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INTRODUCTION

Late blight is caused by the oomycete 
Phytophthora infestans (Mont.) De Bary, which can 
drastically compromise the yield of potato (Solanum 
tuberosum L.) tubers under favorable air temperature 
and humidity conditions. Brazil presents a high potato 
late blight severity occurrence, requiring numerous 
fungicide applications (HIJMANS et al., 2000). 
These recurring fungicide applications often have an 
unreasonable impact on the environment and increase 
production costs.

Therefore, alternatives to rationalize the 
chemical control of late blight, such as the use of 
disease occurrence forecast systems, which consider 
different weather elements, are necessary. Air 
temperature between 7.2 and 26.6 ºC (KRAUSE et 
al., 1975) and a long period of high air humidity are 
the weather variables that most favor infection by 
P. infestans. Thus, a long duration of leaf wetness 
allows the establishment of parasitism, otherwise, the 
surface of the susceptible organ dries out and the spore 
loses viability through desiccation, as it is a structure 
sensitive to dehydration (TRENTIN et al., 2009).
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ABSTRACT: Potato (Solanum tuberosum L.) is an increasingly important source of food, rural employment, and financial income, contributing 
to the social stabilization of rural areas, especially in developing countries. However, this crop is very sensitive to diseases, which drastically 
affect yield, in addition to increasing production costs for their control and the risk of environmental contamination. This study evaluated the 
control of late blight (Phytophthora infestans) in potato cv. Ágata based on the Blitecast disease forecast system and tuber yield in two growing 
seasons. The experiments were conducted in the spring of 2022 and autumn of 2023 in the municipality of Passo Fundo. Different accumulated 
severity values (SV) were calculated by the Blitecast model, which constituted the treatments SV 18, SV 24 and SV 30, in addition to a weekly 
treatment and a control without application. The experimental design consisted of randomized blocks with four replications, in which each plot 
had five rows of plants measuring 3 m in length. Late blight severity and the final tuber yield were evaluated. The use of the Blitecast forecast 
system to control potato late blight allows for a reduction in the number of fungicide applications without affecting the final tuber yield. The 
forecast system should be used as a tool for the integrated management of potato diseases.
Key words: Phytophthora infestans, Solanum tuberosum L., chemical control, disease forecast.

RESUMO: A batata (Solanum tuberosum L.) é uma fonte cada vez mais importante de alimento, de emprego rural e de aumento de renda, 
contribuindo para a estabilização social do meio rural, principalmente nos países em desenvolvimento. Entretanto, trata-se de uma cultura 
bastante sensível às doenças, as quais afetam drasticamente a produtividade, além da necessidade de controle elevar o custo de produção e 
o risco de contaminação ambiental. O objetivo do trabalho foi avaliar o controle da requeima (Phytophthora infestans) da batata cv. Ágata 
com base no sistema de previsão de doenças Blitecast e sua produtividade de tubérculos em duas safras. Os experimentos foram conduzidos 
na primavera de 2022 e no outono de 2023, no município de Passo Fundo. Diferentes valores de severidade (VS) acumulada, calculados pelo 
modelo Blitecast, constituíram  os tratamentos VS 18, VS 24 e VS 30, acrescentando o tratamento semanal e a testemunha, sem aplicação. O 
delineamento foi em blocos casualizados com quatro repetições, sendo cada parcela composta de cinco fileiras de plantas com 3 metros de 
comprimento. Foram avaliadas a severidade da requeima e a produtividade final de tubérculos. A utilização do sistema de previsão Blitecast 
para o controle da requeima da batata, permite reduzir o número de aplicações de fungicidas sem afetar a produtividade final de tubérculos. O 
sistema de previsão deve ser utilizado como ferramenta para o manejo integrado de doenças da batata.
Palavras-chave: Phytophthora infestans, Solanum tuberosum L., controle químico, previsão de doença.
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The use of disease occurrence forecast 
systems, based on environmental conditions 
during the cultivation cycle, has stood out as an 
alternative to assist in decision-making, indicating 
periods of conditions favorable to the development 
of diseases, and determining the moment more 
suitable for fungicide applications (TAYLOR et al., 
2003; BATISTA et al., 2006; TRENTIN et al., 2009; 
BOSCO et al., 2010; GRIMM et al., 2011). Decision 
Support Systems have been used in European 
countries, especially in the Netherlands, where at 
least 36% of potato producers employ the generated 
recommendations (COOKE et al., 2001). The main 
advantages of forecast systems are higher profit for 
the producer, decreased risk of epidemics, reduced 
number of sprays, and less damage to humans and 
the environment (BERGAMIN FILHO et al., 1995). 
Therefore, seeking alternatives to carry out more 
rational chemical control of potato late blight is of 
paramount importance.

The Blitecast system (KRAUSE et al., 
1975) indicated the applications necessary to control 
late blight throughout the entire cultivation cycle 
and is based on the calculated severity value, which 
associates the duration of relative humidity higher 
than or equal to 90% and mean air temperature during 
these periods of high humidity. The hypothesis is 
that the use of the Blitecast system allows reducing 
fungicide applications in potatoes without affecting 
yield, reducing production costs and possible 
environmental impacts. This research is justified by 
the possibility of generating information about the 
efficiency of the Blitecast system, particularly  in 
predicting the occurrence of late blight for the cv. 
Ágata. This cultivar is extensively utilized in the 
northern region of Rio Grande do Sul State, which 
constituted an important growing region where the 
Blitecast system remains untested.

This study evaluated the performance of 
the Blitecast forecast system in late blight control 
and the impact on tuber yield of potato cv. Ágata in 
spring and autumn cultivations on the Rio Grande do 
Sul Plateau.

MATERIALS   AND   METHODS

The experiments were carried out in the 
municipality of Passo Fundo, Rio Grande do Sul, 
Brazil, located at a latitude of 28º12′49.6″ South and 
longitude of 52º23′37.8″ West and an altitude of 654 
m. The climate is characterized as humid subtropical 
(Cfa), with no defined dry season, according to the 
Köppen climate classification (ALVARES et al., 

2013). The soil in the region is an Oxisol (Latossolo 
Vermelho distrófico húmico) (STRECK et al., 2018).

The spring experiment was conducted 
from August 25 to December 16, 2022, while the 
autumn experiment was carried out from February 
28 to June 27, 2023. In both cases, the Ágata potato 
cultivar was used. The experimental design consisted 
of randomized blocks, with four replications. Each 
plot was composed of five rows of plants measuring 
3.0 m in length. Management followed technical 
recommendations for the crop. Treatments were 
based on different time intervals between fungicide 
applications. Weekly applications were performed 
in one of the treatments and no application was 
conducted in the control. The time intervals in 
the other treatments were calculated based on the 
accumulated severity values (SV), calculated by the 
Blitecast model, with 18, 24, and 30 SV. Severity 
values were calculated following table 1 (KRAUSE 
et al., 1975), ranging from zero to four, according to 
the mean air temperature in the period in which the 
relative humidity was higher than or equal to 90% 
(RH > 90) and the number of hours accumulated with 
RH > 90 for each day. Applications were performed 
at each accumulation of 18, 24, and 30 SV.

The fungicide Zetanil WG (cymoxanil 
+ chlorothalonil) was applied at a dose of 1.5 kg 
ha-1. The application was performed using a CO2-
pressurized sprayer at a rate of 500 L ha-1. Data on 
rainfall, temperature, and relative humidity were 
obtained from an automatic weather station located 
500 m from the experiment.

Late blight severity was evaluated by a single 
evaluator, both in spring and autumn, on three plants 
per plot demarcated at the beginning of the experiment 
and quantified using the diagrammatic scale by JAMES 
(1971). The final tuber yield (kg ha-1) was determined 
by harvesting three linear meters from the three central 
rows of each plot. Tubers were harvested at 92 and 96 
days after emergence (DAE) in the spring and autumn 
experiments, respectively, without differentiation 
between commercial and non-commercial tubers. The 
data were subjected to analysis of variance and, when 
significant, the means of the treatments were compared 
using the Tukey test at a 5% probability of error using 
the program SASM-Agri version 8.1 (CANTERI et 
al., 2001). The severity, expressed as a percentage, was 

transformed into  for statistical analysis.

RESULTS   AND   DISCUSSION

The disease was observed 36 days after 
emergence (DAE) in the spring, manifesting itself 
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after a period of rain between days 21 and 35 DAE 
(Figure 1A). Samples of leaves with symptoms 
were taken to the laboratory for confirmation. 
Sporangiophores and sporangia grow on the abaxial 
part of the leaves under high relative air humidity 

conditions, giving a whitish color around the lesion, 
very similar to a thin white mold (TÖFOLI et al., 
2013). According to HUBER & GILLESPIE (1992), 
the presence of free water on the leaves can be 
observed on dewy nights or rainy days, allowing 

Figure 1 - Daily Rainfall (mm), relative air humidity (%) and air temperature (ºC)  as a function 
of days after emergence in the spring of 2022 (A) and autumn of 2023 (B), in Passo 
Fundo, RS, Brazil.

Table 1 - Mean air temperature (ºC) classes during continuous periods of accumulation of hours with relative air humidity higher than 
90% (HRH > 90%) and respective daily severity values (SV) for late blight control. 

 

Air temperature classes (ºC) ------------------------------------------------------HRH > 90%------------------------------------------------------- 

7.2-11.6 ≤ 15 16-18 19-21 22-24 > 24 
11.7-15.0 ≤ 12 13-15 16-18 19-21 > 22 
15.1-26.6 ≤ 9 10-12 13-15 16-18 > 19 
SV 0 1 2 3 4 

 
Source: KRAUSE et al. 1975. 
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sporangium production. Prolonged leaf wetness leads to 
the germination of spores on the plant during the wetness 
period, potentially infesting the plant tissue again.

The Blitecast forecast system indicated 
chemical control for 18 severity values (SV) 
accumulated at 31 DAE in Passo Fundo (Figure 2A), 
demonstrating good prediction accuracy. GRÜNWALD 
et al. (2000) reported a different situation in the Toluca 
Valley, where the system indicated the initial fungicide 
application only after the disease was established.

Irregular rains were observed at the beginning 
of the spring experiment (Figure 1A), determining a 
low accumulation of severity values calculated by the 
Blitecast system (Figure 2A). Rains occurred more 

frequently after 21 DAE and, as a result, SV accumulated 
(Figure 2A). No rain events were observed from 48 to 
56 DAE and, consequently, there was no increase in 
SV, keeping the soil surface drier and hotter during the 
day, which disadvantages the incidence of late blight 
(GRIMM et al., 2011). However, late blight appeared 
in all treatments from 55 DAE, with the air temperature 
remaining above 16 ºC during this period. The optimum 
air temperature for late blight is between 16 and 23 ºC 
(ERWIN & RIBEIRO, 1996). Its manifestation occurs 
when associated with the presence of the inoculum and 
a host. The Ágata cultivar is considered susceptible to 
P. infestans, favoring infection and disease progression 
(OXLEY et al., 2023).

Figure 2 - Accumulated severity values (SV) calculated by the Blitecast system and times of 
fungicide application for the scheduled treatments, 18 SV, 24 SV, and 30 SV as 
a function of the number of days after emergence in the spring of 2022 (A) and 
autumn of 2023 (B), in Passo Fundo, RS, Brazil.
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A period of continuous rain with high 
air temperature and humidity was observed in the 
autumn, from 46 DAE (Figure 1B), favoring the 
radid progression of early blight, which affected  all 
experimental units and compromised the assessments 
of potato late blight. Figure 2 shows the SV calculated 
by the Blitecast System and the moment of fungicide 
application for the scheduled treatments, 18 SV, 
24 SV, and 30 SV. In some cases, due to rainfall 
forecasts, certain applications were advanced, 
such as the application corresponding to the 30 SV 
treatment, conducted when the Blitecast system had 
accumulated only 27 SV (Figure 2A). The scheduled 
treatment received one application every seven days, 
with nine and four application times being determined 
in the spring (Figure 2A) and autumn (Figure 2B), 
respectively.

The periods suitable for late blight 
development are those in which there is an increase 
in SV in a short space of time, indicating the likely 
period for the disease development (ZADOKS et 
al., 1979). The favorable period in the spring was 
observed from 23 DAE (Figure 2A) and in the 
autumn from 19 DAE (Figure 2B). Late blight was 
less pronounced in the autumn compared to the 
spring, with the final mean severity being 1% in the 
autumn and reaching 8.2% in the spring (Table 2). 
Furthermore, the start of scheduled applications in 

the autumn was delayed by two weeks due to the 
occurrence of rain, justifying the carrying out of only 
four applications and concentrating the applications 
of 18 SV.

The use of weather data as a basis for the 
forecast system, using the 30 SV treatment, allowed 
only one application to be carried out in the spring 
and autumn (Figure 2). Spraying was conducted 
a maximum of two times for treatments 18 and 24 
SV, both in the spring and autumn. TRENTIN et al. 
(2009) observed similar data for the spring period, 
in which three and two applications were carried out 
for treatments 18 and 24 SV, respectively. In contrast, 
the forecast system indicated six applications in the 
autumn (TRENTIN et al., 2009), which is in line 
with the results obtained by BATISTA et al. (2006), 
in which the number of scheduled applications was 
similar to those indicated by forecast systems when 
weather conditions are favorable to the disease. 
HIJMANS et al. (2000) reported the need for around 
eight fungicide applications in Brazil based on the 
Blitecast system.

The lowest final severity (2.7%) in the 
spring occurred in the 24 SV treatment, followed by the 
scheduled and 18 SV treatments, with severities lower 
than 3.2% (Table 2). The control showed the highest 
final severity (18%), but did not statistically differ 
from the others treatments, probably due to the high 

 

Table 2 - Observed final severity (%), potato tuber yield (kg ha-1), and number of fungicide applications for the spring 2022 and autumn 
2023 cultivation. Passo Fundo, RS, Brazil. 

 

Spring 2022 

Treatment -----------Severity (%)----------- ----------Yield (kg ha-1)--------- ----Number of applications----- 
Control 18.0 a 47048 a - 
Scheduled 3.2 a 48090 a 9 
18 SV 4.6 a 46875 a 2 
24 SV 2.7 a 48958 a 2 
30 SV 12.3 a 48784 a 1 
Mean 8.2 48177  
CV (%)1 55.4 12.2  
--------------------------------------------------------------------------Autumn 2023------------------------------------------------------------------------- 
Control 2.3 b 10885 a - 
Scheduled 0.7 a 13437 a 4 
18 SV 0.9 ab 11380 a 2 
24 SV 0.5 a 11224 a 1 
30 SV 0.6 a 13385 a 1 
Mean 1 12356  
CV (%) 24.4 23.9  

 
Means followed by the same letter in the column do not differ from each other by the Tukey test (P ≤ 0.05). 
1CV: coefficient of variation. 
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coefficient of variation (54%). The 24 SV treatment 
also had the lowest severity in the autumn (0.5%), not 
differing from the control. Severity was below 1.0% for 
the other treatments (Table 2). Conversely, there was 
no significant difference in tuber yield during autumn 
across treatments. The autumn yield was notably lower 
compared to spring mainly due to excessive rainfall and 
the occurrence of early blight. The tuber yield obtained 
align closely with those reported by BATISTA et al. 
(2006) and BOSCO et al. (2010).

In addition to the control, treatments 18, 
24, and 30 SV showed tuber yield similar to the 
scheduled treatment in the spring, despite receiving 
none, one, or only two fungicide applications and the 
same level of accumulated severity (Table 2). These 
findings demonstrate that depending on the disease 
inoculum availability and meteorological conditions 
during the development cycle, chemical control may 
be unnecessary. Regarding the Blitecast system, 
considering that nine applications were carried out 
for the scheduled treatment, the number of chemical 
treatments used to control late blight can be reduced 
without significantly affecting tuber yield, corroborating 
with the results obtained by TRENTIN et al. (2009) 
and BOSCO et al. (2010). Therefore, in addition to the 
different integrated control methods, such as the use of 
healthy seed potatoes, less susceptible cultivars, removal 
and destruction of volunteer plants, and chemical control 
(TAYLOR et al., 2003), monitoring all diseases that may 
occur in the crop is essential.

CONCLUSION

The use of the Blitecast forecast system for 
potato late blight, with an accumulation of 18, 24, and 
30 severity values, allowed reducing the number of 
fungicide applications without significantly affecting 
the final tuber yield.

The forecast system should be used as 
a tool for the integrated management of potato 
diseases. Further studies should be conducted to 
enhance the utilization of Blitecast in conjunction 
with other systems, aiming to predict the occurrence 
of additional potato diseases.
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