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Abstract

Experiments were carried out in the greenhouse and ield of the Department of Crop Protection and 
Environmental Biology, University of Ibadan and the International Institute of Tropical Agriculture (IITA) 

to screen crops for resistance/susceptibility to the yam nematode Scutellonema bradys. The severity of 

susceptibility was closely associated with the number of nematodes that were recovered from the soil and 

roots of plants. Field and greenhouse evaluation of the reactions of 10 yam cultivars TDr 87/0072, TRr 93 

– 31, TDr 131 (Dioscorea rotundata), TDa 92-2, TDa 85/00257, DAN 087 (D. alata), TDe 3041, TDe3037, 

TDe2786 (D. esculenta), Igangan (D. cayenensis) and seven other crops (Xanthosoma sagittifolium, Ipomoea 

batatas, Zea mays, Cajanus cajan, Vigna subterranea, zingiber oficicinale and Mucuna pruriens) to S. 

bradys showed signiicant (P<0.05) variation in dry rot incidence. TDa 92-2, Zea mays, Zingiber oficinale, 
Xanthosoma sagittifolium and ipomoea batatas proved to be non-host to S. bradys as the nematodes were 

unable to survive in the roots and cause damage.  Variation in yield parameters (fresh weight of tubers, 

number of tubers per stand per plot and percentage dry matter) was signiicant at P<0.05. Results indicate 

allelopathy by the non-host crops. The gradual decline of nematode populations in plots planted with the 

resistant (non-host) plants conirms the ability of the plants to exude toxins and thereby survive the nematode 
attack.
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Introduction

Scutellonema bradys is found in the peridermal and 
subperidermal layers, rarely penetrating deeper than 
1 to 2 mm during the growth of the tuber.  During 
storage, penetration can be greater in parts of the tuber 
(Adesiyan 1977).  Initially small yellowish lesions 
develop, which are revealed if the yam skin is removed; 
these turn dark brown or black and, as the infection 
spreads, the lesions coalesce to form a continuous 
dark, dry-rot layer which can girdle the whole tuber.  
External symptoms of damage are slight, varying from 
deep cracks in the tuber skin, malformation of the 
tubers, and, in extreme cases the laking off of parts 
of the epidermal layers exposing the dark-brown, dry 
rot tissue underneath, giving a mottled appearance to 
the tubers.  Scutellonema bradys invades developing 
tubers by way of the tuber growing-point, along- 
side emerging roots and shoots, and also through 

cracks or damaged areas in the suberized epidermis 
(Bridge 1972).  Infested seed tubers or tuber pieces 
are probably the main source of inoculum in the ield.  
No true survival stage (Cyst formation, etc.) is known 
with S.bradys but populations are maintained in the 
absence of yam probably on other host plants.  The 
objective was to identify yam cultivars and other crops 
that are resistant to S. bradys on the ield through ield 
and greenhouse screening.

Materials and methods

The crops assessed in the screening for resistance 
(greenhouse and ield experiments) are listed in 
Table 1. Infested yam tubers of D. rotundata and D. 

cayenensis served as sources of inoculum. These were 
obtained from the International Institute of Tropical 
Agriculture (IITA), Ibadan and Ojoo market, Ibadan. 
Extraction of bradys from the infested tubers was by 
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the use of the modiied Baermann funnel extraction 
method (Whitehead & Hemmings 1965) the material 
was supported on a plastic sieve of about 6 to 8 cm 

diameter and 2 cm deep. Paper tissues were then 
placed on the sieves and the chopped yam peels or 
inely crumbled soil samples put in them. The sieves 
were placed in water in extraction trays. Overnight, 
the sieves were gently removed and the contents of 
the dishes examined for nematodes. The dishes can be 
reimmersed in fresh water for further extraction. This 
is necessary only when extracting from tubers.

Plants in ield experiments were artiicially infested 
using weighed quantities of infected yam peels for 
which the nematode content had been estimated. 
Plants in pot experiments were inoculated with 
nematodes extracted from yam peels. A greenhouse 
experiment was conducted using sterilized soil in 10-
L plastic pots arranged in a completely randomized 
design and maintained at 25-28°C. Treatments were 
randomly assigned to pots with ive replications. 
Sandy loam soil collected behind the Department 
of Crop Protection and Environmental Biology, 
University of Ibadan, was steam-sterilized in an 
autoclave for one hour, allowed to cool before being 
transfered into the pots. Test plant seeds were planted 
in the pots and were watered as necessary. Grain 
crops were planted two seeds per plant-stand per pot 
and one seed tuber per plant-stand per pot. Seedlings 
were thinned to one per pot 14 days after planting and 
inoculated with S. bradys  at 28 days after planting 
(DAP). By way of inoculation, approximately 10,000 
nematodes (Pi) were pipetted in 10-m1 aqueous 
suspensions into depressions in the soil around the 
roots of the seedlings. Pots were kept free of weeds. 
There was also the un-inoculated control. Plants were 
harvested 140 DAP. Matured tubers and roots upon a 
visual, qualitative inspection were rated for severity 
of disease symptoms on a 0-10 scale: 0= clean tuber; 
2 = small yellowish lesions; 4 = dark brown lesions; 
6 = continuous dark dry rot layer; 8 = deep cracks 
in the tuber skin; 10 = malformation of tuber and 
laking off of parts of the epidermal layers. Mature 
tubers and roots were peeled and the disease severity 
of the tubers and roots was determined. Infested 
tubers and roots were characterized by dry rot tissue 
underneath. Nematodes were extracted from 100-cm3 

soil subsamples and 100g fresh root and tuber peels 
by a modiied Baermann funnel extraction method 
(Whitehead & Hemmings 1965).

The ield trial was carried out in the Teaching 
and Research Farm of the Faculty of Agriculture, 

University of Ibadan. The trial was complementary 
to the greenhouse experiment and involved 
screening the same cultivars of selected crops for 
reaction to yam nematode attack. The total size of 
the experimental area was 59 m x 19 m (plot size 
= 9 m2). Yam spacing was 1 m × I m. The plot was 
cleared and ridges and mounds were made ready for 
planting. Two seeds per plant-stand (grain crops) 
and one seed tuber per stand (roots and tubers) were 
planted. Soil samples were taken to determine initial 
population densities (Pi) in the ield, but no parasitic 
forms were found in the samples and non parasitic-
nematodes were at relatively low population levels. 
Approximately 10000 bradys adults and juveniles 
were introduced per stand through known weights 
of infected yam peels added to the soil close to the 
base of the roots of each plant. The experiment was 
laid out in a randomized complete block design with 
ive replications. Plants were harvested at 185 days 
DAP. At maturity, visible symptoms of nematode 
damage were observed following the method earlier 
described in the greenhouse study. Yield parameters − 
fresh weight and number of storage organ (tuber, root 
or corm) per stand and per plot, were also recorded. 
Nematode counts were recorded as numbers per 100- 
cm3 soil and numbers per 100 g of fresh root weight or 
per 100 g of tuber peel following extraction using the 
Baermann extraction method already described.

At harvest (32 weeks after inoculation), mature tubers, 
corms, and roots were indexed for disease severity, 
and grouped into six classes as already described.  
Within the plots roots and tubers were counted and 
their fresh weights determined.  Data obtained from 
greenhouse and ield screening of plants for resistance 
to S.bradys were subjected to correlation analysis, 
analysis of variance and the means were separated 
by Least Signiicant Difference (LSD) and Duncan’s 
Multiple Range Test (DMRT).

Results and Discussion

Resistance, as measured by absence or presence of 
S. bradys, is present in varieties of a number of plant 
species. This study showed that there was signiicant 
variation in the 17 crops screened for resistance to 
S. bradys. This was expressed in visible symptoms 
of infection, survival of nematodes on crops and the 
extent of damage caused by the nematodes on the 
various crops. The level of resistance of the crops 
ranged from very resistant to very susceptible. The 
crops were grouped into two classes (Table 2) based 
on their reaction to S. bradys. On the symptoms of 
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infection, there was either an absence or presence 
of necrosis on the tubers and roots, when examined. 
Very few nematodes (or none as in some cases,) were 
recorded from the roots and surrounding soil of the 
non-hosts indicating resistance to S. bradys. Signiicant 
differences (P<0.05) in level of susceptibility were 
observed among the susceptible crops. TDr 87/00072, 
TDr 93-31, TDr 131, TDa 85/00257, DAN 087, 
Igangan, TDe 3041, TDe 2786, and TDe 3037 had high 
nematode populations at harvest with mean values 
of 26510, 18108, 22506, 7600, 14460, 24405, 3022, 
2461 and 4976 per 100 g peel respectively. The lowest 
population of nematodes was recorded in Mucuna 

pruriens, Vigna subterranean, and Cajanus cajan 

with mean values of 3366, 2071 and 2512 (Table 3). 
Soil nematode populations also showed a signiicant 
(P≤ 0.05) variation at harvest (Table 4). Some crops 
also recorded very low nematode populations at 
harvest. There was signiicant correlation between 
soil nematode population and the number of 
nematodes extracted from infected tubers and roots 
(r = 0.77), and between tuber weight and number of 
nematodes extracted from infected tubers and roots 
(r = 0.33). The correlation between tuber weight and 
soil nematode was not signiicant (r = 0.117). There 
was a signiicant reduction in fresh tuber weight in the 
infected cultivars.

There was variation in the visible symptoms of 
infection (necrotic lesion) amongst the crops, with 
those that were very susceptible (especially the 
tubers) recording the most pronounced lesions. This 
was expressed in the nematode population count as 
shown in Table 5. There were also resistant crops with 
no symptoms of infection or nematodes recovered 
from them. These include Zea mays, Zingiber 

oficinale, Xanthosoma sagittifolium and Ipomoea 

batatas. TDa 92-2, however, showed a high level 
of resistance but recorded a susbstantial nematode 
population in the surrounding soil (Table 4 above). 
Signiicant differences (P≤0.05) in soil nematode 
population were observed among the crops. The two 
most susceptible hosts were the D. cayenensis and D. 

rotundata cultivars with 2508 and 2500 adult S. bradys 

per 100 g peel at harvest and 21.6 and 14.6% weight 
reduction. The highest soil nematode population was 
also recorded for D. cayenensis (20400), followed by 
D. rotundata (18422) and Mucuna pruriens (18377) 
while the lowest recorded soil population was recorded 
for cocoyam, ginger, and maize (10) (Table 4 above 
and Table 5). Soil nematode population and numbers 
of the nematode extracted from tubers and roots 
were signiicantly correlated (0.58) at 5% level of 

probability. However there was a negative correlation 
for soil nematode and tuber weight (r = −0.08 1). The 
correlation for tuber weight and number of nematodes 
extracted from the tuber was not signiicant (r = 
0.079). There was a variation in fresh tuber weight 
as a signiicant weight loss was observed in infested 
tubers compared with the healthy tubers. 

Crop cultivars resistant to nematodes can be the most 
useful and cheapest means of nematode control for 
farmers. In screening for resistance in these studies, 
emphasis was placed on susceptibility and resistance 
as expressed by the ability of S. bradys to survive 

and multiply on roots and tubers. The results from 
the greenhouse and ield screening showed that the 
survival of the nematodes was limited in the roots of 
TDa 92-2, Zea mays, Zingiher oficinale, Xanthosoma 
sagittifolium and Ipomoea batatas and subsequently 
multiplication, whereas, the presence of nematodes in 
the soil and dry rots observed in the tubers, and roots of 
others, conirms their susceptibility to S. bradys attack. 
The severity of susceptibility was closely associated 
with the number of nematodes that were recovered 
from the soil and roots of plants. Cajanus cajan and 

Vigna subterrenea reduced populations at least as well 
as did Mucuna pruriens. TDr 87/00072, TDr 93-31, 
TDr 131, TDa 85/00257, DAN 087, TDe 3041, TDe 
3037, TDe 2786, and Igangan are poor hosts for S. 
bradys and TDa 92-2, Zea mays, Zingiber oficinale, 
Xanthosoma sagittifolium, and Ipomoea batatas are 

non-hosts. The capacities of these.crops for supporting 
yam nematode penetration and development can be 
evaluated. Xanthosoma sagittifolium is a non-host 
and is immune to penetration by the yam nematode.

At harvest, the nematode population density was zero, 
indicating that the yam nematode could not maintain 
itself under Xanthosoma. The general trend of reduced 
nematode numbers in the ield combined with our 
greenhouse results showed that the other crop species 
are more tolerant to S. bradys than the yam cultivars. 
Our results indicate allelopathy by the non-host 
crops. The gradual decline of nematode populations 
in resistant (non-host) plants plots conirms the ability 
of the plants to exude toxins and thereby survive the 
nematode attack. Zea mays and Zingiber oficinale 
are extremely poor hosts for the yam nematode, 
allowing only a few to penetrate and develop. The 
rapid nematode decline under these plants with 
those observed in other non-host plants supports 
the hypothesis of nematode population reduction by 
allelopathy, possibly by toxic thiophenes (Gommers 
and Baker 1988). The results of studies by Onalo et 
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al (1998) showed that intercropping yam with ginger, 
cocoyam, and maize appreciated yield signiicantly.

In general, a plant resistant to nematodes resists 
attack or exhibits little damage and reduces nematode 
populations. Agronomically, a resistant variety may 
compare favorably with other available means of 
control in terms of its yield on infested land and 
its effects on nematode populations. The range of 
effectiveness of the resistance against different 
populations of the nematode must permit use of the 
resistant variety throughout the area of its agronomic 
adaptations.

In a similar experiment on comparative studies of 
resistance to yam nematodes, Mohandas et al (1996) 
and Bridge (1996) observed considerable differences 
in the root and tuber crops screened. Mohandas 
grouped sweetpotato as highly resistant and cocoyam 
as immune to the root-knot nematode. Out of the 55 
farm sites on 29 crops surveyed for 17 plant-parasitic 
nematodes, Bridge reported that S. bradys was not 
found on cocoyam, ginger, or maize. Resistance of 
yam cultivar TDa 92-2 to S. bradys has not been 
reported before this study. However, there is no 
irm evidence of resistance to S. bradys in yam, and 
accessions of all the food yam species (D. rotundata, 

D. alata, D. cayanensis and D. esculenta) have been 
reported to be susceptible to damage. In the report by 

Caveness (1979) where three species of yam were 
greenhouse tested for resistance to S. bradys, D. 

dumetorum was highly resistant, but D. praehensilis 

and D. rotundata were highly susceptible. He found 
21 lines of cocoyam, 55 of sweetpotato and 10 of 
mucuna resistant to the root-knot nematode out of the 
21, 414 and 287 lines tested respectively (reported by 
Nematology Subprogram of IITA, 1982). A wide range 
of other crops and some weeds have been shown to 
support low populations of S. bradys including yam 
bean (Pachyrrhizus erosus), greengram (Phaseolus 

aureus), pigeonpea (Cajanus cajan), kenaf (Hibiscus 

cannabinus), okra (Hibiscus esculentus), tomato 

(Lycopersicon esculentum), sorghum (Sorghum 

vulgare), loofah (Luffa cylindrica), roselle (Hibiscus 

sabdariffa), and Synedrella nodilora. These alternate 
hosts permit the yam nematode to survive in soil in the 
absence of yam, but only cowpea (Vigna unguiculata) 

and melon (Cucumis citrullus) have been found to 
actually increase soil populations of the nematode 
while Zea mays and tobacco are categorised as non-
hosts (Adesiyan 1976). Use of resistant varieties 
should maximise and stabilize yields through their 
effects on nematode population dynamics. Crop yield 
depends upon the initial nematode density and the 
rate of reproduction, and the inherent insensitivity 
of the host. The value of a resistant variety, 
therefore, depends upon the interrelationships of 
the mechanism of resistance with the biology of the 

 Plar 4. Dry rot of yams caused by Scutellon-

ema bradys

Fig 1. Scutellonema bradys, the yam 
nematode. A: young, B: male,  C: 
female;
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Common name   Binomial Cultivars Source of material

White yam Dioscorea rotundata Poir. (i) TDr 87/00072 (hybrid) IITA
  (ii) TDr 93-31 (Danacha) 
  (iii) TDr 131 (Abi) 

Water yam Dioscorea alata L. (i) TDa 85/00257 (hybrid) IITA
  (ii) DAN 087 (Ominelu) 
  (iii) TDa 92-2 (Sagbe) 

Yellow yam Dioscorea cayenensis Lamk. Igangan Ojoo market

Chinese yam Dioscorea esculenta (i) TDe 3041 IITA
 Lour-Burk.  
  (ii) TDe 2786 
  (iii) TDe 3037 

Cocoyam Xanthosoma sagittifolium  Tania Farmer/Ojoo Market
 (L.) Schott
 

Sweet potato Ipomoea batatas (L.) Lam. TIS 6498 Farmer at U.I.

Maize Zea mays L. TZSR-W-1 IITA

Ginger Zingiber oficinale Rosc. UG1 (Taingiwa) Makurdi Market

Pigeon pea Cajanus cajan (L.) Verde. Oyo white IITA

Bambara nut Vigna subterranea (L.) Verdc. TVSU 155 IITA

Velvet beans Mucuna pruriens (L.) Dc.  IRZ IITA
 var. utilis (Wall, 
 ex Wight) Baker ex Burk.  

Table 1. Selected crops screened for resistance to Scutellonema bradys.

Table 2: Reaction of plants screened for susceptibility to S. bradys.

Hosts Non-hosts

TDr 87/00072, TDr 93-31, TDr 131, TDa 92-2, Zea mays,
TDa 85/00257, DAN 087, Zingiber oficinale,
Me 3041, Me 3037, Me 2786, Xanthosoma sagittifolium and
Igangan, Cajanus cajan, Ipomoea batatas
Vigna subterrenea, and
Mucuna pruriense 

host and the nematode. Crops resistant to S. bradys 
suffered less damage or none. The resistant reaction 
is less harmful than the susceptible one, but, more 
importantly, the resulting suppression of nematode 
multiplication reduced damage. These resistant plants 
do have potential use in yam nematode management 
programs.

Conclusions

Visible symptoms of infection (dry rot) was observed 

on susceptible crops and tubers, while resistant 
crops and tubers showed none of these signs and 
symptoms.

Potentially, the most economical and effective method 
of controlling yam nematodes is the use of nematode-
resistant plant varieties.  The future looks bright for 
identifying new classes of pesticides from allelopathic 
plants to replace the dangerous synthetic chemicals 
used at present.
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Table 3: Inluence of initial number (Pi = 10000) of S. bradys on nematode reproduction in green-
house screening for resistance

   Number of nematodes (S. bradys) at different Periods

Variety AH 4WAH 8WAH Rate of nematode increase (RF) Pf/Pi
TDr 87/00072 2821b 10976a 26510a 9.4
TDr 93-31 2000e 9640d 18108d 9.1
TDr 131 2500c 9670c 22506c 9.0
TDa 85/00257 800g 4965f 7600f 9.5
DAN 087 1712f 6919e 14460e 8.4
TDa 92-2 0.0k 0.0j 0.0j 0
Igangan 2508c 9972b 24405b 9.7
TDe 3041 295i 1494h 3022h 10.2
TDe 2786 206j 994i 2461i 12.0
TDe 3037 525h 2109g 4976g 9.5
Cocoyam 0.0 k 0.0j 0.0j 0
Red Potato 0.0 k 0.0j 0.0j 0
Yellow Ginger 0.0 k 0.0j 0.0j 0
IRZ (M. pruriens) 3366a - - 0.3
TZSR-W-1 (maize roots) 0.0 k - - 0
TVSU155 (bambara nut roots) 2074d - - 0.2
Oyo White (pigeonpea roots) 2512c - - 0.3

Values are means of ive replicates. Within experiments means followed by the same letter in vertical columns are not 
signiicantly (P=0.05) different as judged by Duncan’s Multiple Range Test (DMRT). RF = Reproductive Factor, Pf = 
nematode population density at sampling date, Pi =initial nematode population density #/100g peel Dashes indicate data 
not collected 
TDr = Tropical Dioscorea rotundata TDe = Tropical Dioscorea esculenta 
TDa = Tropical Dioscorea alata   TDc = Tropical Dioscorea cayenensis 
AH = At harvest, WAH = weeks after harvest

Table 4: Reproduction of S. bradys in soil against initial nematode density, 180 days after 
planting, in resistance screening experiments.

Variety Greenhouse RF (Pf/Pi) Field RF (Pf/Pi)

TDr 87/00072 22976a 2.3 18422b 1.8
TDr 93-31 14001e 1.4 16500c 1.7
TDr 131 19971b 2.0 16015d 1.6
TDa 85/00257 8712g 0.9 9982g 1.0
DAN 087 10975f 1.1 9985g 1.0
TDa 92-2 2090L 2.1 3907h 0.4
Igangan 16980c 1.7 20400a 2.0
TDe 3041 5003i 5.0 10962f 1.1
TDe 2786 4991i 5.0 10062g 1.0
TDe 3037 6200h 0.6 11520e 1.2
Cocoyam 18n 1.8 10k 0
Red Potato 111m 0 154k 0
Yellow ginger 13n 1.3 10k 0
IRZ (M. pruriens) 14985d 1.5 18377b 1.8
TZSR-W-1 (maize roots) 5n 5.0 10k 0
TVSU 155 (bambara nut roots) 3962j 0.4 2381i 2.4
Oyo White (pigeonpea roots) 2200k 0.2 1266j 0.1

Values are means of ive replicates. Within experiments means followed by the same letter in vertical columns 
are not signiicantly different as judged by Duncan’s Multiple Range Test (DMRT). RF = Reproductive Fac-
tor, Pf = nematode population density at sampling date, Pi = initial nematode population density #/100 g soil
TDr = Tropical Dioscorea rotundata TDe = Tropical Dioscorea esculenta
TDa = Tropical Dioscorea alata   TDc = Tropical Dioscorea cayenensis
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Table 5: Inluence of initial number (Pi = 10000) of S. bradys on nematode reproduction in 

ield screening for resistance

 Number of nematodes (S. bradys) at different periods
Cultivar AH 4WAH 8WAH Rate of nematode Increase RF) Pf/Pi

TDr 87/00072 3148b 11012a 25040a 8.0
TDr 93-31 1660e 8280d 21001c 12.7
TDr 131 2144d 10070b 23010b 10.7
TDa 85/00257 996h 3972f 10197e 10.2
DAN 087 1251g 6219e 14214d 11.4
TDa 92-2 0.0k 0.0j 0.0i 0
Igangan 2095d 9985c 24973a 11.9
TDe 3041 241j 1419h 3221g 13.4
TDe 2786 246j 10741 2383h 9.7
TDe 3037 481i 1964g 4974f 10.3
Tania 0.0k 0.0j 0.0i 0
Red Potato 0.0k 0.0j 0.0i 0
Yellow Ginger 0.0k 0.0j 0.0i 0
IRZ (M. pruriens) 7973a - - 0.8
TZSR-W-1(maize roots) 0.0k  - 0
TVSU155 (bambara nut roots) 1557f - - 0.2
Oyo White (pigeonpea) 2418c - - 0.2

Values are means of ive replicates. Within experiments means followed by the same letter in vertical columns are not 
signiicantly (P=0.05) different as judged by Duncan’s Multiple Range Test (DMRT). RF = Reproductive Factor, Pf = 
nematode population density at sampling date, 
Pi = initial nematode population density #/100 g peel Dashes indicate data not collected 
TDr = Tropical Dioscorea rotundata TDe = Tropical Dioscorea esculenta 
TDa = Tropical Dioscorea alata   TDc = Tropical Dioscorea cayenensis 
AH = At harvest, WAH = weeks after harvest
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