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A B S T R A C T
The objective of this study was to evaluate the effect of irrigation and fungicide application on 
the occurrence of diseases and cypsela yield of two genotypes of sunflower. The experiments 
were carried out in Santa Maria-RS, during the regular season in 2007 and the late season, in 
2008. Plants were sown on 04/09/2007 and 21/01/2008, in a completely randomized design, 
with four replicates. A 2 x 6 factorial scheme was used, with the sunflower genotypes Aguará 
03 and Hélio 358 and six fungicide application schemes, which were determined by the FAST 
forecasting system, as follows:  FAST 16, FAST 22 and FAST 28, without irrigation, FAST 16 
IRR under irrigated condition, in addition to irrigated control (CONTROL IRR) and control 
(CONTROL). Disease progress was analyzed based on weekly observations of the severity of 
the symptoms. It was verified that irrigation increases sunflower cypsela yield in the regular 
season, provided that weather conditions are not favorable for the occurrence of alternaria 
and septoria leaf blights or that fungicides are applied. In the late season, under irrigated 
condition, fungicide application is necessary to control alternaria and septoria leaf blights.

Irrigação e aplicação de fungicidas na ocorrência de doenças 
e na produtividade do girassol em períodos de safra e safrinha
R E S U M O
Objetivou-se, neste trabalho, avaliar o efeito da irrigação e da aplicação de fungicidas na 
ocorrência de doenças e na produtividade de cipselas de dois genótipos de girassol. Os 
experimentos foram conduzidos em Santa Maria, RS, nos períodos de safra de 2007 e 
safrinha de 2008. As semeaduras foram realizadas em 04/09/2007 e 21/01/2008, sendo 
utilizado o delineamento inteiramente casualizado, com quatro repetições. Foi utilizado 
um esquema fatorial 2 x 6, constituído pelos genótipos de girassol Aguará 03 e Hélio 358 e 
seis esquemas de aplicação de fungicida, determinados em função do sistema de previsão 
FAST, os quais foram: FAST 16, FAST 22 e FAST 28, sem irrigação, FAST 16 IRR, em 
condição irrigada, além das testemunhas irrigada (TEST IRR) e não irrigada (TEST). O 
progresso da doença foi analisado com base nas observações semanais da severidade dos 
sintomas da doença. Verificou-se que a irrigação aumenta a produtividade de cipselas de 
girassol no cultivo de safra desde que as condições meteorológicas não sejam favoráveis 
para a ocorrência de mancha de alternaria e septoria ou que se apliquem fungicidas. Na 
safrinha em condição irrigada, a aplicação de fungicidas é necessária para o controle de 
mancha de alternaria e septória.
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Introduction

Currently, sunflower (Helianthus annuus L.) is among the 
plant species with the highest potential for the production of 
renewable energy in Brazil, and is used as raw material in the 
production of biofuels (Corrêa et al., 2008), besides being one of 
the five crops producing the greatest amounts of edible vegetable 
oil in the world (Ungaro et al., 2009). 

In Brazil, the sunflower crop has mean grain production 
ranging from 1,300 to 1,500 kg ha-1 (CONAB, 2014). However, 
under irrigation it has high productive potential and can exceed 
4,000 kg ha-1 (Goksoy et al., 2004; Karam et al., 2007; Anastasi 
et al., 2010).

The cultivation of sunflower in the different productive 
regions in Brazil is influenced by some factors that lead to yield 
reduction, such as the occurrence of diseases (Leite & Amorim, 
2002; Loose et al., 2012) and periods of water deficit in the soil 
(Maldaner, 2012).

Supplementary irrigation, despite increasing production 
costs, allows minimizing losses caused by water deficit in the 
crops. The application of water in certain crop phases (Goksoy 
et al., 2004; Karam et al., 2007) or with irrigation deficit (Silva 
et al., 2007; Anastasi et al., 2010) contributes to increments in 
yield, but plants not subjected to water deficit express their 
maximum productive potential, provided that other factors 
remain unchanged.

On the other hand, the higher water availability in the soil 
and in plant shoots promotes the formation of a microclimate 
that favors the development of pathogens, depending on 
irrigation intensity and frequency, associated with crop 
management practices, genotype used, plant spacing, soil type 
and air temperature (Heldwein et al., 2007).

Among the diseases occurring in sunflower that cause the 
greatest damages, two stand out: alternaria leaf blight, caused by 
Alternaria helianthi (Hansf.) Tubaki and Nishihara, and septoria 
leaf blight, caused by Septoria helianthi Ellis and Kellerman 
(Leite et al., 2006; Loose et al., 2012). These diseases are favored 
by the climate of the state of Rio Grande do Sul, because of the 
frequency of occurrence of long periods of leaf wetting from 
the beginning of the spring until late October. On the other 
hand, this period is recommended for crop establishment, in 
order to avoid the coincidence of the period with the highest 
probability of water deficit and the most critical period for the 
crop regarding water stress (Maldaner, 2012).

Another sowing period that has stood out in the last years 
is the late season (from late January to late February), especially 
in irrigated areas, but it favors the occurrence of diseases due to 
the high temperature and relative air humidity in the beginning 
of the autumn (Loose et al., 2012). 

There are no adequate technical criteria for the control 
of diseases in the sunflower crop, resulting in unnecessary 
fungicide applications in certain situations and, in others, the 
absence of application in periods favorable to the different 
pathogens. Thus, it is important to test and evaluate a disease 
forecasting system based on environmental conditions.

Forecasting systems have been used in Brazil for the crops 
of apple (Berton, 2004), potato (Trentin et al., 2009; Bosco et 
al., 2010; Grimm et al., 2011) and grape (Shimano & Sentelhas, 
2013), showing some advantages, such as the decrease in the 

risk of epidemics, reduction in the number of sprayings, higher 
income to the farmer and less damage to humans and the 
environment (Bosco et al., 2010; Grimm et al., 2011).

In the state of Rio Grande do Sul, studies related to disease 
control encompassing different sowing periods are important, 
since the sunflower crop is exposed to the variability of 
meteorological factors, which interfere with the water availability 
for the crop and the occurrence of diseases. 

The objective of this study was to evaluate the effect of 
irrigation and fungicide application as a function of the FAST 
forecasting system on the occurrence of diseases and Cypsela 
yield of two sunflower genotypes sown in regular and late 
seasons, in the central region of the state of Rio Grande do Sul, 
Brazil. 

Material and Methods

Two experiments were carried out in the city of Santa 
Maria, located in the central region of Rio Grande do Sul (29° 
43’ 23” S; 53° 43’ 15” W; 95 m), during the spring of 2007 and 
summer/autumn of 2008. Plants were sown on 04/09/2007 
and 21/01/2008, arranged in a completely randomized design, 
with four replicates. Each plot was composed of 5 m long 
plant rows, with spacing of 0.9 m between rows and 0.25 m 
between plants in the row, totaling 44,444 plants ha-1. The 
treatments constituted of a 2 x 6 factorial scheme, with two 
sunflower genotypes and six application systems, in regular 
and late seasons. 

The sunflower genotypes Aguará 03 and Hélio 358, both 
with medium cycle, were used. For the application schemes, 
three intervals were considered between fungicide applications 
(FAST 16, 22, 28), all without irrigation, and only FAST 16 under 
irrigated condition, besides the control treatments, with and 
without irrigation. In order to determine the interval between 
the fungicide applications, the values of calculated severity (CS) 
were estimated by the FAST forecasting system, according to 
Table 1 (Madden et al., 1978).

CS ranged from 0 to 4, depending on the mean air temperature 
and the leaf-wetting period, a condition considered when the 
relative air humidity was higher than 90%, accumulating 
the number of hours for each day. Both were determined by 
thermocouple psychrometers installed in the center of the 
experimental area, at 1.5 m above soil surface, collecting data 
every 10 min.

By accumulating the daily CS values, the cumulative 
calculated severity (CCS) was obtained, and when the CCS of 
the respective treatments was reached, the fungicide was applied 
and the counting of the accumulation restarted. 

Source: Madden et al. (1978); *Duration of the leaf-wetting period (h)

Table 1. Values of calculated severity (CS) of disease as a 
function of the duration of the leaf-wetting period and mean 
air temperature
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In the regular season experiment, the systemic fungicide 
procymidone (Sumilex – 1.5 kg ha-1) and the contact fungicide 
chlorothalonil (Daconil – 2.0 kg ha-1) were used. In the late 
season experiment, the systemic fungicide pyraclostrobin + 
metiram (Cabrio Top – 3.0 kg ha-1) and the contact fungicide 
chlorothalonil (Daconil – 2.0 kg ha-1) were used. The products 
were alternately applied and, due to the residual effect of the 
systemic fungicides, the counting of CCS was not accumulated 
in the two days after the application.

In order to define the moment of irrigation, the daily water 
balance was calculated by the method of Thornthwaite & Mather 
(1955), described by Pereira et al. (1997), considering water storage 
capacity of 65 mm until the depth of 0.5 m (Cardoso, 2005).

The meteorological data were obtained from an automatic 
weather station (Davis) and an electronic data-acquisition 
system (data logger) installed in the center of the experimental 
area. Sprinklers (Agrojet P5 RB) with ½’ thread, flow rate of 200 
L h-1 and spacing of 5 x 4.5 m were used.

The widths of each leaf of one plant per plot were weekly 
measured and the leaf area was estimated by Eq. 1 (Maldaner 
et al., 2009). Then, the leaf area index (LAI) was determined.

HLAD - healthy leaf area duration; and
LAIi  - leaf area index for the time i.

In both experiments, Alternaria helianthi and Septoria 
helianthi were not artificially inoculated; the infection occurred 
naturally. The harvests were performed on 08/01/2008 for the 
regular season and on 29/04/2008 for the late season. Then, 
Cypsela yield (AY) and 1000-Cypsela weight (TAW) were 
determined.

The results obtained in the different treatments were 
subjected to the analysis of variance by the F test and the means 
were compared using the Scott Knott test at 0.05 probability 
level. For the statistical analysis, OS data were transformed into 
arcsin (x/100)-0.5.

Results and Discussion

In the regular season experiment, four irrigations (36, 24, 40 
and 18 mm) were performed throughout the sunflower cycle; the 
first one at 62 DAE between the R1and R5.1 stages (Figure 1A). 

( )1.7069LA 1.7582 W= ×

where:
LA  - leaf area, cm²; and
W  - maximum leaf width, perpendicular to the midrib, cm.

The progress of the diseases was observed every seven 
days, by evaluating the severity of the symptoms and using 
the diagrammatic scale described by Leite & Amorim (2002), 
in three plants per plot considering three height levels (upper, 
middle, lower). The mean severity of the three levels was 
calculated and the analysed values were corresponded to the 
mean of the three plants of each plot.

For the statistical evaluation of the observed severity (OS), the 
values of severity 93 days after emergence (DAE) for the regular 
season and 84 DAE for the late season were considered. With 
the OS mean values, the area under the disease progress curve 
(AUDPC) was calculated from the integration of the disease 
progress curves and the healthy leaf area duration (HLAD), 
according to Eqs. 2 and 3, described by Campbell & Madden 
(1990). High values of HLAD and lower values of OS and AUDPC 
corresponded to smaller damages caused by the disease.
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where:
AUDPC - area under the disease progress curve;
n  - number of evaluations;
OSi and OSi+1 - observed severity of alternaria and/or septoria 

leaf blight, for the times i and i + 1, %;
ti + 1 - ti - time interval between consecutive evaluations of 

severity, days;

Figure 1. Complementary irrigations performed as a function 
of soil water storage and the rainfall occurred in the regular 
season in 2007 (A) and late season in 2008 (B), as a function 
of the days after emergence (DAE), during the sunflower 
development stages: from emergence to flowerbud appearance 
(EM-R1); from flowerbud appearance to petal opening (R1-
R5.1); from petal opening to petal wilting (R5.1-R6); from 
petal wilting to physiological maturation (R6-R9)
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In the late season experiment, there were also four irrigations 
(25, 41, 8 and 14 mm), and the first one was performed in the 
crop vegetative stage, at 26 DAE (Figure 1B).

In the analysis of variance for the experiments of regular and 
late seasons, and considering two factors, genotype and fungicide 
application scheme, there was no significant interaction for all 
the evaluated variables. The genotype Hélio 358 showed higher 
HLAD and OS in comparison to Aguará 03, in the regular season, 
not differing for the variables TAW and AY (Table 2). In the late 
season, the genotype Hélio 358 showed higher TAW, but it did not 
correspond to higher Cypsela yield compared with the genotype 
Aguará 03, which in turn showed higher HLAD and lower OS.

Considering the factor application scheme in the regular 
season experiment, the treatments with fungicide application 
showed higher HLAD and lower AUDPC and OS (Table 2). 
In spite of that, the irrigated treatments showed higher AY, 
highlighting the preponderant effect of irrigation, in relation 
to the damage caused by diseases, which can also be verified by 
the lack of significant difference between the treatments FAST 
16 IRR and CONTROL IRR.

Still in the regular season experiment, the treatment 
CONTROL IRR showed higher OS in comparison to the 
CONTROL; however, it reached a higher AY (Table 2). These 
results indicate that, despite causing an increase in AY, irrigation 
in sunflower also caused an increase in the symptoms of 
alternaria and septoria leaf blights, probably due to the longer 
period with free water on the leaves during irrigation events, 
which can have favored the infection of plants by the pathogens 
that cause these diseases.

Based on the variables AUDPC and OS, the treatments 
with fungicide application were efficient at minimizing the 
symptoms of the diseases in the regular season experiment, 
but were not statistically different. In total, three fungicide 
applications were performed throughout the sunflower cycle, 
except for the treatment FAST 28, in which only two applications 
were performed; in this case, the treatment FAST 28 could be 
recommended for the control of diseases in sunflower, since 
there was an economy of 33% in the use of fungicide, compared 
with the treatment FAST 16, resulting in lower production costs.

It can also be inferred that the application of fungicides 
before the R1 stage is unnecessary in years when the incidence 
of diseases is late and with low severity values, as occurred in the 
regular season experiment, considering that the damage caused 
by the diseases did not impose significant yield reduction, in 
both irrigated and non-irrigated treatments.

In the late season experiment, the first disease symptoms 
were verified 23 DAE, before the regular season experiment, in 
which the first symptoms were observed 35 DAE. The treatment 
CONTROL IRR showed the lowest TAW, which was also 
reflected in lower AY (Table 2). This low yield can be explained 
by the probable negative effect of the irrigation performed during 
the crop vegetative phase, contributing to high AUDPC and low 
HLAD, although there was no difference for these variables in 
the CONTROL. 

The early infection caused high disease severity at the 
beginning of the reproductive phase. Leite et al. (2006) observed 
yields lower than 500 kg ha-1 when the severity was higher than 
10% in the R3 stage, showing that this is a critical phase of the 
crop cycle. These results show the importance of fungicide 
applications under such conditions.

AY and TAW were lower in the late season experiment, 
compared with the regular season, in the evaluated treatments. 
OS and AUDPC were higher and HLAD was lower in the late 
season, showing greater damage in the sunflower plants by the 
diseases during this period (Table 2).

The lower yield and the higher severity of the diseases can 
have occurred due to the micrometeorological conditions of the 
canopy, especially because air temperature and leaf wetting were 
more favorable to the development of diseases in the second 
sowing period. These results corroborate the ones of Loose et 
al. (2012), who verified higher occurrence of diseases in the 
sowings performed in January and February, and by Leite et al. 
(2006), who found higher yield and lower severity of alternaria 
leaf blight for the sowing dates in October and November, in 
Londrina-PR.

For the application scheme FAST 16 IRR, the cypsela yield 
was 76% higher in the regular season experiment, compared with 
the late season, which can also be explained by the higher leaf 
area index (LAI) and longer period of grain filling. Associated 
with this, there was no abrupt reduction, as occurred in LAI 
for the late season, which can have damaged the plants in the 
phase of grain filling, considering that the cypsela filling rate is 
affected by the photosynthetic capacity of the plant during the 
mentioned period (Andrade & Ferreiro, 1996).

The correlation analysis between plot yield and the variables 
HLAD and AUDPC did not show any tendency in the regressions 
for the regular season, with a low correlation (R2 < 0.09). In the 

Means followed by the same letter in the column, for each factor, do not differ by Scott-Knott 
test at 0.05 probability level; FAST 16, FAST 22, FAST 28 - Treatments without irrigation and 
with fungicide application predicted by the FAST forecasting system with 16, 22 and 28 severity 
values, respectively; FAST 16 IRR - Treatment with irrigation and with fungicide application 
predicted by the FAST forecasting system, with 16 severity values; CONTROL = control treatment 
without irrigation or fungicide application; CONTROL IRR - control treatment with irrigation and 
without fungicide application

Table 2. Healthy leaf area duration (HLAD), area under the 
disease progress curve (AUDPC), observed severity (OS), 
1000-Cypsela weight (TAW) and Cypsela yield (AY), at 
93 days after emergence (DAE) in the regular season and 
84 DAE in the late season, for the factors genotype and 
fungicide application scheme
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late season, the equations obtained for the genotype Hélio 358 
were y = -0.4849x + 3145.1 (R2 = 0.10) and y = 30.44x – 1105 
(R2 = 0.17), for AUDPC and HLAD, respectively. The highest 
R2 value obtained was 0.42 for the genotype Aguará 03 for both 
analysed variables, with the equations y = -0.9824x + 3807.2 
for HLAD and y = 43.401x – 3192.1 for AUDPC. Leite et al. 
(2006) did not find good adjustment for the variable HLAD for 
both exponential and linear regression models, but obtained 
good relation between yield and AUDPC, in two of the three 
years studied.

Although the obtained R2 values were not high, a positive 
linear relation was found between the variables HLAD and yield, 
and a negative relation between AUDPC and yield, which was 
also observed by Trentin et al. (2009) and Bosco et al. (2010) for 
the late blight in potato, and by Allen et al. (1981) and Leite et 
al. (2006), for the alternaria leaf blight in sunflower.

The forecasting system and the fungicides used were efficient 
at predicting and partially controlling the diseases in the late 
season experiment, considering that HLAD was higher, AUDPC 
was lower and AY was higher in the treatment FAST 16 IRR, 
when compared with the CONTROL IRR (Table 2). Thus, it can 
be inferred that irrigation can be harmful if performed without 
the application of fungicides in sunflower sown in the late season.

In the non-irrigated treatments, HLAD was higher and 
OS and AUDPC were lower in the treatments with fungicide 
application in comparison to the CONTROL. In addition, the 
chemical control resulted in a yield increase of at least 120 kg 
ha-1, although without significant difference, which can make 
viable the application of fungicides. 

In the regular season, when the meteorological conditions 
were more favorable to sunflower growth and development, 
irrigation is a factor that promotes yield increase, especially in 
periods with strong water deficit in the soil.

On the other hand, the cultivation of sunflower in the late 
season should be carefully adopted in years with the occurrence 
of the phenomenon “El Niño” or with the use of irrigation (Loose 
et al., 2010; 2012). Under these conditions, there is an increase 
in the leaf-wetting period, which causes losses when combined 
with air temperatures favorable to infection and development 
of alternaria and septoria leaf blights, as reported by Santos et 
al. (2012), in a study conducted in Tocantins, who found lower 
yields in late periods due to the high infection rate by alternaria 
leaf blight, mainly due to the high rainfall occurring at the 
beginning of the reproductive phase. 

Conclusions

1. The occurrence of diseases in sunflower can be predicted 
using meteorological elements, but adjustments are necessary 
to define the most adequate criteria.

2. Irrigation increases cypsela yield in sunflower sown in the 
regular season, provided that the meteorological conditions are 
not favorable for the occurrence of alternaria and septoria leaf 
blights, or that fungicides are applied to control these diseases.

3. In the late season, under irrigation, fungicide application 
is essential to control alternaria and septoria leaf blights in 
sunflower.
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