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Effects of Species of Yam (Dioscorea Species) and Fungal Pathogens on the Postharvest
Behaviour of Yam Tuber in Nsukka Area of South Eastern Nigeria
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Abstract: Experiments were conducted at the plant pathology laboratory and improved yam barn of the
University of Nigeria, Nsukka (UNN) to identify and characterize rot-causing organisms and asses the
effects of species and these organisms on the post-harvest behaviour of yam in Nsukka area of
southeastern Nigeria. Some fungal micro-organisms were isolated from decaying yam tuber obtained from
yam dealers at Nsukka main market and cultured in a growing medium, sabouraud dextrose agar. Three
isolates were characterized and identified as Aspergillius niger, Botryodiplodia theobromae and Fusairum
oxysporum. Two species of yam, D. rotundata and D. alata, freshly harvested, were obtained from the
Root and Tuber crops unit of the Department of Crop Science, UNN sterilized in 75% alcohol and rinsed
with deionized water. . Lacerations (slits) were made with sterile inoculation needle on each of the clean
tubers. A 1 ml spore suspension of each of the fungal isolates was inoculated into the slits on the tubers.
The slits were then covered with a sterile cotton wool and both the inoculated and un-inoculated (control)
samples were taken to the improved yam barn where the tubers were placed on wooden shelves for
storage and observations. Parameters measured were infection severity, dormancy period, sprout vigour,
rot colour and rot type. The two species of yam varied significantly (# 0.05) in infection severity,
dormancy period, sprout vigour and weight loss. Similarly, the pathogens varied significantly in their
activities on the stored yams with A. niger being the most virulent. The major finding in this study was
that D. alata appeared less susceptible to fungal attack than D. rotundata. Breeders are advised to work
towards isolating the traits in D. alata species for resistance and inject into other species of yam especially
D. rotundata.
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INTRODUCTION

Yam is an important indigenous food crop in
humid and sub-humid tropics. World yam production
amounts to 30 million metric tones annually and 90%
are grown in the yam belt of West Africa[1]. The most
important edible yams are D. rotundtata (widely known
as white Guinea yam), D. alata (known as water yam),
D. cayenensis (yellow yam), D. esculenta (Chinise
yam), D. dumentorum (bitter yam or trifoliate yam), D.
bulbiferia aerial yam). Among these edible species,
only two, D. rotundata and D. alata are widely
cultivated and consumed. In yam production, post-
harvest handling constitutes a major problem to yam
growers as well as yam dealers. Losses of yam tuber
in storage mostly to rot are considered to be heavy in
Southeastern Nigeria.

The extent of losses due to rot according to Ikotun
[2] ranged from 0.5 to 18% at harvesting while storage
rot ranged from 3 to 25%. Okigbo and Ikediugwu[3]

associated the different forms of tuber rotting they
observed in storage barn to microbial attacks that

probably took place in the field and increased in
storage. Microbial rotting of yam tubers account for a
substancial proportion of the annual losses in yam
production in Nigeria.

The principal micro-organisms that have been said
to be associated with the rot of yams in Nigeria
include Botriyodiplodia theobromae Pat., Fusarium
moniliforme var. subglutinans Wollenw and Reinking,
Penicillium oxalicum Currie and Thom, Penicillium
sclerotigenum Yamatoto, Aspergillus niger van Tiegh.,
Aspergillus tarmarii Kita, Rhizoctonia sp. and Serratia
sp[4,5]. Despite the numerous findings by other workers
on the association of micro-organisms with yam rot,
the extent of pathogenicity of the different rot-causing
organisms has not been assessed. Again, the isolation
of the organisms has been only on the most popular
species, D. rotundata with little or no reference to D.
alata. The objective of this study therefore, was to
asses the pathogenicity level of three micro-organisms
that have been implicated with yam rots on two species
of yam, D. rotundata and D. alata.
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MATERIALS AND METHODS

The experiments were conducted at the plant
pathology laboratory and improved yam barn of the
Department of Crop Science, University of Nigeria,
Nsukka. The area is located on latitude 60 52’ N and
longitude 70 23’ E, altitude 400m above sea level and
has a humid tropical climate. The mean annual rainfall
ranges from 1600 to 2000mm. The temperature is
uniformly high throughout the year but the annual
mean maximum temperature does not exceed 350C[6]. A
decaying yam tuber was collected from the yam dealers
in Nsukka main market during the month of April
when yam rot is usually common in this area

Isolation of Rot-causing Organisms: With the aid of
flame sterilized wire loop, some rotted part of the tuber
was scooped into a prepared growth medium,
sabouraud dextrose agar (SDA) which was allowed to
stay for 48 hours to enable the rot-causing organisms
grow. The organisms were isolated, identified and
characterized as described by Pitt and Hocking[7]. The
morphological structures of the organisms in
lactolphenol blue stain were captured and filmed with
Motic MCC 1.1 camera for ease of identification. The
organisms were identified as Aspergilius niger,
Botryodiplodia theobromae and Fusarum oxysporum
which are all fungi.

Inoculation of Tubers with the Organisms: Clean
yam tubers were obtained from the Root and Tuber
Crops Unit of the Department of Crop Science, UNN.
Freshly harvested tubers without injuries were selected
for treatment (inoculation) with the isolated micro-
organisms. The selected tubers of the two varieties
were washed in 75% alcohol and rinsed with deionized
water to ensure that they were infection free at the
time of inoculation for storage. Lacerations (slits) were
made with sterile inoculation needle on each of the
clean tubers. A 1 ml spore suspension of each of the
fungal isolates was inoculated into the slits on the
tubers. The slits were then covered with a sterile cotton
wool then the samples were taken to the improved yam
barn of the Department of crop Science, UNN for
storage studies.

Storage Environment: The improved yam barn is a
house designed to provide conducive environment for
yam storage. The roof of the house is made of
corrugated aluminum sheets with ceiling of bamboo
and raffia mats for heat insulation. The sides of the
barn consist of a dwarf wall (1m high) made of cement
blocks and a wire netting extending from the top of the
dwarf wall to the roof of the barn. This feature
enhanced air circulation and excluded rodents (pests).

Inside the barn a wooden shelves were constructed on
which the tubers were placed.

Experimental Design: The storage study was a 3 x 4
factorial arrangement in completely randomized design
(CRD) experiment with three replications. The
treatments were three pathogenic fungi; Botryodiplodia
theobromae, Fusarium oxysporum, Aspergillus niger
and inoculated D rotundata, uninoculated D. rotundata,
inoculated D alata and uninoculated D. alata. The
experimental set up was made of twelve plots and each
plot contained 5 tubers giving 60 tubers  per
replication. A total of 240 tubers were used for this
experiment.

Observations were made on  infection severity,
dormancy period, sprout vigour, tuber weight loss, rot
colour and rot type. Weight loss was determined thus: 

Weight loss (%) Difference between
    initial and successive weights     x 100
)))))))))))))))))))))))))))))))))
Initial weight of tubers at the start of storage 

Infection severity was determined by visual
assessment and scoring on a 5 point hedonic scale
where 1 = mild, 2 = moderate, 3 = high, 4 = very
high, 5 = extremely high. Dormancy (days) = Number
of days from start of storage to the first visible sign of
sprout. Sprout vigour was scored as follows: 1 = very
low, 2 = low, 3 = moderate, 4 = high, 5 = very high.
Rot colour: 1 = black, 2 = brown, 3 = dark brown, 4
= whitish brown. Rot type: 1 = dry, 2 = soft/wet 

Data Analysis: All data collected were subjected to
Analysis of variance (ANOVA) according to the
procedure for CRD experiment using Genstat soft ware
package. Mean differences were detected by the
standard error of means (SE).

RESULTS AND DISCUSSION

The two species of yam differed significantly (P #
0.05) in infection severity, dormancy period, sprout
vigour and weight loss whereas inoculation of the
tubers with the micro-organisms significantly  (P #
0.05) increased infection severity and weight loss with
D. rotundata uninoculated control (Table 1). The
significantly longer dormancy period in D. alata
probably was responsible for lower rot severity in this
variety of yam. Giradin et al[8] had earlier reported that
the end of dormancy in yam tuber marked the
beginning of rapid metabolic processes, senescence and
pathogenic invasion and then rotting of tubers. The
differences in dormancy period, weight loss and sprout
vigour of the two varieties in this study might also be
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due to differences in their genetic make up. This result
strengthens earlier observations by Eze et al[9] that
tuber dormancy and changes in fresh weight of tubers
in storage were highly dependent on species and
cultivar. Rot colour and rot type might also be related
to the yam genotypes with respect to susceptibility or
otherwise of the yams to fungal attack. It is likely that
the extent of tissue break down following fungal attack
of yams in storage affects the rot colour or type.

The pathogenic fungal organisms varied
significantly in their activities on the stored tuber with
A. niger being the most virulent exhibited by higher
infection severity, lower dormancy period, lower weight
loss and lower sprout vigour followed by B.
theobormae (Table 2). This result evidently
corroborates with the report by Okigbo and Ikediugwu
[4] that these fungi were among the principal micro-
organisms associated with yam rot in Nigeria. It is also
interesting to note in the present study that some
organisms  are more virulent than others in their
devastating effects (rotting) on yam tuber in storage.
Yam tuber dormancy was not greatly affected by the
activities of the micro-organisms in this study  but
sprout vigour was lowered especially with A. niger. It
is possible that the activities of the micro-organisms
reduced the carbohydrate reserves of the yam tuber in
storage and therefore, weakened the sprouts. Rot colour
as influenced by the micro-organisms varied but was
basically categorized into two, dark brown and whitish
brown. The organism that produced whitish brown rots
was A. niger. Colour variation and colour type could
probably be related to the age of yam and type of
enzymes secreted by the organism for purposes of
breaking the yam cellular walls. Ugochukwu et al[10]

had earlier noted that the activities of phosphorelase, 

hexokinase, glucose-6-phosphate and dehydrogenase
substantially increased in white yam as they aged. The
colour variation and type could also be attributed to
possible invasion of other parasitic organisms thereby
causing some level of interactions among the rot-
causing organism, parasitic organism and the host.

The three pathogenic fungi had evidently shown
negative impact on the inoculated tubers compared with
uninoculated control especially D. rotundata species
(Table 3). Species and pathogen interaction in this
study generally enhanced infection severity, reduced
dormancy period and increased tuber weight loss, the
major avenues through which yam tuber loses value in
storage. It is likely that the lower rot severity exhibited
by the D. alata and pathogen interaction was due to
the ability of D. alata to resist rots caused by the
pathogens. Okigbo and Ikediugwu[4] had earlier noted
that the incitement of rot in tubers with pathogens was
due to the ability of the pathogen to utilize the nutrient
of yam as a substrate for growth and development. It
is also possible that the longer dormancy period in D.
alata and pathogen interaction compared with D.
rotundata and pathogen interaction was responsible for
lower weight loss in D. alata. This supports the report
by Passam et al[11] that the growth of sprouts increased
the respiration rate of yam tuber in storage and caused
considerable dehydration and dry matter loss. They also
stated that early sprouting enhanced respiration of yam
during storage which also resulted in significant tuber
weight loss. The major finding in this study was that
D. alata appeared less susceptible to fungal attack than
D. roundata species. Plant breeders are hereby advised
to work towards isolating the traits for resistance to
these pathogenic fungal organisms in D. alata and
inject into other species of yam especially D.
rotundata.

Table 1: Infection severity, dormancy period, sprouts vigour, weight loss,  rot colour and rot type as  influenced by species of yam tuber
in storage

Variety Infection severity Dormancy period Sprout vigour Weight loss Rot colour Rot type
Cotrol D. alata 1.20 69.58 3.49 24.97 3.0 1.43
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated  D .alata 3.35 65.25 2.92 23.06 2.08 1.27
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control D.rotundata 2.10 62.10 3.40 24.35 3.0 1.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated D.rotundata 5.0 60.50 3.02 21.95 1.23 1.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S. E. 0.15 0.054 0.032 0.10 0.13 0.03

Table 2: Infection severity, dormancy period, sprout  vigour, weight loss, rot colour and rot type as influenced by some pathogens of yam
tuber in storage

Pathogens Infection severity Dormancy period Sprout vigour Weight loss Rot colour Rot type
A.niger 5.0 69.58 2.25 24.97 3.0 1.43
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B. theobromae 4.10 65.25 3.10 23.06 2.08 1.27
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F. oxysporum 2.5 62.10 3.40 24.35 3.0 1.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S. E 0.24 1.02 0.24 0.10 0.13 0.03
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Table 3: Infection severity, dormancy period, sprouts vigour, weight loss, rot colour and rot type as influenced by some pathogens and species
interaction of yam tuber in storage

Species pathogens Infection severity Dormancy period Sprout vigour Weight loss Rot colour Rot type
Control  D. alata A. niger 1.50 69.58 4.0 24.97 2.60 1.43
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated D.alata A. niger 3.25 65.25 3.10 23.06 3.06 1.27
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control  D. rotundata A. niger 1.10 64.75 3.10 24.35 3.0 1.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated  D. rotundata A. niger 4.10 62.10 3.20 25.0 3.60 1.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control  D. alata B. theobromae 1.20 69.30 4.30 22.50 1.67 1..3
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated D.alata B. theobromae 3.45 66.35 3.20 23.40 2.30 1.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control  D. rotundata B. theobromae 2.10 63.10 3.0 24.0 2.32 1.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated D. rotundata B. theobromae 4.25 60.25 2.90 27.0 3.10 1.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control D. alata F. oxsyporum 1.45 67.75 3.10 25.5 2.70 1.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated D. alata F. oxsyporum 2.0 65.95 3.90 26.0 2.60 1.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control D.rotundata F. oxsyporum 1.45 63.35 3.02 25.50 1.90 1.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculated D. rotundata F. oxsyporum 3.65 61.35 3.0 28.50 3.40 1.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S. E 0.15 1.23 0.032 0.98 0.13 0.03
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