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Germplasm Collection, Conservation 
and Utilization Activities of the Office 
de la Recherche Scientifique et Technique 
d' Outre-Mer (ORSTOMF. R. S. i. 0. M. ~ u i m  uucuri~srrtai~~ 

The Office de la Recherche Scientifique et Technique d'dutre-Mer (ORSTOM) began its 
activities in thefieldofgeneticresourcesduring the 1960s with studiesonfunicNm(Combes. 
1975;Pemes. 1975).During thepast 10 yearsnew studieshavebeencamedouton rice,okra. 
coffee,cereals,and root and tubercrops. FundingforORSTOM collecting missions hascome 
from many sources, including the Intemational Board for Plant Genetic Resources (IBPGR). 
the European Economic Community (EEC) and the French Ministry for Research and 
Cooperation. From the outset, our goal has been to understand genepool organization, 
including cultivated and wild species. The study of gene flow and ecological and genetic 
barriers are fundamental for plani improvement. 

Over the past decade we have added isoenzyn;latic variability io morphological evaluation 
(Second and Trouslot, 1980). The new biochemical markers now available will cenainly 
increase our understanding of evolution. Microcomputer and multivariate analysis provide 
a good tool for managing and using a large amount of data. Special attention is also paid to 
controlled cmsses in intra- and ihtenpecific situations. 

We present here an overview of thecollecting missions carried out during the past decade. 

OKRA 

ORSTOM'S program on okra, Ahefmoschus species, was sponsored by IBPGR. Following 
the basic work carriedout by Siemonsma( 1982) in Côte d'Ivoire. a worldwide survey of okra 
genetic resources was conducted (Charrier 1984). as a result ofwhich numerousokm samples 
weresenttousfromdifferentpartsoftheworld. Inassociation with IBPGR. wesentamission 

41 



i 3  
42 ORSTOM GENETIC RESOURCES ACTIVITIES 

to collect only okra in Togo and Benin (Hamon and Charrier, 1983). Great variability was 
found and an ecological partition of the main cultivated types was made. Another collection 
was undertaken in Guinea (Hamon et al.. 1986). Outside Africa, a collecting mission was 
recently carried out in Thailand (Hamon et al., 1987). The total numbcr of samples is now 
nearly 2,000 (ser Tables 1 and 2). 

TABLE 1 Global colkction OT okra, Abelmoschus spccies 

A. esculentus A .  cailleì A. moschcrhrr A. manihof 

West Africa 813 673 17 
East Africa 25 I 1' 
America 8 
Asia 113 35 36 
Europe 129 
Total 1.374 613 52 36 

1 Spontaneous hybrid with A. esculentus 

TABLE 2 ORSTOMnBPCR cdkcting missions of okre,Abclmoschusspecies 

A. esculentus A. caillei A. moschatus A.  manihot 

Benin 213 64 12 
Guinea 97 94 
Niger 31 
Togo 206 I65 6 
Thailand 6 35 36 
Total 547 323 53 36 

Our results show that two species, partly sympatric. are cultivated in West Africa. One is 
a previously undescribed species,A. cuillei (Stevels, 1988). which is endemic and probably 
native to West Africa. The two species exhibit differences in ecological affinities: they are 
mainly autogamous and their hybrids are strongly sterile. They coexist but without signili- 
cant gene exchange (Hamon. 1988). For both species, there is greater morphological 
diversity in  West Africa than elsewhere. Unlike some other species, there is no correlation 
between enzymatic and morphologic variability. For the cultivated species. easily recogniz- 
able by their isozymic pattems (Hamon and Yapo. 1985). global polymorphism is limited 
because of its particular speciation process and high polyploidy status. In contmt,  wild 
species collected in Thailand have a higher level of isoenzymatic polymorphism. 

We have considerably improved crossing techniques in our laboratory and are now able 
to predict the rate of hybrids in intraspecific as well as interspecific crosses. We have also 
observed thai the reproductive potential varies within cultivated species such as A. escwlrrt- 
I~ IS .  Useful genes can be transferred through hybridization. 
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The basic collection is located in Côte d'Ivoire. Duplicate samples (100 g. 30 g) are sent 
to the US National Seed Storage Laboratory in Fort Collins and to ORSTOM headquarters 
in France, repsectively. Our data evaluation also allows us to,distribute a package of 180 
samples (20 g) containing a high level of diversity, which, in  our opinion, is a good Way to 
start a breeding program (Hamon and van Sloten. 1989). 

Unfortunately, 'economically minor crops' are often not considered in international 
programs and scant attention is paid to them. 

COFFEE 

To increase the diversity of the existingcoffee collection. the Food and Agriculture Organi- 
zation of the United Nations (FAO) and various French organizations have intensified their 
efforts over the past 25 years to collect wild coffee trees. Initially, emphasis was given to 
Cofia urubica because of its economic importance and to C. catiephora. C. congensis and 
C. eugenioides. presumed tobe ìhe progenitors of C. aruhicu. Since 1978, ORSTOM's most 
important collecting missions in the African forests were made in Cameroon (Anthony et al., 
1985). Congo and Guinea (see Table 3). 

TABLE 3 C o f k  surveys since 1978 

Number of swcies collected Number of genotypes 

Before 1978 13 4.850 

Cameroon 6 I .375 
Congo 5 1.080 
Guinea 5 269 
Tanzania 3 820 

Total 15+ 3,544 

- 
The African coffee species are kept in living collections at Divo. Man, in Côte d'Ivoire. 

Over I5 species are represented by hundreds of genotypes collected from natural populations 
(Anthony and Mercier, 1987). 

Botanists and geneticists have used numerous methods to describe the varihbility in wild 
coffee populations. including morphological and agronomic observations. enzymatic vari- 
ability.andgenetic analysis with progeniesofcontrollcdcrosses within andbetween species. 
Some of the major achievements are outlined here: 

Previously. the lack of caffeine was known only in those coffee species growing naturally 
on the islands of Madagascar. Comoros. Mauritius and Bourbon and belonging to the section 
Musrurncoffea. Coffee species collected in Kenya by Berthaud et al. ( 1  980) and evaluated 
by Hamon et al. (1984) show that a new species, C. pserrdo-atiSr)ebo,ie. produces caffeine- 
free seeds. 

Natural populations of C. ratlephoru were collected in Côte d'Ivoire. Cameroon, Central 
African Republic, Congo and Guinea. Observations on morphological characteristics and 
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floral biology indicate a clear geographical differentiation into two groups - West Africa 
(Guinean) and Central Africa (Congolese). This was confirmed by electrophoretic analysis 
(Berthaud. 1986). Each group shows a specific combination of alleles (see Figure I). Hybrid 
vigor and productivity have been obscrved in the progenies obtained by crossing these two 
groups. 

TABLE 4 Rice (0- species) collecting missions 

O. sah'va O. gLaberrima O. breviligulata O.'longislaminata Others 
~~~ ~~ ~~~ 

Before 1978 1,375 549 3Q I20 25 

Guinea Bissau 134 47 2 I I  
Guinea Conakry 573 172 7 18 

Tanzania 53 3 6 12 1 1  
Zambia, Malawi 
Botswana 20 4 10 

Total 1,441 222 19 53 I I  

Madagascar 661 2 FIGURE 1 Genetic organization of Cofiea cancphoru species based on Nei's genetic 
distance (the dendog" was dmwn up using genetic distances between 
populations dWributcd over the distribution area) 
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Mainly using isoenzymatic electrophoresis, we have shown that the diversity of O. suriva 
in  Asia is also found in Africa. However, in Africa new polymorphism exists (De Kochko, 
1987) and introgression with O. Iongisruminora (Ghesquitre 1988) is not rare (see Figurez). 
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FIGURE 2 Genetic diversity of rice 
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The great variability which exists in natural populations of C. uruhit*u is clearly demon- 
strated by a hierarchical varianceof morphological characters. A new source of useful genes 
for resistance to leaf rust, Hemileia vusfualrix, and coffee berry disease, Col/efíJfrichum 
mfeanrim. was found. 

The large number of taxa in East Africa (Bridson. 1982) and Madagascar correspond to 
allopatric populations with distinct morphological characters but without strongly developed 
genetic barriers. 

The geneticevaluation of Coflea species should be continued, but special attention should 
be paid to the duplication of collections using in i i rm culture techniques and long-term 
preservation. such as cryopreservation (see Chapter 5. I). 
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RICE 

ORSTOM's geographical survey of rice genetic resources in Africa has now been completed. 
Collecting missions were undemken in West Africa (Guinea) (Bezancon et al.. 1984). East 
and Soulhem Africa (Tanzania. Zambia, Zimbabwe) and Madagascar (De Kochko. 1985). 
The ORSTOM collection consists of four main species. two cultivated and two wild: 0 q : u  
.wfiw. the worldwide cultivated species: O. gluherrinio. the African endemic: O. hrt*t-i/i,qrr- 
luru (hrrlrii), the wild progenitor of O. gluherriniu; and O. /o~rgisrunrinuiu. the perennial 
allogamous wild species (see Table 4). 

O 
Oryza /ongistaminata * 
Plants 'Obakes' " 
Oryza sativa 0. 
ova oreviligulata * 
Oryza g/akrrima O 

O 0  
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Regarding the two types of O. surivu (iuponh. indicu) (Second. 1984). we have shown 
that even if some intermediate forms exist, they can bc easily recognized by using 
electrophoretic patterns. We have also shown that h e  O. gluberrimu-O. hreviligulata 
complex is isolated (see Figure 3). These two groups exhibit variable levels of intercrossing 
but. using electrophoresis. we art able to find atypical varieties which have a high level of 
compatibility with any other genitors. Nevertheless. a good correlation exists between 
ecological constraints, the two indicu-japonicu groups (indico. irrigated. phenol+. joponico. 
upland. phenol-) and the phenol reaction (De Kochko, 1987). 

FIGURE3 Genetic diversity of cultivated rice 
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Breeding and improving rice directly with O. globerrinlo will be difficult, for several 
reisons. As shown by Bezancon et al. (1977). the variability of O. gluberrinia is included 
completely in the spectrum defined by its progenitor, O. breri/igJplr/ola. By itself. yield 
production is low. I t  is likley to be useful only in hybridizarion withO. sariw. 

R e  use ofO. hgistaminuru merits special attention. In spite of its strong sterility barrier, 
thegene flow hasbeen thoroughlyanalyzed (Ghesquiès. I985,1988).The useofthisspecies 
as a tool for introducing new variability ín upland rice. as shown by Causse ( 1989). must be 
considered. 

In conclusion. none of the above discoveries would have been possible if we had not had 
access to collected material. ORSTOM has tested the evolutionary hypotheses now validated 
by the use of chloroplastic DNA (Dally. 1988). 
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MILLETS, SORGHUM AND DIGITARIA SPECIES 

During the past 10 years pearl millet. Pennistefum species, so rghm and Digirorio species 
have k e n  collected in the Sahelian region (see Tables 5 and 6). 

TABLE 5 Pennisefum collecting missions 

Cultivated Wild Intermediate 

Before 1978 2.151 91 347 

Burkina Faso 21 1 13 
Benin I37 I 10 
MaIi/Niger 574 I24 
Mauritania 40 
Senegal 9 
Total 922 1-97 10 

TABLE 6 Sorghum and Digilaario collecting missions 

Digitaria _---Sorghum -_I-.- 
Cultivated Wild 

Before 1978 1,305 12 61 

Benin 512 1 1  12 
Burkina Faso 390 21 
Mali 1.146 I39 
Total 2.048 I l  I72 

Over 3.000 samples of pearl millet were collected (Clément. 1985) and their diversity 
evaluated (Tostain and Marchais, 1989). Wild samples collected recently in Mauritania, Mali 
and Niger (Tostain et al.. 1986) were evaluated using morphological. agronomic and 
electrophoretic analysis (Marchais and Tostain. 1988). From the results i t  appears that the 
genetic structure is composed of IWO main groups, the Mauritanian and :he Niger families: 
the former is characterized by greater plant height. later flowering and specific electro- 
phoreticpattems(MarchaisandToslain 1986).Astrongcorrelation withineach familyexisls 
between types associated with pasture or field crop, the former exhibiting lower vigor and 
enzymatic diversity in its progenies (Marchais and Tostain. 1988). A surprising observation 
is the lower level of enzymatic polymorphism found in wild species than in lhe cultivated 
forms. 

Theresultsof morphological evaluation ofsorghum (Ollitrault. 1987) f i t  well with Harlan 
and de Wet’s evolution hypothesis. but not so weil with the elrctrophoretical data. A study 
which was carried out using 24 loci shows that the genetic structure i s  correlated with three 
geographic poles (East, West and Southern Africa). within which populoliondiversity is high 
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(30%) and seems to be maintained by migrating processes, allogamic reproduction and 
heterosis (see Figure4). This knowledge will be useful Ìn breeding and in improving sorghum 
yield. 

FIGURE 4 Domestication of Sorghum bicolor 
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ROOTS AND TUBERS 

Yams and cassava are studied in close cooperation with the genetic laboratory of Abidjan 
University. Côte d'Ivoire. 

The main purpose of ORSTOM's work on yam.Dioscoreo species, i s  to assemble a virus- 
free collection. Virus diseases not only reduce yield but also lead to a lossofgenetic material. 
The genetic structure of the D. 1'u~enensis-rc~rlmdfu complex is now better known (see 
Chapter 3.2) and we can propose a better rationalization of the composition of collections. 
Sanitation and indexing using in vitro culture and the enzyme-linked immuno-sorbent asmy 
(ELISA) test are now in progress (Malaurie and Thouvenel, pers. comm.). We are also 
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developing all the techniques which permit micropropagation. such as somato-embryogene- 
sis and meristem culture. We will won be able to distribute a truly representative collection, 
miniaturized and disease-free, throughout the world for breeding purposes. 
ORSTOM's work on cassava, Munihotis species, is connected with the international 

Cassava Network. Although cassava is not indigenous to Africa. African farmers maintain 
a great diversity of cultivars well adapted to local diseases and selected according to food 
preferences (Charrier and LeRvre, 1988). 

We now have a field collection of 356 clones ofM. esciilenru and 109 wild types of M. 
glnziovii or hybrids. Morphological analysis of such material, often misshapen as a result of 
virus diseases, isdifficult (Zoudjihekpon, 1986). A techhique using starch gel electrophoresis 
was adapted by Zoudjihekpon and Tourt (1983). and four systems were revealed. Currently, 
10 systems are available (Letêvre. 1988a. 1988b). and thus we are now able to identify a 
variety by its pattern and to control or eliminate duplicates in a collection. 

In  the field we observed that M, glaziuvii exhibits good resislame to disease. Lefèvre 
(1988a) has shown that in C8te d'ivoire. and probably throughout West Africa, different 
levels of backcrossbetweenhf. esculenru and M. gluzioviican be found. In many interspecific 
combinations female fertility exists and spontaneous intercrosses are relatively frequent (see 
Figure 5).  

Future work will be aimed at producing virus-free material and intraspecific crosses using 
M. esculentu. Virus-resistant plants must be obtained, using M. gluiiovii , but we need also 
to consider obtaining transgenic plants. 

I I 

CONCLUSION 

ORSTOM's aim is not to produce improved varieties but to test hypotheses and to give 
guidelines IO breeders. Most of our samples are duplicaIed and, in accordance with our  
mandate. are transferred IO international institutes. such as lhe International Institute of 
Tropical Agriculture (IITA). the International Crop Research Institute for the Semi-Arid 
Tropics(ICRISAT).the InternationnlRiceResearch Institue(lRRl)andthe West AfricaRice 
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Development Association (WARDA). When possible, and where the necessary facilities 
exist, we also send samples to national organizations, such as the Centre de C@ration 
lntemationale en Recherche Agronomique pour le Développement (CIRAD). . 

In collaboration with IBPGR in Côte d'Ivoire and Niger and with the Agence de 
Cooperation Culturclle et Technique (AC=) in Tunisia, we try to transmit our philosophy, 
results and techniques to African students attending short courses. The building of a new 
ORSTOM center in the Agropolis complex at Montpellier. France, will be of great help for 
this purpose. 

During the past 10 years ORSTOM has carried out a number of original studies on the 
evolutionary process, plant populationpolymorphismandgenetic barrien, using the material 
thathasbeencol1ectcd.h thenext decademoreemphasis will beplacedongeneticevaluation 
and conservation. Molecular biology will certainly produce new tools which are easier to use 
and manage in developing countries, Nevertheless, the greatest problem is still the cost of 
conservation and rejuvenation. Detailed consideration needs to be given to the miniaturiza- 
tion of the size occupied by each genotype, the selection of materials for conservation and 
long-term conservation procedures. 
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1.5 

Plant Genetic Resources Activities of the 
Food and Agriculture Organization of the 
United Nations (FAO) 

N. M. ANISHETTY and J. T. ESQUINAS-ALCAZAR 

The Food and Agriculture drganizationof the United Nations (FAO) has for many years been 
concemed about the consequence of the loss of genetic variability of crops. It past, current 
and planned activities in this field are outlined here. 

HISTORICAL BACKGROUND 

In 1947 and 1948 an FAO subcommittee on plant and animal stocks considered setting up a 
clearing house for information on germplasm.cooperation in plant exploration, the recording 
of collections and the removal of artificial barriers to the interchange of stocks. The major 
accomplishment during the early years was the publication of world catalogues on the genetic 
stocks of rice', wheat, barley and grain legumes (FAO, 1950a, 1950b. 1958. 1959) and the 
provision of  assistance in the exchange of germplasm. 

During the 1950s and early 1960s FAO collaborated with and/or provided logistic and 
other support to several plant exploration and collecting missions. including: the Australian 
pasture species collection in the Mediterranean region: the Swedish collection of Brussiru. 
Befa, Sinopsis and grasses in Italy. Greece, Turkey and Yugoslavia; and the Japanese 
collection of wheat and its wild relatives in the Mediterranean and Middle East and wild rice 
in  the Sahel and East Africa. In addition, FAO field officers made exremive collections of 
wild and primitive forms of various crops for use in the breeding programs of the countries 
to which they were assigned and for distribution 10 specialists in other counlries (Whyte and 
Julén, 1963). Unfortunately, a large part of these collections was lost because nogermplasni 
preservation strategy had been established. 

Over the years FAO has developed a seed exchange program in response to B continuous 
stream of enquiries for samples of seed and other propapaling material for use by breeders 
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