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Abstract 

Two wild yams of West Africa, Dioscorea abyssinica Hoch, and D. rnangenotiana Mibge were 
micropropagated from nodal cultures. Both species produced 4-5 nodes per each node cultured. The 
size of nodal cuttings was critical, segments shorter than 0.5 cm being less suitable for micropropaga- 
tion. The number of nodes produced was constant even after 5 cycles of subculture; however, D. 
abyssinica continuous subculture decreased propagation efficiency, resulting in a reduced number of 
reculturable nodes at each cycle. In D. mangenotiana, the decrease in multiplication efficiency affected 
both the number of total and reculturable nodes. Large-sized microtubers were induced on nodal 
segments maintained under 8-h daylength in both species. In D. abyssinica, however, microtubers were 
induced on media containing 20, 40, 60 and 80 g 1-~ sucrose, whereas in D. rnangenotiana only 40 and 
60 g l-t sucrose favoured tuberization. Cytological studies confirmed that the chromosome number of 
D. abyssinica was 2n = 40, although a high incidence of cytochimerism and cells with 2n--38 were 
observed in root meristems. In D. mangenotiana clones, the chromosome number was 2n = 40, as 
against 2n = 72 and 2n = 80 reported in literature. This species also displayed karyological stability. 

Abbreviations: B A -  benzyladenine, N A A -  naphthaleneacetic acid, P P F -  photosynthetic photon flux 

Introduction 

The genus Dioscorea includes over 600 species 
(Ayensu 1972), and is of considerable economic 
importance (Forsyth & Van Staden 1984). A 
number of Dioscorea wild species are the source 
of compounds used in the synthesis of sex hor- 
mones and corticosteroids (Coursey 1967), and 
cultivated species are the source of food in some 
tropical countries (Coursey 1976). In both the 
wild and cultivated species, multiplication ob- 
tained by conventional methods is quite slow. 
Hence, increasing efforts have been made since 
the mid-1970s to improve clonal propagation of 
the valuable genotypes by tissue culture, using 
nodal segments, containing one or more axillary 

buds. In this regard, most of the studies have 
been made with medicinal yams such as D. 
floribunda (Chaturvedi et al. 1982). D. deltoidea 
(Grewal et al. 1977) and D. composita (Am- 
mirato 1982), although a number of reports are 
also available on edible species (for a review see 
Ammirato 1985). More recently, an increasing 
attention has been paid to the clonal propagation 
via in vitro production of microtubers, e.g. in D. 
alata (Mantell & Hugo 1989) and D. rotundata 
(Ng 1988). 

So far, little importance has been given to 
micropropagation of the wild edible relatives, 
potentially useful in yam breeding programs. 
Therefore, a joint effort is going on between 
Canada and the University of Abidjan (Ivory 
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Coast) in order to characterize genetically some 
of the wild relatives, and to establish in vitro 
cultures. In this paper, we report results of 
studies on shoot multiplication, in vitro tuberiza- 
tion and cytology in D. abyssinica and D. man- 
genotiana. D. abyssinica is a native of Ethiopia, 
and widespread in the savanna regions of Africa, 
where it is used as a famine food. D. abyssinica 
is one of the putative parents of D. rotundata, 
the most important cultivated African yam 
(Coursey 1967). 

D. mangenotiana is among the most vigourous 
species of the genus Dioscorea with vines as long 
as 40 m, and produces tubers that can weigh up 
to 200 kg (Degras 1986). In addition, this species 
is reported to harbour nitrifying bacteria in the 
leaves on the lower part of the stem (Midge 
1958). 

Materials and methods 

All plant material was kindly provided by the 
Laboratory of Plant Genetics, University of 
Abidjan, Ivory Coast. Tubers of D. abyssinica 
and seeds of D. mangenotiana were grown in a 
glasshouse (23 + 3°C) at the Montreal Botanical 
Garden, until the vines were about 50 cm long. 
Single-node cuttings about 2.0 cm long after re- 
moval of the leaf and trimming of the petiole 
were surface disinfested with a rapid dip in 70% 
ethanol, and then with calcium hypochlorite un- 
filtered solution (7%) for 15mn, rinsed four 
times in sterile distilled water, and left for 10 mn 
in 1% filter-sterilized ascorbic acid solution. The 
nodal segments were cultured on a basal medium 
containing Murashige and Skoog (1962) mineral 
salts, thiamine HCI 0.1mg1-1, myo-inositol 
100 mg 1-1, nicotinic acid 0.5 mg 1-1, pyridoxine 
0.5 mg1-1, sucrose 30gl  -1, and agar (Difco 
Bacto) (8g1-1); pH was adjusted to 5.8. The 
medium was autoclaved at 121°C for 20 min. The 
cultures were incubated at 25 --+ 2°C under a 16-h 
photoperiod (fluorescent lights, Westinghouse 
cool-white, 80 ixmol m -2 s- l) .  Thereafter, only 
in vitro-produced plant material was used. 

Initially, single-node cuttings, up to 0.5cm 
(short) and longer than 0.5 cm (long) were 
compared for their suitability for micropropaga- 
tion. Later, only long segments were cultured in 

Kimble borosilicate glass tubes (25 x 150mm) 
covered with Bellco caps with 10 ml of the basal 
medium supplemented with NAA (0.5 ~M) and 
BA (4.4 or 8.9 IxM depending upon the species). 
The growth regulators were added to the 
medium before autoclaving. The effect of PPF, 
35 and 80 Ixmol m -2 s -1, on micropropagation 
efficiency was also tested. Observations and sub- 
cultures were made every 6 weeks. 

In order to assess the capacity of the cultures 
to form in vitro microtubers, the long nodal 
cuttings were cultured on basal medium supple- 
mented with four concentrations of sucrose (20, 
40, 60 or 80g1-1), and 2.71xM NAA. Cultures 
were incubated under 8-h or 16-h photoperiod 
(fluorescent lights, 80 txmol m -2 s- l ) ,  and com- 
pared with those maintained in dark. In D. 
abyssinica, where more abundant plant material 
was available, 4 replicates of 8 explants each 
were usually cultured for each photoperiod and 
sucrose concentration, while in D. mangenotiana 
only one set of 8 explants for each condition 
could be made. The number and weight of mi- 
crotubers were recorded after 35 weeks. 

Chromosome number of in vitro growing ma- 
terial was determined, in each species, from 
somatic cells at metaphase of the root meristems 
of 3-5 randomly selected plants 7-8 weeks old. 
To determine chromosomes, the root tips were 
treated with a saturated solution of 1-bromo- 
naphthalene for 90min, stained with Schiff's 
reagent, and squashed in 1% acetocarmine. 
For anaphase chromosomes, the 1-bromo- 
naphthalene treatment was omitted. Drawings 
were made with a Leitz Camera Lucida. 

Statistical analyses were done using subprog- 
rams ANOVA, ONEWAY and SCATTER- 
GRAM of the SPSS package (Nie et al. 1975). 

Results 

Shoot multiplication 

The culture media used in the present study gave 
a satisfactory rate of multiplication. The in vitro 
growth habit of the two species, however, dif- 
fered. After 6 weeks of culture, cuttings of D. 
abyssinica usually produced two or more shoots 
originating from the nodal region (Fig. 1), 



Fig. 1. Shoot development  f rom nodal culture in D. abys- 
sinica (L) and D. mangenotiana (R) after six weeks. 
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whereas in D. mangenotiana a single elongated 
shoot was generally observed (Fig. 1). In D. 
abyssinica, each shoot had 2 to 3 nodes, whereas 
in D. mangenotiana up to 12-14 nodes could be 
observed on the longest shoots (Fig. 1). In this 
species, the apical region of the shoot usually 
carried 2, 3 or more nodes separated by short 
internodes (Fig. 1). The presence of short inter- 
nodes was also observed in D. abyssinica, al- 
though they were not necessarily located at the 
apical region. In both species, short explants 
produced shoots with a significantly lower num- 
ber of nodes than long explants (Table 1). The 
difference was also qualitative, since only long 
cuttings were able to produce shoots with nodes 
suitable for further cultures. By contrast, the 
culture of short cuttings resulted in swelling of 
the explants, and subsequent production of 
shoots with reduced vigour and short internodes. 
Therefore, only long nodal pieces were used in 
the subsequent experiments. Under the environ- 
mental conditions described, both species 
showed a similar rate of multiplication, i.e. a 
mean of 4-5 nodes per cultured node, and star- 
ted to produce roots after about 5 weeks. 

D. abyssinica produced a greater number of 
nodes at a low PPF than under a high one. In 
addition, the number of nodes preceded by long 
internodes was also significantly higher at low 
PPF (Table 2). By contrast, PPF did not affect 
node production in D. mangenotiana. In both 
cases, low PPF favoured the development of 
plants with green leaves, whereas high PPF 
favoured the production of anthocyanin-rich 

Table 1. Effect of  initial size of  nodal cuttings on the efficiency of in vitro propagat ion of Dioscorea abyssinica and D. 
mangenotiana. 

Species Initial size i of  the cutting No. of cultured nodes Mean number  of  nodes obtained 

Total Long 

D. abyssinica 2 Short 25 1.85 0 
Long 60 3.65 l. 65 

* * *  * * *  

D. mangenotiana 3 Short 56 2.82 0.03 
Long 121 4.15 0.95 

According to Student ' s  test: ** Significant at p < 0.01 *** Significant at p < 0.001 

1 Short: up to 0.5 cm; long: more  than 0.5 cm. 
2 Cul tured on basal medium with N A A  0.5 IxM and B A  8.9 p,M. 
3 Cul tured on basal medium with N A A  0.5 txM and BA 4.4/~M. 
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Table 2. Effect of  photosynthet ic  photon flux (PPF) on the  production of nodes in D. abyssinica and D. mangenotiana cultured in 
vitro. 

Species PPF i~mol m -2 s -~ No. of cultured nodes  Mean  number  of  nodes  obtained 

Total  Long  

D. abyssinica 1 35 35 5.86 2.37 
80 36 4.47 0.97 

* *  * * *  

D. mangenotiana 2 35 33 2.94 0.48 
80 35 3.49 0.53 

n . s .  n . s .  

According to Student ' s  test: ** Significant at p < 0.01 *** Significant at p < 0,001 

t Cul tured on basal medium with N A A  0.5 ixM and B A  8.9 p,M, 
2 Cul tured on basal medium with N A A  0.5 i, tM and BA 4.4 IxM. 

n.s. not  significant 

leaves. In D. abyssinica, the total number of 
nodes obtained after each subculture remained 
constant even after 5 cycles; however, in D. 
mangenotiana a gradual decrease in propagation 
efficiency was observed (Table 3). In both 
species, however, the production of nodes suit- 
able for further culture decreased with time. 
Although glasshouse evaluations of in vitro- 
produced plant material were beyond the objec- 
tives of the present study, a sample for each 
species of 10 rooted plantlets, about 9 weeks old, 

was established in soil and cultured in the green- 
house. Observations made on these plants 2 
months later revealed a growth habit similar to 
that of the original clones. 

In vitro tuberization 

In D. abyssinica, production of microtubers and 
their weight was strongly affected by the photo- 
periodic regime. The largest tubers were ob- 
tained under 8-h daylength, with all the sucrose 

Table 3. Effect of  subculture on the  efficiency of in vitro propagat ion of Dioscorea abyssinica and D. mangenotiana. 

Species Subculture No. of  cultured Mean  number  
nodes of nodes  obtained 

Total  Long 

D. abyssinica I 1 52 4.42 2.98 
2 48 3.40 1.83 
3 30 4.06 1.37 
4 20 4.55 0.95 
5 16 4.38 1.00 

Person 's  correlation 0.04 .... -0 .44***  
coefficient 

D. mangenotiana 2 1 74 4.52 1.08 
2 29 3.86 1.40 
3 20 3.80 0.40 
4 15 3.07 0.87 
5 21 3.24 0.28 

Person 's  correlation -0 .20**  - 0 . 1 5 "  
coefficient 

* Significant at p < 0.05 ** Significant at p ~< 0.01 *** Significant at p ~ 0.001 
.... not  significant 
1 Cul tured on basal medium with N A A  0.5 I~M and BA 8.9 ~,M. 
2 Cul tured on basal med ium with N A A  0.5 I~M and B A 4.4 ~M. 



Table 4. Influence of sucrose concentration and photoperiodic regime on in vitro tuber production in D. abyssinica. 

Sucrose Photoperiodic regime 
(gl 2) 

Dark 8/16 I6/8 
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Tuber Tuber Tuber Tuber Tuber Tuber 
no. wt(g) no. wt(g) no. wt(g) 

20 432 0.082~ 32 0.46" 49 0.06 ~ 
40 50 0.15 ~ 33 0.71 b 61 0.092 
60 32 0.18 ~ 52 0.41 b 25 0.11 a 
80 37 0.13" 47 0 .30  b 17 0.07" 

Number of tubers produced. 
2 Mean weight of tuber (g). 
Means within a line followed by the same letter are not significantly different according to Duncan's multiple range test at the 5% 
level. 

concentrations tested (Table 4). In this species, 
the number  of microtubers produced was not 
influenced by either photoperiod or sucrose con- 
centration. However ,  at 16 h light and 80 g 1-1 
sucrose, the growth of the tuber-bearing plant- 
lets was negatively affected and their root system 
was very reduced. Callus formation was ob- 
served on the root system under all conditions 
tested. In D. mangenotiana, no tubers were ob- 
tained on media containing either 20 or 80 g l- 
sucrose, under all the light conditions tested. On 
media containing 4 0 g l  -~ sucrose, the average 
tuber weight was 0.02 (dark), 0.15 (16-h photo- 
period) and 0.42g (8-h photoperiod),  whereas 
with 60g1-1 sucrose it was 0.25 (dark), 0.39 
(16-h photoperiod)  and 0.77g (8-h photo- 
period).  

Cytological analysis 

Cytological analysis of the mother  clone of D. 
abyssinica, used in the present study, revealed 
that mixoploidy was present in the root tip cells 
with 2n = 38 and 40 chromosomes. Overall, 37 
(43%) metaphases with 40 chromosomes and 
and 29 (33%) with 38 chromosomes were ob- 
served, along with 13 (15%) metaphases with 80 
chromosomes and 7 (8%)  where 73-76 chromo- 
somes could be seen. Polyploid cells were pres- 
ent in roots both treated and untreated with 
1-bromonaphthalene.  In the latter material ana- 
phase analyses did not show any structural ab- 
normality, such as bridges or fragments, that 
would generally appear if one or more chromo- 
somes were dicentic, which would account for 

the observed aneuploid constitution of some 
cells. The chromosomes were small (0.3 up to 
1.6 Ixm) and both rod and dot-like chromosomes 
were present;  the largest pair of rod-type carried 
a satellite (Fig. 2). The chromosomes of D. 
mangenotiana were relatively large (up to 
2.2 Ixm, Fig. 3), and their number was constant 
(2n - -40)  in all the cells analyzed. 

Discussion 

One of the advantages of in vitro micropropaga- 
tion lies in its ability to yield, in short time and 
limited space, a much larger number of true-to- 
type individuals than is possible by conventional 
methods. We found that multiplication rate of 
the two wild species D. abyssinica and D. man- 
genotiana was lower than that reported for the 
edible species (Ammirato 1985; Chaturvedi et al. 
1982; Mantell et al. 1978). Differences in in vitro 
response among various species have been com- 
monly reported and could also easily account for 
the differences observed between D. abyssinica 
and D. mangenotiana in the present study. The 
explant size was found to affect the rate of 
multiplication, and was critical for the produc- 
tion of plant material suitable for further sub- 
culture. It is interesting to note that for both D. 
abyssinica and D. mangenotiana, after each sub- 
culture, the number of long internodes, (i.e. 
most productive and therefore most suitable for 
further multiplication) decreased gradually, al- 
though the total number  of nodes produced at 
least for D. abyssinica, was not found to vary 
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Fig. 2. Somatic cell of D. abyssinica, 2n = 38. Note the presence of the large pair of chromosomes carrying a satellite. 

over the duration of experiments (Table 2). In 
this respect, our findings on the gradual reduc- 
tion of the propagation efficiency seem to be in 
contrast with observations on other Dioscorea 
species (Charturvedi et al. 1982; Lakshmi Sita et 
al. 1976; Mantell et al. 1978). In some of these 
studies, the rate of multiplication was reported 
not to change with the time (Chaturvedi et al. 

1982; Mantell et al. 1978). The difference, how- 
ever, could be more apparent than real and 
caused by the pronounced differences of efficien- 
cy between long and short nodal cuttings, the 
latter ones being less productive in micropropa- 
gation 

The production of microtubers was also ob- 
served in both species, although the experiments 
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Fig. 3. S o m a t i c  cell  o f  D. mangenotiana 2n  = 40. 
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with D. mangenotiana should be considered only 
preliminary because of the low number of ex- 
plants tested. Nevertheless, the results obtained 
with both D. abyssinica and D. mangenotiana 
indicate that the size of microtubers was similar 
in each treatment for both the species and had 
tendency to increase under short photoperiod 
(Tables 4 and 5). In contrast, microtuber num- 
ber did not vary significantly within each species, 
but was significantly lower in D. mangenotiana, 
which failed to form tubers at two sucrose con- 
centrations. Sucrose concentration and daylength 
are known to affect tuberization in yams (For- 
syth & Van Staden 1984; Mantell et al. 1978; Ng 
1988), the optimal amount depending upon the 
species, culture medium and growth regulators 
used. Thus, in D. alata increased sucrose concen- 
tration of 40 and 80g1-1 inhibited microtuber 
induction (Mantell & Hugo 1989), although not 
so drastically as we observed in D. mangeno- 
tiana. Yet, in the same species, microtubers were 
formed when explants were kept under 8-h day- 
length (Mantell & Hugo 1989). 

Dioscorea species have been subjected to rela- 
tively few cytological investigations, probably be- 
cause the chromosomes are numerous, and too 
small to allow karyological analysis. So far, chro- 
mosome numbers are known for about 12% of 
the species belonging to this genus (Essad 1984). 
A previous investigation reported chromosome 
number of 2n = 40 for D. abyssinica (Martin & 
Ortiz 1963). We found the same chromosome 
number, but detected a high incidence of cyto- 
chimerism. Polyploid cells along cells with 38 or 
40 chromosomes were found in the same root 
tip. This instability apparently was not linked to 
structural changes such as paracentric inversions 
since no bridges were found at anaphase, which 
would indicate dicentric chromosomes. Since D. 
abyssinica is propagated from tubers, some de- 
gree of cytochimerism is not completely un- 
expected. This view is also supported by more 
recent analysis of wild and cultivated Dioscorea 
species, where variations in chromosome num- 
bers in different individuals of the same species 
or even within cells of the same individual, have 
been reported, and cells with 38, 42 and other 
numbers have indeed been observed in the same 
individual (Baquar 1980). Previous investigations 
of D. mangenotiana reported 2n = 72 and 2n = 80 

(cf. Martin & Ortiz 1963). In the present study 
all the individuals showed 2n = 40, and were 
karyologically stable. Since all plants originated 
from seeds, the karyological stability might well 
be related to the method of propagation. This 
study further supports the results of Baquar 
(1980) who found karyological stability in all but 
one of the wild species, all raised from seeds, but 
cytochimerism and a high degree of polyploidy in 
the cultivated species, all propagated from 
tubers. 
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