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Abstract – The objective of this work was to evaluate the genetic diversity among Sclerotinia sclerotiorum
isolates from Brazil and the USA, assess their aggressiveness variability, and verify the existence of an
isolate-cultivar interaction. Isolate variability was determined by mycelial compatibility grouping (MCG), and
isolate aggressiveness by cut‑stem inoculations of soybean cultivars. Two experiments for MCGs and two for
aggressiveness were conducted with two sets of isolates. The first set included nine isolates from the same soybean
field in Brazil and nine from the Midwest region of the USA. The second set included 16 isolates from several
regions of Brazil and one from the USA. In the first set, 18 isolates formed 12 different MCGs. In the second set,
81% of the isolates from Brazil grouped into a single MCG. No common MCGs were observed among isolates
from Brazil and the USA. The isolates showed aggressiveness differences in the first set, but not in the second.
Although aggressiveness differed in the first set, soybean cultivars and isolates did not interact significantly.
Cultivar rank remained the same, regardless of the genetic diversity, aggressiveness difference, and region or
country of origin of the isolate. Results from screening of soybean cultivars, performed by the cut‑stem method
in the USA, can be used as reference for researchers in Brazil.
Index terms: Glycine max, Sclerotinia stem rot, disease resistance, screening of cultivars, white mold.

Compatibilidade micelial e agressividade de isolados de Sclerotinia
sclerotiorum do Brasil e dos Estados Unidos
Resumo – O objetivo deste trabalho foi avaliar a diversidade genética entre isolados de Sclerotinia sclerotiorum do
Brasil e dos EUA, determinar sua variabilidade quanto à agressividade e verificar a existência de interação isoladocultivar. A variabilidade dos isolados foi determinada por agrupamento de compatibilidade micelial (ACM), e a
agressividade dos isolados, por meio de inoculações, com corte da haste, em cultivares de soja. Dois experimentos
de ACM e dois de agressividade foram realizados, com dois conjuntos de isolados. O primeiro conjunto incluiu
nove isolados, do mesmo campo de soja no Brasil, e nove da região Meio‑Oeste dos EUA. O segundo conjunto
incluiu 16 isolados de várias regiões do Brasil e um dos EUA. No primeiro conjunto, 18 isolados formaram
12 ACMs diferentes. No segundo conjunto, 81% dos isolados do Brasil formaram um único ACM. Nenhum
ACM comum foi observado entre os isolados do Brasil e dos EUA. Os isolados apresentaram diferenças quanto
à agressividade no primeiro conjunto de isolados, mas não no segundo. Embora a agressividade tenha diferido
no primeiro conjunto, as cultivares de soja e os isolados não interagiram significativamente. A classificação das
cultivares permaneceu a mesma, independentemente da diversidade genética, da diferença quanto à agressividade
e da região ou país de origem do isolado. Resultados da seleção de cultivares de soja, realizada pelo método de
inoculação de corte da haste nos EUA, podem ser utilizados como referência para pesquisadores no Brasil.
Termos para indexação: Glycine max, podridão‑de‑esclerotinia, resistência a doenças, seleção de cultivares,
mofo‑branco.

Introduction
The fungus Sclerotinia sclerotiorum (Lib.) de Bary
is an important pathogen, which infects more than
400 different plant species worldwide (Boland &
Hall, 1994). In soybean [Glycine max (L.) Merr.] the
fungus causes Sclerotinia stem rot (white mold), an

important yield‑reducing disease (Grau & Hartman,
1999). Disease outbreaks caused by S. sclerotiorum
are highly dependent on favorable environmental
conditions, which occur when wet weather and
moderate temperatures persist during flowering (Grau
& Hartman, 1999).
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Brazil and the USA are the top two soybean producing countries and, despite their climatic differences,
Sclerotinia stem rot is considered an important disease
in both of them. In Brazil, the first detection of the disease was reported in the 1970s, in the south‑central state
of Paraná (Yamashita et al., 1978). With the expansion
of soybean to the West‑Central, North and Northeast
regions in the 1980s and 1990s, the disease was reported in subtropical and tropical soybean producing
regions, above 700 m altitude (Görgen et al., 2010).
In the USA, the disease was first reported on soybean
in Illinois, in 1946 (Chamberlain, 1951). The disease
is mostly reported to cause yield losses in the upper
Midwest, and was ranked the second most important
disease in the USA in 2009, and the fifth over the period from 2006 to 2009 (Koenning & Wrather, 2010).
Differences in susceptibility to S. sclerotiorum of
soybean germplasm have been reported in field and in
greenhouse trials (Boland & Hall, 1987; Hoffman et al.,
2002). Screening for resistance under ﬁeld conditions
is often problematic because of the sporadic nature of
disease outbreaks. Even with irrigation and inoculation,
soybean genotypes vary in canopy architecture,
ﬂowering date, and lodging, all of which affect disease
development (Boland & Hall, 1987; Miklas et al.,
2003; Bolton et al., 2006). Greenhouse and laboratory
evaluations are often performed and are an integral part
of resistance screening methodology for S. sclerotiorum
(Kim et al., 2000; Vuong et al., 2004).
Many inoculation methods have been developed to
evaluate resistance to S. sclerotiorum, and methods
can affect cultivar response. Kull et al. (2003)
compared three methods of inoculation to identify
levels of resistance to S. sclerotiorum in soybean
and dry bean, and concluded that the cut‑stem
method was more precise for detecting main effects
and interactions than the cotyledon and detached
leaf methods. Unfortunately, field and greenhouse
screening results have not been shown to be
consistently correlated (Boland & Hall, 1987; Chun
et al., 1987). Among the reasons for the differences
between field and greenhouse results is the high level
of variability among S. sclerotiorum isolates (Kohn
et al., 1991; Gomes et al., 2011; Litholdo Júnior
et al., 2011). Studies with dandelion, soybean, and
sunflower have shown that S. sclerotiorum isolates
vary in their aggressiveness (Marciano et al., 1983;
Kull et al., 2004; Ekins et al., 2011).
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Mycelial compatibility groups (MCGs) and DNA
marker systems have been used to characterize the
genotypic diversity in populations (Kohli & Kohn,
1998; Atallah et al., 2004; Gomes et al., 2011; Litholdo
Júnior et al., 2011). The method to determine MCGs is
broadly adopted for being a macroscopic assay of self/
nonself recognition controlled by multiple loci common
in fungi (Kohn et al., 1990). Isolate aggressiveness
within geographically and widely dispersed MCGs
was shown to vary, but not in MCGs detected within
single fields (Kull et al., 2004).
Pathogenic diversity and variation in isolate
aggressiveness may influence the success of screening
hosts for resistance to S. sclerotiorum, in controlled
environments, and for long‑term disease management.
Therefore, it is important to understand the diversity
of this pathogen when developing screening strategies,
mainly when results from researchers are shared
between widely diverse geographic regions, such as
Brazil and the USA.
The objective of this work was to evaluate the genetic
diversity among Sclerotinia sclerotiorum isolates
from Brazil and the USA, assess their aggressiveness
variability, and verify the existence of isolate–cultivar
interaction.

Materials and Methods
Four experiments were conducted with two sets of
S. sclerotiorum isolates. From these experiments, two
were used for MCG testing and two for aggressiveness
evaluation. The first set consisted of nine isolates
from Brazil and nine from the Midwest region of the
USA. The second set included 16 isolates from widely
distributed geographic regions in Brazil and one from
the USA. Because of the permit process, these isolates
were collected in Brazil and further purified in the
USA, at different times, based on when they became
available in Brazil for transport.
A total of 24 S. sclerotiorum isolates from Brazil
(APHIS permit #P526‑11‑02826) and nine from the
USA, maintained at the National Soybean Research
Center at the University of Illinois, were used in the
experiments (Table 1). Brazilian isolates from BR1 to
BR9 were collected at random from different infected
sunflower plants in a single field, in Mauá da Serra,
Paraná state. Isolates from BR10 to BR24 were
collected from diverse soybean producing areas, with

Mycelial compatibility and aggressiveness of Sclerotinia sclerotiorum

the furthest isolate separation of about 2,000 km. The
USA isolates, US1 to US9, were sampled from the
upper Midwest.
Isolates BR1 to BR9 and isolates US1 to US9 were
used in the first experiment, and isolates BR9 to BR24
and isolate US1, in the second. This single isolate had
been used extensively in a previous study of soybean
reaction to S. sclerotiorum (Chawla et al., 2013).
Bulk of sclerotia collected in the field, or reproduced
on potato dextrose agar, PDA (Difco Laboratories,
Detroit, MI, USA) medium, were air‑dried, then
collected and stored in capped tubes at 4°C. From
each collection, a single sclerotium was immersed
sequentially in 4% sodium hypochlorite (4 min), 70%
ethanol (2 min), rinsed twice in sterile distilled water,
and plated in PDA medium. The plates were incubated
in a tissue chamber (Percival Scientific, Inc., Boone,
IA) set to 12/12 light/dark‑hour photoperiods at 23°C,
for 5 days. The isolates were transferred to water‑agar
medium for three days of incubation at 23°C; and
hyphal tip cultures were produced by cutting tips of
hyphae from the outer edge of the colony; these tip
cultures were then transferred to another PDA plate.
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The purified cultures were maintained on PDA at 4°C.
All inoculations, in each experiment, were made with
fresh colonies transferred from the storage cultures
onto new PDA plates, for 72 hours, in 12/12 light/
dark‑hour photoperiods at 20±2°C, prior to each
experiment.
For evaluating mycelial compatibility groups, a
6 mm plug was taken from each isolate, 1 cm inside the
growing edge of the colony, and placed in PDA (9 cm
Petri plate) amended with 75 µL L‑1 of McCormick’s
red food coloring, according to Schafer & Kohn (2006).
The two sets of isolates were paired 3.5 cm apart in
all possible combinations, followed by incubation
in 12/12 light/dark‑hour photoperiods at 20±2°C.
Mycelial compatibility and incompatibility reactions
were recorded 7 and 10 days after inoculation, based
on Kull et al. (2004). Each experiment was repeated.
In order to assess isolate aggressiveness and
isolate‑cultivar interactions, the same sets of isolates
were used in two separate experiments. The cultivars
used were DSR 2400, IP 2991, and Resnik. Cultivar
Pioneer 93M11 was added to these in the second
experiment. These cultivars were selected based on

Table 1. Description of the Sclerotinia sclerotiorum isolates used.
Isolate
BR1-9
BR10
BR11
BR12
BR13
BR14
BR15
BR16
BR17
BR18
BR19
BR20
BR21
BR22
BR23
BR24
US1
US2
US3
US4
US5
US6
US7
US8
US9

Host
Sunflower
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean

Location/State
Mauá da Serra, Paraná
Rio Verde, Goiás
Mineiros, Goiás
Silvania, Goiás
Planaltina, Distrito Federal
Unaí, Minas Gerais
Chapadão do Sul, Mato Grosso do Sul
Estrela do Sul, Minas Gerais
Jataí, Goiás
Leopoldo de Bulhões, Goiás
São Desidério, Bahia
Correntina, Bahia
Luís Eduardo Magalhães, Bahia
Barreiras, Bahia
Palmeira, Paraná
Jaciara, Mato Grosso
Iowa
Story City, Iowa
Fond du Lac County, Wisconsin
Iowa
Licking County, Ohio
DeKalb, Illinois
North Dakota
NWM, Ohio
Saint Paul, Minnesota

Year
2010
2010
2010
2011
2011
2011
2010
2012
2012
2012
2012
2012
2012
2012
2012
2012
1996
2002
2002
2002
1998
2002
-

Source
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
Embrapa
J.Q. Liu
G. Hartman
G. Grau
X.B. Yang
A. Dorrance
G. Hartman
B. Nelson
A. Dorrance
J. Kurle
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their response to Sclerotinia stem rot in the Varietal
Information Program for Soybeans, which reported a
greater susceptibility in Pioneer 93M11, followed by
Resnik, DSR 2400, and IP 2991 (National Soybean
Research Laboratory, 2011). Six seeds of each cultivar
were sown in soil‑less planting mix Sunshine mix,
LC1 (Sun Gro Horticulture Inc., Bellevue, WA,
USA) in 15 cm diameter plastic pots, and fertilized
with slow‑release pellets (Osmocote 13‑13‑13). After
germination, plants were thinned to four plants per
pot. Pots were kept in a greenhouse at 27°C average
temperature, with 600 Wm-2 supplemental illumination,
from sowing until inoculation.
Soybean plants at growth stage V3 to V4 (Fehr
et al., 1971) were inoculated using the cut‑stem
method (Kull et al., 2003) by removing the apical
stem with a razorblade, 3 cm above the top fully
expanded leaf node. Pipette tips (200 µL) were
inserted into the outer edge of actively growing
S. sclerotiorum cultures in Petri‑plate PDA. Inocula
were removed with the agar plugs inside the base of
the pipette tips. The pipette tips with inocula were
placed over the cut‑stem. After inoculation, plants
were transferred to a mist chamber with 100%
humidity, for 24 hours, inside an air‑conditioned
greenhouse set at 21–23°C. Plants were kept in the
greenhouse for 10 days after inoculation, when stem
lesion lengths were measured.
Soybean cultivars and isolates of S. sclerotiorum
were arranged in a complete block experimental design,
with a split plot arrangement, and three replicates. The
main plot was formed by the isolates, and the subplot
by the cultivars. Experimental units were single pots
with four plants as samples. Each of the experiments
with each set of isolates was repeated twice.
Data were analyzed for normality and independence
of errors, additivity, and homogeneity of variances.
Isolate effects on lesion length were tested by F test
in the analysis of variance. Means were compared
by Tukey’s honestly significant difference, at 5%
probability. Statistical analysis was performed with
SAS 9.3. software (SAS Institute, Cary, NC, USA). The
test for homogeneity of variances showed that data from
repeated experiments could be combined for analysis.

Results and Discussion
Twelve MCGs were identified in the experiment
in the first set, with 18 S. sclerotiorum isolates
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(Table 2). Isolates from Brazil formed six MCGs: two
represented by groups of two and three isolates, and
four by single isolates. USA isolates also formed six
MCGs: one represented by four isolates collected from
Iowa (two isolates), Wisconsin (one isolate), and North
Dakota (one isolate); and five represented by single
isolates from Iowa, Illinois, Minnesota, plus two from
Ohio State. The isolates from Brazil and USA were not
compatible.
Four MCGs were identified in the second set, with
16 S. sclerotiorum isolates from Brazil and one from
the USA (Table 2). One MCG was represented by
12 isolates collected from the states of Goiás (five
isolates), Distrito Federal (one isolate), Mato Grosso
do Sul (one isolate), Minas Gerais (two isolates), and
Bahia (three isolates). From the other three MCGs,
one consisted of two isolates from Paraná state, one of
a single isolate from Bahia state, and one of a single
isolate from the USA.
Diversity among isolates collected in the same field,
in Mauá da Serra, Paraná, Brazil, was observed on
MCGs. Similarly, high diversity was observed among
isolates from the Midwestern USA. The first report of
S. sclerotiorum infecting soybean in Brazil was from
Paraná state in 1976/1977 (Yamashita et al., 1978).
This is the same state from where S. sclerotiorum
isolates BR1‑9 were collected. The first report of
S. sclerotiorum on soybean in the USA was from
Illinois in 1946 (Chamberlain, 1951). Studies on DNA
fingerprints and MCGs have shown that S. sclerotiorum
populations show a higher diversity on a local scale,
where boundaries have been established by genetic or
phylogenetic means (Malvárez et al., 2007). Thus, the
high diversity in the isolates found in that Brazilian field
might indicate that population boundaries were present,
favoring some level of outcrossing in addition to the
probable intra‑clonal variation, since each clone can

Table 2. Number of isolates and mycelial compatibility
groups (MCGs) observed in the experiments with two set of
isolates of Sclerotinia sclerotiorum: BR1 to BR9, and US1
to US9 (set 1); and BR9 to BR24 and US1 (set 2).
Isolates MCGs
18

12

17

4

MCGs identified
Set 1
BR1; BR2, BR3, and BR5; BR4 and BR8; BR6; BR7; BR9;
US1, US3, US4, and US7; US2; US5; US6; US8; and US9
Set 2
BR9 and BR23; BR10-BR21 and BR24; BR22; and US1
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accumulate mutations and generate new genotypes, as
reported elsewhere (Atallah et al., 2004; Kohli & Kohn,
1998; Malvárez et al., 2007; Wu & Subbarao, 2006).
In experiment two, 81% of the isolates from
Brazil belonged to a single MCG, even though these
isolates were sampled over an extensive area with
the furthest isolate separation of about 2,000 km. The
low variability in the second set could be explained
by the small sample size, or by the recent expansion
of soybean crop to the Cerrado region in the last two
decades, which includes the states of Minas Gerais and
Bahia (Görgen et al., 2010). The presence of common
MCGs within a wide geographic distribution in Brazil
was reported before (Litholdo Júnior et al., 2011).
These isolates may have originated from a common
isolate which was disseminated through sclerotia/
mycelia on contaminated uncertified seeds, or on
shared farm equipment. A similar pattern was observed
in a trans‑Canadian study of S. sclerotiorum isolated
from canola, in which one genotype was sampled in
Manitoba and Saskatchewan provinces, while other
MCGs or singleton genotypes were less common
(Kohli et al., 1992).
There were no isolates from Brazil in the same
MCG as USA isolates in neither experiment. Isolates
of S. sclerotiorum from different countries have been
reported to have both same and different MCGs. For
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example, some S. sclerotiorum isolates from the USA
belonged to the same MCG as isolates from Canada and
Switzerland, while other isolates from the USA were in
the same MCG as isolates from Argentina (Kull et al.,
2004). Other reports indicated lack of common MCGs in
S. sclerotiorum isolates from North Carolina and Canada
or North Carolina and Louisiana (Cubeta et al., 1997),
and Canada, China, and England (Li et al., 2008). This
lack of common MCGs may result of specific selection of
MCG genotypes, due to differences in their adaptability
to environmental conditions (Atallah et al., 2004; Kull
et al., 2004). The ability of certain S. sclerotiorum
genotypes to adapt to different environments may
explain their presence over large areas. In the present
study, isolates collected from the same region, either in
Brazil or in the USA (experiment one), showed a high
diversity and were incompatible between countries.
The isolates sampled from a wide Brazilian domain
(experiment two) were highly homogeneous, but the
isolates from the southern subtropical region, BR9 and
BR23 (same MCG), were incompatible with isolates
from the tropical region, suggesting differences in the
origin of introduction, or reinforcing the role played by
the environmental differences.
As to isolate aggressiveness, lesion lengths differed
significantly among isolates in the experiment using
set one isolates (Figure 1). Lesion lengths ranged from

Figure 1. Average lesion length (cm) and standard errors of soybean cultivars (Resnik, DRS 2400 and IP 2991) inoculated with
Sclerotinia sclerotiorum isolates BR1-BR9, collected from the same field in Mauá da Serra, Paraná, Brazil; and US1-US9,
collected from the USA Midwestern locations. Bars followed by equal letters do not differ by Tukey’s honestly significant
difference test at 1% probability.
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8.3 to 13.7 cm (mean = 11.8). Isolate US2 (collected
in Iowa) produced the lowest lesion length, but did
not differ from isolates BR1, BR8, and BR9 collected
in the same location in Brazil (Mauá da Serra,
Paraná), or from US5 (Ohio), US7 (North Dakota),
and US9 (Minnesota).
No significant difference in lesion length was
observed for the isolates in the experiment two, which
ranged from 5.9 to 6.7 (mean = 6.3). The average lesion
length in response to inoculation with S. sclerotiorum
isolates from Brazil was similar to that with the US1
isolate from Iowa.
Cultivars differed significantly in sets one and
two (Tables 3 and 4). Resnik had the longest lesion
length in both experiments, while DSR 2400, IP 2991,
and 93M11 did not significantly differ in neither of
experiments (Table 4).
The analyses of variance for lesion length did not
indicate interaction between isolates and cultivars
(Table 3). However, isolate by cultivar interaction
was previously reported for plants inoculated by
cut‑stem method, but plants were at an earlier stage

Table 3. Analysis of variance combined over two runs of
experiments, with two sets of Sclerotinia sclerotiorum
isolates.
Source of
variation
Isolate
Error (A)
Cultivar
Isolate x
cultivar
Error (B)
ns

Experiment 1
Experiment 2
df Mean square F ratio
df Mean square
F ratio
17
33.45
6.08*** 16
1.39
1.04ns
34
5.50
32
1.34
2
259.17
27.07*** 3
155.98
137.43***
48
1.20
1.06ns
34
5.29
0.55ns
180

9.57

-

238

1.13

-

Nonsignificant. ***Significant at 0.1% probability.

Table 4. Sclerotinia sclerotiorum lesion length (cm) on
soybean cultivars(1).
Cultivars
Resnik
DRS 2400
IP 2991
93M11

Experiment 1
13.5a
11.5b
10.4b
-

Experiment 2
8.2a
5.5b
5.7b
5.9b

Means followed by equal letters do not differ by Tukey’s honestly
significant difference test at 1% probability.

(1)
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(V2) than in this study, and infection was quantified
by the number of dead plants (Kull et al., 2004). In the
present study, the presence or absence of differences in
aggressiveness among isolates did not change soybean
cultivar resistance rank.
Understanding the genetic diversity and
differences in aggressiveness of S. sclerotiorum
isolates across geographic regions is important
to forecast disease epidemiology, population
dynamics, and to define lasting breeding strategies
for resistance. Both aggressiveness differences
(experiment one) and lack of difference (experiment
two) were reported in former publications.
Differences in isolate aggressiveness have been
reported for soybean (Kull et al., 2004), canola
(Kohli et al., 1995), and sunflower (Ekins et al.,
2011; Marciano et al., 1983), while lack of significant
differences in aggressiveness was reported among
isolates collected from Canada and inoculated
in soybean (Auclair et al., 2004), or collected in
the USA and inoculated in potato (Atallah et al.,
2004). The overall lesion lengths measured in
the experiment two of this study were shorter
than in experiment one, possibly due to growing
conditions in the greenhouse related to planting
dates throughout two years. Since resistance to
S. sclerotiorum in crops has been reported to be
quantitative or incomplete, phenotyping may be
affected by different environmental conditions.
This study supports the use of USA screening
results in Brazil, since isolate’s genetic diversity and
aggressiveness, and separation of susceptible and more
resistant soybean cultivars were independent from
country or isolate’s region of origin.
Routine screenings for Sclerotinia stem rot have
been performed in the USA. However, they have not
been adopted yet in the majority of Brazilian breeding
programs because of the recent and sporadic disease
outbreaks. Although research results to date did not
find reliable physiological resistance, screening and
selecting less susceptible genotypes for breeding
with commercial cultivars could help manage the
disease.

Conclusion
The results from cut‑stem method screenings carried
out in the USA for Sclerotinia sclerotiorum resistance
can be used as reference for researchers in Brazil.
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