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Abstract
This work was developed with the objective of evaluating the pathogenic variability among monoascosporic strains of the 
same S. sclerotiorum isolate using the straw test in soybean cultivars. A total of 20 cultivars from the Soybean Germplasm 
Bank of the Federal University of Lavras (UFLA) and five monoascosporic S. sclerotiorum strains were included. A greenhouse 
experiment was carried out to assess the variability in aggressiveness among monoascosporic strains. Plants at the R1 stage 
were inoculated by the straw test. The experiment was implemented in a completely randomized design with three replicates. 
Evaluations were made with a graduated ruler at seven, 14, and 21 days after inoculation according to the proportion of 
damaged area. The area under the disease progress curve (AUDPC) was estimated. Monoascosporic strains 7.3 and 7.4 
were the most aggressive, and the BRSMG 790A and BRSMG 850GRR cultivars had more stable resistance to the different 
monoascosporic strains. There was variability between the monoascosporic strains, and strains 7.3 and 7.4 are preferred 
for inoculation in breeding programs aimed at obtaining soybean cultivars resistant to S. sclerotiorum.
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Introduction

White mold is a disease caused by the 
ascomycete fungus Sclerotinia sclerotiorum (Lib.) 
Bary, that can devastate several crops, including 
soybean. This pathogen produces resistant 
structures called sclerotia, which can survive in 
the soil for more than five years (STEADMAN; 
BOLAND, 2005). In soybean, white mold 
disease is also called Sclerotinia stem rot and 
causes significant damage to grain production 
and quality. Under favorable conditions, such as 
high humidity and mild temperatures, production 
losses of up to 70 % may occur. It is estimated 
that approximately 23 % of the Brazilian soybean 
production area is infested by this pathogen, 
comprising approximately 7.7 million hectares 
that require the adoption of integrated disease 
control measures (MEYER et al., 2016).

Infection of soybean plants by S. 
sclerotiorum occurs through fungal ascospores, 
which are produced in the apothecia, resulting 
from the carpogenic germination of sclerotia. 
Management of this disease involves the use 
of seed treatment, crop rotation and biological 
control, with fungi of the genus Trichoderma 
(HARMAN et al., 2004). Crop rotation with non-
host species, especially grasses, can help reduce 
inoculum in an area and the presence of straw 
prevents plants from contacting the infested 
soil, hindering the formation of apothecia and 
dispersion of ascospores and favoring the action 
of microorganisms antagonists (PAULA JÚNIOR 
et al., 2010). However, the most economical 
and effective way to control the disease is 
the adoption of soybean cultivars resistant to 
the pathogen.
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Studies were performed to develop soybean 
cultivars resistant to S. sclerotiorum through 
genetic diversity show that there is polymorphism 
among isolates from Brazil, although all the 
isolates are from the same mycelial compatibility 
group (MEINHARDT et al., 2002). In addition, 
different levels of aggressiveness have been 
reported among isolates from Spain (PASCUAL 
et al., 2010) and the United States (KULL et al., 
2003). In Brazil, the diversity of S. sclerotiorum 
isolates was investigated in a study of resistance 
in common bean (LEHNER et al., 2016a). 
Although the general aggressiveness of the 20 
isolates in susceptible or resistant cultivars was 
similar, subtle differences in the performance 
of the isolates were detected between cultivars. 
Thus, resistance evaluations should take into 
account the full extent of regional variation 
within the pathogen population to ensure the 
development and release of a cultivar with 
robust resistance. The diversity of pathogens 
should be thoroughly investigated to identify 
adequately representative isolates for use in 
resistance evaluations.

Finding new sources of resistance to white 
mold requires reliable inoculation and evaluation 
techniques as well as an understanding of the 
pathogenic variability in S. sclerotiorum. The 
inoculation method can influence the response 
of soybean genotypes to disease (KULL et al., 
2003). One of the most commonly used 
techniques is the straw test, which was first 
described for bean plants by Petzoldt; Dickson 
(1996) and adapted for soybean by Auclair 
et al., (2004). In the straw test, a fungus is 
inoculated into the main stem tissue of a plant, 
and evaluations are made using a scale of scores 
or the length of the resulting lesion.

Several studies have been implemented 
targeting soybean cultivars resistant to white 
mold, utilizing the straw test (AUCLAIR et al., 
2004; HULLER et al., 2016). However, 
pathogenic variability has not been considered in 

these studies, given the limited knowledge about 
the variability in S. sclerotiorum aggressiveness 
in soybean-producing areas in Brazil. Another 
point to be considered is the genetic unit used 
in studies of pathogenic variability. Isolates 
obtained from sclerotia have been the most 
commonly used genetic unit in previous 
studies for the characterization of individuals 
(HAMBLETON et al., 2002; MERT-TURK et al., 
2007; CLARKSON et al., 2013). However, it has 
been shown that the use of sclerotia to identify 
individuals may not be appropriate and should 
be avoided because sclerotia may be formed 
by genetically distinct hyphae (LEHNER et al., 
2015). Monoascosporic strains most closely 
represent individuals because each ascospore 
has two genetically identical nuclei (WEBSTER; 
WEBER, 2007). Thus, these strains enable the 
quantification of pathogenic variability as well as 
aggressiveness.

Therefore, this work was developed with the 
objective of assessing the existence of pathogenic 
variability among monoascosporic strains of the 
same S. sclerotiorum isolate using the straw test 
in soybean cultivars.

Material and methods

The experiments were carried out at the Plant 
Disease Resistance Laboratory and greenhouse of 
the Biology Department of the Federal University 
of Lavras (UFLA), state of Minas Gerais Brazil. 
Twenty cultivars from the Soy Germplasm Bank 
of the Federal University of Lavras (UFLA) were 
investigated, previously classified as resistant 
or susceptible by Garcia and Juliatti (2012), 
and the ten cultivars with the highest levels of 
resistance and susceptibility were used. (Table 1). 
The experiment was conducted in a completely 
randomized design, with three replicates in a 
factorial arrangement consisting of 20 cultivars 
and five monoascosporic strains. Each pot held 
one plant and was considered a plot.
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To obtain monoascosporic strains of S. 
sclerotiorum, the sclerotia of isolate UFLA 44 
were placed in germination boxes containing an 
autoclaved mixture of sand, soil and substrate. 
Germination boxes were incubated at 19°C under 
a 12-hour photoperiod for 40 days to aid in the 
production of apothecium. Water was sprinkled 
over the mixture every day to maintain the high 
humidity required for carpogenic germination. 
A mature apothecium was collected from each 
sclerotium and placed in an Eppendorf tube 
containing distilled water. Ascospores were 
randomly collected using a microscope and 
transferred to Petri dishes containing potato 
dextrose agar (PDA) medium. Through this 
micromanipulation, five monoascosporic strains 
were obtained (7.1, 7.2, 7.3, 7.4 and 7.5).

In a greenhouse, the variability in severity 
between monoascosporic strains was evaluated. 
Plants were grown in plastic pots containing a 
mixture of clay and substrate until they reached 
the R1 stage, which marks the beginning of 
flowering. To obtain mycelium for inoculation, 
agar discs colonized with mycelium from each 
monoascosporic strain were transferred to Petri 
dishes containing PDA medium and kept at 22 
± 3°C under a photoperiod of 12 h for five days. 

The method used to inoculate the plants was the 
straw test, which consists of cutting the apex of 
the main stem of the plant and inoculating it with 
tips containing fungal mycelia. The tips are used 
to cut and remove the agar disc from the plate so 
that the mycelia are in contact with the cut stem 
(AUCLAIR et al., 2004).

Evaluations were performed seven days after 
inoculation using a graduated ruler to measure 
the proportion of damaged area. To monitor 
the progress of the disease, the plants were 
evaluated for two more weeks, totaling three 
evaluations, at seven, 14, and 21 days after 
inoculation. Subsequent evaluations were used 
to calculate the area under the disease progress 
curve (AUDPC), according to the methodology 
proposed by Shaner and Finney (1977), 
equation 1:

 (1)

where:
Yi is the disease severity at evaluation time i (i = 1…, n);
Yi+1 is the disease severity at evaluation time i +1;
Ti is evaluation time i, in number of days after plant 
emergence; and
Ti+1 is evaluation time i+1.

Table 1. Soybean cultivars with the highest levels of resistance and susceptibility to S. sclerotiorum

Cultivar1 Source Cultivar2 Source

1 Emgopa 316 Emater-GO 11 7166RSF IPRO GDM

2 Emgopa 315 Agência Rural 12 BRS 213 Embrapa

3 BRS Milena Embrapa 13 NS 7338 IPRO Nidera

4 BRSMG 790A Embrapa 14 BRSMG Garantia Embrapa

5 BRSMG 850GRR Embrapa 15 MG/BR 46 (Conquista) Embrapa

6 BRS Baliza RR Embrapa 16 BRS Silvânia RR Embrapa

7 BRS Favorita RR Embrapa 17 M-SOY 8001 D&PL Brazil

8 BRSGO Luziânia Embrapa 18 M-SOY 6101 D&PL Brazil

9 M-SOY 8000RR D&PL Brazil 19 M-SOY 8329 D&PL Brazil

10 BRSMG 68 (Vencedora) Embrapa 20 TMG123RR TMG

1Resistant cultivars (1 to 10); 2Susceptible cultivars (11 to 20).

Source: authors (2024)
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The AUDPC estimates were subjected to 
analysis of variance (ANOVA), according to the 
following statistical model, equation 2:

 (2)

where:
Yij is the observation of cultivar and monoascosporic strain j;
μ is the overall mean;
ci is the effect of cultivar i (i=1, 2, 3, …20);
mj is the effect of monoascosporic strain j (j=1, 2, 3, …5);
cmij is the effect of the interaction between cultivar i and the 
monoascosporic strain j; and
eij is the experimental error associated with observation Yij.

The ANOVA was performed considering the 
AUDPC estimates. The means were compared 
using a Scott-Knott test (1974) (p<0.05). 
The classification of cultivars was based on 
patterns of resistance and susceptibility already 
described in the literature (GARCIA; JULIATTI, 
2012; CASTRO et al., 2016). Cultivars with 
AUDPC values lower than those obtained for the 
Emgopa 316 cultivar were considered resistant, 
whereas cultivars with AUDPC values higher 
than those obtained for cultivar TMG123RR 
were considered susceptible. The cultivars 
with AUDPC values that fell between those of 
these two cultivars were considered moderately 
resistant. A GGE biplot analysis (genotype main 
effects + genotype environment interaction) 
was also performed to better compare the 
aggressiveness of monoascosporic strains and 
the behavior of cultivars.

A coincidence index, proposed by Hamblin 
and Zimmermann (1986), with a selection 
intensity of 20 %, was calculated to test the 
coincidence of the resistant cultivars according 
to each monoascosporic strain, according to the 
equation 3:

CI=
A−C

M−C
×100 (3)

where:
A is the number of selected superior cultivars common to 
different monoascosporic strains;
C is the number of coincident cultivars due to chance; and
M is the total number of selected cultivars.

The selection accuracy (rgg) was estimated 
according to expression 4 (RESENDE, 2007):

r
g g

'=√1−
1

F
 (4)

where:
F is the value of the Snedecor F-test for the effect of 
treatments on the ANOVA.

Spearman correlation was calculated to 
measure the degree of accuracy with which the 
different monoascosporic strains classified the 
cultivars. All analyses were performed using R 
software (R CORE TEAM, 2017).

Results and discussion

The experiment was concluded with 
good precision, indicated by the magnitude 
of the coefficient of variation (CV, 18.35 %) 
and high selection accuracy (rgg’, 0.98). The 
cultivar vs monoascosporic strains interaction 
and the breakdown of this interaction were 
significant, enabling inferences about the 
pathogenic variability between the different 
monoascosporic strains.

The mean aggressiveness of each 
monoascosporic strain, considering all cultivars, 
was estimated. Greater aggressiveness was 
observed for monoascosporic strains 7.3 and 
7.4. In turn, strain 7.1 was less efficient in 
causing symptoms in the cultivars (Figure 1). 
The behavior of the cultivars in response to the 
different monoascosporic strains was estimated 
in the breakdown of the ANOVA (Figure 2). 
Monoascosporic strain 7.5, on average, had 
higher AUDPC values, and together with strain 
7.3, it better discriminated the cultivars, i.e., 
allowed the grouping of cultivars into a greater 
number of phenotypic classes. Noncoincident 
behavior of the cultivars was observed in the 
different inoculations (Figure 2). Note that the 
classification into the resistance classes was very 
divergent. This again indicates the variability 
among monoascosporic strains.
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The correlation in the classification was 
generally moderate and was significant between 
only monoascosporic strains 7.1 and 7.2, which 
were classified as the least aggressive strains. 
In turn, among the monoascosporic strains that 
caused more severe symptoms, i.e., strains 7.3 
and 7.4, the correlation was negative (Table 2). 
This way, that cultivar classification depends 
on the specific monoascosporic strains used for 
inoculation. The coincidence index also enables 
the inference of the variability in monoascosporic 
strains (Table 2). There was no coincidence 
between the cultivars classified as resistant when 
comparing monoascosporic strains 7.1, 7.2, and 
7.3 with 7.4. Conversely, when the comparison 
was performed for the most susceptible cultivars, 
the coincidence index reached 75 %. Thus, it 
is difficult to make inferences about the level of 
resistance of soybean genotypes.

The graphical analysis of principal 
components via GGE biplot grouped the 
cultivars according to a resistance pattern for 
the monoascosporic strains. The cultivars of 

the same quadrant (6, 7, 17, and 18; 11 and 
20; 1, 5, 8, and 16; 2, 4, 10, and 12; and 
3, 13, 14, 15, and 19) probably have similar 
resistance alleles (Figure 3a). The GGE biplot 
also enabled an inference to be drawn about 
the interactions between the monoascosporic 
strains and each cultivar. Thus, the cultivars that 
contributed most to the interaction were 19, 6, 
7, 13, and 9. Cultivars 5, 8, and 4 were the 
most stable (Figure 3 a). The graphical analysis 
also confirmed the greater aggressiveness of 
monoascosporic strains 7.3 and 7.4 as well as 
the lower aggressiveness of strain 7.1 (Figure 3b)

Studies on the aggressiveness of S. 
sclerotiorum isolates have been performed for 
a large number of genotypes (ABREU; SOUZA, 
2015; LEHNER et al., 2016; LEHNER; PAULA 
JUNIOR, 2016; LIU et al., 2018; SILVA et al., 
2014). However, these studies were performed, 
in most cases, for bean crops. To date, no studies 
have found pathogenic variability between 
monoascosporic strains of the same isolate in 
soybean crops.

Figure 1. The mean aggressiveness of the monoascosporic strains by area under the disease progress curve 
(AUDPC) values.

The means followed by the same letter belong to the same group according to a Scott-Knott test at a 5 % 
probability level.

Source: authors (2024)



6 Revista Agrogeoambiental, v.17, e20251913, 2025

Pathogenic variability in monoascosporic strains of Sclerotinia sclerotiorum in soybean  

Figure 2. Performance of the cultivars by mean area under the disease progress curve (AUDPC) value for each 
monoascosporic strain.
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The means followed by same letter belong to the same group according to a Scott-Knott test at a 5 % probability 
level. 1. Emgopa 316; 2. Emgopa 315; 3. BRS Milena; 4. BRSMG 790A; 5. BRSMG 850GRR; 6. BRS Baliza 
RR; 7. BRS Favorita RR; 8. BRSGO Luziânia; 9. M-SOY 8000RR; 10. BRSMG 68 (Vencedora); 11. 7166RSF 
IPRO; 12. BRS 213; 13. NS 7338 IPRO; 14. BRSMG Garantia; 15. MG/BR 46 (Conquista); 16. BRS Silvânia 
RR; 17. M-SOY 800; 18. M-SOY 6101; 19. M-SOY 8329; 20. TMG123RR

7.1; 7.2; 7.3; 7.4; 7.5 - Monoascosporic strain Sclerotinia sclerotiorum.

Source: authors (2024)

Table 2. Spearman correlation for the classification of cultivars according to inoculation with each monoascosporic 
strain (above the diagonal). The coincidence index between the four most resistant cultivars and the four most 
susceptible cultivars is shown in parentheses (below the diagonal).

7.1 7.2 7.3 7.4 7.5

7.1 - 0.62** 0.10ns 0.10ns 0.24ns

7.2 0.25 (0.50) - -0.22ns 0.25ns 0.17ns

7.3 0.25 (0.25) 0.2 (0) - -0.55** -0.11ns

7.4 0 (0.75) 0 (0.75) 0 (0) - -0.22ns

7.5 0.25 (0.25) 0 (0.25) 0 (0.25) 0 (0.25) -

** Significant at 1 % probability; ns not significant.

Source: authors (2024)
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It is important to note that more aggressive 
isolates allow better discrimination of the 
resistance of cultivars. The UFLA 44 isolate, 
from which the monoascosporic strains were 
obtained, was identified as a relatively aggressive 
isolate in a study by Abreu and Souza (2015) in 
bean crops. The fact that the isolate used in this 
study originated in bean fields may have limited 
the ability to evaluate adaptive differences in 
the pathogen for each host. This means that 
when there is coevolution between pathogens 
and hosts, it is possible to identify plants with a 

higher level of resistance to the pathogen as well 
as pathogens that are more aggressive toward a 
particular host species. Such knowledge should 
be taken into account, once there is genetic 
differentiation of S. sclerotiorum populations 
from distantly related hosts, such as bean, canola, 
soybean, and sunflower (ALDRICH-WOLFE 
et al., 2015). Even so, monoascosporic strains 
7.3, 7.4, and 7.5 were more efficient in causing 
symptoms and can be used in breeding programs 
for the selection of resistance to white mold.

Figure 3. (a) GGE biplot for the reactions of 20 soybean cultivars to five monoascosporic S. sclerotiorum strains. 
(b) Stability of the 20 soybean cultivars. Principal component 1 (AXIS 1) = 36.43 % and principal component 
2 (AXIS 2) = 32.59 %.

The means followed by same letter belong to the same group according to a Scott-Knott test at a 5 % probability 
level. 1. Emgopa 316; 2. Emgopa 315; 3. BRS Milena; 4. BRSMG 790A; 5. BRSMG 850GRR; 6. BRS Baliza 
RR; 7. BRS Favorita RR; 8. BRSGO Luziânia; 9. M-SOY 8000RR; 10. BRSMG 68 (Vencedora); 11. 7166RSF 
IPRO; 12. BRS 213; 13. NS 7338 IPRO; 14. BRSMG Garantia; 15. MG/BR 46 (Conquista); 16. BRS Silvânia 
RR; 17. M-SOY 800; 18. M-SOY 6101; 19. M-SOY 8329; 20. TMG123RR

7.1; 7.2; 7.3; 7.4; 7.5 - Monoascosporic strain Sclerotinia sclerotiorum.

Source: authors (2024)
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The cultivars previously identified as resistant 
(GARCIA; JULIATTI, 2012) did not follow the 
same reaction pattern. For inoculations with 
all the monoascosporic strains, at least three 
cultivars considered resistant were classified as 
susceptible in the present study. This difference 
in resistance pattern may be due to the method 
used for the inoculation of the cultivars, as 
previous authors used the detached leaf method. 
In addition, the source of the inoculum was 
different. In the study cited, the isolate was 
obtained from sclerotia, while in the present 
study, monoascosporic strains were used. Thus, 
from the change in the classification of cultivars 
(from resistant to susceptible), it can be inferred 
that the monoascosporic strains were more 
aggressive than the isolates.

It is common to find reports on the 
noncoincident classification of cultivars, 
especially for bean crops. In a greenhouse study 
to evaluate the physiological resistance of some 
bean lines, cultivar G122 was used as a control 
resistant to white mold (LEHNER et al., 2016c). 
However, in another study, also conducted to 
identify genotypes with high levels of resistance 
to S. sclerotiorum, the authors observed a worse 
performance for the G122 cultivar than for other 
resistant controls (VITERI et al., 2015).

A possible explanation for the divergence 
of these results is the physiological resistance 
and escape mechanisms intrinsic to plants. 
Physiological resistance is conferred by plant 
defense mechanisms and escape mechanisms 
are conferred by characteristics related to plant 
architecture (MIKLAS et al., 2013). Under field 
conditions, both types of resistance contribute to 
the control of white mold; however, in a greenhouse 
or laboratory, only physiological resistance can 
be measured (VUONG et al., 2004). Thus, direct 
comparisons of experimental results should be 
made with caution because the cultivars used, 
the variability in the isolates, the inoculation 
method and the environmental conditions of the 

experiments can affect the results. Although the 
results of the present study suggest the existence 
of different levels of aggressiveness among 
monoascosporic strains, inoculations under field 
conditions should be performed to effectively 
demonstrate this pathogenic variability.

It is interesting to note the correlation 
in the classification of cultivars based on the 
different monoascosporic strains. There was 
a positive and significant correlation for only 
the less aggressive monoascosporic strains. 
Similar results were obtained in other studies 
(WILLBUR et al., 2017). In this study, three 
inbred lines of soybean were inoculated with nine 
S. sclerotiorum isolates (four more aggressive, 
four less aggressive and one control). For three 
of the less aggressive strains, the classification 
of the strains was similar. However, for the 
more aggressive isolates, the classification of 
the strains diverged. This finding suggests that 
for less aggressive isolates, plant requirements 
for resistance mechanisms are lower, and thus 
the reaction is similar. On the other hand, as 
the aggressiveness of the isolates increases, 
the cultivar-isolate interaction becomes more 
pronounced, i.e., the reactions that the plants 
may have to the isolates are increased.

The GGE biplot analysis characterized the 
cultivars according to the level of resistance 
they displayed and the monoascosporic strains 
in terms of aggressiveness (YAN; FALK, 2002). 
Thus, one of the advantages of using biplots is 
the ability to separate cultivars according to their 
resistance pattern and thus to infer the groups of 
alleles that each cultivar has. The BRSMG 790A 
and BRSMG 850GRR cultivars, considered 
resistant in previous studies, showed more stable 
resistance to the different monoascosporic strains. 
In addition, these two cultivars were grouped into 
distinct clusters, i.e., they have different groups of 
favorable alleles related to white mold resistance. 
Therefore, these cultivars could be intercrossed 
in a breeding program to obtain resistant strains. 



9

Revista Agrogeoambiental, v.17, e20251913, 2025

Revista Agrogeoambiental, v.17, e20251913, 2025

The stability plot (Figure 3b) also corroborates 
the results of the mean data and reaffirms the 
finding that monoascosporic strains 7.3 and 7.4 
had higher levels of aggression.

Conclusion

There is variability among the five 
monoascosporic strains of S. sclerotiorum 
evaluated. Monoascosporic lines are the most 
suitable genetic unit to be used in breeding 
programs that aim to develop soybean cultivars 
resistant to S. sclerotiorum.
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