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Summary

It has long been admitted that male and female cultivars of Dioscorea cayenensis-rotundata complex do not flower
at the same period and consequently natural outcrossing rarely occurs. Flowering in thirteen (7 males and 6 fem ales)
iraditional cultivars were studied. Four main results were obtained: i) the first bud emergence occurred 25 days
earlier in males: ii) the male and female first flower opening overlapped for 10 days (85 to 95 days after sprouting):
iii) for both sexes, highest frequency of flower opening occurred at mid-day; and iv) the female cultivar 1500 could
flower Tor 8 consecutive days, with a peak between day 4 and day 8. These results are discussed in relation 1o
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Introduction

Morphological and isozymic characterization of west
Adrican yams (Dioscorea cayenensis-rotundata com-
plex) has shown that in Cote d'lvoire this complex
includes about twenty varietal groups (Hamon &
Towrd. 1990). Cultivated for their tubers and only veg-
etatively propagated, they often have a redueed Mwer-
ing. Flowers are reduced in size and rapidly stop grow-
ing o e shed when handled. As o consequence. the

aidy s rorwad i breeding seems w be open polling
roombaeaa pledts This approach grves ine expected
DGR e shravites tiar buoeoing propramimes can by

plannc { Loundjibekpon e al., 1994), But to optimize
this approach, the Rowering behaviour of parental cul-
tivars must be known.

Yam species are dioecious (Miége, 1952), although
a bew monoecious plants are observed in coltivated
vima Fioral Biology including floral structure, flower-
et and Aower opening, has already been inves-
tigwicd in L) cavenensis-rotundaia. Akoroda (1983)
reporied giobal behaviour of females and males but for
unidentified local cultivars or uncontrolled seedlings.

Thus, identification of possible behavioural differences
among specific iraditional cutlivars was not possible.

In this paper, we report flowering patterns of seven
male and six female well-identificd traditional culti-
vars of D, cavenensis-romndata complex as well as
information on within-day flowering kinetics. Results
are discussed in relation to yam breeding.

Materials and methods

Thirteen traditional cultivars from Cote d'Ivoire (8),
Bénin (3 ), and Cameroon (2) were chosen from the yam
collection of the Faculté des Sciences et Technigues,
Abidjan, Céte d’Tvoire, They included seven males
and six females. Except for cultivars Yaobadou (8x)
and Baniakpa (6x), all were tetraploids (Table 1).

All experiments were conducted at the university
station of Abobo-Adjamé (south Cote d'Ivoire). Tuber
setts were planted in April on knolls in rows 1.5 meters
apart, with a between-plant distance in each row of 1
meter. One stake was used per plant. For each cultivar,
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Table §, Sex, ploidy level and geographic origin af 12 v
cultivirs belonging o £, cayemensis-rotndaty

Cultivar Scx Ploidy level  Geographic oripin
Yanhadou malc Hx Cote d'Ivoire
Banuukpa male 6 Benin

Friou male 4y Bénin

Ginan male 4x Care d'Tvaire
Kroukroupa  male 4x Cie d’Ivoire
Soperé male 4x Cote d'hvoire
Lréstou male 4x Cote d Tvoire
(B fomale  dx 7 Camcroon
20 female  4x Camcroon
Forenplé fernale  4x Cite d'Ivoine
Lakpa female  4x Cive d'lveire
Soperd femule  dx Ciite d'lvoire
Dahnme female  dx Biénin

all three types of setts namely top, middle and tail were
used in these experiments.

The sprouting date was considered as the initial
date of reference (D0). Observations concerned the
First Bud Emergence (FBE) date, First Flower Upen-
ing (FFO) date and pattern of flowering within « duy.
Emergence dates were observed for all flowered plunts,
whercas pattern of lowering was observed for six nle
and vne female cultivars, This was achieved by count-
ing the number of opened flowers on two secondary
branches randomly chosen from two plants per culti-
var. Data were recorded every hour from 8 am. 6
p.m. Modes, first and third quartil values were cho-
sen to compare flowering behaviour of the different
cultivars,

Resulls
Maie wnd ferale fowering patterns

FAE and FFO were recorded for seven male and six
famale cultivars, Copresponding medes. first and third
guertl velues a1 sevorted in Tabie 2.

In male cultivass, three clusters of mode valu i
FBFE could be defined: cluster 1 comprised one pivoo-
cious cultivar (cvs Zrézrou) characterized by an |'BE
of DO+30, cluster 2 included five cultivars (cvs Bani-
akpa, Frow, Kroukroupa, Gnan and Yaocbadou) with
an FBE around DO+49/60 and clusier 3 was detined
by cv Sopéré and an FBE of DO+77. In most cul-
tivars. three-quarters of plants had an FBE between

DO+38 and DO+66. Only cv Zrézrou was really earher
(DO+23/41) and cv Sopéré later (DO+71/89). Estima-
ed on the basis of mode values, FFO mostly occurred at
FBE+28/35, except for Frou (+46 days). These results
showed that male Aowering was a continuous process
which started at DO+59 and continued up to DO+120
with a maximum around DO+90, On a given plant,
when male anthesis started, all flowers opened in 15 to
20 days,

In female cultivars, FBE ranged from DO+31
(cv Sopéré) to DO+54 (cv 1800). Taking into
account modes, FBE took place at DO+60/G0, except
for v 1800 (DO+83). Considering mode values.
FFO occurred at FBE+16/35 which corresponds o
DO+80/118. Although FFO was essentially obtained
at DO+80/97, no disruption in female flowering was
ohserved between DO+72 and DO+125. On a given
plant, when female anthesis started, all flowers opened
in 3 to 5 days.

These results showed that in most cases, FBE starl-
ed earlier in male than in female cultivars (DO+38/66
vs 46/77). The lag disappeared when their main
FEOQ period was considered (DO+76/100 for males vs
D0+72/105 for females). Interestingly, completion of
flower opening took 2 to 3 weeks in a given male plant
and 3 to 5 days in a female plant. Thus, flowering start-
ed earlier in males than in females, but the flowering
period is shorter in females. However, the male and
female flowering overlapped for about seven weeks at
DO+72.

Male and female flowering kinetics

Yam flowers are spikes borne on leaf axils. They open
acropetally. There are 2 female spikes per node with
a flower density per centimeter of 1-2. There are 2-¥
males spikes per node with a flower density of 3-8,

The number of opened flowers, for six male cul-
tivars, was recorded from 8 a.m. to 6 p.m. (Figurc
1). This greatly differed between cultivars and reachec
160 to 180 for ovs Baniakpa, Cocoassié and Yaobadou,
while thev were only 70 to 90 for cvs Krenglé, Zrézrov
ard Grian. Fxeept for ov Krenglé. flowers did not oper
befars & g.m. The number of opened flowers at 6 p.m.
was very low (from 0 to 9.6%) for four cultivars but
reached 21.2% and 41% for cvs Gnan and Krenglé
respectively. It seems that lower the total number o.
flowers that open longer the period of flowering during
the day. Despite these varietal differences, flowering
patterns were quite similar for all cultivars and exhib
ited maximum opening at mid-day.



Tuble 2. Male and female flowering patlerns based om days needed for first buds emergence (FBE) and for
first fower opening (FFOY eounted from sprouting date. FRE,, and FFOp, indicate mode values
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Cultivars Mumber of days from sprouting (10) 1 fiest buds cmergence {FBE = a}) Total
and 10 first flowers opening (FFO = b} numhber
Earlier  First quartil  Mode Third Later FF-FBEy,  of
plants  plants value quartil  plants ohserved
plunts plants
il a-h a-b a-h a=h
bdales
Zrézron [REE 2359 305 4162 25115 ] 28
Froou 23-81  3R-BS 4505 608 B5-123 an 13
Baniikpa 3506 47-80 5691 5100 A5-113 35 23
Kroukroups  37-69  44-Th 5788 e 73105 3l 22
Yanhadou b Ad-TH R84 =413 A3-45 28 0
Ginan 1358 4074 Hl-EH -7 85-116 28 111
Sopére 5242 TI=110 T-105 1200 43-125 28 49
Females
Dahkome 24-62 =72 =Rl TT=100 Gi-117 16 12
Sopéré 3142 44 {4 G750 1d4-119 24 42
Krengle 40 5481 G555 75108 100127 30 i
Lokpi 48800  62-50 6545 Ti-09 #5-110 30 a6
Cx M-al 3050 07 7105 110-131 3] a0
18041 Sd—rh =101 A3-118  92-125 113-131 35 16
y oo . B " P S
200 - o Hranghh 7 1 E | < 1
. ML | |
$ 1o0f— g ol O M I
= e | | e e
8 4an B 18 | - __7?:7:_"'f;-— ,.I
o | f
3 §' i
E 80 ? 12 bl = !.. = i
B ] :
E A E B 1 - i - : 1
= - Ifl i |
u| o ' - L | i
o 8 o 10 11 12 13 14 16 18 417 18
Time of day Time of day
ek Sunibor o} new P’mn?d flowers per hour i onc day. Figure 2. Mumber of new opened flowvers in one day for three female
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bordhree femate cultivars, the plots of daily opened
Aowwets versus time ol day were similar (Figure 1)
Flowers epened in the morning from 10 am. to 1 p.m
and remained open at & p.m. With cv 1800, the total
number of opened flowers per hour hetween 8 a.m
and Ao, was revorded on ten consecutive days (D1
o 100, Figare 30 On DL po Hower opened. Fifteen
fowers vpened on D2 and D3, On D4, this number

cultivars, considering twio sccondary branchings per plant
; ¥ g5 per p

slightly increased and opening was continuous from
4 a.m. 1o f p.m. A total of 32 flowers opened during
the first four days. This roughly doubled during D5
with continuous opening from 9 am. to 3 p.m, Max-
imum opening was observed between 9 am. and 12
noon on D6, During D7, flower opening decreased but
oceurred mainly between 10 a.m, and 1 p.m. During
D89, flower opening was very limited and flowers
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Figuee 3, Mumber of new fovacers opened per hour counted on twao
secondary branchings during ten consceulive days for the female
culfivar cv 1800,

mainly opened before 8 a.m. On D10, no more flowers
opened. Over a period of 8 days, cv 1800 had produced
155 fliwers with a peak between D4 and D8, The num-
bers of opened flowers sometimes differed between one
evening (6 p.m.) and the following morning (5 a.m. ).

Owverall, these results showed that pollination could
occur for about one week after the first flower opening.
Best conditions considering only flower opening were
obtained between 9 am. and 12 noon especially at
mid-flowering.

Discussion

The ~iiceess of yam cultivar intercrossing is contingent
an 1 least three conditions: i) simultaneous fower-
ing period of males and females, i) stigma receptivily
of frnales and pollen viability of males; iii) genctic
compatibility between cultivars,

I has long been admitted that males and females
pften do not flower at the same period and, consequent-
Iy, nural outcrossing rarely occurs. Our study of the
Aow i ing behaviour of seven male and six female cul-
tivars shows that buds appear about 3 weeks carlier in
malcs {DO+23/89) than in females (DO+46/92). Touré
& Aloussou (1982) found a similar difference between
male snd female cultivars (DO+50/87 for males versus
D+ 70796 for females). Akoroda (1983) also reported
that lemale flowering began 1 to 3 weeks after male
Acwering, Our data clearly indicated that a lag in bud
emerpence is not necessarily followed by alag in flower
apening. An overlap between male and female culti-

vars exists even if all crosses will not have the same
probability of success.

Mot only synchronism in male and female flowering
period is necessary. [tis also required that flowers open
at the same time during the day. Cur results showed that
male flowers started opening during the morning and
peaked at midday as also observed by Akoroda (1983).
In females, Aower opening peaked on the fourth day
between 9 am. and 12 a.m. and they remained open.
Thus, there is an overlap of considerable fiower open-
ing between male and female cultivars.

Previous hybridisation programs have failed. Sev-
eral interpretations were put forward. Akoroda (1983)
invoked the inefficiency of insect pollinators and sub-
optimal environmental conditions for flowering and
fruit development. Doku (1973, 1982) attributed low
fruiting in D. rofundata to pistil sterility. Ayensu &
Coursey (1972) suggested poor pollen release or, poor-
ly germinative pollen.

In Cote d'lvoire, abundant yam seeds are oflen
observed on wild plants and sometimes also on culli-
vated plants. In cultivated yams, the seed set is lower
in the Guinean forest area (near Abidjan) than in the
Sudanese savanna (north mid-part) in Cite d'lvoire,
Fargette (1985) showed in southern Cote d'Ivoire
that the maximum activity and mobility of pollina-
tors occurred between 10 a.m. and 1 pm. Hamon &
Koechlin (1991) in the same area, have shown that
outcrossing due to insects was higher from 10 a.m. to
12 noon in okra. For yams, pollen availability is high-
er during the morning when natural pollinators (trips,
Larothrips dentipes) are present and active. Conditions
are thus effective for pollination.

The success of cross-pollination not only requires
the presence of pollen on stigmas but also the absence
of genetic incompatibility and sterility. The unclassi-
cal status of I cavenensis-rofundarg generates great
confusion. This so-called species is in fact a com-
plex which is related to several wild species (Hamon
& Touré, 1991; Terauchi et al., 1992). Furthermore,
Zoundjihekpon et al. (1990) and Hamon et al. (1992)
show that three ploidy levels (4x, 6x and 8x) can be
identified within the complex. Thus, not all cross-
es within this complex can succeed. Zoundjihekpon
et al. (1994), used open pollination trials in isolated
hybridization plots involving cv Zrézrou as male and
ov Sopéré as female to obtain small controlled proge-
nics, checked by isozymic markers. These two coltivars
are tetraploid and related to the same wild species ([},
prachensilis). It we consider the size of their controlled
progenies, according to our results obtained on flower



opening, it is clear that conditions for hybridization
were nol optimal in these trials,

To conclude, the results presented here define the
Howerning pattern of the D, cavenensis-rotundata com-
plex, Combined with previous genetic characteriza-
tion of West African cultivated yams and phylogenetic
analyses, these results can be used to define a global
hwhridization strategy, Several crosses could be possi-
ble and should be tested if a real start is to be made in
yam breeding.
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