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Abstract
This study was done to recover fungi associated with postharvest rotting of bitter yam, Dioscorea
dumentorum tubers in Nsukka Agroecological Zone, Nigeria. Tubers showing signs of rot were picked
from farmers in four randomly selected towns in the zone. The towns included, Nsukka, Orba, Ibagwa and
Obollo-Afor. Five (5) samples each were picked from three (3) randomly selected farmers. Samples were
packaged in sterile polythene bags, labeled accordingly and moved to the laboratory for studies. The
fungal isolates were identified using both cultural and molecular techniques. Results showed that
mycoflora of rotted bitter yams in the Zone were, Aspergillus flavus, Aspergillus niger, Lasiodiplodia
pseudotheobromae, Galactomyces candidum and Rhizopus delemar. The percentage frequencies of
occurrence of the fungal organisms ranged from 14.03% to 26% with A. niger recording the highest (26%)
while A. flavus recorded the least (14.03%). Pathogenicity tests revealed that the fungi produced rots
(diameter) ranging from 1.70 cm to 2.40 cm with R. delemar recording the highest rot diameter (2.40 cm)
while A. niger produced the least (1.70 cm)
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INTRODUCTION
Dioscorea dumentorum Pax is an edible
tuberous plant of the family Dioscoreaceae and
grows in the tropics, subtropics and some
temperate regions of the world (Hamon and
Toure 1990; Bai and Ekanayake 1998; IITA
2006; Lebot2008). It is known by many common
English names which include, bitter yam, threeleafed yam, wild yellow yam, African bitter yam
etc. (Degrass,1993; Cemulaket al. 2018; Ukpabi,

2014). In South Eastern Nigeria, African bitter
yam has some local/vernacular names that
include but not limited to the following, “Ji
una”,”Una”, “Ji ona”, “Ona”, “Ono”, and “Unu”
(Ukpabi, 2015; Cemulak et al. 2018). Degrass
(1993) profiled the proximate composition of D.
dumentorum
tubers
to
contain
17%
carbohydrate, 2.78% protein, 0.28% fat, 0.3%
fibre, 0.72% ash and 79% moisture. It also
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contains 0.8 mg/100 mg niacin, 0.050 mg/ 100 g
riboflavin, 0.14 mg/100 g thiamine, 0.020
mg/100 g vitamin A and ascorbic acid ranged
from 6.6 mg/100 g- 21 mg/100 g. Bitter yam
tubers could be prepared for consumption by
boiling, frying, roasting or in dough (Burkil, 1985).
It contains a hypoglycemic agent, dioscoretine
(Sonibare et al. 2010) and as such could be
recommended for diabetic patients. It is also
reported to be used as a topical anaesthetic
(Corley et al. 1985). Bitter yam starch is of
immense value in tablet and capsule formation
because it has smaller granules, higher specific
surface area and most is amenable to
compression
with
high
crushing
force
acceptability (Odeku and Picker-Freyer, 2007).
Pathological postharvest deterioration of yam
generally is attributed to fungi, nematodes and
bacterial organisms (Coursey, 1967; Ayensu
and Coursey, 1972; Ogunleye and Ayansola,
2014) and reports on losses have been in the
range of 10% to 56% (Ekundayo and Naqvi,
1972; Ezeh, 1998; FAO, 1998). Activities of rot
organisms on postharvest yam tubers cause
reduction in the quality of the nutrients and their
marketability (Okigbo, 2005). Information on
postharvest rot organisms is important for
control strategies and for public health concerns
due to the possibilities of contamination with
mycotoxins which are secondary metabolites of
certain associated fungi. A good number of fungi
have been implicated in the postharvest
rottening of yams which included, Aspergillus
niger,Botryodiplodiatheobromae,
Rhizopus
nodosus, Fusarium moniliforme, Penicillium
sclerotigenum and Macrophomina phaseoli
(Okigbo and Ikediugwu 2000). Others are,
Fusarium
oxysporum,
Fusarium
solani,
Penicillium spp. and Aspergillus spp (Morse et al.
2000; Okigbo,2003).
The present work, therefore, was undertaken
to ascertain the fungi responsible for postharvest
rotting of bitter yam in Nsukka Agroecological
Zone, Nigeria.

in properly sterilized polyethylene bags, labelled
and sent to the laboratory for analysis.
Authentication of the samples was done in Crop
Science Department of the University of Nigeria,
Nsukka
Sterilization of Materials
All apparatuses used in this study such as the
Petri dishes and other glass wares were
autoclaved at 103 KN M-2 pressures and 121 oC
for 15 minutes, washed and dried in an oven at
100 oC for 24 hr. Other metal-based apparatuses
were sterilized by immersing them in absolute
ethanol and flaming till red hot using spirit lamp.
Preparation of Culture Media
Water agar was prepared by dissolving 20 g of
agar into 1000 ml of sterile distilled water. The
solution was sterilized in the autoclave at 103
KN M-2 pressures and 121 oC for 15 minutes.
About 0.2 ml of Streptomycin sulphate was
added to the agar medium to suppress bacterial
growth. It was then poured into sterile Petri
dishes and allowed to solidify before inoculation.
Potato Dextrose Agar (PDA; Difco, Sparks,
MD, USA) medium was also prepared by
dissolving 39 g of PDA in 1000 ml of sterilized
water. The medium was sterilized in an
autoclave at 103 KN M-2 pressures and 121 oC
for 15 minutes and was allowed to cool. About
0.2 ml of Streptomycin sulphate was added to
the PDA to suppress bacterial growth. The PDA
was dispensed into sterilized Petri dishes and
was allowed to gel before use.
Isolation of Fungi
The pieces of interface between the healthy and
diseased portions of bitter yam tubers were cut
using sterilized scalpel and surface-sterilized by
soaking in 0.1% Mercury II chloride solution for 1
minute and rinsed twice with sterile distilled
water. The surface-sterilized yam pieces were
placed on water agar medium using sterile
forceps. The inoculated plates were incubated
on the laboratory bench at room temperature
until fungal mycelia growth was observed.
The fungal mycelia growing on the water
agar medium were sub-cultured into the sterile
PDA plates using a sterile inoculation needle
and allowed to incubate at room temperature.
Continuous sub-culturing was done until pure
cultures were obtained, and their photographs
taken. The cultures were observed daily for
fungal growth, records were kept, and the
frequencies and relative abundance of the
various fungal isolates determined.

MATERIALS AND METHODS
Sources
of
Plant
Materials
and
Authentication
Samples of tubers of D. dumentorum showing
signs of fungal rots were collected from farmers
in some randomly selected towns in Nsukka
Agroecological Zone, Nigeria. The towns were,
Nsukka, Orba, Ibagwa and Obollo-Afor. A total
of 5 samples each were collected from three (3)
farmers in each town. Samples were packaged
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scooped from the tubers during the boring. The
points of inoculations were sealed with
petroleum jelly and the inoculated tubers were
put inside sterilized polythene bags containing
damp cotton wool to ensure suitable humid
condition. The experiment was set up in three
replications for all the fungi isolated. The control
experiment was conducted similarly using sterile
PDA discs. The tubers were kept on the
laboratory bench at room temperature (27 ± 2oC)
for 10 days after which they were sectioned from
the points of inoculation to assess rot
development. The fungi were re-isolated and
their cultural and morphological identities
confirmed to be same with the earlier isolates.

Identification of Fungal Isolates
The fungal isolates were identified using
procedures and guidelines as provided by
(Samson et al. 1984; Rippon 1984; De Hoog et
al. 2000). The percentage frequency of
occurrence of each fungus was calculated using
the procedure outlined by Okigbo and Ikediugwu
(2000).
Fungal
DNA
Extraction,
PCR
and
Sequencing
The DNAs of all the fungal isolates were
extracted from mycelia using the procedures of
Cenis (1992) while amplification of extracted
DNAs and gene sequencing were achieved
using the protocol of White et al. (1990). The
resulting sequence data were deposited in
GenBank (BLAST) and accession numbers
assigned.

Statistical Analyses
Data collected from pathogenicity tests were
statistically analysed using ANOVA on Genstat
statistical software for windows version 3.2.
Means were separated using Least Significant
Difference (LSD) at 5% level of probability.

Pathogenicity Tests
The pathogenicity tests wereconducted using all
the fungi isolated to prove their pathogenicity in
line with Koch’s postulates. The procedure
adopted by (Ogunleye and Ayansola, 2014) was
used for the pathogenicity test.
Pure cultures of fungal isolates from rottening
tubers of D. dumentorum were used for the tests.
Wholesome tubers of D. dumentorum which
were surface- sterilized using 0.1%mercuric
chloride, rinsed in two changes of sterilized
water and allowed to dry in the inoculating
chamber were deployed. Each wholesome tuber
was bored in two different locations to a depth of
1 cm from the surface using a sterile 6mm
diameter cork borer. A 5 mm mycelium disc from
the periphery of a 48-hour old culture of each
fungus was put in each of the holes bored in the
tubers and covered immediately with the tissue

RESULTS
Results showed that five fungi were associated
with postharvest rotting of D. dumentorum in
Nsukka Agroecological Zone.
They included, Aspergillus flavus, Aspergillus
niger,
Lasiodioplodia
pseudotheobromae,
Galactomyces candidum and Rhizopus delemar.
The percentage frequencies of occurrence of A.
flavus, A. niger, L. pseudotheobromae, G.
candidum and R. delemar were, 14.03, 26.32,
16.67, 17.55 and 25.43, respectively (Table 1).
All the isolated fungi caused rot on D.
dumentorum tubers and they were re-isolated
thereby confirming their pathogenicity in
accordance with Koch’s postulates

Table 1. The Percentage Frequencies of Occurrence of the Fungi isolated from rotted bitter yam

Fungal organisms

Total number of isolations

A.flavus
A. niger
L.pseudotheobromae
G. candidum
R. delemar

16
30
19
20
29

Percentage frequency
14.03
26.32
16.62
17.55
25.43

R. delemar produced the highest rot diameter (2.4 cm) while A. niger recorded the least rot diameter (1.70 cm) though there was no
significant difference (P≥0.05) among the fungi (Figures 1 C, E, I, L, O; Table 2). However, there was a significant difference
(P≤0.05) between the rot diameter caused by the fungi and that of the control.
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Table 2: Mean Diameter of Rotten Tissue on Inoculated Tubers of D. dumentorum

Fungal organisms

Mean diameter (cm) of rots

A. flavus
A. niger
L. pseudotheobromae
G.candidum
Rhizopus delemar
Control
LSD (0.05)

2.20
1.70
1.95
2.10
2.40
0.73
0.97

Culture Plate description of isolated fungi
The result showed that A. flavus grew by 2.9 cm
in 24 hr on the PDA at room temperature (27±2
oC). The colony was olive green on the front
view (Figure 1A) while the reverse was light
yellow (Figure 1B). A. niger grew by 2.5 cm in 24
hr on PDA at room temperature. The colony
appeared white initially but quickly turned black
(Figure 1D) while the reverse was dirty white
(Figure 1E). G. candidum grew by 1.5 cm in 24
hr on PDA at room temperature. The colony was
concentric and white in colour on both the front
and the reverse (Figures 1G, H). L.
pseudotheobromae grew by 1.6 cm in 24 hr on
PDA at room temperature. The mycelium was
greyish-white on the front view but dark green
on the reverse (Figures 1 J, K). R. delemar
appeared white initially then became profuse
and fluffy and greyish black at maturity (Figures
1M, N). It covered the Petri-dish in 24-48 hr at
room temperature. The identities of the isolated
fungi were confirmed using the BLAST searches
as Aspergillus flavus, Aspergillus niger,
Lasiodioplodia
pseudotheobromae,
Galactomyces candidum and Rhizopus delemar
and their corresponding accession numbers
(Table 3).

Agroecological zone, Nigeria. They were,
Aspergillus
flavus,
Aspergillus
niger,
Lasiodioplodia
pseudotheobromae,
Galactomyces candidum and Rhizopus delemar.
The findings showed that all the organisms
isolated were widely distributed in the study
areas and caused reasonable measures of
rotting. This study is probably the first reported
study on the fungal flora associated with
postharvest rot of bitter yam in Nsukka
Agroecological zone. Studies on isolation of
such fungal organisms were only centre on other
more celebrated and popular yams in the likes of
white yam and water yam among others
(Ekundayo and Naqvi, 1972; Okigbo, 2003;
Ogunleye and Ayansola, 2014; Anwadike, 2018).
To our knowledge, the isolation of L.
pseudotheobromae from bitter yam tuber as a
postharvest rot fungus is rare and perhaps the
first report in bitter yam, though it has been
reported in China where it was found to be
pathogenic on Acacia confusa, Mangifera
sylvastica, Paulownia fortunei and Albizia
falcataria(Zhao et al., 2010). It was also reported
in China as causative agent of pedicel and
peduncle discolouration on grapes (Dissanayake
et al., 2015). Similarly, this seems to be the first
report of isolation of Galactomyces candidum
from a postharvest bitter yam tuber or even yam
tubers generally. The ability of this fungus (yeast)
to induce rots in bitter yam tuber is a strong

DISCUSSION
Five species of fungi were implicated with
postharvest rot of Bitter yam in Nsukka
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Figure 1: Culture plate photographs of isolated fungal organisms and induced rots by artificial inoculation. ABC, A. flavus on PDA (A,
front view; B, reverse view), and induced rot (C).DEF, A. niger on PDA (D,front view;E,reverse view), and induced rot (F). GHI,G.
candidum on PDA(G,front view; H, reverse view), and induced rot(I).JKL, L. pseudotheobromae on PDA(J, front view; K, reverse
view), and induced rot(L). MNO,R.delemar on PDA(M, front view; N, reverse view), induced rot(O).

indication of its importance in postharvest yam
rot generally. Meanwhile, Geotrichum candidum,
an anamorph of Galactomyces species (De
Hoog et al., 2000) has been implicated in
postharvest deterioration of fruits (Brown, 1979;
Bourret, 2013; Hafeez et al., 2015). Ademoh et
al. (2017) reported G. candidum as one of the
postharvest fungi associated with pepper fruits
in Kogi State, Nigeria. A. niger, A. flavus and R.
delemar have been widely reported as rot
agents by past workers (El-Shanshoury et al.,

2013;Ademoh et al., 2017).However, the
isolation of A. flavus is of greater concern given
the associated serious health risks due to
aflatoxin production by the fungus. Aflatoxins are
known carcinogenic and hepatotoxic agents
(Wild and Gong, 2010). Mycotoxins, when
consumed consistently even at low dosages can
induce delayed growth and development, cause
immune system malfunction and altered DNA
processes (Bryden, 2007).
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Table 3: GenBank accession numbers of Isolated fungi, their closest relatives and percentage similarities.

Isolated
Fungi

Accession Numbers
of isolated fungi

Percentage
Similarity

Closest relatives

Accession numbers
of closest relatives

A. flavus

MH279384

99.50

EU030335

A. niger
L.
pseudotheobromae
G. candidum

EU440768

99.4

KC492492
KT336518

99.20
92.50

R, delemar

MF445156

99.60

Aspergillus
oryzae
Aspergillus niger
Lasiodiplodia
theobromae
Galactomyces
geotrichum
Rhizopus oryzae

Concerted efforts should be put in place by
stakeholders to limit postharvest wastages
caused by bio-deterioration agents to ensure
food security and safety. Also, with serious
health implication is the identification of R.
delemar which belongs to the ubiquitous
members of Mucorales that have been linked to
mucormycosis with high death rate (Petrikkos et
al., 2012). Mucormycosis is an invasive mycosis
contracted when foods contaminated with the
pathogen are ingested by an individual (Ibrahim
et al., 2014). Anwadike (2018) reported that
seven fungal organisms may be responsible for
postharvest rot of water yam in Nsukka. They
were, Botryodiplodia theobromae, Aspergillus
niger, Aspergillus spp., Fusarium spp.,
Penicillium sp., and Trichoderma sp. It is
important to note that both intrinsic and extrinsic
properties that are particular to a food crop
variety influence the diversity of fungal
organisms that are associated with its
postharvest deterioration (Ogbo and Agu, 2014).
Another factor is the environment where crops
are cultivated, harvested and even the harvest
procedures.
Conclusion: This study reported fungi that are
responsible for postharvest deterioration of bitter
yam tubers in Nsukka Agroecological Zone and
highlighted possible health and economic
implications.
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