Shoot Regeneration from Peduncles and Shoot-like
Regeneration from Leaves of Babaco, Carica pentagona?

ABSTRACT

Babaco, Carica pentagona, Heilborn (Badille), a sub-
tropical fruit native to Ecuador, has developed worldwide
potential through micropropagation of shoot tips and at-
eral buds, Improvement of babaco is reliant on creating
somaclonal variation. Direct regeneration has the poten-
tial for producing low-variation regencrants. Therefore,
leaves and peduncies were examined for direct in vitro
regeneration petential, MS media were used with combi-
nations of the growth regulators BA (0.25 - 1.5 mg/l'T),
NAA (0.5 - 1.6 mg/l'Y), and/or FAA (0.5 - 3.0 mg/I'1}. Shoots
were regenerated on peduncie sections when cultured on
medium containing BA (0, 0.5 or 1.0 mg/l'!} and 1AA (0.5
or 1.0 mg/'Y) under 2 16 h or 18 h photoperiod and a light
intensity of 16 umols-t=m-=, Whole leaves from in vitro-
stock material and leaf sections containing either a petiole
or main vein from pgreenhouse plants regenerated roots
and/or shoot-like structures on medium containing BA (1.0
or L5 mg/-Y) and IAA (1.0 or 3.0 mg/1'Y). Histological sec-
tions of peduncles and leaves demonstrated that shoots
appeared to regencrate directly from cells associated with
the vascolar 'syslemsn '
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INTRODUCTION

n increasing interest in Carica pentagona
(Heilborn) Badillo (babaco) and the use of in
vitro techniques for mass propagalion
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RESUMEN

Babaco, Carica pentagona, Heilborn (Badillo), cs un
frute subtropical originario del Ecuador, que ha alcanza-
do distribucién mundial con la micropropagacidén de
yemas apicales y laterales. El mejoramiento genético del
babace depende de la induccién de mutaciones
somaclenales. La regeneracion directn tiene potencial
suficiente para obtener plantas con ligeras variaciones.
Por lo tanto, hojas y pedinculos han sido probados para
determinar su capacidad de regeneracion in vitro. Se uti-
lizé el medio de cultivo MS en combinacién con los regu-
ladores de crecimiento BA(0.25 - 1.5 mg/i-h), ANA (0.5-1.0
mg/lY), y/o AIA (0.5 -3.0 mg/l'l). Se produjeron brotes en
seccfones de peddnculos cultivados en medio con BA
(0,-0.5 - 1.0 mg/l-7) y ATA (0.5 6 1.0 mpg/F) bajo un foto-
periodo de 16 k a 18 kh con una intensidad de luz de 16
pmols''m-?). Hejas enteras provenicntes de material in
vitro y secciones de hejas de plantas de invernadero, con
peciclo o vena principal, desarrollaron raices y/o estrue-
turas similares a brotes en medio con BA (1.0 6 1.5 mp/it)
y AIA(LY 6 3.0 mg/). Cortes histoligices demostraron
que los brotes parecen haberse regenerado directamente
de células asociadas al sisterma vascalar.

(Cohen and Cooper 1982; Cossio 1988) have
allowed for the expansion of babaco cultivation to
other continents {Lost crops...1989). However, there
are still some commercial characteristics of babaco
that need to be improved. Due to the absence of
male plants and cross incompatibility with related
species, babaco cannot be improved using conven-
tional breeding techniques. Tissue culture regenera-
tion techniques have been used to improve fruit
crops (Mitra and Chatuverdi 1972; Srinivasan and
Mullins 1980), and may allow for the improvement
of babaco.

A number of Carica have been regenerated,
including babaco (Cossio 1988; Jordan et af. 1983;
Litz and Conover 1980; Tsay and Su 1985; Vega de
Rojas 1989). Babaco’s regenerative procedure as
described for ovular callus is a lengthy, indirect
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process (Vega de Rojas and Kitto 1991). Indirect
regeneration, especially as callus cultures age, has
been associated with increased incidence of muta-
tions and off-type regenerants (Larkin and
Scowcroft 1981).

It would be desirable 1o recover plants directly
from other explant sources such as petioles (Lal and
Ahuja 1989), leaves (Seeni and Latha 1992), or
peduncles (Julliard ef af 1992). The objective of this
study was to examine peduncies and leaves for their
ability o regenerate directly.

MATERIALS AND METHODS
Plant material

Peduncles were classified as young (< 2 months
old) or old (> 2 months old) and ranged from 3 cm to
15 cm in length. The three most apical leaves col-
lected from preenhouse-grown plants were cut into
sections that contained either mainvein or petiole tis-
sue. I.caves of uniform size with intact petioles also
were collected from in virro proliferating shoot cul-
tures (Vega de Rojas 1989). The abaxial side of the
jeaf tissue was culiured in contact with the medium.
Greenhouse-collected leafl pieces and peduncles (sec-
tioned inlo | cm pieces) were disinfested for 20 min
with 1.0% sodium hypochlorite (20% household
bleach) plus 0.1% tween 20 (v/v) and rinsed three
times with sterile distilled water previous to culture.

Medium

Peduncle media used were 1) White’s {1963) sup-
piemented with (in mg/l-!} sucrose, 60 000, gluta-
mine, 400; and filter-steritized coconut water, 20%
(viv) or 2} MS salts and vitamins (Murashige and
Skoog 1962) supplemented with sucrose, 30 000
mg/l'!  Growth regulators included benzyladenine
(BA) (0, 0.25, 0.5, 1.0 mg/l-'}, naphthaleneacetic
acid (NAA) (0, 0.5, 1.0 mg/l-"}, or indoleacetic acid
(JAAQ 0, 0.5, 1 0 mg/lFY), alone or in combinations.

Leal regeneration medium consisted of MS salis
(haif-strength) and vitamins and the followiag-in
mg/fliter}, myoinositol, I; glutamine, 400; and
sucrose, 30 000 Growth regulators used were BA
(0, 05, 10, 1.5 mg/l-ly and TAA (0, 1.0, 2.0, 30

mg/I-1) under different combinations. Media for

leaves and peduncles were gelled with 8 g washed
Difco Bacto agar per liter.  Apgar was washed with
distilled water, oven-dried and reground. Media pH
were adjusted to 5.6 - 57 prior to being autoclaved at
121°C, 124 kPa for 15 minutes,

Environmental conditions

Culiures were maintained under an 18 h photope-
riod with light intensities of 12, 16 or 24 pmol-s-l.m2
provided by cool-white fluorescent lamps at a tem-
perature of 23+2°C. Two sizes of disposable Petri
plates 100 mm x 15 mm and 60 mm x 13 mm were
used depending upon the size of the explants. Jars
{55 mm x 70 mm) or boxes {65 mm x 100 mm) were
used for plantlet development.

Histological procedures

Tissues, both prior to and after culture for various
lengths of time, were fixed in FAA (formalin, acetic
acid, 30% ethanol; 1:1:10) for 48 h, dehydrated
through an ethanol sertes and embedded in paraffin.
Blocks were cut with a rotary microtome set at 12 to
15 microns, stained with safranin and fast green and
mounted with Permount (Berlyn and Mikshe 1976).

Experimental design

Experiments were set up as completely random-
ized designs with 2 - 4 explants/container and 2 - 8
containers/treatment.  All samples were selected for
maximum uniformity, Factorial combinations of.
growth regulalors were used as preliminary experi-
ments, Only selected treatments were repeated due
to limited availability of plant material.

RESULTS

Peduncles

Preliminary experiments examined White's versus
MS media and peduncle age. Of 50 peduncle sec-
tions cultured for 8 weeks, 27 or 54% initiated callus
and | {2%) peduncle less than two months old regen-
erated a root (data not presented). Peduncles were
greener and more succulent when cultured on MS
medium; therefore, subsequent experiments used
MS-based medium.
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TFable 1. Eifect of growth regulator concentration on shoot regeneration from peduncles of babaco.

Treatment N* Ne. shoots
regenerated
NAA BA IAA
(mg/™)
0 0 0 Z 0
05 025 0 2 0
0.5 0.5 0 2 0
1.0 0.25 0 2 0
1.0 035 0 2 0
0.5 0 05 2 0
0.5 0 10 2 b
1.0 0 05 2 0
1.0 0 16 2 0
0 025 05 2 0
0 05 05 2 ]
0 05 i0 2 0

¥ Number of Petri plates (four peduncle sections/plate)

Peduncle sections were cultured with combina-
tions of NAA, BA, and IAA (Table 1). One shoot
was regenerated on medium containing 0.5 mg each
of BA and 1AA liter!. In a subsequent experiment,
peduncle sections were cultured on media containing
BA (0, 0.5, 1.0 mg/l} and IAA 0, 0.5, 1.0 mg/t)
(Table 2). TAA was required for shoot regeneration
The results suggest that as BA concentration
increased shoot regeneration decreased (0 BA =
21%,05BA = 17%, LOBA = 11%).

Table 2. Regeneration of shoots from peduncles of habaco
cultured with BA and IAA.

*

Treatment N Peduncle response
BA IAA No. shoots
(mg/1-1) regencrated
0.0 03 4 4
00 1.0 4 ]
G5 0.0 4 0
HI] 05 4 2
05 1.0 4 4
1.0 00 4 it
10 05 4 ]
1.0 10 4 4

*  Number of Petri plates {three peduncle sections/plate)

Peduncle sections were cultured under one of
three light intensities; 10, 16, or 24 [imoles-'em-2
with a 16 h or 18 h photoperiod (Table 3). The
greatest number of shoots (9/32 or 28%) developed
from sections cultured under 10 jtmoles-tem-2 (Table
3}, while peduncles under 24 timoles-lenr? ysuaily
became chlorotic within 4 to 3 weeks and produced
catlus that was watery and clear. There appears to be
no difference in shoot production between peduncles
cultured for 16 h or 18 h under 16 pmoles-'sm-2
(Table 3).

Callus initiated from the subepidermal layers of
the peduncle (observation not presented). Inlernodal
sections of peduncle only produced callus compared
to nodal sections that regencrated shoots (Fig 1) or
roots. Histological sections of peduncles demon-
strated that floral buds were necrotic and that shoots
regencrated from cells associated with the vascular
bundles (Fig. 1)

Leaves

Leafl sections from in vitro-maintained stock cul-
tures were cultured for six weeks on media contain-
ing a 3 x 3 factorial combination of BA (0.5, 10, 1.5
mg/l'4y and TAA (10, 2.0, 3.0 mg/l*) plus a controt
without growth regulators. One shoot regenerated in
each of 3 media that contained in mg 1-'; 1 0 IAA +
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Fig. 2.

Initiation of shoot-like structures from leaves of habaco. (A) Longitudinal seetion of leal with regenerated shoot-like strue-
ture (s). Ib =leaf blade, pb = petiolar base, Bar = 1 mn; () Leal with regenerated shoot-like structures. Bar = 1 mm.
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Table 3. Influence of light intensity and photoperied on shoot regeneration from peduncies of babaco.

Light intensity Phetoperiod N No. shoots
{Lmoles-tem2} (h} regenerated
10 16 8 9 {28%)
16 i6 8 4 (£7%)
16 18 8 3 (13%)
24 16 8 0 {040)
*  Number of Petri plates (2 - 4 sections/plate). Percent of sections initiating shoots.
Table 4. Regeneration of shoot-like structure from leaves of babaca.
Treatment Leaf response
TAA BA N* No. shoots
(mg/l-1) Green Yellow Cailus regenerated
1O 15 8 8 6 7 i
30 Y 8 B 2 B |
30 1.5 8 ] 12 & 1

*  Number of lars; 2 - 3 feavesfjar

1.5 BA, 30 1AA + 1.0 BA, or 3.0 IAA + 15 BA
(data not presented). Similar results were obtained in
a subsequent experiment with whole leaves (Table
4) Shoots appearcd to initiate from the joint between
leaf and petiole (Fig. 2). Approximately half of the
leaves cultured produced callus in the presence of
growth regulators. Histological examination during
an earty development stage of shoot regeneration
showed differentiated shoot-like structures having a
vascular connection (Fig. 2).

DISCUSSION

The development stage of the peduncle may be a
critical {actor for either shoot or root development,
as in none of the sections did both organs regenerate
concurrently Histological analysis of peduncular
shoots of babaco demonstrated that shoots regenerat-
ed from cells associated with the vascular bundles
(Fig 1) as has been found with peduncles of
Brassica napus L. {Julliard er ol 1992},

Leaves obtained {rom either in vitre shoot cultures
or greenhouse stock plants of babaco regenerated

shoot-like structures from the adaxial surface at the
petiolar base. Shoots have been reported to regener-
ate from the petiolar base of papaya leaves in nature
(Litz, personal communication)\ Regeneration of
shoots from leaves of babaco was direct as has been
reported in Rheum emodi Wall. (Lal and Ahuja
1989),

CONCLUSIONS

— Shoots can be regenerated directly from pedun-
cles of babaco.

— Shoot-like structures can be regenerated directly
from leaves of babaco.
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