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Abstract 
 
Oat cultivars more efficient at reducing fungicide can prevent contamination of soil, water and food. The objective of the study is to 
measure the efficiency of oat cultivars recommended for growing in Brazil by reducing the number of fungicide applications, 
considering favorable and unfavorable crop season conditions for productivity and progress of the main leaf diseases. The study was 
conducted in 2015, 2016 and 2017, in Augusto Pestana, RS, Brazil. The experimental design was a randomized block with three 
replications in a 22 x 4 factorial scheme, for 22 oat cultivars and 4 conditions of fungicide use [without application; an application at 
60 days after emergence; two applications at 60 and 75 days after emergence; and three applications at 60, 75 and 90 days after 
emergence]. The fungicide FOLICUR® CE was used in 2015 and 2016 and the fungicide PRIMO® in 2017 in the dosage of 0.75 and 0.3 
liters ha-1, respectively. The plots were sprayed using BD 04 fan nozzle with 45 PSI pressure, and spray volume close to 120 liters ha-

1. The condition of a crop season favorable to the progress of leaf diseases identifies with quality cultivars more efficient in reducing 
the use of fungicide, enabling processes with lower environmental impacts with food security. Under favorable agricultural year 
conditions and unfavorable to the productivity and progress of the main leaf diseases of oats, the most efficient cultivars to reduce 
the use of fungicide are URS Altiva and URS Guria. 
 
Keywords: Avena sativa, leaf diseases, pesticides, regression, sustainability  
Abbreviations: FY_year favorable; UY_year unfavorable; IY_year intermediate; GY_grain yield; NLA_ necrotic leaf area; DAE_ days 
after emergence. 
 
Introduction 
 
Oats are one of the most produced cereals worldwide, mainly 
for animal feed and human consumption (Pereira et al., 2018; 
Mantai  
et al., 2020). The high nutritional quality of oat grains, 
combined with the reduction of cholesterol levels in humans, 
has resulted in a significant increase in consumption of 
products derived from this cereal (Finnan and Spink, 2016; 
Mamann et al., 2017). In meeting this demand, the area of oat 
cultivation has been growing significantly (Romitti et al., 
2017; Silva et al., 2020). 
Large-scale production makes oat crops susceptible to 
epidemics, especially to pathogens that cause leaf diseases 
(Montilla-Bascón et al., 2015; Smulders et al., 2017). Among 
leaf diseases, fungi that cause leaf rust (Puccinia coronata 
Cda. f.sp. avenae) and helminthosporiosis [Drechslera avenae 
(Eidam) El Sharif] receive greater attention (Martinelli et al., 
2009; Dietz et al., 2019). These diseases are not satisfactorily 
controlled by genetic resistance, and the use of fungicide is 
the most effective form of control (Tormen et al., 2013; Silva 
et al., 2015; Pereira et al., 2020). The greatest severity of 
these diseases in southern Brazil is mainly from the flowering 
phase, due to the increase in temperature and air humidity 

favorable to fungi, concentrating the greatest use of fungicide 
in the grain filling phase until near maturation (Nerbass Júnior 
et al., 2010; Eggers et al., 2020). 
Due to the fact that oat grains are used in the production of 
fresh food, the persistent use of fungicide or applied close to 
the harvest together with the use of cultivars more 
dependent on pesticides, increase the risks of contamination 
of grains and the environment (Oliveira et al., 2015; Mantai 
et al., 2015). The toxicity of these compounds causes 
unwanted effects on living beings and the contamination of 
water, air, soil and food, resulting in damage to the 
environment and public health (Souza et al., 2015; Lopes and 
Albuquerque, 2018). Humans stand out in a wide variety of 
cancer cases, neurological and reproductive problems due to 
the increased use and consumption of food with pesticide 
residues (Arcury and Quandt, 1998; Piel et al., 2017). 
Reducing the use of pesticides is essential to avoid 
contamination of food and the environment, due to its 
cumulative, persistent and toxic action. In this perspective, in 
the growing of oats it is crucial to develop strategies to ensure 
greater environmental quality with food security for an 
increasingly demanding population of healthy products from 
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more sustainable technologies. Thus, the objective of the 
study is to measure the efficiency of oat cultivars 
recommended for growing in Brazil by reducing the number 
of fungicide applications, considering favorable and 
unfavorable crop season conditions for productivity and 
progress of main leaf diseases. 
 
Results and Discussion 
 
Classification of agricultural year 
In 2017 (Table 1), air temperature values were higher than in 
2015 and 2016 and of strong instability in the vegetative 
phase. The high temperatures promoted acceleration of the 
phenological stages, reducing height and cycle. The high 
temperatures with reduced rainfall and air humidity did not 
favor the progress of leaf diseases. The reduced soil moisture 
at the moment of nitrogen application (Figure 1A) promoted 
less efficiency of nutrient absorption, compromising the 
productivity expectation of 4000 kg ha-1 and hindering an 
analysis more directly linked to the effects of the disease. 
Under these conditions, the general average grain yield, 
regardless of the condition of fungicide application, was 1861 
kg ha-1 (Table 1). Therefore, the average productivity values 
compared to the desired expectation confirm an agricultural 
year unfavorable to the cultivation (UY) of oats and 
unfavorable to the progress of leaf diseases (UY). 
In 2016 (Table 1), the lowest values of air temperature and 
with greater stability throughout the cycle were recorded. 
Rainfall conditions were reduced compared to the historical 
average, however, with adequate distribution throughout the 
cycle (Figure 1B). In the grain filling phase, even with more 
significant rainfall, the mild temperatures hindered the 
development of leaf diseases. Nitrogen was applied in 
adequate soil moisture conditions due to rains that occurred 
in the days before fertilization, favoring the use of the 
nutrient. According to Table 1, the general average grain yield 
was 3854 kg ha-1, close to the desired expectation of 4000 kg 
ha-1, a condition that classifies the year 2016 as favorable (FY) 
to the growing of oats and unfavorable to progress of leaf 
diseases (UY). 
In 2015, temperatures indicated higher average values and 
were more unstable compared to 2016. Rainfall was similar 
to the historical average of the last 25 years, however, with 
high rainfall during the development cycle. Soil moisture 
condition was observed in the application of nitrogen by 
rainfall that occurred in days prior to fertilization. The 
conditions of high air temperature and volume of rainfall 
throughout the cycle, conditioning an environment with 
periods of greater cloudiness and humidity, in 2015 promoted 
an environment favorable to the development of leaf 
diseases. This condition is reinforced by the productivity 
obtained of 2444 kg ha-1, lower than the expectation, 
although the conditions of nitrogen application were 
favorable (Figure 1C). The yield values obtained support the 
classification of the year 2015 as intermediate (IY) for the 
growing of oats and favorable to the progress of leaf diseases 
(FY). It is noteworthy that it represents the year with the 
possibility of more qualified assessment of the effect of the 
disease and the characterization of more efficient cultivars to 
reduce the use of fungicide. 
The meteorological elements have a strong influence on the 
productivity indicators in winter cereals, which require mild 
temperatures and adequate rainfall distribution (Cordeiro et 
al., 2015; Trautmann et al., 2020). In the growing of oats, the 
weather and management conditions have a direct link on the 

expression of the indicators of productivity and industrial and 
chemical quality of grains (Nazareno et al., 2017; Mantai et 
al., 2020). Large volumes or intensity of rain after the supply 
of nitrogen reduces the efficiency of use by the plant due to 
the lack of oxygenation and losses by leaching. Elevated 
temperatures also reduce the efficiency of nutrient use due 
to losses due to volatilization (Arenhardt et al., 2015; Scremin 
et al., 2017). Meteorological conditions such as rainfall and air 
temperature directly influence the severity of leaf diseases 
(Castro et al., 2012; Silva et al., 2015). Therefore, average 
temperatures above 20 °C, combined with more frequent 
rainfall and/or high levels of air humidity, characterize an 
environment favorable to the development of fungi that 
cause leaf diseases (Montilla-Bascon et al., 2015; Karise et al., 
2016). In oats, the most prevalent and aggressive fungi are 
leaf rust (Puccinia coronata Cda. F.sp. avenae) and 
helminthosporiosis [Drechslera avenae (Eidam) El Sharif], 
causing irreversible damage to the leaf area and to 
productivity (Nazareno et al., 2017; Dietz et al., 2019). 
 
Linear regression of grain yield and necrotic leaf area 
In Table 2, from the linear regression analysis in the year 
unfavorable to the growing of oats and progression of leaf 
diseases (2017), the values of intercept (b0) and slope (b1) for 
necrotic leaf area showed reduced variability between 
cultivars. It is noteworthy that the use of the necrotic leaf area 
through regression analysis, has helped in the study of the 
genetic resistance of pathogens in different cultures, such as 
corn (Trojan & Pria, 2018; Batchelor et al., 2020), soy (Juliatti 
et al. 2019; Chechi et al., 2021) and oat (Dietz et al. 2019; 
Lovatto et al. 2021). 
Although high levels of necrotic leaf area were observed in 
the absence of fungicide, the applications of the chemical 
agent did little to reduce these values. These results show the 
strong action of weather conditions in the progress of leaf 
necrosis, mainly due to water restriction and high 
temperature that occurred during the cycle, impairing the 
identification of cultivars resistant to fungicide reduction and 
the longer interval of application to harvest. 
The cultivars URS Corona, URS Torena, URS Guria, FAEM 4 
Carlasul and IPR Afrodite showed superior angular coefficient 
of the regression model, in the expression of grain yield, 
showing greater dependence on the action of the fungicide. 
On the other hand, cultivars FAEM 007, UPFPS Farroupilha 
and FAEM 4 Carlasul showed superiority of intercept (b0), 
linear coefficient value, indicating less dependence on 
fungicide applications in a scenario without the use of the 
product. In this condition, the cultivar FAEM 4 Carlasul shows 
superiority in the coefficients of linear (b0) and angular (b1) 
regression, capacity for greater productivity without using the 
fungicide and in response to improved productivity with the 
number of applications. This genotype seems to indicate a 
behavior of wide adaptability to the chemical, with the 
possibility of reducing the agrochemical and with a higher 
return on productivity compared to the other cultivars. 
In Table 3, from the linear regression analysis for the year 
favorable to the growing of oats and unfavorable to the 
progress of leaf diseases (2016), the equations obtained for 
necrotic leaf area also showed reduced variability in the vast 
majority of cultivars. On the other hand, unlike 2017 (Table 
2), the values of necrotic leaf area without use of fungicide 
were very low, indicating the influence of weather conditions 
on natural disease control, according to the conditions shown 
in Table 1 and Figure 1. 
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Table 1. Temperatures and rainfall in the oat crop cycle and grain yield under conditions of fungicide. 
Month Temperature °C   Rainfall (mm)   Fungicide/GY (kg ha-1)  𝑥̅ Year Class 

Mín Máx Average   25 years* Occurred   SF CF1 CF2 CF3 Plant Disease  
          2017             

May 14.0 22.4 18.2   149.7 434.3                 

June 10.7 21.8 16.2   162.5 146.3                 

July 8.3 24.4 16.3   135.1 10.75   1149 1869 2116 2310 1861 C UY UY 

August 11.4 23.7 17.5   138.2 117.8   

September 15.3 27.0 21.2   167.4 161.5               

October 13.7 26.8 20.2   156.5 304.0                 

Total - - -   909 1174                 

            2016             

May 11.0 20.7 15.9   149.7 55.8                 

June 4.7 19.3 12.0   162.5 9.8                 

July 8.5 21.5 15.0   135.1 80.5   3200 3814 4072 4331 3854 A FY UY 

August 9.4 22.5 15.9   138.2 160.0   

September 8.4 22.8 15.6   167.4 56.3               

October 12.3 24.8 18.5   156.5 325.8                 

Total - - -   909 688                 

            2015             

May 13.1 22.7 17.9   149.7 181.3                 

June 9.5 21.4 15.5   162.5 228.3                 

July 10.5 20.6 15.5   135.1 211.5   1229 2086 3055 3406 2444 B IY FY 

August 13.3 24.8 19.0   138.2 86.8   

September 12.7 20.9 16.8   167.4 127.3                 

October 14.7 25.2 19.9   156.5 161.8                 

Total - - -   909 997                 
Data obtained from the meteorological station located at the Regional Institute for Rural Development (IRDeR/UNIJUÍ) in 2015, 2016 and 2017. FY = favorable year for growing; IY = intermediate year 
for growing; UY = unfavorable year for growing; GY = grain yield; Min = minimum temperature average; Max = maximum temperature average; *= History of rainfall in the months from May to October 
of the last 25 years; averages followed by the same letters in the column constitute a statistically homogeneous group using the Skott-Knott model at 5% probability of error. 

 

 
Fig 1. Data of rainfall and minimum and maximum daily temperature during the oat growing cycle: (A) agricultural year 2017, (B) 
agricultural year 2016 and (C) agricultural year 2015. 
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Table 2. Linear regression of grain yield and necrotic leaf area in oat cultivars as a function of the number of fungicide applications in 
2017. 

Cultivar  Grain yield (kg ha-1)   NLA105DAE (%) 

b0±b1x R² P(b1x)   b0±b1x R² P(b1x) 

URS Altiva 1258 + 314x 85 *   S88 – 12.0x 70 * 

URS Brava 1211 + 307x 85 *   92 – 13.2x 84 * 

URS Guará 1227 + 395x 97 *   92 – 13.8x 87 * 

URS Estampa I930 + I293x 87 *   93 – 14.2x 88 * 

URS Corona 1335 + S459x 86 *   S88 – 12.3x 64 * 

URS Torena I996 + S509x 93 *   92 – 13.3x 82 * 

URS Charrua 1127 + 367x 86 *   S89 – 12.8x 73 * 

URS Guria 1183 + S474x 99 *   92 – 10.9x 83 * 

URS Tarimba I865 + 397x 98 *   90 - S10.0x 66 * 

URS Taura 1228 + 384x 89 *   90 – 13.6x 76 * 

URS 21 1250 + 342x 77 *   I96 – 12.2x 94 * 

FAEM 007 S1709 + 324x 72 *   92 – 10.8x 80 * 

FAEM 006 1515 + 406x 88 *   I96 – I15.6x 94 * 

FAEM 5 Chiarasul 1480 + 327x 93 *   90 – 9.6x 65 * 

FAEM 4 Carlasul S1776 + S499x 99 *   92 – I17.7x 90 * 

Brisasul 1180 + 360x 88 *   90 – 13.3x 76 * 

Barbarasul 1339 + I222x 83 *   92 – 13.7x 84 * 

URS Fapa Slava 1143 + 451x 89 *   92 – 11.8x 83 * 

IPR Afrodite 1344 + S453x 92 *   90 – I17.2x 82 * 

UPFPS Farroupilha S1714 + 330x 71 *   92 – 13.6x 85 * 

UPFA Ouro 1364 + 359x 92 *   I96 – 11.7x 95 * 

UPFA Gaudéria 1465 + I233x 78 *   93 – S9.3x 78 * 

Overall mean 1302 + 373x       92 – 12.8x     

Standard deviation 239 + 79x       2 – 2.2x     

Superior (S) 1541 + 452x       90 – 10.7x     

Inferior (I) 1062 + 294x       94 – 15.0x     
NLA105DAE (%) = necrotic leaf area evaluated 105 days after emergence; P (b1x) = parameter that measures the slope of the line by the probability of T at 5% error; R² = coefficient of determination; *= 
significant at 5% probability of error; S = higher than the average plus a standard deviation for the GY variable and lower than the average minus a standard deviation for the variable NLA105DAE; I = 
below the average minus one standard deviation for the GY variable and above the average plus one standard deviation for the variable NLA105DAE; SD = standard deviation. 
 
 
 
 

Table 3. Linear regression of grain yield and necrotic leaf area in oat cultivars as a function of the number of fungicide applications in 
2016. 

Cultivar  Grain yield (kg ha-1)   NLA105DAE (%) 

b0±b1x R² P(b1x)   b0±b1x R² P(b1x) 

URS Altiva 2965 + S567x 91 *   8 – 2.3x 92 * 

URS Brava 3393 + 310x 93 *   8 – 1.9x 90 * 

URS Guará 3635 + 292x 94 *   6 – 0.7x 99 * 

URS Estampa 3354 + I149x 81 ns   12 – 3.0x 94 * 

URS Corona S4063 + 393x 74 *   8 – 2.7x 90 * 

URS Torena 2922 + 465x 99 *   3 – 1.1x 92 * 

URS Charrua 3711 + I179x 75 ns   14 – I5.6x 78 * 

URS Guria I2533 + 441x 85 *   7 – 2.7x 83 * 

URS Tarimba 3412 + 425x 98 *   I18 – I5.6x 94 * 

URS Taura I2361 + S850x 98 *   11 – 4.0x 88 * 

URS 21 3361 + I142x 93 ns   11 – 4.3x 85 * 

FAEM 007 3751 + 444x 92 *   13 – 4.1x 81 * 

FAEM 006 3489 + 335x 85 *   I17 – I5.8x 95 * 

FAEM 5 Chiarasul 3209 + 286x 77 *   4 – 0.8x 98 * 

FAEM 4 Carlasul S3889 + I114x 72 ns   3 – 0.8x 98 * 

Brisasul 3306 + 518x 97 *   5 – 1.3x 89 * 

Barbarasul 3498 + 471x 94 *   5 – 1.2x 97 * 

Fapa Slava I2438 + 481x 73 *   I26 – I9.9x 80 * 

IPR Afrodite S4117 + 343x 96 *   5 – 1.6x 99 * 

UPFPS Farroupilha 3408 + 346x 98 *   8 – 1.6x 97 * 

UPFA Ouro I2781 + 300x 98 *   8 – 2.0x 85 * 

UPFA Gaudéria 3158 + I179x 76 *   6 – 1.7x 94 * 

Overall 3307 + 365x       9 – 2.9x     

SD 486 + 169x       6 – 2.2x     

Superior 3793 + 533x       3 – 0.7x     

Inferior 2821 + 196x       15 – 5.1x     
NLA105DAE (%) = necrotic leaf area evaluated 105 days after emergence; P (b1x) = parameter that measures the slope of the line by the probability of T at 5% error; R² = coefficient of determination; ns 
= not significant at 5% probability of error; *= significant at 5% probability of error; S = higher than the average plus a standard deviation for the GY variable and lower than the average minus a 
standard deviation for the variable NLA105DAE; I = below the average minus one standard deviation for the GY variable and above the average plus one standard deviation for the variable NLA105DAE; SD 
= standard deviation. 
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Table 4. Linear regression of grain yield and necrotic leaf area in oat cultivars as a function of the number of fungicide applications in 
2015. 

Cultivar  Grain yield (kg ha-1)   NLA105DAE (%) 

b0±b1x R² P(b1x) 
 

b0±b1x R² P(b1x) 

URS Altiva S2204 + 654x 98 *   60 – 22.3x 89 * 

URS Brava 1338 + 908x 99 *   43 – 16x 79 * 

URS Guará 1500 + 698x 96 *   62 – 23.9x 81 * 

URS Estampa 1667 + 567x 97 *   S28 – S5.7x 97 * 

URS Corona 990 + 838x 96 *   I100 – I31.0x 74 * 

URS Torena 1594 + I503x 84 *   63 – 18.2x 90 * 

URS Charrua S1882 + I489x 82 *   54 – 19.2x 86 * 

URS Guria S2075 + 556x 93 *   50 – 18.8x 79 * 

URS Tarimba 1264 + 635x 95 *   49 – 14.9x 88 * 

URS Taura 990 + 607x 96 *   72 – 25.1x 77 * 

URS 21 1650 + I553x 91 *   58 – 19.1x 84 * 

FAEM 007 I591 + 876x 89 *   I83 – 24.0x 77 * 

FAEM 006 933 + S996x 96 *   I88 – I30.1x 83 * 

FAEM 5 Chiarasul I581 + S1164x 93 *   I90 – I30.8x 87 * 

FAEM 4 Carlasul 1451 + 774x 92 *   63 – 20.2x 77 * 

Brisasul 1253 + 918x 93 *   38 – S10.5x 83 * 

Barbarasul I828 + S1090x 93 *   I94 – I31.8x 86 * 

URS Fapa Slava 1197 + 729x 90 *   52 – 11.8x 92 * 

IPR Afrodite I611 + S972x 98 *   80 – I30.2x 85 * 

UPFPS Farroupilha 1535 + 719x 93 *   54 – 20.1x 89 * 

UPFA Ouro 1490 + 648x 98 *   S25 – S9.3x 76 * 

UPFA Gaudéria 1396 + 618x 98 *   S24 – S5.8x 91 * 

Overall 1319 + 750x       60 – 19.9x     

SD 453 + 194x       22 – 8.1x     

Superior 1722 + 944x       38 – 11.8x     

Inferior 866 + 555x       82 – 28.0x     
NLA105DAE (%) = necrotic leaf area evaluated 105 days after emergence; P (b1x) = parameter that measures the slope of the line by the probability of T at 5% error; R² = coefficient of determination; *= 
significant at 5% probability of error; S = higher than the average plus a standard deviation for the GY variable and lower than the average minus a standard deviation for the variable NLA105DAE; I = 
below the average minus one standard deviation for the GY variable and above the average plus one standard deviation for the variable NLA105DAE; SD = standard deviation. 

 
The cultivar FAEM 4 Carlasul (Table 3) also shows superior 
performance due to the linear regression coefficient in the 
absence of fungicide and lower in the conditions of greater 
disease control by the fungicide. The results obtained in 2016 
show that the favorable conditions for the growing of oats 
due to the lower rainfall with adequate distribution, and a 
milder air temperature throughout the cycle, were decisive to 
the increase in grain productivity, showing no contribution by 
the fungicide effect. Fact that justifies that the management 
of fungicide application must consider the entry of the 
disease by the characteristic sign and observation of the 
degree of evolution through the genotype versus 
environment interaction. It should not be defined for days 
throughout the cycle or stage of growth of the crop, which 
may imply unnecessary use of pesticides, causing greater 
environmental damage. In this year of 2016, the cultivars URS 
Corona and IPR Afrodite stand out again, presenting superior 
performance of linear coefficient, with grain yield above the 
expectation of 4000 kg ha-1 in the absence of fungicide use. 
The cultivars URS Altiva and URS Taura showed superiority of 
angular coefficient, with more effective responses to increase 
in productivity by the number of applications, characterizing 
greater dependence by the cumulative number of 
applications. Highlight for the cultivar URS Taura, showing 
that with each application of fungicide there is an increase of 
850 kg ha-1 of grain yield, confirming high dependence on the 
chemical product. This condition was somewhat expected, as 
it represents the most grown genotype in southern Brazil and 
more than 10 years of commercial launch and growing. 
Therefore, the greater dependence on fungicide corroborates 
the natural selection of breeds of fungi over time, making this 
cultivar more susceptible to leaf diseases. 
In Table 4, year 2015, it was possible to characterize with 
quality the efficiency of oat cultivars to reduce fungicide and 

a longer interval from application to harvest, due to 
conditions favorable to the progress of the main leaf diseases 
(Table 1, Figure 1). 
The cultivar FAEM 006 does not present inferiority of 
intercept (b0) in the absence of fungicide together with the 
ability to respond to the use of the chemical agent. The 
cultivars URS Altiva and URS Guria presented superior 
intercept performance (b0) in the respective regression 
equations for grain yield and with a linear increase by the use 
of fungicide within the general average of expression of the 
cultivars. In addition, not showing inferiority in the expression 
of necrotic leaf area, characterizing in this year favorable to 
the disease, genotypes with greater efficiency in reducing 
fungicide use (Table 4). It is noteworthy that in the expression 
of the necrotic leaf area, the cultivars URS Estampa, Brisasul, 
UPFA Ouro and UPFA Gaudéria showed superior performance 
due to lesser leaf necrosis, however, they did not show 
concomitantly superior expression of yield. 
It is important to mention that not all cultivars with the largest 
necrotic leaf area were the ones with the lowest yield, 
suggesting that the necrotic area can be compensated for by 
inducing greater photosynthetic efficiency in the area with 
healthy tissue. This condition strengthens the hypothesis that 
there are resistance mechanisms not directly linked to the 
reduction of leaf necrosis, but on the increase in the efficiency 
of photosynthesis by healthy tissue, compensating for the 
increase in necrotic tissue. A condition that may enable new 
strategies for selecting more resistant genotypes, with a view 
to reducing the use of fungicides and living with the disease, 
as long as it guarantees satisfactory productivity. 
Leaf diseases, when not controlled, result in irreversible 
losses in the productivity of oat grains. Among leaf diseases, 
leaf rust and yellow spot are the ones that cause the greatest 
damage to the crop (Oliveira et al., 2014; Nazareno et al., 
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2017). The genetic resistance found in oat cultivars is 
inefficient and when present it is quickly overcome by the 
selection pressure in the development of new pathogenic 
populations, mainly in large-scale growing and several 
agricultural production crops. Thus, the application of 
fungicides ends up being the most effective form of control 
(Montilla-Bascón et al., 2015; Silva et al., 2015). The oat 
cultivars recommended for growing in Brazil exhibit different 
behaviors in response to weather conditions and the 
development of diseases, with the severity of the disease 
directly linked to the degree of genetic resistance, 
temperature and air humidity (Marcos et al., 2015; Marolli et 
al., 2018). Therefore, there is a need for research that 
constitutes a qualified database of different agricultural years 
for the analysis of the pathogen-host-atmosphere 
interaction, the identification of genes of interest and the 
modeling in disease prediction, seeking more efficient and 
sustainable control forms. In oats, Mourtzinis, Conley and 
Gaska (2015) found a significant increase in grain yield 
through the use of fungicide, without reducing the nutritional 
quality characteristics of the grains, however, not checking for 
possible pesticide residues in the grains. Most articles 
published on the topic 'pesticides' focus on the acute effects 
and the type of exposure to the chemical. No research was 
found on the intake of contaminated food and its short and 
long-term exposure to oats, making it urgent to analyze the 
exposure and food intake to health problems (Lopes and 
Albuquerque, 2018). In this context, the use of more resistant 
or resilient cultivars with managements that provide 
satisfactory yield centered on sustainability, balancing 
economic and environmental factors is a way to meet the 
growing demand for food with food safety (Gonçalves de 
Campos et al., 2015; German et al., 2017). In this perspective, 
the reduction in the use of pesticides and the promotion of 
more sustainable agriculture is essential to reduce the risks 
and impacts on public health and the environment (Machado 
et al., 2018). Neto et al. (2019) conducted a study of yield 
performance and reaction of white oat cultivars to rust and 
leaf spot, finding acceptable productivity averages in the 
absence of fungicide. Condition that generates the possibility 
of adjusting the genotype versus management interaction in 
the perspective of developing an organic cereal production 
system. The United Nations Sustainable Development Goals 
highlight as a major challenge the urgent need to transform 
agriculture and the food sector to achieve food security with 
social and environmental sustainability (Dhankher & Foyer, 
2018). Therefore, food security needs to be promoted based 
on new concepts, which requires a broader and more 
systemic approach, including the environment, technology, 
the economy and society, at all levels of the organization 
(Nüsslein & Dhankher, 2016).  
 
Materials and Methods 
 
Crop area description 
The work was developed in 2015, 2016 and 2017, in Augusto 
Pestana, RS, Brazil (28 ° 26'30 'S latitude and 54 ° 00'58' W 
longitude). The soil of the experimental area is classified as 
typical dystroferric red latosol (Oxisol). The climate of the 
region, according to Köppen classification, is of humid 
subtropical type. Before sowing, soil analysis was performed 
and the following chemical characteristics were identified: pH 
= 6.3; P = 34.1 mg dm-3; K = 198 mg dm-3; OM = 3.2%; Al = 0 
cmolc dm-3; Ca = 6.5 cmolc dm-3 and Mg = 2.5 cmolc dm-3. The 
experimental plot consisted of 5 lines of 5 m in length and line 

spacing of 0.2 m to compose the experimental unit of 5 m2. 
The population density used was 400 viable seeds m-2, 
according to the technical recommendation. To meet the 
expected grain yield of 4 t ha-1, 10 kg ha-1 of nitrogen was 
applied to the base, and the remaining for topdressing at the 
fourth expanded leaf stage. In addition, based on soil P and K 
contents, 45 and 30 kg ha-1 of P2O5 and K2O were applied at 
sowing, respectively. 
 
Experimental design 
The experimental design was a randomized complete block 
with three replications in a 22 x 4 factorial scheme for 22 oat 
cultivars and 4 conditions of fungicide use. The oat cultivars 
analyzed represent those recommended for growing in Brazil, 
as follows: URS Altiva, URS Brava, URS Guará, URS Estampa, 
URS Corona, URS Torena, URS Charrua, URS Guria, URS 
Tarimba, URS Taura, URS 21, URS Fapa Slava, FAEM 007, 
FAEM 006, FAEM 5 Chiarasul, FAEM 4 Carlasul, Brisasul, 
Barbarasul, IPR Afrodite, UPFPS Farroupilha, UPFA Ouro and 
UPFA Gaudéria. The conditions of fungicide use were: [control 
(without application); an application 60 Days After 
Emergence (DAE); two applications at 60 and 75 DAE and; 
three applications at 60, 75 and 90 DAE]. In the years 2015 
and 2016, the fungicide FOLICUR® CE was used in the dosage 
of 0.75 liters ha-1 (active ingredient: tebuconazole), in the 
year 2017 the fungicide PRIMO® was used in the dosage 0.3 
liters ha-1 (active ingredient: azoxystrobin and 
cyproconazole). The plots were sprayed using BD 04 fan 
nozzle with 45 PSI pressure, and spray volume close to 120 
liters ha-1. The conditions of fungicide use were proposed in 
the possibility of analyzing the intervals between harvest and 
last application of the pesticide (fungicide), considering the 
protection period of 15 to 20 days after its application, as 
indicated by the product. It is noteworthy that the application 
at 90 DAE was defined to ensure a considerable interval 
between last fungicide application and grain maturity (around 
30 days), ensuring no application in full grain filling (Table 2, 
3, 4). 
 
Data measurement 
In the control of leaf diseases, the fungicide FOLICUR® CE was 
used in 2015 and 2016 and the fungicide PRIMO® in 2017 in 
the dosage of 0.75 and 0.3 liters ha-1, respectively. In the 
study, the variables analyzed were necrotic leaf area (NLA, %) 
and grain yield (GY, kg ha-1). In determining the necrotic leaf 
area, three plants were randomly collected from each plot. 
The plants were collected at 60, 75, 90 and 105 days after 
emergence in all cultivars and fungicide use conditions. From 
each plant collected the three upper leaves were removed to 
evaluate the leaf area. The leaves were scanned using the leaf 
area reader and WinDIAS software (Copyright 2012, Delta-T 
Devices Limited) determining the disease necrosis area over 
the total leaf area. In the grain yield estimation, the three 
central lines of each plot were considered, harvested 
manually at the moment when the grains had moisture 
around 15%. The plants were tracked with a stationary 
harvester and directed to the laboratory to correct grain 
moisture by 13% and determine the yield converted to kg ha-

1. 
 
Statistical analysis 
The data were submitted to analysis of variance to detect the 
main effects and interaction "cultivars" and "condition of 
fungicide use". Then, linear regression analysis (𝑌 = 𝑏0 ±
𝑏1𝑥),  was performed, in the dimensioning of the efficiency of 
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the cultivars to the reduction of the pesticide, by the value of 
the linear coefficient = intercept (b0), which indicates the 
starting point of the variable in the regression and the slope 
(b1), which determines the rate of growth or reduction of the 
variable y by the number of applications. Following with the 
analysis of the regression parameters by the mean more or 
less a standard deviation, in the indication of superiority or 
inferiority of the parameters that describe the efficiency of 
the cultivars in the different conditions of handling with the 
fungicide. The analyzes were performed with the aid of the 
GENES software (Quantitative Genetics and Experimental 
Statistics, version 2015.5.0). 
 
Conclusion 
 
The estimate of the grain yield rate and necrotic leaf area as 
a function of the time and number of fungicide applications 
allows the identification of oat cultivars that are more 
efficient in reducing the use of pesticides and with a longer 
interval of application to harvest, with emphasis on URS Altiva 
and URS Guria. 
The condition of an agricultural year favorable to the progress 
of leaf diseases identifies with quality cultivars more efficient 
in reducing the use of fungicide, which can enable the 
positioning of genotypes to commercial crops with lesser 
impacts on human health and the environment. 
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