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Abstract. Today, rice blast remains the most dangerous disease, 
therefore, along with breeding developments, it is necessary to study the 
dependence of the pathogen's behavior on agroclimatic conditions. In 
addition, an understanding of the dynamics of blast development in the 
non-growing season is necessary. The studies conducted are aimed at 
establishing agroclimatic patterns that contribute to the development of the 
disease in the pre-growing and growing periods by analyzing the results of 
the implementation of the mathematical model. As a result of research, the 
dependence of the intensity of damage to rice crops on the intensity of 
environmental influences in the pre-growing season was established, which 
suggests that it is necessary to apply agrotechnological measures before 
sowing to reduce the phytosanitary load on plants and the environment.  

1 Introduction 

Blast development during the growing season of rice plants remains one of the most 
dangerous phenomena manifested during the cultivation of crops [1]. Breeding 
developments in the field of rice farming could significantly reduce the rate of infection 
with blast, but a significant role in the dynamics of the development of the pathogen 
Pyricularia oryzae Cav. [2 - 4] is played by agroclimatic conditions and agrotechnological 
measures [5, 6]. Therefore, today, to prevent and combat blast, it is necessary to monitor 
agroclimatic conditions and develop approaches and methods to combat the pathogen based 
on meteorological data processing. 

In 2019, in the laboratory of information, digital and biotechnologies of Federal 
Scientific Rice Centre, within the framework of state task No. 0494-2019-0001, scientific 
work was carried out to develop mathematical algorithms that describe the dynamics of 
blast development. Based on the results of the studies, a model was developed [7], which 
allows one to assess the dynamics of the development of the pathogen during the growing 
season of rice plants. Based on agroclimatic data obtained under homogeneous conditions 
(geographical localization, agrotechnical measures), the model allows one to obtain an 
assessment of the dynamics of blast development during any period. Thus, the use of this 
model allows a retrospective study of a ten-year cycle of agricultural production in the 
Krasnodar region. 
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2 Aim and objectives of the study 

The aim of the study is to study climatic conditions conducive to the development of rice 
blast on the territory of agricultural land of Krasnodar region. To conduct the study, it is 
necessary to implement a model of the dynamics of rice blast development on the data of 
agroclimatic conditions, actually established during several pre-growing and growing 
periods, and to identify patterns that affect the pathogenicity of blast.  

3 Methods of research 

In the behavior of a retrospective study, the uniformity of data on a number of conditions is 
important. This approach makes it possible to compare the results of processing data 
obtained in different periods (retrospectively). 

In the framework of this work, it is necessary to implement a model of the dynamics of 
blast development on the climatic data of several periods. The homogeneity condition for 
such data is geographical localization [8]. Therefore, for the research, data recorded at a 
meteorological station located in Slavyansk-on-Kuban were selected. The choice of data is 
due to the fact that the meteorological station has the location closest to the geographical 
center of the rice-growing area of Krasnodar region [9]. 

To assess the pathogenicity of rice blast at different periods of time, we used the data on 
the damage to rice crops by blast provided by the branch of the Federal State Budgetary 
Institution Rosselkhoztsentr in the Krasnodar region. The weighted average percentage of 
the spread and development of the pathogen informatively describes the intensity of blast 
development in a certain period. 

It is known that the development of generations of Pyiricularia oryzae Cav. Pathogen 
occurs throughout the entire growing season of rice plants and is directly dependent on 
agroclimatic conditions. In addition, after the end of the growing season (harvesting), 
spores (conidia) of blast can be retained on crop residues, soil and plants developing in 
close proximity to areas where rice is cultivated [10, 11]. Under certain conditions, 
individual conidia can give rise to a new generation and create an increased infectious 
background by the beginning of the next growing season. Therefore, in the framework of 
the research work, two periods were conditionally distinguished: pre-growing and growing. 
The pre-growing period originates after harvesting the previous growing period and ends 
with the beginning of the current growing period. The growing period is limited to days 
from sowing to harvesting [12]. On the greater territory of Krasnodar region, sowing dates 
are set by the end of April, and harvesting ends in September [13], so the pre-growing 
period is separated by the beginning of October and the end of April, the remaining days 
belong to the growing period. 

The intensity of climatic conditions that directly affect the development of rice blast 
both during the growing season and the pre-growing season is described by implementing a 
model of the dynamics of blast development on meteorological data recorded during this 
period. The implementation of the model makes it possible to identify time intervals that 
contribute to plant infection and the development of a pathogen, as well as to evaluate the 
intensity of the pathogen exposure during this time period, expressed as a percentage of 
probability (%). Such time periods are called excess, and the number of excesses during the 
study period describes the intensity of the manifestations of rice blast [14]. Estimating the 
number of excesses during the pre-growing and growing periods will help to identify the 
intensity of the influence of the environment and agroclimatic conditions on the dynamics 
of the pathogen Pyricularia oryzae Cav. [15]. 

As part of the research work, the data of meteorological observations recorded at a 
meteorological station in the city of Slavyansk-on-Kuban, and the data on the damage to 
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rice crops by blast from 2009 to 2019 were selected. On the data of each pre-growing and 
growing periods, a model of the dynamics of blast development was implemented and the 
number of excesses that appeared during the month and then the entire period was 
calculated. This approach made it possible to compare the implementation data and the 
actual data on the damage of crops and to analyze the intensity of the environmental impact 
on a monthly basis. 

4 Results and discussion 

As a result of studies and analysis of the data of the pre-growing  period, it was revealed 
that the greatest number of excesses was observed in the pre-vegetation period of 2013, the 
smallest amount was noted in the same period of 2018. It is important to note that in 
December of the same period of 2013, the maximum number of excesses was revealed - 4. 
Averaged indicators indicate that in the period from October to December there is the 
largest number of excesses during the pre-vegetation period. However, in some cases, 
excesses are observed in March and April. 

The results of calculating the number of excesses and crop damage with blast in the pre-
growing season are shown in table 1. It should be noted that periods 10 ... 04 correspond to 
the months of the year, namely 10 - October, 11 - November, 12 - December, etc. 

An analysis of the data indicates that during the period from October to December, 
climatic conditions contribute to blast development, therefore, we can assume the 
development and maturation of the pathogen Pyricularia oryzae Cav. on crop residues and 
plants [16]. In addition, in March and April there is also a high probability of the 
development of pathogen generations already before the start of the growing season. Such 
conditions can greatly increase the area’s contamination before sowing and create an 
unfavorable phytosanitary situation during the growing season [17]. 

Table 1. The number of excesses and data on the damage of crops in the pre-growing season 

Year 
Month 

Total 

Average weighted 
percent, % 

10 11 12 01 02 03 04 Spread Develop
ment 

2009 0 1 0 1 0 2 1 5 9.5 0.2 
2010 2 2 0 0 0 2 3 9 30.0 2.3 
2011 2 0 0 1 0 1 3 7 10.9 1.2 
2012 4 0 3 2 2 0 0 11 5.3 0.2 
2013 1 3 4 1 1 2 0 12 20.4 5.7 
2014 0 1 1 1 1 0 0 4 5.1 0.4 
2015 1 2 1 1 0 1 0 6 4.5 0.14 
2016 1 2 0 0 0 1 1 5 3.8 0.3 
2017 2 2 1 1 0 0 0 6 3.8 0.2 
2018 0 1 0 0 0 1 0 2 3.2 0.2 
2019 1 2 2 1 0 0 0 6 4.6 0.5 
Mean 
value 1.4 1.5 1.2 0.8 0.4 0.8 0.7 6.8   

Max. 4 3 4 2 2 2 3 12   
 
A comparative analysis of data on the number of excesses and damage to rice crops by blast 
is presented in Figure 1.  
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Fig. 1. Comparative analysis of data on the number of excesses and damage of rice crops by blast 
during the pre-growing period 
 

The diagram shows that high values of crop damage occur in years, in the pre-growing 
season of which a high number of excesses is noted (8-12). At the same time, years with a 
low number of excesses in the pre-growing season show a low level of crop damage. Thus, 
a relative correlation of the number of detected excesses and the level of damage to rice 
crops can be noted. 

Studies of the growing period data showed that the largest number of excesses (18) was 
observed in the growing season of 2010 and 2011, in addition, a high number of excesses 
was noted in 2009, 2012 and 2013. The largest number of excesses (6) was recorded in 
June and July, while in August 2011 the maximum number of excesses per month was 7 - 
which is more likely the exception, because the average value for this month is 1.1. 

The results of calculating the number of excesses and the data on damage of crops by 
blast during the growing season are shown in table 2. 

Table 2. The number of excesses and the data on the damage of crops during the growing season 

 
Year 

Month 
Total 

Average weighted 
percent, % 

05 06 07 08 09 Spread Develop
ment 

2009 2 4 6 2 1 15 9.5 0.2 
2010 3 6 6 1 2 18 30.0 2.3 
2011 2 4 4 7 1 18 10.9 1.2 
2012 2 1 3 3 3 12 5.3 0.2 
2013 1 4 5 0 1 11 20.4 5.7 
2014 1 1 5 0 1 8 5.1 0.4 
2015 0 5 1 0 0 6 4.5 0.14 
2016 0 3 2 0 1 6 3.8 0.3 
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An analysis of the data on the growing season shows that the amount of excess and the 

intensity of the lesion are related, but have a weak correlation between each other. So in 
years with a high number of excesses during the growing season there is a high damage of 
rice crops by blast, and in years with a low number of excesses, the lesion remains at a 
rather low level. 

The comparative analysis presented in Figure 2 confirms the assumption that high 
values of crop damage are associated with an increased number of excesses during the 
growing season, but they have a rather weak correlation [18]. 

  
Fig. 2. A comparative analysis of the data on the number of excesses and damage to rice crops by 
blast during the growing season 
 

The data obtained make it possible to analyze the average and maximum number of 
excesses identified during each month of the pre-growing and growing periods. A 
comparative analysis of the data is presented in Figure 3 in the form of a petal diagram. 
This approach helps to track the cyclical dynamics of changes in the number of identified 
excesses during the year. 
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Fig. 3. Comparative analysis of the average and maximum number of excesses 

 
It can be seen from the obtained diagram that the maximum values are concentrated in 

the summer months. Most of the excesses occur in June and July of the growing season. In 
addition, it is worth noting that in the days of August there is also a high probability of 
manifestations of excesses. At the same time, quite frequent manifestations, although in a 
weak form, were noted between October and December. 

5 Conclusions 

As a result of retrospective studies, the nature of the influence of agroclimatic conditions on 
the dynamics of the distribution and development of Pyricularia orizae Cav. pathogen was 
revealed on the territory of Krasnodar region during the pre-growing and growing periods. 

The research data showed that the intensity of agroclimatic factors on the dynamics of 
blast development in the pre-growing and growing periods varies. While the number of 
excesses detected during the growing season poorly describes the damage to rice crops, the 
data on the number of excesses during the pre-growing season and the intensity of damage 
to rice crops have a correlation. Thus, to prevent the development of a pathogen, it is 
necessary to monitor agro-climatic conditions both during the rice growing season and in 
the pre-growing season. Such an approach should be accompanied by the study of 
agroclimatic factors in the pre-growing period, including the use of a model of the 
dynamics of rice blast development. In addition, in all territories of Krasnodar region used 
for agricultural production of rice crops, it is necessary to continuously monitor 
agroclimatic data using a model of the dynamics of pathogen development in the pre-
growing and growing periods [19-21]. This will allow sufficient pre-sowing measures to be 
taken to reduce the phytosanitary load on plants and the environment during the growing 
season [22-26]. 
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