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 CHAPTER 1 – GENERAL INTRODUCTION 

 
1.1. The host: Dioscorea species 
 

1.1.1. Origin and distribution of yam  
 
Cultivated yam belongs to the family Dioscoreaceae and to the genus Dioscorea L. (Coursey, 1967). 
This genus is reported to comprise 600 species (Burkil, 1960). The most important edible yam known 
is believed to have originated in the tropical areas of South East Asia, South America and Africa 
(Orkwor, 1998). Man reportedly began to collect yam for domestic use in West Africa as early as 5 000 
BC. The economically important species D. rotundata Poir. (white yam) and D. cayenensis Lamk. 
(yellow yam) originated in West Africa and are among the relatively few truly West African 
domesticated plants (IITA, 1995). The Asiatic yam D. alata L. (water yam) and D. esculenta (Lour.) 
Burkill., originated in southern Asia and have been introduced to West Africa during recent centuries 
(IITA, 1995). D. trifida L. originated in tropical America (Dumont, 1982; Toure and Ahoussou, 1982; 
Vijaya and Jos 1986; Osagie 1992). There are also species of wild yam growing in Nigeria of which 
tubers are collected for consumption during times of food shortage (Coursey, 1967). The yam belt of 
West Africa lies between latitudes 25 °N and 15 °S and comprises the countries Cameroon, Nigeria, 
Benin, Togo, Ghana and Côte d’Ivoire (FAO, 2000) (Plate 1).  

 

1.1.2. Yam production, composition, use and consumption.  
 

1.1.2.1. Production 
 

FAOstat (2004) indicates a global production of yam of 36.9 million tonnes (mt), of which 95.8 % was 
harvested in Africa. In Africa, Nigeria is the largest producer of yam with 27 mt, followed by Ghana (3.8 
mt), Côte d’Ivoire (3 mt), Benin (2.5 mt) and Togo (600 000 t). In Benin, yam is one of the most 
important food crops cultivated in the northern and central parts. The production area covers 39 451 
ha, 34 077 ha and 26 469 ha, respectively, in Borgou/Alibori, Atacora/Donga and Zou/Collines 
departments, representing 96.8 % of the total production area (Dansi, 1995).  
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Plate 1. Yam producing areas within West Africa
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1.1.2.2.Composition 
 
 
Yam is the second most important root and tuber crop in the world and contributes more than 200 
calories daily to 60 million people, particularly in the yam belt (Nweke et al., 1991). It is a valuable 
source of carbohydrate in the diet of West Africans and parts of South East Asia, India, islands of the 
South Pacific, the Caribbean and part of Brazil (Osagie, 1992; FAO, 2000). Yam is becoming 
increasingly important as the major source of saprogenic precursors of cortisone (FAO, 2000). It is 
composed mainly of starch, with a small amount of proteins, lipids (Omonigho, 1988), all the vitamin C 
required by consumers (Bell, 1983), and the crop is rich in minerals (Omonigho, 1988). Dry matter of 
yam and its by-products consist largely of carbohydrates, which are primary sources of energy (Francis 
et al., 1975). Osagie and Opute (1981) have reported on crude protein, ether extract, crude fibre and 
ash contents of yam. Omonigho (1988) has shown evidence of free reducing sugars in pounded yam, 
while Mozie (1978) identified free sugars in yam tubers. 
 
1.1.2.3. Use 
 
 
A number of Dioscorea spp. have been grown to provide a source of diosgenin, which is used in the 
manufacture of oral contraceptives and sex hormones (Coursey, 1967; Kay, 1987; Thurston, 1989). 
Also, some sapogenins, alkaloids, steroid derivatives, phenolic compounds, all found in yam (for 
example D. composita Hemsl., D. floribunda Mart. & Gal. and D. mexicana Scheidw.) have uses in 
traditional hunting and fishing, and also in the pharmaceutical industry (Onwueme, 1978; Osagie 1992; 
Degras, 1993; IITA, 1995).  
 
1.1.2.4. Consumption of edible yam 
 
The consumption of yam, mainly pounded yam, on a per capita basis on the West Africa coast is 
highest in Togo, followed by Côte d’Ivoire, Ghana, Benin and Nigeria (Onwueme, 1978). Yam is used 
in the same manner as potato in the western world. The most common use is as a boiled vegetable. It 
may also be baked, fried, roasted or mashed to suit regional tastes and customs.  
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In West Africa, the cooked tuber of D. rotundata is pounded and kneaded into a sticky mass that is 
then eaten as small balls of dough often dipped into stew (Osagie, 1992). In Nigeria, yam is also 
processed into various staple, intermediate and end product forms (Okaka et al., 1991; Okaka and 
Anajekwu, 1990), which are used for direct consumption by animals, used as the basic ingredient for 
snacks or made into flour used for making instant puree (Coursey, 1983).  
 
1.1.3. Botanical characteristics of yam 
 
It is generally agreed that yam is a monocotyledonous plant (Ayensu, 1972). The tuber is an annually 
renewable organ in the case of the edible yam, or may be perennial, increasing in size and 
progressively becoming more lignified from year to year to finally form a rhizome. The yam plant is 
dioecious with white, green, or red flowers arranged in clusters or spikes. The aerial stem may be 
smooth, thorny or hairy and may be round or square in cross section. The leaves are alternate or 
opposite, usually heart-shaped and may be smooth or hairy. In certain species, bulbils (aerial tubers) 
are formed in the leaf axils (Osagie, 1992). 
 
1.1.4. Growth requirements  
 
The area of extensive yam cultivation is limited by human as well as edaphic factors.  Cultivation of 
yam requires knowledge of cultural practices particular to the crop and it should be cared for not only 
during the whole growing season (weeding, staking, control of pests and diseases etc.) but also for 
tubers in storage (Toure and Ahoussou, 1982). 
 
Yam requires a fairly high level of soil fertility (potassium) and well-drained soils, with a pH of 6-7 
(Olympio, 1982). Large quantities of water (Osagie, 1992; Olympio, 1982) are required over a 
relatively long (6-10 months) growing season, with the critical period between the 100th and the 140th 
day (for late maturing cultivars) of the vegetative cycle. Yam does not flourish in poorly drained soils 
and most cultivars will not tolerate more than a few weeks of drought without significant losses in yield 
(Osagie, 1992).  
 
Yam is planted on mounds, ridges or in flat beds (Toure and Ahoussou, 1982). Each of these methods 
has some advantages and disadvantages. Lyonga and Ayuk-Takem (1982), after conducting some 
field experiments on selection and production of the edible yam D. cayenensis, D. dumetorum, and D. 

rotundata in the western highlands of the Cameroon found no significant differences between yam 
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planted on ridges and on flat seed-beds but the latter treatment had more defective tubers (6.4 % 
greening and rots) and poorer shape (20 %). 
 
Farmers usually intercrop yam with several other crops such as maize and groundnut. But, these 
methods do not always result in a good yield of yam. Lyonga and Ayuk-Takem (1982) studying the 
effects of maize on yam production in an intercropping system found that maize shaded yam and 
caused a significant yield reduction in the latter crop. Adequate weed control during the first 2-3 
months after planting is essential. Subsequent weeding has less effect (Osagie, 1992). 
 
Staking is another factor that influences the yield and production cost of yam, especially the highly 
valued species (Oyolu, 1982; Haynes et al., 1967). When tubers sprout, the twining vines need 
trellises on which to climb. They are usually given individual poles and the practice is commonly called 
staking. Staking is necessary because it improves exposure of the yam leaves to solar radiation for 
more efficient photosynthetic activity (Chapman, 1965). Without such support, growth can be abnormal 
and yields reduced (Haynes et al., 1967; Osagie, 1992).  
 
Depending on the type of yam, harvest occurs once or twice a year. In the northern part of Benin early-
maturing cultivars (example D. rotundata) are harvested twice a year. The first harvest is in August-
September and the second in January-February-March (Ousmane and Bruntrup, 1994). After the tuber 
of the first harvest has been removed, new tuber material is formed in its place, which is harvested at 
the end of the season (Onwueme, 1973). The late maturing cultivars (D. cayenensis is an example) 
are harvested only once between November and March (Ousmane and Bruntrup, 1994). Tubers can 
remain in the ground until needed (Osagie, 1992). The yield of yam depends on the type of planting 
material used, the size of a seed piece, species and environment but normally range from 8-50 t/ha in 
the 6-10 months growing period (Osagie, 1992). Toure and Ahoussou (1982), studying some 
Dioscorea species in two ecological zones of Côte d’Ivoire found that the maximum yields per plant of 
the D. cayenensis-rotundata group vary between 2.7 and 6.3 kg, and for D. alata between 5.3 and 8.6 
kg. The number of tubers per plant varied between two and six and the mean tuber length was ca. 40 
cm for the D. cayenensis-rotundata group. 
 
Continuous production of yam throughout the year is virtually impossible. To increase yam availability 
between harvests and avoid large fluctuations in supply and therefore price, storage is required 
(Osagie, 1992).  
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1.1.5. Constraints in yam production 
 
Yam production is adversely affected by several factors, which include limited availability and cost of 
planting material, high cost of labour for operations such as land preparation, staking, weeding, 
harvesting, storage, pests and diseases (Wilson, 1982; Degras, 1993).  
 
Yam production is labour-intensive and often does not render good financial returns. Most farmers rely 
on common hoeing and cutlassing for cultivation (Okoli and Onwueme, 1986). Declining production of 
D. rotundata in West Africa is attributed to the general lack of planting material (Alvarez and Hahn, 
1983). Ware yam production is principally by means of small, whole tubers or setts cut from big tubers. 
Since these planting materials are an edible and economically important part of the crop, the need for 
yam tubers as planting material competes with the need for consumption (Akoroda and Hahn, 1995). 
According to Nweke et al. (1991), planting material accounts for about 50 % and labour for over 40 % 
of the cost of production. Additionally, large quantities of yam become unsuitable for use as seed 
because of deterioration caused by pests and diseases in storage.  
 
It has been estimated that an average of over 25 % of the yield of yam is annually lost due to diseases 
and pests (Ezeh, 1998; FAO, 1998). Disease-causing agents not only reduce the quantity of yam 
produced, but also reduce quality by rendering them unappealing to consumers. Yam is prone to 
infection by various diseases and pests right from the seeding stage through to harvesting and even 
after harvesting, during storage. Yam diseases can be classified into two categories, namely field and 
storage diseases. The field diseases are those that cause economic damage to yam in the field from 
the seedling stage to the point of harvesting (Amusa et al., 2003). Several fungi, insects, viruses, 
bacteria and nematodes frequently attack yam plants as well as harvested tubers.  
 
Several pathogenic fungi have been found associated with yam, causing diseases such as 
anthracnose, leaf spots and blight, as well as rotting of yam tubers (IITA, 1975). Anthracnose is a foliar 
disease caused by several fungi, including Colletotrichum and Glomerella species (Onwueme and 
Charles, 1994). These pathogens occur in complexes causing pre-harvest and post-harvest losses. 
Microbial attack is probably the largest cause of post-harvest loss in yam (Adeniji, 1970).  
 
Tubers damaged by the yam beetle (Heteroligus spp.) and termites should not be stored (Osagie, 
1992). Losses due to insect attacks can lead to destruction of 50 % of the harvest after several months 
of storage. Losses are essentially due to larvae of two Lepidoptera spp. viz.  Euzopherodes rapidella 
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(Sauphanor and Ratnadass, 1985) and Dasyses rugosella (Dina, 1977). Plumbley and Rees (1983) 
reported four species of yam tubers to become infested with Araecerus fasciculatus and Decadarchis 

minusculata. Nwankiti et al. (1988) also identified a scale insect, (Aspidiella hartii) and mealybug 
(Phenacoccus citri) as pests that destroy yam tubers stored in barns. 
 
Among the nematodes associated with yam cultivation, three are considered to be major constraints 
viz. root-knot nematodes (Meloidogyne spp.), lesion nematodes (Pratylenchus coffeae) and the yam 
nematode (Scutellonema bradys) (Caveness, 1992).  
 
Root-knot nematodes, Meloidogyne spp. have been found on yam in Africa (Ghana, Côte d’Ivoire, 
Nigeria), the Caribbean (Jamaica, Martinique, Puerto Rico, Trinidad), Pacific (Fiji, Kiribati, Papua New 
Guinea, Western Samoa), Brazil, Guatemala and Japan (Bridge et al., 2005). The root-knot 
nematodes identified as parasites of yam are M. incognita, M. javanica, M. arenaria and M. hapla of 
which M. incognita is the most important (Bridge et al., 2005). According to Bridge (1972) and Acosta 
and Ayala (1975), root-knot nematodes are important pests of edible yam, wherever they are grown. 
Light to heavy galling and knobbly tuber surfaces often covered with excessive rooting are some of the 
disease symptoms caused by Meloidogyne species. According to Fawole (1988), the galled and 
deformed tubers reduce food portion. Nwauzor (1982) recorded losses of 25-75 % due to root-knot 
nematode infection on yam within a storage period of 16 weeks. Foliar symptoms on food yam are 
occasionally observed. Early yellowing, leaf fall and termination of vine growth have been seen on D. 

rotundata infected with M. incognita. The life cycle of M. incognita in D. rotundata or D. alata tubers is 
35 days (Nwauzor and Fawole, 1981). Meloidogyne spp. are found in relatively deep layers (2-6 mm) 
of D. alata and D. rotundata tubers (Nwauzor and Fawole, 1981). The proportion of yam with galled 
tubers collected from yam barns and markets in Nigeria can be as high as 90 % for D. alata and 70 % 
for D. rotundata (Adesiyan and Odihirin, 1978). It is estimated that there is a reduction of 39-52 % in 
the price of galled tubers compared to healthy ones (Nwauzor and Fawole, 1981).  
  
Pratylenchus coffeae lives endo-parasitically and is typically a root parasite, but it also attacks other 
underground parts such as stems and tubers. It has been reported as a pest of yam in Puerto Rico, 
Jamaica, British Solomon Islands, Pacific and Central America and is the predominant nematode 
species on yam in Jamaica (Thompson et al., 1973). P. coffeae is assumed to have a life cycle of 3-4 
weeks on yam (Thompson et al., 1973). In yam tubers, the nematode is concentrated in the apical 
portion within the first 0-6 mm depth from the peridermal surface (Emehute et al., 1998). It can 
penetrate up to 15 mm into the tissue of yam tuber (Acosta, 1974). In yam P. coffeae causes dry rot of 
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the peri-dermal and sub-dermal regions similar to that caused by S. bradys (Emehute et al., 1998). Dry 
rot extends 1-2 cm into the outer tissues of D. rotundata tubers (Acosta, 1974), but can occur as deep 
as 5 cm in D. alata tubers (Bridge and Page, 1984). P. coffeae causes 20-100 % disease incidence on 
D. cayenensis. In Jamaica, 67-100 % of D. rotundata and D. cayenensis tubers were found to be 
infected with P. coffeae (Thompson et al., 1973). Acosta and Ayala (1976) inoculated D. rotundata with 
P. coffeae and S. bradys together in pot experiments and observed that there was a 53 % suppression 
of plant growth, but when plants were inoculated separately, there was a 29 % suppression with P. 

coffeae and a 21 % suppression with S. bradys. The reproduction of S. bradys was inhibited when 
both nematodes species were together on the same plant in comparison with that of plants inoculated 
with S. bradys alone. The authors also observed that P. coffeae is responsible for most of the storage-
root deterioration and dry rot of yam in Puerto Rico. Contradictory observations were made by 
Castognone-Sereno and Kermarrec (1988) who conducted a 3-year survey on yam in the French 
islands located in the West Indies. The data they collected from both the field and storage showed that 
P. coffeae and S. bradys together in the same tuber was infrequent and infestation by one nematode 
only, despite the yam species, was the most usual situation occurring in 88-92 % of the yam samples 
collected. The data indicate that the establishment of one species prevents the concomitant infection 
of the tubers by the other species. The results of a survey conducted by Kwoseh (2000) in parts of 
Ashanti, Brong Ahafo and northern regions of Ghana, West Africa contradict the information 
mentioned above and show that P. coffeae was not found associated with yam at any of the locations 
visited. Dry rot symptoms in yam tubers were associated with S. bradys and never with P. coffeae, 

although the latter is known to be widespread in Ghana on banana and plantain. Similarly, a general 
survey of plant-parasitic nematodes of yam in Mid-West Nigeria showed that S. bradys and 

Meloidogyne spp. were economically important nematodes of yam tubers (Adesiyan and Odihirin, 
1977). 
 

Lesions caused to yam tubers by nematodes facilitate invasion by fungi and other micro-organisms. 
The resulting complex often destroys the entire tuber in the ground and during storage (Bridge, 1982). 
The more extensive, internal decay of tubers known as “wet rot”, “soft rot” or “watery rot” is associated 
with fungal and bacterial pathogens (Adeniji, 1970). This general decay of tubers, which is a serious 
problem in stored yam, is increased when tubers are wounded or damaged (Adeniji, 1970). The 
principal fungi causing internal tuber decay are Botryodiplodia theobromae and Fusarium spp., 
although other fungi and Erwinia sp. bacteria are frequently isolated from decaying tissues (Adeniji, 
1970). Nematodes and fungi are found together in the transitional stage between dry rot and wet rot 
but nematodes do not occur in the “late stage” deep in the tubers (Adesiyan et al., 1975b).  
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1.2. The yam nematode, Scutellonema bradys (Steiner and LeHew) Andrassy. 
 

1.2.1. Classification 
 

Phylum: Nemata Cobb, 1919 
Class: Secernentea von Loinstow, 1905 

Subclass: Diplogasteria Maggenti, 1982 
Order:Tylenchida Thorne, 1949 

Suborder: Tylenchina Chitwood, 1950 
Superfamily: Tylenchoidea Orley, 1880 

Family: Hoplolaimidae (Filip’ev, 1934) 
Subfamily: Hoplolaiminae Filip’ev, 1934 

Genus: Scutellonema Andrássy, 1958 
Species: Scutellonema bradys (Steiner and LeHew, 1933), 

Andrassy, 1958 
Source: Morgan (1971) 
 
 

1.2.2. Biology and life history of S. bradys 
 
The yam nematode occurs in soil around yam but is mainly found as a migratory endoparasite of roots 
and tubers (Bridge, 1982). The nematode attacks primary roots growing from the rhizomatous head of 
a tuber and can enter developing tubers through their growing points. Invasion of tubers can also 
occur through cracks or damaged areas in the epidermis (Bridge, 1972). S. bradys feeds intracellularly 
in the tuber tissues resulting in rupturing of cell walls, loss of cell contents and formation of cavities 
(Bridge, 1982). The nematode is mainly confined to the sub-dermal, peridermal and underlying 
parenchymatous tissues in the outer 1-2 cm of tubers. It continues to feed and reproduce in yam 
tubers stored after harvesting (Bridge, 1982; Bridge et al., 2005). An increase of pectic enzymes has 
been detected in diseased tissue which could be produced by the nematode and contribute to tissue 
damage (Adesiyan, 1976a). Multiplication of the nematode coincides with onset of plant dormancy and 
is greatest during tuber storage (Cadet and Quénéhervé, 1994). S. bradys reproduces and builds up 
large populations in stored yam tubers and causes severe damage during storage (Bridge, 1972). The 
life cycle of S. bradys is simple. Eggs can be laid in the soil, but more often in plant tissues (roots and 
tubers) where they hatch and juveniles develop into adults by subsequent moulting (Bridge, 1982). 
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Dense populations can build up in the tubers. The maximum recorded was 62 000 nematodes/10 g of 
tuber in Nigeria (Bridge, 1972) but 100 000 nematodes are commonly found in infected tubers 
(Adesiyan et al., 1975a; Bridge, 1982). Males are abundant and reproduction appears to be sexual 
(Cadet and Quénéhervé, 1994).  
 
1.2.3. Survival and dissemination of S. bradys 
 
No true survival stage is known for S. bradys but populations are maintained in the absence of yam, 
probably on other host plants (see sub-heading 1.2.6 below). Sizeable populations of the nematode 
can be found in soil at the beginning of the yam-growing season (Adesiyan and Badra, 1982). The 
nematode is primarily distributed through yam planting material. Comparatively low populations of the 
nematodes in tubers do not produce external symptoms of damage (Bridge, 1973) and thus the risk of 
dissemination by this means is greater. Infected seed tubers rather than soil are probably the main 
source of infection in yam fields (Jatala and Bridge, 1990).  
 
1.2.4. Importance of S. bradys in yam production 
 
S. bradys is the major economically important nematode pest of yam in West Africa, but not 
necessarily of other yam-growing regions of the world. Most yam species, and many cultivars 
commonly grown in West Africa, are attacked by S. bradys (Bridge, 1982). S. bradys has been 
recorded on yam from West Africa (Benin, Cameroon, Côte d’Ivoire, Gambia, Nigeria, Senegal, Togo), 
the Caribbean (Cuba, Jamaica, Puerto Rico), Brazil and India (Bridge, 1982; Bridge et. al. 2005, 
Sturhan, 1992). In Benin, S. bradys was first reported on yam in 1992 (Sturhan, 1992). Following a 
survey of plant-parasitic nematodes associated with yam in the Western State of Nigeria, Bridge 
(1973) found that 47 % of the yam tubers (all cultivar groups) were infected with S. bradys, whereas 
Pratylenchus brachyurus (9 %), Rotylenchus reniformis (1 %) and Meloidogyne incognita (1 %) 
occurred in fewer of the tubers he examined. The results of a survey carried out by a team of the 
International Institute of Tropical Agriculture (IITA-Cotonou Station, Benin) on the establishment of the 
geographic distribution of yam nematode pests in Benin, showed that S. bradys and Meloidogyne 
species were common in Benin (IITA, 1999). S. bradys appears to be the major plant-parasitic 
nematode affecting yam in Benin, being present in 67 % of the 39 farmers’ fields sampled, in the 
above mentioned study.  
 



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 11

The primary importance of S. bradys is in the direct damage it causes to tubers (Jatala and Bridge, 
1990). The disease of tubers commonly associated with S. bradys was first observed by Steiner et al. 
(1933), and referred to as dry rot of yam by West (1934). Initial symptoms are confined to shallow, 
sub-dermal lesions, which at first are yellow but soon become brown or black (Bridge, 1972) (Plate 2). 
In tubers with partial dry rot, more nematodes are found in the oldest, apical portions, adjacent to the 
stems (Adesiyan, 1977).  

 

 
Plate 2. Dry rot disease symptoms caused by Scutellonema bradys in yam 

 
 

Storage losses are of particular importance because nematodes continue to reproduce and increase in 
stored yam tubers associated with an increase in both dry rot and wet rot. When dry rot is followed by 
wet rot in stored yam, losses of whole tubers can be as high as 80-100 %. Populations in the outer 
peel of rotted yam tubers can average 100 000 nematodes (Adesiyan et al., 1975a) and can exceed 
300 000 nematodes/50 g of tuber peel (Bridge, 1973). Nematode populations can increase 9- to 14-
fold in D. rotundata tubers over a 5- to 6-month storage period, and 5- to 8-fold in D. alata and D. 

cayenensis, respectively, over the same period (Bridge, 1973). 
 
Results from studies in Nigeria (Bridge 1973) and Puerto Rico (Ayala and Acosta, 1971) indicate that 
S. bradys does not cause severe reduction in growth of yam, but it does cause marked reduction in the 
edible portion and marketable value of the tubers. Weight reduction can occur with late-harvested 
tubers in dry soil and during storage as a result of moisture loss through cracked epidermal layers. 
Smit (1967) in Côte d’Ivoire estimated that weight differences between healthy and diseased tubers 
harvested from the field were ca. 20-30 %.  
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Loss in flavour and quality of the tubers occurs during storage (Osagie, 1992). The bulky size of yam 
tubers, their chemical composition and high moisture content make them vulnerable to degradation 
during long-term storage. The large storage loss of harvested yam tubers is of great concern to 
everyone who grows, processes, markets and consumes yam (Osagie, 1992). Itokun (1989) estimated 
that around 25 % of yam tubers are lost due to diseases during storage. 
 
No foliar symptoms have been associated with S. bradys on yam growing in soil infested with the 
nematode (Bridge et. al. 2005).  
 
 
1.2.5. Diagnosis 
 
Assessment of the incidence and extent of dry rot disease in yam tubers can be undertaken by direct 
observation. In tubers without obvious external symptoms of damage, it is necessary to scrape away 
the surface layers, or section tubers to determine the presence of dry rot. Nematodes will be found in 
soil and roots, which can be sampled, particularly at the end of a growing season. However, most 
nematodes will be found in tuber tissue and sampling for these is the most appropriate means of 
assessing populations and importance of S. bradys (Bridge et al., 2005). 
 
1.2.6. Other crops susceptible to S. bradys 
 
A wide range of other crops and some weeds have been shown to support low populations of S. 

bradys, including pigeon pea (Cajanus cajan), kenaf (Hibiscus cannabinus), okra (Hibiscus 

esculentus), roselle (Hibiscus sabdariffa), loofah (Luffa cylindrica), tomato (Lycopersicon esculentum), 
yam bean (Pachyrrhizus erosus), green gram (Phaseolus aureus), sorghum (Sorghum vulgare) 
(Adesiyan 1976b; Luc and De Guiran 1960; Bridge, 1982), pineapple (Ananas sativum), coconut 
(Cocos nucifera), coffea (Coffea canefora), cassava (Manihot utilissima) (Luc and De Guiran, 1960) 
and chromolaena (Chromolaena odorata) (Adesiyan, 1976b). These alternate hosts permit the yam 
nematode to survive in soil in the absence of yam, but only sesame (Sesamum indicum) and cowpea 
(Vigna unguiculata) have been found to support high root populations of S. bradys, while melon 
(Cucurbita melon) (Adesiyan, 1976b; Luc and De Guiran, 1960; Jatala and Bridge, 1990) and sweet 
potato (Ipomea batatas) (D. Coyne, IITA, 2005, personal communication) have been found to actually 
increase soil populations of the nematode. Groundnut (Arachis hypogaea), cotton (Gossypium 

hirsutum) and maize (Zea mays) have been found to be non-hosts (Adesiyan, 1976a). 
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1.2.7. Nematode disease management options 
 
There are several potential methods for managing S. bradys, among which are cultural practices, the 
use of nematicides, mineral and organic fertilisers, resistant cultivars, biological control, irradiation and 
a combination of methods in integrated strategies of pest management. 
 

1.2.7.1. Cultural practices 
 

Cultural practices play an important role in determining the extent of nematode damage. Methods such 
as crop rotation, fallow and use of clean planting material can be used.  

 
When it is practical, rotation of yam with non-hosts or poor hosts such as groundnut, Indian spinach, 
chillies, tobacco, cotton and maize will limit damage by S. bradys. Rotation or intercropping with 
cowpea, sesame, green gram (mung bean), tomato, okra, melon or pigeon pea and kenaf, which are 
good hosts of the nematode, will exacerbate the problem (Bridge, 1982; Jatala and Bridge, 1990). 
Rotation of crops to control S. bradys is not always a viable option for growers, however, because yam 
normally is grown as the first stage in a rotation after fallow (Jatala and Bridge, 1990).  
 
Obligate plant-parasitic nematode populations will be reduced if land is kept fallow and free of all host 
plants. This practice has been suggested as a control method for S. bradys on D. alata (Decker et al., 
1967). Fallowing can be used to increase the organic matter content of soil and to reduce the number 
of nematodes (Ferris and Bernard, 1971). However, uncultivated fallow, especially ‘bush fallow’ 
contains many wild hosts for S. bradys and control is unlikely to be achieved by this method alone 
(Smit, 1967). The disadvantages of fallow are that it will not always be economic or practical (Decker 
et al., 1967). 
 

In yam, using nematode-free planting material is a practical and economical means of preventing 
damage and also dissemination of S.bradys (Adeniji, 1977). Although it is possible to raise non-
infected nursery stocks from seed or by propagation from leaves or stems in a sterile medium (Smit 
1967), yam tubers or tuber pieces can be disinfested by dipping them in hot water (Kermarrec et al., 
1991). Dipping diseased yam tubers in water at 50 oC for 30-40 min (Smit, 1967), or for 15 min (Ayala 
and Acosta, 1971) was effective in eliminating S. bradys. The nematode was eliminated from D. alata 
and D. cayenensis tubers by immersing them in water at 50-55 oC for 40 min.  After this treatment, 90 
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% sprouting of tubers was recorded (Adesiyan and Adeniji, 1976). Experiments conducted in Kwara 
State, Nigeria in 1997-1998 showed that the hot water treatment of yam planting material can result in 
higher production and an increase of the number of harvestable tubers, compared to the use of 
standard planting material. Greater differences, as a result of less storage loss, are anticipated after 
three months storage (IITA, 1998). 
 
Any foliar material used for propagative material will be completely free of S. bradys (Jatala and 
Bridge, 1990).  
 

1.2.7.2. Use of nematicides 
 

A number of nematicides have been tested and were shown to reduce nematode populations.   
However, conflicting results have been obtained using different nematicides to control the major 
nematode species of yam (Ayala and Acosta, 1971). Among the nematicides and other compounds 
evaluated against S. bradys were aldicarb, cadusafos, calcium hypochlorite, carbofuran, DBCP (1,2-
dibromo-3-chloropropane), DD (1,3-dichloropropene, 1,2-dichloropropane), ethephon, ethopropos, 
fensulphothion, formalin, isazophos, nemafos, oxamyl and thionazin.  
 
According to Cadet and Daley (1996), the behaviour of S. bradys shows that infection is caused by 
females of S. bradys, which move from infected seed tubers to new tubers and other underground 
parts of a plant via the soil. In other words, it appears that it is not always necessary to kill nematodes 
in a seed tuber in order to prevent infection but they must be prevented from emerging from the tuber 
to attack roots or new tubers. To do this, the coating technique can be applied, which enables 
pesticides to be directly applied to plant material. Coating of yam seed tubers with liquid ethoprophos 
and cadusafos controlled a root population of S. bradys but did not produce any significant increase in 
yield.  
 
Although nematicides can be very effective in reducing nematode populations to low levels in the soil, 
the costs are high and availability poor in developing countries (Adeniji, 1977). 
 

1.2.7.3 Mineral and organic fertilisers 
 

The use of mineral and organic fertilisers helps not only to reduce nematode populations but also to 
increase yields of yam (Adesiyan and Adeniji, 1976). A number of experiments have been conducted 
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in this regard. Adesiyan and Adeniji (1976), after studying the effect of NPK on nematode populations 
in some Dioscorea species concluded that NPK fertiliser could reduce S. bradys populations in tubers 
of D. alata to a very low level. Incorporation of cow manure into the soil, at a rate of 1.5 kg per mound 
(1 886.3 kg/ha) can increase yields of tubers and significantly decrease nematode population densities 
(Adesiyan and Adeniji, 1976; Adesiyan, 1976a; Adeniji, 1977). 
 

1.2.7.4. Resistance 
 
There is only limited information on resistance against S. bradys in yam. D. dumetorum is generally 
less readily invaded than other species (Adesiyan, 1977; Bridge, 1982). In Puerto Rico, observations 
suggested that D. alata cv Florido is not susceptible to nematode attack (Acosta and Ayala, 1976). 
Two Ghanaian yam cv’s Afun and Nkanfo (D. cayenensis and D. dumetorum, respectively) appeared 
to be resistant to S. bradys based on the relatively low dry rot index and the nematode population 
density on tubers after four weeks of storage Kwoseh (2000). Resistance could prove to be the most 
practical and economic means of managing S. bradys if found in commercially acceptable cultivars 
(Adeniji, 1977).  
 

1.2.7.5. Biological control 
 

No information exists on the management of S. bradys using biological control agents. 
 

1.2.7.6. Irradiation 
 

Numbers of S. bradys in yam tubers were decreased by up to 80 % by γ irradiation of yam tubers, but 

the method seems impractical for widespread application (Whitehead, 1998). 
 
 

1.2.7.7. Integrated pest management  
 
 
Adesiyan et al. (1990) suggested a strategy of a minimum use of chemical nematicides to quickly 
reduce high populations of nematodes, and subsequently managing such lowered populations with 
nematode-free planting material obtained through hot water treatment. Carefully planned crop rotation 
and fallow schemes that include resistant or non-host crops can be effective in reducing nematode 
populations (Caveness, 1992). The ideal solution to the yam nematode problem is to grow nematode-
free seed material in soils to which nematodes have not been introduced. Also, modifications to the 
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above–mentioned methods or combinations of them, together with a better understanding of the 
effects of different cultural practices and storage procedures, may eventually produce an effective and 
economic means of controlling the yam nematode (Osagie, 1992). There is still a need to formulate an 
adequate, integrated pest management strategy that will suit the circumstances of the majority of yam 
farmers in Africa and elsewhere.  
  
1.3. Objectives of the current study 
 
Yam is an important crop in the diet of Benin citizens. Unfortunately, the crop is severely damaged by 
plant-parasitic nematodes reducing yield, food quality and market value of tubers. No information 
exists about the pathogenic diversity of the yam nematode S. bradys on cultivated yam in Benin. The 
current study was undertaken in order to improve our knowledge of the situation of S. bradys on yam 
in Benin.     
 
The main objectives of this study were to:  

• assess the  incidence  of S. bradys on marketable yam in Benin, in relation to geography and 
agro-ecological zones, and also by cultivar and yam species  

• evaluate selected  inoculation methods of S. bradys in terms of their effect on yam  production 

• compare the effect of inoculum densities of the nematode on growth and yield of yam 

• test the pathogenicity of three geographically  different populations of S. bradys on yam 
collected in Benin 

• assess  the effect of fertiliser treatments on S. bradys populations and on damage to yam in 
the field and during storage 

• identify susceptibility  or tolerance of yam to S. bradys by assessing some common Benin yam 
cultivars.  

• assess the effectiveness of yam tuber, cowpea roots and callused yam leaves for artificially 
culturing S. bradys in the laboratory. 
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CHAPTER 2 - SURVEY OF SCUTELLONEMA BRADYS INCIDENCE ON 
MARKETABLE YAM (DIOSCOREA SPP.) IN BENIN*   

 
 
Abstract 
 
A survey was conducted in the different yam (Dioscorea spp.) growing areas in Benin. Yam tubers 
were assessed visually for dry rot disease associated with Scutellonema bradys. Assessments were 
made between February-March in 2002 and 2003 using yam for sale on market stalls. S. bradys 
population density was also determined in sampled yam tubers exhibiting symptoms of dry rot, and 
differences between yam cultivars (cv’s), yam species, site of tuber origin and agro-ecological zone 
(AEZ) of tuber cultivation were analysed. A total of 3 222 tubers were visually assessed for nematode 
damage. The percentage of tubers with dry rot caused by S. bradys was low (mean of 3.57 %). The 
yam cv’s Idjekoka (D. rotundata), Krokotonnè (D. rotundata) and Kokoro (D. cayenensis) and the yam 
species D. rotundata were observed as those most frequently presenting symptoms of nematode 
damage. A total of 65 tuber samples presenting obvious symptoms of S. bradys damage were 
assessed for nematode population density. S. bradys population density varied considerably between 
yam cv’s, yam species, sites of origin of tubers and the AEZ tubers were grown in. D. rotundata 
supported the highest (P≤0.05) nematode population density (mean of 488 S. bradys/g tuber peel) and 
D. alata the least (mean of 4 S. bradys/g tuber peel). Some cv’s were found to be S. bradys-free, even 
though they appeared to have dry rot symptoms. Nematode population density as high as 1 700/g 
tuber peel was recorded on cv Yoruba dundu (D. rotundata). In the southern Guinea savanna (SGS), 
S. bradys were recovered in higher numbers from tubers (mean of 666 S. bradys/g tuber peel) 
compared with tubers from the northern Guinea savanna (NGS) (mean of 367 S. bradys/g tuber peel). 
The highest density of S. bradys were recorded in tubers from Bio Amadou Kpara, Monne and 
Nangatori (mean of 3 789, 2 609 and 2 316 S. bradys/g tuber peel, respectively). 

 
*The content of this chapter has been included as part of the following publication: Coyne, D., Tchabi, A., Baimey, 
H., Labuschagne, N. & Rotifa, I. 2005.  Distribution and prevalence of nematodes (Scutellonema bradys and 
Meloidogyne spp.) on marketed yam (Dioscorea spp.) in West Africa.  Field Crops Research. In press. 
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2.1. Introduction 
 
In Africa, Benin is the fourth largest producer of yam (2.5 mt) after Nigeria (27 mt), Ghana (3.8 mt) and 
Côte d’Ivoire (3 mt) (FAO, 2004). Three Dioscorea species are popular, namely D. rotundata (white 
yam), D. cayenensis (yellow yam) and D. alata (water yam). Yam is an important food crop for Benin, 
which is mainly cultivated in the central and northern parts of the country (Adam and Boko, 1993). 
Yam production is faced by several constraints of which the yam nematode, Scutellonema bradys is 
amongst the most important (IITA, 1999). The nematode is an important storage pest, which results in 
dry rot while nematode density can exceed 300 000 nematodes/50 g tuber peel (Bridge, 1973). Dry rot 
is followed by a general decay of tubers, which can be complicated by the development of secondary 
infections caused by fungi and bacteria. In this case, an important proportion of harvested tubers 
needs to be discarded by yam farmers and traders. The quantity of uninfected planting material is then 
reduced and farmers are forced to buy extra planting material from neighbours when it becomes 
scarce. Only scant information is currently available on the occurrence of S. bradys in Benin (IITA, 
1999). However, there are no available data regarding the extent of the nematode problem on 
commonly cultivated yam cultivars (cv’s) or species, or on the distribution of the nematode problem 
within the country and between the two main agro-ecological zones (AEZ) in the country. 
 
The current study was undertaken to assess the relative distribution of S. bradys and extent of the 
nematode problem on marketed yam in Benin during the main storage period of tubers.  Furthermore, 
additional information was gathered regarding the incidence of S. bradys on different yam cv’s and 
species in Benin. 
 
2.2. Materials and methods 
 
2.2.1. Survey area and data recorded from tuber samples 
 
The survey was conducted in the yam growing areas in Benin between February-March of 2002 and 
2003, a period which coincides with the dry season when yam is in storage. Yam tubers were 
assessed at markets and roadsides. For each tuber sample, data were recorded on the yam species, 
cv, site, geographical coordinate and AEZ of origin. When yam had been transported from another 
location, the site closest to the point of origin was determined from the trader, and the geographical 
coordinates established.   
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2.2.2. Assessment of nematode damage 
 
In order to evaluate the relative proportion of yam tubers with S. bradys damage (dry rot) at markets 
across Benin, a visual assessment of the tubers was undertaken. During the survey, yam stalls were 
randomly selected. For each stall, the yam cv’s and species present were recorded and the total 
number of tubers was counted. Tubers presenting symptoms of dry rot were counted and the 
percentage of infected tubers calculated.  
 
2.2.3. Assessment of S. bradys population densities 
 
Additional yam tubers with symptoms of dry rot were randomly collected during the survey in order to 
determine S. bradys population densities in the tubers. The tubers were manually peeled using a kitchen 
peeler. The peel was chopped (ca. 0.5 cm x 0.3 cm) and nematodes were extracted from 3 x 5 g sub-
samples of peel per tuber using a modified Baermann method for 48 h (Hooper, 1990). The nematode 
suspension was collected in beakers, allowed to settle for two hours and the supernatant poured off.  
The suspension was then poured into graduated test tubes and tap water added to obtain a final volume 
of 10 ml.  The tubes were manually shaken and not allowing the nematodes to settle, a 1 ml aliquot 
taken for nematode density assessment. This was repeated three times in total with the nematode 
suspension returned to the test tube after each assessment. Nematodes densities were assessed in a 
counting dish using a Leica Wild M3C stereo microscope and the mean nematode density was 
calculated per unit peel (outer cortex) weight for each tuber sampled. A contour map indicating S. bradys 

population density/g tuber peel at each tuber collection site was drawn. The percentage of the total 
number of sites of tuber origin for which nematode density of tubers varied between 0-100, 100-500, 
500-800, 800-1 000 or more than 1 000 S. bradys/g tuber peel was calculated.  
 
 
2.2.4. Data analyses  
 
The experimental data were subjected to ANOVA. Nematode population density between yam 
species, site of origin of tubers, cv and AEZ was compared using the SAS system, Version 8 for 

Windows 1999 and Student Newman-Keuls test (P≤0.05). Nematode population density was 

log10(x+1) transformed prior to analyses to normalise the data. Percentage visual assessment data 
were normalised using Arcsine (sqrt (X/100)) transformation prior to analyses. A distribution map of S. 

bradys contour density was produced by kriging using Geostatistical Analyst in ArcGIS version 9.0.  
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2.3. Results 
 
2.3.1. Assessment of S. bradys damage 
 
A total of 3 222 tubers were assessed for nematode damage by visual examination. One hundred and 
fifteen tubers (representing 3.57 % of total tubers assessed) presented symptoms of dry rot. Twenty-
six yam cv’s were sampled in total, of which 34.6 % were recorded as not presenting symptoms of dry 
rot disease, while 65.4 % had nematode damage. Cultivars Idjekoka, Krokotonne and Kokoro 
rendered 25.0 %, 25.0 % and 10.4 % tubers with dry rot symptoms, respectively (Table 2.1). The 
tubers originated from 30 sites/farmer fields. Those from Save, Assiou and Yagbo had the greatest 
levels of infection recorded across yam cv and species (Table 2.2). Seventy-nine percent of the total 
number of tubers visually assessed originated from the northern Guinea savanna (NGS) and 21 % 
from the southern Guinea savanna (SGS). The assessed tubers belonged to three yam species (D. 

alata, D. cayenensis, D. rotundata) plus a group labelled as “unidentified species” (Figure 2.1). 
Percentage infection was relatively low and varied with yam species. The maximum infection (5.24 %) 
was recorded with D. rotundata. Only 0.4 % of total D. alata tubers assessed presented dry rot 
symptoms (Figure 2.2).   
 
2.3.2. Assessment of S. bradys population density 
 
A total of 65 yam tuber samples presenting symptoms of dry rot, originating from 24 separate 
sites/farmer fields (2-3 yam tubers per site) were collected from two AEZ’s of Benin, the northern 
Guinea savanna (NGS) and the southern Guinea savanna (SGS) and assessed for S. bradys. Tubers 
cultivated in the sites of Bio Amadou Kpara, Monne and Nangatori (all situated in the NGS) were the 
sites with the highest levels of infection calculated across cv and species (mean of 3 789, 2 609 and 2 
316 S. bradys/g tuber peel, respectively) whereas only few nematodes were recovered from tubers 
originating from Wedeme and Bakou (11 and 0 S. bradys/g tuber peel, respectively) (Table 2.3). 
Tubers from 20 yam cv’s belonging to three yam species (D. rotundata, D. cayenensis, and D. alata) 
were collected. A further three tuber samples (representing 4.6 % of total number of collected tubers) 
were either not easily recognizable or their genotypic origin unknown by traders, which were grouped 
under “unidentified” yam cv (Figure 2.3). The most popular yam species collected was D. rotundata 
(69.2 % of collected tubers), followed by D. cayenensis (26.2 %) and D. alata (4.6 %).  Nematode 

population density varied (P≤0.05) according to yam cv (Figure 2.3). High nematode densities were 

recovered from cv’s Yoruba dundu, Ala and Klatchi (mean of 1 670, 908 and 834 S. bradys/g tuber 
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peel, respectively) while no S. bradys were recovered from four cv’s namely Sakata, Bètèbètè, 
Krokotonnè, Laboko (representing 19.1 % of total yam cv’s)  (Figure 2.3), even though the tubers 
showed dry rot symptoms. D. rotundata tubers were more densely infected (mean of 488 S. bradys/g 
tuber peel) than tubers of other yam species. A mean of 177 S. bradys/g tuber peel were recovered 
from “unidentified yam species” (Figure 2.4). Although the majority of the yam tubers (78.5 %) 

originated from the NGS, greater (P≤0.05) densities of S. bradys were recovered from tubers 

originating from the SGS (mean density of 666 and 367 S. bradys/g tuber peel for tubers from the SGS 
and NGS, respectively). For 44.9 % of the total number of sites of tuber origin, nematode density of 
tubers was less than 100 S. bradys/g tuber peels whereas in 36.73 % of sites nematode density was 
between 101 and 500/g tuber peel, in 4.08 % of sites, between 501 and 800/g tuber peel, in 2.04 % of 
sites between 801 and 1 000/g tuber peel and in 12.24 % of sites over 1 000/g tuber peel (Figure 2.5).  
 
2.4. Discussion 
 
The study provides more specific and focused detail of the S. bradys problem on yam in Benin, than a 
wider study carried out across the yam belt of West Africa (Coyne et al., 2005), which is reported 
separately. The current study provides greater information on the incidence of dry rot disease of yam 
tubers caused by S. bradys throughout Benin than previous studies (IITA, 1999). The studies in 1999 
have focused on yam at farm level only, whereas the current one has focused on yam at both farm 
and market levels.  
 
The survey was conducted during the main storage period of tubers, which is a time when 
multiplication of nematodes is usually greatest and when dry rot manifests and is most severe. The 
assessment period was therefore appropriate for such a study since the assessment was based on the 
external symptoms of the disease, which do not appear when it is at it’s initial stage (Cadet & 
Quénéhervé, 1994).  
 
Although S. bradys was found to be the most important nematode affecting yam in Benin in previous 
studies (IITA, 1999), the proportion of S. bradys-infected tubers observed in the current study, across 
the country, was relatively low (maximum of 5.24 % of D. rotundata tubers).  It must be borne in mind 
that the collection of tubers from markets during the current survey excluded tubers retained by 
growers on the farm. It is possible that higher proportions of diseased material would be observed on 
farms, where diseased tubers are often retained for home consumption and use (IITA, 1999), as they 
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obtain lower prices on the market. If this assumption is accurate it will imply that the levels of S. bradys 
infection on yam in Benin is actually higher than those recorded in the current survey. 
 
The higher proportion of infected tubers of cv’s Idjekoka, Krokotonnè and Kokoro suggests that the 
cv’s are highly susceptible to S. bradys. The initial inoculum levels in the various planting materials 
and fields, however, cannot be determined from the current study. It is therefore not possible to assess 
the differential susceptibility between cv’s, although it does permit an indication and provide some 
direction for identifying more resistant genotypes for more controlled studies. The differences observed 
for proportions of infected tubers across yam species and AEZ’s are valid for assessing locations and 
zones of greater infection, possibly as a result of climate, soil, socio-economic or other factors such as 
cultivation of several yam cv’s and species (Vernier, 2002; Dansi et al., 2003) and the use of several 
cultural practices for yam production in Benin (Vernier, 2002). A similar variation of proportion of 
infected tubers was observed in Ghana, where Kwoseh (2000) reported differences in infection levels 
of tubers between AEZ’s. In Ghana, in the Forest Transition Zone, the incidence of dry rot on tubers 
was less than in the SGS.   
 
Although the proportion of S. bradys-infected tubers in Benin markets was found to be relatively low, 
infection level (population density in the tubers) was relatively high, which will inevitably contribute to 
high levels of tuber damage. The higher nematode densities recovered on tubers from Bio Amadou 
Kpara, Monne and Nangatori sites indicate that there are some yam cv’s cultivated in those regions 
with high susceptibility to S. bradys or that highly infected planting materials circulate in those areas. In 
the latter case, this is a serious problem since the planting material, the principal means of S. bradys 
dissemination, is transported from place to place without any phytosanitary restrictions in the country. 
Attempts, therefore, need to be made to clean or disinfect yam tubers or alternatively develop systems 
for providing healthy material. The hot water treatment of yam tubers at 50 °C for 30-40 min (Smit, 
1967) or 15 min (Ayala and Acosta, 1971) was found to be effective in eliminating S. bradys.  
 
In the current study the cv’s that appeared to be nematode-free may or may not provide resistance to 
S. bradys. To date, only limited resistance has been identified in domesticated yam against S. bradys 
(Hahn et al., 1987). Kwoseh (2000), following intensive screening studies, identified resistance to S. 

bradys in two yam cv’s Nkanfo (D. dumetorum) and Afun (D. cayenensis) in Ghana based on the 
relatively low dry rot index and the nematode population density in tubers after four weeks of storage. 
The current study, therefore, provides initial information upon which further assessment of resistance 
against S. bradys can be based, using those cv’s least infected in the areas or sites of greatest 
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infection, as potential sources of resistance. Knowledge about the levels of nematode susceptibility of 
the yam land races would also be useful in breeding programmes and in the national yam programme. 
The visual assessment of tubers should be confirmed by nematode extraction. When yam is cultivated 
under conditions of high soil humidity tuber dry rot symptoms can be observed, which appear similar to 
those caused by S. bradys. This could explain, why some visually assessed tubers presented 
symptoms similar to that of dry rot, but in reality were not infected by S. bradys. Also, S. bradys 

symptoms often go unnoticed. The current study indicates that, during the visual assessment, more 
yam tubers presented symptoms of dry rot in the central part of the country (at Savè, Assiou, Yagbo) 
than in the northern part (at Bio Amadou Kpara, Monne and Nangatori), but the highest nematode 
densities were recorded in tubers from the northern part of the country where most yam is produced. 
For yam species, however, the higher the proportion of tubers with symptoms of dry rot, the higher the 
mean population density of S. bradys. D. rotundata is the most cultivated yam species in Benin (R. 
Dossou, INRAB, 2005. personal communication) and was found to be the most susceptible to S. 

bradys. D. alata, in contrast, was the least susceptible species to S. bradys. Adesiyan (1977), reported 
similar observations. He inoculated yam tubers of D. rotundata, D. cayenensis and D. alata with 500 S. 

bradysiplant and observed nine-, eight- and five-fold increases of S. bradys density, respectively, after 
storing the tubers for a period of six months. Observations on dry rot symptoms among yam cv’s 
indicate that cv Kokoro (D. cayenensis) was the cv most frequently observed with symptoms of dry rot 
while cv’s Yoruba dundu, Ala and Klatchi (all D. rotundata) were the most infected yam cv’s. The 
differences in S. bradys infection in the SGS and the NGS may be related to specific factors such as 
soil type, climate, cultural practices, rainfall or to differences between S. bradys populations in Benin. 
The current study needs to be complemented by screening of Benin yam cv’s for resistance to S. 

bradys. This would give an improved picture of the susceptibility of Benin yam cv’s.   
   
The current study provides the basis for identifying those yam cv’s, which are perhaps most resistant, 
and can be targeted for screening for resistance. It provides the first documentation on the 
countrywide incidence of dry rot disease caused by S. bradys.  
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Table 2.1. Proportion of tubers of 26 yam cultivars assessed for Scutellonema bradys associated dry 
rot in market stalls in Benin between 2002–2003. 
 

Yam cultivar 
Number of 

tubers 
assessed  

Number of tubers 
with dry rot 
symptoms  

Percentage  
tubers with dry rot 

symptoms  
    

Adjipalanga (Dr) 24 0 0.00 
Ala (Dr) 97 3 3.09 
Aloungan (Da) 334 0 0.00 
Arsura (Dr) 201 1 0.50 
Banioure (Dc) 104 4 3.85 
Dodo (Dr) 95 7 7.37 
Florido (Da) 72 0 0.00 
Gangni (Dr) 101 1 0.99 
Gnindou (Dr) 169 9 5.33 
Hariya (Dr) 183 0 0.00 
Idjèkoka (Dr) 8 2 25.00 
Idoro (Dr) 124 10 8.06 
Klatchi (Dr) 153 6 3.92 
Kokoro (Dc) 405 42 10.37 
Kpètè (Dr) 20 0 0.00 
Krokotonnè (Dr) 16 4 25.00 
Laboko (Dr) 67 4 5.97 
Matabou (Dr) 103 0 0.00 
Moroko (Dr) 100 8 8.00 
Noudouosso (Dr) 21 0 0.00 
Onniou (Dr) 30 1 3.33 
Sakata (Da) 416 3 0.72 
Sousoukoua (Dr) 25 1 4.00 
Tatounmanè (Dr) 29 0 0.00 
Unidentified 225 7 3.11 
Wokrou (Dr) 25 0 0.00 
Yoruba dundu (Dr) 75 2 2.67 
Total 3 222 115  

 

Total number of yam cultivars (cv’s) = 26 plus a group of unidentified cv’s.  
Number of yam cv’s uninfected with S. bradys = 9; representing 34.62 %. 
Number of yam cv’s infected with S. bradys = 17; representing 65.38 %. 
Dr = Dioscorea rotundata, Dc = Dioscorea cayenensis, Da = Dioscorea alata.  
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Table 2.2. Proportion of tubers collected from 30 yam production sites and assessed for                    
Scutellonema bradys associated dry rot in market stalls in Benin between 2002 - 2003.    
 

Site of  Number of tubers  Number of infected  Percentage infected  
collection assessed tubers tubers 

Agouna 153 4   2.61  
Assiou   16 4 25.00   
Bamkpo 129 6   4.65  
Bassila   86 4   4.65  
Bembereke   27 2   7.41  
Bio Amadou Kpara   16 3 18.75  
Chabicouma   38 4 10.53  
Djougou 601 6   1.00  
Glazoue 331 2   0.60  
Goua   77 1   1.30  
Haya   16 1   6.25  
Ina 250 7   2.80  
Kataban 118 4   3.39  
Magoumi   37 0   0.00  
Natitingou 203               14   6.90  
Okonfo    7 1 14.29  
Onklou 138 0   0.00  
Ouoghi 118               17 14.41  
Parakou   52 0   0.00  
Pira 306               18   5.88  
Savalou 165 2   1.21  
Save   14 4 28.57   
Tanguieta   48 0   0.00  
Tchakalakou   88 2   2.27  
Tchaourou   12 2 16.67   
Tchatchou   62 2   3.23  
Tchetti   35 0   0.00  
Toui   18 0   0.00  
Wedeme   53 2   3.77  
Yagbo    8 3 37.50   
Total          3 222             115   
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Table 2.3. Mean Scutellonema bradys population density in yam tubers according to the site of origin 
of the tubers in Benin between 2002–2003. 
 

 
Origin of tubers 

 
Nematode population  density/g tuber peel 

Agouna 1136   c 
Assiou 137  d 
Bakou    0  d 
Bamkpo 471cd 
Bassila 117  d 
Bembereke 19   d 
Bio Amadou Kpara 3789  a 
Djougou 445 cd 
Glazoue 353 cd 
Gome 574 cd 
Ina   23  d 
Issa Manga 117   d 
Kataban 519 cd 
Monne 2609 ab 
Nangatori 2316   b 
Ouoghi  166  d 
Pira  161  d 
Savalou 1326  c 
Save   42  d 
Tchaourou 118   d 
Tchatchou 405 cd 
Tcheti 169   d 
Wedeme   11  d 

Yagbo 373 cd 
    

Yam tubers originated from 24 sites. 
Total number of yam tubers used for nematode extraction = 65 (2-3 tubers per site). 
Nematode population densities were calculated across yam cultivar and species. 
Values with the same letter represent nematode population densities (untransformed data) that are not 
significantly different according to Student Newman-Keuls test, P≤0.05.  
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 
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Figure 2.1. Proportion (%) (untransformed data) of yam species tubers assessed for Scutellonema    

bradys-associated dry rot per yam species in Benin during the storage periods of 2002-2003.  
      Total number of tubers assessed is 3 222. D. = Dioscorea 
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Figure 2.2.  Proportion (%) (untransformed data) of yam tubers with symptoms of Scutellonema 
bradys-associated dry rot in Benin markets according to yam species between 2002–2003. 
Columns followed by the same letter are not significantly different (P≤0.05) according to Student Newman-Keuls test, 
P≤0.05.  
D. = Dioscorea. Statistical analyses and mean separations were undertaken on Arcsine (sqrt (X/100)) transformed data. 
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Figure 2.3. Mean Scutellonema bradys tuber population density/g tuber peel (untransformed data) for 20 yam cultivars plus one group of “unidentified cultivars” 
collected in Benin during February-March, 2002-2003.  
Total number of tubers assessed is 65. 
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data.  

Columns followed by the same letters are not significantly different according to Students-Newman-Keuls test, P≤0.05. 

36 
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Figure 2.4. Mean Scutellonema bradys population densities/g tuber peel (untransformed data) of 
three yam species collected in Benin during the storage period of 2002-2003.  
Total number of tubers assessed is 65.  
D. = Dioscorea. Unidentified = Unidentified species.  
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data.  

Columns followed by the same letters are not significantly different according to Students-Newman-Keuls test (P≤ 

0.05).
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 Figure 2.5. Map of Benin showing Scutellonema bradys population density/g tuber peel at each 
yam tuber collection site (N=65) and the estimated (kriged) distribution contours of S. bradys 

density (population surface) in 2002 and 2003.0 
(CS), (SGS), (NGS) and (SS) represent, respectively, the coastal savanna, the southern Guinea 
savanna, the northern Guinea savanna and the Soudan savanna.  
Source for the agro-ecological zones: Hell et al. (2000).
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CHAPTER 3 – PATHOGENICITY OF SCUTELLONEMA BRADYS POPULATIONS AND 
EFFECTS OF INOCULATION METHODS AND INOCULUM DENSITY ON YAM 

(DIOSCOREA SPP.) 
 
 

3.1. Assessment of inoculation methods in evaluating response of yam (Dioscorea spp.) 
cultivars to infection by Scutellonema bradys*. 

 
Abstract 
 
Two greenhouse experiments were conducted to assess the influence of three inoculation methods on 
Scutellonema bradys multiplication on yam (Dioscorea spp.) and on growth and production of the crop. 
Three separate cultivars (cv’s) of yam, namely Ala and Kpouna (D. rotundata) and Tabane (D. 

cayenensis) were used in the study. One-month-old plants were each inoculated with ca. 1 000 S. 

bradys juveniles and adults. The inoculation methods included inoculation with chopped infected pieces 
of yam peel (ca. 0.5 cm x 0.3 cm), chopped and blended infected yam peel and a water suspension 
(200 ml) of extracted nematodes compared with a S. bradys-free yam tuber peel control. The two 
experiments were harvested at nine and four months after planting, respectively. Nematode population 

densities at harvesting were significantly different (P≤0.05) between inoculation methods and yam cv’s. 

Higher nematode population densities were recorded on tubers from plants inoculated with unblended 
peel, followed by those inoculated with blended peel. Inoculation with nematode suspension yielded the 
lowest nematode population densities. Inoculation with S. bradys did not affect the vine circumference 
and the number of tubers. Weights of tubers differed between inoculation methods for two of the three 

yam cv’s tested (P≤0.05).  

 
 
 
*The content of this chapter (3.1) has been published: Baimey, H., Coyne, D. & Labuschagne, N.  2005.  Assesment 
of inoculation methods in evaluating response of yam cultivars to infection by Scutellonema bradys.  Nematology, 
7:375-379. 
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3.1.1. Introduction 
 
The yam nematode, Scutellonema bradys, is found in the rhizosphere of soil around yam (Dioscorea 
spp.) but mainly occurs as a migratory endoparasite of roots and tubers (Bridge, 1982). In the tuber, the 
nematode is primarily confined to the sub-dermal, peridermal and underlying parenchymatous tissues in 
the outer 1 to 2 cm of tubers (Bridge et al., 2005). Nematode inoculum can, therefore, be obtained from 
the infected peel of yam tubers. For experimental purposes, nematode inoculation can be undertaken in 
a number of ways such as inoculum suspension of nematode egg sacs, free eggs or hatched infective 
juveniles (Hussey and Barker, 1973; Dropkin, 1989), nematode-infested soil (Speijer and De Waele, 
1997), handpicked nematodes from a sterile medium/inoculum (N. Smol, University of Gent, Belgium, 
2000, personal communication), nematode suspension of mixed life-stages from monoxenic sterile 
cultures (Southey, 1986), a suspension of nematodes from root material following blending of infected 
roots (Speijer and De Waele, 1997) and infected root or tuber material (Southey, 1986; Speijer and De 
Waele, 1997). For experiments on yam, at least two methods are known to have been used, namely 

inoculation with S. bradys in chopped infected yam tuber peel (Nwauzor and Fawole, 1990; IITA, 1998; 
Kwoseh, 2000) and inoculation with S. bradys water suspension after extraction (Kwoseh, 2000). The 
different inoculation methods can be expected to result in different infection levels in the plant, due to 
the possibility of survival and consequent rate of multiplication of the nematode.  
 
The current study was carried out to determine the effect of three different inoculation methods of S. 

bradys on the nematode multiplication and also to see whether this is affected by yam cultivar (cv) and 
translates into differences in plant growth.  
 
3.1.2. Materials and methods 
 
3.1.2.1. Experimental design and details  
 
The study was carried out in the greenhouse at the International Institute of Tropical Agriculture (IITA-
Cotonou Station, Benin). Two experiments were conducted in 5.6-l plastic pots. The experiment in 2002 
comprised two factors, viz. nematode inoculation method and yam cv. Nematode inoculation method 
had three treatment levels (unblended infected peel, blended infected peel and nematode suspension) 
and an uninfected control for each of three yam cv’s Ala and Kpouna (D. rotundata) and Tabane (D. 

cayenensis). In 2004, the same levels of nematode inoculation method were used but only two yam cv’s 
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(Ala and Tabane) were used. A completely randomised design was used with five replicates in both 
experiments.  
 
The three yam cv’s were planted in March 2002 and cv’s Ala and Tabane in mid March 2004 in soil of a 
hydromorphic nature, which is derived from and representative of lowland, seasonally flooded areas 
(Adam and Boko, 1993). The soil had the following composition: 0.5 % N, 0.27 ppm P2O5, 0.02 meq per 
100 g soil K2O, 0.6 % C, 6.18 pH, and 5.37 C/N ratio (Mahougbe, 1996). The soil was sterilised in an 
oven at 80 °C for 48 h. Tubers weighing each 300-400 g were hot-water treated at 50 °C for 30 min 
(Smit, 1967) to disinfect them from S. bradys. They were pre-sprouted in shredded coconut husk in 
wooden trays prior to selection for each experiment to ensure plant uniformity. The plants were staked 
(one stake/plant) three weeks after planting. They were watered with tap water as required. The 2002 
experiment was conducted in a greenhouse at temperatures between 27 °C and 33 °C and a relative 
humidity between 75 % and 89 % and the 2004 experiment at temperatures between 25 °C and 32 °C 
and a relative humidity between 80 % and 89 %.  
  
3.1.2.2. Inocula preparation and inoculation procedure 
 
 
To determine the weight of tuber peel that contained ca. 1 000 nematodes, heavily S. bradys-infected 
tubers of the yam cv Kokoro purchased from markets in central Benin were manually peeled using a 
kitchen peeler. Several ‘strips’ of peel were removed from different portions of the tubers, chopped (ca. 
0.5 cm x 0.3 cm) and 3 x 5 g sub-samples per tuber removed. Nematodes were extracted from each 
sub-sample for 48 h using a modified Baermann method (Hooper, 1990). The nematode suspension 
was collected in beakers, allowed to settle for two hours and the supernatant poured off. The 
suspension was then poured into a graduated test-tube and tap water added to a final volume of 50 ml. 
This was manually shaken and not allowing the nematodes to settle, a 10 ml aliquot was taken for 
nematode density assessment. This was repeated three times in total with the nematode suspension 
returned to the test tube after each assessment.  Nematode densities were assessed in a counting dish 
using a Leica Wild M3C stereo microscope. Mean nematode population densities were calculated per 
unit peel (outer cortex) weight. This showed that 6.3 g of infected peels contained ca. 1 000 S. bradys.  
 
Nematodes were inoculated at four weeks after planting in both experiments. Each plant was inoculated 
with ca. 1 000 S. bradys juveniles and adults. Nematodes were inoculated either as 1) chopped S. 

bradys-infected yam peel (ca. 0.5 cm x 0.3 cm), 2) chopped and blended S. bradys-infected yam peel or 
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3) water suspension (200 ml) of extracted S. bradys (using a modified Baermann method for 48 h 
(Hooper, 1990)) compared with an uninfected yam tuber peel control. For the first inoculation method, 
6.3 g of tuber peel pieces containing ca. 1 000 S. bradys juveniles and adults was applied per plant. For 
the second inoculation method, the same weight of infected pieces of tuber peel was blended in a 
household blender in 100 ml of tap water for a total of 15 sec. The suspension was poured into a 340-ml 
cup. The blender was then rinsed with 100 ml tap water and the suspension poured again into the same 
cup. Each plant was inoculated with 200 ml of blended peel suspension. The nematode population 
density after blending of the peels was not determined due to the suspension being to turbid for 
assessment. For the third inoculation method, the nematode suspension was obtained by extracting 
nematodes from infected pieces of yam tuber peel, using a modified Baermann method for 48 h 
(Hooper, 1990). The suspension was reduced as described above to 20 ml and used to inoculate each 
plant. Chopped, uninfected peel (weighing 6.3 g) of cv Kokoro was added to each control plant in the 
same manner as inoculated plants. In all cases, a shallow trench was dug at approximately 5 cm radius 
around the stem of each plant, to a depth (5-10 cm) that exposed some of the roots. The inoculum was 
applied to the trench and re-covered with soil according to Kwoseh (2000). Following inoculation, plants 
were watered immediately with 200 ml water for plants inoculated with the chopped peel. Using the 
same procedure as in the first experiment, plants in the second experiment were inoculated using 5.6 g 
of chopped, infected peel of yam cv Kokoro.   
 
3.1.2.3. Nematode population density assessment and crop growth  
 
 
Plants were harvested nine months (first experiment) and four months (second experiment) after 
planting. The second experiment was terminated four months after planting because of a time 
constraint. Nematodes were extracted from 3 x 5 g sub-samples of chopped tuber peel (ca. 0.5 cm x 0.3 
cm) as previously described, per tuber. In the second experiment, nematodes were also extracted from 
roots and soil. The root systems of plants were cut into ca. 2-cm-long pieces, the root pieces were 
mixed and nematodes extracted from 3 x 5 g sub-samples for 48 h using a modified Baermann method 
(Hooper, 1990). The soil around the root system was collected from each pot, thoroughly mixed and 
nematodes extracted from 3 x 50 g sub-samples for 48 h using a modified Baermann method. 
Nematodes were counted from 3 x 10 ml aliquots as described previously. For the soil samples, mean 
nematode population densities were then calculated per 5 g soil. In both experiments, tubers were 
counted and weighed and the plant vine circumference measured and mean values calculated per pot.    
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3.1.2.4. Data analyses 
 
 
Nematode population densities of yam cv’s and inoculation methods were compared with ANOVA using 
Fisher’s Protected Least Significant Difference Test (LSD), P≤0.05 on SAS, Version 8 for Windows 
1999. Nematode population density data were normalised using log10(x+1) transformation prior to analyses.    
 
3.1.3. Results 
 
3.1.3.1. Crop growth parameters 
 
There were no significant differences in vine circumference between the three inoculation methods in 
either experiment with the exception of cv Kpouna in 2003 which showed significantly lower vine 
circumference in the control treatment compared to the other treatments (Tables 3.1.1 and 3.1.2). The 
three inoculation methods also did not affect the number of tubers. The mean weights of tubers were 

significantly (P≤0.05) affected by inoculation method for cv’s Ala and Kpouna, but not for cv Tabane. In 

the first experiment, the greatest tuber weights were recorded from control treatments for cv Ala and 
from nematode suspension-inoculated treatments for cv Kpouna (Table 3.1.1). In the second 
experiment, the highest tuber weight was recorded from nematode suspension-inoculated treatment for 
cv Ala, but for cv Tabane, the tuber weights were similar (Table 3.1.2).  
 
3.1.3.2. Nematode population density 
 

In the soil and in the roots, greater nematode population densities (P≤0.05) were recorded with 

unblended peel- and blended peel-inoculated treatments compared with nematode suspension-
inoculated treatment. For both yam cv’s, the mean nematode population densities recorded were higher 

(P≤0.05) in the roots than in the soil. In the roots and in the soil, mean nematode population densities 

were similar for both yam cv’s (Table 3.1.3). 
 
Nematode population densities were greater at harvest on tubers of cv’s Ala and Tabane inoculated with 

unblended peels (P≤0.05), while tubers inoculated with the suspension had lower densities (Figures 

3.1.1 and 3.1.2). For cv’s Kpouna, nematode population densities were similar across inoculation 
methods (Figure 3.1.1). Cultivars showed different levels of host suitability to S. bradys, with cv Ala 
being the most suitable, followed by cv Kpouna, whilst cv Tabane was the least suitable (Figure 3.1.1).  
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3.1.4. Discussion  
 
The results obtained in the current study indicate that vine circumference and number of tubers were not 
influenced either by the inoculation method or by the nematode infection at the inoculation level used. 
The variations obtained in the tuber weight indicate that the effect of the different inoculation methods on 
that parameter depends on the yam cv but that the method of inoculation can influence infection level 
and consequently tuber development. The higher average vine circumferences obtained in the second 
experiment, even though tubers were harvested five months earlier compared to the first experiment, 
may be due to desiccation and constriction of vines at nine months after planting.  
 
In the current study (Chapter 3.1), the level of the various inocula applied were aimed at delivering an 
estimated 1 000 S. bradys to each plant. However, it can be assumed that a proportion of nematodes 
died during preparation of the inoculum, especially during blending of the peel. Also, a proportion of the 
nematodes in the suspension may have died due to the brusque change in conditions and environment 
(Kwoseh, 2000). The final nematode population densities obtained in the soil, roots and tubers will, 
therefore, be a reflection of this explaining, to some extent, why the highest densities were obtained with 
inoculum comprising pieces of unblended tuber peel. There is certainly a less dramatic change in 
conditions for nematodes inoculated as chopped tuber peel than the suspensions. Nematodes in the 
chopped peel will also be able to move out of the tuber peel in a more timely fashion as food reserves 
reduce, while the majority of nematodes in the suspensions will all need to find a food source and 
penetrate the yam within a relatively similar and short time period. The marked change in conditions and 
possible heightened competition for nematodes in the suspensions may also lead to higher mortality 
rates in suspensions soon after inoculation. The initial nematode population density (ca. 1 000 S. bradys 
per plant) may also have been too low for the nematodes to reproduce in a sufficient rate capable of 
affecting vine circumference and number of tubers (Seinhorst, 1965). The quantitative relationships 
between plant-parasitic nematodes and growth and yield of annual crops are primarily a function of pre-
plant densities (Seinhorst, 1965). The results on nematode population densities in soil, roots and tubers 
confirm those of Bridge (1982), who established that S. bradys is an endoparasite of plant roots and 
yam tubers and that only few individuals exist in the soil. The similarity obtained in the nematode 
population densities for the two yam cv’s in the roots and in the soil indicates that more than four months 
is needed to see which of the two yam cv’s is more suitable to S. bradys. The high nematode recovery 
rate observed in the first experiment as opposed to the low rate in the second experiment may be due to 
natural death of nematodes following inoculation.  
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The results of the current study (Chapter 3.1), indicate that when studying the effects of S. bradys on 
yam, particularly over relatively short periods, such as for resistance screening purposes, the use of 
unblended yam peel as a source of nematode inoculum is a more effective method than blended peel or 
nematode suspensions.  The results also suggest that greater inoculum densities are needed to obtain 
greater levels of infection. Furthermore, it is probable that larger pots will provide better growing space 
for yam growth and tuber production in greenhouse experiments. 
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Table 3.1.1. Effect of different inoculation methods of Scutellonema bradys (ca.1 000 juveniles and 
adults/plant) on the mean growth per plant of three yam cultivars in the greenhouse harvested nine 
months after planting in 2003.  
 

Vine circumference 
(cm) 

 Number of  
tubers 

 Tuber weight  
(g) 

Inoculation 
Method 

Ala Kpouna Tabane  Ala Kpouna Tabane  Ala Kpouna Tabane 

 
Control 
B. peel 
Unb. peel 
Nemat. susp.  
LSD 0.05 

 
1.9 
1.7 
1.6 
1.7 
0.3 

 
1.3 
1.7 
1.6 
2.0 
0.3 

 
1.5 
1.7 
1.6 
1.5 
0.5 

  
1.2 
1.2 
1.0 
1.4 
0.6 

 
1.4 
1.2 
1.6 
1.0 
0.7 

 
1.8 
1.2 
1.0 
1.2 
1.0 

  
151.1 
139.8 
146.4 
82.9 
10.2 

 
199.2 
124.8 
195.6 
240.5 
21.4 

 
33.8 
12.3 
33.2 
28.6 
22.2 

 
Values in the tables represent mean values per pot. Number of replicates = 5.  
B. peel = blended peel, Unb. peel = unblended peel, Nemat. susp. = Nematode suspension  
Vine circumference is the circumference of the main vine of each plant. 
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Table 3.1.2. Effect of different inoculation methods of Scutellonema bradys (ca.1 000 juveniles and 
adults/plant) on the mean growth per plant of two yam cultivars in the greenhouse harvested four 
months after planting in 2004. 
 

Vine circumference (cm)  Number of tubers  Tuber weight (g) Inoculation 
method Ala Tabane  Ala Tabane  Ala Tabane 

 
Control 
Blended peel 
Unblended peel 
Nemat. Susp. 
LSD 0.05 

 
1.6 
2.0 
2.1 
2.2 
0.4 

 
1.7 
2.0 
2.2 
2.2 
0.9 

  
1.4 
1.4 
1.8 
2.2 
1.0 

 
1.6 
1.8 
1.6 
1.8 
0.8 

  
18.3 
15.9 
14.5 
23.6 
2.8 

 
16.1 
13.6 
15.5 
16.7 
3.3 

 
Values in the table represent mean values/pot. Number of replicates = 5 
Nemat. Susp. = Nematode suspension.  
Vine circumference is the circumference of the main vine of each plant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 50

Table 3.1.3. Scutellonema bradys population densities in soil and roots of two yam cultivars inoculated 
with ca. 1 000 nematodes/plant using three methods. The experiment was harvested four months after 
planting in 2004. 
  

In soil  In roots Inoculation 
method Ala Tabane  Ala Tabane 

 
Control 
Unblended peel 
Blended peel 
Nematode suspension 

 
Mean 

 
0.0 c 
7.1 a 
7.2 a 
1.6 b 

 

4.0 A 

 
0.0 c 
5.9 a 
5.7 a 
3.6 b 

 

3.8 A 

  
0.0 c 

25.5 a 
23.7 a 
19.3 b 

 

17.1 B 

 
0.0 c 

22.9 a 
20.9 a 
14.8 b 

 

14.7 B 
 
 

Values in the table represent mean nematode population density/5 g soil or roots (untransformed data).  
In each column, the value in italic represents the mean value of nematode population densities for all four treatments.  

Values with the same capital letter in a row are not significantly different according to Fisher’s Protected LSD Test, P≤0.05.  

Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 
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Figure 3.1.1. Effect of three inoculation methods on Scutellonema bradys population densities 
(untransformed data) in tubers of three yam cultivars planted in March 2002 (First experiment) and 
harvested nine months after planting.  
For each yam cultivar, columns with the same letter indicate that nematode population densities are not significantly different 

according to Fisher’s Protected LSD Test, P≤0.05.  

Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 
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Figure 3.1.2. Effect of three inoculation methods on Scutellonema bradys population densities 
(untransformed data) in tubers of two yam cultivars planted in March 2004 (second experiment) and 
harvested four months after planting.  
For each yam cultivar, columns with the same letter indicate that nematode population densities are not significantly different 

according to Fisher’s Protected LSD Test, P≤0.05.  

Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 
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3.2. Effect of inoculum density of Scutellonema bradys on some plant growth parameters and 
tuber yield of yam (Dioscorea rotundata and D. cayenensis) 

 
Abstract 
 
The effects of Scutellonema bradys at three inoculum densities of ca. 1 000, 2 000 and 5 000 per plant 
on tuber yield of yam (Dioscorea spp.) cultivars (cv’s) Moroko and Ala (D. rotundata) and Banioure (D. 

cayenensis) were studied under field conditions and cv’s Ala and Moroko in pots. In both experiments, 
inoculation with S. bradys at any of the inoculum densities did not affect the number of tubers produced 
per plant. The weight of tubers decreased with increasing inoculum density. Inoculation of ca. 5 000 S. 

bradys/plant resulted in significantly lower (P≤0.05) tuber weight for both yam cv’s assessed in pots 

compared with the lower inoculum densities. The severity of dry rot visible on tubers at harvest from the 
field at nine months after planting varied with yam cv and inoculum density. Dry rot symptoms were 
observed on cv Moroko tubers following inoculation with ca. 1 000 S. bradys/plant whilst symptoms were 
observed only following inoculum densities of ca. 2 000 and 5 000 S. bradys/plant for cv’s Banioure and 
Ala, respectively. In the pot experiment, no symptoms of dry rot were observed on either of the two yam 

cv’s at harvest, four months after planting. In the field experiment, greater (P≤ 0.05) nematode 

population densities were recovered from cv’s Moroko and Banioure tubers following inoculation with ca. 

2 000 S. bradys per plant, compared with ca. 1 000 S. bradys per plant. On cv Ala tubers, nematode 
population density at harvest increased with increasing inoculum density. In the pot experiment, 
nematode population density at harvest increased with increasing inoculum density for both yam cv’s 
assessed. Nematode population density at harvest was greater on tubers in the pot experiment than 
either in roots or soil.  
 
3.2.1. Introduction 
 
Yam, the edible tuber of the genus Dioscorea is an important source of carbohydrates and vitamins in 
the diet of many West African, Asian and South American countries (Bell, 1983). The yam industry, 
however, loses millions of dollars annually from dry rot disease of yam caused by the yam nematode 
Scutellonema bradys (Adesiyan et al., 1975).  
One of the methods generally used for the management of nematode pests is the use of resistant 
cultivars (cv’s). No information exists on the susceptibility/resistance levels of Benin yam cv’s, however. 
Before screening these for resistance to S. bradys, selecting an appropriate nematode inoculum density 
is critically important because susceptible cv’s may be misclassified at very low population densities 
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(Starr and Bendezu, 2000). According to Noling and Ferris (1987), pre-plant counts are especially 
important in annual crops since most management options for plant-parasitic nematodes must be 
applied prior to planting. Pre-plant nematode population density is also important for crop loss prediction 
(Seinhorst, 1965; Ferris, 1981). Adesiyan and Odihirin (1978) observed that an inoculum of ca. 5 000 
juveniles of Meloidogyne incognita and M. javanica significantly reduced the yield of D. alata.  They 
recorded average tuber weights of 84 g for tubers inoculated with ca. 5 000 nematodes whilst an 
inoculum of ca. 1 000 nematodes gave average weight of 126 g. An average tuber weight of 160 g was 
recorded for the uninoculated tubers. In contrast to detrimental crop response (Amir and Sinclair, 1996), 
nematodes may stimulate plant growth (Mao et al., 2005) or plants may have a hypersensitive reaction 
under certain conditions. It has been observed by Noling and Ferris (1987) that low populations of 
Globodera rostochiensis, Heterodera tabacum, Meloidogyne hapla, Pratylenchus penetrans and H. 

schachtii can enhance host growth and sometimes result in increased yields.  
 
The current study was undertaken in order to select a suitable inoculum density that could be used in 
studies on S. bradys, such as for screening yam cv’s for resistance to the nematode.  
 
3.2.2. Materials and methods 
 
3.2.2.1. Experimental design and details  
 
The experiment comprised two factors, viz. nematode inoculum density and yam cv. Nematode 
inoculum density had three treatment levels (ca. 1 000, 2 000 and 5 000 S. bradys/plant) and an 
uninoculated control for each of three yam cv’s (Moroko, Ala and Banioure) in the field experiment. In 
the greenhouse experiment in pots, the same levels of nematode inoculum density were used but only 
two yam cv’s (Ala and Banioure) were included. A randomised complete block design was used with 
eight replicates in the field experiment and five replicates in the pot experiment.  
 

• Field experiment 
 
The field experiment was conducted in an area uncultivated in the past (virgin soil) at Save (8.26 °N, 
2.22 °E, 255 km north of Cotonou, Benin). Pre-plant nematode population densities in the soil were 
determined shortly before planting. Soil samples were taken from the area of 20 m x 20 m reserved for 
the experiments. Using a trowel, one soil core (ca. 100 g) was collected from each 1 m², at a depth of 
15-20 cm following a systematic collection procedure (Barker and Niblack, 1990). Soil from each 100 m² 
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was deposited in a plastic bag and labelled. Nematodes were extracted from 3 x 50 g soil for each soil 
sub-sample for 48 h by means of a modified Baermann method (Hooper, 1990). Nematodes were 
identified to genus level and population densities assessed as described below. The rest of soil samples 
were sent to the International Institute of Tropical Agriculture (IITA-Ibadan Station, Nigeria) for chemical 
analyses. Tubers with an average weight of between 400-500 g each of three yam cv’s namely Moroko 
and Ala (D. rotundata) and Banioure (D. cayenensis) were planted. These cv’s were selected because 
they are locally popular and common in the Save area. The tubers were hot water-treated at 50 °C for 
30 min (Smit, 1967) for elimination of S. bradys and pre-sprouted in shredded coconut husk in wooden 
trays to ensure plant uniformity. They were transplanted in May 2003 in the field in mounds 15-20 cm 
deep, spaced 1 m apart, and using only sprouted tubers. Thirty-two tubers were planted per yam cv. 
Each mound was prepared by gathering the surrounding top layer of soil to ca. 50-75 cm high. Three 
weeks after planting, the plants were staked (one stake per plant). During the experiment, minimum total 
monthly rainfall was 32.5 mm and the maximum 452 mm. The minimum average daily temperature was 
23 °C and the maximum 29 °C. The experiment was maintained weed-free by regular hand weeding.  
Harvest was undertaken at nine months after planting.  
 

• Greenhouse experiment 
 
The greenhouse experiment was conducted in a greenhouse at IITA-Cotonou Station, Benin from mid 
March 2004. Tubers weighing 300-400 g each of the cv’s Ala and Banioure were hot water-treated and 
pre-sprouted as described previously and planted in 5.6-l plastic pots. Twenty tubers were planted per 
cv, i.e. a total of 40 tubers for the experiment. The pots were filled with soil originating from IITA 
experimental field. The soil had the following composition: 0.5 % N, 0.27 ppm P2O5, 0.02 meq per 100 g 
soil K2O, 0.6 % C, 6.18 pH, and 5.37 C/N ratio (Mahougbe, 1996). The soil was sterilised in an oven at 
80 °C for 48 h. The plants were staked three weeks after planting (one stake per plant) and watered 
with tap water as required. During the experimental period, temperature varied between 25 °C and 32 
°C and humidity between 80 % and 89 % in the greenhouse. The pot experiment was terminated four 
months after planting because of a time constraint.     
 
3.2.2.2. Inocula preparation and inoculation procedure  
 
S. bradys was collected from infected peel obtained from heavily infected tubers of the cv Kokoro. To 
determine the nematode density per weight of tuber peel, infected tubers were manually peeled using a 
kitchen peeler, chopped (ca. 0.5 cm x 0.3 cm) and 3 x 5 g sub-samples removed. Nematodes were 
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extracted from each sub-sample for 48 h using a modified Baermann method (Hooper, 1990). The 
nematode suspension was collected in beakers, allowed to settle for two hours and the supernatant 
poured off. The remaining suspension was then poured into a graduated test-tube and tap water added 
to 50 ml. This was manually shaken and not allowing the nematodes to settle a 10 ml aliquot was taken 
for nematode density assessment. This was repeated three times in total with the nematode suspension 
returned to the test tube after each assessment.  Nematode densities were assessed in a counting dish 
using a Leica Wild M3C stereo microscope. Infected yam peel weighing 4.3 g, 8.6 g or 21.5 g equated to 
inoculum densities of ca. 1 000, 2 000 or 5 000 nematodes, respectively.  
 
Nematodes were inoculated at four weeks after planting for both experiments by digging a shallow 
trench at about 5 cm radius around the stem of each plant, to a depth (5-10 cm) that exposed some of 
the roots. The chopped tuber peel was applied to the trench and covered with soil according to Kwoseh 
(2000). Each plant was inoculated with ca. 1 000, 2 000 or 5 000 S. bradys juveniles and adults and 
uninfected yam tuber peel was applied to the control plants.  Plants were subsequently watered with 200 
ml tap water per plant. 
 
3.2.2.3. Crop growth parameters measured 
 
Plants were harvested nine months (field experiment) and four months (pot experiment), respectively, 
after planting. The mean number and weight of all tubers per plant were recorded at harvest. 
 
3.2.2.4.  Assessment of damage and nematode population density  
 
For the field experiment, five tubers weighing 300-400 g each were randomly selected per treatment 
(comprising one yam cv and one inoculum density) for assessing dry rot severity on an arbitrary scale of 
0-4 where 0 = clean tuber; 1 = 1-25 % tuber skin showing dry rot symptoms (low level of damage); 2 = 
26-50 % tuber skin showing dry rot symptoms  (low to moderate level of damage); 3 = 51-75 % tuber 
skin showing dry rot symptoms (moderate to severe level of damage); 4= 76-100 % tuber skin showing 
dry rot symptoms (high level of damage). This scale is a modification of the scale used by Speijer and 
De Waele (1997) for assessing root-knot nematode galling on banana (Musa spp.). For the pot 
experiment, three tubers were selected per treatment and assessed for dry rot severity as described 
previously. A lower number of tubers was selected per treatment for assessments (five and three, 
respectively, for the field and the pot experiments) compared to the number of replicates per treatment 
(eight and five, respectively, for the field and the pot experiments) because of the non-uniformity in tuber 
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size at harvest and due to missing plants at harvest. The tubers selected for dry rot assessment in both 
experiments were also assessed for nematode population density, as previously described. In addition, 
nematode assessment was undertaken for soil and root samples in the pot experiment on plants for 
which tubers were assessed. The roots were removed, cut into ca. 0.5–1 cm long pieces, thoroughly 
mixed and nematodes extracted from 3 x 5 g sub-samples of chopped roots per plant. The soil around 
the roots of each of the selected plants was thoroughly mixed and nematodes extracted from 3 x 50 g 
sub-samples per pot. In all cases, nematodes were extracted using a modified Baermann method for 48 
h (Hooper, 1990). Nematode population density was determined as described for inoculum preparation 
from 3 x 10 ml aliquots of nematode suspensions. For the soil samples, mean nematode population 
densities were calculated per 5 g soil in order to compare those densities with those recovered from the 
roots and the tubers.     
   
3.2.2.5. Data analyses 
 
 
Differences among treatment means were compared with ANOVA using Fisher’s Protected Least 
Significant Difference Test (LSD) or Standard Error, P≤0.05 on SAS, Version 8 for Windows 1999. 
Nematode population density data were normalised using log10(x+1) transformation prior to analyses.    
 
3.2.3. Results 
 
3.2.3.1. Crop growth parameters  
 

The mean number of tubers per plant was similar (P≤ 0.05) across nematode inoculum densities for all 

yam cv’s in both experiments (Table 3.2.1). Mean tuber weight/plant decreased with increasing 
inoculum density (Table 3.2.2). In the greenhouse experiment, tuber weight for plants inoculated with ca. 

5 000 nematodes/plant was significantly lower than that of plants inoculated with all other treatments. 

But in the field experiment, weight of tubers did not differ significantly (P≤ 0.05) across inoculum 

densities (Table 3.2.2). In the greenhouse experiment, for cv’s Ala and Moroko, significant differences 

(P≤ 0.05) were observed in terms of tuber weight between different inoculum densities. 

 
3.2.3.2.  Dry rot caused by S. bradys on yam tubers  
 
In the field experiment, the dry rot severity on tubers varied for yam cv Moroko. The dry rot symptoms 
were severe on that cv tubers, which showed low levels of damage at an inoculum density of ca. 1 000 
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S. bradys/plant and moderate to severe levels of damage at ca. 5 000 nematodes/plant. No tubers from 
the greenhouse experiment presented any symptoms of nematode damage  (Table 3.2.3). 
  
3.2.3.3. Nematode population densities  
 
No Scutellonema spp., Pratylenchus spp. or Meloidogyne spp. were recovered from soil during the pre-
plant assessment at Save.  
 

In the field experiment, nematode population density at harvest varied with yam cv across inoculum 
densities (Figures 3.2.1 and 3.2.2). Relatively higher densities of nematodes were supported by cv 
Moroko, followed by cv Banioure and cv Ala (means of 315, 208 and 135 S. bradys/5g yam peel, 
respectively, calculated across inoculum density) (Figure 3.2.1). At harvest, on cv’s Moroko and 
Banioure, nematode population density per 5 g tuber peel at inoculum density of ca. 2 000 S. 

bradys/plant was higher (P≤ 0.05) than at ca. 1 000 S. bradys/plant. On cv Ala tubers, the higher the 

inoculum density, the higher the nematode population density at harvest. No significant difference in 
nematode population density at harvest was observed for plants inoculated with ca. 2 000 nematodes or 
ca. 5 000 nematodes for all three yam cv’s (Figure 3.2.2).  
 

In the greenhouse experiment, for both yam cv’s, nematode population densities differed (P≤0.05) 

between roots, tubers and soil per 5 g weights. Nematode population densities in the soil were lowest, 
followed by those in the roots. Highest nematode population densities were recovered from tubers 
(Figure 3.2.3). Nematode population density increased in the roots and tubers with increase in inoculum 

density.  Differences (P≤0.05) in nematode population densities were observed for the two yam cv’s 

comparing data for plants inoculated with ca. 1 000 nematodes and those inoculated with ca. 5 000 
nematodes.  In the soil, nematode population densities were similar across inoculum densities (Figure 
3.2.4).  
 
3.2.4. Discussion 
 
The results for both the greenhouse and field experiments indicate that an inoculum density of as high 
as ca. 5 000 S. bradys/plant does not have any effect on the number and weight of tubers produced. In 
the greenhouse experiment, an inoculum density of as high as ca. 5 000 S. bradys /plant was necessary 
to observe differences between tuber weight of inoculated plants and uninoculated plants.      
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At the highest inoculum density used in the current study, the absence of dry rot symptoms on tubers 
harvested four months after planting indicates that the different nematode population densities on the 
tubers at that period were not sufficient to induce disease, four months duration seemingly being 
insufficient time for disease symptoms to become apparent. Similar observations were made by Cadet 
and Quénéhervé (1994), who concluded that there are no external symptoms of dry rot when the 
disease is at its initial stage. External symptoms of dry rot may probably be visible on tubers beyond the 
fourth month after planting. Although at high nematode population density on certain cv’s the dry rot 
symptoms can be present at harvest, Bridge (1973) observed that the disease is essentially a storage 
problem and infected tubers are greatly damaged in storage as a result of the nematode multiplying and 
dry rot symptoms developing. A time-course (e.g. monthly) assessment of tubers for dry rot symptoms 
would permit the onset of disease symptoms to be identified for the different inoculum densities and 
cv’s.  
  
The fact that no nematodes were extracted from tubers from the control plants in the field confirms the 
absence of S. bradys in the experimental plot prior to planting. It also gives an indication that the hot 
water treatment of the planting material was effective for eliminating S. bradys, should the tubers have 
been contaminated.   
 
The degree of resistance or susceptibility of a host can be assessed by establishing the relationship 
between inoculum density and final nematode density produced after the life cycle has been completed 
(Wallace, 1973). Kwoseh (2000), after inoculating yam plants with ca. 120, 2 800 and 10 000 S. 

bradys/pot, observed a lower rate of nematode reproduction at high inoculum density than at low 
inoculum density and concluded that this may be due to nematodes competing for the limited amount of 
available food. The continuous increase in nematode population density with increase of inoculum 
density for cv Ala and the decrease with inoculum density higher than ca. 2 000 S. bradys/plant indicate 
that the final nematode population density is not only related to the inoculum density but is also yam cv-
dependent. The highest nematode population density observed at four months after planting with the 
highest inoculum density indicates that the nematodes remained in the period for rapid and continuous 
multiplication in the greenhouse experiment. In order to determine the period when nematode 
multiplication rate reaches its highest value following application of different inoculum densities, it will be 
necessary to undertake a time-course study to assess population densities at regular intervals after 
planting and inoculation of the crop (between four and nine months). The similarity between nematode 
population density on tubers from plants inoculated with ca. 2 000 nematodes and those inoculated with 
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ca. 5 000 nematodes indicates that an inoculum density of ca. 2 000 S. bradys/plant may be sufficient 
for resistance screening purposes. For cv Moroko, even an inoculum density of ca. 1 000 S. 

bradys/plant appears sufficient as the final nematode population densities were not significantly different 
at P≤0.05.  
 
The results of the current greenhouse experiment contradict those of Kwoseh (2000) who found mean 
S. bradys population densities on tubers of D. rotundata (TDr 89/01892 and TDr 91/00658), D. 

dumetorum (TDd 9320), D. abyssinica, D. preussii and D. togoensis, ranging from 141 to 10 630/5 g 
roots and 0 to 438/5 g tuber peel with an inoculum density of ca. 500 S. bradys/yam plant in a 
greenhouse experiment. He also extracted greater densities of S. bradys from roots than from tuber 
peel. In contrast, the current study shows the nematode population density at harvest to be highest in 
tubers, followed by roots and soil in decreasing order. The differences in the results of Kwoseh (2000) 
and that of the greenhouse experiment of the current study may possibly be due to the duration of the 
experiments and the yam cv’s used. Kwoseh (2000) harvested his experiment 11 weeks after planting 
whilst the greenhouse experiment in the current study was harvested 16 weeks after planting. Five 
weeks may possibly be enough for the nematodes to migrate from the roots into the tubers. The lowest 
nematode population density at harvest in soil, compared to roots and tubers, indicates that after 
inoculation with yam peel, the nematodes migrated from the infected tuber peel and moved into the soil 
from which the majority moved into the roots and the tubers, the latter being the preferred site for 
multiplication (Jatala and Bridge, 1990). This concurs with Bridge (1982), who found that although the 
yam nematode is found in soil around yam it mainly occurs as a migratory endoparasite in roots and 
tubers.  
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Table 3.2.1. Effect of Scutellonema bradys inoculum densities on the number of tubers produced by 
three yam cultivars in field and greenhouse experiments in Benin.  
 

Field experiment   Greenhouse experiment Inoculum density 
per plant Ala Banioure Moroko  Ala Moroko 

 

0 
1 000 
2 000 
5 000 

s.e. 

 

1.3 
1.3 
2.3 
1.3 

ns 

 

1.5 
1.8 
2.8 
2.0 
ns 

 

1.7 
1.0 
1.0 
1.0 
ns 

  

2.0 
2.0 
2.3 
1.8 

ns 

 

1.8 
1.8 
2.3 
2.0 

ns 

 
ns = non significant, s.e. = Standard Error 
The field experiment was conducted during 2003-2004 at Save in Central Benin. 
The pot experiment was conducted during 2004 in a greenhouse at the International Institute of Tropical Agriculture  
(IITA-Cotonou Station, Benin). 

Values in a column designated ns are not significantly different according to Fisher’s Protected LSD Test, P≤0.05. 

 
Table 3.2.2. Effect of Scutellonema bradys inoculum densities on tuber weight (g) of three yam cultivars 
in field and greenhouse experiments in Benin.  
 

Field experiment   Greenhouse experiment Inoculum density 
per plant Ala Banioure Moroko  Ala Moroko 

 

0 
1 000 
2 000 
5 000 

s.e. 

 

835.0 
810.6 
655.3 
564.6 

ns 

 

932.2 
704.3 
695.5 
253.1 

ns 

 

863.9 
616.1 
586.9 
392.4 

ns 

 
 

15.98 
15.62 
14.31 
10.25 
1.63 

 

15.00 
14.35 
12.45 
9.56 
1.60 

 
ns = non significant, s.e. = Standard Error 
The field experiment was conducted  during 2003-2004 at Save in Central Benin. 
The pot experiment was conducted  during 2004 in a greenhouse at the International Institute of Tropical Agriculture  
(IITA-Cotonou Station, Benin). 

Values in a column designated ns are not significantly different according to Fisher’s Protected LSD Test, P≤0.05. 
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Table 3.2.3.  Effect of Scutellonema bradys inoculum densities on dry rot severity on tubers  of  three 
yam cultivars in field and greenhouse experiments in Benin. 
 

Field experiment  Greenhouse  experiment Inoculum density 
per plant Ala Banioure Moroko  Ala Moroko 

 
0 

1 000 
2 000 
5 000 

s.e. 

 
0.00 
0.00 
0.00 
0.50 

ns 

 
0.00 
0.00 
0.50 
0.50 

ns 

 
0.00 
1.50 
2.00 
3.00 
0.80 

  
0.00 
0.00 
0.00 
0.00 

ns 

 
0.00 
0.00 
0.00 
0.00 

ns 

 
The field experiment was conducted in 2003-2004 at Save in Central Benin. 
The greenhouse experiment was conducted in 2004 in a greenhouse at the International Institute of Tropical Agriculture 
(IITA-Cotonou Station, Benin).  
ns = non significant. s.e. = Standard Error.  

Values in a column designated ns are not significantly different according to Fisher’s Protected LSD Test, P≤0.05. 

The stored tubers were assessed for dry rot severity on an arbitrary scale of 0-4 as follows: 0 = clean tuber; 1 = 1-25 % tuber 
skin showing dry rot symptoms (low levels of damage); 2 = 26-50 % tuber skin showing dry rot symptoms  (low to moderate 
level of damage); 3 = 51-75 % tuber skin showing dry rot symptoms (moderate to severe level of damage); 4= 76-100 % 
tuber skin showing dry rot symptoms (high level of damage). This scale is a modification of the scale used by Speijer and De 
Waele (1997) for assessing root-knot nematode galling on banana (Musa spp.). 
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Figure 3.2.1. Scutellonema bradys population density at harvest (nine months after planting) in tubers of 
three yam cultivars in a field at Save in Central Benin during 2003-2004. 
Each column represents mean nematode population density (untransformed data) recorded across three inoculum densities 
namely ca. 1 000, 2 000 and 5 000 S. bradys/plant. 
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data.   
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Figure 3.2.2. Effect of three different inoculum densities of Scutellonema bradys on nematode 
population densities at harvest (nine months after planting) in tubers of three yam cultivars in a field at 
Save in Central Benin during 2003-2004. 
For each yam cultivar, columns with the same letter represent nematode population densities (untransformed data) that are 

not significantly different according to Fisher’s Protected LSD Test, P≤0.05. Statistical analyses and mean separations were 

undertaken on log10(x+1) transformed data.  
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Figure 3.2.3. Nematode population density in roots, soil and tubers of two yam cultivars grown in pots in 
the greenhouse at the International Institute of Tropical Agriculture (IITA-Cotonou Station, Benin) during 
2004.  
Each column represents mean nematode population density (untransformed data) calculated across three inoculum densities 
of ca. 1 000, 2 000 and 5 000 S. bradys/plant. 
For each yam cultivar, columns with the same letter are not significantly different according to Fisher’s Protected LSD Test, 

P≤0.05. Statistical analyses and mean separations were undertaken on log10(x+1) transformed data.  
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Figure 3.2.4. Effect of three different inoculum densities of Scutellonema bradys on nematode 
population densities at harvest (4 months after planting) in tubers, roots and soil of two yam cultivars 
grown in pots in the greenhouse at the International Institute of Tropical Agriculture (IITA-Cotonou 
Station, Benin) in 2004.  
For each yam cultivar, columns with the same letter represent nematode population densities (untransformed data) that are 

not significantly different according to Fisher’s Protected LSD Test, P≤0.05. Columns represent nematode population density 

per 5 g soil, 5 g roots or 5 g tuber peel sample.  
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 69

 

3.3. Pathogenicity of Scutellonema bradys populations from different geographical areas in 
Benin on yam (Dioscorea spp.) 

 
Abstract 
 
The variation in pathogenicity of three separate populations of Scutellonema bradys obtained from yam 
(Dioscorea spp.) originating from different geographical areas in Benin was assessed on seven yam 
cultivars (cv’s) namely Kpouna, Tabane, TDr 131, Moroko (D. rotundata), Banioure, Kokoro (D. 

cayenensis) and Aloungan (D. alata).  At harvest the various populations did not affect the number of 
tubers produced or dry rot severity on the tubers, but affected tuber weight, which varied with the yam 

cv. Significant differences (P≤ 0.05) in nematode population densities were obtained across S. bradys 

populations for yam cv’s Tabane, TDr 131 and Aloungan. During storage, dry rot severity was not 
affected by the various nematode populations, infected tubers lost more weight than uninfected ones but 

the differences in weight loss of infected tubers were not significant (P≤ 0.05) across nematode 

populations. Nematode multiplication during a five-month storage period differed, however, among 
populations.  
 
 
3.3.1. Introduction 
 
Selection of a representative nematode population is a critical part of any screening procedure (Bouquet 
et al., 1975). Aggressive populations of a nematode should be selected for plant screening to detect 
genotypes possessing the highest level of nematode resistance. Several factors such as water, 
temperature, soil type, soil pH and climate influence the distribution of nematode populations (Mai, 
1985; Curran et al., 1986). In Benin, yam (Dioscorea spp.) is cultivated in the central and the northern 
parts of the country, which is characterised by a diversity of soil types (mineral, ferruginous, ferralitic, 
hydromorphic, vertisols), climates (beninese, sub-sudanian, tropical sudanian, atacorian) and vegetation 
(fallow, mangrove swamp) (Adam and Boko, 1993). Also, numerous yam species are cultivated in 
Benin, where cultural practices differ between regions and according to ethnic habits (Vernier, 2001).  
 
Scutellonema bradys was identified on yam in Benin in 1992 (Sturhan, 1992) and has been found to be 
the most important nematode affecting the crop in the country (IITA, 1999). This first identification of 
Benin S. bradys populations was based on the morphological characters of the nematode. Recently, 
molecular studies on S. bradys populations extracted from different yam cultivars (cv’s) collected 
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throughout West Africa, including Benin, showed high levels of polymorphism and morphological 
variability (Coyne et al., 2005). So far, however, no information is available on the pathogenicity of S. 

bradys populations on the different yam cv’s grown in Benin.  
 
The objectives of the current study were firstly to assess the variability of three Benin S. bradys 
populations in terms of pathogenicity of the nematode on some yam cv’s grown in the country.  
Secondly, the post-harvest reproductive potential and damage induced by the various populations 
during storage of the tubers were determined. 
 
3.3.2. Materials and methods 
 
3.3.2.1. Experimental sites and climatic conditions 
 
 
Experiments were located at the International Institute of Tropical Agriculture (IITA-Cotonou Station, 
Benin) experimental farm during 2002-2003 and on a farmer’s field at Save in central Benin during 
2003-2004. IITA-Cotonou Station is located in the coastal savanna zone at 6.25 ˚N, 2.19 ˚E, with an 
altitude of 23 m above sea level. The climate is sub-equatorial and the soil is of a hydromorphic nature, 
which is derived from and representative of lowland, seasonally flooded areas (Adam and Boko, 1993). 
The soil had the following composition: 0.5 % N, 0.27 ppm P2O5, 0.02 meq per 100 g soil K2O, 0.6 % C, 
6.18 pH, and 5.37 C/N ratio (Mahougbe, 1996). The minimum total monthly rainfall during the 
experimental period was 32 mm, recorded in June 2002 and the maximum 393 mm, recorded in August 
2002. The minimum average daily temperature during the experiment was 24 ˚C and the maximum 32 
˚C. The Save site is located in the northern Guinea savanna at 8.26 °N, 2.22 °E, with a ferruginous soil, 
and a sub-sudanian climate (Adam and Boko, 1993). The minimum total monthly rainfall was 22 mm 
and the maximum 236 mm. The minimum average daily temperature during the experiment was 25 ˚C 
and the maximum 33 ˚C. 
 
3.3.2.2. Experimental design and details  
 

The experiment comprised two factors, S. bradys population and yam cv. S. bradys population had 
three treatment levels (population from Save, Toui and Glazoue) and an uninfected control for each of 
four yam cv’s (Banioure, Kokoro, Kpouna and Tabane) at IITA. At Save, the same levels of S. bradys 

population were used but with five yam cv’s (Banioure, Aloungan, TDr 131, Moroko and Tabane). At 
both sites, a randomised complete block design was used, with three replicates.  
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Yam tubers weighing 400-500 g each (size-1 tubers) were used for planting throughout the study. The 
tubers were hot-water treated at 50 °C for 30 min (Smit, 1967) to eliminate S. bradys and they were pre-
sprouted to ensure plant uniformity. In the 2002-2003 experiment, yam cv’s Banioure and Kokoro (D. 

cayenensis), Kpouna and Tabane (D. rotundata) were sourced from a farmer at Ina village in the north 
east of Benin and planted at IITA during April 2002. During April 2003, the experiment was repeated at 
Save using cv’s Banioure (D. cayenensis), Aloungan (D. alata), TDr 131, Moroko and Tabane (D. 

rotundata). Tubers of cv’s Banioure and Tabane from the 2002-2003 harvests were used for planting 
material in 2003. Tubers of cv TDr 131 were obtained from IITA-Ibadan, Nigeria, while cv Aloungan and 
cv Moroko tubers were collected from Ina experimental station of the Benin National Institute of 
Agricultural Research (INRAB). Five yam tubers were planted per cv for each S. bradys population in a 
block for both experiments. Tubers were planted in mounds (ca. 50-75 cm height) prepared by gathering 
the surrounding top layer of soil. The plants were staked (one stake per plant) three weeks after 
planting. The experiments were maintained weed-free by regular hand weeding. 
 
For both experiments, pre-plant nematode population densities in the soil were determined shortly 
before planting. Soil samples were taken from 30 m x 20 m areas reserved for the experiments. Using a 
trowel, approximately 100 g soil was collected from each 1 m², at a depth of ca. 15-20 cm following a 
systematic collection procedure (Barker and Niblack, 1990). Soil from each 100 m² was combined in a 
plastic bag and labelled, providing a total of six bulked soil samples. Nematodes were extracted from 3 x 
50 g soil sub-samples for each bulked soil sample, for 48 h by means of a modified Baermann method 
(Hooper, 1990). Nematodes were identified to genus level and population densities assessed as 
described below. 
 
3.3.2.3. Inocula preparation and inoculation procedure 
 

Three populations of S. bradys were used in the current study. They were obtained from heavily infected 
yam cv Ala tubers collected from Save (IsoSave) and Toui (IsoToui) in the northern Guinea savanna 
and from Glazoue (IsoGlaz) in the southern Guinea savanna in Benin. Using a global positioning system 
(GPS) unit, the geographical coordinates of each collection point were recorded. Coordinates were 8.06 
°N, 2.54 °E for Save, 8.41 °N, 2.41 °E for Toui and for Glazoue 7.94 °N, 2.25 °E. Inoculum density was 
determined prior to inoculation by peeling tubers manually with a kitchen peeler. Several ‘strips’ of peel 
were removed from different portions of the tubers, chopped and 3 x 5 g sub-samples were removed. 
Nematodes were extracted from each sub-sample using a modified Baermann method for 48 h (Hooper, 
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1990). The nematode suspension was collected in beakers, allowed to settle for two hours and the 
supernatant poured off.  The suspension was then poured into a graduated test-tube and tap water 
added to 50 ml. This was manually shaken and not allowing the nematodes to settle, a 10 ml aliquot 
was taken for nematode density assessment. This was repeated three times in total with the nematode 
suspension returned to the test tube after each assessment. Nematode densities were assessed in a 
counting dish using a Leica Wild M3C stereo microscope. From the nematode population densities 
obtained, the weight of yam peel that contained ca. 1 000 S. bradys juveniles and adults (combined) for 
each population could be calculated (see formula below). Consequently, 7.3 g, 7.9 g and 8.2 g S. 

bradys-infected yam peel (cv Ala) were used, respectively, for Save, Glazoue and Toui populations, and 
applied as inoculum per plant at the IITA site. The control treatment consisted of plants inoculated with 
7.8 g (average of infected peel weights) of S. bradys-free yam peel of yam cv Ala. At Save, 9.6 g, 8.9 g 
and 9.3 g S. bradys-infected yam peel cv Ala were applied per plant as inoculum for Save, Glazou and 
Toui populations, respectively. The control treatment consisted of plants inoculated with 9.3 g of 
uninfected yam peel.  
 
For both experiments, plants were inoculated at four weeks after planting.  A shallow trench was dug at 
approximately 5 cm radius around the stem of each plant, to a depth (ca. 5-10 cm) that exposed some 
of the roots. The chopped tuber peel was placed around the roots and then covered with soil (Kwoseh, 
2000). For each yam cv, five plants were inoculated with each S. bradys population in a block.  
 
Formula used to calculate the weight of yam peel that contained ca. 1 000 S. bradys 
- Mean nematode population density in 10 ml nematode suspension = d10 ml = (d1+d2+d3)/3, where d1,d2 
and d3 represent, respectively, the nematode population density obtained from the first, second and third 
counts. 
- Nematode population density in 50 ml nematode suspension(or in 5 g yam peel) = d50 ml = d5 g = d10 ml x 
5 
- weight of yam peel that contained ca. 1 000 nematodes = w1 000 S. bradys = (5 x 1 000)/d50 ml 
 
3.3.2.4. Assessment of crop growth parameters 
 
Experiments were harvested at yam maturity (Trèche and Agbor-Egbe, 1996) nine and ten months after 
planting (in December 2002 and in February 2004) at IITA and at Save, respectively. The weight and 
number of tubers were recorded at harvest. 
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3.3.2.5. Nematode damage and population density  
 
 
Nine tubers weighing 300-400 g each (size-2 tubers) were randomly selected per treatment and stored 
at room temperature of ca. 25 ˚C (Lyonga and Ayuk-Takem, 1982; Nwankiti et al., 1988; Osagie, 1992). 
After three months of storage, three of the nine size-2 tubers per treatment were randomly selected and 
re-weighed. The percentage weight loss per tuber was calculated at three, four and five months after 
harvest according to the formula below 
 
100 x [(weight of tuber at assessment period- 100)/weight of tuber at harvest]. 
 
At harvest, size-1 tubers were assessed for dry rot severity while size-2 tubers were assessed for dry rot 
severity at harvest but also after three, four and five months storage. Size-1 tubers were assessed only 
at harvest because they were insufficient in number for assessment at harvest and during storage and 
therefore were not stored. Three tubers were assessed per treatment in a block. Dry rot was scored 
according to an arbitrary scale of 0-4. 0 = clean tuber; 1 = 1-25 % tuber skin showing dry rot symptoms 
(low symptoms of damage); 2 = 26-50 % tuber skin showing dry rot symptoms  (low to moderate 
symptoms of damage); 3 = 51-75 % tuber skin showing dry rot symptoms (moderate to severe 
symptoms of damage); 4= 76-100 % tuber skin showing dry rot symptoms (highly severe symptoms of 
damage). This scale is a modification of the scale used by Speijer and De Waele (1997) for assessing 
root-knot nematode galling on banana (Musa spp.). 
 
Tuber nematode population densities were determined at harvest and during storage. For each 
assessment occasion, nematode population density was determined from three tubers, randomly 
selected per treatment and manually peeled with a kitchen peeler. Several ‘strips’ of peel were removed 
from different portions of the tuber, chopped and 3 x 5 g sub-samples per tuber removed. Nematodes 
were extracted and counted as described earlier. Size-2 tubers were assessed at harvest and at 
monthly intervals between 3-5 months. This was undertaken in order to compare nematode population 
densities on different sized tubers at harvest although insufficient size-1 tubers prevented such 
comparisons during storage. However, the aim of the current study was to assess differences between 
nematode population densities.  
 
At three, four and five months after harvest, nematode densities were assessed from the same tubers 
for which weight loss assessments were made, using the three size-2 tubers per treatment.  
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3.3.2.6. Data analyses 
 
 
Differences in nematode population densities and percentage weight loss in tubers between treatments 
were compared with ANOVA, using the SAS system, Version 8 for Windows 1999, following log10(x+1) 
transformation of nematode densities and arcsine(x) transformation of percentage weight loss. 
Treatment means were separated by Fisher’s Protected Least Significant Difference Test (LSD) or 

Standard Error, P≤0.05. 

 
3.3.3. Results 
 
3.3.3.1. Assessment of crop growth parameters and nematode damage at harvest 
 

In the 2002-2003 experiment, no significant differences (P≤0.05) were observed in tuber weight 

between S. bradys populations (Table 3.3.1). In 2003-2004, weights of cv Banioure and cv Tabane 
tubers were not significantly different between S. bradys populations but the highest tuber weight was 
recorded in the control treatment for cv’s Moroko and TDr 131 and with IsoSave for cv Aloungan. There 
were significant differences in cv’s Aloungan, Moroko and TDr 131 tuber weight between nematode 
populations (Table 3.3.1). For both experiments, the number of tubers produced did not differ between 
S. bradys populations except for cv Tabane in 2003-2004 (Table 3.3.2). In 2002-2003, tubers presented 
no symptoms of dry rot at harvest (Table 3.3.3). In 2003-2004, cv’s Aloungan and Banioure tubers from 
plants inoculated, respectively, with IsoToui and IsoGlaz showed a low level of damage. Tubers of cv’s 
Moroko and TDr 131 for IsoToui- and IsoGlaz-inoculated plants were moderately infected but showed a 
low level of damage in IsoSave-inoculated plants. No symptoms of dry rot were observed on cv Tabane 
tubers.  
 
3.3.3.2. Assessment of nematode population density prior to planting and at harvest  
 
No Scutellonema spp., Pratylenchus spp. or Meloidogyne spp. were recovered from soil during the pre-
plant assessment at either the IITA or Save site. 
 

During the 2002-2003 experiment, the highest (P≤0.05) nematode population densities at harvest on 

size-1 tubers were recorded with IsoGlaz for cv Tabane. For the other yam cv’s, population densities 

were similar (P≤0.05) across S. bradys populations (Figure 3.3.1a). In 2003-2004, the population 

densities for the different nematode populations differed among yam cv’s (Figure 3.3.1b). For cv’s TDr 
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131 and Aloungan, greater (P≤0.05) nematode population densities were recorded with IsoSave than 

with other nematode populations. Nematode population densities were similar (P≤0.05) for the three 

nematode populations on cv’s Moroko and Banioure tubers. In cv Tabane tubers, IsoToui multiplication 

was less (P≤0.05) than IsoGlaz or IsoSave. Relatively lower nematode population densities were 

recovered from all cv’s tested in 2003-2004 (except for cv TDr 131) compared with densities in 2002-
2003. For each S. bradys population (except for the control treatment), nematode densities on size-1 

tubers were significantly higher (P≤0.05) than those on size-2 tubers. This was valid for both 

experiments except for IsoGlaz, for which density was higher on size-2 tubers than on size-1 tubers for 
the experiment at IITA (Table 3.3.4). 
 

In the 2002-2003 experiment, at harvest, the population density of IsoGlaz was higher (P≤0.05) than 

that of IsoSave or IsoToui on the size-2 tubers (Figure 3.3.2a). In the 2003-2004 experiment, no 

difference (P≤0.05) was observed in nematode densities between the three populations (Figure 3.3.2b). 

In both experiments, a few nematodes were recovered from uninoculated control tubers (Figure 3.3.2).  
 
3.3.3.3. Assessment of nematode population density, dry rot and tuber weight loss during 

storage 
 

In the 2002-2003 experiment, tubers presented no symptoms of dry rot during storage (Data not shown). 
Nevertheless, three months after harvest an increase in nematode densities was observed for all three 
populations. From the third month after harvest to conclusion of the experiment at five months, 
nematode densities decreased on inoculated stored tubers for all three populations, with lowest 

(P≤0.05) densities recorded with IsoSave (Figure 3.3.2a). 

 
In the 2003-2004 experiment, dry rot severity at harvest and during storage did not differ between S. 

bradys populations (P≤0.05) (Data not shown). Nematode densities increased until the fourth month 

after harvest for all three populations and decreased thereafter. At four and five months after harvest 

higher (P≤0.05) densities of nematodes were recovered for IsoSave, compared with IsoToui or IsoGlaz 

inoculated tubers (Figure 3.3.2b). 
 
During 2002-2003, four and five months after harvest, no differences in tuber weight loss were recorded 

between S. bradys population treatments. Weight loss of tubers was not affected (P≤0.05) by 

nematodes when compared to tuber weight loss from uninoculated control treatments. Three months 
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after harvest, the highest tuber weight loss was obtained for IsoSave and IsoToui (Figure 3.3.3a). In 
2003-2004, assessment at the third and the fifth months after harvest showed that tuber weight loss did 

not differ (P≤0.05) between nematode population treatments. But at four months after harvest, tuber 

weight loss was greater for IsoToui than for IsoGlaz (Figure 3.3.3b).   
 
3.3.4. Discussion 
 
Given that a small number of nematodes were extracted from tubers from the control plants and that no 
S. bradys were observed in the experimental area prior to planting, it indicates that some nematodes 
withstood the hot water treatment of the planting material and multiplied during the vegetative period of 
the plants.    
 
The results obtained in the current study in terms of the number of tubers and post-harvest dry-rot 
symptoms indicate that although the different populations appear to multiply at different rates, this did 
not lead to differences in number of tubers and dry rot severity for the duration of the study. The non-
significant effect of the nematodes on dry rot severity at harvest has also been observed by Bridge 
(1973) and Ayala and Acosta (1971), who concluded that S. bradys caused marked reduction in the 
marketable value of the tubers during storage. The results obtained in terms of tuber weight and 
nematode population density provide further information on the variability between the three S. bradys 

populations, previously observed from molecular and morphological studies (Coyne et al., 2005). This 
suggests that biological differences may be related to the molecular and morphological differences 
(Coyne et al., 2005). The fact that densities of the different populations varied between experiments may 
be related to the conditions at each experimental site and also to yam species. Luc and Hoestra (1960) 
indicated that in West Africa, the red soil type was more favourable to S. bradys than fine or coarse 
sand soil conditions. Initiation (Toure and Ahoussou, 1982) of size-1 tubers may have started before that 
of size-2 tubers, which may explain the earlier recorded infection of size-1 tubers and the higher 
nematode densities recovered at harvesting on size-1 tubers compared with those on size-2 tubers. The 
decrease in nematode densities from the third to the fifth, and from the fourth to the fifth, months during 
the experiments at IITA and Save, respectively, may be related to the high nematode densities on the 
tubers during those periods, leading to competition for nutrients on small tubers (300-400 g each). 
However, this does not fully explain the situation, as nematode densities of much higher levels have 
been observed on marketed yam in Nigeria (Bridge, 1973). The decrease in nematode population 
densities during storage may also possibly be due to the physiological changes in the yam tubers, which 
can affect multiplication of nematodes. Adesiyan et al. (1975) found that the increase in 
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monosaccharides in S. bradys-infected yam tubers explains one of the ways by which the nematode 
predisposes yam tubers to infection by secondary pathogens (fungi and bacteria). The activities of these 
invaders subsequently speeds up other physiological processes such as respiration and water loss, 
which can affect tuber storage life and S. bradys multiplication adversely (Cadet and Quénéhervé, 
1994). This contradicts the observations of Bridge (1973) and Adesiyan (1977), however, who both 
found that S. bradys populations can increase 9- to 14-fold in D. rotundata tubers over a five to six 
month storage period, and increase 5- to 8-fold in D. alata and D. cayenensis over the same period. The 
tubers stored by Bridge (1973) and Adesiyan (1977) were possibly bigger than those assessed in the 
current study. The nematodes recovered from the control tubers were most probably a result of a small 
number of nematodes surviving the hot-water treatment of the planting material and which multiplied 
during the vegetative period of yam plants and storage of tubers.  
 
The differences in weight loss between S. bradys-infected and control tubers (especially in the 2003-
2004 experiment) confirm the observations of Wood et al. (1980), who indicated that diseased tubers 
harvested from field in Nigeria lost up to 29 % more weight than healthy tubers. Weight loss occurs 
during storage due to moisture loss through epidermal layers (Ayala and Acosta, 1971; Bridge, 1973) 
and as a result of natural metabolic processes, such as respiration. These metabolic processes are 
more accentuated in tubers infected with nematodes (Cadet and Quénéhervé, 1994) and that nematode 
feeding sites are zones of high metabolic activity (Jones, 1981).  
 
A pathogenicity study, similar to the current one was conducted by Pinochet (1987) on banana (Musa 
spp.) and demonstrated that different populations of the burrowing nematode, Radopholus similis 
exhibited different levels of pathogenicity on its hosts, with clear differences in its reproductive potential. 
The results of the current study provide preliminary indication that populations of S. bradys with different 
levels of virulence may exist, which should have relevance to further studies on pathogenicity and 
variability of the nematode. Such studies are useful for selecting the most virulent population from 
several separate populations for further studies, such as screening yam cultivars for resistance, and 
developing integrated control strategies (Bakker et al., 1993) for S. bradys. Further studies would, 
however, be necessary with higher initial nematode population density and more susceptible yam cv’s to 
more clearly define differences between the different S. bradys populations.  
 
The difference in variability of pathogenicity between the three different Benin S. bradys populations 
used in the current study could, to some extent, be related to the difference in the prevailing 
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environmental factors at their origins (Mai, 1985; Curran et al., 1986; Sasser, 1990). However, recent 
studies on the morphological and molecular variability of the three S. bradys populations of the current 
study (Coyne et al., 2005) confirm the findings of the current study. The study by Coyne et al. (2005) 
showed high levels of polymorphism and morphological variability in the various S. bradys populations. 
The molecular work, which is potentially the most powerful method of nematode diagnosis (Jones et al., 
1997), indicates that the genetic information encoded in the nematode DNA is particular to each of the 
three S. bradys populations although in some cases, different DNA sequences were obtained with 
clones from the same nematode population (Coyne et al., 2005). In the current study, the variability in 
terms of pathogenicity observed between the three nematode populations may probably be due to a 
combination of factors including environmental, morphological and molecular factors.    
 
3.3.5. References 
 
Adam, K.S. & Boko, M. 1993. Le Benin. Agence de Cooperation Culturelle et Technique. Les Editions 

du Flamboyant/EDICEF. Cotonou, Benin. 95 pp. 
Adesiyan, S.O. 1977. Penetration and multiplication of Scutellonema bradys in yams (Dioscorea spp.). 

Nematologia Mediterranea, 5:313-317. 
Adesiyan, S.O., Odihirin, R.A. & Adeniji, M.O. 1975. Changes in carbohydrate constituents induced in 

the yam tuber (Dioscorea rotundata Poir.) by a plant parasitic nematode Scutellonema bradys. 
International Biodeterioration Bulletin, 11(4):124-126. 

Ayala, A. & Acosta, N. 1971. Observations on yam (Dioscorea alata) nematodes. Nematropica,1:39-40. 
Bakker, J., Folfertsma, R.T., Rouppe, van der Voort., Boer de J.M. & Gommers, F.J. 1993. Changing 

concepts and molecular approaches in the management of virulence genes in potato cyst 
nematodes. Annual Review of Phytopathology, 31:169-190. 

Barker, K.R. & Niblack, T.L. 1990. Soil sampling methods and procedures for field diagnosis. Pages 10-
19. In: Plant nematology laboratory manual. Revised Edition. Zuckerman, B.M., Mai, W.F. & 
Krusberg, L.R., eds. The University of Massachusetts Agricultural Experiment Station. Amherst, 
Massachusetts. 

Bouquet, D.J., Williams, C. & Birchfield, W. 1975. Resistance in soybeans to five Louisiana populations 
of the root knot nematode. Plant Disease Reporter, 59:197-200. 

Bridge, J. 1973. Nematodes as pest of yams in Nigeria. Medelelingen Fakulteit 

Landbouwwetenschappen Gent, 38:841-852. 



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 79

Cadet, P. & Quénéhervé, P. 1994. Fluctuations naturelles de Scutellonema bradys (Nematoda: 
Hoplolaimidae) au cours de la croissance et du stockage de l’igname (Dioscorea alata) à la 
Martinique. Nematologica, 40:587-600. 

Coyne, D. L., Williamson, V.M., Banna, A. B., Tchabi, A., Baimey, H., Labuschagne, N. and Rotifa, I. 
2005. Analysis of the pathogenic, morphological and genetic variability of Scutellonema bradys on 
yam in West Africa. 17th Nematological Society of South Africa Symposium at Hans Merensky, 
South Africa, 22-26 May, 2005. Book of Abstracts p 10. 

Curran, J., McClure, M.A. & Webster, J.M. 1986. Genotypic differentiation of Meloidogyne populations 
by detection of Restriction Fragment Length Difference in Total DNA. Journal of Nematology, 
18(1):83-86. 

Hooper, D.J. 1990. Extraction and processing of plant and soil nematodes. Pages 45-68. In: Plant 

Parasitic Nematodes in Subtropical and Tropical Agriculture. Luc, M., Sikora, R.A. & Bridge, J., eds. 
CAB International. Wallingford, UK. 

International Institute of Tropical Agriculture (IITA). 1999. Annual Report. Ibadan, Nigeria. IITA. 
Jones, J.T., Phillips, M.S. and Armstrong, M.R. 1997. Molecular approaches in plant nematology. 

Fundamental and Applied Nematology, 20:1-14. 
Jones, M.G.K. 1981. Host cell responses to endoparasitic attack: structure and function of giant cells 

and syncytia. Annals of Applied Biology, 97:353-372. 
Kwoseh, C.K. 2000. Identification of resistance to major nematode pest of yams (Dioscorea spp.) in 

West Africa. PhD thesis. The University of Reading, UK. 196 pp. 
Luc, L. & Hoestra, H. 1960. Pages 495-512. Cited by the Commonwealth Institute of Helminthology. 

Description of Plant-Parasitic Nematodes. Set 1, N°10.  
Lyonga, S.N. & Ayuk-Takem, J.A. 1982. Investigations on selection and production of the edible yams 

(Dioscorea spp.) in the western highlands of the United Republic of Cameroon. Pages 60-87. In: 
Yams – Ignames. Miege, J. & Lyonga, S.N., eds. Oxford Science Publications. 

Mahougbe, C.A. 1996. Influence de la date d’application des extraits de neem, Azadirachta indica (A. 
Juss) sur les thrips de fleurs Megalurothrips sjostedti (Trybom), et leurs ennemis naturels dans la 
culture du niébé, Vigna unguiculata (L.) Walp. Mémoire de fin de cycle pour l’obtention du DEAT. 
Lycée Agricole Medji de Sékou, Allada. Benin. 77 pp. 

Mai, W.F. 1985. Plant-parasitic nematodes: their threat to agriculture. Pages 10-17. In: An advanced 

threatise on Meloidogyne Volume 1: Biology and Control. Sasser, J.N. & Carter, C.C., eds. 
Department of Plant Pathology/United States Agency for International Development. USA.   



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 80

Nwankiti, A.O., Atu, U.G., Alozie, S.O., Igbokwe, M., Okpokiri, A. & Nnodu, E. 1988. Effect of modifying 
two traditional yam barn structures on storability of four cultivars of yam (Dioscorea spp.). Tropical 

Agriculture, 65(2):125-128. 
Osagie, A.U. 1992. The yam tuber in storage. Postharvest Research Unit. University of Benin, Benin 

City, Nigeria. 247 pp. 
Pinochet, J. 1987. Nematode problems in Musa spp.: Pathotypes of Radopholus similis and breeding for 

resistance. Proceedings of International Network for the Improvement of Banana and Plantain 

(INIBAP) Workshop, 1987. Bujumbura, Burundi. Montpelier, France: INIBAP, 66-70. 

Sasser, J.N. 1990. Preface. Pages ix-x. In: Plant Parasitic Nematodes in Subtropical and Tropical 

Agriculture. Luc, M., Sikora, R.A. & Bridge, J., eds. CAB International. Wallingford, UK. 
Smit, J.J. 1967. Nematodes. Pages 115-120. In: Yams. Coursey, D.G., ed. Longmans. London. UK. 
Speijer, P.R. & De Waele, D. 1997. Screening for Musa germplasm for resistance and tolerance to 

nematodes. International Plant Genetic Resources Institute (IPGRI). Rome, Italy. International 
Network for the Improvement of Banana and Plantain (INIBAP) Technical Guidelines. 47 pp. 

Sturhan, D. 1992. Rapport de mission sur l’identification et la lutte contre les nématodes au Projet 

Bénino-Allemand de la Protection des Végétaux au Bénin. SPV. p 24. [Abstr.]. 

Toure, B. & Ahoussou, N. 1982. Etude du comportement en collection des ignames (Dioscorea spp.) 
dans deux regions écologiques différentes de la Côte d’Ivoire. Pages 23-30. In: Yams-Ignames. 

Miege, J. & Lyonga, S.N., eds. Oxford Science Publications.  
Trèche, S. & Agbor-Egbe, T. 1996. Biochemical changes occurring during growth and storage of two 

yam species. International Journal of Food Sciences and Nutrition, 47:93-102. 
Vernier, P. 2001. Enquêtes sur les systèmes de culture à base d’igname dans le département du 

Borgou et du Zou, Bénin. Campagne 1996-1997. Rapport de travail. Unité de Coordination des 
Recherches sur les Ignames. CIRAD – IITA. Montpellier, France. 46 pp. 

Wood, T.G., Smith, R.W., Johnson, R.A. & Komolafe, P.O. 1980. Termite damage and crop loss studies 
in Nigeria – Pre-harvest losses to yams due to termites and other soil pests. Tropical Pest 

Management, 26:355-370. 
 
 
 
 
 
 
 
 
 



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 

 
 
 

Table 3.3.1.    Effect of three Scutellonema bradys populations on mean tuber weight (g) per plant of seven yam cultivars planted at two 
sites in Benin over two growing seasons. 

 
2002-2003 experiment at IITA  2003-2004 experiment at Save      

    S. bradys 

population 
Banioure Kokoro Kpouna Tabane  Aloungan Banioure Moroko TDr 131 Tabane 

IsoToui 
IsoSave 
IsoGlaz 
Control 

s.e. 

842.00 
1190.28 
1121.65 
903.13 

ns 

1302.67 
932.19 
869.17 
688.16 

ns 

815.94 
887.63 
890.00 
1060.00 

ns 

996.43 
834.33 
602.35 
959.06 

ns 

 367.96 
1331.86 
1059.63 
1040.47 
131.70 

556.14 
749.47 
556.57 
779.32 

ns 

467.19 
280.98 
465.19 
998.14 
115.28 

681.33 
629.97 
990.84 
1277.72 
103.98 

268.04 
506.36 
636.11 
345.86 

ns 

 
 
Values represent mean weight of tubers per plant with a total number of 15 plants per cultivar and per S. bradys population.   
IsoToui, IsoSave and IsoGlaz = S. bradys populations from Toui, Save and Glazoue areas in Benin, respectively.  

ns = non significant at P≤0.05.  

s.e. =  Standard Error.  
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                        Table 3.3.2. Effect of three Scutellonema bradys populations on mean number of tubers per plant of seven yam cultivars planted 
                         at two sites in Benin over two growing seasons 
 

2002-2003 experiment at IITA  2003-2004 experiment at Save  S. bradys 

population 
Banioure Kokoro Kpouna Tabane  Aloungan Banioure Moroko TDr 131 Tabane 

IsoToui 
IsoSave 
IsoGlaz 
Control 

s.e. 

1.75 
1.83 
2.09 
1.65 
ns 

3.51 
2.98 
2.78 
2.91 
ns 

1.89 
2.06 
1.98 
1.93 
ns 

4.95 
3.98 
4.61 
4.52 
ns 

 2.00 
2.40 
2.75 
2.00 
ns 

1.80 
1.80 
2.40 
1.60 
ns 

0.80 
1.00 
1.00 
1.20 
ns 

1.20 
1.60 
1.80 
1.60 
ns 

4.60 
2.60 
4.60 
5.20 
0.45 

 
                           

   Values represent mean numbers of tubers per plant with a total number of 15 plants per cultivar and per S. bradys population.  
                             IsoToui, IsoSave and IsoGlaz = S. bradys populations from Toui, Save and Glazoue areas in Benin, respectively 
                             s.e. = Standard Error.  

                             ns = non significant at P≤0.05.  
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Table 3.3.3. Tuber dry rot severity caused by three populations of Scutellonema bradys at harvest on seven yam cultivars during two 
separate experiments over two growing seasons in Benin.  

 
 

2002-2003 experiment at IITA 
  

2003-2004 experiment at Save 
 

S. bradys 

 
population 

 
Banioure 

 
Kokoro 

 
Kpouna 

 
Tabane 

  
Aloungan 

 
Banioure 

 
Moroko 

 
TDr 
131 

 
Tabane 

 
IsoToui 
IsoSave 
IsoGlaz 
Control 
s.e. 

 
0.00 
0.00 
0.00 
0.00 
ns 

 
0.00 
0.00 
0.00 
0.00 
ns 

 
0.00 
0.00 
0.00 
0.00 
ns 

 
0.00 
0.00 
0.00 
0.00 
ns 

  
0.50 
0.00 
0.00 
0.00 
ns 

 
0.00 
0.00 
0.20 
0.00 
ns 

 
2.67 
0.50 
2.40 
0.00 
0.19 

 
1.20 
0.80 
2.00 
0.00 
0.17 

 
0.00 
0.00 
0.00 
0.00 
ns 

 
                                    Data represent mean values per plant. 15 replicates were used.  
                                    IsoToui, IsoSave and IsoGlaz = S. bradys populations from Toui, Save and Glazoue areas in Benin, respectively.  
                                    s.e. = Standard Error.  

                                    ns = non significant at P≤ 0.05. 

The stored tubers were assessed for dry rot severity on an arbitrary scale of 0-4 as follows: 0 = clean tuber; 1 = 1-25 % tuber skin showing dry rot symptoms (low levels of 
damage); 2 = 26-50 % tuber skin showing dry rot symptoms  (low to moderate level of damage); 3 = 51-75 % tuber skin showing dry rot symptoms (moderate to severe 
level of damage); 4= 76-100 % tuber skin showing dry rot symptoms (high level of damage). This scale is a modification of the scale used by Speijer and De Waele (1997) 
for assessing root-knot nematode galling on banana (Musa spp.). 
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Table 3.3.4.    Population density of three Scutellonema bradys populations on size-1 and size-2 yam 
tubers in two experiments in Benin over two growing seasons 
 

 

S. bradys population 
 

2002-2003 experiment 
at IITA 

  
2003-2004 experiment 

at Save 

  
Size-1 tubers 

 
Size-2 tubers 

  
Size-1 tubers 

 
Size-2 tubers 

 
Control 
IsoGlaz 
IsoSave 
IsoToui 

 
2 a 

713 b 
620 a 
660 a 

 
2 a 

947 a 
411 b 
552 b 

  
0 a 

231 a 
277 a 
281 a 

 
1 a 

141 b 
157 b 
175 b 

 
 
 
IIsoToui, IsoSave and IsoGlaz = S. bradys populations from Toui, Save and Glazoue areas in Benin. 
Data represent nematode population densities in 5 g yam tuber peel.  
Size1 tubers are tubers weighing 400-500 g each at harvest. Those tubers were not stored. Size-2 tubers are tubers weighing 
300-400 g each at harvest and they were stored.  
For the experiment at IITA, values represent mean nematode densities (untransformed data) for four yam cultivars. For the 
experiment at Save, values represent mean nematode densities for five yam cultivars. For each S. bradys population, 
nematode densities with the same letter for two different sizes of tubers in a set of experiment are not significantly different 

according to Fisher’s Protected LSD Test, P≤0.05.   

Statistical analyses and mean separations were undertaken on log10(x+1) transformed data.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 85

0

300

600

900

Bani
our

e
Taba

ne
Kpou

na
kok

oro

Yam cultiv ars

Ne
ma

tod
e p

op
ula

tio
n d

en
sit

y/5
 g 

tub
er

 pe
el

IsoGlaz

IsoToui

IsoSav e

Control

a

a

b

aaa

b c

b
b

a

a

a

b

a
a

 
 

   Figure 3.3.1a 
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    Figure 3.3.1b 

 
Figure 3.3.1. Mean nematode population density on tubers (400-500 g each) of yam cultivars inoculated 
with three different Scutellonema bradys populations during 2002-2003 (Figure 3.3.1a) and 2003-2004 
(Figure 3.3.1b) seasons.  
Nematode assessment was undertaken at harvest.   
IsoToui, IsoSave and IsoGlaz = S. bradys populations from Toui, Save and Glazoue areas in Benin. For a given yam cultivar, 
columns with the same letter represent data (untransformed data) that are not significantly different according to Fisher’s 
Protected LSD Test, P≤0.05. 
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 
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                    Figure 3.3.2a                                                            Figure 3.3.2b 
 

Figure 3.3.2. Mean population densities on tubers during a five-month storage period at 25 °C of three 
Scutellonema bradys populations used to inoculate yam cultivars planted at IITA, Benin Station in 2002 
(Figure 3.3.2a) and at Save in 2003 (Figure 3.3.2b).  
MAH = Months After Harvest. 
The legend on the right of Figure 3.3.2b is valid for both Figures 3.3.2a and 3.3.2b 
Size of tubers at harvest: 300-400 g. 
IsoToui, IsoSave and IsoGlaz = S. bradys populations from Toui, Save and Glazoue areas in Benin. 
For each S. bradys population, means (untransformed data) with the same lower case letter are not significantly different 

according to Fisher’s Protected LSD Test, P≤0.05.  

For the same assessment period, means with the same capital letter are not significantly different according to Fisher’s 

Protected LSD Test, P≤0.05.  

Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 
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Figure 3.3.3a 
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  Figure 3.3.3b 
 

 
Figure 3.3.3. Percentage weight loss of yam tubers stored for five months after harvest at 25 °C in 
Benin. Data for experiment in 2002-2003 are represented in Figure 3.3.3a and those for 2003-2004 in 
Figure 3.3.3b.  
Size of tubers at harvest: 300-400 g = size-2.  
Each column represents the mean for all yam cultivars per S. bradys population.  
For a given assessment period, columns with the same letter represent data (untransformed data) that are not significantly 
different at P≤0.05 according to Fisher’s Protected LSD Test, P≤0.05.  
IsoToui, IsoSave and IsoGlaz = S. bradys populations from Toui, Save and Glazoue areas in Benin. 
Statistical analyses and mean separations were undertaken on arcsine(x) transformed data. 
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CHAPTER 4 - ASSESSMENT OF HOST SUITABILITY TO SCUTELLONEMA BRADYS 
OF SOME YAM (DIOSCOREA SPP.) CULTIVARS FROM BENIN  

 
Abstract 
 
Some commonly cultivated Benin yam (Dioscorea spp.) cultivars (cv’s) namely Ala, Gangni, Moroko, 
Tabane (D. rotundata) and Kokoro (D. cayenensis) were assessed for host suitability to Scutellonema 

bradys in a pot experiment. One month after planting, plants were inoculated with ca. 1 000 nematodes 
as S. bradys-infected yam peel (ca. 0.5 cm x 0.3 cm pieces) in pots under greenhouse conditions at the 
International Institute of Tropical Agriculture (IITA-Cotonou Station, Benin). The data demonstrate that 
cv’s Moroko and Gangni support significantly lower (P≤0.05) populations of S. bradys than the other 
cv’s tested, indicating some degree of resistance. The cv’s Kokoro and Ala were the most susceptible. 
S. bradys did not affect the plant vine circumference, vine dry weight or number of tubers per plant 
across cv’s. Tuber weight varied across yam cv’s and was greater (P≤0.05) for uninoculated plants for 
all cv’s except for cv Moroko, which produced heavier (P≤0.05) tubers with inoculated treatment.  
 
4.1. Introduction 
 
The increasing environmental and cost limitations of chemical control methods have contributed to the 
interest in plant resistance as a means of disease control. In less developed countries where chemical 
control is difficult to implement, plant resistance has frequently been considered as the most promising 
component of nematode pest management systems (Roberts, 1981). Resistant cultivars (cv’s) provide 
specific advantages in a nematode management scheme, including (i) suppressed nematode 
reproduction, (ii) reduced length of crop rotations, (iii) reduced risk of toxic residues in the environment 
and food chain, (iv) no requirement for special application technology or equipment, and (v) generally 
seed cost is similar to that of susceptible cv’s (Cook and Evans, 1987). However, major limitations in the 
use of nematode-resistant cv’s include the paucity of cv’s with, or knowledge of, resistance to many 
nematode species (Sasser and Freckman, 1987), resistance to newly evolved pathotypes of nematodes 
with the ability to overcome previously employed resistance (Cook and Evans, 1987), and crop species 
for which resistance has not been identified in the species itself or in related wild relatives.    
 
In yam (Dioscorea spp.) production, the nematodes of particular importance are endoparasites of roots 
and tubers viz. Scutellonema bradys, Pratylenchus coffeae and Meloidogyne spp. (Bridge et. al., 2005). 
The yam nematode, S. bradys, causes decay of yam tubers, the syndrome known as “dry rot disease”. It 
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is found in many yam growing areas of the world having been reported from the West African countries 
Benin, The Gambia, Cameroon, Côte d’Ivoire, Nigeria, Senegal, Togo, the Caribbean (Cuba, Dominican 
Republic, Guadeloupe, Haiti, Jamaica, Martinique, Puerto Rico), Brazil and India (Bridge et al., 2005). 
This nematode appears to be the major plant-parasitic nematode affecting yam in Benin (IITA, 1999).  
 
Substantial investment has been made in control of diseases and pests of yam, but breeding for 
resistance against the yam nematode has been one of the most neglected research areas (Degras, 
1993; Akoroda and Hahn, 1995). Useful sources of resistance against S. bradys has yet to be identified 
in yam. Ayala and Costa (1971) found that D. alata, D. bulbifera, D. cayenensis, D. esculenta and D. 

rotundata are susceptible to S. bradys damage. Kwoseh (2000), however, found two Ghanaian yam cv’s 
Afun and Nkanfo (D. cayenensis and D. dumetorum, respectively) which appeared to be resistant to S. 

bradys based on a relatively low dry rot index and nematode population densities in tubers after four 
weeks of storage. Further screening has been undertaken at the International Institute of Tropical 
Agriculture (IITA) but with little success to date of finding resistance in yam to S. bradys. A total of 176 
land races and two improved genotypes of Dioscorea species from Nigeria, Ghana, Cameroon, Togo, 
Guinea and Burkina Faso were screened for resistance to S. bradys and results showed that only few 
materials (the yam species were not indicated by the authors) showed potential resistance to S. bradys 
(IITA, 2000).  In Benin, only limited studies have been conducted on the reaction of yam to S. bradys, 
with no information available on the relative susceptibility of popular and commonly available cv’s.   
 
The objective of the current study was to assess some of the most common Benin yam cv’s (Dansi et 

al., 2003) viz. Ala, Gangni, Moroko, Tabane and Kokoro for resistance to S. bradys and establish 
quantitative differences between cv’s in terms of their ability to support nematode reproduction in the 
tubers. The effects of the nematodes’ infection on some plant growth parameters were also studed.  
 
4.2. Materials and methods 
 
4.2.1. Experimental design and details 
 
The study was conducted in a greenhouse at IITA-Cotonou Station, Benin in 5.6-l plastic pots arranged 
in a completely randomised design (CRD) and replicated six times. Inoculated treatments were 
compared with an uninoculated control treatment. The cv’s Ala, Gangni, Moroko, Tabane (D. rotundata) 
and Kokoro (D. cayenensis) were used. The cv’s Tabane and Kokoro were sourced from a farmer at Ina 
village in the north east of Benin. The cv’s Gangni, Ala and Moroko were collected from Ina 
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experimental station of the Benin National Institute of Agricultural Research (INRAB). The yam cv’s were 
planted during March 2002 in soil of a hydromorphic nature, which is derived from and representative of 
lowland, seasonally flooded areas (Adam and Boko, 1993) with the following composition: 0.5 % N, 0.27 
ppm P2O5, 0.02 meq per 100 g soil K2O, 0.6 % C, 6.18 pH, and 5.37 C/N ratio  (Mahougbe, 1996). The 
soil was sterilised in an oven at 80 °C for 48 h. Tubers weighing 300-400 g each were hot-water treated 
at 50 °C for 30 min to disinfect them from S. bradys (Smit, 1967) and pre-sprouted in shredded coconut 
husk in wooden trays before planting in pots to ensure plant uniformity. One tuber was planted per pot 
and staked at three weeks after planting. They were watered with tap water as required. The experiment 
was conducted at a temperature regime of 27 °C to 33 °C and relative humidity of 75 % to 89 %.  
 
4.2.2. Inoculum preparation and inoculation procedure 
 
To determine the weight of tuber peel that contained ca.1 000 nematodes (Acosta and Ayala, 1975), 
heavily S. bradys-infected tubers of yam cv Kokoro purchased from a market in central Benin were 
manually peeled using a kitchen peeler. Several ‘strips’ of peel were removed from different portions of 
the tuber, chopped and nematodes were extracted from 3 x 5 g sub-samples per tuber using a modified 
Baermann method for 48 h (Hooper, 1990). The nematode suspension was collected in beakers, 
allowed to settle for two hours and the supernatant poured off. The remaining suspension was then 
poured into a graduated test-tube and tap water added to a total of 50 ml. This was manually shaken 
and not allowing the nematodes to settle, a 10 ml aliquot was taken for nematode density assessment. 
This was repeated three times in total with the nematode suspension returned to the test tube after each 
assessment. Nematode densities were assessed in a counting dish using a Leica Wild M3C stereo 
microscope.  
 
Nematodes were inoculated four weeks after planting. Each plant was inoculated with 5.6 g of ca. 0.5 
cm x 0.3 cm pieces of S. bradys-infected peel containing a mixture of ca. 1 000 S. bradys juvenile and 
adult stages. To inoculate plants, a shallow trench was dug at ca. 5 cm radius around the stem of each 
plant, to a depth (ca. 5-10 cm) that exposed some of the roots. The peel inoculum was placed in the 
trench and covered with soil (Kwoseh, 2000). The control plants were treated in the same way, using 5.6 
g chopped, uninfected and hot-water treated tuber peel of the same yam cv for each respective 
treatment.  
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4.2.3. Assessment of crop growth parameters 
 
Plants were harvested at nine months after planting. Crop growth parameters were measured at 
harvest. The circumference of the main vine of each plant was measured.  The number of tubers was 
counted and tuber weight per plant recorded. A 1-m length of the main vine of each plant (measured 
from the soil surface) was removed and weighed. The vine portions were cut into 10-cm pieces, placed 
into separately labelled paper bags, oven dried at 80 °C for 48 h and weighed.  
 
4.2.4. Nematode population density assessment 
 
Nematode population density was assessed at harvest. Because of the differences in size of tubers and 
also the lack of tubers formed in some pots, three tubers of approximately the same size (300-400 g 
each) were randomly selected for each yam cv per treatment for nematode extraction. The three tubers 
were manually peeled separately from different portions of tuber using a kitchen peeler. The peel was 
chopped into ca. 0.5 cm x 0.3 cm pieces. Nematodes were extracted from 3 x 5 g peel sub-samples per 
tuber and counted as previously described. Mean nematode densities per 5 g peel were calculated for 
each yam cv. Tubers from both inoculated and uninoculated plants were used for nematode population 
density assessment. 
4.2.5. Data analyses 
 
Differences among treatment means were compared with ANOVA, using Fisher’s Protected Least 
Significant Difference Test (LSD) or Standard Error, P≤0.05 on SAS, Version 8 for Windows 1999. 
Nematode population density data were normalised using log10(x+1) transformation prior to analyses.    
 
4.3. Results 
 
No differences in the vine circumference, tuber number and vine dry weight were observed among yam 
cv’s in the uninoculated or in the inoculated plants. Uninoculated plants of cv Tabane, however, 

produced significantly lower (P≤0.05) tuber weight than the other uninoculated cv’s (Table 4.1).     

  
Inoculation with ca. 1 000 S. bradys affected the vine circumference only of cv Moroko, which increased 

(P≤ 0.05) compared to that of uninoculated plants. S. bradys did not affect (P≤ 0.05) the number of 

tubers formed with the exception of cv Tabane, which had a lower mean number of tubers in the 
inoculated plants. S. bradys affected vine dry weight of cv’s Moroko and Tabane, which decreased 
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compared to that of uninoculated plants. Weight of tubers was greater for uninoculated plants of all cv’s 

than for inoculated plants, except for cv Moroko, which produced heavier (P≤ 0.05) tubers from 

inoculated plants. Dry rot was not observed on tubers at harvest (data not shown). 
 
Mean nematode population densities per 5 g peel of the cv’s at harvest varied between 247 and 404. 

The cv’s Gangni and Moroko had lower (P≤ 0.05) population densities than cv’s Kokoro and Ala (Figure 

4.1). No nematodes were recovered from uninoculated tubers.  
 
4.4. Discussion 
 
The inoculum density used in the current study, based on that used by Acosta and Ayala (1975), may be 
insufficient to induce differences in vine circumference, tuber number and vine dry weight across the 
yam cv’s assessed. However, at this inoculum density, significant differences were observed in tuber 
weight, indicating this parameter to be suitable for assessing the suitability of the yam cv’s to S. bradys. 
 
The significant differences observed for tuber weight across yam cv’s for uninoculated plants may 
possibly be due the period of tuber initiation (Toure and Ahoussou, 1982), which varies according to the 
physiological characteristics (Trouslot, 1985) of yam cv’s. The lower tuber weight observed for 
inoculated plants compared with that of uninoculated plants indicate that S. bradys could have 
suppressed tuber development. Depression of plant growth by nematodes is a more common 
phenomenon (Ferris, 1981; Amir and Sinclair, 1996) than stimulation. The higher tuber weight obtained 
for cv Moroko with nematode infestation indicates that the initial inoculum of ca.1 000 S. bradys per 
plant stimulated plant growth for that cv, or that plants react hypersensitively to the nematode. This 
corresponds with observations made by Brown and Kerry (1987) and Mao et al. (2005), who concluded 
that under some circumstances, low populations of certain nematodes stimulate host growth and 
sometimes result in increased yields. They suggested three reasons to explain such a phenomenon viz. 
(i) enhanced crop root growth, (ii) increased synthesis of growth regulators in response to nematode 
infection and, (iii) introduction of unidentified growth-stimulating mycorrhizal fungi. But, in the case of the 
current study which was conducted in pots, the soil was heat sterilised and the tubers hot water-treated 
to kill nematodes and pathogenic microbes in the tubers before planting. The first two reasons (i and ii) 
may possibly explain then the enhanced growth of cv Mokoro plants.  
 
The differences in nematode population density at harvest on the tubers in the current study indicate 
that the yam cv’s tested vary in their degree of suitability to S. bradys. The results of the current study 
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confirm those reported in the survey of S. bradys populations on marketable yam in Benin (Chapter 2; 
Figure 2.3). All the yam cv’s assessed for suitability to S. bradys in the current study were susceptible to 
infection by the nematode during the survey. Even though no information exists on a precise reference 
point for tolerance or resistance of yam to S. bradys, it can be concluded that information on the 
suitability of the different yam cv’s assessed in the current study are more focused and accurate than in 
the survey, because the survey provided only an indirect indication of possible tolerance or resistance. 
The cv’s assessed in the current study were subjected to a consistent nematode inoculum density (ca.1 
000 S. bradys/plant), under the same conditions for reliable comparison across cv’s.  
 
Adesiyan (1977) and Bridge (1982) mentioned that there is no firm evidence of resistance of S. bradys 

in yam and that D. alata, D. bulbifera, D. cayenensis, D. esculenta, D. rotundata are susceptible to 
damage. Kwoseh (2000) though, identified two Ghanaian yam cv’s (D. dumetorum cv Nkanfo and D. 

cayenensis cv Afun) to be resistant because they rendered a zero or relatively low dry rot index (0.3) 
and supported very low S. bradys population densities (mean of 0 and 3.3) for Afun and Nkanfo, 
respectively. No S. bradys were recovered from cv’s Sakata, Bètèbètè, Laboko and Krokotonnè during 
the survey (Chap 2) on marketable yam in Benin. While resistance or tolerance to S. bradys may exist in 
some of these cv’s, this still needs to be confirmed.  It would be useful, therefore, for the 125 or so Benin 
yam cv’s recorded by Dansi et al. (2003) to be screened for resistance routinely under controlled 
conditions.  
 
Although S. bradys is an endoparasite of roots and tubers, population densities in the roots were not 
assessed in the current study because at harvest nine months after planting the roots have already 
dried out and most of the nematodes have migrated to the tubers where large populations of S. bradys 

can build up (Bridge, 1982). Most S. bradys is found in yam tuber tissue and sampling for it on tubers is 
the most appropriate means of assessing populations of the nematode (Bridge, 1982). 
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Table 4.1. Effect of Scutellonema bradys on some plant growth parameters of five common Benin yam 
cultivars grown under greenhouse conditions at IITA Benin-Station in 2002.  
 

 
Yam 

cultivar 

      Vine 

  circumference 

(cm) 

  
Tuber 

number 

  
Vine dry weight 

  (g) 

  
Tuber weight 

(g) 

 Uninoc Inoc  Uninoc Inoc  Uninoc Inoc  Uninoc Inoc 
 

Ala 
Kokoro 
Gangni 
Moroko 
Tabane 

s.e. 

 

1.75a 
1.50a 
1.70a 
1.43a 
1.40a 

ns 

 

1.67a 
1.62a 
1.67a 
1.85b 
1.52a 

ns 

 
 

1.50a 
1.33a 
1.00a 
1.33a 
1.66a 

ns 

 

1.33a 
1.00a 
1.33a 
1.50a 
1.00b 

ns 

 
 

0.14a 
0.22a 
0.14a 
0.25a 
0.39a 

ns 

 

0.27a 
0.10a 
0.10a 
0.22b 
0.12b 

ns 

 
 

73.59a 
102.17a 
86.90a 
83.72b 
43.24a 

5.26 

 

70.63b 
96.87b 
82.69b 
90.46a 
31.51b 

3.54 
 
Values represent mean of six replicates.  
Uninoc and Inoc = respectively, plants uninoculated and inoculated with S. bradys 

Values in each column with ns are not significantly different according to Fisher’s Protected LSD Test, P≤0.05.  

Values followed by the same letter on a same line for two columns of the same assessed parameter are not significantly 

different according to Fisher’s Protected LSD Test, P≤0.05 

s.e. = Standard Error. 
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Figure 4.1. Mean Scutellonema bradys tuber population density of five Benin yam cultivars from two 
Dioscorea species nine months after inoculation with ca.1 000 S. bradys juveniles and adults/plant.  
Columns followed by the same letters are not significantly different according to Fisher’s  

Protected LSD Test, P≤0.05.  

Dr = Dioscorea rotundata, Dc = Dioscorea cayenensis.  
Data represent means (untransformed data) of three tubers/treatment.  
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data.
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CHAPTER 5 - EFFECT OF FERTILISER APPLICATION ON YAM NEMATODE 
(SCUTELLONEMA BRADYS) POPULATION DYNAMICS AND CONSEQUENT 

DAMAGE TO YAM (DIOSCOREA SPP.) UNDER FIELD AND STORAGE CONDITIONS 
IN BENIN* 

 
Abstract  
Studies were carried out at the International Institute of Tropical Agriculture (IITA-Cotonou Station, 
Benin) and at Save (central Benin) on the influence of chemical fertiliser application on Scutellonema 

bradys density and damage in the field and in storage to three yam (Dioscorea spp.) cultivars (cv’s) 
namely TDr 131 and Ala (D. rotundata) and Kokoro (D. cayenensis). Treatments with nematodes (ca. 1 
000 per plant) and NPK, DAP (diamonic phosphate) and KCl at rates of 300 kg, 155 kg and 60 kg/ha, 
respectively, were compared to uninoculated and an unfertilised control in field plots in terms of the 
damage to the crop and multiplication of the nematode. Also, moisture, ash, total sugar and starch 
concentrations of stored tubers were compared between treatments four months after harvest. At 

harvest, weight and the number of tubers per plant were not affected (P≤ 0.05) by fertiliser application or 

nematode inoculation. However, the fertilisers, specially DAP (P<0.05) suppressed nematode 
multiplication in tubers. In storage, tuber weight loss was recorded in all treatments. Weight loss was 
more pronounced in tubers from plots receiving fertiliser application than from unfertilised plots. 
Furthermore, S. bradys-infected tubers lost more weight than uninfected tubers.  The greatest weight 
loss was recorded in fertilized tubers infected with S. bradys. Nematode multiplication rates were higher 

(P≤ 0.05) in tubers during the first three months of storage, but decreased in the fourth and fifth months. 

The moisture content and concentration of different chemical constituents of stored tubers varied 
between fertiliser treatments, the yam cv’s and the presence or absence of S. bradys. Application of 
fertilisers in general led to lower total sugar concentrations in tubers at four months after harvest than 
tubers from plants not receiving fertiliser, depending on cv.  
 
*The content of this chapter has been accepted for publication: Baimey, H., Coyne, D. & Labuschagne, N. 2005.  
Effect of fertiliser application on yam nematode (Scutellonema bradys) multiplication and consequent damage to 
yam (Dioscorea spp.) under field and storage conditions in Benin.  International Journal of Pest Management. In 
press. 
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5.1. Introduction 
 
Yam (Dioscorea spp.) is an important economic crop grown especially in the yam zone (25 °N and 15 
°S) of West Africa. The bulk of global yam production is concentrated in West Africa, with Nigeria 
producing the largest proportion, followed by Ghana and Côte d’Ivoire (FAOstat, 2004). According to 
Nweke et al. (1991), yam is the second most important root and tuber crop in the world after cassava in 
terms of production and contributes more than 200 dietary calories daily for over 60 million people in the 
yam zone. Yam production is expanding annually but the actual yields are usually considerably lower 
than its potential. Increased human population (Lagemann, 1977) and land pressure (IITA, 1999) result 
in a shortened fallow with subsequent decrease in soil fertility and increase in pest and disease levels. It 
is, therefore, necessary to restore soil fertility in order to increase or at least maintain yields of yam.  
 
Scutellonema bradys is amongst the most economically important pests of yam in West Africa (Bridge, 
1982) and is the major plant-parasitic nematode affecting yam in Benin, occurring in 67 % of 39 sampled 
fields (IITA, 1999). The primary importance of S. bradys is through direct damage to the tubers, largely 
during storage (Adesiyan et al., 1975a), causing a characteristic dry rot. Populations in the outer peel 
(cortex) of affected yam tubers can average ca. 100 000 nematodes/50 g of tuber peel (Adesiyan et al., 
1975a) but can exceed ca. 300 000/50 g of tuber peel (Bridge, 1973).  
 
Previous investigations have shown that plant-parasitic nematodes can induce biochemical changes in 
host tissues (Adesiyan et al., 1975c; Adesiyan, 1983). These changes will, however, vary with nematode 
species, plant species and site of nematode activity. In a study of three species of Dioscorea, namely D. 

rotundata, D. cayenensis and D. alata infected with S. bradys, Adesiyan (1983) observed a decrease in 
the number of amino acids occurring in infected tissue. Three essential amino acids namely lysine, 
leucine and iso-leucine were not detected in infected D. rotundata. The nematode-infected D. alata was 
deficient in all essential amino acids except histidine. Adesiyan et al. (1975c) observed significant 
reduction in the percentage starch, amylase and amylopectin in dry and wet rotted tubers, when 
compared to healthy tubers.  
 
Damage by S. bradys predisposes yam tubers to infection by fungal and bacterial pathogens (Bridge, 
1973; Adesiyan et al., 1975a). Since yam is propagated from whole or pieces of tuber, the principal 
means of nematode dissemination is via infected planting material (Bridge, 1973). It is important to 
reduce S. bradys infection in yam in the field in order to provide clean planting material for successive 
seasons.  
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Fertiliser application has been observed to have a positive or negative effect on nematode epidemiology 
and population dynamics, but studies are often contradictory and/or dependent upon specific 
circumstances (Coyne et al., 2004). In yam production, fertiliser application has been reported to lower 
S. bradys densities (Obigbesan and Adesiyan, 1981). However, the literature is replete with evidence on 
the roles of major nutrient elements such as nitrogen, phosphorus and potassium affecting the yield and 
quality of crops (Kpeglo at al., 1980). Yam farmers, however, have expressed reservations about 
application of inorganic fertilisers to yam in the belief that fertilisers negatively affect storage ability and 
pounding quality of tubers and tend to enhance oxidation of tubers when cut (Adeniji et al., 1998). Yam 
receiving nitrogen alone has been reported to have poorer storage quality than yam fertilised with 
mixtures that contain phosphorus (Adesiyan and Adeniji, 1976).  
 
Currently, information on the interaction between nematode damage in stored yam in relation to the 
effects of fertiliser application is limited. The objective of the current study is to assess the effect of 
fertiliser application on S. bradys population density and consequent damage to yam under field and 
storage conditions. The effect of fertilizer application and S. bradys inoculation on some chemical 
constituents of yam tubers was also assessed four months after harvest. 
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5.2. Materials and methods 
 
5.2.1. Experimental details and design 
 
During 2002-2003 two experiments were conducted separately with cv TDr 131 (D. rotundata) on the 
International Institute of Tropical Agriculture (IITA-Cotonou Station, Benin) experimental farm and with 
cv’s Ala (D. rotundata) and Kokoro (D. cayenensis) in a field at Save in central Benin. During 2003-2004, 
the experiment was repeated at IITA using cv’s Ala and Kokoro. 
 
The IITA-Cotonou experimental farm is located (6.25 °N, 2.19 °E; altitude 23 m asl) in the coastal 
savanna zone. The climate is subequatorial and the soil is of a hydromorphic nature, which is derived 
from and representative of lowland, seasonally flooded areas (Adam and Boko, 1993), with the following 
composition: 0.5 % N, 0.27 ppm P2O5, 0.02 ppm K2O per 100g soil, 0.6 % Ca, pH of 6.18, and a 5.37 
C/N ration (Mahougbe, 1996).  
 
The Save site is located in the northern Guinea savanna, 8.26 °N, 2.22 °E, with a ferruginous soil, and a 
sub-sudanian climate (Adam and Boko, 1993), a pH of 6.5 and a C/N ratio between 14.8 and 22 
(Willaime, 1965). 
 
5.2.1.1.  Trial conducted during 2002-2003 season with cv TDr 131 on IITA experimental farm 
 

Seed tubers of cv TDr 131 were obtained from IITA Ibadan, Nigeria and planted in May 2002. The 
minimum total monthly rainfall during the experimental period was 33.2 mm, recorded in June 2002 and 
the maximum was 390.6 mm, recorded in August 2002. The minimum average daily temperature during 
the experiment was 22 °C and the maximum 31 °C.  
 
The experiments at both sites comprised three factors viz. fertiliser, nematode infection and yam cv. The 
fertiliser factor consisted of four levels viz. application of NPK, DAP and KCl, at recommended rates and 
an unfertilised control. The nematode factor consisted of two levels viz. inoculated or uninoculated with 
ca. 1 000 S. bradys per plant. Yam cv varied depending on the site and year. During 2002 the cv factor 
consisted of one level (cv TDr 131) at IITA station and two levels (cv’s Ala and Kokoro) at Save. During 
2003 the cv factor consisted of two levels (cv’s Ala and Kokoro) at IITA only. At all sites, a randomised 
complete block (RCB) design with three replicates per treatment was used. Six seed yams per plot were 
planted in mounds arranged in two x three rows. One seed yam was planted per mound. 
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5.2.1.2. Trial conducted during 2002-2003 season with cv’s Ala and Kokoro at Save 
 
Yam cv’s Ala and Kokoro seed tubers were purchased in Glazoue market, central Benin and were 
planted in April 2002. During the experiment, the minimum total monthly rainfall was 29 mm and the 
maximum was 254 mm. The minimum average daily temperature was 25 °C and the maximum was 34 
°C.  
 

5.2.1.3. Trial conducted during 2003-2004 season with cv’s Ala and Kokoro on IITA experimental farm 

 
The seed tubers used were obtained from material harvested from the 2002-2003 experiment and 
combined with some tubers purchased in Glazoue market. Planting was undertaken in July 2003. During 
this experiment, the minimum total monthly rainfall was 36 mm and the maximum was 401 mm. The 
minimum average daily temperature was 22 °C and the maximum was 32 °C.  
 

• Fertiliser application 
 
Fertiliser treatments included NPK, KCl, DAP (diamonic phosphate) and an unfertilised control. NPK in 
the form 13.9.27 + 5S + 4MgO(S) was applied at a rate of 300 kg/ha (30 g/plant), KCl containing 60 % 
K2O was applied at 155 kg/ha  (15.5 g/plant) and DAP with 18 % N and 46 % P2O5 was applied at 60 
kg/ha (6 g/plant). Half of the NPK dose was applied at planting and the second half at the same time as 
the other fertilisers at six weeks after planting. Fertiliser rates are those recommended for yam 
production in Benin by Hydrochem and by National Programme too. Fertilisers were applied into furrows 
ca. 3-5 cm deep prepared at a radius of ca. 10 cm from stems on each planting mound and covered with 
soil.  
 

• Planting 
 
Yam tubers weighing ca. 400-500 g each (size-1 tubers) were used for planting in all cases. Tubers 
were hot-water treated at 50 °C for 30 min (Smit, 1967) to eliminate S. bradys and pre-sprouted in 
shredded coconut husk in wooden trays to establish uniform germination of tubers. Seed tubers were 
then transplanted to the field ca. 15-20 cm deep in mounds spaced 1 m apart and using only sprouted 
tubers. Each mound was prepared by gathering the surrounding top layer of soil to a height of ca. 50-75 
cm. The experiments were maintained weed-free by regular hand weeding. Plants were staked three 
weeks after planting (one stake per plant).  
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• Inoculum preparation and inoculation procedure 
  
Nematodes were inoculated at four weeks after planting. The soil around each plant was inoculated with 
a combination of juveniles and adults at the rate of ca. 1 000 S. bradys per plant, applied as chopped 
(ca. 0.5 cm x 0.3 cm), infected peel removed from heavily infected tubers of cv Kokoro. The infected 
peel was spread evenly in a furrow excavated at a distance of ca. 5 cm from the stem of each plant to a 
depth (5-10 cm), exposing some of the roots and subsequently re-covered with soil (Kwoseh, 2000).  
 

• Assessment 
 
Experiments were harvested at maturity nine months after planting (Trèche and Agbor-Egbe, 1996). For 
each cv, six tubers weighing ca. 300-400 g each (size-2 tubers) were randomly selected per plot from 
experiments at IITA and stored at room temperature of ca. 25 °C (Lyonga and Ayuk-Takem, 1982; 
Nwankiti et al., 1988; Osagie, 1992) for five months for post-harvest assessment of nematode density, 
tuber weight loss and dry rot severity. Two tubers, removed at random, were each assessed at three, 
four and five months after harvest.  Moisture, ash, sugar and starch content in stored tubers were 
measured at four months after harvest. Tubers from Save were not stored. 
 
5.2.1.3. Plant growth parameters measured 
 
 
The weight and number of all tubers per plot were recorded at harvest. During storage, two size-2 tubers 
were weighed and percentage tuber weight loss throughout the storage period was calculated.  
 
5.2.1.4. Nematode density and tuber damage assessment 
 
 
For both experiments, pre-plant nematode population densities in the soil were determined shortly 
before planting. Soil samples were taken from 30 m x 20 m and 20 m x 20 m areas reserved for the 
experiments with cv’s Ala and Kokoro and cv TDr 131, respectively. Using a trowel, approximately 100 g 
soil was collected from each 1 m² at a depth of ca. 15-20 cm following a systematic collection procedure 
(Barker and Niblack, 1990). Soil from each 100 m² was combined in a plastic bag and labelled, giving a 
total of six and four bulked soil samples for cv’s Ala and Kokoro, and cv TDr 131, respectively. 
Nematodes were extracted from 3 x 50 g soil sub-samples for each bulked soil sample for 48 h by 
means of a modified Baermann method (Hooper, 1990). Nematodes were identified to genus level and 
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population densities assessed as described below. The rest of soil samples were sent to IITA Ibadan, 
Nigeria for chemical analyses. 
 
At harvest, nematodes were extracted from tubers only. Three size-1 tubers were randomly selected per 
plot and manually peeled using a kitchen peeler. Several strips of peel were removed from different 
portions of the tuber, chopped (ca. 0.5 cm x 0.3 cm) and 3 x 5 g sub-samples per tuber removed. 
Nematodes were extracted from each sub-sample using a modified Baermann method for 48 h (Hooper, 
1990). The nematode suspension was collected in beakers, allowed to settle for two hours and the 
supernatant poured off.  The remaining suspension was then poured into a graduated test-tube and tap 
water added up to 50 ml. This was manually shaken and not allowing the nematodes to settle, a 10 ml 
aliquot was taken for nematode density assessment. This was undertaken three times in total with the 
nematode suspension returned to the test tube after each assessment.  Nematode densities were 
assessed in a counting dish using a Leica Wild M3C stereo microscope. Size-2 tubers were also 
selected per plot and used to assess nematode population dynamics during the storage period. 
Nematode densities at harvest were compared (as above) with those of similarly sized stored tubers, 
using two tubers per plot per sample time. Only size-2 tubers were assessed during storage due to 
availability. During storage nematode densities were assessed from tubers in the same manner as at 
harvest.  
 
The stored tubers were additionally assessed for dry rot severity on an arbitrary scale of 0-4 as follows: 
0 = clean tuber; 1 = 1-25 % tuber skin showing dry rot symptoms (low levels of damage); 2 = 26-50 % 
tuber skin showing dry rot symptoms  (low to moderate level of damage); 3 = 51-75 % tuber skin 
showing dry rot symptoms (moderate to severe level of damage); 4= 76-100 % tuber skin showing dry 
rot symptoms (high level of damage). This scale is a modification of the scale used by Speijer and De 
Waele (1997) for assessing root-knot nematode galling on banana (Musa spp.). 
 
5.2.1.5. Analyses of some chemical constituents of stored tubers 
 
 
Moisture content and ash, total sugar and starch concentrations were analysed at four months after 
harvest for tubers of cv’s Ala and Kokoro harvested from the 2003-2004 experiment conducted at IITA. 
The same tubers used for assessing post-harvest weight loss and nematode population density were 
used for chemical analyses. Twenty-five gram tuber peel of each of the two tubers selected per 
treatment for each yam cv was air dried (ca. 25-30 °C) and put in labelled paper bags. The samples 
were sent to the laboratory of Food Technology, IITA Ibadan, Nigeria for chemical analyses as 
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described below. These procedures were modifications of methodologies used by the Association of 
Official Analytical Chemists (AOAC)(1990), Mcready (1970) and Dubois et al. (1956).  
 

• Determination of moisture content using a modified AOAC (1990) method 
 
Five gram tuber samples were accurately weighed on a Mettler, model AE 50 balance into a pre-
weighed weighing/drying dish provided with an easily removable lid. The uncovered dish was placed in a 

well-ventilated Gallenkamp oven maintained at 103±2 °C.  After 16 h, the lid was replaced and the dish 

was transferred to a dessicator at room temperature to cool. When cooled (about 30 min), 0.1 mg 
sample material was weighed. The dish with sample and lid were replaced open in the oven for another 
2 h. The lid was replaced, cooled in a dessicator and re-weighed. The moisture concentration was 
calculated as follows: 
 

MoM
MM

−
−

1
21   x 100 where Mo = weight in g of dish and lid, M1 = weight in g of dish, lid and sample 

before drying, M2 = weight in g of dish, lid and sample after drying. 
 
 

• Determination of ash content using a modified AOAC (1990) method 
 
Five gram portions of samples were dried in the Gallenkamp oven and allowed to cool in a dessicator. 
Two three-grams portions of dried material were weighed into an empty porcelain crucible, which has 
been priorly heated and weighed. The samples were ignited on a corning hot plate in a fume cupboard 
to char all organic matter. The crucible was placed in a Fisher Isotemp (model 186A) muffle furnace 
maintained at a temperature of 600 °C for six hours. The crucible was directly transferred to a 
dessicator, cooled and weighed immediately. Percentage ash was calculated as follows: 
 

% Ash = 100))( x
weightsample

crucibleemptyofweightashcrucibleofweight −+  

 

• Determination of sugar concentration using modified Macready (1970) and Dubois et al. (1956) 
methods.  
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Portions of 0.020-0.025 g yam peel flour were weighed on a Mettler balance (Model AE 50) and put in 
centrifuge tubes.  One ml of ethanol and 2 ml of distilled water were added to the flour sample. Ten ml 
hot ethanol was added and the sample was vortexed. The mixture was centrifuged on a Sorvall 
centrifuge (Model GLC-1) for 10 min at 2000 rpm. The supernatant was decanted into a test tube and 
made up to 20 ml extract. An aliquot of 0.2 ml of extract was used for colour development assessment. 
Distilled water (0.8 ml) and 0.5 ml of a 5 % phenol solution were added and the solution vortexed. Two-
and-a-half ml of cone H2SO4 was added and vortexed. The absorbance was then read on a Milton Roy 
Spectronic 601 at 490 nm. The percentage sugar was calculated as follows: 

% Sugar = 
610.

100.)(
BxW

FxVxxDIA −  where  

A = Absorbance of sample,  
I = Intercept of sample,  
D.F = Dilution factor,  
V = Volume,  
B = Slope of the standard curve,  
W = Weight of the sample. 
 

• Determination of starch concentration using modified Macready (1970) and Dubois et al. (1956) 
methods. 

 
Seven-and-a-half ml of perchloric acid was added to the residue from the sugar analyses and allowed to 
stand for 1 h.  The hydrolysate was diluted with 17.5 ml distilled water and filtered.  One ml of the filtrate 
was diluted with 1.0 ml of distilled water.  An aliquot of 0.01 – 1.0 ml was used for colour development 
assessment. Colour was developed with phenol and H2SO4. 

 

Starch content was calculated according to the following formula: 
 

% Starch = 
106.

9.0100.)(
BxW

xFxVxxDIA −  where  

A = Absorbance of sample,  
I = Intercept of sample,  
D.F = Dilution factor,  
V = Volume,  
B = Slope of the standard curve,  
W= Weight of the sample. 
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5.2.2. Data analyses 
 

Nematode population densities and percentage weight loss between treatments were compared by 
ANOVA using SAS, Version 8 for Windows 1999, following log10(x+1) transformation of nematode 
densities and arcsine(x) transformation of percentage weight loss. Treatment means were separated by 
Fisher’s Protected Least Significant Difference Test (LSD) or Standard Error, P≤0.05. 
 
5.3. Results 
 
No Scutellonema spp., Pratylenchus spp. or Meloidogyne spp. were recovered from soil during the pre-
plant assessment at either the IITA or Save sites. 
 
5.3.1. Plant growth and S. bradys population densities at harvest 
 

Nine months after planting, the weight and number of tubers harvested from fertilised plots were similar 

(P≤ 0.05) to those of unfertilised ones except for cv Ala tubers from DAP-fertilised and inoculated plots 

in the 2003-2004 experiment. Tubers of that cv rendered significantly higher tuber weights than tubers of 
the other treatments (Tables 5.1 and 5.2). In contrast, nematode multiplication and post-harvest dry rot 

symptoms were influenced (P≤0.05) by fertiliser application. Highest nematode infection was recorded 

on cv Kokoro tubers from plots not receiving fertilisers, but on cv TDr 131, nematode population 
densities were similar (Tables 5.3 and 5.4). Tubers from uninoculated plots were S. bradys-free (data 
not shown). Some tubers from uninoculated plots showed flaked skins however, similar to the dry rot 
symptoms caused by S. bradys (Table 5.4). 
    
5.3.2. S. bradys population densities and dry rot severity during storage 
 
Fertiliser application suppressed nematode population density (mean values calculated across yam cv’s) 

in tubers of yam cv’s (Table 5.5 and Figure 5.1). Few (P≤0.05) nematodes were recorded from tubers 

from DAP-fertilised plots four and five months after harvest, and the highest numbers were found in 

tubers from unfertilised plots (Table 5.5). Higher (P≤0.05) population densities of S. bradys were present 

in control tubers of cv TDr 131 compared with those of cv Ala or Kokoro with mean nematode densities 
of 1 498, 269 and 216 per 5 g tuber peel for cv TDr 131, Ala and Kokoro, respectively, five months after 
harvest (Table 5.5).  
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The rate of increase of S. bradys density in tubers of cv TDr 131 from unfertilised control and NPK-

fertilised plots was higher (P≤0.05) three months after harvest than at harvest although between the 

third and fifth month no differences between nematode densities were observed. Tubers from KCl- and 

DAP-fertilised plots had higher (P≤0.05) nematode population densities three months after harvest, than 

later in the storage period. In cv’s Ala and Kokoro tubers, nematode population densities continued to 
increase through the storage period but the increase was not significant between assessment periods. 
Nematode density decreased in tubers from DAP-fertilised plots from the fourth month of storage in cv 
Ala tubers and from the third month in cv Kokoro tubers (Table 5.5). During storage, tubers from 
uninoculated plots remained free of S. bradys.   
 

Although an increase in nematode densities was observed in tubers during the first three months after 
harvest for all cv’s, percentage dry rot symptoms in tubers did not increase through the storage period 
(data not shown).  

 

5.3.3. Weight loss of tubers during storage  
 
During storage, weight loss of tubers was affected by fertiliser application, storage period and presence 
of S. bradys. Application of the different types of fertiliser did not affect the weight loss of cv Ala at any 

stage during storage (Table 5.6). However, for cv’s TDr 131 and Kokoro, the least (P≤0.05) weight loss 

was observed in tubers from unfertilised control plots following five months of storage compared with 
those from fertilised plots. For cv Ala, tubers from the unfertilised control plots lost more weight than 

tubers from plots fertilised with DAP (P≤0.05). Mean weight loss of 32.2 % and 31.2 % was observed for 

tubers from unfertilised control and DAP-fertilised plots, respectively. Differences (P≤0.05) in weight loss 

of tubers between nematode treatments were observed for cv’s Kokoro and TDr 131. Weight loss 

increased  (P≤0.05) with the duration of storage for all cv’s (Table 5.6). Nematode-infected tuber weight 

loss was higher than for healthy tubers (Figure 5.2). For healthy tubers, mean weight loss at five months 
after harvest was 36.2 %, 41.4 % and 49.3 %, respectively, for cv’s TDr 131, Ala and Kokoro compared 
with infected tubers for which 50.3 %, 47.1 % and 54.3 % weight loss were observed, respectively.  
 
5.3.4. Moisture, ash, total sugar and starch content of stored tubers four months after harvest  
 
Concentrations of the various chemical constituents of tubers varied with the type of fertiliser applied, 
the yam cv and the presence of S. bradys when assessed at four months after harvest (Table 5.7).  
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The mean value of moisture content of tubers from inoculated plots was significantly higher than that of 
tubers from uninoculated plots (Table 5.7A). For the chemical constituents measured, the mean values 
were similar between S. bradys treatments (P≤0.05) (Table 5.7A). The moisture content and total sugar 
concentration of tubers from unfertilised plots was similar (P≤0.05) between uninoculated and inoculated 
plots but ash and starch concentrations differed significantly between S. bradys treatments. 
Concentrations of ash in tubers from fertilised and inoculated or uninoculated plots were similar. Total 
sugar concentrations in tubers from DAP and NPK-fertilised plots were also similar. No significant 
different were observed in starch concentration in tubers from NPK-fertilised plots (Table 5.7A). 
      
For a given yam cv, the concentrations of the different chemical constituents varied across fertiliser type. 
The moisture content for cv Ala was similar across fertiliser type. The same thing was observed for ash 
concentration for cv Kokoro. The mean values calculated across fertiliser type for moisture content and 
ash concentrations were higher for cv Ala than for cv Kokoro. But for both cv’s the mean values of total 
sugar and starch concentrations were similar (Table 5.7B). Lowest total sugar concentration was 
obtained in tubers from KCl-fertilised plots for cv Ala and NPK- and DAP-fertilised plots for cv Kokoro. 
Lowest starch concentration was obtained with tubers from DAP-fertilised plots for cv Ala and control 
plots for cv Kokoro.   
 
5.4. Discussion 
 
The current study has established that application of fertiliser to yam can affect nematode multiplication 
and also consequent yield loss and damage during storage. The effect on nematodes, however, 
depends on the type of fertiliser applied. Interestingly, fertiliser application at recommended rates, in 
general, suppressed nematode densities, especially when measured at harvest. However, although 
nematode-infected tubers lost more weight than healthy tubers, tubers from fertilised plots lost more 
weight than those from unfertilised plots. Results similar to those obtained in the current study on the 
effect of fertiliser application on nematode population density were also obtained by Adesiyan and 
Adeniji (1976). These authors found that mineral and organic fertilisers reduced nematode populations, 
while Obigbesan and Adesiyan (1981) found that application of phosphorus alone did not favour 
nematode build-up in yam tubers. Akhtar (1998) also found urea to be detrimental to nematodes when 
applied at 220 kg N/ha on yam in the field. Although S. bradys is an endoparasite of roots and tubers, 
population densities in the roots or in the soil were not assessed in the current study because at harvest 
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nine months after planting the roots and the soil have already dried out and most of the nematodes have 
moved to the tubers where S. bradys mainly occurs (Bridge, 1982). 
 
Data demonstrating yield improvement of yam following fertiliser application are available (Lyonga and 
Ayuk-Takem, 1982; Oyolu, 1982). However, the results of the current study showed no significant effect 
of fertiliser application or of nematode infection on the number or weight of tubers at harvest. Results 
obtained in Nigeria (Bridge, 1973) and Puerto Rico (Ayala and Acosta, 1971) support the current 
observation that S. bradys does not necessarily cause severe reduction in growth of yam, but rather 
causes a marked reduction in the edible portion and marketable value of the tubers. 
 
The presence of symptoms similar to that of dry rot caused by S. bradys observed on tubers of 
unfertilised and healthy plants indicates that factors other than S. bradys and fertilisers can result in the 
presence of similar symptoms. Indeed, excess water during the vegetative growth affects the skin of the 
yam tubers formed (H. Baimey, IITA, 2003, personal observation) presenting symptoms similar to the 
dry rot caused by S. bradys. Such symptoms were also observed during recent surveys in West Africa, 
but with no nematodes recovered (Coyne et al., 2005). It is therefore important to confirm nematode 
infection levels in the tubers and also that nematodes are associated with damage.  
 
The effect of fertiliser application on nematodes was observed in the current study at harvest, when 
nematode densities in tubers from plots receiving fertilisers were lower than those from unfertilised 
control plots. In yam production, the suppressive effect of fertilisers on nematode multiplication may 
possibly be explained by the nutritional status of the plants and the presence of saprofitic 
microorganisms such as fungi and bacteria. Waceke et al. (2002) established that application of P 
fertilisers suppressed root-knot nematodes on pyrethrum, concluding that improved plant nutritional 
status might lead to disease escape or improved resistance against nematodes. The suppressive effect 
of fertilisers on S. bradys in yam tubers may also be related to the quality of the tubers. For example, 
Adeniji et al. (1998) demonstrated that application of 70 kg N/ha (as urea), 50 kg P2O5/ha (as single 
superphosphate), 20 kg K2O/ha (as muriate of potash) and 2 kg MgSO4/ha (as magnesium sulphate) 
affected quality attributes of yam tubers, such as taste, hand-feel and smoothness, which may also 
affect feeding and consequently, nematode multiplication.  
 
Degras (1986) established that nematode multiplication in yam tubers is more pronounced during the 
storage period, than during the growth stage in the field, which corresponds to the dormancy period 
characterised by a marked decrease in gaseous exchange in the tubers. This implies that when the 



UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  BBaaiimmeeyy,,  HH  KK    ((22000066))  

 111

respiration rate of tubers increases, nematode multiplication slows down (Cadet and Quénéhervé, 
1994). The results of the current study confirm that in tubers from unfertilised plots nematode 
populations increased rapidly during the first three months of storage corresponding to the dormancy 
period, after which the increase slowed down. Tubers will sprout following the breaking of dormancy, 
when respiration increases (Cadet and Quénéhervé, 1994). The same tendency was observed in tubers 
from NPK-fertilised plots for all cv’s combined and from KCl fertilised plots for cv’s Ala and Kokoro in the 
current study. However, in tubers from DAP-fertilised plots a decrease in nematode population density 
was observed instead.  
 
The percentage weight losses obtained in the current study were higher (up to a maximum of 57.82 %) 
than those obtained by Adesiyan et al. (1975b). Cadet and Quénéhervé (1994) also observed lower 
weight loss during storage between healthy (8-10 %) and infected (33 %) tubers, four months after 
harvest. The relatively higher percentage weight losses seen in the current study were possibly due to a 
combined effect of both nematodes and fertilisers (Adesiyan et al., 1975a; Cadet and Quénéhervé, 
1994). Naturally, yam weight loss depends on several other factors such as the cv and also the storage 
structure (Bell et al., 2000). Yam tubers normally lose weight in storage, but infected tubers are known to 
lose greater weight than healthy ones (Allen, 1953; Myers and Krusberg, 1965; Adesiyan, 1976). In 
uninfected tubers, weight reduction occurs during storage as a result of moisture loss through epidermal 
layers (Ayala and Acosta, 1971; Bridge 1973). But Coursey (1967), Coursey and Russell (1969) and 
Cadet and Quénéhervé (1994) observed that although water loss may be partly responsible for weight 
changes in stored tubers, the major factors influencing weight loss are natural metabolic processes such 
as respiration, and attack by biodeteriorogens. Attack by other microorganisms may increase the rate of 
respiration and, hence, the rate of weight loss in stored tubers (Fawole and Evans, 1989). Lesions 
caused by S. bradys predispose yam tubers to infections by secondary organisms such as fungi and 
bacteria, which cause wet rot, especially during storage (Bridge, 1973; Adesiyan et al., 1975b).   
 
The results obtained in the current study on the moisture content concentration (calculated across 
fertiliser type) indicate that S. bradys contributed to the decrease of moisture in the stored tubers. S. 

bradys feeds intra-cellularly, creating galleries within the yam tuber (Goodey, 1935).  In infected tubers a 
greater area is therefore exposed to air, compared with healthy tubers, leading to higher levels of 
evaporation from infected tubers. Omonigho and Ikerebomeh (2000) observed opposite results studying 
the effect of preservative treatments on the chemical changes of pounded white yam (D. rotundata) in 

storage at 28±2°C. They concluded that the relative amount of water produced by spoilage micro-
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organisms from metabolic reactions was higher relative to the amount evaporated. The results of the 
current study indicate that the type of fertiliser also affects the moisture content of stored tubers. 
  
Contrary to moisture content, ash concentration of tubers was not significantly affected when fertilisers 
were applied, although increases were observed when tubers were S. bradys-infected. The effect of 
nematode inoculation on ash concentration is observed only when fertilisers were not applied. 
 
The increase in sugar content recorded in the nematode-infected yam tubers after KCl application 
explains one of the ways by which nematodes may predispose yam tubers to infection by secondary 
invaders such as fungi and bacteria. This predisposition is caused by the provision of food in the form of 
simple sugars (monosaccarides) for the fungi, which may be associated with the dry rotted yam 
(Adesiyan et al., 75c). The increase of sugar concentration happens also when amylase produced by 
invaders hydrolyses starch molecules to reducing sugars (glucose) (Omonigho, 1988). In the presence 
of these sugars, fungal and bacterial spores grow actively and later invade the yam tissue.  This process 
can affect storage life of tubers adversely.  
 
During storage of yam tubers there is a metabolic breakdown of the principal component starch, hence 
an abnormal sweetish taste is developed indicative of the accumulation of sugars associated with the 
presence of saprophitic organisms, which normally attack yam tubers in storage Adesiyan et al. (1975c). 
This was observed in the current study in tubers from DAP- and KCl-fertilised plots for which infected 
tubers had significantly lower starch concentrations compared with healthy tubers.  
 
Results of the current study indicate that the concentration of different chemical constituents assessed is 
yam cv-dependent. Yam cv’s are distinguished by several parameters among which the colour of the 
flesh, taste and texture (Degras, 1994). When cultivated with no artificial soil fertilisation or infestation, 
concentration of the different constituents such as dry matter, starch, sugar, ash, crude protein and 
essential amino acids varies with yam cv (Trèche and Agbor-Egbe, 1996). The results of the current 
study in which yam cv’s belonging to two different yam species were used, confirm this.  
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Table 5.1. Effect of fertiliser application and inoculation of ca. 1 000 Scutellonema bradys on tuber 
weight production per plot of yam (cv’s Ala, Kokoro and TDr 131) in field experiments at Save (2002) 
and at IITA Station in Benin (2002 and 2003).    

 

  
 

2002-2003 experiment  2003-2004 experiment 

 
 

Site 
 

Save 
 

IITA  
 

IITA 

 
 

Cultivar 
 

Ala 
 

Kokoro 
 

TDr 131  
 

Ala 
 

Kokoro 

Fertiliser  Inoc Inoc Inoc Uninoc  Inoc Uninoc Inoc Uninoc 

No 
fertiliser 
DAP 
NPK 
KCl 
s.e.  

  7.80 
  9.72 
12.60 
  9.00 

ns 

7.50 
8.94 
8.40 
7.80 

ns 

13.32 
16.62 
15.00 
13.86 

ns 

14.76 
15.84 
11.16 
14.70 

ns  

 5.28 
12.30 
  9.24 
  5.88 

1.68 

 8.58 
  5.70 
  6.78 
  7.74 

ns 

 3.00 
 3.78 
 2.88 
 3.78 

ns 

2.28 
3.72 
2.28 
4.74  
  ns 

              

   Values represent means of three replicates with six plants per plot per replicate. Values are in kg.  
   Inoc and Uninoc = respectively, inoculated and uninoculated with S. bradys.  
   s.e. = Standard Error.  

   ns = Non significant (P≤ 0.05). 
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Table 5.2. Effect of fertiliser application and inoculation of ca. 1 000 Scutellonema bradys on the number 
of yam tubers produced (cv’s Ala, Kokoro and TDr 131) per plot in field experiments at Save (2002) and 
at IITA Station in Benin (2002 and 2003).  
 

  2002-2003 experiment  2003-2004 experiment 

 
Site Save IITA  IITA 

 Cultivar Ala Kokoro TDr 131  Ala Kokoro 

Fertiliser  Inoc Inoc Inoc Uninoc  Inoc Uninoc Inoc Uninoc 

No 

fertiliser 

DAP 

NPK 

KCl 

s.e.  

26.46 

12.00 

12.00 

14.16 

ns 

36.60 

37.98 

21.96 

39.42 

ns 

15.00 

19.32 

11.64 

12.36 

ns 

15.66 

13.02 

16.02 

18.00 

ns  

16.02 

16.98 

12.00 

13.20 

ns 

19.98 

13.98 

15.00 

18.00 

ns 

27.60 

27.60 

21.00 

37.04 

ns 

39.60 

31.20 

33.00 

48.00 

ns 

 
  Values represent means of three replicates with six plants per plot per replicate. 
  Inoc and Uninoc = respectively, inoculated and uninoculated with S. bradys.  
  s.e. = Standard Error.  

  ns = Non significant (P≤ 0.05). 
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Table 5.3. Mean Scutellonema bradys population density recovered from yam cultivars at Save (2002) 
and at IITA (2002 and 2003) at harvesting following inoculation of ca. 1 000 nematodes at planting and 
fertiliser application in Benin. 
  

  2002-2003 experiment  2003-2004 experiment 

 Site Save  IITA  IITA 

Fertiliser Cultivar Ala Kokoro  TDr 131  Ala Kokoro 

No fertiliser 

DAP 

NPK 

KCl  

1312 a 

291 b 

1240 a 

1 300 a 

770 a 

104 c 

532 b 

417 b  

796 a 

433 a 

397 a 

679 a  

155 a 

100 bc 

144 ab 

71 c 

151 a 

78 b 

90 b 

50 bc 

 
Tubers from uninoculated plots were free of nematodes and data are not presented in this table.  
Values represent nematode population density/5 g yam tuber peel (untransformed data).   

In the same column, numbers with the same letter are not significantly different according to Fisher’s Protected LSD Test, P≤ 

0.05. 
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data. 
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Table 5.4. Effect of fertiliser application and inoculation with ca. 1 000 Scutellonema bradys on 
incidence of dry rot on yam tubers at harvest grown under field conditions at Save (2002) and IITA (2002 
and 2003) in Benin. 
 

  
 

2002-2003 experiment  
 

2003-2004 experiment 

 
 

Site 
 

IITA  
 

Save  
 

IITA 

Fertiliser  Inoculated Uninoculated  Inoculated  Inoculated Uninoculated 

No fertiliser 

DAP 

NPK 

KCl  

1.50 a 

0.94 b 

1.56 a 

1.56 a 

0.28 a 

0.39 a 

0.06 b 

0.17 a  

0.21 b 

0.54 ab 

0.62 ab 

0.72 a  

0.62 a 

0.33 b 

0.48 ab 

0.65 a 

0.08 b 

0.42 a 

0.50 a 

0.33 ab 

 
The interaction between cultivar x fertiliser x inoculation is not significant;  
Values for Save, 2002 and IITA, 2003 represent means (six replicates i.e. three blocks and two cv’s) for cv’s Ala and Kokoro. 
For IITA (2002) values represent means of three replicates (i.e. three blocks).  
In the same column, numbers with the same letter are not significantly different according to Fisher’s Protected LSD  

Test, P≤0.05. 

The stored tubers were assessed for dry rot severity on an arbitrary scale of 0-4 as follows: 0 = clean tuber; 1 = 1-25 % tuber 
skin showing dry rot symptoms (low levels of damage); 2 = 26-50 % tuber skin showing dry rot symptoms  (low to moderate 
level of damage); 3 = 51-75 % tuber skin showing dry rot symptoms (moderate to severe level of damage); 4= 76-100 % tuber 
skin showing dry rot symptoms (high level of damage). This scale is a modification of the scale used by Speijer and De Waele 
(1997) for assessing root-knot nematode galling on banana (Musa spp.). 
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Table 5.5. Effect of fertiliser application on Scutellonema bradys population densities on tubers of yam 
cultivars TDr 131, Ala and Kokoro at harvest and during a five-month storage period at ca.  
28 °C.  
 
 cv TDr 131* 

Treatment Harvest 3 MAH 4 MAH 5 MAH 
 

Control 
NPK 
DAP 
KCl 

 
 

306 aB 
288 aB 
303 aC 
298 aC 

 
 

1224 aA 
830 bA 

  720 bcA 
661 cA 

 
 

1320 aA 
  875 bA 
  545 cB 
  612 cB 

 
 

1498 aA 
  922 bA 
  396 cC 
  383 cC 

 
 cv Ala** 

Treatment  Harvest 3 MAH 4 MAH 5 MAH 
 
 

Control 
NPK 
DAP 
KCl 

 
 

227 aA 
187 bB 
181 bB 
184 bB 

 
 

251 aA 
  199 bAB 

193 bA 
  203 bAB 

 
 

262 aA 
203 bA 
194 bA 
225 bA 

 
 

269 aA 
203 bA 
142 cB 
225 bA 

 
cv Kokoro** 

Treatment  Harvest 3 MAH 4 MAH 5 MAH 

Control 
NPK 
DAP 
KCl 

159 aB 
122 bB 
124 bB 
129 bB 

205 aA 
164 bA 
163 bA 
188 aA 

203 aA 
175 abA 
158 bA 
191 abA 

216 aA 
183 aA 
152 aA 
194 aA 

 
Means***  

Treatment  Harvest 3 MAH 4 MAH 5 MAH 

Control 
NPK 
DAP 
KCl 

231 a 
199 b 
203 b 
204 b 

560 a 
398 b 
359 c 
351 c 

595 a 
418 b 
299 d 
343 c 

661 a 
436 b 
230 d 
267 c 

MAH = months after harvest.        
Data represent means of three replicates.  
Experiments were conducted at IITA during 2002-2003* and 2003-2004**. 
Values represent nematode population density/5 tuber peel (untransformed data). 
Statistical analyses and mean separations were undertaken on log10(x+1) transformed data 
For a given assessment period, values in a column with the same lower case letter are not significantly different according to 

Fisher’s Protected LSD Test, P≤0.05. 

For a given fertiliser treatment, values in a row with the same upper case letter are not significantly different according to 

Fisher’s Protected LSD Test, P≤0.05.  

*** = Mean S. bradys populations densities calculated across yam cv’s 
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Table 5.6. Effect of fertiliser application and inoculation of ca. 1 000 Scutellonema bradys on 
post-harvest weight loss of yam cv’s TDr 131, Ala and Kokoro tubers over a five month-storage-period.  

 
 Cv TDr 131* 

Treatment 3 MAH 4 MAH 5 MAH Mean 
Control 
NPK 
DAP 
KCl 

3.60 aC 
6.53 aB 
8.73 aC 
6.19 aC 

16.22 cB 
23.77 bA 
40.06 aB 
38.13 aB 

32.05 bA 
33.42 bA 
54.56 aA 
52.95 aA 

17.29 
21.24 
34.45 
32.42 

 
Cv Ala** 

Treatment 3 MAH 4 MAH 5 MAH Mean 

Control 
NPK 
DAP 
KCl 

16.90 aB 
20.72 aB 
14.38 aB 
22.67 aB 

34.55 aA 
33.13 aAB 
34.04 aA 
36.95 aB 

45.16 aA 
46.83 aA 
45.18 aA 
39.98 aA 

32.20 
33.56 
31.20 
33.20 

 
 Cv Kokoro** 

Treatment 3 MAH 4 MAH 5 MAH Mean 

Control 
NPK 
DAP 
KCl 

15.82 bB 
28.51 aC 
23.37 aC 
19.54 abB 

33.78 bA 
43.62 aB 
43.61 aB 

36.84 abA 

43.01 bB 
57.82 aA 
57.38 aA 
43.94 bA 

30.87 
43.32 
41.45 
33.44 

 
MAH = months after harvest.  
Experiments were conducted at IITA during 2002-2003* and 2003-2004** 
For a given assessment period, values (untransformed data) in a column with the same lower case letter are not significantly 

different according to Fisher’s Protected LSD Test, P≤0.05. 

For a given fertiliser treatment, values in a row with the same upper case letter are not significantly different according to 

Fisher’s Protected LSD Test, P≤0.05. 

Statistical analyses of data and mean separations were undertaken on arcsine(x) transformed data.
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Table 5.7. Effect of fertiliser application and inoculation with ca. 1 000 Scutellonema bradys on the concentration of chemical constituents of yam 
tubers stored for four months after harvest at ca. 28 °C at IITA-Cotonou Station, Benin in 2003. 

(A) 
 Moisture (g/100 g)  Ash (g/100 g)  Total sugar (g/100 g)  Starch (g/100 g) 

Treatment Uninoc Inoc  Uninoc Inoc  Uninoc Inoc  Uninoc Inoc 
 
DAP 
KCl 
NPK 
Control 

 
 9.68 ab B 
10.00 a  A 
  9.37 b  B 
  9.55 b  A 

 
10.12 a  A 
  9.44 b  B 
10.45 a  A 
  9.54 b  A 

  
1.77 a   A 
1.61 b   A 
1.76 ab A 
1.91 a   A 

 
1.91 a   A 
1.71 b   A 
1.79 ab A 
1.70 b   B 

  
2.88 ab A 
2.54 b   B 
2.58 b   A 
2.98 a   A 

 
2.59 b   A 
2.98 a   A 
2.71 ab A 
2.99 a   A 

  
70.59 b A 
74.00 a A 
70.88 b A 
65.65 c B 

 
66.92 c B 
70.74 b B 
72.36 a A 
70.59 b A 

 
Mean 
s.e. 

 
9.65 B 

0.13 

 
9.89 A 

0.13 

  
1.76 A 

0.05 

 
1.78 A 

0.05 

  
2.74 A 

0.12 

 
2.82 A 

0.12 

  
70.15 A 

0.55 

 
70.28 A 

0.55 
(B) 

 Moisture (g/100 g)  Ash (g/100 g)  Total sugar (g/100 g)  Starch (g/100 g) 
Treatment Ala Kokoro  Ala Kokoro  Ala Kokoro  Ala Kokoro 
 
DAP 
KCl 
NPK 
Control 

 
10.21 a A 
10.19 a A 
  9.94 a A 
  9.83 a A 

   
9.60 ab B 

   9.26 b    B 
   9.87 a    A 
   9.25 b    B 

  
1.95 a   A 
1.71 b   A 
1.82 ab A 
1.86 a   A 

 
1.72 a B 
1.61 a A 
1.74 a A 
1.74 a A 

  
2.76 a A 
2.40 b B 
2.90 a A 
2.92 a A 

 
2.72 bc A 
3.11 a   A 
2.38 c   B 
3.05 ab A 

  
68.01 c B 
69.85 b B 
71.21 a A 
70.74 a A 

 
69.51 c A 
74.90 a A 
72.03 b A 
65.50 d B 

 
Mean 
s.e. § 

 
10.04 A 

ns 

 
9.49 B 

0.13 

  
1.84 A 

0.05 

 
1.70 B 

ns 

  
2.74 A 

0.12 

 
2.81 A 

0.12 

  
69.95 A 

0.55 

 
70.48 A 

0.55 
 

(A) = Concentration of different constituents for tubers from inoculated and uninoculated plots. Each value represents  
mean for yam cultivars Ala and Kokoro.   (B) = Concentrations calculated across yam cultivars. Each value represents mean for inoculated and uninoculated treatments. Inoc 
and Uninoc  = respectively, inoculated and uninoculated with S. bradys.  ns = Non significant according to Fisher’s Protected LSD Test, P≤ 0.05. s.e. = Standard Error. For a 
given chemical constituent, values in a column with the same lower case letter are not significantly different according to Fisher’s Protected LSD Test, P≤ 0.05. For a given 
chemical constituent, values with the same upper case letter for a given fertiliser are not significantly different according to Fisher’s Protected LSD Test, P≤ 0.05. 
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Figure 5.1. Effect of various fertiliser treatments on Scutellonema bradys population density in inoculated 
yam tubers (cultivars TDr 131, Ala and Kokoro) after storage for five months at ca. 28 °C at IITA-Cotonou 
Station, Benin. 
(A) =  cv TDr 131, (B)  =  cv Ala and (C)  =  cv Kokoro. 
MAH = months after harvest. 
The legend at the bottom of Figure 5.1(C) is valid for all three Figures 
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Figure 5.2. Effect of fertiliser application and inoculation with ca. 1 000 Scutellonema bradys on post- 
harvest weight loss of yam cultivars TDr 131, Ala and Kokoro tubers stored for five months after harvest 
under ca. 28 °C at IITA-Cotonou Station, Benin. 
For a given yam cultivar, columns with the same letter for a given treatment represent percentage weight loss (untransformed 

data) that are not  significantly different according to Fisher’s Protected LSD Test, P≤ 0.05. 

Statistical analyses of data and mean separations were undertaken on arcsine(x) transformed data.  
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CHAPTER 6 – EFFECTIVENESS OF DIFFERENT MEDIA FOR IN VITRO CULTURING 
OF SCUTELLONEMA BRADYS 

 
Abstract 
 
An attempt to find a suitable medium for artificially culturing the yam nematode Scutellonema bradys 
using yam tubers, cowpea roots and yam leaf callus was largely unsuccessfull. Recently harvested yam 
(Dioscorea spp.) tubers of two cultivars (cv’s) namely Ala (D. rotundata) and Kokoro (D. cayenensis) 
were inoculated each with 50 adults of S. bradys. Four months later, the increase in nematode population 
density on tubers was 2.66- and 1.63-fold, respectively, for cv Ala and cv Kokoro. The reproductive 
fitness (Rf) of the nematode reached a value of 1 between the second and third months after inoculation 
for both yam cv’s. No multiplication of S. bradys occurred on cowpea (Vigna unguiculata) cv’s Kpodji 
Guegue and KVX 61-1 roots or callus from yam cv’s Ala and Kokoro leaves. Cowpea roots grown on 
Skoog, Tsui and White’s (STW) medium in Petri dishes dried out before conclusion of the experiment, 
resulting in death of the nematodes. Yam leaves incubated on Murashige and Skoog medium failed to 
produce callus over a four-month period.  For successful in vitro cultivation of S. bradys methodology 
used in the current study requires modification or other methods must be tested. 

 
6.1. Introduction 
 
Monoxenic methods for culturing plant-parasitic nematodes on plant tissues are widely used (Krusberg 
and Barbineau, 1979; Southey, 1986). According to Krause (1982), monoxenic culture on sterile plants 
or in callus can be used for obtaining large and pure nematode populations for various experimental 
purposes, including pathogenicity studies. Nematodes can be extracted from the artificial media for use 
following their sterilisation either as inoculum or to start new in vitro cultures on various sterile media 
(Schroeder and Jenkins, 1964). For example Radopholus similis and Pratylenchus species have been 
cultured on carrot discs (Speijer and De Waele, 1997) and on alfalfa callus (Baimey, 2000), root-knot 
nematodes (Meloidogyne spp.) on transformed tomato roots (Speijer and De Waele, 1997; Verdejo et 

al., 1998) and Ditylenchus destructor on callused potato, clover and tobacco (Faulkner and Darling, 
1961). Though leaves of groundnut are not infected by D. africanus (Minton and Baujard, 1990), 
callused leaves of the crop have been successfully used to culture the nematode (Van der Walt and De 
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Waele, 1989). Migratory endoparasitic nematodes can be cultured on roots or tubers of susceptible, 
potted hosts but considerable space is needed and nematode yields can be low (Walter et al., 1993).  
 

Scutellonema bradys, the yam nematode, is a migratory endoparasite of yam (Dioscorea spp.) roots and 
tubers. Yam tubers are the main sites of multiplication of S. bradys (Cadet and Quénéhervé, 1994). For 
artificial inoculation in experiments, nematode inoculum can be obtained from the sub-dermal, peridermal 
and underlying parenchymatous tissues in the outer 1-2 cm of tubers where S. bradys is mainly confined 
(Bridge et al., 2005). In the field and in pots plants can be inoculated with water suspensions of S. bradys 
or with S. bradys-infected yam peels (Kwoseh, 2000). It is therefore important to have a readily available 
supply of S. bradys-infected tubers for providing nematode inoculum for experimentation. Unfortunately, 
infected tubers are not always available during the whole year and can also be difficult to maintain for 
nematode multiplication. Moreover, yam tuber deterioration due to invasion by fungi, bacteria and mites 
after nematode infection reduces nematode populations on the tubers (Adesiyan et al., 1975). It would 
therefore be useful to have a continuous supply of nematodes for experiments during those periods of 
the year when S. bradys-infected tubers will not be available and alternatively provide a pure source of 
inoculum throughout the year. This was an objective of Kwoseh (2000), who assessed the multiplication 
of S. bradys on yam tuber slices, but failed to identify a suitable artificial medium. Little information is yet 
available pertaining to the reproduction of S. bradys on artificial medium. Cowpea (Vigna unguiculata), a 
common crop in West Africa, has been reported to support high root populations of S. bradys (Luc and 
De Guiran, 1960) and was therefore included in the current study. Though S. bradys does not infect yam 
leaves (Bridge et al., 2005), an attempt was made to culture it on callused leaves of yam in the current 
study.  
 
The objective of the current study is to assess the effectiveness of yam tuber, cowpea roots and 
callused yam leaves for artificially culturing S. bradys in a laboratory.  
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6.2. Materials and methods 
 
6.2.1. Reproduction of S. bradys on yam tubers 
 
The methodology used in the current experiment is a modification of the method used by Kwoseh (2000) 
to screen some Ghanaian and Nigerian yam cultivars (cv’s) for resistance to S. bradys. Two local and 
common Benin yam cv’s namely Ala (D. rotundata) and Kokoro (D. cayenensis) were used in the current 
study. Newly harvested tubers weighing ca. 300-400 g each of the two yam cv’s were washed under 
running tap water. The tubers were disinfected for 60 minutes in a 1 % sodium hypochlorite solution. 
They were then rinsed three times with sterile distilled water (SDW) and allowed to air-dry in a laminar-
flow cabinet. One hole of about 1-cm diameter and 3-5-mm depth was made in the middle of each tuber 
using a flame-sterilized cork borer. Although dry rot symptoms caused by S. bradys occur in the outer 1-2 
cm of the tubers (Bridge et al., 2005), deeper holes were not made in the tubers in the current study 
because the nematode infection usually starts from the skin of the tuber before progressing to deeper 
tissues (Bridge, 1982).  
 

6.2.1.1 Inoculum preparation and inoculation procedure  
 
Nematode inoculum was obtained from recently harvested S. bradys-infected yam tubers (cv Kokoro). 
The tubers were manually peeled at several positions, using a kitchen peeler. The peel was manually 
chopped (ca. 0.5 cm x 0.3 cm pieces) and nematodes were extracted from it using a modified Baermann 
method for 48 h (Hooper, 1990). The nematodes were collected and surface sterilised in full strength 
RENU® solution for 30 min.  RENU® (Soflens Pty Ltd, Bausch & Lomb House, Rivonia 2128 South 
Africa) is a multi-purpose solution used for sterilisation of contact lenses (see composition in annexure). 
The nematodes were then rinsed three times in SDW. Two drops of SDW were transferred into each hole 
made in the middle of each yam tuber using a sterile pipette. Twenty-five active females and twenty-five 
active males of S. bradys were hand picked with a fishing needle (N. Smol, University of Gent, 2000, 
personal communication) and transferred in water into each hole. After the water evaporated or was 
absorbed by the tubers, the holes were sealed with parafilm. The tubers were labelled (cv, replicate and 
date). Twelve tubers were used per yam cv. They were placed in a plastic container (36 cm long x 36 cm 
large x 6 cm deep) that was first disinfected with sodium hypochlorite (1 %) and rinsed with SDW. 
Another disinfected plastic container of the same size was used to cover the one containing the sealed 
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tubers. The experiment was maintained in the laboratory at room temperature of 25-28 °C for four 
months.  
 

6.2.1.2 Nematode population density assessment 
 

Assessments of nematode population density were made at monthly intervals for four months. Three 
tubers randomly selected per yam cv were used each time. Each tuber was entirely peeled manually 
using a kitchen peeler. The peel was chopped into ca.  0.5 cm x 0.3 cm pieces and weighed. Nematodes 
were extracted from 3 x 5 g sub-samples per tuber for 48 h using a modified Baermann method (Hooper, 
1990). The nematode suspension was collected in beakers, allowed to settle for two hours and the 
supernatant poured off. The remaining suspension was then poured into a graduated test-tube and tap 
water added up to 50 ml. This was manually shaken and not allowing the nematodes to settle, a 10 ml 
aliquot was taken for nematode density assessment. This was repeated three times in total with the 
nematode suspension returned to the test tube after each assessment.  Nematode densities were 
assessed in a counting dish using a Leica Wild M3C stereo microscope. The mean nematode density per 
5 g peel and total nematode density were calculated for each tuber. Total nematode density for each 
tuber was calculated as follows: Total nematode density for each tuber = (Total weight of tuber peel x 
nematode density recovered from 5 g tuber peel)/5. The reproductive fitness (Rf) (Yahyaoui, 2001) for a 
given assessment period was calculated by dividing the final nematode population density by the 
inoculum density (50 nematodes).  
 
6.2.2. Preparation of yam leaf callus for in vitro culturing of S. bradys 
 
The methodology used in the current experiment was described by Van der Walt and De Waele (1989) 
for culturing D. africanus on callused groundnut leaves. Newly formed leaves of two-month-old yam 
plants (cv’s Ala and Kokoro) were collected. They were cut into 1 cm x 2 cm pieces, washed with tap 
water plus soap and rinsed three times with SDW. The leaf pieces were put in 70 % ethanol for 30 s, then 
transferred into a solution of 40 ml NaOCl + 60 ml water + one drop of liquid soap and left for 15 min. 
They were then rinsed four times in SDW and transferred into sterile Petri dishes, where each leaf piece 
was cut into two pieces (0.5 cm x 1 cm) before transferring into a Petri dish containing Murashige and 
Skoog (MS) (1962) medium reference (see preparation in annexure). An incision (1 cm long) was made 
in the set (solidified) media along the center of the Petri dish using a flame-sterilised scalpel. The scalpel 
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was reflamed and allowed to cool each time prior to making incision in the medium. The larger edge of 
each leaf piece was placed into the incision in the medium leaving two thirds of the leaf above the 
medium. Petri dishes were sealed with parafilm and labelled (date, yam cv, replicate). Twelve Petri 
dishes were used per yam cv. The experiment was maintained in the laboratory at room temperature of 
25-28 °C for callus production. Because yam leaves did not produce any callus on MS medium, 
inoculation with nematodes was not done. 
 
6.2.3. Preparation of excised cowpea roots for in vitro culturing of S. bradys 
 
The protocol of Van Mieghem and Meyer (1986) was followed and seeds of cowpea cv’s Kpodji Guegue 
and KVX 61-1 were used. Kpodji Guegue is a local cowpea cv obtained from the Entomology laboratory 
of the Cowpea Project for Africa (PRONAF) at the International Institute of Tropical Agriculture (IITA-
Cotonou Station, Benin). Seeds of cv KVX 61-1 were obtained from the Institute of Environment and 
Agricultural Research (INERA), Kamboinse Research Station, Ouagadougou, Burkina Faso. No 
information exists on the susceptibility to S. bradys of those cowpea cv’s, and neither on their ability to 
grow on Skoog, Tsui and White’s (STW) medium (Van Mieghem and Meyer, 1986). Their choice for the 
current experiment was based on the availability of seeds. The cowpea seeds were washed in SDW plus 
2-3 drops of liquid soap. They were rinsed three times in SDW, placed in sodium hypochlorite (1 % 
available chlorine) for 60 min and rinsed again three times in SDW. Skoog, Tsui and White’s medium was 
prepared and poured into Petri dishes to ¾ of their capacity. One seed per dish was placed in the 
medium, in the centre of each Petri dish and then sealed with parafilm. Twelve Petri dishes were used 
per cowpea cv. One week later, after the seeds had germinated, the Petri dishes were opened and the 
stems and leaves of the plantlets excised, leaving only the roots. The developed roots on the medium 
were inoculated with 50 surface sterilised adults of S. bradys (25 females and 25 males) as described 
above for yam tubers, and the dishes resealed. The experiment was maintained in the laboratory at a 
room temperature regime of 25-28 °C.  
 
6.2.4. Data analyses 
  
Differences in nematode population densities between assessment periods were compared with ANOVA 

using Fisher’s Protected Least Significant Difference Test (LSD), P≤0.05 on SAS, Version 8 for Windows 

1999. Nematode population density data were normalised using log10(x+1) transformation prior to analyses.    
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6.3. Results 
 
6.3.1. Reproduction of S. bradys on yam tubers 
  
One month after inoculation, the average number of nematodes recovered per tuber was 6 and 12, 
respectively, on cv’s Ala and Kokoro. From the second month until termination of the experiment, a 
continuous increase in nematode population density was observed on both yam cv’s. Nematode 

multiplication was greatest (P≤0.05) between the second and the third months (Figure 6.1), with 

change in Rf values of 1.67 and 0.99, respectively, for cv Ala and cv Kokoro. A Rf value of 1 was 
reached between the second and the third months (Figure 6.1 and Table 6.1). From the third month 
until termination of the experiment, nematode population density on cv Ala was significantly higher than 
on cv Kokoro.   
 
6.3.2. Reproduction of S. bradys on callus from yam leaves 
 
Yam leaves did not produce any callus on MS medium. Nematodes were not inoculated 
 
6.3.3. Reproduction of S. bradys on cowpea roots 
 
Cowpea roots on STW medium did not show any growth and eventually dried out. No nematodes were 
recovered either from the medium or from the roots.   
 
6.4. Discussion 
 
The attempt to multiply S. bradys on callus from yam leaves and cowpea roots was not successful. The 
two media used for rooting cowpea and for transforming yam leaves into callus appear not to be 
appropriate for these plants. Alternatively, the cv’s used may not have been the most suitable and 
duration of observation may have been insufficient for yam callus production. It is therefore necessary to 
attempt to multiply S. bradys either on other vegetative materials or to modify the methodologies used in 
the current study.  
 
The decrease of nematode population density on yam tubers between the inoculation date and the first 
assessment, indicates that some nematodes likely died, possibly of old age, because adult stages of 
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males and females were used for inoculation. So, natural death could have been a factor. The RENU® 
solution used to sterilise the nematodes may also have caused the death of a proportion of the initial 
inoculum. Kwoseh (2000) used malachite green instead for sterilisation of nematodes. Also, the brusque 
change of environmental conditions (Kwoseh, 2000) for the nematodes at inoculation as well as the 
handling may have affected them. The nematodes remaining in the tubers one month after inoculation 
began to multiply, indicating that a new generation developed between the 1st and the 2nd months after 
inoculation. Demeure et al. (1980) has shown the life cycle duration (from egg to adult) of S. cavenenessi 

to be 48-56 days at 28 °C. The Rf value of 1 reached between the 2nd and the 3rd months after 
inoculation, indicates that under these experimental conditions, at least two months are necessary for 
recovering the nematode inoculum density level. That period coincides with a period of abundant 
multiplication of S. bradys when a decrease in gaseous exchanges in the tubers is higher (Cadet & 
Quénéhervé, 1994). The drop in rate of reproduction of S. bradys between the 3rd and the 4th months of 
storage has been shown by the same authors to be related to physiological activities of the tubers during 
storage. Nematode population densities decrease when respiration of tubers increases after the 
dormancy period. This may explain why the Rf values decreased between the 3rd and the 4th months after 
inoculation. The increase of the nematode inoculum density in the current study (2.66 and 1.63 times on 
cv Ala and Kokoro tubers, respectively) after a four month-storage period is much less than that obtained 
by Kwoseh (2000). He inoculated yam tuber slices and observed an increase of 247 and 820 fold of S. 

bradys population density, respectively, with 20 and 30 nematodes as inoculum. However, he 
experienced high levels of loss of the yam slices, due to infection of tuber slices by fungi, which affected 
their potential use as a multiplication medium. The loss of part of the inoculum used in the current study 
may contribute to the low nematode population density obtained at the end of the experiment. The 
significantly higher nematode population density observed for cv Ala compared with that for cv Kokoro 
between the 3rd and the 4th months of the experiment demonstrate the difference in nematode 
multiplication on the two cv’s during storage. The inherent length of dormancy is 3-3.5 months for D. 

rotundata and 1-2 months for D. cayenensis (Passam, 1982). This was confirmed by the fact that cv 
Kokoro and cv Ala tubers started to sprout after the 2nd month and the 3rd month of the experiment, 
respectively. Nematode multiplication could, therefore, have been suppressed by sprouting of cv Kokoro 
before it occurred in cv Ala. The methodology used in the current study (specifically the method of 
surface sterilisation of nematodes) needs modification to avoid death of a large proportion of inoculum.  
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  Table 6.1.     Reproductive fitness of Scutellonema bradys on tubers of two yam cultivars during a 
  four-month-storage period following inoculation with 50 nematodes and maintained at 25-28 °C. 
 
 

Period Reproductive fitness (Rf)  Change in Rf value** 

 Ala  Kokoro  Ala Kokoro 

 
1 month* 

 
2 months 

 
3 months 

 
4 months 

 
0.12 

 
0.68 

 
2.35 

 
2.67 

 
0.24 

 
0.43 

 
1.42 

 
1.63 

  
 

0.56 
 

1.67 
 

0.33 

 
 

0.19 
 

0.99 
 

0.21 

 
*  months after inoculation.  
** Change in Rf value between assessment dates 
Rf = Final nematode population density/nematode inoculum density  
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Figure 6.1.    Population dynamics of Scutellonema bradys on tubers of two yam cultivars over a    
period of four months following inoculation with 50 nematodes and maintained at 25-28 °C. 
 MAI = Months after inoculation. 

For each yam cultivar, markers with the same lower case letter represent nematode population densities (untransformed 

data) that are not significantly different according to Fisher’s Protected LSD Test, (P≤0.05). 

For each assessment period, markers with the same italicised capital letter represent nematode population densities for two 

yam cultivars that are not significantly different according to Fisher’s Protected LSD Test, (P≤0.05).   

Statistical analyses of data and mean separations were undertaken on log10(x+1) transformed data. 
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Annexure  
 
Preparation of Murashige and Skoog (MS) medium for callus formation  
 
- Dissolve 4.4 g of MS medium  (powder), 1 ml B5 (vitamin), 30 g sucrose and 0.9 g casein 

hydrolysate in 750 ml distilled water, 
- Shake solution and adjust pH to 5.8, 
- Add 8.0 g gelrite and increase volume with distilled water up to 1 l. 
- Autoclave solution for 15 min and let it cool to ca. 50 ºC 
- Add 10 ml of 2,4-Dichlorophenoxyacetic acid and 5 ml of kinetine (sterilised by means of 0.20 µm 

millipore filtration)  
- Shake and pour into Petri dishes. 
 
Vitamin B5, 2,4 - Dichlorophenoxyacetic acid and kinetine 
 

Vitamin B5 2.4 – D solution Kinetine 
- Mayo-inositol                         1 g 
- Nicotinic acid                    0.01 g 
- Pyridoxine HCl                 0.01 g 
- Thiamine HCl                   0.10 g 
- add the 4 products to 10 ml of 
sterile distilled water 
- transfer 1 ml portions to 
Eppendorf tubes and 
- put the tubes into a freezer for 
further use. 

Dissolve 0.05 g - 2,4-
Dichlorophenoxyacetic acid in 
100 ml warm distilled water 
Add 10 ml of this solution to 
the MS medium 
refrigerate. 

Dissolve 0.04 g kinetine in 2 ml of 
0.15 (unit) warm HCl. Add 20 ml 
sterile distilled water and use 5 ml of 
this solution in the MS medium. 

 
Composition of RENU® 
 A sterile, isotonic solution that contains per ml:  
- Polyaminopropyl Biguanide (DYMED) - 0.0005 mg,  
- Sodium borate - 1.20 mg 
- Boric acid - 6.40 mg 
- Sodium chloride – 4.90 mg 
- Poloxamine 1107 – 10.00 mg 
Preservative disodium edetate – 0.11 % m/v in purified water. 
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CHAPTER 7 – GENERAL DISCUSSION 
 
Cultivated yam belongs to the family Dioscoreaceae and to the genus Dioscorea (Coursey, 1967). West 
Africa produces the major proportion of global edible yam production, with 2.5 mt currently produced in 
Benin, up from 1.7 mt in 2000 (FAOstat, 2004). Despite the importance of the crop in the areas of 
production (Adelusi and Lawanson, 1987) the demand for yam tubers continues to exceed supply. This is 
due to various factors including a range of pests and diseases, which not only reduce the quantity of yam 
produced but also its quality rendering, it inedible or unappealing to consumers (Amusa et al., 2003). 
Scutellonema bradys, or yam nematode, is economically the most important nematode pest of yam in 
West Africa (Bridge, 1982), including Benin (IITA, 1999). Most information on the pest in West Africa, 
however, is derived from studies undertaken in Nigeria and some limited studies in Ghana, with very little 
information available for the pest in Benin (Bridge et al., 2005). The importance of S. bradys on cultivated 
yam in Benin, therefore, is relatively circumstantial and generally extrapolated from data obtained within 
Nigeria, with only limited direct observations in the country of Benin. Furthermore, information available 
on the economic importance of the nematode on yam remains incomplete, with the majority of data 
available possibly outdated as agricultural systems change and adapt to the burgeoning West African 
demography (Bridge et al., 2005). Yam production is currently increasing across West Africa (FAOstat, 
2004). However, the population is increasing, in spite of the availability of good quality land for yam 
production, while a myriad of constraints combine to suppress yield and quality (Degras, 1993). Between 
2000 and 2004 Benin experienced a 32 % increase in yam production but with a concomitant increase of 
only 16 % in land area used (FAOstat, 2004). The most probable reason for this is a consequence of an 
increase in the use of mineral fertilisers, as recommended by the government. How this change in the 
production system will affect its sustainability and the pest and disease situation, especially that of 
nematodes, has been questioned. 
 
The current study was, therefore, undertaken to address the knowledge gap regarding the lack of 
information on S. bradys on the one hand but also in relation to the rapidly changing yam production 
system, such as fertiliser use. Several aspects of S. bradys biology were assessed in Benin, such as S. 

bradys distribution and occurrence in relation to geography, agroecological zone, yam species and 
cultivar (cv). Nematodes from three different geographic sites were also collected and assessed for 
differences in pathogenic potential, while their morphometric and molecular characteristics were 
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assessed for variability/similarity (separately, by other workers, which is due to be reported on in relation 
to the current study), in order to help ascertain an indication of the variability of different populations 
within Benin. Establishing the conformity of nematode populations is important when developing 
screening protocols and methods for pests or diseases, as is the identification of more virulent 
(damaging) populations.   

 
A survey was initially conducted in the yam growing areas of Benin to assess the distribution of S. bradys 

population on marketed yam, which now provides the first countrywide documentation on the distribution 
of S. bradys and associated dry rot disease (Chapter 2). The results indicate that there is considerable 
variability in S. bradys infection of yam across Benin, yam species and yam cv, but that mean infection 
levels are amongst the highest in the region (Coyne et al., 2005a). The variability of this infection can to 
some extent be explained by differences in agro-ecological zones and the cultivation of numerous yam 
cv’s and species, which themselves are related to differences in cultural practices for yam production 
within the country (Vernier, 2002; Dansi et al., 2003). In order to better define the association between 
the various parameters, however, it would be necessary for more focused studies to be undertaken. The 
current study however, provides an initial indication of such differences and potential associations. 
Furthermore, the current study established that some yam cv’s sampled during the survey were not 
infected by S. bradys, even though some had apparent dry rot symptoms. While not conclusive, such cv’s 
may provide an initial focus for the identification of resistant material in Benin. Furthermore, a more 
detailed survey taking into account parameters such as yam storage structures and cultural practices 
would permit a better understanding of the results of the current study and add to our knowledge of 
factors affecting nematode incidence. 
 
During the current study, methods of S. bradys inoculation previously used and additional methods of 
preparing nematode inoculum were assessed against each other to identify the most suitable method of 
inoculation (Chapter 3a). Results revealed that yield of yam could be affected depending on the method 
of inoculum preparation, as did the nematode multiplication ratio. The current study indicated that 
chopped S. bradys-infected yam peel is more effective as source of nematode inoculum than blended S. 

bradys-infected peel or water suspension of extracted S. bradys, and can be used for resistance 
screening purposes. 
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In addition to methods for preparing nematode inoculum, during the current study assessment for a 
suitable nematode inoculum density was undertaken (Chapter 3b). Low infection levels of tubers at 
harvest by S. bradys was attributed to the low inoculum density used in the experiment. S. bradys is 
essentially recognized as a post-harvest pest, causing increasing levels of loss to stored tubers with 
duration of storage of infected tubers. Losses can be experienced from in-field infection, however, as 
shown during the current study, but it appears important to use a high nematode inoculum density for 
assessing harvest and post-harvest S. bradys population dynamics and damage on yam.  
 
In order to screen for resistance, it is necessary to have a representative population and/or a population 
that may be more virulent than other populations. Within the current study three separate populations of 
S. bradys were used to assess for variability/conformity, based on pathogenicity, morphometric and 
molecular aspects (Chapter 3c). The studies showed that high levels of polymorphic and morphological 
variability are present both between and within the three populations (Coyne et al., 2005b), while 
differences in pathogenicity were observed between the populations. Not all the cv’s assessed within the 
study were affected in the same way by the three S. bradys populations. In an extensive study assessing 
of the molecular conformity of S. bradys across West Africa, samples from Benin were observed to have 
the greatest variation in both molecular and morphometric characteristics, suggesting that Benin is a 
possible origin of the nematode (Coyne et al., 2005b). It is not known whether greater variability exists, 
which could be further assessed, using the three populations already assessed as a baseline upon which 
to build. 
 
Within the current study some assessment of resistance (or host suitability) was undertaken on a small 
number of commonly used cv’s (Chapter 4). The exercise was initially anticipated to assess a larger 
sample size of Benin cv’s, but due to logistical reasons, this did not occur. However, assessment of a 
small number of common cv’s enabled a more detailed study of the cv’s chosen as opposed to the mass 
screening of a large number. The study confirmed that levels of host suitability do exist in some common 
yam cv’s cultivated in Benin, although none of the ones assessed were immune. Bridge (1982), in 
contrast found that all cv’s of D. alata, D. cayenensis, and D. rotundata that were examined in West 
Africa were susceptible to S. bradys. Kwoseh (2000) screened 40 Ghanaian yam cv’s against S. bradys 

and found two (D. dumetorum cv Nkanfo and D. cayenensis cv Afun) to be potentially resistant based on 
nematode population density and dry rot index. A greater proportion of the Benin yam cv’s requires 
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screening for resistance against S. bradys in order to establish whether any will provide a usable source 
of resistance, a goal that has so far eluded breeders.  

 
With regard to management options of S. bradys, the use of chemical fertiliser application was 
assessed for its effect on the nematode and its damage to the crop (Chapter 5). This was undertaken 
more in consideration of the intensification of yam production and the promotion of the use of chemical 
fertilisers to overcome soil fertility problems, as opposed to using fertilisers as a potential method of 
nematode management (Coyne et al., 2004). The application of fertiliser treatments led to a reduction 
in nematode population densities at harvest and during storage compared to a no-fertiliser control. 
However, this was dependant on the specific fertiliser as well as on the cv. The association between 
the nematode, yam and chemical fertiliser therefore appears highly complex, and is no doubt further 
affected by various pedoclimatic factors. The current study however, provides some of the most 
detailed investigations on the effects of fertiliser application on S. bradys epidemiology. To make 
conclusive recommendations, though, from the current study would be premature, but the data provide 
useful information for future. The current study further indicated that fertiliser application does affect the 
physiological state of the tubers, which has often been commented on by farmers, who believe that 
yam production following fertiliser application results in poorer quality tubers (Adeniji et al., 1998). In 
the current study, the effect of fertiliser application and nematode inoculation on moisture, ash, sugar 
and starch content in stored tubers explains the dynamics of S. bradys population and the weight loss 
of tubers during storage. Food is provided in the form of sugars for secondary invaders, which may be 
associated with the dry rotted yam (Adesiyan et al., 1975.). Therefore, tubers from fertilised plants will 
desiccate more rapidly than tubers from plants not receiving fertiliser, while they are also reported to be 
more prone to fungal infection (Bridge, 1973), leading to greater weight loss of tubers through infection. 

 
When screening for resistance, or undertaking routine studies with a nematode pest, an important 
precursor involves a readily available and consistent supply of the nematode. Currently no suitable 
artificial media or culturing mechanism has been identified for the culturing and production of S. bradys. 
Though nematode species can be artificially cultured on various media such as carrot discs, callus 
tissue, tomato roots (Speijer and De Waele, 1997), the only documented method that has provided 
successful multiplication of S. bradys was found by Kwoseh (2000), who recorded an increase of 820 
fold five months after inoculating yam tuber slices with 30 nematodes. However, this was prone to high 
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levels of loss, due largely to fungal infection and was time consuming. The current study, therefore, 
assessed a number of potential alternatives for generating nematode inoculum, including use of yam 
leaf-callus and cowpea roots (Chapter 6). No useful source was found during the study, however, and 
routine studies therefore, will need to continue to rely on infected yam from the market or plant material 
grown specifically for the purpose.  
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 SUMMARY 

 
 

A survey was conducted in the different yam (Dioscorea spp.) growing areas in Benin to determine the 
importance of Scutellonema bradys on yam. A total of 3 222 tubers were visually assessed for nematode 
damage. The percentage of tubers with dry rot caused by S. bradys was low (mean of 3.57 %). The 
cultivars (cv’s) Idjekoka (D. rotundata), Krokotonnè (D. rotundata) and Kokoro (D. cayenensis) were the 
yam cv’s and D. rotundata the species observed as those most frequently presenting symptoms of 
nematode damage. S. bradys population density varied considerably between yam cv’s, yam species, 
sites of origin of tubers and the agro-ecological zone (AEZ) tubers were grown in. D. rotundata supported 

the highest (P≤ 0.05) nematode population density (mean of 488 S. bradys/g tuber peel) and D. alata the 

least (mean of 4 S. bradys/g tuber peel). Nematode population density as high as 1 700/g tuber peel was 
recorded on cv Yoruba dundu (D. rotundata).  In the southern Guinea savanna (SGS), S. bradys were 
recovered in higher numbers from tubers (mean of 666 S. bradys/g tuber peel) compared with tubers 
from the northern Guinea savanna. 

 
Two greenhouse experiments were conducted to assess the influence of three inoculation methods on S. 

bradys multiplication on yam and on growth and production of the crop. Three separate cv’s of yam 
namely Ala and Kpouna (D. rotundata) and Tabane (D. cayenensis) were used in the study. The 
inoculation methods included inoculation with chopped infected pieces of yam peel (ca. 0.5 cm x 0.3 cm), 
chopped and blended infected yam peel and a water suspension (200 ml) of extracted nematodes. 
Higher nematode population densities were recorded on tubers from plants inoculated with unblended 
peel, followed by those inoculated with blended peel. Inoculation with nematode suspensions yielded the 
lowest nematode population densities. Inoculation with S. bradys did not affect the vine circumference 
and the number of tubers but did affect tuber weight. 
 
The effects of S. bradys at three inoculum densities of 1 000, 2 000 and 5 000/plant on tuber yield of yam 
cv’s Moroko (D. rotundata), Banioure (D. cayenensis) and Ala were studied under field conditions and on 
cv’s Ala and Moroko in the greenhouse.  Inoculation with S. bradys at any of the inoculum densities did 
not affect the number of tubers produced per plant but total tuber weight decreased with increasing 

inoculum density. Inoculation with 5 000 S. bradys/plant resulted in significantly lower (P≤ 0.05) tuber 

weight for both yam cv’s assessed in pots compared with the lower inoculum densities. Dry rot symptoms 
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were observed on cv Moroko tubers following inoculation with 1 000 S. bradys/plant whilst symptoms 
were observed only at inoculum densities of 2 000 and 5 000 S. bradys/plant for cv’s Banioure and Ala, 

respectively. In the field experiment, greater (P≤ 0.05) nematode population densities were recovered 

from cv’s Moroko and Banioure tubers following inoculation with 2 000 S. bradys/plant, compared with 1 
000 S. bradys/plant. On cv Ala tubers, nematode population density at harvest increased with increasing 
inoculum density. In the greenhouse experiment, nematode population density at harvest increased with 
increasing inoculum density for both yam cv’s assessed.  
 
The variation in pathogenicity of three separate populations of S. bradys obtained from yam originating 
from different geographical areas in Benin was assessed on seven yam cv’s namely TDr 131 (D. 

rotundata), Aloungan (D. alata), Kokoro, Kpouna, Tabane, Moroko and Banioure.  At harvest the various 
populations did not affect the number of tubers produced or dry rot severity on the tubers, but affected 

tuber weight, which varied with the yam cv. Significant differences (P≤ 0.05) in nematode population 

densities were obtained across S. bradys populations for yam cv’s Tabane, TDr 131 and Aloungan. 
During storage, dry rot severity was not affected by the various nematode populations, infected tubers 
lost more weight than uninfected ones but the differences in weight loss of infected tubers were not 

significant (P≤0.05) across nematode populations. During a five-month storage period the various 

nematode populations rendered different multiplication rates.  
 
Some commonly cultivated Benin yam cv’s namely Gangni (D. rotundata), Ala, Moroko, Tabane and 
Kokoro were assessed for host suitability to S. bradys in the greenhouse. The cv’s Moroko and Gangni 
supported significantly lower (P≤0.05) populations of S. bradys than the other cv’s tested, indicating 
some degree of resistance. The cv’s Kokoro and Ala were the most susceptible. S. bradys did not affect 
the plant vine circumference, vine dry weight or the number of tubers per plant across cv’s, but did affect 
tuber weight with the exception of the Moroko.  
 
The influence of chemical fertiliser application on S. bradys density and damage in the field and in 
storage was assessed on three yam cv’s namely TDr 131, Ala and Kokoro. At harvest, weight and the 

number of tubers per plant were not affected (P≤0.05) by fertiliser application or nematode inoculation. 

However, the fertilisers, especially DAP (P≤0.05) suppressed nematode multiplication in tubers. During 

storage, tuber weight loss was recorded for all treatments. Weight loss was more pronounced in tubers 
from plots receiving fertiliser application than from unfertilised plots. Furthermore, S. bradys-infected 
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tubers lost more weight than uninfected tubers. The greatest weight loss was recorded in fertilised tubers 

infected with S. bradys. Nematode multiplication rates were higher (P≤0.05) in tubers during the first 

three months of storage, but decreased in the fourth and fifth months. Application of fertilisers in general 
led to lower total sugar concentrations in tubers at four months after harvest than tubers from plants not 
receiving fertiliser.  
 
An attempt to find a suitable medium for artificially culturing of S. bradys using yam tubers, cowpea roots 
and yam leaf callus was largely unsuccessful and it is suggested that alternative methods be investigated 
in future. 
 


