation from different explants of Alocasia and
plant regeneration in vitro. a: typical friable callus production
from shoot tip. b: typical friable callus production from root
explants. c: typical friable callus from stem pith explants, d:
typical shoot regeneration from Alocasia callus after rooting
and prior transfer to soil.
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Table 4. Effect of 2,4-D, picloram and NAA on callus formation from
root explants of Alocasia macrorrhiza after twelve weeks from

culture.
Auxin (mg/l) callus weight (g/g explant) callus formation% morphogenesis
6.8 uM 2,4-D 26a 100 friable callus
13.6uM 2,4-D 18b 100 friable callus
27.1uM 2,4-D 1.6 bc 100 friable callus
452 uM 2,4-D 12c 65 friable callus
12.4 uM picloram 32a 70 slightly friable callus
16.2 uM NAA 0.8d 10 friable cailus

Z Means having the same letters are not significantly different according to Duncan's

muitiple range test, P = 0.05.

Table 5. Effect of 2,4-D, picloram and NAA on callus formation from leaf
petiole of Alocasia macrorrhiza after twelve weeks from culture.

Auxin (mg/l)  leaf explant callus weight (g/g explant) callus formation% morphogenesis

23uM24-D proximal 36D 7 yellowish friable callus
6.8 uM 2,4-D proximal 38b 31 yellowish friable callus
13.6uM 2,4-D proximal 43a 34 yellowish friable callus
271 uM 2,4-D - proximal 3.1b 15 yellowish friable callus
45.2 uM 2,4-D proximal 28¢c 12 yellowish friable callus
12.4 uM picloram proximal 29c¢ 18 whitish friable callus
6.8 uM 2,4-D distal 3.0b 17 yellowish friable callus
16.2 uM NAA proximal 0.0 0.0 no callus formation

Z Means having the same letters are not significantly different according to Duncan's
multiple range test, P = 0.05.

Friable callus was produced from stem pith explants (Table 6) on MS
supplemented with 2,4-D, picloram or NAA (Fig. 1c). Callus weight and
percentage of callus formation decreased with increasing concentration of
2,4-D. Sporadic shoots were directly produced on MS supplemented with low
concentration of 2,4-D (2.3 uM 2,4-D) or supplemented 16.2 uM NAA, while
high concentration of 2,4-D (45.2 uM 2,4-D) caused necrosis and stem pith
explants died ultimately.

Table 6. Effect of different auxins on callus formation from stem pith of
Alocasia macrorrhiza after eight weeks from culture.

Supplements  callus weight (g/g) callus % Type of morphogenesis
2.3uM 2,4-D 28a 100 friable callus with sporadic shoots

6.8 uM 2.4-D 1.8b 100 friable callus formation

13.6 uM 2,4-D 14¢ 100  small friable callus

27.1 uM 2. 4-D 1.1¢ 80 small friable callus

45.2uM 2,4-D 00d 0.0 no callus formation and necrosis

12.4 uM picloram  2.1b 100 friable callus

16.2 uM NAA 2.0 100 friable callus with sporadic shoots and roots
Means having the same letters are not significantly different according to Duncan's
multiple range test, P = 0.05.

Multiple shoots were regenerated from callus derived from root, leaf
petiole and stem pith explants and occasionally from shoot tip cailus. Direct
shoot formation from shoot tip or from stem pith explants is faster than shoot
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regeneration from callus. However, shoot regeneration from callus is more
valuable for breeding purposes. Produced shoots were rooted (Fig. 1d) and
normal plants were obtained in soil.

In conclusion, this paper, described two methods for shoot and
plantlets production from several explants; shoot tip, stem pith explants, root
and leaf explants. The first method demonstrated direct shoot formation
which was accomplished through shoot proliferation from shoot tip and shoot
regeneration from stem pith explants. The second method described shoot
regeneration from callus which was achieved from callus derived from shoot
tip, root, leaf and stem pith explants. Both methods offer the basis for mass
propagation, production of free disease plants and improving plant
characteristics.

REFERENCES

Bradbury, J.H. and W.D. Holloway. (1988). Chemistry of tropical root crops:
significance for nutrition and agriculture in the Pacific. ACIAR
Monograph, 6: 1-14.

Bradbury, J.H.-and RW. Nixon. (1998). The acridity of raphides from the
edible aroids. J. Sci. Food Agric., 76: 608-616.

Bradbury, J.H. and U. Singh. (1986a). Ascorbic acid and dehydroascorbic
acid content of tropical root crops from the South Pacific. J. Food Sci.,
51:975-978.

Bradbury, J.H. and U. Singh. (1986b). Thiamin, riboflavin, and nicotinic acid
contents of tropical root crops from the South Pacific. J. Food Sci.,
51:1563-1564.

Chan, T.K; LY. Chan; L.S. Tam and J.H. Critchley (1995). Neurotoxicity
following the ingestion of a Chinese medicinal plant, Alocasia
macrorrhiza. Human Exper. Toxic., 14:727-728.

Duncan D.B. (1955). Muitiple range and multiple F tests. Biometrics 11:1-42.

Foliaki, S.; W.S. Sakai; S.T. Tongatule; U. Tungata; S.C. Furutani; M.C.
Tsang; G. Nielson and R. Short.(1990). Potential for production of
Alocasia, giant taro, on the Hamakua coast of the Island of Hawaii.
Res. Ext. Hawaii Inst. Trop. Agr. Human Reso., 114; 37-45.

Hammer, B.C.; D.C. Shaw and J.H. Bradbury (1989). Trypsin inhibitors from
Colocasia esculenta, Alocasia macrorrhiza and Cyrtosperma
chamissonis. Phytochem., 28: 3019-3026.

Holloway, W.D.; M.E. Argall; W.T. Jealous; J.A. Lee and J.H. Bradbury.
{1989). Organic acids and calcium oxalate in tropical root crops. J.
Agric. Food Chem., 37: 337-341.

Jackson, G.V.D. (1999). Pathogen-free Pacific taro. J. Food Sci. Techn., 36:
457-458. }

Le, H.T.; JF. Hancock; T.T. Trinh and HH. Pham (1999). Germplasm
resources in Vietnam: major horticultural and industrial crops. Hort.
Science, 34:175-180.

Lin, T.; D.Z. Hung; W.H. Hu; D.Y. Yang; T.C. Wu; J.F. Deng; T.J. Lin; D.
Hung; W.H. Hu; D.Y. Yang; T.C. Wu and J.F. Deng. (1998). Calcium
oxalate is the main toxic component in clinical presentations of

4630



J. Agric. Sci. Mansoura Univ., 27 (7), July,2002

Alocasia macrorrhiza (L) Schott and Endl poisonings. Vet. Human
Toxic., 40: 93-95.

Maratos, D. (1996). A-Z of animal feeds. Afric. Farm. Food Process., 3: 44-
45,

Mohamed-Yasseen Y.; W.E. Splittstoesser and R. Litz (1994). /n vitro shoot
proliferation and production of sets from garlic and shallot. Plant Cell
Tiss. Org. Cuit., 36: 243-247.

Mohamed-Yasseen, Y. (1999). In vitro propagation of grand crinum lily.
(Crinum asiaticum L.) from inflorescence. Arab Univ. J. Agric. Sci.
Cairo, 7: 521-529.

Mohamed-Yasseen, Y. and W.E. Spiittstoesser. (1995). Somatic
embryogenesis from leaf of witloof Chicory through suspension culture.
Pilant Cell Reports., 14: 804-806.

Mohamed-Yasseen, Y.; S.A. Barringer; R.J. Schnell and W.E. Splittstoesser.
(1995).  In vitro shoot proliferation and propagation of guava (Psidium
gujava L.) from germinated seedlings. Plant Cell Reports., 14: 525-
528.

Murashige, T. and F. Skoog. (1962). A revised medium for rapid growth and
bicassays with tobacco tissue cultures. Physiol. Plan, 15: 473-497.

Paull, R.E.; C.S. Tang; K. Gross; G. Uruu and C.S. Tang. (1999). The nature
of the taro acridity factor. Postharvest Bio. Techn.,16:71-78.

Ravindran, V. and A.S.B. Rajaguru. (1985). Nutrient contents of some
unconventional poultry feeds. Indian J. Animal Sci., 55:58-61.

Singh, U. and J.H. Bradbury. (1988). HPLC determination of vitamin A and
vitamin D2 in South Pacific root crops. J. Sci Food Agric., 45: 87-94.

Thankappan, M. (1993). Tuber crops are vuinerable to viruses. Indian Hortic.,
38: 25-26.

Wen, L.F.; X. Luo; C. Zheng;, L.F. Wen; X.F. Luo and C. Zheng. (1997a).
Adverse factor in leaf meal from Alocasia macromhiza. Tropical Sci.,
37: 111-115.

Wen, L.F.; X. Luo; C. Zheng; L.F. Wen; X.F. Luo and C. Zheng. (1997b).
Carotenoids from Alocasia leaf meal as xanthophyll sources for broiler
pigmentation. Tropical Sci., 37:116-122.

Laageadll £ jall (B LlS g1 il )
i SAA Jadea (g
raa—id ghall Aaala= i sld) Lpsamdy gl s gl iSall y 005 50 Aessigh &ay 2gaa

Dt A 7 gy e Dy e Lalill il det )y Lumgdll 1Sl A LSt 2l JUS] 5

Jaay Sa TuT2 g oA GITTE G TY GOV VT A G GE SN e Ghaa]lyl padl Silada

el ity JUSYI g ] Lol Zai plaiid 8 LS i e i Jga g Sa 12 5 i) Jisi

WO T A G gt G YT e At g il e g e Sy e L e

G U555 G el e ST ) S LS LAl aan i Jgey e 02y uad D3 J ey Suat Y i

eSS e Ligiae z Sy 2l e B e de s nal Fll elal Tl 315501 %l il A

gl xSy et e L e KU Ze) G Ay SIS s S gl g 2k e Al

S e g e Akl LA Y e S e peaadl SSaE ) ¢ o L3 Jgey Sea TY Ll

Sl iy pdsay g 0 e o S 00 padl Diadaie 58 5y Al e jadl daglal 1Sy S5l

Ty el s aaal gal) Silalaie sp AL 7 Sy et ae B M g p i1 Sl L4 pSaD

N ARl L0 e Jyeaalt 23y geall M1 pta i gS A sl

4631

&C



