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Abstract

Blast disease caused by Magnaporthe grisea (Hebert) Barr. anamorph Pyricularia oryzae, is an important fungal
disease of rice known to occur in most rice producing areas of the world. In Nepal, the disease causes 10%-20%
yield reduction in susceptible varieties, but in severe case, it goes up to 80% to measure virulence of 5 isolates of P.
grisea, obtained from various location, against 10 genotypes of rice, a shade house experiment was carried out
under inoculated condition at NARC (Nepal Agricultural Research Council), Khumaltar, during August, 2015. Isolates
from Gokarna and Madhyapur Thimi had highest aggressiveness, and it was lowest in Kirtipur and Lalitpur isolates.
Considerable pathogenic variations were observed in the five isolates, however no distinct differential reactions were
found on the genotypes. Highest disease severity was found in Taichung-176 and least in Manjushree, IR
87760-15-2-2-4, IR 70210-39-CPA-7-1 and NR 11105-B-B-20-2-1 under shade house.
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Introductions
Blast disease is one of the most devastating diseases of both the

seasons that occur in all rice growing areas. The disease, caused by
Magnaporthe oryzae (Hebert) Barr., anamorph Pyricularia oryzae
Rossman et al. [1] is an important fungal disease of rice known to
occur in most rice producing areas of the world [2]. Rice blast is the
most common and destructive disease in irrigated rice of both
temperate and subtropical areas of East Asia Bonman et al. [3]. The
pathogen is highly adaptable to various environmental conditions and
can be found in irrigated lowland, rain-fed upland, or deep-water rice
fields [4]. The disease results in yield loss as high as 70%-80% [2] when
predisposition factors (high mean temperature, relative humidity
higher than 85%-89%, presence of dew, drought stress and excessive
nitrogen fertilization) prevail [5] In Nepal, the disease causes 10%-20%
yield reduction in susceptible varieties, but in severe case, it goes up to
80% Manandhar et al. [6]. Blast epidemic causes complete loss of
seedlings in nursery and epidemics in the field [7,8].

Host resistance, even being a preferred tactic for blast management,
sometimes fails due to evolutionary changes in the pathogen
population Correa-victoria et al. [9]. In blast prone areas, resistant
cultivars have an expected field life of only 2-3 growing seasons due to
the generation of newly virulent forms of the fungus Leung and Shi
[10]. The breakdown of the more complex resistance that is inherited
through several genes also occurs, but more gradually taking longer
time Barman et al. [11].

Hence, the successful breeding program for resistance to blast
should be concentrated on effective and efficient screening techniques
[7] study of variability and population biology of the blast fungus

[12,13] behavior of resistant genes Mc Couch et al. [14] and host
parasite interaction in rice-blast pathosystem Notteghem et al. [15] are
essential. Therefore, identification of the durable new sources of
resistance and their development are necessary for blast management.
So this study was conducted to determine virulence of Magnaporthe
grisea isolates obtained from different location of Kathmandu valley
on rice genotypes in shade house.

Materials and Methods
The experiment was conducted in a shade house of division of plant

pathology, NARC, Khumaltar, Lalitpur, during August, 2015. In this
study, five different isolates of leaf blast originating from Kathmandu
valley were tested against 10 rice genotypes/varieties, with various
reaction levels to leaf blast, to find out virulence of the isolates. Ten
genotypes/varieties of rice, appearing Highly Susceptible (HS) to
Resistant (R) in field were selected for shade house experiment .Highly
susceptible variety “Taichung-176” was taken as a check (Table 1).

The rice genotypes were grown inside a screen house in plastic trays
(50×25×10 cm3) at NARC, Khumaltar and Lalitpur. Fifteen plastic
trays were filled each with 5 kg dry soil taken from the farm of plant
pathology division, NARC. There were 5 cages, and 3 trays were put
per cage. The soil was fertilized with NPK @ 0.4:0.15:0.1 g/kg soil @
150:50:50 kg/ha and FYM @ 10 ton/ha before filling the trays. In a tray,
10-15 seeds of a genotype were sown in 3 lines (parallel to length of
tray) 2 cm apart and 1-1.5 cm seed to seed and covered with a thin
layer of soil on 3rd August, 2015. Three lines represented three
replications. Three trays were kept in one iron cage.

First tray contained first-4 genotypes, second tray contained next
four genotypes and third tray contained last two genotypes, thus 10
genotypes in each cage. There were five cages for five isolates and each
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cage was separated by a plastic sheet, so as to protect the cross
inoculation of fungal spores of one isolate from one cage to another
due to air drift Seedlings were irrigated daily after germination (Tables
2-5).

Code Genotypes Reaction

V1 IR 87760-15-2-2-4 R

V2 IR 70210-39-CPA-7-1 R

V3 NR 11130-B-B-B-3 R

V4 NR 1105-B-B-16-2 R

V5 NR 11142-B-B-B-9 R

V6 Khumal-10 R

V7 Manjushree R

V8 NR 11011-B-B-B-B-33 R

V9 NR 11105-B-B-20-2-1 MR

V10 Taichung-176 HS

Table 1: List of genotypes selected for shade house experiment.

Cage 1 Cage 2 Cage 3 Cage 4 Cage 5

Tray 1

V1I1

Tray 1

 

 

 

V1I2

Tray 1

 

 

 

V1I3

Tray 1

 

 

 

V1I4

Tray 1

 

 

 

V1I5

V2I1 V2I2 V2I3 V2I4 V2I5

V3I1 V3I2 V3I3 V3I4 V3I5

V4I1 V4I2 V4I3 V4I4 V4I5

Tray 2

 

 

 

V5I1

Tray 2

 

 

 

V5I2

Tray 2

 

 

 

V5I3

Tray 2

 

 

 

V5I4

Tray 2

 

 

 

V5I5

V6I1 V6I2 V6I3 V6I4 V6I5

V7I1 V7I2 V7I3 V7I4 V7I5

V8I1 V8I2 V8I3 V8I4 V8I5

Tray 3

 

V9I1 Tray 3

 

V9I2 Tray 3

 

V9I3 Tray 3 V9I4 Tray 3

 

V9I5

V10I1 V10I2 V10I3 V10I4 V10I5

Table 2: Layout of experiment in a shade house at Khumaltar, Lalitpur,
during August, 2015 (V=Genotype, I=Isolate).

S. No Location Symbol District

1 Kirtipur I1 Kathmandu

2 Gokarna I2 Kathmandu

3 Mulpani I3 Kathmandu

4 Khumaltar I4 Lalitpur

5 Madhyapur Thimi I5 Bhaktapur

Table 3: Blast infected leaf samples of Taichung-176, variety rice were collected from five different location of Kathmandu valley to isolate the
pathogen as illustrated.

The pathogen (Pyricularia grisea) was isolated in the laboratory of
plant pathology division, NARC, Khumaltar, Lalitpur, during August,
2015. For inoculation of rice plants by P. grisea, mass production of the
fungal spores was done. The spore suspension was diluted to a
concentration of 105 spores per mL adding sterile distilled water. A
final volume of 200 mL was prepared of each isolate. Eighteen days old
seedlings grown in plastic trays inside cages, were inoculated with one
isolate/cage with the spore suspension of 105 spores mL, with a hand
sprayer at late afternoon (4 pm).

Five days after inoculation, disease scoring for leaf blast was done in
a 0-9 scale as developed by IRRI (International Rice Research Institute)
[16] by randomly selecting five plants from each replication of each
genotype. Disease intensity (severity) of leaf blast was calculated by
using the following formula and mean values were computed for each
genotype.

Analysis of variance for all parameters was carried out as per the
procedures given in Genstat Discovery edition and R software (3.2.2).
DMRT for mean separation was done from the references of Gomez
and Gomez [17].

������� ��������� (%)= ��� �� ��� ��������� ������������ �� . �� ������ �������� ×������� ������ × 100
Results and Discussion

Reaction of rice genotypes against leaf blast isolates
Among the ten genotypes, IR 87760-15-2-2-4 (V1) and IR

70210-39-CPA-7-1 (V2) showed resistant reaction with lowest mean
value (1.6) each, followed by NR 11130-B-B-B-3 (V3) (1.8). NR 11011-
B-B-B-B-33 (V8) and Taichung-176 (V10) showed susceptible reaction
(5.8 and 6.4, respectively) (Table 1). Isolates I5 (4.3) and I2 (3.7) were
more aggressive with highest mean values. The isolate from Bhaktapur
(I5) developed highly susceptible reaction (9) with Taichung-176 (V10),
susceptible with NR 11011-B-B-B-B-33 (V8) (7) and Manjushree (V7)
(6), and moderately resistant reaction with NR 11105-B-B-20-2-1 (V9)
(4), IR 87760-15-2-2-4 (V1) (3), NR 11142-B-B-B-9 (V5) (3), NR
11130-B-B-B-3 (V3) (3) and Khumal-10 (V6) (3) genotypes, and
resistant reaction with IR 70210-39-CPA-7-1 (V2) (2). Similarly, isolate
from Gokarna (I2) developed susceptible reaction with Manjushree,
NR 11011-B-B-B-B-3 and Taichung, moderately resistant reaction with
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NR 11142-B-B-B-9, Khumal-10 and NR 11105-B-B-20-2-1 and
resistant reaction with other 4 genotypes (Table 1). Other isolates had
mean values 2.5 or below. In screen house, differential symptoms of
leaf blast were caused by five isolates of P. grisea on rice leaves (Figure
1).

Isolates from Kirtipur (I1), Mulpani (I3) and Lalitpur (I4) could not
develop susceptible reaction in any of the genotypes except
Taichung-176 (V10) and NR 11011-B-B-B-B-33 (V8) while they
developed resistant reaction in remaining eight genotypes.

Figure 1: Symptoms of leaf blast on rice caused by five isolates of P. grisea in a shade house at NARC, Khumaltar, during 2015.

Reaction of rice genotype

Isolates V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 Mean

I1 1 (R) 1 (R) 2 (R) 2 (R) 1 (R) 2 (R) 2 (R) 1 (R) 5 (MS) 5 (MS) 2.2

I2 1 (R) 2 (R) 2 (R) 2 (R) 1 (R) 2 (R) 2 (R) 1 (R) 5 (MS) 5 (MS) 2.3

I3 2 (R) 1 (R) 1 (R) 1 (R) 2 (R) 1 (R) 2 (R) 3 (MR) 5 (MS) 7 (S) 2.5

I4 1 (R) 2 (R) 1 (R) 2 (R) 4 (MR) 4 (MR) 4 (MR) 6 (S) 5 (MS) 6 (S) 3.7

I5 3 (MR) 2 (R) 3 (MR) 3 (MR) 3 (MR) 3 (MR) 4 (MR) 6 (S) 5 (MS) 9 (HS) 4.3

Mean 1.6 1.6 1.8 2 2.2 2.4 2.8 3.4 5.8 6.4  

Table 4: Reaction of 10 rice genotypes against 5 isolates of P. grisea in shade house, at Khumaltar, Lalitpur, during 2015. I1: Kirtipur; I2: Gokarna;
I3: Mulpani; I4: Khumaltar, I5: Madhyapur Thimi; V: Genotypes; R: Resistant; MR: Moderately Resistant; MS: Moderately Susceptible; S:
susceptible; HS: Highly Susceptible.

As the reaction of 10 genotypes was varied with 5 isolates, the
isolates from different location may also be different races of the
pathogen. The isolates from Kirtipur (I1) and Khumaltar (I4) may be
one race, from Gokarna (I2) and Madhyapur Thimi (I5) an another
race and from Mulpani (I3) an another race. The isolate of the same
race are also close to each other geographically. Further studies under
various conditions and locations should be done to verify the results.

Virulence of leaf blast isolates on rice genotypes
The five leaf blast isolates varied considerably in developing leaf

blast disease on ten rice genotypes in shade house. The isolate from
Madhyapur Thimi (I5) appeared most virulent and also significantly
different from all the others, with a disease index of 55.56%, followed
by the isolate from Gokarna (I2), (46.67%). The isolate from Kirtipur
(I1), (17.78%) and Khumaltar (I4), (27.67%) were least virulent (Figure
2).

Figure 2: Graph showing the disease severity with error bars and
statistical analysis of leaf blast on rice caused by five isolates of
Pyricularia grisea in a shade house at Khumaltar, Lalitpur, during
August, 2015.
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Source
Degree of
Freedom Sum of Square Mean Square Mean sum of Error F-value Prob

Treatment 1 2745.6 2745.6 3 4.8  

Residual 13 39.7 3.1 36.33 899.1 2.19e-13 ***

Table 5: Mean disease index and mean sum of error isolates, *** highly significantly different by DMRT at 5 % level.

Highest aggressiveness in isolates from Bhaktapur and Gokarna on
the tested lines showed higher diversity of the blast population in
Bhaktapur and Gokarna. In 2013, in Bhaktapur, there has been
observed the severe outbreak of neck blast in Chinese variety, i.e.
DY-69 NARC [19] which was considered to be the factor of
aggressiveness of blast isolates. Among all study sites, the favorable
condition for the blast disease appeared in Gokarna. The variations in
the mean neck and leaf blast severity at different locations suggested
that the pathogen population was highly variable and genotype-
specific and also weather conditions would be more conducive in some
locations over others. The relative effect of weather conditions at
Patancheru, India, was minimized by artificial inoculation of P. grisea
at appropriate stage of the crop and use of sprinkler irrigation for
maintenance of blast-conducive weather conditions Thakur et al. [20].
This facilitated fair assessment of genotypic response to blast infection
and development at Patancheru location. In addition to genetic
differences in mini-core, there were several weather factors that
influenced blast infection and symptom expression under field
conditions [2,21-22]. The genetic makeup and environmental
conditions would be the prominent factors for the differential
interactions. In general, the result indicated that the same strains were
capable of causing different types of blast symptoms under suitable
agro-ecological conditions [23,24].

Conclusion
Disease severity was significantly higher in rice genotypes with

Bhaktapur isolate, followed by Gokarna, Mulpani and Lalitpur, and
least with Kirtipur isolate. Disease development was slowest in IR
70210-39-CPA-7-1 and fastest in Taichung-176, with considerable
pathogenic variations among the five isolates. So it is concluded that
the genotypes i.e. IR 87760-15-2-2-4, IR 70210-39-CPA-7-1, NR
11142-B-B-B-9, NR 11130-B-B-B-3, Khumal-10, NR 1105-B-B-16-2
and NR 11105-B-B-20-2-1 were found resistant to different isolates of
P. grisea in shade house. Therefore, these genotypes should be tested in
field at different location to verify their performance. Madhyapur
Thimi and Gokarna sites could be selected as hot spots for screening
rice genotypes against leaf blast, because the isolates from these areas
were very aggressive. As the reaction of some rice genotypes to leaf
blast isolates varied abruptly, there might be presence of various rice
blast races in Kathmandu valley.
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