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1 Introduction

In tropical and subtropical regions. palms are well represented among culti. ated
species. Date palm. coconut palm. and oil palm are among the most important
crops in the economy of many developing countries around the world. The safe
conservation of genetic resources of these species is faced with various problems.
Indeed. germplasm collections of these species are conserved under field condi­
tions since seeds of oil palm and coconut are recalcitrant and those of date palm
have a germination rate which decreases rapidly even after short storage periods.
In vitro culture techniques present interesting solutions to improve the condi­
tions for their propagation and conservation. Indeed. tissue culture systems
allow to multiply and store plant gerrnplasm in aseptic conditions. with drastic
reduction of space requirements and of labour costs,

The aim of this chapter is to review the literature and to present the most
recent work carried out at ORSTOM/Montpellier in collaboration with various
institutes for the development of crvopreservation processes for these species.

2 Date Palm tPhoenix dactyli/era L.)

2.1 Plant Distribution and Importance

Date palm is present on all continents (Branton and Blake 1989): on the
rncditcrrancan borders of Europe and Africa. in west and east Africa. In Asia. the
most important producing countries are located in the Middle LIst (Saudi
Arabia. Iraq). Plantations also exist in India and China, Date palm was
introduced in America in the 16th century and is now found in the GSA and
South America Finally, it was introduced in Australia a century ago,
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2.2 Methods for Storage and Need for Cryopreservation

About 5000 named varieties have been identified (Anonymous 1914); most
cultivars originated from chance seedlings which were propagated vegetatively
through offshoots, Also, a multitude of unnamed varieties occur, since each
seedling may be considered a potential cultivar due to the high degree of
heterozygosity in date palm (Tisserat et al. 1983b). Sorne offshoot varieties have
been c10ned for hundreds of years; isolated cases of offshoots c10ned for up to
1300 years are known (Anonymous 1914).

Oases have a double economical importance, firstly for the production of
dates, secondly by providing shed which allows associated cultures to grow
(fruits, vegetables, cereals). World date production was estimated to 2883 000 tin
1988 (Anonymous 1989). The main production areas are located in the Middle
East (Iran, Iraq, Saudi Arabia) and in North Africa (Algeria, Morocco, Tunisia,
Egypt).
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Date palm germplasm is traditionally conserved in the form of field collections of
trees in its cultivation areas. Seeds are not recaicitrant, since they can remain
viable for up to 15 years at roam temperature. However, germination rate
markedly decreases after 6 yearsof conservation (Munier 1973), Date palm is
traditionally vegetatively propagated using sprouts. However, it produces
a Iimited number ofsprouts only, around la to 20 maximum during the whole life
of the palm (Toutain and Rhiss 1973), which considerably slows down its
propagation. Moreover, due to the mode of reproduction of this species, seed
progenies are highly heterogenous. Therefore, various in vitro techniques includ­
ing micropropagation through axillary budding and somatic embryogenesis
have been developed ta multiply genotypes (Tisse rat 1987). In vitro collections of
germplasm in the form of plantlets have been established, notably in France at
GRFP (Groupement de Recherche Français sur le Palmier Dattier).

Date palm is threatened by various pests (acarians) and diseases (fungi,
bacteria) (Munier 1973). The most important is a fungal disease induced by
FlIsarium oxysporum Schlect. f. sp. albedinis commonly termed bayoud, which
occurs in North Africa. Preservation of tolerant or resistant genotypes is
therefore essential in the frame of breeding programs against this disease.
Maintenance of in vivo collections is costly due to the large size of palms, which
induces low planting densities and to their slow growth habit. Thus, at the US
Date Palm Repository (Indio, California), the in vivo coUection which previously
comprised numerous Old World and local varieties was restricted to those female
varieties which were considered useful commercially and to five males showing
interesting characters (Carpenter 1979). Moreover. plants conserved in natural
conditions remain exposed to pests, pathogens, and natural disasters.

Management of large-scale in vitro collections poses numerous practical
rroblems. Moreover, risks of contaminations and of somaclonal variation
increase with time. It is therefore essential to develop long-term conservation
techniques for the germplasm of numerous potentially useful varieties of date
palm.
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2.3.1 Materials and Methods

Table 1. Summary of work done 'on eryopreservalion of dale palm. oil palm. and eoeonul

Apices (Fig. 1) were taken from in vitro plantlets of several varieties (Bou
Sthammi noir, Zahidi, and Nabut Seif), at the end of a 6-week culture period on
a multiplication medium containing 0.1 M sucrose (Ferry et ~1.. 1987). They

F Engelmann el al.

Reference

Engelmann et al. (1985)
Engelmann 11991 b)
Dumet et al. (\993)

BaJaj (1984)

Tisserat et al. (1981 J. Finkle
et al. (1982). Ulrich
el al. (1982)

Tisserat et al. (1985)
AI-Madeni and Tisserat (19861
Bagniol and Engelmann

(1991. 1992)

Grout et al. (1983J

Chin el al. (1989)
Assy-Bah and Engelmann

( 1992a)
Assay-Bah and Engelmann

(1992b)

Callus + plantlets

Resuhslremarks

73-93% survival and
plant prod uetion

Gennination + fruits
85-100'Y" gennination
11.8-48.2% survival
+ plants

Survival + plants
in soil

31-55'1<, survival
Normal plants in soil

13-100% survival

CaHus

CaHus + 1 plantlet
0-43% survival

Mature embyros

Embryogenie caHus

Explanl frozen

Transverse halves
of young embryos

Mature embryos
Immature em bryos

Pollen grains
Seeds
Apices from in vitro
planllels

Zygotie embryos

Somatic embryos
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2.3 Cryopreservation Studies

Piani speeies

Dale palm

Onlya limited amount ofwork has been carried out on cryopreservation of date
palm, using in vivo (seeds, pollen. apices) or in vitro material (calli) (Table 1).
The first experiments were performed in the 1980s with embryogenic calli or
different varieties (Deglet Noor, Khadrawy, Medjool) (Tisserat et al. 1981:
Finkle et al. 1982: Ulrich et al. 1982) using a c1assical freezing process. Plantlets
could be regenerated from the cryopreservedcalli. Pollen grains were successfully
cryopreserved and germinated subsequent1y (Tisserat et al. 1983a). Fruits of the
variety Deglet Noor obtained from fiowers pollinated with cryopreserved pollen
showed norma) development (Tisserat et al. 1985). Seeds of the variety Zahidi
could be cryopreserved, stored for up to 546 days in LN and thawed with
a recovery rate between 85 and 100% (AI-Madeni and Tisserat 1986). Our work
on the cryopreservation of date palm apices is discussed Mere. The successive
steps of the cryopreservation process for apices were optimized (Bagniol and
Engelmann 1991, 1992) and histological studies were performed after each step
of the cryopreservation process and during the first days of recovery (Bagniol
et al. 1992).

Oilpalm

Coeonut



Fig. 4. Sample after cryoprotective
treatment. Note starch grains (dark

points) :in superficial cells Bar
130 Ilm. (Bagniol et al. 1992)

Fig. J. Longitudinal section of an
apex after a 24-h cu lture on standard
medium. Structure of the apical
dome. Arrows indicate figures of
mltosis. Bar 140 IlM. (Bagniol et al.
(992)
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Figs. 1-\2. Date palm

Fig. 1. Morphological aspect
of an expiant. Apical zone
\Vith two foliar primordia re­
cently formed ([p) sur­
rounded by a foliar sheath
([s). Bar 0.2 mm. (Bagniol
1992)

Fig. 2. HislOlogical structure
of a control sam pie. A Apical
dome; fp foliar primordium.
Bar 125pM. (Bagniol et al.
1992)
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2.3.2 Results and Discussion

EjJect of Culture 0/1 Induction Medium Prior to Pregro\\'th Treatl1le/1t. In order to
determine the survival rate of apices after freezing, it was necessary to submit
them after dissection to a culture on induction medium for 1 to 3 days (Table 2).
Extension of this culture duration to 5 or 7 days did not allow growth recovery.

Table 2. Elfect of the duration of culture on induction medium
on the survival rate of control (- LN) and frozen (+ LN) meri­
stems. Apices were pregrown for 24h on a medium with 0.5 M
sucrose. cryoprotected with 0.5 M sucrose + 15';;', DMSO and
frozen lo - 30C at l 'C min. rBagniol and Engelmann 1991)

F. Engelmann et al.

7

870
00

96.6
0.0

96.6
15.1

79.1
22.0

57.\
00

Duration of culture (days)
a 1 3

-LN
+LN
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consisted of the apical dome. foliar primordia, and a basal part (Fig. 2). Cells
showed characteristics of meristematic cells: they had a high nucleoplasmic ratio.
a dense cytoplasm, and small vacuoles. No polysaccharide reserves were present.
A gradient of differentiation was visible in meristems. from the superficiallayers
to the central region, where cells had a lower nucleoplasmic ratio and a more
accentuated vacuolization.

Before pretreatment, meristems could be maintained for 1 to 7 days,
irnrnediately after their dissection, on an induction medium, favoring growth of
meristems (Ferry et al. 1987). For pregrowth, meristems were placed for 24h on
media containingO.3 or 0.5 M sucrose. For cryoprotective treatment. apices were
placed at 0 oC for 2h in liquid sucrose-enriched medium supplemented with 0 to
15% DMSO. .

Meristems, suspénded in 1ml of cryoprotective medium, were,placed in 2 ml
sterile polypropylen~ cryovials. Freezing was carried out at 0.5 to 5 oC/min to
various prefreezing temperatures (end of programmed freezing). Once prefreez­
ing temperature was reached, ampoules were either thawed immediately or
irnrnersed in LN, where they were kept for 1h before being thawed. Meristems
were thawed either rapidly by immersion of the cryotubes in a water bath
therrnostated at 40, 60, or 80 oC, or slowly by placing the cryotubes at room
temperature in the air current of a laminar flow cabinet. Thawed meristems were
transferred at 24-h intervals in Petri dishes containing 10 ml of solid media with
progressively lower sucrose concentrations (0.5, 0.3 M) until standard concen·
tration of 0.1 M was reached. These media were used with or without 1g/I
activated charcoal. Cultures were placed either directly under standard lighting
conditions (photoperiod of 16h/24, 42lJ.E/m2/s) or in the dark for thefirst 10 days
following thawing and then under attenuated light (7 }.lE/m 2 /s, same" photo­
period).



Eifeet of Free-:.ing and Thawing Conditions. Among the various combinations of
cooling rates (0.5 to 5 oC/min) and prefreezing temperatures experimented ( - 20
ta -40 'c), survival after cryopreservation was achieved after prefreezing at
1 C/min down to -30 or - 35 oC only and was optimal at - 30 oc. Survival of
prefrozen meristems decreased progressively in line with the lowering of prefreez-

Histological examination of apices after 24h culturing on standard medium
revealed that this culture led to recovery of cellular activity (Fig. 3): several
mitotic figures as well as numerous divisions were visible. Starch grains were also
present in sorne cells (not shown in Fig. 3). It seems that recovery of cellular
activity is necessary for survival. Also, it could have the etfect of healing
meristems as weil as synchronizing explants, thus reducing their physiological
heterogeneity.

Eifect ofPregrowth and Cryoproteetive Treatment. Pregrowth of apices consisted
of a 24-h culture on medium containing 0.3 or 0.5 M sucrose. For cryoprotective
treatment, meristems were suspended in liquid medium with the same sucrose­
concentration and various concentrations ofDMSO (0 to 15%) were added. For
unfrozen~control meristems, there was no etfect of DMSO concentration,
whatever the sucrose level (Table 3). For cryopreserved apices, no survival was
obtained without DMSO; however, survival was optimal after a cryoprotective
treatment with 0.5 M sucrose and 5 to 15% DMSO. During pregrowth and
cryoprotective treatment. synthesis of starch increased in intensity in sorne of the
samples (Fig. 4). Starch grains were located in the superficial zones of the
meristem where cells retained a very meristematic appearance. Other samples
showed no starch synthesis.

The increased starch synthesis occurring when meristems are placed on
a sucrose-enriched medium indicates that, contrary to previous hypotheses
(Finkle et al. 1985), sucrose does not act as an osmoticum only but enters cells in
large quantities. According to Grout et al. (1988), sugars. dissoluted or attached
to the membrane through covalent bounds stabilize the membrane bilayer, thus
protecting integrity of cell membranes during dehydration and freezing. There­
fore meristems which showed no starch synthesis maybe those which were
unable to survive after cryopreservation.
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Sucrose (M) DMSO(%)
a 5 la 15

0.3 -LN 62.5 62.9 62.9 61.5
+LN 0.0 0.0 3.6 7.5

0.5 -LN 66.6 56.6 56.6 57.1
"-LN 0.0 18.9 14.0 17.1

Table 3. Etfect ofsucrose and DMSOconcentration dur­
ing the cryoprotective treatment on the survival rate of
control ( - LN) and frozen (+ LN) meristems. (Bagniol
and Engelmann 1991)



Table 4. Effect of prefreezing temperature on the survival rate of prefrozen ( - LN) and cryopreser­
ved (+ LN) meristems. (After Bagniol and Engelmann 1991)

Prefreezing lemperalure (oC)
-12 -15 -20 -25 -30 -35 -40

--~---

-LN 53:: 15 64±17 37± 10 28± 10 32:: 14 IH 13 8± 12
-'-LN 0 0 0 0 18:: 8 10± 12 0

r·· .

1,
1

Il

.;

'f
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ing temperature (Table 40. No survival of cryopreserved meristems was noted
after slow thawing at room temperature. Recovery of meristems was noted after
thawing at 40, 60, and 80 oC, but was significantly higher at 40 oc.

Insufficient dehydration during prefreezing down to - 25 oC caused death of
cryopreserved tissues, whereas from - 40 oC onwards excessive dehydration was
responsible for death of meristems. Only a very narrow range of temperatures
( - 30 to - 35 oC) ensured survival after freezing in liquid nitrogen. With date
palm meristems, rapid thawing in a water bath at 40 oC was preferable to slow
rewarming and higher thawing temperatures. Indeed, rapid rewarming makes it
possible to avoid recrystallization phenomena which induce lethal damages of
the cells (Dereuddre 1985).

Histological examination revealed that after freezing, apices showed cellular
heterogeneity (Fig. 5). Sorne cells conserved their meristematic characters with
nuclei sometimes intensely stained (N). This was the case in cellular layers
corresponding to the meristem itself, whereas in the underlying zone where cells
were more vacuolated, sorne were damaged, showing broken cell walls. Finally,
cells with cytoplasm contracted away from the cell wall were observed in sorne
samples (Fig. 6). Many nucJei displayed a particular appearance, intensely and
uniformly stained (Fig. 6). Starch grains were visible inside sorne cells, more
often loca ted in the superficial zone.

Date palm meristems did not withstand freezing in LN as intact structures. It
seems that the more meristematic the cells were, the more they resisted. During
the steps which precede freezing, gradients may be established both for outflow
ofwater and penetration of cryoprotectants. In the case of date palm, as in that
of other plants, the central cells as weil as the ones located at the base of the
expiant are more vacuolated and their dehydration may be more difficult or
they may be less tolerant to the necessary level of dehydration. This may expIain
their incapacity to withstand freezing. Superficial cells which are more meri­
stematic are more likely to reversibly dehydrate since they have no or only a few
vacuoles.

Effect of Recovery Conditions. Presence of activated charcoal in the recovery
medium improved survival of frozen meristems (Table 5). Their response to
lighting conditions depended on the composition of recovery medium. the
presence of activated charcoal being the determining factor. Indeed, a minimal
survival rate of 19.6% was obtained, whatever the Iighting conditions if medium
contained activated charcoal. Without charcoal, Iight totally inhibited recovery
of frozen meristems.
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Figs.5,6. Samplesafter prefreez­
ing and immersion in liquid nitro­
gen. N [ntensely and uniformly
stained nuclei; Re cells with re­
lracted cylOplasm; arrolVs rup­
ture and deformalion of cell
walls. Bar 125 ;lm (Fig. 5); 25!lm
(Fig. 6). (Bagniol et al. 1992)

Fig. 7. Zonation in a sam pie
2 days after lhawing showing
meristemalic cells (A4C) and dis­
rupted zones (DZ). Bar 200 >lm.
(Bagniol el al. 1992)



At the histologicallevel, samples showed a cellular heterogeneity 2 days after
thawing (Fig. 7): zones with meristematic cells and differentiated or harmed cells.
The first mitoses occurred in the superficiallayer 4 days after thawing (Fig. 8).
However, not al! apices observed at this stage showed mitotic figures. From this
moment on, thickening of the cel! wall could be observed in sorne cells ofvarious
areas. From the 6th day onwards. walls of meristematic or nonmeristematic cells
had a sinuous aspect (Fig. 9). Up to the 7th day, the outline of the original
meristem remained recognizable. Afterwards, in most cases, the initial apex was
no longer dis tinguishable, hidden by proliferation of meristematic cells of the
apical dome and of the foliar primordia (Fig. 10). Intense synthesis of starch
occurred inside cells of superficial and underlying zones (Fig. Il). In sllmples
which had shown no morphologiçal sign of regrowth Jor 6 weeks and were
thus considered dead, cells were poorly stained and had a retracted cytoplasm
(Fig. 12). .

Modifications of recovery conditions had a very positive effect on the growth
pattern of cryopreserved meristems, as assessed by observation of their macro­
scopic evolution. Regrowth of apices which had survived after cryopreservation
was visible 7 days after thawing. Proliferation occurred from the basal part of
explants and led to the formation of a callus which had a Iimited development.
Each sample which had formed a callus gave rise during the following weeks to
a single shoot.

Activated charcoal has an effect of adsorbing growth regulators, thus
decreasing the level of hormones available to the cultures (Weatherhead et al.
1978; Ebert and Taylor 1990). After freezing in LN, only groups of cells remain
alive but not the whole meristems. When date palm meristems are transferred on
a medium without activated charcoal, the quantity of hormones available in the
medium may be too high compared with the number of living cells and induces
intense cal!using. With activated charcoal, the level of free hormones may
become sufficiently low to be compatible with the numberofliving cells and allow
regrowth of frozen meristems with Iimited callus formation. We observed with
date palm that growth recovery in the dark improved survival of cryopreserved
meristems. Chemil uminescence analyses showed an increase ofoxygen singlets in
cryopreserved tissues submitted to light immediately after thawing (Benson and
Noronha-Outra 1988). Light has an oxidative effect which induces browning and
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1
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19.6± 5.3
259 ± 11.6

Activated charcoal Cg/I)
o 1

0.0.
9.1 ±O.O

Table 5. Elfect of lighting conditions and activated
charcoal on the survival rate (± S.D.) of cryopreserved
meristems after two weeks of culture. After thawing.
meristems were exposed directly to a photon dose of
42 ~E/m'/s or placed in the dark for 10 days and then
exposed to a photon dose of 7 ~E/m2/s. (Bagniol and
Engelmann 1992)

42 ~E/m2/s

7 ~E/m2/s
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Fig. 8. First milOsis (arrow) observed in
a cryopreserved sample 4 days after thaw­
ing. Bar 30~m. (Bagniol et al. 1992)

Fig. 9. Thickening of cell walls in a cryo­
preserved sam pie 6 days after thawing. Bar
35 ~m. (Bagniol et al. 1992)

Fig. 10. Sam pie 15 days afterthawing. Cell
proliferation inside meristem and foliar
primordia. Bar 150 ~m. (Bagniol et al.
1992)



2.3.3 Conc!u:>ion

Fig. II. Richness in starch content (5) in the underlying zone of the me ri stem . 15 da ys after tha wing
Bar 40 ~m (Bagniol el aL 1992)

Fig. 12. Sample showing no morphological sign of regrowlh 6 weeks afler lhawing. NOle lhal cells
have a relracled c)llOplasm. Bar 1151lm. (Bagniol et aL 1992)
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nec roses which can lead to death of cells (Benson et al. 1989). This was observed
in the case of date palm meristems. Presence of activated charcoal in recovery
medium could also allow adsorption of oxidated substances which are toxic to
cells. and thus increase the recovery rate. even under lighted conditions.

The present study allowed a protocol ensuring the cryopreservation of date palm
apices. with satisfactory survival rates for two varieties out of the three experi­
mented: 30.3% for Bou Sthammi noir and 48.2% for Nabut Seif. but 11.8'1<, only
for Zahidi (Bagniol and Engelmann 1992). However. these values are compar-



3,1 General Account

3.2 Cryopreservation

3 Oil Palm (Elaeis guineensis Jacq.)
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able to those mentioned in the literature dealing with cryopreservation of
meristems (Kartha 1985; Bagniol 1992). These results may be related to the
behavior of these varieties under in vitro conditions: Zahidi has a relatively low
growth rate in comparison with that of the two other varieties. The cryopreserva­
tion protocol developed is a classical one, using cryoprotective treatment and
programmed freezing. Importance ofvarious parameters such as that of freezing
rate could be underlined. The originality of the present work is linked with the
observations made concerning the importance of culture conditions prerequisite
to cryoprotective treatment and of recovery conditions. The extensive histologi­
cal study performed also allowed the demonstration of the importance of sucrose
(assessed by starch accumulation) during pregrowth treatment in order to ensure
high survival rates. More detailed studies on the role of this compound should be
performed, since it appears as a key substance for acquisition of tolerance to
l'reezing at the temperature of Iiquid nitrogen.

Oil palm is mainly cultivated in industrial plantations between 7 JS and 7 JN, at
an altitude lower than 400 m in areas with high pluviometry. Plantations now
exist on ail continents, South East Asia, Africa, South America in Brazil and the
Amazon basin (Equator, Columbia, Peru), and the Pacifie Coast (Costa Rica).
The second important species is Elaeis oleifera which is cultivated in South
America. It is employed for interspecific crosses with E. guineensis in order to
increase tolerance to pests and pathogens existing in this region.

Oil palm is after soybean, the second source of vegetable edible oil. Annual
production was over II millions tons in 1991 and is still increasing due to
a continuous rise in planted surfaces which reach today 3.5 million ha (Anony­
mous 1991).

Genetic resources of oil palm are conserved in the forrn of field collections.
Seeds are not truly reca1citrant, but retain a good viability for short periods only,
1-2 years under optimal conditions according to Hartley (1988). In vitro
propagation techniques based on somatic embryogenesis have been developed
on a large scale in order ta clonal1y propagate elite trees (see Duval et al. 1995 for
a review). These elite genotypes are conserved as cultures of somatic embryos
under standard conditions. Experiments using control1ed atmospheres have also
been perform~d (Engelmann 1990).

Before the research program developed by ORSTOM/CIRAD was initiated,
cryopreservation experiments had been carried out with oil palm zygotic em­
bryos only (Grout et al. 1983). Zygotic embryos extracted l'rom seeds were



3.2.2 Results and Discussion

3.2.1 MethodologylProtocol

partially desiccated under the laminar flow and successfully frozen in liquid
nitrogen.
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Original Pr%col. The original protocol set up by ORSTOM/CIRAD (Engel­
mann et al. 1985) comprised the following steps: (1) production of a particular
type of material, finger-shaped embryos by a 2-month culture on a medium
supplemented with 0.3:M sucrose (Engelmann and Dereuddre 1988); (2) pre­
treatment for 7 days on a medium containing 0.75 M sucrose; (3) iapid freezing
and rapid thawing; (4) recovery on media with progressively lowered sucrose
concentrations and supplemented with 2.4 dichlorophenoxyacetic acid (2.4-D)
for 3 weeks; (5) transfer onto standard medium devoid of growth regulators for
proliferation recovery.

This process was developed on a large scale, since more than 150 different
clones were frozen in five different units in Indonesia, Malaysia. the Ivory Coast,
and France (Engelmann 1991b). Embryos could be stored for up to 52 months
without any change in recovery rate (Engelmann 1992). Moreover. palms
regenerated from cryopreserved material and planted in the field were phenotypi­
cally comparable to controis as regards their vegetative and floral development
(Durand-Gasselin, pers. comm.). However, routine development of this tech­
nique was drastically slowed down by the low and erratic production of
finger-shaped embryos which were at that time the only type likely to withstand
freezing.

Survival of unfrozen controis was affected by dehydration periods under the
laminar flow longer than 4 or 6h for clones A, D and B, C respectively (Table 6).
However, this dehydration was indispensable in most cases to achieve survival
after cryopreservation. A 6-h dehydration seemed optimal since it allowed to
obtain survival with three out of the four clones tested. No survival was noted
with clone B. When dehydration was performed with silica gel, survival of con­
trois decreased from 16-h dehydration onwards (Table 7). With cryopreserved
c1umps, survival was sometimes higher than that of controls for the longest
dehydration periods (16 to 18 h). Dehydration treatment increased the resistance
of embryos to freezing in liquid nitrogen. Survival of clone B, which was
previously 0%, was maximal after a 16-h dehydration. Survival of clone C was

Improved Process. Dramatic improvement was made recently to the original
technique by adding a dehydration step after treatment on high sucrose medium,
before freezing in liquid nitrogen. Indeed, this allowed the use of standard
somatic embryos (Fig. 13). Dehydration could be performed either by placing
embryos for 0 to 10 h under the laminar flow. or in air-tight boxes containing
silica gel for 0 to 18 h (Dumet et al. 1993).



Figs. 13-\5. Oil palm

Fig, 13. C1umps ofsomaticembryos after 1week pregrowth on a medium containing 0.75 M sucrose.
Bar 5 mm. (Dumet et al. 1993)

Fig. 14.' C1umps of somatic embryos after 1 week pregrowth and 16 h of dehydration with silica gel.
Bar 5 mm. (Dumet et al. 1993)

Fig. \5. Proliferation recovery of somatic embryos 3 weeks after cryopreservation. Bar 1cm. (Dumet
et al. 1993)
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improved. since nine clumps out of ten recovered after 18 h of dehydration.
However, surviva! of clone 0 was not improved but remained high. These
pretreatment çonditions (16 h of dehydration with silica gel) were applied to
seven additional clones. Survival rates of cl umps after freeling in liquid nitrogen
varied between l3 and 53% (Table 8), depending on the clone. Even though
cl umps of em bryos seemed to be severely damaged by pregrowth and desiccation
treatments (Fig. 14) proliferation recovery of clumps surviving after cryopreser­
vat ion was very rapid and intense (Fig. 15). The dehydration period chosen was
not optimal for ail clones, since for sorne of them unfrozen controls had a low
survival rate.



Table 8. Survival of unfrozen control (- LN) and cryo­
preserved (+ LN) oil palm somatic embryos of seven'
clones. Pregrowth consisted of a 7-day culture on a
medium containing 0.75 M sucrose followed by l6h of
dehydration with silica gel. (After Dumet et al. 1993)

Table 7. Survival ofunfrozen control (- LN) andcryopreserved (+ LN) oil
palm somatic embryos of three clones. as a function of the desiccation
duration (DO) using silica gel. -: not measured. (After Dumet et al. 1993)

Clone B CloneC Clone 0
DD(h) -LN +LN -LN +LN -LN +LN

0 10/10 117 10/10 6/10 10/10 6/10
7 10/1 0 0/10 10/10 7/10 10/10 5/10

16 6/10 10/10 7/10 8/10 5/10
18 5/10 811 0 4/10 9/10 4/10 7/10

The improvements made to the original cryopreservation technique will
facilitate its routine application. Indeed. due to the possibility of using standard
embryos. we are no longer Iimited by the production of finger-Iike embryos.
Moreover. desiccation with silica gel will ensure more reproducible conditions
than those obtained with a laminar flow cabinet which can vary. depending
notably on air humidity. However. it will be necessary to determine for each
clone its optimal dehydration period before its cryopreservation and its long­
term conservation. This improved technique is now experimented on a large scale
in the different industrial units producing clonai oil palms.
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4.1 Freezing Procedure

Experiments were performed with immature and mature embryos (Assy-Bah and
Engelmann 1992a.b) of different varieties. Immature embryos (7-8 months after
pollination) were placed for 4 h in Petri dishes on standard medium defined by
Assy-Bah (1992) supplemented with 600 g/I glucose and 0 to 15% glycerol,
sorbitol or polyethyleneglycol (PEG 6000). After rapid freezing and thawing,
they were transferred onto standard medium for regrowth.

Coconut is widely spread in ail tropical regions. Planted areas are estimated to
around 10 million ha in three main culture zones: Asia-Oceania, Africa. Central
and South America, and the Caribbean. It is a very important crop for many
tropical countries. Even though indus trial plantations exist. it is mainly cul ti­
vated by smallholders. Around 50% of the production is consumed as food and
50'% used for oil. The an nuai world prod uction of oil is estimated to 2.7 million
tons, which represents 5.1 % of the total vegetable oil (Anonymous 1991).

Coconut is a species with truly recalcitrant seeds which have no dormancy
(nuts even germinate on the mother palm). There is no possibility of storing them
even for short periods of time. Therefore, germplasm is conserved as field
collections in national or regional centers. In vitro culture techniques have been
developed for zygotic embryos which facilitate the collection and exchange of
germplasm (Assay-Bah et al. 1987. 1989). Also, in vitro medium-term storage
techniques are now available (Assay-Bah and Engelmann 1993) which make it
possible to preserve zygotic embryos for 1 year under standard conditions with
a slight viability loss.

Only a small proportion of the variability that exists within the species is
currently available in existing field collections. and many sources of material are
still almost unexploited (de Nucé de Lamothe 1992). The situation is ail the more
serious in that certain accessions are now in danger of dying out, due to the
extension of the most widely grown varieties of hybrids and to urbanization.
Their introduction and conservation in vitro as embryos is therefore of prior
importance. There is also a need for conservation techniques because of prob­
lems and constraints linked to occurrence of diseases of coconut in different
coconut-growing areas(IBPGR 1992). Forexample, for material originating
from areas where lethal yellowing occurs, parent palms that have not shown
disease symptoms should be observed for at least 1year (the incubation period of
the disease) before embryos may be released and exported to a country free
of lethal yellowing. In the meantime, excised embryos need to be maintained
in vitro, under slow growth or cryopreservation.

In the literature, only two papers report attempts to cryopreserve coconut
embryos (Table 1). Bajaj (1984) observed callusing on transversely cut halves of
embryos after a freeze-thaw cycle. With whole embryos, Chin et al. (1989)
obtained callusing and normal germination of one embryo, 15 months after
freezing.
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4.2 ResultslDiscussion

Glycerol (%) Sorbitol (%) PEG ('%)

- prg + prg 1 5 10 15 2 5 10 15 2 5 10 15

Table 9. Survival of control (- LN) and cryopreserved (+ LN) immature coconut embryos afler
7 month in culture. - pgr: no cryoprotective treatment: + pgr: pregrowth with 600 gli glucose onlv:
*: contaminated. (Assy-Bah and Engelmann 1992a) .

( ,

f. Engelmann el al.

100 78 85
o 0 0

95 95 94 73 100 100 94
o 0 25 10 0 0 43 0

100
o

-LN 85
+LN 0
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Mature embryos (11-12 months after pollination) were placed under the
laminar fiow for 4 h in empty Petri dishes and then transferred ante a culture
medium containing 600 gli glucose and 15% glycerol where they were kept for an
additional 11 to 20 h. They were then frozen and thawed rapidly and transferred
for regrowth on standard medium (Assay-Bah et al. 1989).

With immature embryos. survival of unfrozen controIs after 1month's culturing
was satisfactory for ail pregrowth conditions, ranging from 73 to 100% (Table 9).
No difference was noted with control embryos not submitted ta cryoprot~ctive

treatment (-prg). After freezing in liquid nitrogen, survival was obtained in three
conditions only: pregrowth with 10 and 15% glycerol (25 and 10% survivaJ
respectively) and 10% sorbitol (43% survival). PEG had no cryoprotective effect
at the concentrations studied. After 2.5 montbs culturing, 100% of control
embryos germinated but many of them displayed abnormal development. With
cryopreserved ones, surviving embryos increased in size but a limited number of
them only could give rise to whole plantlets.

Pretreatment consisting of a desiccation which is usually employed with
embryos (Engelmann 1991 a) was impossible to use since immature embryos were
too small for a precise control of their dehydration in air. Therefore, we used
a classical pregrowth treatment on semisolid medium with cryoprotectants. As
regards cryopreservation, immature embryos initially appeared as interesting
material in that they were smaller and less differentiated than mature ones, and
may be more likely to resist as a whole. However, the drawback of utilizing such
young embryos was that the conditions for their in vitro culture are not yet
perfectly mastered. U nlike mature ones, not ail immature embryos could develop
into whole plantlets. This considerably reduced the interest of using such
material for cryopreservation for this crop.

With mature embryos, survival of controls was 100% without pretreatment
(Table 10) and only slightly decreased after 19 or 24 h of pretreatment. With
frozen embryos, no survival was observed without pretreatment. Survival in­
creased with increasing pretreatment durations for PB 121. Renell Tall (RT) and
Indian Tall (lT7) embryos. For 15 h of pretreatment. survival ranged between
7 (RT and IT7) and 35% (PB 121) and reached 86% (RT) to 93% (PB 121) after



24h pregrowth. In the case of Cameroon Red Dwarf (CRD) embryos, survival
was greatest after 17 h of pretreatment (73%) and decreased afterwards, The
haustorium of frozen embryos brawned rapidly and did not develop further,
contrarily to unfrozen contrais (Fig. 16), Further development of cryopreserved
embryos into plantlets was comparable to that ofunfrozen controls (Fig, 17) and
plantlets with fully expanded leaves could be obtained after 4.5 months culturing
(Fig. 18),

The cryopreservation technique established with mature embryos was very
efficient since high survival rates and rapid regwwth and development could be
obtained with a large number of cryopreserved embryos. Considerable improve­
ments have been made in comparison with previous work on the same material
(Baiaj 1984; Chin et al. 1989), This technique is original since pretreatment
combines desiccation ofembryos in air and culture on medium with high levels of
cryoprotectants, Such a combination has been employed up to now only with oil
palm somatic embryos (Dumet et al. 1993), Differences observed between vari­
eties concerning the optimal pretreatment period were related with the initial
weight of embryos. For CRD, which has the smallest em bryos, only 17 h were
necessary in comparison with 24h with other varieties which have larger em­
bryos, The only difference in regrowth pattern between control and cryopreserv­
ed embryos concerned the nondevelopment of haustorium of frozen material.
Haustorium is forrned ofhighly vacualoted cells which are completely destroyed
during freezing. This is in accordance with previous observations of Chin et al.
(1988) on emb,ryos of Veitchia and Howea,

This pracess is already very efficient in its present foon but still has to be
improved in several ways. Pretreatment duration has ta be adapted to the
different varieties and its conditions standardized.

Cryopreservation of Date Palm, Oil Palm, and Coconut

Table 10. Survival after 1 month culturing of control ( - LN) and
cryopreserved (+ LN) mature embryos of four varieties of coconut
as a function of pretreatment duration. (After Assy-Bah and Engel­
mann 1992)

Pretreatment duration (h)
0 \ 5 17 19 24

PB 121 -LN 100 100 100 100 87
+LN 0 35 53 50 93

CRD -LN 100 67 76 65 78
+LN 0 61 73 59 56

RT -LN 100 100 86 86 83
+LN 0 7 12 38 86

ln -LN 100 100 100 82 100
+LN 0 7 27 24 88
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Figs. 16-18. Cocon ut

Fig. 16. Developmenl of control (Cl and frozen (F) mature embryos after 1 month·s cuhuring.
H hauslOrium. Bur 1cm. (Assy-Bah and Engelmann 1992bl

Fig. 17. Development of plantlets originating from control (Cl and frozen (F) mature embryos after
J rnonths· culturing. Bur 1cm. (Assy-Bah and Engelmann 1992b)

Fig. 18. Development of a planllet originaling from a cryopreserved mature embryo afler 4.5
months· culturing. Bar 1cm. (Assy-Bah and Engelmann 1992b)

166 F. Engelmann el al.



References

Acknow/edments. Research on the development of cryopreservation techniques for oil palm and
coconut is perfonned in the framework of a joint program between ORSTOM (Institut Français de
Recherche Scientifique pour le Developpement en Cooperation). CIRAD/CP (Centre de Cooper­
ation Internationale en Recherche Agronomique pour le Developpement/Département Cultures
Pérennes), and IOE FORIDPO (Institut des Forêts/Département Plantes Oléagineuses. Ivory Coast).
The research project on cocon ut is supported by IBPGR (International Board for Plant Genetic
Resources. Rome).

Al-Madeni MA. Tisserat B (1986) Survival of palm seeds under cryogenic conditions. Seed Sci
Technol 14: 79-85

Anonymous (1914) Origin of the date palm. J Hered 5: 498-508
Anonymous (1989) FAO. Quartely Bulletin of Statistics. vol 2. FAO. Rome 147 pp
Anonymous (1991) Oil World Annual. ISTA Mielke GmbH. Hamburg. 108 pp
Assay- Bah B (1992) Utilisation de la culture in vitro pour la collecte et la conservation des ressources

génétiques du cocotier (Cocos nucifera L.). Thése Univ, Paris 6. 146pp

167Cryopreservation of Date Palm, Oil Palm. and Coconut

5 Summary and Conclusions

Significant progress has been made for the cryopreservation of date palm, oil
palm, and coconut. The present chapter illustrates the various approaches
undertaken for freezing meristems, somatic or zygotic embryos. Date palm
apices were frozen using a classical process involving cryoproteetion in liquid
medium and slow controlled freezing. Survival varied between 11.8 and 48.20/i),
depending on the variety. Growth recovery was generally slow and transitory
callusing was often noted. Indeed, as revealed by the histologieal study per­
formed, apices did not withstand freezing as a whole but only groups of cells
remained alive. However. growth recovery pattern could be improved by placing
apices in the dark on a medium supplemented with activated chareoal.

Standard oil palm somatie embryos could withstand rapid freezing after
pregrowth on semisolid medium with high sucrose concentration and partial
desiccation in air or LLsing siliea gel. Survival was generally high and proliferation
recovery was very rapid and intense. Results may be improved by modifying the
dehydration period which may ditfer between clones.

Immature coconut embryos could withstand cryopreservation, but only
a limited number of them could give rise to plantlets due to their relatively low
survival rate and possibly to inadequate in vitro culture conditions. On the
contrary, a high percentage (73 to 93%) ofmature coconut embryos survived to
cryopreservation after pretreatment on semisolid medium with high concentra­
tion of glucose and glycerol followed by partial desiccation in air. Ail surviving
cryopreserved embryos of the four varieties tested developed rapidly into whole
plantlets.

In conclusion, the experiments described here show that even if the process
set up for oil palm somatic embryos is now tes-ted on a large scale and is routinely
employed very soon, addition al research is still needed for date palm and
cocoriut.
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