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Abstract
Rice blast disease resulting from infected rice seed can be avoided by using treated seeds. Seed treatment using chemical
fungicide has many limitations such as development of resistance to pathogens, damage to the natural environment and the
health of farmers and consumers. Such limitations have raised the need for alternative non-chemical seed treatment methods such
as antagonist microbial agent and hot water. Laboratory and the screen house experiment were carried out with the aim of
evaluating the efficacy of Trichoderma asperellum, Bacillus subtilis and hot water (50°C/15 min) seed treatments against rice
blast disease inocula on rice seeds. The results showed that, seeds treated with microbial pesticide (T. asperellum, B. subtilis) and
hot water reduced the percentage of infected rice seeds by 4.3 to 52.7% relative to non-treated seeds. The germination percent
and seedling vigour index increased from 17.1 % to 12.3 %. Rice seeds treated with B. subtilis reduced the incidence and severity of
rice blast disease from 10% to 72.4 %. Seed treatment using B. subtilis followed by T. asperellum were the best in reducing the
number of infected seeds and rice blast disease incidence and severity on rice seedlings. Therefore, the use of these microbial
agents has a potential for effective management of rice blast disease.
Key words: Bacillus subtilis, hot water, Pyricularia oryzae, Seed treatment, Trichoderma asperellum.
Abbreviations: RBD_ rice blast disease, PDA_ potato dextrose agar, CRD_ completely randomized design, Vi _ vigor index, RL_ root
length, SL_ shoot length, GP_ germination percentage.
on contaminated rice seeds are transmitted to newly
formed leaves and roots during seed germination (FaivreIntroduction
Rampant, 2013). Rice blast disease resulting from infested
and infected rice seeds can be avoided by using treated
Rice is the second crop after maize in world production
seeds. Currently, seed treatment using chemical fungicide
(FAOSTAT, 2014). It is a staple food security crop of
has resulted into many limitations such as development of
economic importance in Asian and many African countries
resistance to pathogens, damage to the natural
(FAO, 2017). Some of the diseases affecting rice production
environment as well as the health of farmers and consumers
include rice blast disease (RBD) caused by Pyricularia
(Burgess, 1997; Birgit Jensen, 2000). Such effects have raised
oryzae Cav. The disease is the main constraint to rice
the need for alternative non-chemical seed treatment
production worldwide (Kihoro et al., 2013; Aravindan et
methods such as antagonist microbial agent and hot water.
al., 2016; Mgonja et al., 2016). In the absence of control
Hot water seed treatment has been used successfully on
measures and where susceptible cultivars are grown, P.
different vegetable crops against different pathogens
oryzae can cause yield losses ranging from 60% to 100%
(Nega et al., 2003; du Toit and Hernandez-Perez, 2005;
(Kihoro et al., 2013; Aravindan et al., 2016). When P.
Mtui et al., 2010; Koch and Roberts, 2014). Microbial seed
oryzae infects rice plants in the field at the reproductive
treatment has been reported to control seed-borne
stage (flowering and mature panicles) infested rice seeds
pathogens and provide protection against soil-borne
are produce (Faivre-Rampant, 2013). When used for
pathogens (Chung et al., 2008; Raaijmakers et al., 2009;
planting infected seeds act as the primary source of
Goudjal et al., 2014). However, there are few reports
inocula resulting into poor germination and abnormal
showing application of hot water and microbial seed
seedlings (Imolehin, 1983; Webster, 2000; Long et al.,
treatment for management of RBD (Faruq et al., 2015).
2001; Faivre-Rampant, 2013). Spores of P. oryzae produced
Several studies on alternative management methods of RBD
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have focused mainly on folia application of microbial agents
(Jayaraj et al., 2004; Kumar et al., 2012; Singh et al., 2012).
The present study therefore was undertaken in order to
test the efficacy of Trichoderma asperellum, Bacillus subtilis
and hot water seed treatment for reduction of rice blast
inocula on rice seeds.

controlling rice blast disease has previously been
documented (Shan et al., 2013; Meng et al., 2015). In this
study, seeds treated with microbial pesticides and hot water
reduced the percentage of P. oryzae infected rice seeds by
4.3 to 52.7% compared to the negative control. This implies
that the two microbial pesticides and hot treatments were
effective in reducing P. oryzae inocula on rice seeds.
The germination of rice seeds treated with B. subtilis
significantly increased by 17.1 % followed by seeds treated
with T. asperellum (14.0 %) and hot water treatment (7.1 %)
(Table 1). Some of the rice seeds died due to blast disease
establishment on emerging coleoptiles and primary roots. A
significantly low (P < 0.01) percentage of dead seeds were
observed on rice seeds treated with B. subtilis and Apron
star. Previous study, Faivre-Rampant (2013) indicated that
dead seeds and seedlings in the soil were the source of P.
oryzae infecting healthy seedlings. This indicates that rice
seed treatment can reduce the percentage of dead seeds
which may act as primary source of inocula for blast disease.
A significant increase in seedling vigour index (> 12.3%, P ≤
0.016) was found on rice seeds treated with B. subtilis and T.
asperellum (Table 1). The increased rice seedling vigour
index may be attributed by increase in germination
percentage in rice seeds treated with B. subtilis and T.
asperellum (Table 1). The fungicide Apron star was also
found to increase rice seedling vigour index (12.9 %, P ≤
0.016. The effects of growth promoting and antifungal
activity of microbial agents has been reported to increase
seedling vigour index (Andresen et al., 2015). The increased
seedling vigour index on B. subtilis and T. asperellum treated
seeds can be partly caused by antifungal activity and growth
promoting effect of these microbial agents. Trichoderma
spp. and B. subtilis have been reported to induce growth of
young rice seedlings (Ali and Nadarajah, 2014).
A significantly lower (P < 0.001) incidence and severity of
rice blast disease was observed on microbial and hot water
seed treatments (Table 2). Together, B. subtilis, T.
asperellum, hot water and Apron star were significantly (P <
0.001) more effective in reducing the incidence and severity
of rice blast disease on rice seedlings than the control. This
implies that treating rice seeds with microbial and hot water
reduced rice blast disease on young rice seedlings. Roumen
et al. (1992) and Faivre-Rampant (2013) indicated that
young rice seedlings were more susceptible to blast disease
than older rice plants. All rice seeds treatments used in this
study reduced blast disease on rice seedlings.

Results
Effects of seed treatments on infected rice seeds
Results showed that rice seeds treated with B. subtilis, T.
asperellum, Apron star and hot water gave similar
percentage of infected seeds detected in both blotter and
PDA plating techniques (Figures 1, 2 and 3). The percentage
of infected rice seeds on bio-pesticide and hot water treated
seeds were significantly lower (P ≤ 0.05) than the negative
control.
Effects of seed treatments on seed germination and
seedling performance
Results indicated that there were significant differences (P ≤
0.05) between treatments in rice seed germination and
performance of seedlings (Table 1). The highest germination
was recorded when the seeds were treated with Bacillus
subtilis (98%) followed by Apron star® (94.9%), hot water
(87%) treatment and the control (80.9%). There were
significant differences (P ≤ 0.05) between treatments in the
number of normal and abnormal seedlings, percent of dead
seeds, root length and seedling vigour index. Treatment of
rice seeds with B. subtilis, T. asperellum, Apron star and hot
water gave similar results for root length and seedling
vigour. Higher levels of dead seeds were observed in hot
water treated rice seeds and the control than in rice seeds
treated with B. subtilis, T. asperellum and Apron star (Table
1).
Seedling emergence and rice blast disease incidence and
severity
Significant differences (P ≤ 0.05) were observed among
seeds treated with microbial agents, hot water treatment,
Apron Star and the negative control on disease incidence
and severity (Table 2). Rice seeds treated with B. subtilis, T.
asperellum, Apron star and hot water significantly reduced
disease incidence and severity compared to the control
(Table 2).

Materials and methods

Discussion

Plant materials

Seed treatment has been reported to reduce the population
of the target pathogen on the seeds. The percentage of rice
seeds infected with P. oryzae detected using the blotter and
PDA methods were similar where B. subtilis, T. asperellum,
hot water and Apron star seed treatments were used (Figure
1 and 2). However, the application of B. subtilis and Apron
star on infected rice seed were more effective in reducing
the percentage of infected seeds detected than T.
asperellum and hot water treatments (Figure 1 and 2).
Similar effect of Bacillus spp and chemical fungicide on

Rice genotype (Supa) which is susceptible to rice blast
disease was used (Chuwa et al., 2015). The genotype was
obtained from the International Rice Research Institute,
Dakawa, Morogoro, Tanzania.
Location and treatments
The experiment was conducted in the laboratory and screen
house at the African Seed Health Centre, Sokoine University
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Table 1. Analysis of seed germination and seedling morphology after 10 days following seed treatment with Trichoderma asperellum, Bacillus subtilis and hot water.
Treatments
Germination (%)
Seedling performance
Dead seeds
Root length
Shoot length
Seedling vigour
(%)
(cm)
(cm)
index
Normal seedlings
Abnormal
(%)
seedlings (%)
Trichoderma asperellum
94.9 bc
76.2 b
23.8 a
3.5 ab
15.2 b
12.3 a
126.5 b
Bacillus subtilis
98.0 c
82.8 b
17.2 a
1.0 a
14.6 b
12.5 a
126.1 b
Hot water
87.0 ab
58.8 ab
41.2 ab
12.8 bc
14.2 ab
11.8 a
122.1 ab
Apron Star®
98.0 c
79.6 b
18.6 a
0.5 a
15.0 b
12.7 a
126.7 b
Negatives control
80.9 a
33.5 a
64.1 b
18.7 c
12.4 a
9.3 a
113.8 a
P value
<.001
<.001
<.001
<.001
0.005
0.091
0.016
Mean
91.8
66.2
32.9
7.3
14.3
12.3
127.4
C.V
2.3
15.4
23.5
47.9
6.5
15.1
4.3
SE +/0.22
0.15
0.14
1.09
0.93
1.77
5.32
C.V = Coefficient of variation, S.E = Standard error of mean
Means on the same column followed by different letters are significantly different according to Tukey’s test at P < 0.05.

Fig 1. Effect of seed treatments on percentage of Pyricularia oryzae infected rice seeds detected using the Blotter test. Bar values are means ± standard error of means. Means with the same
letters are not significantly different according to Tukey’s HSD test at P < 0.05.
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Table 2. Effects of seed treatment on seedling emergence, rice blast disease incidence and severity under screen house conditions.
Treatments
Emergence
RBD incidence (%) RBD severity (%)
(%)
Trichoderma asperellum
99.0 a
15.1 a
5.6 a
Bacillus subtilis
99.0 a
12.9 a
4.5 a
Hot water
95.9 a
17.7 a
5.6 a
Apron Star
99.0 a
14.4 a
5.0 a
Negative control
91.9 a
98.1 b
15.7 b
P value
0.196
<0.001
<0.001
Mean
97
31.6
7.3
C.V
2.5
17.0
23.3
SE +/0.24
0.10
1.69
RBD = Rice blast disease, C.V = Coefficient of variation, S.E = Standard error of meanMeans on the same column followed by the same letters are not significantly different according to Tukey’s test at P < 0.05.

Fig 2: Effect of seed treatments on percentage of Pyricularia oryzae infected rice seeds detected using the Potato Dextrose Agar test. Bar values are means ± standard error of means. Means
with the same letters are not significantly different according to Tukey’s HSD test at P < 0.05.
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of Agriculture, Morogoro, Tanzania. Commercial microbial
pesticides (Trichoderma asperellum and Bacillus subtilis)
were obtained from Real IPM Pvt., Nairobi, Kenya. Apron
Star®
(20%
Thiamethoxam+2%
Metalaxyl
+2%
Difenoconazole) was obtained from the agrochemical shop
in Morogoro, Tanzania. Apron star is a commonly used seed
coating fungicide in Tanzania.
Inoculum preparation and inoculation

Fig 3. Colonies (A) and spores (B) of Pyricularia oryzae
isolated from inoculated rice seeds on Potato Dextrose Agar
media. The mycelia and spores were visible at 5 – 10 days
after incubation. Scale bar = 10µ.

Rice blast was isolated in May, 2017 from infected rice
leaves collected in rice fields in Morogoro and Tanga
regions. Isolation and sporulation of P. oryzae was done as
described by Mathur and Kongsdal (2003). Rice seeds were
surface sterilized with 0.1% sodium hypochlorite solution for
2 minutes thereafter, rinsed with distilled water and dried
on blotter paper as described by Singh et al. (2012).
Inoculation was done by soaking rice seeds in P. oryzae
5
suspension adjusted to 1×10
spores/ml using
Haemocytometer. Inoculated seeds were then allowed to
dry on three layers of sterile blotting paper placed under the
laminar flow chamber for one hour.

moisten filter paper rolled together and tied with a rubber
band at each end. The experiment was arranged into
Completely Randomized Design with four replications and
incubated at 25°C-26°C. After 10 days, the number of
germinated and dead seeds, number of normal and
abnormal (seedlings with deformed roots or shoots) were
counted. Seedling vigor index (Vi) was determined after
measuring the seedling shoot length and root length and
calculated using the equation as described by Joe (2012) as
shown below:
Vi = (RL + SL) x GP
Where; RL = root length (cm), SL = shoot length (cm) and GP
= germination percentage

Application of seed treatments
Seeds were treated with liquid suspension of T. asperellum
(1 ml/L), B. subtilis (1 ml/L), hot water (50°C/15 min) and
Apron Star®. Rice seeds (200 seeds per treatment) preinoculated with P. oryzae as described above, were soaked
separately in suspensions of each Trichoderma asperellum (1
ml/L), Bacillus subtilis (1 ml/L) and Apron Star® (2.5g/Kg) for
one hour, as per the suppliers’ recommendation. Hot water
treatment was carried out by dipping seeds on water bath at
50°C for 15 min as described by Faruq et al. (2015). Rice
seeds soaked in sterile distilled water were used as a
control. Treated seeds were dried on sterile blotter paper
laced under the laminar flow chamber and allowed to dry for
one hour.

Seedling emergence, rice blast disease incidence and
severity
Pre-inoculated and treated rice seeds as described above
were planted in trays (24 cm x 14 cm x 48cm), 20 seeds/tray
arranged in CRD with four replications. The trays were kept
under screen house conditions (26˚C - 30˚C and 75% - 90%
RH). Seedlings emergence was assessed 15 days after sowing
based on the presence of aboveground hypocotyls. Rice
blast disease incidence and severity on rice seedlings was
assessed 35 days after emergence. The percentage disease
incidence was calculated as follows:

Detection of Pyricularia oryzae infected seed
The blotter method and direct plating on potato dextrose
agar (PDA) techniques were used to detect P. oryzae on preinoculated and treated rice seeds. Each treatment was made
up of two hundred seeds (Mathur and Kongsdal, 2003). The
blotter method consisted of 25 seeds per dish placed on
three layers of moist sterile filter paper in 90 mm diameter
Petri dishes as described by (Mathur and Kongsdal, 2003).
Direct plating on PDA was done using 25 seeds per dish in 90
mm diameter Petri dishes. The inoculated plates were
arranged into Completely Randomized Design (CRD) with
four replications and incubated at 25°C - 26°C. After 7 days,
rice seeds were examined under the stereo and compound
microscopes for the presence of P. oryzae as described by
Mathur and Kongsdal (2003).

Rice blast disease severity was scored using the 0 - 9 scale
(IRRI (1996). The scores were converted into percent disease
severity using the formula below:

Statistical data analysis
Analysis of variance was performed on percentage seed
germination, abnormal seedlings, dead seeds, seedling vigor
index, percentage disease incidence and severity. Tukey’s
honestly significant difference (HSD) test was used to
compare means at P ≤ 0.05. To obtain homogeneity of
variance, data on percentage seed germination, abnormal
seedlings, dead seeds and disease incidence were ArcSine
transformed before analysis, while data on percentage
seedling emergence were square root transformed before
analysis (Gomez and Gomez, 1984). All analyses were
th
conducted using Genstat software 15 Edition

Rice seeds germination test
The pre-inoculated and treated seeds as described above,
were tested for germination using the between paper
method as described by Mathur and Kongsdal (2003). Fifty
seeds per treatment were placed on water soaked filter
papers. Thereafter, seeds were loosely covered with another
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Conclusion
This study showed the potential of using microbial agents
and hot water for reducing inoculum of rice blast disease on
rice seeds. The study indicated that infested rice seeds
treated with microbial pesticide increased the germination
percent and seedling vigour index, while it reduced the
incidence and severity of rice blast disease on rice seedlings.
Further studies to determine the incidence and severity of
rice blast disease on combinations of seed treatment and
folia application of microbial pesticides are needed.
Although hot water (50 °C for 15 minutes) seed treatment is
simple and practical for use by farmers, there is a need to
standardize the temperature and time for hot water seed
treatment on different rice genotypes, to reduce any side
effect on the seeds.
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