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ABSTRACT. Maize cultivation has major economic and social importance
in Brazil. Being able to identify and manage fungal diseases is one of the
main aspects related to good cultivation practices. The purpose of this
study was to evaluate the efficiency of using the digital assessment of
Helminthosporium disease, associated with the use of preventive fungicide
in maize hybrids in low-altitude environments in southern Brazil, in a
year with the presence of the La Nifia phenomenon. The experiments
were conducted in the municipalities of Santa Maria - RS and Sdo Vicente
do Sul - RS in the 2021/2022 harvest. The experimental design used
was randomized blocks, with treatments in an 8 x 2 factorial scheme,
consisting of eight maize hybrids, with and without fungicide application,
in a subdivided plot, with fungicide application in bands. Low rainfall and
lower disease inoculum pressure have contributed to reducing the severity
of the Helminthosporium disease and the rate of disease progression in
maize cultivation. The methods for measuring severity digitally and via
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diagrammatic scale were similar. The use of preventive fungicide in maize
cultivation at the V8 and pre-flowering stages did not show positive results
for grain yield. Grain length, number of rows per ear, and grain weight per
ear are characters that have a high magnitude of association with grain yield
in maize cultivation with and without fungicide application in years with the
presence of the La Nifia phenomenon.

Key words: Zea mays L.; Diagrammatic scales; preventive fungicide.
INTRODUCTION

The maize (Zea mays L.) cultivation comprises several regions of Brazil with different
climate, soil, and level of applied technology, factors that are directly related to the emergence
of diseases. Thus, over 20 diseases have already been identified in maize. However, due to the
frequency and intensity in which they occur, only some are economically important and have a
greater impact on the crop (Souza et al., 2018).

As well as pathogen attack, the cultivation of this species is subject to several factors due
to its wide geographic distribution and high genetic variability. Changes in the maize planting
system are mainly related to the intensification of soybean production in Brazil and meteorological
phenomena, such as El Nifio and La Nifa. These El Nifio and La Nifia phenomena are characterized,
respectively, by the abnormal heating and cooling of the waters of the central and eastern Equatorial
Pacific Ocean, which causes a shift in crop sowing periods, resulting in the diversity of production
systems (Guedes et al., 2019).

Among the most relevant diseases that limit production potential, foliar diseases stand out:
Southern Corn Rust (Puccinia polysora), Helminthosporium (Helminthosporium turcicum), Grey
Leaf Spot (Cercospora zeae-maydis), and White Spot (Pantoea ananatis) (Cota et al., 2013). The
beginning of an epidemic is marked by the appearance of the first lesion on a host plant. However,
for this lesion to have appeared, the pathogen must have been produced and survived somewhere
and then be transported and deposited on a healthy host, continuing its cycle. The development
of infectious diseases is characterized by the survival, dissemination, infection, colonization, and
reproduction of the pathogen (Camera et al., 2020).

Helminthosporium disease is caused by the fungus Exserohilum turcicum (Pass.) K. J.
Leonard & E. G. Suggs (synonym Helminthosporium turcicum). The perfect form of the pathogen
is Setosphaeria turcica (Luttrell) K. J. Leonard & E. G. Suggs (synonym Trichometasphaeria turcica
Luttrell) (Cota et al., 2013). Its symptoms are characterized by necrotic lesions measuring 2.5
to 15 cm in length, which may range from gray-green to brown in color. The first lesions of the
disease appear on older leaves, and total burning of the leaf blade may occur in cases of more severe
infections (Cota et al., 2013).

During Exserohilum turcicum epidemics, the disease incidence in plants can reach 100%,
resulting in a significant drop in yield. Sporadic epidemics occur most frequently in the southern
and western regions of Brazil, where they cause severe losses of up to 50% of grain production (De
Rossi et al., 2015). The pathogen is able to survive in the residues left in the field, such as infected
stems and leaves, and is spread by the wind, which transports conidia over long distances (Hooda et
al., 2017). The favorable climatic conditions for the occurrence of epidemics are the air temperatures
between 20°C and 25°C and high relative humidity, above 90% (Cota et al., 2013).
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However, in addition to knowing the etiology and symptoms of a disease, it is essential to
quantify the intensity of the symptoms (Trojan & Pria, 2018). Some of the tools for quantifying are
diagrammatic scales designed to determine the quantity or intensity of the disease in leaves and fruits.
The popularity of computers and digital cameras has facilitated the development of diagrammatic
scales, as well as the use of image analysis to assess severity. This last method allows measuring the
lesion severity, size, the classification according to size, and the number of lesions per leaf or area,
facilitating the correlation between the symptom and the leaf area. Automated diagnosis of disease
symptoms will facilitate decision-making for maize producers (Haque et al., 2022).

The evaluation of diagrammatic scales by manually measuring scores, compared to digital
tools such as the Pliman package in R, is limited for maize crops. Therefore, the purpose of this
study was to evaluate the efficiency of using the digital assessment of Helminthosporium disease,
associated with the use of preventive fungicide in maize hybrids in low-altitude environments in
southern Brazil, in a year with the presence of the La Nifia phenomenon.

MATERIAL AND METHODS

The experiments were conducted in the 2021/2022 harvest in two locations: Santa Maria (SM;
29°43'28"S, 53°43'41"W, altitude 95 m) and Sdo Vicente do Sul (SVS; 29°42'27"S, 54°41'34"W,
altitude 129 m), both located in the State of Rio Grande do Sul, Brazil. The characteristic soil
of both locations is classified as sandy Ultisol (or Argissolo Vermelho Distréfico in the Brazilian
Soil Classification System — SiBCS). The climate classification of both locations, according to
Koppen, is Cfa, characterized as humid subtropical, with no defined dry season (Alvares et al.,
2013). Temperature, precipitation, and relative humidity data was obtained from automatic surface
meteorological stations of the Instituto Nacional de Meteorologia (INMET), located 500 m close to
the experimental area, which were used to monitor the water status of the maize cultivation in field
conditions.

Sowing of the experiments took place on September 15, 2021 in SM and October 29, 2021 in
SVS. The experimental design adopted was complete randomized blocks with band application of
the fungicide, with five replications in experiment I in SM and four replications in experiment II in
SVS. The main plot was composed of hybrids, with each plot consisting of five sowing rows, with a
row spacing of 0.50 m and a length of 10 m, with a final population of 70,000 plants ha'.

The treatments consisted of two treatment factors: With and without the use of fungicide,
and eight maize hybrids. The main plot was formed by the maize hybrid factor, and the subplot was
composed of two levels of the fungicidal factor (with and without) in band. The main portion was
composed of hybrids Agroceres 8690, Agroeste 1757, Brevant 2401, Brevant 2418, Dekalb 240,
Forseed 670, Pioneer 3016, and Syngenta FEROZ.

The experimental units were fertilized based on the interpretation of the soil analysis
carried out in the experimental areas prior to the installation of the experiments and considering the
recommendations for maize cultivation from the fertilization and liming manual, using an expected
yield of 12 t ha' (CQFS-RS/SC, 2016). Phosphorus and potassium fertilization was carried out
concomitantly with the sowing operation in the planting furrow, using a seeder with furrower.
Nitrogen fertilization was carried out through the application of urea fertilizer (46-00-00) at a 320
kg ha'! dose, in which 50% of the total dose was applied when the crop reached the V4 stage, and the
remainder 50% was applied when the culture reached the V6 stage.
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The fungicide was applied preventively, starting when the maize crop was at the V8 stage,
and the second application occurred when the maize crop reached the VT stage (pre-flowering). The
fungicide used in the experiment belongs to the strobilurin and triazole chemical groups, with active
ingredients of Trifloxystrobin 375 g L' and Ciproconazole 160 g L' in the form of Concentrated
Suspension (CS). The dose used was 0.2 L p.c. ha'. For fungicidal treatment applications, a
pressurized electric sprayer equipped with Teejet Extended Range 110.02 nozzles, spaced at 0.5 m,
was used, providing 200 L ha' of spray volume. The other crop practices were adopted as per
technical indications for maize cultivation in Rio Grande do Sul State (Da Rosa et al., 2017).

To evaluate the yield components, eight plants were used per plot, located in the usable area
of the plots. The following were evaluated: Plant height (PH in cm), ear length (EL in cm), number
of rows per ear (NR), number of grains per row (NGR), ear diameter (ED in cm), corncob diameter
(CD in cm), grain length (GL in mm), grain weight per ear (GWE in g), the humidity of the plot, and
the mass of 1,000 grains (MTG in g). EL was measured with the aid of a 50-cm millimeter ruler, and
the NR was counted individually, in each ear. ED and CD were measured with an analog caliper,
by measuring at the midpoint of the EL, and the GL was calculated from the difference between the
diameters.

The collected ears were threshed manually, and, after threshing, the CD was measured. The
threshed grains were weighed on a digital scale to obtain the GWE of each ear evaluated. At the end
of the individual evaluations of the ears from each plot, a homogenized sample was taken with the
grains from the evaluated ears, then 100 grains were counted with two repetitions. Subsequently, by
using the mean of these counts and multiplying by 10, the MTG was obtained.

From this same sample, the plot humidity was verified with a portable moisture analyzer,
performing two repetitions and using the average of these checks. Humidity was corrected to 13%.
Finally, grain yield (YIE) per hectare of each plot was estimated with the weight of the eight ears.

To assess severity, the diagrammatic scale developed by Lazaroto et al. (2012) was used
to evaluate the severity of common helminthosporium disease in maize, caused by Exserohilum
turcicum. Three severity assessments were carried out: One at stage V8, before the first fungicide
application, to measure the severity of diseases existing in the area; another at the VT stage (pre-
flowering), which coincides with the second fungicide application; and a third 15 to 20 days
after the second application, at stage R3. At stage R3, severity was measured digitally by using a
smartphone to capture images of maize leaves, with two plants collected per subplot to create images
and analyze them subsequently. For visual assessments, all leaves were considered, estimating the
percentage of area damaged by the disease on the leaf using the diagrammatic scale. As for the
digital evaluation, only the leaves above the ear were measured, using a destructive method, with
the help of a smartphone to capture images. During the studies, initial symptoms of Southern Corn
Rust (Puccinia polysora) and Grey Leaf Spot (Cercospora zeae-maydis) were observed, however at
low intensity, which made it impossible to measure these diseases. Therefore, we were only able to
measure the helminthosporium disease.

Data was initially analyzed regarding adherence of residues, normal distribution, and
homogeneity of treatment variances, using the Shapiro Wilk (p<0.05) and Bartlett (p<0.05) tests,
which identified the compliance with statistical assumptions. Subsequently, the data was subjected
to analysis of variance (ANOVA) to determine possible treatment and interaction effects. When a
significant effect was verified by the F test (p<0.05), the appropriate complementary analyzes were
carried out, applying the Scott-Knott test, at 5% significance (p<0.05). The analyzes were carried out

Genetics and Molecular Research 23 (3): gmr2356



Digital assessment of Helminthosporium disease in maize cultivation, in a subtropical environment in Brazil 5

using the R software (R Development Core Team, 2020).

To measure lesions in digital images, the Pliman package of the R software (Olivoto, 2022)
was used, which is a suite for carrying out various analyzes on plant images, especially related
to leaf analysis, including: Measuring leaf area, recounting objects in an image, calculating the
symptomatic area of the disease, extracting RGB values for each object in an image, and calculating
object measurements. And to apply the path analysis study methodology, the path coeff() function
from the metan package was used (Olivoto & Lucio, 2020).

The correlation multicollinearity test was used, according to the criteria by Montgomery,
Peca and Vining (2013), using eigenvalues of the correlation matrix and the condition number (CN).
The CN was estimated by dividing the largest eigenvalue by the smallest eigenvalue. If the condition
is less than 100, multicollinearity is considered weak; if it is between 100 and 1,000, it is considered
moderate to strong; and if it is above 1,000, it is considered severe, according to the criteria by
Montgomery, Peca and Vining (2013). The multicollinearity diagnosis is as large as the variance of
the "inflated" coefficient, which is evaluated using the variance inflation factor (VIF) test. Values
above 10 imply multicollinearity. After analysis, 10 variables were selected for trail analysis: PH,
EL, GL, CD, MTG, NR, digital severity (DSEV), severity in R2-R3 (SEVR2R3), and severity in
pre-flowering (SEVVT). These variables were analyzed in two experiments, one with the use of
fungicides and the other without the use of fungicides.

RESULTS AND DISCUSSION

The accumulated precipitation during the experiments was 388.4 mm in experiment I and
403.8 mm in experiment II (Figure 1). According to Borém et al. (2017), the maize water requirement
to reach the maximum production of hybrids is in the range of 400 to 600 mm per production cycle.
The low rainfall recorded during the maize cultivation cycle led to a reduction in expected crop yield
and disease incidence.

Figure 1. Rainfall volumes and daily air temperature means during experiment I (A) and
experiment II (B) in the 2021/22 harvest. According to data obtained from the meteorological
station of the INMET, installed on the Campus of the Federal University of Santa Maria and Federal
Institute Farroupilha, Campus Sao Vicente do Sul. Santa Maria, RS, 2022.

The mean air temperature during the experiments was 22.64°C in experiment I and 24.93°C
in experiment 11, while the mean relative humidity was 69.54% in experiment I and 64.52% in
experiment II (Figure 2). These characteristics of mild temperatures, combined with relative air
humidity above 60%, which occurred during the experiment cycle, may be the main reason for the
occurrence of helminthosporium in the experiments (Hooda et al., 2017).

Figure 2. Relative air humidity recorded in the evaluation period of the first harvest,
experiment 1 (A) and experiment 2 (B) 2021/22 harvest.

The occurrence of Exserohilum turcicum is mainly in places with temperatures of 18 to 27°C
and medium to high relative humidity during crop development (Camera et al., 2020). In regions
with moderate nighttime temperatures and intermittent periods of cloudy weather, lesions develop
significantly due to low light, which favors the development of the pathogen (Camera & Deuner, 2017).

The progression of helminthosporium on maize leaves in both experiments is observed in
Figure 3. The first signs of the disease were observed 50 days after sowing the maize. The symptoms
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Figure 1. Rainfall volumes and daily air temperature means during experiment I (A) and experiment II (B) in
the 2021/22 harvest. According to data obtained from the meteorological station of the INMET, installed on the
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observed were straw-colored, necrotic lesions, with uneven distribution on the leaves, measuring
between 5 and 8 cm in length and 2 to 3 cm in width, as well as those observed by Kotze et al.
(2018). The onset of the disease will depend on weather conditions and the susceptibility of the
hybrids (Hooda et al., 2017). However, the most susceptible hybrids tend to be infected and show
symptoms earlier than hybrids with some degree of resistance to the disease, ranging from the V10
(Carpane et al., 2020), VT, and R1 (Mallowa et al., 2015) stages.

Figure 3. Progress curve of helminthosporium disease in maize hybrids, (A) with fungicide
application and (B) without fungicide, experiment I, (C) with fungicide application and (D) without
fungicide, experiment II.

According to the catalogs of hybrids in the study, we found that the genetic resistance of
maize hybrids to helminthosporium leaf spot is as follows: Agroeste 1757 and Forseed 670 hybrids
have no information; the Agroceres 8690 hybrid is tolerant to the disease; and hybrids Brevant 2401,
Brevant 2418, and Syngenta Feroz are moderately tolerant. The Dekalb 240 hybrid is moderately
susceptible, and the Pioneer 3016 hybrid is susceptible to the helminthosporium disease. It is
noteworthy that the best way to control the disease is through the genetic resistance of hybrids
(Hooda et al., 2017).
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Figure 3. Progress curve of helminthosporium disease in maize hybrids, (A) with fungicide application and
(B) without fungicide, experiment I, (C) with fungicide application and (D) without fungicide, experiment II.
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There was no statistical difference for the fungicidal factor, with and without fungicide
application. However, the application of fungicides resulted in a reduction in the incidence of the
helminthosporium disease in the average of the two experiments carried out, despite the different
meteorological conditions and hybrids used. When analyzing Figure 3 (B), we observe that the
hybrid Agroeste 1757 showed greater severity of helminthosporium at 98 days after sowing, with
2.9% severity in experiment I, demonstrating greater sensitivity to the presence of the pathogen.

We can also observe the difference in the behavior trend of the disease progress curves. In
experiment I, 50 days after sowing, meteorological conditions were more conducive to the disease
development, as the previous period had more frequent and voluminous rainfall, consequently
presenting higher relative humidity, a longer period of shading, and lower temperatures when
compared to experiment II, which had a slightly drier meteorological condition. Therefore, the initial
severity was slightly higher in experiment I. Mesquini et al. (2020) observed high rainfall at 80 and
100 days after sowing the crop, observing that, at these times, the epidemics were more explosive,
with a 20°C mean air temperature and relative humidity between 70% and 98%.

From the first evaluation onwards, the behavior of the meteorological variables was inverted
between the two experiments. In experiment II, precipitation was more regular and voluminous,
while in experiment I it was milder. Observing the disease progress curves, we saw that in experiment
II, the severity of the disease had an increasing trend until the last evaluation, at 98 days. While in
experiment I, the progress curve tends to increase only from 78 to 98 days, remaining stable from
50 to 78 days after sowing.

In general, during the experiments, a low level of helminthosporium severity was observed
in the different hybrids and at different moments of crop development. This is largely due to
environmental conditions, such as low relative humidity, high temperatures, and mild rainfall,
during the average period when the experiments were conducted.

There was no significant interaction between Hybrid x Fungicide in experiments I and II
for severity estimates using the diagrammatic scale and digital image analysis (Tables 1 and 2).
However, on average, there was a decrease in severity with the use of fungicide in both study
environments. In general, fungicide applications reduce the disease severity, especially when applied
at the beginning of the disease, which can vary between maize phenological stages, especially in
hybrids with susceptibility. Therefore, preventive management is essential (Carpane et al., 2020).

The more likely the conditions are for the development of the disease, the earlier the
applications should be, since the disease severity varies due to numerous factors, such as the type
of soil, type of cultivation, humidity, and temperature (Dalavai & Kalappanavar, 2017). The work
by Blandino et al. (2012) showed that applications in V12 to V15 were more effective in reducing
the disease when at high pressure, whereas when at low pressure, applications were effective even
when made in VT to R3.

Table 2 presents the severity scores estimated by digital image evaluation, using the R
software. It is worth mentioning that object segmentation is a fundamental step for image analysis,
and the background of the images must contain elements with low contrast in relation to the
foreground, such as plants, leaves, and soil. Other sources of noise include brightness gradients
and overexposure (Olivoto, 2022). We can observe that the estimated values are similar to those in
Table 1 carried out with the aid of a diagrammatic scale. Trojan and Pria (2018) found that the use
of diagrammatic scales provided greater accuracy in estimated severity values in maize, even for
evaluators with some experience. The value divergences in the two tables are directly related to the

Genetics and Molecular Research 23 (3): gmr2356



Schlésser OD, Follmann DN, Pereira AC, et al. 10

Table 1. Severity of the helminthosporium disease, evaluated with the aid of a diagrammatic scale, for eight
maize hybrids, when subjected to fungicide application (CF) and without fungicide application (SF).

Severity R2-R3

Hybrids Experiment I Experiment 11
SF CF SF CF

Dekalb 240 1.18 ns 1.34 0.90 ns 0.69
Brevant 2401 2.01 1.49 1.36 1.52
Pioneer 3016 1.27 1.08 0.57 1.21
Agroeste 1757 0.85 0.79 1.85 1.37
Forseed 670 1.64 1.15 1.60 1.68
Agroceres 8690 0.35 0.87 1.37 0.78
Syngenta Feroz 1.93 0.82 0.75 1.29
Brevant 2418 1.28 0.45 1.63 0.69
Average 1.31 ns 1.00 1.25 ns 1.15
CV 1-F (%) 74.71 95.27

CV2-H (%) 19.37 49.58

CV 3 - F*H (%) 75.64 80.27

ns = not significant. Coefficient of variation (CV%), Fungicide (F), Hybrid (H).

Table 2. Severity of the helminthosporium disease, digital evaluation with Pliman package, for eight maize
hybrids, when subjected to fungicide application (CF) and without fungicide application (SF).

Severity R2-R3

Hybrids Experiment I Experiment I1
SF CF SF CF

Dekalb 240 1.07 ns 0.63 1.96 ns 1.52
Brevant 2401 2.05 1.36 2.98 1.91
Pioneer 3016 1.97 0.60 1.69 1.62
Agroeste 1757 2.38 1.65 0.86 0.75
Forseed 670 2.20 1.74 2.34 1.79
Agroceres 8690 1.78 1.73 0.22 1.14
Syngenta Feroz 0.93 0.75 3.18 1.35
Brevant 2418 1.71 0.65 1.88 0.29
Average 1.76 ns 1.14 1.89 ns 1.30
CV 1-F (%) 78.53 115.80

CV 2 -H (%) 86.96 109.35

CV 3 - F*H (%) 104.57 114.61

ns = not significant. Coefficient of variation (CV%), Fungicide (F), Hybrid (H).

low severity found in the experiments and the presence of other diseases, which were not able to be
visually estimated due to their low incidence and severity.

YIE remained below expectations in the relevant studies. We can observe the YIE of the 8
maize hybrids for experiments I and II (Table 3). There was no statistical difference for the fungicidal
factor, only statistical difference for the hybrid factor. We observed the formation of 3 groups in
experiment I. The first group was formed by the Pioneer 3016 hybrid, which differed statistically
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Table 3. Grain yield of commercial maize hybrids, cultivated in the municipalities of Santa Maria - RS and Sao
Vicente do Sul - RS, subjected to fungicide application (CF) and without application (SF), in the 2021/22 harvest.

Grain productivity (kg ha™)

Hybrids Experiment I Experiment I1

SF CF SF CF
Pioneer 3016 9,200 a 10,475 a 10,330 a 8,566 a
Agroeste 1757 8,328 b 8,130 b 9,912 a 9,414 a
Agroceres 8690 7,868 b 7,495 b 8,037 b 7,080 b
Brevant 2418 7,498 b 7,461 b 6,903 ¢ 7,835 a
Dekalb 240 6,653 b 7,149 b 8,169 b 6,860 b
Syngenta Feroz 5,828 b 6,454 b 6,459 ¢ 6,100 b
Brevant 2401 5,874 b 6,413 b 4,890 ¢ 4,792 b
Forseed 670 2,695 ¢ 3,837 ¢ 146 d 342 ¢
Average 6,743 ns 7,177 6,856 ns 6,374
CV1-F (%) 26.29 25.10
CV2-H (%) 10.59 17.98
CV 3 -F*H (%) 17.22 14.34

ns = not significant; *means followed by the same lowercase letter in the column do not differ according to the
Scott-Knott test, at 0.05 significance (P>0.05).

from the other hybrids with and without fungicide application using the Scott-Knott test, at 5%
significance. This hybrid achieved a YIE of 10,475 kg ha' with the use of fungicide and 9,200 kg
ha! without the use of fungicide. Group 2 was composed of hybrids Agroeste 1757, Agroceres 8690,
Brevant 2418, Dekalb 240, Syngenta FEROZ, and Brevant 2401, with a YIE of 8,130, 7,495, 7,461,
7,149, 6,454, and 6,413 kg ha! with the use of fungicide, respectively, and a YIE of 8,328, 7,868,
7,498, 6,653, 5,828 and 5,874 kg ha'! without the use of fungicide, respectively. Group 3 was formed
by the hybrid Forseed 670, with a YIE of 3,837 kg ha'! with the use of fungicide and 2,695 kg ha™!
without the use of fungicide.

When observing the YIE of maize hybrids in experiment II (Table 3), we verified the
formation of three groups with fungicide application and four groups without fungicide application.
We observed that with the fungicide application hybrids Agroeste 1757, Pioneer 3016, and Brevant
2418 differed statistically from the other hybrids, according to the Scott-Knott test, at a significance
of 5%, reaching a YIE 0f 9,414, 8,566, and 7,835 kg ha!, respectively. Group 2, formed by hybrids
Agroceres 8690, Dekalb 240, Syngenta FEROZ, and Brevant 2401, achieved a YIE of 7,080, 6,860,
6,100, and 4,792 kg ha’!, respectively. Group 3 was formed by the hybrid Forseed 670, with a 342
kg ha'! YIE.

Without fungicide application, hybrids Pioneer 3016 and Agroeste 1757 formed group 1,
which differed statistically from the other hybrids using the Scott-Knott test, at 5% significance,
reaching 10,330 and 9,912 kg ha! YIE, respectively. Group 2 was formed by hybrids Dekalb 240
and Agroceres 8690, with 8,169 and 8,037 kg ha! YIE. Group 3 was formed by hybrids Brevant
2418, Syngenta FEROZ, and Brevant 2401, with 6,903, 6,459, and 4,890 kg ha' YIE, respectively.
Group 4 was formed by hybrid Forseed 670, with 146 kg ha' YIE.

The linear association between the variables, observed in the vertical line (Figure 4), shows
that both in treatments with fungicide and in treatments without fungicide, traits PH, EL, GL, CD,
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A AP CE CG DS MMG N  PGE SEVDSEVRIRISEWT lnear
AP | 0221] 0003 | 0035 | 0.005 | 0.021 | 0.031 | 0.142 | 0.000 | -0.003 | -0.007
CE |-0021] 0032 0022 | 0.005 | -0.029 | 0.048 | 0335 0000 | 0003 | 0.002
cG | 0056 | 0005 ] 0139 0002 | 0.022 oorz. 0000 | 0001 | 0002
DS | 0057 | 0008 | 0.015 ] 0021 -0.009 | 0.040 | 0.991 | 0000 | -0.001 | -0.001
MMG | -0.046 | 0009 | -0.031 | 0.002 | 0.701 | -0.036 | 0073 | 0000 | 0.000 | 0.002 | 0272
NF | 0064 | 0014 | 0094 | 0.008 | 0.034 | 0106 0000 | 0000 | -0.002
PGE | 0054 | 0018 | 0.107 [ 0.007 | 0.013 | 0.089 0001 | 0004 | -0.001
SEVD | 0005 | 0001 | -0.012 | 0.000 | -0.008 | 0.006 | -0.089 | 0006 | 0029 | 0.000 | 0.138
SEVR2R3 | 0019 | -0.002 | 0004 | 0.001 | 0.001 | 0001 [ -0063 | 0005 | -0.035 | -0.001 | -0.078
SEVVT |-0.153 | 0.008 | -0.033 | -0.002 | -0.025 | -0.023 | -0.079 | 0000 | 0.002 } 0.009 | -0.296
.|H 00 Fo
Response PROD | R' 0.844 | Residual 0396
B AP CE CG DS MMG NF PGE SEVDSEVRZRISEWT lnear
AP | 00920019 | 0013 | 0016 | 0007 | 0.044 | 0056 | 0.040 | -0.008 | 0.054 | 0.303
CE |-0029 ]| 0.061 ] 0.013 | -0015 | -0010 | 0.055 | 0.274 | -0.032 | 0.018 | -0.050 | 0.285
CG | 0005 | 0003 0235 0016 | -0039 | 0072 NI 0024 | 0034 oou.
Ds | 0018 | 0011 | 0046 0082 ]| 0014 | 0061 | 0200 | 0022 | 0003 | 0004 | D265
MMG | 0008 | 0008 | 0.112 [ 0012 | 0082 | 0043 | 0.040 | 0010 | 0.005 | 0013 | 0005
NF | 0024 | 0020 | 0099 | 0029 | 0020 | 0471 0037 | 0043 | 0031
PGE | 0009 | 0029 | 0.954 | 0.029 | -0006 | 0143 0018 | 0031 | 0003
SEVD |-0015 | 0008 | 0022 | 0007 | 0003 |-0025 | 0042 | 0247 ] 0224 | 0005 [ 0110
SEVRZR3 | 0003 | 0.004 | 0.032 | 0001 |-0002 | -0029 | -0071 [0221] 0251 ] 0014 | 0088
SEVVT |-0.061 | 0.022 | 0.022 | 0002 | -0007 | -0.037 | 0010 | 0.009 | -0.024 | -0.143 | 0271
10 05 00 Fo

Response PROD | R’ 0860 | Resicuat 0374

Figure 4. Linear correlation (vertical line), estimation of direct effects (diagonal) and indirect effects
(horizontal line) of traits (PH) plant height, ear length (EL), grain length (GL), corncob diameter (CD), mass
of one thousand grains (MTG), number of rows (NR), digital severity (DSEV), severity in R2-R3 (SEVR2R3),
severity in pre-flowering (SEVVT) on total grain yield, for treatments with use of fungicides (A) and without
use of fungicides (B), collected from 144 samples (two experiments) carried out in the municipalities of Santa
Maria - RS and Sdo Vicente do Sul - RS.

Genetics and Molecular Research 23 (3): gmr2356



Digital assessment of Helminthosporium disease in maize cultivation, in a subtropical environment in Brazil 13

and NR were positively correlated with YIE, especially NR and GL, presenting values of 0.808 and
0.745, respectively, with fungicide, and 0.812 and 0.642, respectively, without fungicide. On the
other hand, MTG, DSEV, SEVR2R3, and SEVVT showed a negative correlation with YIE, with
an emphasis on the SEVVT values, -0.296 and -0.271, for treatments with and without fungicide,
respectively.

Figure 4. Linear correlation (vertical line), estimation of direct effects (diagonal) and indirect
effects (horizontal line) of traits (PH) plant height, ear length (EL), grain length (GL), corncob
diameter (CD), mass of one thousand grains (MTG), number of rows (NR), digital severity
(DSEV), severity in R2-R3 (SEVR2R3), severity in pre-flowering (SEVVT) on total grain yield, for
treatments with use of fungicides (A) and without use of fungicides (B), collected from 144 samples
(two experiments) carried out in the municipalities of Santa Maria - RS and Sdo Vicente do Sul - RS.

In the study of cause-and-effect relationships between the variables, we observed that PH, GL,
NR, and GWE have a direct positive effect on YIE in treatments with the application of fungicides
(A) (0.221, 0.139, 0.106, and 0.584, respectively). A similar result was obtained with the same
direction between treatments (B), except for PH, (0.235, 0.171, and 0.579, respectively).

There is a direct, negative effect of DSEV and SEVVT on YIE in treatments without
fungicide application (B), with values of -0.247 and -0.143, respectively. This result is not observed
in treatments using fungicide (A). There was also a positive direct effect of SEVR2R3 on YIE.
This relationship may be associated with the fact that late infections, in which symptoms appear at
advanced stages of plants, are not capable of causing such severe damage to YIE when compared to
infections that appear at earlier stages, such as VT (Sartori et al., 2017). The more distant the infection
occurs from the stigma fertilization, the smaller the reduction in YIE compared to infections prior to
fertilization (Formento, 2010).

The results obtained corroborate the conclusions of Bortolini and Gheller (2012) and Wise et
al. (2019), who highlight the positive impact of the use of fungicides, through an increase in maize
YIE. Therefore, it is evident that the management of fungicides in maize crops has an influence on
the relationships between variables, affecting the estimates of Pearson's correlation coefficients and,
consequently, the direct and indirect effects between the variables obtained in the cause-and-effect
analysis.

Thus, hybrids with high productive potential, associated with adequate phytosanitary
management, lead to greater grain yield and economic gains. Therefore, we recommend further
studies using new maize hybrids, associated with fungicide product management, especially in years
with greater rainfall, which favors the incidence of diseases.

CONCLUSIONS

Low rainfall and lower disease inoculum pressure contribute to reducing the severity of
the helminthosporium disease and the progress rate of the disease in maize crops in low-altitude
environments in southern Brazil. The methods for measuring disease severity, digitally and using a
diagrammatic scale, showed similarity in years with the presence of the La Nifia phenomenon. The
use of preventive fungicide in maize crops at the V8 and pre-flowering stages did not show positive
results for grain yield in environments with the presence of the La Nifia phenomenon. Grain length,
number of rows per ear, and grain weight per ear are traits that have a high magnitude of association
with grain yield in maize with and without fungicide application in maize cultivation.
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