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Tribute

This book is dedicated to the memoary of LH, Burkill {1 1965, DG, Coursey (T 1983
anel 1, Micee ¢F 1993, our illnstrions predecessors in the world of Dioscoreaceae. Their
ohaervational and intwitional talents genecated the basic knowledge required o study
African yams, thus paving the way to a fascinating and disconcerting plant Kingdom that
never censes o stimulale scientific curiozity.

Ome major concern of these three botanists was (o gain insight into the origin of
Dioscaveq rotundate yoms, The wild parents were identificd presumptively but the
techmical sequences leading to their cropping remained unexplained The results of
several recent studies now provide sufficiently solid argoments for the re-examination of
these questicens, Various interpretations and hypotheses put forward in this book are still
open to debate and require further research.

This in-depth study was undertaken by French-speaking scientists, but the
hil:liographical references highlight the substantial contibution of the English scientific
literature. The generally high guality input of African researchers on both sides of the
lingwistic divide has also been considerable,
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Foreword

The domestication of wild yams is still eommon practice in West Afiica. This
phenomenan offers one of the few remaining epportunities to gain insight into how farmers
use their empirical knowledge to tap the genetic resources of wild plants and create products
suitable for agriculture. Strangely encugh, until recently, yam agronomists and Breeders have
pot focused moch attention on, or have completely lgnored, this agricultural
biodiversity generating and crganizing process.

The present book aims to fill the gap by pooling exisling knowledge on the subject.
The prospects for scientific progress in this original field are considerable. at a time when
scientists are becoming aware of the potential for technical progress and adaptation o
environmental change based on farmers’ knowledge and practices relating to genetic
resource management.

It deliberately deals only with domestication leading to Digscorea somndata yams,
which by far represent the most widely cultivated type in West Africa and throughout the
world. However, the taxonamy and botanical identity of this yam and its wild parents must
be clarified before domestication is discossed. A large initial section of this book is therefore
devoted to the biodiversity of £, rormdata yams and the wild forms from which they derive

The opening chapter defines and characterizes [ romundata yams in terms of their
plyletic relations with the Do cavenensis species and also on the basis of botanical,
agronomic, technical and genetic criteria,

The following chapter focuses on D abyssinica and D praefensilis, i, wild yams vsed
by ‘domesticator’ farmers to create D ronendita yams. It highlights their relations with
different ecosystems amel their diversity, differences and similaritics,

The final chapier of this first section presents and discusses different phenomena that
could modify the variability of these wild yams and make them suitable for domestication.

Domestication is cxamined in detail only afler addressing these different topics.
Chaprer 5 analyzes the significance and practical importance of the domestication process,
while Chapter 6 discusses techniques used by farmers to obtain D rotundata yams from
yams collected in the wild.

The book concludes with various hypotheses to explain the phenotype mansformations
that take place as a result of domestication practices and their maintenance by vegetalive
propagation. Further studies are needed to assess these hypotheses, which are potential
research topics for geneticists. Some are already being verifisd by combined teams of
researchers from the North and South using the most recent molecular marker technigues,



Introduction

According 1o a study by 1IFPRI (Washingron International Food Policy Research
Institute; Scort e al., 20007, sub-Saharan Africa accounts for nearly 96% of the world's
yam production. while production in Africa increased by 183% between 1983 and 1996,
Virtually all of this African output is confined to West Africa, with Dinscorea rotundata
representing nearly 9% of all yams cropped in this region. The only exception is Céite
d’lvoire, where 0. alara accounts for over 70% of all yam produced (Doumbia, 1998), even
though 75% of the domestic trade involves D, rotumdara yams (Tourd er ql.. 2003),

Yams were adapted to monocrapping by societies belonging to what Mikge (1952)
called the ‘civilization of the yam'. This adaptation occurred in savannah aress that had
prebably replaced a more wooded environment, as suggested by the presence of
residual areas of mesophyl] forest. Aubréville (in Schnell, 1971) put forward the idea
that initially ferested regions were converted (o savannah as g result of human sctivities.

Seientists studying yam domestication were soon struck by the culmral importance
of this crop. This topic has been discussed by several authors, including Coursey (1976),
Seignobos (1992), Assogba {1993) and Allomasso (2001}, who traced this trend back o
the remote past of West African societies,

Societies belonging to the civilization of the vam are settled and well structured,
£ yotundsta can enstre a communily's food needs throughout the vear when all of its
tesources are fapped. Several West African ethnic groups have taken full advantage
of these resources. For many reasons, others use only early-maturing cultivars, ez, 1o
bridge the gap between cereal harvests, because local climatic conditions are un-
favorable for late-mamring cultivars, or because these late yams are scarce, low-yielding
and thus unable to compete with B, alara yams (Céte d'Twoire).

In 1939, Burkill was convinced that /3. rofimdara was the resulr of the domestication
by African farmers of yams they found growing wild. However, this hypothesis was not
scientifically confirmed until the end of the 200 century, when very powerful tools
{enzymatic and molecular markers, flow cytometry) were used 1o reveal genetic rela-
tionships between D, rotundira and wild yams. Further insight was also acquired on
traditicnal yam domestication methods. Firstly, on the basis of the findings of a survey
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of 150 farms in two regions of northern Benin (Dumont and Vernier, 19973 and more
piccerneal information obtained in other African countries. Relevam information was
subsequently obtained in five in-depth studies conducted in Benin (Baco, 2000 Olary,
2006 Adoukonou, 2001; Allomasso, 20015 Mignouna and Dansi, 20023, Surveys in
Nigeria (Vernier ef al, 2003 also indicated that vam domestication lechniques nsed in
several regions of the country were similar to those implemented in Benin, Lastly,
Hildebrand (20031, in a siudy undertaken in southwestern Ethiopia, reported on a local
form of domestication involving several wild yams with pumerous similarities to the
practices used in West Africa.

We felt that the time was now ripe to pool all available knowledge on the domestica-
tion of African yams from & substantial number of publications, unpuhlished and even
unprocessed experimental results and, most importantly, field abservations. Much of this
information concerns Benin and Céte d'lvoire but some was also collected in Guinea,
Togo, Burkina Faso, Nigeria and Camercon. The present review therefore covers most of
West Alfrica in varying degrees, while extending into Central and East Africa on a number
of pecasions.

We venture beyond the scientifically proven results in our discussion and advance
many hypotheses, some of which are based on very recent theories that have consi-
derably broadened the scope of yam geretics, The future will judge the merits of the
yiewpoints proposed,

The technical terms are defined in a glossary at the end of the book.

The Dioscorea rotundata Poir. yam

Botanical aspects

There has long been considerable confusion regerding the yams Dioscorea rotun-
data Poir. and I cayenensis Lam. Tn English-speaking West Africa, particularly
Nigeria, they are known as ‘white yam' and ‘yellow yam', respectively, and pooled
under the term “Guinea yam’. Farmers in French-speaking Africa. on the other hand, do
not make a clear distinction between 2, rofundae and D, cayenensis, whereas a generic
name is used for all other coltivated vams (D, alate, D. bulbifera, D. dumetorum,
1. escidenta) —although the latter are not regarded as ‘true yams' by many ethnic
groups (figure 1), The disgnoses of Lamarck (1792} and Poiret (1813) proved to be oo
inaccurate to separate I cayenensis and D, rowmndata (in Migge and Lyonga, 19823,
Finally, Mizge still regarded D, rotundata as a subspecies of D. cavenensls in the 1968
edition of his Flora of West Tropical Africa. This botanical status, first assigned to
0. rotundara by Grisebach in 1854, was endorsed by Prain and Buckill in 1919 and
Chevalier in 1936 {in Coursey, 1976). Because of this confused situation, the concept of
a 0. cavenensis-I3 rotundara species complex was proposed at the 1978 Seminar on
Yams in Cameroon, funded by the [FS {International Foundation for Science,
Stockholm, Sweden), This concept was then defended by Hamon (1987) as a way of
“pooling all West African cultivated yams that are not bulbiferous and have entire leaves
under the same name".

I cayenensis and D, rotundata are yams domesticated from wild Dioscoreaceas of
the Enantiophyllum Uline section that have speciated in Africa, They differ with respect
to varicus betanical and genstic traits but have never been definitively separated, 1t is
thus essential to present D cayenensis before investigating £ rotundata,

D, cavenensis stricto sensu (Poiret definition) is found in West and Central Africa.
In West Africa it coexists with D, rotundata but is not widely cropped, whereas virlually
all yams cropped in Central Africa (mainly forested areas) are D, cayenensis and
£ alata, but D, rotundata is generally not grown, Do cayenensis his numerous vema-
eular names because of its extremely wide geographical distribution range: Yaobadou for
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1. Malinké 5. Abror 9, Barika 13, Dowirou 17, Fulbe
2. 5énoufo 6. Kabya 10. Maget 14, Tikar 18, Aka

3, Lobi 7. Kotocel 11 ¥oruba 15, Bamilake 19, Zandé
4. Koulange 8. ¥om 12.1bo 16. Ngare

Figure 1. Geographical distribmion of the ethnic groups mentioned in this beok.

the Baoulé of Céte d'Ivoire (Hamon, 1987), Banouessé, Alakissa (Tk¢ni) end Kanlin for
the Bariba, Nago and Adja peoples of Benin (Dansi et af., 1999a), Ii oku and Ishu kpukpa
for the Ibo and the Yoruba of Nigeria (Orkwor, personal communication), Mbip and
Ekoto for the Dourou and the Bamileke of Cameroon (Dumont e al., 1994; Mignouna ef
al., 2002a) and Ako for the Teke-speaking peeples of Central Africa (N Kounkou, 1993).
This list is obviously far from exhaustive,

Several scientific studies and various observations have now been focused on the
phyletic refations between D, cayvenensis and other African vams of the Enantiophyllum
section, including D0 satundiia, but the situation remains unclear, It can be summarized
as follows,

Terauchi ef af, (1992), Ramser ef al. (1997) and Chair e al. {2005) reported that
O, cayenensis and I rotindata bear the same chloroplast DNA (which would make them
the same species), differing from that borme by D, brerkilliana. Moreover, Terauchi f al.
(1992) presented D, cavenensis as &n interspecific hybrid on the basis of its nuclear ribo-
somal DINA characteristics. The femals parent might be 0 romundata, D, prachensilis
Benth, I, lichrechtsiana De Wild or 5, abryssinica Hochst ex Kunth, which are all char-
acterized by annual replacement of the vegetative organs and tuber. The male partner
would be DL burkilliana, D, minutiflora Engl. or D, smilacifolia De Wild, which have a
perennial base plate.

Some results of enzymatic or molecular marker analysis of total DNA point in the same
direction as the ideas depicted above, while others diverge. Mignouna e al. (2002a) and
Mignouna and Dansi (2002} distinguished between D cayenensis and . rotundata but did
not divide them into separats species. Hamon (1987) suggested that [, cavenensis might be
the product of interspecific hybridization but stressed the likely involvement of DL bur.ﬂ_'r'{u
fiana. Other authors claimed that D. cayerensis is phylatically very close o or a domesti-
cated Torm of DU durkifliana (Akoroda and Chheda, 1983 Onyilagha and Lowe, 1983
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Mignouna ef al., 1998, Dansi ef al,, 20000, Lastly, HM. Burkill (19853 and Edecga and
Okoli {2001) considered D. cayenensis and . rommdara to be two distinet species.

Several field observations support the potential phyletic proximity between
B. cayenensis and I, burkilliana, Hamon (1987) reported that D, burkiliiana produces
tubers quite similar to those of D, cavenensis when it is cropped in Cdie d'Tvoire, In the
same country, B, cayenensis-type tubers were ohtained from 2. burkilligna seeds that
had been cultivated in mounds for 3 years {Dumont, personal ohservation), The
Bamileke of Cameroon still create D cavenensis yams from D, burkilifana {Dumont ef al.,
1994). Among the Nago-Idatcha peoples of central and western Benin, . CAYERENsy 15
sometimes called Itschotinto, meaning ‘millipede yam’ (Dumont, personal observation),
probably because the twbers of its wild ancestor resemble the large millipedes of the
Fachybelus genus—but only D, burkilliana matches this description,

Warious arguments linking . cayenensis to D. burkilliana have been put forward.
However, there is fairly high variability in the tubers although the vegetative organs are
manomarphic, Excrescences on the epidermis (a trait identifisd by Burkill in 1918) are
found in the Yacbadou vam of Céite d*Ivoire but not in the Mbip of northern Cameroon,
while the mber of the latter has 3 ‘swan’s neck’ shape that has never been noted in Chite
d'Tvoire. In addition, D. cayenensis is distinguished by two types of pre-tuber— large and
irregularly shaped pre-tubers are commen throughout West and Central Africa while the
small spherical type is not as widespread. Many of the latter type have been ohserved in
Cameroon, particularly in the Yaoundé region (Dumant, personal observation), and a few
i central and western Benin (Dansi, personal ohservation), This morphological varability
in the tuber suggests that £, cayenensis might have several origins, thus explaining the
current divergence of opinion as to its botanical nature. If the pre-tuber is a relic of the
tibrous base characteristic of wild yams with pluriannual or perennial vegetative organs,
then it is quite likely that £¢ cayenensis actually has two ancestors. One would be
B burkilliana, whose elongated base grows plagiotropically and can exceed 30 cm, and
the other D, minutiflore, which has a much smaller circular base. The latter has recently
been regarded as a form of D, burkiliiana (Mignouna and Dansi, 2003, Chair er al., 20033,
thus implying that the species is extremely polymorphic. However, these two yams still
cannot be definitively regarded as the same species. Enzymatic markers have revealed
two genetic groupings among [, minutiflora vams from Cote d' Tvoire (Hamon, [987),

The octoploid nature (2n = 80, X = 10) of D. cayenensis has been established in
several studies (Zoundjihékpon e af |, 1990; Zoundjihekpon, 1993; Hamon er al , 1992
Diansi et al., 2000b, 2000c). However, Dansi e al..in a flow cytometry analysis, found
three ploidy levels (4X, 6X, 8X) in D. cayenensis yams from Cameroen in 2001, This is
the first time that D. cavenensis was shown to be a polyploid series, but this finding
requires confirmation.

Only male [, cayenensis plants are currently known, and their fertility was found to
be very low when IITA (International Institute of Tropical Agriculture, Nigeria) vsed
them in controlled crosses (Dansi, 199%a), The species status atiributed to I3 cayenensis
is therefore debatable. This yam seems to be the result of genelic accidents, notably
ploidization, and—after collection by farmers —subscquent modification of their
morphological traits through cultivation, It should therefore be regarded as a cultigen.

Enzymatic or molecular markers have revealed cultivated yams in West and Central
Africa that belong to neither D. cayenensis siricto sensu nor D, rotndata bui have
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genetic affinities with the former (Hamaon, 1987; Zoundjihtkpon, 1993; Seniou, 1993,
Dumont &t al., 1994; Dansi ef of., 2000b; Camara, 2001). These vams are male and
appear—in the light of several eytogenetic studies (Zoundjihékpon er al,, 1990;
Zoundjihékpon, 1993; Hamon et al., 1992; Dansi et al., 2000k, 2000¢; Camara, 2001} —
to ba hexaploid (2n = 60, X = 10}, Morphologically, they are extremely heterogenous.
They can be divided into four groups on the basis of current knowledge:

~ The Kangha yam of Céite d'lvoire { Abron, Koulango, Agni, Baoulé and Dijimini ethnic
groups) and the Shoufing yam, its alter ego in the Bamileke region of Cameroon.
They are primarily characterized by leaves with well separated lobes and a petiole armed
with a thorr, In Céte d'Tvoire, Hamen (1987 identified several cultivars differentiated
by the color of the tuber flesh: white, light yellow, dark yellow, violet, or yellow with
mauvish areas,

— The Kpokpokpokpo yam {Agni ethnic group of Céte d'Tvoire). The tuber consists of a
tight cluster of globular masses with a white or light yellow flesh. In a molecular marker
analysis, Mignouna er al. (1998) showed that it shares 60% of its genome with
0. cavenensis, but the other parent has not been identified. This is the first probable case
of interspecific hybridization.

— An arbitrary grouping consisting of the Belgo Nyu yam {central Burkina Faso) and the
Kpeyou yam, its equivalent in the Kabye and Ketckoli regions of northern Togos
Makpawa and Ofegui yams in the Yom and Nago regions of Benin, respectively; and
Bamba and Gban yams of the Malinke region of Guinea, Apart from the light yellow
color of the tber flesh, these yams are morphologically heterogenous, However, in
general terms, their principal characteristics clearly distinguish them from the two previ-
ous hotamical groups while partially linking them to [N rofundate yams, which are
discussed later.

— The Baridio cultivar of the Boko people of Benin. It has the leaves of D. burkilliana
and the stem of D prachensilis (Dansi er al., 1999). [ts enzymatic trails distinguish it
fram the Makpawa and Ofegui cultivars, which were classified in the previous group by
Dansi er af. (20006} and Mignouna and Dansi (2003). This is presumed to be a second
case of interspecific hybridization. In Céte d’1voire, similar morphotypes appeared in the
progeny of experimental hybridizations between the female cv Krenglé (D, romndarta)
and . praghensilis (Dument, personal observation), The ploidy of this material was not
measured,

Hameon (1987 linked the hexaploid caltivars of Cote d'Ivoire to O, cayenensis, while
also suggesting that the latter might be an “artifact’ species deriving from two distinet
wild species, with ene giving rise to the Yaobadou yam (D. cayenensis stricto sensu) and
the other to the Kangba vam (D. cayenensis lato sensu) and its associated hexaploid
forms, The problem remains unresolved. There is an assumed phyletic relation between
some or all of this plant material and wild yams with a perennial base plate, especially
B, Burkilliana,

The findings of chloroplast DNA analyses and enzymatic or molecular marker
studies on total DMA generally differ. The reasons underlying this discrepancy reguire
investigation and, moreover, the diversity of D cayenensis and D, burkilliana yams must
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be explored in greater detail before examining the degree of mutual kinship and that
between the two of them and with D. motundate,

Geographical distribution

The African yam bell was described by Coursey {1957) as 1ying between weslern
Cameroon and the Bandama River in Cte J Tvoire, in the climatic area beunded by the
800 mm ischyet in the north and extending southwards to the Atlantic Ocean,

The area in which £, rofundara production is economically important does not Fall
exactly within these boundaries (figure 2). It starts in western Cameroon but extends as
far as Upper Guinea, with a relatively empty space between the western border of
Cameroon and Bandama River. It is highly concentrated in the savannah areas between
latitudes 6° and 10° M.

Lo

- 6%

e Staple crop ._._E

Secondary Crop

Figure 2. Geographical distribution of Disscerea ratundata yams in West Adrica.

The West African area in which D. refundata is grown has changed over the last few
decades. In southeastern Nigeria, commercial agriculture has pushed the yam cropping
area northwards (Manyong ef al., 1996), while production has developed in Burkina Faso
along the Ghanaian border in the vicinity of Cuagadougou, the country’s capital and
largest city. Urban market demand has also prompted D). rotundata produciion to
southern Benin. The same phenomenon is apparent in the extreme southern part of Mali,
in the Segou regiom (near Bamako), and in the area bordering on Senegal, which sepplies
the Dakar market,

Yams are also reported to be commercially cropped in savannah areas of the Central
African Republic (Dumont et al., 1994) and southern Chad (Mbailao Kemdigao, 1998,
Few inventories have been made of the plant material used, so the proportion of
[, rotunedaia vams cropped is unknown.
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Botanical origing of Dioscorea rotundata

The phyletic relutions between D, rommdaa and wild yams have long been the focus
of scientific inves igation. Chevalier linked the Soussou cultivar of northern Benin to
D, prachensilis in 1920 and 1o D. lecardii De Wild in 1936, In 1920, he classified cv
Sopere of Clite d'lvojre a5 a L. prachensilis yam, Burkill {1939 beliayved that I} roqun-
data derived from b abyssinica or from another wild yam of the same type (possibly
D, Jecardii), Tn his 1952 thesis, Migge claimed that b abyisinica, [, Je?é!'f.’r',"bﬁ&' Pax,
D, prachensilis, b, fiebrechisiana and D mangenariana 1. Midge are pﬁ&sih]c.parem; of
D. rotundata, whereas Coursey (1975) suggested only £ praefiensifis. The relevance of
these different apinions will become apparent over the course of this book,

D. rotundara has been linked to the wild yams 0, prachensilis and 0, abyssinica in
several recent sciemific works (Hamaon, 1987, Terauchi e al., 1992 Zouudiih«‘:kpun
1% Dansi, 1995; Dansi et al., 1999; Scarcelli, 2002), The Jser . authors showed
that the gengraphical distribution of the different forms of D mlundata in Benin
reflected that of [, praehensitis and D, abyvisinica. Both of these wild species can give
rise to D, rotundata, and all three are tetraploid (In = 40, ¥ = 103 according o
Zoundjihékpon er ai, (1990), Hamon ef af, (1992, Zoundjihékpon 1993), Gamiette of
al. (1999}, Dansi er i, {20000} and Camara (200717,

8, rotndata, the foeal point of our study, can be defined as 2 Eroup of cultivated
Dioscoreacear yams of Aftican origin belonging to the botanica) section Enantiophyllum
Uline, with a short annyal vegetative cycle (68 manths), a tuber with 5 long dormancy
Period (3~5 months) and 4 slightly ar Mon-pigmented lereainy or white) flesh, We thus
make a distinction between 1 retunddata and D eitvenensis, These two yams probahly
have a common ancestar ata vet undetermined phylogenctic level, bu anly the former is
Involved in domestication in West Africa.

Organization of diversity in Dioscorea rotundata

Yam diversity on African farms

D, ratunda is subdivided into vari eties or cultivars, Boih terms are used in the scien-
tific literature on cultivated yams, although they have slightly different meanings, When
a cultivar is mentioned hereafter, the abbreviated form oy (plural “evs') will b:: used,

For the African farmer, & vam cv is identified by ils commen name, which often
contains technical or historical information. Yam cvs are bes| differentiated on the basjs

Martin znd Sadik (L9770, the . cavenensis- b, retuntdate complex includes between S00
and 2,500 West African cvs, 166 names have been recorded for D. rotndata yams in
Chte d'Tvoire and 311 ip Benin (Hamon, 1987 Dansi e al.. 1999), by many of these
names are probably synonymous sipea a large number of ethpic groups use this vegeta-
tively propagzated plant material. Regional surveys clearly revealed the rangs of vam
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plant material used on farms in Benin. Each farmer grows about 30 D, rotundata cvs at
most, and around 10 are generally cropped in over 70% of (e Yam-growing area
(Dumeont, 1997; Baco, 2000; Okry, 2000; Vernier and Dossou, 2002},

In eastern and central Cate d' [voire, Hamon (1987) noted only 5 1o 15 B, retundata
cvs per village and even fewer in the western region. In Upper Guinea, the main yam-
growing region of Guinea, very few O rotundara cvs are cropped and several of these
are shared with neighboring Céte d'lvoire (Dumont, 1993),

The fact that yams were only quite recently domesticated in these couniries could
account for the narrow range of cvs grown there. The French explorer René Caillis
(1932}, who traveled from Kankan (Guinea) to Tengrela (Chle d'Ivoire) betwean June
1827 and January 1828, conveved a substantial amount of information about the food
habits of the people he encountered, but he did Dot mention yams in his description of his
journey to Timbuktou. Based on the collective memary of the Malinke, Camara (2001}
estimated that yam domestication had been practiced in Guinea for 200 years. In
reference to a historical benchmark, Sekouha (2001} indicated that B, rorundara yams
were known in the region before 1840, Lastly, the Abron farmers of Céte d'Ivoire
{Dumont, persenal chservation) say that local domestication leading 1o £ rerundata
vams dates back to the arrival of the Akan from Ghana, i.c. in the 17 ap 180 century
(Assogba, 1993 and Rougerie, 1952, respectively). In Céte d'Ivoire, the entire scquence
of intermediate forms between O, Brachensilis and D, royndara are stil) being used,
which further confirms the recent nature of domestication in this country. This trend is
also noted in seuthern Benin, where 1, prachensilis has been recently domesticated and
Gridou-type D. romndata yams created to supply the attractive nearby Cotonou market,

The D. rommdata species is divided into two groups, double-harvest (or early-maniring}
Yams and single-harvest {or late-maturing) yams, Many late cvs have been grouped
together under the Nigerian-Beninese name kokoro yam (Dansi ef af | 1999). However,
kokoros are generally B rorundiea yams that are processed into dried chips, which
excludes late yams from Céite d'Ivaire and Guines,

Double-harvest cvs give two crops during the same growing season, each producing
a different type of ruber. The plants initially produce one or two long (0.25-0.75 m),
heavy (2-10 kg) tubers and these are harvested or ‘milked’ 3 (o 5 manths after emer-
gence, with care taken to not damage the root system. These early tubers have a shor
storage life and are used for consumplion. After removal of the first tubers, each plant
usually produces a large number of new tubers of highly variable size that are more or
less joined at the head. The overall weight of these second-growth tubers ranges from
0.5 to 8 kg, They are harvested several weeks after the end of the annual vegetative cycle,

i.e. after the aerial parts of the plant have died back. A d-year study covering most of the
savannah area of Céte d'Ivoire and based on 8 sample of 4,340 plants reported an aver-
age second-harvest vield of 6.7 tha in traditional agriculture conditions, as compared to
a first harvest-yield of 11 vha (Dumant and Kouakon, in press). In Benin, 754 pairwise
measurements over 3 agricultural years showed ap average second-harvest yield of
9.3 vha and a first harvest-yield of 14.6 tha {Vernier and Dossou, 2000). Most second-
harvest tubers are very fibrous and therefore unsuitable for consumption However, they
have a long storage life if they are regularly desprouted following the dormancy period,
They are used as seed tubers (sometimes cul into setts) for vegetative reproduction —the
usual method of propagating D, ronndara Yams in agriculture, This double-harvesting
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technique ditfers markedly from the harvest series sometimes used with D, dimeiorun
yams, as the latter simultaneously produce several tubers that have different growth rates.

Single-harvesl cvs give one crop per year, at the end of the vegetative cycle. Each
plant produces several bers, with the number snd individual weight of these tubers
varying considerably according to the cv, environmental conditions and cultivation
technicues, As these tubers are short, they can be left in mounds in the field until the
middle ef the dry season without increasing the risk of damage during harvesting.
Losses due to rotting during subsequent storage are therefore low. Tubers of single-
harvest cvs can be stored for 3 to 6 months after harvesting, The harvested crop is
divided into two parts: seed tubers o be planted the fellowing crop year and tubers for
CONEUMmpLion,

The criteria currently used to select single-harvest D, rofundara cvs in some parts of
West Africa contrast with those used previously. In the past, farmers primarily cropped
cvs that produce a small number of tubers since they wanted to obtain larger individual
tubers, with a consequent reduction in peeling losses (Dumont, 1971). Over the last
25 years, however, selection pressure has been in the opposite direction in Benin, Togo
and the Yoruba region of Nigeria, where urbanization has created a commercial demand
for dried yam chips (Vernier ef al., 1999), In this new socincconomic context, and
probably also due to the introduction of recent domestie cvs (Mignouna and Dansi,
2002, there has been a sharp rise in demand for kokoro yams, which were previously
not used to a great extent in agriculture (from Cote d'Ivaire to Nigeria). Kokoro yams
give four to ten tubers per plant, each weighing 200 to 800 g. This naturally occurring
form of wherization is morphologically and physiologically very similar 1o that trig-
gered artificially to create seed tibers from double-harvest cvs,

Double-harvest yams can also be harvested once rather than twice a year. This is
necessary when late berization makes early harvesting inappropriate, It is also now a
commercial strategy that has been deliberately developed in Cite d'Ivoire to prolong the
supply of fresh tubers to urban markets, while limiting post-harvest losses (Dumont and
Kouzkou, in press), On the other hand, double-harvesting is pointless with late yams, as
their numerous tubers do not grow to a sufficiently large size for cooking or marketing
early in the growing season,

Other £, rotundate yams fall into an intermediate category. Whether they are
harvested once or twice a year depends on the climatic conditions, variations in the
cropping system or production strategy, The Krengle cv, for instance, is generally a
single-harvest yam in Cdte d'Iveire but it is widely harvested twice a year in north-
castern Guinea, an area with more regolar rainfall. Each plant generally produces two
or three different-sized tubers, the largest of which can weigh up to 5 kg, The mediwm-
sized tabers (£ 1 kg) are used as seed tubers. Cvs of this type are hereafter referred (o
as mixed cvs.

Surveys conducted among the Bariba of Beain (Dumont, 1997, Vernier and
Doszsou, 2000 show that farmers there divide D, rofundata yams into two groups,
i, single-harvest and mixed cvs (Yassounou yams) and double-harvest cvs (Tamdwe or
Tamdouva yams). The second group is subdivided (sometimes unclearly) into two
agronomic types. There may be another explanation for this division, In the local
language, Tamdwe means ‘male yam', but the term has nothing to do with the
sexual characteristics of these plants, Tt recalls the observation of Ssignobos (1998)

Tire Dioscoved rotundata Pofr vam

thal the Dourou of Cameroon regarded 0. alara vams as females because of their
historically recent introduction into local agricalure, Transposcd to the Bariba region of
Benin, this symbolic association implies that Yassounou yams appeared later than
Tamdwe yams. This idea recurs throughout our study.

State of the scientific knowledge
Morphological and physiological diversily

The division of D, rotundaia vams into double-harvest and single-harvest cvs has
long heen recognized as an agronomic (rait, but this trait has only very gmllual._]y been
associated with the morphological and physiclogical diversity of the plant rnaterial.

An early study of 56 D rofundata yams collected in northern Benin showed that a
rough dividing line could be established between single- and dn}tb!c-harvest I}, rotundata
vams on the basis of their morphological and physiological 1mm"._ iDu:_mm, lf)?'.’j.

When analyzed on the basis of an ascending hierarchical clas 5111-;-.:11:.nn (Migge, 1975},
the data of the above study revealed two sets of cvs, corresponding to single- and t_joublr:-
harvest yams. There was also some evidence on the existence of several intermediate cvs
comhbining the traits of both forms. These usually corresponded to what we have termed
mixed ¢vs, .

The findings of Dansi er af. (1999) separated 0 roturdara }'amﬁ. of Belru.n T
precisely. All double-harvest evs could be morphologically linked to a single wild ances-
tor, i in some cases D. abyssinica and otherwise 1, praehengiliz. In contrast, 5|n_:_d.e.-
harvest cvs appeared to combine the morphological traits of both wild parents, de.slgltc.
several exceptions (e.g. the number and shape of tubers produced by kokore yams). The
anthors thereflore regarded them as interspecific hybrids, The same study alse demon-
strated the existence of intermediate cvs combining the traits of single- and double-
harvest yams, thus confirming the observations of Migge (1979), ,

Mixed and single-harvest cvs have traits that do not occur in double-harvest cvs.
Each plant regularly produces two or more tubers and these have a moch longer storage
life than tubers of double-harvest cvs, Coalesced thoms are sometimes observed on the
stems, usually accompanied by punctiform asperities in patches or slongated areas on the
basal part of the stem. . _

Other traits appear to be more cv-specific. The fasciation of young steins arpj
‘houlage’ phenomena (premature tuber formation) have so far c:nl:.-lbf:an observed in
BEoni Oure, a mixed cv from northern Benin. Occasional bulbil production has been noted
in Krengle and Gnan yams from Cdte d'Ivoire (Dumont, persoral nhser'.'aﬂ_nn} ,ﬂmi. in
0. praghensilis yams in the course of domestication (Hamon ef al., 1993 \-emlc.r,
personal observation). Bulbils are usually produced when O mmndnrc:! yams are culti-
vated in vitro. Bulbil production probably always reflects a ph}'sjﬁlﬂgical disturbance
Several traits appear to be specific o single-harvest yams: a pear-shaped, blﬁmjauu.l tuher
{rumerous cases in Benin, Togo and Nigeria, and ev Kroukroupa of Céte d'Tvoire), alten-
uation of the voluble character of the stem {several kokoro evs) and substantial dwarfing
of the vegetative organs, e.g. in cv Tam Saan {literally *groundnut yam') of nu:urt.hnrn
Benin, This latter phenomenon might be due to genetic mutations end/or consanguinity.

ln Ghana, D. retundata seeds irradiated with cobalt 50 produced dwarf plants {Ele,

21



Biediversity and domestication of vams in Wess Africa

1993), while a dwarf D). rotundata was obtained in India from the sead of a half-sib cross
performed by ITTA in Nigeria (Mair and Abraham, 1992).

Unusual variations cccasionally affect the biclogical functioning of 0. remmdata
yams, The Lansome cv from the Daurou region of Cameroon was found to produce very
spiy stems followed by totally spineless ones on the same plant {Dumont, personal
observation). With several Beniness cvs of the Boni Chure group, trilobed leaves appear
at the onsel of the vegetative cyvele (Dumont, persenal observation) whereas this trait has
only been documented in two Malagasy species, i.e. D, proteiformis H, Perr, and D flan-
dra H. Perr, (Burkill and Perrier de la Bathie, 1950}, Dansi (1999) reported that secd
n_;burs of the Soagona, Nonforwou and Mondji evs from Benin sometimes develop
biclogically on a pluriannual basis instead of breaking up, a trait that is associated with
the wjir? species D, mangenotiana 1. Migge, In short, the morphological or physiological
expression of the genome can vary during the vegetative cycle or between vegetative
cycles, which may reflect an unstable state. It will be seen later that this situation is an
advantage for domestication but there is a potential risk of phenotype destabilization for
the cultivatzd plant material,

T]'IF.‘: stems or primary branches of D, rofundata yams, like those of I3 abysrinica,
sometimes fuse together over part of their length. This sell-grafting is relatively surpris-
ing in plants that are usually classified as monecotyledons. However, various scientific
works have shown that some morphological and anatomical traits of Digscoreacese
yems are typical of dicotyledons (Migge, 1952; Lawton and Lawton, 1967; Avensy
19?2; Degras ef al., 1977, Degras, 1986). Conlan er af. (1993) even suggested Ihelt~
Dioscoreaceae might be closer to dicots than to monocots. This wis based on the results
of an analysis of the DNA of codons that initiate the formation of the principal profeins
stored by the mber. From a practical standpoint, these ideas could pave the way to
substantial and original research, provided that grafts between different genotypes can be
successfully achieved. Work on this subject has already been undertaken in Nigeria using
two I alata cvs, with promising initial results (Shiwachi et af., 20037, g

Seme dovble-harvest D, rotundarn yams occasionally pul out roots and tubers at the
nodes of stems in contact with the soil, This phenomenon was observed by Dansi et af,
(1999) in the Agogo, Douroubayesiron, Guidou, Nenforwou, Ountchoua and Soaszong
cvs of Benin and has also been reported in cv Wakourouni from the Malinke n:giu:uc;] of
Guinea (Dumont, personal observation). In this region and the Bariba region of Benin,
sich an event is regarded as a manifestation of occult powers heralding a death in the
grywea:'s family. This cultural convergence probably highlights an ancient Malinke
migration to Benin, evidence of which can be found today in the patronymic clan names
of the Bariba (Bio Bigou, 1994), Botanically, the rooting of stems links 0. rotundata to
three wild species of the Enantiophyllum section, i.e. D, togoensis Knuth, D minweiflora
and D smilacifelia, and alsa to the D, firtiflora Benth species of the Asterctricha section
Amnother link will be established between these two botanical sections later. This doubl{;
example indicates the wealth of information that can be obtained from African yams,

.D. rotundato and £, cayenensis yams have been classified according to their morpho-
Jr:-g:_uu] and physiclogical traits in Céite d*Ivoire (Hamon, L9871, Togo (Kassamada, 1992
Seniou, 1993) and Benin (Dansi, 1995; Dansi i al,, 1999, The same pmccdu;ﬂ was:
followed n all three countries: using [PGRI (International Plani Genetic Resources
Institute, ltaly) descripeors, the plant material was divided into cv groups that had a large
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number of commoen morphophysiological traits, Thers were 13 groups of D, retundata
cvs in Cite d'Tveire, as compared to 23 groups in Tego and Benin, Some groups
were comimon o two or three countries {Dansi, 1995; Dansi er al., 1999), Multiple-teber
D, rotundata Yams (kokoro yams sirfcto sensu) were well represented in Benin, Nigeria
and Togo, but none were found in Chte d'Tvoire. In this country, only the tuber of cv
Kroukroupa had similarities with ev Kagourou of Benin, which Dansi (19935) classified
85 a kokoro yam, The fact that domestication is a recent phenomenon should be taken
inte account when assessing the limited diversity of this type of yam in Céte d'[voire,

Genatic diversity
Infarmation from enzymatic marker analyses

The enzymatic polymorphism of 0, retundata and D, cayenensis yams has been studied
in groups formed on the basis of morphophysiological criteria using five or $ix enzymaltic
markers. The same electrophoresis technigque was used in Cote d'Tvoire and Benin but not
in Togo, so only the resulls obtained in the first two countries can be compared.

These studies showed that the enzymatic diversity of D rotundaia was far wider than
its merphological diversity, with little concordance hetween the two. Moreover, the enzy-
matic markers were unable to distinguish between early, mixed and late-maturing
D, rofundata cvs in Cdte d Ivoire (Hamon, 1987) or Benin (Dansi ef al., 20000].

Five cv groups in Cole d'Ivoire appeared to be menoclonal, but in three cases the
sample sizes were small, The results indicated that the other eight groups were probably
polyclonal. Figure 3 shows the genetic structure of D, retundate yams from Cote
d"voire. The Sopere group is presented as the least sophisticated domestication stage, as
sipported by two arguments. Hamon (1987) reported that only the Sopere group is linked
to wild Bayere yams (D, praehensilis ecotypes) via Abron and Koulango populations in
the eastern part of the country. The Sopere group is also the only one to include cvs of
inferior cooking quality (Kpassadjo and Sanata).

In the UPGMA dendrogram constructed in Benin {Dansi e al., 2000b), the 80%
simmilarity threshold separates 13 of the 23 ov groups established for the country, The
L0 remaining groups are scatered among the previous groups. Five ov groups might be
monoclonal but this requires confirmation since a very small sample was apalyzed in
(hree cases, The authors provide 86 paired observations that establish a parallel between
the size of the analysis sample and the number of genotypes detected. The statistical
analysis revealed a very close correlation (r = + (0.833 for n-2 = 84) between the two
variables, ln other words, increasing the size of each set studied (cv group, cv, morpho-
type) should reveal greater genetic diversity, possibly including some cvs that are
currently regarded as monoclonal.

Orverall, the £ rorundata vams of Chite d'lvoire and Benin appear to have a similar
genetic structure. In each country, there ave indications of ongoing continuity encouraged
by repeated domestications of a wild plant material and further complicated by Kin rela-
tionships, thus limiting genetic diversity.

Moreover, I rotundaie has been shown to have low genetic diversity in two differ-
ant respects. Zoundjihékpon {1994) confinned the origin of a progeny obtained in Chte
d*Ivoire by controlled hybridization of Zrezou (male) and C.20 evs, with the former
resulting from local domestication and the latler originating from eastern MNigeria
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Waraga®
210

Mandokaha
1

Erandoufou®
147

* late-maturing Cvs (single-hasvest in Céte d'voire|

Explanations and comments

The name of each cv group is acoompanied by beo numbers. The first indicates the number
of rymotypes revealed by electiopharesis, the second the size of the sample,

Each o the five groups in the cuter circle includes specific genotypes and is therefore genstically
isplated within the limits of the enzymatic rmarkers used in the study and of the analysis sample.

The inner circle includes eight ev groups, representing a total of 37 zymetypes. Seven of these are
common to two or mare groups, Each genetic bridge is indicated by a line of a different colour
and type,

The fopere and Lopka groups are the most strorgly interconnected, with five zymotypes In
cemmon, and they are also linked 1o the ather groups on the inner circle. They might therfore
constitte an important domain of domestication in Céte d’lvoire, The selection order would
be from Sopers to Lopka, The analysis shows that 32,5% (1680} of the Sopere would therefore
b the primary origin of O rotundata yams in Céte d'lveire. In addition, it is regarded a5 a dormes-
ticated form of O prashensilis by Chevalier (19200, H.M. Burkill (1985) and Hamon (1987,
meaning that all the cv groups enzymatically nked to Sopere wauld be related to O, prashensilis,

The same relationthip might also apply to four of the groups on the outer circle, Hamon
11987) regarded Krengle as a domesticated form of 2. prashensifis, 8. a wild species that is
probably aksa the arigin of Krandoufou, Gnan and Mandaokaka cvs, all of which have spiny roots,

Moreover, the firsl two are widely established in the preforest ecosystern where the wild species
03, abyssinica is absent.
= |
Figure 3. Genetic struclure of D, mnmdara yams from Cdte d'lvoire. Graphic representation
hased on the enzymatic characterizations of 13 ev groups conducted by P Hamen {19877,

(Dument ef al,, 1994), The genetic compatibility of these D, rommdata yams thus
extended over @ vast geographical area, but it is not known to what extent the idea can
be generalized, She also observed 12-50% heterozygosily among the progeny of several
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controlled hybridizations between double-harvest £ rorendata cvs. Allelic diversity is
thus not necessarily wide in these vams, even if they are dicecious. The various possible
explanations for this situaticn are discussed in detail later.

Enzymatic marker analyses do give an indication of the genetic organization of
0. rowundata yams, but this tool did not always effectively discriminate between yams in
the different studies, There are twe main problems.

Firstly. dividing the plant material into morphological groups easily leads (o error, as
it is often difficult 1o establish the houndaries of these groups for 0. romndata yams
because their variability overlaps to varying degrees, This would largely account for the
divergence generally observed between their morphological and enzymatic diversity.
This concept was successfully demonstrated by Mignouna et af, (20820}, whe estab-
lished a close agreement between morphotypes and zymotypes among six groups of
monphologically very distinet evs from Cameroon,

Secondly, the combination of enzymatic markers used is not powerful enough to
separate certain genotypes. Hamon (1987) presented the Krengle ov of Coe @' Ivaire
as monoclonal on the basis of 91 analyzed plants, whereas the Senoufo and Malinke
farmers of the Dikodougou region divide it into |9 units on the basis of tuber shape and
agranomic and lechmical traits such as the peried of production, production potential,
drought tolerance, peeled yield and cooking quality (Tokpa and Dumeont, 1995), It is hard
to accept that a single genome could be responsible for the wide diversity of reported traits,
Dansi er af. (20000) noted a similar situation with the morphologically homogenous cv
Kinkerekou of nosthern Benin. Their analysis of 25 plants revealed two zymotypes,
whereas local farmers consider that this ov has far greater diversity, particularly at the
biological level, Here again, enzymatic markers seem to be insufficiently discriminaling,

Information from molecular marker analyses

Terauchi er al. {1992) used the RFLP (restriction fragment length polymorphism)
technique to analyze chloroplast DNA and ribosomal DNA but failed 1o separate
£ rovundara from its putative wild parents and no hybrid forms were detected. Similar
results were obtained by Chalr ef al. (2005) with chloroplast DNA,

Mignouna et al. {1998} applied the same technigue 10 assess nuclear DNA and found
that cv Bakokae of northern Cameroon, c¢v Noworfou of Nigeria, Gnidou and
Terkokonou cvs of Benin and ev Zrezou of Cote d'Ivoire were genetically closely related,
On the other hand, some other ovs found in Benin or Cote d'[voire were net found in
Cameroon, but the Cameroon sample included only a small proportion of the I, rofn-
data yams cultivated there,

The AFLP (amplified fragment length polymorphism) technique was used by Camara
{2001} to anatyze tolal DNA from four Guinean double-harvest 0. rotendara cvs in paral-
lel with seven local D, abyssinica yams, The cvs appeared to be polyclonal to various
extents and a neighbor-joining dendrogram separaled them into two groups unrelated to
L. abyssinica. The genetic characteristics of seeds of onc of the cvs studied were found
to differ markedly from those of the maternal parent but resembled those of Guinean
D, abyssinica yams.

The same method was used by Scarcelli {2002} in Benin to compare 5. prashensilis,
L. abyssinica and L. rofundata vams that had been domesticated in the past or were in
the course of domestication. The two wild species were divided into two categoriss
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aecording to whether they had been collected close o ar remote from a [ mrum.frrm
cropping area, The scientific velue of this pioneer study has been recognized
and rewarded. The following is 8 summary of e main findings (with a comment on
each);

= The three species correspond to distinet groupings with a common genetic background
One of the observations of Camara (2001) indicates that individuals with 50% of their
genome in common can appear 10 be genetically very distant from one another, Large
genetic differences thus do not necessarily indicate a distant genetic relationship,

= 0. rotundata yams in the course of domestication appear to he genetically very close
ta wild yams or to long domesticated D. rotundlata ¢vs. The latter situation predominates
in nofthern Benin, where there is # long history of yam domestication. In this case, plants
genetically very close to cultivated yams would have become established in the wild.

- D. miundata yams of northern Benin (56% of the jota] analyzed from Benin) can be
divided into seven groups. One geoup contains traditional late evs of the Bariba region,
The others consist of early or mixed cvs. Four of the SEVen groups are genctically close
to yams in the course of domestication and therefore linked o wild yams that appear to
have incorporated genes from cultivated yams. This is not the case with the other three
groups, including single-harvest £). rotundata yams, and could indicale a loss of sexual
function, sterility or recent introduction inta loeal agriculture,

- With five cvs (Worou binsi, Tabane, Douwroubayesjon, Ahimon, Boni Oure), two or
three different genotypes were found in the two to foyy plents studied per ov. There is 2
larger or smaller genetic distance between SEROLypes of the same cv. The polyclonal
structure of the cvs, already indicated on several occasions, is again apparent, A much
broader sample should be assessed to obtain reliable results in genetic inventory of such
plant material, and also with tespect 10 any denved information on phylatic links with
wild yams or yams in the course of domestication,

—northern Benin, whether D, abyssinfea and D praehensiiis yams are collected close 1o
or remote from D, wtundata crops does not markedly alter the dendrogram distribution
of D. rotundata yams in the course of domestication. Shifting agriculture has heen a
feature of the region since ancient fimes and few wild yams have escaped the associated
gene flows. One exception might be the Upper Oveme protecied forest, which was inhos-
pitable until the lale 1970 because of the high onchocerciasis risk, No samples from this
environment were included in the sitdy,

The RAPD {random amplified polymorphic DNA) markers used by Dansi e af.
{2000a) on the DNA of single-harvest D. romndata ¥ams from Benin (including, acconfh
ing to farmers, kekoro yams recently iu::ruduc:{!_{mm Migeria) revealed wid_e genetic
diversity spanning four groups. Virmally all traditional cvs from northern Benin belong
to the same group, This separates them from recently introduced kokoro cvs and
confirms —as traditionally considered —that they were domesticated locally,

In short, molecular markers have 2 high discriminating power, In two different stud-
fes, they showed that late-maturing . rofundata yams had distinetive genetic traits, thus
scparating them from the other yams, while still having some diversity. This finding
suggests that this type of yam is of hybrid origin, although other hypatheses are not

excluded.
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Cytogenetic features of Divscorea rotundata Yams and their wild relatives

At present, D, rotundaia Yams are widely regarded as being tetraploid, but this
Preconception could be challenged in the fomre. Darney et al, (2002) have summarized
experimental results which suggest that D romndata might be diplaid:
- When monitoring rwo enzymatic traits in the progeny of & monoecious clone of oy
Gnidou from Benin, the authors noted segregations carresponding o diploidy (20 = 40,
X=20).
= Zoundjihékpon (1993) pointed out that disjunctions observed in the thres ChEYmMatic
systers of the progeny of a controlled cross between Zrezon {male} and Sopere (female)
evs from Cdte d'Ivoire could match the theoretical [-2-1 segregations expected in the
case of diploid individuals and a cross between heterazysotic partners. Supposedly
tetraploid yams thus behaved in s diploid manner, Furthermore, Mignouna et aj, (2002
concluded that the D, romundara genome: is allopolyploid (2n = 4, X = 0%
— Ina study of enzymatic polymorphism in a D, prashensilis population in Céte d'Ivoire,
Hamon and Tio-Tourg (1982) indicated that the numbers observed in this population
corresponded to the theoretical numbers of a panmictic diploid population in 3 system
controlled by a gene coding for an active protein in homo- or heterodimer form,
According to Dafnou e of. (2002}, this situation is confirmed by the results of a yet
unpublished Beninese study.

Chemical diversity

Many 1. rotundata vams are more or less bitter. The bitterpess is usually greater at
the tip (or distal extremity} of the tuber, which i why this part is often removed before
pounding, Physiological immaturity of the tuber (the stage Preceding senescence of the
vegetative organs) and unfavorahle environmental condifions (dronght, waterlogging)
are factors that increase the bitterness. The latter is due to the presence of saponing and
tannins, which both occur in the tuber flesh in the form of several chemical compounds
(Osagie, 1992).

Saponins mainky contain sepogening, which are known to have high efficacy in
medical applications {Degras, 1986). Domestication appears o have eliminated this
metabolite from D rotundag yams since they play a minor role in the traditional phar-
macopoeia (Dumont, personal observation). Sapogenins, however, are present in
L) abvssinica i(Martin, 1969 and probably also in 52, praehensilis, which are regarded as
the ancestors of D rofundarg, Tt is noteworthy that hath of these wild yams are used 1o
treat various abdominal pains in Guinea (Dumont, 1993), Central Africa (M'Kounkou,
1993; Dounias, 1996) and Benin (Baco, 2000; Allomasso, 20013,

Tannins are polyphenals {Osagie, 1992) and thus the main compounds responsible for
the bitterness of D, ronmdarg Yams. Relatively bitter ¢vs can be found amongst both
early and late yams. In the fairly recent past, when food self-sufficiency was a priarily
strategy, yam bitterness was probably promoted as a security factor, providing a certain
degree of protection against predators (Osagie, 1992). There is currently little commer-
cial demand for bitter D. romndaia yams. The one exception is cv Krengle of Céite
d'Ivoire, bul its slight bittemness s accompanied by a pleasant chestut-like taste.
This combination of flavors is highly appreciated by local People, which explains why
v Krengle iz ane of the mast widely cultivated . rommdig ¥ams in the country.
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Again according to Osagie (1992), polyphenol oxidation (when the tuber is culj_is
respansible for browning of the flesh. In traditional cuisine, this deterioration in unIli[:.-‘
seems to be specific to cvs with a high mucilage content (Dumont, personal ohservation).
The same alteration occurs in food prepared from dried yam chips. What starls as a
pinkish-white flour ends up as a light- or dark-brown dough {amala) whose taste is modi-
fied to various exlents by lactic fermentation. The intensity of these phenomena depends
on the cv used, the length of soaking after parboiling (Akissoé ef al , 2003) and the drying
rate (Kayodé et al., 2005},

A number of chemical traits noted in Beninese £ romndare yams can be tentatively
mentioned. The skin of cv Soussou ['bee’ in the vernacular) which is cropped by the
Bariba peoples has an irritant effect when harvestad, probably because of its high raphide
content. The Bariba cv Ghera is galactogenic and therefore reserved for women with
breast-feeding problems. The active metabolite in the latier yam has nol yet been identi-
fied (Dumont, 1997%, More generally, surveys have revealed that yam chips have thera-
pentic properties that can alleviate three different disorders, ie hyperglycemia, diab_&tnts
and hemorrhoids (Dumont, 19933, 1. dumetorum is also known to have somewhat simi-
lar therapeutic properties, likely due to the alkaloid dioscoretin it contains (Iwu e m’
19907, A patent has been filed to extract an antidiabetic medicine trom this vam {Genetic
Resource Action International, 20023, Note that the therapeutic properties attributed
to dried chips produced from kokoro cvs have not been reported for dishes prepared
using fresh kokoro whers, Processing thus ssems to be responsible for, or enhance, the
medicinal effect of the chips.

Cooking qualily

Fresh fubers are used to prepare traditional food dishes. From Cte d'Tveire to
Migeria, yams are most appreciated eaten in pounded form {so-called fum or fufu) a
dough obtained by mortar pounding tubers that have been boiled until soft, These
countries account for over 90% of D0 setundata production in Africa (according 1o
EAOSTAT, 2003). North of this area and throughout Central Africa, yam preparation is
simpler —the tubers are just boiled and served with various stews. Recent studies have
shown that most inhabitants of urban areas of West Africa eal boiled or fried yams, often
as @ snack away from home (Bricas et al., 2003), The use of yam flour {produced by
milling dried chips) is another emerging habit. Yam flour is very well adapted to urban
cooking requirements and is used to prepare (5-6 min) a dough called amala, a staple or
oceasional food for about 50% of the population of Cotonou {Benin) and towns of south-
western Nigeria, Amala is not perceived as a substitute for futu but rather as a food in its
own right (Bricas et al., 1997},

Two quality criteria apply 1o food prepared from fresh tubers, ie. the product must
have a pleasant flavor and an attractive appearance. It thus should not become bitter or
acquire an unpleasant color and texture during cooking. Most old domesticated cvs that
are marketed commercially meet these criteria, but the situation is much more varied
with evs from areas where domestication is a relatively recent phenomenon {e.g. Gnidon
yams from southern Benin)

Culinary requirements vary depending on whether the fresh tubers are just boiled or
converted into futu. When eaten boiled, the flesh must remain firm and structurally
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homogeneous after cooking. Pounded yam must be lump-free, elastic and firm enough to
form a ball with the fingers, Ease of pounding is another characteristic that the women
take into account.

Yam cvs that produce good quality pounded yvam are usually also appreciated beiled,
However, the quality of the pounded product oltained with some evs is poor and these
yams are thus only consemed in boiled, fried or braised form. As already mentioned, all
D votundata yams in Cdte d'[voire that are unsuitable for futu-making belong to the
Sopere group, which probably represents the initial stage in the local domestication of
D praghensilis forest vams, A similar situation exists in southern Benin with Gnidou
yams. These have retained strong affinities with £ prachensilis, their wild ancestor, and
are almost exclusively eaten boiled as they are considered to be of poor cooking quality
(in the vernacular, Gnidou means *vam appreciated only by cattle'), Yams unsuitable for
futu-making would thus correspond 1o the lowest stage of domestication and be closely
related to the wild forest parent [2 prachensilis.

Kokero cvs generally produce & pounded yam of excellent quality. This is a first indi-
cation that they might originate from wild plant material that bas long been manipulated
by man or already cropped.

Cooking quality varies markedly at each domestication level. Differences between
cvs involve their degree of organaleplic quality, as indicated above, but also criteria such
as optimum harvesting time or storage life, fiber content and peeling loss.

Apart from problems relating to bitlerness and browning of the flesh, it is hard 1o
identify any physicochemical traits corresponding to quality criteria that spply to
0, rotundara yams, According (o Osagie (19927, (he luber starch content and the volume
and gelatinization capacity of starch grains are crucial factors, Some cvs are probably
distinguished by differences in genstic origin, but other factors also have a significant
effect. African consumers claim that the cooking quality of yam cvs varies considerably
according to the growing conditions, tuber size {for yams consumed in pounded form),
harvesting time (relative to the end of the vegetative cycle) and end of dormancy (for
stored yams).

Color problems associated with chip-based cocking do not seem to be refated to other
aspects of cooking quality, For instance, although some evs (e.g. Kagouron, Tebande
or Singou) from the Bariba region of Benin give an excellent whitish futu, they never-
theless produce a dark colored amala. This browning must therefors be dug 0 processing.
According to Chilaka et al. (2002) and Akissoé er @l. (2003), peroxidase activity is at
lzast partly responsible for the increase in phenol content during parboiling and drying of
tubers for chip production,

It is hard to give a standard definition of cooking quality as it is perceived very
differently by different consumers. This is largely due to differences in culinary practices
and is changing in with urbanization. Cluality perception is also complicated by regional
preferences. While consumers in Cote d'Ivoire are strongly attached to the very distine-
tive flavor of ov Krengle, this yam has failed to find favor with the African diaspora in
its industrially processed form. Different yam preferences are also noted in other African
countries, The only 4 rotundata yam currently meeting with unanimous approval from
Ciite d'Ivoire to western Nigeria is ov Kponan, because of its high organeleptic quality.
It appears to be one of the major successes of domestication, particularly for making
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pounded yam, which is the finest food dish prepared from D, rotundata yams throughout
most of West Africa.

Sexual fealures

D, rorundara yams, like all other Dioscoreaceae, are usually dioecious. Some cvs are
male, others are female and a few include both male and female individuals, Bare cases
of moneecism are known, but are often encountered with plants recently grown from
seed (Hamon, 1987, Zoundjihzkpon, 1993). wonoegism might therefore be sign that the
cultivated plant material is the result of tecent domestication, D. rofundata yams have a
highly variable flowering capacity due to several factors. Some are probably of genetic
origin or linked to the length of time that the yams have been domesticated. Others are
related to climate (rainfall quantity and distribution) and agronomic conditions (soil
fortility, seed weight, planting density, time of emergence, staking practice, weed
control). The latitude, and hence photoperiod, also has a substantial impact. Touré and
Ahoussou {1982) ohserved that the fNowering rate of some [, rofundale cvs in Cote
d"Ivoire ranged from 70 to 86%, depending on whether the crop was grown in the south-
ern or central part of the country. The photosensitivity of D rotundata yams has been
demonstrated by Okezie et al. (1993}, It seems to be a general Dioscoreaceae trait that
eccurs in all wild West African species i Dumont, personal phaervation).

Some early-maturing cvs are male and others female, although Dansi ef al. (1999
reparted both male and female individuals in cvs of the Ahimaon and Gnidou groups of
Benin. The sex ratio can vary regionally. The two sexes are atmost equally represented
throughout Benin (Dansi ef al., 1999). The predominance of male ¢vs was noted earlier
in Céte d*Tvoire by Touré and Ahousson {1952} and Hamon {1987), while the situation
was almost reversed in Togo (Kassamada, 19927, Sixty percent of the 0 D, reurdata
evs studied in Cameroan by Dansi ef af. (2001) were fermale, There appear to be at least
as many fernales as males in early [ rofundata yams. A Very different sex ratio will be
noted later for their wild parents,

Few female cvs abundanily flower and fruit each year. Only three of the 33 femals
cvs observed over a 4-year period at the ITA sration in Cotonou regularly produced a
large amount of seeds (Dansi e al., 1995}, The findings of Touré and Ahoussou {1982}
suggest that flowering i3 probably more regular in savannah areas.

The inflorescences of male early cvs usually consist of a simple or compound raceme,
Kponan and Laboko cvs form a specific group among early D, rotundata cvs as their indi-
vidual inflorescences are not well developed and are sometimes even limited to & single
Aower. A similar marked reduction in flowering has never heen observed in wild yams.

Mixed cvs are female, although ¢v Krengle (Cote d'Ivoire) meludes 3% male indi-
viduals, It is also the only D. rotundaza yam in which the fruit is sometimes entirely
parthenocarpic (Dument, persanal observation), There are major differences in flowering
and fruiting intensity among currently known mized cvs. Abundant flowering
oceasionally occurs in cvs that are usually not very floriferous, sugaesting inhibition
rather than permanent impairment of sexual function,

The male sex is dominant in late-maturing 0. rotundare yams throughout West
Africa, in most cases with ahundant flowering (Dansi et al., 194997, However,
Zoundjihékpon (1993) reported a marked reduction in flowering in the Frou and
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Kroukroupa cvs of Cote d'lvoire. Al present, five female late cvs are known: Afoubessou
(Chte d'lvoire), Gnalabo and Kratchi {Benin-Toga) and two yet unidentified cvs (one in
Burkina Faso, the other in Cameroon,

Siudies conducted in Cote d'Ivoire (Zoundjihékpon, 1993) suggested that fertility is
low in Tate D, rofundata yams. With several male cvs, pollen grains appeared to be abnor-
mally small. An in vitre expetiment showed a mean pollen germination level of 5% for
the (late) cv Gnan and no progeny was obtained from an attempted field cross belween
this cv and three (early) female partners chosen for their regular and abundant fruiting.
Currently known late female yams preduce morphologically abnormal {rugby-ball
shaped) non-froiting flowers. According to Zoundjibtkpon (1993), this is the result of a
deficiency in the mechanism controlling corolla opening. Female sterility was reported
by Abraham and Gopinathan-Nair (1991} in floriferons D. afate yams from India —only
tetraploid individuals were fertile, while individuals with the highest degrees of ploidiza-
tion (hexa- and octoploid) were always sterile. This phenomenon contrasts with the
supposed sterility of late 0. rotundate yams. Male evs of the latter species always
appeared to be tetraploid on the basis of the chromosome counts described in Section 2.3.
Three of the five female ovs previously presented as being sterile (Afoubessou, Gnalabo,
Kratchi) are also tetraploid, while the chromosome number of the two remaining cvs is
unknown. The presumed sterility of late I rorumdata yams would thus appear to be unre-
lated to ploidization.

Several studies (Dumont and Vernier, 1997a; Baco, 2000: Okry, 2000, Mignouna and
Dansi, 2002: Scarcelli, 2002; Vernier et al., 2003) have reported that late cvs are rare of
even non-existent among domestication products. This applies particularly to regions of
West Africa where late cvs represent the bulk of yams cropped for commercial yam chip
production or for storage as fresh tubers. This situation prevails in the northern half of
Benin. Four surveys conducted there (Dumont, 1997; Dumant and Vernier, 2000; Yermier
and Dossou, 2000; Baco, 2000) indicated that late cvs occupy 62 to 78% of the area
cropped with D. rerundata yams. The marked contrast between the abundance of lale
yams in local agriculture and their extreme rarity among recent domestication products
tends to confirm that late D, rotundata yams ane highly sterile. This hypothesis was tested
by the University of Abomey-Calavi (Cotonou) and CIRATY in 2012, in an experiment
conducted in an isolated yam plot in Benin, A female cv Gnidou grown in the presence
of four kokoro evs (Yakanougou, Deba, Tabande and Kilibo) produced only three froits,
corresponding to less than 1% of the flowers that kad formed, This result suggests that
kokoro yams are actually sterile and that the rare fertilizations obtained were induced by
pollen carried by insects from remote plants.

Cither forms of . romndata yam generally also have a disturbed sexual function. In
Céte d'Tvoire, a sterile female individual was noted among the progeny of a cross
berween early-maturing Sopere (male} and Lokpa (fernale) yams (Zoundjihékpon, 1993},
In the same country, the mixed cv Krengle occasionally produces spikes of sterile female
flowers as well as spikes of fertile ones, and sometimes both types of flower grow on the
same spike (Dumont, personal observation), Monoecious situations were noted by
Zoundjihkpon {1993} in young hybrids produced from early-maturing Ivorian cvs and
she also emphasized that their frait was often parthenocarpic. Dainou et al. (2002)
reported that a monoecious 1. rotundara individual grown in an iselated sitwation in
Benin produced fertils seads. Monoecism was also abserved by Dansi er al, (1999} in the
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Ahimon and Gnidou evs of Benin, which farmers regard as recently domesticated yams.
[n addition, the lateer authors reported that setts of a single Ahimon tuber generated plants
of different sexes. Foundjihtkpon (1993) had previously reportad sex reversal amoeng
juvenile hybrids of carly-maturing Ivorian ¢vs. This suggests that sex is not always gene-
tically determined and might be influenced by as yet unknown factors. It has been shown
that heavy nitrogen feitilization of monoecious hemp (Cannabis sativa) masculinizes
plants (Arnoux et al., 19663,

Permanent sterility does not appear to be systematically linked to presumed interspe-
cific hybridizations — there are other possible causes. Even though D, refundata yams and
their wild parents are autotetraploid, there is a high probability that unbalanced gametes
will appear, resulting in sterility (Valdeyron, 1961}, The presence of surplus chromosomes
(Miege, 1952; Baquar, 1980; Zoundjihékpon, 1993} might also have a negalive effect on
fertility. Occasional sterility is probably the result of physiological disturbances.

Cultivation requirements

Double-harvest (.. early-maturing) cvs require high organic, mineral and physical
fertility and they are also severely damaged by nematodes. These cvs are therefore still
mainly used in shifting agriculture, which involves long fallow periods. The BIVIFOn-
mental damage cansed by this type of agriculture explains why there is some hesitation
in adopting yams as a crop for sedentary intensified agriculture. These days, however,
African farmers are often pushed to change their ancestral farming technigues. In
western Burkina Faso, northern Cote d'Tvoire and northern Camercen, the Senoufo, Lobi
and Dourou peoples have all radically modified their cultivation techniques to enbance
the profitability of growing double-harvest yams, by using cropping systems in which
long-term natural fallow is virtually unnecessary. A major reduction in planting density
is needed to grow cv Kponan (Dumont and Kouakou, in press), a variety that is highly
appreciated for its cooking qualities but notorious for its high cullivation requirements.
Shortening (he fallow period often results in the use of poeorer quality cvs, but this has
little effect on the demand from urban consumers, whe are primarily sensitive to the cost
of the produce.

Single-harves! yams and, 10 a lesser exlent, mixed yams are more tolerant of Envi-
ronmental conditions. A large proportion of these crops are therefore now included in
ctopping systems, thus substantially reducing the natural fallow period. In this new
sefting, the main constraint to yam cropping —rather than the much lower productivity —
is the significant labor investment required for weed control {VYernier and Dossou, 2000).

Intrinsic productivity of the plant material

Intrinsic productivity is a criterion that clearly distinguishes double-harvest L. rofun-
data yams from single-harvest enes. Coursey (1976) reported that tubers of 60 kg can be
found among double-harvest cvs for ritual ceremonies in Nigeria, An average yield of
26.5 t/ha was noted by Seignobas (1998} for cv Bakokse of northern Cameroon, which
is widely grown oo the Mbé Plain. An average yield of 23.9 tha was noted in three
successive measurement campaigns conducted among farmers in notthern Benin
(Vernier and Dossou, 20001, Finally, 434 series of measurements carried out in Cote
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d*Ivoire during four crop seasons showed an average yield of 17.7 vha, with productiv-
itv peaks of nearly 50 tha (Dument and Kouakouw, in press).

Single-harvest D, otundata yams have a much lower yield, which rarely exceeds
5 kg per plant. Productivity varies widely depending on the grower's objectives, Large
tubers are required if the yams are to be marketed as fresh produce. The measured yield
for this type of preduction hovers around 15 tha in northern Benin {Vernier and Dossou,
20000, I the yams are to be used to make yam chips, small tubers are an advantage and
productivity can be improved by 25 to 50% by increasing the planting rate.

The known vyields of mixed evs are highly variable and strongly influenced by
growing conditions. A yield of nearly 50 vha was recorded for ov krengle in an irrigated
cropping experiment in Cite d'Tvoire (IDESSA!, 1586). In contrast, Yernier and Dossou
(2000) reported a yield of less than 15 tha for cv Boni Oure grown on smallholdings in
northern Benin, which is in line with the average yield recorded for this yam by the
INRABE (Institut national des recherches agricoles du Bénin) station in the same TeZion
over the [983-1995 period (INRAR, 19956},

All of the above yields are for traditional planting rates, ie. + 5300 plantsiha for
double-harvest cvs, mixed ¢vs and single-harvest cvs produced for storage as fresh tubers
and + 6,500 plantsiha for single-harvest ¢vs used to make dry chips.

Market adaptation

Each category of yam has heen adapted to meet market expectations in a different
way, The fresh tuber trade, which involves double-harvest cvs, his been boosted signifi-
cantly by urbanization and to 2 lesser extent by the development of an exporl market in
Ghana (Ghartey, 19943, D rotundata yams (particularly cv Kponan) from Cite d'Tvoire,
Ghana and Togo can also be found in some Paris markets and in Libreville (Gabon)
(Dumont, personal observation).

There has been a boost in yam production from Guinea to Cameroon, resulting in
regional specializations that sometimes involve people for whom yam-growing is a
recent activity (Lobi of Céite d'Ivoire, Dioula of Burkina Faso, Dourou and some Fulam
of Cameroon), This is an indication of the high profit potential sustained by strong
market demand, Dumant et af, {1994) reported that growing double-harvest yams gener
ated the highest earnings for a day's work in northern Cameroon. A similar situation was
observed in Cote d'Tvoire (Bisson, 1989; Doumbia ef al., 2004), where 5% of the
market supply involves double-harvest cvs (Touré et af., 2003). This sitnation differs
substantially from that projected by Onwuoeme and Charles (1994}, who predicted that
double-harvest [, rotundata yams would gradually be abandoned because they require
high labor input.

Trade appears to have had less effect on the production of single-harvest cvs, at least
in the short term. Single-harvest yams are harvested at the onset of the dry seasen, stored
as fresh tubers and then marketed over the following months. Yam storage involves a risk

1. IDESSA: [nstite des Savanes, now Cenire Réziondl de Bouaké du Centre Naticnal de Recherche
Agronomigoe (CNEA)
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of lass for the producer and deterioration in the organaleptic quality of the produge,

making il less competitive than other foodstafFs that are cheaper or easier to use,

The practice of boiling or frying yams has developed among urban populations in
Wesl Africa becanss it is less time-consuming, Production has responded to this demand
by the adoption of cvs that purist consumers regard as being of questionable cooking
quality (Kpassadjo and Sanata in Céte d’Ivoire, Guidou in Benin) but less demanding
and often higher yielding. Tr is likely that commercial agriculture in Africa will even-
tually abandon single-harvest . ronmdarta yams in favor of 2, alata cvs, which have the
same advantages but are easier to store,

Smill-scale processing of single-harvest vams into parboiled chips represents a
significant change in commercial supply and sidesteps problems associated with the
{resh tuber marker, This technical change of direction dates back to the 1970s, when the
development of Nigerian oil exports led to a major overall increase in food demand and
prices (Iaué, 1985), The main advantages of dried chips are significanily lower transport
costs and & much longer storage life, with no increase in losses. Various research organi-
zations have recently transferred yam chip technology to other parts of the subregion
where this subsector had not yet developed (Bricas and Hounhouigan, 2000,
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Wild yams Dioscorea praehensilis Benth
and Dioscorea abyssinica Hoest ex Kunth

General

These two yams belong to the Enantiophyllam Uline section, which N*Kounkou
(1994) conziders to be one of the least evolved of the eight subfamilies (sections) of
Dioscoreaceae found in Africa, and therefore likely a major source of variability. Two
dynamics separately or jointly appear to be responsible for this variahility. From 1939,
Burkill (and Chevalier, apparently as early as 1936) suspected that some members of the
Enantiophyllum section were interspecific hybrids. A number of authers also noted that
ploidization occurred in several species of this section, notably in cultivated yams
(Midge, 1952; Martin and Ortiz, 1963; Baquar, 1980; Essad, 1984; Zoundjihitkpon er al.,
1990, Abraham and Gopinathan, 1991; Hamon ef al., 1992; Gamictte er al., 1999; Dansi
et al., 2000b; Dansi et af_, 2001; Camara, 20017,

These two dynamics appear to be determining factors in an ongoing evolutionary
process, as highlighted by the present incomplete interspecific separation with respect
te biological functioning and morphological traits. Hamon (1987) showed that the
D mangenotiana species included individuals with very different vegetative organ
renewal frequencies and N'Kounkou (1993) considered that they belonged to twa
distinct species, The one with annual vegetative organs would be D, mangenotiona
stricto sensu and the other D. haya De Wild. It is also hard to accurately define the
morphological boundary between [, prachensilis and [0 abvssinica. Moreover, the
latter is often regarded as the same species as [, lecardii De Wild, which in turn is
poorly separated from [, sagitifolia Pax.

There scems to be high instability in the Enantiophyllum section, unlike other
Dioscoreaceae. This probably provides many opportunities for domestication wherever
these yams are found, The Enantiophyllum section has produced the 5. alara species in
Asia, and D. cayenensis and D. rotundata in Africa. These domestication products, with
their high ov diversity, account for virtually all yam production worldwide,
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Most criteria for the biological separation of D, praefensilis and . abyyyinica are
based on taxonomic studies of herbarium plant materizl. Until recently, little effort has
been made to collect information from African farmers, even though they are often very
well informed about the local plant environment, There have been no population-scale
studies of the wild species concerned either, 5o the range of variabilily of the two specics
and any connecticns between thern ave still largely unknown. These Tactors explain the
difficulty in separating D abvssinica from D0 praehensiliz. The two species nevertheless
have several traits in commen.

Bath usually produce only one tuber per plant, but it is not unusual to come across
double-tuber £, abvesinice plants, The tuber and acrial vegetative organs are renewed
annually, with the tuber taking over 10 ensure the plant’s survival in the dry season and
subsequently breaking down completely. 1, praehensilis, I, abyssinica and the domes-
ticated forms are actually both perennial as well as geophytic and tropophytis species
(Migge, 1952}, since their biclogical flexibility enables them to adapt to a climate with
alternating wet and dry seasons,

The sex ratio is heavily weighted in faver of male plants. In a study of vam specimens
congerved in 10 national or university herbaria, N'Eounkou (1993) noted a male/female
ratio, among flower-bearing plants, of 33/1 for B praghensilis and 7/1 for D, lecardii and
D, sagitiifolia, both of which are taxonomically close to [, abyssinica. The same inven-
wry also showed a heavy preponderance of male plants in the other wild species of the
Enantiophyllum section, This male preponderance might be explained by the biological
characteristics of Dioscoreaceas, In the wild, the plants are eften very scattered and pol-
linated by insects {entomophily), especially by Larothirips dentipes thrips (Pitkin, 1973;
Zoundjihékpon, 1993), whose population size 15 determined by climatic conditions,
Surplus pollen is essential to ensure a sufficient supply in this uncertain selting.

The vnder-representation of the female sex means that allelic diversity is limited,
Female plants praduce several dozen to several thousand flowers, each with six ovules, so
each plant can be pollenized by & wide diversity of male parents. The products of these
fertilizations are half-sibs as they all have the same matemal genetic heritage. Applying this
reasoning more generally, Atlan and Gouyon (1994) showed that the less represented sex
(female) has a reproductive advantage as it has a higher probability of passing on ils genes.

D, abyssinica and . praghensilis also have other general traits in common. Firstly,
their preferred ecosystem is a regenerating plant environment. Both species are very
dependent on fallows or windfall areas, where they grow while the climax plant popula-
tions become re-established.

Secondly, the aerial architecture of 0. abyssinica and D, praehensilis is typical of
wild yams overall. The voluble stems of these exirernely heliophile species grow to a
considerable height before branching as they need o rise above the supporling shrub
vegetation before putting out leaves and flowers.

Lastly, both species are extremely polymorphic. This varizbility is generally linked o
the age of the plant, which can be considered on two levels. On one level, it is the dura-
tion of the life of the vegetative organs and tuber, which is short as both parts are repewed
anmwally. On another level, it is the genotype age, which corresponds to the number of
annual vegetative cycles since the plant grew from seed. The genolype and phenotype
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ages are the same since the plant i3 a perennial, Domestication upsets this synchronisim,
as will be seen later.

Some trails vary during the annual vegetative cycle, The extrafloral nectar and cata-
phylls disappear gradually, and later the stem loses its waxiress. Leaf shape and size
change as the plant grows. Lastly, the stem color becomes uniform as senescence
approaches.

Other morphalogical maits are modified as a result of interannual variations. The very
elongated leaf shape and the waffled appearance and wine color of the leaf blades are
linked to the juvenility of the genotype. The red stem color and lanceolate D. lecarndii-
type leaves of D abyssinica seem to only occur in recent genotypes. The morphological
diversity of a genolype is generally reduced with aging. Could this represent a stabi-
lizing effect of natural selection? If so, there is probably a comespording loss of genetic
diversity. .

Contrary to these numerous commen points, there ane several fundamental criteria
that separate the two specics D, praehensilis and D. abyssinica,

Dioscorea praehensilis

D. prashensilis has a very wide geographical distribution in Africa, It is found
throughout the central part of the continent and is also widely distributed in tropical
Africa. In the northem hemisphere it can grow beyond the 8% parallel, whereas in the
sonthern hemisphere 1t has been encountered as far south as Mozambique (N Kounkou,
1993). So far this species has been strictly regarded as a forest yam. It grows abundanity
in post-fire regeneration areas amongst dense communities of semi-deciduous trees,
which Mangenot {1955} defined as mesophyll forests, 1t is common in the bimodal rain-
fall zome, but in drier climatic conditions it takes refuge in the rare vestiges of mesophyll
forest thal have survived the combined effect of annual fires and anthropogenic pressure,

The species D. fiebrechisiana De Wild, which ranges from Central Africa to forest
Cameroon, is morphologically very close to D. prachensilis. Its main distinctive criteria
are the strengly auriculate base of the petiole and the slight spininess of the stem. The
Zande peoples of the Democratic Republic of the Congo (formerly Zaire) refer to both
yams by the same name (N’ Kounkou, 1993}, and Wilkin (2001) does not make a distine
tion between them. [, febrechtsiana De Wild could thus be a variant of £1. praehensilis
This would be a first illustration of 0. prashensilis diversity.

Yams currently classified as members of the D, prachensilis species are clearly
divided into two distinet groups. Midge (1952) separated the D, praehensilis yams of
southern Cite d'Tvoire into two types according to the morphological traits of the ber,
Both morphotypes have also been found in the Central African Republic (Hladik et al.,
1984), They are menticned {35 D, rofundara yams) in a publication by Chikwendu and
Okezie (1989 and again by Hamon et al, (1995) in their book on the wild yams of West
Africa. The two morphetypes will hereafter be referred to as Dipl and Dp2.

Bariba farmers of northern Benin identify Dpl {*Sonkotousé” in the vernacular) on
the basis of a number of traits in the aging genotype. The stem is dark-colored, it has a
basal diameter of over | cm and its lower parl has 2-4 cm long cataphylls with fleshy
sheathing lobes, The leaf is slightly cordate and has no marginal undulations. The tuber
is large (sometimes weighing over 5 kg) and irregularly lobed, its thickness INCreases
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with length, often reaching 25 em at its distal part, and the flesh is speckled with mauvish
spals (except in the neoformed part). The tuber head is surmounted by extremely thomy
rools that form 2 permanent protective crown st the seil surface. Finally, the male
Nowers have a verv characteristic scent, The only West African specics to share this
trait is 0. hivsiflora Benth. This similarity confitms the Fhyletic proximity of the
Enantiophyllum and Asterotricha seclions, as suggested by Burkill | 19603, Hamon
(1287}, N'Kounkoy (1994) and Schols et al. {2001). The cladegram constructed
by Terauchi e af. (1992) on the basis of the chloroplast DNA characteristics shows
that the oldest genome of (he Enantiophyllum section in Afries comresponds o the
D, praghensilis, D. abyssinica, D, rofundata and D. eayenensis species, The fact that the
first three have the same Eenome does not mean they have the same age but rather that
they belong to the same evolutionary line and may actually have appeared successively,
The ancestral form would be Dpl, because of its phyletic proximity 1o the Asterotricha
section and its exiremely wide geographical distribution in areas where [, rofundata and
0. abyssirica are not found.

The neoformed part of the Dpl tuber is edible but not very appreciated, It was
formerly caten in Benin during food shoriages, It is criticized for its excessively fibrous
texture and bitter taste, However, it stil] seems to be gathered in southwestern Ethiopia,
as Hildebrand (2003) reported that wild yams belonging to the Enantiophyllum section
and protected by a clusier of spiny roots were harvested locally.

The Dpl yam grows in mesophyll forests but is endangered as a resull of the disap-
pearance of its biotope. Some patches of mesophyl] forest still exist in humid parts of
Africa, but in arid areas with JUst One rainy season only remnants are found, in the form
of sacred forests. The Dipl ¥am is rare or extinet in some areas where savannah flora now
thrives—this is probably a historically recent phenomenon. Genes from this morphotype
may still circulate locally in existing wild yam populstions or ameng D rotundata yams
derived from long domesticated CVE,

The Dp2 form of D, prachensilis differs substantially from Dp) except for the char-
acteristic scent of the male flowers, Moreover, ecotype variations sometimes link it
maorphologically to the & abyssinica species, which is examined in the following
section. The stem is light-colored, usually no more than 0.6 cm in diameter and hias shor
(=4 em) eataphylls that do niot develop large lobes. At the leaf level, two reliable distine-
tive signs (in aging genotypes) are the wide opening of the foliar lobes and the regular
undulation of the edge of the Jaaf blades, The tber is cone-shaped, seldom more than
30 em long, usually weighing under 3 kg and bearing sturdy thoms, although this appears
b be an iregular traic (T ostain, 1998; Tostain and Dainoy, 1998). The flesh is white or
Fale yellow and often partly purple at the head of the tuber,

Dp2 yams are edible and highly esteemed, Large quantities are gathered in forest
arcas, In West Africa, it is harvested mainly at the onset of the ralny season (late Tanuary
te March) since it is easier 10 [oegte the tubers once they have germinated. Germination
also improves their cooking quality, as the bitterness is masked by partial conversion of
the starch into sugar (Dsagie, 1992}, If the yams are harvested at the end of the dry
season, the tuber heads can be teplanted, thus ensuring the sustamability of this food
resouree, However, the vams are commonly gathered much earlier, and large quantitics
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are sold from July to September in the markets of the eastern forested area of Guinea
{Dumont, 1993},

Lastly, in West Africa below latitnde 52 M, the Dp2 form of D, prachensifis is the
preferred raw material for domestication, leading to the creation of 2. romndata cvs.
This practice is very widespread in southern Benin, where Gnidou evs are domesticated,
This trend probably also applies throughout forested regions of Africa, bul this needs to
be gualified. Some farmers in Benin and Nigeria say they start domesticating 0. rotun-
data evs from picces of Dpl tuber (Vernier, persanal observation), In addition, this infor-
mation has been reported by Chikwendu and Okezie {198%) and confirmed by Scarcelli
(2002). In Central Afvica, the wild yam I3, liebrechisiana might also be domesticated to
praduce D, rotundata ovs. This is supported by the fact that D, liebrechiviana has a highiy
auriculate petiole—a trait noted in one of the nine varietal groups in which Martin and
Rhodes clussified 97 D. cayenensis-D. rotundate cvs collected in Alfrica and the West
Indies (in Degras, 1986,

The Dp2 morphotype is rare in the monomodal savannah above latitiade 9% N and
grows only in the most humid microclimates. We have never found it in stable remunants
of mesophyll forest, but it spreads very rapidly (from sead) when this ecosystem
degrades—where it can thrive until the final stage of wooded savannah. Az the degrada-
tion process advances, the Dp2 morphotype gradually converges morphologically with
that of D. abyssinica. There is still evidence of this morphological transformarion in
yams growing in the Upper Cueme catchment of Benin,

The Dp2 form readily diversifies into different ecotypes while maintaining a certain
amaount of genetic diversity, More technically, it has a wide scope of adaptability { Binder,
1972}, the full range of which seems to prevail in the southermmost pant of the
monernodal savanmah. It is therefore not surprising that Dansi er af, {1999a) reganded
D. praehensilis as the starting-point for several D, rotundata cvs derived from savannah
flora in which often only I abyssinica yams are visible. In the same ecological arca, the
origing of I praehensilis vams that colonize the degrading remnants of mesophyll forest
and of those that colonize regenerating mesophyll forest communities are also clear.

The Dp2 morphotype is known as the Bayere vam in the West African area between
eastern Chte d'Ivoire and Benin which is under a bimodal rainfal] regime. Farmers in Togo
make a distinction between the forest Bayere vam and the form that Zrows in the savannah
biotope after degradation of the forest ecosystem (Kassamada, 1992). The first is a typical
Dp2 yam and vses Jarge forest trees for support. The second type could ocour in two forms,
Ome would be a Dp2 yam whose morpholype has been modified as an adaptation 1o the
savannah ecosystem. The other would be derived from natural seedlings of 2 romndara
yams domesticated from D, ahyssinica and D, praghensilis yams in more northerly regions
and then cullivated under the bimodal rainfall climate, In support of the latter hypothesis,
Dansi er al. (1999a) identified three groups of locally domesticated cvs (Ourtchoua,
Porchebim, Mondji} in the southern half of Benin as being morphelogically linked 1o
D, abyssinica, despite the fact that the latter species is not endemic to the region.

#As the yam regarded as D. praehensilis includes two quite different morphotypes, the
relations between them need to be examined. HM. Burkill {1983) first proposed that
there may be two genetically separate species—Dp2 would be D, praghensilis while Dpl
would be related to the old species D, oderatissima Pax, However, several botanists
{Baker, 1898; Durand and Durand, 1904 Raadts, 1984; N'Kounkou, 1993) classified the
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latter as a £ prachensilis yam, Based on the anatomical characteristics of the leaf
midriby, Edeoga and Okali (2001) advocated that D, liebrechesiana, D. prashensilis and
D, odoratizsizma be included in the same taxonomic group. This proposal was further
confirmed by Wilkin (2001} on the basis of other scientific arsuments. For the moment,
Dpl and Dp2 will be regarded as morphological vanants of the 2. praefiensilis species, as
defined by Miége (1968). Anthropogenic pressure could possibly account for this dilferen-
tiation. Dp2 might be a transformation of Dpl indueced by repeated gathering andior the
adaptation of the plant material to simple cultivation technigues (which we will discuss
later). This was also suggested by Dounias (1996), who encountered Dp2 in forest areas of
Cameroon and concluded that it had been intreduced there by man. A, Hladik and Dounias
(1996} then investigated the correlation between the abundance of D, prachensilis vams
and the presence of hunter-gatherers. The latter might well be the decisive factor, The abun-
dance of wild yams in an unfavorable ecosystem might be the resolt of long-term food
resource management by human growps, The above authors believed that this management
process involved the farming of wild yams in their natural environment, We should also
mention that open areas left behind after buman encampments end associated nearby cul-
vated areas represent a suitable biotope for the proliferation of 0. praehensilis, In addition,
Dounias (1996) reported that this yam grows along forest trails, so its distribution elearly
overlaps areas where human activities are focused,

Three examples highlight the genetic compatibility of D, praehensilis and D, rofn-
dara. A case of successful hybridization of these two yams was reported by Akoroda
(1985). The fertilization of several D, rotundaia cvs by I praghensilis was demonstrated
by Zoundjihtkpon (1993} using enzymatic markers. A fernale ov Krengle plant sown on
4 path in the mesophyll forest of Céte d'lveire also apparently hybridized with the Dpl
form of D, praehensilis (Dumont, personal observation). The latter assumption is based
on the very spiny roots of the progeny,

Mo exhaustive studies have been conducted to date on the genetic diversily of
D, praehensilis. Most information on this subject is derived from studies cartied out by
Hamon (1987} in Cote d'Ivoire, Scarcelli {2002} in Benin and Tostain et al, (2002) in
Civinea, Togo, Benin and Cameroon. Engymatic markers were used in the former study
and molecular markers in the other two.

The I prashensilis yams of Cote d'Tvoire were separated into two genotype classes,
The same result was obtained with five plants from northern Benin, but a stody of 18
individuals from southern Benin revealed three classes, Neither study highlighted a
parallel between the genotype groups revealed and the two I praehensilis morphotypes
detined above (Dpl and Dp2).

The results of the fourcoumtry study of Tostain er al. (2002) separated the
46 D prashensilis yams examined inte four groups on the basis of a correspondence
apalysis, The genotypes were generally grouped by geographical origin, but this needs
be gqualified. While genetic bridges were noted between the plant material from Guinea,
Togo and Benin, [ prachensilis yems from Cameroon were genetically isolated from
those of the other three countries. This suggests that the species consists of two groups,
one specific to West Africa and the other to Central Africa. The former is in the ‘civiliza-
tion of the yam’ belt, while the latter has been subject to much weaker domestication pres-
sure. This difference may well establish the dividing line between the two [ praeheniifis
populations
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Dioscorea abyssinica

D). abyssinica was long regarded as being the same species as D, logoensis (Migge,

1952% Waitt, 1965}, H.M. Burkill {1985) did not separate £, abyssinica from [} sagiti-
fotia, while implicitly classifying the latter as a D. lecardii yam. D, abyssinica grows
mainly above the Equator in sub-Sahelian Africa, L is abundantly distributed from
the western edge of this region o Camercon (Jacques-Félix, 1947 Miege, 1968;
H .M. Burkill, 1983 Dumont ef ql., 1994) but has not been encountered in forested areas
of Central Africa (Hladik er al., 1984; N'Kounkou, 1993}, More generally, it has never
been reported south of the Equator. On the other hand, HM. Burkill {1985) and Gebre
Mariam and Schmidt {1996) reported its presence in Hast Africa, especially in Ethiopia. As
early as 1949, Chevalier thought that the ‘true’ D. abyssinica originated from Abyssinia
{now Ethiopia) and Kenya, In contrast, certain other wild yams existing outside of East
Africa might well be “false’ D, abyssinica yams. We will discuss this idea later,

D). abyssinica is strictly a savannah yam, and it appears to prefer a monomodal rain-
fall regime. It therefore grows mainly in the climatic belt roughly ranging from latitudes
8% o 12°N.

In Fiora af West Tropical Africa, Mikge (1968} indicated that D, abyssinica is distri-
buted throughout the area in which B, romundata yams were domesticated, while placing
D, lecardii along the northern edge of this area. The limited geographical distribution of
D, lecardii suggests that it was able to survive as a separate species only on the fringes
of a particular initial area of oceupation, which was once probably far more cxtensive.

0. lecardii and B, sagittifolia yams meeling the morphological criteria established by
Migge {1968) are now rarely found among the savannah flora of West Africa. Their iden-
tification is often doubtful, particularly when it concerns herbarium plant material,
1. lecardii is usually classified as a . abyssinica yam, Morphotypes clearly correspon-
ding 1o the D, sagittifolia species have been found in two countries. One was noted in a
relict savannah within the forest area of southwestern Céte d'Ivoire (Dumont, personal
observation) and seven others were found in sacred forests in southermn Benin
{Allomassa, 20013, According to Midge (1968), I sagitifelia yams have also been
collected in Senegal, Sierra Leone, northern Cote d ' Tvoire and southern Burkina Faso,
but these identifications were based on herbarinm specimens,

Further eastward, [, lecardii and D, sagiftifolia have distinctive individual
characteristics and they become abundant from Cameroon, ie. virtually from the east-
emmost edge of the 0. rotundata distribution range, and onward (Dumont ef ai., 1994 ).
Jacques-Félix (1947) found that D fecardii was cultivated in northern Cameroon and
classified it as ¢v Dem of the Dourow region. We consider that the Tii and Ngan cvs of
the same region were also domesticated from D. lecardii on the basis of their morpho-
logical traits and particularly the small tuber size. The same is probably true of the culti-
vated 'Haab' yams of Chad (Dumont, personal observation},

A double hypothesis can be put forward on the basis of these ideas. In Cameroon and
further sastward, [ abyssinic, [, lecardii and D, sagittifolia would be a single species
that has been separated into relatively distinet ecotypes through large-scale adaptive

2, Mikge recopnized [, jogoensis as 4 separare specics in the 1968 edition of Flera of Wesr Tropical Africa,
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polynrorphism. This kas been partially verified experimentally (Dumont, personal ohser-
vation). A yam with £ fecardii characteristics {(according to Migge, 1968) collected in
morthern Cote d'Ivoire in 1991 expressed the foliar traits of D, saginifolia after it was
wrepped in the southern part of the country. The situation seems to differ in West Africa,
wlhere £3 yotundata yam cultivation has long accompanied the wransition of forest to
savvanmih, In this region, L. abyssinica vams would generally correspond to a cultigen
population resulting from domestication pressure on endemic D, lecardii, D, sagitifolia
sl £ prachensilis yams. This takes us back to the idea of Chevalier (1949, who made
a distinction berween East Aftican D, abyssinica yams and the others. Moregver,
variability has been specifically noted in D, abyssinica yvams in the part of Cameroon
adjacent to the Dt rotundate growing area. Some foliar traits found in these vams, the
vranpe colering of the cataphyll acumen and the large leaf blade area have never been
repirted in West Africa (Dumont et al., 1994}, If West African DL ahyssinica yams are
cultigen populations, they cannot have produced many D retundiata cvs in areas where
strong domestication pressure is historically recent, as clearly illustrated i Cote d'Tvolre.

A number of morphological traits are specific w the West African forms of
) abyssindea, The light stem caloring, the concentration of spines at the axil of cauline
branches and the absence of undulatory deformations on the edge of leaf blades are the
most reliable identification eriteria in aging genotypes. The tuber is vsually cylindro-
conical in shape, with the widest diameter at the top. [t ranges from 20 to 80 cm in length
and weighs between 0.5 and 1.5 kg, The flesh can be pure white to cream-colored, some-
timmes with subcutancous purple pigmentation at the head. The bitterness of the flesh
varies, apparently doe to the influence of numerous factors (individual plants, ags, envi-
ronmental conditions, harvesting time). I abyssinica vams are edille and are still highly
sought after by savannah peoples since they are mature several weeks before the earliest
B rotundata yams (Baco, 2000).

In both regions of northern Benin smdied by Dumont and Vernier, Bariba people refer
to L abyssinica yams as "dika’ (Dumont and Vernier, [997a). This name encompasses
four morphetypes. For simplicity, these are classified in two groups, i.e. Dal and Da2,

Dal includes the so-called “dika sinrou konsi® and “dika kpika', meaning ‘yam with
the end that goes rotten’ and “white yam® (which has light-colored leaves). Both have
Ipng tubers that are not much more than 5 cm in diameter at the head.

Da2 includes “dika wonka® and *dika guea’ (literally "black dika® and 'true dika'),
More generally, these names refer to a yam with the dark leaves of a double-harvest
D, rotundate yam and a relatively large tuber terminating with large fingers. The lalter
are particularly cherished by yam gatherers.

The a2 form iz well established in savannah flom {rcluding natural fallows) close
to 03, rofundata crops. These Da2 yams can be plants derived from seeds that have
escaped from crop fields (zygotic migration) or prodocts of cross-pollingtion between
wild dika yams and cultivated D, rofundata yams that are still sexvally functional
[gametic magration). Da2 definitely serves as starting material for D, rommdara yams in
savannah areas, Onee removed from its natural environment and grown agricaltocally,
the Da2 yam is called “Tamdika' (from tam, plural tassou, the Bariba werd for yam) when
domestication is under way, and ' Tamdwe" when it has been adopted by farmers for culti-
vation with their double-harvest I rofundaia yvams. Only vegetative reproduction is used
in this transformation process,
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The Dal form oceurs in sympatry with Da2, but its range extends over a much wider
area 1o the north, In Benin, it is abundant up to the Niger River Valley, above latitude
12% N, und also grows up to the same latitude in Burkina Faso (Dumont, 1982). Several
morphological traits are modified in Dal yams growing in this northem regiclm (D’urq.unh
1982). The stem spinincss and fruit size are reduced, while the length-to-width ratio of
the leaf is increased. These variations could be interpreted as atavistic throwbacks to the
D. lecardii species, since D, abyssinica yams growing in West African savannan areas
with a monomodal rainfall regime are suspected to have originated from I, lecarndii,

The Dal morphotype thus grows much beyond the area in which Iv. rotundata yams
are cultivated. In Benin, yams are not planted much above latitude 10° M. This also seems
toy be the pattern throughout most of West Africa, except in the F‘.epub]lcluf Guinea. In.all
cases, the 1,000 mm annual ischyet seems to be the threshold below which yam-growing
becomes risky in rainfed cropping systems on normally drained soils. Dal yams grow-
ing beyond this limit might be remnants of D). rotundata cultivation that were once culti-
vated further north. We will examine this hypothesis later.

Saveral scientific studies have shed light on the genetic diversity of D, abyssinica,

Hamon {1987) separated the D. abyssinica yams of Cote d'lvoire into two classes on
the basis of an isozyme analysis, although the study was limited to 18 plants of the same
maternal origin, W

Ramser ef al. (1997} placed D. abyssinica in a genetically intermediale position
between D, prackensilis-D. liebrechtsiana and D. rotundata (using split decomposition)
an the basis of four types of molecular markers. . -

AFLP analysis revealed a contrasted situation in Benin (Scarcelli, 2002), Fifty-eight
. abyssinica plants from northern Benin were distributed in eight genotype classes but
there was no agreement with the classification used by Bariba farmers. Nine plants from
southern Benin were separated into three classes, TLwas shown that cv Gnidou iz closc.m
0. abyssinica even though its wild ancestor is I prachensilis (Dansi et al., 1999), Wild
vams identified as [, abyssinica would thus actually be D, praehensilis yams thfu
;dapted i the forest to savannah transition or that had escaped from cultivated fields in
the form of seeds. In addition, the dendrograms constructed by Scarcelli (2002) generally
show genetic continuity between D. praehensilis and [, absginica. Twul grcnmypes of
0. prachensilis (Dpl morphotype) are distributed among the 1. abyssinica yams of

northern Benin while two genotype classes in southern Benin include hoth D, praehen-
siliy and 0. abyssinica yams.

Using AFLP analysis, Tostain et al. (2002) constructed a dendrogram that separates
44 D. abyssinica plants from Benin, Togo and Guinea into three groups. One conlaing
virtually all the Guinean genotypes. A second consists mainly of Beninese genotypes.
The third group contains genotypes collected in Benin and Togo. The genetic dlwermt}- qf
1. abyssinica would appear a priori 1o be geographically structured, particularly in
Guinea. It should be remembered, however, that [ abyssinica has been domesticated in
Guinea only in recent times whereas, as discussed later, domestication appears 1o be a
very old practice in Benin and Togo. This difference is perhaps responsible for the
genetic discrepancy revealed in the Guinean plart material, .

Analysis of chloroplast DNA of 147 Beninese D. rotundata-{3 abyssinica yams by
Chair er al. (2005) revealed five D). abyssinica individuals separated from the _othcrs by
a different haplotype. 0. abyssinica yams in Benin would thus appear to consist of two
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distinct species. In this setting, it is important to note that Hamen (1987) reported that
[ mangenetiana is cccasionally used to domesticate 1. rotundata yams in Ciite d Tvoire.
Future tesearch will perhaps lead to the discovery of other haplotypes among
[), abyssinica yams, Likely candicates are the wild parents of D. rotundata yams culti-
vated in pits in Camerpon and those of the cv Singou from the Bariha region af Benin—
the vam with Hymenocardia acida (Euphorbiaceae)-like leaves.

Addendum: Dioscorea togoensis Knuth

This species has so far not been discussed. In savannah regions, this wild vam of the
Erantiophyllum section is closely sympatric with D, abyssinica, 4 species considered to
be one of the parents of D, romundasa. Curiously, there is also considerable overlap
between the distribution areas of these three yams in West Africa and all terminate in
Cameroon (figure 4). Lastly, D, togoensis has been confused with the D, praghensilis, 1.
lecardii and D. sagittifolia species on a number of occasions in taxonomic studies of
herbarium specimens (N'Kounkou, 1993). This suggests a possible phyletic relation
between £ tagoensis and wild yams that are maore or less closely related to B, motundate.
However, this view is cerainly not supported by current scientific results, When
measured by flow cytometry, the D. rogoensis genome appears to be significantly smaller
than that of £3 abyssinica (Hamon er l., 1992), RELP analysis of chloroplast DNA
revealed that the D, togeensis genome is not only unique but also the youngest among
the African Enantiophylium (Terauchi et al., 1992). D togoensis therefore does not seem

[ lecardi = [ sagitniolia o O lebrechisiana
e [, abiyssinica 0, praehensilis o (X fogosensis

ard savannah ecotypes

Figure 4. Geographical distribution of wild yams of the Enantiophyllum section with anmual
tubers, Extrapolated from information provided by Migge (1963), FLM. Burkill (1983),
N'Eounkou (1993) and personal observations of the authors.
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to be phyletically related to 0. abyssinica and £ praghensilis, and any contribution 1o
the phylogenesis of I rorndata is inconceivable in the present state of our la_:rtu:awlcqlge.
For the mament, I, togoensis will be considered as the result of a fine speciation process
to adapt to the savannah ecosystent, Future stadies should lead to a better undemtandmg
of the relations between the African wild yams of the Enantiophyllum section. In this
setting, we felt that it was essential to mention the D). togoensis species.
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Phenomena that could explain the variability
of wild and domesticated yams

Climatic disturbance

The Dicscorcaceac probably appeared 130 to 65 million years ago during the
Cretaceous period, al the same time as other angiospenms, According to Bargle and
Lemoigne (20000, all plant families knewn today existed at that ime. The genetic isola-
tion of the African Dioscoreaceae dates back to the Miocene (60 to 20 million vears ago)
when the desertification of what is now southwestern Asia occurred (Coursey, 1976). The
diversification of the Enantiophyllum Section in Africa certainly tock place less than
4 million years ago-—no yams of this family apart from the introduced 13, sineiflera
exist in Madagascar (Burkill and Perrier de la Bathie, 19500, which separated from the
African continent during that period {Jaeger, 2001 ), Hence, in terms of the evolution of
the plant kingdom, African yams of the Enantiophyllum section, including the putative
parents of D, rofundate, would a priori be relatively recent. This perhaps explains
the impression of incomplete speciation they sometimes give and the large reserve of
variability some of them still appear to have.

Because of their long history, African yams have suervived through many elimate
changes and associated glacial-interglacial eycles that our planet has expericneed over
the last 2.5 million years. The Late or Upper Diryas was the most recent cold period of
global scale affecting northern Equatorial Africa—it ocevrred 10,500 years ago (Lézine,
20007 and during this period severe drought led to a slight retreat of the forest in Central
Africa, The idea of temporary forest decline in prehistoric Africa had already been put
forward by Schnell (1971},

According to Lézine (2000, the end of the Late Dryas resulted in climatic warming
and higher rainfall. Under these favorable conditions, subtropical vegetation would
have spread northwards to the Sahara and desert areas would have virtually disappeared,
“The conditions were right for a tremendous development in human activities, animal
hushandry and sgriculture, as abundant rock carvings and paintings testify,” Coursey
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(1976) believed that this situation was reversed 4,000 to 5,000 years ago, leading to the
gradual elimatic drying of notthern Equatorial Africa. This pheromenon continees today
amil over the Tast few centuries its effects have been aocentuated in humid West Africa as
a result of increased population pressure,

Yams may well have followed the northward advance of tropical vegetation at the end
of the Late Dryas, at least to a certain extent, and then retreated as the climate became
mare zrid. We have no scientific arguments concerning the scale of the presumed migra-
lions. Paleabotanical research, particularly in the field of palynology, may have genera-
ted some information on this subject, but no search of this literature has been conducted
vet. There may well be fossil evidence of African yams from prehistoric times. In
Panama, starch grains from Dioscoreaceas have been found adhering to 8 (00 year old
Stene Age tools (Pipemo and Holst, 1993),

Relicmal woodland flora found in West Adtica up to latitude 117 N indicates that the area
was once forested, but the savannah has spread 400 to 600 km [orther south. Parts of this
ecologically transformed area are cohabited by D, rorndata yams and their wild parents,

Conversion to savannah exerts a strong evelutionary pressure, Our previous obseryvi-
tions and the work of Scarcelli (2002) highlighted the development of a D, prachensilis
ecotype adapted to the savannah following the recent degradation of mesophyll forest in
Benin. A more fundamental effect 15 suspected, which would have occurred over a long
period as a result of gradual climatic drying, ic. the D, prachensilis species, the only
forest-dwelling parent of . rotundata, may have lost some of its adaptability. The usual
effect of such a phenomenon 15 a loss of genctic diversity and a shift in the homeoestatic
equilibrivm point (Binder, 1972), A population develops with its own particular traits,
thus morphelogically and genetically distancing it from the original plant material. This
may well be how 0. lecardii arose, but adaptive drift does not appear to have led to
reproductive isolation (speciation} as the 0. lecardil population introgressed into
. abyssinica in the . rotundarg domestication arsa, The fact that Chevalier {1920 and
1936) regarded D praghensilis and [ fecandii as ancestors of ev Soussou of northern
Benin does not contradict the hypothesis that they are two forms of the same species.

As far as cultivated yams are concerned, conversion to savannah may well have affected
the plant material wsed and the geographical range of the cropping area. From Guinea to
northern Cameroon, [ cavenensis yams and the taxonomically related hexaploid forms
appear to be the surviving traces of a yam that was once widely geown but then marginal-
ized by the development of D, metundara, This change in plant material appears o have
bzen the process which gave rise o the ‘civilization of the yam’' (Miége, 1952)—this
pattern could be explained in two ways. Firstly, becanse of their very short dormancy
period, D, cayernensiz yams could not ensure food security at times when rainfall declines
and population growth increases, thus prompting the need for food reserves (Burkill, 1918;
Hutchinson and Dalziel, 1931; HM. Burkill, 1985), Secondly, there were no double-
harvest I cayenensis cvs (Hamon, 1987), so production could not be temporally extended.

These days, as we have already seen, yams are not grown much above latitacde 107 N,
However, some small yam cropping areas are found beyond this limit, usually on hydro-
morphic soils where early emergence is possible and there is a regolar supply of water at
the onset of the dry season. Their northernmost location is on the Pilimpikou Plain
in ¢entral Burkina Faso (Dumont and Hamon, 1985), at around latibede 13 N, where a
few hectares of the male cv Bolge Nyu (n.b. Bolgo = hydromorphic soil, Myu = yam},
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hexapleid, according to Zoundjihékpon (19593) crops are grown. This Pilimpikou yam is
the only known case of monocrapping hased on this type of yam in West Africa, About
50 ha were estimated to be under cultivation in the 19705 (Dumomt, 19800 but the arca
declined by 90% over the next 2 decades and was finally restricted to a single village,
ie. Arbolle (Goudou-Urbing et af., 1996), An analysis of the reasons for this severs
decline are beyond the scope of cur study. It should nevertheless be pointed out that the
last traces of an age-0ld form of agriculture are in the process of dizappearing, According
to Kassamada (1992), the same cv survives under a different name, i.e. Kpeyvou, among
the Kabve and Kotokoli peoples of Togo. Hence, a plant material that once had an
extremely wide distribution area is now reduced to relict areas.

At a lower latitude, but still on the fringes of the northern Sudanian climate {as
defined by Peron and Zalacain, 1975}, 2. votundata yams are still frequently grown in
the seils of hydromorphic bottomlands, netably aleng the Burkina Faso-Ghana border
and in the Pama region of Burking Fase and Benin, The same form of agriculture is also
encountered in Benin {on the plains adjacent to the Atakora Range), Togo and Mali
All of these yam-growing activities in refuge biotopes suggest that climatic drying has
gradually marginalized the growing of D. remundata yams'in a ferritory where it was once
much more widespread. This idea s sometimes supported by the collective memary, for
instance in the Banikoara region of Benin (Dumont, personal observation),

Anthropogenic pressure

African yams have probably been a source of food for humans since time immemao-
rial and were very Hkely also eaten by their hominid ancestors. This idea, first advanced
by M. Hladik in 1985, was taken up again by Dounias in 1996, More generally, in the
words of Branet and Pieg (2001), Tt can safely be affirmed that the [African species of]
Australopithecus used sticks 1o dig up the underground parts of plants [...] and perhaps
used quartz splinters to cut or scrape al the vegetalion,” This takes us back more than
2.5 million years into the past. It can be supposed that the wild yams of Africa have been
manipuilated since the dawn of time, with varying subsequent degrees of genetic drift.
The most advanced results of this evolution would be the development of the Dp2 form
of 0. prahensiliz and the IL abyssinica yams of West Africa,

Coursey {1976} suggested that a rudimentary form of yam cropping might have come
inie being at the end of the Pleistocene period (35,000 BP)!, when the climatic drying of
West Africa undermined food secunty based on foraging, The development of the lithie
industry (before 100,000 BP} followed by the advent of metal tools {around 4,500 BF)
wonld have led to successive improvements in the way yams were utilized. Coursey also
indicated that several early Buropean explorers of West Alrica reported that yams were
one of the crops cultivated in the region, and there is documentary evidence of a yam
trade in Migeria dating back to 1505,

In many cases, foraging seems 1o have been the first step lowards domestication,
Bahuchet &t ol {1991} noted that this was a logical sequence of events that started with
gatherers accumulating technical information about the plant material. Bahuchet (1982)

t. BE: before present {reference year: 1951),
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also uses the term *semi-cultivation’ when describing the systemalic replanting of tuber
heads by Aks hunter-gatherers of the Central African Republie, This practice, alsa
observed in southwestern Ethicpia (Hildebrand, 2003), exists in forested regions of
Guinea {Cumont, personal ahservation) and in the southern part of Benin (Mignouna and
Dansi, 2002}, involving wild yams of the Enantiophyllum section. Dounias 1994} also
documented it in eastern Cameroan, and stressed that each wild yam plant treated in this
way is appropriated. The wild plant material is managed in its natural environment and a
so-called paracultivation system is introduced (Dounias, 2001 ), thus redocing the random
rature of the foraging and involving selection of the natural diversity, The selection crite-
ria common to all these situations are probably the useful tber volume, organoleptic
qualities and ease of uprooting. It can be supposed that this selection pressure models the
variability of wild yam populations,

Another systerm of wild yam appropriation observed in forested regions of Africa was
regarded by Chevalier (1936) as a form of protocultivation. Tn this case, the plant
material is removed from its natural biotope and either planted in natural fallows in the
vicinity of the village or (more recently) combined with moderate shade-tolerant cash
crops (cocod, coffee). These yams retain their morphological traits, including exuberant
growth of the vegetative organs. For the latter reason, they have to be planted next o all
(often live) siakes. The plants can then remain in place for several decades, piving one
early or late harvest per year.

The Dp2 morphatype of D, praekensilis is a yam of the Enantiophyllum section that
I5 used in many protocultivation situations. Kaspe holonda yams of western Guinea,
Cocoassie yams of southern Céte d'lvoire and Gban yams of southern Benin are in this
category. In Cameroon, the Neoro and Tikar people collect I prachensilis yams in the
farest and plant them in their home gardens, while the Doupa and Dourou do this with
D, abyssinica savannah yams (Dument et al., 1994), Cultivated D, praetiensilis yams
were encountered by Hladik er af. (1984) in forest areas of the Central African Republic
and Gabon. These yams have not been markedly modified by human manipulation, but
they perform to expectation when integrated in a shifting mixed cropping system with a
ready supply of natural stakes. For this reason, and also because cassava and plantain ars
the main food crops locally, it has not been necessary to exert high domestication pres-
sure on yams from African forest regions that are used in vegeculture,

Protocultivation can, when necessary, considerably advance the production period.
From L. prashensilis yams, farmers obtain plant material that can be used for douhle
harvesting. It is thought that they achieve this by selecting from the diversity of the Dp2
morphetype, As already mentioned, this wild population is subject to early and late for-
aging in the westernmost part of the African forest region, Farmers in the Nigerian state
of Benue also distinguish between early- and Jate-maturing wild yams, which would be
the Dp2 form of D, praehensilis (Vernier ef al., 2003). Protocullivation-induced selection
creates a cultigen population whose production earliness is a trait that is also typical of
D, ahyssinica. This common trait can be added to the previously mentioned morpholo-
gical resemblances between the two types of yam, thus further supporting the hypothesis
of an evolutionary phenomenon that places £, praehensilis and D, abyssinica in the same
genetic group. As early as 1898, Baker wrote that “thase two yams are related and
perhaps not fundamentally different.” More recently, Hamon (1987, Terauchi er al.
(19920, Ramser eral, (1997 and Chair er o, (2005) did not separate D, prachensiiis from
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L. abyssinica. Lastly, the study of Scarcelli (2002) highlighted cases of close penetic
proximity between these two wild yams in both northern and southern Benin,

Protocultivation is a system that can ensure a food supply in the rainy season when
foraging is more difficult, or even more haphazard when there is a scarcity of early Dp2
vams in the wild flora, On three occasions, Hamon (1987) identified a ZNIIOLY e
common o two Cocoassie yams found in protocultivation conditions in forested regions
of Céte d'Ivoire, thus highlighting that genotypes derived from the wild population had
been propagated vegetatively. Dounias (2001 pointed out that vepetative propagalion
begins when paracultivation is implemented. Coursey (1976) clgimed that protocultiva-
tion is part of the process leading to yam demestication. This is debatable, however, with
respect (o humid regions. The studies of Hamon (19879, Mignouna er al. (1998) and
Searcelli (2002) showed that the genetics of Cocoassie, Gban and Kaape bolonda cvs
used in protocultivation in Céte d'Tvoire, Benin and Guinea, respectively, were not very
close to . romndata—they appeared to be (Dp2-type) D, praehensilis yams with
morphelogical traits that can only be partially modified by human manipulation. Hence
they seem to be cultivated D. praehensilis yams rather than D. rotundata yams. They
would be equivalent to D. praehensilis yams used in vegeculiure systems of forest areas
of Central Africa (Hladik et al., 1984}, The results of Assogha (19931 indicated that they
are surviving vestiges of a very ancient form of West African agriculture, probably prac-
ticed when the forest ecosystem predominated in areas now transformed into savannah,

Coursey (1976) was probably correct in pointing out that the African Enantiophyllum
species might have been domesticated along the entire length of the forest/savannah
interface that crosses Wesl Africa from east to west, In this ecotone, wild yams are siill
often cropped (Hamon, 1987). Protocultivation —perhaps a less rudimentary form of
agriculture—would have started with forest yams, as suggested by the relictual nature of
various hexa- or octoploid cvs in the savannghs of West Africa, which are probably
related to the L. burkilliona yams growing in degrading forests. Domesticated cvs have
also been created from D. praehensilis. As already noted, both processes are still imple-
mented in African forest regions.

However, it is in savannah sreas where D. romundata yams predominated in agricul-
ture. Under environmental conditions unfavorable for ensuring food security, domestica-
tion diversified the plant material according to two complementary objectives, ie.
extending the production period and the storage life of the crop. The wild ¥am species
initially used as the source of plant material was likely [ lecardii (still domesticated in
Cameroon) and D. praghensiiis, which can still be found in the remaining vestiges of
mesophyll forest or its savannah ecotypes.

It is not known exzctly where D. rorendata yams were first domesticated for cropping
in savannah agricultiere conditions. From Cote d'Ivaire to eastern Migeria, behavioral
patterns associated with these yams are similar in all the ethnic groups involved. The
cultivation of D, sotundata yams is a strictly male prerogative. They are traditionally
eaten in the form of futu. It is the only crop associated with ritual practices, which are
relatively similar everywhere (Coursey, 1976). It is thus difficult to determine the
primary locus of domestication, although Coursey (1976) pinpointed it in a prefores)
zone exlending across Nigeria and Benin.

The area of D, rotundata domestication seems to have spread centrifugally to the savan-
nah zone. Different arguments suggesting that domestication is a recent phenomenon in
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Chte d lvoire and Guinea have already been mentioned, The entire western boundary of
the African continent, including Guinea, is now atfected by this phenomenon,

The situation differs in eastern Afica. The D, rofundata plant material used in Wesl
Africa is found only in part of the Cameroonian savannah (Hamaon, 1987; Dumont ef al.,
19247, with perhaps some minor spillover in neighboring Chad, This is probably due o
the long troubled period that Cameroon has gone through in the past. From the end of the
| & century, inhabitants living north of the Ademacua region took refuge in the highlands
(Scignobos, 1998, Very little arable land was available there, so D, retundarta yams
could not be grown and were lost (apart from a few exceptions). One such exceplion was
cv Kokou of the Bamileke living in the Foumbet region. This yam has been recorded
under twelve other vernacular names in western and northern Cameroon (Dumont ef al.,
194945, Tt was grown in earth-filled faults in the rock and probably owes its survival o its
high ritual value. Itis cultivated in pits and produces the large tbers that are essential for
social relations, although some of these tubers are now sold commercially.

Tt was only at the beginning of the 20" century that the Cameroonian people who had
fled o the mountains gradually returned to the plains o continue their domestication of
wild Enantiophvllum vams. However, current commercial production of I rofundata
yams owes little to these activities. The original cv Bakokae, which is cerlainly very old
but of debatable origin, was initially cropped. Now an increasing number of Nigerian cvs
are being introduced and, in some parts of the Dourou region, they account for 30% of
the total yam cultivation area (Seignobaos, 1997), This use of forcign plant material indi-
cates that domestication, which was resumed al a very low level, is currently not very
efficient, The tong period of social tension in the history of Cameroon has apparently
nullified carlier domestication achievements, thus stalling its castward spread. This idea
wis first put forward by Hamon in 1987,

Reciprocal gene flow between wild
and cultivated yams

It is suspected that reciprocal gene flows have oceurred betwesn sexually fertile
0. rotundata yams and their wild relatives, based on the following arguments. As
discussed later, domestication invalves collecting tubers from sexually functional wild
plants and subsequently cropping them. The genotypes are not modified se there is no
barrier to sexual reproduction, Beninese farmers often notice certain morphological traits
af their local I, retundata yams in [ abyssinica biodiversity (Baco, 2000; Okry, 2000).
Seventeen of the 32 clones of Beninese £ abyssinica yams in the course of domestica-
tion studied by Scarcelli (2002) appeared to be genetically very closs 1o D rotundata.

The traditional organization of Bariba agriculiure promotes reciprocal gene flow
between wild yams and their domesticated forms. Cultural prohibitions have long
prevented the growing of yams in a concentrated area (@ yam plot should not be within
sight of any other surrounding plots). Even today, over 50% of Bariba farmers surveyed
still preferred to isolate their yam plots (Baco, 2000). This clearly facilitates genetic
mizing between wild yams (12, abyssinica and D, prashensilisy and sexually functional
early D. rotundata cvs. The latter are few in number and represent less than 50% of the
total cultivated plant material. A survey of domestication practices in northern Benin by
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Drumont and Vernier {1997a) recorded only seven of them (38.9% of the overall number},
some with a very limited gecgraphical distribution. However, each cv is extensively
copied by vegetative prepagation. Between 60 and 200 copies per hectare of yam crops
can be found {Dumont, 19973 and the process is repeated anmually in the area cultivated
by each village. In many locations, sexually functional cultivated genotypes predominate
m terms of the overall supply of gametes or zygotes, as compared 1o the wild yam popu

lation, which is readily genetically modifiable due to their chronically low numbers. The
reasons for these low numbers will be discussed later,

This reproductive advantage enhances the genetic proximity between cultivated
and wild yams and sugzests that £ lecardii and D, praefensilis could have been initial
partners in a coevolution process, L. abyssinica and D rofundara yams might be late
products of this coevolution system. In savannah areas, [ abyssinica is nowadays
domesticated to obtain D, rofundate cvs.

The long interruption in the coevolution process in northemn Cameroon probably
explains the current Jack of achisvement in yam domestication, which has only recently
been resumed in this region. This highlights that other environmental changes such as
pxcessive clearance of savannah woodland, and the detrimental effect of trade on culti-
vated yam diversity, might endanger the traditional domestication process. The latler is
atill the most productive source of genetic innovation with respect (o 0. rotundata yams

This coevolution process a priori concerns only double-harvest D, rotundara yams
that are still sexually functional. However, it probably also has an impact on late cvs, as
they appear to originale at a later stage than phenomena that give rise o early yams.
There is very little diversity among late B3 rotundate yams from Cite d'lvoire, where
domestication is a relatively recent practice, which also explaing the success of D, alar
yams there. More generally, nowhere in Africa has agriculiure relied solely on late yams,
at least until recently. Tn contrast, early D. rotundara cvs are often used in traditional agri-
culture, either alone or in combination with their late-maturing equivalents,

As previously noted, scientific research has not been able o separate I, praehensilis,
D, lecardii, D, abvssinica and D, rotundata. It can therefore be supposed that all four
yams belong to the same gene pool, which means that interbreeding should be possible.
Indezd, on the basis of specific morphological criteria in addition to floral sterility
{partially demonstrated), late O, romundata yams might be interspecific hybrids. This
interpretation, as already noted above, is discussed in detail later,

Effects of periodic fallows

In traditional agriculture, which until recently has been the standard strategy,
¥ rofundata yams are grown as a break crop after ¢learance of wooded savannah—
usually the result of fallow regrowth. Traditionally, for the Bariba people of northern
Eenin, the end of the fallow period used to coincide with a new generation of farmers,
i.e. with each cycle lasting between 20 and 30 years. The fallow period is now often
shorter, however, because of increased population growth and sometimes the fact that
commercial crop plots are concentrated along the roadways. The following information
therefore applies to a situation that virtwally no longer exists but which was probably
crucial in the domestication of I} rofundaga yams currently being grown.,
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As already discussed, sexual propagation of £ prachensilis and D, abyssinica vams
is highly favored by disturbances within their natural ecosystem. Agriculture is certainty
the most important distarbance factor, In its dynamic phase, the reforestation of fallow
land creates an environment in which yams can prolifically multiply from natural
seedlings. The protection provided against sunlight and soil crusting due to rainfall facil-
itates the germination of windbome seeds from the wild and crop fields, A large supply
of natural staking is available for the new seedlings if the woody regrowth remains dense,
Moreover, the shade provided by this cover prevents the growth of herbaceons annual
vegetation, thus reducing damage from annual fires. Under these conditions,
D, abyssinica and B, prachensilis yam populations can reach several thousand plants per
hectare {Dumont, 1938),

For two main reasons, wild yam populations decline after this intense multiplication
period. Firstly, emporary waterlogging has a negative impact, which increases as the yams
grow Oider since the tubers kave a greater probability of encountering water rising from the
water table as they grow in length, Secondly, scrub vegelation (hat can serve as natoral
stakes for yam plants becomes musch scarcer as the reforestation process comes to an end.

The wild yam population Talls to a very low level under this double pressure. Less
than five 0. abyvssinica plants per heetare of long-term fallows were sometimes observed
by Dumont (19282) in northern Benin, while Hladik ef al. (1984) recorded a maximum of
0 1) prachensilis plants per hectare in the forest area of the Central African Republic.
This low yam population level has two consequences. Panmixia is no longer always
possible within the fallows. In addition, crosses frequently occur between successive
generations as the progeniss can survive only in refuges, such as fossil termite mounds
and recky areas already colonized by the parents. On the other hand, because of their lack
of numbers, the remaining wild yams have a high probahility of acquiring genes from
sexually active Ih rotundara yams. As just discussed, the latter are abundantly repre-
sented in current agriculture but their genetic base is relatively narrow.

In short, periodic fallows have two successive effects, Initially, genetic variability is
recstablished and probably reorganized, as the probabilities of recombination and segre-
galion have increased considerably. This enhances the genetic and phenotype diversity of
wild yams while occasionally changing their homeostatic equilibrium. Sceondly, the
allelic diversity of the wild yam population is reduced due to consanguinity induced by
the declipe in wild yam numbers and by gene flows from O rotundata yams,

Each fallow pericd thus upsets the genetic equilibrium of wild yam populaticns,
and then a new one is established on the basis of the environmental changes that occur.
These repeated adaptations constitute what we have called the coevolution process.
This would explain why the best domestication results have been obtained in regions that
have been subjected 1o high long-term anthropogenic pressure. There are two reasons
why this pressure is the real driving force behind the coevolution process. Firstly, more
farmers are involved in domestication, thus increasing the efficacy of selection among
wild D, prachensilis and D, abyssinica yams. Secondly, many farmers cultivate
large areas of D, rommdata yams, therefore generating high gene flows to the wild
parents —this gradually increases the average value of these parents in terms of sujtabil-
ity for domestication.
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Variations in genome expression

The phenotype is the result of the interaction between the genotype and the environ-
ment, A change in the later can lead to profound medificalions in the phenotype.
A genomme can thus have various phenotypes. Epigeneticism is the underlying phenome-
non here since, as far as we presently know, new taits obtained in this way by £, rotun-
et yams are transmissible only by vegetative propagation,

Trensferring wild yams to a cropping environment subjects them to a drastic change
of ecosystem and specific cultivation technigues. According to Chikwendu and Okezie
{1989, these artificial pressures are responsible for major morphological transformations
in [). preehensilis yams—the vegetative organs become much smaller, the tuber shape
less irregular and, most importantly, the fiber coment of the tuber decreaszes and its starch
content increases. ‘

Sporadic or short-term morphological variations were previously reported in
D, romndara yams. Trilobed leaves have only been noted once (northern Benin) in
14 years in cv Boni Oure (Dumaont, personal observation). In the same ¢v, stem fascia-
tion is more frequent but always limited 1o the germination period. These events high-
light that ontogenetic disturbances can be manifested in different ways.

Ambivalent ontogengtic functioning is regularly induced by double harvesting. This
has one kev effect. Between the first and second harvest, the same plant, i.e. the same
genome, expresses the morphological tber traits differently within a single crop ssason,

Sustained deregulation of this process, rather than interspecific hybridization, might
be an alternative explanation for the appearance of kokoro-type I rotundate yams, As
already noted, their natural juberization resembles that occurring during the second
harvest in early-maturing cvs. This behavier —which previously had 1o be induced
throngh a particular cultivation technigue —has become spontanecus, The genome would
thus have switched from its primary phenotype expression and adopted another one,

If kokoro yams are the result of the process described above, overcropping of the land
might induce their genesis. Indesd, kokoro ¢vs are more numerous among ethnic groups
that put heavy pressure on the land (Kabye in Togo, Yom and MNago in Benin, Yoruba in
Migeria). These are the only yams that give a satisfactory yield on degraded soils, which
might account for the large number of kokoro cvs cultivated by the cthnic groups
concerned, but it fails to explain the rich diversity of the local yam plant material,

MNevertheless, the shift from double-harvest to kokoro-type D rotundara yams would
be a gradual process with an intermediate stage, i.e. mixed cvs. In addition, the process
would depend on long-term human pressure. Kokoro cvs thus seem to be an incidental
praoduct of a very old form of yam cultivation. The primary center of domestication of
D, rotundata yams would therefore be a geographical area thal includes areas in which
kokoro yams arc abundant, i.e. Western Nigeria, Benin and Togo. This brings us back to
the idea put forward by Coursey (1976), but shightly refocnsed,

Mutation

Several anthors (Migge, 1952; Avensu and Coursey, 1973; Hamon, 1987; Dansi et al.,
1999 consider that somatic mutation has been involved in yam domestication and diver-
sification. This hypothesis has nol yer been verified experimentally. In principle,
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morphological or other transformations determined by somatic mulation are not, in the
fiest gencration, aligned with 2 cormesponding genotype modification and are therefore
not transferable through a coevolution process, Coevolution thus only has a marginal role
in the process leading to double-harvest yams, but this necds to be qualified, As there is
no clear separation between germen and soma in plants (Hallé, 19993, any mutation in
the latter can be passed on to the former. The fact remains that somatic mutalions are
erratic, although perhaps not rare on & large popualation scale. Many, however, remain silent
while others can have an adverse or, on the contrary, beneficial effect in agricalture,

On the other hand, allelic mutation and chromosome mutation directly initiate
sexpally inherited phenctype variations. A mutant may gradually take over within its
environment if it has a higher adaptive value than the rest of the yam population. Yam
domestication fosters this elitist dynamic process. African farmers gather, select and
(vegetalively) propagate mutants that will introdice improvements or even innovations in
their plant resources. Since they are hereditary, matations promoted in this way can be
integrated in the coevolutionary system thal is assumed to link sexually functional
D rotundata yams 1o their wild parents, Mutation thus appears (o be a potentially power-
ful tool for diversification, or even evolution, provided that it is not lethal or deleterions.
However, according to Valdeyron (1961, mutation hag a limited role in the genetic trans-
formation of cultivated plant material: “Mutation seems to be far less imporiant than
migration. The latter, and zygotic migraticn in particular, is the domestication pressure par
excellence that scems to have conditioned the transformation of the plant material used in
agriculture today, as human exchanges have prebably played an essential role in the spread
of caltivated plants.”" Concerning D). rorundata yams of West Alnica, ag already noted,
zygotic migration has been facilitated by the retreat of the mesophyll forest. All of these
ideas relating to genetic mutaticns clearly only apply at the micro-evolulionary level.

Ploidization

Damestication does not gppear to take advantage of any ploidization phenomena and
{here is nothing to suggest the presence of such phenomena during hybridization between
cvs or with the wild parents, In addition, there is a clear absence of correlation between
agronomic advantage and ploidizalion with respect 1o yams of African origin belonging
to the Enantiophyllum section, Yam production in Africa now mainly involves I retun-
data yams, all of which are tetraploid like their wild ancestors. However, cultivated octo-
ploid or hexaploid yams (0, cayenensis and satellite forms) play a very marginal role in
West African agricullure and have not been affected by technical changes in vam produoc-
tion as a result of cmerging socioeconomic constraints. Mention could also be made of
the edible wild species [ miruriflora Engl., which has never been domesticated
although, according to Migge (1954 and 1958), its ploidy level (2n = 120) is one of the
highest among the Dioscoreaceae. Lastly, concerning Enantiophylium yams of Asian
origin, it can be noted that I alate production in Céte d'Ivoire is largely based on the
Florido and Bete-Bete cvs, both of which are tetraploid (Gamiette ez al,, 1999), while the
hexaploid cvs introduced for research purposes (De Agua and Feno) have proved to be
either unacceptable for culinary use or low yielding {Dumont, 1994),

Domestication leading
to Dioscorea rotundata

Definitions and general aspects

Dromestication is a set of practices that are applied to edible (or potentially edible)
wild plants to facilitate and sustain their food use. In more technical terms, it involves the
adaptation of wild plant material to the environmental conditions of agriculture. This is
achieved by changing the genetie equilibrium of the initial populations and enhancing
their traits through genetic innovations (Kupzow, 1980).

The starting material for the domestication of D). rotundaia yvams 15 a population of
wild morphotypes that have well-developed vegetative organs, sexual viger, and a small
and relatively bitter taber that is difficult to harvest because it is often long and some-
times branched, Domestication attenvates or eradicates these characteristics, which
[armers view unfavorably.

The aerial architecture of the plant is substantially modified during the domestica-
tion process. Slem internodes become much shorter, with a concomitant eguivalent
reduction in the stem length. Ramification ocours on the lower part of the stem. There
are not many primary branches {as in the wild) but each develops a large number of
secondary branches that are quickly covered with thick foliage. These varicus transfor-
mations condense the mass of the aerial vegetative organs, thus reducing or eliminating
the need Tor staking.

The tuber is also enhanced. It becomes shorter and thicker, with fewer epidermal
roots, and the flesh takes on a uniform light color. While controlling these phenotype
modifications, the farmer also sefects according to the physiological traits, i.e. produc-
tion period, storage life, seed potential (in the different forms), and sometimes the
ability to produce a large number of tubers. More general criteria relating o the plant’s
biological plasticity and yield potential are also taken imto account for selection.
However, domestication is mainly geared towards improving cooking quality, Various
criteria linked with this trait were discussed earlier. The procedures used by African
farmers to obtain a satisfactory domestication result will be examinad later,
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All edilble wild yams in Africa appear to have long been subject o domestication
pressures, with extremely varied results, D, semperflorens has withstood all attemys at
domestication and IV schimperigna (a taxononically close species) has not reacted much
belter. Other species have respondead more positively and become important in local agri-
culture, Two 5. mangenptiong cvs (Samancou and lagana) are known to exist, one in
Cote «'Ivoire (Hamon, 1987) and the other in Cameroon (Dumont e af., 1994, The
4. bulbifera species has been domesticated in both West and Central Africa but is almost
exclusively grown in western Burkina Faso and primarily in the Bamileke region of
Cameroon. In the latter region, the B dumerorum species has been subject to high
domestication pressure, resulting in several vellow-fleshed cvs of excellent cocking qual-
ity (Lyonga, 1976; Tréche, 1989). The domestication of D, burkilliana was likely even
more prodductive, Two distinet results would be possible, as already indicated. Cine would
be obtained by hybridizing £ berkilfiana with a wild species whoss identity is still just
speculated (Hamon, 1987; Terauchi er al., 1992; Mignouna e al., 1998) while the other
would be & polyploid series (like 5. alara) developed by [, burkilliona (Dansi et al.,
2001). However, yams with the greatest vegetalive diversity and widest use in African
agriculture and trade are the result of domestication of species that are presently identi-
lied as D, abyssinica and D, prachensilis.

Rationales and limits of domestication

significance and importance of domestication for farmers

Very few surveys have involved interviews with African farmers 1o determine their
reasons for domesticating wild yams. However, the explanations that have been recorded
often mention episodic threats to the productivity of & roremdata yams from oecalt
pawers, so it is periodically necessary to replace cultivated yams by others collected in
the wild, The resulis of three recent surveys in Benin {Bacao, 2000; Okry, 2000; Vernier
et al., 2003) more clearly identified the motivations underlying domesticarion. These can
be condensed into three basic ideas, which are presented below in random order.

Wild yam domestication technigues are bequeathed by the ancestors and should be
put into practice and transmitted to the younger generations, Baco (2000 reported that
over half of the farmers domesticating vams in northern Benin who wers interviewed in
his survey were undar 40 vears of age, so the know-how had clearly been passed on,

The regular planting of wild yams amongst cultivated cvs introduces ‘new Blood",
thus making the latter more agronomically productive overall and improving their
caoking quality,

The domestication of wild vams enables farmers to develop a pool of plant material
that can be used to start, develop or diversify their yam production, Note thal for a long
time African farmers organized food security on the basis of a seli-sufficiency strategy,
In such conditions, it was mainly only possible to obtain seed tbers threugh traditional
procedures governing plant resources. These constraints also apply lo migrant farmer
populations that are currently settling in the yvam belt, buy they are now becoming easier
to overcome through different forms of exchange.
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It should also be stressed thar the collective memaory of savannsh peoples aften
includes periods of severe famine during which it was necessary to eat the seed tubers,
Following these periods, wild yams were used to kicksiart yam cultivation,

In the light of these ideas, present-day farmers clearly still domesticate Yams just as
their ancestors did for centuries. As vet there appears to be no discontinuity between the
present and the past, so this is a vast potential field of ethnobotanical investigation. Note
that rural societies in Africa today have a negalive perception of domestication, which is
considered as a demeaning activity, and farmers practicing domestication are regarded as
being unable to produce sufficient yams to feed their familics. Only notoriously wealthy
farmers can acknowledge that they domesticate yams without being socially denigrated
(Baco, 2000).

Another factor that currently makes domestication less interesting is the fact that
plant material can now be easily obtained from sometimes faraway yam-producing
regions. Many D). retundara yams currenily grown in Benin were recently introduced
from Nigeria and Ghana following human migrations. Yams have thus alse been intro-
duced in various African regions from other cropping areas. Plant material from eastern
Migeria is now widely used in the English-speaking part of Cameroon, while cvs specific
to northern Nigeria are currently cultivated in Chad and the Central Adrican Republic
[(Pleiffer, 1987).

Provided that its dissemination s properly arganized, the biodiversity of D, romndata
yams should be able to at least temporarly solve many of the oceasional problems now
arising with yam production in Africa and elsewhere (Dumont and Vernier, 1997h)
Farmers are still convinced that it is essential to regulfarly renew the plant material.
D. romndata yams have a temperally limited existence—inhabitants of most African
villages talk about yam cvs that have disappeared. This finite existence of . remndata
yams is & natural phenomenon and sometimes taken into account in traditional practices,
Ameng the Dourou of northern Cameroon, for mstance, declining cvs are replanted in the
village to finish their existence there (Dumont er al., 1994),

The reasons for the natural disappearance of yam evs are not known, Farmers explain
this phenomenon on the basis of a decling in yield ot an inability to adapt o climatic
changes. One could suspect an accumulation of deleterious mutations or pathogens
{notably viruses) in the plant. Another possible reason is an inability to adapt to environ-
mental changes, This inability mighs be the result of repeated vegetalive propagation over
a very long period of time, as cvs that have lost their sexus reproduction capacity, and are
therefure disconnected from domestication, cannot adjust their homeostatic equilibrivm.

[tis likewise virtually impossible 1o determine haw lomg a particular vam cv will last,
There are only two historical benchmarks, i.e. the introduciion of ¢v Kponan in cropping
systems in Cote d'Ivoire and the transfer of numerous African yams to the West Indies
and South America. Both evenis took place over 200 years ago, whereas the yams
concemed come from germ lines originating even further back in time,

Successive studies undertaken in Benin and Nigeria (Dumont and Vernier, 2000;
Vernier er af., 2003) revealed that 40 to 90% of farmers interviewed know how to oblain
0. rotundnia yams from wild vams (now identified as D, abyssinica and I3 prashensitiy),
However, this knowledge currently appears to be put into practice on 3-20% of the farms
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surveyed, In two studies conducted in Benin, Baco (20007 and Okry (20000 reported that
14 and 16.7%, respectively, of vam growers were domesticating yams,

Cur view of what domestication represents in terms of agriculturally useful resulis is
based solely on data collected in Benin, In a national survey, Vernier and Dansi (2000}
identified 36 0 sodundara evs that farmers said had been domesticated in the recent past,
but 22 of these were found among the Yom and Nago peoples, who put heavy pressure
on the land. The cultivated plant material has to be replaced when agricultural conditions
become difficult. There are two ways of overcoming the problem other than by intro-
ducing new yams, One is to select cvs via domestication that are adapted to the ENViron
mental changes that have occurred. The other is to promete cvs that are proven to be
hardy, but which have not been extensively used in production conditions (e.g. Alassora
yams of the Kabye region of Togo, which are related to kokoro yams), The resulting revi-
talization of the plant material is often wrongly interpreted as being due 1o domestication.
Allegedly recent cvs can actually be very old. This situation is very likely with plant
materials that have a low sexual reprodoction capacity.

Dumont and Vernier (199731 extrapolated that, at the time of their survey, 1,600
domestication altempts were under way in the Bariba region of northern Benin {in a
10,000 km? areal. Activity on this scale should have produced a large number of innova-
tions each year, but this was not the case. Lecal agriculture is based on the use of about
40 cvs that umil recently seemed to be relatively stable. According to collective memory,
much of this plant material comes from earlier local domestications, It is also known that
nine cvs are of foreign origin, but in several cases they could have been adopted by the
Bariba peoples a very long time ago. Two examples of this are the (single-harvest)
Gambari Gninou and Yon Bouanri evs, both linked to precolonial history. One appears
to have been brought by the caravan trade that passed through northern Benin until the
19* century, linking the Hausa region of Nigeria with the Ashanti kingdom of CGhana
(Lombard, 1965). Legend has it that the other was offered as a gift at an aristocratic
marriage celebrated over eight human generations ago.

The low number of cultivated cvs, the genstic age of the plant material used and the
way that the introduction of new yams is viewed as a happy event all suggest that domes-
tication generates few new cvs. However, as noted later, this is often not what the
farmers are alming at. Domestication creates a large amount of genetic diversity,
which usually remains within existing evs and is thus often inconspicuous. It relates to
characteristics such as adaptation to the environment, productivity or cooking quality
{especially the suitability for futu-making).

Framework of domeastication

it is difficult to determine the respective contributions of D, praehensilis and
. abyssinica to the domestication process leading to D. rofundata yams. Dansi ef al.
{1999) reparted that, based on morphological criteria, eight of the 23 I retundata groups
identified in Benin were linked to D, prashensilis and nine to D, abyssinica while the
remainder combined the morphological traits of both species. Using RFLP analysis,
Searcelli et al. {2005} revealed genetic links between nearly 50% of the ¢lones that are
being domesticated in Benin and the 2. sorcndata cvs already grown there, D, ebyssinica
plays a major role in the other cases, It would be risky 1o apply these ratios to the
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whole of West Africa. Several hypotheses were previously pot ferward which suggest
that virtwally all domestications start from D, prachensiliz, particaladdy in Cite d'lvoire.

Collected information indicates that domestication rarely produces single-harvest

D, rerundate yams, They are included in a general domestication sirategy, but farmers do
not control their creation, they simply collect morphotypes that have been transformed
without their intervention, Two hvpotheses have been put forward 1o explain this natural
transformation:
~ Dansi ef al, {1999} suggested that single-harvest cvs are interspecific hybrids between
1 preaehensilis and D, abyssinica. Ts this siill valid, given that several arguments suggest
that both wild yams belong to a single species that has been morphologically fragmented
by climatic change and remodeled by anthropogenic pressure?
- Late-maturing ¢vs have traits that are independent of [ praehensiliz and
. abyssinica, This panticularly applies to the tuberization model of kokoro yams stricto
sensi, We previcusly tried to explain this divergence on the basis of a ‘neo-Lamarckian'
theory that assigns an important role to the environment in gene expression. It could be
assumed that this phenomenaon affected all £ rorundata yams, with the transformation of
double-harvest cvs into mixed yam cvs and then, depending on the prevailing agricultural
constraints, inte large-wher late-maturing yams or the kokoro morphotype. Here we
pooled various information from our study in support of this idea. Domestication only
provides double-harvest I3 rofundata yams. Late-maturing kokero yams have never been
found in the wild flora, There are few or no late-maturing {especially kokore) vams in
agricultural systems with a recent domestication history (Guinea, Cdte d'lvoire,
Cameroon). Floral sterility —which is apparently common in late-maturing yams— has
been noted in some mixed cvs (Krenglé in Céte d'lvoire, Beni Curé in northern Benin],
But has never been detected in carly-maturing yams.

A third hypothesis can be added to the two already mentioned. As there are interme-
diate forms between 1. prachensilis and D, abyssinica in savannah flora, it is likely that
these are the origin of non-kokoro late-maturing D, rotundarte yams, This category of
yams would be a priori fertile and include female components. All currenily known
femnale late-maturing yvam cvs are sterile.

1f the sterility of single-harvest . rotmdata yams is confirmed, this will indicate that
ane form of domestication harnesses genetic combinations that are incapable of perpe-
tuating themselves in the wild by sexual reproduction. Plant material created in this way
could thus only be maintained in agricultural conditions by vegetative propagation.
As noted earlizr, the 0. cayenensis vam is another African constrect of the same nature
and for which only male plants are known. There would thus be two homologous
phencmena, one occurring in savannah areas and the other in forests, and both are prob-
ably linked to the same evolutionary dynamics,

Domestication by farmers produces only double-harvest I3 rotundata cvs, This was
clearly established on the basis of the results of a first survey in Benin (Dumont and
Vernier, 1997a) and fully confirmed by later studies conducted in the same country
(Baco, 2000; Okry, 20000, Observations in eastern Nigeria (Vernier ef ol:, 2003) fad o
the same conclusion. The results of the initial survey also showed that domestication is
organized only around evs that are still sexually functional, which is still in line with the
supposed coevolution process,
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As already discussed, present-day domestication initiatives leading to double-harvest
yams ulilize only part of the available wild plant material, i.e. the Da? morpholype for
£ abyssinica and the Dp2 morphotype for D, prochensilis, with both more likely 1o have
the desired traits. This situation is probably largely determined by anthropogenic pres-
sures, with certain genotypes from the wild population being favored over others. This
selective process begins with paracultivation and becomes more effective with protocul-
tivation, whereby advaneageous Eenotypes are propagated vegetatively. Tt has been
underlined how this selective approach can easily modify the genetic equilibrivm of wild
yam populations and gradually give them cultigen features, thus genetically linking them
to cultivated yams.

Historically, the vam domestication front in West Africais a shifting zone that follows
the southward or westward reteeat of (he mesaphyll forest, Furthermore, there is an indi-
cation that the only species initially domesticated in areas now covered by savannah were
0. prachensilis andior its supposed [ lecardil ecotype, which is still domesticated in
Cameroon. D. praehensilis thus emerges as the pioneer of both . rorundata yams and
the apparently commensal wild 2. abyssinica vams of West Africa,

The assumed coevolution of cultivated yams and their wild parents can be in
different states of advancement since African yams have been domesticated for varying
lengths of time, Schematically, however, there appedr to be two quite distinet situations.

At the forest ecotone level, 2. praehensilis yams would be influenced by the centrifu-
gal effect of a more sophisticated (because older) domestication process practiced in the
neighboring savannah area. Such gene migration represents an evolutionary pressure that
can increase allelic homogeneity within a set of populations (Gowyo er al, 1997),
provided of course that there is a relatively high degree of zenetic eompatibility. These
ideas are very close to those of Valdeyron (1961) referred to in the chapter dealing with
the possible role of mutations in the transformation of plant material. For the present
purposes, the key point is that the sympatry of I prachensiliy and D. rofundata, as
facilitated by degradation of the mesophyll forest, would enhance the potential appear-
ance of new D, rotundaia cvs, Mignouna and Dansi {2002} thus reported the recent
creation of three double-harvest cvs in southern Benin, while Dumont and Vernier
(1997a) encountered only one case in the northern region, even though a high number of
domesticating farmers were interviewed.

Al least in its primary stage, the first domestication model discussed often results
in unsatisfactory products. The tubers may be branched or digitated, their overal] shape
is sometimes unstable, and the upper part of the tuber extremely fibrous and therefore
inedible. Cooking quality can also be a problem. This aspect could be improved, partic-
ularly in terms of suitability for futu-making, through gradual adjustment of the genelic
diversity by repeated domestications in savannah conditions Furthermore, it should be
noted that yams are gensrally not converted inta futy in forest regions of Africa,

In the oldest domestication area, i.e. the savannah, the cocvolution process would
have transformed Da2 D0 abyssinica vams into a highly cultigen population closely
linked to the £). retundara yams that are still sexually functional there. This process
would Tunetion differently, with a cumulative effect for each of the pariners concerned,
and resemble recurrent selection, Genetic combinations selected as phenotype traits in
the wild plant material would be reproduced in large quantities by vegetative propaga-
tian in agricultural conditions, and then be s=nt back to wild yams. Domestication would
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lake advantage these genetic combinations, which are then madified hy sexual reproduc-
tion in the wild, sometimes occasionally giving rise to improvements of agricultural
mterest, The D, rorundata population would play a decisive role in the coevelution
process when it becomes numerically dominant, Sexual reprodluction among  wild
D. abyssinica and D, praehensilis yams would then function within the genctic limits of
their comesponding cultivated forms, thus considerably reducing their range of natural
variabilily. In other words, 2. ronndaia cvs would be very genetically close to their wild
parents when domestication beging {as is the case with cv Lokpa in Céte d’[voire and cv
Gnidou in Benin), but then the sitvation would be reversed. Once this stage is reached, it
i5 unlikely that domestication will to lead to major innovations, but it does gencrale
smnall-scale phenotype modifications that are occasionally beneficial to recently domes-
licated cvs, and it sometimes even pives rise to varianis. According to Dumont and
Vernier (19%7a), these are the two directions followed by present-day domestication in
the savannah region of northern Benin ifigure 3),
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Figure 5. Hypotheses on the domestication process leading 1o 2. ronmdata vams,

The most commeon aim of such domestication is to obtain morphotypes resembling
already widely cultivated evs but which are reparded as unsatisfactory for various
reasons. As often mentioned by Beninese farmers (Baco, 2000), to have a reasonable
chance of success, there must be a wild form closely resembling each double-harvest
D. rowndate cv involved in the domestication process., This would enhance he
pessibility of homogamy between the cultivated plant material and the wild counterpart,

63



- O W W W W E EmEEmE EmEE E W -

Biodiversity and domesticartion af yams it West Africa

The duplicate product sought by the domesticator might therefore be derived from &
population of wild yams thut have been highly conditioned by the coevolution process.

We do not believe that such copies can originate from cvs regrowing spontaneously
in ald plots. This is a very unlikely scenario in traditional agriculture, as yams are always
cultivated in rotation with various crops over a period of several years. In addition, the
fallows that grow after the cropping cycle are unsuitable for yams as the initial regrowth,
i.e. mainly annual grasses, provides few natural stakes and is regularly subject to bush
fires. Conversely, as already indicated, the fallows provide a favorable environment for
natural seedlings of wild and cultivated yams once the forest regeneration stage is
reached. As Mignouna and Dansi (2002) stressed, it is highly likely that the Bayere yams
that they found growing spontaneously in fallows within a bimodal rainfall area were
remnants of past yam crops. Furthermore, these yams originated very likely from seed
carried by wind from [, rotundata yam crops rather than from tubers that had been left
in the ground at harvest and had subsequently survived the unfavorable conditions.

The domestication of double-harvest yams is not just a matter of refining already
cultivated plant material, it also occasionally generates new cvs. This is rare in northern
Benin, as already discussed, There appears Lo be less likelihood of obtaining innovations
in the geographical area where domestication has been going on the longest, perhaps
because of higher genetic proximity between the cultivated yams and their wild parents,
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Basal plate of a D, burkilfiana yam without tubertzation.
iPhata R, Dumem)

Fuby preparation in a village in Kwara Stide, Migerla,
Subbility for futu-making (pounded yam) is an
imporiant quality criterion for yam cultivars.

( Photo I Yerniern)

Cultivation techniques used fo transform
wild yams into double-harvest
Dioscorea rotundata yams

General

Tuber development in wild D. abyssinic and D, prachensilis yams his 1o seroualy
compete with the biomass investment required for the aerdal vegetative organs and sexuil
reproduction, Domestication techniques aim to reverse this sltuation while also Impraving the
overall shape of the tuber and, If necessary, reducing Ity lengthwise growth, The
aduptation of wild yams to ngriculture 18 thus dependent an modification of thelr physic-
logicn! functioning and corresponding morphological transformatjons.

Farmers® domestication work does not directly involye yam saeds, The latter we produced
via natural aliogamous pollination and give heterogeneous progenies, the grest majorty of
which we aligned with wild yam morphotypes. As mentioned earlier, Camary (2001) showsd
et the seeds of D, motundata yams differed genetically from the matermal genotype bul were
close 1o wild D, abyssiivica yams.

Fifty years of agronomic research on the genetic improvement of yams in Africa has high-
lighted the difficulties encountered when using the seeds of double-harvest D, ratundald yama
a6 the starting material for selection. The approach his only & small chance of success, ¥o
many progenies have 1o be closely examined and the result cannol be evaluated until the juve-
nile iraits have disappeared, Recombinations between progenies then require a long waiting
time, with theee to five successive cropping cycles necessry to obiain o sexually functional
plunt from seed.

African farmers from Guinea to Cameroon bypass problems associated with using true
soeds, Instead they use the lubers of old wild plants as the taw material for domestication,
These are phenotypically stable and can therefore be sorted on the basis af visual and
organoleptic criteria,
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Domestication is usually a two-stage process, The first stage invelves cropping yams
collected in the wild. The morphotvpes are then remodeled using specific cultivation
techniques. The transformations successively obtained are not sexually transmissible
but they are maintained by vegetative reproduction: a piece of tuber for cropping and a
fragment of stem or even peticle (Fautret, 1983) for miciopropagation,

Domestication process and effects

Demestication always beging with a choice from amengst the diversity of wild yams
found in the natural flora within the vicinity of the eullivated area, The choice is based
an several different criteria. Firstly, the plant must be old, It is hard to be precise, but all
wild yams used for domestication seem to be derived from seeds that germinated more
than 10 years earlicr. This is the length of time usually required for the plants to avertop
the shrub vegetation and for photosynthesis to be fully operational, thus enabling their
phenotype traits to be expressed. An exception was noted in the Malinke region af .Llpper
Guinea, in the village of Mounou, 90 km southeast of Kankan. Here domestication starls
from D, praehensilis ar D. abyssinica wbers that have grown from seeds | or 2 years
earlier, The tmbers are cultivated in calabashes for 2 1o 3 years, then transferred t;:n the
field if they have become short, bulky and evenly shaped (Dumont, 1993},

African farmers usually loak for new cvs, unusual features (Jarge number of tubers)
or morphological resemblances to the double-harvest D rotundara cvs that they have
already grown for a long time, This latter concern is most commen in areas where domes-
tication is a long-standing practice, [n all cases, the tuber flesh must have a low bitter-
ness and mucilage level, Wild yams are sometimes sorted on the basis of last two crite-
ria by tasting a piece of the tuber when it is dug up. Farmers also often collect the tubers
of yams recognized as 'having a sweet taste’ when eaten the previous year. D, rifuttdata
yams are thus, right from the start of domestication, subjected to selection with the aim
of modifying the morphotype and chemotype.

Simply cultivating wild yams is obviously the most basic domestication method.
Hawever, it still represents a drastic change of ecosystem, with major TEpercUssions on
the morpholegical and physiological traits of the plant material. Three combined factors
modify the vegetative organs, Firstly, cultivation begins with cutting up of the tuber
collected in the wild, Often only the head (proximal part) is kept, but this is not a general
rule. The aim is to start domestication with a small seed tuber, This represents an initial
pressure that restricts the development of the aerial organs as it reduces the reserves
available for growth and aceelerates leaf development, with corresponding transforma-
tion of the acrial architecture, Secondly, tuber germination is delayed by saveral weeks,
as the mound remains @ relatively dey environment at the onset of the rainy season. The
time available for growth of the vegetative organs is further reduced because of the yam's
photosensitiviey (Yandevenne and Castanié, 1988 Okezie ef af., 1993), with a concomi-
tant decline in vegetative growth, Lastly, agriculture enhances the effects of the latter two
factors by allowing the yams to receive the light they require without having to grow
longer stems, as land clearance eliminates competition from natural shrub vegetalion.
The wild yams are also in much better chemical and physical fertlity conditions as they
are planted in large mounds of soil with a very high organic matier content. Under such

6

Cultivarion technigoes need to rangform wild yamns into double-harvess Dioscorea rotundata yans

conditions, the metabolic activity of the yam plants increases while the requirements of
the vegetalive organs are reduced, “This imbalance promotes tuber development,

As already mentioned, majer morphological modifications were observed in

0. praehensilis yams subjected 1o environmental changes under experimental conditions
(Chikwendu and Okezie, 1989). Spontanecus yansformations of the same type are used by
the Deurow of northern Camercon to create double-harvest cvs frem local
0. abyssinica yams, linked earlier to 1. lecardii, The yams arc first grown in very fertile
conditicns, often within the village. Those reacting favorahly to the change of ecosystem
are propagated and then transferred to the fields, This is how ov Ngan is obtained
{Seignobos, 1997). 1t is a yam appreciated for its earliness, although the tber is narrow and
usually weighs less than 2 kg. In southwestern Ethiopia, cvs are obtained by simply
replanting wild yams of the Enantiophyllum section in family gardens (Hildebrand, 2003},

There may well be another offect underlying this architectural remedeling, When
studying the development kinetics of cight D, rotundate cvs from Cote d'Ivoire,
Zoundjihékpon (1993) noted that most of the flower buds emerged between |3 June and
15 July, ie. around the summer solstice in the northern hemisphere, The timing of this
biclogical event, clearly determined by photoperiodism, is the same for D, rotundata
yams it is as for their wild parents (Cumont, personal ohservation). In the cvs, however,
flower primordia are formed on the branches at nodes 3 to 10, whereas they appear much
further up the stem in wild plants, which need to overtop the shrub vegetation before
flowering (cf. general aspects in the chapter on wild D prachensilis and
D, abyssinica yams), African annual species of the Dioscorcacens family have a deter-
minate growth and their vegetative development ceases at sexual matrity, In £, rorun-
data vams, shifting the plant's sexual organs 10 a lower architectural level is equal to
stalling its development at a relatively juvenile stage. Li and Johnston (2000) provided a
similar example, Tn the wild Cucurbitaceae Cucurbita argyrosperma subsp. Sororia,
flowering occurs further down the stem after domestication. As discussed later, this
physiclogical medification is explained by a heterochronic phenemenon.

The morphalogical and biclogical reshaping generated by cultivating wild yams does
not affect the genome, as only vegstative repraduction is involved. The changes can
neveriheless be sufficient to produce [ rotundaia yams, but the grower musl accepi
small tubers or tubers of poor cooking quality. However, this approach does not seem w
be capable of producing the sophisticated double-harvest D, rotundata yams grown in the
“yam civilization’ belt. The latter require two cultivation techniques, either separately or
combined, that are designed 1o medify the wber length and shape. One involves placing
an obstacle, i.c. usually a piece of pottery or a flat stome, beneath the seed tuber (o hamper
lengthwise development of the new tubers. The other is used in the second half of the
vegetative cycle. The immature tubers are removed from the mother plant before they are
fully grown so as to induce the growih of new tubers of shorter length. This is the double-
harvesting agricultural principle.

Tt is unlikely that these techniques have any symbolic relevance. They are imple-
mented by a wide variety of ethnic groups, but they de not feature in any of the rituals
that have developed around the yam. They must therefare be necessary for the transfor-
mation of wild morphotypes into double-harvest D, rofundata yams,

Placing an obstacle in the mound and double-harvesting are both regarded as wiys of
gbtaining short bulky tubers from wild tubers that are long and thin. The two technigues
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differ in their scope of application. The use of an obstacle is associated, although not
exclusively (Allomasso, 20011, with domestication in savannah areas with a monomodal
rainfall regime where D). abyssinica yams grow. The technique 15 emploved from Guinea
te Camercon, usually only in the first year of domestication, although it is sometimes
repeated the following year or even in the following 2 years, but its role is not entirely
clear, For Bariba farmers of Benin, the purpose of the abstacls is 1o make the tuber break
its habit of growing in a lengthwise direction (Dumont and Vernier, 1997a; Baco, 2000,
Oy, 20009, This is not always successful as the tibers often grow round the obstacle
and then continue their normal growth. In some cases, hawever, lengthwise growth is
talted and there is a significant increase in tuber diameter. This result, like other domes-
lication-induced transformations, is maintained by vegetative propagation. Seignobos
(1992} considered that this vse of an obstacle in yam cultivation was aimed at facilitar-
ing harvesting, but a presentation published by the same author in 1997 also associated
it with domestication, In simpler terms, the obstacle might be a device used o identify
plants capable of modifying their natural trophiz behavior, In this case, it would serve as
a clonal selection operation to complement the preliminary sorting of wild yams. It
would be more necessary with D. abyssinica than with [, proehensilis yams since the
former, as previous!y mentioned, develop longer tubers,

Decuble-harvesting is practiced wherever 3, abyssinica and D, prochensilis yams are
transformed into 2. rommdata yams. The technique is not strictly linked 1o the initial domes-
tication phase. Firstly, double-harvesting may occasionally be unfeasivle because the nber
is not sufficiently developed at the customary first harvest time (late July-early September
in the latitude 8-10° N zone), In addition, it is possible 1o domesticate early-mamring 1.
rotundata yams without nsing double-harvesting, as shown by examples in the Malinke
region of Guinea (Dumaont, 19933 and norther Cameroon (Selgnobos, 19977, However, the
technique is always repeated annually once the yams are croppad, The agronomic role of
double-harvesting is generally just mentioned even though it has two major effects. Firstly,
the initially programmed biological process is imterrupted, so the plant then has o rely on an
emergency mechanism to ensure s survival, This stress right initiate and/or maintain
deregulalion in the phenatypic expression of some genes. Secondly, the new wber (second-
harvest tuber for seed use) starts developing a few weeks before the end of the rainy season
and is therefore a young argan, unlike a 1her resulting from an undisturbed vegetative cyele.
With sexual maturity reached at an early vegetative development stage, an additional pres-
sure would induce ‘rejuvenation’ of the plant, Moreover, there is an effect of repeated vege-
tative propagation {tubers are a type of vnderground stem), which according 1o Hartmann er
al, (1998) is also responsible for a progressive refum (o the juvenile state. There would thus
be three processes that stall somatic aging of the plant,

The domestication of double-harvest D romadaie yams usnally lakes between
3 and 5 years (Dument and Vernier, 1997s). By the end of this period, an as yet undeter-
mined percentage of the wild yams have acquired IY rotundata morphological traits.
The cvs obtained are in most cases morphalogically close to domestic cvs. As already
indicated, exceptions are rare and rend 1o occur only in areas of recent domestication,

The final demestication stage is a waiting period of a few vears, This allows the culti-
valion practices enough tlime to complete the morphologics] ransformation of the preduct
which, in parallel, is assessed in terms of different agronomic and culinary aspects, At the
end of this stage, if the domestication result is o recognizable copy, its tubers are mixed
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with those of the reference ov and it is referred 1o by the same name. Similar behavior
was observed by Hildebrand (2003) in southwestern Ethiopia: “Farmers [...] relate
certain wild-growing and Jomestic varieties to one another. If an adoptive transplant
proves ta resemble a4 domestic variety, they may give it the name of the domestic variety
a few years after transplantation,”

The above practice accounts for the polyclonal nature of cvs reported in several
studies (Hamon, 1987; Dansi e al., 2000b; Mignouna and Dansi, 2002). This genatic
diversity can be sorted, as carried out for ov Krengle of Cote d'Ivoire betwesn 1987
and 1990 (Tokpa and Dumont, 1993). Using 500 ‘head of line™ wbers collected in
markets, an equivalent number of clonal lines were created by vegetative propagation.
The selected sample consisted of 72 specimens with short tubers and no epidermal roots.
The sample probably still contained some genetic variability, as the yields of the differ-
ent lines ranged from 8.5 to |3 vha, Tt is not known whether this reflected a difference in
intrinsic productivity or & variability in resistance to yield-reducing factors.

Certain domesticated yams seem to be approximate copies of already existing cvs,
They oceasionally produce variant cvs, several examples of which wers encountered in
northen Benin {Dumont and Vernier, 1997a; Dansi et al,, 19997, In these cases, the name
of the cv is fellowed by an identifying suffix. For instance, ev Boni Oure is divided into
about 10 types, distinguished by differences in tuber shape: Boni Oure bagarou (“big
tukber”), Boni Cure ketekoba (“tuber curved like a cow hom®), Boni Oure woloukaba
(‘tuber like the root of the shea tree (Vitellaria paradora Gasrind'), ete. In other cases,
the variant cv is given a new name. Douroubayesirou and Kpakara evs are thus variants
of the now endangered Maraworoukorow and Danwari cvs. Bariha farmers have an
ambivalent attitude towards variant cvs, but there is still not enough information avail-
able to explain this, They also give completely new names to cvs representing real inno-
vations, e.g, Toko nou woura and Spatake, mean ‘if the stranger accepts you' and ‘the
yam that you do not sell', respectively (Bako, 20000, A similar attitude was noted among
Nago and Fon domesticating farmers in southern Benin (Mignouna and Dansi, 2002).

Some domesticated yams cannot be incorporated with already existing cvs or do not
give rise to variant or new cvs of obvious agronomic interest. They are kept on the farm
(often until the death of the farmer wha has created them) bul are not propagated, Such
yams appear to be failares, but this needs to be qualified. Some kokoro yams, which are
now extremely important for the sedentarization of African agriculture and a food product
that is extremely well adapted to the urban market, are derived from once neglected cvs,
Domesticated yams previously of no interest can therefore play a key role in de velopment
if their production is reoriented in response to a combination of soeciceconomic changes
and technical constraints, particularly more intensive use of available land,

Thoughts on domestication leading to double-harvest
Dioscorea rotundata yams

Domestication appears to have two main improvement effects at the cv level. Firstly,
greater clonal diversity, sometimes with readjustment of its homeostatic equilibrinm.

Secondly, & possible inheritance of beneficial traits, as clones obtained from domesti-
cated yams are retained only after selection through several cropping cycles,
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Porthig and Scott (1998) believed that the characteristics of the organs produced
during the different plant development phases were regulated by two independent
programs, one modulating morphogenctic and cellular differentiation and the other
controlling the duration of organ formation. A change in the functioning of either of these
programs would correspond (o a heterochronic mechanism generating morphological and
physiological diversity.

Heterochronic phenomena are bast known at the macro-evolutionary level. They have
been widely studied in the animal kingdom but have received far less attention in the
realm of plants. However, Li and Johnston (2000) published an excellent synthesis of
cument knowledge, presenting the various forms of heterochrony and their respective
contributions to the evolutionary precesses of plants. Their work provides no information
specifically relating to root and tuber plants, but two relevant ideas should be noted.
Firstly, that heterochrony can occur a1 the intraspecific level, generating variations in the
shape and size of different organs of the plant or modifying its physiclogical functioning,
Secondly. that the appearance of heterochronics can he triggered by external factors that
disturb the plant's nosmal functioning,

The above ideas apply very well to the domestication of . roftitidata yams, a large
part of which invelves exerting powerful and apparently continuous pressure on the wild
forms. The juvenile state of the plant would be ohtained and maintained by a particular
heterochronic mechanism, called ‘progenesis’ by Li and Johnston (20000 and ‘hypomaor-
phosis™ by Chaline {1999), According to the latter, the disturbance involved here wiotd
be of epigenetic origin. Concerning yams, the disturbance could be initiated by the
drastic biotope change caused by domestication. Unlike the natural soil environment,
which is protected from sunlight by the vegetation, the mound secumulates g large
amount of heat, creating an unusual or even traumatizing environment for the seed fuber.,
Acconding to Chaline (1999, “Heterochronies are aften associated with fluctuations in
climatic parameters via heat-sensitive genes, thus triggering the production of hormonzl
mediators™.

A oumber of cultivation practices appear 1o combine agronomic advantage and
domestication cffect. Cutting up large twbers or using second-harvest tubers as seed
tubers is a health protection measure, as tubers from plants weakencd by disease
{including viral infections) cannot be used for seed purposes and they are even excluded
from reproduction. Another example is the dual role played by the mound. Planting yams
in mounds protects them (sometimes inadequately) against hydromorphic phenomens
and greatly facilitates harvesting. Most importantly, harvesting can be postponed until the
middle of the dry season, with a correspotding reduction in the duration of open-air
storage and its associated losses. Al the same time, the mound is an essential domestica-
tion tool, enabling progressive improvement in the size and overall shape of the tuber
with gradual elimination of the epidermal roots.

The domestication products seem to be potentially unstable at varions levels, This can
be illustrated by three examples; occasional inversion of sexuality, oceasional sterility in
usually fertile cvs and the temporary appearance of sbnormal leaf or Slem traits. There are
probably also risks of morphological deviations, which would explain why the tip (distal
part) of the tuber is removed when seed tubers are prepared for planting. This practice is
frequently observed in traditional agriculture (in Benin and Céite d'Tvaire} but the under-
lying reasons are unclear in the minds of the farmers. It is thought to be precautionary
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measure agaimst the development of an atavistic tendency that would remodel cu]tivatn.d
yams according to the wild morphotypes. There has been a spectacular example of this
phenemenon conceming Cameroonian yams introduced into Céte d’Ivoire (Dumont et
al., 1994), The reversion of West African I rotundata yams to their wild forms is far less
conspicucus as the two fypes are morphologically (and probably genetically) much
closer. One such reversion involves cv Kouroutokokeragourouko {literally *old woman
who never ages') of the Bariba region of Benin, which has now virtually disappeared, If
remaval of the wber tip sctually controls the reversion mechanism, then the operation
could disable & memory established in this part of the argan. Zoundjikékpon (1993) had
already suspected the existence of a ‘somatic memery' implicitly located in the yam
tuber. This brings us back to the hypothesis of Hallé (19993, which suggests that some
traits of the plant might not be directly controlled by the genome.

Domestication (in the broad sense) could also be regarded as a process that hampers
yam ov degeneration. Passage through the germ ling is wsvally regarded as an effective
process for eliminating viruses accumulated by vegetatively propagated plants. Allano
and Clamens {2000) proposed that sexual reproduction might be a DNA repair mecha-
nism in species thal periodically use this form of reproduction: “With asexuoal reprodue-
tion, mutations accumulate in the population and these are almost always unfavorable
[...]. Sexual reproduction eliminates them by meiosis. [...]. Alternation between asexual
and sexual reproduction could therefore be considered as a kind of periedic fixing of the
genome,”

Arguments can be pul forward against the previous hypothesis that several no longer
sexpally active double-harvest D, rotundata yams can be successfully cultivared and at
times even have a dominant place in African agriculture (e.g. cv Morokorou of northern
Benin and ¢v Bakokae of Camercon mentioned carlier). The decline or loss of sexual
function would not jecpardize the existence of the cultivated yams and their sporadically
observed degeneration could be explained by other cavses (of, section Significance and
importance of domestication for farmers). These possible ncgative pressures scem to
have an extremely slow impact in traditional agriculture conditions,

The principal benefit of domestication could be summarized on the basis of twa
major effects. One would be the periodic contribution of clonal innovations in sexually
functional [, ratundata yams, resulting in genetic enrichment of already existing cvs,
gencsis of variant cvs and, more rarely, creation of genuinely new cvs, The other would
ke the maintenance of all plant material under cultivation. Considered from this stand-
point, traditional cultivation practices would be a necessary continuation of techniques
implemenied in the primary domestication phase,

In return, domestication would link the plant material to a particular biotic environ-
ment and it can be assumed that degradation of this environment would endanger the
beneficial transformations obtained. D, dumetoran and D, bulbifera yams thus reacquire
their toxic characteristics when no longer cultivated {Dumont, personal observations in
Cameroon and Guinea). According to Beninese farmers, D, rotundata yams revert o
Iheir wild forms when reestablished in the savannah or forest environment (Dumont and
Vernier, 1997a; Allomasso, 2001). The above ideas highlight the need for research into
the potential impact of major changes in traditional cultivation techniques on the
morphological stability of domesticated yams,

T3



Riodiversity and domesrication af vars in West Africa

their clenal diversity would also be a major scientific advance, with obvieus practical
applications. In short, the investization methods need to be enhanced in order to boost
the productivity of yam genetics mvestigations.

We suspect that the D. abyssinica yams of West Africa and, on a far wider
geographical scale, the Dp2 form of D. prachensilis, are cultigen populations
(probably in many cases genetically compatible) that contain genetic combinations
which have sometimes developed over centuries of human manipulation and are
responsible for their evolution. These botanical groupings should be viewed as an
African or even a world heritage, Their disappearance would be a major technical,
cultural and scientilic loss, as they represent one of the rare processes of plant domes-
tication still observable today. It is therefore crucial 1o determine Ways (o protect
them, An esszential prerequisite in this regard is the implementation of conservation
measures capable of maintaining long-term fallows, the genetic diversity of
£, retundara yams and ancestral agricnllural technigues. Similarly, the many sacred,
anil often endangered, forests still found in West Africa also need o be preserved.
These are sanctuaries of biodiversity within which the relicts of earlier populations of
wild or even cultivated yams can continue to survive.

There are regional variants of the domestication technique, one specific 1o the area
of . rotundate yam civilization and two (in Guinea and Camercon) on the fringes of
this area, Each of the latter two cases is based on a single observation and requires
cenfirmation, In addition, the domestication technigues need to be listed in preater
detail, as some practices have probably been overlooked in our study. Tt would also be
useful to experimentally test the currently known techniques in order 1o assess the
Protential and advantages of including them in a modern genetic improvement process,

The genetic improvement of I, rammndata yams by sexual reproduction is a diffi-
cult challenge to meet. If these yams are as described in the previous chapters, there
are few opportunities for traditional selection via intercultivar recombinations,
Flowers of single-harvest cvs are probably sterile. As far as double-harvest ¥ams are
voncernéd, the agronomically productive cvs cannot be genetically manipulated since
they are no longer sexually functional. In addition, each of the few rezularly
Moriferous evs would correspond 1o 2 selection process that is still under way within
the framewerk of traditional domestication, and they would actually be imperfect
preducts, These would consist of clones of different genetic ages and probably
varying agronemic and cooking quality, In the light of all these difficulties, it is
understandable that African farmers prefer (o rely on wild yams. This means that
the coevolution process mentioned several times earlier must function effectively,
This hypothetical phenomenon would be central to the domestication issue, and its
relevance will likely soon be confirmed if research is continued en this subject.

A dimension of genetics bevond Mendelian theory probably has to be taken into
account o understand the different factors invalved in domesticating . rotundala
vams. The capacity to respond to domestication techniques would still depend on the
genome. However, traits induced by domestication and subsequently selected would
be controlled by the soma, which is restared to and maintained in a juvenile state. This
double hypothesis has still not been taken into account when designing programs for
the genetic improvement of African yams. In the light of all the abave consideratians,
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we propose a number of lines of research that could be investigated with the aim of
developing a technique to improve D, rofundata yams,

In general terms, it appears that any operation aimed at genetically transforming
13, rotundare yams should be preceded by clonal sorting of their parents, If this is not
done, there is a risk of using ohsolete or inappropriate genotypes.

Selection via sexual reproduction is an interesting technique despite the fow
results obtained to date, However, two conditions are needed to make it more produc-
tive, Firstly, a wider range of parents is essential. This requires either the recovery of
sexuality by no longer sexvally functional cvs or the use of sexually functional cvs
identified through a survey of the area in which D, rotundata yams are grown,
Secondly, selection via sexual reproduction should be combined with traditional
domestication technigues, especially double-harvesting and the use of an obstacle in
mound cultivation, both of which have proved (heir worth in the selective sorting and
transformation of wild yam material.

The large-scale introduction of sexually functional foreign cvs into local agricul-
ture should modify the genetic equilibrium of D. abyssinica-D. praekensilis yams in
the surrounding environment and in return enable clonal innavations to be obtained
by traditional domestication, The method is easy to implement but its resolts ane
unpredictable and take a long time to achieve.

If the agriculturally useful traits are controlled by the soma, they can hopefully be
wansferred horizontally by stem grafting, if generalizable, combined with the use of
bacterial or possibly viral inoculants. This would provide an alternative to protoplasm
fusion, which has been used experimentally over the last few years to obtain somatic
hybridization. In principle, both techniques weuld allow intraspecific combinations
that are mot presently possible becanse many cvs are either no longer floriferous or
sterile. Interspecific combinations between [ rotundata, IV alata, D. cavenensiy and
other cultivated or wild species should also be possible.

Finally, our study of domestication incidentally includes considerable information
on various aspects of D, rotundata yams that come under different research domains:

Yams are clearly a major asset for African agriculture. They are proving to be plant
material of remarkable genetic richness and tremendous hiological plasticity. As little
is known about this botanical capital, it would be essential to conduct an exhaustive
survey of the diversity of West African D. rotundata yams, At the same time, the
know-how of local farmers relating to the use of these genetic resources should be
document further, particularly the technical innovations developed 1o adapt them o
modified cropping systems and commercial constraints. Many traditional skills in
these areas would probably be useful in agronomic research and rural development.

The medicinal properties of African yams have been mentioned several times in
this book. In-depth scientific research into this relatively unesplored subject is being
carried out in Latin America and to an even greater extent in Asia, particularly in
China and Tapan, and there have already been practical spinoffs. Africa undoubted]y
possesses similar resources and a better understanding of African yams would foster
their development.

Like D cayenensis yams, D, rotundata yams are deeply rooted in the cultural
universe of rural African people. Information on this sociological environment needs
to be rapidly collected, as very ancieni traditional knowledge is threatensd with disap-
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pearance if its present erosion continues, In particular, cultivated yams are excellent
markers of human migration, so their history should be a nseful source of information

for ethnobotanists and more generally for specialists in human sciences with an interest
in sub-Sahelian Africa
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Glossary of technical terms

Muost of the definitions are translated from the DXgtionnaire de Générigue, ed. 1-C.
Sournia (19%1).

Allelic mutation (formerly genetic mutationk: Mutation affecting a single or a limited
number of bases at a given locus, Creates a mutant allele.

Biodiversity: Contraction of ‘biological diversity’ proposed by the National Research
Council (NRC) after its first forum on the subject in Washington in 1986, Biodiversity is
the averall diversity of all living organisms, considered on three levels: ecosvstems, the
species within ecosystems and genes present in cach species.

Biotope: Minimum area in which a species encounters the enviranmental conditions that
it requires. By extension, all physical and chemical factors characterizing an coosystem.

Chematype: Cultivar distinguished by a chemical trait. The polyphenol concentration is
Ihe main chemotypical criterion separating [, rofundata yams.

Chromosome mutation: Mutation affecting either the structure of one or more chromao-
somes or the number of chromosomes or both,

Climax: Plant community in equilibriom with the general climate. A succession of
communities leading to the establishment of the climax can be & progressive, e.g. fallow
regrowth, or regressive, eg. evolution of forest o savannah, series {as defined by
Schnell, 1971).

Clone: Set of genetically identical individuals derived from a sexed embryo by asexual
reproduction.,

Codon: Triplet of nucleotides coding for a single amino acid.

Cultigen: Term used as a noun or adjective in scientific literature, We have heen unable
to discover its origin, It was used by Burkill in 1939 and Migge in 1952, It was then
adopted by different authors of publications on yams. In the broad sense, it is applied to
wild yams that are phenetypically madified as a result of cultivation. We extend the idea
of cultigen to populations of wild yams whose natural equilibrium is broken by human
intervention, either by giving preference to useful genotypes or by developing an
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agricultural systern that promotes gene flows capable of ‘reformatting the genetic diver-
sity of the populations concerned.

Cultivar: Contraction of cultivated varigty. Entity formed from various genotypes of the
same species resulting from mass selection within the framewaork of traditional agricul-
ture, This definilion implies that cultivars are polyclonal, as is virtvally always the case
with D, rormgira,

Dioecism: Condition of a plant species whose individuals are unisexial

Dried chip: Yams are processed into chips (or “cossettes™) to prolong their storage life,
Whaole tubers or tuber pieces are peeled, if necessary sliced, parboiled in water (for
30 min &t around 70°C} and sun-dried. About 25 10 35 kg of chips wilh a 12% moisture
content sre oblained per 100 kg of fresh tbers. The varieties most commaonly used for
this purpose are single-harvest kokore-type D rotundara yams. Once dried, the chips are
very hard and have a long storage life (1 year or more) provided that they are protected
from weevils, They must be milled into flour before preparing the dough (amala) or
COUSCOUS {Wassa-wassa),

Ecosystem: Diynamic complex consisting of communities of plants, animals and micro-
arganisms and their physical and chemical envircmment that interact to form g
functionsl entity,

Ecotone: Transitional area between two different ecnivstems, as is the case with the
forest/savannsh interface.

Ecotype: Set of individuals of the same species that occupy the same biotope and whose
adaptation is the result of selection by this particular environment,

Epigenetic: Refers to changes in the transcriptional staros of genes, These are heritable
through cell division but do not invalve changes in the DNA sequence. Such traits are
usually reversible, depending on the cell Wype, and are the result of what are called epi-
genetic modificalions. One of the best-known of these modifications i5 DINA methylation
{addition of a methy] group), often reflected in the inhibition of gene expression (i e, gene
silencing),

Gene: Nucleotide sequence forming a unit of genetic information and determining the
expression of a trait either directly, though a structural gene, or indirectly, though a
regulator gene, This definition needs to be qualified. Several genes can contribule to the
expression of a trait, and the same gene can contibule ta the expression of several traits,
More generally, the definition of a gene is still a subject of controversy,

Genetic variability: Estimate of the genetic diversity within a population or a sam ple using
guantitative genctics metheds involving estimation of Mmeans, variances, covariance, etc,
Genome: Complete set of genes present in a virus, organelle or single cell Organism or
in the cells of a multicellular organism which program and control its structure, [une-
tioning and development,

Genolype: Set of genes of an individual, whether expressed or not, revesled by genetic
or matecular analysis,

Geophyte: Plant with underground perennating organs (rhizomes, bulbs, tubers),

a0

Clossary of technical terms

Haplatype: Genetic profile of chloroplast DNA. Tndividuals with a common haplotype
belong to the same species,

Heterochrony; Change in the timing and rate of development, modifying the progeny
of an ancestral species, Such changes are the result of genetic processes controlling
development.

Heterodimer: Moleculs resulting from the combination of twor different molecules,
Homeostatic equilibrium: Genetic standardization of a population. Under constant
environmental conditions, all genes are stabilized at equilibrium frequencies reflecting
their respective contributions to the overall adaptive value. The homeostatic equilibrium
of populations of wild yams giving rise to 1. renundara ¥ams can be broken either by a
sustained climatic change or by anthropogenic disturbances such as a reduction in the
pepulation or a modification of gene flows induced by agriculture, as & result of a
particular constraint (low fertility, commercial requirements) that reduces the diversity
of the cultivated plant material.

Homadimer: Molecule resulting from the combination of two similar molecules,

Homogamy: Mode of sexval reproduction in which the individuals in a population do
not mate randomly, but rather according to phenotype resemblances.

Hypomorphosis: Advancement of sexual maturity, arresting the growih of an individual
and interrupting its development at a relatively juvenile stage,

Microevolution: Set of gradoal changes accurring over lime within a species and
resulting in better adaptation of the individual to its environment,

Monoecism: Condition of a plant specics whose individuals are bisexunal and have
unizsexual flowers,

Morphotype or Morphovar; Variety distinguished by a specific metphological charac-
teristic,

Mutation: Natwrally occurring or induced modification of the genomne, or of a cell or
organism, Usually hereditary,

Panmixia: Mode of sexual reproduction in which each individual in a population has an
equal probability of mating with any individoal of the opposite sex belonging to the same
population,

Paradigm: Major theoretical shifi resulting from an in-depth change of vision by a
researcher or a community of rescarchers who view the facis in a fundamentally
different way from their predecessors (definition of Coppens and Picg, 2001).
Parthenocarpy: Process during which a fruit develops that is either seedless ar COnlaing
sceds with no embryos.

Pauciflorous: A plant with few flowers as a result of inflorescence atrophy or a decline
in budding, both of which occur in 2. retundata YATTS,

Perennial basal plate: Liznified mass surmounting the taber of . cavenensis vams and
of most wild species of the Enantiophyllum section with pluriannual or perennial vege-
tative organs. It containg the nodsl complex, the site of germination. In D, prachensitis,
£ abyssinica and [, rorndata yams, the basal plate is reduced 1o a pre-tuber (sometimes
called a corm) or is absent, in which case the nodal complex is lecated in the tuber head.
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Phenotype: Set of ohservable traits of an individual or group resulting from the expres-
sion of the genotype in a given environment.

Premature tuber formation: Form of morphogenesis affecting yam tubers when stored
in the dark at high ambient hamidity, There is a proliferation of parenchymal tissue adja-
cenl to one of the dormant buds remote from the apical buds. A davghter tuber develops
from the mother tuber, thus short-circuiting the vegetative phase. The phenomenon is
repetitive and has long been used by Bariba farmers of Benin tor long-term storage of
ev Boni Oure (2 vears or longer, they claim), obviously with very substantial weight loss.

Progenesis; See hypomorphosis,

Regulator gene: Gene whose product is a regulator protein controlling the expression of
structural genes,

Sacred forest: Area of natural vegetation maintained for ritual practices. often dating
back to the arcient past.

Species: Sel of individuals whose reciprocal fertilization produces fertile seeds giving
rise to progeny that resemble the parents and are capable of imerbreeding without losing
their morphological stability, This definition is hardly applicable to I8 retundara, Tis
marphological stability is not maintained by sexual reproduction. In addition, single-har-
vest D rorundota vams are probably sterile and numercus 0. rorndata cvs have more
or less lost their sexval reproduction capacity,

Structural gene: Gene whose product is RNA,IRNA, tRNA, a structural protein or an
ENZYMe.

Tropophyte: A plant adapted to alternating climatic conditions of rainfzll and drought,
as is generally the case with savannah vegetation,

Variant: Individual with different traits from those of most of the population to which it
belongs. With £, rorundata yams, the variant sometimes has a sufficient advantage to
supplant the original I retundate population.

Variety: In taxonomy, a subdivision of the species. It is considered to differ from the type
species in only a small number of clearly defined exclusive traits. With I, rofundaia, the
variety {l1ke the cultivar) is not a natural sexually reproducing population. It is vsually a
mixture of clones corresponding to the same phenotype and reproduced by vegetative
propagation.

Vegeculture: Cropping system based on root and tuber plants reproduced by vegelative
propagation, with little tilling. Such systems are usually associated with perennial produce
in complex staged arrangements, The archetype is the Melanssian or Creole garden.
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