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Introduction 

The fungal pathogen Sclerotinia sclerotiorum, causes the disease Sclerotinia stem rot (SSR; a.k.a. 
white mold) of soybean. This disease can cause severe losses under highly conducive conditions 
throughout the Upper Midwest (Roth et al., 2020). As a result, there is large interest in understanding the 
most effective methods of controlling SSR. This includes the use of cultural and chemical control 
methods in an integrated approach. In previous research, the use of wider row spacing (30 inches) resulted 
in decreased levels of disease while narrow row spacing (10 and 15 inches) increased disease (Grau and 
Radke, 1984). Additionally, research showed the use of planting populations above 175,000 seeds/acre 
resulted in increased disease incidence compared to lower populations (Lee et al., 2005).  

Another method of reducing the impacts of SSR is through the use of genetic resistance. Due to 
many minor effect quantitative trait loci (QTL) of soybean associated with resistance to SSR, breeding for 
high levels of resistance has thus far been challenging (Arahana et al., 2001; Vuong et al., 2008). The 
recent advancements in identifying and understanding such resistance QTLs may lead to more accurate 
breeding and development of soybean lines with high resistance while also maintaining high yields 
(Moellers et al., 2017).  

Chemical control has also proven to be an effective method for managing SSR, more recently  
(Willbur et al., 2019). Coupled with this practice, is the use of predictive modeling. Predictive disease 
models may lead to the better understanding of a fields risk for disease development, thus helping to make 
better decisions on whether a fungicide application is needed. Models for predicting diseases caused by 
Sclerotinia spp. in other cropping systems have been previously developed (Smith et al., 2007; Clarkson 
et al., 2007), and more recently, work had been performed to create predictive models for SSR in soybean 
across the Upper Midwest (Willbur et al., 2018a, 2018b). This work led to the creation of probability-
based models for both irrigated and non-irrigated environments. These models are publicly available in 
the form of a smartphone application tool called Sporecaster. The Sporecaster tool is currently being 
refined and improved for accuracy in a range of environments where SSR is a problem in soybean 
production systems.  

Materials and Methods 

The work presented here examined the use of two row spacings (15 and 30 inches), four planting 
populations (110,000, 140,000, 170,000, and 200,000 seeds/acre), and two foliar fungicide programs. The 
first fungicide program used was a soybean growth stage dependent protocol where applications were 
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made at both the R1 and R3 growth stages and will be referred to as the “standard application”. The 
second fungicide program was a model-based risk prediction program following the models developed by 
Willbur et al. (2018a, 2018b) and implemented using the Sporecaster tool. This second fungicide program 
will be referred to as the “Sporecaster application”. All fungicide applications were made using 
picoxystrobin (Aproach ; Corteva Agriscience) at 9 fl oz/acre. By integrating these practices between 
2017 and 2019 at 10 locations across the Upper Midwest, we examined the effect of these combined 
management practices on controlling SSR (disease severity index; DIX) while also maintaining high 
yields.  

Breeding for resistance is another method of improving control of SSR, and currently we have two 
groups of breeding lines in the pipeline. The first group of breeding lines were crossed in 2016 with the 
assistance of Dr. Asheesh Singh at Iowa State Univ. These included crosses between “SSR51-70” and 
“51-23” and between “51-23” and “52-82B”. These three parental lines were previously developed by Dr. 
Craig Grau and were identified as being either moderately resistant or highly resistant to SSR. By the use 
of a winter nursery in Chile, and our nurseries in Wisconsin, the progeny lines were progressed through 
generations quickly. In 2019, 25 F7 lines were selected for favorable agronomics and were progressed to 
greenhouse disease screenings. These lines were tested using a cut-petiole technique developed by Peltier 
and Grau (2008) and were compared against a standardized panel of soybean genotypes with known 
resistance levels to SSR (Webster et al., 2021). In the summer of 2020, these 25 lines were grown in two 
locations in Wisconsin in preliminary yield trials and resistance screenings for SSR. The second group of 
breeding lines consists of four populations which were initially produced in the summer of 2018 by 
crossing a combination of four lines with favorable agronomics and resistance to SSR (“Savoy”, “42-
136”, “SSR51-70”, and “91-38”). The progeny of these crosses were advanced through generations using 
bulk planting plots. During the 2020 growing season, the F4 progeny were again planted as bulk plots, and 
approximately 100 plants were selected from each population. Focus of selection was on favorable 
agronomics (lateral branches, low lodging, high pod count, etc.).  

Improvements of the prediction models for Sporecaster have also been a focus of attention over the 
past few years. The integration of soybean resistance levels is currently being looked at to improve the 
prediction accuracy of disease risk. Prior to this study, four soybean genotypes were identified, referred to 
as the check lines, exhibiting a range of resistance to SSR (Webster et al., 2021). These four check lines 
include Dwight (public cultivar) which was identified as susceptible, 51-23 and SSR51-70 (breeding 
lines) were identified as moderately resistant, and 52-82B (breeding line) was identified as highly 
resistant. These four lines had also previously been tested for their field resistance in 2016 (data not 
shown). Recently, these lines were identified and validated in controlled greenhouse studies to 
standardize screening assays for examining soybean genotypes physiological resistance levels to SSR. 
From these greenhouse studies, the soybean genotypes were given their respective resistance rankings. By 
incorporating these resistance levels into the already developed Sporecaster risk prediction model, error 
associated with difference between genetic resistance levels could be more accurately accounted for. This 
could be accomplished by moving the spray threshold on the models depending on the soybean resistance 
level.  

In 2020, two separate field trials were performed in Hancock, Wis. and Rib Falls, Wis. The Hancock 
location was at the Hancock Agricultural Research Station, and the field has an artificially high level of 
Sclerotinia sclerotiorum inoculum which helps to ensure disease development. This location is under 
irrigated conditions. The Rib Falls location is located on land belonging to a producer collaborator with a 
history of high disease pressure, and this field is under non-irrigated conditions. At each trial site, the four 
check lines were planted in combinations with multiple fungicide programs. These programs include a 
phenology-based application between the R2 and R3 growth stages, and three separate programs based on 
Sporecaster risk action threshold levels with either a low action threshold (5% for irrigated conditions and 
10% for non-irrigated conditions), medium action threshold (10% for irrigated and 40% for non-
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irrigated), or a high action threshold (20% for irrigated and 75% for non-irrigated). All fungicide 
applications were made with boscalid (Endura ; BASF) at 8 oz/a. A non-treated control was also 
included.  

Results 

 In the integrated management study, SSR developed in 13 site-years between 2017 and 2019. 
There was also a total of five site-years that did not have any SSR. Due to this, the analysis was split 
between environments where disease was present or absent. In the locations where disease was present, 
row spacing had a minor effect on DIX (P = 0.06; Fig. 1) where wider row-spacings resulted in lower 
disease levels compared to narrower row-spacings. Yield in environments where disease was present 
resulted in an interaction between row spacing and planting population effects (P = 0.02; Fig. 2). Yield 
was highest in the narrow row-spacing with high planting populations but was lowest in the wide row-
spacing with low planting populations. In environments where disease was absent, the main effects of row 
spacing (P = 0.02) and planting population (P < 0.01) resulted in a significant effects on yield, where 
narrow row spacing and planting populations above 170,000 seeds/ac had the highest yields. The use of 
fungicides was found to be significant in explaining DIX (P < 0.01; Fig. 3) and yield in both 
environments where SSR was present (P < 0.01; Fig. 3) or absent (P = 0.02). Across both analyses the use 
of the standard fungicide program led to decreased DIX and higher yields compared to the non-treated 
controls.  

 

Figure 1. Effect of row spacing on Sclerotinia stem rot disease severity index (DIX; P = 0.06) across 
seven environments where disease developed. These trials examined the combinations of two row-
spacings, four planting populations, and two fungicide programs across the Upper Midwest soybean 
growing region between 2017 and 2019. Plots were planted with a susceptible cultivar to enhance 
disease development. Bars with the same letters are statistically similar according to Fisher’s least 
significant difference test (  = 0.10) 
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Figure 2. Effect of row spacing and planting population (P = 0.02) on soybean yield across seven 
environments where Sclerotinia stem rot developed. These trials examined the combinations of two 
row-spacings, four planting populations, and two fungicide programs across the Upper Midwest 
soybean growing region between 2017 and 2019. Plots were planted with a susceptible cultivar to 
enhance disease development. Bars within each row spacing with the same letters are statistically 
similar according to Fisher’s least significant difference test (  = 0.05). 
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Figure 3. Effect of fungicide application programs on Sclerotinia stem rot disease severity index 
(DIX; A; P < 0.01) and yield (B; P < 0.01) in seven environments where disease developed. These 
trials examined the combinations of two row spacings, four planting populations, and two fungicide 
programs between across the Upper Midwest soybean growing region between 2017 and 2019. The 
two fungicide programs, the “Standard program” which includes applications at both the R1 and R3 
soybean growth stages, and the “Sporecaster program” following the model-based risk prediction 
tool, Sporecaster. When Sporecaster risk level reached the 40% threshold or above, an application 
was made, and if an application was made, two weeks later the risk level was reassessed for a 
potential second application. Both fungicide programs were compared against a non-treated control. 
Plots were planted with a susceptible cultivar to enhance disease development. Bars with the same 
letters are statistically similar according to Fisher’s least significant difference test (  = 0.05).  

 

 During the spring of 2020, the 25 breeding lines from the first group of materials were examined 
for resistance to SSR in greenhouse screenings. From this preliminary work, differences in resistance 
levels were found between these lines, and a few lines were promisingly similar to our resistant check 
line, “52-82B”. During the 2020 growing season, the same 25 breeding lines were examined in two 
separate environments. SSR developed in one of these locations and disease ratings were taken. 
Additionally, data from other diseases such as frogeye leaf spot and Cercospora leaf blight were recorded. 
From this data, selections of 10 lines exhibiting high levels of resistance to SSR as well as favorable 
agronomics and resistance to the other noted diseases were made. These 10 lines will be further tested in 
greenhouse screening assays to better understand their physiological resistance levels to SSR and other 
yield limiting diseases of the Upper Midwest growing region. Additionally, the 10 lines will be taken to 
yield trials in multiple environments across Wisconsin in the 2021 growing season.  
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Figure 4. Area under the disease progress curves (AUDPC) of 25 soybean breeding lines (blue bars) and 
the four soybean check lines (yellow bars) when challenged with Sclerotinia sclerotiorum. These 
experiments were performed under greenhouse conditions during the spring of 2020. AUDPC values were 
subjected to a logarithmic transformation to achieve normality. Bars with the same letters are statistically 
similar according to Fishers least significant difference test (  = 0.05). 
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Figure 5. Sclerotinia stem rot disease severity index (DIX) of 25 breeding lines planted at the Hancock 
Agricultural Experiment Station located in Hancock, Wis during the 2020 growing season. Disease levels 
were assessed on September 10th at the R6/R7 growth stages. Lines shaded orange were selected in 2020 
and will be advanced to further greenhouse screenings and yield trials. Bars with the same letters are 
statistically similar according to Fishers least significant difference test (  = 0.05). 
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Figure 6. Frogeye leaf spot incidence of 25 breeding lines planted at the Arlington Agricultural Research 
Station in Arlington, Wis. during the 2020 growing season. Disease levels were assessed on September 4th 
at the R6/R7 growth stages. Lines shaded orange were selected in 2020 and will be advanced to further 
greenhouse screenings and yield trials. Bars with the same letters are statistically similar according to 
Fishers least significant difference test (  = 0.05). 

 

 

 

The integration of soybean genetic resistance levels to SSR could aid in the improvement of 
Sporecaster accuracy in predicting risk levels. Across two locations in 2020, an effect due to soybean 
genotype was found to affect both DIX (P < 0.01) and yield (P < 0.01). Dwight, the susceptible check 
line, resulted in the highest disease levels, but also yield the highest as well (Figs. 7 and 8). On the other 
hand, SSR51-70 had the lowest DIX but also yielded the as one of the lowest (Figs. 7 and 8). 52-82B had 
more intermediate disease levels while also maintaining more moderate yields (Figs. 7 and 8). In this 
dataset from two locations, no significant differences were found by the use of the different fungicide 
programs.  
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Figure 7. Effect of four soybean genotypes on Sclerotinia stem rot disease severity index (DIX; P < 0.01) 
across two locations (Hancock, Wis. and Rib Falls, Wis.) in 2020. Bars sharing a letter do not statistically 
differ as calculated by Fisher’s test for least significant difference (  = 0.05). 

 
Figure 8. Effect of soybean genotype on yield (P < 0.01) across two locations (Hancock, Wis. and Rib 
Falls, Wis.) in 2020. Bars sharing a letter do not statistically differ as calculated by Fisher’s test for least 
significant difference (  = 0.05). 
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