esting and highly ornamental germ-
plasm of Vietnam.

To safeguard the banana germplasm
of the country, the duplicated field col-
lection at Long Dinh Fruit Research
Centre was established in South Viet-
nam. But field germplasm collections
are vulnerable to disease infection,
floods, drought and entry of pests such
as nematodes. To further ensure the
conservation of Vietnam’s indigenous
Musa genetic resources, a duplicate in
vitro collection was also established at
the Department of agro-biotechnology of
VASI by Dr Ho Huu Nhi. Vietnam is shar-
ing with INIBAP/IPGRI a large number
of its Musa germplasm accessions and
the materials are being sent to the INI-
BAP Transit Centre of INIBAP in

Improvement

Figure 8. Ripe fruits
of Chuoi Mat, a
cooking banana with
triploid balbisiana
genome composition

Leuven, Belgium where it is held in trust
for the benefit of the world community.

References

Khoi N.D. 1995. Progress report of banana research
and development in Vietnam. Pp 71-75 in Minutes
of 5th ASPNET Regional Advisory Committee mee-
ting held at MARDI, Serdang, Malaysia.
INIBAP/ASPNET, Los Bafios, Philippines.

Khoi N.D. & R.V. Valmayor. 1995. Collection, charac-
terization, evaluation and conservation of the in-
digenous Musa germplasm of Vietnam - a progress
report. INFOMUSA 4(1): 3-4.

Lecomte H., Humbert H. & Gagnepain F. 1932. Flore
générale de I'Indochine. Pp. 139-142.

Loureiro J. 1793. Flora Cochinchinensis. Pp. 789-792.

Nhi H.H. 1996. Collection characterization, evalua-
tion, classification and conservation of banana
germplasm in Vietnam. Pp 43-57 in Minutes of the

6™ ASPNET Regional Advisory Committee mee-
ting held at NRCB, Tiruchipalli, India.
INIBAP/ASPNET, Los Bafios, Philippines.

Nhi H.H. & N.D. Khoi. 1997. Cay Chuoi-Nguong
Tai Nguyen Di Truyen (Genetic Resources of Ba-
nana). Agricultural Publishing House, Hanoi, Viet-
nam. 108 pp.

Valmayor R.V., B. Silayoi, S.H. Jamaluddin,
S. Kusumo, R.R.C. Espino & O.C. Pascua. 1991.
Banana classification and commercial cultivars
in Southeast Asia. PCARRD, Los Bafios, Laguna,
Philippines. Info. Bull. 24. 20 p.

Le Dinh Danh works at Phu Ho Fruit Crop Research
Centre, Phong Chau, Vinh Phu, Vietnam, Ho Huu Nhi
works at VASI, Van Dien, Thanh Tri, Hanoi, Vietnam
and Ramon V. Valmayor retired recently from his
position as INIBAP Regional Coordinator for Asia and
the Pacific and is now INIBAP Honorary Research
Fellow. He can be contacted at the INIBAP Regional
Office at Los Bafios, Philippines.

Embryogenic cell suspension techniques

Establishment of embryogenic callus and initiation
and regeneration of embryogenic cell suspensions
from female and male immature flowers of Musa

Agneés Grapin, Juan-Luis Ortiz,
Régis Domergue, Jacqueline Babeau,
Sophie Monmarson,
Jean-Vincent Escalant,
Claude Teisson and Frangois Cote

for developing an efficient cell re-

generation process: (i) as a new
mass micropropagation technique and
(i) to have a cell regeneration system
useful in the development of genetic en-
gineering techniques.

During the last ten years, four meth-
ods of somatic embryogenesis in Musa
have been published, each one using a
different type of explant. The first re-
sults were obtained using immature zy-
gotic embryos (Cronauer and Krikorian
1988, Escalant and Teisson 1988, 1989).
However, this technique is limited to
wild seminiferous genotypes, and is not

I n Musa, there are two main reasons

suitable for cultivated genotypes. Em-
bryogenic cell suspensions were ob-
tained from leaf tissues and rhizomes
(Novak et al. 1989), and from highly pro-
liferating meristem cultures (Dhed’a et
al., 1991). For these latter two tech-
niques, little quantitative data on the re-
generation efficiencies are available.
The fourth technique for somatic em-
bryogenesis, using immature male flow-
ers, was initially developed by Ma
(1991). Using temporary immersion, an
increased level of embryogenesis was ob-
tained by Escalant et al. 1994, while re-
searchers at CIRAD also obtained em-
bryogenic cell suspensions with a high
regeneration rate using immature male
flowers (Grapin et al. 1996, Cote et al.
1996). This technique was however lim-
ited to genotypes having a persistent
male bud. Recently, due to the develop-
ment at CATIE of a process using imma-
ture female flowers, this technique has

potentially been extended to all types of
Musa (Grapin et al. 1997).

A synthesis of the results obtained to
date by CIRAD and CATIE on callogene-
sis and embryogenic cell suspensions
initiated from immature flowers is re-
ported here. Full details of the compo-
sition of the culture media used and
the four stages of the methodology are
provided in Grapin et al. (1996) and
Cote et al. (1996).

Initial explants

Male flowers

After bunch development, the male buds
are collected. The cultured tissues con-
sist of immature male flowers removed
from the bud under sterile conditions. Of
the hundreds of floral rows present in
the bud, only the hands from the rows
nearest to the meristem are cultured.
These hands are smaller than 3mm and
contain 15 to 20 flowers each.
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Female flowers

Plants are cut at their base when they
are apparently at the transition be-
tween the vegetative and the floral
stage. After eliminating the leaves, the
pseudostems are opened lengthwise to
extract the young bud. For the cv. Cur-
raré, the buds contain less than 20 dif-
ferentiated hands and those formed
after the sixth or seventh row contain
only one flower.

Development of callus

During culture, the development of the
explants is relatively similar whether
they originate from female or male flow-
ers. The largest hands of flowers (more
than 2mm) continue their growth with-
out forming callus tissues. Necrosis oc-
curs in the smallest hands. Yellow nodu-
lar callus appears on medium size hands.
After the third month in culture, the
first callus with proembryos is visible.
This embryogenic callus can vary from
callus bearing one to a few embryos to
white friable callus with multiple proem-
bryos. Plants can be regenerated by
transferring somatic embryos removed
from an embryogenic callus onto a ger-
mination medium.

The percentage of male buds forming
embryogenic callus depends on the
genotype. At CATIE, the average is 40%
and 5% for cv. Grande Naine and cv. Gros
Michel respectively. For female flowers,
24% of the cultured buds form embryo-
genic callus for cv. Curraré. Only the
hands of the first to the forth row, show-
ing at least three flowers, form embryo-
genic callus.

Embryogenic cell suspensions

Cell suspensions are established by
transferring embryogenic callus to liquid
medium. The development and composi-
tion of such cell suspensions are rela-
tively similar, whether they originate
from female or male flowers, and what-
ever the genotype used. Cytological stud-
ies were carried out on various geno-
types to determinate their cellular
composition and their mode of multipli-
cation.

After several months of subculture,
the suspensions contain mainly cell ag-
gregates with a friable structure. These
essentially consist of cells with a large
nucleus, usually with a single nucleolus.
The cytoplasm is rich in soluble proteins,
and contains small vacuoles with some
protein reserves. Starch reserves are
rare or even absent. Internal cell divi-

Plants of Dominico (AAB French type) from so-
matic embryos formed by establishment of
cell suspensions (primary explant: immature
male flowers).

Somatic embryons of Curraré (AAB False Horn
type) formed by establishment of cell suspen-
sions (primary explant: immature

female flowers).

sions occasionally occur within the ag-
gregates leading to the formation of
proembryos. However, these culture con-
ditions do not allow ontogenesis to be
completed. They evolve in compact
nodular masses with a ring of cells rich
in starch. Isolated cells, containing large
vacuoles, are rare.

The increase of cell volume basically
depends on the growth and the fragmen-
tation of the cell aggregates. Multiplica-
tion rates of two to six in terms of cel-
lular volume are observed each month.

Embryogenic cell suspensions regenera-
tion

Regeneration is achieved by plating the
cell suspensions onto a semi-solid me-

dium rich in cytokinin. With a zoom mi-
croscope, the first proembryos are visi-
ble on the aggregates fifteen days after
plating. Cytological studies of somatic
embryo ontogenesis demonstrated that
a unicellular origin was more than
likely. After 45 days, the embryos pre-
sent an epidermis, a caulinary meris-
tem, a root pole and a provascular sys-
tem. They have very few reserves, even
after a longer period of culture.

The regeneration efficiency quantifi-
cation was reproduced several times.
For the cv. French Sombre, plating 1 ml
of packed cells led to the formation of
10° embryos of which 10 to 40% could be
converted into plantlets.

For the cv. Grand Naine, plating 1 ml
of packed cells led to the formation of
3.7 x 10° embryos with an average rate
of germination of 5%. For the cv. Cur-
raré Enano (cell suspension initiated
from female flowers), 1 ml of packed
cells could result in the formation of
10° to 5 x 10° embryos.

Conclusion
Immature flowers cultivated in vitro
can result in embryogenic callus forma-
tion and embryogenic cell suspension
initiation for many genotypes of Musa
belonging to different groups and differ-
ent levels of ploidy (Table 1). The devel-
opment of a methodology for the culture
of immature female flowers means that
genotypes without male buds, such as
AAB False Horn types, can also be in-
cluded. It is interesting to note that the
culture methodology was appropriate
for all genotypes studied and modifica-
tions were not required. Moreover, this
technique of initiating embryogenic
cell suspensions has proved to be re-
peatable in several different laborat-
ories.

Every genotype from which more than
20 to 30 male buds have been cultured
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has produced embryogenic callus fol-
lowed by cell suspensions and plantlet
regeneration. For the genotype Col 49,
the culture of only two buds led to the
formation of two calli and then two em-
bryogenic cell suspensions.

Some cell suspensions have been
subcultured for more than two years,
during which time they have main-
tained their embryogenic capacities. In
order to simplify cell suspension man-
agement, it is possible to store suspen-
sion cultures by cryopreservation using
a protocol adapted from Panis et al.
(1990).

It has been demonstrated on various
genotypes that this embryogenic cell
suspension regeneration technique can
be very efficient. The technique using
immature male flowers has already
been successfully used for the develop-
ment of a genetic transformation
method using particle bombardment. It
is also being used in an EU-INCO pro-
ject, one aim of which is the creation of
triploid hybrids by somatic fusion. Fi-
nally, this regeneration technique is
being tested to evaluate its potential as
system for mass propagation. m
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for around 1,000,000 people living
in the Kagera region of Tanzania is
banana. In recent years yields have de-

T he most important staple food crop

clined, mainly as a result of increasing
pest and disease attack, declining soil
fertility and drought. Severe flooding in
some areas, attributed to the El Nifio
phenomenon, has coumpounded the af-
fects of poor yields in several parts of the
region (Figure 1). Poor banana yields
are causing increasing food insecurity
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Figure 1. Effects of El Nifio

and declining health and living stan-
dards throughout the region.

Due to their weak financial position,
farmers are unable to afford the pesti-
cides and fertilizers necessary for im-
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