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Abstract
Maize (Zea mays L.) is a profitable crop for rural producers, but grain yield is still limited by factors such as not choosing a 
hybrid resistant to major diseases that cause leaf and pre-harvest damage. Thus, this study was developed with the objective 
of evaluating the agronomic performance; reaction to the attack of brown spot, white spot, and ear rot complex; and the 
grain health of maize hybrids. A randomized block experimental design was used, with treatments consisting of eight maize 
hybrids (DKB 390, DKB 230, DKB 177, 30F53, KWS 9110, KWS 9006, KWS 9004, and Supremo) in five replications. 
The following traits were evaluated: severity (%) of foliar and ear diseases, incidence (%) of grain pathogens, plant and ear 
height, yield, 100-seed weight, and final stand. There were significant differences among the hybrids for plant height (PH), 
yield (YD), and 100-seed weight (SW). The most severe leaf damage was caused by Cercospora zeae-maydis and Pantoea 
ananatis. Fusarium graminearum occurred in 80 % of the grain of the hybrids, except for DKB 390 and KWS 9110. High 
grain yield and satisfactory levels of disease resistance were found for the hybrids DKB 177 and KWS 9006.

Keywords: phytopathogens, grain quality, yield, Zea mays.

Introduction

Maize (Zea mays L.) is considered one 
of the most nutritious cereal crops for human 
consumption. It also has socioeconomic 
importance, as it generates employment and 
income, especially for the rural population 
(ROLIM et al., 2019). Its versatile uses include 
consumption of grain in its natural form or in 
various products derived from dried grain; it 
is also a primary ingredient in animal feed 
formulations (LIMA et al., 2019).

Maize is grown in countries throughout the 
Americas, Asia, Europe, and Africa, with most 
production located in the Americas at one-third 
and Asia at one-fifth, while Europe represents 
one-tenth of the cultivated area (ERENSTEIN 
et al., 2022). In Brazil, the highest yields are 
found in the states of Mato Grosso, Paraná, 
Goiás, Mato Grosso do Sul, Santa Catarina, and 

Minas Gerais, with a national average yield of 
6,160 kg ha-1 (CONAB, 2023).

Maize is sown in Brazil in two growing 
seasons: the first crop, in the summer, from 
October to December; and the second crop, from 
February to April, creating a “green bridge”. The 
second crop is the most extensive and important 
for Brazilian agriculture, and planted area has 
increased over the years (SILVA et al., 2021). 
However, grain yield is still limited by factors such 
as inadequate choice of hybrids for adaptation to 
the edaphic and climatic conditions of different 
regions and for resistant to the main diseases 
that cause leaf and pre-harvest damage.

The main diseases affecting maize in Brazil 
include rust (Puccinia spp.), gray leaf spot 
(Cercospora zeae-maydis), maize white spot 
(Pantoea ananatis), leaf blight (Exserohilum 
turcicum), diplodia leaf streak (Stenocarpella 
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spp.), anthracnose (Colletotrichum graminicola), 
scab (Gibberella zeae), and ear rot (Fusarium 
verticillioides) (SOUSA et al., 2023). These 
diseases are some of the main factors causing 
economic losses in maize through reduced yield 
from toxigenic fungi, decreased harvest value, 
and losses in animal production due to health 
issues caused by mycotoxins (MUNKVOLD 
et al., 2019).

The literature presents some studies focusing 
on the occurrence and severity of diseases that 
compromise the agricultural yield of maize in a 
tropical and subtropical climate zone (CUNHA 
et al., 2019; ROSSI et al., 2022). However, due 
to the extensive range of hybrids in the Brazilian 
market, the choice is difficult for growers; yet it 
is important to verify the agronomic performance 
of the available materials when they are under 
biotic stress conditions.

Therefore, this study was developed with 
the objective of evaluating the agronomic 
performance; the resistance response to 
cercosporiosis, white spot, and ear rot complex; 
and the grain health of maize hybrids.

Material and methods

The experiment was carried out in the 
experimental area of the Muquém Farm of 
the Universidade Federal de Lavras, in the 
municipality/county of Lavras, state of Minas 
Gerais, Brazil, at an altitude of 918.8 m 
(21°75’00’’ S and 45°00’00’’ W). The climate of 
the region is type Cwa, according to the Köppen 
classification, with an average annual rainfall 
of 1,500 mm. Meteorological conditions were 
collected during the experimental period. Average 
wind speed was from 2 to 3 m s-1 (Figure 1).

The soil of the experimental area was 
classified as a Red Latosol. Before implementing 
the project in the field, soil samples were 
collected at a depth of 0-20 cm and the 
following determinations were made of their 
chemical characteristics: pH (H2O) 5.8; 
O.M. 2.60 dag kg-1; P 9.90 mg dm-3; 
K 80.60 mg dm-3; H + Al 3.30 cmolc dm-3; 
Al 0.50 cmolc dm-3; Ca 2.46 cmolc dm3; 
Mg 0.45 cmolc dm-3; SB 3.12 cmolc dm-3; CEC 
(T) 6.40 cmolc dm-3; V 48.75 %; m 13.81 %.

Figure 1. Monthly rainfall (mm), average temperature (°C), and relative humidity (%) during the agricultural 
harvest period (February 2017 to July 2017) of the experiment. Lavras, Minas Gerais, Brazil.

Source: National Institute of Meteorology - INMET (2017)
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A randomized complete block experimental 
design was used, with the treatments consisting 
of eight maize hybrids (DKB 390, DKB 230, 
DKB 177, 30F53, KWS 9110, KWS 9006, 
KWS 9004, and Supremo), with five replications. 
The experimental units consisted of six rows, 
each 6 m in length and spaced 0.6 m apart, 
for a total of 21.6 m2. The two central rows, 
corresponding to an area of 7.2 m2, were used 
for data collection.

Before sowing, on February 10, 2017, 
the area was desiccated, to control/eradicate 
infesting weeds, with 1680 g a.i. ha-1 of 
glyphosate herbicide and 1047.8 g a.i. ha-1 of 2,4-
D herbicide, with a spray volume of 250 L ha-1. 
Fertilization was based on soil analysis and 
recommendations for a projected yield of 
9,000 kg ha-1, with 286 kg ha-1 of the fertilizer 
formulation NPK 08-28-16 in the planting furrow 
before sowing. Potassium (65 kg ha-1 of K2O) and 
nitrogen (120 kg ha-1 of N) were topdressed over 
the total area at the V 4 phenological stage (four 
open leaves) of the maize plants.

Atrazine + tembotrione (1250 + 
100.8 g a.i. ha-1) was applied at the V 4 
phenological stage, with a spray volume of 
200 L ha-1, for post-emergence weed management 
To control insect pests (Frankliniella williamsi 
and Dalbulus maidis) in the crop, three 
applications were made: the first was methomyl 
+ thiamethoxam + lambda-cyhalothrin (129 + 
35.3 + 26.5 g a.i. ha-1), the second was acephate 
(525 g a.i. ha-1), and the third was thiamethoxam 
+ lambda-cyhalothrin + spinosad (35.3 + 
26.5 + 48 g a.i. ha-1), with a spray volume of 
200 L ha-1. Fungicides were not applied, since 
the objective of the study was to evaluate the 
reactions of the hybrids to the main diseases.

The following traits were evaluated: severity 
(%) of foliar and ear diseases, incidence (%) of 
grain pathogens, plant and ear height, yield, 100-
seed weight, and final stand. The evaluations of 
foliar disease severity (Cercospora zeae-maydis 

and Pantoea ananatis) were carried out for each 
maize hybrid at the R3 phenological stage. For 
this evaluation, a random sample of ten plants 
was taken, and the diagrammatic scale proposed 
by Reid and Zhu (2005) was used, with scores 
ranging from 1 to 7 (1: no symptoms; 2: <1 % 
of leaf area with symptoms; 3: 1-5 % of leaf 
area with symptoms; 4: 6-20 % of leaf area 
with symptoms; 5: 21-50 % of leaf area with 
symptoms; 6: >50 % of leaf area with symptoms; 
7: plant dead due to disease action).

For the severity of ear rot of maize (maize 
ear rot complex), evaluations were performed for 
each maize hybrid after harvest, taking a sample 
of 10 ears per hybrid. The diagrammatic scale 
proposed by Reid and Zhu (2005) was used, 
with scores ranging from 1 to 7 (1: no symptoms; 
2: 1-3 % of maize ear area with symptoms; 3: 
4-10 % of maize ear area with symptoms; 4: 
11-25 % of maize ear area with symptoms; 5: 
26-50 % of maize ear area with symptoms; 6: 
51-75 % of maize ear area with symptoms; 7: 
76-100 % of maize ear area with symptoms).

The seed health test was conducted with 25 
seeds in eight replicates (a total of 200 seeds). 
The seeds were placed in autoclaved plates with 
filter paper in a 2 % agar/water medium, and 
the plates were kept for 15 days in a growth 
chamber at a constant temperature of 20 ºC. 
Fungi on the seeds were identified with the aid of 
a stereomicroscope based on their morphological 
characteristics (Seifert et al., 2011). The plates 
were then kept in the growth chamber for 
an additional 24 hours at -20 °C to prevent 
seed germination.

Plant height was measured at the VT 
(tasseling) phenological stage from soil level to 
the base of the panicle in ten plants per plot 
using a tape measure, and results were expressed 
in meters. Maize ear height was measured from 
soil level to the base of the ear, in ten plants 
per plot using a tape measure, and results were 
expressed in meters.
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Yield was determined by harvesting the 
two central rows of each plot. The ears were 
mechanically shelled for each plot. The results 
were expressed in kilograms per hectare (kg ha-1). 
The moisture content of the samples was 
measured to correct the total grain weight per 
plot to 13 % moisture.

From each plot, a random 100-seed 
sample was taken from the harvested volume 
and weighed, and its moisture content was also 
corrected to 13 %. The results were expressed in 
grams (g). The final stand was obtained at the 
end of the crop cycle by counting the number 
of plants in the center 5 meters of the 4 central 
rows of the plots, and calculating the estimated 
population per hectare.

For statistical analysis, count data were 
transformed using the square root (x + 0.5) 
transformation and percentage; data were 
transformed using the arcsine square root 
transformation (x / 100) to meet the assumptions 
of ANOVA. The data were statistically analyzed 
using the F-test for analysis of variance, followed 
by the Scott-Knott test, with a significance level 

of 5 % (R DEVELOPMENT CORE TEAM, 2023). 
The means presented in the tables are the 
original, non-transformed data.

Results and discussion

According to the results, there were 
significant differences among the hybrids in the 
plant height (PH), yield (YD), and 100-seed 
weight (SW) traits. However, there were no 
differences among the hybrids for ear height (EH) 
and final stand (FS) (Table 1).

The hybrids DKB 177, 30F53, KWS 9006, 
and Supremo exhibited the greatest plant heights 
(Table 1). However, it is noteworthy that the 
heights varied within the standard range (1.50-
2.20 m) for maize hybrids in the population used 
(FOLONI et al., 2014). There was a consistent 
pattern among the hybrids for ear height, showing 
that it was not affected by plant population 
(Table 1). This result differs from Fromme et al. 
(2019), who described that as plant population 
increased, ear height also increased, in their 
study on three maize hybrids.

Table 1. Plant height (PH), ear height (EH), final stand (FS; plants ha-1), yield (YD), and 100-seed weight (SW) 
of eight maize hybrids.

Hybrid PH (m) EH (m) FS YD (kg ha-1) SW (g)

DKB 390 2.00 c 1.10 a 55000.00 a 4471.60 b 25.40 d

DKB 230 2.10 b 1.10 a 55000.00 a 5494.00 a 23.70 d

DKB 177 2.20 a 1.10 a 51944.40 a 6068.60 a 33.70 b

30F53 2.20 a 1.10 a 57391.10 a 4510.50 b 27.40 c

KWS 9110 2.10 b 1.10 a 50416.70 a 4050.70 b 27.10 c

KWS 9006 2.20 a 1.10 a 50833.30 a 5951.20 a 33.40 b

KWS 9004 2.10 b 1.10 a 54723.40 a 6068.70 a 36.30 a

Supremo 2.20 a 1.10 a 56250.00 a 5054.50 b 27.50 c

Average 2.20 1.10 56250.00 5201.20 29.40

C.V. (%) 7.30 1.10 6.10 12.30 5.90

p-value > 0.0001* 0.5510ns 0.4904ns > 0.0001* > 0.0001*

*Significant at the 5 % probability level; **Significant at the 1 % probability level; ns - Not significant; Means 
followed by the same letter in the column do not differ statistically from each other according to the Scott-
Knott test.

Source: authors (2024)
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The hybrids KWS 9110 and KWS 9006 
had the lowest average values for final stand. 
It’s important to highlight that the final plant 
population depends on to the genetic traits the 
hybrid has to withstand environmental conditions 
and stresses associated with higher populations, 
and that final plant population affects yield 
(FOLONI et al., 2014; FROMME et al., 2019).

The hybrids DKB 230, DKB 177, KWS 
9006 and KWS 9004 achieved the best yield 
results (Table 1). These hybrids had values higher 
than the Brazilian average yield (5,650 kg ha-1) 
(CONAB, 2023), except for DKB 230. However, 
the high genetic potential of DKB 230 stands out, 
because even with high severity of white spot, 
cercospora, and ear rot complex, it remained 
among the highest yielding hybrids (Figures 2 
and 3). DKB 177 and KWS 9004 achieved the 
highest average yields, possibly due to their lower 
susceptibility to the diseases under evaluation 
and greater resistance to C. zeae-maydis attack 
(Figures 2 and 3).

Greater resistance of maize hybrids to 
major foliar diseases can be attributed to allelic 
variation in gene expression. Amino acid levels 
and the amino acid sequence led to differences 
in the levels of lignin and of other metabolites of 
the phenylpropanoid pathway and differences in 
regulation of programmed cell death (YANG et al., 
2017). Sousa et al. (2020) worked with maize 
half-sib families to identify groups with greater 
potential for resistance to the main foliar diseases 
and groups with higher yield, and they described 
that gray spot (C. zeae-maydis) caused less 
damage and yield losses compared to white spot. 
However, under the conditions of the present study, 
C. zeae-maydis was most severe, as it exceeded 
score 4 (6-20 %) in all hybrids (Figure 2).

The 100-seed weight was highest for the 
hybrid KWS 9004 and lowest for DKB 390 and 
DKB 230 (Table 1). This trait coincided with the 
yield pattern when observing the hybrids KWS 
9004 and DKB 390. Grain weight is one of the 

components that determine yield and it has a 
complex relationships with the morphological 
characteristics of the ear, which depend on 
the cultivars (GUERRA et al., 2017). Thus, 
better results for grain weight can be attributed 
to low susceptibility of a hybrid to diseases. 
Healthier leaves provide for greater translocation 
of photosynthates to the storage organs due 
to increased capture of incident light (CHEN 
et al., 2020).

In contrast, the low performance of DKB 
390 may have been due to the high incidence 
of cercospora and low tolerance of the hybrid to 
even minimal severities of white spot and ear rot 
complex. Therefore, hybrids with resistance and 
adequate yield should be selected for sowing 
to reduce the spread of diseases in agricultural 
areas (WANI et al., 2022). For the hybrid DKB 
230, high disease severity, especially the ear 
rot complex disease, was the decisive factor in 
suppressing 100-seed weight, even though it 
obtained good yield. This can be attributed to the 
genetic composition of the hybrids, which in most 
cases have a high grain yield capacity with worse 
resistance parameters (SWARUP et al., 2021).

The hybrids KWS 9110 and DKB 230 
showed greater severity of leaf damage from C. 
zeae-maydis, while DKB 230 was more affected 
by P. ananatis and ear rot complex (Figure 2). 
Cercospora attack is among the main causes of 
leaf damage in the world, leading to maize yield 
losses (REHMAN et al., 2021).

At the phenological stage of R3, the leaf 
area of   the hybrids DKB 390, DKB 230, 30F53, 
KWS 9110, and Supremo was compromised by 
cercospora. This causes a physiological disorder 
in the maize in the vegetative stage (V6-V7) 
through the conidia present in the detritus of the 
crop, which are dispersed by climatic agents, 
such as rain and wind. These conidia cause loss 
of chlorophyll and, consequently, reduction in 
accumulation of photoassimilates by the plants 
(REHMAN et al., 2021). For DKB 230, white 
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spot led to 20 % infestation of the leaf area, 
and ear rot complex led to greater severity of 
ear damage. Therefore, DKB 230 was the hybrid 
with the greatest susceptibility to the diseases 
under evaluation, but it still remained among the 
hybrids with the highest yields, demonstrating 
its high genetic potential against foliar diseases.

In addition, it is noteworthy that KWS 
9004 had the highest values for both 100-seed 
weight and average yield, despite the attack by 
P. ananatis and fungi causing the ear rot complex 
(Table 1). This can be attributed to the intrinsic 
genetic characteristics of the hybrid, as well as 
to the fact that plants in the grain-setting stage 
(V4-V7) and in the period of determination of 
number of kernel rows (V9) likely did not have 
cercosporiosis severity greater than 1 % (score 2). 
Rainfall during these stages also emerges as 
a determinant factor, as the germination tube 
of the cercosporiosis fungus retracts due to 
the presence of free water on the leaf surface 
(WORDELL FILHO; STADNIK, 2009).

The identification of hybrids less susceptible 
to foliar diseases, in association with rotation 
with non-host crops, such as soybeans and 

wheat, and the application of foliar fungicides 
are essential to achieve high grain yield (NEVES; 
BRADLEY, 2019; NEGA et al., 2020). However, 
it is noteworthy that a hybrid with high yield 
potential in the region but susceptibility to some 
diseases may be used, as long as phytosanitary 
management occurs at the correct time.

Regarding grain health in the hybrids, 
Fusarium graminearum occurred at a level of more 
than 80 %, except for DKB 390 and KWS 9110; 
Stenocarpella sp. showed greater colonization in 
30F53 (4.5 %) and DKB 230 (4.0 %); the highest 
incidence of Nigrospora sp. was in DKB 390 
(52 %); and Penicillium sp. mainly affected the 
hybrid KWS 9110 (39 %) (Figure 3).

In the present study, the cultivation history 
of the area emerges as the main factor for the 
incidence of various fungi, regardless of the 
hybrid. In consecutive crop seasons, only the 
main annual crops (maize, soybean, and common 
bean) are grown, which is the main explanation 
for the high incidence of F. graminearum. 
Gimeno et al. (2020) described that the high 
colonization of F. graminearum in grain is related 
to the abundance and type of host-crop residues 

Figure 2. Severity (%) of cercospora, white spot, and ear rot complex in maize hybrids

Source: authors (2024)
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that remain in the field. The pathogen survives 
saprophytically during the winter in cereal crop 
residues, waiting for the next growing season.

The Fusarium genus prevails in asymptomatic 
and moldy grain, encompassing a wide range of 
pathogenic species that penetrate the maize silk, 
causing damage to ears and grain (YUAN et al., 
2020; SUCIU et al., 2021). Stefanello et al. 
(2012) evaluated the incidence of fungi in maize 
hybrid grain in relation to fungicide application, and 
they also observed the highest fungal percentages 
for the Fusarium sp. genus in the grain.

Despite the low incidence of Stenocarpella 
sp. in the hybrids evaluated, it is commonly found 
in maize grain grown in the Cerrado and Southern 
regions of Brazil (MÁRIO et al., 2017). This low 
incidence may be attributed to the low amount of 
moldy grain, as this pathogen is associated with 
the complex of diseases responsible for causing 
ear rot and moldy grain, especially in susceptible 
hybrids (CHAVES NETO et al., 2019). Mendes 
et al. (2011) evaluated the incidence of two 
Stenocarpella species in maize grain and also 
observed a higher incidence in DKB 230.

The high incidence of Nigrospora sp. may 
be associated with the effect of high relative 
air humidity (>70 %) in June when the grain 
was close to physiological maturity. This genus 
generally has a low level of incidence, due to 
intermediate development at the time of early 
harvest of mature or immature maize grains, but 
its growth increases under optimal conditions of 
relative humidity (CHAGAS et al., 2018). This 
fungus develops more in grain around the post-
harvest period or during storage, affecting grain 
health, causing weight loss/discoloration/necrosis 
of grain, and producing mycotoxins, which 
are decisive factors for the international maize 
market (SZILAGYI-ZECCHIN et al., 2016). Some 
authors mention the presence of Nigrospora 
sp. in maize grain, but the incidences did not 
exceed 20 % for analyses performed immediately 
after harvest (SZILAGYI-ZECCHIN et al., 2016; 
CHAGAS et al., 2018).

For Penicillium sp., high incidence was 
observed in the hybrid KWS 9110 (39 %), 
although this fungus is more associated with 
storage conditions (Figure 3). This incidence 
can be attributed to dispersion from winds 

Figure 3. Incidence (%) of Fusarium graminearum, Penicillium sp., Stenocarpella sp., and Nigrospora sp. in 
the grain of maize hybrids

Source: authors (2024)
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that reached an average speed of 2.0 m s-1 
(July/2017) in the month of harvest and its 
capacity is present in different locations. Yadav 
et al. (2018) described that Penicillium is 
ubiquitous in many environments, and it is 
found in a range of habitats, including soil, air, 
and even extreme environments (extremes of 
temperature, salinity, water deficiency, and pH). 
Chagas et al. (2018) identified and quantified 
the fungi present in asymptomatic and damaged 
maize grain and also observed a high (20 %) 
presence of this fungus in immediate analysis 
after harvest. Ramos et al. (2010) carried out 
studies on the health of maize grain and found 
high incidence of Penicillium sp. (>40 %).

The environmental conditions of the study 
region include high rainfall, temperature, and 
relative humidity, which favor the development 
of phytopathogenic fungi. Therefore, the 
identification of high-yielding hybrids with low 
susceptibility to the main grain and foliar diseases 
is essential to increase the yield and profitability 
of the crop in the region.

Conclusion

High grain yield was observed for the hybrids 
DKB 177, DKB 230, KWS 9004, and KWS 
9006. Regarding disease reaction, satisfactory 
levels of resistance to white spot, cercosporiosis, 
and the ear rot complex were identified in the 
hybrids DKB 177 and KWS 9006.

Acknowledgments

The authors thank the National Council 
for Scientific Development (Conselho Nacional 
de Desenvolvimento Científico - CNPq), 
the Coordination for the Improvement of 
Higher Education Personnel (Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior - 
CAPES), and the Research Support Foundation of 
the State of Minas Gerais for financial support and 
scholarships (Fundação de Amparo á Pesquisa 
do Estado de Minas Gerais – FAPEMIG).

References

CUNHA, B.A. DA; NEGREIROS, M.M. DE; 
ALVES, K.A; TORRES, J.P. Influência da época 
de semeadura na severidade de doenças foliares 
e na produtividade do milho safrinha. Summa 
Phytopathologica, v. 45, n. 4, p. 424-427, 
2019. Available at: https:// www. scielo. br/ j/ sp/ a/ 
zQP 8Pg 83k hSr ZwM Gry Wy 6yQ/ ? format= html& 
lang= pt. Accessed on: 03 May 2024.

CONAB - Companhia Nacional de Abastecimento. 
Acompanhamento da safra brasileira de grãos. 
2022/2023. Available at: https:// portal de 
informacoes. conab. gov. br/ safra- serie- historica- 
graos. html. Accessed on: 15 Mar. 2024.

CHAVES NETO, J. R.; BOSCAINI, R.; GUERRA, 
R. C.; LEDUR, N. R.; TRAVESSINI, M., COSTA, I. 
F. D. da. Qualidade sanitária de lotes de grãos de 
milho submetidos a irrigação e dois sistemas de 
semeadura. Scientia Agraria Paranaensis, v. 18, 
n. 2, p. 125–131, 2019. Available at: https:// 
saber. unioeste. br/ index. php/ scientia agraria/ 
article/ view/ 21181. Accessed on: 18 May 2024.

CHAGAS J.F.R, COSTA RV.; SANTOS, G.R. 
Sanitary analysis of asymptomatic and damaged 
grains of maize in Tocantins, Brazil. Brazilian 
Journal of Agriculture. v. 93, n. 1, p. 33-46, 
2018. Available at: https:// www. alice. cnptia. 
embrapa. br/ alice/ bitstream/ doc/ 1097547/ 1/ 
Sanitaryanalysis. pdf. Accessed on: 18 Jun. 2024.

CHEN, G.; CHEN, H.; SHI, K.; RAZA M.A.; 
BAWA, G.; SUN, X.; PU, T.; YONG, T.; LIU, W.; 
LIU, J.; DU, J.; YANG, F.; YANG, W.; WANG, X. 
Heterogeneous light conditions reduce the 
assimilate translocation towards maize ears. 
Plants, v. 9, n. 8, p. 987, 2020. Available at: 
https:// www. mdpi. com/ 2223- 7747/ 9/ 8/ 987. 
Accessed on: 03 May 2024.

ERENSTEIN, O.; JALETA, M.; SONDER, K.; 
MOTTALEB, K.; PRASANNA, B.M. Global maize 



9

Revista Agrogeoambiental, v.17, e20251941, 2025

Revista Agrogeoambiental, v.17, e20251941, 2025

production, consumption and trade: trends and 
R&D implications. Food Security, v. 14, n. 5, 
p. 1295-1319, 2022. Available at: https:// link. 
springer. com/ article/ 10. 1007/ S12571- 022- 
01288- 7. Accessed on: 20 May 2024.

FOLONI, J.S.S.; CALONEGO J.C.; CATUCHI T.A.; 
BELLEGGIA N.A.; TIRITAN, C.S.; BARBOSA, 
A.D.M. Cultivares de milho em diferentes 
populações de plantas com espaçamento reduzido 
na safrinha. Revista Brasileira de Milho e Sorgo, 
v. 13, n. 3, p. 312-325, 2014. Available at: 
https:// rbms. abms. org. br/ index. php/ ojs/ article/ 
view/ 499. Accessed on: 03 May 2024.

FROMME D.D.; SPIVEY T.A.; GRICHAR, W.J. 
Agronomic response of maize (Zea mays L.) 
hybrids to plant populations. International 
Journal of Agronomy, v. 2019, n. 1, p. 
e3589768, 2019. Available at: https:// 
onlinelibrary. wiley. com/ doi/ full/ 10. 1155/ 2019/ 
358 9768. Accessed on: 18 May 2024.

GUERRA, A.M.N.M.; FERREIRA, J.B.A.; 
VIEIRA, T.S.; FRANCO, J.R.; COSTA, A.C.M.C.; 
TAVARES, P.R.F. Avaliação da produtividade de 
grãos e de biomassa em dois híbridos de milho 
submetidos à duas condições de adubação no 
município de Santarém – PA. Revista Brasileira 
de Agropecuária Sustentável, v. 7, n. 4, p. 20-
27, 2017. Available at: https:// periodicos. 
ufv. br/ rbas/ article/ view/ 2980. Accessed on: 
20 Apr. 2024.

GIMENO, A.; KÄGI, A.; DRAKOPOULOS, 
D.; BÄNZIGER, I.; LEHMANN, E.; FORRER, 
H.R.; KELLER, B.; VOGELGSANG, S. From 
laboratory to the field: biological control of 
Fusarium graminearum on infected maize crop 
residues. Journal of Applied Microbiology, 
v. 129, n. 3, p. 680-694, 2020. Available at: 
https:// academic. oup. com/ jambio/ article/ 129/ 
3/ 680/ 6714 632? login= false. Accessed on: 
20 Apr. 2024.

LIMA, N.G.; MOTA, J.H.; RESENDE, G.M.; 
YURI, J.E.; TEIXEIRA, I.R. Avaliação de 
cultivares de milho para consumo in natura em 
Jataí-GO. Caderno de Ciências Agrárias, v. 11, 
p. 1-7, 2019. Available at: https:// periodicos. 
ufmg. br/ index. php/ ccaufmg/ article/ view/ 15963. 
Accessed on: 18 May 2024.

MÁRIO, J.L.; GOZUEN, C.F.; JULIATTI, F.C. 
Stenocarpella macrospora and Stenocarpella 
maydis in the Cerrado and Southern Brazil 
regions. Bioscience Journal, v. 33, n. 1, 
p. 76–87, 2017. Available at: https:// www. 
cabidigitallibrary. org/ doi/ full/ 10. 5555/ 2017 307 
2327. Accessed on: 20 May 2024.

MENDES, M.C.; VON PINHO, R.G.; MACHADO, 
J.D.C.; ALBUQUERQUE, C.J.B.; FALQUETE, 
J.C.F. Qualidade sanitária de grãos de milho com 
e sem inoculação a campo dos fungos causadores 
de podridões de espiga. Ciência e Agrotecnologia, 
v. 35, p. 931-939, 2011. Available at: https:// 
www. scielo. br/ j/ cagro/ a/ LVp kTX k5q rzc z7K B76 rZ 
yNf/ . Accessed on: 15 May 2024.

MUNKVOLD, G.P.; ARIAS, S.; TASCHL, I.; 
GRUBER-DORNINGER, C. Mycotoxins in corn: 
occurrence, impacts, and management. In: 
SERNA-SALDIVAR, S.O. Corn. EUA: AACC 
International Press, 2019. p. 235-287. 
Available at: https:// www. sciencedirect. com/ 
science/ article/ abs/ pii/ B97 801 281 197 160 00 
097. Accessed on: 15 May 2024.

NEGA, A.; LEMESSA, F.; BERECHA, G. Virulence 
of four Cercospora zeae-maydis isolates on 
tolerant and susceptible maize varieties under 
greenhouse condition. International Journal of 
Research in Agricultural Sciences, v. 7, p. 2348-
3997, 2020. Available at: https:// ijras. com/ 
administrator/ components/ com_ jresearch/ files/ 
publications/ IJRAS_ 833_ FINAL. pdf. Accessed 
on: 20 Apr. 2024.



10 Revista Agrogeoambiental, v.17, e20251941, 2025

Diseases impact the performance of maize hybrids in southern Minas Gerais, Brazil    

NEVES, D.L.; BRADLEY, C.A. Baseline sensitivity 
of Cercospora zeae-maydis to pydiflumetofen, a 
new succinate dehydrogenase inhibitor fungicide. 
Crop Protection, v. 119, p. 177-179, 2019. 
Available at: https:// www. sciencedirect. com/ 
science/ article/ pii/ S02 612 194 193 002 50? casa_ 
token= VGm gmy tB7_ IAA AAA : bzU OR C5 tMv TPY 
BQ0 68 ws IRU 3Zi db1 kxO Y7E 6vp iq1ay 0Bz kRg 
34_ f3j 2l4 jkCZ 76IA h5Pk VFGzg. Accessed on: 
15 May 2024.

REID, L.M.; ZHU, X. Screening maize for 
resistance to common diseases in Canada, 
Canada. 2005. 29 p. Monography. Agriculture 
and Agri-Food Canada, Ottawa - Ontario. Available 
at: https:// publications. gc. ca/ collections/ 
Collection/ A42- 103- 2005E. pdf. Accessed on: 
18 Jun. 2024.

RAMOS, A.T.M.; MORAES, M.H.D.; CARVALHO, 
R.V.; CAMARGO, L.E.A. Levantamento da 
micoflora presente em grãos ardidos e sementes 
de milho. Summa Phytopathologica, v. 36, 
p. 257-259, 2010. Available at: https:// www. 
scielo. br/ j/ sp/ a/ GJt VWr kWD hx Q77 vyG Dt9 Mcq/ ? 
lang= pt. Accessed on: 18 Jun. 2024.

REHMAN, F.U.; ADNAN, M.; KALSOOM, M.; 
NAZ, N.; HUSNAIN, M.G.; ILAHI, H.; ILYAS, 
M.A.; YOUSAF, G.; TAHIR, R.; AHMAD, U. 
Seed-borne fungal diseases of Maize (Zea mays 
L.): A review. Agrinula: Jurnal Agroteknologi 
dan Perkebunan, v. 4, n. 1, p. 43-60, 2021. 
Available at: https:// www. journal. utnd. ac. id/ 
index. php/ agri/ article/ view/ 123. Accessed on: 
21 Apr. 2024.

ROLIM, J.I.M.; NICOLAU, F.E.A.; MOTA, A.M.D.; 
PINTO, A.A.; CAMARA, F.T. Desenvolvimento 
e produtividade do milho em sistema plantio 
direto no Cariri Cearense. Revista Engenharia 
na Agricultura, v. 27, n. 2, p. 122-131, 
2019. Available at: https:// www. proquest. com/ 
openview/ f1f 16 5112 8631 c8d 5fe3 ed24 3d6 
39 4f4/ 1? pq- origsite= gscholar & cbl= 426 377. 
Accessed on: 16 May 2024

ROSSI, R.L.; GUERRA, F.A.; PLAZAS, M.C.; 
VULETIC, E.E.; BRÜCHER, E.; GUERRA, G.D.; 
REIS, E.M. Crop damage, economic losses, and 
the economic damage threshold for northern 
maize leaf blight. Crop Protection, v. 154, 
p. 105901, 2022. Available at: https:// www. 
sciencedirect. com/ science/ article/ pii/ S02 612 
194 210 037 19? casa_ token= tuY 7ght 6Ls MAA 
AAA :1r O0bP ELR Mi8 DR1 Axm dlg 6PJ_ 2TaA VwN 
EFz M8R v9L THU yjN bUk sLXi 491 3t9 hVAz -ypW 
h18Z RY. Accessed on: 21 Apr. 2024.

R DEVELOPMENT CORE TEAM R: A Language 
and environment for statistical computing. 
Available at: https:// www. R- project. org/ , 2023. 
Accessed on: 15 Mar. 2024.

SEIFERT, K.; MORGAN-JONES, G.; GAMS, W.; 
KENDRICK, B. The genera of Hyphomycetes. 
1 ed. Utrecht: CBS-KNAW Fungal Biodiversity 
Centre, 2011. 866 p.

SILVA, T.S.; FONSECA, L.F.; YAMADA, J.K.; 
PONTES, N.C. Flutriafol and azoxystrobin: 
An efficient combination to control fungal leaf 
diseases in maize crops. Crop Protection, v. 140, 
p. e105394, 2021. Available at: https:// www. 
sciencedirect. com/ science/ article/ pii/ S026 1219 
420 303 276? casa_ token= Xsv wXt GeP 6IAA AAA: 
VhL1 zfGN gMD HgZ rm5 jkSv ezFid -Bo3ne y0Lv 
5xzI Eb1N SBfz cyc BSBJ V-KI KW7q TUZB JK1L 
kXN0. Accessed on: 21 Apr. 2024

SOUSA J.A.S.; BONAFIN, M.; LIMA, R.P. Baixo 
rendimento da produção de milho relacionado a 
doenças fungicas. Facit Business and Technology 
Journal, v. 2, n. 42, 2023. Available at: http:// 
revistas. faculdadefacit. edu. br/ index. php/ JNT/ 
article/ view/ 2164. Accessed on: 17 May 2024.

SOUSA, A.; CHAVAGLIA, A.C.; CIVARDI, E.A.; 
PINTO, J.F.N.; REIS, E.F.D. Genetic dissimilarity 
for resistance to foliar diseases associated with the 
agronomic potential in maize. Revista Caatinga, 
v. 33, n. 4, p. 936-944, 2020. Available at: https:// 



11

Revista Agrogeoambiental, v.17, e20251941, 2025

Revista Agrogeoambiental, v.17, e20251941, 2025

www. scielo. br/ j/ rcaat/ a/ ZCF 6VV LP3V FXs K3s 7BHS 
GmB/ ? lang= en. Accessed on: 16 May 2024.

SUCIU, A.L.; CHIȘ, A.C.; BARȘON, G.; TĂRĂU, 
A.; MOREA, A.; ALIN, B.A.R.B.; CRIȘAN, I. Seed 
pathogens incidence in eight maize hybrids (Zea 
mays L.) cultivated in Transylvanian plain. Life 
Science and Sustainable Development, v. 2, 
n. 1, p. 104-109, 2021. Available at: https:// 
lssd- journal. com/ index. php/ lssd/ article/ view/ 85. 
Accessed on: 22 Apr. 2024.

STEFANELLO, J.; BACHI, L. M. A.; GAVASSONI, 
W. L.; HIRATA, L. M.; PONTIM, B. C. Á. 
Incidência de fungos em grãos de milho em 
função de diferentes épocas de aplicação foliar 
de fungicida. Pesquisa Agropecuária Tropical, 
v. 42, p. 476-481, 2012. Available at: https:// 
www. scielo. br/ j/ pat/ a/ pqbp Q78 Xd7 9Kf pJJ Zvt 
wyfd/ ? lang= pt. Accessed on: 22 Apr. 2024.

SWARUP, S.; CARGILL, E.J.; CROSBY, K.; 
FLAGEL, L.; KNISKERN, J.; GLENN, K.C. 
Genetic diversity is indispensable for plant 
breeding to improve crops. Crop Science, v. 61, 
n. 2, p. 839-852, 2021. Available at: https:// 
acsess. online library. wiley. com/ doi/ full/ 10. 1002/ 
csc2. 20377. Accessed on: 15 May 2024.

SZILAGYI-ZECCHIN, V.J.; ADAMOSKI, D.; 
GOMES, R.R.; HUNGRIA, M.; IKEDA, A.C.; 
KAVA-CORDEIRO V.; GLIENKE, C.; GALLI-
TERASAWA, L.V. Composition of endophytic 
fungal community associated with leaves of 
maize cultivated in south Brazilian field. Acta 
microbiologica et immunologica Hungarica, 
v. 63, n. 4, p. 449-466, 2016. Available at: 
https:// akjournals. com/ view/ journals/ 030/ 63/ 4/ 
article- p449. xml. Accessed on: 30 Apr. 2024

WANI, S.H.; SAMANTARA, K.; RAZZAQ, A.; 
KAKANI, G.; KUMAR, P. Back to the wild: mining 
maize (Zea mays L.) disease resistance using 
advanced breeding tools. Molecular Biology Reports, 
v. 49, n. 6, p. 5787-5803, 2022. Available at: 

https:// link. springer. com/ article/ 10. 1007/ s11 033- 
021- 06815- x. Accessed on: 02 May 2024.

WORDELL FILHO, J.A.; STADNIK, M.J. 
Cercosporiose do milho: desafio para os produtores 
de Santa Catarina. Agropecuária Catarinense, 
v. 22, n. 1, p. 41-43, 2009. Available at: 
https:// publicacoes. epagri. sc. gov. br/ RAC/ article/ 
view/ 804. Accessed on: 16 May 2024.

YADAV, A.N.; VERMA, P.; KUMAR, V.; 
SANGWAN, P.; MISHRA, S.; PANJIAR, N.; 
GUPTA, V.K.; SAXENA A.K. Biodiversity of 
the genus Penicillium in different habitats. In: 
GUPTA, V.K.; RODRIGUEZ-COUTO, S. New and 
future developments in microbial biotechnology 
and bioengineering. Amsterdam: Elsevier, 2018. 
p. 3-18. Available at: https:// www. sciencedirect. 
com/ science/ article/ abs/ pii/ B97 804 446 350 130 
00 016. Accessed on: 02 May 2024.

YANG, Q.; HE, Y.; KABAHUMA, M.; CHAYA, T.; 
KELLY, A.; BORREGO, E.; BIAN, Y.; EL KASMI, 
F.; YANG, L.; TEIXEIRA, P.; KOLKMAN, J.; 
NELSON, R.; KOLOMIETS, M.; DANGL, J.L.; 
WISSER, R.; CAPLAN, J.; LI, X.; LAUTER, 
N.; BALINT-KURTI, P. A gene encoding maize 
caffeoyl-CoA O-methyltransferase confers 
quantitative resistance to multiple pathogens. 
Nature Genetics, v. 49, n. 9, p. 1364-1372, 
2017. Available at: https:// idp. nature. com/ 
authorize/ casa? redirect_ uri= https://www. nature. 
com/ articles/ ng. 3919& casa_ token= unr GFB p1l 
iIA AAA A:7 Frr T6p YrA Y4R 2k0 xtk T.6 rmu 9Vz Wj9 
jsn 196 2n0 qCv lRr McI FV6 dBv _fE wBi uYu xk5 A-t 
Nnl udu Ixa PkPQ. Accessed on: 02 May 2024.

YUAN, G.; HE, X.; LI, H.; XIANG, K.; LIU, L.; 
ZOU, C.; LIN, H.; WU, J.; ZHANG, Z.; PAN, 
G. Transcriptomic responses in resistant and 
susceptible maize infected with Fusarium 
graminearum. The Crop Journal, v. 8, n. 1, 
p. 153-163, 2020. Available at: https:// www. 
sciencedirect. com/ science/ article/ pii/ S22 145 
141 193 011 87. Accessed on: 19 May 2024.


