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Cryopreservation of zygotic embryos and kernels of oil palm
(Elaeis guineensis Jacq.)
F. Engelmann*, N. Chabrillange, S. Dussert and Y. Duval
ORSTOM, 91 1 av. Agropolis, BP 5045, 34032 Montpellier Cédex 01, France

' Abstract
In the present study, the efficiency of two
cryopreservation strategies for oil palm (Elaeis
guineensis Jacq.) was compared. If extracted from
rehydrated kernels, 65% of the embryos desiccated
to around 0.3 g H,O/g DW developed into plantletsafter cryopreservation. In contrast, only 25% of embryos
(0.12 g H,O/g DW) extracted from cryopreserved dry
kernels developed into plantlets. However, this value
was increased to 63% if kernels were partially rehydrated before freezing until the water content of
embryos reached 0.3 g H,O/g DW.This study emphasizes the importance of partial rehydration of oil palm
embryos before cryopreservation.
Keywords: Cryopreservation; desiccation; oil palm;
rehydration; kernels; zygotic embryos.

An efficient cryopreservation technique has been
developed for oil-palm somatic embryos (Dumetet aL,
1993a) which is now employed routinely for the storage of large numbers of elite clones (Dumetet al., 1993b).
Preliminary experiments performed with zygotic
embryos showed that they could withstand freezing
after partia1 desiccation (Grout et al., 1983).
The present work aimed at investigatingthe eEaency
of two cryopreservation strategies for oil palm, i.e.
cryopreservation of desiccated embryos excised from
rehydrated kernels, or cryopreservation of dry kernels
followedby rehydration, excision and in vitro culture of
the embryos. The effects of desiccation and of
cryopreservation on the survival and developmental
pattern of embryos were also observed.
Material and methods

Introduction

Plant material

As regards conservation possibilities, oil palm was
classified recently as being neither recalcitrant nor orthodox, but showing an intermediate seed storage
behaviour (Ellis et al., 1991). Indeed, these authors
showed that viability of seeds of four oil-palm cultivars
could be maintained after 12 months of storage at 15°C
with a 10-12% moisture content. However, long-term
storage of oil-palm seeds still remains impossible using
conventionaltechniques.Cryopreservation(liquidnitrogen, -196°C) presently represents the only long-term
conservation option for this species. Cryopreservation
protocols have been set up for somatic and zygotic embryos (Engelmann, 1992) and for desiccated seeds of
various species (Stanwood, 1985).After the storage period, embryos are extracted from the seed and grown in
vitro, or seeds are genninated in vivo as in the case of
coffee (Nomah and Vengadasalam, 1992).

Dry seeds of hybrid oil palms (Deli x La Mé) were
kindly provided by IDEFOR/DPO (Institut des Forêts/
DépartementPlantes Oléagineuses)La Mé Station,Ivory
Coast. The water content of dry kernels was O.O6g/g
dryweight@W)andthatofembryos0.12 gKO/gDW.

*Correspondence.Present address; IPGRI,via delle Sette
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Cryoprèservation

- For cryopreservation experiments usingexcised embryos, shells were broken and removed and kernels
rehydrated in water at room temperature for 5-6 days,
accordingto the method of Rabéchaultef aZ. (1967).After
rehydration, the water content of kernels was 0.29 g
H,O/g DW and ,$at of embryos 3.06 g H,O/g DW.
Kernels were then,disinfected with a solution of mercuric chloride (0.1%) for 20 min and rinsed three times
with sterile water.
In experiment A, embryos weE extracted from the
kernels and dehydrated in the air current of a lamina
flow cabinet for 0-6 h. They were then placed in sterile
2-ml polypropylene cryotubes and frozen by direct
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m e r s i o n in liquid nitrogen.After a minimum of 1h at
-196"C, embryos were thawed rapidly by plunging the
cryotubes for 1minin a 40°C water-bath. Embryos were
then transferred on to a modified Murashige and Skoog
(1962)medium supplementedwith 10 pg/l naphthalene
acetic acid and 100 pg/l kinetin, solidified with 2 g/1
gelrite. They were placed at 27°C in the dark until shoot
emergence, then transferred to light conditions, under a
photoperiod of 12 h light/l2 h dark, with a light intensity of 40p o l m-2d.Transferson to new medium were
performed monthly
For cryopreservationexperiments using kemels, seed
shells were broken and removed. Kemels were frozen
using a two-step method in order to avoid cracking during freezing and/or thawing, as previously observed
with seeds of cassava (Marin et aL, 1990).Kemels were
held for 30 min 1cm over the surface liquid nitrogen
contained in a Dewar vessel and then immersed in liquid nitrogen. After a minimum of 1h at -196"C, they
were rewarmed by placing them at room temperature
for 1h. Kemels were then rehydrated, embryos extracted
and cultwed in vifroas described previously
After the diffemttreatment, the embryoswere grown
in culture for 7days and their developmentalstage was
noted, using the classificationset up by Rabéchault (1968).
StageI, 'tmgescence', correspondedto embryoswhich had
rehydrated, inmased in volume after transfer onto culture medium, thus becoming turgescent. Stage II,
'geotropic curvature', corresponded to embryos whose
haustorium had started growing.At stage III,'nail shape',
the meristematic pole of embryos had started growing,
reaching a subconical shape. Survival was noted after
21 days in culture and the fresh weight of living embryos
was measured. Embryos were considered surviving at
21 days when any sign of regrowth was observed: normal development, development of the root pole, and/or
shoot pole, and/or cotyledon, callusing, volume expansion. The development rate was estimated after 28 days
by counting the number of embryos which had developed into a whole plantlet or produced a leaf (theycould
be subsequently submitted to a rooting treatment to give
rise to a whole plant). Each treatment included control
embryos,desiccated embryosand cryopreservedembryos.
Twenty-one to 30 embryos were used per condition.
The water content of embryos and kernels (expressed on a dryweight basis) was determined by oven
drying using two batches of 10 embryos or kernels. In
experiment B, embryos were extracted from hydrated
kernels and desiccated down to 0.12 g.qO/g DW before cryopreservation, i.e. the water content of embryos
measured in dry kernels. This was achieved by placing
the embryos for 5.5 h in an air-tight box containing silica
gel. Their survival, development and fresh weight were
compared with that of embryos extracted from dry
cryopreserved kemels.
In Experiment C, dry kernels were partially rehydrated for 5.25 h, until embryo water content reached
0.3 g&O/g DW, and frozen.After rewarming, embryos

were extracted from the kemels and cultivated as describedpreviously Theirsurvival,developmentand fresh
weight were compared with that of embryos extracted
from rehydrated kernels and desiccated under the
laminar flow until their water content reached 0.3 g H,O/
g DW, before their cryopreservation.
Statisticalanalysis of the results

In Figures 1,2 and 3,x2test was used to test the effect
of desiccation duration on survival and development of
cryopreservedand non-cryopreserved embryos. In cases
where the effect was significant, Ryan's test (1960) was
used for multiple comparison of frequencies. In Figures
1,2 and 3, frequencies followed by the same letter are
not significantly different at the 0.05 probability level, as
determined by Ryan's test. When the expected frequency
of a treatment was lower than 3, the x' test could not be
used. Therefore, Fisher's exact test was applied.
In Figure 4, each point corresponds to the average
value of four replicates randomly sampled in the set of
surviving embryos.Atwo-way analysis of variancewas
applied to test the effects of desiccation duration, freezing and the interaction between desiccation duration
and freezing on the fresh weight of embryos (Table 1).
Desiccation duration and freezingwere fixed-effect factors. Newman and Keuls' test was used for multiple
comparisonof categorialmeans (Newman, 1939;Keuls,
1952). In Figures 14,points followed by the same letter are not significantlydifferent at the 0.05 probability
level, as determined by Newman and Keuls' test. In
Tables 2 and 3, Ryan's test was used for multiple comparison of frequencies for survival and development.
Frequencies followed by the same letter are not significantly different at the 0.05 probability level, as
determined by this test. When the expected frequency
of a treatment was lower than 3, the xztest could not be
Table 1.ExperimentA Effect of desiccationduration,freezing
and interaction between both effects on the fresh weight of
embryos
Fresh weight

Effect

Desiccation duration

Freezing

Desiccation durationfreezing interaction

F
P

2.73

F
P

56.52
0.000

.F
P

5.92
0.020

0.025

*

***

*

Results of two-way analysis of variance.F (observedvalue of
F-test)and P (observedprobability)values are given for each
effect (rows)studied.
*signiiícant;***veryhighly significant.

i
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used. Therefore, Fisher’s exact test was applied. Each
fresh weight data corresponds to the average value of
17 (Table 2) or 22 (‘liable 4) replicates randomly sampled in the set of surviving embryos. A two-way
analysis of variance was applied to test the effects of
the desiccation treatment, freezing and the interaction
between desiccationtreatment and freezing on the fresh
weight of embryos (Table 4). Desiccationtreatmentand
freezingwere fixed-effectfactors. Newman and Keuls’
test was used for multiple comparison of categoria1
means. In Tables 2 and 3, values followed by the same
letter are not significantlydifferent at the 0.05 probability level, as determined by Newman and Keuls‘ test.
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Figure 1. Effect of desiccation period on the water content
(dry weight basis) (---) and on survivalrate (“A)of control (m)
and cryopreserved ( O ) oil-palm embryos extracted from
rehydrated kernels. Embryos were cultured for 21 d. Points
followed by the same letter are not sigruficantly different at
the 0.05 probability level as determined by Ryan’s test.

Results
Experiment A

Dehydration of embryos under the laminar air flow
was rapid since their water content dropped from an
initial value of 3.1 g H,O/g DW to 0.12 g wO/g DW
witkin 6 h (Fig. 1). Desiccation of embryos in this way
drastically reduced the rate of their subsequent development. Only embryos that were dried for less than 2 h
developed to stage I
II after 7 days of culture (Fig. 2).
When the desiccation period was 2-5 h, embryos were
predominantly as stage II and after 6 h of dehydration
70% were still at stage I. Freezing in liquid nitrogen further reduced their rate of developmentsinceno embryos
reached stage JII and most of them were still at stage I
after 7 days regardless of the desiccationperiod.
After 21 days in culture, survivalof control embryos
was between 81 and 100Y0, without significant effect of
the dehydration duration (Fig. 1). In contrast, survival
of cryopreserved embryos increased with increasing
desiccation periods, from 13% without desiccation to
nearly 90% after 4 h of dehydration. Survival rates of
frozen embryos were not significantly different from
those of unfrozen controls for desiccation periods over

3 h. Although incEasing the desiccation duration had
no significanteffect on the survival of control embryos,
it induced a progressive decrease in the percentage of
embryos developing into whole plants or producing
leaves, from 86%without desiccation to 55%after 6 h of
dehydration(Fig. 3).After cryopreservation,though embryo survival was high the percentage of embryos able
to grow and develop further was much lower, being nil
or very low for dehydrationdurations shorter than4h;
but it was equivalent to that of control embryos after
4-6 h of desiccation. Both desiccation duration and
cryopreservation had a significant effect on the fresh
weight increase of embryos (Table 1).Although the increase in fresh weight of control embryoswas generally
not significantly modified after extended desiccation
periods, it was much lower with frozen embryosfor dehydration durations shorter than 3 h (Fig. 4).

Table 2. Experiment B: Survival rates, developmentrates and fresh weights of isolated embryos
following different desiccation and freezing treatments
Cryopreserved
material
Isolated
embryos
Kernels

Treatment

Survival

Development

(“/o)

(“/o)

Fresh
weight (mg)

rehydration

-LN92.3 ab

61.5 a

97.6 a

desiccation
none

dN96.2 a
-LN92.9 ab
+LN 71.4 b

26.9 b
85.7 c
25.0 b

42.6 b
184.7 c
98.6 a

+

Embryos were removed from kemels rehydrated for 5 d and were then desiccated (5.5 h) to
0.12 g q O / g DW over silica gel. Somewere cryopreservedwith liquid nitrogen (+LN)or received
no cryopreservation (-LN).Other embryos were isolated from cryopreserved (+LN) or noncryopreserved (-LN) dry kemels (0.12 g $O/g DW). Frequencies followed by the same letter
are not significantly differentat the 0.05 probability level as determined by Ryan’s test (survival
and development) and Newman and Keuls‘ test (fresh weight).
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Figure 2. Effect of desiccation period on the relative proportion of control (-LN) and
cryopreserved (+LN) oil palm embryos extracted from rehydrated kemels, at stage I, II and
III after 7 days in culture. Stage I: O; Stage II: Ei; Stage m: See text for description of
stages. Columns having. the same letter are not sigruficantly different at the 0.05 pmbabiIity
levil as determined bfRyan’s test.
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Experiment B

Embryos isolated from rehydrated kernels were
desiccated down to the level of embryos from dry kernels (0.12 g H,O/g DW). Embryos removed from
rehydrated and dry kernels displayed high survival
rates after desiccation and cryopreservation(Table 2).
Freezing had a significant effect on the further growth
and development and fresh weight increase to a similar extent for both types of embryos (Tables 2 and 4).
Experiment C
Desiccation (h)
Figure 3. Effect of desiccation period on the water content
(dry weight basis) (--) and on development rate (“10forming
leaves or whole seedlings) of control (m) and cryopreserved
( O ) oil palm embryos. Points followed by the same letter are
not significantly different at the 0.05 probability level as
determined by Ryan’s test.
3.5

Dry kernels were rehydrated until the water content of embryos reached 0.3 g H,O/g DW, i.e. the
optimal water content determined in Experiment A.
Their survival and subsequentdevelopmentrates were
compared with those of embryos isolated from fully
hydrated kernels desiccated down to 0.3 g @O/g DW.
Both categories of embryos had similar survival and
development rates after cryopreservation (Table 3).
Desiccation had a positive effect on the development
of control embryos removed from fully hydrated kernels (Tables 3 and 4).
Discussion

O
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Figure 4. Effectof desiccation period on the water content
(dryweight basis) (.---)and on the fresh weight increase (mg)
of control (m) and cryopreserved ( 0 )oil palm embryos after
21 days inculture. points followed by the same letter are not
significantly different at the 0.05 probability level as
determined by Newman and Keuls’ test.

The present study defined the optimal conditions
for the cryopreservationof oil-palm zygotic embryos,
i.e. embryos should be frozen after reaching a water
content of 0.3 g H,O/g DW. Similar results were obtained with embryos isolated from fulIy hydrated
kemels, then desiccated down to the optimalwater content, or from dry kernels partially rehydrated until
embryos reached this optimal value. It also demonstrated that dry, rehydrated kernels could be
successfullyfrozen in liquid nitrogen and embryos cultivated in vitro after excision.
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Table 3. Experiment C Survival rates, development rates and fresh weights of embryos at a
relatively high water content, with or without freezing
~~

Treatment

Preservation

Short hydration
in the kemel
Long hydration
in the kemel,
then desiccation

Survival (“/O)

Development (“/O)

Fresh weight (mg)

-LN
+LN

82.1 a
76.7 a

53.6 a
63.3 a

61.7 a
49.9 a

-LN
+LN

82.1 a
85.0 a

64.3 a
65.0 a

136.7 b
57.2 a

Embryos at a water content of 0.3 g H20/g DW were removed from kemels rehydrated for 5.25 h.
Some were cryopreserved with liquid nitrogen (+LN) or received no cryopreservation (-LN).
Other embryos were isolated from kemels hydrated for 5 d and were then desiccatedin a laminar
flow cabinet to 0.3 g q O / g DW. these were cryopreserved (+LN) or non-cryopreserved (-LN).
Frequencies followed by the same letter are not significantly different at the 0.05’probabiIity
level as determined by Ryan’s test (survival and development) and Newman and Keuls’ test
(fresh weight).

The water content of embryos ensuring the highest
survival and development rates was 0.3 g w O / g DW,
which is comparable to the optimal values generally
observed when freezing embryos of various species
with recalcitrant seeds (Engelmann, 1992).
Damage caused by desiccation and/or freezing in
liquid nitrogen reduced the survival rate (i.e. including all forms of regrowth) and the development rate of
embryos (i.e. taking in account only the embryos developing normally or producing leaves). Differences in
the development of zygotic embryos after desiccation
or cryopreservation have already been mentioned in
the cases of Howea, Veitchia (Chin et al., 1988) and coconut (Assy-Bah and Engelmann, 1992).However, in these
latter cases, the only difference was the lack of development of the cotyledon which was destroyed by
desiccation and freezing but all embryos gave rise to

Table 4. Experiment B and C. effect of desiccation process,
freezing and interaction between both effects on the fresh
weight of embryos
Fresh weight
Experiment B Experiment C

Effect
Desiccation treatment

F

P
Freezing
Desiccation-freezing

F
P
F
P

30.3
0.000

***

29.5
0.000

***

1.5
0.234
NS

15.9
0.000

***

19.6
0.000

***

10.8
0.000

***

For desiccation treatments see Tables 2 and 3. Results of twoway analysis of variance. F (observed value of F-test) and P
(observed probability) values are given for each effect (rows)
and experiment (columns) studied. N S non significant;
***veryhighly significant

plantlets. With oil palm, the damage was more severe
since callusing or development of root pole or haustorium were observed in some cases.Ahistologica1study
performed on desiccated and cryopreserved embryos
would help to characterize more precisely the extent
and localization of damage. Another hypothesis could
be that the recovery medium was not optimal for
regrowth of cryopreserved embryos.Indeed,Abdelnour
ef al. (1992) and Normah and Vengadasdam (1992) observed that modificationsof the recovery medium could
greatly improve the developmentrate of coffeeembryos
after cryopreservation. An additional pregrowth treatment of embryos on a medium with high sugar
concentration may also prove beneficial to increase the.
resistance of embryos to desiccation and freezing! as
noted in the case of zygotic embryos of Capsella bursapastoris (Monnier and Leddet, 1980) and coconut
(Assy-Bah and Engelmann, 1992),and somatic embryos
of oil palm (Dumet et al., 1993a).This latter study also
emphasized the paramountimportance of rehydration
of oil-palm kernels and embryos in order to increase
their tolerance to dehydrationand cryopreservation.Indeed, imbibition very rapidly induces substantial
metabolic modifications in embryos such as mobilization of stored carbohydrate and lipid reserves, and
protein synthesis pewley and Black, 1983).Notably the
degradation of starch which is present in great quantities in oil-palm embryos (Vallade, 1965) may lead to a
rapid increase in the concentration of soluble sugars
which play a crucial role in the acquisition of tolerance
to desiccation, by substituting for water in stabilizing
membranes in the dry state (Crowe and Crowe, 1986)
and/or by inducing intracellular vitrification at ambient temperature (Williams and Leopold, 1989).
Complementary research will be undertaken in order
to describe the metabolic changes which take place
during imbibition of oil-palm kernels and embryos, and
during desiccation of the embryos.

86

F.Engelmann et al.

In conclusion, oil palm appears a good system for
studying the mechanisms of tolerance to desiccation
and cryopreservation of species with recalcitrant or intermediate seed storage behaviour.
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