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Introduction
Seeds cannot be used for coconut germplasm conservation owing to their
large size and their highly recalcitrant storage behaviour (Chin and
Roberts 1980), which renders their storage under conventional dry and
low-temperature conditions impossible. Genetic resources of coconut are
thus traditionally maintained in field genebanks. There are many field
collections of coconuts in various countries, usually connected with
coconut research institutes, which conserve a total of 1416 accessions.
This number is projected to increase over the next few years, with the
establishment of the multi-site International Coconut Genebank or ICG
(see preceding article) under the coordination of the International Coconut
Genetic Resources Network (COGENT).
In some ways, field genebanks offer a satisfactory approach to
conservation. The genetic resources under conservation can be readily
accessed and observed, permitting detailed evaluation. However, there
are certain drawbacks that limit their efficiency and threaten their security
(Withers and Engels 1990). The genetic resources are exposed to pests,
diseases and other natural hazards such as drought, weather damage,
human error and vandalism. Nor are they in a condition that is readily
conducive to germplasm exchange. Field genebanks are costly to maintain
and, as a consequence, are prone to economic decisions that may limit
the level of replication of accessions, the quality of maintenance and even
their very survival in times of economic stringency. Even under the best
circumstances, field genebanks require considerable inputs in the form
of land, labour, management and materials (see article on ‘Coconut field
genebank’ in this chapter).
It is now well recognized that the efficient and cost-effective
conservation of any given genepool can be achieved only through the
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implementation of a complementary conservation strategy integrating
in situ and ex situ approaches and utilizing relevant storage methods
(Maxted et al. 1997). In this context, in vitro culture techniques have great
potential for the collecting, exchange and conservation of plant
germplasm, especially for problem plant species, i.e. those with recalcitrant
seeds and those that are propagated vegetatively (Engelmann 1997; 2000).
Tissue culture systems allow propagation of plants with high
multiplication rates in an aseptic environment. Virus-free plants can be
obtained through meristem culture and thermotherapy, thus ensuring
the production of disease-free stocks and simplifying quarantine
procedures for the international exchange of germplasm. The
miniaturization of explants allows genebank managers to reduce space
requirements and consequently, the labour costs for the maintenance of
germplasm collections. For long-term conservation, cryopreservation, i.e.
conservation at ultra-low temperature, usually immersion in liquid
nitrogen (-196oC), is the only method currently available for problem
species. Cryopreservation protocols have been developed for a wide range
of plant species, an increasing number of which are from the tropics
(Engelmann and Takagi 2000).
In the case of coconut, in vitro culture of zygotic embryos is now
routinely applied in numerous laboratories in the framework of
germplasm collecting and exchange activities (Batugal and Engelmann
1998; Engelmann et al. 2002). This paper summarizes the present status
of coconut cryopreservation research.

Status of cryopreservation research
In the case of coconut, only a limited amount of research has been
conducted towards the development of cryopreservation protocols,
involving research teams in Malaysia, Côte d’Ivoire, France and the UK.
Cryopreservation experiments have been performed with zygotic embryos,
plumules and pollen. Chin et al. (1989) first reported the survival of one
single coconut embryo 15 months after freezing using a classical protocol
(cryoprotection with DMSO + slow freezing). Assy-Bah et al. (1992a,b)
reported high recovery of frozen embryos using the pregrowth/
desiccation technique. In the UK, Hornung et al. (2001) obtained callus
growth from plumules of one coconut variety after cryopreservation using
an encapsulation/dehydration protocol, including preculture of
encapsulated plumules for 72-96 h in medium with 0.75 M sucrose
followed by desiccation with silica gel to around 30% moisture content
and rapid freezing. Research on cryopreservation of plumules using the
encapsulation-dehydration and vitrification techniques has also been
initiated in France (Malaurie et al. 2002b). Finally, preliminary

143

COCONUT GENETIC RESOURCES

unpublished experiments performed in Côte d’Ivoire by the late Béatrice
Assy-Bah showed that coconut pollen is amenable to cryopreservation
after partial desiccation.
Immature embryos
Experiments were performed with immature embryos sampled from
seednuts of the hybrid PB121 (Malaysian Yellow Dwarf x West African
Tall) 7 to 8 months after pollination (Assy-Bah and Engelmann 1992a).
It was decided to start working with immature embryos, on the
assumption that they would be more likely to withstand cryopreservation
than mature ones, owing to their smaller size and lower degree of
differentiation (Engelmann 1992).
For cryopreservation, embryos were placed for 4 h on pretreatment
medium containing 600 g L -1 glucose and glycerol, sorbitol or
polyethyleneglycol (PEG) 6000 at various concentrations and then
immersed directly in liquid nitrogen. After rapid thawing in a waterbath at 40°C, embryos were cultured on standard medium (Assy-Bah et
al. 1989) for recovery.
After one month, the survival of non-cryopreserved embryos was
high for all preculture conditions tested, ranging from 73 to 100%. In the
case of cryopreserved embryos, lower survival, ranging between 10 and
43%, was obtained when glycerol at 5 or 10% or sorbitol at 10% was
used in the preculture medium. However, numerous abnormalities were
observed in the further development of non-cryopserved and
cryopreserved embryos, and only few fully developed, normal plantlets
could be obtained. This was because conditions for their in vitro culture
were not mastered (Engelmann and Assy-Bah 1992).
Mature embryos
Experiments were performed with mature embryos sampled from the
seednuts of the hybrid PB121; Cameroon Red Dwarf (CRD); Rennell Tall
(RT); and Indian Tall (IT), 10 to 12 months after pollination (Assy-Bah
and Engelmann 1992b).
For cryopreservation, embryos were placed in open Petri dishes
without culture medium and dehydrated for 4 h in the air current of the
laminar flow cabinet at room temperature. They were then transferred
to open Petri dishes with the medium employed for pretreatment of
immature embryos containing 600 g L-1 glucose and 15% glycerol (AssyBah and Engelmann 1992a), and dehydrated for an additional period of
11 to 20 h. Hence, the total duration of the pretreatment ranged from 15
to 24 h. Embryos were then placed in 2 ml cryotubes and immersed directly
in liquid nitrogen. After rapid thawing in a 40°C water-bath, embryos
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were cultured on standard medium (Assy-Bah et al. 1989) for recovery.
The initial moisture content of embryos, which was very similar in all
four varieties, averaged 78.4%. It decreased rapidly during the first 15 h
of pretreatment to an average of 11.4% and then more slowly, reaching
6.4 % after 24 h. Larger embryos (RT and IT) dehydrated more slowly
than smaller ones (PB 121 and CRD).
Survival of non-frozen embryos remained very high (>70 %) after
pretreatment. By contrast, no survival was noted after cryopreservation
without pretreatment. For varieties with relatively larger embryos (RT,
IT and PB 121), survival after cryopreservation increased in line with
increasing pretreatment durations, whereas it reached an optimum after
17 h for the variety CRD, which has the smallest embryos. Under optimal
pretreatment conditions, survival ranged between 76-100 % with nonfrozen embryos and between 73-93 % with cryopreserved ones. Most
embryos considered alive after one month germinated and the same
proportion of non-cryopreserved and cryopreserved embryos developed
into whole plantlets. The main differences between control and
cryopreserved embryos were the non-development of the haustorium
and a delay of 1 to 2 months in the development of cryopreserved ones.
These results were validated by N’Nan (1997) with embryos of two
ecotypes, West African Tall and Malayan Yellow Dwarf, and recently
confirmed (N’Nan et al. 2003) on a total of 10 ecotypes, including 5 Talls
and 5 Dwarfs, originating from Africa, Latin America-Caribbean, South
Asia, Southeast Asia and the South Pacific, with 44-100% of cryopreserved
embryos giving rise to whole in vitro plantlets.
Plumules
Plumules represent a potentially interesting material for cryopreservation
because they are of small size (< 1mm3), they are mostly composed of
meristematic cells and it is possible to regenerate whole plantlets from in
vitro cultured plumules (Malaurie et al. 2002b). Cryopreservation
experiments were performed using the encapsulation-dehydration and
encapsulation-vitrification techniques.
With the encapsulation-dehydration technique, excised plumules were
encapsulated in alginate beads, pregrown for 2-3 days in medium
containing 0.5 to 1.0 M sucrose, desiccated to 0.5-0.2 % moisture content
and cryopreserved. Depending on the experiments, survival after
cryopreservation could reach up to 67%, but only a limited number of
frozen plumules could give rise to whole in vitro plantlets (Malaurie and
Borges 2001; N’Nan et al. 2002). Preliminary experiments performed with
the encapsulation-vitrification technique (Sakai et al. 2000) showed that
up to 20% of cryopreserved plumules could survive after freezing

145

COCONUT GENETIC RESOURCES

(Malaurie et al. 2002a).

Conclusion and prospects
These preliminary results demonstrate the great potential of
cryopreservation for the long-term conservation of coconut genetic
resources. Additional research has to be performed to further refine and
standardize the protocols developed for embryos and plumules, to test
the improved protocols with additional genotypes before their large-scale
application in the genebank context can be envisaged. Long-term storage
of coconut pollen under cryopreservation would represent an important
additional technique for allowing conservation of genes. Research is
needed to further develop and refine an appropriate technique.
In view of the very positive results described above, it is clear that, in
a not too distant future, cryopreservation will play a greater role in the
overall approach in the conservation of coconut genetic resources.
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