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Abstract: The rice blast disease, caused by a fungus Pyricularia oryzae (Cavara), is a worldwide problem in
rice and is dangerous because of its yield loss potential ranging up to 100% under favourable conditions.
Blast development is favoured by thick stands and high nitrogen rates which increase canopy thickness. With
this in mind it indicated that some fertilizer application may have a negative or positive response of plants
toward the disease. High rate of nitrogen fertilization has been found to increase the severity of the rice blast
disease to a great extent as compared to the low nitrogen rate. In contrast, high rate of silicon fertilization
reduces the severity of the disease and vice versa. Therefore, nutrition management is one of the most
important practices for high production system that may affect response of rice to blast disease.
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1. INTRODUCTION

Rice blast is a worldwide problem in rice and is dangerous because of its yield loss potential ranging
up to 100% under favorable conditions (Luo et al., 1998; Netam et al., 2011). The disease is generally
considered the most important worldwide disease in all the rice growing regions of the world and has
been reported in more than 85 countries (Rao, 1994). It is also the most important fungal disease in
both upland and lowland rice (Bonman et al., 1991; Lee, 1994).

Blast can infect rice from the seedling stage through maturity and can cause complete loss of seedling
in seedbed and epidemic in the field. Infection results in lesions on most of the plant including leaves,
leaf collar, stems, and nodes, internodal parts of culms, panicles and grain. Although P. oryzae infect
all foliar tissues, infection of the panicle can lead to complete loss of grain. The disease may also
called leaf blast, collar rot, node blast panicle blast or rotten neck blast depending on the portion of
the rice plant infected (Zeigler et al., 1994; Thurston, 1998; Webster, 2000). Symptoms develop on all
above ground plant parts. Lesions or spots are the most common symptom, which are usually 1-1.5
cm long and 0.3-0.5 cm wide (NSW, 2012).

Rice blast epidemics are often more severe in temperate and subtropical ecosystems, especially when
effective management strategies are not implemented (Bhat et al., 2013). Losses due to blast include
severe reductions in yield, milling, and the cost of applying fungicides. Unlike most rice diseases blast
is very explosive and can completely destroy a crop in a very short time (Groth and Hollier, nd). The
severity of the damage depends on the part of the plant affected and on the cultivar. Leaf infection
reduces photosynthetic area and may eventually result in plant death. Panicle infection reduces yield
and therefore this involves important economic losses (Roumen, 1992).

Blast epidemics are mainly dependent on climatic conditions, crop management practices, such as
nitrogen inputs or water supply, and cultivar susceptibility (Nyvall, 1999). Despite the positive role
played by nutrition in control of diseases, some farming practices may cause nutrition imbalances
resulting to disease development (Magdoff et al., 2000). Webster and Gunell (1992) reported that
excess nitrogen encourages disease and this enhances the increase of inoculums levels. On the
contrary Hoffland et al. (1999) and Snoeijers et al. (2000) observed that low nitrogen also led to
disease increase resulting from weak plants that lacked sufficient defence against disease. Therefore,
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the objective of this paper is to review the response of rice blast diseases to nitrogen fertilizer
application rate.

2. LITERATURE REVIEW

2.1.Biology of the Pathogen and Diseases Development

The rice blast disease is caused by a fungus Pyricularia oryzae (Cavara) (synonym: Pyricularia
grisea) (Cook) Sacc., anamorph of Magnaporthe grisea (Hebert) Barr. (Synonym: Magnaporthe
oryzae) (Webster and Gunnell, 1992; Zhou et al., 2007). It is filamentous ascomycetes that can
reproduce both sexually and asexually. Sexual reproduction occurs when two strains of opposite
mating types meet to form a fruiting structure known as perithecium in which ascospores is formed
(Dean et al., 2005). The asexual life cycle begins when the hyphae of the fungus produces fruiting
structures and sporulates to give conidia, which measure 20-22 x 10-12 pm, 2-septate, translucent,
and slightly darkened.

The fungus infects the plant by the spore germinating and forming an apperssorium (a thick fungal
cell) on the plant surface and then exerting a haustoria (feeding structure) into the plant cells. When
the spores land on leaves and other aerials tissues of susceptible plant, they germinate and develop the
appressorium which penetrate the plant cell by producing a penetration peg. Pressure in the
appressorium increases and the structure explodes forcing the penetration through the cell wall and
into the cell (Dean et al., 2005). The fungus grows hyphae inter or intracellular within the leaf and
form lesions. The initial infections occur on leaves usually around tillering and appear as diamond,
football, or spindle shape lesion with pointed ends. Once it is established in the host plant the fungal
hyphae sporulates and produce asexual spores (Kim, 1994). The pathogen completes its life cycle
within one week. Each of the phases (sporulation, releases, germination and the penetration) play an
important role during the blast epidemic and requires different environments.

Sporulation phase is the first step that facilitate in building up the leaf blast epidemic as it provides the
inoculum population (Webster and Gunnell 1992; Kim, 1994). The leaf blast phase occurs mostly
between the seedling and late tillering stages. Lesions start as small water soaked areas on young
leaves and enlarge quickly, under moist warm conditions, into diamond shape with a blue gray cast
which are the fungal spores. However, under natural conditions, sporulation is greatly affected by the
age of the crop and the size of the lesion together with the variety of rice (Kim, 1994). In case of
sever or multiple infections, lesions may coalesce covering most of the leaf blast (Groth and Hollier, nd).

2.2.Favourable Conditions and Disease Transmission

Pyricularia oryzae is favoured by moist warm conditions (long dew periods (9 plus hours) increased
by fog, shade or frequent light rains). Moreover, a minimum of 8 hrs moisture is needed for infection
to occur. Blast development is favoured by thick stands and high nitrogen rates which increase canopy
thickness resulting in higher moisture levels but is most severe under upland or drained conditions.
The fungus produces many spores, on stalk like structures called sporangia, in the presence of a
favourable environment and a susceptible host and causes numerous new infections in the field and
neighbouring fields. The spores are carried by wind and water over long distances. Other conditions
that favour blast are sandy soils and fields lined with trees (Groth and Hollier, nd).

In addition, draining of water allows the formation of nitrates resulting to drought stress. According to
Kato et al. (2004) rice is more susceptible to drought than other cereals due to its inability to regulate
its transpiration water loss a weakness that may be accelerated by rice blast attack. In contrast, water
seeding (planting on very wet soil) is recommended as this will reduce the transmission of disease
from the seed to the seedling. As reported by Manandhar et al. (1998), water management through
flooding is also recommended to reduce rice blast unlike when there is water stress.

The pathogen can continue to live in plants from one crop season to another in the tropics, or survive
in the temperate zone on crop residues of diseased plants, or on ratoon (Zeigler et al., 1994). Seed as
secondary hosts also have been reported as possible sources of primary inoculum (Lee and Dean,
1993). The pathogen overwinters as spores in infected plant debris. The fungus produces new spores
in the spring that reinfects rice. Spores are carried by wind and splashing rain. Movement can be over
long distances (Groth and Hollier, nd).

2.3.Management of Rice Blast Disease
There are several control strategies that may be undertaken in management of rice blast, these may
include chemical control, nutrition management, cultural practices and use of resistant varieties.
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2.3.1. Nutrition Management

The understanding of impacts of nutrition management on interactions between rice and diseases is a
base to stimulate high yield production system (Luong et al., 2003). In this view Magdoff et al. (2000)
indicated that nutrition management is one of the most important practices for high production system
that may affect response of rice to diseases, as well as developmental pattern of the disease
populations due to the change of environments. Indeed, most disease management methods used by
farmers can be considered as soil fertility management strategies (Magdoff et al., 2000). Increasingly,
recent research is showing that the ability of a crop plant to resist or tolerate insect pests and diseases
is tied to optimal physical, chemical and mainly biological properties of soils (Luong et al., 2003).

According to Luong et al. (2003) soils with high organic matter and high biological activity generally
exhibit good soil fertility as well as complex food webs and beneficial organisms that prevent
infection. With this in mind it indicated that some fertilizer application may have a negative or
positive response of plants toward the disease. For instance, excess nitrogen encourages disease hence
overlap must be avoided since this enhances the increase of inoculum levels (Webster and Gunell,
1992). Therefore, despite the positive role played by nutrition in control of diseases, some farming
practices may cause nutrition imbalances resulting to disease development (Magdoff et al., 2000).
Meyer (2000) also indicated that soil fertility practices have impact on the physiological susceptibility
of crop plants to insect pests and diseases either affecting the resistance of individual plant positively
or negatively. On the other hand, though excess nitrogen encourages disease, split application of
nitrogen (N) in upland rice was found to decrease the rice blast as compared to a single application in
furrow at planting (Kurschner et al., 1992).

2.3.2. Silicon

Silicon (Si) is known as a “beneficial element” for plants. The direct and indirect benefits of the
element for crops especially grasses are related to resistance to diseases, insect pests, and drought.
Plant species are considered Si accumulators when the concentration of Si (in dry weight basis) is
greater than 1 g/kg (Epstein, 1999). Dry land grasses such as wheat, oat, rye, barley, sorghum, corn,
and sugarcane contain about 10 g/kg in their biomass, while aquatic grasses have Si contents of up to
50 g/kg (Korndorfer et al., 2001). In rice, Si accumulation is about 108% greater than that of nitrogen
while the concentrations between 3 and 5% may be the minimum tissue levels needed for disease
control (Datnoff et al., 1997). It is estimated that a rice crop producing a total grain yield of 5000
kg/ha will remove Si at 230 to 470 kg/ha from the soil (Savant et al., 1997).

In the absence of adequate silica, brown spot disease (Bipolaris oryzae) was often found to be very
severe giving rice an overall brownish appearance. Neck rot (Pyricularia oryzae) too increased in the
rice field that contained inadequate silicon (Datnoff et al., 1990; Datnoff et al., 2001). Low Si uptake
was also seen to increase the susceptibility of rice to blast and other diseases (Kobayashi et al., 2001;
Rodrigues et al., 2001; Massey and Hartley, 2006).

For plants disease resistance, epidermal cell walls of silicon accumulators are impregnated with a firm
layer of silica and become effective barriers against water loss and fungal growth thereby preventing
formation of haustoria and hyphal penetration (Marschner, 1995). The function of silicon deposition
in the defense mechanism may be similar to that of enhanced synthesis of polyphenols and lignin at
the site of infection (Vance et al., 1980). The phenolics play a role as either phytoalexins or as
precursors of lignin and suberin biosynthesis. Silicon can also be associated with lignin-carbohydrate
complexes in the cell wall of rice epidermal cells (Inanaga, 1995). In addition, the leaves and culms of
rice plants, grown in the presence of silicon showed an erect growth that greatly improved the
distribution of light within the canopy. This avoided the shading that would otherwise encourage a
suitable environment for survival of the pathogens (Ma and Takahashi, 1991).

Seebold et al. (2001) noted a reduction in number of the sporulating lesions on partially resistant and
susceptible rice cultivars fertilized with calcium silicate indicating fewer successful infections per unit
of inoculum. Similarly, Prabhu et al. (2001) found that rice cultivar that accumulated more silicon on
the shoots showed less incidence of rice blast. Experimental result conducted by Seebold et al. (2000)
using blast resistant, partially resistant, and susceptible cultivars of rice planted in soil amended with
Si at 0, 500, or 1,000 kg/ha, showed that the interaction between rate of Si and rice cultivar was
significant (P <0.05). The application of Si at 500 and 1,000kg/ha significantly reduced severity of
leaf blast from 1.8 to 0.5% on Linea 2SR and from 5.9 to 1.6% on Oryzica 1 as compared to these
cultivars without Si.
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Tablel. Severity of leaf blast and neck blast on blast-resistant, partially

cultivars of rice treated with Si at 500 or 1,000 kg/ha

resistant, and blast-susceptible

Silicon Leaf blast severity % on each rice variety Neck blast severity % on each rice variety
krg;i/ﬁa Oryzica Lilanos 5 | Linea2SR | Oryzical | Oryzica Lilanos5 | Linea 2SR Oryzica 1
0 0.06 a 18a 59a 28a 33.0a 55.1a
500 0.04a 0.8ab 3.0b 44a 28.0a 48.7 a
1000 0.01a 05D 1.6b 24a 205a 39.4a

a column followed by the same letter do not differ significantly according to Fisher’s protected least
significantdifference test (FLSD) (P <0.05)

Source: Seebold et al. (2000)
2.3.3. Nitrogen

Nitrogen is essential for plant growth and development and is usually a limiting factor for high
productivity. Cereal crops obtain nitrogen from the soil as nitrates or ammonia while legumes get
through nitrogen fixation (Lea et al., 2007). Nitrogen influences the branching, tillering and in leaf
expansion which determines the size of canopy produced. However, Kim and Kim (1990), Cloud and
Lee (1993) and Ishiguro (1994) found that excessive growth due to unbalanced nitrogen supply
creates microclimate conditions favourable to fungal diseases. This is accelerated by lodging of
cereals that are over-supplied with nitrogen and have inadequate potash. Humidity remains higher in
lodged crops creating a microclimatic that provides ideal conditions for spores’ germination and
survival of the fungi. According to Leitch and Jenkinss (1995); Tiedemann (1996), and Solomon et al.
(2003), high leaf nitrogen concentration increases the growth of fungus.

Similarly, in rice, among several factors which influence the occurrence and severity of blast, rate of
nitrogen fertilization has been found to affect the severity of the disease to a great extent (Kapoor and
Sood, 2000). The increase in blast severity with the increase in rate of nitrogen application has been
reported by many workers (Kapoor and Sood, 2000; Long et al. 2000) and has been attributed to
increased plant transpiration by the increase in leaf area index which thereby increases the
susceptibility of host tissue. Work done by Robert et al. (2005) indicated that when nitrogen in the
wheat and rice plant was applied in limited quantities, production of spore of leaf rust was reduced.
Jensen and Munk (1997) and Long et al. (2000) found an increase in blast lesion when the level of
nitrogen was applied above the recommended rate. Similar findings were found by Kurschner et al.
(1992) who reported that while nitrogen was essential for productivity, the severity of blast also
increased with higher rate of application which increases metabolism in rice plant resulting to tissue
susceptibility to rice blast.

At heading and during grain filling stages of the rice plant nitrogenous compounds may increase,
decrease or cease, depending on the environmental conditions, cultivar, and/or nitrogen fertilizer rate
of which may influence rice blast incidence (Wilson et al.,1990; Norman et al., 1992). Bastiaans,
(1993) reported that rice blast disease reduced nitrogen uptake before flowering and increased relative
contribution of the stem to the overall nitrogen reallocation during the grain filling stage. Other
studies by Koutroubas et al. (2008) showed that when rice plant is inoculated with blast fungus,
nitrogen utilization efficiency for both yield and biomass production was reduced. In addition,
Hardter, (1997) summarized the inverse relationship between plant nutrition of K and disease
incidence of rice blast (Piricularia oryzae), that generally occurs at high nitrogen (N) supply in soils
poor in K.

In an experiment conducted by Bhat et al. (2013) to assess the effect of nitrogen application and
fungicidal sprays on rice blast disease using local popular susceptible variety (K-448) and resistant
variety (Shalimar Rice-1), revealed that the increase in amount of nitrogen application in Jehlum
significantly increases the leaf and neck blast. Leaf and neck blast control of 19.6 and 15.6%,
respectively, was achieved by using recommended dose of nitrogen as against higher dose of nitrogen.
However, blast severity on resistant variety (Shalimar Rice-1) was not significantly affected by rate of
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nitrogen fertilization. Leaf and neck blast control of 95.7 and 100%, respectively, was registered by
using resistant variety alone for blast control.

Table2. Effect of rate of nitrogen fertilization and number of fungicidal sprays on blast disease and yield of rice

Treatments Leaf Disease | Neck blast | Disease | Grain | Increase
blast control incidence control yield in yield
severity % % % Q/ha %
%
Resistant variety (Shalimar 1.1 0.0
Rice-1) + 120 kg N (1.0) 95.7 (0.0) 100.0 64.6 19.2
Resistant variety (Shalimar 1.2 0.0
Rice-1) + 150 kg N (1.1) 95.3 (0.0) 100.0 64.2 18.4
Susceptible variety (Jehlum) 20.5 14.1
+120 kg N (4.5) 19.6 (3.6) 15.6 55.7 2.7
Susceptible variety (Jehlum)+ 120 kg 59.4 9.5
N+ single 13.0 8.2
spray of Tricyclazole 75 WP @ (3.6) 494 2.7) 509
0.06%
Susceptible variety (Jehlum) + 120
kg N+ need based 3.7 15
sprays of Tricyclazole 75WP (1.9) 855 (1.2) 910 628 158
@0.06%
Susceptible variety (Jehlum) + 150 18.7 128
kg N + Single spray of @ '3) 26.7 @3 ;1) 23.4 56.5 4.2
Tricyclazole 75 WP @0.06% ' '
Susceptible variety (Jehlum) + 150 8.4 37
kg N+ need based (2.8) 67.5 (1.8) 77.8 62.2 3.1
sprays of Tricyclazole 75WP (.06% ' '
Susceptible variety (Jehlum) 25.5 ) 16.7 i 54 i
+ 150 kg N (check) (5.0) (4.0) '
C.D at 5% 0.2 0.3 0.37

*Figures in parentheses are square root transformed values
Source: Bhat et.al. (2013)
3. SUMMARY AND CONCLUSION

The rice blast disease, caused by a fungus Pyricularia oryzae (Cavara), is a worldwide problem in rice
and is dangerous because of its yield loss potential ranging up to 100% under favourable conditions.
The disease is generally considered the most important worldwide disease in all the rice growing
regions of the world and has been reported in more than 85 countries both in upland and low land rice.
Blast epidemics are mainly dependent on climatic conditions, crop management practices, such as
nitrogen inputs or water supply, and cultivar susceptibility. Moreover, the rice blast disease
development is favoured by thick stands, very low Silicon and high nitrogen rates which increase
canopy thickness resulting in higher moisture levels but is most severe under upland or drained
conditions. On other hands, the diseases could be managed through proper application of Silicon
fertilizer, avoiding of excess nitrogen fertilizer, planting on very wet soil and flooding. Therefore, rice
growers can manage the disease by using these methods.
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