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ABSTRACT
Rice blast disease caused by the fungus, Magnaporthe  oryzae, is one of the
major fungal diseases affecting rice (Oryza sativa) cultivation. The resistance of
this fungus to fungicides is imperative as the presence of fungicide resistant
strains (biotypes) has been associated with control failure, therefore managing
resistance is critical to disease control. This study was carried out to evaluate the
in vitro fungicidal resistance among the strains of M. oryzae found in  rice fields
in Niger State. The blast infested leaves, stems and panicles of rice plants were
collected in November, 2015 from five farmers’ field located in Gbako, Katcha
and Lavun Local Government Areas in Niger state, Nigeria. Isolation of the
pathogen was carried out on Potato Dextrose Agar (PDA) and the fungicidal
sensitivity test of the isolates was conducted in PDA amended with Mancozeb
and Benomyl fungicides. Ten M. oryzae strains designated as MOR001- 0010
were isolated from all the samples collected and exposed to both fungicides
(Mancozeb and Benomyl). Out of these, five strains (MOR001, MOR002,
MOR004, MOR005 and MOR008) were resistant to mancozeb with varying
percentage inhibitions (91.67, 45.45, 84.13, 86.67 and 83.88% respectively)
while three isolates (MOR004, MOR005 and MOR010) were resistant to
benomyl with varying percentage inhibition (85.25, 91.67 and 75.00%
respectively). However, isolates MOR004 and MOR005 were resistant to both
fungicides (84.13% and 86.67% in mancozeb while 85.25% and 91.67% in
benomyl respectively). Molecular evaluation is recommended to actualise the
relationship between the ten strains because species within the same fungal genus
may respond differently to certain fungicides.
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INTRODUCTION
In the world’s major rice growing

areas, reduction in production, is
caused by  rice blast disease caused by
Magnaporthe oryzae. However, M.
oryzae remains a particular threat
because of its unpredictable outbreaks
as well as resistance to fungicidal
treatment. Rice blast pathogen
(Magnaporthe oryzae) remains the
most devastating agent causing serious
damage to upland rice in Nigeria. It is
the most important disease of rice
worldwide and amajor threat to food
security. Magnaporthe oryzae (syn
Pyricularia oryzae) the rice blast
pathogen, is a filamentous, haploid
heterothallic fungus belonging to the
phylum Ascomycota (Gilbert et al.,
2004). Rice blast is an infectious fungal
disease   that prevails in more than 85
countries of the world causing more
than 14-18% yield losses (Scardaci et
al., 1997; Mew and Gonzales, 2002;
Jamal-U-deen et al., 2012). Heavy
yield losses have been reported in
many rice growing countries like India
(75%), Phillipines(50%), Nigeria(40%)
and also  in other West African contries
(Ghazanfar et al., 2009).. The fungus
attacks all stages of the crop and
symptoms appears on leaves, nodes,
neck and panicle (Seebold et al., 2004;
Ghazanfar  et al., 2009). Blast occurs
in upland and rainfed rice ecologies
because water deficiency predisposes

the rice field to severe infection in all
environments. In the past, several
fungicides have been employed in the
control of fungal disease of rice and
other crops. Agrochemical like Benlate,
bavistin, apron plus 50 DS, femasan-D
and Dithane M-45 were used to control
a number of diseases caused by fungal
pathogens of rice. However, new and
potentially virulent species of the
fungal pathogens are being discovered
every day (Ibiam et al., 2008).

Newer melanin biosynthesis
inhibitors such as carpropamid
(Motoyama et al., 1999; Thieron et al.,
1999) or broad spectrum fungicides
like azoxystrobulin (strobilunin) (Lee
and Beaty, 1999) have gained much
patronage as a result of their mode of
action and effectiveness  particularly
for resistance management.

Fungicide resistance is a stable,
inheritable adjustment by fungus to a
fungicide, resulting in reduced
effectiveness of the fungicides. The
presences of different strains of this
pathogen leading to frequent resistant
to fungicides, has called for a great
concern on the biology of M. oryzae.
Understanding biology of fungicide
resistance is critical for insuring
sustainable disease control with
fungicide. However, the information
available about the different strains of
the pathogen in the study area is not
adequate.
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Thus the aim and objectives of this
study are to isolate different strains of
M. oryzae from the infested leaves,
stem and panicle of rice plants and
evaluate the in vitro resistance patterns
of strains in different concentrations of
mancozeb and benomyl.

MATERIALS AND METHODS

Collection of Materials
Blast infested leaves of rice were

collected into labelled polythene bags
from five farmer’s field in Edozhigi,
Chanchaga, Kataeregi, Busu and Agaie
across Gbako, Katcha and Lavun Local
Governments in Niger State, Nigeria
(N9o.06’26.79  E5o.51’43.49; N9o21’40.82
E6o.17’18.89 and N9o02’28.11
E6o01’30.31 respectively). The samples
were for further studies.  Mancozeb
(Dithane M45) and Benomyl (Benlate
WP 50) were purchased from
Agrochemical shops in Minna, Niger
State.

Isolation of fungal pathogen
The blast infected leaves were

sterilized in mercuric chloride (0.01%)
and 5 discs  taken from the periphery
of necrotic regions were placed on
Potato Dextrose Agar (PDA), to which
streptomycin (50 μg /m L) has been
added to suppress bacterial growth and
incubated at 28+2OC for 3 days. Pure
culture of the isolate was obtained by

picking a single conidium with a sterile
needle under microscopic observation,
transferred individually to PDA plates
and incubated at ambient temperature
(Gomathinayagam et al., 2011). The
fungal isolates were identified using
the fungal family of the world
mycological monograph and stored on
PDA slants at 4oC. Subculturing was
made at regular intervals unto fresh
culture media.

Pathogenicity test
The rice seed variety FARO 52 that

was used for pathogenicity test was
collected from National Cereal
Research Institute (NCRI) Badeggi,
Niger State, Nigeria. Pathogenicity of
M. oryzae was tested on healthy rice
plants grown in the greenhouse. Forty
five days old FARO 52 rice plants were
sprayed with mycelial suspension
(105spore/ml) of the strains of pathogen
(M. oryzae) (10ml/pot) by means of
automizer. The plants were
individually covered with polythene
bags to provide adequate humidity. The
inoculated plants were observed after
7 days for characteristic symptoms of
blast (Subramanian et al., 2013).

Sensitivity of M. oryzae in PDA
amended with fungicides

Sensitivity of the pathogen to
fungicides was tested using poison
food technique (Subramania et al.,
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2013). Two (2) mm mycelia discs were
inoculated at the centre of the Petri dish
containing PDA amended with
different concentrations of the
fungicides (i.e. 1.0, 1.5, 2.0, 2.5,
3.0mg/ml) and unamended as control.
Three replicates were maintained for
each treatment, and incubated for 3
days.  The diameter of mycelial growth
was measured and percentage
inhibition was calculated using:

R1-R2 X 100 %
   R1

(R1=radial growth in control,
R2=radial growth in amended media)
(Adebola and Amadi 2012) The ED75

was determined by
plotting percentage inhibition of the

growth against log concentration of the
fungicides (Wei-Jen et al., 2007;
Gomathinayagam et al., 2011)

RESULTS

Isolated Pathogens
A total of ten M. oryzae strains

(Table 1) were isolated from all the
samples collected from the five  sites
(Edozhigi, Badeggi, Kataeregi, Bussu
and Agaie farmer’s field).  The
conidium of the fungi was typically
pyriform with rounded base, narrowed
apex and 2-3 septate. The mycelia were
highly branched, septate, superficial,
bearing conidia at the tip and bunch at
the side of the conidiophores, The

conidiophores of the isolates were
slender, straight grayish white to grayish
black, smooth bearing clusters of conidia
which are typically of pyriform and 2-3
septate.  The result of the pathogenicity
test revealed that all the strains isolated
are causative organisms of rice blast.

Sensitivity of fungal pathogen to
fungicides on PDA

The results on the sensitivity test
(Table 2 and 3) on solid medium
revealed that out of the ten M. oryzae
subjected to different concentration of
Mancozeb (Table 2), Five (“MOR003”
“MOR006”, “MOR007”, “MOR009”
and “MOR010”)  were completely
susceptible to the fungicide with 100%
inhibition of radial growth and were
significantly different from the
remaining five (P<0.05). The most
resistant isolates was MOR002 whose
percentage inhibition of the radial
growth varied between 36.36% and
45.45% in all the concentrations it was
exposed. The percentage inhibition of all
the resistant strains (MOR001, MOR002,
MOR004, MOR005 and MOR008) were
significantly different at (P<0.05). The
ED75 (Effective dose required to achieve
75% mortality of the pathogen) for these
five isolates was greater 3.0mg/ml.
However, at 2.0mg/ml; the manufacturer’s
specification, only MOR002 was less
susceptible and significantly different
(P<0.05) with 45.45% inhibition. Other
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isolates were between 79.36-100%
inhibitions.

The results of susceptibility of the ten
isolates in Benomyl on solid medium
(Table 3) revealed that three of the
isolates (MOR004, MOR005 and
MOR010) were resistant to fungicides
at various concentrations. The most
resistant isolates was MOR004 with
percentage radial growth inhibition
between 52.28 and 85.25% which was
significantly different (P<0.05) from
other isolates. The ED75 (Effective dose
required to achieve 75% mortality of the
pathogen) for these three isolates were
greater than 3.0mg/ml. At
manufacturer’s specified concentration
(2.0mg/ml), the percentage inhibition
was generally high.

DISCUSSION
Fungicide treatments are essential

for maintaining healthy crops and
reliable, high-quality yields. They form
a key component of integrated crop
management, and their effectiveness
must be sustained as long as possible.
Pathogen resistance to fungicides is
wide spread and the performance has
been affected to some degree.
Therefore, monitoring of resistance is
very important

The results on the sensitivity of M.
oryzae to both fungicides showed that
the percentage inhibition of mycelia
growth of the resistant isolates ranges
from 52.38% to 93.75% across the
different concentration of benomyl.
Seventy percent (70%) of the isolates
were completely sensitive while 30%
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Table 2: Growth inhibition M. oryzae at different concentrations of
Mancozeb (Dithane M45)

Values followed by the same alphabet are not significantly different at P<0.05.
Duncan multiple range test was use for mean separation

Table 3; Growth inhibition M. oryzae at different concentrations of Benomyl
(Benlate 50WP)

Values followed by the same alphabet are not significantly different at P<0.05.
Duncan multiple range test was use for mean separation
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were resistance at ED75 of greater than
3.0mg a.i/ml. In different
concentrations of mancozeb, the
percentage inhibition of mycelia
growth ranges from 36.36% to
91.67%. Fifty percent (50%) of the
isolates were totally sensitive while
50% were resistance. The results was
in agreement with Nithyameenakshi et
al. (2006); Gholve et al. (2012) and
Bhojyanai and Jamadar (2014); who
separately reported that systemic
fungicides (Tricyclazole, Benomyl,
Carbendazim) were very efficient in
inhibiting the mycelial growth of P.
grisea in vitro as compared to non-
systemic fungicide (Mancozeb,
Captan), and at higher concentration
of mancozeb (Dithane M45), about
52% of the fungi germinate with 48%
inhibition. However, among the five
fungicide used against M. Oryzae only
Mancozeb appears as highly effective
which completely inhibit mycelia
growth of the organism (Jamal –u-deen
et al., 2012).

The results also showed that only
two isolates “MOR004 and MOR005”
completely resist both fungicides,
probably as a result of change in the
genetic makeup over time. When
fungicide resistance results from
modification of several interacting
genes, pathogen isolates exhibit a
range in sensitivity to the fungicide
depending on the number of gene

changes.   It may also be as a result of
continuous application of these
fungicides or cross resistance as
reported earlier by Igeleke and Ayanru
(2007). From this research, the
resistance frequency of M. oryzae to
Mancozeb, which has been in used for
many years, was as high as 50%. This
might be attributed to development of
cross-resistance to Mancozeb and
corroborated the report of Kumar et al.
(2013). Therefore in other to ascertain
the reason for their resistance, molecular
evaluation is recommended to actualise
the relationship between the ten strains
because a change in base pair of DNA
can render the fungicide less effective
or ineffective and species within the
same genus of fungi may respond
differently to certain fungicides.

CONCLUSION
From this study, ten strains of rice

blast pathogen (M. oryzae) were
isolated from blast infested leaves, stem
and panicle of rice. The results of
pathogenicity confirmed that all isolated
M. oryzae are causative organisms of
rice blast disease

Evaluation of the sensitivity or
resistance of the M. oryzae in media
amended with mancozeb and benomyl
showed that isolates MOR004 and
MOR005 were completely resistant to
both fungicides.
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