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Abstract - The effect of exogenous abscisic acid (ABA) on the desiccation toler
ance, soluble sugar contents and germination rates of oil palm somatic embryos was 
studied. ABA was added during the development or germination of the somatic em
bryos. The treatments had no effect on embryo dry weights or water and sucrose 
contents. In contrast, monosaccharide levels decreased in ABA-treated embryos and 
raffinose was detected in embryos treated for 6 weeks with increasing concentrations 
of ABA (from 5 to 25 MM). ABA significantly improved embryo tolerance to rapid 
desiccation. Embryos treated with 25 MM ABA exhibited survival rates higher than 
that of the contro!' The 2-week ABA treatment induced a delay in shoot emission 
during embryo germination on hormone-free media. In contrast, embryos treated 
with 50 MM ABA displayed no germination. The presence of ABA in germination 
media induced inhibition of embryo shoot emission. These results suggest that ABA 
plays a role in the maturation and the acquisition of desiccation tolerance of oil palm 
somatic embryos. 

somatic embryo / desiccation tolerance / abscisic acid / sugar / Elaeis 
guineensis Jacq. 

Resume - Acide abscissique et tolerance it la dessiccation des embryons 
somatiques de palmier it huile (Elaeis guineensis Jacq.). L'effet de l'acide 
abscissique (ABA) sur la tolerance Et la dessiccation des embryons somatiques de 
palmier Et huile, leur contenu en sucres solubles et leur taux de germination a ete 
etudie. L' ABA a ete ajoute pendant le developpement ou la germination des embryons 
somatiques. L'ABA n'a pas d'effet significatif sur le poids sec, la teneur en eau 
et en saccharose des embryons. En revanche, les teneurs en monosaccharides sont 
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diminuees dans les embryons traites Et I' ABA et le raffinose est detecte dans des 
embryons traites pendant 6 semaines avec des concentrations croissantes en ABA 
(de 5 Et 25 MM). L' ABA ameliore la tolerance des embryons Et la dessiccation rapide. 
Les embryons traites avec 25 MM d'ABA ont un taux de survie superieur Et celui 
des embryons temoins. Le traitement des embryons avec 25 MM d'ABA provoque 
un retard dans I'emission des pousses feuillees par rapport aux temoins lors de la 
germination sur milieu sans hormone. En revanche, aucune germination n'est observee 
pour les embryons traites avec 50 MM d'ABA. La presence d'ABA dans le milieu de 
germination des embryons provoque I'inhibition de l'emission des pousses feuillees. 
Ces resultats suggerent un role de l'ABA dans la maturation et la tolerance Et la 
dessication des embryons somatiques de palmier a. huile. 

embryon somatique / tolerance it la dessiccation / acide abscissique / 
sucres / Elaeis guineensis Jacq. 

1. INTRODUCTION 

The aim of this work was to describe the role of ABA in resistance to de
hydration, a key step in the majority of the conservation protocols for in vitro 
cultivated plant organs. ABA plays an essential role in seed development and 
maturation processes [8]. Endogenous levels are low at the beginning of seed 
development, increase until the initiation of maturity and then decrease during 
dehydration. ABA is involved in the induction of seed dormancy during seed 
development and prevents early germination and mobilisation of storage prod
ucts [8]. ABA is thought to be involved in the desiccation tolerance of orthodox 
seeds by inducing LEA (Late Embryogenesis Abundant) protein synthesis [14]. 
These proteins are synthesised during the development of the embryos and 
accumulate at the end of their maturation phase. Their hydrophilic nature, 
together with the presence of repeated sequences of amino acids, is thought to 
give them a role in the protection of tissues during anhydrobiosis [5]. 

The addition of ABA to the culture media of somatic embryos induced com
plete desiccation tolerance in alfalfa [10] and carrot [6,16] . Tetteroo et al. [16] 
underlined the importance of the developmental stages, exogenous ABA, dry
ing and rehydration modes for successful desiccation tolerance of carrot somatic 
embryos [16]. ABA-treated carrot embryos desiccated with silica gel were stored 
for 169 weeks at -25 QC [13]. 

Oil palm somatic embryos produced from embryogenic suspension cultures [1] 
were sensitive to desiccation, which limited their storage potential. In previous 
work, we showed that ABA enhanced the accumulation of storage proteins [11]. 
In this paper, we present data concerning the effect of ABA on the survival of 
somatic embryos rapidly desiccated on silica gel. The effects of ABA treatment 
on sugar contents and germination rates are also reported. 
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2. MATERIALS AND METHODS 

2.1. Plant materials 

Somatic embryos were regenerated from embryogenic suspensions initiated 
from foliar explants of hybrid dura x pisifera oil palms supplied by the IDE
FOR research station at La Me in Cote d'Ivoire. Embryogenic clusters were 
sub cultured monthly as described by de Touchet et al. [18]. Embryogene
sis was achieved after transfer of cell clusters to basal medium supplemented 
with 30 g·L -1 sucrose and 0.5 g·L -1 casein hydrolysate according to Aberlenc 
Bertossi et al. [1]. Embryo development was induced after the plating of cell ag
gregates in Petri dishes (diameter 9 cm) containing 20 ml of the same medium 
gelled with 8 g·L -1 agar (Agar-agar, Sigma, USA). Cultures were grown un
der 12-h light at 45 p,mol.m-2 ·s- 1 at 27 QC and were subcultured weekly for 
8 weeks. Benzyl adenine (5 p,M) was added during the first week. 

2.2. Germination 

Shoot emission was obtained by transfer of 20 epidermised embryos to Petri 
dishes containing 20 ml of the same medium gelled with 2 g·L -1 Phytagel 
(Sigma, USA) and sub cultured every two weeks for two months. In contrast 
with seeds, plant development from oil palm somatic embryos starts from the 
apical meristem in these culture conditions [18]. In this paper, germination per
centages were calculated for embryos exhibiting single shoots among surviving 
embryos. Multiple shoots from polyembryonic structures were not taken into 
account. After the 2-month germination period, mortality was evaluated by 
the percentage of embryos that were brown and showed no development. 

2.3. ABA treatments 

ABA supply during embryo development 

Several times during somatic embryo development, various concentrations 
of filter-sterilised ABA were added to media after autoclaving, following the 
design described in Table I. Treatments 0, 1, 2, 3 and 0, 4, 5, 6 were performed 
in 2 separate experiments. 

ABA supply during embryo germination 

Somatic embryos produced on ABA-free media were collected during the 
7th week after plating and sub cultured on media supplemented with 0, 25 and 
50 p,M ABA under germination conditions. 
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2.4. Desiccation tolerance 

After treatments 0, 2 and 3 (Tab. I), embryos were collected and placed on 
sterilised filter papers on silica gel (Fisher Scientific, France) in glass containers. 
Embryos were desiccated for 2, 3 and 4 h. Water contents and dry weights were 
calculated after lyophilisation. For estimation of survival after dehydration, 
embryos were placed under germination conditions. After 2 weeks, the somatic 
embryos were recorded as viable when growth was detectable. 

Table I. ABA concentrations used during embryo development. Each value indicates 
the ABA concentration (J.LM) in media. 

ABA Number of weeks after plating 

Treatment 1 2 3 4 5 6 7 8 

0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 10 10 0 
2 0 0 0 0 0 25 25 0 
3 0 0 0 0 0 50 50 0 
4 0 0 0.1 0.1 2.5 2.5 5 5 
5 0 0 2.5 2.5 5 5 10 10 
6 0 0 5 5 10 10 25 25 

2.5. Soluble sugar analyses 

Embryos collected after treatments 0, 2 and 3 (Tab. I) were lyophilised. They 
were reduced to powder and 10 mg were extracted three times in succession in 
1 ml 80% ethanol, heated at 80°C for 20 min and centrifuged at 5000 g for 
10 min. Lactose was used as internal standard. The supernatants were pooled 
and evaporated under vacuum to dryness. Extracts were redissolved in distilled 
water and filtered through a 0.2 Mm mesh. Sugar contents were estimated using 
anion exchange chromatography coupled with pulsed amperometric detection 
(Dionex Chromatography Co). After dilution, samples were injected into a 
Carbo-Pac PAl column and eluted with sodium hydroxide. Sugar contents 
were calculated after peak area integration by comparison with calibration 
curves established for each sugar. 

2.6. Statistical analyses 

All data were collected in triplicate for 20 embryos. One-way analyses of 
variance were used to test for the effects of ABA on sugar content and germi
nation rate. Two-way analysis was used to test for the effect of the duration 
of desiccation on water content and survival percentage, and the interaction 
between these two factors. The Newman-Keuls test was used for multiple com
parisons of categorical means [9,12]. 
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Figure 1. Effect of 2-week ABA treatment (see Tab. I) after a 5-week development 
period on embryo water content during dehydration. Values are means of triplicate 
measurements. The same letters indicate homogeneous groups. 

3. RESULTS 

3.1. Somatic embryo development and desiccation tolerance 

After 2 weeks of ABA treatment (1 to 3, Tab. I), ABA had no significant 
effects on embryo dry weight or water contents which were stable at around 
1 mg per embryo and 8 gH20·g- 1 DW, respectively. Embryos were subjected 
to rapid drying before measurement of survival and water content. During 
dehydration, control and ABA-treated embryos displayed the same pattern 
of decrease in water content (Fig. 1). After 2 h, embryos had lost most of 
their water and after 4 h the water content has fallen to 0.4 gH20·g- 1 DW. 
ABA increased survival rates under rapid drying (Fig. 2). From the second 
hour of desiccation, embryos treated with 25 p,M ABA withstood dehydration 
significantly better than untreated material. 

3.2. Sugar contents 

ABA affected the sugar metabolism in somatic embryos (treatments 1 to 6). 
Monosaccharide (glucose and fructose) contents were found to be significantly 
reduced in ABA-treated embryos (Tabs. 11 and Ill). The sucrose contents were 
not affected in embryos treated for longer with increasing ABA concentrations 
(treatment 6, Tab. Ill), but raffinose, absent in control embryos, was detected. 
This oligosaccharide amounted to 5 mg·g- 1 DW in treated embryos. 
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Figure 2. Effect of 2-week ABA treatment (see Tab. I) after a 5-week development 
period on embryo survival rate during dehydration. Values are means of triplicate 
measurements. The same letters indicate homogeneous groups. 

Table II. Effect of 2-week ABA treatment (see Tab. I) after a 5-week development 
period on embryo sugar content. Values are means of triplicate measurements. The 
same letters indicate homogeneous groups. 

ABA Sugar contents (mg·g~l OW) 

Treatment Glucose Fructose Sucrose 

0 8.1 b 7.9 b 27.5 a 

2 4.1 a 3.7 a 25.7 a 

3 5.6 a 5.2 a 33.6 a 

Table Ill. Effect of 6-week ABA treatment (see Tab. I) at increasing concentrations 
after a 2-week development period on embryo sugar content. Values are means of 
duplicate measurements. 

ABA Sugar contents (mg·g~l OW) 

Treatment Glucose Fructose Sucrose Raffinose 

0 6 b 25.39 b 93.62 a Oa 

4 2.99 a 9.08 a 100.94 a Oa 

5 2.66 a 6.43 a 97.99 a Oa 

6 1.56 a 1.94 a 133.72 a 5.19 b 

3.3. Germination 

Embryos treated with ABA for 2 weeks (treatments 1-3) were placed on 
a hormone-free medium for estimation of the effect of the treatments on sub
sequent germination. Control embryos showed no loss of viability and the 
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Figure 3. Effect of 2-week ABA treatment (see Tab. I) after a 5-week development 
period on embryo shoot emission. Values are means of triplicate measurements. The 
same letters indicate homogeneous groups. 

percentage of single shoots produced increased to 21% after two months of 
germination (Fig. 3). Treatments with 25 and 50 jLM ABA caused 20% and 
50% embryo mortality, respectively. Embryos surviving after the 25 jLM ABA 
treatment exhibited a delay in the emission of single shoots. They did not 
germinate during the 50 first days on the germination medium but reached a 
germination percentage as high as that of the control after 67 days. In contrast, 
embryos treated with 50 jLM ABA did not germinate. ABA applied during the 
germination period to 7-week-old embryos grown on ABA-free medium caused 
low embryo mortality (10%). However, the presence of 25 or 50 jLM ABA in 
the germination medium inhibited shoot emission (Fig. 4). 

4. DISCUSSION 

Our results clearly demonstrate that ABA increases oil palm embryo tol
erance to rapid desiccation and modifies soluble carbohydrate contents and 
germination rates. 

After ABA treatment, oil palm somatic embryos display a decrease in glucose 
and fructose contents and the appearance of raffinose. A decrease in monosac
charides and an increase in di- and trisaccharide contents are commonly de
scribed during seed maturation [19]. This feature has also been described in 
ABA-treated somatic embryos of Daucus carota [17]. 

Sugars may be involved in anhydrobiosis via membrane stabilisation or the 
formation of a glassy state [4,21]. Sucrose and oligosaccharides may stabilise 
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Figure 4. Effect of ABA treatment (see Tab. I) during germination on embryo shoot 
emission. Values are means of triplicate measurements. The same letters indicate 
homogeneous groups. 

the glassy state whereas monosaccharides could disrupt it. The acquisition 
of desiccation tolerance throughout zygotic embryo development is associated 
with the synthesis of raffinose in several species [2,3]. Sucrose, raffinose and 
stachyose are also present in mature oil palm zygotic embryos [15]. ABA in
duces the synthesis of raffinose in somatic embryos but no trace of stachyose 
was detected. Carrot embryoids treated with high ABA (38 J-lM) became qui
escent and tolerant to desiccation, ceased sugar uptake and decreased respi
ration rates [17]. Tetteroo et al. hypothesise that ABA affects the substrate 
competition between glycolysis and the formation of sucrose or trisaccharide 
umbelliferose. Nevertheless, the increase in oil palm somatic embryo tolerance 
to dehydration after the 2-week ABA treatment is not associated with the 
synthesis of oligosaccharide. 

Exogenous ABA inhibits the germination and favours the maturation of 
oil palm somatic embryos and several other species. In ABA-deficient maize 
developing kernels, a CA deficiency suppresses vivipary [20] and the authors 
proposed that the ABA/CA ratio controls the orientation of the developmental 
programme leading to germination or maturation. The study of A rabidopsis 
thaliana mutants supports the participation of ABA in dormancy [7]. ABA 
could also block germination in oil palm somatic embryos by inducing dor
mancy. 

ABA induces in somatic embryos several physiological events described dur
ing zygotic embryogenesis. Nevertheless, in the case of oil palm, ABA treat
ments are not sufficient to induce complete desiccation tolerance. Earlier and 
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longer treatments could be necessary to guide embryo development towards the 
maturation programme. Several other factors controlling late embryogenesis in 
seeds may be lacking in the somatic embryo environment. High osmotica or 
slow dehydration in combination with ABA may allow the set up of the mat
uration programme and the induction of complete desiccation tolerance in oil 
palm somatic embryos, thus facilitating their conservation. 
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