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ABSTRACT: The aim of this work was to evaluate the incidence of several genera of fungi on soybean seeds
harvested duringa period of high rainfall in Mato Grosso do Sul, Brazil. Agronomic trait means from 110 plants were
determined from data obtained at the time of harvest. From the seeds obtained, 800 were selected that showed
discoloration of the tegument, with or without visible fungal colonies. Half of the seeds were superficially disinfected by
immersion in a 1% sodium hypochlorite solution for 3 minutes, and all 800 seeds were then incubated to stimulate fungal
growth. A modified blotter-test method was used in which 25 seeds were deposited on filter paper placed in a germination
box, and a saturated NaCl solution (-1,0MPa) was used to inhibit germination of the seeds. After incubation for 7 days at
25°C, fungal growth was inspected using optical and stereoscopic microscopes to identify the genera of the fungi present
on the basis of their morphologies. On average, there were 50,3 pods per plant, 2,0 seeds per pod, and 31,7 visibly
diseased seeds per soybean plant. The mean weight of 100 seeds was 14,72 g and there were 15,30 g of seed per plant, of
which 4,58 g were visibly diseased on average. Among the fungi observed were Fusarium spp. (80-90%), Phomopsis spp.
(39-45 %), Cercospora spp. (22-30 %), Colletotrichumspp. (5-10 %), Rhizoctoniaspp. (< 2%) and Penicilliumspp. These
results showed that there is a need to breed new soybean genotypes with resistance to the most common seed diseases.
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INTRODUCTION

Brazil is one of the world’s largest
producers of soybeans and in the 2009/2010 season
production was around 68 million metric tons. The
midwestern region accounted for 46.0% of the total,
and the state of Mato Grosso do Sulranked fifth in
production nationaly (AGRIANUAL, 2010).Seed
yields are often reduced by diseases caused by
fungi, bacteria, viruses and nematodes. According to
Almeida et al. (2005), annual production losses due
to diseases vary by region and depend on climatic
conditions, but average about 15 to 20%. Diseases
caused by pathogens able to colonize seed tissue can
also reduce the physiological and health quality of
seeds, resulting in decreased market value and
viability (BRANCAO et al., 2002; GALLI et al.,
2007; HAMAWAKI et al., 2002). Some of the most
important seed-transmitted fungal pathogens are
Phomopsis spp- Cercosporakikuchii,
Colletotrichum truncatum and Cercosporasojae,
and various fungi associated with disease that
develops during storage (GOULART, 2005).

According to Correa e Ramos (2010), 25%
of the potential revenue from soybean produced in

Brazil is spent on internal transportation costs.
Additional losses arecaused by microorganisms on
seeds or grains. In Brazil the cultivation of early and
medium maturation genotypes in order to be able to
harvest seeds between February and March can
increase the incidence of diseased seeds because of
the high temperature and humidity at harvest
(HAMAWAKT et al., 2002).

The “cerrado” region of west-central Brazil
has become a major center of soybean production
due in large part to the abundance of precipitation
during the principal growing season and the
generally predictable pattern of rainfall, combined
with a mild climate that allows continuous cropping
throughout the year. In the 2010/2011 growing
season, however, soybean seed yields and market
values in Mato Grosso do Sul and neighboring states
dropped sharply due to the occurrence of high
rainfall and high temperatures at the time of harvest.
The problem was exacerbated by delays in planting
at the beginning of the growing season that were
also caused by excessive rainfall, which was thought
to have been influenced by the “La Nifia” weather
patterns that affected South America in 2010. The
effect of the late season rains on delaying harvest
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and maintaining damp conditions in seed pods left
in the field increased both the incidence and severity
of seed diseases relative to the levels observed in
most years. The aim of this work was to evaluate the
incidence of major pathogenic fungi associated with
soybean seeds harvested under these conditions, and
to estimate some agronomical characteristics of the
plants.

MATERIALS AND METHODS

The cultivar FMT Anta 82 RR was planted
at a density of 282.667 plants ha'at the Federal
University of Mato Grosso do Sul research area near
the city of Chapadao do Sul, in the northeastern part
of the state of Mato Grosso do Sul, Brazil. In the
2010/2011 growing season, FMT Anta 82 RR was
one of the most popular cultivars grown in the
cerrado regions, and it was therefore considered a
good representative of the cultivars currently grown
in this region.FMT Anta 82 RR is an earlier
maturity group cultivar marketed by the Mato
Grosso  Foundation. It is  resistant to
Phomopsisphaseoli f. sp. meridionalis,
Cercosporasojina and Heteroder a glycines race
three =~ (FUNDACAO  MATO  GROSSO,
2011).During the growing season, the plants had
received four applications of the mixed fungicide
pyraclostrobin + epoxiconazole(25 + 66,5 gha™)
between the RI1 and R6 developmental
stages(RITCHIE et al., 1994), using an application
rate of 130 Lha™. Pests and weeds were managed
according to technical recommendations for the
crop(COSTA, 1996).

Seeds from 110 plants of the cultivar FMT
Anta 82 RR were harvested and those obtained from
each plant were put in individual paper bags. A total
of 800 seeds were selected for having discoloration
of the tegument, with or without visible fungal
colonies at the time of harvest. These seeds were
chosen to insure the presence of fungi, and to
estimate the amount of seed weight contaminated by
fungi. They were separated into two groups of 400
seeds each, and one of the seeds was immersed in
al% sodium hypochlorite solution for 3 minutes to
kill superficial microorganisms (BRASIL, 2009).
Subsequently, 25 seeds were deposited on two
pieces of filter paper placed in a germination box
(11 x 11 cm), and a saturated salt (NaCl) solution (-
1,0MPa) was wused to inhibit germination
(MACHADO et al., 2003). The seeds were
incubated at 25 °C for 7 days under a photoperiod of
12 hours to promote fungal growth. The genera of
fungi growing out of the seeds or on the surface of
the seed coats were subsequently identified on the
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basis of morphological structures with the aid of
optical and stereoscopic microscopes (BARNETT;
HUNTER, 1998). The experimental design was
completely randomized design with two treatments
represented by the group of seeds that was
disinfected and the untreated group, and with 16
replications. The mean incidences for each fungus
identified in the treatments were compared using the
Tukey Test at a 5% probability level. The following
components of seed yield were also evaluated: mass
of 100 seeds(mix of healthy and diseased); number
of pods per plant; number of seeds per pod; mass of
seeds per plant; and the number and mass of
diseased seeds per plant.

RESULTS AND DISCUSSION

During the 2010/2011 growing season,
soybean seed yieldsin the west-central region of
Brazil seriously reduced due to a combination of
seed diseases and precocious germination of seeds
in the pod prior to harvest (BRASIL,
2011).Precipitation  data  obtained from a
meteorological station showed that the municipality
of Chapaddo do Sul received 200 mm of rain per
month more than it does in a typical yearduring the
period of the soybean harvest, and this precipitation
and was the major cause of the loss.

The genera and incidence of fungi growing
from incubated seeds are shown in Table 1. As
expected,the numerical mean incidence of most of
the fungal genera was higher on the non-immersed
seeds than on the disinfected ones, though the
difference was only statistically significant
forFusarium spp. and Rhizoctonia spp. The
incidence of Phomopsis spp. was unique in being
numerically higher on the disinfected seeds, though
the difference was not statistically significant. Noun
identified fungi or visible bacterial colonies were
observed on or near the evaluated seeds.

Data for traits affecting seed yield and
appearance with regard to plant health are presented
in Table 2. On average there were 50,3 pods per
plant, 2,0 seeds per pod, 14,72 g for each 100 seeds,
15,3 g of seed per plant, and 4,58 g of diseased
seeds per plant. There were 31,7 seeds per plant,
with typical changes caused by fungi that accounted
for approximately 31% of diseased seeds produced
per plant.

The data from the surface-disinfected seeds indicate
that fungi from the genera Fusarium, Phomoposis,
Cercospora and Colletotrichum had colonized the
seed internal tissue, and were thus largely protected
from the sodium hypochlorite treatment. With regard
to the genera Rhizoctonia, Aspergillus, Mucor,
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Penicillium and Rhizopus, the lack of detection or
very low levels of detection on disinfected seeds
suggest that these fungi did not colonize the seed
tissue, or at least did so to a very limited extent.
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some seeds may have either survived exposure to the
1% sodium hypochlorite solution, or may have
escaped contact with it if they were protected by
pockets of air or other physical barriers.

Spores attached superficially to the seed coat on

Table 1. Genera and incidence (% of seeds infected) off ungi associated with seeds harvested
during a period of high rainfall at the end of the 2010/2011 cropin Chapadao do Sul,
Mato Grosso do Sul, Brazil .

Seed treatment*

Fungi Immersed**  Non-immersed Prob. > F
Fusariumspp. 80,00 a 90,50 b 0,0024
Phomopsisspp. 44,75 39,00 0,1486
Cercosporaspp. 22.50 29,75 0,1437
Colletotrichumspp. 475 10,00 0,1653
Rhizoctoniaspp. 025a 2,00b 0,0356
Aspergillusspp. 0,25 1,50 0,1169
Mucorspp. 0,25 0,25 < 0,010
Penicilliumspp. 0,00 1,25 0,0968
Rhizopus spp. 0,00 0,50 0,1535

* 800 selected seeds with discoloration and with or without visible fungal colonies; ** 400seeds immersed in an aqueous solution of1%

hypochlorite for 3minutes.

Table 2. Agronomic trait means for 110 soybean cv. FMT Anta RR81 plants grown inChapadao
do Sul, MatoGrosso do Sul, Brazil, during the 2010/2011 crop season.

Agronomictraits Average values
Number ofpods per plant 50,23 £ 7,61
Number ofseedsper pod 2,07 £ 0,06
Number of diseased seedsper plant 31,73 + 13,59
Mass of100seeds(g) 14,72 + 1,05
Mass of seeds per plant (g) 15,25 +£2,29
Mass of diseased seeds per plant (g) 4,58 +2,00

The first five pathogens listed in Table 1 can
cause important diseases and economic losses in
soybeans, and can be spread to areas recently
cleared, as well as surviving as saprophytes on crop
residues (ALMEIDA et al.,, 2001; REIS et al.,
2011).In addition, the pathogens are effectively
transmitted via seeds from infected plants if rainfall
is abundant during seed formation (SINCLAIR,
1993; SHAH; BERGSTRON, 2000).

The data from this experiment agree with
those obtained by Brancdo et al. (2002), who
reported finding only 12 genera of fungi, especially
Fusarium spp-» Cercosporakikuchii,
Phomopsissojae, Cladosporium spp., Aspergillus
spp. and Penicillium spp. Through the identification
of fungi in soybean seeds from seven municipalities
of Mato Grosso do Sul, in the 1992/93 season,
Goulart et al. (1997) found Fusarium semitectum,

Aspergillus spp., Penicillium spp. Phomopsis spp.,
Cercosporakikuchii, Cladosporium spp-
Colletotrichum truncatum and Alternaria spp. to be
prevalent in samples. Henning e Yuyama (1999)
evaluated the sanitary quality of soybean seeds
produced in different regions of Brazil between the
1992/93 and 1996/97 seasons, and found that
Cercosporakikuchii was the most frequent pathogen
in most places,with the highest average incidence.
Unlike the observations made in this work, the
authors found that Colletotrichum truncatum had the
lowest average incidence.

The finding of significant differences
between disinfected and untreated seeds for only
Fusarium spp. and Rhizoctonia spp. differs from the
data obtained by Galli et al. (2007), who evaluated
the transmission of plant pathogens via seed in four
soybean genotypes and found that seed

Biosci. J., Uberlandia, v. 29, n. 2, p. 386-391, Mar./Abr. 2013



Identification of fungi...

decontamination with 1% sodium hypochlorite for 3
minutes reduced the incidence of Fusarium spp.,
Phomopsis spp. and Colletotrichum dematium var.
truncata. This discrepancy could have resulted from
a variety of causes, including differences in the
resistance of the soybean genotypes used, different
types or ratios of pathogens present at the different
locations, differences in the length of time between
initial contact with the pathogens and harvest of the
seed, and/or environmental differences, particularly
in temperature and the timing, intensity and
frequency of precipitation events.

The incidence of some fungi did not suffer a
deleterious effect (P> 0.05) from exposure to
sodium hypochlorite, possibly because some of
these fungi produced conidiomata that were
protected from the action of the chemical. The level
of colonization of soybean seed by Phomopsis spp.
varies by genotype and fungicide application
programs (WRATHER et al., 2004), and infections
can be internal and asymptomatic, which may
explain the absence of any reduction in the
incidence of this microorganism in or on seeds
treated with sodium hypochlorite (SINCLAIR,
1993; XUE et al.,, 2008). Penicillium spp. and
Rhizopus spp. were eradicated from seeds by the
effect of sodium hypochlorite, while others were
found in a lower or equal number of seeds. This fact
can be explained by internal colonization of seeds
by fungi, favored by variable organic substances of
seeds (XUE et al., 2008). The results of this study
indicate that there is a possible need for larger
studies to guide adjustments in the official Brazilian
methodology (BRASIL, 2009), since exposure to
1% sodium hypochlorite for three minutes was not
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effective in eradicating some storage fungi from the
seeds.

The agronomic trait means data shown in
Table 2 indicate that despite the high rainfall which
occurred during the harvest period of the crop, these
trait values were relatively high (NAVARRO;
COSTA, 2002). The high mass of diseased seeds per
plant showed that approximately 30% of the mass of
seeds produced per plant was reduced by fungi. This
is according to the estimated losses for Mato Grosso
do Sul during the 2010/11 season (BRASIL, 2011).
These seeds can cause depreciation in seed value or
the elimination of soybean seed lots by reducing
some physiological characteristics (PATHAN et al.,
1989). Furthermore, sub-optimal storage and
transportation could exacerbate the development of
diseases on seeds that became infected with a
pathogen prior to harvest, further decreasing the
value of seeds by the time they are sold.

The results of this study provide some
guidance to soybean breeders regarding the need to
develop cultivars with resistance to the most
frequently encountered seed fungi. Since the high
amounts of precipitation seen during the 2010/11
growing season were not predicted or anticipated,
there had been no specific effort to apply fungicides
to protect the seeds prior to maturity, and
application of fungicides to plants that have reached
the R8 stage of development is unlikely to provide
effective protection. Development of cultivars with
genetic resistance to major seed diseases is therefore
an important goal for reducing economic losses
when rainfall delays harvesting(ORTH; SHUH,
1994; UPCHURCH; RAMIREZ, 2010).

RESUMO: O objetivo deste trabalho foi avaliar a incidéncia de géneros de fungos em sementes de soja colhidas

durante um periodo de intensa pluviosidade em Mato Grosso do Sul, Brasil. Foram determinadas algumas caracteristicas
agrondmicas em 110 plantas, no momento da colheita. A partir das sementes colhidas, foram selecionadas 800 com
descoloracdo do tegumento, com ou sem coldnias de fungos visiveis. Metade das sementes foram desinfestadas
superficialmente por imersdo em uma solucdo de hipoclorito de sédio a 1% por 3 minutos e todas os 800 sementes foram
incubadas para estimular o crescimento de fungos. Foi utilizado o método ‘blotter-teste’ modificado, em que 25 sementes
foram depositadas em papel de filtro colocado em uma caixa de germinacdo. Foi empregada uma solu¢do saturada de NaCl
(-1,0 MPa) para inibir a germinacio das sementes. Apds a incubacdo por sete dias a 25 °C, o crescimento de fungos foi
avaliado utilizando microscépios Opticos e estereoscopicos para identificar morfologicamente os géneros. Em média,
houve 50,3 vagens por planta, 2,0 sementes por vagem, e 31,7 sementes visivelmente doentes por planta soja. O peso
médio de 100 sementes foi 14,72 g e houve 15,30 g de sementes por planta, dos quais 4,58 g estavam visivelmente doente.
Entre os fungos observados, detectou-se Fusarium spp. (80-90%), Phomopsis spp. (39-45%), Cercospora spp. (22-30%),
Colletotrichum spp. (5-10%), Rhizoctonia spp. (<2%) e Penicillium spp. Estes resultados mostraram que hd necessidade de
serem desenvolvidos genétipos de soja resistentes as doengas mais comuns que incidem nas sementes.

PALAVRAS-CHAVE: Glycinemax. Podriddo de sementes. Mancha piirpura das sementes.
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