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Abstract

Yam rots caused by fungal pathogens (mostly Fusarium spp.) are a major cause of storage losses, and
previous work has shown that fungal lesions were only found if there was pre-existing physical damage
to the tuber. The general perception is that damage in¯icted in the ®eld prior to storage is far more
important in this regard than damage caused during storage, and this has led to much research directed
at the minimisation of ®eld damage with relatively little work on the amelioration of insect damage
during storage. This study examined whether insect damage in¯icted on yam tubers during storage in
specialised barns is an important agent in the incidence of fungal disease. It was found that treatment of
tubers with insecticide dust (Actellic 2% Dust; ai=pirimiphos-methyl) signi®cantly reduced fungal
infections resulting from insect attack during storage. In addition, physical damage acquired during
harvest appeared to be ameliorated by the insecticide, resulting in signi®cantly fewer fungal lesions. The
results suggest that insecticide treatment of yam tubers prior to storage could provide a relatively cheap
and e�ective means of preservation. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

White yam (Dioscorea rotundata Poir.) is an important root crop throughout West Africa,

where more than 90% of total world production of all cultivated yam species takes place
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(Hahn et al., 1987). There are various constraints to yam production in the ®eld and in store,
but amongst the most important are pests (nematodes, insects and vertebrates) and diseases
(Osagie, 1992). It has been estimated that tuber losses during storage may be as high as 40±
50% (Olurinola et al., 1992; Osagie, 1992), although typical losses are assumed to be between 2
and 25% (Nwankiti and Arene, 1978). Microbial pathogens, especially fungi, are regarded as
the main cause of tuber loss during storage. Many fungal pathogens have been found infecting
yam tubers (Osagie, 1992), but in a previous study based in Igalaland, Kogi State, Nigeria, the
most common were Fusarium oxysporum Schlecht, F. solani Mart., Penicillium spp and
Aspergillus spp (Acholo et al., 1997). The commonly held view is that the pathogens infect the
tubers in the ®eld, especially when they have been damaged (Ogundana et al., 1970, 1971).
Yam tubers do not have a protective cuticle, and the corky periderm and meristematic tissue
are only a few millimetres thick, hence damage to the surface need only be relatively slight to
breech these barriers (Osagie, 1992). Two types of ``®eld'' damage are regarded as important:

1. that in¯icted by pests, especially yam beetles (Heteroligus spp and Prionoryctes spp),
nematodes (Scutellonema bradys Steiner and Le Hew, Pratylenchus spp and Meloidogyne
spp) and termites (Amitermes evuncifer Silvestri);

2. mechanical damage mostly in¯icted at the time of harvest and transportation to the store.

The control of yam beetles and nematodes has proved di�cult, and for this reason
recommendations for the control of yam rot have largely focused on limiting mechanical ®eld
damage (Wilson, undated; Hahn et al., 1987) together with the improvement of hygiene in the
store (Wilson, undated). The application of fungicides to the tubers at the onset of the storage
period has also been practised with varying degrees of success (Ogundana and Dennis, 1981;
Sarma, 1984; Olurinola et al., 1992).
Although the critical damage is assumed to take place in the ®eld, other insect and nematode

pests can cause tuber damage during storage (Bridge, 1972; Sauphanor and Ratnadass, 1985;

Table 1
Pests often found causing damage to yam tubers in Igalaland, Nigeria

Group Species and authority Order: Family

Yam beetles Heteroligus meles Billb Coleoptera: Dynastidae

Prionoryctes spp Coleoptera: Scarabaeidae
Storage beetles Sitophilus zeamais Motschulsky Coleoptera: Curculionidae

Brachypeplus pilosellus Murray Coleoptera: Nitidulidae

Araecerus fasciculatus De Geer Coleoptera: Anthribidae
Carpophilus dimidiatus Fabricius Coleoptera: Nitidulidae

Termites Amitermes evuncifer Silvestri Isoptera: Termitidae

Pseudacanthotermes militaris Hagen Isoptera: Termitidae
Nematodes Meloidogyne spp Tylenchida: Heteroderidae

Scutellonema bradys Steiner & Le Hew Tylenchida: Hoplolaimidae
Scale insect Aspidiella (Aspidiotus ) hartii Ckll. Homoptera: Diaspididae

Mealy bug Planococcus (Pseudococcus ) citri Risso Homoptera: Pseudococcidae
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Osagie, 1992), and may provide additional avenues for pathogen infection. A number of
species are involved, and a list of those most commonly found in Igalaland is provided in
Table 1. There are recommendations for the control of insect pests in yam stores, and these
usually revolve around improved store hygiene and an application of an insecticide dust to the
storage area (Anonymous, 1996). However, the importance of controlling storage pests in
terms of limiting pathogen infection of yam tubers under local storage conditions has not been
assessed, and this forms the basis of the study reported here. The hypothesis set for the
research is that an application of insecticide dust to the yam tubers at the start of the storage
period will reduce attack from storage insects and thereby signi®cantly reduce incidence of
lesions associated with the pathogens that cause yam rots.

2. Materials and methods

2.1. Sites and treatments

Four yam stores (referred to as ``barns'') were selected near Idah in the Igalaland region of
Kogi State, Nigeria. These were in the Ogaine, Alla-Okweje, Makoja and Edeke villages, all of
which are on the banks of the river Niger. Two of the barns (Ogaine and Makoja) had the
yam variety ``Akpaji'' while the other two held the variety ``Ekpe'', and it is known from
previous studies (Acholo et al., 1997) that ``Akpaji'' is regarded by the local farmers as a
variety that stores better than ``Ekpe''. Igala farmers tend to keep yam varieties separate in
their stores.
In each barn, the farmers followed the traditional method of storing yam tubers by tying

them individually to vertical racks (Wilson, undated; Osagie, 1992). At each location two
groups of 150 tubers of the same variety (``Akpaji'' or ``Ekpe'') were stored in the barn after
receiving the following treatments:

1. control group (no treatment);
2. group treated with Actellic 2% dust produced by Zeneca (a.i.=2% by weight pirimiphos-

methyl). The tubers received a complete and even distribution of dust, and excess was
shaken o�.

Tubers for the two groups were carefully selected upon entry into the barn in early to mid

Table 2

Yam varieties, location of yam barns and dates of insecticide treatment

Variety Village Date of insecticide treatment

Akpaji Ogaine 7/9/96
Makoja 6/9/96

Ekpe Alla-Okweje 12/9/96

Edeke 13/9/96
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September 1996 (just after harvest), and treatment took place at this time (Table 2). Therefore,
each group of 150 tubers occupied a square space on the racks, but the two groups were
arranged at opposite ends of the barn to avoid the possibility of insecticide contaminating the
control. Day to day management of the barns was left entirely to the farmers, with the
provision that the control and treated tubers would not be touched.

2.2. Sampling and pathogen identi®cation

Samples of 10 tubers were collected from each treatment (control and insecticide) within the
barns on a monthly basis beginning in September 1996 and ending in June 1997 (10 months).
Therefore a total of 80 tubers (10 tubers � 2 treatments � 4 sites) were collected each month,
comprising 20 tubers/treatment/month for both ``Akpaji'' and ``Ekpe''. Tubers were selected by
placing a rope acting as a transect across each square and a sample of tubers touched by the
rope was removed on a random basis. Samples were taken back to Idah and carefully washed
by a technician to remove any trace of insecticide from the treated tubers. The control tubers
were also washed. All tubers then received a random number label before being passed to a
second technician who carried out the assessments. The washing was done primarily for safety,
but a further important point is that it also helped avoid any possibility of bias as insecticide
dust is very visible.
Each tuber was ®rst assessed for external damage. The type of damage was characterised as

``®eld'' (yam beetles, root knot nematode, harvesting, transportation, ¯ood or sun) or
``storage'' (storage beetles, mealy bug and scale insect). Incidence of damage to the tubers was
primarily employed as a means of testing the e�ectiveness of the insecticide dust. It should be
noted, however, that a single tuber could have damage from a number of sources.
After external assessment each tuber was carefully dissected to check for the presence of

lesions that may harbour a fungal pathogen. Each lesion found was scored for size (on an
increasing scale of 1±5), and any associated damage was noted as either ``®eld'' or ``storage''.
Some lesions had more than one type of associated damage, for example both mechanical and
insect damage where an insect used the mechanical damage as an entry point. Material from
the margins of lesions were placed on tap water agar (TWA) in Petri dishes (Burchill, 1981).
Petri dishes were incubated on the bench at room temperature (30±358C), and checked for the
presence of fungi. In order to aid identi®cation to genus level, samples from the TWA growth
were plated onto selective media (SNA, PDA, etc.). Only lesions from which a fungal pathogen
was isolated were used as data for the subsequent analyses.

2.3. Data analysis

Four data sets were analysed:

1. external tuber damage from ``®eld'' and ``storage'' agents;
2. total counts of lesions from which a pathogen had been isolated for each treatment, variety

and month;
3. associated tuber damage (``®eld'' and ``storage'') for each lesion;
4. lesion score.
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In each case the data were based on a sample of 20 yam tubers/treatment/month. In the ®rst
three sets of data (external damage, total lesion count and associated damage) counts for each
variety were combined to produce monthly totals for each treatment, and these totals were
analysed with analysis of variance (ANOVA) after transformation using z = loge (x+ 1). The
degrees of freedom (df) for the analyses were 19 (total), 9 (error), 9 (months) and 1
(treatments). Therefore the ANOVA resolved di�erences between months and treatments, but
not between the two stores that held that variety.
In the case of the lesion score data, all the individual scores (458) were included in the

analysis thereby allowing a resolution of site e�ect (3 df), months (9 df) and treatments nested
within sites (4 df). Because the data were unbalanced, analysis was with the general linear
model (GLM) approach to ANOVA.

3. Results

The fungal pathogens isolated during this experiment and the number of lesions from which
they were isolated are shown in Table 3. Fusarium spp or Penicillium spp were isolated from
approximately 90% of all lesions.
Insecticide application after harvest clearly reduced the incidence of insect damage during

storage, and this e�ect was the same for both yam varieties (Table 4). For each 20 tuber
sample/treatment/month there were on average 8 incidents of ``storage'' damage in the control
and only 1 incident in the insecticide treated group. This result is not surprising given that
pirimiphos-methyl dust is primarily sold as a storage insecticide for grains. For both varieties
and treatments there were approximately 35 incidents of ``®eld'' damage for every 20 tubers.
``Field'' damage largely consisted of attack by the root knot nematode along with mechanical
damage in¯icted during harvest and transportation to the barn. There was also some ¯ood and
sun damage (drying of tuber surface), but surprisingly little yam beetle damage was found on
the tubers in 1996/97.
The mean lesion counts, 95% con®dence limits and ANOVA results are presented in Table

5. The number of lesions isolated from the treated tubers was signi®cantly less than from the
control tubers for both yam varieties. Approximately 16 lesions were found for every 20

Table 3

Pathogens and the total number of lesions from which they were isolated from the 1996/97 yam storage experiments

Pathogen Control Insecticide dust

Fusarium spp 220 (71%) 118 (75%)
Penicillium spp 61 (20%) 20 (13%)

Aspergillus spp 6 4
Curvularia spp 17 10
Epicoccum spp 4 5
Helminthosporium spp 1 1

Total 309 158
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control tubers sampled/month, but only approximately 8 lesions were found in the treated
sample. This ®ts the hypothesis that tuber damage by insects during storage is a factor in the
spread of fungal pathogens. Control of ``storage'' damage leads to fewer entrance points for
pathogen attack and therefore fewer lesions from which a pathogen could be isolated.
An examination of the type of damage associated with infected lesions provides more

evidence for an insecticide e�ect. The results (Table 5) suggest that Actellic dust reduced the
level of infected lesions associated with both ``storage'' and ``®eld'' damage, although no
lesions were found associated with scale insect or mealy bugs, even though these were
commonly found on the control tubers of both varieties. These insects are surface feeders that

Table 4
Back-transformed treatment means, con®dence limits (upper and lower values in parentheses) and treatment F-

values (based on transformed data ANOVA) for the incidence of external damage to yam tubers

Variety Source of tuber damage Control Insecticide dust F-value (df=1,9)

Akpaji (a) ``®eld'' 34.75 34.53 0.07 NSa

(36.11, 33.45) (35.88, 33.23)

(b) ``storage'' 7.68 0.89 63.08���

(10.81, 5.39) (1.57, 0.39)
Ekpe (a) ``®eld'' 35.76 32.36 4.99 NSa

(38.5, 33.22) (34.73, 29.96)
(b) ``storage'' 8.54 1.17 18.15���

(15.64, 4.47) (2.78, 0.24)

a NS=not signi®cant at 5%. ���P < 0.001.

Table 5
Back-transformed treatment means, con®dence limits (in parentheses) and treatment F-values (based on transformed

data ANOVA; df=1, 9) for the following: (a) number of lesions from which a pathogen was isolated, (b) incidence
of storage damage associated with lesions from which a pathogen was isolated, (c) incidence of ®eld damage associ-
ated with lesions from which a pathogen was isolated

Variety Data Control Insecticide F-value

Akpaji (a) Number of lesions 16.48 8.84 78.75���

(18.39, 14.76) (9.91, 7.87)
(b) Associated damage (storage) 5.26 0.69 41.35���

(7.66, 3.52) (1.34, 0.22)

(c) Associated damage (®eld) 5.69 2.21 20.12���

(7.69, 4.15) (3.17, 1.47)
Ekpe (a) Number of lesions 15.49 7.42 48.13���

(18.25, 13.12) (8.83, 6.21)

(b) Associated damage (storage) 6.2 0.58 33.09���

(9.97, 3.72) (1.41, 0.04)
(c) Associated damage (®eld) 9.44 4.76 24.76���

(11.65, 7.62) (5.97, 3.75)

���P < 0.001.
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do not cause extensive damage to the periderm. Actellic dust clearly reduced damage from
storage insects, thus reducing the number of associated lesions. It is interesting to note that the
insecticide also reduced the level of lesions associated with ``®eld'' damage. The mechanism is
probably physical in that the ®ne dust dries any damage to the surface of the tubers,
preventing a fungal pathogen from becoming established. Farmers use wood ash and other
powder based substances in a similar way to dry damaged tubers (Nnodu and Nwankiti, 1986).
There was no signi®cant di�erence in lesion score between the 2 treatments (Table 6). This

suggests that once fungal pathogens become established, Actellic has no in¯uence on their
subsequent growth. Time in storage had a signi®cant e�ect on lesion size, with a trend towards
larger lesions the longer the tubers were in store. Lesion scores were also signi®cantly di�erent
between the 4 stores, possibly due to di�erences in store design, management and local
environmental conditions.

4. Discussion

The results suggest that the control of storage insects may help limit the extent of yam rot in
local yam barns in Nigeria, and therefore the strong emphasis to date on preventing ``®eld''
damage as opposed to ``storage'' damage may have neglected an additional important factor.
This result is particularly important in that limiting ``storage'' damage may be a great deal
easier than tackling ``®eld'' damage. Although the avoidance of tuber damage in the ®eld is
both logical and desirable, it does present practical problems. So far the only e�ective methods
of controlling yam beetles use very expensive, persistent and toxic insecticides applied around
the growing tubers (Anonymous, 1996). Some of these are systemic and may pose additional
hazards to human health as they enter the ¯esh of the tubers. Another strategy has focused on
minimisation of damage during harvesting. This is largely done by hand and is a time

Table 6
Mean lesion scores and standard errors (SE) for the 4 sites and 2 treatments (control and insecticide) in the 1996/97
yam storage experiments. Also shown are the results of a GLM performed on the lesion score data (total number of
lesions scored=458; treatments were nested within stores). Samples were collected each month, and the month e�ect

was also statistically signi®cant (F= 2.23; df=9.441; P < 0.05)

Site Mean SE Treatment Mean SE

Ogaine 2.39 0.082 Control 2.54 0.102
Insecticide 2.24 0.136

Alla-Okweje 2.35 0.103 Control 2.3 0.121
Insecticide 2.4 0.196

Makoja 2.09 0.097 Control 2.21 0.119
Insecticide 1.97 0.166

Edeke 2.58 0.09 Control 2.58 0.113
Insecticide 2.58 0.148

F-value 4.12�� 1.17 NSa

(df) (3,441) (4,441)

a NS=not signi®cant. ��P < 0.01.
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consuming and laborious process, especially as the soils where yam is grown are typically
heavy and somewhat dried at the time of harvest, so there has been little progress. An
alternative suggestion is to process the fresh tubers into a form that can be easily stored (Hahn
et al., 1987), but this requires expensive equipment, chemicals and/or scarce labour (Osagie,
1992).
Treatment with an insecticide dust prior to storage may provide an additional and easier

option as it will control the storage insects, and thereby reduce further damage and rotting in
store, and also help dry any surfaces damaged at harvest/transportation, thus restricting
opportunity for pathogen infection. Actellic dust and similar storage insecticides are relatively
cheap and readily available. In contrast, suitable fungicides are more expensive and not so
readily available. Although pesticides, even those based on natural products, can present
problems of toxicity to consumers, in Igalaland the tubers stored in the specialised barns tend
to be seed yams not food yams. However, while this may make the use of a storage insecticide
more appropriate it does provide a further complication. From the farmer's perspective the
practical viability of an insecticide in such stores would likely depend on three considerations:

1. the direct loss of tubers during storage (i.e., tubers discarded by the farmers as being too
rotten);

2. the marketability of the tubers for food or for planting material;
3. The e�ects of fungal damage on subsequent tuber germination, seedling vigour and yield the

following season.

The four barns used for this study held between 1700 and 4600 tubers at the beginning of the
storage season, and the direct loss of tubers over the whole season ranged from 4 to 34%.
Approximately 17±26% of the tubers were sold, and the owners planted the rest the next
growing season. However, considerations 2 and 3 have received little, if any, attention
especially under complex ``on-farm'' conditions and yet may be crucial as part of a farmer's
decision making process. Clearly this is an area that requires further research.
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