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ABSTRACT 
 

The apparent infection rates of leaf blast on twelve cultivars of rice were investigated in upland 
agricultural conditions in Rewa, Madhya Pradesh in India during year 2011 and 2012. The experiments 
were conducted in a Randomized complete Block Design (RCBD) with three replications. Blast disease 
incidence and rate of infection were observed every seven days starting from the first visible symptoms on 
leaves of the plant. The apparent infection rate shows significant variations during both the seasons in all 
the tested cultivars. The highly susceptible traditional cultivar Gurmatia, Dehula and Indrajal shows high 
degree of incidence, apparent infection rates and severities. The leaf blast infections were also observed, 
even though not significantly higher in all improved cultivars. Among the improved cultivars Basmati 
shows high level of susceptibility under conducive weather conditions; however the other cultivars show 
slow blasting. Therefore the study helps to identify and characterize the cultivars having slow blasting 
resistance, despite moderate disease levels which can be used in breeding programs to develop varieties 
with high levels of resistance. 
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Introduction 
 

Leaf blast of rice caused by Magnaporthe oryzae is the most devastating disease (Singh et al., 2015; 
Liu et al., 2010; Tanveer et al., 2015; Campos-Soriano and San Segundo, 2009) causing severe yield losses 
and significantly impair rice production worldwide (Vasudevan et al., 2014). The blast resistant cultivars 
in compare to susceptible cultivars shows different degrees of resistance in seedlings and is maintained up 
to maturity and depends on leaf age and remains constant during plant development (Kim et al., 1987). 
The quantitative analysis of air spore of blast shows that the symptoms starts from the first week and 
reaches its peak in the end of July (Picco and Rodolfi, 2002). The first symptom appears during mid-
tillering stage and further increases with the crop growth and a relative humidity of 95% and an average 
temperature of 26-27°C favors blast infection (Castejon- Munoz, 2008). Blast epidemics on leaves often 
occur during the vegetative stage on the leaves of the crop cycle (Ghatak et al., 2013). The blast resistant 
rice varieties developed by plant breeding remains a threat to the crop as the environment conditions 
causes variability in the pathogenicity of the blast fungus, however the advanced molecular techniques has 
helped to identify the genes responsible for blast disease (Tanweer et al., 2015).  

The assessment of blast at the peak of the epidemic helps to measures the terminal disease severity 
scores (TDS), while assessment at several times starting from disease initiation to the end of the epidemic 
can be used to estimate the area under the disease progress curves, relative area under the disease progress 
curve (RAUDPC), logistic (r) and Gompertz (k) apparent infection rates (Mohapatra et al., 2008). The 
estimation of area under the disease progress curve (AUDPC) is advantageous, especially from two data 
points view i.e. initial and final disease scores of the disease progress curves as it helps in providing 
information similar to that from all the data points; along with saving time, labour and economic resources 
(Mukherjee et al., 2010). 

In recent years, the study of the genome sequence of the pathogen helps to know the structure and 
population genetic variability with a scope in investigating pathogen development and compatible and 
incompatible interactions with its host (Liu et al., 2010). The molecular mechanisms of the translocation of 
M. oryzae effectors and their subsequent cell-to-cell movement in rice to regulate cellular processes and 
neutralize defense responses has been identified using live-cell imaging as the biotrophic interfacial 
complex (BIC), a highly localized structure, which accumulates fluorescently labeled effectors secreted by 
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invasive hyphae (IH) of the pathogen that invade successive living rice cells while enclosed in host-derived 
extra invasive hyphal membrane (Khang et al., 2010). The quantitative trait loci mediated resistance 
having less effect than R-genes but with broad-spectrum resistance are better options than less durable 
race-specific resistance for crop improvement (Fukuoka et al., 2015). 

Resistance breeding requires continuous efforts in enhancing resistance genes/alleles for an effective 
management of the disease as the rapid genetic evolution of the pathogens has overcome the resistance 
induced by major genes due to prolong use (Campos-Soriano and San Segundo, 2009). Host resistance 
against blast should be given priority in disease control strategy as genetic analysis has resulted in 
identification major genes regulating the host plant resistance, which function in a race specific manner as 
their widespread cultivation possess vertical resistance generating matching genes for virulence in the 
pathogen strains which can tolerate the resistance in the host (Ebbole, 2007). Special emphasis on 
characterization of the pathogen-associated molecular patterns and effectors genes from the blast fungus 
and rice crop that develop immune responses and signaling processes, helps for better understanding of the 
rice-M. oryzae pathosystem (Liu et al., 2013). The chances of developing slow-blasting rice cultivars 
becomes prominent as the assessment of rice blast resistance helps in selecting and developing disease 
resistance genotypes which can serve as a gene pool in the breeding programme (Villareal et al., 1980). 
This research aims to screen various traditional and improved cultivars for blast resistance under upland 
transplanted rice that can be accessed for varietal selection and develop resistance varieties through 
breeding and also to design an integrated disease management model. 
 
Materials and Methods 

 
The experiments to study the mechanism of resistance in rice cultivars against leaf blast diseases were 

carried out in Rewa, Madhya Pradesh in India during year 2011-2012. The seeds of twelve cultivars were 
collected from various regions and among these six were traditional namely-Indrajal, Gurmatia, Dehula, 
Aajaan, Lochai and Newari, and six improved viz. Vandana, Basmati, Govinda, Jaya, Kalinga, and IR-64 
were sown in nurseries. The plantlets were transplanted in upland agricultural field to assess the apparent 
infection rate. Standard agronomical practices were adopted for optimum crop growth for the cultivation 
and observation for different characteristics of the host-pathogen. The experiment were carried out using 
randomized block design with three replications and N: P: K fertilizer was applied in split doses without 
fungicide applications. The leaf blast disease developments were observed in different periodic stages. The 
date of first appearance of the disease symptoms were recorded during both the years.  
 
Epidemiology of Test Pathogen Interaction 
 

Studies on development of pathogen and it influence on the host, under natural condition were carried 
out. Leaf blast disease incidence and severity were recorded from the infected plant parts at 7-days interval 
starting from the first appearance of the leaf blast disease during the crop season. 
  
Weekly Disease Progress 
 

Date of first appearance of the disease on different cultivars was recorded during the crop season. 
Symptoms particularly size, shape, colour of the lesion were studies in different crop stages in the yield. 
Leaf blast was scored on 0-9 scale of standard evaluation system (SES) of rice in 5 one m2 blocks in each 
plot. Twenty five tillers per plot were randomly selected from central rows of the field for measurement of 
diseased leaf area, and were determined using international scale (IRRI, 1996) and then the mean of 
diseased leaf area calculated. Ten tillers per hill and five fully expanded leaves on each tiller were analyzed 
for leaf blast severity assessment. Leaf blast was evaluated three times, on 50, 57, and 64 DAS.  
 
Computation of Infection Rate (R) 
 
 The apparent infection rate (r/unit/day) was computed at 7 days interval after the appearance of 
the disease during both the years.  
 

   ��
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where, x0 and x1 were the disease index at time t1 and t2 respectively (Vanderplank, 1963)  
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Results 
 

The apparent infection rate (r/unit/day) in periodic intervals for leaf blast was assessed for the year 
2011 and 2012 (Table 1 and Fig 1). The observations on disease progress r/unit/day at different days after 
planting were recorded and cultivars were screened for blast diseases.  

 
Table 1: Apparent infection rate (r/unit/day) in rice cultivars at periodic intervals against leaf blast 

Variety 2011 2012 

50-56 
DAS 

57-63 
DAS 

64-70 
DAS 

Mean 50-56 
DAS 

57-63 
DAS 

64-70 
DAS 

Mean 

Indrajal 0.07 0.11 0.29 0.156  0.10 0.21 0.54 0.283 
Dehula 0.09 0.17 0.34 0.20 0.11 0.21 0.56 0.293 
Gurmatia 0.46 0.10 0.29 0.283 0.15 0.25 0.60 0.33 
Ajaan 0.03 0.08 0.27 0.16 0.07 0.20 0.53 0.266 
Lochai 0.05 0.09 0.28 0.14 0.07 0.20 0.52 0.263 
Newari 0.05 0.11 0.28 0.14 0.03 0.19 0.43 0.283 
IR-64 0.01 0.05 0.10 0.05 0.02 0.16 0.39 0.19 
Vandana 0.02 0.06 0.12 0.066 0.03 0.18 0.42 0.21 
Basmati 0.02 0.09 0.15 0.08 0.06 0.20 0.51 0.256 
Govinda 0.02 0.08 0.13 0.076 0.03 0.19 0.44 0.22 
Jaya 0.02 0.09 0.12 0.076 0.03 0.19 0.42 0.213 
Kalinga 0.02 0.05 0.11 0.06 0.03 0.18 0.42 0.21 
SEm   0.059 0.008 0.007  0.009 0.009 0.009  
CD (5%) 0.189 0.026 0.024  0.030 0.030 0.030  

 

 

Fig. 1. Mean apparent infection rate (r/unit/day) ± SE of rice cultivars during year 2011 and 2012. 

The apparent infection rate of different rice cultivars screened for leaf blast ranges between 0.05 to 
0.283/unit/day during the year 2011. The investigation on disease development showed that the first 
symptoms of blast appeared in local highly susceptible cultivar. The mean value reveals that incidence of 
the diseases sneaks its peak during 64-70 DAS and reported to be high in local than improved cultivars. 
Among the locals the maximum infection rate was observed in Gurmatia (0.283/unit/day), closely followed 
by Dehula (0.20/unit/day) and Indrajal (0.156/unit/day), and least incidence were observed in Lochai with 
mean infection rate of 0.14/unit/day. Among the improved cultivars, Basmati shows highest range of 
susceptibility with a mean value of 0.08/unit/day and cultivars like IR-64, Vandana, Govinda, Kalinga and 
Jaya shows less apparent infection rate after 70 DAS. The disease expands swiftly during 64 to 70 days, 
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when rainfall was high; temperature was between 150C to 200C, with excessive water supply.  
Similarly, a significant variation in rice cultivars was noted when assessed for apparent infection rate 

during year 2012. The year 2012 witnessed more rainfall compare to previous year, which favors leaf blast 
incidence. The rate of infection was high, and all the tested cultivars show a significant rise in leaf blast 
infection. As observed the previous year, the local cultivars were more infected than improved cultivars.  

The disease started appearing 50 DAS and first symptoms were reported in local highly susceptible 
cultivar Gurmatia, followed by Dehula and Indrajal and finally increase in different periodic interval. After 
successful invasion of the disease (64-70 DAS) the statistical mean value suggest that infection rate was 
highest in Gurmatia, followed by Dehula and Indrajal 0.33, 0.293 and 0.283/unit/day, respectively. The 
rate of invasion of leaf blast follows the previous year pattern when pooled mean values of improved 
cultivars were assessed. The infection rate ranges between 0.256 to 0.19/unit/day and was maximum in 
Basmati and least in cultivar IR-64.  

  
Discussion 
 

A significant variation in degree of disease susceptibilities were observed among different rice 
cultivars when scoring against M. oryzae infection scale. It was observed that rate of infection was high in 
2012 compare to 2011. Among the weather factors, rainfall played a decisive role in leaf blast infection. 
Singh et al. (2013) reported a rapid increase in disease appearance which becomes more destructive under 
heavy rainfall and increased atmospheric humidity. Similarly, Challagulla et al., (2015) observed that 
weather conditions such as temperature and humidity play major roles for rice blast disease expression and 
disease susceptibility declined significantly from the vegetative to reproductive stages and low 
temperatures generally did not produce disease symptoms. The prevalence of disease was more in highly 
susceptible local cultivars, than improved cultivars. These results are in agreement with Amanzadeh et al. 
(2004) who reported that local cutivars are susceptible, breeding cultivars were resistant and some cultivars 
were semi susceptible to leaf blast in nursery. Mohapatra et al., (2008) reported higher disease severities in 
the susceptible genotypes compare to slow-blasting genotypes, which may primarily be due to conducive 
weather like high humidity and favorable conditions for early disease initiation for disease development 
during epidemics creating highest disease pressure in the susceptible cultivars. Similar findings were also 
observed by Mukherjee et al., (2010) who observed that conducive conditions facilitated early disease 
initiation, rapid disease development and highest disease pressure in the susceptible than slow-blasting 
genotypes. 

In the present study the local cultivars were more susceptible than improved cultivars for blast 
infection. Earlier the studies have reported that upland rice is more susceptible to leaf blast than flooded 
rice, and the differences in the susceptibility vary among cultivars (Lai et al., 1999). Sah and Bonman 
(1992) reported that susceptibility in partially resistant cultivars decreases when sown in wet seedbed 
compared to those grown in raised or upland seedbed, therefore the appropriate use of water and partial 
host resistance may help in effective control of leaf blast in the tropics. There are also the reports on 
recognition of many rice blast fungal pathogen genes involved in pathogenicity and effector and defence 
responses genes, along with the study of the structure and function of the recently cloned rice resistance 
(R) genes and avirulence (Avr) genes in M. oryzae, which can help in understanding the molecular 
mechanism of the host-pathogen interaction (Liu et al., 2010). The molecular mechanisms assay carried by 
Khang et al. (2010) revealed that fungal pathogens that colonize living plant cells translocate effector 
proteins- PWL2 that prevents pathogenicity and BAS1 (biotrophy-associated secreted protein 1), continued 
to accumulate in biotrophic interfacial complex (BIC) after invasive hyphae (IH) were growing elsewhere, 
whereas BAS4, which uniformly outlines the IH, was not translocated into the host cytoplasm, and these 
proteins that reached the rice cytoplasm moved into uninfected cells, presumably preparing host cells 
before invasion, were translocated into the cytoplasm inside living cells to regulate cellular processes and 
neutralize defense responses and causes rice blast disease.  
 
Conclusion 
 

In conclusion, the assessment of apparent infection rate of leaf blast fungus among rice varieties 
reported that incidence of the disease in upland rice in highly susceptible cultivars was more pronounced 
than slow-blasting cultivars and conducive weather conditions plays significant role in rate of infection and 
disease development. Further, the study is significant for rice cultivars as it will help in appropriate varietal 
selection and plays an important role in integrated disease control programmes. 
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