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1. Introduction 

Clonal propagation of oil palm (Elaeis guineensis Jacq.) through somatic 
embryogenesis has been achieved by several research groups (Corley et al., 1977; 
Pannetier et al., 1981; Paranjothy, 1984), and its merits have been well discussed 
from a theoretical angle (Soh, 1986). The French ORSTOM-CIRAD group has 
developed a micropropagation process up to the pilot scale in four production 
units spread over three producing countries. In vitro vegetative propagation has led 
to the production of more than one million clonal plantlets to date. The technique 
has been proven by field performances on more than 2,500 ha of clonal 
plantations. Scaling-up of the current process has revealed several bottlenecks that 
are now limiting the commercial development of the tissue culture process. The 
main difficulties encountered at the pilot scale are: (i) the production costs and (ii) 
the occurrence of variant palms (ca. 5%) in embryogenically derived plant 
material. The production costs are still high because the process remains very 
labour- intensive and proliferation rates are overall rather slow. The development 
of oil palm embryogenic cell suspension has been achieved and will certainly 
enable the large-scale propagation of selected genotypes at low cost. Studies have 
been conducted in order to improve medium-tefi conservation of somatic 
embryos derived from embryogenic suspensions and the vigour of the regenerated 
plant material. This new process is currently assessed in terms of genetic fidelity. 

In order to understand the phenomena underlying the determinism of somaclonal 
variation, molecular approaches are now being developed in our group, involving 
studies on DNA structure together with patterns of genome expression in the 
regenerated plant material. The limitations in scaling-up that have been identified 
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at the pilot scale have stimulated the implementation of new reseach programmes 
in the fields of plant and seed physiology and molecular biology. Results expected 
fiom these programs will be used for the setting up of an improved production 
protocol, based on the culture of embryogenic suspensions and certified with a 
quality control for genetic fidelity. 

'' The aim of the present paper is to present the different steps that have been 
cleared by the ORSTOM-CIRAD French group and its partners in producing 
countries during the implementation of scale-up procedures for the 
micropropagation ofloi1 palm through somatic embryogenesis. 

2. Regeneration protocol and technology transfer 

Cloning of oil palm is performed by somatic embryogenesis on calli of leaf origin, 
using a protocol already described (Pannetier et al., 1981; Duval et al., 1995b). 
Callogenesis is obtained in the dark (27°C) on an initial culture medium 
containing 2,4-D. After 12 to 20 weeks, the calli are collected and placed on a 
second culture medium with a lower 2,4-D concentration than the previous one. 
After a variable period, embryogenic formations develop on the surface of the 
calli. They are isolated and cultured on a growth regulator-free medium. At best, 
an adventive embryogenesis mechanism is triggered, enabling the formation of 
embryogenic neoformations. This leads to indefinite culture proliferation. 
Alongside this phenomenon, the oldest somatic embryos develop into shoots, 
which are collected and placed on an NAA-enriched medium for eight weeks to 
allow for root development. Then they are transferred to the acclimatisation stage, 
and subsequently to the pre-nursery, according to the protocol applied to 
seedlings. 

The transfer of technology fiom the research laboratory to the pilot production 
unit scale was initiated in 1982. A production laboratory designed for the annual 
production of 250,000 clonal plantlets was set up in Côte d'Ivoire (West Africa). 
In 1985-1986, two laboratories based on the same model were opened in 
Indonesia, with two different partners, one from the public sector (IOPRI - 
Indonesian Oil Palm Research Institute) and one from the private sector 
(SOCFINDO - Socfin Indonesia). At the same time, one laboratory was 
established in Malaysia, in collaboration with a national development agency 
(FELDA - Federal Land Development Authority). A subsidiary of CIRAD for the 
commercial development of the process (TROPICLONE SA) was created in 1987 
and a production laboratory was opened in France. 
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3. Assessment of the pilot process 

Oil palm clonal in vitro propagation has been practised since 1981 in Côte d'Ivoire 
in the IDEFOR-DPO (Institut des Forêts - Département des Plantes Oléagineuses) 
Laboratory, in collaboration with ORSTOM and CIRAD-CP. The regeneration 
process has been assessed on a large scale with steady planting of clonal material. 
After more than 15 years of activity, the IDEFOR-DPO Laboratory has obtained a 
considerable amount of data on the performance of the process (Duval et al., 
1995b; Duval et al., 1997). 

Since 1981,460 palms have been sampled for tissue culture, including palms of E. 
guinensis var. pisifera, backcrosses and in vitro regenerants. All the palms 
sampled in La Mé using our standard procedure have produced calli on foliar 
explants. Success rates in callogenesis may vary according to the genetic origin of 
the mother palm. Palms from Deli x La Mé origin produced calli on 31% of 
explants on average, whereas this percentage reached only 7% and 9% 
respectively in palms of Deli x Nifor and Deli x Yangambi origin. Within a given 
cross, callogenesis rates are highly variable ranging from 20% to 175% depending 
on the genetic origin. Embryogenesis on nodular callus was obtained with an 
overall success rate of 87%. This phenomenon occurs at a very slow rate (taking 
up to 2 years) and remains difficult to control. Success rates during the late phases 
of the micropropagation process were as follows: 83% during acclimatisation, 
79% during pre-nursery and 78% during nursery, Thus the overall success rates 
were 62% from pre-nursery to nursery and 51% from hardening to nursery (end). 
To date, the total production of the La Mé Laboratory since its opening in 1981 
has reached 750,000 plantlets, originating from 216 different clones. The overall 
area planted with clonal material (genetic trials i- commercial plots) in Côte 
d'Ivoire has now reached 800 ha (thus ca. 110,000 palms). 

In'the clone trials carried out in Côte d'Ivoire (Duval et al., 1997), 16 out of 22 
clones produced substantially more than the seed control (L2TxD ZOD), with yield 
increases ranging from 10% to 54%. Furthermore, 15 clones produced at 
SOCFINDO, IOPRI and ORSTOM were superior to the control, with yield 
increases of between 8% and 44%. The identification of several clones with high 
yield potential confirms the forecasts made by breeders (Meunier et al., 1988) and 
the merits of vegetative propagation of the best palms obtained in progeny tests. 
However, our results from scaling up of in vitro protocols and field trials have 
shown the different obstacles to the dissemination of the technique. 
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4. Limitations for mass production 

The scaling-up of the tissue culture process at various locations with different 
partners has revealed almost everywhere the same difficulties. Problems have 
generally occurred in two major fields. 

:! 4.1. Production costs 

Tissue culture of palms is generally time-consuming and the biological events 
involved in each step of the process progress very slowly, as it has already been 
reported for coconut (Verdeil and Buffard-Morel, 1995). The total time necessary 
between the sampling of the mother palm and the hardening of the first batch of 
plantlets is 18 months on average (Duval et al., 1995b). The latter has a negative 
impact on the production cost, as overheads for the propagation facilities remain 
very high. Because of the very high production costs, the selling price of clonal 
plantlets could not be lowered to less than 5 times the price of selected seeds (2 to 
3 USD). The process as a whole is very labour intensive, as several steps require 
very skilful manual operations (selection of calli and competent embryogenic 
structures, separation of shootlets before in vitro rooting, etc.). Furthermore, the 
regeneration protocols currently being developed are unsuitable for large-scale 
production, i.e. 104-105 units per clone per year. At present, only a few clones 
can reach an annual production of around 104 plants. Furthermore, it appears that 
for a given clone, the culture and production management approaches used 
determine the availability of a given clone and when it can be supplied. Thus, 
customer requirements have to fit in with the vagaries of production, which is not 
acceptable from a commercial point of view. 

4.2. GeneticJdeliW of regenerants 

Evaluation in the field has revealed the occurrence of a small percentage (ca. 5%) 
of variant palms that show an abnormal flower development (Duval et al., 1995b). 
This character, originally referred to as ‘mantled’ by Corley et al. (1986) has been 
characterised as a feminisation of the male parts in flowers of both sexes. The 
alteration results in an abnormal floral development, by modifying two of the 
inner whorls. This leads to abnormal morphogenesis of the h i t ,  which bears 
supernumerary carpels around the drupe; hence the term ‘mantled’. The severity 
of the phenomenon varies and may have only a slight influence on oil yields if it 
does not prevent h i t  set (as it is the case with ‘slightly mantled’ variants), or 
leads to abortion of flowers, thus to complete sterility of the palm (‘severely 
mantled’). The early detection of ‘mantled-type, somaclonal variants is thus today 
of critical concern in oil palm clonal micropropagation. 
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5. Research programmes related to scaling-up procedure 

5.1. Embryogenic suspensions/artiJicial seeds 

Progress has recently been made in plant production through somatic 
embryogenesis, particularly by developing systems based on the artificial seed 
concept (Redenbaugh, 1993), in which the somatic embryogenesis process is used 
to produce individual embryos with relatively synchronous development. Embryo 
development can be halted at a given stage, either by following the natural 
procedure that occurs during zygotic embryo quiescence or by using artificial 
methods, such as low temperature storage. The somatic embryos, which are often 
encapsulated with antifungdnutritive coating are then used as seeds, either in 
vitro or sown directly in the field (Fuji et al., 1992). Embryogenic oil palm cell 
suspensions have been initiated by several authors (Teixeira et al., 1990; Touchet 
et al., 1990). 

Research work has been initiated in our group (Touchet et al., 1990, 1991; Duval 
et al., 1995a, b) in order to develop new methods of automation and scaling-up for 
oil palm micropropagation (Bajaj, 199 1). To date, embryogenic suspensions have 
been successfully isolated for more than 20 clones. The average concentration was 
ca. ' 105 cell clusters per litre with a multiplication factor reaching 4x per month. 
These characteristics allow mass propagation. Sondahl (1991) reported on the 
successful culture of oil palm cell suspensions in bioreactors. Field trials are under 
way for the assessment of clonal fidelity in plantlets originating from cell 
suspension cultures. 

Somatic embryo-derived plantlets are generally less vigorous than plantlets 
resulting from zygotic embryo germination. This relative weakness may be the 
consequence of an incomplete maturation of somatic embryos (Crouch, 1982). 
Storage proteins might be appropriate markers for the assessment of the 
maturation of somatic embryos (Redenbaugh et al., 1986) and thus their ability to 
withstand desiccation. In oil palm, our research work aims to understand the 
patterns of storage protein accumulation in somatic embryos. This understanding 
will aid to: i) improve the vigour of the in vitro regenerated plants produced 
through embryogenic sùspensions and ii) cany out medium term conservation of 
embryos at room temperature as encapsulated artificial seeds (McKersie et al., 
1995) or alternatively by using cryopreservation (Engelmann, 1991; Dumet et al., 
1993). Recent work in our group (Morcillo et al., 1997b) has shown that 7 s  
globulins, which are the major storage proteins in oil palm zygotic embryos, might 
potentially serve as markers in the study of somatic embryogenesis. .I 
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Oligosaccharides are generally involved in the tolerance of desiccation in embryos 
(Le Prince et al., 1993). These compounds have been demonstrated to play a 
central role in the creation of a vitrous state and in the protection of the cellular 
structure (raffmose and stachyose) against crystallisation of solutes. The 
[sucrose/(raffmose -I- stachyose)] ratio thus may be considered as a reliable 
indicator of the capacity of embryos to withstand desiccation. 

In oil palm zygotic embryos, this ratio was found to decrease dramatically from 68 
down to 14 between the 3rd and the 4th month after fertilisation and to drop to 5.2 
at the 6th month (Aberlenc-Bertossi et al., 1995; Chabrillange et al., 1996). In oil 
palm somatic embryos, resistance to desiccation is improved when embryos are 
treated with ABA and sucrose at the end of the maturation phase (F. Aberlenc- 
Bertossi, pers. c o m . ) .  

5.2. Physiology of vitroplants 

Several studies have been conducted in order reduce acclimatisation losses, which 
have an important impact on production costs, because they occur at the end of the 
tissue culture process. The in vitro photosynthetic parameters of the 
embryogenically-derived plant material have been measured throughout the 
process, with the aim of characterising the physiological status of the in vitro 
regenerated plants and thus optimising success rates during acclimatisation (Rival 
et al., 1994; 1996; 199%; 1997~). The latter work showed that active photosynthesis 
could be measured very early during the micropropagation process. Losses during 
acclimatisation to natural growing conditions were thus thought to be mainly 
caused by poor in vitro rooting in various cases. Studies on changes in peroxidase 
activity during in vitro rooting of oil palm clonal plantlets have led to the 
implementation of an efficient rooting protocol (Rival el al., 1997e). This 
improved procedure has been successfully developed in production units. 

5.3. Genetic fidelity 

5.3.1. Biochemical markers 

Several potential biochemical markers of the ‘mantled’ abnormality in oi l  palm have 
been investigated by our group. Polypeptide pattems (Mamey et al., 1991) and 
endogenous cytokinins (Maldinet et al., 1986; Besse et al., 1992) have been studied. 
Nevertheless, it has been very difficult to assess the validity of such markers on a large 
number of samples, because of the lack of repeatability (in the case of proteins) or the 
high cost (in the case of endogenous cytokinins) of such estimations. 
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5.3.2. Ploidy level . 
Flow cytbmetric analysis has revealed that embryogenic calli and plants showed the 
same ploidy level (Rival et al., 1997a). No variation in the ploidy level between seed- 
derived palms and 3 different types of calli originating fiom foliar explants, namely 
nodular compact calli, fast-gowing calli and fìiable calli, was observed. Since fast- 
growing calli (FGC), already identified as a source of ‘mantled’ phenotype variants, 
did not show any difference in their ploidy level, these results are consistent with the 
hypothesis of an epigenetic origin for this type of somaclonal variant. 

5.3.3. RAPD analysis 

RAPD analysis was found to be efficient in distinguishing among oil palm clonal 
lines, but failed to reveal any polymorphism associated with either ‘mantled’ 
somaclonal variants or with the overall tissue culture process used to regenerate 
oil palms (Rival et al., 1997d). Following the scoring of 8,900 RAPD bands, no 
‘mantled’-related polymorphisms could be detected. This indicates that the 
frequency of polymorphism in the regenerated material is very low. It may be 
presumed to be much lower than 0.05%, if compared with the results presented by 
Munthali et al. (1996), who found 3 somaclonal polymorphisms in 5,607 scored 
RAPD bands obtained from 120 regenerants of sugar beet. 

In our experiments, the total length of scored genomic DNA represented 
approximately 0.04% of the oil palm 2C genome size of 3.8 x lo9 bp. Even with 
the use of more than 380 10-mer primers, the fraction of the genome analysed 
through the RAPD technique is clearly insufficient for detecting discrete genetic 
events that could be linked to somaclonal variation in oil palm. Results from the 
RAPD analysis would, however, be consistent with the hypothesis of an 
epigenetic origin for the ‘mantled’ somaclonal variation. 

5.3.4. DNA methylation 

The role of DNA methylation in the regulation of gene expression (Finnegan et 
al., 1993) and its implication in somaclonal variation (Brown, 1989; Karp, 1991) 
has been extensively investigated. Significant changes in the level of methylation 
of genomic DNA during dedifferentiation (Durante et al., 1982) and during 
somatic embryogenesis (Loschiavo et al., 19.89) have been reported for higher 
plants. It is therefore likely that changes in DNA methylation levels and/or 
patterns could be involved in the determination of somaclonal variation in oil 
palm, as has been demonstratedfor maize (Kaeppler and Phillips, 1994). 
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Levels of global DNA methylation have been estimated after enzymatic hydrolysis 
of genomic DNA to nucleosides and HPLC quantification of 5-Methyl Cytidine, 
according to Palmgren et al. (1990) and Gehrke et al. (1984). Global genomic 
levels of DNA methylation [(SmdC) / (SmdC+dC)] have been investigated in 
regenerated oil palms, with the aim of comparing mother palmhegenerants and 
normdvariant regenerants inside the same clonal line. Global levels of genomic 

‘! DNA methylation in oil palm reached 25%’ in agreement with levels already 
observed in other plants (Hass and Amasino, 1989). The measured levels of DNA 
methylation did not discriminate the ‘mantled’ variants at the adult age. 
Nevertheless, this approach will be useful for the monitoring of genetic fidelity 
throughout the in vitro culture process, by estimating the role of the various 
growth regulators involved in the tissue culture process on the methylation 
patterns of genomic DNA (Loschiavo et al., 1989). 

6. Perspectives 

6. I. ArtiJcìal seeds 

The aim of our research in this field is to use oil palm artificial seeds to improve 
the management, the distribution and the conservation of the clonal material 
produced through embryogenic suspensions. Our results as a whole show that, at 
the end of the in vitro development, the oil palm somatic embryo does not display 
the characteristics of a zygotic mature embryo. Thus, further research.is needed in 
order to obtain somatic embryos capable to withstand desiccation and midterm 
conservation as artificial seeds. 

The immature zygotic embryo is considered to be a useful model for studies of the 
acquisition of tolerance to desiccation. Various osmotica, growth regulators 
(ABA) and slow desiccation in monitored conditions of hygrometry are currently 
being tested in order to improve the tolerance of embryos to desiccation. Studies 
on the impact of  these freatments on parameters such,as oligosaccharides and 
storage proteins patterns (Morcillo et al., 1997a) are’under way. 

6.2. Molecular markers for the %Izantled’ somaclonal variation 

Long term observations in clonal field trials have shown that the ‘mantled’ 
phenotype is unstable (Duval et al., 1997). The fact that almost 50% of sterile 
palms revert to a normal phenotype after several year’s flowering, backs up the 
hypothesis of an epigenetic mechanism that affects genome expression at the 
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young age. We now plan to use RFLP in conjunction with oil palm cDNA probes 
and isoschizomeric restsiction enzyme pairs, showing differential sensitivity to the 
methylation of dC residues (e.g. MspLIHpaII) to investigate the patterns of DNA 
methylation in oil palm during in vitro micropropagation in relation to somaclonal 
variation. 

We are also developing a novel approach based on the analysis of differential 
genome expression in normdvariant plant material. This approach is centred on 
techniques available to study differences in the abundance of specific mRNA 
species between populations. We plan to use the PCR-based Differential Display 
method (Liang and Pardee, 1992) in order to characterise gene expression in calli 
and embryoids producing normal and abnormal plants, in the hope of identifyhg 
an early marker of the ‘mantled’ phenotype. 

7. Conclusions 

Difficulties faced during the implementation of the scaling up of the ORSTOM- 
CIRAD process of oil palm micropropagation have necessitated the launching of 
new research programmes. Once the quality control of regenerants can be 
achieved with molecular markers at a sufficient level of confidence, oil palm 
clonal micropropagation through somatic embryogenesis could evolve to a larger 
commercial scale, by means of powerful and low-cost propagation techniques 
such as the use of embryogenic cell suspensions. 

A coherent network has been established, linking the ORSTOM-CIRAD group to 
several partners in basic research (Universities and Research Institutes) on the one 
hand. On the other hand, with key players in the oil palm sector in producing 
countries (private companies, development agencies and national agricultural 
research institutes). A very close relationship between Biotechnology and Plant 
Breeding programmes has also been essential in order to: i) efficiently select the 
elite material to be propagated, and ii) to assess the propagated material in the 
producing areas according to statistically designed field experiments. 

Results presented in this paper illustrate both the importance of the pilot scale step 
in the scaling-up strategy and the capacity of this step to stimulate important 
research programmes, involving a fundamental approach with modern research 
tools. 

415 



I 

.^ , 

Acknowledgements. Thanks are due to Miss F. Richaud and T. Beule (CIRAD-CP) for 
their skilful technical assistance. The authors are also indebted to h4M. Durand-Gasselin 
(CIRAD-CP, Côte d’Ivoire) and K. Konan (IDEFOR-DPO, Côte d’Ivoire) for their 
valuable collaboration. 

References 

1. Aberlenc-Bertossi F, Morcillo F, Rival A and Duval Y (1995). Oligosaccharides and dehydrin-like 
proteins during oil palm embryo development. In: Fifth International Workshop on Seeds, September 
11-15, 1995. University of Reading, UK. 

2. Bajaj Y P S  (1991). Biotechnology in Agriculture and Forestry, vol 17.’ High Tech and 
Micropropagation I. Springer Verlag, Berlin. 

3. Besse I, Verdeil JL, Duval Y, Sotta B, Maldiney R and Miginiac E (1992). Oil palm (Elaeis 
guineensis Jacq.) clonal fidelity: endogenous cytokinins and indoleacetic acid in embryogenic callus 
cultures. J Exp Bot 43:983-989. 
Brown PTH (1989). DNA methylation in plants and its role in tissue culture. Genome 3 1: 717-729. 
Chabrillange N, Aberlenc-Bertossi F, Engelmann F and Duval Y (1996). Effect of oligosaccharide 
content during maturation on tolerance to desiccation and cryopreservation of oil palm zygotic 
embryos. In: Proceedings of the Symposium on Analytical Techniques in Low Temperature Biology, 
September 3-6, 1996. University of Abertay, Dundee, UK. 

6. Corky RHV, Barrett JN and Jones LH (1 977). Vegetative propagation of oil palm via tissue culture - 
Oil Palm News 22:2-8. 

7. Corky RHV, Lee CH, Law LH and Wong CY (1986). Abnormal flower development in oil palm 
clones. Planter (Kuala Lumpur). 62: 233-240. 

8. Crouch ML (1982). Non-zygotic embryos of Brassica napus L. contain embryo-specific storage 
proteins. Planta 156:520-524. . 

9. Dumet D, Engelmann F, Chabrillange N and Duval Y (1993). Cryopreservation of oil palm (Elaeis 
guineensis Jacq.) somatic embryos involving a desiccation step. Plant Cell Rep 12:352-355. 

10. Durante M, Gen C and Ciomei M (1982). DNA methylation in dedifferentiating plant pith tissue. 
Experientia 38:45 1-452. 

11. Duval Y, Aberlenc F and de Touchet B (1995a). Use of embryogenic suspensions for oil palm 
micropropagation. In: Proceedings of the ISOPB International Symposium on Recent Development in 
Oil Palm Tissue Culture and Biotechnology, September 24-25, 1993, pp 38-47. ISOPB, Kuala 
Lumpur. 

12. Duval Y, Engelmann F and Durand-Gassellin T (1995b). Somatic embryogenesis in oil palm (Elaeis 
guineensis Jacq.). In: YPS Bajaj (Ed.). Somatic embryogenesis and Synthetic Seed I, vol 30. 
Biotechnology in Agriculture and Forestry, pp 335-352. Springer Verlag, Berlin. 

13. Duval Y ,  Amblard P, Rival A, Konan E, Gogor S and Durand-Gasselin T (1997). Progress in oil 
palm tissue culture and clonal performance in Indonesia and the Côte d’Ivoire. Planters (Kuala 
Lumpur) pp 291-307. 

14. Engelmann F (1991). In vitro conservation of tropical plant germplasm - a review. Euphytica 57:227- 
243. 

15. Finnegan EJ, Brette11 RIS and Dennis ES (1993). The role of DNA methylation in the regulation of 
plant gene expression. In: JP Jost and HP Saluz (Eds.). DNA Methylation: Molecular biology and 
biological significance, pp 2 18-26 1. Birkhauser, Switzerland. 

16. Fujii J, Slade D, Aguirre-Rascon J and Redenbaugh K (1992). Field planting of alfalfa artificial seed. 
In vitro Cell Dev Bio1 28:73-85. 

4. 
5. 

416 

, 



17. Gehrke CW, Mc Cune RA, Gama-Sosa M, Ehrlich M and Kuo KC (1984). Quantitative reverse- 
phase high-performance liquid chromatography of major and modified nucleosides in DNA. J Chrom 

18. Kaeppler SM and Phillips RL (1994). Tissue culture-induced DNA methylation variation in maize. 
Proc Natl Acad Sci USA 90:8773-8776. 

19. Karp A (1991). On the current understanding of somaclonal variation In: BJ Miflin (Eds.). Osford 
Surveys of Plant Molecular and Cellular Biology vol. 7, pp 1-58. Oxford University Press, UK. 

20. Klaas M and Amasino RM (1989). DNA methylation is reduced in Dnase-I sensitive regions of plant 
chromatin. Plant Physiol91:451-454. 

21. Palmgren G, Mattsson O and Okkels FT (1990). Employment of hydrolytic enzymes in the study of 
the level of DNA methylation. Biochim Biophys Acta 1049:293-297. 

22. Liang P and Pardee AB (1992). Differential display of eukaryotic messenger RNA by means of the 
polymerase chain reaction. Science 257:967-971. 

23. Leprince O, Hendry GAF and McKersie BD (1993). The mechanisms of desiccation tolerance in 
developing seeds. Seed Sci Res 3:23 1-246. 

24. Loschiavo F, Pitto L, Giulano G, Torti G, Nuti-Ronchi V, Marazziti D, Vergara R, Orselli S and 
Terzi M (1989). DNA methylation of embryogenic carrot cell cultures and its variations as caused by 
mutation, differentiation, hormones and hypomethylating drugs. Theor Appl Genet 77:325-33 1. 

25. Maldiney YR, Leroux B, Sabbagh I, Sotta B, Sossountzov L and Miginiac E (1986). A biotin-avidin- 
based enzyme immunoassay to quantify three phytohormones: auxin, abscissic acid and zeatin 
riboside. J Immunol Methods 90:151-158. 

26. Marmey P, Besse I and Verdeil JL (1991). Mise en évidence d'un marqueur protéique d3érenciant 
deux types de cals issus de même clones chez le palmier à huile (Elaeis guineensis Jacq.). C R Acad 
Sci Pans, t 313, III: 333-338. 

27. McKersie BD, Van Acker S and Lai FM (1995). Role of maturation and dessication of somatic 
' embryos in the production of dry artificial seeds. In: YPS Bajaj (Ed.). Biotechnology in Agriculture 

and Forestry, Vo1.30, pp 152-167. Somatic Embryogenesis, Springer-Verlag, Berlin. 
28. Meunier J, Baudouin L, Nouy B and Noiret JM (1988). Estimation de la valeur des clones de palmier 

à huile. Oléagineux 46, 347-359. 
29. Morcillo F, Aberlenc-Bertossi F, Hamon S and Duval Y (1997a). Differential accumulation of 

storage protein, 7 s  globulins, during zygotic and somatic embryos development in oil palm (Elaeis 
guineensis Jacq.). Plant Physiol Bioch 36:509-5 14. 

30. Morcillo F, Aberlenc-Bertossi F, Trouslot P and Duval Y (1997b). Characterization of 2s  and 7s  
storage proteins in embryos of oil palm. Plant Sci 122:141-151. 

31. Munthali MT, Newbury HJ and Ford-Lloyd BV (1996). The detection of somaclonal variants of beet 
using RAPD. Plant Cell Rep 15:474-478. 

32. Pannetier C, Arthuis P and Lievoux D (1981). Néoformation de jeunes plantes d'Elaeis guirieensis 
partir de cals primaires obtenus sur fragments foliaires cultivés in vitro. Oléagineux 36:119-122. 

33. Parajothy K (1984). Oil Palm. In: PV Ammirato, DE Evans, WR Sharp, Y Yamada (Eds.). 
Handbook of Plant Cell Culture, vo1.3. Crop Species, pp 591-605. Macmillan, New York. 

34. Redenbaugh K (1993). Introduction. In: K Redenbaugh (Ed.). Synseeds: Applications of Synthetic 
Seeds to Crop Improvement, pp 3-7, CRC Press, London. 

35. Redenbaugh JS, Paasch BD, Nicho1 JW, Kossler ME, Viss PR and Walker KA (1986). Somatic seeds: 
encapsulation of asexual plant embryos, Bio/tech 4:797-781. 

36. Rival A, Nato A, Lavergne D and Duval Y (1994). Carboxylases (PEPc and Rubisco) activities 
during in vitro development and acclimatization of oil palm (Elaeis guineensis Jacq.). In: Proceedings 
of the VIII International Congress of Plant Tissue and Cell Culture. Abstract, p 261. IAPTC, 
Florence. 

37. Rival A, Beule Y, Nato A and Lavergne D (1996). Immunoenzymatic study of Rubisco in oil palm 
and coconut. Plant Res Dev 3:55-61. 

301 : 199-21 9. 

417 



! 

418 

38. Rival A, Beule T, Barre P, Hamon S, Duval Y and Noirot M (1997a). Comparative flow cytometric 
estimation of nuclear DNA content in oil palm (Elaeis guineensis Jacq.) tissue cultures and seed- 
derived plants Plant Cell Rep 162384-887. 

39. Rival A, Bedé T, Lavergne D and Nato A (199%). Growth and carboxylase activities in in vitro 
micropropagated oil palm plantlets during acclimatization: comparison with conventionally 
germinated seedlings. AdvHort Sci 3:111-117. 

40. Rival A, Beule T, Lavergne D, Nato A, Havaux M and Puard M (1997~). Development of 
photosynthetic characteristics in oil palm during in vitro micropropagation. J Plant Physiol 150:ll- 
26. 

41. Rival A, Bertrand L, Beule T, Trouslot P and Lashermes P (1997d). Suitability of RAPD analysis for 
the detection of somaclonal variants in oil palm (Elueisguineensis Jacq.). Plant Breeding 117:73-76. 

42. Rival A, Bernard F and Mathieu Y (1997e). Changes in peroxidase activity during in vitro rooting of 
oil palm (Elueisguineensis Jacq.). Scientia Hort 71:103-112. 

43. Soh AC (1986). Expected yield increase with selected palm clones from current D x P seedling 
materials and its implications on clonal propagation, breeding and ortet selection. Oléagineux 41: 5 1- 
56. 

44. Sondahl M (1991). Tissue culture of cacao, coffee and oil palm. In: Proceedings of the IV Conference 
Int. Plant Biotechnology Network, San José, Costa Rica, 14-18 Jan. 1991. pp. 98-99. CATIE, Costa 
Rica. 

45. Verdeil L and Buf€ard-Morel J (1995). Somatic embryogenesis in coconut (Cocos nucifera L.). In: 
YPS Bajaj (Ed.). Somatic embryogenesis and Synthetic Seed I, vol.,30. Biotechnology in Agriculture 
and Forestry, pp 299-3 17. Springer-Verlag, Berlin. 

46. Teixeira JB, Sondahl MR and Kirby EG (1990). Establishment of embryogenic cell suspensions of oi l  
palm and regeneration. In: Abstract book of the VI1 Intemational Congress on Plant Tissue and Cell 
Culture, pp 137. IAPTC, Amsterdam. 

47. Touchet (de) B, Duval Y and Pannetier C (1990). Oil Palm (Elaeis guineensis Jacq.) regeneration 
from embryogenic suspension culture. In: Abstracts book of the VI1 Intemational Congress on Plant 
Tissue and Cell Culture, pp 249. IAPTC, Amsterdam. 

48. Touchet (de) B, Duval Y and Pannetier C (1991). Plant regeneration from embryogenic suspension 
culture of oil palm (Elueisguineensis Jacq.). Plant Cell Rep 10:529-532. 





2‘. 
“ A  

Current Advances in Coconut 
~ Biotechnology 

Edited by 

C. OROPEZA 
Celitro de Iii\mtigncióii Cient$ca de Kicatcirz (Méricki) 

J.L. VERDEIL 
ORSTOM-CIRA D (Montpellier) 

G.R. ASHBURNER 
Iiistitirte of Swraiirable Irrigated Agriciiltirre (Tatiira) 

R. CARDEÑA 
Coitio de Iii1*estigctcidn Cinitijìcci de Kicritciii (Mérida) 

and 

J.M. SANTAMAR~A 
Ceiilro de Iii~asiigncihi Cialtfieri de Xrcatdir (Mérida) 

KLUWER ACADEMIC PUBLISHERS 
DORDRECHT / BOSTON / LONDON 

::,:..i;.. ‘ ,  . .. . . 
I .  

i‘: i 

I 

.. . ..... .. .~ . . .., . .  

. .  . .  . . .  . : r ’  L .. . . . .  

. .  . .  . .  . .  . .  . .  . .  ’ / . .  . ,. .. . . .. . 

. .  . . ’  .-. , . . 



ISBN 0-7923-5823-6 

Published by Kluwer Academic Publishers, 
P.O. Box 17,3300AA Dordrecht, The Netherlands. 

Sold and distributed in North, Central and South America 
by Kluwer Academic Publishers, 
101 Philip Drive, Norwell, MA 02061, U.S.A. 

In all other countries, sold and distributed 
by Kluwer Academic Publishers, 
P.O. Box 322,3300 AH Dordrecht, The Netherlands. 

Pritiierl oii arid-pee piper .  

All Rights Reserved 
O 1999 Kluwer Academic Publishers 
No part of the material rrotected by this copyright notice may be reproduced or 
utilized in any form orb:( any means, electronic or mechanical, i 
including photocopying. recording or by any information storage rind 
retrieval system. withoul written pcrmission from the copyright owner. 

Printed i n  the Netherlan:.~. 

. .  . .  

. .  
. .  

. .  . .  
. .  .. . .  . . . '  



Current Plant Science and Biotechnology in Agriculture 
VOLUME 35 

Scientific Editor 
R.J. Summerfîeld, The University of Reading, Department ofAgricirltiire, P.O. Box 236, Reading RG6 
2AI; Berkshire, UK 

Scientific Advisoty Board 
D.F. Bezdicek, Washington State Utii\iersiy, Piilltnan, USA 
J. Denecke, University of York, York, UK 
J. Hamblin, The University of Western Australia, Nedlands, Aiistrdìa 
H.-J. Jacobsen, Universitiit Hannover, Hatitiover, Gertnariy 

Aims mid Scope 
The book series is intended for readers ranging from advanced students to senior research scientists 
and corporate directors interested in acquiring in-depth, state-of-the-art knowledge about research fin- 
dings and techniques related to all aspects of agricultural biotechnology. Although the previous volu- 
mes in the series dealt with plant science and biotechnology, the aim is now to also include volumes 
dealing with animal science, food science and microbiology. While the subject matter will relate more 
particularly to agricultural applications, tirnely topics in basic science and biotechnology will also be 
explored. Some volumes will report progress in rapidly advancing disciplines through proceedings of 
symposia and workshops while others will detail fundamental information of an enduring nature thnt 
\vil1 be referenced repeatedly. 

The titles piiblirhed 01 this series aye listed nt the etid of this volrinie. 

.. ' 
. . ,. . .. . _  

. .  . 




