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ABSTRACT 

The fungus Pyricularia sp., the causal agent of wheat blast, produces light, 
dry and hyaline conidia that can be removed from sporulating lesions by the 
wind and transported over long distances. Experiments were performed with 
the aim of (a) determining the relationship between the climate variables and 
the quantity of conidia of Pyricularia sp., and (b) obtaining technical data that 
can be used in the elaboration of blast forecasting models. From February 2nd, 
2013 to June 7th, 2014, the number of Pyricularia sp. conidia in the air was 
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monitored by using a spore trap and glass slides smeared with vaseline. Several 
climate variables were hourly recorded during the spore capturing period. The 
data were explored based on classification trees and relationships between the 
weather-based predictors and the number of trapped conidia day-1. The strongest 
predictors were mean relative humidity, daily mean temperature, precipitation 
lower than 5 mm day-1, and number of hours when temperature was between 
15 and 35 °C and relative humidity > 93%.

Keywords: Triticum aestivum, Oryza sativa, weather factors, forecasting models.

The fungus Pyricularia oryzae (Cavara) presents a wide range of 
hosts and can be found in several plants, particularly species of the 
Poaceae family, such as barley (Hordeum vulgare L.) (7), perennial 
ryegrass (Lolium perenne L.) (10), elephant grass (Pennisetum 
purpureum Schumach.), and millet (P. glaucum (L.) R. Br.) (30). 
Although P. oryzae infects several plant species, rice is the most known 
crop affected by this fungus, producing the famous disease known as 
rice blast, first reported in the 15th century (19). In the mid-1980s, blast 
was first reported in wheat in Brazil (12). In 2016, wheat blast was 
found outside South America, more precisely in Bangladesh, Asia (8).

Occurrence of wheat blast is not homogeneous among the different 
Brazilian regions where wheat is cultivated. In the Brazilian state of 
Rio Grande do Sul (RS), where the county of Passo Fundo is located, 
the incidence of this disease is very low and does not cause damages 

of economic importance. A hypothesis for such low occurrence of 
wheat blast in RS is the absence of wheat fields in periods when there 
is a combination of high concentration of propagules of P. oryzae and 
good conditions for the development of that disease, i.e., temperature 
between 24 and 28 °C and Relative Humidity (RH) > 90 % (19, 1). 

Pyricularia oryzae produces a hyaline conidium, with two or three 
septa, which is attached to the conidiophore by a cell that splits in 
two when the conidiophore is mature, releasing it (23). According to 
Castejón-Muñoz (2), an increase of 1 °C, during tillering rice growth, 
increases the disease severity. On the other hand, conidia production is 
benefited by RH ≥ 90% and temperature around 28 °C (1). Conidia are 
dry, light, and may be removed by the wind from sporulating lesions 
and transported over long distances. The release and transportation of 
this type of propagules occur at nighttime, peaking between 24 h and 
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O fungo Pyricularia sp. agente causal da brusone do trigo, produz conídios 
hialinos, secos e leves que podem ser removidos das lesões esporulativas pelo 
vento, e transportados a longas distâncias. Foram conduzidos experimentos 
com o objetivo de determinar (a) a relação entre variáveis meteorológicas e a 
quantidade de conídios de Pyricularia sp. no ar e (b) e obter dados técnicos 
que possam ser usados na elaboração de modelos de previsão de brusone. No 
período entre 2 de fevereiro de 2013 e 7 de junho de 2014, foi monitorado 
o número de conídios de Pyricularia sp. no ar, com o auxílio de armadilha 
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RESUMO 

coletora de esporos e lâminas de vidro untadas com vaselina. Neste período, 
foram registradas de hora em hora algumas variáveis climáticas, presentes 
durante a captura dos esporos. Os dados foram explorados através do uso 
de árvores de classificação, e relações entre preditores à base de variáveis 
climáticas e número de conídios capturados dia-1. Os preditores mais fortes 
foram umidade relativa do ar média, temperatura média diária, precipitação 
menor que 5 mm dia-1 e números de horas em que a temperatura estava entre 
15 e 35 °C e umidade relativa do ar > 93%. 
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6 h, when RH is high (100%) and temperatures are around 22 °C (6). 
Airborne dissemination is considered the major means of transportation, 
as distance may be up to 1,000 meters from an infected field (29).  In 
this regard, studies developed in rice have shown that the concentration 
of airborne conidia is related to weather conditions, which indicates 
a risk factor for infections and development of epidemics (21, 22). 

Although Silva & Prabhu (28) have already conducted studies 
in Brazil about occurrence of P. oryzae spores in the air, knowledge 
about this theme is still very initial in the country. The aerial inoculum 
dynamics of this pathogen should be considered for rice and/or wheat 
blast management strategy in the fields. An efficient methodology to 
monitor aerial P. oryzae propagules is the use of spore collection traps. 
Currently, two types of traps have been used to collect and quantify 
spores of plant pathogens: automatic and wind vane (14, 24, 20, 25). 
Correia & Costa (5) mentioned that the efficiency of automatic traps 
is higher. However, the same authors emphasized that the wind vane 
type has full conditions to allow adequate quantification of fungal 
spores present in the air.

The present study aimed to (a) determine the relationship between 
climate variables and airborne conidia of Pyricularia sp. and (b) obtain 
technical data that can be used in the elaboration of blast forecasting 
models.                        

                      

MATERIAL AND METHODS

The activities concerning the experiments listed below were 
performed in the facilities of Embrapa Trigo (Embrapa Wheat), in Passo 
Fundo, Rio Grande do Sul, Brazil (28°13’37.22” S, 52°24’23.09” W, 
altitude 684 m). 

Pyricularia sp. conidia were monitored from February 2nd, 2013, to 
June 7th, 2014. To detect the presence of Pyricularia sp. propagules in 
the air, a wind vane type of trap was used (24). The trap was built by 
using a white 30cm-long PVC pipe with internal diameter of 10 cm. At 
the rear end, a rudder was fixed to allow the trap to be directed by the 
wind. The front side of the PVC pipe was cut at a 450 angle and its tip 
was positioned upwards, providing better protection of the glass slide 
inside the trap against rainwater and sunlight (Figure 1A). The trap was 
fixed at 1.50 m above ground level. The collecting surface consisted 
of a glass slide (7.5 x 2.5 cm) smeared with solid vaseline solution 
(Rioquímica) (Figure 1B). Glass slides were placed against the wind 
at a 45° angle in relation to the inner PVC tube base and were replaced 
every 24 hours at 9 am.  During conidia monitoring, climate variables, 
such as temperature, RH, wind, solar radiation, dew-point temperature 
and rainfall, were recorded every hour with of a micro-meteorological 
station (Watch-Dog model 450) (Figure 1C). Pyricularia sp. conidia 
were identified and quantified by scan counts, from the 7.5 x 2.5 cm 
glass slides with two 18 x 18 mm coverslips, under a light microscope 
(Nikon Eclipse E 200), 40x objective lenses.

The hourly meteorological datasets and the daily counts of conidia 
of Pyricularia sp. were used to explore the relationship between daily 
number of collected conidia and climate variables. Some predictors 
were simple summaries, such as total rainfall per day; others 
summarized two target conditions met simultaneously, such as the 
number of hours with temperatures between 15 °C and 35 °C in a time 
window and RH > 93%, representing relatively warm temperatures 
combined with high RH. 

The major weather-based predictors were selected by using 
the “tree method” classification, providing conditions to produce 

forecasting models (11). One of the advantages of this type of test is 
the great number of variables that can be analyzed simultaneously, 
and the induction algorithm has the capability of indicating the most 
representative variable (16).

A zero-inflated negative binomial regression was used to model 
the number of conidia. The zero-inflated negative binomial regression 
test is indicated in the case of counting data with an excessive number 
of zeros, which can cause super dispersion and interfere in adjusting 
of the model (17). To evaluate the developed model, a ROC curve 
(Receiver Operating Characteristic) was adopted. This curve can be 
used to verify the model’s capability of predicting or selecting models 
(18). The entire exploratory analysis of data was performed with R 
Statistical and Graph computer program.

 RESULTS AND DISCUSSION

During the propagule quantification period, 240 Pyricularia sp. 
conidia were identified and the mean concentration over 492 collection 
days was 0.49 conidia day-1. The highest number of Pyricularia sp. 
propagules collected in only one day was recorded on March 10th, 
2013, when 48 conidia were counted. Weather conditions recorded 
throughout the experiment allowed to relate the quantified conidia to 
each climate variable (Figure 2). The plotting of Pyricularia sp. conidia 
against temperature indicated a higher concentration of propagules 
at temperatures between 15 and 25 °C, and trapped conidia peaked 
at temperatures close to 20 °C (Figure 2A). Regarding accumulated 
rainfall (mm) per day as an independent variable, the dispersion of 

Figure 1. Spore trap was fixed at 1.50 m above ground level (A), trap 
containing a glass slide smeared with solid vaseline (B), and micro-
meteorological station (C). Passo Fundo, RS, Brazil, 2019.
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conidia occurred between 0 and 80 mm; however, accumulation of 
propagules was higher when rainfall was lower than 5 mm (Figure 2B). 
Relative humidity ranged from 40 to 100% during conidia capturing; 
bellow that RH, no propagules were captured in the assessed glass 
slides, and the peak was between 80 and 90% RH (Figure 2C). The 
concentration of propagules was highest during the first months of the 
year (Figure 2D). 

A new variable was introduced with the obtained data; in this case, 
the accumulated number of hours when temperatures were between 15 
and 35 °C and RH > 93%. This variable was expressed as the acronym 
cb1. Weather-based predictors were selected through the “tree method” 
classification for the number of conidia (Figure 3). Based on this 
classification method to associate the weather variables with the number 
of captured propagules, there was a reduction in the number of favorable 
hours (represented by the acronym “cb1” on the tree). According to the 
analysis shown in Figure 3, under precipitation ≥ 1.2 mm, an average of 
1,552 conidia day-1 was found in a 67-day period. The highest average 
number of captured conidia, 20,220 day-1, was recorded when relative 
humidity was higher than 85.8 %, which occurred in 9 days. When RH 
was inferior to 85.8%, in 22 days, the average of propagules found in 
each of these days was 2,773 propagules day-1 (Figure 3).

The highest number of conidia was captured when precipitation 
was lower than 5 mm (Figures 4 and 5). Regarding the number of 
conidia trapped per day, there was an excess of days with zero counts 
which means that, in these days, there were no conidia in the assessed 

glass slides. This fact allowed the use of the zero-inflated negative 
binomial regression test to model the number of conidia. The used 
model enabled estimating the expected number of conidia trapped by 
different combinations of weather-based predictors (Figure 5). In this 
case, the model estimated a higher number of trapped conidia with 
rainfall lower than 5 mm and lower demand for number of favorability 
hours day-1, i.e., the number of hours when temperature was between 
15 and 35 °C and RH > 93%. When rainfall was higher than 5 mm, the 
number of favorability hours day-1 was higher; therefore, the expected 
number of trapped conidia was lower.  

A logistic regression model was used to verify the presence or 
absence of Pyricularia sp. conidia per day, using data collected from 
February 2nd, 2013, to June 7th, 2014. The weather-based predictors 
were total rainfall per day and number of hours when temperature was 
between 15 and 35 °C and RH > 93%. The binary transformation was set 
to 1 when the number of conidia was higher than 3, and zero otherwise. 
The area under the curve (AUC), which reflects the accuracy rate of 
the model, was 73% with confidence interval of 62.7-81.4% (Figure 6).   

The quantity of Pyricularia sp. conidia in the air over a relatively 
long time (over a year) represented very well the dynamics of this type 
of propagules in the air in Passo Fundo, RS, confirming that the type 
of used trap (wind vane) was efficient to sample and capture spores of 
the studied pathogen. This was evidenced by the relationship between 
the variables considered in this study and the amount of Pyricularia 
sp. conidia in the air, which validated very feasible forecasting models 

Figure 2.  Daily records of Pyricularia sp. conidia dispersion related to mean temperature (A), total rainfall (B), mean relative humidity (C), and 
month of the year (D), from February 2nd, 2013, to June 7th, 2014, in Passo Fundo, RS, Brazil, 2019.
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for blast epidemics. These assertions and interpretations are supported 
by specific analyses, such as the “tree method” (Figure 3), and by the 
logistic regression model (Figure 6), which confirmed the relationship 
between the number of collected conidia dia-1 and variables such as 
temperature, RH, acronym “cb1”, precipitation, months and days of the 
year. It is still important to highlight that the “tree method” has already 

validated models of epidemics for other wheat diseases such as wheat 
scab in the United States. This condition allowed finding predictors that 
show strong association with RH, temperature and number of hours 
when temperature was between 9 and 30 °C and RH ≥ 90%, considering 
that the AUC varied from 82% to 91% for the developed models (26). 
Shah et al. (27), aiming to identify windows of weather variables in 

Figure 3.  Classification tree for the prevalence of conidia numbers. “cb1” is the number of hours when temperature was between 15 and 35 °C and 
relative humidity > 93%; “x” is the conidia average found during the period and “n” is the period evaluated in days.  Passo Fundo, RS, Brazil, 2019.

Figure 4.  Rainfall and frequency of Pyricularia sp. conidia trapped per day, between February 2nd, 2013, and June 7th, 2014, in Passo Fundo, RS, 
Brazil, 2019.
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Figure 5.  Zero-inflated negative binomial model, built with daily counts of Pyricularia sp.  conidia trapped between February 2nd, 2013, and 
June 7th, 2014, in Passo Fundo, RS, Brazil. The weather-based predictors were total rainfall per day and number of hours when temperature was 
between 15 and 35 °C and relative humidity > 93%. Passo Fundo, RS, Brazil, 2019.
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Figure 6.  Receiver operating characteristic (ROC curve). The area under the curve (AUC) was 73% (CI = 62.7-81.4%), Passo Fundo, RS, Brazil, 
2019.
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pre- and post-anthesis to predict wheat scab epidemics, developed 15 
weather-based predictors, of which 14 were associated with RH and 
only one with rainfall. Manstretta & Rossi (13) evaluated the effect 
of weather-based predictors on the release and peak of ascospores of 
Gibberella zeae in northern Italy between 2012 and 2014, using AUC 
analysis, and reported that the vapor pressure deficit was the best 
weather-based predictor with 79% for release and 84% for ascospore 
peak. In Brazil, Meira et al. (16), based on the “tree method”, used 
variables such as mean temperatures during leaf wetness, pending 
load of fruit and relative humidity to develop a model to predict the 
emergence of coffee rust epidemics caused by Hemileia vastatrix. Using 
the “tree method” to identify the influence of meteorological variables 
on the occurrence of epidemics of Asian soybean rust in commercial 
crops, Megeto et al. (15) have also developed a forecasting model with 
78% accuracy rate. 

In relation to the decrease in the number of conidia found when 
rainfall was higher than 5 mm, Kim (9) has already reported that 
rainwater above 3.5 mm/day can reduce the number of P. oryzae 
conidia present in plant lesions. This is due to the force of rainfall on 
conidiophores, which end up releasing conidia and reducing the amount 
of inoculum, thus affecting dissemination. Silva & Prabhu (28) also 
verified the existence of an inverse relationship between rainfall and 
trapped P. oryzae conidia.

It is important to emphasize that the concentration of Pyricularia 
sp. conidia in the air was higher during the first three months of the 
year (Figure 2B). In those periods, occurrence of several days under 
favorable conditions of temperature, humidity and precipitation to the 
development of blast was also recorded. Such data allowed estimating 
that, in Passo Fundo, specific moments of the year require more concern 
about occurrence of blast diseases. This is one of the main results 
obtained in the present study. 

Nevertheless, two crucial variables must also be included in any 
analysis of the study. The first one is the factor “presence or absence” of 
crops in the field in the period when there is combination of favorable 
climate for the disease and high concentration of pathogen spores in the 
air. This situation is especially related to the data obtained during the 
first three months of the year, when climate conditions were favorable 
to the disease and the concentration of Pyricularia sp. conidia in the 
air was higher. However, that period is not a regular season for wheat 
crop in the region. In addition, in Passo Fundo, which is located in the 
north of Rio Grande do Sul, there is no cultivation of rice, differently 
from the south of this Brazilian state, where the major area occupied 
by this crop in Brazil is located. The second variable is the site where 
the spores were collected. The obtained data may assist in developing 
forecasting models for blast diseases in other Brazilian regions where 
damages caused by blast diseases in the fields are more significant. 
However, the best strategy would be to monitor the flow of Pyricularia 
sp. conidia in the air in more places in the country, especially where 
there is intention of including the pathogen’s airborne inoculum in the 
management of blast diseases. 

Obviously, it would be desirable that the obtained data also included 
the host plant species of each spore found on the glass slides. However, 
considering the complexity of the genus Pyricularia (or Magnaporthe) 
in relation to its taxonomic variability, associated with the current “state 
of the art” on the subject, such a highly detailed monitoring is a great 
challenge, and technical and taxonomical aspects have not yet been 
overcome. This includes, for example, the recent proposal of the species 
Pyricularia graminis-tritici as the second causal agent of wheat blast 
(3). The molecular markers developed by Chada & Gopalakrishna (4) 

and Villari et al. (31) constitute tools that could be tested to detect and 
differentiate the causal agents of rice and wheat blast found in spore 
traps such as those used in the present study. However, even if such 
markers were used, a preliminary study relating the detection and the 
diversity of the genus Pyricularia present in Brazil would be necessary.

The airborne flow of propagules of Pyricularia sp. in Passo Fundo, 
Rio Grande do Sul, is associated with weather variables.

The data obtained in the present study can be useful in the 
elaboration of forecasting models for blast epidemics.
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