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Planting material from different tuber parts (proximal, medial, distal) of four yam (Dioscorea cayenensis 
and Dioscorea rotundata) varieties (Laboko, Gangni, Alakitcha, Gnanlabo) showed significant differ-
ences in number of plants emerged and time of emergence. This result confirms the value of farmer’s 
variety-specific handling of seed tubers. For three out of these four farmer varieties, there were 
significant differences in mean value of days after planting to emergence between parts of planting 
materials used. For all varieties, the proximal parts sprouted earlier than the medium parts and than the 
distal parts, and the loss was the highest for the distal parts. The rate of emergence is of economic 
importance in managing yam planting material by farmers. All tubers planted emerged for both the 
proximal part and the entire tuber of the second harvest. There was a highly significant difference 
between yield performances. The joint effect of variety and seed type was highly statistically significant 
in determining the yield obtained by yam farmers in Benin. The marginal benefit was the highest for the 
proximal part except for Laboko for which the highest benefit was obtained from the use of the second 
harvest seed-type. Laboko provided also the lowest and negative benefit for the distal part.  
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INTRODUCTION 
 
Yam (Dioscorea spp.) forms a basic staple food for 
millions of people in West Africa, where it is eaten boiled 
or processed into various forms of flour and starchy pas-
te. It is an ancient crop in Benin and deeply embedded in 
rural social life, associated with many traditional rituals. 
The crop also significantly contributes to rural food secu-
rity. This security arises from crop diversity at farm level, 
which ensures a diversity of uses, and prolonged sea-
sonal availability of food and income (Zannou et al., 
2007). Benin is the fourth yam producer in the world after 
Nigeria, Ivory Coast and Ghana (FAO, 1996). Despite 
earlier expectations that the crop might diminish in impor-
tance, yam production in Benin increased from 680,000 
metric tonnes in 1983 to 1,250,000 metric tonnes in 1995 
(FAO, 1996). This production increase of 83% has been 
realized on an increased cultivated area of 63%, showing 
some limited degree of intensification.  

White and yellow yams (Dioscorea rotundata and Dio-
scorea cayenensis) may have been first domesticated in 
the forest-savannah ecotone of West Africa (Terauchi et 
al., 1992; Hamon et al., 1995; Ramser et al., 1997; Tos-

tain et al., 2003). The germination and development of 
true seed of yam obtained from the aerial parts after polli-
nation is infrequent. Some farmers also continue the 
practice of bringing in planting material from the wild to 
solve problems of decrease in yield and vigour of culti-
vated varieties, or the loss or lack of planting mate-rials 
(Dumont and Vernier, 1997, 2000; Mignouna and Dansi, 
2003; Vernier et al., 2004; Houndékon and Man-yong, 
2004; Zannou et al., 2006).  

Yam tubers exhibit dormancy which prolongs its stora-
bility and maintains the food quality (Ile et al., 2006). Yam 
farmers face many problems regarding the yam seed 
management. Several recent studies tried to exogenously 
influence this dormancy (Barker et al., 1999; Craufurd et 
al., 2001; Park et al., 2001; Horvath et al., 2003; Ile et al., 
2006; Offei et al., 2006; Abdul Jaleel et al., 2007a; Pan-
neerselvam et al., 2007); which technologies are still 
away from the resource – poor yam farmers of Benin. 
The preliminary survey of our diagnostic study (Zannou et 
al., 2004) has revealed the need to address the variety-
specific  ways of  cutting the seed tubers to save on seed 



 
 
 
 
tuber costs or to enhance the seed tuber productivity. 
Yam growers in Benin practise cutting of seed tubers and 
use specific parts of the seed tubers as planting material. 
The reasons behind this may be associated with the 
sprouting capacity of the eyes present in the different 
sections of the seed tubers, but there is little research to 
prove this assumption to be true. The research questions 
were why do farmers in Benin use particular seed tuber 
parts as planting material and why are their practices of 
cutting the seed tubers different for different varieties?. 
The hypothesis here is that farmers are aware of the 
specific anatomy of the seed tubers from different varie-
ties, know the physiological behaviour of varieties in 
response to cutting the seed tubers such as breaking of 
dormancy or breaking of apical dominance, and recogni-
ze the differences in agronomic performance of seed tu-
ber pieces of specific varieties.  

The specific objectives of the study were: (i) to experi-
ment different parts of tubers as planting materials and 
the basic understanding that govern seed practices in 
yam diversity management in Benin, thus seeking, with 
farmers, to know how to optimize the performance of the 
planting material; (ii) and to assess the economic profita-
bility of the seed tuber practices.   
 
 
MATERIALS AND METHODS 
 
Research site  
 
This research has been conducted on the experimental site of 
Yagbo village in the district of Glazoué in the central part of Benin. 
This district lies between 7 and 10° northern latitude in the Guinea 
Sudan transition zone of Benin. The annual rainfall varies between 
1100 and 1200 mm, and the average monthly temperature between 
22 and 32.8°C. The natural vegetation is mainly tree savannah.  
 
 
Materials  
 
This research has been conducted jointly with farmers experimen-
ters (a learning group) with whom the research constraints have 
been identified (Zannou et al., 2004). Traditional practice on planti-
ng material is based on using different parts of the tuber, very often 
the entire tuber from the second harvest for early maturing varieties 
and the proximal, middle, and distal part at first (and only) harvest 
for both early and late maturing varieties of D. cayenensis / D. 
rotundata. Seed-tubers from four different farmer-varieties (Laboko, 
Gangni, Alakitcha, and Gnanlabo) were selected, based on infor-
mation given by farmers on those varieties. For the early-maturing 
varieties (Laboko and Gangni) there were four treatments: apical 
parts, middle parts, distal parts, and non-cut seed tubers, always 
using seed tubers from the second harvest. For the late-maturing 
varieties (Alakitcha and Gnanlabo) three treatments were applied: 
apical parts, middle parts, and distal parts of seed tubers taken 
from the only harvest that occurred. There were four repetitions of 
five heaps per variety for each experimental unit, resulting in 20 
heaps per treatment per variety. 
 
 
Data analysis  
 
The generalized linear model of ANOVA has been used to analyze 
the yield results. The different factors considered in the yield perfor- 
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mance were the variety, the seed type and the interaction variety × 
seed tuber type. 

The assessment of the total production costs involved the varie-
ty-specific seed-tuber cost and the labour costs (land clearing, plan-
ting, laying pad against sun hits, ploughing, weeding and harvest-
ing). Using the yield output representing the physical productivity, 
and considering the average variety-specific selling price, the aver-
age gross revenue per heap was computed. The marginal farm-
gate benefit was assessed as the difference between gross reve-
nue per heap and the total production cost per heap. 
 
 
RESULTS 
 
Days after planting until emergence 
 
For three out of the four varieties, there were significant 
differences in mean value of days after planting to emer-
gence (DAP) between parts of planting materials used 
(Table 1). The proximal part and the entire tuber of a sec-
ond harvest of early-maturing varieties showed the fast-
est emergence. For Laboko, the proximal part and the 
entire tuber emerged after 19 and 26 DAP respectively; 
the medium part sprouted after 40 DAP and the distal 
part after 47 DAP. For Gangni, the proximal part was the 
earliest while the distal part was the latest in emergence. 
For the two late maturing varieties, Alakitcha and Gnanla-
bo, the proximal part also emerged earlier than the medi-
um and the distal parts. 
 
 

Economic importance of the rate of emergence  
 

The rate of emergence is of economic importance in 
managing yam planting material by farmers. All tubers 
planted emerged for both the proximal part and the entire 
tuber of the 2nd harvest (Figure 1). This result suggests 
that any of those planting types can be used for planting 
when available. Within the late-maturing varieties, all pla-
nted proximal parts of Gnanlabo emerged. For the four 
varieties, the loss was highest for the distal part: it was of 
5% for Gnanlabo, 50% for Laboko, 65% for Gangni, and 
85% for Alakitcha. All tubers used from the second har-
vest as entire tubers and from the proximal sections of 
Gangni and Laboko, and from the proximal sections of 
Gnanlabo sprouted.  
 
 

Seed-tuber productivity  
 
Be it the distal, medium or proximal part, there was a 
highly significant difference between the yield performan-
ces of yam varieties (Table 2). For the distal part, the 
highest mean yield value was obtained for Gangni (3.01 
kg/heap) and the lowest one for Laboko (0.98 kg/heap). 
Also for the middle and proximal parts, the highest yield 
was obtained for Gangni and the lowest yield for Laboko. 
However, when the seed tubers came from the second 
harvest, Laboko yielded more than Gangni, but the differ-
ence was not statistically significant. As such, yam 
varieties’ performance not only depended on the variety 
or  genotype  that had been planted, but also on the seed 
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Table 1. Number of days after planting until emergence for tubers from proximal, medium, distal parts and tubers of second 
harvest. 

 
Variety-types Farmer-variety Parts 

N 
Mean of DAP until 

emergence 
S.E. of 
mean F 

Early maturing Laboko Proximal  20 18.7 1.49 42.09*** 
  Medium 11 39.5 2.37  
  Distal 10 47.3 1.28  
  Entire tuber of 

2nd harvest 20 26.2 1.97  
 Gangni Proximal  20 24.4 2.12 10.87*** 
  Medium 11 39.3 1.91  
  Distal 7 42.7 2.57  
  Entire tuber of 

2nd harvest 20 28.9 2.33  
Alakitcha Proximal  13 41.5 2.9 0.73 
 Medium 6 45.0 2.2  

Late maturing 

 Distal 3 47.3 0.9  
 Gnanlabo Proximal  20 16.1 2.1 29.46*** 
  Medium 19 35.8 2.5  
  Distal 19 38.3 2.2  

 

Source: research findings; level of significance: ***: 1% 
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Figure 1. Losses in terms of non-emergence of planted materials submitted to different seed-section 
practices for four contrasting varieties. Note that the treatment “entire tubers” was not present for the late 
cultivars Alakitcha and Gnanlabo. Source: research findings. 

 
 
 

tuber material that was used. Using the generalized linear 
model of ANOVA on the variety, seed type and interac-
tion variety × seed tuber type, Table 3 reveals that the 

joint effect of variety and seed type was highly statistically 
significant in determining the yield obtained by yam far-
mers in Benin. 
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Table 2. One-way analysis of variance of yield performance per variety for each seed-type (kg/heap). 
 
 Distal Middle Proximal 2nd harvest 
Source of variation D.F. MS F D.F. MS F D.F. MS F D.F. MS F 
Variety 3 11.99 15.39*** 3 13.08 9.90*** 3 16.95 8.19*** 1 2.28 1.52 
Model 3 11.99  3 13.08  3 16.95  1 2.28  
Error 54 0.78  43 1.32  63 2.07     
R-square 0.46 0.38 0.28 0.05 
 Mean tuber yield (kg/heap) per variety and per seed-type 
 Mean SE Mean SE Mean SE Mean SE 
Gangni 3.01 a 0.16 3.77 a 0.40 4.08 a 0.43 1.90 0.31 
Laboko 0.98 c 0.16 1.40 b 0.15 1.79 b 0.32 2.43 0.30 
Alakitcha 2.11 b 0.35 1.79 b 0.34 2.90 b 0.38 - - 
Gnanlabo 1.32 c 0.21 1.95 b 0.21 2.33 b 0.24 - - 
Overall mean 1.93 2.28 2.82 2.19 

 

Source: research findings. Figures followed by a same letter are not significantly different at the level of 5%.  
 
 
 

Table 3. GLM-ANOVA of yield performance depending on the variety and the seed-type. 
 
Source of variation DF Mean square F 
Variety 4 23.45 16.92*** 
Seed type 3 9.29 6.70*** 
Variety × seed type 9 5.63 4.06*** 
Model 16 10.35 7.47*** 
Pooled error 224 1.39  

R-square 0.35   
 

Source: research findings; Level of significance: ***:1%. 
 
 
 

Marginal benefits 
 
The analysis of the profitability revealed that for 
distal, middle and proximal parts, the variety Gan-
gni got the highest marginal benefit values, 131, 
238 and 268 fcfa/heap, respectively. The lowest 
values were obtained on Lakobo for the distal 
part, and on Alakitcha for the middle and proximal 
parts (Table 4). While the seed-tuber used as 
planting material is a second harvest-type, the 

marginal benefit from Laboko is higher than the 
one of Gangni, 262 and 50 fcfa/heap respectively.  
 
 
DISCUSSION 
 
Farmers’ seed practices and knowledge  
 
The reasons why farmers use different specific 
parts of tubers as planting materials depend on 
the variety in question as reported by farmers (Ta-

ble 5). Farmers handle the seed tubers of early-
maturing and late-maturing varieties differently, 
because the seed tubers are produced in a differ-
ent way. In early-maturing varieties, tubers for 
consumption or sale are harvested first. The plant 
then produces new tubers which are used as 
planting tubers for the next cropping season. This 
is called “double harvest”. The first harvest is done 
at the physiological maturity of the tubers, a stage 
at which the tuber reaches its maximum develop- 
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Table 4. Marginal farm-gate benefits. 
 

Seed type 
Farmer 
variety 

Mean yield 
(kg/heap) (1) 

Average variety 
selling price 
(Fcfa/ kg) (2) 

Gross Revenue 
(Fcfa/heap) 
(1) x (2)=(3) 

Total 
production cost 
(Fcfa/heap) (4) 

Marginal farmgate 
benefit (F/heap) 

(5)=(3)-(4) 
Distal Gangni 3.01 100 301 140 161 

 Laboko 0.98 190 186 200 -14 
 Alakitcha 2.11 90 190 140 50 
 Gnanlabo 1.32 150 198 190 8 

Middle Gangni 3.77 100 377 140 237 
 Laboko 1.40 190 266 200 66 
 Alakitcha 1.79 90 161 140 21 
 Gnanlabo 1.95 150 293 190 103 

Proximal Gangni 4.08 100 408 140 268 
 Laboko 1.79 190 340 200 140 
 Alakitcha 2.90 90 261 140 121 
 Gnanlabo 2.33 150 350 190 160 

2nd harvest Gangni 1.90 100 190 140 50 
 Laboko 2.43 190 462 200 262 

 

Source: research findings. 
 
 
 

Table 5. Farmers’ seed practices and knowledge. 
 

Variety-type Farmer-variety Farmers’ seed practices and knowledge 
Early-maturing Laboko Laboko is an early maturing variety. Often farmers do not use a 

sectioned tuber as it quickly rots. By experience, farmers do not 
plant the distal part of Laboko because it never or rarely sprouts. 
The vigour of a non-fractioned tuber is higher than the one from 
which the distal part has been removed.  

 Gangni Gangni is an early maturing variety for which the second harvest is 
often used for seed. Farmers have the opinion that the tuber of 
Gangni can be sectioned in case the proximal part is used for 
planting; but the distal part sprouts very slowly. 

Late-maturing Alakitcha Alakitcha is a late maturing variety. Only its proximal part is used as 
planting material by farmers. 

 Gnanlabo Gnanlabo is a late maturing variety. Farmers mentioned that any 
part of Gnanlabo can sprout if they prepare the tuber properly before 
planting. However, farmers often use an entire tuber as tubers from 
Gnanlabo are not very big. 

 

Source: research findings. 
 
 
 
ment in the soil and can be harvested and processed for 
food. At this stage, the yam plant is still alive and green 
and the crop is maintained. The second harvest takes 
place at the complete senescence of the plant. Tubers at 
that time are much smaller than the tubers harvested at 
the first harvest. The decision, what proportion of the total 
field will be used for double harvesting is taken before or 
at physiological maturity. Crops which are projected to be 
used for this double harvesting technique will be planted 
with whole tubers and cutting of their progeny tubers is 
not done, because mostly of the risk of loss.  

Late-maturing varieties, usually called “single harvest” 
varieties, are only harvested once. Examples are the va-
rieties Gnanlabo or Alakitcha. One of the characteristics 
of these late-maturing varieties is that the yield is com-
posed of several tubers differing in size. The large tubers 
are used for consumption or sale and the small ones are 
used for planting the next cropping season. A single har-
vest is undertaken at the complete senescence of the 
plant. The relatively big seed tubers can be cut, in a way 
depending on size. There is a desired seed tuber size for 
planting, as  smaller sizes will have lower vigour as plant- 



 
 
 
 
ing material.  
 
 
Implications of farmer’s know-how and of the 
experimentation 
 
Double harvesting practices appear to reflect an agro-
physiological principle known and respected by farmers 
concerning early-maturing varieties, and the need to 
avoid second crop seed tubers at planting time because 
use of other parts than the whole tuber from the 2nd har-
vest as planting material usually results in high losses, 
that is, non-sprouting of the tubers after planting, and 
consequently high economic loss and thus undermines 
food insecurity. In farmers’ practices, there are some 
varieties of late ones whose all parts can sprout (Gnan-
labo) and others for which only the proximal part is used 
by farmers as planting materials (Alakitcha). Experimen-
tation revealed a gradient along the tuber in its potential 
for sprouting. The proximal part of most varieties has a 
high sprouting potential, while the distal part has the low-
est potential. Experimentation in real farming conditions 
revealed that the proportion of non-emerged plants after 
planting was highest and yields the lowest when the dis-
tal part was used as planting material. However there 
was some variation among varieties. The results suggest 
that there could be a complex genetic – physiological 
property governing the sprouting ability of each fragment 
of the tuber. In addition, as revealed by other studies, 
along the tuber, there could a gradient of earliness in 
sprouting, in the availability of nutrient reserves and in the 
viability which decreases from the proximal to the distal 
part (Kossou, 1990). Sprouting ability and biochemical 
constituents differ with the physiological regions and are 
higher in apical than basal regions of D. rotundata (Abdul 
Jaleel et al., 2007b; Abdul Jaleel et al., 2008). On D. 
cayenensis cultivars, the biochemical properties and ac-
tive starch content are significantly higher in middle-deri-
ved tubers than tail-derived setts (Wheatley et al., 2002). 
Also, the emergence and yield are significantly influenced 
by both the sprouting state at planting and the origin of a 
sett with respect to its position on the mother tuber 
(Tschannen et al., 2005), conducting them to suggest 
that limited resources should be to directed to apical setts 
and sprouted which have the highest yield potential for D. 
cayenensis and D. rotundata cultuvars. This experiment 
showed four different cases of seed tubers used by 
farmers. One is the case of the variety Laboko for which 
the use of non-cut tuber of the second harvest and a sec-
ond case is the one of Alakitcha for which the proximal 
part is used by farmers. Developing a seed tuber market 
should acknowledge this fact and only farmers who hold 
this know-how are in position to apply it on their own 
planting materials.  
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