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ABSTRACT
Sustainable rice production requires an understanding of the effect of seed-borne
pathogens which account for significant yield losses annually.. Laboratory and pot
experiments were conducted to evaluate seed-borne fungi associated with paddy
and pathogenicity of isolates. Paddy rice of three upland varieties of New Rice for
Africa (NERICA), three lowland NERICA varieties and an Ofada local variety
were obtained from the West Africa Rice Development Agency, Ibadan and
Abeokuta and screened for seed-borne fungi using three seed health testing
methods: Washing test, Blotter and Agar plate. Pathogenicity test was conducted
on selected important isolates in a pot experiment laid out in a completely
randomized design with three replications in the screenhouse. Blotter was the most
effective isolation method with the highest number of twenty seven (27) isolates
and mean incidences ranging between 0.5±0.4% and 61.3±6.7%. Two (2) fungal
genera, Aspergillus and Rhizopus were the most prevalent fungi associated with
the rice varieties with mean incidences of 26.2±6.2 to 61.4±7.6. Twelve (12) fungal
species were isolated using the agar plate method, while washing test method was
the least effective in the isolation of seed-borne inocula associated with the seven
paddy rice varieties with six isolates. Drechslera oryzae was pathogenic amongst
the seven fungal species evaluated with the appearance of brown, discrete necrotic
spots on leaves of inoculated rice plants. Pathogenicity test confirmed Drechslera
oryzae as the causal organism of rice leaf spot disease in this study. The detection
of seed-borne inocula in paddy rice, in this study calls for timely preventive
measures to avoid huge yield losses among rice farmers due to these pathogens.
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INTRODUCTION
Nigeria is the largest rice producing
country in the West African region
(FAO, 2015). The major production
systems of the crop in the country
include upland rain-fed, inland shallow
swamp, Mangrove swamp, deep water
and lowland irrigated production
systems. Its domestic supply, therefore,
has a great implication for food security
and self-sufficiency in the country. Rice
is the leading staple food crop in
Nigeria. It is cultivated in virtually all
the agroecological zones of Nigeria,
from the mangrove swamp environment
of the coastal areas, to the dry zones of
the Sahel in the North (Akande, 2003).
In 2014, about 2.6 million hectares were
under rice cultivation in Nigeria with an
estimated national production of 5.4
million metric tons (Onu et al., 2015.
Seed is the primary basis of crop
production and is the most important
available input factor for smallholder
farmers (Biemond et al., 2012). In most
parts of the world, smallholder farmers
use their produced seed for next year
planting; consequently, they attempt to
stock their own produced seed for
several months to several years. These
seeds are often of poor quality, impure
and contaminated with pathogens
(Bishaw, 2004). Seed contamination of
pathogens during storage could reduce
seed vigour, germination, and cause
negative effect on appearance and

market value of seeds in addition to
accelerating seed deterioration; it can
also inhibit germination, transmission of
pathogen from seed to seedling or main
plant leading to reduction in crop yield
and threatened food security (Ray et al.,
2013).
Pathogens are the most important factor
which not only cause seed aging and
deterioration during storage, but also
seed and seedling rotting or abnormal
production of seedlings in nursery
(Nghiep and Gur, 2004). Several reports
indicated that the majority of these
pathogens that lead to the production of
abnormal seedlings are seed-borne fungi
(Ahmed et al., 2013). The rate of
damage of these fungi depends on their
genus and species, rate of density, plant
tissues
invaded,
environmental
conditions, cultivar susceptibility and
interaction of these factors on fungal
density (Archana and Prakash, 2013).
More than 100 species of fungi have
been identified on rice seeds till date.
However, their number depends on the
time of sampling, location, and crop
varieties and virulence (Gopalakrishnan
et al., 2010). Through an assessment of
rice seed contamination to different
seed-borne fungi, eight genera including
twelve species of fungi have been
reported and these include Alternaria
padwickii and Bipolaris oryzae with
53% and 59% disease severity
respectively (Gopalakrishnan et al.,
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2010).
Uma and Wesely (2014) identified seeds
contamination attributed to Aspergillus
flavus, A. niger, Penicillium citrinum,
Alternaria padwickii and Rhizopus
oryzae associated with stored rice. The
quality of used seeds in the
establishment of normal seedlings is
important and contamination of seeds by
seed-borne fungi during storage reduces
seed quality, seed germination and field
establishment. Rice farmers in Nigeria
are often constrained by seed rot and
poor germination in the field due to
microbial infection. These often result
in significant yield losses in the field,
during storage and non-availability of
healthy seeds for next season’s planting.
Therefore, this study evaluated the
contamination by seed-borne fungi
associated with rice, with a view to
suggesting appropriate management
strategies.
MATERIALS AND METHODS
Sources of varieties of seeds
Seven rice varieties comprising three
each of upland rice seeds and lowland
rice seeds were obtained from West
Africa Rice Development Association
(WARDA), Ibadan. The varieties of
upland and lowland paddy rice used for
the experiments were: New Rice for
Africa (NERICA) 1, 6, 8 (Upland),
while the lowland varieties were
NERICA 2. 3. 4 and a local paddy rice

variety (Ofada). A susceptible “winter
4” variety was also obtained for the
pathogenicity trial.
Sterilization of glassware and
inoculating chamber
All glassware used were thoroughly
washed with liquid detergent, rinsed in
running water and later in distilled water
before allowing them to drain and dry.
The Petri dishes were dried and
sterilized in a Gallenkamp oven at
160°C for 1 hour. The Laminar flow
hood was surface-sterilized by swabbing
with 70% ethanol. Thereafter, the
ultraviolet light (UV) was switched on
to inactivate microorganisms that might
be present in the chamber before
isolation and inoculation. After
inoculation, the UV light was again
switched on for 30 minutes to eliminate
any residual inoculum or contaminant.
Detection of seed Mycoflora
Three seed health test methods were
used to assess the mycoflora associated
with paddy rice varieties.They were the,
Washing test, Blotter, and Agar plating.
Washing test
Five millilitres of sterile distilled water
were added to 50 g of rice seeds of each
variety in a sterile beaker and shaken
manually for 10 minutes. The washings
were decanted and poured into
centrifuge tubes; these were centrifuged
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at 300 rpm for 15 minutes. The
supernatant was discarded and pellets
obtained were re-suspended in 1 ml
sterile distilled water. A drop of each
sample taken with a dropper was placed
on clean slides, stained with lactophenol
cotton blue and covered with glass slips.
Each slide was observed under the
compound microscope using an oil
immersion objective lens with x40
magnification for fungal structures. The
procedure was repeated twice for each
variety and brand. All associated fungi
were identified on the basis of
morphological characteristics of typical
structures such as spores or conidia and
hyphae with reference to standard and
mycological charts (Barnett and Hunter
1998).
Blotter incubation method
The blotter paper was made up of three
layers of sterilized 9-cm diameter
Whatman filter paper No.4 soaked in
sterile distilled water. Moistened filter
papers were placed aseptically in
disposable Petri dishes using flamed
forceps. Ten non-surface sterilized seeds
of each variety of paddy rice were placed
in each Petri dish and replicated three
times, in a completely randomized
design. The Petri dishes were incubated
at 28-30°C for 7 days in a Gallenkamp
incubator. The blotter paper substrate
inoculated with rice seeds was observed
for microbial growth under the

compound microscope at four days after
inoculation. The number of seeds in each
variety with microbial growth were
counted and recorded and the number of
microbial colony on the seeds was also
estimated.
Agar Plate Method
Potato Dextrose Agar (PDA) prepared
from freshly harvested Irish potatoes
was used. Tubers weighing 200 g were
peeled, cut into pieces and boiled in
1000 ml flask of distilled water until
soft. The broth was sieved through a
double-layered cheese cloth. Ten
grammes of D-glucose and 20 g of agar
were added to the potato filterate. A
rotary hot plate was used to heat and
dissolve the filterate thoroughly which
was later poured in into a flask and
distilled water was added to make 1 litre.
Thereafter, 100 ml of the melted agar
medium was dispensed into 250 ml
Erlenmeyer conical flasks corked with
non-absorbent cotton wool. The PDA
medium was then autoclaved for 15
minutes at a temperature of 121ºC
(1.05kg/cm3). The medium was then
cooled to 45ºC and 15 ml of it was
dispensed into disposable sterile Petri
dishes in the Laminar flow hood prior to
inoculation
Ten non-surface-sterilized seeds of each
variety of paddy rice were placed in each
Petri dish and replicated three times.
This was carried out in a sterile
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inoculating chamber, using flamed
inoculating needle and microbial growth
from each seed observed were subcultured on freshly prepared PDA. The
plates were labelled and taped around
the edges with the masking tape and
placed in Gallenkamp incubator in
inverted position at 28°C-30°C for seven
days to allow substantial sporulation of
isolates. Morphological and fruiting
structures of pure fungal cultures were
observed under a compound microscope
for identification purpose.
Incidence of seed-borne fungi was
calculated by expressing the number of
times a fungus was isolated as a
percentage of the total number of fungi
(Dania et al., 2015).

sterilized soil and later thinned to two
per hole. Six foliar pathogens,
Drechsclera oryzae, Corynespora
casiicola, Diplodia sp., Alternaria
alternata, Colletotrichum spp. and
Curvularia sp. that were isolated from
rice seeds in this study were evaluated.
Inoculum was prepared using serial
dilution. Rice plants were inoculated at
three weeks after sowing with an
inoculum concentration of 10-6 cfu/ml.
Leaves were observed for symptoms at
two weeks after inoculation Leaves of
symptomatic rice plants were cut and
taken to the laboratory for culturing on
potato dextrose agar medium to isolate
infecting fungi prior to identification
using a compound microscope and
following standard procedures (Barnett
Pathogenicity of fungal isolates
and Hunter, 1998). Reinoculation of
The experiment was a completely isolated fungi was done in order to
randomized
design
with
three satisfy
Koch’s
postulates
for
replications. Sandy-loam top soil was pathogenicity of causal organism.
obtained from a depth of 0 - 15 cm and
sterilized in an electrical sterilizer at Data analysis
170°C for four hours. It was stirred All data were analysed with analysis of
several times for even distribution of variance and means separated with
heat until the steam was expelled and the Duncan’s Multiple Range Test (DMRT)
soil dried up. The soil was allowed to at 5% level of probability using
cool and later transferred into surface- Statistical Analysis Software (SAS)
sterilized 20 cm diameter plastic pots package (SAS 1999).
and sterilized soil in pots was kept in the
screen house.
RESULTS
Five seeds of a susceptible “Winter 4” Twenty-seven fungal species were
rice variety were sown in each 20 cm isolated and identified from seven paddy
diameter plastic pot filled with 5 kg of rice varieties using the blotter incubation
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method with mean incidences varying
between 0.5% and 61.3% (Table 1).
Aspergillus flavus and Rhizopus
nigricans were isolated from all the
varieties that were screened and had
incidences that varied from 46.6-96.6%
and 3.3-46.6% across all varieties
respectively Incidentally, both fungi had
the highest mean incidences of 61.4%
and 26.2% respectively.
Fusarium verticillioides was isolated
from six of the seven varieties that were
screened for infecting fungi and had
percentage incidence ranged between
3.3% 46.7% across the rice varieties
with an overall incidence of 18.1%.
Curvularia lunata, Drechsclera oryzae
and Rhizoctonia solani were isolated
from five of the seven varieties with
mean incidences of 14.3, 8.1 and 6.2%
respectively. There was, however, five
fungal
species,
Colletotrichum
graminicola, Fusarium solani, P.
capsulatum, P. chrysogenum and
Botryodiplodia theobromae with low
prevalence that were isolated from only
one of screened the seven varieties.
Fourteen different species of seed-borne
fungi were associated with Nerica 2
variety, while seven fungal species were
prevalent on Nerica 2.
Twelve fungal species of seed-borne
fungi were associated with the seven
paddy rice varieties using the agar plate
method of isolation (Table 2).
Aspergillus species were the most

amongst fungi, isolated using this
method with mean incidences that varied
between 4.3-19.1%. Aspergillus flavus
and A. niger, A. fumigatus and A.
tamarii were isolated from five of the
seven varieties with mean incidences bet
5.8% and 19.1%%. Aspergillus flavus
was the most was the most predominant
fungus, while Fusarium spp. had the
least incidence of 0.5%, occurring in
only in Nerica 3 varieties. Lasiodiplodia
theobomae, Trichoderma spp. and
Colletotrichum spp. were associated
with only two of the seven rice varieties
with low prevalence. Nine of the twelve
isolates were associated with the Nerica
2 variety compared to the other varieties,
while Nerica 3, 6 and 8 were each
contaminated by only three of the
invading fungi. Six fungal species were
isolated from seven paddy rice varieties
using the washing test method (Table 3).
Aspergillus species was the most
predominant among the fungal isolates
with mean incidence of 22.3%. It was
the only fungal species that was
associated with all the seven rice
varieties evaluated. This was followed
by Rhizopus nigricans which was
associated with five of the seven test
varieties with an incidence of 7.8%.
Five of the six isolates were associated
with Nerica 1 rice variety, while only
two isolates, Penicillium and Aspergillus
species where isolated from Nerica 4
variety.
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Table 2. Percent incidence of fungi identified using agar plating of seven varieties of paddy rice
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Table 3. Percent incidence of fungi identified using washing test of seven varieties of paddy rice

Nigerian Journal of Mycology Vol. 11 (2019)

54

George, Dania & Ikotun

Evaluation of rice plants in the pot
experiment for disease symptoms
showed the presence of self-limiting
brown necrotic spots on infected leaves
(Plate 1). Isolation of infecting fungus
on PDA and identification using a
compound microscope showed typical
morphological characteristics of the
conidia of Drechslera oryzae (Plate 2).
Pathogenicity test based on Koch’s
postulates also confirmed the pathogen
as the causal organism of leaf spot
disease of rice in this study.
DISCUSSION
Seed quality is very essential in
determining the fate of harvested
cereals, storability during off-season
periods and their ultimate availability for
planting in the next cropping year. Rice
is often prone to infection by seed-borne
fungi at harvest due to its high moisture
content which enhances biodeterioration
in terms of quality reduction, decreased
viability and germination potential of
seeds. The ability of seed-borne fungi to
cause disease is determined by the type
of pathogen in relation to the growth
environment. Three fungal genera,
Aspergillus, Rhizopus and Fusarium
were the most predominant seed-borne
pathogens associated with paddy rice
from the three different incubation
regimes. This result is consistent with
the findings of Umar and Wesley (2013)
that implicated Rhizopus oryzae in the

post-harvest biodeterioration of paddy
rice. Several reports had implicated
Aspergillus and Fusarium species in the
decay of cereals and pulses (Habib et al.,
2012; Dania and Arabambi, 2015;
Taylor and Ngaujah 2016). These
pathogens have also been reported to
reduce seed germination and ultimate
rice yield in Nigeria and other producing
countries (Monajjem et al., 2014). The
prevalence of fungi varied with respect
to the method of seed incubation used.
The highest number of fungal species
was associated with paddy rice that were
incubated using blotter compared to the
PDA and washing test methods. This
result, however, contradicts previous
findings of Habib et al.(2012) that
reported higher incidence of seed-borne
fungi incubated on PDA to be higher
than blotter method.
Post-harvest losses in rice may also
be due to other extraneous indices such
as susceptibility of the crop, virulence
of the pathogen, moisture content of the
grain and pre-harvest handling (Ihejirika
2007; Karami et al., 2014). Also, the
differences in the degree of infection
among rice varieties may be due to
genetic variability of the grains. The
amount of moisture content available in
the grains has significant influence on
biodeterioration of harvested cereals. It
has been reported that seeds stored at
cold temperatures under freezing
conditions maintain acceptable moisture
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content which translates to lower
microbial load (Dania and Arabambi,
2015). On the contrary, storage at room
temperature results in moisture
fluctuation which enhances spoilage by
fungal pathogens. The washing test had
the least number of fungal isolates in the
overall assessment relative to the blotter
and PDA methods. This could be
attributed to the milling process and
subsequent decantation which may have
led to loss of seed-borne inocula. Brown
leaf spot caused by Drechslera oryzae
was observed on rice plants in the
pathogenicity experiment. This disease
affects the host plant through the
destruction of leaf tissues which occurs
as a result of breakdown of chlorophyll,
inhibition of chlorophyll synthesis or
reduction of quantity of chloroplast
which consequently leads to decrease in
amount of photosynthesizing tissues
(Agrios, 2005). Increase in respiration
rate of infected plants which is brought
about by uncoupling of oxidative
phosphorylation inhibits optimum
growth and development of the affected
plants which results in the lose of some
storage organs and the inability to
produce storage structures such as seeds
(Mehotra and Aggarawal, 2004).
Pathogens causing these diseases alter
the cell permeability by releasing toxins
and enzymes that result to loss of
electrolytes and degradation of lipid or
protein components of the cell

membrane. When these diseases occur,
plants cannot perform their normal
physiological functions, loss of vigour
and invariably, crop yield is affected.
Seed-borne pathogens often serve as
barriers to seed movement. Therefore,
research on seed-borne pathogens
should focus on developing methods for
accurate and reliable detection of
pathogens on or in the seed. Many
importing countries need seed health
information to determine whether the
seed carries targeted pathogens
important to quarantine. Without
epidemiological data on the disease that
the pathogen causes, it would be difficult
to establish the standard and level of
importance of the disease.
CONCLUSION
This study shows the occurrence of
seed-borne fungi in rice, which
ultimately affects viability, germination
potential and yield of the crop. Seedborne inocula is a very crucial factor in
disease establishment on the field as
these pathogens are frequently involved
in a vicious cycle of field-to-store and
store-to-field. A comprehensive seed
health testing or quarantine is, therefore,
recommended to save the famers’
precious seeds for next season’s planting
in order to guarantee food sustainability
and availability.
In conclusion, the present study
demonstrates that Annona muricata has
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some antifungal activity against human
Pure and Applied Microbiolology
pathogenic fungi. This result thus
3: 25-29.
provides the rational for the continued Barnett, H.L. and Hunter, B.B. (1998).
use of the plant in traditional folklore
Illustrated Genera of Imperfecti
medicine. This review is hoped to be a
Fungi Minneapolis: Burgess
source of enlightenment and motivation
publishing Co. 218pp.
for researchers to further perform in vivo Biemond, P.C., Stomph, T.J., Kamara,
chemical investigations on the biological
A., Abdoulaye, T. and Hearne, S.
activities of A. muricata to gain insight
(2012). Are investments in an
into developing new agricultural and
informal seed system for cowpea a
pharmaceutical agents. The use of this
worthwhile
endeavour?
plant parts is validated scientifically.
International Journal of Plant
Production 6: 367-386.
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