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RESUMO

LANZA, Fabricio Eustaquio. D.Sc., Universidade Federal de Vigosa, julho de
2013. Prevaléncia de Fusarium verticillioides e manejo de gréos ardidos e
fumonisinas em milho. Orientador: Laércio Zambolim. Co-orientadores:
Rodrigo Veras da Costa e Luciano Viana Cota.

Nos ultimos anos, 0s requisitos comerciais relativos a saude e qualidade de
graos, ndo soO para a exportacdo, mas também para consumo doméstico tem-
se tornado cada vez mais rigorosos, particularmente para a contaminacao por
micotoxinas. Espécies de fungos produtores de micotoxinas do género
Fusarium sdo a principal causa de grdos de baixa qualidade, devido a
producdo de grdos ardidos e efeitos toxicos das micotoxinas para a saude
humana e animal. De acordo com estas consideracfes, 0 presente estudo teve
como objetivo avaliar a prevaléncia e a distribuicdo geogréfica das espécies de
Fusarium associados com graos de milho no Brasil, o potencial de producédo de
fumonisinas de isolados de Fusarium em diferentes areas de plantio de milho e
avaliar estratégias de manejo para reduzir a incidéncia de gréos ardidos e
niveis de fumonisinas totais em milho. Para estudar a prevaléncia de espécies
de Fusarium responsaveis por podriddes de espigas de milho, foram coletadas
espigas em 15 areas de plantio das principais regides produtoras brasileiras. A
identificacdo de 230 isolados de Fusarium para o nivel de espécie foi baseada
em caracteristicas morfoldgicas e método molecular por PCR com primers
espécie-especificos. A quantificacdo de fumonisinas totais produzidas por
cinquenta isolados de diferentes regides, foi realizada por colunas de
imunoafinidade. Uma série de experimentos com diferentes datas de colheita,
namero e periodo de aplicacdo de fungicidas foram realizadas a fim de

determinar uma técnica confiavel de manejo para reduzir a incidéncia de
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fungos patogénicos e, consequentemente graos ardidos e fumonisinas em
milho. Neste estudo verificou-se que a espécie Fusarium verticillioides foi o
principal patégeno associado a grdos de milho no Brasil, com prevaléncia de
99%. Outra espécie produtora de fumonisina identificadas foi F. proliferatum
ocorrendo em baixa frequéncia (1%). A espécie F. subglutinans identificada em
lavouras de milho em muitos paises, ndo estava presente entre os duzentos e
trinta isolados. Todos os 50 isolados de F. verticillioides selecionados s&o
produtores de fumonisinas e o potencial de producao foi muito variavel e ndo
esta relacionado com a regido geografica de origem dos isolados. Em relacao
as diferentes épocas de colheita de milho, observou-se que a incidéncia de
graos ardidos e o total de fumonisinas podem aumentar gradualmente de
acordo com o atraso na colheita. Fusarium verticillioides e Stenocarpella spp.
foram as espécies fungicas mais frequentes identificadas em diferentes épocas
de plantio. Tanto para a incidéncia de grédos ardidos quanto para graos
assintomaticos a infeccdo por F. verticillioides foi elevada e prevalente em
todas as safras, e sua frequéncia de incidéncia varia de acordo com genotipos
de milho. A incidéncia de Stenocarpella spp. também variou de acordo com os
gendtipos de milho e foi predominantemente associada a grédos ardidos.
Aplicagbes foliares de fungicidas estrobilurinas e triaz6is, em diferentes
nameros e épocas de aplicacfes, foram ineficazes em reduzir a incidéncia de
graos ardidos, fungos fitopatogénicos associados aos graos e fumonisinas

totais em milho.



ABSTRACT

LANZA, Fabricio Eustaquio. D.Sc., Universidade Federal de Vigosa, july, 2013.
Prevalence of Fusarium verticillioides and management of kernels rot and
total fumonisin in maize. Adviser: Laércio Zambolim. Co-Advisers: Rodrigo
Veras da Costa and Luciano Viana Cota.

In recent years, trade requirements concerning the health and quality of grains,
not only for export but also for domestic consumption have becoming
increasingly strict, for particularly those related to mycotoxins contamination.
Mycotoxin-producing species of the genus Fusarium are the major cause of
low-quality grains due to toxic effects of mycotoxins to animal and human health
and rotting grains. According to these considerations, the present study aimed
to evaluate the prevalence and geographic distribution of Fusarium species
associated with corn grains in Brazil; the fumonisins production potential of
Fusarium strains isolated from different corn-planting areas, and to evaluate
management strategies for reducing the kernel rot incidence and the levels of
fumonisins in corn. To study the prevalence of Fusarium species causing maize
kernel rot, corn ears were sampled in fifteen planting areas representative of the
main important Brazilian producing regions. The identification of two hundred
thirty Fusarium isolates to the species level was based on morphological
characteristics and molecular method by PCR with species-specific primers.
The quantification of total fumonisins produced by fifty selected isolates was
performed by immunoaffinity columns. A number of experiments with different
harvest dates, and number and period of fungicides application were
accomplished in order to ascertain a reliable management technique for
reducing the incidence of pathogenic fungi, and consequently, kernel rot and

fumonisins in corn grains. In this study we found that the fungal species
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Fusarium verticillioides was the main pathogen associated with corn grain in
Brazil with 99% prevalence. Other fumonisins-producing species identified was
F. proliferatum occurring at low frequency (1%). The species F. subglutinans
identified in corn fields in many countries was not present among the two
hundred thirty isolates. All fifty selected F. verticillioides isolates produced
fumonisins and the potential of fumonisins production was high variable and not
related with the geographic region of origin of isolates. In relation to different
harvest times of corn, it was observed that the kernel rot incidence and total
fumonisins increase gradually according to increased periods of delayed
harvest. Fusarium verticillioides and Stenocarpella spp. were the most frequent
fungal species identified in different planting seasons. In both kernel rot and
asymptomatic grains the infection by F. verticillioides was high prevalent in all
crop seasons and the frequency of its incidence varied according to maize
genotypes. The incidence of Stenocarpella spp. also varied with the maize
genotypes and was predominantly associated to kernel rot. Foliar applications
of the fungicides strobilurin and triazoles in a different period of times and
number of applications, were ineffective for reducing pathogenic fungi
associated with corn grains, therefore the kernel rot incidence and fumonisins

level in maize.
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INTRODUCAO GERAL

O Milho (Zea mays L.) é um dos cereais de maior importancia para o
Brasil, principalmente pela sua participacdo na cadeia alimentar humana e
animal. Classificado como terceiro maior produtor mundial, o Brasil exporta
anualmente 20% de sua producdo e frequentemente enfrenta barreiras para
comercializacdo do milho. Apesar de alcancar bons indices de producao, os
produtores brasileiros de milho, ainda apresentam uma das produtividades
mais baixas entre os paises exportadores (AGRIANUAL, 2013). Dentre os
fatores que limitam a produtividade e também a comercializacéo devido a baixa
qualidade do produto tanto no Brasil quanto em outros paises produtores, se
destacam as doencas relacionadas aos graos, provocadas principalmente por
fungos do género Fusarium (PINTO, 2005; MUNKVOLD & DESJARDINS,
1997; SWEENEY & DOBSON, 1998).

As espécies de Fusarium estdo entre os patbgenos mais comumente
associados a cultura do milho em todo mundo. Tais espécies sdo capazes de
causar doencas em sementes, morte de plantulas, podriddo de colmo, podridao
de raiz, danos em graos armazenados e principalmente podriddo de espigas
com consequente producdo de grdos ardidos (MUNKVOLD & DESJARDINS,
1997). Dentre as principais espécies de Fusarium classificadas dentro da secéo
Liseola proposta por Leslie e Summerell (2006), frequentemente associadas a
doencgas em graos milho, se destacam: Fusarium verticillioides, F. proliferatum
e F. subglutinans. Estas espécies, embora capazes de causar danos em varias
partes da planta, em muitos casos nao estado diretamente relacionadas com
perdas em producdo, mas estdo estreitamente relacionadas com problemas de

baixa qualidade de grdaos e sementes pela producédo de micotoxinas, como as



fumonisinas (MUNKVOLD & DESJARDINS, 1997; SWEENEY & DOBSON,
1998; FIGUEIRA et al.; 2003).

Entre os fatores que ocasionam a perda da qualidade de grdos de
milho, destacam-se as micotoxinas e 0s graos ardidos. Sdo denominados
ardidos, aqueles graos que apresentam pelo menos 25% de sua superficie com
alteracbes das cores, cujo matiz pode variar de marrom-claro a roxo ou
vermelho-claro a vermelho-intenso. Na maioria dos casos sdo também
portadores de altos teores de micotoxinas (PINTO, 2005). Devido a este fato,
nos ultimos anos, como padrdo de qualidade, as agroindustrias tem adotado
uma tolerdncia maxima de 6% de graos ardidos em lotes comercias de milho
(MENEGAZZO, 2000).

As micotoxinas, metabdlitos fungicos secundarios presentes em grande
parte dos alimentos, provocam elevadas perdas econémicas em toda a cadeia
produtiva agricola e representam risco potencial para o agronegadcio brasileiro e
para a saude humana e animal. A FAO estima que, em todo o mundo, cerca de
25% dos alimentos estejam contaminados com micotoxinas. A preocupacao
crescente com a seguranca alimentar tem exigido melhoria na qualidade
sanitaria dos alimentos e racfes (COUNCIL FOR AGRICULTURAL SCIENCES
AND TECHNOLOGY, 2003).

O consumo de dieta contaminada com micotoxinas pode induzir a danos
agudos e crbnicos resultando em efeitos teratogénicos, carcinogénicos e
imunossupressores (JACKSON & JABLONSKI, 2004; BINDERA et al., 2007).
As perdas econdmicas para os produtores resultam da recusa ao alimento por
parte de animais portadores de micotoxicose, acarretando baixa conversao
alimentar com diminuicdo do ganho de peso corporal, imunossupressao e
interferéncia com a fertilidade (JOBIM et al., 2001; WU, 2006). Desse modo, as
indastrias que processam alimentos, juntamente com a Agencia Nacional de
Vigilancia Sanitaria, impdem limites de tolerancia para micotoxinas em produtos
derivados do milho (DOU, 2011).

Dentre as micotoxinas que ocorrem em grdos de milho, um grupo tem
merecido importancia prioritaria, as fumonisinas. As fumonisinas, produzidas
principalmente por espécies do género Fusarium, sdo reconhecidas como uma
das micotoxinas de maior importancia para os seres humanos e para aqueles

animais que utilizam o milho em sua alimentagdo. Esta micotoxina esta
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relacionada com o surgimento de cancer de esé6fago e anormalidades no tubo
neural em seres humanos. Além disso, é também responsavel pela ocorréncia
de encefalomalacia em equinos, edema pulmonar em suinos e varias
complicacbes em aves (MUNKVOLD & DESJARDINS, 1997; SWEENEY &
DOBSON, 1998; FIGUEIRA et al.; 2003). Portanto, a contaminacdo dos graos
pelas fumonisinas pode acarretar perdas substanciais & economia do pais,

devido aos custos relacionados a saude publica, bem como as barreiras

tarifarias ao comercio internacional destes produtos.

O crescimento fangico, com consequente formacéo de gréos ardidos e
producdo de micotoxinas sdo dependentes de uma série de fatores, como
umidade, temperatura, presenca de oxigénio, tempo para 0O crescimento
fungico, caracteristicas genéticas, lesdes provocadas nos graos por insetos ou
dano mecanico/térmico, quantidade de in6culo fungico, interacdo/competicdo
entre as linhagens flngicas, época de colheita, sistemas de secagem e
armazenagem (PICOT et al.,, 2010), sendo o milho, um dos cereais mais
vulneraveis ao desenvolvimento de fungos toxigénicos. Estudos realizados no
Brasil e no exterior ttm demonstrado a ocorréncia de elevados niveis de
micotoxinas tanto em graos de milho quanto em produtos derivados (ROCHA
ET AL., 2011; JACKSON & JABLONSKI, 2004). A falta de monitoramento
desses fatores proporciona elevada prevaléncia de micotoxinas nos graos
produzidos no Brasil e em paises de clima semelhante.

Sendo assim, considerando o elevado custo e a dificuldade para a
detoxificacdo de alimentos contaminados por micotoxinas e manejo visando
melhoria da qualidade dos graos, torna-se necessaria a implementacédo de
medidas que visem prevenir e/ou reduzir a formacdo de grdos ardidos e
fumonisinas em milho. Desse modo, o presente trabalho teve como objetivos
estudar a prevaléncia de espécies de Fusarium toxigénicas e praticas culturais
relacionadas ao cultivo de milho, visando a prevencdo ou a reducdo da
ocorréncia de graos ardidos e micotoxinas.

Especificamente pretende-se:

e lIdentificar as espécies de Fusarium da secéo Liseola associadas a graos
de milho no Brasil; Determinar as espécies predominantes em grédos de

milho nas diferentes regides geograficas do Brasil; Caracterizar o potencial



de producdo de fumonisinas de isolados de Fusarium spp. coletados em
diferentes regides Brasileiras.

Avaliar o efeito da colheita tardia sobre a incidéncia de grédos ardidos,
incidéncia de fungos fitopatogénicos e fumonisinas totais em gréos de
milho.

Avaliar a eficiéncia de diferentes fungicidas, épocas e numero de
aplicagbes, no controle de grados ardidos, incidéncia de fungos
fitopatogénicos e fumonisinas totais em graos de milho.



ARTIGO 1

PREVALENCIA DE ESPECIES DE FUSARIUM PRODUTORAS DE
FUMONISINAS ASSOCIADAS A GRAOS DE MILHO NO BRASIL

RESUMO: Nos ultimos anos, grande énfase tem sido dada aos fitopatdgenos
que atacam os graos de milho, principalmente pela sua capacidade de
producdo de micotoxinas. Fumonisinas sdo consideradas as micotoxinas mais
importantes em milho, sendo produzidas em maior quantidade por fungos do
género Fusarium, que contem espécies altamente complexas quanto a sua
identificacdo. O estudo da distribuicdo geografica de espécies de Fusarium
produtoras de fumonisinas e seu potencial de producdo dessa micotoxina €
fundamental para o estabelecimento de estratégias de manejo visando a
reducdo dos niveis de contaminagcdo dos alimentos. Desse modo, o presente
trabalho teve como objetivos: Identificar as espécies de Fusarium da secéo
Liseola associadas a graos de milho no Brasil por métodos morfolégicos e
moleculares; Determinar as espécies predominantes em grdos de milho nas
diferentes regides geograficas do Brasil; Caracterizar o potencial de producédo
de fumonisinas de isolados de Fusarium spp. coletados em diferentes regides
brasileiras. Com base nos resultados obtidos, foi possivel concluir que: F.
verticillioides é a espécie do género Fusarium predominantemente associada a
graos de milho no Brasil (99%); todos os 50 isolados selecionados foram
capazes de produzir fumonisinas; verificou-se elevada variabilidade na
produgéo de fumonisinas, com isolados produzindo desde 0,01 a 2,39 ug.g-1,
ndo sendo detectada correlacdo com a regido geografica de origem; F.
proliferatum e F. subglutinans sdo patégenos pouco frequentes em milho no
Brasil.

PALAVRAS-CHAVE: Fungos toxigénicos, micotoxinas, Zea mays



PREVALENCE OF FUMONISINS-PRODUCING FUSARIUM SPECIES IN
BRAZILIAN CORN GRAINS

ABSTRACT: Fumonisins produced by Fusarium species are the most important
mycotoxins in maize grains. The geographic distribution of Fusarium species
and the knowledge of their potential to produce fumonisins are essential for the
adoption of management strategies to reduce contamination of maize grains.
The present study aimed morphological and molecular characterization of
Fusarium species within the Liseola section isolated from corn grains of
different geographic regions in Brazil, and evaluate their potential for fumonisins
production. The results showed that F. verticillioides is the predominant species
(99%) associated with corn grains, and two other toxigenic species, F.
proliferatum and F. subglutinans are incidental in Brazilian corn. Althougth there
was a high variability in the total fumonisin production among the isolates (0.01
to 2.39 pg.g™); all fifty isolates analysed were able to produce fumonisins. The
level of total fumonisin production was not correlated with the geographic origin
of the isolates.

KEY-WORDS: Toxigenic fungi, micotoxins, Zea mays

1. INTRODUCTION

Brazil is the third largest producer of corn in the world with an average
production of 77 million tons in the crop year 2012/2013 (Agrianual, 2013,
CONAB, 2013). However, the Brazilian average of corn yield is still low (4.77
tons per hectare) considering the high-yielding hybrids available on the market.

Diseases are a major factor limiting the increase of corn yield in the
tropical humid climate in Brazil (Oliveira et al., 2004). Among the most important
pathogens of corn in Brazil, different species of the genus Fusarium are of great
concern to technicians and producers (Oliveira et al., 2004; Munkvold and
Desjardins, 1997). Among the Fusarium species complex (teleomorph
Gibberella fujikuroi included in Liseola section) which comprises more than 50
species, F. verticillioides, F. proliferatum and F. subglutinans are the main
species infecting corn kernels (Krska et al., 2009; Leslie et al., 2006). Fusarium
spp. cause a variety of diseases in corn such as rot on roots, stems, ears and
grains (Munkvold, 2003; Munkvold and Desjardins, 1997). In addition to yield

damages caused by Fusarium spp., they also produce a variety of secondary
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metabolites highly toxic to humans and other animals (Munkvold and
Desjardins, 1997). Among the mycotoxins produced by Fusarium spp.,
fumonisins are considered the most significant problems due to their high
incidence, levels of production, and toxicity (Volkel, et al., 2011; Munkvold and
Desjardins, 1997). Fumonisins are involved in the inhibition of sphingolipids with
serious consequences to the cell structure of eukaryotic organisms (Marasas et
al.,, 2004; Wang et al., 1991). Fumonisins are mainly synthesized by F.
verticillioides; the Fusarium species most commonly reported infecting corn
grains (Madania et al., 2013; Rahjoo et al., 2008; Orsi et al., 2000; Munkvold
and Desjardins, 1997). The ingestion of fumonisin-contaminated corn provoke
serious diseases in animals, such as horse leukoencephalomalacia (Marasas et
al., 1988; Giannitti, et al.,, 2011), pulmonary edema in swine (Harrison et al.,
1990), and hepatotoxicity in rats (Gelderblom et al., 1996). Fumonisins are also
directly related to human esophageal cancer and defects in neural tube
formation in fetuses (Doi and Uetsuka, 2011; Volkel et al., 2011; Jackson and
Jablonski, 2004; Ueno 2000).

The identification the Fusarium species prevalent throughout corn-
producing areas is crucial for the establishment of management strategies for
fusariose and fumonisins control. The morphological identification of Fusarium
species may not be sufficient for complete distinction of species. Thus, the
analysis of rRNA genes and the use of specie-specific primers for species
identification are frequently used (Covarelli et al., 2012; Mule et al., 2004;
Rahjoo et al., 2008).

Taking into account all the above considerations, this study aimed to
identify the species of Fusarium from section Liseola associated with corn
grains in Brazil by morphological and molecular methods and to characterize
the potential for fumonisins production of Fusarium spp. collected from different

maize crop area in Brazil.

2. MATERIALS AND METHODS

This study was performed in the Plant Pathology laboratory at the Centro
Nacional de Pesquisa de Milho e Sorgo - CNPMS — EMBRAPA Milho e Sorgo,
Sete Lagoas — MG, Brazil. The identification of the Fusarium species consisted

of morphological characterization and molecular confirmation of species.



2.1. Sampling and isolation of Fusarium spp. Samples of symptomatic and
asymptomatic corn cobs of Fusarium infection were collected in the Brazilian
producing regions (Figure 1), which are characterized by the great diversity of
climatic conditions. In the laboratory, the cobs were thrashed, homogenized and

subsequently sub-sampled.
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Figure 1. Indications of the Brazilian corn planting areas sampled for Fusarium
species.

To perform the Blotter test, 25 grains were sterilized by immersion in
sodium hypochlorite 2% for 5 minutes and then washed twice with sterile
distilled water. Afterward, 200 grains per sample were distributed in gerboxes
containing a filter paper moistened with 5% agar-water (w/v) according to Pinto
et al. (2007). The gerboxes were maintained at room temperature under
continuous light for 24 h to stimulate the germination and then transferred to a
freezer at -5 °C for a period of 24 h. After, that gerboxes were incubated at 25
°C with 12 h photoperiod for 10 days. The morphological identification and
guantification of the pathogens in grains were made with the aid of a
stereoscopic microscope and a binocular microscope. Grains showing
characteristic colonies of Fusarium spp. (cottony white to pinkish mycelium)
were transferred to Petri dishes containing PDA medium (potato dextrose agar)
to obtain monoconidial cultures. We obtained 230 single spore isolates of

Fusarium, and each monosporic culture was identified considering the date,
8



corn genotype and location of sample collection. The isolates were stored and

kept in test tubes containing PDA and mineral oil.

2.2. Morphological identification. For morphological identification, all isolates
were grown on PDA medium and incubated at 25 °C with 12 h photoperiod for
14 days. The macroscopic characteristics of the colony were analyzed with the
aid of a stereoscopic microscope and a binocular microscope. The morphology
of microconidia, macroconidia, conidiogenous cells (phialides) and
chlamydospores of each species were identified according to the criteria

proposed by Leslie et al., (2006).

2.3. Molecular identification. For molecular identification, the isolates were
cultured on PD (potato dextrose) liquid medium for three days on an orbital
shaker at 90 rpm under continuous fluorescent light. After this period the
mycelium was collected with the aid of sterile gauze and then frozen in liquid
nitrogen. Total DNA was extracted using the protocol described by Murray and
Thompson (1980). The pairs of species-specific primers VER1/VER2,
PRO1/PRO2 and SUB1/SUB2 (Table 1) designed by Mulée at al. (2004) were
used for F. verticillioides, F. proliferatum, and F. subglutinans identification,

respectively.

Table 1. Sets of species-specific primers used for molecular identification of
Fusarium species isolated from corn grains.

Primer Sequence (5— 3’) Species amplicon
SUB1 CTGTCGCTAACCTCTTTATCCA F. subglutinans®
SUB2 CAGTATGGACGTTGGTATTATATCTAA

PRO1 CTTTCCGCCAAGTTTCTTC F. proliferatum?
PRO2 TGTCAGTAACTCGACGTTGTTG

VER1 CTTCCTGCGATGTTTCTCC F. verticillioides?
VER2 AATTGGCCATTGGTATTATATATCTA

EF1 ATGGGTAAGGA(A/G)GACAAGAC Fusarium spp.”
EF2 GGA(G/A)GTACCAGT(G/C)ATCATGTT

@Mulé et al., 2004: "°O’Donnell et al., 1998; Geiser et al., 2004



PCR reactions were performed separately for each set of primers
containing 200 mM Tris-HCI (pH 8.4), 500 mM KCI, 1.5 mM MgCl,, 0.5 uM each
primer, dNPT 0.25 mM, 1 U Tag DNA Polymerase (Invitrogen) and 20 ng of
DNA, in a final volume of 20 ul. PCR amplifications were performed on Applied
Biosystems® Veriti® 384-Well Thermal (Applied Biosystems®) with the
following conditions: one cycle for denaturation of DNA samples at 95 °C for 5
min, 30 cycles of 50s at 94 °C, 50 s at 56 °C (annealing), and 7 min at 72 °C
(extension). Finally, the reactions were incubated for 10 min at 72°C. DNA of
the isolates CML770 (F. subglutinans), CML2394 (F. proliferatum) and
CML2395 (F. verticillioides) from the Mycological Collection of the Universidade
Federal de Lavras were used as positive controls. The amplified DNAs were
analyzed by horizontal gel electrophoresis at 6 V/cm? in 1.0% agarose gel (wt/v)
in 1X TAE buffer (0.04 M Tris-Acetate, 0.001 M EDTA, pH 8.0) plus ethidium
bromide (0.5 mg/l). Gels were visualized under UV light, photographed, and the

fingerprints were compared visually with the overview gels.

2.4. Production of fumonisins by Fusarium verticillioides. Fifty isolates of F.
verticillioides from different corn-growing areas were tested for total fumonisin
production. All isolates were cultured in Petri dishes containing PDA medium
and incubated at 27 °C for 7 days under 12 h photoperiod. To assess the total
fumonisins production four mycelial discs with 0.5 cm diameter were equidistant
inoculated onto a Petri dishs containing 40 g of ground corn previously sterilized
and moistened with 20 mL of deionized water. The cultures were incubated at
27 °C for 14 days under 12 h photoperiod following the protocol proposed by
Ono et al. (2010). Then, the samples were placed in an enforced ventilation
oven at 65 °C for 48 hours to homogenize the water content. Sub-samples of 10
g were taken from each sample (three replicates) for total fumonisin analysis.
The total fumonisin content was determined by immunoaffinity columns
Fumonitest® using the fluorometer Vican according to manufacturer’'s
instructions.

The data of total fumonisin levels were subjected to statistical analysis of
variance (ANOVA) and the means were compared by Scott Knott test at 5%
probability using the program SISVAR ® (Ferreira, 2011).
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3. RESULTS

In the present study, 207 of the 230 isolates were identified to the
species level based on the conventional morphological criteria proposed by
Leslie et al. (2006). Of these 207 isolates, 200 were identified as F.
verticillioides. Some isolates of this species showed grouped monophialides
and a great quantity of macroconidia, which complicate then identification. In
these cases, the presence of the septum on the base of each phialide allowed
identifying them as monophialides, and this was the criterion used to identify the
isolates as F. verticillioides.

Seven isolates were identified as F. proliferatum. The presence of
poliphialides with short chains of microconidia and the presence of false heads
are characteristics considered for the identification of this species (Leslie et al.,
2006).

In relation to the other 23 isolates the features commonly associated with
Fusarium spp. were inconsistently observed, thus the morphological
identification of these isolates to the species level was not possible.

In Figure 2 are shown the results of the DNA amplification tests for
validating the Fusarium specie-specific primers VER1/VER2, PRO1/PRO2, and
SUB1/SUB2 for F. verticilioides F. proliferatum, and F. subglutinans,
respectively. The species-specific primers used in this study generated

amplification products only for the target species.
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Primer VER Primer PRO Primer SUB

FV FP FS BR / FvVv FP FS

Figure 2. Agarose gel electroforese of species-specific PCR-amplicons for
three Fusarium reference species. Lanes 2 to 5: PCR products with primers
VER1/VER2 for F. verticillioides (FV); lanes 6 to 9: amplicon with primers
PRO1/PRO2 for F. proliferatum (FP); lanes 10 to 13: amplicon with primers
SUB1/SUB2: for F. subglutinans (FS). BR: negative control. Lanes 1 and 14: 1
Kb Plus DNA Marker (Invitrogen).

From the 230 isolates, 228 showed amplification with the primers
VER1/VERZ2, therefore, this species were assigned as F. verticillioides. Two
isolates showed amplification with the primers PRO1/PRO2, thus they were
identified as F. proliferatum. These two isolates were collected in Manduri, Sdo
Paulo state and in Manaus, Amazonas state (Figure 1). PCR amplicons were
not detected with the primer set SUB1/SUB2 species-specific for F.
subglutinans.

A high variability in the capability of fumonisin production was observed
among 50 selected isolates identified as F. verticillioides. The total fumonisins
level ranged from 0.01 to 2.39 pg.g™. The isolates were grouped into five
categories according to the capacity of fumonisins production (Table 2). Group
1 (24% of the isolates), low yield (<0.38 ug.g™); Group 2 (40%), moderately low
(>0, 38 to 0.85 pg.g™); Group 3 (26%), average yield (>0.85 to 1.39 pg.g™);
Group 4 (6%), moderately high (>1.39 to 1.69 ug.g™); and Group 5 (4%), high
yield (>1.69 pg.g™).
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Table 2. Total fumonisin production by fifty Fusarium verticillioides isolates
collected in different Brazilian corn-planting areas.

. *Fumonisins
Locality Isolate

(ug.g™)
Sete Lagoas/MG F73 0.85Db
Sete Lagoas/MG F75 0.54b
Campo Mourdo/PR F105 0.01a
Campo Mourdo/PR F110 0.14 a
Rio Verde/GO F115 0.02 a
Rio Verde/GO F118 1.15c
Perdizes/MG F125 1.08c
Perdizes/MG F129 0.81b
Londrina/PR F135 0.79b
Londrina/PR F140 0.46 b
Passo Fundo/RS F150 0.22 a
Passo Fundo/RS F154 1.12c
Passo Fundo/RS F155 0.69b
Passo Fundo/RS F159 2.32e
Rio Verde/GO F176 1.35c
Rio Verde/GO F177 0.68b
Luis Eduardo Magalh&es/BA F308 0.62b
Luis Eduardo Magalhdes/BA F310 2.39e
Luis Eduardo Magalh&es/BA F311 1.69d
Luis Eduardo Magalhdes/BA F312 1.02c
Luis Eduardo Magalh&es/BA F313 0.60 b
Luis Eduardo Magalhdes/BA F315 1.02c
Campos Novos/SC F320 0.38 a
Campos Novos/SC F321 0.82b
Campos Novos/SC F323 0.73b
Campos Novos/SC F325 0.59b
Roraima/RR F375 0.71b
Roraima/RR F378 0.03 a
Roraima/RR F380 0.71b
Roraima/RR F383 0.36 a
Manduri/SP F391 0.16 a
Manduri/SP F393 0.51b
Manduri/SP F395 0.38a
Manduri/SP F397 1.02c
Manaus/AM F400 0.08 a
Manaus/AM F403 0.99c
Manaus/AM F406 0.20a
Manaus/AM F415 1.25¢
Sinop/MT F420 1.69d
Sinop/MT F422 1.05c
Sinop/MT F423 0.99c
Sinop/MT F425 1.65d
Valenca/RJ F431 0.45Db
Valenca/RJ F432 0.38 a
Valenca/RJ F433 1.34c
Valenca/RJ F436 0.62Db
Belém/PA F440 0.48b
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Belem/PA F442 0.72b
Belém/PA F444 1.39c
Belém/PA F446 0.46 b

*means followed by the same letter do not differ among themselves by Scott Knott test (a=0,05).

Two isolates, F159 and F310, showed the highest level of total
fumonisins production with values of 2.32 and 2.39 pg.g™, respectively. Twelve
isolates had very low potential for fumonisins production with values ranging
from 0.01 to 0.38 ug.g™*. Compared with other results of the present study these
values were categorized as traces of fumonisins production.

A wide variability in the total fumonisin production among isolates of the
same geographic region. For example, isolates collected in the region of Luiz
Eduardo Magalhées, Bahia state (Figure 1) showed total fumonisin production
values ranging from 0.60 (isolate F313) to 2.39 pg.g™ (isolate F310). A similar
situation was observed for isolates collected in Passo Fundo, state of Rio
Grande do Sul, that showed total fumonisin content ranging from 0.22 (isolate
F150) to 2.32 pg.g™ (isolate F159). In the region of Manaus, Amazonas state,
the isolates F400 and F415 produced 0.08 and 1.25 pg.g’ fumonisin,

respectively.
4. DISCUSSION

In this study, 230 fungic isolates from corn grains collected from different
Brazilian geographic regions representative of the corn-planting areas were
initially identified as Fusarium species by colony morphology. By using
morphological criteria described by Leslie et al. (2006) for preliminar
classification, 207 isolates were identified to the species level being 200 F.
verticillioides and 7 F. proliferatum. Twenty three isolates could not be
identified. However, a slightly different result was observed for the molecular
identification of the Fusarium species using three specie-specific primers. The
identities of 202 isolates were confirmed being 200 F. verticillioides and two F.
proliferatum. Five species previously assigned as F. proliferatum by
morphological criteria were identified as being F. verticillioides. The 23
unidentified species of Fusarium produced a single PCR amplicon only with the
primer set for F. verticillioides. These finds evidenced two important points: first,

the limitation of morphological data concerning Fusarium species identification,
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and second, the use of molecular analysis by specie-specific PCR primers
allowed the identification of Fusarium species even in those cases that
morphological criteria failed. These results corroborate previous studies
reporting the difficulty or impossibility in distinguish Fusarium species
associated with corn kernels through morphological observations (Madania et
al., 2013; Rahjoo et al., 2008; Summerell et al., 2003; Leslie et al., 2006).

Divergent results between morphological and molecular methods for
Fusarium identification are common in the literature. Rahjoo et al. (2008)
reported that in 140 isolates morphologically identified as F. verticillioides, 133
isolates were confirmed by molecular techniques by using species-specific
primer. Among the seven remained isolates, one was identified as F.
thapsinum, four as F. proliferatum and two as Fusarium spp. Although the
difficulties to identify some Fusarium isolates to the species level by
morphological criteria, the use of molecular analysis by using specie-specific
PCR primers allows the identification of Fusarium species even in those cases
that morphological criteria identification was not possible.

The high prevalence of F. verticillioides (99.13%) in this study, has been
reported in a number of countries, including Brazil, Italy, Kenya, USA, Iran, and
Syria (Munkvold, 2003; Rahjoo et al., 2008; Venturini et al., 2011; Madania et
al., 2013). In Brazil, Fusarium verticillioides occurring at high frequency (96%) in
maize grains collected in four different regions was previously reported by
Rocha et al. (2011).

In addition to F. verticillioides, other species have been reported causing
maize cob rot (Leslie et al., 1990). F. proliferatum was reported along with F.
verticllioides in Italy (Logrieco et al., 1995), in the Southern Europe (Logrieco et
al., 2002) and in Iran (Ghiasian et al., 2004; Rahjoo et al., 2008). On the other
hand, F. proliferatum and F. subglutinans were found at low frequency in
Austria (Krska et al., 1997), the Slovak Republic (Pieckova and Jesenska,
1997), Poland (Kostechi et al., 1995) and Mexico (Desjardins et al., 2000). In a
study by Rocha at al. (2011), among 100 Fusarium isolates from four Brazilian
corn-planting areas, only two isolates, from the same area, were identified as F.
proliferatum. Also in the present study, only two isolates of F. proliferatum, one
from Amazonas and other from S&o Paulo state (Figure 1) were detected
among 230 isolates. The low frequency of F. proliferatum and the absence of F.

subglutinans observed in this study indicate that these two species actually are
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minor pathogens of corn in Brazil, as reported in other countries (Covarelli et al.,
2012; Madania et al., 2013).

Although the regulation of fumonisins production is a complex process
involving interactions between the host and pathogen genotypes, and
environmental conditions (Picot et al., 2010), in the present work, the high
variability in fumonisins production among the isolates is consistent with the
literature in other countries. (Covarelli et al., 2012; Rocha et al., 2011; Ono et
al., 2010; Picot et al., 2010; Nelson et al., 1991). In the present study, there is
no correlation between the production of fumonisins and the geographic area.
Isolates with increased fumonisin production capacity are uniformly distributed
in all Brazilian regions.

The maximum levels of total fumonisins detected in this study were lower
compared to other studies (Nelson et al., 1991; Rocha et al., 2011). However, in
the present study the period of incubation was 14 days, according to the
methodology proposed by Ono et al. (2010) while in the work carried out by
Nelson et al. (1991) and Rocha et al. (2011) the period of incubation was 30
days. It is important to note that we did not evaluate the expression levels of
fumonisins production by isolates of F. verticillioides, but rather assess the
variability in fumonisins production capacity between the isolates obtained in
different Brazilian corn-growing areas.

Based on these results, it was concluded that: F. verticillioides is the
Fusarium species predominantly associated with corn grain in Brazil. All 50
isolates selected for fumonisins test were able to produce fumonisins, and there
was high variability in fumonisins production and no correlation was found with
the geographic origin and the capacity of it is isolates to produce fumonisins.
Finally, F. proliferatum and F. subglutinans are infrequent pathogens in

Brazilian corn.
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ARTIGO 2

INCIDENCIA DE GRAO ARDIDOS E FUMONISINAS TOTAIS EM MILHO
COLHIDO TARDIAMENTE

RESUMO: O milho é uma das culturas mais propensas a contaminacao por
fungos toxigénicos e € altamente suscetivel a acumulacdo de micotoxinas em
gréos. As fumonisinas sdo uma das mais importantes micotoxinas no milho,
devido a sua alta frequéncia e magnitude. Véarias praticas de manejo para a
producdo de milho estdo direta ou indiretamente relacionadas com o acumulo
de micotoxinas em graos de milho. Este estudo teve como objetivo avaliar os
efeitos do atraso da colheita na ocorréncia de fungos patogénicos, incidéncia
de gréos ardidos e acumulo total de fumonisinas em grédos de milho no Brasil.
Dois experimentos de campo utilizando os hibridos Ataque, BRS1035 e
DKB390YG foram colhidos em 135, 150, 165, 180, 210 e 225 dias apos a
emergéncia, e os resultados mostraram que a colheita realizada tardiamente
pode aumentar progressivamente a incidéncia de gréos ardidos e o0s niveis
totais de fumonisinas em grdos em todos os hibridos testados. Os principais
fungos toxigénicos detectados em gréos foram Fusarium verticillioides e
Stenocarpella spp. Tanto para os graos ardidos quanto para os assintomaticos,
a infeccd@o por F. verticillioides foi elevada em todas as épocas de colheita e
variaram entre os hibridos de milho. O fungo Stenocarpella spp. foi detectado
predominantemente em graos ardidos.

PALAVRAS-CHAVE: Fusarium, época de colheita, micotoxinas, Zea mays.
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KERNEL ROT INCIDENCE AND TOTAL FUMONISINS IN TROPICAL
DELAYED CORN HARVEST

SUMMARY: Corn is the crop more prone to contamination with toxigenic fungi
and is highly susceptible to the mycotoxins accumulation in grains. Fumonisins
are one of the most important mycotoxins in maize due to its high frequency
and magnitude. Several management practices for corn production are directly
or indirectly related to the mycotoxins accumulation in corn grains. This study
aimed to evaluate the effects of delayed harvest on the occurrence of fungal
pathogens, kernel rot incidence and the total fumonisins accumulation in corn
grains in a tropical climate in Brazil. Two field experiments using the hybrids
Attack, BRS1035, and DKB390YG were harvested at 135, 150, 165, 180, 210
and 225 days after emergence, and the results showed that the delaying
harvest progressively increase the kernel rot incidence and the total fumonisin
levels in grains in all hybrids tested. The main toxigenic fungi detected in grains
were Fusarium verticillioides and Stenocarpella spp. In both symptomatic and
asymptomatic kernels the infection by F. verticillioides was high in all harvesting
times and varied among maize hybrids. The fungus Stenocarpella spp. was
detected predominantly in symptomatic kernels.

KEY-WORDS: Fusarium, crop time, mycotoxins, Zea mays.

1. INTRODUCTION

Corn kernel maturity occur approximately 55 to 60 days after tasseling,
which corresponds to the stage of the highest total dry matter production, and
kernels moisture content varies from 30% to 38% for most commercial hybrids.
At this stage, vessels obstruction occurs, and a black layer forms at the base of
the kernel that become physiologically independent from the parent plant
(Ritchie et al., 1993; Magalhdes and Durdes, 2012). However, kernel moisture
is still high and the excessive dampness of green parts of plants prevents
mechanical harvesting and threshing (Alves et al., 2001; Marques et al., 2009).
The threshing at high moisture cause crushed kernel damages. Traditionally,
the delayed harvest of mature corn is a strategy used to circumvent this
problem. However, yield losses and decreases in grain quality are adverse
effects associated with delayed harvest. Thus, field-drying of corn is considered
a high-risk practice since the crop is subject to environmental risk factors (Bruns
and Abbas, 2004) like plant lodging due to strong winds and heavy rains;
premature grain sprouting on the cob due to high moisture content; diseases,

and insect attack (Bruns and Abbas, 2004). In addition, field drying has been
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reported as very favorable condition for the growth of toxigenic fungi, mycotoxin
accumulation and poor-quality grain (Bruns and Abbas, 2004; Santin et al.,
2004; Kaaya et al., 2005; Lauren et al., 2007). Delayed harvesting of corn has
been associated with a high incidence of kernel rot and aflatoxin levels in grain
(Kaaya et al., 2005; Marques et al., 2009); increased levels of the mycotoxins
deoxynivalenol and nivalenol (Lauren et al., 2007); elevated occurrence of
Aspergillus spp., Penicillium spp., Cephalosporium spp., and of some Fusarium
species (Santin et al., 2004). The yield losses due to mycotoxins have been
estimated ranging between 7 to 15%, and may exceed 50%, under extreme
conditions (Kaaya et al., 2005).

The main mycotoxins reported to occur in corn are fumonisins, aflatoxins,
zearalenone, sterigmatocystin, deoxynivalenol, nivalenol, ochratoxins and T-2
toxin (Scussel, 1998; Queiroz et al., 2012). Fumonisins, produced by Fusarium
spp., mainly F. verticillioides and F. proliferatum, are mycotoxins with higher
incidence and importance in maize grains (Stack, 1998). The ingestion of food
contaminated by fumonisins is linked to negative effects on animal and human
health (Bush et al., 2004; Blandino et al., 2008). Several studies have
demonstrated a strong correlation between the consumption of food
contaminated by fumonisins and neural tube abnormalities and esophageal
cancer in humans (Placinta et al., 1999; Stack, 1998; Hermanns et al., 2006).
Fumonisin has been shown to cause leukoencephalomalacia in horses
(Marasas et al., 1988; Giannitti, et al., 2011), pulmonary edema in swine
(Harrison et al., 1990), and hepatotoxicity in rats (Gelderblom et al., 1996).

Surveys aiming the characterization of high-yielding corn production system
in Brazil, found that in the South Region the average time from planting to
harvest was 172 days, reaching 195 days in plantations made in July (Cruz et
al., 2009). In the Southeast and Midwest, the average of the period from
planting to harvest was 165 days. In the Midwest region, this average rise over
190 days in plantations made in July. The delayed corn harvest in Brazil has
varied from two to ten weeks depending on factors such as genotype of hybrids,
acreage, weather conditions, use of harvesters, storage capacity, resource for
artificial drying, and technological level of producers. (Cruz et al., 2009). Based
on the above considerations, the present study aimed to evaluate the effect of
delayed harvest on the incidence of kernel rot and the total accumulation of

fumonisins in corn kernels.
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2. MATERIALS AND METHODS

2.1. Experimental conditions. The experiment was carried out in two seasons,
from 2009/2010 to 2010/2011, at the Embrapa Milho e Sorgo in Sete Lagoas,
Minas Gerais State. Three commercial hybrids were chosen for the study:
Attack (Syngenta), BRS1035 (Embrapa) and DKB390YG (Dekalb). The
experiments were planted in December 22, 2009 and on November 18, 2010.
The treatments consisted of six different harvesting times carried out at 135,
150, 165, 180, 210 and 225 days after emergency (DAE). The hybrids and
harvest times were the same on both experiments.

The experimental design was randomized blocks with treatments arranged
in a 3 x 6 factorial (hybrid x harvest date), with three replications. Each
experimental plot consisted of four rows of five meters long, with 0.8 m spacing
between rows, and an average of five plants per meter. Fertilizer at planting
consisted of applying 350 kg.ha™ formulation 8-28-16 (NPK) + Zn. The nitrogen
fertilizer was applied at 30 and 45 DAE in coverage using 150 kg ha™ of urea
(CH4N20).

In each harvest time, the ears from the central two rows of each plot were
collected, identified, and threshed separately. The moisture content of the grain
mass was determined using a portable grain moisture meter, model Mini Gac
Plus (Dickey-john, Minneapolis, Minnesota, USA) with resolution of 0.1%
moisture. The grains yield of each plot was homogenized, and two samples of
500 g were taken out for pathological analysis and for determining the level of
total fumonisins.

In both years, the meteorological variables: distribution of daily maximum
and minimum temperatures (°C), the relative humidity (%), and the average

rainfall (mm) were monitored.

2.2. Determination of kernels with rot symptoms and fungal species. The
quantification of kernels with rot symptoms was based on visual inspection and
separation of healthy kernels from those with rot symptoms. The kernel rots
were weighed, and data were expressed as the percentage of the total weight
of samples. Kernel-rotting fungi in grains with rot symptoms were determined by
pathology tests consisting of surface disinfection of grains performed by

immersion in 2% sodium hypochlorite (NaClO) for 5 min and two washes in
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sterile distilled water. Afterwards, the rot grains were placed in transparent
plastic boxes containing a sheet of filter paper moistened with 5% agar-water
and maintained at room temperature for 24 h for stimulating the germination.
The plastic boxes were transferred to freezer at -5°C for 24 h and then
incubated in a moist chamber at 20°C with photoperiod of 12 h. The
morphological identification and quantification of pathogens in grains were
made 15 days later with the aid of a stereoscopic microscope.

2.3. Determination of total fumonisin levels in grains. Total fumonisin
analysis was made by homogenizing the water content of the samples in an
oven at 65 °C until constant weight. After cooling, the grains were ground into
flour with a milling machine type Willey and separated by sieving through a 20-
mesh sieve. Total fumonisins were extracted in methanol: water (80:20) solution
and purified with FumoniTest (VICAM Inc. USA) immunoaffinity columns
according to the manufacturer's instructions. All extracts were immediately used
for analysis.

Fumonisins were quantified using a Vican, Series 4-EX Fluorometer™. All
analyzes were performed in duplicates, and one reference sample with a known
total fumonisins content (3.63 ppm +/- 1.29 ppm, Romer Labs, 003,017 BRM

code, lot M10203B) was used to ensure the quality of data.

2.4. Statistical Analyses. The incidence of kernel rot (%), the level of total
fumonisin (ppm), the moisture content, and the fungal incidence on corn grains
(%) underwent analysis of variance (F test) using the program for statistical
analyzes Sisvar 5.3 (Ferreira, 2010). For the factor hybrid, means of Kernel rot,
moisture, mycotoxins and means of incidence of fungi in grains, significant by F
test, were compared using the Tukey test at 5% significance (P <0.05). For the
factor harvest season, those averages significant by F test were submitted to

linear regression analysis (P <0.05).

3. RESULTS

The variables kernels rot incidence, total content of fumonisins, incidence of
fungal species (Fusarium spp. and Stenocarpella spp.) and moisture content in

grains, were significant (P < 0.05) for hybrid, harvesting date and year factors.
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The cultivar x year interaction was statistically significant (P<0,05) for the
variables kernel rot incidence and total fumonisins content. The other
interactions were not significant. Therefore, the factor hybrid was analyzed in
the interaction with the year factor.

For the variable total fumonisin levels, the analyzes of the reference
samples showed an average of 3.1 and 3.3 ppm for harvest years 2009/2010
and 2010/2011, respectively. Therefore, as the acceptable limit for fumonisins
contamination is 3.63 +/- 1.29 ppm, these results ensure the quality of corn
sample analyzes in both experiments, which were performed simultaneously. In
the 2009/2010 harvest, the hybrid Attack showed the lowest incidence of kernel
rot, followed by hybrids BRS1035 and DKB390YG, which differ from each other

(Fig. 1).
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Fig. 1. Means of kernel rot incidence of and total fumonisin levels of three
commercial maize hybrids in 2009/2010 (A) and 2010/2011 (B) in six different
harvesting times. Means followed by the same letter do not differ by Tukey test.
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However, fumonisin levels showed an inverse trend with the hybrid
DKB390YG showing the lowest value of fumonisins in grains followed by the
hybrids BRS1035 and Attack, respectively, which also differ statistically of each
other. In the 2010/2011 harvest, the hybrids also showed the same tendency
(Fig. 1). However, the hybrids BRS1035 and DKB390YG, which showed the
highest values of damaged kernels, and the hybrids BRS1035 and Attack,
which showed the highest values of fumonisins, did not differ from one another
significantly.

The linear regression analysis between the variable harvest season and the
dependent variable kernel moisture content, for two years average showed R-

squared value of 0.95 (Fig. 2).

27



Moisture content in grains

18 4 y =-0,054x + 16,48

R*=0,95
17 - ¢

15 -

14 -

Percentage (%)

13 -

11

10 T T 1
135 150 165 180 210 225

Days After Emergence

40 - Total fumonisins

3,5 1 .
3,0 -
2,5 -
2,0 .
1,5 -

1,0 -

Total Fumonisins (ppm)

0.5 - y =0,016x + 2,109
R2= 0,93

0,0 .
135 150 165 180 210 225

Days After Emergence

kernel rot incidence
35 -

3,0 - .
2,5 -
2,0 -

15 4 . .

Percentage (%)

1,0 -

05 1 Yy =0,018x + 1,418

R*=0,96
0,0 1 \
135 150 165 180 210 225

Days After Emergence

Fig. 2. Effect of delayed harvest on moisture content, fumonisins levels, and
kernel rot incidence of three commercial maize hybrids harvested at different
days after emergency in 2009/2010 and 2010/2011.
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For kernel rot incidence, there was the same trend observed for fumonisins
levels in grains. The R2 value was 0.96 and the parameter bl of the regression
equation was positive, which also indicates an increasing trend in the incidence
of kernel rot due to delayed harvest (Fig. 2). The mean values ranged from 1.5
to 3.0% in harvest made at 135 and 225 DAE, respectively. In both years, the
lowest incidence of Fusarium spp. was detected in the hybrid DKB390YG (Fig.
3), while the hybrids Attack and BRS1035 showed the highest incidence of
Fusarium spp.

The negative value of the parameter bl (estimated regression slope) of the
linear regression, indicates a reduction in the moisture content of the grain due
to delayed harvest. The average values of grain moisture varied between 17.1
and 11.82% for harvests made at 135 and 225 DAE, respectively. The linear
regression analysis for total fumonisins content in function of the harvest time
showed R2 value of 0.93 for the two years average. In this case, the value of bl
in the regression equation was positive indicating a trend of increased levels of
fumonisins in grains with delayed harvest (Fig. 2). The average values of total

fumonisins range from 1.95 to 3.44 ppm in harvest made at 135 and 225 DAE,

respectively.
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Fig. 3. Means of Fusarium spp. (A) and Stenocarpella spp. (B) incidence in
three commercial maize hybrids. The numbers 1 and 2 are 2009/2010 and
2010/2011 crops, respectively. Means followed by the same letter or letters are
not significantly different by Tukey test (P<0.05).
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Regarding the incidence of Stenocarpella spp., the hybrids showed
opposite results to that observed for Fusarium spp. In the first experiment, the
hybrids Attack and BRS1035 showed values significantly lower for the incidence
of Stenocarpella spp. than that observed for the hybrid DKB390YG, and they
did not differ statistically from each other. In the second experiment, all hybrids
were different. The hybrid Attack had the lowest value for the incidence of
Stenocarpella spp., followed by the hybrid BRS1035 together with the
DKB390YG (Fig. 3).

In all harvest times the incidence of Fusarium spp. in the hybrid Attack was
elevated, varied from 77.9 to 100% (Fig. 4). In hybrid BRS1035, the incidence
of Fusarium spp. ranged between 72.3 and 82.8%, and the lowest incidence of
this genus of fungus was detected in hybrid DKB390YG which ranged between
30.7 and 79.3%.
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In the second experiment, performed to compare the incidence of toxigenic
fungi in rot grains and visually asymptomatic grains, the incidence of Fusarium
spp. was elevated in both rot grains and asymptomatic grains (Fig. 5). The
incidence of Stenocarpella spp. was predominantly higher in damaged kernels

and undetectable in the asymptomatic grains of BRS1035.

%0 m Symptomatic grains

80 Asymptomatic grains
70
60
50

40 4

Incidence (%)

30

20

Fusarium spp. Stenocarpeliaspp.

Fig. 5. Means incidence of Fusarium spp. and Stenocarpella spp. in
symptomatic (rot) and asymptomatic (visually healthy) grains of three
commercial maize hybrids in field experiments in 2010/2011.

The comparison between the two years showed, on average, total
fumonisin levels and incidence of kernel rot significantly higher (P < 0.05) in the
crop year 2009/2010 (Fig. 6). The levels of total fumonisins were 3.8 and 1.76
ppm in 2009/2010 and 2010/2011, respectively. Regarding the incidence of
kernel rot, the values were 2.59 and 1.73%, in the same order in both crop

years.
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Fig. 6. Means of total fumonisins (ppm) and kernel rot (%) in six harvest dates
in field experiments in 2009/2010 and 2010/2011. Means followed by different
letters are significantly different by Tukey test (P<0.05).

Data comparison of climate variables revealed that the temperature
(maximum and minimum) and relative humidity behaved similarly in both years
(Fig. 7). However, a striking difference between the two experiments was found
for rainfall. In the crop year 2009/2010, cumulative precipitation in the period
from December/2009 to July/2010 was 934.7 mm. In the same period of the
crop year 2010/2011, the total accumulated rainfall was 260.9 mm, which

represent a difference of 673.8 mm between both years.
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Fig. 7. Maximum and minimum rainfall (mm), relative humidity (%), and
temperature (°C) in the period December/2009 to July/2010 and
December/2010 to July/2011.

4. DISCUSSION

In the present study, despite differences between hybrids and harvest
seasons the incidence of kernel rot in both years was low. The values not
exceeded six percent, which is the maximum limit value accepted for kernel rot
in batches or truckloads of corn in Brazil. However, total fumonisins exceed the
2.5 ppm upper limit set by the Ministry of Health for processed grain corn. For
all hybrids, there was no correlation between the incidence of kernel rot and the
fumonisins accumulation in grains. The hybrid DKB390YG, which had the
highest incidence of kernel rot in both years, also showed the total fumonisins
levels significantly lower than those detected in the other hybrids (Fig. 1). The
high incidence of Stenocarpella spp. (highly correlated with kernel rot
production) and the lower incidence of Fusarium spp. (highly correlated with
fumonisins production) in DKB390YG (Fig. 3) may explain this result. The high
susceptibility of DKB390YG to Stenocarpella spp. has been reported in other
studies (Costa, 2001; Pinto, 2001; Oliveira et al., 2005; Casa et al., 2006).
Studies by Mendes et al. (2011, 2012), to assess the feasibility of inoculating
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maize plants growing in the field with fungal that cause ear rot reported the high
susceptibility of the hybrid DKB390 to Stenocarpella maydis and S. macrospora.

The dry matter accumulation in maize grains reaches the maximum at
physiological maturity when moisture content of the grains is slightly above 30%
(Magalhdes and Durédes, 2012). However, high moisture hinders mechanical
harvesting and can lead to grain damage by crushing (Alves et al., 2001;
Marques et al., 2009). According Mantovani (1989), grain moisture content
ranging from 18 to 26% indicates the best time to harvest corn. In the present
work, the first crop was harvested at 135 DAE when the grain moisture was
17%. Thereafter, a gradual reduction in moisture content of the grains was
detected, and grains moisture were 12.3 and 11.3% in the crops accomplished
at 225 DAE in both years.

Leaving the crop in the field for extended time to allow grain to dry before
harvesting promotes the incidence of toxigenic fungi and mycotoxin
accumulation in grains (Bruns and Abbas, 2004; Santin et al., 2004; Kaaya et
al., 2005; Lauren et al., 2007). However, Santin et al. (2004) found that delayed
harvest did not influence the kernel rot incidence, although it had resulted in an
increased incidence of Fusarium graminearum, Aspergillus spp.,
Cephalosporium spp. and Penicillium spp. According to these same authors,
delayed harvest reduces the incidence of F. verticillioides. In this study, the
delayed harvest resulted in a gradual increase in kernel rot incidence and in the
levels of total fumonisins, in both years.

Contrary to Aspergillus spp. and Penicillium spp., Fusarium spp. colonize
and infect preferably substrates with high moisture content (Marin et al., 1998).
In the present work, the incidence of Fusarium was high in all harvesting times,
even with the decrease of moisture content in grains (Fig 1, Fig 5). Considering
the gradual increase of the fumonisin levels in corn grains (Fig. 1) and that F.
verticillioides is the main producer of this mycotoxin in corn kernels, (Nelson et
al., 1993; Munkvold et al., 1997), possibly, in the present study, this was the
main Fusarium species in corn grains.

Lauren et al. (2007) found that nivalenol and deoxivalenol produced by
Fusarium spp. increase in corn ears left to dry in the field before harvesting.
They also observed that the incidence of Fusarium species in susceptible
hybrids continued to increase, even with the reduction in the moisture content of

the grains. This was also verified in the present work in the last harvest dates. It
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is likely, that the reaction of resistance or susceptibility of the hybrids has a
more pronounced effect on the incidence of this type of fungus than grain
moisture itself. In this work, the results of total fumonisins content in corn grains
due to the delayed harvest are consistent with those previously reported in the
literature.

According to Kaaya et al. (2005), the aflatoxin contamination was initiated
during physiological maturation of maize grains and increased approximately 4
and 7 times by delaying the harvest in three and four weeks, respectively. In
North Carolina, grain infection by F. verticillioides and fumonisins accumulation
in grains were detected close to the physiological maturity stage and increased
until the date of harvest (Bush et al., 2004). According to those authors, the
earlier harvest, when the grains have approximately 25% humidity, reduces the
level of fumonisins contamination.

The second experiment of this study was performed to test the pathology of
both symptomatic (rot kernels) and asymptomatic grains. Species of Fusarium
were found with high incidence in both symptomatic and asymptomatic grains
(Fig. 5). In contrast, the genus Stenocarpella was detected almost exclusively in
symptomatic grains. These results may help to explain, at least part, the high
levels of fumonisins detected in the grains even the low incidence of kernel rot.
Generally, the incidence of asymptomatic grains is larger than the incidence of
grains with rot symptoms. Bush et al. (2004) found low incidence of moldy,
rotten grains or discoloration of the corn grains in two years of study. However,
despite the low occurrence of kernel rot, the concentration of fumonisins in grain
was higher than the acceptable safe levels for grain used for consumption.
There are some ways in which the Fusarium species can infect corn grains
resulting in rotting grains or asymptomatic infections (Thomas and
Buddenhagen, 1980; Headrick and Pataky, 1991; Bacon et al., 1992; Munkvold
et al., 1997).

In the present study, the comparison between the two years showed, on
average, total fumonisin levels and incidence of kernel rot significantly higher (P
< 0.05) in the crop year 2009/2010 (Fig. 6). The level of total fumonisins were
3.8 and 1.76 ppm in 2009/2010 and 2010/2011 respectively. Regarding the
incidence of kernel rot, the values were 2.59 and 1.73%, in the same order in

both crop years.
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The drought stress has been considered one of the main determinants of
ear rot and fumonisins production by F. verticillioides in maize (Miller, 2001;
Campa et al., 2005; Battilani et al., 2008; Maiorano et al., 2009). In this study,
the results did not reinforce this information.

In the two crop years, a high incidence of Fusarium species was detected
both in symptomatic as asymptomatic grains. The levels of total fumonisins
were significantly higher in the crop year 2009/2010 with high intensity of rainfall
during the experiment.

Parsons and Munkvold (2010) evaluated the effect of planting date, water
stress and insect attack in the incidence of ear rot and the accumulation of
fumonisins produced by Fusarium spp. According the authors, among the
factors evaluated, drought stress was the least effect on the cob rot and
fumonisins in grains. There was a correlation between water stress and the
increased incidence of Fusarium ear rot and concentration of fumonisins.
However, the cause under the most severe drought conditions and insufficient
moisture in the soil may include other stresses such as high temperatures and
the occurrence of insect attacks.

The association between high temperatures and drought stress is often
correlated with high growth of F. verticillioides resulting in greater disease
severity and higher levels of fumonisins in grains (Reid et al., 1999; Samapundo
et al., 2005). In the present study, delayed harvest resulted in a gradual
increase in the incidence of kernel rot and total fumonisin levels in all three corn
hybrids tested.
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ARTIGO 3

EFEITO DA APLICACAO FOLIAR DE FUNGICIDAS NO MANEJO DE
GRAOS ARDIDOS E FUMONISINAS TOTAIS EM MILHO

RESUMO: O objetivo do trabalho foi avaliar a eficiéncia da aplicacdo de
fungicidas na reducdo da incidéncia de patdgenos fangicos nas espigas, de
graos ardidos e das fumonisinas totais em grédos de milho. Foram conduzidos
ensaios em Sete Lagoas (MG) e na empresa Circulo Verdes Assessoria
Agrondmica e Pesquisa em Luis Eduardo Magalhdes (LEM) (BA), na safra
2010/11. Em Sete Lagoas, foi utilizado a cultivar BRS1035 submetido a
aplicacdo dos fungicidas azoxistrobina + ciproconazole (0,30 + 0,60 l.ha™),
piraclostrobina + epoxiconazole (0,75 + 0,50 lLha®) e trifloxistrobina +
tebuconazole (0,60 + 0,60 I.ha™), em nimeros (0, 1, 2, e 3) e dias de aplicacéo
considerando o estagio fenolégico V10 (V10; V10 e 15; V10, 15 e 30; 15 e 30;
30), com trés repeticdes. O tratamento controle consistiu da ndo aplicacdo de
fungicidas. No ensaio conduzido em LEM, o hibrido 30F53H foi tratado com
quatro fungicidas e trés aplicacbes, totalizando 12 tratamentos e quatro
repeticbes. Os tratamentos consistiram da aplicacdo dos fungicidas
picoxistrobina + ciproconazol (0,30 + 0,60 lLha'), piraclostrobina +
epoxiconazole (0,75 + 0,50 l.ha™), trifloxistrobina + tebuconazole (0,60 + 0,60
l.ha™), azoxistrobina + ciproconazole (0,30 + 0,60 l.ha™) em zero, uma (V10) e
duas (V10 + 15 dias ap0s a primeira) aplicacdes, com trés repeticdes. Ao final
do ciclo da cultura, foi realizada a colheita manual de espigas e apds a
homogeneiza¢do da massa de gréos foram retiradas duas amostra de 500 g de
cada parcela. Uma amostra foi encaminhada ao laboratério de Fitopatologia da
Embrapa-CNPMS, para a quantificagcdo da incidéncia de graos ardidos e a
realizacdo dos testes de patologia de sementes. Para isso, foi utilizado o
método do papel de filtro com congelamento. A outra amostra foi encaminhada
ao laboratério de Seguranca Alimentar da Embrapa Milho e Sorgo, para
quantificacdo dos teores de fumonisinas totais presentes nos graos. Em ambos
0s ensaios, ndo foi observada diferenca significativa entre os tratamentos
submetidos a zero, uma e duas aplicagbes com os diferentes fungicidas
testados quanto a incidéncia de grédos ardidos e fumonisinas totais nos graos.
Quanto a incidéncia de fungos associados aos gréos, foi verificada diferenca
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significativa apenas para o fator tipo de gréo (ardido e assintomatico). Foi
detectada elevada incidéncia de Fungos do género Fusarium sp. tanto em
gréos ardidos quanto em grdos assintomaticos, embora tenha sido detectada
presenca estatisticamente superior nos graos ardidos (sintomaticos).
Penicillium sp. foi detectado em maior frequéncia em graos assintomaticos, e
Stenocarpella sp. esteve predominantemente associada a gréos ardidos. N&ao
houve diferenca para a incidéncia de Aspergillus sp. entre os tratamentos.
Esses resultados demonstram uma baixa eficiéncia da aplicacdo de fungicidas
na reducao da incidéncia de patégenos fungicos nas espigas, da incidéncia de
graos ardidos e dos teores de fumonisinas totais nos graos.
PALAVRAS-CHAVE: Controle quimico, micotoxinas, Zea mays.

EFFECT OF FUNGICIDES LEAF APPLICATION IN MANAGEMENT OF
KERNELS ROT AND TOTAL FUMONISINS IN CORN

ABSTRACT: The objective this study was evaluate the efficiency of fungicides
application to reduction the incidence fungal pathogens in the ear, kernel rot
and total fumonisins in maize grains. Trials were performed at Embrapa Milho e
Sorgo, Sete Lagoas, state of Minas Gerais, and at Circulo Verde Assessoria
Agronbmica e Pesquisa, Luis Eduardo Magalhdes, state of Bahia during
2010/11 season. In Sete Lagoas, the hybrid BRS1035 was treated with the
fungicides azoxystrobin + cyproconazole (0.30 + 0.60 l.ha™), pyraclostrobin +
epoxiconazole (0.75 + 0.50 l.ha™) and trifloxystrobin + tebuconazole (0.60 +
0.60 .ha™) with variations in the sequence of numbers (0, 1, 2, and 3) and days
of aplications considering the V10 phenological stage (V10; V10 and 15; V10,
15 and 30; 15 and 30; 30) with three replicate. The control treatment consisted
of no fungicide application. In trials conducted in Luiz Eduardo Magalh&es the
hybrid 30F53H was treated with picoxystrobin + cyproconazole (0.30 + 0.60
l.ha-1), pyraclostrobin + epoxiconazole (0.75 + 0.50 l.ha-1), trifloxystrobin
tebuconazole + (0.60 l.ha-1 + 0.60) and azoxystrobin + cyproconazole (0.30 +
0.60 l.ha-1) with three applications totaling 12 treatments and four replicate. The
treatments consisted of the control without fungicides, and one and two
fungicides application at V10 stage, and V10 and 15, respectively with three
replicate. At end of the plant cycle the ears were manual harvested and after
homogenization, the grains mass of each plot was divided in two 500 g
samples. One of the samples was sent to the laboratory of Plant Pathology at
Embrapa Milho e Sorgo to quantify the incidence of kernel rot, and to perform
the seed pathology test by the filter paper freezing method. The second sample
was sent to the Food Safety laboratory at Embrapa Milho e Sorgo for quantifies
the levels total fumonisins in grains. In both trials, there was no significant
difference in the incidence of kernel rot and total fumonisins in grains. However,
significant difference was observed for the factor type of grain (kernel rot and
asymptomatic) in relation to fungal incidence. A high incidence of Fusarium sp.
was detected in both types of grains. However, statistically, the incidence of
Fusarium spp. was higher in the kernel rot. Penicillium sp. was more frequently
in asymptomatic grains and Stenocarpella sp. was predominantly associated
with kernels rot. There was no difference in the incidence of Aspergillus spp. in
both trials. The results demonstrate the low efficiency of fungicide applications
for reducing the kernel rot and the levels of total fumonisins in grains.
KEYS-WORDS: Chemical control, mycotoxins, Zea mays
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1. INTRODUCAO

Na safra 2011/2012 o Brasil produziu cerca de 57 milhdes de toneladas
de milho, destacando-se como o terceiro maior produtor mundial. Atualmente,
passou a ser ndo sé um fornecedor de milho para o consumo interno, mas um
dos principais paises exportadores desse cereal no comércio internacional.
Classificado como o terceiro maior exportador, o Brasil comercializa
quantidades superiores a 15 milhdes de toneladas para paises como o Ird,
Colébmbia e Coreia do Sul (Agrianual, 2013).

As exigéncias comerciais no que se refere a qualidade dos gréos, ndo
s6 destinados a exportacdo, mas também para o consumo interno, vem se
tornando cada vez mais rigidas, principalmente aquelas voltadas a qualidade
sanitaria dos graos e a presenca de micotoxinas (DOU, 2011). O milho € uma
cultura amplamente cultivada no Brasil, sob diversas condi¢Bes climéaticas,
estando sujeito ao ataque de varios patdogenos que afetam as espigas,
causando podriddes que resultam na reducdo da qualidade dos grdos e na
producdo de micotoxinas (Oliveira et al., 2004; Pereira et al., 2005). O fungo
Fusarium verticillioides (Saccardo) Nirenberg. € considerado o principal
patdgeno causador de podridées de espigas em milho, podendo estar presente
tanto em grdos ardidos quanto em grdos assintomaticos. Além de ser
encontrado em maior frequéncia nos graos, F. vertiicillioides é a espécie que
apresenta maior capacidade de producéo de fumonisinas. As fumonisinas, um
grupo de micotoxinas téxicas a animais e associadas a alguns tipos de cancer
em seres humanos, sdo consideradas as principais micotoxinas em graos de
milho (Gelderblom et al., 1988; Munkvold & Desjardins, 1997; Jackson &
Jablonski, 2004). Nos ultimos anos as agroindustrias tém adotado, como
padrao de qualidade, o limite maximo de tolerancia de 6% de graos ardidos em
lotes comercias de milho (Menegazzo, 2001). Além disso, o Ministério da
Agricultura Pecuaria e Abastecimento, juntamente com a Agencia Nacional de
Vigilancia Sanitaria, estabeleceu limite maximo de a de 2 pg.g* para
fumonisinas em graos de milho (DOU, 2011).

Tradicionalmente, o0 manejo das doencas na cultura do milho era
realizado principalmente através da utilizacdo de cultivares resistentes,

associados a medidas culturais. A partir da severa epidemia de cercosporiose
45



(Cercospora zeae-maydis) ocorrida na regiao sudoeste do estado de Goias no
ano de 2000, verificou-se um aumento acentuado da utilizagcdo de fungicidas
em lavouras comerciais destinadas a producdo de graos (Costa et al., 2012).
Apesar da resisténcia genética ser uma das principais estratégias de manejo
de doencas em milho, o controle quimico se apresenta na atualidade, como
uma das medidas de manejo de doencgas mais utilizadas pelos produtores de
milho no Brasil. Em muitos casos, é a Unica medida eficiente e
economicamente viavel de garantir as altas produtividades e qualidade de
producdo (Kimati, 2011). No entanto, existem duvidas sobre a efetividade
dessa medida para o controle de podriddes de espigas e graos ardidos em
milho (Pereira et al., 2005; Oliveira et al., 2004). Alguns trabalhos relatam
eficiéncia de fungicidas do grupo das estrobirulinas em mistura com trazois, na
reducdo de grdos ardidos. No entanto, outros autores, utilizando os mesmo
produtos relatam auséncia ou baixa eficiéncia no controle dessas
enfermidades. Essas variagdes nos resultados ocorrem em relacdo aos
diferentes fungicidas disponiveis, quanto ao numero de aplicacbes e aos
diferentes cultivares utilizadas. Esses resultados demonstram uma grande
inconsisténcia sobre a eficiéncia desse método de controle sobre a incidéncia
de graos ardidos em milho (Juliatti et al., 2007; Duarte et al., 2009).

O presente trabalho teve como objetivos avaliar a eficiéncia de
diferentes fungicidas, épocas e namero de aplicacdes, na incidéncia de gréos
ardidos, na reducédo da incidéncia de fungos patogénicos nos graos e nos

teores de fumonisinas totais em gréos de milho.

2. MATERIAIS E METODOS
Foram conduzidos ensaios no municipio de Luis Eduardo Magalhaes
(BA) e em Sete Lagoas (MG), na safra 2010/2011.

2.1. ENSAIO 1 - Luis Eduardo Magalh&aes/BA

Este experimento foi conduzido utilizando-se o0 delineamento
experimental de blocos ao acaso, em esquema fatorial 4x3 (fungicida x niamero
de aplicacéo), correspondente aos fungicidas picoxistrobina + ciproconazol
(0,30 + 0,60 l.ha™), piraclostrobina + epoxiconazole (0,75 + 0,50 l.ha),
trifloxistrobina  + tebuconazole (0,60 + 0,60 lha'), azoxistrobina +

ciproconazole (0,30 + 0,60 lL.ha') e trés aplicacbes (sem aplicacdo, uma
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aplicacao na fase de 10 folhas definitivas (V10) e duas aplicacées em V10 e 15
dias apds a primeira), com trés repeticdes.

Foi utilizada a cultivar 30F53H, semeada em 17/11/2010. Cada parcela
foi constituida de quatro linhas de 5 m, com espacamento de 0,8 metros entre
linhas e média de 5 plantas/m. Foi mantida uma distancia de 1 m entre as
laterais e as extremidades de cada parcela. A adubacédo de plantio consistiu da
aplicacdo de 350 kg.ha™ da formulagéo 8-28-16 (NPK) + Zn, e adubacdes de
cobertura aplicadas aos 30 e 45 dias apés plantio, utilizando 150 kg.ha™ de
ureia (CH4N20).

A calda fungicida, foi adicionado 6leo mineral parafinico na proporgéo de
0,5% do volume de calda. As aplicagcdes foram realizadas utilizando um
pulverizador costal pressurizado a CO,, com pressdo de 4 bar e vazao
constante de 300 l.ha™. A calda foi pulverizada sobre as plantas de milho, a

uma altura média de 50 cm da parte superior das plantas.

2.2. ENSAIO 2 — Sete Lagoas/MG

O experimento foi conduzido na area experimental da Embrapa Milho e
Sorgo. O delineamento experimental utilizado foi o de blocos ao acaso com 3
repeticdes em esquema fatorial 3x6 (fungicidas x niamero de aplicacdes). Os

tratamentos estédo dispostos na Tabela 1.
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Tabela 1 — Epocas e numero de aplicagdes para os diferentes fungicidas
utilizados no ensaio 2 em Sete Lagoas - MG.

Fungicidas

Epoca X Nimero de aplicacées

1° Aplicacdo 2° Aplicacéo 3° Aplicacéo
1. Azoxistrobinat+Ciproconazole - - -
2. Azoxistrobina+Ciproconazole V6 a V8 - -
3. Azoxistrobina+Ciproconazole V6 aVv8 15 dias apos 1° -
4. Azoxistrobina+Ciproconazole V6 a V8 15 dias apos 1° 15 dias apos a 2°
5. Azoxistrobina+Ciproconazole - 15 dias apos 1° -
6. Azoxistrobina+Ciproconazole - 15 dias apos 1° 15 dias apos a 2°
7. Azoxistrobina+Ciproconazole - - 15 dias ap0s a 2°
8. Piraclostrobina+Epoxiconazole - - -
9. Piraclostrobina+Epoxiconazole V6 aVv8 - -
10. Piraclostrobina+Epoxiconazole V6 a V8 15 dias apos 1° -
11. Piraclostrobina+Epoxiconazole V6 aVv8 15 dias ap6s 1° 15 dias apés a 2°
12. Piraclostrobina+Epoxiconazole - 15 dias apos 1° -
13. Piraclostrobina+Epoxiconazole - 15 dias ap6s 1° 15 dias apés a 2°
14. Piraclostrobina+Epoxiconazole - - 15 dias apos a 2°
15. Trifloxistrobina+Tebuconazole - - -
16. Trifloxistrobina+Tebuconazole V6 a V8 - -
17. Trifloxistrobina+Tebuconazole V6 aVv8 15 dias apos 1° -
18. Trifloxistrobina+Tebuconazole V6 a V8 15 dias apo6s 1° 15 dias apos a 2°
19. Trifloxistrobina+Tebuconazole - 15 dias apos 1° -
18. Trifloxistrobina+Tebuconazole - 15 dias apo6s 1° 15 dias apos a 2°
19. Trifloxistrobina+Tebuconazole - - 15 dias ap6s a 2°

Foi utilizada a cultivar BRS1035, semeada em 17/11/2010.

foi constituida de quatro linhas de 5 m, com espagcamento de 0,8 metros entre

Cada parcela

linhas e em média de 5 plantas/m. Foi mantida uma distancia de 1 m entre as
laterais e as extremidades de cada parcela. A adubacédo de plantio consistiu da
aplicacdo de 350 kg.ha™ da formulagéo 8-28-16 +Zn (N-P-K), e adubacdes de
cobertura aplicadas aos 30 e 45 dias apés plantio, utilizando 150 kg.ha™ de
ureia (CH4N20).

A calda fungicida, foi adicionado 6leo mineral parafinico na proporcéo de
0,5% do volume de calda. As aplicacdes foram realizadas utilizando um
pulverizador costal pressurizado a CO,, com pressdo de 4 bar e vazao
constante de 300 I.ha™. A calda foi pulverizada sobre as plantas de milho, a
uma altura média de 50 cm da parte superior das plantas.

48



2.3. Avaliacédo dos ensaios

Ao final do ciclo da cultura, foi realizada a colheita manual de todas as
espigas das duas linhas centrais de cada parcela. Apés a colheita, as espigas
foram debulhadas e a massa de grédos, de cada parcela, homogeneizada. A
umidade da massa de graos foi determinada utilizando um medidor de umidade
portatil, modelo Mini Gac Plus (Dickey-john, Minneapolis, Minnesota, USA) com
resolucdo de 0,1% de umidade. Apds homogeneizacao, foram coletadas duas
amostras de 500g de cada parcela. Uma amostra foi encaminhada ao
Laboratério de Fitopatologia para analise da incidéncia de grados ardidos,
analise da incidéncia de fungos fitopatogénicos associados aos graos e o peso
de 1000 gréos, chamado aqui de rendimento de grdos. A outra amostra foi
encaminhada ao laboratério de Seguranca Alimentar, para quantificacdo dos
teores de fumonisinas totais. Os laboratérios estdo localizados na Embrapa
Milho e Sorgo no Centro Nacional de Pesquisa Milho e Sorgo em Sete Lagoas,
Minas Gerais.

2.4. Quantificacéo de graos ardidos

A incidéncia de gréos ardidos foi obtida por meio da separacdo visual
dos graos assintomaticos daqueles sintomaticos (ardidos). Foram considerados
como ardidos os grdos que apresentavam pelo menos 25% de sua superficie
com descoloracdes, cujo matiz pode variar de marrom-claro a roxo ou
vermelho-claro a vermelho-intenso (Pinto, 2005). Os grédos ardidos foram
pesados, e os dados expressos em porcentagem do peso total da amostra.

2.5. Incidéncia de fungos associados aos graos

Foi realizada a identificacdo e quantificacdo de fungos fitopatogénicos
associados aos graos ardidos e assintomaticos, separadamente. A incidéncia
dos fungos foi obtida pelo método de incubacdo em substrato de papel de filtro
com congelamento, denominado “Blotter Test” (Machado, 1988). Para tal
analise, os graos de cada tratamento foram separados em ardidos e
assintomaticos e, de cada extrato, foram avaliados 100 grdos em quatro
repeticbes de 25. Estes foram previamente desinfestados em hipoclorito de
sédio a 2%, por 5 min e distribuidos em caixas tipo “gerbox”, contendo trés
folhas de papel de filtro umedecidas com agar-agua 5% esterilizadas a 121°C

por 30 min. As caixas foram mantidas em uma sala a temperatura ambiente
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sob luz continua durante 24 horas para estimular a germinacao.
Posteriormente, as caixas contendo os graos foram incubadas em freezer a -
20°C, por 24 horas, a fim de inibir a germinacao e evitar a contaminagéo de
grao a grao. Esse material foi incubado em BOD a 25°C, fotoperiodo de 12
horas, por dez dias, para o crescimento dos fungos. Ao final desse periodo, os
gréos foram examinados, individualmente, identificados e quantificados com

auxilio de microscépio estereoscopio.

2.6. Quantificacdo de fumonisinas

Foram quantificadas fumonisinas totais, de cada tratamento, das
amostras de 500 g, obtidas no processo de homogeneizacgéo citado acima. Foi
realizada a homogeneizacédo do teor de agua das amostras colocando-as em
estufa de ventilacdo forcada a 65°C por 72 horas. Apés resfriamento, as
amostras foram trituradas em moinho tipo Willey e peneiradas em peneira de
20 mesh. A amostra moida foi novamente homogeneizada e coletada uma
subamostra de 10g. Desta subamostra, as fumonisinas totais foram extraidas
em solucdo de metanol:agua (80:20) e purificadas em colunas de
imunoafinidade FumoniTest (VICAM Inc. USA) de acordo com o manual do
fabricante. Todos os extratos obtidos foram imediatamente utilizados para as
analises.

Os teores de fumonisinas totais foram quantificados utilizando um
fluorimetro marca VICAM, serie 4E-EX. Todas as analises foram realizadas em
duplicatas e uma amostra referéncia, com nivel de fumonisinas ja conhecido,
(3,6 pg.g™* +/- 1290 pg.g™*, Romer Labs, 003.017 BRM code, lot M10203B) foi

utilizada para garantir a qualidade dos dados.

2.7. Rendimento de graos

O rendimento de gréos foi determinado seguindo a metodologia descrita
pela RAS (Brasil, 2009) que compreende a separacdo e pesagem de 1000
graos obtidos de cada tratamento. Este foi utilizado para verificar o efeito da

7

aplicacdo dos fungicidas no peso dos grdos, uma vez que essa variavel &

D

altamente correlacionada com a produtividade. Além dessa informacéao,

possivel relacionar a presenca de fungos encontrados e o peso desses graos.
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2.8. Analise estatistica
Os dados referentes a incidéncia de graos ardidos, incidéncia de fungos

nos graos, teores de fumonisinas totais e rendimento de grdos, apés

transformados em ARCOSENW, foram submetidos a analise de variancia.
Quando detectada diferenca significativa pelo teste F, as médias foram
comparadas pelo teste Tukey a 5% de probabilidade utilizando o programa
SISVAR (Ferreira, 2000). Para a apresentacao dos resultados foram utilizados

os dados sem transformacéo.

3. RESULTADOS

3.1. Incidéncia de gréos ardidos

De acordo com os resultados das anélises de variancia para a incidéncia
de graos ardidos, nédo foi observada diferenca significativa (P>0,05) para os
fatores fungicidas, numero de aplicacbes e para a interacdo fungicidas x
ndamero de aplicacdes, em ambos os ensaios. A incidéncia média de gréos

ardidos foi de 7,25% e 4,85% nos ensaios 1 e 2, respectivamente (Tabela 2).
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Tabela 2 — Quadro de andlise de variancia para incidéncia de grdos ardidos
nos ensaios 1 e 2.

Ensaio 1 - Luis Eduardo Magalhaes/BA

FV* GL SQ QM Fc P-valor
Fungicida 4 106,84 26,71 0,86 0,49
Numero de aplicacdes 1 21,57 21,57 0,69 041
Fungicida x NUumero de aplicacdes 4 105,16 26,29 0,85 0,51
Bloco 3 200,27 66,75 2,16 0,11
Erro 27 833,19 30,85

Total 39 1267,06

CV (%) = 76,57

Média Geral = 7,25% Numero de observacgodes: 40

Ensaio 2 — Sete Lagoas/MG

FV GL SQ QM Fc P-valor
Fungicida 2 0,03 0,01 1,49 0,23
Numero de aplicagbes 6 0,19 0,03 2,54 0,08
Fungicida x NUumero de aplicacdes 12 0,01 0,01 0,84 0,61
Bloco 2 0,03 0,03 2,82 0,07
Erro 40 0,01 0,01

Total 62 0,92

CV (%) = 59,21

Média Geral* = 4,85% Numero de observacgdes: 63

*Valor nao transformado.

3.2. Fungos fitopatogénicos associados aos graos

Em ambos os ensaios, foram detectados quatro géneros de fungos
associados aos graos: Fusarium sp., Penicillium sp., Stenocarpella sp. e
Aspergillus sp. De acordo com a analise de variancia, houve diferenca
significativa somente para o fator tipo de grdo (ardido e assintomatico)
(P<0,05). Os outros fatores, fungicida, nimero de aplicacdes, bem como a
interacdo entre estes fatores, ndo apresentaram diferenca significativa
(P>0,05).

Embora tenha sido detectada diferenca significativa quanto ao tipo de
gréos, a incidéncia de Fusarium spp. foi elevada tanto nos gréaos sintomaticos,
quanto nos graos assintomaticos. Os maiores valores de incidéncia de
Fusarium sp. foram detectados nos graos ardidos, em ambos 0sS ensaios
(92,46% e 73,51% respectivamente), quando comparado a sua incidéncia em

graos assintomaticos (85,02% e 38,87% respectivamente) (Tabela 3).
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Tabela 3 — Incidéncia (%) de fungos associados aos graos de milho nos dois
ensaios.

Ensaio 1* Ensaio 2
Isolado Gréo Grao Grao Gréao
assintomatico ardido assintomatico ardido
Fusarium spp. 85,02 a 92,46 b 38,87 a 73,51b
Penicillium spp. 29,11 b 12,27 a 10,09 b 443 a
Stenocarpella spp. 0,0l a 3,73 b 0,12 a 17,04 b

*Médias seguidas de mesma letra ndo diferem entre si na horizontal, analisando os ensaios
separadamente, pelo teste T a 5% de probabilidade.

Para Penicillium spp. foram observados maiores valores de incidéncia
em graos assintométicos, em ambos o0s ensaios (29,11% e 10,09%
respectivamente), quando comparados a incidéncia nos graos ardidos (12,27%
e 4,43 respectivamente). Como observado para o género Fusarium spp. a
incidéncia de Stenocarpella spp. foi predominante em grdos ardidos.
Praticamente ndo foi detecta a presenca desse género nos graos visualmente
sadios.

N&o houve diferenca significativa, em ambos o0s ensaios, para os dados
de incidéncia de Aspergillus sp. Para esse género, os valores médios de

incidéncia foram de 3,58% e 0,18% para os ensaios 1 e 2 respectivamente.

3.3. Teores de fumonisinas

N&o foi observada diferenca significativa, para nenhum dos fatores
avaliados, quanto aos teores de fumonisinas totais encontrados nos graos nos
ensaios 1 e 2 (P>0,05). Os teores médios de fumonisinas totais observados
nos dois ensaios foram de 7,99 pg.g™ e 0,94 pg.g™* , respectivamente (Figura
2). A aplicacdo de fungicidas, em diferentes nimeros e épocas de aplicacées,
nao apresentou eficiéncia na reducdo dos teores de fumonisinas totais nos

graos.
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Figura 2 — Teores de fumonisinas detectados nos ensaios 1 (A) e 2 (B), para
os diferentes tratamentos. (A) Aplicacéo de diferentes fungicidas; (B) Diferentes
épocas e numero de aplicagbes do fungicida Piraclostrobina+Epoxiconazole
(0,75 L.ha™). Barras seguidas de mesma letra ndo diferem entre si pelo teste F
a 5% de probabilidade.

3.4. Rendimento de graos

No ensaio 1 foi detectada diferenca significativa, quanto ao rendimento
de graos, para os fatores fungicidas e numero de aplicacées (P<0,05). Nao
houve diferenca significativa quando analisada a interacdo entre estes fatores
(P>0,05). Neste mesmo ensaio, a aplicagdo de fungicida, independente do
produto utilizado, foi significativamente diferente da testemunha (Tabela 4).
Com relacdo ao numero de aplicacdes, foi detectada diferenca entre zero
(testemunha), uma e duas aplicac6es, com valores médios de rendimento de

graos de 273,85¢; 292,269 e 312,809 respectivamente.

Tabela 4 — Rendimento de graos (peso de 1000 graos) nos ensaios 1 e 2.

Rendimento de graos(g)*

Fungicida

Ensaio 1 Ensaio 2
Testemunha (sem aplicacao) 273,85 b 315,09 a
Picoxistrobina+Ciproconazole 302,01 a -
Trifloxistrobina+Tebuconazole 304,47 a 293,68 a
Piraclostrobina+Epoxiconazole 309,72 a 320,12 a
Azoxistrobina+Ciproconazole 322,61 a 314,40 a

*Médias seguidas de mesma letra na vertical, ndo diferem entre si pelo teste
Tukey a 5% de probabilidade.

No ensaio 2, nao foi observada diferenca significativa quanto ao
rendimento, para nenhum dos fatores avaliados (fungicidas, numero de

aplicacao ou a interacao destes fatores (P>0,05) (Tabela 4).
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4. DISCUSSAO

Os resultados obtidos, em ambos o0s ensaios, indicaram que a
aplicacao foliar de fungicidas, nas épocas e numero de aplicacdes, ndo foi
efetiva em reduzir a incidéncia de grédos ardidos na cultura do milho. Estes
resultados estdo de acordo com os obtidos por Nolasco et al. (2011). Segundo
estes autores, a aplicacdo foliar de diferentes fungicidas do grupo das
estrobirulinas, em mistura com triazois, ndo reduziram a incidéncia de graos
ardidos. No entanto, Juliatti et al. (2007), utilizando os fungicidas
Piraclostrobina+Epoxiconazole em duas aplicagOes, relatam eficiéncia dos
produtos na redugédo da incidéncia de gréaos ardidos. Neste trabalho, os autores
relatam, ainda, a ineficiéncia dos fungicidas Azoxistrobina, hidroxido de cobre e
Azoxistrobina+Ciproconazole, no controle de patdégenos fungicos presentes nos
gréos. Ao contrario do que foi observado por Juliatti et al. (2007), Duarte et al.
(2009) relata a eficiéncia na reducao da incidéncia de gréos ardidos, quando
aplicado o fungicida Azoxistrobina+Ciproconazole. Esses resultados
demonstram a existéncia de uma grande inconsisténcia nos resultados
referentes a eficiéncia da utilizacdo de fungicidas na reducéo de graos ardidos
em milho. Neste trabalho, nos ensaios realizados em locais bastantes distintos
guanto as condic¢des climaticas, ndo foi observada eficiéncia da aplicacao foliar
de fungicidas no controle de graos ardidos em milho.

A aplicacédo foliar de fungicidas também néo apresentou eficiéncia na
reducdo da incidéncia de patdgenos fuangicos nos grdos. Estudos realizados
por Duarte et al. (2009) corroboram parcialmente com os resultados deste
estudo. A aplicacdo foliar de fungicidas em alguns gendétipos de milho ndo
resultou em controle da incidéncia de fungos. A deteccao dos fungos Fusarium
spp., Stenocarpella spp., Penicillium spp. e Aspergillus spp. esta de acordo
com relatos que descrevem este grupo de fungos como 0s principais
microrganismos associados a grdos de milho no Brasil (Pinto, 2001; Pinto,
2005; Ramos et al., 2010). Contudo, houve maior incidéncia de Fusarium spp.
e Stenocarpella spp. associada a graos ardidos. Resultados semelhantes foram
encontrados por Munkvold & Desjardins (1997), que relatam Fusarium spp.
como o fungo mais encontrado associado aos graos, principalmente aos grao
ardidos. Porém, os mesmos autores relatam que estes fungos também podem

ocorrer em alta frequéncia em graos assintomaticos, como observado no
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presente trabalho. Segundo Casa et al. (2006), Stenocarpella spp. esta
principalmente associado a graos ardidos, e pode ser o principal agente de
podriddo de gréos na cultura do milho. Pinto (2005) e Ramos et al. (2010)
também descrevem que a elevada incidéncia de Fusarium spp. e Stenocarpella
spp. esta diretamente relacionada a maior incidéncia de grédos ardidos. Estes
autores relatam que outros fungos também podem ser observados em
frequéncia elevada, como Penicillium spp. e Aspergillus spp. Porém, estes sao
observados causando maiores danos em grdos armazenados. Segundo 0s
resultados do presente estudo, apesar da maior prevaléncia de Penicillium spp.
estar relacionada a graos assintomaticos, Pinto (2001) relata que este
normalmente ndo esta associado aos graos de milho imediatamente apds a
colheita, mas pode ser um agente "apodrecedor” de espigas. Além disso, os
graos assintomaticos podem ser selecionados por ndo apresentarem sintomas,
e transportados até o armazém, onde o fungo pode causar severos danos. A
elevada incidéncia desse patégeno em gréos de milho é um fator preocupante,
pois trata-se de um organismo produtor de uma micotoxina que esta associada
a cancer em seres humanos e animais, a ocratoxina (Machinski et al., 2001).
Aspergillus spp., apresentou incidéncia pouco relevante nos ensaios. A baixa
incidéncia desse fungo imediatamente apds colheita tem sido relatada em
outros trabalhos (Stefanello et al., 2012), entretanto, sua incidéncia pode variar
muito de acordo com o gendtipo ou condicdes climaticas (Ramos et al., 2010).

Os teores de fumonisinas totais também ndo foram alterados pela
aplicacdo de fungicidas em ambos os experimentos. Até o presente, ndo foram
encontrados trabalhos que discutissem o efeito de fungicidas sobre os teores
de fumonisinas em experimentos de campo. No entanto, Falcdo (2009) relata
qgue o fungicida fludioxonil+metalaxil-M administrado in vitro em isolados de F.
verticillioides, causa aumento na produ¢do média de fumonisinas. Porém, para
os fungicidas aqui avaliados, ndo foi observado efeito sobre os teores de
fumonisinas totais, tanto em altos teores de fumonisinas quanto em baixos
teores, como detectados para 0s ensaios 1 e 2 respectivamente.

As aplicagOes de fungicidas realizadas no ensaio 1 resultou em maior
rendimento de grdos quando comparada a testemunha sem aplicagdo, o que
nao foi observado para o ensaio 2 (Tabela 3). Esse fato, provavelmente
ocorreu devido a elevada severidade da ferrugem polissora (Puccinia polysora)

observada no ensaio 1 (dados ndo mostrados). A aplicacdo dos fungicidas
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promoveu reducdo da severidade da ferrugem com consequente aumento do
peso médio de graos das parcelas tratadas. No ensaio 2, ndo foi observada
ocorréncia severa de doencas foliares ao longo do ciclo da cultura, ndo sendo
possivel observar o efeito positivo da aplicacdo de fungicidas no aumento do
rendimento de gréos. Esses resultados indicam que o incremento na producao
na cultura do milho, decorrente da aplicagcdo de fungicidas, ocorre de forma
mais consistente em situacoes de elevada presséo de doencas foliares. Estes
resultados corroboram com estudo realizado por Costa et al. (2012). Estes
autores relatam que as aplicacbes de fungicidas, pertencentes ao grupo das
estrobirulinas, apresentam elevada inconsisténcia em condicdes de baixa
severidade de doengas. Segundo os mesmos autores, rendimentos positivos e
beneficio econdémico ocorrem quando as aplicacbes de fungicidas sao
realizadas em condicbes de elevada pressdo de doencga, assim como
observado no presente trabalho.

A avaliagdo de fungicidas foliares em milho, visando a redugéo dos
teores de fumonisinas totais nos gréos, demonstrou uma baixa eficiéncia dos
produtos testados, em diferentes épocas e numeros de aplicacbes. Vale
ressaltar, no entanto, que nao foram avaliados todos os fungicidas registrados
para a cultura do milho no Brasil, bem como novas metodologias de aplicacao
desses fungicidas, ndo sendo possivel extrapolar os resultados obtidos para
todos os produtos ou metodologias de aplicacdo (Agrofit, 2013). Portanto é
necessaria a conducao de novas pesquisas nessa direcao.

Conclui-se que aplicacdes via foliar dos referidos fungicidas, em
diferentes épocas e numero de aplicacdes, ndo apresentou eficiéncia na
reducdo da incidéncia de graos ardidos, dos fungos fitopatogénicos associados

aos graos e nos teores de fumonisinas totais nos graos.
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CONCLUSOES GERAIS

A) Fusarium verticillioides € a espécie do género predominantemente
associada a graos de milho no Brasil; todos os seus isolados foram capazes de
produzir fumonisinas; verificou-se elevada variabilidade na producédo de
fumonisinas e nao foi detectada correlacdo com a regido geografica de origem;
F. proliferatum e F. subglutinans sdo patégenos pouco frequentes em milho e

apresentam baixa relevancia para o Brasil.

B) A colheita do milho realizada tardiamente resulta em aumento
gradual da incidéncia de grdos ardidos e teores de fumonisinas totais. Os
principais fungos detectados, associados aos grdos ardidos foram Fusarium
spp. e Stenocarpella spp. Em todas as épocas de colheita foi detectada alta
frequéncia de Fusarium spp. tanto em grados ardidos quanto em gréos
assintomaticos. Stenocarpella spp. esta associado predominantemente a gréos
ardidos.

C) As aplicacdes via foliar de fungicidas com base em estrobirulinas e
triazois, ndo apresentaram eficiéncia na reducéo da incidéncia de graos ardidos
e nos teores de fumonisinas totais em graos de milho. Os fungos detectados
foram Fusarium spp., Stenocarpella spp., Penicillium spp. e Aspergillus spp.
Apesar da alta frequéncia tanto em grados assintomaticos quanto ardidos,
Fusarium spp. estd mais associado a graos ardidos. Stenocarpella spp. esta
associado predominantemente a graos ardidos. Penicillium spp. esta associado

em maior frequéncia a graos assintomaticos.
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